
2016 VLSI Midterm Solution 

1. (a)  
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(b)   gA=8/3 , gC=6/3=2 , gD=4/3 

 

(c)   略 

 

(d)   pmax=(4+4+2+4+2)/3=16/3 , pmin=(4+2+2)/3=8/3 

 

2. (a)   gavg=5/3 
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(b)    
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For 𝑔𝑢  

2

1

For 

𝑔𝑑 

 

𝑔𝑢 =
3+√2

√2+√2/2
= 2.08, 𝑔𝑑 =

3+√2

2+1
= 1.47, 𝑔𝑎𝑣𝑔 = 1.775 

 

3. (a)(b) F=GBH=1*1*(128/2)=64, 𝑓𝑖 = 𝐹
1
𝑁⁄ = 64

1
𝑁⁄  

     For N=3, 𝑓𝑖=4, D=N*𝐹
1
𝑁⁄ +N=15 

4. (a) 

 



(b) 

 

Comment：Both N/PMOS turn off when 0.2<Vin<0.4, and Ron∞ 

          The transmission gate switch as open circuit. 

5. (a) 

 

(b)  NMH=VOH-VIH, NML=VIL-VOL 

(c)  High-skewed：NMH↓, NML↑ ； Low-skewed：NMH↑, NML↓ 

(d)  WP/WN=3/1, with the same L 

(e)  Both in saturation region. 

 



6. (a)  
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(b)    gA=28/27 , gRESETB=4 (RESETB would be non-critical input) 

7. (a) G = 1 ×
5

3
×
4

3
×
5

3
=

100

27
 

   B = 2 × 2 = 4 

   H =
120

2
= 60 

(b) F = GBH =
8000

9
  →   f = 𝐹

1

4 = 5.46 

   P = 1 + 3 + 2 + 2 = 8 

   D = 𝑁𝐹
1

𝑁 + P = 5.46 × 4 + 8 = 29.84 

(c) Cin =
𝑔×𝐶𝑜𝑢𝑡

𝑓
 

    → 

{
 
 

 
 z =

5

3
×120

5.46
= 36.63

  y =
4

3
×36.63

5.46
= 8.945

    x =
5

3
×8.945×2

5.46
= 5.46

 

8. (a) d = gh + p = 2 

   𝑑′ = d × R × C = 1k × 10f 

   𝑓𝑜𝑠𝑐 =
1

2𝑁𝑑′
=

1

2×9×1𝑘×10𝑓
= 5.556 𝐺𝐻𝑧 

(b) Down-sized inverter 𝑔𝑎𝑣𝑔 = 1 

   𝑓𝑜𝑠𝑐 =
1

2𝑁𝑑′
=

1

2×9×1𝑘×10𝑓
= 5.556 𝐺𝐻𝑧 

 



9. (a) D = 𝑁𝐹
1

𝑁 + ∑ 𝑝𝑖
𝑛1
𝑖=1 + (N − n1)𝑝𝑖𝑛𝑣 

(b) N = 6 →  D = 6 × 2048
1

6 + 6 × 2 = 33.38 

10. (a) 𝑇𝑝𝑑𝑟 = (9 + 4h)RC 

    𝑇𝑝𝑑𝑓 = (3C ×
𝑅

3
) + (3𝐶 ×

2𝑅

3
) + R × (9 + 4h)C = (12 + 4h)RC 

    𝑇𝑝𝑑   = (10.5 + 4h)RC 

(b) 𝑇𝑐𝑑𝑟 =
𝑅

3
× (9 + 4h)C 

    𝑇𝑐𝑑𝑓 = (9 + 4h)RC 

    𝑇𝑐𝑑   =
2

3
× (9 + 4h)RC = (6 +

8

3
h)RC 

11. g → l → i → f → k → b → h → c → d → a → j → e 

12. (a) 

600  2500  

500  
40f 400f 400f 8f 8f

𝑡𝑝𝑑 = (500 × 440f) + (600 + 500) × 408f + 2500 × 8f = 688.8 ps 

(b)  

600  2500  

50  
400f 400f 400f 8f 8f

𝑡𝑝𝑑 = (50 × 800f) + (600 + 50) × 408f + 2500 × 8f = 325.2 ps 

13. 𝐶𝑤𝑖𝑟𝑒 = 400𝑓 

 𝐶𝑎𝑑𝑗 = 800𝑓 

(a) ∆𝑉𝑌 = 1.8 ×
800𝑓

1200𝑓
= 1.2 𝑉 



(b) Shielding, Increase the loading Cap, Put two wire away 

14.  
A. 講義 3-11 

B. 講義 3-11 

C. 講義 2-62 

D. 講義 3-11 

E. 講義 3-11 

F. 講義 4-15 

G. 講義 4-14 

H. 講義 4-12 

i.  講義 4-13 

j. 講義 4-19 

15.  
A. 講義 2-27 

B. 講義 2-27 

C. 講義 2-34 

D. 講義 2-30 

E. 講義 2-28 

16. P=[(0.1×20M×0.5)+(0.04×60M×0.25)]×2f×1.82×100M=1.0368W 

17.  
TFTTT 

FTFTF 

 


