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L/mm 0.9677 ra/mm 0.2794
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T + f � ó � ª Ç �� [12] ´ 59 GHz—
64 GHz, +f�ÓÚ>Ø� 19.3 kV, >f5>6
� 73.8 mA, >f5W¿'� 0.35.©¥éu 961HA
+f�9ÿêâ�£ãþ5gu©z [12]. �
�
©z¥�(J?1'�, 3�[L§¥�À^ù
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3.3.1 üªO�
�©O�
 61.5 GHz ?ÑÑõÇ±9>f�

 �¹. ã 3(a)�dªÇe, ÑÑõÇ�¶� �
�Cz. ã 3(b)�éA�>f� �¶� ��C
z. lãþ�±w�5Åp�^+à�r�, ÑÑ
õÇ��, ���Ú. �^�O��Ý¯, 3ÊÏO
�Åþ, �I�A¦Ò�±×£O�L§.

ã 3 61.5 GHz ?�ÚõÇO�(J (a) ÑÑõÇ� z ¶©
Ùã; (b) >f� � z ¶©Ùã

3.3.2 AM-AM � AM-PM �[
AM-AM L«NÌ�ý, �±ÏLõÇ×£?

1O�. AM-PM �A´dNÌ/� =�Úå
��ý. §��N
dupª-y�CzÚå
1Å+SõÇ�ý��£þ�Cz. ã 4(a) �Ñ

 61.5 GHz �, éÑ\õÇ×£¤O���¹. l
ã¥�±wÑ, �Ñ\õÇ� –1.49 dBm �, +f
3ÑÑ ����Ú. �©O�
 61.5 GHz ªÇ
eØÓÑ\õÇe��£�¹, Xã 4(b) ¤«. ,
	, �©�O�
 61.5 GHz ªÇeØÓÑ\õÇe
� AM-PM � �ý�¹, Xã 4(c) ¤«. �ÑÑ�
��ÚõÇ±�, AM-PM :ìeü. du AM-PM

=��u�£þ���Ç, ù�:þ, 3ã 4(b)
�k¤�N.

ã 4 ªÇ 61.5 GHz õÇ×£O�(J (a) õÇ×£ã; (b)
�£Czã; (c) AM-PM =��

3.3.3 pN©þ�[
�1Å+Ó���ü�½ü�±þ&Ò�, B

¬�)pN¿3lm1ÅeZ�ªÇ?�)Ù¦
&Ò (pN©þ). ��ó, n�pN (2f1 − f2,
2f2 − f1) ÚÊ�pN©þ (3f1 − 2f2, 3f2 − 2f1) é
&ÒZ6'�î, ¤±�©O�
ù
pN©þ,
Ù¥ f1 = 61 GHz, f2 = 61.2 GHz. ©¥À��ü
�&Ò f1 Ú f2 �Ñ\õÇþ� 61 GHz ªÇ:�
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�ÚÑ\õÇ���, � �Ó. äNÑÑõÇ�
ã 5, l� m�©þ�g� 3f1 − 2f2, 2f1 − f2,
f1, f2, 2f2 − f1, 3f2 − 2f1.

ã 5 pN©þO�

3.3.4 �ÚÑÑõÇ9OÃ
ã 6 �ó�ª�S��ªÇ:��ÚÑÑõ

Ç�¹. ã 7�éAªÇ:�OÃ�¹'�. lã
¥A|êâ�'��¹5w, nØ�[(Jêâ'

ã 6 �ÚÑÑõÇ'�

ã 7 OÃ'�

9ÿ��p, ù´dup�^�[L§¥�vk
�ÄÑÑI�Ñ±9ÍÜÑÑ��Ñ���. �
â©z [12], 3¢Sÿþ�¥, ÑÑI�Ä7Å'
K����Ñ� 0.07 dB, ½�ÍÜì�´�Ñ
� 1.08 dB, ��) 1.15 dB ��Ñ. Ïd, �Ä�þ
ã�Ñ, ònØ�[(JÑü$ 1.15 dB, N���
�[(J�9ÿ�Ø�3 5%±S, �ã 6.
©¥¤ã�nØ¿��Ä�Å���K�, é

u�Å���ïÄò3�Yó�¥?1&?.

4 ( Ø
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1
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Calculation of beam-wave interaction of
coupled-cavity TWT using equivalent

circuit model∗
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Abstract
A nonlinear model for the numerical simulation of coupled-cavity traveling wave tube is described. The model is based on the

Curnow equivalent circuit from which the matrix equations for the fields of any single cavity can be obtained. And the model can be
divided into the matrix equations, the motion equations and the space-charge field equations, in which the sever , dynamic tapering in
the circuit and the multiple-frequency signal amplification can be also considered. The simulation is used to analyze the nonlinear AM-
PM distortion and the intermodulation products of a coupled cavity TWT whose working frequencies range from 59 GHz to 64 GHz.
And the analysis of the saturated output power within the frequency band is also included. Comparing the simulation results with the
measurements, the percentage difference between the calculation results and the test results is less than 5%.

Keywords: coupled cavity TWTs, beam-wave interaction, nonlinear theory, equivalent circuit
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