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Measurement of 3db Bandwidth of Laser Diode Chips
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Abstract: An accurate technique for measuring the frequency response of semiconductor laser diode chips is proposed and
experimentally demonstrated. The effects of test jig parasites can be completely removed in the measurement by a new calf

bration method. In theory, the measuring range of the measurement system is only determined by the measuring range of

the instruments network analyzer and photo detector. Diodes” bandw idth of 7. 5GHz and 10GHz is measured. T he results

reveal that the method is feasible and comparing with other method, it is more precise and easier to use.
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1 Introduction

In the last decade, the semiconductor laser diodes
were significantly developed and became the key com-
ponents for the high speed optical communication sys-
tem due to their excellent electrical and optical char
acteristics as the sophisticated high speed sources.

First of all, the bandwidth and other parameters
of the laser diode should be known clearly so that the
optimization of packaging and modeling can be made.

There are three methods to measure the band-
width of laser diodes. It is simple to use lightwave sig-
nal analyzers for checking the bandwidth!'l, but the
result is scalar quantity and it is not precise and com-
prehensive to reflect the performance of the diodes. To
overcome the disadvantages of it, the correction meth-
ods'? must be used. The other more precise method is

to use vector network analyzers with a probe imposing

Xu Yao
Wang Wei male, professor. He is working in DFB-Lasers.

Wang Zivu

Received 14 February 2003, revised manuscript received 9 April 2003

Article ID: 0253 4177(2003) 08 0794-04

signal on the chip'”’. We developed the third method.
Our way is to use vector network analyzers with a mi-
crostrip imposing signal. And we used a new calibra
tion method to remove the effects of test fixture.
After the description of the first method we pre-
sent the last method developed by us in details and
compare the result with that from the Vector Net-

work Analyzers with a probe.

2 Measurement with vector network
analyzers

Figure 1 shows the measuring setup we de
ployed. The cables have a corresponding calibration
kit, and it can make the reference plane to locate at
the end of the cable. But in order to get the chip’ s
bandw idth, we must transfer the reference plane to
the chip’ s weld pad. In order to do so we made a cali-

bration kit (shown in Fig. 3) and calibrated the jig.
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The electrical and optical responses of the device un-
der test are obtained by using an HP 8510C network

analyzer with photo detector.

Net;wk‘_ | Phow
analyzer [ ¥ T 7| detector
alifin

Clopsia

| Current driver | Bias tee |~ Jig with DUT |—— fibre

Fig. 1 Measurement setup

The jig, outlined in Fig. 2, consists of a small
gold-plated copper case, a microwave SMA connector
for routing the bias current and the modulating signal
through a 502 microstrip ( including an integrated
46Q matching resistor) to the laser chip. The heat
sink is melded on the case and as close as possible to
the microstrip. The fiber with a coned lens is mounted
on the positioning stage for collecting the laser radia

tion.
SMA connector

Micrustrip with load
match resistor

/

_/

Laser chip with
heat sink

Fig. 2 Measurement jig

Figure 3 is the scheme of the calibration kit we
made. Figure 3( a) shows that two jigs are placed head
to head. Two microstrips are the same as each other
and as the one used in measurement of the chip meld-
ed on the goldplated copper case. For connecting
them, a gold line is melded on the ends of the two mi-
crostrips. Figure 3(b) shows that one jig with a gold
line connecting the microstrip with the ground. To
calibrate the jig, we regard it as a tow-port network.

Figures 4(a) and (b) are the model of Figs. 3( a)
and (b), respectively. The S represents scattering pa

rameters of the two port net, but the " represents

Fig. 3 Calibration kits

scattering parameters of the reversed two-port net.
We got the scattering parameters of the combined
two port network S, and s; of the two port net with
network analyzer. Here S, S", and S, are matrices.
Then we calculated the scattering parameters S. Thus
calculate the

we avoided the tough work to

impedances, capacitance, and inductance of the jig!*.
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™

Fig. 4 Model of calibration kits

First, from the S,, we got the chain two-port pa

rameters:

1

aITI ‘{ ] + Sm“ - S"']] + l Sm I)/zs II'I2|

bl'll = ( ]'+ 5 "1|| + sITI]2 + [ SITI I )/23"12'

Cm = (l_ Smll - 3"'21 + | Sm | j/zsmzl

dnl = (]-_ Srn” + smn_ [ Sm I )/zsmgl

Also the input port of net S” is equivalent to the
output port of net S and the output port of net S is
equivalent to the input port of net S. We supposed
that the chain two-port parameters of S and S* are
(A1) and ( A2) respectively. From the definition of

chain two-port parameters we gol:

i ai b w2 _ w2
| = L= (Ay)

i c1 dy |- iz - i
(1% a2 bg u u|
= = (A2
12 cr da |- 1 - 1

Here w; and — i, are equivalent to w3 and — i3
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shown in Fig. 4(a). Then we got
a) b| a2 bg

] d 1) 2 (lfg

- (L|d|— b|C| - 2(L|b|
- aydi+ byey - aydi+ bie am  bm
- 2¢1d, - aidi- biei| | em d

- a|d|+ b|c’| - a|d|+ b|(:|,
We used the calibration kit shown in Fig. 3(b)
to get s11. 30 we got the group of equations
aj+ bj— ¢;—- d;

=3
ar+ b+ c1+ dy 1"

(I|d|+ b|C|= A
2a1by= by,
2(,‘|d|= Cm

From these equations we can get ai, by, ¢y, and
d;. Finally, we got s parameter and the results are
shown in Fig. 6 and Fig. 7.

Figures 5 and 6 show the results of measured re-
sponse S2; of low-frequency (up to 7GHz) DFB
LD chips, which were made from the same wafer
(That means they have almost the same parameters).
The results shown in Figs. 5 and 6 are got respective
ly by using vector network analyzers with a probe and
vector network analyzers with a microstrip. The re-

sults are almost the same.

Fig. 5 Result of measured response S 3

Figure 7 shows the results of measured response
S»1 of high-frequency (up to 10GHz) DFB-LD chips.
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Fig. 7 Result of measured response S 1,

3 Conclusion

Comparing to the results which are got by using
the vector network analyzers with a probe, we found
the results measured by vector network analyzers with
a micro-strip imposing signal are the same in precise.
And the method we used is much cheaper and easier
because it can avoid using the expensive and frangible
probe. An accurate and easy technique has been devel
oped for measuring the real performance of the semi
conductor laser diode chips. Furthermore, the case and
microstrip are easy to be developed for packag-
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