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T/R module design in complex electromagnetic environment
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Abstract: In order to make the high—-frequency high-speed high—power transceiver component
Transmitter and Receiver(T/R) work reliably and stably in complex electromagnetic environment, the
design of component switching control, component power supply and ground, component layout and
shielding are analyzed, the points of attention are suggested, and the design method is put forward. In the
T/R component switching control design, the common mode interference problem is solved by a pair of
delay and conjugate delay circuits to ensure that the transceiver time is longer than the driving switching
time. The differential mode interference problem is solved by pulse width detection and maximum
switching speed constraint. In the analysis of power supply and ground, the ground spacing is emphasized
to not exceed one—twentieth of the signal wavelength. In the design of layout and shielding, the cavity
resonance wavelength is analyzed in emphasis. Example modules are given and the above three design
points are analyzed against each other to finally achieve stable and reliable operation in complex
electromagnetic environments.
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Fig.1 Composition block diagram of transceiver module
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Fig.2 Schematic diagram of multi—type transceiver electronic switch
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Fig.4 Diagram of control signal oscillation at front and edge of T/R switch
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Fig.5 Diagram of conventional conjugate filter

FITF S —AiEaE , ARG TR S oL, DL IRl 4(c) . Bl 5 i
AR T R, SE IR S I A IR S O Bl i e

REEHEE, Q5@ 5IKZIRER; FEaEa 5 0ES . 25 MRS IR i THE S mi .
1.1.2 2R o3 Hr

MAEZEBT A, K TWAG 5 S0 TR GG S L, LFEERER 3O BRI — A5 i
F LR, BTG S TR S A S i, Y% B R R ROR H R T ORI e R, T RS R
PIN M Ul i PR el 2l 25 412, 3 BOIK Sl i B & PINE IR, 3 23 %8 Al v, 6 7 A6 @ AT 48

AR IBCLA T 43 A e 2 5 S 1)

1) Sk FEAG I

EH I L 1B 6 s o ISR I TE) 7 R T, AR ALK TSR Sl s 19 T OCI [B] 7, A RE DR TE 9K 2l 4% A 45
W M2 BN ERF 5w e, W0 T 7,k (T, . TL#HKT DEA T,/ T,NEIEERAS(T, . T, 488 T K&
WFIE] 7y, W7 s, 5 B0IK B g 5 0R 5 PIN BE B o SR T B 3% ] 4 A% 1] BF %] (Field—Programmable Gate Array ,
FPGA) X 42 il {5 5 A7 Dk S A I, A6 0 2 4 1 JF SC i 1] (9 ik b gt i A7 R4, Bl TARRAS, IR TR B4

T, r, !
L i HE——
— I, —> — T, >ie—>
Fig.6 Correct control signal of transceiver module Fig.7 Incorrect control signal of transceiver module
K6 IEH I A RI(E 7 EERAICR AR RIS

2) K I OC R P AR (T e m R 2R o BEE BT R L BT AR IR RO LR, A0 TE AT B AR 1T GaN Al SiC )T I
M, s R B S AE, AT BRI IT R, ABIRCE kV/us TR R, (A it iR Z 5 RSN R
FEAE BTG T PR R AN TRE o 18 W R TR T B i T QR AL TAR fe s R 2R, S8 % 07 vk J2 39 o e 1



1354 Kz BT ERFE 521 %

WA L BH, 5 % T B H BH - HE, % (Resistor—Capacitance circuit, RO)IEIR Ay, IZE T UK SN B ; Sk (9 5 v &0
Ik SR T A0 F S 2 i I AR BIK 3 i % v s A AR S R TR, T — g TR SR PR E R T O

3) Jnsi 22T AT S I, A4 BN i B AR (Printed Circuit Board, PCB)-& B Afi Jay . MINSR 4548 Bl . 498
LR 5 b A D 4

1.2 BiESH
1.2.1 HJR

1) LIRS

4 e Y30 A PSR (7 BRI L O A, BLARRE AR G L R T I TU/R 2L A 3 1 1 e 7
JCBEP L LR MR R s M YR SO S R O L T AR TR0 R RO 5 R T3 o PN 5
e 2K o SORE W 75 B R 7l S A R AR s L U 4 X B AT R L RS B s
[FURE 2 S0 RO B A, PR, X T/R 20001 o (G R 7 e 8 B0, — i S S A AR N

ST 8 T X LA A S P A U BRGS0 L D A L R 0 D A
A 25 KR B P 0 A 92 B BB (8, BP0 3 10 B0 25 5 R AN 2B, A B A B0 28 10 T AR I B . A 1
SV TIT 7 0 3 8 IO T JLAN S 2 ik o R L B A e R PR TR U A X RGO B L AL L
4 i T P U R A M TS A L R A TR B 0 PR Y TT RE A AE A R A A B P B ) . B
11 53 8 58 A 055 5 o PV 7 4% TR P PR I e AR L o o U HEAT B AF DB UK . 9B DK CE oL US| A 1L K PCB
LR PR B AT R AT L D PR AR T R T O . U L S AR B 0 S L A6 AT G T U O o U e v
VEEQ R 2 . IFFEDI A LR IS REER LA GRS AT 55 T e 2 5 e BB 0 4 T 51 A B R T 9

2) HL R

VR 2 1 S MO TR TR L SRR, TEREMRN . HTERE— 7 S BCR R . B R
I8 7 125 991 P A 3 T 7 P P R 7 A e M T R o A £ 308 1 S TR VR

TR G 10 % 51 3 B A AE DN 3R IR e TAR I PP B 2R S MR B B . ARSI K, A 1 o DB
Koo TEVE M PR B S ST 5, 3 2o e U5 e A B B T WO AR 3 SO PR B — B 2 T L K S )
WO AR 0, TIPS B R T B . T R R TR L R AR B o PR SR R 3 P BRI R B I
IR R, P SR LT A 11 I AR ke 1 e B B [ I B o S B
1.2.2 b

T/R AL IO+ 4> B, MR, SIS S i s, e B R A . M B UB 2 — R A7 4 v BEL AT
B, UEATRGR S, WA TEHLZ bR TERE L UL R A £ A SE B PR A TR — R B 0
255 10 nH/em, 7 B3R T I, 3 2% ) B i ke T M 24
e B TSR PCB M2 B S R W M 2k
F4 P, R T S S 28 L BEL T S P A T 4 M OF W/ —
ShrURL, WL HEML ., BEHbR SRR, UM HLAE 2 ———
il BLE, R BEZSBRL AE VRSP S BB BRI L 1 A
VRIS IR L o b — [ 4 S B M T L — T 0 M
A, 53—y T R R T R e L )
S T 00 5 R — A T, — A T T 9 R
S EDEL AT, BB S LR 4 T

M 2RV R R BT B M S L RO AR inerals
) 2 s B 7 5 ) B LA e 5 D K 1

20(d< ;—0) SHEC, 1000 MHz S5 A (G5, B/NT 15 mm,

I

W 8 T, RIAESHA AL B IR fL Fig.8 The added ground vias
P8 Kk AL

1.3 R5RE®

1.3.1 fi )&

T/R AR G AR, A7 Ry e 8 o S0 % 22 R i IR ity , IR BB &= A i, 2l (Al
B, TEAMFE G L REYR, (G IE— D mse , TS M T/R 4LPFIE S TAE . 38 PR T k28 i R 2 4
TCEE W AR P i e B 2= (B AR S L 0 1) 9 S INA A T ML o 3 3 P OT IR AT SRR, AR B DR T



5511 1 % BE. EZFHBE#EIMETH TR AGHEIT 1355

YA A Je n] e A T 0 S i

D) F A ERE G IR . BRI RSB, R . R

2) EL T o ATATR 5 R A BIE B IR B, QA nl ke, PRI R BN R YR 2R AT RE S AT M 4 LAY /N H
U5 A i T L

3) Wk vk e AR SR . CPAT, DiArm AR ARG T, SR b bR B, WA AR JE A A AL e B IR A

4) Wi PCB BT, REMSEEIE . MY, @E v N W >R >(E 5%, Bk, 18ik . £ &R
FLENGAE
1.3.2 Bl

T/R A0 TAEM R m, 25/, REPR AT R8BS HR . 20 T/R 4178 A9 T A50R A IR 4R 90 S AR 3T, OB 7= A s
WAL, AR IE & TAE. h%w%%ﬁmw

o 2 5] 2]

L o, WIERERAIES R a. b,  WEEREIK . SEFE; m. oo p3BIhHT a. b e 2040 B EEERA 4L
VSR ﬁm HUE G & A B RE SR . AR TS BT, %%T*mﬁ SRR SERY, %ﬁ?%w%ﬁkﬁ

Aoy = = 2

2 CoMEE .
T HEALE N Z e B, A ME RS HB 15 )% (Transverse Electromagnetic, TEM)#, p=0., m 5 n #BE 1 A .

/1110: ﬁ (3)
1 1
() +(3)
IR s A B /B AR IS, T/R A4 T AR R e /N T b e /N, A s ™ AR AR BN o S Tt oa, W=

2b, MAHEARIEIR IR K S 1=2.34b,
TR (1)~(3), AT AT T RS2 2 A BT s (A Wi %

2 A

19y LA Be it T/R A Se 1, B AR v AR
1 GHz, #7 %% 200 MHz, & §} % £29% )% 50 dBW LA | #&
He ]SF 24 400 mm»200 mm., FEH A MUk KL, HBE .
Pl B A vl s 1, A 2R Rl A S SR

2.1 SEffy R I FR B

IZ T/R 2R A% 0 TF SC 45 i v i WL & 10, SR AT T — XJ PNP/
NPN 37528 1 4 %ok 54503 8% 19 PIN 4 B AT 1E I [ 9K 3 . 7
2RI, A TF YN [ FE S ps AN . A ERCR A PIN —
B4 IE 1) i B R M 0.5 A, DA B 4 s 1 ) PIN A% 4% 53
BF A AR RN 5 SR 200 V2 1] BIK B FEL R A U 0 2 2%y
50 dBW YLLK, R0 R I TO-220 £ %, BRSO : :
BERLHY, (H 'ﬂ}l BR o 25 i 2 73 A A U&Kﬁﬂ:/\ &, Fig.9 Physical view of a T/R component

(sl |

HOZREBR B I ST 5 1] AN 4T 500 ps 19 SET/RAMFSH

PRI S B X G S AT H A IR I LA 22
ﬁ?ﬁﬁ%,ﬁ*ﬁ BB E AR AN R S5 E P DA S, R A X A S s A S R Sy A Ry AR Y T
WAE5 )5, SRS PNP/NPN G AT, fAAE U A -200 V Ei+5 VIRSh{E S, #06 PIN 48 6 S S5k .



135 ABEH PSR TFERSRE 521 %

————
| (.
| (. |
| | ||collation
: ‘l\—} circuit
| |
| |
| |
| |
: anti- }

U‘_L common- e
1 state | ;' T E, 1
: conduction : | waveform I \?
| circuit L: collation ! G [j s P, :
| K circuit | 57 |
| | | |
: ; T | R forward |
| | | s drive |
i i Lo e et
| |
| |
| |
| |
e ——————

Fig.10 Control circuit diagram of the example
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