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rates have increased from 40 Gbps to 100 Gbps.
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Abstract: For no on-wafer measurement of photodetectors (PDs), a simple and effective method
to determine high frequency electrical parameters of the equivalent circuit model is presented.
Firstly, a coplanar waveguide (CPW) microstrip matched with the microwave probe is designed,
and the measured output reflection coefficient shows good agreement with the theoretical design.
The chip is mounted on the CPW microstrip and the output reflection coefficient of the PD test-
fixture is measured. The equivalent circuit model including the PD, the bondwire and the CPW
elements is simulated. By fitting the measured output reflection coefficient of the test-fixture,
high frequency electrical parameters of the PD are extracted.
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. equivalent circuit models of PDs are extremely

Introduction . o : :
important'*', At the same time, to obtain the
PDs are important optical devices in high- accurate  model  parameters, the accurate
speed optical communication systems and measurement of PDs is required. A kind of PDs
optoelectronic integrated circuits ( OEICs ). with the ground-signal-ground (GSG) electrode
Recently, optical commucation transmission date can be directly performed the on-wafer

designing and optimizing high speed probel*?,

performances of OEICs, efficient and accurate For no on-wafer measurements of PDs, there

measurement by using the matched microwave
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have been few works focused on these
measurements to date. And the PDs are widely
used in high speed optical commucation systems.
HALE Paul D. et al. developed a measurement
procedure with the SMA test-fixture which had a
frequency range limited to about 6 GHz and was
difficult to  perform a rigorous system
calibration”, ZHANG Sheng-li ez al. presented a
method  which

complicated calibration and introduced many excess

measurement required  the
parasitic elements which reduced the precision of
the measurement™",

In order to overcome these difficulties, we will
present a simple and effective method to determine

the parameters of the equivalent circuit model

7 Reference plane

based on the output reflection coefficient of the
test-fixture. In this paper, we will describe the
basic procedure of designing the test-fixture and
extracting the high frequency electrical parameters
of PDs.
performed with Agilent Advanced Design System
(ADS) software.

The measurement data simulation is

1 The model and measurement method

To match with the GSG microwave probe, the
CPW microstrip with the characteristic impedance
of 50 Q is designed and fabricated, as shown in
Fig. 1 (a). A schematic for the CPW microstrip
test-fixture with the PD mounted is shown in Fig. 1

(b)) , and the corresponding sample is shown in

L7 Reference plane

Ground

Ground

y

=X

/" | FD
S \\\
Ground | Bondwire \' '

Ground \\

Ground

L \G \ W

(a) Structure illustration of the CPW

(b) Schematic for the PD test-fixture

(c) Photograph of the sample

Fig.1 The PD is mounted on the CPW microstrip

Fig. 1(¢). The important structure size parameters
of the CPW are summarized in Table 1, the size
parameters of W, G and L in Table 1 are labeled in
Fig. 1(a), of which H is the height of the CPW, T
is the gold layer thickness and Er is the dielectric
constant,

Table 1 Basic size parameters of the CPW

W/pm G/pm L/mm T/pm H/mm Er
86 45 2 5 0.38 9.5

The corresponding equivalent circuit model of
the test-fixture is shown in Fig. 2. The small-
signal equivalent circuit of the PD involves both
the optical part for the photocurrent frequency
response I,, (w) and the electrical part including
the series resistance Rp and the total capacitance
Cp*. The CPW model can be replaced by the
two-port network. Ly is the inductance of the
bondwire. It is noted that the optical part of the
PD is neglected in this model simulation and
measurement, due to the factor that the optical
part does mnot affect the output electrical
coefficient, as long as we are only concerned with
the electrical parameter extraction. So in Fig. 1,
Top is the output reflection coefficient of the CPW,
s is the output electrical reflection coefficient of

the test-fixture.

Reference plane Electrical part  Optical part
LI

f 1

Ly
CPW

[

= @
P T 1,(®)

PD

1
! ! Bondwire !

Fig. 2 Equivalent circuit model of the PD test-fixture

2 The measurement result and simulation

Fig. 3 compares the measured and simulated
I'op of the CPW in the frequency range of 0.2 GHz

Measured

Freq(209.9MHz to 20.00GHz)

Fig. 3 Comparison of measured and simulated I'op
for the CPW on Smith Chart
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to 20 GHz. We find that the CPW sample agrees
well with the model. Besides, it shows that the
CPW is matched well with the GSG microwave
probe and the input RF signal is almost totally
reflected. So the model of the CPW can be used in
the following model simulation of the test-fixture.

The equivalent circuit model of the test-fixture
in Fig. 2 is simulated in ADS software and the
photocurrent response I, (w) is set to the open.
Under reverse bias voltage of 3 V and 3.5 V, the
phase  frequency

measured magnitude and

responses of 'y, are shown in Fig. 4 and Fig. 5,
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Fig.4 The measured and fitted magnitude frequency

responses of 'y
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Fig.5 The measured and fitted phase frequency responses
of I'a.
respectively. For the different voltages of 3 V and
3. 5 V, their magnitude or phase frequency
responses are identical, and the result shows the
electrical parameters of the PD do not change with
the normal work voltage. By fitting the output
electrical reflection coefficient I'y, of the test-
fixture, we extract the high frequency parameters
of the PD and the bondwire, as following: Ry =
15.8 Q.Cp,=0. 184 pF,Ly=1. 01 nH. The fitted
magnitude and phase frequency responses of 'y

are shown in Fig. 4 and Fig. 5, respectively.

3 Conclusion

High frequency electrical parameters of the

model and parasitic elements are extracted based on
the output reflection coefficient of the test-fixture.
The extraction method is mainly focusing on the no
on-wafer measurements of PDs. For the optical
response extraction of PDs, we firstly obtain

electrical parameters and parasitic elements

without the optical input. By inputting optical
signal, the overall high frequency responses of the
test-fixture are measured, and the optical response
parameters of the PD can be obtained by excluding
electrical parameters and parasitic elements from
the overall high frequency responses.

In addition, the method is also applicable to
parameter extraction for a complicated circuit
model of PDs and the data fitting and optimization
can be processed with Optimizer of ADS software.
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