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LASER DRI VE CI RCU T The present invention relates to

drive circuitwoonedezore particularly to drive circuitB€ f‘ﬂ"\?\m“% a
nodul ati ng signal may be appli ed. 5 Bef ore consi dering such
circuits in detail, it will be helpful to exam ne the | aser behavi our.
Figure 1 shows a graph of |ight output powed against input current for
a typical sem conductor |aser diode. The curve marked Aillustrates a
typical characteristic at room tenparagdes BrRIVEICIRGUIEhar acteri sed by a sl ope
S and by a turn on current [err]. This characteristic is however

t enper at ur e- dependent, -and 10 typical graphs for higher and | ower

temperatures are Showﬁhhrbrgseﬁﬁlxﬁ%rﬁoam@iaﬁs to lasef BRRESIFIMS] dhd Mbrd Sarfidiafyent
froman exam nation of these phs that in order to drive the | aser

with a nodul ati n® SIV§FHFUITS O] %%E@%\'PS}“Q $orr gipY e aBBYAS: st andi ng

current to brimg the |RsRE chididerifd sOREERIUIEth B&EI, ANwilRBhdiBfuY 8 ¥xdrhlhs the
current in accordance wi_th the nodul ating ?.f!gnal. Ref erence D

i ndi cates a typi 288" PaiRyeuLf Fioyrs 1gghons EuQ’P%ThP ight BPRFLPPYRT GHEIRHCINBYY ve

A, in which it cagde i§eLfplicitdentithdub@hlaser diodQUTRdIEuvaimPRedORTiRSBtes 2
substantially zero and sone desired naximum It can al so ‘be agbserved

that applying t hi¥iceheRerscasrisac gt ooy legeraitre; HeisiFhgieterisedipiep £loge & and by

(Graph B) resultg s éh bQYRR WTEXASERLRABWRES W Riteve Renidr8@Qrd-&dhdeént] #nd he
| aser be| ng driven considerably below cut-off. This is particul arl

unsat i sf act or O sitypice! oraphs feyhighey rai“9 JAWBE [HUPEEIIETES S SHAWD iR (GRS ) 2BUG ent

to being the devigpehingk. Inmsoadpa@m from a@ﬁ%rﬁiﬁbﬁt@l sie@bsgraphd fdtGesder eel ay
whi ch can degrade perfornmance whe npt i ng to nmodul ate with gh

bit-rate digital 98YgH® laser wjth ?1@"°6’t"ﬁ€?9 ﬁ@ﬁﬂ % 18 nece %%F@Pﬁd‘dftfé”?aﬁé“‘g%ge
of currents to tRerérAWol BNgEIhAlIsNER i$18SEh OFEratiy fégiond and to vary this current in

accordance with the.modulating signal. Reference D indicates a typical range of

15 drive current for operation on the curve A, in which it can be seen that the light
output varies between substantially zero and some desired maximum. It can also
be observed that applying this same range of current at the higher temperature
{Graph B) results in a lower maximum power output, and also results in the laser
being driven considerably below cut-off. This is particularly unsatisfactory since,

20 once driven below cut-off, an increasing current to being the device back into the
operating region introduces a delay which can degrade performance when
attempting to modulate with a high bit-rate digital signals. On the other hand,
applying the same range of currents to the lew temperature case {(Graph C), a
much higher light output is obtained, but with a considerable minimum light output

25 {this is referred to as a low extinction ratio); this however.causes problems in
demodulation.

One solution 10 this problem is to use a Peltier cooler with appropriate
control circuitry to maintain the temperature .of the device reasonably constant.
This however results in an increase in expense.

30 Variations in turn-on threshold may be accommodated by the use of a
known mean-power controlier, a schematic diagram of which is shown in Figure 2.

Here a laser diode 1 is driven with a current | and produces a light output L = S.



much hi gher |ight output is obtained, but with a considerable m ninmumlight
output 25 (this is referred to as a |low extinction ratio); this

however . causes problens in denodul ati on. ution
to this probmoww®2@20 use a Peltier cooler with appropriat ePCT/&a@m?antrol
circuitry to maintain the tenperature of the device reasonably constant.
This however results in an increase in expense. 30 Variations in
turn-on threshold may be accommobdat ed by tife use of a known

mean- power controller, a schematic diagramof which is shown in Figure 2.
Here a | aser di dVietsl The tightvemputiis Isemsediyr eibck faoat npnsduplagodiods ghwhiclut put
L =S| 9 . . . - .

PCT/ GRO6/ 01474 dM&s a7 é&”e%?gf K.L. amps into a load resistor 3 of resistance R. 2The mear\/{hg[hit&
The |ight out pubutpst sedserchidegd by dackagkasferenaesotroe 4pdrotiaihigoal golfaget.¢ land
drives a current, of K L. ams into a _load resistaor.3 of resistance R__The
mean 1ignt o efeeeofiRRd Bk e BagiRRset Y i et by A Eepined
produci ng a vbl tteegscovidectefcecamblifier 5 with the Moltage diesleparbamiosscthe &md tréststboad
resistor 3is ¢ an_l rat ed tr ansc uct ance ifier 5
with the vol tagggggééﬂ&géﬁug%r}tgégq? %‘Iée ﬁ'c?g% rAe%logfﬂg{r?'Q%gU"e"%t‘%?eco4r?ttrhgleia?eﬁe
current fed to tdndedi frote.ankxtenthl carremgocnee cemiactes dtenl ibmrtithe | aser
diode 1 froman exter yurrent. source connected .at an.input 6

't “the anpli1 rer 5 had the BREs AP SRobRh G RhaP ot etel e e e

| aser out put i graser pgtpenigneriongang toadolatin irput is:

Vref+Vs

o
KR{1+4=I2
RO+GKSX)

We see that the light output for @ = Q is independent of §, and thus the

10 L=

mean powsr setting is held constant. In the event that a modulating current ldaa is

applied to the input 6, the light output is then given by:

jo
14 V. SI. 2L
15 L= ref * S G}IaE'S'R
_Jo_\
KRG+&KSR) "GKESR

We see that here at high frequencies the gain is dependent on S, and thus
the situation shown in Figure 3 obtains, where the opera;ting regions for the same
current drive swing are shown. At high temperatures a poor extinction ratio is

20 obtained, whereas at low temperatures the laser can be biased below cut-off, or
even reversed biased, with the turn-on delay penalty. it can moreover be seen
that the gain for low frequency data is low, falling 1o zero at d.c., the feedback
control of the amplifier 5 effectively removing the d.c. compc;nent from the data.
Thus this type of drive is suitable only for data having a symmetrical waveform;

25 specifically it is extremely unsuitable for burst data drives such as may be used in

TDMA systems such as passive optical networks.



10 [err] W see that the light output for [err]
= 0 is independent of S, and thus the nmean power setting is hel d
constant. In the event that a nodul ating current Idata S

the input 6, WRSTHHAAt output is then given by: PC ’5&8 01474

We see that here at high frequencies the gainis dependent on S, and t hus
the situation shown in Figure 3 obtains, where the operating regions for

t he sane current drive swing are shown.3At high tenperatures a poor
extinction ratio is 20 obtained,- whereas at | ow tenperatures the | aser can

be biased bel ow cut - of hecdling to ﬂﬁVSFéséﬁV%{v%ﬁﬁlanb'tﬁér@d»s PioblieliNg sk Nafer
del ay penalty. It can noreover be seen the gain for | ow frequency

data is |ow, fall5Agrisiae asete igputdocreceiving qaé%éla%ﬁ‘,%( means teropreyiging @f feedghack
anplifier 5 eff eCsﬁdn‘éﬁr'eMre'éé?ﬁPtWerlg tfu??asgr Eght%‘afﬂé’:ar?ﬂltst aﬁfﬁmxérhﬁaﬂ@e%m at d c.

Thus this type of drive is suitable only for ta havin
wavef orm 25 spednfilewpt {repuenpigs @mm&@% Jo (eesiNet Hisl éa’fﬁcﬁigﬂ@u?rset ddatfafemmees

such as may besUsfthal Bnd the feehbMR SYRLICHE pRNGE ARreRAISI HE B! GAY oNEdMREKS.
amplifier having gain at higher frequencies connected to receive the data signals
the feedback signal to provide current to the laser.
Preferably the first amplifier is an integrating amplifier having, below a
threshold frequency, a higher gain than the second 'amplifier and, above the

10 threshold frequency, a iower gain than the second amplifier.

If desired the driver may have gain adjustment means whereby the gain
provided by the driver to data signals ‘may be rendered equal at d.c. and at a
frequency above the passband of the first amplifier.

Some embodlments of the invention will now be described by way of

15 example with reference to Figures 4 and 5 of the accompanying drawmgs.

Figure 4 is a schematic circuit diagram of one embodiment of laser driver
circuit according to the invention. A laser diode 1 is again shown, with a back
facet monitor photodiode 2 and its load resistor 3, a voltage reference source 4
and integrating transconductance amplifier 5. In this case however the amplifier &

20 receives {at its inverting input) not only the voljcage Vwet from the reference source
4 but also the data Vi from a data input 10. Its noninverting input is connected
to receive the feedback voltage at the resistor 3. .
Moreover a second, wideband, amplifier 11 is also provided, with an
operational amplifier 12 which is connected to receive the same feedback voltage
25 at its noninverting input and the data Vi at its inverting input via an input resistor
13: the voitage gain of this amplifier is determined by this input resistor and a
feedback resistor 14. The amplifier drives a current into the laser diode 1 via a

load resistor 15.
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According to the present invention there is provided a | aser i

conpri sing avasu0IRPput for receiving data signals; neans f%ﬁ%%@f‘&f ng a

f eedback signal representative of the laser light output; a first
anplifier having gain at d.c. and | ower frequencies connected to
receive the data signals, a d.c. reference 45 signal and the feedback
signal to provide current to the laser; and a second anplifier having

gai n at higher frequentiopsratich)tBe taiblitier bedrRiey &hd ivddat awit @nédrfent (in tHehe
f eedback si gnal rovide current to.the bl y

.0 1 aser. ... . Prefera
Lhe T st aupii (HBFUPESRENT i B RRPrG A Hrtar - WGh Hig opBiogweg? previously
t hreshol d frequetycurntisghen bgai n t han the second anplifier and, above the
10 threshol d frequency | oyer N th t he second anplifier.
If desired the driver fwﬁ?”fhﬁa% @&ei#*a[(%j)&g“f%nt means whereby the gain
provi ded by t driveryto d i I y.he e ugl d.c.. and at
a freque%y above 't ﬁ‘g %é%s%ééﬁgt% o?btgﬁeﬂ\?’i ‘f({étteéag%l éiftﬁ%r&c’matthe fend
Sone enbodi nent saroflifieh& 1. we enti tbe cwirdrits mOThebiovargsg inplie dviizye Ragnd Re Boe the
exampl e with ref eraes dnblhdiiisgdadlflatidl 150G accompanying drawi ngs.
Figure 4 is a schenatic ci cwfj delagram 51"3n&’ ebodi ment  of | aser driver
circuit according to the invention. A laser diode 1 is again shown, with a
back facet nonitop dipode,2 apd.Jts.load resistor 3, a voltage
reference source 4 O’;"" gﬂ;@&ﬂﬁﬁa@mduct ance anplifier 5. In
this case however the anpl %ier 5 20 rekei ves (at its inverting input) not
only the voltgge V[err] fromthe reference source 4 but also the data
Vlerr] froma data input 10. Its noninverting input is connected to
receive the feedback voltagg at (thqzjbr sistor 3. Mor eover a
second, wi debandhengfplHafi ‘eTRTi’ﬂ,*i é"”%‘;ﬁKﬁm)ﬂ’ded, with an oper at i onal
anplifier 12 which is connetted to receive the same feedback voltage 25 at

its noninverting input and the data V[err] at its inverting input via an
i nput resistor

and, if R is the value of the load resistor 15,

T () B (SR

I,=—t=

RL Rin RL ‘Rln RL
15
So that the total laser diode current is
V. R (KSIR— v )( R G
I=l 4], =22 XY 314 21 2y 4V, +V,
""" R, R, R, Rin ‘w( e s)

- R R
Yo Zle +Zs_(1+—-’?—] +£(V +Vp +V5)
ja

20 I = in in
G, 1+R, /R,.,,J te)

Jo R,




-'13;=.the voltage gain of this anplifier is determned by this input resistor

and a feedback resistor 14. The anplifier drives a current into the
| aser diode 1 via a | oad resistor 15. WO 97/ 01202
PCT/ GB96/ 0147%V0 97/01202 4 PCTIGRIGHAMat i on,
the anplifier 5 drives the diode 1 wth a current (in the direction
shown by the arrowin figure 4) of It . Wth the notation used previously
this current is given by: | = (V[8rr] + V[err]- KSIR +
Vlerr])djferr]) 5 On the other hand to obtain the voltage V[err]
output from the WHeRandarying®@BMhddhbit ofl this meteﬁHgnot RS S cBRbanedt ViullCof the
inverting input, where err] and Rlerr] are the val ues of the input and
f eedback resi stor‘§9%3"91‘4 is [err] 10 hence [err]
R, @G
V. =
(RR * )
I.= G R N
1+KS'R(—-+—1—+ d ) '

jo R, R/R,

v (1+R GRJ/KSR

R
5 I = kd (8)
R, ( R GR, )+1
KSR jo
And the corresponding light cutput is
| 4 [14— R, GR, )/KR
[hd ij jﬂJ
L.= R (R GR, (9)
Sl Loy )+1
R, (KSR jo

We see that if RUKSR is much less than unity, then this expression is
independent of the laser slope S; moreover if Rin{1 + RL/KSR)/Re is much less than

10 unity the light output is solely dependent on fixed parameters of photodiode load
R, and optical fesdback transfer function KT in fact a compromise here is
necessary as excessively large values of R can cause a tendency towards

instability. Nevertheless, a worthwhile reduction in slopé sensitivity can be

obtained.
15 The d.c. component of the current | in terms of the d.c. component Vi
is given by
Viae *Vor + V.
[ =2 % S {(10)

KSR



“and, if Rerr] is the value of the |oad resistor 15, [err]

So that the total |aser diode current is [err]
Si mpl i fying, 20 [err] (6) WO 97/ 01202
PCT/ GB96/ 0147WO 97/01202 5 PCT/GBR@0T4re

varying conponent of this in terns of the a.c. conponent V[err] of the
I nput signal is

6

and the light output

Ve Vo +¥5

11
%R (1)

&
I

which is again slope-independent and moreover maintains the d.c. component of
the input.

5 In operation, the laser bias point is set by adjustment of V.. As the circuit
is d.c. coupied, the usual bias setting would be just at threshold. This setting
would correspond to Vin = O volts. Any changes in the laser threshold are tracked
by the transconductance amplifier 5. With low-frequency modulation, virtually all
the laser drive is provided by this amplifier; as the frequency increases the

10 contribution from the wideband amplifier 11 becomes more significant and the
) proportion of drive clrrent carried by it increases smoothly as the ratio of its gain
{which is substantially constant) to that of the transconductance amplifier {which
is inversely proportional to frequency) increases. Thus the low-speed device
provides the standing laser threshold bias whilst the wideband amplifier

15 contributes just the high-frequency modulation component.

The embodiment of figure 4 is not in a convenient form for
implementation, as the reference voltage is in series with the data signal.
Moregover the photodiode is shunted by the inputs of both amplifiers, which may
cause degradation of performance if the transconductance amplifier 5 has - as is

20 typical for low-bandwidth d.c. amplifiers - a low impedance at radio frequencies.

A more practical version is shown in figure 5.

In figure B, components identical in function to those in figure 4 are given

the same reference numerals. The reference voltage is generated by a
potentiometer 16, and is added to the input voltage Vin by means of an amplifier

25 17 with input resistors 18,19 for the reference voltage and Vi respectively, and a
variable feedback resistor 20 for adjusting gain and hence d.c. balance. Owing to
inversion in this amplifier, the reference and input voltages are now applied to the

same polarity input of the amplifier 5 as is the feedback signai from the



| [err] And the corresponding light output is
[err] W see that if RL/KSR is much less than unity, then
this expression is i ndependent of the |aser slope S; noreover if Rin(l
+RL/ KSR) / Rf b wo 9m#tde2]l ess than 10 wunity the |ight output PET/6BPGI1Y74
dependent on fixed paraneters of photodi ode | oad R, and opti cal
feedback transfer function K In fact a con_?rom' se here is necessary
as excessively large values of R can cause a’tendency towards
instability. Nevertheless, a worthwhile reduction in slope sensitivity can
be obt ai ned.photchbinde 2, albeit Thesedarate pigrosients 2f,22hehe whipéfiér 8 haga fiest s
of the d.c. Corrpoor‘l)g% 'or\élxl nadrr(\:pliﬁer 23,I v%itlglavéaegdt?%k resistor 24, feeding via a resistor 25,
value R, @ second such amplifier 26 which has a feedback capacitor 27 of value
Ce: to form an integrator. This drives via a resistor 28 an emitter follower pnp

5 transistor 28 which supplies current via a resistor Rew 10 the laser diode 1.

The construction of the wideband amplifier is unchanged; however note
that the photodiode 2 now operated in photovoltaip mede, and drives the
wideband amplifier 11 directly and the first stage 23 of the ir;tegrating amplifier 5
via the resistor 22, avoiding excessive loading of the diode by the input of this

10 stage. A capacitor is also connected from the inverting input of the amplifier 23,

to avoid excessive R.F. currents at the amplifier input.

The wideband amplifier 12 may be a high-performance operational
amplifier such as type HFA1100 manufactured by Harris Corporation or CLC401
from Comlinear Corporation. With the HFA1100 good results were obtained at

15 data rates up to 300 Mbit/s. The others {17,23 and 26) require good d.c. stability
but their frequency response is not critical, The CA3140 BiMOS op-amp is
suitable.

The cut-off frequency of the ampilifier 5 is f=GKRS/2x,

where G =1/ {Cint Rint Ru}.

20 Noting that the amplifier 17 and assgciated components is outside the
feedback loop, it is necessary to adjust the gain by means of the d.c. balance
control 20 so that the transfer function for the data is equivalent both at high and

at low frequencies. One possible adjustment procedure is as follows:

la} with a data input of zero volts, set d.c. balance to 2 nominal starting
25 value with resistor 20 and set threshold with potentiometer 16 at zero

volts;



[err] WO 97/ 01202

PCT/ GB96/ 01474 6 and the
| i ght output [err] whi ch is again slope-independent and noreover
mai nt ai ns t héve9y0128bnponent  of t he input. 5 PCT/GBY¥M474t | on,
the |l aser bias point is set by adjustnment of Vret. As the circuit IS
d.c. coupled, the usual bias setting would be just at threshold. This
setting woul d correspond to Vin = 0 vol¥ s. Any changes in the | aser

t hreshold are tracked by the transconductance anplifier 5. Wth

| ow-f requency nodul at ilbgbsenvingubé Iayeralldht output Gdirg éas:ecomhiéd/mohisorpadjms’tdw by
this anplifier; asth freque trlbut m.t he
wi deband anplifier éaé%oﬁs&n%l 28 Sﬁﬁ%ﬁ%aa i ° t{nﬁé)%mt 's wﬁr 0) t%he’ﬂg‘ﬁn%f
drive current carried region;t i ncreases snoothly as the ratio of its gain
(which is substantially constant) to that of the transconductance anplifier

(whi ch (c) apply a O to 0.5 voit asymmetrical data signal at 300 Mbit/s to the
5] data input {e.g. a single mark followed by 100 spaces), followed by the

inverse sequence and adjust the d.c. balance control 20 until no baseline

shift is seen on the monitor upon repeated switching between the two

signals;

{d) readjust the threshold control 16 until a O volt data input signal corrsponds to

10 laser bias just at threshold.



“is.inversely proportional to frequency) increases. Thus the | ow speed

devi ce provi des the standing | aser threshold bias whilst the w deband
anplifier 15 contributes just the high-frequency nodul ati on conponent.
The enbodi nrenWa70430gure 4 is not in a convenient form foPCI/GBI6AO1474

i npl enentation, as the reference voltage is in series with the data signal
Mor eover the photodiode is shunted by the inguts of both anplifiers, which

may cause degradation of performance if¥the transconductance anplifier
5 has - as is 20 typical for lowbandwidth d.c. anplifiers - a | ow '
i npedance at radi o frequenci es. A nore practical version is shown in
figure 5. Typical conmponéntguaives Sor the ojpeuiesft figured® atel asafiollows:f unction to
those in figure 4 are given t he sanme reference nunerals. The

reference voltage is gepgLahed 9¥u93ymbm PQLeEtioneter 16, and is added to
t he 4 nput voltage Vin by neans of an anplifier 25 17 with input resistors

18,19 for the reference voltage and Vin resgectively, and a vari abl e
f eedback resistor 20 fot2adjustfng gain and®Réhce d.c. balance. Oning to
inveYsion in this anplifier, the reference and input voltages are now

applied to the sameg pol ari gy i nput of ghbgyanplifier 5 as is the
f eedback signal fromthe WO 97/ 01202
PCT/ GB96/ 01474 5 5 7
phot odi ode 2, al beit vi & separaﬁb i nput redPftors 21,22. The anplifier 5
has a first operational anplifier 23, with a feedback resistor 24,
feeding via a resistor 25, 50 kQ

18 100 kQ

18 10 k&2

20 50 kQ {nominai)

21 2kQ

22 51 Q

24 2 kQ

25 Rint 10 k&

27 Cint 1 }J.F

28 1kO

30 Rout 75 Q



val.ue Rint, a second such anplifier 26 which has a feedback capacitor 27 of
val ue Cint to forman integrator. This drives via a resistor 28 an
emtter follower pnp 5 transistor 29 which supplies current via a resistor
Rout to the | ¥Q¥7/M2Bde 1. The construction ofPGTHSBPHEDand
anplifier is unchanged; however note that the photodi ode 2 now
operated in photovoltaic node, and drives the w deband anplifier 11
directly age 23 of thelnteg?%tlng anplifier 5 via the
reS| stor“mmmgm“[lﬂthesm ve | oading of the diode by the input of this
stager /A capaal o al so connected fromthe inverting input of the
arrpl ifier 23, to avoid excessive R F.Cl&MMBents at the anplifier input.
The wi deband anplifier 12 may be a hi gh-performance operati onal
anplifier such as type HFA1100 manufactured by Harris Corporation or CLC401
from Coml i near Corporation. Wth the HFA1L 100 good results were obtained at
15 data rates up,to 3 Moit/s. The others and 26 i re goad
dc. Cotabi ity 1 Cpud RS oA RENOs SEORu el SoRNnIdEt PRSI masds for
CﬁBlﬁO Bi NFf op- a;sfpvndmgafeedb%blt &ighdl @spresentative of the lasefighCattp @t & firgreenisiniey
of the anplitl

r 1s f= 2
Noting that the dANITSeTT *55-52R0H 0% FERRnEiss SO I reeVE b Rele THERS:
f eedback | oop, | td. cSremisagnw drdl 1hd jfersdbat NSiggRicd) plyideRAASNOfo thBeasdr; &and a
bal ance trol h thetra}sfer function for the data L d
equi val ent both afte AT ﬁmﬁlhflfr Gving 887 BRINEE FEETRIICES  CopRRet §%f§5’lelé{3t & cata
adj ust ment pr ocedsigreald andahe feddbamssignal to provide current(t@xheNiakdt. a dat a i nput of
zero volts, set d.c. balance to a nomnal starting 25 value with
resistor 20 and set threshold with potentioneter 16 at zero
volts;
10 2. A laser driver according to claim 1 in which the first amplifier is an
integrating amplifier having, below a threshold frequency, a higher gain than the
second ampilifier and, above the threshold frequency, a lower gain than the second

amplifier.

15 3. A laser driver according to claim 1 or 2 having gain adjustment means
whereby the gain provide by the driver to data signals may be rendered equal at

d.c. and at at a frequency abave the passband of the first amplifier. .
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(b) observing the |aser |ight output using a d.c. coupled nonitor, adjust

t he WO hol d control 16 so that the |aser oper #GTrapopoiant i S
well into the |asing regi on; (c) apply a 0 to

0.5 volt asymmetrical data signal at 300 Miit/s to the 5 dat a

i nput (e.g. a single mark foll owed by 100 sp}aces), foll onwed by the
i nverse sequence and adjust the d.c. bal ancécontrol 20 until no baseline
shift is seen on the nonitor upon repeated sw tching between the two

si gnal s; (d) readjust the threshol[Ejgengrol 16 until a 0 volt data
I

i nput signal corrsponds toLkO | aser bias j&8t "dt threshol d. WO

97/ 01202

PCT/ GB96/ 01474

Vin ST7 OPTICAL >

FEEDBACK 1

AMENDED SHEET (ARTICLE 19)



.Typi cal conponent values for the circuit of figure 5 are as foll ows:

Ref erence Val ue Synbol Val ue 13 Rin
100 [err] 14 Rf b 510 [err] _
15 R WO97/01202 75[err] 16 PCT/GB96/01474
50k[ err] 18 100 k[err]
19 10 k[err] 20
50 k[err] (nom nal) 21 2, 2 k[err]
22 51 [err]
Fig.2.
. SUPPLY VOLTAGE,
+VS
— — 6
) — ldata
@ R INTEGRATING

A TRANSCONDUCTANCE
— - J—]+ AMPLIFIER
idata
4 M-

-
Crer Y CURRENT
y N 5 | (AMPS) |
LASER

1
DIODE
-
B':A%KN#\&%,/?Y o
- LIGHT OUTPUT
K.L (AMPS) L=S.| WATTS) _|

Vg —
Fig.3.
A
. C
A
TURN-ON CORRECT EXTINCTION
DELAY RATIO
MEAN POWER PENALTY
e %
. / -
nhsER T |
BIASED

k EQUAL
DRIVE CURRENT

SWING

AMENDED SHEET (ARTICLE 19)



24 2 k[err] 25 Ri nt

10 k[err] 27 G nt 1 [err]F

28 1 k[err] 30 Rout

75 err] WoB"YH201202 PCT/GBI6/01474
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1 A laser driver conprising a data ifput for,rec I ng data signals;
means for provi ding a feedback sign eipgéﬁ%rj;tvﬁedljge of the Ia%.{,_
light output; a first anplifier 5 having gain at d.c nd | oy frequenmes
connected to receive the data signals, a d.c. referencefigyal and

the feedback si to provi DCIE{E[&%A}_&O},&%&% A,ng,;;md a ’:{.”E.
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A laser diode (1) is driven by a first, integrating, amplifier (5) receiving a d.c. reference voltage Viyer, input data Vip, and negative | -
feedback from a back-facet photodiode (2), and by a second, wideband, amplifier receiving the data and the negative feedback.




