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Design Approach for the Folded-Cascode Op Amp
Step | Relationship Design Equation/Constraint Comments
1 |Slew Rate I3=8RC|
2 |Biascurrentsin Iy =I5 =12I3t0 1.513 Avoid zero current in

output ca scodes

cascodes

3 | Maximum output 2s 27 Vsps(sat)=Fgp7(sat)
voltage, SS:KP'VSDﬂz : 57=KP. Fopr (S4=Ss5and Sg=S7) =0.5[Vpp-VyAmax)]
Vo f(AX) -

4 | Minimum output 2111 2Ig Vpso(sat)=Vpgy1(sat)
Vjoltﬁge.- 5117 KN Vps112 S9= KN Vpso? (S10=S11and Sg=S9) = .5[V",,.(min)-V]
Vo IN)

S _&ml Ei’;wl2 GBzC‘LZ
GB="Cp SI=" Ky~ Ky T3

6 | Minimum mnput 215
M S3=— , — \ 2

Ky (Vip(min)-Vss/UI3Kn'Sp) V1)

7 | Maximum input 214 7 S4 and S5 must meet or
CM S4=557¢ P’ (VD D- Vf”l:ﬂ]ﬁ.‘{)‘l‘V}"l) exceed value in step 3

8 Iziflferen’[i‘all Yout {E’,ml Em2 ] - ( 2+k ] Rifgds)t€ds4)
Voltage Gain viy \ 2 T2(1+k) Rout = \2+2k) EmRout S

9 | Power dissipation | Pgiss = (Vpp-Vss) 31 0tI11)
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Example 6.5-3 Design of a Folded-Cascode Op Amp
Follow the procedure given to design the folded-cascode op amp when the slew rate is

10V/pus, 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
1s -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 1ym.
Solution
Following the approach outlined above we obtain the following results.
I3 =SR-C; = 10x106-10-11 = 100p A
Select Iy =15=125uA.
Next, we see that the value of 0.5(Vpp-V,,(max)) is 0.5V/2 or 0.25V. Thus,
2-125uA 2-125-16
54=355=304A/NV2-(0.25V)2= 50 =80
and assuming worst case currents in M6 and M7 gives,
2-125uA 2-125-16
S6 =57 =50uA/N2(0.25V)2= 50 =80

The value of 0.5(V,,(min)-1Vgsl) 1s also 0.25V which gives the value of Sg, Sg, 510 and

‘ ‘ ‘ 2-Ig 2:125 o
Sipas Sy =989 =510= 511 = {71552 = 110-(0.25)2 = 3636
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In step 5, the value of GB gives S| and S5 as

‘ GB>C;? (20mtx106)2(10-11)2
S1=5%="K,T, =110x10-6-100x10-6 = 35.9

The minimum input common mode voltage defines S as

24 200x10-6

1 |, = | [ 100 =916
;o 3 2 i _6l ]2
V;,(min)-Vs- KvSy- VTIJ_ 110x10-%-1.54+2.5-\/7110-35.9 -0.7

We need to check that the values of S4 and S5 are large enough to satisfy the maximum

Sy =
Ky’

input common mode voltage. The maximum input common mode voltage of 2.5 requires

¢ _ 2y 2:1251A ,
94 =552 K [Vpp-Vi(max)+ V1P = 50x10-6pA/V2[0.7V]2 = 10-2

which is much less than 80. In fact, with S4 = S5 = 80, the maximum input common

mode voltage 1s 3V.
The power dissipation 1s found to be
Pjics = SV(125uA+125pA) = 1.25mW



Example 6.5-3 - Continued
The small-signal voltage gain requires the following values to evaluate:
Sy, Ss: g, =+/2:125-50-80 = 1000xS and gz = 125x10-6-0.05 = 6.25uS

Se, S7: g, =\2:75:50-80 = 774.6uS and g, = 75x10°:0.05 = 3.75uS
Sg. So. S10. S11: @ =2-75:110:36.36 = 774.64S and gy, = 75x10-6:0.04 = 3uS
S1. S g,7=12-50-110-35.9 = 628uS and g;, = 50x10-6(0.04) = 2uS

Thus,

_ 1y 1 _
Rir= gmordsordsi1 = (774.6}!8){%][%] = 86.07MS2

R,,:=86.0TMQII(774.61S)

Loy
3.75}!5_][_2}t5+6.25}!$] = 19.40MQ

Rif(gas2+8as4) 86.0TMQ(2uS+6.25uS)(3.75S)
- EmTdsT = 774.61S = 3.4375

The small-signal, differential-input, voltage gain is

2+k 2+3.4375) | |
2:27) Enilour = (2+6.875 ) 0.628x10-3-19.40x106 = 7,464 V/V

v =

A=

The gain 1s larger than required by the specifications which should be okay.



