
EEC116 Problem Set #1 Solution 

1.IC Trends 

1.1    Here, we can derive a formula for exponential growth. 

  �� = �� + �� ∗ �;					(1) 
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@2015 → � = 10, � = 400 ∗ 10L%4'��/N ≅ 40	 
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@2020 → � = 15, � = 400 ∗ 10L%4'�M/N ≅ 400	 
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@2025 → � = 20, � = 400 ∗ 10L%4'!�/N ≅ 4000	 
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�ℎ	1STU	
�	2000, 
@2010 → � = 10, � = 1 ∗ 10V%2'��! ≅ 3.2 ∗ 10��	TU 

@2015 → � = 15, � ≅ 1.810 ∗ 10��		TU 

@2020 → � = 20, � ≅ 1.024 ∗ 10�!		TU 

@2025 → � = 25, � ≅ 5.7 ∗ 10�!		TU 

 



From lecture 1 slide #15, the average number of transistors on a single die in year 2009 is approx. 10 

billion. On slide #10 it is approx. 2 to 2.6 billion. Our prediction is approx. 4 billion transistors in 2010 

which is in the same range as the data. Moore’s law for integration complexity is fairly accurate. 

On the other hand, clock frequencies have saturated at around 3 to 5 GHz, no longer following Moore’s 

law. A continued increase in clock rate will cause digital systems to dissipate unacceptable amount of 

power. Additionally, the overhead and cost to reliably deliver clock signals is too high at extremely high 

frequencies. To compensate for the saturating clock frequency, microprocessor’s throughput is usually 

maintained by adding additional processing cores. 
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�ℎ	1	S 	
�	����	2000, 
@2010 → � = 10, � = 1 ∗ 10V%2'���.M ≅ 100S  

@2015 → � = 15, � ≅ 1000S = 1Z  

@2020 → � = 20, � ≅ 10Z  

@2025 → � = 25, � ≅ 100Z  

 

From lecture 1 slide #11, we see the number of bits in a DRAM chip is about 64 Gb in 2009, our 

prediction is 100Gb in 2010. Moore’s law for DRAM is accurate. 

 

 



2.Quality Metrics 

There is no “right” answer to this problem. What is considered a priority is almost entirely dependent on what 

the target application is, as well as how your company wishes to market its product(s).  

 

All of these metrics can also influence each other. Pretend we are designing a processor to go into the next 

generation of cell phones. Power might be our #1 priority to enable the phone to run a long time without 
charging. We could lower the clock frequency (performance), remove support for some functions 

(robustness/functionality), or even add dedicated circuitry (cost) all of which are capable of reducing power. 

But as with all of engineering, nothing comes for free. 

 

3. MOS Transistor 

3.1  The electrical channel length is shorter than the drawn channel length due to lateral diffusions of the source and 

drain underneath the drawn gate (p.92 Rabaey). An equation which models this difference is given below, where [� 

indicates the drawn channel length, ∆L gives the total diffusion difference, and \� gives the diffusion difference of 

one side of the channel. Note that this effect is always on, and differs from pinching off of the channel.      [� = [ − ΔL = [ − 2\� 

3.2       1) NMOS: VGS=1.8V, VDS=1.8V -> Saturation 

                   PMOS: VGS=-1.1V, VDS=-50mV -> Triode/Linear 

 

�̀ ,"abc = %350 ∗ 10#L ∗ 4'2 %1.8 − 0.7'!%1 + 0.05 ∗ 1.8' = 923�Y 

�̀ ,eabc = %150 ∗ 10#L ∗ 4' fg−1.1 − %−0.8'h%−0.05' − %−0.05'!2 i = 8.25�Y 

 

 

 2) NMOS: VGS=0.9V, VDS=1.8V -> Saturation 

                   PMOS: VGS=-2.5V, VDS=-1.0V -> Triode/Linear 

�̀ ,"abc = %350 ∗ 10#L ∗ 4'2 %0.9 − 0.7'!%1 + 0.05 ∗ 1.8' = 30.5�Y 

�̀ ,eabc = %150 ∗ 10#L ∗ 4' fg−2.5 − %−0.8'h%−1.0' − %−1.0'!2 i = 720�Y 

 

 

 3) NMOS: VGS=1.5V, VDS=0.4V -> Triode/Linear 

                   PMOS: VGS=-1.8V, VDS=-1.6V -> Saturation 

�̀ ,"abc = %350 ∗ 10#L ∗ 4' f%1.5 − 0.7'%0.4' − 0.4!2 i = 336�Y 

�̀ ,eabc = %150 ∗ 10#L ∗ 4'2 %−1.8 − %−0.8''!%1 + 0.05 ∗ %−1.6'' = 276�Y 

 

 

4. CMOS INVERTER 
4.1 Static CMOS, so klm = n, -+@	klo = k@@ 



pq = p"pe = r"s�� tu[ v"res�� tu[ ve
= 250 × 8100 × 12 = 53 = 1.66…67 

yz = y{|," +} 1pq
1 +} 1pq

gy�� + y{|,eh = 0.3 + 0.77g2.5 + %−0.35'h1 + 0.77 = ;. ;n~	k7.24 

 

 

To find the noise margins, we need y��	���	y�� 

�
��	y��; 	y�� = 2yb�{ + y{|,e − y�� + pqy{|,"1 + pq = 2yb�{ − 0.35 − 2.5 + 0.5312.67
= 2yb�{ − 2.3192.67  

→ yb�{ = 0.749y�� + 0.868 A�
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����	
�	�R���
��	���	yb�{  

→ 53 %0.749y�� + 0.568'! = �2%0.749y�� − 1.282'%0.749y�� − 1.632' − %0.749y�� − 1.632'! � 
→ k�m = 	n.���	<7.24 
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��		y��; 	y�� = ỳ ` + y{|,e + pq%2yb�{�y{|,"'1 + pq = 2.5 − 0.35 + 1.67%2yb�{�0.3'2.67  

→ yb�{ = 0.8y�� + 0.494 A�
, �R����	�ℎ�	AH�$	�
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��m = k�m − klm = n. ���k 

��o = klo − k�o = �. ~ − ;. ��~� = ;. n���k 

 

4.2 



1.4 = 0.3 + } 1pq
1 + } 1pq

%2.5 − 0.35' 

1.1 = 0.75� 1pq  

→ pq =	250u"100ue = 0.46 

→ 250u"100ue = 46100	 
→ u"ue = 46250 = 23125 

 

  



 

4.3 y��,�,a�� = 1.15 ∗ 0.3 = 0.345	y���� y��,�,a�" = 0.85 ∗ 0.3 = 0.255	y���� 

 y��,�,a�� = 1.25 ∗ −0.35 = −0.4375	y���� y��,�,a�" = 0.8 ∗ −0.35 = −0.28	y���� 

yz,a�� = y��,�,a�� + } 1pq
1 +} 1pq

gy�� + y��,�,a�"h = 	0.345 + }35
1 +}35

%2.5 − 0.28' = ;. ;��	k7.24 

yz,a�" = y��,�,a�" +} 1pq
1 +} 1pq

gy�� + y��,�,a��h = 0.255	 + }35
1 + }35

%2.5 − 0.4375' = ;.n�;	k7.24 

 

5. RING OSCILLATOR 

5.1 Yy�FYS�	SYZ�	X�[Y�, �e`,��{� = �� ¡¢£¤¥¦	!� 	 

ℎ���	Z§�¨�©bªa	
�	�ℎ�	���
��	��	�ℎ�	� ������	
�������	���	A	
�	�ℎ�	��� ��	��	�����. 
5.2  768�� = �� ¡¢£¤¥¦	!∗« → Z§�¨�©bªa	 = 10752�� = 10.752��;		 

���R�����§�¨�©bªa	 = 1Z§�¨�©bªa	 ≅ 93	HTU 

5.3 The delay can be estimated in the three methods below, each method more accurate than previous.  

  

Short horizontal segment 
Short horizontal segment 

Vertical segment Vertical segment 

Horizontal segment 



Method 1:  Zª�"�	bc¬. = 7 ∗ �e`,�"¨�ª{�ª + 7	ℎ��
U�����	�������� ∗ !�ac��a�"{ ∗�­ec�a = 5376 + 196 = 5572��; 
�ª�"�	bc¬. = 12 ∗ Zª�"�	bc¬. = 89.7	HTU 

Method 2:  Zª�"�	bc¬. = 7 ∗ �e`,�"¨�ª{�ª + 7	ℎ��
U�����	�������� ∗ !�ac��a�"{ ∗�­ec�a + 2	����
���	�������� ∗ 3�� ∗ �­ec�a = 5376 + 196 + 84 = 5656��;	 
�ª�"�	bc¬. = 12 ∗ Zª�"�	bc¬. = 88.4	HTU 

Method 3:  Zª�"�	bc¬. = 7 ∗ �e`,�"¨�ª{�ª + 7	ℎ��
U�����	�������� ∗ !�ac��a�"{ ∗�­ec�a + 2	����
���	�������� ∗ N�ac��a�"{ ∗ �­ec�a + 2	�ℎ���	ℎ��
U�����	�������� ∗
��ac��a�"{ ∗ �­ec�a = 5376 + 196 + 84 + 28 = 5684��; 

�ª�"�	bc¬. = 12 ∗ Zª�"�	bc¬. = 87.9	HTU 

 

5.4   Zª�"�	bc¬. = 7 ∗ �e`,�"¨�ª{�ª + 3	ℎ��
U�����	�������� ∗ ��ac��a�"{ ∗ �­ec�a +
2	����
���	�������� ∗ M�ac��a�"{ ∗ �­ec�a = 5376 + 42 + 140 = 5558��; 

�ª�"�	bc¬. = 12 ∗ Zª�"�	bc¬. = 89.9HTU 

 

5.5  

Folded: Ring oscillator period = 5558*2=11116ps; 

Straight: Ring oscillator period = 5684*2=11368ps; 



As we can see, the folded layout gives a more accurate estimate of the true propagation delay. Wire 

delay in the straight layout is (308*2)/11368=5.4% of the total period, while wire delay in the folded 

layout is only (182*2)/11116=3.2% of the total period. 

Ring oscillator period for the ring oscillator without wires is 10752ps. Percent error for the folded layout 

is (11116-10752)/10752 = 3.38% while percent error for the straight layout is (11368-10752)/10752 = 

5.7% 


