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Abstract

In this paper, an approach of modeling the optical interconnection system by SPICE simulation
is presented. SPICE simulations with equivalent circuit models for optical devices are performed in
a stable manner. From the simulated results, eye diagrams for receiver output and BER are obtained.
Timing jitter due to laser diode turn-on delay effects can be found under various bias conditions.
Using this approach, various system parameters such as bit rate, BER, dissipated transmitter power,
and bias conditions can be optimized. It is expected that this approach will find useful applications
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such as Gigabit Ethernet and ATM.
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Fig. 1. Block diagram of optical interconnection
systems.
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Fig. 2. Equivalent circuit model of optical devices.
_{a) Equivalent circuit model of LD.
(b) Equivalent circuit model of PD.
(c) Equivalent circuit model of optical devices.
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Fig. 3. Schematic diagram of transmitter and receiver.
(a) Schematic diagram of LD driver.
(b) Schematic diagram of transimpedance
amplifier. :
(¢) Schematic diagram of voltage amplifier.
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Fig. 4. SPICE simulation results with applyng NRZ
signal inputs at 1Gbps operation :
(a) injécted current of LD(Img, Iv)
(b) optical output power of LD(P;)
(c) input current ofreceiver(I,s)
(d) output voltage of receiver(Voup)
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Eye diagrams for output wavefmm of receiver.
(a) The case of applying the bias current
abvoe the threshold current(1.11s)

(b) The case of applying the bias current
abvoe the threshold current(0.831)
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Table 1. Parameters and simulation resulted

"~ values for analysis of system perfor-
mance.
getalg W getulg g |99
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BER for 1Gbps of bit.

V.2 E

2 E=¥oE Bl AAge SPICER Faskd
A5e BMte, Hgshs we
A=3lgc). WA, F44190 LD} PDY) 712 md
¢ AT, LD 75 329} Agleula 225
A3}t 22718 Ak o|RA TN AAde o
A9l SPICE Ageld A8 98 4 gl o
T olgsl Axdle HAslehs wrEe MAsT)
2 uiez Faxe) YW HuEE By B
228 22 249¢ T ¥ 44 LD 7F 8=
WYY~ 387), A 32719} W SPICE A&
dolde SHth 2 A2 PL eye thojolaAL
o}g3led Moz BERS AAlach ol Foixl
A4gol webd 9o e wke Sals BERe)
el o) mpolelx AT HAa 4T 2w A
He 7Y = gtk S 57, & AFeliE Fonl
276 sl 2k 500Mbps ol Aol HE gulolol s W
o] o @& 4w Mg vehigich o) M4gel o}
2} A3 vlelolx 2AE AW 4 9l 7)E2e A
AR Aolch BE ols} e Aske Paidel] AHLE
Baale] BAo) wel wgeld 4 9lod AuY
SPICE e}elels} Foialchl Baa} S4e A 9
o] HdA Azwl A% ¥Ao] Fs3ict oleigt A
£ U2 & d7old AE SPICES o83 Alad)
#23} WP Gigabit Fthemef, ATM 5¢] 9830}
A f-83 29 Aoz s)usic)

=
=
k)



=2 | D, Fiber2t PD2 SPICE Netlist

*laser diode circuit model*

.subckt laser inp inn outpf

dl inp ndl dsponl

vdl ndl inn O

d2 inp inn dspon2

gi3 inp inn cur="go*prax(2xtaunxi(vdl) + grav*
(ne—no))*

+ (1-epsilon*praxv(outpf)*v(outpf)’

gi4 0 m cur="gammaxtaup*go*(2«taun*i(vdl)/(q*xav) -

+ ne - no)*(1 - epsilon*pra*xv(outpf))*(v(m) + sigma)’

g5 0 m cur='gammarbetametaupy (taun*(v(m)+sigma))*

+ (2xtaunsi(vdl)/(qravene) + 1) - sigma’

cph 0 m 2e-12

mh 0 m 1.0

eout outpf 0 vol='(v(m) + sigma)*(v(m) + sigma)’

ends ’

xfiber circuit model*
gfiber gnd nfb cur="coupleloss*v{outpf,gnd)’
vdumpdin nfb gnd 0

*msm pd circuit modeling*

subckt msmpd n_iph gnd n_out

vpdbias n_bias 0 kvpdbias

*optical input is converted to photo-generated currents*

vdumpdl n_iph gnd 0

*current value at flat-band voltage*

gio gnd nio cur="ilvdumpdl)/(exp(v_foxv_fb/(n
kt))-1)’

vdumpd2 n_i_o gnd 0

*below flatband voltage*

gdc_1 gnd n_1 cur="i(vdurmpd2)*(exp(v(n_bias,gnd)*

+ (20%v_fb - vin bias, gnd))/(n#kt)) -1) + i(vdurmpdl)*

+ a_const*exp(-b_const/v(n_bias,gnd))’

*above flatband voltage*

gdc_2 gnd n 2 cur="i(vdumpdi)*

+ (1.0+a_const*exp(-b_const/v(n_bias,gnd)))’

*the switch,*

gswitchl n_1 gnd VCR PWL(1) n bias 0 v_fbl, 1.0

SPICEE o4& #d2 A2d9 4% &4

FAM 5t

v_fb2, 0

gswitch2 n_2 gnd VCR PWL(1) n_bias 0 v_fbl, O
v_fb2, 1.0

gbomp gnd out cur="10+v(n_l1,gnd)+1.0%v(n_2,gnd)’

vdumpd3 out gnd O

gphoto gnd n_photo cur='1.0%i(vdumpd3)’

*intrinsic elements valuex

rin n_photo gnd k_rin

¢in n_photo gnd k_cin

*parasitic elements value*

p nphoto n_pl kap

cp npl gnd kcp

Ip n_pl nout klp

ends
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