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JÑæ^�/>f5ÚVüÝ/ÎGúÅ(��� W Åã°ª�1Å+5Åp�^£´. éTúÅ£´
� “e” �A5!Ñ\ÑÑ(���¡?1
�[�ýÚ©Û, ïÄ(JL², T(�ÚÑA5�Ð, �°�°; Ï
LN�VüÝ/ÎGúÅ(��m�ålÚ>f5Ï��»�º�, �/>f5XÚ��
Ú�G5XÚ�Ó�
ÍÜ{|; �T(�DÑA5�Ð, `z��+�7Å'U3�°�ª�S�±3 2 ±e. d	, éTúÅXÚ�
�&ÒnØO�Ú PIC âf�[(J��. 3 50 mW °ÄõÇe, ÑÑõÇ3 10 GHz �°S�u 40 W, OÃp
u 29 dB.

'�c: VüÝ/ÎGúÅ(�, W Åã, °ª�, 1Å+

PACS: 41.20.Jb, 42.25.Bs, 42.25.Gy

1 Ú ó

CAc5, �X>fé|!�ÅÉì!X�!
¥(Ï&�Eâ���uÐ, Î�ÅªãÉ�
�
5�õ�'5, Åì¤��¯!¬^�+�ïÄ
�9: [1−4]. 8c, Î�ÅXÚ�A^�uÐÌ�
ÉÎ�Å
���. ý�>fì����«Î�
Å
, äkpõÇ!°ª�ÚpUþ=��Ç�`
:, ¤�<�2�ïÄ�é� [5−8]. cÙ´CAc
5�X�[\óEâ�%ÇuÐ, �[\ó���
úÅ(�Ú��n�pª(��¤õ4<�w�

ý�ì�UY�pªãuÐ�F" [9−12]. ØL,

�XªÇ f Op, Ú>f5�p�^�>^ÅÏ
î0�Ñ��^
:ìP~, ÙË�rÝ¥ 1/f2

eü. 
�, DÚ�úÅ(�XÚ^�!ÍÜn�
3Î�ÅªãÚÑ�r, ]��°�Ä�Ø·¨

�[\óEâ. 8c, 3 W Åã1Å+�¡òU
Å�úÅ>´��
2�A^, �®¤õï�Ñ�
+ [6,13]. �dÿÁ(J��, §��3���Ó�
¯K, =�°�Ä (6 2 GHz). ÎGúÅ(�ÓòU
Å��', Ø
äk�Ó�A:=�7á(�, Ñ
9N´, õÇNþ�, pª�Ñ�, ´¢ypª(�
�IOÅ��ÍÜ����	, �äk�°�°,

(�{ü, »�º���, �´¢y�[\ó�`
³ [10,14−16]. Ïd, ÎGúÅ(�3Î�Å!æÎ
�Å$��â[ªãäk���uÐcµ. �D
Ú�ÎGúÅ(�ÙÍÜ{|��Ñ��, ù´
Ï�>|÷¶�¥�é¡©Ù, ù�3¶�þ/¤
��A��"�>|©Ù. Shin � [17−19] JÑ�
«U?�ÎGúÅ(�, =�±Ï� �VüÝ/
ÎGúÅ(�. �±Ï�� ¦�üüXÚ� TE

�*du)
 180◦ ��£, ¦����é¡�>
|C¤
é¡©Ù�>|, ù�, 3¶�þÒÑy
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��ëY�!¥�uCz�>|, l
�±¦
�>f5�Åu)±Yk���p�^. Äuù
«(�, Shin �ïÄ
�G5� 220 GHz �°�
æÎ�Å1Å+, ¦���ý(JL², ÄuT(
��1Å+äk�°�ó��°Ú��OÃ. �8
c�G5Eâ�Ø¤Ù, �3$>Øó��, �G
>få�­½DÑ´�~J)û�¯K, cÙ3p
�^�"à, duÉ�m>Öå��^, >fåÄ
�þ®���»�, ØUk�/?1�p�^. �
'
ó, �/>fåEâ®��¤Ù, �DÑ­½,

´u��. 
�, Ý/ÎG(�� TE �>|Ì�
8¥3¥%¶�þ, d¥%�üàÅì~f, ù�
A:�~·ÜÚ�/>f5�p�^. Ïd, �©
æ^�/>f5Ú�±Ï� �VüÝ/ÎGú
Å(���5Åp�^>´. ÏLN�VüÝ/

ÎGúÅ(��m�ålÚ>f5Ï��»�º
�, �/>f5XÚ��
Ú�G5XÚ�Ó�Í
Ü{|; �T(�DÑA5�éÐ, `z��+�
7Å'U3�°�ª�S�±3 2 ±e; d	, �
©�|^�&Òp�^§S MTSS Ú 3-D PIC �
ý^� MAFIA éT(��ÑÑ?1
5Åp�
^�ïÄ.

2 �.�O�©Û

�k�/>f5Ï��VüÝ/ÎGúÅ(
��Ä��.Xã 1 ¤«. §dþeüü/G�º
����Ó, �*d� ��±Ï�Ý/ÎGXÚ
�¤. ã 1 ¥, p �ü�±Ï�Ý, h �Î¸�pÝ,

a �¸mål, r �>f5Ï��».

ã 1 VüÝ/ÎGúÅ(��n� (p��¡) 9��(�ã

2.1 ÚÚÚÑÑÑAAA555

|^��k��©{ (FDTD) O�ÙÚÑA
5Xã 2 ¤«. ½Â 78 GHz—108 GHz ��ª�,

108 GHz—121 GHz ��ª�. |^�ª���
g�Å?1ó�, �¥%ªÇ(½� 90 GHz �,

d ϕ = kzp = 2.5π �±(½XÚ�±Ï�Ý p, Ï

�p�DÂ~ê kz =
w

ve
=

2πf0

ve
, f0 = 90 GHz,

ve = βc, β = (1 − (1 + γ)−2)1/2, γ = Ve/Vn

(Vn = mec
2/e = 5.11 × 105 V), Ù¥ me Ú e ©

O�>f��þÚ>þ, c �ý�¥1�. �Ä\
óJÝÚÁ�^�, À^>Ø� 10 kV �>fl,

= Ve = 10 kV, dd��±Ï�Ý p = 0.8 mm, ¸
mål a =

3
4
p = 0.6 mm. 3(��£� 2.5 π

�¤éAó�ªÇ� 90 GHz �¹e, N�Î¸þ
Ý L ÚpÝ h. ã 3 �ØÓ L Ú h ¤éA�8�
z��, dã��, �XÎ¸þÝ L �O\Úp
Ý h �~�, ÚÑCf, �°O\. � L = 2.16 mm,

ã 2 �k�/>fÌÏ���±Ï� �VüÝ/Î
GúÅ(��ÚÑA5

ã 3 ØÓ� L Ú h ¤éA�g�Å�8�z��
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h = 0.78 mm �, ÚÑ�²", �°�°� 18 GHz.

�X L UYO�Ú h �±Y~�, pªàÚÑm©
C�.

2.2 ÍÍÍÜÜÜ{{{|||

ÍÜ{|´ïþ>f5�Å�p�^���
��þ. p�>|�rfû½
ÍÜ{|���.

Ý/ÎGúÅ(���u3Ý/Å�°>�Å�
S�?����N¡, �N¡�\\¦���R�
©Ù�>|�)
p�©þ. '�ã 4(a) Ú (b) �
±uy, þeüüÎ¸��é¡�úÅ(�¥%¶

ã 4 Ý/ÎGúÅ(��>|©Ù (a) þeüüÎ¸
��é¡�>|©Ùã; (b) þeüüÎ¸¥�±Ï� 
�>|©Ùã

�þÍÜ{|����, ù´Ï��N¡-yå�
p�>|Ì�©Ù3�N¡NC, ¥%¶�?Ì�
� y �>|, p�>|©þé�; XJþeüüÎ
¸¥�±Ï�  (Xã 4(b) ¤«), K z �>|©
þOr, y �>|©þ~f, ¥%¶�þÑy��
ëY�!¥�uCz�>|, l
¦�>f�ÅU
±Yk�/u)�p�^, JpÍÜ{|. nØþ,

�XùüüúÅ(�må b �~�, ÷ z ¶���
>|©þ¬ÅìOr. 3dnØ���e, ^ CST

MWS[20] éT(�?1�[�ý, �ý(JL²,

÷ z ¶���>|©þ�Xmå b �~�(¢Å
ìOr, Xã 5(b) ¤«. Ï
ÍÜ{|��ù�m

ã 5 ÍÜ{|Ú¶�>|©þ�üüXÚ�mål�
Cz (a) ÍÜ{|�ål b �Cz; (b) ¶�>|©þ� b

�Cz

ã 6 ÍÜ{|Ú¶�>|©þ�>f5Ï��»�C
z (a) ÍÜ{|� r �Cz; (b) ¶�>|©þ� r �Cz

å�~�
ÅìO�, 3ål�"�, ÍÜ{|�
���, Xã 5(a) ¤«. 3üüXÚ�mål�"
��¹e, 3¥%¶�þ\\�/>f5Ï�, Ï
LO�uy, z �>|©þl>f5Ï�>���
%4~, 3¥%¶�þ>|©þ��, d�ÍÜ{
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|��$, �¥%¶��ÍÜ{|�>f5Ï�
�»�O�
wÍ~�, Xã 6 ¤«. ÏLé'u
y, må b = 0 mm!>f5Ï��» r = 0.2 mm

��/>f5Ï�XÚ¥%¶�þ�ÍÜ{|�
må b = 0.2 mm ��G5XÚ�ÍÜ{|��Ø
� (Xã 7 ¤«). �¢yå5, cö��ö%N´
�õ.

ã 7 må� 0.2 mm ��G5XÚ�må�"!�»
� 0.2 mm ��/>f5XÚÍÜ{|é'ã

3 Ñ\/ÑÑ(��O

�~���, ¢y&Ò�ûÐ��, I�é1
Å+�Ñ\/ÑÑ(�?1�O. Ñ\/ÑÑ(��
�O�)ü�Ü©: úÅ(�"àLÞÜ©��
OÚÑ\/ÑÑÍÜÜ©��O. 3�OLÞÜ©
�c, Äk5ïÄþ!(��£Å�Ñ S11 ÚDÑ
�Ñ S21. dã 8 �±wÑ, �'uÙ§úÅ£´,

ÎGúÅ(��DÑA5�Ð, S21 U3�°�ª
�S�u −1 dB; ����î­, £Å�Ñ S11 �
u −20 dB ��°A��", Ïd, I�3úÅ(�
"à�O��LÞã±÷v��, LÞã��OX

ã 9 ¤«: 3�±±Ï�ÝÚ¸målØC��
¹e, Î¸�pÝ�üàÅìü$, ü$�pÝ�
� dy (= kn − kn−1), dL 1 �±wÑ, �ìC�±
Ï�ê� 3, dy = 0.1 mm �, £Å�Ñ�u −20 dB

��°�°, � 15.1 GHz, ÙDÑA5Xã 10 ¤«,

�ã 8 �'DÑ�Ñ9£Å�Ñþk²wUõ.

ã 8 þ!(��DÑ�Ñ9£Å�Ñ

ã 9 úÅ(�"àLÞã��O (a) LÞ(����
�.; (b) LÞ(��n��.

L 1 ØÓìC±Ï9pÝ�éA�DÑ�Ñ!£Å�Ñ�Ï�9k��°

ª��� ª��� k��°

(S21 > −1 dB) (S11 < −20 dB

n = 1, dy = 0.3 mm 79—106 (GHz) 0 (GHz) 0

n = 2, dy = 0.15 mm 79—106 (GHz) 82—93 (GHz) 11 (GHz)

n = 3, dy = 0.1 mm 79—106 (GHz) 84.5—99.6 (GHz) 15.1 (GHz)

n = 4, dy = 0.075 mm 79—107 (GHz) 83.3—94 (GHz) 10.7 (GHz)

n = 5, dy = 0.06 mm 79—107 (GHz) 83.3—96 (GHz) 12.7 (GHz)

n = 6, dy = 0.05 mm 79—108 (GHz) 85—98 (GHz) 13 (GHz)
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ã 10 ìC±Ï�ê� 3, dy = 0.1 mm �¹e�DÑ
�Ñ9£Å�Ñ, þ��ã� S21 ­���ã

VüÝ/ÎGúÅ(�Ñ\/ÑÑî�¡�°
>º� × Ä>º�©O� 2.16 mm × 0.6 mm, �
	ÜDÑXÚ¤^� W ÅãIOÅ�°>º�Ú
Ä>º� (2.54 mm × 1.27 mm) þØÓ, Ïd, lú
Å(�"à�Ñ\/ÑÑÅ��m7Læ^LÞÅ
�?1ÍÜ. LÞÅ���O��k��ìC, {
u�lìC!V­�lìC!�ê�lìCÚ�
{��lìC� [21]. (ÜDÑ5U9¢S\ó�
J´§Ý, �©æ^��ìCÅ�?1LÞÍÜ.

d	, Ñ\/ÑÑÍÜì��)Ý/I9�Ý/I
�ë�IOÅ��. 3�¹
 80 �±Ï�úÅ(
�9"àLÞÜ©ÚÑ\/ÑÑÍÜÜ©�¹e,

�+�ý7Å'Xã 11 ¤«, 3 88—94 GHz �
ª�S7Å' < 1.5, 3 87—101.8 GHz ª�S7
Å' < 2.

ã 11 �+�ý�7Å'

4 PIC �[©Û

�
�yVüÝ/ÎGúÅ(��ÑÑA

5, òþã¤�ÚÑ A5ÚÍÜ{|�\�&
Ò p � ^ § S MTSS ? 1 Ð Ú O �. 3 \ \ 5
>Ø 10 kV, >6 100 mA ��¹e, Ñ\��ª
Ç 90 GHz, õÇ 50 mW �üª&Ò, �ÚÑÑõ
Ç�� 60.31 W, OÃ 30.8 dB, >f5�Ç 6%, �
Zp�^�Ý� 64 mm, éAu 80 �úÅ(�±
Ï, Xã 12 ¤«. æ^ 3-D PIC �ý^� MAFIA

éÙ?1?�Ú��ý©Û. ï��, æ^Ã�
Ô (>�Ç� σ = 5.8 × 107 Ω−1· m−1) ��úÅ
£´, �b½úÅ£´>.n�1w. úÅ(�"
àìC±Ï�ê� 3, dy = 0.1 mm, >f5Ï�
�»� 0.25 mm, >f5W¿'� 64%, 3 50 mW

°Ä&Òe, ÑÑõÇ3 84—96 GHz ��Sþ
�u 40 W, OÃ�u 29 dB, Xã 13 ¤«. ã 14

�Ñ\��üª&Ò f = 90 GHz, ÑÑõÇ�
�m�Cz­�, dã¥�±wÑ, ÑÑõÇ�
3 Å Ä, ù ´ d u Ñ Ñ à Ø � � � � � 3 � �
Å¤�, I�OP~ìòúÅ(�©¤üã½õ
ã±³���, P~ì��Oò3±��ó�¥
?1.

ã 12 ÑÑõÇ÷¶��©Ù9>f5÷ Z ��Äþ©
Ùã

ã 13 ÑÑõÇÚOÃ�ªÇ�'X
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ã 14 ÑÑõÇ��m�Cz

5 ( Ø

�©JÑæ^�/>f5Ú�±Ï� �V
üÝ/ÎGúÅ(��� W Åã°ª�1Å+
5Åp�^£´. |^n��>^�ý^� CST

éTúÅ(��ÚÑA5!ÍÜ{|� “e” �
ëþ?1
�[!�ýÚ©Û. ïÄuy, TúÅ
(�ÚÑA5�Ð, �°�°, ÏLN�VüÝ/
ÎGúÅ(��m�ålÚ>f5Ï��»�
º�, �/>f5XÚ��
Ú�G5XÚ�Ó
�ÍÜ{|. éúÅ(�"àìCã?1
`z
�O, ¦�Ñ\/ÑÑ(�¢y
ûÐ���, X
Ú�DÑA5��
²wUõ. �ý(JL²,

�+7Å'3�°�ª�SU�±3 2 ±e. d
	, éTúÅXÚ��&ÒnØO�Ú PIC âf
�[(J��. 3 50 mW °ÄõÇe, ÑÑõÇ
3 10 GHz �°S�u 40 W, OÃpu 29 dB. â
ÐÚ\óÑ�pª(�"Ü�ýÿ, �+�º��
u 200mm × 40 mm × 40 mm, ­þØ�L 1 kg. l

y²
T(�3 W Åãäk­��ïÄ¿Â,

¿��e5��+ó�C½
Ä:.
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Simulation studies on W-band traveling-wave tube
with double rectangular comb slow-wave structure∗
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Abstract

A double rectangular comb slow-wave structure with a round beam channel is proposed as the slow-wave structure (SWS) circuit

of a broad bandwidth traveling-wave tube at W-band. The “cold” characteristic of the SWS and the transmission of the input/output

structure are simulated and optimized in this paper. The results show that this circuit has a very broad bandwidth, and that the impedance

of the structure with round beam channel can be the same as that of sheet beam by modifying the distance between the double vanes

and the radius of the beam channel. Moreover, the transmission of the whole tube is so good that the VSWR can be kept at below 2 in a

very broad bandwidth after optimization. The output performance is investigated by both the big signal theory MTSS and the PIC code

MAFIA, and they have the same results that in 10 GHz bandwidth the output power is over 40 W and the gain is above 29 dB under a

driven power of 50 mW.

Keywords: double rectangular comb slow-wave structure, W band, broad bandwidth, traveling-wave tube

PACS: 41.20.Jb, 42.25.Bs, 42.25.Gy
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