
SPRING 2024 

EE330 HOMEWORK 7 SOLUTIONS 

 

Q1. (A and B) Assume Transistor is in Saturation 

𝐼𝐷 =
𝜇𝑐𝑂𝑋𝑤

2𝐿
(𝑉𝐺𝑆 − 𝑉𝑇𝐻)2 

𝐼𝐷 =
100(10−6)(10)

2(2)
(3 − 0.75)2 = 1.266𝑚𝐴 

 

𝑉𝑜𝑢𝑡 = 𝑉𝐷𝐷 − 𝐼𝐷𝑅 

𝑉𝑜𝑢𝑡 = 5 − 1.266𝑚(1𝐾) 

𝑉𝑜𝑢𝑡 = 3.734𝑉 

 

(C) Assume Transistor is in saturation 

Then the drain current 𝐼𝐷 = 1.266𝑚𝐴 

And  
𝑉𝑜𝑢𝑡 = 𝑉𝐷𝐷 − 𝐼𝐷𝑅 

𝑉𝑜𝑢𝑡 = 5 − 1.266𝑚(5𝐾) 

𝑉𝑜𝑢𝑡 = −1.33𝑉 

For the transistor to be in saturation, 𝑉𝑜𝑢𝑡 ≥ 𝑉𝐺𝑆 − 𝑉𝑇𝑁, however this condition is not satisfied. 

Thus indicating the transistor is not in saturation but in the linear region.  

 

Transistor in the Linear Region 

𝐼𝐷 =
𝜇𝑐𝑂𝑋𝑤

2𝐿
(𝑉𝐺𝑆 − 𝑉𝑇𝐻 − 𝑉𝑜𝑢𝑡)𝑉𝑜𝑢𝑡 

𝐼𝐷 =
100(10−6)(10)

2(2)
(3 − 0.75 − 𝑉𝑜𝑢𝑡)𝑉𝑜𝑢𝑡 

Also,  

𝐼𝐷 =
5 − 𝑉𝑜𝑢𝑡

5𝑘
 

 

100(10−6)(10)

2(2)
(3 − 0.75 − 𝑉𝑜𝑢𝑡)𝑉𝑜𝑢𝑡 =

5 − 𝑉𝑜𝑢𝑡

5𝑘
 

𝑉𝑜𝑢𝑡 = 0.225    𝑜𝑟    𝑉𝑜𝑢𝑡 = 2.825 

 

𝑉𝑜𝑢𝑡 = 2.825V satisfies saturation region conditions. 

𝐼𝐷 =
5 − 𝑉𝑜𝑢𝑡

5𝑘
 

 

𝐼𝐷 =
5 − 0.2825

5𝑘
= 0.435𝑚𝐴 



 

Q2. Assume transistor is in saturation 

𝑉𝑜𝑢𝑡 = 𝑉𝐺𝑆 = 6𝑉 

𝐼𝐷 =
5 − 𝑉𝑜𝑢𝑡

5𝑘
=

3

5𝑘
= 0.6𝑚𝐴 

 

𝐼𝐷 =
𝜇𝑐𝑂𝑋𝑤

2𝐿
(𝑉𝐺𝑆 − 𝑉𝑇𝐻)2 

0.6𝑚𝐴 =
100(10−6)(𝑊)

2(2)
(3 − 0.75)2 

𝑊 = 10.67𝜇𝑚 

 

Q3. 

𝑉𝐺𝑆 = 𝑉𝐺 − 𝑉𝑆 = 0 − (−2) = 2𝑉 

For Transistor in Saturation 

𝐼𝐷 =
𝜇𝑐𝑂𝑋𝑤

2𝐿
(𝑉𝐺𝑆 − 𝑉𝑇𝐻)2 

𝐼𝐷 =
100(10−6)(12)

2(2)
(2 − 0.75)2 = 468.75𝜇𝐴 

Also, for transistor to be in saturation, 𝑉𝐷𝑆 ≥ 𝑉𝐺𝑆 − 𝑉𝑇𝑁 

𝑉𝐷𝑆 = 𝑉𝐷 − 𝑉𝑆 

𝑉𝐷𝑆 = 𝑉𝑂𝑈𝑇 − (−2) = 𝑉𝑜𝑢𝑡 + 2 

𝑉𝐷𝑆 = 𝑉𝑜𝑢𝑡 + 2 = (4 − 𝐼𝐷𝑅1) + 2 

𝑉𝐷𝑆 = 6 − 𝐼𝐷𝑅1 

But 𝑉𝐺𝑆 − 𝑉𝑇𝑁 = 2 − 0.75 = 1.25𝑉 

𝑉𝐷𝑆 ≥ 𝑉𝐺𝑆 − 𝑉𝑇𝑁 

6 − 𝐼𝐷𝑅1 ≥ 1.25 

𝑅1 ≤  
6 − 1.25

𝐼𝐷
 

𝑅1 ≤  
4.75

468.75𝜇𝐴
 

𝑅1 ≤ 10.13𝑘Ω 

 



Q4.  

𝑉𝐷𝐷 = 3𝑉    𝑉𝑆𝑆 = −2𝑉    𝑊1 = 8𝜇     𝐿1 = 2𝜇     𝑊2 = 50𝜇     𝐿2 = 2𝜇     
𝜇𝑛𝐶𝑜𝑥 = 100𝜇𝐴/𝑉2     𝜇𝑝𝐶𝑜𝑥 = 30𝜇𝐴/𝑉2 

𝐼𝐷1 = 𝐼𝐷2 

𝜇𝑛𝑐𝑂𝑋𝑊1

2𝐿1

(𝑉𝐺𝑆1 − 𝑉𝑇𝑁)2 =  −
𝜇𝑝𝑐𝑂𝑋𝑊2

2𝐿2
(𝑉𝐺𝑆2 − 𝑉𝑇𝑝)

2
 

Lets assume Vin = 0V 

100(8)

2(2)
(2 − 0.75)2 =  −

30(50)

2(2)
(𝑉𝑜𝑢𝑡 − 3 − 0.75)2 

8

15
(1.25)2 =  −(𝑉𝑜𝑢𝑡 − 3.75)2 

0.9129 = −𝑉𝑜𝑢𝑡 + 3.75 

𝑉𝑜𝑢𝑡 = 2.84𝑉 

 

Q5. 

 

 

 



 

 

 

 

 

 



Q6. 

 

 

 

 

 

 



 

  



Q7. 

 

 

 

Q8. 

(a) 

𝑉𝑜𝑢𝑡 = 10 − 𝐼𝑐(2𝑘) 

𝑉𝑜𝑢𝑡 = 10 − (100𝑥20𝜇𝐴)(2𝑘) 

𝑉𝑜𝑢𝑡 = 6𝑉 

 

(b) 

𝐼𝑏 =
10 − 𝑉𝐵𝐸

300𝐾
=

10 − 0.6

300𝐾
= 31.33𝜇𝐴 

𝐼𝐶 = 100 𝐼𝑏 = 3.133𝑚𝐴 

𝑉𝑜𝑢𝑡 = 10 − 𝐼𝑐(2𝑘) 

𝑉𝑜𝑢𝑡 = 10 − (100𝑥31.33𝜇𝐴)(2𝑘) 

𝑉𝑜𝑢𝑡 = 3.734𝑉 

 

(c) 

𝐼𝑏 =
𝑉𝑜𝑢𝑡 − 𝑉𝐵𝐸

200𝐾
=

𝑉𝑜𝑢𝑡 − 0.6

200𝐾
 

𝐼𝐶 = 100 𝐼𝑏 =
𝑉𝑜𝑢𝑡 − 0.6

200𝐾
𝑥100 



𝑉𝑜𝑢𝑡 = 10 − 𝐼𝑐(2𝑘) 

𝑉𝑜𝑢𝑡 = 10 −
𝑉𝑜𝑢𝑡 − 0.6

200𝐾
𝑥100(2𝑘) 

𝑉𝑜𝑢𝑡 = 5.3𝑉 

 

 

Q9 & Q10 

 
//encoder  
 
`timescale 1ns/1ps      //nice timescale for simulation  
 
 
module encoder_8to3(in, out, en);    //instantiate module  
 
input [7:0] in;       //instantiate input, 8 bits  
 
input en;       //enable pin  
 
output reg [2:0] out;      //instantiate output, 3 bits  
 
always @ (*) begin      //any time an input changes, execute  
 
 

if (en) begin      //active low enable, when en is high  
 

out = 0;     //set output to zero 
 

end  
 
else begin      //if enabled  
 

case (in)     //case maps inputs to output  
 

8'b00000001 : out = 3'b000;  //only anticipates one input at a time  
 

8'b00000010 : out = 3'b001;  
 

8'b00000100 : out = 3'b010;  
 

8'b00001000 : out = 3'b011;  
 

8'b00010000 : out = 3'b100;  
 

8'b00100000 : out = 3'b101;  
 



8'b01000000 : out = 3'b110;  
 

8'b10000000 : out = 3'b111;  
 

endcase  
end  

end  
endmodule 
 
 
//encoder testbench  
 
`timescale 1ns/1ps      //nice timescale for simulation  
 
module encoder_tb();      //instantiate testbench  
 
reg [7:0] in;       //instantiate input  
 
reg en;       //enable pin  
 
wire [2:0] out;       //instantiate output 
 
integer i, run;       //used within testbench loop 
 
encoder_8to3 DUT(.in(in),.out(out),.en(en));   //instantiate DUT  
 
initial begin       //start test  
 

run = 1;      //used to force while loop to run forever  
 
in = 0;       //input initial value  
 
en = 0;      //enable initial value  
 
i = 0;       //iteration variable  
 
while (run) begin     //force to loop forever  
 

if (i > 7) begin     //if iteration variable exceeds seven  
 

en = ~en;    //toggle enable  
 
i = 0;     //set iteration variable to zero  
 
in = 1;    //set input to one to avoid negative exponent error  
 
#1;     //wait one time unit  
 
i = 1;    //set iteration variable to one, enter back into loop  
 

end  



 
in = in + (2 ** i);   //add 2^n to input  
 
in = in - (2 ** (i-1));   //subtract 2^(n-1) from input, above if avoid 2^-1  
 
i = i + 1;    //increment iteration variable  
 
#1;     //wait one time unit  
 

end      //above while loop mimics 8 bit shift register which  
 

end      //feeds back into itself. Has one active bit, rest are zero  
 
endmodule 
 

 
 
 
 
 
/decoder implementation  
 
`timescale 1ns/1ps     //nice simulation timescale  
 
module decoder_3to8(in, out, en);   //instantiate module  
 
input [2:0] in;      //instantiate input, 3 bits  
 
input en;      //enable pin  
 
output reg [7:0] out;     //instantiate output, 7 bits  
 
always @ (*) begin     //any time an input changes, execute  



 
if (en) begin     //active low enable, when en is high  

 
out = 0;    //set output to zero  

 
end 
 
 
 

else begin    //if enabled  
 
case (in)    //case statement maps input to output  
 

3'b000 : out = 8'b00000001;  
 
3'b001 : out = 8'b00000010;  
 
3'b010 : out = 8'b00000100;  
 
3'b011 : out = 8'b00001000;  
 
3'b100 : out = 8'b00010000; 
  
3'b101 : out = 8'b00100000;  
 
3'b110 : out = 8'b01000000;  
 
3'b111 : out = 8'b10000000;  
 

endcase  
end  

end  
 
endmodule 
 
//decoder testbench  
 
`timescale 1ns/1ps     //nice simulation timescale  
 
module decoder_tb();     //instantiate testbench  
 
reg [2:0] in;      //instantiate input, 3 bits  
 
reg en;      //enable pin  
 
wire [7:0] out;      //instantiate output, 8 bits  
 
decoder_3to8 DUT(.in(in),.out(out),.en(en)); //instantiate DUT  
 

initial in = 0;     //set initial values  
 



initial en = 0;  
 
always #1 in[0] = ~in[0];   //toggle at timed intervals 

 
always #2 in[1] = ~in[1];  
 
always #4 in[2] = ~in[2];  
 
always #8 en = ~en;  
endmodule 
 
 

 
 
 


