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TIGER ASIC

Turin Integrated Gem Electronics for Readout



Front-end ASIC for GEM readout

- TIGER has been designed for the readout of the CGEM-IT
(Cylindrical Gas Electron Multiplier Inner Tracker) CGEM-IT design specs

- new inner tracker of BESIII Experiment (summer 2021)

Efficiency 98%
- 10 000 channels readout by 160 64-channel TIGER ASICs
. _ o Rate capability 10 kHz/cm?
- Time and charge measurements with fully-digital output 130
m
+ Charge centroid and p-TPC algorithms oo g
- 130 pm spatial resolution with strip pitch of 650 um 9 U i
- Reduced number of electronics channels (10 000 vs 25 000) Opt/ Pt 0.5% at 1 GeV/c
+ Sensor capacitance dependent on strips length, up to 100 pF Coverage 93% 4m
. |nput Charge 2 - 50 fc Material budget <1.5 XO
+ Time resolution for uyTPC mode: 5 ns T (e delulu
- Rate per channel: 60 kHz (4x safety factor) Outer radius 178 mm
Magnetic field 1T

+ Power consumption: < 12 mW/ch
- SEU-tolerant
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Channel architecture

—————————————————————————————————————

Time Branch

| 1
- Analogue Front-End: : e :
oge o o ! 10-bit !
- Charge Sensitive Amplifier : TAC Wilkinson |- .
. . —_— 4x ADC ime
- dual-branch shaper optimized for I i VT E D
time and charge measurements | L — o N !
. i - I . Q, s Channel
Trigger Igss .re.adout ar.chltec.ture. % | | con — “hanne
2 LE discriminators with 6-bit DAC 1T = Logic
for threshold equalization PreAmplifier Sample and Hold o :
S Charge
dual-threshold readout mode Slow shaper Wilkinson - — Dua
- Timestamp on rising edge of fast branch Iy e
- Time resolution < 5 ns e 05 Energy Branch

Low-power TDCs based on analogue interpolation

- Charge measurement:
- ToT: timestamp on rising/falling edge
S&H: slow shaper output sampled and digitized with a 10-bit Wilkinson ADC
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ASIC architecture

The ASIC comprises 64 channels, a digital global controller, bias and references generators

and a test-pulse calibration circuit.

Discriminator TDC :Conﬁg
ch0 CSA + Shapers Channel
Discriminator TDC + S&H + ADC controller —
Discriminator TDC _config data
ch1 CSA + Shapers — Channel |« ]
Discriminator TDC + S&H + ADC controller — config
| ) test-pulse
: Global reset
| —
, controller
Discriminator TDC Channel :C°”f'9 clock
ch 63 CSA + Shapers — b
Discriminator TDC + S&H + ADC controller —
test-pulse
v v config
TP calib circuit Bias cells
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Analogue Front-end

1. CSA pre-amplifier

Fast shaper - Q,=2-50fC
- input transistor bias current set by 6-bit DAC (1.5 — 4.5 mA)
« ENC target < 2000 e- @ C;,, = 100 pF

1 2. Time-branch

Il - Simple CR-RC shaper

\ - 60 ns peaking time for low-jitter timing measurement

S 3. Energy-branch

- 4 complex-conjugate poles shaper for a more gaussian
PreAmplifier signal shape to reduce pile-up probability

- 170 ns peaking time for signal-to-noise ratio optimization

= BLH to lock the shapers output DC to an external
reference value (Vg = 350 mV)

Slow shaper

» Total gain = 12 mV/fC
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Trigger-less readout

Time Branch

|
o e e . . I Fast shaper
« LE discriminators with 6-bit |
DAC programmable N 10-bit
thresholds and 3-bit DAC A e Wilkinson
hysteresis : e
|
|
Ll - e o e e e e e e e — e e e e e e e e e e = =
- Data-push readout
architecture: each signal Ch“””ell
above the selected threshold § | Cf”tfo
is taken as a good event, oste
digitized and sent off-chip Sample and Hold .
(no external trigger) 10-bit
Slow shaper Wilkinson
ADC
« Dual-threshold readout :
mode to reduce events
induced by noise Energy Branch
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Time and charge measurements

Time Branch

Coarse time measurement from the chip master clock

counter »
10-b1
Fine time measurement with low-power analogue TDCs Wilkinson
based on time interpolation (I.F. = 128) ADC
50 ps time binning @ 160 MHz

Quad-buffered TACs for event de-randomization
TAC buffers with refresh scheme to avoid off-chip correction

algorithm for leakage | Channel
. . . Control
Charge measurement with S/H circuit sampling the E- Logic
branch shaper output —
o : i H
Programmable sampling time targeting the signal peak sample and Ho 10-bit
Digitization with Wilkinson ADC shared with the TDC | Wilkinson

Quad-buffered sampling capacitors for event de- e
randomization

Charge measurement from ToT information by operating
both branches in TDC mode (backup solution)

Energy Branch

F. Cossio (Turin INFN) COMPASS FE, Trigger and DAQ Workshop CERN, 02.03.2020



i
|

TIGER specs

5x 5 mm2 110nm CMOS technology

Digital backend from TOFPET2 ASIC (SEU
protected)

64 channels: CSA, shapers, TDC/ADC, local
controller

On-chip bias and power management
On-chip calibration circuitry

Trigger-less operation, fully digital output
160-200 MHz system clock

4 TX SDR/DDR LVDS links, 8B/10B encoding

10 MHz SPI-like configuration link

Power consumption < 12 mW/ch

l lIIIIIIIIIIIIIIIIIIIIIHIII‘HIIIIHII!ﬂllIlIII:Ill_lllllll”ll!llllllll l

Sustained event rate > 100 kHz/ch
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TIGER performance



TIGER on PCB test-board
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PCB test-board

Test-board for ASIC electrical characterization

1. Trimming capability for analogue and digital power

domains and external reference voltages

= Debug IO ports:

External test-pulse injection

External capacitor insertion

9102/L Q¥v0g81lS3l €539

T-branch shaper output and threshold probe points (ch. 63)

ok wen

Digital back-end control signals (TDC and S&H)
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Experimental setup in Torino

= B
Xilinx Virtex-6 i#
P _.: '4!-'- i\

Li
LabVIEW

5 —75"., Power Supply

F. Cossio (Turin INFN) COMPASS FE, Trigger and DAQ Workshop CERN, 02.03.2020



Front-End response

T-branch ch.63 debug output | | |
® measured
—— fitty - 1.86 + 124 x «
Q, = 10 fC 600 | 1
(external TP) —
>
=
B %’ 400 7
=
=
E 200 7
0 | |
| | | | | | |
[Timebase 126 ns|[Trigeer  (EIEE 0 10 20 30 40 50 60
0.0 nsddiv|[Stop 445 5 my
|5.|:|U kS 100%i||Edge  Posilive Q,, (fC)
AV = 120 mV :
Gain = 12.4 mV/fC

Peaking time = 60 ns
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1. Thresholds Equalization

Front-End performance - —

405—

. 355—

1. V4, scan to generate LUT to equalize thresholds b
» below 5 mV RMS dispersion after V,,, equalization 255— baefizrreefq%ua?ilzlzi%%n

20F-

. . . 15F-

2. Vy, scan with internal TP to measure gain of 64 channels on 3

both branches 3

0
. . . 260 280 300 320 340 360 380
2. Gain dispersion baseline [ mV ]
> FE h_gain_0_5_0 > h_gain_0_1_0
- Entries 64 12 Entries 64
HE Mean  12.26 C Mean  11.56
- RMS  0.2545 0= RMS  0.2712
10— -
C 8—
8— C
- T-branch s E-branch
°c (64 channels) - (64 channels)
e T
2 2
0: []. A I I T ol o+ 1 P |—| L
115 13 135 11 125 13
gain [mV/fC] gain [mV/fC]
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Front-End noise

I I T I
35 ® post-layout sim | 1800 |- ] post-layout sim N
o —— fitiy =0.87 + 2.14- 1072 x  fitbty=483+93x
° measured - N 0 measured |
3| |~ fity=078+262-102x P 1600 —— fitty=4054+ 13 x
~ - 1400 | P
Z 25| | 3
§ ‘J 1200 + -
© 2| | Z
= “ 1000 -
i ¢ i
bor 3 at - T-branch 800 - E-branch .
o e %9
[ ]
L ° : 600 ° :
| | | | | |
0 20 40 60 80 100 0 20 20 0 20 100
Cin(pF) Cin(pF)

« 15-20% increase from post-layout simulation to silicon measurements

« Plateau at low C;, values indicates common-mode noise
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TDC performance

Digital TP to the TDCs input, scanning phase of one clock cycle
- LUT with gain and offset correction for 64 channels
- TDC resolution< 50 ps RMS after calibration

Time branch TDC resolution SR Energy branch TDC resolution —TOCE
< E Entries 6a|< [ Entries 64
18— Mean 29.61 — Mean 307
= RMS 0.9205 14— RMS 0.5852
16— —
— 12 —
14— -
— 10 }—
12— ~
10 8-
e 6
61— -
- 4
45— [
2 2~
: L L L 1 L L I L L L L I L L L L | L L || L l_lll L L I L 1 L L I L L L L : 1 1 I 1 1 1 1 I 1 1 1 1 1 |||_| 1 1 1 1 I 1 1 1 1
%7 28 29 30 31 32 33 34 35 %7 28 29 33 34 35
time resolution [ps] time resolution [ps]
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Time resolution - jitter

Jitter
T T
. . . . . 4 I =
- Repeated TP with fixed amplitude and timing <G, -0pF
B o C,,=5.6pF |
3.5 Ly m C;,=10pF
> E h_jit 62_C100.0 s C, =22pF
C Entries 2926 3L L] e C;,=39pF _
300— Mean 3456 n m C, =47pF
C RMS 4.077 - s C,,=56pF
- ¥2 I ndf 78/30 w250 wx e C, =68pF y
250— Qin =25 1fC Constant 2809+6.8 = ol = C, -82pF
: Mean 3455+ 0.1 —_ = AC. =100 F
. o | z in P |
200:_ Cin =100 pF Sigma 3.904 + 0.059 E\ 2 #_ =
: -
150 — 1.5 Eme ~© _
E . = =
100 1 §o * 5 = i
- s 8. 1 . "
50— B © 3 e s
C 0.5 & H E g i
91_0' = '3:Izo' = '3:;0 ' '3!10' = '35|0' 30 L37|0' = '3z|30 : : : : ' : : : : : :
Timestamp [ns] 0 5 10 15 20 25 30 35 40 45 50
Q;, (fC)

» Time resolution dominated by FE jitter contribution
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Charge measurement

External TP

« S/H dynamic range and linearity with external

const 327.6 +0.7303
slope  -5.899 + 0.02408

test-pulse generator (ch. 63 input debug port)

Q, Ifc]
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Charge measurement

External TP
. . . . %300
« S/H dynamic range and linearity with external s
% 250 const 327.6 +0.7303
test-pulse generator (ch. 63 input debug port) slope 5.899:+0.02408
200
« Back-annotation for internal test pulse -
calibration to assess all channels o0
50

JIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIlIII|IIII|IIIIIIIII|IIII|IIII|I

%:::: Internal TP E “:

it

HH]HH]H“ —
—100§— e 5520100 1; H residual non-linearity
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Charge measurement

. I
« S/H dynamic range and linearity with external
45 .
test-pulse generator (ch. 63 input debug port) E —o—V;=5fC
40 |- ".I ——V,,=4fC .
« Back-annotation for internal test pulse ——V;=3fC
35 II|I _O_I/;h=2fc m
calibration to assess all channels ~ T —oVip=11C
c 30 l".\ | -
« Charge information can be used to correct time % "'
v 25 - ]
=
offset due to time-walk S
= 20| i
2 400~ ?
=g L U
=k Internal TP £ 15} -
2 300 =
200~ 10 | =
100?— i 5L i
D:— constant 333.1+2.377
- slope  —6.39 £ 0.1007 0r -
-100—
C | | | | | | | | | | |
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S&H vs ToT

- - — 400
% 500:_ E. 3505—
% - S&H mode sooF-
é 400 (64 channels) =
< L 250 —
300— =
u 200
:_ 150:—
200: - ToT mode
n 100— (64 channels)
100 — —
[ 50—
0:....|....|....|....|....|....|....|... N = P BN BT BN BV B R B
10 15 20 25 30 35 45 5 10 15 20 25 30 35 0 45
Q [fC] Q,[fC]
 Linear response from S&H circuit > easy to calibrate
« S&H affected by saturation (FE and ADC)
« ToT response intrinsically not linear due to shapers waveform
« ToT not affected by saturation > good backup solution
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Tests with GEM detectors



Front-End Board (FEB) T

U
r‘ "o Bioo| ==
3 )
w l w1 : )
e
e

BESIT -0

FE2-L1L2

Front-End Board (FEB) to readout the CGEM detector

« Stack of two printed circuit boards:
» FE1: analogue-most layer _ - .
> FE2: digital layer o8 Gl e

« 2 TIGER ASICs mounted on FE1 (128 channels per FEB) S

- Water-cooling heat exchanger plate for operation at IRt~
mu-u;’f'fm : o € —W‘i‘-"‘jw‘vml|n|i_mu‘g

P [ [1]1]1TT [ B I e

controlled temperature

« Different layout and routing for L3 FEBs due to space

constraints inside BESIII

FE1+FE2
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GEMROC (GEM ReadOut Card)

ALTERA ArriaV GX development kit

E(_) ArriaV GX FPGA

Board to Board HSMC connector

delay

Developed by INFN Ferrara

Off-detector electronics for the readout of the
CGEM-IT detector (160 TIGER)

- Provides power, configuration and data interface to
the TIGER ASICs (up to 8 TIGER for each GEMROC)

- Trigger-Matching operations (trigger-less mode Interface card
also available)

KEL | KEL | KEL | KEL
delay | delay

delay

BES-IIl Fast Control Fanout

<
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Beam tests with planar GEMs

- 2 beam tests to validate the ASIC with the sensor:
- 10 x 10 cm? planar GEMs
- XY orthogonal strips
- Turin FPGA-based DAQ -> readout of 8 TIGER

- Nov 2017: Mainz Microtron (TIGER prototype version)
- Apr 2018: CERN H4 beam line (TIGER final version)

rovard | ||| emeeed L]

Trigger

Backward
. Trigger
Beam

Trigger-less readout: trigger from scintillator bars
injected as a digital test-pulse on one TIGER channel to
be used as a reference for offline trigger-matching
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CGEM-IT tests

Two out of three layers of the CGEM-IT detector are assembled together and cosmic rays

acquisitions are now ongoing at IHEP (Beijing, China)

88 TIGER ASICs readout by 11 GEMROC
modules (>5000 electronics channels

instrumented)

GUFI (Graphical User Front-end Interface)
software provides DAQ control tools for:
= Trigger-matched cosmic acquisition

= Trigger-less operation for periodic

maintenance ) i
R. Farinelli,

cylindrical GEM detectors” , talk at INSTR-20, Novosibirsk, Russia

Cosmic ray
Scintillating bar
Layer |
Layer 2

“Preliminary results from the cosmic data taking of the BESI/I
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noise level [fC]

F. Cossio (Turin INFN)

On-detector noise measurements

Noise Layer 2 (strip X)
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- Almost flat distribution for X-strips

- V-strips noise follows the strips length

noise level [fC]

Noise Layer 2 (strip V)
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Future perspectives



TIGER alt. version

800

« TIGER Versatile Digitizer

« Alternative FE design, shared engineering run 70

"A mixed-signal large dynamic range front-end

m

o

o0

o

(a8

o

o

o

o0

o

3

O

« Versatile front-end, can be used for readout 600 =
of GEM or other sensors T 500 o

s 5

« RGC (common-gate with gm-boosting) 2 40 £
= kS

° _ E O
Input-stage S a0 S
. re . c .‘B

. Current-mode amplification 2 S
Q.

« Low configurable input impedance = C
100 25

« Programmable gain: 3-bit DAC, range 50-300 =<

0 S

NS

fC Input 0 50 100 150 200 250 300 %Q

Q. [fC] S<
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TIGER new versions

- ASICs for Si-Strip readout: TIGER architecture as a baseline for a 15t prototype
Si-strip readout chip:
1. PANDA MVD strip detector

- Configurable for both input signal polarities
- Time of Arrival measurement with system clock resolution

- Charge measurement via Time-over-Threshold

2. Dedicated low-noise low-power VFE compatible with space applications

F. Cossio (Turin INFN) COMPASS FE, Trigger and DAQ Workshop CERN, 02.03.2020



Summary and outlook

- TIGER was developed for the readout of the CGEM-IT detector

- The ASIC has been found fully functional at the second iteration on silicon:
+ time-based readout working properly

- charge measurement good linearity with S&H circuit

- Two beam tests have validated the ASIC with the sensor
» In situ commissioning of fully instrumented BESIII CGEM-IT is now ongoing
- TIGER versatile back-end can be re-used for new readout chips

- New applications and versions of TIGER under development

F. Cossio (Turin INFN) COMPASS FE, Trigger and DAQ Workshop CERN, 02.03.2020
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The BESIII Experiment

Russia

Kazakhstan

Mongolia

BESIII
detector

+ Running since 2009 at BEPC-II (Beijing e*e- collider, IHEP)
t-charm factory (E., = 2 — 4.6 GeV)

Broad physics program: charm, charmonium and exotic
states spectroscopy, light hadrons, tau physics

- 2016: luminosity increased to 1 - 1033 cm-2s1

Feb 2019: BESIIl accumulated a
sample of 10 billion J/{ events
(largest data sample produced
directly from e*e- annihilations)
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The CGEM-IT upgrade

New inner tracker: 3 layers of Cylindrical Gas Electron Multilayer Drift Chamber
Multiplier detector to replace the 8 innermost layers of
the MDC (summer 2021)

TOF System

iy
-
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layer

MDC inner layers aging due to radiation damage: gain loss ~ 4% per year

- CGEM-IT features: low material budget (X, < 1.5%), good radiation Sul\l‘/’l‘:r‘:::tdac:_i)“g
tolerance and high rate capability (10 kHz/cm?) RPC Muon System 9
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Gas Electron Multiplier

 Thin Kapton foil (50 um), copper-clad on both sides (3-5 pm),
with high density of holes (diameter = 50 ym) .; S & B

B A o e

 Voltage gradient between the two electrodes (hundreds of
Volts) = electric field (tens of kV/cm) inside the holes:
electrons released on the top side drift into the hole and
multiply in avalanche

. Lo | _I TTT I TTT II |||||||||||| |||||||||||||||
« Charge collected at the anode by 2D segmented readout strips 2 of _ :
~ Entries 800 7
O F Mean 352
« Cascaded GEMs allow larger gains (10% - 10°) and low =7 Undertow 0 ]
. oye [ Overflow 0]
discharge probability o 2f :
W Drift cathode g & _ L
nductno,, Drift Ot 9
GEM esssssssssssnsE N T
}
/‘ ranSfer 2\\ Transfer 1 'g-ﬁ:— E
’ Anode GEM 2meemeeeeeeeemenn B = ]
ansfe -, 6 E
2mm ¥ ” ";—~L\ \ GEM3 Transfer 2 - 4
2mm\ / nVefSio\ GEM2 GEM3I-I.’kaA\\.,“,-IIIIIIIIII1 -7;— —;
2mm ™\ gdrifg 7 GEM1 /1 Induction oF | | | | | |
5mr\/‘\ Readout PCB = - == -106”'om'100|”'200'”:3,06"lxoc)””so.c;maoom'?oo
cathode time [ns]
Amplifier
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F. Cossio (Turin INFN)

CGEM-IT Project

European Community funded the CGEM-RISE
project (proposed by INFN together with JGU-
Mainz, Uppsala and IHEP).

-+ Angular coverage: 93%
Low material budget: X, < 1.5%
High rate capability: 104 Hz/cm?

Segmented anode readout plane: X and stereo V
strips (¢ and z coordinates)

Measurements with triple GEM in magnetic field
& with analogue readout with charge and time
information

Momentum resolution 0.5% @1 GeV/c, r-¢
spatial resolution 130 pym, z resolution 1 mm,
better secondary vertices reconstruction

COMPASS FE, Trigger and DAQ Workshop
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CGEM readout

TIGER has been designed for the readout of the CGEM-IT

« new inner tracker of BESIII Experiment (summer 2021)

« 3 layers of Cylindrical Gas Electron Multiplier detector

Charge centroid uTPC
ANALOGUE READOUT

-+ Charge centroid and p-TPC algorithms anode strip 4

+ 130 pm spatial resolution with strip ‘ 3 anode
pitch of 650 pm o e 3

- Total number of channels reduced to G2 AN 1111 G2
~ 10 000 (vs 25 000 of binary readout) " o . N é1

- Apply threshold on collected charge to g Y 1 o g | \\ cathode
cut noise-induced events \ i

Triple-GEM for larger gains (104 - 10°)
and low discharge probability
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FrontEnd — CSA core amplifier

- ENC target < 2000 e- @ C,, = 100 pF Vpp
°Qin=2—50fC V.o—-|4M1
- 6-bit DAC to set the input transistor bias v
current Voo M . I (D
cas b ) <
100 - 1 ; | Ms ——[ M
I/carSZO_'I M, — I/our
Vil LR
~ 80 . i 3 e
E Vi1 " G c, R
o5 ] . M3 2
60 M J |H,_| X M, H H . ’\/\/\x—»—”: M,
. .
40 f
15 2 25 3 35 4 45 RS

Jdm1 = 80 mS (3.6 mA bias current)
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FrontEnd — CSA feedback network

- C; = 150 fF provides a gain of 6.7 mV/fC

. . M, rl' 'I‘ M, - NM, - NyM,
« Current-mirror feedback resistor
N,C;
(E) o
1 \T), o ||
Rf = — W =~ 10 M.Q | |
Imo (_) | N,C
2 H

Y

- CSA output amplified by a factor of N Qi SV | |
(N = 20) and split into two branches N,Qy, N> Q;,
40,

feeding the two shapers
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FrontEnd — shaper stage

1. Time-branch
- Simple CR-RC shaper

- 60 ns peaking time for low-jitter timing

measurement

2. Energy-branch

R,

- 4 complex-conjugate poles shaper for a more =
gaussian signal shape to reduce pile-up I

probability

- 170 ns peaking time for signal-to-noise ratio R,

optimization

Shapers core amplifiers employ the same topology I

" R3 Vou‘r
of CSA, but with reduced bias current (100 pA) o ’ R " —
E

F. Cossio (Turin INFN)

Cy; ——
R, Rs
NN
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in R3
— ——\ N\
Time branch

VoutT

nergy branch
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FrontEnd — baseline holder

- BLH to lock the shapers output DC to an R, R,
external reference value (Vg = 350 mV) WV WV
C C
» Current-starved buffers (B,, B,) and load | | ||2
capacitors (C;, C,) allow to affect only the
DC component of shaper signal I, > R VourT
e %m/v\,%% -Ay
Vin Vi V
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Front-end simulations

Time branch

V(V)

0.44 —
== Time branch
0.49 —— Energy branch

0.4 1L _

V(V)

0.38

0.36

V(V)

Front-end response to a 7 fC input signal 04 05 06 07 08 09 1 Ll 12 13

1-50 fC input signal sweep
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Time branch

600

400

s
]
o

Amplitude ( mV)

— [S) 93]

residual non linearity ( % )

=)
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‘0 fit:y = —0.44 + 12.4 ‘

Q, (fC)

'R
L T E L R R

Energy branch

10 20 30 40 50
Qin ( fC )
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Amplitude (mV)

residual non linearity ( %)

600

400

200

1.5

0.5

Front-end gain and linearity

‘o fit:y = —033 + 11.92 x

10 20 30 40 50
Q, (fC)

s o0
MU S R R R A K AR AR A

10 20 30 40 50
Qin ( fC )
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Gain dispersion

600
600 —
- 500
= >
= E
< 400 - 400
E E
= £ 300
E 200 ] 3
< . < 200
Time Branch Energy Branch
0 100 ]
| | | | | | | | | | | |
0 10 20 30 40 50 60 10 20 30 40 50
Q,, (fC) Q;, (fC)

il l“l{ll]”H*ﬂ{l]’ﬂli]}IH*HHH]H”}]l]ll“u “;g’l’}H‘M]l”'\‘!‘l!“|WIHWW”W”W”|
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H

Igh rate simulation

1 MHz input rate to simulate a burst of events and validate the buffers event de-randomization

460.0 -
450.0 -

430.0 -
410.0 -

390.0 -

V (mV)

370.0 -
350.0 -

330.0 -
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5 Vout T

vvv

A AR AR RR

Vout_E

vth_T1

DO_M

n m n n ] m n m M=
[ et | | | I | |
) S [1 [T [T [ [1

[ | 1 — 111 - ,
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Channel control logic

« Single or dual-threshold mode set by 4 Value Trigger T Value  Trigger Q
: : : 0b00 do_T1 0b00 do_T1
channel configuration registers 0b01  do T1AND do T2 0bo1 do T2
- Trigger T: time measurement 0bil test pulse
« Trigger Q: start of S&H circuit
« Trigger E: event validation and ToT Value Trigger E
t 0b000 NOT(do T1) Value Trigger_B
measuremen 0b001 NOT(do_T2) 0b000 do_T1
« Trigger B: end of event 0b011  NOT(do_T1 AND do_T2) 0b001 do_T2
0b101 do_T1 0b011  do_T1 OR do_T2
0b110 do_T2 0b110 test pulse

When the end of an event is flagged by the Trigger B signal the event can be validated (sent to digitization)

or discarded, according to the values of the other 3 trigger signals
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TDC operation

Coarse time
measurement

0

1058 1859 1068 1861 1062 1863

Clock
counter

IJT
11
I
Event il
. 11
trigger _U i
— t
Fine time
measurement

Coarse time measurement from the chip
master clock counter
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V,.s = external
reference voltage
of Wilkinson ADC

[DC ti
p V;'ef
Coarse time reset
measurement Cl I
0 Cl Idischarge CTAC recharge
1058 1059 1060 1061 1062 1063 I I
Clock S3 CLK
counter ou
s1 SN,
T s2 .
Event il
trigger _U | I S0 ax ¥ reset Latched
T t Caipc —— Vyes comparator
Fine time o 1
measurement — =
- Coarse time measurement from the chip
master clock counter Viao Voo
A
- Fine time measurement with low-power @ O
1 o

analogue TDCs based on time interpolation

di'schar;ge transfer§ conversion

CERN, 02.03.2020
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V,.s = external
reference voltage

[ J
[DC operation | of Wikinson ADC
I':'ef
Coarse time reset
measurement CD I
0 Cl Idischarge CTAC recharge
1058 1059 1060 1061 1062 1063 I I
Clock S3 CLK
counter Sl —_ | p:j((?)lglp
I 2 ;
Event il :
trigger —U — SO ax ¥ reset Latched
T t Cipc —— Vyes comparator
Fine time L L
measurement = =
Coarse time measurement from the chip
master clock counter Viac Vaoe
A
Fine time measurement with low-power ONO) @ @ O ®
M M M Vre i t E i E i t
analogue TDCs based on time interpolation e : : < = >
: Laiscn Capc 5 '
Interpolation factor = ——9° . =128 |
recharge Crac . .
50 ps time binning @ 160 MHz — ; ; ; _ ; .
discharige i transfer | conversion ireset

Quad-buffered TACs for event de-randomization

TAC buffers with refresh scheme to avoid off-chip correction algorithm for leakage
CERN, 02.03.2020
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Sample-and-Hold circuit

- Charge measurement with S/H circuit sampling the E-branch shaper output
Programmable sampling time targeting the signal peak
Digitization with Wilkinson ADC shared with the TDC

- Quad-buffered sampling capacitors for event de-randomization

VoutE

S2 Csamp:'ing 51

/—.

1

|

|

|

1

|

|

|

|

|

1

|

|

|

1

|

|

|

1

|
_
|

1

1

|

|

|

1

1

|

1

|

|

|
1
<
0]
ﬁ

reset
V;
2 2 oL

4dx |iF

Vief s&H 52 Vsampled

— S&H _/v{e/nable Vsa:mpled

> O
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Sample-and-Hold circuit

Charge measurement with S/H circuit sampling the E-branch shaper output

Programmable sampling time targeting the signal peak
Digitization with Wilkinson ADC shared with the TDC

Quad-buffered sampling capacitors for event de-randomization
S&H peak sampling offset
VoutE | l l
- —+— Shaper peak
S?2 Csamp!ing S1 600 - | —— Sampled value —
. | . —
|
reset >
Vi
$2 S2 L o £ 100 - |
)
L
4x | =
- g
Vref_S&H S2 < 200 - _|
— S&H_enable 1% 0F -
P sanolpled | | -
/ 0 10 20 30 40 50 60
+
Qin ( fC )
CERN, 02.03.2020
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Sample-and-Hold circuit

- Charge measurement with S/H circuit sampling the E-branch shaper output

Programmable sampling time targeting the signal peak S&H saturation when
Digitization with Wilkinson ADC shared with the TDC Vsampled > Vret

- Quad-buffered sampling capacitors for event de-randomization

VoutE Efine
E Csamp:'ing S1 ; | l
! | R 1| ey S S __Vref
reset
V;
s2 s2 L o
4dx |iF
) —\
S2
Vref?S&H Vsampled
— S&H _/v{e/nable Vsa:mpled

> O
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Full channel simulation

1.1

i e Vaoc e
4 ;’,_'_’_,_,—-"'"

{
\
1

sh out T ) sh_out E \

do T2

w_coarse_E soC . | eoc

V(V)

Wt J T
ac—— wqgac_Q

VV)

1.3 % w_cparse T,
§ comp_out T ‘comp_out E

V(V)

-0.1

L S I R L LS LN I LR RN LA IR I LN AL LS RN LS LS RN IR IS I LN LR LN UL LS LS RN IR UL IR LR IR I

0.4 0.5 0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
time (us)
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TIGER output words

1. Event word
contains raw hit information from the ASIC

(channel, TAC, time, charge) EVENT WORD
2. Frame Word K28.1 % ch id % Tcoarse Ecoarse Tfine Efine
2| 6 bits | 16 bits 10 bits 10 bits 10 bits

generated every 2> clock cycles (half of the
Tcoarse counter range) and transmitted off-

chip with top-priority FRAME WORD

contains frame count number and the SEU K28.1 | 0x00 reserved frame count SEU count

count registered during that frame period 16 bits 15 bits
3. Count word COUNT WORD

contains information about the number of k081 | oxo1 reserved ch_id counter value

events registered by on-chip counters 6 bits 24 bits

user can select valid/invalid/all events for
debug purposes
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CGEM-IT electronics overview

~10000 80 FEBs 80 Data and LV
channels 160 TIGERs Patch Cards 22 GEMROCs 2 DATA CONCENTRATOR CARDS
(INFN-Torino) (INFN-Ferrara) (INFN-Ferrara) (Uppsala University)

HV
INFN-Frascati BESIII TIMING AND TRIGGER
Mainz University

OFF DETECTOR
x4
x16 '_-'-'F_ x2 l %

l..‘“— - e EZZANIN ﬂ

x28 x8 ]U>

_’_

.0. . O
nn
=<

x36 ud
CGEM N °
Optical fiber
VME
Connector
ON DETECTOR switcH |
Ethernet
INFN-Frascati
LV and data LV and data CAEN LV
Short Haul Cable (1m) Long Haul Cable (8m) SRR U BESIII SLOW CONTROL
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Off-detector electronics

GEMROC (GEM ReadOut Card) GEM-DC (GEM Data Concentrator)
Power, configuration and data interface with the - Event merging operations
on-detector electronics (8 TIGER for each GEMROC)

Interface between the CGEM-IT electronics
- Trigger-Matching operations and the BESIII DAQ system
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GEMROC hardware and firmware

ALTERA ArriaV GX development kit <:>[ |

E(_) ArriaV GX FPGA — >[ A }:{ ] [ ‘
~=rrm ]
X

\

Z

)

Board to Board HSMC connector L
_
4 i)

— =
§ 3 |:>[ N BES-1II Specific

© o HDL modules
- —
LI-I e r )
~ +=

< C:D[ ]C:) L )
o = "
x u_“_’ r— iv; { 3
d 5 J . : 7
N 5 processing

<
E
\

Interface card
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D i SC ri m i n a to rS Thresholcf 6—bi|t DA.C Iimlearit)ll

0.6 =
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=
V- 04 =

DD VDD KDD
> 03 % \ \ 1 1 1 1 1 -
§ |H’—‘|li 0 10 20 30 40 50 60
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V+ oV
t out
o VcasN I/casN
o— —o

Y
A

Vean o L2 A (R e =

[ VO(:)IT_ Vo-;t J ‘ | ‘: ‘ : Dout
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Delay line

A programmable delay line implemented at the output of the Time branch discriminator allows
to delay its output in order to always use this discriminator (better timing performance) as the

reference for the time measurements, even when the dual-threshold mode is enabled

Value Trigger T Value Trigger_Q
0b00 do_T1 0b00 do_T1
0b01 do T1 AND do T2 0b01 do T2

0b11 test pulse
DELAY LINE {> do T1
— o
‘ >0 EREIR: S1 Value Trigger_E

0b000 NOT(do T1) Value Trigger_B
0b001 NOT(do_T2) 0b000 do_T1
0b011  NOT(do_T1 AND do_T2) 0b001 do T2
0b101 do_T1 0b011 do_T1 OR do_T2
0b110 do_T2 0b110 test pulse
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Global controller and output words

« ch_clk — TX3 EVENT WORD
* Clﬁ—iestet—nl gﬁ? K28.1 o ch_id % Tcoarse Ecoarse Tfine Efine
. ch_test pulse > :
CHANNEL 5 - P 3| 6 bits |F 16 bits 10 bits 10 bits 10 bits
« ch tac refresh — TXO0
< ch_config «— CLK
» ch data «—— sync_reset FRAME WORD
. 1 «— test_pulse -
1 [ K28.1 000 reserved frame count SEU count
ET 2 GLOBAL 16 bits 15 bits
| 2 CONTROLLER
COUNT WORD
BIAS CELLS « global_config «—— SCLK K98 1 0501 q ch id counter value
. X reserve
TP CALIB « global tp_en ~ CsS 6 bits 24 bits
«—— SDI
— SDO
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Test-pulse calibration circuit

- Allows to test the ASIC without the

sensor (debug, calibration, etc.)
- Deployed on chip periphery

- Allows to generate an analogue test-
pulse (both polarities) with
programmable amplitude to be sent

at the channels input

- A programmable switch allows to
select which channel is receiving the

test-pulse

F. Cossio (Turin INFN)
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