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Abstract

This is the first report that photoconductive (PC)
test structures have been fabricated monolithically with

MMIC amplifiers for microwave characterization using a
optical technique. Good agreement has been obtained be-
tween the measured results and those obtained from a con-
ventional network analyzer.

I. Introduction

Photoconcluctive (PC) sampling has been demon-

strated as a useful technique for the characterization of

microwave/millimeter wave integrated circuits [1]. One
of the main advantages of this measurement technique is

that the electrical pulse signal containing the microwave

spectrum is generated on-wafer, alleviating the need for

high-frequency probe contacts. Only low-frequency sam-
I>led signals need to be extracted from the device under
test (DUT). In addition, this technique allows broadband

charact erizat ion from a single measurement.

To apply the PC sampling technique to on-wafer char-

acterization of a GaAs monolithic microwave integrated

circuit (MMIC ), two requirements must be met. First,

PC switch fabrication must be compatible with the GaAs

MMIC production process. In a hybrid case, we have
previwlsly demonstrated that PC sampling can be pre-

formed with switches fabricated to these specifications

[2]. This compatibility allows monolithic integration of
the PC switches with the MMIC. Second, only DC probes

should be used to generate and extract the signal from the

wafer, hence avoiding the need for high-frequency cent act.
Monolithically integrated on-wafer sampling of a MMIC

has been achieved. Additionally, it has been demonstrated

that PC sampling can be used to measure the Szl of a

nonlinear transmission line.

II. Experiment

Photocomluctive sampling of a 12 GHz 2-stage MMIC
amplifier was performed using w 3-5 ps 0.527-p77L mode-
lockecl laser pulses with an average power of 50 mW at a 76

MHz repetition rate. To facilitate on-wafer testing, a DC
tungsten probe station was developed. These probes were

used to bias the MMIC and the generation gap switch,
and to extract the cross-correlated signal from the samp-

ling ports. A hig.h-resistivity probe is required to bias
the generation switch gap. The DC probes provide the
only electrical contacts to the MMIC. With the excepticm
of this probe station, the standard optical generating and
sampling method was used for the measurement [I].

One important consideration limiting the commercial
viability of on-wafer optical measurement techniques is the

size of the GaAs real estate required for the built-in op-

tical test structure. Two differ&t methods were used ~m

an attempt to recluce the size of these structures. One

utilized a bent microstrip line, while the other used a test.,
structure whose size is comparable to that used in a con-

vent ional coplanar waveguide ( CP W) probe, referred to

here as the de-embedding structure. De-embedding is a
computational procedure devised to extract S-pararneters
from a DUT in the presence of other scattering sites.

The various test structures are shown in Figure 1.

Figure la shows the bent microstrip with generating and

sampling gates monolithically fabricated with the DUT.

In this configuration, chamfered corners for the microstri p

line are used. Figure lb depicts the DUT measured using
the second methocL Data obtained from measurements of

this device were compared to reference through-line mea-

surements to compute the true input signal to the MMIC.

Figure lc, which s hews the test structure required for the

CP W probe, is inclluded as a comparison of the wafer sizes
required for the various methods. All these MMIC chips

are mounted on gc,ld-plated kovar slabs and attached to a

small metal block having a tapped hole on the bottom.

Accurate characterization of the MMIC using the PC
sampling technique requires careful calibration of the PC

switches. A DC signal is usually applied to the microstri p

and the on-stat e and off-state resist antes are measured. 1n

the case of the monolithic test structure, the microstrip is

terminated in a W Q integrated resistor. This prevents
application of a large DC signal on the line to calibrate
the switch sensitivity. Instead, a needle probe is used to
deliver 4-V, 80-ps electrical pulses with a 1.2-kHz repeti-
tion rate on the line. This signal, detected by a lock-in
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amplifier-, serves as the reference for calibration III. Results

Finally, we investigated the case of photoconductive

sampling as a tool to characterize nonlinear devices. Due

to its broadband nature, PC sampling allows characteriza-
tion of S-parameters of nonlinear devices which can not be

characterized by the conventional network analyzer. The

conventional network analyzer can extract only the har-

monic frequencies due to the noulinear response from the

device. It this paper, we will demonstrate S-parameter
characterization of a nonlinear device, particularly, a non-

liucar transmission line.
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Fig. 1
StT’lLCtUTf?(b)

ilL7’e

(1).)

()c

MMIC broadband amplifiers with (a) bent

de-embeding structuTe (c) CPW test struc -

The typical input and output waveforms from the

built-in optical test structure configurations are shown in

Figures 2 and 3. The multiple peaks of the input wave-

forms are a result of reflections from the end of the biasing

side line, which is a shunt microstrip line designed to min-

imize the discontinuity seen by the electric pulse on the

main microstrip line. Both methods give reasonable re-
sults compared to the conventional network analyzer mea-

surement, as shown in Figure 4. Some discrepancies can

be attributed to the nonuniform performance of the spe-
cific circuits tested.
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Fig. 2 (a) Iuput and (b) output wavejorms for the
bent 5tTUCt1,T15.

Since the reflection at the end of biasing side line
depends on the exact position of the probe on the con-

tact pad, different probe positioning can slightly alter the

shape aucl timing of the reflection. This effect is more
prxmounced in the case of a de-embedding structure be-

cause the needle probe may not be at the corresponding

position when measuring the responses of the MMIC and

the throu$linc calibration structure. The exact position
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of the generation gap biasing probe can not be duplicated

from device to device or from measurement to measure-

ment. Wit h the implement at ion of a DC probe, which has

a built-in chip resistor, the mechanical constraints in posi-

tioning the probes on the contact is not critical. We found

that a N 50- 100 C? chip resistor gives the best attenua-

tion. Larger resistance may cause more radiation coupling
across the chip resistor resulting in less attenuation. This

also suggests that it is possible to use a lossy biasing side

line to reduce the reflection from probe/side line contact.
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Fag. ,7 (a) Input and (b) output waveforms for the

de-embedzng structure.

Using the same built-in structures, we are able to
characterize nonlinear circuits. Figure ~5ashows the input
and output waveforms measured from a nonlinear trans-

mission line. The pulses become narrower after propagat-

ing along the line. Due to this nonlinearity, new frequen-

cies are generated; therefore, some frequencies experience
gain. The magnitude of S21 of this uon~inear transmission
line is shown in Figure 5b. Figure 6 shows the dependence
of the magnitude of S2 ~ on the input signal amplitude.

With a larger signal on the line, the loss due to voltage-

dependent capacitance between the microstrip line and the
wafer becomes larger, increasing the loss assoicat ed wit h

the structure.
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Fig. ,/ Comparison of ~S21~ of the microwave network

aualyzer to those obtained by (a) bent structure and (b)

de-embeddmg drwctur-e.

IV. Conclusion

For the first time, this paper presents on-wafer photcJ-

comluctive sampling, and characterization of a MMIC wit h

a monolithically integrated optical test structure. ReaL-

souable agreement has been achieved between the converL-
tional network analyzer measurement and two optical test
results. This shows that a test structure designed to rc~-

duce the overall size can be used. Better measurement ac-

curacy can be obtained by designing the biasing side line
to sul)press the unwanted reflections. The S-parameter
characterization of a nonlinear transmission line has also
been demonstrated.

This work was supported by the DARPA MIMIC

Phase III Program, monitored by the U.S. Army Labcom.
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