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Abstract - We propose a high-power-handling switch 
circuit using a new adaptive-control-yoltage-generator circuit 
(AVG). This AVG enables the internal control node voltages 
to be automadcally increased in high-input-power conditions. 
This switch circuit results in high-power-handling, low- 
insertion-loss, small chip size and low voltage control. The 
developed IC demonstrated a handling power of 36.5 dBm 
and an insertion loss of 0.31 dB with 40% chip size reduction. 

I. INTRODUCTION 

The use of wireless communication systems, such as 
digital cellular-phones and wireless LANs, has been 
increasing worldwide at a brisk pace. A development of 
multi-mod&and terminals, for example digital cellular- 
phone combined with wireless LAN, will be increasing 
from now on. In these multi-mode/band terminals, 
composites of functions and/or miniaturization without any 
degradation of performances are required for components 
using in those terminals. 

An antenna switch is one of the key RF components for 
wireless communication terminals. Conventionally low- 
cost and high-power-handling Sip-i-n diode switches have 
widely been used for GSM application. However, as a 
switch function is more complicated, e.g. mPnT for multi- 
mode/band terminals like GSMW’CDMA, a GaAs-FET 
based switch IC becomes advantageous in order to reduce 
current consumption and/or chip size at lower contml 
voltages. 

We proposed and demonstrated a low-insertion-loss and 
high-handling-power switch circuit [l]. However, that 
circuit still has an issue on miniaturization for complicated 
switching function. In most conventional circuits, 
decrease in chip size leads to decreasing handling power 
and/or increasing insertion loss. This is because a 
conventional circuit [l]-[3] usually has a stacked FET 
configuration and wide gate width to achieve both high 
handling paver and low insertion loss. 

This paper describes a proposal of a switch circuit using 
a new adaptive control voltage generator with higl-power- 
handling and low-insertion-loss as well as small chip size 
and discusses the measured results of switch IC adopting 
this new circuit. 

II. C~curr DESIGN 

A. Trade-off between handling power and inserlion loss 

Figure I shows a conventional single-pole dual-throw 
(SPDT) switch. This switch has two switch blocks, TX 
and Rx, that have stacked FETs and resistors (Rg). This 
stacked configuration is needed to achieve high-power 
handling capability. The maximum handling power of an 
antenna switch (Pmax) is given by [l]-[5]; 

P 
2[n(Vp$ + vtp 

“lax = _ 

where n is the stacked number of FETs, Vt is the 
threshold voltage of FET, Z. is the system impedance, and . 
VW is the DC voltage of RF terminals. This equation 
indicates that VW must be increased as n decreases in 
order to maintain the handling power. 

However, an additional problem is encountered in 
increasing VRF to reduce the FET stack-number because 
there is large insertion loss. Insertion loss depends on the 
on-state resistance (&,) and the off-state capacitance (C,& 
In the range of the control voltage used in our experiments, 
Coff was hardly changed, thus, leading us to assume that 
C,” is constant. Hence, insertion loss can only be 

:----I Tx switch block I---; 

Figure 1. Schematic ofconventmnal SPDT switch 
wcuit 
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determined by using &., which is given by; 

where Wg is the gate width of FET and the Vctonj is 
control voltage for on state FETs. Thus, increasing VRp in 
order to decrease the FET stack-number leads to large 
insertion loss. 

Figure 2 shows Pmax as a function of VW at a Vt of 
-0.5 V. When the control voltage is +3,0/O V, VW settles 
at a vol!age of about 2.7 V. Therefore, it needs 5 stacked 
FETs to exceed 36 dBm for GSM applications in a 
conventmnal circuit. In order to decrease the FET stacked 
number to 4 with a handling power of 36 dBm, VW needs 
to be increased over 3.0 V. 

This is fundamental issue of a conventional antenna 
switch circuit. A new circuit that can solve this issue is 
described in the next section. 

Figure 2. Power capability characteristics 

Figure 3 shows the new SPDT antenna switch. This 
circuit configuration has an adaptive-control-yoltage- 
generator (AVG). Figure 4(a) shows the circuit 
configuration of the AVG. This AVG contains a capacitor 
for detecting RF signals, a diode as charge transfer device 
and two resistors for diode current suppression and a shunt. 
Since the diode current increases as RF signal power 
increases, the output voltage of AVG (V,t,,,l) increases. 
Therefore, this circuit acts as charge pump and generates a 
higher voltage than VctEx,) in high input power conditions. 
Figure 4(b) shows a simulation result for DC voltage by 
connecting an AVG with SPDT switch circuit, which is 
shown in Fig. 3. Figure 4(b) shows that the internal 
control voltage increases as RF signal power increases. 
On the other hand, V,t,,) is hardly changed when internal 
control voltage increases, where V,(,., is given by 

V gs(o”)=vc(l”l)-vRf (3) 

Consequently, since the AVG can generate a higher 
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(b) DC bias 

Figure 4. Switch IC with a adaptwe. 
control-voltage-generator (AVG) Figure 3. Schematic ofnew SPDT switch circuit 
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control voltage than VQ., while maintaining Vd(,,), the 
new switch circuit can provide high handling power with 
low insertion loss when the FET stack number decreases. 
In other words, when the chip size is constant, this circuit 
can decrease control voltage while maintaining high RF 
performance. Thus, the issues described in the previous 
section can be werc”me without any degradatidn in 
pdW"k3lKC 

III. DEVICE FABRICATION AND PERFORMANCES 

Developed SPDT switch ICs were fabricated “sing the 
GaAs heterojunction FET (HJFET) process [6]. An 
In&As channel, which has double-doped electron- 
supplying layers, was used to reduce &., 

A microphotograph of the developed SPDT switch IC is 
shown in Fig. 5. The SPDT uses 4-stacked FETs, a”? the 
chip area is 975x880 ““I, which is 40% smaller than 
conventional SPDT switch IC using 5.stacked FETs. 

Figure 6 compares the power transfer characteristics 
behveen the novel circuit and conventional circuit at 
control voltages of +3.0/O V and +2.0/O V. The novel 
circuit exhibited a handling power of 36.5 dBm at a 
control voltage of +3.0/O V. This circuit can also improve 
power-handling characteristics at low voltages. 

Figure 7 shows the characteristics of the 2nd and 3rd- 
order harnmnics at a control voltage of t3.0/0 V. The 
harnmnic characteristics are clearly correlated to handling 
power. Thus, the harnmnics of this circuit are also 
improved compared t” the conventional circuit. The 2nd 
and 3rd.order harmonics are -69 dBc and -78 dBc, 
respectively, at a” input pawer of 35 dBm. 

The frequencv resp”“ses of this circuit and a 
co”ve”ti”“ai c&it at the control voltage of +3.0/O V and 
+2.0/O V are shown in Fig. 8. The insertion loss of this 
circuit is 0.31 dB and the isolation is -22.4 dB at 1 GHz. 

Figure 9 shows a comparison of the normalized handling 
power and insertion loss [l]-[4]. The normalized data is 
given by P.o~ae I(“’ V,‘). This figure shows that our 
circuit can produce a very high handling-power capability 
while being small in size. The perfonance of the 
fabricated IC is summarized in Table I. Measured VW is 
also summarized in Table I. Table I shows that VW 
increases when input signal power increases. Through the 
design optimization of AVG, V, can settles at a much 
higher voltage so that handling power is increased t” be 
suitable for GSM applications in a much smaller chip size 
and at a much lower control voltage. 

IV. CONCLUSlON 

A GaAs SPDT switch IC “sing a new circuit 
configuration was developed. This circuit configuration 
using adaptive-control-voltage-generator (AVG) results in 
high-handling-power, low-insertion-loss, small chip size 
and low-control-voltage, 

The switch IC we developed “sing AVG demonstrated a 
handling power of 36.5 dBm and a” insertion loss of 0.31 
dB with a control voltage of +3.0/O V with 40% smaller 
chip size. This circuit also performed well at a control 
voltage of +2.0/o v. 

Moreover, by design optimization of AVG, handling 
power is increased in a much smaller chip and at a much 
lower control voltage. 

Figure 5. Chip microphotograph 

ACKNOWLEDGEMENTS 

The authors would like to thank Mr. Takehiko Kato, Mr. 
Kazuhiro Tahara, Mr. Yasuo Saito, Dr. Kenji Wasa, and 
Dr. Tsutomu Noguchi for their useful discussions and 
suggestions. They would also like t” thank Dr. Masashi 
Mizuta for his continuous encouragement throughout this 
work. 

[I] K. Numata, Y. T.&hash& T. Mazda and H. Hida, “A +2.4/O 
V Controlled High Power &As SPDT Antenna , 
Stitch IC for GSM Application,” IEEE MTT-S Radio 
Frequency Imegraled Circuit Symposium Digest, 2002 pp. 
141-144 

[2] M. Masuda, N. Ohhata, H. Ishiuchi, K. Onda, and R. 
Yamamoto, “High Power Heterojunction GaAs Switch IC 
with P-IdB of mire than 38dBm for GSM Application,” 
IEEE GaAs ICSymposium Diges,, 1998, pp. 229-232 

235 



[3] K. Kohama, T.Ohgihara and Y. Murakami, “High Power 
DPDT Antenna Switch MMIC for Digital Cellular 
SyStelll.9,” IEEE Journal of Solid-State Circuirs, Vol. 31, 
No.10 Oct. 1996, pp. 1406-1411 

[4] H. Uda, T. Yamada, T. Sawai, K. Nogawa, and Y. Harada, 
“High-Performance GaAs Switch IC’s Fabncated Using 
MESFET’s wth Two Kinds of Pinch-off Voltage and a 
Symmetrical Pattern Configuration,” IEEE Journal of 
Solid-Stare Circuifs, Vol. 29, No.10 Oct. 1994, pp. 1262. 
1269 

0.5 I I, I ,I 
SPDT 

4.stackedFETstitcb 

input power [dBm] 
Figure 6. Input power dependence 

[5] M. B. Shifrin, P. .l. Katzin and Y. Ayasli, “Monolithic FET 
stmchlres for H&Power Control Component 
Applications,” IEEE Transacfion on Microwave Theory 
and Techniques, Vol. 37, No. 12, Dee 1989, pp. 2134-2141 

[6] N. Iwata, K. Inosako and K. Kuzuhara, “3 V Operation L- 
band Power Double-doped Double Heterojunction FETs,” 
IEEE MTX lnrernarionol Microwove Symposium Dig&, 
1993, pp. 1465.1468 

mput power [dBm] 

Figure 7. Input power dependence of harmonics 

insertion loss [dB] 
Figure 8. Frequency response 
(insertion loss and isolation) Figure 9. Comparison between normalized handling power 

potential of conventional and developed SPDT switch ICs 

TABLE I 
CHARACTERISTICS OF FABRICATED SPDT SWITCH ICs 

236 


	MTT025
	Return to Contents


