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sign and Compensation
anced Current Mirrors

Gain Boosting

9 v Quantative method
3 Vg =—A-V,

!:ig. 6.13 The enhancgd output- KCL: g, Vi +M =1,
impedance current mirror. M1
Vi =1; Iy,
v Intuitive method
Keep the Vg, Q
— Increase the output impedance Rout :\I/—T:(A1+1)gm1rd52rdsl+ TR

T e - _mu y =
~ ! ! 5 . 3
I:Qout = gmlrdslrdSZ:(1+ A) : f E
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pamp_Design and Compensation
"Advanced Current Mirrors

Example
S 31229 Output Impedance& H| ! 6tet.
R=10kQ, xC., =270uA/V?, 1,=20uA, A=0.1, A=100
r Rout
v, o—|5, M
6/0.5
‘1
— 20uA
(a) NMOS with source resistance (b) Gain boosting applied
Om =\#CoxW/L)2Io| R =g r R+r, +R Ry, = (A+1)g,.r,R+r,R
=2.54x10"S =0.,MR E> = AgmluR
(- T _ 500kQ _127MO —127TM O

£ Output impedance increased 100 time
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sign and Compensation
anced Current Mirrors

nhanced Output-Impedance Current Mirror

- Bedrich J,Hosticka, Swiss Federal Institute of Technology (1979%)

= Current mirror using gain boosting technique

T
v
¢ Vour
°_||: Q,

Fig. 6.15 The Sackinger implementation
of the enhanced output-impedance

current mirror.

Wide-range
current mirror

v
Gain boosting

= gmlgm3 rdSlrdSZ rdsB

out — 2

ii  High output impedance
Equal current

¥ Output swing limited by Q,

Vout > VDSl +VDS 2

Y

Vout > Vis1 +Vass = Vps: +Vi

GS3 DS1
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Wide-Swing Current Mirror

- Umberto Gatti, University of Pavia (1990)

A I, =1
4Ib' AL, out in
I = 70 1as ‘D bias IJV
70 70 _ _
Qs ._||: Q, Vbs(=Ves-V1n=Ver)
g ~q nL(i Q‘]/ QZI QAI QSI Q6l Q8
Q 2V
'\ ’ E—/sll Q Da
= N 3 7
80 80
| |
|

Fig. 6.16 A wide-swing current mirror with enhanced
output impedance..

Vo, =V, +Vae, =2-Vye +Vsy _ High output impedance
<  Equal current
Vos2 =Vss =Va3 —Vass Wide-Swing

:(ZVDS +VTH )_(VDS +VTH ) :VDS Power dissipation(XZ) "

V. >Vos, + Ve = 2V Additional poles
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sign and Compensation
ed-Cascode Opamp
! Folded Cascode Op amp

£ High gain

~ Otz (gm4rds4r ds2 | Omelase! ass )

% Output Swing

A

\'
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sign and Compensation
ed-Cascode Opamp

Folded Cascode Op amp

1 n
" ?m : ”pp T— T FE.D i
” ¥ : LFY @'1 :
fl| “H Hl| .\ : | 1
\ 1
T S S O R gy
Yo M, v 2 I ,/ I o Vo | :
Veua % ] e S I
1
H-.ID—I "1 ,1. i @ 1 ."'.I- :
1 = - I
L] 1
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Cascode circuits Folded cascade circuits
Cascode Folded Cascode

Swing Vin 'Vth +VDS < Vout < VDD 'V|1 V|2 +VDS < Vout < VDD 'V|1

Power P:VDD . |1 P:VDD . |2:VDD . 2|1

C Vouis independent of Vin.(Swing)

2. Power dissipation
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sign and Compensation
ed-Cascode Opamp
! Folded Cascode Op amp

Via
vﬁ'—IMII:
.-,: +—= Vous—4 |AV| ~ gml[gm3r03 (rol ” ” gm? 07 09:|
e R .
e v dominant ~

vb,._“:l—"i [gm3 03 01 ” ” gm7 o7 09:|

Fig. Folded-cascode op amp topology

 Single pole, High speed, Good phase margin

Power dissipation
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Single & Differential

VDD
"
+4 oy o L 1: G
2 2 -
Power = Vg Power = |Vpp
Swing =V, una Swing = 2V, e
Slew Rate = |/C_ Slew Rate = |/C_
(a) (b)
Same Different
Power Swing(x2)
_ wing(x
ge_w rate Advantage of Fully differential opamp
aln

1. Twice the available swing
2. Canceling unwanted common-mode noise
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Example

Vbob=Vss=1.5V, Ves=0.82V, Vi=0.5V, |1=0.4mA, Rp=2.5KQ, Current source
minimum voltage(Vcs)=0.4V.

(a)For Vem=0, find Vs and Vout1 and Vout2.
(b)Repeat (a) for Vcm= +1V
(c)Repeat (a) for Vcm= -0.2V

(a) For Vem=0,
Vs=Vem - Ves =0 - 0.82V = -0.82V

1

=1.5-0.2x 2.5=1V




Example

(c) For Vem=-0.2V, Voo

2.5 kQ l l
+1VV01

" I;Ql Q2

0.82V Vs _
-0.2v - I 1.05V

-15V
-Vss

V¢c=Vem - Ves=1 - 0.82V = +0.18V V¢=Vem - Ves=-0.2 - 0.82V = -1.02V
Vg,= Vo, =VoD - % Io Vies= Vg — (-Vgs)= -1.02+1.5V=0.48V > 0.4V

=15-0.2x 25 =1V Vor= Vp =Vop - ~Ip=1.5-0.2x 2.5 = 1V

Vew max= Vit +(Vob - = Ip) =0.5+1=1.5V
Ve min= - Vagt Vs + Vos =-1.5+0.4+0.82=-0.28V i

\
__,,
e . .. g N
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y Differential Opamps

Common-mode Output voltage

VDD VO 1'V

VCM
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Why we need the CMFB?

In practice I, # Iy (mismatches)

— 0 or V,,

M +po
My T z :
1
1 l,lm
Mg "
3mA Y i I i Ie ﬂ! r. Ideally I, = Iy
S S s =
1
Vit M, 1 M, i J ﬂ
% °—Il:lm i |.:] N A (e - |N)kRP I Rn)
in ¥ ------ J = =
0 I Depends on T
Yiopl .,;'é}'w S e mismatches Quite high

Simplified model of high-gain amplifier

1) lps s > Iss/2 — both Mg and Mg — triode region

2) lp3 4 < lgg/2 — both Vy and V. |, M — triode region

? CM level poorly defined'!
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Example

Suppose My suffers from a 1% current mismatch with respect to My,
producing lcc=2.97mA rather than 3mA.

Voo
nIJ Ny MBJE
| == 1
M M
P o it 6
= I

X o Vot &4 Y

- 1
M M,
Ht“ﬁ M, q
Rall DAY
1L \
"l 'Iss\ 297 mA
it \~_¢'
Current
mismatch

Output impedance (gm6 Fos r08) | (gm4 Vos roz) = 266k 2

Current mismatch |, —1, =15UA

Output voltage error V,,, = 266kQ-15UA

Too large to produce!

1. VyandV, mustrise
2. Ms-Mg and M,-Mg enter the triode region
3. lp7g=1.485mA.

Yo

CM level poorly defined!V
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Concept of CMFB

A
from input ! } !
stage ---- ,’I : IB
Tt [ \ 1
Q5 jl T It Qe II : 1 I /2+AI I /2 A
U4
+ :O out cm T Vout+*| 1 10 out cmt Vout—
- —l—lo Q
1 2
= C 1 Vref CcM
Vs common-mode I L
= cntrl ‘

i
1
1
sense circuit : = =
1
1
1
+ 1
1
1

&
TQ
IC
£y
- D

L QQ L], entrl _ Q
Q _[—_" fl 1 Ig/2 All 5 L2+ Al
- - L ---------- \
Fig. 6.37 The common-mode feedback\\poplln I J
a fully differential folded-cascode opamb\ i Bl 5
AN L 8
N T e Ty T TR Y —————

Fig. 6.34 An example of a continuous-time

Three operations of CMFB GHRSI Bt

1. Sensing the output CM level
2. Comparison with a reference

3. Returning the error to the amplifier’s bias network
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mon-Mode Feedback Circuits

Concept of CMFB

T

1

from input :
stage 71l . » ]
o L I

’ !

1

==T===r=== 1

1 1

Vas : common-.moclrie :

1 sense circul = 1

0, p——ifal \ I

1 1

Q7EI QQ _|= !/cnlrl + lﬁ :

I S |

!

Fig. 6.37 The common-mode feedback thplln _El F !
- - 1

1

a fully differential folded-cascode opamp

Resistive sensing CMFB

Set CM level easily

(If Ry=Ry) , Large area and suffer from parasitic
“  capacitance. '
Rl ! RZ == Rout

(To avoid lowering the open loop gain.) -
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