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3.1 Transistor

Pa s6 may tinh ngay nay xir dung cac bo vi xt Iy (microprocessor)
duoc tao tur cac transistor ho MOS. (metal-oxide-semiconductor).

Co hai loai transistor MOS: loai P (Positive) va loai N (Negative).



3.1 Transistor

)
2.9V <+> / V;ut

Hinh 3.1 Mot cong tac dién don gian
Khi khoa ma, khong co dong dién qua mach nén dén tat, dién thé
V, .= 2,9V, tic dién thé ra & transistor & muc cao, ta c6 muc logic
6619’
Khi khoa dong, co dong chay qua mach, den sang dién thé V,,
0V, khi d6 dién thé ra & transistor & mirc thap, mirc logic “0”.




3.1 Transistor
Co hai loai transistor nhu hinh dudi day.

_I #1 +2.9V
G=1=>U,,=0
#1 G=1=>U,=1
Gate e
G=0=>U,,=1 #2Gate —0| G=0=>U,,=0
GND < _‘ i

Hinh 3.2 Transistor loai N Hinh 3.3 Transistor loai P



3.2 Cong luan ly (Logic gate)

CAac cong luan Iy co ban AND, OR, va NOT

Tam tri dién ap analog tir 0-2,9V:
- bién thé tir 0-0,5V => muc logic 0
-Pién thé tr 2,4V —-2,9V  => muc logic 1



3.2 Cong luan ly (Logic gate)
3.2.1 Cong NOT (hay Inverter)

d

In —

| p-type
In=0<|: — QOut=1
N-type

In | Out
0 | 1
1 |0

In=1<|:

k. N-type

iP-type
— Out=0




3.2 Cong luan ly (Logic gate)
3.2.2 Cong OR va NOR

A+T—d[ A=0+—|:p

[ B=1- P
C ! C=0
‘—{ N l N
(a) (b)

L

e

Hinh 3.5 Céng NOR

A B C

0 0 1

0 1 0

1 0 0

1 1 0
(c)



3.2 Cong luan ly (Logic gate)
3.2.2 Cong OR va NOR

a—C g

!

B [ |‘4|: .
L

98t

(a)

Hinh 3.6 Cong OR

_— e O

(b)




3.2 Cong luan ly (Logic gate)
3.2.3 Cong AND va NAND

(a) (b)
Hinh3.7 Cong NAND

A B C

0 0 1

0 1 1

1 0 1

1 1 0
(c)



3.2 Cong luan ly (Logic gate)
3.2.3 Cong AND va NAND

) @j ﬁEﬂ
—

—iL

v

(a)

C

Hinh 3.8 Cong AND

—_— = | b

—_— D = O u )

(b)

— oo o | M



3.2 Cong luan ly (Logic gate)
Céc ky hiéu theo quy udc cho cac cong logic co ban:




3.2 Céng luan 1y (Logic gate)

Khi muon biéu dién nhiéu dau vao, ching ta co thé str dung quy

ude nhu hinh 3.10, thay vi dung nhiéu tang cong AND. Cac cong
khac cling €0 su tuong tu.

A—
B_
" D—ABG

A— ,..-///'
B —} ABC \ 1
g:}} ABC




3.2 Cong luan ly (Logic gate)

3.2.4 Dinh luat De Morgan

Luat De Morgan cho phep chung ta biéu dién cong OR bang
cong AND keém theo mét so6 cong NOT, hay nguwoc lai. Cé hai ludt
De Morgan 1 va De Morgan 2 nhu sau:

A+B=AeB (1) WA AeB=A+B (2)

hay viét & dang khac 1a

A+B=AeB AeB=A+B
V61 ky hiéu ‘“+’° dac trung cho phép OR, va ‘.’ cho phép AND.



3.2 Cong luan ly (Logic gate)
3.2.4 Dinh luat De Morgan

) A —>o—
BW = B_>Q_I_:>_

Hinh3.11 Luét De Morgan 1

QZD—D& = :m

Hinh 3.12 Luat De Morgan 2




3.3 Mach to hop (Combinational circuit)

Co hai loai cau trdc luan 1y co ban 1a mach t6 hop va
mach tuan tu.

«Cau trdc mach to hO’p la mach luén Iy ma cac gla tri dau
ra cia no phu thudc vao to hop cac gia tri dau vao cua no
& cung thoi diém.

*Mach tuan tu cO thé glu’ duoc thong tin, va lam co sé cho
cau tric bé nhé ciia may tinh.

CO ba loai t6 hop ma chung ta xet trong phan hay. mach
giai ma, mach phan kénh, va b cong toan phan.



3.3 Mach t6 hop (Combinational circuit)
3.3.1 Mach giai ma (Decoder)
n ngod vao va 2" ngo ra

A 1. if AB=00
B D_

D 1. if AB=01
D 1.ifAB=10
D— 1. ifAB=11

Hinh 3.13 Mach giai ma 2 bit




3.3 Mach t6 hop (Combinational circuit)
3.3.2 Mach phan kénh (Multiplexer)

2" ng0d vao, n ng6 lwa chon va 1 ngo ra
A B i D

Se

A, if S=00

B, if 5=01

f” C ifS=10
D,if S=11

Hinh 3.14 Mach phankénh 4 dau vao

2

U U w ABCD



3.3 Mach to hgp (Combinational circuit)
3.3.3 Mach cong toan phan (Full adder)

A B A B C, | S C,
0 0 0 0 0
: : T : — C
] - 0o 0 1 10
kTJ 0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
Caa S 11 1 11
(a) (b)

Hinh 3.15 Mach cong toan phan



3.3 Mach to hgp (Combinational circuit)
3.3.3 Mach cong toan phan (Full adder)

‘n‘:n E: "E"E EJ A EI AE- E'Z'
[HTH | i yii
&, B A B A B A B
Full ¢ Full ¢ Full < Full <0
Adder Adder Adder Adder
- 5 C. . 5 e 5 C.. 5
Cot Sy S, S S,

Hinh3.16 Mach cong hai s6 nhi phin 4 bit



3.3 Mach to hop (Combinational circuit)
3.3.4 Mot vi du vé thiét ké mach t6 hop

Vi du 3.1: Thiét k€ mach kiém tra su chiém da so cua bit 1 tr

ba bit dau vao (majority function).
Ta 0 bang sy that ¢ hinh 3.17a. Vi la yeu cau klem tra sy chiém
da so cua bit 1 tur ba bit dau vao (A, B, C), nén dau ra (M) s& 1a 1
khi so bit 1 & dau vao la tir 2 trg 1én. Nhu’ vay, ta c6 ham logic sau

day: - B )
M=ABC+ABC+ABC+ ABC



3.3 Mach to h(rp (Comblnatlonal circuit)
3.3.4 Mot vi du vé thiét ké mach t6 hop

ABC ABC

)

L‘g
ﬁl

i |t | | | | | |
wla|lolala|ls|o|o|e

g

D - O ==
|- |o=|lo|o|lo|BE
[=7]
=
1

(a) b)

Hinh 3.17 Bang sy thit (a) va mach logic (b) ctia mach kiém tra da sé



3.4 Phan tir nhé co ban
3.4.1 Mach cai R-S (R-S latch)

(a) (b)
Hinh3.18 Machcai S-R



3.4 Phan tir nhé co ban
3.4.1 Mach cai R-S (R-S latch)

1

S S Bi}a_nnut
AD}.<1

R R = )h

(a) (b)

Hinh 3.19 Mach cai R-S doitrang thaibit luu trit tir | qua 0



3.4 Phan tir nhé co ban
3.4.1 Mach cai R-S (R-S latch)

Hinh 3.20 Mach cai R-S dditrang thaibit hru trit tir 0 qua |



3.4 Phan tir nhé co ban
3.4.2 Mach cai D (D latch)

WE: Write Enable

} S

WE—

4
o v

Hinh 3.21 Mach ca1 D

out

out



3.4 Phan tir nhé co ban
3.4.3 Thanh ghi (Register)

D, D, D, D,
WE : :
Q, Q, Q Q,

Hinh 3.22 Thanh ghi bonbit



3.4 Phan tir nhé co ban

3.4.3 Thanh ghi (Register)

Neéu so nhi phan c6 n bit, thi bit ngoai ciing bén trai s& 1a bit [n-1].
Thi du, trong mau Q 16 bit sau:

0011101100011110
thi bit Q[15] 14 0, bit Q[14] 14 0, bit Q[13] 1a 1, Q[15 :13] 1a 001.



3.5 Bo nhé (Memory)

Bo nhé gom nhi€u 6 nhd (memory location), con duoc goi la tu,
moi 0 nhé €0 dia chi riéng.

Moi 6 nhd ¢6 nhiéu bit, va mdi bit 1a mot bo cai D.

Nhu vy, bd nhé duge dic trung béi hai yeu to: s6 6 nhé va so bit
trong moi 0 nhé .



3.5 B0 nh¢ (Memory)

k=2"
O nho
=
o e
"\.f'
m bit

Hinh 3.23 Haidac trung cua bd nhdé



3.5 BO nhé (Memory)

Néu ta co n bit dja chi cho t6 hop dia chi nhi phan ctia 6 nhé thi
dung luong bo nhd s€ la k = 2" 6 nho.

Thi du, khi n6i may tinh co dung lvong 4 GB, c0 nghia la may tinh
d6 c6 s6 0 nhé 4 x 230 v mdi 0 nhé l1a mot byte, tirc b nhé may

tinh d6 co hon 4 ty byte.



3.5 BO nhé (Memory) Avo] D) o) o)

mux —>

Decoder L e

D[2] oni Do)

Hinh 3.24 B nhd 4 tr 3 bit



3.5 BO nhé (Memory) Ao D D) o

5T G%‘Do- Q;
N & i *g)_ i 1
»{\0

|3 0

= = L3 (! 0] :
1 !

A=11 ’

WE =0 ;

s 1
Diz] D[] Do)

Hinh 3.25 Poc dir lieu ¢ 6 nhd 3 trong bd nhd 4 ur 3 bit



3.5 BO nhé (Memory)
Vidu 3.2: Thiét ké bo nhé 8K bang 4 chip 2K x 8 bit.

Vi 4 chip nhé nay, mdi chip nhé c¢6 dung luong 2K, nén so
duong dia chi can dé ma hoa cho mdi 6 nhé trong ting chip 1a 211
(=2K), tic tir AO-A10. Hon nita, tong dung luong 1a 8K, tirc can 213
duong dia chi, tirc tir AO-Al2. Nhu vay, cac duong dia chi A11-
A12 s& dugc dung dé giai ma chon chip (CS-Chip select) nhu trong
hinh 3.26.



3.5 BO nhé (Memory)

A10-A0 — L o] 2K x 8 bits

csS
==

2K x 8 bits
cs

A12-A11-’;

oo 0o

m o ZKx 8 bits
er CS
|

2K x 8 bits
CS

Hinh3.26 B0 nhd 8K tr 4 chip 8 bit



3.5 BO nhé (Memory)

Vi du 3.3: Thiét ké bd nhd 64K x16 bit bang 16 chip 8K x 8 bit.

A?-A? 8K x 18

2K x 1B

d
e L
A?-A?-/- c o
o *
d
er 8K x 1B BK x 1B
| BKx 1B EK x 1B

Hinh 3.27 Bd nho 64K x16 bittir 16 chip 8 bit




3.6 Mach tuan tu (Sequential logic circuit)

Pau ra cua mach tuan tu khﬁng chi phu thudc vao dau vao
hién tai ma con phu thudc vao trang thal hién tai cua cac
phan tr nhé trong mach.

Thong tin nhi phan dang c6 trong cac phan ti nhG cua
mach xac dinh trang thai ciia mach & bat ky thoi diém nao
trong qua kh.

Nhu Vay mach tuan tu tieu bicu sé gom hai thanh phan 1a
mach t6 hop va cac phan tir nhé dé trix thong tin 1 trang
thal ctia mach.



3.6 Mach tuan tu (Sequential logic circuit)

State Machine

Inputs *| Combinational » Outputs
Logic Circuit

Storage
Elements

Hinh 3.28 So d6 khoi ctia mach logic tudn tur



3.6 Mach tuan tw (Sequential logic circuit)

Mach logic tuan tu dugc dung de thyc hién mot trong nhimg co ché
guan trong la may hay bo diéu khién trang thai hiru han (finite state
machine).

Thi du, mot bo diéu khién dén giao théng bat dén do, vang, hay
xanh tuy thudc vao den hién thoi dang sang (thong tin trong qua
khir) va thong tin nhép tir cac by cam tng vé Xe trén duong va cac
thiét bi quang dang diéu khién luu luong Xe.



3.6 Mach tuan tw (Sequential logic circuit)

3.6.1 Khai niém vé trang thai
Trang thai ctia mot hé thong 14 mot bire tranh chup nhanh ma & dé6
tat ca cac thanh phan thich hop déu dugc bicu dién mot cach rd
rang.

Vi du: - Trang thai ciia mot tran bong da:?



3.6 Mach tuan tu (Sequential logic circuit)
3.6.2 May trang thai hitu han

Viéc mot hé thong thay doi tir trang thai ndy sang trang thai khac
v6i mot sO lugng trang thai xac dinh hitu han biéu dién tién trinh
lam viéc cua hé thong. Luc nay ta noi hé thong 1a mot may hay bo

diéu khién trang thai hiru han (finite state machine).



3.6 Mach tuan tu (Sequential logic circuit)
3.6.2 May trang thai hiru han.

Mot may trang thai hitu han bao gom nam thanh phan :

1. mot s6 hitu han céc trang thai

2. mot sO hitu han cac dau vao tir bén ngoai

3. mot s6 hitu han céc tin hiéu xuét (hay dau ra) ra bén ngoai
4. mot chi dinh 13 tat ca cac chuyén trang thai
5

. mdt chi dinh rd thanh phan mdi gia tri dau ra.



3.6 Mach tuan tu (Sequential logic circuit)
3.6.2 May trang thai hiru han




3.6 Mach tuan tw (Sequential logic circuit)
3.6.3 M@t thi du vé hién thue mét may trang thai hiru han

NGUY HIEM
QUEO PHAI

Hinh 3.30 Tin hiéubdo nguy hiémtrong giao thong



3.6 Mach tuan tw (Sequential logic circuit)
3.6.3 Mot thi du vé hién thwc mét may trang thai hiru han

G 00 01
All off 1,2 0n
1-— Switch on

Swﬂﬂh off

_State bit S, | 0.1 State bit S, 0

1 1*, 1"0 -Dutputs
All on 1 \1-4on

Hinh 3.31 So d6 trang théi ctia bo diéukhién bao hiéunguy hiém giao thong




3.6 Mach tuin tu switch |

(Sequential logic circuit)
3.6.3 Mot thi du vé hién thuc
Mot may trang thai hiru han

------------------------------------------------------------------------------------------------------------------

To : i Fom
Combinational _: —C _C Cnmhmgnnlnal
Lagic Circuil ; Logic Circuit

| Combinational |
Logic Circuit

Two bit

(a) So do khdi

—

—4 Storage Element 1

( o Clock

Latch B L iLalchA :;

Clock [>o

Storage Elemento

(c) Mgt phan it nhd

Hinh 3.32 Hién thue mach logic tuin tw cia biénbao giao thong

W —

B

Storage je——o— clock

S ’

O [0
O-HFEY
A

(b) Mach logic t6 hop

1



3.6 Mach tuan tw (Sequential logic circuit)

Pau ra
(phu thubc vao trang thai: $,S;)
S, S|z E
0 0j0 0 O
0o 111 0 0
1 0|1 1 0
1T 111 1 1

Hinh 3.33 Bang su thit vé hoat ddng cuia b bédo nguy giao thong

Bénlvaz2

Béndvad
Deén &

Trang thai ké: S,'S,’

(tty thudc trang thai va dau vao)

|—C:':|ng tic

In S, S,|S; sy
—0 X Xx|o o

1 0 0]0 1

1 0 1|1 o

1 1 01 1

1 1 1|0 o

Khi In=0, trang thai ké 4 00.




3.6 Mach tuan tw (Sequential logic circuit)
* Phan tir nhé

Thanh phan con lai trong bo diéu khién dén bao hiéu nguy hiém
glao thong la mach logic cua hal phan tir nhé. Hinh 3.32c trinh bay
cau trdc ciia mot phan tr nhé gom cip hai mach cai D, va duogc goi
la mach lat chu t& (master-slave flip-flop).

One time—
1st 2nd

phase phase  CYCl€
Hinh 3.34 Tin hi¢uxungclock (CK)



3.7 Pwong truyén dir liéu LC3

Dé hiéu rd hon viée thyc thi cia mot Chll’O’Ilg trinh, nguoi ta
dua ra khai niém duong truyén dir liéu (data path) ctia mot bo vi xur
ly. Buong truyen dir liéu thuc ra la cac mach logic duoc trinh bay
theo chirc nang dé xtr Iy théng tin. Do d6 nd con dugc goi la vi kién
trdc cua bo vi xur ly. Hinh 3.36 sau la duong truyen dir liu cua may
tinh ao LC3, cling tuong tu nhu hinh 1.14, ¢6 nhiéu cau trdc co ban
tao thanh may tinh va rat quen thugc voi chung ta nhu cac thanh ghi
16 bit PC, IR, MAR, va MDR. Moi duong day c6 duong gach cheo
nho kem theo sO 16 bleu dién 16 duodng day, moi day mang mot bit
thong tin. N, Z, P la cac thanh ghi mét bit, ching ¢ thé duogc thuc
hién bang c4c mach lat chi té.



3.7 Dwong truyén dir liéu LC3.

C6 nam bd phan kénh, mét bo cung cap mot gia tri 16 bit cho thanh
ghi PC (PCMUX), médt bd cung cap dia chi cho thanh ghi MAR
(MARMUX), mot bo dé chon dit liéu nhap vao dau B cia ALU
(SR2MUX), va hai bo dé chon toan hang nhap cho bo cong 16 bit
(ADDRIMUX va ADDR2MUX). Pé diéu khién cac thanh phan
trong dudng truyén dit liéu hoat dong, ta can cac vi 1énh voi céc bit
quy dinh cu thé. Tap hop cac vi 1énh la mot vi chuong trinh ma
trong chuong sau chiing ta s& hiéu rd hon khi hoc cap kién tric tap
1énh (ISA) ctia CPU LCS3.
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