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Chuong 5

HE TUAN TU

5.1. KHAI NIEM CHUNG

Mach sé dudc chia thanh hai loai chinh : Hé t6 hop va hé tuan tu.

Déi véi hé t6 hop: tin hiéu ngd ra § trang thai ké tiép chi phu thudc
vao trang thai hién tai ctia ngd vao, ma bat chip trang théi hién tai cta
ngd ra. Nhu vay, khi cac ng6 vao thay déi trang thai (bd qua thdi gian
tré ctda tin hiéu di qua phan td logic) thi l4p tic ngo ra thay doi trang
thai.

D6i vdi hé tuan tu: Cdc ngd ra § trang thai ké tiép viia phu thudc
vao trang thdi hién tai cta ngd vao, dong thdi con phu thudc trang thai
hién tai cua ngo ra.

Do dd, van dé thiét ké hé tuin tu s& khac so véi hé t6 hop va co sé
thiét ké hé tuan tu 1a dua trén cac Flip - Flop (trong khi viéc thiét ké
hé t6 hop dua trén cac cong logic).

Mic khac, d6i véi hé tudn tu, khi cac ngo vao thay doi trang thai thi
cac ngd ra khong thay doi trang thai ngay ma chd dén cho dén khi ¢
mot xung didu khién (goi 1a xung dong hd Ck) thi lic dé cac ngd ra
mdi thay doi trang thai theo cac ngd vao. Nhu vay hé tudn tu con cd
tinh déng bo va tinh nhé (cé kha ning luu tri thong tin, luu tri di
liéu), nén hé tudn tu 1a co sé dé thiét ké cac bo nhd.

5.2. BO DEM

5.2.1. Dai cuong

Bo dém dugc xay dung trén co sé cac Flip - Flop (FF) ghép vdi nhau
sao cho hoat dong theo mot bang trang thai (qui luat) cho trudc.

S6 luong FF st dung 1a sé hang ctia bo dém.

B6 dém con dudc st dung dé tao ra mot day dia chi cia lénh diéu
kién, dém s6 chu trinh thuc hién phép tinh, hodc c6 thé dung trong vin
dé thu va phat ma.
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C4 thé phan loai bo dém theo nhiéu cach:

- Phan loai theo co s cac hé dém: Bo dém thap phan, bo dém nhi
phan.

Trong dé bd dém nhi phan dudc chia 1am hai loai:
+ B0 dém vdi dung lugng dém 2".
+ B0 dém véi dung lugng dém khac 2" (dém modulo M).

- Phan loai theo hudéng dém gdm: Mach dém 1én (dém tién), mach
dém xudng (dém 1ui), mach dém vong.

- Phan loai mach dém theo tin hiéu chuyén: bo dém ndi tiép, bo
dém song song, bd dém hdn hop.

- Phan loai dua vao chiic ning diéu khién:

+ Bo dém ddng bo: Sy thay doi ngd ra phu thude vao tin hiéu
diéu kién Ck.
+ B0 dém khong dong bo.

Mic du c6 rat nhiéu cach phan loai nhung chi c¢d ba loai chinh: B
dém noi tiép (khong ddéng bd), Bo dém song song (dong bo), Bo dém
hén hop.

5.2.2. B§ dém néi tiép

5.2.2.1. Khai niém

Bo dém ndi tiép 1a bo dém trong dd cdc TFF hoic JKFF giii chic
ning cta TFF dudc ghép ndi tiép vdi nhau va hoat dong theo mdt loai
ma duy nhét 13 BCD 8421. Déi vdi loai bd dém nay, cac ngo ra thay
doi trang thai khong dong thdi véi tin hiéu diéu khién Ck (tdc khong
chiu su diéu khién cta tin hiéu diéu khién Ck) do dé mach dém ndi
tiép con goi 1a mach dém khong dong bo.

5.2.2.2. Phan loai
- Pém lén.
- Pém xudng.

Dém 1én /xudng.
Modulo M.



Bai gidng Ky Thudt S¢ Trang 126

a. Dém lén
Pay 13 bd dém cd nodi dung dém ting dan. Nguyén tic ghép ndi cdc
TFF (hodc JKFF thyc hién chiic ning TFF) dé tao thanh bo dém ndi
tiép con phu thudc vao tin hiéu diéu khién Ck. C4 2 trudng hop khac
nhau:
- Tin hiéu Ck tac dong suon xudng: TFF hodc JKFF dugc nghép
ndi véi nhau theo qui luat sau:
Cki,, =Q,
- Tin hiéu Ck tac dong sudng xudng: TFF hodc JKFF dugc nghép
ndi véi nhau theo qui luat sau:
Ck,, = Q;
Trong do T ludn ludn gitt 6 muic logic 1 (T = 1) va ngd ra cua TFF
diing trudc ndi véi ngd vao Ck cia TFF duing sau.
D& minh hoa chung ta xét vi du vé mot mach dém ndi tiép, dém 4,
dém lén, dung TFF.
S6 luong TFF can dung: 4 = 2> = dung 2 TFF.
Trudng hop Ck tac dong theo suon xudng (hinh 5.1a):

ckl v Q,

Q
fip e

cx P P Cha
Clr T T

Hinh 5.1a

Truong hop Ck tac dong theo suon Ién (hinh 5.1b):
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ckt L
Q, Q,
it I J
o Ck, o) Ck,
Clr T T

HS.1b

Trong cac so do mach nay Clr (Clear) 1 ngd vao xoa clia TFF. Ngo
vao Clr tdc dong muc thap, khi Clr = 0 thi ngd ra Q cua FF bi xda vé
0 (Q=0).

Gian do thoi gian ctia mach & hinh 5.1a :

1 2 3 4 5 7 8

Ck v
Q, 0 1 0 1 0 1 0 T
o, 0 0 . ) 0 0 1 I

Hinh 5.2a. Gidn d6 théi gian mach hinh 5.1a

Bang trang thai hoat dong cua mach hinh 5.1a:

Xung vao | Trang thai hién tai Trang thai ké tiép

Ck Q Q, Q Q,
1 0 0 0 1
2 0 1 1 0
3 1 0 1 1
4 1 1 0 0

Gian do thoi gian mach hinh 5.1b :
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1 2 3 4 5 7 8
Ck] |
Q [ 0 1 0 1 0 Lo
Q, 0 1 0 1 0 1 0 A1
Q, 0 [ i 0 0 T ] o

Hinh 5.2b. Gian d6 thoi gian mach hinh 5.1b

Bang trang thai hoat dong cua mach hinh 5.1b :

Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q, Q,
1 0 1 1 0
2 1 0 1 1
3 1 1 0 0
4 0 0 0 1
b. Dém xuéng

Pay 1a bd dém c6 ndi dung dém gidm dan. Nguyén tic ghép cac FF
cling phu thudc vao tin hiéu diéu khién Ck:
- Tin hiéu Ck tac dong suon xudng: TFF hodc JKFF dugc nghép
ndi véi nhau theo qui luat sau:
Ck;., = Q_l
- Tin hiéu Ck tac dong sudn xuéng: TFF hodc JKFF dugc nghép
ndi véi nhau theo qui luat sau:
Ck, =Q
Trong do T ludn ludn giti 6 muic logic 1 (T = 1) vangd ra cua TFF
diing trudc ndi véi ngd vao Ck cia TFF ding sau.
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Vi du: Xét mot mach dém 4, dém xudng, dém ndi tiép dung TFF.

S6 luong TFF can dung:4 = 2? = dung 2 TFF.

S6 d6 mach thuc hién khi st dung Ck tac dong sudn xudng va Ck
tac dong sudn 1én 1an ludt dudc cho trén hinh 5.3a va 5.3b :

Ck ﬂ_ Q,

Q,
lT l_T J

TC Ck] Q_l —Q Ckz
Clr T T

Hinh 5.3a

ck. Tt L
Q, Q,
it 1T 4/‘

Clr T T

H 5.3b

Gian do thoi gian clia mach hinh 5.3a :

1 2 3 4 5 7 8
Ck_ v
Q | 0 1 0 1 0 1[0
Q, 0 1 0 1 0 1 0o [ 1T
Q, 0 [ 1 0 0 I ] 0

Hinh 5.4a. Gian d6 théi gian mach 5.3a

Bang trang thai hoat dong cua mach hinh 5.3a:
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Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q, Q, Q, Q,
1 0 0 1 1
2 1 1 1 0
3 1 0 0 1
4 0 1 0 0
Gian do thoi gian ctia mach hinh 5.3b:
1 2 3 4 5 7 8
it
Q 0f 1 0 £ 1 0 £ 1 0 ]
9. 0 0 " 1 0 0 1 1

Hinh 5.4b. Gian d6 théi gian mach hinh 5.3b

Bang trang thai hoat dong cua mach hinh 5.3b :

Xung vao | Trang thai hién tai Trang thai ké tiép

Ck Q, Q, Q, Q,

S W N =
S O = =
I e e
[ e R =
—_ O = O

c. Pém lén/xuong:
Goi X la tin hiéu diéu khién chiéu dém, ta quy udc:
+ Néu X = 0 thi mach dém lén.
+ Néu X = 1 thi dém xuéng.

Ta xét 2 triong hgp cua tin hiéu Ck:
- Xét tin hiéu Ck tac dong sudn xudng:
Luc d6 ta co phuong trinh logic:
Ck,,, =X.Q, +XQ, =X®Q,
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- Xet tin hiéu Ck tac dong suion Ién:
Luc do ta co phuong trinh logic:
Ckiyy =X.Q +X.Q; =X®Q,

d. Dém modulo M:

Day 13 bd dém ndi tiép, theo ma BCD 8421, c¢6 dung lugng dém
khac 2".

Vidu: Xét mach dém 5, dém 1én, dém néi tiép.

S6 luong TFF can dung: Vi2?=4<5<8=2° = dung 3 TFF.

Vay bd dém nay sé c¢6 3 dau ra (chu y: S6 luong FF tucng tng véi
s6 dau ra).

Bang trang thai hoat dong clla mach:

Xung vao | Trang thai hién tai | Trang thai ké tiép
Ck Q3 Qz Q1 Q3 Qz Ql

1 0 0 0 0 0 1

2 0 0 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 c¢6 thé dém dugc 8 trang thai phan biét (000
— 111 tuong ting 0—7). Do d6, dé st dung mach nay thuc hién dém
5, dém 1én, thi sau xung Ck thd 5 ta tim cach dua t6 hgp 101 vé 000 ¢4
nghia 12 mach thuc hién viéc dém lai tu t6 hop ban dau. Nhu vay, b
dém sé dém tii 000 — 100 va quay vé 000 trd lai, ndi cach khéc ta da
dém dudgc 5 trang thai phan biét.

Dé xda bo dém v& 000 ta phan tich: Do t6 hgp 101 ¢6 2 ngd ra Q,,
Q5 ddng thdi bing 1 (khac véi cac to hop trude dd) — day chinh 1a
dau hiéu nhan biét dé diéu khién xda bo dém. Vi vay dé€ xda bd dém
vé 000:

- Déi véi FF c6 ngd vao Clr tac dong muc 0 thi ta dung cong
NAND 2 ngo vao.
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- Déi véi FF c6 ngd vao Clr tac dong muc 1 thi ta dung cong
AND c0 2 ngo vao.

Nhu vay so d6 mach dém 5 13 so d6 cai tién tii mach dém 8 béng
cach mic thém phan ti cong NAND (hoic cong AND) ¢6 hai ng6 vao
(tuy thudc vao chan Clr tac dong muc logic 0 hay muic logic 1) dudc
ndi dén ngd ra Q, va Qs, va ngd ra cia cong NAND (hodc AND) sé
dudc ndi dén ngd vao Clr cia bd dém (cling chinh 1a ngd vao Clr clia
cac FF).

Trong trudng hop Clr tac dong muic thap so dd6 mach thuc hién dém
5 nhu trén hinh 5.5 :

Q, Qs A

JFE

— —{ T

Cks

cr | ] ]

Hinh 5.5. Mach dém 5, dém lén

Gian do thoi gian ctia mach:
1 2 3 4 5 6 71 8 9 10

Ck_ HRER

Q_ 01y o1 0 0y} of1]0

0 0 [T 110 0 01 110

Q, —
0 0 0 O 0 0 0
Qs 1 0 1
Hinh 5.6. Gian dé théi gian mach dém 5, dém Ién.
Chu y:

Do trang théi clia ngd ra la khong biét trudc nén dé mach ¢ thé dém
tUi trang thai ban dau 1a 000 ta phai dung thém mach xda tu dong ban
dau dé€ xda bd dém vé 0 (con goi 1a mach RESET ban dau). Phuong
phap thuc hién 1a dung hai phan i thu dong R va C.
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Trén hinh 5.7 1a mach Reset muc 0 (tac dong muic 0). Mach hoat
dong nhu sau: Do tinh chat dién 4p trén tu C khong dot bién dude nén

ban dau mdi cip ngudn Vce thi V. = 0 = ngo ra
Clr = 0 va mach c6 tac dong Reset x6a bd dém, sau "
dé tu C dudc nap dién ti ngudn qua dién tré R véi "
thoi hang nap 13 T = RC nén dién 4p trén tu ting
dan, cho dén khi tu C nap day thi dién dp trén tu
xép xi bang Vec = ngd ra Clr = 1, mach khong

con tac dung reset.

VvCC

i

C1

=

Hinh 5.7. Mach
Reset muc 0

Chu y khi thiét ké: VSi mot FF, ta biét ducde théi gian xda (¢
trong Datasheet do nha san xuit cung cip), do d4 ta phai tinh toan sao
cho thdi gian tu C nap dién ti gid tri ban dau dén gid tri dién 4p
ngudng phai 16n hon thdi gian xda cho phép thi mdi dam bao xda dugc

cac FF.

Mach cho phép xda bd dém ty dong (H 5.8) va bing tay (H 5.9):

Q

Qz4\

QS’T\

VCC T

Ck,

Clr

he

Ck,

Hinh 5.8. Mach cho phép xéa bd dém tu dong

Ql/b

Q,

qu\

— T
vce

Y Ck Ck,

Ck,

Clr T
c1

Cks

e

Hinh 5.9. Mach cho phép x6a b dém tu dong va biing tay
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Uu diém ciia by dém néi tiép: Don gian, d& thiét ké.

Nhuge diém: Véi dung lugng dém 16n, s6 luong FF st dung cang
nhiéu thi thdi gian tré tich 1dy khé 16n. Néu thdi gian tré tich iy 16n
hon mét chu ky tin hiéu xung kich thi luc bay gid két qua dém sé sai.
Do dd, dé khic phuc nhuge diém nay, ngudi ta st dung bo dém song
song.

5.2.3. B dém song song

5.2.3.1. Khai niém

Bo dém song song 1a bo dém trong d6 cac FF mic song song véi
nhau va cdc ngd ra sé thay doi trang thai dudi su diéu khién cta tin
hiéu Ck. Chinh vi vy ma ngudi ta con goi bd dém song song 1a bd
dém dong bo.

Mach dém song song dudc sti dung véi bat ky FF loai nao va c6 thé
dém theo qui luat bat ky cho trudc. Vi vay, dé thiét ké bo dém ddng bo
(song song) ngudi ta dua vao cic bang dau vao kich cua FF.

5.2.3.2. Mach thuc hién

D6i véi bd dém song song du dém 1én hay dém xudng, hodc 1a dém
Modulo M (dém 1én/dém xudng) déu co cach thiét ké chung va khong
phu thudc vao tin hiéu Ck tdc dong sudn 1én, sudn xudéng, muc 0 hay
muc 1.

Cac budc thuc hién :

- TU yéu cau thyc té xay dung bang trang thai hoat dong cta
mach.

- Dua vao bang dau vao kich clia FF tuong tng dé xay dung cdc
bang ham gia tri cua cac ngo vao di liéu (DATA) theo ngo ra.

- Dung cac phuong phép t6i thiéu dé téi thiu hda cac ham logic
trén.

- Thanh 1ap so do logic.

Vi du: Thiét ké mach dém déng bo, dém 5, dém 1én theo ma BCD
8421 dung JKFF.
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Trudc hét xac dinh sé JKFF cin dung: Vi22=4<5<8=2=
dung 3 JKFF = c63 ngoraQ,, Q,, Q;.
Ta c6 bang trang thai moé ta hoat dong cua mach nhu sau:

Xung vao | Trang thai hién tai | Trang théi ké tiép

Ck Qs | Q | Q | Qs | Q | Q

N [~ [W (N =
—_— OO OO
O == OO
O |—= O = O
O = OO O
=i el Ll )
=i el =

0 chuong 3 chung ta da xay dung dudc bang dau vao kich cho céc
FF va da c6 dudc bang dau vao kich tong hgp nhu sau:

_Qn Q-n+1 Sn Rn Jn Kn Tn Dn
0 0 0 X 0 X 0 0
0 | 0 1 X 1 1
1 0 0 1 X | 1 0
1 | X 0 X 0 0 |

Tu d6 ta suy ra bang ham gia tri cua cac ngo vao data theo cac ngo
ra nhu sau :

Xung | Trang thdi hién tai | Trang thdi ké tiép
vao | Q, Q, Q, | Q, Q, Q |J, K;|J, K, |J, K
1 O O Oo0f[O0 O 1 10 X0 X1 X
2 0 O 1 0 1 010 X|[1I X|X 1
3 0 1 010 1 1 10 XX 01 X
4 0 1 1 1 0 Ol X|X 1[|X 1
5 1 O o0 O O0OX 1]0 X|0 X
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Lap bang Karnaugh dé tdi thiéu hoa ta dudgc:

Trang 136

JI\Q:Q: Ki\Q:Q:
QN 0 0 1 1 Q 0 1
0 1 X | 0 0 X | X
Il x | x | x| X 1 X
Ji=Q K =1=Q
42 \QsQ: K2 \Q:Q:
QN 0 0 1 1 o0 0 1 1
000 | x|x]0 00 x| 0| x]0
1|1 | x| x| X Il x | 1T | x| x
J,=Q, K, =Q,
J3\QsQ: Ka\Q:Q:

o0 0 1 1 o0 0 1 1
0000 x|X O0 x| O0|x|0
110 | 1 | x| x Il x | 1T | x| x

J,=QQ, Ks=1=Qs

Luu y: Khi thiét ké tinh toan ta dung cac phuong phap téi thieu dé
dua vé phuong trinh logic t6i gian. Nhung trong thuc té thi do6i luic
khong phai nhu vay. Vi du: K; =1, K; = Q, hay K, = Q , déu dung,
nhung khi 13p rap thuc té ta chon K3 = Q , dé tranh day ndi dai gay

nhiéu cho mach.

S¢ do logic:  Hinh 5.10
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Qs i Q% Qs
B P
C Ck, —NCk, _ NCks o
X Kl Q_l K2 Q_Z K3 QSTQ:;
Clr

Hinh 5.10. S0 d6 mach dém 5, dém 1én, dém song song

Giai thich hoat dong :
- Ban dau dung mach RC x6avé 0 = Q, =Q,=Q, =0.

Ji1=K1=1;0b=K,=Q,=0;J;=0,K; = 1.

- Khi Cki_4& T: Cac trang thai ng6 ra déu thay déi theo trang thai
ngo vao DATA trudc do.

L,=K,=1 =Q,=qQ"=1.

L=K,=1 =0Q,=Q=0.

J3=0,K3=1 = Q3 =1 bat chép trang thai trudc dd.
(Hodc J3=0,K3=0= Q3= Q5 =0) = Q3Q.Q; =001.
Licdé: J=K,=Q;=1;1,=K, = Q,= 1; J3=Q,.Q,= 0, K5 = 1.
(Hodc K3 = Q3 =0).

- Khi Ck4 T

L,=K,=1 =0Q,=Q=0.

L=K,=1 =0Q,=0Q\=1.

J3=0,K;3=1 = Q3=0.

(Hodc J3=0,K3=0= Q3= Q; =0) = Q3 Q, Q. =010.
Licds:J, =K, =Q,=1:1,=K,=Q,=0;J3=0,Ks=1.
(Hodc K3 = Q,=0).

- Khi Ck4 T:

IL,=K,=1 =0Q,=qQ=1.

L=K,=0 =Q,=qQ=1

J3=0,K3=1 = Q3 =0 bét chip trang thai trudc do.
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(HodcJ3=0,K3=0=Q3=Q3=0) = Q3 Q,Q,; =011.
Licds: J=K=0,=1;1,=K,=Q,=1;J;=Q,.Q;=1, K5 = 0.
(Hodc K3 =1).

- Khi Ck4 T

I,=K,=1 =0Q,=Q=0.

L=K,=1 =0Q,=Q=0.

J3=0,K3=1 = Q3 =1 bét chip trang thai trudc do.
(Hoe J3=0,K3= 0= Q;= Q) =0) = Q3 Q,Q; =100,
Luc do: J=K= Q3—1 J=K,=Q,=0;J3=Q,.Q,=0,K3=1.
(Hodc K3 = Q3 =0).

- Khi Ck. 4 T:

J,=K,=1 =Q,=Q'=0.

L=K,=1 =0Q,=Q5;=0.

J3=0,K3;=1 = Q3 =0 bét chip trang thai trudc do.

= Q3Q2Q;=000.
Lucdo:J,=K= Q3—1 L=K~=Q0,=0;J3=Q,.Q,=0,K5s=1.
Mach tré vé trang thai ban dau.

5.2.4. Pém thuin nghich
DE thiét ké mach cho phép viia dém 1én viia dém xudng, ta thuc hién

nhu sau:
- Cach 1:  Lap ham J,,, J im0 Kiens Kyusne (g2 st ta dung JKFF).
Goi X la tin hiéu diéu khién. Xét 2 trudng hop:
+ Néu quy uéc X = 0: dém lén; X = 1: dém xudng.

xudng

Luc do ta co phuong trinh logic:
J=X.J.,, +X.]
K=X.K,+XK

+ Néu quy udc X = 1: dém 1én; X = 0: dém xudng.

xudng

xudng

Luc do ta co phuong trinh logic:
J =X Jlen + X unong

K= X Klén + X 'Kxuéng
- Cach 2: Lap bang trang thai.
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Xungvao | X | Trang thdih.tai | Trangthdiké | J, K, | J, K, | J K
1
2

Sau d¢ thuc hién cdc budc gidong nhu bo dém dong bo.

5.2.5. Pém hén hop

Bo dém hén hop 1a bo dém ma trong d6 bao gdm ca dém ndi tiép va
dém song song. Pay 1a bd dém ché tao kha nhiéu trong thuc t& va kha
ning ting dung ctia bo dém hdn hop kha 16n so véi bd dém song song.

Vi du: Bo dém 7490 bén trong bao gébm 2 bo dém dé 1a bd dém 2
ndi tiép va bd dém 5 song song. Hai bo dém nay tach rdi nhau. Do do,
tuy thudc vao viéc ghép hai bdo dém nay lai véi nhau ma mach c6 thé
thuc hién dugc viéc dém thap phan hoic chia tan sé.

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

Ql QZ Q3 Q4
I 1} Bodém Bo dém 5
Ck 2 ndi song song

— K

ar | ]

Hinh 5.11. Bd dém 2 néi tiép ghép véi b dém 5 song song

Q, ctia bo dém 2 gili vai tro xung Ck cho bd dém 5 song song.
Gian d6 thoi gian cta 2 ndi tiép 5 song song (hinh 5.12) :
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1 2 3 4 5 6 7 8 9 10

Ck_ ARER

Q O[T Jo[T}orTjo[oj,o[T]
0 0 0 0 0 0
0, I 1 1 1]

Q 0 0 0 O/ 1 1 1|0 o0
Q 0 0 o0 O 0 o O O] 1|

Hinh 5.12. Gian d6 thoi gian 2 néi tiép ghép véi 5 song song

Nhan xét: Cach ghép nay dung dé dém thap phan, nhung khong
dung dé chia tan sd.

Bang trang thai mo ta hoat dong cua mach:

Xung vao | Trang thdi hiéntai | Trang thai ké tiép
Ck 1Q, Q. Q Q |Q Q Q, Q
1 0O 0 0 0O 0 0 0 1
2 0O 0 0 1 10 0 1 0
3 0 0 1 0O 0 O 1 1
4 0 0 1 1 10 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 0O |0 1 1 1
8 0 1 1 1 {1 0 O 0
9 1 0 0 O [1 0 O 1
10 1 0 0 1 10 0 0 0
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Truong hop 2: 5 song song, 2 ndi tiép.

Q Q Qs Q,
Bo dém 5 j Bodeml |
song song 2an’1
CK D Ck, —9>Ck, tiép
K

ar ] ]

Hinh 5.13. Bd dém 5 song song ghép vdi 2 ndi tiép

Q5 ctia bo dém 5 song song giti vai tro xung Ck cho bo dém 2.
Gian d6 thdi gian cta 5 song song néi tiép 2.

1 2 3 4 5 6 7 8 9 10

Ck_ VIV

Q O[T Jo[T 0T 0[0}0[T]
0 0 0 0 0 0
0, 1 1 1]

Q 0 0 0 0 7y o o o1 ]0
QG o o o O O 1 1 1 110

Hinh 5.14. Giin dé thdi gian 5 song song ghép 2 ndi tiép

Nhan xét: Cach ghép nay khong dugc dung dé dém thap phan,
nhung lai thich hgp cho viéc chia tan sé.
Bang trang thai mo ta hoat dong cia mach :
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Xung vao | Trang thai hién tai Trang thai ké tiép
Ck Q Q Q Q |Q Q Q Q
1 o 0 o0 o0 0 O 1
2 0O 0 O 1 0 O 1 0
3 0 O 1 O] 0 O 1 1
< 0O O 1 1 0 I 0 O
5 0 1 0O 0] 0 1 0 1
6 1 0O 0 O 1 0O O 1
7 1 0 O 1 1 0 1 0
3 1 0 1 0 1 0 1 1
9 1 0 1 1 | 1 0O O
10 1 1 0 1 O 0 0 O

5.3. THANH GHI DICH CHUYEN VA BO NHO

5.3.1. Khai niém

Thanh ghi dich va bo nhdé déu dudc tng dung trong luu tri dif lidu,
trong d6 thanh ghi do kha ning luu trif cau nd co hang nén chi dudc su
dung nhu bd nhd tam thdi ( Iuu két qua cic phép tinh ). Con bo nhé cd
kha ning luu tri cac bit gif liéu kha 16n. Vé mic ciu tao bénh trong né
dugc xay dung trén co s6 cdc thanh ghi ( Nhiéu thanh ghi hop thanh
bd nhd )

5.3.2. Thanh ghi dich chuyén

5.3.2.1. Khai niém
Thanh ghi dugc x4y dung trén c¢o s6 cac DFF (hodc cac FF khac
thuc hién chic ning cia DFF) va trong d6 mdi DFF sé Iuu trii 1 bit dd
liu.
Dé tao thanh ghi nhiéu bit, ngudi ta ghép nhiéu DFF lai véi nhau
theo qui luat nhu sau:
- Ngo ra ciia DFF ding trudc dudec néi vdi ngd vao DATA cula
DFF sau (D,,, = Q,) = thanh ghi ¢6 kha ning dich phai.
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- Hodc ngo ra ctia DFF diing sau dudc néi véi ngé vao DATA cta
DFF diing trudc (D; = Q,;,) = thanh ghi ¢6 kha niing dich
trai.

5.3.2.2. Phan loai

Phan loai theo so bit dif liéu luu trd: 4 bit, 5 bit, 8 bit, 16 bit, 32 bit.
D6i véi thanh ghi 16n 8 bit, ngudi ta khong dung ho TTL ma dung ho
CMOS.

Phan loai theo hudng dich chuyén di liéu trong thanh ghi:

- Thanh ghi dich trai.

- Thanh ghi dich phai.

- Thanh ghi viia d6i phai viia doi trai.

Phén loai theo ngo vao du liéu:

- Ngo vao dii liéu ndi tiép.

- Ngo vao di liéu song song: Song song khong déng bd, song
song dong bo.

Phén loai theo ngo ra:

- Ngo ra néi tiép.

- Ngo ra song song.

- Ng0 ra viia ndi tiép viia song song.

5.3.2.3. Nhap dif liéu vao FF

Nhip dif liéu vao FF bing chian Preset (Pr): (xem
hinh 5.15)

- Khi Load = 0 : Cong NAND 3 va 2 khda —
ngo vao Pr=Clr =1 — FF ty do = du liéu A
khong nhip vao dudc FF.

- Khi Load = 1 : Cong NAND 2 va 3 md. Lic do
tacd: Pr= A, Clr= A.
NeuA=0->Pr=1,Clr=0=Q=A=0. Hih 5.15
NéuA=1—->Pr=0,Clr=1=Q=A=1.

Vay Q = A = di liéu A dudc nhap vao FF.

Load
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Tuy nhién, cach nay phai dung nhiéu céng logic khong kinh té va
phai dung chan Clr 13 chan x6a nén phai thiét ké dong bo.

DEé khic phuc nhiing nhude diém dé ta dung mach nhu trén hinh
5.16:

- Chan Clr dé tréng tucng duong véi muc logic 1.

- Khi Load = 0 : ¢c6ng NAND khda — Pr = Clr =1

5 FF ty do. Dii liéu khong dugc nhap vao FF. Pr Clr
- KhiLoad =1 : cong NAND mé — Pr= A. T
Gia st ban dau : Q = 0. Loa
NéuA=0>Pr=1,Clr=1=Q=Q"=0. A
NéuA=1—-Pr=0,Clr=1=Q=1. Hinh 5.16

Vay Q = A = Du liéu A dudc nhap vao FF.
Chii y: Phucng phép nay doi hédi trude khi nhap phdi xéa FF vé 0.
Vidu: Xét mot thanh 4 bit cé kha ning doi phai (hinh 5.17).

A B| C

DSR ?QlT G?QZT Q? % _TQ;

R et e A s
Ck, N Ck, Cks Cka

C B <
“ K, QL1K, QHK; QL1 K, @

Clr T

Hinh 5.17. Thanh ghi dich phai

Trong do:
- DSR (Data Shift Right): Ngé vao Data néi tiép (ngd vao dich
phai).
- Q,, Q,,Q;, Q, : cac ngo ra song song.
Dé giai thich hoat dong ciia mach, ta dua vao bang trang théi clia DFF.
Gia stiban dau: Ngo vao nhap Load = 1 — A, B, C, D dudc nhap
vao thanh ghi dich > Q,=A,Q,=B, Q;=C, Q,=D.
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Hoat dong dich phai cua thanh ghi:
- XétFF,: D=DSR,, Q, = A.
NéuDSR,=0—>Q=0;néuDSR,=1>5>Q=1.
Két luan: Sau modt xung Ck tiac dong sudn xudng thi Q, = DSR,.
- Luc d6 FF,, FF,FF,: Q,= A, Q, =B, Q, = C.

Ttic 1a sau khi Ck tdc dong sudn xudng thi ndi dung trong thanh ghi
ducc doi sang phai 1 bit. Sau 4 xung, di liéu trong thanh ghi dudc
Xuét ra ngoai va ndi dung DFF dudgc thay thé bing cic di lieu ti ngod
vao DATA néi tiép DSR,, DSR,, DSR;, DSR,.

Ta cd bang trang thai hoat dong cua mach:

Xung Trang thai hién tai Trang thai ké
vao Q, Q, Q; Q, Q, Q, Q; Q,
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,

Trudng hop ngd ra Q bing ngd vao di liéu néi tiép DSR (hinh 5.18).

Pr Pr Pr Pr
. | | |
3% I Q I, Q, Js Qs Ja Qi
C o Ckl —O Ck2 —Q Ck3 —Q Ck4
‘ K, LMK, QHIK; Ql1IK, QTT
Clr |

Hinh 5.18.
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Ta co bang trang thai hoat dong cua mach hinh 5.18:

Xung Trang thai hién tai Trang thai ké

Q | Q Q |

vao

o
o
o
o

0N NN B WIN (=
oclolo|m |~~~ |l
=N = N e R = =)
S |= === o |lo|lo
el = = =N =R =N =
oclolo|lo|~ |~~~
oclo|lo|i~ |~~~ |o
OO === = OO
=N N N e = kel R

Pay 1a mach dudc ting dung nhiéu trong thuc té.

5.3.3. B4 nh¢

5.3.3.1. Cac khai niém
- Té bao nhé (Memory cell)
D6 1a thiét bi hay mach dién tii dung dé luu trii 1 bit.
Vi du: FF d€ Iuu trd 1 bit, tu dién khi nap dién thi luu trd 1 bit, hodc
mot diém trén bing tu.
- Tu nhe (Memory word )
La nhom cdc bit 6 trong mot bo nhd.
Vi du: Mot thanh ghi gdm 8 DFF ¢4 thé luu tri ttf nhé 1a 8 bit.
Trong thuc té, kich thudc cta tii nhé ¢ thé thay doi trong cac loai
may tinh ti 4 — 64 bit.
- Byte:
Mot nhom tui nhé 8 bit.
- Dung luong b nho
Chi kha ning luu tri cia bo nhd.
Vidu: 1IK=2"; 2K =2"; 4K =2" ;1M =2%,
- Dia chi
Dung dé xac dinh cac ving ctia céc ti trong bd nhd.



Chuong 5. H¢ tudn tu Trang 147

Xét bd nhé gdm 16 ngin nhd tuong duong 16 tu, ta can dung 4
duong dia chi (2* = 16 — ¢ 4 dudng dia chi). Nhu vy c6 mdi quan
hé gita dia chi va dung lugng bd nhd.
Vi du : D€ quan ly dudc bd nhé c6 dung luong 1a 8 Kbytes thi cn
13 dudng dia chi.

- Hoat dong doc (READ)
Doc 1a xuat dif liéu tt bd nhd ra ngoai.
DE doc ndi dung mot 6 nhd can thyc hién:

+ Dua dia chi tuong ting vao cac duong dia chi A.

+ Khi tin hiéu diéu khién doc tac dong thi Itic biy gid di liéu chia
trong cac ngin nhd tuong ung véi vung dia chi xac dinh § trén
sé dugc xuat ra ngoai.

- Hoat ddng viét (WRITE)
Viét 12 ghi df liéu tt bén ngoai vao bén trong bo nhd.
Mudn viét phai thuc hién:

+ Dit cac dia chi tuong tng l1én cac duong dia chi.

+ Dit dif liéu can viét vao bo nhd 1én cac dudng di lidu.

+ Tich cuc tin hiéu diéu khién ghi.

Khi ghi du liéu tu bén ngoai vao bén trong bd nhd thi du liéu cu se
mat di va dugc thay thé bang di liéu mdi.

- B0 nho khong bay hoi
Chi loai bd nhé ma di liéu khong mat di khi mat nguén dién.

- B§ nho bay hoi
Chi loai bd nhé Iuu tri dif liéu khi con ngudn dién va khi mat ngudn
dién thi dii liéu sé bi mét.

- RAM (Random Access Memory)
B0 nhd truy xuat ngiu nhién, doc viét tlly y, con dudc goi la RWM
(Read/Write Memory). Day la loai bd nhd cho phép doc du liéu
chuia bén trong ra ngoai va cho phép nhip du liéu ti bén ngoai vao
trong.

- ROM (Read Only Memory)
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B0O nhd chi doc. Chi cho phép doc di liéu trong ROM ra ngoai ma
khong cho phép di liéu ghi di li€u tu bén ngoai vao trong bo nhd.

- SM (Static Memory)
Bo6 nhd tinh 1a loai bd nhd luu tri di liéu cho dén khi mat dién ap
cung cap ma khong can 1am tuoi di liéu bén trong. Vi du: SRAM.

- DM (Dynamic Memory)
B6 nhd dong 1a loai bo nhd ¢d thé mét di liéu khi dién 4p cung cap
chua bi mét, vi viy can ¢ co ché lam tuoi di liéu. Uu diém cda loai
bd nhd nay 1a tdc do truy xuat nhanh, gia thanh ha. Vi du: DRAM.

- B6 nhé tuan tu
Vi du: Dia mém, dia ciing, bing t.

5.3.3.2.ROM (Read Only Memory)

- MROM (Mask ROM): Pugc 14p trinh béi nha sin xut.

Uu va nhugc diém: Chi ¢d tinh kinh té khi san xuat hang loat nhung
lai khong phuc héi dugc khi chuong trinh bi sai hdng.

- PROM (Programmable ROM): DAy la loai ROM cho phép 14p trinh
bdi nha san xuat. Nhuge diém: Néu hong khong phuc hdi dugc.

- EPROM (Erasable PROM): D6 1a loai PROM c6 thé xda va lap
trinh lai. C6 hai loai EPROM: EPROM dudc xoda bing tia cuc tim
(Ultralviolet EPROM) va EPROM xda bang xung dién (Electrical
EPROM). Tudi tho ctia EPROM phu thudc vao thdi gian xda.

Ung dung ciia ROM: Chia chuong trinh diéu khién vao ra clia may

tinh, PC, uP, uC, ROM BIOS (ROM Basic Input/Output System).

Dung dé chia ky ti: ROM ky tu. Dung dé chiia cac bién doi ham.

Ar—m D,
A, Bl
Aj ROM D’
A, 3
- 16 x 8 D,
CS D

D,

Hinh 5.19. S¢ d6 khdi ciia ROM 16x8 = 128 bit
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5.3.3.3.RAM (Random Access Memory)

DRAM: Lam viéc theo hai pha. M0t pha chon dia chi hang, mot pha
chon dia chi cot. Do dd, sé chan dia chi thuc hién trén IC nhé hon mot
ntia so véi RAM hoac ROM.

5.3.3.4.Té chiic b§ nhé

16} 13 13 13 13
g

s 8 1§] 8 1§| 8 13 1.8 1§|
/ / / / / / / /
| ROM RAM| RAMj RAMj
s, >, , .
A 3l |1 gl |1 gl Ll 8
/ / 7 ! / ! ! !/
_ | RAM; RAM., RAM, RAM.

Hinh 5.20. T4 chiic bd nhé

Gia stii CPU hay pP c¢é 16 dudng dia chi va 8 dudng di liéu. Néu
dung dé quan ly bd nhd thi quan ly duge dung lugng bd nhd téi da 1a
64 Kbytes.

Gia st 64 Kbytes phan thanh cdc loai sau: 1 ROM 8K, va 7 RAM
8K.

DE chon 14n lugt tiing bd nhé dé xuét dif liéu va vi con thifa 3 dudng
diachila A5, A,,, A5 nén ta dung mach giai ma ti 3 — 8.

Trén hinh 5.21 13 so d6 mach gidi ma dia chi dung IC 74138.
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Thudt S6

Ky

Bai gidng

> Y, (CS /ROM )

b Y, (CS /RAM, )

. Y,(CS /RAM; )

>——Y,(CS /RAM, )

> Y. (CS /RAM; )

Y, (CS /RAM )

Y, (CS /RAM, )

IC 74138

%

Hinh 5.21. Mach gidi ma dia chi

A

Ban dd bo nhd cta hé théng:

3 F F FHE

7 F F FHE

9 F F FHS

1

1

1

1

1

1

1

1

1

1

1

1

1

1/5 F F FHE

1 1 1 1 1 1 11111

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1|B F F FHS

1 11 1 1 1 11111

1

1D F F FHS

1

1

1 11 1 1 1 11

1

1/F F F FHS

1

AsAuAALAL AL Ay A As Ag As Ay Ay A, A, A,| Dia chi Hex

OOOOOOOOOOOOOOOOOOOOHg

00100000000000002000H§

1

01000000000000004000H§

0

01100000000000006000H§

1

0_

IOOOOOOOOOOOOOOO8000H§

1

0_

1010000000000000A000H§

IIOOOOOOOOOOOOOOCOOOH§
1

0

0

1

1110000000000000E000H§




