
EEC116 Problem Set #2 Solution 

1. FET Capacitances 

1.1 

Assuming an abrupt junction (m=0.5). Drain voltage is negative when the DB junction is reverse biased, 

which is the case we have. (Rabaey page 76, 82, 83, 111) 

∅� = ��� = 0.026�,			∅� = ∅� ln �������� � = 0.026ln � 10�� ∗ 10��(1.5 ∗ 10��	)�	� = 0.933�  

"#� = $%&'��2 ������ +�� 	) ∅�*� = $%&'��2 ������ + �� 	) ∅�*� = $�11.7 ∗ 8.854 ∗ 10*�.2 10�� ∗ 10��10�� + 10��	� 1	0.933
= 2.98 ∗ 10*/012�  

"# = "#�
%1 − ��∅�)4

= 2.98 ∗ 10*/
51 − −50.9336�.7

= 1.18 ∗ 10*/0/12� 

∅�9 = ∅� ln ���9����� � = 0.026ln � 10�: ∗ 10��(1.5 ∗ 10�� 	)�	� = 1.111� 

"#';� = $%&'��2 ��9����9 + �� 	) ∅�9*� = $�11.7 ∗ 8.854 ∗ 10*�.2 10�: ∗ 10��10�: + 10�� 	� 1	1.111 = 8.23 ∗ 10*<0/12� 

"#'; = "#';�
%1 − ��∅�9)4

= 8.23 ∗ 10*<
51 − −51.1116�.7

= 3.51 ∗ 10*<0/12� 

"=�>> = "?@AA@4 + "'; 

= "# ∗ BCDB + "#'; ∗ EDCFGD�DC = "#H'I +"#';J#(2H' +I) 
= (1.18 ∗ 10*/)(5 ∗ 10*.)(10 ∗ 10*.) + (3.51 ∗ 10*<)(0.4 ∗ 10*.)(2(5 ∗ 10*.) + 10 ∗ 10*.) 

= KL ∗ MN*MOP 

@	�� = 2.5 → "=�>> = LL ∗ MN*MOP 

1.2      "@S = TUVAUV = W.:∗/./7.∗��XYZ���∗��X[ = 1.7 ∗ 10*< \]4^ 

"_�(`abcdef) = "@SIJ= = (1.7 ∗ 10*<)(10 ∗ 10*.)(0.25 ∗ 10*.) = L.KM ∗ MN*MOP 



2. Enhancement Load Inverter 

 



 

  



3. Two Input CMOS NOR Gate 

    �gh = 5	a`dij	ekl	�gm = 0	a`dij	 
  

    An equivalent inverter would have 5nm 6o=5nm 6p = ��, therefore 

    �q = 5nm 6o ro"@S = 2 ∗ 20 = 40	rB/�� 

    �p = 5nm 6p rp"@S = 2 ∗ 40 = 80	rB/�� 

�s = �p�q = 8040 = 2 

�tm = �uUvw9uwx,y*u==9z{uwx,|�9z{ = �uUvw9�.<*79�..W → �@}A = 1.5�tm + 0.97      (1) 

 �~2 (�tp − ��h,p)� = �o2 �2��tp − �== − ��h,o�(�g�� − �==) − (�g�� − �==)�� → 40(�tm − 0.7)� = 20(2(�tm − 5+ 0.7)(�g�� − 5) − (�g�� − 5)�)    (2) 

Now Plug (1) into (2) for �g��	and solve for �tm → 	1.25�tm� + 6.07�tm − 17.43 = 0 ��� = �. N�	����� 

 

�th = �== + �A�,q + �s(2�@}A9�A�,~)1 + �s = 5 − 0.7 + 2(2�@}A + 0.7)3  

→ �@}A = 0.75�th − 1.425     (3) �~2 (2��th − ��h,p���g�� � − ��g���� = �o2 5�th − �== − ��A�,q�� � → 	40(2(�th − 0.7)�@}A − �@}A� ) = 20(�th − 5 + 0.7)�     (4) �`�	fd��	b��ei�`k	(3)�ki`(4)�`c	�@}Aekl	j`dab	�`c	�th  → 0.88�th� + 5.08�th − 18.56 = 0 → ��� = 	�. OK	����� 

 

��� = ��� − ��� = �. N�� 

��� = ��� − ��� = �. L�� 
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4. Two Input CMOS NAND Gate 

 

An equivalent inverter would have 5nm 6o=5nm 6p = ��� , therefore 

    �q = 5nm 6o ro"@S = 5 ∗ 10 = 50	rB/�� 

    �p = 5nm 6p rp"@S = 5 ∗ 20 = 100 ��u^ 

 

 

�qhm = "�@�=�~���� − ��,~� � 2��,~��� − ��,~ + ln�4���� − ��,~���� − 1��		 
�qmh = "�@�=�q���� − ���,q�� � 2���,q���� − ���,q� + ln �4���� − ���,q����� − 1��		 

�qhm = 0.1 ∗ 10*��100 ∗ 10*�(4) �24 + ln %4 ∗ 45 − 1)� = N.  �O¡� 

�`ib:	�qmh�j	j�2fd£	2�qhm 	¤b1e�jb�p = 2 ∗ �o 

→ ¥¦�� = M. KO¡� 
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5. Logic Circuit 

5.1 

Cb2b2¤bc: 
−	i�`	j��i1§bj	�k	jbc�bj	§eab		e	d`��1	ed	B�¨	cbdei�`kj§�f,	 
−i�`	j��i1§bj	�k	feceddbd	§eab	e	d`��1ed	©C	cbdei�`kj§�f	 
ª`	�b	`¤ie�k	i§b	�`dd`��k�	bJfcbjj�`k	�`c	0, 
0 = (B ∙ ") + �¬ ∙ (¨ + D)�							 
�§b	bJfcbjj�`k	�j	kb�eibl	(e	¤ec	`k	i`f)¤b1e�jb	i§b	j1§b2ei�1	��abk	�j	i§b	E¨�. 
 

 

5.2 

The complete circuit is shown below.  

The goal: size the worse case pull up and pull down path’s resistance to the resistance of a 

minimum sized NMOS – W/L=10/5                                                                                               

To size the individual transistors, we start by assigning the minimum W/L to every transistor. 

 

  



1) Let’s find the worse case pull-down path. We notice the worse case path in the PULL 

DOWN network is two transistors long, and three possible paths, AC, BD, or BE. We 

double the widths of all transistors here so the worse case path will have the same 

resistance as a single NMOS. So W/L of all NMOS = 20/5 

2) We now move onto the PULL UP network. Let’s first account for the  difference in 

process parameters: 

- Since lambda is zero, and the threshold voltage for PMOS and NMOS are 

symmetrical (ignoring body effect), we only need to account for the difference in mu 

Cox between N and P MOS. Notice the 3x relationship.  

- So we increase the size of each PMOS transistor by 3 times. So W/L of all PMOS = 

30/5 

3) Now equalize for the worse case. The worse case here is three transistors long, and two 

possible paths: ADE or CDE. We triple the sizes of each of those transistors. So W/L for 

the PMOS transistor for inputs A, C, D, and E are 90/5. 

4) Now we move onto the last transistor. What do we do with the PMOS for input B? This 

transistor participate in the paths BC and BA where transistors A and C both have 

W/L=90/5. We must make sure these two paths meet the worse case pull up resistance 

requirement, too. We compare the resistance of these two paths to the resistance of a 

single NMOS. We perform the following analysis: C~4@'	 ≥?		Cq4@',¯ + Cq4@',�									(�eki) 
° 1
�"`J 5IH 6	±~4@'

≥?	°	 1
�"`J 5IH 6±q4@',¯

	+ ° 1
�"`J 5IH 6	±q4@',�

 

° 1
3005105 6	±~4@'

≥?	°	 1
1005305 6±q4@',¯

	+ ° 1
1005905 6	±q4@',�

				(²³´µ�¶�¡	M) 
 13000 ≥? 13000	+ 19000 = 49000 = 12250 

We see that this condition is FALSE, so W/L=30/5 is NOT OK and we need to increase it. So 

let’s equate the RHS and LHS of equation (1)  and solve for 5nm 6 of the B input PMOS. 

1600 = 1
1005IH 6	+

11800 

3 = 18
5IH 6	+ 1					 → %IH ) = 182 = 9 = 455  

We see W/L of the PMOS for input B needs to be 45/5.  A final schematic with sizes is 

shown below. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 

Stick Diagram. 

 



6. Ripple Carry Adder Delay 

A 16-bit carry ripple adder is shown below. 

 

The delay for the carry output and sum output for the individual full adders are given, they are: 

�q,'}4 = 3.0k	 + 3.9k2 = 3.45kj		 
�q,]@}A = 3.2k	 + 4.5k2 = 3.85kj		 

The worse case path occurs when a change in either Cin,A0, or B0 causes Carry out to toggle. 

The signal change propagates from the least significant FA to the most significant FA through 

the carry in and carry out ports. The delay of this path is: 

�q,;@�'·	]�'· = ��==·� = 16�q,]@}A = 61.6kj 

 

 

 


