CHUONG 5
MACH FLIP - FLOP

5.1. MOT SO CAU TRUC MACH THUGNG GAP CUA FLIP - FLOP
Tin hiéu s& nhi phan 12 tin hiéu cd ban trong mach s& FF 1a phan t& cd
ban luu trit (nhd) tin hiéu nhi phan. Vi mot bit tin hiéu nhi phan c6 thé nhan mot trong
hai gi4 tri 0, 1 nén FF t&i thi€u cAn c6 chifc ning sau :
1. C6 hai trang thai 6n dinh, trang thdi 0 va trang thdi 1.
2. C6 thé tié'p thu, luu trit va dua ra tin hi€u vao.
Puong nhién, thuc tién con dé ra cdc yéu ciu khdc. Tiét nay trinh bay
van dé: Mach dién nhu thé ndo ddm bao cdc chic ning néi trén.
5.1.1. Flip Flop RS ¢ ban
1. Cdu triic mach va ky hiéu
Hinh 5-1-1 trinh bay so dd logic va ky hiéu logic ctia Flip Flop RS co ban.
Mach dién gdm hai c6ng NAND ndi ghép chéo. R,S 1a céc tin hi¢u ddu vio, ddu
gach ngang trén ky ty bi€u thi tin hiéu hoat
dong & mic thap (mot khuyén tron trong ky hiéu

logic bi€u thi diéu d6). N6i cach khic, diu vao §

biéu thi khong cé tin hiéu. Q va 6 biéu thi trang

thai ctia FF, ddng thdi biéu thi dau ra.

r
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&
mu’c thﬁ'p biéu thi c¢6 tin hiéu, diu vao § mic cao h
A
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U

2. Nguyén ly lam vié¢c

Hinh 5-1-1 Flip Flop RS ¢d ban.

a) Hai trang thdi én dinh . o .
a) So do logic b) Ki hiéu logic

Khi khong c¢6 tin hi€u, tic Ia
R =S =1, mach c6 hai trang thai 6n dinh - Trang thdi 0 va trang théi 1. o] day, chiing ta
20i Q=0va Q=112 trang thdi 0, goi Q = 1 va Q =0 1a trang thdi 1. O trang thdi 0, vi
Q = 0 hdi ti€p dén ddu vao c6ng B 1am B ngit, duy tri Q =1. Ma Q =1 lai hdi ti€p dén
dau vao cdng A, cing vdi S=1 lam cho cong A thong, duy tri Q = 0 . Do d6, mach
hoan toan ty dong duy tri trang thdi 0. Tuong tu, & trang thdi 1, Q=1 va R =1 lam cho
cSng B thong, duy tri Q=0.Ma Q=0 lai lam cho cng A ngit, duy tri Q = 1. Vay
trang thdi 1 cling dudgc ty gitt.
b) Qud trinh tiép thu tin hié¢u
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Gi4 st FF & trang théi 0, ching ta dwa mot xung 4m vao ddu S. Mach
dién s& chuyén bi€n nhanh sang trang thdi 1. Vi xung 4m & diu vao S, sau thdi gian tré
truyén dat 1 cip cdng tyq thi cong A tir thong sang ngit, ddu ra Q tir 0 sang 1. Lai sau
thdi gian tré truyén dat 1 cAp cdng tpq Nifa, thi c6ng B tir ngit sang thong, diu ra Qur1l

sang 0. Vay sau thoi gian 2t,q FF da hoan thanh

J_d—_/ chuyén bién trang thai tir 0 sang 1. Lic nay du cho
'?‘ ~/ mét tin hiéu ddu vio, vi Q=0 da hdi tiép din dén
= d4u vao cong A, FF c6 thé tu dong duy tri trang théi
‘*‘"‘_{LL,H L 1, ma khong trd lai trang th4i 0. Vi thé, xung Am diu

f, L vao dudc goi la xung kich.
Hinh 5-1-2. Gia st FF § trang thail, dua xung 4m vao dau

Dang séng cia Flip Flop RS cdbidn R Qu4 trinh tuong ty s& xdy ra, sau thdi gian 2t,,
FF chuyén tir trang thdi 1 sang trang thdi 0. (Xem
dang song hinh 5-1-2).

Vi tin hiéu & ddu vao S c6 thé va chi ¢6 thé thiét 1ap FF § trang thdi 1,
tns hiéu ddu vao R c6 thé va chi ¢6 thé x6a FF & trang théi 0, nén thudng goi S 1a diu
vao dit (set) va R 1a d4u vao x6a (Reset).

Néu xem xét qud trinh chuyén bién trang thdi ti mi hon, ching ta s& thiy
ring : vi hai mach NAND ndi ghép chéo nén khong nhitng FF c6 thé ty giit khi khong
c6 tin hiéu, ma con xuit hién qud trinh phin hdi duong trong mac FF mdi khi c¢6 xung
kich tao diéu kién d€ FF nhanh chéng hoan thanh chuyén trang thi. Vi du, trong qué
trinh thit 1ap 1, h& S gidm dén mic md cdng, mic ddu Q sé& ting 1én, hdi ti€p d&n dau
vao cOng B, 1am cho cdng B chuyén tir ngit sang thong, Q gidm mifc, hdi tiép d&n diu
vio cdng A, lai cang lam cho cdng A ngit siu hon, Q ting mic hon nita, két qui cing
1am cho Q gidm muc thém ... C& vdy, séng don gi6é dap nhu bdo 4p, nhu thic 1, 1am
cho cdng A ngit rat nhanh, c6ng B thong rat nhanh, FF chuyén trang thdi tir 0 sang 1
trong thdi gian cuc ngin. Thong qua dau Reset R, ciing c¢6 qué trinh phan hdi duong
tuong ty. Chinh vi th&, dii cho sudn trudc xung kich (xung 4m) khong ddc 1im, thi § dau
ra clia FF ta vin nhan dudc cdc xung ¢ sudn rat doc.

¢) Khong cho phép dong thoi dua tin hiéu vao cd R va S

Khi ding loai FF nay 1lam phan tif nhé, khong dugc phép ddng thdi dua
tin hiéu kich vao c4 hai ddu vao R va S, tic 12 trang thdi R =S =0 bi cAm. Do dic tinh
mach cdng NAND, khi R =S =0 thi Q, Q ddng thdi bing 1, phin ti nhd ma khong
phdi 12 trang thdi 0, cling khong phai 1a trang thdi 1 nhu thé thi diu con 13 phan t& nhé
nita | mat khdc, khi R va S ddng thi tir 0 vé& 1 (b tin hiéu) thi trang thdi ciia FF 1a bat
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dinh, c6 thé 1a 0, ciing c6 thé 1a 1. Vi ring nhitng nhan t& quyét dinh trang thai FF lic
ndy 12 khdng cé cdch ndo biét trude chinh xdc duge, ching han sy khdc nhau rat nhd
dic tinh dong ctia hai cdng NAND hay tinh hudng nhiu & thdi di€m xét. Puong nhién,
sau hai ddu vao R va S 12 khéng dong thdi, trang thdi FF c6 thé xdc dinh sau khi bé tin
hiéu.
d) Bdng chiic nang va phuong trinh ddc trung

Ta dung ky hiéu Q" biéu thi trang thai FF trudc khi ti€p thu tin hiéu, goi 1a

trang thai hién tai, dung ky hiéu Q™' biéu thi trang thai FF sau khi ti€p thu tin hiéu, goi la

trang thdi ti€p theo. Quan hé logic giita Q™' va Q", R, S bi€u thi bing bang chiic ning
(bang chan 1y) mo ta su chuyén ddi trang thai x4y ra nhu bang 5-1-1 dudi day.

Béang 5-1-1 : BANG CHUC NANG CUA FLIP FLOP RS CO BAN

Q" R S Q!
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 X
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 X

01 o 1 X 0 > 3 n+1
Hinh 5-1-3 : Bang Karnaugh cua Q
1

Trong bang hai trang thai Q"RS =011, 111 1a bi
cAm, tuong ng danh diu chéo (x) & cot Q™', trong khi

t6i thi€u héa c6 thé sit dung.
Chiing ta c6 thé xem Q", R, S 1a céc bién

logic Q™' 12 ham logic ctia céc bién trén. Tir bing 5-1-

1 ta vé& bang Karnaugh ctia Q"*' nhu hinh 5-1-3.

Cin ct vao bdng Karnaugh ta dugc phuong trinh ~ Hinh 5-1-4 : FLip flop RS cd ban ding
cong NOR.

dic trung sau cda FF : . . .
a) So do logic b) Ki hiéu logic
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. (5-1-1)
RS =0 (rang budc tir trang thdi cam)

{Q"“ —S+RQ"
Béng chic ning va phuong trinh dic trung
12 phuong phdp biéu dién s& hoc quan hé logic giita trang thdi hién tai Q", cic
tin hiéu dau vao r, S véi trang thdi ti€p theo clia Flip Flop RS co ban. Ching miéu ta
diy dd chic ning logic clia né.
3. Flip Flop RS co bdn diing cong NOR
Xem hinh 5-1-4, so sanh v&i hinh 5-1-1 ta thdy c6 hai diém khéc biét : vi
tri R, S d30 va mifc tich cyc clia tin hiéu ciing ddo (khong c6 diu gach ngang). Cdc dau
vao R, S & mic cao biéu thi cé tin hiéu, § mic thap bi€u thi khong cé tin hiéu. Cin ci
vio tinh chit cdng NOR, chiing ta c6 thé€ tim hi€u nguyén 1y cong tdc va viét ra bang

chiic nang, phuong trinh dic trung clia mach nay.

Khi R =S = 0 thi Q, Q dong thdi bing 0, d6 1a trang thdi cAm.
4. Dic diém co bdn
Uu diém : mach don gidn, c6 thé nhé 1 bit 13 co s§ d€ cau tric cac FF
hoan hdo hon.
Nhudc diém : tin hiéu tryc ti€p diéu khién trang thai ddu ra, ¢ng dung bi

han ché, tin hiéu vao rang budc 1an nhau (khdng & trang thdi cAm).

5.1.2. Flip Flop RS dong b
1. Cdu triic mach va ky hiéu
Pé€ khic phuc nhuge diém cia loai Flip
Flop RS cd ban 1a tryc ti&p diéu khién, ngudi ta thém

N . g LN e R N A . A N R
vao hai cong diéu khién va mot tin hi€u di€u khién,

A z *A A N N P <A e R
nén tin hi¢u dau vao dudc truyén qua cong diéu khién,

xem hinh 5-1-5. C4c cdng A, B 1am thanh Flip Flop RS TTT

co ban, cdc cong C, D 1a cdng diéu khién, CP Ia tin g R

hiéu diéu khién, thuong 12 xung déng hd hoge xung mg | T !

chon mach. Trong ky hiéu logic, diu CP c6 diu A,

tin hi€u nay tich cuc véi sudn duong ctia xung. Hinh 5-1-5 Flip flop RS ddng bo
2. Nguyén Iy lam vigc a) So @6 logic b) Ki hiéu logic

Khi CP = 0, cdc c6ng C, D bi ngit, FF bi cAm, duy tri trang thdi cii. Khi

CP = 1, cdc cdng C, D thong thi FF sin sang (ti€p thu tin hiéu), né ti€p thu tin hiéu diu

vao R, S. D& dang thdy ring tinh hudng cong tic cia mach lic nay gidng nhu Flip Flop
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RS co bidn. Neu R =0 ; S = 1 du ra c6ng C & mifc thap, FF lap & trang thai 1. Ngugc
lai, n€u R = 1, S = 0 d4u ra cdng D & mic thap, FF bi x6a vé trang thdi 0. NeuR =S =
1 thi cdc c6ng C, D déu dua ra muc thip, din d&n Q va Q déu 1a mic cao, d6 12 trang
thai cAm. C6 thé thiy riing bang chifc ning va phuong trinh dic trung bi€u thi quan hé

n+1

logic gitta Q™' véi Q", R, S khong khic gi ciia Flip Flop RS cd ban, ching qua chiing
chi ding trong diéu kién CP = 1. Ttc 1 cdc quan hé logic & bang 5-1-1 ddi vdi Flip
Flop RS dong b chi ding khi nao xuat hién xung dong hd (CP = 1).
3. Mach chét D

Hinh 5-1-6 13 so @ logic mach chét D, né dugc ciu tao trén cd sé mach
Flip Flop RS dong bo nhiim gidi quyé&t van dé rang budc 1an nhau clia c4c tin hiéu dau
vao R, S. Piu ra c6ng C ndi dén cic ddu vao céng A, E. Khi CP = 0, cdng C, E ngit
nén Flip Flop duy tri trang thdi cii. Khi CP = 1 néu D = 0 thi ddu ra C § mic cao, dau ra
E & mtc thap, Flip Flop & trang thdi 0, néu D = 1 thi dau ra C & mifc thdp, ddura E §
mtc cao, Flip Flop & trang théi 1. Vay tiic 1a D & mifc nao thi Q & ding mic 4y. Phuong
trinh dic trung clia mach chdt Flip Flop D 1a :

Q™' =D véi diéu kién CP = 1 (5-1-2)

4. Ding cong NORAND dé cdu triic Flip Flop RS dong bo
va mach chét D. (Céng NORAND xem muc 3-3-4-3)
Véi diéu kién tién quyét CP = 1, mach trén hinh 5-

)

1-7a ¢6 bang chiic ning trung hdp v6i bang 5-1-1 va phudng trinh A a
dac trung trung hgp véi phuong trinh 5-1-1, mach trén hinh 5-1-
7b c6 phuong trinh dédc trung trung hgp véi phuong trinh 5-1-2. i

Hinh 5-1-6 : Mach chot D

/i CF

Hinh 5-1-7 : Flip Flop cau triic ttt NORAND
a) Flip Flop RS ddng bé b) Mach chét D ¢) Cong NORAND d) Ki hiéu rit gon cia
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5. Ddic di¢m co bdn ciia Flip Flop RS dong by

Uu diém : Piéu khién chon md mach.
Khi c6 xung ddong ho CP = 1 thi Flip Flop ti€p thu tin
hiéu vao, con néu CP = 0 thi Flip Flop bi cAm.

Nhudc diém : Trong thdi gian CP = 1
tin hiéu vao van tryc ti€p diéu khién trang thii diu ra
ciia FF, c6 m&i rang budc R va S d€ tranh trang théi
caAm, tuy nhién ciu tric ndi mach cda mach chdt D
gidi quyét diéu nay.

5.1.3. Flip Flop RS master slave

Mach nay gidi quyét triét d€ van dé
truc ti€p diéu khién, d6 13 nhude di€m cia cic loai
FF trén.

1. Cdu triic mach va ky hié¢u

Trén hinh 5-1-8 c6 hai Flip Flop

RS dong bd ndi ghép diy chuyén véi nhau, mot

Hinh 5-1-8 : Flip Flop RS master slave.
a) Sd dd logic

la FF master, mét 1la FF slave, xung dong ho b) Ki hiéu logic

cung cap cho ching 1a ddo nhau (qua mach ddo
D).

2. Nguyén ly lam vi¢c

a) Khi CP = 0, Céng G, H ngit nén FF master ngit. CP =1, cdng C, D

thong nén FF slave sin sang, né ti€p thu tin hiéu diu ra master, do d6 Q = Q,,, Q= G

b) Sau dot bién sudn duong CP

CP = 1 master thong qua cdc cng G, H ti€p nhan tin hiéu diu vao. Vay :

{gg:s +RQn 6 didu kien CP=1

CP =0 Slave bi ngdt, ddura Q, Q duy tri trang thai ci.

¢) Khi sudn 4m xung déng hd CP

CP dot bién xudng 0, master bi ngit. CP dot bién 1én 1, slave ti€p nhan tin hiéu
da dugc master ghi nhd tir thdi gian CP = 1. Nghia 1 slave chuyén d6i trang thdi . Vay :

{le _S+RQ"

5-1-3
RS=0 ( )

v6i diéu kién da xudt hién sudn Am xung dong hd CP.
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Flip Flop RS master slave tuy ring dé master ti€p nhén tin hiéu diu viao trong
khodng thdi gian CP = 1, nhung diu ra lic d6 vAn khong chuyén d6i trang thdi, chi khi
da xuat hién sudn Am xung déng hd CP thi diu ra mdi chuyén trang thdi. Ngudi ta goi
st kién nay 1a kich bing sudn Am. FF c6 trang thdi diu ra khong chiu 4nh hudng truc
ti€p clia cdc tin hiéu dau vao R, S bat ky lic ndo. Vay van dé truc ti€p diéu khién da
dugc gidi quyét. Trén hinh 5-1-8b dau vao CP c6 dau 6 biéu thi riing tinh tich cuc cla
tin hiéu CP 1a sudn Am cua nd.

3. Ddc diém co ban

Uu diém : C4u tric diéu khién master slave di gidi quyét van dé truc ti€p diéu
khién, trong khi CP = 1 ti€p thu tin hiéu, sudn am ctia CP kich chuyén trang thdi dau ra.

Nhudc di€ém : Van con rang budc giita R va S khi CP = 1.

5.1.4. Flip Flop JK master slave

1. Cdu triic mach va ky hiéu

Loai Flip Flop RS master slave néi & trén vin con rang budc R va S,
nguyén nhin chinh 1a khi R = S = 1 d4u ra cdc céng G, H déu & miic thap, din dé&n tinh
hudng khong mong mudn 1a Q,, = 1 va Q, =1. Can chi y mot diéu sau :

Xét mach Flip Flop RS master slave khi CP =1, Q va 6 khong ddi trang

thdi va 1a ddo

ES
S|

2
<l

Hinh 5-1-9 : Flip Flop
JK master slave.
a) So d6 logic
b) Ki hiéu logic




clia nhau. Chi cAn dem mic cdc ddura Q va Q duwa d&n diu vao cta G, H thi ¢6
thé khic phuc tinh trang cd Q va Q. déu biing 1, gidi quyé&t vadn dé rang budc giita tin

hiéu dau vao.

Pé phan biét véi Flip Flop RS master slave, mach cdi tién khong dung tén R, S
nita, ma 14y tén méi 1a J, K cho cdc dau vao, va tén cla mach cdi ti€n 12 Flip Flop JK
master slave, goi tit 1a Flip Flop JK (hinh 5-1-9).

2. Nguyén ly lam vi¢c

Theo sy trinh by trén diy vé su cdi ti€n clia Flip Flop JK, ta thdy nguyén
ly cong tic clia né gidng nhu cda Flip Flop RS master slave, chi khdc bdi su tuong

duong sau clia cdc tin hiéu dau vao :

S=1Q, (5-1-4)
R =KQ" (5-1-5)
Ap dung cong thdc (5-1-3) ta ¢6 :
Q"' =S+RQ" =JQ" +KQ"Q" =JQ" +KQ" (5-1-6)

Véi diéu kién da xuat hién sudn am CP.

Cong thic (5-1-6) 1a phuong trinh dic trung cda Flip Flop JK né phdn dnh
quan hé logic giita Q™' véi Q", J, K. Nhg
Q" va Q" phan hdi vé cdng didu khién
G, H ma J va K khong con rang budc 1an
nhau.

3. Tdc dung cdc ddu vao di bj
R, .S, (di bd : Asymchronous)

a) Céc dau vao dong bo

Bat ky ldc nao thi cdc dau vao J,
K chi tic dong khi c6 sy diéu khién ddng

bo clia xung dong hd CP ; vi vay J, K 1a

diu vao dong bd . (C4c dau vao R, S clia

Flip Flop RS master slave dong bo ciing

12 cdc diu vao ddng bo).

b) Céc dau vao di bo

Pé phin trinh bay trén don gidn, Hinh 5-1-10 : Flip Flop JK master slave.
chua vé& cdc dau vao di bd R, ,S, trén a) S¢ dé logic
hinh 5-1-9a. C6 thé biét vi tri cdc diu b) Ki hi¢u logic
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vao di bd nay trén hinh 5-1-10. Tdc dung cla cdc ddu vao R, ,S, khong chiu diéu
khién ddng bd ctia xung ddng hd CP, vi viy R, ,S, 1a cdc diu vao di bo. Nhu trén hinh
5-1-10a chi r3, R, ndi d&€n ddu vao B, F, G. Do d6 xung am ddu R, khong nhing x6a
cd master va slave ma con ngit cong G, trong thdi gian CP = 1 khong cho phép J = 1
thi€t 1ap master & trang théi 1, di€u d6 bdo dadm trang thdi 0. Tuong ty S, n6i d&€n dau
vao A, E, H. Xung 4m ddu vao S, bdo dim trang thdi 1. Trén ky hiéu logic (hinh 5-1-
10b), khuyén tron & diu vao Sy, Ry biéu thi tinh tich cuc cia chiing 13 mifc thap.

4. Van dé mot lan chuyén

Trong thdi gian CP = 1 thi master chi chuyén d6i trang thdi mot 1an, hién tugng
nay goi 1a mot 1an chuyén. Nhu ta di biét, cdc trang thdi dio nhau ca Q va Q phan
hdi vé H, G tuong ng lam cho mot trong hai cdng (H hodc G) bi ngit, néu mdt diu vao
c6 tin hiéu thi c6 thé vi chi chuyén ddi trang thdi mot 1an. Vidu khi Q =0, Q = 1, cong
G bi khoa, J khong tac dung, tin hiéu chi c6 thé tir ddu vao K, qua céng H, x6a master
v& 0. Va mot khi di & trang thai 0 rdi, di tin hiéu K bi€n d6i thé nao, master van duy tri
trang thai 0. Nguoc lai khi Q =1, Q =0 thi H bi khéa, chi ¢6 tin hiéu J méi tic dung,
thong qua cdng G, dit master 1én 1, mot khi da & trang thai 1 roi, master sé& duy tri.

Van dé mot 1an chuyén khong nhitng han ch€ tic dung ctia Flip Flop JK master
slave ma con lam gidm ning lyc chong nhiéu clia né. Ching han, khi CP = 1 ma J, K
ddi trang thai nhiéu 1an thi ciing chi ¢6 mot 1an chuyén ma thoi. Mit khdc, thdi diém
mot 1an chuyén trang thai d6 c6 thé rdi vao sudn duong, giita xung, hay sudn am cia
xung déng hé CP. Néu nhu khong biét chinh x4dc quy luit tin hiéu J, K thi khong c6 thé
xdc dinh trang théi ti€p theo ctia Flip Flop. Vay khi stt dung Flip Flop JK master slave,
thudng déu yéu cau trang thdi J, K duy tri khong d6i trong thdi gian CP = 1. Pa thé thi
qué trinh 1am viéc ctia Flip Flop néi gon lai 13 : sudn duong ti€p thu, sudn 4m chuyén.
Néu nhiéu x&p chdng véi J, K sao cho giy ra mdt 14n chuyén sai trong khi CP = 1 thi tin
hiéu nhiéu d6 ti€p tuc tic ddong dén hé thong. Vay van dé mot 1an chuyén 1a nguyén
nhan lam gidm ning Iyc chong nhi€u cia mach nay.

5. Flip Flop JK master slave trong mét vé IC

Hinh 5-1-11a trinh by so dd logic twong duong ctia Flip Flop JK master slave
trong mdt vé IC. Master bao gdm hai NORAND, slave khd don gidn, CP miic cao cim,
muc thap cho phép. Nguyén Iy cong tidc khdong khdc mach hinh 5-1-10 néi trén.

6. Pdc diém co bdn ciia Flip Flop JK master slave

Uu di€m : J va K khong bi rang budc 13n nhau, cdc IC ciia ching dugc san xuat

nhiéu, st dung rong rii, tinh ning uu viét.
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Nhudc diém : Van d& mot 1an chuyén, thudng yéu cau J, K duy tri khong d6i
trong thdi gian CP = 1.

Hinh 5-1-11 Flip Flop JK
master slave trong v6 IC
a) So db logic tuong duong
b) Ki hiéu logic

5.1.5. Flip Flop JK kich biing suon xung (Edge triggered FF)
1. Céu triic mach
Mach trén hinh 5-1-12 la Flip Flop JK kich bing sudn
xung, né gidi quyét van d& mot 1an chuyén ctia Flip Flop JK
master slave. Khi CP = 0, CP = 1, hay khi sudn duong cta
CP ciéc tin hiéu J, K déu khong tdc dung. Chi trong thdi gian
~ sudn am cda CP thi Flip Flop mé6i chuyén trang thdi theo
phuong trinh dic trung dudi
day : Q™' =JQ" +KQ"
2. Nguyén ly lam viéc
a) Khi CP = 0, cdc cdng G, H bi khéa J, K khong tic

Hinh 5-1-12 : Flip Fl K
in ip Flop J dung, Flip Flop duy tri trang théi cii.

kich bing sudn xung.
b) Khi CP = 1 c4c c6ng C, D, G, H thong nhung :
Z — — n
Z, = = "=]Q,
Z, = =KQ"Q" =KQ"
QrHl:Zl"'Z%:Qn‘i‘an:Qn
Q™ =7,+Z,=Q"+KQ"=Q"
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Vay FF duy tri nguyén trang, JK déu khong tdc dung.
¢) Khodng thdi gian sudn dudng ctia CP, do tdc dung tré cia cdc cdng NAND G
va H ma c6ng C, D thong trudc :

Z,=Q" z,=Q"
Ti€p sau méi ¢c6:  Z,=JQ" ; Z,=KQ"
Vi vy :

Qn+l :m:Qn +3Qn :Qn

+1 - =
Q =7Z,+Z,=Q"+KQ"=Q
J va K cling khong tdc dung.

d) Tinh huéng mach trong khodng sudn 4m ctia CD khac hin. Do tic dung tré
ctia cic cng NAND G va H ma C, D ngit trudc :

Z,=7,=0

ma diu ra cdc cdng NAND duy tri Zs = Jan,Z6 =KQ" trong khodng thdi gian

toa nifa. D& dang thdy riing trong t,y d6, cdc cdng NOR A va B, cdc cong AND E va F
cau triic nhu mdt Flip Flop RS cd bén, véi :
S=7.=1Q" R=7, =KQ"

Cin cd vao phuong trinh dic trung cta Flip Flop RS co bén, ta ¢6 :
Q™ =S+RQ" =JQ" +KQ"Q" =JQ" +KQ"
Do Q", Q" phan biét hdi ti€p diu vao H va G nén J va K khong bi rang budc 1an

nhau.
Vay loai mach dién nay khong nhitng c6 tinh niing t6t nhu Flip Flop JK master
slave va c6 dic di€m kich bing sudn Am xung ddng hé CP ma con khong c6 van dé
mot 1an chuyén.
3. Pdc diém co bdn 2
Uu diém : Kich bing sudn am \
xung déng hd CP ; diy la loai FF tinh j’&D

ning wu viét, chdng nhiu t6t va st [
dung linh hoat. ! 1
Li] ‘
|

. 5d
Nhugc diém : Mach dién dung

/ /
":'—'J Lla T

tdc dung tré clia ciac cdng NAND gidi

~ ~ A A A R z
quy€t van dé modt lan chuyén, do dé ; . L
J P /

yéu cau cong nghé ché tao phdi tinh )
x40 d€ bdo dam mach dién cong tac tin  Hinh 5-1-13 Flip Flop JK kich biing sudn xung.
cay a) So @6 logic b) Ki hiéu logic
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Hinh 5-1-13 gi6i thiéu thém cdc ddu vao di bd R, ,S, . Cdc ddu vao nay tao
thuan 1¢i trong st dung. Xung Am dau vao § x6a. Trong so dd va ky hiéu logic clia n6,

d4u ngang va khuyén tron biéu thi riing tin hiéu tich cyc & mifc thap.

5.1.6. Flip Flop D (mach chét D cdi tién d€ gidi quyét van dé diéu khién truc
ti€p).
1. Céu triic mach dién

Xem hinh 5-1-14 thém vao mach chdt D hai cdng

EvaF. L
2. Nguyén ly lam viéc /é ‘ /_% \

[ A ) / ( D )

a) Khi CP=0 AT

Cic cong C, D bi khéa, Z, = Z, = 1, Flip Flop co
ban bao gdbm céc céng A, B duy tri trang thdi cii.
-NéuD=1thi :
Z,=DZ,=11=0

CP trong vai trd tin hiéu dau vao d6i véi cong C
thong, céng D ngit.
-Né/uD:Othi:Z4:1 Z3:O

CP trong vai trd tin hiéu dau vao d6i v6i cong C ngit, cdng D thong.

Hinh 5-1-14. Flip Flop D

b) Thdi gian sudn dudng cua CP.

- Néu D = 1 thi D bi ngit, CP chi c6 thé thong qua céng C md, viy
Z,=2,CP=1.1=0.

Z, = 0dan dén ba tic dong sau : mot 1a kich Flip Flop thiét1lap 1,Q=1, Q=0
hai 13 ngit cdng D, ngin trd Z, chuyén sang mifc thadp, nghia 13 ngin trd sy tao ra tin
hiéu kich chuyén Flip Flop vé trang th4i 0 ; ba 12 Z, duwa dén diu vao cong E bdo ddm

Hinh 5-1-14 Flip Flop D Z; =1 do d6 duy tri Z, = 0 sudt thdi gian CP = 1, tdc 12 duy tri tin
hiéu dat Flip Flop G trang thai 1.

Pudng ndi tir ddu ra cong C d&n diu vao cong E goi 12 dudng duy tri trang thdi 1
ctia FF. Pudng néi tir diu ra cdng C d&€n diu vao cng D goi 1a dudng ngin trd trang
th4i O ctia FF. Mot khi Z, = 0 duwa dén diu vao cdc cdng D, E va sinh ra cdc tidc dong
né6i trén rdi thi du tin hiéu D c6 thay ddi ciing khong thé dnh hudng dén trang thdi 1 cla
FF.
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- N&u D = 0 thi c6ng C bi ngit. CP chi c6 thé thong qua c6ng D mé, viy Z, =
7,2,CP=1.1.1=0

Z, = 0 ddn dén hai tic dong sau : mot 1a x6a FEv& 0, Q =0, Q=1 ; hai 12 1am
cho cdng F bi ngit, bdo ddm Z, = 1, do d6 duy tri Z, = 0, tic 1 duy tri trang thai 0 cla
FF. Z, = 1 con duy tri Z; § mic thip, ngin trd sy tao ra tin hiéu Z; = 0 kich chuyén FF
vé trang thai 1.

C6 thé thdy ring dudng ndi tir ddu ra cong D dén diu vao cong F vira duy tri FF
& trang thdi 0, vira ngin trd FF chuyén vé trang thdi 1. Chi cin Z, = 0 da dén dau vao

cOng F thi di bién héa thé nao, tin hiéu D ciing khong 1am thay ddi trang thdi ctia FF

dudc nira.
Tém lai :
Q™' = D véi diéu kién da xuat hién sudn duong ctia CP (5-1-7)

Hon nita, khi di c6 tic dung duy tri nguyén trang va ngin trd chuyén d6i sang
trang thai khdc trong sudt qué trinh CP = 1 thi tin hiéu D khong con tdc dong dé€n mach

nita. Vi vay, ddy 1a mach diéu khién sudn trudc va kich bing sudn duong CP.

3. Tdc dung ciia cdc ddu vao di by
R,R,.S, S,
Pé st dung thém thuin tién, Flip
Flop D con c6 thém cdc tin hi€u tich cuyc | i
mic thdip & cdc dau vao Set (S,S,) va '
Reset (ﬁ, R_d)

Hinh 5-1-15 bi€u thi s¢ db logic =~ =———1 —
. N Rdt —t ' &

tuong dudng va ky hiéu logic Flip Flop D gl g
trong v4 IC. Ll,D / !

— - !

R, S chi dung trong thgi gian CP = T 11
0, néu khong c6 thé phan tdc dung duy tii 7 L 2

sesadpinicam i ST LT

ngin trd n6i trén. Chang han khi CP =1 va | | (7 L2 4 g s
FF dang duy tri trang thdi 1. Néu c¢é xung L I _4 i

am ddu vao R thi c¢6 th& xudt hién trang 5 % 5,0,! CP
thdi cAm : Q vd Q ddng thdi mic cao. Hon |
nita, xung 4m R két thic trude CP, do tic Hinh 5-1-15 Flip Flop D trong vé IC
dung duy tri trang thdi 1, FF vin & trang thdi a) So do logic tuong duong
1, con néu CP két thic trude R thi FF c6 thé b) Kihiéu logic
x6a v& 0. S& dung S d& diat FF vao trang
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thdi 1 ciing gip van dé tuong tu, chi khic 12 né phan tdc dung vdi viéc duy tri trang thdi
0.

R,, S, khong bi trang thdi CP han ch€. Vi du, xung 4m & dau R, 1am FF vé 0,
néu CP = 1 va FF dang duy tri trang thdi 1 thi R, =0 khong chi x6a FF vé 0 ma con
thong qua dudng ndi dén cong C, F bit budc mach dang duy tri 1 ngin tr§ 0 phai trd
thanh duy tri 0 ngin tré 1. Ciing v6i ly do tuong tw, xung 4m diu S, ciing c6 thé lam
cho FF chuyén sang trang thai 1 mot cach tin ciy.

4. Dic diém co ban

Uu di€m : Piéu khién sudn xung, kich véi sudn duong CP, trong thdi gian CP = 1
mach ty gilf nguyén trang.

Nhudc diém : Trong mot sO trudng hdp st dung khong tién bing Flip Flop JK.

5.1.7. Flip Flop CMOS

Cic loai Flip Flop CMOS trong v4 IS c¢6 dic diém tiéu hao ning ludng rat it,
ning lyc chdng nhiéu rat manh, phit hdp véi nhiéu dién th& ngudn khac nhau. Nh sit

dung cdc cdng chuyén mach (xem muc 2-3-3) nén két cAu mach dién don gin.

S} ?‘.
L
¢ e, 4
7oy 7 pE S
| Bl ey 2
\ ™ zfi ’
7 i Master | C |
T
| 110,
|
/ea ‘ &

Hinh 5-1-16 Flip Flop D master slave CMOS.
a) S¢ dd logic b) Ki hiéu logic
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1. Flip Flop D ho CMOS

a) CAu triic mach va ky hiéu

Xem hinh 5-1-16 FF master bao gdm cidc cdng NOR 1,2 va c6ng chuyén mach
TG,, FF slave bao gdm cédc cdng NOR 3, 4 va cdng chuyén mach TG, TG, la cdng
diéu khién & ddu vao. TG; 1a cOng diéu khién giita master va slave. C va C 12 cdc tin
hiéu dong hd ddo nhau. Rp, Sp 14 cdc dau vao di bd Reset va Set tich cyc ¢ mifc cao. D
12 tin hiéu vo. Q va Q 1a cdc ddu ra.

b) Nguyén 1y lam viéc

_KhiCP=0, C=1,C =0, TG, va TG, thong, TG, va TG ngit. Tin hién vao D
thong qua TG, dn NOR 1, Z, = D, Z, = D. Nh3 TG, thong, slave tu gift.

-KhiCP =1, C=0 ,C =1, TG, va TG, ngit, TG, va TG; thong. Pudng tin hiéu
vio bi ngdt. Master tu giif nhd dudng héi ti€p qua TG, Slave chuyén ddi trang thdi theo
mtc tin hiéu Z,, tifc 13 dua tin hiéu dau vao D da nhé ra diu ra, vay FF D nay dudc kich
bing sudn dudng CP. Phuong trinh dic trung 1a :

Q"' =D véi diéu kién da xuat hién sudn duong CP (5-1-8).

2. FF JK CMOS

Hinh 5-1-17 FF JK master slave CMOS

Hinh 5-1-17 . s0 d6 nay 1a ci tién cta mach FFD trén day.
Cin cit so dd logic, ta c6 :
D=J+Q"KQ" =JKQ" +KQ"Q"

D=JK+JQ"+KQ"=JQ +KQ"
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Thay vao (5-1-8), ta dugc :

Q™' =JQ" +KQ" vdi didu kién da xuit hién sudn duong CP (5-1-9)

Pay la phuong trinh dic trung cta FF JK master slave CMOS.

Téc dung tin hiéu ddu vao di bd Rp, Sp cda hai mach hinh 5-1-16 va 5-1-17 1a
giéng nhau.

5.2. PHAN LOAI FLIP FLOP THEO CHUC NANG, SU CHUYEN POI
LAN NHAU.

Céc loai FF trinh bay trong mcu 5-1 trén day : RS master slave, JK master slave,
JK sudn xung, D déu c6 tin hiéu ddng hd diéu khién ; vay chiing dugc goi 1a FF dinh
thdi theo xung déng hd CP. Ciin ctt vao sy khdc biét tinh niing logic duéi tic dung diéu
khién ctia CP, ta phan FF thanh 5 loai : RS, D, T, T’, JK. Céc loai d6 c6 thé chuyén déi
14n nhau theo phuong phdp xac dinh.

5.2.1. Phéan loai Flip Flop theo chiic nang

1. Flip Flop RS

a) Pinh nghia

Flip Flop RS 12 mach dién c6 chifc niing thiét 1ap trang thai a| | a
1 (Set) , trang thdi 0 (Reset) va duy tri (nhg) cdc trang thdi dé cin

cit vdo céc tin hiéu dau vao R, S va tin hiéu déng hd CP. Nhitng !
diéu da trinh bay trong ti€t trén vé RS 1a phi hop vé6i dinh nghia . I | ]

nay. Ky hiéu logic cia mach trén hinh 5-2-1, phuong trinh dac

Hinh 5-2-1 Ky hiéu

trung biéu thi chifc ning logic ctia né 14 :
logic cia Flip Flop RS.

Qn+l — S+§Qn
RS=0

V6i diéu kién d3 xuat hién sudn 4m CP

(5-2-1)
R=0,S=1 CP(sudnam) thiQ™' =1
R=1,S=0 CP thi Q™' =0
R=0,S=0 CP thi Q™' = Q" (duy tri)
R=1,S=1 trang thdi cap

b) Phuong phdp biéu thi chiic ndng logic
Béang chiic ning 13 bang tin hiéu dau vao kich.
Béng chic nidng cta Flip Flop RS 5-2-1 diing hinh thiic bang liét ké cédc trang

th4i logic d€ bi€u thi chifc ning logic cia né.
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Béang tin hiéu diu vao kich cta Flip Flop RS 5-2-2 ¢6 phan bén trdi ké ra cac
yéu cAu chuyén ddi trang thdi ctia FF, va c¢6 phan bén phai ké ra cic diéu kién tin hiéu
dau vao kich cAn bdo ddm d€ dat dén cic yéu ciu tuong tng. N&u cic diéu kién dudc
bdo dam thi FF s& chuyén ddi trang thai theo yéu cAu mot khi xung déng hd cho phép.
Vi du : Yéu cau Q" — Q"' kiéu duy tri 0 — 0 thi diéu kién can 1a S = 0 (khong phu

thudc vao R, R = x). N&u yéu ciu chuyén 0 — 1 thi diéu kiénlailaR=0,S = 1.

Bdng 5-2-1
Q" R S Q™!
0 0 0 0
0 0 1 1
0 1 0 0
0 ). 1 X
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 X

Béng 5-2-2
Q. Qv R S
0 0 X 0
0 1 0 1
1 0 1 0
1 1 0 X

Nhu trén da néi, cdc quan hé logic clia bang 5-2-1 va 5-2-2 déu c6 chung
mdt di€u kién : da xudt hién sudn am CP, néu diéu kién nay khong thda man, FF duy
tri nguyén trang.

Phuong trinh ddc trung va phuong trinh kich.

Phuong trinh dic trung diing ham logic miéu td quan hé giita Q™' véi Q"
va céc tin hiéu dau vao, do d6 né rat tién ding cdng cu todn logic (cdc cong thiic va
dinh ly clia dai s6 logic) (5-2-1) 1a phuong trinh dic trung ciia FF RS.

Phuong trinh kich diing him logic ctia tin hiéu dau vao kich biéu thi, phin
sau s€ trinh bay ro hon.

c) P6 hinh trang thdi :
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Hinh 5-2-2 13 db hinh trang th4i
cia FFRS, n6 biéu thi tryc quan quy luit chuyén
“:’“’""’“‘”’” d6i trang thdi cta FF dudi tic dung dinh thdi cia

RS=10/
CP.
Hinh 5-2-2 P4 hinh trang thai Hai vong tron bi€u thi hai trang
cua Flip Flop RS.

thi logic ctia FF. Miii tén biéu thi huéng chuyén
trang thdi. Bén canh mii tén, § trén gach chéo 1a gid tri tin hiéu dau vao kich - tdc 1a
diéu kién chuyén d6i trang thdi.
Hinh 5-2-2 cho biét riing :
KhiQ*=0 v6iR=X,S=0 CPthiQ"'=Q"=0
(BE v6iR=0,S =1 CPthiQ™' =1
KhiQ'=1 Vv6iR=0,S=X CPthiQ"'=Q"=1
(%E v6iR=1,S=0 CPthiQ™' =0
d) Do thi thoi gian dang song
D6 thi thdi gian dang séng biéu thi tryc quan quan hé tuong tng nhau vé
mit thdi gian clia céc trang thdi FF, cdc tin hiéu ddu vao R, S va xung ddng hd CP (hinh
5-2-3).
Trén hinh dang séng CP, R, S 13 di biét. P& vé ra dang séng Q, ta cin

chi § :
- Né&u khong cho trude thi cé thé tuy y
gid dinh trang thdi ban dau cda Q. ¢ "’J—’JU_LJ_U_L
- Can ¢ vao bang chiic ning, phuong R f—] L
trinh dic trung hodic db hinh trang thdi dé xdc dinh Su
trang thai Q tiép theo. e 1 [

- Sau khi xuét hién sudn 4m CP thi Q
chuyén d6i trang thai. Moi ldc khdc Q duy tri trang thdi  Hinh 5-2-3 P thi thoi gian
cil. dang song FFRS

Trén diy, 4 phuong phdp biéu thi chic
ning logic véi Flip Flop (a, b, ¢, d) 12 lién quan mat thi€t v6i nhau, c6 thé chuyén héa
14n nhau.

2. Flip Flop D
a) Pinh nghia
Flip Flop D 12 mach dién c6 chifc niing thiét 1ap trang thdi

0 theo tin hiéu dau vao D = 0 va thiét 1ap trang thdi 1 theo tin

hiéu dau vao D = 1 trong diéu kién dinh thdi ctia CP.
|
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Flip Flop D dudc gidi thiéu & tiét trén thda man dinh nghia nay. Phuong trinh
ddc trung ctia FFD hinh 5-2-4 14 :
Q"'=D (5-2-2)
v6i diéu kién da xuat hién sudn duong CP
D=0 CPthiQ"™'=0
D=1 CPthiQ"™'=1
b) Bdng chitc ndng, bdng tin hiéu dau vao kich, do hinh trang thdi va do thi thoi
gian dang séng (bang 5-2-3, 5-2-4 hinh 5-2-5, 5-2- ol

6) 1=/ CQ @9:.&
Trang thdi dau Q = 0, kich biing sudn duong -

0=0/

ctia CP. Dang séng CP va D 1a di biét. P€ vé dang

song Q, chu y muc D khi  CP. R
Hinh 5-2-5 D6 hinh trang thai cta

FFD
Béng 5-2-3 : BANG CHUC NANG CUA FF D
Q" D Q!
0 0 0
0 1 1
1 0 0
1 1 1
Bang 5-2-4 : BANG PAU VAO KINH CUA FF D
Qn N Qn+l Qn+l
0 0 0
0 1 1
1 0 0
1 1 1
5 Flip Flop T e LU
a) Dinh nghia : : : ; ‘
Flip Flop T 1a mach dién c6 chite ~ ° |—+ =T !
o | L4 L

ning duy tri va chuyén d6i trang thdi ty thudc
tin hiéu dau vao T trong diu kién dinh thdi cia  gyph 5-2-6 Dang séng cita FF D
CP. Flip Flop JK gi6i thiéu & tiét trén, néu J =K =

T thi tao thanh FF. T ky hiéu nhu hinh 5-2-7. Phuong trinh dic trung cia FF T 1a :
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Qn+l :‘]6” +RQI’1 =T6n +-FQH Qi 15 Ql {Q_
—T@Q" i ﬁ] _ ‘
Voui fAiedu kiean fiad xuaat hiean sodgn aam CP i_ u T
71 e Tl {cP
(5-2-3)

T=0 CP thi Q"
nguyén trang
T=1 CP thi Q"' = Q" chuyén

Q" duy tri

Hinh 5-2-7 Ki hiéu logic FF D

ddi trang thai.
b) Bdng chitc ndng (bdng 5-2-5) bdng dau vao kich (5-2-6) , do hinh trang thdi
(hinh 5-2-8), dé thi thoi gian dang séng (hinh 5-29) ciia Flip Flop T.

Béng 5-2-5 Béng 5-2-6
Q" T Q! Q" — Q™! T
0 0 0 0 0 0
0 1 1 0 1 1
1 0 1 1 0 1
1 1 0 1 1 0

CHEE RNy
.:0/{' i g 1/_\?/—\-\ | L L
a—1 |

Hinh 5-2-8 Hinh 5-2-9

Trang thdi dau cda FF T 1a 0 va kich biing sudn am ctia CP.
4. Flip Flop T’
Flip Flop T’ 12 mach dién chi c6 chifc ning chnvén d&i trano thii trang
diéu kién dinh thdi cia CP. FF T IlAFF Tma T=1 (Tluén It 1L LI L]
Phuong trinh diic trung ctia Flip Flop T’ 1a : PR e U e
_ Hinh 5-2-10 : P4 thi thoi gian
{Q"” =TEQ"=19Q" = Qn (5_2_‘./dang séng cia Flip Flop T’
Véi diéu kién da xudt hién sudn am CP

5. Flip Flop JK
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