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Abstract

In this paper, a new equivalent circuit model for quantum-well laser diode (LD) is proposed. The

model includes carrier transport effects in the SCH region, and provides, in a stable and accurate
manner, large-and small-signal responses of laser diode output power as function of injected
currents. SPICE simulation was performed using.the circuit model and results are presented for L-I
characteristics, pulse and frequency responses under various conditions. It is expected that the new
equivalent circuit model will find useful applications for designing and analyzing OEIC, LD driver

circuits, and LD packaging.
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Fig. 1. The structure of SCH single quantum
well laser diode for circuit modeling.
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formed the rate equation.
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Fig. 11. Turn-on delay time of LD model for

various SCH lengths.
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*L.D model
xLD n_isch 0 n_pf LD
rout n_pf O rload

*sub—circuit modeling
.subckt LD n_isch 0 n_pf

*first sch model

csch n_isch 0 taur

rsch n_isch 0 '1/(1+taur/(taunb))’

gfb n_iw n_isch cur='q*qw_v*ne*exp(v(n_iw,0)
/(n*vt))/taue’

*second qw model

gsch 0 n_iw vees n_isch 0 1
dl n_iw ndl diodel

vdl ndl 0 O

d2 n_iw 0 diode2
ic2 n_iw 0 ’'g*qw_v*nex(taun+taunr)/(taun
*taunr)’

gcl n_iw O cur=’(2*go*praxtaun*i(vdl)-q*qw_v
*go*pra*(no-ne))*

+ (1-epsilon*pra*v(n_pf))*v(n_pf)’

*third output model
gl 0 n_m cur='(2*gamma*go*taup*taun*l.0e+
19/(1.6+qw_v)*i(vdl)-
+ gamma*go*taup*(no—ne))*(1-epsilon*pra*v(n_
pD)*(v(n_m)+sigma)’
g2 0 n_m
*qw_v)*i(vdl)+gammaxbeta*taup*ne/

cur='(2*gammax*beta*taup/(q*pra

+ (pra*taun))/(v(n_m)+sigma)-sigma’ .
cout 0 n_m 2p

rout 0 n_m 1

eout npf 0 vol='(v(n_m)+sigma)*(v(n_m)+
sigma)’

.ends

*diode model

.model diodel d (is='q*qw_v*ne*(taunr+2+taun)/
(2xtaun*taunr)’ n=2)

model diode2 d (is='g*qw_v*ne/(2*taun)’ n=2
tt='2*taun’)

.end

(57)
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