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Abstract
In this paper we propose a very smmpie bigs circuit that
afiows for maximum output voltage swing of MOSFET
cascode siages The propesal &5 valid for any current

aspect ratio of the transistors in the bigs circust in

order to opnim—e the outpul voltage swing

Experimental results validme the strategy for designing
the bias nerwork

1. Intreduction

blocks for amalog circpits. Even though simpie currem
mirrors aliow for high output voltase swins. therr low
‘transconductance-to-output conductance ratio precludes
them from beine wsed for low volmse applications
where 2 hish value of this ratio is mandatory.

Cascode curremt mirrors {CCM) have 2 moch higher
oulpi resistance than simple current muoTors vet & the
expense of the outpant voltage swing. Seif-biased CCMs
[2. 3] ars very simpic to design but have as the main
drawhack a verv serions loss of signal swing. Cascode
mmirrors with fixed bias [£-6] can be opumized for high
ontpt voltage swing. The wvery simple circuis
proposzd m [6] and [7] 1o bias cascode mirror are valid
either for weak mwersion or for swong inversion,
respectively, it are mo longer vahid if the MOS
transistors operate in moderate inversion. The cascode
biasing circuit proposed in [5] can operae at anv
current level with a minimal owutput saturation volage
but spends a lot of silicon are2 and is not sumable for
in this paper wr ecxiend for moderatz and strome
inversion the biasine circuit shown m [7). mumalhy
proposed for operation m weak mversion. In the first
part of the paper we revisit the MOSFET mode] from
[1] and inroduce a definition of the saturation voltage
based on the needs of circuit designers. Addimionaliv.
the small-signal output resistance is discussed and
asspciated with the samranion volmees of the driver

transistor in the CCM.The amalysis of the biasing
topology is discussed next. Desien squations as well as
experimental resuits are evenmally presented.

2. The Samuration Voltage
According t0 the MOSFET model in [1]. the drain
current can be decomposed mio the forward (1:) and
reverse (Ig) currents:

I=1-1 (01)
where Ig{ly) is dependent of the gatc and source (drain)
voltages. :

In forward satgration, the dain cumrent is almost
independent of the drain voltage: ther=fore, I>>1; and
1=k

The MOSFET omtpix characteristic [1] 5 modeled m
normalized form as:
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I; s the specific carrent, Igp is the specific sheet
CHITent, ig,, is the normalized forward (reverse) current,
$, s fhe thermal voltzes and “n™ 5 the slope facor.
Equations (01) through (05) can be found m [1].

In order 1 define 2 sanmation woltase thar is
meanineful for cicult designers, we first define the
maximum allowable voltage zain of the common gawe
amplifier A=gy/.. where g, is the sowme
Tansconductance while . is the MOSFET outpm
conductance. Indeed “A” is egual %0 the ramio of the
siope of the transistor output characteristic at the origin
(V5=Vs) 1o the siape of the characteristic for any value
of the drain voltage. Clearly, the so-called saturation
volage should be associated with 2 large value of “A”.



From (02) one can easily derive the value of the
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Note that for large valwes of “A™, i; >> 1 and
consequently, 1;= i;. Therefore, one can spbstinme i,
the normalized drain carrent, for i i (04).

This definition of the sanmation voltage s wery
appropriate for building blocks such as current mirrors
specifications. Figure 1 illustrates the dependence of
the samration wvoltage™ on the mversion level For
strong-inversion V. =¢,./i, . while for weak-
mversion V. =4 _in{a)-
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Frgure 1: Samration voltage ac 2 fimction of the mversion level,
Eain A 85 parameter and §=26mV

3. The Output Resistance
Cascode stages are capable of exhibitine very high
outpirt resistance and 2 gain-bandwidth product aimos:
equal to that of 2 simple stage [B]. With the aid of
Figure 2.(2), onc can readily determine the output

impedance ar the drain of M4:
‘v'_;g,,.'g.“ (052)

The result in (05) can be readily interpreted by moting
that the drain voltage of M2 is equal 1o the putput
volage divided by the voltage gain of the common-gaie
configuration. Typically, the omput impedance of a
cascode stage can be from 10 1o 100 umes higher than
that of 2 simpie stage. Assuming that M2 and M4 10 be
operating in saturation and to have the same aspect
TALOS, ThEN £oei™Eme. Therefore, (05.2) can be wrimen
as:
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where “A”, the volmege gain of M2 depends on the
drain-source voltage, and thus on the bias voltage Vg,

Therefore, Vg should be sufficiently high to aliow for 2
high “A” but not too much high to avoid a reduction in

4. Bias network

In the topology of the CCM shown in Fig 2{2) all
transistors share 2 common substraee . If Vp is
adequately chosen, the output voltage of this circuit can
be as low a5 2V pssay. Bissing the wansistors desp in
low power consumption but the frequency response s
very poor. A balance between frequency response and
voltags swing is achieved In moderate inversion

Two structures proposed to gencrate appropriate bias
voltage for current mirors, Fig. 2(b) 6] and Fig 2(c)
m“mmhmmnMﬁ:-m
of transistors in either strong or weak mversion,
respectively.
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{c) Biasing circuit [7]

Our purpose i this work Is to extend the application of
the circuit in Fig 2(c) 10 any cument level To bemer
understand the bias network of Figure 2.(c), we have
sphmmmdmm-mmnf
nflh!nlm(ﬂaﬂ'ldmm
2s shown in Figure 3. The aspect matios of the
transistors in the current mirror are assumed to be =gual
and are talen 2s the reference valne. We have chosen
the aspect ratios of MAS and M6 10 be egual 10 the
reference value and the bias cumrent 1o be =gual o the
input current. Therefore, the gate-source wolage of
MAS is egual to the gaie-source woltage of M4
Consequentiy, the sum of the dramsowrce woltages
across MB35 and MB7 equals the dran-source volmes
across M2. From now on. to simpiify matters, we will




assume that the normalized sheet curren: lg; is equal
for all transistors, even though it is slightly dependent
of the gme woltage Consequently, we consider the
normalized forward currents of M4, MAS and M6
udentical because the three transistors have the same
geometry and they are biased at the same current in
saturation. Making the aspect ratios 1,=r-=r and calling
o=f<+1)r. one can readily conciude tha
ingss=las i 200 inming—0.i; Here, i; refers 1o the
inversion level of the CCM tramsistors, which is almost
equal for both M2 and M4 25 long as M2 and M4 are
opematng in the sanwation region. From the previous
considerations we can derive the following eguation:
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In weak mversion (ir»0) the sccond member of (06)
can be writicn as inc whereas deep in strong mversion
(w}imhwmﬁnmiby{,};_ljjf_

In order 1o bias M2 on the verge of saturanion, the sum
of the drain-source voltages in (06) should be egual 1o
the saturation volage (Vpsssr) of M2. Equatme {04) ©
(06) allows one to determine the curves shown in figure
4 for different gains. Note from (D6) thar the choice of
“o”, which defines the aspect ratio “r”, depends on the
mversion level but is independent of the tecimological
parameters. Note also that *r™ is within 2 range from
0.1 v 0B approximaiclv. In sSrong inversion the
optimum value of r s 0.8 (/g =1:5). On the other hand,
in'wesk mversion “r” vanies from 0.1 o 0.5, depending
on the value of the voltage gain.
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Figure 3: High-swing CCM with composite transistors.

Ewen though the present analysis has been performed
for long-chamne! devices, we can apply #t to shom-
chamne] devices 2s long as A is not hisher than the
maximum achievable gamn of the shori-channe] device.
Our analysis has not taken into accoumt wansistor or
current mismatching. In 2 practical circuit the aspect
mtio T could be slightly decreased in order to add 2
small safery margin to the drain-source voltage of M2
price 10 be paid would be a slighth smaller outpm
voltage swing of the CCM.
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(LV-CCM) current mirrors have been implemented and
measured. N-channe] mansistors {(V; = 0.6V) from 2
memmnhgthh:nnmdmﬂ:mm
mimors. All tramsistors in the simple mimrors and
CCM’s have the same aspect ratios.

Figures 5 through 9 presemt details of the ompm
characteristics of the corrent mirrors. Values of =173,
12 and 273, respectively, have been chosen according
to Figure 4, for =1, 10 and 100 and A=30.

Fizures 5 through 7 shows that the L V-CCM’s teach
saluration at 2 drain-source voltage Toughiy twice the
samration voltase of the simple current mirror. The
selfbiased CCM samrates &t 2 much larger voliass
than the “optimally™ biased CCM.

An alternative approach to choosing the aspect ratio *7~
in the bias network according 1o the current level would
be to choos= 2 constant “1T", say, =0.3.
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Figure 5:. Detnil of the cxpenimenal output characteristic
of the current mermors i weak mmversion (5=1)



Figure & Dctail of the experimental outpin charactenistacs
of the current mirmors in modemate imversion (i=10).

Figure 7:. Demil of the sxperimental outpot characteristic
of the current mirrors in strong mversion (i=100).

For companson purposes Figures B and 9 show
expanded details of the omtput charactenstics of the
LV-CCM with r=0.5 and “r" chosen from Figure 4. For
i=1 (Figure 8) onc can ready motice the larger output
resistance for =173 than =12 For =100 (Figure 9)
the output resistance for =12 would be hizher b the
sanwation voiage would be slightiv hizher.
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Figure 8:  Demil of the experimentzl output charmactrisacs
of the current marors i weak mversion (i7=1 ).
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Frgure 9:. Demmil of the expenmenal output charactenistics
of the current mirrors in Strong nversion (i=100).

6. Conclusions

A very simple bias circait, valid for any current density.
which aliows for maximum ompm voitage swing of
cascode stages has besn presented and amalyzed
Smartng from the muitiplication factor of the ompn
impedance required for the cascode staee relative 10 the
simple stase and from the output swing it is possibie to
results have corroborated the desien methodolosy of
the biss network.
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