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CONSTRUCTION TWO-STAGE OTA/OP
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Biasing Diff.-stage CS-stage CD-stage
Open-loop voltage gain Ay = Agisr - Acs - Acp
gm1 ) o gmé AC‘D ~ Gms
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FREQUENCEY ANALYSIS OF TWO-STAGE OTA
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Parasitic capacitance: C, = Cyy + Capz + Capy + Cygs(l + Acs)

Small signal model:
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Compensation with capacitor:
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Slew Rate:
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DESIGN OF TWO-STAGE OTA (with feed-back)
1. Max. power dissipation Pyiss = Imaz = Ips, Ipe. (Paiss = Vpp(Ips + Ipg))
2. Desired SR = demands on I;, Iy, C.
3. Desired w, = demands on g,1, gm2 = Wi, Ws
4

. Desired Ay and py = demands on W7 (low parasite €, demands small W5 and W, which
gives large p;.)

5. Counter-act systematical offset: Choose {% e~ 2%—‘-

6. CMR maximum if V, small: Choose Vy, = Vi, yor = \/{‘3 = \/ %ﬁ—‘—# = Wy, Wy large
In the same way: OR maximum = Ws, W> large

7. Choose the same length L for all transistors (1.5-2 times L,,:,,)

8. Controle poles positions and w,

9. Introduce compensation
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TELESCOPIC CASCODE OTA
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Properties:
+ Fast
+ Simple construction
+ Low noise
+ Separated poles

DC-outs# DC-in (gives
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Cy = Cyas + Cape + Capg

wy = Ag -] = -

Lot I5
SR - outmax — ps3
Cr, Cr

problem when feed-back)

Demands high power supply

Low input swing and output swing
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FOLDED-CASCODE OTA
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Gout = <gd31 * gd53)9d37 + Jds09ds1i1
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Properties:
+ DC-out = DC-in possible
+ Separated poles
+ Low power supply possible

— Sensitive for load ('},
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DESIGN OF FOLDED-CASCODE OTA

L Tyor = Ips + 2Ipy = 2Ips < Eggamaa

I3 1B .
2. SRpin < SR = -2 = 2 Tonr (common to choose Iy a 41p7 for high g,,.1)
Cr Cr
3. Desired A. Increase Ay by:

— increasing g,1 and (g,,2) i.e. increase Wi(and W) (gives however decreasing |p»])

~ INcreasing gme, gmr and gms, gme (increase We, Wy, Ws, Wa). (Gives however de-
creasing [ps| because
Im7 X Wy while C, o« W)

— using gain-boosting
4. Maximize CMR and OR (see below)
5. To increase w, increase W; or increase Ips. (g, x vWIp)
6. Too bad phase margin?

- Add more capacitors to the output
— Add a resistor in series with this capacitor

Large signal analysis gives:

CMR
) - . /Ips | [Ips/2
Vin,min = Vpsgsats + Vas1 = Vbssars + Vpssar + Vi \/ — + P + Vi
5 1

i , , , [{ps .
Vin,mrm‘ = VD D— V'DSsatIS - VrDSsatl +‘/GS'1 = VDD - VDSSMB - VDSsatl + wi/DSsatl + V'I’]. X ‘/DD A ‘C‘E‘— '1““/.’1’1
3

OR
Vout,min 18 the maximum value of following two expressions:

o
S, v /Ipr  [Ipy
Vpssati1 + Vpgsate V Y

(6351 Og

Vibiasz — Voso + Vpsg = Viiasa — Vig

and

Vout.maz 15 the minimum value of following two expressions:

. y v v [Ips _ [Ip7
Voo ~ Vpssats — Vpssar < Vpp — f\/ — \/
;a3 a7

Vbiast -+ Vsgr — Vepr = Vijass + Vir
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CURRENT MIRROR OTA
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CURRENT MIRROR OTA:

Ay = Kgm: K = Gmo
Gout gms3

o Gds11 " gds9 |, Gds139ds1s
T

Gout =~ T
Gmi1 Jm13
D Gout o Gms3s
1 T 2~
C‘L ’ C:i;

Cr = Cye3 + Cyso + Capr + Cap1

K(}ml
Wy = Ag - Ip] &~
o CL

SR = Loumas _ KIps o 410es whereby Ipy = Ips)
Cr, Cr

Increasing K gives: 1) Increasing Ag. 2) Increasing w,. 3) Increasing SR. 4) Decreasing |p,|
as larger K demands larger g,,9 (i.e. larger W;) which gives larger C,.

Properties:
+ Large bandwidth
+ Large SR
— Large thermal noise

— Demands large compensation capacitor C,

DESIGN OF CURRENT MIRROR OTA

. (K+3)Ips _ Piivomos
1. Lipe = Ips + Klpy + Ip; = ¢ 2) R5 1",1‘)0

I5

Cr
3. Desired Ag. Increase A4q by:

2. SRyin < SR = (choose K < 3)

- increasing g,,; (and g,,;) i.e. increasing W, (and W;)
- increasing 9mi1 and Imis
— decreasing current on the cutput

4. Increase CMR and OR by increasing transistor widths (W) or decreasing currents
5. To increase w, increase W, or K
6. Too bad phase margin?

- Add more capacitors to the output
— Add a resistor in series with this capacitor



