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gc of VCSEL Arrays in HEP

e Widely used in off-detector (no radiation) data transmission

e First on-detector implementation in pixel detector of ATLAS
+ experience has been positive
= use arrays for the second generation opto-links

= logical for HL-LHC ATLAS pixel detector to use
12-channel arrays as in the 1%t and 2™ generation opto-boards
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Spto-Links of Pixel Detector

e Built two generations of opto-links for the pixel detector
a pixel detector initially has 3 barrel layers + 3 disks on each side
m opto-links built by OSU had ~0.1% broken links
a2 added insertable barrel layer (IBL) in 2014

m move opto-links to more accessible location
m 300 opto-modules (opto-boards) are needed
o ~6,000 opto-links
O fabricated 400 opto-boards
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e Use experience from building two generations of opto-boards

to develop an opto-board capable of operation at 5 Gb/s

or higher for HL-LHC ATLAS pixel detector (ITK-Pixel)
e What is required to demonstrate that

the opto-board concept is a logical solution?

m 5 Gb/s per channel VCSEL arrays

m radiation-hard VCSEL array driver

m robust high speed array based packaging with thermal management
e A working prototype has been constructed
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Close Up View

Opto-pack

VDC DORIC
(VCSEL driver) (PIN receiver/decoder)
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Opto-Pack

light

“front”

)

guide pin

e Use BeO as substrate for heat management
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ITK-Pixel

e® Proposed opto-pack for ITK-Pixel has simpler design
e cxperience in building large quantity of opto-packs:
+ fabricated 1,200 opto-packs for pixel opto-boards
+ fabricating 280 PIN opto-packs for off-detector opto-receivers

+ equivalent to 18,000 channels
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-Pixel Opto-Board Concept

‘Keep opto-pack

Keep copper backed PCB
Keep MTP connector
Compatible with an opto-box (opto crate) concept

No lenses/mirrors used to turn the light

screw for
thermal
contact

MTP

ASIC

opto-pack
PCB PP copper plate
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ixel Opto-Board (Version -1)

Connector secured to opto—
board with screws instead of

€poxy in current opto-board

Could be fabricated as one
piece with mold injection
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ITK-Pixel Opto-Board

roduced a 4-channel opto-board using our array driver ASIC

¢ Scalable to 12 channels by simply replacing the ASIC

e® Uses a Finisar 12-channel VCSEL array (V850-2174-002)

B p—

VCSEL a

M
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runs at 1 2V
+ with all four channels operating
consumes ~150 mA at 5 Gb/s £
e cathode set to -1.3 V (~20 mA) to provide )]
enough headroom to drive the VCSEL
e optical power >2 mW on all channels
e BER <1x10-on all channels at 5 Gb/s

with every channel active
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e use 175 um space/trace controlled impedance transmission lines

e successfully transmit 5 Gb/s signals via Samtec LSHM connectors
= no need to connect high-speed cables directly to opto-board
= connect high-speed cables to “back-plane” inside opto-box

K XK. Gan HSTDI10 14



10th International “Hirostima™Sympositm|
on the Development and A

NIOAIOWIONFile  Verfical Timebase Trigger Display Cursors Measure Math Analysis  Utlities Help i Ts",‘iﬂ'ﬁ' Processing Vertical Timebase Trigger Display Cursors Measure Math Anahysis Utiiies Help 1;"3“?:)’ Processing: || B

(Eve Timebase 168 us] Trigger
0 sidiv Auto T 324 uwidv 200 ps/div Auto 127.0mV/
160MS  80GSls|[Edge _Positive

[Eve.
T 293 pwidiv
33.4 ps/div 160MS  80GS/s [Edge  Positive 33.4 psidiv.
6.59566 M#

5.14073M#
SDA Jitter Ti(te12) Ri(spD) Dj(spD) SDA Jitter Ti(te12) Rj(spD) Dj(spD) Pj 181 DCD DDj BitRate
anet 44.035 ps 98515, 29.993 ps 7071s 25355 ps 4885ps 31.242ps _5.0000 Gbitisec

P O] DCD DDj BitRate

Lane1 45418 ps 8321s 33549 ps 651e-15 34565 ps 1.074 ps 34565 ps_5.0000 Gbitisec
SDAEye EyeHeight EyeOne EyeZero EyeAmpl EyeWidth EyeCross  EyeAvgPwr SDAEye EyeHeight EyeOne EyeZero EyeAmpl EyeWidth EyeCross  EyeAvgPwr EyeBER
1.254mwW 2.085mW 410pW 1675mW 1768 ps 5236% 1247mW 355291323e33

EyeBER
02mW. 2141w 592uW 1549mw 167.8ps 5029% 1366mW 17824815981 Lanet
415/2015 10:40:53 Al TELEDYNE LECROY

4/15/2015 10:57:24 AM

Lane1 13
TELEDYNE LECROY

Trigger Trigger
File Verical Timebase Trigger Display Cursors Measure Math Analysis Utities Help Sep | "rocessing [l D> File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help Setup

Processing' |l D

[Eve [Timebase 168 usfTrigger Eye. Trig

3220wy 200 ps/div Auto 127.0mV 200 ps/div Auto  127.0mV/
33.4 psidiv 160Ms  80GSls [Edge _Positive 160MS  80GSls [Edge _Positive
47527508

SDA Jitter Ti(le-12) Dj(spD) Pj 1si DCD DD} BitRate

Lanet 49.359 ps 35.132ps 7915 25,048 ps 15683 ps 36.762ps 50000 Gbitlsec

Ti(te-12) Ri(spD) Dj(spD) j O] DCD DD} BitRate
61.425 ps 1410ps 41315ps 37.440 ps 8.068 ps 43.697 ps _5.0000 Gbitisec
SDAEye EyeHeight EyeZero EyeAmpl EyeWidth EyeCross  EyeAvgPwr EyeHeight EyeOne EyeZero EyeWidth EyeCross  EyeAvgPwr EyeBER
1.062mw 2181mwW 781uW 1.400mwW 156.8 ps 536% 1481mW 950054853636

EyeBER
1266 mW 514uW 1,656 mW 1798 ps 57.11% 1342mW_154.660213e39 Lane1
4/15/2015 11:01:01 AM TELEDYNE LECROY

All channels are active
HSTDI10

Processing 4/15/2015 11:04:48 Al

Lane1
TELEDYNE LECROY




) Gb/s VCSEL Array Driver

funded via CDRD (FY13-15)
® 4-channel test chip submitted in October 2014 (65 nm CMOS)

¢ 2mmx 2 mm
¢ Each channel slightly different to explore design choices

e Uses only core transistors to achieve maximum radiation-hardness
e Includes 8-bit DACs to set the VCSEL modulation and bias currents
e DAC settings stored in SEU tolerant registers

K.K. Gan HSTDI10 16



10th International “HiroshimaZiSymposit
on the Development and Application|
of Semiconductor: Tracking Defectors:

e Eye diagram at 10 Gb/s 1s open but improvement is needed
¢ Biterror bit: 1.3x10°1°

e f Trigger
File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help 99

Setup Processing |l P

EEEEREEENEEN

Timebase -264 nsfTrigger ()|
254 pwidiv
16.7 ps/div

200 ns/div Auto  201.5mV/
160 kS 80 GS/s| Edge  Positive
1.24145M#

ERREgEsEERERR

Ti(1e-12) Rj(sp) Dj(sp) Pj IS1 DCD DDj BitRate
35.315 ps 675fs 25.828 ps 223fs 27.131ps 248fs 27.131ps 9.9980597 G
EyeHeight EyeOne EyeZero EyeAmpl EyeWidth EyeCross EyeAvgPwr

B 2 . ] H - ' ‘ ‘ - . . 855.5uW 2.0689 mwW 7756 yW 1.2933 mwW 59.1 ps 51.03% 1.4292 mW
—_— LEDYNE LECROY

v

6/12/2015 10:09:21 AM

K K. Gan HSTDI0 17



Summary

e high-speed/radiation-hard parallel optical engine
m successfully designed and prototyped
for HL-LHC ATLAS Pixel detector
m include an ASIC and optical packaging

m satisfactory performance for 5 Gb/s optical data transmission

K XK. Gan HSTDI10 18



