Rail to Rail input and output amplifiers
for Low-Voltage and Low-Power
Implementations
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Rail to Rail in Single and Multistage Amps
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OA Output Buffer for low resistive load: Class A, B and AB
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Source Follower in LV-LP implementations

gm,a RL >> l/gm,c\l 1

Voo © LF Gain: 4o

B gm,a'|'gds,a'|'gds,b‘|'RL_1
Vbct Vin O—E OR,,:
VCM +V, R. =~ 1
—@"-"c""c""""" ' o~
' Im,a
<¢ I R, :
5 © Cy: Cin = Cep
- (no Miller effect because AVin = AVo )

» Vinmax = Vop 5 Viomin = Yas T Vspsat
Input swing = Vpp - Vs — Vgpa

Vomax = Iy R, (® ® for LP)

* Main drawback: Power consumption:
— Ex: forRi=100Qandv,=1V> L, =10 mA (%¥
even in quiescent condition (Class A)
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push-pull “source to source” follower: Class B
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push-pull “source to source” follower: Class B

VCIVI+ Vin e—

© LF Gain:

Voo
—L
VCM + V,
ey
—{C Ry
i
= Vem

A ~ gm.n,p 1{L > l/gm,nq\) 1
0 dsnptImnyp '|‘RL_1
. 1
© 1{out' RO ~ 7
mn,p
© C..: Cin = Cepn + CGDp

mn-*

(no Miller effect because AVin = AVo )

> VinMin - VGSn T VSDsatp ~ VSDsatp

Vinmax = Vob ~Vbssatn —VsGp ™~ VoD - VDssatn
Input SWINng = VDD 'VDSsatn - VSDsatp

> Output swing = Vpp, -Vigo - Vepsyy (~rail to rail © for LV)
» Class B no current in the quiescent condition (© for LP)
» Crossover distortion when the two transistors are off
(Linearity issu ®)
1

- solution class AB




push-pull source-follower: Class AB

VDD
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push-pull source-follower: Class AB

VDD
T . . . .
e Transistors 4 and 5 act like a floating voltage source. 3 is a
pr_CI 3 current source, so the voltage across 4 and 5 is constant.
e 6 forms a common-source stage that allows moving the
4 |-—||:1 floating voltage source up and down. This eliminates the
:_/V osn o, region where neither M1 nor M2 is conducting. Therefore
>\ ﬁqr_— : crossover distortion is reduced. (©© for Linearity)
5_‘9 2 R * The dimensioning is usually done for the quiescent condition
VintVin : L where the output signal is zero. For this case 4/1 and 5/2 act
0—|E V:- like current mirrors. The ratio determines the quiescent
o current.
A — Idme R =~ 1
o~ n o~
ddseTYds3 Imn T Imp

> Small quiescent current I; and no crossover distortion (© for LP)

> Output swing = Vi, -Vieoa— Vs — Vsgz = Vspsarg (© for LV )
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Summary: Class A, B and AB

Class A Class B
I
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Class AB
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nMOS
ILma
’

1 -1 ..
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I, <1

Lmax

Lower power
Lower Distortion

Low AV, ... (LV ®) &

omax

'
T
"1
r



Push-Pull “drain to drain” or “Rail to rail”,
Common Source Amplifier: Class AB

Vemt Vin o] —e-eeean

£ Vou . . A = — ImntImp
) LF Gain with Ry : 0 Gasn+9dsp+RL L
~ —(Gmn + Imp)RL A Ry
» VOMaX - VDD - VSDsatp . VOMin - VDSsatn

» Output swing =~ V- 2V g, (~Rail to Rail) (© for LV)
» Quiescent current corresponds to V,, =V, .= Veu = Vpp/2
- Class AB quiescent current = I; quite small (I, .. > 1) (O for LP)

> Weak control of Quiescent current: it depends on the power supply ®
> Weak PSRR ®

> Weak control of design parameters (g, , gain, GBW ...)®

A
g
'Jd
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OA Output Buffer: Biasing Class AB “drain to drain” or “Rail
to Rail” Buffer using floating current source

\Y Voo
Vp
l f o lvbp kl,
ly 1
24 p J, 4L pk(w)
1, /2

v _C”%N/zu AV
L/2 ls ey
E/ZL Vo

2Vbn
RM Vpn | 2 R L

6 '
Vb n+AVin_| WL klb E

Rup g (Ifgm5 gm4)

Transistors 4 and 5 act like a floating current source.

6 forms a common-source stage that allows moving the
floating current source up and down.

The sizes and the biasing of 5 and 6 sets V  of 2 to V,,
(rep. the sizes and the biasing of 3 and 4 sets V, of 1 to
Vi) . This makes the quiescent output current (and so
ac parameters) independent on the power supply
(GND, V;,) and improves the PSRR ©©

The dimensioning is usually done for the quiescent
condition where the output signal is zero. For this case
(3,4)/1 and (5,6)/2 act like current mirrors. The ratio
determines the quiescent current.

A ~ Ime Idmntdmp
0 9dseT9ds3 9451 ‘|'.9d52'|'RZ1

© Output swing ~ Vp, (Rail to Rail)
© Controlled Biasing of the output and high PSRR
© Diff to single output by (in+ sur 6 and in- sur 3)
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1 .
Rup ~ (Ifgmp5=gmn4) 7

dds3

= gdspS
= d3° i.A B
_Ec”jo(wm
+ AV,
< B gmp ° 'gmnAVA
= |4
—Ecﬂlp_(wlu) gdSp gdsn
= 5
—E|W/2L | ‘
R, | |
ﬂ Sl A Rup it A
AVt t AVt

. Lt it
lt = —9mp + 9mnAve + (Avt - ) (gdsp + gdsn)

Ydsp3 Idsp3
R — Avt _ gdSPS + gmp + gdsp + Idsn ifgmngmr\l 1
up = 5 T >
Le Ydsp3 (gmn + Ydsp + gdsn) Ydsp3




Rail to Rail input amplifiers
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Why Rail-to-Rail input?

Je—o
(]

Inv-Amp: No need

Non-In Amp: No need

V[N+ +\_ VDUT

>¢ VREF. cM

VIN_ 7 VO UT+




nMOS and pMOS input common mode range in Folded-Cascode?

VDD
VDSsatp
""" -+
VGSDS V
GSp
VGSI’I = VGSDS
4+ qm———-
VDSsatn
V=0

 nMOS:V.

1

* pMOS:V

inCM,max

scnmin = Vasn T Vogeam (= 0.5V for V, = 0.1V, V; = 0.3 Vand V=12 V)
- VDD - VDSsatp o VGSpn (:: 07) (® for LV ) .
* Solution: Connect the two complementary pairs in parallel.
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nMOS-pMOS input diff. pairs

iOl.lt.l-
S gmp iout'
.+ i
Vin+ ‘ \ Vin-
| ioutt
IB iout'
Vs
* Two complementary input pairs in parallel results common-mode input range that exceed the supply

rails.
* 3 Operation Areas:
1. \%

1

2. V;

1

3. V;

1

* ©® Total g, depends on the common-mode input level.

cPrL

1cym close to V; Only pMOS diff-pair is active.
2om close to (Vpp - Vi )/2; both the NMOS and the PMOS diff-pairs will be active.

1cym close to Vyp only nMOS diff-pair is active.




Problem: Unequal g,

nMOS Voo
2m pMOS }) ks

on e !

gmtot . I::__l:llrjﬂ_ N

nMOS VinCM,min VDD/2 VinCM,max pMOSVDD
off off

« ©® g variation = High level of distortion and variation of GBW (stability issue)
* Solution: adjust the tail currents of the differential pairs to equalize g
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Rail-to-Rail constant-g

V. : .
gmp X2 inCM,min VDD /2 VlnCM,max gmn x 2
Iy, x 4 I, x4

* Solution: increase the g, of each pair by a factor of two at the borders
 In Strong inversion: Double the g, = Multiply the current by for.

Implementation: Increase the bias current of nMOS by 4 when the bias current of pMOS drops
below its nominal value, and vice versa, 2 add two current mirrors.
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2x current mirror for input biasing

rn

|j1:3 I_B'B“

For Viiem > Vinerimin (0MOS on), My, is off

For Viem < Viesmmin (AMOS off), M, turns on and all current I is pulled through
transistor M, ,,, multiplied by 3 and added to I of the pMOST pair (i.e. Iy, x4 > g, x 2)

For V,cmy>V

(pMOS off), the opposite operation occurs (i.e. Iz, x4 2> g x2)

inCM,max

Transconductance is then equalized over the whole common-mode input range.
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Rail to rail input-output Op-Amp
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- Ref.Hogervorst, JSSC Dec.1994, 1505-1512
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