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TIZs USH COF OPTICAL TIZEIRS I TILZ TRANSUISSICY OF IIAGTS

_

AoTazl taferri ,Colelones,JJlaonl Universidaie Federal Mluminense-Brazil) and
(] ¥ 7 /

Jelalatronl (Universidad Sim6n Bolivar—Venezuola,

Pibers can be used %o transmil opiical images. Bevause de seometrieal diferenc es
beeiween the signal 1o b%transmitted zad the channel, il is necessary to adapt
the Tibers fo the signal or {the signal to the fiber. In the first case are used
2-D arrays of fibers (endoscgpes), in wich each fiber iransmit a portion of lhe
images In the second case 1t is posible 1o adapt the image to $he fiber by

vure oplical means, using the so called "Chromatic codification".

We present here some results of ocuer experiments on the transmission of images

via chromatic codification
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"100-FOLD COMPRESSION OF YAG:Nd3+ LASER PULSES USING

SINGLEMODE OPTICAL FIBERS"

A4 ABSTRACT
Telma V, Cardoso, Marcia T. Portela, Valeria L, da Silva,
and C.H. Brito Cruz
INSTITUTO DE FISICA
DEPARTAMENTCO DE ELETRONICA QUANTICA
UNIVERSIDADE ESTADUAL DE CAMPINAS
13.100 CAMPINAS SP BRAZIL

We will discuss and present results on the compression
of 120 ps pulses from a YAG:Nd3+ laser to 1.4 ps. The pulse
compression technique employs a singlemode optical fiber and
a dispersive delay line composed of a grating pair. Upon pré
ragation through the 1.8 km fiber, the pulses fpom the YAG
laser are spectrally broadened to 30 A and assume a flat
topped temporal profile. The grating pair prpovides the nece-
ssary negative group velocity dispersion to compress the
chirped pulse emerging from the fiber. The average power cog
pled into the fiber is 300 mW.

We will discuss briefly the pulse compression technique,
based on the self-phase modulation effect that,together with
the positive group velocity dispersion of the fiber, is res-
ponsible for the spectral broadening. The negative group velo
city dispersion of the grating pair is adjusted changing the
gratin.distance. This grating distance, plotted against the
compressed time duration pulses, presents an optimum value ,

where the compressed pulse is shorter.
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PRISM COoUPLING TECHNIQUE FOR THE MEASURE

MENT OF THE MODE SPETTRA UF OPTICAL FIBERS

19 _ _
K-THYAGARAT AN | M R SheENOY AND M. RAMADAY
sz_Pc«.H:am,uﬂ: o{ P}')\’J’_I\CS'
Indion Tneritwbe of ‘Tﬂ—thhu.ﬂﬂaﬁ

NEW DELHI - 1id 016 .

ABSTRACT

e present Hae prismn C"“Pl“ng tmc(on{oluﬂ- j“’[_._.,m
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P. Gomes, G. Barreira, T. Almeida (LiP-Lisbon)
P. Alves, P_ Leite (INESC-Porto)
E. Gereile {DEC), R. A. McLaren (CERN)
SURMARY

The next generation of experiments at CERN (LEP) will have a distance of up
to 300m between the data acquisition computers and the FASTBUS crate near the
detectors. _

Two ways of satisfying this requirement were considered: a FASTBUS to
FASTBUS link, transmitting the System [nterconnect protocol, or providing an
optical extension for the CERN Host Interface (CHI)}. The latter implenentation

was chosen os it has the advantage of not being dedicated to FASTBUS and is

simpler to implement.

The optical interconnect provides a general purpose, full duplex, tink -

[T L
Rkl

with a bandewidth of lﬂ-ﬂbgtesfsec over distances up to 1000 meters. [t hué 

been designed to be transparent to software (except on the occurence of L3

reset).

Handshake delays have been minimised by pipelining. R fifo at the receiuefﬁ
end buffers the incoming data. Dota flow control is provided by a stop/go’ -

status bit which inforas the transmitter that the receiver fifo iifr

three-quarters full; the transmitter aust then  stop sending until the}*

receiver fifo signals that is prepared to accept further data.

The signals entering the Optical Interconnect are split into three groupa:‘
data, control, and status. These are serialised and transsitted over q pair of

fibers and recovered into standard signals at the receiver end.

The Rdvanced Nicro Devices TAXI pair is used to serialise each byte into g

bit stream and recover it after transmission through the fiber. Tests on these

components are being performed in several laborgtories, including INESC-Porto. :
In addition, the fiber and- electro-optical transducers were also tested.

report on the final results will be presented.
The present implementation is not restricted to applications linking UAN

computers to FASTBUS but can also provide long distance connections from

FRASTBUS to FASTBUS, UAX to UAX computers or UMEbus to UHEbus.

&ETAT

1 CNTL | TAXI E/Q

DATA

| BTAT [

FIFO H TAXT OsE

1 DATA.
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ANALYSIS OF FIBER DIRECTIONAL COUPLER WITH A BUFFER LAYER

Anurag Sharma and Prasanna K. Mishra*
Physics Department, Indian Institute of Technelogy Delhi,
New Delhi-110016, INDIA '

Single mode fiber directional couplers made by mechanical
lapping {also known as polished couplers) have lately been a subject
of great interestl—3 as they are more durable and stable and are
continuously tunable. The unavoidable space (~ 0.1-0.2 micron
thick) between the two substrate blocks containing the fiber is
usually filied with some index matching liquid. It is also possible
to introduce a buffer layer of a material with suitable properties
to alter the coupling length externally as desired.

The analysis of directional couplers is usually based on
coupled mode theorya which gives an approximate analytical expression
for the coupling length. However, us%ng this approach, it would
be extremely difficult to study the effeet:of a buffer layer. We
have developed a simple model for directional couplers which gives
good accuracy and allows one to study the effect of a buffer layer.
The model is based on finding a dielectric slab directional coupler
which is approximately equivalent to the fiber coupler. The analysis
is similar to the one which we have developed for rectangular wave-
guides & directional couplerss. We have then extended the exact
analysis of slab directional couplers6 to include the effect of a

buffer layer. The equivalent coupling geometry thus provides a

* Prasent address: G.M.College, Sambalpur, Orissa (India}.






SHARMA & MISHRA : ANALYSIS OF FIBER DIRFCTIONAL COUPLER

simple means to study the coupling characteristics of a practical
fiber coupler.

The accuracy of the model is illustrated in Fig.l where
we have plotted the normalised coupling coefficient as a function
of éeparation of two fibers using the coupled mode theory with
exact modal field and using our method. The agreement is within
5. In Fig.2, we have plotted, as an example, the coupling length
as a function of the refractive index & thickness of the buffer layer
for a typical directional coupler with parameters given on the
figure. Ffurther studies are in progress and the results will be

reported at the conference.

References: 1. Bergh, R.A., et al., Flectron Lett. 16, 260 (1980)

2. Parriaux , 0., et al., Appl. QOpt. 20, 2420 (1981)

3. Digonnet, M.J.F., Opt. Lett. 10, 463 (1985)

4. Snyder, A.W., J.0pt. Soc.Am, 62, 1267 (1972)

5. Sharma, et al., Proc. 'Second European Conference
on Integrated Optics', 17-18 Oct, 1983,Florence
(Italy), IEE Conf. Publication Ne.227, p.9

6. Kapany, NS5 & Burke, J.J., 'Optical Waveguides'

(Academic Press, 1971).






Captions
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Fig 1: Normalised coupling coefficient X
2 .2 2
[Wq_/(z LC\/A) 3 Az(ﬂo—ﬂs)/zno]
as a function of normalised separation,
d/a, for step-index fiber directional

couplers,

Fig. 2: The coupling length, L as a function

c !
of the refractive index of the buffer layer
for step-index fiber directional couplers

with Mg = 1.46 Ng= 1.4569

a = 2.26ym , A= 0.6328 pm,
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THE SPONTANEQUS EMISSION FACTOR FOR SEMICONDUCTCR INJECTION LASER

Yiguang Zhao and Changzhi Guo

Department of Physics, Peking University, Beijing, China.

ABSTRACT

In this paper, The relations between the spontaneous
emission factor and the laser structure, waveguide mechanism,
working condition etc. were investigated both on theory and
experiments. The results show that the shorter the cavity
length and the narrower the stripe width, the larger the
spontaneous emission factor 1is. The spontaneous emission
factor has the maximum value, when the thickness of the active
layer is about 0.2um . In a small region under the threshold,
the spontaneous emission factor increases quickly as the
injected current increases and outside this region, the
variation of this factor is small. The difference between the
spontaneocus emission factor of the main mode and the
neighbouring modes is small,but there is a large difference
between spontaneous emission factor of the main mode and the
side mode which is far from the main mode. The spontaneous
emission factor of 1InGaAsP BH lasers 1is larger than that of

AlGaAs stripe gecmetry lasers






I. INTRODUCTION
The spontaneous emigssion factor is an important parameter of

semiconductor lasers . It is defined by the ratio of the amount
of the spontaneous light emission into a specific laser mode to
the amount of total spontaneous emission. Since it determines
the spectral and dynamic features of a laser [1,3] therefore a
lot of attention has been paid to it. Up to now, factors which
influence the value of the spontaneous emission factor have been
studied theoretically f4,5,6], and several methods toc measure
this factor have been established [7,8]. In [6], wvarious
theories about the spontaneous emission factor have been analyzed
and compared. The results show that K.Petermann’s theory is more
appropriate than other theories. It is necessary to do further
research to make the relationt between the value of the
spontanecus emission factor and the laser structure, waveguide
mechanism and working conditions etc. clear. Morever the
relations between this factor and the injected current has not
vet been investigated, and up to now the spontaneous emission
factor has been treated as a constant. So clearing these
relations is very significant for understanding the
characteristics of the laser, and designing a laser.

There are two methods to measure the spontaneous emission
factor. The first one 1is to measure the optical output versus
the injected current and to compare with thecretical predictions

at various values of the spontaneocus emission factor{7]. This
method has a large error. A more accurate one is +the harmonic
measurement method [8]. But in [8], because the relation between

the gain coeficient and the injected carrier density was
approximately given by g(y)€a’n{y}) and effects of the
transparent carrier density and laser wavelength were ignored.
Therefore it 1is certain to cause error, especially for the side
mode which is far from the main mode.

In this paper, based on {&], the relaticons between the
spontaneous emission factor and the laser structure, waveguide
mechanism and working conditions were obtained from deriving a
self-consistent solution of the optical field equation and
diffusion equation. Using the harmeonic measurement method, all
factors which influence the gain were consisdered. The
spontaneous emission factor was investigated for the AlGaAs
stripe geometry and the InGaAsP BH laser , Using spline fit and
successive iterations, the relation between the spontaneous
emission factor and the injected c¢urrent was obtaind. The
experimental results are in agreement with theoretical
calculation.

II. TEEORY ANALYSIS AND NUMERICAL RESULTS

If the spontanous emission is treated as the radiation of
arbitrarily oriented uncorrelated electric dipoles within the
active layer. Its optical fields are expanded in a series of the
guiding mode. So the spontaneons emission factor is given by
[5].

X K

C= g (1)

471, T NmVe aX







Where » is the laser wavelength.K is the astigmatism factor. n, is
the material refractive index in the active region. Nm is the

mode effective refractive index.

Nm=Re ( C ke (2)
‘% is the complex propagation constant, k.is the wave number in
the vacuum. n, is the group refractive index [9]

e =Nm— X (dNm/d * ) (3)

dim 1§ __ 3% am,) 1 ( B, -1, 1 r
— === — +Q- |+ = |—————====e - — {n{(lta(n-;);
dX\  fim IN N Mol | 1+a(Brni) o a n

[T is the confinemet factor with respect to the active layer.z_ﬁg
is the material refractive index of the cladding layer. a=(k,d})/2
, d 1is the thickness of the active layer.

Ve is effective volume of the active region. Ve=L(d/r)We , L
is the cavity length, We is an effective laser width parallel to
the active layer (y-direction}).

2
fl6(y) 1" dy [ Ispiyrdy
We = (4)

j 1G(y) I* Isp(y)dy

Where G(y} 1is the distributien of the modal optical field
parallel to the active layer. Isp(y) is the distribution of the
spontaneons emission parallel to the active layer, Isp(y)oen(y).
n{y) is the distribution of the carrier density in y-direction. s\
is the spontaneans emission spectral width. It depends on the
injected cerrier density in the active region. For a laser with
definite structure, when the carrier density reaches the
threshold or geces above the threshold, the quasi-Fermi level does
almost not change, and AA also is almost fixed too. But the
difference between the threshold currents of lasers with the
different cavity length,the stripe width and the thickness of the
active layer 1s very large. That means the difference between
the quasi-Fermi levels of the electrons and the holes is very
large at the threshold. Therefore ax should change too.

The relation between the spontanecus emission spectral width
and the gain spectral width¢m%3is approximatelly given by [10],

S &

The gain spectral width has approximately a linear relation
with the injected carried density n. Based on the GaAs gain
spectrum [11], a expression can be given by

if
A>\3=146.5x10 n-95.4 (6)
Where the wunit of the carrier density n is 1/cm?
Under the threshold, the spontaneous emission spectral width
increases as the bias current decreases. If GaAs is treaded as
the homogeneous broadening medium, So the spontaneous emission






spectral width of a laser is given by [12]

.A\=A=T(1—u); (7}

. _26L
U= Fop1 R2

Where 2\, 1is the spectral width of the homogenecus broadening, and
has a typical Value 400, G is the mode gain. Rl and R2 are the
facet model power refrectivity.

Using the method which is the same as [6],a self-consistent
solution of the optical field and diffusion equation was
calculated. For the narrower stripe laser, the distribution of
the injected current is supposed to be Gaussian form, and for the
wide stripe laser it is supposed to be the distribution of a

flat-top with the spreading sides . When the threshold condition
was satisfied, the distribution of the optical field and the
carrier density etc. were o¢btained from the self-consistent

solution, at the same time. Then K-factor was calculated, the
spontaneous emission factor was obtained from equation (1}-(7).

For the stripe geometry laser, the parameters which are same
as (6] were given. The following results were obtained,

{ Fig.l The spontaneous emission factor against the stripe
| width Sw, d=0.1.um, L=400.um, the ratio of the injected
| current to the threshold current is I/Ith=1.5

| Fig.2 The spontanecus emissiom factor against the cavity |
i length L. Sw=10.4m, d=0.14m. I/Ith=1.5 |

| Fig.3 The spontaneous emission factor against the [
| thickness of the active layer d, Sw=10_um, L=400x4m, {
| I/Ith=1.5 I

| Fig.4 The spontaneous emission factor against the bias |
| current I, d=0.1 4 m, L=400 4{ m, Sw=10 ¢ m. |

Fig.1l-4 illustrate the spontaneous emission factor of a stripe
geometry laser operating at the fundumental mode ., Fig.l and 2
show that the spontaneous emission factor 1is a monotonically
decreasing function of the stripe width and the cavity length,
In Fig.3 the speontaneous emission factor has the maximum value at
the thickness of the active layer being about 0.2uem . Fig.4
represents that in a certain region wunder the threshold, the
spontaneous emission factor increases gquickly as the injected
current increases,and cutside this region, its variation is small

For the buried heterostructure (BH) InGaAsP laser operating at
1.34m wavelength, distributions of the optical field, the






carrier and the injected current are confined., The boundary
conditions 1like [6] were given, K=1, C =2.5%107were obtained.
Where n =3.52, 1 =3.21, Sw=10«m,L=400sm.

ITI. EXPERIMENT
A. Principle

The rate equations of an inijection semiconductor laser with
multimode longitudinally is given by

dn 3 n

- _d - :s_ -= gi s; (8)

dt e - ‘

ds; 8 n

— =g - = (9)

| C, —
LIS Trt t t_g

Where j is the injected current density, e 1is the electronic
charge. s; is the photon density of the ith mode. Ciyis the
spontaneous emission factor of the ith mode.T»; is the photon
lifetime. g,is the gain coefficient of theith mode. It depends on
not only the carrier density, but also the wavelength of the
longitudinal mode. If two quantities can approximately be
considered as separable, then the gain spectrum is approximately
given as a Loretzian line form [13]

Na-No 2
g, =va’ (n-ne) [1~4 (<5727 ] (10)
Where v is the optical velocity in the active region, a’ is the
gain constant.negis the transparent carrier density.an is the full
width of the gain spectrum, A, is the wavelength of the main mode.
i 1s the wavelength of theith mode. Define

A= X 2
M z_lgt 5 ?f[l 4( A_/\_“) 5; (11)
4= - Y
9 S [1-8 (55707 18y

Ingserting (10} and (11) into (8) and (9), and solving for the
steady state produces

e g e
J+NeMg - Q+J(Q—J—Nemﬁ +4My JCp

s (J) = (12)
2DMy
where J=a'vBTslyj/ed Ne=a’angcy@ﬁ
Q=a’ vBm_‘cﬁ+l N=A
= = . 32
D=a’vBT, B 1+4(A/\)
set f(t)=J+NeMy - Q+ [ (O-J-NeM, f+4M; JC; (13)

obviocusly, Myis a function of the normalized current J. If the
spontaneous emission factor changes with the injected current ,
it should be a function of J too. Firstly only Mp is considered
as the function of J. The derivative of the G to J is
temporarily treaded as zero. Then one obtained

£r {J)=1+NeM| +Y/W (14)

£" () =NeMy +z/w-Y* /W’ (15)






£ (J) =NeM!" +R/W—3ZY/WA+3Y5/WT (16}

where

W= [(Q-J-NeM, )" +4M, JC.
Y=J-Q+ (Ne+2C; ) M; + (NeJ+Ne&' My - QNe+2C; J)M!
Z=1+(2Ne+dCr )Mf +Ne (Mj ) +(NeJ+N& M; - QNe+2Cy J)Mp
R=3NeM! M+ (3Ne+6Cy )M}' +(NeJ+N& M; —ONe+2Cy Jym

The following expression can be obtained from equation (12):
s/ (J)= [£/ (J)/M, -£(J)M{ /M5 1/2D (17)
ST = LET(I) /My - 2MJEC (D) /M 42E(0) (M5 F /M ~E(DM /Mp1/2D  (1p)
§"(I)= [E™(T) /M- (3E" ()M +3£7 (J)MI'+£ (T)Mp" ) /M2

+(B£7 (J) (4 ¥ +6f(J)M{M§'}/M3—6f(J) Mg Y /M 1/2D (19)
Using the harmonic measurement method, if the ratio of the
peak wvalue of modulation signal to the bias current was supposed
to be m (m is the modulation index). The peak values of the
first and the second harmonics are Al and A2 respectively. Then

Al/A2=4s (J) /ms! (J) {20)

A series longitudinal mode spectrum were scaned from the below
threshold to the above threshold. The relation of g; and the bias
current T can be obtained from the following expression [14)

W e

P - (50
gj. :V{;)(:"' r—!-* [—2—‘1 nR—_E— + ﬁn %’"]} (21)
o ] i%t“?(%v”

where </ is the loss in the cavity,xlE;lOcnﬂ R1=R220.3. s;and sy
are the power of the undulated part of theith mode at the upper
and lower envelope respectively.

Under the threshold, the optical intensity is very weak. For
the steady state, the relation between the carrier density and
the injected current can be cbtained from (8)

n=T,j/ed {22)

The values of a’ and necan be determined from the relation of g~
and equations (10), (22). a4/ was measured from the spontaneous
emission spectrum. The photon lifetime can be obtained by

Ty =[V{—fn = 4+ s )] 23)
p TV GTIn e i ) (
The values of Mp were calculated from the longitudinal mode
spectrums at different bias current. M§ , M} and My were
obtained by a cubic spline fit. The modulation index m, the peak
value of the first and the second harmonic were measured at the
different bias current. When the second harmonic is the maximum
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value,
)»,"'(J)=0 (24)

The nomalized current J, at the peak wvalue of the second
harmonic and the spontaneous emission factor G were determined
from a self -consistent soluticn of equations {20) and (24). the
method can be described as the following: for a given C;value, a
corresponding Jv can be obtained from equation (24); then
substituting this J: into (20), and a new Cywas calculated:
continuing this process until ¢; and Jp  converged to a
self-consistent pair. Based on the relation between J» and
correlative bias current, the value of J at the different ' bias
currents was 1is easy to cbtain. then the spontaneous emission
factor was calculated from equation (20). The above obtained
relation between the spontaneous emission factor and the bias
current was taked as a preliminary wvalue. For the spontaneous
emission factor at the diffrent bias current,a smoothed curve was
set by a cubic spline fit., Then one consideres that both M;and Cp
are the function of the bias current. The following expression
can be obtained from (13).

£7 (J)y=1+NeM{ +Y, /W (25)

£7(J) =NeM"+Zo /W -Y. /W (26)

£7(J) =NeM™G, /W-3Y, 2, /W +3Y, /W° (27)
where

Ga=2C;(MPU+3Mf)+6C1(MFJ+2M§)+6CF(M;J+ME)

+2My JCPU-NeM" (O~ J+NeM; ) +3M)' (1-2Ne) (1+NeM; )
2, =2Cp (MI'J+2M] ) +4C/ (Mf J+Mg )} +2My JCF -NeM)' (Q-J-Ned; ) + (1+NeM/ )
Y, =2Cy (M§ J+My ) +2Mp JC ~ (14NeM{ ) (Q-J-NeM; )

Inserting equations (25), (26) and (27) into (17),(18) and{1S).
and using a method which is similar to the above, new values of JP
and Cy were obtained from the self-consistent solution of
equations (20) and (24). Then the spontaneoues emission factors
at different bias current were caculated from (20). The cubic
spline fit was made again for the new spontaneous emission
factors, continuing this process until the curve of the
spontaneous emission factor versus the bias current is
approximately same in two successive caculations.

In order to measure the spontaneocus emission factor of the <th
mode the laser i1s biased at the second harmonic peak ofith mode,
then the values of the first and second harmonics, and modulation
index were measured, My, M{, M} and M{" can be caculated. The
spontaneous emission factors of the different mode can be
obtained from a self-consistent solution of equations (20) and
(24) .,

B. Experimental Results

The way to measure the first and second harmonic, m etc is the
same [B]. In order to measure these values conveneitly and
accurately, lasers were selected to have small threshold
currents, wide longitudinal spacing and good thermal stability
.To reduce the measurement error due to the wavelength change
caused by the modulation signal, one could adjuste the exit slit

i






of the monochromator to make it wider than the entrance slit.
Here the width of the entrance slit is 204m,and the exit slit is
60srm. The frequancy of the modulation signal is 40KHz.

i Fig.5 Experiment results, the spontaneous emission |
| factor of the main mode against the bais current |
| for the laser SM1. |

Fig.5 illustrates the experimental reselts., The laser SM] has
the cavity length of about 1504m, the active layer thickness of
0.3+m, a longitudinal spacing of 5ZX,the gain ,spectral width of
170A wavelength of the main mode being 8170A, and the threshold
current of 41.3mA, In Fig.5 , the curve of the spontaneous
emission factor against the bias current is the same as the above
numerical results. Several devices were measured and the results
are the same.

For the laser SMl, the experimental results for the
spontaneous emission factors of different modes are listed in
Table.l. One can find from Table.l that the difference between
the spontanecus emission factor of the main mode and its
neighbouring mode is small. This is in agreement with [8]. But
the difference between the spontaneous emission factors of the
main mode and the side mode which is far from the main mode is
large. The spontaneous emission factor of the -7th side mode is
10 times as smaller as that of the main mode.

Several InGaAsP BH lasers operating at 1.3um wavelength were

measured, The results show that its spontanecus emission
factors are about the order of 1077, and the 10 times as larger as
that of AlGaAs lasers. This is in agreement with the numerical
results.

TABLE.1

Spontaneous Emission Factor of the
Different Mode for the Laser SM1

Bias Current (mA)

: J4 : of the Second ; My : Cp :
[ ’ |] Harmornic Peak | | |
A A S
| 2 | 40.6 | 11.6 | 0.92x 10 |
T T a0 001 Taix ot
o LT 507 | 125kt |
N 102 | Teaxaet |
N 125 1 o.eaxi0T |
R ws ETEETI






IV.DISCUSSION

The above numerical calculation and the experimental results
show that the spontaneous emission factor of the DH laser
increases quickly as the injected current increases in a small
region under the threshold, and outside this region, the
variation of this factor with the injected current is small.
According to numerical results ,the large variation of the
spontaneous emission factor in the small region under the
threshold is mainly due to that the spontaneous emission spectral
width decreases quickly as the injected current increases , and
the wvariation of K, n,, n,,n , Nm, Ve etc. is very small, when
the injected current changes.

In Table.l, the difference between the spontaneous emission
factors of the main mode and the -7th side mode is large. This
is because the M value of the -7th side mode is larger than that
of the main mode.

Both numerical and experimental results show that the
spontaneous emission factor of the InGaAsP BH laser operating at
1.3#m wavelebgth is about an order larger than that of the AlGaAs
stripe geometry laser. This 1s because the wvalue of the
spontanecus emission factor 1is proportional to)? rand the
difference o©f the astigmatism factor between the the InGaAsP BH
laser and the AIGaAs stripe geometry laser operating at the
fundamantal mcode is not too large.

V. CONCLUSION
The spontaneous emission factor of semiconductor lasers 1is

closely related with the laser’s dimension, waveguide mechanism,
working condition etc. For the stripe geometry laser, the
shorter the cavity length, and the narrower the stripe width,
then the larger the spontaneous emission factor is. The
spontanecus emission factor has a maximum value at the thickness
of the active layer being about 0.24m ,In a small region under
the threshold, the spontanecus emission factor increases quickly
as the injected current increases, and outside this region, the
variation of this factor is small, The difference between
spontaneocus emission factors of the main mode and the
neighbouring mode is small. But there is a large difference
between the spontaneous emission factors of the main mode and the
side mode which is far from the main mode. The spontaneous
emission factor of the InGaASP BH laser is larger than that of

the AlGaAs stripe geometry laser
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Frequency-0ffset Locked 3emiconductor Laser Diodes With

High Stability Used In Colierent Optical Fiber Communication
Jia Quan Xie Linzhen

Dept, of Radio-ElectroniCS, Paeking University
Beijing, China.

A3STRUCTD

Two loser dloden have been Shably requensy-offuet locked
togethier. The IF frequensy { veat Trequency ) of 1hese two laser diodes
MRz oand the bast Ireguency fluttuation is less than 10 KHz, The

run for more than 27 Hours without any diffioulty and
has been applied inlo sohorent optical Fiber sommunication systems already,
T e, b
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AnIF frequency stablization system with high stability
has been built. The experimental set-up is shown in Fig.1. The
lasing wavelength of the transmitter and local laser are all
0.824nm, and their models are HLP-1400.

The beat frequency (IF frequency) of these two lasers is 900 NMHz
or 1.0 GHZ and the linewidth of IF signal is less than 55 pyp.
The beat signal is detected by a APD (Model PD 1002) and amplified
by a preamplifier. The error signal coming out from the dis-
~cryminator is amplified by a PID (Propotional Integrator-Differ-
-entiator) circuit and fed  back into the locel laser to sta-
blize the beat frequency. The loop time and loop gain are 16ms
and 106 respectively. The measured IF frequency fluctuation is
less than 10KHz and the system can stably run for more than 24
hours without any difficulties.

Fig.2 shows the waveforms of 900 MHz IF frequency signal, and
the réduction of IF frequency fluctuation by the feedback loop
of this system is shown in Fig.3 (a),(b).

r O5C.
T.C F-p
‘ L
E - - Z‘o - APD AMP. ost.
Klmer
A
[
> — Code Ragene,
pala it
Te.F— E [,—;_J] PID F.D SPc.a
Izrser I1 . |

Fig. 1. EZxperiments]l s<t-un. T.C.—Té%erature Controller,
C.S.~Current Supply, AID-Avalar.che Photodetector, F,P.~
Febry-Terct Interfercreter, C5C-~0Oscillescope, AMP-Amplifier,
F.D.-Frecuency Discririreztor, SIC.A.-Spectum Anelyzer,
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S1 Heat Sink and Optical Fibre Mount

CUI Xiao Ming

Department of Physics, PeKing University, Beijing, China

1, Introdution

The simeconductor heterojunction laser is commonly mounted
on the copper heat sink (Fig. la). The stress may result from
honding process because of the different thermal expansion coeffi-
cients of Si and GaAs. And so Indium is commonly used for bonding
laser chips on Cu heat sink in order to avoid the stress. The
bonding material In will suffer a deterioration due to the oxi-
dation process, especialy the heat generated from the laser will
accelerate this process. This process will result in a degeneration
ot the iaser and in turn the reliability of the optical fibre
communication system. Wy using silicon wafer as the heat sink of
the laser, the more stable bonding material, such as Au/Sn can be
used instead of "sof't" In, because the thermal expansion coetfi-
cient of Si is very closed to GaAs (d&ah-ldﬁtd (Jl&“:b'ld{"cﬂf
d&=17-léﬂﬁd). The Si heat sink structure is shown in Fig.lb,

Using Si as heat sink gives another advantage. As we know,
the 5i microfabrication technologies have bheen well developed,
We can utilize the charateristics of preferentially etching on

Si for making V groove as a support of optical fibre, which






collects the light emitted from the laser chip mounted on 5i heat
sink (Fig.2 )., Because laser and fibre are put on the same Sj walfer,
the optical alignmént between them is easily worked out bv simply
controling the V grogove depth, then the stability and rejiability
of the device are remarkably improved,

2. Si heat sink technology and measurment of device thermal

resistance

At first, Si wafer is metallized. The wafer thickness is about
150um. After cleaning, both sides of Si waf'er are in turn evaporated
Cr(~5004) and Au (~2000%), then it is alloyed at about 450-500 °C,

Sn or Sn/Au is evaporated or electroplated to finish the metalliza-
tion of Si wafer, Finally, the metallization Si wafer is cut inro
chips to be used as laser heat sink.

The laser chip with P-side down is now mounted on 3i heat sink
covered with Sn or Sn/Au and then heating up in vacuum to about 300°C
for soldering. Then Si heat sink together with the laser chip is
mounted on Cu heat sink using Sn/Pb solder and N-side of the laser
is wired. Finally, the laser device is fitted on top of the transis-
tor mount,

The use of Si heat sink offers several advantages as mentioned
above, However, the thermal conductivity of Si is lower than that
of Cu (6, =4W/cm K , 6.=2,5W/em-K ), so that using Si heat sink

. . . . 1
will increace the device thermal resistance, Numerical calculation
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on total thermal resistance gives about ﬁ2°C/w and 22‘b/w for
GaAlAs~GaAs laser mounted on Si/Cu heat sink and Cu heat sink, res-
pectively (Fig.}). The penalty for using Si as compared to Cu, is
about 20°/W. We have measured the on both 5i/Cu and Cu heat sink,
The stripe width and cavity lenth of the laser chips used are

12m X 300um,

According to the measurment for tirst group of 7 laser devices
mounted on Si{Cu heat sink, their thermal resistance varys from 30
to 38°C/W. Another group of 10 laser devices mounted on Cu heat
sink gives thermal resistance varying from 19 to 23 °C/W. Comparing
to the numerical calculation, the experimental data are smaller,
due to the wider strips width of laser. turthermore, we believe
that the smaller thickness o' 3i heat sink { 150um) also contri-
butes to the reduction of the device thermal resistance.

These measurments show Ltuawt 31 hewt sink increaces really the
device thermal resistance, but results in no significant eftect on
the litetime of the device with low threshold current. For example,
the laser threshold current $ 23mA, consuming power o.0H5W, then the
increase ot active region temperature is about HT.F~1°C' that means
the extra temperature elevation of the Jjunction associated with Si
heat sink 1is negligiblie. In other words, the $i/Cu composite heat
sink structure is sujitable for laser with low threshold current.

3, Fabrication of Si heat sink with V groove
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As we know, the etching rate 1is much greater in the . 100 " di-
rection than that in the Y1lll1* direction, This anisotropic etching
of Si results in a V proove with an angle of 70.53° (Fig.h).
The steps of fabricating V-groove 1is shown in Fig.5:
1., The wafer with 1350um thick is prepared and cleaned.
2. 8102 iilm of 1lpm thick 1is deposited on the wafer surface.
3. The photolithographic processing, includine coat with positive
photoresist, exposure and development,
4. The chemical etch with hydrofluoric acid solution (HF +H20) leaving

open windows of 5102 film to form oxide mask.

-

5. The remanining photoresist is removed, then the wafer is placed
into potassium hydroxide solution {(KOH + HZO} for etching V-groove,
6.Finally, the oxide mash 1s removed, leaving the Si wafer with
V=troove,

It is necessars to control groove width and depth to ensure the
optical alignment beiween the laser chip bonded on S1i heat sink and
the optical fibre mounted in the V-rroove,., For conventional optical
fibre with l125um outer diameter, the width o! V-groove is about 147pm
and depth about jupm., Then the optical fibre core is coupled to the
luminous regsion of laser and the eflicient coupling can be obtained.
in this case, the metallized surtace of 5i water is not only for bon-
ding the laser chip, but also for soldering the tibre if its outer

surface is also metallized (Fig.bj, Obviously, this coupling technigue
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is simple and with high precision, comparing to the conventional
mechawnical adjustment method,
4., conclusion

The use of Si as heat sink material can avoid the stress
introduced in bonding process with hard solder and eliminate the
degradation due to the use of sof't bonding material, Al thogh Si
heat sink increases the device thermal resistance, bhut laser life-
time is not alfected noticeably if threshold is low. Besides ,
high precision mount for optical fibre for coupling can be made
vased on Si microfabrication technology., The Si heat sink with
Vy~groove facilitates the optical alignment between the laser and

fibre, and provides etficient coupling, simple structure and

hetter device reliability.



- wrwr—e — W e W



laser
laser
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(a) (b)

Fig.l{a) Laser mounted on Cu heat sink

(p) Laser mounted on 5i/Cu heat sink

laser V=groove
15C/w]
Si 23'0/“ R
Cu bc/w
Fig.3 Thermal resistance dis- Fig.4 Vepgroove geometiry

bution of laser mounted on Si/Cu

heat sink, The Si sube-mount is

of 200um, and laser strin width

is 6um,






(alj. Cleaning

WSS INNN

{b) Oxide film is deposited

L1 | | | N
LSS TS

(c) Photolithographic processing
A VA V.24

(d} Etch forming oxide mask
ZZ&_/I/ | 7

(e) Etch V-groove in substrate
[/ (f) Remove oxide mask

Fig.5 Fabrication process of V-groove

Fig.b
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