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BAI 3: LAP TRINH PIEU KHIEN MACH TUAN TU
Ma bai: MD DTCN 25 - 03
Gidi thi¢u:

Hién nay cac mach tuan tu c6 thé 1ap trinh dugc. Do dd, nguoi hoc phai dugc trang bi
nhirng kién thirc co ban vé lap trinh diéu khién cac mach tuan ty nhu: mach Flip-Flop RS,
mach Flip-Flop JK, mach Flip-Flop D, mach Flip-Flop T...

Muc tiéu:

Sau khi hgc xong bai hgoc nay nguwoi hoc c6 kha nang:

+ Kién thirc:

- Phan tich dugc cu trac cua cac mach diéu khién mach tuan tu;

- Trinh bay dugc trinh tu thyc hién 1ap trinh cdc mach diéu khién mach tuan ty;
- Phan tich duoc nhitng 156i thudng gip, nguyén nhan va bién phéap xir 1y, phong tranh.
+ Ky nang:

- Lap trinh dugc cadc mach diéu khién mach tuan tu theo yéu cau k¥ thuat;

- Phong tranh va stra duoc cac 161 khi 1ap trinh diéu khién;

- Kiém tra chinh x4c diéu kién hoat dong cua thiét bi.

+ Nang lwc tw chu va trach nhiém:

- Rén luyén tinh ty mi, chinh xac va an toan v¢ sinh cong nghiép;

- Ty chiu trach nhiém khi thuc hién cac viéc dugc giao.

Noi dung:

1. Lap trinh mach Flip-Flop RS

1.1. Flip-Flop RS

1.1.1. FF R-S si¢ dung cong NAND

- 1) 0 S R Q
0 0 X (cém)
0 | |

— — - | 0 0

R 2 0 .
I I Q

Hinh 3.1: So d6 mach va bang trang thai FF R-S st dung cong NAND
- Dya vao bang trang thai ciia cong NAND, ta co:
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+ S=0, R=1 = Q=1. Khi Q=1 héi tiép vé cong NAND 2 nén cong NAND 2 c6 2 ngé
vdo bang 1, vdy Q= 0.

+ 5=0, R=1 = Q=1. Khi Q=1 hoi tiép vé cong NAND I nén cong NAND I ¢6 2 ngé
vdo bang 1, vdy 0= 0.

+ S=R =0 = Q = Q =1 ddy la trang thdi cam.

+ S= R =1, Gia st trang thai truéc d6 c6 Q =1, Q = 0 = hodi tiép vé cong NAND 1 nén
cong NAND 1 ¢6 mot ngd vao bang 0, viy Q = 1 = FF R-S giit nguyén trang thai cii. Nhu
vay goi 12 FF khong dong bo boi vi chi can mot trong hai ngd vao S hay R thay d6i thi ngd ra
cling thay d6i theo. V& mit ki hiéu, cac FF R-S khong déng bo duoc ki hiéu nhu hinh 3.2:

— R 0= —45 ol
) b)
Hinh 3.2 : a>. R,S tac dong muc 1 — b>. R,S tac dong muc 0

1.1.2 Mach FF R-S sir dung cong NOR

—l—=] | | W
— o|—|o| =
| —| oo

Hinh 3.3: FF R-S khéng dong bé sir dung cong NOR va bdng trang thdi.
- Dya vao bang trang thai ciia cong NOR, ta c6:
+5=0, R=1 = O = 0. Khi Q=0 héi tiép vé cong NOR 2 nén cong NOR 2 c¢6 2 ngé vao
bang 0 = Q= 1. Vdy O=0va Q= 1.
+5=0, R=1 = Q= 0. Khi Q= 0 hoi tiép vé cong NOR 1 nén cong NOR 1 cé 2 ngé vio
bang 0 = Q= 1. Viay O= Iva Q=0.
+ Gia su trang thai truéc d6c6 S=0,R=1 =Q =0, Q = 1.

v' Néu tin hiéu ngd vao thay d6i thanh : S=0, R =0 (R chuyén tir I — 0 ) ta co :
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= S=0vaQ=0=Q=1
= R=0va Q=1=Q =0 = FF R-S giit nguyén trang thdi trudc do.
+ Gia sir trang thai truéc d6c6S=1,R=0=0Q=1, Q =0.
v/ Néu tin hiéu ngd vao thay d6i thanh : R=0,S=0 (S chuyéntr1 — 0)taco:
= R=0vaQQ=0=Q=1.
» S=0va Q=1= Q=0 = FF R-S giit nguyén trang thdi truéc do.
1.1.3. FF R-S tdac dong theo xung lénh
Xét so d6 FF R-S déng bd v6i so dd mach, ky hi€u va bang trang thai hoat dong nhu

hinh 3.4a,b.

Trong d6 : Ck 1a tin hiéu diéu khién déng bo hay tin hiéu xung Clock ( tin hiéu xung dong
ho).

|

EpEas

Hinh 3.4a: So do logic ciia FF R-S tac dong theo xung 1énh

SIR[Ck] Q
— S QL — X|x[o]| O
Ck olo| 1] O
T o1 1] 0
— R = 1 [o] 1 1
¢ L1 1 | X

Hinh 3.4b : Ky hiéu va bang trang thai cua FF R-S tac dong theo xung lénh
- CK = 0: cong NAND 3 va 4 khoa khong cho dit 1iéu dua vao, vi cong NAND 3 va 4
déu c6 it nhat mot ngd vao CK =0 = S= R =1 = Q = Q: FF R-S giit nguyén trang thdi

~

Cu.
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- CK =1: cong NAND 3 va 4 mé. Ngd ra Q sé& thay ddi tuy thudc vao trang thai cia S va
R.

+S5=0,R=0=S5=1,R=1=Q=0Q

+S=0,R=1=S=1R=0=Q=0

+S=1,R=0=S5=0,R=1=>Q=1

+S=1,R=1=5=0,R =0= Q=X

Trong trudng hop nay tin hiéu dong bo Ck tac dong mirc 1, néu tin hiéu Ck tac dong mirc
0 ta mac thém cong dao nhu hinh 3.5

—1, | 0
) o ) Sy

Ck Ck

) -

Hinh 3.5: So d0 logic va ky hiéu FF R-S ciia muc 0

s Xung Clock va cdc tac dong ciia xung Clock

Theo trén ta thdy cac ngd ra cua FF chi thay d6i khi C = 1. Tuy nhién sy thay doi ¢
ngd vao 1a lién tyc thi khong thé xac dinh trang thai ngd ra tai thoi diém bat ky. Dé tranh diéu
nay nay lénh C duoc thay bang cac xung dién tuan tu theo thdi gian va mdi khi xuat hién mot
xung ngd ra cua cac FF thay do6i trang thai mot 1an.

Cac xung dién nhu vdy goi 1 xung nhip hay xung dong ho ky hiéu 1a Ck. Xung Clock
thudng 1a mot chudi xung hinh chit nhat hoic song hinh vuong. Xung Clock duoc phan phbi
dén tat ca cac bo phan ciia hé théng. Va hau hét ngd ra ciia hé thong chi thay doi trang thai
khi ¢c6 mot xung Clock thue hién mot budc chuyén tiép.

Tuy thudc vao muc tich cuc cta tin hi¢u déng bo Ck, chung ta co6 céc loai tin hi¢u diéu
khién nhu hinh 3.6.

+ Cx diéu khién theo muc 1
+ Ck diéu khién theo murc 0
+ Ck diéu khién theo sudn 1én (sudn trude)

+ Ck di€u khién theo suon xuong (suon sau)
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B o e N Y o A N

a. Mike 1 b. Muee (1 . Swdm lén d. Swom xudng

Hinh 3.6: Céc loai tin hiéu diéu khién cta Ck

1.2. Trinh tu thuc hién
Lap trinh FF R-S sir dung cong NAND (R, S tic dpng mirc 0)
Véi S=SB, R=RB,Q=0Q, Q=0QB
Cdc tin hiéu dau vao SB, RB két noi véi V16, V17 ciia board mach Basys 3

Cdc tin hiéu dau ra Q, OB két néi véi U16, E19 ciia board mach Basys 3
1.2.1. Piéu ki¢n thuc hién

- Chuén bi thiét bi, dung cu, vat tw.

THIET BI, DUNG CU VAT TU
- May tinh ¢ cai phan mém Vivado - Day két n6i may tinh véi BASYS 3
- BASYS 3 Hang XILINX

- An toan lao djng.
+ DPam bao an toan dién.
+ Dam bdo an toan cho nguoi va thiét bi, dung cu.
1.2.2. Cac bwoc thuc hién

Bude 1: Khéi dong phin mém Vivado

-

P
7 \ + R Ld A \ 3 r . A A A
Kich vao biéu tugng w=- trén man hinh Desktop ta c6 giao di¢n phan mém nhu sau

Fow Jook W

VIVADO' £ XILINX

Learning Center
Documentation and Tutorials >

Quick Take Videos >

Release Notes Guide >

3
)
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Budc 2: Tao project méi va dit tén cho project la FF_RS _NAND
Vao File chon Project sau d6 chon New

¢ Vivado 20183

File Flow Tools Window Help Q- Quick Access

Project New...

Open..

Open Example...

Hién thi ra hop thoat
#  New Project

Create a New Vivado Project

VIVADO!

HLx Editions This wizard will guide you through the creation of a new project.

To create a Vivado project you will need to provide a name and a location for your project files. Next, you

will specify the type of flow you'll be working with. Finally, you will specify your project sources and choose
& default part

& XILINX.

(<)

Cancel

A\
Z
2

Nhan Next hién thi ra Hop thoai

#  New Project x

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. [

Project name: |FF_R5_NAND{

Project location: Dvimachso .
| Create project subdirectory

Project will be created at: Dy/vimachso/FF_RS_NAND

Project name ta dat tén 1a FF_RS_NAND
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Project location chon dudng dan t&i D:/vimachso sau d6 nhan Next
Hién thi ra hop thoai
#  New Project X

Project Type
Specify the type of project to create. '

:i: RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation,
design planning and analysis.

[} Do not specify sources at this time

() _Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and implementation.

.:’) 1/0O Planning Project
Do not specify design sources. You will be able to view part/package resources.

() Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

(") Example Project
Create a new Vivado project from a predefined template.

72
2/

Nhan Next hién thi ra hop thoai

¢ New Project

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source file on ‘
disk and add it to your project. You can also add and create sources later.

+

4

Use Add Files, Add Directories or Create File buttons below

Add Files l l Add Directories l l Create File

Target language: = Verilog v Simulator language: = Mixed v
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Buéc 3: Tao file FF_RS_NAND.v va FF_RS_NAND.xdc

Target langguage ta chon Verilog
Simulator langguage ta chon Mixed

Nhén véao Create file hién thi ra hop thoai

¢ Create Source File

Create a new source file and add it to your

project.

Eile type: @ Verilog

File name: FF_RS_NAND

File location: « <Llocal to Project>

Cancel

File name ta gd FF_RS_NAND sau d6 nhan OK

Hién thi ra hdp thoai
4 New Project

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source file on '

disk and add it to your project. You can also add and create sources later,

+,
Index Name Library HDL Source For Location
o 1 FF_RS_NAND.v  xil_defaultiib  Synthesis & Simulation ~  <Local to Project>
Add Files l l Add Directories “ Create File

Target language:  Verilog v Simulator language:  Mixed v

Nhéan Next hién thi ra hop thoai

Einis| Cancel
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#  New Project X

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints. [

Use Add Files or Create File buttons below

Nhén vao Create file hién thi ra hop thoai

¢ Create Constraints File X

Create a new constraints file and add it to your
project ‘

File type: 0 XDC v

File name: ’FF,RS,NAND

File location:  « <Local to Project= L

o
), s

File name ta gd FF_RS_NAND sau d6 nhan OK

#  New Project X

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints. '
+
P
Constraint File Location

FF_RS_NANDxdc  <Local to Project>

O Copy constraints files into project

(2)
\2/

Nhén Next hién thi ra hop thoai
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#  New Prgject

Default Part

Choose a default Xilinx part or board for your project. ‘

Parts | Boards

Reset All Filters

Category:  All v Package: cpg236 v Temperature:  All Remaining v

Family: Artix-7 hd Speed: -1 hd

Search: O v
Part I/O Pin Count  Available IOBs  LUT Elements  FlipFlops Block RAMs  Ultra RAMs  DSPs  Gb Trans
xc7al15tcpg236-1 236 106 10400 20800 25 0 45 2
xc7a35tcpg236-1 236 106 20800 41600 50 0 90 2
xc7a50tcpg236-1 236 106 32600 65200 75 0 120 2

< >

Budc 4: Chon chon dong IC 1ap trinh

Family ta chon Artix-7, Package chon cpg236, Speed chon -1 sau do ta chon chip
Xc7a35tcpg236-1 sau d6 nhan Next s& hién thi ra hop thoai

¢ New Project

New Project Summary

VIVADO!

Il Editions @ Anew RTL project named ‘and2dauvao’ will be created.

@ 1 source file will be added.
@ 1 constraints file will be added.

@ The default part and product family for the new project:
Default Part: xc7a35tcpg236-1
Product: Artix-7
Family: Artix-7
Package: cpg236
Speed Grade: -1

i: Xl LINXv To create the project, click Finish

O,

Nhan Finish hién thi ra hop thoai
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¢ Define Module X

Define a module and specify I/O Ports to add to your source file.

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. ‘
Ports with blank names will not be written.

Module Definition

Module name: |FF_RS_NAND

1/0 Port Definitions

Port Name  Direction Bus MSB LSB

input ¥

P
\ ?’J “ Cancel

Buéc 5: Ghi cac thong tin dau vao va dau ra
Theo bai toan lap trinh FF R-S sir dung cong NAND (R, S tic dong mirc 0)

Port Name  Direction Bus MSB LSB

SB input Vv
RB input ¥
Q inout v
QB inout v

Sau d6 nhan OK
Budc 6: Viét Chuong trinh trong file FF_RS_NAND.v
“timescale 1ns / 1ps
module FF_RS_NAND(
input SB,
input RB,
inout Q,
inout QB
);
assign Q = ~(SB & QB);
assign QB = ~(RB & Q);
endmodule
Budéc 7: Mo phéng dang séng trén phin mém

Click vao Run Simulation Chon Run Behavioral Simulation
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Name Value Data ™
W SB Z Logic
¥ RB z Logit
o] X Logit
W QB X Logit

Dé mo phong dang song trén phan mém, ta dat cac thong so cho cac dau vao va quan
sat dang song dau ra

< Pit thong s6 cho dau vao SB, ta click chudt phai vao SB

Name Value Data "l l
il SB
Add to Wave Window
4 RB
Log to Wave Database
HQ
Show in Wave Window
H QB
Go to Source Code
Report Drivers
Force Constant...
Force Clock...
Remove Force
Default Radix »
Chon Force Clock
Value radix: Binary v
Leading edge value: 0
Trailing edge value: 1

Starting after time offset.  Ons
Cancel after time offset.  10s

-

Duty cycle (%): 5053

Period: I1s ]

< Pit thong s6 cho dau vao SB, ta click chudt phai vao SB

Name Value Data ™ .

i SB z Logit N
|
) Gt Add to Wave Window
HQ
Log to Wave Database
H QB

Show in Wave Window

Go to Source Code

Report Drivers
Force Constant...
Force Clock...

Remove Force

Default Radix 4
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Chon Force Clock

Value radix: Binary v
Leading edge value: 0
Trailing edge value: 1

Starting after time offset.  Ons

Cancel aftertime offset.  10s

-

Duty cycle (%): 50
Period: |25|
L 10 s v
-sim_1-vidu

Nhan vao biéu tugng  Runferies@nitr2) _ dé mo phong dang song trén phan mém

Q W @ a H « I +

W @@ o X =
Save Waveform Configuration (Clrl+3)
== : dé luu dang song

Budc 8: Gan chan thich ing véi thiét bi

Nhén vao biéu tuong -

v RTL ANALYSIS
v Open Elaborated Design
Report Methodology
Report DRC
Report Noise

»4 Schematic

Trong phan RTL ANALYSIS ta click vao Schematic

o 220 QBO.i
RB S
o 0 o

RTL_AND RTLINV

Qi Qo

.
J

RTL_AND RTLINV
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Click vao 1/0 Ports dé gan chan linh kién phtl hop véi thiét bi. Trong bai toan nay ta
Click vao 4 1/0 Ports
Ta dat cac dau vao va dau ra trong tng véi cac chan cua Chip trong cot Package Pin

va dang dir liéu I/O Std nhu sau:

Mame Y1 Direction Interface Neg Diff Pair  Package Pin Fixed Bank /O Std

SB IN V16 v v 14 LVCMOS33= -
RB IN V17 v v 14  LVCMOS33* -
& QB INOUT u1e v v 14 LVCMOS33* -
@ Q INOUT E19 v| 14 LVCMOS33* -

m W - B X
Nhan vao o en Erm— q dé luu toan bd dir liéu

Budrc 9: Bién dich tong hop chwong trinh
Trong muc SYNTHESIS ta click vao Run Synthesis

~ SYNTHESIS
P Run Svnthesis

» Open Synthesized Design

o Synthesis has already completed and is up to date. Re-run anyway?

r
Nhan OK
. Launch Runs X
Launch the selected synthesis orimplementation runs '
Launch directory: =« <Default Launch Directory= ~
Options
®) Launch runs on local host  Number of jobs: | 4 v

Generate scripts only

(") Dont show this dialog again

gancel

Chon Launch runs on local host number of jobs 4 sau 6 nhan OK

Quan sat qué trinh chay "IN S 480 khi hoan thanh
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Synthesis Completed X

o Synthesis successfully completed.

Next
(® Run Implementation
() Open Synthesized Design

) View Reports

[:] Don't show this dialog again

Click vao Open Synthesized Design dé quan sat thiét ké

0 Synthesis successfully completed.

Next
() Run Implementation
(® Open Synthesized Design

() View Reports

[") Dont show this dialog again

Nhén OK
Budéc 10: Download chwong trinh vao phin cing ciia thiét bi

Dé Download chuong trinh vao phan ctng cta thiét bi ta vao Tool chon Settings. ..

% vidu- [D:/vi mach so/vidu/viduxpr] - Vivado 2018.3

Eile Edit Flow Tools Reports Window Layout View Help

= o

/5 FEloorplanning » L;
1/O Planning ’ 155'1 (
Generate Block Dj Timing »
Power Constraints Advisor...
Vv SIMULATION

*4 Schematic
Run Simulation

Show Hierarchy
Vv RTLANALYSIS
Edit Device Properties...
v Open Elaborated |
. Create and Package New IP...
Report Metho(
Create Interface Definition...

REBONURE Enable Partial Reconfiguration...
Report Noise Run Tcl Script...
4 Schematic Property Editor Ctri+J
Associate ELF Files...
v SYNTHESIS Generate Memory Configuration File...
P Run Synthesis Compile Simulation Libraries...

v Open Synthesizel # SetUp Debug...
Constraints W Xilinx Tcl Store...
Edit Timing C{ Custom Commands >
# SetUpDebug © Language Templates

™ Report Timing & Settings... DV_X
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Click vao Bitstream, chon dang xudt dit lidu 1a -bin_file

A Settings X

Bitstream
Project Settings Specify various settings related to writing bitstream '
General
Simulation @ Configure additional bitstream settings.

Elaboration
' Write Bitstream (write_bitstream)

Synthesis
~ tcl.pre E‘l
Implementation
e tol.post B 3
P —raw_bitfile @]
-mask_file @)
Tool Settil =
oot Jetings -no_binary_bitfile O
Project
: -bin_file v
IP Defaults O
-readback_file @)
Source File =
S -logic_location_file (
Display O
e ~verbose B
Help WMore Options

Trong phan IMPLEMENTATION ta click vao Run Implementation

~ IMPLEMENTATION

P Run Implementation

» Openmplemented Design

% Launch Runs X

Launch the selected synthesis or implementation runs. '

Launch directory. e <Default Launch Directory= v
Options
(® Launch runs on local host  Number of jobs: 4 v

() Generate scripts only

O Don't show this dialog again

Chon Launch runs on local host Number or jobs 4 sau d¢6 nhdn OK

Implementation Completed X

o Implementation successfully completed.

Next

(® Open Implemented Design
() Generate Bitstream

() view Reports

(") Don't show this dialog again

Sau khi chay thanh cong ta chon Generate Bitstream
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Implementation Completed X

0 Implementation successfully completed.

Next
(__ Open Implemented Design
(® Generate Bitstream

View Reports

("] Dont show this dialog again

Nhin OK

% Launch Runs X

Launch the selected synthesis or implementation runs. '

Launch directory: =« <Default Launch Directory= v
Options
(®) Launch runs on local host  Number of jobs: | 4 v

() Generate scripts only

[) Dont show this dialog again

Chon Launch runs on local host Number or jobs 4 sau d6 nhin OK

h Running write_bitstream Cancel

Doi qua trinh hoan than

o Bitstream Generation successfully completed.

Next
(® Open Implemented Design
_ View Reports
) Open Hardware Manager

) Generate Memory Configuration File

["] Dont show this dialog again

Dé d6 chuong trinh vao phan cimg cta thiét bi ta cim thiét bi vao cong USB cta may
tinh sau d6 trong phoin PROGRAM AND DEBUG ta click vao Open Target chon Auto

Connect
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v PROGRAM AND DEBUG Run
= - - lau

J5i Generate Bitstream (Fr

v Open Hardware Manager J) Run
 ope

Open Target |
Program De & Auto Connect

Add Configy |

Open New Target...
Automatically connect ta

HARDWARE MANAGER - localhost/xilink_tcfiDigilent/210183AB4321A

© There are no debug cores. Program device Refresh device

Hardware ? 0B X vidu.vh
Q=2 o DiNi v
Name Status lo}

~ ¥ localhost (1 Connected

~ @< xilinx_tcf/iDigilent/210183AB43... Open “
v i xc7a35t_0 (1 Programmed “
IE XADC (System Monitor) =

Click vao Program device

Chon dudng dan dén FF_RS_NAND.bit sau d6 nhin vao Program

L Program Device

Programming the device...

- 53%

Background

Qua trinh ghi dir liéu dén khi hoan thanh 100% la xong.

Budéc 11: Chay chwong trinh trén thiét bi

Gat cac cong tic V16 va V17 theo bang trang thai FF_RS_NAND va quan sat dén U16, E19



163

1.3. Mét s6 16i thwong gdp, nguyén nhan va bién phdp xir 1y, phong trinh.

TT Sai hong Nguyén nhan Bién phap xir ly,
phong tranh
1 Sai chan dau vao/ddura | Gan sai chan dau | Xdc dinh dung chan dau vao/dau
vao/dau ra trén thiétbi | ra trén thiét bi.
Gan ding chan dau vao/dau ra
trén thiét bi
2 Sai 1énh ciu trac 1énh | Lap trinh sai cau trc | Can 1ap trinh dGng theo cau

truc 1énh:

vi du:

assign Q = ~(SB & QB);
assign QB = ~(RB & Q);

3 Khéng download dugc
chuong trinh  xubng

thiét bi

Do két noi thiét bj vai

may tinh

Kiém tra két ndi gitra thiét bi

v&1 may tinh

1.4. Bai tap dap dung
Bai 1:

Lap trinh FF R-S sir dung cong NAND ( R, S tac dong mirc 0)

Véi S=SB, R=RB,Q0=0Q, Q=0QB

Céc tin hiéu dau vao SB, RB két ndi v4i V16, V17 ctia board mach Basys 3
Céc tin hiéu dau ra Q, QB két ndi véi U16, E19 ciia board mach Basys 3

Bai 2:

Lap trinh FF R-S sir dung cong NOR

V6iQ=Q, Q=QB

Céc tin hiéu dau vao S, R két ndi véi V16, V17 ciia board mach Basys 3

Céc tin hiéu dau ra Q.Q két ndi véi U16, E19 cta board mach Basys 3

Goi y: Pé thyuc hién 14m trinh FF R-S st dung céng NOR ta viét cic ham dau ra theo

cAu tric 1énh:
assign Q = ~(R + QB);
assign QB =~(S + Q);
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2. Lap trinh mach Flip-Flop JK

2.1. Flip-Flop JK

2.1.1.Céu triic mach logic

Xung Cytdcdngeanhlén | ¢ Q

0 Gy RS- FF

Hinh 3.7a: Ky hi¢u FF J-K

I —} }—Q
o T
K —} DD_E

Hinh 3.7b: Cdu triic mach logic FF J —K

2.1.2.Bang trang thai FF J-K

Ck J K QK
t] 0o Q (nho)
T 0 1 0 ( x6a)
tp 10 1(1ap)
T a(thay doi trang thai theo moi
1 1

xung nhip)

Trong do:

Hinh 3.8 : Bang trang thai FF J-K




