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GE21 GEB desgin

■ PKU take the GE21 GEB design since mid 2018
◆ Mr. Xue completed the schematic design of M1-M8 and PCB design of M1\M2\M5-M8. 

Ke has completed PCB design of M3\M4. 
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https://twiki.cern.ch/twiki/bin/viewauth/CMS/GE21GEBBoardTwiki

4+12+4=20
9+12+9=30

■ Starting from scratch using Atrium
■ Many improvement over GE11 GEB

◆ Balanced materials => avoid deformation
◆ More solid standoffs => robustness
◆ Optimized routing => decrease failure risk
◆ Strict impedance calculation=>signal integrity
◆ .... many details from one-hand experiences

of PCB production to avoid problems
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GE21 GEB prototyping timeline

■ Starting in summer 2018
■ M1

◆ 1st Design: 2018/09/10
◆ Production & QC: 2018/10/23 -- 2018/12/05

■ M2
◆ 1st Design: 2018/11/14
◆ Production & QC: 2018/11/20 -- 2019/01/10

■ M3
◆ 1st Design: 2018/11/23
◆ Production & QC: 2018/2/23– 2019/04/18

■ M4
◆ 1st Design: 2019/01/21
◆ Production & QC: 2019/04/08 -- 2019/05/17

■ M5
◆ 1st Design:  2019/4/18
◆ Production & QC: 2019/06/08 -- 2019/7/18

■ M6-M8
◆ 1st Design: 2019/08/12
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Typical time for one board(weeks)
ü routing:  ~4
ü review & update: 1--x
ü verify with factory: ~2
ü bare board production: 3-4
ü Assembly & QC: 1-1.5 
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1) Visual checks

2) Flying probe

3) Characteristic impedance measurement

4) Power test

5) Connectivity test

6) Standoff test

• Position and orientation of standoff

• Torque test of standoff

7) Bending test
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GE21 GEB Board Test Procedures

Each step has its check-lists and records, 
multiple checks in case of questionable

To improve for future production: standardized labeling
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2. Flying Probe test
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3. Characteristic impedance

2019/10/3 8

Characteristic impedance measurement
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4. Power Test

■ 1). No power supply test: 
◆ No short circuit to each other: DVDD, 

PWR1V5, PWR1V8, PWR2V5 , 
1V2AVFAT,1V2DVFAT, DGND

◆ 0 ohm resistance connection: AGND, 
SHIELD_NET,DGND

◆ 2). Power On test:
◆ GEB LED and OH LED Display: DVDD 

& 2.5V(GEB),1.0V, PWR1V5, PWR1V8, 
PWR2V5 (OH)

◆ Measuring voltage value: DVDD, 
PWR1V5, PWR1V8, PWR2V5 , 
1V2AVFAT, 1V2DVFAT

◆ 3). Power On test:
◆ Measuring voltage value: Monitor1-5, 

PowerGood(all 5 FEASTs)
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1.1 GEB21-M2 Power Checking List (Install All 5 FEASTs, No Power 
Supply)

ABOUT THE CHECKING BOX:
o : no open circuit           o : no short circuit                                 

GEB No. DATE:                                                                                                                        RESULT: NOTE:

GEB:   1 GEB:   2 GEB:   3 GEB:   4 GEB:   5 GEB:   6 GEB:   7 GEB:   8 GEB:   9 GEB:   0

No short circuit to each other
þ: 1st time is 

okay

ý: repaired       

VFATAGND1
VFAT01-VFAT06

VFATAGND2
VFAT11-VFAT12

DVDD ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR1V5 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR1V8 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR2V5 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

1V2AVFAT1(D) ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

1V2AVFAT2(D) ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

DGND

0 ohm resistance connection

1V2AVFAT1 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

1V2DVFAT1

1V2AVFAT2 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

1V2DVFAT2

VFATAGND1 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

VFATAGND2 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

SHIELD_NET ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

DGND

NOTE: SIGNATURE:

No short circuit and 0 ohm connection test pass!
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1.2 GEB21-M2 Power Checking List (Install All 5 FEASTs and OH, Power 
On)

ABOUT THE CHECKING BOX:
o : no open circuit           o : no short circuit                                 

GEB No. DATE:                                                                                                                        RESULT: NOTE:

GEB:   1 GEB:   2 GEB:   3 GEB:   4 GEB:   5 GEB:   6 GEB:   7 GEB:   8 GEB:   9 GEB:   0

GEB LED(RED)
þ: 1st time is 

okay

ý: repaired       

GEB:
DVDD

OH Board
PWR1V5
PWR1V8
PWR2V5

VFAT:
1V2AVFAT1  & 

1V2DVFAT1
VFAT01-VFAT06
1V2AVFAT2 & 

1V2DVFAT2
VFAT11-VFAT12

DVDD ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR2V5 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

OH LED

1.0V ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR1V5 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR1V8 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

PWR2V5 ☑ ☑ ☑ ☑ ☑ ☐ ☐ ☐ ☐ ☐

voltage

DVDD 5.06 5.06 5.06 5.06 5.06

PWR1V5 1.506 1.50 1.506 1.50 1.506

PWR1V8 1.798 1.79 1.797 1.79 1.797

PWR2V5 2.49 2.49 2.49 2.49 2.49

1V2AVFAT1 1.207 1.20 1.207 1.20 1.207

1V2DVFAT1 1.207 1.20 1.207 1.20 1.207

1V2AVFAT2 1.204 1.20 1.204 1.20 1.204

1V2DVFAT2 1.204 1.20 1.204 1.20 1.204

NOTE: SIGNATURE:Power checking pass!
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1.3 GEB21-M5   Power Checking List (Install All 5 FEASTs, OH Adapter, Load 
Resistors Board, Power On)

ABOUT THE CHECKING BOX:
o : no open circuit           o : no short circuit                                 

GEB No. DATE:                                                                                                                        RESULT: NOTE:

GEB:   1 GEB:   2 GEB:   3 GEB:   4 GEB:   5 GEB:   6 GEB:   7 GEB:   8 GEB:   9 GEB:   0

voltage Monitor1-3
Load resistance 0/2 

ohm

Monitor4-5
Load resistance 0 

ohm

Monitor1<-1.8V
Monitor2<-1.5V
Monitor3<-2.5V
Monitor4<-1.2V
Monitor5<-1.2V

Monitor1

Monitor2

Monitor3

Monitor4

Monitor5

PG1.8V

PG1.5V

PG2.5V

PG1.2V(A)

PG1.2V(D)

GEB:   1 GEB:   2 GEB:   3 GEB:   4 GEB:   5 GEB:   6 GEB:   7 GEB:   8 GEB:   9 GEB:   0

Monitor1

Monitor2

Monitor3

Monitor4

Monitor5

PG1.8V

PG1.5V

PG2.5V

PG1.2V(A)

PG1.2V(D)

NOTE: SIGNATURE:
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5. Standoff Test 

■ 1). Position: FEAST,OH,VFAT

■ 2). Torque: OH

2019/10/3 14

þ: survive 0.5 Nm

GE21&ME0 GEB status and plan
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2.1 GEB21-M2 Standoff Checking List (Standoffs of FEAST) ABOUT THE CHECKING BOX:
þ : checked OK           ý : misalignment                            

DATE: RESULT: NOTE:

For VFAT For Opto-hybrid

Left Right 1.5V 1.8V 2.5V

Standoff Number 25     26     27 25     26     27 25     26     27 25     26     27 25     26     27

GEB:   1 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ

þ: 1st time is okay
ý: repaired       

GEB:   2 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ

GEB:   3 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ

GEB:   4 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ

GEB:   5 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ

NOTE: SIGNATURE:

2.2 GEB21-M2 Standoff Checking List (Standoffs of Opto-Hybrid) ABOUT THE CHECKING BOX:
þ : checked OK           ý : 
misalignment                            

DATE: RESULT: NOTE:

OH_S1 OH_S2 OH_S3 OH_S4 OH_S5 OH_S6

GEB:   1 ☑ ✕ ☑ ☑ ☑ ☑

GEB:   2 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   3 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   4 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   5 ☑ ☑ ☑ ✕ ☑ ☑

NOTE: SIGNATURE:

l collimation of OH_S2 in GEB_No 1# and OH_S4 in GEB_No 5# is little difficult to screw. 

l Standoff collimation is  fine
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2.3 GEB21-M5   Standoff Checking List (Standoffs of VFAT) ABOUT THE CHECKING BOX:
þ : checked OK           ý : misalignment                            

DATE: RESULT: NOTE:

VFAT01 VFAT02 VFAT03 VFAT04 VFAT05 VFAT06

Standoff Number 103      104 103      104 103      104 103      104 103      104 103      104

GEB: 1 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 2 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 3 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 4 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 6 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

VFAT07 VFAT08 VFAT09 VFAT10 VFAT11 VFAT12

GEB: 1 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 2 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 3 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 4 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

GEB: 6 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

NOTE: SIGNATURE:

2.4 GEB21-M 2  Standoff Checking List (torque test of OH 
Standoffs)

Unit: Nm
þ: survive 0.5 Nm

DATE: RESULT: NOTE:

OH_S1 OH_S2 OH_S3 OH_S4 OH_S5 OH_S6

GEB:   1 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   2 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   3 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   4 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   5 ☑ ☑ ☑ ☑ ☑ ☑

GEB:   6 ☐ ☐ ☐ ☐ ☐ ☐

GEB:   7 ☐ ☐ ☐ ☐ ☐ ☐

GEB:   8 ☐ ☐ ☐ ☐ ☐ ☐

GEB:   9 ☐ ☐ ☐ ☐ ☐ ☐

GEB:   0 ☐ ☐ ☐ ☐ ☐ ☐

NOTE: SIGNATURE:

l Torque test of OH standoffs pass! 
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6. Connectivity TEST

2019/10/3 17GE21&ME0 GEB status and plan

Electrical connectivity of 25 signals between 
100-pin Panasonic and Samtec 160-pin 
l 18 Differential pairs: D[8..1]+strobe
l 6 Com port signals: RXD+TXD+CLK
l 1 Reset signal 
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The test utility

2019/10/3 GE21&ME0 GEB status and plan 18

https://youtu.be/7Nht5Jx7-Q4
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3 GEB21-M2 Connection Checking List (VFAT01-06 & CONN1, VFAT07-12
& CONN2)

ABOUT THE CHECKING BOX:
o : no open circuit           o : no short circuit                                 

GEB No. M2-P1 DATE: RESULT: NOTE:

VFAT01 VFAT02 VFAT03 VFAT04 VFAT05 VFAT06 VFAT07 VFAT08 VFAT09 VFAT10 VFAT11 VFAT12

D8_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

þ: 1st time 
is okay

ý: repaired       

D8_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D7_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D7_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D6_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D6_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D5_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D5_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D4_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D4_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D3_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D3_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D2_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D2_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D1_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

D1_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

CLK_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

CLK_N ☑ ☑ ☑ ☑ ý ☑ ☑ ☑ ☑ ☑ ☑ ☑

RXD_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

RXD_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

TXD_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

TXD_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

Strobe_P ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

Strobe_N ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

Reset ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑ ☑

NOTE: Repaired SIGNATURE:
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7. Bending Test

2019/10/3 20

With improved fixation in the oven, the flatness much better than GE11 GEB

GE21&ME0 GEB status and plan



Dayong Wang

l For the bending test, the largest degree of M2 GEB is 0.49 mm, which performs good.
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New GE21 GEB test utility for production

■ There were GE11 discussions for improved QC utility
◆ Several discussions with Paul/Gilles etc
◆ Genesys Development Board purchased
◆ Qiaorong spent one month at ULB trying
◆ Not continue due to full-func emulator not
ready, and leaving of experts (Thomas et al)

■ PKU team started a new design, aiming for GE21 
production QC (also ME0)
◆ Mr. Xue with one student working on it
◆ Fully computerized 
◆ With functionality of BER, PRBS etc
◆ No clear schedule yet

■ May still need consultation & help of experts from
electronics teams
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ME0 GEB requirements

■ Reduced space under the chamber cover: challeging
■ Foils with double face segmentation layout chosen 
■ Q1 2020: schedule tight for GEB design & production
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ME0 GEB plan
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■ Follow the same basic design principles as GE21
◆ Four boards per ME0
◆ Robust routing and shielding
◆ lpGBT compatible

■ The prototyping could only start after GE21 M1-M4
finished
◆ Start design: ~middle Feb 2020
◆ Design & routing time: 4 weeks/board if external input finalized
◆ Verification and communication with factory ~1 week
◆ Prototype production: ~5 week
◆ QC test and shipment: 1+1 week
◆ Too late for integration for all 4 GEB boards

■ Is staged prototype possible?
◆ Start with one, to be used for integration test? (May 2020)
◆ Follow by three (Aug-Sep 2020)
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p GE21 GEBs have many improvements. The prototype design is 
moving towards final version.

pM6-M8 in review; should conclude soon.

p M1-M4 needs another lpGBT-compatible version, plus some minor fixings (one short 
of MONITOR signal short with 2.5Volt in M1, mechanical adjustment of M2 etc)

p On critical path for ESR, the schedule is tight. 

p need to streamline the workflow & communication

p New QC tools in design, aiming to be usable at production

p help needed from experts

p ME0 needs more input and discussion 

pThe prototyping would start immediately after GE21 design finish

Summary
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1.1 GEB21-M5   Power Checking List (Install All 5 FEASTs, No Power ) ABOUT THE CHECKING BOX:
o : no open circuit           o : no short circuit                                 

GEB No. DATE:                                                                                                                        RESULT: NOTE:

GEB:   1 GEB:   2 GEB:   3 GEB:   4 GEB:   5 GEB:   6 GEB:   7 GEB:   8 GEB:   9 GEB:   0

No short circuit to each other
þ: 1st time is 

okay

ý: repaired       

AGND
VFAT01-VFAT12

DVDD ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR1V5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR1V8 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR2V5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

1V2AVFAT ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

1V2DVFAT ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

DGND

0 ohm resistance connection

AGND ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

SHIELD_NET ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

DGND

NOTE: SIGNATURE:

1.2 GEB21-M5   Power Checking List (Install All 5 FEASTs and OH, Power On) ABOUT THE CHECKING BOX:
o : no open circuit           o : no short circuit                                 

GEB No. DATE:                                                                                                                        RESULT: NOTE:

GEB:   1 GEB:   2 GEB:   3 GEB:   4 GEB:   5 GEB:   6 GEB:   7 GEB:   8 GEB:   9 GEB:   0

GEB LED(RED)
þ: 1st time is 

okay
ý: repaired       

GEB:
DVDD

OH Board
PWR1V5
PWR1V8
PWR2V5

VFAT:
1V2AVFAT
1V2DVFAT

DVDD ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR2V5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

OH LED

1.0V ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR1V5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR1V8 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

PWR2V5 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

voltage

DVDD

PWR1V5

PWR1V8

PWR2V5

1V2AVFAT

1V2DVFAT

NOTE: SIGNATURE:
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