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Pién tir cho CNTT

* Chuong 1: RLC

* Chuong 2: Diode

* Chuong 3: Transistor

e Chuong 4: Khuéch dai thuat toan

* Chuong 5: Co s0 ly thuyét mach so
» Chuong 6: C4c cong logic co ban

» Chuong 7: Mach to hop

* Chuong 8: Mach tuan tu
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Chuong 8 Mach tuan tu

1. Khai niém mach tuan tu
lip Flop

Phan loai Flip flop

M6 hinh ctia mach tuan tu

o B~ W

Mot s6 ung dung mach tuan tu

Bal gidng cO su dung hinh ve, text tur cac tal lieu tham
khao:

 Digital electronics: Principles, Devices, and Applications, Anil Kumar Maini 2007
John Wiley & Sons
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8.1 Khai niém mach tuan tu

* Mach logic tuan tu 14 mach c6 tin hi¢u ra khong chi
phu thudc vao tin hiéu vao tai thoi diém hién tai ma
con phu thuoc vao qua khur cua tin hiéu vao.

« Mot mach ¢O n bién trang thai nhi phan sé co 2" trang
thai xay ra, va 2" ludn la gia tri giéi han, con goi la
may trang thai gioi han (Finite-state machines).

» Mach logic tuan tu con duoc goi 14 hé ¢ nhé.

o De thuc hién duoc mach tuan tu, nhat thlet phai co
phan tir nhé. Ngoai ra, con cé thé cd cac phan tur logic
co ban.
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8.2 Flip Flop

e La phan tir co ban cta hé tuan tu.
« Pau ra cua FF chinh 14 trang thai cta n6

« M6t FF c6 thé lam viéc theo 2 kiéu:
» Khdng dong bo: dau ra ctiia FF thay doi chi phy thude vao
tin hiéu dau vao
» Dong bo: dau ra cua FF thay doi phu thudc tin higu vao va
tin hiéu dong bo.

. Déng b6 theo mirc Input s

« Pong b theo suon

« Pdng bo theo xung — FF o Output
Ck Q

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Pong bo theo mirc

* Mtrc cao: -
« Khi tin hiéu dong bo c6 gia tri logic = 0 thi
hé nghi (gilt nguyén trang thai) 1
« Khi tin hiéu dong bo c6 gia tri logic = 1 thi
hé lam viéc binh thuong. Pdng bo theo mirc

 Mtrc thap
« Khi tin hiéu dong bo c6 gia tri logic = 1 thi hé nghi (gitt
nguyén trang thai)
« Khi tin hiéu déng bo co gia tri logic = 0 thi hé 1am viéc binh
thuong.
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Pong bo theo suon

* Suon duong:

 Khi tin hiéu dong bd xuat hién suon
duong (suon di Ién, tir 0 — 1) thi hé lam
viéc binh thuong

* Trong cac truong hop con lai, hé nghi (gitr
nguyén trang thai).

e Sudn am:

* Khi tin hiéu dong bo xuat hién suon am
(swon di xuong, ttr 1 — 0), hé lam viéc
binh thuong

* Trong cac truong hop con lai, hé nghi (gitr
nguyeén trang thai).

Pong bo theo
suon duong

Dong bo theo
suon am
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Pong bo kiéu xung

 Khi ¢6 xung thi hé lam viéc binh thuong
« Khi khong co6 xung thi hé nghi (gitr nguyén trang thai).

1

Pong bd kiéu xung
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8.3 Phan loai Flip Flop

* C0 4 loai FF:
e RS Reset - Set

X6a - Thiét lap

¢ JK Jordan va Kelly Tén nha phat minh
D Delay Tré
T Toggle Dao
_ L —AJ QfF—
—ck  FF ek FF
— " a— Ik Q—— —1p
—J>ck FF

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

—

>T FF
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FF RS
¢ So d0 khoi:

i o — _[R SET o
CLK
1 Q- —ScrQ

* FF RS hoat dong duoc ¢ ca 2 ché d6 dong bd va
khong dong bd ‘F
CLK

— R I .
2 bong b6 swon dwong
— CLK CLK CLK

. . CLK CLK
Dbong bé mure thap

Poéng bd swérn Am

Péng bd mirc cao

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FF RS

« Xung tin hiéu dau ra:

‘1
—RSETQ— 1(1\9-Jo

CLK . thiét  Khong
nhé lap x'ac xoa
S 6 . dinh
CLR Q=S+qR
S —
S| R |[Ck| Q| @ | Trangthai
R 00| % [Qo| 0o |Khéngdéi
o 01 1| # 1 Xod
— 1|0 | %[ 1]0 Pat
Q 1] 1] 4| ! | Cad'm
ﬁ Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG e




FF RS

« Xung tin hiéu dau ra:

‘1
—RSETQ— 1(1\9-Jo

o0 01 11 10

CLK _ thigt  <hong
nh& lap x'ac x0a
S 6 . dinh
CLR Q=S+0gR
S —_—

: S| R | Ck| Q| Q | Trangthai
R+ | 0] 0| *|Qo| 0o | Kbhongddi
| ol 1| 4]0 1 Xod

. 1|l o |+ 1|0 Pat
0 | 1] 1| 4| | Cim

ﬁ Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG =




FF RS

« Xung tin hiéu dau ra:

SET
___‘FQ (g‘___
CLK
—1's s J I
CLR Q
o :
0 A
I ]
E : i
—_— 1
1 1
Clk
I ]
Q : Cd'm
* % 4
) o= gnpgomes g A E THAO A E &
B =0|L ; VIEN CONG NGHE THONG TIN VA TRUYEN THONG

00 01 11 10
0 0 1 - 0
aBBE
nhé tgét k;%%g x6a
Q=S+qR
S| R |Ck| Q| O | Trangthai
0] 0| 4 |Qol| Qo | Khéng déi
ol 1] 4|0 |1 Xod
1|0 | 4|10 Pat
1] 1] 4| | Cam
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FF RS

« Xung tin hiéu dau ra:

_[g SET o

CLK
—'S

cLR @

S
- -

*
7 A :

,7'
D OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
il |

||

]
0

RS 00 01 11 10
0 0 1 - 0
aBBE
nhé tgét k;%%g x6a
Q=S+0gR
S| R |[Ck| Q| @ | Trangthai
0| 0| % |Qo| Qe | Khéngdéi
0| 1| 4|01 Xod
10|+ 1|0 Pat
1] 1| 4| | Ca'm
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FF RS

« Xung tin hiéu dau ra:

‘1
—RSETQ— 1(1\9-Jo

o0 01 11 10

CLK . thiét  Khong
nhé lap x'ac xoa
S 6 . dinh
CLR Q=S+0gR
-
: ! ! : S| R |Ck|Q | @ | Trangthai
R i ; ; 0| 0| 4% |Qo| 0o | Khdngdéi
e | ' ' ' o 1] # 1 Xod
. . . : 1|0 | 4] 1|0 Pat
Q . C&mo 1|1 | 4] ]! C&m
SG'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG 7




FF RS

« Xung tin hiéu dau ra:

_[g SET o

CLK

1S cr ©

L

] ; : ||
- camt |

RS 00 01 11 10
0 0 1 - 0
BBk
nhé tgét kg%%g x6a
Q=S+qR
S| R |[Ck| Q| @ | Trangthii
0| 0| % | Qo| Qo | Khéngdéi
ol 1| 4|01 Xod
1|0 4|10 Pat
1] 1| 41! | Cadm
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FF RS

« Xung tin hiéu dau ra:

R SET oL
CLK
S cr O
1 i
bl L [

RS 00 01 11 10
0 0 1 - 0
aBBE
nhé tgét kg%%g x6a
Q=S+0gR
S| R [Ck| Q| @ |Trangthii
0| 0| 4 |Qo| Qo | Khédngdéi
ol 1| 4]0 1 Xod
1]o0 | 4|1 1]o0 Pat
1] 1| 4| | Ca'm
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FF RS

« Xung tin hiéu dau ra:

‘1
—RSETQ— 1(1\9-Jo

o0 01 11 10

CLK b thiét khong
_ nno Iép ()](IE:.](;] Xoa
—' S Q — .
CLR Q=S+gR
s | | :

L .+« 1 |S|R|[Ck| Q| O |Trangthai
(R S [ N SN B W 00| % [Qo| Qs |Khéngdé
ok 1M1 M1 o]l 1 [ 4]o0 |1 Xod

. . . . i i i 1| 0| 4] 1]0 Pit
a : | | |_|_|_ 11| 4| | Cam
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Vi du 8.1

» Cho FF RS dong bo mure cao va do thi cac tin hiéu R,
S nhu hinh vé. Hay vé do6 thi tin hiéu ra Q.

CLK | 1 2 3 4 5 6 -

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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LA

> — > >
Nho Thiét lap Nho

Xo0a

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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RS FF véi dau vao c6 tin hiéu dong bo

« Cac FF thuong duogc Kich [ck|[ s | R | @ | @
hoat dé nhan_thong tin nho [ o | x | x | @ | Q
maot tin hiéu dong bo. 1" 0] 0| Q| Q

, . A A A s R 47 0 1 0 1

. Tln_h1¢u dong bo co thé tich 11 ol 1l o

CUC. 1 1 X X

« Theo mitc (cao, thap)

e Theo suon (Ién, xudng) i -
+ FF chi ¢ thé trag déi thong [ | 1%

tin khi tin hiéu dong bo tich
cuc va nguoc lai.

a- miFc cao b- mirc thap

P> CLK | —opok

_t

c- swon lén d- swén xudng

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu 8.2

» Thiet ké mot mach dicu khién dén tr 2 ndt bam ki
hi¢u la S va R. Néu bam vao S thi den sang, nha S dén
van sang. Néu bam vao R thi dén tat va nha R thi den
van tat.

» Gia thiét S va R khong dugc bam dong thoi.

-

24



FF JK

« JK FF chi hoat dong & ché d6 dong bo

« So d6 khoi:
— CLK
K O —

Tich cwc muirc cao

— ] Q—
—a CLK
— K (_2 [

Tich cwc mirc thap

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

—] Q—
—>CLK
— K (_g [

Tich cwc swon duwong

—] Q—
—pCLK
— K (_g [

Tich cwc swdn am




FF JK

« Xung tin hiéu ra:

—J Q —
—>CLK
K Q—
J S
i S
Ck

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Operation Mode | J Clk G,—,+1|
SET 1 1 1
RESET 0 10
NO CHANGE 0 1| Qn
TOGGLE 1 1| Qp
J| K |[Ck| Q| @ | Trangthai
0| 0| 4 |Qo| Qe | Khéngddi
ol 1| t]0o]1 Xod
1|0 4] 1]o0 Pat
1] 1| 4|0 |Qo Lat
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FF JK

« Xung tin hiéu ra:

—1J Q—
—>CLK
K Q—

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Operation Mode | J Clk Q,—H_1|
SET 1 1
RESET 0 0
NO CHANGE 0 Qn
TOGGLE 1 Qn
J | K [ Ck| Q| @ | Trang thai
0| 0| 4 |Qo| O | Khéngdsi
o1 ] t]0]1 Xod
1o | 4+ 1]0 Pat
1| 1| 4|02 Qo L4t
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FF JK

« Xung tin hiéu ra:

—1J Q—
—>CLK
K Q—

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Operation Mode | J Clk Q,—H_1|
SET 1 1
RESET 0 0
NO CHANGE 0 Qn
TOGGLE 1 Qn
J| K | Ck| Q| © | Trang thai
0|0 | 4| Qo| 0 | Khéngdéi
o[1]t]0]1 Xod
1o 4] 1]0 Pat
1| 1| 4|00 Qo L4t
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FF JK

« Xung tin hiéu ra:

—1J Q—
—>CLK
K Q—

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Operation Mode | J Clk Q,—H_1|
SET 1 1 1
RESET 0 10
NO CHANGE 0 1| Qn
TOGGLE 1 1| Qp
J| K [Ck| Q| @ | Trang thai
0| 0| 4| Qo| Qo | Khéngdéi
ol 1| t|[0o]1 Xod
1o | 4+ 1]0 Pat
1| 1| 40| Qo L4t
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FF JK

« Xung tin hiéu ra:

—J Q —
—>CLK
K Q—
T [ [
« L
Ck | | | :_

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Operation Mode | J Clk Q,—H_1|
SET 1 1] 1
RESET 0 110
NO CHANGE 0 1| Qn
TOGGLE 1 1| Qp
J | K |[Ck| Q| @ | Trangthai
0| 0| 4| Qo| 0c | Khéngdéi
o1 [ *][o0]1 Xod
10| 41 1]o0 Pat
11| 40| Qo L4t
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FF JK

« Xung tin hiéu ra:

1 Q —

—pCLK

K Q—
L L
S I B o
N S
2 — —

Operation Mode | J | K | Clk|Qnsd|
SET 11 0| 1] 1
RESET ol 1] 1] o0
NO CHANGE 0| o 1| Qn
TOGGLE 1t 1] 1| Qn
J| K |Ck| Q| @ |Trangthdi
0| 0| 4| Qo| Qe | Khéngddi
ol 1| *]o]1 Xod
1{o | 4] 1|0 Pat
L1 |4 ]00|Qo Lat
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FF JK

« Xung tin hiéu ra:

—1J Q—
—>CLK
K Q—
— i =

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Operation Mode | J Clk Q,—,+1|
SET 1 1
RESET 0 0
NO CHANGE 0 Qn
TOGGLE 1 Qn
J| K |Ck| Q| @ | Trang thai
0|0 | 4| Qo| Q0o | Khéngddi
o[1]t]0]|1 Xod
1|10 4] 1]o0 Pat
1| 1| 4 |0Ce|Qo L4t
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FF JK

» Xung tin hiéu ra: Operation Mode | J Clk | Qna|
SET 1 1] 1
— J Q— RESET 0 1] 0
NO CHANGE 0 1
_ TOGGLE 1 1| Qn
1K Q —
J ' : :
: C | L . [ J| K |Ck| Q| @ |Trangthdi
L S T S S R S 0|0 | 4| Qo| 0o |Khéngdéi
ck | | | | | | | o1 [ t]o]1 Xod
I ' ' \ l ' | 1 0 f 1 0 Pat
0 | | 1| 1| 4|0 | Qo L4t
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FF JK v&i dau vao co tin hiéu dong bo

« JK FF véi dau vao tich cuc & mic CAO

I 5 Operation Mode | J K | Clk Qn+1|
SET 1 o 1| 1
I FE RESET 0 1 1 0
Clk
NO CHANGE 0 0| 1] Qn
—K Q TOGGLE 1| 1] 1] 0n

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FF JK v&i dau vao co tin hiéu dong bo

« JK FF véi dau vao tich cuc & mic CAO

Qpn | J K Qn41 K

0 1010 0 Q. 00 01 11 10

o | ol 1 0

o | 1| o 1 0 (1 1)

0 1 1 1

1 0 0 1 1 j L

1 | o | 1 0

1 1 0 1 N ——

1 1 1 0 Qn—|—1 — JQn _I_K Qn

7 , ;
v &= 2~ VIEN CONG NGHE THONG TIN VA TRUYEN THONG
[ aei onne | =v|L | ' '
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JK Flip Flop vé&i dau vao c6 tin hiéu dong
bo

« JK FF véi dau vao tich cuc & miac THAP

I— a Operation Mode | J K | CIK|Qn41
SET 0 1 1 1
— |YKk FF RESET 1] 0] 1]o0
_ NO CHANGE 1 1 1 Qn
—dK QF— B
TOGGLE 0 0 1 Qn

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FF JK v&i dau vao co tin hiéu dong bo

« JK FF véi dau vao tich cuc & miac THAP

Qn Qn+1

J | K JK
0 0 0 1 E}R 00 01 11 10
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

7| | :
U === VIEN CONG NGHE THONG TIN VA TRUYEN THONG
E=SOICT ™" ' 37




FET

* FF T (FF dao) chi hoat dong & ché do dong bd.

* FF T thay d(f)i trang thai moi khi dugc kich thich tai
dau vao T (dau vao dao).

e So d6 khbi:

— CLK Q —

VIEN CONG NGHE THONG TIN VA TRUYEN THONG —

1_ P Pl
sl = O1C T



Pau vao dao kich thich canh duong

\ 14 T
 Bang that va so d6 kho: an 0 1
Qn T IDn+1 0 1
0 0 0 1 1
0 1 1 —
1 0 1 _
1 1 0 Qn.—l—l — T Qn. =+ TQH

Q

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Pau vao dao kich thich canh am

\ N g1 Ao T
* Bang that va so do khot: a 0 1
Qn T Qns1 0 1
0 0 1
1
0 1 0 1
1 0 0
1 1 1 Qn | — TQn_I_ TQH
Q
‘ ‘ ‘ ‘ T C},-, C}n+1
{>T FF ! 0 1
| 1 0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FET

« Xung tin hiéu ra: a\_° 1
0| 0 | 1
1|1 1] 0
— nh& |at
—>CLK Q — _
Q=ql +qT =q&T
r_|
Ck | Q | @ | Trang thai
Ck__ 0 | 4| Qol 0 |Khéngddi
Q ? @ QD lﬁt

% ‘L |
nl VIEN CONG NGHE THONG TIN VA TRUYEN THONG
A4
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FET

« Xung tin hiéu ra: a\_° 1
0| O 1
1] 1 0
— nh& |at
—>CLK Q — _ _
Q=qgl +qT =q&T
T |
o T |Ck| Q@ | @ | Trang thai
Ck 0 | 4| Q| 00 | Khéng déi
1| & | Qo | Qo l4t

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FET

« Xung tin hiéu ra: a\_° 1

0| O 1

1] 1 0

— nh& |at

—>CLK Q — _ _
Q=qgl +qT =q&T
T

o L T |Ck| Q@ | & | Trang thii
Ck 0| 4| Qo 0z | Khéngddi

o _I_l_ 1 d | O | U L&t

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FET

« Xung tin hiéu ra: a\_° 1

0| o | 1

1| 1] 0

— nh& |at

—>CLK Q — _
Q=ql +qT =q&T

T .
T ; i T |Ck| Q| @ | Trangthai |
Ck 0| 4| Qo Qo |Khéngddi |

0 _I_I : 1 & | Qo | Qo 14t

% ‘L |
nl VIEN CONG NGHE THONG TIN VA TRUYEN THONG
A4
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FET

« Xung tin hiéu ra: a\_° 1

0| 0 | 1

1110

— nh& |at

—CLK Q — o
Q=dql +qT =qg&T

T : ; |
o : i : T |Ck| Q | O | Trang thai |
Ck 0| % | Qol| Qo |Khéngddi |
o1 el w ]
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FET

o a 1
» Xung tin hiéu ra; a\__°

0| 0 | 1

111 ] 0

— nh& |at

—>CLK Q — L
Q=0T +qT =g&T

T |
o T |Ck| Q| @ | Trangthai |
Ck 0| %[ Qo| 0o |Khéngddi |
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FET

o a 1
» Xung tin hiéu ra; a\__°

0| 0 | 1

111 ] 0

— nh& |at

—>CLK Q — L
Q=0T +qT =g&T

T E _
o T |Ck| Q| @ | Trangthai |
Ck 0| 4| Qo 0o |Khéngddi |

o|_|.§|—|" 1| & | 8o | Qo 14t
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FET

. "o 1
« Xung tin hi¢u ra: g

0| 0| 1

111 |0

— nh& |at

—>CLK Q — _
Q=0T +qT =g&T

T o |
v v v v o v | T|Ck| Q| @ |Trangthai |
Ck 0| 4| Qo| 0 |Khéngdéi |

SN o Bl e KA A Y

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

48



FF D

* FF D con goi la FF tré, co thé duoc sur dung dé luu trit
thong tin tam thoi cuaa 1 bit.

* FF D ¢6 1 dau vao 1a D va hoat dong ¢ 2 ché do dong
bd va khong dong bo.

» Chi xét FF D hoat dong & ché do dong bd.

Q — —CLK Q —

Khéng ddng bd Pong b

VIEN CONG NGHE THONG TIN VA TRUYEN THONG —




FF D
« D FF dong bd theo murc goi 1a chot D (Latch)

— 1 Enable FF

D FF dong bo theo suon dugc goi la xuat phat suon
(Edge trigged)

Clk

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FF D

« Xung tin hiéu dau ra: Qn 0 1
0 (1)
D o0o— Qr D Q. t
0 0 0 1 1)
0 1 1
—>CLK Q — 1 0 0 _
1 1 1 Qn—l—l =D
D
o D [Ck| Q | O | Trang thai
Ck o| 4|01 Xod
1 | 4|10 Pat
Q
m’iz SG'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FF D

« Xung tin hiéu dau ra: Qn 0 1
0 (1)
D o0o— Qn D Q. t |
0 0 0 1 1)
0 1 1
—>CLK Q— 1 0 0 —
1 1 1 Qn—l—l =D
D : _
o D |Ck| Q| @ | Trangthai
Ck o| 4|01 Xod
: 1| 4[1]0 Pat
Q
m’iz -_;:(HCT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ck

*
\

]

FF D

« Xung tin hiéu dau ra:

— D

—>CLK

Q |

(_g |

-

,7'
D)

||

0

D
Qn 0 1
Qn D Qn. T
0 0 0 LJ
0 1 1
1 0 0
1 1 1 Qn—l—l =D
Ck | Q | @ | Trang thai
o| 4|0 |1 Xod
1| 4| 1|0 Pat

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
il |
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FF D

D
« Xung tin hiéu dau ra: Qn 0 1
(1)
1 D Q L ':'n D IDn+1 |
0 0 0 1)
0 1 1
—>CLK Q — 1 0 0 _
1 1 1 Qn—l—l =D
D : _
: . : D |Ck| Q| @ | Trang thai
Ck o| [0 |1 Xod
I ' ' 1 | 4] 1|0 Bit
2 :
Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG -




FF D

D
« Xung tin hiéu dau ra: Qn 0 1
0 (1)
1 D Q L ':'n D IDn+1 |
0 0 0 1 1)
0 1 1
—>CLK Q — 1 0 0 _
1 1 1 Qn—l—l =D
D |
o : : ! Ck | Q | @ | Trangthai
Ck 0| |0 |1 Xod
I ! | . 1| 4+ 1]0 Pat
Q : :
Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG TC




FF D

D
« Xung tin hiéu dau ra: Qn 0 1
0 (1)
1 D Q L ':'n D IDn+1 |
0 0 0 1 1)
0 1 1
—>CLK Q — 1 0 0 _
1 1 1 Qn—l—l =D
D |
e ! Ck | Q | @ | Trang thai
Ck o| [0 |1 Xod
: — : 1141110 Pat
Q : '
Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG -




FF D

D
« Xung tin hiéu dau ra: Qn 0 1
0 (1)
1 D Q L ':'n D IDn+1 |
0 0 0 1 1)
0 1 1
—>CLK Q — 1 0 0 _
1 1 1 Qn—l—l =D
D ! : —
oo : | | ; | D |Ck| Q | O | Trang thai
Ck o| #| 0|1 Xod
I ' | : I ' 1 | 4] 1]0 Bat
Q : '
Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG -




FF D

D
« Xung tin hiéu dau ra: Qn 0 1
0 (1)
1 D Q L ':'n D IDn+1 |
0 0 0 1 1)
0 1 1
—>CLK Q — 1 0 0 _
1 1 1 Qn—l—l =D
D | o _ _
S I ; | | : S Ck | Q | © | Trangthai |
Ck o| 4|0 |1 Xod |
: ! ' : - | 1 | 4] 1]0 Bat
Q ! :
Sb'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG -




FF D

* FF D thuodng la noi de chuyen dir li€u tr tin hi€u vao
D dén tin hiéu ra Q, cung cap cho mach sau nhu mach
cong, ghi dich.

* FF D phai chd mdét khoang thoi gian khi xung kich
thich kich thi mé1 dua ra tin hiéu ra Q.

* Do do, FF D con dugc xem nhu mach tri hoan hay con
goi la FF tre.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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FF v&i dau vao Preset va Clear

» Mdi FF déu c6 cac tin hi¢u sau:
* Tin hiéu vao, vi du J, K
» Tin hiéu dong bd clock
e TinhiéuraQ
 Ngoai ra, nhleu FF con co thém cac
tin hi¢u tryc tiép c0 tac dung diéu

khién cudng burc trang thai ra ctia FF:

« Clear (CLR), c0 tac dung diéu khién dé
Q=0
 Preset (PR), lamcho Q=1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

|PR
J— — Q
CK—{>
K— FF [—Q
lcLR

Tin hiéu diéu khién truc tiép
tich cwc cao

IPR
J— — Q
CK—>
K— FfF [—Q
Tcr

Tin hiéu diéu khién trwe tiép
tich cwc thap
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Quan hé thoi gian ¢ Flip Flop

« “Cira s0” thoi gian cua FF dugc
XéC dinh bor.

. thoi glan chuan bi (Setup) — tin

hleu vVao can phai Xac lap on dinh 6

mot khoang thoi gian >t , trude khi
cO ‘suw kién’ clock

* T thoi gian duy tri (Hold) — tin hiéu
vao can phai duy tri 6n dinh thém
mot khoang thoi glan > t,, sau khi
két thic “sw kién’ clock

* Day la mot trong nhitng yéu to han
ché tan so cia mach logic day

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Clock '\

—
Tsu T h

T

Input

C6 mét ving "cira s6"
théi gian bao quanh swon
ldy méu cua tin hiéu
clock, & do tin hiéu vao
cén phai dworc duy tri 6n
dinh va khéng thay déi
dé cho viéc truyén tin
hiéu qua Flip Flop dwoc
dam bao tin cay.
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8.4 M6 hinh cua mach tuan tu

* MO hinh cua mach tuan tu duoc st dung dé mo ta hé
thong qua tin hiéu vao, ra va trang thai ma khong quan
tdm dén cau trdc bén trong.

Pau vao

Mach t6 hop

Pau ra

>

Phan t& nhé

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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8.4 M6 hinh cua mach tuan tu

* HE tuan tur dong bd: khi 1am viéc can c6 1 tin hiéu
dong bd dé gitt nhip cho toan bd hé hoat dong.

* Hé tuan tu khéng dong bd: khong can tin hiéu nay dé
gitr nhip chung cho toan bd hé hoat dong.

« Hé tuan ty dong bo nhanh hon hé tuan tu khéng dong
bd tuy nhién lai co thiét ké phuc tap hon.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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MO hinh trang thai

 Tap hop hiru han cac trang thai

« Mot trang thai khoi tao, nam trong tap hiru han cac
trang thai

» Tap hop hitu han c4c dau vao
« Tap hop hitu han cac dau ra

e MOt ham chuyen trang thai (cia mot trang thal va mot
tin hiéu dau vao vai trang thai twong tng)

* Mot ham dau ra (cuia moét trang thai va mot tin hiéu
dau vao véi dau ra tuong tng)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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So do trang thai

« C4c trang thai dugc biéu dién bang hinh tron

O

» Miii tén chi ham chuyén trang thai

/

» Miii tén dugc danh dau bang cac tin hiéu dau vao

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

1_ = = >
sl = O1C T
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Vidu 8.3

e Xét d@6 hinh trang thai sau:

0

0

« Chap nhéan chudi rong hoic bat ky chudi ndo két thic

boi bit ‘0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du 8.4

e Xét d6 hinh trang thai sau:

o
olRe

o O

» Chap nhan chudi bat dau va két thic boi cung 1 bit

1

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Vidu 8.5

« Xét @6 hinh trang thai sau:

1,<RESET>

» Chap nhan néu tong chudi dau vao chia hét cho 3
» Khéi tao lai tong bang 0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu 8.6
» Thiét ké do hinh trang thai chap nhan chudi 001.

* C0 4 kha nang:
» Khong cé chudi nao
« Nhin thay chudi 0
» Nhin thay chudi 00
« Nhin thay chudi 001
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Vidu 8.7

e Cho mach mo ta nhu sau:

IN ——
CLK

DQ
A

OuUT1

OuUT2

l

« V& d6 hinh trang thai ctia mach trén:

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

OUT3
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Vi du 8.8

e Thiét ké mot mach dém tuan tu don gian: 100, 010,
101, 011, 110
* Bo qua trang thai 000, 001 va 111

» V& d6 hinh trang thai va bang chuyén trang thai:

Present State | Next State
C+ B+

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

+

HHHHOOOOh
RRrOOR R OoO|w
RORORORO>
X RPOOR PR X X
X ORRPROX X
X OROOR X X|>
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Vi du 8.8

« O trang thai khoi tao, hé tuan tu cO thé roi vao cac
trang thai khong xac dinh.

« Khi thiét ké phai dam bao khong roi vao truong hop

Y {00y

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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MO hinh trang thai

* Tap hop hitu han cac trang thai

* Mot trang thai khéi tao, nam trong tap hiru han cac
trang thai

» Tap hop hitu han c4c dau vao

« Tap hop hitu han cac dau ra

e MOt ham chuyen trang thai (cia mot trang thal va mot
tin hiéu dau vao véi trang thai tuong ing)

* Mot ham dau ra (cuia moét trang thai va mot tin hiéu
dau vao véi dau ra tuong tng)
« MO hinh Moore: Ham cua trang théi
* M6 hinh Mealy: Ham cua trang thai va tin hiéu dau vao.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG =



M hinh Moore — So do trang thai

» Tin hiéu dau ra chi phu thudc vao trang thai hién tai,
khong phu thudc truc tiép vao tin hiéu dau vao.
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M6 hinh Mealy — So @6 trang thai

» Tin hiéu dau ra phu thudc vao trang thai hién tai va tin
hiéu dau vao

X
INDULS eyl

Outputs

Present Y

State

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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MO hinh trang thal — Biéu din bing so dd
trang thai
« C4c trang thai dugc biéu dién bang hinh tron
« Miii tén chi ham chuyén trang thai
* Miii tén dugc danh dau bang cac tin hiéu dau vao
* Pau ra;
* M0 hinh Mealy: tin hiéu dau ra phu thudc vao trang thi
hién tai va dau vao
e Miii tén duoc ky hiéu boi dau vao/dau ra khi chuyén trang thai.
« M6 hinh Moore: tin hiéu dau ra chi phu thudc trang thai
trude do:
e Mili tén dugc ky hiéu boi dau vao khi chuyén trang thai.
« \V/Ong tron trang thai dugc ky hiéu boi trang thai k/dau ra.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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X&c dinh dau ra véi mé hinh Moore

* Pau ra 14 1 ham cua trang thai

current | next

reset input state state output
1 — - A

o @ O—® 0O
0 1 A C 0
0 0 B B 0
0 1 B D 0
0 0 C E 0
0 1 C C 0
0 0 D E 1
0 1 D C 1
0 0 E B 1
0 1 E D 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Xac dinh dau ra vai mo hinh Mealy

« Pau ra 1a 1 ham cua trang thai va dau vao

current | next

reset input state state output

1 - - A 0

o © 0

0 1 A C 0
reset/0 0 0 B B 0

0 1 B C 1

0 0 C B 1

0 1 C C 0
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C4c budc thiét ké hé tuan tu

1.

> Ul A W N

M6 ta.hoat dong ctia mach tyan tu can thiét ke, (dau
vao, dau ra, cac trang thai, biéu do trang thai, biéu do
tho1 glan, hoac cac thong tin thich hop Khac)

. Lap bang chuyén trang thai (state table)
. M4 hod trang thai, dau vao (néu co)

Xac dinh s6 FF can dung va danh ky hiéu cho mdi FF
Lua chon kiéu FF can dung

Tir bang chuyén trang thal, Xac dinh dau vao cho moi
FF (ham trang thal cua tin hiéu dau vao voi trang thai
twrong irng) va biéu thirc ciia moéi bién ra

T6i thiéu hda cho dau vao cho mdi FF va dau ra

. Lap so d0 mach logic tir c4¢ phan tir co ban

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu8.9

» Thi€t ké bo kiém tra bit 1¢: dau ra bang 1 khi dau vao
cO so bit 1 1¢é.
» V& d6 hinh trang thai va bang chuyén trang thai:

Reset
Trangthai = Trang thai .
hién tai bau vao ti€p theo baura
Chan 0 Chan 0
Chan 1 Lé 1
Lé 0 Lé 1
Lé 1 Chan 0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu 8.9

» Gan Qia tri nhi phan cho moi trang thai:

Trang thai

Trang thai

hién tai Bau vao ti€p theo Daura
0 0 0 0
0 1 1 1
1 0 1 1
1 1 0 0

« X&c dinh s6 lugng FF can sir dung:

e Can 1 FF, vi chi can 1 bit dé thé hién 2 trang thai.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Kich thich cho cac flip flop

« Khi thiét ké mach tuan tu, can phat > xac dinh diéu kién kich
thich cho cac FF tuy theo dap ung can CO cua chung

* V6i hai gid tri logic ‘0’ va ‘1’ cho mdi bién, mdi FF co thé
c6 mot trong bon dap tmg 1a; <S0°, *S1°, ‘TO’ va ‘Tl

» Bang dudi day mo ta cac diéu kién kich thich cho cac loai
FF khac nhau

Pap Ung Kich thich

SO 0O -0
T1 0O -1
1 -0
1 - 1

X O = O W
O = O X | O
O = X XA
O = = O =
= O = OO0
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Vidu 8.9

e Lua chon FF: Gi1a st chon FF D

» Gia thiét:
* Q = Trang thai hién tai
* Q" = Trang thai tiép theo
« X =Pau vao

QY

Q" b

Pap ing Kich thich
Ky hiéu Q- Q+ | s R | 3 K T D
SO 0 -0 0 X 0 X 0 0
T1 0 -1 1 0 1 X 1 1
TO 1-0 0 1 X 1 1 0
S1 1 -1 b ¢ 0 X 0 0 1

~lmlolo] O

RO~ |lO]| X
Ol | |O
ol |~ |lO]|

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

O] 0O
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Vidu 8.9

« Toi thiéu hda bang bang Karnaugh:

[EEY

1

D X
N\ o
L

-E

* Thuc hién mach:

CLK

\Reset

1_ P Pl
sl = O1C T

X/ D

UL

Q
—p Q
R

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

D=QX+QX=Q ® X

Output
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Vidu 8.9
 Lva chon FF: Gia st chon FF T

e Gia thiét: Q X Qt Paura T
* Q=Trangthdihiéntai 0O 0O 0 0 0
* Q' = Trang thai tiép theo Q1 1 1 1
» X = Déu vao L 0 I 0
A 1 1 0 0 1
* Thuc hién mach
T=X
X T Q_Output
CLK
et D o—

R
\Reset ?

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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C4c budc thiét ké hé tuan tu

1.

> Ul A W N

M6 ta.hoat dong ctia mach tyan tu can thiét ke, (dau
vao, dau ra, cac trang thai, biéu do trang thai, biéu do
tho1 glan, hoac cac thong tin thich hop Khac)

. Lap bang chuyén trang thai (state table)
. M4 hod trang thai, dau vao (néu co)

Xac dinh s6 FF can dung va danh ky hiéu cho mdi FF
Lua chon kiéu FF can dung

Tir bang chuyén trang thal, Xac dinh dau vao cho moi
FF (ham trang thal cua tin hiéu dau vao voi trang thai
twrong irng) va biéu thirc ciia moéi bién ra

T6i thiéu hda cho dau vao cho mdi FF va dau ra

. Lap so d0 mach logic tir c4¢ phan tir co ban

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu 8.10

« Thiét ké may ban hang tu dong;
* Nha mot goi keo sau khi nhan duogc 15 Xu
« Khe dé nhét tién xu nhan loai 5 xu, 10 xu
« Khong tra lai tién thira

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du 8.10 — Budc 1: Mo ta bai toan

« M0 ta bal toan:

Colin
Sensor

N

>
D

>
Reset

Vending
Machine

FSM

Open

Clk

A

« M6 ta dau vao va ra:
« Pauvao: N, D, reset
» Pau ra: open

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Gum
Release

Mechanism
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Vi du 8.10 — Budc 2: Lap bang chuyén trang thai

* V& d6 hinh trang thai: Reset
« 3dong 5xu: N, N, N
» 1 dong 5 xu, 1 dong 10 xu: N, D
« 1 dong 10 xu, 1 dong 5 xu: D, N
« 2 d6ng 10 xu: D, D
e 2 d6ng 5 xu, 1 dong 10 xu: N, N, D

.
) (o= gmpomemm VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du 8.10 — Budc 2: Lap bang chuyén trang thai

 Moore machine

present iInputs next present
state D N state output
0¢ 0 O 0¢ 0
0 1 5¢ 0
1 0 10¢ 0
1 1 - —
5¢ 0 0 5¢ 0 D
0 1 10¢ 0
1 0 15¢ 0
1 1 - -
10¢ 0 0 10¢ 0 D
0 1 15¢ 0
1 0 15¢ 0
1 1 - -
15¢ - - 15¢ 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du 8.10 — Budc 2: Lap bang chuyén trang thai

* Mealy machine Reset
present inputs next present
state D N state output
0¢ 0 O 0¢ 0
0 1 5¢ 0
1 0 10¢ 0
1 1 - —
5¢ 0 0 5¢ 0 e D/0
0 1 10¢ 0
1 0 15¢ 1
1 1 - —
10¢ 0 O 10¢ 0
0 1 15¢ 1 D/1
1 0 15¢ 1
1 1 — N + D/1
15¢ - - 1

. -

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu 8.10 — Bud6c 2, 3,4, 5

« M4 hda trang thai, xac dinh s6 luwong FF: 02, st dung
FF D

Moore Mealy
present state inputs | next state present present state inputs | nextstate present
Q1 Q0 D N D1 DO output Q1 Q0 D N D1 DO output
0 O 0 O 0 0 0 0 O 0 0 0 0 0
0 1 0 1 0 0 1 0 1 0
1 0 1 0 0 1 0 1 0 0
1 1 - = - 1 1 - -
0 1 0 O 0 1 0 0 1 0 O 0 1 0
0 1 1 0 0 0 1 1 0 0
1 0 1 1 0 1 0 1 1 1
1 1 - - — 1 1 - = -
1 0 0 0 1 0 0 1 0 0 O 1 0 0
0 1 1 1 0 0 1 1 1 1
1 0 1 1 0 1 0 1 1 1
1 1 _ _ _ 1 1 - - —
T 1 — T 1 T 1 1 - - 1 1 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du&.10 - Budc 6, 7
« Toi thiéu hda

pi Moore Q1 50 Q1 Open Q1

)
I O] ©
><| o
| I |
><| —
el Bl
i
=
o
b|-J o
X o™
3R -
— |
- KIF)°
=
o
o XK Do
o XK Do
l—'-l—'-l—l-J
o> X P P
=

y z

*
\

||

,7'
D)

n| s=ew= IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu 8.10 - Bu6c 6, 7

e Ti thiéu hoa

Mealy ol
b1 DO
0(0 (1] 1) ()tL_
o111y 1 N 1
D F X || X l] D || X
11 h1 1 0
Q0

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Open Ql
Ol opf1t1o0
0

D | Lxllx
0 N1
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Vidu 8.10 — Budc 8

. Mealy
* So do mach
Moore
gl < B g = >€
0, Y = T
N = —_“} R . (; —
Q) — g
0y — Kr—

——CI'

(Jn 36 TJ j R Ql

|
—e—
[SYS
L] ]

Clock Reset’ N

Open

©
| |

| 5T e
N' — AN L)S
¢ — ‘ D, AR Qy &
K —| &, D

Clock Reset’

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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So sanh mo6 hinh Mealy va Moore

Dau ra chi phu thudc vao trang thai Dau ra phu thudc vao trang thai hién
hién tai ma khéng phu thudc vao dau tai va dau vao
vVao

Co xu hwdng can it trang thai hon, va Cé xu hwdng can nhiéu trang thai
do dé can it phan cirng hon dé gidi hon, va do d6 can nhiéu phan cing

quyét bai toan hon dé gidi quyét bai toan

An toan hon khi str dung: Dap &rng nhanh hon véi dau vao:

- Daura thay d6i theo xung déng hé - Dap ng trong cung 1 chu ky,
(1 chu ky mudn hon) khéng can dogi xung déng bo.

- Trong md hinh Mealy, ddu vao c6 - Trong md hinh Moore, cd thé can
thé thay doi dau ra ngay khi ham ma hda nhiéu trang thai hon nén
logic dwgc thwe hién, la 1 van dé s& can nhiéu cdng hon, dan dén

khi két hgp 2 mé hinh véi nhau. tré 1&n hon.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG —



Bai tap 8.1

» Thiét ké bd nhan dién 3 bit ‘1’ lién tuc theo md hinh
Mealy/Moore.
» Pau ra bang ‘1’ khi dau vao 1a 3 bit ‘1’ lién tuc
« C4c truong hop khac dau ra bang ‘0’

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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8.5 Mot s6 ung dung cua Mach tuan tu

« B6 dém va chia tan
 Thanh ghi

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG —
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8.5.1 B6 dém va chia tan s6

* B6 dém dugc ding dé dém xung

« B6 dém duoc goi la module n néu no ¢6 thé dém duoc
n xung: tir 0 dén n-1
» C6 2 loai by deém:
« B dém khong dong bd: khong dong thoi dua tin hiéu dém

Vao cac dau vao cua cac trigger

« B6 dém dong bo: o xung dém dong thoi la xung dong ho
clock dua vao tat ca céc trigger cuia bo dém

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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B dém khong dong bo
* Mach thuc hién bd dém khéng dong bo:

o i i r

Clock |

e Tré lan truyén: sau moi xung dong ho dau vao, bd dem
phai do1 mot khoang thoi glan twong duong vo1 tong
tré ctia tat ca FF trude khi co thé thuc hién xung tiép
theo.

o - VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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o

Bo dém khéng dong bo module 2N

« Xét bd dém khong dong bo module 16

* C0 16 trang thai

» Ma hoa thanh 4 bit twong g véi Qs, Q,, Q4, Q,
. (;ﬁn dung 4 trigger (gia st dung trigger JK)

Clock |

8] (o] Q Q

Qo Q1 Qo Q3

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu8.11

e Can thiét ke mot bo dem nhi phan khong dong bo, cb
kha niang dém san pham trén bang chuyen

 Mdi lan 1 san pham diqual dlem co dinh, 1 xung sé
duoc tao ra dua vao xung dong ho.

* Néu s6 luong san pham can dém toi da la 6000 thi can
bao nhiéu FF?

Solution

The counter should be able to count a maximum of 6000 items.

An N-flip-flop would be able to count up to a maximum\ of 2% — 1 counts.

On the 2Vth clock pulse, it will get reset to all Os.

Now. 2% — 1 should be greater than or equal to 6000.

That is, 2% — 1 > 6000, which gives N > log 6001/log 2 > 3.778/0.3010 > 12.55.
The smallest integer that satisfies this condition is 13.

Therefore, the minimum number of flip-flops required =13

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bo dém khong dong bé module < 2N

 Xét b6 dém module 7 dua trén bé ¢ém nhu hinh dudi.

» Gia su dung Trigger JK c6 dau vao CLR (CLEAR)
tich cuc & muc thap.

« Ctr mdi khi dém dén xung th 6 thi tat ca cac FF bi

x0a ve 0.
o ®
+—]J s—J +—J +—]J
Qo Q1 Qo Qaf—
Clockl 4~ FFo | o> FF1 $——4> FF2 > FF3
K K K K
Q (o] Q Q

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bo dém khong dong bé module < 2N

« So' d6 mach:

1o

J Qo|— J Q1f— J Q2 J Qsa}—
Clockln |4 cik FFo 4>clk FF1 4>cik FF2 4> cik FF3
K Clear K Clear K Clear K Clear

[ ! I !
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Bo dém khong dong bé module < 2N

« So d6 mach:

we JUUUUUUUOUULL

Qo

Qq

Qo

Qs 0

NAND
Output

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG —



Bo dém khong dong bé module < 2N

* Cac budc thiét ké bo dem khong dong bo nhi phan bat
dau tir 0000 va c6 co s6 X duoc tong két nhu sau:

Quyet dinh so6 luong FF t6i thiéu sao cho: 2V> X, ket noi
cac FF nay nhu bo dém nhi phan khéng dong bo. Néu 2N =
X thi két thic.

e Xac dinh nhitng FF & mrc Ioglc CAO tai s6 dem ma co so
10 tuwong du:0’ng =X. Chon 1 cong NAND vdi s0 Iu:()’ng dau
Vao bang vo1 s6 FF 6 murc logic CAO. Vi du, voi bo dém
MOD-12, s6 dem twong tng la 1100 thi s& can 2 FF & muc
Ioglc CAO Cong NAND do d6 s& la cong 2 dau vao.

.« Két n01 dau ra Q cua nhitng FF da dugc xac dinh vao dau
vao cong NAND va dau ra cong NAND sé dugc dua vao
cac dau vao CLEAR khong dong bo cua tat ca cac FF.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu8.12

« Tim co sb ctia bé dém sau va tan s cua dau ra FF Q5.

* » o o1
1.2MHZ
o1 Qo —]J Q1 —1J Qo 1 Qa3
‘ FFO FF1 FF2 FF3
4> Clk —d>Clk —o > Clk +———q>Clk
K Cl K cCl K Cl K Cl

D

» Traloi: Co sd: 12
L_ Tan s6 Q,: 100kHz

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG

7
I\

*
N 8
W

]
0
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Vidu 8.13

» Thiét ké bo dém nhi phan khoéng dong bo chi dém hai
trang thal 000 va 111 va b6 qua 6 trang thai con lai, st
dung FF JK va vé dang xung dau ra.

1o o o T
: I\ l
—1J Pr Qa - J Pr Qg —1J Pr Qc
Clock 1
—d>Clk FFO d4>Clk FFB —d>Clk FFC
K cl  Qal- K cl Qs K cl  Qc|—

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

108



Vidu 8.13

» Thiét ké bo dém nhi phan khoéng dong bo chi dém hai
trang thal 000 va 111 va b6 qua 6 trang thai con lai, st
dung FF JK va vé dang xung dau ra.

Clock

Qa

Qg

Qc

Preset / /

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vi du 8.14

* Xét bd dém khong dong bd sau, hdy viét the tu dém
néu khai tao tir trang thai 0000. V& dang séng ra.

1o . .
—1J Qo —J Q1 +—J Qo}— ¢J Qal—
ook FFO FF1 FF2 FF3
|n§51__“> Clk 4> Clk 4> Clk 4> Clk
—]K Qo K Q1 K Qo K Q3
Qo(LSB) Q4 Qo Q3(MSB)

» Tht tu dém: 0000, 1111, 1110, 1101,1100, 1011, 1010,

1001, 1000, 0111, 0110, 0101, 0100, 0011, 0010, 0001
va 0000.

§) | =gng=== VIEN CONG NGHE THONG TIN VA TRUYEN THONG
[ e wwon | :Q'L | i i
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Vi du 8.14

* Dang song ra:

Clock | Y
Input

Qo

Q4

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bo dém khoéng dong bo - Nhan xét

* Néu bo dém tir FF tich cuc suon am (H-L) va xung
dong ho dugc dua vao tir dau ra Q thi bo dém theo thir
tu thuan (dém 1én).

* Néu bo dém tir FF tich cuc suon am (H-L) va xung
dong ho dugc dua vao tir dau ra Q thi bo dém theo th
tur nghlch (dém xubng).

* Néu bo dém tir FF tich cuc suon duong (L-H) va xung
doéng ho duoc dua vao tir dau ra Q thi bo dém theo thu
tu nghlch (dém xudng).

* Néu b dém tir FF tich cuc suon duong (L-H) va xung

dong ho dugc dua vao tir dau ra Q thi bo dém theo thir
tur thuan (dém Ién).

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bo dém dong bo (bé dém song song)

Tat ca cac FF dugc dong bd dong thoi bdi xung dong
ho tat ca FF thay doi trang thal tai cung mot thoi
diém. Tré truyén dan doc 1ap véi so luong FF.

- LU DUUUDOUU U UUUL

113



Bo dém dong bo (bé dém song song)

. Tat ca cac FF dugc dong bd dong thoi bdi xung dong
ho tat ca FF thay doi trang thal tai cung mot thoi
diém. Tré truyén dan doc 1ap véi so luong FF.

FFO

> Clk

Qo

g

) [ )
. |/
J Q1 J Qo J
FF1 FF2
> Clk > Clk
K Qi K Qz—

FF3

4> Clk

Qa

1_ = = >
sl = O1C T

Clock
VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Bo dém dong bo (bé dém song song)

* B6 dém co so0: Vi toi thieu N FF, ¢ thé xay dung bd
dém co s6 nam trong khoang (2N-1+1—2N)
« Bo dém dong bo module 8
 Bo dém dong bé module 10
* Bo dém BCD
« Bo dém vdi co so tuy

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thiét ké bo dém véi sd thi tu tly v
« Bang tac nhan kich thich caa FF
e Liét keé:

* Trang thai hién tai

» Trang thai mong mudn tiép theo
« C4c dau vao FF can thiét dé dat dugc trang thai do

Present Next state ] K D
state (@, ) (Qni1)

0 0 0 X 0
0 ] 1 X |
| 0 X 1 0
| 1 X 0 |

§) | =gng=== VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thiét ké bo dém véi s6 thir tu tiy y
» V& d6 hinh chuyén d6i trang thai

e Cac trang thai khac nhau duoc mo ta boi cac hinh tron
» Miii tén noi cac hinh tron chi tht tu chuyén doi trang thai sé

dién ra.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thiét ké bd dém véi so thi tu tly Y

» C4c budc thiét ké: @ o
e X&c dinh s6 luong FF can thiét

* Xac dinh cac trang thai khong

mong muon
« V& d6 hinh chuyén doi trang

thai voi ca cac trang thai khong
mong muon @ @

» Cac trang thai khong mong
muon nén dugc Mo ta chuyén

Ve bat ky trang thal mong
ik (100 on)
VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thiét ké bd dém véi so thi tu tly Y

» Cac budc thiéet ké
» V& bang tac nhan kich thich cho bo dém, trong d6 liét ké:
 Cac trang thai hién tai
e CAc trang thai tiép theo twong (g véi cac trang thai hién tai
« Pau vao cho cac FF theo yéu cau

Present Next [nputs
state state

C B A C B A Je K- Jy K, gy K,
0 0 0 0 1 0 0 X 1 X 0 X
0 0 1 1 0 0 1 X 0 X X 1
0 1 0 0 1 1 0 X X 0 1 X
0 1 1 0 0 1 0 X X 1 X 0
1 0 0 1 1 0 X 0 1 X 0 X
1 0 | 0 0 0 X 1 0 X X 1
1 1 0 0 0 0 X 1 X 1 0 X
1 1 | 0 0 0 X 1 X 1 X 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thiét ké bd dém véi so thi tu tly Y

 C4c budc thiét ké

g

» Thiét ké cac mach logic cho cac dau vao J,, Ky, Ja, Kg, Jo,

K. tir cac dau raA, B, C..
* CO thé su dung bang Karnaugh cho mdi dau vao, toi thiéu

hoa va biéu dién bang ham Boolean.
* Vidu:

BC

BC

BC

i

TR
gl i Y

= =

HXXX:&

+ 0O

™

BC

BC
BC
BC

BC
B

@]

BC

BC

BC
BC
BC

>
>
|

= | X|| x|

——

A A
(X ) BC 1 BC| x |[X]
X ] BC| X X BC 1
1 BC| X | X BC |[ 1 1
; BC BC |x X |
S
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Thiét ké bd dém véi so thi tu tly Y

* Thuc hién mach:

C Je AI—C_ - B Jg — A Ja

FF-C FF-B FF-A
Clk < Clk <p cik <p

— C Kc LT\
7~

Ka

@
>

Kg |-

U

R

Clock-In

HC

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

SCIC

al%g
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Vidu8.15

» Cho bang tac nhan kich thich nhu sau voi X;, X; la
dau vao cua FF.

Present state Next state Inputs

{Qn) {Qu—l)

X, X,

0 0

0 I

I X
I

0
0
]
] X

0
]
0
]

* V& bang tac nhan kich thich cho bo dém dong bod
MOD- 5 str dung FF dé dém chudi 000, 001, 011, 101
110, OOO néu trang thal hién tai la trang thal khong
mong muon, nd s& chuyén vé 110 sau 1 xung dong ho.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG =5




Vidu8.15

e Bang tac nhan kich thich:
 Bo dém 5 trang thai — 3 FFs

» C4c trang thai khdng mong muon dugc dua vé 110 (010,
100, 111 — 110)

Present state Next state Inputs

C B A C B A X (A) X>(A) X(B) X5(B) X,(C) X5(C)
0 0 0 0 0 I 0 I 0 0 0 0

0 0 1 0 ] I X ] 0 I 0 0

0 I 0 ] ] 0 0 0 X | 0 1

0 I 1 ] 0 I X ] ] X 0 1

| 0 0 ] ] 0 0 0 0 I X 1

| 0 1 ] ] 0 I X 0 I X 1

| I 0 0 0 0 0 0 ] X | X

| I 1 ] ] 0 I X X I X 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vidu8.15

» T6i thiéu hoa timg dau vao FF
A A

BC
BC
BC

BC

q)

y z

[N
0

]

A

(X

BC
BC

b

|

X

A A
BCI|| 1 [[1)
BC X
BC X
BC | 1]
X,(A)=A+ B.C
A A
BC
BC [x X ]
BC [ 1 xJ
BC

X;(B)=A+B+C

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG

A A
BC
BC
BC [1 x]
BC [x 1 J
X(B)=B8B
A A
BC
BC|[ 1 1]
BC || X 1
BC || 1 1 |
X,(CO)=B+C
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Vidu8.15

e Thuc hién mach:

+—C  Xi(C) +—1B  Xi(B) —1A XA
FF-C FF-B FF-A
Clk <} Clk < Clk <}—

— C  X(C) [ B Xy(B) — A XA
=

U

-« BE Clock - .
( 7’7 - :
g

||

]
0

4= VIEN CONG NGHE THONG TIN VA TRUYEN THONG
oIy * ' 125



Vidu 8.16

 Tim thi tu dém cua bd dém sau:

L L =l
o—e—AC J o-e+— B JFH—* o—«—A J
FF-C FF-B FF-A
ck < ‘ Ck < Clk i~ Clock
C C K B Cl K A Cl K

000, 001, 010, 011, 100, 101, 110, 000, . . .

% ‘L |
=n| VIEN CONG NGHE THONG TIN VA TRUYEN THONG
LBACH K00 | quuuel? eu?
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8.5.2 Thanh ghi

» Thanh ghi ¢d cau tao gom cac trigger ndi vai nhau
* Churc nang:
* Pé luu trir tam thoi théng tin
* Dich chuyén thong tin
 Luu V: ca thanh ghi va bé nhd déu dung dé luu trir
thong tin, nhung thanh ghi ¢ chirc nang dich chuyén

thong tin. Do do, thanh ghi c6 thé str dung 1am bd nhd,
nhung b0 nho khong thé 1am duoc thanh ghi.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thanh ghi dich (Shift Register)

e Thanh ghi dich duogc dung dé:
» Bién d6i ma song song €= noi tiép
» Tao tré cho cac day tin hiéu s6
. Phﬁg tr co ban cua thanh ghi dich la cac D flip flop noi
chuoi1 ‘nd1 tiép’ vo1 nhau

SERIAL IN

O Qa

== C

R

(1)

o Q

(2]

O Q

== C

R

= C

R

(3)

O Q
= C

(4)

O aQ

(5)

G
= ut | SERIAL OUT

= C

= C

R
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Thanh ghi dich (Shift Register)

* Phan loai:

In
Serial-In Out Serial-In
Clock Serial-Out Clock > Parallel-Out
~ Out _l
= =
Parallel-In Out Clock Parallel-In
Clock Serial-Out oc Parallel-Out

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vao ra thanh ghi

» VA0 noi tiép ra noi tiep 1.

- Vao noi tiép rasong song T

« VA0 song song ra noi tiép Tofifolifofalsil”

* Va0 song song ra song song

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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V40 ndi tiep — ra noi tiep

« So d6 mach:

Data In

D Q, D Qp D Qc D Qp Duta Out
CIL:} Clk Clk —>Clk > Clk
CL CL CL CL
Clear ? ? tf ?
. .

{ % i : E 6 E o A E 8
) |o=gnpgomem \IEN CONG NGHE THONG TIN VA TRUYEN THONG
[ aei onne | =O|L | ' '
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Va0 ndi tiép — ra noi tiép

« Biéu do thoi gian:

Clock

Clea]_|

Data Input |

Qa-Output |

Qg-Output

Qg-Output

Qp-Output

-i 2 "- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
SCICT V" : =



V40 ndi tiep — ra song song

« So d6 mach:

Qo Q1 Q6 Q7
S:} SRRl DY yret) FY Garer: DY e B G 0 o5l+Jo og4fp o
cp | dcp cP cP CP cP cP | dcp
cD CD D CcD CcD cD cD CcD
LTI
Clock
MR
253
SO'CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG EE




V40 ndi tiep — ra song song

« Biéu do thoi gian:

CLEAR |—| IU

Inputs

) : |_|
Serial E
]
]

—————

Outputs

—————

Clear Clear

y z

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
il |

*
\

7
D)

]
0
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VA0 song song — ra noi ti

'I_.-"

<

* So dO mach: S >

10
EE:I

AL

123
GI: )

Q

-::h:u—}D_
. Clock INHIBIT

[T}

% ‘

| BacH Kkion |

=n| VIEN CONG NGHE THONG TIN VA TRUYEN THONG
b PV

(4

%

D

”B’:} E‘B‘:} p‘B{} R‘B(b’ S‘&“ E‘@Q" S&D— E‘IZ‘:]'—

c.D)\
o

V.

13

[
=4
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i tiép

4
N\

a0 song song — ra nod

\

V

\

 Biéu do6 thoi gian

9

Clock
Clock Inhibit —|

.---m- ...... SRS R RN (RN NN

L

HIL |[H

5|2 < o o o w o ow [0} r I
al®@ =]
2o -_— — <
= 1 - -
= £ T8 s
= = =3 =1
%S m o o

m =

o

|-7 Serial Shit ————————{j«Inhibit =] ——— Serial Shift

Clear

7
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1
FE. TE. FE om EED o m ] PE]
2 g g 2 2 g 2 S g
= o % o = i s ! = [ :'.{F_
- & & " & E & £
=
I

o

8

=

Lo

-3

S8

= |.a
|

=)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thanh ghi dung Trigger D

» Thanh ghi 4 bit vao noi tiép ra song song dung Trigger

D

i

0 liéu
T a D (I D 2 D
CLK N\, CLK N\ CLK N\, CLK
—a — —
/" CLR /" CLR /" CLR /" CLR
] O @ O
CLK
CLR
C{ e Py ] E A E A A £l A
:G'L l VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thanh ghi dich (Shift Register)

» Thanh ghi dich duoc ding dé:
« Bién d6i ma song song €= nai tiép
« Tao tré cho cac day tin hiéu s6
» Phan ttr co ban cuia thanh ghi dich la cac D flip flop noi
chudi ‘ndi tiép’ voi nhau

SERIAL IN

(1)

(2]

(3)

(4]

(5)

i
> ut ) SERIAL QUT

D @ D @ D @ D a D @
= = = = = =
A R R A R R
CLR OD
CLK } :
) (o= gmpomemm VIEN CONG NGHE THONG TIN VA TRUYEN THONG
:G'Ll ' ' 139




Cac loai thanh ghi dich

« Cac thanh ghi dich duoc phéan chia thanh cac loai sau:
» VA0 ndi tiép ra noi tiép (SISO), vi du: 4006 (18 nhip), 4517
(64 nhip), 4557 (64 nhip), 4562 (128 nhip) ...
» Va0 ndi tiép ra song song (SIPO), vi du: 4015 (4 bit), 4094
(8 bit), 74164 (8 bit) ...

- Vao song song ra ndi tiep (PISO), vi du: 4014, 4021,
74165, 74166... déu la cac thanh ghi 8 bit

* VVao song song ra song song (PIPO), vi du: 7495, 74195,
74395, 4035 (4 bit), 74323 (8 bit)...

» Thanh ghi dich van ning c6 thé dich theo hai chiéu, vi du
74194, 4194 (4 bit)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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