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High gain amps for negative feedback

+ The need for High-Gain-Amplifiers is related to the
concept of feedback and the requirement for
having precisely defined transfer functions in
analog circuits

- With:
X — current or voltage signals
A - the high gain amplifier
F — the feedback network
- The closed loop gain is:
X A

A = 2% =
F o x. 1+A«F

S
- If Aisvery large - A-F > 1 and consequently:

_x, 1 The overall gain is defined by the
A === F ==>  feedback network
S
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Types of amplifiers

* The gain of the High-Gain amplifier stage is:
A= X,/X

» Since x can be a voltage or current signal, there are
four types of amplifiers

Types of Amplifers | Voltage-controlled, | Voltagecontrolled, | Comrentcontrolled, | Current-controlled,
current-source voltage-source current-source voltage-source
X; variable® Voltage Voltage Current Current
X, variable Current Voltage Current Voltage
Desired R; Large Large Small Small
Desired R, Large Small Large Small

* The x;, x;. and X¢must all be the same type of variable, voltage or current.

* The variables x;, x, and x; must all be the same type
of variable, voltage or current
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Architectures for High Gain Amps

» Architectures provide the starting point for the
selection of the building blocks when designing high
gain amplifiers.

As optimization proceeds the boundaries between
stages become fuzzy.

* The advantage of using an architecture viewpoint is
that it identifies the generic elements of the
design.

Designs that start from the same architecture can
have a completely different final version.
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Voltage controlled current source amp

Also called Operational Transconductance Amp (OTA)

- Large R, (— <)
- Large R, (- =)

) GM - Gm
iL — G — Gm ° Ro ° Rl
Vs ) (Rn t S ° (Ro + RL)
. Dxifferential
* Diff Amp: " | Amplifier -

- High Ri, good Gain
-Second Stage:
* Increase Ro, more Gain
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Voltage controlled voltage source amp

+ Also called Operational Amplifier

v. .. A-*R<R * Large R; (- )
A TRAR)-R AR) . Small R, (- 0)
Ay o A,

* Outfput Stage: 4
- Lower Ro
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Current controlled current source amp

* Require a current driven input with small Ri

b _ s = A°RR -+ Small R, (- 0)
-

5

) (Ri +Rs)' (Ro +RL)

- Large R, (- =)
*Ar - A

is

* Current Diff Amp:

- Small Ri, Small Gain i
-Second Stage:

* Increase Ro, more Gain
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Current controlled voltage source amp

» Also uses a current driven input with small Ri

v. .. _ R *R.*R . Small R (- 0)
P TR TRER)R 4R
. SmC(” Ro(—> O)
°RM - Rm

- Second Stage:
* More Gain

* Output Stage:
- Lower Ro
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Block diagram general two-stage Op Amp

+ Differential input: Gain, noise performance

- High Gain Stage might be added to increase Gain

* Output buffer needed to drive small load
- Bias circuit assure proper bias point across circuit

* Compensation
Circoitry .
l ! -
Y] G - D].Et-ﬂl'l:l:ltlﬂl H.I'E-h VOInLT ﬂutp‘ut '|-'EL.|?_I
Transcondoctance ——w Gmn  |—w Buffer 7
V2 —a - Stagpe Stage
Bias
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Ideal Op Amp

+ Gain Av - o Rin - o Rout - O
- If we define:
V,=V;-V, L= =1,
And we have:

Vout = Ay - (V1= V)

+ Then:
vi=i;=0 rl oo
—
when negative r——
feedback is ] ELP". _ AV
applied (null port). - o vout

> 0
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General voltage amplifier configuration

* Non-inverting voltage amplifier (v;,, = 0):

R +R
SELECY

* Inverting voltage amplifier (v;,, = 0):
vouf = _(sz ° Vinn
Rl

Wy

Ry Ko
Y —q
+ + +

: +

i {_:jl'pmﬂ C(-‘j; L. v Yanf
- - ;
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Simple Voltage Amp with Op Amp

» Inverting voltage amplifier using Op Amp

- Assuming that the voltage gain A, is large enough, v; and i
are equal to zero

RY) V. . _
— _n [, = - L+, = O
g R, > R ) Th
Vour _ _Re Bl h B R
v. R oA AN

]
"-.....I
O

Virtual Ground
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Op Amp Non-Ildealities

R, = differential input resistance

C.4 = differential input capacitance

R.., = common mode input resistance

Vos = input offset voltage

I,, and I, = differential input bias currents
I, = input offset current (I, = Ip; - Ip,)
CMRR = Common Mode Rejec’rion Ratio

, Volt e noise
L Rirm < g -
< R
x"_"‘x

{',-,g',--q H.-|:|"L >
+

¥l o S r Iﬂml[}phmp

Current noise
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Differential Frequency Response

Differential and Common mode frequency response

V(9= A 9)+ [4ls)- sl = Als)+ (WO
l-'q-l'[:.f"iﬂl IILH Av(s) _ Avo
Asymptotic s _4].[S _
20log] phAw) --ﬂﬁf Megnitude (Pl lj [pz 1]
0dB <E
-12dBfoct. .jl
-18dB/act
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Power Supply Rejection Ratio

+ PSSR is defined as the product of the open loop
gain (Av) and the ratio of the change in supply
voltage to the corresponding change caused in the
output voltage.

AViy Vout/ Vir (vdd ~ O)

° — out

PSSR =
AViur Vour/ Vg (vin = O)

* By defining A* and A- as the small signal gain from
the positive and negative power supplies to the
output, respectively we can have:

A
PSSR* = Adm PSSR™ = _dm
A A
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ICMR and CMRR

+ ICMR (Input Common Mode Range) is the voltage
range over which the input common mode signal can
vary without influencing the differential
performance.

* CMRR (Common Mode Rejection Ratio) indicates the
impact of the common mode signal on the
differential output. It can also be regarded as the
change in the input offset voltage that result from
a unit change in the common mode input voltage.

vo = Adm-vid + Acm-vic
A vo = Acm-AVic = AVo
dm vid,offset = AVid = AVo/Adm
Acm AVid,offset = AVic/CMRR

CMRR =

ALP_Rotondaro EE5321/EE7321



Op Amp Settling Time

+ Ts is the time needed for the output of the Op Amp
to reach a value within the set tolerance when
excited by a small signal

vauii)
t_4
Figal ¥Valie + gb-—-2—— e SRR

Final ¥alue
Final Yalue - &
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Signal path in CMOS Op Amps

Conversion Hierarchy
Voltage Classic Differential Modihed Dhiferennal
to Current Amphfier Amphfier Biret
""""""""""""""" ] I . Yoltage
Current || Differentisl-to-single ended | | Source/Sink | [ MOS Diode Slage
to Voltage Load (Cument Mimror) Current Loads Load
I N L EE———————— I . A
o ' Current |
Voliage Transconductance Transconductance St
to Current Grounded Gate Grrounded Source
____________________________ - 1 1 Second
¥ ¥ Yoltape
Current Class A (Source Class B Stage
to Woltage ar Sink Load) ( Push-Pull) l
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Two-stage CMOS Op Amp

» Classical two-stage CMOS Op Amp showing the
changes in the signal.

| 5 i 5 Voo

i i i i i

 iwhal |

| i | | |

i i —(ms;
n—i—| M1 Mz ﬁ— i ; ic.pm I .
V| | | | |
+ o] | | | | -
Vaisraws— —

| i i i | Vss

I L N A A N
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Folded Cascode CMOS Op Amp

* Improves the input common-mode range and the
PSRR of the two-stage op amp.

* It has a push-pull output instead of a Class A

I I I I,
I I | -
L
R Y- B
! ! i | M1o|mLL]
| | | |
: : : :
coH k| .
Vip ! | |M& | MO || Vowr b - ¥oul
o i e . E i —E—':I % '|_:II|H
i i M6 i i o—{+
| Vel | |
| 4 | |
! i ! !
| | | |
s Vol —[, s
| | M4 M3l | |]'r
L)
| Vod N TR
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Design of CMOS Op Amps

Choose/Create the basic structure of the Op Amp

- A diagram showing the various transistors and their
inferconnects results.

- In general, this structure does not change during the next
steps of the design.

Selection of the DC currents and xtor sizes

- Biggest potion of the design.

- Computer simulations are used to verify hand calculations.

- The compensation circuit is also designed during this step.
Physical implementation of the design

- Layout of the xtors and floorplanning

- Resolve the parasitics and validate the layout
Fabrication

Measurement
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Practical aspects of CMOS op amp design

Decide upon a suitable configuration

- It should be one capable of meeting most of the specs.

- Start with existing topologies. Avoid inventing a new one.
- Experience helps a lot in this stage.

Determine the type of compensation needed

- Consider the load and stability requirements.

- Use some form of Miller or self-compensation approach.
Design the device sizes for proper DC, AC and
Transient performance

- Start with hand calculations using approximate equations.

- The compensation components are also sized in this step.

- Use a circuit simulator to check and tune the design

Useful rule in Analog Design (P.E. Allen book)

- (use of simulator) x (common sense) = Constant
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Boundary conditions and requirements

» Typical Boundary Conditions (Unbuffered)
- Process specifications (Vts, k's, Cox, etc...)
- Supply voltage and range +2.5V +10%
- Supply current and range 100pA

- Operating Temperature and range 0 to 70°C
* Requirements

- Gain value and Gain Bandwidth > 70dB > BMHz
- Slew rate and Settling Time >5V/us < 1ps
- Common-mode input range, ICMR >+1.5V

- Common-mode rejection ratio, CMRR > 60dB
- Power supply rejection ratio, PSRR > 60dB

- Output voltage swing >+1.5V

- Output resistance N/A, capacitive load
- Offset < +10mV

- Noise < 100nV//Hz at 1KHz

- Layout Area < 10* x Lmin
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