Simulation of the Preamplifier for NCC Pad Sensors
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PAMP8_20K. Model with the gain of 20 KOhm
PAMP-20K0 model of 071204

Vi Voo Veh
Vb Vee !
-0 5V @

P
- <_VOutl
v
;.step param vel 2502
;-step p Re
100V (R4}
ai R14 .PARAM R4 1kE
.param Cpad=60pF Chias=10nF Rbias=1meqg S . step PARAM R4 3k Tk §00
.param padL=0.4 sumL=0.4 Vez3
_Lc8 AD2132
Q3 ;l;u
—_— NES5600
<_Vpadi )\%
G2
Wpadl
NEB5E00
Idet

EXP{0 0.12mA 0 5ns 1ns 20ns}

Current pulse Exp{0 3uf 0 Sns 1ns 20ns}
correspond to 48fC or 1MIP traversing 7-layers tower.

Aran 0 0.4us 0 1ns op
;.step temp 10 100 20

1.0y Vtvb23]l . I‘l.."[uoutj : . I(R4) . 2 A15TmA
3.6V F2.4150mA
3.3V F2.4143mA
3.0V~ F2.4136mA
2.7V~ ~2.4129mA
2.4V~ F2.4122mA
2.1V~ F2.4115mA
1.8V F2.4108mA
1.5V F2.4101mA
1.2V~ -2.4094mA
0.9V - 2.4087TmA
0.6V . . . . . . i . . 2.4080mA
Ons Alns 80ns 120ns 160ns 200ns 240ns 280ns 320ns 360ns A00ns

Fig. 2: Large signal response






gain V{onoise) Vig1) Vig2) V(r1) V(r2) V(r3) V(rd) V(r5)

44K 550nVIHZY
40K L 500nVIHzY%
36K - [450nVIHz%
ke I N i N riwymen
28K~ L 350nVIHz%
24K L 300nVIHzY%
20K L 250nVIHzY%
16K+ L 200nViHz%
12K L 150nVIHzY%
BKO— - +100nV/HzZY:
4K b sonviHzY
Ko ; ———— ; ————— . — OnVIHzY%
100KHz 10MHz 100MHz

Fig. 3:



PAMP8_40K. Model with the gain of 40 KOhm

File pamp wf40kvOrsimple.asc

el

.param Veh §
Veh Vb v
cc
Vch
G Vb Vee < Wouth
{Veh} ov sV {wel}
12 o
step param we1 25 0.2 R4 — oc R10 =
i =]
VEE."“ 3k 1y Lo w1 ca< 50 E
1as =
.param ve1=5 o - PARAM R4 3k - | B
. ) :.step PARAM R4 300 1500 200 Yo 1p
.param Cpad=60pF Chias=10nF Fu?c\a5=1meg NE25E00 . 10 —
100W = = Vo23 =
. dL=0.4 L=0.4 -
FEm e - g 7 g A2 AD8132 I_Jp
| 9 R1
; =3
pagp VEias Q3 A ey 50
Padi M‘EEEEW ;;om'
Pad2 i
F‘:d:} Sum Cblllas uz
1] y
Idet Pad4 Ri 10nF V23 NE&5600
inf RT
Pad3
10meg R3
Pads 5.8k /\\S/k\[ L
CAR_lossy . R5
EXP{0 0.12mA 0 Sns 1ns 20ns} 15 3P
Vi
Current pulse Exp(0 3uA 0 8ns 1ns 20ns}
correspond to 43fC or 1MIP traversing 7-layers tower.
;tran 0 .400us 0 100ns ;op
;.step temp 15 100 10
.PARAM F 5TART=100k F5TOP=100 .
‘hoise W(ELFOULP) Idet dee 100 {F START} {FSTOP} -acocts 1m 100m
:.MEASURE NOISE neise_out INTEG Vi{cnoise} i-step temp 55 12510
Fig. 4:
(bufoutp) Vivbh23) Vivout) I(R4)
2.6V - - 1.2030mA
—1.2028mA
—1.2026mA
—1.2024mA
—1.2022mA
—1.2020mA
—1.2018mA
—1.2016mA
—1.2014mA
—1.2012mA
—1.2010mA
—1.2008mA
: : : -1.2006mA
0.0V T P . b bommeen e e i : : : 1.2004mA
' ' ' ' ' ' ' ' '
' ' ' ' 1 1 1 1 '
0.2V | | | | | | | | | 1.2002ZmA
Ons 40ns 80ns 120ns 160ns 200ns 240ns 280ns 320ns 360ns 400ns



Viq2) Vir1) V(r2) V(r3) V(rd) V(r5)

4KO , 330nVIHzY%
10K - 300nV/HzY
36K | 270nvmzs
32K - F240nVH2 %
28K0-] S Pya—
24K - - 180nVIHZ
20K R P——
16KQ-] L 120nV/HzY%
12KQ-] 90nVIHzY%

e 60nViHz':
KO L 30nViHzY%
0K ; — ; — s ; =7 == nViHz%

100KHz 1MHz 10MHz 100MHz

Fig. 6: Noise is slightly less than for PAMP-20K0.



PAMP8_ 40K model for manufactured PCB
File pamp 40k car shaper

;.step PARAM R3 300 1500 200

;step param ve12502 gy R2 +PARAMR3.5k C4  ;step PARAM R4 500K 1500K 500K
.param Vch 5 _param vci=5 Ve Vamp It
Veh —Vb —Vec —Vel 1
Vch Vb Vee \! !

-]
]
5
.param Tcb=50ns L
3k i
Defines the gain Tpal shin_p - E1
TdS‘ cb} ZO-;50 . -
1

%(Vch) %ov %w %(vcﬂ

@
.param Cpad=60pF Cbias=10nF Rbias§1m eg
.param padL=0.4 sumL=0.4 1>

Vc23
re=—<~——shi
Toa2 in_n

szch) 20250

VBias|
VBias Pad0
VBias Pad1
Pad2 cs
\det Pad3 Sum H
L 100v p Pad4 Rinf1 107 R i - aram Rs=1580
Pad5 10meg o 130 -P:
Eidr? lossy. 53K == i W Vi
3oF Shin_m M IAVAVS
EXP(0 0.12mA 0 5ns 1ns 20ns) . P {Rs} u2 {Rs} Yfp Vfn
A CUSP correction Vfp’ Vin1
Current pulse Exp(0 3uA 0 5ns 1ns 20ns) Very sensitive <}~ vocm VMID H)
correspond to 48fC or 1MIP traversing 7-layers tower. 25V -2.5V
tran 0 1us 0 1ns . % " %
.steptemp 1510020 °P Vfp—|VCC VEE[-Vfn
.FA.RAM FSTART=100k FSTOP=3meg LT6600-2.5 Rfot
;noise V(adc) Idet dec 100 {FSTART} {FSTOP} ;.ac oct 51m 100m op
;.MEASURE NOISE noise_out INTEG V(onoise) ;-step temp -55 125 10 ’7 e
Fig. 7:
0.0V V(bufout)*10 V(vb23) V(vamp) I(Idet) I(R3)/100 66uA
/)
8.1V - 60pA
7.2V 54pA
6.3V \ 48pA
\
5.4V ! 42uA
4.5V 36upA
3.6V 30uA
2.7V ) 24pA
18v | : 18pA
\
0.9v . 12pA
0.0V |- B 6pA
-0.9v OpA
0.0us 0.1us 0.2us 0.3us 0.4us 0.5us 0.6us 0.7us 0.8us 0.9us 1.0us
Tm:_ O.
inoise ain V(onoise V(r2 V(r3 V(ré V(r8 V(r9 v(r7
50pA/HzY2  40Kohm 9 ( ) (r2) () (re) (r8) ( ‘:) () 300nV/HzY2
36Kohm | 270nV/HzYs
40pA/HzY~  32Kohm \ 240nV/HzY2
28Kohm \ 210nV/HzY2
30pA/HzY2  24Kohm \ 180nV/HzY2
20Kohm T 150nV/Hz2
L /
,_,—'—’_’/ /
20pA/HzY> 16Kohm ST \ 120nV/HzY%
12Kohm 90nV/HzY2
10pA/HZY2  8Kohm 60nV/HzY2
4Kohm 30nV/HzY2
OpA/HzY2  OKohm onV/HzY2
100KHz 10MHz

Fig. 9:

Input noise [0:3MHz] = 11.5 nA




PAMP8 4K first version
File pamp_4k.asc

.param Vch & Ve
cC
é\/ é\'/’” <Vt
{Weh} {vel}
s o12 a
;.step param ved 25 0.2 R4 L ce R10 g
VEQ.as 2k Ap \I—v\ cge 80 E
ias -param vel=5 o R4 . PARAM R4 5k —] E1
;.step PARAM R4 300 1500 200 1p *
HES5600 Vezs cio -
R12 ADS132 I_L
1 R1
R2 Q3 [t 50
35 I\(\FJEESEUU ;;mn
T b a2
HES5600
:qum z§=50 R7 The LT1994 is identical to ADS132
.35k
e
EXP({D 0.12mA 0 8ns 1ns 20ns}
Current pulse Exp(0 3uA 0 5ns 1ns 20ns}
correspond to 48fC or 1MIP traversing T-layers tower.
tran 0 .400us 0 100ns .
;.step temp 15 100 20 i°p
PARAM FSTART=100k F5TOP=100meg
;noise V[BufOutP) Idet dec 100 {FSTART} {FSTOP} ;ac octS 1m 100m
.MEASURE NOISE noise_out INTEG Venoise} ;-step temp -55 125 10
Fig. 10:
pj*10 Vi{vb23 Vivout T(R4):
v . ) (vb23) . vout . (R 1.7844mA
F1.7841mA
F1.7838mA
------------ F1.7835mA
------------ F1.7832mA
e e e F1.7829mA
------------ ~1.7826mA
------------- F1.7823mA
12— ---pofrrmmeee - F1.7820mA
0.8V—--J-F--mo---- - : : : -1.7817mA
e : - ; . : 1.7814mA
0.0y ; = | | , 1.7811mA
Ons 40ns 80ns 120n5 160ns 200ns 240ns 280ns 320n5 360n5 400ns



gain V({onoise) Vig1) V(q2) Wir1) V(r2) V(r3) V(rd) V(r5)

5.2KQ 120n\//Hz "2

4.8K0— 110nViHz'2

L 100nviHzY:

4. 4K

4.0K0— 90nVIHZ'2
3.6K0+ 80nV/Hz'2
3.2K0H TOnViHz'2
2.8K0+ 60nV/Hz'2
2.4K0+ S0nViHz"z
2.0KOH 40nV/Hz'2
1.6K0+ 30nViHz'2
1.2K0H 20nV/Hz'2
0.8K0H 10nViHz'2
0.4KQ : —————— : — i T L OnVHZ%

100KHz 1MHz 10MHz 100MHz



PAMPS8_4K.
File pamp_4k.asc

Model with gain 4 Kohm.

.param Vch § Vet
Viech
Vch vnb \;"r“
ee < VOuth
Qeh o 5V 12
;.step param vel 2502 R4 ::: oG R10
VEE_"‘“ 2K Ap \1&1 £g< 50
tas -param ve1=3 a1 ;. PARAM R4 5k - .| 2 Ed
. 1 >
.param Cpad=60pF Chias=10nF Bhias=1meg NEZ5E00 -step PARAN Ra 300 1500 200 thoox C1u0 _
100V param padL=0.4 sumL=0.4 g — A1z = ;93132 —
. tpga M >R
pagg VEias a2 e 50
Padt NES5600 Q;uon
Pad2 i
a Chll.la51 |'/DZ
Pad3 Sum i T
\det Pada i 1000 HEE5600
inf1 RT
Pad5 10m R3
Pad e K5 LA
CAR lossy RS :
EXP{0 0.12mA 0 5ns 1ns 20ns} b 3 1
Current pulse Exp(0 3uA 0 8ns 1ns 20ns}
correspond to 48fC or 1MIP traversing 7-layers tower.
stran 0 .400us 0 100ns .
;.step temp 15 100 20 op
PARAM FSTART=100k FSTOP=100meqg
.naise V(BufOutP} Idet dec 100 {FSTART} {FSTOP} racoctd 1m 100m
. MEASURE MOISE noise_out INTEG V{cnoise} ;-step temp -55 125 10
Fig. 12:
| p)*10 V{vb23) Vivout) I(R4)
dav . . . ; - 1.7832mA
1 1 1 H
4.0V S S T Beooeoioiooooo R : - 1.7830mA
1 1 1 H
3 b e — L L-1.7828mA
3.2V E  RERREEETEE R EREREEEETEE oo R 1.7626mA
' ' ' '
1 1 1 H
28V - fe e A — LT T SRR bosmeeeeneees boeesnnnneessd e EEtat e -1.7824mA
R B Rt EEEEEEEEPE PR EEEPEEPEREPEES TRt e REEEEEEEEE S ERREEEEEE -1.7822mA
1 1 1 H
1 1 1 H
2.0V [EEREEEEEEEEE T oo RRREEEEE R RREEl -1.7820mA
' ' ' '
L R - T R bommneeeneees boeesnnnneess e B EETaS R -1.7818mA
1 1 1 H
1.2V R RnECE TR R P T P T R E e EE PP e EEEE Tt I EGRCEEETEE e SnREEEEE : F1.7816mA
1 1 1 1 H
1 1 1 1 H
0.8y Ll L . S T 1.7814mA
0.4V - : -1.7812mA
' T T
1 1 1 1 1 H
1 ' 1 1 1 H 1 1
0.0V ; ; | : : : ; : : 1.7810mA
Ons 40ns 80ns 120ns 160ns 200ns 240ns 280ns 320ns 360ns 400ns



1AKO gain V{onoise) Vig1) V(g2) \."I|:r'1:| . . I'\."|:rl2] V(r3) . VFrﬂl] : . .V[r?:l o 90nViHz%
4.0KO- ————— - 81nV/iHz':
36K+ - F72n\/fHz'z
3.2K0H - 63nViHz'z
2.8K0-] - L 5anViHzv
24K 0 —45nVfHz':
2.0KO - F36nViHz':
1.6K0H - I 27nVfHz':
1.2K0H :- - 18nViHz'z
0.8KOH - 9nVfHz':
04Kk - Ennmu S L2 S auu T v
100KHz 1MHz 10MHz 100MHz

Fig. 14: The input noise in frequency range 0-3MHz is 14.1 nA (RMS = 53.2uV, gain @IMHz =
3.77KOhm). The RMS noise in frequency range 0-10MHz = 169uV - 3 times higher.



PAMP8_4K model for

File pamp 4k car shaper.asc

».step param vc1250.2

manufactured PCB

;.step PARAM R3 300 1500 200

R1 R2 ;.PARAM R3 .5k  C4 ;.step PARAM R4 500K 1500K 500K
.param Vch § .param vci1=5 Vel Vamp M P
ch Vb Vce Vel 1l -
20 AWF ]
Vch Vb Vce V1 <]
5
z .param Tcb=50ns a
%(Vch) % ov % 5V %(vcﬂ Defines the gain Tpal shin_p El
[ NEB5600 Ve23 TdS‘ cb} ZO-;SD
.param Cp pF Cbias=10nF Rbiasg# g RA TpaZ in_|
>
. dL=0.4 L=0.4 Il
param pa sum rye— @ c7 Td{Tcb} 2050
" Pad0
VBias 1.0Me goom:
N Pad1
VBias
Pad2 cs8
det Pad3 Sum H
e .
Pad4 " 10nF shin_p-
& 1oov Pads ﬁ"” R Rf1 param Rs=1580
me:
B, ’ W3S Vi
ossy 2 .
EXP(0 0.12mA 0 5ns 1ns 20ns) spF SM {Rs} ™ w2 " {Rs} p —Vfn
VI CUSP correction pr¥ Vin1
Current pulse Exp(0 3uA 0 5ns 1ns 20ns Very sensitive <}~ VOocMm VMID H)
correspond to 48fC or 1MIP traversing 7-layers tower. -2.5V
2.5V
.tran 0 1us 0 1ns . % - %
;steptemp 1510020 °P Vfp— VCC VEE[-Vfn
.PAlRAM FSTART=100k FSTOP=3meg LT6600-2.5 Rio1
;noise V(adc) Idet dec 100 {FSTART} {FSTOP} ;.ac oct 51m 100m op
;.MEASURE NOISE noise_out INTEG V(onoise) .step temp -5512510 " 9

Fig. 15:

2.0v

V(bufout)*10 V(vb23 I(R3
(bufout) (vb23) (R3) 1.7772mA
1av -\ 1.7770mA
n
i
L6V - 1.7768mA
1.4V Il...\ 1.7766mA
\
1.2v \1 1.7764mA
|
1.0V i 1.7762mA
\\
0.8V i 1.7760mA
|
0.6V 1.7758mA
\\
0.4V ! 1.7756mA
\\
0.2v \ 1.7754mA
0.0V 1.7752mA
0.2V
0.0ps 0.1ps 0.2us 0.3us 0.4us 0.5us

1.0ps
Fig. 16: Note the amplitude at ADC is about 3 times less than at BufOut, but the noise analysis shows

the same gain of 3.74KOhm.

1.7750mA
0.6us 0.7us 0.8us 0.9us



inoise gain V(onoise) V(ql) V(g2) V(r2) V(r6) V(r8) V(r3) V(r9)

100pA/MHZY:  4.4Kohm | 44nV/HzYs
|
90pA/HzY, 4-0Kohm | 40nV/HzY2
80pAHZY: 3.6Kohm 36nV/HzY2
3.2Kohm | 32nV/HzYs
T0pA/HZY: |
/
2.8Kohm / 28nV/HzY:
60pA/HzY2 ’g“
2.4Kohm " 24nV/HzYs
50pA/HzY: /
2.0Kohm / 20nV/HzYs
40pAMHZY:
1.6Kohm 16nV/HzYs
30pA/HzY2
1.2Kohm 12nV/HZY2
1,
20pAMHZY%2 4 gkohm oo 8nV/HzY:
10pA/HZY2  g.4Kohm NN 4nV/HzY2
OpA/HzY% 0.0Kohm onV/HzYs
100KHz 1MHz 10MHz
Fig. 17: Input noise = [0:3MHz]=19nA.
i V(ono V(g1 V(g2 V(r2 V(r6 V(r8 V(3 V(r9
88pAHzY 3.9Kohm T gam (onose) (o @) 2 e 8 ) o 120nV/HzY:
SR o N
80pA/HzY; 3.6Kohm A 110nV/HzYs
72pAMzy 3-3K0hm A 2 1+ 100nV/Hz%
3.0Koh A | 9onvHzy:
GapAMHzYz SO \ | SonViz
2.7Kohm A. 80nV/HzY:
56pAHzY \
2.4Kohm . 70nV/HzY:
48pA/HzY> /
2.1Kohm ¢ 60nV/HzY%:
40pA/HzY>
1.8Kohm 50nV/HzY%
32pA/HZY2 ~ L \/\/\/\/\J
1.5Kohm / 40nV/HzY2
24pA/HZY
PAMZY: 1 2Kohm e 30nV/HzY%:
16pAHZY2 ¢ gkohm / 20nV/Hz%
T
8pA/HZY2  .6Kohm 10nV/HzY%
OpA/HzY2  0.3Kohm T OnV/HzY:
100KHz 10MHz 100MHz

Fig. 18: Noise at the BufOut. Input noise [0:3MHz] = 14 nA, [0:10MHz] = 48 nA. RMS noise
[0:10MHz] = 180uV.

The gain for noise analysis is calculated wrongly for LT6600-2.5. The amplitude at the output of the
LT6600 is about 3 times smaller than at BufOut but it shows the same gain of 3.6KOhm as for BufOut.
If I make the pulse longer then both amplitudes are equal, but that happens after 300ns.



V(adc) V(bufout) I(Idet)

550mV / 120pA
500mV ; 110pA
450mv ’ / 100pA
400mv 90pA

350mVv

80uA

|
300mv / 70pA
|
|
|

250mV 60pA
200mVv 50uA
150mV 40pA
100mVv / 30pA
50mV I 20pA
omv / 10pA
-50mV OpA
0.0ps 0.1ps 0.2us 0.3ps 0.4ps 0.5ps 0.6ps 0.7us 0.8ps 0.9us 1.0ps

Fig. 19: Long input pulse. Note that amplitude at BufOut is 3 time higher than for the short pulses.
That means that all my previous values of the gain were not correct.
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