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Chwong 5
HE TUAN TU

5.1. KHAI NIEM CHUNG

Mach sb dugc chiathanh hai loai chinh : Hé to hop vahé tuan ty.

Dbi v6i hé to hop: tin hiéu ngd ra ¢ trang théi ké tiép chi phu thudc véo trang théi hién tai caa
ngd vao, ma bat chap trang tha hién tai ciangd ra. Nhu vay, khi cac ngd vao thay doi trang théi (bo
quathoi gian tré caatin hiéu di qua phan tir logic) thi lap tic ngd rathay doi trang théi.

Dbi voi hé tuan ty: Cac ngd rad trang tha ké tiép vira phu thudc vao trang tha hién tai cua ngd
vao, dong thoi con phu thudc trang théi hién tai caangd ra.

Do d6, van dé thiét ké hé tuan tu s3 khéc so v6i hé té hop vaco so thiét ké hé tuan ty |adyatrén
céc Flip - Flop (trong khi viéc thiét ké hé t6 hop duyatrén cac cong logic).

Maidc khéc, d6i voi hé tuan tu, khi cac ngd vao thay doi trang tha thi cac ngd ra khong thay doi
trang thai ngay ma cho dén cho dén khi c6 mot xung diéu khién (goi 1a xung dong hd Ck) thi luc d6
céc ngd ramai thay ddi trang thai theo cac ngd vao. Nhu vay hé tuan tu con co tinh ¢dng bo vatinh
nhd (co kha nang luu trix théng tin, lueu trir dit liéu), nén hé tuan tu 14 co so dé thiét ké cac bo nho.

5.2. BO PEM

5.2.1. Pai cwong
Bo dém duoc xay dung trén co so cac Flip - Flop (FF) ghép véi nhau sao cho hoat dong theo
mot bang trang tha (qui luat) cho trudc.
S6 lugng FF st dung lasd hang cuabo dém.
Bo dém con duogc s dung dé tao ra mot ddy dia chi caa lénh didu kién, dém sd chu trinh thuc
hién phép tinh, hoic c6 thé dung trong van dé thu va phéat ma
C6 thé phan loai bo dém theo nhiéu cach:
- Phan loai theo co si cac hé dém: By dém thap phan, bo dém nhi phan.
Trong d6 bo ¢ém nhi phan duoc chialam hai loai:
+ B0 dém véi dung lugng dém 2n.
+ B0 dém véi dung lugng dém khéc 2n (¢ém modulo M).
- Phan loai theo huwéng dém gom: Mach dém lén (dém tién), mach dém xudng (d¢ém 10i),
mach dém vong.
- Phan loai mach dém theo tin hiéu chuyén: b dém néi tiép, bd dém song song, bo dém
hdn hop.
- Phan loai dwa vao chirc ning diéu khién:
+ Bo dém dong bo: Sy thay d6i ngd ra phu thudc vao tin higu diéu kién Ck.
+ Bo dém khong dong bo.
Mic du ¢6 rat nhiéu cach phan loai nhung chi c6 ba loai chinh: B§ dém néi tiép (khdng dong
bo), Bd dém song song (d¢6ng bo), Bo dém hdn hep.
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5.2.2. B§ dém noi tiép

1. Khai niém

Bo dém ndi tiép labo d¢ém trong d6 cac TFF hoac JKFF gitr chirc nang cia TFF duoc ghép ni
tiép v6i nhau va hoat dong theo mot loai ma duy nhat 1a BCD 8421. Péi voi loai bo dém ndy, céc
ngd rathay do6i trang thé khong dong thoi vai tin higu diéu khién Ck (tirc khdng chiu s diéu khién
cuatin higu diéu khién Ck) do d6 mach dém ndi tiép con goi 1a mach dém khéng dong bo.

2. Phan loai

- Pémleén.
- Dém xudng.
- Pém lén /xuéng.
- Pém Modulo M.
a. bémlén
DPay labo dém cb noi dung tang dan. Nguyén tic ghép ndi cac TFF (hoic JKFF thuc hién chic
nang TFF) d¢é tao thanh bo dém néi tiép con phu thusc vao tin hiéu ddng bo Ck. C6 2 trudng hop
khéc nhau:
- Tin hiéu Ck tac dong theo suon xudng: TFF hodc JKFF dugc ghép ndi véi nhau theo qui

luat sau:
Cki+1 = Qi
- Ténhiéu Ck téc dong theo swon |én: TFF hoiac JKFF duoc ghép ndi véi nhau theo qui luat
sau:
Ckix1 = Qi
Trong &6 T ludn ludn gitr & mic logic 1 (T = 1) vangd ra caa TFF ding trudc ndi voi ngd vao
Ck cua TFF dung sau.

Dé minh hoa ching taxé vi du vé mot mach dém nbi tiép, dém 4, dém Ién, dung TFF.
S6 lwong TFF cin dung: 4 = 2°® dung 2 TFF.

Truong hop Ck tac déng theo siwon xuong (hinh 5.1a):

Ck \ / Q: Q

Sk Bk

Ckl CkZ

o] I

Hinh 5.1a
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Trurong hop Ck téc déng theo swon 1én (hinh 5.1b):

Ck f‘
@ Q
iy E:
Ckl CkZ
Ck Q
Clr T T
H 5.1b

Trong cé&c so dd mach nay Clr (Clear) 14 ngd vao x6a cia TFF. Ngd vao Clr téc dong muc thip,
khi CIr = 0 thi ngd raQ cua FF bi xdavé 0 (Q=0).
Gian d6 thoi gian cia mach ¢ hinh 5.1a:

1 2 3 4 5 7 8
=S 2 2 2 2 2 2
Q: 0 T 0 T 0 T 0 T
Qz 0 0 1 1 0 0 T I

Hinh 5.2a. Gian d6 thoi gian mgch hinh 5.1a

Bang trang thai hoat d¢ong ciia mach hinh 5.1a:

Xung vao Trang tha hién tai Trang théi ké tiép
Ck Q2 Q1 Q2 Q1
1 0 0 0 1
2 0 1 1 0
3 1 0 1 1
4 1 1 0 0
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Gian d6 thoi gian mach hinh 5.1b :

2 3 4 5 7 8

B B B B B N S N
QUI_OLOL 0 N T

Q2 0 1 1 0 0 T 1 0
Hinh 5.2b. Gidn do thoi gian mach hinh 5.1b
Bang trang thai hoat ¢ong ciia mach hinh 5.1b :

Xung vao Trang théi hién tai Trang théi ké tiép

Ck Q2 Q1 Q2 Q1

1 0 0 0 1

2 0 1 1 0

3 1 0 1 1

4 1 1 0 0

b. Bém xusng
Pay labo dém co noi dung dém giam dan. Nguyén tic ghép céc FF ciing phu thugc vao tin hiéu
diéu khién Ck:
- Tin hi¢u Ck tac dong suon xudng: TFF hoac JKFF dugc nghép nbi voi nhau theo qui luat

sau:
Ckix1 = al
- Tin hiéu Ck téc dong sxon xudng: TFF hoic JKFF duoc nghép ndi vai nhau theo qui luat
sau:
Ckis1 = Qi

Trong &6 T udn ludn gitr & mic logic 1 (T = 1) vangd ra cua TFF ding trudc ndi voi ngd vao
Ck cua TFF dung sau.
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Vidu: Xét mot mach dém 4, dém xudng, dém ndi tiép dung TFF.

S6 luong TFF cAndung:  4=2°p dung 2 TFF.

So d6 mach thuc hién khi sir dung Ck tac dong suon xudng va Ck tac dong sudn 1én lan luot
duoc cho trén hinh 5.3avab.3b :

Ck H Q. %

T 1_T

1
Ckl CkZ
ek Q
1

o ] ]

Hinh 5.3a

Q: O
1 17
| ok ] ok
Ck—]
Clr T T
H 5.30
1 2 3 4 5 7 8
k| v vl v v v v v
@ o[ 1 0 1 0 1 0 0
Q| v v
Q O 1 1 | 0 0 t t | 0 0

Hinh 5.4a. Gian do thoi gian mgch H 5.3a
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Bang trang tha hoat dong caa mach hinh 5.3a:

Xung vao Trang théi hién tai Trang théi ké tiép
Ck Q2 Q1 Q2 Q1
1 0 0 1 1
2 1 1 1 0
3 1 0 0 1
4 0 1 0 0
Gian 6 thoi gian ciia mach hinh 5.3b:
1 2 3 4 5 7 8

o« _1 0 L L g LA
Qo 1 o M 1 o M1 o M1 ]

Q@ of| 1 1 | O 0 1 1 [ 0

Hinh 5.4b. Gidn do thoi gian mach hinh 5.3b

Bang trang tha hoat ¢ong ctia mach hinh 5.3b :

Xung vao Trang tha hién tai Trang théi ké tiép
Ck Q2 Q1 Q2 Q1
1 1 1 1 0
2 1 0 0 1
3 0 1 0 0
4 0 0 1 1

c. Pém lén/xusng:

Goi X latin hiéu diéu khién chiéu dém, ta quy uéc:
+ Néu X = 0 thi mach ¢ém Ién.
+ Néu X =1 thi ¢ém xudng.

Taxét 2 truong hop cuatin hiéu Ck:
- Xé tin higu Ck tac dong swon xudng:
Ldc d6 taco phuong trinh logic:
Ck,, =X.Q +XQ, =X A Q,
- Xé tin hiéu Ck tac dong swon Ién:
Ldc @6 taco phuong trinh logic:
Ckiy =XQ +X.Q =XAQ,
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d. Pém modulo M:

Day labo dém ndi tiép, theo ma BCD 8421, ¢6 dung lwong dém khéc 2".

Vi du: Xét mach d&ém 5, dém |én, dém ndi tiép.

S6 lwong TFF cAndung: Vi2°=4<5<8=2%b duing 3 TFF.

Vay b dém nay s3 ¢6 3 dau ra (cha y: S6 luong FF tuong Gng véi sd dau ra).
Bang trang thai hoat d¢ong ciia mach:

Xung véo Trang tha hién tai Trang théi ké tiép
Ck Qs Q2 Q1 Qs Q2 Q1
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 1 0 0 1/0 0 1/0

Néu dung 3 FF thi mach c6 thé ¢ém duoc 8 trang thai phan biét (000 ® 111 twong tng 0® 7).
Do d6, dé sir dung mach nay thyc hién &ém 5, dém |én, thi sau xung Ck thi 5 tatim céch duatd hop
101 vé 000 c6 nghia |a mach thyc hién viéc dém lai tir to hop ban dau. Nhu vay, bo dém s3 dém tur
000 ® 100 vaquay vé 000 tro lai, ndi céch khéc tada dém duoc 5 trang thai phan biét.

Dé x6abo ¢ém vé 000 ta phan tich: Do t6 hop 101 ¢ 2 ngd ra Qy, Qs dong thoi bang 1 (khéc véi
céc t6 hop truge d6) (day chinh la diu hiéu nhan biét dé diéu khién x6a bo dém. Vi vay dé xda bo
dém vé 000:

- Ddi voi FF c6 ngd vao Clr téc dong mirc O thi ta ding cong NAND 2 ngd véo.
- Ddi voi FF c6 ngd véo Clr téc dong mirc 1 thi tading cong AND ¢6 2 ngd vao.

Nhu vay so d6 mach ¢ém 5 la so d6 cai tién tir mach dém 8 bang cach mac thém phén tir cong
NAND (hoic cong AND) c6 hai ngd vao (tly thuoc vao chan Clr tac dong mic logic O hay mirc
logic 1) dugc ndi dén ngd ra Q; va Qs, vangd ra cia cong NAND (hoic AND) s& duoc ndi dén ngd
vao ClIr ciabd dém (ciing chinh 1angd vao Clr cia cac FF).

Trong truong hop Clr tac dong mic thip so d6 mach thyc hién dém 5 nhu trén hinh 5.5 :

Ql Qz Q3 /I\
. j—DD*
T T

1
q Ckl ] d Ckz i _q Ck3

ar ] T i

Hinh 5.5. Mach @ém 5, démlén
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8 9 10

< IR BV 2 I BV BV B IR R R R

@ O[T 0T

0 0
0 0
0

Hinh 5.6. Gidn do thoi gian mach dém5, démlén

Chuay:

Do trang thé cuangd ralakhéng biét trugc nén dé mach cé thé dém tir trang théi ban dau 12000
ta phai dung thém mach xda ty dong ban dau dé x6a bo dém vé 0 (con goi |a mach RESET ban
dau). Phuong phép thyuc hién la dung hai phan tir thu ¢ong R va C.

Trén hinh 5.7 1& mach Reset mirc 0 (t&c dong mirc 0). Mach hoat dong nhu sau: Do tinh chat
dién &p trén tu C khdng dot bién dugc nén ban dau méi cap nguon Vee thi Ve =0 (ngdraClr = 0
va mach c6 téc dong Reset xda bo dém, sau d6 tu C duoc nap dién tir ngudn qua dién tro R véi thoi
hang nap lat = RC nén dién 4p trén ty ting dan, cho dén khi tu C nap day thi dién &p trén ty xap xi

bang Veec b ngd ra Clr = 1, mach khdng con tac dung reset.

VCC

Chuy khi thiét ké:  V&i mot FF, ta biét duoc thoi gian x6a (co trong v
Datasheet do nhasan xuat cung cip), do d6 ta phai tinh toan sao cho thoi 15 o
gian tu C nap dién tir gia tri ban dau dén gia tri dién &p ngudng phai 16n ?
hon thoi gian x6a cho phép thi mai dam bao x6a dugc céc FF. —=c1

Mach cho phép x6abo dém tu ¢ong (H 5.8) vabang tay (H 5.9): 1],

Qs

Q2

Hinh 5.7. Mach
Reset murc O

QB/I\

[
py)
-

Q
—(

¢ ok —PCh |

Ck,

Cks

-

[
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Q: Q2 Qs /I\

ye© Ck | Ck | Ck
C?( 'Cﬁ 1 I 2 _q 3

- C

[

1
g |
l r N
J;i Hinh 5.9. Mach cho phép x6a bg demtir dong va bang tay

Uu diém caabo dém nbi tiép:  Pon gian, dé thiét ké.

Nhuoc diém: Vai dung lwong dém Ion, sd lwong FF sir dung cang nhiéu thi thoi gian tré tich liy
kh& Ion. Néu thoi gian tré tich iy 16n hon mot chu ky tin hiéu xung kich thi 1Gc bay gio két qua
dém s3 sai. Do @6, dé khac phuc nhugc diém ndy, nguoi ta s dung b dém song song.

5.2.3. B$ dém song song

1. Khai niém

Bo dém song song labo dém trong d6 cac FF méc song song véi nhau va cac ngd ra sé thay doi
trang thé dudi sy diéu khién caa tin hiéu Ck. Chinh vi vady ma nguoi ta con goi bd dém song song
labo dém dong bo.

Mach dém song song dugc sir dung véi bat ky FF loai ndo va co thé d¢ém theo qui luat bat ky
cho trugc. Vi vay, dé thiét ké bo dém dong bo (song song) nguoi ta dya vao céc bang dau vao kich
cua FF.

2. Mach thyc hién

Dbi v6i bo dém song song di ¢ém 1én hay ¢ém xudng, hoic 1a &ém Modulo M (d¢ém lén/dém
xudng) déu co céach thiét ké chung va khdng phu thudc vao tin higu Ck tac dong suon Ién, suon
xudng, mirc 0 hay muc 1.

Céac budc thyc hién:

- Tir yéu cau thyc té x&y dung bang trang tha hoat dong caabo dém.
- Dua vao bang du vao kich cua FF tuong ung dé xdy dung cac bang ham gia tri cua cac
ngd véo di liéu (DATA) theo ngb ra.
- Dung céc phuong phép tbi thiéu dé tdi thiéu hda cac ham logic trén.
- Thanhlap so d6 logic.
Vi du:
Thiét ké mach dém dong bo, dém 5, dém Ién theo ma BCD 8421 dung JKFF.

Trudc hét xéc dinh sd JKFF can dung: Vi 22=4<5<8=2%pb diung3JKFF b c63ngdraqQ,

Q2, Qs.

Tacd bang trang thd mo ta hoat dong cua bo dém nhu sau:
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Xung vao Trang théi hién tai Trang théi ké tiép
Ck Qs Q2 Q1 Q3 Q2 Q1
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 1 0 0 0 0 0

O chuong 3 ching ta d& xay dung duoc bang dau vao kich cho céc FF va da co duoc bang dau

vao kich téng hop nhu sau:
Qn Qn+l Srl Rn Jn K n Tn Dn
0 0 0 X 0 X 0 0
0 1 1 0 1 X 1 1
1 0 0 1 X 1 1 0
1 1 X 0 X 0 0 1

Tur d6 ta suy rabang ham giatri ciia cac ngd vao data theo cac ngd ra nhu sau :

Xung |Trangthéai hién tai | Trang thai ké tiép

vao | Qs Q2 Q1 | Q3 Q2 Qi [Jz Ks|J2 K| J1 Ky
1 0 0 0 0 0 1 0 X 0 X 1 X
2 0 0 1 0 1 0 0 X 1 X X 1
3 0 1 0 0 1 1 0 X X 0 1 X
4 0 1 1 1 0 0 1 X X 1 X 1
5 1 0 0 0 0 0 X 1 0 X 0 X




Chuwong 5. Hé tuan ty

Trang 111

Lap bang Karnaugh dé téi thiéu hoataduoc:

J1\ Q:Q:2
00 01 11 10
0 1 1 X 0
1| x X X X
h=Q
J2\ Q:Q2
Q 00 01 11 10
Ol o X X 0
1{ 1 X X X
b=
Ja\ Q:Q2
00 01 11 10

1] O 1 X X

J=0Q1Q2

KnQ:Q2

00 01 11 10

1] x 1 X X

K3:1:Q3261:Q_2

Luwu y: Khi thiét ké tinh toan ta diing cac phuong phép tdi thiéu dé dua vé phuong trinh logic toi
gian. Nhung trong thyc té thi déi Iuc khéng phai nhu vay. Vi du: Kz =1, Ks= Qs hayKzs= Q ,

d&u dang, nhung khi 14p rép thyc té tachon K3= Q , dé tranh day ndi dai gay nhidu cho mach.

So db logic: Hinh 5.10
Ql \ Q2 T Q3
A Q 2 Q 4|’D1 B Qs
Cks . Cke Cks
C - - | - —
‘ K1 Q K2 Q, Ks Qs Q
Clr

Hinh 5.10. So' d6 mach démén @ém’5, dém song song
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Giai thich hoat déng cia by dém:
- Bandau dingmachRCx6avé 0b Q;=Q,=Q;=0.
J=Ki=1;%b=K,=Q;=0;%=0,Ks=1.
- Khi Cki—N TCac trang théi ngd ra déu thay dbi theo trang thé ngd vao DATA trudc dé.
h=Ki=1 b Q=Q°=1.
L=Ky=1 b Q=Q%=0.
Jk=0,Kz=1P Qs=1bétchap trang thé trusc do.
(Hoic k=0,Ks=0P Q= Q2=0) b QyQQ; =001
Lac d6: h= Ki= Q, = 1; 1=K, = Q= 1; 1:=Q,.Q1= 0, K5 = 1.
(Hoac K3 = Q3 =0).
- KhiCke £
h=Ki=1 b Q=Q'=0.
L=Ky=1 b Q=0Q.=1.
%=0,Kz=1b Q3=0.
(Hoic k=0,Ks=0bP Qs=Q.=0) b Qs Q. Q,=010.
LOcd6: h=Ki= Q,=1;%b=K,=Q=0;%=0,Ks= 1.
(Hoic K3 = Q, = 0).
- KhiCks £
h=Ki=1 b Q=0Q*=1.
L=K;=0 b Q=Q%=1
J3=0,Kz=1 P Q;=0 bit chip trang tha trudc do.
(Hoick=0,Kz=0b Q;=Q2=0) b Q;Q, Q; =011
Lacd6: h=Ki=Q,=1; =K = Q1= 1; = Q.Qi= 1, K3 = 0.
(Hoac K3 =1).
- KhiCke AT
h=Ki=1 b Q=Q=0.
L=K;=1 b Q=0Q=0.
J=0,Ks=1 P Qz;=1 bit chip trang tha trudc do.
(Hoic k=0,Ks=0P Q3=Q%=0) b Qs Q; Q= 100.
Lac d6: k= Ki= Q, = 1; = Ko= Q1= 0; Js= Q2.Q1 = 0, K3 = 1.
(Hoac Kz = Q3 =0).

- KhiCks £

J=K;=1 DleQfZO.
L=Kz=1 b Q=Qi=0.
Jk=0,Kz=1P Qs=0 bat chip trang thé trudc dé.
P Q3Q2Q1=000.
Lacdo: h=Ki=Q,=1; = K= Q= 0; 3= Q.Q; = 0, K5 = 1.
Mach tré vé trang théi ban dau.
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5.2.4. Pém thuan nghich
Dé thiét ké mach cho phép vira dém 1én vira ¢ém xudng, ta thuc hién nhur sau:
- Céch1l: Lap ham Jan, Juéng Kien, Kxuéng (Qia Sr ta dung JKFF).
Goi X latin hiéu diéu khién. Xét 2 truong hop:
+ Néu quy uéc X = 0: @ém lén; X = 1: &ém xudng.
Ldc d6 ta co phuong trinh logic:
J = X.Jmn + X, Juéng
K = X. Kign + X. Kxiéng
+ Néu quy uéc X = 1: démlén; X = 0: dém xudng.
Ldc @6 ta co phuong trinh logic:
J =X Jen+ X . Jng
K = X. Kign + X Kxuéng

- Céch2:  Lap bang trang théi tong hop cho ca dém lén vadém xudng.

Xungvao | X | Trangthdi h.tai | Trangthdi ké | Jz Kz | J» Ko | Ji K;
1
2

Sau d6 thyc hién cac budc gidng nhu bd dém dong bo.

5.2.5. Pém hén hop

Bo dém hdn hop 1abo dém ma trong d6 bao gdm ca dém nbi tiép va dém song song. Pay labo
dém ché tao kha nhiéu trong thuc té va kha nang ung dung caa b dém hdn hop khé Ién so vai bo
dém song song.

Vi du: B§ dém 7490 bén trong bao gom 2 by dém d6 1abd dém 2 ndi tiép va bs dém 5 song
song. Hai bo dém nay tach roi nhau. Do d6, tly thudc vao viéc ghép hai bo dém ndy lai véi nhau ma
mach ¢d thé thuc hién dugc viéc dém thap phan hoic chiatan sb.

Trwong hep 1: 2 ndi tiép, 5 song song (hinh 5.11).

Q Q@ & Q
L 7 Bo aém Bs dém 5
Ck 2 ndi Song song
Gl “ygp | —dpChe

ar | i

Hinh 5.11. B¢ dém 2 néi tiép ghép véi bg dém 5 song song
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Qi ciabg dém 2 giir vai trd xung Ck cho bo ¢ém 5 song song.
Gian d6 thoi gian ciaa 2 ndi tiép 5 song song (hinh 5.12) :

1 2 3 4 5

Ii
|

Hinh 5.12. Gian do thoi gian 2 néi tiép ghép véi 5 song song
Nhan xét: Céch ghép ndy ding dé d¢ém thap phan, nhung khong ding dé chiatan sb.
Bang trang thai mé ta hoat dong cuaa mach:

Xung vao Trang tha hién tai Trang théi ké tiép
Ck QG Q& Q@ Q | Q Q Q O
1 0 0 0 0 0 0 0 1
2 0 0 0 1 0 0 1 0
3 0 0 1 0 0 0 1 1
4 0 0 1 1 0 1 0 0
5 0 1 0 0 0 1 0 1
6 0 1 0 1 0 1 1 0
7 0 1 1 0 0 1 1 1
8 0 1 1 1 1 0 0 0
9 1 0 0 0 1 0 0 1
10 1 0 0 1 0 0 0 0

Truong hop 2: 5 song song, 2 ndi tiép.

QA Q@ Q Qs

Bo dém 5 J Bodem?2]

song song noi tlép
H Ckl Lr—d CkZ

K

O
Clr T

Hinh 5.13. Bé dém 5 song song ghép véi 2 nai tiép

Qs caabd ¢ém 5 song song gitr vai trd xung Ck cho bo dém 2.
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Gian 6 thoi gian ciia 5 song song noi tiép 2.

< 20 2 B2 B 2 R R R R
o O[T L T LT

Q 0 O 0 0 1 0 0 0 T 0

Q2 0 o0 o O 0|1111

F

Hinh 5.14. Gidn do thoi gian dém 5 song song ghép 2 nai tiép

Nhan xé: Céch ghép ndy khong duoc dung dé dém thap phan, nhung lai thich hop cho viéc
chiatan s5.
Bang trang thai mé ta hoat dong cua mach :

Xung vao Trang thai hién tai Trang théi ké tiép
Ck Qs Q Q Qs Q2 Q
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5.3. THANH GHI DICH CHUYEN VA BQ NHO

5.3.1. Khai niém

Thanh ghi dich va b nhé déu dugc tng dung trong luu trir dir lidu, trong d6 thanh ghi do kha
nang luu trir caa nd cd han nén chi duoc sir dung nhu bo nhé tam thoi (luu két qua céc phép tinh).
Con bo nhé ¢ kha niang luu trir c&c bit dir liéu kha 1on, vé mic ciu tao bo nhé dugc xay dyng trén
co s& c&c thanh ghi (Nhiéu thanh ghi hop thanh bo nhé)

5.3.2. Thanh ghi dich chuyén
1. Khai niém

Thanh ghi dugc x&y dung trén co so c&c DFF (hoac cac FF khéc thuc hién chiac nang cua DFF)
vatrong d6 moi DFF s2 luu trit 1 bit dit liéu.
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Dé tao thanh ghi nhiéu bit, nguoi ta ghép nhiéu DFF lai v6i nhau theo qui luat nhu sau:
- Ng6 ra caa DFF ding truéc duoc ndi voi ngd vao DATA caa DFF sau (Di+1 = Q) ( thanh
ghi c6 kha nang dich phai.
- Hoic ngd ra caa DFF dung sau duoc néi voi ngd vao DATA ciua DFF dung truge (D; =
Qi+1) (thanh ghi c6 kha nang dich tréi.

2. Phan loai

Phan loai theo sb bit dir lidu luu trir: 4 bit, 5 bit, 8 bit, 16 bit, 32 bit. i véi thanh ghi [on 8 bit,
nguoi ta khdng dung ho TTL madung ho CMOS.
Phan loai theo hudng dich chuyén dix liéu trong thanh ghi:
- Thanh ghi dich trai.
- Thanh ghi dich phai.
- Thanh ghi vira doi phai vira doi trai.
Phén loai theo ngd vao di liéu:
- Ng8 vao dit liéu ndi tiép.
- Ngd vao dir liéu song song: Song song khdng dong bg, song song dong bo.
Phan loai theo ngo ra:
- Ng@ ranbi tiép.
- Ngb ra song song.
- Ng@ ravirani tiép vira song song.

3. Nhap dir liéu vao FF

Nhap dit liéu vao FF bang chan Preset (Pr): (xem hinh 5.15)
- Khi Load = 0: Cong NAND 3 va2 khéa® ngd vao Pr=Clr=1
® FFtedo® dirlieu A khéng nhap vao duoc FF.
- Khi Load =1 : Céng NAND 2va3mé, tacd: Pr= A, Clr = A.
NéUA=0® Pr=1,ClIr=0® Q=A=0.
NéUA=1® Pr=0,ClIr=1® Q=A=1. Load
Vay Q = A® dir liéu A dugc nhap vao FF. 1
Tuy nhién, cach ndy phai ding nhiéu cong logic khdng kinh té va phai
diing chan Clr 14 chan xda nén phai thiét ké x6adong bo.

Pr Clr

Hinh 5.15
Pé khic phyc nhirng nhuoc diém d6 ding mach nhu trén hinh 5.16
- Chan ClIr dé tréng tuong duong véi mic logic 1.
- Khi Load = 0 : cong NAND khéa® Pr = Clr =1 ® FF tu do. Dix
liéu khdng duogc nhap vao FF.
- KhiLoad=1:cbngNAND Mo ® Pr= A. Pr Clr
Gia sir ban dau : Q = 0.
NéuA=0® Pr=1,Clr=1b Q=Q°=0. T
NéuUA=1® Pr=0,Clr=1b Q=1. L oad
Vay Q = A ® Dit liéu A duoc nhap vao FF. A
Chly: Phuong phép ndy doi hoi trude khi nhap phai x6a FF vé 0.

Hinh 5.16
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Vidu: Xé& mot thanh 4 bit c6 kha nang doi phai (hinh 5.17).
A | B | C D
Load dj dj ej
l Q l Q2 l Qs Qs
PSR A Q T 2 Q /.P B Qs T Y Q L
5 Cky Ck; Cks Cky
T | v ] v
K1 Q K2 Q, Ks Q; Ka Q,
O C
Clr W
Hinh 5.17. Thanh ghi dich phdi
Trong do:

- DSR (Data Shift Right): Ngd vao Data ndi tiép (ngd vao dich phai).
- Q1, Q2,Q3, Q4 : cac ngd ra song song.
Dé giai thich hoat dong cia mach, ta dya vao bang trang thé caa DFF.
Gia sir ban dau: Ngd vao nhap Load =1 ® A, B, C, D dugc nhap vao thanh ghi dich:
Qi=A,Q=B,Q=C Q=D.
Hoat dong dich phai cua thanh ghi:
- Xé& FFi: D= DSRl, Ql =A.
NéuDSR;=0® Q=0;néuDSR;=1® Q=1.
Két luan:  Sau mot xung Ck téc dong suon xudng thi Q; = DSR;.
- Ldcdo FFz, FFg,FF4 . Qz = A, Qg = B, Q4 =C.

Tuc 1a sau khi Ck téc dong swon xudng thi ndi dung trong thanh ghi duogc doi sang phai 1 bit.
Sau 4 xung, dir liéu trong thanh ghi duoc xuit ra ngoai va noi dung DFF duoc thay thé bang céc dir
ligu tir ngd vao DATA ndi tiép DSR;, DSR,, DSR3, DSR,.

Taco bang trang thd hoat dong caa mach:

Xung Trang thai hién tai Trang théi ké
vao Q1 Q. Qs Qa4 Q: Q> Qs Qa4
1 A B C D DSR; A B C
2 DSR; A B C DSR, | DSR; A B
3 DSR; | DSR; A B DSR; | DSR; | DSR; A
4 DSR; | DSR, | DSR; A DSR; | DSR; | DSR, | DSR;

Truong hop ngd ra Q dugc ndi v6i ngd vao dir liéu ndi tiép DSR (hinh 5.18).




Bai giang KY THUAT SO Trang 118
Pr Pr Pr Pr
AN ey o7y I -y 73 I ey o3 B e o7y S
| Cky # Ck Cks Cky
C« —| ] _ _ _
K1 Q Kz Q, Ks Q; Ka Q,
[©] J C C \‘
Clr '
Hinh 5.18.

Taco bang trang tha hoat dong cia mach hinh 5.18:

Xung Trang théai hién tai Trang thai ké

vao Q1 Q2 Qs Q4 Q1 Q2 Qs Q4
1 0 0 0 0 1 0 0 0
2 1 0 0 0 1 1 0 0
3 1 1 0 0 1 1 1 0
4 1 1 1 0 1 1 1 1
5 1 1 1 1 0 1 1 1
6 0 1 1 1 0 0 1 1
7 0 0 1 1 0 0 0 1
8 0 0 0 1 0 0 0 0

Day la mach dugc tng dung nhiéu trong thyc té.

5.3.3. B nhé

1. Cac khéai niém
- Té bao nhé (Memory cell)
D6 lathiét bi hay mach dién tir dung dé luu trix 1 bit.

Vi dy: FF dé luu trix 1 bit, tu dién khi nap dién thi luu trix 1 bit, hoic mot diém trén bang ti.
- Twnhé (Memory word )
Lanhom céc bit & trong mot bo nha.
Vi du: Mot thanh ghi gdm 8 DFF ¢6 thé luu trit tir nho 1a 8 bit.
Trong thyc té, kich thuéc caatir nhd o6 thé thay doi trong céc loai méy tinh tir 4 (64 bit.

- Byte

Mot nhdm tir nhé 8 bit.
- Dung lwgng bg nhé

Chi kha nang luu trir cia by nhé.
Vidyu: 1K =21 2K =2 4K =2% ;1M =2%.

- Piachi

Duing dé x&c dinh c&c viing cia céc tir trong bo nhé.

Xét bo nhé gdm 16 ngan nhé tuong duong 16 tir, ta cin dung 4 duong diachi (2° = 16 ® ¢6 4
duong diachi). Nhu vay c6 méi quan hé giira dia chi va dung luong bo nho.
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Vi du : Bé quan Iy dugc bo nhé ¢6 dung lugng 148 Kbytes thi can 13 duong dia chi.
- Hoat dong doc (READ)
Doc laxuat dir liéu tir bd nhé rangoai.
Dé doc ndi dung mot 6 nhé can thuc hién:
+ Duadia chi tuong trng vao cac duong dia chi A.
+ Khi tin higu diéu khién doc tac dong thi 1Gc bay gio dit liéu chira trong céc ngian nhé tuong
{rng v6i ving dia chi xéc dinh & trén s3 duoc XUt rangoai.
- Hoat dgng viét (WRITE)
Viét laghi dir liéu tir bén ngodi vao bén trong bo nha.
Mubn viét phai thuc hién:
+ Dbat céc dia chi twong tng 1én c&c duong dia chi.
+ Pit dir liéu can viét véo bo nho [én cac duong dir liéu.
+ Tich cuc tin hiéu diéu khién ghi.
Khi ghi dir liéu tir bén ngodi vao bén trong bo nhé thi dir liéu cii s mét di va dugc thay thé bang
dix liéu méi.
- Bo nhé khong bay hoi
Chi loai bd nhé madit liéu khdng mét di khi mat ngudn dién.
- B0 nhé bay hoi
Chi loai bd nhé luu trir dit lidu khi cdn ngudn dién va khi mat ngudn dién thi dit liéu s bi mat.
- RAM (Random Access M emory)
Boii nh¢ truy xuat ngau nhién, doc viét tly y, con duoc goi 1a RWM (Read/Write Memory). Bay
la loai bo nhé cho phép doc dir liéu chira bén trong ra ngod va cho phép nhap dir liéu tr bén
ngoai vao trong.
- ROM (Read Only M emory)
Bo nhd chi doc. Chi cho phép doc dir liéu trong ROM ra ngod ma khéng cho phép di li¢u ghi
dix liéu tir bén ngoai vao trong bo nho.
- SM (Static Memory)
Bo nhé tinh & loai bo nhé luu trix dir liéu cho dén khi mat dién &p cung cip ma khdng can lam
tuoi dir liéu bén trong. Vi du: SRAM.
- DM (Dynamic Memory)
Bo nhé dong 1aloai bo nhé cd thé mat di liéu khi dién &p cung cip chua bj mét, vi vay can co co
ché 1am twoi dir liéu. Uu diém caaloai bo nho ndy 1atdc do truy xuat nhanh, giathanh ha. Vi dy:
DRAM.
- B nhé tuan ty
Vidy: Diamém, diacing, bang tir.

2.ROM (Read Only Memory)

- MROM (Mask ROM): Pugc lp trinh béi nha sin xuit.
Uu va nhugc diém: Chi ¢6 tinh kinh t& khi san xuat hang loat nhung lai khéng phuc hoi duoc khi
chuong trinh bi sai hong.

- PROM (Programmable ROM): Pay la loai ROM cho phép l4p trinh boi nha san xuat. Nhugc
diém: Néu hong khéng phuc hoi duoc.

- EPROM (Erasable PROM): D6 la loai PROM c¢6 thé x6a va lap trinh lai. C6 hai loai
EPROM: EPROM dugc x6a bing tia cuc tim (Ultralviolet EPROM) va EPROM xda bang xung
dién (Electrical EPROM). Tudi tho cia EPROM phu thugc vao thoi gian x6a.
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Ung dung ciza ROM: Chta chuong trinh diéu khién vao ra caa méy tinh, PC, nP, nC, ROM BIOS
(ROM Basic Input/Output System). Dung dé chira ky tu: ROM ky ty. Dung dé chira cac bién doi
ham.

Al D0
A, Bl
Az ROM D 2
Ag 16 x 8 Dj
CS Ds
- 9 Ds
D~

Hinh 5.19. So' @6 khdi ciia ROM 16x8 = 128 hit

3.RAM (Random Access M emory)

DRAM: RAM dong, lam viéc theo hai pha. M6t pha chon dia chi hang, mot pha chon dia chi cot.
Do d6, sb chan diachi thuc hién trén |C nho hon mat nita so véi RAM hoic ROM.

SRAM : RAM tinh, c6 téc do truy xuit nhanh hon DRAM, do d6 giathanh ché tao dat hon.

4.T6 chirc bd nhé

I —
o113 13 13 13
g 9 9 9 n
8 1?/: 8 1?/: 8 1?/; 8 1?/;
7 7 a 1 I " 7
ROM RAM, RAM; RAM3
13 8 13 8 13 g| |13 8
e L / / / / L /
/ ! 7 7 7 T 7 !
RAM, RAM; RAMg RAM-

Hinh 5.20. Té chizc bé nhé

Gia sir CPU hay P ¢6 16 duong dia chi va 8 duong dir ligu. Néu ding dé quan ly bo nho thi
quan ly dugc dung luong bo nhé t6i dala 64 K Bytes (2'° = 64K).

Gia s 64 KBytes phan thanh cac loai sau: 1 ROM 8K, va7 RAM 8K.

Dé chon lan luot tirng bo nhé dé xuat dix liéu vavi con thira 3 dudng dia chi 12 Az, A1s, Ags nén

tadung mach giai mate 3® 8.

Trén hinh 5.21 la so ¢6 mach giai ma dia chi ding 1C 74138.
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Chuwong 5. Hé tuan ty

Yo (CS/ROM )

. Y,(CS/RAM; )

Y, (CS / RAM, )

Y3 (CS / RAM3 )

b Y4(CS/RAMy)

b Ys5(CS/RAMs )

L Ye(CS/RAMg)

Y, (CS / RAM; )

IC 74138

3® 8

Az

A15

Hinh 5.21. Mqach gidi ma dia chi

Ban do bo nhé caa hé thong:

ROM

Py
>
<

RAM>

RAM3

RAM4

RAMs

Py
>
<

Py
>
<

DPia chi Hex

Az Aa Az|Ao A1n Ao Ag Ag A7 As As Ay Az A A Ao

0 0 0[00O0OOOGO OO OO OGO OTOO|[0 0 O OH
0001111111111 1111 FF FH
0 0 1/0 000 00ODOOGOT OT OGO OTGO|[2000H

o 601j127121111111111 13 F FFH

1 0/00000O0O0O OGO OGO 0T OT OGO O[400OH
10/1 1111111111115 FFFH
1 1/0 000 00O0O0OGOGOT OT OGO 0|6 0O0O0OH
1111111 1111111117 FFFH

0

0

1 00 02111111111 1119 F F FH
1 0 1.0 0 0O OO O OOOOOT OU OAOOPG OH

1 0 00 0 0O OO O O O OOOOTUO|]8 0O

1 6001j2 121111111111 1B F F FH

1 0/0 000O0O0OGOT OGO OTOT OGO O|COOOH

1 0/1 11111111111 1|DFFFH
1 1/0 0 00O0O0O0O0OTO OGO OGO O|EOOOH

1
1

1121 1111111111 1F F FFH

1




