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Local Feedback Loops

- V. Ivanoy, J. Zhou and I.M. Filanovsky, "A 100-dB CMRR CMOS Operational Amplifier
BaSIC |dea With Single-Supply Capability," IEEE Transactions on Circuits and Systems Il: Express
Briefs, vol. 54, no. 5, May 2007, pp.397-401

* To improve performance of simple transistors:

» By adding local feedback loops to:
» Decrease/increase impedance levels at certain nodes.
» Decrease/increase signal swing at certain nodes.

e Drawbacks:

» Feedback always implies stability problems

e Advantages:

» Local Feedback is faster and does not require
compensation if properly designed.

» It allows easy Class AB implementation




Local Feedback Loops

A possible Implementation

|
G Y Ig":

®o—>
.—H:'V' ) '_|+M1 s
1
j b.
v

Voltage Follower Flipped Voltage Follower(FVF)




Local Feedback Loops

Flipped Voltage Follower (FVF)

and I, and follows the
variations of V.,

e V, is defined by the value of V. @ ®

e The circuit is able to source
(I,,¢) currents much larger than

I,

e Low impedance at node X
Ry=1/(8m2 8m1 Fo1)

Voo,min = | Vuel + 2Vps sat




Local Feedback Loops

Flipped Voltage Follower (FVF) ‘

K It is able to operate with Low-Voltage supply

Voo ™= Vip [ +2Vpg cat
It features a low impedance node:

Ry~1/(8m2 8m1 fo1)
And a high impedance node

Rizoo
There are no stability problems [*]
It is able to provide a load with currents much larger

\ than the bias current === (Class-AB

~

"

[*] R.G. Carvajal, J. Ramirez-Angulo, A. Lépez-Martin, A. Torralba, J. Galan, A. Carlosena and F. Mufoz,
“The Flipped Voltage Follower: A useful cell for low-voltage low-power circuit design,” IEEE Trans. on
Circuits and Systems-I, vol 52, no. 7, Julio 2005.




LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation ‘

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation ‘

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

» Quiescent Current in Class-A
based SC circuits:
» |imits Slew-Rate
» [imits GBW
» Depending on clock freq.:
» One of them sets |2
»For low freq. SR limits.

G. Giustolisi and G. Palumbo, "A novel 1-V class-AB
transconductor for improving speed performance in SC

applications,". ISCAS 2003, vol. 1, 25-28 May 2003 pp.
153-156

|
Quiescent Current

—— SR Limitation

----- GBW Limitation

| .
|

Switching Frequency




LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

e Adaptive biasing+LCMFB = Super Class AB
e [mprovements:

— Slew rate
— Gain-Bandwidth product
— Current efficiency

e Applications
— Low-voltage low-power SC circuits
— Buffers for large load caps and testing

10



LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

Conventional Class A OTA

|
@_W 3 (v 65 6g,,, /20

V. V. t . .

- |E j| it | —» fficiency:
M, M Current E Yy

i L,y B/(B+1)

Sl 1

Larger B increases all this but also increases power
consumption and decreases phase margin 1



LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

Super Class-AB OTA

M INY » Adpatative biasing:
;:HT IE * » 7T Slew rate
* Adaptive Biasing » |CMFB:
vV o8 y ot » 771 Slew rate
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

Local Common-Mode Feedback (1)

|5¢ I1¢ R1 _Ii R2 ¢|2 LIS
Quiescent
conditions @ @
Al 1 D L
21,

V, =V, =V, =V, +

6,7

l5: Quiescent value of I, and
Low quiescent power consumption
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation ‘

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

Local Common-Mode Feedback (I11)
Dynamic conditions |5{l |1¢ m ¢|2H %
©, ‘ ®
“EFL Ml —& 1L 1L

21 2
V, =V om
7 H T 5. |8:'88( 2lcm—R2IdJ

If 1<l 2 2
Vy =V, + i 12 Por
lour=l51g ~-lg

v, =V, - el
v where |, = (I,+1,)/2and |,= 1, -1, 15




LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

Local Common-Mode Feedback (1V)
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation

»~ Objective: Design cells for Vy5<Vppi, featuring Class-AB behavior

—'@I IE'V'Z Adaptive Biasing+LCMFB
Adaptive Biasing GB prod uct: GB _ kgml,ng5,8RX,Y
R R j,z = Increase of K9nseRxy
WY Large-signal output current:
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation

Adaptive Biasing of Input Pair: S|
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation

Adaptive Biasing of Input Pair: WI

Vg Vg
nU nU
I, =max| l;e" ", I;| |,=max| ;e "7, I,
Vin+

Weak inversion: Exponential boosting of V., not limited by I,




LFL: Basic Cells

Local Feedback Loops: Class-AB operation

Super Class AB
OTA Topologies

20



LFL: Basic Cells

Local Feedback Loops: Class-AB operation

Measurement Results (l)

OTA Fig. (d)

OTA Fig. (b)

OTA Fig. (a)

600 pm

Technology:

v' 0.5 um CMOS
v Double Poly
V' Vip~-0.96V
vV V= 0.67V

Meas. conditions:
Y Vpp=-Ves=1V
v 1, =10 uA

v’ C,= 80pF
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Output Current (mA)

LFL: Basic Cells

Local Feedback Loops: Class-AB operation
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LFL: Basic Cells

Local Feedback Loops: Class-AB operation
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation

PARAMETER C?ZA Fig(;).TgA(a) Fié).TsA(b) Fié).TsA(d)
Slew Rate (positive) 0.35 V/us 100 V/us 92 Vius 42 V/us
Slew Rate (negative) -0.4 V/us -78 Vlus -76 V/us -80 V/us
Pos. settling (1%) 3.1 us 29 ns 66 ns 100 ns
Neg. settling (1%) 3.6 us 57 ns 62 ns 33 ns
GBW 200 kHz 725 kHz 410 kHz 470 kHz
Equ. Input Noise (1 MHz) 223 uV, ¢ 230 pV, 230 pV, 252 uV, o
THD @ 100 kHz, 0.9V, -40 dB -56 dB -43 dB -41 dB
Dynamic range 63 dB 66 dB 63.7 dB 62.5 dB
DC gain 30 dB 43 dB 37.5dB 37.5dB
CMRR 54 dB 68 dB 70 dB 69 dB
PSRR+ (dc) 48 dB 55 dB 50 dB 57 dB
PSRR- (dc) 44 dB 58 dB 53 dB 46 dB
Static power consumption 80 uW 120 pW 120 pW 140 pW
Die area 0.011 mm? 0.024 mm? 0.024 mm? 0.042 mm?

Performance
parameters of
the OTAs

Antonio J. Lépez Martin, Sushmita Baswa, Jaime Ramirez Angulo, R.G. Carvajal, “Low-Voltage Power-Efficient
Super Class AB CMOS OTA Cells with Very High Slew Rate and Power Efficiency,” IEEE Journal of Solid-State

Circuits, vol. 40, no. 5, pp. 1068-1077, Mayo de 2005




LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation

Proposed Circuit Topology

Adaptive Biasing
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation

| Class-AB Input Stage
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation

Non-linear current mirror

[Z”d proposed OTA ]
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation

Non-linear source degenerated
current mirror

b

[3rd proposed OTA ]
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation
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Local Feedback Loops: Super Class-AB operation
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LFL: Basic Cells

Local Feedback Loops: Super Class-AB operation

Measured performance of the fabricated OTAs

Slew Rate (positive) 0.35 V/us 10 Vius 20 Vl/us 14 Vlus
Slew Rate (negative) -0.4 V/us -15 V/us -54 V/us -28 V/us
GBW 200 kHz 3.27 MHz 3.46 MHz 2.3 MHz
Static power consumption | 80 uW 220 uW 140 uW 140 uW
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