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EE 330 

Homework 11  

Fall 2024   Due Friday November 8   at noon 

 

Characteristics for an SCR and for a Triac are appended at the end of this 

assignment.  Use these characteristics when solving the problems involving Thyristors. 

Unless specified to the contrary, assume all n-channel MOS transistors have model 

parameters  μnCOX = 250μA/V2 ,VTn = 0.4V, and λ=0, all p-channel transistors have 

model parameters μpCOX = μnCOX/3 ,VTp= -0.4V, and λ=0, and all JFET devices are from 

a process with IDSSn0= 100µA, IDSSp0= 30µA,VPp=1V,  VPn=-1V, and , λ=0.  

 

Problem 1 Consider the following circuit where  R1=10K.   Size the device so that the 

amplifier has a voltage gain of -3.  

VIN(t)

R1

-2V

1V

VOUT(t)

M1

 
 
Problem 2    A circuit using an SCR that is rated at current levels of 10A is shown 

below. Relevant parameters from the datasheet for this device are appended at the end to 

this assignment.  Assume the voltage VCC is fixed at  50V and that  the SCR is  initially 

off.  

a) If VXX is increased to 12V to turn on the SCR, what is the maximum value of RGG 

that can be used if the SCR must turn on for  0C<T<80C. 

b) What will be the static power dissipation in the Anode when it is ON? 

c) What will be the static power dissipation in the Gate if the gate signal VXX 

 remains at 12V and the value determined in part a) is used for RGG? 

VCC

VXX

RL=40Ω

VF
IF

RGG
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Problem 3 Assume the potentiometer in the following circuit has a full range value of 

R=500Ω,  RL=20Ω,  and  VAC=80sin(2π60t).  Assume the device is operating at a 

temperature of 25C and that it is characterized by the parameters given at the end of this 

assignment. 

a) Determine VF(t) if θ=0.1 

b) Determine the average power dissipation in the Triac for the value of θ given in 

 part a)  

c) Which quadrant or quadrants are used to trigger the triac in this circuit? 

VAC

(1-θ)R

VF
IF

θR

RL
500

 
 Problem 4    Consider the following circuit.  The waveforms VAC is the  60Hz line 

voltage.  Assume the SCR has a gate trigger voltage of 2Vand that the relationship 

between the gate current and the gate voltage of the SCR is as shown on the IG:VG plot on 

the right.  Size the resistor R1 so that the SCR turns on at TS/8,  TS +TS/8, 2TS +TS/8,….  

as shown below for two periods of the VLOAD waveform.  The time TS is the period of the 

60 Hz AC  line voltage. 
VAC

VLOAD

IF

RL

R1

10K

        

VG

IG

2V

    

t

VAC

170V

TS
ST

8

t

170V

ST

8

VLOAD

TS

 
 

Problem 5 Assume the JFET in the following circuit has parameters IDSS=100uA 

and VP = -1V.   Determine the output voltage. 

5V

6K

VOUT
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Problem 6  Assume the drain current of a p-channel JFET is given by the expression 
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where the parameter IDDSp0 is related to the parameter IDDSp  that is often given in the 

model for a JFET by the expression 

 0DSSp DSSp

W
I I

L
=  

Develop a small-signal model of the JFET when operating in the saturation region. 

 

Problem 7   Using the small-signal model of the JFET developed in the previous 

problem and the model parameters given at the top of this assignment, determine the 

operating point and small-signal voltage gain of the following circuit if W=10μm and 

L=15μm.  

S

-5V

VIN

VOUT

50K
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Problem 8   Consider a two-port amplifier with a common terminal between the input 

and the output characterized by the parameters y11=10-4 A/V  y21=-10 A/V and 

y22=0.1A/V.   

a) Is this amplifier unilateral ? 

b) Express the small signal two-port model of this amplifier in terms of the small-

signal amplifier parameters RIN, ROUT, AV, and AVR. 

c) If this amplifier is driven by a voltage source with 50Ω source impedance and 

loaded with a  1KΩ resistor, determine the voltage gain. 

AVV1V1

R0

RINVIN

RSOURCE

VOUT

RLAmplifier
1K

50

 
d) If two of these amplifiers are cascaded, they also form a two-port amplifier.  

Determine the amplifier parameters for the cascaded amplifiers. 

AVV1V1

R0

RINAmplifier 1 AVV1V1

R0

RINAmplifier 2

Two-Port of Cascade

 
 

 

 

Problem 9-10       Implement a four-bit full adder with active low enable pin using 

Verilog. When the adder is disabled, all outputs should be low. Design a testbench 

proving function using Verilog. Submit module code, testbench code, and Modelsim 

waveforms. 
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SCR Specifications: 
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TRIAC Specifications 
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Bipolar Process Characteristics 
 

 
 

 



Page 10  

 

 
 

 



Page 11  

 

 
 



Page 12  

 

CMOS Process Characteristics 
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