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Abstract : A compact Ka2band monolithic microwave integrated circuit (MMIC) voltage controlled oscillator (VCO)

with wide tuning range and high output power ,which is based on GaAs P H EM T process ,is presented. A method is

int roduced to reduce the chip size and to increase the bandwidth of operation. The procedure to design a MMIC VCO

is also described here. The measured oscillating f requency of the MMIC VCO is 36 ±112 GHz and the output power

is 10 ±1dBm. The fabricated MMIC chip size is 113mm ×110mm.
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I　Introduction

Oscillators are key component s for microwave

and millimeter2wave communication systems. In

particular , VCOs for automotive radars have been

st udied in recent years[1～3 ] . Fundamental VCOs are

p referred for automotive radars in view of cost ,be2
cause their sizes are small and no multiplier is nee2
ded.

MMIC ,recently find use in a variety of sen2
sors , automotive , and other applications and sys2
tems. One2chip systems make essential t he design

of compact ,high performance ,wide2band f ully inte2
grated VCOs based on P H EM Ts (p seudomorp hic

high elect ron2mobility t ransistors) epitaxial st ruc2
t ure.

For a MMIC chip ,it s size is directly related to

t he cost , t hus t he smaller chip size is bet ter . An2
ot her respect ,for VCO ,the wider t he t uning range

is ,t he wider it s application area is. So a method for

a designing a compact MMIC VCO wit h wide t un2
ing range and high outp ut power is p resented in

t his paper . In order to reduce t he chip size ,active

biasing technology may be chosen , and for achie2
ving wide t uning range ,t he biasing inductor for t he

gate of t he oscillating P H EM T should be opti2
mized ,at t he same time a good DC bias line wit h as

wide as possible a DC2 to RF2 f requency separation

range is also a factor to increase t he tuning range.

As for t he outp ut power ,maximum negative resist2
ance is needed.

For verifying t he method mentioned above ,as

well as for some ot her applications , a Ka2band

MMIC VCO is designed by adopting t his method

and fabricated based on t he GaAs P H EM T

process. The measured oscillating f requency is 36 ±

112 GHz and t he outp ut power is 10 ±1dBm. The

fabricated MMIC VCO chip size is 113mm ×

110mm. The measured result s show t hat this meth2
od of designing a compact Ka2band MMIC VCO

with wide t uning range and high outp ut power is



半 　导 　体 　学 　报 第 26 卷

valid.

2 　Designing method

Megej and Beilenhoff [5 ] reported t hat one im2
portant aspect of broadband VCO design is t he DC2
power supply to t he oscillator t ransistors ,and it is

also one of t he reasons for t he bandwidt h limitation

of tunable oscillators. U sually , DC2biasing is p ro2
vided by means of shortenningλ/ 42long t ransmis2
sion lines wit h one blunt capacitor . These imple2
mentations require large chip area ,which is gener2
ally much larger than that used by t he active circuit

it self . So we should mainly focus on t he DC2bias

lines to reduce t he chip area. Generally speaking ,

t ransistor configuration wit h capacitive feedback in

t he source pat h has been used for VCO designing ,

and the basic schematic of t his kind of VCO is

shown in Fig. 1. In t his case ,we need t hree DC2bias

lines for t uning voltage ,and gate2 and drain2 volt2
age of the oscillating t ransistor ( Tosc ) ,respectively ,

t hus the problems concerning DC2supply men2
tioned above are t ripled. If t he gate DC2bias line of

t he oscillating t ransistor is replaced wit h anot her

Fig. 1 　Basic topology of VCO

t ransistor ( Tbias ) ,which is connected to t he source

of t he oscillating t ransistor ,as shown in Fig. 2 ,t he

VCO chip size will be reduced considerably since

t he area occupied by t he t ransistor Tbias is much

less than what a DC2bias line needs. Of course the

factor of the layout should also be considered.

Though an inductor L g is needed to form t he DC

path for the t ransistor Tosc and it needs some chip

area ,in t he layout ,as a whole ,it can be placed in

t he unoccupied f ree space which cannot be used

ot herwise because of t he DC2bias lines. These un2
occupied f ree areas can be found out when desig2
ning t he layout .

Fig. 2 　Schematic of the designed MMIC VCO

The f requency tuning range of a VCO is main2
ly determined by t he variation range of t he inp ut

impedance of t he oscillating P H EM T ( Tosc ) in Fig.

2 ,so a large variation range of t his inp ut impedance

is needed for a wide VCO t uning range. This inp ut

impedance comes f rom t he left part of point A ,i . e.

a varactor ( Tvaractor ) , a tuning voltage bias line for

t he varactor ,and an inductor (L g ) used for forming

t he DC pat h for t he Tosc . Since t he bias line is com2
posed of a λ/ 42long microst rip t ransmission line

combined with a shunt capacitor ,it s effect can be

ignored here. So t he main factors influencing t he

inp ut impedance are the capacitor Ctune of t he varac2
tor and t he inductor L g ,which are parallel . The im2
pedance of t he capacitor Ctune combined in parallel

with inductor t he L g is jωL g / (1 - ω2 L g Ctune ) , so if

t he maximum impedance variation range , which

will lead to a maximum VCO t uning range ,is nee2
ded ,the inductor L g should be as large as possible.

But t he chip size will be increased considerably

with a large inductor ,and in anot her important re2
spect ,t his inductor is also a leakage path for t he

oscillating signal . It will influence t he outp ut power

obtained ,so a t rade2off must be made among these

t hree factors :t he impedance change range ,the chip

size , and t he outp ut power . By simulating wit h

commercial CAD sof tware , t he optimum inductor

value can be obtained.

The DC bias line is anot her limitation for t he
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t uning range ,since aλ/ 42long microst rip t ransmis2
sion line combined with one shunt capacitor can on2
ly have a limited f requency separation range for a

DC2 and RF2 signal , so some effort should be paid

to design t he bias line in order to obtain a separa2
tion range as wide as possible. Adopting two shunt

capacitors is a good way.

As for t he high outp ut power ,t he first factor ,

also t he most important factor , is t he power han2
dling ability of the oscillating t ransistor ,so a fitf ul

t ransistor wit h enough power handling ability

should be chosen first , t hen a maximum negative

resistance“look”to the lef t of point B should be

obtained. Those are t he main point s.

From what is described above ,a method to de2
sign a compact MMIC VCO wit h large t uning

range and high outp ut power may include such as2
pect s as follows. First ,for a compact design ,a t ran2
sistor connecting to t he source of t he o scillating

t ransistor should be used to replace t he gate DC2bi2
as line of the oscillating t ransistor . Then ,for a wide

t uning range , an optimized inductor L g should be

chosen and the DC2bias lines should be designed to

have as large a DC2 and RF2 path separation as pos2
sible. Finally ,for achieving high outp ut power , t he

oscillating t ransistor should have enough power

handling ability ,and maximum negative resistance

should be designed.

3 　Designing procedure

Generally speaking ,a MMIC VCO can be de2
signed by such a procedure as follows.

(1) All t hree t ransistors will be chosen ac2
cording to t he VCO performance , in general ,

P H EM T wit h more fingers and a longer gate widt h

will p rovide more outp ut power. The P H EM T used

as t he varactor should have a Cmax / Cmin ratio as

large as possible ;

(2) The DC2bias lines design. It is very impor2
tant f rom t he t uning range point of view ;t he sepa2
ration of DC2 and RF2paths will be f ulfilled in a

f requency range as large as po ssible. For p ractical

application ,a DC2bias line wit h two shunt capaci2
tors in parallel is very good ;

(3) L g optimization for inductor . The mo st im2
portant t hing is t he t rade2off among the t uning

range ,the chip area and t he outp ut power , which

has been analyzed above ;

(4) Obtaining maximum negative resistance at

point B in Fig. 4. This can lead to maximum outp ut

power , but t he VCO t uning range will be de2
creased , so t here is anot her t rade2off between t he

outp ut power and the t uning range ;

(5) Outp ut matching ;

(6) Small signal analysis. After t he five step s

above , small signal S2parameter analysis is per2
formed to this single port network and t he o scilla2
ting f requency can be obtained preliminarily

t hrough t his analysis. Rough adjustment s should

be done to achieve t he oscillating f requency point

and f requency t uning range needed ;

(7 ) Large signal analysis. Af ter having fin2
ished t he small signal analysis , harmonic balance

( HB) analysis will p roceed. By means of t his kind

of large signal analysis ,t he ultimate oscillating f re2
quency ,it s outp ut power ,and it s p hase noise can be

obtained. Adjusting t he related circuit st ruct ure pa2
rameters ,mainly t he lengt hs of some microst rip s ,

t he designer can make the design f ulfill t he re2
quired performance.

4 　Design and measurement for VCO

In order to validate t he met hod for designing a

compact MMIC VCO wit h wide t uning range and

high outp ut power described above , and also for

some ot her applications , a 36 GHz MMIC VCO is

designed and fabricated based on GaAs P H EM T

process. The schematic of t he designed and fabrica2
ted VCO is shown in Fig. 2. It is a capacitive feed2
back negative resistance type oscillator circuit wit h

active biasing technique. The negative resistance is

obtained by means of t he feedback capacitor con2
nected in series to t he source of the oscillating

t ransistor ( a 4 ×30μm P H EM T) . Here t he feed2
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back capacitor is implemented wit h an open micros2
t rip st ub ,and t he oscillating t ransistor has an ac2
tive bias at it s source ,t he P H EM T Tbias (2 ×30μm)

act s as t he current source for t he oscillating t ran2
sistor Tosc . The varactor Tvaractor is a 4 ×30μm

P H EM T wit h bot h it s source and drain connected

to t he ground.

Measurement is performed by p ut ting the

MMIC VCO chip directly on t he board of t he p robe

station. There are two capacitors (100p F and 1μF

respectively) connected in parallel to each DC sup2
ply line ,which are used to bypass t he undesired RF

signals. The oscillating curve is displayed on a

MS288C spect rum analyzer . The measurement re2
sult s are shown in Fig. 3 and Fig. 4. The operation

condition for t his MMIC VCO measurement is V d

= 310V , Ids = 18mA. Figure 3 shows a typical oscil2
lating signal wit h oscillating f requency of

361825 GHz ,and Figure 4 shows t he measured os2
cillating f requency and t he associated outp ut power

t uning curves. It shows t hat t he MMIC VCO de2

Fig. 3 　Typical oscillating waveform

Fig. 4 　Oscillating f requency and output power tuning

curves

signed has a tuning range of 214 GHz around

3610 GHz wit h an outp ut power of about 10dBm.

The chip size of t he fabricated MMIC VCO is

113mm ×1mm. The p hase noise of t he fabricated

MMIC VCO is - 80dBc/ Hz @100k Hz. The p hase

noise is not very good , but it can be adopted in

p ractical application. The main reason to this not

very good p hase noise is t hat the Q factor of t he L C

tank is very poor.

5 　Conclusion

A compact 36 GHz MMIC VCO wit h 214 GHz

t uning range and wit h about 10dBm outp ut power

is p resented in this paper . This MMIC VCO is

based on GaAs P H EM T process and has been de2
signed by adopting the met hod for designing a com2
pact MMIC VCO wit h wide t uning range and high

outp ut power. An active biasing technology ,an op2
timized inductor ,delicately designed DC2bias lines ,

and a maximum negative resistance are t he main

factors for designing a compact and wide t uning

range MMIC VCO wit h high outp ut power . The

measurement result s of t he fabricated Ka2band

VCO validate t his met hod.
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紧凑型 Ka 波段 PHEMT微波单片集成 VCO

余 　稳1 ,2 　孙晓玮2 　钱 　蓉2 　张义门1

(1 西安电子科技大学微电子研究所 , 西安　710000)

(2 中国科学院上海微系统与信息技术研究所 , 上海　200050)

摘要 : 设计并流片制作了基于 GaAs P H EM T 工艺的 Ka 波段微波单片集成压控振荡器 (MMIC VCO) . 该 VCO 具

有紧凑、宽电调谐带宽及高输出功率的特点. 提出了缩小芯片面积及增大调谐带宽的方法 ,同时还给出了设计

MMIC VCO 的基本步骤. 该方法设计并流片制做的 MMIC VCO 的测量结果为 :振荡频率为 36 ±112 GHz ,输出功

率为 10 ±1dBm ,芯片面积为 113mm ×110mm.
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