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Abstract : A simple and successf ul met hod f or t he stability enhancement of integrated circuits is p resented. When

t he p rocess p arameters , temperature , and supply voltage are changed , according t o t he simulation results , t his

met hod yields a standard deviation of t he t ransconductance of MOSF ETs t hat is 4114 % less t han in t he uncomp en2
sated case . This met hod can be used in CMOS L C oscillat or design.
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1 　Introduction

Random fluctuations of t he manufact uring
process parameters due to t he non2uniformity of
t he p rocessing step s and environmental operating
conditions such as supply voltage and temperat ure
cause circuit performance parameters to sp read a2
round t heir nominal values. Integrated circuit s ( IC)

need to be robust wit h respect to such process ,
voltage ,and temperat ure ( PV T) variations to a2
void paramet ric yield loss[1 ] .

In t his paper ,we propose a current compensa2
tion method to reduce t he variation of the t ranscon2
ductance ( gm ) of MOSFETs wit h PV T variations ,
t herefore to improve t he L C oscillator perform2
ance. The same met hod can be used in ot her cir2
cuit s t hat require t ransistors wit h a steady gm .

2 　Proposed bias compensation cir2
cuits

　　In some kinds of circuit s , such as L C oscilla2
tors , t he gm of t ransistors is a key parameter [2 ] .
Figure 1 shows an L C o scillator circuit and it s
steady state equivalent ,where t he conductance gtank

rep resent s the tank loss and - gactive is t he effective
negative conductance of t he active devices t hat

compensates the losses in t he tank. According to
oscillator p hase noise t heory , the optimal p hase
noise performance appears when - gactive is chosen
to be t he optimal value - gopt . As - gactive varies
with PV T ,t he p hase noise performance leaves t he
optimal point in real operation. There more devia2
tion there is in - gactive , t he poorer t he p hase noise
performance becomes. Therefore ,it is important to
reduce t he deviation of - gactive wit h PV T changes.

Fig. 1 　Schematic (a) and equivalent circuit (b) of an

LC oscillator

Figure 2 ( a ) shows a current mirror widely
used as a current bias , and ( b) shows a current
mirror wit h compensation. MN4 is the t ransistor
whose t ransconductance needs to be fixed , MN2
and MN3 compose t he current mirror of t he bias ,
and MN1 , R1 ,and R2 are the compensation circuit
we propose. The drain current ( Ids ) and gm of a
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t ransistor [3 ] can be expressed as

I ds =
1
2

K( Vgs - V t h ) 2 (1 +λV ds ) (1)

and

gm = K( Vgs - V t h ) (1 +λV ds ) = 2 KI ds (1 +λV ds )

(2)

K ,λ,and V th vary when t he process varies. For ex2
ample , in an nMOS t ransistor of ST 0113μm
process , K is 1314m ,15189m ,and 11135m in T T ,
FF ,and SS corners ,respectively. It varies by about
±17 %. Then according to t he simulation , V th va2
ries by about ±713 % when t he process changes.
Bot h of t hese variations affect Ids and gm . In the
next section ,we will analyze how the assistant cir2
cuit operates and why it reduces the t ransconduct2
ance fluctuation of MN4.

Fig. 2 　Two bias current schemes for an nMOS tran2
sistor 　(a) Original one without compensation ; ( b)

Improved one with compensation

First ,we suppose t hat K increases due to the
process variations. For simplicity , t he channel
lengt h modulation is omit ted. We can see that if
Ids ,MN2 is not changed , Ids ,MN4 is not changed ,eit her .
According to Eq. (2) , gm ,MN4 will increase wit h K ,
which is t he case of t he circuit in Fig. 2 (a) . Turn2
ing to Fig. 2 ( b ) , we get anot her story. Because
V gs ,MN1 is constant and Ids ,MN1 increases wit h t he de2
crease of K and Ids ,MN2 . This compensates t he in2
crease of K and depresses t he increase of t he gm of
MN4. Wit h caref ul design ,t he gm of MN4 may even
remain constant . The compensation circuit also
works when K decreases.

Second ,if t he t hreshold voltage V th decreases
with p rocess variations , t hen as shown in Fig. 2
(a) ,according to Eq. (2) ,V gs ,MN2 decreases to keep
Ids ,MN2 fixed , and we can easily get f rom Eq. ( 1)

t hat V gs ,MN2 - V th increases because of t he decrease
of V ds ,MN2 = V gs ,MN2 . Therefore V gs ,MN3 - N th , Ids ,MN3 ,
Ids ,MN4 ,and gm of MN4 all increase. When an auxil2
iary circuit is added in Fig. 2 ( b) , Ids ,MN1 increases
with t he decrease of V th , and Ids ,MN2 drop s down ,

which reduces t he associated Ids ,MN3 and Ids ,MN4 .
Therefore t he increase of the gm of MN4 due to t he
decrease of the t hreshold voltage is effectively re2
duced. Similar to t he variation of K , t he auxiliary
circuit s work when V th increases.

Finally ,let’s refer to t he power supply voltage
variation of t he circuit s. If t he voltage of t he power
supply increases , t he voltage between t he drains
and sources of MN3 and MN4 increases , and t he
drain current of MN4 in Fig. 2 (a) also increases.
Therefore t he gm of MN4 increases. In Fig. 2 ( b) ,
t he increase of voltage boo st s V gs ,MN1 , and thus
Ids ,MN1 increases. J ust as mentioned above , t he in2
crease of Ids ,MN1 decreases t he drain current of MN3
and MN4 , t herefore it dep resses t he increment of
t he gm of MN4 to a certain degree.

When pMOS and CMOS circuit s are involved ,
a similar compensation can be added as shown in
Fig. 3.

Fig. 3 　Bias current compensation for pMOS (a) and

CMOS (b) t ransistors

3 　Simulation results

In t his section , an example is carried out to
show the compensation effect in oscillator design.
The circuit is designed using a 112V ST HC2
MO9RF process[4 ] . Figure 1 (a) is an nMOS L C os2
cillator ,and gactive in Fig. 1 (b) is gm of M4 and M5.
The compensation circuit is a lit tle different f rom
t hat in Fig. 2 ( b) , i . e. , a fixed voltage source is
added between t he two bias resistors to optimize
t he supply voltage compensation.

First ,we set the power supply at 112V and t he
temperat ure at 27 ℃,and t hen run a corner simula2
tion. The t ransistor corners are“fast”,“typical”,
and“slow”, and the resistor corners are“max”,
“typical”,and“min”. For a typical design ,t he out2
p ut voltage of a band2gap voltage reference varies
less t han ±2 % , and we also add t he variation to
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t he corner simulation. The simulation result is
shown in Fig. 4 (a) . We can see t hat t he perform2
ance of compensated circuit s varies less t han t hat
of an un2compensated one. In t he second simula2
tion ,we set t he circuit device in a typical corner
and t he temperat ure at 27 ℃, and vary t he supply
power voltage by ±10 %. The voltage is set at
1108 ,112 ,and 1132V ,and t he simulation result is
shown in Fig. 4 ( b) . We can see t hat t he p roposed
circuit s can suppress variation of supply power
voltage. Then we set t he voltage and device param2
eters to normal values and run the simulation at
different temperat ures. The result is shown Fig. 4
(c) ,f rom which we can see t hat t he p roposed cir2
cuit can also suppress variation of temperat ure. Fi2
nally , setting t he voltage of the power supply at
1108 ,11 2 , and 1132V , we simulate t he circuit s at

temperat ures of 0 ,27 ,and 70 ℃and t ransistor cor2
ners of typical ,fast ,and slow. Because resistors and
a band2gap voltage reference are added in t he com2
pensation circuit s ,t heir parameters change with t he
process. The simulation is carried out to cover t he
resistor in“typical”,“max”, and“min”corners
with t he voltage reference varying by ±2 %. The
simulation result of t he t ransconductance of M4 in
all possible corners in compensated and un2com2
pensated circuit s is shown in Fig. 5. The average gm

of M4 is 611mS. It changes f rom 511 to 710mS in
un2compensated circuit s , while t his range in com2
pensated circuit s is 514 to 615mS , which is 42 %
less. The standard deviation gm of t he original un2
compensated circuit s is 01538mS , while t hat of
compensated circuit s reduces to 01288mS ,which is
4615 % less.

Fig. 4 　Conner simulation

Fig. 5 　Simulation result s of the t ransconductance of

M4 in all possible corners in compensated and un2com2
pensated circuit s

　　If t he band2gap voltage reference is replaced
by a diode , t he circuit becomes more simple. But

t he uncertain variation of V gs ,MN1 will increase ,and

t he compensation will be less efficient . Anot her
simulation is carried out by replacing t he voltage
reference wit h a diode ,and t he standard deviation
of gm reduces to 01315mS ,4114 % less than the un2
compensated case.

4 　Conclusion

We have p resented a simple and successf ul
met hod for enhancing t he stability of circuit s.
When t he temperature ,t he supply voltage ,and t he
process parameters are changed ,t his met hod can be
used to keep t he gm of t he circuit s in a certain
range t hat is smaller t han t hose wit hout applying
our p roposed method. This can make t he circuit s
more robust ,and t hen t he yield will be enhanced. It
can be used ,but not only in oscillator design.
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用于降低 CMOS 集成电路中晶体管跨导标准差的
偏置电流补偿电路 3

冒小建 　杨华中 　汪 　蕙

(清华大学电子工程系 , 北京　100084)

摘要 : 介绍一种简单而有效的提高集成电路稳定性的电路补偿方法. 当电路制造过程中的工艺参数、工作电压或
工作温度发生变化时 ,根据仿真结果 ,该方法可以使 MOS 晶体管跨导的标准差比未经补偿的电路降低 4114 %. 这
种电路可以用于 CMOS LC 振荡器中 .
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