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A Study on a SPDT Switch with High Isolation Using Radial Resonators
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E =7l 3.6 ~ 40 GHz Y 9] 6] A 2~EH FX17]E Zt= SPDT(Single Pole
Double Throw) A9IAE #|¢Hslth SPDT A& FAEASZE A4 E2JADS(Advanced
Design Software) Al E# 0] A& F3l| peb 7132 910l A=A =Tk SPDT 2914 447, A=
£ 37 90 dB, A% £4E 15 dB AR Ao Yeith B =FA Atd 29X e
A A7EA IAY L8 o e v FRY AYAERT Y T4 djGolA
W7t 20dB o]’Fe] AR =E eIl Slth AIQHE SPDT 29]:= WiIMAX, LTE/5G, WiFi
2 HyperLAN} 22 t% Y RF front-end A28 28 7}53lt

siAlo} : ORAN, WAME FZ17], SPDT £9)X], ADS, A8 =

ABSTRACT

This papart proposes single pole double throw (SPDT) switch with six-stage radial stub resonators
in the 3.6~4.0 GHz band. The switch was simulated using ADS (Advanced Design Software), a
design tool for the wireless communication circuits, and evaluated on a pcb substrate. The
measurement results of the radial SPDT switch showed an average 90 dB isolation, and 1.5 dB
insertion loss. This isolation characteristic was 20 dB superior to higher than those laboratory or
commercial products reported thus far. The proposed SPDT switch is applicable to multi-band RF
front-end systems, such as WiMAX, LTE/5G, Wi-Fi, and HyperLAN.
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1. IR

E =% TDD(Time Division Duplex) Switch, & SPDT Switch 7ol &3t jgolt}. 5G E IoT Al
st g T 9 54l BAS OFE A2 8T AFgo] souiA, B4 4l 7led U E
el gk M2 FA W2lo] dasitte 4o FUIsHAT o2 g Wt oj-g-317] 913 ORAN(Open
RAN, Open Radio Access Network)©]&+ 7'do] SA3IH T ORANS o]EoA & & U=o] T4 A Fo
M5 Z1A 53 o] 2L 7]&0|TH(LGU+, 2022). RAN QlZete 54 sttdo] B LxZEgofo] Fof gl
7] W&ol AgAte] 5 FAdH dge] AldEtE EAHE 7HAI UATHSAMSUNG, 2019). webA]
ORANS 54 7|¢oly 7|&o| T455A] FEE op7|dlx 9 #F3te QEHo|~E AT 2N dhte]
A A e oGS Folal, 7 B4 Al dig 7o ARZE tA3lstHA ZAE o2 Sk (Whridge,
2023).

£ =2oAe ARA HAH Fa3)A = ORANS] 74 84 F 3hUl SPDT 29X & A3ttt SPDT
29X = % Fo g1y ko] AE AEE §olsA o, 7 54l HEY A Fa48S A7, o
Fak 54l 87 A F5A1717] 918 83 Q4R A83ith o] B3l 5G B IoT wokollA A2 54l
7ol &3ty A& ol ke Fu 9 e Aeste ol =& £ ASE Judth
SPDT 2912+ YR O 2 RF front-end Al2F oA FA17]19F 417] Abo]l & 2 8katr] 918 AH&-HTh ©]
£ E3) dlolE H4< 9% UL(Up Link)9} DL(Down Link)Zt A 3ko] 7Fs3tth. WiIMAXSF LTE A 2H 9|
TDDE 93+ ¥4 Hlolg Balo] F2 AF2¥th(Zhou et al., 2012). 400MHz2] FthgelA DL A4 A
ULAA 793 Isolation H5& A &3t 7]&o] HQstth B =&olA+ 3.6 ~ 40 GHz tholA M 7}
ST YA 2HE FX71E ZHE SPDT ~9AE AlQksith
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TDD SPDT Switch |4— Anttena Port

<Fig. 1> TDD SPDT switch on transmitter and receiver

<Fig. 150141 # & slol, SPOT 917l helv, e, 23 9 A9k 2o GE B 74 200
QRolth, $417)9k £417] Aole] RF A & HAH3t7] 91s) SPOT 2917 A 94 wl7jui:
£ Ao,
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<Fig. 2>l A9 ZAAYD A8 7Hsd WA 2HB F317]=(March, 1985) <Fig. 3>¢] HAHE ~H B9
7188ty F25 7|t ® it a2 AW E|(K-Inverter) ol o3 E2]€ 2709 FX171(S1  S2)7}F ATk
PIN Tho] Q== WALY ~E B9} 2H 2 AZ o] (Naglich et al., 2012), Bakhit and Wong(2013)°ll 282 7

I g AEQA S AR} S T3 Aol A AT o] ThHEsttt R <Fig. 2>olA4 AlRbd A% 7hE
3 WA ~E|HE (Shair et al, 2013)914] HEH =79 Fo|r},

-

Vbias

Port 1 K-Inverter Port 2

ro
Radial Stub / A
Resonator I; 11/
<Fig. 2> The proposed switchable radial stub using <Fig. 3> Geometric of radial stub(March, 1985)
PIN diode (March, 1985)
<Fig. 4> +5V9] nlojo)x k& zhe A% 7had AN AHE F30719 g9 AR $5S HoFET).
<Fig. 5> -5V9] "lo]ojx ARE zhe= A3 7hee WA 2HE Z37]9 Uy 53 $3S RoETh
Vbias =+ 5V Vbias =- 5V
o
Port 1 Port 2 Port 1 Port 2
B K | K
ONstate Y OFF state
p
* * = L
S S
<Fig. 4> Circuit operation of Band stop response <Fig. 5> Circuit operation of All pass response
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2. ADSE 0|85t dA| & SPDT 2%2[x| M=%

<Fig. 6> Zo] 73 7}53t YA 2HE F37]E ZH= SPDT 29419 6% A W=+ 36 ~ 40
GHzoll A AAE AT AE REe} F4l BE 7] Aol 93, vpo]oj2 134 Hio]o 264 EE PIN T
ol E F /i ME HE HH, 5 ON Jei2t OFF el & o3t

Vbias1 Port 2: Vhias2

Tz Antenna T
. I = g
A e
o".-_ Lot
= t — — v
= e = S
s
- P 2
Por:! o D1 -E]Dz =F b3 rF'Im 5 05 ;Frlns 57 Port:
Transmit TRy l—f”‘—,\ it Receive
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<Fig. 6> 6-stage SPDT switch with radial stub resonators

SPDT 2:91A= 3|29 A A F22 sl A% REo] 32 F2o szt Agditt A% ZERF
A&7} Port 1914 Port 28 A1tg)o| A, DI ~ D6 ‘OFF Ft}. whetA, S1 ~ S6& e 53 $do] "}
HH 2 D7 ~ D127} ‘ON’¢] H®, S7 ~ S12&= Y AR S7o] Ay 4 ZERF 4157} Port 2914 Port
302 AaE) oA, §7 ~ S12¢] RE Y £33 3ol ths] D7 ~ D122 ‘ON' 2.2 AHSHT) o] 4l R
A A TES 4 XE Aol o] AP =(S31)E S1 ~ S69] the AA el whe} 22ttt <Table 1>
A 7153 HAE AHBE I3RS k= 6% SPDT 29X 32 258 Qo83 Ao|th

<Table 1> Summary of circuit operation of 6-stage SPDT switch with radial stub resonators

Transmit Mode Receive Mode
Vbias 1 +5 Volt -5 Volt
Vbias 2 -5 Volt +5 Volt
PIN diode (D1~D6) OFF state ON state
PIN diode (D7~D12) ON state OFF state
Radial stub resonators (S1~S6) All pass response Bandstop response
Radial stub resonators (S7~S12) Bandstop response All pass response

<Fig. 6>°A] A|¢HE SPDT 2914 2= AL, A4 &4 2 F &4 S A gojopx A 2 A
A B o]AE 93] ADS(Advanced Design System) AZEo]S AM&3199 T} <Fig. 7>& A8 7153 WA
2HE FX7)E ZH= SPDT 29139 TR EER|o|th SPDT 293 AZHE HsAe vzig B 233
2hu] Z37])(Model: PCLQ-01) A+ & A49) A 21g =33 Ayl AH|E o] 83fo] SPDT 29| 294 &
713 PCBE A|Z3ith DG 1= FEo Hlo}&S E1 nlolE 77 ol 2= PIN(Model: SAJ-6000)S 4

T Fog aAANZY o] g HA S A SPDT 290X Z2EEFY A4S 493 Multi Meter
ol gate] £EFE REL QleA] 1T HFH 02 Power SupplyE ©]-3He] Bias A SVE <17}t

-

i 1:9 g om off
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31, VNAE o| &3t metrHE SA43%th ADSS] wlola=2EF gl Bd2 F74=0.54 mm, Jof &
2 EE Teflon 7% St EE ARE38e] 3|2 MA o 2= C, L % PIN tho]2E9] 7]

& 7] A} AA AEH A HAAE B3t 1A, 32 A AHE-E 8 PIN Thol
LEFEENAD: MA4P505-1072)= AE RE Al RE Alo]E Aojsl= o AMEHETH wakA 36 ~ 4.0
GHz thHollA WA ~HE 3719 HF A4E W= 27 mm ¥ L= 155 mmo|th

BPF(Band Pass Filter) A2 £42] £33 0
EMo] ottt AY &4 1]
<Fig. 8> ¥ <Fig. o>+ A% 71538 WAE ~HH F37E 2t SPDT iﬂx]-/] /‘]Eﬂ]"]’ﬂ 4 =4 43

g HoFh
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<Fig. 8> Simulation and measurement results of <Fig. 9> Simulation and measurement results of
Isolation Insertion loss
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<Fig. 8>9] A#%(S31) Z4 %L 80.1 ~ 100 dB, H#4
2 12~19dB, H7ZOZ 1.5 dBC|t}. <Table 2> 4?
Folt}

ot

<Table 2> Measurement results by frequency

Frequency 5 5 5 5
36 ~ 4.0 GH 3.7 GHz 3.8 GHz 3.9 GHz 40 GHz
Isolation 81 ~ 101 dB 81 ~ 86 dB 80 ~ 83 dB 81 ~ 88 dB
Insertion loss 12 ~ 12 dB 12 ~ 13 dB 13 ~ 15 dB 1.5 ~ 19 dB
B =80 #3 Z (Shairi et al, 2013)9] 7| B F2E 835t g A4 2 AdFyx 2H g8 3
By AAHS B 53 EAS 95 F Il <Table 3> B =8 9 483} A]E2 HMC547ALP3E
9} B AgollA Aotsta AA AZHeE WALE SPDT 2$ X9 =4 ZAHE vk ®o|t) viw A¥ 2T
oA B =% 2 A& AFET 20 dB o3 5% A5 AHE RAFAT, A EHAAME B =&
2 38 AFH v 22 45E HAFIATh

<Table 3> Comparison of the performance for the radial SPDT switch with related papers and commercial products

ial SPDT
(Shairi, 2016) | (Shairi, 2012) | (Shairi, 2013) | (Shairi, 2014) | HMC547ALP3E | R2dial S
(In this paper)
frequency band B R R B B B
Giy) 34 ~ 36 23 ~ 27 34 ~ 36 34 ~ 36 6 36 ~ 40
IS‘(’E;‘)OH 242 ~ 322 30~ 34 37.1 ~ 387 33 ~ 49 43 ~ 48 80.1 ~ 100
Insertion loss 12~ 15 10 ~ 1.5 14 ~ 17 19 ~ 2.1 17 ~ 2.1 12 ~ 19
(dB)
v. 2 2
B =R 36~ 40 GHz 142 TDDE WAME ~EEH FAVE

%@ SPDT 2=91A9] 54 A Ags

AR, AY £4E 12 ~ 19 dB, HFAHOE 15 dB °57F 4= ATh
&3t AFHe] Hla A3,
1 g o, 5 4yt 9 A5
THEANA 873

= ‘foéol {75 Qo] F
42 $13] LNA Evaluation Board ¥ Attenuator®} 72 7]E}

H =
.

R

ol A=

AU FAE woh BT 3
_14;( /HJ—_—. Rl
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