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T8 1) % FH 4 Al FE % (A pplication Specific Integrat-
ed Circuit, ASIC). #ilt, FGST FAZab#R Ml #% F 1
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MiGlast Tracker Readout Controller electronics
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3 BHETFFERFERILI
3.1 BFFRENTRAER

2% DAMPE HAZ IR 35 S TK ) Hi sy FEL -5
Bt 77 18] R T2 2R G0 1) A B A5
0-200 £C. My T fR1IE 2 G 78 5 N6 N A R 4F 1
e MEiRhR, ZRFAELE 1 (Integer Non-Linearity,
INL) ANt 2%.

HR 4 P BE 22 BEAEL ) 25 2R, 300 pom ek 48] 2% £
TG iR /N FL B RL (R WA LT 93,5 £C. PRtk i3z
HF2f R ANRERR 0.3 £C, DAME R 28 % 52 57 £k
MIP3k 15 [ 47 I g 52 2 J R 8] AR Bk 2% 2R
MUTEME R, =5 B L (Signal-to-Noise Ratio,
SNR) fit % o536 Tl ol 2% TR 25 16 067 B 23 i g 1104,
—RECR L RGAE MR LR 120, LRSS Tk
T R & TR R,

*® 1 SSDEthEFFHIMEEIERR

Table 1 Performance index for SSD readout

electronics
Performance Value
Dynamic Range 0-200 fC
Root Mean Square Noise < 0.3 fC
Integer Non-Linearity < 2%
Signal-to-Noise Ratio > 20
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T 5 P E B R T R B T O H(FPGA-core Board) T4%. 4 M H(High
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Fig.1 Hardware composition of electronic system after the design is completed
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Fig.2 Overall structure of electronic system
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RIS FEL 57 ) 2 D 8 2 ) ek 2 PRI 4% B
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Zhttps://ideas.no/products/vatagp8/.
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ok 2% ) 25 35 2 29 20 pFI ) BRARACE R 5 310
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tegrator) [¥] Bl B i K 28 (Preamplifier). “P” pi &
HL % (“Fast” Shaper). i 38 3 F 2% (HP-filter).

“27 B B (“Slow” Shaper). K Ff /% 7 H %
(Sample & Hold, S/H). HI{H M Ik L 28 (Level-
sensitive Discriminator). 44 i faf i N FF H PR pk
TE it 0 Rk e o e M G 2 4 FL S (Ve ) B
F e B3 B 7 A 1 K I TE 1 il R Bk . 229K 0E
TE IR i & AR “B (OR) G, 7= A AN B [ ik
KAG 5 (Trigger). 18 R B far 1 7E =1 07 (Semi-
gaussian ) ¥ JE & IEAE PR FF (hold) J&, FIARHE 132
i 5 (Readout Logic) A Jr 7 3 18 5 FT 126 38 18 f
ke AL

Semigaussian
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(Preamplifier)
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—l— Trigger
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Fig.3 Internal schematic diagram of VATAGPS8 chip

RN T PP R A, R B N ER E
BT 2 [AER L 0 A F %%, VATAGPSI: 2%
BERIMES F, REM S BRI EFEER L,
P I 5] 2 A i U7 0K S B () I (Pad) i H2 2
FEEW 1245 F. VATAGPSE: B 5480 2% 5 75 1
FEER R BT RN 5 — ML VATAGPS
B R ] 8180 umx 6075 pmx 300 wm, 12844
NIHIE FPad 22 S5 HES1, AH AT IE 18 (fPad i B 7] fH
XA 45.6 wm, T PCBI 2 A g in T Hi a] R AR
JIN TR AR A8, R T AR M P ARG B AR il 08 A 128
ANPad#fl SPCB & (1) 158 8 A0 7. 76 A 52 i #F 52 Y
HIRTIE T, MVATAGPS#HL 1128/ i APad
BEIE T Hg424, #0-6 (K Rk FE). #24-30 (1K
UOLEFE) #4557 ([ REE ). #73-79 (K ikik
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). #97-103 (K Kk £). #115-127 ([a] [ &
$%), APCB L4 8 4k ik, @il 5l kg &+
AR FE AR 2% B8 5. K48 R T VATAGPSE: Fra
SSD. PCBx [1] f) 3% #: % &, H T 5VATAGP-
8 F42PadAH & B 2 FE BRI 48 B o0 B H B
TSR IESEHES.

VATAGPSE: F AR Tk A 2% PR I 2% 57 (1) FRL AT
5%, K JE L4 i U . A
55l =M PUMX R H H /A 48 #54k Ry H 45
S ADAQ. Ith4h, FEE #_E A3 i 5 A J6
FE IR AR DS18S203E AT S i W 42, i b A 8 ot 2%
X NTEE T 2% 470 I 28 BRL G 1) N v TR 2R AT 08 0 Adb
.



63 & KoL ¥R 6 341
Metal Wiring ASIC Pad
g I = ﬂ s SO T
....... ?; "__-__“' -_"
....... ® ’E%
....... hya S
SSD -4
....... ™ g
....... #73-79 ::;

Bl 4 R AE Rl 2R I VATAGPSIE

Fig.4 The VATAGPS chip integrated on FEE board

3.4 HURIKEVEERILIT

P SR E B T B )RR B H I VATAGPSIH
TAER . #H|ADC (Analog-to-Digital Convert-
er) FIEHE R, 5 EANISEBUBIRZ B, e
JE A Pty HORAS 55, 5 B ShRe AR, Hod 3R
L% 7 D AQBFAR AN /> T (FPGARZ DR
JEREER), HARFPGAZ OR S sT it dtis w2, m
JEARE R A fiﬁvﬁa}i DAQEBHR 7 5T 2H 4. AR
S L %

DAQ!*&LL% ff13 11 5FEEM. FPGA
b, SRR, FEEN M 224 Bk
55 ANDAQRHR J5, il iADS032:0 F sEE
Zor a5 B B s 5 I, iR S HEd
ADCREMS B G HE. ADC F 1k 1 75 5 45
GHIERE. e, ARSI, HDelta-Sig-
maZ2 IR AD CHRE FE R, (FE AR R % Tk
ZERIIADCHI B A B R R, (B2 ThFERCK;
MzDAQ*&%ﬁHLMﬁL%ﬁ%& LA ADCS
AD7476%, %45 BLF12 bitks B, MAAYEREE A

Shttps://www.analog.com/cn/products/ad7476.html.
“https://ftdichip.com/products/lc231x/.
Shttps://www.adafruit.com/product /2264.

Buflis, Rems e BRI ThAE T S B s () £ s 7 ik =
DAQTHR Fi%E 7 X O, R HFTDIA & i)
LC231X* FlAdfruit 2 & fFT232H5 3 15 1 P sz B
FPGA 5 EAHLZ [ f 8 THEAS. fEDAQEIK
I, @ IIDAC (Digital-to-Analog Converter) s A
AD50604 il i[5 A5 He (CAO02P) [ 4t BT, AT
PO A B e B H TAEFT R R M . CAO2P
Gy L R W LS, FEDAQBEAR -8 id v I PR 28 )
15 FH AD CHEAT RAE T SE B i F () s 4. O 17 S
e AR FL 3T ) W, A PR i N g R BB T /N BELAE
()R A FLREL, 8 FH R A0S W85 IN A T99AG Ml 12 5K
FE L BE R 3 1) FL RS 5, IR FADCE: Bt 47 R
4.

FPGA# 0 # b 1 & #2308 A K FIntel A &
Cyclone 10 & %1f#110CL025YU256C8GS, H-7EM I
Bl 7 Rew B TAEMR/ADRS. R ETE 7K
& I/ O i M ERDAQEIN, IR (5 518
AL A 2 HAb B B B S S N FPGARS
B {5 5 FH AR50 MHz (14 IR S IR 4, 20 3 B AH

Shttps://www.intel.com/content/www/us/en/products/details/fpga/cyclone.html.
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¥X(Phase Loop Lock, PLL)% il Hi20 MHz (1] i} £
iscziaran il

ARG LA P HFPGA$% ], FPGA%
W IpRERI 7> i Es TR, FE AR & DUR (UA-
RT). 4 & & {i(Global Reset). 4 fi##Hr(Com-
mand Parsing). ##% % & (Data Consolidation).
4 (Main Control) FIR 25 5 # (Status Monitor)
B YRS FdE, E e /BT RGHATYI
k. FPGAIS o D180 BRI )46 4, AR
Pta AT 4 A, B F I ) — R
BEAT AR, REMR|WBIEEIT I, fFiE. T8
S O1EME R EALHL. B E23 2 T b
REAL A 15 1T vy e BB 42 1) 48 4 DA B R 6 R A e 4%
REYCRAERIR . Bk, HREdE 2] AL 23
PR, VATAGPSES Jv BA200 kHz ) 55 % %1128
2IEIE S S AT B AL Y, ADCHIRFEZR A
500 kHz, [H 1fii ZEFPGAH % i1 1256 x8 bit[HFI-
FO (First Input and First Output)kZE{FADCXK
s, I 2560009 7 % 10 5 1 EAT B
i R RBBERTERE, BTFERES
20T R — R il R AT R AR IR A M A R A
H16x8 bit INFIFOZA-RAE M [ LT BL AR E
FE, BTFEREMNREE BT EHIRIF K
IEE] EALHL.

3.5 _EMMNEREANLIT
AL AE FH LabWindows CVIEAT &1+ IT
R, FEATOT AESIRRE ot B, 06
Woe oy RAFE AR, BT DL ) B IR A R R
IEAFE M TAETE 4, SEIATVATAGPSIE F 27 17 2%
IE B LA SAS A TARR A ) 4. 6w 1 B4
LA ) i, Hh g 7 TR AT, 5
ORCE. W LE RS R, VATAGPSZ /748
J AR B S B, RguEad EA AL B g, 7T
IS % R NCRERE. R, BT
SER IS, FETE S B T TR P SE B T AR AR AR
P, shah, Rguidenr Ll AL R E
VATAGPS:U i & Fi ik B S8, WsE s, B
Ip ) &5, AT AT DL AL VATAGPSE B () TAEIRAS.
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Fig.5 Basic framework of FPGA logic design
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ADC;; = Ped; + CN; + Noisy,; + Signal;; , (1)

HorPPed; R /N ilIE 4R, ON; RN R ERS
(R IL R 5 Noisy,,; 2 7% 8 180 5 5 1R 5 1 B AL
Mg 7 Signalij%ﬂ—?ﬁiﬁiﬁ:%jﬁ\%%ﬁﬂEl"]%%.
FELRERGUT, B SMEE S5, Signal,; AT HL
NO. FELIE N CREE G, 1B (528 Ped, A1 BE LM
A RAE Koy LA S TR I 8 (M 75 sk oK (1) 3 A 7%
BAE5WIEIE) 5T A N, 21818 (1) SR 5 N mf
DLER T A 045 21101

/

1 N
Ped; = ¥ ;ADCU ,

1 N;
] 1 J
1 1 N
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e | Working Mode . o
L VATAGP8 Register
Switching Confi Ei 3
BT imrain sl . O L) EUT S OF wREEAS
RERE 0w !
““““““““ VRC_select 0 ) Shamnl)
Tost_on/ 0y ! =l
HEhA 2 RS/ ma
Slaw_on 0
VTHE_HALF 0y 1
- - we ooy
o L - The_Nor/High 3 sone
Temperature Test.Chasm 0 2
Monitoring | haenel BN Foone
e LLTES LRRARE 50 W
LD ‘TeSt .
= . [e2] Configuration
= ; _
e L A
:_.:: _ — 11 : —_— T S60as v
] ST noo2 B W ; 5% 6 L T b % el
— BRFE 0o 1
ey R T
High Voltage| 2 — v o) e (]
Monitoring | ° f % ¢ At s —— &
= —_—

Ble bRyl stim

Fig.6 The main interface of the master computer software

— M RGAE I TAERUT, VATAGPSE i
SR FHG P51 7 S AT S o, AR 4 1 SR
B TH S H S R 128 K H N JEIE F/EAD C-1 T 76 LB
(1) JE 28 A 75 7K P, i fEADC-2FT 7 HL %, VATA-
GP8:ts J ] DL b /7 1zt 19 7 =k 1 28 2% i
N JEIE R 2R IR 7S 7K, AT R 3R 408 (1) i 42 T e
FE K IEAT X LSS IE.

KITRIEIRE /R T T2 R4 HVATAGPSE
Y AITENRT 3007 15 H R T 128 4% I 1 (1) i 28 Al
MR KPR A . RGEEIEE A MK 45 R
T W, HADC-1R AT 31284 i 1 (1) M 75 /K~ 7
0.70-1.17 bin [&], #£ 2k 7£206.31-254.30 bin [&].
TMADC-2% 4 15 3] (1128%% i i 1) W 75 /K °F 78
0.75-1.25 bin [H], F£ 28 7£174.92-221.87 binZ [d].
VATAGPS:E: 5T 135 H A 352 tH 7288 v B 1Y)
P BRI AT 72 e, A1 T P s ) 1) i 8 AR e 7 4
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N A SER T 3 75 38 0. AR HE4. 275 2R M 21 FE 1Y)
g AT LT 1 28 26 B N\ JE I 1) M KPR T
0.093 fC, M7 MERe R I RUF, i /2 T2 R A
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MBI

TELRMEZ BEREUR, T2 R G0 26 M i
MARAF 5 BRI, SEBXVATAGPSIE: | %A il il
0-200 fCENAYE A ) FAHE, JHR AR R b2
ML BT HUAR P 1283 36 R S A5 R, K ot
AN IEIE ()45 € B AT R MERL G B9RbriE 45
A, #2IBIELE0-200 fCHIFN TG P 46 3 25 20
7£13.41 bin/fC, 11128 4% M 18 £& PEpr i (1AL 73 AR 46
PR T1%.
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Bl 7 1285% B TERURR 12 HA (K 2k (k) A ()
Fig.7 The sequential order readout of pedestal (above) and noise (below) of 128 channels
Ped
240_ YT @ Bmabbais domasy Ty T T T (Aanasnns aRsARELE TTTYY YT Az o T T
220+ e
£ 1
o ]
S 200 ¢ 1
2 :
180 + -
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Noise
1.4 T ML T TrrrTTYY T T T T " L AT T T T T T T T
12} .
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2 10} ]
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2 ]
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Fig.8 The reverse order readout of pedestal (above) and noise (below) of 128 channels
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Fig.9 The results of #2 channel’s linear calibration (above) and the INL of 128 channels (below)
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Fig.10 Test platform for measuring cosmic ray Muon
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AsstracT Silicon micro-strip detector has high spatial resolution and good stability. It is widely used
in the field of high energy particle detection in space, e.g. Fermi Gamma-ray Space Telescope (FGST) and
Alpha Magnetic Spectrometer 2 (AMS-02) mission. They both used silicon micro-strip detector as tracker.
Considering the perspective of silicon micro-strip detector in astronomical field, a low-noise electronic
system was designed for its signals’ readout in this paper. The electronic readout system consists of three
parts: front-end electronics, data acquisition circuit, and host computer software. In order to implement a
high integrated system, a charge measurement chip VATAGPS8 with multi-channel and low-noise is adopted
in the front-end electronics. The data acquisition circuit with the help of field programmable gate array
(FPGA) realizes the timing control and the signal acquisition for front-end electronics. The host computer
software is responsible for receiving and processing the data collected by the data acquisition circuit. We
finished electronic performance test for the system. The gain of charge measurement is about 13.41 bin/fC
in its dynamic range of 0-200 fC. The integral non-linearity is less than 1%, and the noise of pedestal is
less than 0.093 fC. Furthermore, for verifying the performance of the detector system, a silicon micro-strip
sensor was integrated to the readout electronics. We tested the response of the cosmic ray Muon’s energy
deposited in silicon micro-strip detector. It shows that the signal-to-noise (signal peak of energy deposited
vs pedestal’s noise) ratio of the detector system is more than 32. The spectrum of ionization energy loss
of Muon is well matched to the Landau-Gaussian distribution. The electronic readout system can meet
the requirements of the silicon micro-strip detector.

Key words instrumentation: detectors, astronomical instrumentation, techniques and methods: high
energy particle detection, charge measurement, electronics
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