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ABSTRACT

With the further research on all kinds of microwave components, they’ve been
greatly applied and developed at the microwave band. When working frequency has
been promoted at the band of millimeter and sub millimeter, for the deficiency both in
structures and materials and working mechanisms, common microwave tubes are
frustrated at this band for working, especially for enhancing the efficiency and output
power. However, the emergence of gyro components breaks the traditional mechanism
of microwave tubes and hence solves the problems and difficulties that have been
encountered for long. The exploration and utilization at the band of millimeter and sub
millimeter brings a promising future in vacuum electronics field and dramatically put
this discipline forward as well.

The fast wave device gyrotron is base on the radiation theory which is excitated
by electrons cyclotron resonance. Its frequency is very high especially at the millimeter
and sub-millimeter wave band. And it can produce high output power in pulse and
continuum wave. It can be used in plasma heating, accelerator, radar, communication,
electron rivalry , microwave weapon and so on.

The THz radiation resource is one of the many emphases researching item in THz
technique at international academe recent years. Because the THz is between the
millimeter wave and the infrared, it is difficult to produce the THz radiation resonance.
But the application such as the radars and far distance detecting need great power THz
resource. The gyrotron is the only device who can produce great power THz wave.

The method of PIC(particle-in-cell) simulation is very important in the
computational physics. It has great advantage in the research on the linear and nonlinear
physical mechanism. The successful application used to explore the process of the
interaction between field and electrons has proved to be excellent.

The article investigate 300GHz gyrotron,the aim is to research the relation of
parameter. it can provide some referenced worth for THz resource.Firstly,the author
researches the structure and principle of the gyrotron. theory model is based on the

electrons kinetic equation, high frequency field equation.
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ABSTRACT

Base on the research of theory, computer code to carry out to calculate has been
developed along with the theory,so therelation of parameter of the gyrotron has been
know, through HFSS the author simulate the cold cavity.

Finally,using the method of PIC,the author simulating the gyrotron which
parameter is calculate ,I get some results such as the field distribution,frequency and so
on.lt can provide some reference for the design and fabrication of THz radiation
resonance.
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Dy _
0,= 28 (3-5)

2 2
Bk, BEm S ﬁ:%_pmJ

R(z)
TEM N3 N % R R AT 21+
Son _ Jky fom =0 | (3-6)
dz
7 4 4 St B 6 R AR A 2
d{;;"  jk, £ =0 (3-7)

BN (3-4), FBEAEMARNE SREEHE o KE, FIREBEEER
RER IR, (ERATE R A L &

3.2 BFiEs Az

F

z‘c’l¢¢

B 3-2 iz A
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W R I8
KA 3-2 IRtz R, BTEREEFREEHERIEETE:

% =-e(E+vxB) (3-8)

AFp ARTHEE, v YR TFHERE, E, B YRR BRENEBNIEE. 4
u=vy , nyo=elmy, , u, AuliEESE, y AHEMEHETF, U

du u
& | E+4xB (3-9)
dt %( y ]

EERYKERT, B, BAMEESNE=AT A0SR, RG9S ETE:

du, I 1

i /S _E,r +-}:(uyB: -uB, )_

du i 1 ]

7; =-7, -Ey +;(u:Bx -uB, )_ (3-10)
du. [ 1 |

d—t. =17, _E: +;(uxBy -u B, )_

BB 32 FAUEY  u, +iu, =u, explig), 4

du, =————d(ul c0sf) =-u, sin¢d¢ +cos¢£u—i

dt dt at dt (3-11)
d .
—ul=———d(ulsm¢)=ulcos¢fi—¢—5+sin¢dﬂ
dt dt dt dt
HAvI1F:
d
ﬂ=ﬂoos¢+—u’—sin¢
dt dt dt
(3-12)
d¢ 1(du, du, .
— =—| —*>cosg——=sing
dt u \ dt dt

24K 3-100H AR (3-12)+

du 1 1 i
d_t.L =7, [Ex +;(uyB: -uB, )] cosg—1, [Ey + ;(u:BX -uB. )] sin ¢

=7, (E, cos¢+E, sin ,;5)—%[(11l singB, —u.B, )cos ¢ +(u.B, -u, cosgB, )sing |
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E, cosg+E, sm¢) Mo, (B cos¢—Bxsin¢) (3-13)

x ¥

==

<

(
L5, + L0, - Jrspon £+ 20, ) o)

e

/[ S M . N L _
= w (E, sing~E, cos ¢)+ » [("L singB_-u.B, )sm¢ (u:Bx u, cosgB_ )cos ¢:|

E sing—E cos¢) rI°B g, (B cosg+B, sm¢) (3-14)
e

x

wy
du, T .
7{"’“ (ulsm¢Bx—ulcos¢By)
4 (3-15)

=M(BJr sing-B, cos¢)—77°E:
/4

FFEHE 3-2 AT40, x+iy=r-exp(p)=rcosp+irsing 18%]

ar s osls—
5= oslé-9)
190 14 Gi(6-0) (3-16)
da ry
4z _u,
O
d_d d_d u,
Xt LA & X BT B FR AL bl ” , BRATTBEASIRTHET
@ﬁﬁﬁ[”—%]:
(d . .
—;7‘=—%°:Z(Excos¢+Eysm¢)+ﬂo(Bycos¢——Bxsm¢)
d—¢—=ﬂ°—y(Exsin¢—Eycos¢)—&(Bxcos¢+Bysin¢)+@B:
dz  uu, u, u,
du. _ ”"ul(  sing-B cos¢) ”"}/E:
jE& - % (3-17)
U os(é-
dz _cos(¢ (p)
LU TP
- mzsm(¢ 9)
a_7r
9z u
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3.3 BT ISR EMERNERERBRMITE

AT EIBE SR G 2 — B S A § FF SR, SEHRTFH—A
Bk, H—EWUFR, F—AEHEED, BREFOGTUHELARDF R
MR Rm, Hit,

E =E"+E®
B =B"+B®

EAlE (D) RorFRAE, Bk (2) BRRAE.
KHABEGe ORIRR, BHERBRF. BHR (3-18) TR, XHLTH
Bl W3 R R B35 RERF B . FEikamgss

[

B =0, 3 (L, ()., (kR )10
r
E" =—jou, Y J (kr)J,_, (k R))e "%+
!

VO ==k, 2T ) (h Ry Ye!
!

/ j(m=1)@y+ ji
Hﬂ(l) = k// Z (;)J/ (kcr)‘]m—l (chO )ej( Dovtsi6
1

LH:‘" =k J (k). (k Ry)e "o
!

A A BEE EF exp(—jor + jk,z) .

R E#35H

(

E® =—Top Y (W, (k) (k R)e "
r
Eﬁ(z) = "jrw/‘o Z Jl’(kcr)']m-l (chO)ej(m—I)%_ﬂa
1]

SH® == Tk,k, > J k), (k R)e "%
!

H,® =Tk, Y Wk ), (kR )0
A

H? =Tk Y. J (k) (kR,)e" ™%
S !

AFIEE T EF exp(—jot - jk,z) . T RREERHEH.
ELERPTTES, HER
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. _N,_(kR)J ,(ka) .
Sk R) > T, (KRN, (’w)[1 T kRN (a) kca)] (3-21)
] LA1S 2 R i B8 R e K37
Wah ek g £, APIER S
L=10+ 2 (3-22)

[0, £ 5 BIRRET R R R FEG RS A R
EEE R OMAT R, FIABRRRAERS T, TUBRLERRER
TIERIfE:

fi=-e[ . d{(E +V'xB)-V,.f (3-23)

# (3-19) K HBRARAR (3-23), BEASHT B HIRB) 721 R AL

) 0
f;(l) = w;u()ekc {ZJI (kcr m—~/ (chO)[(w - k//V:) f;)
, o,
_ JQ= v, ) )
+k//vJ_ gxo :] (1 egz_‘)}ej(m—l)%ﬂm <3_24)
/A

K12 (3-20) AR (3-23) , B HEKITBI A R 2L

flm =-Touek, {Z JI'(kcr)‘]m—l (cho)[(w +k,v.) SA
1 Dy
_k/,vl -%] (1 __eji‘):/vz )}ej(m—l)%—jlﬂ (3_25)
op, Q
ERmAF
Q=0-ky. -lo
{ , j (3-26)
Q=0+ky -lo
AN IR B R E A 42 T AUk
(3-27)

I ¢ Ifl‘”vd’p
J® =g I fl(”vd3 p

K2 (3-25) . HHE(-26)RA LR, EHEZEERSE, B
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WP RS TR 5718 X

2 ) 2J, +krJ)J
!

_ ‘BJ.OZJI'Jm—/ (o* - kllzcz )] + jzem’/"’ ﬂJ.OzJI'Jm-I (k.R.)

Q? v.Q

0 . .
.l:(wz —k,,zcz)— k/,c ]}'ej(m—l)%i-jlﬂ

v:

2 o 2J, +krJ.)J
Jo? =+E)’;—kc2(l—e’“”"-')[i( LT Mot (@+k,yv,)
C ! Q

_ B’ I (@ —k ) +jz o/ 1. B’ i i
Q? v.Q

FERES, BFS5EANEERDRTETRTE.
P=%£j¢£dm@@j
A

Jp=J, 0+,
E,=E" +E®

* SR IHYE.
B G-3D) RAK(GB-30), "TUFE]

P=F+F+F+P,

=k
B =Re(P)+jm(P) (i=1,2,3,4)

HEHEG-3)F, F
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N Mg O
=2 [0 dz i ds(J,"E,"")

1 @5 @*

=3 [ a _[{ds(Jg E,®") 550

P —
1 G B

B=- [ dzLds(Jg E,®")

I Nan @p @*
h=3 [ e Lds(./,, E,*")

tREH, RENAERASHAEGHEEMIDR, BRARAEARSRA
BHMEERHE, BEPWANAE (REK) BRSREE iRk B85
WEERAE. HFRG-3)FR, E—REAT, BTERMEEERYEESE
B REHERS. HHHRAN, XA

Re(R)= Az {ﬂm o [(w ~kjc) (¢ sing - 2(1-cos ¢))
(3-35)

ke ¢(¢s1n¢ -~ cos¢)):| oL (0-kpy. )1~ cos¢):|}
-Im(R) = AZ{ﬂLDZW 3,2 [(60 kllzcz)(¢(1+cos¢) 2sin ¢)
(3-36)
_"//_Zﬂ(¢cos¢-sin¢)]— ¢;’v - ,,v:)(¢—sin¢)]}
Re(P)= AZ{:BJ.OZW;; ;%[(wz - k//zcz)(¢' sin ¢' -2(1 _C°S¢'))
' : (3-37)
+k 4 ¢'sin¢'—(1—cos¢')) _GtL [(a)+k v )(1—cos¢')]
L ¢vzv: "=
~Im(B) = AZ 1o ~k/c*)(# (1+cosg)-2sing)
(3-38)

(¢ cosg —sing )] V. )(# —sin ¢'):|}
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2

Re(B) = AZ{ Bu'W, [(wz—k,,zcz)[-i(l—cosw)

#pv.
( ZJ(I cosg)— ¢sm¢) L 2¢(:.(1—cos¢')—¢sin¢')] (3-39)
oL )I:Z (I1-cosy)+(1 —COS¢'):I}

¢¢ "

—IID(P) AZ {ﬂ_m P ¢ ;2 [(a’z —k,,zcz)[—g—'sinl//
—(l +§Jsin ¢ +¢cos ¢'J~k”Tcz¢(¢ cos¢’ —gsmw}] (3-40)

+%(w_kllv:)(~%Sinw +SinW]}

Re(P) = AZ{ﬂm » ¢¢I;2 2[(a)z—k,/2c2)[£(l—005¥/)

( ¢)(l cos @) — ¢sm¢J ”c¢((;(l cosg)- ¢sm¢]] (3-41)

oL
pv.

(0+ k,/v:)[g (1-cosy)+(1—cos ¢)}}

2

-Im(7) = AZ{ B, o l:(mz—k,,zcz)[—gsiny/

(l+%)sxn¢+¢ COS¢J+ he'd (¢ 008¢*%SIH¢H (3-42)

+ ‘I}Q;f —k, :)(gsinw +sin¢)}
T ERFGREH,
{Z::?Z;v (3-43)
w=2k /L (3-44)
R LEREBK.
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Wp = [Jl' (kcrc )Jm—l (chO )]2
10, =20, + (1), (ks )T (k7 ) T2, (k.R) (3-45)

o
A=2xRr, 0pk’ c—;’

L
TR IERE, RITE

ok ¥, (l Ka 2)J’(k a)
P, = i (3-46)
q
( ar’ )QT
KF MV, R ER:
V,=na'L (3-47)
B4 H TS H:
P, < —i Re(P) (3-48)
aETUMA LRt ERRAR, BT
D - Toth f (3-49)
¢ vy
I, RBTFEBR, X, ATLLRBRIRHERE:
nk’a’y 7(1—— 2)Jz(k a)
I (3-50)

© -t Je )

BHTFRTFERENEEADETOIHER, FUBRE KRGS ERER
EIRAEZ E—EMRE. 2o, ARGHRIERE, o HERERERRE,
T3 s E XA <

INCEY (3-51)
TRATLAEE:
aw =Im(P)/W (3-52)
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RPN AT
R 9 7 2% ) S B e 5 S0 28 N Afl 2 A -

o, =o(1+22) (3-53)
1]

ML E—sn s, W B RY BN— LSS E. W, F
FI R (3-50) AT DAV B & M B & IR BT AR FRL AL, 85 P T DABE [EL B 1A AR
ARFHE.
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SBINE BRI MITFURIZ B R

EME BIEIREE A R AL B

4.1 BEERBFR

4.1.1 8|

R E R —MHERZXRER, CREERITENNANE. 5E¥ MK
BRM, BUEEHMRERURNEFSENRARRE, SANARELXSE,
RETFHEENRIERREREIFRE.

EFHRTFTERN BAAREERAGARTIAR, FlmETEEFEmnk,
BERFHNAMIIE, BEKKATESR, REBHXER. S THTHE—A THz
BIUR, WIXHRERMERLE .

BRARENE-ITFENREGRLERES, EL3E TS HE R &gt
EEAERN. RitE REREARARMMERS ST EHERFE SN, i
ER S

BAR B % Db E B F IS EA R R A s i, E/LHEJLE N
AEERAF AL TREERLAIIER, Fitn: TIEE 80kv, 457, HEH
140GHz BI[E[HEE 4 Th&R Al LIk B 900kw, BIFLEMEMNE, Fin: A%
Ak (DNP) PR aRzE Btk (NMR) S22 s s iatl, EkmHhR—
LB, BEJLE K. EXMERT, EREE (15KV) MBRmg
TRAUSEXMEERMHMEIIE. Fin: £ 14KV BBET 1406Hz HE e
FEAE IV B4 T 2R .4 B 95 F SR ISR R LR S8 P 945 51041, DNP sci{#
250GHz [EiE®, ELB/TER™, it THEZE 12KV, 10-80mA ) 330GHz, 100w
LW [ e F F DNP SE 38 th B AR A s,

R EERX T LD PRI R T, BB RGREBRADN, I8 R%H
KA, SHERDEUBEOTRBET —NRZ, FRTRHEIT RN A
TR FXMRMEELHT, RiHHHIAR A 3006Hz, ThEEDHEIES.

EEAX T EHOMRELR D, AEREFEE N ERE—ENSE,
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W TR K TR S8 3
4.1.2 BRREWFINERIER

KAREN =B AGRIERE, GEGASZR. PRHSBRNREHER.
WABZBRR-BELER, BRREN LSRR AEAEANETFRT. BT
BEBITRER, £ARLEIEFNILE, MERARAN, FAEHEETL
fERSR.

L ! La | et

Ly
L

1

] ] t
1 ) | /
] ) b 1
:_,——/' I [}

Ry 1 I
] [ 'z
| I 1 ;
7 f , . o
) ) 1 i
\\ ' ] [}
i ] [} ]
| A ——— - o
1 ' N
i ] t
} ] ] [}

Z Z Zs Za
3]

4-1 [EIfeE %51

BT EhEER THREBERSRS, —RIEEGNER, BHeE R IIERE
ATLUABIKHE, ARSI TR BERE, HEXRSREEFR™E. 5
—HHEH T EIEAREE] 3006Hz, H TR BIHRERE, FUEER
STARMEFINT. E—BAELT, BTEIEKEMOTREENEER TE L ™
BENEZE, BITEERE TE R, 5404 T BB T ROER TS HE,
PLRERBEMAN LR SBHERBEA OLLRHRD, BEARERNEER
REIARE K, BrCAEARBTF R TR TEe, TEoBIXE LIRS 15342 R AX
5

BT Rk B —BAL R RS, Shm 2 B bR A SEEEE R K%
RA:

:h -
R, 2”1 (4-1)

B4t 7,, & m By Bessel EHEHISH I, (x) K% n MBS, 7 TEe ERT, Mst
m=0,n=6, HTHEBL R =3.122mm .
HERBE KT ERE T MA R GHERYTEZLRE:
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FNE BIEREOTTANA BRI

2
Lov s ki1, =0 (4-2)

SINREHR 0=, + j6, RYP 0, RTNETRME, 6Tk, TERBHGIE
RIiFE. BITISES f A Q, TURR A

Dy -
Qd —Eg (4-3)
y 4 2 _.fii._ Vmn_ ’
bOBERES K =2 (R (Z))
TR NS DL % 07 2 A ST 41
d
Yo — iy fun =0 4-4)
T o o R B T R R A A
d
% + jky fom =0 (4-5)

LEMARNE, XREHIAEX 0 MME, PR ERERERE YD T,
58 55 4% 7E it s AR AR T 5 4 A

Ra-1 BRI 5 R KO R R

L,/mm f/GHz Qi
10.5 300. 03 3626
11 300. 01 4073
11.5 299. 99 4558
12 299. 97 5080
12.5 299. 96 5641
13 299. 95 6241

R E 7E R R AR () BRI AR, RO R K AR 2 X B R
FEERW. RITUBEAEAERREL B8R, BEEMENXRRMLE 4-2.
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0.145 .
1=0.6A,U=10KV
!
0.140 /- =
0.135 - » ‘
P
2 i
8 |
g 0.130 - =
@ i
0.125 4 -
0.120 [ ]
i M T M ¥ ’ T M T M T M I
8 g 10 11 12 13 14
L2/mm

42 L, 5HAFRBEMKFR

B3R 4-1 1 4-2 AT LUE IS AR X LK L, B F LT A 5
Wi e 2R E, RNXEWT Q AR/, BREREENREKE, T
WHERRSHN Q ERRIRBIEM. BAKERK, QEEX, ERRHEHRE/D,
KT HIAF ARG BREEKERE, QEED, BIRBREX, ¥IFHH
R FEFER, TERERL . TSR EENKE.

AP HFSS AEIUTEA R A2 T B78 e 44 ) BOAE A3 A

Bl 4-3 42 R, =3. 122mm T, A TFREKS> A
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FE BiERERITR

B 44 42 R =3. 1om T, VT REARIZ DA

B 4-5 B3k N\ it B BV i T IR RI3% 70 A

it HRFSS MIMERId  4-3. B 4-4. B 4-5 ] LLE HERMA R H B S HAEH
£, B2 R, =3. 122mm FIBHRIER P A Z SRR TERY TEe B2, 2025 AN H
H B R R B B R, IS4 P B98I 70 A0 6 & TEw, AT I N4 BRTE VR T
FAF TR ER A B35 73 A K 24 R, =3. 1om IR, 48 N B BRI 54 A& TEw
R T, AT RIBEK SRR MR T EENERIG M EEEEREH.

HTHRTEEMEERIETAEHEER, UREERSGHRGINESE
WREHETRMEZ A —EMN WS . BEdRKENSERIEE. tEML, &E
e T ERNEWSE. TUBEIERARE LAKERER 12mm. L,=L =8mn,
6,=25, 6,=3.

B HE AT MBI EE R R FEMERFTE,, TEMIE K. E¥17
R,=3.122mm 4, "G AIFEH=AEAKERSE, MREBEA: TELA
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299.97GHz #1 5080; TE,, # 298.4GHz F1 5011.85; TE,, 4 293.56GHz 1 4798.92.
RBREZHE, B 4-6 h TEBERHF 4

1

09t
o8t

07¢

N L 1 L L L
0 5 10 15 2 ] 30 3
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4-6 TEos BRI [5) 23 AF 2 £
4.2 BEM#EIZHXER

BT Rk K TIER M SRS E e ERE, My
o’ -k,c* ~kc*=0 (4-6)

5
o-ky,~lo, =0 (4-7)
FIRAEME, B AR ERMAIZ AL
ﬁ*q=f%&;wﬁ$ﬁﬁm%ﬁﬁ$:q%ﬁiﬁ%d%@%&ﬁ;@
Rk, H 465 5 BB .
elU
m02
ELRFNES, RIVEGEEEREHNESRNS, 1Ed.7.
B R B A R TR R A TR R, ATV RIS 1
B FIELVE AR AT BT ER MO A, FOA BB E R R
BT, A (SO ELE R R R RA AR B E R — N EEFR.

+1 (4-8)
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MAERER T BRET WML, BE A ETRRES. o MREZRET
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2 e Joi'™® s J2, (k,.R.)

mts \"“mn e
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