The common gate stage
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The cascode configuration (cascode stage)

Operating point: V., =V, =V,

‘ﬁn Vaoo is mainly a S.malll signal, output short-
function of: CII’CU}CUI’I’GHT
ID’ ’82 iout
Vk —|E +— .
Vout Lowr = A1-c6GEmVin N
A =1

M, ¥
IE 1 <-> Vi _|E_ Y; Lt =g (ngmzrdl
V,-,,(ib M, 0 My “| 7 Ct) oty m1u+m2 g

- .
lOM ~
7 Vin Vv, Fa1 =L
M1: Common source (CS) Im1Vin Vin

M2: Common gate (CQG)
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The common source (CS) and cascode (Ca) stages used as a voltage amplifiers

Vdd Vdd
[ % K}c_r+rd2(1+gm2s)
Ca bias
I r =r
CS bias vo=r gy . f e 9 Vout s dl

V. | | =r,+r,(1+g,.7,)

I out oy H V, _|_’<_F Fe =Ti1 T 12 Emala

I rout _ rdl rzoias M
= >>r
v M - e = Ta28 malan d1
in 1 4 ) 4 ¢
};Jias —> > _"
Vout Vin v g — )
— out __ . [o%e)
AV—CS = __rdlgml rblas
vin /7%
\_ J —
AV Ca ~— I CGgml
91 1 12 Vout T2 Vout

A, —r,,8 1,8

Ca d26m2"°d15 ml
r [ A _ >> _ ;
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The common source (CS) and cascode (Ca) stages used as a voltage amplifiers

The cascode stage, thanks to its much larger output resistance, can reach much
larger voltage gains than the common source stage, provided that the equivalent

small signal resistance of the bias circuits can be neglected in the parallel.

The cascode is also convenient in terms of frequency response

C S Vdd

P bias

Vout

M,

Cm :(1+|AV|)ng
Cy >>Cyy
1
(CM +CGS)R

s—out

a)p—in =

®,.;, may affect the
amplifier cut-off
frequency

V
dd
v, Ca
Cu = 1+v_ Ced Ibias
gl
1 Vout
Var =78V V, s 2
m?2 C I_,
gd v
vdl ~ gml zl Rs-out r{ | af
- 4
vgl mg.,.» v Vg-,'—f M
in 1
Cy =2¢, ”;,
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Cascode structure: effect of V,, variations on M1 and M2

I out
‘_

V, —
Vout Vist =Va1 = V2 = =1
Mg <+) Lio =l = Lo
E — vgs2 = vbs2 = _vs2

ldl — Oml’ gsl mB1Y bsl +vds1gdl =v52gd1

ld2 = gm2vgs2 + gmBZVbs2 + gd2vds2 = _gmzvsz — gmgzvsz + gd2 (vout _VSZ)

% =y =V
Vm© M1 o2 o 2 VoutgdZ =vs2(gm2+gm32+gd2+gd1)
+
’7;7 Vout vout
vdsl = vs2 = = << vout
- gm gdl m g r
Conditions: m, Sm2 414040 hEnl
I I 8a2 8a2
Vv, varies, while V,,

stays constant
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Cascode structure: effect of V,, variations on M1 and M2

Iout
‘_
p oz Y o,
V _| . m,g,."» o AS VOUT |S reduced, VDS7
KIS V ~ stays constant and equal to
M s vout - vdsl + vds2 :
2 C) Vs (the quiescent value)
15— vo=v until the product g,,,r is
v,.,,dj) M, large.
1 Vs reduces until it
M2 "protects” M1: Vg, reaches Vpgaro. This
absorbs V, variations happens for:
which affect Vg through a .
great attenuation Vout = VMIN = VDSAT2 + VDSI
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Cascode structure: effect of V,, variations on M1 and M2

When also M1
I Viow =V, +V .
<2 Vis1 MIN " DSAT2 = " DS10 enters triode zone
|
Vs, | A ][OUT decrease gets
V I I aSter
s v, : Vosz | 14
M, C+> l DA
T : /.
| | |
V. M - ‘ [
n 1 VDSATEI__ ’ Ds2 : :
m : Vo >
> ! %
For VOUT<VM|N’ M2 enters \/I VOUT Vl VMHM T
NAIN

triode region, g,» and ry,

decreases |, start decreasing i, =v,,g,

v

out

m,8 .27

vdsl -

get larger and V¢, start decreasing
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Standard Cascode current mirror

Cascode structure

—L_,_l\
@ M1E}—\—1:

M

out

M4

+
e T Vout

VBI

Mosfet body connections

=V,, =V,, =V,, = substrate
L,=1p,=p5f |:(VGS -V )2 ’VDS2:|
L, =1p :ﬂlf[(VGS _Vz)1 ’VDSI:|

If we can make Vs.=Vpg, i the operating point, then this
condition is maintained with a good approximation for all
Vour values > Vi = Vpgot Vipsars

VGSl = VGSZ

VBSl = VBS2
(Vas =V2), = (Vo
if: Voo, =Vpg
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Standard cascode current mirror: Vg,

M3 J—[, M

Iirq) V1 l: M2 Cilj Vout

!

Let's start by making: Voss =V

(VGS -V

t

Iy, = :B4f |:(VGS -V )4 ’VDS4:| = 184f |:(VGS -
I, =psf |:(VGS -V )3 ’VDS3:| =p.f |:(VGS -

we want to obtain: V., =V,
VDsz — VG4 _VGS4

Vea =Ves
Vst =Ves = Vesa

we need to make: V., =V.,

+(VGS _Vt)4
)4:(VGS —‘/,)3 VGS3:Vr3+(VGS _Vt)g,
B 71_1p,
)4] f_(VGS _Vt)4_ _74 1D4 _ ID3
), ] fﬁ%w%}%i B, B

P. Bruschi — Microelectronic System Design 9



Standard cascode current mirror: Vg,

I out

—b . Vs =Vbsi We need: Ve, =V,
M3 |—0—|_> M4 Vt4+(VGS _Vt)4:Vt3+(VGS _Vz)g
% We start by: (v..-vV) =(V..-V Ips _ Tos
ICT M1 | IE MO Ct)v ( GS t)4 ( GS t)3 |:> :84 183
I r_ | ol 184 :ID4 :IDZ
,7L7 ﬂS ID3 IDl
To get V;q,=V;55 We need also that V.=V,
D
In next slide, we will show that the design rule that I
sets (Vs Vi) 4=(Vgs V)5 also guarantee that V=V, Design rule
Then, the design rule % =% Is sufficient to obtain V;g,=V 553
3 1
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Standard cascode current mirror: Vg,

I out

_— From: (VGS4 _Vr4) = (Vcss _Vt3)

M3 I—’_|E M4 Voa =Vea =Vis = Vo3 = Vs =V

l T " | ”: Vi =V =V, =V,
in Vout Proof by contradiction

(reductio ad absurdum):

Hypotesis: V; > VS4 ’ V>V,

VSB3 >V, —> V>V, Contradlctlon |

Starting from the opposite hypothesis — Vo3 =Vs,
(Vg3<Vg4) We get a contradiction again: V.=V,
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Standard Cascode current mirror: parameters

& Vi = Vs +Viass = 2V Vis
M3 I Il_—. M4 View =Voso ¥ Vosra
T L Visa =Vosi =Vesi
M1 I—’—| _
Iin<‘> l: e <l>vout Vi =Vasi +Vosara = Vos +Vpsur Vosar
‘& 1 1
/7;7 RouEr (gmr ): (gmr ) A .
t = laa alar /14 I 4l ﬂz I
1
‘/th = Routlout = ﬂ_(gm4rd2) i
N 4,
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Wide swing cascode mirrors: principle

I out
<_

) GS1™ ' DSAT4

M4 V...+V

+ -]
|, M2 C")V Vbsara+Vpsars
out

i

L g

VDS2Q=VGS1

VDS2Q=VDSAT
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Wide swing cascode mirror: 6 MOSFET mirror

auxiliary branch ( ) |
Vdd_ ‘O_Ut k _ ,Bz
M6 M 131
we JFHL G e
.‘_ METL i Visa = Vst ¥ Voss = Vise = Visa
CAD M1 - | | +

=

Visa = (VGS -V, )1 +(VGS -V, )3 _(VGS -V, )6 _(VGS -V, )4 +

t t t 4

Y7 A 4 — 7 =T7
TV T V3=V V3

th +Vts _Vt6 _Vt4 =0
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Wide swing cascode mirror: 6 MOSFET mirror

/
Vdd-— out

E T VDsz = (VGS _Vz )1 +(VGS _Vf)3 -
M3 j_l—{_, M4
M5

_(VGS -V, )6 _(VGS _V)

/,-,,CD M1r_|—' I_.L L, M2 C?Vout | o

s In strong inversion: Vi = VDSZQ +Vpsara
, / 21 21
. ~ D1 D3 D6 D4 S
* lps=lp1 (=Ipe)

* Pe=PB
* Bi=kI:/IB1 Vis2 _\/ > +\/4 _\/ _\/2k L = & :(V651_Vz):VDSAT2
¢ By=P/d b B b ky P B
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Limit of the 6-MOSFET wide swing cascode mirror

Low accuracy of the %=%ékﬁ4 law I, t=I =Bof [ (Vs =V,), Vs |
"’ 1 : =1, =pf |:( t)l’VDSl]

Vas — Ly B FLVes =V.), Vos: |

M6 L, B lf VGS Vt) Vo ]

M3 -, w4
M5 (VGS _Vt)l = (VGS _Vt)g é

+
e T Vout

. 4 .
’;7 out 162 A
M

Iin IBI

VDSl = VGSI > VDS2 VDSATZ
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High precision — wide swing cascode mirror

Required to bias M1 gate with the
right voltage to make M1 carry [,

L - Viso = Vs
‘—

I
Vi if also: Vg, =Vps, [ ILW = % =ky,
M3 { [, M4 S

Vosi=Vi=Vsss  Voltages are
Vi, =V, =V, referred to Vg

,(P Mt L, w2 C’DV t
n ou
. | Visa =Vosi & Vs = Vs,
47 Ref (

B, 5, | Repeating the same
I - B considerations made for the
|3 I standard cascode mirror ....
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High precision — wide swing cascode mirror

<’o_ut V.=V -V Voltages are
—b V, {VDsz V.-V, (= referred to Vg
w3 JH-—[, e Voss =V +(Ves =V,),
R e T €
—T Ref. Vigs =Vio +(m, 1)V, —(m, =1)V,, +(Vos =V)),

All substrates are connected to the same potential Vg

Visa :& =V. =V, —(m4 _1)V54 +(m4 _I)VB _(VGS _Vt)4

Vi=mVye, +V, +(VGS _Vr)4 —(m4 _1)VB
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Bias of a wide-swing cascode structure

V. generator
N Vk

VGS 5

out
R ==t
T Viss = Vio +(m5 _1)V3135 T (VGS -V, )5

M3 <+ E M4 Vk ’bias
: Lol Vass =Vio +(ms Vo = (ms =1) Vs +
,in(e o . E e %)vout e r_l_ +(VGS _Vt)5

—
N\
<
&

I

([~ Vi=mVp, 4 to+(VGS_Vt)4_(m I)VB |:> (V _V) =mV, +(V _V)
6s —Vi)s DS?2 Gs ~Vils

19
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Bias of a wide-swing cascode structure

I out
- Vad VMIN — VDSZ + VDSAT4

M3 — l__, M4 V, Ibias

o

T ¥ Viaw = Vosara T Vosara = 2Vpsar
Iin<‘> ol ‘_l_._|_> M2 %)vout Msr_l_

! ! Viv = Vs
J7’ Ref

The precision wide-swing cascode
(Vos =V2)s =mVpsurs + (Vs = V1), offers similar V,,, and same V,, of a
In Strong inversion: V., =(V . -V )2 simple mirror with much higher output

t resistance and accuracy
(VGS 2 )5 =my (VGS 2 )2 +(VGS 2 )4

Best (minimum) V,

VDS2 = VDSAT2
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p-version of the precision wide swing cascode mirror

Very important rule:
» Voltage Vk must be invariant

Ref against Vdd variations when
- T * measured using Ref as the
M1 ‘_’I . l‘_‘ M2 + M5 :l reference voltage. (i.e. Vk
Vk should be referred to node
V O—p—o Ref.) The circuit shown in
M3 : II: out Vg the plcture satisfies this
l DI. requirement.
V M4 — bias | (774
k Vi
M5
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