Practice 10: Ratioed

25V
Exercise 1: Pseudo nMOS: T PMOS
-

Compute the following for the given Pseudo nMOS inverter: My WYL = 0.5um/0.25um

V1=0.4, k',=30y, k’'n=115u
a. VoL and Vou F V
aut
b. NML and NMH

4‘ M, WL = 4um/0.25um
ILI'I||'|

c. Power dissipation with high and low inputs

d. Propagation delay with an output capacitance of 1pF —_’__ T NMOS

Solution
Region 1:

With Vin=0, M1 is off. The gate of M2 is grounded, so it is permanently on,
thus the output will be pulled up to Vpp. So, Vormax=2.5V

Region 2:
As we raise Vin, the nMOS turns on in Saturation (Vouwt= Vop), while the pMOS is ohmic:
W

lpp (lin) = 15, (sat)
. W .
kp L_:[(Vsep - ‘VTP ‘)VSDp - 0-5\/s%p:| = kn 2_|_nn(VGSn _VTn )2 (1+ ﬂ’nVDSn )

kp |:(VDD - ‘VTp‘)(VDD _Vout ) - 05(VDD _Vout )2:| =r- kp (Vin _VTn )2

Vout :VT +\/(VDD _Vin )2 - r(VT _Vin )2 ) kn = rkp’ VTn = _VT

P
Differentiating to find Vonmin and Vi gives us:
Voo =V

V. =V; +
(r+1)

After substituting with given values, we get:

k, = 30u-22H _60u; k=115 —H _ 18404 1 =204 _ 30666
0.25,u 0.25u 60u

25 0.4 _

/ r+1

Vor min =O.4+\/(2.5—0.467) —30.666(0.467—0.4)2 = 2.4V

Region 3:



This region may occur with both transistors saturated, but it is of little importance.
Region 4:

For the high input region, we have a low output, meaning the pMOS is saturated and

the nMOS is linear. This region is defined by the following current balance:

lpp (S81) = 155, (lin)

W |
kp Z_Lpp(VSGp - ‘VTp ‘)2 (1+ vaVst) = kn VLL:[(VGSH _VTn )VDSn — 05VI§Sn:|
Ko (Voo = [Vi )" = 1Ky [ (Vi Vi Vo —0.8VE ], K, =1k, Vyy =V,

2 1 2
Voo =) = (V) = 2 )
Now we will differentiate to find Vis and Vovmax:

DVop —Vr _ 0.4+m =0.88V

3r NCH

- (0.88-0.4)— ,/(0.88-0.4)" ~0.0326(2.5-0.4)’ =0.18

Viy =V, +

V,

OL max

Region 5:

To find Voimin, we will set Vin=2.5V in the Region 4 equation and find:

Vo min = (Vop = Vs ){1— \/1—7% } =(25-0.4)(1-0.9674) = 0.0345v

Accordingly, we can find the noise margins.

NM,, =V, =V, =2.4—0.88=1.55V

— YOH min
NM, =V, =V, x =0.467-0.18 =0.28V
This is an expected result. The Pseudo nMOS inverter has a non-zero minimum output voltage
due to the ratioed fight between the PDN and the active load. Therefore the low noise margin is
highly degraded and dependent on the drive strength ratio between PUN and PDN.

As we can see, with a low input (Vin=0), the PDN is closed and there is no static current, resulting
in zero power dissipation. But with a high input, we have a “weak zero”, with both the nMQOS on
(in linear) and the pMOS on (in Saturation):

1

static — ~
2

Py =1

l ko (Voo —Vip ) =132.3uA

V= 330.75.W

static



