27 5
2006 5

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.27 No.5
May ,2006

Bias Current Compensation Method with 41 4 % Sandard Deviation
Reduction to MOSFET Transconductance in CMOS Circuits”
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Abdtract : A simple and successf ul method for the stability enhancement of integrated circuits is presented. When
the process parameters, temperature, and supply voltage are changed, according to the simulation results, this
method yields a standard deviation of the transconductance of MOSFETSs that is 41 4 % less than in the uncompen-
sated case. This method can be used in CMOS L C oscillator design.
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1 Introduction

Random fluctuations of the manufacturing
process parameters due to the non-uniformity of
the processng steps and environmental operating
conditions such as supply voltage and temperature
cause circuit performance parameters to spread a
round their nominal values. Integrated circuits (IC)
need to be robust with respect to such process,
voltage ,and temperature (PV T) variations to a
void parametric yield loss™ .

In this paper ,we propose a current compensa
tion method to reduce the variation of the transcon-
ductance (gm) of MOSFETs with PV T variations,
therefore to improve the LC oscillator perfornr
ance. The same method can be used in other cir-
cuits that require transstors with a steady gm.

2 Proposed bias compensation cir-
cuits

In some kinds of circuits,such as L C oscillar
tors,the gm of transistors is a key parameter™ .
Figure 1 shows an LC oscillator circuit and its
steady state equivalent ,where the conductance ganx
represents the tank loss and - gaie iS the effective
negative conductance of the active devices that
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compensates the losses in the tank. According to
oscillator phase noise theory, the optimal phase
noi se performance appears when - gaive iS chosen
to be the optimal value - gopt. AS - Qative Varies
with PV T ,the phase noise performance leaves the
optimal point in real operation. There more devia
tion thereisin - guive ,the poorer the phase noise
performance becomes. Therefore it isimportant to
reduce the deviation of - gaive With PV T changes.
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Fig.1 Schematic (a) and equivalent circuit (b) of an
L C oscillator

Figure 2 (a) shows a current mirror widely
used as a current bias,and (b) shows a current
mirror with compensation. MN4 is the transstor
whose transconductance needs to be fixed, MN2
and MN3 compose the current mirror of the bias,
and MN1,R: ,and R. are the compensation circuit
we propose. The drain current (ls) and gm of a
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transistor'® can be expressed as

le = % K(Ve - V)2 (1 +AVe) (1)
and
gn = K(Vg- Vin) (1+AV&) = V2 Klas (1A V)

(2)
KA ,and Vi vary when the process varies. For ex-
ample,in an nMOS trandstor of ST 0 13m
process, Kis 13 4m,15 89m,and 11 35min TT,
FF ,and SS corners,respectively. It varies by about
+17 %. Then according to the smulation,Vwu ver
ries by about + 7. 3% when the process changes.
Both of these variations affect lss and gm. In the
next section ,we will analyze how the asdg stant cir-
cuit operates and why it reduces the transconduct-
ance fluctuation of MN4.

w—{[MNaiQ R, MN4
MN3iZ R Y[MNI  MN2 MN3
= =
: ®

MN2

(a)

Fig.2 Two biascurrent schemesfor an nMOS tran-
sistor (a) Origina one without compensation; (b)
Improved one with compensation

First ,we suppose that K increases due to the
process variations. For smplicity, the channel
length modulation is omitted. We can see that if
lesmnz2 IS NOt changed , lss,mna S NOt changed ,either.
According to Eq. (2) , gmwmna Will increase with K,
which is the case of the circuit in Fig.2(a). Turn
ing to Fig. 2(b) ,we get another story. Because
Vgsmn1 1S constant and las,mn: increases with the de
crease of K and las,mnz2. This compensates the in-
crease of K and depresses the increase of the gm of
MN4. With caref ul design ,the gn of MN4 may even
remain constant. The compensation circuit also
works when K decreases.

Second ,if the threshold voltage Vi decreases
with process variations, then as shown in Fig. 2
(a) ,according to Eq. (2) ,Vgsmn2 decreases to keep
lasmnz fixed ,and we can easily get from Eq. (1)
that Vgsmn2 - Vin increases because of the decrease
of Vasmnz =Vgswnz. Therefore Vgswns = Nin , las,mng
lasmna ,and gm Of MN4 al increase. When an auxil-
jary circuit is added in Fig. 2(b) , lss,unt increases
with the decrease of Vi ,and lesmn2 drops down,

which reduces the associated ldasmnz and lasmng.
Therefore theincrease of the gn of MN4 due to the
decrease of the threshold voltage is effectively re-
duced. Smilar to the variation of K,the auxiliary
circuits work when Vi increases.

Finally ,let’ srefer to the power supply voltage
variation of the circuits. If the voltage of the power
supply increases, the voltage between the drains
and sources of MN3 and MN4 increases,and the
drain current of MN4 in Fig. 2(a) also increases.
Therefore the gn of MN4 increases. In Fig. 2(b) ,
the increase of voltage boosts Vgswmni , and thus
lesmni 1NCreases. Just as mentioned above,the in-
crease of lgsmn1 decreases the drain current of MN3
and MN4 , therefore it depresses the increment of
the gn of MN4 to a certain degree.

When pMOS and CMOS circuits are involved ,
a smilar compensation can be added as shown in
Fig. 3.
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Fig.3 Bias current compensation for pMOS (a) and
CMOS (b) transstors

3 Smulation results

In this section,an example is carried out to
show the compensation effect in oscillator design.
The circuit is designed usng a 1 2V ST HC
MO9RF process” . Figure 1(a) isan nMOSL Cos
cillator ,and guive in Fig. 1(b) is gmn of M4 and M5.
The compensation circuit is a little different from
that in Fig. 2(b) ,i. e. ,a fixed voltage source is
added between the two bias resstors to optimize
the supply voltage compensation.

First ,we set the power supply at 1. 2V and the
temperature at 27 ,and then run a corner smula
tion. The trangstor corners are* fast” | typical” ,
and® dow” ,and the resstor corners are* max” ,

“ typical” ,and* min”. For a typical design,the out-
put voltage of a band-gap voltage reference varies
lessthan + 2% ,and we a0 add the variation to
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the corner dsmulation. The smulation result is
shownin Fig. 4(a) . We can see that the perform-
ance of compensated circuits varies less than that
of an un-compensated one. In the second smula
tion,we set the circuit device in a typical corner
and the temperature at 27 ,and vary the supply
power voltage by + 10%. The voltage is set at
1 08,1 2,and 1 32V ,and the smulation result is
shown in Fig. 4(b). We can see that the proposed
circuits can suppress variation of supply power
voltage. Then we set the voltage and device param-
eters to normal values and run the smulation at
different temperatures. The result is shown Fig. 4
(c) from which we can see that the proposed cir-
cuit can also suppress variation of temperature. Fi-
nally ,setting the voltage of the power supply at
1 08,1 2,and 1 32V ,we smulate the circuits at
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temperatures of 0,27 ,and 70 and trans stor cor-
nersof typical fast ,and dow.Because resstors and
a band-gap voltage reference are added in the com-
pensation circuits,their parameters change with the
process. The smulation is carried out to cover the
resgstor in“ typical” ; max” ,and“ min” corners
with the voltage reference varying by +2%. The
smulation result of the transconductance of M4 in
all posshble corners in compensated and un-com-
pensated circuitsis shownin Fig.5. The average gm
of M4is6 1mS. It changesfrom 5 1 to 7. 0mSin
un-compensated circuits,while this range in com-
pensated circuits is 5 4 to 6 5mS,which is 42 %
less. The standard deviation gn of the origina un-
compensated circuits is 0. 538mS, while that of
compensated circuits reduces to 0. 288mS,which is
46. 5% less.
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Fig.5 Smulation results of the transconductance of
M4 in all possible cornersin compensated and un-conr
pensated circuits

If the band-gap voltage reference is replaced
by a diode,the circuit becomes more smple. But
the uncertain variation of Vgs,mn: Will increase ,and

the compensation will be less efficient. Another
smulation is carried out by replacing the voltage
reference with a diode ,and the standard deviation
of gm reducesto 0. 315mS,41. 4 % less than the un-
compensated case.

4 Conclusion

We have presented a smple and succesds ul
method for enhancing the stability of circuits.
When the temperature ,the supply voltage ,and the
process parameters are changed ,this method can be
used to keep the gnm of the circuits in a certain
range that is smaller than those without applying
our proposed method. This can make the circuits
more robust ,and then the yield will be enhanced. It
can be used ,but not only in oscillator design.
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