Lecture 9
IL2218 Analog electronics, advanced course

e Ch9 Operational amplifiers
— One stage OP amps
— Cascode OP amps, telescopic
— Design example 9.5
— Folded Cascode OP amps
— Design example 9.6
— Two stage OP amps
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Important Parameters

Gain

Input resistance
Output resistance
Small-Signal Bandwidth
Large-Signal Bandwidth
Output Swing

Linearity

Noise and Offset
Supply Rejection
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One-stage Operational Amplifier

Single ended output Differential output

A\/ ~ gmN (roN //roP)

Max gain = 20
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One-Stage Op Amp in Unity Gain Configuration
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Cascode Op Amps, telescopic

Single ended output Differential output
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Unity Gain One Stage Cascode

Voo Limited output swing
u.,.Hj-—l]:luﬂ In unity gain feedback
¥ 1o
"5 jl_._lt H.l_ ., tvw—vma
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¢ Vo= Vriu L
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Example 9.5

Example 9.5

Design a fully differential telescopic op amp with the following specifications: Vpp = 3 V, differential
output swing = 3 V, power dissipation = 10 mW, voltage gain = 2000. Assume zt,,C,x = 60 A/V2,
#pCox = 30 HAIV?, Ay = 0.1 V™1 4, = 0.2 V7! (for an effective channel length of 0.5 xm),

y=0,Vray = |Vrap|=07V. v
bD
My, :HJM7 Mg :EJ

= 1
I'rer2 Vg Mg M6=
X¢——oV, 0—aY

I REF1 Vin°—":] M, M, F_II—I

Figure9.10
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Telescopic Cascode Op Amps

Vop Drawbacks:

H l'-'l Limited output swing

Myl My .
__T_I Problem to short input and output

V|

Mg :""_”: Mg B t!.-" -

* G54 TH2
1 Vou i
I_
or :H' My M": X )

%)' Vmax _Vm TH4 (VGS4 THZ)
55

Maximized by minimizing the
overdrive of M,, but always less
than V4,
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Folded Cascode Amplifier

The small signal current
generated by M, flows
through M, and the load

A\/ ~ gml Rout
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Folded Cascode Op Amps
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Folded Cascode Op Amps

J "”
Voa=—= |E] S~ :
/ Why, so many transistors?
M; M
Vo= " |
155 u-—c-l.l"mu—l-
Swing
M, M, Vo —lE 'I:
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Mg

| 'A\/ |z gml{[(gm3 + gmbS)rOS(rol ” r05)] // [(gm7 + gmb?)ro7ro9]}
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Design example 9.6

} [ I nEF2
i "-"|:_| 1:1"' "?;:“_l Wiy » } "'"-:m*-"l—* Inera

Study the example, compare with example 9.5!
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Two-Stage Op Amps

High Gain High Swing
'.-',n':: Stage 1 : Stage 2 _: Vout
Voo

Gain="?
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Common Mode Feedback

In high gain amplifiers, we wish a p-type current source to balance a n-type
current source.

Mismatches can drive p-type or n-type current source into triode region.

Voo
Voues CM Level If thg outptljt C|M- level
Vouri Conse rqulres calcu z';\tlon on N
Clreult device properties, then it is
Aty M poorly defined.
YrEF
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