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TPC FEE* as a starting point

Heavy radiation environment
Reasonable radiation environment

_ Non-radiation tolerant
copper i . FPGAs to be replaced by
B dhanndls 245 Gbps e rad-tolerant ASIC

from MWPC

¥ _A Averyanov et al MPD TPC

status, 2020 JINST 15 C07017
— S. Vereschagin et al
Time-projection chamber for
Multi-Purpose Detector, 2020
NIMA vol. 958, 162793 3

———————— s ; Optic
(optional) 10 Gbps

RCU
Readout and Control Unit B

on the detector outside the detector


https://www.sciencedirect.com/science/journal/01689002/958/supp/C

The prototype chip features

Radiation zone up to 100 Mrad

Front-End Card

SAMPA IC 1 SAMPA IC 2
Control, - Data flow T Control,
Clock, ~2.56 Gb/s Clock,
Trigger, from '| Trigger,
Reset | ‘ 1 FE card

' Reset

Concentrator ASIC

‘

PCB Controller

Fast Control
2.56 Gb/s

Output data
2x2.56 Gb/s

almost double redundancy for

data flow: 2.56 Gb/s one totally at
SAMPA outputs goes via two
CML interfaces at the same
speed each

radiation tolerance fits the most

heavy radiation zone

compensation of the used cable
losses as well as PCB and
package parasitics
programmable built-in chip 50

Ohm matching for cables 4



Why does the concentrator ASIC
necessary for TPC FEE?

The TPC setup contains about 10° detector channels, based on SAMPA
chips, ended by high-speed (~10 Mb/s) high-resolution (10 bit) ADCs,
generates a large amount of digital data and thus require a high
integration, based on ASIC technology

Data should proceed via a synchronized deserialization, sequencing,
noise-free and fault-free encoding, output serialization

Needs to use a very limited number but high-speed links both for data
transfer out and control. All possible RF losses should be mitigated
Needs to process the data on-detector in a non-friendly radiation
environment

Non-availability of COT components ready to use 5



Hub ASIC shortly

Transceiver chip (called as “hub v.1") for FEE
communication to/from counting room

1 downlink + 2 uplinks, both working at 2.56 Gb/s via
electrical cables

Radiation tolerant by design (up to 100 MRad)
Functionality: detector data readout, triggers, clocks, control

and calibration



ASIC designation

* HUB v1 is a radiation tolerant prototype ASIC that can be used

to implement multi purpose high speed bidirectional links for
TPC FEE

* ASIC supports one or two 1m length 2.56 Gb/s links in the
direction from detectors to the counting room (Uplink) and one
1m 2.56 Gb/s link in the direction from counting room to the
detectors (Downlink)

Interfaces:

2x4 ports SAMPA data
2x ports SAMPA Reset
2x3 ports SAMPA Trigger
2x3 ports SAMPA Clock

2x CML Tx
CML Rx

SPI (slow control)
12C



SAMPA chips _  length

I

Chip1

Environment

10-20mm Radiation zone up to 100 Mrad 1m length
I DATA [3:0] )
: Coaxial cables
2.56 Gb/s
I DATA [3:0] ] )
|
|
|
|
| Resets
|
: Triggers ASIC
|
I Coaxial cables
I Clocks 2.56 Gb/s
|
: 12C SPI 60 Mb/s
|

y-

J3[[0NU0d gD d




Standard mixed-mode
design route

Cadence CAD tools for
start-to-finish design flow
Top-to-bottom design

TSMC DKs for the 65 nm process
Powerful servers (DELL, INTEL) +
client workstations

Digital on top and mostly digital flow

Mixed signal design flow

ode math or § netlist

. . .
Mixed signal modeling
Mixed simulation with blocks consist of
HOL code , schemat plce netlis
-

Digital

HDL code entry

Verilog / VHDL

!

Behavioral simulation

riting testbench to ver
functional & timing

Tran

sistor level design & simulation

Logicsynthesis

Behavicral code to structural verilog

code bound to Bbrary

{

Layout

Full customn layout, matching

Physical synthesis

{4

ace and route

Pt

wysical Verification

DRC & LVS check

Post-simulation

Parasitic extraction and post-layout

!

Q

Post-simulation

sitic extraction and post-layout

/

Full chip integration

ntegrate analog & digital layout

1y

Full chip DRC & LVS

)]

Full chip simulation
& GDSII for tape out




[ Mixed signal design flow

Radiation tolerance
as p e CtS | N d esS | g N | < [pgreieprhty )

Digital ( Analog

HDL code entry System Modeling

Leg e n d - Verilog / VHOL Verllog-A, Ideal blocks :
1! !

e Digital part uses: 12T standard =7
Ce” Iibrary Of TSMC 65 nm Logicsynthesis

ehavioral code to structural verilog

process and triplication logic : |Wli

Physical synthesis

Place and route

e Analog part uses different 1T
known tips and tricks to Postsimulation

aaaaaaaaaaaaaaaaaaaaa layout

simedation

provide radiation hardness by: %
O process —
Full chip integration

]
O d eS I g n Integrate analog & digital layexnt

o schematics implementation 4U

{

Full chip simulation
& GDSII for tape out




Specifications (1)

Value

Technology node 65 nm
I/0 voltage 25V
CORE voltage 1,2V

Specifications

Temperature 0-85°C

Power consumption <1W

Radiation tolerance <100 Mrad

Serial interface with SAMPA

Number of input channels 8 channel (16 pins)
Maximum input frequency 320 MHz
Physical level SLVS

11



Specifications (2)

High speed Interface to counting room

Input 1
Number of channels
Outputs 2
Physical level CML

12C Interface
Operating mode 10 bit addressing
Frequency 100 kHz - 5 MHz
LVCMOS 1.2V

Physical level

Synchronization Interface

Number of channels 6 channel
Frequencies 20/40/80/160/320 MHz
Physical level SLVS

12



Output trigger links

Number of links

Physical level

Output reset links

Number of links

Physical level

Hardware address

Number of links

Physical level

External LDO control

Number of links

Physical level



Prototype ASIC block diagram

HUB v1 ASIC

SAMPA chips
e
I DATA [3:0 -
: 1301 | stvs rx | Phase —— Dioital | eg lemosaemL Mux feMLTx 1l
| Aligner Ic transmitter .
I * :> Packet Coaxial cables
= I receiver i .
: | DATA [3:0] Phase |8 channel ——>| Digital |gep lemosacmL mux 230 bR
< . 5 ~_ —
I I SLVSRX | \ieo8 transmitter B
: l 7S
! 5
[
I Resets
=
! I<:: SLVS TX | Reset block <: Synhronization PLL =
! Chip1 I K—> logic 2.56 GHz o
' b =
1 riggers =
I SLVS TX | Tri block =
I | rigger bloc <}: 3
—
: [ g:’ong"e"si';? Coaxial cables =
Il Clocks CML 2.56 Gb/s
[ ,<: SLVS TX | Clock block K(———> <= digital |DES|CDR CML2CMOS| CML Rx . —
I 0 receiver
[
! 12C
| 2 Digital — 60 Mb/
I<}:{> I2C master K # > S
I : Eads master <:|'> SPl interface <,‘: [::g:;:l
l b e = = -

LEGEND: DIGITAL ANALOG DIGITAL I/O ANALOG /O

Mixed-mode (mostly digital (~70%)) design 14



Analog blocks

SLVS Rx

SLVS Tx
CML_RX

CML_TX
PLL

CDR
POR
CMOS2CML

Building blocks

Digital blocks

|C receiver channel

Phase Aligner
Packet former

Digital Transmitter

SER

Synhronization
Logic

SPI Interface

Command
processor

|2C master

DES
Reset

Trigger
Clock

15



Getting data from SAMPA*

(SAMPA itself)

Peaiing time, Sensitivity and Polarity c?\ntrol ./I_U—Ln‘
A 4 4
MO CSA i_ ~ Shaper ADC _j
V600 D=
vaso~—— Bandga Bias DSP >
= .
NesL Y csA i_ ’Shaper':‘l ADC _-ﬁ

1 FT

Peaking time, Sensitivity and Polarity control

* — J. Adolfsson, et al. SAMPA chip: the new 32 channels ASIC for the ALICE TPC and MCH
upgrades, 2017 JINST 12 (04) C04008 16



Getting data from SAMPA

(HUB Digital receiver block)

HUB v1 ASIC

SAMPA chips

I DATA [3:0 o
301, | stvs rx | Phase —— | Digital | gep lemosacmL mux oML Tx 1
—> Aligner| transmitter

- Packet Coaxial cables
receiver former 2.56 Gb/s
) : x8 channel Digital ”
DATA [3:0] Sive mx | Phase I :{) transmitter| SER (CMOS2CML MUX |CML Tx O~ >

Aligner
& i i

i
! ;
! I
' I
: [
]
| ; &
! I Resets g
! I<:: SLVS TX | Reset block <: Synhronization PLL =~
I Chip1 I = logic 2.56 GHz o
i S
I Tri =
riggers —
: 128 g1y TX | Trigger block K =
i —_—
[ i Command Coaxial cables =
' I Clocks ] CML 2.56 Gb/s
[ ,<: SLVS TX | Clock block <}::> <‘,:{> digital |DES |CDR CML2CMOS| CMLRx | ——— |
I 0 receiver
i
! 12C
| 2 Digital — 60 Mb/
—_—_EE 12C master |K——— > §
! I i maser = SPI interface K— E:g";:'
-

LEGEND: DIGITAL ANALOG DIGITAL I/O ANALOG /O

Mixed-mode (mostly digital (~70%)) design 17



Getting data from SAMPA

(Digital receiver structure)

One channel

Digital receiver )

{1 Hamming__) =
SLVS_RX_INIP:‘ ) r decoder C FIFO (_:_,
'sws_Rx_n\iN:: SLVS RX > Phase | Circle < , Packel
> aligner| " | buffer L e— "\ : tormer
X R 5
' Controller l

G e e e e e e e s e e e R R e e M e e e e G e e R e e R e G e e e e e R e e e e e e e e e e e e e

e e e e e e e e e e e e R e e M R e e R e e e S R R e e R e e e e e e e R e e e e e e e e e e e

1 channel x8

LEGEND: ANALOG I/O DIGITAL ® - Analog pad
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High speed interface to
counting room

HUB v1 ASIC
SAMPA chips

bl r
I DATA [3:0 iai
| : D18 sivs rx | Fhase N, Digital | seg |eMos2cML Mux [cML Tx 1
igner Ic transmitter cial cables
| I < i:> Packet ~.oaxial cables
] | 5 channes il m 2.56 Gb/s
DATA [3:0 igita
i : 3:01, | ¢1vs Rx ;l;;::r i tranemitter| SER |CMOS2CML MUX [CML Tx 0
' l O
| & T z
I
i Resets
)
' I<: SE¥S 1)) Resethblock <: Synhronization PLL I~
! Chipt | 1 K—> logic 2.56 GHz 2
: : Triggers Er
: ! SLVS TX | Trigger block K —— =
, =
[ i Command Coaxial cables =
1 processor
i Clocks CML 2.56 Gb/s
' i ————— sLvs X | Clock block K——D> digital |DES | CDR CML2CMOS| CML Rx
I 0 receiver
i
| ' 2C Digital pa— 60 Mb/s
|<}:{> I2C master Diaital /
d : gita
: ! pads = SPI interface K— e
LEGEND: DIGITAL ANALOG DIGITAL I/0 ANALOG l/0

Mixed-mode (mostly digital (~70%)) design 19



High speed interface to counting room
(Tx & Rx details)

Uplink
\»Dp_c.\"‘w \‘DD_C.\ILI¢ \'DD_(‘.\lLli
datal [7:0] Sare VDD OUTIN VDD OUTI VDD CML_OUTP!
»| SER INO -
c1k2560
— CMOS 2 CML MUX2_1 CML_OUT
e SER1 clk2seo | OUTIP | LPFl} CML_OUTNI
clk640 ’ CML SEL  GND IN2 IN3 GND CML SEL CFG GND
cIk320 T T T T
e H DCTR VSS CML1 "0"1"0" | VSS MUX DCTRI1 CFGO [16:0] VSS_CML1
Digital = =
transmitter VDD_CMLO \'DD_C.\ILO¢ \'DD_(‘.\ILO¢
@320 MHz v
data0 [7:0] data0 VDD OUTON ADE OUTO VDD CML_OUTPO
> »| SER >/ INO B
c1k2560
| CMOS_2_CML MUX2_1 CML_OUT
e SERO clk2560 OUTOP_| 1\, LPFO_ CML_OUTNO
clk640 CR > IN2 IN3 GN | cFa GND
5 CML SEL  GND N2 GND CML SEL ;
clk320 A T T
DCTR  VSS_CMLO VSS_MUX DCTRO CFG1[16:0]  VSS_CMLO
Downlink
cIk2560 clk2560_cdr
clk1280
e ClkGenB"( clk2560__pll
clk640 « \'DD_CDR¢ \'DD_CDR¢ "DD_CDRL
clk320 DD S VDD ! VDD CML_INPI
< «—Q
CDR CML_2 CMOS ||~ CML_IN S
: DN €«— <« — @
datal [7:0] CO;’ST G;D GND G';D
ini clk2560
Dlgl.tal —>clkl780 Tt eSS COR VSS_CDR VSS_CDR
receiver == DES -
1k640
@320 MHz @ =
clk320

20



High speed interface to counting room

(main CML interface features)

- CML data are encoded by 8b/10b

- CML Rx receives command request

- Supported modes are: one or two CML

- CML Tx 0 translates command response and SAMPA data
(commands have higher priority than data)

- CML Tx 1 translates SAMPA data if CML Tx O is busy and two
CML Tx are used

21



CML protocol

(Rx & Tx packets)

CML Rx packet | MARK

CML Tx packet MARK | HEAD

Request (10 bytes)

DATA / Response (10 bytes)

HEAD T |12C

A2

A1

A0 |Ch2

Ch1

Cho0

Packet type J

0 - command answer
1 - data packet

At T=0 packet contains command Response

L

J U

J

HUB number Channel number

Y

12C answer flag

At T=1 packet contains 10 bytes DATA

Y

22



CML protocol

(format of commands)

Request CMD | DATA8 DATA7 DATA6 | DATAS | DATA4 DATA3 DATA2 DATA1 | DATAO

Response @ STAT | DATA8 DATA7 DATA6 < DATAS | DATA4 | DATA3 A DATA2 DATA1 DATAO

Commands:
e Config load CMD 0|0 o0 cac3 c2|et co DATAO
e Config read 5 . 8 bits \
J COMIIIAND —
o ASIC Soft Reset
e SAMPA Trigger out

STAT 0 0 /12C C4 C3 C2 C1 CoO

o SAMPA reset = L § 3
e |2C read 12C answer flag COMMAND
e |2C write

e Debug commands 23



CML protocol

(synchronization procedure)

CML Rx SOS SOS

SOS

SOS

SOS

SOS

®

CML TxO0 LOS LO

CML Tx1 LOS LOS

Steps:

@)

EOS EOS EOS ‘ EOS WAIT  WAIT @ WAIT | DATA | DATA

SOS

SOS

SOS

sbs

SOS

SOS

SOS

SOS

SOS

SOS

SOS

EOS

EOS WAIT = WAIT = WAIT

EOS EOS EOS EOS WAIT = WAIT = WAIT

1) ASIC starts of synchronization

2) Controller synchronize both

channels

3) ASIC sends EOS
4) Controller finalize synchronization

5) ASIC finalize synchronization

CML modes:

LOS (lost of sync) - K28.4
SOS (start of sync) - K28.1
EOS (end of sync) - K28.3
WAIT - K28.5

Data packet

Command packet
24



Analog blocks

SLVS Rx

SLVS Tx
CML_RX

CML_TX
PLL

CDR
POR
CMOS2CML

Building blocks

Digital blocks

|C receiver channel

Phase Aligner
Packet former

Digital Transmitter

SER

Synhronization
Logic

SPI Interface

Command
processor

|2C master

DES
Reset

Trigger
Clock

25



Clock Data Recovery

voo 4 o o
Alexander phase detector J J ]
scheme e [ . N PO @ o, o o
frequency setting<1pus "®* "L . =1 -
.e %l ol \ ol
jitter about 70 ps ]

duty cycle 48.5 % .
power consumption: 6 mW

PVT simulation results

1.4

1.2

1.0

0.8

V)

0.6

230

0.4

0.2

0.0

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0
time (ps)

245




Process & Layout block placement

2X2mm

1Zze

ips

Ch

TSMC 65nm CMOS

. Low

ignal/RF

S

Ixed

M

Power

>
To)

: 2.

[0

Metal scheme

2V,

1

Core

1POM_6X1Z21U

12T standard cells for

digital part



Pinout & Bonding & Packaging

2

ouT

ML_IN

EML_OUT_

SAC_

T_Gl
SSZAH: (

SS2ACHCML_(

PVSS3AG MUX_1ls.
PVODIAG MUX_ 1t
PVSS24C_MUX H
-
PVSS1_94-pVSS1_1 L

+HpVOD1_1 L
e L

oy

D.‘/SS 1_4 + p"v a3 _5
nvD 4 4pvDD1_5

Such a packaging

L +pVUlZ
pPVSS2_04-pVSS2_1
pVSS1_64-pVSS1T

DD1_€4pVDD

produces parasitics,

B8, T S N NS\ L B L T | G £

pYSS1_B4pVSS1_9

D ovD
8 4-pVDD

resulting in needs to

perform accurate RF

simulations




Transmission line attenuation

AlphaWire 9436

coax cable

Specifications (1 m)
Wave impedance—50%5 Q
Insulator — PFA
Dissipation factor — 0.0008 @
1 GHz
Dielectric constant — 2.11
DCR- 1.57 Q/m
Attenuation, dB/m —-0.25 @
10 MHz

Attenuation, dB

Trel —— 521 dBMag 5dB/Ref0dB 1v

M1 1500002 GHz -20.5500 dB
*M2 3.000000 GHz -29.3436 dB

IM1 1.5 GHz|-20.5 dB

M2 3.0 GHz -29.3 dB

-40

C(h1 Center 1500002 GH: Pwr -10d8m Bw 10kHz Span  2.999995 GHz

Frequency, GHz

Attenuation of 5 m AWG36 cable,
measured by TPC team (JINR) on 20.10.2020

29



Transmission line model

(measurement versus simulation)

Remote side

720.0

& 600.0
>

360.0-

. ASIC side
e
S
O
.‘ . I Cpcb = Rterm
tlinp c:lp r=5@
tlinp1
gnd gnd 5.0
0.0
PCB bonding package pads b
: . -10.0
CML interface parasitics (LPF)
-15.0
@
T -20.0
>
-25.0
-30.0
-35.0
-40.0
-45.0

19.4

19.8

202

time (ns)

1 m cable losses at 2.56 Gb/s

Tret —— $21 dBMag 5dB/Ref0dB

v

M1 1500002 GHz -20.5500 dB
M2 3000000 GHz 293436 dB

l0d8

|M1 1.5 GHz|-20.5 dB

Attenuation, dB

-30.

M2 3.0 GHz -29.3 dB

-40

Ch1 Center 1500002GHz Pwr -10d8m Bw 10kHz

Span 2999995 GHz

Frequency, GHz
5m cable attenuation vs frequency (measurement)

*'1.0GHz -17.1184dB

° 2.98GHz -30.0068dB

4 dx:1.98GHz dy:12.8884dB 5:6.50932ndB/Hz

0.0 0.25 0.5 0.75 1.0 1.25 1.5

freq (GHz)

1.75 2.0 2.25 2.5 2.75 3.0

5m cable attenuation vs frequency (simulation)

30



Radiation tolerance by ...

(used tips and tricks)*

Process

e valuable trade-offs on
performance and radiation
tolerance at a reasonable cost

e thin gate oxide provides
improved TID tolerance

A
F. Faccio, ACES 2016

(D}

(&)

e

©

S

Q

o

)

=) based on gate oxide
= thickness

>
250nm 180nm 130nm 90nm 65nm
Technology node

Design

e ELT NMOS transistors have
been used to reduce leakage
due to TID

e double guard rings around
p-wells and n-wells, biased to
constant voltages, have been
used to prevent single event
latch-ups

Schematics

e high-impedance nodes have
been low pass filtered to
suppress single event upsets

e short channel (<120 nm)
transistors have been avoided
to prevent RISCE effect

e triple modular redundancy
have been used for the most
critical digital blocks

e 12T instead of 7T or 9T
standard cells were employed

*see References 3 1




»

~ Nearest plans

EUA%CI)CPBEAthl-';'ECE TSMC

Technology Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

TSMC 65nm CMOS Logic or Mixed-Signal/RF, 19 13 19
Low Power*

Nov. 18, 2020 — deadline for ASIC GDSII submission for
prototyping via Europractice miniasic

program

Sponsorship for fabrication is a responsibility of MPD

team from JINR

32



Further plans (2021)

e Design of breadboard (PCB) & measurement technique

e Lab functional tests of prototyped ASICs
e Study of ASIC radiation tolerance at PNPI, Gatchina

33



Conclusions

Method for front-end (on-detector) data concentration
has been developed

It has been implemented in the prototype radiation
tolerant CMOS ASIC, intended for the TPC FEE
Prototype ASIC will be submitted for fabrication via
Europractice soon (on Nov. 18)

Lab functional tests of ASICs as well as their radiation

tolerance tests are expected as next steps

34



Thank you
for attention
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Back up slides
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Features & blocks (1)
SAMPA protocol |IC receiver
L Phase Aligner
SAMPA synchronization
Reset, trigger,
SAMPA control \ clock blocks
|12C master
CML channel DC and
frequency band balancingl  ——— 8b/10b
encoder/decoder
>

CML line tuning

CML line equalizer

37



Features & blocks (2)

- CDR
CML Rx data recovery

Synchronisation logic

CML synchronization

CML digital receiver

Fast control

Command processor

Slow control > SPI interface

33



High speed interface to counting room (1)

HUB v1 ASIC
SAMPA chips

bl r
I DATA [3:0 iai
| : D18 sivs rx | Fhase N, Digital | seg |eMos2cML Mux [cML Tx 1
igner Ic transmitter cial cables
| I < i:> Packet ~.oaxial cables
] | 5 channes il m 2.56 Gb/s
DATA [3:0 igita
i : 3:01, | ¢1vs Rx ;l;;::r i tranemitter| SER |CMOS2CML MUX [CML Tx 0
' l O
| & T z
I
i Resets
)
' I<: SE¥S 1)) Resethblock <: Synhronization PLL I~
! Chipt | 1 K—> logic 2.56 GHz 2
: : Triggers Er
: ! SLVS TX | Trigger block K —— =
, =
[ i Command Coaxial cables =
1 processor
i Clocks CML 2.56 Gb/s
' i ————— sLvs X | Clock block K——D> digital |DES | CDR CML2CMOS| CML Rx
I 0 receiver
i
| ' 2C Digital pa— 60 Mb/s
|<}:{> I2C master Diaital /
d : gita
: ! pads = SPI interface K— e
LEGEND: DIGITAL ANALOG DIGITAL I/0 ANALOG l/0

Mixed-mode (mostly digital (~70%)) design 39



High speed interface to counting room (2

Uplink
\»Dp_c.\"‘w \‘DD_C.\ILI¢ \'DD_(‘.\lLli
datal [7:0] Sare VDD OUTIN VDD OUTI VDD CML_OUTP!
»| SER INO -
c1k2560
— CMOS 2 CML MUX2_1 CML_OUT
e SER1 clk2seo | OUTIP | LPFl} CML_OUTNI
clk640 ’ CML SEL  GND IN2 IN3 GND CML SEL CFG GND
cIk320 T T T T
e H DCTR VSS CML1 "0"1"0" | VSS MUX DCTRI1 CFGO [16:0] VSS_CML1
Digital = =
transmitter VDD_CMLO \'DD_C.\ILO¢ \'DD_(‘.\ILO¢
@320 MHz v
data0 [7:0] data0 VDD OUTON ADE OUTO VDD CML_OUTPO
> »| SER >/ INO B
c1k2560
| CMOS_2_CML MUX2_1 CML_OUT
e SERO clk2560 OUTOP_| 1\, LPFO_ CML_OUTNO
clk640 CR > IN2 IN3 GN | cFa GND
5 CML SEL  GND N2 GND CML SEL ;
clk320 A T T
DCTR  VSS_CMLO VSS_MUX DCTRO CFG1[16:0]  VSS_CMLO
Downlink
cIk2560 clk2560_cdr
clk1280
e ClkGenB"( clk2560__pll
clk640 « \'DD_CDR¢ \'DD_CDR¢ "DD_CDRL
clk320 DD S VDD ! VDD CML_INPI
< «—Q
CDR CML_2 CMOS ||~ CML_IN S
: DN €«— <« — @
datal [7:0] CO;’ST G;D GND G';D
ini clk2560
Dlgl.tal —>clkl780 Tt eSS COR VSS_CDR VSS_CDR
receiver == DES -
1k640
@320 MHz @ =
clk320
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High speed interface to counting room (2

Uplink
\'Dl)_C.\ll.l¢ \’DD_C.\II.|¢ \'DD_(‘.\lLli
datal [7:0] gamt [ VDD outin | VDD OUTI VDD CML_OUTP!
c1k2560 )
ck1280 | CMOS 2 CML MUX2_1 CML_OUT
s SER1 clkaseo | o OUTIP |\ EEE CML_OUTNI
clk640 CML SEL GND IN2 IN3 GND CML _SEL CFG GND
clk320
s t 1
i DCTR VSS CML1 "0"T"0"T\"SS_I\]L’X DCTRI1 CFGO [16:0] VSS_CML1
Digital =
(téa3|12$0m'\|/tlt:|’ VDD CMLO \'DD_C.\!L% \'DD_(‘.\ILO¢
z S
data0 [7:0]’ data0 o VDD OUTON‘ e VDD OUTO VDD CML_OUTPO
clk2560 }
cIk1280 CMOS 2 CML MUX2 1 CML_OUT
— SERO clk2560 OUTOP_| 1\, LPFO CML_OUTNO
clk640 — ek I m2mN3 gN | cFa GND
e CML _SEL GND N2 GND CML SEL ;
clk320 A T T
R
DCTR  VSS_CMLO Tvss_r\wx DCTRO CFG1[16:0]  VSS_CMLO
Downlink
clk2560 clk2560_cdr
1k1280
C i
‘CH(T ClkGenB"( Clk2560__pl| Vi
<« \'DD_CDR¢ \'DD_CDR¢ i i
clk320 DD e VDD ! VDD CML_INPI
D <«—— < O
il OUTN L 2 CMOS OUTN : ML_IN CML_INNI
| |
#ro Request [[1 s oo ™« ow | ow [T ®
iqi clk2560 4
Dlgl.tal SEL e a DCTTRZ vssT CDR VSS_CDR VSS_CDR
receiver —3 DES -
1k640
@320 MHz @ =
clk320
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High speed interface to counting room (2)

Uplink
\'Dl)_C.\ll.l¢ \’DD_C.\H.|¢ \'DD_(‘.\lLli
datal [7:0] gamt [ VDD outin | VDD OUTI VDD CML_OUTP!
clk2560 d
__).‘
CIk1280 CMOS 2 CML MUX2_1 CML_OuUT
S SER1 clk2560 OUTIP || LPF1 - CML_OUTNI
clk640 —>|CDR - 1
CML_SEL GND IN2 IN3 GND CML_SEL CFG GND
clk320 T T T T
. ; 0"l 0" | vss_mux CFGO[16:0] VSS_C
D|g|ta| DCTR  VSS_CMLI 0"l "0"| vSS MUX DCTR1 [16:0] SS_CML1
transmitter
@320 MHZ “DD_C"L% "DD_C-\ILO¢ \'DD_C.\ILO¢
data0 [7:0]> data0 o VDD OUTON‘ e VDD OUTO VDD CML_OUTPO
l - )
Respnse CMOS_2_CML MUX2_1 cML_ouT
RO clk2560 0 = CML_ OUTNO
sy CML SEL GND IN2IN3 GND CML SEL CFG GND
/‘ k320 T A T T
DCTR  VSS_CMLO Tvss_l\wx DCTRO CFG1[16:0]  VSS_CMLO
Downlink
clk2560 clk2560 cdr
1k1280
C i
e CIkGenBlk clk2560 pll
St <« \'DD_CDR¢ \'DD_CDR¢ \'DD_CDRi
clk320 DD e VDD el VDD CML_INPI
D le—— < D E—
i OUTN L 2 CMOS OUTN CM L_IN CML_INNI
: < [ <@
#ra Request [[1 s oo ™
Digital D00 T T VSS_CDR T
= Sl a DCTR2 VSS CDR hain s VSS_CDR
receiver — DES B
1640
@320 MHz @ -
clk320
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High speed interface to counting room (2

Uplink
\'Dl)_C.\ll.l¢ \’DD_C.\II.|¢ \'DD_(‘.\lLli
datal [7:0] Sare VDD OUTIN VDD OUTI VDD CML_OUTP!
> SER INO 2
cIk2560
ck1280 | CMOS 2 CML MUX2_1 CML_OuUT
m——— SER1 clk2seo | ouTip | LPFL | CML_OUTNI
clk640 CML SEL GND IN2 IN3 GND CML _SEL CFG GND
cIk320 T T T T
i DCTR VSS CML1 "0"1"0" | VSS MUX DCTRI1 CFGO [16:0] VSS_CML1
Digital = =
transmitter VDD_CMLO \'DD_C.\!L% \'DD_(‘.\ILO¢
@320 MHz v
@A‘-FA data0 VDD OUTON ADE OUTO VDD CML_OUTPO
> SER ShNo A
clk23 L
— SERO clk2560 OUTOP_| 1\, LPFO CML_OUTNO
Sl g 1T ™23 gn | cre GND
= CML SEL  GND N2 GND CML SEL ;
clk320 A T T T
DCTR  VSS_CMLO VSS_MUX DCTRO CFG1[16:0]  VSS_CMLO
Downlink
clk2560 clk2560_cdr
1k1280
C i
e ClkGenB"( clk2560 pll
clk640 <« \'DD_CDR¢ \'DD_CDR¢ "DD_CDRi
clk320 DD e VDD el VDD CML_INPI
< «—®
CDR . cML2cmMos | Il CML.IN I
: DN |€— <« <« —
sl CONST  GND GND GND
Digital cIk2560 ol , 7
; clk1280 data DCTR2 VSS_CDR VSS_CDR VSS_CDR
receiver DES
1640
@320 MHz @ -
clk320
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High speed interface to counting room (2

Uplink
\»m)_c.\"‘w \‘DD_C,\!LI¢ \'DD_(‘.\lLli
datal [7:0] gamt [ VDD OUTIN VDD OUTI VDD CML_OUTP!
> INO
cIk2560 = >
=0 CMOS 2 CML MUX2_1 CML_OUT
= m 1 clk2seo | == OUTIP | LPF1 CML_OUTNI
clk640 I ’ ? CML SEL GND IN2 IN3 GND CML_SEL CFG GND
clk320
s Il
i DCTR VSS CML1 "O"T"O"T\'SS_[\IUX DCTRI1 CFGO [16:0] VSS_CML1
Digital =
(téa3nzsoml\|/t|t:r VDD cnui \'DD_C.\ILO¢ \'DD_C-\!L0¢
- i
g@mﬂ" data0 | o VDD outox | ADE OUTO VDD CML_OUTPO
P e ) :
S EMOS—2CME M2 S OUT >
= SERO cikaseo f o OUTOP_| 1\, LPFO CML_OUTNO
clk640 ’ > CML SEL GND > IN2 IN3 GND CML SEL CFG GND
clk320 A T
>
DCTR  VSS_CMLO Tvss_l\wx DCTRO CFG1[16:0]  VSS_CMLO
Downlink
cIk2560 clk2560 cdr
1k1280
C i
e CIkGenBlk clk2560_pll
clk640 « \'DD_CDR¢ \'DD_CDR¢ "DD_CDRi
clk320 DD e VDD el VDD CML_INPI
< @
CDR . cML2cmMos | Il CML.IN A
<« D
datal [7:0] consT o DN (€ GND Lol
Digital clk2560 4 4 ' ; 4
; clk1280 data DCTR2 VSS_CDR VSS_CDR VSS_CDR
receiver DES
1k640
@320 MHz @ =
clk320
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High speed interface to counting room (2)

Uplink
vm)_c.\u.w \’DD_C,\H.|¢ \'DD_(‘.\ILI¢
dutal FT015 daal | o VDD outin | VDD OUTI VDD CML_OUTP!
clk2560 = ht >
%20 CMOS 2 CML MUX2_1 CML_OU
clk640 CML SEL GND IN2 IN3 GND CML_SEL CFG GND
clk320 T T T T
Dlgltal DCTR VSS_CML1 "0"1"0"| VSS_MUX DCTR1 CFGO [106:0] VSS_CML1
transmitter \ voo_csita] |
VDD _CMLO "ML VDD CMLO
@320 MHz = . =
data0 [7:0]> data0 o VDD OUTON VDD OUTO VDD CML OUTPO
i > » INO -
Respnse CMOS_2_CML MUX2_1 cML_ouT
RO clk2560 0 = CML OUTNO
clk640 CML SEL GND IN2 IN3 GND CML SEL CFG GND
/ % A T T
DCTR  VSS_CMLO Tvss_l\wx DCTRO CFG1[16:0]  VSS_CMLO
Downlink
k2560 clk2560 cdr
clk1280
‘W CIkGenBlk clk2560 pll
g <« \'DD_CDR¢ \'DD_CDR¢ \'DD_CDRi
clk320 VDD T VDD oUe VDD CML_INPI
< I .
CDR CML 2 CMOS | |~ CML.IN -
: < [ <@
sl CoNST GND OV GND GND
Digital k2560 o i3
receiver il DES i DCTR2  VSS_CDR VSS_CDR VSS_CDR
@320 MHz = ==
clk320
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High speed interface to counting room (3)
(one CML mode)

Uplink
: \'Dl)_Cf\lLli \’DD_C,\II.I¢ VDD_CML1
datal [7:0
s T — s OUTIN | VDD VDD CML_OUTPI
clk2560 !
e
R CMOS 2 CML 2 1 CML_OuUT
[)M SER1 ctkaseo f o T LPFI CML_OUTNI
E— GND IN2 IN3 GND CML_SEL GND
clk320 | T T
S ( ; 0| 0| v X CFGO [16:0] VSS_C
Dlgltal N DCTR VSS_CML1 0"1"0"1 VSS_MUX DCTRI1 [16:0] SS_CML1
transmitter %
\O VDD_CMLO \'DD__(‘.\ll.Oi \'DD_(‘.\!LO¢
@320 MHz v
data0 [7.0]> data0 o VDD OUTON‘ = VDD OUTO VDD CML_OUTPO
l - 1
Respnse CMOS_2_CML MUX2_1 cML_ouT
RO cIk2560 o) = CML_OUTNO
clk640 CML SEL GND IN2 IN3 GND CML SEL CFG GND
/ k320 A T T
DCTR  VSS_CMLO Tvss_mux DCTRO CFGI1[16:0]  VSS_CMLO
Downlink
clk2560 clk2560_cdr
clk1280
(W C|kGenB|k Clk2560_p”
i ‘- \'DD_CDRi \‘DD_CDR¢ \'DD_('DRi
clk320 VDD T VDD oUe VDD CML_INPI
< «—Q
CRE OUTN CML 2 CMOS OUTN CML_IN CML_INNI
: «— €< —* <@
w coNST GnD DN GND GND
Dlgltal e d: T T VSS CDR T
: ata DCTR2 VSS_C 'SS_ VSS_CDR
receiver clk1280 DES SS_CDR i
1k640
@320 MHz @ -
clk320
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High speed interface to counting room (4)

(main CML interface features)

- CML data are encoded by 8b/10b

- CML Rx receives command request

- CML Tx 0 translates command response and SAMPA data
(commands have higher priority than data)

- CML Tx 1 translates SAMPA data if CML Tx O is busy and two
CML Tx are used
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High speed interface to
counting room (loopback mode) (4)

Uplink
\'Dl)_Cf\lLl¢ \’DD_C,\!I.I¢ \'DD_(‘.\lLli
datal [7:0] Sare VDD OUTIN VDD OUTI VDD CML_OUTP!
»| SER INO -~
clk2560
k1280 | CMOS_2 CML MUX2_1 CML_OuUT
b SER1 ak2seo | o outie |\ LPF1_ CML_OUTNI
Sl CML SEL  GND IN2IN3 GND CML SEL CFG GND
clk320 T T T
e H DCTR VSS CML1 "0"1"0"| VSS MUX DCTRI1 CFGO [106:0] VSS_CML1
Digital = =
Hansmiter VDD_CMLO \'DD__C.\ILOl \'DD__(‘.\!LO¢
@320 MHz v
data0 [7:0] | data0 VDD OUTON ADE OUTO VDD CML_OUTPO
> »| SER SN o
c1k2560
clk1280 CMOS_Z_CML MUX2 CIVIL OUI )
R SERO clk2560 OUTOP_| 1\, LPFO_ CML_OUTNO
g g T m2ms | cre GND
= CML SEL GND N2 GFD CML SEL ;
clk320 A
—_).‘
DCTR  VSS_CMLO T\'ss_ 1UX DCTRO CFGI1[16:0]  VSS_CMLO
AR pback
clk2560 clk2560 cdr
1k1280
C i
e ClkGenBlk Clk2560_p”
St <« \'DD_CDR¢ \‘[)D_CDR¢ \'DD_CDRi
clk320 T i o) VDD CML_INPI
a— «—®
Al
CDR OUTN CML_2_CMOS oUTK e CML_INNI
P <« «—e
Cmad Sl consT GND DV GND GND
iqi clk2560 f A T A
Dlgl-tal clk1280 data DCTR2  VSS_CDR VSS_CDR VSS_CDR
receiver = DES B
1640
@320 MHz = ——
clk320
>
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CML protocol (1)

CML Rx packet | MARK

CML Tx packet MARK | HEAD

DATA / Response (10 bytes)

Request (10 bytes)

HEAD T ’I2C A2

A1

A0

Ch2

Ch1

Cho0

L

J U

J

Packet type J

0 - command answer
1 - data packet

When T=0 then packet contains command Response

When T=1 then packet contains 10 bytes DATA

Y

12C answer flag

Y

HUB number Channel number
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CML protocol (2)
Format of commands

Request CMD | DATA8 DATA7 DATA6 | DATAS | DATA4 DATA3 DATA2 DATA1 | DATAO

Response STAT | DATA8 DATA7 DATA6 @ DATAS | DATA4 | DATA3 A DATA2 DATA1 DATAO

Commands:
e Config load CMD o o0 o c4lc3lc2|ct co DATAO |
e Config read . T . 8 bits \
e ASIC Soft Reset —
e SAMPA Trigger out

STAT 0 0 /12C C4 C3 C2 C1 CoO

o SAMPA reset = L y 3
e |2C read 12C answer flag COMMAND
e |2C write

e Debug commands 50



CML protocol (3)
Synchronization procedure

CML Rx SOS SOS

SOS

SOS

SOS

SOS

®

CML TxO0 LOS LO

CML Tx1 LOS LOS

Steps:

@)

SOS

SOS

SOS

sbs

SOS

EOS WAIT = WAIT = WAIT

EOS EOS EOS ‘ EOS WAIT  WAIT @ WAIT | DATA | DATA

SOS

SOS

SOS

SOS

SOS

SOS

EOS

N

EOS EOS EOS EOS WAIT = WAIT = WAIT

1) ASIC starts of synchronization

2) Controller synchronize both

channels

3) ASIC sends EOS
4) Controller finalize synchronization

5) ASIC finalize synchronization

CML modes:

LOS (lost of sync) - K28.4
SOS (start of sync) - K28.1
EOS (end of sync) - K28.3
WAIT - K28.5

Data packet

Command packet
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CML interface parasitics

s . Lead Connector

Package /e

- 2 E—
to Tline

A" AN Microstr -
Pad —— .
=8 = = [77 ¥
Coupling ‘:\ ol _NV\__()_)__
A A4 — — T
/77
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Some tips and tricks on radiation
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