
ECE 4420 – Spring 2005  Page 1 

Homework No. 5 – Solutions 
Problem 1 – P4.3 

For this problem, you are required to use the formulae: 

2 ( / )( )
1 ( / )

out DD TP N P TN
IL

N P

V V V k k V
V

k k
− − +

=
+

      
2 ( / )( )

1 ( / )
out TN P N DD TP

IH
P N

V V k k V V
V

k k
+ + −

=
+

 

 

We already know that VOH=1.2 V and VOL=0 V. For VS use: 
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Next VIL and VIH are estimated as follows: 
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Therefore  
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When we cut the size of the PMOS device in half, the VTC shifts to the left. So VIL, VS, 
and VIH will all shift to the left. The recalculation of the switching threshold produces 
VS=0.566V. 

We can compute VIL to be roughly 0.533V and VIH to be roughly 0.667V. 

Therefore  
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Next VIL and VIH are estimated as follows: 
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We can compute VIL to be roughly 0.533V. 

2 ( / )( )
1 ( / )

out TN P N DD TP
IH

P N

V V k k V V
V

k k
+ + −

=
+

 

2 0.4 (2)(1.2 0.4) 2 2
1 (2) 3

out out
IH

V VV + + − +
= =

+
 

We can compute VIH to be roughly 0.667V. 

When we double the size of the PMOS device, the VTC shifts to the right. So VIL, VS, 
and VIH will all shift to the right. The recalculation of the switching threshold produces 
VS=0.6V. 

We can compute VIL to be roughly 0.55V and VIH to be roughly 0.65V. 



ECE 4420 – Spring 2005  Page 4 

Problem 2 – P5.1 

For each problem, restate each Boolean equation into a form such that it can be translated 
into the p and n-complex of a CMOS gate. 

a. ( ) ( )Out ABC BD ABC BD A B C B D= + = + = + + +  

b. ( ) ( ) ( )Out AB AC BC AB AC BC A B A C B C= + + = + + = + + +  

c. ( ) ( )Out A B CD A AB C D A A B CD A A B CD A= + + + = + + = + + + = + +  
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Problem 3 – P5.8 

The solution is shown below. Notice that there is no relevance with the lengths and 
widths of the transistors when it comes to VOH, although they the do matter when 
calculating VOL. 
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Problem 4 – P5.9 

For tPLH, we need to size the pull-up PMOS appropriately. 
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For VOL: 
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Problem      4   

An NMOS transistor with a 10kΩ resistor as a load is used to
implement a simple inverter as shown.  The alpha-power model
of Section 2.6 is used to fit the measured data for the NMOS
transistor to produce the following two equations:

iDS = (W/L)KL(vGS – VTN)vDS vDS  ≤ VDS(sat)

iDS = (W/L)KS(vGS – VTN)1.5 vDS  ≥ VDS(sat)

where KL = 100µA/V2 and KS = 100µA/V1.5 and VTN = 0.6V.

a.) Derive the expression for VDS(sat) assuming the model above.

b.) Design VDD andW/L of the resistively loaded inverter above to achieve VOH = 3.3V
and VOL = 0.3V.

c.) For the inverter of part b.) derive an expression for VIL using the given alpha-power
model.  Using the previous values, evaluate VIL.

Solution   

a.) Equate the two equations for the linear and saturation regions to get,

      
W
L KL(VGS-VTN)VDS(sat) = 

W
L KS(vGS – VTN)1.5   → VDS (sat) =  

K S
KL

 vGS  –VTN  

b.) Since VOH = VDD, let VDD =   3.3V   .   Solve for VOL by assuming the MOSFET is in
the linear region.

VDD -VOL
RL

 = 
3.3-0.3

10kΩ
 = 300µA = 

W
L KL(VDD –VTN)VOL = 

W
L  100µA/V2(3.3-0.6)0.3

W
L  = 

300µA
81µA   =    3.7   

c.)  For VIL assume the MOSFET is saturated.  Therefore,

VDD -Vout
RL

 = 
W
L  KS(Vin – VTN)1.5

Differentiating with respect to Vin gives,

- 
1

RL
 
dVout
dVin

 = 1.5 
W
L  KS(Vin – VTN)0.5 →

1
RL

 = 1.5 (3.7) KS(VIL –VTN)0.5

    VIL  =VTN  + 
1

[(1.5·(W/L))KS RL]2  = 0.6+ 
1

(1.5·3.7·100·0.01)2 

= 0.6 + 0.0325 =    0.6325V  
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Problem      5   

For the pseudo-NMOS load inverter shown using 0.18µm
CMOS technology, determine VOH and estimateVOL using the
velocity saturated model with effective mobility (high vertical
field). Be sure to clearly state any assumptions used in estimating
VOL.

Solution   

For this inverter, we know that VOH ≈ VDD =    1.8V  

For VOL, we need to assume the state of the transistors.  To help
in this calculate VDS(sat) for the NMOS and PMOS transistors.

PMOS: VSD(sat) = 
(VSG -|VTP|)ECPLP

 (VSG -|VTP|)+ECPLP
  = 

(1.8-0.5)4.8
(1.8-0.5)+4.8  = 1.023V

NMOS: VDS(sat) = 
(VGS -VTN)ECNLN

 (VGS -VTN)+ECNLN
  = 

(1.8-0.5)1.2
(1.8-0.5)+1.2  = 0.624V

So if VOL < 0.624V, the PMOS is saturated and the NMOS is linear.  Assuming this to be
the case, we get:

Wn
Ln

 
µeCox
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
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


VGS -VTN - 
VD S

2 VDS  = WpvsatCox 
(VSG -|VTP|)2

 (VSG -|VTP |) + ECPLP  

Assuming VDS which is VOL is small, we can simplify the above to,

Wn
Ln

 µe(VGS -VTN )VOL ≈ Wpvsat

(VSG -|VTP|)2

 (VSG -|VTP |) + ECPLP  

Substituting the values gives,

270(cm2/v·s)(1.8-0.5)VOL = 0.4x10-4(cm)(8x106)(cm/s) 
(1.8-0.5)2

1.8-0.5+4.8

351VOL = 88.656 → VOL =    0.253V  

This problem can also be solved exactly for VOL as follows.

270(1.8-0.5-0.5VOL)VOL
1+VOL/1.2   = (0.4x10-4)(8x106)

(1.8-0.5)2

1.8-0.5+4.8 = 88.656

270(1.3-0.5VOL)VOL = 88.656(1+0.833VOL)

351VOL - 135VOL
2 = 88.656 + 73.88VOL

∴ 135VOL
2 +(73.88-351)VOL + 88.656 = 0  →  VOL

2 – 2.053VOL + 0.6567 = 0

VOL = 1.0265 ± 0.5 2.0532-4·0.6567 = 1.0265 ± 0.5 1.588 = 1.0265±0.6300

∴ VOL =    0.3964V   

Either answer will be accepted provided the work is correct and the assumptions consistent.
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