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A B S T R A CT

An q uivaletH circuit md el for quantum-well lac r did es is prs ¤ 1td . m e circuit model is dem ed nom

md ined rate equato r- and el iminates urs tability in the conventional md el . SPICE dinM anors show the

impro d stabil ity.

I . lNT R0 D UCT lo rd ± - lM P ROVED C lRC U lT MODEL

Equivalent circuit models for laser

diodes(LDs) play an important role for

designing LD dI¤v¤ circuits and packages.

Several equivalent circuit models have been

rep rted for double ha erostructure [1,2] and
quantum- well(QW) [3- 5] LDs. Kan and Lau

[3] implemented the q uWalerH md el using a

simple RLC circuit , but their model is not

sufficient for large sign. reSP In es of QW LD.
Lu et af- reÄ r ted simulation results of L - I

CUR e and transient pulse resp nse in [4] and
small - signal resp nse in [5] for QW LD using

an q uivaletH circuit model. We Und, however ,

HSPICE simulat ion based on this approach

shows unstable behaviors. Such unstability

greatly reduces the ut ility of an LD q ub alerH

circuit. In order to eliminate this unstability

problem, the circuit model basd on the

transformed ra- equations [6] is implemented

and HSPICE simulations are * r form ed- In this

let ter, simulation results are presented for both

conventional and improved models and their

results are compared..

The dynamics of QW LD can be described
by the rate q uations P OIs ed by NagaÇ an

et d [7,8] as follow:
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Here, f is the inj a td CU1Tent a d S is the

photon densim- r ± , r w ,and r ,m are the

radiative r-c ombination lifetime, the

non- radiative rc orr¤ ination lifetime in the QW,

and the total ra ombination lifetime in the

SCH, reSÁ COve- - 5 , 5 ,and r . are the

photon lifet ime, the can i- - transÄ r t time

across the SCH region, and the carn er
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f scH - f FB + f gam (5)

~

( 6 )f gam + ar ty =

Here, fsm represents q % m Nsw / r r

represents q VwN w/ a . The stimulated

emission component fn n mud
q VI, go (N W - N£) (1- ES) S and

and f ur

t o

t h e

1 S

r ,,dLYCH/ d in Eq. 4 can be modeled with the

cun-- u through a capacitor , and constants such

as ( 1 + r » r m) - 1 in Eq. 4 w ith a resistor .

T his modeling method is essentially same as

that used by Lu et af, w ith except ion that

node voltages instead of ctUTerus are used

here. HSPICE simulat ion using model I ,

however , shows unstabi lity problems for
large- signal t ransient resp nses when the bias

curTent is over the threshold current - m). We
believe this is due to two steady - state

solut ions, only one of which is the t rue

solution as pointed out in [6] . T his problem

can be eliminated if the photon density can k

replaced w ith a quadratic funct ion, and the

can ter density w ith an exp nentia1 function.
We use photon densi ty S = 9 ( m + ¾2 and

N W = ï exp ( ¢ U ¦ as suggested in [6] . 3

is used in order to avoid a DC convergence
problem and in our case, 3 =1o-lO was used.

With this, the modified rate equations become

f = r ÷ È + V ( 7 )

~

thermionic effect corrup t- nt f m is equal to
q f la r e ¤ T he optical p wet- * r facet can be

easily obtu nd Rom photon density S with

Pf = S / 9 , where 9 is the conversion

factor . An equivalent circuit model (model I )

shown in the Fig. 1 can be constructed based

on the aln ve q m Oons-

fFB = f m+ f D2+ f o + f c2 ( 8 )f s cH m+¤m -d
¼ &0 4 õ + f ? ( 9 )

w here f m, f w ,

fol low ing .

f o, f a , f ,, and b are as

q V w N ®̄

r £

/ V.
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f c l = go [ r£ f Dl + qV w( N . - N£) ]
¿ ( 1- e9P/) 9P/ ( 1 2 )Figure 1: A schematic diagram for LD circuit

md el I . ArTows indicate cor- sÄ IMit.
q uations given in the text -

( 1 3 )f C2 = qVwË Á +æ
In this md el, f sm and f w are modeled as

node voltages. Then, derivat ive terms such as

7

thermionic emission time, resN a mely - ¸ , P ,

g£, N£, a d E have the usual meaning. V-v

and Vsm are volume of QW and the SCH

region, reN a ive- - N W and Nsm are carr ier

density of QW and the SCH region,

repe nve- -

Above q uations can be transformed into the

following q m oons-
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frequency resp nse simulation can be

successfully done w ithout any stability

problems. As an ex ample, Fig. 3 shows

simulation results of model I (solid line) a d

model H (dotted line) for pulse transient

responses w ith the bias current of 12 f th. T he

pulse amplitude is fixed at twice the threshold

a m ent- Clear ly , the simulat ion based on model

I has a stability problem, resulting in an

unrealist ic spike. Such unstability problems
Ë CUI- for various bias conditions applied to

model I .

f r -f , = f±c rJ ¸ Í - f m + N, - í
. ) V F l q v w é ¤ r -

¿ (1 - cOP. (m + 3)
( 1 4 )

r r p r,u - 9(m + 3) r± = © f D1 + N. | - (Ì )
q r W 1

¤ = (Ã +º ) ( 1 6)

Here, ï is the applied voltage, Vr is the

thermal voltage, and n is the ideality factor.

T he q tnvala H circuit md el (model n ) obtained

from the above q uations is shown in Fig. 2. -

ç 2O
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Figure 2: A schematic diagram for LD circuit
md e1 n . Arrows indicate corTesÄ IMit.
equations given in the text .

o 2
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Figure 3. Simulation resulB for Vans- nt
resÄ nse using two different md eb . (doum
line: model I , solid line: rnd el n )

T he model n has resistor s, capacit or s,
voltage- controlled OUTerH sources, and d iodes.

Did es are used since Eq . 1O con e sp nds to a

typical diode q uan on and Eq. 11 cor te sÄ nds

to the cur rent through a diode w i th charge

stor age ef f ects m odeled by the tr ansit t ime

model of H SPICE -

In contrast, simulation based on model I1 shows

no signs of unstability problems du b - either
large- signal Vam ent resp nse and

small - signal frequency resp nse simulation at

m y bias conditions.

W. C0 NCLUS lONm S lM ULA T lON R ESULTS

A n equiv alent circui t m odel for SCH SQW

laser diode is der ived f rom th e modif ied r a-

q tmOons- T he m odel has impr ov ed stabi l ity

and is ex p- ted to be usefu l for L D drj ve

circui tr y design and optical m ter connect sy stem

modeling .

T o verify the accuracy and stability of the

model proposed above, IMA m-8As/ GaA s SQW
(Single Quantum- Well ) LD with 1SP A SCH

region was simulated using HSPICE- T he

values for LD parameters were obtu nd from
[8]. With the new equivalent ci rcuit model, L - I

CUR e, large- signal resÄ nse, and small- signal

8
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