W TEMPOROC3 ASIC Datasheet

Temporoc3 is a 64-channel front-end ASIC designed to readout silicon
photomultipliers (SiPMs) for time-of-flight applications. Energy and time
are digitized internally with a 10-bit ADC (x8) and 50 ps-bin TDC (x128). For
each event, Temporoc3 is capable of providing two distinct time tagging
(either TOA or TOE) at 2 different thresholds and two energy measurements
with independent time constants.

Each cluster of 16 channels serializes data as soon as an pre-defined
number of channels among the cluster have triggered during a <50 ns time
window (on one pre-selected time discriminator threshold). The 4 clusters
can be synchronized to capture events from the whole 64 channels within
the same time interval and serialize them simultaneously at 320 Mbps each.
An extendable 14-bit coarse counter running at 320 MHz is provided along
the channel data to merge the events afterwards.

An 0.6V adjustment of the SiPM high voltage on the anode side is possible
using a channel-by-channel input DAC. It allows a fine SiPM gain and dark
noise adjustment at the system level to correct for the non-uniformity of
SiPM array.

The power consumption is about 10 mW/channel. Temporoc3 is suitable
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for any application that requires both accurate time resolution and precise energy measurement such as time-of-

flight gamma detection. Temporoc3 is available in naked dies or BGA.

Detector Read-Out
Number of Channels
Signal Polarity
Sensitivity

Timing Resolution
Dynamic Range

SiPM, SiPM array

64

Positive

Trigger on first photo-electron

<50 ps rms

3000 photo-electrons (at 10° SIPM gain) or ~500 pC
Integral Non Linearity: 1% up to 2000 pe

Packaging & Dimension

Naked die = 5 x T mm
BGA - 20 x 20 mm, 516 balls

Power Consumption

Power supply: 1.25V
10mW/channel

Inputs
Outputs

Internal Programmable Features

64 voltage inputs with DC adjustment for SiPM HV tuning

Digital output (dual ADC and dual TDC per channel) - selectable
fransmission mode.

3 multiplexed time trigger output

2 ASIC trigger OR outputs (64 channels, 2 levels)

64 HV adjustment for SiPM (64x8bits), time trigger threshold
adjustment (10bits), charge measurement tuning, ADC Peak Sensing,
64 trigger masks, internal temperature sensor, channel by channel
output enable, trigger latch, programmable data output
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Maximum ratings

001 Operating ASIC operating temperature 40 25 120 C
Temperature

003 Ground GND 0 0 0 vV
005 Digital Inputs (Single CHIP_ID<0:3>, clk_sm_iZc, ck_read, 0 - 15 v
ended) rstn_read, rstn_probe, resetn, Power_On,

resetn_iZc, rstn_sc, ADCSample, ADCselectn,
conv_systRO, hold_ext, enable_RO, trig_ext,
rstn_latch,

007 Digital Inputs TDC_Hit_N/P, 300 410 410 mV
(Differential - Swing) TDC_CLK320_N/P
clk320M_N/P,

valevent_n/p

009 Digital Outputs DataROChnO_15N/P, 520 580 640 mV
(Differential -Common  clk_DataROChnO_15N/P,
Mode) DataROChn16_31N/P,

clk_DataROChn16_31N/P,
DataROChn32_47N/P,
clk_DataROChn32_47N/P,
DataROChn48_63N/P,
clk_DataROChn48_63N/P,

Version 1.2 - 24/03/2026 4



\"\Y} TEMPOROC3 ASIC Datasheet

clk_DataROChn32_47N/P,
DataROChn48_63N/P,
clk_DataROChn48_63N/P,
TDC_Fast_CIkN/P
TDC_Slow_CIkN/P

Table 1 - Maximum ratings

ASIC Architecture

The block diagram of the mixed-signal ASIC is shown in Figure 1. The channels are gathered in 4 blocks (namely clusters).
Fach cluster contains 16 channels of analog and digital section. The analog part of one channel consists of an input DAC,
a fime trigger pre-amplifier with 2 discriminators with independent threshold, 2 shapers (low and high gain) and their
respective peak detector. On the digital side, two TDCs for each trigger output of the tfime pre-amplifier can provide either
TOA or TOE by feeding the TDC either the rising or falling edge of the discriminator. For the charge measurement from
the shapers, there are also two ADCs per cluster. The ASIC has 4 data transmission links (data, clock) at 320 Mbps, each
corresponding fo a given cluster. Additionally, Temporoc3 trigger outputs can be readout through multiplexed outputs or
OR gate outputs. In each channel, a third discriminator (with a global threshold) provides a charge trigger from the low
gain shaper that can be readout independently from the digital readout or is OR-ed at the cluster or matrix level to decide
wherever the data should be serialized (optionally). This ASIC offers trigger outputs through multiplexed outputs or OR
gate outputs. Other block containing digital design is 12C slave core IP which is used for sending Slow Control' parameters.

1Slow Control stands for the register (TMR) storing the data for analog block parameters.

Version 1.2 - 24/03/2026 5
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Figure 1 - ASIC block diagram

1

™

This ASIC design is designed for SiPM signal with positive polarity (common cathode biased positively, each ASIC channel
reading out the anode), ranging from 1 photoelectron (p.e) up to 3000 p.e.
The design effort is mostly focused on the mixed signal operation of this ASIC. Most of the critical parts of the ASIC have

been simulated at least in typical, best-case and worst-case corners. Power supply is nominal at 1.25V for correct behavior
of all digital blocks.
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Power consumption & DC levels

Following DC levels are observed at the references and biasing point of TEMPOROCS :

TEMPOROC3 ASIC Datasheet

Signal name  Description Sim@Z27°C  Sim @-40°C Sim @125°C
Vbg | Bandgap output 618.6m 618m 618.3m

Temp | Internal temperature sensor 996.9m 995.9m 996m
Vbias_1v | TV low impedance bias output 990.7m 990.3m 988.1m
Vref_thresholdDac | Time Trigger threshold voltage reference 533m 570.9m 483m
Vref_thresholdDac(@ | Charge Trigger threshold voltage reference 74.2m T4m T74.6m
Vref_sh | Shaper reference voltage 99m 99m 98.7/m
Vref_inDac | Input DAC reference voltage 593m 592.6m 591.6m
Vep_pdetector | Peak detector P cascode 791m 790.9m 789.3m
Ven_pdetector | Peak detector N cascode 395.3m 395m 394.3m
Veasc_rx | LVDS receiver cascode 545.8m 5451m 546.6m
Vcasc_paTl | Pre-amp cascode voltage 841m 840.6m 839m
Vcasc_pa@ | Shaper pre-amp cascode volfage 276.8m 276./m 276.1m
Threshold@ | Charge Trigger threshold 393.5m 390.2m 392.4m
Threshold? | Time Trigger threshold 2 463.7m 501.5m 414m
Threshold1 | Time Trigger threshold 1 463.8m 501.5m 414m
Ibp_paT | Input stage Time Trigger pre-amp bias 495.5m 510.9m 478.3m
Ibp_pal G | Input stage LG shaper pre-amp bias 530./m 541m 514m
Ibp_paHG | Input stage HG shaper pre-amp bias 530.7/m 541m 514m
Ibo_rx | Output stage differential driver bias 316m 327.2m 305.4m

Ibi_rx | Input stage differential driver bias 888m 868.7 908.7Tm

Table 2 - DC points

Version 1.2 - 24/03/2026 7
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1°C configuration
This ASIC can be configured using I2C interface. The 12C slave core for sending Slow Control parameters is an inherited
design IP from Omega lab. This core has been designed with SEU mitigations in place. Block diagrams, list of registers
and registers writing sequences are depicted in Figure 2, Table 3 and Figure 3 respectively. Maximum clock frequency
for the slave state machine is 40 MHz. The I2C clock SCK should always be 20 times lower than the 12C state machine
clock.

Features of this IP are the following:
* Triplicated Design
» 256 addresses for the channel numbers
* 256 addresses for the register numbers
15 Chip ID numbers

Indirect access BW
Load state machme
IncrAddr ADataAccess

Addr - 16  |Ro: Indirect @ LSB
R1- Indirect @ MSB oA
. 8~ 4—R2Daa nc - ad — a1 Error — Error
WiData S — P Datawath @+ [ shve sCL Bit smT:Ii:mI R — Logic ® 1 Dﬂfﬂ
: -+ comm. AntoReload onteol [ & _ ,
i‘ == — Ant RE:": —»  Control B MAJ —Do—»&lu“‘;((li::::w bit
E.s:
R T
E.dData Ll ; i
Figure 2 - Left: 12C slave core registers. Right : Slow Control bit cell design
I2C Address Register
0 ASIC parameter address (LSB): Channel
1 ASIC parameter address (MSB): Register
2 Data Read/to Write
3 Data with aufo-incremental Address
4-5-6 Reserved
7 Status register (error, parity)
Table 3 - 12C slave core register descriptions
DOSJI'_‘IAFTTDN 7 Address Bits H;‘w P:E‘::‘.(‘K sub address P:E‘(:‘?n 7 Address Bits q:: :.S;K sub address NE?K 7 Address Bits q;‘w :;Cg:( parameter :ﬁ:(':;\ oof::lorrpm
L ' )\ )0 ]
T T T
RO R1 R2

Figure 3 - 12C registers writing sequences.

Two interesting features available for addressing the Slow Control parameter sub-address. The first feature is, user can
read or write each sub-address directly as depicted in Figure 4. The second feature adds the possibility of auto
incrementing the sub-address base on the previous sub-address. This procedure is shown in Figure 5.

Version 1.2 - 24/03/2026 8
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Register

ASIC parameter address (LSB)

ASIC parameter address (MSB)

Data

Access to RO with value RW
sua| ChipD+000 | 0 [ sub adaress | |swn
Access to R1 with value
start|  ChipID + 001 | 0 :'Eﬁ"' sub_address N%:F-Iﬂl - Read Procedure
Access to R2 with value
ACK ACK
start|  ChiplD + 010 I 1 |N:ﬁ" nack| stop ) 2c@
RO
Access to RO with value RW R1
start|  ChiplD + 000 | 0 :;\n sub_address Nﬂfwl&l R2
Access to R1 with value
] cnpproor [ o [h0sun adoress|ifee] Ly b g
Access to R2 with value
swrt|  ChipID + 010 | 0 l“ﬁt" |r|s-—=n|

Figure 4 - Slow Control simple or direct parameter sub-addressing procedure

12C @

Register

RO

ASIC parameter address (LSB)

R1

ASIC parameter address (MSB)

R3

Data with auto incremental @

Write Procedure

Read Procedure

Access to RO with value RIW
ACK ACK
start|  ChiplD + 000 I 0 I»\L sub_address |~;::* stovl
Access to R1 with value
ACK ACK
Start ChipID + 001 I 0 |~:an sub_address hf\Lk Slopl
Access to R3 with value
ACK ACK
Start Ch|p|D + 011 | 0 N:\_'h parameter u.:g_‘» Stop
ACK ACK
start|  ChiplD + 011 I 0 [racx| parameter [nack|Step
H
1]
: ACK ACK
start|  ChiplD + 011 I 0 [rac| parameter [rack|Stop

Access to RO with value RIW o
ACK ACK
Start Ch|p|D + 000 | 0 |Nil_!r-. suh_address Ir.u:l_!r. Slopl
Access to R1 with value
ACK ACK
Sl-"l ChiplID + 001 l 0 IN:\‘L; sub_address lhi'—'r Slonl
Access to R3 with value
ACK ACK
start|  ChipID + 011 | 1 [wack| parameter |~-:—lr Slnnl
ACK ACK
start|  ChipID + 011 | 1 [wack| parameter |nec smpI
- ACK ACK
start|  ChiplD + 011 | 1 IN{\‘L!'\ parameter [rack|stop

Figure 5 - Slow Control auto-increment parameter sub-addressing procedure

Slow Control parameters available for this ASIC are listed in the Table 4. “NC" term denotes non used Slow Control bits.
Data in "Address” and "Subadd” columns denote the sub_address in R1 & RO writing sequences respectively (Figure 3).
Data payload in R2 (direct parameter addressing - Figure 4) or R3 (auto-increment addressing - Figure 5) will be based
on data in "Parameters or Default Value" column. This ASIC configuration has been arranged in the following
configuration: Address 0-63: for ASIC channels, 64: for ASIC bias, 65: for ASIC clusters, 66: for ASIC digital & 67: for

analog probe.
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Address | Subadd | Bit# | Default Name Description
Value
0-63 0
3 1 useCtest Connect test injection capacitor

(input DAC measurement)

0 - Capa disconnected

1 - Capa connected (default)

2 1 inDAC Switch ON or OFF input DAC.

0 - Input DAC is OFF

1 - Input DAC is ON (default)

1 0 DAC_select Select either high impedance
(require external capacitance and
matching resistor) or low
impedance (no external component
required).

0 - low impedance (default)

1 - high impedance

0 0 Cmd_test Enable test injection
0 - Disable (default)
1 - Enable
1 [7/-0] | 70000000 | inDAC Input DAC value
2 [7-6] |10 patComp Preamplifier compensation
capacitance
[5-0] | 100000 patGain Time preamplifier gain
3 [7-4] | 0100 lgGain Low gain charge preamplifier gain
[3-0] | Q100 hgGain High gain charge preamplifier gain
4 [7-4] | 0001 taulG High gain shaper peaking time
[3-0] | 0001 tauHG Low gain shaper peaking time
5
[5-0] | 000000 calibDacT1 Channel-wise adjustment DAC for
time threshold 1
6
[5-0] | 000000 calibDacT?2 Channel-wise adjustment DAC for
time threshold 2
7 7 1 EN_tdc_1 Propagate latched trigger from
discriminator 1to TDC Tinput if
enabled
6 1 EN_tdc_2 Propagate latched trigger from
discriminator 2 to TDC 2 input if
enabled
5 1 EN_paT Enable time preamplifier

0 - preamplifier disabled

1 - preamplifier enabled (default)
4 1 maskT1n Mask threshold discriminator 1
output

0 - discri is masked

1 - discri is operating (default)

Version 1.2 - 24/03/2026 10
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maskTzZn

Mask threshold discriminator 2
output

0 - discriis masked

1 - discri is operating (default)

maskTQn

Mask charge threshold
discriminator output

0 - discri is masked

1 - discri is operating (default)

EN_palG

Enable low gain charge
preamplifier

0 - preamplifier disabled

1 - preamplifier enabled (default)

EN_paHG

Enable high gain charge
preamplifier

0 - preamplifier disabled

1 - preamplifier enabled (default)

Sel_ext_trigQ

Enable external trigger selection for
charge trigger

0 - internal trigger (default)

1 - external frigger

Sel_ext_trigT2

Enable external trigger selection for
time trigger (High level threshold)
0 - internal trigger (default)

1 - external trigger

Sel_Ext_trigTT

Enable external trigger selection for
time trigger (High level threshold)
0 - internal trigger (default)

1 - external trigger

EN_shLG

Enable low gain charge shaper
0 - shaper disabled
1 - shaper enabled (default)

EN_shHG

Enable high gain charge shaper
0 - shaper disabled
1 - shaper enabled (default)

EN_pdetLG

Enable low gain peak detector
0 - peak detector disabled
1 - peak detector enabled (default)

EN_pdeT2G

Enable high gain peak detector
0 - peak detector disabled
1 - peak detector enabled (default)

65

Probe_QH

Analog Monitoring for Shaper
0 - disabled (default)
1- enabled

Probe_QL

Analog Monitoring for Shaper
0 - disabled (default)

Version 1.2 - 24/03/2026
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1- enabled

Probe_paHG

Analog Monitoring for Shaper HG
pre-amp

0 - disabled (default)

1- enabled

Probe_pal G

Analog Monitoring for Shaper HG
pre-amp

0 - disabled (default)

1- enabled

66 |7

EN_probeD_rstn_TDC

Digital Monitoring for TDC reset
0 - disabled (default)
1 - enabled

EN_probeD_TrigT2

Digital Monitoring for High Th Time
Trigger

0 - disabled (default)

1- enabled

EN_probeD_TrigT2_RS

Digital Monitoring for latched High
Th Time Trigger

0 - disabled (default)

1- enabled

EN_probeD_T2

Digital Monitoring for intermediate
(channel-selected) for latched High
Th Time Trigger

0 - disabled (default)

1- enabled

EN_probeD_TrigT1

Digital Monitoring for Low Th Time
Trigger

0 - disabled (default)

1- enabled

EN_probeD_TrigT1_RS

Digital Monitoring for latched Low
Th Time Trigger

0 - disabled (default)

1- enabled

EN_probeD_T1

Digital Monitoring for intermediate
(channel-selected) for latched Low
Th Time Trigger

0 - disabled (default)

1- enabled

NC

64 0 [7-4

—

0100

Ibo_inDacO

Set input DACO output stage bias

[3-0

—

0100

Ibi_inDacO

Set input DACQ input stage bias

1 [7-4

—_

0100

Ibo_inDacl

Set input DACT output stage bias

[3-0

—

0100

Ibi_inDacl

Set input DACT input stage bias

2 [7-4

—_

0100

Ib_calibDac

Set trigger threshold calibration
bias

Version 1.2 - 24/03/2026
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[3-0] | 0100 lb_paT Set pre-amp (Time Trigger) input
stage bias
3 [7-4] | 0100 Ib_paHG Set pre-amp (High Gain Shaper)
input stage bias
[3-0] | 0100 lb_palG Set pre-amp (Low Gain Shaper)
input stage bias
4 [7-4] | 0100 lbi_shHG Set High Gain Shaper input stage
bias
[3-0] | 0100 lbo_shHG Set High Gain Shaper output stage
bias
5 [7-4] | Q100 lbi_shLG Set Low Gain Shaper input stage
bias
[3-0] | 0100 lbo_shLG Set Low Gain Shaper output stage
bias
6 [7-4] | Q100 Ibi_pdetector Set peak detector input stage bias
[3-0] | Q100 lbi_pdbuffer Set peak detector buffer stage bias
7 [7-4] | 0100 Ib_FCP_pdetector Set peak detector differential P
input stage bias
[3-0] | 0100 Ib_FCN_pdetector Set peak detector differential N
input stage bias
8 [7-4] | 0100 Ib_FCP_pdbuffer Set peak detector differential P
buffer stage bias
[3-0] | 0100 Ib_FCNpdbuffer Set peak detector differential N
buffer stage bias
9 [7-4] | 0100 Ibi_discril Set discriminator (Low Th. Time
Trigger) input stage bias
[3-0] | 0100 lbm1_discril Set discriminator (Low Th. Time
Trigger) middle stage 1 bias
10 [7-4] | 0100 lbm?_discril Set discriminator (Low Th. Time
Trigger) middle stage 2 bias
[3-0] | 0100 Ibi_discri? Set discriminator (High Th. Time
Trigger) input stage bias
|l [7-4] | 0100 lbm1_discri? Set discriminator (High Th. Time
Trigger) middle stage 1 bias
[3-0] | 0100 lbm2_discri? Set discriminator (High Th. Time
Trigger) middle stage 2 bias
12 [7-4] | 0100 lbi_discricharge Set discriminator (Charge Trigger)
input stage bias
[3-0] | 0100 Ibo_discricharge Set discriminator (Charge Trigger)
output stage bias
13 7 1 ON_inDacO Enable Input DACO
0 - disabled
1~ enabled (default)
6 1 ON_inDacl Enable Input DACT
0 - disabled
1~ enabled (default)
5 1 ON_paT Enable pre-amp (Time Trigger)
Version 1.2 - 24/03/2026 13
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0 - disabled
1~ enabled (default)

ON_paHG

Enable pre-amp (High Gain Shaper)
0 - disabled
1 - enabled (default)

ON_palG

Enable pre-amp (Low Gain Shaper)
0 - disabled
1 - enabled (default)

ON_shHG

Enable High Gain Shaper
0 - disabled
1~ enabled (default)

ON_shLG

Enable Low Gain Shaper
0 - disabled
1~ enabled (default)

ON_pdetector

Enable peak detector
0 - disabled
1~ enabled (default)

14

[7-5]

110

NC

ON_calibDac

Enable Trigger threshold calibration
stage

0 - disabled

1~ enabled (default)

ON_discriCharge

Enable Charge Trigger
discriminator

0 - disabled

1~ enabled (default)

ON_pdBuffer

Enable peak detector buffer
0 - disabled
1~ enabled (default)

ON_discril

Enable Low Th. Time Trigger
Discriminator

0 - disabled

1~ enabled (default)

ON_discri2

Enable High Th. Time Trigger
Discriminator

0 - disabled

1~ enabled (default)

15

[7-4]

0100

SlopeTrim

Set delay cell slope trimming

[3-0]

0100

Ibi_discri_delay

Set delay cell discriminator input
bias stage

16

[7-4]

0100

lbm_discri_delay

Set delay cell discriminator middle
bias stage

[3-0]

0100

lbo_discri_delay

Set delay cell discriminator output
bias stage

17

[7-4]

0100

Ibi_delaydac

Set delay cell DAC input bias stage

[3-0]

0100

lbo_delayDac

Set delay cell DAC output bias
stage

Version 1.2 - 24/03/2026

14




W TEMPOROC3 ASIC Datasheet

18 [7-4] | 0100 Ibi_delayDac16ChnClust Set delay cell (Cluster) input bias
stage
[3-0] | 0100 Ibo_delatDac16ChnClust Set delay cell (Cluster) output bias
stage
65 0 [7-4] | 1000 Bias_1V Set Vbias reference voltage
frimming
[3-0] | 1000 Bg Set BandGap reference voltage
frimming
1 [7-0] | 00000000 | Dacl[7-0] Set Time Trigger threshold (Low) :
Bits [7-0]
2 [7-2] | 000000 Dac2[5-0] Set Time Trigger threshold (High) :
Bits [5-0]
1-0] | O Dacl[9-8] Set Time Trigger threshold (Low) :
Bits [9-8]
3 [7-4] | 0000 DacQ[3-0] Set Charge Trigger threshold : Bits
[3-0]
[3-0] | 0100 Dac2[9-6] Set Time Trigger threshold (High) :
Bits [9-6]
4 [7-6] | 00 NC
[5-0] | 010000 DacQ[9-4] Set Charge Trigger threshold : Bits
[9-4]
5 [7-4] | 0100 Ibi_thresholdDac Set Time threshold DAC input
65 stage bias
[3-0] | 0100 Ibo_thresholdDac Set Time threshold DAC output
stage bias
6 [7-4] | 0100 lbi_thresholdDacQ Set Charge threshold DAC input
stage bias
[3-0] | 0100 lbo_thresholdDacQ Set Charge threshold DAC output
stage bias
7 [7-4] | 0000 NC
3 1 EN_th1 Enable Time Trigger threshold 1:
0 - disabled
1~ enabled (default)
2 1 EN_th? Enable Time Trigger threshold 2 :
65 0 - disabled
1~ enabled (default)
1 1 EN_thQ Enable ChargeTrigger threshold :
0 - disabled
1~ enabled (default)
0 1 EN_bg Enable BandGap reference voltage
0 - disabled
1 - enabled (default)
8 [7-2] | 010100 NC
1 0 T2_polarity DiscriminatorZ output polarity for
fime frigger
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0 0 T1_polarity Discriminator] output polarity for
time frigger
9 7 1 sel_tdc_rising_edge TDC data resynchronization is done

either on clock falling edge (0) or
falling edge (1, default)

[6-5] | M NC
[4-0] | TN shaper_delay_length Set delay to change peak detector
behavior from PEAK DETECT to
HOLD the shaper signal. Delay
starts from the first trigger received
(whatever the discriminator 1or 2).
65 LSBis 4 digital clock periods (12.5
ns). Default is maximum delay.

NB : Expecting an offset of 1or 2
Isb due to frigger resynchronization
(metastability).

10 [7-6] | M NC
[5-0] | M event_window_length Set fime out delay to count triggers
per cluster, after what serialization
starts if event valid. Delay starts
from the first trigger received
(whatever the discriminator 1or 2).
LSB is one digital clock period
(3.125 ns). Default is maximum
delay.

NB : Expecting an offset of 6 (or 7
if metastability) Isb due to trigger
resynchronization + added cst
delay

1 7 0 hysteresis] Enable hysteresis for
discriminatorl:

0 - disable (default)

1 - enable

6 0 hysteresis?2 Enable hysteresis for
discriminator2:

0 - disable (default)

65 1 1- enable

5 0 EnBypassResetMgmt Bypass reset from digital for
trigger latches (T1/T2/TQ):

0 - disable (default), use reset
provided by digital core in each
cluster

1 - enable, use external reset pin
rstn_latch. Useful to readout time
multiplexed latched triggers (for
threshold scan for instance) while
bypassing the digital core.
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4 0 Sel_hold Select peak detector hold input :
0 - internal from digital (default)
1 - external

3 1 EN_delay Enable delay cell :

0 - disabled

1~ enabled (default)

2 1 Latch Enable trigger latch :

0 - disabled

1~ enabled (default)

65 [1-0] | O1 Sel_trig Select trigger source for peak
detector to enter peak detection
mode (from track mode when idle)

00 - global ASIC trigger (See
selGlobalTrigger parameter)

01 - Local Time Trigger T1 (default)
10 - Local Time Trigger T2

11 - Local Charge Trigger from low
gain shaper

12 7 0 EN_ProbeD_SelectADCHG Digital Monitoring for High Gain
Shaper ADC selection (Cluster O)
0 - disabled (default)

1- enabled

6 0 EN_ProbeD_SelectADCLG Digital Monitoring for Low Gain
Shaper ADC selection (Cluster O)
0 - disabled (default)

1 - enabled

5 0 EN_ProbeD_rstn_delaybox Digital Monitoring for Digital Delay
cell Reset (Cluster 0)

0 - disabled (default)

1 - enabled

4 0 EN_ProbeD_HOLD Digital Monitoring for cluster
digital changing peak detector fo
hold mode (Cluster Q)

0 - disabled (default)

65 1- enabled

3 0 EN_ProbeD_event_window_end | Digital Monitoring for cluster event
window end (Cluster 0)

0 - disabled (default)

1- enabled

2 0 NC
1 0 EN_ProbeD_ConvDoneADCHG | Digital Monitoring for High Gain
shaper ADC conversion done
(Cluster 0)

0 - disabled (default)

1- enabled
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65

65

EN_ProbeD_ConvDoneADCLG

Digital Monitoring for Low Gain
shaper ADC conversion done
(Cluster 0)

0 - disabled (default)

1- enabled

13

[7-2]

NC

EN_ProbeD_RstnADC

Digital Monitoring for ADC reset
(Cluster 0)

0 - disabled (default)

1- enabled

EN_ProbeD_RstnlLatchint

Digital Monitoring for trigger latch
reset (Cluster 0)

0 - disabled (default)

1- enabled

14

EN_ProbeD_SelectADCHG

Digital Monitoring for High Gain
Shaper ADC selection (Cluster 1)
0 - disabled (default)

1- enabled

EN_ProbeD_SelectADCLG

Digital Monitoring for Low Gain
Shaper ADC selection (Cluster 1)
0 - disabled (default)

1- enabled

EN_ProbeD_rstn_delaybox

Digital Monitoring for Digital Delay
cell Reset (Cluster 1)

0 - disabled (default)

1- enabled

EN_ProbeD_HOLD

Digital Monitoring for cluster
digital changing peak detector to
hold mode (Cluster 1)

0 - disabled (default)

1- enabled

EN_ProbeD_event window_end

Digital Monitoring for cluster event
window end (Cluster 1)

0 - disabled (default)

1- enabled

(@)

NC

EN_ProbeD_ConvDoneADCHG

Digital Monitoring for High Gain
shaper ADC conversion done
(Cluster 1)

0 - disabled (default)

1- enabled

EN_ProbeD_ConvDoneADCLG

Digital Monitoring for Low Gain
shaper ADC conversion done
(Cluster 1)

0 - disabled (default)

1- enabled

15

[/-2]

NC

Version 1.2 - 24/03/2026
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1 0 EN_ProbeD_RstnADC Digital Monitoring for ADC reset
(Cluster 1)
0 - disabled (default)
1 - enabled

0 0 EN_ProbeD_RstnLatchint Digital Monitoring for trigger latch

reset (Cluster 1)

0 - disabled (default)

65 1- enabled

16 7 0 EN_ProbeD_SelectADCHG Digital Monitoring for High Gain
Shaper ADC selection (Cluster 2)
0 - disabled (default)

1- enabled

6 0 EN_ProbeD_SelectADCLG Digital Monitoring for Low Gain
Shaper ADC selection (Cluster 2)
0 - disabled (default)

1- enabled

5 0 EN_ProbeD_rstn_delaybox Digital Monitoring for Digital Delay
cell Reset (Cluster 2)

0 - disabled (default)

1- enabled

4 0 EN_ProbeD_HOLD Digital Monitoring for cluster
digital changing peak detector to
hold mode (Cluster 2)

0 - disabled (default)

1- enabled

3 0 EN_ProbeD_event_window_end | Digital Monitoring for cluster event
window end (Cluster 2)

0 - disabled (default)

1- enabled

2 0 NC
1 0 EN_ProbeD_ConvDoneADCHG | Digital Monitoring for High Gain
shaper ADC conversion done
(Cluster 2)

0 - disabled (default)

65 1- enabled

0 0 EN_ProbeD_ConvDoneADCLG | Digital Monitoring for Low Gain
shaper ADC conversion done
(Cluster 2)

0 - disabled (default)

1- enabled

17 [7-2] | O NC
1 0 EN_ProbeD_RstnADC Digital Monitoring for ADC reset
(Cluster 2)

0 - disabled (default)

1- enabled

0 0 EN_ProbeD_RstnlLatchint Digital Monitoring for trigger latch
reset (Cluster 2)
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0 - disabled (default)

1- enabled

18 7 0 EN_ProbeD_SelectADCHG Digital Monitoring for High Gain
Shaper ADC selection (Cluster 3)
0 - disabled (default)

1 - enabled

6 0 EN_ProbeD_SelectADCLG Digital Monitoring for Low Gain
Shaper ADC selection (Cluster 3)
0 - disabled (default)

1- enabled

5 0 EN_ProbeD_rstn_delaybox Digital Monitoring for Digital Delay
cell Reset (Cluster 3)

0 - disabled (default)

65 1- enabled

4 0 EN_ProbeD_HOLD Digital Monitoring for cluster
digital changing peak detector to
hold mode (Cluster 3)

0 - disabled (default)

1- enabled

3 0 EN_ProbeD_event_window_end | Digital Monitoring for cluster event
window end (Cluster 3)

0 - disabled (default)

1- enabled

2 0 NC
1 0 EN_ProbeD_ConvDoneADCHG | Digital Monitoring for High Gain
shaper ADC conversion done
(Cluster 3)

0 - disabled (default)

1- enabled

0 0 EN_ProbeD_ConvDoneADCLG | Digital Monitoring for Low Gain
shaper ADC conversion done
(Cluster 3)

0 - disabled (default)

1- enabled

65 19 [7-2 [0 NC
1 0 EN_ProbeD_RstnADC Digital Monitoring for ADC reset
(Cluster 3)

0 - disabled (default)

1- enabled

0 0 EN_ProbeD_RstnLatchint Digital Monitoring for trigger latch
reset (Cluster 3)

0 - disabled (default)

1- enabled

66 0 [7-4] | 1M TX strength Setting for Differential driver
strength
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66

66

[3-0]

1100

TX_preEmphasis

Setting for Differential driver pre-
emphasis

[/-2]

000000

NC

[1-0]

10

Delay_PreEmphasis

Setting for Differential driver pre-
emphasis delay

1

EN_RX

Select :

0 - internal Forced ValEvin (SC)
1 - external ValEvt (through
differential RX buffer)

PP_RX

Enable Power Pulsing for
differential receiver

0 - disabled (default)
1- enabled

Forced_ValEvin

Internal ValEvt (trigger Fast
masking)

0 - enabled

1 - disabled (default)

[4-0]

00000

NC

EN_ck320

Enable 320 MHz clock reception to
ASIC core (TDC + digital)

0 - disabled

1~ enabled (default)

EN_digitalProbe

Enable Digital monitoring output
0 - disabled (default)
1 - enabled

EN_Nor_TrigT1_RS_pad

Enable NOR gate output Low Th.
Time Trigger

0 - disabled (default)

1- enabled

EN_Nor_TrigT_Q_pad

Enable NOR gate output Non
latched Charge Trigger

0 - disabled (default)

1 - enabled

EN_Nor_TrigT2_RS_pad

Enable NOR gate output High Th.
Time Trigger

0 - disabled (default)

1- enabled

EN_Nor_TrigQ_RS_pad

Enable NOR gate output latched
Charge Trigger

0 - disabled (default)

1 - enabled

[1-0]

00

selGlobalTrigger

Select Global trigger source for
peak detfector selection

00 - Ground (default)

01 - Time Trigger T1 64-ch union
10 - Time Trigger T2 64-ch union
11 - Charge Trigger 64-ch union

Version 1.2 - 24/03/2026
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EN_trigT_mux_pad

Enable multiplexed output for Low
Th. Time Trigger

0 - disabled (default)

1- enabled

EN_trigT2_mux_pad

Enable multiplexed output for High
Th. Time Trigger

0 - disabled (default)

1- enabled

EN_trigQ_mux_pad

Enable multiplexed output for
Charge Trigger

0 - disabled (default)

1- enabled

[4-0] | ON

ROmode

Set digital part readout mode

66

slow_adc_mux

Settling time given fo peak detector
multiplexer to load cluster ADC
input:

0: 200 ns (default)

1:100 ns

sel_trigger_T2

Digital serialization starts if af least
(See corresponding SC

parameter) were received for gain:

0 : discriminator T1 (default)

1: discriminator T2

NB : A time out is defined by time

window, starting from the first

trigger received (for whatever

discriminator).

sync_cluster

Cluster Sync Selection

0: Cluster specific data conversion
1: All clusters data conversion
(default)

[4-0] | 00100

nb_trigger

Set trigger sum threshold

TDC_passthrough

If enabled data from standalone
test TDC is not latched

66

trigger_charge_inh

0 : Data are serialized only if af
least one charge trigger (TQ) is high
per cluster (among 16) if
sync_cluster = 0 or among 64
channels if sync_cluster =1

1: Digital ignores charge triggers
(default)

EN_tdc_ck

0O: Disable TDC clk for all channels
1: Enable (default)

NC

[3-0] | M

EnableClkDataRO

Enable Data Readout Clock & Data
links
0 : Disable

Version 1.2 - 24/03/2026
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1: Enable (default). Bit O
corresponds to cluster O (ch 0-15)

67 0 [7-5] | 000 NC
4 1 ON_biasBuffer Enable analog buffer bias

0 : Disable

1: Enable (default)

[3-0] | 0100 Ibi_Buffer Set analog buffer input stage bias
1 [7-4] | 0100 ibFCP_buffer Set analog buffer differential P
stage bias

[3-0] | 0100 ibFCN_buffer Set analog buffer differential N
stage bias

2 [7/-6] | 00 cmPDLGn Miller capacitance for Low Gain
Shaper peak detector buffer(n)
00 - 100fF (default)

01 - 300fF

10 - 500fF

11 - 700fF

[5>-4] | 00 cmPDLGp Miller capacitance for Low Gain
Shaper peak detector buffer(p)
00 - 100fF (default)

01 - 300fF

10 - 500fF

11 - 700fF

[3-2] | 00 ¢cmPDHGN Miller capacitance for High Gain
Shaper peak detector buffer(n)
00 - 100fF (default)

01 - 300fF

10 - 500fF

11 - 700fF

1-0] |00 cmPDHGp Miller capacitance for High Gain
Shaper peak detector buffer(p)
00 - 100fF (default)

01 - 300fF

10 - 500fF

11 - 700fF

3 [7-5] | 000 NC
4 0 EN_probeA Enable analog monitoring

0 : Disable (default)

1: Enable

3 0 EN_PDLG Enable Low Gain Shaper peak
detector multiplexed output

0 : Disable (default)

1: Enable

2 0 EN_PDHG Enable High Gain Shaper peak
detector multiplexed output
0: Disable (default)
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1: Enable

[1-0]

00

cmProbeA

Miller capacitance for Analog
Monitoring buffer(p)

00 - 100fF (default)

01 - 300fF

10 - 500fF

11 - 700fF

Table 4 - TEMPOROC3 Slow Control list

Specifically, for Address 0-63, each subadd in this section will correspond only fo the selected channel. This means that,
in order to have all channels wide operation, each Address will have fo be selected when writing the Slow Control operation.
Otherwise, all the other Address (64-67) operations will be effective for the whole ASIC.
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Pinout, Power supplies & mechanics

Mechanics
Temporoc3 is packaged in 20x20mm 516 ball flip-chip BGA package.

18.40+0.10
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Figure 6 - Temporoc3 BGA packaging mechanical view
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Ball-out
1 2 3 4 5 6 7
in<53> | in<55> in<57> in<59> | in<61> | in<63> | in<62>
B in_ctes vcasc_rx
in<51> | in<52> in<54> in<56> | in<58> | in<60> t =
in<49> | in<50> ibi_rx NC NC NC NC NC NC NC NC GND
D | in<47> | in<48>| wvcasc_discri2 NC NC NC NC NC NC NC NC GND
in<45> |in<46>|  vcp_Buffer NC
F in<43> | in<44> ven_Buffer NC VDD vbD VoD GND
vref_thresholdD
G in<al> |in<a2> acQ NC VDD VDD VDD GND
H . . vref_thresholdD | - GND GND GND | GND
in<39> | in<40> ac
J | in<37> |in<38>| thresholdQ NC GND GND GND GND
K'| in<35> |in<36>| threshold2 NC GND GND GND GND
L in<33> | in<34> thresholdl NC Sl S Sl Sl
ibp_pa
M He in<32> T il NC GND GND GND GND
ibp_pa
N T in<30> e NC GND GND GND GND
P D D D D
in<31> | in<28> vbg NC GN el e e
R | in<29> | in<26> vbias_1v NC GND GND GND GND
T | in<27> |in<24>| vref_inDac NC GND GND GND GND
U | in<25> |in<22>|  vcasc_paT NC GND GND GND GND
v in<23> | in<20> vcasc_paQ NC VDD VbD VDD GND
w D
in<21> | in<18> vref_sh NC vbD pRE iR e
Y | in<19> | in<16> | vcp_pdetector NC
Z | in<17> | in<14> | ven_pdetector NC NC NC NC NC NC NC NC GND
A
A | in<15> |in<12> ib_6bDac NC NC NC A8 A A NE NE S
A vcasc_ | vem_A
B | in<13> | in<10> in<8> in<6> in<4> in<2> | discril DC NC NC NC GND
A reserv
C | in<11> | in<9> in<7> in<5> in<3> in<1> in<0> ed
1 2 3 4 5 6 7 8 9 10 11 12

Figure 7 - TEMPOROC3 Ball-out west part
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NC

chip_id<0>

errorb_OC

chip_id<3
>

resetn

chip_id<2>

chip_id<1>

Figure 8— TEMPOROC3 ball-out East part
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TEMPOROC3 pinout

BGA clk_sm_i2c A10
Net Name Ball Type errorb_oc M24
lbp_pal il ck_read ACY
:iE‘E: ::1: m; rstn_read ACI2
vcn;_ADC ABS rstn_probe AC13
RESERVED ACS resefn ACH
Vihreshold] 13 rover On A8
Vihreshold2 K3 eselilEe 59
VihresholdQ 3 IR 58
vby P3 scl BIO
vbias_lv R3 sda A9
vcasc_paQ V3 ADCOUT<9> AC15
vcasc_pal U3 ADCOUT<8> ACl6
ven_aBuffer F3 ADCOUT<T> ABI5
veasc_discri? D3 Bias ADCOUT<6> ABI6
ven_pdetect Z3 ADCOUT<5> AA15
vep_aBuffer E3 ADCOUT<4> AA16
ibi_rx C3 ADCOUT<3> ABI7
vep_pdetect Y3 ADCOUT<2> AB18
temp N3 ADCOUT<1> AATT
ib_6bDac AA3 ADCOUT<0> AA18
VREF_INDAC 13 ADCSample AC18
VREF_SH W3 ADCConvDone ACT7
vref_thresholdDac H3 ADCselectn AC19
vref_thresholdDacQ G3 TDC_toa_coarse<1> D21
vcasc_discri ABT TDC_toa_coarse<0> C22
VCasc_rx BT TDC_toa_fine<4> C21
IN_CTEST BY Analog Input TDC_toa_fine<3> B22
VinP_ADC AC10 TDC_toa_fine<1> A22
VinN_ADC ACTI TDC_toa_fine<2> B2
PDHG_P 23 TDC_toa_fine<0> A2
AR 2 Multiplexed Analog D el iiersts> bee
PDLG_P P23 Output TDC_cal_fine<2> F22
PDLG_N P24 TDC_cal_fine<1> F2l
analogProbe_Out L22 TDC_cal_fine<0> E2?
CHIP_ID<0> M23 TDC_toa_coarse<3> E21
Sl Dl het | /0iDigital Single Ended TOC toa_coarse<2> e
CHIP_ID<2> N23 TDC_cal_fine<3> G2l
CHIP_ID<3> N22 TDC_data_valid C18
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NC Cl7
TrigTl_mux_Out B15
TrigTZ2_mux_Out B16
TrigQ_mux_Out B17
NORTrigQ_Out C15
NORTrigQ_RS_out Cl6
NORTrigT1_RS_Out A15
NORTrigT2_RS_Out Al6
DigitalProbe_Out B18
conv_systRO R24
hold_ext P22
enable_RO R23
frig_ext P21
rstn_latch L2
OvfTimeCptChn48_63 D20
OvfTimeCptChn32_47 H24
OvfTimeCptChn16_31 V24
OvfTimeCptChnO_15 AA20
DVDD F13
DVDD F14
DVDD F15
DVDD F16
DVDD F17
DVDD F18
DVDD F19
DVDD G13
DVDD Gl4
DVDD G15
DVDD ol Power Supply - DVDD
DVDD GI7
DVDD G18
DVDD G19
DVDD H18
DVDD H19
DVDD J18
DVDD J19
DVDD K18
DVDD K19
DVDD L18
DVDD L19
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DVDD M18
DVDD M19
DVDD N18
DVDD N19
DVDD P18
DVDD P19
DVDD R18
DVDD R19
DVDD T8
DVDD T19
DVDD U18
DVDD u19
DVDD V13
DVDD V14
DVDD V15
DVDD V16
DVDD V17
DVDD V18
DVDD V19
DVDD W13
DVDD W14
DVDD W15
DVDD W16
DVDD W17
DVDD W18
DVDD W19
GND AA12
GND AB12
GND B12
GND Cl2
GND D12
GND F12
GND Sl Ground
GND H9
GND H10
GND HN
GND H12
GND H13
GND H14
GND H15
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GND H16 GND NI
GND H17 GND N12
GND J9 GND N13
GND J10 GND N14
GND JN GND N15
GND J12 GND N16
GND J13 GND N17
GND J14 GND P9

GND J15 GND P10
GND J16 GND P11

GND Ji7 GND P12
GND K9 GND P13
GND K10 GND P14
GND K GND P15
GND K12 GND P16
GND K13 GND P17
GND K14 GND R9

GND K15 GND R10
GND K16 GND R

GND K17 GND R12
GND L9 GND R13
GND L10 GND R14
GND L1 GND R15
GND L12 GND R16
GND L13 GND RT7
GND L14 GND 19

GND L15 GND T10
GND L16 GND T

GND L7 GND T2
GND M9 GND T3
GND M10 GND T4
GND M GND T15
GND M12 GND Tl6
GND M13 GND T7
GND M14 GND U9

GND M15 GND U10
GND M16 GND un
GND MI17 GND U12
GND N9 GND U13
GND N10 GND U14
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GND u15 IN<34> L2
GND U16 IN<35> Kl
GND u1r IN<36> K2
GND V12 IN<37> J1
GND W12 IN<38> J2
GND 712 IN<39> H1
IN<O> ACTY IN<40> H2
IN<T> AC6 IN<41> Gl
IN<2> AB6 IN<42> G2
IN<3> AC5 IN<43> F1
IN<4> ABS IN<44> Fe
IN<5> AC4 IN<45> El
IN<6> AB4 IN<46> E2
IN<T7> AC3 IN<47> D1
IN<8> AB3 IN<48> D2
IN<9> AC2 IN<49> Cl
IN<10> AB2 IN<50> C2
IN<TT> ACT IN<51> Bl
IN<12> AA2 IN<52> B2
IN<13> AB1 IN<53> Al
IN<14> 72 IN<54> B3
IN<15> AAl IN<55> A2
IN<16> Y2 IN<56> B4
Analog Input
IN<TT> VAl IN<57> A3
IN<18> W2 IN<58> B5
IN<19> Y1 IN<59> A
IN<20> V2 IN<60> B6
IN<2T1> W1 IN<6T> A5
IN<22> U2 IN<62> A7
IN<23> V1 IN<63> Ab
IN<24> T2
IN<25> U1
IN<26> R2
IN<27> Tl
IN<28> P2
IN<29> R1
IN<30> N2
IN<31> P1
IN<32> M2
IN<33> L1
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NC

TDC_cal_coarse<3>
TDC _cal_coarse<1>

N

€
€
€
€

TimeCptSampled48_63
TimeCptSampled0_15

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

TimeCptSampled16_31
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Table 5 — TEMPOROC3 ASIC pin list
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TEMPOROC3 ASIC floorplan & packaging

The naked die dimensions are 4.9190 mm*11.2308 mm including scribe line giving a die area of 54 mm?. The
ASIC has 515 bump pads which will be bonded to BGA substrate.
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Figure 9 - Preliminary padring and form factor
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Power supply

The core of the ASIC is power by 1.25 V and power supplies are separated in several zone for reducing EMC
influence from various section of the ASIC. It is recommended to at least separate the digital power supply from
the analog power supply and to use decoupling capacitors for stabilizing & filtering the power supply.

Pin Name Pin Type Description Connected to
VDD_PA Power Supply  Analog power supply 125V

VDD Power Supply  Input stage power supply 125V

DVDD Power Supply  Digital power supply 125V

GND Ground Ground 0

Input connection

The input pins are solely reserved for the detector inputs (SiPM). Short distance of traces for routing the input
signal is highly recommended to limit parasitics. Suggestion of the input connection is shown in Figure 10.

Pin Name Ball Map Description
In<0:63> Various location Connection to detector anodes.
(refer to Table 5)
HV

Common line to all SiPM

Temporoc Channel <N>

HV filter in<N>

VinpuiDAC | Input DAC
VS PV_HV'V\HGH:DAC

Figure 10 - SiPM connection
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Biasing & debugging connections

Biasing pins are mostly optional 1/0s which are available for debugging and modifying analog section biasing if
required. It could be left open or connected to decoupling capacitors to ground in most cases. However, if a biasing
modification is required, it is also possible to connect the pin to resistor-based voltage divider. The expected DC
value of each pin can be found in Table 2. Additionally, the proposed connection for debugging pins (PDHG_P,
PDHG_N, PDLG_P, PDLG_N, analogProbe_Out & in_ctest) is shown in the following figures.

s
) Ball -~
Pin Name Description Connected to
Map

analogProbe_Out L22 Analog Probe monitoring output Analog buffer & oscilloscope

PDHG_P L23 High Gain Shaper Peak detector output (p) ~ ADC/ Analog buffer
[Oscilloscope

PDHG_N L24 High Gain Shaper Peak detector output (n) ~ ADC/ Analog buffer
/Oscilloscope

PDLG_P P23 Low Gain Shaper Peak detector output (p) ADC/ Analog buffer
/Oscilloscope

PDLG_N P24 Low Gain Shaper Peak detector output (n) ADC/ Analog buffer
/Oscilloscope

VinP_ADC ACI0  Test ADC input (p) Analog Input

VinN_ADC ACTT Test ADC input (n) Analog Input

ibp_paHg M1 Input stage HG shaper pre-amp bias Not connected, decoupling
capacitor and/or voltage
divider

ibp_paT N1 Input stage Time Trigger pre-amp bias Not connected, decoupling
capacitor and/or voltage
divider

Ibi_rx C3 Input stage differential driver bias Not connected, decoupling
capacitor and/or voltage
divider

lbo_rx D3 Qutput stage differential driver bias Not connected, decoupling
capacitor and/or voltage
divider

vep_aBuffer E3 Analog buffer amp P cascode Decoupling capacitor and/or
voltage divider

ven_aBuffer F3 Analog buffer amp N cascode Decoupling capacitor and/or
voltage divider

vref_thresholdDacQ  G3 Charge Trigger threshold voltage reference  Decoupling capacitor and/or
voltage divider

vref_thresholdDac H3 Time Trigger threshold voltage reference Decoupling capacitor and/or
voltage divider

VthresholdQ J3 Charge Trigger threshold Decoupling capacitor

Vthreshold? K3 Time Trigger threshold 2 Decoupling capacitor

Vthreshold1 L3 Time Trigger threshold 1 Decoupling capacitor

ibp_palg M3 Input stage LG shaper pre-amp bias Not connected, decoupling
capacitor and/or voltage
divider
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temp N3 Internal temperature sensor Decoupling capacitor and/or
voltage divider
vbg P3 Bandgap output Decoupling capacitor and/or
voltage divider
vbias_lv R3 1V low impedance bias output Decoupling capacitor and/or
voltage divider
vref_inDac 13 Input DAC reference voltage Decoupling capacitor and/or
voltage divider
veasc_pal U3 Pre-amp cascode voltage Decoupling capacitor and/or
voltage divider
veasc_paQ V3 Shaper pre-amp cascode voltage Decoupling capacitor and/or
voltage divider
vref_sh W3 Shaper reference voltage Decoupling capacitor and/or
voltage divider
vep_pdetect Y3 Peak detector P cascode Decoupling capacitor and/or
voltage divider
ven_pdetect /3 Peak detector N cascode Decoupling capacitor and/or
voltage divider
VCaSC_rxX BT LVDS receiver cascode Decoupling capacitor and/or
voltage divider
in_ctest B7 Charge injection input Waveform generator or pulser
vcasc_discril ABY Time discri T1 casc. transistor bias Decoupling capacitor and/or
voltage divider
vcasc_discri? D3 Time discri T2 casc. transistor bias Decoupling capacitor and/or
voltage divider
ib_6bDAC AA3 Time discri thres. local adjustement bias Decoupling capacitor and/or
voltage divider
1.2V / VBIAS_1V
Optional §
Voltage
Divider
. 5 Biasing
pins
oo Lﬁ% %
Figure T1- Proposed connection for biasing points.
O
Q SUS)
analogProbe_Out : L22 hm\ ‘ L
Figure 12 - Proposed connection for analogProbe_Out (Left figure) and In_Ctest (Right figure)
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O
Q

PDHG_N/P : L24/.23 %g
" PDLG_N/P : P24/P23 W
n

ADC > FPGA

Figure 13- Proposed connection for PDHG_N/P and PDLG_N/P
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Digital connections

The digital 1/Os are divided into 4 types : open collector, single-ended, bidirectional and differential. Note that for
differential signaling the common voltage is set at 0.6V with signal swing of 300mV. The proposed connection for
bidirectional and differential pins are shown in the following figure. The pins are active high unless it is stated to
be active low. Additionally, suggestions of connecting various digital |/Os are also shown.

Pin Name Ball Map Description Connected to
CHIP_ID<0:3> M23,N24, Chip ID for 12C (TEMPOROC3 FPGA
N23, N22 CHIP_ID<Q:3> = "0001") : Single Ended
clk_sm_iZ2¢ Al0 Clock for 12C slave core : Single Ended FPGA
errorb_oc M24 Slow Control reset error : Open Collector ~ FPGA
ck_read AC9 Clock for read register : Single Ended FPGA
rstn_read AC12 Low level reset for read register : Single FPGA
Ended
resetn AC14 Low level reset for digital part : Single FPGA
Ended
rstn_probe AC13 Low level reset for probe (analog FPGA
debugging & signal monitoring) : Single
Ended
Power_On A8 Power ON signal for sequentially FPGA
powering on/off the ASIC analog part :
Single Ended
Resetn_I2C B9 Low level reset for |2C slave core : Single  FPGA
Ended
SCL B10 SCL line for 12C : Bidir FGPA with 47k Ohm
pull up resistor to 1.2V
SCA A9 SDA line for 12C : Bidir FGPA with 47k Ohm
pull up resistor to 1.2V
TrigT_mux_Out B15 Multiplexed Time trigger output from FPGA/Oscilloscope
discriminator 1: Single Ended
TrigT2_mux_Out Bl6 Multiplexed Time trigger output from FPGA/Oscilloscope
discriminator 2 : Single Ended
TrigQ_mux_Out BI7 gﬁézzlexed Charge frigger oufput : Single FPGA/Oscilloscope
‘ OR output for Charge trigger : Open .
NORTrigQ_Out C15 Collector FPGA/Oscilloscope
, OR output for latched Charge trigger : .
NORTrigQ_RS_out Cl6 Open Collector FPGA/Oscilloscope
, OR output for latched Time trigger (Low .
NORTrigT1_RS_Out A5 fhreshold) : Open Collector FPGA/Oscilloscope
, OR output for latched Time trigger (High .
NORTrigT2_RS_Out AT6 fhreshold) : Open Collector FPGA/Oscilloscope
. Multiplexed digital probe(monitoring) .
DigitalProbe_Out B18 output - Single Ended FPGA/Oscilloscope
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conv_systRO R4 Digital section conversion start : Single FPGA
Ended
hold_ext P27 E*Temal hold signal for peak detector : FPGA/Waveform
Single Ended generator
enable RO R23 Digital section conversion enable : Single FPGA
Ended
trig_ext P21 External trigger: Single Ended FPOA/Waveform
generator
(st latch 11 Low level reset for trigger latch : Single FPGA
Ended
, . AA20V24H  Coarse time counter overflow (per
Ovt_time_cpt<0:3> 24020 cluster): Single Ended FPoA
) For cluster O, channel 0-15, See related
TimeCpfSampled0_15 AAY note in digital section: Single Fnded FPGA
) For cluster 1, channel 16-31, See related
TimeCpiSampledi6_3] ves note in digital section: Single Ended FPoA
) For cluster 2, channel 32-47, See related
TimeCptSampled3e 47 Hes note in digital section: Single Ended FPGA
) For cluster 3, channel 48-63, See related
TimeCptSampled43_63 o1 note in digital section: Single Ended FPGA
DataROChnO_15N/P 720/719 Channel 0-15 data output : Differential FPGA
clk DataROChn0 T5N/P  AC24/Ac23  crannel O-To dafa clock oufput: FPGA
Differential
DataROChn16_3IN/P U24/U23 Channel 16-31 data output : Differential FPGA
clk DataROChnl6 3IN/P To4jT23  channel 16-31dafa clock oufput: FPGA
Differential
DataROChn32_47N/P G24/G23 Channel 32-47 data output : Differential FPGA
clk DataROChn32 47N/P  Fo4jF23 ~ Channel 32-47dafa clock output: FPGA
Differential
DataROChn48_63N/P C20/C19 Channel 48-63 datfa output : Differential ~ FPGA
clk DataROChn48 63N/P  B2o/Rlg ~ Clannel 48-63dafa clock oufput: FPGA
Differential
clk320M_N/P A23/A24 320MHz clock input : Differential FPGA
Differential fast discriminator masking FPGA
valevent_n/p A2 inpufs : Differential
1.2v 1.2V
47k Ohm g’;ﬁ%’?‘aﬁsgs out 1K ~10KOhm
ORTrgT_L_RS_Out
ORTrigQ_Out DataROChn(x)_(y)N/P 100 EPGA
SDA/SCL FPGA  ORTiigQ_RS_Out FPGA %
Figure 14 — Left : Proposed connection for SDA/SCL. Middle: Proposed connection for Open Collector connection. Right : Differential outputs

connection.
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SiPM

' \ in<0..63>
-/

FLFLFLAL fur—
Ik_DataROChn(n)_(m)N/P-
Header - - -<_ Data <__Footer

DataROChn(n)_(m)N/P)

v

1k320M_N/P (320 MHz)

i
esetn

Temporoc

onvSysRO

SiPM

’ \ in<0..63>

nableRO FPGA
val_evin/p
Resetn_I2C
Ik_sm_i2c (1MHz~10MHz)
0
SCL- >
0
SD A »
ChipID
CHIP_ID<0:3:
errorb_sc: >
Figure 15 - Data Transmission, digital core controls and I12C for Slow Control connections suggestion
i rstn_read
Ik_read (1MHz~10MHz)
‘J stn_prob
Resets h P
J
€ rstn_latch:
Temporoc <
) FPGA
ORTrigT_L_RS_Out
Trigger OR ORTrigT_H_RS_Out
Qutputs
RTrigQ_Out:
RTrigQ_RS_out:
Digital -
X DigitalProbe_Out-
Monitor 9 -
TrigT_L_mux_Out
Multiplexed 97 mi
Trigger TrigT_T_H_mux_Out
Outputs

Figure 16— Read Register, resets, trigger outputs and Digital monitor connections suggestion
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TEMPOROC3 analog operation

The analog part of TEMPOROC3 is composed of the input DAC, pre-amplifier for input signal discrimination &
triggering, and finally two shapers (High Gain and Low Gain). Schematic diagram of the analog section is shown
in Figure 17 - TEMPOROC3 Analog SectionFigure 1/.

,—Threshold
‘\ (1-5pe)

J \ Thrachold Time Trigger
L

M Threshold
Pre-amplifier (5-10 p.e)
Threshold

Input DAC N
(Low
Impedance) Time Measurement (TDC2)

c2

Time Measurement (TDC1)
ASIC Input ®

R2

E Low Gain Charge Measurement

[e-]

Preamp

Preamp Low Gain

Preamp

Preamp High Gain High Gain Charge Measurement

\
N o

Figure 17 - TEMPOROC3 Analog Section

The input DAC can be used to setup the SiPM overvoltage, channel per channel. This feature can be used to correct
the detector gain not uniformity. An example the SiPM connection is illustrated in the Figure 10. The input DAC
value can be set through the following Slow Control parameter inDAC with a voltage span of 4 to 525 mV and step
around 2 mV.
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This ASIC accepts only positive polarity inputs and the output of the pre-amp is fed into two discriminators. This
pre-amp has a variable gain adjustment, accessible through Slow Control bits :

e patGain: Close-loop gain span: 8 (central bandwidth frequency = 33IMHz) ~ 9.3 (central bandwidth
frequency = 39MHz).

The 2 discriminators output each a time tfrigger (TrigT1/T2) at threshold 1 and 2 respectively. For each
discriminators, a global threshold value can be set from 256mV to 534mV with a step of 0.27/mV. The Slow Control
parameters for both thresholds are:

e Threshold1/2. Voltage span : 256mV ~ 534mV. Step = 0.27mV.

A channel-wise threshold adjustment DAC allows to fine tune individually thresholds 1and 2. The Slow Control
parameters are: calibDacT1/2. Voltage span/Step for threshold correction are variable using ibCalibDac (common
for all channels).

The pre-amp DC level value is set about 490mV. The schematic diagram of the pre-amp is shown in Figure 18.

Each frigger is lafched (in high state) either on its rising or falling edge to allow fime measurement of both edges
leveraging the dual discriminators and TDC (see En_FallingEdgeDetector SC parameter). The trigger latches are
automatically reset by the digital core in each cluster once the data conversion is over/the data serialization starts.
Fach time trigger latch output is sent info its associated TDC. The TDC will operate only once a trigger signal is
received and will provide the Fine Time for time tagging the incoming input signal.

F
TrigT_L
,—Threshold —
(1-5p.e)
>
Threshold1 |
Time Measurement (TDC1)
ASIC Input
N Threshold —
Pre-amplifier (5-10 p.e) TrigT_H
>

Threshold2

Time Measurement (TDC2)

Figure 18- Pre-amp and Time Trigger block diagram

This ASIC also embeds two shapers (High Gain & Low Gain) which are connected directly to the ASIC input. Both
of the shapers have a pre-amp stage & variable shaping time. The shapers pre-amp can be adjusted channel per

channel through Slow Control parameters hgGain for High Gain shaper and IgGain for Low Gain shaper, with
respectively gain span 5 ~ 78/0.5 ~ 7.8 and step 4.5/0.45.

The shaping time for both shapers, can be adjusted using the following Slow Control parameters: fauHG for High
Gain shaper and taulG for Low Gain shaper, with shaping time span: 20ns ~300ns and step = 20ns.
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Each of the shaper output will be sent to a peak detector cell which will be connected fo ADCs for amplitude
(charge) measurements. Anillustration of the shapers is depicted in Figure 19. Additionally, Low Gain shaper signal
could be used to generate Charge Trigger (TrigQ). The charge discriminator threshold (SC parameter ThresholdQ)
has a voltage span of 76mV ~ 1193mV and TmV step. No channel-wise correction is provided for this threshold

given the low dispersion of the DC level of Low Gain shaper output around 90mV.

cz2
)l

Al

Preamp -
ci SHAPE| ADC 10b
+ .
Low Gain Charge Measurement

cz

Ref

Preamp Low Gain

ASIC Input B——
S A
/H?' Preamp /Hﬁ '\W\/ -
c1 SHAPE| ADC 10b
' ] +
Preamp High Gain Ref %g:/ Gain Charge Measurement

Figure 19- Shaper block diagram

Peak defectors are used fo sample the amplitude of the shaper signal by conserving the peak of this signal. The
operation of the peak detector is illustrated in the Figure 20. Shaper output will be fed info peak detector cell and
Time or Charge trigger (from the given channel or the global OR trigger union) will be used fo enable this peak
detection cell. Local trigger denotes the trigger generated within the hit channel and global ASIC trigger denotes
the OR oufput of any trigger in the ASIC. This selection can be done with the following Slow Control parameter

Sel_trig.

Shaper Peak Detection

Shaper (LG or HG) —
- . Peak
Time/Charge Trigger (local or global) .. ...,
(Latched) Reset
iWrite
Time/Charge Trigger (Global) Read /lee for
( ) € Peak l)etector
leDelays)
10~400ns

Figure 20 - lllustration of peak detection in TEMPOROC

Additionally, the peak detector output can be captured before reaching its maximum by delaying a hold trigger.
The sampled voltage is retained before the data conversion starts for every channel within a cluster thanks to a
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10-bit SAR ADC. A digital delay cell (in each cluster digital core) is used to generate a hold trigger fed fo all peak
detectors. This delay starts from the first trigger received within a cluster (if sync_cluster is disabled) or within the

64 channels (if sync_cluster is enabled). The delay comprises a static part (19 ns) and 2 variable parts. They can
be tuned with the following Slow Control parameters:

e event_window_length (Step: 3.125 ns, Range: 200 ns)
e shaper_delay_length (Step: 12.5 ns, Range: 400 ns).

Maximum delay largely exceeds the maximum shaping time constant insuring the signal peak could be captured
as well, fully using the peak detector main functionality.
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TEMPOROC3 trigger operation

TEMPOROC3 time triggers (threshold 1 & 2) are used for both time tagging through TDC and enabling data
transmission. Each cluster of 16 channels serializes data as soon as a pre-defined number of time discriminator
(either on threshold T1 or T2, fo be selected using SC parameter sel_trigger_T2) among the cluster have triggered
during a tunable time window (< 50 ns). The minimum number of discriminator triggers before serialization starts
is set via SC parameter nb_trigger between 1and 16 by step of 1. The time window is configured with SC parameter
event_window_length. The 4 clusters can be synchronized (SC parameter sync_cluster) to capture events from all
the 64 channels within the same time inferval, even if a neighboring cluster has not triggered by means of its time
triggers. It allows fo reconstruct the event energy in light sharing conditions like with monolithic crystals. When not
synchronized, the clusters behave independently for building and serializing their frame.

The charge discriminator trigger (TQ) on the low gain (LG) shaper can as well be taken into account in the choice
of serializing data or aborting ADC readout (SC parameter trigger_charge_inh). It allows to serialize data only if at
least one channel has received more energy than a set threshold at the cluster level (if clusters are not
synchronized) or ASIC level (otherwise). The charge discriminator latched trigger union (ORTQ16 or ORTQ64) is
examined by the digital state machine when the hold frigger rises (freezing the peak detector output), that is foo
say when enough time was given fo integrate the input signal into the shapers. See previous section for controlling
this delay.

If all serialization conditions are fulfilled, the ADCs readout sequence starts starting from channel 0 o 15 inside a
cluster, simultaneously for both low and high gain shaper/peak detector. ADC readout duration can be controlled
with SC parameter slow_adc_mux in order to speed up the multiplexing sequence (1 ADC for 16 channels).

Once the ADC readout sequence is over (if any, ADC readout sequence can be skipped by selecting a readout mode
ROmode without ADC data), the serialization starts at 320 Mbps for each cluster. If clusters are synchronized,
serialization will start simultaneously. An extendable 14-bit coarse counter running at 320 MHz is provided along
the channel data fo merge the events afterwards. At the same fime, the digital core inside each cluster resets the
3 frigger latches and the TDCs allowing to capture new events, while still serializing previously acquired data. Thus,
the frame building time defines the ASIC dead time. See the following table for maximum event hit rate achievable
as a function of the readout mode (ROmode), the ADC multiplexer speed and the boundaries values for the delay
before holding the peak detector output.
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Rate [kHz]
Readout mode Data per channel Fast ADC MUX Slo'\\//lvUiDC
code fram[iilflng’rh # 1dc #adc | trigger min shaper delay max | min | max
1 434 1 590
2 434 1 590
3 834 2 340
4 306 1 470 400 260 240
5 594 1 450 400 260 240
7 994 2 1 290 290 260 240
8 306 1 470 400 260 240
10 594 1 450 400 260 240
ll 994 2 1 290 290 260 240
12 578 2 460 400 260 240
13 866 1 2 330 330 260 240
14 866 2 330 330 260 240
15 1154 2 2 250 250 250 240
16 66 1 3740 2170 3740 2170
7 466 1 1 560
18 466 1 1 560
19 866 2 1 330
20 338 1 1 470 400 260 240
21 626 1 1 430 400 260 240
23 1026 2 1 1 280 280 260 240
24 338 1 1 470 400 260 240
26 626 1 1 430 400 260 240
27 1026 2 1 1 280 280 260 240
28 610 2 1 440 400 260 240
29 898 1 2 1 320 320 260 240
30 898 2 1 320 320 260 240
31 1186 2 2 1 210 2710 2710 260

Notes on the rate table:

(1) Missing rows/codes for ROmode correspond to irrelevant readout modes where the data frame is longer
than the smallest achievable for the data types required, due to duplication of the 6-bit Isb coarse counter
value for {low shaper gain+T2} and {high shaper gain+TT1}.

(2) Rate depends on 4 factors. 3 ASIC SC parameters: the readout mode defining data of interest to serialize,
shaper_delay_length and slow_adc_mux that control respectively the delay before holding the peak
detector output and the delay before sampling the ADC after the multiplexer (feeding the ADC) switched
between channels (peak detector outputs). When only the time related data are serialized, shaper and
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ADC delays are skipped when building the frame and case distinction as a function of shaper delay or
slow adc mux becomes irrelevant. Finally, the rate tabulated take also into account the frame building
time with respect to the serialization fime. Light gray font shows when frame building takes longer than
frame serializing.

illustrates the flow of the default ASIC configuration of the triggering scheme. This scheme starts with the Time
Triggers (Low and High thresholds) received and it will start the delay cell according the delay set. Simultaneously
the triggers will be sent to the digital part for summation. In the event where there is sufficient number of triggers
within the delay set or Cluster sync signal received, the digital part will proceed to data conversion and transmission.
Otherwise, the ASIC will go back to standby state. It should be noted that any Time Triggers could initiate the data
transmission but the it is expected that the Time Trigger with lowest threshold will take over between two triggers.
For setting the ASIC correctly, the following Slow Control bits has to be configured or left at default value :

o Nb_trigger (Address : 66; Subadd : 5; Bits : 4-0) . Default value = 4
o Delay _Clusterl (Address : 65; Subadd : 8; Bits : 7-0) . Default value = 19ns
o Delay_ClusterH (Address : 65; Subadd : 8; Bits : 7-0) . Default value = 19ns

,~ =~ -TimeOut and Count < Threshold - -~

_Count >= Threshold __ _,
OR ClusterSynin

- Trigger(s). - Trigger count Data Conversion Data Transmission

ClusterSyncOut

Figure 21- Default triggering & data transmission scheme

In the case of users prefer to have a simplified readout system (Erreur ! Source du renvoi introuvable.) which can
be initiated with any incoming Time Trigger, the count threshold can be sef to O and the delay can be set to max
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value. Of course, the data conversion could also be initiated trough the other cluster sync signal. The following Slow
Control bits have to be set in this scheme:

o Nb_trigger (Address : 66; Subadd : 5; Bits : 4-0) . Set to min value = 0
o Delay_ClusterL (Address : 65; Subadd : 8; Bits : 7-0) . Set fo max value = 29ns
o Delay_ClusterH (Address : 65; Subadd : 8; Bits : 7-0) . Set to max value = 29ns

__ Count>0
OR ClusterSynin

- Trigger(s).- - Triggercount |- o o) Data Conversion Data Transmission

ClusterSyncOut

Figure 22- Simplified readout & triggering scheme

Another readout scheme available is through Charge Trigger (Erreur ! Source du renvoi introuvable.), where this
trigger can be used tfo replace the delayed trigger. In this case the following Slow Control bit has to be set :
e EN_trigQ_validation (Address : 64; Subadd : 14; Bits : 5). Setto =T’

_Trigger(s)- - __ Trigger Qfired | .
igger( OR ClusterSynin Data Conversion

Charge Trigger check Data Transmission

ClusterSyncOut

Figure 23- Simplified readout with charge validation scheme

It should be noted all the triggers should be in latched mode and not masked. Several Slow Control bits and fast
masking input (ValEvt) need to be verified as the following :

e maskTIn (Address : 0-63; Subadd : 7; Bits : 4). Setto =T
e maskT2n (Address : 0-63; Subadd : 7; Bits : 3). Setto =T
e maskTQn (Address : 0-63; Subadd : 7; Bits : 3). Setto =T
e valevent_n/p. Ballout ATI/A12. Input set to High level
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TEMPOROC3 digital operation
As the digital is fully automated, one of the main features is the ability fo convert and transmitting various type of
data. The digital part can be operated under several readout mode. This ASIC embeds two 10-bit SAR ADCs (for
charge measurement) and two TDCs (for Fine Time). Each of the ADCs is connected to High Gain Shaper and Low
Gain Shaper outputs respectively. On the other hand, the TDCs are connected fo each of the pre-amp triggers :
High Threshold Time Trigger and Low Threshold Time Trigger. Operating the digital part also requires the digital
|/Os to be connected correctly. Suggestion of the digital |/Os connections can be seen in Erreur ! Source du renvoi
introuvable.. The following 1/Os has to be set correctly on order two operate the digital part :
o clk320M_N/P (A23/A24) : 320MHz differential clock inputs, preferably a low jitter clock source
o resetn (AC14) : Low level reset for digital part, needs to be in High level.
e enable_RO (R23) : Digital section conversion enable, required to be in High level.
[ ]
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conv_systRO(R24) : Digital section conversion start, required to be in High level.

The following bloc diagram illustrate in Erreur ! Source du renvoi introuvable. coarsely different functions of the
digital core:

4 x Clusters

\L I

16 x Channels

HIAOVNVYIN LNdNI

High TDC Trigger
Readout Count
Low Z
ADC

High Readout

Time

Tagging

C

Event Builder

Frame
Builder

FSM Event

320 MHz

\

Serializer

L
Ll

Y

[o43uo) pPIoH

Y

—

Y

MMM

320 MHz

Figure 24 - Bloc diagram of the digital core of TEMPOROC3.

Depending on users preference and needs, the data conversion and output will be based on the Slow Control
(ROmode : Address : 66; Subadd : 4; Bits :4-0) selection as listed in Table 6.

Slow Readout Data Expecte
Control | Readout Tes Trigge | Trigge HaD | tap | HTD Lo Lhep | LeT d data
ROmod | Mode i r r C C C C T p length
e Low High (bits)
Full ADC
& TDC
womp | feadout S N A N N N R
(Default
readout
mode)
High
oot | 83N v v v 530
Shaper
ADC &
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High

Threshol
d Trigger
TDC

Low Gain
Shaper
ADC &
“00101" | Low \ \ \ 530
Threshol
d Trigger
TDC

High &
"oripgr | Low Gain N NN | 466
Shapers
ADC

High

"01000" | 3" v N 242
Shaper
ADC

Low Gain
“00100" | Shaper \ \ 242
ADC
High &
Low
"00011" | Threshol \ \ 722
d Trigger
TDC

High

Threshol

d Trigger v v
TDC

Low

"o | Treshol v V| 370
d Trigger
TDC

High

Gain

Shaper
‘oro0r | APC& \ S SV VA 7
Low

Threshol
d Trigger
TDC

Low Gain
" » | Shaper

00TI0" | Jr g NN N o[V 594
High

“00010" 370
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Threshol

d Trigger

TDC
TN | Hit v A \ 50
10000" | Test N 1042

Table 6 - TEMPOROC3 Digital Readout Mode

Full data frame of the readout is shown in Erreur | Source du renvoi introuvable. which is also correspond to the
Slow Control bits : ROmode ="01111" or the full ADC & TDC readout. The full data frame consists of the following
section:
e  Header section : 4-bit Header & 10-bit Global Coarse Time Counter
e Channel (n) data section : 10-bit High Gain Shaper ADC, 10-bit Low Gain Shaper ADC, 18-bit High Threshold
Trigger TDC, 4-bit High Threshold Trigger Coarse Time Counter,18-bit Low Threshold Trigger TDC & 4-bit Low
Threshold Trigger Coarse Time Counter

e Footer section : 4-bit Footer
It should be noted that following the Slow Control selection in Table 6, the Data Frame length will be reduced as
well due to the omitted data (except for the data of the Header, Footer and Coarse Time Counters). This data
reduction will also shorten the overall time required to transmit out the data.

Specifically, for Hit data readout, the transmitted data will contain only trigger information as shown in Erreur !

Source du renvoi introuvable..

HEADER Channel 0 (Channel N Channel 15 FOOTER
]

Header GLOBAL HADC HTDC | HCPT LADC | uTDC LCPT. HADC | HTDC |  HCPT Lac | LTDC | LCPT Faater

Cluster ab 10b 10b b | 4 | 10b | 1b | ab Sebx1d Wb | b | [ T | 14b | ab b

14b S6b S6b
914

Figure 25- Full frame of digital data readout

HEADER HIGH LEVEL LOW LEVEL FOOTER
Header GLOBAL Chn 0 Chn 15 Chn 0 Chn 15 Footer
Cluster 4b 10b 1b 1b 1b 1b b
14b 16b 16b
50b

Figure 26 - Hit data of digital data readout
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This following FSM illustrate in Erreur | Source du renvoi introuvable. the global steps fo send an event:

0000000

\ 4

[cluster_event OR event_valid

0001000

[mode = x71xx AND end_dela EVENT

cpt_load

v [mode = x11xx AND event_valid|

reset_delay
1001000 0101000

reset_delay
1000000

CANCEL 2

0111000

1111000

1110000
FRAME BUILD

1100000
RESET1

0100000
RESET 2

CANCEL 1 WAIT SHAFER

ADC READOUT

wd150_start

adc_read

3

imode /= x11x.

Y
0000001
HIT SET
A\ 4 Y
hit_load
0011000 0000011
ADC DUMMY1 LOAD HIT
) 4
1011000 0000010
ADC DUMMY2 HIT FRAME

0000110 frame_ren

WAIT READOUT

reset_sync

reset_sync

HIT REN

0000111 reset_sync

HIT RESET

0000101 reset_sync
HIT DUMMY1

0000100 reset_sync
HIT DUMMY2

Figure 27 -Global digital FSM of TEMPOROC3.

The second FSM manage the conversion of each ADC channel if the user chooses to get Charge information of
the event illustrate in Erreur ! Source du renvoi introuvable..
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Figure 28 -FSM to convert and read each ADC channel.
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For interpreting the data of the Fine Time, users can use the following formula :
Fine Time calculation T = (Nslow-1) * Tslow - (Nfast-1) * Tfast + TdelaySlow — TdelayFast

Nfast TDCData<13-7> (Gray Coded)

Nslow TDCData<6-0> (Gray Coded)

Tfast 1.3177 ns (default - TBC pending measurement & calibration)
Tslow 1.35987 ns (default - TBC pending measurement & calibration)
TdelaySlow 0.807 ns (default - TBC pending measurement & calibration)
TdelayFast 0.788 ns (default - TBC pending measurement & calibration)

Coarse Time can be extracted from the header and also the channel data. Combining both of two data sets will
give a 14-bit wide coarse counter data :

CoarseCounterData<13-4>  10-b Global data from Header

CoarseCounterData<3-0>  14-b HCPT/LCPT data from Channel data

Calculating the Absolute Time of the arrival signals will be as follows:
Absolute Time = (CoarseCounterData +1) *3.125ns - Fine Time

Interpreting the ADC data can be done as the following :
Amplitude calculation V= Baseline + ADCData ™ LSB
Baseline 98mV (TBC pending measurement & calibration)

LSB TmV (TBC pending measurement & calibration)

The timing diagram of the digital data fransmission is shown in the following diagram.

Waiting for intergred DAQ datas: 300 ns

Full Event Readout: 850 bits/2600 ns
A

ns \, J c oo 3110 ns,
| Y

1 5

1st trigger arrival
2
-3
(=]
o
(o]
-]
ES
H
e
5
2
N
=1
a
=
S | Frame Building

o
=]

55ns| 300 s | 500ns| 5

Figure 29 - Digital data conversion timing diagram

The whole timing diagram of the ASIC is illustrated in the Erreur | Source du renvoi introuvable.. In this timing
diagram, the ASIC is considered to have received sufficient number of events that will crossed the trigger counter
threshold within the configured trigger counting windows. The data conversion and fransmission are considered
to be on default mode where all ADCs and TDCs will convert the data and all data will be sent out.
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Figure 30 - Overall timing diagram from input signal to data conversion and transmission
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ADC operation

TEMPOROC3 ASIC embeds two 10-bit SAR ADCs which are connected directly to the shaper peak detectors (Erreur !
Source du renvoi introuvable.). It should be noted, this ADC takes as input a differential signal. Therefore, for each
shaper, the peak detector will output differential signal for the data conversion. The simplified diagram of this ADC
is shown in Erreur ! Source du renvoi introuvable..

)
. »; [ /— [4€—— Selec
vinp—— —Js | p——
Bootstrap switch . > » Py
10-bit Digital 10
ﬁ_)
. DAC r » j COntrOI —> g::‘:rslsion Done
VinN ’[ _/_ ]< l N J [€——— Reset
Bootstrap switch
—

Figure 31 - 10-bit SAR ADC block diagram

The architecture of this ADC is fairly simple, the input signal is sampled with switch and a 10-bit DAC is used fo
adjust the signal before arriving at a discriminator. A differential discriminator is used to compare the signal and
its outputs are sent to digital confrol module. This module will in turn control the DAC until this input signal
amplitude is known. Externally, this ADC is controlled by the digital part of TEMPOROC, where the digital part would
send out the ADC select signal, sample command and also reset command. In return the digital part would receive
the 10-bit converted data and conversion done flag. This ADC is rated at TOMS/s and should be able to convert 1V
of input signal span. Fach cluster in this ASIC is equipped with two ADCs, one for each High Gain and Low Gain
shapers.

TDC operation

The embedded TDC for Fine Time measurement is a Vernier TDC with ring oscillators. The simplified architecture
of this TDC is shown in Erreur ! Source du renvoi introuvable.. The principle of this TDC is a slow oscillator is first
started by incoming signal (in this ASIC: Time Trigger) and increments an associated counter. A second and faster
oscillator is started by stop signal (in this ASIC: 320 MHz clock) which will also increment an associated counter.
A phase detector circuit is then used to check the coincidence and to flag when both oscillators are in phase. Once
both detectors are in phase, the counters will be stopped and a flag is sent fo the digital part in order to recover the
counters data. These data could be exploited in order to retrieve the Fine Time or the difference between Time
Trigger and the 320 MHz clock edge.
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SLOW OSCILLATOR

.| SsLow n
> COUNTER |7 > NSlow
A
Counter
Stop

START Phase
STOP—>| Detector PD

FAST OSCILLATOR

Counter
Stop
(_f
[ FasT n
> COUNTER [ 7> NFast
Figure 32 - TDC block diagram

In default ASIC configuration, the slow oscillator frequency is set at 735MHz and fast oscillator frequency is setf af
760MHz. For both oscillators, the associated counters are 7-bit gray coded counter. This TDC has very minimal idle
power consumption where the oscillators and counters will only be started once a trigger is received and stop the
operation once a phase detection is available. Once the digital part has recovered the TDC data, a reset signal will
be sent in order to put the TDC in standby mode again. The timing diagram of the TDC is shown in Erreur ! Source
du renvoi infrouvable..
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Counter
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Figure 33- TDC timing diagram

This timing diagram shows the whole cycle of the TDC, starting from the arrival of Time Trigger, the start of both
oscillators until the phase detection of both oscillators. The binning or LSB of this TDC is given by the difference of
slow oscillator period (Tslow) and fast oscillator period (Tfast):

TDC bin = Tslow - Tfast = 42 ps (Default ASIC configuration)

Although the binning can be adjusted by modifying the oscillators frequency through Slow Control, it is not
recommended as it could change drastically the performance of this TDC. Finding the Fine Time, users will have
to take info account other parameters as well and use the formula given in TEMPOROC3 digital operation section:

T = (Nslow-1) * Tslow - (Nfast-1) * Tfast + TdelaySlow - TdelayFast

Each Time Trigger is equipped with a TDC, therefore there are two TDCs embedded in each analog channel of this
ASIC.
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TEMPOROC3 analog and triggers readout operation

For analog output (differential shaper peak detectors) and triggers (Time and Charge) readout, there is a set of
registers allocated for this purpose. This register is accessible through the following inferface :
o rstn_read (AC12) : Low level reset for read register, to be asserted once at the beginning at the readout

o ck_read (AC9) : Clock for read register, recommended period > 200 ns
The suggested timing diagram is illustrated in Erreur ! Source du renvoi introuvable..

rstn_read

ck_read ; ! 4 ¥
TrigT_L_mux_Out, : ; . : '
TrigT_H_mux_Out, ' . ' : 5
TrigQ_mux_Out < High Z XChannel OXChannel 1XChaﬂneI 2> ------- @hanﬂe\ 61XChanne\ 62XChanne\ 63){ High Z )
PDLG_P/N, ; : : : : N
PDHG_P/N ] ] 3 ' : 5
: [(—>200 ns—)l
>20ns L J
[ | |3 64 * ck_read period (Read register >

Figure 34 — TEMPOROC3 read register timing diagram

Output Name Ball Map | Comment Output Sub address
type

TrigT_mux_Out | BI5 Multiplexed Time trigger output (Low threshold) | Trigger 0-63

TrigT2_mux_Out | Bl6 Multiplexed Time trigger output (High threshold) | Trigger 0-63

TrigQ_mux_Out | BI7 Multiplexed Charge trigger output Trigger 0-63

PDLG_P/N L23/24 | Low Gain Shaper Peak detector output (p/n) Analog 0-63

PDHG_P/N P23/24 | Low Gain Shaper Peak detector output (p/n) Analog 0-63

Table 7 - TEMPOROC3 Triggers and Shaper outputs accessible from read register

Table 7 listed the available outputs accessible for the read register. The analog output can be connected
to an ADC, oscilloscopes or similar devices. On the other hand, the trigger outputs can be connected for
instance fo a FPGA.
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