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(ext we review the conventional Op Amp Des%

frequency response compensation techniques
and also we introduced a simple LV Current-

Mode based Op Amp using resistors as
transconductors. Difference Differential

Amplifiers are also introduced.
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UNCOMPENSATED CMOQOS OPERATIONAL AMPLIFIER

in Impedance T
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UNCOMPENSATED CMOS OPERATIONAL AMPLIFIER STABILITY
ISSUES

» The low frequency voltage gain is high enough for a number of

applications. %

 The open loop poles are far from the origin, this can cause stability
problems for closed loop applications. G

» Closed loop poles might end very close to the jw axis and some in
the RHP. Loy

« How to tackle this stability problem will be discussed next.



Two-Stage Uncompensated Amplifier

lo I,

[ |
. M

R M I[ 7

VSS
Uncompensated Operational Amplifier
. (] )
“ Ay =AViAY) = Im2 9m6 Large voltage gain v)

902 +904 906 + 907

— Poles are close to the jo axis causing stability problems &



Employing a simple capacitor will split correctly the poles but will generate a
Zero in the RHP. \.;)

Using an RC compensation can eliminate the zero and split poles. The resistor

can be implemented with transistor in the ohmic region. =
DD

Vou

Improved internally compensated CMOS operational
amplifier. Better bias for the output stage (M8 and M9)

Analog and Mixed Signal Center, TAMU (ESS)



A variation at the output stage with class — AB is shown below.
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CMOS op-amp with class-AB output stage and RC pole splitting.



“Pole Splitting” can be carried out with a compensation capacitor
feedback and a voltage buffer as shown below

®
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Two-Stage amplifier with source follower compensation scheme

* Without M12 and M11 a zero in the PRH

 With buffer (voltage follower), zero is eliminated and pole sp  e»
(due to C..) is kept. =
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Background.-
Two-Stage Op-amp with Miller compensation

. The first stage is a differential-input/single-ended output stage, and
the second stage is a class A or class AB inverting output stage.

. DC Gain
Av,O = —A,14,,

Ay = Imi1To1

sz = ngTOZ

. Transfer Function
1-Ce
— dmz2
. Pole/zero Iocé&l’ons 1+(r01Cp+ApaTo1Cc+702CL)S+T01702 (CpCetCpCL+CcCL)s?
= Im2 RHP
s, = zero
Cc
Sp1 = — ! ~ Dominant Pole
p To1Cp+Ap21o1Cc+7102CL Apz101Cc
S, =— T01Cp*AvaTo1CetTorCr _ Ima Non-dominant Pole
p T01702(CpCe+CpCL+CcCL) Cy




Two-Stage Op-amp with Miller compensation

C (Farads)

[

Pole Splitting C.

. Pole/zero locations
\'}
IN.p S _ Y9mz
VOUT z C
Vinn @ ¢
S _ 1
pl Apa1o1Cc
_ 9mz
sz = C,
. Pole-zero position diagram
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Y ] 1 PM wio RHP zero | e I
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Pole E ]
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10 "k | *. RHP zero 4 & 60
I : —
pole \\.( =
; N\ & sk
: b
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E Ay E
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Increasing C_ achieves sufficient pole-splitting thus improving the PM. However, the
larger C, shifts the RHP zero to lower frequencies thus ruining the PM.




Miller Op-amp with Nulling Resistance

. Introducing a small series resistance in series with C. may cancel the
RHP zero or shift it to the LHP.

. Pole/zero locations
o = 1
z 1
(gomRe)Ce
amz2 1
S = —
p1 Ap27101Cc
9mz2
S, = —=—=
p2 Cy
R.=1/9gm> No zero
R.>1/gm> LHP zero — Can be used to cancel the

first non-dominant pole.

. Disadvantages:

» To achieve a sufficient phase margin, second pole cross-over of the unity gain
frequency should be avoided.

g m2

ml

fo2 » GBW = ¢ < =2(,

Thus, the Op-amp stability is severely degraded for capacitive loads of the same
order as compensation capacitor.




Improved compensation technique

. The RHP zero is a result of the feed-forward path through C..

. The RHP zero can be eliminated if we cut the feed-forward path
and make the compensation capacitor unidirectional.

An Improved Frequency Compensation
Technique for CMOS Operational
Amplifiers

BHUPENDRA K. AHUJA




Improved compensation technique

- v
The controlled current source injects AC current of Cc% to

the output of the first stage.

Virtual Ground

. DC Gain
Av,O = —A,14,,

Ay = Imi1To1

sz = ngTOZ

Transfer Function
Ay,

v 1+(T01Cp +AU2T01CC+T02 (CC+CL))S+T01T02CP (Cc"l'CL)Sz

Pole/zero locations

S,. = — 1 ~__ 1 Dominant Pole

p T01Cp+Ap2T01Cc+702(Cc+CL) Apz101C¢

o = _To1CpHAveTorletroa(CetC) o gmaCe Non-dominant Pole
p2 T01702Cp (Cc+CL) Cp(Cc+Cr)

To achieve sufficient PM

CZ
foo» GBW - (< gmz Zc.

Im1 Cp




Improved compensation technique

Numerical example

Miller compensation with nulling Improved compensation technique
resistance

Dominant pole Dominant pole
1 1
@d _ngTOITOZCC @d _g‘m.ZTOlTOZCC
Non-dominant pole Non-dominant pole
_ 9ma2 _ 9m2Cc
“na =g, Wna = Cp(Cc+CL)
Gain-bandwidth product Gain-bandwidth product
GBW =Im GBW = 9mi
Ce Cc
Phase margin Phase margin
PM =90 — tan~" (Z22) PM =90 —tan"! (2
Wnd Wnd
If 22 = 10, C, = 5 pF, C, = 0.5 pF,and —2% > 4 for PM > 75°
Im1 GBW
GBW GBW gy, C?
G=—Imc o <125pF et Imi | o< q950F
Wnd m1 Wna Im1 Cp

The improved technique offers an order of magnitude improvement
in capacitive load capability for the same performance.




Circuit Implementation

Miller compensation with nulling resistance.




Other performance parameters- PSR

VDD

Voge ] [ Vage| EJM :
P, P

VIN,n
c C i Vour
l 1
C

V“’V—l Iim,,o VBH M, 3 V“’V—l EJM,,Z

VIN,n

Miller compensation with nulling resistance.

Vour 1+ 54,501,

Ves Om18maTe1Ts2

Vss PSR

...r20log(A,,0)
freq

fo1

Vour 1+5C,7,,

- 5
VEE Omi1i8maTo1Te2 (1 + m)

Vss PSR

....720log(A,,0)

freq
fo 1/ruC,  GBW

Better PSR at high
frequencies.




Design Example — Miller Compensation

Design an OTA with GBW > 5MHz, C =10pF, PM>70, and SR> 2

V/us.

VDD

VB,p‘ | fMp )

. Choose C_=C,/2= 5 pF.
. GBW > 5MHz
GBW :% - gmi = 157 uS

C

. SR > 2 V/uS
I
SR :g—’“ > I, =20uA

C

. PM > 70°

PM =90 — tan~! (GBW

wnd) - Wy = 2.7GB

Let
Wpg =3XGBW =2m2 _, Im2 _ 3% _ ¢
Cr dmi Ce

Then
dm2 = 6gm1 =1msS- ID,Z = 311’,0

. Choose R, > 1/g,,,,

R.> 1KQ




Design Example — Miller Compensation

Positive supply rejection

. Simulation results
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Design Example — Miller Compensation

Capacitive load driving capability
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PM > 70° for C, < 15 pF.




Design Example — Improved Compensation

. Design an OTA with GBW > 5MHz, C =10pF, PM>70, and SR> 2
V/us. . Choose C.=C,/2= 5 pF.

. GBW > 5MHz
Voo

GBW :% - gmi = 157 uS
. SR > 2 VIiS

I
[ Ve SR :g—’“ > I, =20uA

Pl M In order to nfake the current transformer
biased during slewing interval

s > 1L, — I,3=30puA

_| M, Vs,y_| | . PM > 70°

Ve PM =90 — tan™? (GBW) - Wpq = 2.7GBW
Wnd
Let
=3xGBW == _ImeCc  , Im_q3
Thenwnd Cp(CC+CL) - dmi

Imz2 = 03gm1 =52 uS - 1,, = 0.3,

v’ Let’s use g,,,=6gm1 like the miller Op-
amp to make a comparison between
the capacitive driving capability.

v For the same capacitive load driving
capability, the second stage will
consume less current making it suitable
for low power applications




Design Example — Improved Compensation

. Simulation results

Gain Cross-over
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. -6
37.51
L N R 1 B 1 L R R R R | I'E dx:183.908 dy:554.5mV (3.015M) [de:—lﬁszns dy:532.8mV {-3.149M)
10 10! 12 16t 1wt 10t 1P 10’
0.0 1.0 2.0 3.0 4.0 5.0
freq (Hz) time {us)
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Design Example — Improved Compensation

Capacitive load driving capability
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Design Example — Improved Compensation

Summary of Simulation results

Parameter Spec Miller Improved
Compensation | Compensation

> 5MHz 5.5 MHz 6 MHz
PM > 70° 75° 87.6°
SR* > 2 Vs 2.75VIus 3 Vlps
SR- > 2 Vs 3V/us 3.15V/us
PSR- - -65.6 dB -51.9dB
At (0-3.1 kHz) At (0-245.4 kHz)
PSR* - -97.2dB -37.2dB
At (0-44 kHz) At (0-538.9 kHz)
DC gain - 64.5 dB 51.3dB
Current - 80 HA 110 pA
consumption
Capacitive load - PM > 70° for PM > 70° for

driving capability C, <15 pF C, <100 pF




Using another current buffer Op Amp topology.

’ ’ .
M3 ‘M4 M7 | M8
(l Ibias I
Vi—i[ M1 M2]—Vip
. M1L ||
C
Mbaﬂ IE M6 IEM9 ![MlO I[
L @ @ — @ [ J

Two-Stage amplifier with Current Buffer compensation scheme.

 Improve SR at the expense of power consumption.

25
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Differential Output Two Stage Amp with a capacitor compensation
with a current Buffer ( Common Gate)

Vb _
D o Pr Dn 1D e Qo
i Vaae Voge 2 H
MB j’_T T—“‘_J M;f
Vo—o—- 0V—|| M, M, ”—Vo .
Mg ] Vaar ® 1L, Mg
mp@gw
VSS
P s R RoaCe o
aN .
5+ Ce

Ce

P2 = — (C\p’L + C‘c) C‘fA

gm7 — oo then p3 — o

26



Differential mode half circuit of previous topology

C
|
® o7 Vo
+ ! | c
Vao — C) Vi eg—m? — B8 2 Cw) S =
Om1Vi ~|Roa | Ca On7Ve — Reg |OmsVa| Ry| CL
N N NS NS NS NS VN N
Element Fig. 1l(a)
Roa To1||To3
Ca Cyss + Can1 + Caz + Capr
R,p oo *
CB Ogs? + Csb? *x
Ry, *** To5
Cp **** Caps

27



Note that this and previous structure are fully differential but this approach
could be used for single output topologies.

Compensation using a current buffer ( current gain)

VDD

oy or
M, W, e FLSMQ

e e e
Ms I Voar | 10, Ms
OF ”'ija“‘a O

Note that the current-mirror introduces an extra inversion which must be taken

into consideration for the single ended version.

P.J. Hurst, Lewis, S.H.; Keane, J.P.; Aram, F.; Dyer, K.C.

“Miller compensation using current buffers in fully differential CMOS two-stage operational
amplifiers” IEEE Transactions on Circuits and Systems |, Volume: 51 , Issue: 2, Feb. 2004

28



Element

ROA f"‘ol”’r'oii‘‘roll ~ gmll
o N T
Ca Cyss + Can1 + Cas + Capn lCB + Cc
ROB To9 *
Cp Cyso + Coat1 + Carg ** Besides the above zero the
amp has three poles
RL * & * Tos
CL *k Kk *k Ga!bﬁ

Elements of Current-Mirror Cc compensated

Note that the common-gate and current mirror topologies under ideal case are
almost identical, however in practice the one using current-mirrors is more power hungry
and has a larger parasitic capacitance CB



Summary for Two Stage Op Amp Architecture Designs

* Roots close to the jo axis for uncompensated
|

SP1 SPz |

* Potentially unstable for some values of C;
lpias = CLSR™2.5

« Improved output stage optimal bias of Q, and Q,
 No significant change of pole locations.

A, (0)-> +
A, (@) > -

Pole splitting => one dominant pole

e
Spl SP2| Z

Z, Phase deteriorates phase margin
The good and the bad news

Analog and Mixed Signal Center, TAMU (ESS)
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Two possible solutions to cancel z, and keeping s, > ®, =GBW and s, small

C i
E — V, O—I JI_ VOO
\?iJr;_I Vs _CI;IC_D_,;IITC:LO rél— 010 FIL_
! L } Ce L
. » ‘ o
I : :‘J ”f E I F:VI : T :EQM
VbiaLs>| bIaLS»I L]
Internally Compensated I?/\t(i-}trr?ilrlﬁlt CO;rilrl?ebnuS;teerd
with R C y9

(Qu0: Qu1)
Operational Amplifier (conventional) Architectures.

Readler.- See the internally Op Amp compensated with current gain
buffer in previous pages

Analog and Mixed Signal Center, TAMU (ESS)
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Folded Cascode Op Amp

1 Compared to two-stage Op Amp, folded cascode Op Amp has:
« Improved input common-mode range (ICMR)
« Improved power supply rejection (PSR)
 Push-pull output stage
 Self compensation

Vop
Vi
| IYE =
M10|MI |
soHTm w2l | gl I
in M8 | M9 || Vou
=
M6l M7
Vs |l__, |l__,‘
I 1’!.[5'!,.1?"%”: , !
! | M4 M5| ! |
Vs ] _
V=l =1 =V Fig. 6.1-9

Folded-cascode Op Amp broken into stages
[Allen]



Folded Cascode OpAmp

Vpp Voo

Vpg1
I (;S El) Is I l?l—lEl I
Msjl—ﬁ—ll'_JMr MsjlﬂiltTMr

o o o Hl
—O Vout out

+0—|| I M1 Mz I ||'— Vies

v Ms l: Mo
Cascode in
Current 0 M, T Mo M4
Mirror Vie: _||: l,s | |
|
1 1

d The extended ICMR is achieved

O The bias currents 14 and 15 should be designed such that 16 and 17 never
goes to zero (i.e. I, 5 = 1.2I3 —» 1.513)

[ Poor noise performance: In addition to the input transistors, transistors M,
and M., ,, generate significant current noise



Small Signal Analysis

EmaVest EmTVpsT
Ry Rp < } i
!..., (10 !-r = -
IR, T Bl T4
Vi '-.- Wy -~ Wi = <
EmlVin é"“ 106 = EmlVin q_}“ F s -
3 1< F ged-< _.:- vgst T = 3 .:.!".'H' T 55 < 57 " o HH:; Viour
r [+ Bm10 [ ~ -

R, and Ry are the resistances looking into the sources of M and M,

r +1 1 r +R R
R, — lds6 /9m1o ~ and R = —ras7*tRu_ L \where R, — -
A B — 11 mo'ds9o’ds1l
1+9meTdse Ime 1+9m77ds7 Im7Tds7

The currents i, and i, IS expressed as

. Tas2 |7 V; V; R
i, = Im2(Tds2ITdss) vin — Idm2 Vin where k = B
Rp+(Tasz2llTass) 2 k+1 2 Trasz2||Tdss
o= — Im1(Tas1llTdsa) Vin _ . Vin
- 1
10 Ra+(rasiliTass) 2 mLo2

Thus, the transfer function can be found as follows

Vout _ gm1_|_ Im2 R = 2+k R
Vi 2 " 20k + 1)) tout T\ ) ) maftout

Where
Rout = ImoTasolas11 ”gm7rds7 (Tdsz ”Tdss)
Where k is the low-frequency unbalance factor



Frequency Response

O The frequency response is dominated primarily by the output pole due to the high
output impedance
-1
P .=
out RoutCout

O In order to have sufficient phase margin, all other pole should be located will above
the GBW

: 1
Pole at source of Mg (Folding node) Py=— P GTT ~ - g:;ac
A\*~gs bd gs bd

i 1
Pole at source of M, (Folding node) Py = — ~ ——Im7
Rp(Cgs+2Cpa) Cgs+2Cha
Pole at drain of Mg p, = — —Jmo
2Cgs+2de
Pole at source of Mg p, = — dmsldssImio
Pole at source of My p, = — —Ime

O Remarks:

We assumed Ry =~ 1/g,,7 because at high frequency, where this pole has influence,
C,,¢ shunts the drain of M-, to ground.



Power Supply Rejection

dThe following model is used to calculate the
negative PSR
 The gate, source and drain of M, varies with V¢«
 The gate, source of Mg varies with Vg

T‘I)l;
RS
dThe transfer function Vou%/ L#ean-be found as
Vout SCgdoRout L T w,“
Vss SCoutRout+1 \'(;5.(,.‘;:‘ E-J%I“M;E' Vis i:) (\ g, ¢ 5;\
J

PSRR™ can be calculatet—=

PSRR™ = —2v ol

|Vout/Vss|
Output stage of folded cascode OpAmp

[Allen]




Power Supply Rejection

dB
! [PSRR-|
i
|
[Aygle)l ! |
! ! CoaoRoui
Emrlrl]nanlj
pole t'rcqu'-.:n:.'}'
| 1
0dB ! \'” ' » logolm)
Cga | | GEB
Cout i *. v
_______ = [Allen]
£y

Other sources of Vg injection, i.e. rg®

O At low frequency, we assume that other source of 1, injection becomes
significant

O Low frequency PSRR- is at least as large as the magnitude of the
differential voltage gain A,

[ PSRR™* can be derived similarlv: the primary source of injection is throuah



Slew Rate

Zpo Vbp
L‘i = lls ’4lilﬂlglu
i e e
l’s Ly Vour Igl ‘A .
;jﬂl%oi I4-I3i Vg2 L—. ll,, -I3 l C v EFI}_‘ I, i Vives2 l: i’4 l Cout
Vi1 ﬂ:“: l:a |:l_j © Vier ﬂil: ib |:I_j
- I
__ I3
SRT = SR CL

d The bias currents I, 5 should be designed such that /¢ , never goes to zero
Iys = 1.213 > 1.515



Maximum Available Output Swing

Voo

Vsps

Tl

Vspr

vout{max)

Vocm

A vout(min)
Vbss

A
A

Vbs11
3 Vss

Vout(max) = Vpp — Vsps — Vspr
Vout(min) = Vss + Vpso + Vps11
O The output common mode level V,_.,,, is often dictated by the circuit that
Interface with the amplifier (e.9. V.o, = Vpp/2)



Noise Analysis

d The noise current of M;, M, and M, goes directly to the output

O At low and medium frequencies, noise contribution of the cascode
transistors (Mg and Mg) can be neglected

 Total output noise current becomes oD

o My T

lgut = 8KTy(gm1 + Ima + gmlo) —4||:EK>4KTYQM
O Input referred noise density

8KT
p2 = 14 (1 4 9ma gmlo) "
’ Imi Imai Imai —ltz*Dﬂ(Tngs

M
1 *—O Vout
—II: 4KTYGmi
M
2 4KTygms

L —[

M 10
—] 4KTyGm1o

y |

Half circuit model



Folded Cascode Op Amp Design Procedure

O Design approach for the folded cascode Op Amp using long-channel model

Step Relationship Design Equation/Constraint Comments

1 |Slew Rate I3=5SR-C

2 |Biascurrentsmm |[y =15 =1.2/3to 1.5]3 Avoid zero current 1n
output cascodes cascodes

3 | Maximum output 215 217 Vsps(sat)=FVsp7(sat)
voltage. "SS_KP‘ Veps2® ST_KP‘VSD?E . (S4=Ss and Sg= S7) = 0.5[Vpp-V oy max)]
Vo f(max) -

4 | Minimum output 2111 21y Vpso(sat)=FVpg11(sat)
voltage. S Ky Tpsii2 S K Tpsol - (S10=S11and S§=S9) | = 0.5[F,, (min)-Vss]
Vo A(min) ) ] '

3 GB Em1 gm1* GB2Cr?

- S1=5= KNIz~ KNI3

6 | Minimum input 213

CM Sy=""_ . — )
KN (Vin(min)-Vss-/T3/Kn'S1) -¥11)

7 | Maximum mput | 2y ) S4 and S5 must meet or
CM S4=S57¢ P’ (VDD-Vin(max)+Vr1) exceed value in step 3

8 ]I)rlrfereun‘all Vout (8ml  &m2 { 2+k ] RifggerT€4sa)
Voltage Gain vip L2 T2(1+h) Rout = \2+2K! EmRout k=" .-

Sm7' dsT
9 | Power dissipation | Pgjse = (Vpp-Vss)( I3+ 10t11)

[Allen]



Design Example

O Design a folded cascode Op Amp to comply with the following
specifications using 0.18um CMOS technology

Slew rate > 10 V/us
LLoad Capacitor 10pF
Power Supply +1V
Max/Min Output Voltage +0.5V
GBW > 10 MHz
Min Input CM \oltage —0.3V
Max Input CM Voltage 1V
Differential Voltage Gain > 60 dB

Power Dissipation < 2 mW



Design Example (Cont.)

O Solution: :l?ﬂ_ﬂ Iy

» From the value of the slew rate we can get I;
I; = SR X Cp > (10 X 10%)(10 x 10712) > I3 > 100pA Mﬁﬁlﬁﬁ 7
SelectI; = 120pA ~—OVou

> 1,5 will be designed such that /¢ ; never goes to zero M
I, =I5 = 1.215 to 1.5]5 '
SelectI, = I = 1.25I5 = 150pA T
» Knowing I, and I3, we can get the quiescent, min, and max values of I ;=
Ieg =179 =1, —0.5I3 = 90uA

)_‘ M, : |VNBZ: M,
Mm M11

Is(min) = I7(min) = l4 — 13 = 204

Is(max) = I7(max) = Is = 150uA

» From the min and maximum output voltages we can get overdrive voltage of
transistors M,_q

VSDSClt(4—7)|m = 0. 5(VDD out(max)) =025V
VDSsat(8—11)|max — O-S(Vout(min) — Vss) =025V



Design Example (Cont.)

> The value of GB gives g1
Imi2 = GB X C, = 628.3 uA/v
Thus, choose g,,12 = 700 pA/V

From gm4,2 and I 5, we can obtain Vipgsqe(1,2)

21 I N
VDSSClt(l,Z) = . — > — 0.17 V -.'n

Imi Imi

» The minimum input common mode voltage defines Vpssqt3

Vicm(min) = Vss + VDSsat(S) + Vpp + VDSsat(l)
Thus, Vpgsarz) = 0.13uA for Vp, = 0.4V

» We need to check that the maximum input common mode voltage is satisfied
Viemmax) = Vop — Vspsat(a) + Vrn = 1.15V > Meets the spec



Design Example (Cont.)

O Now, we have the bias currents I, and overdrive voltage V.4 Of all the transistors.
Thus, we can obtain W /L of all the transistors from the ACM model or square-law
model if long-channel transistors are used.

O The channel length of the transistors should be chosen to satisfy the specified
voltage gain.

O The current flowing in transistors M,_,; can have any value from 20 uA to
150 uA depending on the amplitude and polarity of the differential input voltage.
Therefore, they should be sized such that the worst case Vp¢.,+ Of €ach transistor
meets the specified limits on the output voltages.

O Bias voltages of the cascode transistors Vpg, and Vy g, are chosen such that

VPBZ



Simulation Results

 DC operating point

__ Transistor | W/L___ AT

M, 18/1 0.13
M, 24/1 60 0.16
M, 72/1 150 0.23
M ; 72/1 90 0.23
Mg 12/1 90 0.24

Mio11 12/1 90 0.24



Simulation Results

A Input common-mode range
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Minimum input common mode voltage is 0.28 V



Simulation Results

 Output Swing
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Output Swing Testbench

The gain is perfectly linear for —0.5 < V,,,+ < 0.5



Simulation Results

3 Open loop response
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Simulation Results

[ Slew Rate
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Simulation Results
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Summary of Results

O The following simulation results for C; = 10pF, Vpp = 1V and Vgg = —1V

SR* > 10 V/us 11.3 V/us
SR- > 10 V/us 11.18 V/us
Max/Min Output Voltage +0.5V —0.65 - 0.61V
GBW > 10 MHz 10.7 MHz
Min Input CM \oltage —0.3V —0.28V
Max Input CM \oltage 1V 1V
Differential Voltage Gain > 60 dB 62 dB
PSRR* - 65.64 dB
PSRR- - 75.86 dB

Power Dissipation < 2mW 840 ulw



Techniques for Wideband Amplifiers
Focus the improvement in the load of the differential pair

T, P L | Nﬁi |J Frequency Dependent
- _‘ Current Mirror (FDCM)
_‘ - Cr>> Cgs
Wideband Alternative —

N

‘y éF|J 0.1K<R< 1K
([

L, ul .
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Behavior

High Frequency
Behavior

T. Itakura and T. Iida, “A Feedforward Technique with Frequency-Dependent Current Mirrors for a Low-Voltage
Wideband Amplifier,” IEEE J. Solid-State Circuits, Vol. 31, No.6, pp. 847-849, June 1996. 53



An example of its use:

R VDD
M P g I /vv%, (D Ib )
M I M P4
_ ot
Vie—{[_M P2 ¢ —oVin ° Vo
4 I ®
IFCFz =
M P3 < }_ R >M n1 < R —| :M N4
1 Ny 2
_VSS

Wideband Amplifier with Feedforward Technique

« What is the optimal value of R1 as a function og Gmp3 ?
 Cr, by passes two current mirrors.
» C, isfed forward to the input of another FDCM and signal

Is amplified.
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Next, we discuss different families of wideband reported in the
literature.
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F. Centurelli et al, “A Bootstrap Technique for Wideband Amplifiers,” IEEE Trans. on Circuits
And Systesm — I, Vol. 49, No. 10, pp. 1474-1480, October 2002
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FOLDED-CASCODE WIDEBAND AMPLIFIER ( See page 11 for cascode)
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Differential Wideband Amplifier

F. Opt Eynde, W. Sansen, “A CMOS Wideband Amplifier with 800MHz Bandwidth,” IEEE Custom Integrated Circuits Conf., pp. 9.1.1-9.1.4, 1991
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Fig. 1 Transconductance Amp
Basic Structure based on current-mode

Ix=-1Ir

IB>iR

X Figure 1

X Figure 1

Fig 2
Pseudo Differential Op Amp

Ir=Vin/R

E.K.F. Lee, “ Low-Voltage Opamp Design and Differential Difference Amplifier Design Using Linear Transconductor with Resistor Input
, “ IEEE Trans. Circuits and Systems Il,vol. 47, pp 776-778, Aug. 2000
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Transimpedance

amplifier \E ;’]

Figure 2
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