
ECE 320 - Homework #9

TTL Logic, MOSFET Theory, MOSFET Switches.  Due Monday, March 19th

TTL Logic:

1)  Determine the voltages and currents for the following TTL AND gate.  Assume ideal silicon diodes and

transistors with = 100.β
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MOSFET:

2a)  Label the Off / Saturated / Ohmic regions for the following n-channel MOSFET

2b)  Determine the transconductange gain, kn  ( Vth = 1.0V )

Pick a point in the Ohmic region Pick a point in the saturated region

Ids = kn

Vgs − V th −

Vds

2

Vds Ids =

kn

2 (Vgs − Vth)
2

300mA = kn

6V − 1V − 2.8V

2

 2.8V 380mA =

kn

2
(6V − 1V)2

kn = 0.0297 A

V2
kn = 0.0304 A

V2

You can use a point in either region to find kn.  You just have to use the appropriate equation for that region.

SaturatedOhmic

Off (I = 0)

Vds < Vgs -Vth
Vds > Vgs - Vth

Vgs = 6V, Ids = 380mA

Vgs = 6V

Ids = 300mA
Vds = 2.8V



3a)  Draw the load line for the following circuit on the previous graph

3b)  Determine the Q-point (Vds, Ids) when

Vg = 0V Vds = 10V, Ids = 0mA ( off )
Vg = 3V Vds = 8.2V, Ids = 62mA ( saturated )
Vg = 6V Vds = 2V, Ids = 250mA ( Ohmic )
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Assume a AOT2618L n-channel MOSFET:

23A max continuous current Ids
70A max pulse current
19 mOhm @ 20A @ Vgs = 10V
Vth = 2.5V (max)
$0.72 (qty = 100)
Digikey part number: 785-1438-5-ND

4)  Determine the transconductance gain, kn

The spec (19mOhm) refers to the Ohmic region

Vds = 0.019Ω ⋅ 20A = 0.38V

Ids = kn

Vgs − V th −

Vds

2

Vds

20A = kn

10V − 2.5V − 0.38V

2

 0.38V

kn = 7.20 A

V2



5)  Determine the voltages for the MOSFET circuit to the right

Assume Ohmic region

( Vds < Vgs - Vth = 2.5V )

To solve for Vds and Ids you need two equations to solve for two
unknowns:

a) Ids = kn

Vgs − V th −

Vds

2

Vds

Ids = 7.25 − 2.5 −
Vds

2

Vds

b) Vds + 10Ids + 5.7 = 10

Solving gives two solutions:

Vds = 0.02387V Ids = 427.6mA

Vds = 5.004V Ids = -70.39mA

The solution close to Vds = 0 is correct

Answer:

Vds = 0.02387V Ids = 427.6mA

Note:  The actual resistance is

Rds =
Vds

Ids
= 55.8mΩ

If you assume Rds = 19m , your answer will be slightly off:Ω

Vds = 0.02396V Ids = 427.6mA
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6)  Modify this circuit so that Ids = 1A when Vin = 5V.

Assume the on resistance is 19m Ohms.  For 1A

R total = 


4.3V

1A


 = 4.3Ω

R total = Rds + Rd

4.3Ω = 0.019Ω + Rd

Rd = 4.281Ω

or roughly 4.3 Ohms

This gives an answer that is slightly off.  Solving two equations for two unknowns:

Ids = kn

Vgs − V th −

Vds

2

Vds

Vds + 4.3Ids + 5.7 = 10

Solving...

Vds = 0.05545 V

Ids = 987.1 mA

meaning that

Rds = 0.056 Ohms

(vs 0.019 Ohms assumed )


