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NMOS has low resistance 
when Source (Drain) voltage 
is low, but it become high 
when the voltage is high. 

(PMOS has reverse 
characteristic
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MOS Transistors in Digital Circuit 

NMOS 

PMOS 

S=0 

S=1 

S=0 

S=1 
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Transfer gate 
S=1, -S=0 

Transfer 
Gate 
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Inverter 
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2 input NAND 

n input NAND 
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B

C
D

Z

A

  Hi 1(Assert) Low
0(Negate)  

  Low 1(Assert) Hi
0(Negate)  
  NAND(NOR) OR(AND)  

   

  Hi/Low Assert/Negate 

A
B*

C*
D*

Z*

G

H
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2 input NOR 

n input NOR 
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EXOR Exclusive OR, ) 
A B Z 

0 0 0 

0 1 1 

1 0 1 

1 1 0 
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Tri-State Inverter If C = H then Z = A* 
            else Z = Hi Impedance 

Multiplexor 
If S = H then Output = A 
             else Output = B 
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Memory 

~1960  
 
1k  

50 x 50 x 20 cm, ~100W 

MOS Memory 
SRAM (Static Random Access Memory) 
DRAM (Dynamic Random Access Memory) 
Non-Volatile Memory (EPROM, Flash Memory . . . ) 
ROM (Read Only Memory) 
　　　　　　： 
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Dynamic RAM 
(DRAM) 

1971 Intel 
3 Tr DRAM 

1972  
Texas Instruments 
1 Tr DRAM 

Memory : x1.6/year�
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DRAM Refresh 

Refresh ~msec
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Static RAM 
(SRAM) 

 
Refresh
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EEPROM 
(Electrically Erasable Programmable ROM) 
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Flash Memory 

1987  
NAND EEPROM 
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   0 0101  ( 5)
+) 1 0011  (-3)
   1 1000  (-8 ?)
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   0 0101  ( 5)
+) 1 1100  (-3)
(1)0 0001  
        1
   0 0010  (2)

[補数（Complement）]
足して桁上がりする数の最小値。
10進数の場合（10の補数）：
        3の補数は7、25の補数は75。

[減基数の補数（Complement）]
足して桁上がりしない数の最大値。
10進数の場合(9の補数）：
��3の補数は6 25の補数は74
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   0 0101  ( 5)
+) 1 1101  (-3)
(1)0 0010  ( 2)
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   0 0101  (+5)
+) 0 0001  (+1)
   0 0110  (+6)

    0 0101  (+5)
 +) 1 1011  (-5)
(1) 0 0000  ( 0)

    0 0101  (+5)
 +) 1 1000  (-8)
    1 1101  (-3)

    1 1011  ( -5)
 +) 1 0100  (-12)
(1) 0 1111  (+15-32)      
       underflow

   0 0101  ( +5)
+) 0 1100  (+12)
   1 0001  (-15+32)
        overflow
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Full Adder 

X  Y S  C
0  0 0  0
0  1 1  0
1  0 1  0
1  1 0  1

Half Adder 



29

ケタ上がりが増えてどんどん遅くなる！	
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Carry Look Ahead (CLA) 
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Divide

l   
l   add/subtract -> shift_left -> . . . 

l  Initial seed (table) -> Iteration 
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設計の階層 
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Design with Hardware Description Language

l  ( >  
l  LSI  ---  

l   ---  
l 

l   
l  (
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Verilog Hardware Description Language 

l  1984 Gateway Design Automation Verilog  

l  '90 VHDL(VHSIC 
Hardware Description Language)  

l  C  
---  

l 
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Verilog Simulation
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