
SOLUTIONS: 
 
Problem 1: 

From specification @ TC = 25 ° C    𝑉𝑉𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 0.8 𝑉𝑉 and 𝐼𝐼𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 200 µ𝐴𝐴 

→  𝑅𝑅𝐺𝐺𝐺𝐺 =
15 − 0.8

200 µ
= 71𝑘𝑘Ω 

b)  𝐼𝐼𝐹𝐹 = 80−1.6
40

=  1.96 𝐴𝐴,𝑉𝑉𝐹𝐹 = 𝑉𝑉𝑇𝑇𝑇𝑇 =  1.6 𝑉𝑉 → 𝑃𝑃 = 𝐼𝐼𝐼𝐼 = 1.96 ∗ 1.6 = 3.136𝑊𝑊 

c) 𝑉𝑉𝐺𝐺𝐺𝐺 =  .8, 𝐼𝐼𝐺𝐺 = 200 µ𝐴𝐴 → 𝑃𝑃 = 160 µ𝑊𝑊 

Problem 2: 

a)Upper portion of potentiometer = 500*(1 - 0.1) = 450 Ω 
Lower portion of potentiometer = 500*0.1 = 50 Ω 

𝑉𝑉𝑇𝑇𝑇𝑇 = 1.6 𝑉𝑉,   𝑉𝑉𝐺𝐺𝐺𝐺 = 𝑉𝑉𝐴𝐴𝐴𝐴 �
50

500 ∗ 2
� = 4 sin(2𝜋𝜋 ∗ 60 ∗ 𝑡𝑡) 

→  𝑉𝑉𝐹𝐹 = �
1.6𝑉𝑉 𝑡𝑡0 < 𝑡𝑡 < 𝑡𝑡1, 𝑡𝑡2 < 𝑡𝑡 < 𝑡𝑡3
𝑉𝑉𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 �  

 Where 𝑡𝑡3 = 1
60

 ∗ 𝑛𝑛  , 𝑡𝑡1 = 1
120

∗  𝑛𝑛 and 
𝑉𝑉𝑔𝑔 = 2.5 = 4 sin(60 ∗ 2𝜋𝜋𝑡𝑡0) 
2.5
4

= sin(60 ∗ 2𝜋𝜋𝑡𝑡0) 

60 ∗ 2𝜋𝜋𝑡𝑡0 = sin−1 �
2.5
4
� 

𝑡𝑡0 =
0.675
120 𝜋𝜋

+
𝑛𝑛

60
 

Then it is simple to see that 

𝑡𝑡3 =
3.817
120 𝜋𝜋

+
𝑛𝑛

60
 

b) 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 = 80−1.6
√2

= 55.43,→  𝐼𝐼𝐿𝐿 = 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅
𝑅𝑅𝐿𝐿

= 2.772 𝐴𝐴𝑅𝑅𝑅𝑅𝑅𝑅 

𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑉𝑉 ∗ 𝐼𝐼𝐿𝐿 = 1.6 ∗ 2.772 = 4.4352 𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =  𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ∗ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 = 4.4352 ∗  
2𝜋𝜋 − 0.675 ∗ 2

2𝜋𝜋
= 3.482 𝑊𝑊𝑅𝑅𝑅𝑅𝑅𝑅 

c) Quadrants 1 and 3 

 

  



Problem 3: 

Turn on voltage 2 V so at 2π/8 we need, 2 = 𝑅𝑅1
𝑅𝑅1+40000

∗ 170 sin �𝜋𝜋
4
� →  𝑅𝑅1 = 676.77 Ω 

 

Problem 4: 

𝑉𝑉𝐺𝐺𝐺𝐺 = 0 and assuming JFET is operating in saturation: 

𝐼𝐼𝐷𝐷 = 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ∗ � 1 −
𝑉𝑉𝐺𝐺𝐺𝐺
𝑉𝑉𝑝𝑝
�
2

= 100 µ𝐴𝐴 → 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝐷𝐷 ∗ 𝑅𝑅 =  100 µ𝐴𝐴 ∗ 10 𝐾𝐾Ω = 1 𝑉𝑉 

𝑉𝑉𝐷𝐷𝐷𝐷 = 5 − 1 = 4 𝑉𝑉 > 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑝𝑝 , initial assumption is correct 

 

Problem 5: 

a)  

𝑉𝑉𝐺𝐺𝐺𝐺𝐺𝐺 = 20 𝑚𝑚𝑚𝑚,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑉𝑉𝐷𝐷𝐷𝐷 > 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑃𝑃  

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜1 = 5 −  𝐼𝐼𝐷𝐷 ∗ 5𝑘𝑘 = 5 − 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 �1 −
𝑉𝑉𝐺𝐺𝐺𝐺
𝑉𝑉𝑃𝑃
�
2

∗ 5𝑘𝑘 = 4.48 𝑉𝑉 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 →  𝑉𝑉𝐷𝐷𝐷𝐷 > 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑃𝑃 → 4.48 > 1.02 
𝑉𝑉𝐺𝐺𝐺𝐺𝐺𝐺 = −20 𝑚𝑚𝑚𝑚,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑉𝑉𝐷𝐷𝐷𝐷 > 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑃𝑃  

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜1 = 5 −  𝐼𝐼𝐷𝐷 ∗ 5𝑘𝑘 = 5 − 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 �1 −
𝑉𝑉𝐺𝐺𝐺𝐺
𝑉𝑉𝑃𝑃
�
2

∗ 5𝑘𝑘 = 4.52 𝑉𝑉 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 →  𝑉𝑉𝐷𝐷𝐷𝐷 > 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑃𝑃 → 4.52 > 1.02 

 

b) 𝑉𝑉𝑖𝑖𝑖𝑖 < 𝑉𝑉𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =  0.3 𝑉𝑉 (From lecture slides) 

 

  

  4.52V 

  4.48V 



Problem 6: 

Vout = JFET VDS, so the JFET is in saturation 

𝐼𝐼 =
µ𝑛𝑛𝐶𝐶𝑜𝑜𝑜𝑜

2
�
𝑊𝑊
𝐿𝐿
� (𝑉𝑉𝐺𝐺 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑉𝑉𝑇𝑇𝑇𝑇)2 =  𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ∗ �1 −

𝑉𝑉𝑖𝑖𝑖𝑖
𝑉𝑉𝑃𝑃
�
2

  

→
350 ∗ 10−6

2
∗ �

𝑊𝑊
12
� (5 − 3 − 0.5)2 = 100 ∗ 10−6 ∗ �1 −

−0.5
−1

�
2

→ 𝑊𝑊 = 0.762 µ𝑚𝑚 

 

Problem 7: 

𝑔𝑔𝑚𝑚 =
𝜕𝜕𝐼𝐼𝐷𝐷
𝜕𝜕𝑉𝑉𝐺𝐺𝐺𝐺

= −2 ∗
𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
−𝑉𝑉𝑃𝑃

�1 −
𝑉𝑉𝐺𝐺𝐺𝐺
𝑉𝑉𝑃𝑃
� (1 − 𝜆𝜆𝑉𝑉𝐷𝐷𝐷𝐷)  ≈ = 2 ∗

𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷0
𝑉𝑉𝑃𝑃

�
𝑊𝑊
𝐿𝐿
� �1 −

𝑉𝑉𝐺𝐺𝐺𝐺
𝑉𝑉𝑃𝑃
�  

𝑔𝑔𝑜𝑜 = 𝜕𝜕𝐼𝐼𝐷𝐷
𝜕𝜕𝑉𝑉𝐷𝐷𝐷𝐷

= 𝜆𝜆 ∗ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷0 �
𝑊𝑊
𝐿𝐿
� �1 − 𝑉𝑉𝐺𝐺𝐺𝐺

𝑉𝑉𝑃𝑃
�
2
Problem 8: 

𝐼𝐼𝐷𝐷𝐷𝐷 =
30µ ∗ 10

15
∗ �1 −

0
1
�
2

=
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − (−5)

50𝑘𝑘
→  𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =  −4 𝑉𝑉, 𝐼𝐼𝐷𝐷𝐷𝐷 = 20 𝜇𝜇𝜇𝜇 

𝑔𝑔𝑚𝑚 =
2
𝑉𝑉𝑃𝑃

𝐼𝐼𝐷𝐷𝐷𝐷

�1 − 𝑉𝑉𝐺𝐺𝐺𝐺
𝑉𝑉𝑃𝑃
�
→  𝐴𝐴𝑉𝑉 =

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

=  −𝑔𝑔𝑚𝑚 ∗ 50𝑘𝑘 = 2 𝑉𝑉/𝑉𝑉 

Problem 8: 
Guess Saturation 

 𝐼𝐼𝐷𝐷𝐷𝐷 = 𝐼𝐼𝐷𝐷𝐷𝐷𝑆𝑆𝑝𝑝0
𝑊𝑊
𝐿𝐿
�1 − 𝑉𝑉𝐺𝐺𝐺𝐺

𝑉𝑉𝑉𝑉
�
2

= 30µ �10
15

 � �1 − 0
1
�
2

= 20𝜇𝜇𝜇𝜇 

 𝑉𝑉𝐷𝐷𝐷𝐷 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 =  −5 + 20 ∗ 10−6 ∗ 50000 = −4𝑉𝑉 → 𝑉𝑉𝐷𝐷𝐷𝐷 < 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑃𝑃 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 

 𝐴𝐴𝑉𝑉 = −𝑔𝑔𝑚𝑚 ∗ 50000 = 2
1
�20µ
1−01

�50000 = 2 𝑉𝑉
𝑉𝑉
 

Problem 9: 

a) 𝐴𝐴𝑉𝑉 = � 𝑅𝑅𝑖𝑖𝑖𝑖1
𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖+𝑅𝑅𝑖𝑖𝑖𝑖1

�𝐴𝐴𝑉𝑉1 �
𝑅𝑅𝑖𝑖𝑖𝑖2

𝑅𝑅𝑜𝑜1+𝑅𝑅𝑖𝑖𝑖𝑖2
� 𝐴𝐴𝑉𝑉2 �

𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑅𝑅𝑜𝑜2+𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

� = � 4
4+2

� (−10) � 20
20+0.5

� (−20) � 0.5
5+0.5

� =

11.83 V/V 

b) 𝐴𝐴𝑉𝑉 = � 𝑅𝑅𝑖𝑖𝑖𝑖2
𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖+𝑅𝑅𝑖𝑖𝑖𝑖2

�𝐴𝐴𝑉𝑉2 �
𝑅𝑅𝑖𝑖𝑖𝑖1

𝑅𝑅𝑜𝑜2+𝑅𝑅𝑖𝑖𝑖𝑖1
� 𝐴𝐴𝑉𝑉1 �

𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑅𝑅𝑜𝑜1+𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

� = � 20
20+2

� (−20) � 4
4+5

� (−10) � 0.5
0.5+0.5

� =

40.4 V/V 

 


