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OpAmp: Evolution

“General Purpose”
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Single vs Multistage OpAmp
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Class A: Basic OTA Structures

» Simple OTA
eLimited gain
elarge output swing
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Small signal (ac): LF Gain

Vdd V. .=V.+v ,

I/in- = I/ic_l_ vin-

V.. is the input DC voltage
and v;,_, v, the input ac diff. voltages
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* Determine the gainat LF: A =V_,,/V,?
 What would be the impact of a resistive load?



Common Mode Gain (A_,) & Rejection Ratio (CMRR)

Vdd
Asymmetry + non-ideal current source
2> A, %20
A . Vout N -1
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Vem 2gm3,4ro
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* Determine A_,, due to the finite output resistance of the current source
(suppose that the circuit is fully symmetric (i.e. v, ; pc = Voue e ™)

e Deduce CMRR



Analog Integrated Circuits Design (2024-25)

* MOST Operation, Modelling

- 13-17 Sep MOSFETs: Operation and Modelling
- 20-24 Sep Noisel : (in time and frequency domains)
- 27 Sep-1 Oct Noise-2 : (Analog circuits noise analysis)

* Voltage references and regulators

- 04 Oct Current Sources and Mirrors
- 08 Oct Voltage and Temperature independent References
- 11 Oct Exercises

* OTA and Op-Amp Design

- 15 Oct OTA Analysis and Design (DC, AC, Stability ...) (1)

29 Oct OTA Analysis and Design (DC, AC, Stability ...) (2)
1 Nov Lab1-a: OTA Structural Design (gm/IE Methodology) theory
- 05 Nov Lab1-b: OTA Structural Design (gm/IE Methodology) Lab (CO5)
— 08 Nov: Multistage OTA (Stability and Frequency Compensation)
- 12 Nov: Fully-Diff Amplifiers & CMFB
- 15 Nov: Variability, offset and noise in OpAmp (1)
- 19 Nov Lab2: Fully diff dolded cascode amplifier & its CMFB (CO5)
- 22 Nov: Variability, offset and noise in OpAmp (2)
- 26 Nov: Rail to Rail input and output amplifiers

* Mixed-signal design
- 29 Nov: Comparators
- 03 Dec Lab3: Comparators (CO5)
—  06-10 Dec: AD and DA converters (introduction)
- 13 Dec: Digital calibration of analog circuits

. 20 Dec General revision (zoom)




Output Dynamic Range

Dynamic Range = ratio between smallest and largest signal
that the system can process
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Large sighal: Output Dynamic

T
[
@ i1 Vout__l_ V

° c out,max = Vdd - VSD,sat4
L Y i i I L = Vyg — (Vsgs - VTp)
1 2
Vin+ V -
o—|T, |8
V‘id —> Vout,min - VD,satZ - Vin,DC - VTn
I0
r 9’
T6
* DetermineV ,; 1o @aNA V_,: min? (all the transistors in strong

inversion, V,, yc is set by a biasing circuit (e.g. to V, /2))



Large signal: T,,T, in weak inversion

@ T:3 *)__0”%4 v Vout,max = Vdd - VSD,sat4
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Large signal: Input Common Mode Range

& L *””Ev"
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e Determine V. and V.
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OTA- Frequency analysis

Vaa
1% ‘;ﬁc GND
L, fc ,J H(s) = — =? I .
T . —— C S8 gm4 V.s’g4
3 |——T—| T4 Vin 8m3 4|3 / T,
v, -
I 2 To,
T Iy.n V"| TCL .
1 SN T Vint . Vin- T CLf 8
Vin ] T fo™ Vin o "
| EmiVin 2 ~8m2Vin /2 1
0 — —// Cy,
lo 8o
T ac model with parasitic capacitors
( + 8m?2 1vin) 1 1 Vega = Bm12Vin_ 1 =
Vy = 1% : sg4 — C
0 gm4,3 sg4 2 g, 1+ S& 2 gm3,4- 1+s 3
| 1 o | l Emat )
l. 1 I 1 '//C
Lo X g_o// CL 8m3,4 3
Im1,2Vi 1 1 1
Bmi™Bm2 AN 8s™8rma Vo = 5 1+ C C
1+s—3—|801 +s-L
| 9m3,4 | 8o

lo



OTA- Frequency analysis
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Miller Effcet

the Miller effect accounts for the increase in the equivalent input capacitance of
an inverting voltage amplifier due to amplification of the effect of capacitance
between the input and output terminals.

C(1+A,) ]
= A,C T T C (1:120 )
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Miller effect

2
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OTA-Slew Rate

* Slew Rate (Sr) = maximum rate of change possible for the output voltage
* Srlimited by the currents charging and discharging the capacitors of Amps.
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During OTA design: usually, Sr gives |, and GBW gives g |




Slew Rate consequences

« Ex:U,,=U_,sin(wt) = (dU_,/dt) . =U_.

max out

IfU,, o> Sr
—> large signal mode = Speed limited by Sr
1.e. distortion occurs even if ® < ®gy

A

U, 1deal
U, real

\ ) >t
\ Sr = slope




Circuit Level Tradeoffs

Consumption/Speed loVpp= Sr.CL. VDD
Gain / BW GBW =g,/ (2nCy)
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