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MPPC(Multi Pixel Photon Counter)
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EASIROC

(Extended Analogue SiPM Integrated Read Out Chip)

'MPPCY

L
s
- h 15 ch®D gain <5 i i N
alw C 20 IpF - 1.5pF 9 Read Il\j;)l:lvt'G&llin .

: iplexe
% @ Slow Shaperl|- / T N + Output

] SpF /
/ 25 -175 ns —|—
? Hold . Hich Gai
N Read | tiplexcd
é—ChO 1 I -@ Slow Shaper|: 4 T >__i Output
Z Pt 25 - 175 ns I
4 | RS or Discri
s ON-»\» ath
ﬁ/f ~_| Bipolar Fast L : + Channel0_trigger
% 8-bit DAC Shaper V th I c;t;h -
% 0-4.5V 15 ns = T¥igaer
A . ) Reﬁ d Multiplexed
% chDbiasfiil £ 2rch?DDiscriili /) Output

( Variable Low b fLG Slow ShapeD 10-bit

Gain PA (4 bits) | [ Variable Shaping DAC

\_ JAR Time (3 bits) )

[ N () R Ch31_tri

: : HG Slow Sh —trig
stfllgge(}l{‘:)%t}; ) Variab(iZVShazpnz

K q A s @b ) Common to the 32 channels /

INZ2ZP3

Omega
LAL
SPIROCO

rumn 03170

B

PreAMP
x1 ~ x150

'n'rL‘ﬂ

HFAT

160 £C ~ 320 pC
@MPPC gain ~ 10°

Signal Shaping Tim
25ns ~ 175ns

signal/noise ~ 10
@MPPC gain ~ 10°
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Analog linearity

160mV pulse 100pF

A Functlon

3500

/ 3000
/ 2500

,./ 2000

/ gain : x50 s

o Qinj : 1p.e. ~160fC
s @MPPC gain 106

800
PO TR W NN U W NN NN VNN NN WO AN NN NN WO NN VNN NN WO N TN NN UM N TN NN U NN NN NN A
0 200 400 600 800 1000 1200 1400 1600
Qiny(fC)

A E M & ADCcountDf 4 Qinj x gain (FF& M) < 320pC(2000p.e.)

Grs0

1100
1050
1000

950

900

Kk ® gain : x50

e gain:x25
gain : x10

850

llll]lllllllllll[l[l Ill]llllllll]l
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IIII|lllllllllllllllllllllIllllllll

[ B T I L1
25 30
Qinj(pC)
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o
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o

13FE7H11HAEH 11



Slow Shaper

= i
E
§> Qinj=1.6pC  Time constant
S ® 50ns
® 7/bns
100ns
® 125ns
150ns
® 175ns
ey
O '::: | | | | I 1 | | | I | | | I | 1 1 | I\P | | I | 1 1 I 1 1 1 -
# 50 100 150 200 250 300 350

time(s)

Prove Signal(in front of ADC) by oscilloscope W ERERE
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Pre AMP gain

8 [ ADC
600 |— f_,. Cooo00 gt 00 Se gt e, cae B VPPN :
: /’// o0F
500 [— il :
- el 500 |—
400 |- / =
= 400 —
300:— e 0000 a0 0000000, o0ttt q 00000
. ey gain : x150
200~ y, - f ® ¢ain : x50
o Qinj : 10p.e.(constant) : ® gain : x10
00! 100 [ 8-0-0-090-00000000000690000-00000-0-0-0000 @O
% 1 l 1 1 I 1 1 | l 1 1 1 l L 1 1 l 1 1 | l 1 1 1 l 1 1 1 l : l L . 2 L I 1 L 1 l I . L X l 1 L | . l 1 1 L 2 l ” 1 1 L l 1 L ’ L l
20 40 60 80 100 120 140 160 0 0 5 10 15 20 25 30 Ch 35
gain
Pre AMP gain D ix7E (feedback capacitor) 32chfA]DgainD L 5D
AT & ZEDADCIEDZAL gain/RMS noise ~ 100

dispersion ~ gain?2%(x150)

APMEIZ EDgainlZ TV 220D, chAIDIF S D F 1377 < A
(X 512, biasDfi THIETZ %) 13
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DAC linearity

voltage(V) . voltage(V) .
5 axis 3 axis
- Entries — Entries 0
45 Mean 28F Mean 0
- ® RMS = RMS 0
A o 26F
= ® B
3.5 2.49—
3 22 "
25E o 2 ® e
& =3 ® E o)
2F ® 1.8 ® o
E O O [= O ®
1.5 ® 16 P
= ® - ®
1:_ B ® 14— O
= O - O =
0.5;— O 1-2:— o
og '1(')0' '15')0' — lzzo' [ '2(I>o' ' '4cl>o' ' 'ecl)o' | 'scl>o' ' '1&
DAC value DAC value
MPPC bias Fi%H DAC(8bit) Discri output Threshold

— LSB : 21.0+0.02 mV

2 D AC(10bit)

— L.SB : 1.364+0.001 mV

14
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THDAC efficiency

4p.e. 3.16p.e. 2p.e. Ip.e. Pedestal.
£ 100[—
§ _ PreAMPgain:
© 80775 (Cf=200fF) H ,
60 —
40|—
20—
500 550 500 Be0 300 - Te0 800 850 900

DAC count
1p.e. = 150£fC ~ 80 DAC count

1 p.e/dispersion(lp.e) ~ 4 — consistent with SPEC

15
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chO s-curve fitting

S-curve S-curve
o > |
g 1 ;c; 11—
] £ F
T [ h1 o | h1
Entries 10 L Entries 8
08— Mean 572.5 0.8} Mean 8235
- RMS 14.27 = RMS 13.33
B x* [ ndf 0.902/2 ¥ 1 ndf 0.04339 /2
06/ th50 9L L 80 0.6} th50 806 + 0.6
: sigma 10.55 + 0.96 : .- sigma 7.372 + 0.579
04 0.4
0.2 0.2
; 4p.e. : 1p.e.
= - A - A l - - - : - - - - I - - - - l - - - - ‘ ' L I L l L ] | l 1 L I : l L 1 L [ 2 1 1 1 [ 1 1 L L ' | | 1 1
00 4§0 500 550 600 650 700 800 650 700 750 800 850 900 950 1000
th voltage th voltage

1p.e. ~ 80 DAC count
— 1p.e./sigma : 7~10

ZchlizoWTIETHE LT1+4 (thchd AR

16
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all ch th50 mean

THS0 THS0

- h1 = h1

°E Entries 32 *E Entries 32
=% Mean 809.5 # Mean 564.8
- RMS 2721 2°[ RMS  10.62
61— u

s M e

51— N

o 15

3= -

= =

2f— N

- 05—

= lp e. : 4p.e
P00 ——526—" 74560780800 820 840860880900 e g 500 T

chfFITDIXS D EDVEMDPBIEZBIZONKE L Lo TW K
—Fast shaper gainll 5D &
ff# IE PJHE (back up)

13FE7H11HAEH
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>

igna

| to Noise

200
180
160
140
120
100

220
200
180
160
140
120
100
80
60
40
20
0

' h3

even Entries 3000

m Mean 812.6

= RMS 14.77

= 2 I ndf 10.06/5

- peak event 1793+ 8.0

E— mean1 800.2 + 0.1

= o1 2.626 + 0.149

=5 mean2 = 813.15 A+ 0.11

i sigma2 = -3.33 A+ 0.14

- Mean2 - Mean1 = 12.95 A+ 0.16

- SIN = 4.93 A+ 0.28

3 gain : X25

= ﬂ]L Time Constant : 25nS

:.LLIJI__."_{lllll..{[Lrlll RfGSos Sojadd i

760 780 800 820 860 880  000ADC

nsS

event Entries 3000

= Mean 814

E RMS 17.77

= 12 I ndf 8.961/6

E peak event 216.4 + 8.0

= meani 801.4+0.1

- o1 2.897 + 0.126

3 mean2 = 820.14 A+ 0.10

E sigma2 = 3.15 A% 0.20

- Mean2 - Mean1 = 18.72 A+ 0.14

= | SIN= 646At inf

= gain : x50

- Time Constant : 25nS

E l 1 1 L 1 l 1 1 1 | 1 1 i \}NVQMMJ\A.Alm l

760 780 800 820 geo 880 800 ADC

YR : LED

bias: 70.85V(gain~7.5x10°)

| h3 ] h3
event Entries 3000
140— Mean 823.5
: RMS 26.26
E 12 I ndf 24.6/9
120— peak event 115.7 £ 4.9
n mean1 800.2+0.2
100 o1 3.948 + 0.202
N mean2 = 828.24 A+ 0.17
80— sigma2 = -3.94 A+ 0.21
E Mean2 - Mean1 = 28.02 A+ 0.24
oL SIN= 7.10 A+ 0.36
E gain : X795
90 l Timle Constant | 25nS
W
B (o [ R 1o o [ o (ST NRYY YOk N TR ey Dl (Y TR R N [CTNN Y T DY) TL{U_{—L{J]}F’-L‘“W
0 760 780 800 820 840 860 880 900 ADC
| n3 | ns
event Entries 3000
= Mean 809.8
220 RMS 14.52
- peak event 209.1+84
180 mean1 800.1+0.1
160 o1 -2.697 + 0.140
E mean2 = 813.19 At 0.10
140 sigma2 = -3.44 At 0.16
120 Mean2 - Mean1 = 13.11 A+ 0.15
100 S/IN = -4.86 At -0.25
80/ gain : x50
e Time Constant :|75nS
A\
20 ’H .
o: 1 l 'l A A l n A l A 1 L l I .H%{‘"w’_n_n L l S | 1 ADE
760 780 800 820 840 860 880 900

13FE7H11HAEH
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Signal to Noise

S/IN
S/N

11

5 bias: 70.85V(gain~7.5x10°) -
8 -

AMPgain: x50 bias: 70.85V(gain~7.5x10°)

7 SE. Time Constant: 25ns
6 "-\____\__\\ E
- T e 81—
5F — E
- e -
4 E_ x\\. E
3 =
2F i

"’Illl‘llllllllllllll'llll‘lllllllllllll

30 40 50 60 70 80 90 100
Time Constant

| | | l | | | I | |

40 60 80 100 120 140
gain

i =N
Tlll

Time Constant : F5\ > /73S /NAYE U
Pre AMP gain : =51\ 73S /NS R \»

SPEC : MPPC®Dgain ~7.5x10°D & & : S/N = ~7.5
SPEC (3imi7z LT\ %

19
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cross talk noise

IpC(50 p.e.) &2 At1izch

ADCT T — 4 HBU5. PedestalE D7 % H A &

— .

50 p.e. Pedestal
Signal ~2000 count!Z X} LT
= h24 . h24 ,
.. Entries 5000 | : Entries 5000 crosstalk noise ~2count
w - | Mean 2855 08 Mean 805
. RMS 6.414 | » RMS 2.693
hnn"_“‘“.”'“’A‘&‘""35”5’_"3“’»‘;’&.“’7-""6”‘"’2’.’“‘_""‘ M:o 50 1000 1500 2000 2600 3080 3508 4080 S NOol%
- h23 . h23
s Entries 5000 :: Entries 5000 +§J\d\ g \1 D)
: Mean 799.5 - Mean 802

RMS 3.393 2 RMS 2.706 20

..........................................

3 0 1008 1508 2000 2580 N0 )00 400 ' 500 .‘»XO 1500 2000 2500 3080 3500 4090

1357811 BAEH 20



ZBbias )R (LT3482)

LT3482 (V=77 7/ ay—) RKRZI3mmx3mm

YL > — NDAPDH 90VHEITEDC/DCa v oN— %

e S

© 99NN

.............

.
o MG

-
ri
‘IR RR R

7

.............

. — b s
e 3 2

L

a0

80

70

LT3482 voltage(V)

60

50

40

30

20

[ITTI]1IlI]IITTI]I[I]TTITII]TIIITI]III]I

10

LA

0 (N NN

// DACIZ X 2HV control

T

T 11 T TN N - e
|",

e ARANIRAIR IR RN ul . e

: J\)UJUQL"UUL’U on

3

-
-

T

‘.
. it

LSB:2.4+0.1 mV Tl %R

lL‘llllllllljlllll'llLJlLJllllLJl

0 5000 10000 15000 20000 25000 30000 35000 40000 45000

DAC value
] [ - e - e ,b

13FE7H11HAEH
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\
IR 0 — FISH R BEREL T, AL %
2R (e KLz Bzme L C. sz L 7
3 h3 | h3
Entries 3000 | b3 | Entries 3000
240 Mean 820.7 220F Mean 820.7
E RMS 23.31 E RMS 23.38
2205: 2 | ndf 7.968 /6 200:__ 12 I ndf 7.828/6
200~ peak event 220.2 + 8.0 1801 Poak ovent a15.44 1.9
180 - mean1 805.5 = 0.1 E mean1 805.5+0.1
E 51 -2.892 + 0.124 | 160 o1 -3.112 + 0.149
1605 mean2 = 832.55 A+ 0.10 140 mean2 = 832.60 A+ 0.11
1405 ‘5 sigma2 = 3.24 A% 0.20 - sigma2 = 3.59 A+ 0.25
I R el R 120 Mean2 - Mean1 = 27.11 A% 0.16
E SIN = -9.34 At -0.40 100— S/N = -8.71 At -0.42
80 é 0: |
60— Jn E f
= 40—
207 "g “E ‘IJJ _[‘-’(
: | h u_,),,\f-fl g J‘ﬂ"quL\'H. A "'.\‘\{1’\. o:_ PR R e (. " : “\_ﬁ JL!\WDI%,,M
i S AN I T o B 07= L S ST T A Y T S . ke D 2 6 880 900
0 60 780" 800 820 840 860 880 900 760 780 800 820 o
LT3482 current : ~200 uA gain : X75 LT3482 current: ~2 mA
TimeConstant : 25ns
bias V : 71.05V
-
Pedestal, 1p.e. £ HIZ /A XBEDL LT e
137811 HKEH 22



Al

FEHESE

IMPPCit A4 H L MODULE D E D358 ik

HIVEMERR I IZIT5E T — BIEL T\ % (GRiE#ES125H2)

(BRI

i o — BB LHSPECHED TH %

EILL

5% H ADCODcontrolt&RE DB/ (software, firmware)

PRt

WERZHRCEHLT, EhmzEs — bk

H

FIZ2chipz @228 % £ ) I29 % (HBifElchip x 2 DHITE)

DO EEMER (BELTH5)

23
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Pedestal dispersion

ADC count

o, 825
820
815 & &
= F Y
8101~ i 2 A
Fa X ol A " A
805 & A A
f— ‘ L[]
R s, gain = x18.75
800 A
795
= h10
790— Entries 10000
= Ch ' Mean 806.5
785 | | | | | RMS 1.842
] [ e L1 11 L1 1 1 L1 1 - 12 | ndf 9434/4
0 5 10 15 20 25 30 peak event 2142 +29.2
TTTE meani 806.5+0.0
1600 — | o1 1.872 + 0.023
20mV = 40count < Mean1 = 806.53 \ Mean2 = 805.53
= sigmal = 1.87 sigma2 = 1.87
1200 = ﬁ Mean2 - Mean1 = 0.00
1000 —
dispersion : ~8mV 800
600 —
SPEC Pl 1 OmV 400
200
o M'x 1 | L i LIJ i Lld | i 1 i | 1 1 1 | 1 1
780 800 820 840 860

13FE7H11HAEH
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SPEC of EASIROC

Omega
LAL
SPIROCO
rumm 03770

PreAMP gain : x1 ~ x150 “Cilifji vf {HE

l

._"_.’_A

ff : 160 £C ~ 320 pC
(1p.e. ~ 2000p.e. @MPPC gain ~ 10°)

3

ZIE

e

p={{{{
=

.

PESbitDACIZ X % & chPDbiastEIE i (0~4.5V)

Pi&10bitDACIC & % Threshol dififii(4xch L)
Signal Shaping Time : 25ns ~ 175ns Tyl {ifi #l g

p.e./noise ~ 10 @MPPC gain ~ 10°

13FE7H11HAEH



N2 <DEC of EASIROC

Omega
LAL
SPIROCO
runm O03-10

Analogue core :
o Internal mnput 8-bit DAC (0-4.5V) for individual SiPM gain adjustment
o Individually addressable calibration injection capacitance
o Energy measurement : 14-bit dynamic range
= 2 tuneable gains followed by 2 adjustable shapers
* Analogue memory (Track & Hold cell) for low gain and high gain
= Common 10-bit DAC for threshold adjustment
* Variable shaping time: from 25 ns to 175 ns
= from 160 fC > 320 pC (ie. 1 pe = 2000 pe @ SiPM gain = 10°)
= pe/noise ratio : ~10 @ SiPM gain 10°
o Trigger output
" pe/noise ratio on trigger channel : ~ 25
» Fast shaper : ~15ns
» Trigger on 50 {C (1e. 1/3 pe @ S1PM gain = 10°)

13FE7H11HAEH 27



Threshold efficiency

{ Generator § § 7l

| Signal2’THZ#E A % &
| OR32f25h i

Efficiency = OR32 signal / Qinj pulse

28
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THS50 DAC count

2 Z DED3gainD 7 ?

1 I 1 | 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 |
4 5

o
—
N
w

p.e.

DYK E D> 720ch & 30chZ 1 & i L Tfitting

TH507%3signal ® E— 7 Omeant § % & .
THS50 = Qinj x AMP gain

DT, Qinjz i LT, X602 2MW2 5 LN TE ST,
(MPPCTI&, input DAC® i T n] g

29

13FE7H11HAEH 29



Qinj%Z ch T4 2 % (=MPPCDgainZch TZ£ 2 %)

c s
2800~ ® chO :1p.e. ~ 150fC : ® chO :1p.e. ~138C
E 800
8 ® ch30 : 1p.e. ~ 150fC s ® ch30 : 1p.e. ~ 150fC
=750 :
u 750
700 N
E 700_—
650 eso:—
600:— 600:—
550 — 550 |—
- .. | el L, B
1 lllllll IIlI I llll I llll I llII
2 2 3 * g 0 05 1 15 2 25 3 35 4 45
100— 100— - 8 /-"'il v
80 80— (
60_— 60— I
40—_ 40— j
20_— 20— f ﬂ
- ﬁﬂszg’ 7z j
L | ol gl sl g M o soln, 50
500 550 600 650 700 750 800 850 500 550 600 650 700 750 800 850
13FE7H11HAEH 30



ho
Entries 5000 Entriesho 5000
5 Mean 1023 600 — Mean 1008
500 — RMS 3.949 E RMS 3.607
EPedestal = 804.6 Qil‘l]. = 600£C 500 éPedestal = 804.6 Qil‘l]. = 5521C
400— =
- 400
300/ z
200— 2
I~ 200 — —
- mean = 1023 - mean = 1008
100_— 100 —
0:111. I O .JL SR AE 5 E Y 0: HEETE IR R R
600 800 1000 1200 1400 800 1000 1200 1400
h30 h30
Entries 5000
[~ Mean 1024
600 RMS 3.459
srPedestal = 803.6 | Qinj = 600fC 7L %%I: L -8l
B - o A S | . -
400(—
- \._
300:_ ADC/ i T ?275 }_L‘7b
200} — AMPTIiI 7 <, FastShaper??
i mean = 1024
100+—
: JR A 2
ob— L || N oy
600 800 1000 1200 1400
31
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SPEC

S-curve for 1pe- (160fC) E
120 - _'._i
1p.e./dispersion ~|4 -
100 = S W 8 8 & 8
I:kg?_i LT cigii P./T | é ; ', / :.
. 80 ! s
e 60
OR32 output -
20 - L
| i) For qedestal ‘
835 840 845 850 855 B6C 865 870 . 875 880 885
DAC code
100,0~

OR32 output for 1pe on each channel g
Wikih 5 2fC/DAC unit § o
Dispersion : <5 DAC unit for 1pe .
(8fC/DAC unit) [Cf=200fF] </l | EEESEISIESSRiSSinSS:isEans

DAC

% Ao CgaindiZ AR ICHED Db IL ik e
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LT3482 control

3 of
2. sF g
DAC LSB : 0.03 mV+0.01%
14f-
12F
1
o.af— //
0.6 | 'R , . ;
ufs 4/ HVHEPLIHEIIZ X % monitoring
- o A
[~ ./ ,v; 3
R W ' (9.67M€:0.33MQ)
AC value
S 0F ;_
g.:ao:_LT34820)fﬂ3% & D8OVTIEE %, =3
S 1ok 90V % THY T A E
E E o -
50 | :
<of- SE
= - 30—
*c DAE€IZ X 5HV contral :
- 20—
E LSB:24+0.1mV ;
OF u e .
E 10 ($T6t — = : 31.1700.005)
00l.15‘010(.)1'16(1)0101 l115[1)010l l22)(1)0]0l l215(1)010l 136(1)0101 l3;)([7'0[(')l ld{(;)i.é)l l4:.3000 :1(; L1 10151 L1 : I | 11151 L 12| L1 12151 L 13 33
value a ’ 2

nrove voltane(\J/\
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A A1) ye |T3LKD

| h3 h3 | h3 | h3
Entries 2000 Entries 3000
2 Mean 820.5 220 Mean 821.7
B RMS 22.78 . RMS 23.85
140— e
: B w %2 | ndf 3.829/6 -0 = %2 | ndf 4.074/6
E peak event 1445+ 6.4 180 peak event 213.2+7.9
120 mean1 805.4 + 0.1 - meani 805.6 + 0.1
B o1 -3.012 + 0.168 = o1 -3.02 + 0.14
100— 4 mean2 = 832.01 At 0.13 140 mean2 = 832.97 A+ 0.11
- sigma2 = -3.16 A% 0.27 - sigma2 = -3.56 A+ 0.20
80— + Mean2 - Mean1 = 26.58 A% 0.19 1201 Mean2 - Mean1 = 27.38 A% 0.15
G SIN = -8.82 A+ .0.49 100 SIN = -9.07 At .0.42
60— 80— Jf |
40 60—
B 40— '
i 3 ,L,N-'L\r 1L f‘ﬂm 93 A‘JJ HA b
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TimeConstant : 25ns
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biasTIE % 117 % £S/NAIEL 55Tl C=ep

h3 | h3
Entries 3000
= Mean 802.5
= RMS 9.902
SS0L a 2 | ndf 8.999 /6
- peak event 349.8 + 10.2
300 mean1 799.7 + 0.1
- o1 2.834 + 0.096
250 Mean1 = 799.75 \ Mean2 = 81 E.u
= sigmal = 2.83 sigma2 = -2.9
200 Mean2 - Mean1 = 16.99
- SIN= 599
150
100
so-- bias 71.05V
; 1 L 1 l 1 1 Ar\-fL;’ l ]\A\HA ll\—‘l 1 1 't
%00 750 800 850 900
_h3 | h3
Entries 3000
n Mean 811.3
250 ﬁ RMS 21.22
B %2 I ndf 414716
. peak event 250.7 £ 8.6
200 ; mean1i 799.8 + 0.1
s o1 2.894 + 0.119
B Mean1 = 799.76 \ Mean2 = az]; 81
150 sigmal = 2.89 sigma2 = -2.7
N Mean2 - Mean1 = 22.04
B SIN= 7.62
100 —
so0— bias 71 .45\ij
T 1 1 1 1 | L ntilass, A 1 A A Lﬁ%“'ﬂ’«\/‘—;ﬂw
%00 750 800 850 900

Lh3 | h3
Entries 300
- . Mean 807.
300— | RMS 16.2
B q 12 I ndf 5412/
[ peak event 288.5+9.
250~ mean1 799.9 + 0.
= o1 2.843 + 0.1
200— Mean1 = 799.86 \ Mean2 = 819.83
C sigmal = 2.84 sigma2 = -3.10
= Mean2 - Mean1 = 19.97
150— SIN = 7.02
B
100/
so—-bias 71.25V Lj\
; 1 1 1 | 1 _J ] 1 1 ;%JL Py | |
%00 750 800 850 900
[h3) n3
Entries 300
= Mean 815.
250 - RMS 26.2
B 12 I ndf 11.32/
B peak event 2241+ 8.
200— mean1 799.7 + 0.
- o1 2.603 +0.10
E Mean1 = 799.66 \ Mean2 = 824.38
150} sigmal = 2.60 sigma2 = -3.3
E Mean2 - Mean1 = 24.72
B SIN= 9.50
100—
s bias 71.65V
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MPPC gain
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Signal to Noise

[h3] h3
Entries 3000
= Mean 814
220 = RMS 17.77
200} %2 | ndf 8.961/6
180 - peak event 216.4 + 8.0
= meani 801.4+0.1
160} o1 2.897 + 0.126
140 = mean2 = 820.14 A% 0.10
E sigma2 = 3.15 A+ 0.20
120 Mean2 - Mean1 = 18.72 A% 0.14
100 :_ S/IN= 6.46 At inf
80 :_ .
: Time Constant : 25nS
60—
40
o : 1 l 1 1 1 L. L J 1 1 1 | 1 1 1 | MJ\J’AI ol l
760 780 840 860 880 900
| h3 h3
Entries
- Mean 809.8
220 = RMS 14.52
200— 12 | ndf 4394/5
E peak event 209.1+84
180 = mean1 800.1+0.1
160 o1 -2.697 + 0.140
- mean2 = 813.19 At 0.10
140 sigma2 = -3.44 At 0.16
120 Mean2 - Mean1 = 13.11 A% 0.
100 S/N = -4.86 At -0.25
80 Time Constant : 75nS
60—
40— : ﬂnm
20—
0 : 1 l A A 1 J e A l | AL l A 1 Mml_za_ | - l e md.
760 820 840 860 880 900
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bias: 70.85V(gain~7.5x10°)
AMPgain: x50
ha) n3
Entries 3000
- Mean 8124
2201 RMS 16.5
agE: 12 | ndf 4.949/6
- peak event 205.6 +7.8
180 mean1 8004 +0.1
1605— o1 2.919 + 0.132
- mean2 = 815.97 A%+ 0.1
1401 sigma2 = -3.01 A+ 0.17
120 Mean2 - Mean1 = 15.58 A+ 0.15
100: SIN= 534 A+ 0.24
801 Time Constant : 50nS
60—
40
- W,
20—
0; Ll 3 3 54l 3 ol e -y o5 JU Peatpemaad o o o |
840 860 880 900
Enries SUUU
160— Mean 811.4
E RMS 14.42
140— xz | ndf 6.842/6
n peak event 1509 £ 6.7
120— mean1 799.6 + 0.1
~ o1 «2.99 +0.17
100 = mean2 = 810.24 A+ 0.13
- sigma2 = -4.72 At 0.35
80— Mean2 - Mean1 = 10.65 A 0.18
- SIN = -3.56 At -inf
60— .
) Time Constant : 100nS
40—
20—
B . 15 37
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bias: 70.85V(gain~7.5x10°)
Time Constant: 25ns

3 h3 h h3
Mean 827.9
100 — 140— Mean 823.5
B RMS 30.87 2 RMS 26.26
E %2 | ndf 8.637 /12 B 22 1 ndf 24.619
- gain: x150 P SV 93.68 £4.13 120 oain: x75 peak event 115.7 £ 4.9
80— mean1 800.3 +0.2 - mean1 800.2 + 0.2
5 o1 -4.525 + 0.215 100— o1 3.948 + 0.202
i mean2 = 838.91 At 0.18 z mean2 = 828.24 At 0.17
60— sigma2 = -5.80 At 0.34 80— sigma2 = -3.94 A+ 0.21
B Mean2 - Mean1 = 38.62|At 0.26 B Mean2 - Mean1 = 28.02 A% 0.24
i S/N = -8.54 At -inf 4oE SIN= 7.10 At 0.36
40 | =
B 40 :_
20— ,
— 20—
o_-lgm«r\ , N . R A Oltal o taa alalt ooy N geea il goe g B g oy Jegimgtsy o5y
760 780 800 820 840 860 880 900 760 780 800 820 840 860 880 900
| h3 | h3
Entries 3000
= Mean 812.6
2008~ RMS 14.77
180F- gain: x25 12 I ndf 10.06/5
- peak event 179.3 + 8.0
160 mean1 800.2 + 0.1
= o1 2.626 + 0.149
140 3 mean2 = 813.15 A+ 0.11
120 = sigmaZ =.3.33 At 0.14
3 Mean2 - Mean1 = 12.95 A+ 0.16
100:— SIN= 493 A+ 0.28
80
60—
40—
20— JJI
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input

in_ca

32
inputs

o

£

Channel 0

' Hold :
e /OT.;pF- 1.5pF * Read Low Gain
lib \ + Multiplexed 1
- | Iﬂmila;n Slow Shaper 4 T . Output output
o / 25-175 : -
= ns $
' Hold A .
IN /of.zlpF-upF * Read ngh.Galn
Ch0 \ * Multiplexed 1
| II;I;;%}; ri;m Slow Shaper / T > Output output
15pF / R —
25-175 ns 1;
RS or Discri
ON#\
: —I L _| 32
Bipolar Fast * Channel0_trigger | ¢
8-bit DAC Shaper V th 1T : L;t;h -
0-5V 15 ns 3 Trigger
Discri
Refd Multiplexed 1
Y Output output

>

( Y4

Variable Low
Gain PA (4 bits)

~
LG Slow Shaper
Variable Shaping
Time (3 bits
\_"meeo

. _J

( )
Variable High

Gain PA (4 bits)

G VAN

(HG Slow Shaper\
Variable Shaping

10-bit
DAC

Time (3 bits)

Ch31 _triggeram

Common to the 32 channels
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