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FrelTec

Capacitor SMD MLCC
SPECIFICATION
Part
Number
072 05 N’ 101 J 500 T10 D’
Type Size Series Capacitan | | Tolerance Rated Packing Thickness of
ce in pF Yoltage chip code
072: Multilayer OA: G: COG - A:+0,05pF 040:4Vv T20: Reel 20kpcs H:
Ceramic 01005 (NPO) First two (7" reel), paper tape 0,20£0,02mm
Capacitor) "01; 0201 H: COG digits B:+0,10pF| | 063:6,3V Size: 01005 6:
HQ indicate 0,20+0,03mm
02: 0402 | |HigherQ the C: 100:10V T15: Reel 15kpcs A
and jower| | signify- +0,25pF (7" reel), paper tape | | 0,30£0,03mm
03:0603 | |F: coG | | c@ntdigits | 550 55F| [ 160:16V (S<'OZ§O gizc?(:e’sgfoz S:
Micro- = 0,30+0,05mm
05: 0805 | |wave o 250:25V 5:
e " 0,30£0,09mm
06: 1206 | | X: X7R o G - +2% 350:35V T10: Reel 10kpcs, B:
The last 0 paper tape (7" reel) 0,50+0,05mm
08: 1808 | [R: X5R | | digitis the J: 5% 500:50V | |Size: 0201, 0402 R:
m\l:l|rt]|iz|r|]er (>0,30 thickness) 0,500, 10mm
10: 1210 | | S: X6S | |denotes the| | K:£10% 101:100V | | TO4: Reel 4kpcs, U:
number of paper tape (7" reel) 0,50+0,15mm
12: 1812| | V: X7S zero M: £20% | | 201:200V | |Size: 0603, 0805, T
: i : 1206 (all <0,85 :
O: X6T follotvr\]/;ng If 631: 630V | | rickness) 0,50+0,20mm
T: X7T capacitance 102: E40: Reel 40kpcs,"
is less 1000V embossed tape (7 9:
than10pF reel) 0,50+0,20mm
“p” is ’ Size: 01005
U: X7U designated 202 : EO04: Reel 4kpcs,
for a 2000V embossed tape (7" Q:
decimal reel) (
ooint Size: 0603 (only 0,450,05mm
very special item)
Q: X8R 302: EO03: Reel 3kpcs, J:
3000V embossed tape (7" 0,60£0,10mm
402 : reel) C:
4000V Size: 0805, 1206, 0,60+0,15mm
1210, 1808 (>0,85 but D:
<1,25 thickness 0,80+0,10mm
E02: Reel 2kpcs, _
embossed tape (7" K:
reel) 0,80+0,15mm
Size: 0805( 21,25
thickness),
1206, 1210 (all >1,25 V:
but <2,00 thickness), 0,80+0,20mm
1808 (21,25 but 1,60
thickness
EO1: Reel 1kpcs,
embossed tape (7" 1
reel) 0,80+0,30m
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Capacitor SMD

FrelTec

MLCC

Size: 1210,1808 (all 2:
>1,60 thickness), 1812 0,85+0,10mm
(2,00 thickness E:
0,85£0,15mm
EOA: Reel 500pcs, 3:
embossed tape (7" 0,85+0,20mm
reel)
Size: 1210, 1812 O:
(>2,00 thickness) 0,95+0,10mm
EY7: Reel 700pcs, |
embossed tape (7" 0,95+0,15mm
reel)
Size: 1812 (2,00 F
thickness, 22,2pF, 100v) | | 1,15£0,20mm
150**: Paper tape and M:
reel for 50k pc (13” 1,25+0,10mm
reel)
Size: 0201, 0402 4:
(0,50 thickness) 1,25£0,15mm
[15**: Paper tape and G:
reel for 15k pc (13" 1,25+0,20mm
reel) W
Size: 0603, 0805, ’
1206 (all <0,85 thickness 1,2520,30
L10**: Embossed
tape and reel for 10k L:
pcs (137reel), 1,60+£0,20mm
0805 (21,25 thickness),
1206 (21,15 thickness), X:
1210 (20,85 thickness) 1,60£0,30mm
" not all combination N:
is possible 2,00+0,20mm
** check availability y-
with sales for 13 2,0040,30mm
reels
Z:
2,50£0,20mm
P:
2,50£0,30mm
8:
2,50+0,50mm

All products according to RoHS (2015/863/EU)
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Rated Voltage, Rated Capacitance and available Tolerances

MLCC

Size
Code

Rate

Rate Capacitance

oltage|

COG (NPO)

X7R

X5R

/Ur

Capacitance

Toleranc
e

Ehip Thic
ness

DF
(max)

Capacitance

Tolera
nce

Chip
Thick
ness

DF
(max)

Capacitance

Toler
ance

Chip
Thick
ness

DF
(max)

0201

0,2pF~0,4pF

AB,C

>

0,25%

0,5pF~1pF

A B,C

0,24%

100pF

J,K

3,0%

1,1pF, 1,2pF

0,24%

1,3pF~2,2pF

0,23%

120pF

K

3,0%

2,4pF~3,0pF

0,22%

150pF

J,K

3,0%

3,3pF~4,3pF

0,21%

4,7pF

W|w|w|w|w
O000|I0

0,20%

180pF

K

3,0%

330pF

5,0%

5,0pF~5,6pF

0,20%

6,0pF~7,0pF

0,19%

7,5pF~8,2pF

0,18%

9pF, 9,1pF

0,17%

220pF

J,K

3,0%

10pF

0,17%

12pF

0,16%

15pF

0,14%

270pF~560pF

3,0%

1nF

K, M

5,0%

18pF, 20pF

0,13%

22pF

m|m|m{m|m|0w|ow
[anrarasraniiviiviiviie)

0,12%

50V

24pF

0,11%

680pF

J,K

3,0%

27pF

0,11%

30pF, 33pF

olol<lolololooo000

m|m

[

0,10%

36pF

o |-

0,10%

39pF

-
'G)..
(S

0,10%

43pF

1%
o

0,10%

47pF

0,10%

51pF

0,10%

56pF

0,10%

820pF~2,2nF

3,0%

10nF+

5,0%

62pF

0,10%

68pF

0,10%

75pF

0,10%

82pF, 100pF

0,10%

120pF

0,10%

150pF, 180pF

0,10%

200pF

0,10%

220pF

0,10%

270pF~470pF

0,10%

3,3nF, 4,7nF, 6,8nF*",
10nF*1

5,0%

100nF*"

10,0%

35V

100nF*

10,0%

0,2pF~0,4pF

0,25%

0,5pF~0,9pF

>|>

0,24%

1,0pF

UJ:ujuj
Oloo

>

0,24%

100pF~180pF

3,5%

100pF~220pF

5,0%

1nF

K, M

5,0%

1,1pF, 1,2pF

joe}
(®llw;
O

0,24%

1,3pF~2,2pF

0,23%

220pF

J,K

3,5%

2,2nF, 4,7nF,
6,8nF

5,0%

25V

2,4pF~3,0pF

0,22%

270pF~390pF

3,5%

10nF+

K, M

5,0%

3,3pF~4,3pF

0,21%

4,7pF

w|w|w|w|
o000

0,20%

470pF

J,K

3,5%

5,0pF~5,6pF

0,20%

6,0pF~7,0pF

0,19%

560pF, 680nF

3,5%

7,5pF~8,2pF

w|w|w
e)(e)le);
o|o|o

pdP bbb IND PSP I NP IR Ibdp b 2pdpdb b dbdbdb-dpdp b dpdbdbdpdp b dbdbdpdbdbdpdpdbdpdb b

0,18%

820pF, 1,0nF

J,K

> > > P>

3,5%

15nF*, 18nF-,
22nF*, 27nF+,
33nF*, 39nF*,
47nF*, 56nF*,

K, M

10,0%
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FrelTec

Capacitor SMD MLCC
Size Rate Rate Capacitance
oltage COG (NPO) X7R X5R
Code JUr Toleranc Ehip hi Tolera |Chip Toler |chie
Capacitance o [ hese | (ma0 Capacitance nce ™ mao | Capacitance ance | ma
9,0pF, 9,1pF B,C,D| A |om7% 68nF*, 82nF",
10pF F,G,J | A |01 100nF*
12pF F.G,J | A |ore% 220nF* K, M |[S|00%
15pF, 16pF F,G,J | A |ou% _ n 330nF*B, o
18pF, 20pF F.G J| A |own 1,5nF~2,2nF K A | 35% 470nE+18 K, M |5 |1w00%
22pF F,G,J | A |om2% X6S
24pF, 27pF F,G,J | A |om% 10nF K |[A]50m%
30pF, 33pF, 39pF | F, G, J | A |o1%
43pF J A |o10%
47pF F,G,J | A |ow%| 3,3nF, 4,7nF, 6,8nF K |A]so
51pF J A | o10%
56pF F.G,J | A |oto%
62pF J A | o10%
68pF F,G,J | A |0t . D
75pF J A | o10% 100nF*! K, M | A|0%
82pF, 100pF F,G,J | A |omw%
120pF~300pF J A | o10%
330pF F,G,J | A |o% 10nF J,K | Al s0%
360pF~430pF J A |o10%
470pF F,G,J | A |om0%
510pF~1,0nF J A |o10%
100pF~180pF K [A]s= 1,0nF K M|A| o
200pF J KA | 3% 2,2n4F’,72|,:3+n|:+, K |A| s
220pF, 270pF K |A| 35% 10nF* K, M|A ]| so%
330pF J, K | A 3% 15nF*, 22nF+,
470pF, 560pF K A | 35% 27nF*, 33nF*, K, M| A |00
2,7pF B, C A |o22%| 680pF~1,0nF, 1,5nF J, K [A] 3% 47nF*
1,8nF, 2,2nF K A | 35% 68nF*A K, M| S |100%
16V 2,7nF J, K | Ao 100nF* K, M| A |00
3,3nF~8,2nF K A | 50% 220nF*A K, M| S |100%
10nF J,K |A]|50%
15nF, 22nF, 33nF, K | Al so 330nF*B, 470nF*B | K, M | 5 | 10.0%
,0%
47nF
! 100nF+1A K,M | S |10% 1uF+128 M | 5]125%
33pF F,G,J | A |otw% X7S S
0 + ) 10nF K |A] 5o
200pF, 220pF J A | o10% 100nF*1A K, M | S| t00% 100nE+1A K. M|S |0
220pF JK |A| =0 2’2”'1:6;:’§”F~ K, M| A| 75
1,0nF, 1,5nF~22nF | K |Al|son| 19NF5220F"~ 1 vl A ] o
56nF
2,7nF J, K | Al so% 68nF*A K,M|S| 1%
3,3nF~8,2nF K |A]| s 82nF*, 100nF* | K, M| A | 10%
% +1A %
10V 33pF F,G,J | A |omow 10nF J, K | A| 5o 323?8n,|::+1s K,M|S | 1o
47nF K |A] s w7onEes | KoM (5 [
, 1,0uF*"8 K, M |5 |125%
100nF K, M | S |100% 2,2UF+1B K, M1 5 | 15.0%
X7S X6S
R 0 47nF K, M]A [ son
100nF+A K | S|100% T00nE" e
6/10/2023 6/62

© FrelTec® GmbH

Please read cautions and warnings and important notes at the end of this document.

www.freltec.com




FrelTec

Capacitor SMD MLCC
Sive Rate Rate Capacitance
oltage COG (NPO) X7R X5R
Code IUr Toleranc phip Ti Tolera |Chip Toler |Cnip
Capacitance - A I Capacitance nce [Tk e Capacitance ance | e
+ 220nF*! K, M| A |100%
220nF A K S R22 1|JF+1B M 5 | 10,0%
100pF K A | 50%
2,2nF~ 10nF,
15nF*, 22nF*,
2,2nF, 3,3nF, 10nF K [A]| 50% 27nF*, 33nF*,
. . K, M| A |100%
47nF*~ 82nF
100nF+, 220nF+1A,
330nF*1A
15nF*A, 33nF*A, : 470nF+1B K,M| 5 |125%
100nF*A K|S TuF-1A K,M|S [
6,3V . . 2,2|,|F+125 M 5 | 20,0%
220nF+1A K | S|125% 4 7uF5 M 1S [0
X7S X6S
10nF K,M|A/| 50
15nF+*A, 22nF*A K | S|100%
+A 0% )
100nF K | S| 100% 33nF*A 47nF*A, v ) @ s
100nF*1A ’ ’
220nF*12 K, M| A |100%
220nF+1A K S | 125% | 470nF*'B, 1uF*12B | M | 5 | 100%
2,2uF+128 M | B |50
47nF* K, M| A |100%
470nF+1B K, M |5 |125%
1,0pF*12A K,M|S |00
2,2|JF+1ZB M 5 | 200%
4,7|JF+1ZB M | S| 200%
av X6S
100nF*A K, M |S|100%
220nF+*2 K, M| A |100%
470nF*1A M S | 100%
1|JF+123, 2,2|JF+123 M 5 | 10,0%
4,7|JF+1ZB M | S| 200%
2,5V X6S
2,247 M |5 oo
4,72uF*128 ’°
0,2pF~0,4pF A B, C| B |ox% 100pF J,K |B]|30%
0,5pF~1,2pF A,B,C | B |oa%| 120pF~180pF, 200pF, K B | 50
1,3pF, 1,5pF A B, C| B |o=% 220pF ’
1,6pF, 1,7pF B |0z 270pF J,K |B] s | 1nF, 6,8nF, 10nF,
oPEs 2P ’ L ’ 18nF, 22nF, | K| B | oo
1,8pF~2,2pF A,B,C| B |oz% 300pF K B | 30% 33 F, 47 F, M '
2,4pF~3pF A, B,C | B |o2x| 330pF, 390pF, 470pF | J,K |B | 30 nF, &/m
A B, C, . 560pF K B | 30%
10 | sov 3.3pF p | B 680pF J,K |B |
0402 | 50 3.5pF~4,3pF | A,B,C | B |ozm 750pF, 820pF K |B|so
45pF, 47pF | AB,C | B |oa 1,0nF J'MK’ B s
J, K
A B, C, . 1,2nF J,K B 30% 100nF~* * N | B | 10,0%
5,0pF D B |o20% 1.5nF K B o M
5,1pF, 5,6pF B,C,D| B |o2%
6,0pF~7,0pF B,C,D| B |o% N .
75pF~8,2pF | B,C,D | B |ow 1,8nF~6,8nF J KB o 220nF*A K |R|oo
9,0pF, 9,1pF | B,C,D | B |om
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FrelTec

Capacitor SMD MLCC
Size |Rate Rate Capacitance
oltage CcoG (NPO) X7R X5R
Code IUr Toleranc phip Thi Tolera | Chip Toler [<hip
Capacitance e[| mao Capacitance o Ime mm | Capacitance | o0 ey (o
10pF F,G,J | B [0
11pF, 12pF F,G,J | B |om%
13pF ,J B |o.15% a
15pF, 16pF | F,G,J | B |ow 8,2nF K |B] oo »
F,G,J 330nF™4, K. M|R|100%
19eF K[ B 470nF+1A : |
20pF F,G,J | B [o1% I K
22pF F, ﬁ’ J, B |o12% 10nF ’M " | B 30%
24pF, 27pF F,G,J | B o | 12nF, 15nF, 18nF K [B]sm
30pF F,G,J | B |omw0% 22nF J K |B|3m%
F’ G’ J’ 0,
33pF K B |o10% 33nF K Bl
36pF~43pF F,G,J | B |ow0%
F, G, J, , 1uF*1c K, M| T|100%
47pF K B |o10% 39nF*, 47nF+ K 4.
51pF~91pF F,G,J B |o10%
100pF, 120pF | ?( b1 B omon
130pF J B |o10% 68nF* J, K | B |00
150pF~270pF F,G,J | B |oto%
300pF, 330pF G,J | B |owm X6S
390pF~680pF F,G,J | B |ot%
750pF~910pF G,J B |o10% 100nF+A K, M | R |100% )
1,0nF F,.G,J | B |ot% 220pF K [B|3m
1,5nF J B |o10%
100nF", K, M | B | 100%
35V 47nF* K [ B 1w00% TUF+1A K, M| R |100%
2,2uF+1c K, M|T|100%
0,2pF,0,3pF A, B,C| B o 100pF~820pF K |B]ax 10nF K B s
0,508 AB,C| B oz 1nF J, K |B s 22nF K, M| B | 5o
1.6pF B | B o - | 33nF, 47nF, 68nF | K_| B so»
5.6pF C.B [ B [om ,2nF=2,7nF K 1B 100nF K.M|B | s
6,8pF B,C,D | B |o19% 3,3nF J,K |B|30% 220nF+* K, M| B | 10.0%
810pF C, D B 0,18% 3,9nF K B 3,0% 330nF+, 390nF+ K’ M B 12,5%
10pF J B |o017% 4, 7nF J,K | B 3% 470nF+C K, M| T |25
12pF F,G,J | B |ow 5,6nF~8,2nF K |[B|ooe| . 9B0NF"™ e MR | s
- ’ ’ 680ONF*1A, fpF+1A | ™
. 10nF~15nF J,K | B 30% 2,2uF*1°C K, M| T [
16pF J B |o14% 18nF K B | s0% 417UF+1C T | 125%
25V 18pF K B |o13% X6S
22pF J B |o12% 22nF J,K | B 30% 33nF K 1B/ %
24pF, 27pF J B |o1% 100nF+* K B | 10.0%
33pF K J B |oto% 27nF K,M |B| 3% 220nF*A K [R|100%
100pF, 2000F | 0| B | 33nF, 39nF K| B o 1F122 | K M|R |00
220pF K, J B [o10% 47nF J,K | B 3% 2,2uF+1C K, M| T ][00
270pF J B |oo% 56nF, 68nF K [B]s X6T
330pF F,G,J B |o10% 100nF* K, M | B |10%
470pF, 560pF, A o
910pF, 1,0nF, 220nF K | R 100% 1,0uF+1A K |R| 00
J B |o10%
1,5n2Ii,2r1i:8nF, 330nF+B K | Ul e
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FrelTec

Capacitor SMD MLCC
Size Rate Rate Capacitance
oltage COG (NPO) X7R X5R
Code /Ur Toleranc Ehip hi Tolera |Chip Toler |Chip
Capacitance o [ hese | (ma0 Capacitance nce . T (mao Capacitance ance | ma
1,0pF, 1,2pF B | B |oam 100pF~180pF K |B|sm 1,0nF K | B s
220pF J,K | B s0% 15nF J’MK’ B | s0%
270pF~820pF K | B s | 22nF, 27nF, 33nF | K, M | B | 50%
2,0pF B B | o2 1,0nF J,K | B 50% 39nF K |B]som
1,2nF K | B/ so» 47nF, 56nF,
1,5nF J,K | B so% 68nF, 82nF, K,M|B|50%
1,8nF K | B/ so» 100nF
10pF J B |om% y 120F*~ 180nF* |K, M |B | 7.5%
15pF F,G,J | B |ow 2,2nF J KB oo 220nF* K, M| B [
2,7nF K | B so% 330nF* K, M|B |125%
3,3nF J,K | B so% 470nF* K, M|R|125%
22pF F B |o2% 3,9nF~8,2nF JKK B | s0% 560nF*, 680NF*, .
16V 10nF v | B 1uF* ’ ’
! 12nF~27nF K |B]| so» 2,2uF*1c K, M|R|125%
30pF J " 33nF J, K [B] =0 4,7pF*1° R | 2o
47pF F,G,J 0,10% 39nF K |B]|so» X6S
47nF K,M |B|50% 15nF J,K |B| 30%
100pF, 270pF b B B6nF~82nF K _|B|so 100nF* K_|B |
J, K, ) o .
330pF 6J | B lows 100nF | B 220nF+A K |R|w0o
150nF+* K, M | B | 100% 330nF*1A K,M|R|125%
220nF*A K, M | R | oo 470nF+1A, .
330nF*1A K | R|m25% 1,0uF*12A ’ '
470pF, 1,0nF J B | o10% 470nF*1A, 1, 0uF+1A K IR |2
X7S 2,2uF+¢ K, M| T |100%
1,0|JF+A R | 10.0%
1,0nF K,M|B|50%
100pF~82nF K |B|so TOnE B o
15nF~ 100nF,
100nF J,K |B|so» | 120nF*, 150nF, |K, M |B | 75%
180nF, 220nF*
220nF*A, 330nF*A, 330nF~ 4700F", [\ 1 15 | oo
470nF*A, 680NnF*1A, K | R 1w00% 680nF*, 1uF* ’
1,0pF*A 2,2uF*1° K, M| T | roon
10V 22pF F,G,J | B |om 4,7pF+18 K, M| U |2
2,2uF*1C K,M | T |50 10uF*12¢ M [T [z
22|JF+13C M | T | 200%
X7S X6S
X 0 1, 0pF* K,M|B ]2
1,0uF+1A K R | 10.0% 2,2uF*1c K, M| T |125%
4,7uF*C M | T |00
2,2uF+1c K,M | T |100% X6T
4,7TpF+1c M_[T [0
22nF, 47nF K |B]|7s%
10nF, 22nF, 47nF, K |B|som 100nF, 220nF+,
68nF Y 330nF*, 470nF*, | K, M | B | 100%
6,3V 680nF+*
n TuF* M| AY s
100nF J,K | B | so% 1UF+2 K, M| B | 10.0%
220nF*A, 330nF*A K | R|[om 2,2uF 12 M| A¥ oo
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FrelTec

Capacitor SMD MLCC
Size |Rate Rate Capacitance
oltage CO0G (NPO) X7R X5R
Code IUr Toleranc  thip hi Tolera |Chip Toler [<hip
Capacitance o [ hese | (ma0 Capacitance e Mmek o) | Capacitance ance M o
2,2uF*1° K, M| T|wo0%
+ ! 4,7uF+12C M | A* 10.0%
470nF+A K, M 10,0% 4,7uF*128 K M| U] oo
1,0uF*! K, M | B|125% 10uF+2C M | T |150%
2,2uF*1c K T | 150% 22uF+13c M | T | 200%
X7S X6S
220nF*A K R | 10.0%
2,2uF+*C K [ T|1w00% 330nF*1A K, M |R | 2s%
680nF+1A K R | 125%
‘|,0|J|:+1 K, M |B |125%
X7t 2,2F+1ZB K, M |[U |125%
4,7|JF+1ZB M U | 100%
10|JF+120 M | T | 100%
+A %
470nF K | R | 100% XoT
4,7|JF+1ZB M U | 100%
1uF* K, M |B |150%
2,2uF*c K, M | T [00%
2,2|JF+2 M | A¥ 100%
4,7|JF+ZB K, M | U | w00%
10pF*2C, 22uF*13C | M | T | 150%
X6S
4V 330nF+A K |[R|100%
1,0uF*! K, M | B | 100%
1,5uF*1B, )
Z,ZEFHZB K, M| U |125%
4,7|JF+1ZB M U | 100%
10|JF+120 M | T |100%
22|JF+13D M 9 | 200%
X6S
2,5V 10pF*12¢ M T oo
22|JF+13D M 9 | 200%
0300F _ |AB.C|D | - n
0,50pF AB.C| D |om 100pF~390pF K | D] 2%
1pF, 1,2pF B,C | D |oux 470pF K,M | D] 2s%
1,5pF~2,2pF B,C | D |oe 560pF~820pF K [D]2s 1nF, 10nF K |D|som
2,4pF~3,0pF B,C | D o 1,0nF~1,5nF J,K | D2
3,3pF~4,0pF B,C | D |o2%| 1,8nF, 2,0nF, 2,2nF, K 1Dl s
4,7pF B, C D | o.20% 2,7nF '
5,0pF, 5,6pF B,C,D| D |oam 3,3nF J,K | D] 25% R ]
6,0pF~7,00F | B,C,D | D |ow 3,9nF K |D|zo 33nF K| K| 5o
8,0pF, 8,2pF B,C,D| D |o% 4 7nF J,K | D] 25% A A ]
0603 | 50V 9,0pF B,C,D| D |om 5 6nF K 1D 2| 100nF™, 220nFA | K, M | K | sen
10pF F,G,J | D |om% 6,8nF J K [D| 2%
11pF, 12pF F,G,J | D |ow» 8,2nF K [D] 2
15pF, 16pF F,G,J | D |omu% 10nF J’MK’ D | 25%
18pF F ?(’J’ D |o% 12nF, 15nF K |D]|2s% | 470nF*A 680nF*A | K, M | K | 100%
20pF F,G,J | D |o% 18nF J,K [D]| 2s%
22pF F,G,J | D |ou% 22nF, 27nF K |D]|**
24pF, 27pF F,G,J | D [onm 33nFA, 39nFA K |K[*
30pF~47pF F,G,J | D [ow 47nFA J, K [ K] 30%
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FrelTec

Capacitor SMD MLCC
Size Rate Rate Capacitance
oltage COG (NPO) X7R X5R
Code JUr Toleranc Ehip hi Tolera |Chip Toler |chie
Capacitance o [ hese | (ma0 Capacitance nce ™ mao | Capacitance ance | ma
56nFA~82nFA K | K| 30%
51pF GJ | D [ 100nF+A S K o
56pF i ?{J’ D |oox 150nF+A K | K| s
62pF~220pF F,G,J | D [o10% 220nF*A J, K | K| 35
270pF G,J D |o10%
300pF J D | oo +A +A o +B o
330pF, 390pF | G.J | D [oww| oo0NF™. 470nF Ko K| oo 1uF K, M|V |00
430pF J D [owox
470pF F,G,J | D |omw0%
560pF, 680pF G,J D |o0% N u
750pF J D [owon 1uF+8 K |V |100%
820pF G,J D |o10%
1,0nF F,G,J | D |ow0% y o
1,2nFA J K |o10% X8R 2,2uF+*8 K, M|V |100%
1,5nFA G,J K |o10%
1,8nFA~3,9nFA J K | o10% .
4, 7nFA F,G,J | K |ow0% 100nFA K K| 75%
5,6nFA~10nFA J K | o10%
470nF*A K K | 10.0% 1|JF+, 2,2|JF+1 K, M | D | 100%
35V R o 4,7pF* 8 K, M| V|00
1uF+8 K V | 100% 1OpF+TE Ve
2,7pF, 3,0pF C | D o 1003??3%2“3#9“F’ K |D|ss«| 100nF,220nF |K M |D|so
6,0pF D D |o19% 10nF J,K [D] 3% 330nFA K K| 7.5%
22pF J | D |ow 12nF~18nF K |D|ss 470nF* Lo D] s
: 22nF, 27nF J,K |D]| 3% 680nF+A K |K]| 7%
33pF, 47pF i el 33nF~82nF K_|D|ee TuF* K. MR |z
% +A +A
100F200F, | ) 4 | ) | [ gomeR ABGER e [
osv |  ATOPF ’ MESONFS KK s | 33uF, 4,70F KM |V | o
1,0nF J D |o10% 220nFA K,M | K| 35% 10uF*18 K, M|V |100%
330nFA K [K]| 7% X6S
390nFA K K | 10.0% . ]
470nFA KM | K |00 1,0uF K | K| oo
1,5nF8, 2,2nFE, A "y
6,8nF®, 8,2nFe J | K[| SBONFTA B8ONFA oo
" qonFs 1,00F* 22uF® K M|V |00
2 2uF+1B K |V ] 100%
X7S . 0
2,20F"® K V]| 47T KMV e
100pF~330pF K [D] so% 100nF, 220nF, K MIDI so
18pF F,G,J | D |om3% 390pF J,K [D] s 330nF ’ '
470pF~150nF K |[D] s0% 470nF* K,M|D |35%
180pFA, 220pFA, 680nF* K, M |D|75%
K K| 50%
16V 330nFA, 470nFA 1uF+2 K, M |R*| 10.0%
30pF J D |o10% 680nFA K | K] w00% 1uF* K, M | D | 100%
1IJF+A J’MK, K | 10.0% 2;2“Zt$!u?:aigF+1Av K, M | K | 100%
112pFBv 1!5nFBv o + + o, 10|JF+1B K’ M V 10.0%
oonfe 27nfe, | )| K 220 ATWEE KMV e s M TV o
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FrelTec

Capacitor SMD MLCC
Size Rate Rate Capacitance
oltage COG (NPO) X7R X5R
Code /Ur Toleranc Ehip Thi Tolera |Chip Toler |Chip
Capacitance o [ hese | (ma0 Capacitance nce ™ mao | Capacitance ance | ma
3,3nFB, 3,9nFB, X7S X6S
8,2nFB 1uF*A K | K| 10.0%
+ + N 212UF+1 K,M D | 100%
2,20F"®, 4,7uF® KAV ™ 2 7uF® K M| V]
10uF+*B V | 100%
100nF, 220nF,
100pF~150nF, K |D|so«| 330nF,470nF, [K,M|D|7s%
680NnF, 1uF*
220nFA J, K[ K| so% | 2 2uF+, 3,3uF*A,
U4,7uF+kl K, M | K| 100%
330ng$6§;EnFA, K K | 100% 1,0|JF+, 2,2[JF+12 K, M R*| 10.0%
4,7|JF+B K, M B* | 10.0%
10V 100pF J, K D |o10% 1UF*A, 2 2uF*A K, M | K| 100% 10uF*1B K, M|V |100%
4, 7uF+1B K |V |100% 22uF+128 M [V*| 150%
10pF*8 K, M |V |00 22uF*+128 M |V |00
X7S X6S
2,2uF*B, 4,7TuF*8 K |V |00 2,2uF* K [D]woom
10uF+1B M V | 100% 4, 7uF+A K, M| K| 100%
X7T . )
2,2uF*B M V | 100% 10uF+B M |V | 100%
100nF, 1uF* K,M|D| 75%
22nF, 100nF K |D|so [ 220F* 33uFA
azuEn KM K] o
470nFA, 1,0uF*A, ! 10uF*12 M |R*| 100%
2,2uF*A KoK 10uF+1A K, M | K | oo
4, 7uF*B K,M [V |100% 22uF+138 M |V |150%
6,3V 10uF*1B M |V |100% 47uF+138 M |V |125%
X7S X6S
4,7uF*B K V| 100%| 22uF*", 4, 7uF*" | K, M| D | 100%
10uF+1B M |V |100% 10uF+B K, M|V |100%
X7T
4,7uF*B K V | 100% 22uF+138 M |V |100%
10uF*1B, 22F*1B M V | 100%
10uF* M | D|100%
22uF+138 M |V | 100%
47uF+138 M|V ]
4v X6S
4,7uF" K, M| D [0
X7T 10uF*B, 22yF+138 M |V |100%
22uF 1B M [V ] 47yF+138 N
2,5V 47uF+138 M |V | 15o%
10pF G,J,K | C o | 100pF, 150pF~820pF K |E]|2m 220nF+ K | E|100%
12pF G,J | C [ow 1,0nF J, K |E |2 . R AP
15pF GJ | C o= 1,2nF~8,2nF K ||| TMFH220F7% K MIET oo
18pF, 20pF G,J C |o13% 6,8nF K |G*| 25%
22pF G, J | C |om 10nF J, K [E]2s% | 1pF*, 2,2uF*A, 0
0805 | 50V 27pF G,J | C |om| 12nF, 15nF, 18nF K |E| o 4. 7uF+1A K, M| G | roor
30pF G,J | C [own 22nF J, K [E [z
33pF G,J,K | C |otw% 27nF~150nF K |E]| 2%
36pF, 39pF G, J C |o10% J, K, « 10uF+1A K, M |G |100%
47pF G.J K| C [om 100nF M D*| 25%
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FrelTec

Capacitor SMD MLCC
Size |Rate Rate Capacitance
oltage CO0G (NPO) X7R X5R
Code IUr Toleranc hip Thi Tolera | Chie Toler [<hip
Capacitance o [ ma Capacitance oo Ml msy | Capacitance 10T ey o
56pF J, K C |o10% 180nF, 220nF K |E*| 30%
68pF G,J,K | C |otw% ]
82pF G J C oo 180nF, 220nF K |G| 3o
100pF F,G,J | C |ow% 330nF K G| so%
120pF~200pF J C |o10% 470nF K |G| as%
220pF F,G,J | C |otw% 680nF*A K |G/ 100%
270pF~1 nF J C 0,10% 1 ,OIJF"'A K’ M G 10,0%
1,2nF~2,2nF J E |o10% 2,2uF+*B K G| 10.0%
2,7nF~4,7nF J E* |o10% X7S X6S
2,7nF~8,2nF J G |o10% . ] 0
10nF J_ | E* |ow 4, TuFA K |G| 100nF K |D]ze
10nF F,G,J | G |0 X8R ” 0
22nF J G |o10% 100nF K 4 | 5% 4,7|JF K G | 10.0%
10uF*1A K, M |G |100%
. 22[.,|F+13A M | G| 150%
35V 470nF K G| 35% X6S
10,0uF*A K |G| 100%
1nF~82nF K |E/| 35%
100nF J, K |E | 3% 470nFA K,M |G |so
120nF~180nF K |E| 3%
180nF K 3| 35% 1UF+, 2,2UF+A, . ]
220nF K |E*| 5% 4, TuF+IA K, M | 2* | 100%
220nF K G| 35%
330nF K G| 50% 1uFA, 2,2uF*A, )
25V 2,2nF J E |o10% 470nF*, 680nFA K _[G|sm 4,7TuF*A K, MG e
’ : 1,0pF*A K,M |G| o«
2,2|JF+A K G| 10% 10|JF+1A K, M |2" |125%
3,3uF*1A, 4, 7TuF+1A, K |Gl 10uF*1A K, M| G|125%
10uF*1A 22UF*13A G| 150%
X7S X6S
2,2uF* K 4 | 10.0% 2,2uF*1A K | G| 100%
4, 7TuF+1A K G| 100% 4, 7TuF+1A K |G| 2%
10|JF+1A K,M | G| 100% 10|JF+1A K, M| G|125%
12nF, 47nF, 100nF | K |E|[sss 1uF K, M B o0
10pF J C 0,17% 1|JF1 212|JF+A1 K M G 10,0%
220nF K E*| 3s% 3,3uF*A ’
220nF K G| 35% 4,7|JF+2A K, M | 2*| 10.0%
330nF K G| 50% 4,7pF+A K, M| G|100%
470nFA K |G| sm . Jo
16V 27pF G,J C |o1% 580nE~ ol om 10pF+1A K, M | 2*] 1o0%
1,0uFA K,M |G| s0% 10uF*12A K, M |G| w0
2,2uF*A K, M | G| 100% 22uF*13A 2% | 10,0%
3,3|JF+A G | 100% 22IJF+13A K, M 15.0%
3,3nF J G |o10% 4, 7uF*A, 10pF+1A K,M |G| 0o X6S
X7S 10|JF+A K G | 100%
10|JF+1A K, M | G| 100% 22|JF+13A M | G| 100%
1,0uFA K,M |G| s50% 2,2uF* K, M |2*| 10.0%
1,0uF*A, 2,2uF*A,
10V 2,2|JF+A K, M | G| 100% 3,3UF+A, 4,7UF+A, K, M |G |00
10uF*A
" " N . 10pF*2A K, M | 2% | 10.0%
3,3UF ,4,7nF , 10UF K G | 100% 22UF+13A M 2% | 10,0%
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FrelTec

Capacitor SMD MLCC
Size |Rate Rate Capacitance
Cod oltage C0G (NPO) X7R X5R
ode /Ur . . Chip | pe . Toler [Chip| pe
Capacitance Capacitance mel L, | Capacitance | 0o ek (oF
. o 22uF 1A M | E oo
22|JF 13A G | 100% 47IJF+13A M G | 00
X7S X6S
22|JF+13A | G | 10,0% 10|JF+1A K G [ 100%
X7T . )
22uF+13A G| 0o 22uF+3A M | G| 100%
2,2uF* 2% 10,0%
3,3uF*A, 4 7TuF+A G| 00| 2,2uF*A, 3,3uF*A, o
4,7pF", 10pFa | KM |G
10uF*2A K, M |2* | 100%
10uF*A G| 150% 22uF*3 K, M| 4 w00
22|JF+3 M | 2% 100%
6,3V 22|JF+13A G| 100% 47IJF+13A M G| 100%
X7S 47UF+13A M |E*| 100%
22uF+3A | G| roo% 100pF*13A M |G| 50w
X7T X6S
10|JF+1A K, M| G |100%
22uF+3A G| 10.0% 22uF*13A.
M 47l:jF+13A M G | 100%
22uF+*3 M | 4 |100%
ATPF*13A,
10(|;|JF+13A M |G| 100%
+ . X6S
4V 10uF*A G| 150% 10pF*A K. MG oo
22uF*3A ATuF+18A | M | G | 100%
100pF+13A M | G|15o%
100pF+A M |G|z
2,5V X6S
100pF+13A M | G|15o%
220pF, 470pF, 1,0nF,
1,5nF, 1,8nF, 2,2nF, K | 2] 3s5% 1.04FB K x| s
10pF 4,7nF
P 5,6nF J,K | 2] 35%
10nF K,M | 2] 35% A ]
12nF~82nF K | 2] 2,2uF K| L oo
100nF K 2 | 35%
220nF K [0 ss | 22uF*, 4,7uF", o
50V 22pF 220nFA K |F| o 10pF* K, M |27 oo
330nF J,K | 4] 35%
100pF, 220pF, 470nF K 4 | oo
1Ay 1,5nF, 2,2nF 470nF K L]
B B "
8.2nF, 10nF 680nFE, 1,0uF K | X 35% 4.7y KM | X | oo
1,0|JF K 4% 35%
2,2uF*A K L | 10.0%
B~ B )
12n'::00r:13|82|: ’ 4a7|JF+B K X | 10,0%
10uF*A K L | 10.0% 10pF+A K, M| L |w0om
10uF* K, M | 2% 10.0%
1,0|JFB M X | 35% 2,2|JF+A, 10|JF+A K, M| X] o0
35V 22uF*1A X [100%
+ . X6S
10pF*A K | L |100% 10uF* 8 [ K [X[ww
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FrelTec
Capacitor SMD MLCC

R Rate Capacitance
Size |Rate
oltage COG (NPO) X7R X5R
Code JUr Toleranc Ehip hi Tolera |Chip Toler |chie
Capacitance o [ hese | (ma0 Capacitance nce ™ mao | Capacitance ance | ma
100nF K [ 2] 3% * 2o
220nF K_ O] Wk Al
330nF K o[ es 1pF® K | X| oo
330nF K [G|ss | 2,2uFA 4 7uF*A | K M | X | so%
470nF K__[G* | 2 | 10uF*A, 22uF+1%® | K, M| X 0w
o 470nF® K[ X] e 22)F*13A M| 3% oo
25V 100nFB J X |o10% 1uF K, M G* |35 47|J|:+1SB M X | 15.0%
1uF8 K[ X[ oo X6S
2,2uFB K [ X] 5% K )
3,3uF*8 K X | 10,0% 10pF™ KoJLIW
4,7uF*8 K[ X oo X ,
104F+ KM X [wm]  220F%° |KMIX|
100nF K [2]ssn| 2,2pFA 4,7uFA |K, M| X sox
470nF K G*[so% | 10uF*A 22uF*A |K, M| X | roox
- 5 470nFB, 1,0uF® K X | 50% 47|JF+3B X | 10,0%
16V 12nFB~39nFB J X | o0% 2,2uF® K | X | 100% X6S
+B +1B
4,7“52ljl;]+9?|;éF ) KM X 10,0% 22IJF+13B K,M X 19/;0
2!2|JFA! 417I“|F+A K’ M X 7%
B %
2,24F KX T HouF™, 200F 7 K, M| X | oo
4,7uF*8, 10uF*8, : 47pFE K, M| L | oo
10V 22)F+138 KM X" HoopF+ie M_[Xisor
X7T X6S
X 0 22uF*38 M [ X[ oo
22HF 138 K,M X | 10.0% 47HF+3B M X | 10,0%
10pF*A K[ X[m0
22uF A K, M | X 0%
+B +3B % 2
10uF*B, 22uF K X | 100 47uF+3A K, M| L |100%
100uF*38 M| X] s
6,3V X7S X6S
47uF+38 | M [ X5 47uF+38 | M | X0
X7U X6T
47uF+138 M | X| 150% 100uF*"3 M | X|150%
22uF*3A K, M | X 0%
4TUF+A,
100uF*38, M | X| 5o
220uF+38
4V X7U X6S
22uF*3A M [ 2]
X 0 47uF38 M| X |00
100uF s M | X | s0% 100[JF+3A M | L | 100%
220uF+1% M| X |00
2,2uF* M [Z] 5o
4,7uF" K_[Z]w0o 4,7uF" K, M| Z 0o
10pF*A K, M [P | oo
50V 10uF* K N* | 150%
X7S 10uF* K,M|Z|50%
1210 10[JF+ K,M P | 150%
35V 10pF*A K,M | P | 0% 10pF K M| Z] s
4,7uF K N*[wo|  4,7uF, 10uF  [K, M [N 0o
25V 4,7yF® K [P [ 22)F 3 K, M [ Z [ oo
10pF* K [Y ] X6S
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FrelTec
Capacitor SMD MLCC

R Rate Capacitance
Size |Rate
oltage| CO0G (NPO) X7R X5R
Code /Ur Toleranc Ehip hi Tolera |Chie Toler |Chie
Capacitance o [ hese | (ma0 Capacitance nce ™ mao | Capacitance ance | ma
. ] 10uF* K | Y| 100%
22|JF 3 K, M | Z | 100% 22uF+3A K Z | 100%
4,7uF* K |Z]5m% 4,7uF, 10uF K, M |N | s0%
22pF*3 K,M|Z | 1w00%
16V 10pF* K [N |00 | 22uF*3 47uF*3 | K, M |Z | 50%
100pF+3A P | 100%
N ] X6S
22pF*3 K, M | P |w00% 47pF 1A K M| Z oo
10uF K [N 50%
+3 %
10V 22uF K Z | 10.0% 22uF*3 47uF*3 | K, M | Z | 100%
47uF*3 K, M | Z |100% 100uF*3 K, M |P |100%
22uF*3 K,M|Z |00
4TYF K M | Z | oo 47|JF:’A K,M|Z|10%
6,3V 100|JF ) M P | 150%
’ 220pF+13A
X7S X6S
100uF+13 M | P00 100uF*3A | M _[P]wow
X6S
2,5V 330IJF+3A M | P | 100%
1812 | 50V 2,2uF+! K L | 10.0%

+ Specification Il (all other according Specification 1)

* Special chip thickness, higher quote

A.B.C: Special chip thickness A, B, C refer chip size table below

' Specification Il and high temperature load life test is applicable in rated voltage 100%

Measuring condition:
C0G: <1nF: 1V, 1MHz
>1nF 1V, 1kHz
X5R, X5S, X6S, X6T, X7R, Y5V: 1V, 1kHz
2for 0,5V, 1kHz
3 for 0,5V 120Hz

CO0G is below 1pF 01005 to 0402: 0,1pF, 0,2pF, 0,3pF, ... 1,0pF
after 1pF is E12 series, 20pF, 24pF, 30pF,
additionally for

0201: 50V: 1pF to 10pF is E24 series and additionally 3,5pF, 4,0pF, 4,3pF, 5,0pF, 6,0pF, 7,0pF,
8,0pF, 9,0pF, 20pF, 24pF, 30pF, 36pF, 51pF, 62pF, 75pF, 200pF

0201 25V is E24 series additionally: 1,4pF, 1,7pF, 1,9pF, 3,5pF, 4,0pF, 5,0pF, 6,0pF, 7,0pF, 8,0pF,
9,0pF but no: 11pF, no 13pF, no 36pF, no 91pF, no 110pF, no 160pF, no 560pF; no 620pF, no
750pF and no 910pF.

0402 50V: 1pF to 100pF is E24 series and additionally: no 1,1pF but 1,7pF, 1,9pF, 2,5pF, 3,5pF,
4,0pF, 4,5pF, 5,0pF, 6,0pF, 7,0pF, 8,0pF, 9,0pF, 130pF, 200pF, 300pF, 750pF but no 1,2nF

0603 50V: 1pF to 100pF is E24 series and additionally no 1,1pF but 4,0pF, no 4,3pF, 5,0pF, 6,0pF,
7,0pF, 8,0pF, 9,0pF, no 13pF, 200pF, 300pF, 430pF and 750pF

0805: additionally 20pF, no 24pF, 30pF, 36pF, 200pF
X7R all up to 0603 is E12 and above 100nF to 1uF is E6 and above 1uF is E3
X5R is below 100nF E6 series additionally 5,6nF, 8,2nF, 56nF and 82nF
between 100nF and 1uF is E12 above 1uF is E3 series
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Class 1 (Temperature Compensation series)
Temperature Coefficient of Temperature Compensation

Temperature Coefficient

Capacitor SMD
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DC Voltage Coefficient
Capacitance Change vs. DC Bias

HP4z8448, 1VIHZ for NP

g 20‘1. HP4284A 1KHZ for X5R, XB5, X7R, X75
2)
= 0%
2
g «20%
§ -40%
-’E -60%
g -80%
-100% ; ; | i i ; i i i
0 2 4 6 8 10 12 14 16 18 20
DC Bias (Voit)
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Capacitor SMD MLCC

Voltage Derating and Applied Voltage

The derated MLCC should be applied with the derating voltage. The “Temperature of
MLCC?” is the surface temperature of MLCC including self-heating effect. The maximum
operating voltage of MLCC with reference to the maximum voltage (Vmax)isas shown in
the following graph.

100% |
2 80% |
(14
e
- I { | | | | | I | | | | | | | O/ o / O~
g o0s 8 C 106 C 1 11125/C
a
(V]
o 40% ;
S oltaze Dessting Rt Operating Max.Voltage
oltage Derating Ratio =
S & & Rated Voltage of MLCC
20%
V max = Derated Voltage
0 20 40 60 80 100 120 140
Temerature of MLCC (C)

Cautions by types of voltage applied to MLCC. For DC voltage or DC+AC voltage, DC
voltage or the maximum value of DC + AC voltage should not exceed the rated voltage of
MLCC. For AC voltage or pulse voltage, the peak-to-peak value of AC voltage or pulse
voltage should not exceed the rated voltage of MLCC. Abnormal voltage such as surge
voltage, static electricity should not exceed the rated voltage of MLCC.

Voltage
Voltage

Voltage
Voltage

Time

Time 0 Time Time

DC Voltage AC Voltage DC+AC Voltage DC+AC Voltage DC+Pulse Voltage
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FrelTec

Capacitor SMD

Electrical Data

MLCC

. 0201, 0402, 0603, 0805,
Size 1206, 1210 0201, 0402, 0603, 0805, 1206, 1210
Dielectric COG X7RIXTSIXTTIX7U X8R X6S/X6T X5R
\'/Roalt:de See table above
(VD(?W) The rated voltage is defined as the maximum voltage, which may be applied continuously to the capacitor.
Operating 55°C to 125°C 55°C10150°C | -55°Ct0105°C | ~o.C 0
Temperature 85°C

Measured at the condition of 75% related humidity,25°C ambient temperature
Specification, General |

Item

Specification

Temp. compensation High dielectric
type constant type

Test Method

Capacitance

Within the specified tolerance
X5R, X6S, X7R, X7S, X7T, X7U and X8R at
1000 h

Q/Dissipation Factor ( D.F.)

CoG: Shown in table above

If C=30pF,

DF =1/(400+20C),
Cin pF

If C >30pF, DF =0,1%.

The capacitance / D.F. shall be measured at 25°C at
the frequency and voltage shown in the table above

Appearance

No defects or abnormalities.

Visual inspection

Dimensions

Within the specified dimension.

Using calipers

Dielectric Strength

No defects or abnormalities.

No failure shall be observed when 250% of the rated
voltage is applied between the terminations for 1 to 5
seconds. The charge and discharge current is less
than 50mA.

Insulation Resistance (I.R.)

I.R. =10 GQ or RCr=500Q-F
(whichever is smaller)

The insulation resistance shall be measured with a
DC voltage not exceeding the rated voltage at 25°C
and 75%RH max, and within 1 minute of charging.

Capacitance Temperature
Characteristics

Capacitance change

X7R/X5R/X8R within
+15%

X6S/X7S within
+22%

X7T: -33% to + 22%
X7U: -56% to + 22%

Capacitance change

COG within 0+30ppm/°C
under operating
temperature range.

1.Temperature compensation type:

The capacitance value at 25°C and 85°C shall be
measured and calculated from the formula given
below.
T.C.=(Cgs5-C25)/C2s*AT*10%(PPM/°C)

2. High dielectric constant type:
The ranges of capacitance change compared with
the 25°C value over the temperature ranges shall
be within the specified ranges.
Measurement Voltage: Less than 1,0Vrms
(Refer to the electrical characteristics)

Termination Strength

No removal of the terminations or marking
defect.

Apply a parallel force of 5N to a PCB mounted
sample for 10+1sec.
*2N for 0201.

Deflection (Bending Strength)

No cracking or marking defects shall occur at
1mm deflection.

Capacitance change:

COG: within £5% or + 0,5pF. (whichever is
larger)

X8R, X78, X7T, X7U, X7R, X6S, X5R within
+12,5%

Solder the capacitor to the test jig (glass epoxy
boards) shown in Fig. a using a
SAC305(Sn96,5Ag3,0Cu0,5) solder (then let sit for
)2(%1'-22) hours for X5R, X6S, X7R, X7S, X7T, X7U and

Then apply a force in the direction shown in Fig. b.
The soldering shall be done with the reflow method
and shall be conducted with care so that the
soldering is uniform and free of defects such as heat
shock.

(Unit in mm)
Sze | a | b | C o 2 e
0201 0,3 0,9 0,3 ﬂl Pressurize
0402 | 04 | 15 |05 R0 A Ol
0603 | 1,0 | 30 [12]| 9T o D
100 D
T:1,6mm (0,8 mm for 0201 & 0402 0805 1,2 4,0 11,65 Flexure:1mm
size) Capacitance meter 10sec
1206 2,2 50 |20 | 45 45
Fig. a 1808 | 355 | 70 |25 Fig. b
1812 3,5 70 | 37
6/10/2023 20/62
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Capacitor SMD

FrelTec

MLCC

Solderability of Termination

90% of the terminations are to be soldered
evenly and continuously.

Immerse the test capacitor into a methanol solution
containing rosin for 3 to 5 seconds, preheat it 150 to
180°C for 2 to 3 minutes and immerse it into
SAC305(Sn96,5Ag3,0Cu0,5) solder of 245 + 5°C for|
3+1seconds.

Preheat the capacitor at 120 to 150°C for 1 minute.

Appearance |No marking defects
— Immerse the capacitor in a
COG within +2,5% or | X8R/X7S/XTT/X7U/X |SAC305(Sn96,5Ag3,0Cu0,5) solder solution at
Cap. Change [0,25pF (whichever is TR/X6S/X5R within  [270+5°C for 10+1 seconds. Let sit at room
larger ) 17,5% temperature for 24+2 hours, then measure.
i If C<30pF, ) R .
e e abF.  DF<i/00+200) To satisfy the Preheat 150 to 200°C for size>1206.
9 o if Cf>30 F DF<0.1% specified initial spec.
pr, Or=Y,1% High dielectric constant type: Initial measurement:
I.R.>10.000MQ or perform a heat treatment at 150+0/-10°C for one hour
k%zlgo%(g.l\éo or RiCr>500Q-F. and then let sit for 24+2 hours at room temperature.
I.R. R= ’ (whichever is Perform the initial measurement.
(whichever is smaller)
smaller)
Appearance |No marking defects Solder the capacitor to supporting jig (Glass epoxy
__ X5R/IX6S/X7R/X7S/ |board) and perform the five cycles according to the
COG within +2,5% or  |x77/X8R within four heat treatments listed in the following table. Let
Cap. Change |0,25pF (whicheveris |7 50, sit for 24+2hrs at room temperature, then measure.
larger) X7U within +30% Step 1: Minimum operating temperature: 30+3min
Temperature If C<30pF Step 2: Room temperature: 2~3 min
cycle (Thermal Q/D.F. DF5_1/(406+200) To satisfy the Step 3: Maximum operating temperature: 30+3min
shock) If C >30pF, DF<0.1% specified initial spec. |Step 4: Room temperature. 2~3min
— High dielectric constant type:
1.R>10.000MQor LElQ00MO or | 8 o heat treatment at
RO_>B000LF RC=>500Q-F. nitial measurement: perform a heat treatment a
L.R. iLR2 -F- hich : 150+10°C for one hour and then let sit for 24+2 hours
whichever is smaller (whicheveris at room temp. Perform the initial measurement.
( )
smaller)
Appearance |No marking defects Apply the rated voltage at 40+2°C and 90 to 95%
COG within +7,5% or X5R/X6S/XTRIX7SIX humidity for 500+12 hours. The charge / discharge
Cap. Change |0,75pF (whicheveris  |7T/X7U/X8R within |current is less than 50mA.
larger) 112,5% [Temperature compensation type]
If C>30pF, DF<0,5% i +
wor  lromoor o [oROeSHRIGSX| Tl e,
gy ] 0
o D<1/(100+10xC/3) Cin | may of initial spec.  |[High dielectric constant type]
Humidity load pF Initial measurement
Perform a heat treatment at 150+0/-10°C for one
hour and then let sit for 24+2 hours at room
|.R.>500MQ or k%zfggggor temperature.
L.R. RiCr>25Q-F. ( lh"Lh ; Perform the initial measurement.
. . whichever is
(whichever is smaller) smaller) Measurement after test
Perform a heat treatment and then let sit for 2412
hours at room temperature, then measure.
Appearance |No marking defects Apply 200% of the rated voltage for 1000+12 hours
COG within +7,5% or X5R/X6S/X7R/X7S/X |at the maximum operating temperature + 3°C. The
Cap. Change |0,75pF (whichever is 7T/X7U/X8R within |charge / discharge current is less than 50mA.
larger) 12,5% [Temperature compensation type]
If C>30pF, DF<0,% Remove and let sit for 242 hours at room
If 10pF<C<30pF, temperature, then measure.
; X5R/X6S/XTR/X7S/X |[High dielectric constant type
- DF<1/(275+5xC/2 [Hig ype]
High tempera Q/D.F. SV@TSOXCI2) 10X 7UIX8R 200% |1 -
ture load life If C<10pF, max of initial spec Initial measurement
test DF<1/(200+10C), " |Perform a heat treatment at 150+0/-10°C for one
Cin pF hour and then let sit for 24+2 hours at room
temperature.
More than 1GQ or More than 1GQ or Perform the initial measurement.
I.R. RiC=>50 Q-F (whichever |RiC>50 Q-F Measurement after test
is less.) (whichever is less.) |Perform a heat treatment and then let sit for 24+2
hours at room temperature, then measure.
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FrelTec
Capacitor SMD

Specification, General Il (marked with "+" in table)

MLCC

Item

Specification

Test Method

Capacitance

Within the specified tolerance

The capacitance / D.F. shall be measured at 25°C at the

X5R, X6S, X7R, X7S, X7T, X7U and X8R at|frequency and voltage shown in the table above

1000 h

High cap at 24hours:
X5R, X6S, X6T, X7R, X7S

Heat treatment: Perform a heat treatment at 150+0/-10°C
for 1 hour and then let sit at room temperature, then

0201 = 4,7uF measure
0402 = 22uF Measurement Frequency:
8282 = ‘1‘(7)5FF 1,0+/-0,1MHz/1,0+/-0,1kHz/120+/-24Hz
>
> M . - -
1206 > 2200F Measurement Voltage :1,0+/-0,2Vrms/ 0,5+/-0,1Vrms

1210 > 330pF

Q/Dissipation Factor ( D.F.)

Shown in table above

Appearance

No defects or abnormalities.

Visual inspection

Dimensions

Within the specified dimension.

Using calipers

Dielectric Strength

No defects or abnormalities.

No failure shall be observed when 250% of the rated voltage
is applied between the terminations for 1 to 5 seconds. The
charge and discharge current is less than 50mA.

RiCr=50Q-F The insulation resistance shall be measured with a DC
High cap: voltage not exceeding the rated voltage at 25°C and 75%RH
: max, and within 1 minute of charging, provided the
X5R, X6S, X6T, X7R, X7S ; ;
0201 = 2.94/F charge/discharge current is less than 50 mA.
0402 = 22uF
Insulation Resistance (I.R.) |0603 = 47uF

0805 = 100pF
1206 = 100uF
1210 = 100uF

Insulation Resistance:
RiCR = 20Q-F

Termination Strength

No removal of the terminations or marking

defect.

Apply a parallel force of 5N to a PCB mounted sample for
10+1sec.
2N for 0201.

No cracking or marking defects shall occur at{Solder the capacitor to the test jig (glass epoxy boards)

1mm deflection.
Capacitance change:

X7R, X6S, X5R, X6T, X7S, X7T, X7U, X8R:

within £12,5%

shown in Fig. a using a SAC305(Sn96,5Ag3,0Cu0,5)
solder (then let sit for 24+2 hours for X7R, X5R, X6S, X7S,
X7T, X7U and X8R).

Then apply a force in the direction shown in Fig. b. The
soldering shall be done with the reflow method and shall be
conducted with care so that the soldering is uniform and free
of defects such as heat shock.

it 20, [0 . .
Deflection (Bending Strength) (Sl mig) | | Pfessurllzmg speed:1mm/sec.
&> Size a b C R230 ‘ Pressurize
p 0201/ 0,3 0903 S 2
< 0402|104 115] 0,5 %
' 0603] 1,0 ] 3,0 1,2 Flexure: 1mm
0805| 1 ,2 4,0 1,65 Capacitance Meter ’
— 1206]| 2,2 [ 50| 2,0 45
18081 35[70] 25 i
1. 0,8 mm for 0201 & 0402 ) , . Fig. b.
T (g o 0201 8,04 1812| 35 | 7.0 | 3.7

Capacitance Temperature
Characteristics

Capacitance change

The ranges of capacitance change compared with the 25°C

X5R/X7R/X8R within £15%, X6S/X7S within|value over the temperature ranges shall be within the

+22%
X7U: -56% to + 22%
X6T/X7T: -33% to + 22%

specified ranges.
Measurement Voltage: Less than 1,0 Vrms

(Refer to the electrical characteristics)

Solderability of Termination

90% of the terminations are to be soldered

evenly and continuously.

Immerse the test capacitor into a methanol solution containing
rosin for 3 to 5 seconds, preheat it 150 to 180°C for 2 to 3
minutes and immerse it into SAC305(Sn96.5Ag3.0Cu0.5)
solder of 245 + 5°C for 3+1seconds.

; Preheat the capacitor at 120 to 150°C for 1 minute.
A N king defect:
Resistance to ppearance X?I'\?;)?tr'aIRI’r/])%Gée/)?SBX?S/X7T/X7U/X8R ——— Immerse the capacitor in a SAC305(Sn96.5Ag3.0Cu0.5)
. within - o ’
Soldering Cap. Change |47 5o, solder solution at 270+5°C for 10+1 seconds. Let sit at room
Heat — temperature for 24+2 hours, then measure.
D.F. To satisfy the specified initial spec.
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Capacitor SMD

MLCC

Preheat 150 to 200°C for size = 1206.
RiCr>50Q-F.
High cap: Initial measurement: perform a heat treatment at 150+0/-10°C
2)(55{1 )><6232 XFGT, X7R, X78 for one hour and then let sit for 2442 hours at room
22,2y . initi .
0402 > 25F temperature. Perform the initial measurement
LR. 0603 = 47uF
0805 = 100uF
1206 = 100uF
1210 = 100uF
Insulation Resistance:
RiCR = 20Q-F
Appearance |No marking defects Solder the capacitor to supporting jig (Glass epoxy board)
X7RIX5R/IX6S/X6T/X7S/XTT/X8R within|and perform the five cycles according to the four heat
Cap. Change +7,5% treatments listed in the following table. Let sit for 24+2hrs at
X7U within +30% room temperature, then measure.
Q/D.F. To satisfy the specified initial spec. Step 1: Minimum operating temperature 3013m|n
RC->500-F Step 2: Room temperature 2~3 min
Temperature Hiigﬁ?:t-)ap' - Step 3: Maximum operating temperature ~ 30+3min
(T(I:I}c;?':sal X5R, X6S, X6T, X7R, X7S Step 4: Room temperature 2~3min
shock) 8%8; i %ZZHFF Initial measurement: perform a heat treatment at 150+10°C
0603 > 47HF for one hour and then let sit for 24+2 hours at room temp.
I.R. 0805 > 10&”: Perform the initial measurement.
1206 = 100uF
1210 = 100uF
Insulation Resistance:
RiCR = 20Q-F
Appearance |No marking defects Apply the rated voltage at 40+2°C and 90 to 95% humidity
X7R/IX5R/X6S/X6T/X7S/IXTT/X7U/X8R within|for 500+12 hours. The charge / discharge current is less
Cap. Change +12,5% than 50mA.
QD.F X7R/X5R/X6S/X6T/X7S/X7T/X7TU/X8R 200%
o max of initial spec. Initial measurement
RCr212,5Q-F. Perform a heat treatment at 150+0/-10°C for one hour and
>"(|'59£ cap: then let sit for 24+2 hours at room temperature.
0201 = 1uF Perform the initial measurement.
8@8\% i i;mﬁ Measurement after test
0805 > 10uF Perform a heat treatment and then let sit for 24+2 hours at
1206 = 22uF room temperature, then measure.
1210 2 47uF
Humidity load Insulation Resistance: RiCR = 5Q-F
X6S, X6T, X7R, X7S:
0201 = 0,1uF
IR 0402 = 0,47uF
o 0603 = 1uF
0805 = 2,2uF
1206 = 4,7uF
1210 2 10uF
Insulation Resistance: RiICR = 5Q-F
X5R, X6S, X6T, X7R, X7S
0201 2 2,2uF
0402 = 22uF
0603 = 47uF
0805 = 100uF
1206 = 100uF
1210 = 100uF
Insulation Resistance: RiICR = 10Q-F
Appearance [No markig defects Apply 150% of the rated voltage for 1000+12 hours at the
High Cap. Change | X7R/XSRIXBS/XET/X7S/XTT/XTUIXBR within|Maximum operating fempﬁrat“gg i/f’ C. The charge /
temperature p. g +12,5% ischarge current is less than 50mA.
load life test bF X7RIX5RIX6S/X6T/XTSIXTT/IXTU/X8R 200%
o max of initial spec. Initial measurement
6/10/2023 23/62
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Capacitor SMD

MLCC

RC> 25 Q-F
High cap:
X5R:

0201 = 1uF

0402 = 2,2uF

0603 = 4,7uF

0805 = 10uF

1206 = 22F

1210 2 47F

Insulation Resistance: RiCR 2 10Q-F
X6S, X6T, X7R, X7S:
0201 = 0,1uF

0402 2 0,47uF

0603 = 1uF

0805 = 2,2uF

1206 = 4,7uF

1210 = 10uF

Insulation Resistance: RiCR = 10Q-F
X5R, X6S, X6T, X7R, X7S
0201 = 2,2uF

0402 = 22uF

0603 = 47uF

0805 = 100uF

1206 = 100uF

1210 = 100uF

Insulation Resistance: RiCR 2 2Q-F

Perform a heat treatment at 150+0/-10°C for one hour and
then let sit for 24+2 hours at room temperature.

Perform the initial measurement.
Measurement after test

Perform a heat treatment and then let sit for 24+2 hours at
room temperature, then measure.

Some of the parts are applicable in rated voltage 100%.
Please refer to table above.

6/10/2023
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Special Parts

FrelTec

MLCC

High Voltage, Rated Voltage, Rated Capacitance and available Tolerances

Size
Code

Rate
Voltage
JUrR

Rate Capacitance

COG (NPO)

X7R

Capacitance | Tolerance

Ehip Thic
ness

DF

(max) Capacitance

Toleran

ce

Chip Thick- DF
ness (m ax)

0201

100V

0,20pF~0,40pF | A, B, C

0,25%

0,50pF~1,0pF | A,B,C

0,24%

1,1pF, 1,2pF

0,24%

1,3pF~ 2,2pF

0,23%

2,4pF~ 3,0pF

0,22%

3,3pF~ 4,3pF

0,21%

w|w|w|w|wf*
O0I00|0

4,7pF

0,20%

5,0pF~ 5,6pF

0,20%

6,0pF~ 7,0pF

0,19%

7,5pF~ 8,2pF

0,18%

9,0pF

0,17%

n|w| | w|w
olololo|o
—|o|ojo|o

10pF

0,17%

o |«

12pF

0,16%

15pF

0,14%

18pF

0,13%

22pF

0,12%

27pF

0,11%

33pF, 39pF

0,10%

47pF

-
<

0,10%

56pF, 68pF,
82pF

0,10%

O« O]l

100pF

N
c

0,10%

120pF, 150pF,
180pF, 220pF

bR b dbdb bbb dbdbdb b dbdbdbdbdbdbdb-db 2

0,10%

0402

100V

0,25%

0,2pF~0,4pF | A, B, C
0,5pF~1,0pF | A,B,C

0,24%

1,2pF

0,24%

1,5pF~2,2pF

0,23%

0,22%

3,3pF~4,0pF

0,21%

B, C
B, C
2,7pF B,C
B,C
B, C

4,7pF

0,20%

5pF, 5,6pF

0,20%

6,8pF

0,19% 100pF~10nF

8,0pF, 8,2pF

0,18%

10pF

0,17%

12pF

0,16%

15pF, 16pF

0,14%

18pF

0,13%

22pF

0,12%

27pF

0,11%

oY{o]lo][nifo)lo] o) (<) e]le}
clolo|o|olc|lc|lglolo

33pF~100pF

00 |00|00|00|00(00|00|0o0|00|00(00|00|0o0|00|00| 00|00

0,10%

B 3,0%

120pF~680pF,
750pF, 820pF,
1nF, 1,5nF

(S

vs)

0,10%

2,2nF, 10nF

B 3,0%

0603

250V

1,0pF, 1,2pF

0,24%

1,5pF~2,2pF

0,23%

2,7pF

0,22%

W|w|w|w
(ellelie)e)

3,3pF, 3,9pF

0|0|0|0

0,21%

100pF~6,8nF

D 2,5%
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FrelTec

Capacitor SMD

MLCC

Rate

Rate Capacitance

Size

Code Voltage

COG (NPO)

X7R

/Ur

Chip Thicl DF
ness (max)

Capacitance | Tolerance

Capacitance

Toleran
ce

DF
(max)

Chip Thick-
ness

4,7pF

oy}
O

0,20%

5,6pF 0,20%

6,8pF 0,19%

W|m|m

0|0|0

8,2pF 0,18%

10pF 0,17%

12pF 0,16%

15pF 0,14%

18pF 0,13%

22pF 0,12%

27pF 0,11%

33pF~220pF 0,10%

270pFA~1nFA 0,10%

10pFA

K 2,5%

1pF 0,24%

200V

330pF, 820pF,
3,3nF, 4,7nF

D 2,5%

220pF 0,10%

10nF

K 2,5%

0,30pF, 0,40pF 0,25%

WO |—| WO || |cje|lc|lc|c|lc|OOI0]

>|>
olo

0,50pF~1,0pF 0,24%

1,2pF 0,24%

1,5pF~2,2pF 0,23%

2,4pF~3,0pF 0,22%

W|w|w|w

3,3pF 0.21%

3,6pF 0.21%

O] [O00O0

3,9pF~4,3pF

o8]

0,21%

..w‘.

4,7pF 0,20%

5,0pF, 5,6pF 0,20%

W || >

wliwlle]

6,0pF~7,0pF 0,19%

8,0pF 0,18%

8,2pF 0,18%

100V

9,0pF, 9,1pF 0,17%

100pF~10nF,
15nF, 22nF

D 3,0%

10pF 0,17%

11pF, 12pF 0,16%

'I'I'I'I_'I'Iwm
[ Alllw)

15pF 0,14%

33nFA, 39nFA,
47nFA,

K 3,0%

16pF 0,14%

18pF, 20pF 0,13%

6nFA, 68nFA, 82nFA K

K 5,0%

22pF 0,12%

24pF, 27pF 0,11%

mimimim

[y S Y S Y S

30pF~150pF 0,10%

100nFA

K 10,0%

180pF, 200pF 0,10%

220pF

n
[

0,10%

10nF

5,0%

270pF~1nF 0,10%

100nFA

K 10,0%

10pF 0,17%

12pF 0,16%

15pF 0,14%

1000V 18pF 0,13%

22pF 0,12%

0805 27pF 0,11%

33pF~68pF 0,10%

100pF

K, M

D 2,5%

o |olo|o|la|lo|a|e] « G)"—G)G)O:OOO@OOOOOO

10pF 0,17%

630V

12pF

[

0,16%

U S0 S00|0|0|0|0|0| U |uju|u|u|u|o|u|o|u|o|o|U|o|0|o|o|o|o|O|U|O|o|0|0|0| U | X |U|o|o|o|o|o|o|o|o|o|o

100pF,
150pF~3,3nF

D 2,5%
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FrelTec

Capacitor SMD MLCC
Sive Rate Rate Capacitance
Code | Voltage COG (NPO) X7R
Ur Capacitance | Tolerance "7 (maq Capacitance | ey [T DF
15pF J ‘g' 0.14%
18pF J ‘g’ 0,13%
22pF T R EXE
27pF J Jl;’ 0,11%
33pF~68pF J JD' 0.10%
82pF~180pF J D |010% | 4,7nF, 10nF,22nF | K | G | 25%
220pF, 470nF, | G |oon
1nF
10pF J J [017% | 100pF, 180pF~
22pF J J [012% | 330pF, 470pF~ Y S
500V 47pF J J |o10%| 680pF, 1,0nF, o
100pF J D |010% 2,2nF, 2,7nF
2200, 47O0F |y | G | oo | 470F, 10nF, 220F | K | G | 2s
10pF J JI:;’ 0,17%
5 120pF, 180pF,
12pF J D, 0,16% | 220pF, 330pF,
7 470pF, 560pF, K D 2,5%
15pF J D’ 0,14% 680pF,
G 1,0nF~1,5nF
18pF J D | 013%
22pF J JD’ 0,12%
5 2,2nF LK | D | 25%
250V 27pF J D, 0,11%
P
P K b D || 33nF~4,7nF K | D | 25%
100pF, 120pF J D |0.10%
150pF J \g 0,10%
180pF J \V |0,10%
5,6nF ~ 15nF
220pF, 270pF, Ve ot 2 K | G | 25%
330pF J G 0,10% 22nFA, 33nF
470pF, 560pF, ]
3,9nF i
22pF J J | 012% .
S7oF . ot 220PF, 1,0nF K | D | 25%
200V 220pF J D [0.10%
330pF J V |[010% | 10nF, 15nF, 22nFA| K | G | 25%
470pF, 3,9nF J G |0.10%
10pF J JD' 017% |  150pF, 180pF K | D | a0%
12pF F.G,J | J |o16% ]
100V 12pF J | D o 220pF FKO| D] so%
J* 270pF ~ 820pF K D 3,0%
15pF I 1nF K |20 o
6/10/2023 27162
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FrelTec

Capacitor SMD MLCC
Sive Rate Rate Capacitance
Code | Voltage COG (NPO) X7R
MUr Capacitance | Tolerance ["h5e| (mao Capacitance TOIferan s (n?;:x)
18pF, 20pF J “'D’ 013% | 1.2nF ~ 22nF K | D | so%
J* 33nF K | D] 2s%
22pF J D, 0,12% M ’
39nF~82nF K M 2,5%
24pF, 27pF J JD’ 011% 100nFA KM | G | 50%
30pF~120pF J JD’ 010% | 150nFA,220nFA | K | G | 50%
130pF J 0,10% 330nFA* KM | G 5,0%
150pF~330pF | J | L' |odo% 470nFA* K | G | so%
390pF~2,2nF J D | 0.10% X7S
27nF, 3,3nF J G |010% 1,0uFA* KM ]| G | 100%
3,3pF C | D |o21% B
P N P (P
10pF J D |o017% | 150pFE~820pF
22pF J D | 012% 1nFB K, M G 2,5%
2000V 27pF J M | 0,11% 1,2nFB~1,8nFB K GL 2,5%
G*
B ’ o,
wraw | Lufon] _2or [cw|§ [
pr, 199 3,3nF® K | G | 25%
220pFA J L [010% 4,7nFB K, M L 2,5%
10pF J D |017% R ]
120 ; D Toon 100pF KM | G | 25%
15pF J D | 0.14% o R ]
180F . D Totsy| 150PFe~820pF K | G | 25%
22pF J K | D |o12%
22pF J EI)\;;’ 0,12%
27pF U i
1206 D*, .
33pF R 1nFe KM | G | 25%
1000V 39pF J DD* 0,10%
47pF J G | 010%
56pF, 68pF J D | 0.10%
82pF J [g’ 0,10%
100pF, 120pF, ] o o ]
150pF J G |0,10% 1,2nFB~ 10nF K G 2,5%
180pF, 220pF,
270pFA,
330pFA, J L |010% 10nFB K L* 2.5%
390pFA, 470pfA,
560pFA, 1,0nFA
10pF J D |017% R ]
150 . D oo 100pF K | G | 25%
630V 22pF J D |012% | 180pF*~ 1nF* K | G | 25%
27pF J ?v" 011%|  180pF~ 1nF K | E* | 25%
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FrelTec

MLCC

Capacitor SMD
Size Rate Rate Capacitance
Codw | Voltage COG (NPO) X7R
/Ur Capacitance | Tolerance [0 > Capacitance Tolce(_:‘ran Al (n?an)
33pF J [,)v" 010% | 12nF*1,~30nF* | K | G | 25%
A7pF ~220pF | J | D |oao% 4.7nF K | EF | 25%
270pF, 330pF, | | | D[ 0 |__120F"~ 18nF" K | G | 25%
390pF, 470pF O | 7| 12nFB*~ 18nFB* K L* | 25%
680pF®, 1,0nF®, | 22nFB*~ 33nF5", ]
2,2nFB i B 47nFe* o
10pF J | D [oam% 100pF K | G | 25%
| 180pF, 220pF, )
22pF D 4700k se0pFr | K| G | 2%
| 180pF, 220pF, . g
27pF J | D |0t OO K | E* | 2%
G, )
VT azpF, 1000F, | | G | o 1,0nF K| gs | 25%
220pF 10%
2.2nF KM | G | 25%
D,| .| 27nF~47nF, )
470pF b1 0 |®|  6.8nF, 10nF KEJ G | 2%
T0nF5, 22nF8 | J | L |010% | 22nFB 47nF® K | L | 25%
180pF K | G | 25%
120pF, 150pF, | | D | o010 | 220pF, 470pF,
180pF, 220pF ' 560nF, 1,0nF, K E* | 25%
2.2nF, 4,7nF, 10nF
220pF, 470pF,
250V | 5700F, 330pF, p+,| | S60nF.1,0nF, K | G | 25%
300pF, 470pF | ¥ | 0| %1% |  2.2nF, 47nF,
pr. 21TP 10nF, 15nF, 22nF
33nFB K L 2,5%
47nF K G* 2,5%
B %
1.0nF oL 010% g EA 100nFA K | L | 25%
) 220pF K E 2,5%
100pF, 220pF | J | D |o10% O R
R 1,0nF K | E* | 25%
InF i e 2.2nF JK | E | 20%
200V 3,3nF K (E3; 2.5%
10nF KM| G | 25%
B 0, 3
nF o Lo 47nF K | G | 25%
47nFA, 68NFA. ]
100nFA A i
10pF J | Do 1,0nF K EG 2.5%
120F J | D |oae% 2.2nF K | E | 25%
10nF K D 3,5%
15pF b Dol onF~18nF K %' 3.5%
100V 18pF J | D [oa% |  22nF~39nF K | D | 3%
47nF K %’ 3.5%
22pF J | D |ot2% | 56nF, 68nF K | D | 3%
82nF, 100nF K %' 3.5%
27pF J D |011% | 150nFA, 220nFA K L 2,5%
6/10/2023
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FrelTec

Capacitor SMD MLCC
Size Rate Rate Capacitance
Code Voltage CO0G (NPO0) X7R
/Ur Capacitance | Tolerance [0 > Capacitance Tolceé'an Al (n?aFX)
33pF ~ 5,6nF J D | 0.10% 330nF®B K, M L 2,5%
6,8nF J % 0,10% 470nFA K L 3,0%
8,2nF, 10nF J G |010% | 1,0uFB, 2,2uF"B K X | 10,0%
33nF J D |0,10% X7S
100nFB* J X |010% | 2,2uF*B, 4 7uF+*B K X | 10,0%
1,0nFA K G 2,5%
2,2nFA K N 2,5%
2000V 2,7nFA K, M P 2,5%
4, 7nFA K, M P 2,5%
1000V 330pFA J L |010% 10nFA L 2,5%
1,0nF, 2,2nF, .
630V 4,7nF, 10nF, 22nF | K| © | 2%
47nFA, 68nFA K L 2,5%
10nF, 22nF K G 2,5%
500V 100nFA K N 2,5%
220nFA, 270nFA
A % ’ ’ %
1210 | 250V 10nF J L | o0,10% 470nEA K P 2,5%
100nF K o] 2,5%
220nF K G 2,5%
470nF* K I* 2,5%
470nF, 560nF K P 3,0%
820nFA K N 3,0%
100V 1,0pF K N 10,0%
2,2uF K N* | 10,0%
2,2uF K Z 5,0%
4,7uFB K 8 10,0%
X7S
4,7uFB K Y | 100%
5,0pFA D G | 020%
10pFA J G | 017% . \
47pFA J G loa0% 1,0nF K G 2,5%
3000V 56pFA G,J G |0,10%
100pFA J G* | 010%
100pFA J L* | 0,10% 1,0nFB K N 2.5%
1808 100pFA J, K[ N*]o10%
18pFA J G |013% B B .
2000V 100pFA J G lo10% 1,0nFB, 1,5nF K N 2,5%
680pFA J N |0,10% 2,2nF K 2,5%
33pFA J G |0,10%
1000V 680pFA J N | o0.10% ) } .
250V 150pFA J G | 010% 470pFE&8 K W | 25%
1,0nFA KM | N | 25%
3000V 1,5nFA K N 2,5%
2,2nFA, 3,3nFA K P 2.5%
1,0nFB K M | 25%
1812 2,2nFB K M* | 25%
2,2nF* K L 2,5%
A o, ’
2000V 1nF K N |0,10% 4.7nFA K N 2o
10nFB K N* 2,5%
10nFA K P 2,5%
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FrelTec
Capacitor SMD MLCC

. Rate Rate Capacitance
Size
Code Vo/lbage CO0G (NPO0) X7R
R Capacitance | Tolerance [0 > Capacitance Tolceéan R (n?aFX)
4,7nFA K | M | 25%
1000V 22nF+A K w 2,5%
68nF*A K N 2,5%
630V 100nF*A K | N | 25%
150nF*A K P 2,5%
250V 470nFA K | N | 25%
200V 1,0pFA K P_| 25%
100V 2,2pF*A K P_| 25%

+ Specification Il (all other according Specification [)
* Special chip thickness, pls. check with sales if available.
A.B,C: Special chip thickness A, B, C refer chip size table below
' Specification Il and high temperature load life test is applicable in rated voltage 100%
Measuring condition:
C0G: <1nF: 1Vrms, 1MHz
> 1nF 1Vrms, 1kHz
X7S, X7R, X5R: 1V, 1kHz

CO0G is below 1pF is 0,1pF, 0,2pF, 0,3pF, ... 1,0pF
after 1pF is E12 series
additionally for 0201 is 1pF to 10pF E24 series 3,5pF but no 3,6pF and 4,0pF, 5,0pF, 6,0pF, 7,0pF,
8,0pF, 9,0pF, nut not 9,1pF
additionally for 0402 100V: 4,0pF, 5,0pF, 8,0pF, 16pF, 750pF but no 1,2nF

additionally for 0603 100V: 2,4pF, 3,0pF, 3,6pF, 4,0pF, 4,3pF, 5,0pF, 6,0pF, 6,2pF, 7,0pF, 8,0pF,
9,0pF, 9,1pF, 11pF (only 0603), 16pF (only 0603), 20pF, 24pF, 30pF, 36pF, 43pF, 62pF, 75pF,

91pF, 200pF
X7R isE12
6/10/2023 31/62
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Capacitor SMD

Specification Mid and High Voltage, Specification |

FrelTec

MLCC

ltem Specification Test Method
Temp. compensation High dielectric
type constant type

Operation Temperature
Range

CO0G: -55to 125°C

Capacitance
change

X5R : -55 10 85°C
X7R/X7S : -55 to
125°C

Rated Voltage Shown in the table of “Part Number & The rated voltage is defined as the maximum voltage,
Characteristic” which may be applied continuously to the capacitor.

Appearance No defects or abnormalities Visual inspection

Dimensions Within the specified dimension. Using calipers

Dielectric Strength

No defects or abnormalities.

No failure shall be observed when 250% of the rated
voltage (150% for 500V, 120% for above 1KV) is

applied between the terminations for 1 to 5 seconds.
The charge and discharge current is less than 50mA.

Insulation Resistance (I.R.)

Rated Voltage: <200V

To apply rated
voltage.

I.R. =10G or
RiCr=100Q-F

Rated Voltage: <500V

To apply rated
voltage.

(whichever is
smaller)

Rated Voltage: =500V

To apply 500V.

The insulation resistance shall be measured with a DC
voltage not exceeding the rated voltage at 25°C and 75%RH
max, and within 1 minute of charging.

Capacitance

Within the specified tolerance.
X5R/X7R/X7S at 1000 hours

Q/Dissipation Factor (D.F.)

CO0G:

If C=30pF,
DF=1/(400+20C), C in
pF

If C >30pF, DF=0,1%.

Shown in the table
above

The capacitance/D.F. shall be measured at 25°C at the
frequency and voltage shown in the tables.

Capacitance Temperature
Characteristics

Capacitance change
COG within
0+£30ppm/°C under

Capacitance change
X5R/X7R within £15%
X78S within £22%

operating temperature
range.

1.Temperature compensation type:

The capacitance value at 25°C and 85°C shall be
measured and calculated from the formula given below.

T.C.=(Cgs-C25)/Cos*AT*10%(PPM/°C

2.High dielectric constant type:
The ranges of capacitance change compared with the 25°C
value over the temperature ranges shall be within the
specified ranges.

Termination Strength

No removal of the terminations or marking
defect.

Apply a parallel force of 5N to a PCB mounted sample for
10+1sec.

Deflection (Bending
Strength)

No cracking or marking defects shall occur at
1mm deflection.

Capacitance change:

COG: within +5% or £ 0,5pF. (whichever is
larger)

X5R, X7R, X7S within £12,5%

Solder the capacitor to the test jig (glass epoxy boards)
shown in Fig. a using a SAC305(Sn96,5Ag3,0Cu0,5) solder
(then let sit for 24+2 hours for X7R).

Then apply a force in the direction shown in Fig. b. The
soldering shall be done with the reflow method and shall be
conducted with care so that the soldering is uniform and free
of defects such as heat shock.

(Unit in mm)
20 |50 Pressurizing speed : 1mm/sec.
Size | a b c | g speed : :
0201 0,3 0,9 0,3 l Pressurize
R230
0402 | 04 | 15 | 05 S -———= _'_¢
0603 | 1,0 | 3,0 1,2 _T
100 ¢ 6mm 0805 | 1,2 4,0 | 1,65 Flexure : 1mm
1206 | 2,2 | 50 | 2,0 Capacitance Meter
Fig. a. 45 45
9 1808 | 3,5 7,0 2,5 D b —
T:1,6mm (0,8mm for 0201 1812 | 35 70 3.7 Fig. b.

and 0402)

Solderability of
Termination

90% of the terminations are to be soldered evenly

and continuously.

Immerse the test capacitor into a methanol solution
containing rosin for 3 to 5 seconds, preheat it 150 to 180°C
for 2 to 3 minutes and immerse it into
SAC305(Sn96,5Ag3,0Cu0,5) solder of 245 + 5°C for
3+1seconds.
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Capacitor SMD

FrelTec

MLCC

Resistance to |Appearance [No marking defects Preheat the capacitor at 120 to 150°C for 1 minute.
Solderin — ——Immerse the capacitor in a SAC305(Sn96,5Ag3,0Cu0,5)
Heat 9 Cap. COG within £2,5% or - |x5R / X7R / X7S within|solder solution at 270+5°C for 1041 second. Let sit at room
Change |10125§JF- (whicheveris |+7,5% temperature for 242 hours, then measure.
arger
Q/D.F. If C = 30pF, To satisfy the specified Preheat 150 to 200°C for size=1206.
DF =1/(400+20C) initial spec. High dielectric constant type:
If C >30pF, DF=0,1% Initial measurement: perform a heat treatment at 150+0/-
.R. L.R.=10.000MQ or I.R.=10,000MQ or t10 C fortone |’F1’OL#’ andt;he_n _Itc_etlsn for 24+2 hoturs at room
RCr = 5000-F. RCr = 100Q-F. emperature. Perform the initial measurement.
(whichever is smaller) |(whichever is smaller)
Temperature |Appearance |No marking defects Solder the capacitor to supporting jig (glass epoxy board)
Cycle and perform the five cycles according to the four heat
(Thermal Cap. Change |C0G within $2,5% Or|XSR/IX7R/X7S  within|treatments listed in the following table. Let sit for 24+2hrs
Shock) 0,25pF  (whichever is|+7,5% at room temperature, then measure.
larger) Let sit for 24+2hrs at room temperature, then measure.
Q/D.F. If C=30pF, To satisfy the specified
DF <1/(400+20C) initial spec. Step 1: Minimum operating temperature 30+3min
Step 2: Room temperature 2~3 min
< 0,
IR If C >30pF, DF=0,1% Step 3: Maximum operating temperature 30+3min
s I.R.=10.000MQ or I.R.=10.000MQ or| Step 4: Room temperature 2~3min
RiCr=100Q-F. RiCr=100Q-F. *High dielectric constant type:
(whichever is smaller) |(whichever is smaller) |Initial measurement: Perform a heat treatment at 150+10°C
for one hour and then let sit for 24+2 hours at room temp.
Perform the initial measurement.
Humidity load |Appearance |No marking defects Apply the rated voltage (max 500V) at 40+2°C and 90 to
Cap. Change |COG within £7,5% or  |x5R / X7R / X7S within 95% h:]!’nlldlty ftcr)]r 50500112Ahours. The charge / discharge
+0,75pF. (whicheveris |+12 5% currentis fess than SUmaA.
larger)
Q/D.F. If C>30pF, DF=0,5% |x5R / X7R / X7S 200%|[Temperature compensation type]
If C<30pF, max of initial spec. Remove and let sit for 242 hours at room temperature,
D=1/(100+10xC/3) then measure.
CinpF
I.R. I.R.=500MQ or I.R.=500MQ or [High dielectric constant type]
RCr=250-F. RCr=250-F. Initial measurement
. . . . Perform a heat treatment at 150+0/-10°C for one hour and
(whichever is smaller) |(whichever is smaller) \yen, jet sit for 24+2 hours at room temperature.
Perform the initial measurement.
*Measurement after test
Perform a heat treatment and then let sit for 24+2 hours at
room temperature, then measure.
:“gh . Appearance |No marking defects Apply 200% (150% for=500V; 120% for=1000V) of the
empeéraiare — rated voltage for 1000£12 hours at the maximum operating
Load Cap. Change |COG within £7,5% or  |x5R / X7R / X7S within|temperature + 3°C. The charge / discharge current is less
(Life Test) +0,75pF (whicheveris |+12 5% than 50mA.
large) .
QDF. If C>30pF, DF =0,3% S [Temperature compensation type]
X5R / X7R 7 X7S 200% Remove and let sit for 24+2 hours at room temperature
If 10pF<C < 30pF, max of initial spec. then measure.
DF =1/(275+5xC/2)
If C=10pF, [High dielectric constant type]
DF =1/(200+10C), Initial measurement
CinpF Perform a heat treatment at 150+0/-10°C for one hour and
LR. More than 1GQ or More than 1GQ or then let sit for 24+2 hours at room temperature.
RiC:=50Q-F (whichever|RC,Z50Q-F (whichever|Perform the initial measurement.
is less.) is less.) Measurement after test
Perform a heat treatment and then let sit for 2412 hours at
room temperature, then measure.
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FrelTec

Capacitor SMD

Specification Mid and High Voltage, Specification |l

MLCC

ltem Specification Test Method
Temp. compensation High dielectric
type constant type

Operation Temperature
Range

CO0G: -55 10 125°C |X5R:-55to 85°C
X7R/X7S : -55 to

125°C

Rated Voltage Shown in the table of “Part Number & The rated voltage is defined as the maximum voltage,
Characteristic” which may be applied continuously to the capacitor.

Appearance No defects or abnormalities Visual inspection

Dimensions Within the specified dimension. Using calipers

Dielectric Strength

No defects or abnormalities.

No failure shall be observed when 250% of the rated
voltage (150% for 500V, 120% for above 1KV) is

applied between the terminations for 1 to 5 seconds.
The charge and discharge current is less than 50mA.

Insulation Resistance (I.R.)

C=0,047uF: More than 10000 MQ
C> 0,047uF: More than 100Q-F
C: Nominal Capacitance

The insulation resistance shall be measured with a DC
voltage not exceeding the rated voltage at 25°C and 75%RH
max, and within 1 minute of charging.

Capacitance

Within the specified tolerance.
X5R/X7R/X7S at 1000 hours

Q/Dissipation Factor (D.F.)

CO0G: Shown in the table
If C=30pF, above
DF=1/(400+20C), C in

pF

If C >30pF, DF=0,1%.

The capacitance/D.F. shall be measured at 25°C at the
frequency and voltage shown in the tables.

Capacitance Temperature
Characteristics

Capacitance change
COG within
0+£30ppm/°C under

Capacitance change
X5R/X7R within +15%
X78 within £22%

operating temperature
range.

1.Temperature compensation type:
The capacitance value at 25°C and 85°C shall be
measured and calculated from the formula given below.
T.C.=(Cg5-C25)/Cos*AT*10(PPM/°C
2.High dielectric constant type:
The ranges of capacitance change compared with the 25°C
value over the temperature ranges shall be within the
specified ranges.

Termination Strength

No removal of the terminations or marking
defect.

Apply a parallel force of 5N to a PCB mounted sample for
10+1sec.

Deflection (Bending
Strength)

No cracking or marking defects shall occur at
1mm deflection.

Capacitance change:

COG: within +5% or £ 0,5pF. (whichever is
larger)

X5R, X7R, X7S within £12,5%

Solder the capacitor to the test jig (glass epoxy boards)
shown in Fig. a using a SAC305(Sn96,5Ag3,0Cu0,5) solder
(then let sit for 2412 hours for X7R).

Then apply a force in the direction shown in Fig. b. The
soldering shall be done with the reflow method and shall be
conducted with care so that the soldering is uniform and free
of defects such as heat shock.

(Unit in mm)

o

|2O |50 Pressurizing speed : 1mm/sec.
Size a b C .
v l Pressurize
“c [ 0201 | 0,3 | 09 0,3 R230
A | e 0402 | 04 | 15 | 05 | 0 0SNS——————— i
ale— 0603 [ 1,0 3,0 1,2 T
100 0805 1,2 4,0 1,65 Flexure: Tmm
Capacitance Meter
. 1206 | 2,2 5,0 2,0 45 45
Fig. a. <> <>
1808 | 3,5 7,0 2,5 .
T: 1,6mm (0,8mm for 0201 1812 | 35 | 70 | 37 Fig. b.

and 0402)

Solderability of
Termination

90% of the terminations are to be soldered evenly

and continuously.

Immerse the test capacitor into a methanol solution
containing rosin for 3 to 5 seconds, preheat it 150 to 180°C
for 2 to 3 minutes and immerse it into
SAC305(Sn96,5Ag3,0Cu0,5) solder of 245 + 5°C for
3t1seconds.
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Capacitor SMD

FrelTec

MLCC

Resistance to |Appearance [No marking defects Preheat the capacitor at 120 to 150°C for 1 minute.
Solderin — ——Immerse the capacitor in a SAC305(Sn96,5Ag3,0Cu0,5)
Heat 9 Cap. COG within 1_2'5% Or  |X5R / X7R / X7S within|solder solution at 270+5°C for 10+1 second. Let sit at room
Change |10125§JF- (whicheveris |+7,5% temperature for 2442 hours, then measure.
arger
Q/D.F. If C = 30pF, To satisfy the specified Preheat 150 to 200°C for size=1206.
DF =1/(400+20C) initial spec. High dielectric constant type: Initial measurement: perform
If C >30pF, DF=0,1% a heat treatment at 150+0/-10°C for one hour and then let
I.R. L.R.=10.000MQ or I.R.=10,000MQ or sit for 2412 h?urs at room temperature. Perform the initial
RCr=100Q-F. RCr=100Q-F. measurement.
(whichever is smaller) |(whichever is smaller)
Temperature |Appearance |No marking defects Solder the capacitor to supporting jig (glass epoxy board)
Cycle and perform the five cycles according to the four heat
(Thermal Cap. Change |C0G within $2,5% or|XSR / X7R / X7S within|treatments listed in the following table. Let sit for 24+2hrs
Shock) ?,25P|): (whichever is|+7,5% at room temperature, then measure.
arger
Q/D.F. If C=30pF, To satisfy the specified | Step 1: Minimum operating temperature 30+3min
DF <1/(400+20C) initial spec. Step 2: Room temperature 2~3 min
If C >30pF, DF <0,1% Step 3: Maximum operating temperature 30+3min
IR —— Step 4: Room temperature 2~3min
- I.R.=10.000MQ or I.R.=10.000MQ or *High dielectric constant type:
RiCr=100Q-F. RiCr=100Q-F. Initial measurement: Perform a heat treatment at 150+10°C
(whichever is smaller) |(whichever is smaller) |for one hour and then let sit for 24+2 hours at room temp.
Perform the initial measurement.
Humidity load |Appearance |No marking defects Apply the rated voltage (max 500V) at 40+2°C and 90 to
Cap. Change |COG within £7,5% or X8R / X7R / X7S within Zﬁz)e:tuEllcggéft?];iosootrlihours. The charge / discharge
+0,75pF. (whicheveris |+12 5% )
larger)
Q/D.F. If C>30pF, DF=0,5% |x5R / X7R / X7S 200%|[Temperature compensation type]
If C<30pF, max of initial spec. Remove and let sit for 242 hours at room temperature,
D=1/(100+10xC/3) then measure.
CinpF
I.R. I.R.=500MQ or I.R.=500MQ or [High dielectric constant type]
RCr=250-F. RCr= 250-F. Initial measurement
. . ) . Perform a heat treatment at 150+0/-10°C for one hour and
(whichever is smaller) |(whichever is smaller) \y,op, et sit for 24+2 hours at room temperature.
Perform the initial measurement.
*Measurement after test
Perform a heat treatment and then let sit for 24+2 hours at
room temperature, then measure.
;'igh Appearance \No marking defects Apply 150% (120% for=250V; 100% for=1000V) of the
emperature rated voltage for 1000+£12 hours at the maximum operating
ithi 0, aelr -
Load Cap. Change |COG within £7,5% or |x5R / X7R / X7$ within temperature + 3°C. The charge / discharge current is less
(Life Test) £0,75pF (whicheveris |+12,5% than 50mA.
large) .
[Temperature compensation type]
R 1C>30pF, DF=0,3% \X5R / X7R / X7S 200% Remove and let sit for 2412 hou)r,s at room temperature
If 10pF<C < 30pF, max of initial spec. then measure.
DF <1/(275+5xC/2)
If C=10pF, [High dielectric constant type]
DF =1/(200+10C), Initial measurement
Cin pF Perform a heat treatment at 150+0/-10°C for one hour and
LR. More than 1GQ or More than 1GQ or then let sit for 24+2 hours at room temperature.
RiC,=50Q-F (whichever|RiC,250Q-F (whichever|Perform the initial measurement.
is less.) is less.) Measurement after test
Perform a heat treatment and then let sit for 24+2 hours at
room temperature, then measure.
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Capacitor SMD

Special Parts

FrelTec

High Q and Low ESR Capacitor, C0G - Order Code "H"
Rated Voltage, Rated Capacitance and available Tolerances

Rate Capacitance
Rate
Size | Voltag CoG _
Code| e Chi S | @
/Ur Capacitance Tolerance Thickn%ss (1GHz) |(16H2)
(max.) (min)

0,1pF C A 4547 | 350
0,2pF A B,C A 2274 | 350
0,3pF A B, C A 1516 | 350
0,4pF A B, C A 1137 | 350
0,5pF AB,C A 909 | 350
0,6pF A B, C A 758 | 350
0,7pF A B, C A 650 | 350
0,8pF AB,C A 568 | 350
0,9pF AB,C A 505 | 350
1,0pF A B, C A 455 | 350
1,1pF A B,C A 482 | 300
1,2pF A B, C A 442 | 300
1,3pF A B, C A 408 | 300
1,4pF A B,C A 379 | 300
1,5pF A B,C A 354 | 300
1,6pF A B,C A 332 | 300
1,7pF A B,C A 312 | 300
1,8pF A B, C A 295 | 300
2,0pF A B,C A 318 | 250
2,2pF A B,C A 289 | 250
2,4pF A B,C A 265 | 250
2,5pF A B,C A 255 | 250
2,7pF A B, C A 236 | 250

0201 | 50V 3,0pF A B,C A 265 | 200
3,3pf A B,C A 241 | 200
3,6pF A B,C A 221 | 200
3,9pF A B, C A 204 | 200
4,3pF A B,C A 185 | 200
4,7pF A B,C A 169 | 200
5,0pF B,C,D A 177 | 180
5,1pF B,C,D A 173 | 180
5,6pF B,C,D A 158 | 180
6,0pF B,C,D A 147 | 180
6,2pF B,C,D A 143 | 180
6,8pF B,C,D A 130 | 180
7,0pF B,C,D A 189 | 120
7,5pF B,C,D A 177 1120
8,2pF B,C,D A 162 | 120
9,0pF B,C,D A 147 | 120
9,1pF B,C,D A 146 | 120
10pF G,J A 133 | 120
11pF G,J A 138 | 105
12pF G,J A 147 90
13pF G,J A 153 80
15pF G,J A 152 70
16pF G,J A 166 60
18pF G,J A 147 60
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FrelTec

Capacitor SMD
Rate Capacitance
Rate
Size | Voltag COG _
Code e . Chin ErSn%m Q
/Ur Capacitance Tolerance Thickness | (1GHz2) (1(;:::;:?)
(max.)

20pF G,J A 199 | 40
22pF F,G,J A 207 | 35
0,2pF A, B, C A 2274 | 350
0,3pF A, B, C A 1516 | 350
0,4pF A, B, C A 1137 | 350
0,5pF A, B, C A 909 | 350
0,6pF A, B, C A 758 | 350
0,7pF A, B, C A 650 | 350
0,8pF A, B, C A 568 | 350
0,9pF A, B, C A 505 | 350
1,0pF A, B, C A 455 | 350
1,1pF A, B, C A 482 | 300
1,2pF A B, C A 442 | 300
1,3pF A, B, C A 408 | 300
1,4pF A, B, C A 379 | 300
1,5pF A, B, C A 354 | 300
1,6pF A, B, C A 332 | 300
1,8pF A, B, C A 295 | 300
2,0pF A B, C A 318 | 250
2,2pF A B, C A 289 | 250
2,4pF A, B, C A 265 | 250
2,5pF A, B, C A 255 | 250
2,7pF A, B, C A 236 | 250
3,0pF A, B, C A 265 | 200
3,3pF A, B, C A 241 | 200
3,6pF A, B, C A 221 | 200

25V 3,9pF A B, C A 204 | 200
4,3pF A B, C A 185 | 200
4,7pF A, B, C A 169 | 200
5,0pF B,C,D A 177 | 180
5,1pF B,C,D A 173 | 180
5,6pF B,C,D A 158 | 180
6,0pF B,C,D A 147 | 180
6,2pF B,C,D A 143 | 180
6,8pF B,C,D A 130 | 180
7, 0pF B,C,D A 189 | 120
7 5pF B,C,D A 177 | 120
8,2pF B,C,D A 162 | 120
9,0pF B,C,D A 147 | 120
9,1pF B,C,D A 146 | 120
9,5pF B,C,D A 140 | 120
10pF G,J A 133 | 120
11pF G,J A 138 | 105
12pF G,J A 147 | 90
13pF G,J A 153 | 80
15pF G,J A 152 | 70
16pF G,J A 166 | 60
18pF G,J A 147 | 60
20pF G,J A 199 | 40
22pF F,G,J A 207 | 35
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FrelTec

Capacitor SMD
Rate Capacitance
Rate
Size | Voltag CoG _
Code e . Chip E?ﬂ%‘” Q
/Ur Capacitance Tolerance Thickness | (1GHz) (1(5::?)
(max.)
100V 0,3pF A, B, C B 1768 | 300
1,0pF A, B, C B 531 300
0,1pF B B 5305 | 300
0,2pF A, B, C B 2653 | 300
0,3pF A, B, C B 1768 | 300
0,4pF A, B, C B 1326 | 300
0,5pF A, B, C B 1061 | 300
0,6pF A, B, C B 884 300
0,7pF A B, C B 758 300
0,8pF A, B, C B 663 300
0,9pF A, B, C B 589 300
1,0pF A, B, C B 531 300
1,1pF A, B, C B 482 300
1,2pF A, B, C B 531 250
1,3pF A, B, C B 490 250
1,5pF A, B, C B 424 250
1,6pF A, B, C B 398 250
1,8pF A, B, C B 354 250
2,0pF A, B, C B 398 200
2,2pF A, B, C B 362 200
2,4pF A, B, C B 332 200
2,7pF A, B, C B 295 200
2,9pF A, B, C B 274 200
3,0pF A, B, C B 265 200
3,3pf A, B, C B 241 200
0402 3,6pF A, B, C B 246 180
50V 3,9pF A, B, C B 227 180
4,0pF A, B, C B 221 180
4,3pF , B 206 180
4,7pF A, B, C B 188 180
5,0pF B,C,D B 212 150
5,1pF B,C,D B 208 150
5,6pF B,C,D B 189 150
6,0pF B,C,D B 177 150
6,2pF B,C,D B 171 150
6,8pF B,C,D B 156 150
7,0pF B,C,D B 227 100
7,5pF B,C,D B 212 100
8,0pF B,C,D B 199 100
8,2pF B,C,D B 194 100
9,0pF B,C,D B 177 100
9,1pF B,C,D B 175 100
9,5pF B,C,D B 186 90
10pF G,J B 199 80
11pF G,J B 207 70
12pF G,J B 221 60
15pF F,G,J B 265 40
16pF F,G,J B 284 35
18pF G,J B 295 30
20pF G,J B 398 20
22pF G,J B 362 20
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Capacitor SMD
Rate Capacitance
Rate
Size | Voltag C0G _
Code e . Chin E?n%m Q
/Ur Capacitance Tolerance Thickness | (1GHz) (1(5::?)
(max.)
35pF B,C B - 180
0,5pF B B 1061 | 300
25V 2,0pF B B 398 | 200
4,7pF C B 188 | 180
16V 1,0pF B B 531 | 300
0,3pF A, B, C D 2122 | 250
0,5pF A, B, C D 1273 | 250
0,8pF A, B, C D 796 | 250
1,0pF A, B, C D 637 | 250
1,2pF A, B, C D 663 | 200
1,5pF A, B, C D 531 | 200
1,8pF A, B, C D 442 | 200
2,0pF A, B, C D 531 | 150
2,2pF A, B, C D 482 | 150
2,4pF A, B, C D 442 | 150
2,7pF A, B, C D 393 | 150
3,0pF A, B, C D 531 | 100
3,3pF A, B, C D 482 | 100
250 3,9pF A, B, C D 408 | 100
4,7pF A, B, C D 339 | 100
5,1pF A, B, C D 347 | 90
5,6pF B,C,D D 355 | 80
6,0pF B,C,D D 332 | 80
6,8pF B,C,D D 293 | 80
8,2pF B,C,D D 277 | 70
9,1pF B,C,D D 250 | 70
10pF , G D 227 | 70
12pF J D 332 | 40
e 15pF J,G D 303 | 35
18pF J,G D 295 | 30
22pF J,G D 289 | 25
1,2pF B D 663 | 200
1,5pF B D 531 | 200
1,8pF B D 442 | 200
2,2pF B D 482 | 150
2,4pF A, B, C D 442 | 150
2,7pF B D 393 | 150
200V 3,0pF B D 531 | 100
3,3pF B D 482 | 100
3,9pF B D 408 | 100
4,3pF B D 370 | 100
4,7pF A, B, C D 339 | 100
6,8pF B D 293 | 80
8,2pF C D 277 | 70
0,3pF A B, C D 2122 | 250
0,5pF A B, C D 1273 | 250
1,0pF A B, C D 637 | 250
100V 1,2pF A B,C D 663 | 200
1,5pF A B, C D 531 | 200
1,8pF A, B, C D 442 | 200
2,0pF A, B, C D 531 | 150
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FrelTec
Capacitor SMD MLCC

Rate Capacitance
Rate
Size | Voltag CoG _
Code| e Chi o |
IUR Capacitance Tolerance | P (1GHz) |(1GH2)
(max.) (min)
2,2pF A B, C D 482 150
2,4pF A B, C D 442 150
2,7pF A B, C D 393 150
3,0pF A B, C D 531 100
3,3pF A B,C D 482 100
3,9pF A B,C D 408 100
4,7pF A B,C D 339 100
5,6pF B,C,D D 355 80
6,0pF B,C,D D 332 80
6,8pF B,C,D D 293 80
8,2pF B,C,D D 277 70
9,1pF B,C,D D 250 70
10pF J D 227 70
12pF J D 332 | 40
15pF J D 303 35
18pF J D 295 30
22pF J D 289 25
0,2pF A B, C D 3183 | 250
0,3pF A B, C D 2122 | 250
0,5pF A B, C D 1273 | 250
1,0pF A B, C D 637 250
1,2pF B, C D 663 | 200
1,5pF B, C D 531 200
1,8pF B, C D 442 200
2,0pF B, C D 531 150
2,2pF B, C D 482 150
2,4pF B, C D 442 150
2,7pF B, C D 393 150
3,0pF B, C D 531 100
50V 3,3pF B, C D 482 100
3,9pF B, C D 408 100
4,7pF B, C D 339 100
5,0pF B, C D 354 90
5,6pF B,C,D D 355 80
6,0pF B,C,D D 332 80
6,8pF B,C,D D 293 80
8,2pF B,C,D D 277 70
9,1pF B,C,D D 250 70
10pF J D 227 70
12pF F,G,J D 332 40
15pF J D 303 35
18pF J D 295 30
22pF J D 289 25
0805 | 250V 15pF J 4 200 53

Measuring condition:

C0G: 1Vrms, TMHz

Comparing with popular COG capacitor, HQ COG capacitor take on higher Q-value and
lower ESR, are ideally suited for RF and microwave application requiring high Q, low ESR,
and high resonant frequency.
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FrelTec

Capacitor SMD MLCC
Special Parts
Microwave Type, COG - Order Code "F"
Rated Voltage, Rated Capacitance and available Tolerances
Rate Rate Capacitance
Size | Voltag CoG
Code e . Chip Testing ESR .
/Ur Capacitance Tolerance Thickness |  Frequ. ((1nG1:!1_)|<Z)) Q(1GHz) (min)
0,2pF A B, C H 1GHz 1137 700
0,3pF A B, C H 1GHz 758 700
0,4pF A B, C H 1GHz 568 700
0,5pF A B, C H 1GHz 455 700
0,6pF A B, C H 1GHz 379 700
0,7pF A B, C H 1GHz 325 700
0,8pF A B, C H 1GHz 284 700
0,9pF A B, C H 1GHz 253 700
1,0pF A B, C H 1GHz 227 700
1,1pF B, C H 1GHz 322 450
1,2pF B, C H 1GHz 295 450
1,3pF B, C H 1GHz 272 450
1,5pF B,C H 1GHz 236 450
1,6pF B, C H 1GHz 221 450
1,8pF B, C H 1GHz 196 450
2,0pF B, C H 1GHz 177 450
2,2pF B, C H 1GHz 263 275
25V 2,4pF B, C H 1GHz 241 275
2,5pF B, C H 1GHz 231 275
2,7pF B, C H 1GHz 214 275
3,0pF B, C H 1GHz 193 275
3,3pF B, C H 1GHz 175 275
3,6pF B, C H 1GHz 161 275
01005 3,9pF B, C H 1GHz 148 275
4,3pF B, C H 1GHz 135 275
4, 7pF B, C H 1GHz 123 275
5,6pF B,C,D H 1GHz 167 170
6,0pF B,C,D H 1GHz 156 170
6,2pF B,C,D H 1GHz 151 170
6,8pF B,C,D H 1GHz 138 170
7,0pF B,C,D H 1GHz 134 170
7,5pF B,C,D H 1GHz 125 170
8,2pF B,C,D H 1GHz 114 170
9,1pF B,C,D H 1GHz 103 170
10pF J H 1GHz 94 170
0,2pF A B, C H 1GHz 1137 700
0,3pF A B, C H 1GHz 758 700
0,4pF A B, C H 1GHz 568 700
0,5pF A B, C H 1GHz 455 700
0,6pF A B, C H 1GHz 379 700
16V 0,7pF A B, C H 1GHz 325 700
0,8pF A B, C H 1GHz 284 700
0,9pF A B, C H 1GHz 253 700
1,0pF A B, C H 1GHz 227 700
1,1pF B, C H 1GHz 322 450
1,2pF B, C H 1GHz 295 450
1,3pF B, C H 1GHz 272 450
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Capacitor SMD MLCC
Rate Rate Capacitance
Size | Voltag CoG
Code ° ; Chip Testing ESR .
/Ur Capacitance Tolerance Thickness Frequ. ((1;5;(2)) Q(1GHz) (min)

1,5pF B,C H 1GHz 236 450
1,6pF B,C H 1GHz 221 450
1,8pF B,C H 1GHz 196 450
2,0pF B,C H 1GHz 177 450
2,2pF B,C H 1GHz 263 275
2,4pF B,C H 1GHz 241 275
2,5pF B,C H 1GHz 231 275
2,7pF B,C H 1GHz 214 275
3,0pF B, C H 1GHz 193 275
3,3pF B,C H 1GHz 175 275
3,6pF B,C H 1GHz 161 275
3,9pF B,C H 1GHz 148 275
4,3pF B,C H 1GHz 135 275
4,7pF B,C H 1GHz 123 275
5,6pF B,C,D H 1GHz 167 170
6,0pF B,C,D H 1GHz 156 170
6,2pF B,C,D H 1GHz 151 170
6,8pF B,C,D H 1GHz 138 170
7,0pF B,C,D H 1GHz 134 170
7,5pF B,C,D H 1GHz 125 170
8,2pF B,C,D H 1GHz 114 170
9,1pF B,C,D H 1GHz 103 170
10pF G,J H 1GHz 94 170
12pF G,J H 1GHz 98 135
15pF G,J H 1GHz 79 135
18pF G,J H 1GHz 65 135
20pF G,J H 1GHz 59 135
22pF G,J H 1GHz 54 135
0,2pF A B, C A 1GHz 1895 420
0,3pF A, B, C A 1GHz 1263 420
0,4pF A, B, C A 1GHz 947 420
0,5pF A B, C A 1GHz 758 420
0,6pF A, B, C A 1GHz 632 420
0,7pF A, B, C A 1GHz 541 420
0,8pF A, B, C A 1GHz 474 420
0,9pF A, B, C A 1GHz 421 420
1,0pF A B, C A 1GHz 379 420
1,1pF A B, C A 1GHz 413 350
1,2pF A B,C A 1GHz 379 350
1,3pF A B,C A 1GHz 350 350

0201 | S0V 1,5pF A B, C A 1GHz 303 350
1,6pF A B,C A 1GHz 284 350
1,8pF A B,C A 1GHz 253 350
2,0pF A B, C A 1GHz 265 300
2,2pF A, B, C A 1GHz 241 300
2,4pF B,C A 1GHz 221 300
2,5pF B, C A 1GHz 212 300
2,7pF B,C A 1GHz 196 300
3,0pF B,C A 1GHz 221 240
3,3pF B,C A 1GHz 201 240
3,6pF B,C A 1GHz 184 240
3,9pF B,C A 1GHz 170 240
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Rate Rate Capacitance
Size | Voltag CoG
Code ° ; Chip Testing ESR .

/Ur Capacitance Tolerance Thickness Frequ. ((1;5;(2)) Q(1GHz) (min)
4,7pF B,C A 1GHz 141 240
5,0pF B,C,D A 1GHz 147 216
5,6pF B,C,D A 1GHz 132 216
6,0pF B,C,D A 1GHz 123 216
6,2pF B,C,D A 1GHz 119 216
6,8pF B,C,D A 1GHz 108 216
7,0pF B,C,D A 1GHz 158 144
7,5pF B,C,D A 1GHz 147 144
8,2pF B,C,D A 1GHz 135 144
9,1pF B,C,D A 1GHz 121 144
10pF G,J A 1GHz 111 144
12pF G,J A 1GHz 123 108
13pF G,J A 1GHz 128 96
15pF F,G,J A 1GHz 126 84
16pF G,J A 1GHz 138 72
18pF G,J A 1GHz 123 72
20pF G,J A 1GHz 159 50
22pF G,J A 1GHz 181 40
27pF G,J A 500MHz | 196 30
30pF G,J A 500MHz | 212 25
33pF G,J A 500MHz | 241 20
0,2pF A B,C A 1GHz 1895 420
0,3pF A B,C A 1GHz 1263 420
0,4pF A B,C A 1GHz 947 420
0,5pF A B,C A 1GHz 758 420
0,6pF A B,C A 1GHz 632 420
0,7pF A B, C A 1GHz 541 420
0,8pF A B, C A 1GHz 474 420
0,9pF A B,C A 1GHz 421 420
1,0pF A, B, C A 1GHz 379 420
1,1pF A B, C A 1GHz 413 350
1,2pF A B,C A 1GHz 379 350
1,3pF A B, C A 1GHz 350 350
1,4pF A B, C A 1GHz 325 350
1,5pF A B,C A 1GHz 303 350
1,6pF A B, C A 1GHz 284 350

25V 1,8pF A,B,C A 1GHz | 253 350
2,0pF A B,C A 1GHz 265 300
2,2pF A B,C A 1GHz 241 300
2,4pF B,C A 1GHz 221 300
2,5pF B,C A 1GHz 212 300
2,7pF B,C A 1GHz 196 300
3,0pF B,C A 1GHz 221 240
3,3pF B,C A 1GHz 201 240
3,6pF B,C A 1GHz 184 240
3,9pF B,C A 1GHz 170 240
4,0pF A B,C A 1GHz 166 240
4,3pF B, C A 1GHz 154 240
4,7pF B,C A 1GHz 141 240
5,0pF B,C,D A 1GHz 147 216
5,6pF B,C,D A 1GHz 132 216
6,0pF B,C,D A 1GHz 123 216
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Rate Rate Capacitance
Size | Voltag CoG
Code e . Chip Testing ESR .
/Ur Capacitance Tolerance Thickness Frequ. (:rfg(z)) Q(1GHz) (min)
6,2pF B,C,D A 1GHz 119 216
6,8pF B,C,D A 1GHz 108 216
7,0pF B,C,D A 1GHz 158 144
7,5pF B,C,D A 1GHz 147 144
8,2pF B,C,D A 1GHz 135 144
9,1pF B,C,D A 1GHz 121 144
10pF G, J A 1GHz 111 144
12pF G,J A 1GHz 123 108
13pF G, J A 1GHz 128 96
15pF G, J A 1GHz 126 84
16pF G, J A 1GHz 138 72
18pF G, J A 1GHz 123 72
20pF G, J A 1GHz 159 50
22pF G, J A 1GHz 181 40
24pF G,J A 500MHz 166 40
27pF G,J A 500MHz 196 30
33pF G,J A 500MHz 241 20
6.3V 22pF J A 1GHz 181 40
’ 27pF G, J A 500MHz 196 30
0,2pF B, C B 1GHz 2411 330
0,3pF A B, C B 1GHz 1608 330
0,8pF B,C B 1GHz 603 330
1,0pF A B,C B 1GHz 482 330
1,2pF A B,C B 1GHz 482 275
1,5pF B,C B 1GHz 386 275
1,8pF B, C B 1GHz 322 275
2,2pF B, C B 1GHz 329 220
2,4pF B, C B 1GHz 301 220
200V 2,7pF A B,C B 1GHz 268 220
3,3pF A B, C B 1GHz 219 220
3,9pF A B, C B 1GHz 206 198
4,3pF A B,C B 1GHz 187 198
4,7pF A B,C B 1GHz 171 198
5,1pF B,C B 1GHz 189 165
0402 5,6pF A B, C B 1GHz 172 165
6,2pF B,C B 1GHz 156 165
6,8pF A B, C B 1GHz 142 165
8,2pF A B,C B 1GHz 176 110
10pF F,G,J B 1GHz 181 88
100V 0,3pF A B, C B 1GHz 1608 330
0,6pF A B, C B 1GHz 804 330
0,2pF B, B 1GHz 2241 330
0,3pF A B, C B 1GHz 1608 330
0,4pF A B,C B 1GHz 1206 330
0,5pF A B, C B 1GHz 965 330
50V 0,6pF B, B 1GHz 804 330
0,7pF A B,C B 1GHz 689 330
0,8pF A B, C B 1GHz 603 330
0,9pF B, B 1GHz 536 330
1,0pF A B,C B 1GHz 482 330
1,1pF B, C B 1GHz 526 275
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Capacitor SMD MLCC
Rate Rate Capacitance
Size | Voltag CoG
Code ° ; Chip Testing ESR .
/Ur Capacitance Tolerance Thickness Frequ. ((1;5;(2)) Q(1GHz) (min)
1,2pF B,C B 1GHz 482 275
1,3pF A B,C B 1GHz 445 275
1,5pF A B, C B 1GHz 386 275
1,6pF A B,C B 1GHz 362 275
1,8pF A B,C B 1GHz 322 275
2,0pF A B,C B 1GHz 362 220
2,2pF B, B 1GHz 329 220
2,4pF A B,C B 1GHz 301 220
2,7pF A B,C B 1GHz 268 220
3,0pF : B 1GHz 241 220
3,3pF A B,C B 1GHz 219 220
3,6pF A B, C B 1GHz 223 198
3,9pF A B,C B 1GHz 206 198
4,0pF A B,C B 1GHz 201 198
4,7pF A B,C B 1GHz 171 198
95,0pF B,C,D B 1GHz 193 165
5,6pF B,C,D B 1GHz 172 165
6,0pF B,C,D B 1GHz 161 165
6,2pF B,C,D B 1GHz 156 165
6,8pF B,C,D B 1GHz 142 165
7,0pF B,C,D B 1GHz 165 138
7,5pF B,C,D B 1GHz 154 138
8,2pF B,C,D B 1GHz 176 110
9,0pF B,C,D B 1GHz 161 110
9,1pF B,C,D B 1GHz 159 110
10pF F.G,J B 1GHz 181 88
12pF G,J B 1GHz 201 66
13pF G,J B 1GHz 211 58
15pF F,.G,J B 1GHz 241 44
16pF G,J B 1GHz 255 39
18pF G,J B 1GHz 268 33
20pF F,G,J B 1GHz 332 24
22pF F,.G,J B 1GHz 301 24
24pF G,J B 1GHz 276 24
27pF G,J B 1GHz 246 24
30pF F,G,J B 1GHz 253 21
33pF F.G,J B 1GHz 254 19
39pF N B 1GHz 255 16
47pF F,.G,J B 1GHz 242 14
S6pF F,G,J B 1GHz 258 11
0,3pF B,C B 1GHz 1608 330
0,5pF B,C B 1GHz 965 330
oy 1,0pF B,C B 1GHz 482 330
68pF G,J B 1GHz 260 9
82pF G,J B 1GHz 243 8
100pF G,J B 1GHz 265 6
16V 0,3pF A B,C B 1GHz 1608 330
0,8pF A B B 1GHz 603 330
0,3pF B,C D 1GHz 1516 350
0,5pF B,C D 1GHz 909 350
0003 | 250V 0,8pF B,C D 1GHz 568 350
0,9pF A B,C D 1GHz 505 350
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Capacitor SMD MLCC
Rate Rate Capacitance
Size | Voltag CoG
Code ° ; Chip Testing ESR .
/Ur Capacitance Tolerance Thickness Frequ. ((1;5;(2)) Q(1GHz) (min)

1,0pF B,C D 1GHz 455 350
1,2pF B,C D 1GHz 442 300
1,5pF B,C D 1GHz 354 300
1,8pF B,C D 1GHz 295 300
2,0pF B,C D 1GHz 318 250
2,2pF B,C D 1GHz 289 250
2,4pF B,C D 1GHz 265 250
2,7pF B,C D 1GHz 246 240
3,3pF B,C D 1GHz 201 240
3,9pF B,C D 1GHz 185 220
4,7pF B,C D 1GHz 154 220
5,1pF B,C D 1GHz 156 200
5,6pF B,C D 1GHz 158 180
6,0pF B,C D 1GHz 166 160
6,8pF B,C D 1GHz 156 150
8,2pF B,C D 1GHz 139 140
9,1pF B,C D 1GHz 146 120
10pF G,J D 1GHz 159 100
12pF G,J D 1GHz 166 80
15pF F,G,J D 1GHz 212 50
18pF F,G,J D 1GHz 253 35
22pF F.G,J D 1GHz 241 30
82pF G,J D 1GHz 162 12
0,3pF B,C 4 1GHz 1378 385
0,5pF B,C 4 1GHz 827 385
0,6pF B,C 4 1GHz 689 385
0,8pF B,C 4 1GHz 517 385
0,9pF B,C 4 1GHz 459 385
1,0pF B,C 4 1GHz 413 385
1,2pF A, B, C 4 1GHz 402 330
1,5pF A, B, C 4 1GHz 322 330
1,8pF B,C 4 1GHz 268 330
2,0pF B,C 4 1GHz 289 275
2,2pF A B,C 4 1GHz 263 275
2,4pF B,C 4 1GHz 241 275
2,7pF B,C 4 1GHz 227 260
3,3pF B,C 4 1GHz 185 260

0805 | 250V 3,9pF B,C 4 1GHz 170 240
4,7pF B,C 4 1GHz 141 240
5,1pF B,C 4 1GHz 142 220
5,6pF B,C 4 1GHz 142 200
6,0pF B,C 4 1GHz 166 160
6,8pF B,C 4 1GHz 167 140
8,2pF B, C 4 1GHz 139 140
9,1pF B,C 4 1GHz 135 130
10pF F,G,J 4 1GHz 122 130
12pF G,J 4 1GHz 133 100
15pF F,G,J 4 1GHz 133 80
18pF F,G,J 4 1GHz 126 70
20pF G,J 4 1GHz 133 60
22pF G,J 4 1GHz 145 50
39pF F,G,J 4 1GHz 102 40
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MLCC

Rate Rate Capacitance
Size | Voltag CoG
Code ¥ ; Chip Testing ESR .
/Ur Capacitance Tolerance Thickness Frequ. ((1 n?;(z)) Q(1GHz) (min)
68pF F,G,J 4 1GHz 78 30
150pF F,.G,J 4 1GHz 59 18
Measuring condition:
CO0G: 1V, 1MHz
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Capacitor SMD

Specification High Q and Low ESR Capacitor and Microwave Type

MLCC

Item

Specification

Test Method

Operating Temperature Range

CO0G: -55t0 125 °C

The rated voltage is defined as the maximum voltage,

Rated Voltage Shown above which may be applied continuously to the capacitor.
Appearance No defects or abnormalities. Visual inspection
Dimensions Within the specified dimension. Using calipers or Microscope.

Dielectric Strength (Flash)

No defects or abnormalities.

No failure shall be observed when 250% of the rated
voltage is applied between the terminations for 1 to 5
seconds. The charge and discharge current is less
than 50mA.

Insulation Resistance ( I.R.)

I.R.=Z10GOhm

The insulation resistance shall be measured with a DC
voltage not exceeding the rated voltage at 25°C and
75%RH max, and within 1 minute of charging.

Capacitance

Within the specified tolerance

The capacitance /Q shall be measured at 25°C at the
frequency and voltage shown in the tables.

Quality Factor (Q)

30pFand over: Q= 1000
30pF and below: Q=400+20C
C: Nominal Capacitance (pF)

Frequency | 1,0+0,2MHz
Voltage 1,0+0,2Vrms

Capacitance Temperature
Characteristics

Capacitance change within 0£30ppm/°C under

operating temperature range.

The capacitance value at 25°C and 85°C shall be
measured and calculated from the formula given
below.

T.C.=(Cas-Cas)/Cas"AT*105(PPM/°C)

Termination Strength

No removal of the terminations or marking

defect.

Apply a parallel force of 5N to a PCB mounted
sample for 10+1sec. *2N for 0201.

Deflection (Bending Strength)

Solder the capacitor to the test jig (glass epoxy

No cracking or marking defects shall occur at|boards) shown in Fig. a. Using a SAC305(Sn96,5

1mm deflection.
Capacitance change:

COG: within +5% or + 0,5pF.
larger)

Ag3,0 Cu0,5) solder.
Then apply a force in the direction shown in Fig. b.

(whichever is|The soldering shall be done with the reflow method

and shall be conducted with care so that the soldering
is uniform and free of defects such as heat shock.

50
|20 | Pressurizing speed : 1mm/sec.
Size a b C
| Pres
%0 01005| 0,2 | 0,56 |0,23 Crein) »L
e
0201 | 0,3 | 09 |03 o
0402 | 0,4 | 1,5 |05 —r Iy
—>a <
0603 1,0 3,0 |12 Flexure : 1mm
100 Capacitance Meter
t 1,6mm (0,8mm for 0100580201 size) 95 | 45

Fig. a.

Fig. b.

Solderability of Termination

90% of the terminations are to be soldered|iImmerse the test capacitor into a methanol solution

evenly and continuously.
01005:

75% of the terminations are to be soldered|(SN96,5 Ag3,0 Cu0,5) solder of 245

evenly and continuously.

containing rosin for 3 to 5 seconds, preheat it 150 to
180°C for 2 to 3 minutes and immerse it into SAC305
5°C for
3+1seconds.

Appearance |No marking defects
Ee - .g o - —|Immerse the capacitor in a SAC305 (Sn96,5 Ag3,0
) Cap. Change |C0C Within £2,5% or 0,25pF (whichever is|Cu0,5) solder solution at 270+5°C for 10+1 second.
gels(;St?“c‘L t‘: larger) Let sit at room temperature for 24+2 hours, then
oldering Hea Q Initial spec. measure.
o 01005 Series not suitable for this testing
.R. Initial spec.
T . Appearance |No marking defects SOldgg thzcaP:Citortt]O Sf}JPPOFtilrlg jig (9'3(118_5 etpoi(g’
emperature o N . —|board) and perform the five cycles according to the
cycle (Thermal| Cap- Change g?gGer)W'thm 2,5% or 0,25pF (whichever is|¢ ) et treatments listed in the following table. Let
shock) » sit for 24+2hrs at room temperature, then measure.
Q Initial spec.
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MLCC

Capacitor SM

Initial spec. Step 1: Minimum operating temperature 30+3min
Step 2: Room temperature 2~3 min
Step 3: Maximum operating temperature 30+3min
Step 4: Room temperature 2~3min
Appearance |No marking defects Apply the rated voltage at 40+2°C and 90 to 95%
Humidity load Cap. Change |COG within +5% or +0,5pF (whichever is larger) humidity for 500+12 hours. Remove and let sit for
y ; 2412 hours at room temperature, then measure.
Q 200 min.
LR. I.R.=500MOhm The charge / discharge current is less than 50mA.
Appearance |No marking defects
Hiah Cap. Change [COG within £5% or +0,5pF (whichever is larger) Apply 200% of the rated voltage for 100012 hours at
'9 Q 30pF and over: Q>350 the maximum operating temperature + 3°C. Let sit for
temperature 10pF and over, 30pF and below: Q=275+5C/2 |24+ 2 hours at room temperature, then measure.
load life test 10pF and below: Q>200+10C , e
C: Nominal Capacitance (pF) The charge/discharge current is less than 50mA.
I.R. I.R.>1GQ
ESR&Q Shown in the table above Testing frequency is shown in the table above
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Capacitor SMD MLCC
Dimensions
Chip Size : 01005, 0201, 0402,0603,0805,1206,1210,1808,1812
L W
e g e
Size L w e g min T
(mm) (mm) (mm) (mm) (mm)
01005 0,4:0,02 | 0,20£0,02 | 0,07~0,14 0,13
0201 0,60%0,03 | 0,30%0,03 | 0,10~0,20 0.15
0201 0.60£0.05 | 0,30+0,05 | 0,10~0,.20 0.15
Special A
0201
: 0.60+0,09 | 0,30:0,09 | 0,10~0,25 0.15
Special B
0402 1,00£0,05 | 0,50£0,05 | 0,15~0,35 0,30
0402 1,00:0,10 | 050010 | 0,15~0,35 0.30
Special A
0402 1,00£0.15 | 0504015 | 0,15~0,35 0.30
Special B
0402 1,00£0,20 | 050020 | 0,15~0,35 0.30
Special C
0402 1,00£0.30 | 050030 | 0,15~0,35 0.30
Special D
0603 1,60£0,10 | 0,80£0,10 | 0,25~0,65 0,50
0603 N Refer to chip
B iol A 1,600,115 | 080015 | 0,25~0,65 0.50 hiobrase she
0603 1,60£0.20 | 080020 | 0,25~0,65 0.50
Special B
0603 1,60£0,25 | 080025 | 0,25~0,65 0.50
Special C
0805 2,002015 | 1,2580.15 | 0.25~0,75 0,70
0805
(only high Voltage, 2,00+0,15 | 1,25%0,10 0,25~0,75 0,70
CO0G and >33nF)
0805
: 2004020 | 1.25¢020 | 0.25~0,75 0.70
Special A
1206 3.2020.15 | 1,60%0,15 | 0,25~0,75 1,50
1206 3204020 | 1,60£0,20 | 0,25~0.75 1,50
Special A
1.60£0.30
1206 High Voltage B
Special B 3,20:0,30 | M9 1O 0.25~0,75 1,50
1,600,20
6/10/2023 50/62

© FrelTec® GmbH

Please read cautions and warnings and important notes at the end of this document.

www.freltec.com




FrelTec

© FrelTec® GmbH

Please read cautions and warnings and important notes at the end of this document.

Capacitor SMD MLCC
0,3~0,90
1210 3,20£0,30 | 2,50+0,20 | High Voltage: | 1,50
0,25~0,75
1210
! 3,20£0,40 | 2,50:0,30 | 0,3~0,90 1,50
Special A
1210 3,20:0,60 | 2,50:0,5 | 0,3~0,90 1,50
Special B
1808 4,60£0,30 | 2,00£0,20 | 0,25~0,75 1,50
1808 4,60+0,5 )
Spesial A ‘o3 | 200:030 | 025-075 1,50
1808 4,60£0,40 | 2,0060,30 | 0,25~0,75 1,50
Special B
1812 4,60£0,30 | 3,20%0,30 | 0,25~0,75 1,50
1812 4,60+0,5 ~
Sposial A ‘s | 320:040 | 025-075 1,50
1812 4,60£0,40 | 3,20:0,30 | 0,25~0,75 1,50
Special B
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Capacitor SMD MLCC
Dimensions of Carrier Tape:
Po
L E R D
. A A //_
| O -0O0--0- | O o O O

BB Bl BB L

EMBOSSED PAPER P A

CARRIER CARRIER

Paper Carrier
Size A B w F E P P, Po D T1
01005 | 0,23+0,02 | 0,43+0,02 |4 040,05 |1,8+0,02 |0,9+0,05 | 1+0,02 | 1£0,02 | 240,04 | 0,84+0,04 | 1,1max
0201 0,38+0,04 0,68+0,04 8,0+0,2 [3,50+0,05|1,75+0,1 |2,0+0,10 2,0£0,05 4,0+0,1 |(1,5+0,1-0,0 1,1max
0402 | 065+0,10 | 1,15+0,10 | 8,0£0,2 |3,50+0,05 | 1,75+0,1 | 2,0£0,10 | 2 0+0,05| 4,0+0,1 |1,5+0,1-0,0 | 1 1max
0402
Special | 0,70£0,10 | 1,19+0,10 | 8 0+0,2 |3,50+0,05 | 1,75+0,1 [2,00£0,10 | 2,00¢0,05| 4 0+0,1 |1,5+0,1-0,0 | 1,1max
A
0402
Special | 0.72+0,10 | 1,25+0,10 | 8 0+0,2 |3,50+0,05 | 1,75+0,1 [2,00+0,10 | 2,00+0,05| 4 0+0,1 |1,5+0,1-0,0 | 1,1max
B
0402
Special | 0.80£0,10 | 1,35+0,10 | 8 0+0,2 |3,50+0,05 | 1,75+0,1 [2,00+0,10 | 2,00+0,05| 4 0+0,1 |1,5+0,1-0,0 | 1.1max
C
0402
Special | 0,90£0,10 | 1,45+0,10 | 8 0+0,2 |3,50+0,05 | 1,75+0,1 [2,00£0,10 | 2,00+0,05| 4 0+0,1 |1,5+0,1-0,0 | 1,1max
D
0603 1,0+0,20 1,8¢0,2 | 8,0+0,2 [3,50+0,05 | 1,75+0,1 | 4,0£0,1 |2 00+0,05| 4.0£0,1 |1,5+0,1-0,0 | 1 1max
0603
Special | 1,0¢0,20 1,8£0,2 | 8,0+0,2 [3,50+0,05 |1,75+0,1 | 4,020,1 |2,00£0,05/ 4,0+0,1 [1,5+0,1-0,0 | 1,1max
A
0603
Special | 1:1¢0,20 1,980,2 | 80+0,2 [3,50+0,05 |1,75+0,1 | 4,0¢0,1 |2,00£0,05| 4,0+0,1 [1,5+0,1-0,0 | 1.1max
B
0603
Special | 1,1¢0,20 1,940,2 | 80+0,2 [3,50+0,05 |1,75+0,1 | 4,020,1 |2,00£0,05| 4,0+0,1 [1,5+0,1-0,0 | 1.1max
C
0805 1,5+0,2 2,3+0,2 8,0+0,2 |3,50+0,05 | 1,75+0,1 | 4,0£0,1 |2 00+0,05| 4,0+0,1 |1,5+0,1-0,0 | 1 1max
1206 1,9+0,2 3,60,2 8,0£0,2 (3,50+0,05 | 1,75+0,1 | 4,0£0,1 |2 00+0,05| 4.0£0,1 |1,5+0,1-0,0 | 1 1max

in mm
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Size A B w F E P4 P2 Po D T T2
01005| 0,23+0,02 | 0,43+0,02 | 4+0,05 | 1,8+0,02 |0,9+0,05| 1+0,02 | 1+0,02 | 2,0£0,04 | 0,8+0,04 0,5max |0,15~0,40
0603 | 1,2+0,20 | 2,0+0,2 |8,0+0,20 |3,50+0,05 |1,75+0,10| 4,0+0,1 | 2,00+0,05 | 4,0+0,1 |1,5+0,1-0,0 1,4max 0,25+0,1
2,0max
High_VoItage and
0805 | 1,45+0,20 | 2,3+0,2 |8,0+0,20 |3,50+0,05 |1,75+0,10| 4,0+0,1 | 2,00+0,05 | 4,0+0,1 |1,5+0,1-0,0 gmg:gi 0,30+0,1
2,2max
1206 | 1,9+0,2 3,5¢0,2 [8,0£0,20 | 3,50£0,05 |1,75+0,10| 4,0+0,1 | 2,00+0,05 | 4,0£0,1 |1,5+0,1-0,0 | HighVoltage: | 0,30+0,1
2,5max
3,0max
1210 | 2,8+0,2 3,640,2 |8,040,2 |3,50+0,05 |1,75+0,10| 4,0+0,1 | 2,00+0,05 | 4,0£0,1 |1,5+0,1-0,0 | HighVoltage: | 0,30+0,1
2,5max
4’0.i0’1 2,5max
1808 | 2,310,2 | 4,9:0,2 [12,0£0,2 [55020,05 |1,7520,10 0. | 2,00£0,05 | 4,00,1 [1,5+0,1-0,0 | HishVotage: | 0,300,1
8,0+0,1 4,5max
1812 | 3,60,2 4,9+0,2 |12,0£0,2 |5,50+0,05 |1,75+0,10| 8,0+0,1 | 2,00+0,05 | 4,0+0,1 |[1,5+0,1-0,0 4,5max 0,30+0,1
in mm
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—T—
1 n
G
sympol | Reel Type/ A N c D B G T
ape
7" reel for 4
mm Tape 180 50+1,5 8,0 max
7" reel for 8
mm Tape 180 10,0+ 1,5| 14,5 max
: , 10” reel for 8 ,
Dimension | = Tape 250 50 min | 13,0£0,5 | 21,0¢0,8 | 2,0#05 |100+15| 14,5max
13” reel for 8
mm Tape 330 10,0+ 1,5| 14,5 max
7" reel for 12
mm Tape 180 14,0+ 1,5 | 18,5 max
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Storage:
Period of Store:
12 month and conditions for all: 5~35°C, Humidity: 45 to 70% RH, without peeling off
the reel tape.
The storage atmosphere must be free of gas containing sulfur and chlorine. Also, avoid
exposing the product to saline moisture. If the product is exposed to such atmospheres,
the terminations will oxidize and solderability will be affected.

Circuit Design:

1. Once application and assembly environments have been checked, the capacitor may be
used in conformance with the rating and performance, which are provided in both the
catalog and the specifications. Exceeding the specifications listed may result in inferior
performance. It may also cause a short, open, smoking, or flaming to occur, etc.

2. Please use the capacitors in conformance with the operating temperature provided in
both the catalog and the specifications. Be especially cautious not to exceed the maximum
temperature. In the situation the maximum temperature set forth in both the catalog and
specifications is exceeded, the capacitor’s insulation resistance may deteriorate, power
may suddenly surge and short-circuit may occur. The loss of capacitance will occur, and
may self-heat due to equivalent series resistance when alternating electric current is
passed through. As this effect becomes critical in high frequency circuits, please exercise
with caution. When using the capacitor in a (self-heating) circuit, please make sure the
surface of the capacitor remains under the maximum temperature for usage. Also, please
make certain temperature rise remain below 20°C.

3. Please keep voltage under the rated voltage, which is applied to the capacitor. Also,
please make certain the peak voltage remains below the rated voltage when AC voltage is
super-imposed to the DC voltage. In the situation where AC or pulse voltage is employed,
ensure average peak voltage does not exceed the rated voltage. Exceeding the rated
voltage provided in both catalog and specifications may lead to defective withstanding
voltage or, in worse case situations, may cause the capacitor to burn out.

4. It's is a common phenomenon of high-dielectric products to have a deteriorated amount
of static electricity due to the application of DC voltage.

Handling:

Chip capacitors should be handled with care to avoid contamination or damage. The use
of vacuum pick-up or plastic tweezers is recommended for manual placement. Tape and
reeled packages are suitable for automatic pick and placement machine.

Flux:

1. An excessive amount of flux or too rapid temperature rise can cause solvent burst,
solder can generate a large quantity of gas. The gas can spread small solder particles to
cause solder balling effect or bridging problem.

2. Flux containing too high of a percentage of halide may cause corrosion of termination
unless sufficient cleaning is applied.

3. Use rosin-type flux. Highly acidic flux (halide content less than 0,2wt%) is not
recommended.

4. The water-soluble flux causes deteriorated insulation resistance between outer
terminations unless sufficiently cleaned.
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Component Spacing:

For wave soldering components, the spacing must be sufficient far apart to prevent
bridging or shadowing. This is not so important for reflow process but enough space for
rework should be considered. The suggested spacing for reflow soldering and wave
soldering is 0,5mm and 1,0mm, respectively.

Solder Fillet:

Too much solder amount may increase solder stress and cause crack risk. Insufficient
solder amount may reduce adhesive strength and cause parts falling off PCB. When
soldering, confirm that the solder is placed over 0.2mm of the surface of the
terminations.

Max. buildup
Joint
Land Min. buildup
Resist ‘ ’ /: __e i
\ 0.20mm Min.
. [¢ D) : -1

— Adhesive

Aging Rate Standard MLCC:

The capacitance and dissipation factor of class 2 capacitors decreases with time. It is
known as ‘aging’ that follows a logarithmic low and expressed in terms of an aging
constant. Aging is caused by a gradual re-alignment of the crystalline structure of the
ceramic. The aging constant is defined as the percentage loss of capacitance at a ‘time
decade’. The law of capacitance aging is expressed as following equation:

Typical Curve of Aging Rate of Different Dielectric Material

10.0

5.0
NPO

X7R, X7S, X6S|X5R
5.0

1 10 100 1000 10000 100000

Time (Hours)

Ctz = Ct1 X (7 —kx /Og10(t2/t1))

Ct: Capacitance after t1 hours of start aging.

Ct2: Capacitance after t2 hours of start aging.

k: aging constant (capacitance decrease per decade)
t1, t2: time in hours from start of aging.

A typical curve of aging rate is shown in following figure
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When heating the capacitors above Curie temperature (130°C~150°C) the capacitance
can be re-new. So capacitance of class 2 capacitors will be complete de-aged by soldering
process; subsequently a new aging process begins.

Because of aging, it is specified an age for measurement to meet the prescribed tolerance
for class 2 capacitors. Normally, 1000 hours (t2=1000 hrs) is defined.

Cover Tape Peel off Strength
Peeling off force: 0,1Nto 1,0 N
The peeling speed: 30010 mm/min

Top Cover Tape

Carrier Tape Peeling Speed(300mm/min)

/
\ % o ___— Peeling Angle

Direction of unreeling «—— ﬁl \ ql

The taped tape on reel is wound clockwise. The sprocket holes are to the right as the tape
is pulled toward the user.

There are minimum 150 mm as the leader and minimum 40 mm empty tape as the tail is
attached to the end of the tape.
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Recommended Pb-Free soldering profile
Reflow soldering

Soldering
240°C to 260°C
300 _| Within 10 sec.
250 - Gradual
Natural Cooling
200 -

AN

Temperature (C)

Preheating

-— -~ Time (sec.)
60 sec. min. .
Over 200°C
120 sec. max. Within 90 sec.

The difference between solder and chip surface should be controlled as following
table. The rate of preheat should not exceed 4°C/sec and a target of 2°C/sec is

preferred.
Chip Size 1206 and smaller 1210 and above
Preheating AT £150°C AT =<130°C
Wave Soldering
300,
Solder 240°C
to 260°C
250 t
. 7] \\ Gradual
© A\ Natural Cooling
° AN
g 20 Y \:\
g N
£
(0]
'_
Preheating
0
Time (sec.)
60 sec. ~ 120 sec. 3 ~5sec.
Chip Size 0603 to 1206 1210 and above
Preheating AT £150°C -
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Soldering Iron

1. Soldering iron wattage 20W maximum.
2. lIron-tip diameter 3,0mm maximum.
300 Solder 270°C
to 300°C
21q- \\ Gradual
\\ Natural
\ Eoolina
o N
5 AN
® N
5 \
Q .
E ~
(OS]
(=
0
Time
60 sec. ~ 120 3 sec. (sec.)
Sec. max.
Chip Size 1206 and smaller 1210 and above
Preheating AT <190°C AT <130°C
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Recommended Land Pattern Design:
When mounting the capacitor to substrate, it's important to consider that the amount of
solder (size of fillet) used has a direct effect upon the capacitor once it's mounted.
- The greater the amount of solder, the greater the stress to the elements, as this may

cause the substrate to break or crack.
- In the situation where two or more devices are mounted onto a common land,

separate the device into exclusive pads by using soldering resist.

MLCC

- Land width equal to or less than component. It is permissible to reduce land width to
80% of component width.

/

-
=

r

Y, ¥
B A
Size L x W (mm) A (mm) B (mm) C (mm)
01005 0,4x0,2 0,16 t0 0,20 | 0,12 to 0,18 | 0,20 to 0,23
0,2 0 0,35 0,210 0,4
fg;Gf(? ’(?3 High Q: 021003 | HighQ:
0201 10, 0,15 t0 0,35 0,25100,3
0.6x0.3 0,2 t0 0,35 oo 0,25 to 0,4
AE High Q: 2100, High Q:
for £0,05/£0,09 | , 1545035 02510 0,3
0,4t00,6
1,0x0,5 0.3t00,5 |0,35t0045| HighQ:
for £0,10 04t
4100,5
0402
1,0x0,5 for 0,5t00,7
+0A5/20.90 041006 | 041t00,5 High Q:
0,15/0, 051006
1,6x0,8
for 0,10 0,7t01,0 | 061008 | 0,7t00,8
0603 1.6x0.8 071008 | 08to01,0
for 0,8t01,1 High Q: High Q:
+0,15/+0,20/+0,25 07009 | 08t00,9
0805 2,0x1,25 10to14 | 071009 | 12to14
g o 181024 | 09t012 | 15t01,9
for /0,20
1206 3.2x1,6
for 12030 191025 | 10t01,3 | 1,7t020
1210 3,2x2,5 181025 | 10t01,2 | 20t025
1808 4,5x2,0 3,210 3,8 1,2to 1,4 1,7t02,0
1812 4,5%3,2 301035 | 141016 | 271035
6/10/2023
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Examples of good and bad solder application
The most preferred size is E, then D, but sizes of C, B, A are not good.

perforation C D
B
slit

magnitude of stress A>B=C>D>E

**When breaking PC boards along their perforations, the amount if mechanical stress on
the capacitors can vary according to the method used. The following methods are listed in
order from least stressful to most stressful: push-back, silt, -grooving, and perforation.
Thus, any ideal SMD capacitor layout must also consider the PCB splitting procedure.

The good solder should be:

a) The chip should be far away from the split line edge, to minimize the mechanical stress
from bending or twisting to the board;

b) The chip should be soldered parallel to the split line edge, so as to avoid the magnitude
stress

c)Board splitting should not be done manually, but by using the appropriate devices.

Otherwise, chip will be easily cracked by mechanical stress and magnitude stress.
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Published by FrelTec® GmbH
Mathildenstr. 10A; 82319 Starnberg; Germany
© 2023 FrelTec® GmbH. All Rights Reserved.

The following applies to all products named in this publication:

1.
2.
3.

2

9.

The information describes the type of component and shall not be considered as assured characteristics.
Terms of delivery and rights to change design reserved.

Some parts of this publication contain statements about the suitability of our products for certain areas of
application. These statements are based on our knowledge of typical requirements that are often placed
on our products in the areas of application concerned. Nevertheless, we explicitly point out that such
statements cannot be regarded as binding statements about the suitability of our products for a particular
customer application. As a rule, FrelTec® is either unfamiliar with individual customer applications or less
familiar with them than the customers themselves. For these reasons, it is always ultimately incumbent on
the customer to check and decide whether a FrelTec® product with the properties described in the product
specification is suitable for use in a particular customer application.

We also point out that in individual cases, a malfunction of electronic components or failure before the end
of their usual service life cannot be completely ruled out in the current state of the art, even if they are
operated as specified. In customer applications requiring a very high level of operational safety and
especially in customer applications in which the malfunction or failure of an electronic component could
endanger human life or health (e.g. in accident prevention or life-saving systems), it must therefore be
ensured by means of suitable design of the customer application or other action taken by the customer
(e.g. installation of protective circuitry or redundancy) that no injury or damage is sustained by third parties
in the event of malfunction or failure of an electronic component.

The warnings, cautions and product-specific notes must be observed.

In order to satisfy certain technical requirements, some of the products described in this publication may
contain substances subject to restrictions in certain jurisdictions (e.g. because they are classed as
“hazardous”). Useful information on this will be found in our Material Data Sheets. Should you have any
more detailed questions, please contact our sales offices.

We constantly strive to improve our products. Consequently, the products described in this publication
may change from time to time. The same is true for the corresponding product specifications. Please check
therefore to what extent product descriptions and specifications contained in this publication are still
applicable before or when you place an order. We also reserve the right to discontinue production and
delivery of products. Consequently, we cannot guarantee that all products named in this publication will
always be available.

Unless otherwise agreed in individual contracts, all orders are subject to the current version of the “General
conditions for the supply of products and services of the electrical and electronics industry” published by
the German Electrical and Electronics Industry Association (ZVEI), available at www.freltec.com.

As far as patents or other rights of third parties are concerned, liability is only assumed for components
per se, not for applications, processes and circuits implemented within components or assemblies.

10. The trade name FrelTec® is a trademark registered or pending in Europe and in other countries.
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