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ation that the surface temperature of the sample was probably

different from the temperature in deeper layers and that the

response time of the whole system was about 0.5 s, the relatively

large overshoots seen in the on/off mode (Fig. 3) can be under-

stood. However in the pulsed mode, the refinement of power

control (by repetition rate) leads to much smaller overshoots

(Fig. 4).

V. SUMMARY

In this work we demonstrated that an IR fiber-optic radiome-

ter is an accurate, simple, linear, and fast response device that

can be used as a noncontact temperature sensor in a MW heating

control system. Using this fiber-optic-based radiometer system,

we succeeded in stabilizing a temperature of about 42° C with a

standard deviation of ~ 0.150 C in a microwave heating environ-

ment. This specific temperature was chosen because of its rele-

vance in medical applications. Control at higher temperatures

presents less of a problem because the infrared emission is much

stronger. The control method described here is novel, and it is

potentially very useful for medical and industrial applications.
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In@AsP DC-PBH Semiconductor Laser Diode

Frequency Response Model

ALVARO AUGUSTO A, DE SALLES, MEMBER, IEEE

,4 Mract —A simple and accurate model for the frequency response of

hrGaAsP double-channel planar buried heterostrocture semiconductor laser

diodes intensity modulated in the microwave range is presented. It is

shown that the parasitic capacitance associated with the reverse-biased

blocking junction can significantly reduce the 3 dB modulation bandwidth.

The results obtained and alternatives to improve the high-frequency perfor-

mance are discussed and compared to experiments.

I. INTRODUCTION

InGaAsP double-channel planar buried heterostructure (DC-

PBH) semiconductor laser diodes are important sources for opti-

cal communication systems operating at wavelengths of 1.3 and
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Flg 1. Schcnmtic >tmcturc for the In(;aAsP DC-PBH laser

1.55 ~m, where the dispersion and the losses in conventional

optical fibers have their minima, respectively. Significant im-

provements in the static characteristics of these lasers have been

obtained in the last decadle, such as low threshold currents, high

quantum efficiency, linearity of light versus current characteris-

tic, operation at high optical power, and long-term reliability,

One of the main reascms for this good static performance is the

efficient lateral carrier confinement achieved when leakage cur-

rent blocking Junctions are produced outside the active region. In

the InGaAsP DC-PBH lasers this is achieved by growing

p–n–p–n layers in both sides of the active region. As a result. the
p-n junctions reverse biased are very effective in reducing the

static leakage current. However, the parasitic capacitance associ-

ated with the p–n junctions can significantly degrade the fre-

quency response of these lasers when intensity modulated in the

microwave range [1 ]– [6]. [n order to achieve wide-band modula-

tion, besides the optimization of the packaging parasitic and of

some active region laser parameters [7]–[9], the parasitic capaci-

tance must be decreased.

In this paper, an equivalent electrical circuit for the laser

parasitic is described and its relevant parameters are estimated.

Then, using a complete equivalent circuit for the intrinsic laser

with its parasitic and using the SPICE 2G program, the DC-PBH

laser frequency response is predicted and compared to measure-

ments. The results obtained and ways to improve the hrgh-

frequency performance are discussed. These results can be useful

for modulation bandwidth improvement of Fabr-y-Perot (FP)

and distributed feedback (DFB) DC-PBH lasers.

II. LASER PARASITIC EQUIVALENT CIRCUIT

AND FREQUENCY RESPONSE

The schematic structure of the InGaAsP DC-PBH laser (A -1.3

~m) is represented in Fig. 1. In this, the blocking junction

distributed RC ladder network is also indicated.

The laser active region equivalent circuit suitable for nonlinear

modeling has already been described by other authors [7]–[9].

Here, the equivalent circuit for the DC-PBH parasitic and its

frequency response are described. The frequency response of the

overall laser is a combination of the parasitic network and the

intrinsic laser. The package (or mount) parasitic will be assumed

negligible, since the lasers are expected to be mounted in mi-

crowave packages, with very large bandwidths. Under normaf

operating conditions the htrinsic laser is forward biased and the

p–n junction between the upper n-InP layer and the p-InP layer

below it is weakly reverse biased, reducing dc leakage current.

The associated junct]on capacitance can be quite large as it

usually extends across the entire area of the laser diode. This is

001 8-9480/90/0500-0677$01 .00 C’1990 IEEE



678 IE.1.i: IRANSAL’11ONS ON \lIC ROV’,\Vl I HI 01{} ANI) 11.( HNIQIILS, VOI .38, NO 5, klAY 1990

000

-100 -

-200 -

I
-400 -

I

‘2 ‘r
_ z LO _

hv

-500 -

-600 - 1 I

q,mlooy y=qopmyqr \d=lo,m

1 1
1 I ,

01 2 345671 2 3456710

FREQUENCY (GHz)

F]g. 2 Transfer characteristics }1( u ) ~s a function of the pmmnetcr d for NA = 5 X 1017cn-3 and laser pariwtjcs cqulvalcnt c~rcuit

the main impedance of these lasers. Input reflection coefficient

measurements indicated that this capacitance can be as large as

100 pF when the blocking region half-width is around 100 ym.

At high frequency, a parasitic current path follows the upper

n-InP layer from the top contact and passes through the blocking

Junction capacitance to ground. Since the upper n-InP layer has a

finite conductivity, this current path can be modeled as a ladder

network of series resistances and paraflel capacitances, as repre-

sented in Fig. 1 [3], [6]. These distributed resistances and capaci-

tances contribute to a significant hrnitation for the intensity

modulation bandwidth of the DC-PBH laser diode, as 1s shown

below. Assuming that the blocking junction half-width is d, the

impedance of the entire distributed R C ladder network is given

by anafogy to transmission line theory:

1 + ~-z~d

Z=+=;.zo. 1_ ~-2@=:. zocoth(yd) (1)

where it is assumed that the R C ladder network is open circuited

at the extremities of the laser chip. The 1/2 factor appears

because the input impedances of the distributed networks to both

sides of the active region are associated in parallel. In (1), ZO is

the characteristic impedance of the ladder network, given by

I ~ /V2

zo=——
jwC

(2)

and y is the “ propagation constant”:

y = @lRcp/2. (3)

When the frequency is high enough so that the real part of y is

large, then the electric field does not penetrate too far beyond the

lasing junction and the contribution of the distributed capaci-

tance far away from the active region can be negligible. However,

for the high impurity density normally used m the blocking

layers, the conductivity is large and therefore the distributed

series resistance is small. Then, the impedance Z strongly de-

pends on the half-width d of the blocking layers [6]. This is

responsible for the large roll-off and a small 3 dB bandwidth

when d is large. For an abrupt heterostructure, the depletion

layer p–n blocking junction distributed capacitance can be esti-

mated from

‘=L[XL’?.J’2(4)

where L is the cavity length, c is the permittivity, NB is the

doping density of then or p side (depending on whether N~ >> ND,

or vice versa), Vb, is the junction built-in potential, and V. is the

applied voltage ( Va <0 for reverse bias). For the DC-PBH lasers,

the donor doping density ND of the upper n-InP layer is usually

much greater than the acceptor doping density N4 of the p-InP

layer below it. Therefore, usually NB = N~. For the impurity

concentrations normally used in the blocking Junctions of these

lasers, C is in the range 0.2–0.5 pF. pm-1 and R is around

0.1–0.2 Q pm-l.

For the laser parasitic frequency response estimation the

simplified equivalent circuit shown in Fig. 2 is used. Here, Z is

the impedance of the RC ladder network, and RI and R2 are the

parasitic series resistances. An estimation of the values of RI and

R z can be made from the geometry and material used in the

different layers, as well as from dc measurements. Typical values

for RI and R2 are around 1-2 Q and 2–3 0, respectively. The

resistance R z can include the intrinsic laser series resistance,

which is very small when it is biased above threshold [5], [7], [8].

Using standard circuit analysis, it can be easily shown that the

laser parasitic frequency response is then estimated from the

transfer function (Fig. 2)

z 1Lqu)=; =—
Z+R2 Z.R2

(5)
m

R1+—
Z+R2

The transfer function H(o) versus the parameter d is plotted

in Fig. 2 for N4 = 5 X 1017cm – 3. The results were calculated using

the following parameters for the blocking Junction: donor density

and electron mobility in the n-InP layer, Nd = 1 X 1018 cm– 3 and

p=l.8x I03 mZ.V-l.S-I , respectively; InP intrinsic carrier con-

centration and dielectric constant, n, = 1 X 108 cm– 3 and e = 12.4,

respectively; thickness of n-InP layer h = 0.9 pm; laser diode

cavity length L = 300 pm; and laser injection current IL = 1.2 Ith

( T,h = 14 mA). It can be seen from these curves that the cutoff

frequency increases when the blocking region half-width d is

reduced. This is due to the reduction of the area associated with

the blocking junction capacitance. The cutoff frequency increases

also when the acceptor doping density N~ in the p-InP layer just

below the upper n-InP layer is reduced. This is again due to the

reduction of the blocking Junction capacitance, which is propor-

tional to the square root of N4, as is shown in (4). The blocking

region haif-width d reduction can be obtained by proton isola-

tion or mesa etching [1]-[4].

III. INTRINSIC LASER AND OVERALL

FREQUENCY RESPONSE

The intrinsic laser frequency response was modeled using the

rate equations and SPICE 2G computer program, and the results

for different dc bias currents are plotted m Fig. 3. The laser diode

parameters used in these simulations are: electron lifetime T. = 1.5

ns; photon lifetime, 3 ps; electron density (at which g = O)

No= 1024 m-3: gain constant go= 0.4x 10-12 m3 s-l; optical

confinement factor r =1; fraction of spontaneous emission cou-
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Fig, 4 Est~matcd 3 dB bandwidth of the overall network and some mea-

sured values

pled into lasing mode /3 = 0.5X 10-3; gain compression factor

c = 6.7 X 10–24 n?: active region volume V= 7.2X 10–17 m3; and

laser threshold current Jti = 14 mA. A simple computer program

has been developed to calculate the overall frequency response of

the intrinsic laser and its parasitic. The estimated 3 dB band-

width of the overafl network as a function of the parameter d

and for different values of N~, together with some experimental

values, are plotted in Fig. 4. It can be observed that the overall

network cutoff frequencies (Fig. 4) are generally larger than those

calculated for the laser parasitic themselves. This is due to the

intrinsic laser resonant peak associated with relaxation oscillation

(Fig. 3).

IV. COMMENTS AND CONCLUSIONS

A simple model for the DC-PBH laser parasitic and for the

overall network frequency response was described in this paper

and compared to certain measurements. It is shown that the

blocking junction distributed capacitance can significantly de-

grade the frequency respcnse of these lasers. The blocking junc-

tion half-width and the acceptor doping density reduction effects

on the 3 dB modulation bandwidth increase are predicted. When

the blocking junction half -width d is large (d – 40– 100 pm) and

for dc bias equal or greater than 30-50% above threshold, the

intrinsic laser relaxation oscillation frequency is well above the

laser parasitic cutoff frequency. Therefore, to improve the fre-

quency response of the FP and DFB DC-PBH lasers, besides the

optimization of the intrinsic laser parameters and the packaging

parasitic, the blocking junction capacitance must be decreased.
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Design and Applications of Optically Controllable

Finline Structures

K. UHDE AND R. EIMERTENBRINK

A hstwrct —This paper describes the design of finline structures on a

semiconducting substrate. Using high-resistivity silicon and gallium ar-

senide substrates, insertion Iosses between 1 dB mtd 2 dB have been

achieved. By illuminating the slot region with a laser diode, attenuators

and/or switches with on- off ratios up to – 40 dB have been realized in the
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