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Integration of Laser Drivers with VCSEL Arrays

Purpose : 
• Investigate critical issues that limit the high-speed 
performance of vertical-cavity surface-emitting lasers 
(VCSELs). 
• Optimize both VCSELs and their driver circuits for speed, 
efficiency, temperature range and integration level.



Parallel free space OE 
interconnects used for hyper/mult i 

spectral image processing and 
transmission

I.  Applications:  parallel computing, data communication, and signal processing



II.  Approach:   Flip-chip bonding of 8x8 VCSEL array and 8x8 VCSEL Driver 

ARL 8X8 VCSEL Mask
•980 nm wavelength
•Bottom emitting
•125mmmmm pitch

Lehigh Univ. 8X8 MMIC Driver
•GaAs HBT process
•Sing le supply voltage:  +5V
•High speed:  10 Gbs per channel
•Low Power:  <25 mW per channel 
•Low Crosstalk: <30 dB
•Four circuit  topologies investigated
•Chip size:  2114x2114 mmmmm2

VCSEL/Driver Integration
•flip-ch ip bonding at ARL

+ =

Status:  Design and Fabrication by 
ARL/Lehigh

Status:  Design and Fabrication 
Completed; Prel iminary DC Testing

Status:   MMMIC Driver Chip 
del ivered to ARL for fl ip-chip bonding 

assessment



III. MMIC Driver Testing:   
• DC characterization v ia wafer probing  
• RF characterization v ia wafer probing 
• High-speed optical characterization after flip-chip bonding

Wafer Probing of M M IC

•DC and RF probing 

VCSEL/Dr iver Testing Stat ion 
Capabil it ies

•DC and RF probing
•Optical beam profiles
•Optical and RF Time domain 
character ization to 50 GHz

DC Measurements

Wafer Probe
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Ty pe-III DC Transfer  Function
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Type-IV DC Transfer Function
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Type-II DC Transfer Function
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BACKGROUND:  
• Crosstalk minimization (optical and electrical) is critical for vertical 
surface emitting lasers (VCSELs) array applications.

• High VCSEL array density  constrains driver circuit size and power 
consumption.  

•This leads to the selection of single-ended driver circuits which have 
poorer channel to channel crosstalk performance than traditional
balanced driver circuits.

•Novel MMIC design techniques are required to meet electrical crosstalk 
requirements.

Crosstalk Reduction in Single-Ended VCSEL Drivers 



VCC

GND

SUBSTRATE

DIELECTRIC

Microstrip line (Zo = 80) Shunt  CPW (Zo = 8.4) *Regular CPW (Zo = 28)

Crosstalk can occur due to AC fluctuations on the DC power supply  lines 
caused by imbalanced current loads in the single-ended driver.    
The geometry  and AC impedance of the Vcc line affects the crosstalk level!

Simplify

Approach:  Analyze MMIC geometry for several d ifferent types of  Vcc 
transmission line structures:  1) Microstrip 2) CPW  3) Shunt CPW

Attacking channel Adjacent victim channel Far  away victim channel

*Shunt CPW Characteristic Impedance Determined via Maxwell 2-D EM Simulation
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Generalized Analysis – Transmission Line analysis

The analysis shows  that a lower AC impedance on the DC transmiss ion 
line s ignificant ly  reduces crosstalk.
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Attacking channel Adjacent victim channel Far  away victim channel

VCC

Z3

ZL’

Z1

Zo

� 1 � 2 � 3

V1 V2

ZL

AC Fluctuations on the 
Vcc line due to single-
ended driver current 
imbalances feel the 
distributed effects (i.e. 
AC impedance and 
electrical length) of the 
Vcc line.

AnalysisHypothesis



RF Wafer Probes used to take crosstalk measurements
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Crosstalk o f ad jacent channel through VCC
(   ) Microstrip line, (   ) regular  CPW, (   ) shunt 

CPW
(   ) Measured data on 3x3 driver chip

20 dB

Conclusion: Using a low AC impedance loaded CPW transmission line for Vcc
distr ibution effectively reduces crosstalk by 20 dB in single-ended dr iver channels

Simulated and Measured Crosstalk Results

Crosstalk o f far  away channel  through VCC
(   ) Microstrip line, (   ) regular  CPW, (   ) shunt 

CPW
(   ) Measured data on 3x3 driver chip

Circuit-level simulations done in Agilent Adv anced Design System (ADS)

Adjacent Channel Crosstalk Far-Away Channel Crosstalk 

20 dB
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86 mW @     
Po = -3 
dBm

?

17.5 mW @  
Po = -6.9 

dBm

40 mW @     
Po = +1.0 

dBm

25 mW @     
Po = -1.5 

dBm

Power per 
Channel

?

16 x 16
(addressable)

8 x 8 
(addressable)

16 x 5
(16 inputs)

16 x 1

(need 
4/array)

3 x 3*
8 x 8

Driver Array 
Size

Flip-20 dB
Current
Shunting

0.5 mm 
CMOS

1 Gb/s
16 x 16
970 nm

Lucent

Flip?
Current
Peaking

0.25 mm 
CMOS

2.5 Gb/s
4 x 8

980 nm
SFIT

Switzerland
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Switch

0.35 mm 
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1 Gb/s
16 x 16
850 nm

M cGill U.
BAE

Flip?
Voltage 
M ode

0.5 mm 
CMOS

1 Gb/s
8 x 8

980 nm
ARL

Stitch-20 dB
Current

Switch

GaAs

M ESFE
T

1 Gb/s
8 x 8

850 nm

Sandia

Georgia Tech.

Inter-
connect

Crosstalk
Driver

Topology
Driver
Tech.

Driver 
Speed

Array Size/
Wavelength

Organization

Flip-30 dB
Voltage 
M ode

GaAs
HBT

10 Gb/s
3 x 3*

8 x 8
980 nm

Lehigh U.
ARL

2D VCSEL Driver Crosstalk State-of-the-Art 
– open literature

•Measurements completed for 3x3 array and in progress for 8x8 array

Manuscript being prepared for submission to IEEE Microwave and Wireless Component Letters


