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> Altirocl test
e AltiroclV?2
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» Low Gain Avalanche Detectors (LGAD). It has been chosen
for the HGTD sensors.

» Altiroc, design by OMEGA, is a front-end electronics, low-
noise custom ASIC used for LGAD readout.
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»Background

> Altiroc1 test
e AltiroclV2
e AltiroclV3

» LGAD readout electronics of USTC

* Analog front-end electronics(AFE)
 Digital readout module(RM)
e Common readout module(CRM)

»Summary and future plan
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Structure of Altiroc1V?2
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PADs (debug)

» Altiroc1V2 contains 25 channels
 Channel 0~14 use voltage preamplifier(VPA) as PA
* Channel 15~24 use trans-impedance amplifier(TZ) as PA
* VPA performs better than TZ
 Only channel 4, 9, 14 can add Cd, which simulates the parasitic capacitance of LGAD.
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Altiroc1V?2 test

> Altirocl test contains Test signal » e
> Convert.er_rzaor:)gse=20ns it » s Triggered Hit ) Matched Hit Cglumn Bus
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2021/11/26 B R2E 5 0 N N = 7



FRBEZLAL*S

University of Science and Technology of China

Altiroc1V2 test system
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Altiroc1V2 PA Probe

» Observe the waveform through the e
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Altiroc1V2 TDC test

» TDC bin-size is around 20.3 ps.
Detection range is 2.5 ns

» The mean value of TDC jitter is
around 8 ps.

» lgnoring the abnormal channels,
the maximum is around 15 ps.

» Periodic spike values appear

» According to the designer’s reply,
spike values appear probably due
to some bugs in the digital part
of Altirocl.
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50 Altiroc1V2 15channels TDC test TOA STD vs. Delay
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Altiroc1V2 complete channel test
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» 3 channels TOA jitter (PA+DISC+TDC) 40"

e Ch4 jitter mean value 23.8 ps
e Ch9 jitter mean value 25.1 ps
 Ch14 jitter mean value 28.8 ps

» The TOA measurement value close
to the full range is inaccurate.
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Altiroc1V2 complete channel TOA STD vs. Delay
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Altiroc1V3

Change in Altiroc1V3 compared to Altiroc1V2:

» 15 channels VPA +10 channels TZ = 25 channels VPA
* According to the test the designer did, VPA works better than TZ.

>4 channels can add Cd = 21 channels can add Cd

* Cd can simulate the parasitic capacitance of LGAD.

»Add a new structure : leakage compensation.
* It is used to adjust the binsize of TDC by adjusting the control voltage of DLLs of TDC.
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Altiroc1V3 test system

Altiroc1V3 test system is similar
to Altiroc1V2.

Major changes contain:

1. Add 2 new digital probe

2. Replace a LEMO with a SMA
3. Optimize the HV net

4. Fix some bugs in PCB design

Test board for V3 Test board for V2
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Altiroc1V3 TDC test

> The mean value of TDC jitter is 5 Altiroc1V3 25channels TDC test TOA STD vs. Delay
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Altiroc1V3 complete channel test

» The mean value of channels jitter
is around 25 ps.
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LGAD readout electronics of USTC
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sensor
(LGAD)

S Ixn
Sensor Voltage Low Voltage PXI
Output Monitor Low Voltage Power Supply High Speed
Signal Power Data
! Data N wn TransmissiorL CRM
: 1 ASIC Control '| FPGA @ I %
: »| (Altiroc) Clock Optical T - =
\ rFIexibIe ClO(Ik ¢ Fiber Ethernet
AFE Board Global clock o
' Module synchronization Switch
RM

Bump Bonding

LGAD readout electronics

ji Ethernet
DAQ

» We design this LGAD readout electronics for the verification of USTC LGAD.
» Analog front-end electronics(AFE) is based on Altiroclv2/Altiroc2.
» Readout modules (RMs) transfer data from AFEs to the CRM.

» Common readout module (CRM) collects data and sends them to DAQ.
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AFE based on Altirocl
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Main structure :

»Sensor+Altirocl
e Multiply chips(6 in this design)
»PLL/Delay Cell/Fan-out chip
 delivery clock cleaning and fan-out

»FMC Interface
e configuration and control command

> LVDS driver
e data readout

»Probe holes:
 calibration and debugging ports

»Power/Bias
* low and high voltage bias circuits.

orobe || S High Voltage srobe
ALTIROQ ALTIROQ
chipl chipb
bias ALTIROQ ALTIROC bi
Chip2 chip5 as
ALTIRO(Q ALTIROQ
chip3 chip4 i
A - M A K H\Ctest in ctest
e SMA fe—=2
\Q}_ for test
A A d 1 ¢ xs\ i .
cmd pulse fanout rig sig
.E = < _ SMA |e———===
s| S of
o r;
Lz © 3 9 cmd pulse
2l § clk 320 fanout 4 = SMA [¢&———
— ctj i ©
5l -
al o
S| S clk 40 fanout
power . .
@

v Aclk 40,

LVDS driver

L

FMC
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AFE based on Altiroc2

> Altiroc2 ENEEEEEEEEEEEE

. latest version of the Altiroc series. EEEEE NN

. contain 15X 15 channels and complete EEEEEEEEEEEEE
readout function. —_——

PUNNRNN RN NS

» Altiroc2-based AFE design Low Voltage pover
- Add measurement for hit count in Altiroc2.
. The slow control instruction is updated to the | ™ P 2,
12C interface in Altiroc2. Wr % ]
- Altiroc2 integrates more test modules (for sensor) Altiroc? WH FiC
+ Interface to RU is compatible with AFE based  [——sit s, e
on Altirocl. <1 In ctest I
— 0t probe Looet ckad PLL 4]
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Digital readout module(RM)
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> FPGA

* data receiving and transfer
* provide clock/trigger/control

> PLL

* receive the global synchronizatio
clock and clean delivery clock

» Power
* |ow voltage power supply

> SFP
* high-speed data exchange

> RJ45
 The standby interface of SFP

» UART
 debug
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Common readout module(CRM)

LED BUTTON POWER
~_System clock
LEMO[1] [ backup
AFE[1 RM[1
= = datal1] PLL - o, ©leg: LEMO |e———extenal clock
| Conflig/sMock[1] LEMO[2] to 1
‘ %4 Z’zg?LL Config“ FPGﬁ]pcultW HDMI |e———external trig
: data[1] v
| SFPI:].] [ — Data summry
onfig[l < - -
configll] Program orde SEP - PC. DAQ
AFE[n] RM[n] 5 FPGA dobug GPIO |e—v—
data[N] . data[N] ~ " reply debug
| - el SFP[I’I] < FiglN] < logic
AFE Coptis/clockiN] contiglN) 7 I JTAG |[«—— 1logic
RM Data cache| y YCure logic
RAM ROM
Schematic diagram PCB design

e Data collection and packaging
* Receiving external clock and trigger * Have finished the PCB design
e Clock and trigger distribution
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Summary and future plan

summary

> Altiroc1 test

* Altiroclv2 test channel jitter mean values: Ch4 23.8 ps ; Ch9 25.1 ps ; Ch14 28.8 ps
e Altiroc1V3 test channel jitter: mean values 25ps ; maximum 35ps
* Periodic spike values due to digital circuits bugs

» LGAD readout electronics of USTC

* Analog front-end electronics(AFE) based on Altiroc1/Altiroc2
* Digital readout module(RM)
« Common readout module(CRM)

Future plan

» Altiroc2 test

» Bump bonding module

» Complete system fabrication and debugging
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