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3.3. FLIP — FLOP (FF)

3.3.1. Khai niém
Flip-Flop (viét tat 1a FF) 1a mach dao dong da hd hai trang thé bén, duoc xay dung trén co so
céc cong logic va hoat dong theo mot bang trang théi cho truéc.
3.3.2. Phan loai
Co6 hai cach phéan loai:
- Phanloai theo tin hiéu diéu khién.
- Phén loai theo chic nang.
1. Phan loai FF theo tin hiéu diéu khién dong bd
Gom ¢ hai |oai:
- Khéng ¢ tin hidu diéu khién dong bo (FF khdng dong bo).
- Cé tin hiéu diéu khién ¢dng bo (FF d¢ong bo).
a. FF khong dong bé
Dang 1: RSFF khéng ddng b dung cong NOR (so' dd hinh 3.43)
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Hinh 3.43. RSFF khong dong bg sir dung cong NOR va bang trgng thai

Dua vao bang chan tr; ciia cong NOR dé gidi thich hoat déng ciia so' do mach nay:
- S=0,R=1P Q=0.Q=0hdi tiép vé& cong NOR 2 nén cong NOR 2 ¢6 hai ngd vao bing 0
bQ=1Vay,Q=0vaQ=1.
- S=1,R=0b Q=0. Q=0 hdi tiép vé cdng NOR 1 nén céng NOR 1 c6 hai ngd vao bing O
b Q=1.Vay,Q=1vaQ =0.
- Giasrbandau:S=0,R=1pb Q=0vaQ =1.
Néu tin hiéu ngd vao thay d6i thanh: S=0, R =0 (R chuyéntir 1 ® 0) taco:
+ S=0vaQ=0pb Q=1
+ R=0vaQ = 1b Q= 0 b RSFF giit nguyén trang thé cii truéc do.
- Giasrbandiu:S=1,R=0pb Q=1vaQ =0.
Néu tin hiéu ngd véo thay d6i thanh: R =0, S= 0 (Schuyén tir 1 ® 0) taco:
+ R=0vaQ =0b Q=1
+ S=0vaQ=1P Q=0 b RSFF giit nguyén trang tha cii truéc do.
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Dang 2: RSFF khéng déng b dung cong NAND (so' dd hinh 3.44)
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Hinh 3.44. RSFF khong dong bg sir dung cong NAND va bang trang théi

Dya vao bang chan tri cia cong NAND:

_100 "=l
y_%l $x, =0

bang 1vay Q=0
- S=R =0 b Q=Q=1daylatrangtha cim.
- S=R=1:Giasirtrang thd tru6c d6c6 Q=1, Q =0 P hdi tiép vé& cdng NAND 1 nén cong

NAND 1 c6 mot ngd vao bang 0 vay Q = 1 b RSFF giir nguyén trang théi cil.

Nhu vay goi 1a FF khdng d¢ong bo bai vi chi cin mot trong hai ngd vao S hay R thay doi thi ngd
ra ciing thay doi theo.
Vé mat ki hiéu, céc RSFF khdng ¢ong bo dugc ky hiéu nhu sau:
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Hinh 3.45. Ky hiéu céc FF khdng dong bé
a. R Stac dong mic 1 - b. R, Stac dong mizc 0
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b. FF dong bé

Xét so d6 RSFF ddng bd voi so d6 mach, ky hiéu va bang trang thé hoat dong nhu hinh 3.46.
Trong d6: Ck latin hiéu diéu khién dong b hay tin hiéu dong hd (Clock). Khao sét hoat dong cia
mach:

S
Ck — S Q [
. |
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Hinh 3.46. RSFF dong bg: So do logic va ky hiéu

- Ck = 0: cdng NAND 3 va 4 khoa khong cho dir liéu dua vao. Vi cong NAND 3 va 4 déu cd it
nhit mot ngdvao Ck=0pb S=R=1b Q=Q°: RSFF giit nguyén trang thai ci.
- Ck=1:cong NAND 3 va4 mo. Ngd raQ s3 thay doi tly thugc vao trang théi ciaSvaR.

+ S=0,R=0p S=1, R=1b Q=¢° SIR[Ck] Q
— — 0
+ S=0,R=1bP S=1, R=0p Q=0 X|X]10]0Q
oo = n S_ _ ool 1] Q
+ S=1,R=0p S=0,R=1b Q=1
_ — 0|11 0
+ S=1,R=1p S=0,R=0P Q=X ol 1 1
Trong truong hop ndy tin hiéu dong bo Ck tac dong mac 1. Trong 11111 X
truong hop Ck téc dong muc O thi ta mac thém cong dao nhu sau (hinh
3.47):
S
— S QL
- mis
4 — R QL
R Hinh 3.47

Tuy thudc vao mic tich cuc caatin hiéu dong bo Ck, ching ta cd céc loai tin hiéu diéu khién:
- Ck diéu khién theo muc 1.
- Ck diéu khién theo muc O.
- Ck diéu khién theo swon 1én (suon trude).
- Ck diéu khién theo sron xudng (suon sau).

I o e Y o N N A

a.Mirc 1 b. Mz O c. Seon lén d. Swon xuong
Hinh 3.48. Cac logi tin hiéu diéu khién Ck khac nhau
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Xé FF c6 Ck diéu khién theo swon 1&n (swon trwéc):

Suon 1én vamic logic 1 ¢6 méi quan hé véi nhau, vi vay mach tao sudn 18n la mach cai tién caa
mach tac dong theo muc logic 1.

Suon 1én thuc chat 1a mot xung duong co thoi gian ton tai rat ngan. Dé cai tién cac FF tac dong
theo mic logic 1 thanh FF tac dong theo sudn 18n ta mic vao truéc FF d6 mot mach tao suon 1én
nhu hinh 3.49.

Ck
Ck| Mach S i
— 1 taosuon
lén R 0
Xung sau khi qua v ‘| '| '| ¢
mach tao suon Ién 0

Hinh 3.49. So d6 khoi FF tac dgng theo siron |én va dang song
O mach tao sudn nguoi ta loi dung thoi gian tré caatin hiéu khi di qua phan tir logic. Do Véi
mach tao suon ngudi taloi dung thoi gian tré cuatin higu khi di quacong NOT.

Ck
ck t
X2 t
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Hinh 3.50 0_ | t

Xét so dd mach tao swon lén va dang song nhu hinh 3.50 : Mach tao suon 18n gdm mot céng
AND 2 ngd vao vamot cong NOT. Tin hiéu x1 tir cong NOT duogc duadén cong AND cling véi tin
higu x, di truc tiép (x2 = Ck). Do tinh chat tré caatin hiéu Ck khi di qua cong NOT nén x; bi tré mot
khoang thoi gian, vi vay tin hiéu ngd ra caa cdng AND c6 dang mot xung duong rat hep véi thoi
gian ton tai chinh bang thoi gian tré (tré truyén dat) caa cong NOT. Xung duong hep ndy dugc dua
dén ngd vao dong bo cua FF diéu khién theo mic logic 1. Tai céc thoi diém c6 seon 1én caa tin higu
xung nhip Ck s3 xuat hién mot xung duong tac dong vao ngd vao d¢ong bo caa FF diéu khién ngd ra
Q thay d6i trang tha theo céc ngd vao. So d6 mach FF ¢d tin hiéu Ck diéu khién theo sron l1én nhu
hinh 3.51.
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Ck

RSN

Hinh 3.51. FF c6 tin higu Ck diéu khién theo sron lén

Xé FF c6 Ck diéu khién theo swon xudng (swon sau):

Mach tao sxon xudng la mach cai tién tc dong muc logic 0. So d@d mach va dang song duoc cho &
hinh 3.52. Trén hinh 3.53 1a ky hiéu trén so d6 mach va so d6 thic hién Flip-Flop tac dong theo

sudn xudng.

a) Ck b)
Ck X
Y o
X2
X2
Hinh 3.52. Mach tgo siron xuéng 0 X1
a. So'do mach —
b. Dang song ‘;‘

Ck

Ol

I Hinh 3.53
a. So dé mgch thyc hién
b. Ky hiéu

(Sinh vién tw gidi thich hogt dgng ciza cac mach nay).
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Y nghia ciia tin hi¢u dong bs Ck:

Déi véi cac FF ¢ong bo, céc ngd ra chi thay doi trang thai theo ngd vao DATA  khi xung CK ton tai
mirc 1 (d6i voi FF tac dong mirc 1), hoac xung Ck ton tai mirc O (d6i véi FF tac dong mic 0), hoac
xung Ck & suon Ién (d6i véi FF tac dong saon 1én), xung Ck & sudn xudng (ddi véi FF téc dong
sudn xudng), con tat ca cac truong hop khéc caa Ck thi ngd ra khong thay doi trang thé theo céc
ngd vao mic du Itc d6 cac ngd vao ¢ thay doi trang théi.

Phwong phép diéu khién theo kiéu chi té (M aster - Slaver):

Déi véi phuong phap nay khi xung Ck ton tai mac logic 1 dir liéu s8 duoc nhap vao FF, con khi
Ck ton tai muc logic O thi dir lidu chira trong FF dugc xuat ra ngoai.

Vé mat ciu tao bén trong gdm 2 FF: mot FF thuc hién chac nang chi (Master) vamot FF thuc
hién chirc nang t¢ (Slaver).

Hoat ¢ong cua FF diéu khién theo kiéu chi/ts: (hinh 3.54)
+ Ck = 1: FF2 mg, dir liéu duogc nhap vao FF2. Qua cong dao Ck = 0 ( FF1 khda nén giir nguyén
trang tha cii trudc do.
+ Ck = 0: FF2 khoa nén giir nguyén trang théi cii truéc d6. Quacong dao Ck = 1 ( FF1 mo, dir ligu
duoc Xuat ra ngoai.
Cha y: Tin higu Ck c6 thé duwgc tao ra tir mach dao dgng da hai khong trgng thai bén.

Hinh 3.54. Phirong phép diéu khién theo kiéu chii té

3.3.2.2. Phén loai FF theo chirc ning

a. RSFF
b6 la FF ¢ céc ngd vao vangd raky hiéu nhu hinh ve.
__Is o | Trong do:
- S, R:cacngd veo dir liéu.
—bdck - Q, Q :cacngdra.
— IR O | - Ck:tinhiéuxung ddng bo
Goi S" vaR" latrang thd ngd vao Data & xung Ck thu n.

Hinh 3.55. Ky hicu RSFF Q" Q™! latrang tha ciangd raQ ¢ xung Ck thir nvathi (n+1).

Ldc d6 ta co bang trang thd md ta hoat dong cia RSFF:
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Sn Rn Qn+l
0 0 Q"
0 1 0
1 0 1
1 1 X

Luu y rang trang théi khi ca 2 ngd vao S= R = 1 lGc d6 ca 2 ngd ra cd cling mic logic, day 1a
trang tha cim cua RSFF (thuong duoc ky higu X).

Tiép theo chiing ta s8 di x&y dung bang dau vao kich cia RSFF. Bing dau vao kich gom 2
phan, phan bén trai ligt ké ra cac yéu cau can chuyén d6i cia FF, va phan bén phai 1a céc diéu
kién tin hiéu dau vao kich can dam bao dé dat duoc céc s chuyén doi dy. Néu céc diéu kién dau
vao dugc dam bao thi FF s3 chuyén d6i theo dlng yéu cau. Thuc chat bang dau vao kich caa FF 1a
su khai trién bang trang théi caa FF.

Taviét lai bang trang théi cia RSFF ¢ dang khai trién nhu sau:

SI"I Rn Qn QI’H‘l
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 X
1 1 1 X

n+1:

Trong bang ndy, tin hiéu ngd ra o trang tha tiép theo (Q
vao data (S, R) vatin hiéu ngd & ratrang tha hién tai (Q").
Tir bang khai trién trén taxdy dung dugc bang dau vao kich cho RSFF:

) & phu thuoc vao tin hiéu cac ngd

QI"I QI"H'l Sn RI"I
0 0 0 X
0 1 1 0
1 0 0 1
1 1 X 0

Ciing tir bang trang théai khai trién ta co thé tim dugc phuong trinh logic cia RSFF bang céach 1ap

so d6 Karnaugh nhur sau:
n+l

IR0 01 11 10

0 [0TO[XTT
11| o [x]u]

Tu bang Karnaugh nay ta c6 phuong trinh logic caa RSFF:
Qn +1_ Sn + ﬁ”Qn
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Vi diéu kién caa RSFF 1a S.R= 0 nén ta c6 phuong trinh logic caa RSFF duoc viét day da nhu

Sal:
Qn +1_ Sn + ﬁnQn
1%

Dang sdng minh hoa hoat dong ciia RSFF trén hinh 3.56:

Ck
1 2 3 4 5] !
! ! I I I : I I
S b |
! ! I I I ! I I
! ! I I I ' I I
f ! I 1 I ' 1 I t
' ' [ | | ! | [
() I I T N A L !
RA L b :
' ' l | | ! | l
| | | 1 | ——
' ' [ | | | [ t
0 ’_‘ I . m ’_‘ | |
: I I I !
O N | | | |
t
0
Hinh 3.56. Do th; thoi gian dang sdng RSFF
b. TFF
TFF 1aFF c6 ngd vao vangd raky hi¢u va bang trang tha hoat dong nhu hinh vé (hinh 3.57):
Trong do:

- T:ngd vao dir liéu
- Q,G: cacngdra
- Ck: tin hiéu xung dong bo.

Q
=]
+
[=

Tt oL L
Ck 0
Q 1

fO|rC):

Hc¢nh 3.57. Kyi hidlu TFF val baing tralng thaii hoa(t
Goi T" latrang thdi caangd vao DATA T & xung Ck ther n.
Goi Q", Q™! latrang thé caangd ra ¢ xung Ck thir nva (n+1).
L Gic d6 ta co bang trang thé hoat dong khai trién cua TFF.
Tu bang trang théi nay ta cd nhan xét:
+ Khi T=0: mdi khi c6 xung Ck tac dong ngd ra Q giir nguyén trang thé cii trudc do.
+ Khi T=1: mdi khi c6 xung Ck téc dong ngd ra Q dao trang théi.
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-I—n Qn Qn+l
0 0 0
0 1 1
1 0 1
1 1 0

Tir bang trang thai khai trién caa TFF ta tim dugc bang dau vao kich caa TFF nhu sau:

Qn Qn+l Tn
0 0 0
0 1 1
1 0 1
1 1 0
Phuong trinh logic caa TFF:
Q™= FQ” + T”_a (dang chinh tic 1)

Hodc: Q™ =(T"+ Q”)(F +§) (dang chinh tic 2).
Viét gon hon:
Qn+l - Tn A Qn

(SV c6 thé ldp Karnaugh va toi thiéu hda dé tim phuong trinh logic cia TFF).
Trén hinh 3.58 minh hoa d6 thi thoi gian dang song cia TFF.

- Tin hiéu ra Q dau tién ludn luén ¢ mic logic 0

- Tin hi¢u Ck(1) diéu khién theo swdn xubng nhin tin hiéu T dudi mirc logic 1. Theo bang trang
tha :T°=1vaQ’=0pb Q'=Q° = 1.

- Tin hiéu Ck(2) diéu khién theo swon xubng nhin tin higu T dudi mirc logic 0. Theo bang trang
thdi : T'=0vaQ'=1b Q%= Q' =1 (Giir nguyén trang théi trugc do).

- Tin hi¢u Ck(3) diéu khién theo swon xubng nhin tin higu T dudi mirc logic 1. Theo bang trang
théi: T2=1vaQ?=1p Q*= @ =0.

Ck
()1 2 S !
S
. : :t

Hinh 3.58
Trwong hop ngd vao T ludn ludn bing 1 (ludn & mikc logic 1):

Ck

1 Pas Pe a - t
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Khi T=1 thi dang sng ngd ra Q duoc cho trén hinh v&. Ta cd nhan xét rang chu ky caa ngd ra Q
bang 2 lan chu ky tin hiéu xung Ck nén tan sd caangd rala:

f
fQ:&

Vay, khi T=1 thi TFF giir vai trd mach chiatan s xung vao Ck.

Téng quét: Ghép ndi tiép n TFF véi nhau sao cho ngd ra caa TFF trudc S8 ndi véi ngd vao cia
TFF dang sau (Cki+1 ndi v6i Qi) valdc bay gio tat ca cac ngd vao DATA T ¢ tit ca cac TFF déu
gitr mirc logic 1, lic d6 tan sb tin hiéu ngd rass |

- fCK
Qn 2n

v6i Q, latin hiéu ngd ra caa TFF thar n; fex latan sd xung clock ¢ ngd vao dong bo TFF dau tién.
c. DFF
DFF la FF c6 ngd vao vangd raky hiéu nhu hinh 3.60.

Bang trang théi

o Qn+1
_ 0 0
Q — 1 1
Hinh 3.60. Ky hiéu DFF

1D Q[

—>Ck

Trong d6: D langd vao di liéu. Q, Q : c&c ngd ra. Ck: tin hiéu xung dong bg.
Goi D" latrang thaii cia ngd vao DATA D & xung Ck thir n.

Goi Q", Q™ latrang théi caangd rad xung Ck thir nva(n+1).

Khai trién bang trang thé caa DFF dé tim bang dau vao kich caa DFF, ta co:

Dn QI"I Qn+l
0 0 0
0 1 0
1 0 1
1 1 1
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Bang dau vao kich cia DFF:

Qn Qn+l Dn
0 0 0
0 1 1
1 0 0
1 1 1

Phuong trinh logic cia DFF:
Qn+l - Dn
Trén hinh 3.61 1ad thi thoi gian dang song caa DFF:

Ck

1 t
0 2 3 4 5
D ! | | i i

: i i i ot
o : | : :
Qp ! | | i i
i t

Hinh 3.61. Do th; thoi gian dang song ciia DFF

Giai thich dgng song cua tin hiéu trén hinh 3.61:

- Tin hiéu ra Q dau tién luén luén & mic logic 0, Q°=0

- Tin hiéu Ck(1) diéu khién theo suon xudng nhin tin hiéu D dudi muc logic 1. Theo bang trang
thdi taco: D°=1pb Q'=1

- Tin hidu Ck(2) diéu khién theo sudn xudng nhin tin hiéu D dudi muc logic 0. Theo bang trang
thdi taco:D*'=0b Q*=0

V..V
b Q [
DFF déng vai trd mach chia tan sb: Ck
Trén hinh 3.62 1a so ¢6 mach DFF thyc hién chic nang chia tan — 5
s6. 0 mach ndy ngd ra Q duoc ndi nguoc tré vé ngd vao D.
- Tin hiéu ra Q® dau tién luén & mic logic O:
Q=0p Q*=D'=1 Hinh 3.62.

- Tin higu Ck(1) diéu khién theo swon xudng nhin tin hiéu D*
duéi miclogic1. D'=1p Q'=1p Q'=D%*=0.

- Tin hiéu Ck(2) diéu khién theo son xubng nhin tin hiéu D? dusi muclogic0. D?’=0p Q*=
obp @Q*=D°=1

- Tin hiéu Ck(3) diéu khién theo suon xudng nhin tin hiéu D* dudi miclogicl. D*°=1b Q*=
1p Q*=D*=0.
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- Tin hiéu Ck(4) diéu khién theo
RVAYE

Ck

sron xudng nhin tin hiéu D* dusi mac logic 0. P Q% = 0

1 2

Hinh 3.63. o th; thoi gian dang sbng mgch hinh 3.62

Nhan xét vé tan sb ngd ra:

fo = f% b DFF giit vai trd nhu mach chiatan sb.

Ung dung cia DFF:

- Dung DFF dé chiatan s5. Do D Q Oo
- Dung DFF & luu tri dit liéu dé ché tao c&c bo nho K
va thanh ghi. o E
- Dung DFF dé chot di ligu.
Trén hinh 3.64 1a so 4 mach ung dung DFF dé chét dix Dt D O O,
lieu. Hoat dong cua mach nhu sau:
- E=1: Op = Do, O; = D; nén tin hiéu duoc dwa dén L Ck

céc FF.

- E=0: Op = Do, O; = D1 ® chét dit lidu tré lai.

Hinh 3.64. Chét di liéu dung DFF

d. JKFF
JKFF 1aFF c6 ngd vao vangd raky hi¢u nhu hinh vé :
Trong do: o ] 0
- J, K lacéacngd vao dir liéu. E— —
- Q, Q lac&cngdra O S
- Ck latin hi¢u xung dong bo. K Ql
Goi J', K"latrang tha ngd vao J,K & xung Ck thir n.
Goi @, Q™" latrang tha ngd raQ ¢ xung CK tha nva (n+1). Hinh 3.65. JKFF
Ldc @6 ta co bang trang thai mo ta hoat dong cua JKFF:
3 K Qn+l
0 0 Q"
0 1 0
1 0 1
1 1 6”
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Phuong trinh logic cua JKFF:
Qn+1 — Jnﬁ +F.Qn
Tir bang trang théi ta thiy JKFF khic phuc duogc trang thd cim caa RSFF, khi J=K=1 ngd ra ¢
trang thé ké tiép dao mirc logic so véi ngd ra ¢ trang théi hién tai.
Dé tim bang dau vao kich cua JKFF takhai trién bang trang thd nhu sau:

JI"I KI"I QI"I QI"H'l
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0

Tir bang khai trién trén taxdy dung dugc bang dau vao kich cho JKFF nhu sau:

Qn Qn+l Sn Rn
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0
D6 thi thoi gian dang song cia JK FF:
Ck
1 2 3 4 5| °
0
[ [ I | | | | I
I :
[ [ I | | ' | I
' [ I | | ' | I
' ! ! T T ! | It
[ [ I | | ' | I
0 A R B L !
o0 N O O A I B
! ! ! ' !
[ [ I | | ' | I
’_:_‘ [ m | | ' | ot
0 I I I ! ! ! I I
: | | | |
Q I : l : :
T
0 | :

Hinh 3.66. Po th; thoi gian dang song JKFF

Nhén xét quan trong: JKFF 1a mach dién c6 chirc nang thiét 1ap trang théi 0, trang thai 1,
chuyén d6i trang thé va duy tri trang théi can ctr vao céc tin hiéu dau vao J, K va xung nhip dong
bd Ck. Nhu vay c6 thé ndi JKFF 1a mot FF rat van nang.
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Trong thyc té, chling ta c6 thé ding JKFF dé thuc hién chirc nang cua cac FF khéc: JKFF thay
thé cho RSFF, JKFF thyc hién chuc nang caa TFF va DFF, céc so d6 thuc hién duoc trinh bay trén
hinh 3.67:

S 1y Q| T, 13 Q D J Q|
o Ck | d — ek
R K Q K Q % K Q

Hinh 3.67. Dung JKFF thyc hién chizc nang cia RSFF, TFF, DFF

Trén co so khao sét vé 4 loai FF phan chia theo chirc nang, ching ta c6 thé xay dung mot bang
dau vao kich téng hop cho ca 4 loai FF nhu sau:

QI"I Qn+l Sn 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

3.3.3. Sw chuyén déi 1an nhau giira cac loai FF
Pa sd FF trén thi truong laloai JK, D trong khi ki thuat sd yéu cau tat ca c&c loai FF. Néu biét
céch chuyén doi giira c&c loai FF véi nhau thi ¢6 thé phé huy tac dung caaloai FF sin co.
Trén thuc té, co thé chuyén ddi qua lai giita céc loai FF khéc nhau. C6 2 phuong phép dé thuc
hién chuyén doi gitra céc loai FF:
- phwong phép bién doi truc tiép.
- phuong phdp diing bang dau vao kich va bang Karnaugh.

a. Phuong phap bién déi truc tiép:

Day |a phuong phép s dung céc dinh ly, tién dé cua dai sb Boole dé tim phuong trinh logic tin
hiéu kich thich dbi v6i FF xuat phét. So b khdi thic hién phuong phép nay nhu sau (hinh 3.68):

——»{ Logic FF Q
Pau vao chuyén doi| 9> xuit phat

)

Hinh 3.68

—Q

v
!

Ck

TEF chuyén déi thanh DFF, RSFF, JK FF:
- TFF® RSFF:
RSFF c6 pt: Q™l=g"+ RMTQ" (1)
S'R"=0 (diéu kién cia RSFF)
TFFcopt: Q™ =T"A Q" 2
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So sanh (1) va (2) taco:
S+ R'Q"=T"A Q"
Theo tinh chit ciia phép toan XOR, ta co:
T=Q"A S+ R"'Q)=Q" (s"+RQ" + Q" (s"+ R"Q")
=Q"SR"+5Q" =Q"S'R"+ Q" +'R"=Q"R" + S'Q"
vay: T'=Q'R" +S"Q"
So d6 mach thuc hién:

: T QL
T

Hinh 3.69. Chuyén doi TFF thanh RSFF

—aCk

- TFF® DFF:
DFF c6 phuong trinh logic: Q™t=p"
TFF ¢6 phuong trinh logic: Q™=1"A Q"
DPodng nhat 2 phuong trinh: D"=T"A Q"
Theo tinh chit caaphép XORtasuyra  T"=D"A Q"
So d6 mach thuc hién:

b ) >—T @ L

Q
Hinh 3.70. Chuyén dsi TFF thanh DFF

- TFF® DFF: Thyc hién bién doi hoan toan tuong ty (nhu truong hop chuyén doi tir TFF
sang RSFF) ta co logic chuyén doi:
T = KnQn+ \]nan
So @6 mach chuyén déi tir TFF sang JKFF

.

_dck

Ol

Hinh 3.71. Chuyén déi TFF thanh JKFF
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DFF chuyén déi thanh TFF, RSFF, JKFF:
- DFF® TFF:
DFF ¢c6 phuong trinh logic: ~ Q™!'=D"
TFF ¢6 phuong trinh logic: QM=T"A Q"
Pdng nhat 2 phuong trinhtacé: D"=T" A Q"
So @6 mach thyc hién chuyén doi (hinh 3.72):

T:) —— P QL

Q

Hinh 3.72. Chuyén doi DFF thanh TFF

- DFF® RSFF:
RSFF ¢d phuong trinh logic: Q™= S"+ R1 Q"
Ddng nhét véi phuong trinh cia DFF taco: D"= S+ RTQ"
So d6 mach thuc hién chuyén doi:

R D Q

_ gCk
Q

Hinh 3.73. Chuyén doi tir DFF sang RSFF

- DFF® JKFF;
Hoan toan twong ty ta cd logic chuyén doi tir DFF sang JK FF:
D"=J Q"+ K"Q"
So d6 mach chuyén doi trén hinh 3.74:

— & Ck

Ol

Hinh 3.74. Chuyén déi DFF thanh JKFF

RSFF chuyén déi thanh TFF, DFF, JK FF:
RSFFcopt: [ Q™ ="+ R"Q"
S'"R"=0 (diéu kién cia RSFF)
Khi thyc hién chuyén doi tir RSFF sang cac FF khéc can kiém tra diéu kién rang bugc caa RSFF
déla R"S'=0.
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RSFF® TFF:
TFF c6 phuong trinh logic: Q™*=T"A Q"
Dong nhat véi phuong trinh cia RSFF ta co:
RTQ"=T"A Q=7"Q" + T"Q"
T biéu thirc ndy, néu taddng nhat:
{ s=1"q"
R'=T"
thi suy ra:
SR=T"Q".1"=7"Q" 1 0
nén khong thoa man diéu kién caa RSFF.
Thuyc hién bién ddi tiép:
S+ RIQ=TQ"+ TQ"=7"Q" + T"Q"+ Q"
S+ RIQ= Q" +(TM + QHQ'=1"Q" + TQ"Q"

DPong nhat 2 vé ta co:

s’ =1"qQ"
Rn - -I—n Qn T R Q
thoaman dieu kién: R'S'=0. — gy Ck
So d6 thuc hién: hinh 3.75. .
S Q

Hinh 3.75. Chuyén déi RSFF sang TFF

RSFF® DFF: Q™'=D"
Pdng nhat 2 phuong trinh:  S"+ R1Q"= D"
Thuc hién bién déi:
RIQ=D"=D"(Q"+ Q") =D"Q*+DQ" (3
Mt khéc biéu thirc caa RSFF ¢6 thé bién doi nhu sau:
RIQ=8Q+ QM) + R'Q"=5Q" +s"Q"+ R"Q"
=S"Q"R"+ RN +5'Q"+ RQ"
=S'"Q"R" +s"Q"+ R"Q"
=R1Q"(1+9) +5'Q"
= R'Q"+S"Q" (b)
Tu (a) va(b) taco:
D"Q"+D"Q" = R"Q"+ 5'Q"

DPong nhat 2 vé suy ra: D >0 R Q
S =D"
{ R' = D" —pCk
thoa man didu kien R'S = 0. S QL

So d6 thuc hién: hinh 3.76. Hinh 3.76. RSFF® DFF
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- RSFF® JKFF:
Dong nhat 2 phurong trinh logic caa RSFF va JKFF ta co:
Qn+l:Sn+§nQn :Jn_n_i_KnQn

=r Q"+ K"Q"+QQ" =y Q"+ (K"+QMQ =3 Q"+ K'Q"Q’

So sanh ta co: L
§=7q" K R Q
R'=K"Q" —}

thoa man diéu kién caa RSFF. ] —apCk

So d6 thuc hién: hinh 3.77. : s B

-

Hinh 3.77. RSFF® JKFF

JK FF chuyén dbi thanh TFF, DFF, RSFF:

Nhu d& trinh by ¢ trén, JKFF 1a mot FF van ning, c6 thé dung JKFF dé thay thé cho RSFF hoic
dung JKFF thuc hién chirc nang DFF, TFF. So d6 thyc hién c&c mach ndy nhu ¢ hinh 3.67. Phan
ndy tap trung chirng minh céc biéu thirc logic chuyén dbi tir IKFF sang céc FF khéc.

JKFF c6 phuong trinh logic:. Q™' =J' QM+ KN Q"

- JKFF® TFF:

TFF ¢6 phuong trinh logic: Q™'=T"A Q"=1"Q" + T"Q"
So sénh vai phuong trinh cia JKFF ta suy ralogic chuyén doi:
{ J=1
K'=T"

- JKFF® DFF:

DFF c6 phuong trinh logic: Q'
Viét lai biéu thic ndy taco: Q™'=D"=D"(Q"+Q") = D"Q™+ D"Q"
So sénh vai biéu thie caa JKFF ta cd logic chuyén doi:

n+1 - Dn

J =D"
{K” =D"
- JKFF® RSFF:
Déi v6i RSFF ¢6 phuong trinh logic d& tim duoc & cdng thirc (b):
Q*="+RIQ=sQ"+R"Q" (0

So sénh vai phuong trinh logic cia JKFF ta cd logic chuyén doi:
J =g
n - Rn

b. Phuong phap dung bdng dau vao kich va bing Karnaugh:

Trong phuong phép ndy, cac dau vao dir liéu (data) caa FF ban dau 1a ham ra voi céc bién 1a
trang thd ngd ra Qn va c&c dau vao data cia FF can chuyén d6i. Bé thuc hién chuyén dbi ta dwa vao
bang tin hiéu dau vao kich cua cac FF valap bang Karnaugh, thuc hién téi gian dé tim logic chuyén
d6i. Bang tin hidu dau vao kich tong hop nhu sau:
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Qn Qn+l Sn Rn Jn Kn -I—n 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
X ét céc truong hop cu thé:
- chuyénddi th IKFF® TFF @ J=f(T,Q") vaK =f (T,Q"
- chuyén doi tr IKFF® DFF  : J=f(D,Q") vaK =f(D,Q"
- chuyén di tr IKFF® RSFF  : J=f(SRQ" vaK =f (SR,Q"
- chuyénddi tr RSFF® TFF  : R=f(T,Q")vasS=f(T,Q"
- chuyén doi tr RSFF® DFF : R=f(D,Q"vas=f(D,Q"
- chuyén doi tr RSFF® JKFF : R=f(J K,Q")vas=f (JK,Q"
- chuyén ddi tr TFF® DFF . T=1(D,Q"
- chuyéndéite TFF® RSFF @ T=f(RSQ"
- chuyéndoi tr TFF® JKFF : T=f(JK,Q"
- chuyén doi tr DFF® TFF . D=1(T,Q"
- chuyén doi tr DFF® RSFF  : D=f(R,SQ"
- chuyén doi tr DFF® JKFF : D=f(JK,Q"
Vidul: Chuyéndoitir JKFF® DFF dung phuong phép bang.
Taco cac ham can tim:
J=f(D,Q) va K=f(D,Q"
Dya vao bang dau vao kich tong hop talap bang Karnaugh:
J b K b
Q" 0O 1 Q" 0 1
0/ 0 m 0 fXj X
1] X XJ 1(1]] o
J=D K=D
Téi gian theo dang chinhtic 1taco: J=DvaK =D.
Vidu2: Chuyénddi tir JKFF ® RSFF dung phuong phép bang.
Taco cac ham can tim:
J=f(SRQ"
K=f(SR,Q"
Dya vao bang dau vao kich tong hop 1ap bang Karnaugh (xem bang).
Téi gian theo dang chinhtic 1taco: J=SvaK =R.
J s K R
Q" 00 01 11 10 Q" 00 01 11 10
ojo|o0|X]|1 o X | X | X | X
1) X [ X[ X | X 1l0|1[Xx]oO0

J=S K=R



