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BRoAD．BAND TRIPLER OF W -BAND 

YANG Tao ， XIANG Zhi．Jun ， wu Wei ， YANG Zi．Qiang ， QIAN Ke-Wei 

(1．MicrowaVe Center，University of Electronic Science and Technology of China，Chengdu 6 10054，China； 

2．Southwest Institute of Electronic Equipment of China(SWIEE)，Chengdu 610054，China) 

Abstract：A W ．band broadband~equency tripler was formed by anti·parallel Schottky—barrier diode pair．The input signal 

was fed in bv a WR-28 waveguide．to．microstrip transition，and the output signal was fed out by a reduced·height WR·1O 

waveguide．For the input power of 5dBm．the output power was 0．81 4-1．80dBm and the second harmonic rej‘ection was 

_eater than 25dBc in the whole W band．This tripler can be used to extend Ka-ban d signal source to W ·ban d． 
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W 频段宽带倍频器 

杨 涛 ， 向志军 ， 吴 伟 ， 杨自强 ， 钱可伟 
(1．电子科技大学 微波中心，[]J rl 成都 610054；2．西南电子设备研究所，四川 成都 610054) 

摘要：介绍了一个 w 频段宽带倍频器．采用反向并联二极管对结构实现宽带倍频．该倍频器输入为WR·28波导到 

微带过渡结构，输出为WR．10减高波导．在输入功率为5dBm时，在整个 w 频段输 出功率为0．81 4-1．80dBm，．-3： 

谐波抑制度大于25dBc．该倍频器可把 Ka频段的信号源扩展到W 频段． 

关 键 词：w频段倍频器；平衡电路；肖特基势垒二极管 

Introduction 

Frequency multiplier is widely used in millimeter- 

wave signal sources and transceivers．It can be used to 

extend the~equency range of mi crowave signal sources 

up to millimeter-wave ban d while maintaining the per- 

formances of the mi crowave signal sources，such as high 

stability and low phase noise L ．In order to cover a full 

waveguide bandwidth，Schottky-barrier diodes are used 

to achieve broad band resistive frequency multipliers 

[ 
． W ．band signal source is widely used in communica． 

tion，radar，guided missile and so on_jJ．The input sig- 

nal of25—36．7GHz can be extended to 75—110GHz by 

a frequency multiplier and amplifier module． 

1 Theory of tripler 

The anti··parallel bManced circuit is shown in Fig·· 
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Fig．1 Th e balanced frequency tripler circuit 

图 1 平衡式倍频电路 

ure1．These two diodes present anti-parallel as to input 

and output circuits[4]
．  

The current-voltage(I／V)characteristic of the 

Schottky barrier junction is 

i。=i e一 一1] ， (1) 

i =一i e 一1] ， (2) 

where i is the reVersed saturati。n current； = ， 

where n is the ideality factor， a param eter that ac- 

counts for the junction non-ideality．Henceforth，the 
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Fig．2 W—band tripler architecture 

图2 W频段倍频器组成 

Fig．3 W—band tripler structure 

图3 W频段倍频器结构 

input current can be derived as： 

i =il—i2=2i cosh( 一1) ． (3) 

Substituting =Lcos(to t)into(3)，we get 

i =i1一i2=2i cosh[aV,cos(w t)一1] ， (4) 

where∞ is the input frequency． 

Applying series expansion to(4) 

ii =i』2t0( )一2]+4 [，2( )cos2w t 

+，4( )‘cos4w t+⋯] ， (5) 

where，n is￡he first kind modified Bessel fuction． 

Now，equation(5)implies that the total input 

current contains only even harmonics of the input fre- 

quency· 

Meanwhile，the output current can be obtained 

as ： 

i。 =i1+i2：2i sinh( ) ． (6) 

Substituting =Lcos(∞ ￡)into(6)，we get 

i。 =4i。[，1(aL)co~o t+／3(a )cos3w t+⋯] ，(7) 

Equation(7)implies that the total output current con— 

tains only the fundamental and odd harmonics．The e— 

yen harmonics rejection depends on the uniformity of 
the diodes and the svmmetnr of the circuits[ ]

． 

O 20 40 6O 8O 100 120 

，l，GHz 

Fig．4 The simulated results of lowpass filter 

图4 低通滤波器仿真结果 

2 Circuit design 

The architecture of the tripler is shown in Fig．2． 

The input signal is fed in by a WR-28 waveguide·-to·- 

microstrip transition． Th en the sign al is amplified by 

Agilent s AMMC-5040 MMIC amplifier with about 

20dBm output power．Th e radial line lowpass filter is 

used to prevent third harmonics from returning to input 

circuit．Th e tripler circuit can  be seen in Fig．3．Di· 

odes two sides are laid on the microstrip line and chip 

capacitors respectively．The third harmonics is fed out 

by a reduced-height W R-10 waveguide．the rectilinear 

way is employed in this reduced-height waveguide to 

standard WR-10 waveguide transition because of its 

simple structure which is suitable for project applica- 
tion[ 

． Self．biasing circuit is composed of chip capaci． 

tors and a self-biasing resistance． 

Compared with conventional microstrip quarter 

wavelength open resonant line，the radial line has the 

following advantages[6I7]： 

1．When low resistance resonan t line is needed， 

the width of microstrip resonant line is increased， 

which possibly leads to unexpected influence on the 

lowpass filter． Wh ereas the radial line，s input can  be 

made smaller，and its resonan t perform an ce will not be 

infl uenced． 

2．For the same resonant frequency，the radial 

lineg length is shorter than the conventional microstrip 

resonant line． 

3． Th e radial line has broader 3 dB bandwidth 

when it is l】sed as resonant line． 

Th e radial line lowpass filter was optimized by Ag— 

ilentg ADS Momentum，a commercially available 2．5D 

((_1 _l一∞一m弓 ((_1 一∞一m弓 
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Fig．5 Measured output power 

图5 输出功率测试结果 
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Fig．6 Measured spectrum at 90GHz 

图6 90GHz频谱图测试结果 

8 P A f J 4 O ．oo k V-I工 

S w — iO I● c 

method．0f．moments simulator．The resuhs ale shown in 

¨g4． 

Th e W ·band tripler is simulated by using the hal- 

monie balance simulator based on diode’s spice pa- 

rameters．Th e optimal length of the b side of output re· 

duced·height WR一10 waveguide is obtained by load 

pull simulation．Meanwhile，the input matching circuit 

is established by optimization． 

3 M easured results 

Th e measured output power of the tripler is shown 

in Fig．5．As mentioned above，the input Ka—band sig· 

nal is amplified to about 20dBm ，the corresponding 

output power is 0．81 4-1．80dBm in the whole W— 

band，which shows an excellent broad band perform· 

ance．Th e input return loss is greater than 10dB．Th e 

output spectrum of the tripler is measured by a micro· 

wave spectrum analyzer and a harmonic mixer[ 
． Th e 

second harmonic rejection is greater than 25 dBc in the 

whole band．The measured output spectrum at 90GHz 

is shown in Fig．6． Th e photograph of the tripler is 

shown in Fig．7，Fig．8 and Fig．9． 

4 Conclusion 

Fig．7 W 一28 waveguide input po rt 

图7 倍频器 w一28波导输入 口 

Fig．8 W 一10 waveguide output port 

图8 倍频器w一10波导输出口 

Fig．9 Inside of the tripler 

图 9 倍频器内部结构 

A W ．band tripler with compact structure and 

broadband perform ance is presented．It can be used to 

extend the Ka．band signals to W．band． Furtherm ore ， 

by connecting a Ka··ban d doubler to this W-·band trip·- 

ler，an input sign al of12．5～18．3GHz can be extend· 

ed to W．band． 
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叶片红外热影像温度的回归直线相当接近，回归直 

线的斜率差异仅 1％，代表红外热像仪发射率设定 

功能于微小温差环境 ±0．5℃并没有发挥效用．但红 

外热像仪发射率参数设定值与混凝土结构物、叶片 

红外热像平均温度标准误差的回归直线则有明显不 

同，两种目标物平均温度标准误差之回归直线的斜 

率差异达 13％． 
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