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Abstract—A novel series-shunt FET narrow-band high-isolation . .
a

single-pole double-throw switch, which employs series capacitors
to cancel the parasitic inductances has been developed. The pro-
posed switch can have significantly high isolation characteristics at
higher frequency. The fabricated two switches have demonstrated
high isolation characteristics of 28.9 dB in the 28- and 18-GHz
band, respectively.
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. INTRODUCTION
Ca

ERIES-SHUNT FET single-pole double-throw (SPDT) ;
witches are often used for low-frequency applications
(1.9-GHz personal handy-phone system (PHS), etc.) becaus€i@fl. Circuit scheme of a series-shunt FET SPDT switch with capacitors
their small size and broad bandwidth [1]-[4]. However, they d@"¢eling parasitic inductor of shunt FETS.
not have sufficiently high isolation because of FET parasites,
especially when they operate in higher frequency range. It
is desirable to obtain a high-isolation transmit/receive (T/R)
switch for a T/R module. Moreover, a high-isolation switch
is important for getting phase shifters with high performance
of small gain ripple and low phase error. It is known that an N
L-FET configuration, which has resonant induciotonnected N
to an FET in parallel [5], can achieve high isolation at high
frequency. However, its bandwidth is restricted because it uses
resonance of intrinsic capacitor in an “off” FET and external ]
inductor. Lp=0.20 nH e e
To address these problems for conventional switches, we ha Lp=0.15 nH~— " .-
proposed a novel series-shunt FET SPDT switch with capacg > | L =0%‘;::l'{]0 "H
tors canceling parasitic inductor of shunt FETs. The investiga% Lng T
tion for series-shunt FET switches has shown that degradatic 2 | S
of isolation is caused by parasitic inductance of shunt FETs at é ’ o e
high-frequency range. Moreover, it has been demonstrated tha ™ <
capacitor connected to a shunt FET in series cancels the parasi
inductance and leads to high isolation. THe- and K -band
series-shunt FET SPDT switches with capacitor canceling pa
asitic inductor of shunt FETs have been developed and both « ! » ) ! ! ! ! ! !
them have achieved isolation of 28.9 dB at 28 and 18 GHz, re o 5 10 15 20 25 30 35 40 45 50
spectively. Frequency (GHz)
(b)
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Fig. 4. Simplified equivalent circuit of: (a) isolation port and (b) transmission

port of the proposed series-shunt FET SPDT switch with capacitggy ( Fig.6. Calculated contour maps forisolation and insertion loss of the proposed
canceling the parasitic inductdr,. of the shunt FET. series-shunt FET SPDT switch with capacitafs J at 28 GHz.

of shunt FETs (FET2). In order to obtain high-isolation pemfa shunt FET. Fig. 2 shows a simplified equivalent circuit of a
formance of the switch at high frequency, we have taken ahunt FET in the “off” state of the switch and calculated isola-
approach to find the cause of the isolation degradation atian characteristics. Here, the FET'’s gatewidth is 300. The
higher frequency. value of parasitic capacitanc€{ = 0.0096 pF) is neglected in

At first, the performance of a shunt FET in the “off” state othe calculation. From Fig. 2, it is illustrated that degradation of
the switch is analyzed because the isolation performance afalation of a shunt FET at higher frequency is caused by the
series-shunt FET SPDT switch highly depends on the isolatiparasitic inductor £, ) of the FET.
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wherewc is a designed center frequency.

Using (1), the capacitof, can be determined optimally ac-
cording towc:.

Fig. 3 shows a simplified equivalent circuit of a shunt FET
with series capacitaf, in the “off” state of the switch and cal-
culated isolation characteristics. The valueg€gfare designed
so as to realize center frequencies of 28 and 18 GHz. The calcu-
lated isolation characteristics have demonstrated the same value
of 14.2 dB at both designed center frequencies of 28 and 18

Fig. 8. Designed and measured characteristics of: (a) isolation a®Hz.

(b) insertion loss for the 28-GHz-band FET SPDT switch with and without
capacitors ;). The proposed switch is calculated with—10% shift of

metal-insulator-metal (MIM) capacitors.

To cancel out the effect of the parasitic inductd( of the

Fig. 4(a) and (b) shows the simplified equivalent circuit of
isolation port and transmission port, respectively, of the pro-
posed series-shunt FET SPDT switch with the capa€itaran-
celing the parasitic inductdt,, of a shunt FET.

The isolationSs; g Of the isolation port and the insertion loss

shunt FET, a capacitor},) is added to the FET in series. TheS,;., Of the transmission port of the proposed series-shunt FET
capacitance of the added capacit@rshould be selected usingSPDT switch shown in Fig. 4(a) and (b) can be written as
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Fig. 10. Measured performances of the 28-GHz-band switch. (a) Isolation. (b) Insertion loss. (c) Input return loss.

follows: From (2), the following relation betwee$b; ¢ andSe1og IS
9 derived:
SQloﬂ = _ we
24 (Yoog + 1)(2Z108 + 1) |5210ff | > |Soto| 5 for <E <w < OO) . (4)
1 .
Dot = 5 oy Tawkn (2) " With the use of the equivalent circuits shown in Fig. 4, the
1 isolations and insertion losses of the switch with and the
Yoo = ] switch withoutC,, can be calculated. Fig. 5(a) and (b) shows an
Ronz + jwlpz + jwCy example of calculated isolation and insertion loss, respectively,
2 of 28-GHz-band switches with and withoGt,. It can be seen
e = Voo + 1)(2Z0m + 1) that by adding the capacitdt,, the isolation and insertion loss
Zion = Rox1 + jwLp 3) of the switch are improved around the designed frequency of
We.
Yoo = I 1 I When the device parameters dfoni, Ronz, Corri,
m + jwLps + o Corr2, Lp1, andL ps for FET1 and FET2 are substituted into

(2) and (3), the isolation and insertion loss for the switch can
whereRon1 andRoxe are the resistance of the series and shube calculated. Here, the device parameters are tightly related to
FET in the “on” stateC'orr1 andCorr2 are the capacitance ofthe gatewidthV, of the FET as follows:
the series and shunt FET in the “off” state, ahg; and L p2

o \ Cop =1.5x 107 x W, F
are the parasitic inductance of the series and shunt FET, respec- = 0 X X Wogm P

tively. C, is also derived from the (1). Let, be infinite in (2) Lp=—Y 1H
and (3). The isolatiol¥>; ¢ and insertion l0s$5; ., Of the con- Wgw])
ventional series-shunt FET SPDT switch with@yt are then Rox = 1800 )

obtained. o)
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Fig. 11. Designed and measured performances of the 18-GHz-band switches. (a) Isolation. (b) Insertion loss. (c) Input return loss.

Fig. 6 shows the calculated contour maps for isolation and itess of the proposed switch are improved by 11 and 1.1 dB, re-
sertion loss of the proposed series-shunt FET SPDT switch withectively. For a process with 20% capacitance tolerance, the
capacitors (C,) canceling the parasitic inductor of the shuntesonant frequency will shift by-10%. This causes the 11-dB
FETs, which are calculated at 28 GHz. From this figure, it isolation improvement of the center condition to be reduced to
shown that there exists an optimum pair of the FETs' gatewid?dB. Those are better than the conventional ones at the designed
of W1 andW,, for the isolation and insertion-loss characterfrequency of 28 GHz. It is shown that above the frequency of
istics and that the characteristics of the isolation and inserti@@.7 GHz, which corresponds ta-/+v/2, the isolation of the
loss should be traded off. proposed switch is better than that of the conventional one.

Il. CIRcuUIT DESIGN IV. EXPRIMENTAL RESULTS

We have designed the proposed FET SPDT switches for twoFig. 9(a) and (b) shows the FET SPDT switch with de-
frequency bands of 28 and 18 GHz. Fig. 7 shows the schematigned for the 28- and 18-GHz band, respectively. These chip
diagram of the switch. To make a dc return pdthis added in sizes are 1.6% 1.34 mm.
parallel withC,. In the design procedure, we realize the prac- Fig. 10(a)—(c) presents the measured results of the isolation,
tical FET model in which all device parameters are related bosertion loss, and return loss, respectively, of the proposed FET
the gatewidth. Starting from the initial value 8fy; andWy SPDT switch withC, for the 28-GHz band. The switch has
determined by the result of Fig. 6, and utilizing the above-medemonstrated isolation of 28.9 dB, insertion loss of 3.1 dB, and
tioned FET model, we obtain optimized gatewidths. return loss of 12.5 dB. The isolation is improved by 13.5 dB

Fig. 8(a) and (b) shows the isolation and insertion-loss chammpared to the conventional ones. Insertion and return losses
acteristics, respectively, for the 28-GHz-band FET SPDT switelne almost the same as the conventional ones.
with C, and withoutC,. The gatewidti¥,; andW,, are 200 Fig. 11(a)—(c) shows the designed and measured results of
and 400:m, respectively. The calculated isolation of 24 dB anthe isolation, insertion loss, and return loss, respectively, of the
the insertion loss of 1.9 dB are obtained at 28 GHz for the pr&8PDT switch withC, and without”, for the 18-GHz band. The
posed switch. It is also shown that the isolation and insertigiatewidthiV,; andW,, are 300:m. The designed isolation of



2458

26 dB and the insertion loss of 1.0 dB are obtained at 18 G}*
for the proposed switch. The switch has demonstrated isolati
of 28.9 dB, insertion loss of 1.5 dB, and return loss of 29.6 dI
The designed isolation is improved by 10.9 dB compared to t
conventional switch. The measured isolation is also improv:
by 10.1 dB. Insertion and return loss are almost the same as
conventional ones. From these results, proposed circuit top
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V. CONCLUSIONS

To achieve high isolation operating in high frequency and a

small switch, the series-shunt FET switches with a capaci
canceling parasitic inductance of FET in 28 and 18 GHz hal
been developed. The isolations are 28.9 dB for both the 2
and 18-GHz FET SPDT switches, respectively. These res
have demonstrated that the proposed series-shunt FET SF
switches with a capacitor canceling FET parasitic inductan
would be useful for the operation in millimeter-wave applica

tions.
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