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Design of X—band high isolation switch based on new microassembly technology
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(1.CEMEE State Key Laboratory , School of Electronic Science and Engineering ,
National University of Defense Technology , Changsha 410003 , China ;
2. Xianfeng Electronic Information Co., Ltd., Sanjiang Aerospace , Xiaogan 432000 , China)

Abstract: In order to realize the four—way parallel switching circuit of X—-band and improve the isolation between channels effec-
tively, a high isolation switch scheme of X-band based on new microassembly technology was proposed. While analyzing the perfor-
mance of the Single Pole Double Throw(SPDT) switch and designing corresponding control circuit according to indexes, at the same
time, design of cavity in terms of structure and laminated structure of composite multilayer board ensured the isolation between the
four switches. Softwares were used to model, simulate and then measure the isolation degree between the channels to decrease the
cavity effect. After optimization, the isolation degree of the port could be controlled above 50 dB at the center frequency. The X -
band switch component was made by means of microassembly technology, and the advantages of the component performance were
verified by comparing the measured data with the simulation results. The design method is unique, practical and suitable for appli-

cation in practical projects.

Key words ; switch ; X—band ; isolation ; chip ; microassembly

[31

[4]

(2]

20 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

5190 5 0

BARAEE | RF and Microwave
’ 1 1 o
[5]0
[6] R
b X b
1
4
o s P - T =
-N (Positive — Intrinsic — Negative , PIN) @ J0% ele)e o]
7l N C : D : n : D |
; 9 l
(Transistor —Transistor Logic , TTL) |
o +5V.-28 V,TTL , 1
[8] (mm)
° |4 21.20 - 21.80
1.1 L 123.70 - 124.30
() PN W, 29.20 - 29.80
o1, (Insertion Loss , IL) H 11.20 - 11.80
P, P \on , 4 - 120.00 -
IL(dB)=10lg—Lo— (dB 1 b i 2330 i
(dB)= 101g () (1) . S
, , i D - 29.00 -
E - 11.25 -
. (Return Loss, RL) P, f - 14.50 -
P[ 9
RL(dB):lOlg%(dB) (2) :
T [11]
(Isolation , ISO) :
o) 1.4
9 P 9 4 ,
1S0(dB)=10lg - (dB) (3)  KI.K2.K3 K4 4 . 4
1.2 TTL o , XS2
4 XS1 , XS3 XS2 ;
. 8~12 GHz; XSl XS3 , XS2 XS3
<1.5 dB; <+0.8 dB; <+5° ° 2
( 25 C); =50 dB( 25 C); ’
< 500 ns( 25 C); <1.8; =20 W NS42  Xs43
( , 25 C); Vee 6 V,Vee -30V;
Ve 6V; (Pome) 43 dBm; “
'S S N - XSZ X ) - 21 -
(L)<125 mm, (W)<25 mm; X3 X3
TTL(Transistor—Transistor Logic) :=0.3~-0.8 V/+5V, 1 |
TTL X8 3 Xs1
1.3
b b 2
) 2021 47 8 —21

http://www.chinaaet.com



gﬂ‘ﬁ _]=J ﬁ'& ﬁ http://www.chinaaet.com
BAEE

i ATEEB
|
o
[
Nl
=

SZ_D|ﬁ: 6 7 8 9 10 11 12 13 14 15 16
B IGHz

= —A—X82; —[]—XS83; —X%4
35

3.0 &
N

\.
25|
[2-13] 1 \l\

20 <

BEDEH

7 8 9 10 11 12 13 14 15 16
HiE/GHz

[14]
o

’ o 9 —58
, TTL : (¢,) <20 ns,

(1) <20 ns, (Vi) =4.0V,
< 30 MHz, 10 MHz,
s ’ o _5 V . - - -
1 pF o 3
2 \ /
—64

.//

o s , o —66 .\"=ﬂ'/

6 7 8 9 10 11 12 13 14 15 16
[15]
PIN ) i 3/GHz

KRS I8

3

|
A

|

|

|

|

|

|

|
N,

) X °
o , ADS 3 , 35 dB,
) ° 3
4 , 5 , 6 3.1
o s AutoCAD
) , X , ,
1.5 dB ; 7 o
, 8 GHz 1.8 3.2
) ) Altium Designer
, ADS ,
; 1.8; 8 °

22 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com ﬂiﬁgﬁ%
BRBE

[EH E5071C Matwork Analyzer,
1 Active ChiTrace 2 Resporse 3 Stmulus 4 MizjAnalysis 5 Instr State

Trl S11 Swr 500.0m/ Ref 1,000 [an
FEE S21 Log Mag 1.000de/ Ref -4.000de [F2 smo]
1000 5 So00000|GRz 113862
: Hfieesicr
3 12! GHz
0.000 18, iZ=17T2929
2 10/000000|GHz -1]2262 d
>3 12/000000|GHz -1]3561 df )
-1. 000 __1_\
-2.000 o
-3. 000
-4, 000K 4
-5.000
-6.000
-7.000
Wz — !
LU )3 Py 8000 fememe
Bl — ——— (0.2 mm FR—4 ER —
A 22 —t—— (1.2 mm FR—4 o T
FiE] 23 (0.2 mm FR—4 -9. 000 = pay =
e 7] R4 —— s 0.2 mm FR—4 1 [Start 6.5 GHz FBW 1 kR Stop 13 Griz (Rl
L{;HEE e ——— 0.2 mm FR-4
Fhinl )z 10
gz —
8 CH £5071C Metwork Analyzer
1 Active ChiTrace 2 Response 3 Stimubus 4 MirjAnalysts 5 Instr State
Trl S11 Swr 500.0m/ Ret 1,000 rz%
Tr2 521 ';S,E Mag 1.000d8/ Ref -3.000d8 [F2 Smo]
s 0.508 mm biEE 522 500.0m/ Ref 1.000 [F2]
6.000
1 8. 111004
FR4 y H 2 1olo000000|GHz 112122
5.500 |_3_12l000000|GHz 111176
" 8. 127 =1:0627 U
. mm H 10 iz -111335 d
0.508 FR4 s ;
000 | 152 : 12677 d
FR4 ’ 2 10 > 112787
>3 12]000000|GHz 12114 .
o 1.5 mm, 4: 300 B iy —"
3.3 4.000 \\\‘2
s 3,500
9 o 3.000
2.500
2.000
3
1.500 ~_ =
1.000 = 5 =
1 [Start 6.5 GHz TFEW 1 kHz Stop 13 Griz el
11
9 b
9 o
4 4 , 12 o
) , <1.5dB
> ) ) , 50 dB.,
, ) s , 1.8,
b ’ b o o
, N N s
° XS1 , XS2 . XS3 XS4
N b ’
o , s 13 14 o
’ o N
10 11 , .

) 2021 47 8 —23

http://www.chinaaet.com



SR 5 B 1B

http://www.chinaaet.com

T — |l g SIEIEERE e
1 Active ChiTrace 2 Resporse 3 Stimulss 4 MirjAnalysis S Instr State 5 .
Trl 511 SwR 500.0m/ Ref 1.000 ;rz% .................................................. )
DE 521 Lo Mag 20.00d8/ Ref -30.00de [F2 smo] - . : 1 ;
r3 522 Swh 500.0m/ Ref 1.000 [F2] ‘EF A : : i 4
P &z 812067 9 ;.....'....Z....Z.ul“."......_"._ .........................
2 10loooooo|chz &loseo s * " { 1 t : :
3 12!000000|GHz 617472 X ’ - e ; I 5 :
s0.00 1 BUO000000|GAZ =52 863 d A £ z | . L. . £
? 10/000000|GHz -61.553 d I T R ; ] ]
>3 12]000000|GHz -54.301 d [ : | 1 ] r : ¥
30,00 |—1—8-0000 Hz—1-1 0922 i . . ! ] 5 g :
2 1o0foooooo|eHz 1l2034 i . . ! ] L : :
3 12loo0000|GHz 11401 - ” . [ 3 SO o
10.00 [ ! \ F : : ;
) 1 § LS
. ..... f i s e e ]
’ SO
-50.00 ¥ — [ . - . : i 3 : :

) /"T\ __\a/_ﬂf"‘—ﬂl—' fCh1- 100mv e EIB° 1.00V “-'M 100ns ‘A Ch2 7 1.96 V-
7000 | : : e twe200000ns
-90. 00 . . .

15
-110.0 S ——
N — 1 L d ’
-130.0p S = - 4
[1[Stat 6.5 Ghe FBW LkHz Stop 13 Gz IRl °
5 X > 2 o
12
-2.0 2
_25 y_(’\\_‘
/dB
~ 30 - ‘r\-f\ /dB /ns
o oY / - i L /dBm
W 35 o egs\ﬂ 1.2 1.20 70 200 43
4= : [ a<@]
= 40 // MC4-N12!! 0.5 1.50 60 1.5x10° 42
_*\.e . /ﬁ CMD204C3!"7 1.3 1.44 48 1 800 25
o 43 ﬁ PE71371%! 22 1.8 70 100 27
-5.0
—e—XS82; —A—XS83; —[J—XS 2 ,
-5.5 — T T T T T T T T
6 7 8 9 10 11 12 13 14 s N N N
Hii %G Hz
13 N
1.5
| —X82; —A—XS3; —[J—XS4 ©
1.0 = 4
] 7 o
4 05 | /\/\/\ R ,
g 0 P e AN 2
s S
| B N e = S Y 2 a’ﬁé ) N ’
RS
10
-5 ; , : ; ; . 123.70 mmx21.20 mm,
[ 7 8 9 10 11 12 13 14
B /GHz
14 ' ’
14 ,8~12 GHz s o
<+5°, <+0.8 dB, o , s
b b 15 o N
200 ns, 500 ns - s
3.4 )

24 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

BEAREE |

S5 5
o en Microna

[1] ARGHAVAN A, ANISEH D,FARAH M.A novel power
model for future heterogeneous 3D chip—multiprocessors in
the dark silicon age[J].EURASIP Journal on Embedded
Systems , 2018(1): 1-16.

[2] ZHANG H W ,XIE J] W,SHI J P.Antenna selection in MIMO
radar with collocated antennas[J].Journal of Systems Engi—
neering and Electronics , 2019,30(6):1119-1131.

[3] LI S Q,WANG Y,YU M, et al.Efficient modeling of Ku—
band high power dielectric resonator filter with applications
of neural networks[J]|.IEEE Trans. on Microwave Theory
and Techniques, 2019 ,67(8):3427-3435.

[4] LIU B Y,WANG Q P,WU W W, et al.A transceiver
frequency conversion module based on 3D micropackaging
technology[J].Journal of Systems Engineering and Electronics,
2020,31(5):899-907.

[5] SONG I,CHO M K.PNP-based RF switches for the miti—
gation of single—event transients in a complementary SiGe
BiCMOS platform[J].IEEE Trans. on Nuclear Science,2017,
65(1):391-398.

[6] IMANE Z,KHELIFA H,MUSTAPHA C E Y.A Ku-band
distributed SPDT switch in 0.5um AlGaN/GaN HEMT
technology[J].Microwave Optical Technology Letters, 2018,
60 : 462-465.

[71 RABBENI P A,JOSEPH A.RF SOI : Revolutionizing RF
system design|[J].Microwave Journal ,2015,58(10):22-38.

[8] ALl K B,RODA C,SHIM N Y, et al.Non-linear charac—
teristics of passive elements on trap-rich high—resistivity
si substrates[J].Silicon Monolithic Integrated Circuit in RF
Systems , 2014 ,4(6) : 19-23.

[9] LETOWSKI B, WIDIEZ J.Towards vertical power device 3D
packaging on 8-inch wafer[C]//Proceedings of the 2016 28th
International Symposium on Power Semiconductor Devices
and ICs(ISPSD),2016:135-136.

[10] SINGH T,MANSOUR R R.Chalcogenide phase change
material GeTe based inline RF SPST series and shunt
switches[C]//2018 IEEE MTT-S International Microwave
Workshop Series on Advanced Materials and Processes for
RF and THz Applications(IMWS—AMP), Ann Arbor, MI,
2018 :1-3.

[11] JAFFE M.Improvements in SOI technology for RF swit—
ches[C]//2015 IEEE 15th Topical Meeting on Silicon
Monolithic Integrated Circuits in RF Systems, San Diego,
CA,2015:30-32.

[12] SINGH T,MANSOUR R R.Characterization of phase change
material germanium telluride for RF switches|C]//48th
European Microwave Conference(EuMC), Madrid , 2018 :

475-478.

[13] HIARI O, MESLEH R.Impact of RF-switch insertion loss
on the performance of space modulation techniques|[]].
[EEE Communications Letters , 2018 ,22(5):958-961.

[14] CHANG J Y ,FU X J,JIANG W, et al.Design of high—
performance energy integrator detector for wideband radar[J].
Journal of Systems Engineering and Electronics , 2019 , 30
(6):1110-1118.

[15] CHAUDHRY Q,BAYRUNS R, ARNOLD B,et al.A linear
CMOS SOI SP14T antenna switch for cellular publica—
tions[C]//2012 IEEE Radio Frequency Integrated Circuits
Symposium , Montreal , QC, 2012 ; 155-158.

[16] LAIR MICROWAVE.MC4-NI12 SPDT switch[EB/OL].
[2021-05-06].http : //www.lairmw.com.

[17] CUSTOM MMIC.CMD204C3 SPST non-reflective switch
[EB/OL].[2021-05-06].http : //www.custommmic.com.

[18] PASTERNACK INTERPRISE ,INC.SMA transfer PIN diode
switch operating from 8 GHz to12 GHz up to +27 dBm
[EB/OL].[2021-05-06].http : //www.Pasternack.cn/pin.

( :2021-05-06)

(1991-), , )
(1992-), y
, E-mail : huangzhaoyul 0@

163.com
(1990-), ;

e e e N A =Ly

@182 44

2—889
30/

%%%%%%%V\%\%\%\?
é\%%%”\m/mﬁ\%%%

e e o e e G

) 2021 47 8 —25

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





