Chuong 7
BO dém va thanh ghi

T Th.S Bang Ngoc Khoa
Khoa Dién - bién Tu

= Xét bo dém 4 bit & hinh 7-1
= Xung clock chi dugc dua dén FF A, ngd vao J,
K cla tat ca cac FF déu ¢ muc logic 1.
= Ng0 ra cua FF sau dugc nGi dén ngd vao CLK
cla FF trudc nd.
= Ngo ra D, C, B, A la mot s6 nhi phan 4 bit vai
D la bit c6 trong s6 cao nhat.
= Day Ia bo dem khong dong bo vi trang
thai clia cdc FF khong thay ddi cing Vi
xung clock.




Hinh 7-1 B& dém 4 bit

DCBA H H
(count) | 0000; 0001; 0010; 00110100, 0101, 0110; 0111 1000, 1001 1010, 1011 1100 11011110 1111 0000 0001, 0010
4

— Recycle to 0000

Quy udc ve trong sO

= Trong phan I6n cac mach, dong tin hiéu
thudng chay tu trai sang phai.

= Trong chudng nay, nhiéu mach dién cé
dong tin hiéu chay tu phai sang trai.

= Vi du, trong hinh 7-1:
= Flip-Flop A: LSB
= Flip-Flop D: MSB




= S6 MOD la s6 trang thai trong mot chu
ky cua mot bo dém.

m B dém trong hinh 7-1 ¢ 16 trang thai
khac nhau, do vay no la b0 dém MOD-16

= S& MOD cla mét bd dém dugc thay doi
cung vGi so Flip-Flop.
= SO MOD < 2N

S6 MOD

= M6t bd dém dugc str dung d€ dém san pham
chay qua mét béng tai. Moi san pham di qua
bang chuyén, bd cam bién sé tai ra mot xung.
B6 dém cd kha nang dém dugdc 1000 san
pham. Hoi it nhat phai cé bao nhiéu Flip-Flop
trong bo dém?

= Tra IGi: 1000 < 210 = 1024. Phai c6 10 FF




Chia tan soO

= Trong m6t b6 dém, tin hiéu ngd ra cua FF
cudi cung (MSB) ¢6 tan s6 bang tan so
ngo vao chia cho s6 MOD. Mot bo dém
MOD-N la bo chia N.
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Vi du 7-1

= Vi du mach tao ra dao dong xung vudng cé
tan s 1Hz.
= Tao ra tin hiéu xung vudng 50Hz tu ludi dién.
= Cho di qua bd d&m MOD-50 dé& chia tan sd 50 [an.
= CO dugc tin hiéu xung vubng tan s6 1Hz

50 Hz 1 Hz

50 Hz
Pulse J_LI—L MOD-50 J_l— Counters,

b

o~ > > :
f\/\} shaper Z counter displays,etc.




Tr& trong bd dém khong dong b8~

= Cau trdc cua bé dém khong dong bd kha
dan gidn nhung van dé tré khi truyén tin
hiéu qua mdi FF s& Iam han ché tan s6
cla bo dém.

= V&i b6 dém khong dong bo ta phai co
" cIockZN X tpd
o Fra=1/(NX L)

max

«B6d&M3bit . 1 1

v@inhiingtan . .. ——1
so xung clock | —
khac nhau
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= Trong bo dém bat déng bo, tat ca cac FF
thay déi trang thai cing mot 1tc?

= Gia s’ b6 dém trong hinh 7-1 dang &
trang thai 0101. Sau 27 xung clock, trang
thai cia bo dém sé la bao nhiéu?

= S6 MOD cua b6 dém co 5 Flip-Flop?
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= Trang thai cla tat ca cac FF sé dugc thay
ddi cing mét Iic véi xung clock.
= Hinh sau mo ta hoat ddng cia moét bo
dém dong bo
= MAi FF c6 ngd vao J, K dugc két néi sao cho
chung & trang thai cao chi khi ngd ra cla tat
ca cac FF sau no déu & trang thai cao.
= BO dém ddng bd cd thé hoat ddng vdi tan sb
cao han bo dém khong dong bo.
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CLK CLK % cm(ﬂ~ CLK<]
D K G K B K A K

CLR CLR CLR CLR
L l 1 I
S i) 6 g OO0 o 1Y
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= B thay déi trang théi theo xung clock chi
khi A =1,

= C thay ddi trang thai theo xung clock chi
khi A =B = 1.

= D thay ddi trang thai theo xung clock chi
khiA=B=C-=1.
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v O, ek - - 00 00000 o0

D= - - =000 0O = =000 00
Of= = O Ol= = O 0= = 00— =000
¢ D= O0-O=S0=20O=-0=0=0=0>

ete]
(b)

15

BO dém co sO

---------

= SU’ dung ngod vao khong dong bo (clear,
set) dé budc bd dém bd di mdt sb trang
thai.

= Trong hinh 7-2, ngd ra cong NAND dugc
nGi dén ngd vao khong dong bo CLEAR
cua moi Flip-Flop.

= Khi A=0, B=C=1, (CBA = 110,= 6,,) ngd
ra cong NAND sé tich cuc va cac FF sé bi
CLEAR vé trang thai 0.
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= Luu y rdng trong hinh 7-2, 110 la mot
trang thai tam thdi. Mach chi ton tai &
trang thai nay trong thdi gian rat ngan
sau do s& chuyén sang trang thai 000.

= 000>001->010->011->100->101->000

ngod vao.

= Ngo ra cla FF C cd tan s6 bang 1/6 tan so

18




= Budc 1: Tim s6 FF nhé nhat sao cho 2N >
X. K&t noi cac FF lai vGi nhau. Néu 2N = X
thi khong lam budc 2 va 3.

= Budc 2: N&i mdt cdng NAND dén ngd vao
CLEAR cua tat ca cac FF.

= Budc 3: Xac dinh FF s€ ¢ mdc cao Ung Vvdi
trang thai bd dém = X. NGi ngd ra cua cac
FF dén ngd vao cla cong NAND.

20
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€41 Bo d&m MOD-14 va MOD-IO%W%

D J C J B J A J
‘ CLK CLK CLK QI— CLK: D-L 30 kHz

Ny 1 1

CLR K CLR K CLR K CLR K

i i g ¥

*All J, K inputs are HIGH

i 3 T

Al J, K inputs are HIGH

D J Cc J + B J J— A J
CLK CJ— CLKD CLKD CLK Q.L 1 MHz
el
CLR K CLR K CLA K CLR K
8]
B

()

B6 dém khong dong bd 2t

BO dém &Bng bo 22




= B6 dém thap phan

= La bat ky b6 dém nao cé mudi trang thai
phan biét.

= B6 dém BCD

= La mot bo dém thap phan ma cac trang thai
trong bd dém tucng ’ng tu’ 0000 (zero) dén
1001 (9)
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e,
— L.t

B6 dém MOD-60 khong dong bc‘f)r‘- ;

o

F
l

Q5 Q J Q J Q J Q J Q
O I o7 ©of] <of|” <qoe sohz
CLR K CLR K CLR K CLR K CLR K CLR K| Lo
02—
Q; — Al =K=1
Q4_
05_

24
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Vi du 7-2

---------

= Xac dinh mach bd dém dong b6 MOD-60
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Cau hoi?

---------

= Trong bo dém MOD-13, ngo ra cta FF nao
dugc ndi dén ngd vao cdng NAND cla
mach clear?

= Tat ca cac bo dém BCD la b6 dém thap
phan?

= Cho mot bo dém thap phan, tan s6 ngo
vao la 50KHz. Tan s6 ngo ra la bao nhiéu?

26
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«» 1112110>101->100->011->010->001~>
000

= B0 dém 1én cd thé chuyén thanh bd dém
xudng bang cach st dung nhirng ngo ra
dao dé Iai cac ngd vao xung clock.
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= B6 dém xubng dong bd c6 cau tao hoan
toan tuang tu’ nhu bd dé€m lén dong bo.

= Chi khac la str dung céc ngd ra dao dé
diéu khién.
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BO dém Ién/xudng dong

Ittt
| | | |
; !

-------

30
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IC bd d&m khéng dbng bs™

= IC 74LS293 ho TTL

= CO 4 J-K Flip-Flop, Q;Q,Q,Q,

= MOi FF c6 mét ngd vao CP (clock pulse) tucng
tu nhu ngd vao CLK. Ngd vao clock cua Q, va
Q, dudc ndi dén chan 11 va chan 10.

= Ng0 vao clear cla moi FF dugc ndi dén ngd ra
cua mot cdng NAND hai ngd vao MR, va MR,.

= Q;Q,Q; dugc ndi véi nhau hinh thanh nén mot
bo dém 3 bit.

= Q, khéng dugc n6i dén cac phan khac. a1

T
-r,.—\t %

IC bd d&m khong dong boT

F
o

TALS293
J al— J a 3 a |
EF,—1>CP > cP > CP t>cp
K o, © K g, T K g, 3 K 5
TF,
MR,
>
MR, A
C
*AN J, K inputs are intermally
d HIGH
#Vee
Tll-h
ST e
T oL
{10}
CPy &—1
(

Lss)

32
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= SU dung IC 74LS293 thiét l1ap b6 dém

MOD-16

10 kHz CP

7415293

fotatof

® f=10kHz/16 = 625 Hz

---------

Vi du 7-4

= SU' dung IC 74LS293 thiét [ap bd dém

MOD-10

17



= SU dung IC 74LS293 thiét lap b6 dém MOD-14
= Trudng hgp nay can phai st dung thém mot

cong AND

CP,

10kHz =5
TPy
HLFL L

7405293

0, @ Q Qq

MR, ¢

- §=10 kHz/14 = 714 Hz

35

JULL o—>

---------

= SU' dung IC 74LS293 thiét [ap bd dém

MOD-60

Vi du 7-6

= SU dung 2 IC mac ndi ti€p nhau.

\EC
>

— 7415293
CPy

MR; MR, Q;Q:Q,Qq

A A_"l

L

2l

MOD-10

f,,/10

)

L

7415293

MR; MR, Q;Q,Q,Q

' 1

L

MOD-&

o = fi,/60




IC b6 dém

= Gidi thiéu IC bd dém 7 bit ho CMOS

-I-VCC

I{‘M) 74HC4024
— (1) CTR
Che=—1> + DIVi28
(3) l(-’-t) (5) i(fs} (9) l(m (ml?)
) =
MR Qs Qs Q, Q Q, Q; Q
(MSB) (LSB)

37

IC b6 dém dong bo

= TTL 74ALS160
= BO dém cb 4 FF

= FF thay dGi trang thai theo cang dudng cla
xung clock

= IC c6 m6t ngd vao CLEAR khong dong bo.

= BO dé€m co thé preset dén bat ky gid tri nao
(theo cac ngd vao A, B, C, va D) bang cach
tich cuc ngd vao LOAD.

= B dém dugc diéu khién bdi cac ngd vao khac
nhau, thé hién trong bang Function table.

38
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/4ALS160

]

(e)

T Z4ALS16D-
T4ALS163
—CLK
—— ENT ACO ——
—— ENP Part
i Number | Modulus
—| CLR —_——————
T4ALS160 10
—| LOAD T4ALS161 16
T4ALS162 10
— D Qb — 74ALS163 16
—c ac — b)
— g aB ——
— A oA —
(a)
T4ALS160-TAALS163 Function Table
CLR | LOAD | ENP | ENT | CLK Function Part Numbers
L X % % X Asynch. Clear T4ALS160 & 7T4ALS161
L X X X T Synchr. Clear 74ALS162 & 74ALS163
H L X X T Synchr. Load Al
H H H H T Count up All
H H L X X Mo change Al
H H X L X Mo change Al

39

74ALS160

—pp

TAHC1E3

20



________ 74ALS160 N 7
>, nng—fe )

ENT RCO |—— RCO
ENP ENP

CLA —] CLR
LOAD —] LOAD

= Vidu o]

/74ALS160 N

= CH thé két hop nhiéu IC dé tao ra mét bd
dém Ién han

JUUL>—¢
| 74ALS163 74ALS163
CLK > CLK

TC1 TC2 iahers
ENe—— TENT RCO ENT RCO Rl oo
1 —— ENP 1 ENP 4
CcLRe——CI CLR least- — CLR
== —_— significamt | ) ____
LD® LOAD nibble ] LOAD
D3 —— D ab Q3 D7 —— D QD —a7
D2 —— C Qc b—az2 D§ —— C Qc —— Q6
01 —— B QB — 01 D5 — B QB |—— Q5
Do A QA Qo (LSB) D4 — A QA |— Q4
stage 1 stage 2
# To higher-ord
- COunter stages

21



IC b6 dém dong bo

= 74ALS193/HC193

B6 dém dong bo

MOD-16

Presettable up/down

Preset khong dong bd
Master reset khong dong bo

43

IC 74ALS193

PL Py P Py Py Pin names Descriptio
I T T T T CPy Count-up clock input
Q (active rising edge)

CPy TCy )

——> 74ALS193 — CPp :}aocn:ir;:ur?;'nn c::lcke;npu!

cPy MOD-16 up/down S giecs

» 3 coumiar O—» MR Asynchronous master reset input
(active HIGH)

* PL Asynchronous parallel lead input
(active LOW)

MR Qy Q Q; Qp

(a) Pg-Pa Parallel data inputs
Qp-0y Flip-flop outputs
Mode Select
—T TCp Terminal count-down (borrow) output
MR | PL |CPy|CPp Mode (active LOW)
H X X X Asynch. resat .
L L X X Asynch, preset TCy Terminal cou!nlvup (carry) output
L|H|H|H No change (active LOW)
L H T H Count up (b)
L H H Count down

H =HIGH; L = LOW
X = don't care; 1 = PGT
(c)

44
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Qe Q, —
(a) (b)

45

cP,
B 1 g d X
-;;:» T4HC193 T
1 —
A O, } o, @
(a)
cp._.o' | | | f | I | | {
1 T
= [H] LT TR
G oJ | . |
0 o—; -
a, 0' | | | |
%J_I__J_I__l_!__l_l__.__
S, [ ]
[ L
b t. 1 ts g 1y
(b)

46

23



Loy
*ﬂ ________ 74ALS193 - bo dém xuong’
li .... e 0 TR
Yeteyeted
s &) 0 =X
SRR
B ‘:—U: I B | 1]
e ——— .
= TTTTTT] LT
b b tz 1 4 15 N s t  la tp .

e b " ha
A 4
Counter Presets
presats )
L4 g
o101
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= K&t hop nhiéu IC d& md rong bd dém

Note: Reset input has priority over Load and clock inputs.
Load input has priority over clock inputs.

Pa Py P2 Py P; Ps Pg Py
9
Load *
& & I I ]
| P PoPyPaPyl P PoPiPoPs|
Clock up ﬂ + M _‘;i,.
To higher-order
N= CPo 74HC193 e, o 74HC193 %, S
Clock down ———>— —
MR Q;Q,Q;Q4 MR Q;0,0;0;
Res l l J l
b ®
Qe Q4 Q205 Q,Q50Q:Q7
Low-order High-order
stage stage

Giai ma bo dém

= Gidi m3 1a biét ddi gid tri nhi phan & ngd
ra thanh gia tri thap phan.

= BO gidi m3 sau tich cuc muc cao, cd thé
s’ dung cac den LED dé thé hién cac s6
thap phan tu 0 - 7.

50
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Giai ma bo dém MOD- 8 N 17

= Bang chuyén dadi trang thai cia JK-FF

0->0 0 0 0 | X
0>1 0 1 1 | X
1->0 1 0 X | 1
1->1 1 1 X 0

52
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= Budc 1: Xac dinh so bit (s6 FF can)

= Budc 2: vé& so do chuyén ddi clia tat ca
cac trang thai, bao gbm ca nhirng trang
thai khong xuat hién trong chu trinh.

= Budc 3: dya vao sg do chuyén ddi trang
thai dé thiét [ap mot bang, trong do liét
ké tat ca cac trang thai hién tai va k€ tiép.

53

= BuGc 4: trong bang vua tao, thém cot gia
tri J, K cla cac FF. Vi moi trang thai hién
tai, xac dinh gia tri cia J va K dé bo dém
chuyén dén trang thai ke tiép.

= Budc 5: thiét k&€ mach logic dé tao ra cac
muc logic cho mo6i ngd vao J va K.

= Budc 6: xac dinh sc d& mach.

54
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Vi duy, thiét k& bd dém MOD-§"

= SO d6 chuyén ddi trang thai
= 000>001->010->011->100->000->...

Lnel 0 0 O 0 01
2 0 0 1 010
3 010 0 11
4 0 1 1 1 00
5 1 00 0 0O
6 1 0 1 0 0O
7 110 0 00O
8 1 1 1 0 0O

56




fﬁm?
\\ Il j

h

?

al cua mac

14

Bang trang th

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

0

0 0

0

Line 1

57

'.r“"“'w\

Xac dinh cac gia tri J va K

= Tinh gia trj cua J,

[&]

]

<

-
J ) ) x
S o o -
(@] @] O [®]
[as] [as] o [wi]

™ X = X x O

—
w
% oo~ 0O~
o
Qoo oo o~~~

58

(b)

(a)
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A A
BC| o 0
BC| x X

(@)

CLOCK

r'.w:_-‘;;."‘
\%m\,_ﬁ)
‘A A A LA A A
X X BC | O 1 BC | x X
1 1 BC 0 0 BC [ X X
1 1 BC | X X BC { 1 1
X X BC X X BC 0 1
] ]
Ko = Jg=AC Kg=A+C
(b)
oY
f‘w;_-‘;;."‘
AV,.N =
So do mach 7
AB / '
—>CLK —>CLK
.l 1 =
60
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= SUr dung D-FF dé& thiét k& b dém MOD-5

0 0O 0 0 1 0 0 1
0 01 010 0 1 x
0 1 0 011 0 x 1
011 1 00 1 x x
1 00 0 0O x 0 0
1 01 0 0O x 0 x
1 10 0 0O x x 0
1 1 1 0 0O X X X

Vi du 7-8

A A A A

Ol
oI

cB| o | o

A
0@ (‘,Eﬁ\o
\J
0
0

@]
w
o
o
@]
w
o
o
(@]
w
o




1 | | |
D.—D C Dg—D B} D.—D A
CLK > CLK CLK

CLOCK

Ql

= Thanh ghi c6 thé dugc phéan loai dua vao
cach dir liéu dugc dua vao va cach ma dir
liéu dudc lay ra:
« Parallel in/parallel out (PIPO)
= Serial in/serial out (SISO)
= Parallel in/serial out (PISO)
= Serial in/parallel out (SIPO)

64




= Vao song song, ra song song :
MSB Parallel in LSB

\1 |0 \l |o % \1 |0 \l

SN - L L =

1 0] 1 0] 1 1 0 1

Parallel out

= IC 74174 va 74178

65

Mach thanh ghi tich hgp ‘&

---------

= /4ALS174/74HC174
= Thanh ghi 6 bit
= D5, Dy: Ngd vao song song
= Qs, Q,: NGO ra song song
= DU liéu dudc dua vao thanh ghi theo canh
duong cua xung clock

= Master reset cd thé reset tit ca cac FFs
mot cach doc lap va@i xung clock

66

PIPO — 74ALS174/74HC1 741
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PIPO — 74ALS174/74HC1741

11111

'S5 2 1 0

= 74ALS174 dudc st dung dé lam bd thanh

ghi dich

Serial

input [ l
Dg D; Dy Oy Dy Dy

CP—sf T4ALS174

MR—Cl @, @, 0; Q; Q

68
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= Vao nai ti€p, ra ndi tiép:

Serial In

- >

...01...

= IC4731B

of =

Serial out
.10...

69

SISO - 4/731B

shift r[ste
47318
DS
Q—D-o—c{>— D D Q D D Q f—
FFO FF1 FF2 FF3
Gr cP cP cP
oo [T [
\---ﬁ----- D D Q D D Q
FF60 FF61 FF62 FF63
cp cP

[t

Qgz

70
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= Vao song song, ra nai tiép:

Parallel In
MSB
S o 1 o 1 1 o 1 LSB

1

= Cbﬁ e Serial Out

g
...10...

= IC 74165,74LS165,74HC165

71

PISO - 74HC165

---------

= /74HC165
= Thanh ghi 8 bit
= DI liéu ndi ti€p dugc dua vao Dq
= D{T liéu song song khong dong bo dugc dua
vao qua P, - P,
= Chi c6 ngd ra Q, dugc sU dung
= CP la ngd vao xung clock
= CP INH ng0 vao ngan xung clock

= SH/LD ngd vao load dif liéu

72
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PISO - 74HC165

PEVVEEEE

Dg =
CP —
fie HC165
CP INH ——
S| J—
l—-» Qy
Q;
(a)
Function Table
Inputs
[SHLD CP CPINH| | Operation C 2
L = low level
X Parallel load X = immaterial
% || Mochange | £
H || Nochange
L || Shif ng
i 3 Shifting
(b

73

= Vao ndi ti€p, ra song song:

MSB Parallel out LSB
1 0 1 o 1 1 o 1
t 1 t 1 t 1 t 1
=& == — =

Serial In

- " 1|o0 1 o |1 1 o | 1
.01

= IC 74164,74LS164,74HC164

74
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= 74ALS164

= Chtra thanh ghi dich 8 bit
= A va B la hai ngd vao ciia mdt cdng AND, ngd
ra clia conf AND la dau vao ndi tiép.
= Qua trinh dich xay ra khi cé canh am cua
xung clock

75

8-bit

N iee
A:D—'D al+—fo oo ol4—o cle—fp als—fp al4—o als—p @
Ry P S R N S rrrT
1 | l | | l l
MR a a aQ = Qs o a Qs a,
::El T4ALS 164
CP——>
U
MR QODO;D;O;Q;)O

76
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Vi du IC 74ALS164

-

UUUUUUUUU

000000000

000000000

000000000

000000000

111111111

111111111

111111111

Temporary

T4ALS164

77

(b)

.,

-

Thanh ghi dich

o
o C
c O
-
S
HO
> 5
350
© .
- C
> o

may tinh

78
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= B6 dém vong (FF cudi nGi dén FF dau tién)
= FF cudi cung sé dich gia tri cia n6 dén FF dau

tién
= D-FF dugc str dung (JK-FF ciling c6 thé dudc
st dung)

= Phai bat dau vdi trang thai chi cé mot FF co
gia tri 1 va nhifng cai con lai & trang thai 0.

79

2
&
o
o

|_ D Oy ——0 Q. ——D Q. D LI_+ : pUIse
it | ° % 1 1 0 0|0 (1]
>CLE +> CLK > CLK > CLK 0 1 0 0 1
OCK O, a; & ay 0(o0 |1 |0 2
=5 L . 00 0 1 3
s ] . 1 0 0o|o0 4
[a) 4] 1 o|o0 5
ojoj1]0 6
1 2 k] 4 5 [ 7 8 olofo|1 7
CLOCK ‘ I J J ‘ ' ‘ ‘ I J | : e . : -
o ] I (©)
« 1 —
l 1000
m [—| p
& /’_<' (o=
| soor |
Q & N
: @y
&
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= B6 dém MOD-4

cLOCK
Q3 Q2 @ Q|| puse
1|10 |0 |0 1]
0 1 0|0 1
g|o0|1]|0 2
010101 3
110|100 4
o|1|o|of| 5
g|o|1]0 6
g|lo |01 7

(<)

(d)

81

82
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