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Problem Set 1b - Large Signal Model

Question 1
Consider the following NMOS transistor with λ = 0

µnCox = 400µA/V2

Vtn = 0.3V

W /L = 12.5
VGS

VDS

IDD

S

G

λn = 0

Assuming VGS = 0.55V, answer the following questions...
(a) As VDS is increased, at what value of VDS does the transistor enter the saturation (active) region?
(b) What is the value of ID in saturation

Solution

For an NMOS transistor, the overdrive voltage is

VOV = VGS − Vtn = (0.55)− (0.3) = 0.25V

When VDS < VOV , the transistor is in the triode region. The transistor enters the saturation region when

VDS = VDSsat = VOV = (0.25) = 0.25V

Once in saturation, the drain current is given by

ID = 0.5 ∗ µnCox ∗W /L ∗ VOV
2 = 0.5 ∗ (400e − 6) ∗ (12.5) ∗ (0.25)2 = 156.3µA

Question 2
At what voltage of Vin does ID start to be greater than zero?

VDD = 2V

VSS = 0V

M1

ID

RS

VGS

Vtn = 0.3V
µnCox = 240µA/V2

λn = 0.1A/V

W = 1µm
L = 100nm

1kΩ

RD

1kΩ

Vin
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Solution

For Vin = 0, VGS = 0 and the transistor is in cutoff with ID = 0.
When Vin = Vtn, then VGS = Vtn and ID still equals zero but at any higher Vin voltage, then ID will be
non-zero.
So a voltage of Vin > Vtn = 0.3V, ID will be greater than zero.

Question 3
Find VS , VGS , VDS and ID for the circuit below.

VDD = 1V

VSS = −1V

M1

ID

RS

VGS

Vtn = 0.25V
µnCox = 200µA/V2

λn = 0.1A/V

W = 5µm
L = 100nm

500Ω

RD

400Ω

Solution

Assume the transistor is in the active region and also let λn = 0. Recall VGS = Vov + Vtn. We have 2
equations

IS =
−(Vov + Vtn)− (VSS)

RS

IS = ID = 0.5µnCox(W /L)(Vov )2

Putting in values, we have
IS = 0.0015− 0.002Vov

IS = 0.005V 2
ov

and combining the above 2 equations and rearranging we have

V 2
ov + 0.4Vov − 0.3 = 0

The above is a quadratic equation of the form ax2 + bx + c = 0. The roots of a quadratic equation are
found to be

x =
−b ±

√
b2 − 4ac

2a

Using the above quadratic equation solution results in 2 values for Vov : 0.3831V and −0.7831V. How-
ever, we know that Vov > 0 so the solution is Vov = 0.3831V.
VGS = Vov + Vtn = (0.3831) + (0.25) = 0.6331V
ID = k3 ∗ (Vov )2 = (5e − 3) ∗ ((0.3831))2 = 733.8µA
Now we need to check that VDS ≥ Vov to ensure the device is in the active region.
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VS = −VGS = −(0.6331) = −0.6331V
VD = VDD − ID ∗ RD = (1)− (733.8e − 6) ∗ (400) = 0.7065V
VDS = VD − VS = (0.7065)− (−0.6331) = 1.34V
So VDS = 1.34V is indeed greater than Vov = 0.3831V
So everything is consistent with M1 being in the active region and the final results are:
VS = −0.6331V, VGS = 0.6331V, VDS = 1.34V and ID = 733.8µA.

Question 4
For the circuit below, choose values for RD and RS such that ID = 500µA and VD = 0.4V

VDD = 1V

VSS = −1V

M1

ID

RS

VGS

Vtn = 0.25V
µnCox = 200µA/V2

λn = 0.1A/V

W = 5µm
L = 100nm

RD

Solution

Since VD = 0.4V and ID = 500µA, we can find the value of RD from
ID = (VDD − VD)/RD

RD = (VDD − VD)/ID = ((1)− (0.4))/(500e − 6) = 1.2kΩ
To find RS , we first find Vov from the equation (assume λn = 0 as discussed above)
ID = 0.5µnCox(W /L)(Vov )2

500µA = 0.005V 2
ov

Vov =
√

500µA/5e − 3 = 0.3162V
(We take the positive root since Vov ≥ 0)
VGS = Vov + Vtn = (0.3162) + (0.25) = 0.5662V
and since VG = 0 then VS = −0.5662V
So now we can find RS from
IS = ID = (VS − VSS)/RS

RS = (VS − VSS)/ID = ((−0.5662)− (−1))/(500e − 6) = 867.5Ω
and find VDS

VDS = VD − VS = (0.4)− (−0.5662) = 0.9662V
As a final check, we find VDS = 0.9662V and Vov = 0.3162V. Since VDS ≥ Vov , the transistor is in the
active region as was assumed so there is no contradiction.
The final results are RD = 1.2kΩ and RS = 867.5Ω

Question 5
Find VS , VGS , VDS and ID for the circuit below.
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VDD = 1V

VSS = −1V

M1

ID

VGS

Vtn = 0.25V
µnCox = 200µA/V2

λn = 0.1A/V

W = 5µm
L = 100nm

RD

500µA

400Ω

Solution

Since we see IS = 500µA, and ID = IS , we have ID = 500µA.
Now assuming the transistor is in the active region, we can write
ID = 0.5µnCox(W /L)(Vov )2

we can write
500µA = 0.005V 2

ov

Vov =
√

500µA/5e − 3 = 0.3162V
VGS = Vov + Vtn = (0.3162) + (0.25) = 0.5662V
and since VG = 0 then VS = −0.5662V
To find VD , we have
VD = VDD − IDRD

VD = VDD − ID ∗ RD = (1)− (500e − 6) ∗ (400) = 0.8V
resulting in
VDS = VD − VS = (0.8)− (−0.5662) = 1.366V
Now we see that VDS > Vov so everything is consistent with M1 being in the active region and the final
results are:
VS = −0.5662V, VGS = 0.5662V, VDS = 1.366V and ID = 500µA.

Question 6
Find VS , VSG , VSD and ID for the circuit below.
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VDD = 1V

VSS = −1V

M1

ID

VSG Vtp = 0.25V

µpCox = 200µA/V2

λp = −0.1A/V

W = 5µm

L = 100nm

RD

500µA

400Ω

Solution

Since we see IS = 500µA, and ID = IS , we have ID = 500µA.
Now assuming the transistor is in the active region, we can write
ID = 0.5µpCox(W /L)(Vov )2

we can write
500µA = 0.005V 2

ov

Vov =
√

500µA/5e − 3 = 0.3162V
VSG = Vov + |Vtp| = (0.3162) + |(0.25)| = 0.5662V
and since we have VG = 0V
VS = VG + VSG = (0) + (0.5662) = 0.5662V
To find VD , we have
VD = VSS + IDRD

VD = VSS + ID ∗ RD = (−1) + (500e − 6) ∗ (400) = −0.8V
resulting in
VSD = VS − VD = (0.5662)− (−0.8) = 1.366V
Now we see that VSD > Vov so everything is consistent with M1 being in the active region and the final
results are:
VS = 0.5662V, VSG = 0.5662V, VSD = 1.366V and ID = 500µA.

Question 7
In a CMOS technology, it is found that µp = 0.3µn and Cox is the same for NMOS and PMOS transistors.
(It is often the case that Cox is the same for NMOS and PMOS transistors in the same technology)
Find the relative width Wp/Wn for a PMOS transistor such that the PMOS transistor and NMOS tran-
sistor have the same current when both are in the active region and have the same overdrive voltage.
Assume both transistors have the same length and that λ = 0 for both.

Solution

For an NMOS transistor in the active region



ECE 331 Page 6 of 6 Univ of Toronto

IDn = 0.5µnCox(Wn/Ln)V 2
OVn

For a PMOS transistor in the active region

IDp = 0.5µpCox(Wp/Lp)V 2
OVp

Setting IDn = IDp and noting that Ln = Lp and VOVn = VOVp, we can divide the 2 equations and find

1 =
µn

µp

Wn

Wp

and rearranging we have

Wp

Wn
=
µn

µp

Wp

Wn
=

1

0.3
= 3.333


