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LECTURE 200 - CASCODE OP AMPS 11
(READING: GHLM -443-453, AH - 293-309)

Objective

The objective of this presentation is:

1.) Develop cascode op amp architectures

2.) Show how to design with the cascode op amps

Outline

* Op amps with cascoding in the first stage

e Op amps with cascoding in the second stage

* Folded cascode op amp

* Summary
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Input Common Mode Range for Two Types of Differential Amplifier LLoads
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In order to improve the ICMR, it is desirable to use current source (sink) loads without
losing half the gain.

The resulting solution is the folded cascode op amp.
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The Folded Cascode Op Amp
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We have examined the small signal performance and the frequency response in an earlier
lecture.

ECE 6412 - Analog Integrated Circuit Design - II © P.E. Allen - 2002

Lecture 200 — Cascode Op Amps - II (2/18/02) Page 200-4

PSRR of the Folded Cascode Op Amp
Consider the following circuit used to model the PSRR-:
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This model assumes that gate, source and drain of M11 and the gate and source of M9 all
vary with Vgg.

We shall examine V,,,,/V, rather than PSRR-. (Small V,,,/V¢ will lead to large PSRR-.)
The transfer function of V,,/V, can be found as

Vout S ng9R0ut
Vis = SCouRourt1 for Cga9 < Cour

The approximate PSRR- is sketched on the next page.
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Frequency Response of the PSRR- of the Folded Cascode Op Amp
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We see that the PSRR of the cascode op amp is much better than the two-stage op amp.
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Step | Relationship/ Design Equation/Constraint Comments
Requirement
1 | Slew Rate I3 =SR-Cy,
2 | Bias currents in output | I4 =15 =1.2I3to 1.5I3 Avoid zero current in
cascodes cascodes
Maximum output 815 817 Veps(sat) = Vepy(sat) =
3 Se=  S= Let S4=S14=S5 & SD5 SD7
voltage, vy, (max) 5 KP’VSD52 7 KP’VSD72 47214755 0.5[Vpp-Vyyu(min)]
513=56=57
. 81 81
Minimum output 11 9 Vpgo(sat) =V (sat) =
4 : Sl1==0——73.,59= =5 LetSjo=S1; & | DS9)= "DSII
voltage, vy(min) W kyvpsii2 ™9 K Vpso? 107> 0.5(Vyyy(min)-1Vgg)
Sg=S¢
Self-bias cascode R =Vgpi4(sat)/l14 and Ry = Vpgg(sat)/ig
gml a2 GB2C[?
B = C S 1=S2= Y. o1 =" . 1.
L KNI KNI
213
7 | Minimum input CM S3 = 7
, : 3 2
KN (Vin(mm)-Vss- \/Kv'ST -VT1]
) ) 21y S4 and S5 must meet or
8 | Maximum input CM S4=S5= Kp (Vpp-Vin(max)+Vy) )2 exceed the value in step 3
9 | Differential Voltage Vour (8ml  8Em2 2+k
Gain Vin =\ 2 *2(1+k)Rour = (2+2k) SmIRout
10 | Power dissipation Pgiss = Vpp-Vso)Uz+12+1 o+ 1)
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Example 3 - Design of a Folded-Cascode Op Amp

Follow the procedure given to design the folded-cascode op amp when the slew rate is
10V/us, the load capacitor is 10pF, the maximum and minimum output voltages are +2V
for £2.5V power supplies, the GB is 10MHz, the minimum input common mode voltage is
-1.5V and the maximum input common mode voltage is 2.5V. The differential voltage
gain should be greater than 5,000V/V and the power dissipation should be less than
SmW. Use channel lengths of 1um.

Solution
Following the approach outlined above we obtain the following results.
I3 =SR-Cp = 10x106-10-11 = 100pA
Select I =15=125pA.
Next, we see that the value of 0.5(Vpp-V,,(max)) is 0.5V/2 or 0.25V. Thus,
2-125pA 2-125-16
S4=S85=814=50pA/V2(0.25V)2 = 50 =380
and assuming worst case currents in M6 and M7 gives,
2-125pA 2-125-16
S6=57=513=50pA/V2(0.25V)2 = 50 =
The value of 0.5(V,,,,(min)-1Vgsl) is also 0.25V which gives the value of Sg, Sg, S;9 and S1;
21y 2-125
as Sg = Sg = Sl() = Sll = KN’ VD582 = 110(025)2 =36.36
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Example 3 - Continued
The value of Ry and R, is equal to 0.25V/125uA or 2kQ. In step 6, the value of GB gives
Sy and S, as
GB2-Ci?2  (20mx106)2(10-11)2
$1=5="KyT; =110x10-6-100x10-6 = 359
The minimum input common mode voltage defines S5 as
23 200x10-6

%3 = | I; - ) 100
Ky’ | Vi (min)-Vs- NS - Vi 110x10-6-1.54+2.5-\/170-35.9 -0.75

We need to check that the values of S4 and S5 are large enough to satisfy the maximum
input common mode voltage. The maximum input common mode voltage of 2.5 requires
214 2-125uA
54= 552 K V- Vig(max)+ V2 = 50x10-6pA/V2[0.7V]? =
which is much less than 80. In fact, with S4 = S5 = 80, the maximum input common mode

voltage is 3V. Finally, S;,, is given as

125
S12 = m53 =25

The power dissipation is found to be
P i = SV(125uA+125uA+125pA) = 1.875mW
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Example 3 - Continued
The small-signal voltage gain requires the following values to evaluate:

Su, S5, i3 S140 & =A2-125-50-80 = 1000uS and gy, = 125x10-6:0.05 = 6.25uS

Se, S7: gm =~2-75-50-80 = 774.6uS  and gy, = 75x10-6-0.05 = 3.75uS

Ss, S0, S10, S11:° &m = \/2~75-110-36.36 =774.6uS and gy, =75x10-6-0.04 = 3uS

S1, o Sml = \/2-50-11035.9 =628uS and gy, =50x10-6(0.04) = 2uS
Thus,

1y 1
Rir = 8m9rds9rds11 = (774-6MS){m][ﬁ] = 86.07MQ

I !
Rous ~ 86.0TMQII(774.608)| 37555 | 3ps 762505 ] = 19-40MQ2

Rif(8aso+8asa)  86.07TMQ(2uS+6.25uS)(3.75uS)
Em7"ds7 - T74.6uS = 3.4375
The small-signal, differential-input, voltage gain is

21k 2434375
Ava=(3337) @miRout = [ 256,575 0.628x103-19.40x106 = 7,464 VIV

The gain is larger than required by the specifications which should be okay.

ECE 6412 - Analog Integrated Circuit Design - II © P.E. Allen - 2002

Lecture 200 — Cascode Op Amps - II (2/18/02) Page 200-10

Comments on Folded Cascode Op Amps
e Good PSRR

e Good ICMR
e Self compensated

» Can cascade an output stage to get extremely high gain with lower output resistance
(use Miller compensation in this case)

* Need first stage gain for good noise performance
* Widely used in telecommunication circuits where large dynamic range is required
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SUMMARY
* Cascode op amps offer an alternate architecture to the two-stage op amp
* The cascode op amp is typically self-compensating
* The cascode op amp generally has better PSRR
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