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Design and simulation of 0.22 THz stepped frequency radar system
based on high power gyrotron

ZHANG Cheng-Xin'?, YAN Yang", FU Wen-Jie"
(1. School of Electronic Science and Engineering ( National Exemplary School of Microelectronics ), University of
Electronic Science and Technology, Chengdu 610054, China;
2. Institute of Applied Electronics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: A stepped frequency imaging radar based on 0. 22 THz high-power gyrotron oscillator was designed. The du-
al Cassegrain antenna with separate transceiver was used for transmitting stepped frequency pulse signal. Frequency ad-
justment of gyrotron oscillator was achieved by adjusting gyrotron electron beam voltage or superconducting magnet
strength. The design schemes for imaging radar were given, the radar detected range and high-resolution range profile
of the stepped frequency radar system were analyzed, and inverse synthetic aperture radar (ISAR) imaging simulation
was carried out. The results of theoretical calculation and simulation show that the radar could detect the target with scat-
tering area of 0. 01 m® by 1. 982 km and distinguish the targets with a distance of 2 cm at 500 m. The radar can be used
for investigations on target recognition of small objects such as UAV which can take concealed weapons and threat mate-
rial.

Key words: terahertz, stepped frequency radar, inverse synthetic aperture radar (ISAR), high resolution, gyrotron
oscillator

PACS:84.40. Xb

L
il

3 mm ~ 30 wm) Z A L RZIE , 9 T2 KIS 20N

AR AR 100~ 1000 GHA (W g 0o 1 FIRARE AT P LR B 24 8 0

Yr#s B #3:2020- 02- 01, f[E] H #3:2020- 09- 05 Received date:2020- 02- 01, Revised date:2020- 09- 05

HEE&WE : HEK A ARFIEA (61971097), U144 FHEH (2018HHO136) -

Foundation items: Supported by National Natural Science Foundation of China (61971097) , Sichuan Science and Technology Program
(2018HHO0136)

YEZE I (Biography) : 5KREE (1982-), B3, HR DB, BYERRTSE 5, W LAFE AL, EERFTE GO R85k R 2E )R 881

E-mail: zhangchengxin12@163. com

*BILEHE (Corresponding author) : E-mail: yanyang@uestc. edu. cn, fuwenjie@uestc. edu. cn



63 KAAE A FE T 0.22 THz R PR R4S (92480 BERR T 1k RGBT S 7 A 729

25 (] 43 % 25 R R 25 0 HE R AR AR &, A L AE iU TR
SZA L D= BT (=G e, N 5 e - SN 0.5 31 N P N
WT | A5 A T 45 40 S EL AT E R R (RN ) R 1Y
NS

Kibhzzm PR A A HEE RN ERET i
AR Rk ] P AR R 2% B AR 9 1 B By [ 22
o TR R 2% TR 5 M H B & 1988 4R Th %
T FE R4 Melntosh 58 3 T 2 i A 2R R
YE %7 % (E10) 1Y & R 7E 215 GHz (1 RS % 1H Fff
WS T —F PR AEM T kb B ik . Bl )E TE
1991 4FEA/2 36 W B T2 5 /1 MeMillan 5504 56 [ 42
J7 3R TSI T 225 GHz kA T 528685 ik . 1l
[ 220 GHz K 2% 52 3 B 38 B 38 5 AL A2 75 1k
(Inverse Synthetic Aperture Radar, ISAR) 1% )7 5
BT X R A AT E S AR o BERE
2012 4 o [ B} 27 B B F 22 B 98 FIr s i SE 8 T —F
0.2 THz AP R BUR R G, 7T AR 1Y
B B AR UEAT A o Jb T B TR 2R T 3 T fhk e
U SRHIPTH T 0.2 THz AR TR Ik R 4,
SERL T 43 WEER A B S

SN 5 N 2 R i ) Y 1
18 I8 R G HIAE IR BT, A Kb IR T RHE S
N FH & R o lTiE 48 S R R 2% AR B T o i
pNESES AR50 B I D W ala e ol T D) O R <8 i T €
S SRR IR = SR PN (TR = 3 A B SR L
K %% 1 4 355 7 AN BB AU T A sl Bk A T4, 4
R b BR )T L A R O 0 A R Y R . 1R GE
AR AT ] A (L AR % A ) H T 4 R R T AR TR
B, JCR SR R G B N Y TAE .l RHE R
= R 25 B 5T R O K 3 O R B 5 T R 3 [ i A
BAF 7 T 09 R T A S S R e T SR R
S n] PG R A, 525G v AR 220 GHz M3 A S5 IR
T3 GHz DA b i A3 4 98, B K 20 kW 19 2 % 4
L i EAER RN E - TES
B, % 0 RGBS IR 12 GHz VL By 8 35 48 55
AR SCHET FIR MR IR BRI T A ) R
P A RN N W S TS £ N ]
b, TR T 8550 i B 38 B ISAR UG B .
1 THBGEXRE

6 A Ik A ) R R 220 B K b G
— Ak, RVAE A — A S8 H 0 ik b R Y
Z UGB IEIR ) WK B2, T35 & S — R A Bk vp A
TR AFRY SRR, A R — A T Ik e A e

_ [2-14)

AR 28 (H N AR R E X — RS Ik op
A B AR SR AE AR P 5 — 78 ok i g 25 SR AR ] XA
WEAH Y T8 80R 15 T — >y o B2 28 ik o [l 30 1)
Wi
R i S e O E o= SN W
w(t) = \;N':z;ul(z — nT)exp (2milfi) . (1)
TR E w, (0) EETE Bk, R 27 3682000
1 1
u,(t) = \/Trect(T) , (2)
Ko THRhF Rk p TR, T, R bk v B = A=, N Ry 2 ik
B K A58, Af AR AR A iAS R ER i K Y 2
A
FEES R R 0 B AR B A5 FE SR A S T 753 -

. 2R
N-1 t_lTr_i 2R
r(t) = Zrect #c exp( - jZﬂfOc)-

i=0

exp( - j21TiAf20R) . (3)

TE R S AT A8 ) 20 3R () NS Bk o s % NV
Ak 1 AT AR 2 Kk b e 40 AR 3, DTS 215 AR
1) B A e 3 B8 ) —4ERE B4

24 5R FHAI 3R AL (4 AR s, HLE B8 0 R B A
PR R G (5 5 7l 98 B U E B B A R A 0l

Ar = ¢/2B = ¢/2NAF , (4
K e Mt o Y20 E B O 0% 8 0. 22 THz,
B I 58 12 GHz, RG R SHE 56 I 0. 214~
0.226 THz, W R G BE B 70 BB R R 1. 25 emo 45
[ e 5 ] 1 T T RO, U R G B B A FR R AT DA
AN B R IR AT LS BT 0 BER

2 022 THZSRERSGHBILERFZIEIT

2.1 RERMEKIEIT

RGUERGEHIRER I E N R . BERGHE
RS & B R ARG R RE KRR F
AT KA s R8s R AR
KL RMAS ORI 2R 58 55 2H i o

o Ty S bk e [mD e 45 TE [R) 20 AR 5 R A A% 4
TP A 0. 22 THz Sl ik o {5 5 , SR U i s
el Ry v T R, PR R IEAR AR R AR T 2= H B
2, MG S ERERBRERIE B 2R
Wi 5 AR MR G A8 0 15 2 R iS5, o
SRR IR AT AL A/D FE R BERTAE S



730 AN/ RSO S g o

39 %

____________________

: A5 3% U :
| s rapeerg <
s ; i
' b T H Y !
D E T N L . W e !
a i =
i ARG i
| ' [ !
: R ! ER
5 B LS :
: Rt TG i
S ——.
E e P PRk k i
1 1
, X X % p
! ’\J—@—*\J e !
s i X A !
! *Hq: ﬁﬁ 1
b e S AHL !
1 {”77 |”J!J/1n’7 %}?%]%g :
H oaoc RS - :
: : ’
i l l~sin®| HUFE 10 i
: I A @ :
i WA 5% i
1| DSP | [hiEsa o :
E l yy ‘-l_ ke i [0 E
! O~cos®@| Fify !
1 1
Hope ¥ ALY 59198 i
i S R i
5 Hee e st i
e e e e e o o o - - - - - - ———— 1
El1 0.22 THz L iR T R OR HoTHE R
Fig. 1 Diagram of 0. 22 THz stepped frequency radar TR module
WP RS, [FAF 5 & A 2% i 45 DL KA 1Ak WY

ARG R E .

H1 T e A % 327 A B T AR A 2 0 2% I bk e
AU, BT LG ZERAG 5 AT A A B, AR R
SRR T o 73 HMZ R G AR J2 3 3 A0 it
PR, ASHLR 7 A L2 27 Ik 7 o o 2 R [0 g A
R BAL R BUR IR G R o IR AR AT R il
PR A , ] R AR IR R A, DL AT
(YIS G

AR A5 B I AR D B VR B B A TR K
ARG RE O B DU TI0PESF ) Bl ol 9 53 ]
i@ A #9039 T[] A B T AR R R/
TAERE 7 529, A o 0 A R 37 [R) ek 3] Rl
S B e R B R B BB, (E 5 3 52 A U E
BIR, 97 38 B s R AR L TR T LS B PR

2.2 {fERABEEITE

F R R A5 3 bk op kA S AR, TR A &R
40 % W e RUR £ A5 =X Ik v Fe 408 4 1) 14 B 38
TN

P7G .G No ¢
| (4w KT F Ly L (Rey) oo

o PO R SR TR RIS PR SE S, 6 AN
G AR R A N TAEK o HEE
WAL kB R 262 i, T NI IR SCIREE  F R
FCHLE 75 230, L W R Ik R AR, L, A5 Fh it 2
HAFE SR FNAIHE S (Rex) o, in N I /1N AT G DU A5 MR I
ZIEFE R TAEEmE , KRR ERAKNL, =
3.2 dB/km. 3 AR i R EAE R R I AR 2R EL5K |

, (5)



63 KAAE A FE T 0.22 THz R PR R4S (92480 BERR T 1k RGBT S 7 A

731
IINK A B H (R ) o o BN 16 dBo [ R4 15 28 4210 B
B R BT D20 40 kW, TAERER N TE, 4, 7 5 e

FH WA 0 g e 480 oA A v 0 o, Pl o s 2
FEAR KL ] SR ST, Dy 8 G 58 R U 50% .
KSBNE 1R,

R AN 5] B 35 B AR, S RAE R B R
Y EE A o = 0.001 m? I, e K TR IR AE R 5 K
1. 387 km, M4BT o = 0.01m> B, e KT IAEH
P B A e RAE R0 1. 982 km, SHU Al o =
0.1m* i), e R FIAMERIEE R 2. 702 kmo Hifo =
0.01m* /N RAT S A O A . FL TR A R
FEH LT MRS 9 0. 22 THz 35 3540 Le [R1 26 80
TINAMRKMERES . FE IR R, KX
TR EOT T B RA R KR, B, RPEAR
] 1) G 25 2k T R0, 7 8 A R R
BT,

®1 022 THz F#HMEFRIRITSH
Table 1 Design parameters of 0.22 THz stepped fre-

quency radar

B Bl
R 0.214~0. 226 THz
RIHEZDIFEP) 20 kW
RIS L E () 2 ps
THIRRGPAE(L) 5dB
RAFEWRE(L) 3.2 dB/km
R R 25 (G, 50 dBi
BlR M 25 (G,) 50 dBi
BRI 5 R E(F ) 15 dB
T /INTTRE IR L (R ) o, in) 16 dB
TAEIREE(T,) 300 K
TAEWER (L) 1.4 mm
BEIR 22w B (k) 1.38x10°2 J/K

FEARFZ BRI WG R H AT B
X TR IR HCH A o 0. 001 m®.0. 01 m®F10. 1 m?
B BAREEA T N 2 AT LB Y B2 K 5 DR 1
B, B I8 6 B AR () H AR I fE g B v
T T ZINECSS TR A 4 I B T 38 A XA D . A
3 0] LA, BEE VR T B 30, 4% 8O B Arx
ZIN T ARG A7 M b ) SR R —EY

3 022THzSHFREBERT PR YR
RS

XF Tk Haw, 3203) /Y R E 55—
BT W5, B 2 AN 8 BOmUR] LA BRI T 2

s 6=0. 1007

O L L L 1 1 L L
1000 2000 3000 4000 5000 6000 7000 8000 9000
R/m

B2 I R SN TR B B R A S A A £ ]

Fig. 2 Radar transmitted power versus objected distance
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