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Executive summary

First of all, this document aims to give readers a
comprehensive overview about the performance of the
recommended combination of IPtronics driver
IPVD12G011 with Philips VCSEL (Vertical Cavity
Surface-Emitting Laser) ULM850-10-TT-N0104U for
high speed data tranfer in 4 channels. Through the
shown test results in this document, it is easy to
conclude that this combination offers users/customers
the following features:

e Top signal quality for high data rate
communication up to 10 Gbps/channel (40
Gbps in total)

e Perfect

85eC) for a very stabl

(Measured MAX. output power s h-15%6}

e Low operating current and power consumption
to realize 10 Gbps data transfer (5.5 mA bias
incl. 4.3 mA modulation @ 24°C up to 9.0 mA
bias incl. 7.0 mA modulation @ 85°C, at 500
mW (typ.), i.e. 12.5 mW/Gbps.

e Individual parameter adjustments can be made
to optimize the signal for the specific
application.

Transmitter design involves determination of values for
bias and modulation currents, temperature
compensation slopes for each of these, and pre-
emphasis, in the multidimensional space of
temperature, supply voltage, and optical output power.
This document presents parameter values, waveforms,
and link performance measurements, when attempting
to keep the transmitted optical power (AOP)
independent of temperature, at nominal supply voltage.

Optimal operating parameter settings for both best

waveform (eye diagram), and for best link performance
were determined. In contrast to the common perception
that the best waveform gives the best link performance,

temperature comp ehw@ufeupdghat diffesentsetings give best waveform

a - Pestligkperforpange Preremphasig n 4aives the
best waveform, while the link performance can still
be improved by ~1 dB by increasing pre-emphasis to 7.

For any practical application the challenge is to provide
best power margin for the link rather than keeping a
nice waveform. These objectives do not coincide, but
require different pre-emphasis settings as demonstrated
by measurements in this report.

In order to simplify your own evaluation, this document
also provides a detailed description about VCSEL and
driver as well as test setup.
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Introduction

Philips ULM850-10-TT-N0104U VCSEL Array

ULMB850-10-Tz-NxxyyU is a 10 Gbps VCSEL product
group developed by Philips ULM Photonics aiming to
meet the high speed requirement in electrical-optical
communication, e.g. Fibre Channel, Infiniband and
Active Optical Cable.

Thanks to the innovative technology platform of Philips
ULM Photonics, ULM850-10-Tz-NxxyyU requires extra
low threshold and operating current and offers
customers very stable characteristic over temperatures.

Besides, in case of VCSEL array, customers can enjoy
its industry leading high uniformity and the outstanding
resistance against humidity proven by quality control of

each wafer, since the package f o

be humid isolated so well as TO package for single
VCSEL normally.

In respect to the location of anode and cathode,
ULM850-10-TT-NxxyyU and ULM850-10-TN-NxxyyU
are two subgroups in this product group. TT-subgroup
has both contact pads on the top side, while TN-

IPtronics IPVD12G011 4-channel VCSEL driver

IPVD12G011 is a 4-channel, high performance, low
power driver for direct modulation of VCSELSs at bitrates
up to 12.5 Ghit/s.

It features 4 independent VCSEL drivers with a
common serial digital management interface. The
management interface is used for configuration and
monitoring of each of the 4 channels.

VCSEL Bias and modulation current are programmable
per channel. The driver offers on-chip temperature
compensation with programmable coefficients.

IPBVD12G011/ULM850-10-TT-N0104U Reference
Design

The IPBVD12G011/ULM850-10-TT-N0104U Reference
Design is an evaluation kit designed for easy evaluation
of the IPVD12G011 driver and the ULM850-10-TT-
N0104U VCSEL Array together.

The VCSEL Driver IC and the VCSEL Array are
conducted on the evaluation board using wire bond
technology.

The board has SMA connectors to access the High
Speed data inputs. The connectors for the high speed
data are rated for >12.5 Gbps operation.

subgroup has anode on the top side and cathode on the
back side.

ULM850-10-TT-N0104U is related to the 1x4 VCSEL
array in ULMB850-10-TT-NxxyyU product subgroup.
According to the actual customer requirement, any
other array size is free scalable.

voeoSLCL a

Figure 1: ULM850-10-TT-N0104U (above) and
ULM850-10-TN-N0104U (below)
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Figure 2: IPVD12G011 Quad 10 Gbps VCSEL Driver

All internal registers in the IPVD12G011 Driver IC are
accessible via the included management software.

The IPBVD12G011 board is powered from a single +3.3
V supply and has a power consumption of only 120 mwW
(35 mA, including VCSEL dissipation) in a typical
configuration with all channels working without pre-
emphasis.
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Figure 3: Detail of Reference Design with Driver IC

and VCSEL array.

The IPBVD12G011/ULM Evaluation kits includes

A

A

A

IPBVD12G011/ULM High Speed Evaluation board.

IPVD12G011 Quad broadband VCSEL driver wire-
bonded to the board.

ULM850-10-TT-N0104U Quad VCSEL array wire-
bonded to the board.

SPI controller RS232/USB adapter and USB cable
for PC connection.

Management software and User Guide (sent via
email).

Product Features

A

Quad 57 10 Gbps high-speed evaluation board.

>

>

A

Easy evaluation of full speed device performance
in carefully designed PCB.

Integrated 50 ohm transmission lines in the PCB
ensure matching interconnection between PCB and
test equipment.

All device features fully configurable via SPI
interface.

Optimized register data to keep emitted power
constant over temperature.

Management software GUI included.

Single power supply: +3.3 V, max. 80 mA.

Related devices

> > >

>

>

>

IPVD12G011 Broadband VCSEL Driver.
ULM850-10-TT-N0104U Quad VCSEL array

IPTA12G011 Broadband Trans-impedance
Amplifier.

IPVD3X4 12-channel Broadband VCSEL Driver.
ULM850-10-TT-N0112U 12-channel VCSEL array

IPTA3X4 12-channel Broadband Trans-impedance
Amplifier.
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Evaluation setup
Board layout
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Figure 4: Layout of the IPBVD12G011/ULM (PCB006-1) evaluation board.

Connectors, board build-up, schematic, BOM, GUI, and
how to get started is described in detail in the sections
below. Some components may not be mounted,
depending on the actual board configuration.

Layout files are available in pdf and Gerber formats.
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Detailed Description
Data inputs

The PCB traces for the four individual differential data
inputs to the IPVD12G011 Driver are designed as 50
ohm single-ended transmission lines from the board
edge and then tapered down into 100 ohm differential
transmission lines the region close to the chip.

All inputs are AC coupled with 100 nF surface mounted
coupling capacitors with small footprint to match the
transmission line. The input stage of IPVD12G011 is
terminated internally with a 100 ohm differential
termination and self-biased to 1.85 V.

All data inputs are accessible via SMA connectors (J11-
J12,J14-J13, J20-J19 & J22-J21) mounted on the edge
of the PCB.

;
X

Data Outputs

The outputs of the IPVD12G011 driver are single-ended
high-impedance current sources without internal
termination.

Without internal termination in the
driver it is imperative to keep the
connection from driver to VCSEL
shortest possible to avoid reflections
and degraded waveform. Wire length
should not exceed 0.5 mm.

Anbel ectrical &6 evaluation
the RF outputs DC coupled and accessible via SMA
connectors (J17...J24) mounted on the edge of the
PCB.

Figure 5: The IPBVD12G011/ULM board with the 4-channel ULM850-10-TT-N0104U VCSEL array mounted. The
figure below shows the short bond wires to the VCSEL array which has 250 um channel spacing.

In case of 6 o0 p t evatuatibndboard, conductive or non-
conductive glue can be used for attaching the VCSEL
on it. Conductive glue should be used with care and

avoiding short circuiting power supply pads on the PCB.

Power supply

There is no onboard voltage regulator which implies
that the voltage supplied to J1 should always be kept

within the min./max. limits as specified in the device
datasheet. To insure additional robustness for noisy
power supplies, optional coupling capacitors (C3, C4,
C5, C7, C14, and C15) can be mounted on the board.
The capacitors can be omitted under normal supply
conditions.
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Connector description

Connector Description
J9
o
o S 2| J10 _ _
S35 a Not mounted. Only wused in 6electricald boar
£ o 5| J17
D=
o J18
Ji1 Channel 117 DIN1 7 Inverted High Speed Data input.
© J12 Channel 17 DI1 1 Non-Inverted High Speed Data input.
§ J14 Channel 27 DIN2 i Inverted High Speed Data input.
Te J13 Channel 27 DI2 i Non-Inverted High Speed Data input.
85
= J20 Channel 37 DIN3 i Inverted High Speed Data input.
_cT_.) - J19 Channel 371 DI3 1 Non-Inverted High Speed Data input.
[a J22 Channel 41 DIN4 7 Inverted High Speed Data input.
J21 Channel 41 DI4 1 Non-Inverted High Speed Data input.
N Ji6.1 GND i Ground.
0ol |J16.2 VT 7 Input termination voltage.
88 |Je3 NC i No Connect.
o S J16.4 VDD 1 Not used.
€ o J16.5 VDD_BUF i Not used.
= J16.6 NC i No Connect.
P |67 INT i Outputi SPIinterrupt.
%: J16.8 MISO i Outputi SPI data output.
S o J16.9 SS_BUF 1 Inputi SPI Slave Select.
3 = J16.10 SCK_BUF T Inputi SPI clock.
= 8 J16.11 MOSI_BUF i Inputi SPI data input.
J16.12 GND i Ground.
J23.1
Ik
= 3234 i Not used.
g J235
J23.6
J23.7
J1.1 VDD i Connect to 3V3 power supply.
T2 |J1.2 GND i Connect to Ground.
% 2 |J13 VDD_BUF i Not used.
0o

Table 1: IPBVD12G011 Eval board connectors
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IPVD12G011 Chip-on-Board and VCSEL Array assembly

The Driver IC is glued onto the PCB with all electrical bond wire. The Driver-VCSEL connections are gold-
connections wire-bonded. The connections from Driver wire bonds, because aluminum bond wire does not
to board are aluminum wire-bonded with 25 um@ (1 mil) attach well to the bond pads of the GaAs VCSEL diode.

Figure6 %RQGLQJ VFKHPHV IRU NSKWL RPOH DWAUWF D@ 2SWLRQ pupu3UHSDUHG IRU

Figure 7: The Driver with the ULM VCSEL Array.
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