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Abstract

High-speed probe made to test single flux quantum(SFQ) circuits was comprised of semi-rigid coaxial cables and
microstrip lines. The impedance was set at 50 Q to carry high-speed signals without much loss. To do performance test of
high-speed probe, we have attempted to fabricate a test chip which has a coplanar waveguide(CPW) structure.
Electromagnetic simulation was done to optimize the dimension of CPW so that the CPW structure has an impedance of 50
Q, matching in impedance with the probe. We also used the simulation to investigate the effect of the width of signal line and
the gap between signal line and ground planeto the characteristics of CPW structure. We fabricated the CPW structure with a
gold film deposited on Si wafer whose resistivity was above 1.5x10* Q-cm. The magnitudes of S;, of CPW at 6 GHz in
simulations and in the actual measurements done with a network analyzer were: —0.1 dB and -0.33 dB (type A), -0.2 dB and
—0.48 dB (type B), respectively. Using the test chip, we have successfully tested the performance of high-speed probe made
for SFQ circuits. The probe showed the good performance overthe bandwidth of 10 GHz.
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Table 1. Simulated dimension of coplanar waveguide
whose impedance is about 50 Q in the bandwidth of 2-8
GHz.

Type A Type B
Shape — s
Width %) (m) | 190 200/60
Gap (G)  (um) 90 100/30
Height (A) (mm) 1 0.5
Thickness (¢) (¢m) 3 3
A4 A= Silicon
A5 2 HAAE
A Au
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Fig. 1. Dependence of S,, values of coplanar waveguides

on line width of signal line and gap between signal line

and ground plane.
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Table 2. Deposition conditions of Cr and Au films

Cr Au
Sputtering type RF DC
Base pressure 8x 10° Torr | 8% 10° Torr
Substrate temp. | Ambient temp | Ambient temp
Work pressure 5 mTorr 5 mTorr
Gas flow rate Ar 50sccm | Ar 50 sccm
Power(RF,DC) 200 W 433Vx 0.2A
Thickness 600 A 3.4 (m

Fig. 2. fabricated

Photographs of the
waveguides. (magnification: X7)
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Fig. 3. Schematic diagram of measurement system for
characterizing CPW.
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Fig. 4. Comparison between simulation and measurement
results of S,; values: (a) type A, (b) type B
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Fig. 5. Characteristics of coplanar waveguides measured
by Network Analyzer with bandwidth of 30 kHz-6 GHz.
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Fig. 6. Signal transmission characteristic of high-speed
probe with CPW testing sample measured by Network
Analyzer.

Fig. 7. TDR measurement result of high-speed probe. It

shows the smooth connection through the pin contacts.
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