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LTspice® Simulations of Vishay Ceramic Capacitors
VY1 /VY2 and AY2

1. AC SWEEP

This simulation sweeps the frequency in an AC simulation where the impedance is computed.

File: ceracap_VY_freqsweep.asc

c4 cb 6 2 c7
J‘ p L" 15 ; l\'s
( z AC1 £ P : £1-aca e
.ac dec 1000 4Meg 400Meg N 7T (\-\l'- A /Am A \ M‘ ARG
_meas ESR10 min(V(c1))/1{11) VY1220K31U2) VY1470K31Y5S- & |
‘meas ESR15 min (V(c2))A(1) 58, r VY1689131Y5S: | i
‘meas ESR22 min (V(c3))A(1) P
.moas ESR33 min(V(c4))1(11) el s 68 pF \_._
‘meas ESR47 min (V(c5))A(H) < < - <
.meas ESR68 min (V(c6))/(11) e
.meas ESR100 min(V(c7))/(11) i1 c12 i3 14
‘meas ESR150 min (V(cB))I(11) \
‘meas ESR220 min (V(cO))(11) & e s Ha
.meas ESR330 min(V(c10))/I1) A "‘AC1 1 2 ,\IS 7N c1 s 70 "\AC1 zil /- ‘>\AC1 s o _\I13 _L_I14
meas EsRa7omin (vt - (4 RCY 22 maen L (LRGN (LR 24 (1) AR AR LR R
.moas ESRE80 min (V(C12)A(11) Nl iy ~ P ol Y 7
‘maas ESR1000 min(V(¢13))(11) VY1151K31Yss | VY1221K31Y! VYI33TKIIYSS VYIUTIMITYSU  \yrggqmatysy  VY1102M35YEU  VY1152M41Y5U
.meas ESR1500 min (V(c14))A(11)
‘meas ESR2200 min (V(c15)(11) - - | 150 PF 220 pF 330 pF 470pF G80pF. 1000 pF | 1500 pF
.meas ESR2700 min (V(c16))A(I1) i L
.meas ESR3300 min(V(c17))A(i1) - V7 o
‘meas ESR3900 min(V(c18))(1) 15 16 17 c18 19 20 c21
.meas ESR4700 min (V(c19))A(I1) VY1 272M51 Y5U
‘meas ESR6800 min(V(c20))A(1) 2
.meas ESR10000 min V(c21)1(11) Lns l:1e 1.8 Sl.nr 1.9 1120 Sz
- & \ FEN M Ve » 77 » Yy |~ S %
ank o Sl o e s ol S Pl o
Tvyi22amarysu | Tuviaaomseysy | VY1392M61Y5U T vy 147206350 VY2682M50Y5U] W21bameavsu
2200 pF 2700 pF 3300 pF 3900 pF 4700 pF 6800 pF | 10000 pF
= e pa RS B < : :
Results
V(c1) V(c2) V(c3) V(c5) V(c6) V(c7) V(c14) V(c13) V(c12) V(c11)
V(c10) V(c9) V(c8) V(c15) V(c16) V(c18) V(c17) V(c19) V(c20) V(c21)
V(c4
10000 {cd) 280°
3IMPEDANCE (Qs).. ..
1000~ —240°
100 ~+-200°
104 —160°
14 —120°
0.1 80°
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2. TEMP SWEEP

In this simulation, the temperature is swept while a DC voltage is used to charge the capacity through a fixed resistor. The
charging time is used to compute the capacity.

File: ceracap_VY_tempsweep.asc

o cap4 e cap2 R cap3
0 i 12000 .tran 0 35u 10n 0.1u uic
| 81 vy2e80k20v58 | B2 Vv2470K20U2J | B3, VY24TIK2OYSS ic y(cap1) =0 V(cap2)=0 V(cap3)=0
(—» 2 tolCmin=0 tolCmax=0—2 / T tolCmin=0 tolCmax=0 g <1, tolCmin=0 tolCma +V(cap4)=0 V(cap5)=0
— T Q__ = Q_  .temp=25
T V=V(pow) ¥ V=V(pow) T V=V(pow) .step temp -40 1251
68 pF- S3L 47 pF -U2J 470 pF - X5E .meas Tijd time when V(cap1)=0.632*V(pow)
.meas Tijd2 time when V(cap2)=0.632*V(pow)
< < < .meas Tijd3 time when V(cap3)=0.632*V(pow)
R1 R6 R5 .meas tijd4 time when V(cap4)=0.632*V(pow)
pow cap1 cap6 €apS  meas tijd5 time when v(cap5)=0.632*V(pow)
2500 10000 50000 .meas tijd6 time when v(cap6)=0.632*V(pow)
VY1222M37Y3V VY1101K31Y5S .meas CY5U param T]!dI2500 1e12/3900
VA B5  tolCmin=-0. tolCmhx=0 B4tolCmin=0 tolCmaxFo “Meas CU2J param Tijd2/200000*1e12/47
P VY1392M61YSU | - QPeMIn=-0. Oremax=s: o .meas CX5E param Tijd3/15000*1e12/470
K j tolCmin=0 tolCmax=0 —~ k = L} Z© .meas CS3L param tijd4/100000*1e12/68
— = \j = .meas CX7R param tijd5/50000*1E12/100
1 =ieow) ¥eVipow) .meas CY5V param tijd6/2200*1E12/10000
3900 pF-Y5U 2200 pF - Y5V 100 pF - X7R
~ <7 7

Results
In the principal menu of the raw file, click on “view” then “spice error file”.
The following pop up screen shows up. Point out any place inside this screen.

17 SPICE Error Log: wr@ﬁp;mfmkw VY_tempsweep.og (S5

Circuit: * D:\LTspice\capacitors\LTSpice-VYAY12-july2018\ceracap VY_tempsweer -

Per .tran options, skipping operating point for transient analysis.
.step temp=-40°C

.step temp=-39°C

.step temp=-38°C

.step temp=-37°C
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.step
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.step
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.step =
.step temp=-17°C -
« (0 »

c
q
Cc
Cc
Cc
c
¢

Right click “plot measured data”.
The ratio capacitance (temperature) divided by the capacitance value at 25 °C is plotted in function of the temperature.
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cs3l cu2j cx5e cX7r cy5u cy5v

0.1

| | | I I I | |
-40 -20 0 20 40 60 80 100 120

Note
* The Y5V material is specified between -25 °C and +85 °C and the curve is thus clipped outside this range

3. DC VOLTAGE SWEEP

These simulations apply a variable DC voltage on the components, plus an AC 5 V at 1 kHz. The measured difference between
AC current and the leakage current at this DC voltage, is used to compute the capacitance. The B5 voltage control source is
used to compute the voltage at the node C5YUmeas which represents the capacitance measured in Vishay laboratory.

The minimal and maximal capacitance values are visualized by driving the parameters tolCmin and tolCmax respectively at
-20 and +20 (value expressed directly in %, NOT -0.2 and +0.2)

Files:

ceracap_VY_voltsweep1.asc
ceracap_VY_voltsweep2.asc
ceracap_VY_voltsweep3.asc
ceracap_VY_voltsweep4.asc

capMC cap .tran 0 0.003 0.001 0.1u uic
;.IC V(cap) =vdc V(capmin)=Vdc V(capmax)=Vdc
’,,'T‘-\va e -,V4 .temp=25
= /AC 5 ( f‘c 5 .step param Vdc 0 3100 50
N A o .param Hz =1K
SINEOSHZ) v rarmiavsy | SO M oy ramdavsu -meas Imax1 max( abs(I(V1))
[} T e .meas Imax2 max(abs(1(V2)))
< tolCmin= 0 tolCmax=0
V7 Vi .meas Imax3 max(abs(I(V3)))
/"’i“-\ AN .meas Imax4 max(abs(I(V7)))
L) . .meas lleak1 avg(-1(V1))
“["{vdc} - 470pF-Y5U- Monte Carlo“|" {Vdc} = 470pF-Y5U- nominal -meas lleak2 avg(-(V2))
| .meas lleak3 avg(-1(V3))
< X .meas lleakd avg(-I(V7))
A b .meas Cspice PARAM (Imax1-lleak1)/(2*3.14159*Hz*5)/470p
A .meas Cspicemin PARAM (Imax2-lleak2)/(2*3.14159*Hz*5)/470p
capm capmax
pmin [ P! .meas Cspicemax PARAM (Imax3-lleak3)/(2*3.14159*Hz*5)/470p
L.V5 1.Ve .meas CY5Um max(V(CY5Umeas))
<’ "ACS (-~ ’ij\C 5 .meas CspiceMC PARAM (Imax4-lleak4)/(2*3.14159*Hz*5)/470p
\jt) P Y,
T SINE(0 5 {Hz}) T SINE(0 5 {Hz}) P
VY1471M31Y5U VY1471M31Y5U CY5Umeas
tolCImin= -20 tolCmax=:20 tolCmin=20 talCmax=20 1=
=L V2 PE V3 1. BS ; “’\ ! \‘
7\ \ N\
@ @ () ~
“"{vde} - 470pF-Y5U - 20% 7 {Vdc} - 470pF-Y5U-+20% [ v={vDC}
0 i o : X
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cspice cspicemax cspicemin cySum cspicemc

0.7
0.6
0.5+
0.4-
0.3

)

0.2
0.0K 03K 06K 09K

T T T | | T
1.2K 1.8K 21K 24K 27K 3.0K

4. LEAKAGE CURRENT SIMULATION
The leakage current is measured for each capacitance value in function of the increasing applied DC voltage from 0 V to 4000 V.
File: ceracap_VY_leakage_current.asc

.op
.step param Vdc 0 4000 100
z E3 3 3 3
g g g 2 3 pow 3 3
2 ° a
L ’ ’ VY1330K31Y5S Az g T
T VY1100K31U2J VY1150K31U2J PRI vvmaokawss\ J
V10 Tv15 | VY1220K31U2J Ve % VY1101K31Y5S VY1221K31Y55
( N = V15p Tvzz “vasp ;A>V47p | vesp T T v220 VY1331K31Y5$
Ko P ) R ( G2 Vioop J V330p
0 N/ i Ry, N Ry N 7 /4
I T 0 B = e {vde} G
I o l ‘{ 0 HE
0 0
T L ] 1K 5 1 : L HE
S z H = CiE 2 z
J_ 2 2 l 2
VY1471M31Y5U ; VY1472M63Y5U |
J _T T iediastien l © VY1102M35Y5U - VA252MATYED { VY1332M59Y5U J J VY2103M63Y5U
F "o ‘V oo (T »‘4\\'2'2" l.vaan A ( e
( ) ( ) ‘~ A @ N )
N/ N/ s { ) NG
i T L Te To Te _1°
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I(V10p) I(V15p) I(V22p) I(V33p) I(V47p) I(V68p) I(V100p)

140pA
120pA-
100pA- R LI - .
80pA—
60pA—
40pA- s W S

20pA- /Ff/f«f/
OMA™=(V220p) I(V470p) I(V68Op)  I(Vin)  I(V2.2n) I(V3.3n) I(V4.7n)  I(vion)
|(V330p)

4.0mA

3.2mA-

2.4mA-
1.6mA— B

0.8mA— s ——

0.0mA-== , —T T I T T T l T
0.0K 0.4K 0.8K 1.2K 1.6K 2.0K 2.4K 2.8K 3.2K 3.6K 4.0K
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