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ABSTRACT

Design of a KA band SPDT switch

Jaehun Lee
Division of Electronics and Information Engineering
The Graduate School

Jeonbuk National University

In this research, the SPDT(Single pole double throw) switch for
KA band is designed. The proposed switch is unequal structure that
provides high isolation and low insertion loss characteristics. For
characteristic analysis, equivalent circuit of PIN diode is studied and
own characteristics according to structure are presented.

Proposed SPDT switch is designed using PIN diodes. PIN diodes
cam be used in high frequency band according to their small junction
capacities, which have little impact on communicate operation. It is
unequal structure in which the transmit stage and the receive stage
are different. In order to reduce the non-ideality of the PIN diode,
matching was performed using a LC matching circuit for each diode
stage. The LC matching circuit uses a parallel resonance circuit
instead of an inductor, and the size can be effectively reduced. In
addition, the bias pads were unified to reduce whole circuit size. The
SPDT switch using PIN diode operates at a center frequency of 39
GHz. And the design used a 0.1pwm pHEMT process was verified
using the ADS simulation tool. From the simulation results, the
proposed switch achieves low insertion loss and high isolation

characteristic at transmit and receive stage.

Keyword : LC matching, PIN diode, SPDT, Unequal

structure.
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5 - shunt - forward
7 - shunt -reverse

m2
freq=39.00 GHz m3
S(3,3)=0.632/ 132.390 freq=39.00 GHz
impedance = Z0 * (0.266 + j0.415) S(7,7)=0.280/ 70.356
impedance = Z0 * (1.036 + j0.592)
m1 m4
freq=39.00 GHz
S(1,1)=0.085/ 149.267 fg‘(’g 5?90093%% 338
impedance = Z0 * (0.861 + j0.075) impedance = Z0 * (8.412 + j0.823)

freq (29.00 GHz to 49.00 GHz) freq (29.00 GHz to 49.00 GHz)

(a) (b)
17 42, 52 F3ko A PIN tolex=eo] o14 e wE
“On”/“Off” 2~m|2~atE A3} (a) AEAA9 (b) HEAA,
Fig 4.2. Smith chart results for PIN diode operation according to

connection: (a) Series connection and (b) Parallel connection.
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a9 43, 57 9 HE gAE 85E ¥ 32

Fig 4.3. Replaced parallel resonance circuit for equivalent inductor.

mS m8

freq=39.00 GHz freq=39.00 GHz
S(11,11)=0811/-178.718 S(13,13)=0.789 / 0.520
impedance = 20 * (0.047 - j0.011) impedance = 20 * (8.482 + 0.322)
mé m7

freq=39.00 GHz freq=39.00 GHz
5(9,9)=0.082/153.490 _ S(15,15)=0.018 / -5.771
impedance = Z0 * (0.861 + j0.063) impedance = 20 * (1.036 - j0.004)

S(11,11)
5(9.9)

freq (29.00 GHz to 49.00 GHz)

freq (29.00 GHz to 49.00 GHz)

(a) (b)
a9 44. BE &3 3
tho] @ =9 2~m]
Fig 4.4. Smith chart result of matched PIN diode by LC matching
circuit using parallel resonance circuit: (a) series connection and (b)

parallel connection.
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Fig 4.5. Circuit diagram of SPDT switch using unified bias line.
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g5 & A (Breakdown) S Y o.7]A] &= A3k #HQto] & Q3

43. AtH PIN to]ex= SPDT 294
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Fig 4.6. Circuit diagram of proposed PIN diode SPDT switch.
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m13
freq=39.00 GHz
dB(S(2,3))=-21.307
dB(S(8,9))=-21.787
dB(S(4,6))=-1.962
dB(S(10,12))=-1.973
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s ° T T -
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<t 00 (NN
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Fig 4.8. Insertion loss and isolation characteristics comparison

according to number of bias pads.
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Fig 4.9. Layout of PIN diode SPDT switch.
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i 4.1,

o} 5]

1l -

Al

SPDT 29 =2 3=} #o]o}s-

H] 1l

Al Ed o] Au

Table 4.1. Simulation results comparison between schematic and

layout.
Tx 54t Rxe 54}
Schem. Layout Schem. Layout
IL [dB] 1.722 1.726 2.279 2.167
RL [dB] 22.681 22.636 23.132 27.417
IX [dB] 42.530 42.038 -

¥ 42 A3 A5 A3} Aoty SPDT

2914 A% vl

Table 5.1. Performance comparison of the proposed design against

state-or art.

freq. IL RL Pias Size
ref. Process IX [dB] )
[GHz] [dB] [dB] [dBm] | [mm?]
[1] InGaAs 50-75 1-1.6 >10.8 | 31.6-32.8 22 1.5
mHEMT 75-110 1-1.6 >12 28.5-31.4 19 0.94
130nm
[2] . 25-40 1.29-2.98 N/A | 32.3-41.2 15.4 0.11
BiCMOS
0.18um 25.6
[3] 31-38 4.5-5.9 N/A | 24.3-25.2 0.39
CMOS (@28 GHz)
0.1
[4] pm 24-30 <15 N/A >28 527 1.08
GaN HEMT
0.1pum
[16] GaAs 55 - 105 <2.8 >7 8-26 N/A -
pHEMT
<2.6
This 0.1pum 37-41 (2.28) >10.5 >47 305 0.8
work pHEMT (39 <1.97 (22.6) (42.5) ' '
(1.72)
‘FAFHE xR FHA
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