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GBT Series ASICs Developed by CERN

3

• GBT :  GigBit Transceiver

• GBT Project:   aims to build a high-speed, bi-directional optical data transmission system between 
the detector front-end and the back-end.   The GBT architecture is started by CERN from 2007

• GBT Series ASICs:   GBTx, GBLD, GBTIA



GBT Series ASICs by CERN
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GBT series ASICs and optical module pictures developed by CERN

lpGBTx LDQ10 GBTIA VTRx+ (optical module)

• The first generation GBT ASICs by CERN were based on 130nm CMOS technology,  2011
• GBTx:         uplink 5.12 Gbps, downlink 2.56 Gbps
• GBLD:   5.12 Gbps/ch
• GBTIA:       2.56 Gbps/ch
• VTRx:         1Tx + 1Rx optical module (single-channel form)

• The second generation GBT ASICs by CERN were based on 65nm CMOS technology,  2019
• lpGBTx:       uplink 10.24/5.12 Gbps, downlink 2.56 Gbps
• GBLD:          10.24 Gbps/ch  x 4 ch  (array form, this chip is also called LDQ10)    
• lpGBTIA:      2.56 Gbps/ch
• VTRx+:         4Tx + 1Rx optical module (array form) 



NICA_GBT ASICs in the Readout Electronics System
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NICAMOST: 
Monolithic Active Pixel Sensor 
(MAPS) ASIC

NICA_ROC:  
Data collection and control 
distribution ASIC

NICA_GBT family (3 chips + optical module)
NICA_ LD :    Laser Driver ASIC

NICA_TIA :   Transimpedance Amplifier ASIC(Receiver)

NICA_GBTx: Bi-directional data interface ASIC

Note: NICA_LD and NICA_TIA are inside the optical module
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NICA_GBT ASIC Development 
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Back-end
CRU/CTP

Uplink Direction

Downlink Direction

• NICA_GBT ASIC includes:
• High-speed Serializer              16:1  10.24 Gbps
• High-speed Deserializer          1:16   2.56 Gbps
• PLL (Phase-Lock-Loop)            5.12 GHz                    generate precise clock

• CDR (Clock Data Recovery)     2.56 Gbps                  recover clock from high-speed serial data

• Encode, Decode  (Digital part)     
• High-speed Tx/Rx  
• Data Phase Control (Phase Aligner)                                        automatically adjust the delay of the multi-channel data
• Clock Phase control                                         adjust the phase (delay) of the output clock



NICA_GBT ASIC Development in 2021~2022 
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• Firstly designed and tested the 
5.12 GHz PLL module and the 
Deserializer module in 2021 (the 
first design related to NICA_GBT) PLL + Deserializer ASIC practical 

picture under the microscope

PLL + Deserializer ASIC after wire-bonding 

PLL + Deserializer ASIC after wire-bonding 
on the test board 



NICA_GBT ASIC Development in 2021~2022 
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• Successfully verified the 
function of the PLL and 
Deseiralizer Module in 
NICA_GBT ASIC
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• The PLL and Deserializer work has been published on behalf of the MPD ITS collaboration in JINST 2022.

Deserializer in NICA_GBTx
JINST 2022

PLL in NICA_GBTx
JINST 2022

NICA_GBT ASIC Development in 2021~2022 



NICA_GBT ASIC Development in 2022~2023
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3333 um x 4444 um



NICA_GBT ASIC Development in 2022~2023
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• Process：55nm CMOS Technology

• Chip Size：3 mm  4 mm

• CDR core size: 1000μm  700μm

• CDR power consumption:200 mW

 including Rx and CML driver

4mm

3mm
DES

SERPLL

CDR

Bonding Photo

NICA_GBT_V1

Test setup PCB Test Board

NICA_GBT_V1 practical pictures under microscope



NICA_GBT ASIC Development in 2022~2023
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• 2.56 Gbps Clock-Data-Recovery (CDR) function was tested and verified.  √ 2.56 Gbps
CDR Test
Verified √



NICA_GBT ASIC Development in 2022~2023
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• 2.56 Gbps 1: 16 Deserializer + CDR were tested and 

verified. √

160Mbps

Deserializer 
+
CDR Test
Verified √



NICA_GBT ASIC Development in 2022~2023
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5.12 GHz
PLL Test
Verified √

Improve the PLL design (2021), get better performance



NICA_GBT ASIC Development in 2022~2023
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16:1   10.24Gbps
Serializer Design

570μm

685μm

✓ Input Data：640 Mbps/Ch  16

✓ Input Clock：5.12 GHz

✓ Output Data：10.24 Gbps

✓ Serializer core size: 685μm  570μm

Serializer Structure

✓ First Stage: 16→4

✓ Second Stage: 4→1

✓ PRBS15: Self-test module

First Stage Second Stage



NICA_GBT ASIC Development in 2022~2023
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PLL+
Serializer Test
Verified √
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• NICA_GBT ASIC includes:
• High-speed Serializer   Done √           
• High-speed Deserializer Done √  
• PLL (Phase-Lock-Loop) Done √ 
• CDR (Clock Data Recovery)                     Done √ 
• Encode, Decode  (Digital part)     under design (first version will be submitted within 2024)
• High-speed Tx/Rx                                     Done √  (function verified, need to be replicated in each ch) 
• Data Phase Control (Phase Aligner) Designed and under testing (need to be replicated after verification)
• Clock Phase control                                          To be designed (first version will be submitted within 2024)

Summary about NICA_GBT ASIC Development



1. Background of GBT-Series ASICs

2. NICA_GBT Development

3. NICA_LD/NICA_TIA/Optical Module Development

4.   Summary

19



NICA_LD and NICA_TIA ASICs Development
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• Two ASICs have been designed and tested in 2021~2022.
• NICA_LDLA:   
• 10 Gbps single-channel Laser Driver (Tx) + TIA +LA (Rx)

  --corresponding to the VTRx(1Tx, 1Rx)  single-channel form

• NICA_LDAr:
• 10 Gbps/ch Laser driver array(multi-channel Tx) 

                  --corresponding to the VTRx+(3Tx, 1Rx)  array form

LDLA Chip on the boardLDLA Chip LDAr Chip on the boardLDAr Chip



LDLA ASIC Test
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• LDLA ASIC was integrated into a customized 
optical module based on TOSA/ROSA. (similar to 
VTRx) 

• However we will not use this TOSA/ROSA based 
optical module. The optical module shown here is 
only for the test of the ASIC.



LDLA ASIC Test
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LDLA ASIC Test
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NICA_LD+TIA_v1
JINST 2022

• The LDLA ASIC work 
has been published 
on behalf of the MPD 
ITS collaboration in 
JINST 2022.



LDAr ASIC Test
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LDAr
LDAr ASIC

LDAr on electrical test PCB

LDAr ASIC 
integrated in the
optical module 

LDAr ASIC optical test

Optical 
Module

LDAr Lase Driver ASIC structure (one channel)

• Customized array optical 
module (similar to VTRx+)

• This will be targeted optical 
module form. However, what is 
shown here is not the final 
version. 



LDAr ASIC Test
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NICA_LDAr
JINST 2022

• Clear and wide-open 10 Gbps optical eye has 
been captured in the LDAr ASIC optical test.

• LDAr ASIC work has been published on behalf of 
the MPD ITS collaboration in JINST 2022.
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NICA_GBT ASIC
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• What else needs to be done:
• Encode, Decode (Digital part) design, test and iterative design if needed
• Phase Aligner test, iterative design(if needed) and integration
• Clock Phase control design, test and integration
• Overall ASIC integration (Large-scale anlog-digital-mixed ASIC)

                The above work are planned to be achieved in 2025~2026
• BGA package (design, manufacture, test)
• Chip test (BGA)



NICA_LD, NICA_TIA ASICs and optical module
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• NICA_LD
• Core design has been tested and verified                 Done √
• What else needs to be done?

• Optimize the design (chip area and the power consumption)
• The final version integration (full four-channel form) 

• NICA_TIA
• Core design has been tested and verified                 Done √
• What else needs to be done?

• Optimize the design (data rate and the power consumption)
• The final version design

• Optical module
• Prototype has been designed and tested           Done √
• What else needs to be done?

• Optimize the design (related to stable and reliable mechanics, assembly ..)
• The final version.

All the NICA_LD, NICA_TIA and optical module work is planned to be done in 2025.
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Thanks!
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