TWE PP 1 0 e !

Radiation-Hard ASICS for
Optical Data Transmission
in the First Phase of the LHC Upgrade

A. Adair, W. Fernando, K.K. Gan, H.P. Kagan, R.D. Kass,
H. Merritt, J. Moore, A. Nagarkar, S. Smith, M. Strang
The Ohio State University

P. Buchholz, A. Wiese, M. Ziolkowski
Universitit Siegen

September 22, 2010

K K. Gan TWEPP2010 1



TWEPP 10

,,,,,,,,,,, 1ml \ antictelRhysics)

Outline

Introduction
Result on VCSEL Driver Chip
Result on PIN Receiver/Decoder Chip

Summary

K K. Gan TWEPP2010 2



lopicakWoikshoplon|ElectronicsiforPantictelPhysics! R
Aachen, Germany | 20-24 Se) 2000 4 L

A H- B . i o
e
R Clig EX RRl e o ‘ A
o P

K ot ¥ g RO i
SN e i v 8
b G R L LA £ oo A
¢ QIR N N =
SRR e L PR {574 I aaaanat

IBL

e ATLAS proposed to add one more layer to the current pixel detector:
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“Insertable B-Layer” or IBL
installation ~ 2015-6
optical links will use VCSEL/PIN array as in current pixel detector
an updated version of current driver (VDC) and receiver (DORIC)
with redundancy and individual VCSEL current control
would be a logical improvement
m experience gained from the development/testing
of such new chips would help the development of
on-detector array-based opto-links for SLHC
= submission of 1% prototype chip (130 nm) in 2/2010
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VCSEL Driver

VCSEL Driver with pre-emphasis
VCSEL Driver with pre-emphasis
CML Driver with pre-emphasis
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Test Card

Test card

PIN opto-pack
chip ULM 5 Gb/s
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Recovered Clock/

320 Mb/s
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Measure P1:rise2080(C2) P2 fall3020(C2 P3:duty(C2) P4:freq(C2) PSper@iv(C2) PEwidi@lv(C2)
value 252 ps 275 ps 2 % 306.4 MHz 3.264 ns 1.309 ns
mean P 297 16 ps 5828 ¢ 320277 MHz : 8 n: 39200 ns 44397 ps
min b 248 ps % 302.5 MHz 2. 1.298 ns 285 ps
max 449 ps 3 MHz 3.305 ns 1.449ns 468 ps
sdev 38.78 ps 141 44? % 7.014 MHz 3. 2297 ps
num g 1.504e+3 1.346e+3 1.346e+3 1.3 3 1.439e+3
status v v v

I13020(C2)

1.504e+3
v

Timebase  -14.0 nsfTrigger
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Jitters/Thresholds: .4
v Peak-to-peak clock jitter:
¢ 40 Mb/s: 132 ps (normal)
¢ 40 Mb/s: 1420 ps (multi speed)
¢ 80 Mb/s: 750 ps
¢ 160 Mb/s: 193 ps
¢ 320 Mb/s: 103 ps

v Threshold for no bit errors:

¢ 40 Mb/s:
1 Multi speed: 40 uA
a Ch 1: 19 uA
a Ch 2: 22 uA
a Ch 3: 20 uA
¢+ 80 Mb/s: 58 uA
¢ 160 Mb/s: 74 nA
¢ 320 Mb/s: 110 uA
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PIN Receiver/Decqdens
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v All channels work at 40 Mb/s

e Multi Speed version works at 40, 80, 160, and 320 Mb/s
¢ 160 and 320 Mb/s need external bias tuning for proper operation

v Steering signal to the spare channel works

K K. Gan TWEPP2010 10



VCSEL Driver C A P4 A LN
ﬁ Set Command DAC Bits (7 ;& AN
. 11S .
Channel DAC Write Write Enable (3:0)
Select (3:0) v

N,
.
= 8-bitDAC

vDC1
w/pre-emphasis

tvps1Y Y XX

\%

\%

VCSEL

B-bitDAC

VDC3

tvps3 X X X X> L

B-bitDAC

] VDC 4(spare)
R

LVDS input added for prototype chip only.

B-bitDAC
VDC 2 I 4—0
LVDS 2 X X X X w/pre-emphasis

/

\

K K. Gan TWEPP2010 11



VDC Results

e Power-on reset circuit
+ an open control line disables 6 opto-links in current pixel detector
= 1mplemented power-on reset circuit in prototype chip
v chips power up with several mA of VCSEL current

e Test port
v can steer signal received to spare VDC/VCSEL
v can set DAC to control individual VCSEL currents

v All 4 channels run error free at 5 Gb/s
v Includes the spare with signal routed from the other LVDS inputs
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@ VDC Test Setups 425\,
ﬁ e Light from the 4 VCSELSs:

¢ Fiber aligned over VDC/VCSEL 2
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Finisar 5 Gb/s
VCSEL array

Opto-chip
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VCSEL Driver with Pre-lgmphasi ’.
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Pre-emphasis
Pre-emphasis working with tunable width and height
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220 il 50.0 psidiv |[Auto 856 LW 50.0 psidiv
-862.1 P 1008 20 GSis |Edge Posttive 11008 20 GSis |Edge

P < S
C3 (Timebase -936 psf Trigger [C3) »C50 Timebase -2.220 nsf Trigger [C3]
Norm. 2.005 mw

Posttive

No pre-emphasis

Rise/fall times: ~60-90 ps
Measured with 4.5 GHz optical probe

Bit error rate < 5x10°13
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Irradiation

e 2 chips were packaged for irradiation
with 24 GeV/c protons at CERN 1n August
¢ cach chip contains 4 channels of drivers and receivers
¢ total dose: 1.6 x 10'° protons/cm?
o all testing are electrical to avoid complications
from degradation of optical components
= long cables limited testing to low speed
v observe little degradation of devices
m cvaluation of full performance await return of devices to labs
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e Previous VDC prototypes (130 nm) were irradiated in 2009
e VDC driving 25 € with constant control current
e drive current decreases with radiation for constant

¢ driver circuit fabricated with thick oxide process

¢ PMOS and NMOS have different threshold voltage shifts

= use only PMOS in the current mirror in 2010 prototype
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VDC Irradiation 2010~ M
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1.6 x 1015 p/cm?
e new VDC also drives 25 Q with constant control current

@ Decrease in drive current 1s small!
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Single Event Up TR

e SEU harden latches or DAC could be upset by traversing particles

¢ 40 latches per 4-channel chip
¢ SEU tracked by monitoring the amplitude of VDC drive current

+ 13 instants (errors) of a channel steered
to a wrong channel in 71 hours for chip #1
m similar upset rate in chip #2
= 0 =3x10"1%cm?
m particle flux ~3x10° cm/year @ opto-link location
= SEU rate ~10%/year/link
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Summary

e prototyped opto-chip for 2™ generation ATLAS pixel opto-links
incorporated experience gained from current links

NS XN X KX X ¢ ¢ o

add redundancy to bypass broken PIN or VCSEL channel

add individual VCSEL current control

add power-on reset to set VCSEL current to several mA on power up
VCSEL driver can operate up to ~ 5 Gb/s with BER < 5x10-13

PIN receiver/decoder properly decodes signal with low threshold
little decrease in VCSEL driver output current

very low SEU rate in latches/DAC
all added functionalities work!

All results are preliminary
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