Non-Polar Capacitor Datasheet Collection
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Low Profile Multi Layer Ceramic

Samsung Electro-Mechanics (SEM) has announced a new lineup of low-profile
multi-layer ceramic capacitors (MLCCs) that are much thinner than their
conventional counterparts yet provide the same level of capacitance. These new
devices help designers to create slimmer LCD modules, hard disc drives and
other electronic products.

Low-profile MLCCs have the same width and length of regular models, but they
are not nearly as thick. In other words, the footprint on the PCB is the same, so
they can replace the thicker versions without requiring any design changes.

General Features

* Thinner MLCC than general product (Same Length and Width of general product)

Applications

" LCD Module * Hard Disc Driver
" CPU socket " Mobile Product etc
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Part Numbering
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@ Samsung Multilayer Ceramic Capacitor @ Thickness Option

@ Size(mm) ® Product & Plating Method
(3) Capacitance Temperature Characteristic (9] Samsung Control Code
@ Nominal Capacitance @ Reserved For Future Use
(5] Capacitance Tolerance (1] Packaging Type

® Rated Voltage

@ Samsung Multilayer Ceramic Capacitor

A SIZE(mm)
Code EIA Code Size(mm) Code EIA Code Size(mm)
03 0201 0.6 X 0.3 31 1206 3.1 %X 1.6
05 0402 1.0 X 0.5 32 1210 3.2 X 25
10 0603 1.6 x 0.8 43 1812 4.5 X 3.2
21 0805 20 x 1.25 55 2220 5.7 X 5.0
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© CAPACITANCE TEMPERATURE CHARACTERISTIC

Temperature
Code Temperature Characteristics
Range
c COG ca 0£30(ppm/C)
P P2H PA -150+ 60
R R2H RA -220+ 60
S Class | S2H SA -330+60 -55 ~ +125TC
T T2H TA -470+ 60
U u2J ua -750+ 60
L S2L SA +350 ~ -1000
A X5R X5R +15% -55 ~ +85C
B X7R X7R +15% -55 ~ +125TC
Class |l :
X X6S X6S +22% -55 ~ +105C
F Y5V Y5V +22 ~ -82% -30 ~ +85C

O NOMINAL CAPACITANCE
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Nominal capacitance is identified by 3 digits. The first and second digits identify
the first and second significant figures of the capacitance.
The third digit identifies the multiplier. 'R" identifies a decimal point.

- Example
Code Nominal Capacitance
1R5 1.5 pF
*uF =10’ nF = 10° pF
103 10,000 pF, 10 nF, 0.01u F

© CAPACITANCE TOLERANCE

Code | Tolerance | Nominal Capacitance| Code | Tolerance | Nominal Capacitance

A +0.05pF F 1%
B +0.1pF G 2%

Less than 10pF
C +0.25pF , J +5%

(Including 10pF) More than 10pF
D +0.5pF K +10%
F t+1pF M 120%

z +80, -20%
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® RATED VOLTAGE

Code Rated Voltage Code Rated Voltage Code Rated Voltage
R 4.0V L 35V G 500V
Q 6.3V B 50V H 630V
P 10V C 100V | 1,000V
o 16V D 200V J 2,000V
A 25V E 250V K 3,000V
@ THICKNESS OPTION
Size Code Thickness(T) Size Code Thickness(T)
0201(0603) 3 0.30%+0.03 F 1.25+0.20
0402(1005) 5 0.50+0.05 H 1.6+0.20
0603(1608) 6 0.60+0.10 1210(3225) T 1.6x0.10
8 0.80x0.10 | 2.0+0.20
5 0.45+0.05 J 2.5+0.20 5
A 0.65+£0.10 \'} 2.5+0.30 2
0805(2012) C 0.85+£0.10 F 1.25+0.20 -O?
F 1.25%0.10 H 1.6+0.20 =
Q 1.25+0.15 1812(4532) | 2.0+0.20
6 0.60+0.10 J 2.5+0.20
1206(3216) C 0.85+0.15 L 3.2+0.30
F 1.25+0.15 F 1.25+0.20
H 1.6x0.20 H 1.6+0.20
6 0.60x0.10 2220(5750) | 2.0+0.20
1210(3225) C 0.85+£0.10 J 2.5+0.20
9 0.90+0.10 3.2+0.30
® PRODUCT & PLATING METHOD
Code Thickness Electrode Termination Plating Type
A Normal Pd Ag Sn_100%
N Normal Ni Cu Sn_100%
G Normal Cu Cu Sn_100%
L Low Profile Ni Cu Sn_100%
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© SAMSUNG CONTROL CODE
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Pansencg

Code Description of the code Code Description of the code
A Array (2-element) N Normal
B Array (4-element) P Automotive
Cc High - Q L LICC

@ RESERVED FOR FUTURE USE

Code

Description of the code

N

Reserved for future use

& PACKAGING TYPE

Code Packaging Type Code Packaging Type
B Bulk F Embossing 13" (10,000EA)
P Bulk Case L Paper 13" (15,000EA)
C Paper 7" (0] Paper 10"
D Paper 13" (10,000EA) S Embossing 10"
E Embossing 7"
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A DIVENSICN ( rmm)
CODE THONESS
CoDE L w T BN
CODE
05 02 | 10+005 050 +005 0005 5  02+01501
l L .| 10 | B 160 +010 080 +010 09 +£006 5 | 03+02
060 +010 6
_ 21 | 86 | 200£010 125010 06 +£010 C  |05+02:03
_ 15+010 F
T ﬁv
v /) 0010 6
—>|awl— 3 | 1206 [30+015 160+015 085 +£010 C |05+03
180 +£015 H
00 +010, 6
2 | 210 |3D+00 20+020 08 £010 C |06+03
100100 T
CHARACTERISTIC LINE UP
Size 0603(10) 0805(21) 1206(31) 1210(32)
TC X5R(A) X5R(A) X5R(A) )g{ X5R(A)
Rated V | 83 |10p)|1600)| &3 |10()|16(0) |258)| 83 |100)|16(0)|25(a) | 258)| B3 |10()|16(0)|25(A)
(Q) Q) (Q) (Q)

Capacitance -nF- (part numbering code) and thickness -mm-

1000(105) T e ] ® ||| © |

15000155) || gy (6)

2200(225) 6) ||| (6) || (6)

3300(335) 6)

4700(475) (6) & (6) @ © (6) I

o I
10000(106) (C) & | (©) ||| P @ ©f® @]

22000(226) () Il ®) || (M

* The thickness code in the product line up is available minimum thickness.

If you need the thicker product, we can also support your needs.
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NO ITEM PERFORMANCE TEST CONDITION
1 Appearance No Abnormal Exterior Appearance Through Microscope(<10)
10,000M2 or 500MR-uF whichever is smaller
2 Insulation Resistance Apply the Rated Voltage For 60 ~ 120 Sec.
Rated Voltage is below 16V ;
10,000M2 or 100MR-uF whichever is smaller
. . Class I : 300% of the Rated Voltage for 1~5 sec.
No Dielectric Breakdown or
3 Withstanding Voltage ClassIl :2250% of the Rated Voltage for 1~5 sec. is
Mechanical Breakdown
applied with less than 50mA current
Capacitance Frequency Voltage
Class
Within the specified tolerance <1,000pF 1Miz£10%
I 0.5 ~ 5 Vrms
>1,000pF 1kiz£10%
4 Capacitance
Capacitance Frequency Voltage
Class
I Within the specified tolerance =104 1kkz+10% 1.0£0.2Vrms
>10u 120Hz+20% 0.5%+0.1Vrms
Capacitance > 30pF : Q >1,000 Capacitance Frequency Voltage
Class
5 Q < 30pF: Q =400 +20C =1,000pl 1MEz+10%
I ) 0.5 ~ 5 Vrms
( C : Capacitance ) >1,000pF 1kkz+10%
Capacitance Frequency Voltage
Class | X5R/X7R/X6S : 0.10max
6 Tan6 =104 1kz+10% 1.0+0.2Vims
il Y5V : 0.16max
>104F 120Hz+20% 0.5%+0.1Vrms
Capacitance shall be measured by the steps shown
Temp. Coefficient in the following table.
Characteristics c
(PPMC) Step Temp.(C)
CoG 0=+ 30
1 25 £ 2
PH -150 £ 60
2 Min. operating temp. £ 2
al RH 220 = 60
ass +
1 SH 330 + 60 3 22
TH 470 + 60 4 Max. operating temp £ 2
uL -750 = 120 5 25 = 2
SL +350 ~ -1000 (1) Class I
Temperature Coefficient shall be calculated from
Temperature the formula as below.
7 Characteristics - .
. Temp, Coefficient = C2-C1 o [ppm/TC]
of Capacitance CIXAT
Characteristios Capacitance Change C1; Capacitance at step 3
with No Bias C2: Capacitance at 85T
A(X5RY AT: 607C(=85T25C
BIX7R) +15% ( )
X(X6S) +22%
Class (2) CLASS I
F(Y5V) +22% ~ -82% )
I Capacitance Change shall be calculated from the
formula as below.
rc= C2:-C1  1000%)
C1
C1; Capacitance at step 3
C2: Capacitance at step 2 or 4

a|joid Mo
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NO ITEM PERFORMANCE TEST CONDITION
Apply 500g.f * Pressure for 101 sec.
* 200g.f for 0201 case size.
8 Adhesive Strength No Indication Of Peeling Shall Occur On The R e
of Termination Terminal Electrode.
<500 f
Bending limit ; 1mm
Apperance | No mechanical damage shall occur. Test speed ; 1.0mm/SEC
Keep the test board at the limit point in 5 sec.,
Characteristics Capacitance Change | Then measure capacitance.
20
|<->| R=340*
Within £5% or £
Bending Class | 0.5 pF  whichever 50
0 . Y
Strength is larger _v
Capacitance \Eﬁ;/@—r
AX5R)
. o <—>‘<—>| Bending limit
B(X7R) | Within £12.5% 45+1
Class Il | X(X6S) _
R=230 For 0201 Case size
F(Y5V) | Within £30%
More Than 95% of the terminal surface is to
be soldered newly, So metal part does not Solder 63Sn-37Pb Sn-3Ag-05Cu
come out or dissolve
Soldering . .
10 Solderability Temp 235+£5C 245+5C
Dip time 5+0.5 SEC. 310.3 SEC.
—> o
| | | | Pre-heating at 80~120C for 10~30 SEC.
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NO ITEM PERFORMANCE TEST CONDITION
Apperance No mechanical damage shall occur. Solder Temperature : 27045
Dip Time : 10%1 sec.
Characteristics Capacitance Each termination shall be fully immersed and
Change preheated as below :
Within £2.5% or
Class [ +0.25pF whichever
is larger
Capacitance
A(X5R)
Within £7.5%
B(X7R)
Class II s P . -
Resistance X(X6S) | Within £15% Leave the capacitor in ambient condition for
11 | to Solderi specified time* before measurement
o Soldering s
F Within £20% Class 1 : 24 + 2 hours
heat
aQ Capacitance =30pF : Q= 1000 Class I : 48 * 4 hours
<30pF : Q= 400+20*C
(Class 1) .
(C: Capacitance)
Tané
Within the specified initial value
(Class 1I)
Insulation
) Within the specified initial value
Resistance
Withstanding
Within the specified initial value
Voltage
Appearance No mechanical damage shall occur.
ch torist Capacitance
aracteristics Change The capacitor shall be subjected to a Harmonic
Within £2.5% or Motion having a total amplitude of 1.5mm
Class I +0.25pF whichever changing frequency from 10Hz to 55Hz and
is larger back to 10Hz In 1 min.
Capacitance
A(X5R) o
BX7R) Within =5% Repeat this for 2hours each in 3 mutually
12 Vibration Class perpendicular directions
Test it X(X6S) | Within =10%
F(Y5V) | Within £20%
Q
Within the specified initial value
(Class 1)
Tand
Within the specified initial value
(Class 1I)
Insulation
Within the specified initial value
Resistance

* The initial value of high dielectric constant series shall be measured after the heat treatment of 150 +0/-10C, 1hr and

sitting of 48+4hr. at room temperature & humidity. .
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NO ITEM PERFORMANCE TEST CONDITION
Appearance | No mechanical damage shall occur. Temperature 1 40£2 T
Characteristics Capacitance Change Relative humidity : 90~95 %RH
Within £5.0% or +0.5pF Duration time : 500 +12/-0 hr.
Class 1
whichever is larger
. Leave the capacitor in ambient
Capacitance A(X5R)/ Within +12.5%
fthin £12.5% condition for specified time* before
Class B(X7R) P
" measurement.
I X(X6S) | Within £25%
CLASSI : 24%2 Hr.
F(Y5V) | Within £30%
Humidity CLASSII : 48%4 Hr.
i > Q=
13 (Steady a Capacitance = 30p' : Q= 350
10= Capacitance <30pl' : Q= 275 + 2.5XC
State) CLASSI P
Capacitance < 10pF : Q= 200 + 10XC (C: Capacitance)
Tand X5R/X7R/X6S : 0.125max
CLASS I | Y5V : 0.195max
Insulation
1,000 M2 or 50MQ-uI whichever is smaller.
Resistance
Appearance | No mechanical damage shall occur. Applied voltage : Rated Voltage
. + Nal
Characteristics Capacitance Change Temperature : 40+2 ©
Humidity : :90~95%RH
ithin +5.09 +
Class 1 Within £5.0% or +0.5pF Duration time : 500 +12/-0 hr.
whichever is larger Charge/discharge current : 50mA max.
A(X5R)/ &
Within +12.5% <Initial Measurement>
B(X7R) Perform the heat treatment at 150C
X(X6S) | Within =30% +0/~10C for 1 hr. Then leave the
Within +30% capacitor in ambient condition for
i 48+4 hrs. before measurement.
Capacitance Within +30~—40%
Then perform the measurement.
0201(0603) C>0.022uF
. Class II ¢ ) g <Latter Measurement>
Moisture 0402(1005) C>0.47uF
1. Class|1
14 Resist: F(Y5V
esistance ( ) 0603(1608) C>1.0uF Leave the capacitor in ambient condition
0805(2012) C>4.7uF for 2412 Hrs. before measurement
1206(3216) C>10.0uF Then perform the measurement.
1210(3225) C>22.0uF 2. Class II
1812(4532) C>47.0uF Perform the heat treatment at 150C
Q Capacitance >30pF : Q= 200 +0/-10C for 1 hr. Then leave the
(Class 1) | Capacitance <30pF : Q= 100 + 10/3XC (C: Capacitance) | capacitor in ambient condition for
4814 hrs. before measurement.
Tané X5R/X7R/X6S : 0.125max Then perform the measurement.
(Class 1I) | Y5V : 0.195max
Insulation
500 MR or 25MQ-u whichever is smaller.
Resistance
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NO ITEM PERFORMANCE TEST CONDITION
Appearance | No mechanical damage shall occur. Applied Voltage : 100% of Rated Voltage
Test Time : 1000 +48/-0 Hr.
Characteristics Capacitance Change Current Applied : 50mA Max.
Within £3% or £0.3pF, Characteristics Temp.
Class I ) .
Whichever is larger Class I 125 +3 C
A(X5R) . A(X5R)/ .
Within £12.5% 85 £3 T
B(X7R) Class F(Y5V)
X(X6S) | Within £25% il X(X6S) 105 £3 C
Within £30% B(X7R) 125 £3 C
Capacitance Within +30~ — 40% <Initial Measurement>
Class 0201(0603) C>0.022iF Perform the heat treatment at 150C+0/-10°C for
I 0402(1005) C>0.47uF 1hr. Then leave the capacitor in ambient condition
F(Y5V) 0603(1608) C>1.04F for 48+4 hrs. before measurement.
High 0805(2012) C>4.7 F Then perform the measurement.
-l
15 | Temperature 1206(3216) C>10.0uF :L:ter Teasuremenb
. . Class
Resistance 1210(3225) C>22.0uF o . "
Leave the capacitor in ambient condition for
1812(4532) C>47.0uF 24%2 Hrs. before measurement
Capacitance =30pF : Q = 350 Then perform the measurement.
Q 10=< Capacitance <30 pI' : Q = 275 + 25XC |2 (Class I
(Class 1) [ Capacitance < 10pF :Q =200 +10XC Perform the heat treatment at 150°C+0/-10C for
(C: Capacitance) 1hr. Then leave the capacitor in ambient condition
for 48+4 hrs. before measurement.
Tans X5R/IX7R/IX6S : 0.125max Then perform the measurement.
(Class 1I') | Y5V : 0.195max
Insulation
. 1,000 M2 or 50MQ -4 whichever is smaller.
Resistance
Appearance | No mechanical damage shall occur. Capacitor shall be subjected to 5 cycles.
Characteristics Capacitance Change Condition for 1 cycle :
class 1 Within +£2.5% or +0.25pF Step Temp.(C) Time(min.)
lass
Whichever is larger ] Min. operating 20
Capacitance A(X5R)/ temp.+0/-3
Within £7.5%
Class | B(X7RY 2 25 2-3
16 Temperature I X(X6S) | Within £15% 3 Max. operating 20
Cycle F(Y5V) | Within +20% temp.+3/-0
Q 4 25 2~3
Within the specified initial value
(Class 1) Leave the capacitor in ambient condition for
Tané specified time* before measurement
Within th ified initial val
(Class T1) ithin the specified initial value Class 1 : 24 + 2 hours
Insulation Class II : 48 = 4 hours
Within the specified initial value
Resistance

a|joid Mo
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@ CARD BOARD PAPER TAPE

. Square Hole for Inserting
Feeding Hole a chip
D
e any ™ el Jan fam\ E
N A N L /\/ N N
<> E
8 W
B
> t -
PO P P1
ani_
Symbol
- W F E P1 P2 PO D t A B
Type
03 0.37 0.38 0.68
20 +0.03 | +003 +0.03
D | o5 +0.05 0.6 0.62 1.12
m +0.05 | +0.04 +0.04
e 10 8.0 35 1.75 2.0 4.0 ®15 1.1 1.9
. +0.3 +0.05 +0.1 +0.05 +01 | +0.1/-0 +0.2 +0.2
i 21 4.0 1.1 16 24
o +0.1 MAX 402 +0.2
2.0 3.6
3 +02 +0.2
@ EMBOSSED PLASTIC TAPE
. Perforated square
Feeding round holes holes for inserting a chip
y 4 A =
Y Y an A JanY A~ /HE
NN T N 7
| F
A w
ol Bl || 9 D o) D )
PO P P1
unit : mm
Symbol
y F E P1 P2 PO D to t1 A B
Type
1.45 2.3
21 402 | +0.2
D1 4 8.0 35 4.0 25 1.9 35
" +03 | +0.05 +0.1 max | 102 | 402
e | o 1.75 2.0 4.0 ™15 0.6 29 3.7
. +0.1 +0.05 | +0.1 | +0.1/0 | max +02 | £02
Y 3.6 4.9
° 12.0 5.6 8.0 38 402 | +02
+03 | +0.05 +0.1 max 5.4 6.0
55 402 | +02
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@ TAPING SIZE

Empty Section Empty Section Loading Section

45 Pitch Packed Part 50 Pitch | 35 Pitch

O o o o ©0)JJo o o o o O
DDD((DDD

END START

@ REEL DIMENSION

B
I A
et
A
unit : mm
Symbol A B C D E W t R
7" Reel | $180+0/ -3 | $60+1/ -3 1.2+£0.2
®13+0.3| 25%+0.5 | 2.0£0.5 9+15 1.0

13" Reel | $330+£2.0 | $80+1/ -3 2.2+0.2
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@ BULK CASE PACKAGING

- Bulk case packaging can reduce the stock space and transportation costs.
- The bulk feeding system can increase the productivity.

- It can eliminate the components loss.

A
[N A |B T
[L— ¥
C—>
D
.\
-~ \
F w G
v $H
. ] oy
B
unit : mm
Symbol A B T C D E
Dimension 6.81+0.1 8.81+0.1 12+£0.1 1.5+0.1/-0 2+0/-0.1 3.0+0.2/-0
Symbol F w G H L |
Dimension | 31.5+0.2/-0 36+0/-0.2 19+0.35 7+£0.35 110£0.7 5+0.35
@ QUANTITY OF BULK CASE PACKAGING _
unit : pcs

21(0805

Size 05(0402) 10(0603) ( )
T<0.85mm T=1.0mm

Quantity 50,000 10,000 or 15,000 10,000 5,000
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@ ELECTRICAL CHARACTERISTICS
» CAPACITANCE - TEMPERATURE CHARACTERISTICS

%A (o] % AC
8 40
\
_/‘74;5.:\
4
\2 s2L ‘ ‘ ‘ A ‘ ‘ ‘ ‘
_60 —40 _20 L 80 100 120
55 -40 20 \2W5 —_ MX"‘R_
T Temp.¢C) > XORIGeS
-2 ol
-4 Y5V
-6 -607
-8 _s0.]
-10
P CAPACITANCE - DC VOLTAGE CHARACTERISTICS P CAPACITANCE CHANGE - AGING
20 Capacitance Change Over Time
~col0 0G 50V "
0
10| X7R 50V ol oG
2 ~_ = ||| B3
30 i I N | | 0 T | Teonmes TT—— 2
40 X5R/ X6S 50V \_\_\ E
50 2 Y5V [ ?
-60 2‘
-70 30 b =4
-80 | [ T ®
-90 ‘ ‘ ‘ 2
- 1 10 100 1000 10000
100 10 20 30 \40 (v) 50 et
» IMPEDANCE - FREQUENCY CHARACTERISTICS
Ohm COoG Ohm X7R/X5R/X6S/Y5V
100 \\ \\ 100 0.0014F
N N
N N N
oL N\ N\ 0 DN 001~ \\
YIIEAN ~
N \ 014 N o
1 E \\ ) v 1 E \\ N ///
\ / 3 O‘pF ] N NG //
\ /1J0pF ~ =
0.1 - \/ 0.1 - ~
1000pF
0.01 0.01
1MHz 10MHz 100MHz 1GHz 10GHZ‘ 1MHz 10MHz 100MHz 1GHz
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@ Storage Condition

P> Storage Environment

The electrical characteristics of MLCCs were degraded by the environment of high temperature
or humidity. Therefore, the MLCCs shall be stored in the ambient temperature and the relative
humidity of less than 40C and 70%, respectively. Guaranteed storage period is within 6 months

from the outgoing date of delivery.

P Corrosive Gases
Since the solderability of the end termination in MLCC was degraded by a chemical atmosphere

such as chlorine, acid or sulfide gases, MLCCs must be avoid from these gases.

P Temperature Fluctuations
Since dew condensation may occur by the differences in temperature when the MLCCs are

taken out of storage, it is important to maintain the temperature-controlled environment.

@ Design of Land Pattern

When designing printed circuit boards, the shape and size of the lands must allow for the
proper amount of solder on the capacitor. The amount of solder at the end terminations has a
direct effect on the crack. The crack in MLCC will be easily occurred by the tensile stress which

was due to too much amount of solder. In contrast, if too little solder is applied, the termination
strength will be insufficiently. Use the following illustrations as guidelines for proper land design.
Recommendation of Land Shape and Size

Solder Resist—| Solder Resist

NN ~|

N N T

SN oY |t (]
) AN | 777777777777 77777
land 23W <b < W ™~ 23T <a<T

@® Adhesives

» Requirements for Adhesives
They must have enough adhesion, so that, the chips will not fall off or move during the
handling of the circuit board.
They must maintain their adhesive strength when exposed to soldering temperature.
They should not spread or run when applied to the circuit board.
They should harden quickly.
They should not corrode the circuit board or chip material.

They should be a good insulator.
They should be non-toxic, and not produce harmful gases, nor be harmful when touched.

» Application Method
It is important to use the proper amount of adhesive. Too little and much adhesive will cause

poor adhesion and overflow into the land, respectively.
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@ Mounting

» Mounting Head Pressure
Excessive pressure will cause crack to MLCCs. The pressure of nozzle will be 300g maximum
during mounting.

» Bending Stress

When double-sided circuit boards are used, MLCCs first are mounted and soldered onto one side
of the board. When the MLCCs are mounted onto the other side, it is important to support the
board as shown in the illustration. If the circuit board is not supported, the crack occur to the
ready-installed MLCCs by the bending stress.

l nozzle

l force

1]

N i B AN s e
N

support pin

@ Flux

Although the solderability increased by the highly-activated flux, increase of activity in flux may
also degrade the insulation of the chip capacitors. To avoid such degradation, it is recommended
that a mildly activated rosin flux(less than 0.2% chlorine) be used.
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@ Soldering

Since a multilayer ceramic chip capacitor comes into direct contact with melted solder during
soldering, it is exposed to potentially mechanical stress caused by the sudden temperature
change. The capacitor may also be subject to silver migration, and to contamination by the
flux. Because of these factors, soldering technique is critical.

P Soldering Methods

Method Classification
- Infrared rays
- Overall heating - Hot plate
Reflow - VPS(vapor phase)
soldering - Air heater
- Local heating - Laser
- Light beam
Flow - Single wave i
soldering - Double wave

* We recommend the reflow soldering method.
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@ Soldering

» Amount of Solder

Too much /ﬁ—ﬁ\ Cracks tend to occur due

17_’1_/ £ it 7 b2

Solder to large stress

Weak holding force may
Not enough

Solder

Good m%m

TIri T 727 Ccause bad connections or
detaching of the capacitor

» Cooling
Natural cooling using air is recommended. If the chips are dipped into solvent for cleaning,
the temperature difference(A T) must be less than 100C

» Cleaning

If rosin flux is used, cleaning usually is unnecessary. When strongly activated flux is used,
chlorine in the flux may dissolve into some types of cleaning fluids, thereby affecting the chip
capacitors. This means that the cleaning fluid must be carefully selected, and should always
be new.
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P> Notes for Separating Multiple, Shared PC Boards.

A multi-PC board is separated into many individual circuit boards after soldering has been
completed. If the board is bent or distorted at the time of separation, cracks may occur in the
chip capacitors. Carefully choose a separation method that minimizes the bending of the
circuit board.
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» Recommended Soldering
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Profile
Reflow
+5° :
Pre-heating 250+5C Gradual Cooling
6,sec. max. in the air
. SEC- ma
Soldering
Temp. (T) AT
i) 1206(3216) and below
: 150C max. 220C
30 to 50 sec.
i) 1210(3225) and gver
. : 130C max.
Pre-heating
Temp. (C)
<> <—> -
160 sec. min.! 60 to 120 sec. ime (sec.)
Flow
Pre-heating 260+3°C Gradual Cooling
5 sec. max. in the air
i <>
Soldering
Temp. (C) AT
i) 1206(3216) and
below
: 150C max.
Pre-heating |------------—--
Temp. (C)
i€ > -
' 120 sec. min. Time (sec.)

Soldering Iron

SAMSUNG
ELECTRO-MECHANICS

o Soldering Pre-heating Soldering Cooling
Variation of Temp. . . . .
Temp (C) Time (Sec) Time(Sec) Time(Sec)
AT=130 300+10Cmax = 60 =4 -
Condition of Iron facilities
Wattage Tip Diameter Soldering Time
20W Max 3mm Max 4 Sec Max

* Caution - Iron Tip Should Not Contact With Ceramic Bodv Directlv.
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Multilayer Ceramic Chip Capacitors

Introduction

Multilayer Surface Mount Ceramic Capacitors are constructed by screen printing alternative layers of internal metallic
electrodes onto ceramic dielectric materials and firing into a concrete monolithic body, then completed by application of
metal end terminations which are fired to assure permanent bonding with the individual internal electrodes.

Multilayer ceramic capacitors have various features such as large capacitance values in small sizes and excellent high
frequency characteristics.

Moreover, chip capacitors can be used on surface mount assembly equipment. Our fully integrated manufacturing and
total quality control systems ensure unprecedented high standards of quality and reliability.

Chip Capacitor Selection
Selection of the most suitable capacitor for any application is based on the following:

Dielectric Type

The choice of dielectric is largely determined by the temperature stability required.

COG (NPO)

Capacitance change with temperature is 0-30ppm/°C which is less than -0.3%°C from -55°C to +125°C. Typical capacitance
change with life is less than -0.1% for NPOs, one-fifth that shown by most other dielectrics. NPO formulations show no aging
characteristics.

X7R/X5R

Its tel_mperature variation of capacitance is within +15% from -55°C to +125°C (-55C to +85%T for X5R). The capacitance change is
non-linear.

Z5U

Despite their capacitance instability, Z5U formulations are very popular because of their small size, temperature range low
ESL, low ESR and excellent frequency response. These features are particularly important for decoupling application where
only a minimum capacitance value is required.

Y5V

Y5V formulations are for general purpose use in a limited temperature range. They have a wide temperature characteristic
of +22% - 82% capacitance change over the operating temperature range of -30°C to +85°C. Y5Vs high dielectric constant
allows the manufacture of very high capacitance values (up to 22MF) in small physical sizes.
Capacitance Value & Tolerance

Determined by circuit requirements. Note that chip prices decrease with lower capacitance value and looser tolerance.

Voltage
Determined by circuit requirements. Units are designed to exceed the withstanding voltage specification, i.e., the user need
not incorporate an additional safety margin.

Capacitor Size

Select the smallest unit permitted by the circuit constraints that provides the required capacitance and voltage rating.
All Cal-Chip capacitors conform to EIA specifications.

Capacitor Termination

Termination choice is largely determined by the chip attachment method. Silver-palladium is adequate for most applications
involving soldering or solder reflow.

Nickel barrier is standard and recommended for units exposed to repeated solder cycles, to minimize leaching of the ter-
mination.
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Multilayer Ceramic Chlp Capacitors

Construction

Solder(SN/PB) plated outer layer; typical thickness 0.003mm to 0.005mm
90% solder, 10% lead.*(please see note)

Nickel Barrier Layer (50 Micro-inches Electroplated Nickel min.)

Ag Layer
Inner
Electrodes
Example
Size Code Dielectric Capacitance (pF) Capacitance Voltage Termination Packaging
Tolerance Code
(EIA Code)
CG (COG) (NPO)
X7R or X5R
Z5U ‘
Y5V
B +0.1pf  for <10pF 6r3| 6.3DC
Capacitance values are represented in 3 digits, C +0.25pF  for <10pF 12 12 D%C
and expressed in pF. The first two digits are D +0.5pF for <10pF 25 25 DC
significant, and the third is the number of zeros. F +1% 5
The letter “R” is used as a decimal point. @ +29%, 15000 fgngc
o 0.5pF J | 5% 200/ 200 DC
5R0 5pF K +10%
100 10pF M +20% - -
Nickel Barrier
101 100pF Z | -20%-+80% N~ :
102 1000pF
T
103 OImE Tape and Reel
104 .1mF
105 1.0mF
106 10mF

*Note for Lead Free: Cal-Chip is beginning to phase in Lead-Free products. Upon checking availabilty with the factory, please
specify "TLF" at the end of the part number, so the sales team knows you require lead-free product. When you receive the parts
you will notice "LF" at the end of the Lot Code indicating the parts are lead-free.
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Cal-Chip GMC SERIES
Multilayer Ceramic Chip Capacitors
0201
DIMENSION (MM) GMCO02
L 0.6 +0.03
W 0.3+£0.03
T(MAX) 0.3 +0.03
BW 0.15+0.05
dielectric NPO/COG X5R X7R Y5V/Z5U
Raiod Vollage 25 6.3 10 |63 ] 10 | 16 6.3
Cap. Ranae
050F | OR5
10 | 1RO
12 | 1R2
15 | 1R5
18 | 1R8
22 | 2R?
27 | 2R7
33 | 3R3
39 | 3R9
47 | 4R7
56 | 5R6
6. 6R8
82 | 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100|101
120 | 121
150 | 151
180 | 181
220 | 221
270 | 271
330 | 331
390 | 391
470|471
560 | 561
680 | 681
820 | 821
10nF | 102
12 122
15 152
18 182
22 | 222
27 | 272
33 | 332
39 | 392
47 | 472
56 | 562
68 | 682
82 | 822
10 103
12 123
15 153 | |
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 | 104
120 | 124
150 | 154
180 | 184
220 | 224
270 | 274
330 | 334
390 | 394
470 | 474
560 | 564
680 | 684
820 | 824
10uF | 105
22 | 225




Cal-Chip GMC SERIES
Multilayer Ceramic Chip Capacitors
0402 & 0603

GMCo04 GMC10
Type 0402 0603
Length (L1)  mm 1.0£0.05 1.6+0.2
inches 0.04+0.002 0.063+0.008
Width (W)~ mm 0.5+0.05 0.8+0.2
inches 0.02+0.002 0.031+0.008
[Thickness (H) mm 0.5+0.1 0.8+0.2
inches 0.02+0.004 0.031+0.008
[Termination Band Min Max Min Max
(L2+L3)  mm 0.1 0.35 0.1 0.4
inches 0.004 0.014 0.004 0.015
Band Gap (L4)mm 0.3 0.6
(Min) inches 0.012 0.015
Dielectric COG X5R X7R Y5V & 25U COG X5R X7R Y5V & Z5U
Rated Voltage d.c. |25 | 50 | 6.3 | 10 | 16 6.3| 10 | 16 | 25 | 50 6.3| 10 | 16 | 25 | 50 | 25 | 50 |100 6.3| 10| 16 6.3| 10 | 16 | 25|15[()’(’J 6.3| 10 | 16 | 25 | 50
Cap Range Code
0.5pF OR5
1.0 1RO
1.2 1R2
15 1R5
1.8 1R8
22 2R2
27 2R7
33 3R3
3.9 3R9
47 4R7
56 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1.0nF 102
12 122
15 152
1.8 182
22 222
27 212
33 332
39 392
47 472
56 562
6.8 682
82 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 104
150 154 I
220 224
270 274
330 334
390 394
470 474 I
560 564
680 684
820 824
1.0uF 105
22 225
27 275
33 335
39 395
47 475
56 565
6.8 685
82 825
10 106
15 156
22 226
33 336
47 476
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Multilayer Ceramic Chip Capacitors
COG/NPO

GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57

Type 0805 1206 1210 1808 1812 1825 2220 2225
Length mm 2.0+0.3 3.240.3 3.2+0.3 4.57+0.25 4.5+0.35 4.5+0.35 5.7+0.4 5.7+0.4
Inches 0.08+0.012 0.125+0.012 | 0.125+0.012 0.18+0.01 0.18+0.014 0.18+0.014 | 0.225+0.016 | 0.225+0.016
Width mm 1.25+0.2 1.6+0.2 2.5£0.3 2.03+0.25 3.2+0.3 6.3£0.4 5.0£0.4 6.3£0.4
Inches | 0.05:0.008 | 0.063+0.008 | 0.10+0.012 | 0.08+0.01 | 0.125+0.012 | 0.25+0.016 | 0.197+0.016 | 0.25:0.016
Thickness mm 1.3 1.6 1.8 2.03 1.8 1.8 1.8 1.8
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07
Termination Band | Min Max Min | Max Min | Max | Min | Max | Min | Max | Min Max | Min | Max | Min | Max
mm 0.25 0.75 | 025 | 075 | 025 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75
Inches 0.01 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 [ 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 [ 0.03
Band Gap mm 0.5 14 1.4 2.0 2.2 22 2.9 2.9
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114
Rated Voltage d.c.| 16 [ 25 | 50 25 | 50 | 16 [ 25 [50/63 50/63 50/63 50/63 50/63 50/63
Cap. Range Code
0.5pF O0R5
1.0 1RO
1.2 1R2
15 1R5
1.8 1R8
22 2R2
2.7 2R7
53 3R3
3.9 3R9
4.7 4R7
5.6 5R6
6.8 6R8
8.0 8RO
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1.0nF 102
1.2 122
15 152
1.8 182
22 222
2.7 272
33 332
3.9 392
4.7 472
56 562
6.8 682
8.2 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 104
120 124
150 154
180 184
220 224
270 274
330 334
390 394
470 474
560 564
680 684
820 824
1.0uF 105
22 225
Big 335
4.7 475
6.8 685
10 106
22 226
33 336
47 476
100 107




Cal-Chip GMC SERES
Multilayer Ceramic Chip Capacitors

COG/NPO (cont.)
GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57

Type 0805 1206 1210 1808 1812 1825 2220 2225

Length  mm 2.0+0.3 3.240.3 3.2+0.3 4.57+0.25 45+0.35 451+0.35 5.7+0.4 5.7+0.4
Inches 0.08+0.012 | 0.125:0.012 | 0.125+0.012 | 0.18+0.01 0.18+0.014 | 0.18+0.014 | 0.225+0.016 | 0.225+0.016

Width  mm 1.25+0.2 1.6+0.2 2.5+0.3 2.03+0.25 3.240.3 6.3+0.4 5.0+0.4 6.3+0.4
Inches 0.05+0.008 | 0.063+0.008 | 0.10+0.012 0.08:+0.01 0.125+0.012 | 0.25+0.016 | 0.197+0.016 | 0.25+0.016

Thickness mm 13 16 18 2.03 18 18 18 18
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07

Termination Band | Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
mm 025 | 075 | 025 | 0.75 | 025 [ 0.75 | 025 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 025 | 0.75 | 0.25 | 0.75
Inches 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 003 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03

Band Gap mm 0.5 14 14 2.0 2.2 2.2 2.9 2.9
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114

Rated Voltage d.c.| 100 [ 200 | 100 [ 200 | 100 [ 200 [ 100 [ 200 | 100 [ 200 | 100 [ 200 | 100 | 200 [ 100 [ 200

Cap. Range Code

0.5pF O0R5

1.0 1RO

1.2 1R2

1.5 1R5

1.8 1R8

22 2R2

2.7 2R7

3.3 3R3

3.9 3R9

4.7 4R7

5.6 5R6

6.8 6R8

8.2 8R2

10 100

12 120

15 150

18 180

22 220

27 270

33 330

39 390

47 470

56 560

68 680

82 820

100 101

120 121

150 151

180 181

220 221

270 271

330 331

390 391

470 471

560 561

680 681

820 821

1.0nF 102

1.2 122

1.5 152

1.8 182

22 222

2.7 272

3.3 332

3.9 392

4.7 472

5.6 562

6.8 682

8.2 822

10 103

12 123

15 153

18 183

22 223

27 273

33 333

39 393

47 473

56 563

68 683

82 823

100 104

120 124

150 154

180 184

220 224

270 274

330 334

390 394

470 474

560 564

680 684

820 824

1.0uF 105

2.2 225

3.3 335

4.7 475

6.8 685

10 106

22 226

33 336

47 476

68 686

100 107
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Multilayer Ceramic Chip Capacitors

GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57
Type 0805 1206 1210 1808 1812 1825 2220 2225
Length mm 2.0+0.3 3.2+0.3 3.2+0.3 4.5740.25 4.5+0.35 4.5+0.35 5.7+0.4 5.7£0.4
Inches 0.08+0.012 0.125+0.012 | 0.125+0.012 0.18+0.01 0.18+0.014 0.18+0.014 0.225+0.016 | 0.225+0.016
idth mm 1.25+0.2 1.6+0.2 2.510.3 2.03+0.25 3.2+0.3 6.310.4 5.0+0.4 6.310.4
Inches 0.05+0.008 0.063+0.008 0.10£0.012 0.08+0.01 0.12540.012 0.25+0.016 | 0.197+0.016 | 0.25+0.016
IThickness mm 1.3 1.6 1.8 2.03 1.8 1.8 1.8 1.8
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07
Termination Band Min Max Min Max Min Max | Min Max Min Max Min Max | Min | Max [ Min Max
mm 0.25 075 | 025 | 075 | 0.25 | 0.75 | 025 | 0.75 | 025 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75
Inches 0.01 0.03 | 0.01 | 0.03 | 0.01 [ 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03
Band Gap mm 0.5 1.4 1.4 2.0 22 2.2 29 2.9
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114
Rated Voltage d.c. [6.3] 101625 [6.3[10]16]25[ 10 [16 [25 [ 10 [16 [ 25 [ 10 [ 16 [ 25 [ 10 [16 [ 25 [10 [ 16 [ 25 ] 10 [ 16 [ 25
ICap. Range Code
0.5pF O0R5
1.0 1RO
1.2 1R2
15 1R5
18 1R8
22 2R2
2.7 2R7
33 3R3
3.9 3R9
47 4R7
5.6 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1.0nF 102
1.2 122
15 152
1.8 182
2.2 222
2.7 272
83 332
3.9 392
47 472
5.6 562
6.8 682
8.2 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 104
120 124
150 154
180 184
220 224
270 274
330 334
390 394
470 474
560 564
680 684
820 824
1.0uF 105
22 225
33 335
47 475
6.8 685
10 106
22 226
33 336
47 476
68 686
100 107
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Multilayer Ceramic Chip Capacitors

X7R (cont)
GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57
Type 0805 1206 1210 1808 1812 1825 2220 2225
Length  mm 2.040.3 3.2+0.3 3.2+0.3 4.57+0.25 4.5+0.35 4.5+0.35 5.7+0.4 5.740.4
Inches 0.08+0.012 | 0.125+0.012 | 0.125+0.012 | 0.18+0.01 0.18+0.014 0.18+0.014 | 0.225+0.016 | 0.225+0.016
Width ~ mm 1.25+0.2 1.6+0.2 2.5+0.3 2.03+0.25 3.240.3 6.3+0.4 5.0+0.4 6.3+0.4
Inches 0.05+0.008 | 0.063+0.008 | 0.10+0.012 0.08+0.01 0.125+0.012 | 0.25+0.016 | 0.197+0.016 | 0.25+0.016
Thickness mm 13 1.6 1.8 2.03 1.8 1.8 1.8 1.8
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07
Termination Band Min Max Min Max Min Max Min Max Min Max Min Max Min | Max | Min Max
mm 025 | 075 | 025 | 075 | 025 | 0.75 | 0.25 | 0.75 | 025 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75
Inches 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03
Band Gap mm 0.5 14 14 2.0 2.2 2.2 2.9 2.9
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114
Rated Voltage d.c. [ 50 100 ] 200 [ 50 [100] 200 | 50 [100] 200 [ 50 [100 200 [ 50 [100]200 [ 50 [100] 200 [ 50 [100] 200 50 [100 [ 200
ICap. Range Code
0.5pF O0R5
1.0 1RO
1.2 1R2
15 1R5
1.8 1R8
22 2R2
2.7 2R7
23 3R3
3.9 3R9
4.7 4R7
5.6 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1.0nF 102
1.2 122
1.5 152
1.8 182
22 222
2.7 272
33 332
3.9 392
4.7 472
5.6 562
6.8 682
8.2 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 104
120 124
150 154
180 184
220 224
270 274
330 334
390 394
470 474
560 564
680 684
820 824
1.0uF 105
2.2 225
23 335
4.7 475
6.8 685
10 106
22 226
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Multilayer Ceramic Chip Capacitors

GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57
Type 0805 1206 1210 1808 1812 1825 2220 2225
Length mm 2.0+0.3 3.240.3 3.240.3 4.57+0.25 4.5+0.35 4.5+0.35 5.710.4 5.710.4
Inches 0.08+0.012 0.125+0.012 | 0.1254+0.012 0.18+0.01 0.18+0.014 0.18+0.014 0.225+0.016 | 0.225+0.016
Width mm 1.25+0.2 1.640.2 2.5+0.3 2.03+0.25 3.240.3 6.3+0.4 5.0£0.4 6.3+0.4
Inches 0.05+0.008 0.063+0.008 0.10+£0.012 0.08+0.01 0.12540.012 0.25+0.016 | 0.197+0.016 | 0.25+0.016
[Thickness mm 1.3 1.6 1.8 2.03 1.8 1.8 1.8 1.8
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07
Termination Band Min Max Min Max Min Max | Min Max Min Max Min Max | Min | Max | Min Max
mm 025 | 075 | 025 | 0.75 | 025 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75
Inches 0.01 0.03 0.01 0.03 0.01 0.03 | 0.01 0.03 [ 0.01 0.03 | 0.01 0.03 | 0.01 | 0.03 | 0.01 | 0.03
Band Gap mm 0.5 1.4 1.4 2.0 2.2 22 2.9 29
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114
Rated Voltage d.c. | 6.3 [ 10 [ 16 [6.3[10]16]25] 6.3 ] 10 [16/25 N/A 63[10] 16 N/A N/A N/A
ICap. Range Code
0.5pF O0R5
1.0 1RO
1.2 1R2
15 1R5
1.8 1R8
22 2R2
27 2R7
33 3R3
3.9 3R9
47 4R7
5.6 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1.0nF 102
1.2 122
15 152
1.8 182
22 222
2.7 272
33 332
3.9 392
47 472
5.6 562
6.8 682
8.2 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
a7 473
56 563
68 683
82 823
100 104
120 124
150 154
180 184
220 224
270 274
330 334
390 394
470 474
560 564
680 684
820 824
1.0uF 105
22 225
33 335
4.7 475
6.8 685
10 106
22 226
33 336 I I
a7 476
100 107
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Multilayer Ceramic Chip Capacitors

GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57
Type 0805 1206 1210 1808 1812 1825 2220 2225
Length mm 2.0+0.3 3.240.3 3.240.3 4.57+0.25 4.5+0.35 4.5+0.35 5.7+0.4 5.7+0.4
Inches 0.08+0.012 0.125+0.012 | 0.125+0.012 0.18+0.01 0.18+0.014 0.18+0.014 | 0.225+0.016 | 0.225+0.016
idth mm 1.25+0.2 1.6+0.2 2.5+0.3 2.03+0.25 3.240.3 6.3£0.4 5.0£0.4 6.3+0.4
Inches 0.05+0.008 0.063+0.008 0.10£0.012 0.08+0.01 0.125+0.012 0.25+0.016 | 0.197+0.016 | 0.25+0.016
Thickness mm 1.3 1.6 1.8 2.03 1.8 1.8 1.8 1.8
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07
[Termination Band | Min Max Min | Max Min Max | Min | Max [ Min | Max | Min | Max | Min | Max [ Min | Max
mm 0.25 075 | 025 | 075 | 025 | 0.75 | 0.25 | 0.756 | 0.25 | 0.756 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75
Inches 0.01 0.03 [ 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 [ 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03
Band Gap mm 0.5 14 14 2.0 22 2.2 29 2.9
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114
Rated Voltage d.c. [6.3] 10 [16 [ 25 [6.3] 10 [ 16 [ 25 [6:3] 10 [ 16 25/35{6.3[ 10 [ 16 [ 25 [6.3[ 10 [ 16 [ 25 [6.3] 10 [ 16 [ 25 [6.3[ 10 [ 16 [ 25 [6.3] 10 [ 16 [ 25
ICap. Range Code
0.5pF 0R5
1.0 1RO
1.2 1R2
1.5 1R5
1.8 1R8
2.2 2R2
2.7 2R7
33 3R3
3.9 3R9
47 4R7
5.6 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 47
560 561
680 681
820 821
1.0nF 102
1.2 122
15 152
1.8 182
22 222
27 272
23 332
39 392
47 472
56 562
6.8 682
8.2 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 104
120 124
150 154
180 184
220 224
270 274
330 334
390 394
470 474
560 564
680 684
820 824
1.0uF 105
2.2 225
33 335
47 475
6.8 685
10 106
22 226
33 336
47 476
68 686
100 107

-The use of Nickle(Ni) as material for both the internal & external electrodes improves the solderability & heat resistance characteristics. This almost
completely eliminates migration & raises the level of reliability significantly.

-Low equivalent series resistance (ESR) provides excellent noise absorption characteristics.

-Compared to tantalum or aluminum electrolytic capacitors these ceramic capacitors offer a number of excellent features, including: Higher
permissible ripple current values, Smaller case sizes relative to rated voltage, and Improved reliability due to higher insulation resistance and
breakdown voltage.



Cal-Chip GMC SERES
Multilayer Ceramic Chip Capacitors

Y5V/Z5U (cont)
GMC21 GMC31 GMC32 GMC40 GMC43 GMC45 GMC55 GMC57

Type 0805 1206 1210 1808 1812 1825 2220 2225
Length  mm 2.040.3 3.2+0.3 3.2+0.3 4.57+0.25 4.5+0.35 4.5+0.35 5.7+0.4 5.7+0.4
Inches 0.08+0.012 0.125+0.012 | 0.125+0.012 0.18+0.01 0.18+0.014 0.18+0.014 | 0.225+0.016 | 0.225+0.016
idth mm 1.25+0.2 1.6+0.2 2.5+0.3 2.03+0.25 3.240.3 6.3+0.4 5.0+0.4 6.3+0.4
Inches 0.05+0.008 0.063+0.008 | 0.10+0.012 0.08+0.01 0.125:0.012 | 0.25+0.016 | 0.197+0.016 | 0.25+0.016
Thickness mm 13 1.6 1.8 2.03 1.8 1.8 1.8 1.8
Inches 0.051 0.063 0.07 0.08 0.07 0.07 0.07 0.07
Termination Band Min Max Min Max Min Max Min Max Min Max Min Max Min | Max | Min Max
mm 025 | 075 | 025 | 0.75 | 025 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75 | 0.25 | 0.75
Inches 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.03
Band Gap mm 0.5 14 14 2.0 2.2 2.2 2.9 2.9
Inches 0.019 0.055 0.055 0.078 0.087 0.087 0.114 0.114
Rated Voltage d.c. [ 50 100 ] 200 [ 50 [100] 200 | 50 [100]200 [ 50 [100[200 [ 50 [100]200 [ 50 [100] 200 [ 50 100200 50 [100 [200
ICap. Range Code
0.5pF OR5
1.0 1RO
1.2 1R2
15 1R5
1.8 1R8
22 2R2
2.7 2R7
213 3R3
3.9 3R9
4.7 4R7
5.6 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470
56 560
68 680
82 820
100 101
120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1.0nF 102
1.2 122
1.5 152
1.8 182
22 222
2.7 272
33 332
3.9 392
4.7 472
5.6 562
6.8 682
8.2 822
10 103
12 123
15 153
18 183
22 223
27 273
33 333
39 393
47 473
56 563
68 683
82 823
100 104
120 124
150 154
180 184
220 224
270 274
330 334
390 394
470 474
560 564
680 684
820 824
1.0uF 105
2.2 225
213 335
4.7 475
6.8 685
10 106
22 226
33 336
47 476
68 686
100 107

-The use of Nickle(Ni) as material for both the internal & external electrodes improves the solderability & heat resistance characteristics. This almost
completely eliminates migration & raises the level of reliability significantly.

-Low equivalent series resistance (ESR) provides excellent noise absorption characteristics.

-Compared to tantalum or aluminum electrolytic capacitors these ceramic capacitors offer a number of excellent features, including: Higher
permissible ripple current values, Smaller case sizes relative to rated voltage, and Improved reliability due to higher insulation resistance and
breakdown voltage.
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Multilayer Ceramic Chip Capacitors

COG Dielectric

Ultra stable class | dielectric: linear temperature coefficient, low loss, negligible change

properties with time, voltage and frequency.

of electrical

Temperature
Operating | Temperature Voltage Dissipation Insulation Dielectric Test
Temperature | Coefficient | Coefficient Factor Resistance | withstanding| Aging Rate | Parameters
Range (AcMax @ Voltage
Vbcw)
-55°C 0+£30ppm°C | 0+30ppm/°C 0.1% Max, | 25°C, VDCw:: 3 X Vbcw 0% per ¢ C<1000pF
to 0.02% Typical | >100GQF or decade hour | f=1MHz
+125°C 1000QF, V=1.0Vrms
whichever is less £0.2Vrms
*125°C, VDCW: T=25°C
>10GQF or * C>1000pF
100QF f=1KHz
: . V=1.0Vrms
whichever is less +0.2Vrms
T=25°C
X7R Dielectric
Stable class Il dielectric (EIA X7R)
Temperature
Operating | Temperature Voltage Dissipation Insulation Dielectric Test
Temperature | Coefficient Coefficient Factor Resistance | withstanding| Aging Rate | Parameters
Range (AcMax @ Voltage
Vbcw)
-55°C +15% X7R 2.5% Max, |*25°C, VDcw: | 2.5 X VDcw <2% per 1KHz,
to Not Applicable| 1.8% Typical |>100GQFor decade hour | 1.0Vrms
+125°C 1000QF, +0.2Vrms
whichever is less 25°C
*125°C, VDCcw: values > or
>10GQF or 1=(t)(</10uF
100QF JVIMS
whichever is less 120Hz
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Multilayer Ceramic Chip Capacitors - Z5U (Y5V) Dielectric

High capacitance per unit volume: general purpose product

Operating T L . Dielectric
Temperature empe-ra,ture Dissipation Inst_.llatlon withstanding Aging Rate Test
Range Coefficient Factor Resistance Voltage Parameters
-30°C +22% 3.0% Max, 10GQ or 100QF 2.5 X Vpcw 3.0% per 1KHz, 1Vrms 25°C
to -82% 2.0% Typical | whichever is decade hour  |\oues > or
+85°C less, =to 10uF
25°C, Vbcw 1.0Vrms 120Hz

Packaging (Taping)

(Reel Type-Size)

Standard Reel Unit:mm
A B C D E W t R
2178 250 213.0 | ©21.0 2.0 14.9 0.8 10
+2.0 min. +0.5 +0.8 +0.5 +1.5 +0.2 ’
10000 units per reel OPTIONAL Unit:mm
A B C D E W t R
2250 250 213.0 | 821.0 2.0 10.0 0.8 1.0
+2.0 min. +0.5 +0.8 +0.5 1.5 +0.2 ’

Carrier Tape (Standard)

Top Cover Tape

* To peel off the cover tape by the method shown in the

right figure apply a peel-off force of 20 gf - 60 gf (card

board); 35 gf - 75 gf (plastic tape).

e The cover tape should not touch the top or bottom of the !
Tape unreeling

chip.

o

Carrier Tape

>

7

165-180°
Cover Tape tension

direction

direction

* If the cover tape has been peeled off it may be difficult to
remove the chip due to punch-hole clearance, dirt, and
debris. Make sure therefore that no paper waste will
adhere to and block the absorption nozzle.

* If the cover tape has been peeled off from the top, stick it
back on with a suitable adhesive.

* Follow the illustration for the start and end of the winding

operation.

_\ Bottom Cover Tape

Empty Chip Mounting Empty Leader
section section section section
e g, T T
CXC) X ) oo [ -
[0b ooa || %eo Dol
> [ |
50 pitch 30 pitch 200mm

(200mm) (120mm)

o
Unreeling direction



Cal-Chi P Electronics, Incorporated

GMC SERIES

Multilayer Ceramic Chip Capacitors

e Cardboard carrier tape for 0402, 0603 type and 0805/1206 type

Unit: mm
Type B F P1 Po t1 Mounting Quantity
A w E P2 Do t2 Hole per Reel
0402 | 0.7+0.2 | 1.3+0.2 2.0+0.05 10000
0603 | 1.1+0.2 | 1.9+0.2 Angular 4000
0805 |(1.65+0.2| 2.4+0.2 | 8.0+0.3 |3.5+0.05|1.75+0.1| 4.0+0.1 |2.0+0.05| 4.0+0.1 z1.5"‘0::) 1.1 max| 1.4 max| Punch Hole | 4000 to 5000*
1206 | 2.0+0.2 | 3.6+0.2 4000 to 5000*
*Dependent on chip thickness
* Embossed plastic carrier tape for 0805/1206 type and 1210 type Unit: mm
Mounting Quantity
Type A B w F E P1 P2 Po Do t1 t2 Hole per Reel
0805 |1.45£0.2] 2.3x0.2 Angular 2000 to 5000*
1206 | 2.0+0.2 | 3.6+0.2 | 8.0+0.3 (3.5+0.05|1.75+0.1| 4.0+0.1 |2.0+0.05| 4.0+0.1 a1.5+°::) 0.6 max | 2.5 max | Embossed 2000 to 5000
1210 | 2.9x0.2 | 3.6x0.2 Hole 2000 to 4000
*Dependent on chip thickness
* Embossed plastic carrier tape for 1812, 1825, 2220 and 2225 type Unit: mm
Mounting Quantity
Type A B w F E P1 P2 Po Do t1 t2 Hole per Reel
1812 3.6+0.2 | 4.9+0.2 .
Angular 000
1825 | 6.8:0.3 | 4.9:0.2 | 12.0£0.3 | 5.5£0.05 | 1.7520.1 | 8.00.1 | 2.0£0.05 | 4.0:0.1 | 01.5x0 Embossed o
2220 | 55:0.3 | 6.2:0.3 1 0.6 max.|6.5 max. Hole 4:;;;
2225 6.8+0.3 | 6.2+0.3 1000

*Dependent on chip thickness




Cal-Chi P Electronics, Incorporated

GMC SERIES

Multilayer Ceramic Chip Capacitors - All Dielectrics

Tape and Reel Packing Quantities

Chip Size 178 mm (7”’) Reel 330 mm (13”) Reel

0402 10,000 N/A

0603 4,000 16,000
0805 4,000 12,000
1206 4,000 15,000
1210 2,000, 4,000 8,000
1812 1,000 4,000
1825 1,000 4,000
2220 1,000 4,000
2225 1,000 4,000

The tape and reel packing quantities apply to voltages up to 200V rating only.

The 0402 and 0603 size chips have similar width and thickness dimensions.



Cal-Chi P Electronics, Incorporated
Multilayer Ceramic Chip Capacitors

GMC SERIES

e Bulk case packaging can reduce the stock space and transportation costs.
¢ The bulk feeding system can increase the productivity.
e |t can eliminate the components loss.

BuLk CASE

¢ Structure and Dimension

~~~~~~~ — :
F w G

....... 7 [{H

L |

Symbol A B T C D E
Dimension| 6.8:0.1 | 8801 | 12:01 | 1531 | 280 | 47.01
Symbol F w G H L |
Dimension 31'51:(())'2’ 361.—8:2 1940.35 7+0.35 110+0.7 5+0.35

¢ Quantity

21(0805)

Size

04(0402)

10(0603)

T<0.85mm

T>1.0mm

Quantity

80,000

15,000

10,000

5,000




Cal-Chip Electronics, Incorporated

GMC SERIES

Multilayer Ceramic Chip Capacitors

RELIABILITY AND TEST
CONDITIONS

ltem Specification Test Method
Capacitance Within tolerance shown * Class (I)
by part number code C<1000pF:1MHz+10%,
0.5 to 5Vrms
Dissipation Factor * Class (I) C>1000pF:1KHz+10%,
(tand or Q) C<30pF:Q=>400+20xC 1.0+0.2Vrms
C=30pF:Q=1000
* Class (Il) * Class (Il)
X7R:DF<2.5% 1KHz+£10%, 1.0+0.2Vrms
Y5V/Z5U:DF<3.0% values > or = to 10uF 1.0Vrms 120Hz
. NPO-XR7:
Insulation Apply rated voltage for 60

Resistance(IR)

C<50,000pF: IR>100GQ

C>50,000pF: IR=500MQ.
Per Uf.

Y5V/Z5U: IR=10GQ

seconds at room temperature
and normal humidity.
(70% RH max)

Dielectric There shall be no evidence | APPly 3 x rated voltage (Class 1)
Withstanding of damage or flash over or 2.5 x rated voltage (Class Il) to
Voltage during the test both terminations for 5
seconds. Charge and discharge
current are less than 50mA.
Termination : Fillet Solder
No mechanical damage
Adherence
f N
Alu\mina
5009 Board

Care shall be taken to avoid
thermal shock. 500g of steady
pull is applied in direction of arrow
for 1 minute.

Bend Strength

No mechanical damage

After soldering capacitor on the
glass-epoxy PWB, 2 mm of vend-
ing shall be applied for 10 sec-
onds as shown by drawing.

Life Test
(High Temperature
Loading Test)

AC

e Class (l)
No more than £3% or £0.3pF
whichever is less

e Class (ll)
X7R:+10% max
Y5V/Z5U:+30% max

or
DF

e Class (I)
C<10pF:Q>200+10xC
10<C<30pF:Q>275+5/2xC
C>30pF:Q=350

* Class (Il)

X7R:DF<5.0%
Y5V/Z5U:DF<7.5%

1000MQ or 50QF, min
whichever is less

Applied 2 x rated voltage at
maximum operating temperature
for 1000 hours. The surge current
shall not exceed 50mA after
above testing condition, test sam-
ples shall be kept in room temper-
ature for 24 hours (Class I) or

48 hours (Class II),

and then shall be measured.




Cal-Chip clectronics, Incorporated

GMC SERIES

Multilayer Ceramic Chip Capacitors

RELIABILITY AND TEST
CONDITIONS

initial value.

ltem Specification Test Method
i e Class (I
Moisture Test No mo(rg than 5%
or +0.5pF , .
AC|  whichever is larger The capacitors shall be subjected
« Class (Il) to 40°C, 90-95%RH for 500 hours.
\)((g\F;/;;Sof 30% After above testing condition, samples
~Class () =2 shall be kept in room temperature for
C<10pF:Q>200+10xC 24dh?hurs (glallsz ) or 48 hogrs (Class 1),
Q| 10<C<30pF:Q=275+5/2xC and then shall be measured.
or C>30pF:Q>350
DF| e Class (Il)
X7R:DF<5.0%
Y5V/Z5U:DF<7.5%
whichever is less
: e Class (1)
M0|§ture No more than +7.5%
Resistance or £0.75pF
Test AC| v(;lhlgzi\llsr is larger Apply rated voltage at 40°C,
° a 0o
X7R+10% 90-95%RH for 500 hours.
Y5V/Z5U:+30% The surge current shall not exceed
e Class (1) 50mA. After testing with above condition,
ql| C<30pF:Q>100+100/3xC samples shall be kept in room tempera-
or| ©=30pF:Q2200 ture for 24 hours (Class 1) or 48 hours
pr| ®Class (Il (Class 11}, and then shall be measured.
X7R:DF<5.0%
Y5V/Z5U:DF<7.5%
R 500MQ or 25QF, min
whichever is less
* Class (1) Perform 5 cycles as follow:
Temperature A y : .
P No more than =2.5% 1. Room temperature. Dwell for 15 minutes.
Cycle or +0.25pF . .
. . 2. Minimum operating temperature, dwell for
AC|  whichever is larger 30 minutes.
: )Cg;a;i(sll/) 3. Room temperature, dwell for 30 minutes.
Y5V /.Z_5Ucf+2 0% 4. Maximum operating temperature, dwell for
i 30 minutes.
Q| To satisfy the specified After above testing condition, samples shall
Slr: initial value. be kept in room temperature for 24 hours
_ _ (Class 1) or 48 hours (Class II), and then shall
R To §at|sfy the specified be measured.
initial value.
. Termination area shall be at The capacitors are completely
Solderability least 95% covered with a new immersed during 4+0.5 seconds
solder coating. There shall be no [ in the molten solder with a
crack and ceramic exposure of temperature of 230+5°C
terminated surface by melting. *Solder: Sn 63.
e Class (I) )
Resistance to No more than +2.5% Immerse into molten solder at
Solder Heat Test or £0.25pF 270+5°C for 319.5 secgnds.
Ac|  whichever is larger Preheat before immersion.
e Class (ll) 1.80~100°C for 2 minutes.
X7R:+5% 2.150~180°C for 2 minutes.
Y5V/Z5U:+20% 3. 270+5°C for 3+0.5 seconds.
Q| To satisfy the specified The capacitance measurement
or| initial value. shall be made after sample
DF To SatsTy The specied keeping at room temperature for
IR 24 hours.




Cal-Chlp Electronics, Incorporated GMC SERIES
Multilayer Ceramic Chip Capacitors

APPLICAT'ON MANUAL FOR 1. Temperature / Humidlty Control
Since dew condensation may occur by the differences in temperature when

the products are take out of storage, it is important to maintain a temperature-
controlled environment.

SURFACE MOUNTING

2. Design of Solder Land Pattern
When designing printed circuit boards, the shape and size of the solder lands
must allow for the proper amount of solder on the capacitor. The amount of solder
at the end terminations has a direct effect on the probability that the chip will
crack. The greater amount of solder, the larger amount of stress on the chip, and
the more likely that it will break. Use the following illustrations as guidelines for
proper solder land design.

Recommendation of solder land shape and size.

_ Solder Resist . T Solder Resist
[ T
'Solde ’
Pand. 2/3W<(b(w @ 2/3T<Ca|(T
3. Adhesives

MLCCs generally require the use of an adhesive to adhere the chips to the circuit
board prior to wave soldering.

3-1. Requirements for Adhesives

- They must have enough adhesion so that the chips will not fall off or move
during the handling of the circuit board.

- They must maintain their adhesive strength when exposed to soldering
temperatures.

- They should not spread or run when applied to the circuit board.

- They should have a long pot life.

- They should harden quickly.

- They should not corrode the circuit board or chip material.

- They should be a good insulator.

- They should be non-toxic, and not produce harmful gases, nor be harmful
when touched.

3-2. Application Method
It is important to use the proper amount of adhesive. Too little will cause poor
adhesion to the circuit board, and too much may strain the conductor pattern,
thereby causing defective soldering. The following illustrations show the proper
quantity of adhesive.

Solder Resist (Unit: mm)
Land Tvpe 21 31
e el ff yp
a 0.2 min 0.2 min
PCB
! | b 70~100pm 70~100pm
C >0 >0
i - - -
c c

3-3. Adhesive Hardening Characteristics
To prevent oxidation of the terminations, the adhesive must harden at 160°C
or less, within 2 minutes or less.
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Multilayer Ceramic Chip Capacitors

4. Mounting
4-1. Mounting Head Pressure
Excessive pressure will cause chip capacitors to crack. The pressure between
nozzle and chip capacitor will be 300g maximum during mounting.

4-2.Bending Stress
Bending of printed circuit board by mounting head when double-sided circuit
boards are used, chip capacitors first are mounted and soldered onto one side of
the board. When the capacitors are mounted onto the other side, it is important
to support the board as shown in the illustration. If the circuit board is not
supported, it may bend, causing the already installed capacitors to crack.

‘nozzle

5. Flux
Although highly activated flux gives better solderability, substances which increase

activity may also degrade the insulation of the chip capacitors. To avoid such
degradation, it is recommended that a mildly activated rosin flux (less than 0.2%
chlorine) be used.

6. Soldering
Since a multilayer chip ceramic capacitor comes into direct contact with melted
solder during soldering, it is exposed to potentially damaging mechanical stress
caused by the sudden temperature change. The capacitor may also be subject to
silver migration, and to contamination by the flux. Because of these factors, soldering
technique is critical.

6-1. Soldering Methods

Method Classification
Mass ¢ IR/Convection
reflow ¢ VPS (Vapor phase)
Reflow
Soldering
Selective ¢ Hot air/gas
reflow e Laser
Flow
Soldering Dual Wave

6-2. Soldering Profile
To avoid the crack problem by sudden temperature change, follow the temperature
profile in the adjacent graph.
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300
250
200
150
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over 60 sec 10~20 sec over 60 sec
Reflow Soldering

6-3. Manual Soldering
Manual Soldering can pose a great risk of creating thermal cracks in chip capacitors.
The hot soldering iron tip comes into direct contact with the end terminations,
and operator’s carelessness may cause the tip of the soldering iron to come
into direct contact with the ceramic body of the capacitor. Therefore the soldering
iron must be handled carefully, and close attention must be paid to the selection
of the soldering iron tip and to temperature control of the tip.

6-4. Amount of Solder

-

-

over 60 sen': 2~3 sec'over 60 sec
Flow Soldering

Too much Cracks tend to occur
solder m due to large stress

Amount of

solder is 2m_wnimum amount of solder
adequate

| Maximum amount of solder

Not enough 777%77 cause bad connections or
solder detaching of the capacitor

Weak holding force may

6-5. Cooling
Natural cooling using air is recommended. If the chips are dipped into solvent for
cleaning, the temperature difference (AT) must be less than 100°C.

6-6. Cleaning
If rosin flux is used, cleaning usually is unnecessary. When strongly activated
flux is used, chlorine in the flux may dissolve into some types of cleaning fluids,
thereby affecting the chip capacitors. This means that the cleaning fluid must be

carefully selected, and should always be new.

7. Notes for Separating Multiple, Shared PC Boards
A multi-PC board is separated into many individual circuit boards after soldering has
been completed. If the board is bent or distorted at the time of separation, cracks
may occur in the chip capacitors. Carefully choose a separation method that
minimizes the bending of the circuit board.
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APPLICATION INFORMATION ON SOLDER PAD DESIGN

FOR SURFACE MOUNT CHIP CAPACITOR

Recommended Pad Dimensions

Dimensions (inches)

Chip Size L w S T
0402* 0.021 0.022 0.017 0.059
0603* 0.035 0.030 0.030 0.100
0805 0.040 0.050 0.040 0.120
1206 0.040 0.065 0.080 0.160
1210 0.040 0.100 0.080 0.160
1812* 0.050 0.120 0.130 0.230
1825* 0.050 0.250 0.130 0.230
2220 0.050 0.250 0.130 0.230
2225* 0.050 0.250 0.170 0.270
3640* 0.060 0.400 0.300 0.420

*These sizes are recommended for use with IR and vapor phase soldering only.

< T >
(TOTAL LENGTH)

—W —P
(WIDTH)

— L l—— S — P L - —
(LENGTH) (SEPARATION) (LENGTH)

NOTICE: Specifications are subject to change without notice. Contact your nearest Cal-Chip Sales Office for the latest specifications.
All statements, information and data given herein are believed to be accurate and reliable, but are presented without guarantee,
warranty, or responsibility of any kind, expressed or implied. Statements or suggestions concerning possible use of our products are
made without representation or warranty that any such use is free of patent infringement and are not recommendations to infringe any
patent. The user should not assume that all safety measures are indicated or that other measures may not be required. Specifications
are typical and may not apply to all applications.



COG (NPO) Dielectric

General Specifications

TAV/AS

COG (NPO) is the most popular formulation of the “tempera-
ture-compensating,” EIA Class | ceramic materials. Modern
COG (NPO) formulations contain neodymium, samarium and
other rare earth oxides.

COG (NPO) ceramics offer one of the most stable capacitor
dielectrics available. Capacitance change with temperature
is 0 £30ppm/°C which is less than £0.3% A C from -55°C
to +125°C. Capacitance drift or hysteresis for COG (NPO)
ceramics is negligible at less than +0.05% versus up to
+2% for films. Typical capacitance change with life is less
than +0.1% for COG (NPO), one-fifth that shown by most
other dielectrics. COG (NPO) formulations show no aging
characteristics.

The COG (NPO) formulation usually has a “Q” in excess
of 1000 and shows little capacitance or “Q” changes with
frequency. Their dielectric absorption is typically less than
0.6% which is similar to mica and most fims.

PART NUMBER (see page 2 for complete part number explanation)

A T 2 A
Capacitance Failure Terminations  Packaging Special
Tolerance Rate T = Plated Ni 2=T"Reel Code
B = +.10 pF (<10pF) A = Not and Sn 4=13"Reel A = Std.
C = +.25 pF (<10pF) Applicable 7 = Gold Plated g f Bulk Cass. Product
= Bulk
D = +.50 pF (<10pF) Contact
F = +1% (= 10 pF) Factory For  contact
G = +2% (> 10 pF) racory Factory
J = +5% 1=Pd/Ag Term For
K = +10% Multiples
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COG (NPO) Dielectric

Specifications and Test Methods

TAV/AS

Parameter/Test

NPO Specification Limits

Measuring Conditions

Operating Temperature Range

-55°C to +125°C

Temperature Cycle Chamber

Capacitance

Within specified tolerance

Q

<30 pF: Q= 400+20 x Cap Value
=30 pF: Q= 1000

Freq.: 1.0 MHz + 10% for cap < 1000 pF
1.0 kHz + 10% for cap > 1000 pF
Voltage: 1.0Vrms + .2V

Insulation Resistance

100,000M<2 or 1000MQ - pF,
whichever is less

Charge device with rated voltage for
60 + 5 secs @ room temp/humidity

Dielectric Strength

No breakdown or visual defects

Charge device with 300% of rated voltage for
1-5 seconds, w/charge and discharge current
limited to 50 mA (max)

Note: Charge device with 150% of rated
voltage for 500V devices.

Appearance No defects Deflection: 2mm
Resistance to Cil/[;a:g:%r:]ce +5% or +.5 pF, whichever is greater Test Time: 30 seconds
1mm/
Flexure " v e
Siirsenes Q Meets Initial Values (As Above) [ 1
Insulation = Initial Value x 0.3 O O
Resistance ) 9% mm ——»>
Solderabilit = 95% of each terminal should be covered Dip device in eutectic solder at 230 + 5°C
olderability with fresh solder for 5.0 + 0.5 seconds
Appearance No defects, <25% leaching of either end terminal
C?/parli(:l':iamce < +2.5% or +.25 pF, whichever is greater
anatio Dip device in eutectic solder at 260°C for 60
Resistance to Q Meets Initial Values (As Above) seconds. Store at room temperature for 24 + 2
Solder Heat TeEen hours before measuring electrical properties.
[ R Meets Initial Values (As Above)
Dielectric "
Sltrengtlh Meets Initial Values (As Above)
Appearance No visual defects Step 1: -55°C + 2° 30 + 3 minutes
C%%?g:%r;]ce < +2.5% or +.25 pF, whichever is greater Step 2: Room Temp < 3 minutes
Thermal Q Meets Initial Values (As Above) Step 3: +125°C +2° | 30 + 3 minutes
Shock :
Insulation . .
e Meets Initial Values (As Above) Step 4: Room Temp | =< 3 minutes
Dielectric - Repeat for 5 cycles and measure after
Strength Meets Initial Values (As Above) 24 hours at room temperature
Appearance No visual defects
Capacitance +3.0% or + .3 bF. which ; "
Variation = 3070 0= .5 pr, WNIChEVer s greater Charge device with twice rated voltage in
Q =30 pF: Q=350 test chamber set at 125°C + 2°C
Load Life _ . =10 pF, <30 pF: Q=275 +5C/2 for 1000 hours (+48, -0).
(C=Nominal Cap) <10 pF: Q= 200 +10C
Insulation Initial Val 03 (See Ab Remove from test chamber and stabilize at
Resistance = Initial Value x 0.3 (See Above) room temperature for 24 hours
Dielectric " before measuring.
Strength Meets Initial Values (As Above) 9
Appearance No visual defects
Capacitance +E 0% oF + . .
Variation = +5.0% or +.5 pF, whichever is greater Store in a test chamber set at 85°C + 2°C/
=30pF: Q=350 85% + 5% relative humidity for 2000 hours
Load Q =10 pF, <30 pF: Q=275 +5C/2 (+48, -0) with rated voltage applied.
Humidity <10 pF: Q=200 +10C
Insulation Initial Val 0.3 (See Ab Remove from chamber and stabilize at
Resistance = Initial Value x 0.3 (See Above) room temperature for 24 + 2 hours
Dielectric " before measuring.
Strength Meets Initial Values (As Above) urng
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COG (NPO) Dielectric

Capacitance Range

TAV/A

PREFERRED SIZES ARE SHADED

=)

L] o imm1}
SIZE 0201 0402 0603 0805 1206
Soldering Reflow Only Reflow Only Reflow Only Reflow/Wave Reflow/Wave
Packaging All Paper All Paper All Paper Paper/Embossed Paper/Embossed
U Length MM 0.60 + 0.03 1.00+0.10 1.60+0.15 2.01+£0.20 3.20 + 0.20
(in.) (0.024 + 0.001) (0.040 + 0.004) (0.063 + 0.006) (0.079 + 0.008) (0.126 + 0.008)
(W) Width MM 0.30 +0.03 0.50 +0.10 0.81+0.15 1.25+0.20 1.60 +0.20
(in) (0.011 +0.001) (0.020 + 0.004) (0.032 + 0.006) (0.049 + 0.008) (0.063 + 0.008)
{ Teminal MM 0.15+£0.05 0.25+0.15 0.35+0.15 0.50+0.25 0.50 + 0.25
(in.) (0.006 + 0.002) (0.010 + 0.006) (0.014 + 0.006) (0.020 + 0.010) (0.020 + 0.010)
16
Cap
(pF)
Cap
©F)
WVDC 10 16 25 16 25 50 6.3 25 50 100 16 25 50 100 200 16 25 50 | 100 | 200 | 500
SIZE 0201 0402 0603 0805 1206
Letter K M N P Q X Y 4
Max. 1.02 1.27 1.40 1.52 1.78 2.29 2.54 2.79
Thickness (0.040) | (0.050) | (0.055) | (0.060) | (0.070) (0.090) | (0.100) | (0.110)
EMBOSSED

JAV/X



COG (NPO) Dielectric

Capacitance Range

TAV/AS

PREFERRED SIZES ARE SHADED

[0

1

[

[l

SIZE

1210

1812

1825

2225

Soldering

Reflow Only

Reflow Only

Reflow Only

Reflow Only

Packaging

Paper/Embossed

All Embossed

All Embossed

All Embossed

(L) Length

320020
(0.126 + 0,008)

750030
(0.177 £ 0.012)

750030
(0.177 £ 0.012)

572:025
(0.225 +0.010)

(W) Width

2.50£0.20
(0.098 + 0.008)

320%0.20
(0.126 + 0.008)

6.40 % 0.40
(0.252 + 0.016)

635%025
(0.250 + 0.010)

(t) Terminal

0502025
(0.020 + 0.010)

0.61%036
(0.024 + 0.014)

0612036
(0.024 + 0.014)

0.64£0.39
(0.025 +0.015)

25 50 100 200

500

25

50 100 200 500

50

100 200 500

50 100 200 500
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SIZE

1210

1812

1825

2225

Letter A

3

Q X

Max. 0.33
Thickness | (0.013)

056
(0.022)

0.71
(0.028)

0.86
(0.034)

0.94
(0.037)

1.02
(0.040)

127
(0.050)

1.40
(0.055)

152
(0.060)

178 2.29
(0.070) | (0.090)

2.54
(0.100)

2.79
(0.110)

PAPER

EMBOSSED

TAV/A



Packaging of Chip Components FAV/ X

Automatic Insertion Packaging

TAPE & REEL QUANTITIES

All tape and reel specifications are in compliance with RS481.

8mm 12mm
Paper or Embossed Carrier 0612, 0508, 0805, 1206,
1210
Embossed Only 1812, 1825
1808 2220, 2225
Paper Only 0201, 0306, 0402, 0603
Qty. per Reel/7" Reel 2,000, 3,000 or 4,000, 10,000, 15,000 3,000 500, 1,000
Contact factory for exact quantity Contact factory for exact quantity
Qty. per Reel/13" Reel 5,000, 10,000, 50,000 10,000 4,000
Contact factory for exact quantity

REEL DIMENSIONS

40 (1575) Min. t'_ e ﬂIL‘iL‘iﬁﬁﬁ gfnge
Access Hole At outer edge)

Slot Location
—=| |[¢— W2 (Measured at

(Arbor Hole Dia.) Hub)
Cc |L __r
A A ] N (Hub Dia.)
B Jp— | Note: Tape with or without
components shall pass
around radius "R"
1 without damage.
Full Radius * W, (Measured at
Hub)
r .
Tape Slot in i
Core For Tape Start.
* Drive spokes optional, if used 2.50 (0.098) min. Width,
asterisked dimensions apply. 10.0 (0.394) min. Depth
Tape A B* D* N W.
Size® Max. Min. © Min. Min. b Max. Ee
. 7.90 Min.
8.40 45 14.4 (0.311)
mm (0.331 98) (0.567) 10.9 Max.
330 15 13.098 20.2 50.0 (0.429)
(12.992) | (0.059) (0.51298%) (0.795) (1.969) ) e
12.4 % 18.4 (0.469)
12mm (0.488 %5 0.724) 15.4 Max.
(0.607)

Metric dimensions will govern.
English measurements rounded and for reference only.
(1) For tape sizes 16mm and 24mm (used with chip size 3640) consult EIA RS-481 latest revision.
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Embossed Carrier Configuration
8 & 12mm Tape Only

TAV/AS

Bl

D
DEFORMATION 4.‘
BETWEEN

S

|-— P0—>
'

10 PITCHES CUMULATIVE

TOLERANCE ON TAPE
© | +0.2mm (=0.008)

f— »‘ Py ‘ YEMBOSSMENT
[

L

Chip Orientation

EMBOSSMENTS —@— ‘%,T
> Ao <
T ‘ w
TOP COVER (7 T l E2 \ Q Q Q Q
B1 | |f~—x TAPE Q}. B -
g i | ] ]
v | =1 1=
S, 4’”‘*1-1 CENTER LINES ~— Py —] ! D1 FOR COMPONENTS .
OE CAVITY MAX. CAVITY 2.00 mm x 1.20 mm AND
SIZE - SEE NOTE 1 LARGER (0.079 x 0.047)
B1 1S FOR TAPE READER REFERENCE ONLY >
INCLUDING DRAFT CONCENTRIC AROUND Bg User Direction of Feed
8 & 12mm Embossed Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E Po P, S; Min. T Max. T,
8mm 1.50 94° 1.75+0.10 | 4.0+0.10 2.0+0.05 0.60 0.60 0.10
and (0.059 98*) |(0.069 + 0.004)|(0.157 + 0.004)| (0.079 + 0.002)|  (0.024) (0.024) (0.004)
12mm Max.
VARIABLE DIMENSIONS
Tape Size | B, D, E, F P, R T, W As By Ko
Max. Min. Min. Min. Max.
See Note 5 |See Note 2
435 1.00 6.25 3.50 +0.05 4.00 +0.10 25.0 2.50 Max. 8.30
8mm (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.157 + 0.004)| (0.984) (0.098) (0.327) |SeeNote 1
8.20 150 | 10.25 | 5.50 +0.05 4.00 £0.10 30.0 6.50 Max. 12.3
12mm | (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.157 +0.004)| (1.181) (0.256) (0.484) |See Note 1
8mm 4.35 1.00 6.25 3.50 + 0.05 2.00 +0.10 25.0 2.50 Max. 8.30
1/2 Pitch | (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.079 + 0.004)| (0.984) (0.098) (0.327) |SeeNotel
12mm " +01 M 12
e 8.20 150 | 10.25 | 5.50+0.05 8.00 +0.10 30.0 6.50 Max. 3 |see Note 1
Ehw (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.315 + 0.004)| (1.181) (0.256) (0.484)
NOTES:

2. Tape with or without components shall pass around radius “R” without damage.
1. The cavity defined by A,, B,, and K, shall be configured to provide the following:
Surround the component with sufficient clearance such that:
a) the component does not protrude beyond the sealing plane of the cover tape.
b) the component can be removed from the cavity in a vertical direction without mechanical
restriction, after the cover tape has been removed.
c) rotation of the component is limited to 20° maximum (see Sketches D & E).
d) lateral movement of the component is restricted to 0.5mm maximum (see Sketch F).

3. Bar code labeling (if required) shall be on the side of the reel opposite the round sprocket holes.
Refer to EIA-556.

4. B, dimension is a reference dimension for tape feeder clearance only.

5. If P, = 2.0mm, the tape may not properly index in all tape feeders.

20° maximum component rotation
b
B ‘
L = Typical component

‘__ Ao q/ center line

Top View
Sketch “D”

Top View, Sketch "F"
Component Lateral Movements

l —>‘ ~<——0.50mm (0.020) Typical component

Maximum cavity center line

. 0.50mm (0.020)
Maximum Component Rotation

Maximum

Side or Front Sectional View
Sketch "C”
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Paper Carrier Configuration YAV X

8 & 12mm Tape Only

10 PITCHES CUMULATIVE
J‘* Po —= TOLERANCE ON TAPE

+0.20mm (+0.008)
—{j+T P2 |+ | i
=
BOTTOM TOP t T
COVER COVER F W
TAPE TAPE JE
my
. ‘ G
ﬁl CAVITY SIZE o bl e pi ﬁ
T -
! SEE NOTE 1 SE’\gE\ﬁT%NES User Direction of Feed
8 & 12Zmm Paper Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E P, P, T, G. Min. R Min.
8mm 1.50 © 1.75+0.10 4.00 £0.10 2.00 £ 0.05 0.10 0.75 25.0 (0.984)
and (0.059 % % °°“) (0.069 + 0.004) [(0.157 + 0.004) | (0.079 + 0.002) (0.004) (0.030) See Note 2
12mm Max. Min. Min.
VARIABLE DIMENSIONS
. [ .
Tape Size See Nlote 4 E, Min. F W Ay Bo T
8mm 4.00 £ 0.10 6.25 3.50 £ 0.05 8.00 % See Note 1
(0.157 + 0.004) (0.246) (0.138+£0.002) | (0.3159%%)
1.10mm
(0.043) Max.
12 4.00 = 0.010 10.25 5.50 £ 0.05 12.0 £ 0.30 for Paper Base
mm (0.157 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012) Tape and
8mm 2.00 +0.05 6.25 3.50 £ 0.05 8.00 £ e
1/2 Pitch (0.079 + 0.002) (0.246) (0.138 £0.002) | (0.315 5%) for Non.Paper
Base Compositions
égumbrl'; 8.00 % 0.10 10.25 5.50 + 0.05 12.0 +0.30
Pitch (0.315 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012)
NOTES: 2. Tape with or without components shall pass around radius “R” without damage.

1. The cavity defined by Ao, Bo, and T shall be configured to provide sufficient clearance
surrounding the component so that:

a) the component does not protrude beyond either surface of the carrier tape;

b) the component can be removed from the cavity in a vertical direction without 4. If P, =2.0mm, the tape may not properly index in all tape feeders.
mechanical restriction after the top cover tape has been removed;

c) rotation of the component is limited to 20° maximum (see Sketches A & B);

d) lateral movement of the component is restricted to 0.5mm maximum
(see Sketch C).

3. Bar code labeling (if required) shall be on the side of the reel opposite the sprocket
holes. Refer to EIA-556.

Top View, Sketch "C" 20° maximum component rotation

i Component Lateral
(™
~—0.50mm (0.020
N T ! Maxin”(lum ) ‘ Typical component
20 ? By ‘ cavity center line
Maximum Component Rotation T ;
0.50mm (0.020) T
Maximum

Typical component

‘__ Ao ﬂ/ center line

Top View
Sketch “B”

Side or Front Sectional View

Bar Code Labeling Standard

AVX bar code labeling is available and follows latest version of EIA-556

62 TAV/A



Bulk Case Packaging FAV// X

BENEFITS BULK FEEDER
» Easier handling

» Smaller packaging volume
(1/20 of T/R packaging)

 Easier inventory control
* Flexibility
» Recyclable

CASE DIMENSIONS

id Shutter
sl
/ i er\
12mm ATTTTTTTTT T /A
36mm éé i
/— 110mm —/

Attachment Base

CASE QUANTITIES

Part Size 0402 0603 0805 1206
Qty. 10,000 (T=.023") 5,000 (T=.023")
(pCs / cassette) HLLLL leeey 8,000 (T=.031") 4,000 (T=.032")
6,000 (T=.043") 3,000 (T=.044")
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Basic Capacitor Formulas YA/ X¢

I. Capacitance (farads) XI. Equivalent Series Resistance (ohms)
English: C = 224 KA E.S.R.=(D.F.) (Xc)=(D.F.)/ (2 = fC)
° XIl. Power Loss (watts)
Metric: C = % Power Loss = (2 «t fCV?) (D.F.)
T X1l KVA (Kilowatts)
Il. Energy stored in capacitors (Joules, watt - sec) KVA = 2 7 fCV2 x 102
E=%CV?
lll. Linear charge of a capacitor (Amperes) XIV. Temperature Characteristic (ppm/°C)
¢ Qv T.C.=_Ct=Cxs _x10°
dt Cus (T, - 25)
IV. Total Impedance of a capacitor (ohms) XV. Cap Drift (%)
Z=VR:+ (XC-XL) cp.= -S=C 4100
.. 1
v CapaCItive Reactance (ohms) XVI. Reliability of Ceramic Capacitors
Xe = Lo_ (V: )X T, Y
2xfC s _t
: Lt Vo To
VI Indugtlv;eLReactance (ohms) XVII. Capacitors in Series (current the same)
XL=2mx
Vil PLh Angles: AnyNumber: 1 - 1 , 1 1
. Phase Angles: cr G G CN

Ideal Capacitors: Current leads voltage 90°
Ideal Inductors: Current lags voltage 90° Two: Cy =
Ideal Resistors: Current in phase with voltage

()
Ci1+C,

VIII. Dissipation Factor (%) XVIII. gap_agltiréln Palrgllel (voltage the same)
T— %1 27" N

D.F.=tan 3 (loss angle) = ESR. _ (2 afC) (E.S.R.) .
Xc XIX. Aging Rate
IX. Power Factor (%) A.R. = %A C/decade of time
P.F. = Sine 5 (loss angle) = Cos ¢ (phase angle) .
P.F. = (when less than 10%) = DF XX. Decibels vV
db =20 Iogv1
2

X. Quality Factor (dimensionless)

1
= Cotan $ (loss angle) =——
Q ( gle) D.F.

METRIC PREFIXES SYMBOLS

Pico X 1072 K = Dielectric Constant f = frequency L, =Testlife
Nano X10°
Micro X 10 A =Area L = Inductance V, = Test voltage
Mil X 10° o |
e X 10 T, = Dielectric thickness d = Loss angle V, = Operating voltage
ecCl F
+1
Deca X10 V. =Voltage ¢ = Phase angle T, = Testtemperature
Kilo X 10%
Mega X 10" t =time X &Y =exponent effect of voltage and temp. T, = Operating temperature
Giga X 10*°
Tera X 10%2 Rg = Series Resistance L, = Operating life
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General Description

TAV/AS

Basic Construction — A multilayer ceramic (MLC) capaci-
tor is a monolithic block of ceramic containing two sets of
offset, interleaved planar electrodes that extend to two
opposite surfaces of the ceramic dielectric. This simple

structure requires a considerable amount of sophistication,
both in material and manufacture, to produce it in the quality
and quantities needed in today’s electronic equipment.

Ceramic Layer Electrode

Terminated
Edge

Terminated
Edge

Multilayer Ceramic Capacitor
Figure 1

End Terminations —

IR

O

Margin Electrodes

Formulations — Multilayer ceramic capacitors are available
in both Class 1 and Class 2 formulations. Temperature
compensating formulation are Class 1 and temperature
stable and general application formulations are classified
as Class 2.

Class 1 - Class 1 capacitors or temperature compensating
capacitors are usually made from mixtures of titanates
where barium titanate is normally not a major part of the
mix. They have predictable temperature coefficients and
in general, do not have an aging characteristic. Thus they
are the most stable capacitor available. The most popular
Class 1 multilayer ceramic capacitors are COG (NPO)
temperature compensating capacitors (negative-positive
0 ppm/°C).

Class 2 - EIA Class 2 capacitors typically are based on the
chemistry of barium titanate and provide a wide range of
capacitance values and temperature stability. The most
commonly used Class 2 dielectrics are X7R and Y5V. The
X7R provides intermediate capacitance values which vary
only +15% over the temperature range of -55°C to 125°C. It
finds applications where stability over a wide temperature
range is required.

The Y5V provides the highest capacitance values and is
used in applications where limited temperature changes are
expected. The capacitance value for Y5V can vary from
22% to -82% over the -30°C to 85°C temperature range.

All Class 2 capacitors vary in capacitance value under the
influence of temperature, operating voltage (both AC and
DC), and frequency. For additional information on perfor-
mance changes with operating conditions, consult AVX’s
software, SpiCap.
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General Description

TAV/AS

Table 1: EIA and MIL Temperature Stable and General
Application Codes

EIA CODE
Percent Capacity Change Over Temperature Range
RS198 Temperature Range
X7 -55°C to +125°C
X6 -55°C to +105°C
X5 -55°C to +85°C
Y5 -30°C to +85°C
Z5 +10°C to +85°C
Code Percent Capacity Change
D +3.3%
E +4.7%
F +7.5%
P +10%
R +15%
S +22%
T +22%, -33%
U +22%, - 56%
Vv +22%, -82%

EXAMPLE - A capacitor is desired with the capacitance value at 25°C
to increase no more than 7.5% or decrease no more than 7.5% from
-30°C to +85°C. EIA Code will be Y5F.

MIL CODE
Symbol Temperature Range
A -55°C to +85°C
B -55°C to +125°C
(© -55°C to +150°C
Symbol Cap. Change Cap. Change
Zero Volts Rated Volts
R +15%, -15% +15%, -40%
S +22%, -22% +22%, -56%
w +22%, -56% +22%, -66%
X +15%, -15% +15%, -25%
Y +30%, -70% +30%, -80%
Z +20%, -20% +20%, -30%

Temperature characteristic is specified by combining range and
change symbols, for example BR or AW. Specification slash sheets
indicate the characteristic applicable to a given style of capacitor.

In specifying capacitance change with temperature for Class
2 materials, EIA expresses the capacitance change over an
operating temperature range by a 3 symbol code. The first
symbol represents the cold temperature end of the temper-
ature range, the second represents the upper limit of the
operating temperature range and the third symbol repre-
sents the capacitance change allowed over the
operating temperature range. Table 1 provides a detailed
explanation of the EIA system.

Effects of Voltage — Variations in voltage have little effect
on Class 1 dielectric but does affect the capacitance and
dissipation factor of Class 2 dielectrics. The application of
DC voltage reduces both the capacitance and dissipation
factor while the application of an AC voltage within a
reasonable range tends to increase both capacitance and
dissipation factor readings. If a high enough AC voltage is
applied, eventually it will reduce capacitance just as a DC
voltage will. Figure 2 shows the effects of AC voltage.

Cap. Change vs. A.C. Volts
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Figure 2

Capacitor specifications specify the AC voltage at which to
measure (normally 0.5 or 1 VAC) and application of the
wrong voltage can cause spurious readings. Figure 3 gives
the voltage coefficient of dissipation factor for various AC
voltages at 1 kilohertz. Applications of different frequencies
will affect the percentage changes versus voltages.

D.F. vs. A.C. Measurement Volts

X7R
JUPECLC LS e B B B T
S Curve 1 - 100 VDC Rated Capacitor Curve 3
g 8.0 FCurve 2 - 50 VDC Rated Capacitor >
o Curve 3- 25 VDC Rated Capacitor //1/|
g 6.0 ~T_lCurve 2
IS L~
= 40 D
S P ||
S 20 s Curve 1
a 4= = ]
o o0

5 1.0 1.5 2.0 2.5
AC Measurement Volts at 1.0 KHz
Figure 3

Typical effect of the application of DC voltage is shown in
Figure 4. The voltage coefficient is more pronounced for
higher K dielectrics. These figures are shown for room tem-
perature conditions. The combination characteristic known
as voltage temperature limits which shows the effects of
rated voltage over the operating temperature range is
shown in Figure 5 for the military BX characteristic.
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Typical Cap. Change vs. D.C. Volts
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Typical Cap. Change vs. Temperature
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Effects of Time — Class 2 ceramic capacitors change
capacitance and dissipation factor with time as well as tem-
perature, voltage and frequency. This change with time is
known as aging. Aging is caused by a gradual re-alignment
of the crystalline structure of the ceramic and produces an
exponential loss in capacitance and decrease in dissipation
factor versus time. A typical curve of aging rate for semi-
stable ceramics is shown in Figure 6.

If a Class 2 ceramic capacitor that has been sitting on the
shelf for a period of time, is heated above its curie point,
(125°C for 4 hours or 150°C for % hour will suffice) the part
will de-age and return to its initial capacitance and dissi-
pation factor readings. Because the capacitance changes
rapidly, immediately after de-aging, the basic capacitance
measurements are normally referred to a time period some-
time after the de-aging process. Various manufacturers use
different time bases but the most popular one is one day
or twenty-four hours after “last heat.” Change in the aging
curve can be caused by the application of voltage and
other stresses. The possible changes in capacitance due to
de-aging by heating the unit explain why capacitance
changes are allowed after test, such as temperature cycling,
moisture resistance, etc., in MIL specs. The application of
high voltages such as dielectric withstanding voltages also

tends to de-age capacitors and is why re-reading of capaci-
tance after 12 or 24 hours is allowed in military specifica-
tions after dielectric strength tests have been performed.

Typical Curve of Aging Rate
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X7R, X5R 2
Y5V 7
Figure 6

Effects of Frequency — Frequency affects capacitance
and impedance characteristics of capacitors. This effect is
much more pronounced in high dielectric constant ceramic
formulation than in low K formulations. AVX’s SpiCap soft-
ware generates impedance, ESR, series inductance, series
resonant frequency and capacitance all as functions of
frequency, temperature and DC bias for standard chip sizes
and styles. It is available free from AVX and can be down-
loaded for free from AVX website: www.avx.com.
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Effects of Mechanical Stress — High “K” dielectric
ceramic capacitors exhibit some low level piezoelectric
reactions under mechanical stress. As a general statement,
the piezoelectric output is higher, the higher the dielectric
constant of the ceramic. It is desirable to investigate this
effect before using high “K” dielectrics as coupling capaci-
tors in extremely low level applications.

Reliability — Historically ceramic capacitors have been one

of the most reliable types of capacitors in use today.
The approximate formula for the reliability of a ceramic

capacitor is:
L (_v) X (l) \
L, Vv T,
where
L, = operating life T, = test temperature and
L; = test life T, = operating temperature
V; = test voltage in °C

V, = operating voltage X,Y = see text

Historically for ceramic capacitors exponent X has been
considered as 3. The exponent Y for temperature effects
typically tends to run about 8.

A capacitor is a component which is capable of storing
electrical energy. It consists of two conductive plates (elec-
trodes) separated by insulating material which is called the
dielectric. A typical formula for determining capacitance is:

224 KA
t

C = capacitance (picofarads)
K = dielectric constant (Vacuum = 1)
A = area in square inches
t = separation between the plates in inches
(thickness of dielectric)
.224 = conversion constant
(.0884 for metric system in cm)

Capacitance — The standard unit of capacitance is the
farad. A capacitor has a capacitance of 1 farad when 1
coulomb charges it to 1 volt. One farad is a very large unit
and most capacitors have values in the micro (10°), nano
(10 or pico (10*) farad level.

Dielectric Constant — In the formula for capacitance given
above the dielectric constant of a vacuum is arbitrarily cho-
sen as the number 1. Dielectric constants of other materials
are then compared to the dielectric constant of a vacuum.

Dielectric Thickness — Capacitance is indirectly propor-
tional to the separation between electrodes. Lower voltage
requirements mean thinner dielectrics and greater capaci-
tance per volume.

Area — Capacitance is directly proportional to the area of
the electrodes. Since the other variables in the equation are
usually set by the performance desired, area is the easiest
parameter to modify to obtain a specific capacitance within
a material group.

C=

Energy Stored — The energy which can be stored in a
capacitor is given by the formula:

E = %CV?

E = energy in joules (watts-sec)

V = applied voltage

C = capacitance in farads
Potential Change — A capacitor is a reactive component
which reacts against a change in potential across it. This is
shown by the equation for the linear charge of a capacitor:

I \dea\l= C %t/

where

| = Current
C = Capacitance
dVv/dt = Slope of voltage transition across capacitor

Thus an infinite current would be required to instantly
change the potential across a capacitor. The amount of
current a capacitor can “sink” is determined by the above
equation.

Equivalent Circuit — A capacitor, as a practical device,
exhibits not only capacitance but also resistance and
inductance. A simplified schematic for the equivalent circuit
is:

C = Capacitance L = Inductance
Rs = Series Resistance R, = Parallel Resistance
Rp

—AA—
_KVW\_/\/\/\/—

L R

S

o=

Reactance - Since the insulation resistance (Rp) is normal-
ly very high, the total impedance of a capacitor is:

z :¢R§+ (Xe- X

where

Z = Total Impedance
R, = Series Resistance

X. = Capacitive Reactance = 1
2xnfC
X, = Inductive Reactance = 2mfL

The variation of a capacitor’s impedance with frequency
determines its effectiveness in many applications.

Phase Angle — Power Factor and Dissipation Factor are
often confused since they are both measures of the loss in
a capacitor under AC application and are often almost
identical in value. In a “perfect” capacitor the current in the
capacitor will lead the voltage by 90°.

68 TAV/A



General Description

TAV/AS

I (Ideal)
I (Actual)

Loss

Angle| & Phase

Angle

\Y

IR,

In practice the current leads the voltage by some other
phase angle due to the series resistance R;. The comple-
ment of this angle is called the loss angle and:

Power Factor (P.F.) = Cos ¢ or Sine &
Dissipation Factor (D.F.) = tan

for small values of & the tan and sine are essentially equal
which has led to the common interchangeability of the two
terms in the industry.

Equivalent Series Resistance — The term E.S.R. or
Equivalent Series Resistance combines all losses both
series and parallel in a capacitor at a given frequency so
that the equivalent circuit is reduced to a simple R-C series
connection.

—AAM—
I\
C

E.S.R.

Dissipation Factor — The DF/PF of a capacitor tells what
percent of the apparent power input will turn to heat in the
capacitor.

E.S.R.
X

C

Dissipation Factor = =(2=fC)(E.S.R)

The watts loss are:
Watts loss = (2 « fCV?) (D.F.)

Very low values of dissipation factor are expressed as their
reciprocal for convenience. These are called the “Q” or
Quiality factor of capacitors.

Parasitic Inductance - The parasitic inductance of capac-
itors is becoming more and more important in the decou-
pling of today’s high speed digital systems. The relationship
between the inductance and the ripple voltage induced on
the DC voltage line can be seen from the simple inductance
equation:

— _di
V=L—-
dt

The @ seen in current microprocessors can be as high as
0.3 A/ns, and up to 10A/ns. At 0.3 A/ns, 100pH of parasitic
inductance can cause a voltage spike of 30mV. While this
does not sound very drastic, with the Vcc for microproces-
sors decreasing at the current rate, this can be a fairly large
percentage.

Another important, often overlooked, reason for knowing
the parasitic inductance is the calculation of the resonant
frequency. This can be important for high frequency, by-
pass capacitors, as the resonant point will give the most
signal attenuation. The resonant frequency is calculated
from the simple equation:

fres = 1
2m/LC

Insulation Resistance - Insulation Resistance is the
resistance measured across the terminals of a capacitor
and consists principally of the parallel resistance Rr shown
in the equivalent circuit. As capacitance values and hence
the area of dielectric increases, the |.R. decreases and
hence the product (C x IR or RC) is often specified in ohm
faradsor more commonly megohm-microfarads. Leakage
current is determined by dividing the rated voltage by IR
(Ohm’s Law).

Dielectric Strength — Dielectric Strength is an expression
of the ability of a material to withstand an electrical stress.
Although dielectric strength is ordinarily expressed in volts, it
is actually dependent on the thickness of the dielectric and
thus is also more generically a function of volts/mil.

Dielectric Absorption — A capacitor does not discharge
instantaneously upon application of a short circuit, but
drains gradually after the capacitance proper has been dis-
charged. It is common practice to measure the dielectric
absorption by determining the “reappearing voltage” which
appears across a capacitor at some point in time after it has
been fully discharged under short circuit conditions.

Corona - Corona is the ionization of air or other vapors
which causes them to conduct current. It is especially
prevalent in high voltage units but can occur with low voltages
as well where high voltage gradients occur. The energy
discharged degrades the performance of the capacitor and
can in time cause catastrophic failures.
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REFLOW SOLDERING

b9 Case Size D1 D2 D3 D4 D5
D2 0402 170(0.07) | 060002 | 050002 | 060(0.02) | 0.50(0.02)
3 0603 230(0.09) | 080(0.03) | 070(0.03) | 080(0.03 | 0.75(0.03)
DL D3 0805 3.00(0.12) | 1.00(0.04) | 1.00(0.04) | 1.00(0.04) | 1.250.05)
_ 1206 4.00(0.16) | 1.00(0.04) | 2.00(0.09) | 1.00(0.04) | 1.60 (0.06)
J4 1210 4.00(0.16) | 1.00(0.04) | 2.00(0.09 | 1.00(0.04) | 2.50(0.10)
1808 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 2.00 (0.08)
vy 1812 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 3.00(0.12)
] o5 [ 1825 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 6.35(0.25)
2220 6.60 (0.26) | 1.00(0.04) | 4.60(0.18) | 1.00(0.04) | 5.00 (0.20)
Dimensions in millimeters (inches) 2225 6.60 (0.26) 1.00 (0.04) 4.60 (0.18) 1.00 (0.04) 6.35 (0.25)

Component Pad Design

Component pads should be designed to achieve good
solder filets and minimize component movement during
reflow soldering. Pad designs are given below for the most
common sizes of multilayer ceramic capacitors for both
wave and reflow soldering. The basis of these designs is:

« Pad width equal to component width. It is permissible to
decrease this to as low as 85% of component width but it
is not advisable to go below this.

« Pad overlap 0.5mm beneath component.

» Pad extension 0.5mm beyond components for reflow and
1.0mm for wave soldering.

WAVE SOLDERING

i
1 Case Size D1 D2 D3 D4 D5

DI D3 0603 3.10 (0.12) 1.20 (0.05) 0.70 (0.03) 1.20 (0.05) 0.75 (0.03)
T 0805 4.00 (0.15) 1.50 (0.06) 1.00 (0.04) 1.50 (0.06) 1.25 (0.05)
D4 1206 5.00 (0.19) 1.50 (0.06) 2.00 (0.09) 1.50 (0.06) 1.60 (0.06)
# Dimensions in millimeters (inches)
—4 D5 ‘<—

Component Spacing Preheat & Soldering

For wave soldering components, must be spaced sufficiently
far apart to avoid bridging or shadowing (inability of solder
to penetrate properly into small spaces). This is less impor-
tant for reflow soldering but sufficient space must be
allowed to enable rework should it be required.

=1.5mm (0.06) —| -—
=1mm (0.04) —>| e

!

=1mm (0.04)

T

The rate of preheat should not exceed 4°C/second to
prevent thermal shock. A better maximum figure is about
2°C/second.

For capacitors size 1206 and below, with a maximum
thickness of 1.25mm, it is generally permissible to allow a
temperature differential from preheat to soldering of 150°C.
In all other cases this differential should not exceed 100°C.

For further specific application or process advice, please
consult AVX.

Cleaning

Care should be taken to ensure that the capacitors are
thoroughly cleaned of flux residues especially the space
beneath the capacitor. Such residues may otherwise
become conductive and effectively offer a low resistance
bypass to the capacitor.

Ultrasonic cleaning is permissible, the recommended
conditions being 8 Watts/litre at 20-45 kHz, with a process
cycle of 2 minutes vapor rinse, 2 minutes immersion in the
ultrasonic solvent bath and finally 2 minutes vapor rinse.
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APPLICATION NOTES

Storage

Good solderability is maintained for at least twelve months,
provided the components are stored in their “as received”
packaging at less than 40°C and 70% RH.

Solderability
Terminations to be well soldered after immersion in a 60/40
tin/lead solder bath at 235 + 5°C for 2 + 1 seconds.

Leaching
Terminations will resist leaching for at least the immersion
times and conditions shown below.

P Solder Solder | Immersion Time
Termination Type Tin/Lead/Silver | Temp. °C Seconds
Nickel Barrier 60/40/0 260+5 30+1

Recommended Soldering Profiles
Reflow
300 Preheat Natural
Cooling
250
. 200
o
g .
= 150 —/ § 20¢
) 250°C
k=]
o] i
3 100
50
0
" 1min 1min 10 sec. max
(Minimize soldering time)
Lead-Free Reflow Profile
300
O 250
© 200 s N
5 \\
© 150
[9) \
g8 100 =
§ 50 / ~
R 7
0 50 100 150 200 250 300
* Pre-heating: 150°C +15°C / 60-90s Time (s)

e Max. Peak Gradient 2.5°C/s
e Peak Temperature: 245°C £5°C
e Time at >230°C: 40s Max.

Wave

300

Preheat
Natural
250 Cooling

200+ T

230°C
1504 L, to
250°C

Solder Temp.
2

al
o
1

1to 2 min "3 sec. max

(Preheat chips before soldering)
T/maximum 150°C

Lead-Free Wave Soldering

The recommended peak temperature for lead-free wave
soldering is 250°C-260°C for 3-5 seconds. The other para-
meters of the profile remains the same as above.

The following should be noted by customers changing from
lead based systems to the new lead free pastes.

a) The visual standards used for evaluation of solder joints
will need to be modified as lead free joints are not as
bright as with tin-lead pastes and the fillet may not be as
large.

b) Resin color may darken slightly due to the increase in
temperature required for the new pastes.

c) Lead-free solder pastes do not allow the same self align-
ment as lead containing systems. Standard mounting
pads are acceptable, but machine set up may need to be
modified.

General

Surface mounting chip multilayer ceramic capacitors
are designed for soldering to printed circuit boards or other
substrates. The construction of the components is such that
they will withstand the time/temperature profiles used in both
wave and reflow soldering methods.

Handling

Chip multilayer ceramic capacitors should be handled with
care to avoid damage or contamination from perspiration
and skin oils. The use of tweezers or vacuum pick ups
is strongly recommended for individual components. Bulk
handling should ensure that abrasion and mechanical shock
are minimized. Taped and reeled components provides the
ideal medium for direct presentation to the placement
machine. Any mechanical shock should be minimized during
handling chip multilayer ceramic capacitors.

Preheat

It is important to avoid the possibility of thermal shock during
soldering and carefully controlled preheat is therefore
required. The rate of preheat should not exceed 4°C/second
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and a target figure 2°C/second is recommended. Although
an 80°C to 120°C temperature differential is preferred,
recent developments allow a temperature differential
between the component surface and the soldering temper-
ature of 150°C (Maximum) for capacitors of 1210 size and
below with a maximum thickness of 1.25mm. The user is
cautioned that the risk of thermal shock increases as chip
size or temperature differential increases.

Soldering

Mildly activated rosin fluxes are preferred. The minimum
amount of solder to give a good joint should be used.
Excessive solder can lead to damage from the stresses
caused by the difference in coefficients of expansion
between solder, chip and substrate. AVX terminations are
suitable for all wave and reflow soldering systems. If hand
soldering cannot be avoided, the preferred technique is the
utilization of hot air soldering tools.

Cooling

Natural cooling in air is preferred, as this minimizes stresses
within the soldered joint. When forced air cooling is used,
cooling rate should not exceed 4°C/second. Quenching
is not recommended but if used, maximum temperature
differentials should be observed according to the preheat
conditions above.

Cleaning

Flux residues may be hygroscopic or acidic and must be
removed. AVX MLC capacitors are acceptable for use with
all of the solvents described in the specifications MIL-STD-
202 and EIA-RS-198. Alcohol based solvents are acceptable
and properly controlled water cleaning systems are also
acceptable. Many other solvents have been proven successful,
and most solvents that are acceptable to other components
on circuit assemblies are equally acceptable for use with
ceramic capacitors.

POST SOLDER HANDLING

Once SMP components are soldered to the board, any
bending or flexure of the PCB applies stresses to the sol-
dered joints of the components. For leaded devices, the
stresses are absorbed by the compliancy of the metal leads
and generally don’t result in problems unless the stress is
large enough to fracture the soldered connection.

Ceramic capacitors are more susceptible to such stress
because they don’t have compliant leads and are brittle in
nature. The most frequent failure mode is low DC resistance
or short circuit. The second failure mode is significant loss
of capacitance due to severing of contact between sets of
the internal electrodes.

Cracks caused by mechanical flexure are very easily identi-
fied and generally take one of the following two general
forms:

Type A:
Angled crack between bottom of device to top of solder joint.

A

Type B:
Fracture from top of device to bottom of device.

Mechanical cracks are often hidden underneath the termi-
nation and are difficult to see externally. However, if one end
termination falls off during the removal process from PCB,
this is one indication that the cause of failure was excessive
mechanical stress due to board warping.
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COMMON CAUSES OF
MECHANICAL CRACKING

The most common source for mechanical stress is board
depanelization equipment, such as manual breakapart, v-
cutters and shear presses. Improperly aligned or dull cutters
may cause torqueing of the PCB resulting in flex stresses
being transmitted to components near the board edge.
Another common source of flexural stress is contact during
parametric testing when test points are probed. If the PCB
is allowed to flex during the test cycle, nearby ceramic
capacitors may be broken.

A third common source is board to board connections at
vertical connectors where cables or other PCBs are con-
nected to the PCB. If the board is not supported during the
plug/unplug cycle, it may flex and cause damage to nearby
components.

Special care should also be taken when handling large (>6"
on a side) PCBs since they more easily flex or warp than
smaller boards.

Solder Tip

=/

Preferred Method - No Direct Part Contact

PCB BOARD DESIGN

REWORKING OF MLCs

Thermal shock is common in MLCs that are manually
attached or reworked with a soldering iron. AVX strongly
recommends that any reworking of MLCs be done with hot
air reflow rather than soldering irons. It is practically impossi-
ble to cause any thermal shock in ceramic capacitors when
using hot air reflow.

However direct contact by the soldering iron tip often caus-
es thermal cracks that may fail at a later date. If rework by
soldering iron is absolutely necessary, it is recommended
that the wattage of the iron be less than 30 watts and the
tip temperature be <300°C. Rework should be performed
by applying the solder iron tip to the pad and not directly
contacting any part of the ceramic capacitor.

Solder Tip
1

Poor Method - Direct Contact with Part

To avoid many of the handling problems, AVX recommends that MLCs be located at least .2" away from nearest edge of
board. However when this is not possible, AVX recommends that the panel be routed along the cut line, adjacent to where the

MLC is located.

No Stress Relief for MLCs

Routed Cut Line Relieves Stress on MLC
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General Specifications

X7R formulations are called “temperature stable” ceramics
and fall into EIA Class Il materials. X7R is the most popular
of these intermediate dielectric constant materials. Its tem-
perature variation of capacitance is within £15% from
-55°C to +125°C. This capacitance change is non-linear.

Capacitance for X7R varies under the influence of electrical
operating conditions such as voltage and frequency.

X7R dielectric chip usage covers the broad spectrum of
industrial applications where known changes in capaci-
tance due to applied voltages are acceptable.

PART NUMBER (see page 2 for complete part number explanation)

0805 5 C 103 M A T 2 A
Size Voltage Dielectric Capacitance Capacitance Failure Terminations  Packaging Special
(L™ x W") /=4 X7TR=C Code (In pF) Tolerance Rate T=Plated Ni 2=7"Reel Code
6.3V=6 2 Sig. Digits + ~ J=+5% A= Not andSn  4=13"Reel A = Std.
wov=2z Number of K =+10% Applicable 7 = Gold 7 = Bulk Cass. Product
6v=Y M =+ 20% 9 = Bulk
25V =3 Zeros Plated
S0vi=5 Contact
100v=1
200V =2 Factory For
500V =7 Multiples

X7R Dielectric A Capacitance vs. Frequency

. _ — Insulation Resistance vs Temperature
Typical Temperature Coefficient 910,000 P
10 +30 E :
<
L B
5 +20 c
@ e
2 0 I 2 +10 ) 1~°OUE|EEEEE
c S @ T T
= =) T
E 5 —1 (=} IS T
o ] 0> < L
Q. b 1
a -10 +— I g
8 O 9 41 100&—
o -15 < @
8 g 5
20 20 m: g
>
-25 -30 a 0
60 -40 -20 0 20 40 60 80 100 120 140 1KHz 10 KHz 100 KHz 1 MHz 10MHz = 0 20 40 60 80 100 120
Temperature °C Frequency Temperature °C
Variation of Impedance with Cap Value o ) o - - A
Impedance vs. Frequency Variation of Impedance with Chip Size Variation of Impedance with Chip Size
1,000 pF vs. 10,000 pF - X7R Impedance vs. Frequency Impedance vs. Frequency
0805 10,000 pF - X7R o 100,000 pF - X7R
10.00 ¢ 10 1206 1206
: 1,000 pF F 0805 L 0805
- 10,000 pF H 1210 e 1210
= | I ; 10E
* 1.00f S 10 3 3 3
[ E [ = c
o F o E <
c F c r kel
T L < H @
g I g | g
g 010k g o1 = 01
0.01 | | o1 Ll | M| .01 Ll Ll |
10 100 1000 1 10 100 1,000 1 10 100 1,000
Frequency, MHz Frequency, MHz Frequency, MHz
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Parameter/Test

X7R Specification Limits

Measuring Conditions

Operating Temperature Range

-55°C to +125°C

Temperature Cycle Chamber

Capacitance

Within specified tolerance

Dissipation Factor

< 2.5% for = 50V DC rating
< 3.0% for 25V DC rating
< 3.5% for 16V DC rating
< 5.0% for < 10V DC rating

Freq.: 1.0 kHz £ 10%
Voltage: 1.0Vrms + .2V
For Cap > 10 pF, 0.5Vrms @ 120Hz

Insulation Resistance

100,000MQ or 1000MQ - pF,
whichever is less

Charge device with rated voltage for
120 + 5 secs @ room temp/humidity

Dielectric Strength

No breakdown or visual defects

Charge device with 300% of rated voltage for
1-5 seconds, w/charge and discharge current
limited to 50 mA (max)

Note: Charge device with 150% of rated
voltage for 500V devices.

Appearance No defects Deflection: 2mm
Capacitance < +12% Test Time: 30 seconds
Resistance to Variation - V 1mm/sec
Flexure Dissipation "
R Fa(F:)tor Meets Initial Values (As Above) [ |
Insulation > Initial Value x 0.3 O O
Resistance - ) ~————%mm ——»
Solderabilit = 95% of each terminal should be covered Dip device in eutectic solder at 230 + 5°C
olaerabiiity with fresh solder for 5.0 £ 0.5 seconds
Appearance No defects, <25% leaching of either end terminal
Capacitance <+7.5%
Variation T . L . o
Dissination Dip device in eutectic solder at 260°C for 60
Resistance to Fagtor Meets Initial Values (As Above) seconds. Store at room temperature for 24 + 2
Solder Heat Insulation hours before measuring electrical properties.
e Meets Initial Values (As Above)
Dielectric "
Strength Meets Initial Values (As Above)
Appearance No visual defects Step 1: -55°C + 2° 30 + 3 minutes
Cz\i/pa?g:;r:]ce <+7.5% Step 2: Room Temp < 3 minutes
Dissipation " .
Thermal IFa{Etolr Meets Initial Values (As Above) Step 3: +125°C + 2° | 30 + 3 minutes
Shock -
Insulation " .
Res?stalnce Meets Initial Values (As Above) Step 4: Room Temp | < 3 minutes
Dielectric . Repeat for 5 cycles and measure after
Strength Meets Initial Values (As Above) 24 + 2 hours at room temperature
Appearance No visual defects
Capacitance <+12.5% Charge device with twice rated voltage in
Variation C test chamber set at 125°C + 2°C
Dissipati » for 1000 hours (+48, -0
Lser L I?:Salgfolron < Initial Value x 2.0 (See Above) ( )
Insulation Initial Val 0.3 (See Ab Remove from test chamber and stabilize
Resistance = Initial Value x 0.3 (See Above) at room temperature for 24 + 2 hours
Dielectric " before measuring.
Sltrengtlh Meets Initial Values (As Above) 9
égg:;rtzﬂzi No visual defects Store in a test chamber set at 85°C + 2°C/
Variation <+12.5% 85% =+ 5% relative humidity for 1000 hours
Load Dissipation (+48, -0) with rated voltage applied.
Humidity - < Initial Value x 2.0 (See Above)
ETEHER Remove from chamber and stabilize at
P e = Initial Value x 0.3 (See Above) room temperature and humidity for
DEECE 24 + 2 hours before measuring.
Strength Meets Initial Values (As Above)

TAV/A
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X7R Dielectric

Capacitance Range

TAV/AS

PREFERRED SIZES ARE SHADED

- o (=] 1m1] i}
SIZE 0201 0402 0603 0805 1206
Soldering Reflow Only Reflow Only Reflow Only Reflow/Wave Reflow/Wave
Packaging All Paper All Paper All Paper Paper/Embossed Paper/Embossed
U Length MM | 0.60£0.03 1.00£0.10 160+ 0.15 2.01£0.20 3.20£0.20
(in) | (0.024 +0.001) (0.040 + 0.004) (0.063 + 0.006) (0.079 + 0.008) (0.126 + 0.008)
W) Width MM | 0.30+0.03 0.50 +0.10 0.81+0.15 1.25+0.20 1,60 % 0.20
(in) | (0.011 0.001) (0.020 + 0.004) (0.032 + 0.006) (0.049 + 0.008) (0.063 + 0.008)
() Terminal MM | 0.15+0.05 0.25+0.15 0.35+0.15 0.50 + 0.25 0.50 +0.25
(in) | (0.006 +0.002) (0.010 + 0.006) (0.014 + 0.006) (0.020 + 0.010) (0.020 + 0.010)
WVDC 16 16 [ 25 [ 50 | 10 16 [ 25 50 100 | 10 16 25 50 [ 100 [ 200 [10 [ 16 25 [ 50 [ 100 [ 200 [ 500
Cap 100 A
(pF) 150 A
220 A ©
330 A C G G J J J J J J K
470 A c G G J J J J J J K
680 A C G G J J J J J J K
1000 A C G G J J J J J J K
1500 c G G J J J J J J J J J J J J [ ™
2200 C G G J J J J J J J J J J J J [ ™
3300 C C G G J J J J J J J J J J J J [ ™
4700 c G J J J J J J J J J J J J [ ™
6800 c | c G J J J J J J J J J J J J P
Cap 0.010 C G J J J J J J J J J J J J P
(WF 0.015 C G G J J J J J J J J J J J M
0.022 C G J J J J J M J J J J J M
0.033 G J J J J M J J J J J M
0.047 G G J J J J M J J J J J M
0.068 G J J J J J J J J J P
0.10 G G G J J J J J J J J M
0.15 G J J J J J J J
0.22 G J J M J J J J
0.33 M M J J M [ M
0.47 N M M M M
0.68 N M M
1.0 N M M Q
15 - L)\ W~ P
2.2 ?E Q
33
4.7
10
22 t
47
100 [ | | |
WVDC 16 16 |25 | 50 [ 10 [ 16 [ 25 [ s0 100 [ 10 16 | 25 50 | 100 [ 200 10 [ 16 | 25 [ 50 | 100 [ 200 [ 500
SIZE 0201 0402 0603 0805 1206
Letter A c B G J K M N P Q X Y Z
Max. 0.33 0.56 0.71 0.86 0.94 1.02 1.27 1.40 1.52 1.78 2.29 2.54 2.79
Thickness | (0.013) | (0.022) | (0.028) | (0.034) | (0.037) | (0.040) | (0.050) | (0.055) | (0.060) | (0.070) | (0.090) | (0.100) | (0.110)
PAPER EMBOSSED
\
1 JAVX(
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X7R Dielectric

Capacitance Range

TAV/AS

PREFERRED SIZES ARE SHADED

T

D

[

Il

[l

SIZE

1210

1812

1825

2220

2225

Soldering

Reflow Only

Reflow Only

Reflow Only

Reflow Only

Reflow Only

Packaging

Paper/Embossed

All Embossed

All Embossed

All Embossed

All Embossed

(L) Length

320%020
(0.126 + 0.008)

4.50 +0.30
(0.177 £0.012)

450 0.30
(0.177 +0.012)

570%0.40
(0.225 +0.016)

572+0.25
(0.225 +0.010)

(W) Width

250020
(0.098 + 0.008)

3.20£0.20
(0.126 + 0.008)

6.40 £ 0.40
(0.252 + 0.016)

500 % 0.40
(0.197 + 0.016)

635%025
(0.250 + 0.010)

(t) Terminal

050025
(0.020 % 0.010)

0.61+0.36
(0.024 +0.014)

0.61 +0.36
(0.024 +0.014)

0.64 %039
(0.025 + 0.015)

0.64 %0239
(0.025 + 0.015)

10

16

25 50 100

200 | 500

50

100 | 200 500

50 100

6.3 50

50 [ 100

Cap
(PF)

100 | 200
I

— L)\i/‘l\w
!

=

\ﬁ

-

Cap
(uF 0.015

O oVZINZTZZNZZ

N X|T T X

ZIT v o walo o afla o

TV U XRIRXRXRRXARR

XXX X XX X X

TN E=IZIEER

XX XX X XX X XX X X
XXX XX X XX X XX X X

ZZIE 2 vl udluuaulo o oo o ala o

ZZIEZ2vluwaulo o alo w ol o ala o

T2 vflewaluualo o afle o ala o
x> T ulo o alo o olo o alo o a|la o
NINNN|TZ |l ol o ula o alaa

>

N ER R R R B R R B e e

N

<O T IR X X[XRXXRXXX

TN IEIEIEER

N[> X XX X XX X X|X X X

EEEd g g E - Ea
> U|T © U|TU U V(D U UTTUDO

N O

10

16

25 50 100

200 | 500

50

100 | 200 500

50 100

6.3 50

100 | 200

50 100

1210

1812

1825

2220

2225

Letter A

P Q

Max.
Thickness

056
(0.022)

0.71
(0.028)

0.86
(0.034)

0.94
(0.037)

1.02
(0.040)

1.27
(0.050)

1.40

(0.055)

152 1.78
(0.060) | (0.070)

2.29
(0.090)

254
(0.100)

2.79

(0.110)

PAPER

EMBOSSED

TAV/A
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Packaging of Chip Components FAV/ X

Automatic Insertion Packaging

TAPE & REEL QUANTITIES

All tape and reel specifications are in compliance with RS481.

8mm 12mm
Paper or Embossed Carrier 0612, 0508, 0805, 1206,
1210
Embossed Only 1812, 1825
1808 2220, 2225
Paper Only 0201, 0306, 0402, 0603
Qty. per Reel/7" Reel 2,000, 3,000 or 4,000, 10,000, 15,000 3,000 500, 1,000
Contact factory for exact quantity Contact factory for exact quantity
Qty. per Reel/13" Reel 5,000, 10,000, 50,000 10,000 4,000
Contact factory for exact quantity

REEL DIMENSIONS

40 (1575) Min. t'_ e ﬂIL‘iL‘iﬁﬁﬁ gfnge
Access Hole At outer edge)

Slot Location
—=| |[¢— W2 (Measured at

(Arbor Hole Dia.) Hub)
Cc |L __r
A A ] N (Hub Dia.)
B Jp— | Note: Tape with or without
components shall pass
around radius "R"
1 without damage.
Full Radius * W, (Measured at
Hub)
r .
Tape Slot in i
Core For Tape Start.
* Drive spokes optional, if used 2.50 (0.098) min. Width,
asterisked dimensions apply. 10.0 (0.394) min. Depth
Tape A B* D* N W.
Size® Max. Min. © Min. Min. b Max. Ee
. 7.90 Min.
8.40 45 14.4 (0.311)
mm (0.331 98) (0.567) 10.9 Max.
330 15 13.098 20.2 50.0 (0.429)
(12.992) | (0.059) (0.51298%) (0.795) (1.969) ) e
12.4 % 18.4 (0.469)
12mm (0.488 %5 0.724) 15.4 Max.
(0.607)

Metric dimensions will govern.
English measurements rounded and for reference only.
(1) For tape sizes 16mm and 24mm (used with chip size 3640) consult EIA RS-481 latest revision.
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Embossed Carrier Configuration
8 & 12mm Tape Only

TAV/AS

Bl

D
DEFORMATION 4.‘
BETWEEN

S

|-— P0—>
'

10 PITCHES CUMULATIVE

TOLERANCE ON TAPE
© | +0.2mm (=0.008)

f— »‘ Py ‘ YEMBOSSMENT
[

L

Chip Orientation

EMBOSSMENTS —@— ‘%,T
> Ao <
T ‘ w
TOP COVER (7 T l E2 \ Q Q Q Q
B1 | |f~—x TAPE Q}. B -
g i | ] ]
v | =1 1=
S, 4’”‘*1-1 CENTER LINES ~— Py —] ! D1 FOR COMPONENTS .
OE CAVITY MAX. CAVITY 2.00 mm x 1.20 mm AND
SIZE - SEE NOTE 1 LARGER (0.079 x 0.047)
B1 1S FOR TAPE READER REFERENCE ONLY >
INCLUDING DRAFT CONCENTRIC AROUND Bg User Direction of Feed
8 & 12mm Embossed Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E Po P, S; Min. T Max. T,
8mm 1.50 94° 1.75+0.10 | 4.0+0.10 2.0+0.05 0.60 0.60 0.10
and (0.059 98*) |(0.069 + 0.004)|(0.157 + 0.004)| (0.079 + 0.002)|  (0.024) (0.024) (0.004)
12mm Max.
VARIABLE DIMENSIONS
Tape Size | B, D, E, F P, R T, W As By Ko
Max. Min. Min. Min. Max.
See Note 5 |See Note 2
435 1.00 6.25 3.50 +0.05 4.00 +0.10 25.0 2.50 Max. 8.30
8mm (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.157 + 0.004)| (0.984) (0.098) (0.327) |SeeNote 1
8.20 150 | 10.25 | 5.50 +0.05 4.00 £0.10 30.0 6.50 Max. 12.3
12mm | (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.157 +0.004)| (1.181) (0.256) (0.484) |See Note 1
8mm 4.35 1.00 6.25 3.50 + 0.05 2.00 +0.10 25.0 2.50 Max. 8.30
1/2 Pitch | (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.079 + 0.004)| (0.984) (0.098) (0.327) |SeeNotel
12mm " +01 M 12
e 8.20 150 | 10.25 | 5.50+0.05 8.00 +0.10 30.0 6.50 Max. 3 |see Note 1
Ehw (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.315 + 0.004)| (1.181) (0.256) (0.484)
NOTES:

2. Tape with or without components shall pass around radius “R” without damage.
1. The cavity defined by A,, B,, and K, shall be configured to provide the following:
Surround the component with sufficient clearance such that:
a) the component does not protrude beyond the sealing plane of the cover tape.
b) the component can be removed from the cavity in a vertical direction without mechanical
restriction, after the cover tape has been removed.
c) rotation of the component is limited to 20° maximum (see Sketches D & E).
d) lateral movement of the component is restricted to 0.5mm maximum (see Sketch F).

3. Bar code labeling (if required) shall be on the side of the reel opposite the round sprocket holes.
Refer to EIA-556.

4. B, dimension is a reference dimension for tape feeder clearance only.

5. If P, = 2.0mm, the tape may not properly index in all tape feeders.

20° maximum component rotation
b
B ‘
L = Typical component

‘__ Ao q/ center line

Top View
Sketch “D”

Top View, Sketch "F"
Component Lateral Movements

l —>‘ ~<——0.50mm (0.020) Typical component

Maximum cavity center line

. 0.50mm (0.020)
Maximum Component Rotation

Maximum

Side or Front Sectional View
Sketch "C”
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Paper Carrier Configuration YAV X

8 & 12mm Tape Only

10 PITCHES CUMULATIVE
J‘* Po —= TOLERANCE ON TAPE

+0.20mm (+0.008)
—{j+T P2 |+ | i
=
BOTTOM TOP t T
COVER COVER F W
TAPE TAPE JE
my
. ‘ G
ﬁl CAVITY SIZE o bl e pi ﬁ
T -
! SEE NOTE 1 SE’\gE\ﬁT%NES User Direction of Feed
8 & 12Zmm Paper Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E P, P, T, G. Min. R Min.
8mm 1.50 © 1.75+0.10 4.00 £0.10 2.00 £ 0.05 0.10 0.75 25.0 (0.984)
and (0.059 % % °°“) (0.069 + 0.004) [(0.157 + 0.004) | (0.079 + 0.002) (0.004) (0.030) See Note 2
12mm Max. Min. Min.
VARIABLE DIMENSIONS
. [ .
Tape Size See Nlote 4 E, Min. F W Ay Bo T
8mm 4.00 £ 0.10 6.25 3.50 £ 0.05 8.00 % See Note 1
(0.157 + 0.004) (0.246) (0.138+£0.002) | (0.3159%%)
1.10mm
(0.043) Max.
12 4.00 = 0.010 10.25 5.50 £ 0.05 12.0 £ 0.30 for Paper Base
mm (0.157 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012) Tape and
8mm 2.00 +0.05 6.25 3.50 £ 0.05 8.00 £ e
1/2 Pitch (0.079 + 0.002) (0.246) (0.138 £0.002) | (0.315 5%) for Non.Paper
Base Compositions
égumbrl'; 8.00 % 0.10 10.25 5.50 + 0.05 12.0 +0.30
Pitch (0.315 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012)
NOTES: 2. Tape with or without components shall pass around radius “R” without damage.

1. The cavity defined by Ao, Bo, and T shall be configured to provide sufficient clearance
surrounding the component so that:

a) the component does not protrude beyond either surface of the carrier tape;

b) the component can be removed from the cavity in a vertical direction without 4. If P, =2.0mm, the tape may not properly index in all tape feeders.
mechanical restriction after the top cover tape has been removed;

c) rotation of the component is limited to 20° maximum (see Sketches A & B);

d) lateral movement of the component is restricted to 0.5mm maximum
(see Sketch C).

3. Bar code labeling (if required) shall be on the side of the reel opposite the sprocket
holes. Refer to EIA-556.

Top View, Sketch "C" 20° maximum component rotation

i Component Lateral
(™
~—0.50mm (0.020
N T ! Maxin”(lum ) ‘ Typical component
20 ? By ‘ cavity center line
Maximum Component Rotation T ;
0.50mm (0.020) T
Maximum

Typical component

‘__ Ao ﬂ/ center line

Top View
Sketch “B”

Side or Front Sectional View

Bar Code Labeling Standard

AVX bar code labeling is available and follows latest version of EIA-556
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Bulk Case Packaging FAV// X

BENEFITS BULK FEEDER
» Easier handling

» Smaller packaging volume
(1/20 of T/R packaging)

 Easier inventory control
* Flexibility
» Recyclable

CASE DIMENSIONS

id Shutter
sl
/ i er\
12mm ATTTTTTTTT T /A
36mm éé i
/— 110mm —/

Attachment Base

CASE QUANTITIES

Part Size 0402 0603 0805 1206
Qty. 10,000 (T=.023") 5,000 (T=.023")
(pCs / cassette) HLLLL leeey 8,000 (T=.031") 4,000 (T=.032")
6,000 (T=.043") 3,000 (T=.044")
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Basic Capacitor Formulas YA/ X¢

I. Capacitance (farads) XI. Equivalent Series Resistance (ohms)
English: C = 224 KA E.S.R.=(D.F.) (Xc)=(D.F.)/ (2 = fC)
° XIl. Power Loss (watts)
Metric: C = % Power Loss = (2 «t fCV?) (D.F.)
T X1l KVA (Kilowatts)
Il. Energy stored in capacitors (Joules, watt - sec) KVA = 2 7 fCV2 x 102
E=%CV?
lll. Linear charge of a capacitor (Amperes) XIV. Temperature Characteristic (ppm/°C)
¢ Qv T.C.=_Ct=Cxs _x10°
dt Cus (T, - 25)
IV. Total Impedance of a capacitor (ohms) XV. Cap Drift (%)
Z=VR:+ (XC-XL) cp.= -S=C 4100
.. 1
v CapaCItive Reactance (ohms) XVI. Reliability of Ceramic Capacitors
Xe = Lo_ (V: )X T, Y
2xfC s _t
: Lt Vo To
VI Indugtlv;eLReactance (ohms) XVII. Capacitors in Series (current the same)
XL=2mx
Vil PLh Angles: AnyNumber: 1 - 1 , 1 1
. Phase Angles: cr G G CN

Ideal Capacitors: Current leads voltage 90°
Ideal Inductors: Current lags voltage 90° Two: Cy =
Ideal Resistors: Current in phase with voltage

()
Ci1+C,

VIII. Dissipation Factor (%) XVIII. gap_agltiréln Palrgllel (voltage the same)
T— %1 27" N

D.F.=tan 3 (loss angle) = ESR. _ (2 afC) (E.S.R.) .
Xc XIX. Aging Rate
IX. Power Factor (%) A.R. = %A C/decade of time
P.F. = Sine 5 (loss angle) = Cos ¢ (phase angle) .
P.F. = (when less than 10%) = DF XX. Decibels vV
db =20 Iogv1
2

X. Quality Factor (dimensionless)

1
= Cotan $ (loss angle) =——
Q ( gle) D.F.

METRIC PREFIXES SYMBOLS

Pico X 1072 K = Dielectric Constant f = frequency L, =Testlife
Nano X10°
Micro X 10 A =Area L = Inductance V, = Test voltage
Mil X 10° o |
e X 10 T, = Dielectric thickness d = Loss angle V, = Operating voltage
ecCl F
+1
Deca X10 V. =Voltage ¢ = Phase angle T, = Testtemperature
Kilo X 10%
Mega X 10" t =time X &Y =exponent effect of voltage and temp. T, = Operating temperature
Giga X 10*°
Tera X 10%2 Rg = Series Resistance L, = Operating life
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General Description

TAV/AS

Basic Construction — A multilayer ceramic (MLC) capaci-
tor is a monolithic block of ceramic containing two sets of
offset, interleaved planar electrodes that extend to two
opposite surfaces of the ceramic dielectric. This simple

structure requires a considerable amount of sophistication,
both in material and manufacture, to produce it in the quality
and quantities needed in today’s electronic equipment.

Ceramic Layer Electrode

Terminated
Edge

Terminated
Edge

Multilayer Ceramic Capacitor
Figure 1

End Terminations —

IR

O

Margin Electrodes

Formulations — Multilayer ceramic capacitors are available
in both Class 1 and Class 2 formulations. Temperature
compensating formulation are Class 1 and temperature
stable and general application formulations are classified
as Class 2.

Class 1 - Class 1 capacitors or temperature compensating
capacitors are usually made from mixtures of titanates
where barium titanate is normally not a major part of the
mix. They have predictable temperature coefficients and
in general, do not have an aging characteristic. Thus they
are the most stable capacitor available. The most popular
Class 1 multilayer ceramic capacitors are COG (NPO)
temperature compensating capacitors (negative-positive
0 ppm/°C).

Class 2 - EIA Class 2 capacitors typically are based on the
chemistry of barium titanate and provide a wide range of
capacitance values and temperature stability. The most
commonly used Class 2 dielectrics are X7R and Y5V. The
X7R provides intermediate capacitance values which vary
only +15% over the temperature range of -55°C to 125°C. It
finds applications where stability over a wide temperature
range is required.

The Y5V provides the highest capacitance values and is
used in applications where limited temperature changes are
expected. The capacitance value for Y5V can vary from
22% to -82% over the -30°C to 85°C temperature range.

All Class 2 capacitors vary in capacitance value under the
influence of temperature, operating voltage (both AC and
DC), and frequency. For additional information on perfor-
mance changes with operating conditions, consult AVX’s
software, SpiCap.
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General Description

TAV/AS

Table 1: EIA and MIL Temperature Stable and General
Application Codes

EIA CODE
Percent Capacity Change Over Temperature Range
RS198 Temperature Range
X7 -55°C to +125°C
X6 -55°C to +105°C
X5 -55°C to +85°C
Y5 -30°C to +85°C
Z5 +10°C to +85°C
Code Percent Capacity Change
D +3.3%
E +4.7%
F +7.5%
P +10%
R +15%
S +22%
T +22%, -33%
U +22%, - 56%
Vv +22%, -82%

EXAMPLE - A capacitor is desired with the capacitance value at 25°C
to increase no more than 7.5% or decrease no more than 7.5% from
-30°C to +85°C. EIA Code will be Y5F.

MIL CODE
Symbol Temperature Range
A -55°C to +85°C
B -55°C to +125°C
(© -55°C to +150°C
Symbol Cap. Change Cap. Change
Zero Volts Rated Volts
R +15%, -15% +15%, -40%
S +22%, -22% +22%, -56%
w +22%, -56% +22%, -66%
X +15%, -15% +15%, -25%
Y +30%, -70% +30%, -80%
Z +20%, -20% +20%, -30%

Temperature characteristic is specified by combining range and
change symbols, for example BR or AW. Specification slash sheets
indicate the characteristic applicable to a given style of capacitor.

In specifying capacitance change with temperature for Class
2 materials, EIA expresses the capacitance change over an
operating temperature range by a 3 symbol code. The first
symbol represents the cold temperature end of the temper-
ature range, the second represents the upper limit of the
operating temperature range and the third symbol repre-
sents the capacitance change allowed over the
operating temperature range. Table 1 provides a detailed
explanation of the EIA system.

Effects of Voltage — Variations in voltage have little effect
on Class 1 dielectric but does affect the capacitance and
dissipation factor of Class 2 dielectrics. The application of
DC voltage reduces both the capacitance and dissipation
factor while the application of an AC voltage within a
reasonable range tends to increase both capacitance and
dissipation factor readings. If a high enough AC voltage is
applied, eventually it will reduce capacitance just as a DC
voltage will. Figure 2 shows the effects of AC voltage.

Cap. Change vs. A.C. Volts

X7R
£ 5 ,
) L
[&]
g 40 ’/
) /
g /
g 30
O
8 20
c
8
S
®©
Q.
o
O

10
oL

125 25 375 50
Volts AC at 1.0 KHz

Figure 2

Capacitor specifications specify the AC voltage at which to
measure (normally 0.5 or 1 VAC) and application of the
wrong voltage can cause spurious readings. Figure 3 gives
the voltage coefficient of dissipation factor for various AC
voltages at 1 kilohertz. Applications of different frequencies
will affect the percentage changes versus voltages.

D.F. vs. A.C. Measurement Volts

X7R
JUPECLC LS e B B B T
S Curve 1 - 100 VDC Rated Capacitor Curve 3
g 8.0 FCurve 2 - 50 VDC Rated Capacitor >
o Curve 3- 25 VDC Rated Capacitor //1/|
g 6.0 ~T_lCurve 2
IS L~
= 40 D
S P ||
S 20 s Curve 1
a 4= = ]
o o0

5 1.0 1.5 2.0 2.5
AC Measurement Volts at 1.0 KHz
Figure 3

Typical effect of the application of DC voltage is shown in
Figure 4. The voltage coefficient is more pronounced for
higher K dielectrics. These figures are shown for room tem-
perature conditions. The combination characteristic known
as voltage temperature limits which shows the effects of
rated voltage over the operating temperature range is
shown in Figure 5 for the military BX characteristic.
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Typical Cap. Change vs. D.C. Volts

X7R
= 25
[]
o
o 0
o
) \\
% -2.5 N
<
(&)
© -5
o
c
8
£ 75
©
Q.
8 -10
25% 50% 75% 100%
Percent Rated Volts
Figure 4
Typical Cap. Change vs. Temperature
X7R
g +20
®
o *t10
=) ovDC
]
< 0 ]
(@) L—
s
2
g -20
8
-30

-55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Temperature Degrees Centigrade
Figure 5

Effects of Time — Class 2 ceramic capacitors change
capacitance and dissipation factor with time as well as tem-
perature, voltage and frequency. This change with time is
known as aging. Aging is caused by a gradual re-alignment
of the crystalline structure of the ceramic and produces an
exponential loss in capacitance and decrease in dissipation
factor versus time. A typical curve of aging rate for semi-
stable ceramics is shown in Figure 6.

If a Class 2 ceramic capacitor that has been sitting on the
shelf for a period of time, is heated above its curie point,
(125°C for 4 hours or 150°C for % hour will suffice) the part
will de-age and return to its initial capacitance and dissi-
pation factor readings. Because the capacitance changes
rapidly, immediately after de-aging, the basic capacitance
measurements are normally referred to a time period some-
time after the de-aging process. Various manufacturers use
different time bases but the most popular one is one day
or twenty-four hours after “last heat.” Change in the aging
curve can be caused by the application of voltage and
other stresses. The possible changes in capacitance due to
de-aging by heating the unit explain why capacitance
changes are allowed after test, such as temperature cycling,
moisture resistance, etc., in MIL specs. The application of
high voltages such as dielectric withstanding voltages also

tends to de-age capacitors and is why re-reading of capaci-
tance after 12 or 24 hours is allowed in military specifica-
tions after dielectric strength tests have been performed.

Typical Curve of Aging Rate
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Characteristic Max. Aging Rate %/Decade
COG (NPO) None
X7R, X5R 2
Y5V 7
Figure 6

Effects of Frequency — Frequency affects capacitance
and impedance characteristics of capacitors. This effect is
much more pronounced in high dielectric constant ceramic
formulation than in low K formulations. AVX’s SpiCap soft-
ware generates impedance, ESR, series inductance, series
resonant frequency and capacitance all as functions of
frequency, temperature and DC bias for standard chip sizes
and styles. It is available free from AVX and can be down-
loaded for free from AVX website: www.avx.com.
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Effects of Mechanical Stress — High “K” dielectric
ceramic capacitors exhibit some low level piezoelectric
reactions under mechanical stress. As a general statement,
the piezoelectric output is higher, the higher the dielectric
constant of the ceramic. It is desirable to investigate this
effect before using high “K” dielectrics as coupling capaci-
tors in extremely low level applications.

Reliability — Historically ceramic capacitors have been one

of the most reliable types of capacitors in use today.
The approximate formula for the reliability of a ceramic

capacitor is:
L (_v) X (l) \
L, Vv T,
where
L, = operating life T, = test temperature and
L; = test life T, = operating temperature
V; = test voltage in °C

V, = operating voltage X,Y = see text

Historically for ceramic capacitors exponent X has been
considered as 3. The exponent Y for temperature effects
typically tends to run about 8.

A capacitor is a component which is capable of storing
electrical energy. It consists of two conductive plates (elec-
trodes) separated by insulating material which is called the
dielectric. A typical formula for determining capacitance is:

224 KA
t

C = capacitance (picofarads)
K = dielectric constant (Vacuum = 1)
A = area in square inches
t = separation between the plates in inches
(thickness of dielectric)
.224 = conversion constant
(.0884 for metric system in cm)

Capacitance — The standard unit of capacitance is the
farad. A capacitor has a capacitance of 1 farad when 1
coulomb charges it to 1 volt. One farad is a very large unit
and most capacitors have values in the micro (10°), nano
(10 or pico (10*) farad level.

Dielectric Constant — In the formula for capacitance given
above the dielectric constant of a vacuum is arbitrarily cho-
sen as the number 1. Dielectric constants of other materials
are then compared to the dielectric constant of a vacuum.

Dielectric Thickness — Capacitance is indirectly propor-
tional to the separation between electrodes. Lower voltage
requirements mean thinner dielectrics and greater capaci-
tance per volume.

Area — Capacitance is directly proportional to the area of
the electrodes. Since the other variables in the equation are
usually set by the performance desired, area is the easiest
parameter to modify to obtain a specific capacitance within
a material group.

C=

Energy Stored — The energy which can be stored in a
capacitor is given by the formula:

E = %CV?

E = energy in joules (watts-sec)

V = applied voltage

C = capacitance in farads
Potential Change — A capacitor is a reactive component
which reacts against a change in potential across it. This is
shown by the equation for the linear charge of a capacitor:

I \dea\l= C %t/

where

| = Current
C = Capacitance
dVv/dt = Slope of voltage transition across capacitor

Thus an infinite current would be required to instantly
change the potential across a capacitor. The amount of
current a capacitor can “sink” is determined by the above
equation.

Equivalent Circuit — A capacitor, as a practical device,
exhibits not only capacitance but also resistance and
inductance. A simplified schematic for the equivalent circuit
is:

C = Capacitance L = Inductance
Rs = Series Resistance R, = Parallel Resistance
Rp

—AA—
_KVW\_/\/\/\/—

L R

S

o=

Reactance - Since the insulation resistance (Rp) is normal-
ly very high, the total impedance of a capacitor is:

z :¢R§+ (Xe- X

where

Z = Total Impedance
R, = Series Resistance

X. = Capacitive Reactance = 1
2xnfC
X, = Inductive Reactance = 2mfL

The variation of a capacitor’s impedance with frequency
determines its effectiveness in many applications.

Phase Angle — Power Factor and Dissipation Factor are
often confused since they are both measures of the loss in
a capacitor under AC application and are often almost
identical in value. In a “perfect” capacitor the current in the
capacitor will lead the voltage by 90°.
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I (Ideal)
I (Actual)

Loss

Angle| & Phase

Angle

\Y

IR,

In practice the current leads the voltage by some other
phase angle due to the series resistance R;. The comple-
ment of this angle is called the loss angle and:

Power Factor (P.F.) = Cos ¢ or Sine &
Dissipation Factor (D.F.) = tan

for small values of & the tan and sine are essentially equal
which has led to the common interchangeability of the two
terms in the industry.

Equivalent Series Resistance — The term E.S.R. or
Equivalent Series Resistance combines all losses both
series and parallel in a capacitor at a given frequency so
that the equivalent circuit is reduced to a simple R-C series
connection.

—AAM—
I\
C

E.S.R.

Dissipation Factor — The DF/PF of a capacitor tells what
percent of the apparent power input will turn to heat in the
capacitor.

E.S.R.
X

C

Dissipation Factor = =(2=fC)(E.S.R)

The watts loss are:
Watts loss = (2 « fCV?) (D.F.)

Very low values of dissipation factor are expressed as their
reciprocal for convenience. These are called the “Q” or
Quiality factor of capacitors.

Parasitic Inductance - The parasitic inductance of capac-
itors is becoming more and more important in the decou-
pling of today’s high speed digital systems. The relationship
between the inductance and the ripple voltage induced on
the DC voltage line can be seen from the simple inductance
equation:

— _di
V=L—-
dt

The @ seen in current microprocessors can be as high as
0.3 A/ns, and up to 10A/ns. At 0.3 A/ns, 100pH of parasitic
inductance can cause a voltage spike of 30mV. While this
does not sound very drastic, with the Vcc for microproces-
sors decreasing at the current rate, this can be a fairly large
percentage.

Another important, often overlooked, reason for knowing
the parasitic inductance is the calculation of the resonant
frequency. This can be important for high frequency, by-
pass capacitors, as the resonant point will give the most
signal attenuation. The resonant frequency is calculated
from the simple equation:

fres = 1
2m/LC

Insulation Resistance - Insulation Resistance is the
resistance measured across the terminals of a capacitor
and consists principally of the parallel resistance Rr shown
in the equivalent circuit. As capacitance values and hence
the area of dielectric increases, the |.R. decreases and
hence the product (C x IR or RC) is often specified in ohm
faradsor more commonly megohm-microfarads. Leakage
current is determined by dividing the rated voltage by IR
(Ohm’s Law).

Dielectric Strength — Dielectric Strength is an expression
of the ability of a material to withstand an electrical stress.
Although dielectric strength is ordinarily expressed in volts, it
is actually dependent on the thickness of the dielectric and
thus is also more generically a function of volts/mil.

Dielectric Absorption — A capacitor does not discharge
instantaneously upon application of a short circuit, but
drains gradually after the capacitance proper has been dis-
charged. It is common practice to measure the dielectric
absorption by determining the “reappearing voltage” which
appears across a capacitor at some point in time after it has
been fully discharged under short circuit conditions.

Corona - Corona is the ionization of air or other vapors
which causes them to conduct current. It is especially
prevalent in high voltage units but can occur with low voltages
as well where high voltage gradients occur. The energy
discharged degrades the performance of the capacitor and
can in time cause catastrophic failures.
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REFLOW SOLDERING

b9 Case Size D1 D2 D3 D4 D5
D2 0402 170(0.07) | 060002 | 050002 | 060(0.02) | 0.50(0.02)
3 0603 230(0.09) | 080(0.03) | 070(0.03) | 080(0.03 | 0.75(0.03)
DL D3 0805 3.00(0.12) | 1.00(0.04) | 1.00(0.04) | 1.00(0.04) | 1.250.05)
_ 1206 4.00(0.16) | 1.00(0.04) | 2.00(0.09) | 1.00(0.04) | 1.60 (0.06)
J4 1210 4.00(0.16) | 1.00(0.04) | 2.00(0.09 | 1.00(0.04) | 2.50(0.10)
1808 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 2.00 (0.08)
vy 1812 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 3.00(0.12)
] o5 [ 1825 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 6.35(0.25)
2220 6.60 (0.26) | 1.00(0.04) | 4.60(0.18) | 1.00(0.04) | 5.00 (0.20)
Dimensions in millimeters (inches) 2225 6.60 (0.26) 1.00 (0.04) 4.60 (0.18) 1.00 (0.04) 6.35 (0.25)

Component Pad Design

Component pads should be designed to achieve good
solder filets and minimize component movement during
reflow soldering. Pad designs are given below for the most
common sizes of multilayer ceramic capacitors for both
wave and reflow soldering. The basis of these designs is:

« Pad width equal to component width. It is permissible to
decrease this to as low as 85% of component width but it
is not advisable to go below this.

« Pad overlap 0.5mm beneath component.

» Pad extension 0.5mm beyond components for reflow and
1.0mm for wave soldering.

WAVE SOLDERING

i
1 Case Size D1 D2 D3 D4 D5

DI D3 0603 3.10 (0.12) 1.20 (0.05) 0.70 (0.03) 1.20 (0.05) 0.75 (0.03)
T 0805 4.00 (0.15) 1.50 (0.06) 1.00 (0.04) 1.50 (0.06) 1.25 (0.05)
D4 1206 5.00 (0.19) 1.50 (0.06) 2.00 (0.09) 1.50 (0.06) 1.60 (0.06)
# Dimensions in millimeters (inches)
—4 D5 ‘<—

Component Spacing Preheat & Soldering

For wave soldering components, must be spaced sufficiently
far apart to avoid bridging or shadowing (inability of solder
to penetrate properly into small spaces). This is less impor-
tant for reflow soldering but sufficient space must be
allowed to enable rework should it be required.

=1.5mm (0.06) —| -—
=1mm (0.04) —>| e

!

=1mm (0.04)

T

The rate of preheat should not exceed 4°C/second to
prevent thermal shock. A better maximum figure is about
2°C/second.

For capacitors size 1206 and below, with a maximum
thickness of 1.25mm, it is generally permissible to allow a
temperature differential from preheat to soldering of 150°C.
In all other cases this differential should not exceed 100°C.

For further specific application or process advice, please
consult AVX.

Cleaning

Care should be taken to ensure that the capacitors are
thoroughly cleaned of flux residues especially the space
beneath the capacitor. Such residues may otherwise
become conductive and effectively offer a low resistance
bypass to the capacitor.

Ultrasonic cleaning is permissible, the recommended
conditions being 8 Watts/litre at 20-45 kHz, with a process
cycle of 2 minutes vapor rinse, 2 minutes immersion in the
ultrasonic solvent bath and finally 2 minutes vapor rinse.
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APPLICATION NOTES

Storage

Good solderability is maintained for at least twelve months,
provided the components are stored in their “as received”
packaging at less than 40°C and 70% RH.

Solderability
Terminations to be well soldered after immersion in a 60/40
tin/lead solder bath at 235 + 5°C for 2 + 1 seconds.

Leaching
Terminations will resist leaching for at least the immersion
times and conditions shown below.

P Solder Solder | Immersion Time
Termination Type Tin/Lead/Silver | Temp. °C Seconds
Nickel Barrier 60/40/0 260+5 30+1

Recommended Soldering Profiles
Reflow
300 Preheat Natural
Cooling
250
. 200
o
g .
= 150 —/ § 20¢
) 250°C
k=]
o] i
3 100
50
0
" 1min 1min 10 sec. max
(Minimize soldering time)
Lead-Free Reflow Profile
300
O 250
© 200 s N
5 \\
© 150
[9) \
g8 100 =
§ 50 / ~
R 7
0 50 100 150 200 250 300
* Pre-heating: 150°C +15°C / 60-90s Time (s)

e Max. Peak Gradient 2.5°C/s
e Peak Temperature: 245°C £5°C
e Time at >230°C: 40s Max.

Wave

300

Preheat
Natural
250 Cooling

200+ T

230°C
1504 L, to
250°C

Solder Temp.
2

al
o
1

1to 2 min "3 sec. max

(Preheat chips before soldering)
T/maximum 150°C

Lead-Free Wave Soldering

The recommended peak temperature for lead-free wave
soldering is 250°C-260°C for 3-5 seconds. The other para-
meters of the profile remains the same as above.

The following should be noted by customers changing from
lead based systems to the new lead free pastes.

a) The visual standards used for evaluation of solder joints
will need to be modified as lead free joints are not as
bright as with tin-lead pastes and the fillet may not be as
large.

b) Resin color may darken slightly due to the increase in
temperature required for the new pastes.

c) Lead-free solder pastes do not allow the same self align-
ment as lead containing systems. Standard mounting
pads are acceptable, but machine set up may need to be
modified.

General

Surface mounting chip multilayer ceramic capacitors
are designed for soldering to printed circuit boards or other
substrates. The construction of the components is such that
they will withstand the time/temperature profiles used in both
wave and reflow soldering methods.

Handling

Chip multilayer ceramic capacitors should be handled with
care to avoid damage or contamination from perspiration
and skin oils. The use of tweezers or vacuum pick ups
is strongly recommended for individual components. Bulk
handling should ensure that abrasion and mechanical shock
are minimized. Taped and reeled components provides the
ideal medium for direct presentation to the placement
machine. Any mechanical shock should be minimized during
handling chip multilayer ceramic capacitors.

Preheat

It is important to avoid the possibility of thermal shock during
soldering and carefully controlled preheat is therefore
required. The rate of preheat should not exceed 4°C/second
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and a target figure 2°C/second is recommended. Although
an 80°C to 120°C temperature differential is preferred,
recent developments allow a temperature differential
between the component surface and the soldering temper-
ature of 150°C (Maximum) for capacitors of 1210 size and
below with a maximum thickness of 1.25mm. The user is
cautioned that the risk of thermal shock increases as chip
size or temperature differential increases.

Soldering

Mildly activated rosin fluxes are preferred. The minimum
amount of solder to give a good joint should be used.
Excessive solder can lead to damage from the stresses
caused by the difference in coefficients of expansion
between solder, chip and substrate. AVX terminations are
suitable for all wave and reflow soldering systems. If hand
soldering cannot be avoided, the preferred technique is the
utilization of hot air soldering tools.

Cooling

Natural cooling in air is preferred, as this minimizes stresses
within the soldered joint. When forced air cooling is used,
cooling rate should not exceed 4°C/second. Quenching
is not recommended but if used, maximum temperature
differentials should be observed according to the preheat
conditions above.

Cleaning

Flux residues may be hygroscopic or acidic and must be
removed. AVX MLC capacitors are acceptable for use with
all of the solvents described in the specifications MIL-STD-
202 and EIA-RS-198. Alcohol based solvents are acceptable
and properly controlled water cleaning systems are also
acceptable. Many other solvents have been proven successful,
and most solvents that are acceptable to other components
on circuit assemblies are equally acceptable for use with
ceramic capacitors.

POST SOLDER HANDLING

Once SMP components are soldered to the board, any
bending or flexure of the PCB applies stresses to the sol-
dered joints of the components. For leaded devices, the
stresses are absorbed by the compliancy of the metal leads
and generally don’t result in problems unless the stress is
large enough to fracture the soldered connection.

Ceramic capacitors are more susceptible to such stress
because they don’t have compliant leads and are brittle in
nature. The most frequent failure mode is low DC resistance
or short circuit. The second failure mode is significant loss
of capacitance due to severing of contact between sets of
the internal electrodes.

Cracks caused by mechanical flexure are very easily identi-
fied and generally take one of the following two general
forms:

Type A:
Angled crack between bottom of device to top of solder joint.

A

Type B:
Fracture from top of device to bottom of device.

Mechanical cracks are often hidden underneath the termi-
nation and are difficult to see externally. However, if one end
termination falls off during the removal process from PCB,
this is one indication that the cause of failure was excessive
mechanical stress due to board warping.
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COMMON CAUSES OF
MECHANICAL CRACKING

The most common source for mechanical stress is board
depanelization equipment, such as manual breakapart, v-
cutters and shear presses. Improperly aligned or dull cutters
may cause torqueing of the PCB resulting in flex stresses
being transmitted to components near the board edge.
Another common source of flexural stress is contact during
parametric testing when test points are probed. If the PCB
is allowed to flex during the test cycle, nearby ceramic
capacitors may be broken.

A third common source is board to board connections at
vertical connectors where cables or other PCBs are con-
nected to the PCB. If the board is not supported during the
plug/unplug cycle, it may flex and cause damage to nearby
components.

Special care should also be taken when handling large (>6"
on a side) PCBs since they more easily flex or warp than
smaller boards.

Solder Tip

=/

Preferred Method - No Direct Part Contact

PCB BOARD DESIGN

REWORKING OF MLCs

Thermal shock is common in MLCs that are manually
attached or reworked with a soldering iron. AVX strongly
recommends that any reworking of MLCs be done with hot
air reflow rather than soldering irons. It is practically impossi-
ble to cause any thermal shock in ceramic capacitors when
using hot air reflow.

However direct contact by the soldering iron tip often caus-
es thermal cracks that may fail at a later date. If rework by
soldering iron is absolutely necessary, it is recommended
that the wattage of the iron be less than 30 watts and the
tip temperature be <300°C. Rework should be performed
by applying the solder iron tip to the pad and not directly
contacting any part of the ceramic capacitor.

Solder Tip
1

Poor Method - Direct Contact with Part

To avoid many of the handling problems, AVX recommends that MLCs be located at least .2" away from nearest edge of
board. However when this is not possible, AVX recommends that the panel be routed along the cut line, adjacent to where the

MLC is located.

No Stress Relief for MLCs

Routed Cut Line Relieves Stress on MLC
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General Specifications

GENERAL DESCRIPTION

e General Purpose Dielectric for Ceramic Capacitors
 EIA Class Il Dielectric

= Temperature variation of capacitance is within +15%
from -55°C to +85°C

» Well suited for decoupling and filtering applications

 Available in High Capacitance values (up to 100uF)

PART NUMBER (see page 2 for complete part number explanation)

2220 6 D 107 M A T 2 A
Size Voltage Dielectric Capacitance Capacitance Failure oAt : Special
(L x w 4=4V D = X5R Code (In pF) Tolerance Rate TT:er|;r|1 ;Pe%tlﬁins ZIZaﬁkReéglmg Code
6 =6.3V 2 Sig. Digits + K =+10% A=N/A and Sn 4=13" Reel A = Std.
Z =10V Number of M = +£20% 7 = Bulk Cass.
Y =16V Zeros 9 = Bulk
3=25V
D =35V
5 =50V

TYPICAL ELECTRICAL CHARACTERISTICS

Insulation Resistance vs Temperature

Temperature Coefficient

—

10,000

=
o
o
(=]

=
o
o

=+

% A Capacitance

Insulation Resistance (Ohm-Farads

-60 -40 -20 0 +20 +40 +60 +80 0 20 40 60 80 100 120
o
Temperature °C Temperature °C
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Parameter/Test

X5R Specification Limits

Measuring Conditions

Operating Temperature Range

-55°C to +85°C

Temperature Cycle Chamber

Capacitance

Within specified tolerance

Dissipation Factor

< 2.5% for = 50V DC rating
< 3.0% for 25V DC rating
< 3.5% for 16V DC rating
< 5.0% for < 10V DC rating

Freq.: 1.0 kHz £ 10%
Voltage: 1.0Vrms + .2V
For Cap > 10 pF, 0.5Vrms @ 120Hz

Insulation Resistance

100,000MQ or 500MQ - pF,
whichever is less

Charge device with rated voltage for
120 + 5 secs @ room temp/humidity

Dielectric Strength

No breakdown or visual defects

Charge device with 300% of rated voltage for
1-5 seconds, w/charge and discharge current
limited to 50 mA (max)

Appearance No defects Deflection: 2mm
Capacitance < +12% Test Time: 30 seconds
Resistance to Variation B v 1mm/sec
Flexure Dissipation "
Stre);l;es IFe{gtolr Meets Initial Values (As Above) [ 1
Insulation " O O
Pl e = Initial Value x 0.3 ~— 90mMm——— >
Solderabilit = 95% of each terminal should be covered Dip device in eutectic solder at 230 + 5°C
olderability with fresh solder for 5.0 + 0.5 seconds
Appearance No defects, <25% leaching of either end terminal
Capacitance < +7.5%
Variation T . L . o
Dissipation Dip device in eutectic solder at 260°C for 60
Resistance to Fagtor Meets Initial Values (As Above) seconds. Store at room temperature for 24 + 2
Solder Heat insulation hours before measuring electrical properties.
S Meets Initial Values (As Above)
Dielectric "
Sltren gtlh Meets Initial Values (As Above)
Appearance No visual defects Step 1: -55°C + 2° 30 + 3 minutes
C?/p;arlgzamce < +7.5% Step 2: Room Temp < 3 minutes
Dissipation . .
Thermal F af:)tor Meets Initial Values (As Above) Step 3: +85°C = 2° 30 = 3 minutes
Shock -
Insulat . .
Rr(l;lijs?alr(]):e Meets Initial Values (As Above) Step 4: Room Temp < 3 minutes
Dielectric " Repeat for 5 cycles and measure after
Strength Meets Initial Values (As Above) 24 + 2 hours at room temperature
éppegrtance No visual defects Charge device with 1.5X rated voltage in
ril/papltgnce = +12.5% test chamber set at 85°C + 2°C for 1000 hours
Disz%srilaa:ggn (+48, -0). Note: Contact factory for specific high
Load Life Fa(F:)tor < Initial Value x 2.0 (See Above) CV devices that are tested at 1.5X rated voltage.
S e = Initial Value x 0.3 (See Above) e€move from test chamber and stabilize
Dielectric at room temperature for 24 + 2 hours
S Meets Initial Values (As Above) before measuring.
éspsgrtzrr]\f:i No visual defects Store in a test chamber set at 85°C + 2°C/
VF;riation <+12.5% 85% + 5% relative humidity for 1000 hours
Load Dissipation (+48, -0) with rated voltage applied.
Humidity [o— < Initial Value x 2.0 (See Above)
Insulation Remove from chamber and stabilize at
Resistance = Initial Value x 0.3 (See Above) room temperature and humidity for
Diclectric 24 + 2 hours before measuring.
Strength Meets Initial Values (As Above)
A\
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PREFERRED SIZES ARE SHADED

a o (=] imi]
SIZE 0201 0402 0603 0805
Soldering Reflow Only Reflow Only Reflow Only Reflow/Wave
Packaging All Paper All Paper All Paper Paper/Embossed
U Length MM 0.60+0.03 1.00 + 0.10 1.60 + 0.15 2.01+0.20
g (in.) (0.024 +0.001) (0.040 + 0.004) (0.063 + 0.006) (0.079 + 0.008)
(W) Width MM 0.30+0.03 0.50+0.10 0.81+0.15 1.25+0.20
(in.) (0.011 + 0.001) (0.020 + 0.004) (0.032 + 0.006) (0.049 + 0.008)
() Terminal MM 0.15+0.05 0.25+0.15 0.35+0.15 0.50+0.25
(in.) (0.006 + 0.002) (0.010 + 0.006) (0.014 + 0.006) (0.020 + 0.010)
WVDC 10 16 4 6.3 10 16 25 4 6.3 10 16 25 35 63 [ 10 [ 16 [ 25 [ 35 [ 50
Cap 100 l I I I I
F
(PF) — = /‘\Wy
-

—

I
R

22
47
100
WVDC 10 16 25 4 6.3 10 16 25 4 6.3 10 16 25 35 6.3 10 16 25 35 50
SIZE 0201 0402 0603 0805
Letter A C E G J K M N P Q X Y z
Max. 0.33 056 0.71 0.86 0.94 1.02 127 1.40 152 178 2.29 2.54 2.79
Thickness | (0.013) | (0.022) | (0.028) | (0.034) | (0.037) | (0.040) | (0.050) | (0.055) | (0.060) | (0.070) | (0.090) | (0.100) | (0.110)
PAPER EMBOSSED

TAV/A
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Capacitance Range

PREFERRED SIZES ARE SHADED

i 1] I
SIZE 1206 1210 1812
Soldering Reflow/Wave Reflow Only Reflow Only
Packaging Paper/Embossed Paper/Embossed All Embossed
U Length MM 320£0.20 320+ 0.20 450+ 0.30
(in.) (0.126 + 0.008) (0.126 + 0.008) (0.177 £ 0.012)
(W) Width MM 1.60 + 0.20 250+0.20 320+0.20
(in.) (0.063 + 0.008) (0.098 + 0.008) (0.126 + 0.008)
) Termina MM 0.50 £ 0.25 0.50 £ 0.25 0.61+0.36
(in.) (0.020 + 0.010) (0.020 + 0.010) (0.024 +0.014)
WVDC 6.3 10 16 25 35 6.3 10 16 25 35 6.3 [ 10 [ 25
Cap 100 f f
(pF) 150 —<
220 \@y
330 \ﬁ
470 X
680
1000 M
1500 t
2200
3300
4700
6800
Cap 0.010
(WF 0.015
0.022
0.033
0.047
0.068
0.10
0.15
0.22
0.33
0.47 M
0.68
1.0 Q N
15
2.2 Q Q X
33
4.7 Q Q Q z
6.8
10 Q Q Q z z
22 Q z z z z
47 z z
100 z
WVDC 6.3 10 16 25 35 6.3 10 16 25 35 6.3 10 25
SIZE 1206 1210 1812
Letter A c E G J K M N P Q X Y Z
Max. 0.33 0.56 0.71 0.86 0.94 1.02 1.27 1.40 1.52 1.78 2.29 2.54 2.79
Thickness | (0.013) | (0.022) | (0.028) | (0.034) | (0.037) | (0.040) | (0.050) | (0.055) | (0.060) | (0.070) | (0.090) | (0.100) | (0.110)
PAPER EMBOSSED
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Packaging of Chip Components FAV/ X

Automatic Insertion Packaging

TAPE & REEL QUANTITIES

All tape and reel specifications are in compliance with RS481.

8mm 12mm
Paper or Embossed Carrier 0612, 0508, 0805, 1206,
1210
Embossed Only 1812, 1825
1808 2220, 2225
Paper Only 0201, 0306, 0402, 0603
Qty. per Reel/7" Reel 2,000, 3,000 or 4,000, 10,000, 15,000 3,000 500, 1,000
Contact factory for exact quantity Contact factory for exact quantity
Qty. per Reel/13" Reel 5,000, 10,000, 50,000 10,000 4,000
Contact factory for exact quantity

REEL DIMENSIONS

40 (1575) Min. t'_ e ﬂIL‘iL‘iﬁﬁﬁ gfnge
Access Hole At outer edge)

Slot Location
—=| |[¢— W2 (Measured at

(Arbor Hole Dia.) Hub)
Cc |L __r
A A ] N (Hub Dia.)
B Jp— | Note: Tape with or without
components shall pass
around radius "R"
1 without damage.
Full Radius * W, (Measured at
Hub)
r .
Tape Slot in i
Core For Tape Start.
* Drive spokes optional, if used 2.50 (0.098) min. Width,
asterisked dimensions apply. 10.0 (0.394) min. Depth
Tape A B* D* N W.
Size® Max. Min. © Min. Min. b Max. Ee
. 7.90 Min.
8.40 45 14.4 (0.311)
mm (0.331 98) (0.567) 10.9 Max.
330 15 13.098 20.2 50.0 (0.429)
(12.992) | (0.059) (0.51298%) (0.795) (1.969) ) e
12.4 % 18.4 (0.469)
12mm (0.488 %5 0.724) 15.4 Max.
(0.607)

Metric dimensions will govern.
English measurements rounded and for reference only.
(1) For tape sizes 16mm and 24mm (used with chip size 3640) consult EIA RS-481 latest revision.
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Embossed Carrier Configuration
8 & 12mm Tape Only

TAV/AS

Bl

D
DEFORMATION 4.‘
BETWEEN

S

|-— P0—>
'

10 PITCHES CUMULATIVE

TOLERANCE ON TAPE
© | +0.2mm (=0.008)

f— »‘ Py ‘ YEMBOSSMENT
[

L

Chip Orientation

EMBOSSMENTS —@— ‘%,T
> Ao <
T ‘ w
TOP COVER (7 T l E2 \ Q Q Q Q
B1 | |f~—x TAPE Q}. B -
g i | ] ]
v | =1 1=
S, 4’”‘*1-1 CENTER LINES ~— Py —] ! D1 FOR COMPONENTS .
OE CAVITY MAX. CAVITY 2.00 mm x 1.20 mm AND
SIZE - SEE NOTE 1 LARGER (0.079 x 0.047)
B1 1S FOR TAPE READER REFERENCE ONLY >
INCLUDING DRAFT CONCENTRIC AROUND Bg User Direction of Feed
8 & 12mm Embossed Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E Po P, S; Min. T Max. T,
8mm 1.50 94° 1.75+0.10 | 4.0+0.10 2.0+0.05 0.60 0.60 0.10
and (0.059 98*) |(0.069 + 0.004)|(0.157 + 0.004)| (0.079 + 0.002)|  (0.024) (0.024) (0.004)
12mm Max.
VARIABLE DIMENSIONS
Tape Size | B, D, E, F P, R T, W As By Ko
Max. Min. Min. Min. Max.
See Note 5 |See Note 2
435 1.00 6.25 3.50 +0.05 4.00 +0.10 25.0 2.50 Max. 8.30
8mm (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.157 + 0.004)| (0.984) (0.098) (0.327) |SeeNote 1
8.20 150 | 10.25 | 5.50 +0.05 4.00 £0.10 30.0 6.50 Max. 12.3
12mm | (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.157 +0.004)| (1.181) (0.256) (0.484) |See Note 1
8mm 4.35 1.00 6.25 3.50 + 0.05 2.00 +0.10 25.0 2.50 Max. 8.30
1/2 Pitch | (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.079 + 0.004)| (0.984) (0.098) (0.327) |SeeNotel
12mm " +01 M 12
e 8.20 150 | 10.25 | 5.50+0.05 8.00 +0.10 30.0 6.50 Max. 3 |see Note 1
Ehw (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.315 + 0.004)| (1.181) (0.256) (0.484)
NOTES:

2. Tape with or without components shall pass around radius “R” without damage.
1. The cavity defined by A,, B,, and K, shall be configured to provide the following:
Surround the component with sufficient clearance such that:
a) the component does not protrude beyond the sealing plane of the cover tape.
b) the component can be removed from the cavity in a vertical direction without mechanical
restriction, after the cover tape has been removed.
c) rotation of the component is limited to 20° maximum (see Sketches D & E).
d) lateral movement of the component is restricted to 0.5mm maximum (see Sketch F).

3. Bar code labeling (if required) shall be on the side of the reel opposite the round sprocket holes.
Refer to EIA-556.

4. B, dimension is a reference dimension for tape feeder clearance only.

5. If P, = 2.0mm, the tape may not properly index in all tape feeders.

20° maximum component rotation
b
B ‘
L = Typical component

‘__ Ao q/ center line

Top View
Sketch “D”

Top View, Sketch "F"
Component Lateral Movements

l —>‘ ~<——0.50mm (0.020) Typical component

Maximum cavity center line

. 0.50mm (0.020)
Maximum Component Rotation

Maximum

Side or Front Sectional View
Sketch "C”
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Paper Carrier Configuration YAV X

8 & 12mm Tape Only

10 PITCHES CUMULATIVE
J‘* Po —= TOLERANCE ON TAPE

+0.20mm (+0.008)
—{j+T P2 |+ | i
=
BOTTOM TOP t T
COVER COVER F W
TAPE TAPE JE
my
. ‘ G
ﬁl CAVITY SIZE o bl e pi ﬁ
T -
! SEE NOTE 1 SE’\gE\ﬁT%NES User Direction of Feed
8 & 12Zmm Paper Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E P, P, T, G. Min. R Min.
8mm 1.50 © 1.75+0.10 4.00 £0.10 2.00 £ 0.05 0.10 0.75 25.0 (0.984)
and (0.059 % % °°“) (0.069 + 0.004) [(0.157 + 0.004) | (0.079 + 0.002) (0.004) (0.030) See Note 2
12mm Max. Min. Min.
VARIABLE DIMENSIONS
. [ .
Tape Size See Nlote 4 E, Min. F W Ay Bo T
8mm 4.00 £ 0.10 6.25 3.50 £ 0.05 8.00 % See Note 1
(0.157 + 0.004) (0.246) (0.138+£0.002) | (0.3159%%)
1.10mm
(0.043) Max.
12 4.00 = 0.010 10.25 5.50 £ 0.05 12.0 £ 0.30 for Paper Base
mm (0.157 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012) Tape and
8mm 2.00 +0.05 6.25 3.50 £ 0.05 8.00 £ e
1/2 Pitch (0.079 + 0.002) (0.246) (0.138 £0.002) | (0.315 5%) for Non.Paper
Base Compositions
égumbrl'; 8.00 % 0.10 10.25 5.50 + 0.05 12.0 +0.30
Pitch (0.315 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012)
NOTES: 2. Tape with or without components shall pass around radius “R” without damage.

1. The cavity defined by Ao, Bo, and T shall be configured to provide sufficient clearance
surrounding the component so that:

a) the component does not protrude beyond either surface of the carrier tape;

b) the component can be removed from the cavity in a vertical direction without 4. If P, =2.0mm, the tape may not properly index in all tape feeders.
mechanical restriction after the top cover tape has been removed;

c) rotation of the component is limited to 20° maximum (see Sketches A & B);

d) lateral movement of the component is restricted to 0.5mm maximum
(see Sketch C).

3. Bar code labeling (if required) shall be on the side of the reel opposite the sprocket
holes. Refer to EIA-556.

Top View, Sketch "C" 20° maximum component rotation

i Component Lateral
(™
~—0.50mm (0.020
N T ! Maxin”(lum ) ‘ Typical component
20 ? By ‘ cavity center line
Maximum Component Rotation T ;
0.50mm (0.020) T
Maximum

Typical component

‘__ Ao ﬂ/ center line

Top View
Sketch “B”

Side or Front Sectional View

Bar Code Labeling Standard

AVX bar code labeling is available and follows latest version of EIA-556
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Bulk Case Packaging FAV// X

BENEFITS BULK FEEDER
» Easier handling

» Smaller packaging volume
(1/20 of T/R packaging)

 Easier inventory control
* Flexibility
» Recyclable

CASE DIMENSIONS

id Shutter
sl
/ i er\
12mm ATTTTTTTTT T /A
36mm éé i
/— 110mm —/

Attachment Base

CASE QUANTITIES

Part Size 0402 0603 0805 1206
Qty. 10,000 (T=.023") 5,000 (T=.023")
(pCs / cassette) HLLLL leeey 8,000 (T=.031") 4,000 (T=.032")
6,000 (T=.043") 3,000 (T=.044")
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Basic Capacitor Formulas YA/ X¢

I. Capacitance (farads) XI. Equivalent Series Resistance (ohms)
English: C = 224 KA E.S.R.=(D.F.) (Xc)=(D.F.)/ (2 = fC)
° XIl. Power Loss (watts)
Metric: C = % Power Loss = (2 «t fCV?) (D.F.)
T X1l KVA (Kilowatts)
Il. Energy stored in capacitors (Joules, watt - sec) KVA = 2 7 fCV2 x 102
E=%CV?
lll. Linear charge of a capacitor (Amperes) XIV. Temperature Characteristic (ppm/°C)
¢ Qv T.C.=_Ct=Cxs _x10°
dt Cus (T, - 25)
IV. Total Impedance of a capacitor (ohms) XV. Cap Drift (%)
Z=VR:+ (XC-XL) cp.= -S=C 4100
.. 1
v CapaCItive Reactance (ohms) XVI. Reliability of Ceramic Capacitors
Xe = Lo_ (V: )X T, Y
2xfC s _t
: Lt Vo To
VI Indugtlv;eLReactance (ohms) XVII. Capacitors in Series (current the same)
XL=2mx
Vil PLh Angles: AnyNumber: 1 - 1 , 1 1
. Phase Angles: cr G G CN

Ideal Capacitors: Current leads voltage 90°
Ideal Inductors: Current lags voltage 90° Two: Cy =
Ideal Resistors: Current in phase with voltage

()
Ci1+C,

VIII. Dissipation Factor (%) XVIII. gap_agltiréln Palrgllel (voltage the same)
T— %1 27" N

D.F.=tan 3 (loss angle) = ESR. _ (2 afC) (E.S.R.) .
Xc XIX. Aging Rate
IX. Power Factor (%) A.R. = %A C/decade of time
P.F. = Sine 5 (loss angle) = Cos ¢ (phase angle) .
P.F. = (when less than 10%) = DF XX. Decibels vV
db =20 Iogv1
2

X. Quality Factor (dimensionless)

1
= Cotan $ (loss angle) =——
Q ( gle) D.F.

METRIC PREFIXES SYMBOLS

Pico X 1072 K = Dielectric Constant f = frequency L, =Testlife
Nano X10°
Micro X 10 A =Area L = Inductance V, = Test voltage
Mil X 10° o |
e X 10 T, = Dielectric thickness d = Loss angle V, = Operating voltage
ecCl F
+1
Deca X10 V. =Voltage ¢ = Phase angle T, = Testtemperature
Kilo X 10%
Mega X 10" t =time X &Y =exponent effect of voltage and temp. T, = Operating temperature
Giga X 10*°
Tera X 10%2 Rg = Series Resistance L, = Operating life
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General Description

TAV/AS

Basic Construction — A multilayer ceramic (MLC) capaci-
tor is a monolithic block of ceramic containing two sets of
offset, interleaved planar electrodes that extend to two
opposite surfaces of the ceramic dielectric. This simple

structure requires a considerable amount of sophistication,
both in material and manufacture, to produce it in the quality
and quantities needed in today’s electronic equipment.

Ceramic Layer Electrode

Terminated
Edge

Terminated
Edge

Multilayer Ceramic Capacitor
Figure 1

End Terminations —

IR

O

Margin Electrodes

Formulations — Multilayer ceramic capacitors are available
in both Class 1 and Class 2 formulations. Temperature
compensating formulation are Class 1 and temperature
stable and general application formulations are classified
as Class 2.

Class 1 - Class 1 capacitors or temperature compensating
capacitors are usually made from mixtures of titanates
where barium titanate is normally not a major part of the
mix. They have predictable temperature coefficients and
in general, do not have an aging characteristic. Thus they
are the most stable capacitor available. The most popular
Class 1 multilayer ceramic capacitors are COG (NPO)
temperature compensating capacitors (negative-positive
0 ppm/°C).

Class 2 - EIA Class 2 capacitors typically are based on the
chemistry of barium titanate and provide a wide range of
capacitance values and temperature stability. The most
commonly used Class 2 dielectrics are X7R and Y5V. The
X7R provides intermediate capacitance values which vary
only +15% over the temperature range of -55°C to 125°C. It
finds applications where stability over a wide temperature
range is required.

The Y5V provides the highest capacitance values and is
used in applications where limited temperature changes are
expected. The capacitance value for Y5V can vary from
22% to -82% over the -30°C to 85°C temperature range.

All Class 2 capacitors vary in capacitance value under the
influence of temperature, operating voltage (both AC and
DC), and frequency. For additional information on perfor-
mance changes with operating conditions, consult AVX’s
software, SpiCap.
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Table 1: EIA and MIL Temperature Stable and General
Application Codes

EIA CODE
Percent Capacity Change Over Temperature Range
RS198 Temperature Range
X7 -55°C to +125°C
X6 -55°C to +105°C
X5 -55°C to +85°C
Y5 -30°C to +85°C
Z5 +10°C to +85°C
Code Percent Capacity Change
D +3.3%
E +4.7%
F +7.5%
P +10%
R +15%
S +22%
T +22%, -33%
U +22%, - 56%
Vv +22%, -82%

EXAMPLE - A capacitor is desired with the capacitance value at 25°C
to increase no more than 7.5% or decrease no more than 7.5% from
-30°C to +85°C. EIA Code will be Y5F.

MIL CODE
Symbol Temperature Range
A -55°C to +85°C
B -55°C to +125°C
(© -55°C to +150°C
Symbol Cap. Change Cap. Change
Zero Volts Rated Volts
R +15%, -15% +15%, -40%
S +22%, -22% +22%, -56%
w +22%, -56% +22%, -66%
X +15%, -15% +15%, -25%
Y +30%, -70% +30%, -80%
Z +20%, -20% +20%, -30%

Temperature characteristic is specified by combining range and
change symbols, for example BR or AW. Specification slash sheets
indicate the characteristic applicable to a given style of capacitor.

In specifying capacitance change with temperature for Class
2 materials, EIA expresses the capacitance change over an
operating temperature range by a 3 symbol code. The first
symbol represents the cold temperature end of the temper-
ature range, the second represents the upper limit of the
operating temperature range and the third symbol repre-
sents the capacitance change allowed over the
operating temperature range. Table 1 provides a detailed
explanation of the EIA system.

Effects of Voltage — Variations in voltage have little effect
on Class 1 dielectric but does affect the capacitance and
dissipation factor of Class 2 dielectrics. The application of
DC voltage reduces both the capacitance and dissipation
factor while the application of an AC voltage within a
reasonable range tends to increase both capacitance and
dissipation factor readings. If a high enough AC voltage is
applied, eventually it will reduce capacitance just as a DC
voltage will. Figure 2 shows the effects of AC voltage.

Cap. Change vs. A.C. Volts

X7R
£ 5 ,
) L
[&]
g 40 ’/
) /
g /
g 30
O
8 20
c
8
S
®©
Q.
o
O

10
oL

125 25 375 50
Volts AC at 1.0 KHz

Figure 2

Capacitor specifications specify the AC voltage at which to
measure (normally 0.5 or 1 VAC) and application of the
wrong voltage can cause spurious readings. Figure 3 gives
the voltage coefficient of dissipation factor for various AC
voltages at 1 kilohertz. Applications of different frequencies
will affect the percentage changes versus voltages.

D.F. vs. A.C. Measurement Volts

X7R
JUPECLC LS e B B B T
S Curve 1 - 100 VDC Rated Capacitor Curve 3
g 8.0 FCurve 2 - 50 VDC Rated Capacitor >
o Curve 3- 25 VDC Rated Capacitor //1/|
g 6.0 ~T_lCurve 2
IS L~
= 40 D
S P ||
S 20 s Curve 1
a 4= = ]
o o0

5 1.0 1.5 2.0 2.5
AC Measurement Volts at 1.0 KHz
Figure 3

Typical effect of the application of DC voltage is shown in
Figure 4. The voltage coefficient is more pronounced for
higher K dielectrics. These figures are shown for room tem-
perature conditions. The combination characteristic known
as voltage temperature limits which shows the effects of
rated voltage over the operating temperature range is
shown in Figure 5 for the military BX characteristic.
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Typical Cap. Change vs. D.C. Volts

X7R
= 25
[]
o
o 0
o
) \\
% -2.5 N
<
(&)
© -5
o
c
8
£ 75
©
Q.
8 -10
25% 50% 75% 100%
Percent Rated Volts
Figure 4
Typical Cap. Change vs. Temperature
X7R
g +20
®
o *t10
=) ovDC
]
< 0 ]
(@) L—
s
2
g -20
8
-30

-55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Temperature Degrees Centigrade
Figure 5

Effects of Time — Class 2 ceramic capacitors change
capacitance and dissipation factor with time as well as tem-
perature, voltage and frequency. This change with time is
known as aging. Aging is caused by a gradual re-alignment
of the crystalline structure of the ceramic and produces an
exponential loss in capacitance and decrease in dissipation
factor versus time. A typical curve of aging rate for semi-
stable ceramics is shown in Figure 6.

If a Class 2 ceramic capacitor that has been sitting on the
shelf for a period of time, is heated above its curie point,
(125°C for 4 hours or 150°C for % hour will suffice) the part
will de-age and return to its initial capacitance and dissi-
pation factor readings. Because the capacitance changes
rapidly, immediately after de-aging, the basic capacitance
measurements are normally referred to a time period some-
time after the de-aging process. Various manufacturers use
different time bases but the most popular one is one day
or twenty-four hours after “last heat.” Change in the aging
curve can be caused by the application of voltage and
other stresses. The possible changes in capacitance due to
de-aging by heating the unit explain why capacitance
changes are allowed after test, such as temperature cycling,
moisture resistance, etc., in MIL specs. The application of
high voltages such as dielectric withstanding voltages also

tends to de-age capacitors and is why re-reading of capaci-
tance after 12 or 24 hours is allowed in military specifica-
tions after dielectric strength tests have been performed.

Typical Curve of Aging Rate

X7R
+1.5
0
c
[0}
o
g 15
(0]
(o)}
C
& 30
O
[0}
2
8 -45
‘o
©
Q
©
O -6.0
-7.5
1 10 100 1000 10,000 100,000
Hours
Characteristic Max. Aging Rate %/Decade
COG (NPO) None
X7R, X5R 2
Y5V 7
Figure 6

Effects of Frequency — Frequency affects capacitance
and impedance characteristics of capacitors. This effect is
much more pronounced in high dielectric constant ceramic
formulation than in low K formulations. AVX’s SpiCap soft-
ware generates impedance, ESR, series inductance, series
resonant frequency and capacitance all as functions of
frequency, temperature and DC bias for standard chip sizes
and styles. It is available free from AVX and can be down-
loaded for free from AVX website: www.avx.com.
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Effects of Mechanical Stress — High “K” dielectric
ceramic capacitors exhibit some low level piezoelectric
reactions under mechanical stress. As a general statement,
the piezoelectric output is higher, the higher the dielectric
constant of the ceramic. It is desirable to investigate this
effect before using high “K” dielectrics as coupling capaci-
tors in extremely low level applications.

Reliability — Historically ceramic capacitors have been one

of the most reliable types of capacitors in use today.
The approximate formula for the reliability of a ceramic

capacitor is:
L (_v) X (l) \
L, Vv T,
where
L, = operating life T, = test temperature and
L; = test life T, = operating temperature
V; = test voltage in °C

V, = operating voltage X,Y = see text

Historically for ceramic capacitors exponent X has been
considered as 3. The exponent Y for temperature effects
typically tends to run about 8.

A capacitor is a component which is capable of storing
electrical energy. It consists of two conductive plates (elec-
trodes) separated by insulating material which is called the
dielectric. A typical formula for determining capacitance is:

224 KA
t

C = capacitance (picofarads)
K = dielectric constant (Vacuum = 1)
A = area in square inches
t = separation between the plates in inches
(thickness of dielectric)
.224 = conversion constant
(.0884 for metric system in cm)

Capacitance — The standard unit of capacitance is the
farad. A capacitor has a capacitance of 1 farad when 1
coulomb charges it to 1 volt. One farad is a very large unit
and most capacitors have values in the micro (10°), nano
(10 or pico (10*) farad level.

Dielectric Constant — In the formula for capacitance given
above the dielectric constant of a vacuum is arbitrarily cho-
sen as the number 1. Dielectric constants of other materials
are then compared to the dielectric constant of a vacuum.

Dielectric Thickness — Capacitance is indirectly propor-
tional to the separation between electrodes. Lower voltage
requirements mean thinner dielectrics and greater capaci-
tance per volume.

Area — Capacitance is directly proportional to the area of
the electrodes. Since the other variables in the equation are
usually set by the performance desired, area is the easiest
parameter to modify to obtain a specific capacitance within
a material group.

C=

Energy Stored — The energy which can be stored in a
capacitor is given by the formula:

E = %CV?

E = energy in joules (watts-sec)

V = applied voltage

C = capacitance in farads
Potential Change — A capacitor is a reactive component
which reacts against a change in potential across it. This is
shown by the equation for the linear charge of a capacitor:

I \dea\l= C %t/

where

| = Current
C = Capacitance
dVv/dt = Slope of voltage transition across capacitor

Thus an infinite current would be required to instantly
change the potential across a capacitor. The amount of
current a capacitor can “sink” is determined by the above
equation.

Equivalent Circuit — A capacitor, as a practical device,
exhibits not only capacitance but also resistance and
inductance. A simplified schematic for the equivalent circuit
is:

C = Capacitance L = Inductance
Rs = Series Resistance R, = Parallel Resistance
Rp

—AA—
_KVW\_/\/\/\/—

L R

S

o=

Reactance - Since the insulation resistance (Rp) is normal-
ly very high, the total impedance of a capacitor is:

z :¢R§+ (Xe- X

where

Z = Total Impedance
R, = Series Resistance

X. = Capacitive Reactance = 1
2xnfC
X, = Inductive Reactance = 2mfL

The variation of a capacitor’s impedance with frequency
determines its effectiveness in many applications.

Phase Angle — Power Factor and Dissipation Factor are
often confused since they are both measures of the loss in
a capacitor under AC application and are often almost
identical in value. In a “perfect” capacitor the current in the
capacitor will lead the voltage by 90°.
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I (Ideal)
I (Actual)

Loss

Angle| & Phase

Angle

\Y

IR,

In practice the current leads the voltage by some other
phase angle due to the series resistance R;. The comple-
ment of this angle is called the loss angle and:

Power Factor (P.F.) = Cos ¢ or Sine &
Dissipation Factor (D.F.) = tan

for small values of & the tan and sine are essentially equal
which has led to the common interchangeability of the two
terms in the industry.

Equivalent Series Resistance — The term E.S.R. or
Equivalent Series Resistance combines all losses both
series and parallel in a capacitor at a given frequency so
that the equivalent circuit is reduced to a simple R-C series
connection.

—AAM—
I\
C

E.S.R.

Dissipation Factor — The DF/PF of a capacitor tells what
percent of the apparent power input will turn to heat in the
capacitor.

E.S.R.
X

C

Dissipation Factor = =(2=fC)(E.S.R)

The watts loss are:
Watts loss = (2 « fCV?) (D.F.)

Very low values of dissipation factor are expressed as their
reciprocal for convenience. These are called the “Q” or
Quiality factor of capacitors.

Parasitic Inductance - The parasitic inductance of capac-
itors is becoming more and more important in the decou-
pling of today’s high speed digital systems. The relationship
between the inductance and the ripple voltage induced on
the DC voltage line can be seen from the simple inductance
equation:

— _di
V=L—-
dt

The @ seen in current microprocessors can be as high as
0.3 A/ns, and up to 10A/ns. At 0.3 A/ns, 100pH of parasitic
inductance can cause a voltage spike of 30mV. While this
does not sound very drastic, with the Vcc for microproces-
sors decreasing at the current rate, this can be a fairly large
percentage.

Another important, often overlooked, reason for knowing
the parasitic inductance is the calculation of the resonant
frequency. This can be important for high frequency, by-
pass capacitors, as the resonant point will give the most
signal attenuation. The resonant frequency is calculated
from the simple equation:

fres = 1
2m/LC

Insulation Resistance - Insulation Resistance is the
resistance measured across the terminals of a capacitor
and consists principally of the parallel resistance Rr shown
in the equivalent circuit. As capacitance values and hence
the area of dielectric increases, the |.R. decreases and
hence the product (C x IR or RC) is often specified in ohm
faradsor more commonly megohm-microfarads. Leakage
current is determined by dividing the rated voltage by IR
(Ohm’s Law).

Dielectric Strength — Dielectric Strength is an expression
of the ability of a material to withstand an electrical stress.
Although dielectric strength is ordinarily expressed in volts, it
is actually dependent on the thickness of the dielectric and
thus is also more generically a function of volts/mil.

Dielectric Absorption — A capacitor does not discharge
instantaneously upon application of a short circuit, but
drains gradually after the capacitance proper has been dis-
charged. It is common practice to measure the dielectric
absorption by determining the “reappearing voltage” which
appears across a capacitor at some point in time after it has
been fully discharged under short circuit conditions.

Corona - Corona is the ionization of air or other vapors
which causes them to conduct current. It is especially
prevalent in high voltage units but can occur with low voltages
as well where high voltage gradients occur. The energy
discharged degrades the performance of the capacitor and
can in time cause catastrophic failures.
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REFLOW SOLDERING

b9 Case Size D1 D2 D3 D4 D5
D2 0402 170(0.07) | 060002 | 050002 | 060(0.02) | 0.50(0.02)
3 0603 230(0.09) | 080(0.03) | 070(0.03) | 080(0.03 | 0.75(0.03)
DL D3 0805 3.00(0.12) | 1.00(0.04) | 1.00(0.04) | 1.00(0.04) | 1.250.05)
_ 1206 4.00(0.16) | 1.00(0.04) | 2.00(0.09) | 1.00(0.04) | 1.60 (0.06)
J4 1210 4.00(0.16) | 1.00(0.04) | 2.00(0.09 | 1.00(0.04) | 2.50(0.10)
1808 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 2.00 (0.08)
vy 1812 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 3.00(0.12)
] o5 [ 1825 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 6.35(0.25)
2220 6.60 (0.26) | 1.00(0.04) | 4.60(0.18) | 1.00(0.04) | 5.00 (0.20)
Dimensions in millimeters (inches) 2225 6.60 (0.26) 1.00 (0.04) 4.60 (0.18) 1.00 (0.04) 6.35 (0.25)

Component Pad Design

Component pads should be designed to achieve good
solder filets and minimize component movement during
reflow soldering. Pad designs are given below for the most
common sizes of multilayer ceramic capacitors for both
wave and reflow soldering. The basis of these designs is:

« Pad width equal to component width. It is permissible to
decrease this to as low as 85% of component width but it
is not advisable to go below this.

« Pad overlap 0.5mm beneath component.

» Pad extension 0.5mm beyond components for reflow and
1.0mm for wave soldering.

WAVE SOLDERING

i
1 Case Size D1 D2 D3 D4 D5

DI D3 0603 3.10 (0.12) 1.20 (0.05) 0.70 (0.03) 1.20 (0.05) 0.75 (0.03)
T 0805 4.00 (0.15) 1.50 (0.06) 1.00 (0.04) 1.50 (0.06) 1.25 (0.05)
D4 1206 5.00 (0.19) 1.50 (0.06) 2.00 (0.09) 1.50 (0.06) 1.60 (0.06)
# Dimensions in millimeters (inches)
—4 D5 ‘<—

Component Spacing Preheat & Soldering

For wave soldering components, must be spaced sufficiently
far apart to avoid bridging or shadowing (inability of solder
to penetrate properly into small spaces). This is less impor-
tant for reflow soldering but sufficient space must be
allowed to enable rework should it be required.

=1.5mm (0.06) —| -—
=1mm (0.04) —>| e

!

=1mm (0.04)

T

The rate of preheat should not exceed 4°C/second to
prevent thermal shock. A better maximum figure is about
2°C/second.

For capacitors size 1206 and below, with a maximum
thickness of 1.25mm, it is generally permissible to allow a
temperature differential from preheat to soldering of 150°C.
In all other cases this differential should not exceed 100°C.

For further specific application or process advice, please
consult AVX.

Cleaning

Care should be taken to ensure that the capacitors are
thoroughly cleaned of flux residues especially the space
beneath the capacitor. Such residues may otherwise
become conductive and effectively offer a low resistance
bypass to the capacitor.

Ultrasonic cleaning is permissible, the recommended
conditions being 8 Watts/litre at 20-45 kHz, with a process
cycle of 2 minutes vapor rinse, 2 minutes immersion in the
ultrasonic solvent bath and finally 2 minutes vapor rinse.
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APPLICATION NOTES

Storage

Good solderability is maintained for at least twelve months,
provided the components are stored in their “as received”
packaging at less than 40°C and 70% RH.

Solderability
Terminations to be well soldered after immersion in a 60/40
tin/lead solder bath at 235 + 5°C for 2 + 1 seconds.

Leaching
Terminations will resist leaching for at least the immersion
times and conditions shown below.

P Solder Solder | Immersion Time
Termination Type Tin/Lead/Silver | Temp. °C Seconds
Nickel Barrier 60/40/0 260+5 30+1

Recommended Soldering Profiles
Reflow
300 Preheat Natural
Cooling
250
. 200
o
g .
= 150 —/ § 20¢
) 250°C
k=]
o] i
3 100
50
0
" 1min 1min 10 sec. max
(Minimize soldering time)
Lead-Free Reflow Profile
300
O 250
© 200 s N
5 \\
© 150
[9) \
g8 100 =
§ 50 / ~
R 7
0 50 100 150 200 250 300
* Pre-heating: 150°C +15°C / 60-90s Time (s)

e Max. Peak Gradient 2.5°C/s
e Peak Temperature: 245°C £5°C
e Time at >230°C: 40s Max.

Wave

300

Preheat
Natural
250 Cooling

200+ T

230°C
1504 L, to
250°C

Solder Temp.
2

al
o
1

1to 2 min "3 sec. max

(Preheat chips before soldering)
T/maximum 150°C

Lead-Free Wave Soldering

The recommended peak temperature for lead-free wave
soldering is 250°C-260°C for 3-5 seconds. The other para-
meters of the profile remains the same as above.

The following should be noted by customers changing from
lead based systems to the new lead free pastes.

a) The visual standards used for evaluation of solder joints
will need to be modified as lead free joints are not as
bright as with tin-lead pastes and the fillet may not be as
large.

b) Resin color may darken slightly due to the increase in
temperature required for the new pastes.

c) Lead-free solder pastes do not allow the same self align-
ment as lead containing systems. Standard mounting
pads are acceptable, but machine set up may need to be
modified.

General

Surface mounting chip multilayer ceramic capacitors
are designed for soldering to printed circuit boards or other
substrates. The construction of the components is such that
they will withstand the time/temperature profiles used in both
wave and reflow soldering methods.

Handling

Chip multilayer ceramic capacitors should be handled with
care to avoid damage or contamination from perspiration
and skin oils. The use of tweezers or vacuum pick ups
is strongly recommended for individual components. Bulk
handling should ensure that abrasion and mechanical shock
are minimized. Taped and reeled components provides the
ideal medium for direct presentation to the placement
machine. Any mechanical shock should be minimized during
handling chip multilayer ceramic capacitors.

Preheat

It is important to avoid the possibility of thermal shock during
soldering and carefully controlled preheat is therefore
required. The rate of preheat should not exceed 4°C/second
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and a target figure 2°C/second is recommended. Although
an 80°C to 120°C temperature differential is preferred,
recent developments allow a temperature differential
between the component surface and the soldering temper-
ature of 150°C (Maximum) for capacitors of 1210 size and
below with a maximum thickness of 1.25mm. The user is
cautioned that the risk of thermal shock increases as chip
size or temperature differential increases.

Soldering

Mildly activated rosin fluxes are preferred. The minimum
amount of solder to give a good joint should be used.
Excessive solder can lead to damage from the stresses
caused by the difference in coefficients of expansion
between solder, chip and substrate. AVX terminations are
suitable for all wave and reflow soldering systems. If hand
soldering cannot be avoided, the preferred technique is the
utilization of hot air soldering tools.

Cooling

Natural cooling in air is preferred, as this minimizes stresses
within the soldered joint. When forced air cooling is used,
cooling rate should not exceed 4°C/second. Quenching
is not recommended but if used, maximum temperature
differentials should be observed according to the preheat
conditions above.

Cleaning

Flux residues may be hygroscopic or acidic and must be
removed. AVX MLC capacitors are acceptable for use with
all of the solvents described in the specifications MIL-STD-
202 and EIA-RS-198. Alcohol based solvents are acceptable
and properly controlled water cleaning systems are also
acceptable. Many other solvents have been proven successful,
and most solvents that are acceptable to other components
on circuit assemblies are equally acceptable for use with
ceramic capacitors.

POST SOLDER HANDLING

Once SMP components are soldered to the board, any
bending or flexure of the PCB applies stresses to the sol-
dered joints of the components. For leaded devices, the
stresses are absorbed by the compliancy of the metal leads
and generally don’t result in problems unless the stress is
large enough to fracture the soldered connection.

Ceramic capacitors are more susceptible to such stress
because they don’t have compliant leads and are brittle in
nature. The most frequent failure mode is low DC resistance
or short circuit. The second failure mode is significant loss
of capacitance due to severing of contact between sets of
the internal electrodes.

Cracks caused by mechanical flexure are very easily identi-
fied and generally take one of the following two general
forms:

Type A:
Angled crack between bottom of device to top of solder joint.

A

Type B:
Fracture from top of device to bottom of device.

Mechanical cracks are often hidden underneath the termi-
nation and are difficult to see externally. However, if one end
termination falls off during the removal process from PCB,
this is one indication that the cause of failure was excessive
mechanical stress due to board warping.
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COMMON CAUSES OF
MECHANICAL CRACKING

The most common source for mechanical stress is board
depanelization equipment, such as manual breakapart, v-
cutters and shear presses. Improperly aligned or dull cutters
may cause torqueing of the PCB resulting in flex stresses
being transmitted to components near the board edge.
Another common source of flexural stress is contact during
parametric testing when test points are probed. If the PCB
is allowed to flex during the test cycle, nearby ceramic
capacitors may be broken.

A third common source is board to board connections at
vertical connectors where cables or other PCBs are con-
nected to the PCB. If the board is not supported during the
plug/unplug cycle, it may flex and cause damage to nearby
components.

Special care should also be taken when handling large (>6"
on a side) PCBs since they more easily flex or warp than
smaller boards.

Solder Tip

=/

Preferred Method - No Direct Part Contact

PCB BOARD DESIGN

REWORKING OF MLCs

Thermal shock is common in MLCs that are manually
attached or reworked with a soldering iron. AVX strongly
recommends that any reworking of MLCs be done with hot
air reflow rather than soldering irons. It is practically impossi-
ble to cause any thermal shock in ceramic capacitors when
using hot air reflow.

However direct contact by the soldering iron tip often caus-
es thermal cracks that may fail at a later date. If rework by
soldering iron is absolutely necessary, it is recommended
that the wattage of the iron be less than 30 watts and the
tip temperature be <300°C. Rework should be performed
by applying the solder iron tip to the pad and not directly
contacting any part of the ceramic capacitor.

Solder Tip
1

Poor Method - Direct Contact with Part

To avoid many of the handling problems, AVX recommends that MLCs be located at least .2" away from nearest edge of
board. However when this is not possible, AVX recommends that the panel be routed along the cut line, adjacent to where the

MLC is located.

No Stress Relief for MLCs

Routed Cut Line Relieves Stress on MLC
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General Specifications

Y5V formulations are for general-purpose use in a limited
temperature range. They have a wide temperature character-
istic of +22% -82% capacitance change over the operating
temperature range of —30°C to +85°C.

These characteristics make Y5V ideal for decoupling applica-
y tions within limited temperature range.

PART NUMBER (see page 2 for complete part number explanation)

OF 1+ * t + 1 11

Size Voltage Dielectric Capacitance Capacitance Failure Terminations  Packaging Special
(L" x W) 6.3V=6 Y5V =G Code (In pF) Tolerance Rate T = Plated Ni 2=T7"Reel Code
wov=z 2 Sig. Digits + Z =+80-20% A = Not and Sn 4=13"Reel A = Std.
6v=Y Number of Applicable Product
eros
50V =5
Temperature Coefficient Capacitance Change . Insulation Resistance vs. Temperature
vs. DC Bias Voltage 210,000
+20 g
+10 +40 LII.
) 0 P €
2 -10 20 S 1000 = ———————=
< . e
g @ g °r —
g - Q 20— s
& -40 3] o
S 50 < 40— e e e ——————
< @
S -60 -60 c
-70 k]
-80 -80 5
-100 I ! 2 0
-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 0 20 40 60 80 100 £ +20 +30 +40 +50 +60 +70 +80 +90
Temperature °C % DC Bias Voltage Temperature °C
0.1 nF - 0603 0.22 pF - 0805 1 pF - 1206
Impedance vs. Frequency Impedance vs. Frequency Impedance vs. Frequency
10,000 1,000 1,000
1,000 100 100
5 100 T @
E g 10 E 10—
s S S
N 1 - N 1 S N 1 —_—
01 0.1 < 0.1
0.01 0.01 0.01
10,000 100,000 1,000,000 10,000,000 10,000 100,000 1,000,000 10,000,000 10,000 100,000 1,000,000 10,000,000
Frequency (Hz) Frequency (Hz) Frequency (Hz)
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Parameter/Test

Y5V Specification Limits

Measuring Conditions

Operating Temperature Range

-30°C to +85°C

Temperature Cycle Chamber

Capacitance

Within specified tolerance

Dissipation Factor

=< 5.0% for = 50V DC rating
< 7.0% for 25V DC rating

< 9.0% for 16V DC rating

< 12.5% for < 10V DC rating

Freq.: 1.0 kHz £ 10%
Voltage: 1.0Vrms + .2V
For Cap > 10 pF, 0.5Vrms @ 120Hz

Insulation Resistance

100,000MQ or 500MQ - pF,
whichever is less

Charge device with rated voltage for
120 + 5 secs @ room temp/humidity

Dielectric Strength

No breakdown or visual defects

Charge device with 300% of rated voltage for
1-5 seconds, w/charge and discharge current
limited to 50 mA (max)

Appearance No defects Deflection: 2mm
Capacitance < +30% Test Time: 30 seconds
Resistance to Variation B v 1mm/sec
Flexure Dissipation "
Stre);l;es IFe{gtolr Meets Initial Values (As Above) [ |
Insulation . O O
Pl e = Initial Value x 0.1 -~ 90mMMm—— >
Solderabilit = 95% of each terminal should be covered Dip device in eutectic solder at 230 + 5°C
olderability with fresh solder for 5.0 + 0.5 seconds
Appearance No defects, <25% leaching of either end terminal
Capacitance < +20%
Variation T . L . o
Dissipation Dip device in eutectic solder at 260°C for 60
Resistance to F agt - Meets Initial Values (As Above) seconds. Store at room temperature for 24 + 2
Solder Heat insulation hours before measuring electrical properties.
S Meets Initial Values (As Above)
Dielectric "
Sltrengtlh Meets Initial Values (As Above)
Appearance No visual defects Step 1: -30°C + 2° 30 + 3 minutes
C?/p;arlgzamce < +20% Step 2: Room Temp < 3 minutes
Dissipation . .
Thermal F af:)tor Meets Initial Values (As Above) Step 3: +85°C + 2° 30 + 3 minutes
Shock -
Insulat . .
Rr;lijs?alr(]):e Meets Initial Values (As Above) Step 4: Room Temp < 3 minutes
Dielectric " Repeat for 5 cycles and measure after
Strength Meets Initial Values (As Above) 24 +2 hours at room temperature
Appearance No visual defects
Capacitance < +30% Charge device with twice rated voltage in
Variation = FIUT0 test chamber set at 85°C + 2°C
Dissipation - for 1000 hours (+48, -0
L (L Fa(F:)tor < Initial Value x 1.5 (See Above) ( )
Insulation . Remove from test chamber and stabilize
Resistance = Initial Value x 0.1 (See Above) at room temperature for 24 + 2 hours
Dielectri . before measuring.
Slteree:g;lr? Meets Initial Values (As Above) g
éspsgrg:]zz No visual defects Store in a test chamber set at 85°C + 2°C/
VF;riation < +30% 85% + 5% relative humidity for 1000 hours
Load Dissination (+48, -0) with rated voltage applied.
Sl Fagtor < Initial Value x 1.5 (See above)
Y Insulation Remove from chamber and stabilize at
Resistance = Initial Value x 0.1 (See Above) room temperature and humidity for
Diclectric 24 + 2 hours before measuring.
Strength Meets Initial Values (As Above)
A\
24 TAV/AS
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PREFERRED SIZES ARE SHADED

- B = fin)] ] Il]
SIZE 0201 0402 0603 0805 1206 1210
Soldering Reflow Only Reflow Only Reflow Only Reflow/Wave Reflow/Wave Reflow Only
Packaging All Paper All Paper All Paper Paper/Embossed Paper/Embossed Paper/Embossed
(L) Length MM 0.60 +0.03 1.00 +0.10 1.60 +0.15 2.01+0.20 3.20 +0.20 320+0.20
9 (in) | (0.024 +0.001) (0.040 + 0.004) (0.063 + 0.006) (0.079 + 0.008) (0.126 + 0.008) (0.126 + 0.008)
(W) Width MM 0.30 £0.03 0.50+0.10 81+0.15 1.25 +0.20 1.60 +0.20 2.50 +0.20
(in) | (0.011 +0.001) (0.020 + 0.004) (0.032 + 0.006) (0.049 + 0.008) (0.063 + 0.008) (0.098 + 0.008)
() Terminal MM 0.15+0.05 0.25+0.15 0.35+0.15 0.50+0.25 0.50 +0.25 50 +0.25
(in) | (0.006 +0.002) (0.010 + 0.006) (0.014 + 0.006) 0.020 + 0.010) (0.020 + 0.010) (0.020 + 0.010)
wvDC | 63 10 16 25 50 10 | 16 | 25 50 10 | 16 25 | s0 | 10 | 16 25 [ 50 [10 16 [ 5] 50
Cap 820 I I I
(pF) 1000 A
2200 A =W
(L =
4700 A c \ﬁ
Cap 0.010 A A © © G g
(F) 0.022 A c © G
0.047 A © G G
0.10 C G J K t
0.22 G G K N
0.47 G K N M
1.0 G G N N N
2.2 N N M M
4.7 N M N
10.0 Q Q Q Q
22.0 Q X
47.0
wvDC | 63 10 16 25 50 10 | 16 | 25 50 10 | 16 25 | 50 | 10 | 16 25 50 | 10 | 16 25 | 50
SIZE 0201 0402 0603 0805 1206 1210
Letter A © E G J K M N P Q X Y z
Max. 0.33 0.56 0.71 0.86 0.94 1.02 1.27 1.40 1.52 1.78 2.29 2.54 2.79
Thickness | (0.013) (0.022) | (0.028) (0.034) (0.037) (0.040) | (0.050) | (0.055) | (0.060) | (0.070) (0.090) | (0.100) | (0.110)
PAPER EMBOSSED

TAV/A
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Packaging of Chip Components FAV/ X

Automatic Insertion Packaging

TAPE & REEL QUANTITIES

All tape and reel specifications are in compliance with RS481.

8mm 12mm
Paper or Embossed Carrier 0612, 0508, 0805, 1206,
1210
Embossed Only 1812, 1825
1808 2220, 2225
Paper Only 0201, 0306, 0402, 0603
Qty. per Reel/7" Reel 2,000, 3,000 or 4,000, 10,000, 15,000 3,000 500, 1,000
Contact factory for exact quantity Contact factory for exact quantity
Qty. per Reel/13" Reel 5,000, 10,000, 50,000 10,000 4,000
Contact factory for exact quantity

REEL DIMENSIONS

40 (1575) Min. t'_ e ﬂIL‘iL‘iﬁﬁﬁ gfnge
Access Hole At outer edge)

Slot Location
—=| |[¢— W2 (Measured at

(Arbor Hole Dia.) Hub)
Cc |L __r
A A ] N (Hub Dia.)
B Jp— | Note: Tape with or without
components shall pass
around radius "R"
1 without damage.
Full Radius * W, (Measured at
Hub)
r .
Tape Slot in i
Core For Tape Start.
* Drive spokes optional, if used 2.50 (0.098) min. Width,
asterisked dimensions apply. 10.0 (0.394) min. Depth
Tape A B* D* N W.
Size® Max. Min. © Min. Min. b Max. Ee
. 7.90 Min.
8.40 45 14.4 (0.311)
mm (0.331 98) (0.567) 10.9 Max.
330 15 13.098 20.2 50.0 (0.429)
(12.992) | (0.059) (0.51298%) (0.795) (1.969) ) e
12.4 % 18.4 (0.469)
12mm (0.488 %5 0.724) 15.4 Max.
(0.607)

Metric dimensions will govern.
English measurements rounded and for reference only.
(1) For tape sizes 16mm and 24mm (used with chip size 3640) consult EIA RS-481 latest revision.
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Bl

D
DEFORMATION 4.‘
BETWEEN

S

|-— P0—>
'

10 PITCHES CUMULATIVE

TOLERANCE ON TAPE
© | +0.2mm (=0.008)

f— »‘ Py ‘ YEMBOSSMENT
[

L

Chip Orientation

EMBOSSMENTS —@— ‘%,T
> Ao <
T ‘ w
TOP COVER (7 T l E2 \ Q Q Q Q
B1 | |f~—x TAPE Q}. B -
g i | ] ]
v | =1 1=
S, 4’”‘*1-1 CENTER LINES ~— Py —] ! D1 FOR COMPONENTS .
OE CAVITY MAX. CAVITY 2.00 mm x 1.20 mm AND
SIZE - SEE NOTE 1 LARGER (0.079 x 0.047)
B1 1S FOR TAPE READER REFERENCE ONLY >
INCLUDING DRAFT CONCENTRIC AROUND Bg User Direction of Feed
8 & 12mm Embossed Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E Po P, S; Min. T Max. T,
8mm 1.50 94° 1.75+0.10 | 4.0+0.10 2.0+0.05 0.60 0.60 0.10
and (0.059 98*) |(0.069 + 0.004)|(0.157 + 0.004)| (0.079 + 0.002)|  (0.024) (0.024) (0.004)
12mm Max.
VARIABLE DIMENSIONS
Tape Size | B, D, E, F P, R T, W As By Ko
Max. Min. Min. Min. Max.
See Note 5 |See Note 2
435 1.00 6.25 3.50 +0.05 4.00 +0.10 25.0 2.50 Max. 8.30
8mm (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.157 + 0.004)| (0.984) (0.098) (0.327) |SeeNote 1
8.20 150 | 10.25 | 5.50 +0.05 4.00 £0.10 30.0 6.50 Max. 12.3
12mm | (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.157 +0.004)| (1.181) (0.256) (0.484) |See Note 1
8mm 4.35 1.00 6.25 3.50 + 0.05 2.00 +0.10 25.0 2.50 Max. 8.30
1/2 Pitch | (0.171) | (0.039) | (0.246) |(0.138 +0.002) | (0.079 + 0.004)| (0.984) (0.098) (0.327) |SeeNotel
12mm " +01 M 12
e 8.20 150 | 10.25 | 5.50+0.05 8.00 +0.10 30.0 6.50 Max. 3 |see Note 1
Ehw (0.323) | (0.059) | (0.404) |(0.217 +0.002) | (0.315 + 0.004)| (1.181) (0.256) (0.484)
NOTES:

2. Tape with or without components shall pass around radius “R” without damage.
1. The cavity defined by A,, B,, and K, shall be configured to provide the following:
Surround the component with sufficient clearance such that:
a) the component does not protrude beyond the sealing plane of the cover tape.
b) the component can be removed from the cavity in a vertical direction without mechanical
restriction, after the cover tape has been removed.
c) rotation of the component is limited to 20° maximum (see Sketches D & E).
d) lateral movement of the component is restricted to 0.5mm maximum (see Sketch F).

3. Bar code labeling (if required) shall be on the side of the reel opposite the round sprocket holes.
Refer to EIA-556.

4. B, dimension is a reference dimension for tape feeder clearance only.

5. If P, = 2.0mm, the tape may not properly index in all tape feeders.

20° maximum component rotation
b
B ‘
L = Typical component

‘__ Ao q/ center line

Top View
Sketch “D”

Top View, Sketch "F"
Component Lateral Movements

l —>‘ ~<——0.50mm (0.020) Typical component

Maximum cavity center line

. 0.50mm (0.020)
Maximum Component Rotation

Maximum

Side or Front Sectional View
Sketch "C”
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Paper Carrier Configuration YAV X

8 & 12mm Tape Only

10 PITCHES CUMULATIVE
J‘* Po —= TOLERANCE ON TAPE

+0.20mm (+0.008)
—{j+T P2 |+ | i
=
BOTTOM TOP t T
COVER COVER F W
TAPE TAPE JE
my
. ‘ G
ﬁl CAVITY SIZE o bl e pi ﬁ
T -
! SEE NOTE 1 SE’\gE\ﬁT%NES User Direction of Feed
8 & 12Zmm Paper Tape
Metric Dimensions Will Govern
CONSTANT DIMENSIONS
Tape Size D, E P, P, T, G. Min. R Min.
8mm 1.50 © 1.75+0.10 4.00 £0.10 2.00 £ 0.05 0.10 0.75 25.0 (0.984)
and (0.059 % % °°“) (0.069 + 0.004) [(0.157 + 0.004) | (0.079 + 0.002) (0.004) (0.030) See Note 2
12mm Max. Min. Min.
VARIABLE DIMENSIONS
. [ .
Tape Size See Nlote 4 E, Min. F W Ay Bo T
8mm 4.00 £ 0.10 6.25 3.50 £ 0.05 8.00 % See Note 1
(0.157 + 0.004) (0.246) (0.138+£0.002) | (0.3159%%)
1.10mm
(0.043) Max.
12 4.00 = 0.010 10.25 5.50 £ 0.05 12.0 £ 0.30 for Paper Base
mm (0.157 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012) Tape and
8mm 2.00 +0.05 6.25 3.50 £ 0.05 8.00 £ e
1/2 Pitch (0.079 + 0.002) (0.246) (0.138 £0.002) | (0.315 5%) for Non.Paper
Base Compositions
égumbrl'; 8.00 % 0.10 10.25 5.50 + 0.05 12.0 +0.30
Pitch (0.315 + 0.004) (0.404) (0.217 £ 0.002) | (0.472 +0.012)
NOTES: 2. Tape with or without components shall pass around radius “R” without damage.

1. The cavity defined by Ao, Bo, and T shall be configured to provide sufficient clearance
surrounding the component so that:

a) the component does not protrude beyond either surface of the carrier tape;

b) the component can be removed from the cavity in a vertical direction without 4. If P, =2.0mm, the tape may not properly index in all tape feeders.
mechanical restriction after the top cover tape has been removed;

c) rotation of the component is limited to 20° maximum (see Sketches A & B);

d) lateral movement of the component is restricted to 0.5mm maximum
(see Sketch C).

3. Bar code labeling (if required) shall be on the side of the reel opposite the sprocket
holes. Refer to EIA-556.

Top View, Sketch "C" 20° maximum component rotation

i Component Lateral
(™
~—0.50mm (0.020
N T ! Maxin”(lum ) ‘ Typical component
20 ? By ‘ cavity center line
Maximum Component Rotation T ;
0.50mm (0.020) T
Maximum

Typical component

‘__ Ao ﬂ/ center line

Top View
Sketch “B”

Side or Front Sectional View

Bar Code Labeling Standard

AVX bar code labeling is available and follows latest version of EIA-556
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Bulk Case Packaging FAV// X

BENEFITS BULK FEEDER
» Easier handling

» Smaller packaging volume
(1/20 of T/R packaging)

 Easier inventory control
* Flexibility
» Recyclable

CASE DIMENSIONS

id Shutter
sl
/ i er\
12mm ATTTTTTTTT T /A
36mm éé i
/— 110mm —/

Attachment Base

CASE QUANTITIES

Part Size 0402 0603 0805 1206
Qty. 10,000 (T=.023") 5,000 (T=.023")
(pCs / cassette) HLLLL leeey 8,000 (T=.031") 4,000 (T=.032")
6,000 (T=.043") 3,000 (T=.044")
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Basic Capacitor Formulas YA/ X¢

I. Capacitance (farads) XI. Equivalent Series Resistance (ohms)
English: C = 224 KA E.S.R.=(D.F.) (Xc)=(D.F.)/ (2 = fC)
° XIl. Power Loss (watts)
Metric: C = % Power Loss = (2 «t fCV?) (D.F.)
T X1l KVA (Kilowatts)
Il. Energy stored in capacitors (Joules, watt - sec) KVA = 2 7 fCV2 x 102
E=%CV?
lll. Linear charge of a capacitor (Amperes) XIV. Temperature Characteristic (ppm/°C)
¢ Qv T.C.=_Ct=Cxs _x10°
dt Cus (T, - 25)
IV. Total Impedance of a capacitor (ohms) XV. Cap Drift (%)
Z=VR:+ (XC-XL) cp.= -S=C 4100
.. 1
v CapaCItive Reactance (ohms) XVI. Reliability of Ceramic Capacitors
Xe = Lo_ (V: )X T, Y
2xfC s _t
: Lt Vo To
VI Indugtlv;eLReactance (ohms) XVII. Capacitors in Series (current the same)
XL=2mx
Vil PLh Angles: AnyNumber: 1 - 1 , 1 1
. Phase Angles: cr G G CN

Ideal Capacitors: Current leads voltage 90°
Ideal Inductors: Current lags voltage 90° Two: Cy =
Ideal Resistors: Current in phase with voltage

()
Ci1+C,

VIII. Dissipation Factor (%) XVIII. gap_agltiréln Palrgllel (voltage the same)
T— %1 27" N

D.F.=tan 3 (loss angle) = ESR. _ (2 afC) (E.S.R.) .
Xc XIX. Aging Rate
IX. Power Factor (%) A.R. = %A C/decade of time
P.F. = Sine 5 (loss angle) = Cos ¢ (phase angle) .
P.F. = (when less than 10%) = DF XX. Decibels vV
db =20 Iogv1
2

X. Quality Factor (dimensionless)

1
= Cotan $ (loss angle) =——
Q ( gle) D.F.

METRIC PREFIXES SYMBOLS

Pico X 1072 K = Dielectric Constant f = frequency L, =Testlife
Nano X10°
Micro X 10 A =Area L = Inductance V, = Test voltage
Mil X 10° o |
e X 10 T, = Dielectric thickness d = Loss angle V, = Operating voltage
ecCl F
+1
Deca X10 V. =Voltage ¢ = Phase angle T, = Testtemperature
Kilo X 10%
Mega X 10" t =time X &Y =exponent effect of voltage and temp. T, = Operating temperature
Giga X 10*°
Tera X 10%2 Rg = Series Resistance L, = Operating life
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Basic Construction — A multilayer ceramic (MLC) capaci-
tor is a monolithic block of ceramic containing two sets of
offset, interleaved planar electrodes that extend to two
opposite surfaces of the ceramic dielectric. This simple

structure requires a considerable amount of sophistication,
both in material and manufacture, to produce it in the quality
and quantities needed in today’s electronic equipment.

Ceramic Layer Electrode

Terminated
Edge

Terminated
Edge

Multilayer Ceramic Capacitor
Figure 1

End Terminations —

IR

O

Margin Electrodes

Formulations — Multilayer ceramic capacitors are available
in both Class 1 and Class 2 formulations. Temperature
compensating formulation are Class 1 and temperature
stable and general application formulations are classified
as Class 2.

Class 1 - Class 1 capacitors or temperature compensating
capacitors are usually made from mixtures of titanates
where barium titanate is normally not a major part of the
mix. They have predictable temperature coefficients and
in general, do not have an aging characteristic. Thus they
are the most stable capacitor available. The most popular
Class 1 multilayer ceramic capacitors are COG (NPO)
temperature compensating capacitors (negative-positive
0 ppm/°C).

Class 2 - EIA Class 2 capacitors typically are based on the
chemistry of barium titanate and provide a wide range of
capacitance values and temperature stability. The most
commonly used Class 2 dielectrics are X7R and Y5V. The
X7R provides intermediate capacitance values which vary
only +15% over the temperature range of -55°C to 125°C. It
finds applications where stability over a wide temperature
range is required.

The Y5V provides the highest capacitance values and is
used in applications where limited temperature changes are
expected. The capacitance value for Y5V can vary from
22% to -82% over the -30°C to 85°C temperature range.

All Class 2 capacitors vary in capacitance value under the
influence of temperature, operating voltage (both AC and
DC), and frequency. For additional information on perfor-
mance changes with operating conditions, consult AVX’s
software, SpiCap.
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Table 1: EIA and MIL Temperature Stable and General
Application Codes

EIA CODE
Percent Capacity Change Over Temperature Range
RS198 Temperature Range
X7 -55°C to +125°C
X6 -55°C to +105°C
X5 -55°C to +85°C
Y5 -30°C to +85°C
Z5 +10°C to +85°C
Code Percent Capacity Change
D +3.3%
E +4.7%
F +7.5%
P +10%
R +15%
S +22%
T +22%, -33%
U +22%, - 56%
Vv +22%, -82%

EXAMPLE - A capacitor is desired with the capacitance value at 25°C
to increase no more than 7.5% or decrease no more than 7.5% from
-30°C to +85°C. EIA Code will be Y5F.

MIL CODE
Symbol Temperature Range
A -55°C to +85°C
B -55°C to +125°C
(© -55°C to +150°C
Symbol Cap. Change Cap. Change
Zero Volts Rated Volts
R +15%, -15% +15%, -40%
S +22%, -22% +22%, -56%
w +22%, -56% +22%, -66%
X +15%, -15% +15%, -25%
Y +30%, -70% +30%, -80%
Z +20%, -20% +20%, -30%

Temperature characteristic is specified by combining range and
change symbols, for example BR or AW. Specification slash sheets
indicate the characteristic applicable to a given style of capacitor.

In specifying capacitance change with temperature for Class
2 materials, EIA expresses the capacitance change over an
operating temperature range by a 3 symbol code. The first
symbol represents the cold temperature end of the temper-
ature range, the second represents the upper limit of the
operating temperature range and the third symbol repre-
sents the capacitance change allowed over the
operating temperature range. Table 1 provides a detailed
explanation of the EIA system.

Effects of Voltage — Variations in voltage have little effect
on Class 1 dielectric but does affect the capacitance and
dissipation factor of Class 2 dielectrics. The application of
DC voltage reduces both the capacitance and dissipation
factor while the application of an AC voltage within a
reasonable range tends to increase both capacitance and
dissipation factor readings. If a high enough AC voltage is
applied, eventually it will reduce capacitance just as a DC
voltage will. Figure 2 shows the effects of AC voltage.

Cap. Change vs. A.C. Volts

X7R
£ 5 ,
) L
[&]
g 40 ’/
) /
g /
g 30
O
8 20
c
8
S
®©
Q.
o
O

10
oL

125 25 375 50
Volts AC at 1.0 KHz

Figure 2

Capacitor specifications specify the AC voltage at which to
measure (normally 0.5 or 1 VAC) and application of the
wrong voltage can cause spurious readings. Figure 3 gives
the voltage coefficient of dissipation factor for various AC
voltages at 1 kilohertz. Applications of different frequencies
will affect the percentage changes versus voltages.

D.F. vs. A.C. Measurement Volts

X7R
JUPECLC LS e B B B T
S Curve 1 - 100 VDC Rated Capacitor Curve 3
g 8.0 FCurve 2 - 50 VDC Rated Capacitor >
o Curve 3- 25 VDC Rated Capacitor //1/|
g 6.0 ~T_lCurve 2
IS L~
= 40 D
S P ||
S 20 s Curve 1
a 4= = ]
o o0

5 1.0 1.5 2.0 2.5
AC Measurement Volts at 1.0 KHz
Figure 3

Typical effect of the application of DC voltage is shown in
Figure 4. The voltage coefficient is more pronounced for
higher K dielectrics. These figures are shown for room tem-
perature conditions. The combination characteristic known
as voltage temperature limits which shows the effects of
rated voltage over the operating temperature range is
shown in Figure 5 for the military BX characteristic.
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Typical Cap. Change vs. D.C. Volts

X7R
= 25
[]
o
o 0
o
) \\
% -2.5 N
<
(&)
© -5
o
c
8
£ 75
©
Q.
8 -10
25% 50% 75% 100%
Percent Rated Volts
Figure 4
Typical Cap. Change vs. Temperature
X7R
g +20
®
o *t10
=) ovDC
]
< 0 ]
(@) L—
s
2
g -20
8
-30

-55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Temperature Degrees Centigrade
Figure 5

Effects of Time — Class 2 ceramic capacitors change
capacitance and dissipation factor with time as well as tem-
perature, voltage and frequency. This change with time is
known as aging. Aging is caused by a gradual re-alignment
of the crystalline structure of the ceramic and produces an
exponential loss in capacitance and decrease in dissipation
factor versus time. A typical curve of aging rate for semi-
stable ceramics is shown in Figure 6.

If a Class 2 ceramic capacitor that has been sitting on the
shelf for a period of time, is heated above its curie point,
(125°C for 4 hours or 150°C for % hour will suffice) the part
will de-age and return to its initial capacitance and dissi-
pation factor readings. Because the capacitance changes
rapidly, immediately after de-aging, the basic capacitance
measurements are normally referred to a time period some-
time after the de-aging process. Various manufacturers use
different time bases but the most popular one is one day
or twenty-four hours after “last heat.” Change in the aging
curve can be caused by the application of voltage and
other stresses. The possible changes in capacitance due to
de-aging by heating the unit explain why capacitance
changes are allowed after test, such as temperature cycling,
moisture resistance, etc., in MIL specs. The application of
high voltages such as dielectric withstanding voltages also

tends to de-age capacitors and is why re-reading of capaci-
tance after 12 or 24 hours is allowed in military specifica-
tions after dielectric strength tests have been performed.

Typical Curve of Aging Rate

X7R
+1.5
0
c
[0}
o
g 15
(0]
(o)}
C
& 30
O
[0}
2
8 -45
‘o
©
Q
©
O -6.0
-7.5
1 10 100 1000 10,000 100,000
Hours
Characteristic Max. Aging Rate %/Decade
COG (NPO) None
X7R, X5R 2
Y5V 7
Figure 6

Effects of Frequency — Frequency affects capacitance
and impedance characteristics of capacitors. This effect is
much more pronounced in high dielectric constant ceramic
formulation than in low K formulations. AVX’s SpiCap soft-
ware generates impedance, ESR, series inductance, series
resonant frequency and capacitance all as functions of
frequency, temperature and DC bias for standard chip sizes
and styles. It is available free from AVX and can be down-
loaded for free from AVX website: www.avx.com.
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Effects of Mechanical Stress — High “K” dielectric
ceramic capacitors exhibit some low level piezoelectric
reactions under mechanical stress. As a general statement,
the piezoelectric output is higher, the higher the dielectric
constant of the ceramic. It is desirable to investigate this
effect before using high “K” dielectrics as coupling capaci-
tors in extremely low level applications.

Reliability — Historically ceramic capacitors have been one

of the most reliable types of capacitors in use today.
The approximate formula for the reliability of a ceramic

capacitor is:
L (_v) X (l) \
L, Vv T,
where
L, = operating life T, = test temperature and
L; = test life T, = operating temperature
V; = test voltage in °C

V, = operating voltage X,Y = see text

Historically for ceramic capacitors exponent X has been
considered as 3. The exponent Y for temperature effects
typically tends to run about 8.

A capacitor is a component which is capable of storing
electrical energy. It consists of two conductive plates (elec-
trodes) separated by insulating material which is called the
dielectric. A typical formula for determining capacitance is:

224 KA
t

C = capacitance (picofarads)
K = dielectric constant (Vacuum = 1)
A = area in square inches
t = separation between the plates in inches
(thickness of dielectric)
.224 = conversion constant
(.0884 for metric system in cm)

Capacitance — The standard unit of capacitance is the
farad. A capacitor has a capacitance of 1 farad when 1
coulomb charges it to 1 volt. One farad is a very large unit
and most capacitors have values in the micro (10°), nano
(10 or pico (10*) farad level.

Dielectric Constant — In the formula for capacitance given
above the dielectric constant of a vacuum is arbitrarily cho-
sen as the number 1. Dielectric constants of other materials
are then compared to the dielectric constant of a vacuum.

Dielectric Thickness — Capacitance is indirectly propor-
tional to the separation between electrodes. Lower voltage
requirements mean thinner dielectrics and greater capaci-
tance per volume.

Area — Capacitance is directly proportional to the area of
the electrodes. Since the other variables in the equation are
usually set by the performance desired, area is the easiest
parameter to modify to obtain a specific capacitance within
a material group.

C=

Energy Stored — The energy which can be stored in a
capacitor is given by the formula:

E = %CV?

E = energy in joules (watts-sec)

V = applied voltage

C = capacitance in farads
Potential Change — A capacitor is a reactive component
which reacts against a change in potential across it. This is
shown by the equation for the linear charge of a capacitor:

I \dea\l= C %t/

where

| = Current
C = Capacitance
dVv/dt = Slope of voltage transition across capacitor

Thus an infinite current would be required to instantly
change the potential across a capacitor. The amount of
current a capacitor can “sink” is determined by the above
equation.

Equivalent Circuit — A capacitor, as a practical device,
exhibits not only capacitance but also resistance and
inductance. A simplified schematic for the equivalent circuit
is:

C = Capacitance L = Inductance
Rs = Series Resistance R, = Parallel Resistance
Rp

—AA—
_KVW\_/\/\/\/—

L R

S

o=

Reactance - Since the insulation resistance (Rp) is normal-
ly very high, the total impedance of a capacitor is:

z :¢R§+ (Xe- X

where

Z = Total Impedance
R, = Series Resistance

X. = Capacitive Reactance = 1
2xnfC
X, = Inductive Reactance = 2mfL

The variation of a capacitor’s impedance with frequency
determines its effectiveness in many applications.

Phase Angle — Power Factor and Dissipation Factor are
often confused since they are both measures of the loss in
a capacitor under AC application and are often almost
identical in value. In a “perfect” capacitor the current in the
capacitor will lead the voltage by 90°.
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I (Ideal)
I (Actual)

Loss

Angle| & Phase

Angle

\Y

IR,

In practice the current leads the voltage by some other
phase angle due to the series resistance R;. The comple-
ment of this angle is called the loss angle and:

Power Factor (P.F.) = Cos ¢ or Sine &
Dissipation Factor (D.F.) = tan

for small values of & the tan and sine are essentially equal
which has led to the common interchangeability of the two
terms in the industry.

Equivalent Series Resistance — The term E.S.R. or
Equivalent Series Resistance combines all losses both
series and parallel in a capacitor at a given frequency so
that the equivalent circuit is reduced to a simple R-C series
connection.

—AAM—
I\
C

E.S.R.

Dissipation Factor — The DF/PF of a capacitor tells what
percent of the apparent power input will turn to heat in the
capacitor.

E.S.R.
X

C

Dissipation Factor = =(2=fC)(E.S.R)

The watts loss are:
Watts loss = (2 « fCV?) (D.F.)

Very low values of dissipation factor are expressed as their
reciprocal for convenience. These are called the “Q” or
Quiality factor of capacitors.

Parasitic Inductance - The parasitic inductance of capac-
itors is becoming more and more important in the decou-
pling of today’s high speed digital systems. The relationship
between the inductance and the ripple voltage induced on
the DC voltage line can be seen from the simple inductance
equation:

— _di
V=L—-
dt

The @ seen in current microprocessors can be as high as
0.3 A/ns, and up to 10A/ns. At 0.3 A/ns, 100pH of parasitic
inductance can cause a voltage spike of 30mV. While this
does not sound very drastic, with the Vcc for microproces-
sors decreasing at the current rate, this can be a fairly large
percentage.

Another important, often overlooked, reason for knowing
the parasitic inductance is the calculation of the resonant
frequency. This can be important for high frequency, by-
pass capacitors, as the resonant point will give the most
signal attenuation. The resonant frequency is calculated
from the simple equation:

fres = 1
2m/LC

Insulation Resistance - Insulation Resistance is the
resistance measured across the terminals of a capacitor
and consists principally of the parallel resistance Rr shown
in the equivalent circuit. As capacitance values and hence
the area of dielectric increases, the |.R. decreases and
hence the product (C x IR or RC) is often specified in ohm
faradsor more commonly megohm-microfarads. Leakage
current is determined by dividing the rated voltage by IR
(Ohm’s Law).

Dielectric Strength — Dielectric Strength is an expression
of the ability of a material to withstand an electrical stress.
Although dielectric strength is ordinarily expressed in volts, it
is actually dependent on the thickness of the dielectric and
thus is also more generically a function of volts/mil.

Dielectric Absorption — A capacitor does not discharge
instantaneously upon application of a short circuit, but
drains gradually after the capacitance proper has been dis-
charged. It is common practice to measure the dielectric
absorption by determining the “reappearing voltage” which
appears across a capacitor at some point in time after it has
been fully discharged under short circuit conditions.

Corona - Corona is the ionization of air or other vapors
which causes them to conduct current. It is especially
prevalent in high voltage units but can occur with low voltages
as well where high voltage gradients occur. The energy
discharged degrades the performance of the capacitor and
can in time cause catastrophic failures.
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REFLOW SOLDERING

b9 Case Size D1 D2 D3 D4 D5
D2 0402 170(0.07) | 060002 | 050002 | 060(0.02) | 0.50(0.02)
3 0603 230(0.09) | 080(0.03) | 070(0.03) | 080(0.03 | 0.75(0.03)
DL D3 0805 3.00(0.12) | 1.00(0.04) | 1.00(0.04) | 1.00(0.04) | 1.250.05)
_ 1206 4.00(0.16) | 1.00(0.04) | 2.00(0.09) | 1.00(0.04) | 1.60 (0.06)
J4 1210 4.00(0.16) | 1.00(0.04) | 2.00(0.09 | 1.00(0.04) | 2.50(0.10)
1808 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 2.00 (0.08)
vy 1812 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 3.00(0.12)
] o5 [ 1825 560(0.22) | 1.00(0.04) | 3.60(0.14) | 1.00(0.04) | 6.35(0.25)
2220 6.60 (0.26) | 1.00(0.04) | 4.60(0.18) | 1.00(0.04) | 5.00 (0.20)
Dimensions in millimeters (inches) 2225 6.60 (0.26) 1.00 (0.04) 4.60 (0.18) 1.00 (0.04) 6.35 (0.25)

Component Pad Design

Component pads should be designed to achieve good
solder filets and minimize component movement during
reflow soldering. Pad designs are given below for the most
common sizes of multilayer ceramic capacitors for both
wave and reflow soldering. The basis of these designs is:

« Pad width equal to component width. It is permissible to
decrease this to as low as 85% of component width but it
is not advisable to go below this.

« Pad overlap 0.5mm beneath component.

» Pad extension 0.5mm beyond components for reflow and
1.0mm for wave soldering.

WAVE SOLDERING

i
1 Case Size D1 D2 D3 D4 D5

DI D3 0603 3.10 (0.12) 1.20 (0.05) 0.70 (0.03) 1.20 (0.05) 0.75 (0.03)
T 0805 4.00 (0.15) 1.50 (0.06) 1.00 (0.04) 1.50 (0.06) 1.25 (0.05)
D4 1206 5.00 (0.19) 1.50 (0.06) 2.00 (0.09) 1.50 (0.06) 1.60 (0.06)
# Dimensions in millimeters (inches)
—4 D5 ‘<—

Component Spacing Preheat & Soldering

For wave soldering components, must be spaced sufficiently
far apart to avoid bridging or shadowing (inability of solder
to penetrate properly into small spaces). This is less impor-
tant for reflow soldering but sufficient space must be
allowed to enable rework should it be required.

=1.5mm (0.06) —| -—
=1mm (0.04) —>| e

!

=1mm (0.04)

T

The rate of preheat should not exceed 4°C/second to
prevent thermal shock. A better maximum figure is about
2°C/second.

For capacitors size 1206 and below, with a maximum
thickness of 1.25mm, it is generally permissible to allow a
temperature differential from preheat to soldering of 150°C.
In all other cases this differential should not exceed 100°C.

For further specific application or process advice, please
consult AVX.

Cleaning

Care should be taken to ensure that the capacitors are
thoroughly cleaned of flux residues especially the space
beneath the capacitor. Such residues may otherwise
become conductive and effectively offer a low resistance
bypass to the capacitor.

Ultrasonic cleaning is permissible, the recommended
conditions being 8 Watts/litre at 20-45 kHz, with a process
cycle of 2 minutes vapor rinse, 2 minutes immersion in the
ultrasonic solvent bath and finally 2 minutes vapor rinse.
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APPLICATION NOTES

Storage

Good solderability is maintained for at least twelve months,
provided the components are stored in their “as received”
packaging at less than 40°C and 70% RH.

Solderability
Terminations to be well soldered after immersion in a 60/40
tin/lead solder bath at 235 + 5°C for 2 + 1 seconds.

Leaching
Terminations will resist leaching for at least the immersion
times and conditions shown below.

P Solder Solder | Immersion Time
Termination Type Tin/Lead/Silver | Temp. °C Seconds
Nickel Barrier 60/40/0 260+5 30+1

Recommended Soldering Profiles
Reflow
300 Preheat Natural
Cooling
250
. 200
o
g .
= 150 —/ § 20¢
) 250°C
k=]
o] i
3 100
50
0
" 1min 1min 10 sec. max
(Minimize soldering time)
Lead-Free Reflow Profile
300
O 250
© 200 s N
5 \\
© 150
[9) \
g8 100 =
§ 50 / ~
R 7
0 50 100 150 200 250 300
* Pre-heating: 150°C +15°C / 60-90s Time (s)

e Max. Peak Gradient 2.5°C/s
e Peak Temperature: 245°C £5°C
e Time at >230°C: 40s Max.

Wave

300

Preheat
Natural
250 Cooling

200+ T

230°C
1504 L, to
250°C

Solder Temp.
2

al
o
1

1to 2 min "3 sec. max

(Preheat chips before soldering)
T/maximum 150°C

Lead-Free Wave Soldering

The recommended peak temperature for lead-free wave
soldering is 250°C-260°C for 3-5 seconds. The other para-
meters of the profile remains the same as above.

The following should be noted by customers changing from
lead based systems to the new lead free pastes.

a) The visual standards used for evaluation of solder joints
will need to be modified as lead free joints are not as
bright as with tin-lead pastes and the fillet may not be as
large.

b) Resin color may darken slightly due to the increase in
temperature required for the new pastes.

c) Lead-free solder pastes do not allow the same self align-
ment as lead containing systems. Standard mounting
pads are acceptable, but machine set up may need to be
modified.

General

Surface mounting chip multilayer ceramic capacitors
are designed for soldering to printed circuit boards or other
substrates. The construction of the components is such that
they will withstand the time/temperature profiles used in both
wave and reflow soldering methods.

Handling

Chip multilayer ceramic capacitors should be handled with
care to avoid damage or contamination from perspiration
and skin oils. The use of tweezers or vacuum pick ups
is strongly recommended for individual components. Bulk
handling should ensure that abrasion and mechanical shock
are minimized. Taped and reeled components provides the
ideal medium for direct presentation to the placement
machine. Any mechanical shock should be minimized during
handling chip multilayer ceramic capacitors.

Preheat

It is important to avoid the possibility of thermal shock during
soldering and carefully controlled preheat is therefore
required. The rate of preheat should not exceed 4°C/second
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and a target figure 2°C/second is recommended. Although
an 80°C to 120°C temperature differential is preferred,
recent developments allow a temperature differential
between the component surface and the soldering temper-
ature of 150°C (Maximum) for capacitors of 1210 size and
below with a maximum thickness of 1.25mm. The user is
cautioned that the risk of thermal shock increases as chip
size or temperature differential increases.

Soldering

Mildly activated rosin fluxes are preferred. The minimum
amount of solder to give a good joint should be used.
Excessive solder can lead to damage from the stresses
caused by the difference in coefficients of expansion
between solder, chip and substrate. AVX terminations are
suitable for all wave and reflow soldering systems. If hand
soldering cannot be avoided, the preferred technique is the
utilization of hot air soldering tools.

Cooling

Natural cooling in air is preferred, as this minimizes stresses
within the soldered joint. When forced air cooling is used,
cooling rate should not exceed 4°C/second. Quenching
is not recommended but if used, maximum temperature
differentials should be observed according to the preheat
conditions above.

Cleaning

Flux residues may be hygroscopic or acidic and must be
removed. AVX MLC capacitors are acceptable for use with
all of the solvents described in the specifications MIL-STD-
202 and EIA-RS-198. Alcohol based solvents are acceptable
and properly controlled water cleaning systems are also
acceptable. Many other solvents have been proven successful,
and most solvents that are acceptable to other components
on circuit assemblies are equally acceptable for use with
ceramic capacitors.

POST SOLDER HANDLING

Once SMP components are soldered to the board, any
bending or flexure of the PCB applies stresses to the sol-
dered joints of the components. For leaded devices, the
stresses are absorbed by the compliancy of the metal leads
and generally don’t result in problems unless the stress is
large enough to fracture the soldered connection.

Ceramic capacitors are more susceptible to such stress
because they don’t have compliant leads and are brittle in
nature. The most frequent failure mode is low DC resistance
or short circuit. The second failure mode is significant loss
of capacitance due to severing of contact between sets of
the internal electrodes.

Cracks caused by mechanical flexure are very easily identi-
fied and generally take one of the following two general
forms:

Type A:
Angled crack between bottom of device to top of solder joint.

A

Type B:
Fracture from top of device to bottom of device.

Mechanical cracks are often hidden underneath the termi-
nation and are difficult to see externally. However, if one end
termination falls off during the removal process from PCB,
this is one indication that the cause of failure was excessive
mechanical stress due to board warping.
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COMMON CAUSES OF
MECHANICAL CRACKING

The most common source for mechanical stress is board
depanelization equipment, such as manual breakapart, v-
cutters and shear presses. Improperly aligned or dull cutters
may cause torqueing of the PCB resulting in flex stresses
being transmitted to components near the board edge.
Another common source of flexural stress is contact during
parametric testing when test points are probed. If the PCB
is allowed to flex during the test cycle, nearby ceramic
capacitors may be broken.

A third common source is board to board connections at
vertical connectors where cables or other PCBs are con-
nected to the PCB. If the board is not supported during the
plug/unplug cycle, it may flex and cause damage to nearby
components.

Special care should also be taken when handling large (>6"
on a side) PCBs since they more easily flex or warp than
smaller boards.

Solder Tip

=/

Preferred Method - No Direct Part Contact

PCB BOARD DESIGN

REWORKING OF MLCs

Thermal shock is common in MLCs that are manually
attached or reworked with a soldering iron. AVX strongly
recommends that any reworking of MLCs be done with hot
air reflow rather than soldering irons. It is practically impossi-
ble to cause any thermal shock in ceramic capacitors when
using hot air reflow.

However direct contact by the soldering iron tip often caus-
es thermal cracks that may fail at a later date. If rework by
soldering iron is absolutely necessary, it is recommended
that the wattage of the iron be less than 30 watts and the
tip temperature be <300°C. Rework should be performed
by applying the solder iron tip to the pad and not directly
contacting any part of the ceramic capacitor.

Solder Tip
1

Poor Method - Direct Contact with Part

To avoid many of the handling problems, AVX recommends that MLCs be located at least .2" away from nearest edge of
board. However when this is not possible, AVX recommends that the panel be routed along the cut line, adjacent to where the

MLC is located.

No Stress Relief for MLCs

Routed Cut Line Relieves Stress on MLC

TAV/A £
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INTRODUCTION

Ceramic chips consist of formulated ceramic
dielectric materials which have been fabricated into thin
layers, interspersed with metal electrodes alternately
exposed on opposite edges of the laminated structure.
The entire structure is then fired at high temperature to
produce a monolithic block which provides high capaci-
tance values in a small physical volume. After firing, con-
ductive terminations are applied to opposite ends of the
chip to make contact with the exposed electrodes.
Standard end terminations use a nickel barrier layer and
a tin overplate to provide excellent solderability for the
customer.

KEMET multilayer ceramic chip capacitors are
produced in plants designed specifically for chip capa-
citor manufacture. The process features a high degree
of mechanization as well as precise controls over raw
materials and process conditions. Manufacturing is
supplemented by extensive Technology, Engineering
and Quality Assurance programs.

KEMET ceramic chip capacitors are offered in the
five most popular temperature characteristics. These
are designated by the Electronics Industies Association
(EIA) as the ultra-stable COG (also known as NPO,
military version BP), the stable X7R (military BX or
BR), the stable X5R, and the general purpose Z5U and
Y5V. A wide range of sizes are available. KEMET multi-
layer ceramic chip capacitors are available in KEMET's
tape and reel packaging, compatible with automatic
placement equipment. Bulk cassette packaging is also
available (0805,0603 and 0402 only) for those pick and
place machines requiring its use.

ELECTRICAL CHARACTERISTICS

1. Working Voltage:

Refers to the maximum continuous DC working
voltage permissible across the entire operating
temperature range. The reliability of multilayer
ceramic capacitors is not extremely sensitive to
voltage, and brief applications of voltage above
rated will not result in immediate failure. However,
reliability will be degraded by sustained exposure
to voltages above rated.

2. Temperature Characteristics:

Within the EIA classifications, various tempera-
ture characteristics are identified by a three-symbol
code; for example: COG, X7R, X5R, Z5U and Y5V.

For Class | temperature compensating
dielectrics (includes COG), the first symbol desig-
nates the significant figures of the temperature
coefficient in PPM per degree Celsius, the second
designates the multiplier to be applied, and the
third designates the tolerance in PPM per
degrees Celsius. EIA temperature characteristic
codes for Class | dielectrics are shown in Table 1.

Low Temperature

CERAMIC CHIP CAPACITORS

Table 1 — EIA Temperature Characteristic
Codes for Class | Dielectrics

Significant Figure Multiplier Applied Tolerance of
of Temperature to Temperature Temperature
Coefficient Coefficient Coefficient
PPM per Letter Multi- Number PPM per Letter
Degree C Symbol plier Symbol Degree C Symbol
0.0 C -1 0 +30 G
0.3 B -10 1 +60 H
0.9 A -100 2 +120 J
1.0 M -1000 3 + 250 K
1.5 P -10000 4 + 500 L

KEMET supplies the COG characteristic.

For Class Il and lll dielectrics (including X7R,
X5R, Z5U & Y5V), the first symbol indicates the
lower limit of the operating temperature range, the
second indicates the upper limit of the operating
temperature range, and the third indicates the
maximum capacitance change allowed over the
operating temperature range. EIA type designa-
tion codes for Class Il and Il dielectrics are
shown in Table 2.

Table 2 - EIA Temperature Characteristic Codes for

Class Il & lll Dielectrics

High Temperature Maximum Capacitance

Rating Rating Shift
Letter Degree Number Letter EIA
Symbol Celsius Symbol Percent Symbol Class
z +45C 2 +1.0% A 1]
Y +65C 4 +1.5% B 1]
X +85C 5 +2.2% C 1]
+105C 6 +3.3% D 1]
+125C 7 +4.7% E 1]
+150C 8 +7.5% F 1]
+200C 9 +10.0% P 1]
+15.0% R 1l
+22.0% S 1]
+ 22/-33% T 1]
+22/-56% U 1]
+22/-82% Vv ]

KEMET supplies the X7R, X5R, Z5U and Y5V characteristics.

Capacitance Tolerance:
See tables on pages 72-75.

Capacitance:
Within specified tolerance when measured per
Table 3.

The standard unit of capacitance is the farad.
For practical capacitors, capacitance is usually
expressed in microfarads (10 * farad), nanofarads
(10 * farad), or picofarads (10 ® farad). Standard
measurement conditions are listed in Table 3 -
Specified Electrical Limits.

Like all other practical capacitors, multilayer
ceramic capacitors also have resistance and
inductance. A simplified schematic for the single
frequency equivalent circuit is shown in Figure 1.
At high frequency more complex models apply -
see KEMET SPICE models at www.kemet.com for
details.
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C = Capacitance
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Figure 1 IR

AV
— AN — —

ESL ESR | ¢
I\
c

ESR = Equivalent Series Resistance

ESL = Equivalent Series Inductance IR = Insulation Resistance

Dissipation Factor:
Measured under same conditions as
capacitance. (See Table 3)

Dissipation factor (DF) is a measure of the losses in
a capacitor under AC application. It is the ratio of the
equivalent series resistance to the capacitive reac-
tance, and is usually expressed in percent. It is normal-
ly measured simultaneously with capacitance, and

KEMET

Impedance:

Since the parallel resistance (IR) is normally very
high, the total impedance of the capacitor can be
approximated by:

Figure 3
2 2
Z-= ESR+(XL-XC)

Where: Z =Total Impedance
ESR = Equivalent Series Resistance
X c = Capacitive Reactance =1/(2 nfC)
XL = Inductive Reactance = (2 xnf) (ESL)

The variation of a capacitor's impedance with fre-
quency determines its effectiveness in many applica-
tions. At high frequency more detailed models apply -

under the same conditions. The vector diagram below see KEMET SPICE models for such instances.

illustrates the relationship between DF, ESR and
impedance. The reciprocal of the dissipation factor is
called the “Q” or quality factor. For convenience, the
“Q” factor is often used for very low values of dissipa-
tion factor especially when measured at high frequen-
cies. DF is sometimes called the “loss tangent” or “tan-
gent &”, as shown in Figure 2.

7. Insulation Resistance:
Measured after 2 minutes electrification at 25°C and
rated voltage: Limits per Table 3.

Insulation Resistance is the measure of a capacitor
to resist the flow of DC leakage current. It is sometimes
referred to as “leakage resistance”. Insulation resis-
tance (IR) is the DC resistance measured across the

ESR terminals of a capacitor, represented by the parallel

Figure 2 resistance (IR) shown in Figure 1. For a given dielectric
type, electrode area increases with capacitance, result-
DF(%) = ESR x 100 ing in a decrease in the insulation resistance.
XC Consequently, insulation resistance limits are usually
specified as the “RC” (IR x C) product, in terms of ohm-
Xc farads or megohm-micro-farads. The insulation resis-
tance for a specific capacitance value is determined by
X = 1 dividing this product by the capacitance. However, as
Cc 21 fC the nominal capacitance values become small, the =
insulation resistance calculated from the RC product 3
Y reaches values which are impractical. Consequently, IR =
———————— specifications usually include both a minimum RC prod- ()
uct and a maximum limit based on the IR calculated g
S
S
Table 3 — Specified Electrical Limits a
. (3}
Temperature Characteristics —
Parameter =
C0G X7R/X5R Z5U Y5V =
Capacitance & Dissipation Factor: Measured at following ﬂh.)
conditions:
COG - 1kHz and 1 vrms if capacitance >1000 pF O
1MHz and 1 vrms if capacitance <1000 pF
X7R/X5R/Y5V - 1kHz and 1 vrms* if capacitance < 10 uF
X7R/X5R/Y5V — 120Hz and 0.5 vrms if capacitance > 10 uF
Z5U — 1kHz and 0.5 vrms
DF Limits: 50 - 200 volts — 0.10% 25% 2.5% 4.0% 5.0%
7:2(:5 fsaea 5[:;/0 ?g vo:ts— 0.10% ggzo 5.0% 4.0% ;8%:
: volts— | emeeeee- 5% L .0%
<25V 2564 10.0%  g3/10volts— | = - 50% = 10.0%

Dielectric Strength: At 2.5 times rated DC voltage Pass Subsequent IR Test

Insulation Resistance (IR): At rated DC voltage, whichever 1’%?()1 ggggu': 1‘%?(% %QGQ“F 103 ':AélGle Or11%°GM(S>21 GL\l/'c:)It)
of the two is smaller. To get IR limit, divide MQ—uF value by (100,000 M<) (100,000 M<) (10,000 M<) 50 MQ — uF
the capacitance and compare to G limit. Select the lower ! ’ ’ or 10G (<10v)
of the two limits. (10,000 K/IQ)
Temperature: Range, °C -55to +125 X7R: -55 t0 +125 £15%) +10 to +85 -30 to +85
Capacitance Change (without DC voltage) 0+ 30 ppm/°C X5R: -55 to +85 +15% +22% -56% +22% -82%

*Note: Some values measured at % volt, see X7R Table for specific details on pages 73 and 74.
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from that value. For example, a typical IR specification
might read “1,000 megohm-microfarads or 100
gigohms, whichever is less”. The DC leakage current
may be calculated by dividing the applied voltage by
the insulation resistance (Ohm's Law).

Dielectric Withstanding Voltage:
250% of rated voltage for 5 seconds with current lim-
ited to 50mA at 25°C. Limits per Table 3.

Dielectric withstanding voltage (DWV) is the peak DC
voltage which a capacitor is designed to withstand
without damage for short periods of time. All KEMET
multilayer ceramic surface mount capacitors will with-
stand a DC test voltage of 2.5 x the rated voltage for 60
seconds.

KEMET specification limits for all electrical character-
istics at standard measurement conditions are shown in
Table 3. Variations in these properties caused by
changing conditions (temperature, voltage, frequency,
and time) are covered in the following sections.

Aging Rate:

Maximum % Capacitance Loss/Decade Hour
CO0G - 0%

X7R - 2.0%

X5R - 5.0%

Z5U - 7.0%

Y5V - 7.0%

Actual rates may be lower. Consult factory for
details.

The capacitance of Class Il and lll dielectric changes
with time as well as with temperature, voltage and fre-
quency. The change with time is known as “aging”. It is
caused by gradual realignment of the crystalline struc-
ture of the ceramic dielectric material as it is cooled
below its Curie temperature, which produces a loss of
capacitance with time. The aging process is predictable
and follows a logarithmic decay.

The aging process is reversible. If the capacitor is
heated to a temperature above its Curie point for some
period of time, de-aging will occur and the capacitor will
regain the capacitance lost during the aging process.
The amount of de-aging depends on both the elevated
temperature and the length of time at that temperature.
Exposure to 150°C for one-half hour is sufficient to
return the capacitor to its initial value.

Because the capacitance changes rapidly immedi-
ately after de-aging, capacitance measurements are
usually delayed for at least 24-48 hours after the de-
aging process, which is often referred to as the “last
heat”. In addition, manufacturers utilize the aging rates
to set factory test limits which will bring the capacitance
within the specified tolerance at some future time, to
allow for customer receipt and use.

Effect of Temperature:

Both capacitance and dissipation factor are affected
by variations in temperature. The maximum capacitance
change with temperature is defined by the temperature
characteristic.

11.

12.

CERAMIC CHIP CAPACITORS

However, this only defines an “envelope” bounded
by the upper and lower operating temperatures and the
minimum and maximum capacitance values. Within this
“envelope”, the variation with temperature depends
upon the specific dielectric formulation.

Insulation resistance decreases with increasing tem-
perature. Typically, the insulation resistance limit at
maximum rated temperature is 10% of the 25°C value.

Effect of Voltage:

Certain high dielectric constant ceramic capacitors
may show variation in values of capacitance and dissi-
pation factor with various levels of applied AC and DC
voltages. Such variation is a natural characteristic of
ceramic capacitors, and should be considered by the
circuit designer.

In general, ceramic capacitors with the lowest dielec-
tric constant (COG or NPOQ) are extremely stable, and
show little or no variation in capacitance and/or dissipa-
tion factor. On the other hand, ceramic capacitors with
the highest dielectric constant (Z5U & Y5V) may show
significant variation, particularly in capacitance. Other
dielectric formulations such as X7R and X5R will show
less variation than Y5V, but more than COG.

The application of AC voltages in the range of 10 to
20 VAC tends to increase the values of both the capaci-
tance and dissipation factor, while higher AC voltages
tend to produce decreases in both.

However, the variation of capacitance with applied
DC is the parameter of most interest to design engi-
neers. Figure 8 shows typical variation of capacitance
with applied DC voltage for some standard dielectrics.
As can be seen, the decrease in capacitance is greatest
for the Y5V dielectric (the COG is not plotted, since it
would not have a perceptible capacitance nor dissipa-

WCapscitance Changs

L] 104
e Rate Yolags

Figure 8 - Typical Variation of Capacitance with Applied DC Voltage

tion factor change.)

More detailed modelling information on the effect of
various voltages on specific capacitor ratings can be
obtained by use of the KEMET SPICE models, available
for free downloading at our website (www.kemet.com).

Effect of Frequency:

Frequency affects both capacitance and dissipation
factor. Typical curves for KEMET multilayer ceramic
capacitors are shown in Figures 4,5, 6 and 7.

The variation of impedance with frequency is an
important consideration in the application of multilayer
ceramic capacitors. Total impedance of the capacitor is
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the vector summation of the capacitive reactance, the
inductive reactance, and the ESR, as illustrated in
Figure 2. As frequency increases, the capacitive reac-
tance decreases. However, the series inductance (L)
shown in Figure 1 produces some inductive reactance,
which increases with frequency. At some frequency, the
impedance ceases to be capacitive and becomes
inductive. This point, at the bottom of the V-shaped
impedance versus frequency curves, is the self-reso-
nant frequency. At the self-resonant frequency, the
reactance is zero, and the impedance consists of the
ESR only. At high frequency more detailed models
apply - See KEMET SPICE models for such instances.

Typical impedance versus frequency curves for
KEMET multilayer ceramic capacitors are shown in
Figures 4, 5,6 and 7.

ENVIRONMENTAL AND PHYSICAL

Thermal Shock:
EIA-198, Method 202, Condition B (5 cycles
-55° to + 125°C).

Life Test:

EIA-198, Method 201, 1000 hours at 200% of rated

voltage at 125°C. (Except 85°C for Z5U and Y5V).
See Table 4 on page 70 for limits.

Humidity Test:
EIA-198, Method 206, ( Except 1000 hours,85°C,
85% RH, Rated Voltage).

See Table 4 on page 70 for limits.

Moisture Resistance:
EIA-198, Method 204, Condition B (20 cycles with
50 volts applied.

See Table 4 on page 70 for limits.

Solderability:

EIA-198, Method 301 (245°, 5 secs, Sn62 solder)
95% smooth solder on terminations. See page 14
for recommended profiles.

Resistance to Soldering Heat:
EIA-198, Method 302, Condition B (260°C, 10 sec-
onds) no leaching of nickel barrier.

Terminal Strength:
EIA-198, Method 303, Condition D .

RELIABILITY

A well constructed multilayer ceramic capacitor chip is
extremely reliable and, for all practical purposes, has no
wearout mechanism when used within the maximum
voltage and temperature ratings. Most failures occur as
a result of mechanical or thermal damage during
mounting on the board, or during subsequent testing.
Capacitor failure may also be induced by sustained
operation at voltages that exceed the rated DC voltage,
voltage spikes or transients that exceed the dielectric's
voltage capability, sustained operation at temperatures
above the maximum rated temperature, internal
defects, or excessive temperature rise due to power

21,

22.

23.
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dissipation. As with any practical device, multilayer
ceramic capacitors also possess an inherent, although
low, failure rate when operated within rated conditions.
The primary failure mode is by short-circuit or low insu-
lation resistance, resulting from cracks or from dielectric
breakdown at a defect site. KEMET monitors reliability
with a periodic sampling program for selected values.
Results are available in our FIT (Failure in Time) report
for commercial chips.

Storage and Handling:

Ceramic chip capacitors should be stored in normal
working environments. While the chips themselves are
quite robust in other environments, solderability will be
degraded by exposure to high temperatures, high
humidity, corrosive atmospheres, and long term stor-
age. In addition, packaging materials will be degraded
by high temperature — reels may soften or warp, and
tape peel force may increase. KEMET recommends
that maximum storage temperature not exceed 40
degrees C, and maximum storage humidity not exceed
70% relative humidity. In addition, temperature fluctua-
tions should be minimized to avoid condensation on
the parts, and atmospheres should be free of chlorine
and sulfur bearing compounds. For optimized solder-
ability, chip stock should be used promptly, preferably
within 1.5 years of receipt.

MISAPPLICATION

Ceramic capacitors, like any other capacitors, may fail if
they are misapplied. Some misapplications include
mechanical damage, such as impact or excessive flex-
ing of the circuit board. Others include severe mounting
or rework cycles that may also introduce thermal shock.
Still others include exposure to excessive voltage, cur-
rent or temperature. If the dielectric layer of the capaci-
tor is damaged by misapplication, the circuit may fail.
The electrical energy of the circuit can be released as
heat, which may damage the circuit board and other
components as well.

ADDITIONAL INFORMATION

Detailed application information can be found in KEMET
Engineering Bulletins.

F-2100  Surface Mount-Mounting Pad
Dimensions and Considerations

F-2102  Reflow Soldering Process

F-2105  Wave Solder Process

F-2103  Surface Mount Repair

F-2110  Capacitance Monitoring while Flex Testing

F-2111  Ceramic Chip Capacitors “Flex Cracks” -

Understanding and Solutions

For analysis of high frequency applications, KEMET
has SPICE models of most chip capacitors. Models
may be downloaded from KEMET’s website
www.kemet.com.

Additional information is also available - See
your KEMET representative for details or post your
questions to KEMET's homepage on the web
http://www.kemet.com.
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TABLE 4 — ENVIRONMENTAL LIMITS

CERAMIC CHIP CAPACITORS

Cap Shift (% or pf, IR (GQ or QF)
IR DF (%) whichever is greater)| whichever is less
(GQ or QF) Post Life/ Post Life/ Post Life/
Rated DC | Initial |whichever is| Hum/Moisture Hum/Moisture Hum/Moisture
Body | Voltage | DF (%) less Resistance Resistance Resistance
CoG 200* 0.1 100/1000 0.5 0.3% or £ 0.25 pf 10/100
100 0.1 100/1000 0.5 0.3% or £ 0.25 pf 10/100
50 0.1 100/1000 0.5 0.3% or £ 0.25 pf 10/100
25 0.1 100/1000 0.5 0.3% or £ 0.25 pf 10/100
16 0.1 100/1000 0.5 0.3% or £ 0.25 pf 10/100
X7R 200* 25 100/1000 3.0 +20% 10/100
100 25 100/1000 3.0 +20% 10/100
50 2.5 100/1000 3.0 +20% 10/100
25 3.5 100/1000 5.0 +20% 10/100
16 3.5 100/1000 5.0 +20% 10/100
6.3/10 5.0 100/1000 7.5 +20% 10/100
X5R |sovallcapvalues| 2.5 100/1000 3.0 +20% 10/100
25Vallcapvalues| 5.0 100/1000 7.5 +20% 10/100
<25<564 cap value 5.0 100/1000 7.5 +20% 10/100
>564 cap value 10.0 100/1000 12.0 +20% 10/100
75U 100 4.0 10/100 5.0 + 30% 1/10
50 4.0 10/100 5.0 + 30% 110
25 4.0 10/100 7.5 + 30% 110
Y5V 100 5.0 10/100 7.5 +30% 110
50 5.0 10/100 7.5 +30% 1/10
25 7.0 10/100 10.0 + 30% 1/10
16 7.0 10/100 10.0 + 30% 1/10
6.3/10 10.0 10/50 15.0 + 30% 1/5

*200 Volt limits not currently included in EIA-198.

PERFORMANCE CURVES
EFFECT OF FREQUENCY
(See SPICE models for specific ratings.)

Impedance (Ohms) Impedance (Ohms)
100,000 1,000
10,000 -
100 =
1,000 -~y ~ E
-~ -~ L
100 ~o
\ 10
-~ -~ =
10 -~ - ~
1 =
o i C
0.1
2225 =
1206 =
0.01 103 02 =
| Y11 N Y AW N Y oottt rrrml ol
0.1 0.3 1 3 10 30 100 300 1,000 04 0.3 1 3 10 30 100 300
Frequency (MHz) Frequency (MHz)
FIGURE 4. Impedance versus Frequency COG Dielectric FIGURE 5 Impedance versus Frequency X7R Dielectric
Impedance (Ohms) Impedance (Ohms)
30 10
10
1]
. /
0.1—
1
0.0
03 V
0.1 I~ 0.00F T T T
‘ ‘ ‘ 0.1 1 10 100 1000
0.03 Ll Ll Ll [ I Frequency (MHz)
01 03 3 1 30 100 300 1,000
Frequency (MHz) === C0603C105K8P AC C1206C105K8P  AC
. . C0805C106K9P AC wmmm C1206C106K8P AC
FIGURE 6. Impedance versus Frequency Z5U/Y5V Dielectric i i
FIGURE 7. Impedence versus Frequency X5R Dielectric
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CERAMIC CHIP CAPACITORS KEMET

FEATURES

e COG (NPOQ), X7R, X5R, Z5U and Y5V Dielectrics

e 10, 16, 25, 50, 100 and 200 Volts

e Standard End Metalization: Tin-plate over nickel
barrier

¢ Available Capacitance Tolerances: +0.10 pF; +0.25
pF; +0.5 pF; £1%; +2%; +5%; +10%; +20%; and
+80%-20%

e Tape and reel packaging per EIA481-1. (See page
92 for specific tape and reel information.) Bulk
Cassette packaging (0402, 0603, 0805 only) per
IEC60286-6 and EIAJ 7201.

¢ RoHS Compliant

CAPACITOR OUTLINE DRAWINGS

TIN PLATE

NICKEL PLATE

/\
CONDUCTIVE
METALLIZATION

ELECTRODES

DIMENSIONS—MILLIMETERS AND (INCHES)

EIA TR L# W # B s MOUNTING
SIZE CODE| (Refonly) LENGTH WIDTH BANDWIDTH MIN. SEPARATION | TECHNIQUE
0402* 1005 1.0 (.04) = .05(.002) 0.5 (.02) + .05 (.002) 0.20 (0.008)-0.40 (0.016) 0.3 (.012) Solder Reflow
0603i 1608 1.6 (.063) + 0.15 (.006) 0.8 (.032) + 0.15 (.006) See page 77 0.35 (.014) +0.15 (.006) 0.7 (.028)
0805 2012 2.0 (.079) + 0.2 (.008) 1.25 (.049) + 0.2 (.008) . 0.5 (.02) +.25 (.010) 0.75 (.030) Solder Wave t
1206 3216 3.2 (.126) + 0.2 (.008) 1.6 (.063) + 0.2 (.008) for thICk.neSS 0.5 (.02) +.25 (.010) N/A Solde?‘rReflow
1210° 3225 3.2 (.126) + 0.2 (.008) 2.5(.098) + 0.2 (.008) dlmenS|onS' 0.5 (.02) +.25 (.010) N/A
1812 4532 4.5(177) £ 0.3 (.012) 3.2 (.126) + 0.3 (.012) 0.6 (.024) +.35 (.014) N/A
1825* 4564 4.5(177) £ 0.3 (.012) 6.4 (.252) + 0.4 (.016) 0.6 (.024) +.35 (.014) N/A Solder
2220 5650 5.6 (.220) + 0.4 (.016) 5.0 (-197) £ 0.4 (.016) 0.6 (.024) +.35 (.014) N/A Reflow
2225 5664 5.6 (.220) + 0.4 (.016) 6.3 (.248) + 0.4 (.016) 0.6 (.024) +.35 (.014) N/A
* Note: Indicates EIA Preferred Ca§e Sizes (Tightened tolerances apply for 0402, 0603, and 0805 packaged in bulk cassette, see page 96.) o
1 For extended value 1210 case size - solder reflow only. c
=
o
CAPACITOR ORDERING INFORMATION (Standard Chips - For [l
C 0805 C 103 K 5 R A C* Military see page 90) §
S
CERAMIC T L END METALLIZATION 5
SIZE CODE C-Standard (Tin-plated nickel barrier) o
SPECIFICATION g
C - Standard FAILURE RATE LEVEL @
CAPACITANCE CODE A- Not Applicable [
Expressed in Picofarads (pF) o
TEMPERATURE CHARACTERISTIC

First two digits represent significant figures.
Third digit specifies number of zeros. (Use 9

for 1.0 through 9.9pF. Use 8 for 0.5 through 0.99pF)

(Example: 2.2pF =229 or 0.50 pF = 508)

CAPACITANCE TOLERANCE

B- +0.10pF J - +5%
C-+0.25pF K - +10%

Designated by Capacitance
Change Over Temperature Range

G - COG (NPQ) (30 PPM/°C)

R - X7R (15%) (-55°C + 125°C)

P-X5R (£15%) (-55°C + 85°C)

U -25U (+22%, -56%) (+10°C + 85°C)

V -Y5V (+22%, -82%) (-30°C + 85°C)

D - +0.5pF M- £20% VOLTAGE
F-+1% P - (GMV) - special order only 1-100V 3-25V
G- 2% Z - +80%, -20% 2 - 200V 4-16V
5-50V 8-10V
* Part Number Example: C0805C103K5RAC (14 digits - no spaces) 9-6.3V
©KEMET Electronics Corporation, P.O. Box 5928, Greenville, S.C. 29606, (864) 963-6300 71
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[E KEMET Ceramic P/N Suffixes - Marking & Packaging

Notify Me Upon Change - | | would like to ask o followup question -

Description :
KEMET Ceramic P/N Suffixes - Marking & Packaging

Answer :

KEMET ceramic chips are available marked or unmarked (preferred) in several packaging styles. These ordering details are
included as suffixes to the KEMET 14 digit part number, and will be used during the order entry process by KEMET sales
personnel and distributors. (Notice that ordering a KEMET part number without a suffix will result in shipment of unmarked
chips loose packed in a bag - so be sure to use a suffix if other packaging is needed.)

To speed up the ordering process, we use "shortcut” suffixes for the most common ordering modes. The most popular shortcut
ordering suffix is "TU", which indicates unmarked chips, in labelled 7" tape & reel packaging. Alternatively, ordering suffix "TM"
indicates marked chips, in labelled 7" reels. However, remember that marked chips are less likely to be in stock, and will have
a cost premium associated with marking. Details on marking appear in our catalog, available on the website. Note that all 0402
chips and all Y5V chips are not available marked.

Other special ordering suffixes also exist, covering options such as 13" reels, bulk cassette, and bulk in bag packaging. In
addition, special customer requirements will also be included in custom ordering suffixes, up to 2 groups of 4 numerical digits
each.

When the capacitors are shipped, the labels will be printed with the 14 digit KEMET part number, plus the numerical suffixes
ordered (or corresponding to the shortcut suffixes). These will include one or more 4 digit numerical suffix(es), which indicate
the exact mode of marking and packaging. These will be based on the information given to KEMET sales at the time of order
entry, and and are detailed in the following table. (Note - to improve delivery, marked chips may occasionally be supplied when
unmarked are acceptable.)

CATEGORY DESCRIPTION Unmarked Marking Required (Marking
not available for any 0402
or Y5V chips)
Standard Reeling 0805 - 2225 (0402 & 0603 are 7800 (same as "TU") 7025 (same as "TM™)
7" Plastic Tape reeled only on paper)
Standard Reeling 0402 & 0603 7867(same as "TU™) 7013(same as "TM™)
7" Paper Tape
Special Reeling 0805 - 2225 (0402 & 0603 are 7210 7215
13" Plastic Tape reeled only on paper)
Special Reeling 0805 (0.78 mm thickness - 7867 & 9239 7013 & 9239
7" Paper Tape selected values only)
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Special Reeling 1206 - 1210 (selected values 7867 7013

7" Paper Tape only)

Special Reeling 0402 & 0603 7411 7040
13" Paper Tape

Special Reeling 0805 (0.78 mm thickness - 7411 & 9239 7040 & 9239
13" Paper Tape selected values only)

Special Reeling 1206 - 1210 (selected values 7411 7040
13" Paper Tape only)

Special Packaging Use ONLY with special 0.6 mm 9028 9028 & 3325

Bulk Cassette for 0402, (0805.
0603 & 0805. 0402's
are never marked.

Special Packaging 0603 - 2225 No Suffix 3325
Loose Chips in Plastic
Bags

Notify Me Upon Chonge - i | would like to ask o followup question -

Stable, Low-ESR Tantalum Capacitors Replacing MnO2 with Polymers
New Technical Articles: Tantalum in Power Supply Applications Performance Improvements with Polymer (Ta and Al)
Ripple Current Capabilities Derating Differences Ta/Ta-Polymer/ Al-Polymer
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KEMET Surface Mount Ceramic

Revision Nil, 01 November 2005

Note: Information subject to change without notice. Monitor website regularly for updates.
KEMET is not liable for any damages, direct or indirect, consequential or otherwise,
that the reader might incur as a result of ignoring this warning, or that any third party might suffer
as a result of the reader's ignoring this warning.

Characteristics and Typical Construction

Standard EIA Chip Sizes Ceramic Dielectric

COG, X5R, X7R, Y5V, Z5U Dielectrics ==t ____. =
Termination code 'C' products support manufacture of \

RoHS-compliant EEE K |

6.3 - 3000 Volts s

Tape & Reel Packaging Termination
Bulk Cassette packaging available
Matte Tin finish terminations standard

Internal Electrode
SnPb terminations available beginning August, 2005

RoHS Restricted Substance Content

Key for Determining Adherence to 2002/95/EC and 2005/618/EC Content Criteria
= Meets criteria, in some cases by reliance on 2002/95/EC Annex 1 exemptions 5, 7¢

= Does not meet criteria

Restricted Substance Compliant Version
Substance
and McV* cd cré* Pb Hg PBB PBDE Sizeand | Available | Standard
) Termination Dielectric since since
KEMET Product Series Code | <0.01% | <0.1% <0.1% <0.1% | <0.1% | <0.1%
Ceramic Chip / Standard 0402 COG
Ceramic Chip / High Voltage CxxxxC CO0G and Jun-04 Jun-04
Tip & Ring XIR< 1.0nF? 0402 X7R
< 1.0nl
, ) c M|« M| M| 4
Ceramic Open Mode Capacitors CxxxxF M X7R>1.0nF > 0402 COG Jul-03 Jul-03
KEMET Commerical-Off-The-Shelf (KCOTS) CxxxxT X5R, Y5V, Z5U All others Aug-93 Aug-93
Ceramic Chip / Standard
Ceramic Chip / High Voltage CxxxxC
Tip & Ring L |Z[ |Z[ |Z[ |Z[ |Z[
Ceramic Open Mode Capacitors CxxxxF
KEMET Commerical-Off-The-Shelf (KCOTS) CxxxxT
1MCV = Maximum Concentration Values per 2005/618/EC ammending RoHS Directive 2002/95/EC.
2AII KEMET X7R and COG surface mount offerings already meet RoHS requirements. A limited group of these
components contain a small portion of lead (Pb) that is exempt per Annex 1 to 2002/95/EC. These
components are in transition to a completely lead-free material set. This transition will be complete by
2QCY2006.
Soldering Capability Characteristics
Matte Tin Termination SnPb Termination
Termination Material Silver or Copper Silver or Copper
Termination Plating (Barrier) 100% Matte Tin (Nickel) 90Sn10 Pb (Nickel)
Peak Temperature Capability 260°C 260°C
Soldering Process Compatibility Backward & Forward Compatible Backward & Forward Compatible
MSL Rating per J-STD-020C Not Classified’ Not Classified’
Tin Whisker Test Results
4 Pass Pass
based on NEMI 2003 rec
3 MSL not classified for ceramic capacitors. J-STD-020 is applicable to non-hermetic surface mount devices, and is intended for
plastic package components. Kemet ceramic chips are not encapsulated in a plastic package, so they are not susceptible to these
effects. If an MSL were required, the rating this product would be considered MSL 1 or better.
4 Updated whisker evaluation results per JESD22-A121 available January, 2006. Tin whiskering is not considered a reliability risk
within the capacitor industry for 100% tin finishes used in non-Miltary / Hi-Rel applications. For more information, refer to EIA /
ECA component bulletin CB19.
Ordering Identification
C 0805 C 103 K 5 R A C Reel level KEMET EZ ID label indicates
J Termination Code f product content relative to substance restrictions
‘ermination Code for H 2
CERAMIC END METALLIZATION of the RoHS Dlrecllve,v2002/95/E‘C, 2005/618/EC.
SIZE CODE C - 100% Matte Tin (Sn) RoHS-YES = Meets criteria

SPECIFICATION

L - Tin/Lead (SnPb, 5% min. Pb) ROHS-NO = Does not meet criteria

RoHS—YES
DATE CODE 110404GV2

C - Standard, High Voltage, or Tip & Ring SPEC CODE W“l" I"”mm ?.&13%/“
F - Open Mode DIELECTRIC QUANTITY 500 w853rssas o [ IR AN
Toeors EIA Designation REHEL SN vorrs s +— 205  IECERNET
CAPACITANCE CODE G-C0G 1D 0438KC30 KEMET

P-X5R CUSTOMER HAME
CAPACITANCE TOLERANCE R-X7R

V-Y5V

RATED VOLTAGE U-2z5U

=
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CERAMIC CHIP/STANDARD

CO0G CAPACITANCE RANGE - 0402, 0603, 0805, 1206

Cap Cap Cap C0402* C0603* C0805* C1206*
pF Code Tol. 10V| 16V | 25V| 50V | 10V | 16V | 25V | 50V | 100V| 200V | 10V | 16V | 25V | 50V | 100V| 200V | 10V | 16V | 25V | 50V | 100V | 200V
0.50| 508 |C.D BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC
0.75| 758 |C.D BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC
1.0| 109 |C.D BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
1.1} 119 |CD BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
12| 129 |C.D BB|BB|BB|BB|CB|CB|CB|CB| CB| CB |DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
15| 159 |C.D BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
16| 169 |C.D BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
1.8| 189 |C.D BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
2.0] 209 |C.D BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
22| 229 |C.D BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
24| 249 |CD BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
2.7 279 |C.D KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
3.0 309 |CD KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
3.3] 339 |CD KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
39| 399 |CD KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
43| 439 |CD KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
4.7\ 479 |CD KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
5.1] 519 |CD KM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
56| 569 |[C.D JKM|BB|BB|BB|BB|CB|CB|CB|]CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB| EB EB
6.0 609 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
6.2| 629 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
6.8 689 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
7.0] 709 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
75| 759 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
8.2| 829 |CD JKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
9.1] 919 |CD JKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
10.0f 100 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
11.0f 110 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
12.0] 120 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|]CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB| EB EB
13.0| 130 |C.D JKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB| EB EB
15.0) 150 |ICD GJKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB| EB| EB | EB EB
16.0] 160 |CD GJKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB |DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
18.0] 180 |ICD GJKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
20.0) 200 |CD GJKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB|EB| EB| EB EB
22.0| 220 |ICD GJKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB|EB| EB| EB EB
240| 240 |ICD GJKM|BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB|EB| EB| EB EB
27.0] 270 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB| EB| EB| EB EB
30.0| 300 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB| EB| EB| EB EB
33.0] 330 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB| EB| EB| EB EB
36.0] 360 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
39.0] 390 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
43.0| 430 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
47.0| 470 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
51.0) 510 DFGJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB| EB| EB| EB | EB EB
56.0| 560 F.GJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC|DC| DC |EB|EB|EB| EB| EB EB
62.0] 620 F.GJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB|DC|DC|DC|DC| DC| DC |EB|EB|EB| EB| EB EB
68.0| 680 F.GJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB |DC|DC|DC|DC|DC| DC |EB|EB|EB| EB| EB EB
75.0) 750 F.GJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB |DC|DC|DC|DC|DC| DC |EB|EB|EB| EB| EB EB
82.0] 820 F.GJKM| BB|BB|BB|BB|CB|CB|CB|CB| CB| CB |DC|DC|DC|DC|DC| DC |EB|EB| EB| EB| EB EB
91.0] 910 F.GJKM| BB|BB|BB|BB|CB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
100.0| 101 F.GJKM| BB|BB|BB|BB|CB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
110.0 111 F.G.J.KM CcB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
120.0| 121 F.G.J.KM CcB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
130.0 131 F.GJ.KM cB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
150.00 151 F.GJ.KM cB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
160.0| 161 F.GJ.KM cB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
180.0 181 F.GJ.KM cB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
200.0| 201 F.GJ.KM cB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
220.0| 221 F.G.J.KM CcB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
240.0| 241 F.G.J.KM CcB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
270.0| 271 F.G.J.KM CcB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
300.0f 301 F.GJ.KM CcB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
330.0f 331 F.GJ.KM CB|CB|CB| CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
360.0f 361 F.GJ.KM cB|CB|CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
390.0| 391 F.GJ.KM cB|CB|CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
430.0] 431 F.GJ.KM cB|CB|CB| CB DC|DC|DC|DC| DC| DC | EB| EB| EB| EB | EB EB
470.0] 471 F.G.J.KM cB|CB|CB| CB DC|DC|DC|DC| DC| DD | EB| EB| EB| EB | EB EB
510.0| 511 F.GJ.KM cB|CB|CB| CB DC|DC|DC| DC| DC EB| EB| EB| EB | EB EB
560.0| 561 F.G.J.KM CB|CB|CB] CC DC| DC| DC| DC| DC EB| EB| EB| EB | EB EB
620.0| 621 F.GJ.KM CcB|CB|CB| CC DC| DC|DC| DC| DC EB| EB| EB| EB | EB EC
680.0| 681 F.GJ.KM CB| CB|CB| CC DC|DC|DC| DC| DC EB| EB| EB| EB | EB EC
750.0| 751 F.GJ.KM CcB|CB|CB| CC DC| DC|DC| DC| DC EB| EB| EB| EB | EB EC
820.0| 821 F.GJ.KM CcB|CB|CB| CC DC|DC|DC| DC| DC EB| EB| EB| EB | EB EC
910.0f 911 F.GJ.KM cB|CB|CB| CC DC | DC|DC| DC| DD EB| EB| EB| EB | EB ED
1000.0| 102 F.G,J KM cB|CB|CB| CC DC|DC|DC| DC| DD EB| EB| EB| EB | EB EE
1100.0) 112 F.G.J.KM DC| DC| DC| DC EB| EB| EB| EB | EB EB
1200.0| 122 F.G.J.KM DC| DC| DC| DC EB| EB| EB| EB | EB EB
1300.0| 132 F.G.J.KM DD | DD | DD | DD EB| EB| EB| EB | EC EC
1500.0] 152 F.G.J.KM DD | DD | DD | DD EB| EB| EB| EB | ED EC
1600.0| 162 F.G.J.KM DD | DD | DD | DD EB| EB| EB| EB | ED ED
1800.0| 182 F.G.J.KM DD | DD | DD | DD EB| EB| EB| EB | ED ED
2000.0| 202 F.GJ.KM DC | DC| DC EB| EB| EB| EB | ED
2200.0) 222 F.G.J.KM DC | DC| DC EB| EB| EB| EB | ED
2400.0| 242 F.G.J.KM DC | DC| DC EB| EB| EB| EB | EC
2700.0) 272 F.G.J.KM DC | DC| DC EB| EB| EB| EB | EC
3000.0| 302 F.GJ.KM DD | DD | DD EC| EC| EC| EC| EC
3300.0| 332 F.GJ.KM DD | DD | DD EC| EC| EC| EC| EC
3600.0| 362 F.GJ.KM DD | DD | DD EC| EC| EC| EC | EE
3900.0| 392 F.G.J.KM DE | DE | DE EC| EC| EC| EC| EF
4300.0| 432 F.GJ.KM EC| EC| EC| EC
4700.0| 472 F.G.J.KM EC| EC| EC| EC
5100.0| 512 F.G.J.KM ED| ED | ED | ED
5600.0| 562 F.GJ.KM ED| ED| ED | ED
6200.0| 622 F.G.J.KM EB| EB | EB
6800.0| 682 F.GJ.KM EB| EB | EB
7500.0| 752 F.G.J.KM EB| EB | EB
8200.0| 822 F.GJ.KM EC| EC| EC
9100.0| 912 F.GJ.KM EC| EC| EC
10,000.0] 103 F.GJKM ED| ED | ED

* Indicates EIA preferred chip sizes.

NOTE: For non-standard capacitance values or volta?es, contact your local KEMET sales representative.

50 Volt Ceramic Chips can be used in 63 volt applical

ions.

Improved product with higher ratings and tighter capacitance tolerance product may be substituted within the same size (length, width, and thickness) at KEMET'’s option.
Reels with such substitutions will be marked with the improved KEMET part numbers.

See page 77 for Thickness Code Reference Chart.
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CERAMIC CHIP/STANDARD KEMET

CO0G CAPACITANCE RANGE - 1210, 1812, 1825, 2220, 2225

Cap Cap Cap C1210" C1812" C1825" C2220 C2225
oF Code Tol. 50V | 100v | 200v| s0v | 100v| 200v| 50v | 100v | 200v| 50V | 100v| 200v | 50V | 100V | 200v
10| 100 |D _ JKM| FB | FB | FB

12| 120 |p FB | FB

15| 150 |D FB | FB

18| 180 |D FB | FB

22| 220 | FB | FB

27| 270 |p. FB | FB

33| 330 |b. FB | FB

39| 390 |D FB | FB

47| 470 |p, FB | FB

56| 560 FB | FB

68| 680 FB | FB

82| 820 FB | FB

100| 101 FB | FB

120 121 FB | FB

150| 131 FB | FB

180| 181 FB | FB

220 221 FB | FB

270| 271 FB | FB

330 331 FB | FB

390 391 FB | FB

470| 471 FB | FB | cB| cB | GB

560 561 FB | FB | eB| GB | GB

680 681 B | FB | GB| cB | GB

820 821 FB | FB | GB| GB | GB

1,000| 102 FB | FB | GB| cB | GB

1,200 122 FB | FB | GB| cB | GB

1,500| 152 FB | FE| eB| cB | GB

1,800| 182 B | FE| eB| cB | GB

2,200| 222 Fc | Fe | cB| cB | GB

2,700| 272 Fc | Fc | eB| cB | GB

3,3300| 332 FF | FF | cB| cB | GB

3,900 392 FF cB| 6B | 6B | HB| HB | HB

4,700| 472 FF cB| eB| eb | HB | HB | HB kB | kB | KB
5,600| 562 FF GB| GB | GH | HB | HB | HB kB | kB | KB
6,800| 682 FG eB| eB| Gy |HB| HB | HB | uB| UB kB | kB | KB
8,200 822 GB| GB HB | HB | HB | uB | UB kB | kB | KB
10,000 103 GB| GD HB | HB | HE | vB | UB kB | kB | KB
12,000 123 GB| @D HB | HB | HE | uB | uB kB | k8 | kB
15,000 153 HB | HB JB | B kB | kB | KE
18.000| 183 HB | HB JB | B KB | KB
22.000| 223 HB | HE JB KB | KB
27.000| 273 HB | HE JB KB | kB
33,000] 333 KB

X7R CAPACITANCE RANGE - 0402, 0603, 0805, 1206

Cap Cap Cap C0402* C0603* C0805* C1206*
pF Code | Tol. |6.3V|10V|16V|25V| 50V | 6.3V | 10V | 16V | 25V| 50V | 100V| 200V | 6.3V | 10V | 16V | 25V | 50V | 100V | 200V| 6.3V | 10V ] 16V | 25V | 50V | 100V | 200V

150 151 KMJ | BB | BB| BB | BB | BB
180 181 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB| CB| CB
220| 221 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC
270| 271 KMJ | BB|BB|BB|BB|BB|CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC
330| 331 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC
390 391 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB|CB| CB| DC|DC|DC|DC]|DC| DC | DC
470| 471 KMJ | BB|BB|BB|BB|BB|CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC
560| 561 KMJ | BB|BB|BB|BB|BB|CB|CB|CB|CB|JCB|CB| CB|DC|DC|DC|DC|DC| DC | DC
680| 681 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC
820| 821 KMJ | BB|BB|BB|BB|BB|CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC
1,000 102 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB|CB| CB|DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB | EB EB EB
1,200 122 KMJ | BB|BB|BB|BB|BB|CB|CB|CB|CB|CB|CB|CC|DC|DC|DC|DC|DC| DC | DC| EB |EB| EB | EB| EB EB EB
1,500 152 KMJ | BB|BB|BB|BB|BB| CB|CB|CB|CB|CB|CB| CC|DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB| EB EB EB
1,800 182 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB | EB EB EB
2,200 222 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB | EB EB EB
2,700 272 KM,J | BB | BB| BB|BB|BB#| CB| CB|CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC|DC| EB |EB| EB | EB| EB EB EB
3,300 332 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC | DC| EB |EB| EB | EB| EB EB EB
3,900 392 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC | DC| EB |EB| EB | EB| EB EB EB
4,700| 472 KM,J | BB | BB|BB|BB|BB#| CB| CB|CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC|DC| EB |EB| EB | EB| EB EB EB
5,600| 562 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB|CB| CC|DC|DC|DC|DC|DC| DC | DC| EB |EB| EB | EB| EB EB EB

6,800| 682 KM,J | BB | BB|BB| BB|BB#| CB| CB| CB|CB|CB| CB| CC | DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB | EB EB EB -
8,200 822 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB| EB EB EB [
10,000| 103 KMJ | BB | BB|BB|BB|BB#| CB| CB| CB|CB|CB| CB| CC|DC|DC|DC|DC|DC| DC | DC| EB | EB| EB | EB | EB EB EB =
12,000 123 K.M,J | BB | BB | BB cB|CB|CB|CB|CB| CC DC |DC|DC|DC|DC| DC | DC| EB | EB| EB | EB | EB EB EB o
15,000| 153 KMJ | BB | BB | BB cB|cB|CB|CB|CB| CC DD |DD|DD| DD | DD| DD | DC | EB | EB| EB | EB | EB EB EB
18,000| 183 KM,J | BB | BB | BB cB|CB|CB|CB|CB| CC DC|DC|DC|DC|DC| DD | DC| EB | EB| EB | EB | EB EB EB E
22,000| 223 KM,J | BB | BB | BB cB|cB|CB|CB|CB| CC DC|DC|DC|DC|DC| DD | DC| EB | EB| EB | EB | EB EB EB
27,000| 273 KMJ | BB | BB | BB cB|cB|CB|CB|CB| CC DC|DC|DC|DC|DC| DD | DE| EB | EB| EB | EB | EB EB EB Q
33,000 333 K.M,J | BB | BB | BB cB|CB|CB|CB]|CB| CC DC|DC|DC|DC|DC| DD | DE| EB | EB| EB | EB | EB EB EB (3]
39,000 393 KM,J | BB | BB | BB cB|cB|CB|CB|CB| CC DD |DD|DD| DD | DD| DD | DE| EB | EB| EB | EB | EB EC EB ©
47,0001 473 KM,J | BB | BB | BB cCB|CB|CB|CB|CB DD |DD|DD| DD | DD| DE | DG | EB | EB| EB | EB | EB EC ED b -
56,000| 563 K.M,J | BB | BB | BB cB|CB|CB|CB| CC DD | DD | DD| DD |DD#| DE | DG | EB | EB| EB | EB | EB EB ED o
68,000| 683 KMJ | BB | BB | BB cB|CB|CB|CB| CC DD | DD | DD | DD | DD#| DE EB | EB| EB | EB | EB EB ED =3
82,000| 823 KM,J | BB | BB | BB CB|CB|CB|CB| CC DD | DD | DD | DD | DD#| DE EB | EB| EB | EB | EB EB ED w
100,000| 104 KM,J | BB | BB | BB CB# | CB#| CB# | CB#| CC# DD | DD | DD | DD | DD#| DE EB | EB| EB | EB | EB EB EM
120,000| 124 K.M,J CB# | CB#| CB# DC | DC | DC| DC | DD#| DG EC | EC| EC | EC| EC EC EM _9
150,000 154 K.M,J CB# | CB#| CB# DC | DC | DC| DC | DD# EC | EC| EC | EC | EC EC EG
180,000| 184 KM,J CB# | CB#| CB# DC | DC | DC | DC | DD# EC | EC| EC | EC | EC#| EC# E
220,000 224 K.M,J CB# | CB#| CB# DC | DC | DC | DC | DD# EC | EC| EC | EC | EC#| EC# o
270,000| 274 K.M,J CB | CB | CB DD | DD | DD | DD EB | EB| EB | EB | EC#| EM po
330,000| 334 K.M,J CB | CB| CB DE | DE | DE | DE EB | EB| EB | EB | EC#| EG (]
390,000| 394 K.M,J CB | CB | CB DG | DG | DG | DG EB | EB| EB | EB | EG#| EG o
470,000| 474 K.M.J CB | CcB| CB DG | DG | DG | DG EC | EC| EC | EC | EC#
560,000| 564 K.M,J DG | DG | DG | DG ED | ED| ED | ED | EC#
680,000| 684 K.M,J DG | DG | DG EE | EE| EE | EE | ED#
820,000 824 K.M,J DG | DG | DG EF | EF | EF | EF
1,000,000| 105 K.M,J DG | DG | DG EE | EE| EF | EG
1,200,000| 125 K.M,J DE | DE | DE ED | ED| ED | EG
1,600,000| 155 K.M,J DG | DG | DG EF | EF | EF | EG
1,800,000| 185 K.M,J DG | DG | DG EF | EF | EF
2,200,000| 225 K.M,J DG | DG | DG EG | EG| EG
2,700,000| 275 K.M,J EN | EN | EK
3,300,000| 335 K.M,J ED | ED | ED
3,900,000| 395 K.M,J EL | EL | EL
4,700,000 475 K.M,J EM | EM| EM
5,600,000| 565 K.M,J EH | EH| EH
6,800,000| 685 K.M,J EH | EH| EH
8,200,000| 825 K.M,J EH | EH| EH
10,000,000] 106 KM,J EH | EH] EH

* Indicates EIA preferred chip sizes.
NOTE: For non-standard capacitance values or voltages, contact your local KEMET sales representative.
# X7R dielectric - Extended Range Values - Cap and DF measured @ 0.5 Vrms.

Improved product with higher ratings and tighter capacitance tolerance product may be substituted within the same size (length, width, and thickness) at KEMET's option.
Reels with such substitutions will be marked with the improved KEMET part numbers.

See page 77 for Thickness Code Reference Chart.
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CERAMIC CHIP/STANDARD

X7R CAPACITANCE RANGE - 1210, 1812, 1825, 2220, 2225

Cap Cap Cap C1210* C1812* C1825* C2220 C2225
pF Code | Tol. |6.3v|10v] 16V | 25v] 50V | 100V | 200V | 50V | 100Vv| 200V | 50V | 200V | 200V | 50V | 100V | 200V | 50V | 100V | 200V
2,200 222 | KMJ| FB | FB| FB | FB| FB| FB | FB
2,700 272 | KMJ| FB | FB| FB | FB| FB| FB | FB
3,300 332 | KMJ| FB | FB| FB | FB| FB| FB | FB
3,900 392 | KMJ| FB | FB| FB | FB| FB| FB | FB
4,700 472 | KMJ | FB | FB| FB | FB| FB| FB | FB
5,600 562 | KMJ| FB | FB| FB | FB| FB | FB | FB
6,800] 682 | KMJ| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB
8,200 822 | KMJ| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB
10,000 103 | KMJ| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB
12,000 123 | KMJ| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB
15,0001 153 | KMJ| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB
18,0001 183 | KMJ| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB
22,0000 223 | KMJ]| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB | HB | HB | HB
27,0000 273 | KMJ]| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB | HB | HB | HB
33,000 333 | KMJ]| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB | HB | HB | HB
39,0000 393 | KMJ)| FB | FB| FB | FB| FB| FB | FB | GB| GB | GB | HB | HB | HB
47,000 473 | KMJ| FB | FB| FB| FB| FB| FB | FC | GB| GB| GB | HB | HB | HB KC | KC KC
56,000 563 | KMJ)| FB | FB| FB | FB| FB| FB | FC | GB| GB | GB | HB | HB | HB KC | KC KC
68,0001 683 | KMJ)| FB | FB| FB | FB| FB| FB | FC | GB| GB | GB | HB | HB | HB KC | KC KC
82,0000 823 | KMJ| FB | FB| FB | FB|l| FC| FC | FF | GB| GB | GB | HB | HB | HB KC | KC KC
100,000 104 | KMJ | FB | FB| FB | FB| FB| FD | FG | GB| GB | GB | HB | HB | HB KC | KC KC
120,000] 124 | KMJ| FB | FB| FB | FB| FB | FD GB| GB| GB| HB| HB| HB KC | KC KC
150,000] 154 | KMJ | FC | FC| FC | FC| FC | FD GB| GB| GE| HB| HB | HB KC ] KC | KC
180,000] 184 | KMJ | FC | FC| FC | FC| FC | FD GB| GB| GG | HB| HB | HB KC ] KC | KC
220,000 224 | KMJ]| FC | FC| FC | FC| FC | FD GB| GB HB | HB | HB KC ] KC | KC
270,000 274 | KMJ | FC | FC | FC | FC | FC#]| FD# GB| GH HB| HB | HB | JC | JC JC | KB | KC KC
330,000 334 | KMJ | FD | FD | FD | FD | FD#| FD# GB| GH HB| HB | HB | JC | JC JC | KB | KC KC
390,000 394 | KMJ | FD | FD | FD | FD | FD# GB | GG HB| HB | HD | JC | JC JC | KB | KC KC
470,000 474 | KMJ | FD | FD | FD | FD | FD# GB | GG HB | HB JC | JC KB | KC KD
560,000 564 | KMJ | FD | FD | FD | FD | FD# GC| GG HB | HD JC | JC KB | KC
680,000 684 | KMJ | FD | FD | FD | FD | FD# GC| GG HB | HD JC| JO KB | KC
820,000] 824 | KMJ | FF | FF | FF | FF | FF# GE| GG HB JC JF KB | KC
1,000,000 105 | KMJ | FH | FH| FH | FH | FH# GE| GG HB JC KB | KD
1,200,000] 125 | KMJ | FH | FH] FH | FH HB JC KB
1,500,000] 155 | KMJ | FH | FH]| FH | FH HB JC KC
1,800,000 185 | KMJ | FH | FH] FH | FH HD JD KD
2,200,000 225 | KMJ| RO | R R | R HF JF KD
2,270,000 275 | KMJ | FG | FG| FG
3,300,000 335 | KMJ | FG | FG| FG
3,900,000 395 | KMJ | FH | FH] FH
4,700,000 475 | KMJ| RO | R | FJ
5,600,000] 565 | K,M,J
6,800,000] 685 | K,M,J
8,200,000] 825 | K.M,J
10,000,000] 106 | K,M,J
12,000,000 126 | KM,J
15,000,000 156 | KM,J
18,000,000| 186 | KM,J
22,000,000) 226 | KM,J

* Indicates EIA preferred chip sizes.
NOTE: For non-standard capacitance values or voltages, contact your local KEMET sales representative.
50 Volt Ceramic Chips can be used for 63 volt applications.

# Extended Range Values — Cap and DF measured @ 0.5 Vrms.

Improved product with higher ratings and tighter capacitance tolerance product may be substituted within the same size (length, width, and thickness) at KEMET's option.
Reels with such substitutions will be marked with the improved KEMET part numbers.
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Y5V CAPACITANCE RANGE

Cap Cap Cap C0402* C0603* C0805* C1206* C1210*
pF Code | Tol. |6.3v]10v|16v|6.3v|10v| 16V |25v|6.3v| 10v|16V| 25V |50v]6.3V]|10v]| 16V | 25V | 50V | 6.3V| 10V | 16V | 25V | 50V
22,000f 223 z DC EB
33,000f 333 z DC EB
47,000| 473 Z BB | BB | BB DD EB
68,000| 683 z BB | BB | BB DD EB
100,000| 104 z BB|BB|BB| CB|CB|CB|CB DD EB
150,000| 154 z cB|CB|CB|CB|DC|DC|DC| DC EC
220,000 224 z cB|cCB|CB|CB|DC|DC|DC|DC EC FD+| FD+
330,000| 334 z cB|CB|CB|CB|DC|DC|DC| DC EB FD+| FD+
470,000 474 z CC | ccC DC | DC | DC| DC EC FD+| FD+
680,000| 684 z CC | cc DE | DE | DE | DE EB FD+| FD+
1,000,000| 105 Z CC | cc DG | DG | DG | DG EB FH+| FH+
1,500,000 155 z DG | DG | DG EC | EC| EC FD+
2,200,000| 225 Z DG | DG | DG ED | ED| ED FD+
3,300,000| 335 z DE | DE EF | EF | EF FE+
4,700,000 475 z DG | DG EJ | EJ| BEJ FG+| FG+| FG+
6,800,000 685 z EJ | BEJ FH+| FH+ | FH+
10,000,000 106 z DH EJ | B FH+| FH+| FH+
15,000,000| 156 z FD+ | FD+
22,000,000) 226 Z EJ FH+ ] FH+

NOTE: For non-standard capacitance values or voltages, contact your local KEMET sales representative.
50 Volt Ceramic Chips can be used for 63 volt applications.
* EIA preferred chip sizes

+ Reflow only

See page 77 for Thickness Code Reference Chart
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CERAMIC CHIP/STANDARD KEMET

X5R CAPACITANCE RANGE

Cap cap | cap C0402* C0603* C0805* C1206* C1210*

pF Code | Tol. | 63v | 10v | 16v | 6.3v | 10v | 16V | 6.3v | 10v | 16V | 25v| 6.3V | 10v | 16V | 25V | 6.3V | 10V | 16V | 25V | 50V

12,000 123 KM BB BB BB

15,000 153 KM BB BB BB

18,000 183 KM BB BB BB

22,000 223 K,M BB BB BB

27,000 273 KM BB BB BB

33,000| 333 KM BB BB BB

39,000f 393 KM BB BB BB

47,000 473 KM BB BB BB

56,000 563 KM BB BB BB

68,000 683 K,M BB BB BB

82,000 823 K,M BB BB BB

100,000| 104 KM BB BB BB

120,000 124 K,M

150,000| 154 KM

180,000 184 K,M

220,000 224 KM

270,000 274 KM CcC CcC CcC EB

330,000 334 K,M CcC CcC CcC EB

390,000 394 KM CcC CcC CcC EB

470,000 474 K,M CcC CcC CcC DC EC

560,000 564 K,M cC cc | cc DD ED

680,000 684 K,M cC cc | cc DE EE

820,000| 824 K,M cC cc | cc DF EF

1,000,000 105 K,M BB cC cc | cc DG DG | DG | DG EH FH+ | FH+ | FH+
1,200,000| 125 KM DD DD DD EC FD+ | FD+
1,500,000 155 KM DE DE DE EC EC EC EC FD+ | FD+
1,800,000 185 KM DH DH DH EC EC EC EC FD+ | FD+
2,200,000 225 KM CcC DD DD DD EE EE EE EE FG+| FG+
2,700,000 275 KM EF EF EF EF FG+| FG+
3,300,000f 335 K,M DE DE DH EH EH EH EH FH+ | FH+
4,700,000 475 KM CD DH DH DH EH EH EH EH FK+ | FK+ | FK+ | FK+
5,600,000] 565 K,M

6,800,000| 685 KM DG EK EK EH FJ+ FJ+ | FJ+ | FF+
8,200,000 825 KM EK EK EH FK+ | FK+ | FK+ | FG+
10,000,000| 106 KM DJ DJ EH EH EH FK+ | FK+ | FK+ | FH+
12,000,000 126 KM FD+ | FD+ | FG+
15,000,000| 156 KM FD+ | FD+ | FL+
18,000,000| 186 KM FL+ FL+ | FH+
22,000,000 226 KM DH® EH EG FH+ | FH+ | FJ+
27,000,000 276 K,M FM+
33,000,000{ 336 K,M FM+
39,000,000| 396 K,M FM+
47,000,000| 476 KM EH° FQ+°
100,000,000] 107 K.M ES+°

NOTE: For non-standard capacitance values or voltages, contact your local KEMET sales representative.
+Reflow only ° Available M £20% tolerance only

Improved product with higher ratings and tighter capacitance tolerance product may be substituted within the same size (length, width, and thickness) at KEMET's option.
Reels with such substitutions will be marked with the improved KEMET part numbers.

Z5U CAPACITANCE RANGE
(KEMET's Z5U also meets Y5V Characteristics)

Cap Cap | Cap C0805* C1206* C1210* C1812* C1825* C2225
pF Code | Tol. | 50v|100v| 50V | 100v] 50V | 100v] 50V | 100v| 50V | 100V | 50V | 100V '.E
6,800| 682 Mz | DC | DC =]
8,200 822 Mz | DC | DC o
10,000 103 Mz | DC| DC | EB | EB
12,000 123 M.z | DC EB | EB E
15,000 153 M.z | DC EB | EB ()
18,000 183 M,z | DC EB | EB o
22,000 223 M.z | DC EB | EB ©
27,000 273 M,z | DC EB | EB Y
33,000 333 M,z | DC EB | EB =
39,000 393 M,z | DD EB | EC =
47,000| 473 M,z | DD EB| EC| FB| FB (/)]
56,000| 563 M,z | DD EB| EB | FB| FB (3}
68,000| 683 M,z | DD EB| EB | FB| FB s
82,000 823 M,z | DD EB| EB| FB| FC | GB| GB E
100,000| 104 M.z | DD EB| EB | FB| FD | GB| GB ©
120,000| 124 M.z EC FB| FD | GB | GB o
150,000| 154 M,z EC FC| FD | GB| GB Q
180,000| 184 M.z EC FC GB HB | HB o
220,000 224 M.z EC FC GB HB | HB
270,000 274 M,Z FC GB HB | HB
330,000 334 M.z FD GB HB | HB | KB | KC
390,000 394 M,z FD GB HB | HD | KB | KC
470,000| 474 M,z FD GB HB KB | KC
560,000 564 M.z FD GC HB KB
680,000 684 M,z FD GC HB KB
820,000 824 M,z FF GE HB KB
1,000,000| 105 M.z FH GE HB KB
1,200,000 125 M,z HB KB
1,500,000 155 M.z HB KC
1,800,000| 185 M.Z HB KD
2,200,000| 225 M,z HB KD
2,700,000 275 M.Z KD

NOTE: For non-standard capacitance values or voltages, contact your local KEMET sales representative.
50 Volt Ceramic Chips can be used for 63 volt applications.
* EIA preferred chip sizes

See page 77 for Thickness Code Reference Chart.
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KEMET CERAMIC CHIP/CAPACITORS

Tin Lead L Termination

FEATURES

KEMET’s line of Tin/Lead termination commercial MLCC surface mount capacitors are designed to meet the needs of the
commercial, high reliability, and military customer applications where Tin/Lead plating is required. KEMET’s Tin/Lead elec-
troplating process is designed to meet a 5% minimum lead content in the termination of the component. As the bulk of the
electronics industry marches to RoHS compliance it is important that KEMET provide the Tin/Lead terminated products for
our valued high reliability and military customers.

KEMET Tiin/Lead MLCC surface mount capacitors are available in standard EIA case sizes from 0402 to 2225 and standard
capacitance values in X7R, X5R, COG dielectrics. Voltage ratings range from 6.3V to 200V. To order the Tin/Lead termina-
tions indicate an “L” in the 14" digit of the part number. For additional dielectrics and voltage ratings please contact the fac-
tory or local Sales personnel.

CAPACITOR OUTLINE DRAWINGS

«— Sn/Pb PLATE

|

"\NICKEL PLATE

ELECTRODES4T CONDUCTIVE METALLIZATION

DIMENSIONS—MILLIMETERS AND (INCHES)

EA | e L# W B s MOUNTING
SIZE CODE| (Ref only) LENGTH WIDTH BANDWIDTH MIN. SEPARATION | TECHNIQUE

0402" 1005 1.0 (04) = .05(.002) 0.5 (,02) = .05 (002) 0.20 (0.008)-0.40 (0.016) 0.3 (012) Solder Reflow

0603: 1608 16 ( 063 0,15 (008) | 0.8(092)x0.15(008) | o page 77 0.35 (014) 0.15 (.006) 0.7 (028)

0805 2012 0(079)= 02(008) | 1.25(049) = 0.2 (008) : 0.5 (,02) £.25 (010) 0.75 (,030) Solder Wave t

1206* 3216 2(126)% 02 (008 | 1.6(063) = 0.2 (008) fOT thlck'ness 0.5 (.02) =.25 (010) N/A Solder Reflow

1210° 3225 2(126)202(008) | 25008 =02(00g | dimensions. 0.5 (.02) +.25 (.010) N/A

1812 4532 5(177)=03(012) | 32(126)=03(012) 0.6 (,024) +.35 (014) NA

1825* 4564 5(177)=0.3(012) | 6.4 (252) <04 (016) 6(.024) .35 (014) N/A Soder

2220 5650 6(220)= 0.4 (016) |  5.0(197) = 0.4 (016) 0.6 (.024) £.35 (014) N/A

2205 5664 5.6(220) % 0.4 (016) | 6.3 (248) = 0.4 (016) 0.6 (.024) £.35 (014) NA

* Note: Indicates EIA Preferred Case Sizes (Tightened tolerances apply for 0402, 0603, and 0805 packaged in bulk cassette, see page 96.)
1 For extended value 1210 case size - solder reflow only.

CAPACITOR ORDERING INFORMATION (Standard Chips - For

C 0805 C 103 K 5 R A L* Military see page 86)

CERAMIC 1 L END METALLIZATION
SIZE CODE L - SnPb plated nickel barrier
SPECIFICATION (SnPb 5% minimum)
C - Standard FAILURE RATE LEVEL
CAPACITANCE CODE A- Not Applicable
Expressed in Picofarads (pF)
First two digits represent significant figures. - TEMPERATURE CHARACTERISTIC
Third digit specifies number of zeros. (Use 9 Designated by Capacitance
for 1.0 through 9.9pF. Use 8 for 0.5 through 0.99pF) Change Over Temperezture Range

. G - COG (NPQ) (30 PPM/°C)
(EXGmp'e. 22pF =229 or 0.50 pF = 508) R - X7R (115%) (_550C + 125°C)
CAPACITANCE TOLERANCE P — X5R (£15%) (-55°C + 85°C)
B- +0.10pF J - +5% VOLTAGE
C-+0.25pF K -+10% 1-100V 3 .95V
D - +0.5pF M- +20% 2 _ 200V 4-16V
F-+1% 5-50V 8-10V
G- +2% 9-6.3V

* Part Number Example: C0805C103K5RAL (14 digits - no spaces)
Refer to pages 72-75 for NPO/COG, X7R and X5R dielectric capacitance ranges available.
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CERAMIC CHIP CAPACITORS

THICKNESS CODE REFERENCE CHART
PACKAGING QTY BASED ON FINISHED CHIP THICKNESS SPECIFICATIONS

KEMET

Thickness Chip Chip Thickness Qty per Reel Qty per Reel Qty per Reel Qty per Reel Qty per Bulk

Code Size Range (mm) 7" Plastic 13" Plastic 7" Paper 13" Paper Cassette
AA 0201 .30 +.03 N/A N/A 15,000 N/A N/A
BB 0402 .50+ .05 N/A N/A 10,000 50,000 50,000
CB 0603 .80+ .07 N/A N/A 4,000 10,000 15,000
CcC 0603 .80+.10 N/A N/A 4,000 10,000 N/A
CD 0603 .80+ .15 N/A N/A 4,000 10,000 N/A
DB 0805 .60+.10 N/A N/A N/A N/A 10,000
DC 0805 .78+ .10 4,000 10,000 4,000 10,000 N/A
DD 0805 .90+.10 4,000 10,000 N/A N/A N/A
DE 0805 1.00 +.10 2,500 10,000 N/A N/A N/A
DF 0805 1.10+.10 2,500 10,000 N/A N/A N/A
DG 0805 1.25+.15 2,500 10,000 N/A N/A N/A
DH 0805 1.25+.20 2,500 10,000 N/A N/A N/A
DJ 0805 1.25+.20 3,000 10,000 N/A N/A N/A
EB 1206 .78+ .10 4,000 10,000 4,000 10,000 N/A
EC 1206 .90+.10 4,000 10,000 N/A N/A N/A
ED 1206 1.00 +.10 2,500 10,000 N/A N/A N/A
EE 1206 1.10+.10 2,500 10,000 N/A N/A N/A
EF 1206 1.20+.15 2,500 10,000 N/A N/A N/A
EG 1206 1.60 +.15 2,000 8,000 N/A N/A N/A
EH 1206 1.60 +.20 2,000 8,000 N/A N/A N/A
EJ 1206 1.70 + .20 2,000 8,000 N/A N/A N/A
EK 1206 .80 +.10 2,000 8,000 N/A N/A N/A
EL 1206 1.15+ .15 2,000 8,000 N/A N/A N/A
EM 1206 1.25+.15 2,500 10,000 N/A N/A N/A
EN 1206 0.95+.10 4,000 10,000 N/A N/A N/A
FB 1210 .78+ .10 4,000 10,000 N/A N/A N/A
FC 1210 .90 +.10 4,000 10,000 N/A N/A N/A
FD 1210 .95+ .10 4,000 10,000 N/A N/A N/A
FE 1210 1.00 +.10 2,500 10,000 N/A N/A N/A
FFE 1210 1.10 .10 2,500 10,000 N/A N/A N/A
FG 1210 1.25+.15 2,500 10,000 N/A N/A N/A
FH 1210 1.55+ .15 2,000 8,000 N/A N/A N/A
FJ 1210 1.85+ .20 2,000 8,000 N/A N/A N/A
FK 1210 2.10 +.20 2,000 8,000 N/A N/A N/A
FL 1210 140+ .15 2,000 8,000 N/A N/A N/A
FM 1210 1.70 £.20 2,000 8,000 N/A N/A N/A
EN 1210 1.85+ .20 2,000 8,000 N/A N/A N/A
FO 1210 1.50 £ .20 2,000 8,000 N/A N/A N/A
FP 1210 1.60 .20 2,000 8,000 N/A N/A N/A
FQ 1210 25+%.20 1,500 8,000 N/A N/A N/A
FR 1210 2.25+.20 2,000 8,000 N/A N/A N/A
FS 1210 2.1+.20 1,000 4,000 N/A N/A N/A
GB 1812 1.00 £ .10 1,000 4,000 N/A N/A N/A
GC 1812 1.10+.10 1,000 4,000 N/A N/A N/A
GD 1812 1.25+.15 1,000 4,000 N/A N/A N/A
GE 1812 1.30 .10 1,000 4,000 N/A N/A N/A
GF 1812 1.50 £ .10 1,000 4,000 N/A N/A N/A
GG 1812 155+ .10 1,000 4,000 N/A N/A N/A
GH 1812 140+ .15 1,000 4,000 N/A N/A N/A
GJ 1812 1.70 £ .15 1,000 4,000 N/A N/A N/A
GK 1812 1.60 £ .20 1,000 4,000 N/A N/A N/A
GL 1812 1.90 £ .20 1,000 4,000 N/A N/A N/A
GM 1812 2.00+.20 1,000 4,000 N/A N/A N/A
GN 1812 1.70 £.20 1,000 4,000 N/A N/A N/A
HB 1825 1.10+.15 1,000 4,000 N/A N/A N/A
HC 1825 1.15+ .15 1,000 4,000 N/A N/A N/A
HD 1825 1.30+.15 1,000 4,000 N/A N/A N/A
HE 1825 1.40 £ .15 1,000 4,000 N/A N/A N/A
HF 1825 1.50 £ .15 1,000 4,000 N/A N/A N/A
JB 2220 1.00 .15 1,000 4,000 N/A N/A N/A
JC 2220 1.10 £ .15 1,000 4,000 N/A N/A N/A
JD 2220 1.30+.15 1,000 4,000 N/A N/A N/A
JE 2220 1.40 £ .15 1,000 4,000 N/A N/A N/A
JF 2220 1.50 .15 1,000 4,000 N/A N/A N/A
KB 2225 1.00 .15 1,000 4,000 N/A N/A N/A
KC 2225 1.10 +.15 1,000 4,000 N/A N/A N/A
KD 2225 1.30+.15 1,000 4,000 N/A N/A N/A
KE 2225 1.40 .15 1,000 4,000 N/A N/A N/A

This chart refers to ceramic chip thickness codes on pages 72-75.
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KEMET CERAMIC OPEN MODE CAPACITORS

FEATURES

KEMET’s Open Mode Ceramic Surface Mount Capacitor is designed to significantly minimize the probability
of a low IR or Short Circuit Condition when forced to failure in a board flex situation. This reduces the poten-
tial for causing catastrophic failures. This product is RoHS Compliant.

Applications: Markets:
* Input side filtering (power plane/bus) » Automotive
» High current applications (battery line) - All applications connected directly to the battery
+ Circuits that cannot be fused to open when - Conversion to 42V power system
short circuits occur due to flex cracks » Power Conversion

- Raw power input side filtering

OUTLINE DRAWING

TIN PLATE

/\ NICKEL PLATE

ELECTRODES— CONDUCTIVE
METALLIZATION

TABLE 1 - DIMENSIONS - MILLIMETERS (INCHES)

Metric EIA Size - - -
Size Code Code L - Length W - Width B - Bandwidth Separation
2012 0805 2.0 (.079) = .20 (.008) 1.25 (.049) + 0.2 (.008) 0.50 (.02) = .25 (.010) 0.75 (.030)
3216 1206 3.2 (.126) + .20 (.008) 1.6 (.063) + 0.2 (.008) 0.50 (.02) = .25 (.010) N/A
3225 1210 3.2 (.126) + .20 (.008) 2.5 (.098) + 0.2 (.008) 0.50 (.02) + .25 (.010) N/A
4532 1812 4.5 (.177) £ 0.3 (.012) 3.2 (.126) £ 0.3 (.012) 0.60 (.024) + .35 (.014) N/A

Note: For thickness dimensions, see Table 2.

CAPACITOR ORDERING INFORMATION

C 1812 F 105 K 1 R A C
Style —T
C - Ceramic ‘
SizeCode | i
0805, 1206, 1210, 1812 End 'gitasut::;:.z
Specification
F - Open-Mode Failure Rate Level
Capacitance Code, pF A = Not Applicable
First two digits represent significant figures. L Temperature Characteristic
Third digit specifies number of zeros. 100 pF = 101. Designated by Capacitance
(Use "9” for 1.0 through 9.9 pF) Change over Temperature Range
(Use “8” for 0.1 through .99 pF) R — X7R (£15%) (-55°C +125°C)
Capacitance Tolerance Voltage
K=1%10% M = +20% 2=200v 5=50V

1=100V 3 =25V
4 =16V

OPEN-MODE INTERNAL DESIGN

The open-mode dimension (OM)

| exceeds the termination bandwidth

;’ dimensions: OM >BW

> BW <
—> OM ‘=
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CERAMIC OPEN MODE CAPACITORS KEMET

TABLE 2

X7R DIELECTRIC CAPACITANCE RANGE AND THICKNESS TARGETS (mm)
Cap 0805 1206 1210 1812
Code [16V 25V [ 50v [100v [ 200v |16V 25V [50v | 100v [ 200v | 16V | 25v | 50v [ 100v ] 200V | 25V [ 50v [ 100v] 200V
103 | DD | DD | DD | DD | DD
123 | DD [ DD | DD | DD | DG
153 | DD | DD | DD | DD | DG
183 | DD | DD | DD | DD EC
223 | DD [ DD | DD | DG EC
273 | DD [ DD | DD | DG EC
333 | DD [ DD | DD | DG EC
393 | DD [ DD | DD | DG EC
473 | pp| DD [ DD EC|EC| EC| EC | EG GB
563 | DD | DD | DD EC|EC] EC| EC | EG GB
683 | DD | DD [ DG EC|EC] EC| EC | EG FD GB
823 | DD | DD [ DG EC|EC| EC| EC | EG FD GB
104 | DG | DG | DG EC|EC|EC]| EC | EG [ FD | FD [FD | FD [ FG [ eB| GB| GB | GB
124 | DG | DG EC|EC| EC| EC FO[ FO | FD[ FD | FG [ GB| GB| GB | GB
154 | DG | DG EC|EC| EC| EG FO[ FDO | FD[ FD | FH [ GB| GB| GB | GB
184 | DG | DG EC|EC| EC| EG FO[ FDO | FD[ FD | FH [ GB| GB| GB | GB
224_| DG EC | EC| EC FD[ FO [ FD[ FG | FJ [GB[GB| GB | GC
274 EC | EC| EC FD [ FD | FD [ FG GB| GB| GB | GF
334 EG | EG FDO [ FD [ FD [ FH GB [ GB [ GB | GK
394 EG | EG FD [ FD | FG [ FH GB[ GB[ GB | GL
474 EG | EG FD [ FD | FG | FJ GB [ GB [ GC
564 EG FD [ FD | FG [ FR GB [ GB [ GD
684 EG FD [ FG | FH| FR GD | GD | GF
824 EG FD [ FG | FJ GD | GD | GK
105 EG FD [ FH | FJ GN | GN | GM
125 FG
155 FH
185 FH
225 FJ

THICKNESS AND PACKAGING INFORMATION

=)

Thickness Series Dimension 7" Reel Qty. 13" Reel Qty. g

Code o

DD 0805 .90 £.10 4000 10000 =

DG 0805 125+ .15 2500 10000 8

EC 1206 .90 +.10 4000 10000 -g

EG 1206 1.60+.15 2000 8000 =]

FD 1210 95+ 10 4000 10000 @

FG 1210 125+ .15 2500 10000 e

FH 1210 155+ .15 2000 8000 %

FJ 1210 1.85+ .20 2000 8000 a—,

FR 1210 2.25+ .20 2000 8000 (&)
GB 1812 1.0+ .10 1000 4000
GC 1812 1.1+.10 1000 4000
GD 1812 125+ .15 1000 4000
GF 1812 150+ .15 1000 4000
GK 1812 1.60 + .20 1000 4000
GN 1812 1.70 + .20 1000 4000
GL 1812 1.90 + .20 1000 4000
GM 1812 2.00 + .20 1000 4000
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KEMET CERAMIC CHIP / HIGH VOLTAGE

KEMET's High Voltage Surface Mount Capacitors are designed to withstand high voltage applications. They
offer high capacitance with low leakage current and low ESR at high frequency. The capacitors have pure tin
(Sn) plated external electrodes for good solderability. X7R dielectrics are not designed for AC line filtering
applications. An insulating coating may be required to prevent surface arcing. These components are RoOHS
compliant.

MARKETS
» Power Supply
» High Voltage Power Supply
* DC-DC Converter
* LCD Fluorescent Backlight Ballast
» HID Lighting
» Telecommunications Equipment
* Industrial Equipment/Control
* Medical Equipment/Control
» Computer (LAN/WAN Interface)
* Analog and Digital Modems
» Automotive

APPLICATIONS
» Switch Mode Power Supply
* Input Filter
* Resonators
* Tank Circuit
» Snubber Circuit
* Output Filter
» High Voltage Coupling
* High Voltage DC Blocking
* Lighting Ballast
* Voltage Multiplier Circuits
» Coupling Capacitor/CUK

OUTLINE DRAWING

TIN PLATE

/\ NICKEL PLATE

CONDUCTIVE
METALLIZATION

ELECTRODES

TABLE 1 - DIMENSIONS - MILLIMETERS (in.)

80

I\git;iec Elé\oiieze L - Length W-Width |B - Bandwidth Se::r';fion
2012 0805 126(-)2((()6(.)532)3) 116?2((()6(.)335)5) io(.)éss ((%.%210) 075 (0.030)
3216 | 1208 | 0000 | 2000008 | £0250000) |  NA
wos | a0 | B20020 | 250000 ] 05000 | Na
4520 1808 14:3((()(',1_517 ;) 1262(85907098) i%géo('g.%‘!])“-) A
a2 | 1s2 | SPSG0 | Sos 0om) | <0 0om | VA
asoa | 185 | S0S000) | soa oot | coas oo | NA
550 | 2220 | 001ty | 2oa 0018 | c0as0ony | NA
5664 | 2225 156(?4((()6?3? ()3) 166‘.‘4((()6?3? e)s) 1%'.?3550('8.%?4) NA
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CERAMIC CHIP / HIGH VOLTAGE KEMET

CO0G DIELECTRIC CAPACITANCE VALUES AND THICKNESS TARGETS (in.)

Series | 0805] 1206 1210 1808 1812 1825 2220 2225

Capacitance | Max ol olalalalolala|z|e|ele|elelelelslslslslalelzlslslsle]sle]lelels]slsls]lslz]s]ls]s

Cap Tolerance LUEGERSE =3 K-8 k=1 k=1 R=3 k=1 K B B B Il I I L B B B B B B B R E E B R E B E R E E B E R B E E 2

pF (In) olo|o|lolo|olo|lo]lo|ololo|o]lololo]o|ololo|lo]lo|lo]lo|lo]lo|o]lo|lo]lo|o]lo|lo]o]lo|olo|lolo]o

*

capcodel | g [ gl s|els]|elelelslsls]elelels]ls]lelelsls]ls]elslsls]lglslels]le]slele]ls]c]e]e]s

v -1 =1 L L B E R E B S E H E HEH B EHE HEHEEH EEHEHEHE E EEEE
1.0-2.4|C,D 109-249
2.7-5.1|C,D KM | 279-519
5.6-9.1|C,.D J,K.M | 569-919

10[cD _ JKM]| 100
11|CD___ JKM][ 110
12|CD  JKM]| 120
13[CD___JKM][ 130
15|C.D_GJKM]| 150
16]C.D_GJKM]| 160
18[CD_GJKM]| 180
20[CD_GJKM| 200
22]CD_GJKM| 220
24[CD_GJKM| 240
27| DF.GJIKM| 270
30| DF.GJKM| 300
33| DF.GJIKM| 330
36] DJF.GJKM| 360
39| DF.GJIKM| 390
23] _DF.GJKM| 430
271 DFGJIKM| 470
51| DF.GJKM| 510
56 F.GJKM| _ 560
62 F.GJKM| _ 620
63 F.GJKM| _ 680
75 F.GJKM| _ 750
82 F.GJKM| 820
o1 F.GJKM| _ 910

100 F.GJKM| 101
110 F.GJKM| 111
120 F.GJKM| 121
130 F.GJKM| 131
150 F.GJKM| 151
160 F.GJKM| 161
180 F.GJKM| 181
200 F.GJKM| 201
220 F.GJKM| 221
240 F.GJKM| 241
270 F.GJKM| 271
300 F.GJKM| 301
330 F.GJKM| 331
360 F.GJKM| 361
390 F.GJKM| 391
430 F.GJKM| 431
470 F.GJKM| 471
510 F.GJKM| 511
560 F.GJKM| _ 561
620 F.GJKM| 621
630 F.GJKM| _ 681
750 F.GJKM| 751
820 F.GJKM| 821
910 F.GJKM| 911
1000 F.GJKM| 102
1100 FGJKM| 112
1200 FGJIKM| 122
1300 F.GJKM| 132
1500 F.GJKM| 152
1600 F.GJKM| 162
1800 F.GJKM| 182
2000 F.GJKM| 202
2200 F.GJIKM| 222
2400 F.GJIKM| 242
2700 F.GJIKM| 272
3000 F.GJKM| 302
3300 F.GJKM| 332
3600 F.GJKM| 362
3900 F.GJKM| 392
4300 F.GJKM| 432
4700 F.GJIKM| 472
5100 F.GJKM| 512
5600 F.GJKM| 562
6200 F.GJKM| 622
6300 F.GJKM| _ 682
7500 F.GJKM| 752
8200 F.GJKM| 822
9100 F.GJKM| 912
10,000 F.GJKM| 103 1 1 1 1

* Contact KEMET Sales Representative for C, D, F & G Capacitance Tolerance availability.
Note: Actual thickness dimensions may be less than stated maximum. Check the KEMET website, www.kemet.com, for additional values and chip sizes available.
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KEMET CERAMIC CHIP / HIGH VOLTAGE

X7R DIELECTRIC CAPACITANCE VALUES AND THICKNESS TARGETS (in.)

Series | 0805 1206 1210 1808 1812 1825 2220 2225
. Max (=3 =1 NT.3 W0 NT.J BT Nl Nl Nl Nl Noi Nl NoN NN K3 Nl No B Eo Ho B B S IS BS o BSOS S B B I B B B B B B B
Cap | Capacitance [ thickness | 8 | S | S| S8 |8[8|8 |88 8|88 |8|8[&|8|8|8|8|8|8|8]|8|s|8|8|s|s]|8|s]|8|8|8]|8|&8|8]8|8|8]8
pF Tolerance (in) s|ls|s|s|s|s|s|s|s|s]ls|s]|s|sls|s|s]|s|s|s|s|s]|s|s]|s|s]|s|s]|s]|ls]|s]|s|s]|s]|s|s]|s]|s]s]|s
Cap Code/ S slgls slsls glalglsls alalgalgls glglelgel e glelglgls glalelsls
e L B B B R B E HE E B EE B HE R E R E HEHHE EHEIHHEE E R R EE
10]  JKM 100
1 J.KM 110
1. J.K.M 120
1. J.K.M 130
15]  JKM 150
16]  JKM 160
8] JKM 80
0]  JKM 00
2| JKM 20
4] JKM 40
7] JKM 70
0] JKM 00
3] KM 30
6] JIKM 60
o]  JKM 90
43[  JKM 430
471 JKM 470
51| JKM 510
56| JKM 560
62]  JKM 620
68]  JKM 680
75| JKM 750
82]  JKM 820
o1 JKM 910
100]  JKM 101
110 JKM 111
120 JKM 121
130  JKM 131
150]  JKM 151
80  JKM 81
20 JKM 21
70[  JKM 71
30  JKM 31
90 JKM 91
470 JKM 471
560  JKM 561
680  JKM 681
820]  JKM 82
1000]  JKM 10:
1200]  JKM 12 ||
1500]  JKM 15: [ |
800]  JKM 8] [ |
000]  JKM 0; [ |
200]  JKM 2 [ |
700]  JKM 7 [ |
300]  JKM 3] [ |
900[  JKM 9
4700] I KM 47
5600  JKM 56
6800 JKM 68
8200  JKM 82
10,000]  JKM 10:
12,000]  JKM 12
15,000 JKM 15:
8,000  JKM 8
2,000  JKM 2
7,000 JKM 7
3,000  JKM 3
9,000  JKM 9
47,000 JKM 47
56,000  JKM 56
62,000  JKM 62
68,000  JKM 68
82,000  JKM 82
100,000]  JKM 104
120,000]  JKM 124
150,000 J,KM 154
180,000 JKM 184
220,000f JKM 224 || | |

Note: Actual thickness dimensions may be less than stated maximum.
Check the KEMET website, www.kemet.com, for additional values and chip sizes available.

KEMET HIGH VOLTAGE SURFACE MOUNT CHIP (VOLTAGE CODES C,D,F,G,H, and Z)
THICKNESS AND REELING QUANTITIES

Chip size Max. Max. Tape Width | Qty per Reel | Qty per Reel
EIA Metric | Thickness (in) | Thickness (mm) (mm) 7" Plastic 13" Plastic
0805 2012 0.055 1.27 8 2,500 10,000
1206 3216 0.065 1.65 8 2,000 8,000
1210 3225 0.101 2.57 8 2,000 8,000
1808 4520 0.080 2.03 12 1,000 4,000
1812/1813 | 4532 0.067 1.70 12 1,000 4,000
1825 4564 0.067 1.70 12 1,000 4,000
2220 5650 0.067 1.70 12 1,000 4,000
2225 5664 0.067 1.70 12 1,000 4,000
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CERAMIC CHIP / HIGH VOLTAGE KEMET

CAPACITOR ORDERING INFORMATION
C 0805 C 102 K Cc R A

0805 )2 4 Cc
Style Q
C - Ceramic
ChipSize | End Metallization

0805; 1206; 1210; 1808; _

1812; 1825; 2220; 2225 C = Standard
Specification
C - Standard
Capacitance Code, pF
First two digits represent significant figures.

Third digit specifies number of zeros. 100 pF = 101.
(Use “9” for 1.0 through 9.9 pF)

(Use “8” for 0.1 through .99 pF)

Failure Rate Level
A = Not Applicable

Temperature Characteristic
Designated by Capacitance

Change over Temperature Range

G — (COG) (x30ppm/C) (-55°C +125°C)
R — X7R (15%) (-55°C +125°C)

Capacitance Tolerance

Voltage
C = +0.25pF* J = +5% — -
D = +0.5pF* K=1 00% g - ?ggz)/v i - ggggx
F = +1%* M = +20% - -
G—_+2°/* k- F = 1500V H = 3000V
= I 0

* Contact KEMET Sales for availability.

ELECTRICAL PARAMETERS

Property Specification

COG: 1 pF to 0.010 pF
X7R: 10pFto 0.22 pF
25°C, 1.0 £ 0.2 Vrms, 1 kHz (1 MHz for < 1000 pF (COG only)

Capacitance

C0G: C*, D*, F*, G* J,K,M * Contact KEMET Sales for availability.

Cap Tolerance

X7R: J,K,M

DF

CO0G: 0.1% Max
X7R: 2.5% Max

Voltage Ratings

500 V, 1000 V, 1500 V, 2000 V, 2500 V, 3000 V

Operating Temperature Range

From -55°C to +125°C

25°C IR @ 500V

100 GQ or 1000 MQ-uF, whichever is less

125°C IR @ 500V

10 GQ or 100 MQ-pF, whichever is less

-565°C TCC
+125°C TCC

X7R: +15%
CO0G: * 30 ppm/°C

Dielectric Strength

150% of Rated Voltage for Rated Voltage <1000 V
120% of Rated Voltage for Rated Voltage >=1000V

Ripple Current

Consult KEMET Sales Representative

MARKING

These chips are supplied unmarked. If required, they can be supplied LASER-marked at an extra cost.
Details on the marking format is located on page 96.

KEMET High Voltage Surface Mount MLCC are available packaged in tape and reel configuration, or bulk

PACKAGING

bag as outlined on page 82. Please consult factory for waffle packaging options.

SOLDERING PROCESS

The 0805 and 1206 case sizes are suitable for either reflow or wave soldering processes. Sizes 1210 and
larger should be limited to reflow soldering only. All sizes incorporate the standard KEMET barrier layer of
pure nickel with an overplating of pure tin (Sn) for excellent solderability and resistance to solder leaching of
the termination.

RECOMMENDED SOLDER PAD DIMENSIONS

et
c
=
O
=
()]
(3)
©
Yo
S
=)
(/]
Q
S
©
S
<))
(&)

Chip Size T (Total Length) S (Separation W (Pad Width) L (Pad Length) u
mm in. mm in. mm in. mm in.

0805 3.30 0.130 0.70 0.028 1.60 0.063 1.30 0.051 —

1206 4.50 0.177 1.50 0.059 2.00 0.079 1.50 0.059

1210 4.50 0.177 1.50 0.059 2.90 0.114 1.50 0.059

1808 5.90 0.232 2.30 0.091 2.40 0.094 1.80 0.071

1812 5.90 0.232 2.30 0.091 3.70 0.146 1.80 0.071

1825 5.90 0.232 2.30 0.091 6.90 0.272 1.80 0.071

2220 7.00 0.276 3.30 0.130 5.50 0.217 1.85 0.073 L 5 L
2225 7.00 0.276 3.30 0.130 6.80 0.268 1.85 0.073
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KEMET CERAMIC CAPACITOR ARRAY

FEATURES

« Easier to handle and solder than 4 smaller chips
« Tape and reel per EIA 481-1
* RoHS Compliant

» Four individual capacitors inside
one 1206 monolithic structure
» Saves board and inventory space
» One placement instead of four - less costly

CAPACITOR OUTLINE DRAWING

_ v
Bk
< L -4
CcL v
AL 1 1 [ e
T —>‘BW ‘4— > P <+ B\’V1
> P/2 <
w Ref
l_{ \ | \ | \ ||
TABLE 1
EIA DIMENSIONS — MILLIMETERS (INCHES)
Size Length Width Thickness Bandwidth Bandwidth Pitch
Code L w T (max.) BW BW1 P
1632 3.2 (0.126) 1.6 (.063) 0.7-1.35 0.40 (0.016) 0.1-0.5 0.8 (0.031)
+0.2(0.008) | +0.2(.008) | (0.027 - 0.053) | £0.2(0.008) | (0.004 - 0.020) | + 0.1 (0.004)

Notes:

1. Metric is controlling - English for reference only.

2. Pitch (P) tolerances are non-cumulative along the package.
3. Thickness (T) depends on capacitance.

CERAMIC ARRAY ORDERING INFORMATION

C 1632 C 103 K 5 R A C
£

CERAMIC

EIA SIZE CODE
Ceramic chip array
SPECIFICATION
C - Standard
CAPACITANCE CODE
Expressed in Picofarads (pF)

First two digits represent significant figures.
Third digit specifies number of zeros. (Use 9
for 1.0 thru 9.9pF. (Example: 2.2pF = 229
CAPACITANCE TOLERANCE

K —110%: M — £20% Standard Tolerances
Contact factory for any special requirements.

END METALLIZATION
C-Standard
(Tin-plated nickel barrier)
FAILURE RATE LEVEL
A- Not Applicable

TEMPERATURE CHARACTERISTIC
Designated by Capacitance
Change Over Temperature Range
G — COG (NPO) (£30 PPM/°C)
R - X7R (x15%)

VOLTAGE
5=50v; 3 =25v; 4 =16v; 8=10v
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CERAMIC CHIP ARRAY KEMET

TABLE 2A 1632 CERAMIC ARRAY
COG DIELECTRIC - CAPACITANCE RANGE LAND PATTERN LAYOUT
Capacitance Capacitance | 10V
Values (pF) | KEMET PartNumber | “gictance® | 1oy | 2sv | sov | 100v | 200v| 6 Places > P |« +| X |« 8Places
10 C1632C100(1)(2)GAC K,M 100 | 100 | 100 | 100 | 100 A
12 C1632C120(1)(2)GAC K,M 120 | 120 | 120 | 120 | 120
15 C1632C150(1)(2)GAC K,M 150 | 150 | 150 | 150 | 150 —|—
18 C1632C180(1)(2)GAC K,M 180 | 180 | 180 | 180 | 180 T
22 C1632C220(1)(2)GAC K,M 220 | 220 | 220 | 220 | 220 L
27 C1632C270(1)(2)GAC KM 270 | 270 | 270 | 270 | 270 G Jr Cc
33 C1632C330(1)(2)GAC K,M 330 | 330 | 330 | 330 | 330 z
39 C1632C390(1)(2)GAC K,M 390 | 390 | 390 | 390 | 390 T
47 C1632C470(1)(2)GAC K,M 470 | 470 | 470 | 470 | 470 Y _|_
56 C1632C560(1)(2)GAC K,M 560 | 560 | 560 | 560 | 560
68 C1632C680(1)(2)GAC K,M 680 | 680 | 680 | 680 | 680 i v
82 C1632C820(1)(2)GAC K,M 820 | 820 | 820 | 820 | 820 -
100 C1632C101(1)(2)GAC K,M 101 | 101 | 101 | 101 Additional padldimensio!'] information is available in
120 C1632C121(1)(2)GAC KM 121 | 121 | 121 | 121 KEMET Technical Bulletin F-2100.
150 C1632C151(1)(2)GAC K,M 151 | 151 | 151 | 151
180 C1632C181(1)(2)GAC K,M 181 | 181 | 181 | 181
220 C1632C221(1)(2)GAC K,M 221 | 221 | 221
270 C1632C271(1)(2)GAC K,M 271 | 271 | 271
330 C1632C331(1)(2)GAC K,M 331 | 331 | 331
390 C1632C391(1)(2)GAC K,M 391 | 391 | 391
470 C1632C471(1)(2)GAC K,M 471 | 471 | 471
O b 0 M 1200 andard tolrance. Comtact actory 1or ahy apecial equrements. LAND PATTERN DIMENSIONS - CERAMIC CHIP
(2) To complete the KEMET part number, insert appropriate number for voltage desired: CAPAC'TOR AR RAYS - M M

"5" = 50 volts, "3" = 25 volts, "4" = 16 volts, and "8" = 10 volts.

Reflow Solder

Dimension | Z G X |Y(ref)| C(ref) | P(ref
TABLE 2B 3216 | 2.80| 0.40 | 0.52 1(.20) 1(.60) 0(.80)
X7R DIELECTRIC - CAPACITANCE RANGE -
Calculation Formula
?,2,',’3:2?,’,'}:)3 KEMET Part Number | FERCIRICe 133 25v | 50V | 100V | 200V G oo 20 h
330 | C1632C331(1)(2RAC | KM 331 | 331 | 331 | 331 | 331 T s
390 | C1632C391(1)(2)RAC | KM 391 | 391 | 391 | 391 | 391 olerances
470 | C1632C471(1)(2)RAC | KM 471 | 471 | 471 | 471 | 471
560 | C1632C561(1)(2)RAC | KM 561 | 561 | 561 | 561 | 561
680 | C1632C681(1)(2)RAC | KM 681 | 681 | 681 | 681
820 | C1632C821(1)(2)RAC | KM 821 | 821 | 821 | 821
1000 | C1632C102(1)2)RAC | KM 102 | 102 | 102 | 102 £
1200 | C1632C122(1)2)RAC | KM 122 | 122 | 122 | 122 S
1500 | C1632C152(1)(2)RAC | KM 152 | 152 | 152 | 152 °
1800 | C1632C182(1)(2)RAC | KM 182 | 182 | 182 | 182 —
2200 | C1632C222(1)(2)RAC | KM 202 | 222 | 222 | 222 o
2700 | C1632C272(1)(2)RAC | KM 272 | 272 | 272 | 272 o
3300 | C1632C332(1)(2)RAC | KM 332 | 332 | 332 | 332 &
3900 | C1632C392(1)(2)RAC | KM 392 | 392 | 392 | 392 =
4700 | C1632C472(1)(2)RAC | KM 472 | 472 | 472 | 472 b
5600 | C1632C562(1)(2)RAC | KM 562 | 562 | 562 e
6800 | C1632C682(1)(2)RAC | KM 682 | 682 | 682 =
8200 | C1632C822(1)(2)RAC | KM 822 | 822 | 822 £
10,000 | C1632C103(1)(2RAC | KM 103 | 103 | 103 ©
12,000 | C1632C123(1)(2RAC | KM 123 | 123 | 123 o
15000 | C1632C153(1)2RAC | KM 153 | 153 | 153 o
18000 | C1632C183(1)2RAC | KM 183 | 183 | 183
22,000 | C1632C223(1)2)RAC | KM 223 | 223 | 223
27,000 | C1632C273(1)2)RAC | KM 273
33,000 | C1632C333(1)2)RAC | KM 333
39,000 | C1632C393(1)(2)RAC | KM 393
47,000 | C1632C473(1)(2)RAC | KM 473
56,000 | C1632C563(1)(2)RAC | KM 563
68,000 | C1632C683(1)2)RAC | KM 683
82,000 | C1632C823(1)2)RAC | KM 823
100,000 | C1632C104(1)(2RAC | KM 104

(1) To complete the KEMET part number, insert the alpha code for the tolerance desired:

K =+10% and M = +20% — standard tolerances. Contact factory for any special requirements.
(2) To complete the KEMET part number, insert appropriate number for voltage desired:

"5" = 50 volts, "3" = 25 volts, "4" = 16 volts, and "8" = 10 volts.
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KEMET

CERAMIC CHIP/MIL-PRF-55681

CAPACITOR OUTLINE DRAWINGS

CHIP DIMENSIONS “SOLDERGUARD I” * “SOLDERGUARD II”
/4\ L SOLDER TINNED
W Nis
\A‘ L

BW

—»/ =

=y

/\ NICKEL

ELECTRODESj SILVER
METALLIZATION

ELECTRODESj

x
=y

/\ NICKEL

SILVER
METALLIZATION

Military Designation - “S” or “U”
KEMET Designation - “H”

KEMET D

Military Designation - “W” or “Y”

esignation - “C”

DIMENSIONS—MILLIMETERS AND

(INCHES)

KEMET
SIZE T
STYLE CODE L w MIN. MAX. BW

CDRO1 C0805 2.03 +.38 (.080 +.015) 1.27 +.38 (.050 +.015) .56 (.022) 1.40 (.055) .51 + 0.25 (.020 +.010)
CDR02 C1805 4.57 +.38 (.180 +.015) 1.27 +.38 (.050 +.015) .56 (.022) 1.40 (.055) .51 +0.25 (.020 +.010)
CDR03 C1808 4.57 +.38 (.180 +.015) 2.03 +.38 (.080 +.015) .56 (.022) 2.03 (.080) .51 + 0.25 (.020 +.010)
CDR04 C1812 4.57 +.38 (.180 +.015) 3.18 +.38 (.125 +.015) .56 (.022) 2.03 (.080) .51 + 0.25 (.020 +.010)

+.51 +.020 +.51 +.020
CDRO05 C1825 4.57 ( 180 ) 6.35 ( .250 ) 51 (.020) 2.03 (.080) .51 +0.25 (.020 +.010)

-.38 -.015 -.38 -.015
CDR06 C2225 5.72 +.51 (.225 +.020) 6.35 +.51 (.250 +.020) 51 (.020) 2.03 (.080) .51 + 0.25 (.020 +.010)
CDR31 C0805 2.00 +.20 (.078 +.008) 1.25 +.20 (.049 +.008) 1.30 (.051) .50 + 0.20 (.020 +.008)
CDR32 C1206 3.20 +.20 (.125 +.008) 1.60 +.20 (.062 +.008) 1.30 (.051) .50 + 0.20 (.020 +.008)
CDR33 C1210 3.20 +.25 (.125 +.010) 2.50 +.25 (.098 +.010) 1.50 (.059) .50 + 0.25 (.020 +.010)
CDR34 C1812 4.50 +.25 (.176 +.010) 3.20 +.25 (.125 +.010) 1.50 (.059) .50 + 0.25 (.020 +.010)
CDR35 C1825 4.50 +.30 (.176 +.012) 6.40 +.30 (.250 +.012) 1.50 (.059) .50 + 0.30 (.020 +.012)

Note: For Solderguard | (MIL-C55681 “S” or “U” Endmets), the length, width and thickness positive tolerances (including bandwidth) cited above are allowed to increase by the following

amounts:

Length Width/Thickness
CDRO1 0.51MM (.020)  0.38MM (.015)
CDR02-06 0.64MM (.025)  0.38MM (.015)
CDR31-35 0.60MM (.023) 0.30MM (.012)

MIL-PRF-55681 PART NUMBER ORDERING INFORMATION

CDRO1 B P 101 B K

STYLE & SIZE CODE
STYLE

C— Ceramic

D— Dielectric, Fixed Chip

R— Established Reliability

RATED TEMPERATURE

-55°C to +125°C

DIELECTRICS
P—z+ 30 PPM/°C—WITH OR WITHOUT VOLTAGE
X—=+ 15%—without voltage

+ 15%, —25%—with voltage

CAPACITANCE

Expressed in picofarads (pF).

First 2 digits represent significant figures and the last digit specifies the number of zeros to follow.

(Use 9 for 1.0 through 9.9pF. Example: 2.2pF = 229)

KEMET/MIL- PF!FC

CERAMIC

SIZE CODE

L FAILURE RATE LEVEL (%/1000 hrs.)
M—1.0 R —0.01

P—01  S—0001
TERMINATION FINISH
S — Solder Coated, Final
(SolderGuard )

U — Base Metalization—

Barrier Metal—Solder
Coated (SolderGuard )

W — Base Metalization—
Barrier Metal—Tinned
Tin or (Tin/Lead Alloy)
SolderGuard Il

Y — Base Metalization
Barrier Metal—Tinned
(100% Tin) Solderguard Il

CAPACITANCE TOLERANCE
[ BT ¢ T bl FJT JTKTM]
[£1pF[£25pF [+5pF| £1% [ +5% [ +10% [+20% |

RATED VOLTAGE
A—50; B— 100

-55681 PART NUMBER EQUIVALENTS

0805 P 101 K

See Table Above
SPECIFICATION

G M C*

|— END METALIZATION

C — SolderGuard Il (Military equiv: Y, W)
H — SolderGuard | (Military equiv: S, U)

P -MIL-PRF-55681 = CDR0O1-CDR06
N-MIL-PRF-55681 = CDR31-CDR35

CAPACITANCE CODE

Expressed in picofarads (pF).

First two digits represent significant figures.
Third digit specifies number of zeros. (Use 9
for 1.0 thru 9.9 pF. Example: 2.2 pF —229)

CAPACITANCE TOLERANCE

FAILURE RATE (%/1,000 hrs.)
M—1.0 R—0.01
P—0.1 S —0.001

VOLTAGE TEMPERATURE CHARACTERISTIC
Designated by Capacitance

Change Over Temperature Range

G — BP (COG/NPQ) (+30 PPM/°C)

X — BX (x15% Without Voltage

+15% -25% With Voltage)

[BT ¢ I DJTF[JTKTITM]
[+.1 pF[+.25 pF|+.5 pF +1% [ +5% [+10%]+20%|

* Part Number Example: C0805P101K1GMC (14 digits - no spaces)

86

VOLTAGE
1—100V, 5 — 50V
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CERAMIC CHIP/MIL-PRF-55681

Established Reliability
RATINGS & PART NUMBER REFERENCE

KEMET

| o [ | eeneroeomns | e | or [ | oo | R
100 Volt — C0805 SIZE (MILITARY CDRO1) 100 Volt — C1808 SIZE (MILITARY CDRO03) (Cont'd)
10| J,K [C0805P100(3)1G(4)C | CDROT1BP100B(3)W(4) 560| J [C1808P561J1G(4)C | CDRO3BP561BJW(4)
12| J |C0805P120J1G(4)C |CDRO1BP120BJW(4) o 680| J,K |C1808P681(3)1G(4)C| CDRO3BPES1B(3)W(4)
15| J,K [C0805P150(3)1G(4)C | CDRO1BP150B(3)W(4) o 820| J |C1808P821J1G(4)C |CDR03BP821BJW(4)
18] J 00805P180J1G( )C | CDRO1BP180BJW(4) 1,000 | J,K |C1808P102(3)1G(4)C | CDRO3BP102B(3)W(4)
22| JK |G0805P220(3)1G(4)C | CDRO1BP220B(3)W(4) 12,000 K |CT1808P123K1X(4)C | CDRO3BX123BKW(4)
o 27| J 00805P270J1G( )G |CDRO1BP270BJW(4) 15,000 | KM |C1808P153(3)1X(4)C | CDRO3BX153B(3)W/(4)
o 33| J.K |C0805P330(3)1G(4)C| CDROTBP330B(3)W(4) x 18,000 K |C1808P183K1X(4)C |CDRO3BX183BKW/(4)
39| J 00805P390J1G( )G | CDRO1BP390BJW(4) @ 22,000 | K,M |C1808P223(3)1X(4)C | CDRO3BX223B(3)W/(4)
47| JK |C0805P470(3)1G(4)C | CDRO1BP470B(3)W(4) 27,000 K |C1808P273K1X(4)C |CDRO3BX273BKW(4)
56| J |C0805P560J1G(4)C | CDRO1BPS60BJW(4) 33,000 K,M [C1808P333(3)1X(4)C | CDRO3BX333B(3)W(4)
gg JJK ggggggggg%( ()‘(13)0 SBESIEESSSES?V( ()4) 50 Volt — C1808 SIZE (MILITARY CDRO03)
10| s cocosPiongyicie comotortotoin | | . | 90| oy [Cleeaciag [ conosmasis,
5 120 1 J K 1G0805P121(3)1(2)(4)G | CDRO1B(1)121B(3)W(4) @ 56000 K [C1808P563K5X(4)C | CDRO3BX563AKW(4)
> i
am 150 | 4K 1G0805P151(3)1(2)(4)G | CDRO1B(1)151B(3)W(4) 68,000 | K.M |C1808P683(3)5X(4)C | CDRO3BX683A(3)W(4)
[ 180 | J,K |C0805P181(3)1(2)(4)C | CDRO1B(1)181B(3)W(4) 100 Volt — C1812 SIZE (MILITARY CDR04)
220 | KM |C0805P221(3)1X(4)C | CDROTBX221B(3)W(4) 1200 ] “[CIIZPIZ2IGUC [ CORMBPI2ZBI()
270| K |C0805P271K1X(4)C | CDRO1BX271BKW(4) 1'500| JK |61812P152(3)16(4)C | CDRO4BP152B(3)W(4)
330| KM |C0805P331(3)1X(4)C | CDRO1BX331B(3)W(4) ’ ,
390| K |C0B0SP3OTKIX(4)C | CDRO1BX391BKW(A) o 1,800| J C1812P182J1G( )C | CDRO4BP182BJW(4)
470 | KM |C0805P471(3)1X(4)C | CORO1BX471B(3)W(4) 22001 K 8]2]%%1{3 (?:)C ggggjggg%gﬁ\,& ()
2001 K [COBOSPOTKIX(IC | CDROTBXSSTBKWC | K [iiapareanaing | DR a
680 | KM [C0805P681(3)1 (4)0 CDRO1BX681B(3)W(4) ' ' (3) ( ) (3 ) (4)
47,000 KM C1812P473(3)1X(4)C CDR04BX47SB(3)W(4)
1,000 | KM |C0805P102(3)1 (4)0 CDRO1BX102B(3)W(4) o
1,500 | KM [C0805P152(3)1 (4)0 CDRO1BX152B(3)W(4) 50 Volt — C1812 SIZE (MILITARY CDR04)
1,800 K [CO805P182K1X(4)C | CDRO1BX182BKW(4) 82,000] K [C1812P823K5X(4)C | CDRO4BX823AKW(4)
2,200 | KM |C0805P222(3)1X(4)C | CDRO1BX222B(3)W(4) s | 100,000 KM (C1812P104(3)5X(4)C | CDRO4BX104A(3)W(4)
2,700 | K |C0805P272K1X(4)C | CDRO1BX272BKW(4) & | 120,000 K |C1812P124K5X(4)C | CDRO4BX124AKW(4)
3,300 | K.M |C0805P332(3)1X(4)C | CDRO1BX332B(3)W(4) 150,000 | KM [C1812P154(3)5X(4)C | CDRO4BX154A(3)W(4)
50 Volt — C0805 SIZE (MILITARY CDRO1) 180,000 | K |C1812P184K5X(4)C | CDRO4BX184AKW(4)
x 3,900 | K [C0805P392K5X(4)C | CDRO1BX392AKW(4) 100 Volt — C1825 SIZE (MILITARY CDRO05)
o 4,700 | KM [C0805P472(3)5X(4)C | CDRO1BX472A(3)W(4) o 3,900 JK C1825P392(3)1G(4)C CDR05BP392B(3)W(4)
100 Volt — C1805 SIZE (MILITARY CDR02) o 4,700 | J,K |C1825P472(3)1G(4)C | CDROSBP472B(3)W(4)
a 220[ JK [C1805P221(3)1G(4)C[ CDRO2BP221B(3)W(4) 5,600 | JK |C1825P562(3)1G(4)C| CDRO5BP562B(3)W(4)
o 270| J |C1805P271J1G(4)C | CDR02BP271BJW(4) 68,000 | K,M |G1825P683(3)1X(4)C | CDROSBX683B(3)W(4)
3,000 K |C1805P392KTX(4)C | CDRO2BX392BKW(4) = 82,000 K |C1825P823K1X(4)C | GDROSBX823BKW(4)
4,700 | KM |C1805P472(3)1X(4)C | CDRO2BX472B(3)W(4) m | 100,000 | KM |G1825P104(3)1X(4)C | CDRO5BX104B(3)W(4)
< 5600| K |C1805P562K1X(4)C | CDRO2BX562BKW(4) 120,000 | K |C1825P124K1X(4)C | CDROSBX124BKW(4)
m 6,800 | K,M |C1805P682(3)1X(4)C | CDRO2BX682B(3)W(4) 150,000 | K,M |C1825P154(3)1X(4)C | CDR0O5BX154B(3)W(4)
8,200 K |C1805P822K1X(4)C |CDRO2BX822BKW(4) 50 Volt — C1825 SIZE (MILITARY CDRO05) -
10,000 | KM |C1805P103(3)1X(4)C | CDRO2BX103B(3)W(4) 220,000 | KM [C1825P224(3)5X(4)C | CDRO5BX224A(3)W(4) c
50 Volt — C1805 SIZE (MILITARY CDR02) | 270,000 K |C1825P274K5X(4)C | CDRO5BX274AKW/(4) =]
12,000 K [C1805P123K5X(4)C | CDR0O2BX123AKW(4) 330,000 | K,M |C1825P334(3)5X(4)C | CDR05BX334A(3)W(4) ()
x 15,000 | K,M |C1805P153(3)5X(4)C | CDRO2BX153A(3)W(4) 100 Volt — €2225 SIZE (MILITARY CDRO6) =
o 18,000 K |C1805P183K5X(4)C | CDRO2BX183AKW(4) 6,800 | J,K [C2225P682(3)1G(4)C| CDROBBP6B2B(3)W(4) o
22,000 | K,M [C1805P223(3)5X(4)C | CDRO2BX223A(3)W(4) & 8,200 | J,K |C2225P822(3)1G(4)C| CDRO6BP822B(3)W(4) g
100 Volt — C1808 SIZE (MILITARY CDRO03) 10,000 | J,K |C2225P103(3)1G(4)C | CDRO6BP103B(3)W(4) “
330] JK [C1808P331(3)1G(4)C| CDRO3BP331B(3)W(4) 50 Volt — C2225 SIZE (MILITARY CDRO06) >
& 390| J |C1808P391J1G(4)C | CDRO3BP391BJW(4) s< | 390,000 K [C2225P394K5X(4)C | CDROBBX394AKW/(4) (7]
470 JK |C1808P471(3)1G(4)C| CDRO3BP471B(3)W(4) 0 | 470,000 | KM |C2225P474(3)5X(4)C | CDROBBX474A(3)W(4) ©
£
(1) To complete Part Number for Dielectric, insert P or X symbol — as defined by Military specification. E
(2) To complete Part Number for Dielectric, insert G or X symbol. (“G” for Military “BP,” or “X” for Military “BX.”) (1)
(8) To complete Part Number, insert Capacitance Tolerance Symbol (when applicable) as available in MIL-PRF-55681: B — +0.1 pF, C - +0.25 pF, (&)

- +20%. NOTE: Available tolerances are listed in columns above.
P -0.1%; R-0.01%; S -.001%.

D - +0.5pF, F - +1%, J - +5%, K- +10%, M
(4) To complete Part Number, insert Failure Rate Symbol: M —-1.0%;

Note: All MIL-PRF-55681 and KEMET Part Numbers tabulated above assume use of Solderguard Il (MIL-PRF-55681 “W”; KEMET “C”) end metaliza-
tion. If MIL-PRF-55681 “U” or “S” (KEMET “H”) or MIL-PRF-55681 “Y” (KEMET “C”) is required, please change designators accordingly.
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KEMET

Established Reliablility
RATINGS & PART NUMBER REFERENCE

CERAMIC CHIP/MIL-PRF-55681
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KEMET CAPACITORS

MIL-PRF-55681
PART NUMBER

CAP.
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AVAIL.
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KEMET CAPACITORS

MIL-PRF-55681
PART NUMBER

100 Volt — BP — C0805 SIZE (MILITARY CDR31)

100 Volt — BP — C0805 SIZE (MILITARY CDR31)
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C0805N510(
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3)1G
3)1
3)1
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3)1
3)1
3)1
3)1
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3)1
3)1
3N
3)1
3)1
3)1
3)1
3)1
3)1
3)1
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3)1
3)1
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3)1
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CDR31BP1ROB(3)W(4)
CDR31BP1R1B(3)
CDR31BP1R2B(3)
CDR31BP1R3B(3)
CDR31BP1R5B(3)
CDR31BP1R6B(3)
CDR31BP1R8B(3)
CDR31BP2ROB(3)
CDR31BP2R2B(3)
CDR31BP2R4B(3)
CDR31BP2R7B(3)
CDR31BP3ROB(3)
CDR31BP3R3B(3)
CDR31BP3R6B(3)
CDR31BP3RIB(3)
CDR31BP4R3B(3)
CDR31BP4R7B(3)
CDR31BP5R1B(3)
CDR31BP5R6B(3)
CDR31BP6R2B(3)
CDR31BP6R8B(3)
CDR31BP7R5B(3)
CDR31BP8R2B(3)
CDR31BPIR1B(3)
CDR31BP100B(
CDR31BP110B(
CDR31BP120B(
CDR31BP130B(
CDR31BP150B(
CDR31BP160B(
CDR31BP180B(
CDR31BP200B(
CDR31BP220B(
CDR31BP240B(
CDR31BP270B(
CDR31BP300B(
CDR31BP330B(
CDR31BP360B(
CDR31BP390B(
CDR31BP430B(
CDR31BP470B(
CDR31BP510B(
CDR31BP560B(
CDR31BP620B(
CDR31BP680B(
CDR31BP750B(
CDR31BP820B(

(1) To complete Part Number for Dielectric, insert P or X symbol

(2) To complete Part Number for Dielectric, insert G or X symbol. (“G” for Military “BP,” or “X” for Military “BX.”)

(3) To complete Part Number, insert Capacitance Tolerance Symbol (when applicable) as available in MIL-PRF-55681: B — +0.1 pF, C —
- +20%. NOTE: Available tolerances are listed in columns above.
R -0.01%; S -.001%.

D - +0.5pF, F - 1%, J
(4) To complete Part Number, insert Failure Rate Symbol: M —1.0%;

Note: All MIL-PRF-55681 and KEMET Part Numbers tabulated above assume use of Solderguard Il (MIL-PRF-55681 “W”; KEMET “C”) end metal-
ization. If MIL-PRF-55681 “U” or “S” (KEMET “H”) or MIL-PRF-55681 “Y” (KEMET “C”) is required, please change designators accordingly.

88

-+5%, K- +10%, M

P -0.1%;

MARKING
See page 90 for MIL-PRF-55681 Marking

91 | FJK 00805N910(3)1G( )C CDR31BP910B(3)W(4)
100 | FJK C0805N101(3)1G(4)C CDR31BP101B(3)W(4)
110 | FJK C0805N111(3)1G(4)C CDR31BP111B(3)W(4)
120 | FJK C0805N121(3)1G(4)C CDR31BP121B(3)W(4)
130 | FJK C0805N131(3)1G(4)C CDR31BP131B(3)W(4)
150 | FJK C0805N151(3)1G(4)C CDR31BP151B(3)W(4)
160 | FJK C0805N161(3)1G(4)C CDR31BP161B(3)W(4)
180 | FJK C0805N181(3)1G(4)C CDR31BP181B(3)W(4)
200 | FJK C0805N201(3)1G(4)C CDR31BP201B(3)W(4)
220 | FJK C0805N221(3)1G(4)C CDR31BP221B(3)W(4)
240 | FJK C0805N241(3)1G(4)C CDR31BP241B(3)W(4)
270 | FJK C0805N271(3)1G(4)C CDR31BP271B(3)W(4)
300 | FJK C0805N301(3)1G(4)C CDR31BP301B(3)W(4)
330 | FJK C0805N331(3)1G(4)C CDR31BP331B(3)W(4)
360 | FJK C0805N361(3)1G(4)C CDR31BP361B(3)W(4)
390 | FJK C0805N391(3)1G(4)C CDR31BP391B(3)W(4)
430 | FJK C0805N431(3)1G(4)C CDR31BP431B(3)W(4)
470 | FJK C0805N471(3)1G(4)C CDR31BP471B(3)W(4)

50 Volt — BP — C0805 SIZE (MILITARY CDR31)
510 | FJK C0805N511(3)5G(4)C CDR31BP511A(3)W(4)
560 | FJK C0805N561(3)5G(4)C CDR31BP561A(3)W(4)
620 | FJK C0805N621(3)5G(4)C CDR31BP621A(3)W(4)
680 | FJK C0805N681(3)5G(4)C CDR31BP681A(3)W(4)

100 Volt — BX — C0805 SIZE (MILITARY CDR31)
470 | KM C0805N471 (3)1X(4)C CDR31BX471B(3)W(4)
560 | KM C0805N561(3)1X(4)C CDR31BX561B(3)W(4)
680 | KM C0805N681(3)1X(4)C CDR31BX681B(3)W(4)
820 | KM C0805N821(3)1X(4)C CDR31BX821B(3)W(4)
1,000 | KM C0805N102(3)1X(4)C CDR31BX102B(3)W(4)
1,200 | KM C0805N122(3)1X(4)C CDR31BX122B(3)W(4)
1,500 | KM C0805N152(3)1X(4)C CDR31BX152B(3)W(4)
1,800 | KM C0805N182(3)1X(4)C CDR31BX182B(3)W(4)
2,200 | KM C0805N222(3)1X(4)C CDR31BX222B(3)W(4)
2,700 | KM C0805N272(3)1X(4)C CDR31BX272B(3)W(4)
3,300 | KM C0805N332(3)1X(4)C CDR31BX332B(3)W(4)
3,900 | KM C0805N392(3)1X(4)C CDR31BX392B(3)W(4)
4700 | KM C0805N472(3)1X(4)C CDR31BX472B(3)W(4)

50 Volt — BX — C0805 SIZE (MILITARY CDR31)
5600 | KM C0805N562(3)5X(4)C CDR31BX562A(3)W(4)
6,800 | KM C0805N682(3)5X(4)C CDR31BX682A(3)W(4)
8,200 | KM C0805N822(3)5X(4)C CDR31BX822A(3)W(4)
10,000 | KM C0805N103(3)5X(4)C CDR31BX103A(3)W(4)
12,000 | KM C0805N123(3)5X(4)C CDR31BX123A(3)W(4)
15,000 | KM C0805N153(3)5X(4)C CDR31BX153A(3)W(4)
18,000 | KM C0805N183(3)5X(4)C CDR31BX183A(3)W(4)

- as defined by Military specification.
+0.25 pF.
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CERAMIC CHIP/MIL-PRF-55681

Established Reliability

RATINGS & PART NUMBER REFERENCE

KEMET

cl‘,‘,f- | AvAL- | KEMET CAPACITORS R oot cl‘,‘,f- | AL | KEMET CAPACITORS R oot
100 Volt — BP — C1206 SIZE (MILITARY CDR32) 100 Volt — BP — C1206 SIZE (MILITARY CDR32)
10 | BC C1206N109(3 )1(;( )C | CDR32BP1ROB(3)W(4) 110 | FJK | C1206N111(3 )1(;( )C | CDR32BP111B(3)W(4)
11 C C1206N119(3)1G(4)C | CDR32BP1R1B(3)W(4) 120 | FJK | C1206N121(3)1G(4)C | CDR32BP121B(3)W(4)
12 | BC C1206N129(3)1G(4)C | CDR32BP1R2B(3)W(4) 130 | FJ,K | C1206N131(3)1G(4)C | CDR32BP131B(3)W(4)
13 | BC C1206N139(3)1G(4)C | CDR32BP1R3B(3)W(4) 150 | FJ,K | C1206N151(3)1G(4)C | CDR32BP151B(3)W(4)
15 | BC C1206N159(3)1G(4)C | CDR32BP1R5B(3)W(4) 160 | FJ,K | C1206N161(3)1G(4)C | CDR32BP161B(3)W(4)
16 | BC C1206N169(3)1G(4)C | CDR32BP1R6B(3)W(4) 180 | FJ,K | C1206N181(3)1G(4)C | CDR32BP181B(3)W(4)
18 | BC C1206N189(3)1G(4)C | CDR32BP1R8B(3)W(4) 200 | FJK | C1206N201(3)1G(4)C | CDR32BP201B(3)W(4)
20 | BC C1206N209(3)1G(4)C | CDR32BP2ROB(3)W(4) 220 | FJK | C1206N221(3)1G(4)C | CDR32BP221B(3)W(4)
22 | BC C1206N229(3)1G(4)C | CDR32BP2R2B(3)W(4) 240 | FJK | C1206N241(3)1G(4)C | CDR32BP241B(3)W(4)
24 | BC C1206N249(3)1G(4)C | CDR32BP2R4B(3)W(4) 270 | FJK | C1206N271(3)1G(4)C | CDR32BP271B(3)W(4)
27 | BCD | C1206N279(3)1G(4)C | CDR32BP2R7B(3)W(4) 300 | FJK | C1206N301(3)1G(4)C | CDR32BP301B(3)W(4)
30 | BCD | C1206N309(3)1G(4)C | CDR32BP3ROB(3)W(4) 330 | FJK | C1206N331(3)1G(4)C | CDR32BP331B(3)W(4)
3.3 | BCD | C1206N339(3)1G(4)C | CDR32BP3R3B(3)W(4) 360 | FJK | C1206N361(3)1G(4)C | CDR32BP361B(3)W(4)
36 | BCD | C1206N369(3)1G(4)C | CDR32BP3R6B(3)W(4) 390 | FJ,K | C1206N391(3)1G(4)C | CDR32BP391B(3)W(4)
39 | BCD | C1206N399(3)1G(4)C | CDR32BP3R9B(3)W(4) 430 | FJK | C1206N431(3)1G(4)C | CDR32BP431B(3)W(4)
43 | BCD | C1206N439(3)1G(4)C | CDR32BP4R3B(3)W(4) 470 | FJK | C1206N471(3)1G(4)C | CDR32BP471B(3)W(4)
47 | BCD | C1206N479(3)1G(4)C | CDR32BP4R7B(3)W(4) 510 | FJK | C1206N511(3)1G(4)C | CDR32BP511B(3)W(4)
51 | B,C,D | C1206N519(3)1G(4)C | CDR32BP5R1B(3)W(4) 560 | FJK | C1206N561(3)1G(4)C | CDR32BP561B(3)W(4)
56 | BCD | C1206N569(3)1G(4)C | CDR32BP5R6B(3)W(4) 620 | FJK | G1206N621(3)1G(4)C | GDR32BP621B(3)W(4)
6.2 | BCD | C1206N629(3)1G(4)C | CDR32BP6R2B(3)W(4) 680 | FJK | C1206N681(3)1G(4)C | CDR32BP681B(3)W(4)
6.8 | B,CD | C1206N689(3)1G(4)C | CDR32BPGR8B(3)W(4) 750 | FJK | C1206N751(3)1G(4)C | CDR32BP751B(3)W(4)
75 | BCD | C1206N759(3)1G(4)C | CDR32BP7R5B(3)W(4) 820 | FJK | C1206N821(3)1G(4)C | CDR32BP821B(3)W(4)
8.2 | BCD | C1206N829(3)1G(4)C | CDR32BP8R2B(3)W(4) 910 | FJK | C1206N911(3)1G(4)C | CDR32BP911B(3)W(4)
91 | BCD | C1206N919(3)1G(4)C | CDR32BP9R1B(3)W(4) 1,000 | FJK | C1206N102(3)1G(4)C | CDR32BP102B(3)W(4)
10 | FJK C1206N100(3)1G(4)C | CDR32BP100B(3)W(4) 50 Volt — BP — C1206 SIZE (MILITARY CDR32)
11| FJK | G1206N110(3)1G(4)C | CDR32BP110B(3)W(4) 1,100 | FJK | C1206N112(3)5G(4)C | CDR32BP112A(3)W(4)
12 | FJK | C1206N120(3)1G(4)C | CDR32BP120B(3)W(4) 1,200 | FJK | C1206N122(3 )5(;(4)0 CDR32BP122A(3)W(4)
13 | FJK | C1206N130(3)1G(4)C | CDR32BP130B(3)W(4) 1,300 | FJK | C1206N132(3)5G(4)C | CDR32BP132A(3)W(4)
15 | FJK | C1206N150(3)1G(4)C | CDR32BP150B(3)W(4) 1,500 | FJK | C1206N152(3)5G(4)C | CDR32BP152A(3)W(4)
16 | FJK | C1206N160(3)1G(4)C | CDR32BP160B(3)W(4) 1,600 | FJK | C1206N162(3)5G(4)C | CDR32BP162A(3)W(4)
18 | FJ,K | C1206N180(3)1G(4)C | CDR32BP180B(3)W(4) 1,800 | FJK | C1206N182(3)5G(4)C | CDR32BP182A(3)W(4)
20 | FJK | C1206N200(3)1G(4)C | CDR32BP200B(3)W(4) 2,000 | FJK | C1206N202(3)5G(4)C | CDR32BP202A(3)W(4)
22 | FJK | C1206N220(3)1G(4)C | CDR32BP220B(3)W(4) 2,200 | FJK | C1206N222(3)5G(4)C | CDR32BP222A(3)W(4)
24 | FJK | C1206N240(3)1G(4)C | CDR32BP240B(3)W(4) 100 Volt — BX — C1206 SIZE (MILITARY CDR32)
27 | FJK | C1206N270(3)1G(4)C | CDR32BP270B(3)W(4) 4,700 | KM C1206N472(3)1X(4)C CDR32BX472B(3)W(4)
30 | FJK | C1206N300(3)1G(4)C | CDR32BP300B(3)W(4) 5600 | KM | C1206N562(3)1X(4)C | CDR32BX562B(3)W(4)
33 | FJK | C1206N330(3)1G(4)C | CDR32BP330B(3)W(4) 6,800 | KM | C1206N682(3)1X(4)C | CDR32BX682B(3)W(4)
36 | FJK | C1206N360(3)1G(4)C | CDR32BP360B(3)W(4) 8,200 | KM | C1206N822(3)1X(4)C | CDR32BX822B(3)W(4)
39 | FJK | C1206N390(3)1G(4)C | CDR32BP390B(3)W(4) 10,000 | KM | C1206N103(3)1X(4)C | CDR32BX103B(3)W(4)
43 | FJK | C1206N430(3)1G(4)C | CDR32BP430B(3)W(4) 12,000 | KM | C1206N123(3)1X(4)C | CDR32BX123B(3)W(4)
47 | FJK | C1206N470(3)1G(4)C | CDR32BP470B(3)W(4) 15,000 | KM | C1206N153(3)1X(4)C | CDR32BX153B(3)W(4)
5| HE | Smenian | oM ot S G Ay ot
J, 18,000 | KM | C1206N183(3)5X(4)C | CDR32BX183A(3)W(4
62 | FJK C1206N620(3)1G(4)C | CDR32BP620B(3)W(4) 22,000 | KM C1206N223Eg E4;c CDR328X223AE3§W§4%
68 | FJ,K | C1206N680(3)1G(4)C | CDR32BP680B(3)W(4) 27,000 | KM | C1206N273(3)5X(4)C | CDR32BX273A(3)W(4)
75 | FJK C1206N750(3)1G(4)C | CDR32BP750B(3)W(4) 33,000 | KM | C1206N333(3)5X(4)C CDR32BX333A(3)W(4)
82 | FJK | G1206N820(3)1G(4)C | CDR32BP820B(3)W(4) 39,000 | KM | C1206N393(3)5X(4)C | CDR32BX393A(3)W(4)
91 | FJK | C1206N910(3)1G(4)C | CDR32BP910B(3)W(4)
100 | FJK | C1206N101(3)1G(4)C | CDR32BP101B(3)W(4)

(1) To complete Part Number for Dielectric, insert P or X symbol - as defined by Military specification.

(2) To complete Part Number for Dielectric, insert G or X symbol. (“G” for Military “BP,” or “X” for Military “BX.”)

(8) To complete Part Number, insert Capacitance Tolerance Symbol (when applicable) as available in MIL-PRF-55681: B — +0.1 pF, C —
D - +0.5pF, F - £1%, J - £5%, K- +10%, M — +20%. NOTE: Available tolerances are listed in columns above.

(4) To complete Part Number, insert Failure Rate Symbol: M -1.0%; P -0.1%; R -0.01%; S -.001%.

+0.25 pF.

et
c
=
O
=
()]
(3)
©
Yo
S
=)
(/]
Q
S
©
S
<))
(&)

Note: All MIL-PRF-55681 and KEMET Part Numbers tabulated above assume use of Solderguard Il (MIL-PRF-55681 “W”; KEMET “C”) end metaliza-
tion. If MIL-PRF-55681 “U” or “S” (KEMET “H”) or MIL-PRF-55681 “Y” (KEMET “C”) is required, please change designators accordingly.
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KEMET CERAMIC CHIP/MIL-PRF-55681

Established Reliability

RATINGS & PART NUMBER REFERENCE

Cl‘,‘,f - | AVAIL. | KEMET CAPACITORS | PR Sod C",‘,f - | AVAIL. | KEMET CAPACITORS | N PR Sood

100 VoIt — BP — C1210 SIZE (MILITARY CDR33) 100 VoIt — BX — C1812 SIZE (MILITARY CDR34)
1,000 [ FJK | C1210N102(3 )1G( )C | CDR33BP102B(3)W(4) 27,000 KM [C1812N273(3)1X(4)C | CDR34BX273B(3)W(4)
1,100 | FJK | C1210N112(3)1G(4)C | CDR33BP112B(3)W(4) 33,000 KM |C1812N333(3)1X(4)C | CDR34BX333B(3)W(4)
1,200 | FJK | C1210N122(3)1G(4)C | CDR33BP122B(3)W(4) 39,000| KM |C1812N393(3)1X(4)C | CDR34BX393B(3)W(4)
1,300 | FJK | C1210N132(3)1G(4)C | CDR33BP132B(3)W(4) 47,000| KM |C1812N473(3)1X(4)C | CDR34BX473B(3)W(4)
1,500 | FJK | C1210N152(3)1G(4)C | CDR33BP152B(3)W(4) 56,000 | KM |C1812N563(3)1X(4)C | CDR34BX563B(3)W(4)
S| | honmane | S solan =51 €12 S WLTAR: o

; s 100,000] KM  [C1812N104(3)5X(4)C | CDR34BX104A(3)W(4
2,000 | FJ,K | C1210N202(3)1G(4)C CDR33BP202B(3)W(4) 120,000 KM C1 812N12453§5X§43C CDR34BX1 24AE ;WE“;
2200 | FJK | C1210N222(3)1G(4)C | CDR33BP222B(3)W(4) 150,000 KM  |C1812N154(3)5X(4)C | CDR34BX154A(3)W(4)

50 Volt — BP — C1210 SIZE (MILITARY CDR33) 180,000 KM | C1812N184(3)5X(4)C CDR34BX184A(3)W(4)
2700 | EIK | CizloNo72(3)56416 | CRasBPaTnaWLe) 190 Vol — BP — £1525 SIZE (WL TARY CDASS)

: o, 4700 | FJK [C1825N472(3)1G(4)C | CDR35BP472B(3)W(4)
3,000 | FJK | C1210N302(3)5G(4)C | CDR33BP302A(3)W(4) 5100 | FJK [C1825N512(3)1G(4)C | CDR35BP512B(3)W(4)
3300 | FJK | C1210N332(3)SG(4)C | CDR33BP332A(3)W(4) 5600 | FJK |C1825N562(3)1G(4)C | CDR35BP562B(3)W(4)

100 Volt — BX — C1210 SIZE (MILITARY CDR33) 6,200 | FJK [C1825N622(3)1G(4)C | CDR35BP622B(3)W(4)
15,000] KM | C1210N153(3)1X(4)C | CDR33BX153B(3)W(4) 6,800 | FJK |C1825N682(3)1G(4)C | CDR35BP682B(3)W(4)
18,000 KM | C1210N183(3)1X(4)C | CDR33BX183B(3)W(4) 7500 | FJK [C1825N752(3)1G(4)C | CDR35BP752B(3)W(4)
22,000 KM | C1210N223(3)1X(4)C | CDR33BX223B(3)W(4) 8,200 | FJK |C1825N822(3)1G(4)C | CDR35BP822B(3)W(4)
27,000 KM | C1210N273(3)1X(4)C_ | CDR33BX273B(3)W(4) 9100 | FJK [C1825N912(3)1G(4)C | CDR35BP912B(3)W(4)

50 Volt — BX — C1210 SIZE (MILITARY CDR33) 10,000 FJK |[C1825N103(3)1G(4)C CDR35BP103B(3)W(4)
39,000{ KM | C1210N393(3)5X(4)C CDR33BX393A(3)W(4) 50 Volt — BP — C1825 SIZE (MILITARY CDR35)
47,000| KM | C1210N473(3)5X(4)C | CDR33BX473A(3)W(4) 11,000] FJK [C1825N113(3)5G(4)C | CDR35BP113A(3)W(4)
56,000 KM | C1210N563(3)5X(4)C | CDR33BX563A(3)W(4) 12,000 FJK |C1825N123(3)5G(4)C | CDR35BP123A(3)W(4)
68,000| KM | C1210N683(3)5X(4)C | CDR33BX683A(3)W(4) 13,000| FJK |C1825N133(3)5G(4)C | CDR35BP133A(3)W(4)
82,000 KM | C1210N823(3)5X(4)C | CDR33BX823A(3)W(4) 15,000| FJK |C1825N153(3)5G(4)C | CDR35BP153A(3)W(4)
100,000 KM | C1210N104(3)5X(4)C | CDR33BX104A(3)W(4) 16,000 FJK |C1825N163(3)5G(4)C | CDR35BP163A(3)W(4)

100 Yol - BP — C1812 SIZE (MILITARY CDRSA) 20000| FUK |c12oN20356(41C | CDRaSBR2OBACIL)
2200 | FJK | C1812N222(3)1G(4)C | CDR34BP222B(3)W(4 ; o
2400 | FJK C1812N242§331GE4;C CDR34BP24ZBE3;WE4; 22,000 FJ.K |C1825N223(3)5G(4)C CDR35BP223A(3)W(4)
2,700 | FJK | C1812N272(3)1G(4)C CDR34BP272B(3)W(4) 100 Volt — BX — C1825 SIZE (MILITARY CDR35)
3,000 | FJK | C1812N302(3)1G(4)C | CDR34BP302B(3)W(4) 56,000 KM |C1825N563(3)1X(4)C | CDR35BX563B(3)W(4)
3,300 | FJK | C1812N332(3)1G(4)C | CDR34BP332B(3)W(4) 68,000 KM |C1825N683(3)1X(4)C | CDR35BX683B(3)W(4)
3,600 | FJK | C1812N362(3)1G(4)C | CDR34BP362B(3)W(4) 82,000 KM [C1825N823(3)1X(4)C | CDR35BX823B(3)W(4)
3,900 | FJK | C1812N392(3)1G(4)C | CDR34BP392B(3)W(4) 100,000 KM |C1825N104(3)1X(4)C | CDR35BX104B(3)W(4)
4300 | FJK | C1812N432(3)1G(4)C | CDR34BP432B(3)W(4) 120,000 KM  |C1825N124(3)1X(4)C | CDR35BX124B(3)W(4)
4700 | FJK | C1812N472(3)1G(4)C_| CDR34BP472B(3)W(4) 150,000 KM | C1825N154(3)1X(4)C_ | CDR35BX154B(3)W(4)

50 Volt — BP — C1812 SIZE (MILITARY CDR34) 50 Volt — BX — C1825 SIZE (MILITARY CDR35)

5100 | FJK | C1812N512(3)5G(4)C | CDR34BP512A(3)W(4) 180,000 KM [C1825N184(3)5X(4)C | CDR35BX184A(3)W(4)
5600 | FJK | C1812N562(3)5G(4)C | CDR34BP562A(3)W(4) 220,000 KM [C1825N224(3)5X(4)C | CDR35BX224A(3)W(4)
6,200 | FJK | C1812N622(3)5G(4)C | CDR34BP622A(3)W(4) 270,0000 KM |C1825N274(3)5X(4)C | CDR35BX274A(3)W(4)
6,800 | FJK | C1812N682(3)5G(4)C | CDR34BP682A(3)W(4) 330,000 KM [C1825N334(3)5X(4)C | CDR35BX334A(3)W(4)
7500 | FJK | C1812N752(3)5G(4)C | CDR34BP752A(3)W(4) 390,000 KM [C1825N394(3)5X(4)C | CDR35BX394A(3)W(4)
8,200 | FJK | C1812N822(3)5G(4)C | CDR34BP822A(3)W(4) 470,0000 KM |C1825N474(3)5X(4)C | CDR35BX474A(3)W(4)
9100 | FJK | C1812N912(3)5G(4)C | CDR34BP9I12A(3)W(4)

10,000 FJK | C1812N103(3)5G(4)C | CDR34BP103A(3)W(4)

(1) To complete Part Number for Dielectric, insert P or X symbol - as defined by Military specification.

(2) To complete Part Number for Dielectric, insert G or X symbol. (“G” for Military “BP,” or “X” for Military “BX.”)

(8) To complete Part Number, insert Capacitance Tolerance Symbol (when applicable) as available in MIL-PRF-55681: B — +0.1 pF, C — +0.25 pF,
D - +0.5pF, F - +1%, J - +5%, K- +10%, M — +20%. NOTE: Available tolerances are listed in columns above.

(4) To complete Part Number, insert Failure Rate Symbol: M —1.0%; P -0.1%; R -0.01%; S —.001%.

Note: All MIL-PRF-55681 and KEMET Part Numbers tabulated above assume use of Solderguard Il (MIL-PRF-55681 “W”; KEMET “C”) end metal-
ization. If MIL-PRF-55681 “U” or “S” (KEMET “H”) or MIL-PRF-55681 “Y” (KEMET “C”) is required, please change designators accordingly.

MIL-PRF-55681 MAXIMUM INDIVIDUAL PACKAGING QUANTITIES

BULK - BULK -
CHIP BULK - |ANTI-STATIC| CHIP BULK - |ANTI-STATIC
SIZE | REELED |STD BAG BAG SIZE | REELED |STD BAG BAG
C0805 2,500 25,000 10,000 C1808 2,500 7,500 3,000
C1206 2,500 25,000 10,000 C1812 1,100 7,500 3,000
C1210 2,500 25,000 10,000 C1825 1,100 7,500 1,000
C1805 2,500 7,500 3,000 C2225 1,100 5,000 1,000

MIL-PRF-55681 chips available in 7" reels only.
90 ©KEMET Electronics Corporation, P.O. Box 5928, Greenville, S.C. 29606, (864) 963-6300



CERAMIC CHIP CAPACITORS
KEMET Packaging Information

Tape & Reel Packaging KEMET offers Multilayer Ceramic Chip Capacitors
packaged in 8mm and 12mm plastic tape on 7" and
13" reels in accordance with EIA standard 481-1:
Taping of surface mount components for automatic
handling. This packaging system is compatible with all
tape fed automatic pick and place systems. See page 777
for details on reeling quantities for commercial chips
and page 90 for MIL-PRF-55681 chips.

‘\\\\‘\\-‘\@ﬁ%\\\ Antl-StEé‘r:Zczesjd Carrier* : : :

&mﬁ\“’ 0‘\\\‘@\@ 0402 and 0603 case sizes Chip Orientation

TN \;\\\\\.ﬁn« S - in Pocket

S (\:\_\w R v available on punched paper only.  (gxcept 1825 Commercial, and 1825 & 2225 Military)

L

Embossment

(.315+.012")
or

or 12mm .30

330mm (13.00") (.472 £.012")

Anti-Static Cover Tape

178mm (7.00") (.10mm (.004") Max Thickness)

* Punched paper carrier used for 0402 and 0603 case size.

SURFACE MOUNT LAND DIMENSIONS - CERAMIC CHIP CAPACITORS - MM

Grid Reflow Solder Wave Solder
Placement Dimension | Z | G | X |Y(ref)|cref)| z | G | X |Y(ref)| Smin
Cou rtyard 0402 2.14| 0.28 | 0.74 [ 0.93 | 1.21 Not Recommended
0603 2.78| 0.68 | 1.08 |1.05 | 1.73 3.18 [0.68 | 0.80 | 1.25 | 1.93
«— C—> 0805 3.30| 0.70 | 1.60 | 1.30 | 2.00 3.70 {0.70|1.10 | 1.50 | 2.20
- - 1206 450| 1.50 | 2.00 | 1.50 | 3.00 490 [1.50|1.40 | 1.70 | 3.20
T 1 1210 450| 1.50 | 2.90 [ 1.50 | 3.00 490 |1.50|2.00 | 1.70 | 3.20
T 1 1 1812 590 2.30 | 3.70 | 1.80 | 4.10
X! + 1 1825 590|230 | 6.90 |1.80 | 4.10
l 1 1 2220 7.00| 3.30 | 5.50 | 1.85| 5.15 Not Recommended
1 1 2225 7.00| 3.30 | 6.80 | 1.85| 5.15
- Tr -==d4-4d Calculation Formula
Rl Chmg AV Z=Lmin + 2Jt + Tt
G =Smax - 2Jh -Th
—Z —> X = Wmin + 2Js + Ts

Tt, Th, Ts = Combined tolerances
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TANTALUM, CERAMIC AND @
ALUMINUM CHIP CAPACITORS KEMET

Packaging Information
Performance Notes

1. Cover Tape Break Force: 1.0 Kg Minimum.
2. Cover Tape Peel Strength: The total peel strength of the cover tape from the carrier tape shall be:
Tape Width Peel Strength
8 mm 0.1 Newton to 1.0 Newton (10g to 100g)
12 mm 0.1 Newton to 1.3 Newton (10g to 130g)

The direction of the pull shall be opposite the direction of the carrier tape travel. The pull angle of the carrier
tape shall be 165° to 180° from the plane of the carrier tape. During peeling, the carrier and/or cover tape
shall be pulled at a velocity of 300 +10 mm/minute.

3. Reel Sizes: Molded tantalum capacitors are available on either 180 mm (7") reels (standard) or 330 mm (13")
reels (with C-7280). Note that 13” reels are preferred.

4. Labeling: Bar code labeling (standard or custom) shall be on the side of the reel opposite the sprocket holes.
Refer to EIA-556.

Embossed Carrier Tape Configuration: Figure 1

» T, < |<7 p0 _}H_ 10 pitches cumulative

tolerance on tape
| | +0.2 (+0.008)
< v

g

1> T Deformation *| DO |<_
between
embossments

Top
Tape
| Cover

B, 4| kK,

> P,

4 ~ R N -
H- ~ |\\1
— | '
< T, Embossment |€«—P,—> Center lines D, For
(F)°'| Tlapel 'Z‘?edeDr Rf?fe’e”ce Max. Cavity Size of cavity Components
nyincucing Lrat- - yser Direction of Feed Jm»=  See Note 4 2.0mm X 1.2mm
Concentric Around B0 Table 1 and larger

Table 1 — EMBOSSED TAPE DIMENSIONS (Metric will govern)

Constant Dimensions — Millimeters (Inches)

Tape Size D, E P, P, TMax | T, Max
8 mm 1.5 1.75 £0.10 4.0 £0.10 2.0 £0.05 0.600 0.100
and +0.10-0.0
12 mm (0.059 (0.069 +£0.004) | (0.157 £0.004) | (0.079 +0.002) | (0.024) | (0.004)
+0.004, -0.0)
Variable Dimensions — Millimeters (Inches)
Tape Size Pitch B, Max. | D, Min. F P, R Min. | T, Max w A,BK,
Note 1 Note 2 Note 3 Note 4
8 mm Single 4.4 1.0 3.5 £0.05 4.0 £0.10 25.0 2.5 8.0 £0.30
(4 mm)

(0.173) | (0.039)| (0.138 +0.002) | (0.157 £0.004) | (0.984) | (0.098)| (.315 +0.012)

12 mm Double 8.2 1.5 5.5 +0.05 8.0 +0.10 30.0 4.6 12.0 +0.30
(8 mm) (0.323) | (0.059)| (0.217 £0.002) | (0.315 +0.004) | (1.181) | (0.181)| (0.472 £0.012)

NOTES

. B1 dimension is a reference dimension for tape feeder clearance only.

2. The embossment hole location shall be measured from the sprocket hole controlling the location of the embossment. Dimensions of
embossment location and hole location shall be applied independent of each other.

3. Tape with components shall pass around radius “R” without damage (see sketch A). The minimum trailer length (Fig. 2) may require
additional length to provide R min. for 12 mm embossed tape for reels with hub diameters approaching N min. (Table 2)

4. The cavity defined by A,, B,, and K, shall be configured to surround the part with sufficient clearance such that the chip does not pro-

trude beyond the sealing plane of the cover tape, the chip can be removed from the cavity in a vertical direction without mechanical

restriction, rotation of the chip is limited to 20 degrees maximum in all 3 planes, and lateral movement of the chip is restricted to 0.5 mm

maximum in the pocket (not applicable to vertical clearance.)

©KEMET Electronics Corporation, P.O. Box 5928, Greenville, S.C. 29606, (864) 963-6300 93
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KEMET

Packaging Information

Embossed Carrier Tape Configuration (cont.)

Sketch A:
Bending Radius
See Note 3

Sketch B: Max.
Component Rotation
Front Cross Sectional View

10°

Table 1
Sketch D: Tape Camber (Top View)

I ——

TANTALUM, CERAMIC AND
ALUMINUM CHIP CAPACITORS

Maximum
\ 10° component rotation.

Typical
component
center line

Sketch C: Max.
Component Rotation
Top View

¢ 1mm (0.039) Max.

e

250mm (9.843) — 3|

Allowable camber to be 1 mm/250 mm.

Carrier Tape

/ START
i Trailer »|<«— Components — < 400mm (15.75) Min, >
Top Cover Tape * . et s oy -
160mm (6.30) Min»» I, S— 560mm (22.05) Max >
—— @ User Direction of Feed
Figure 2: A Access Hole
Tape Leader B at slot location
i 40.0 (1.575) m|n (Measured
gi-r[;\r::girons W2 at Hub)
Arbor Hole =
(Metric C K
. . £ L (Hub dia.)
Dimensions A N — - — - —-—-— 2 See Note 3
Will Govern) 4 [ Table 1
) W, (Measured
radius 1 at Hub)
\ 4 Tape Slot in |
core for tape start - W, (Includes flange
*Drive spokes optional, if used 2.5 (.098) min. width — | [« 3 distortion at
asterisked dimensions apply. 10 (:394) min. depth outer edge)
Figure 3: Reel Dimensions (Metric Dimensions will govern)
Table 2 — REEL DIMENSIONS (Metric will govern)
Tape Size A Max B* Min C D* Min N Min W, W, Max w,
8 mm 330.0 1.5 13.0 £ 0.20 20.2 50.0 8.4 14.4 7.9 Min
(12.992) (0.059) |(0.512 +0.008) | (0.795) (1.969) +1.5,-0.0 (0.567) (0.311)
See (0.331 10.9 Max
Note 3 +0.059, -0.0) (0.429)
12 mm 330.0 1.5 13.0 £ 0.20 20.2 Table 1 12.4 18.4 11.9 Min
(12.992) (0.059) |(0.512 +£0.008) | (0.795) +2.0,-0.0 (0.724) (0.469)
(0.488 15.4 Max
+0.078, -0.0) (0.606)

94
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CERAMIC CHIP CAPACITORS

Packaging Information

KEMET

Punched Carrier (Paper Tape) Configuration (Ceramic Chips Only):
!47 Po 4»!¢ 10 pitches cumulative

tolerance on tape
$|_|¢T *' Do <« | > P |¢

+0.2 (+0.008)
| '
Top @ T T @‘ - J._ -
f Tape |

Cover A

Botts 0 '
e AT R

Cover ; |

' L 2
| S~
—>{l<T, I‘* P, Center lines +

Max. Cavity Size of cavity

i i See Note 1
User Direction of Feed I b

Table 1: 8 & 12mm Punched Tape
(Metric Dimensions Will Govern)
Constant Dimensions - Millimeters (Inches)

ggg Do E Po Py Ty Gy G, R Min.
8mm 1.5 1.75+0.10 4.0+0.10 2.0+ 0.05 0.10 | 0.75 | 0.75 | 25(.984)
and | +0.10, -0.0 (.004)| (.030)| (.030)| See Note 2
12mm| (059  |(.069 +0.004) | (.157 + 0.004)|(.079 + 0.002) | Max. | Min. | Min. | Table 1
+0.004, -0.0)

Table 1: 8 & 12mm Punched Tape
(Metric Dimensions Will Govern)

Variable Dimensions - Millimeters (Inches)

Tape
Sige P4 F w AgBg T
8mm 2.0+0.10 1.1mm (.043)
1/2 (079 i004) Max. for Paper
; : 3.5+0.05 8.0+0.3 See Note 1 :
Pitch SeemF;%cigwe- Table 1 Base Tape and
Section 3.3 (d) (.138 £.002) (.315£0.012) ,1Vi6mrfn (.’C\)163)
ax. for Non-
8mm 4.0+0.10 Paper Base
+
(0.157 £ .004) Compositions.
12mm 4.0+0.10 See Note 3.
(0.157 +.004) | 5.5%0.05 12.0+£0.3
12mm | 8.0+0.10 |(217+.002) (472 +.012)
Double | (0.315 +.004)
Pitch
Note:

1. Ag, Bp and T determined by the maximum dimensions to the ends of the terminals extending from the
body and/or the body dimensions of the component. The clearance between the ends of the terminals or
body of the component to the sides and depth of the cavity (Ag, Bg and T) must be within 0.05mm (.002)
minimum and 0.50mm (.020) maximum. The clearance allowed must also prevent rotation of the component
within the cavity of not more than 20 degrees (see sketches A and B).

2. Tape with components shall pass around radius "R" without damage.

3. KEMET nominal thicknesses are: 0402 = 0.6mm and all others 0.95mm minimum.

Sketch C:
Sketch B: Component Rotation - Top View
Maxi
Sketch A: Z{Vﬁn-) Nllqao);agc?r:n_pg%%?t \20°| co%ggl;rennt rotation.
Bending Radius Cross Sectional View T
See Note 2
Table 1

T ‘ Typical
200 component
center line
\‘//

©KEMET Electronics Corporation, P.O. Box 5928, Greenville, S.C. 29606, (864) 963-6300
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KEMET

Bulk Cassette Packaging (Ceramic Chips only)
(Meets Dimensional Requirements IEC-286-6 and EIAJ 7201)

CERAMIC CHIP CAPACITORS

Packaging Information

Table 2 — Capacitance Values Available
In Bulk Cassette Packaging

- Min. | Max.
539 Case Cap | Cap
| 53.3' 2 g@l Uit Size [Dielectric|Voltage |Value | Value
mr— = Reterence 0402 | Al Al | Al | Al
BTN R e [ R 0603 [ Al Al | AL AN
s0sp? 0805 | C0G | 200 | 109 | 181
100 | 109 | 331
50 | 109 | 102
geroenen  KEHEL 1 X7R ?88 gg} ?gg
CUSTOMER P/N CABA3C22BKSGRC SPLeSt 8 ~
R 1k 50 | 221 | 273
AR o=~ ® Sl By
DATE CODE S6158356 *80234521
i T
| P - Y5V 25 | 104 | 224
‘ = ! 16 | 104 | 224
Table 1 — Capacitor Dimensions for Bulk
Cassette Packaging — Millimeters
Metric| EIA Minimum
Size | Size Length Width | Thickness | Bandwidth | Separation Number of
Code | Code L w T B S Pcs/Cassette
1005 | 0402 | 1.0+0.05|0.5+0.05 | 0.5+.05 | 0.2t00.4 0.3 50,000
1608 | 0603 | 1.6+0.07|0.8+0.07 | 0.8+.07 | 0.2t00.5 0.7 15,000
2012 | 0805 [ 2.0+£0.10|1.25+0.10| 0.6+.10 | 0.5t00.75 0.75 10,000
Terminations: KEMET nickel barrier layer with a tin overplate.

CAPACITOR MARKING TABLE
(Marking Optional - Not Available
for 0402 Size or Y5V Dielectric)

Capacitance (pF) For Various Numeral Identifiers

Numeral

0

1

2

3

4

5

6

7

0.10
0.11
0.12
0.13
0.15

10
1
12
13
15

100
110
120
130
150

1000
1100
1200
1300
1500

10,000
11,000
12,000
13,000
15,000

100,000
110,000
120,000
130,000
150,000

1,000,000
1,100,000
1,200,000
1,300,000
1,500,000

10,000,000
11,000,000
12,000,000
13,000,000
15,000,000

0.16
0.18
0.20
0.22
0.24

1
1
1
1
1
1
1

oo wd o

2.0
22
2.4

16
18
20
22
24

160
180
200
220
240

1600
1800
2000
2200
2400

16,000
18,000
20,000
22,000
24,000

160,000
180,000
200,000
220,000
240,000

1,600,000
1,800,000
2,000,000
2,200,000
2,400,000

16,000,000
18,000,000
20,000,000
22,000,000
24,000,000

0.27
0.30
0.33
0.36
0.39

2.7
3.0
3.3
3.6
3.9

27
30
33
36
39

270
300
330
360
390

2700
3000
3300
3600
3900

27,000
30,000
33,000
36,000
39,000

270,000
300,000
330,000
360,000
390,000

2,700,000
3,000,000
3,300,000
3,600,000
3,900,000

27,000,000
30,000,000
33,000,000
36,000,000
39,000,000

0.43
0.47
0.51
0.56
0.62

4.3
4.7
5.1
5.6
6.2

43
47
51
56
62

430
470
510
560
620

4300
4700
5100
5600
6200

43,000
47,000
51,000
56,000
62,000

430,000
470,000
510,000
560,000
620,000

4,300,000
4,700,000
5,100,000
5,600,000
6,200,000

43,000,000
47,000,000
51,000,000
56,000,000
62,000,000

0.68
0.75
0.82
0.91

6.8
75
8.2
9.1

68
75
82
91

680
750
820
910

6800
7500
8200
9100

68,000
75,000
82,000
91,000

680,000
750,000
820,000
910,000

6,800,000
7,500,000
8,200,000
9,100,000

68,000,000
75,000,000
82,000,000
91,000,000

0.25
0.35
0.40
0.45
0.50
0.60
0.70
0.80

0.90

25
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0

25
35
40
45
50
60
70
80
90

250
350
400
450
500
600
700
800

900

2500
3500
4000
4500
5000
6000
7000
8000
9000

25,000
35,000
40,000
45,000
50,000
60,000
70,000
80,000

90,000

250,000
350,000
400,000
450,000
500,000
600,000
700,000
800,000
900,000

2,500,000
3,500,000
4,000,000
4,500,000
5,000,000
6,000,000
7,000,000
8,000,000
9,000,000

25,000,000
35,000,000
40,000,000
45,000,000
50,000,000
60,000,000
70,000,000
80,000,000
90,000,000

96

Laser marking is available as an extra-cost option for
most KEMET ceramic chips. Such marking is two
sided, and includes a K to identify KEMET, followed by
two characters (per EIA-198 - see table below) to
identify the capacitance value. Note that marking is
not available for size 0402 nor for any Y5V chip. In
addition, the 0603 marking option is limited to the K
only.

KA3

Example shown is 1,000 pF capacitor.

©KEMET Electronics Corporation, P.O. Box 5928, Greenville, S.C. 29606, (864) 963-6300



NPO, X5R, X7R, Y5V

ceramic chip capacitors

RoH

COMPLIANT

- Oa\

KOA SPEER ELECTRONICS, INC.

features

+ High Q factor
* Low T.C.C.
+ Available in high capacitance values (up to 100 pF)

* Products with lead-free terminations meet
RoHS requirements

dimensions and construction

L Case Dimensions inches (mm)
A Size L w t (Max.) d
/W 0402 .039+.004 .02+.004 .021 .01+.006
A (1.0£0.1) (0.5%0.1) (0.55) (0.25+0.15)
t 0603 .063+.006 .032+.006 .035 .014+.006
¥ (1.6+0.15) | (0.81%0.15) (0.9) (0.35+0.15)
I«—d->| |<—d->| 0805 .079+.008 | .049+.008 .051 .02+.01 g
Ceramic (2.01£0.2) (1.25+0.2) (1.3) (0.50+0.25) B
1206 .126+.008 .063+.008 .059 .02+.01 0
(3.2+0.2) (1.6x0.2) (1.5) (0.5+0.25) g
1210 .126+.008 .098+.008 .067 .02+.01 @
(3.2+0.2) (2.5+0.2) (1.7) (0.5+0.25) 0
Solder
Plating (Sn)
Ni
Plating
Electrodes = Silver
Metallization
ordering information
NewPart# [ NPO | [ 0805 | | H | | T | | TD | | 101 | | K |
Dielectric Size Voltage Te{nr:tlgla‘aiglon Packaging Capacitance Tolerance
NPO 0402 A =10V T: Sn TP: 7" 2mm pitch NPO, X5R, B: +0.1pF
X5R 0603 C=16V (0402 only) X7R)Y5V: C: +0.25pF
X7R 0805 E =25V TD: 7" paper tape 2 S'gn'ffa”t digits | | p. +0.5pF
" . + no. of zeros.
Y5V 1206 H =50V TE:7 eTbossed plastic “R” indicates F:+1%
1210 | =100V TDB: 13" paper tape decimal point G: 2%
J =200V TEB: 13" embossed plastic J: £5%
K =6.3V K: +10%
M: +20%
Z: +80, -20%

For further information on packaging,

please refer to Appendix B.

Specifications given herein may be changed at any time without prior notice. Please confirm technical specifications before you order and/or use.

6/13/06

KOA Speer Electronics, Inc. - Bolivar Drive « PO. Box 547 + Bradford, PA 16701 « USA - 814-362-5536 * Fax: 814-362-8883 + www.koaspeer.com m
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NPO, X5R, X7R, Y5V

KOA SPEER ELECTRONICS, INC.

applications and ratings

ceramic chip capacitors

. . Capacitance | Capacitance | Voltage | Dissipation Operating Insulation
PIBEELE Range Tolerance* | Ratings Factor e LB Temperature Resistance
A7pF~8.2pF=
C:+0.25pF 16V For Values
047oF . | DoRERB.2PF=] a5y | >B0PF: 01% -55°C  [+25°C 100,000MQ min,
NPO 0'018 F +0.9p 50V Q= 400 + 20pxé 0+ 30 ppm/°C | 1.0 £ 0.2 Vrms to or 1000 MQ - yF min.
D10 10pF~ 100V = +125°C whichever is less
10000pF= 200v | PF=1Q
F:+1%, CisinpF
G:x2%,J:£5%
6.3V = .
o -55°C +25°C 100,000M€2 min.
X5R 0.0880F - | . 1109 6.3V | 7.8% max. | 450 (0VDC)|1.0+ 0.2 Vrms to or 500 MQ - uF min.
22uF 1ov 10V = +85°C whichever is less
10% max.
10V |10V =10% max.
100DF - ;gg 16Vm=a)3('5/° -55°C +25°C 100,000MQ min.
X7R 4 7'2”: K: £10% 50V o5V, 56\/ +15% (0 VDC) [ 1.0 £ 0.2 Vrms to or 1000 MQ - yF min.
100V | 100V = 2.5% +125°C whichever is less
200V max.
100000F - ]% 16VE2SY | s 1080 -30°C +25°C 10,000MQ min.
Y5V b Z: 480, -20% =7.0% ° °11.0+0.2Vrms to or 1000 M - pF min.
22uF 25V max. o ) )
50V 50V = 5.0% +85°C whichever is less

* Special tolerances available, please consult factory.

environmental applications
Insulation Resistance vs Temp.

10000
Iy
<
§ N ~
e , .
% 75U R
2 1000
S S g
£ N T NPO
F
£

100 5RISNX7R

+20 +25  +40 +60 +80 +100
Temperature (°C)

X7R - Temperature Coefficient

+12

1

3 +6 {
)
£ Vi
[ -
& 6 N 7
S 2
2

18

24

-75

Specifications given herein may be changed at any time without prior notice. Please confirm technical specifications before you order and/or use.

-50

25 0

+25 +50 +75 +100 +125

Temperature (°C)

NPO - Temperature Coefficient

X5R - Temperature Coefficient

Typical Capacitance Change ml
Envelope: 0 = 30 ppm/°C

Y5V - Temperature Coefficient

Temperature (°C)

+20

+10

[
]
/

% A Capacitance
o

-65 -35

Temperature (°C)

-15 +5 +25 +45 +65 +85 +105 +125

8 3 +10
g s
£405 £ 45
s g o
8 0»——‘ S /
<05 < 5
ES ET
15
20
55 -35 -15 +5 +25 +45 +65 +85 +105 +125 60 -40 20 0 +20 +40 +60 +80

Temperature (°C)

8/17/07

@ KOA Speer Electronics, Inc. + Bolivar Drive + PO. Box 547 « Bradford, PA 16701 « USA + 814-362-5536 + Fax: 814-362-8883 + www.koaspeer.com



sz::; O A\® NPO, X5R, X7R, Y5V

ceramic chip capacitors
KOA SPEER ELECTRONICS, INC.

NPO capacitance voltage availability

Size 0402* 0603* 0805 1206 1210
Capacitance values 16 25
pF ? pF  Cap. Code LAy © | (B
0.47 R47
0.56 R56
0.68 R68
0.82 R82
1 1RO
1.2 1R2
15 1R5
1.8 1R8
22 2R2
2.7 2R7
33 3R3
3.9 3R9
47 4R7
5.6 5R6
6.8 6R8
8.2 8R2
10 100
12 120
15 150
18 180
22 220
27 270
33 330
39 390
47 470 -
56 560 ]
68 680 »
82 820 -
100 .0001 101 o
120 .00012 121 g
150 .00015 151
180 .00018 181
220 00022 221
270 00027 271

330 .00033 331
390 .00039 391
470 .00047 471
560 .00056 561
680 .00068 681
820 .00082 821

1000 .0010 102
1200 .0012 122
1500 .0015 152
1800 .0018 182
2200 .0022 222
2700 .0027 272

3300 .0033 332
3900 .0039 392
4700 .0047 472
5600 .0056 562

6800 .0068 682
8200 .0082 822
10000 .010 103
12000 .012 123
15000 .015 153
18000 .018 183
22000 .022 223
27000 .027 273
33000 .033 333
39000 .039 393

* IR and vapor phase solder only recommended

Capacitance tolerance available:

A7pF~8.2pF = C: +0.25pF

5.6pF~8.2pF = D: +0.5pF

10pF~10000pF = F: £1%, G: +2%, J: +5%

Specifications given herein may be changed at any time without prior notice. Please confirm technical specifications before you order and/or use. 6/14/07

KOA Speer Electronics, Inc. - Bolivar Drive + PO. Box 547 + Bradford, PA 16701 « USA - 814-362-5536 * Fax: 814-362-8883 + www.koaspeer.com E



'E::ZOA\(D NPO, X5R, X7R, Y5V

ceramic chip capacitors
KOA SPEER ELECTRONICS, INC.

X5R capacitance voltage availability

Size 0402 0603 0805 1206 1210
Capacitance values 6.3 10 16 | 6.3 10 16 25 | 6.3 10 16 25 | 6.3 10 16 25 6.3 10
pF MF (K) [(A) | (C) | (K) | (A) |(C) |(E) [(K) |(A) [(C)|(E) | (KN | (A) | ()| ()| (K| (A)
100
150
220
330
470
680
1000
1200
1500
1800
2200
2700
3300
3900
4700
5600
6800
8200
0.010
0.012
0.015
0.018
0.022
0.027
B 0.033
}g 0.039
0 0.047
& 0.056
0 0.068
0 0.082
0.10
0.12
0.15
0.18
0.22
0.27
0.33
0.47
0.56
0.68
0.82
1.0
1.2
15
1.8
22
33
4.7
6.8
10
22
47
100

Capacitance tolerance available: £10%

Specifications given herein may be changed at any time without prior notice. Please confirm technical specifications before you order and/or use. 1/11/06

E KOA Speer Electronics, Inc. - Bolivar Drive « PO. Box 547 + Bradford, PA 16701 « USA - 814-362-5536 * Fax: 814-362-8883 + www.koaspeer.com



sz:j: O A\® NPO, X5R, X7R, Y5V

ceramic chip capacitors
KOA SPEER ELECTRONICS, INC.

X7R capacitance voltage availability

Size 0402* 0603* 0805 1206 1210

Capacitance values 10 |16 (25 | 50 | 10 | 16 16 | 25 | 50 ({100(200| 10 | 16 | 25 | 50 {100 (200| 50 (100|200
pF HE__ Cap.Code|(A) | (C) | (E) | (H) [ (A) | (C) ©)[E)|H) O [W|A)]C)|E)[H]O[W[H]D]U)
100 .0001 101
120 00012 121
150 00015 151
180 00018 181
220 00022 221
270 00027 271
330 00033 331
390  .00039 391
470 00047 471
560 00056 561
680  .00068 681
820 .00082 821
1000 0010 102
1200 0012 122
1500 0015 152
1800 0018 182
2200 0022 222
2700 .0027 272
3300 0033 332

3900  .0039 392
4700 .0047 472
5600  .0056 562
6800  .0068 682
8200 0082 822 o
10000 .010 103 ] e
12000  .012 123 3
15000 .015 153 5
18000  .018 183 @
22000  .022 223 Q
27000 027 273 T
33000 .033 333
39000  .039 393
47000 047 473
56000  .056 563
68000  .068 683
82000 082 823

100000 100 104

120000  .120 124

150000 .150 154

180000  .180 184

220000 .220 224

270000 .270 274

330000 .330 334

390000 390 394

470000 .470 474

560000 560 564

680000  .680 684

1000000 1.00 105

1200000 1.20 125

1500000  1.50 155

1800000 1.80 185

2200000 220 225

3900000 3.90 395

4700000 4.70 475

* IR and vapor phase solder only recommended
Capacitance tolerance available: +10%

Specifications given herein may be changed at any time without prior notice. Please confirm technical specifications before you order and/or use. 9/09/07

KOA Speer Electronics, Inc. - Bolivar Drive « PO. Box 547 « Bradford, PA 16701 « USA - 814-362-5536 * Fax: 814-362-8883 + www.koaspeer.com E



= O\

KOA SPEER ELECTRONICS, INC.

Y5V capacitance voltage availability

NPO, X5R, X7R, Y5V

ceramic chip capacitors

size 0402* 0603* 0805 1206

Capacitance values 10 16 10 16 25 50 10 16 25 50 10 16 25 50

pF MF__Cap.Code | (A) | (C) | (A) | (©) | (B) | (H | (A | (C) | (E) | (H | (A | (C) | (E) | (H)
2200 0022 222
2700 0027 272
3300 0033 332
390 0039 892
4700 0047 472
5600 0056 562
6800 0068 682
8200 .0082 822
10000 010 103
12000 012 123
15000 015 153
18000 018 183
22000 022 223
27000 027 273
33000 033 333
39000 .039 393
47000 047 473
56000 056 563
68000 .068 683
82000 .082 823
100000 100 104
120000 120 124
150000 150 154
o 180000 180 184
B 220000 220 224
T 270000 270 274
- 330000 330 334
= 390000 390 394
0 470000 470 474
0 560000 560 564
680000 680 684
820000 .820 824
1000000 1.0 105
1200000 1.2 125
1500000 1.5 155
1800000 1.8 185
2200000 2.2 225
2700000 2.7 275
3300000 3.3 335
3900000 3.9 395
4700000 4.7 475
5600000 5.6 565
6800000 6.8 685
10000000 10 106
22000000 22 226

* IR and vapor phase solder only recommended

Capacitance tolerance available: +80, -20%

Specifications given herein may be changed at any time without prior notice. Please confirm technical specifications before you order and/or use.

2/28/06

@ KOA Speer Electronics, Inc. - Bolivar Drive « PO. Box 547 + Bradford, PA 16701 « USA - 814-362-5536 * Fax: 814-362-8883 + www.koaspeer.com



Mutilayer Ceramic Chip Capacitors

e .

=

FEATURES AND APPLICATIONS

Dielectric Features Applications
Ultra-stable LC and RC tuned circuit
NPO Low dissipation factor Filtering l
Tight tolerance available Timing
Good frequency
performance
No aging of capacitance
Semi-stable high K Blocking
High volumetric efficiency Coupling
X7R Highly reliable in high Timing
temperature applications Bypassing
High insulation resistance Frequency discriminating
Filtering
Highest volumetric efficiency Bypassing
YSV Non-polar construction Decoupling
General purpose, high K Filtering
configuration: Nickel-Barrier Terminations:
Termmations (Nickel Barrier|
Electrodes
Silver Metallization
ot P oy
PART NUMBERING SYSTEM
MA 1206 XR 103 K 500
Meritek Series |
Size
Dielectric
CODE CG XR YV
NPO X7R Y5V
Capacitance
CODE 8R2 101 223 104
pF 8.2 100 22000 100000
nF -- 0.1 22 100
uF -- -- 0.022 0.1
Tolerance
CODE Tolerance CODE Tolerance CODE Tolerance
B +.1pF C +.25pF D +.5pF
F +1% G + 2% J +5%
K +10% M +20% Z +80/-20%
For values less than 10 pF C or D tolerance preferred
Rated Voltage
2 significant digits + number of zeros.
Code 006 100 160 250 500 101
6.3V 10V 16V 25V 50V 100V
EIA CASE SIZE 0402 0603 0805 1206 1210 1812 2225
Length (L) 1.0+0.05 | 1.6 £0.15 | 2.0+0.2 3.2+0.2 3.2+0.3 4.5+0.3 5.710.4
Width (W) 0.5+0.05 | 0.8+0.15 | 1.25+0.2 | 1.6 £0.12 2.5+0.3 3.240.3 6.35 +0.25
Max. Thickness (T) 0.60 1.0 1.30 1.50 1.70 1.70 1.78
Termination Width (E) 0.2+0.1 0.4 +0.2 0.5+0.2 0.5+0.2 0.5+0.2 | 0.64 +0.38 | 0.64 +0.38
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MERITEK

ELECTRONICS CORPORATION

Meritek RoHS Compliance Status
Date: September 1, 2005

Series RoHS status Test Report
c . . . CC HV_NPO, CC HV_S., CC HV_XT7R,
apacitors, disc available
CC /HV CC HV_Y5P, CC HV_Y5V, CC HV_Z5U
Capacitors, chip  MAHQ available MA
Capacitors, disc, safety AC/ available AC AH
AH —
Capacitors, Tantalum,chip available TC
TC Bl
Capacitors, Tantalum disc available DT
DT e
Capacitors, mono radial available RD NPO, RD X7R, RD Y5V
RD

Capacitors, mono, axial AD available AD NPO, AD X7R, AD Y5V, AD Z5U

Caps, Al Electrolytic available AE Cap
Caps, film available  [PHMCaD
Resistors, Chip CR, available CR RTA

RTA

Resistors, axial MF/MO/ available MF, MO, CF
CF —
Resistors network RA/RB/ Q3/2005 note2

CN

PETC . MPTH, MPTR30V, MPTRO0V, MPTS1206, MPTS1210,
available
MPTx MPTS1812, MPTS2920



http://www.meritekusa.com/pdf/reports/CC_HV_NPO%20.pdf
http://www.meritekusa.com/pdf/reports/CC_HV_SL.pdf
http://www.meritekusa.com/pdf/reports/CC_HV_X7R.pdf
http://www.meritekusa.com/pdf/reports/CC_HV_Y5P.pdf
http://www.meritekusa.com/pdf/reports/CC_HV_Y5V.pdf
http://www.meritekusa.com/pdf/reports/CC_HV_Z5U.pdf
http://www.meritekusa.com/pdf/reports/MA.pdf
http://www.meritekusa.com/pdf/reports/AC_AH.pdf
http://www.meritekusa.com/pdf/reports/TC.pdf
http://www.meritekusa.com/pdf/reports/DT.pdf
http://www.meritekusa.com/pdf/reports/RD_NPO.pdf
http://www.meritekusa.com/pdf/reports/RD_X7R%20.pdf
http://www.meritekusa.com/pdf/reports/RD_Y5V.pdf
http://www.meritekusa.com/pdf/reports/AD_NPO%20.pdf
http://www.meritekusa.com/pdf/reports/AD_X7R.pdf
http://www.meritekusa.com/pdf/reports/AD_Y5V%20.pdf
http://www.meritekusa.com/pdf/reports/AD_Z5U%20.pdf
http://www.meritekusa.com/pdf/reports/AE%20Cap.pdf
http://www.meritekusa.com/pdf/reports/Film%20cap.pdf
http://www.meritekusa.com/pdf/4a.RoHS%20CR_RTA.pdf
http://www.meritekusa.com/pdf/reports/MF.pdf
http://www.meritekusa.com/pdf/reports/MO.pdf
http://www.meritekusa.com/pdf/reports/CF.pdf
http://www.meritekusa.com/pdf/reports/MPTH.pdf
http://www.meritekusa.com/pdf/reports/MPTR30V.pdf
http://www.meritekusa.com/pdf/reports/MPTR90V.pdf
http://www.meritekusa.com/pdf/reports/MPTS1206.pdf
http://www.meritekusa.com/pdf/reports/MPTS1210.pdf
http://www.meritekusa.com/pdf/reports/MPTS1812.pdf
http://www.meritekusa.com/pdf/reports/MPTS2920.pdf

MOV available MVR
MVR [
Bridge rectifier available Bridge Diode 1, Bridge Diode 2
Diode, TVS leads/SMD available Diode TVS, Diode TVS SMD
Gas Discharge Tube MGT available MGT

Note:

1. No P/N change, green sticker on package and RoHS on each |abel will be used to
distinguish from non-compliant parts

2. Lead free terminations are available

3. RoHS compliant parts will start transition from Q1/2005 and will be completed
by Q4/2005


http://www.meritekusa.com/pdf/reports/MVR.pdf
http://www.meritekusa.com/pdf/reports/Bridge%20Diode%201.pdf
http://www.meritekusa.com/pdf/reports/Bridge%20Diode%202%20.pdf
http://www.meritekusa.com/pdf/reports/Diode_TVS%20.pdf
http://www.meritekusa.com/pdf/reports/Diode_TVS%20SMD%20.pdf
http://www.meritekusa.com/pdf/reports/MGT.pdf

Mutilayer Ceramic Chip Capacitors

MERITEK

NPO CAPACITANCE RANGE CHART

EIA CASE SIZE 0402 0603 0805 1206 1210 1812 2225
Working Voltage 25 | 50 | 25 | 50 | 100 | 50 | 100 | 50 | 100 [ 50 | 100 | 50 | 100 | 50 | 100
Cap 0.5 OR5
(F) 1.0 1RO | | ] I
12 1R2 i | | I
15 1R5
1.8  1R8
22 2R2 i I | I
2.7  2R7 i | | I
3.3  3R3
3.9  3R9
47  4R7 i I | I
56 5R6 i | | I
6.8 6RS
8.2 8R2
10 100 i I | I
12 120 i | | I
15 150
18 180
22 220 i I | I
27 270 i | | I
33 330
39 390
47 470 i I | I
56 560 i | | I
68 680
82 820
100 101 i I | I
120 121 i | | I
150 151
180 181
220 221 i I | I
270 271 i | | I
330 331
390 391
470 47 i I | I
560 561 i | | I
680 681
820 821
1000 102 i I | I
1200 122 | I
1500 152
1800 182
2200 222 |
3300 332
3900 392
4700 472
5600 562
6800 682
8200 822
Cap 0010 103
(WF) 0012 123
0.015 153
0.018 183
0.022 223
0.027 273
0.033 333
0.039 393
0.047 473
0.056 563
0.068 683
0.082 823




Mutilayer Ceramic Chip Capacitors

MERITEK

X7R CAPACITANCE RANGE CHART (0402 to 1206)

EIA CASE SIZE 0402 0603 0805 1206
Working Voltage 10 [ 16 | 25 | 50 | 63 [ 10 | 16 | 25 | 50 [ 63 | 10 | 16 | 25 [ 50 [ 63 | 10 | 16 | 25 | 50
Cap 100 101
(pF) 120 121
150 151
180 181
220 221
270 271
330 331
390 391
470 471
560 561
680 681
820 821
1000 102
1200 122
1500 152
1800 182
2200 222
2700 272
3300 332
3900 392
4700 472
5600 562
6800 682
8200 822
Cap 0.010 103
(WF) 0.012 123
0.015 153
0.018 183
0.022 223
0.027 273
0.033 333
0.039 393
0.047 473
0.056 563
0.068 683
0.082 823
0.10 104
012 124
0.15 154
0.18 184
0.2 224
0.27 274
0.33 334
0.39 394
0.47 474
0.56 564
0.68 684
0.82 824
Cap 1.0 105
(WF) 1.5 155
1.8 185
22 225
2.7 275
3.3 335
3.9 395
4.7 475
56 565 \
6.8 685 [
10.0 106 \
22 226




Mutilayer Ceramic Chip Capacitors

MERITEK

X7R CAPACITANCE RANGE CHART (1210 to 2225)

EIA CASE SIZE 1210 1812 2225
Working Voltage 63 | 10 16 25 50 10 | 16 | 25 [ 50 | 100 25 | 50 [ 100
Cap 1000 102
(pF) 1200 122
1500 152
1800 182
2200 222
2700 272
3300 332
3900 392
4700 472
5600 562
6800 682
8200 822
Cap 0010 103
(WF) 0.012 123
0.015 153
0.018 183
0.022 223
0.027 273
0.033 333
0.039 393
0.047 473
0.056 563
0.068 683
0.082 823
010 104
0.12 124
0.15 154
0.18 184
022 224
027 274
033 334
039 394
0.47 474
0.56 564
0.68 684
0.82 824
Cap 1.0 105
(WF) 15 155
1.8 185
22 225
2.7 275
3.3 335
3.9 395
4.7 475
5.6 565
6.8 685
10.0 106
22 226 [ | [

Other capacitance values, voltages and sizes are available upon request



Mutilayer Ceramic Chip Capacitors

MERITEK

Y5V CAPACITANCE RANGE CHART

EIA CASE SIZE 0402 0603 0805 1206 1210
Working Voltage 10 [ 16 [ 25 | 50 10 [ 16 | 25 [ 50 [ 10 | 16 | 25 | 50 [ 10 [ 16 | 25 | 50
Cap 2200 222
(pF) 2700 272
3300 332
3900 392
4700 472
5600 562
6800 682
8200 822
Cap 0.010 103
(WF) 0.012 123
0.015 153
0.018 183
0.022 223
0.027 273
0.033 333
0.039 393
0.047 473
0.056 563
0.068 683
0.082 823
0.10 104
0.12 124
0.15 154
0.18 184
022 224
0.27 274
0.33 334
0.39 394
0.47 474
0.56 564
0.68 684
0.82 824
Cap 1.0 105
(WF) 1.2 125
1.5 155
1.8 185
22 225
2.7 275
33 335
3.9 395
47 475
5.6 565
6.8 685
10 106
220 226

Other capacitance values, voltages and sizes are available upon request




Mutilayer Ceramic Chip Capacitors

MERITEK

PACKAGING
1. Tape and Reel Package
Taping is in accordance with EIA RS-481 or IEC 286-3

—T—
Reel for Taping

- N

-

G
Unit: mm
Symbol A N C D B* G T
Dimension | 178+ 2.0 50 min. 13.0+05 20 min 2.0 10.0+ 1.5 | 14.9 max.
Vacant Components Vacant

) L f O O C/O ‘<Leader Part |
5l i i (b oo ol (0] 5
[_End n et

180-220 140-180 220-260

(Unit: mm) Direction of Feed

Note: 13” reel available upon request.



Mutilayer Ceramic Chip Capacitors

MERITEK

1.CARDBOARD TAPE DIMENSIONS

2.EMBOSSED TAPE DIMENSIONS

'“TE Feeding r;oée Chip pocket t Feedinghaole  Chip pocket
I / A / / i /
- T A A e A i}
IR N S B So——a—a
M = mim i e L L L ikl
IO T
n IEnEnEyIguynjngn
; ; P
Chip Capacitors il — u Ghip Capacitors polrlp
Direction of Feed L
Unit: mr Unit: mm Direction of Feed
CARDBOARD TAPE
Unit: mm
SYMBOL A B W F E P, P, Po fD t
CODE
0603 1.2540.2 | 2.0510.2
0805 1.65 +0.2 2.4 +0.2 8.0+0.2 | 3.5+0.05 | 1.750.1 4.0 £0.1 2.0+0.05 | 4.0%0.1 | 1.5+0.1/-0 | 1.1 max
1206 2.010.2 3.6+0.2
EMBOSSED TAPE
Unit: mm
SYMBOL A B w F E P, P, Py D t K
CODE
0603 1.6 0.2 2.4 0.2
0805 1.95 0.2 3.6 +0.2 8.0+0.2 | 3.5+0.05 | 1.75+0.1 | 4.040.1 | 2.0+0.05 | 4.0+0.1 | 1.5+0.1/-0 0.3 max 2.0 max
1206 2.8+0.2 3.7 0.2
1812 3.6 £0.2 4902 | 120403 | 55%0.1 | 1.75+0.1 | 8.0+0.1 | 2.0+0.1 | 8.0%0.1 | 1.5+0.1/-0 0.3 max 2.5 max
Standard tape for 0805 and 1206 sizes is cardboard tape.
Embossed tape is only available upon special request.
Standard Package Quantity Per Reel
CHIP SIZE CHIP THICKNESS MAX CARDBOARD TAPE EMBOSSED TAPE
0402 0.6 10,000 -
0603
0805 1.0 4,000 -
1206
1210 1.30 - 3,000
1812 1.30 - 1,500




Mutilayer Ceramic Chip Capacitors

MERITEK

PERFORMANCE SPECIFICATION

1. ELECTRICAL

DIELECTRIC CODE EIA

NPO

X7R

Y5V

Temperature Characteristics *1

0 +30ppm/°C , C>20pF
0 "2, ppm/°C, C<20pF

A C +15% maximum
over -55°C to +125°C

A C +22/-82% maximum
over -30°C to +85°C

Operating Temperature Range

-55°C to +125°C

-55°C to +125°C

-30°C to +85°C

Measuring Conditions for  *2
Capacitance and D.F.

1MHz, 1Vrms, C <1000pF
1 KHz, 1 Vrms, C>1000pF

1KHz, 1Vrms

1KHz, 10Vrms

Dissipation Factor (D.F.)

and Tangent of Loss Angle (tan)

<0.1% for C>30pF
=< 1oo%/<400+200) for C<30pF

= 2.5% at>50V rated
< 3.5% at 16V, 25V rated
=5.0% at 6.3V, 10V rated

= 5% at 50V rated

=7% at 16V, 25V rated
<10% at 6.3V, 10V rated

Insulation Resistance (I.R.)
after

60 secs. charging at rated
voltage, 25°C, 55% RH max.

>2100GQ or
Z21000MQ  uF

whichever is less

210GQ or
Z2100MQ uF
whichever is less

210G Q or
2100MQ pF
whichever is less

Voltage Proof, 25°C, 1-5 secs.

2.5 x Rated Voltage

2.5 x Rated Voltage

2.5 x Rated Voltage

Capacitance Aging

0

~2.5% per decade hour

~ 7% per decade hour

*1 Class Il (X7R, Z5U, Y5V) capacitors shall be made a special pre-conditioning before a test or a sequence of tests under the following conditions:
Exposure at 150 +10°C for 1 hr, followed by setting the capacitor at room temperature for 24 +1 hr.

*2 Capacitance is within specified tolerance; measured 1000 hours after date of manufacture because of capacitance aging of Class Il capacitor.

2. ENVIRONMENTAL

Soldering Heat

Immersed in solder bath at
260 +5°C for 10 +1 secs.
Recovery: 6 to 24 hrs. (NPO)
24 +2 hrs. (X7R, Y5V)

No visible damage

Test Test Conditions Post-Test Inspection Requirements

Solderability IEC 384-10 4.11 /JIS C 5102 8.13 At least 75% of termination area should be well tinned
Solder 60 Sn/40 Pb, 235 +5°C No visible damage
Immersed for 5 secs.

Resistance to *1 IEC 384-10 4.10 /JIS C 5102 8.14 At least 75% of termination should be covered by solder

NPO

X7R

Y5V

<10.5% or +0.5pF

ACIC| whichever is greater

< +10/-5%

< +20/-10%

Rapid Change of  *2 | IEC 384-10 4.12 /JIS C 5102 9.3 No visible damage
Temperature -55°C to +125°C, 5 cycles (NPO, X7R) NPO X7R
Duration: 30 mins. ACIC <+1% or +1pF <+10%
Recovery: 6 to 24 hrs. (NPO) whichever is greater
24 £2 hrs. (X7R) D.F =<1.5 x initial requirement
I.R 20.25 x initial requirement
Endurance 29 IEC 384-10 4.15 No visible damage
(Life Test) 1000 hrs. at maximum temperature NPO X7R Y5V
with x 1.5 rated voltage applied ACIC | £42% or +1pF <120% < £30%
Recovery: 6 to 24 hrs. (NPO) whichever is greater
24 12 hrs. (X7R, Y5V) D.F. [=2.0x nitial requirement | =1.5 x initial requirement
I.R. 20.25 x initial requirement
Humidity Test *4 | IEC384-10 4.14 /JIS C 5102 9.5 No visible damage
(Damp heat, 500 hrs. at 40 +2°C, 90-95% RH NPO X7R Y5V
steady state) Recovery: 6 to 24 hrs. (NPO) AC/IC [£+2% or +1pF < +10% < +30%
24 +2 hrs. (X7R, Y5V) whichever is greater
D.F. [=2.0 xnitial requirement | =<1.5 x initial requirement
L.R. 20.25 x initial requirement

Adhesion

IEC 384-10 4.8 /JIS C 5102 8.11.2
Capacitors mounted on a substrate,

a force of 5N applied perpendicular to
the plane of substrate and parallel to
the line joining the center of
terminations for 10 +1 secs.

No visible damage

*1-4 Class Il (X7R,Y5V) capacitors shall be made a special pre-conditioning before a test or a sequence of tests under the following

conditions: Exposure at 150 +10°C for 1 hr, followed by setting the capacitor at room temperature for 24 +1 hr.
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Type
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D
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SMT Multilayer Ceramic Chip Capacitors

Temperature .
Rating Description
Class I: NPO
-55 - +125°C Low Loss - High
Stability
Class I: NPO
-55 — +125°C Low ESR @

High Frequency

Class I: NPO
High Q @
High Frequency

-55 — +125°C

Capacitance
Range

0.5pF—~0.10uF

0.5pF~150pF

0.4pF~22pF

Voltage
Rating

50vDC
100vDC

50vDC
100vDC

50vDC

Sizes

0201
— 2225

0402
0603
0805

0201
0402
0603
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Multilayer
Ceramic Chip

( MLCC )

NMC X7R

NMC X5R

NMC High Cap

EXPANDED

NMC Y5V

NMC-H

NMC-H
X1/Y2

NMC-H
X2/Y3

-55 — +125°C

-55 — +85°C
-55 — +85°C
-30 — +85°C
-30 — +85°C

-55 — +125°C

-55 — + 125°C

-55 — + 125°C

SMT 8-Terminal Ceramic Capacitor Arrays

Class Il: X7R
Semi-Stable TC

Class Il: X5R
Semi-Stable TC,
High Cap

Class Il: X5R &
Y5V
Semi-Stable TC,
High Cap

Class Ill: Y5V
High K, High Cap

High Voltage
NPO, X7R

UL Listed
Class X1/Y2
Across the Line
Safety Agency

Approved
Capacitors
NPO, X7R

TUV & UL Listed
Class X2/Y3
Across the Line
Safety Agency

Approved
Capacitors
NPO, X7R

100pF—2.2uF

0.012uF
~ 100uF

1uF
~ 100uF

.001uF
~ 100uF

1.0pF
~ 1.2uF

2pF
—~ 0.0015uF

5pF
~ 0.0015uF

25VDC 0201
50VDC ~ 2225
100VDC
6.3V, 10, 0201
16, ~ 1812
25,35 &
50VDC
6.3V, 10, 0201
16, ~ 1812
25,35 &
50VDC
16, 25 & 0201
50VDC ~ 2225
0603
200,500 & | _ 5905
1KVDC
5000VDC 1808
/ 250VAC 1812
3000VDC
/ 250VAC 1808

Type

Series

Temperature
Rating

Description

Capacitance
Range

Voltage

Rating slzze


http://www.niccomp.com/catalog/nmc2.pdf
http://www.niccomp.com/catalog/nmc5.pdf
http://www.niccomp.com/catalog/nmc5.pdf
http://www.niccomp.com/catalog/nmc3.pdf
http://www.niccomp.com/catalog/nmch.pdf
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Cap Arrays

LOW ESR :
NPO & XTR \I1C

0.5pF ~ 150pF HIGH VOLTAGE

ULTRA LOW ESR | 1
NPO G-I
0.1pF ~ 22pF | | HIGH VOLTAGE

-55-+125°C -55~+125°C
0.47pF ~ 0.56uF 4T0pF ~ 22uF
0201 ~2225 | 0201 ~ 2225

Surface Mount Multilayer

Ceramic Capacitors

Capacitance values: 0.1pF - 100uF
NFO, X7R, X5R & Y3V Dielectrics
Voltage ratings: 6.3Vdc ™ 3KVdc
Case sizes: 0201 ~ 2225

-55~+85°C
1200pF ~ 100uF
0201 ~ 1812

NPO & XTR
250V ~ 3KV

CAP ARRAY

NPO & X7R
0805 & 1206

X1Y2 & X2M3

X7R, X5R & Y5V
AuF - 100uF
0402 - 22256

-30~+85°C
1000pF ~ 100uF
0201 ~ 1812

General Purpose,
High Voltage
&
Safety Becoanized

L e o

8 Terminal 16VDC
NCA -55 ~ +125°C | NPO, X7R & Y5V LODE—0.47UF 25VDC 0508
+10 — +85°C Capacitor Array pr=0.47u 50VDC 0612
100VDC
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High Voltage Multilayer Ceramic Chip Capacitors

C Series C4520 and C4532 Types
Temperature Characteristic JIS CH, EIA CO0G

FEATURES

« Advanced design prevents discharges on the ceramic surface

and provides improved withstand voltage characteristics.

« TDK's proprietary internal electrode structure and the use of

high-dielectric-strength material result in highly reliable
performance in high-voltage applications.

» Complies with ISO8802-3 for LAN applications.

» Designed exclusively for reflow soldering.

PRODUCT IDENTIFICATION
C 4520 COG 3F 101 K []

@ @ & @6 60
(1) Series name

(2) Dimensions LxW

4520 4.5%2.0mm
4532 4.5%3.2mm

(3) Capacitance temperature characteristics

Class 1

Temperature Temperature Temperature range
characteristics  coefficient p 9

CH 0+60ppm/°C —25 to +85°C

C0oG 0+30ppm/°C —55 to +125°C

(4) Rated voltage Edc
3F 3kV

APPLICATIONS
Inverter circuits with a liquid crystal backlight, LAN products, and
general high voltage circuits.

=

v

(5) Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads(pF).The first and second digits identify the first and
second significant figures of the capacitance.

The third digit identifies the multiplier.

101 100pF

(6) Capacitance tolerance

F +1pF[10pF]
K +10%[over 10pF]

(7) Packaging style

T Taping (reel)
B Bulk

PRECAUTIONS

¢ This product intended solely for reflow soldering.

« A slit of about 1mm on the circuit board is recommended to
improve washability of the flux after soldering.

« Ensure that this product is completely dried following washing.

« Because this product will be subjected to high voltages, use only
low-activity rosin flux (with 0.2% max. of chlorine).

¢ Using this product with aluminum circuit boards must be
considered a special implementation. Due consideration must
be given in such implementations because of the high heat
stress levels involved.

« All specifications are subject to change without notice.

002-02 / 20040517 / e4141_c
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C4520(EIA CC1808) TYPE
SHAPES AND DIMENSIONS

4.5+0.4
)
o
+l
o
N
Wm.
[

C4532(EIA CC1812) TYPE
SHAPES AND DIMENSIONS

Dimensions in mm

CAPACITANCE RANGES: CLASS 1
TEMPERATURE CHARACTERISTICS:
JIS CH(0£60ppm/°C), EIA COG(0+30ppm/°C)
RATED VOLTAGE Edc: 3kV

4.5+0.4

<
o
+|
A
™

- 0.2min.
'_

| Dimensions in mm

CAPACITANCE RANGES: CLASS 1
TEMPERATURE CHARACTERISTICS:
JIS CH(0£60ppm/°C), EIA COG(0£30ppm/°C)

Capacitance Tolerance Thickness T Part number

(pF) (mm)max. RATED VOLTAGE Edc: 3kV

10 +1pF 0.85+0.2 C4520CH3F100F Capacitance Tolerance Thickness T Part number

12 +10% 0.85+0.2 C4520CH3F120K (pF) (mm)max.

15 +10% 1.1+0.2 C4520CH3F150K 100 +10% 1.6+0.2 C4532CH3F101K
18 +10% 1.1+0.2 C4520CH3F180K 120 +10% 1.6+0.2 C4532CH3F121K
22 +10% 1.1+0.2 C4520CH3F220K 150 +10% 1.6+0.2 C4532CH3F151K
27 +10% 1.6+0.2 C4520CH3F270K 180 +10% 1.6+0.2 C4532CH3F181K
33 +10% 1.6+0.2 C4520CH3F330K 220 +10% 2.0+0.2 C4532CH3F221K
39 +10% 1.6+0.2 C4520CH3F390K 270 +10% 2.3+0.2 C4532CH3F271K
47 +10% 1.6+0.2 C4520CH3F470K 330 +10% 2.5+0.3 C4532CH3F331K
56 +10% 2.0£0.2 C4520CH3F560K « Part number for temperature characteristic COG

68 +10% 2.0+0.2 C4520CH3F680K Please substitute "COG" for "CH" in the part number when ordering.
82 +10% 2.0£0.2 C4520CH3F820K

100 +10% 2.0+0.2 C4520CH3F101K

« Part number for temperature characteristic COG

Please substitute "COG" for "CH" in the part number when ordering.

« For more information about the products of other capacitance or data,

please contact us.

« All specifications are subject to change without notice.

002-02 / 20040517 / e4141_c
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Mid Voltage Multilayer Ceramic Chip Capacitors

C Series

FEATURES

* The unique design structure for mid voltage enables a compact
size with high voltage withstanding.

¢ Rated voltage Edc: 100, 250 and 630V.

e (3225, C4532 and C5750 types are specific to reflow soldering.

PRODUCT IDENTIFICATION
C 1608 CH 2E 101 J [0

(1 @ @) @ ) 6@
(1) Series name

(2) Dimensions

1608 1.6x0.8mm
2012 2.0x1.25mm
3216 3.2x1.6mm
3225 3.2x2.5mm
4532 4.5x3.2mm
5750 5.7x5.0mm

(3) Capacitance temperature characteristics
Class 1 (Temperature compensation)

Temperature .
characteristics Capacitance change Temperature range
cH 0+60ppm/°C 2510 +85°C

CoG 0+30ppm/°C 55 10 +125°C
Class 2

Temperature .

characteristics Capacitance change Temperature range
BWB") £10% 2510 +85°C

X7R +15% —55 to +125°C
X5R +15% —55 to +85°C
*JB(JIS: BJ)

(4) Rated voltage Edc

2A 100V
2E 250V
2J 630V

APPLICATIONS
Snubber circuits for switching power supply, ringer circuits for tele-
phone and modem, or other general high voltage circuits.

(5) Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads (pF).

The first and second digits identify the first and second significant
figures of the capacitance.

The third digit identifies the multiplier.

R designates a decimal point.

101 100pF
102 1,000pF
333 33,000pF
474 470,000pF

(6) Capacitance tolerance

J +5%
K +10%
M +20%

(7) Packaging style

T Taping (reel)
B Bulk

* All specifications are subject to change without notice.

002-04 / 20041014 / e413_c
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C1608 (EIA CC0603) TYPE
SHAPES AND DIMENSIONS RATED VOLTAGE Edc: 100V
Capacitance Thickness T
_ 1.640.1 Tolerance Part number
\ (pF) (mm)max.
- 100 +5% 0.8:0.1 C1608CH2A101J
3 ’ +10% 0.8+0.1 C1608CH2A101K
ol — - 120 +5% 0.8:0.1 C1608CH2A121J
0.2min. +10% 0.8+0.1 C1608CH2A121K
_ = 150 +5% 0.8:0.1 C1608CH2A151J
S ’ +10% 0.8+0.1 C1608CH2A151K
[ee] 0,
2 Dimensions in mm 180 +5% 0.8:0.1 C1608CH2A181J
+10% 0.8+0.1 C1608CH2A181K
290 +5% 0.8:0.1 C1608CH2A221J
+10% 0.8+0.1 C1608CH2A221K
CAPACITANCE RANGES: CLASS 1 270 +5% 0.8+0.1 C1608CH2A271J
TEMPERATURE CHARACTERISTICS: +10% 0.8:0.1 C1608CH2A271K
JIS CH(0+60ppm/°C), EIA COG(0+30ppm/°C) 330 f:’ gg/ 82f31 g} ggggﬂzﬁih‘(
= o .0V,
RATED VOLTAGE Edc: 250V 550 +5% 0.8:0.1 C1608CH2A391
- +5% .8+0.
+5% 0.8+0.1 C1608CH2E101J 470 109
100 Ex -8+0. +10% 0.8+0.1 C1608CH2A471K
120 £5% 0.8+0.1 C1608CH2E121J 560 +10% 0.8+0.1 C1608CH2A561K
150 £5% 0.8+0.1 C1608CH2E151J 680 +10% 0.8+0.1 C1608CH2A681K
180 £5% 0.8+0.1 C1608CH2E181J /000 +10% 0.8+0.1 C1608CH2A102K
220 5% 0.8+0.1 C1608CH2E221J 1,200 +10% 0.8:0.1 C1608CH2A122K
£10% 0.8+0.1 C1608CH2E221K * Part number for temperature characteristic COG
270 5% 0.8+0.1 C1608CH2E271J Please substitute "COG" for "CH" in the part number when ordering.
+10% 0.8+0.1 C1608CH2E271K
330 o o0 glgggg:gggg}f( CAPACITANCE RANGES: CLASS 2
X o .OTVU.
550 +5% 0.80 1 C1608CH2E391J TEMPERATURE CHARACTERISTICS:
+10% 0.8+0.1 C1608CH2E391K JIS B(BJ)(+10%), EIA X5R/X7R(+15%)
470 +5% 0.8+0.1 C1608CH2E471J RATED VOLTAGE Edc: 100V
+10% 0.8+0.1 C1608CH2E471K Capacitance Thickness T
560 +5% 0.8+0.1 C1608CH2E561J (oF) Tolerance \ymax. Part number
+10% 0.8+0.1 C1608CH2E561K +10% 0.8+0.1 C1608JB2A102K
680 +5% 0.8+0.1 C1608CH2E681J 1,000 +20% 0.8+0.1 C1608JB2A102M
+10% 0.8+0.1 C1608CH2E681K 1500 +10% 0.8+0.1 C1608JB2A152K
’ +20% 0.8+0.1 C1608JB2A152M
2200 +10% 0.8:0.1 C1608JB2A222K
i +20% 0.8+0.1 C1608JB2A222M
3300 +10% 0.8:0.1 C1608JB2A332K
i +20% 0.8+0.1 C1608JB2A332M
4700 +10% 0.8:0.1 C1608JB2A472K
i +20% 0.8+0.1 C1608JB2A472M
6.800 +10% 0.8:0.1 C1608JB2A682K
: +20% 0.8+0.1 C1608JB2A682M
10.000 +10% 0.8:0.1 C1608JB2A103K
’ +20% 0.8+0.1 C1608JB2A103M
15000 +10% 0.8:0.1 C1608JB2A153K
’ +20% 0.8+0.1 C1608JB2A153M
29 000 +10% 0.8:0.1 C1608JB2A223K
’ +20% 0.8+0.1 C1608JB2A223M

* Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

¢ Standard tolerance is +20% for B and X7R products.

» For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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C2012 (EIA CC0805) TYPE
SHAPES AND DIMENSIONS CAPACITANCE RANGES: CLASS 2
0.0£0.2 TEMPERATURE CHARACTERISTICS:
. JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
3] RATED VOLTAGE Edc: 250V
St - g)T:;;acnance Tolerance ;I'nf:ﬁl)(;e;sxs T Part number
0.2min. :
e = +10% 0.85:0.15 C2012JB2E102K
1,000
’ +20% 0.85:0.15 C2012JB2E102M
= o 1 500 +10% 0.85:0.15 C2012JB2E152K
t Dimensions in mm ’ +20% 0.85:0.15 C2012JB2E152M
9200 +10% 0.85:0.15 C2012JB2E222K
: +20% 0.85:0.15 C2012JB2E222M
i +10% 0.85:0.15 C2012JB2E332K
CAPACITANCE RANGES: CLASS 1 3,300 +20% 0.85£0.15 C2012JB2E332M
TEMPERATURE CHARACTERISTICS: 4700 +10% 0.85+0.15 C2012JB2E472K
JIS CH(0+60ppm/°C), EIA COG(030ppm/°C) ’ +20% 0.85:0.15 C2012JB2E472M
RATED VOLTAGE Edc: 250V 6.800 +10% 1.25+0.2 C2012JB2E682K
Capacitance Thickness T : +20% 1.25:0.2 C2012JB2E682M
(oF) Tolerance i imymax. Part number 10,000 +10% 1.25+0.2 C2012JB2E103K
5% 0.620 1 C2012CH2ES21J ’ +20% 1.25:0.2 C2012JB2E103M
820 +10% 0.6+0.1 C2012CH2E821K 15.000 +10% 1.25+0.2 C2012JB2E153K
+5% 0.85:0.15 C2012CH2E102J : £20% 1.25:0.2 C2012JB2E153M
1,000 +10% 0.85:0.15 C2012CH2E102K 22000 £10% 1.25:0.2 C2012JB2E223K
+5% 0.85:0.15 C2012CH2E122) : £20% 1.25:0.2 C2012JB2E223M
1,200 +10% 0.85:0.15 C2012CH2E122K
1500 +5% 0.85+0.15 C2012CH2E152J RATED VOLTAGE Edc: 100V
’ +10% 0.85+0.15 C2012CH2E152K Capacitance Tol Thickness T Part b
1 800 +5% 1.25+0.2 C2012CH2E182J (oF) olerance mm)max. art numoer
' +10% 1.25:0.2 C2012CH2E182K 1000 +10% 0.85:0.15 C2012JB2A102K
2200 +5% 1.25+0.2 C2012CH2E222) ’ +20% 0.85:0.15 C2012JB2A102M
' +10% 1.25:0.2 C2012CH2E222K 1 500 +10% 0.85:0.15 C2012JB2A152K
2700 +5% 1.25+0.2 C2012CH2E272) ’ +20% 0.85:0.15 C2012JB2A152M
' +10% 1.25:0.2 C2012CH2E272K 2200 +10% 0.85:0.15 C2012JB2A222K
: +20% 0.85:0.15 C2012JB2A222M
RATED VOLTAGE Edc: 100V 3300 +10% 0.85:0.15 C2012JB2A332K
- - : +20% 0.85:0.15 C2012JB2A332M
Capacitance Thickness T
(oF) Tolerance i mymax. Part number 4700 +10% 0.85:0.15 C2012JB2A472K
5% 0.620 1 C2012CH2A102) : +20% 0.85:0.15 C2012JB2A472M
1,000 +10% 0.60.1 C2012CH2A102K 6.800 +10% 0.85:0.15 C2012JB2A682K
5% 0.620 1 C2012CH2A122) : +20% 0.85:0.15 C2012JB2A682M
1,200 +10% 0.6+0.1 C2012CH2A 122K 10.000 +10% 0.85+0.15 C2012JB2A103K
5% 0.620 1 C2012CH2A152) ’ +20% 0.85:0.15 C2012JB2A103M
1,500 +10% 0.640.1 C2012CH2A152K 15.000 +10% 1.25+0.2 C2012JB2A153K
+5% 0.85:0.15  C2012CH2A182J : £20% 1.25:0.2 C2012JB2A153M
1,800 +10% 0.85+0.15 C2012CH2A182K 22 000 £10% 1.25+0.2 C2012JB2A223K
+5% 0.85:0.15  C2012CH2A222J : £20% 1.25:0.2 C2012JB2/A223M
2200 +10% 0.85:0.15 C2012CH2A222K 33,000 =10% 1.25:0.2 C2012.JB2A333K
+5% 1.25:0.2 C2012CH2A272J : £20% 1.25:0.2 C2012JB2A333M
2,700 +10% 1.250.2 C2012CH2A272K 47000 £10% 1.25:0.2 C2012JB2A473K
+5% 1.25:0.2 C2012CH2A332) : £20% 1.25:0.2 C2012JB2/A473M
5,300 +10% 1.25+0.2 C2012CH2A332K 68,000 £10% 1.25:0.2 C2012JB2A683K
+5% 1.25:0.2 C2012CH2A392) : £20% 1.25:0.2 C2012JB2A683M
3,900 +10% 1.25:0.2 C2012CH2A392K 100.000 £10% 1.25+0.2 C2012JB2A104K
+5% 1.25:0.2 C2012CH2A472J : £20% 1.25:0.2 C2012JB2A104M
4,700 +10% 1.05:0.2 C2012CH2A472K * Part number for temperature characteristic X5R or X7R
= — Please substitute "X5R" or "X7R" for "JB" in the part number when

¢ Part number for temperature characteristic COG

Please substitute "COG" for "CH" in the part number when ordering. ordering.

¢ Standard tolerance is +20% for B and X7R products.

» For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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C3216 (EIA CC1206) TYPE
SHAPES AND DIMENSIONS RATED VOLTAGE Edc: 250V
r—»&z)‘ 02 ‘ g)?:;))acnance Tolerance z—nrlﬁl)(:;sxs T Part number
g‘ ’ 3300 +5% 0.85+0.15 C3216CH2E332J
ia'l ’ +10% 0.85+0.15 C3216CH2E332K
T - (ﬁ +5% 1.15+0.15 C3216CH2E392J
0.2min. 3,900 +10% 1.15:0.15 C3216CH2E392K
ﬁ 4700 +5% 1.15+0.15 C3216CH2E472J
- ’ +10% 1.15+0.15 C3216CH2E472K
T ’ Dimensions in mm 5600 +5% 1.15+0.15 C3216CH2E562J
’ +10% 1.15+0.15 C3216CH2E562K
6.800 +5% 1.6+£0.2 C3216CH2E682J
’ +10% 1.6+£0.2 C3216CH2E682K
CAPACITANCE RANGES: CLASS 1 8,200 +5% 1.6+0.2 C3216CH2E822)
TEMPERATURE CHARACTERISTICS: £10% 16202 C8216CH2E822K
JIS CH(0:60ppm/°C), EIA COG(030ppm/°C) FATED VOLTAGE Edc: 100V
RATED VOLTAGE Edc: 630V Capacitance Thooss T
g)e::p))acnance Tolerance Imhﬁl)(gqii(s T Part number (pF) Tolerance (mm)max. Part number
100 % 0601 C3216CHAJION 300 a1 Coslactihsen
+10% 0.6+0.1 C3216CH2J101K +5% 0.85:0.15 C3216CH2A472.
120 5% 0.6:0.1 C3216CH2J121 4,700 +10% 0.85:015  C3216CH2A472K
+10% 0.6+0.1 C3216CH2J121K +5% 0.85:0.15 C3216CH2A562.
150 5% 0.6:0.1 C3216CH2J151 5,600 +10% 0.85:0.15  C3216CH2A562K
+10% 0.6+0.1 C3216CH2J151K +5% 1.15:0.15 C3216CH2A682.
180 5% 0.6:0.1 C3216CH2.181J 6,800 +10% 1.15:015  C3216CH2A682K
+10% 0.6+0.1 C3216CH2J181K +5% 1.15:0.15 C3216CH2A822.)
220 5% 0.6:0.1 C3216CH2J221 8,200 +10% 1156015 C3216CH2A822K
+10% 0.6+0.1 C3216CH2J221K +5% 1.15:0.15 C3216CH2A103.
270 +5% 0.6+0.1 C3216CH2J271J 10,000 10% 115015 C3216CH2A103K
1 000/ ° 0.6£0.1 C3216CH2J271K * Part number for temperature characteristic COG
330 5% 0.6:0.1 C3216CH2J331J Please substitute "COG" for "CH" in the part number when ordering.
+10% 0.6+0.1 C3216CH2J331K
390 f?oo/f, . ggfg 1 5221 ggﬂgjgg} ‘IJ( * For more information about the products of other capacitance or data,
=2 D= please contact us.
470 +5% 0.85+0.15 C3216CH2J471J
+10% 0.85+0.15 C3216CH2J471K
560 +5% 0.85+0.15 C3216CH2J561J
+10% 0.85+0.15 C3216CH2J561K
680 +5% 0.85+0.15 C3216CH2J681J
+10% 0.85+0.15 C3216CH2J681K
1.000 +5% 0.85+0.15 C3216CH2J102J
’ +10% 0.85+0.15 C3216CH2J102K
1.200 +5% 0.85+0.15 C3216CH2J122J
’ +10% 0.85+0.15 C3216CH2J122K
1500 +5% 1.15+£0.15 C3216CH2J152J
’ +10% 1.15+£0.15 C3216CH2J152K
1.800 +5% 1.15+£0.15 C3216CH2J182J
’ +10% 1.15+£0.15 C3216CH2J182K
2900 +5% 1.15+£0.15 C3216CH2J222J
’ +10% 1.15+£0.15 C3216CH2J222K
2700 +5% 1.6£0.2 C3216CH2J272J
’ +10% 1.6+0.2 C3216CH2J272K
3.300 +5% 1.6+0.2 C3216CH2J332J
’ +10% 1.6+0.2 C3216CH2J332K

* All specifications are subject to change without notice.
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CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(+10%), EIA X5R/X7R(15%)
RATED VOLTAGE Edc: 630V

a))ailzp))acnance Tolerance ;rmhﬁl)(:;is T Part number
1,000 +10% 1.15+0.15 C3216JB2J102K
’ +20% 1.15+£0.15 C3216JB2J102M
1500 +10% 1.15+0.15 C3216JB2J152K
’ +20% 1.15+£0.15 C3216JB2J152M
2200 +10% 1.15+0.15 C3216JB2J222K
’ +20% 1.15+£0.15 C3216JB2J222M
3300 +10% 1.15+0.15 C3216JB2J332K
’ +20% 1.15£0.15 C3216JB2J332M
4700 +10% 1.15+0.15 C3216JB2J472K
’ +20% 1.15£0.15 C3216JB2J472M
6.800 +10% 1.15+0.15 C3216JB2J682K
’ +20% 1.15£0.15 C3216JB2J682M
10.000 +10% 1.15+0.15 C3216JB2J103K
’ +20% 1.15+£0.15 C3216JB2J103M
15.000 +10% 1.320.2 C3216JB2J153K
’ +20% 1.3+0.2 C3216JB2J153M
22000 +10% 1.320.2 C3216JB2J223K
’ +20% 1.3+0.2 C3216JB2J223M
33.000 +10% 1.6+0.2 C3216JB2J333K
’ +20% 1.6+0.2 C3216JB2J333M

RATED VOLTAGE Edc: 250V

gailzp))acnance Tolerance ;rmhﬁl)(:;is T Part number
15.000 +10% 1.15+0.15 C3216JB2E153K
’ +20% 1.15+£0.15 C3216JB2E153M
29000 +10% 1.15+0.15 C3216JB2E223K
’ +20% 1.15+£0.15 C3216JB2E223M
33.000 +10% 1.6+0.2 C3216JB2E333K
’ +20% 1.6+0.2 C3216JB2E333M
47000 +10% 1.6+0.2 C3216JB2E473K
’ +20% 1.6+0.2 C3216JB2E473M
68.000 +10% 1.6+0.2 C3216JB2E683K
’ +20% 1.6+0.2 C3216JB2E683M
100.000 +10% 1.6+0.2 C3216JB2E104K
’ +20% 1.6+0.2 C3216JB2E104M

RATED VOLTAGE Edc: 100V

gailzp))acnance Tolerance ;rmhﬁl)(:;is T Part number
33.000 +10% 1.15+0.15 C3216JB2A333K
’ +20% 1.15+£0.15 C3216JB2A333M
47,000 +10% 1.15+0.15 C3216JB2A473K
’ +20% 1.15£0.15 C3216JB2A473M
68.000 +10% 1.6+0.2 C3216JB2A683K
’ +20% 1.6+0.2 C3216JB2A683M
100.000 +10% 1.6+0.2 C3216JB2A104K
’ +20% 1.6+0.2 C3216JB2A104M
150.000 +10% 1.6+0.2 C3216JB2A154K
’ +20% 1.6+0.2 C3216JB2A154M
220,000 +10% 1.15+0.15 C3216JB2A224K
’ +20% 1.15+£0.15 C3216JB2A224M
+10% 1.3x0.2 C3216JB2A334K
330,000 +20% 1.3+0.2 C3216JB2A334M
+10% 1.6+0.2 C3216JB2A474K
470,000 +20% 1.6+0.2 C3216JB2A474M

* Part number for temperature characteristic X5R or X7R

Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

Standard tolerance is +20% for B and X7R products.

* For more information about the products of other capacitance or data,
please contact us.

All specifications are subject to change without notice.

002-04 / 20041014 / e413_c



(6/8)

&TDK

C3225 (EIA CC1210) TYPE
SHAPES AND DIMENSIONS CAPACITANCE RANGES: CLASS 2
3.040.4 TEMPERATURE CHARACTERISTICS:
- \‘ JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
) — RATED VOLTAGE Edc: 630V
o . .
P \!' : gj\:;;acnance Tolerance z—nr:ﬁl)(:fxs T Part number
L - ' 47000 +10% 2.0+0.2 C3225JB2J473K
0.2min. ’ +20% 2.0:0.2 C3225JB2J473M
68.000 +10% 2.0+0.2 C3225JB2J683K
’ +20% 2.0+0.2 C3225JB2J683M
'_
v Dimensions in mm RATED VOLTAGE Edc: 250V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 2.0+0.2 C3225JB2E104K
CAPACITANCE RANGES: CLASS 1 100,000 +20% 20202 C3225)B2E104M
TEMPERATURE CHARACTERISTICS: 150.000 +10% 2.0+0.2 C3225JB2E154K
JIS CH(0+60ppm/°C), EIA CO0G(0+30ppm/°C) ’ +20% 2.0+0.2 C3225JB2E154M
RATED VOLTAGE Edc: 630V 220,000 +10% 2.0+0.2 C3225JB2E224K
Capacitance Tolorance Thickness T Part mumber +20% 2.0+0.2 C3225JB2E224M
(pF) (mm)max.
3.900 +5% 1.25+0.2 C3225CH2J392J RATED VOLTAGE Edc: 100V
’ +10% 1.25+0.2 C3225CH2J392K Capacitance Tolerance Thickness T Part number
4700 +5% 1.6+0.2 C3225CH2J472J (pF) (mm)max.
’ +10% 1.6+0.2 C3225CH2J472K 330.000 +10% 2.0+0.2 C3225JB2A334K
5600 +5% 1.6+0.2 C3225CH2J562J ’ +20% 2.0+0.2 C3225JB2A334M
’ +10% 1.6+0.2 C3225CH2J562K 470.000 +10% 2.0+0.2 C3225JB2A474K
6.800 +5% 2.0+0.2 C3225CH2J682J ’ +20% 2.0+0.2 C3225JB2A474M
’ +10% 2.0+0.2 C3225CH2J682K 680.000 +10% 1.6+0.2 C3225JB2A684K
’ +20% 1.6+0.2 C3225JB2A684M
RATED VOLTAGE Edc: 250V [11,0%),000 +10% 2.0+0.2 C3225JB2A105K
- - 4 +20% 2.0£0.2 C3225JB2A105M
f)?:pacnance Tolerance Thickness T Part number ¢ Part number for temperature characteristic X5R or X7R
PF) (mm)max. Please substitute "X5R" or "X7R" for "JB" in the
part number when
10.000 +5% 1.6+0.2 C3225CH2E103J orderin
’ +10% 1.6+0.2 C3225CH2E103K 9
15.000 +5% 2.0+0.2 C3225CH2E153J . . )
, +10% 20202 C3225CH2E153K * For more information about the products of other capacitance or data,

please contact us.

RATED VOLTAGE Edc: 100V
Capacitance Thickness T

Tolerance Part number
(pF) (mm)max.
15.000 +5% 1.25+0.2 C3225CH2A153J
’ +10% 1.25+0.2 C3225CH2A153K
29000 +5% 1.6+0.2 C3225CH2A223J
’ +10% 1.6+0.2 C3225CH2A223K
33.000 +5% 2.0£0.2 C3225CH2A333J
’ +10% 2.0+0.2 C3225CH2A333K
47000 +5% 2.3+0.2 C3225CH2A473J
’ +10% 2.3+0.2 C3225CH2A473K

¢ Part number for temperature characteristic COG
Please substitute "COG" for "CH" in the part number when ordering.

* All specifications are subject to change without notice.

002-04 / 20041014 / e413_c



(7/8)

&TDK

C4532 (EIA CC1812) TYPE
SHAPES AND DIMENSIONS CAPACITANCE RANGES: CLASS 2
45404 TEMPERATURE CHARACTERISTICS:
- Q’\ JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
< RATED VOLTAGE Edc: 630V
d . .
S Capacitance Tolerance Thickness T Part number
- (pF) (mm)max.
' R ] 68.000 +10% 1.6+0.2 C4532JB2J683K
0.2min. ’ +20% 1.620.2 C4532JB2J683M
100.000 +10% 2.3+0.2 C4532JB2J104K
’ +20% 2.3+0.2 C4532JB2J104M
'_
bi o RATED VOLTAGE Edc: 250V
r Imensions In mm - -
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 1.6+0.2 C4532JB2E154K
CAPACITANCE RANGES: CLASS 1 150,000 20% 16+02 CA532JB2E154M
TEMPERATURE CHARACTERISTICS: 950,000 +10% 23402 C4532JB2E224K
JIS CH(0+£60ppm/°C), EIA COG(0+30ppm/°C) ' +20% 2.3+0.2 C4532JB2E224M
RATED VOLTAGE Edc: 630V 330.000 +10% 2.3+0.2 84532JBZE334K
- - ’ +20% 2.3+0.2 4532JB2E334M
t Thickness T =
(opaclane®  Toerance  OMeSST  partnumber 170,000 £10%  2.3:02 C45320B2E474K
+5% 1.6+0.2 C4532CH2J822) ’ +20% 2.3+0.2 C4532JB2E474M
8,200 +10% 1.6+0.2 C4532CH2J822K
10,000 +5% 1.6£0.2 C4532CH2J103J RATED VOLTAGE Edc: 100V
’ +10% 1.6+0.2 C4532CH2J103K Capacitance Tolerance Thickness T Part number
15.000 +5% 2.5+0.3 C4532CH2J153J (pF) (mm)max.
’ +10% 2.5+0.3 C4532CH2J153K 680.000 +10% 2.3+0.2 C4532JB2A684K
22 000 +5% 3.2+0.3 C4532CH2J223J ’ +20% 2.3+0.2 C4532JB2A684M
’ +10% 3.2:0.3 C4532CH2J223K 1,000,000 +10% 2.3:0.2 C4532JB2A105K
[1pF] +£20% 2.3+0.2 C4532JB2A105M
RATED VOLTAGE Edc: 250V 1.500.000 +10% 2.3+0.2 84532JBZA1 55K
- : s +20% 2.3+0.2 4532JB2A155M
t Thickness T z
(epaclane®  Toerance  OMeSST  partnumber poooo0o | 0% 23:02 C45320B2A225K
5% 1.6+0.2 C4532CH2E223] T +20% 2.3+0.2 C4532JB2A225M
22,000 : 10% 1.6:0.2 C4532CH2E223K ¢ Part number for temperature characteristic X5R or X7R
:5% 2' 0:0. P C4532CH2E333) Please substitute "X5R" or "X7R" for "JB" in the part number when
33,000 £10% 2.0:0.2 C4532CH2E333K ordering.
+5% 3.2+0.3 C4532CH2E473J . . .
47,000 10% 39403 C4532CH2EAT3K » For more information about the products of other capacitance or data,

please contact us.

RATED VOLTAGE Edc: 100V

Capacitance Tolerance Thickness T Part nurmber
(pF) (mm)max.
47 000 +5% 2.0+0.2 C4532CH2A473J
’ +10% 2.0+0.2 C4532CH2A473K
68.000 +5% 2.5+0.3 C4532CH2A683J
’ +10% 2.5+0.3 C4532CH2A683K
100.000 +5% 3.2:04 C4532CH2A104J
’ +10% 3.2+04 C4532CH2A104K

¢ Part number for temperature characteristic COG
Please substitute "COG" for "CH" in the part number when ordering.

* All specifications are subject to change without notice.
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C5750 (EIA CC2220) TYPE
SHAPES AND DIMENSIONS
5.7+0.4
)
< !
=1
3
I

___0.2min. @

Dimensions in mm

CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(+10%), EIA X5R/X7R(x15%)
RATED VOLTAGE Edc: 630V
Capacitance Thickness T

Tolerance Part number
(pF) (mm)max.
150.000 +10% 1.6+0.2 C5750JB2J154K
’ +20% 1.6+0.2 C5750JB2J154M
220 000 +10% 2.3+0.2 C5750JB2J224K
’ +20% 2.3+0.2 C5750JB2J224M
RATED VOLTAGE Edc: 250V
Capacitance Thickness T
(oF) Tolerance (mm)max. Part number
330.000 +10% 1.6+0.2 C5750JB2E334K
’ +20% 1.6+0.2 C5750JB2E334M
470,000 +10% 2.3+0.2 C5750JB2E474K
’ +20% 2.3+0.2 C5750JB2E474M
680.000 +10% 2.3+0.2 C5750JB2E684K
’ +20% 2.3+0.2 C5750JB2E684M
1,000,000 +10% 2.3+0.2 C5750JB2E105K
[1pF] +20% 2.3+0.2 C5750JB2E105M
RATED VOLTAGE Edc: 100V
Capacitance Thickness T
(oF) Tolerance (mm)max. Part number
680.000 +10% 1.6+0.2 C5750JB2A684K
’ +20% 1.6+0.2 C5750JB2A684M
1,000,000 +10% 2.3+0.2 C5750JB2A105K
[1pF] +20% 2.3+0.2 C5750JB2A105M
+10% 2.3+0.2 C5750JB2A155K
1,500,000 +20% 2.3+0.2 C5750JB2A155M
+10% 2.3+0.2 C5750JB2A225K
2,200,000 +20% 2.3+0.2 C5750JB2A225M
+10% 2.3+0.2 C5750JB2A335K
3,300,000 +20% 2.3+0.2 C5750JB2A335M
+10% 2.3+0.2 C5750JB2A475K
4,700,000 +20% 2.3+0.2 C5750JB2A475M

* Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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General Multilayer Ceramic Chip Capacitors

C Series

FEATURES

* High capacitance has been achieved through precision
technologies that enable the use of multiple thinner ceramic
dielectric layers.

¢ A monolithic structure ensures superior mechanical strength and
reliability.

» High-accuracy automatic mounting is facilitated through the
maintenance of very precise dimensional tolerances.

¢ Composed of only ceramics and metals, these capacitors
provide extremely dependable performance, exhibiting virtually
no degradation even when subjected to temperature extremes.

* Low stray capacitance ensures high conformity with nominal
values, thereby simplifying the circuit design process.

PRODUCT IDENTIFICATION
C 0603 CH 1H 100 D [J

1) @ @) @ (6) (6@
(1) Series name

(2) Dimensions LxW

0603 0.6x0.3mm
1005 1.0x0.5mm
1608 1.6x0.8mm
2012 2.0x1.256mm
3216 3.2x1.6mm
3225 3.2x2.5mm
4532 4.5x3.2mm
5750 5.7x5.0mm

(3) Capacitance temperature characteristics
Class 1 (Temperature compensation)

Temperature

* Low residual inductance assures superior frequency
characteristics.

* Because electrostatic capacity has been obtained up to the
electrolytic capacitor range, these capacitors offer long service
life and are optimally suited for power supply designs that
require high levels of reliability.

* Owing to their low ESR and excellent frequency characteristics,
these products are optimally suited for high frequency and high-
density type power supplies.

(5) Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads (pF).

The first and second digits identify the first and second significant
figures of the capacitance.

The third digit identifies the multiplier.

R designates a decimal point.

010 1pF

100 10pF
102 1,000pF
OR5 0.5pF

(6) Capacitance tolerance

Applicable capacitance

Symbol Tolerance

characteristics Capacitance change Temperature range range

CH 0+60ppm/°C —25 to +85°C c =0.25pF 10pF or less

C0G 0+30ppm/°C —55 to +125°C D +0.5pF

SL +350 to —1000ppm/°C +20t0 +85°C J +5%
K +10% Over 10pF
M +20%

Class 2 4 +80, —20%

Iﬁ 2:25{::;:&3 Capacitance change Temperature range .

B(JB") “10% 5510 485°C (7) Packaging style

F(JF?) +30, -80% —25to +85°C T Taping (reel)

X7R +15% —55 to +125°C B Bulk

X5R +15% —55 to +85°C

Y5V +22, -82% —30 to +85°C

*JB(JIS: BJ), JF(IS: FJ)

(4) Rated voltage Edc

0J 6.3V
1A 10V
1C 16V
1E 25V
1H 50V

* All specifications are subject to change without notice.

002-05 /20041014 / e412_c



(2/15)

&TDK

C0603 (EIA CC0201) TYPE
SHAPES AND DIMENSIONS CAPACITANCE RANGES: CLASS 2
. 06+0.03 TEMPERATURE CHARACTERISTICS:
8r— JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
3] ‘ RATED VOLTAGE Edc: 50V
0'7 . .
0.15+0.05 - ﬁ)e;l:p)sacnance Tolerance ;anllr::]l)(rr:;sxs T Part number
Qr— =) 100 +10% 0.3+0.03 C0603JB1H101K
S 150 +10% 0.3+0.03 C0603JB1H151K
o Dimensions in mm 220 +10% 0.3+0.03 C0603JB1H221K
0.2min. 330 +10% 0.3+0.03 C0603JB1H331K
470 +10% 0.3+0.03 C0603JB1H471K
CAPACITANCE RANGES: CLASS 1 RATED VOLTAGE Edc: 25V
TEMPERATURE CHARACTERISTICS: : :
0 0 Capacitance Tolerance Thickness T Part number
JIS CH(0+60ppm/°C), EIA C0G(0+30ppm/°C) (pF) (mm)max.
RATED VOLTAGE Edc: 50V 680 +10% 0.3+0.03 C0603JB1E681K
Capacitance ol Thickness T 1,000 +10% 0.3+0.03 C0603JB1E102K
(oF) olerance mimax. Part number 1,500 +10% 0.3+0.03 C0603JB1E152K
05 +0.25pF  0.3+0.03 C0603CH1HOR5C 2,200 +10% 0.3+0.03 C0603JB1E222K
0.75 +0.25pF 0.3+0.03 C0603CH1HR75C
1 +0.25pF 0.3+0.03 C0603CH1HO10C RATED VOLTAGE Edc: 16V
1.5 +0.25pF 0.3+0.03 C0603CH1H1R5C Capacitance Tol Thickness T Part b
2 +0.250F  0.3+0.03 C0603CH1H020C (oF) olerance mm)max. art numoer
3 +0.25pF 0.3+0.03 C0603CH1H030C 3,300 +10% 0.3+0.03 C0603JB1C332K
4 +0.25pF 0.3+0.03 C0603CH1H040C 4,700 +10% 0.3+0.03 C0603JB1C472K
5 +0.25pF 0.3+0.03 C0603CH1H050C
6 J_rO.SpF 0.3+0.03 C0603CH1H060D RATED VOLTAGE Edc: 10V
7 +0.5pF 0.3+0.03 C0603CH1H070D Capacitance Thickness T
8 +0.5pF 0.3+0.03 C0603CH1H080D (pF‘; Tolerance (mm)max Part number
9 "0'5pE 0.3:0.03 806038:1:0908 6,800 £10% 0.3:0.03 C0603JB1A682K
:g ’-'o;fp 8'2’-'8'82 ngggml nggJ 10,000 £10% 0.3:0.03 C0603JB1A103K
15°° O, * Part number for temperature characteristic X5R or X7R
15 +5% 0.3+0.03 C0603CH1H150 Please substitute "X5R" or "X7R" for "JB" in the part number when
18 5% 0.3+0.03 C0603CH1H180J ordering.
22 +5% 0.3+0.03 C0603CH1H220J
27 5% 0.3+0.03 C0603CH1H270J .
33 5% 032003 C0603CHTH3304 TEMPERATURE CHARACTERISTICS:
39 +5% 0.3:0.03 C0603CH1H390J JIS B(BJ)(£10%), EIA X5R(x15%)
47 5% 0.3+0.03 C0603CH1H470J RATED VOLTAGE Edc: 6.3V
56 +5% 0.3+0.03 C0603CH1H560J Capacitance Tol Thickness T Part b
68 +5% 0.3+0.03 C0603CH1H680J (oF) olerance mmjmax. art numoer
82 +5% 0.3+0.03 C0603CH1H820J 22,000 +10% 0.3+0.03 C0603JB0J223K
100 5% 0.3+0.03 C0603CH1H101J 47,000 +10% 0.3+0.03 C0603JB0J473K
¢ Part number for temperature characteristic COG 68,000 +10% 0.3+0.03 C0603JB0J683K
Please substitute "COG" for "CH" in the part number when ordering. 100,000 +10% 0.3+0.03 C0603JB0J104K

* Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

TEMPERATURE CHARACTERISTICS:
JIS F(FJ)(+30, —80%), EIA Y5V(+22, —82%)
RATED VOLTAGE Edc: 25V

Capacitance Thickness T

Tolerance Part number
(PF) (mm)max.
1,000 +80, 20% 0.3+0.03 C0603JF1E102Z
RATED VOLTAGE Edc: 16V
Capacitance Tolerance Thickness T Part number
(PF) (mm)max.
10,000 +80, 20% 0.3+0.03 C0603JF1C103Z

¢ Part number for temperature characteristic Y5V
Please substitute "Y5V" for "JF" in the part number when ordering.

» For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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C1005 (EIA CC0402) TYPE
SHAPES AND DIMENSIONS TEMPERATURE CHARACTERISTICS:
0200 JIS SL(+350 to —1000ppm/°C)
.0+0.05
] RATED VOLTAGE Edc: 10V
0 . .
% Capacitance Tolerance Thickness T Part number
X & (pF) (mm)max.
o — ] 1,200 +5% 0.5+0.05 C1005SL1A122J
0.1min. & 1,500 +5% 0.5:0.05 C1005SL1A152]
O 1,800 +5% 0.5+0.05 C1005SL1A182J
?} 2,200 +5% 0.5+0.05 C1005SL1A222J
Gl Dimensions in mm 2,700 +5% 0.5:0.05 C1005SL1A272]
3,300 +5% 0.5+0.05 C1005SL1A332J
3,900 +5% 0.5+0.05 C1005SL1A392J
CAPACITANCE RANGES: CLASS 1
TEMPERATURE CHARACTERISTICS: géhzsgg:rU%EEzﬁliilisC%nggil(223
JIS CH(0+60ppm/°C), EIA COG(0+30ppm/°C) ’
RATED VOLTAGE Edc: 50V JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
Capacitance Tolerance Thickness T Part nurmber RATE_D VOLTAGE Ede: 50V_
(oF) (mm)max. Capacitance Tolerance  1icknessT o mber
05 +025pF  0.5+0.05 C1005CH1HOR5C (pF) (mm)max.
075 +0.25pF  0.5+0.05 C1005CH1HR75C 220 +10% 0.5+0.05 C1005JB1H221K
1 +025pF  0.5+0.05 C1005CH1H010C 330 £10% 0.5+0.05 C1005JB1H331K
1.5 +0.25pF  0.5+0.05 C1005CH1H1R5C 470 +10% 0.5+0.05 C1005JB1H471K
2 +025pF  0.5+0.05 C1005CH1H020C 680 £10% 0.5+0.05 C1005JB1HE81K
3 1025pF 0.5+0.05 C1005CH1H030C 1,000 +10% 0.5+0.05 C1005JB1H102K
4 t025pF 0.5+0.05 C1005CH1H040C 1,500 +10% 0.5+0.05 C1005JB1H152K
5 1025pF 0.5+0.05 C1005CH1HO050C 2,200 +10% 0.5+0.05 C1005JB1H222K
6 i05’:”: 0.5+0.05 C1005CH1HO60D 3,300 +10% 0.5+0.05 C1005JB1H332K
7 iOsp': 0.5+0.05 C1005CH1HO70D 4,700 +10% 0.5+0.05 C1005JB1H472K
8 i05’:”: 0.5+0.05 C1005CH1H080D 6,800 +10% 0.5+0.05 C1005JB1H682K
9 +0.5pF 0.5+0.05 C1005CH1H090D
10 +0.5pF 0.5+0.05 C1005CH1H100D RATED VOLTAGE Edc: 25V
12 +5% 0.5+0.05 C1005CH1H120J Capacitance Thickness T 0
15 +5% 0.5+0.05 C1005CH1H150J (©F) olerance mm)max. art number
18 +5% 0.5+0.05 C1005CH1H180J 10,000 +10% 0.5+0.05 C1005JB1E103K
22 +5% 0.5+0.05 C1005CH1H220J 15,000 +10% 0.5+0.05 C1005JB1E153K
27 +5% 0.5+0.05 C1005CH1H270J 22,000 +10% 0.5+0.05 C1005JB1E223K
33 +5% 0.5+0.05 C1005CH1H330J 33,000 +10% 0.5+0.05 C1005JB1E333K
39 +5% 0.5+0.05 C1005CH1H390J 47,000 +10% 0.5+0.05 C1005JB1E473K
47 +5% 0.5+£0.05 C1005CH1H470J
56 +5% 0.5+0.05 C1005CH1H560J RATED VOLTAGE EdCZ 16V
68 +5% 0.5+£0.05 C1005CH1H680J Capacitance Thickness T
82 +5% 0.5+0.05 C1005CH1H820J (pFF; ' Tolerance (mlm)max Part number
:gg fgi" g'gfg'gg g} ggggm m g}j 33,000 +10% 0.5+0.05 C1005JB1C333K
150 :5; 0'5:0'05 C1005CHTH151J 47,000 +10% 0.5+0.05 C1005JB1C473K
=7 — 68,000 +10% 0.5+0.05 C1005JB1C683K
180 +5% 0.5+0.05 C1005CH1H181J
200 _5; 0'5_0'05 C1005CHTH221 100,000 +10% 0.5+0.05 C1005JB1C104K
£ °° O£, ¢ Part number for temperature characteristic X5R or X7R
ggg :g o//" ggiggg glgggg:} :gg}j Please substitute "X5R" or "X7R" for "JB" in the part number when
o/ -0£Y. ordering.
390 +5% 0.5+0.05 C1005CH1H391J
470 +5% 0.5+0.05 C1005CH1H471J * For more information about the products of other capacitance or data,

please contact us.
RATED VOLTAGE Edc: 25V

(C‘))?:p))acnance Tolerance ;thﬁl;;zs;(s T Part number

560 +5% 0.5+0.05 C1005CH1E561J
680 +5% 0.5+0.05 C1005CH1E681J
820 +5% 0.5+0.05 C1005CH1E821J
1,000 +5% 0.5+0.05 C1005CH1E102J

¢ Part number for temperature characteristic COG
Please substitute "COG" for "CH" in the part number when ordering.

* All specifications are subject to change without notice.
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TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R(x15%)
RATED VOLTAGE Edc: 10V

a))ailzp))acnance Tolerance ;rmhﬁl)(:;is T Part number
100,000 +10% 0.5+0.05 C1005JB1A104K
RATED VOLTAGE Edc: 6.3V
f;‘)?:p))acnance Tolerance ;rmhﬁl)(;iis T Part number
150.000 +10% 0.5+0.05 C1005JB0J154K
’ +20% 0.5+0.05 C1005JB0J154M
220,000 +10% 0.5+0.05 C1005JB0J224K
’ +20% 0.5+0.05 C1005JB0J224M
330.000 +10% 0.5+0.05 C1005JB0J334K
’ +20% 0.5+0.05 C1005JB0J334M
470,000 +10% 0.5+0.05 C1005JB0J474K
’ +20% 0.5+0.05 C1005JB0J474M
680.000 +10% 0.5+0.05 C1005JB0J684K
’ +20% 0.5+0.05 C1005JB0J684M
1,000,000 +10% 0.5+0.05 C1005JB0J105K
[1pF] +20% 0.5+0.05 C1005JB0J105M

¢ Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

TEMPERATURE CHARACTERISTICS:
JIS F(FJ)(+30, -80%), EIA Y5V(+22, -82%)
RATED VOLTAGE Edc: 16V

Capacitance Thickness T

(oF) Tolerance (mm)max. Part number
100,000 +80, 20%  0.5+0.05 C1005JF1C104Z
RATED VOLTAGE Edc: 10V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

220,000 +80, 20%  0.5+0.05 C1005JF1A224Z
470,000 +80, 20% 0.5+0.05 C1005JF1A474Z
RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part nurmber

(pF) (mm)max.

9RO +80,-20% 052005 C1005JF0J105Z

¢ Part number for temperature characteristic Y5V
Please substitute "Y5V" for "JF" in the part number when ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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C1608 (EIA CC0603) TYPE
SHAPES AND DIMENSIONS RATED VOLTAGE Edc: 25V
1.6+0.1 g)?:;))acnance Tolerance z—nrlﬁl)(:;sxs T Part number
- 3,900 +5% 0.8+0.1 C1608CH1E392J
9 4,700 +5% 0.8+0.1 C1608CH1E472J
3t = 5,600 +5% 0.8:0.1 C1608CH1E562J
0.2min. 6,800 +5% 0.820.1 C1608CH1E682J
ﬁ 8,200 +5% 0.8+0.1 C1608CH1E822J
S 10,000 +5% 0.8+0.1 C1608CH1E103J
@ ¢ Part number for temperature characteristic COG
e Dimensions in mm Please substitute "COG" for "CH" in the part number when ordering.
TEMPERATURE CHARACTERISTICS:
CAPACITANCE RANGES: CLASS 1 JIS SL(+350 to —1000ppm/°C)
TEMPERATURE CHARACTERISTICS: RATED VOLTAGE Edc: 10V
JIS CH(0:60ppm/°C), EIA COG(030ppm/°C) Capacitance T
RATED VOLTAGE Edc: 50V (©F) Tolerance mymax, .t number
Capacitance Thickness T 15,000 +5% 0.5+0.05 C1608SL1A153J
o Tolerance - ymax, T artnumber 22000 5% 0.5:0.05 C1608SL1A223]
0.5 +0.25pF 0.8+0.1 C1608CH1HOR5C
0.75 +0.25pF  0.8+0.1 C1608CH1HR75C * For more information about the products of other capacitance or data,
1 +0.25pF 0.8+0.1 C1608CH1H010C please contact us.
1.5 +0.25pF 0.8+0.1 C1608CH1H1R5C
2 +0.25pF 0.8+0.1 C1608CH1H020C
3 +0.25pF 0.8+0.1 C1608CH1HO30C
4 +0.25pF 0.8+0.1 C1608CH1H040C
5 +0.25pF 0.8+0.1 C1608CH1HO050C
6 +0.5pF 0.8+0.1 C1608CH1H060D
7 +0.5pF 0.8+0.1 C1608CH1H070D
8 +0.5pF 0.8+0.1 C1608CH1H080D
9 +0.5pF 0.8+0.1 C1608CH1H090D
10 +0.5pF 0.8+0.1 C1608CH1H100D
12 +5% 0.8+0.1 C1608CH1H120J
15 +5% 0.8+0.1 C1608CH1H150J
18 +5% 0.8+0.1 C1608CH1H180J
22 +5% 0.8+0.1 C1608CH1H220J
27 +5% 0.8+0.1 C1608CH1H270J
33 +5% 0.8+0.1 C1608CH1H330J
39 +5% 0.8+0.1 C1608CH1H390J
47 +5% 0.8+0.1 C1608CH1H470J
56 +5% 0.8+0.1 C1608CH1H560J
68 +5% 0.8+0.1 C1608CH1H680J
82 +5% 0.8+0.1 C1608CH1H820J
100 +5% 0.8+0.1 C1608CH1H101J
120 +5% 0.8+0.1 C1608CH1H121J
150 +5% 0.8+0.1 C1608CH1H151J
180 +5% 0.8+0.1 C1608CH1H181J
220 +5% 0.8+0.1 C1608CH1H221J
270 +5% 0.8+0.1 C1608CH1H271J
330 +5% 0.8+0.1 C1608CH1H331J
390 +5% 0.8+0.1 C1608CH1H391J
470 +5% 0.8+0.1 C1608CH1H471J
560 +5% 0.8+0.1 C1608CH1H561J
680 +5% 0.8+0.1 C1608CH1H681J
820 +5% 0.8+0.1 C1608CH1H821J
1,000 +5% 0.8+0.1 C1608CH1H102J
1,200 +5% 0.8+0.1 C1608CH1H122J
1,500 +5% 0.8+0.1 C1608CH1H152J
1,800 +5% 0.8+0.1 C1608CH1H182J
2,200 +5% 0.8+0.1 C1608CH1H222J
2,700 +5% 0.8+0.1 C1608CH1H272J
3,300 +5% 0.8+0.1 C1608CH1H332J

* All specifications are subject to change without notice.
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CAPACITANCE RANGES: CLASS 2

TEMPERATURE CHARACTERISTICS:

TEMPERATURE CHARACTERISTICS: EIA X5R(x15%)
RATED VOLTAGE Edc: 6.3V

. . : .
JIS B(BJ)(+10%), EIA X5R/X7R(x15%) Capacitance Tolerance Thickness T Part number
RATED VOL TAGE Edc: S0V e 10% gn;mz)n:ax. C1608X5R0J155K
: . 1,500,000 +10% .8+0.
Capacllance  rojerance KNS T pat numper [1.54F] £20% 0.80.1 C1608X5R0J155M
(pF) (mm)max
220 £10% 0.8+0.1 C1608JB1H221K 2,200,000 i;gj 8'&8'1 g}gggﬁgﬁ%gg:\(ﬂ
330 +10% 0.8+0.1 C1608JB1H331K ° O
470 +10% 0.8+0.1 C1608JB1H471K
680 +10% 0.8+0.1 C1608JB1H681K TEMPERATURE CHARACTERISTICS:
1,000 +10% 0.8+0.1 C1608JB1H102K JIS F(FJ)(+30, —80%), EIA Y5V(+22, —82%)
2200 sion  om01  ciempiipo RATED VOLTAGE Ede: 50V
, +10% .8+0. - -
3,300 +10% 0.80.1 C1608JB1H332K %;‘f)’ac'tame Tolerance (an:':]')‘gzsxs T Part number
4,700 10% 0.8+0.1 C1608B1H472K 100,000 180,-20% 0.8+0.1 C1608JF1H104Z
6,800 £10% 0.8:0.1 C1608J81HBAK 220,000 180,-20% _ 0.8+0.1 C1608JF1H224Z
10,000 +10% 0.8+0.1 C1608JB1H103K
15,000 +10% 0.8+0.1 C1608JB1H153K _
22,000 £10%  0.8:0.1 C1608JB1H223K RATED VOLTAGE Edc: 25V
33,000 +10% 0.820.1 C1608JB1H333K Capacitance oo ThicknessT o o ber
47,000 +10% 0.820.1 C1608JB1H473K (pF) (mm)max.
68.000 £10% 0.80 1 C1608JB1HB83K 470,000 +80,—20% _ 0.80.1 C1608JF1E474Z
100,000 +10% 0.8+0.1 C1608JB1H104K
RATED VOLTAGE Edc: 16V
RATED VOLTAGE Edc: 25V Capacitance Tolerance Thickness T Part number
Capacitance [ . ThicknessT o . (pF) (mm)max.
(PF) (mm)max. R0 480,-20% 0.8:0.1 C1608JF1C105Z
100,000 +10% 0.8+0.1 C1608JB1E104K
150.000 +10% 0.8+0.1 C1608JB1E154K
: +20% 0.8:0.1 C1608JB1E154M RATED VOLTAGE Edc: 10V
220,000 +10% 0.8+0.1 C1608JB1E224K Capacitance Tolerance Thickness T Part number
+20% 0.8+0.1 C1608JB1E224M (pF) (mm)max.
E2M0 180,20% 08201 C1608JF1A2257
RATED VOLTAGE Edc: 16V
E;F)’ac'ta”"e Tolerance (Tmh'r‘;‘]')‘r’:;is T Part number RATED VOLTAGE Edc: 6.3V
330,000 £10%  0840.1 C1608JB1C334K Capactance  fojerance  MONSST  pan numper
’ +20% 0.8+0.1 C1608JB1C334M (eF) (mm)max.
470.000 +10% 0.8£0.1 C1608JB1C474K [”3'77%0,;1000 +80,-20%  0.8+0.1 C1608JF0J475Z
: +20% 0.8+0.1 C1608JB1C474M * Part number for temperature characteristic Y5V
680.000 £10% 0.8+0.1 C1608JB1C684K Please substitute "Y5V" for "JF" in the part number when ordering.
’ +20% 0.8+0.1 C1608JB1C684M
1,000,000 £10% 0.8+0.1 C1608JB1C105K * For more information about the products of other capacitance or data,
[1pF] +20% 0.8+0.1 C1608JB1C105M

* Part number for temperature characteristic X5R or X7R

Please substitute "X5R" or "X7R" for "JB" in the part number when

ordering.

TEMPERATURE CHARACTERISTICS:

JIS B(BJ)(£10%), EIA X5R(15%)
RATED VOLTAGE Edc: 6.3V

Capacitance Thickness T

(oF) Tolerance (mm)max. Part number
1,500,000 +10% 0.8+0.1 C1608JB0J155K
[1.5pF] +20% 0.8+0.1 C1608JB0J155M
+10% 0.8+0.1 C1608JB0J225K
2,200,000 +20% 0.8+0.1 C1608JB0J225M
+10% 0.8+0.1 C1608JB0J335K
3,300,000 +20% 0.8+0.1 C1608JB0J335M
+10% 0.8+0.1 C1608JB0J475K
4,700,000 +20% 0.8+0.1 C1608JB0J475M

* Part number for temperature characteristic X5R

Please substitute "X5R" for "JB" in the part number when ordering.

please contact us.

* All specifications are subject to change without notice.
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C2012 (EIA CC0805) TYPE
SHAPES AND DIMENSIONS CAPACITANCE RANGES: CLASS 2
2.0£0.2 TEMPERATURE CHARACTERISTICS:
N_J JIS B(BJ)(£10%), EIA X5R/X7R(x15%)
o
H ‘ ) RATED VOLTAGE Edc: 50V
@ .
- e Capacitance Tolerance Thickness T Part number
0.2min. Y (pF) (mm)max.
- 150,000 +10% 1.2520.2 C2012JB1H154K
— ‘ ’ +20% 1.25:0.2 C2012JB1H154M
1 Dimensions in mm 990,000 +10% 1.2520.2 C2012JB1H224K
’ +20% 1.25:0.2 C2012JB1H224M
330.000 +10% 1.2520.2 C2012JB1H334K
CAPACITANCE RANGES: CLASS 1 : +20% 1.25x0.2 C2012JB1H334M
TEMPERATURE CHARACTERISTICS:
JIS CH(0:60ppm/°C), EIA COG(030ppm/°C) RATED VOLTAGE Edc: 25V
. Capacitance Thickness T
RATED VOLTAGE Edc: 50V (oF) Tolerance (mm)max Part number
Capacitance 1o oo ThicknessT o ber 470,000 +10% 1.250.2 C2012JB1E474K
(pF) _ (mm)max. ’ +20% 1.25:0.2 C2012JB1E474M
2,700 +5 / 0.6+0.1 C2012CH1H272J 550,000 £10% 195402 C2012JB1E684K
3,300 45 / 0.60.1 C2012CH1H332J ) 20% 125102 C2012JB1E684M
3,900 +5% 0.85+0.15 C2012CH1H392J 100,000 £10% 195402 C2012JB1E105K
4,700 +5% 0.85+0.15 C2012CH1H472J [uF] 20% 125102 C2012JB1E105M
5,600 +5% 0.85+0.15 C2012CH1H562J
6,800 +5% 1.25+0.2 C2012CH1H682J _
8,200 +5% 1.25+0.2 C2012CH1H822J RATE_D VOLTAGE Edc: 16\/‘
10,000 +5% 1.2520.2 C2012CH1H103J Capacitance oo ThicknessT o o ber
(pF) (mm)max.
. 1,500,000 +10% 1.25+0.2 C2012JB1C155K
RATEP VOLTAGE Edc: 25V_ (1.5uF] +20% 1.25+0.2 C2012JB1C155M
Capacitance 1o oo ThicknessT o ber 9 200,000 +10% 1.25+0.2 C2012JB1C225K
(pF) : (mm)max. . +20% 1.25:0.2 C2012JB1C225M
3,900 +5% 0.6£0.1 C2012CH1E392J ¢ Part number for temperature characteristic X5R or X7R
4,700 5% 0.6+0.1 C2012CH1E472J Please substitute "X5R" or "X7R" for "JB" in the part number when
5,600 +5% 0.6+0.1 C2012CH1E562J orderi ng.
6,800 5% 0.60.1 C2012CH1E682J
?02880 fgj 8ng} g;g}gg:} Efggj TEMPERATURE CHARACTERISTICS:
15,000 +5% 0.85:0.15  C2012CH1E153J JIS B(BJ)(x10%), EIA X5R(15%)
22,000 +5% 1.25+0.2 C2012CH1E223J RATED VOLTAGE Edc: 10V
33,000 +5% 1.25+0.2 C2012CH1E333J Capacitance Toleran Thickness T Part number
¢ Part number for temperature characteristic COG (pF) olerance (mm)max. art numbe
Please substitute "COG" for "CH" in the part number when ordering. 3,300,000 +10% 1.25+0.2 C2012JB1A335K
3.3uF] +20% 1.25:0.2 C2012JB1A335M
TEMPERATURE CHARACTERISTICS: 4.700.000 +10% 1.25+0.2 C2012JB1A475K
JIS SL(+350 to —1000ppm/°C) s +20% 1.25+0.2 C2012JB1A475M
RATED VOLTAGE Edc: 10V
: : RATED VOLTAGE Edc: 6.3V
Capacitance Tolerance Thickness T Part nurmber C T Thick T
(pF) (mm)max. z::pacn ance  Tolerance Ickness Part number
33,000 +5% 0.6£0.1 C2012SL1A333J (pF) _ (mm)max.
47,000 +5% 0.85:0.15 C2012SL1A473J 6é8800'000 £10% 1.25+0.2 C2012JB0J685K
68,000 +5% 1.25:0.2 C2012SL1A683J [6-84F] £20% 1.25+0.2 C2012JB0J685M
100,000 +5% 1.25+0.2 C2012SL1A104J 10000000  *10% 1.25:0.2 C2012JB0J106K
s +20% 1.25:0.2 C2012JB0J106M
¢ For more information about the products of other capacitance or data, 15,000,000 20% 1.2540.2 €2012JB0J156M
P P ’ 22,000,000  +20% 1.25:0.2 C2012JB0J226M

I t . —
please contact us ¢ Part number for temperature characteristic X5R

Please substitute "X5R" for "JB" in the part number when ordering.

* All specifications are subject to change without notice.
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TEMPERATURE CHARACTERISTICS: EIA X5R/X7R(+15%)
RATED VOLTAGE Edc: 25V

TEMPERATURE CHARACTERISTICS:
JIS F(FJ)(+30, —-80%), EIA Y5V(+22, —82%)

Capacitance Tolerance Thickness T Part number RATED VOLTAGE Edc: 50V
(pF) (mm)max. Capacitance Thickness T
1,000,000 +10% 1.25+0.2 C2012X5R1E105K (oF) Tolerance \ymax. Part number
[1uF] +20% 1.25:0.2 gzo12xsn1 E105M 470,000 +80,-20% 0.85:0.15 C2012JF1H474Z
+10% 1.25+0.2 2012X5R1E155K 1,000,000
1500000 0 125202 02012X5R1E155M HoR +80,-20% 1.25:0.15 C2012JF1H105Z
RATED VOLTAGE Edc: 16V RATED VOLTAGE Edc: 25V
Capacitance Thickness T Capacitance Thickness T
(oF) Tolerance (mm)max. Part number (oF) Tolerance (mm)max. Part number
1,000,000 +10% 0.85£0.15 C2012X5R1C105K 2,200,000 +80,-20% 1.25:0.15 C2012JF1E225Z
[1pF] +20% 0.85:0.15 C2012X5R1C105M [2.2uF]
1.500.000 +10% 1.25+0.2 C2012X5R1C155K
e +20% 1.25:0.2 C2012X5R1C155M RATED VOLTAGE Edc: 16V
+10% 1.25+0.2 C2012X5R1C225K Capacitance Thickness T
2,200,000 +20% 1.25:0.2 C2012X5R1C225M (F) Tolerance  mymax. Part number
* Part number for temperature characteristic X7R 4,700,000 _ofe
Please substitute "X7R" for "X5R" in the part number when ordering. [4.7uF] +80,-20% 1.25:02 C2012JF1C4752
TEMPERATURE CHARACTERISTICS: EIA X5R(+15%) RATED VOLTAGE Edc: 10V
RATED VOLTAGE Edc: 10V ?a;;acitance Tolerance (Thicl;ness T part number
- : F mm)max.
Capacitance Thickness T p
(0F) Tolerance i imymax. Part number 10,000,000 180, 20% 1.25:02 C2012JF1A106Z
1 ,500'&]000 +10% 0.85+0.15 C2012X5R1A155K
[1.5p +20% 0.85+0.15 C2012X5R1A155M
ooo0000  E10% 1.25:0.2 C2012X5R1A225K RATED VOLTAGE Ede: 6.3V
" +20% 1.25+0.2 C2012X5R1A225M Capacitance )\ oo ThicknessT o o ber
3300000 +10% 1.25:0.2 C2012X5R1A335K (pF) (mm)max.
s +20% 1.25:0.2 C2012X5R1A335M 2222'82?’000 +80,-20% 1.25:0.2 C2012JF0J226Z
¢ Part number for temperature characteristic Y5V
RATED VOLTAGE Edc: 6.3V Please substitute "Y5V" for "JF" in the part number when ordering.
Capacitance Thickness T
Tolerance Part number . . .
(pF) (mm)max. « For more information about the products of other capacitance or data,
2,200,000 +10% 0.85+0.15 C2012X5R0J225K please contact us.
[2.2uF] +20% 0.850.15 C2012X5R0J225M
+10% 0.85+0.15 C2012X5R0J335K
8800000 500 0.85:015  C2012X5R0J335M
+10% 0.85+0.15 C2012X5R0J475K
4,700,000 +20% 0.85+0.15 C2012X5R0J475M
+10% 1.25+0.2 C2012X5R0J685K
6800000 509 1.25:0.2 C2012X5R0J685M
+10% 1.25+0.2 C2012X5R0J106K
10,000,000 +20% 1.25+0.2 C2012X5R0J106M

* All specifications are subject to change without notice.
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C3216 (EIA CC1206) TYPE
SHAPES AND DIMENSIONS
3.2+0.2

N —

o

g | | |

. =

0.2min.
- =
|_
T Dimensions in mm

CAPACITANCE RANGES: CLASS 1
TEMPERATURE CHARACTERISTICS:
JIS CH(0+60ppm/°C), EIA CO0G(0+30ppm/°C)

RATED VOLTAGE Edc: 50V
Capacitance Tolerance Thickness T Part nurmber
(pF) (mm)max.
3,900 +5% 0.6+0.1 C3216CH1H392J
4,700 +5% 0.60.1 C3216CH1H472J
5,600 +5% 0.6+0.1 C3216CH1H562J
6,800 +5% 0.60.1 C3216CH1H682J
8,200 +5% 0.85+0.15 C3216CH1H822J
10,000 +5% 0.85+0.15 C3216CH1H103J
15,000 +5% 1.15+0.15 C3216CH1H153J
22,000 +5% 1.15+£0.15 C3216CH1H223J
33,000 +5% 1.6+0.2 C3216CH1H333J
RATED VOLTAGE Edc: 25V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
8,200 +5% 0.6+0.1 C3216CH1E822J
10,000 +5% 0.60.1 C3216CH1E103J
15,000 +5% 0.60.1 C3216CH1E153J
22,000 +5% 0.6+0.1 C3216CH1E223J
33,000 +5% 0.85+0.15 C3216CH1E333J
47,000 +5% 1.15+0.15 C3216CH1E473J
68,000 +5% 1.6+0.2 C3216CH1E683J
100,000 +5% 1.6+0.2 C3216CH1E104J

¢ Part number for temperature characteristic COG

Please substitute "COG" for "CH" in the part number when ordering.

TEMPERATURE CHARACTERISTICS:
JIS SL(+350 to —1000ppm/°C)

RATED VOLTAGE Edc: 10V

Capacitance Tolerance Thickness T Part number
(pF) (mm)max.

150,000 +5% 1.15+0.15 C3216SL1A154J
220,000 +5% 1.6+0.2 C3216SL1A224J

¢ For more information about the products of other capacitance or data,

please contact us.

CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(+10%), EIA X5R/X7R(+15%)
RATED VOLTAGE Edc: 50V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.
+10% 1.6+0.2 C3216JB1H474K

470,000 +20% 1.6+0.2 C3216JB1H474M
+10% 1.6+0.2 C3216JB1H684K

680,000 +20% 1.6+0.2 C3216JB1H684M

1,000,000 +10% 1.6+0.2 C3216JB1H105K

[1pF] +20% 1.6+0.2 C3216JB1H105M

RATED VOLTAGE Edc: 25V

Capacitance Thickness T

p mm)max.

(o) Tolerance (mm) Part number

1,000,000 +10% 1.6+0.2 C3216JB1E105K

[1uF] £20% 1.6+0.2 C3216JB1E105M
+10% 1.6+0.2 C3216JB1E155K

1,500,000 +20% 1.6+0.2 C3216JB1E155M
+10% 1.6+0.2 C3216JB1E225K

2,200,000 +20% 1.6+0.2 C3216JB1E225M
+10% 1.6+0.2 C3216JB1E335K

3,300,000 +20% 1.6+0.2 C3216JB1E335M
+10% 1.6+0.2 C3216JB1E475K

4,700,000 +20% 1.6+0.2 C3216JB1E475M

RATED VOLTAGE Edc: 16V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

6,800,000 +10% 1.6+0.2 C3216JB1C685K

[6.8uF] £20% 1.6+0.2 C3216JB1C685M
+10% 1.6+0.2 C3216JB1C106K

10,000,000 +20% 1.6+0.2 C3216JB1C106M

¢ Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R(+15%)
RATED VOLTAGE Edc: 6.3V

Capacitance Thickness T

(o) (mm)max. Part number

Tolerance

%%8%0’000 +20% 1.6+0.3-0.1  C3216JB0J336M

47,000,000 +20% 1.6+0.3,-0.1 C3216JB0J476M

¢ Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

* All specifications are subject to change without notice.
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TEMPERATURE CHARACTERISTICS: EIA X5R/X7R(+15%)
RATED VOLTAGE Edc: 50V

TEMPERATURE CHARACTERISTICS:
JIS F(FJ)(+30, —80%), EIA Y5V(+22, —82%)

Capacitance Tolerance Thickness T Part number RATED VOLTAGE Edc: 50V
(pF) (mm)max. Capacitance .- ThicknessT o .
[11, o%o,ooo +10% 1.6+0.2 C3216X5R1H105K (pF) (mm)max.
H +20% 1.6+0.2 C3216X5R1H105M
=2 = 2200000 g5 0% 1.15:0.2 C3216JF1H225Z
[2.2pF]
RATED VOLTAGE Edc: 16V
Capacitance Thickness T RATED VOLTAGE Edc: 25V
Tolerance Part number - -
(pF) (mm)max. Capacitance Tolerance Thickness T Part number
2,200,000 +10% 0.85+0.15 C3216X5R1C225K (pF) (mm)max.
(2.2pF] +20% 0.85+0.15 C3216X5R1C225M fbi 700,11000 +80,-20% 1.15:0.2 C3216JF1E4A75Z
3.300.000 +10% 1.10+0.15 C3216X5R1C335K -
T +20% 1.10+0.15 C3216X5R1C335M
4.700.000 +10% 1.6+0.2 C3216X5R1C475K RATED VOLTAGE Edc: 16V
T +20% 1.6+0.2 C3216X5R1C475M Capacitance Tol Thickness T Part b
* Part number for temperature characteristic X7R (pF) olerance (mm)max. art numoer
Please substitute "X7R" for "X5R" in the part number when ordering. [11% Bg?,ooo 180,-20%  1.6+0.2 C3216JF1C106Z
TEMPERATURE CHARACTERISTICS: EIA X5R(+15%)
RATED VOLTAGE Edc: 10V RATED VOLTAGE Edc: 10V
- : Capacitance Thickness T
8)3'.:{))&0”3.“06 Tolerance Imhlrzl)(rrlwis T Part number (pF) Tolerance (mm)max. Part number
3300000  £10% 0.85:0.15 C3216X5R1A335K [2222'8(,%(1”000 +80,-20% 1.6:0.2 C3216JF1A226Z
[3.3pF] +20% 0.850.15 C3216X5R1A335M
+10% 1.15+0.15 C3216X5R1A475K
4700000 g%, 1154015 C3216XSR1A475M RATED VOLTAGE Edc: 6.3V
6.800.000 +10% 1.6£0.2 C3216X5R1A685K Capacitance oo ThicknessT o . ber
o +20% 1.6:0.2 C3216X5R1A685M Eth())oo 500 (mm)max.
7,000, 509
10000000 %1032 o, [470F] +80,-20% 1602 C3216JF0J476Z
=20 —— * Part number for temperature characteristic Y5V
Please substitute "Y5V" for "JF" in the part number when ordering.
RATED VOLTAGE Edc: 6.3V
g)ellzp))acnance Tolerance g'mhﬁl)%zs;(s T Part number o I;?E:an;grgoﬂ:é{n;tfon about the products of other capacitance or data,
4,700,000 +10% 0.85+0.15 C3216X5R0J475K
[4.7uF] +20% 0.850.15 C3216X5R0J475M
+10% 0.85+0.15 C3216X5R0J685K
6800000 500 0.85:015  C3216X5R0J685M
+10% 0.85+0.15 C3216X5R0J106K
10,000,000 50, 0.85:015  C3216X5R0J106M
15,000,000 +20% 1.6+0.2 C3216X5R0J156M
22,000,000 +20% 1.6+0.2 C3216X5R0J226M

* All specifications are subject to change without notice.

002-05 /20041014 / e412_c



(11/15)

&TDK

C3225(EIA CC1210) TYPE
SHAPES AND DIMENSIONS RATED VOLTAGE Edc: 16V
Capacitance Thickness T
3.2+0.4 Tolerance Part number
\ \ o (pF) (mm)max.
' g3 6,800,000 +10% 2.0+0.2 C3225JB1C685K
2 [6.8yF] +20% 20402 C3225JB1C685M
H . +10% 2.0+0.2 C3225JB1C106K
0
o ng 10,000,000 +20% 2.0+0.2 C3225JB1C106M
T 0.2min 15,000,000 +20% 2.5+0.3 C3225JB1C156M
: - 22,000,000 +20% 2.5+0.3 C3225JB1C226M
— * Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
— ordering.
I Dimensions in mm

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(£10%), EIA X5R(x15%)

CAPACITANCE RANGES: CLASS 1 RATED VOLTAGE Edc: 10V

TEMPERATURE CHARACTERISTICS: g)aF‘;ac“ance Tolerance (Tn';'nﬁ')‘:gf T Part number

JIS CH(0+60ppm/°C), EIA C0G(0+30ppm/°C) 15.000.000 )

RATED VOLTAGE Edc: 50V 5‘u ’ +20% 2.3+0.2 C3225JB1A156M

Capacitance Tolerance Thickness T Part nurmber

(pF) (mm)max. RATED VOLTAGE Edc: 6.3V

33,000 +5% 1.25+0.2 C3225CH1H333J Capacitance Tol Thickness T Part b

47,000 +5% 2.0:0.2 C3225CH1H473J (oF) olerance mm)max. art number

68,000 +5% 2.0+0.2 C3225CH1H683J 22,000,000

100,000 +5% 25:0.3 C3225CH1H104J [22F] #20%  20+02 C3225J80.J226M

* Part number for temperature characteristic COG 68,000,000  +20% 2.0+0.3 C3225JB0J686M
Please substitute "COG" for "CH" in the part number when ordering. 100,000,000  +20% 2.5+0.3 C3225JB0J107M

* Part number for temperature characteristic X5R
CAPACITANCE RANGES: CLASS 2 Please substitute "X5R" for "JB" in the part number when ordering.

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(£10%), EIA X5R/X7R(15%)
RATED VOLTAGE Edc: 50V

TEMPERATURE CHARACTERISTICS: EIA X5R/X7R(£15%)
RATED VOLTAGE Edc: 50V

- - Capacitance Tolerance Thickness T Part number
Callzpacnance Tolerance  TViCknessT o mber (PF) (mm)max.
(pF) : (mm)max. 0200000  10% 2.0:0.2 C3225X5R1H225K
[11,000,000 +10% 1.6£0.2 C3225JB1H105K 2.20F] +20% 2.0:0.2 C3225X5R1H225M
ifg f ;'g’-'g'g gggggjgl mgg:\(" ss0000  *10% 25:0.3 C3225X5R1H335K
+10% .0+0. ,oU0, o
1,500,000 oo > 009 CanoelBiH 12N +20% 2.5:0.3 C3225X5R1H335M
+10% 2.0:0.2 C3225JB1H225K
2,200,000 +20% 20+0.2 C3225JB1H225M RATEP VOLTAGE Edc: 25V‘
3300.000 +10% 2.5:0.3 C3225JB1H335K Capacitance . ThicknessT o . .
o +20% 2.5+0.3 C3225JB1H335M (pF) (mm)max.
6,800,000 +10% 2.5+0.3 C3225X5R1E685K
6.8 % 520,
O —
- i 10,000,000 =2 o=
gaFF)’aC”a”"e Tolerance (T;'r‘;')‘r’]‘%f(s T Partnumber +20% 25+0.3 C3225X5R1E106M
3,300,000 +10% 1.6+0.2 C3225JB1E335K .
[3.3uF] £20% 1.6:0.2 C3225JB1E335M RATED VOLTAGE Edc: 16V
4700.000 +10% 2.0:0.2 C3225JB1E475K Capacitance .~ ThicknessT o . .
T +20% 2.0+0.2 C3225JB1E475M (pF) (mm)max.
+1 oo/o 20102 C3225JB1 E685K 1 0'000’000 +1 0°/o 20102 C3225X5R1 C1 06K
6,800,000 +20% 20+0.2 C3225)B1E685M [10uF] +20% 2.0:0.2 C3225X5R1C106M
ooo0000 0% 55:0.3 C3295JB1E106K 15000000 +20% 2.5:0.3 C3225X5R1C156M
,000, 0% 55103 3995 JB1E106M 22,000,000  +20% 2.5:0.3 C3225X5R1C226M

¢ Part number for temperature characteristic X7R
Please substitute "X7R" for "X5R" in the part number when ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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TEMPERATURE CHARACTERISTICS: EIA X5R(+15%)

RATED VOLTAGE Edc: 10V

Capacitance Thickness T

(oF) Tolerance (mm)max. Part number
15,000,000 +20% 2.5+0.3 C3225X5R1A156M
22,000,000 +20% 2.3+0.2 C3225X5R1A226M
RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

[2222’8%"000 +20% 1.6:0.2 C3225X5R0J226M
33,000,000 +20% 2.0+0.2 C3225X5R0J336M
47,000,000 +20% 2.5+0.3 C3225X5R0J476M

TEMPERATURE CHARACTERISTICS:

JIS F(FJ)(+30, -80%), EIA Y5V(+22, -82%)

RATED VOLTAGE Edc: 50V

Capacitance Thickness T

Tolerance Part number
(pF) (mm)max.
Eﬁi%o,fjooo +80,20% 1.6£0.2 C3225JF1H4752Z
RATED VOLTAGE Edc: 25V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
[11068%)'000 +80,-20% 1.6+0.2 C3225JF1E106Z
RATED VOLTAGE Edc: 16V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
[2222’82?'000 +80,20% 2.0+0.2 C3225JF1C226Z
RATED VOLTAGE Edc: 10V
Capacitance Tolerance Thickness T Part nurmber
(pF) (mm)max.
%8%),000 +80,20% 2.0+0.2 C3225JF1A476Z
RATED VOLTAGE Edc: 6.3V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
[1100%82?’000 +80,20% 2.5+0.3 C3225JFOJ107Z

* Part number for temperature characteristic Y5V

Please substitute "Y5V" for "JF" in the part number when ordering.

* For more information about the products of other capacitance or data,

please contact us.

* All specifications are subject to change without notice.
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C4532(EIA CC1812) TYPE
SHAPES AND DIMENSIONS RATED VOLTAGE Edc: 16V
4.5+04 g)?:;))acnance Tolerance (anlﬁl)(:qzsxs T Part number
\ .
- g 22000000 009, 25103 C45320B1C226M
< [220F]
9 33,000,000 +20% 2.5+0.3 C4532JB1C336M
2 * Part number for temperature characteristic X5R or X7R
7 @u Please substitute "X5R" or "X7R" for "JB" in the part number when
0.2min. ordering.
TEMPERATURE CHARACTERISTICS: EIA X5R/X7R(x15%)
- RATED VOLTAGE Edc: 50V
L Dimensions in mm g)?:;))acitance Tolerance z—nrlﬁl)(;‘;sxs T Part number
4,700,000 +10% 2.0+0.2 C4532X5R1H475K
) [4.7pF] +20% 2.0:0.2 C4532X5R1H475M
CAPACITANCE RANGES: CLASS 1 00000 E10% 25:0.3 C4532X5R1H685K
TEMPERATURE CHARACTERISTICS: N +20% 2.5+0.3 C4532X5R1H685M
JIS CH(0+60ppm/°C), EIA C0G(0+30ppm/°C)
RATED VOLTAGE Edc: 50V RATED VOLTAGE Edc: 25V
Capacitance Thickness T Capacitance Tol Thickness T Part
(F) Tolerance (mm)max. Part number (©F) olerance (mm)max. art number
aw o lmor  omgmwn  E o a3 osweeow
y +370 .0Ux0. S
100,000 +5% 20202 C4532CH1H1044 22,000,000 +20% 2.5+0.3 C4532X5R1E226M
150,000 +5% 2.5+0.3 C4532CH1H154J
220,000 +5% 3.2:0.3 C4532CH1H224) RATED VOLTAGE Edc: 16V
* Part number for temperature characteristic COG Capacitance Tol Thickness T Part b
Please substitute "COG" for "CH" in the part number when ordering. (oF) olerance mmjmax. art numoer
CAPACITANCE RANGES: CLASS 2 (B 220% 20w CAoRXSRICToM
: 22,000,000 +20% 2.3:0.3 C4532X5R1C226M
TEMPERATURE CHARACTERISTICS: 33,000,000  £20% 25:0.3 C4532X5R1C336M
JIS B(BJ)(+10%), EIA X5R/X7R(x15%) * Part number for temperature characteristic X7R
RATED VOLTAGE Edc: 50V Please substitute "X7R" for "X5R" in the part number when ordering.
Capacitance Thickness T
(0F) Tolerance i imymax. Part number TEMPERATURE CHARACTERISTICS: EIA X5R(£15%)
1,500,000 £10% 1.6+0.2 C4532JB1H155K RATED VOLTAGE Edc: 10V
[1.50F] +20% 1.620.2 C4532JB1H155M Capacitance . ThiknessT o
5.900.000 +10% 1.6+0.2 5532:11313225:\(/' (oF) (mm)max.
T +20% 1.6+0.2 532JB1H225 33,000,000 o
o000 | 0% 20:02 C4532JB1H335K " #20%  20:02 C4532X5R1A336M
T +20% 2.0£0.2 C4532JB1H335M 47,000,000 +20% 2.8+0.3 C4532X5R1A476M
4700.000 +10% 2.3+0.2 C4532JB1H475K
T +20% 2.3:0.2 C4532JB1H475M RATED VOLTAGE Edc: 6.3V
+10% 2.5+0.3 C4532JB1H685K : .
Capacitance Thickness T
6800000 20%  25.03 C4532JB1HE85M e ToeraCe (e, Patnumber
68,000,000
RATED VOLTAGE Edc: 25V [684F] £20% 28+0.3 C4532X5R0J686M
Capacitance i Thickness T 100,000,000  +20% 2.8+0.3 C4532X5R0J107M
(oF) olerance (mm)max. Part number
4,700,000 +10% 1.6+0.2 C4532JB1E475K » For more information about the products of other capacitance or data,
[4.7uF] +20% 1.6+0.2 C4532JB1E475M please contact us.
+10% 2.0+0.2 C4532JB1E685K
6,800,000 +20% 2.0+0.2 C4532JB1E685M
+10% 2.5+0.3 C4532JB1E106K
10,000,000 +20% 2.5+0.3 C4532JB1E106M
15,000,000 +20% 2.5+0.3 C4532JB1E156M
22,000,000 +20% 2.5+0.3 C4532JB1E226M

* All specifications are subject to change without notice.
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TEMPERATURE CHARACTERISTICS:
JIS F(FJ)(+30, —80%), EIA Y5V(+22, —-82%)
RATED VOLTAGE Edc: 50V

Capacitance Thickness T

(0F) Tolerance (mm)max. Part number
[B0R00%0 480, -20% 20:02 C4532JF1H106Z
RATED VOLTAGE Edc: 25V

Capacitance Tolerance Thickness T Part nurmber
(pF) (mm)max.

[2222;8‘,2107000 +80,-20% 2.0£0.2 C4532JF1E226Z
RATED VOLTAGE Edc: 16V

Capacitance Tolerance Thickness T Part number
(pF) (mm)max.

E’;@SCF’?'OOO +80,20% 2.5+0.3 C4532JF1C476Z
RATED VOLTAGE Edc: 10V

Capacitance Thickness T

(oF) Tolerance (mm)max. Part number
(R0 0%0 480, 20% 25:03 C4532JF1A107Z

¢ Part number for temperature characteristic Y5V
Please substitute "Y5V" for "JF" in the part number when ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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C5750(EIA CC2220) TYPE
SHAPES AND DIMENSIONS
5.7+0.4
)
< !
=1
3
I

\
__._0.2min. \\ W

Dimensions in mm

CAPACITANCE RANGES: CLASS 2

TEMPERATURE CHARACTERISTICS: EIA X5R(x15%)
RATED VOLTAGE Edc: 10V

Capacitance Thickness T

(©F) Tolerance (mm)max. Part number
GO0 0% 23:02 C5750X5R1A686M
RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

(0RO 420%  28:03 C5750X5R0J107M

TEMPERATURE CHARACTERISTICS:
JIS F(FJ)(+30, —-80%), EIA Y5V(+22, —82%)
RATED VOLTAGE Edc: 50V

TEMPERATURE CHARACTERISTICS: E:T:;;acnance Tolerance ;rnf:ﬁi)(;ess T Part number

JIS B(BJ)(x10%), EIA X5R/X7R(+15%) p ax.

RATED VOLTAGE Edc: 50V O 00  180,20% 20:02 C5750JF1H226Z
Capacitance Tolerance Thickness T Part number

(pF) (mm)max. c RATED VOLTAGE Edc: 25V

4,700,000 +10% 2.0+0.2 5750JB1H475K : ;

[4.7F] 20%  2.0:02 C5750JB1H475M (opaclance  olerance  EMSST  part number

+10% 2.5+0.3 C5750JB1H685K

6,800,000 oo 55103 C5750JB1H685M ”;?78(,_1](”000 +80,-20% 2.0+0.2 C5750JF1E476Z
RATED VOLTAGE Edc: 25V RATED VOLTAGE Edc: 16V

Capacitance Thickness T Capacitance Thickness T

(oF) Tolerance (mm)max. Part number ©F) Tolerance (mm)max. Part number
10,000,000 +10% 2.0£0.2 C5750JB1E106K 100,000,000 +80,-20% 2.5+0.3 C5750JF1C1072Z
10pF] +20% 2.0:0.2 C5750JB1E106M [100uF]

15,000,000 +20% 23+0.2 C5750JB1E156M * Part number for temperature characteristic Y5V

25 000.000 +90% 25+0.0 C5750JB1E226M Please substitute "Y5V" for "JF" in the part number when ordering.

* Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

TEMPERATURE CHARACTERISTICS: EIA X5R/X7R(x15%)
RATED VOLTAGE Edc: 50V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

10,000,000 +10% 2.3+0.2 C5750X5R1H106K
[10pF] +20% 2.3:0.2 C5750X5R1H106M
RATED VOLTAGE Edc: 25V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

10,000,000 +10% 2.0+0.2 C5750X5R1E106K
10pF] +20% 2.0+0.2 C5750X5R1E106M
15,000,000 +20% 2.3+0.2 C5750X5R1E156M

22,000,000 +20% 2.3+0.2 C5750X5R1E226M
RATED VOLTAGE Edc: 16V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

[33%8%"000 +20% 2.0:02 C5750X5R1C336M

47,000,000 +20% 2.3+0.2 C5750X5R1C476M

¢ Part number for temperature characteristic X7R
Please substitute "X7R" for "X5R" in the part number when ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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Low Profile Multilayer Chip Ceramic Capacitors

C Series

FEATURES

» These capacitors are optimally suited for thin sets such as IC
cards and LCD panels because they feature high capacities in a

low profile configuration.

PRODUCT IDENTIFICATION
C 1608 JB 1H 104 K [

M @ @G @ 6 6@
(1)Series name

(2)DimensionsLxW

1608 1.6x0.8mm
2012 2.0x1.25mm
3216 3.2x1.6mm

(8)Capacitance temperature characteristics

Class 2

Iﬁ;:&i r:;;:; Capacitance change Temperature range
B(JB*) +10% —251t0 +85°C

X7R +15% -55t0 +125°C
X5R +15% —55to +85°C
*JB(JIS: BJ)

(4)Rated voltage Edc

0J 6.3V
1A 10V
1C 16V
1E 25V
1H 50V

(5)Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads (pF).

The first and second digits identify the first and second significant
figures of the capacitance.

The third digit identifies the multiplier.

104 100,000pF
106 10,000,000pF[10pF]

(6)Capacitance tolerance

Symbol Tolerance
K +10%
M +20%

(7)Packaging style
T Taping (reel)
B Bulk

* All specifications are subject to change without notice.
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C1608(EIA CC0603)TYPE
SHAPES AND DIMENSIONS

1.6£0.1 ‘
- o
&F)I ’
= -
0.2min.
?é ’
€
Fy Dimensions in mm
CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
RATED VOLTAGE Edc: 50V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.9 C1608JB1H104K
100,000 +20% 0.9 C1608JB1H104M
RATED VOLTAGE Edc: 25V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.7 C1608JB1E104K
100,000 +20% 0.7 C1608JB1E104M
+10% 0.7 C1608JB1E154K
150,000 +20% 0.7 C1608JB1E154M
+10% 0.9 C1608JB1E224K
220,000 +20% 0.9 C1608JB1E224M
+10% 0.9 C1608JB1E334K
330,000 +20% 0.9 C1608JB1E334M
+10% 0.9 C1608JB1E474K
470,000 +20% 0.9 C1608JB1E474M
+10% 0.9 C1608JB1E684K
680,000 +20% 0.9 C1608JB1E684M
+10% 0.9 C1608JB1E105K
1,000,000 +20% 0.9 C1608JB1E105M
RATED VOLTAGE Edc: 16V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.7 C1608JB1C224K
220,000 +20% 0.7 C1608JB1C224M
+10% 0.7 C1608JB1C334K
330,000 +20% 0.7 C1608JB1C334M

* Part number for temperature characteristic X5R or X7R

Please substitute "X5R" or "X7R" for "JB" in the part number when

ordering.

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R(+15%)
RATED VOLTAGE Edc: 10V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

1,000,000 +10% 0.55 C1608JB1A105K
[1uF] +20% 0.55 C1608JB1A105M

RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

1,500,000 +10% 0.9 C1608JB0J155K

[1.5pF] +20% 0.9 C1608JB0J155M
+10% 0.9 C1608JB0J225K

2,200,000 +20% 0.9 C1608JB0J225M

e Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.

001-03/20040715/e411_c



&TDK

C2012(EIA CC0805)TYPE
SHAPES AND DIMENSIONS

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R(+15%)
RATED VOLTAGE Edc: 10V

Capacitance Tolerance Thickness T Part number
(PF) (mm)max.
1,000,000 +10% 0.7 C2012JB1A105K
[1UF] +20% 0.7 C2012JB1A105M
+10% 0.9 C2012JB1A155K
1
,500,000 +20% 0.9 C2012JB1A155M
+10% 0.95 C2012JB1A225K
2,2
,200,000 +20% 0.95 C2012JB1A225M

RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

3,300,000 +10% 0.95 C2012JB0J335K

[3.3pF] +20% 0.95 C2012JB0J335M
+10% 0.95 C2012JB0J475K

4,700,000 +20% 0.95 C2012JB0J475M
+10% 0.95 C2012JB0J685K

6,800,000 +20% 0.95 C2012JB0J685M
+10% 0.95 C2012JB0J106K

1

0,000,000 +20% 0.95 C2012JB0J106M

‘ 2.0+0.2 ‘
S =
+
S =
0.2min.
€
= Dimensions in mm
CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
RATED VOLTAGE Edc: 50V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.9 C2012JB1H104K
100,000 +20% 0.9 C2012JB1H104M
+10% 0.9 C2012JB1H154K
1
50,000 +20% 0.9 C2012JB1H154M
+10% 0.95 C2012JB1H224K
22
0,000 +20% 0.95 C2012JB1H224M
RATED VOLTAGE Edc: 25V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.7 C2012JB1E334K
330,000 +20% 0.7 C2012JB1E334M
+10% 0.7 C2012JB1E474K
470,000 +20% 0.7 C2012JB1E474M
+10% 0.95 C2012JB1E684K
680,000 +20% 0.95 C2012JB1E684M
1,000,000 +10% 0.95 C2012JB1E105K
[1uF] +20% 0.95 C2012JB1E105M
+10% 0.95 C2012JB1E155K
1,500,000 +20% 0.95 C2012JB1E155M
+10% 0.95 C2012JB1E225K
2,200,000 +20% 0.95 C2012JB1E225M
RATED VOLTAGE Edc: 16V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.7 C2012JB1C684K
680,000 +20% 0.7 C2012JB1C684M
1,000,000 +10% 0.9 C2012JB1C105K
[1uF] +20% 0.9 C2012JB1C105M

* Part number for temperature characteristic X5R or X7R

Please substitute "X5R" or "X7R" for "JB" in the part number when

ordering.

e Part number for temperature characteristic X5R

Please substitute "X5R" for "JB" in the part number when ordering.

¢ For more information about the products of other capacitance or data,

please contact us.

* All specifications are subject to change without notice.
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C3216(EIA CC1206)TYPE
SHAPES AND DIMENSIONS

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R(+15%)
RATED VOLTAGE Edc: 10V

&T:r))acnance Tolerance ;rmhﬁl)(;‘fxs T Part number
4,700,000 +10% 0.9 C3216JB1A475K
[4.7uF] +20% 0.9 C3216JB1A475M
+10% 0.9 C3216JB1A685K
6,800,000
+20% 0.9 C3216JB1A685M

RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

10,000,000 +10% 0.95 C3216JB0J106K
[10uF] +20% 0.95 C3216JB0J106M

3.2+0.2 )
- =
=}
5 | =
0.2min.
él
IS
Fy Dimensions in mm
CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
RATED VOLTAGE Edc: 50V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.9 C3216JB1H224K
220,000 +20% 0.9 C3216JB1H224M
+10% 0.95 C3216JB1H334K
330,000 +20% 0.95 C3216JB1H334M
+10% 0.95 C3216JB1H474K
47
0,000 +20% 0.95 C3216JB1H474M
+10% 1.25 C3216JB1H684K
680,000 +20% 1.25 C3216JB1H684M
RATED VOLTAGE Edc: 25V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.9 C3216JB1E684K
680,000 +20% 0.9 C3216JB1E684M
1,000,000 +10% 0.9 C3216JB1E105K
[1uF] +20% 0.9 C3216JB1E105M
+10% 0.9 C3216JB1E155K
1,500,000 +20% 0.9 C3216JB1E155M
+10% 0.95 C3216JB1E225K
2,200,000 +20% 0.95 C3216JB1E225M
RATED VOLTAGE Edc: 16V
Capacitance Tolerance Thickness T Part number
(pF) (mm)max.
+10% 0.9 C3216JB1C225K
2,200,000 +20% 0.9 C3216JB1C225M
+10% 0.95 C3216JB1C335K
3,300,000 +20% 0.95 C3216JB1C335M
+10% 0.95 C3216JB1C475K
4,700,000 +20% 0.95 C3216JB1C475M
+10% 1.25 C3216JB1C685K
6,800,000 +20% 1.25 C3216JB1C685M

* Part number for temperature characteristic X5R or X7R

Please substitute "X5R" or "X7R" for "JB" in the part number when

ordering.

e Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

¢ For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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High Voltage Multilayer Ceramic Chip Capacitors

C Series C4520 and C4532 Types

Temperature Characteristic EIA X7R

FEATURES

* No polarity.

* Suits 100Base-T LAN cards, LAN board, and HUB.
» Complies with ISO8802-3 for LAN applications.
 Designed exclusively for reflow soldering.

PRODUCT IDENTIFICATION
C 4520 X7R 3A 471 K []

M & @6 6
(1)Series name

(2)Dimensions LxW

4520 4.5%2.0mm
4532 4.5%3.2mm

(3) Capacitance temperature characteristics

Class 2
Temperature Temperature
o o Temperature range
characteristics  coefficient
X7R +15% —55to +125°C

(4) Rated voltage Edc

3A 1kV
3D 2kV

APPLICATIONS

Input signal filtering circuit of modem and LAN interface, and
general high voltage circuits.

(5) Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads(pF).

The first and second digits identity the first and second significant
figures of the capacitance.

The third digit identifies the multiplier.

471 470pF

(6) Capacitance tolerance
K +10%

(7) Packaging style

T Taping (reel)
B Bulk
PRECAUTIONS

¢ This product intended solely for reflow soldering.

« A slit of about 1mm on the circuit board is recommended to
improve washability of the flux after soldering.

« Ensure that this product is completely dried following washing.

» Because this product will be subjected to high voltages, use only
low-activity rosin flux (with 0.2% max. of chlorine).

« Using this product with aluminum circuit boards must be
considered a special implementation because the high heat
stress levels are involved. In case of using aluminum circuit
boards, please contact TDK.

« All specifications are subject to change without notice.
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C4520(EIA CC1808) TYPE C4532(EIA CC1812) TYPE
SHAPES AND DIMENSIONS SHAPES AND DIMENSIONS
4.5+0.4 4.5+0.4
. -
o
g 3
~ &
0.2min o
. n.
| r
0.2min.
'_
- Dimensions in mm -
- Dimensions in mm
CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS: EIA X7R(x15%) CAPACITANCE RANGES: CLASS 2
RATED VOLTAGE Edc: 2kV TEMPERATURE CHARACTERISTICS: EIA X7R(+15%)
Capacitance Tolerance Thickness T Part number RATED VOLTAGE Edc: 2kV
(pF) (mm)max. Capacitance Thickness T
470 +10% 1.30.2 C4520X7R3D471K (0F) Tolerance - yman. Part number
1,000 +10% 1.3+0.2 C4520X7R3D102K 2,200 +10% 1.3+0.2 C4532X7R3D222K
RATED VOLTAGE Edc: 1kV RATED VOLTAGE Edc: 1kV
Capacitance Thickness T i i
(p?:I; Tolerance (oo Part number g]?:r;amtance Tolerance (Tmhﬁl)(rr;is T part number
470 +10% 1.3+0.2 CA4520X7R3A4A7IK 4,700 +10% 1.620.2 C4532X7R3A472K
1,000 +10% 1.3+0.2 C4520X7R3A102K 10,000 +10% 2.0£0.2 C4532X7R3A103K

« For more information about the products of other capacitance or data,
please contact us.

« All specifications are subject to change without notice.
002-02 / 20040324 / e4142_c
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Multilayer Ceramic Chip Capacitors

C Series
Guaranteed at High Temperature

FEATURES

* These products have no polarity.

« Their electrostatic capacity temperature response is stable at
15% even in high temperature ranges (up to 150°C).

« Provides high-precision performance because their electrostatic
capacity temperature response is £7.5% in semi-high
temperature ranges (up to 125°C).

PRODUCT IDENTIFICATION
C 1608 X8R 2A 102 K [I

nm @ G @6 6 O
(1) Series name

(2) Dimensions LxW

C1608 1.6x0.8mm
C2012 2.0x1.25mm
C3216 3.2x1.6mm

(3) Capacitance temperature characteristics

APPLICATIONS

« On-vehicle units mounted in motor vehicle engine rooms.

* Measuring instruments used in high temperature environments.
« For time constants and filter circuitry (up to 125°C).

¢ For temperature compensation (Class 1), Multilayer ceramic chip
capacitors with support for high temperatures are prepared as the COG or
NPO (with Ni internal electrodes) Series.

(5) Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads (pF).

The first and second digits identify the first and second significant
figures of the capacitance.

The third digit identifies the multiplier.

R designates a decimal point.

102 1,000pF
Class2 103 10,000pF
Iﬁ;g:{::igis Capacitance change Temperature range

(6) Capacitance tolerance
X8R +15% —55 to +150°C

(4) Rated voltage Edc

2A 100v
1H 50V
1E 25V

Symbol Tolerance
K +10%

(7) Packaging style

T Taping (reel)
B Bulk

« All specifications are subject to change without notice.

001-02 / 20040517 / e417_c
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C1608(EIA CC0603) TYPE
SHAPES AND DIMENSIONS

1.6+0.1

CAPACITANCE RANGES: CLASS 2

Dimensions in mm

TEMPERATURE CHARACTERISTICS: EIA X8R(x15%)
RATED VOLTAGE Edc: 100V

C2012(EIA CC0805) TYPE
SHAPES AND DIMENSIONS

2.0£0.1

[
®

1.25+0.1

Dimensions in mm

CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS: EIA X8R(+15%)
RATED VOLTAGE Edc: 100V

Capacitance

Thickness T

Capacitance Thickness T

Tolerance Part number Tolerance Part number
(pF) (mm)max. (pF) (mm)max.
1,000 +10% 0.80+0.10 C1608X8R2A102K 22,000 +10% 1.25+0.2 C2012X8R2A223K
1,500 +10% 0.80+0.10 C1608X8R2A152K
2,200 +10% 0.80+0.10 C1608X8R2A222K RATED VOLTAGE Edc: 50V
3,300 +10% 0.80+0.10 C1608X8R2A332K Capacitance S hickness T
4,700 +10% 0.80+0.10 C1608X8R2A472K ©oF) Tolerance (mm)max Part number
6,800 +10% 0.80+0.10 C1608X8R2A682K 68.000 +10% 1.2540.2 : C2012X8R1HE83K
10,000 +10% 0.80£0.10 C1608X8R2A103K 100000 +10% 1.2540.2 C2012X8R1H104K
15,000 +10% 0.80+0.10 C1608X8R2A153K ' = .

RATED VOLTAGE Edc: 50V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

1,000 +10% 0.80+0.10 C1608X8R1H102K
1,500 +10% 0.80+0.10 C1608X8R1H152K
2,200 +10% 0.80+0.10 C1608X8R1H222K
3,300 +10% 0.80+0.10 C1608X8R1H332K
4,700 +10% 0.80+0.10 C1608X8R1H472K
6,800 +10% 0.80+0.10 C1608X8R1H682K
10,000 +10% 0.80+0.10 C1608X8R1H103K
15,000 +10% 0.80+0.10 C1608X8R1H153K
22,000 +10% 0.80+0.10 C1608X8R1H223K
33,000 +10% 0.80+0.10 C1608X8R1H333K
47,000 +10% 0.80+0.10 C1608X8R1H473K

RATED VOLTAGE Edc: 25V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

68,000 +10% 0.80+0.10 C1608X8R1E683K
100,000 +10% 0.80+0.10 C1608X8R1E104K

« For more information about the products of other capacitance or data,

please contact us.

RATED VOLTAGE Edc: 25V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

150,000 +10% 0.85+0.15 C2012X8R1E154K
220,000 +10% 1.25+0.2 C2012X8R1E224K
330,000 +10% 1.25+0.2 C2012X8R1E334K

« All specifications are subject to change without notice.
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C3216(EIA CC1206) TYPE
SHAPES AND DIMENSIONS

3.240.1

1.6+0.1

CAPACITANCE RANGES: CLASS 2

r | ’ Dimensions in mm

TEMPERATURE CHARACTERISTICS: EIA X8R(x15%)
RATED VOLTAGE Edc: 100V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

33,000 +10% 0.85+0.15 C3216X8R2A333K
47,000 +10% 0.85+0.15 C3216X8R2A473K
68,000 +10% 1.15+0.15 C3216X8R2A683K
100,000 +10% 1.15+0.15 C3216X8R2A104K
150,000 +10% 1.6+0.2 C3216X8R2A154K

RATED VOLTAGE Edc: 50V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

150,000 +10% 0.85+0.15 C3216X8R1H154K
220,000 +10% 1.15+0.15 C3216X8R1H224K
330,000 +10% 1.6+0.2 C3216X8R1H334K
470,000 +10% 1.6+0.2 C3216X8R1H474K

RATED VOLTAGE Edc: 25V

Capacitance Tolerance Thickness T Part number

(pF) (mm)max.

330,000 +10% 0.85+0.15 C3216X8R1E334K
470,000 +10% 0.85+0.15 C3216X8R1E474K
680,000 +10% 1.15+£0.15 C3216X8R1E684K
[11'32?*000 +10% 1.6£0.2 C3216X8R1E105K

« For more information about the products of other capacitance or data,

please contact us.

« All specifications are subject to change without notice.

001-02 / 20040517 / e417_c
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LW Flipped Type Multilayer Ceramic Chip Capacitors

C Series

FEATURES

* Positioning the electrodes along the length of the chip device,
reduces ESR and ESL components over conventional products.
* Provides high frequency noise suppression effect because the

resonating frequency is high.
» Target application : IC decoupling.

PRODUCT IDENTIFICATION
C 1220 JB 1E 104 K []

1 @ B @ 6 67
(1) Series name

(2) Dimensions LxW

0816 0.8x1.6mm
1220 1.25x2.0mm
1632 1.6x3.2mm

(3) Capacitance temperature characteristics

Class 2

Ir?;:ggtr:rti::s:s Capacitance change Temperature range
B(JB*) +10% —25to +85°C

X7R +15% —55 to +125°C
X5R +15% —55 to +85°C
*JB(JIS: BJ)

(4) Rated voltage Edc

1H 50V
1E 25V
1C 16V
1A 10V
0J 6.3V

APPLICATIONS
Personal computers, word processors, portable telephones, cord-
less telephones, camcorders, etc.

(5) Nominal capacitance

The capacitance is expressed in three digit codes and in units of
pico farads (pF).

The first and second digits identify the first and second significant
figures of the capacitance.

The third digit identifies the multiplier.

R designates a decimal point.

104 100,000pF

(6) Capacitance tolerance

K +10%
M +20%

(7) Packaging style

T Taping (reel)
B Bulk

* All specifications are subject to change without notice.

002-04 / 20040927 / e4162_c
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C0816 (EIA CC0306) TYPE C1220 (EIA CC0508) TYPE
SHAPES AND DIMENSIONS SHAPES AND DIMENSIONS
‘ 1.6 ‘ 2.0+0.2 ‘
g C'i r'
3 HIE
| e .
& o
- &
r Dimensions in mm ~
Dimensions in mm
CAPACITANCE RANGES: CLASS 2
TEMPERATURE CHARACTERISTICS: CAPACITANCE RANGES: CLASS 2
JIS B(BJ)(=10%), EIA X5R/X7R(x15%) TEMPERATUIZ!E CHARACTERISTI(‘:,S.
RATED VOLTAGE Edc: 16V JIS B(BJ)(x10%), EIA X5R/X7R(x15%)
Capacitance Tolerance Thickness T Part number RATE_D VOLTAGE Edc: 50V_
(oF) (mm)max. Capacitance Tolerance Thickness T Part number
10,000 +10% 0.50+0.05 C0816JB1C103K (pF) (mm)max.
’ +20% 0.50+0.05 C0816JB1C103M 10.000 £10% 0.85:0.15 C1220JB1H103K
9 000 £10% 0.50£0.05 C0816JB1C223K ' +20% 0.85+0.15 C1220JB1H103M
’ +20% 0.50+0.05 C0816JB1C223M 22000 £10% 0.85:0.15 C12200B1H223K
+10% 0.50+0.05 C0816JB1C473K ' +20% 0.85:0.15 C1220JB1H223M
47,000 +20% 0.50+0.05 C0816JB1C473M 47.000 £10% 0.85:0.15 C1220JB1HA473K
100,000 £10% 0.50£0.05 C0816JB1C104K ’ +20% 0.85£0.15 C1220JB1H473M
’ +£20% 0.50+0.05 €0816JB1C104M
¢ Part number for temperature characteristic X5R or X7R RATED VOLTAGE Edc: 25V
Please substitute "X5R" or "X7R" for "JB" in the part number when : :
ordering. g)?:;)aacnance Tolerance Inﬁﬁl)(:%sxs T Part number
100.000 +10% 0.85+0.15 C1220JB1E104K
TEMPERATURE CHARACTERISTICS: ' +20% 0.85+0.15 C1220JB1E104M
JIS B(BJ)(+10%), EIA X5R(£15%)
RATED VOLTAGE Edc: 10V RATED VOLTAGE Edc: 16V
Capacitance Thickness T Capacitance Thickness T
(oF) Tolerance (mm)max. Part number (©F) Tolerance (mm)max. Part number
+10% 0.500.05 C0816JB1A224K +10% 0.85+0.15 C1220JB1C224K
220,000 +20%  050s0.05  COB16JB1A224M 220,000 £20% __ 085:0.15 __C1220JB1C224M

* Part number for temperature characteristic X5R

Please substitute "X5R" for "JB" in the part number when ordering.

* Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(£10%), EIA X5R(x15%)
RATED VOLTAGE Edc: 10V

g)?:;))acnance Tolerance z—nrlﬁl)(;‘;sxs T Part number
470,000 +10% 0.85x0.15 C1220JB1A474K
’ +20% 0.85+0.15 C1220JB1A474M
1,000,000 +10% 0.85+0.15 C1220JB1A105K
[1pF] +20% 0.85+0.15 C1220JB1A105M

* Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

» For more information about the products of other capacitance or data,
please contact us.

* All specifications are subject to change without notice.
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C1632 (EIA CC0612) TYPE
SHAPES AND DIMENSIONS TYPICAL ELECTRICAL CHARACTERISTICS
32502 ATTENUATION vs. FREQUENCY CHARACTERISTICS
\ | 10
of of 0
2 g 10 q I
-~ F il R L1
' S— ~ 20 S T L
) N C3216X7R1H104K |11
- <z 30 [ ~
9o §§ Lt
ﬁ g 40 W e
- 2 50 N 4%
I} N/ 7
I \ C1632X7R1H104K
' Dimensions in mm V
70
CAPACITANCE RANGES: CLASS 2 80
TEMPERATURE CHARACTERISTICS: 00102 05 1 2 5 10 20 50 100 200 500 1000
JIS B(BJ)(x10%), EIA X5R/X7R(x15%) Frequency(MHz)
RATED VOLTAGE Edc: 50V
Capacitance .\ oo ThicknessT o . @ ber * For more information about the products of other capacitance or data,
(pF) (mm)max. please contact us.
10.000 +10% 0.7+0.1 C1632JB1H103K
’ +20% 0.7+0.1 C1632JB1H103M
22 000 +10% 0.7+0.1 C1632JB1H223K
’ +20% 0.7+0.1 C1632JB1H223M
47 000 +10% 0.7+0.1 C1632JB1H473K
’ +20% 0.7+0.1 C1632JB1H473M
+10% 0.7+0.1 C1632JB1H104K
100,000 +20% 0.7+0.1 C1632JB1H104M
+10% 1.15+£0.15 C1632JB1H224K
220,000 +20% 1.15+£0.15 C1632JB1H224M

RATED VOLTAGE Edc: 25V

Capacitance Thickness T
(0F) Tolerance (mm)max. Part number
+10% 0.7+0.1 C1632JB1E224K
220,000 +20% 0.7+0.1 C1632JB1E224M
+10% 1.15+0.15 C1632JB1E474K
470,000 +20% 1.1520.15 C1632JB1E474M
RATED VOLTAGE Edc: 16V
Capacitance Tolerance Thickness T Part nurmber
(pF) (mm)max.
+10% 0.7+0.1 C1632JB1C474K
470,000 +20% 0.7+0.1 C1632JB1C474M
1,000,000 +10% 1.15+0.15 C1632JB1C105K
[1pF] +20% 1.1520.15 C1632JB1C105M

* Part number for temperature characteristic X5R or X7R
Please substitute "X5R" or "X7R" for "JB" in the part number when
ordering.

TEMPERATURE CHARACTERISTICS:
JIS B(BJ)(+10%), EIA X5R(x15%)
RATED VOLTAGE Edc: 10V

Capacitance Tolerance Thickness T Part nurmber

(pF) (mm)max.

1,000,000 +10% 0.7+0.1 C1632JB1A105K

[1pF] +20% 0.7+0.1 C1632JB1A105M
+10% 1.15+0.15 C1632JB1A225K

2,200,000 +20% 1.15+0.15 C1632JB1A225M

RATED VOLTAGE Edc: 6.3V

Capacitance Tolerance Thickness T Part nurmber

(pF) (mm)max.

4,700,000 +10% 1.320.15 C1632JB0J475K

[4.7uF] +20% 1.3.40.15 C1632JB0J475M

¢ Part number for temperature characteristic X5R
Please substitute "X5R" for "JB" in the part number when ordering.

* All specifications are subject to change without notice.
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KREEEtZIyv 7O F oW
HIGH VALUE MULTILAYER CERAMIC

CAPACITORS

code | Temp.characteristics | operating Temp. range
B —25~+85TC
BJ X7R —55~+125TC
OPERATING TEMP. X5R —55~+85C
F —25~+85TC
F Y5V —30~+85TC

& FEATURES

CEBICNIEBEEAL. BFEERBICX v FELTHBIEICEN . A
TN LUOMEMEICT N, <1 7L -3 blIEAEREET.
SWMEEMERLET

- EMEFHRIESR)ANE . /A ZRIVEICT ChTWET, HHcg2 >
AUNBLIVCTIVIERIL T OHIHLEB L HEE

CEVERY Y TIVETIE

CBWEREETH V) & A 5 /NERIR

Qu -/ WAVD Qn -/ REFLCh

+ The use of Nickel(Ni) as material for both the internal and external elec-
trodes improves the solderability and heat resistance characteristics. This
almost completely eliminates migration and raises the level of reliability
significantly.

- Low equivalent series resistance(ESR) provides excellent noise absorp-
tion characteristics.

- Compared to tantalum or aluminum electrolytic capacitors these ceramic

- HERIKIL. RIRBEEI S EREEICT NS
EOE-PrHNET

&

- F YU RIIVERERR

BN XX AT
REEY1—ILA

HRREBEEES 1 H
TREEDSLSIL IC. OPT7 > 7H
EEaCTFUY
DC-DCI > /N—&(AH. HARA)
Zqy FrIERERKAM)

APPLICATIONS

f,2%:di= ORDERING CODE

(3)

(5)

capacitors offer a number of excellent features, including:
Higher permissible ripple current values
Smaller case sizes relative to rated voltage

Improved reliability due to higher insulation resistance and break-

down voltage.

- General digital circuit
- Power supply bypass capacitors
Liquid crystal modules
Liquid crystal drive voltage lines
LS I, I C, converters(both for input and output)
+ Smoothing capacitors
DC-DC converters (both for input and output)
Switching power supplies (secondary side)

(9)

1

EIEEE (VDC) I FEE B (%) RENEE BRI ER
A 4 K] Ay & N = K +10 % - 1 2z
J 6.3 BJ | +10 M +20 %
L 10 e A= AN—X z 89 % @
E 16 EES
T 25 Fktis EALWmm O (8] = R
G 35 107(0603) 1.6X0.8 AHEETEE (pF) HEEH (mm) ”
u 50 212(0805) 2.0X1.25 ] K 045
316(1206) 3.2x1.6 473 47,000 A 0.8 m
(2] 325(1210) 3.2x25 105 1,000,000 D 0.85 TS
T 432(1812) 4.5%3.2 F 1.15 WHEERRLS
YU—Z# G 1.25 A ] S
M | HBEI-TFIH H 15 As AN—Z
L 1.6
N 1.9
Y 2.0max
M 25
u 32

Rated voltage(VDC) End termination Temperature characteristics code Capacitance tolerances(%) Special code
A 4 K] Plated AF | ysy | —80~+85¢C K +10 — [ standard products
J 6.3 +22 /—82% M 20
—55~+125C +80
||§ 12 e BJ | X7R | Jeoe z 258 @
—55~+85C
T 25 - - - BJ | X5R H
5 - Dimensions(case size)(mm) i;f“golank — @ Pa_lf:ka‘gmg e
0 5 107(0603) 1.6X0.8 - P Thickness(mm) ape & ree
212(0805) 2.0X1.25 e K 0.45
316(1206) 3.2X1.6 A 0.8 m
9 325(1210) 3.2x25 Nominal capacitance(pF) 5 0.85
432(1812) 4.5X3.2 example & o Internal code
Series name 473 47,000 H 15 VN ‘ Standard products
M ‘ Multilayer Ceramic Capacitors 105 1,000,000 L 16 A=Blank space
N 1.9
Y 2.0max
M 25
U 3.2

TAIYO YUDEN 2006



SHi5~Fi% [ EXTERNAL DIMENSIONS

Type (EIA) L wW T e
0.45+0.05
[CIMK107 1.6£0.10"* .8+0.10"% (0.0182+0.002) K 0.35--0.25
(0603) (0.063=0.004) (0.031=£0.004) 0.8+0.10°4 A (0.014£0.010)
(0.031£0.004
0.45+0.05 <
(0.018--0.002
[CMK212 2.0+0.10"" 1.25+0.10"" 0.85+0.10 b 0.5:£0.25
(0805) (0.079+0.004) (0.049-£0.004) (0.033::0.004) (0.020-0.010)
1.25+0.10 °1 a
(0.049-+0.004
0.85+0.10 o
(0.033:0.004)
1.15+0.10
CIMK316 3.240.15"3 1.6+0.15"2 (0.0450.004 F 0.5%832
(1206) (0.126+0.006) (0.063+0.006) 1.25+0.10 G (0.020+8:818
(0.049+0.004
1.6-+0.20 C
(0.063+0.008
0.85-+0.10 o
(0.033::0.004)
1.15+0.10 =
(0.045-+0.004)
1.5+0.10 "
[IMK325 3.240.30 2.5+0.20"2 (0.08970.004 0.6=-0.
(1210) (0.126+0.012) (0.098-£0.008) (0.0754:0.008, N (0.024-+0.012)
1.9%81
(0.075 8383 M
1 %1, 0. AEH 2.5+0.20 2
SR ool ©.008+0008) | M
#8, £0.2mmAE s V) oo lsE v
*4.+0.15/—0.1mmAESH ) ) [IMK432 4.5:+0.40 3.2:-0.30 ¢ B0 ) 0.9:+0.6
Note: 3 1. Inclulding dimension tolerance+0.15mm (=+0.006 inch). (1812) (0.177+0.016) (0.126+0.012) © 0é8§0‘008> (0.035£0.024)
Note: * 2. Inclulding dimension tolerance+0.3mm (+0.012 inch). 3.2+0.30 U
Note: 3 3. Inclulding dimension tolerance+0.2mm (+0.008 inch). (0.125+0.012
Note: 3 4. Inclulding dimension tolerance+0.15/—0.1mm (+0.006/—0.004 inch). Unit : mm (inch)
& s N
BiEE/N ) —2 3>  AVAILABLE CAPACITANCE RANGE
Cap | Type 107 212 316 325 432
TC |B/X7R B/X5R ‘XSR F/Y5V B/X7R B/X5R XsR | F/Y5V B/X7R B/X5R ‘ X5R F/Y5V B/X7R B/X5R ‘X5R F/Y5V B/X5R |FIY5V
VDC |25|16[10|50(35(25|16|10/6.3(6.3] 4 |50|25|16] 10|50|35|25|16|10|6.3|50|35|25|16|10|6.36.3| 4 |50|16|10|6.3/50,35|25|16/10/6.3/25|16|10/6.36.3] 4 |50|35|25/|16|10|50|25|16|10|35|25|16|10|6.3/6.3| 4 |50|35|16|10/6.3/25|16|10/6.310/6.3]
«F |3[digits]
0.022| 223 |A
0.033| 333 A A
0.047| 473 A A G
0.068| 683 A A G
0.1 | 104 Al Al |A A G
0.15| 154 AlA G F
0.22 | 224 A AlA A G L F
0.33 | 334 AlAIA G F
0.47 | 474 A AlAIA AlA G|G G L
0.68 | 684 A G LILIF
1 [105] |A|A] [A[AJAA AlA G|G|G G|G|G G Ll |F H
1.5 | 155
22 225 AlAlA AlA G|G G|G|G G LiL G H N
3.3 | 335 A G G L|L L|L N
4.7 | 475 Al |A G|G G|G|G G LIL|L L|L G N N|N H
6.8 | 685 F
10 | 106 AlA G|G|G G|G LIL[LJLJL|L|LF LIL|L|F Y| [N[NMNN H|F M
22 | 226 G|G L L L M MM N NF| MM
47 | 476 G L|L M|MMN N MM
100 | 107 L Y MY M U M
220 | 227
WESHEEEZIv73>F Y  Low profile Multilayer Ceramic Capacitors
Cap Type 107 212 316 325
TC B/X5R X5R___[F/Y5V B/X7R B/X5R X5R F/Y5V B/X7R B/X5R FIY5V__|B/X7R B/X5R
VDC 10 [ 63 [ 63 [ 4 |63 | 50 [ 25 [ 16 | 10 | 25 [ 16 | 10 [ 63 | 10 [ 63 | 4 | 50 | 10 [ 63 | 10 | 25 [ 16 | 10 [ 63 | 10 [ 63 | 25 | 25 | 16 | 10 [ 6.3
uF 3[digits]
0.022 223 )
0.033 333 D
0.047 473 )
0.068 68! D
0.100 104
0.150 154 D
0.220 224 K D
0.330 334
0.470 474 K ) D
0.680 684 D
000 10 K [ K K D D | D [D-K| K K D D
00 155 ) D
00 225 K K D D | D D D D
00 335 D D
00 475 K D | D[ D K K D D D D
800 685 D
10.000 106 ) D | D D D D D D | DD
22.000 226 D D N
47.000 476
82.000 826
100.000 107 N
BRI
BESMEI— R Temperature characteristics HEREBTEEX%) tans(%)
Temp. char.Code HEHIRAR REFEE(C) HAERE(C) BERNEBTILR%) Capacitance tolerance Dissipation factor
Applicable standard Temperature range Ref. Temp. Capacitance change
JIS B —25~85 20 +10 +
BJ £20(M) 2.5%max.**
EIA X7R* —55~125 25 +15 +10(K)
JIS F —25~85 20 +30,/—80
F 82 7.0%max.**
EIA Y5V —30~85 25 +22,/—82
I XERDAMISTBTATLNH ) £, FHE 71 TL—EESBI 2T,
L RROLEERHE L TVWET, FHE 7T L-BERESRIALS L,
* . Some of the parts are only applicable to X5R. Please refer to PART NUMBERS table.
** 1 The figure indicates typical value. Please refer to PART NUMBERS table.
LI a s HAR TATL—E AR #Ha S5 FEREDEE
Selection Guide Part Numbers Electrical Characteristics Packaging Reliability Data Precautions

( P10 ) (PAO ) (P.44 >) (P.78 ) (P.BO »)

etc
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—RIRE €3Iy /T Y
(BE#{ER Class 1)

STANDARD MULTILAYER

CERAMIC CAPACITORS
(CLASSI : TEMPERATURE COMPENSATING
DIELECTRIC TYPE)

OPERATING TEMP. | —55~+125¢C
Qu—/WAvh Qu—/ REFL(h

*042TYPE, 063TYPE, 105TYPEI3B& <
* Except for 042TYPE, 063TYPE, 105TYPE

%K FEATURES

CREBEEORALIENET - Improve Higher Mounting Densities.
CE/VT Y TDOBED S, EEEN TV « Multilayer block structure provides higher reliability
cR—RK. BEFT2HEEY LV - A wide range of capacitance values available in standard case sizes.

Fi& APPLICATIONS

- — MR EFHEEE - General electronic equipment
REHESRAE (EEEEE. PHS. 20— KL XEEE ete.) - Communication equipment (portable telephones, PHS, other wireless ap-
plications, etc.)

%%tz ORDERING CODE

TEREE (VDC) AR (EIA)LXW(mm) AHEHFERE (pF) BEHETE ERIEHE
E 16 042(01005) 0.4x0.2 ] c + 0.25 pF - ] =i
T 25 063(0201) 0.6X0.3 0R5 05 D + 05 pF
u 50 105(0402) 1.0X0.5 010 1 F + 1 pF
107(0603) 1.6X0.8 100 10 J 5 % @
9 e ¥%R= /A K +10 % ‘ol
PR &1 : - F [ 5-Erdemmty 7 1789)
M | mEILTLY 7%%**'?% [{RPCZ/&]CJ - @ T [ F-erdummey7 178
PL] | —150: PH.PJ.PK SIFHE & (mm)
(3] RO | —220: RH.RJ.RK ¢ 02
P SO | —330: SH.5J.5K G| £ 30 \F/’ g-g m
K| Y-S TO | 470 TH.TL.TK[H]| £ 60 ] 05 RS
U | —750: ULUK__|J [ 120 - s
SL | +350~—1000 | K|%250 z 08 s | x:’*f”“
ey

- Bt

UMK105CH1TO01JW-FO
0 0= =@ =0 e @ 10 =O= Q= Dr =D

(1) o (6) 7] (9)

Rated voltage(VDC) Dimensions (case size)(EIA)LXW(mm) Nominal Capacitance(pF) Capacitance Tolerance Special code
E 16 042(01005) 0.4X0.2 example| + 0.25 pF - \ Standard Products
T 25 063(0201) 0.6X0.3 OR5 0.5 D + 05 pF
u 50 105(0402) 1.0X0.5 010 1 F + 1 pF
107(0603) 1.6X0.8 100 10 J +5 % @
9 6 *R=decimal point K +10 % Packaging
Series name _ F | Tape(2mm pich- 178¢)
M [Mutiiayer ceramic capacitor Temperature characteristics (ppm/C) 9 T | Tape(mmpich-1785)
cU 0: CG.CH.CJ.CK -
(C0G.COH,C0J,COK) Thickness[mm]
e P | —150: PH.PJ.PK C 0.2
(P2H.P2J.P2K) P 03 m
inati RLJ | —220: RH.RJ.RK :
End termination (R2H.R2J.REK) v 05 : Food
K ‘ Plated SOJ | —330: SH.SJ.SK, [, 0 w 05 nternal code
(S2H.S2J.52K) | |* 7 08 4 | Standard Products
TO [ =470 THTLTK| T, 00 :
(T2H.T2J,T2K) = A=Blank space
UL | =750 : UJ.UK
UlU2k) Y120
ST | F350~—1000 |, [10mp

[O=Tolerance
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! Type(EIA) L W T e
| w ! [IMK042 0.4+0.02 0.2+0.02 0.2+0.02 c 0.1+0.03
L ! B (01005) (0.016+0.001) | (0.008+0.001) | (0.008+0.001) (0.004+0.001)
-7 [IMKO063 0.6+0.03 0.3+0.03 0.3+0.03 P 0.15+0.05
(0201) (0.024+0.001) | (0.012+0.001) | (0.01240.001) (0.006+0.002)
[JMK105 1.0£0.05 0.5+0.05 0.5+0.05 WV 0.25+0.10
(0402) (0.039+0.002) | (0.020+0.002) | (0.020+0.002) ) (0.010+0.004)
[JMK107 1.6%+0.10 0.8+0.10 0.8+0.10 z 0.35+0.25
(0603) (0.063+0.004) | (0.031+0.004) | (0.031+0.004) (0.014+0.010)
Unit © mm(inch)
" iBS/NUZ—3 3> AVAILABLE CAPACITANCERANGE = _ il
Type |042] 063 105 107 55'1]%??#4“:“ Temperaturia Characteristics ]
Temp.char. | |CLI|UDJ|RO[SO|T0[UCI|[COI[ SL|COIET: [UCI[ SL AR R fEFlR R
RO SO Temperature (ppm/C) 31 Operating Temp. range
wv  l1evl 25v 16V 50V 50V char.(EIA)  |Temperature coefficient range
[pF] (g C K(COK) 0250
Ois gﬁag C J(coJ) 0£120
5| s C H(COH) 0+60
¢ 930 C G(CoG) 0+30
g ggg P K(P2K) —150%250
r oro P J(P2J) —150+120
2 0s0 P H(P2H) —150%60
2 | 120 R K(R2K) —220+250
1 ;gg R J(R2J) —220+120
gg ggg R H(R2H) —220160 —55~+125C
39 390 S K(S2K) —3301250
47 470
56 560 S J(S2J) —330%+120
68 | 680
18020 ?(2)? S H(S2H) —330£60
128 :52_‘1 T K(T2K) —470+250
180 | 181 TJ(T2J) —470£120
220 221
270 | 271 T H(T2H) —470£60
330 331
390 | 391 U K(U2K) —750£250
470 471
560 561 U J(u2J) —750%+120
680 681
820 | 821 SL —1000~+350
1000 | 102 L

¥1:120CICH T BHTERBE A%,
Based on the capacitance at 20C
B ERNEFFAE Capacitance Tolerance Symbol

A TITDRBRERDEHLSTT,
Note: Letter code in shaded areas are thickness codes.

85 B X%
Symbol Tolerance ltem
C +0.25pF ~5pF
D +0.5 pF ~10pF
F +1pF 6~10 pF
J +5 % 11pF~
K +10 % 11pF~
Q
Qi X5
Symbol ltem
=400+20 - Csx1 ~27pF
=1000 30pF~
X1 C=AMEFERE  Nominal capacitance(pF)
#2 1 BIEREEE Measurement Frequency= 120.1MHz(C=1000pF)
1+0.1kHz (C>1000pF)
BIEE Measurement voltage = 0.5~5Vrms(C=1000pF)
1£0.2Vrms(C>1000pF)
L IYa hIR 71 T7TL—H AR Ha {SREME FHEDEE
Selection Guide Part Numbers Electrical Characteristics Packaging Reliability Data Precautions

QAS »j Q.so »j Qse »j

D ¢
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52

—fig1a

(.—Jnﬁfﬁf?% *Class 2)
STANDARD MULTILAYER CERAMIC CAPACITORS

(CLASS2 :HIGH DIELECTRIC CONSTANT TYPE)

BtZ3yrarr W

code | Temp.characteristics | OPerating Temp. range
B —25~+485C
B/BJ X7R —55~+125C
OPERATING TEMP. X5R —55~+485C
F F —25~+485C
Y5V —30~+85C

%K FEATURES
REBEOR AR ET

CE/DDDOBED D, EEEI SV

-A-WIK. BE

F&
- — BT HEA

ERBHEN L

APPLICATIONS

- BIEMIRA (EWEEE. PHS. 20— KL XEEE etc.)

f,2%:di= ORDERING CODE

Yo

Qu -/ WAVQ Qn -/ REFLCh

*042TYPE, 063TYPE, 105TYPEI3B& <

* Except for 042TYPE, 063TYPE, 105TYPE

+ Improve Higher Mounting Densities.

+ Multilayer block structure provides higher reliability
+ A wide range of capacitance values available in standard case sizes.

+ General electronic equipment
- Communication equipment (portable telephones, PHS, other wireless ap-

plications, etc.)

0 ?

(9)

#&EE (VDC) AR E(EIA)LXW(mm) 'N’rﬁ% BE (pF) BEHETE (%) ERIEHE
A 4 042(01005) 0.4X0.2 K *£10 - ] 2
J 6.3 063(0201) 0.6X0.3 102 1000 M *20
L 10 105(0402) 1.0X05 223 22000 z 78
E 16 107(0603) 1.6x0.8 @
T 25
bl
U 50 (5] (8] @f | i -
= ﬂﬂgly} mm TEXJ@mmEy F - 1784)
9 mEEE f«,'n [ ]o_z T [ F-erdummey7 1780
S —x% 2B,BJ] +10% P 03
T - E aF | 185% v 05
A=AN—Z z 038 m
(3] L EERE
HT B o | e
K] Ay ®E AmANZZ

L MK
© 0 o

1.05B J 104KV

(4]
o

5 6
(6] 7]

- F O

@99@0

[9)

Rated voltage(VDC)

Dimensions (case size)(LXW)(mm)

Nominal Capacitance(pF)

Capacitance Tolerance(%)

Special code

(2)

Series name

M ‘ ceramic capacitors

(3]

End termination

Temperature characteristics code

—55~+125C
X7R
AB +15%
BJ —55~+85T
X5R
SR 4159
—30~+85T
aF | Y5V
8%

K ] Plated

A=Blank space

A 4 042(01005) 0.4X0.2 example K + 10 — \ Standard products
J 6.3 063(0201) 0.6X0.3 102 1000 M +20

L 10 105(0402) 1.0X0.5 223 22000 z 89

E 16 107(0603) 1.6X0.8 @

T 25 @ -

U 50 e Packaging

Thickness(mm])

C 0.2
P 0.3
\ 0.5
Z 0.8

TAIYO YUDEN 2006

F \ Tape&Reel(2mm pitch - 1784)

T | Tape&Reel(4mm pitch - 1784)

®

Internal code

& | Standard Products

A=Blank space



. AM~Fi&  EXTERNAL DIMENSIONS

Type(EIA) L W T e
CMK042 0.4+0.02 0.2+0.02 0.2+0.02 c 0.1%0.03
(01005) (0.016£0.001) | (0.008£0.001) | (0.0080.001) (0.004:£0.001)
CIMK063 0.640.03 0.3%0.03 0.30.03 b 0.15+0.05
(0201) (0.024:0.001) | (0.0120.001) | (0.012:0.001) (0.006:£0.002)
CIMK105 1.0£0.05 0.5%0.05 0.540.05 v 0.25+0.10
(0402) (0.039:£0.002) | (0.020+0.002) | (0.020::0.002) (0.010£0.002)
COMK107 1.620.10 0.8+0.10 0.8%0.10 . 0.35+0.25
(0603) (0.063£0.004) | (0.0310.004) | (0.031::0.004) (0.0140.010)

Unit © mm(inch)

. BiB&/N1JIZ—2 3> AVAILABLE CAPACITANCE RANGE

WABEHEE S I v 7327 >4 (General Multilayer Ceramic capacitors)

Type 042 063 105 107
Temp.char. BJ/X5R BJ/X5R X5R F/Y5V BJ/X7R BJ/X5R X5R F/Y5V B/X7R F/Y5V
WV

Cap 10V 6.3V |25V | 16V | 10V 6.3V |6.3V| 4V (6.3V| 4V |50V |25V | 16V |25V | 16V | 10V [6.3V|6.3V| 4V |50V |25V | 16V | 10V |6.3V |50V | 25V | 50V | 25V
[pF]  [pF digits]

100 701

150 151

220 221

330 331 C

470 471

680 681

1000 102 %

1500 152

2200 222

3300 332 c

4700 472 I

6800 682 v

10000 103 V]
15000 153

22000 223 [ P | = v M ( 7 |
33000 333

47000 473 [ P | [P}
w0 | 1o " =
100000 P P

220000 224 [P ] v

470000 474 \%
1000000 105
2200000 225 m m

FLUI7DREEEREAGLETY, Note . Letter codes in shaded areas are thickness codes.

B Temperature Characteristics HEREHBE  Capacitance Tolerance tan &
N=) Ty _ P

Bty | BERE | 0. | BESE 22 HEE K5 =5

Temperature Operating Ref. Tem il Code Tolerance Item Type e & Item
P 7% temp. range . [ Capacitance 1

Characterisics | ] (€] [change [%] K +10% B Char. 063 =3.5% | B Char. 25V

B —25~85 20 +10 M +20% B Char. =5.0% | B Char. 16V

X7R —55~125 25 +15 =109

X5R —55~85 25 *+15 2 =16% | F Char. 6.3V

F —25~.85 20 o =20% | F Char. 4V

Y5V —30~85 25 2z =2.5% | B Char. 50V, 25V (0.0068F)

=3.5% | BChar. 16V,0.027~0.047xF, 25V (0.01¢F)

=5.0% | FChar.50V, 25V B Char. 0.056~0.22xF

=7.0% | F Char. 0.033F, 0.047xF

105 =9.0% | F Char. 0.068uxF~0.1uF

=<10% | B Char. 0.47 uF~1uF

=11% | F Char. 0.22uF

=16% | F Char. 0.47uF

=20% | F Char. 1xF

107 =2.5% | B Char.

=5.0% | F Char.

¥1 BIERKEE  Measurement frequency=1£0.1kHz
BIEEE  Measurement voltage =1+0.2Vrms

LUV AAR TATL—E IR #Ha 5584 ERLEDTE
Selection Guide Part Numbers Electrical Characteristics Packaging Reliability Data Precautions

QPJO) Q’.54 V) (—V) Q’.78 V) Q’.SO V) Q’.SG a
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SREERtZIy 7T Y
MULTILAYER CERAMIC CAPACITORS
FOR HIGH FREQUENCY APPLICATIONS(1GHz+)

OPERATING TEMP.

—55~+125C

%K FEATURES

-HEBHSRI LT oY E L TRBVWQENSRKETES NS
-1005TIKCTH B8, ERRENR L. BEEBEIEN S

& APPLICATIONS

CSRAKEICBFZ AT UOVOQES LUNEREN KD S5h B H
VCO. TCXO etc
- = EK BSOS REE AR

&%tz ORDERING CODE

o [4)

TR E

U 70—/ REFLOW

Q values in the high frequency range (1 GHz+) are excellent compared to
other types of multilayer capacitors.

The 1005(0402) case size is designed for high density mounting and weight
reduction in various applications.

Suitable for those high frequency applications in which a capacitor with

both a high Q-value and small size is required such as portable communi-
cations and other wireless applications.
VCO, TCXO. etc.

Adjustment of characteristics in high frequency circuit

m&%r[vom FEARF R (EIA)LXW(mm) ’Aﬁ*% 57 & (pF) B2 2 (mm) o
\ 16 105(0402) | 1.0X0.5 W] 0.5 B | HREDOD)
U ‘ 50 020 2 F \v—w%—t>7am7a¢zmmt’m
4R3 43
9 %R=/NA
JU—ZX%&
R e @
e RESE(ppm/C) NEFR=E 9
IR FEE CH | 060 B | +0.1pF ERNEAR
K| Xy R RH |  —22060 J +5% — mE

1. 05 R

(4]

5

H 4 F
O= =

e 1

3. J W
o =0
©

Rated voltage(VDC) Dimensions (case size)(LXW)(mm) Nominal Capacitance(pF) ThlckneSS[mmJ Packaging
E | 16 105(0402) | 1.0X0.5 example \ 0.5 B | Bulk
U \ 50 020 2 F ‘ Tape&Reel(2mm pitch - 1784)
4R3 4.3
9 *R=Decimal point
Series name
MULTILAYER CERAMIC
V | CAPACITORS

FOR HIGH FREQUENCY 6 0

Temperature characteristics(ppm/C)

(3)

CH |

Capacitance Tolerances

9]

060 B | +0.1pF Special code

_ RH |  —220+60 J | +5% | standard Products
End termination

K ] Plated

56
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M 5~Fi%  EXTERNAL DIMENSIONS

Type(EIA) L w T e
VK105 1.0+0.05 0.5+0.05 0.5+0.05 0.25+0.1
(0402) ](0.089+0.002) | (0.020£0.002) | (0.020%0.002) (0.010+0.004)
Unit : mm(inch)
747 L=% PART NUMBERS
) B N Pt
EIREE ) e | Tl:f!‘: I:iL r fﬁwzﬁ ﬁi;?; QftElE | E# | QtypfE
Rated ¥ & (Environmental | - Te pealu.e i it (at 1GHz) | Thickness | (B%1#)
Voltage Ordering code Hazardous | characteristics | Capacitance | Capacitance ) G
(DC) Substances) | cH RH [pF] tolerance @l ) ypica
[JVK105 CHOR3BW RoHS [ ] 0.3 300 1200
[JVK105 CHOR4BW RoHS [ ) 0.4 300 1200
[JVK105 CHOR5BW RoHS [ ) 0.5 300 1200
[JVK105 CHOR6BW RoHS [ ) 0.6 300 1100
[JVK105 CHOR7BW RoHS [ ) 0.7 300 1100
[JVK105 CHOR8BW RoHS [ ] 0.8 300 1000
[JVK105 CHOR9BW RoHS [ ) 0.9 300 950
[JVK105 CHO10BW RoHS [ ) 1.0 +0.1pF 300 950
[JVK105 CH1R1BW RoHS [ ) 1.1 280 930
VK105 CH1R2BW RoHS [ ] 1.2 270 850
(VK105 CH1R3BW RoHS [ ] 1.3 260 740
VK105 CH1R5BW RoHS [ ] 1.5 240 710
[JVK105 CH1R6BW RoHS [ ) 1.6 230 670
(VK105 CH1R8BW RoHS [ ] 1.8 210 650
[JVK105 CH020BW RoHS [ ) 2.0 190 610
VK105 CH2R2JW RoHS [ ) 2.2 180 530
(VK105 CH2R4JW RoHS [ ) 2.4 170 510
VK105 CH2R7JW RoHS [ ] 2.7 150 460
[JVK105 CH030JW RoHS [ ) 3.0 130 390
[JVK105 CH3R3JW RoHS [ ) 3.3 +5% 120 370
[JVK105 CH3R6JW RoHS [ ) 3.6 110 360
[JVK105 CH3R9JW RoHS [ ) 3.9 99 360
VK105 CH4R3JW RoHS [ ) 4.3 84 360
E: 16V (VK105 CH4R7JW RoHS [ ) 4.7 84 340
U: 50V (VK105 CH5R1JW RoHS [ ) 5.1 84 0.5+0.05 320
[JVK105 RHOR5BW RoHS [ ] 0.5 300 1100
(VK105 RHOR6BW RoHS [ ] 0.6 300 1000
VK105 RHOR7BW RoHS [ ) 0.7 300 1000
[JVK105 RHOR8BW RoHS [ ] 0.8 300 970
[JVK105 RHOR9BW RoHS [ ] 0.9 300 950
[JVK105 RHO10BW RoHS [ ) 1.0 300 900
[JVK105 RHIR1BW RoHS [ ) 1.1 +0.1pF 280 900
[IVK105 RH1R2BW RoHS [ ] 1.2 270 740
VK105 RH1R3BW RoHS [ ] 1.3 260 700
[JVK105 RH1R5BW RoHS [ ] 1.5 240 680
(VK105 RH1R6BW RoHS [ ] 1.6 230 640
(VK105 RH1R8BW RoHS [ ) 1.8 210 620
[JVK105 RH020BW RoHS [ ] 2.0 190 570
[JVK105 RH2R2JW RoHS [ ) 2.2 180 480
LIVK105 RH2R4JW RoHS [ ) 2.4 170 470
VK105 RH2R7JW RoHS [ ) 2.7 150 420
VK105 RH030JW RoHS [ 3.0 130 360
VK105 RH3R3JW RoHS [ ) 3.3 +5% 120 350
VK105 RH3R6JW RoHS [ ) 3.6 110 340
[IVK105 RH3R9JW RoHS [ ) 3.9 99 340
VK105 RH4R3JW RoHS [ ) 4.3 84 340
[JVK105 RH4R7JW RoHS [ ) 4.7 84 320
VK105 RH5R1JW RoHS [ 5.1 84 310

A IOICRERSELS PRIV ET,

{t#% SPECIFICATIONS

[JPlease specify the Rated Voltage code.

e .
. ; : e BE1E & QDBIRSA (CHIFIMER) Capacit Q value (Typical for CH T.C.
B | EEAERE | RERNRE || HESERSE WERA & QORHRGI (CHIFHE) Capactance vs Q valve (Typical for CHT.C.

i Temperature Capacitance
t 1600
Temperature Tgﬁgg‘};ﬂﬂe Coefficient range Tolerance
Characteristics range [ppm/C] (R4}) 1400
CH . 0+60 +0.1pF(~2.0pF) Y
—55~+125C . 1000
RH —220%60 +5% (2.2pF~) =
~ 800
< 600
(¢}
400 —
200
00 1 2 3 4 5 6
Capacitance [(pF)
Measured by HP4291A
L IYa hIR 71 T7TL—H FIER #Ha {SREME FEREDEE
Selection Guide Part Numbers Electrical Characteristics Packaging Reliability Data Precautions

Q P10 )

etc

(P.57 ») (P.57 »)

(P.?B »>) (pao »)
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Chip Monolithic Ceramic Capacitors for DC-DC Converters

Chip Monolithic

Ceramic Capacitors Jinovator in Blectronies
for DC-DC Converters
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Murata's extensive and complete chip capacitor line up
enables your DC-DC converters and voltage regulators
to be compact and high performanced.

As the industry leader, Murata offers this complete monolithic ceramic capacitor line up for
all your DC-DC converter and voltage regulator needs. All the parts below incorporate

our latest thin film and base metal technology, to provide high performance, reliable and
cost competitive components. We are committed to providing the most optimal component

solutions for all of our customers' needs.

DC-DC Converters

InputiFilter; Primary/Snubber; } Primary/Snubber; }

Switch Isolation
Transformer

Input
Filter

Circuit
Regulator

Output
Filter

(Primary:secondary)

*X7S: -55 to 125°C (Temperature range),

+22% (Capacitance change)

/MNNote * This catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications

before ordering. Especially, please read rating and ANCAUTION (for storage, operating, rating, soldering, mounting and handling) in them to prevent smoking and/or burning, etc.

« You are able to read a detailed specifications in the website (http://search.murata.co.jp/) before to require our product specifications or to transact the approval sheet for product specifications.
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® Line Up
Rated ) . .

Applications Part Number C-(I;ze V(o\l/zag)e Capacitance L?r:?nt? V(\/r:]dr;(]r)\ Thl((;:jrr:]e)‘ss C(:;ze/;z)e
GRM188R72A104KA35D | X7R | 100 0.1pF 1.6 0.8 0.8 1608/0603
GRM319R72A104KA01D | X7R | 100 0.1pF 3.2 1.6 0.85 3216/1206
GRM31MR72A224KA01L | X7R | 100 0.22uF 3.2 1.6 1.15 3216/1206
GRM31MR72A474KA35L | X7R | 100 0.47pF 3.2 1.6 1.15 3216/1206

input Fiter GRF31MR72A474KA11L | X7R | 100 0.47pF 3.2 1.6 1.15 3216/1206
GRM31CR72A105KA01L | X7R | 100 1pF 3.2 1.6 1.6 3216/1206
GRF31CR72A105KA01L | X7R | 100 1pF 3.2 1.6 1.6 3216/1206
GRM32ER72A225KA35L | X7R | 100 2.2uF 3.2 2.5 2.5 3225/1210
GRF32ER72A225KA11L | X7R | 100 2.2uF 3.2 2.5 2.5 3225/1210
GRM55ER72A475KA0IL | X7R | 100 4.7pF 5.7 5.0 2.5 5750/2220
GRM21BR72E103KWO3L | X7R | 250 10000pF 2.0 1.25 1.25 2012/0805
GRM31BR72E153KWOIL | X7R | 250 15000pF 3.2 1.6 1.25 3216/1206

Primary GRM31BR72E223KWOIL | X7R | 250 22000pF 3.2 1.6 1.25 3216/1206
Snubber GRM31CR72E333KW03L | X7R | 250 33000pF 3.2 1.6 1.6 3216/1206
GRM31CR72E473KWO03L | X7R | 250 47000pF 3.2 1.6 1.6 3216/1206
GRM31CR72E104KW03L | X7R | 250 0.1pF 3.2 1.6 1.6 3216/1206
GRM31A7U2J101JW31D | U2J | 630 100pF 3.2 1.6 1.0 3216/1206
GRM31A7U2J151JW31D | U2J | 630 150pF 3.2 1.6 1.0 3216/1206

Primary GRM31A7U2J221JW31D | U2J | 630 220pF 3.2 1.6 1.0 3216/1206
Snubber GRM31A7U2J331JW31D | U2J | 630 330pF 3.2 1.6 1.0 3216/1206
(Low Dissipation) | GRM31A7U2J471JW31D | U2J | 630 470pF 3.2 1.6 1.0 3216/1206
GRM31A7U2J681JW31D | U2J | 630 680pF 3.2 1.6 1.0 3216/1206
GRM31A7U2J102JW31D | U2J | 630 1000pF 3.2 1.6 1.0 3216/1206
GRM31BR73A471KWOLL | X7R | 1k 470pF 3.2 1.6 1.25 3216/1206
GRM31BR73A511KWOIL | X7R | 1k 510pF 3.2 1.6 1.25 3216/1206
GRM31BR73A102KWO1L | X7R | 1k 1000pF 3.2 1.6 1.25 3216/1206
GRM31BR73A152KWOIL | X7R | 1k 1500pF 3.2 1.6 1.25 3216/1206
GRM31BR73A222KWO1L | X7R | 1k 2200pF 3.2 1.6 1.25 3216/1206

Isolation GRM31BR73A332KWO1L | X7R | 1k 3300pF 3.2 1.6 1.25 3216/1206
GRM31BR73A472KWOLL | X7R | 1k 4700pF 3.2 1.6 1.25 3216/1206
GRM32QR73A682KWOIL | X7R | 1k 6800pF 3.2 2.5 1.5 3225/1210
GRM32QR73A103KWOLL | X7R | 1k 10000pF 3.2 2.5 1.5 3225/1210
GR442DR73D102KWO2L | X7R | 2k 1000pF 45 2.0 2.0 4520/1808
GR443DR73D222KWOIL | X7R | 2k 2200pF 45 3.2 2.0 4532/1812
GRM155R71E682KA0ID | X7R | 25 6800pF 1.0 0.5 0.5 1005/0402
GRM155R71E103KA0ID | X7R | 25 10000pF 1.0 0.5 0.5 1005/0402
GRM155R71H221KA01D | X7R | 50 220pF 1.0 0.5 0.5 1005/0402
GRM188R71H221KA0ID | X7R | 50 220pF 1.6 0.8 0.8 1608/0603
GRM155R71H331KA01D | X7R | 50 330pF 1.0 0.5 0.5 1005/0402
GRM188R71H331KA0ID | X7R | 50 330pF 1.6 0.8 0.8 1608/0603
GRM155R71H471KA0ID | X7R | 50 470pF 1.0 0.5 0.5 1005/0402
GRM188R71H471KA0ID | X7R | 50 470pF 1.6 0.8 0.8 1608/0603
GRM155R71H681KA0ID | X7R | 50 680pF 1.0 0.5 0.5 1005/0402

gﬁzggcei?ry GRM188R71H681KAOID | X7R | 50 680pF 16 0.8 0.8 1608/0603
GRM155R71H102KA01D | X7R | 50 1000pF 1.0 0.5 0.5 1005/0402
GRM188R71H102KA01D | X7R | 50 1000pF 1.6 0.8 0.8 1608/0603
GRM155R71H152KA01D | X7R | 50 1500pF 1.0 0.5 0.5 1005/0402
GRM188R71H152KA01D | X7R | 50 1500pF 1.6 0.8 0.8 1608/0603
GRM155R71H222KA01D | X7R | 50 2200pF 1.0 0.5 0.5 1005/0402
GRM188R71H222KA01D | X7R | 50 2200pF 1.6 0.8 0.8 1608/0603
GRM155R71H332KA01D | X7R | 50 3300pF 1.0 0.5 0.5 1005/0402
GRM188R71H332KA01D | X7R | 50 3300pF 1.6 0.8 0.8 1608/0603
GRM155R71H472KA01D | X7R | 50 4700pF 1.0 0.5 0.5 1005/0402

Continued on the following page.

/MNote * This catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications
before ordering. Especially, please read rating and /NCAUTION (for storage, operating, rating, soldering, mounting and handling) in them to prevent smoking and/or burning, etc.
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Continued from the preceding page.

Rated . . .

Applications Part Number C-Ic;((-j:e V(o\l?ge Capacitance Lz:g]t)h \I(Vr;dr;r; Thl(cnl:pn(?ss C(:;s;;z)e
GRM188R71H472KAOID | X7R | 50 4700pF 16 0.8 058 1608/0603
GRM188R71H682KA0ID | X7R | 50 6800pF 16 0.8 058 1608/0603
gﬁﬁgggf‘ry GRM188R71H103KAOID | X7R | 50 10000pF 16 0.8 0.8 1608/0603
GRM188R71H153KA01D | X7R | 50 15000pF 16 0.8 058 1608/0603
GRM188R71H223KA01D | X7R | 50 22000pF 16 058 058 1608/0603
GRM155R60J105KE19D | X5R | 6.3 14F 1.0 0.5 05 1005/0402
GRM188R60J105KA0ID | X5R | 6.3 1pF 16 058 058 1608/0603
GRM188R60J225KE19D | X5R | 6.3 2.24F 16 0.8 058 1608/0603
GRM21BR70J225KA0IL | X7R | 6.3 2.24F 2.0 1.25 125 | 2012/0805
GRM188R60J475KEI9D | X5R | 6.3 4.7uF 16 0.8 058 1608/0603
GRM219R60J475KEOID | X5R | 6.3 4.7uF 2.0 1.25 085 | 2012/0805
GRM219R60J106KE19D | X5R | 6.3 10pF 2.0 1.25 0.85 | 2012/0805
GRM21BR60J106KEIOL | X5R | 6.3 10pF 2.0 1.25 125 | 2012/0805
GRM21BR60J226ME39L | X5R | 6.3 220F 2.0 1.25 125 | 2012/0805
GRM31CR60J226KE19L | X5R | 6.3 220F 3.2 16 16 3216/1206
GRM31CR60J476MEIOL | X5R | 6.3 47pF 3.2 16 16 3216/1206
GRM43ER60J476KEOIL | X5R | 6.3 47pF 45 3.2 25 4532/1812
GRM32ER60J107ME20L | X5R | 6.3 100pF 3.2 25 25 3225/1210
GRM21BR71A105KA0IL | X7R | 10 14F 2.0 1.25 125 | 2012/0805
GRM188C71A105KA12D | X7S | 10 14F 16 0.8 058 1608/0603
GRM188R61A225KE34D | X5R | 10 2.24F 16 0.8 058 1608/0603
GRM21BR71A225KA0IL | X7R | 10 2.24F 2.0 1.25 125 | 2012/0805
GRM219R61A475KE34D | X5R | 10 4.7F 2.0 1.25 085 | 2012/0805
GRM21BC71A475KA73L | X7S | 10 4.74F 2.0 1.25 125 | 2012/0805
GRM21BR61AL106KELOL | X5R | 10 10pF 2.0 1.25 125 | 2012/0805
GRM319R61A106KE19D | X5R | 10 10pF 3.2 16 085 | 3216/1206
GRM31CR71A106KAOIL | X7R | 10 10pF 3.2 16 16 3216/1206
GRM32ER71A226KE20L | X7R | 10 220F 3.2 25 25 3225/1210
Smoothing GRM43ERG1A476KEIOL | X5R | 10 4TpF 45 3.2 25 4532/1812
GRM188R61C105KA93D | X5R | 16 14F 16 058 0.8 1608/0603
GRM188R71C105KA12D | X7R | 16 14F 16 058 058 1608/0603
GRM21BR71C105KA0IL | X7R | 16 1pF 2.0 1.25 125 | 2012/0805
GRM219R61C225KA88D | X5R | 16 2.24F 2.0 1.25 0.85 | 2012/0805
GRM21BR61C225KA88L | X5R | 16 2.24F 2.0 1.25 125 | 2012/0805
GRM3IMR71C225KA35L | X7R | 16 2.24F 3.2 16 115 | 3216/1206
GRM21BR61CA75KA88L | X5R | 16 4.74F 2.0 1.25 125 | 2012/0805
GRM319R61C475KA88D | X5R | 16 4.7uF 3.2 16 085 | 3216/1206
GRM31CR61CA75KA0IL | X5R | 16 4.7uF 3.2 16 16 3216/1206
GRM31CR71C475KA0IL | X7R | 16 4.7uF 3.2 16 16 3216/1206
GRM32DR61C106KAOIL | X5R | 16 10pF 3.2 25 2.0 3225/1210
GRM32DR71C106KAOIL | X7R | 16 10pF 3.2 25 2.0 3225/1210
GRM32ER61C226KE20L | X5R | 16 220F 3.2 25 25 3225/1210
GRM188R61E105KA12D | X5R | 25 1pF 16 058 058 1608/0603
GRM216R61E105KA12D | X5R | 25 1pF 2.0 1.25 0.6 2012/0805
GRM21BR71E105KAQ9L | X7R | 25 14F 2.0 1.25 125 | 2012/0805
GRM219R61E225KA12D | X5R | 25 2.24F 2.0 1.25 0.85 | 2012/0805
GRM21BR61E225KA12L | X5R | 25 2.24F 2.0 1.25 125 | 2012/0805
GRM3IMR71E225KA93L | X7R | 25 2.24F 3.2 16 115 | 3216/1206
GRM21BR61E475KAL12L | X5R | 25 4.74F 2.0 1.25 125 | 2012/0805
GRM319R61E475KA12D | X5R | 25 4.7uF 3.2 16 085 | 3216/1206
GRM31CR71E475KA88L | X7R | 25 4.7uF 3.2 16 16 3216/1206
GRM31CR61E106KA12L | X5R | 25 10pF 3.2 16 16 3216/1206
GRM32DR61E106KAL12L | X5R | 25 10pF 3.2 25 2.0 3225/1210

Continued on the following page.
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Continued from the preceding page.

Rated . . .
Applications Part Number C-crge V(o\l:ja(ge Capacitance L?r:g:)h V(Vr:]dr:]l; Th'(?: ESSS C(;sse;;z)e
GRM32DR71E106KA12L X7R 25 10pF 3.2 25 2.0 3225/1210
GRM31MR71H105KA87L X7R 50 1uF 3.2 1.6 1.15 3216/1206
Smoothing GRM31CR71H225KA88L X7R 50 2.2uF 3.2 1.6 1.6 3216/1206
GRM32ER71H475KA88L X7R 50 4. 7TuF 3.2 25 25 3225/1210
GRM55DR61H106KA88L X5R 50 10pF 5.7 5.0 2.0 5750/2220

/MNote * This catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications
before ordering. Especially, please read rating and NCAUTION (for storage, operating, rating, soldering, mounting and handling) in them to prevent smoking and/or burning, etc.
« You are able to read a detailed specifications in the website (http://search.murata.co.jp/) before to require our product specifications or to transact the approval sheet for product specifications.
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VRM (Voltage Regulator Module)

lpuz Fliter Smoothing| }

==

*X7S: -55 to 125°C (Temperature range), +22% (Capacitance change)

® Line Up

Rated ] - . .
Applications Part Number TC Voltage Capacitance | Length | Width | Thickness | Case Size
Code (vdo) (HF) (mm) (mm) (mm) (JIS/EIA)
GRM188R61A105KA61D X5R 10 1 1.6 0.8 0.8 1608/0603
GRM21BR71A105KA01L X7R 10 1 2.0 1.25 1.25 2012/0805
GRM188C71A105KA12D X7S 10 1 1.6 0.8 0.8 1608/0603
GRM188R61A225KE34D X5R 10 2.2 1.6 0.8 0.8 1608/0603
GRM21BR71A225KA01L X7R 10 2.2 2.0 1.25 1.25 2012/0805
GRM219R61A475KE34D X5R 10 4.7 2.0 1.25 0.85 2012/0805
GRM21BC71A475KA73L X7S 10 4.7 2.0 1.25 1.25 2012/0805
GRM21BR61A106KE19L X5R 10 10 2.0 1.25 1.25 2012/0805
GRM319R61A106KE19D X5R 10 10 3.2 16 0.85 3216/1206
GRM31CR71A106KA01L X7R 10 10 3.2 1.6 1.6 3216/1206
GRM32ER71A226KE20L X7R 10 22 3.2 2.5 25 3225/1210
. GRM43ER61A476KE19L X5R 10 47 45 3.2 25 4532/1812
Input Filter GRM188R61C105KA93D X5R 16 1 1.6 0.8 0.8 1608/0603
GRM188R71C105KA12D X7R 16 1 1.6 0.8 0.8 1608/0603
GRM21BR71C105KA01L X7R 16 1 2.0 1.25 1.25 2012/0805
GRM219R61C225KA88D X5R 16 2.2 2.0 1.25 0.85 2012/0805
GRM21BR61C225KA88L X5R 16 2.2 2.0 1.25 1.25 2012/0805
GRM31MR71C225KA35L X7R 16 2.2 3.2 1.6 1.15 3216/1206
GRM21BR61C475KA88L X5R 16 4.7 2.0 1.25 1.25 2012/0805
GRM319R61C475KA88D X5R 16 4.7 3.2 1.6 0.85 3216/1206
GRM31CR61C475KA01L X5R 16 4.7 3.2 1.6 1.6 3216/1206
GRM31CR71C475KA01L X7R 16 4.7 3.2 1.6 1.6 3216/1206
GRM32DR61C106KA01L X5R 16 10 3.2 2.5 2.0 3225/1210
GRM32DR71C106KA01L X7R 16 10 3.2 25 2.0 3225/1210

Continued on the following page.
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Continued from the preceding page.

Rated - . . .

ractber | S, Vg OV | erah | W | i | o e
GRM32ER61C226KE20L X5R 16 22 3.2 25 25 3225/1210
GRM188R61E105KA12D X5R 25 1 1.6 0.8 0.8 1608/0603
GRM216R61E105KA12D X5R 25 1 2.0 1.25 0.6 2012/0805
GRM21BR71E105KA99L X7R 25 1 2.0 1.25 1.25 2012/0805
GRM219R61E225KA12D X5R 25 2.2 2.0 1.25 0.85 2012/0805

. GRM21BR61E225KA12L X5R 25 2.2 2.0 1.25 1.25 2012/0805
Input Filter GRM31MR71E225KA93L X7R 25 2.2 3.2 1.6 1.15 3216/1206
GRM21BR61E475KA12L X5R 25 4.7 2.0 1.25 1.25 2012/0805
GRM319R61E475KA12D X5R 25 4.7 3.2 1.6 0.85 3216/1206
GRM31CR71E475KA88L X7R 25 4.7 3.2 1.6 1.6 3216/1206
GRM31CR61E106KA12L X5R 25 10 3.2 1.6 1.6 3216/1206
GRM32DR71E106KA12L X7R 25 10 3.2 2.5 2.0 3225/1210
GRM219R60J106KE19D X5R 6.3 10 2.0 1.25 0.85 2012/0805
GRM21BR60J106KE19L X5R 6.3 10 2.0 1.25 1.25 2012/0805

. GRM21BR60J226ME39L X5R 6.3 22 2.0 1.25 1.25 2012/0805
Smoothing GRM31CR60J226KE19L X5R 6.3 22 3.2 1.6 1.6 3216/1206
GRM31CR60J476ME19L X5R 6.3 47 3.2 1.6 1.6 3216/1206
GRM32ER60J107ME20L X5R 6.3 100 3.2 2.5 2.5 3225/1210

/MNote * This catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications
before ordering. Especially, please read rating and NCAUTION (for storage, operating, rating, soldering, mounting and handling) in them to prevent smoking and/or burning, etc.
« You are able to read a detailed specifications in the website (http://search.murata.co.jp/) before to require our product specifications or to transact the approval sheet for product specifications.
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M Note:

1. Export Control
{For customers outside Japan?
Murata products should not be used or sold for use in the development, production, stockpiling or utilization of any conventional weapons or mass-destructive
weapons (nuclear weapons, chemical or biological weapons, or missiles), or any other weapons.
<For customers in Japan>
For products which are controlled items subject to the “Foreign Exchange and Foreign Trade Law” of Japan, the export license specified by the law is required
for export.

2. Please contact our sales representatives or product engineers before using the products in this catalog for the applications listed below, which require especially
high reliability for the prevention of defects which might directly damage to a third party's life, body or property, or when one of our products is intended for use
in applications other than those specified in this catalog.

(@ Aircraft equipment (2) Aerospace equipment

(3 Undersea equipment (® Power plant equipment

(® Medical equipment (® Transportation equipment (vehicles, trains, ships, etc.)

(@ Traffic signal equipment (® Disaster prevention / crime prevention equipment

(9 Data-processing equipment 10 Application of similar complexity and/or reliability requirements to the applications listed in the above

3. Product specifications in this catalog are as of March 2004. They are subject to change or our products in it may be discontinued without advance notice. Please
check with our sales representatives or product engineers before ordering. If there are any questions, please contact our sales representatives or product
engineers.

4. Please read rating and /NCAUTION (for storage, operating, rating, soldering, mounting and handling) in this catalog to prevent smoking and/or burning, etc.

5. This catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or
transact the approval sheet for product specifications before ordering.

6. Please note that unless otherwise specified, we shall assume no responsibility whatsoever for any conflict or dispute that may occur in connection with the effect
of our and/or a third party's intellectual property rights and other related rights in consideration of your use of our products and/or information described or
contained in our catalogs. In this connection, no representation shall be made to the effect that any third parties are authorized to use the rights mentioned
above under licenses without our consent.

7. No ozone depleting substances (ODS) under the Montreal Protocol are used in our manufacturing process.

Murata Manufacturing Co., Lid. http://www.murata.com/

Head Office International Division
2-26-10, Tenjin Nagaokakyo-shi, Kyoto 617-8555, Japan Phone: 81-75-951-9111 3-29-12, Shibuya, Shibuya-ku, Tokyo 150-0002, Japan
Phone: 81-3-5469-6123 Fax: 81-3-5469-6155 E-mail: intl@murata.co.jp






MURATA Multilayer Ceramic Chip Capacitors Rata

CERAMIC CHIP CAPACITORS Dimensions mm >

/'|\ L «—Tin Plate z

( St @)

Part No. w T (max) e g min. / C

GRM188 16201 08201 0.8+0.1 021005 05 < (9))

GRM216 0.6 +0.1 Electrodes N Nickel Plate M

GRM219 2.0£0.1 1.25£0.1 0.85 +0.1 021007 07 onauctive pu)
GRM218B 12501

\S

O
(0]
=
Style 0603 (cont.) Please call a Mouser representative for information of product not listed. Style 0805 (cont.) Please call a Mouser representative for information of product not listed. %
Price Pri "
MOUSER Murata Volt| Value Reel | "'C€ Price Price |l
Each MOUSER Murata
STOCK NO. Part No. T o0) (oF) [ Tool @ [, STOCK NO. Part No. Tolx | e o) 2t o | 2T ?)
" |Piece
Temperature Coeff: X7R N S Q
81-GRM30X224K10D GRMIBBR7IAZ24KA0ID | 10% | 10 J0.220F 26| 15| 4000] 053 | | o1 SRM40C101J50D GRM2165C1H101JA01D | 5% | 50| 100 1.07 1.04)4000) .015 | Bey
81-GRM2165C1H121JA | GRM2165C1H121JA0ID | 5% | 50 | 120 |.10 |.06 [4000| .021
81-GRM39X223K16D GRM188R71C223KA0ID | 10% | 16 [22000|.07 |.04| 4000 | .014 7
81-GRM40C151J50D GRM2165C1H151JA01D | 5% | 50 | 150 |.09 |.05 4000 .019 |8
81-GRM39X273K16D GRM188R71C273KA0ID | 10% | 16 [27000|.08 |.05| 4000 | .017
81-GRM2165C1HIBLIA | GRM2165C1H181JA0D | 5% |50 | 180 |.10 |.06|4000| .021 |HEFA
81-GRM39X333K16D GRM188R71C333KA01D | 10% | 16 [33000|.09 |.05| 4000 | .018
81-GRM40C22150D GRM2165C1H221JA01D | 5% | 50 | 220 |.11 |.07|4000] .023
81-GRM39X473K16D GRM188R71C473KA0ID | 10% | 16 [47000|.10 .06 4000 | .021 Z
81-GRM40C271J50D GRM2165C1H271JD51D | 5% | 50 | 270 |.19 |.11|4000| .038
81-GRM39X683K16D GRM188R71C683KA0ID | 10% | 16 |68000|.12|.07| 4000 | .024 O
81-GRM40C331J50D GRM2165C1H331JA01D | 5% | 50 | 330 |.13 |.07|4000] .026
81-GRM39X104K16 GRM188R71C104KA0ID | 10% | 16 |0.1uF|.09 .05 4000 | .018
81-GRM40C391J50D GRM2165C1H391JA01D | 5% | 50 | 390 |.13 |.08|4000] .027
81-GRM188R71C224KA01 | GRM188R71C224KA01D | 10% | 16 [0.221H.14|.08| 4000 | .028
81-GRM40C471J50D GRM2165C1H471JA01D | 5% | 50 | 470 |.16 |.09|4000| .032
81-GRM39X103K25 GRM188R71E103KA01D | 10% | 25 [10000|.05 |.03| 4000 | .011
81-GRM40C561J50D GRM2165C1H561JA01D | 5% | 50 | 560 |.17 |.10|4000| .033| =
81-GRM39X223K25D GRM188R71E223KA01D | 10% | 25 [22000|.07 |.04| 4000 | .014
81-GRM40C681J50D GRM2165C1H681JA01D | 5% | 50 | 680 |.17 |.10|4000( .035| &
81-GRM188R71E273KA  |GRMI88R71E273KAOID | 10% | 25 [27000|.09 |.06| 4000 | .019
81-GRM40C102J50D GRM2165C1H102JA01D | 5% | 50 | 1000 | .13 |.08|4000( .027| ==
81-GRM39X333K25D GRM188R71E333KA01D | 10% | 25 [33000|.10 .06 4000 | .021 ®
81-GRM2165C1H152JA01 | GRM2165C1H152JA01D | 5% | 50 | 1500 |.14 | .08 [4000| .029 | 5.
81-GRM39X473K25D GRM188R71E473KA0ID | 10% | 25 [47000| .11 .06 4000 | .022
81-GRM2165C1H222JA01 | GRM2165C1H222JA01L | 5% | 50 | 2200 |.19 | .12 |4000| .039 | @
81-GRM188R71E683KA0L | GRM188R71E683KA0ID | 10% | 25 [68000|.08 |.05| 4000 | .016
81-GRM215C2A101JA01D | GRM2165C2A101JA01D | 5% |[100| 100 |.10 |.06 [4000| .02
81-GRM39X104K25 GRMI88R71E104KAO1D | 10% | 25 | 0.1uF .121.07) 4000 | .024 | |51 Gp\015C0A4710A01L | GRM2165C2A4713A01L | 5% |100] 470 |17 |.10]4000| .034
81-GRM39X221K50D GRM188R71H221KAOID | 10% | 50 | 220 |10|.06| 4000 | 021 | [Forrormie aeor Yon AL :
81-GRM188R71H331KAOL | GRM18BR71HS31KAOLD | 10% | 50 | 330 1.061.04| 4000) 0121 51 GRVA0R225K6.3L | GRM21BR60J225KCOIL | 10% | 6.3] 2.2F| 32 | 19]4000] 065
81-GRM39X471K50D GRM188R71H471KA0ID | 10% | 50 | 470 |.07|.04| 4000 | .013
81-GRM40034RA75K6L | GRM21BRE0JA7SKALIL | 10% | 6.3| 4.7uF| .54 | .32 |4000 .11
81-GRM39X561K50D GRM188R71H561KA01D | 10% | 50 | 560 |.07|.04| 4000 | .014
81-GRM21R60J106KE19L | GRM21BRE0J106KELOL | 10% | 6.3| 10pF| .70 | .41 |4000| .142
81-GRM39X681K50D GRM188R71H681KA0ID | 10% | 50 | 680 |.07 .04 4000 | .014
81-GRM21R60J226ME39L | GRM21BR60J226ME3OL | 20% | 6.3| 22)F |2.07|1.22| 4000| .419
81-GRM39X821K50D GRM188R71H821KA0ID | 10% | 50 | 820 |.07|.04| 4000 | .014
81-GRM21BR61A475KA73| GRM21BRE1A475KAT3L | 10% | 10| 4.7uF| .37 | .22 |4000| .075
81-GRM39X102J50D GRM188R71H102JA0ID | 5% | 50 | 1000 |.08 .05 4000 | .016
81-GRM21BR61A106KE19| GRM21BRE1A106KELOL | 10% | 10 | 10pF| .70 | .41 |4000| .142
81-GRM39X102K050 GRM188R71H102KAO1D | 10% | 50 | 1000 1.061.03) 4000 0121 | 51 GRVp19RE1E225K | GRM21OR61E225KA12D | 10% | 25| 2.2F| 50 | 30 [4000] 101
81-GRM188R71H122KA01 | GRM188R71H122KA01D | 10% | 50 | 1200 | 06 |.04[ 4000 | 012 | [For taias®maesr ZUELS0 L :
81-GRM39X152K50 GRM188R71HI52KA01D | 10% | 50 | 1500 1.061.041 4000 013 57 GRMA0x 105K 10L GRM21BR71AL05KA0IL | 10% | 10| 1pF |.25 | .15]4000] 051
81-GRM39X222K50D GRM188R71H222KA01D | 10% | 50 | 2200 |.04|.02| 4000 | .008
81-GRM21BR71A225KA01| GRM21BR71A225KA01L | 10% | 10 | 2.2uF | .32 | .19 |4000| .065
81-GRM39X272K50D GRM188R71H272KA0ID | 10% | 50 | 2700 |.07 |.04| 4000 | .014
81-GRM40X104K16D GRM219R71C104KAOID | 10% | 16 | 0.1F|.08 | .05 [4000| .017
81-GRM188R71H332KA |GRM188R71H332KA01D | 10% | 50 | 3300 |.06 |.04| 4000 | .013
81-GRM40X154K16L GRM21BR71C154KA01L | 10% | 16 0.15uF .23 | .14 [4000| .046 | 2
81-GRM39X392K50D GRM188R71H392KA0ID | 10% | 50 | 3900 |.07 |.04| 4000 | .014
81-GRM40X224K16D GRM219R71C224KA0ID | 10% | 16 0.22uF .26 | .16 [4000| .053 | [T]
81-GRM39X472K50D GRM188R71H472KA0ID | 10% | 50 | 4700 |.06 |.04| 4000 | .013
81-GRM40X334K16L GRM21BR71C334KA01L | 10% | 16 0.33uF .23 | .14 [4000| .047
81-GRM188R71H562KA | GRM188R71H562KA01D | 10% | 50 | 5600 |.07 |.04| 4000 | .015
81-GRM40X474K16L GRM219R71C474KCO1L | 10% | 16 [0.47uF .36 | .21 [4000| .073
81-GRM39X682K50D GRM188R71H682KA0ID | 10% | 50 | 6800 |.07 |.04| 4000 | .014
81-GRM40X684K16L GRM219R71C684KCOLL | 10% | 16 (0.68uF .25 | .14 (4000 05 | I
81-GRM39X822K50D GRM188R71H822KA01D | 10% | 50 | 8200 |.07 |.04| 4000 | .015
81-GRM40X105K16L GRM21BR71CL05KAOLL | 10% | 16 | 1uF |.25 | .15 |4000| .051| =y
81-GRM39X103K50D GRM188R71H103KA0ID | 10% | 50 [10000|.05 |.03| 4000 | .011
81-GRM216R71E103KA01 | GRM216R71E103KA0ID | 10% | 25 |10000|.06 | .03 |4000| .011
81-GRM18R71H153KA01D | GRM188R71H153KA01D | 10% | 50 |15000|.07 |.04| 4000 | .014 =
81-GRM40X473K25L GRM219R71E473KA0LL | 10% | 25 |47000| .11 | .06 [4000| .022
81-GRM39X223K50D GRM188R71H223KA0ID | 10% | 50 [22000|.07 |.04| 4000 | .015
81-GRM40X104K25L GRM21BR7LEL04KAOLL | 10% | 25 | 0.1F | 13 | .08 |4000| .027| O
81-GRM188R71H473KAG1 | GRM18BR71H473KAG1D | 10% | 50 [47000] 1107|4000 | 023 | g1 cR oaoteos. 1 e aoiL | 100t | o lo.2mur 30 | 2| 4000| o4
81-GRM39X104K50D GRM188R71H104KA93D | 10% | 50 |0.1uF|.07 .04 4000 | .014 ] |3 o 22UR.201 2 C
e AW ].07]. : 81-GRM40X474K 251 GRM21BR71E474KCOLL | 10% | 25 |0.47yF 38 | 22 |4000| 077 || 73
- | 0,
UCITEEE ST SRWBSFSTATOSZAGT5 8020 To | T 57 04T #0007 | | 8L CRV21BR7IE105KA99| GRM21BRTLELOSKAL | 10% | 25 | 1uF |22 | 13 |4000( 045 || g
81-GRM40X221K50D GRM216R71H221KDO1D| 10% | 50 | 220 |.14 |.08 |4000| .028
81-GRM39Y104716D GRM188F51C104ZA01D [+80.-20| 16 |0.1yF |.05 | 03| 4000 | 011 Pl
81-GRM40X471K50D GRM216R71H471KAOID | 10% | 50 | 470 |.07 |.04 4000 .015
81-GRM39Y224716D GRM188F51C224ZA01D [+80.-20| 16 [0.22uF.08 | 05| 4000 | .016
81-GRM40X102K50D GRM216R71H102KA0ID | 10% | 50 | 1000 | .05 | .03 [4000| .01
81-GRM39Y104725D GRM188F51E104ZA01D [+80,-20[ 25 |0.1/F | .05|.03| 4000 | 011 | 51" ERII 102K omvreniiiookaoin| 100 | 20l 1900 | e | oa 3000l o
81-GRM188F5YA104ZA28 | GRM188F5YAL104ZA28D [+80.-20| 35 |0.1F |.04 | 03] 4000 | 009 | |33 o 00 :
: uF].04]. : 81-GRM40X222K50D GRM216R71H222KA01D | 10% | 50 | 2200 |.05 | .03|4000| 011| =
Style 0805 o ~ |81-GRM40X332K50D GRM2L6R71H332KAO1D | 10% | 50 | 3300 .06 |.04 |4000| .012 ||
yle Please call a Mouser representative for information of product not listed. | g1 GRM40X392K50D GRM216R71H392KA01D| 10% | 50 | 3900 |.07 | .04 |4000| .014
Temperature Coeff: COG BL.GRM216R7IHAT2KA | GRM216R71H472KAOID| 10% | 50 | 4700 | 05 |03 [4000| 01| =
81-GRM40CO10C50D  |GRM2165CIHIROCDOID|0.25pF] 50 | 1 |.09].05] 4000] 019 |81-GRM40X682K50D GRM216R71HES2KAOID | 10% | 50 | 6800 | 06 | .03 |4000| 012 || a0
81-GRM4OCIRSC50D | GRM2165CIHIR5CDOLD|0.25pF| 50 | 1.5 |.09|.05| 4000 | 019 | |81-GRM40X103K50D GRM216R71H103KAOLD | 10% | 50 |10000/.06 | .03 |4000| 011 || 23
81-GRM40C2R2C50D | GRM2165C1H2R2CDO1D|0.25pF| 50 | 2.2 |.09|.05| 4000 | 019 | |81-GRM40X153K50D GRM216R71H153KA0ID | 10% | 50 |15000| .07 | .04 4000 .014
81-GRM2165C1H3ROCD | GRM2165CIH3ROCDO1D|0.25pF| 50 | 3 |.09|.05| 4000 | .019 | |81-GRM40X223K50D GRM216R71H223KA01D | 10% | 50 |22000| .09 |05 |4000| 019 || =
81-GRM4OC3R3C50D | GRM2165CIH3R3CDO1D|0.25pF| 50 | 3.3 |.09|.05| 4000 | .019 | |81-GRM40X333K50D GRM219R71H333KA0LD | 10% | 50 |33000] 11 | .06 4000 022 || =
81-GRM2165C1HAROCD | GRM2165C1H4ROCDO1D|0.25pF| 50 | 4 |.09[.05| 4000 | .019 | |81-GRM40X473K50L GRM21BR71H473KA01L | 10% | 50 |47000| .15 | .09 [4000| .03
81-GRMAOCAR7C50D | GRM2165CIH4R7CDOLD|0.25pF| 50 | 4.7 |.09|.05| 4000 | .019 | |81-GRM40X683K50L GRM21BR71H683KA01L | 10% | 50 |68000| .20 | .12 4000| .041| &
81-GRM4OC5R6C50D | GRM2165CIHSR6CDOLD|0.25pF| 50 | 5.6 |.10[.06| 4000 | .021 | |81-GRM40X104K50L GRM21BR71H104KAO1L | 10% | 50 | 0.1yF|.13 | .08 4000 .027 | ()
81-GRM2165C1HGR8CDO1 | GRM2165C1HER8CDOLD|0.25pF| 50 | 6.8 |.11|.06| 4000 | 021 | |81-GRM40X7R224K050AL | GRM21BR71H224KA01L | 10% | 50 |0.22uH.27 | .16 [4000| .054 | [T]
81-GRM2165CIH7ROCZ | GRM2165C1H7ROCZO1D|0.25pF| 50 | 7 |.10|.06| 4000 | 021 | |81-GRM40X102K100D | GRM219R72A102KDO1D | 10% | 100 1000 |.13 | .08 |4000| .026|
81-GRMAOCBR2C50D | GRM2165C1H8R2CZ01D|0.25pF| 50 | 8.2 |.10|.06| 4000 | 021 | |81-GRM40X103K100L | GRM21BR72A103KDOIL | 10% |100[10000].21 |.12|4000] .043
81-GRM40C100D50D  |GRM2165C1H1003201D | 5% |50 | 10 |.09|.05|4000| 018 | [Temperature Coeff: Y5V
81-GRM2165C1H120JZ  |GRM2165C1H120J01D | 5% |50 | 12 |.10|.06|4000| 021 | [B1-GRM40Y5V475Z010AL | GRM2LBF51A475ZA01L [+80,2q 10| 4.7uF] .29 |.17]4000] 06
81-GRM40C150J50D GRM2165C1H150J201D | 5% |50 | 15 |.10|-06|4000| .02 | |81-GRMa0Y474z16L GRM21BF51C474zA01L |+80.-2d 16 [0.47uH 21 | 12 |4000| .043| £
81-GRM40C180J50D GRM2165C1H180J201D | 5% |50 | 18 |.10|.06| 4000 | .021 | |81-GRM40Y105Z16L GRM21BF51C105ZA01L |+80.-2q 16 | 1yF |.13 | .07 [4000| .025| [T]
81-GRM40C200J50D GRM2165C1H200201D | 5% |50 | 20 |-11[07| 4000 | 022 | 81-GRM40Y5V2252016AL | GRM21BF51C225ZA0LL [+80,-2q 16 | 2,24 | 24 | .14 [4000| 048 | S
81-GRM2165C1H220JZ | GRM2165C1H220J201D | 5% |50 | 22 |.10|-06|4000| .02 | |81-GRM40Y104225D GRM216F51E104ZA01D |+80.-2q 25 | 0.1F|.06 | .03 [4000| 012
81-GRM40C270J50D GRM2165C1H270J201D | 5% |50 | 27 |.10|.06| 4000 | .021 | |81-GRM40Y224225D GRM219F51E2247A01D [+80,-2q 25 [0.22yF .14 | .09 4000 .029| 3>
81-GRM40C300J50D GRM2165C1H3000201D | 5% |50 | 30 |.11|07|4000| 022 | |81-GRM40Y5V4742025AL | GRM21BF51E474ZA01L |+80.-2d 25 |0.47uF .19 | .11 [4000| .038 | —
81-GRM2165C1H330JZ | GRM2165C1H330JZ01D | 5% |50 | 33 [.10|-06|4000| .02 | |81-GRM40Y104750D GRM219F511H1047A01D |+80.2d 50 | 0.1uF |07 | 04 |00 015 =
81-GRM40C390J50D GRM2165C1H390J201D | 5% |50 | 39 |.10|-06| 4000 | .021 | [Temperature Coeff: Z5U
81-GRM2165C1H470JZ  |GRM2165C1H470JZ01D | 5% |50 | 47 |.10[.06|4000| .02 | [B1-GRM40Z103MS50L GRM216E4TH103MAOLL | 20% | 50 |10000] 11 | .07 J4000] .023| O
81-GRM40C680J50D GRM2165C1H680JZ01D | 5% |50 | 68 |.10|.06|4000| .02 | |81-GRM407473M50D | GRM216E41H473MAO1D| 20% | 50 |47000|.08 | .05 [4000| .017 | C
81-GRM2165C1H820JZ | GRM2165C1H820201D | 5% |50 | 82 |.10|.06] 4000 | .021 | |81-GRM40Z104M50D | GRM219E41H104MAO1D| 20% | 50 | 0.14F|.09 | .05 [4000| .018| (f)
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