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ASICs for DDLs

ASIC name Main functions In experiment
GOL Serializer, 8B/10B, 1.6 Gbps LHC

LOCx2 2-chnl serializer, cust.frame, 2x5.12 Gbps ATLAS LAr
LOCId Dual-channel VCSEL driver, 2x5.12 Gbps ATLAS LAr
GBTx SerDes, cust.frame, 2x4.8 Gbps LHC phase-1
GBTSCA TTC and Slow-control LHC phase-1
GBLD Single channel VCSEL driver, 4.8 Gbps VTRx

GBTIA Single chnl p-i-n TIA + LA, 4.8 Gbps VTRx, VTRx+
lpGBT SerDes, TTC, SCA, 2.56 Gbps, dwn,10.24 up  HL-LHC

LDQ 4-chnl VCSEL driver VTRx+
cpVLAD 4-chnl VCSEL driver, high rad-tol To be used
QTIA 4-chnl p-i-n receiver, high S/N ratio To be used

There are a few more, like GBS20 (w/PAM4), GBCR (equalizer), etc.




Optical Modules for DDLs

ASIC name Main functions In experiment
1)OTx, ORXx TOSA, ROSA based, 1.6 Gbps ATLAS LAr
2)MTx, MTRx  2-chnl Tx, TRx, 2x5.12 Gbps LAr phase-1
VTRx 2-chnl TRx, TOSA, ROSA based, 2x4.8 Gbps LHC phase-1
M Tx+ MTx w/ goldfinger and better fiber connt. CEPC?
VTRx+ 4-Tx 4x10.24 Gbps, 1-Rx 2.56 Gbps, MT LHC phase-2
)QTRx 4-Tx 4x10.24 Gbps, 4-Rx 5.12 Gbps, firefly CEPC?
2 ATx 12-Tx 12x10.24 Gbps, firefly CEPC?

There are R&D on moving the Serializer to the mezzanine board (GBT20), with
PAMA4, to reach 20.48 Gbps per fiber. The GBT20 idea will free the system
engineers from fast and impedance-matching PCB layout on a large board, saving
on development time and material cost.

Y From a collaboration between Academia Sinica and SMU

2) From a collaboration of Academia Sinica, NJU, and SMU




A few details

CERN[JVersatile LinkF1GBT Tl H :

v 45120074, HARMENH THEPTUARIE . S, XUADGLT B K8 R 45
FE HGBT R 41 Fr MDA B ZH il o

v B—RGBTRSIASICE: T 130 nm L2 (20114F) #x = A 47 535 % 4.8 Gbps

v 5 ARIpGBT AR AN E 165 nm CMOST.Z (20194F) , I iTHIER
10.24 Gbps.

It took many person-years of development time to arrive at the final objects
(packaged chips and modules) for the experiments.
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A few details
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o BUBEAGES: 1Tx + 1Rx

o FETFEEBITOSA F1 ROSAYEZH 1

TOSA/ROSA based VTRx and MTRx
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TOSA/ROSA based VTRx and MTRx

Latch TOSAs LOCId65 & PCB  Connector

Motherboard
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Array optics based =0
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Going to 20 Gbps per channel
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What we propose

We propose to develop a detector data link system for
future experiments. The R&Ds will have the following:
e ASICs, 55 or 28 nm CMOS
» |pGBT-like (need a name), with a wide clock
frequency range, dual-Ser and SerDes.
= VLAD: VCSEL Array Driver, 1, 4, 8 and 12 chnls
= DIER: True differential p-i-n receiver, 1 and 4
chnls.
= Advance chip packaging (ex., flip-chip BGA).
e QOptical Modules: array and TOSA/ROSA based.
* Fiber and system issues: follow the foot steps in the
CERN Versatile-Link common project.




What we propose

e The DDL common project:

" The collaboration is forming, all contributions
are welcome. There will be a coordinator (for
the moment Guo Di) and IB.

= Work-packages will be specific to developments
and deliverables.

= Developments will be based on what we have
already, with a focus on the clock unit and the
IpGBT-like SerDes.

= Suen will lead the development of the optical
modules, and the procurement of the fiber.




The take—aways

* |t takes many years with contributes from many
engineers and physicists to develop the ASICs and
modules for the DDL system.

 There is alot of prior experience, and successful
examples, mostly for the LHC experiments. We

were (or still are) part of the team.
e But for experiments like CEPC and STCF, the R&Ds

on the DDL need to start now (I wanted to say that
they should have started years back, but ...).

Thank you




What we propose
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EITHERIRID WifE

* The LpGBT supports the Uear dats payioad)

following uplink data rates: . )
* 5.12/10.24 Gbps Wik Hpayload AU 1 21 4 D

e Data is transmitted as a frame

composed of: RIEB TSR TR “— 7

° H d Header
eader (Delimits the frame boundaries) Forward Error Correction

° -I—he data f|e|d (Allows to correct transmission errors)
* Aforward error correction field:

Message

FEC5 / FEC12 uplink
. . 5.12 Gbps 10.24 Gbps
* The data field is scrambled to _ recs ket | recs  recrz | PURHURS R
allow for CDR operation at no o e e %?@féﬁ
ladditional] bandwidth penalty Data [bits] 116 102 232 204
FEC [bits] 10 24 20 48
* Efficiency = # data bits/# frame Correction [bits] | 5 12 10 24
b | t S Efficiency 91% 80% 91% 80%

N5 F B IpGBTxAH < 31

o AT HXIFRAEPER 5.12 Gbps/ 10.24 Gbps
o YwiS T H SCFR2PNAS [F) 3R BE Y BT R Y 45 FECHRMS (HEPISEURIFE S BEER)
o B FF “4” Fiframe protocol
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| —ImioN  128bits
1 MEZERN  40M

' B 4Tbit® 5.12Gbps

128bitH 112bit ( 7 x 16 bit)
o LT\ R HI i 25 168 T B4

STRE 7 * 640Mbps BT SEEIE
2 14 * 320Mbps BTSSR
2 28 * 160MbpsK BT B EHE

128 bits
’ .
2 bits 2 bits 2 bits 112 bits 10 bits
‘_l_v A A A
Y |
G6 G5 G4 G3 G2 G1 GO
:éi;g’o IC[1:0] EC[1:0] D[111:96]  D[95:80]  D[79:64]  D[63:48]  D[47:32]  D[31:16]  D[15:0]  FEC[9:0]
16bit  16bit  16bit ' 16bit 16bit  16bit
7 groups of 4 input e-Ports
Number of data ports:

Frame Function 1/O Group « 28elinks @ 160 Mbps
FRMUPS:0] FEC[9:0] « 14 elinks @ 320 Mbps
FRMUP[25:10]  [Data[15:0] 0 . .

FRMUP[41:26] Data[31:16] 1 7 elinks @ 640 Mbps
FRMUP[57:42]  [Data[47:32] 2

FRMUP[73:58] Data[63:48] 3

FRMUP[89:74]  [Data[79:64] 4

FRMUP[105:90] Data[95:80] 5

FRMUP[121:106] |Data[111:96] 6

FRMUP[123:122] |EC[1:0] EC

FRMUP[125:124] |ic[1:0]

FRMUP[127:126] [H[1:0] = 2'b10 HFH[1:0] = 2'b10

N2 5] F B 1pGBTxAH I A

« IXEDPI5.12 GbpsEHE RN, EBFFECS B TH “Mikg=" & X
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HEP Detector Data Links
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schematic block-diagram of the proposed CDR design

v’ PLL-based H.3f %41 CDR.
v TELZENH: & Rx, Phase Detector (PD), Charge Pump (CP), Low-pass Filter (LPF)

FNLC-based VCOZH jik .
A 2.56 Gbps Clock and Data Recovery (CDR) ASIC Design for

High-Energy Physics Experiments
The 2023 International Workshop on the High Energy Circular Electron
Positron Collider, Nanjing, Oct 23-27
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2.56 Gbps CDREEHR M,

File | Edit | } al | iziAcq | Trg | Display | Cursors | Measure | Mask

| Math |
DPOIJET Plots

aas agas Jitter Anal

¥ Woltage TJ@BER1: Eye Diagram

Bit Rate : 5.1200Gb/s

Fattern Length : 201 View Details

p-p Population Max-cc Min-cc \eidl

905.211s 820.491s 84.7191s 95 0.0000s  0.0000s
. 13.500ps 10.605ps 2.8948ps 95 0.0000s  0.0000s

[# PJ1, Math1 11.345ps 581.50fs 13.251ps 10.365ps 2.8857ps 95 0.0000s  0.0000s =
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s i il TN T 397.64ps 382.45ps 15.189ps  1.2158M 11.191ps -11.078

[+ Freq1, Math1 2.5600GHz Q997MHz 2.6147GHz 2.5148GHz 99.876MHz 1.2158M 72.504M... -74.333.

A656mV - 81.100mV 63.460mV 17.640mV  1.2159M 9.6600mV -10.500..4




2.56 Gbps CDREE 3 Mz

Agilent Phase Noise - Log Plot
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CDR + Deserializer JiiX &5 5R

and Eye Diagram Analysis Taols

Description Mean
+

fl © eiont1, Matn S61.88mY
(© TABBERY, Math!  34343ps
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(® Meight2. Math1 S61.88mY

v' 2.56 Gbps 1:16 Deserializer: H i etk + CORBLEREL A T.4E

Std Dev

a.0000v
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000005
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0.00006ps
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MATH1 | *
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saLeemy.
34343ps
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00007
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000005 4
000005 1
Msa6ps 19083
0.0000bps 4
00000V 1

0.0000v  0.0000v
00000s  0.0000%
000005 0.00005
000005 0.0000%
000005 000005
3316508 33,309
0.0000b... 0.0000b
0.0000v  0.000043
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BDTICH: B $aY5.12GHz PLL{ERR
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C. Zhao and D. Guo*, A low noise 5.12 GHz PLL ASIC in 55 nm
for NICA Multi Purpose Detector Project, Journal of
Instrumentation, 2022 _JINST 17 C09003
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5.12GHz PLLIRIR MR 25
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Jitter analysis

v Frequency: 5.12 GHz
v' RMS litter: 474.70 fs

v" Phase noise: -113dB@1MHz
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