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Abstract

In the recent progress of MMICs technology, MMIC control devices such as switches and phase shifters are
widely used in microwave and millimeter-wave communication systems [1]. In these systems, MMIC switches
are required to have high isolation as well as low insertion loss. The MMIC using the GaAs PIN diode is
required for the millimeter-wave communication systems [1].

In this paper, the GaAs PIN diode was designed by using a de-embedded method [2]. By analyzing the Ron
and Coff, the parameter of the structure for the diode was determined. A SPST GaAs PIN diode switch has
demonstrated.

Figure 1 shows the cross-sectional view of the GaAs PIN diode. The equivalent circuit for the GaAs PIN diode
is shown in Fig. 2. Here, Ron, Con, Roff and Coff are intrinsic resistances and capacitances under on- and off-
state, respectively. Ls is the parasitic inductance introduced by air bridge, Lvia is via hole inductance, and Rs is
parasitic resistance. The equivalent circuit model shown in Fig. 2 takes into account the parasitic elements
such as Ls, Lvia and Rs. All equivalent circuit parameters were obtained by using a de-embedded method [2].
Table 1 lists the equivalent circuit parameters. Figure 3 shows the characteristics of Rs and Coff versus the
space A are shown in Fig. 1, where the thickness of i-GaAs layer is 2 /£ m, the forward bias current is 10 mA
and the reverse bias voltage is -10V. Coff is independent of the space A. However, Rs decreases with the
narrowing of the space A. This fact shows that the resistance due to the diffusion current depends on the space
A. To reduce the loss of GaAs PIN diode in high-frequency region, reduction of the parasitic resistance
determined by diffusion current is most important. We determined the space A of 5 /£ m shown in Fig. 3.

Figure 4 shows the circuit configuration of the SPST switch. To obtain higher isolation characteristics, two
shunted diodes were cascaded. Figure 5 shows the chip photograph of the SPST switch. The electrode diameter
of the GaAs PIN diode is 40 & m. The thickness of semi-insulating GaAs substrate is 100 £ m. The SPST switch
was measured by using on-wafer RF probing systems. DC bias voltages applied to switch were supplied with
bias Tee. Forward bias current of each diode is 10 mA and reverse bias voltage is -10 V. Figure 6 shows the
frequency characteristics of SPST switch at measured input power level of -10 dBm. It has been exhibited that
insertion loss of 1.0 dB and isolation of 30 dB were obtained in 10 GHz to 50 GHz.

In conclusion, the broadband SPST GaAs PIN diode switch has been demonstrated. By analyzing the
equivalent circuit parameters of the diode, the diode structure has been determined. By using the developed
diode, a SPST switch has exhibited that the insertion loss of 1.0 dB and the isolation of 30 dB were obtained in
10 GHz to 50 GHz.
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Table 1 Equivalent circuit parameters of PIN diode.

Ls(nH) | Lvia(nH) | Ron(Q)| Roff (kQ) | Gj(pF) | Coff (pF)

0.06 0.045 03 200 0.08 0.068.
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Fig. 1 Cross-sectional view of GaAs PIN diode.

Cj( Coff)

11

L]

Ls Rs Lvia Fig. 5 Photograph of SPST switch.
o—TF—9 ——AN—TT—>
Calculated
M 0 ————
Ron| Roff } Insertion Loss
Measured

10
201

Fig. 2 Equivalent circuit model of diode.
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Fig. 3 Characteristics of Ron and Coff versus space A.
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