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1 Consgderationson the cascode architecture

Premise: the common-gate amplifier

The common gate (CG) stage is shown in Fig. 1,1whgreis andrs oux form the input signal source
(Norton equivalent circuit) andsias model the equivalent small signal resistance efdincuit used to
bias the CG stage. For a large number of applicgtid is convenient to model the CG stage as a
current amplifier with ideally unity gain. For thisason, the output signal is represented in Fig(&l)

by the currentos. In Fig. 1.1 (b), the output resistance of theuingpourcefsouw is combined with the
bias resistance forming the parallel resistancesou // nias. The output terminal of the CG stage
(drain) is connected to the ideal voltage soMgein Fig. 1.1 (a) and (b). For the small signal gsis,

this corresponds to closing the output terminatmground (output short circuit). In these condisp

iout iS the output short-circuit current of the CG stag
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Fig. 1.1. (a) Cascode stage used as a currentfaamplfi unity gain; (b) fusion of the source reaiste with the bias
resistance (c) small signal circuit fiorin calculation.
In order to determine the actual current gairs tanvenient to first calculate the input resiséaotcthe
stage, indicated with..in in Fig. 1.1 (b). Referring to the circuit in Fij.1 (c), the input resistance is
equal to:
\Y \'/ vV
P="P =5 (1.1)

o g

r_. =

v=in

The drain current (small signal variation) is giv®n

i = (9nVes + OroVos + UaVes) = Vo (G * G + 9 (1.2)
wherege=1/r4. andgmp is the body transconductance of the MOSFET, gbsen
Ore =(M-1) (D, (1.3)

andmis a coefficient generally varying in the range-1.2 (see chapter on MOSFET models).
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Substituting (1.2) into (1.1) we obtain:

r_. = 1 O 1 -1 <—1 (1.4)

(90t 9t 9) (It 9m) MY, O

Expression (1.4) demonstrate that the input resistas relatively low. It is possible to easilydithe
amplifier gain considering that the fraction othst is transferred toy is the one that flows intQ.in,
while the current imsis lost. From the current divider formed by andr..in we find:

I?_ut - rS D rS - mmrs (15)
Is rS + rv—in rS +1/ mm 1+ rrgmrs

The ideal condition is clearly represented kbymng>>1, resulting in a current gain close to 1.

The cascode stage

A cascode stage is the cascade of a common-so@8¢ dnd a CG stage. A simple cascode
architecture involving two n-MOSFETSs is shown igFL.2. M1 is the CS stage, while;l¥$ the CG
one. The output terminal of the cascode stagedidin), is connected to the voltage sowee Then,
when we calculate the, to iout transfer function, the output terminal is shortaited.

I out
<_

VK _lE Vout

Fig. 1.2. Cascode topology with main voltages iatid.

The constant bias voltadé sets thé/ps of M1, according to the following relationship:
Vost =Vk ~Vas2 (1.6)

When both M and M work in saturation region/es has a weak dependenceleg-Ip1, so thatvos
can be considered to be nearly constant. To obtaiorrect quiescent poingx andVoux must be such
that both M and M are in saturation region. The value\afs; in this condition will be indicated as
Vbsio. VoltageVin includes both a constant bias compon¥n{0), and a small signal componew,
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Small signal analysis of the cascode stage: vin t0 iout transfer function.

In this analysisVout is constant, then, in the equivalent small-sigrietuit, the output terminal is
connected to ground. Considering the CG model @flFL (a), in the cascode stage of Fig. 1.2 the CS
stage feeds the CG stage with a currerdnivin, While rs=rq1. Then, indicating withAi.cc the current
gain of the CG stage and applying (1.5), we fireftilowing transfer function:

io_ut - A—CG gmlvln = g rnzngrdl (17)
Vin Vin ™1+ Mg,y

If gmerd:i>>1, the output current is very closegavin, i.€., in terms of output short-circuit curreritet
CG stage can be considered transparent. The adeanfacascading a CG stage to a CS stage is
twofold:

1. A much larger output resistance than a single @gest

2. Areduced Miller effect with respect to CS stagssdias voltage amplifiers.
In this document, we will limit to analyze the maaism by which the output resistance is boosted.
Small signal analysis of the cascode stage: effects of vout Variations and consequences on the output
resistance.

Let us consider the effects of small signal vaviasi applied td/out, WhenVk andVin are constant, i.e.
their small signal components are zero. First, arewrite:

Using the small signal equations of hd M, with vin=0, we find:
41 = Vasa G (1.8)
id2 = gmzvgsz + gmB 2Vb32+ gd 2Vds 2 (19)

Using the following obvious relationships:

gs2 (1.10)
Vdsz = Voul _Vsz
we can put (1.8) and (1.9) together, obtaining:
VouGaz = Vsz (G2 + Gne 2+ Ga2* Ga ) (1.11)
Solving (1.11) foveut we find:
Vga = Vsp = o (1.12)
rnz h +1+%
gd2 gdz

wheregmtgm2=megne. Using the more familiarrg” parameters we finally obtain:
3



P. Bruschi: PSM lecture notes Cascode architectures

Vo =V, = Vou (1.13)

s2 r
I’nzngrd 2 +1+ 4z
r.dl

As long as M is in saturationgmer ¢2>> 1, therefore th&gs: << vou.
As a result, considering that:

Vout = Vdsl +Vd32 (114)

we find that:

V. OV (1.15)

Equations (1.13) and (1.15) are well representativlhe mechanisms that produces the typically high
output resistance of cascode structures. In faet,'ddsorbs” the largest part &foe variations and
“protects” Mi. More preciselyyout Variations are transmitted toil¥hrough an attenuation of the order
of gmera2. Therefore, ad/ow varies,Vps: is practically kept constant. Sins&si=Vin=constant in this
analysis an&/gs1=0, Ip1 is controlled only bywps. If the latter is nearly constant, then als@(=lpa) is
nearly constant confirming the high output resiséan

From (1.8) and (1.13), the output resistance cagalsdy found:

V. V.. V
R, :iLUt:iO_U‘:VOUI F = Faa + T (14 MG, ) (1.16)
out dl dsl

Large-signal output characteristics of the cascode stage

As Vot is progressively reducedps diminishes at same pace. When eventialy gets lower than
Vbsat2, SO that M gets into triode regiorgmer 42 starts getting progressively smaller and isIno more
effective in protecting Mfrom Vo variations. From this point onward, al¥ps: start decreasing and
the output current variations becomes more and mmygortant, so that the output resistance
enhancement produced by the cascode structurgrigpted.

The Vout value at which the output resistance starts irstngasignificantly is then given by:
mMin (Vo) =Vin =Voss +Vosara (1.17)

out

Note thatVps is determined byk and byVes, through equation (1.6). Depending on the cirasgd
to producéVy, Vbsi can be significantly higher thafbsar:.

The behavior oVps1 andVps as a function oVo, corresponding to above discussion, are depicted i
Fig. 1.3(a). Note that M&; is practically constant foVou>Vmin. While Vps follows Vouwr. When Vou
drops belowVwin, Vbst starts decreasing significantly since the proteceffects of M vanishes.
Eventually,Vbs gets close to zero ans: practically coincides witWout.

The effect on the output current is depicted in. Ei§(b). ForVou>Vmin, the output current is
practically constant, and the curve has only a \@mall derivative, given byRput)?. If Vpsig is
designed to be significantly larger th¥psatl, as soon a¥ou gets smaller thaWwin, My is still in
saturation with a good margin. At this point, thietpctive action of Mis less effective andps; starts
to vary asVou. Thelox variations are much larger than in the corhégt interval {ouw>Vmin), but the
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behavior of the stage is not yet catastrophic,esiig being in saturation, is still relatively inseinsgt

to Vps variations. Eventually, when al&®s: gets smaller thaWpsat1, low Shows a strong dependence
on Vout. The Wyt value at whichvps: = Vbsat is indicated withvy in Fig. 1.3(b); the correct operating
interval is the region foYout >Vmin.
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Fig. 1.3. (a) Dependence ofiMV2 Vbs on Vo in a cascode structure; (b) dependendgo6n Vout.



