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Introduction

* Low-Gain Avalanche Detectors (LGADs) have excellent timing
performance due to a doped layer that provides a moderate gain (~10’s).
Traditional DC LGADs’ spatial resolution is limited to ~ 1mm.

* Smaller pitches can be achieved in AC-coupled LGADs (AC-LGADs) by
using a continuous gain-layer and capacitively coupling the signals
through a thin dielectric layer to smaller AC pads.

* Current and capacitance vs Bias (IV/CV) characterization of
unirradiated/gamma-/proton-irradiated LGADs designed at Brookhaven
National Lab (BNL) have been studied at the University of New Mexico

(UNM).
* Acceptor Removal constants were measured.
1
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spray introduce no-gain region in traditional DC LGADs.
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Signals can couple through the thin dielectric
capacitively to AC-pads with smaller pitches.

Thin high-resistivity epitaxial p-type substrate, ~tens of microns in thickness, atop a ~500 micron p** Czochralski layer that

provides ohmic contact and mechanical support.

A doped layer that provides a moderate gain ~10’s to provide large signals and make the timing resolution ~

10’s of ps.

Traditional DC-LGAD: Due to the fill factor consideration, their spatial resolution is limited to ~ 1mm.
AC-LGADs: by using a continuous gain-layer and coupling the signals capacitively through a thin layer of dielectric to m
smaller AC pads, the spatial resolution can reach ~10’s of microns. N
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-
3 types of LGADs were irradiated by gamma and protons

AC-LGADs | DC-LGADs | AC-LGADs
wafer 3073 | wafer 3076 | wafer 3080
Configuration strip pixel
Area of the n** layer (mm?) 2.05x2.05 1.3x1.3 | 2.05x2.05
Area of the gain layer (mm?) 1.95 x 1.95 1.2x1.2 1.95 x 1.95
Thickness of the active volume (gm) 20 20 20
Applied radiation species gamma proton proton

a — guard ring
b — DC contact pad
¢ —AC pad or strip

L
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Gamma irradiation at Sandia National
Laboratories’ Gamma Irradiation Facility

Proton irradiation (400MeV) at Fermi National
Accelerator Laboratory
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Configuration used for Current vs. Voltage (IV) Measurement

Keithley 6487 picoammeter powered
through an isolation transformer
______________ Dar_k_Box.________I
|
i |
' |
= | I
' |
: |
|
|
Keithley 2410 : DC Pad :
HV Source Measure | :
N : |
| 1AD sensor | :
Vbias = :
| Vhias Peltier |
= | Thermal Chuck |
I I !
PC with LabView
Peltier
Constant Current
Power Supply




Configuration used for CV measurement

A key capacitor in the bias isolation box has

Keithley 237 Dark Box )
HV Source Ir____________________i hlgher Value (21OUF) than the reCOmmended
Meter | i one (1uF) by the manufacturer.
I |
I |
T Bias DC PAD | bl Tl yiud
_) Vbias HP4284A . ' LGAD | <y 1Meg
Isolatiq : I param C=1u
LCR Meter Box : : : R2
= | Peltier | o2
: Therrnal : Csen -Paramd=0.1n
‘ I Chuck : Vin (ﬁl Vi
PC with LabView L | | o
i | Negative Vbias | LCR_Hele
| |
____________________ ]

AC1

Bigger C,, w can make error smaller.
However, too small Rsen requires an
1 1 1 impractically big C2.
Cmeasured = Csen — (Rsen + R2> Bigger R2 can reduce error. However, R2
can’t be too big because it would take too

much time to make Vbias stable.
More details in backup slides m
NS

Rsen = Rpuik (w, Vbias)" [Rintpad (w, Vbias) +RGR((U» Vbias)]
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.
Inter-pad resistance of BNL LGADs between the DC contact and

the guard ring was measured to assess the effects of gamma-

induced surface damage.

120 AC — Isolation Transformer

1H

Thermal Chuck

PC with LabView

= Adipin R, occurs in the unirradiated sensor at the
onset of full depletion.

= Inter-pad resistance drops with increasing dose
from 10'° Q to below 10° Q, stabilizing around

dose 4 MQGy.

Dark Box
Keithley 6517A T T T TTTTTTTTTTTTTTTTTTTTT ]
I |
Voltage Current | | I
source Input | !
! |
[ t |
+ |
Keithley 237 . |
HV Source Measgure Puard Rlng [DC pad I
I h |
! E | l [ ™ ACIGAD I |
Vbias Vbids T Peltier :
| |
, |

Irradiation with gammas has been shown to increase surface
oxide charge density up to saturation at doses in the range
0.1 — 1 MGy. Resistance is then dominated by the oxide
charge after that point. Decreasing resistivity for doses > 1
MGy i1s due to bulk damage in the form of point defects due
to Compton electrons.
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AC-LGAD W3073
Temperature = 20 °C

“+  Sensor: 2-6, Dose: 0 MGy
Sensor: 1-3, Dose: 0.4 MGy
Sensor: 1-7, Dose: 4.0 MGy

4 Sensor: 2-4, Dose: 10.0 MGy
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-
Leakage current and breakdown voltage increase after gamma

irradiation

Gamma irradiation studies of strip AC-LGAD

= Leakage currents collected at various temperatures 7 in the range

107

" acloapwaors DT TTETTEETTE19.8-20.0 °C are scaled to values at 7, according to
105 Temperature = 20.0 °C B T 2 _Eeff( 1 _1)
- Sensor: 2-6, Dose: 0 MGy r = — ( ref) kp \Tref T
.+ Sensor: 1-7, Dose: 4.0 MGy o m Ileakage (Tref) Ileakage (T) "€
0 Sensor: 2-4, Dose: 10.0 MGy . E
< oy ] _
z, 1t Eg=121ev
o .
- n . . . _
Q == Observations: Following irradiation to 10 MGy,
g - : V breakdown 1NCTEAsES from 120 V to 130 V
@ = .
3 = Leakage INCTEASES by factor 6.3 to ~6 nA.
10710 E
1. R — Jirradiated / junirradiated Dose — Sensor  fieakage R
o B leakage leakage [MGy] number [nA]
e v b e b b b o g ; O 2_6 44 B
107 20 40 60 80 100 120 140 160 04 1-3 _ -
Voltage [V] Values measured at 50V 10 17 153 35401

10.0 24 273  62+0.2




The gain layer depletion voltage decreases up to ~2V as gamma
irradiation increases

%1072 2
2'00—”'6!Ia‘;jlld!IIIIllIII""""""""""‘ 1-0x1|m||||||||||||I|||||||||||||||||||||||||
C ni iate 7 " i _
1.75F #C-L&gmg?ﬁ@ e - ACLGAD W3073 2-4 i
- Temperature: 20. 245000300000000800040041 || Dose: 10.0 MG =
1.5 Humidity: 26.97% gﬁ;g;;ﬁ;;;;ﬁﬁ@ﬁ%ﬁé;ﬁﬂ&ﬁmﬁi@mn@mﬁgﬁ 08 Temperature: 1g.9°C (w i
E i 1kHz ? @fﬂnhﬂ‘;;x;HIIH;IH};I“IH;‘I;‘E L Humidity: 15.16% e . . .
.25 3 kHz £ osl 1 1Kz 3 7 Gamma irradiation
_ E i 10kHz ] L 3 kHz . ] .
Loq00F I 100kHz 3 £ B 10kHz N introduces frequency
= F i 1MHz 1 = o4l F 100kHz o b .
& orsf 1 5% ¢ iwe : depenfience in
- E E - L . S TP Ay Pl arehe T it CapaCltaIlCC
0.50 . ; 7 Do+ K, |
0-252_ : _f J‘J—j; i
C é% 7 D.D |
0.00 feasssassss e sesentunesases oed 3 i 1
_0_255_| v v b v brvr o Pevr o e by |;5 _0_25 [ I1|D| [ |1|5| L1 |2|0| [ |2I5| L1 |3ID| [ |3I5| [ |4I[]| L1 |45
Voltage [V] Voltage [V]
‘ Unirradiated ‘ Dose ‘ Irradiated
Sensor (MGy]
Vo [V] Via [V] Vouik [V] y Va [V] Via [V Voulk [V]
2-6 233 +0.6 252 +0.6 1.9+09 0.0 - — — Values reported @ 10 kHZ.
1-3 233+06 251+06 1.8+0.8 0.4 232+05 248+06 16+0.8
1-7 232+06 251+06 19+0.8 4.0 223+05 238+06 15+0.8 N )
24 237+06 25706 20+£09 10.0 21.5+07 242+04 2709 m.




For DC-LGADs, breakdown voltage increases with proton dose;
leakage current increases to ~7 uA after proton irradiation.

L e e e S EEmEm L L L T T T 3 Ll e s e s 1 L s Sy By By B B B By S B R N
= Unirradiated = = E
- DC-LGAD W3076 = — F :
_ [ Temperature = 20.0 ic ] L .
W7E .5 Sensor: 5-15 E 1o g E
= Sensor: 6-15 aF 3 E s
n Sensor: 9-14 n B N
. 0% & sensor:11-13 o E e =
T ' E < E .
z F : £ .
2 e 3 £ 3 / /
=] E 3 = = -
(&) = - Q = ]
2 B m [
D100 = g e E
a E = ] [ gt =
[ C 411 - g - 1 i
P B ad . @ C o rradiated 7
| 108 ?,r - DC-LGAD W3076
107 E_ﬂ El E Temperature = -25.0 °C 3
et . - = =) #  Sensor: 5-15, Fluence: 1.79E+14 nggiom®
s fff unirra d . . 10 ;’ff Sensor: 615, Fluence: 4.38E+14 nygem?® _|
3 E o Irra d . Sensor: 9-14, Fluence: 1.05E+15 nyglom? 3
c - C - Sensor: 11-13, Fluence: 2.06E+15 neyfem? ]
I~ ] B I O T e s s S B s S I B Ry B
1g-'3 I R N I N TN AN N N N N I S TN N AN NN N N A SN TN NN NN N N 0 50 100 150 200 250 300
0 20 40 &0 &0 100 120 140 Voltage [V]
_ Voltage [V] g
Fluence Fluence Sensor Lunirradiated  irradiated
9 2
[400-MeV p/cm”]  [neq/ecm”]  number [nA] [nA]
2% 10 1.79 x 10" 5-15 0.07 6.0
5% 10" 438 x 10" 6-15 0.07 6.6

Values measured at S0V

13 % 104 1.05% 10" 9-14 0.09 74 m
25 % 10' 206%10'5  11-13 0.07 6.9 <
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For AC-LGAD, breakdown voltage increases with
proton dose; leakage current increases to ~22 uA.

0 T

W4T T =
E = 108 = =
- Fluence Fluence Sensor  lynirradiated  Tirradiated
T ool - [400-MeV plem?]  [ng/cm®]  number  [nA] [uA]
P = =
c c E 1 31 19
g " g C - = Irradiated 2% IUH L7 % ]U“ 2 27 26
S 102 3 1or i AC-LGAD W3080 = £
- ; g Unirradiated 3 o 1 E . Temperature = -25.0 °C 3 3 1) 23
o ﬁ AC-LGADW3080 T o e &+ Sensor: 1, Fluence: 1.79E+14 ngglom? T 5% 10 4.38 % 10 ) )
&5 4B Temperature = 20.0°C | ¢ g 2 4 33 30
< & & Sensor: 1 s g v i 4+ Sensor: 2, Fluence: 1.79E+14 negfcm?®
@ oo A . 108 o . . 2 -
o & & Sensor ) - 5 1—:.:}[ Sensor: 3, Fluence: 4.38E+14 ngy/cm® 3 13 % 1014 LOS x 1015 8 28 17
> Sensor: 3 %‘ Sensor: 4, Fluence: 4.38E+14 n,,/cm? E 3 X AR X Q 30 25
Sensor: 4 - Sensor: 8, Fluence: 1.05E+15 r':eqh:;m2 -—
Sensor: 8 = Sensor: 9, Fluence: 1.05E+15 nggfom? 3 25 % 104 2.06 % 1013 12 28 14
o zz:ﬁ: ?2 3 = -+ Sensor: 12, Fluence: 2.06E+15 nay/cm? ; ’ - 13 28 25
unilrra d . B Sensor 13 1 = Irra d . & Sensor: 13, Fluence: 2.06E+15 neg/cm?
oL L LSt  qgel L I | P T T D I N A S
&0 20 100 2 0 50 100 150 200 250 300
Voltags [V] Voltage [V] Values measured at 50V

Given that the area of AC-LGADs is ~ x 2.5 of that of DC-LGADs, the change of leakage
current after irradiation is qualitatively consistent between DC- and AC-LGADs.
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The gain layer depletion voltage decreases (up to ~ 10V) as
proton irradiation increases

)
---DC-LGAD CV’s--- ---AC-LGAD CV’s---
1.251\0|72| rprrrrrrrrryrrrrprrrrpr T rr T T |7 1-251\0|72| rprrrryrrrryrrr T T T T T T T T T T T T T \: 2.551\0:3\ L L L L I O N O Y I B B O | \_ 2.255|0\_a| LI N I I O O |
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108 Tomperature: 20.00C ——— E }? ﬂ%ﬁﬁﬂ%ﬁ&ﬂ%{ﬁ% 1 20[ Temperature: 2020C ] E aq = 1.79E 414 nggfem? MW ]
- Humidiy: 20.90% H{HH%HHWH fated b 1 1of 3 [ Humidity: 24.88% Hmmm[MHHHHHMHE 1.75F  Temperature: -24.99C 3
0.8l 3 E ] . A . F | Humidity: 5.25% ! 3
r t 1 osf : - 1.5} —: 1.50F } 3
T oer 1 Cost 1? € F BT ; ]
= [ 1= F 1= 10 1= F B
® o4k J borE }‘( 1% . 1% t.00f ¢ 3
0.2 i —: e ? f Irradiated E 05 } _: 0.75 % : é
r 1 E DC-LGAD W3076 9-14 ] E . F . 3
: i 5 Ol [ —— S Lo : ]
0.0 ;.g,—a““. eeeeeeeeeeeeeeeeeeee E ) ; 4 Lia?j;ﬂgﬁa;isnoc _; A ; ; 0.25 é
_0_25 L1 |1I0| L \1I5| L1 |2I0| L1 |2I5| L1 |3I0\ L1 |3I5| L1 \4\0\ L1 Iﬁ 0_3“;\ 1 ‘1|[]| (I B R I2IDI I B |3\0\ TR ‘4‘[]‘ L1 \4’5 70_557‘ L |1|0‘ L1 ,1\5| L ,2|0‘ L ‘2|5| L |3|0| L ‘3|5| L ‘4\0‘ L1 ‘;5 D_Dnﬁ’l [ |1\0\ L |1I5\ L |2\0\ L |2\5\ L1 |3\0\ [ \3\5\ L1 |4\0\ L1 \;5
Voltage [V] Voltage [V] Voltage [V] Voltage [V]
‘ Unirradiated ‘ Fluence ‘ Irradiated
Sensor [, /em?]
| ValVl VIVl Ve [VD ] H | ValVl V[Vl Ve [VI
= - = - 1 26105 279+05 1.8+0.8 | 1.79E+14 | 25.0+03 26.8+03 1.8+04
Sensor | Unirradiated | Fluence | Irradiated 2 |273+06 294:06 2.1+09  L79E+14 25203 266+03 1404
Neg/CM
‘ Vg [V] Vi [V] Viutk [V] ‘ [Neq/ ] ‘ Va [V] Vig [V] Viulk [V] 3 273+06 294+0.6 2.1+09 | 438E+14 | 23.2+03 266+03 3.4+04
4 27905 29.1+05 12+0.7 | 438E+14 | 23.8 0.5 266+03 28+0.7
5-15 203+06 221+06 18+08 | 1.79E+14 | 19.1+03 21.0+03 19+04 8 261+05 279+05 1.8+08 | 1.05E+15 | 185+0.6 246+05 6.1+0.8
6-15 | 20306 22106 1.8+08 | 438E+14 | 17.8+03 208+03 3.0x04 9 279+05 291+05 12+07 | 1.05E+15 | 184+03 244+03 60+04
9-14 | 203+0.6 221+06 1.8+08 | 1.OSE+15 | 142403 200+03 58+04 12 273+05 293+06 20+08 | 2.06E+15 | 12607 198+03 72+038 "'
11-13 | 202+0.6 220+06 1.8+0.8 | 2.06E+15 - - - 13 26706 28706 20+0.8 | 2.06E+15 | 142+03 203+03 6.1x04 M
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Acceptor removal constants can be estimated from gain layer

depletion voltages

245

C AL L L 7 W7 T T T T T T T T T T T T T T T T T T T
L Vg = Vgo ety - C ]
L - - V | = V 1.0 E_c"'" 7
240~ AC-LGAD Vg0 = (23.3 +0.1) V m sl e 7
C ] = DC-LGAD Vg o = (20.3 £0.1) V _
= cy = (8.59+0.98)x 10° /Gy ] R ;’;0: (2_28 :0_19)) X 10716 cmPingg
=E B sl B AC-LGAD Vg0 = (27.0 0.1) V 3
C ] C ;;b +H Coi = (3.49 £0.15) x 108 cm?/ng,
23.0 — - y -
C . 225 i
S r ] — 7
E 25— - a_m 200 B .. -
C ] = C EL E
220 - E 1751 \\\+ii %“*\ =
215 =t - 150 o . . B
C ] C —— S ]
21.0 ; E 125 } | E
205 - L S e . R N S e R L ] - Loy v b b by by | E

0 2 4 6 8 10 12 10055 0.5 1.0 15 20 25
Dose [MGy] Fluence I10'$ na./cm?
AC-LGADs DC-LGADs AC-LGADs
wafer 3073 wafer 3076 wafer 3080
(cy) (Cni) (Cni)
(8.59+0.98) x 107°Gy™" | (3.28 +£0.19) x 10~ %cm?/neq | (3.49 +0.15) x 10~ %cm? /n,

These acceptor removal constants are consistent with those measured for
DC-LGADs by a different producer under complementary conditions.!-?

I M.R. Hoeferkamp et al.,
https://www.frontiersin.ore/articles/10.3389/fphys.2022.838463. m
2J. Sorenson et al., 2024 JINST 19 P05012. =



https://www.frontiersin.org/articles/10.3389/fphys.2022.838463

Full depletion voltage decreases with increasing irradiation
exposure.

V4 versus 1onizing dose V4 versus non-ionizing dose
260717 T T T T T 1 T T 7 T T 1 I O —— — e S S B I B R T T T T T T [ T T T 1
- H  AC-LGAD . 4 DC-LGAD |
L i HH AC-LGAD -
255 — 28 —
- ] P&
250 — — 26 —
s [ 1 } S ==
‘:—ﬂ' 245 — — =2 - _
> B 7 =
240/ _ 22 I —
HH -
L . ]
235 __ 20l —— S
23_0_2_ [ A [ 2| [ i L1 E| L1 é L1 1|(J [ :2 18 0I0 Lo 0I5 Lo 1I0 [ 1I5 IR B 2I0 [ e
Dose [MGy] Fluence [10"® ngy/cm?]
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Summary
 BNL AC/DC-LGADs were irradiated by gammas/protons.
* Gamma 1rradiation of strip AC-LGADs:

* Leakage current increases ~10’s of nA and breakdown voltage increases <10%;
* Inter-pad resistance decreased up to 10° times after gamma-irradiation;

* Measured capacitance is affected by the low inter-pad resistance and shows
frequency dependence;

* Gain layer depletion voltage decreases up to ~2V.

* Proton irradiation of DC-LGADs and Pixel AC-LGADs:
* Leakage current increases ~10’s of uA and breakdown voltage up to ~100’s of volts;
* Gain layer depletion voltage decreases up to ~10’s of volts.

= Acceptor removal constants are consistent with measurements in
complementary conditions.
" ¢, =8.6x107° Gy
" cp; = (3.3 —3.5) x 107"° cm?/n,,
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Thank You!
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How LGAD works

Particle
- Cathode Chthode
N++ Layer Gain N4 Laver
P+ Layer
Eayer
~50 um
P Bulk
Anode Anode
E Field

In silicon sensors, charge multiplication happens when charge carriers drift in a region with an electric

field (E) greater than about 300 kV/cm. The additional P+ (or gain) layer, when depleted, locally

generates an electric field high enough to activate the avalanche process. N
WM
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CV Measurements are used to extract the gain layer
depletion voltage V 5, and full depletion voltage V¢4

W25 Pre-Irradiated 1E14 A

0.1
C | 7 . .
o E—— . The depletion voltage of the gain layer
0.09— o . . . .
S , - depends on the dopant concentration, which
0.08] intercept = 0.0047051 E o ) .
: Vid= 612V slope = 3159005 | is impacted by radiation fluence
 0.06] g Dopant Concentration
2 0055 - Electron charge Gain Layer depth
i - intercept = -0.502555 . ] ,
= 0.04F slape = 0.0092977 = Gain Iayer\. % qNAW (1 N )
- - depletion voltage [ —
0.031 . P & g W
0.02] - Permittivity of Silicon ~ Gain Layer Thickness
— intercept = 0.000148365 ]
0011 slope = 4.9294¢-006 [ [va= sa1v ]
w | | | | | | -
00 20 40 60 80 100
Vbias (V)
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Manufacturer recommended bias isolation box was used for the CV
measurements. Gamma-irradiation can cause surface damage and lower
the equivalent parallel resistance of the detector. A study of how the
values of the parts in the circuit can affect the measurement is needed.

Lo e VHp-Lp "° He where Cx: Sample capacitor
P q::! = Ex: External DC bias voltage source
! CRE  CR3 C1: Blocking capacitor
’ 14 CR1 Capacitance value > 1
@ 1077 f
CR2 f tf H
cre R4 | o (f. measurement frequency (Hz))
T - DC withstand voltage: > Ex
I = i C2: Blocking capacitor
L Cx - I Capacitance value: 1 uF
b-e-—-- 1D c1 .
| Rse DC withstand voltage : Ex
|
EL 0y, CR1, CR2: Diode-zener, 47 V,5% 1W

CR3, CR4: Diode-zener, 3.3V, 5% 1W

1
Ceasured = Re[j_w(161/ VHp—Lp)] CRS, CR6 : Diode-power, 200 V, 1 A @




Smaller equivalent parallel resistance of the DUT can cause
bigger discrepancy between the measured value and real value
of the DUT capacitance

1 1 1
C = Cepp — +

(.“2 V2 LCR_HpLp measured sen <RS€Tl RZ) CZRHpra)Z

{C} 1Meg
.param C=1u

R2 Rsen = Rpyik (w, Vbias)” lRintpad(w' Vbias) +RGR((U» Vbias)]
{R2} Bigger C,, w can make error smaller. However, too small Rsen
Csen -Paramd=0.1n requires an impractically big C2.

|
Il
vin & m | d}

Bigger R2 can reduce error. However, R2 can’t not be too big

o . Rsen | Vbias because it would take too much time to make Vbias stable.
LCR Hclc {R} <_>5
.param R=250
\ Rser=2
y ) L

AC1




Simulation with LTSpice shows that the error decreases as C2
increases, while as frequency and parallel resistance increase.

Measured Capacitance vs C2 values (f=1kHz) Measured Capacitance vs Frequency (C2 = 1uF)

1.50E-10 1.50E-10

1.00E-10 1.00E-10

5.00E-11 5.00E-11
— 5t
=3 c
S 2
£0.00E+00 S 0.00E+00
5 1.00E-06 1.00E-05 1.00E-04 = 1.00E+03 1.00E+04 1.00E+05
(o] (@)
= e
S o
$-5.00E-11 S -5.00E-11
Q 1%}
5 B
>
@ =
S-1.00E-10 -1.00E-10
—e—R=100 —8— R=500 R=1K R=5K
-1.508-10 -1.508-10 —8—R=10K —8—R=50K —e—R=100K
—e—R=100 —@— R=500 R=1K R=5K —@—R=10K —@— R=50K —@— R=100K
-2.00E-10 -2.00E-10

C2 Capacitance (F) Frequency (Hz)




Test Measurement with a 100pF ceramic capacitor and different
parallel resistors shows that lower Rp can cause bigger errors.

Measured Capacitance (pF)

1.00E+04

8.00E+03

6.00E+03

4.00E+03

2.00E+03

0.00E+00

1.00E+00

-2.00E+03

-4.00E+03

-6.00E+03

Measured Capacitance vs Rp, C2 = 1uF

Parallel Resistance (Q)

—@— 1kHz
—@— 3kHz
. . S
1.00E+06 1.00E+08

1.00E+10

Measured Capacitance (pF)

1.40E+02

1.20E+02

1.00E+02

8.00E+01
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0.00E+00
1.00E+00

-2.00E+01

-4.00E+01

-6.00E+01

-8.00E+01

Measured Capacitance vs Rp, C2 = 1uF

1.00E+03

I\TL_I,%.___.

—@— 10kHz
—&— 100kHz
1MHz

1.00E+04 1.00E+06 1.00E+08 1.00E+10

Parallel Resistance (Q) m




Test Measurement with a 100pF ceramic capacitor shows a bigger
C2 (=210uF) can improve the capacitor measurement.
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Bigger C, can make error smaller. However, measured capacitance

also decreases as test frequency increases.
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With the new setup and a big C2, the feature is much
clearer than the conventional setup.
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Extraction of V, and V,
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