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Fig. 1 Thermal model of the VCSEL
b SRR S DL R T SORETOAY Rl £ 7T R Ry A RS G Y A A HL B
j‘:’: Ispon%jﬁﬁﬁ%%?ﬁi’%xﬂ[‘?
Apower = VI — P, ‘ 4 Ly = aN _ Iss(eu% -1 (9)
o VORNT 4350 Dk din AR R R LR s P i B Tn
OB 7 L TS H AR T e Ln J 2SR L 5 L0 TS
I = T+ AT = T. + R.A dT(S) Lim = ago(N = N (1 —&5°S)S’S. (10D
m B T Forlr S ORI R ST T 7 R

Hop Ty HIRBEIRE s R o A B 5 o, Ry T B 1S 18] 5
RGN ps) . AR 28 R B A 3 2 0
] .

VCSEL ) V-T F¢Ph vl DL iy #38 — W48 V-1 %%
P Fl A R Sk FRAIE

VvV = l+1

nVT1n<ISS

)+ IR, (6)

o on NIRRT Ve %ﬁmﬁmﬂwﬁrﬂ

TR sk MBEIREE W g I .

M A HL S K, VCSEL Py 8 i i B 2 Tt
B Ve (BB, A A R, e AR
T FE A, 2 5 A v (1 SR A 3T Tk B IR Y
T 3G K o 221 MR BE T 0055 45 2 R B L R Bl R
AR AR /b U 3 P ) T R T 4G K R 1) A R R 9
i /> F RS AR TR B, 20 7 W B3 10 38 R SR &5
S 1) A T L 398 K AT O S ) A R R A S o L T
R T KA. JEF LA AT, b T R AE VCSEL [ 4
NP IR B S, AR R A 1 32 IR EE A . M A
MR L, A Ve S EB(26mV) AN IR R AR A, A 2
A H BELRT B2 1) A R R 3 B R R AE AR A R (T)
I1.(T). R, (DO I, (TR LIS B F I

_ Ci
RAT) = 5

[.(T) = b, I[,(T - b,) (%)
/ﬁ\:':':' bisbssciscy iﬂﬁﬁpﬁ%ylswﬁ%—tg’%ﬂg
A S 1) A RN L AR SCHCA SR LB A O0°C B A AEL.
RO S T T [ e X2 S v ) s YR X0
HTF Tucker %I VCSEL (38 B8 #5780, qn &l 1 fr
NS Cp AR TF AR Ly R H LK,
R, A, C, 4 1 BLAS Ll 19 35 A 45, R,

D)

RUH R R, 19 3t 1) HL

R on 1 Con 5390 3 7 S0 FE AR RN »
[ty o _ dSe
oS T
[,=k.S" R, =1Q, k. NG5 F. R, P58 E
Ot B R

Wi B R 7 %) HSPICE B {7 B0 85 1 b 3%
A BRI 1 A R L 9 2 3R R s ) AR S B [ A
Ty BE ER 4 s L TR 2R L il HSPICE () 458 Y J3E o
TR S BOR RE G A5 R B S I R O A G
W, O I A 06 B A N — A AR AR, ) SIS [ A
T EEL 3T 27 TR A o

TRRCE AR B AT LR — i A DG 4 F B A
— AN HLAF IR SR A 2 FR AT L
HL 25 AT DA pl o R R R AT ) A R g ) R
FEAHRR R AT LLRRAT -

Rph = (11)

Vv, = anln(% + 1) (12)
M SER B Ry WTRR N .
v anln(% +1)
Ri=--"*=———> - (13)
Iin in
In In
Diode R, (‘
% V,=0 1 T ¢
il
Gnd Gnd

B2 THREAEROD
Fig. 2 Equivalent circuit for diode



8T H

R A TR VI R STEOE AR Y IR R 1127

2 JT 7 1 R B S5 0 B AR HSPICE
A DU R B S B R AT

.Subckt Mdiode In Gnd T

R In 1 r="nvlIgCi(Vy) /(b 14, (v(T)
—b,))+D/i(Vy)

Vo 1 Gnd 0

Csy In Gnd cdo

.Ends Mdiode

Hr In M1 Gnd o BB 1 A ZE R T 3R
71N ik BE B 45 A 2R R AT LA (o e A S 1) A A
i B L A A AL

3 WHENEBFISLIE SR

3.1 ERESHAIRK

HY T SCRT T, B 1R (9 BE B 1 280 o
TpsTas Nos8ores s n UL KA ¢ VCSEL i & 4k
M T 280 SRR ICAT L4y S w20 1647 - 1 e 3R
?%ﬁﬁ'ﬁ%%i%ﬁ"]8/I\ﬁﬁa’fp»rn’]\/o’go’s’lﬂ*ﬂﬁ-ﬁ
F AN IEA B TARRET AT LUA % &
VCSEL 13 FE R0, s & 19 B 84 ] DLz Bl ok
Tucker KA, 25 A T A9 (E FT LAH i 52 56 00 74 1 S
SHORHED AL 43 09 S BUE AT LA Gao 4§
T T R SR . U FRATT 4R U A I R
MSEGEN MR M I B arsas, - a, il
A L S 1) AR R L G Y by by RT A AR TR 4 FBHL Y
Crv o FRURTEE M 22 B FATH n 9 7. a1 v a. .
va, W LU G LA R W] IR B R R L-T il £ o
ﬁi[s:vbl sby Fl ey o AT UL LA AN AR BE T 9
V-I [ 2 . 76 5 € #i & VCSEL % A et 2
B bioby Flocysco BFIRANTABEEIEH (6 XL KWK
AR R A A A BB R AT B AR B H I
AR Y T 7E Tucker #5551 v i A S 44 Y
HL U L pon SAZ TS R HP A HL 3L 09— 3R 435 T HL 1 qpon
T R LA b DR A AN 118 5 R /N 45 37 8 {0 F 3t - STk
12 ) 1 (6D 22 PR Sy 30 o Ay 455 20 Ay AL R i 2 0
TFRAM A A R Y LU A A5 T 1 AR A b
PR, FREFERR by by, F1 ¢y ey B FRATATLL
AN B I3

M I<Ty Bl R M H RS T AR
B AE B HLIE L spon » BEI 22 50

V= nV»[-ln<I£ +1)+ IR, =
1 c,
b I, (T - by) T - c,
L5 S 56 A5 A AN TR BE T i VAT 2%
M I=10 W i3 R HL U A — 38 20 T A

asH

nVT1n< +1>+I

# 1 VCSEL [ i B T 2 450
Table 1 Model parameters of our VCSEL
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Fig. 3 Comparison of the simulated (lines) and the
measured (data points) junction voltage
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An Improved Thermal Model for a VCSEL "

Liang Feng, Gao Jianjun', and Tian Xuenong

(School of Information Science and Engineering . Southeast University, Nanjing 210096, China)

Abstract: An improved thermal model for a vertical cavity surface-emitting laser is proposed. The model is based on Tucker’

s model of the laser diode. The voltage-current ( V-I) characteristic of the laser is given by introducing the thermal effect to

the parasitic resistance and to the reverse saturation current. The light output power-current (L-I) characteristic is given by

adding a thermal related leakage current to the model. The model proposed in this paper is more practical than thermal mod-

els proposed in the reference.and model parameters can be easily extracted with methods that have been presented by other

authors. The model is implemented into SPICE-like simulators including HSPICE,and the simulated and measured V-I char-

acteristics and L-I characteristics exhibit a good agreement over a wide range of ambient temperature.
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