552 B 9 T % IR Vol.52 No.9
2023 4E 9 H ACTA PHOTONICA SINICA September 2023

5] %2 . WEI Shiduo, GOU Yongsheng, YANG Yang, et al. Research on Driving Technology of Wide Microstrip Amplitude
Division Imaging Based on Pulse Power Synthesis Technology[J]. Acta Photonica Sinica, 2023, 52(9):0932002
BRIMGE , A e, A B, 35 . T Ik 0 38 5 B0 R 8 S8 B0 23 AR B Sl R AT 5 [ T]. 08 T2 41, 2023, 52(9) : 0932002

FL Tk wp T 2R G B R B S O 43 18 A%
IR Bl 7 AR 5T

T %m%l*%m %M%“”ﬂﬁimﬂwﬁ%”ﬂiﬂ%

af@l e »,1727%,%,,,,_%
(1 o Bl B P 2% fk&;*}lmﬁﬁnﬁ P2 W R B S SRR P 710119)
(2 HEFLEBE K, LR 100049)
(3 HEBR2EBE K MRS G T oL JE T 100049)

i EAHxirkidsREANRES RS ER,ATEFTEYRREART D RS RA %,&TT
HBEHERF B R, AT AR > F &, z:fﬂ457@5?)\4%%3‘%«‘1’%?/\}5&‘%%&%7457%1 N
#ﬁ?zma%z&kt HAMAL FHOREE BAA—EREFAK, REGASHTZRT KT HEAHREHK

B, B iE B R R AR 45 A R S SE M R A 1.3 kv/tz;\%«%u&;@ 3.5ns &£ A& Bk ¥ AT % 42 600 ps £
T 8 S SRR b A IR AR R AR i 3.2 KV 89 F E AR F B P SR BLAE 3 ns VA A, B P BT 5 AR 600 ps A A . Bk
b9 5 B 42 300 MHzélJ:sGHzfal%méém%é\ﬁM@‘%ﬁb 83.5% , 4% & 4 F T h 88 %, N\ F& Ik 7 4 A%,
ROE K 58Y A R E T T AL B 68% ., @itz w344 s a9 F E AR T A T 383 5% 20 mm K 95 mm .
AL 6 QA A 8 B AR 5k Lk A )?u% BAETEATREF ST ARRERERE TR LR,
Bt ALK B kP F ey T AT, BT A THEA KRG ZHEIRS KPR L E AT I-MCPL.0 A 451
AL,

KRR @ ABAL AT AT B F R P AR A R R A AT 4 B T B T R A R Ml i AR
FESES:TN73 XEKFRIEAD : A doi: 10.3788/gzxb20235209.0932002

0 55

4 L THIF RN 29 100 ns | 5 (L8 10 MA A fok i e 30 4 ) T 46 Jm 22 [ smsg 0 2, 07 482 T e /i 2 P
BCAE B A . T8 AR 24 00 0/ 3k e A5 B8 A N DR S o) it 4 R T A A v L Uk T e T R A
BRI — D R A R X ER X —a BR RO Z 4 4R . L AR DOk Z AR g N T e
Yy BROE S, GG SR BT IR TT & i G OK Sh B A MR R RGP AR R L SRR AR S O TR
/NS [ 0 B[] RUBE T 90 5 ) 5 4 L I 5 sl R ”,U/}?Z%E@ﬁv\%ﬁmﬁﬂ?ffﬁﬁ%ﬁ@ﬁ‘ﬁ%fﬂ%’iﬁ@
S B AR A AT F 2T H

X Gt 4R oy W AHALAE 7 4 455 3 A2 P gl vz 0 T AR B TR R XS R R R R A T e iR
EEFLIE D) SO e 8 X BT AR I SR A L R IR Sl A ik e A A R IE SR S AL B R G DL KRR R R
A XS 2 A 3 5 2 PR TG T8 AR VR AR AT T AR A 2O BE AL A . 36E 38 M (Microchannel Plate, MCP)
B N TET B A X ST O r B A o S R A Y XS R T o B AL AR A% B AR BIL Y A SR ik ST B AR BT 4R L .
> 1 38 ik ol B AT AR FHAE DG I b B, MCP 2 W it X S48 MR, 2950 B 30 J0 6 iid% . HA >4 3k 58 ik o /E F 78

EETE: HEHARB:HR 4 (Nos. 12075311, 11805267) , 1 [# B 2 &nﬂﬁﬁu%%méﬁﬁﬁ%uﬁ H (No. GIISTD20220006) , v [ R} 25 5 % &
M2 S8 % 10 A 25 (No. XDA25030900) , 1 [ B 24 B 5 4F G118 i 2F 23 (No. 2021402)
£ —1EH . BIHEE, weishiduo20@mails.ucas.ac.cn
BIAEE 4K M, yshgou@163.com
Y75 B H#:2023-03-13; % A A #:2023-05-05
http: // www. photon.ac.cn

0932002-1


https://dx.doi.org/10.3788/gzxb20235209.0932002
mailto:E-mail:weishiduo20@mails.ucas.ac.cn
mailto:E-mail:yshgou@163.com

T o AR

T GBI b B X2 U AE MCP 7 AE 9 6 B -4 3145 18 £ 0 7= A T WO G 1 AE 26 B b Findk
15 14 T 5 R ph A S A AILER % CCD A3

S SC % 3 FRL IV 1o T A A 408 S T A T S 28 R HsF ) Ay T V) o B TRD T [ . B AR T B S e
[F1) Fhy 3 30 R JUK e 4 2 5 B B R BRIk 9 ) AR I 457 1) e ek L ) e s, AS TR) 45 2% BELBE 9 MLCP 2 552 S () T i
B 43 W AR LB AS . 8 5 T A D8 26 38 43 W AR AL (9 MLC P A% % By 44 1 58 BB 345 3] 20 mm K FE 35 95 mm 25 4%
FHBTZ 6 Q. AH 0K 505X b 43 6 5 75 25 W 3 W (EHR 3k 3 KV L Ik b 15 82 ) 8] 6 40 B0 1 2 7 Je B0 B 9 1 33 0
Sk JU A I8 2% 210 U T JK R 2% 10 2 38 bk o o Ry 1 3R A BRE A Ik o B A A A B R R R T R 1
THH JF IR 25 6 1 Marx Jik b = Az B B% , DT 77 28 G R0 & R Bk b o (RS2 1) F A R A 380 B B i b, 7= AR R
BEW T 5 KV RTHTIE T 100 ps HFSh LT 20 ps B ik vh I 2 2832 305 HL P24 B R A IR, AREE AR A5 T i T Rk i
ik oot 7 R FH 22 B Bk vh T A U R .

ik i 1) ) R B S 22 I Ik o 7 TR — Bt 220 52 1R L A 8 i DT TR A 2 R T R Lk e 5 A R AR fk
ViPNO)  SUU AN DRV 8 i e g o S N = W e AN T BT e 2 7 AN S W) R e D IV 2 87 W =
R IR A AR B A A BUSOR 5RR RE T (R AT R 2 ol JHL AR S DG AR A PR i I AR 4
T F B AR R AT [ AR/ N R 1) 3R ) R 2 1) 29 FL R J I IR 38 22— 5 s IR T S i R A R
K AU 0 — R A . 5 A, DL T RUR & AR T o AR i A R AR A Ha i Tl
RREE W7 Al A s Rk v R RE A

[ B A A A9 HH SC R 9T, Y AN K %5 ) A% i 2 78 i 2 % 11— 10 kW g bk ofr 2 A= 28 ik e it B8 A
30~100 kV, b FFIFE] 254 20 ns, FF4E 0 8] Ky 50~250 ns, FH IR 51k 10 kW, B e L #ReR 4k 80 % ~
90%"", KRISHNASWAMY P %5 Fi| Fi 458 5k i) 14 i 28 0 45 F4 i Dh BT VS B 7 8 9% Marx HL [ | Bifi J5 3% 75 4
W 1.1 kV TR R 800 ps M FAM 200 kHz M Ik o {5 5. BB &0 36 1 2 MW 119 i J& ik ofr il 3 1% 4
LRAF R 2% 0 A BT BT 3K 57.6 MW /50 Q 1 18 FE 9 &6 Jik ok, F 45 78 1 kHz, & URCR 76 80 % LA M. 2=
T V5 25 38 1 i i Marx HL % PCB HE A1 JB 2035 T — Rl Y (09 Sz R 45 44, B DU I B e s o 48 3R DL 5¢ B[R] 25 B
i, B &7 AR — 5.0 kV 2B B K SE 5.3 ns E A 10 kHz 89 Bk oh 45 5, 71845 21 00 5% bk oh B e ik 8 7
96.2%"" 2010 4F A7 /)N HE 25 F) F AL iy 28 48 FE 2 7E 50 Q9 f 2, F 58 0 4.5 KV 114 4 B4 bk w0 Th %48 1, A 2
Jei B Jik i 0 {35 B 8.8 KV, K 5 24 6.5 ns, ik vt I TR ] 24 2.1 ns' ', 5K 04 P 45 FAL AR TR AR T 2~
30 MHz 1) 5 kW /50 Q PU #3284 e Mg R 4. #MIEVESEAE 500 MHz~2.5 GHz M54 K 1 THF 162 ps.
2RI 8 537 ps WA IR 3.8 KV Y 4 % ik v & B HT Y 7 200 ps G UE K 9E 557 ps W {18 BE 6.8 kV 1Y i &
Jik b, A BRCR R 89 %6, AR EE SR Y BT R )y RSB A — T R A R, LB AE 80 MHz~1 GHz il
LN A BORCRAE 90 % LA 1

ST ARG AT LA, SCHR [ 12] ([ 14 1B RE S OGRS R , SCHR L 13 TR 5 5 9 Bk o s (847 A 98 s 1 =3
], SCHRTIT] (15 ]~[ 18] E AR 15 3] 7 8w YR 5 2808 B AR 58 A B . Fl b AT DL 7E 5 Aty P 8 B v 2K
SR fe 1 30 i o I R A R AT A KE AT . RS B IR TR AR AR TR AR A TR A TR TR BT
JARIR 4 AR G5 KA 10 Ty 43 245 1 T SR A 1 D7 1 N R AN % 2 Ik ool ok D SR 0 5 A R i R i
SR R R Tk b R 2271 B A e g U 00 R T R A R o T R G A TR B DT R AN [ AR Y ik
RS . AT B TR AE 300 MHz~3 GHz [ R H 4 i 6 , i F] gradient \hybrid LA & genetic
S5 22 T R A0 T A7 fi 4 55 8 BELA70 R o 3 o, BEL ) JEC{EL el HC S I B R R B o 4855 T 0% v 7 ok o 8 01 [
o il L L P DA S 8 B v P VK e ) SR G, DA TT AR AR AT H T K B 20 mm K 95 mm GERL PR BT 6 Q &£ F
19 MCP, 5 38 43 1 AH BB AS 1 68 5 7 8 R ik b o H i 1 AR R 19 8 1 9 gl ik b il 2 152 FH F T -MCP1.0
RS g AL

1 EREFE

JBUIR 4 AR D) o3 a0 TG A B e B B BUR & AR T 1960 AF 4R T B R — i A/ i 4 [
il 45 b ) i 0 22 T R SR ODR A B R LR AT BB o R PSR A By S AR IR e R 22 O LA
PRI, AR Rl 48 1 i 1% 0 43 P 6 AR B o WL R oo R 4 R 0 38 4 T 4% 1 R R 5 4 T SR R

0932002-2



BRI EE , 45 « 56 T Ik i 2 3845 B AR 9 S 017 20 i AR 3R 3l HOR WF 52

BB PR/ A TR EEC e A B B e B S T 4 2 AR R A RE = 4% (AR A
Uity A T AR GF 04 B 28 R

P 1R BT — 43 AR T A R 4 AR D) A B0 I A S i O AR IR BT R Z,0 R TR TR L E
SO T2 A 3 E AR R s O LA RS, g A/ 2 0 1 IR B N e 22,/2,° =
1/ Zy, JUF LI AR 41 BEL47C D 10 J50 3, A/ 4 75 5 48 9 8 A BELAE 20 = V2 Zoo O T80 R S I 25 o BELAG 7 1 L 75 Y
59 N 1 o E A AR 7E 23 3 H A5 2 iR AE — B AR T Y 200 HAT R S AR H B R AT 43 ) B 3k
33ty A T B 5 AR ECARTI o [ AR s BEL B D T A D 0 T A 4 £

Z ] 2
R="—-=2Z, (1)
0
A Z, Port2
Portl 7
/4 Z Port 3

Bl R¥—p_%HhaRLeRhtors
Fig.1 Single section one—divided—two Wilkinson power divider

M B 5y 78 B, B R 4 A% 2 0 A 00 S At SRR B n] 52 B 22 A S B0 K e iR S L LU S )
R B ARG SR I Ui vk . BRI, B Y R B AR Do AR AR SEAR AR L AR AR R BB TS 0 2000,
It AR 22715 A/ A A% B e BT DL i B9 J7 3K J R GE 9 AR 98 . (K1 2 8 2 T e i S5 MR 38, Hovb Z,
Zy o Z GRS A/ AR R BRI BT, Ry VR, - (R, 2PN A T AR 2 2 ) A BB LB . FEZ T Y
b A BEL A0 A 8 45 v, A [ A2 i 0 4 A 2 T B AR 5 07 A OSSR M) A i 4 R S o i 6 B g v A 4
— ¥Ry, W) H B AT LT B 2 i S B BEL BT U BC L BRE b 2 o0 e 9 AR R A BRI A . AR S B i
T IRy 22 8 22 71 BH 0 A2 Al R i e AR SR % RS G R B DAAE BT IR AR 8 45 AR 5 5 PR oR 1k
FEAEMN S

W2 2% —2_%d2RTRekhri
Fig.2 Multi-section one-divided—two Wilkinson power divider

N ARGy UK G AR G 4 — MORI A (B4R BTk AT AR A A B AT 4 AR AT R
AR SRR AR AR 5 1 B I, PR 3 A B A 2 RS 0 R ok gt T AR AR AT O TR AR . Bl 3 R AR A
T H £ 5 R AR

T SCFL TG NS n T AR R R B H 4= 1 A i 4R ) 30 SR B B B ROk T A

F(>:(21_Z<>)/(21+Zo) (2)

0932002-3



<t > < = —
O O O e O O
=y z 2,
r
O— O—- O eeeeee O— O
v ooy’ v
S DES =
3 b i ek
I r r I I T I

W3 HEHEINETHESRAEL

Fig.3 Signal reflections under the parity mode analysis method

r.=z, ,.—z)(zZ..+Z2,) (3)
v=(Z.—2Z)/(Z + Z\) (4)
B 71 % i 0 ) R i BELT A 2 B A AU O, UL ) 5 55 2R ey oz T 37 Ry

r(0)=e ™[+ e ™+ [V 24 e V274 ) (5)

N EE, AR oR
r(o)= 2eJW[rocosN6+ Iicos(N—2)0+ ...+ I',cos(N —2n)0 + F‘Z"’” (6)

N F RN, ARk
ro)= Zefj’w[FocosNﬁ—l- Iicos(N—2)0+ ...+ Tcos(N—2n)0+ Iy chos@} (7)

DR DAy fof FEL - 20 80 RT LA KA A 408 2 6 ST AL 3 /s A TP T Y e B, T It o b A SRR B T, A R
T ROt BEAT 2 A8 00 B S AR RO I, 22 P O R L AR R i RE A B A% i 2 A R AR LA

AL BTk T T 0 B 2% AL R AR L B0 B R R B R S 1T 23 B AR SR Rl LR O U — U,
el 2 L B 4 S L 1 O 207, R R LA R O, I LA S O 2 4 S i A 1R SR O K Z AR A Y
e i 28 55 AP BT DL T 9 0 AU 3 3k Ok, FRAS 5 BOE Y B B, AT SR A0 7 A B B L REL . SCRR[26 140 i T
HARA S 22 50 1D

s (8)
_ Ay
e : (9)
(y/«flerkJF 2;‘{&)
— ykilyk g coe —
gbiy/:—lTsz"‘Tk—l’kiz’g’ ’N 1 (10)
1 ‘
- Sl)
SN 5
—2gy 1+ <er*2) 2
—2 + (.V\" a)
e *Zgwngr... (11)
(v 5)
+ N—3 3

—2g+1+0.7( 00— 1)
ALy B R AR TN, g RS R A B S FLBELBELAEL o 00 R BEL T AR 80 25 76 907N 1) 35 11 5 38k b, 23 2y
B, A8 A5 B e KA

WAt L AT, 45 A Cohn 45 H 38 a5k 38 i 90 80K 30 56 D 43 4 B 7 58 10 28 S s T A U0 R e 2 1 et i
TS 0] A5 S0 2 AR G TR A S 40 S AR R AT AR L A A O O ARk T LA S S B e B £

09320024



BRI EE , 45 « 56 T Ik i 2 3845 B AR 9 S 017 20 i AR 3R 3l HOR WF 52

FH I A 1 i 2255 B 5 R BEL 9 S P

BR T S R S R PP D R G AR G S M E AR AR . R0 A CR B T A B
B RGBT S RO AR 2 0 — Pk LS AR S TER S RGEH RO BIFE . LA N B 2 35 B9 2% S 1], f1%
ek 1 AR S a0 = Avexp(j0)= Aexp(j0), W4 i B A5 5 55 1S 5 RO MRBE 2208 AA, FIAL 228
A, W5 B85 5 a = Aexp(j0,)=(A + AA, exp(j(0 + A0,)). AL 5 R M AH AN — BOHF H 7Y 4514 1Y 1 32
LRGSR R W R GE R G R

awl/R |20 Avexp(i6)
T NP, nRP,
THRRE R 2278 1 dB LAY ARG 22 7E 5" LA NI, & BUBCRATE 99.6 LA b, AT LU I 22 W 52 0, G inf 5
AR R L H R AE R
FL SRR T B T 2R M0 A TR 8RR S S SRR 2L A, F 9 2 W 20 B B R R Ol L B R, R N A sk
REHFEHFEM LRI RN N

2

(1—1) (12)

p=10"""% 100% (13)

BT LA T T 2600 A 3R GeAE ORI R B8 A IR A — SR T8 T, 25 ol 5 B4 A B RE S AT RE AR .
2 Fit5HE
2.1 igitiERR

TAEMH :0.3~3 GHz. P4 % #8 & B £ i 1 5 % e (Voltage Standing Wave Ratio, VSWR)<C1.6. ¥
I Fa B (S23)<<—15dB. i AHFE(S21.S3155)=>—3.5dB. MR —# 1k (Amplitude Consistency, AC)<
1dB. #H{/ —ZP: (Phase Consistency, PC)<5°,
22 BHIHE

Sk Tl EL B 0 T S8 B A& T AR B o oKL 8 E AR AR O 300 MHz~3 GHz, 13 3] | FRA% f,=
3 GHz, T BRI fi=300 MHz, i 15 2] f0 5 R f,=1.65 GHz K& f, /i 6 B B9 A A 0,=11/11.0,=1011/11.
AHXT A 58 W, =(3—0.3)/1.652=1.64, FI|FHIEH 1757 (19 AH OC it BT S5 7E AR PN I FE 45 98 A 22 0K I5F % 1z 1)
T3 2% B /N B A B g T A% B 20 L B RRAEBHT o o e /NI B N=T7, D) o3 g Se R T 7T it . AR RS
I3 M AT LA A A i R VA — AR S B AR BT, B 2, =1.77 Q. Z2,=1.66 Q.Z,=1.54 Q. Z,=1.41 Q. Z,=1.30
0.Z=120Q% Z=1.13Q, B Z,=50Q,0 Z=88.7 Q.2,=82.985 Q. Z,=76.82 Q. Z,=70.71 Q. Z,;=65.085
Q. Z,=60.255 QM Z,=56.37 Q; [v] H 0] B B 99 1% i 26 2 18] 3 — Ak 0 B 25 s B, 20 901 o R,=4.97 Q. R,=
2.59 Q. R,=4.350Q.R,=6.40 Q. R.=8.92 Q . R,=13.32 Q Ml R,=8.85 Q, W Z,=50Q, N R,=248.26 Q.R,=
129.62 Q. R,=217.58 Q. R,=319.9 Q . R-=446.23 Q . R;=666.145 Q1 R,=442.48 Q.
23 HESHK

TS LA B 1R S ) (8 A O LA v s R BRAR Y — o TR A AR B A0 H B AR  H rh OTER R A
PRAR AL Hir 28 5 BRAR L B, 45 EC &5 SR AN & 4, v] DU M B 8 58 AN 3 2 o AT 75 oK o

Ll —— VSWRI k.
: / —— VSWR2 N 15k
—— VSWR3 /
L /
1.3 \ / m 20
~ \ / =
\ / d
212 \ / 8 25
z 2
11 < =30
=35
1.0+ L
. L . . . L 40 i . . ‘ . .
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Frequency/GHz Frequency/GHz
(a) VSWR of ports 1, 2, and 3 (b) Isolation of ports 2 and 3

0932002-5



-3.005
o0
Y L] S | N O N N A S A T
-3.020p [ R “;\ AN
30250 || | . ‘ |
000 (VL]
-3.035[ | NI
3040 \) VERVERTE
-3.045[
-3.050L

0

Insertion loss/dB

1.5 2.0 25 3.0
Frequency/GHz
(c) Insertion loss of ports 2 and 3 to port 1

0.5 1.0

W4 s m

Fig.4 Initial parameter simulation

5 18 3 AR S TR Y H 0 LT R B R M e R, T DA S A% i 2R 1 15 8, I gradient.,
hybrid DA K& genetic 55 25 Fi 53125 00 Ak A% 4 2 S5 RSB RN BR 25 Fl BELA JRU(E . e 203 UELAT 12 W R i — 3 — 2
SR L BT o S (P S O A A L RS TR A o AT R B L R R B R 5 A L O
FLAEEL AT LU A 3R D BN 14 B R O LA BN F — 15 dB L #FE/N T 0.5 dB.

—— VSWRI1
L ok
20 — VSWR2
18k — VSWR3 ~10 k-
m
4 =20+
% 1.6 E
> Lal é =30 |
T 40t
121
_50 -
1.0}
1 1 1 1 1 1 1 760 1 1 1 1 L 1 1
0 05 10 15 20 25 30 0 05 1.0 1.5 20 25 30
Frequency/GHz Frequency/GHz
(a) VSWR of ports 1, 2, and 3 (b) Isolation of ports 2 and 3
— S21
ol \ = — S31
% -32F / N\ L )
g
233
2 /
2 |
2 -34r |
R /
35F )
_36 1 1 1 1 1 1 1
0 0.5 1.0 15 20 25 30
Frequency/GHz

(c) Insertion loss of ports 2 and 3 to port 1

B5 ffrasgER
Fig.5 Simulation results of optimization

P 6 73 ) by HEL 1 7 LA X i A AF B BE I LG A ARG L 1 R S R MR A — B o AR . T E
S5, B Y B2 ) A G v A T AR Y A R Al AR /N T 0.5 dB L BRES BEE 13.8 dB KL | L fi
S FBE P e/ T 1.6, Bt i 1 3E 5 LU/ T 1.3, i BE — Bk /T 0.025 dB AR —EerE /b T2 0,27 AR5 Ak
ORI 30 AR IR A — B R W A R ETER T IZ R GRS R R 8874

B LA F % G IR O T AR AT\ i — B DR R B, O ECAR R AN 70 el O AR T X RS
— AR HL B A AR AU PN AR I R A AR FE/N T 1.836 dB, R £ BETE 13.54 dB LA_E B A 141 35 3 HE /)N

0932002-6



BRI EE , 45 « 56 T Ik i 2 3845 B AR 9 S 017 20 i AR 3R 3l HOR WF 52

20l —— VSWRI 20 — 21
i 3.1
1.8F /M
i I -32
£ L6r 2
;} b g 733
1.4F 5
£ 34
1.2F
b 3.5
1.0F
! 1 1 1 1 L ! 736 1 1 1 1 1 1 1
0 05 1.0 1.5 20 25 30 0 05 10 15 20 25 30
Frequency/GHz Frequency/GHz
(a) VSWR of port 1, 2, and 3 (b) Insertion loss of port 2 and 3 to port 1
ol 200 — Port2
0 150 \ N T PN

o | 100 \ \ |

S -20f S 50 \ \

2 _§ 0 \ \ \\

= 30 = ! \ %

2 =50 N\ \ \ ‘
40 ~100 ‘ \ \\
sof -150 ! \ N
760 1 1 1 L 1 1 L _200 1 1 1 1 1 1 1

0 0.5 1.0 15 20 25 30 0 05 1.0 15 20 25 3.0
Frequency/GHz Frequency/GHz
(c) Isolation between port 2 and port 3 (d) Phase of port 2 and 3
0.025
=] 0.05
50020 o
g 5 0
Zo0ist 5 i
S é -0.05
< 0.010 - g L
= 2010
£0.005 - = -
= -0.15
0 L
1 1 1 1 1 1 {F _0.20 1 1 1 1 1 1 1
0 05 1.0 15 20 25 30 0 05 1.0 15 20 25 30
Frequency/GHz Frequency/GHz

(e) Amplitude consistency between port 2 and port 3 (f) Phase consistency between port 2 and port 3

K 6 G- EBmeR N EEEAG LR

Fig.6 Electromagnetic model simulation results of the two—in—one power coupling circuit

T 2.42, % i 1 3EPE /N T 137 08 E Bk /N T 0.6 dB L AHAL— BN T 257, MRS R TR

3 TR MR AR — B A R A RTER T IZ R GRS BRI LA H] 65.5% .

VSWR
S — N W B L O

—— VSWRI

Insertion loss/dB

ot

0.5

1.0 1.5 20
Frequency/GHz
(a) VSWR of port 1~9

25 30

0932002-7

— 821
— 831
— S41
S51

— Se61
—871
— S81
Rl

o

1.0 1.5 20
Frequency/GHz

0.5 25 30

(b) Insertion loss of port 2~9 to port 1



B/ S 1
e — S23 — S56 200 — Port2 —Port4 — Port6 — Port8
— 829 — S67 — Port3 — Port5 — Port7, — Port9
10} — S34 — S78 150 +
- 45 — S8&9 100k
m 20 =
z & 50F
g _ bt
£ 30+ 7 ‘é 0F
2 v ) & -50F
= 40+
{ -100
=50 F 150 -
-60 L . . . . . s 200F . . . . . .
0 05 1.0 15 20 25 30 0 05 10 15 20 25 30
Frequency/GHz Frequency/GHz
(c) Isolation between port 2 and port 3~9 (d) Phase of port 2~9
2.0
1.5¢

Ampolitude consistency/dB

—
(=]

==
T

Phase consistency/(°)
(=)
n

0.5+

0 0.5 1.0 1.5 20 25

0 0.5 1.0 1.5 20 25 30

3.0
Frequency/GHz Frequency/GHz
(e) Amplitude consistency between port 2 and port 3~9 (f) Phase consistency between port 2 and port 3~9

H7 Neb-—hEZ@eafnesdBERpasR

Fig.7 Electromagnetic model simulation results of the eight-in—one power coupling circuit

3 XTWMKERE D
3.1 HBAEBEBMISER

N TR IIRE ARG A BUACR 6 0 ] FL B TP A IR . S B T R R T ro5880 1 D A IR Al
B EARAR A AL A IE D), ALk 0.000 9. 5 g [R] BB B AR G A HUE BCR 2.2, FEARJE EE O 0.504 mm.
T SHE B g e ik i 5 A A S B0 S ) R S P BELE B 0805 1Y 8 25 1Y WUl L BEL 5 R A L BB 1 i AR o i 1 e
SMA kA 1518005 h — 4 — 5 /NG — DR MG L B i SE o 8

T

A

_ed_1_equal _divider 3.1 1evel

/)

¢
¢
¢
¢

S ONA

L~

(a) The two-in-one
power coupling circuit

¢

@
1
(@

¢
¢

(C

)
2

=
A

\/‘\/x)‘\_/\_jwlu\_:;)—! rc; .

wd

e dase
AN A

-

“-V—i_l/\/_\\f_\/'\ O

(b) The eight-in-one power coupling circui

H8 Wiy
Fig.8 Physical circuit diagram

0932002-8



BRI EE , 45 « 56 T Ik i 2 3845 B AR 9 S 017 20 i AR 3R 3l HOR WF 52

32 XEMKZSHNXE S
HF A L B B R A F B 40 4 ] Agilent 23 B B9 ES071A T 4 B I 2% 23 B AL HE 47 3 11 5 8 1)
4 S H0E, 25 F a9 ME 10,

1.7 30k
1.6
15 % 3216
& 14l 2
% 1.4 = 34l
> 13 B
2
121 £ 36}
1.1 Yy
R e . i
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency/GHz Frequency/GHz
(a) VSWR of port 1, 2, and 3 (b) Insertion loss of port 2 and 3 to port 1
-10 200 F — Port2
N N — Port2
-15F 150 F \ \
& -2 100 - \ ! ‘
z 70 o sof RN \,
8 3 0 \
= L @ - \
Z 25 8 | \ ‘ \ |
Z 30 =0 A\
-100F \ \ |
\
35l -150 \ w
,40 7200 L 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency/GHz Frequency/GHz
(c) Isolation between port 2 and port 3 (d) Phase of port 2 and 3
0.25
g 0.20 o
- | g osp
5 2
g 0.15F § ok
g z
S 0.10F Z2-05F
2 8
2 005} g-10F
£ = ops)
= oL W .
20}
-0.05 . . . . . . . . . . . .
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Frequency/GHz Frequency/GHz
(e) Amplitude consistency between port 2 and port 3 (f) Phase consistency between port 2 and port 3

H9 —4—hxHmemBlxENELENRER
Fig.9 Test results of vector network parameters of two—in—one power coupling circuit

Fhy S 56 45 SR AT, LT A0 T R S R B TR AR B A RS Bl AR AR AR /N T 0.78 dB, B B EETE 15 dB
DA b Hi A F1BE % Lo/ T 1.8 i b o 11 5 P L/ T 1.6, R B — Bt /N T 0.2 dB L AR — BobE N T 275 ikt
8 /\ SR PR B A AR AR N AR T R AR AR AR /N T 2.4 dB, B RS AR 15 dB AL B A g 1 BE D /T
2.62, i H 3 18RI F /N T 1,62, 1 B — 2tk /N T 0.6 dB L M — 2 b/ TF 500 A ORI AR 1
A — PR R WS R A RGBT, PO AR5 O 83.500 , /N ORI 5 HL B A 5 AR 5800 ¢

B LB 45 R 5 05 BT xt e, R B A — R 0 22, S PR R R B BT R R AR R R, BRI 1
(LA AR A L B R 1) o

SIMT IR DR S R AR < 1) e BEARUBA A H R RO R A AR N R R A Y L O N R B R R A R 4
B0 EL, 33K X A FL B 0 400 R AT B Y B2 T 5 2) R SRR SR AR I AT — R B 2 BRI ) A i 4 B B R 2 it X BE
e L3 A G B R B S W 5 3) 12 470 7 AR B #4506 0 2 1 R S BORE N R, AN TR 4 10 A AR 4 0 2 A 2 i R AH —
BT . DL ) B PR A vl M BB AR T O LI

0932002-9



-9.0
-9.5
m
s
~ é -10.0
z =
2
> £ ~10.5
£
-11.0
0‘8 1 1 1 1 1 1 ,1 1‘5 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency/GHz Frequency/GHz
(a) VSWR of port 1~9 (b) Insertion loss of port 2~9 to port 1
-9 —S3 5% 200 Por2 —Pord —Ports — Pori8
15| ——S24 S27 Port3 Port5 Port7 Port9
—S25 — 828 150
_20 -
o S29 100k
g o S0p
g 20 2 ol
= 35} o
o -100
59 -150
755 1 1 1 1 1 1 _200 i 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency/GHz Frequency/GHz
(c) Isolation between port 2 and port 3~9 (d) Phase of port 2~9
6
m
2 ~ 4t
by e l
S B T
.}é ::; 2 b l ; “w
Z b AT A
3 z L“ﬂw
2 S 0 W LFV‘\\
2 O o~/ \ \
= g — PC23
g <=
2 R I o ce
PC26  p5g
1 1 1 1 1 1 74 1 1 1 1 L 1
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Frequency/GHz Frequency/GHz
(e) Amplitude consistency between port 2 and port 3~9 (f) Phase consistency between port 2 and port 3~9

10 Ne—hEBewBnxBERNE58NRKER

Fig.10  Test results of vector network parameters of eight-in—one power coupling circuit
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Table 1 Comparison between experimental results and simulation design

Test items Simulation design Actual test
VSWR of input port <1.6 <138
VSWR of output port <1.3 <1.6
Insertionloss/dB <0.5 <0.78
Isolation/dB <—15 <—15
Amplitude consistency/dB <0.025 <0.2
Phase consistency/ (") <0.2 <2
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Table 2 Parameters of eight-channel high-voltage pulse

Pulse time domain

Number of pulses Pulse peak/kV Pulse-width/ns Pulse front edge/ps . .
integration/ (kVens)
Al —1.419 3.435 629.9 —4.710
Bl —1.252 3.536 613.3 —4.145
Cl —1.473 3.413 663.7 —4.842
D1 —1.376 3.398 701.0 —4.585
A2 —1.387 3.428 580.7 —4.704
B2 —1.391 3.271 570.5 —4.630
C2 —1.397 3.355 644.6 —4.566
D2 —1.387 3.500 586.0 —4.773
0 ~1L772kV
> 0.5F
5 1 1
3 —
£ 3.447ns | i
E10f ! i
< i i
-1.5F |
_,‘i E<_
6368 ps | |
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(a) The oscilloscope waveform after Al and B1 pulse coupling (b) Waveform parameters
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Fig.11 Waveform after coupling of two channels
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(a) The oscilloscope waveform after eight channels coupling (b) Waveform parameters
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Fig.12 Waveform after coupling of eight channels
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Fig.13 Assembly and test of 20 mm microstrip framing tube system
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Fig.16  The trajectory of the electron incident on MCP
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Research on Driving Technology of Wide Microstrip Amplitude Division
Imaging Based on Pulse Power Synthesis Technology

WEI Shiduo"*’, GOU Yongsheng*’, YANG Yang"*’, FENG Penghui"**, LIU Baiyu"*"’,
TIAN Jinshou'*’, WANG Xu', LIU Hengbo', XU Hantao"*’, YANG Yihao "’
(1 Key Laboratory of Ultra-fast Photoelectric Diagnostics Technology, Xi'an Institute of Optics and Precision,
Chinese Academy of Sciences , Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: When a pulse current with a rise time of about 100 ns and an amplitude of tens of MA is applied
to a wire array or jet load, the load will rapidly ionize and form a plasma. Due to the Lorentzian force, these
plasms will rapidly implode towards the axis and eventually stagnate in the center, forming a high
temperature and high density plasma and further emitting strong X-rays, a process known as Z—pinch. Z-
pinch has been widely used in High Energy Density (HED) physics research for decades, including
radiation source development, radiation actuation science, dynamic material properties, Magneto—inertial
Fusion (MIF) and Inertial Confinement Fusion (ICF). In order to explore the structure, properties and
motion laws of matter in the ultra-small space and ultra—fast time scale, the research and measurement
techniques of ultra—fast phenomena represented by the variometer framing camera technology have become
the main tools in use.

X-ray framing cameras are widely used for two—dimensional plasma imaging in the Z-pinch process.
This type of frame camera requires selective pulses to excite the Microchannel Plate (MCP). Because the
width of the pulse is very narrow, only a microstrip region has voltage at a time, and photoelectrons
generated by the X-ray image formed through a pinhole in the region at the input surface of the MCP will
be gained and be imaged to the screen on the screen. The exposure time of each image is determined by the
half-width of the selected pulse and the characteristics of the framing tube. The MCP with different
equivalent impedances will realize the framing camera imaging with different frames. The width and length
of the transmission microstrip line of the ultra-wide frame traveling—wave selective framing camera are up
to 20 mm and 95 mm, and the equivalent impedance is about 6 Q. To actuate the beamsplitter, gating
pulses with electric field peaks of more than 3 kV, pulse durations on the order of nanoseconds or hundreds
of picoseconds, and spectral widths of tens to thousands of megahertz is required. In this paper, the power
coupling method based on Wilkinson structure power splitter is adopted to synthesize the narrow—band
pulse with low amplitude into the high—-voltage pulse with the required amplitude. However, limited by the
characteristics of the transistor device itself, the pulse source whose amplitude is higher than 5 kV and the
front edge is better than 100 ps and the jitter is better than 20 ps is close to the technical limit of electronics.
To obtain higher power gate pulse it is necessary to adopt multichannel pulse power synthesis technology.

In this paper, a power coupling method based on Wilkinson structure power splitter is adopted to
synthesize the narrow—band pulse with low amplitude into the high—voltage pulse with the required
amplitude. The large bandwidth of the multi—section impedance converter is used to improve the working
bandwidth of the power coupling, so as to meet the pulse coupling of different spectrum. The simulation
software is used to design the power coupling circuit with the working frequency band of 300 MHz~
3 GHz, and the loss generated in the system is optimized to achieve high efficiency coupling. Combined
with the high-voltage narrow pulse output and synchronization control circuit of the preceding stage, the
high-voltage pulse with peak voltage exceeding 3.2 kV is synthesized by using eight single-channel pulses
with peak voltage of about 1.3 kV and pulse width of about 3.5 ns, pulse leading edge of about 600 ps. The
pulse width was within 3 ns and the pulse leading edge was within 600 ps. In the pulse spectrum range of
300 MHz to 3 GHz, the two-channel synthesis efficiency is 83.5% , 88% at a specific frequency, and the
eight-channel synthesis efficiency is 58 % , up to 68% at a specific frequency.

Finally, the coupled high-voltage pulse is input into the 20 mm microstrip amplitude-divider. The
transmission line of the microchannel plate inside is 20 mm wide and 95 mm long, and the equivalent
impedance is 6 Q. The output pulse amplitude is 1.433 kV, the pulse width is 3.63 ns, and the pulse front is
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747.3 ps, which fully conforms to the design requirement that the output voltage of the tube must exceed
800 V. At present, the coupling technique can generate driving pulses for use. In the future, the coupled
pulses can be shaped by adjusting the delay of the eight pulses. At present, the high voltage driven pulse
source based on this technology has been applied to [I-MCP1.0 framing camera and can be used to explore
the high energy density physics research with Z—pinch as the core.

Key words: Framing camera; Ultra-wideband pulse; Pulse coupling; Wilkinson power divider; Super
wide frame; Power synthesis; Microchannel plate
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