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Transistor va cac cong logic

 Transistor

— Phan tir co ban nhat cau tao may tinh s6
ngay nay la transistor do John Bardeen va
Walter Brattain phat minh nam 1947.

— Transistor thuong duoc sir dung nhu mot
thiét b1 khuéch dai hoac mot khoa dién tur

« MOdi transistor déu co ba cuec:
— Cuec gbc (base)
— Cuc gop (collector)
— Cuc phat (emitter) f

Base Emitter

Collector
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Transistor va cac cong logic

« Cong logic (gate)
— Céc transistor dugc ghép noi lai dé tao thanh cac cong logic
cO thé thuc hién cac phép toan logic co ban: NOT, AND,
OR, NAND (NOT AND) va NOR (NOT OR)

., . . TTL CMOS*
— (Gia tr1 logic 50V 50V
4 A r LOGIC 1
* 0:muc dién ap 0...1,5 volt LOGIC 1 .
* l:mucdiénap 2..5volt R
Indeterminate
15V ...
0BV ...
LOGIC 0 LOGIC O
oV .. oV ..

— Céc cong co ban nay lai dugc lap ghép thanh cac phan tir
chirc nang 16n hon nhu mach cong 1 bit, nhé 1 bit, vov... tir
do tao thanh 1 may tinh hoan chinh



Transistor va cac cong logic

 CAu tao cac céng co ban NOT, NAND va NOR

+Vee +Vee +Vee

Collector




Transistor va cac cong logic

* Bang chan tr1 va ky hi¢u cac cong logic co ban

NOT NAND NOR AND OR
A A A A
x5 00 s
B B B B
Al X AlB][X AlB|X AlB|[X AlB]X
01 olo/[1 olo][1 ololo ololo
10 M ERE ol1]o ol1o ol1]1
1 o1 1lolo 1lo]lo 1o/
1110 1110 1111 1111

* D01 voi1 cac cong nhi€u ngd vao, ngd ra X=1 khi:
* AND : mo1 ngd vao bang 1

 OR: it nhat 1 ngd vao bang 1
« NAND : it nhat 1 ngd vao bang 0
« NOR : moi ngd vao bang 0

v



Transistor va cac cong logic

» Bang chan tri cac cong OR va AND 3 ngd vao
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« Mot s6 vi mach ho 7400

Transistor va cac cong logic
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Pai s6 Boole

* (101 thi€u
— Pai s6 Boole (?Boolean algebra) do nha toan hoc George
Boole phat trién tor nam 1854 lam co s& cho phép toan
logic.
— Nam 19.?)8 C}au(}e Shannpn chtrng minh c6 thé dung dai s6
Boole dé thiét ké mach so trong may tinh
— Pai s6 Boole dua trén cac bién logic va cac phép toan logic
« Bién logic c6 thé nhan gia tri | (TRUE) hoic 0
(FALSE)
* Phép toan logic co ban 1a AND, OR va NOT

« Ham logic gom tip cac phép toan va bién logic



Pai s6 Boole

* Cac phép toan logic co ban
— Phép toan logic co ban AND, OR va NOT vo1 ky
hiéu nhu sau:
« A AND B: AB
-AORB: A+B
- NOT A: A
— Cac pheép toan khac: NAND, NOR, XOR:
e A NAND B: A*B EXCLUSIVE OR gate
_ —
A NOR B:A+B o ) -
- AXOR B:A@®B =A+*B+A*B
— Thir ty vu tién: NOT, AND va NAND, OR va NOR




Pai s6 Boole

* Bang chan tr1 (Truth table)

NOTP | PANDQ | PORQ | PNANDQ | PNORQ | PXORQ
P Q (P) (P+Q) (P + Q) (P-Q) (P + Q) (P®Q)
] 0 1 0 0 1 1 ]
] 1 1 0 1 1 0 1
1 0 0 0 1 1 0 1
1 1 0 1 1 a 0 ]

» Ung dung dai s6 Boole
» Phan tich chirc ning mach logic so
« Thiét ké mach logic s6 dua trén ham cho trudc



Pai s6 Boole

* Vidu I: Ca1 dat 1 ham logic M=F(A, B, C) theo bang
chan tr1 cho trudc
* Qui tac: M=0 néu mo1 dau vao la 0,
M=1 néu mo1 dau vao la 1 (tong cac
tich).
* Budc 1: Xac dinh cac dong trong bang chan
tr1 co két qua bang 1
 Budc 2: Cac bién dau vao duoc AND voi
nhau néu gia tri trong bang bang 1. Néu gia
tr1 bi€n bang 0 can NOT no trude khi AND
* Budc 3: OR tat ca cac ket qua tur budce 2.

—“ ||l |alO|lOC|O|O|P
—“ = lO|O|=|=|OC|OC|W
= |O|=|O|=|O|=|O|O
—“|l=lalOo|=|lO|0|O|=

M=ABC+ABC+ABC+ABC
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Pai s6 Boole

¢ Vidlll(tlép) ABC ABC
A

AlB[cm 3
olofo]o {>CA'> _
olof[1]o0 4 YABC
ol1]o]o
o111
1lofo]lo _
1]o1]1 . 5 )-ABC
1101
11171 @‘é

M=ABC+ABC+ABC+ABC

C
Chuy: {}c
* Mach thiét ké theo cach nay C

chwa toi wu.

* C6 3 cach biéu dién 1 ham logic

13



Pai s6 Boole

* Vidu 2: Xac dinh ham logic tor mach cho trudc

'=>C ABC

Om e
L B N

A A+D
} A+D DC

(a)

A A+B

Ce

e

D—. x:iﬁﬂ[ﬁm (B}

(A+B)C

D+ (A+BIC

(b)

)

z=[D+ (A+B)C]-E



Pai s6 Boole

* Cac mach tuong duong

A(B + C)

B+C

A

o O

AB + AC

|
=

A
B
C

— Vi du: AB+AC va A(B+C)
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A | B+C |AB+C)

Cc

C |AB|AC | AB+AC

A

(b)

(a)



Pai s6 Boole

« Cac mach tuong duong (tiép)
— Nhan x¢ét: Nén sir dung mach tiét kiém cac céng logic nhat

— Trong thuc té nguoi ta dung cong NAND (hodc NOR) dé
tao ra moi cong khac

A x=A-A=A
1 = -
(a) INVERTER

AB x = AB A ——,

1 2 =
B @
(b)

A
1

B
2

45

T

} x:_ﬁ:ﬂ-ﬁﬁ
B
_E (c) OR

(]
o e
|
l | =
o




Pai s6 Boole

Cac dinh luét cua dai s6 Boole

DPong nhat
Rong
Khong doi
Ngich dao
Giao hoan
Két hop
Phan phoi
Rut gon

Name AND form OR form
|dentity law 1A=A 0+A=A
Null law 0OA=0 1+A=1
|ldempotent law AA=A A+A=A
Inverse law AA =0 A+A=1
Commutative law | AB = BA A+B=B+A

Associative law

(AB)C = A(BC)

(A+B)+C=A+(B+0C)

Distributive law A+BC=(A+B)A+C) [AB+C)=AB +AC
Absorption law AA+B)=A A+AB=A
De Morgan'slaw |AB=A +B A+B=AB

17




Pai s6 Boole

e Cac dinh luat cua dai so Boole (tt)

x

0w

(1) =-0=0

>_.n

x®

1@

(2) X+-1=x

>_.x
>_.,-.
>_.n

=@

0®

(B) x+0=x

] >—
T S
] >

6) x+1=1




Pai s6 Boole

 Ung dung cac dinh luat
— Pon gian biéu thirc logic = Tiét kiém cong logic

— Vi du : Ching minh AB + AC+ BC =AB + AC
AB +AC + BC
=AB+AC+1+BC
=AB+AC + (A+A) « BC
= AB + AC+ ABC + ABC
= AB + ABC + AC+ABC
—AB*1+ABC+AC*1+AC*B
=AB (1+C)+AC (1 +B)
—AB<1+AC+1=AB+AC



Mach td hop

 Khai niém

— Mach t6 hop (combinational circuit) 1a mach logic
trong d?(’) tin hi€u ra chi phu thudc tin hi¢u vao ¢
tho1 diém hién tai.

—La magh khong qnhc’)’ (memoryless) va dugc thuc
hi€n bang cac cong logic co ban

— Mach t6 hop duoc car dat tir 1 ham hoac bang chan
tr1 cho trudc

— Puoc timg dung nhiéu trong thiét ké mach may tinh



* B0 don kénh (Multiplexer)
— 2" dau vao dit liéu D
— n dau vao lua chon S
— 1dauraF
— (S) x4c dinh dau vao (D) nao s&

Mach t6 hop

duoc nodi voi dau ra (F)

Dl

D2

D3

4-to-1
MUX

52 51

S2 | S1| F
0 0 | DO
0 1 | D1
1 0 | D2
1 1 | D3

D1

D3

52

K

51

R
:




Mach t6 hop

* B0 phan kénh (Demultiplexer)
— Nguoc vt bd don kénh S| So
— Tin hiéu diéu khién (S)

\ /4 L
s€ chon dau ra nao két )
e ge X . |
no1 voi1 dau vao (1) >
’ L
— Vidu: Demux 1-t0-4
L
Control input ?
Si So *

Oy —
) 5 O,
Datain —|1 = Data out '




Mach t6 hop

* B0 giai ma (Decoder)
— 36 g1d1 ma chgn mot trong 2" dau ra (O) tuong Gmg voi mot
t6 hop cua n dau vao (I)
— Vidu : Mach giai ma 2 ra 4

]|I|] 03020100
U ﬂ U ﬂ 0 ] ] & &
]
0 110 6 1 0 >C }Ou
1 0/lo 1 0 0 1o $—{ o I
1 1|1 0 0 o ? }0
Py 1
L
o —D—-
Encoded — !t g o, Decoded
data 1n _lugoz_ data out |
0, ¢ ) O,




Mach t6 hop

* Mach so sanh (Comparator)

— So sanh cac bit cua 2 ngd
vao va xuat két qua 1 n€u
bang nhau.

— Vidu : Mach so sanh 4 bit
dung cac cong XOR

A|B|A XOR B
0

R |, |O|O
R | Ok, | O

1
1
0

Bo

EXCLUSIVE OR

gate
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Mach tinh toan

. Mach dich (Shifter)
— Dich cac tin hiéu sang trai hoic phai 1 vi tri. Ung dung cho
phép nhan/ chia cho 2.
— Vi du : mach dich 8 bit véi tin higu dieu khién chiéu dich
tral (C=0) hay phai (C=1)

Do D, D Dy Da Ds De D,

T

25



Mach tinh toan

 Mach cong ban phan (Half adder)
— Cdng 2 bit dau vao thanh 1 bit dau ra va 1 bit nhé

Exclusive OR gate

A B |[Sum |Carry " /
A °
0 0 0 0 Dﬁ Sum
B 7
0 1 1 0
1 0 1 0 Ky hiéu
1 1 0 1
A— — Sum
B — — Carry

Carry
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Mach tinh toan

 Mach cong toan phan (Full adder)
— Cdng 3 bit dau vao thanh 1 bit dau ra va 1 bit nhé
— Cho phép xay dung bo cong nhiéu bit

Carry in
] Bl el C{ R s i ) D+ s
ol ool o] o B )_/
0 0 1 1 0 ég :
T HA i HA Ky hi¢u
1 lolof| 1] o \[}\1/ ................... A o
1 0 1 0 1 B — -
AEIEIETE FA Carr
Carry — — y
BE—— in out
Carry out
27
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Mach tinh toan

* Mach cOng nhiéu bit
— Ghép tir nhiéu bd cdng toan phan

R N S |

signal C; FA Cu*~—C FA Gi~—C FA Gi+—CG FA Co~—0

1 1 J l

53 5, Sy S

Azl By Ay By Agy By A By A Bise Ay B A7 By o Ag By
1 I N I A N AN AN I AR O N N

R-bit Cn %-bit Cis R-bit L7 R-bit
adder adder adder adder

Com -—Cp




Mach tinh toan

* Mach cOng va tru
— Mach trir: Doi sang s6 bu 2 roi cong

— C6 thé dung chung mach cdng dé thuc hién phép trir

B Register | A Register .

Complementer

i

)

OF = overflow bit
SW = Switch (select addition or subtraction)




Mach tinh toan

¢ Vi du ALU 1 b]t Logical unit Sas

Lo
INV:— P =
FoF, | Functions ENA b[> ) o= ) =) -t output
B [\ DGB —
00 |A AND B ENB ) 1)
S
01 [AORB um
_ B OO -
11 A + B Enable
lines §: f ? I_
—>o W
R D
inh thiron . u
ENA=1 ’ F ;/\ ot
ENB=1 F, So 1 )
INVA=0 B
30
Decoder

Carry out



Mach tinh toan

* ALU 8 bit

— Vi du tao 1 mach ALU 8 bit bang cach ghép 8 bd
ALU 1 bit ¢ vi du trudce

F A; By As Bg As Bs A: By, As B3 A B; A; B
F, ‘L 1 | | | | | | | | | | | |
N 1-bit j 1-bit “E 1-bit _‘_:. 1-bit ‘E 1-bit <E 1-bit _‘E 1-bit é 1-bit INC
ALU ALU ALU ALU ALU ALU ALU ALU
| | | | | | | |
0, Os Os O4 Os 0O, O, Go

Camry Carny
out

in

31



Mach tuan tw

 Khai niém

— Mach tuan tu (sequential circuit) 1a mach logic
trong do tin hi€u ra phu thudc tin hi¢u vao ¢ hién
tal va qua khu

— La mach c6 nhd, duoc thuc hién béng phﬁn t nho
(Latch, Flip-Flop) va c6 thé két hop voi cac cong
logic co ban

— Ung dung 1am bd nhd, thanh ghi, mach dém, ...
trong may tinh



Mach tuan tw

* Mach chot (Latch) B
— Dung 2 cong NOR mac hoi tiép véi nhau. S, R 13 ngd vao, Q va
Q la ngo ra.
— Pay la mach ch6t SR. N6 ¢6 thé o 1 trong 2 trang thai Q=1 hoic
Q=0 khi S=R=0.
— Khi S=1 = Q=1 bat ké trang thai trudc do (set)
— Khi R=1 = Q=0 bat ké trang thai trudc do (reset)

NOR

_A_soo>
- lo|l=|O |0

| |OC| =

(c) 33




Mach tuan tw

 Mach chot SR ¢6 xung Clock

— Thém vao mach chot SR 2 cong AND noi véi xung dong
ho dé diéu khién trang thai mach chot tai tho1 diem xac
dinh

— Tin hi€u vao chi c6 tac dung khi xung clock=1 (mtrc cao)

S

Q

Clock [T —




Mach tuan tw

 Mach chét D ¢6 xung Clock
— Mach chot SR sé ¢ trang thai khong xac dinh khi S=R=1
— Khiac phuc l?)é‘ing cach chi dung 1 tin hiéu vao va dau noi R
vo1 S qua cong NOT
— DPay chinh 1a mach bd nhd 1 bit véi1 D 1a ngd vao, Q 1a ngd
ra




Mach bd nho

* Flip-Flop
— Trong thyc té ta mudn bo nhd chi duge ghi trong 1 khoang
tho1 gian nhat dinh = can thiét ké mach xung Clock tac
dung theo canh (1én hoac xuong)

(a) b

Time ——

(b)

36



+ D Flip-FI

Mach bO nho

op

— La mach chét D c6 xung Clock diéu khién bang Flip-flop

— Phan biét:
 Flip-flop: edge triggered
« Latch: level triggered

D

ol

o

)
L/

37



Mach bO nho

» Ky hiéu mach chot va Flip-Flop

CK —Q CK > CK —C> CK

a) Mach chét D tac dong theo muc 1 (clock=1)

b) Mach chét D tac dong theo mitc 0 (clock=0)

c) Flip-flop D tac dong theo canh 1én (clock= 0->1)

d) Flip-flop D tac dong theo canh xudng (clock=1->0)

38



Mach bO nho

« Thanh ghi (Register)

— Viéc ghép ndi nhiéu 6 nhd 1 bit tao thanh

cac 6 nhd 16n hon e [t 18] 15,
— Vidu: Vimach 74273 gdm 8 D flip-flop | | 4= =] =] =
ghép nbi lai tao thanh 1 thanh ghi § bit L L L dh ol od
Data lines
f.];.l_ﬂ D7 Dle DIS_.-.—..“A‘H‘H[—H-’I D13 D12 IZII-I-H‘“L

O g |

&

D Q

D7 Dig D5 Did D03

\; D O
> Clk > Clk > Clk > Clk > Clk }cu;|>
Load —
D08
—

Doz

D

—

Ouitput lines

39




Mach bO nho

 Vidu: machbo
nhd 4 6 x 3 bit

A: Address

I Input data

O: Output data

CS: Chip select

RD: Read/write

OE: Output enable

Write:
CS=1, RD=0, OE=0
Read:
CS=1, RD=1, OE=1

Data in
I2
Iy
lg
wite 10 @ —{D Q —D Q
ga[e Word 0
r>CK l—>CK r>CK
o, [
Word 0 tjl tj
et 0 b = )
Word 1
I->CK [->CK r>CK
i D L - .
Word 1 ) )
i o 6 al— | | 0 o b a
Word 2
I—>CK r>CK > CK
=
™ v C C
Word 2 ) J
e —b ah —b ah b a
Word 3
r>CK r>CK >CK
| S I
CS+ RD—
(075 T
RD
SN
11
| o
— 29
OE 1/

Output enable = CS+« RD » OE

o



Mach bO nho

* Mach dém (Buffer)
— Dung dé doc dir licu déng bo trén nhiéu duong tin hi¢u béng 1
duong diéu khién riéng.
— St dung céc cong 3 trang thai (tri-state devices)

Data Data

in [\ out

J — o

Control
(a) (b) (c) (d)
(a) Buffer khong dao.
(b) Khi control & muc cao (=1).
(¢) Khi control & mirc thap (=0).
(d) Buffer dao.




Mach bO nho

« Chip b nhé
— B6 nhd thuong gdm nhiéu 6 nhé ghép lai
— Vi du 1: Chip bd nhé 4Mbit co thé tao thanh tir
512K 6 8 bit hoac ma tran 2048x2048 6 1 bit

AQ ——» AQ ——»-|

Al —— Al ——

A2 ——»] A2 ——»

:2—.- <— D0 23—" . 7

A5 — =D A5 — Ghi chu:

A7 | 51Kx8 [+~—>D2 A7 —| 4096K X 1 RAS:Row Address Strobe
R T e M o CAS:Column Address Strob
A9 ———t= — .

Do - A | : :Column ress Strobe
M1 (NEY)| [*— D5 (4 Mbit) CS:Chip select

A13—» — g‘; - WE:Write enable

A15 —] W OE:Output enable

A16 — CAS —»

A17 — D:Data

A18 =

1 A:Address

42

Bl—
& §l—

R

0

7

il

"



Mach bO nho

Chip bd nhé (tiép)

— Mach giai ma dia chi n bit ¢o thé gial ma cho 2" 6 nho =2
can n chan tin hiéu dia chi

— C6 thé giam kich thuéc bd giai ma con~/n bing cach td
chirc thanh ma tran cac 6 nhd = sur dung 2 bd giai ma cho
hang va cot riéng

— Vi dy: bd nhé 16 6 can 4 bit dia chi c6 thé to chic thanh
ma tran 4*4 = chi can giai ma 2 bit cho hang va 2 bit cho
cOt.

— C6 thé ghép dia chi hang va cot chung 1 chan tin hiéu >
giam s6 chan k&t nd1 bus dia chi

— Nhuoc diém: can gap d6i thoi gian truy cap bo nhé



Mach bo nho

Row decoder

2-to-4
4-to-16  |Word selgct Decoder 0 ’ . . .
> M . - - -
_| 23 1
2 3 !
4 Row
ol 5 seledt
6 2
0 7
8
9 3
9 .
11 :
12
13 Read/Write Read/Write Read/Write Read/Write
logic logic logic logic
14
15 Data in Data in Data in Data in
Data out| Data outp Data outpy Data outf
Read/Bit Read/ Bit Read/ Bit Read/ Bit
Write selec Write selec Write selec Write selec
Data input
] Read/Write
Read/Write
logic } } , J D>
. . Column select Data
Data input Data in
Data 0 1 2 3 output
Data out| outout
Read/ Ri P Column| 2-to-4 Decoder
1eadl Bit decoder| with enable
Write selec
21 0 Enable
Read/Write | |
Chip select AL Ao
Chip select 44



Mach bO nho

Chip bd nhd (ticp)

— Vidu 2: Chip by nhd 512Mbit = 4 bank 128Mbit
* Ma tran 13 bit hang * 12 bit cot * 6 nho 4 bit
* Ma tran 13 bit hang * 10 bit ¢4t * 6 nho 16 bit

AQ ——=1 AQ =] et D0
Al = Al =

I\ Re— A2 —» | e D1
A3 ——ai ATS ) -t D2
As —] - p—— «— D3

A6 —=1 128M x4 A —= pmx1g [T D4

A7 —— —_— - .

A8 —+] Memory |e—s DO A — | Memory chip | o8

A9 —1  chip e D1 A9 ——o| N o
A1Q ——y s _ D2 A1) ) (512 Mbit) |e—e D7
ATl —=| (512Mbit) |~ A1l — i 7=+

~— D10

AAS —= AAS — D11
m | CAS ——a et 12
Bank 0 ——{ Bank 0 ——| —0n
Bank 1 Bmk?—u D14

e D15

Bl
il
Al
ol
Al
Al



 TO churc bd nho

Mach bO nho

— BO nhé thuong gom nhiéu chip nhé dung lugng nho ghép lai

— Dung 1 mach giai ma dia chi dé chon chip khi truy cap

— Vidy: Bo nhé 1KB gom 4 chip 256B ghép lai

AD
A7
256 X 8
RAM
7 -to-d Enable
Decoder

A8 —

256 X 8
RAM

Enable

256 X 8
RAM

Enable

AD =

256 X 8
RAM

Enable




Cau hoi
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