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Design and Test of Fast Laser Driver Circuits

Since the invention of the laser by Theodore H Maiman 50 year$esgos have found widespread
applicatiorsin various technological fields, such as telecommunications, industrial proddétion

and sensor and measurement equipment. While the focus in communications is on achieving high
transmission frequencies in the GHz range, in industrial productiom#irobjective ioften high,

pulsed light power in the ultrdhort nanosecond rangeln laser sensor and measurement
applicatiorsthe challengesf the design of fast driver circuits a very demanding task

This White Paper describes the desajifiast driver circuitsPCBayoutsandoptical measurement
considerationsas well as solution to achieve ardealdesignfor pulsesas short a2.5 ns.

Table of contents

1) Integratedlaserdriver solutions
2) Design consideratiaof fast laser driver cirdts
3) Layout requirements
4) Measuinglaserpulses
4.1)From an Oscilloscope to an optical Scope
4.2)From a PC to an optical USB Scope

5) Design checklist

6) Summary
7) Literature

©08-2012 iGHaus GmbH Pagel/10 www.ichaus.com




@9 Haus

1) Integrated laser driver solutios

Conventionallaserdiode driver circuts commonlyuse discrete componentgor low costalong withlow
performancerequirements[2]. The advantages of integrated laser driver solutions are:

Improved output power stability (1% or better)
Reduction of board sme (up to 80%)

Error monitoing

Better dynamic performance

Improved reliabilityMTBF

< <<

For fast switchingintegrated drives are mandatorybecause othe reduced wiring line inductance and
capacitancallowingfaster signal change

2) Design consideratiosof fast laser driver circuits

The laser light sources deployed in measurement and sensor technology are usually semiconductor diode
lasers with an optical output power of a few uW to sevdrahdredmW. They can be easily andfelg
controlled by integrated circuitg] and cover the entire visible spectrum right down to the infrared rarge.
complete overview of integrated laser driwdfrom iGHauscan be founchere. Thelatestgeneration ofall-
purposeintegrated laser driver soluti@suppors switching frequencies up to 198Hz and laser currents up

to 300mA. Fig. Ehowsthe schematic oaniGNZNapplication. It operates from 3.3 to 5\¥6and can drivé),

M, and Rtype laser diodes witlor without monitor diode.
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Figue-1: All-purposelaser driver circuit
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Bothoperation modesautomaticpower control APGandautomaticcurrent control(ACG, aresupported[4].
Theoptical output powerresp. thedriver current is set by resistor PMP/RMD, as showFig. Jabove With a
proper PCBayaut the achievable pige width can be as low &s5ns with a pulse rise and fall timeg/{t) of
1.5ns (max)In this cas&.VD3nput signals shoulthie used instead of TTL lestd reduce EMIWhile theiG
NZNfeatures alow-sideoutput (optimized for Nype laser diodes)the iGNZP features ahigh-sideoutput
(optimized for PType laser diodgsTo protect the laser diodén particulain APC modahe maximum driver
current throughpin VDDA can be limited bmeans of resistoRSI.

For laser pulsewith higher powerthe current switchsuch as theGHGprovidesan integrated solutionlit
featuressixspikefree current swithes with500 mA each and cabe paralleledto driveup tothree amps of
DCcurrent. Fig2 showsan application circuit for theGHG drivinga singlelaser diode with 3A. The plse
width can be as low &.5ns atup to 9A peakcurrent The maximunswitchingfrequency is 200/AHz with
rise and fall times of s (max) Themaximumduty cycle depenslon the power dissipation and cooling of the
iIGHG
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Figure-2: Laser driver circuifor up to 3A CW or A pulses
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TheEN1 and EN2 inputs are used in the Lxfd8e with 100Q | i ne t e rlasersupptyvoiage T h e
(12V max.)s buffered with two low ESR tanteth capacitors and two ceramic capacitdos RF filtering. fie
iGHGmonitors the LVDS inputs and generates an error sgidERIf the signal amplitudéallsbelow 50%.

The supply voltage and chigmperature is also monitoreddn undervoltag and overload the NER signais

error. The current for each channel can be bgtmeans of control voltageat Clx. It can also be used for
analog modulationThe maximummodulationfrequencyistypically around 2MHz with the input capacitance

at ClIxbeingthe limiting factor

3) Layout requirements

The layout of the laser driver module is critifialvery shoraserpulses. Due to the fast switching transients,
alow line inductance is critical to keep in mind when designing the FigB3a showan example of ailGHG
high-speeddriver module and Fig. 3b tHayout details Therecommendedayoutguidelinesare as follows:

Keep the lines from the driver tihe laser diodeand backas short as podsle (every mm counts!)
Placestorage/bypasapacitos very close to the supply and ground of the driver IC

Choose low ESR capacit@using two capacitor in parallel will reduce ESR)

Separatehe ground planes for the AGNDx and GND (only connected atdimnonground)
Make use othe exposed paaf the DFN packader cooling

[t e B e R e

POT12

Fig 3a:Highspeedlaser driver module Fig 3b: Layoubf the high-speedlaserdriver module
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4) Measuring laser pulses

Toknowthe exactshape ofalaserpulse anelectrical measurement afnlythe lasercurrent isnot sufficient.
The resulwill be quite different due to thecharacteristiof the laser diode. Thuyg is mandatory to measure
the optical output of the laser diodd his is often achievagsing an exterien to theregularlab equipmenfor
electronic measurements?ossiblesolutionsinclude expanding theregularoscilloscope or théab PC tobe
able to opticallyneasure laser beams.

4.1) From anOscilloscope to theptical Sope

For the optical measurement of laser diogelseswith afastoscilloscope, a additionalhigh-speedphoto
recaver is required.The photo receivershouldhave a high level of sensitivity in the relevant spectral range
and as high a bandwidth asssiblefrom DC to the GHz range, so that bttie amplitude of the laser pulses
as well as thdastpulseedges can beneasured.

Typical measurement setup

Fig. 4ashows a typical optical measurement setup wvilie iC212high-speedphoto receiveibeing used as an
adapter forthe oscilloscope. In this example40 mW lasergenerates pulses @pproximatelyl2.5ns where
the amplitude and rise time arto be measuredisingthe oscilloscope. The oscilloscapfecourse requiresa
suitably high analog bandwidthvhich runswell into the GHz rangetoo. Fig. 4b shows the opticalulse
response.

Nl Fall | 875.1ps jui 807.15027p (| 10.0GS/s
OEA - 1.24v

F ZOOmV}r Rise " 279.4ps i 273.51224;}[2.5%@\' 24.6ns |

Figure 4aOptical measurement setup for laser Figure 4: Resulting light pulse measured by
diodes and modules with photo receiver iC21: photo receiver iC212

S

TheiC212has been spefically designed as a photreceiver for such types of measurement. It is the first
device of its kind to combine a bandwidth that ranges from DC t@&Hzwith a wide spectral sensitiyibf
320 to 1,000nm (see Fig.) It can thus measure bottontinuous waveand pulselight power as well as
transientsdownto 280ps.
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Figure 5 Spectral sensitivity of the photoreceiver

TheiC212gainfactor is 1.625// mW a t nn. This eraltle8 an optical power to be measured down into
the submW range. Theise and fall time®f the laser pulses can be read directly off thecilloscopeThe
optical powercan then becalculated from the measured amplitude divideg the sensitivity at the relevant
wavelength.

Tek Run Average 25 Jun 10 14:00:47
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Figure 6 Measuring power
Fig. 6shows the oscilloscopme asur ement at a mnaThe seefintgdohputedifrod = 6 3

Fig5isS=1.3¥/ mW at nm. The opsicalpower ithen calculatedusing the following equation
with U being the amplitude read from the oscilloscope

Popt(iC212) = U/ S = 0.803 1.34V/mW = 0.6amW

Besides the optical measurement of laser diodes and laser madb&egE212canalso be used to measure
glass fiber transmission lines, optical time of flight, and irradiance, or as an optical trigger for the testing of
and/or error detection in laser systems.
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4.2 From aPC to amptical USBScope

Another option is taattachaniC227digital oscilloscopéo alab PC WYSB portlt is avery fast and accurate
dual channel &Hz sequential samplingsalloscope based on a microcontroller andigh speed ECL
differential crcuitry. The micr@ontroller communicate via an isolated USEnterfacerunning in full speed
mode at 12Mbits/s. The sequential scopaperatesby inserting incremetal delays betweethe trigger and
samplecircuit. The ADC conversiomtarts with a trigger event and beginssamplingin 10 pcoseconds
increments Fig. 7/shows the functional principles of th€227configured as a &Hz gcilloscope with two
channels. The connection to the unit under test woléda photo receiver like th€212to havea complete
optical $ope on a PC.

Unit under test

iC227 Oscilloscope
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Figure7: Functional principle of the USBcilloscope

TheiC227key featuesare:

- 8 GHz bandwidth on CH1 and CH2

- Trigger input bandwidth &Hz

- Time base range 23sto 100us

- Vertical 12 bitresolution

- Time base accuracy 0.988 +/10ps

- Vertical accuragwith direct CH1/CH2 Inputs 3%

- Min. trigger frequency 18Hz

- Vertical dvisions 1o 1000mV

- Maximum input voltageampler 2Vpp, Trigger &pp
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TheiC22Awill work with repetitive signalenly due tosampling operating principléiencea digital
pulse generator isequiredto completethe test setup.Fig. 8shows theiC149pulse generator. It
generates pulses with 1 to 64s inincrementsof 0.25ns. The frequency ia fixed 1MHz and
suppliedatthe LVDSiad TTL outputs. Th@n connector is compatibleith the evaluation boards of
the IGHGandiGNZNNZP
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Figure8: Pulse genextor with a pin connector to the iIeHG/NZN/NZP Ev#8loards

The pulse width can be set by two headed rotary switcheBy way of example, @omplete test seup is
shown in Fig9. It consists of an optical test bench with ti@NZNevaluation board and the pulse generator
iCl14%attached On the receiver side thi€212photo receiver is used together with thi€22 Avhich issetfor

8 GHz bandwidthThe output of theC212photo receiver is connected directly to channel 1. Timput via
Trigger" boXor channel Imust be unchecked.
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Figure9: Optical measurement with theCUSBoptical $ope

The output of thaC212photo receiver is connected directly to "SAMPLER IN1".The
"Input via Trigger" box of channelrhust be unchecked.
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5) Design checklist

Forahigh-speedlaser driver design, it is recommendeddiosely considethe following items:

Layout rules according to listingparagraph 3

Bandwidth d the oscilloscopéis itsufficient to see the fast transitiorend overshootiny
Overshooting on thedGHG @ DKx outputs should not exceed the\L2Znaximun).
Overshootig on theiGNZN @ .DKoutput should not exceed 1¥ maximum12V nominal)

O O O O

6) Summary

New generations oBlser drivercirauits based oriGHGare ale to generate higipower laser pulsedown to
3.5ns as shownToactuallyachievethis inthe respectiveapplication,anoptimizedPCRBlesignisrequiredto
minimizeinductances. Special tools are needed to measure the optical ouisutell asise and fall timesThe
photo receiveliC212the pulse generatorC149and the digital USBcopeiC227are new tools to enablthese
measurements. This als@nsformsthe oscillosope, or the PGnto an opicalScopefor measuring the actual
optical laser diode output.

7) Literature
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Introducing iC-Haus

iGHaus GmbH is one of the leading independent German manufacturers of standard iCs (ASSP) and
customized ASi@miconductor solutionsThe company has been active in the design, production and sales of
applicationspecific iCs for industrial, automotive and medical technofoggver25 years and is represented
worldwide.The iCHaus cell libraries in CMOS, bigaad BCD technologies are fully equipped to realize the
design of sensor and actuator iCs, laser/opto iCs, magnetic Hall and optical encoder iCs, driver iCs, and other
mixed-signal componentsThe iCs are assembled either in standard plastic packages or usirandiard
technology to manufacture complete microsystems, multichip modules, and optBBGte latter in
conjunction with sensors.

For further information please se#tp://www.ich aus.com
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