
 

 

…Ⅳ



 

I 
 

!

1  QuartusII  .................................................................................................................... 1!

1.1 Quartusr  .......................................................................................................................... 1!

1.2 ............................................................................................................................................ 12!

1.3 Quartusr  ........................................................................................................ 16!

1.4 ................................................................................................................................ 18!

2  ..................................................................................................................................... 20!

2.1 .................................................................................................................................... 20!

2.2 .................................................................................................................................... 21!

2.2.1 .......................................................................................................... 21!

2.2.2 ..................................................................................................... 21!

2.2.3 ............................................................................................................. 24!

2.3 .................................................................................................................................... 24!

2.3.1 Ⅵ ..................................................................................................................... 24!

2.3.2 ................................................................................................................................. 25!

2.3.2 ................................................................................................................................. 29!

3  Ⅱ ............................................................................................................................. 30!

3.1 ................................................................................................................................ 30!

3.2 Ⅱ ............................................................................................................................ 30!

1 .......................................................................................................................... 31!

2 .................................................................................................................................. 32!

3 .................................................................................................................. 33!

4 .................................................................................................................................. 34!

5 Ⅲ .......................................................................................................................... 36!

6 4 .......................................................................................................... 38!

7 8 1 .......................................................................................................... 39!

8 .......................................................................................................................... 40!

3.3 Ⅱ ............................................................................................................................. 42!

1 ...................................................................................................... 42!

2 Ⅱ .......................................................................................................... 43!

3 .................................................................................................. 44!



 

II 
 

4  ......................................................................................................................... 46!

4.1 ............................................................................................................................................ 46!

4.2 ................................................................................................................................. 46!

4.3 ............................................................................................................................................. 46!

1 ...................................................................................................................... 46!

2 .......................................................................................................................... 48!

3 .................................................................................................................................. 49!

4 /  ........................................................................................................ 50!

5 .................................................................................................................. 51!

6 .......................................................................................................................... 52!

7 CPU  ...................................................................................................................... 54!

8 ........................................................................................................................... 56!

5  ................................................................................................................................. 58!

5.1 ................................................................................................................................ 58!

5.1.1 ..................................................................................................................... 58!

5.1.2 ..................................................................................................................... 59!

5.1.3 .................................................................................................................................. 60!

5.1.4 .............................................................................................................................. 60!

5.2 ......................................................................................................................... 61!

5.3 ............................................................................................................................ 62!

1  JYS FPGA ....................................................................... 63!

2  Quartusr  ............................................................................................................. 65!

3  JYS-X Ⅱ  ................................................................................................... 67!



 

1 
 

1  QuartusII  

7 dVbR GeRbdecr IEF9

IEF9 zGeRbdecr y y

y y y z GeRbdec

z

1.1!Quartusr !

GeRbdec n own7 dVbRowGeRbdec GeRbdec

)&) z

)&) GeRbdec

)&)&)

GeRbdecr Fb VTd

Ⅰ

Ⅰ Ⅲ Ⅰ

z

)& )&) n o ×

)&* z

 

 



 

2 
 

)&*

*& )&* DVg Fb VTd M jRbU nD;NJo )&+

y : PCOQ;:7yCOQDEJyCOQDEJ z

)&+

+& )&+ n< _ cYo ×Ⅲ

)&, z

)&,



 

3 
 

)&)&*

)& z )&, n< Vo w DVg 9db D

)&- z ×

n8 T\ : RXbR ITYV Rd T < Vo )&. z

)&-

)&.

*& z

 ) )&. )&/ z

 * )&/ DR V _ d nE\o )&/ z

 +

z



 

4 
 

)&/

)&0

 , ’ ) y * y + _aed edaed )&1 z

)&1



 

5 
 

+& z

 )

)&1 z

 * ’ ) edaed z )&)( z

,& z

)&)( a _Q_R V ≥ 7 z

z 8z

-& Ⅲ z

 ) )&)( Ⅲ )&)) z

 )+ )&)) n D o COQDEJ n Ⅲo

)&)* z

)&)(

)&)) Ⅲ



 

6 
 

)&)* Ⅲ

)&)&+

)& )&)* 7cc X_ V_dc :Vf TVpp .&)+ z

)&)+

*& )&)+ <R i 7fR RS V UVf TV

9iT _X ;F*90G*(09/ nEAo )&)*

z



 

7 
 

+& )&)+ n:Vf TV F _ Ead _co n:Vf TV F _ Ead _co

nK_ecVU F _co )&), z

)&),

+& )&), n7c _aed db cdRdVUo

n o )&)+

z

)&)&,

GeRbdecr ” z Fb TVcc _X

6IdRbd 9 a Rd _ z

)& )&)* Fb TVcc _X

IdRbd 9 a Rd _ ×

)&)- z

*& )&)- n o )&). z

z z ’ )

z

)&)-



 

8 
 

)&).

)&)&-

y z

)& )&)* 7cc X_ V_dc F _c

)&)/ z

*& )&)/ n7o nB TRd _o

)&)0 z

)&)/



 

9 
 

)&)0

+& ’ * )&)0 7 A( //a _

8 B:( +,a _ Ⅲ z

,& )&)- z

)&)&.

GeRbdecr &a W

IH7C &c W Ⅲ GeRbdecr Fb XbR Vb

z

)& )&)* J c 6Fb XbR Vb

)&)1 z

)&)1



 

10 
 

*& )&)1 nIdRbdo

z )&*( z

)&)1 y y

Ⅲ z

COQDEJ&c W Ⅴ GeRbdec

J7=z

+& )&)1 z

)&*) z

)&*(

)&*) n>RbUgRbV IVdeao



 

11 
 

,& )&)1 n UVo J7= )&** z

)&**

-& A( B:( z

)&)&/

“ Ⅰ Ⅰ

z Ⅰ

z

)& )&)* n< Vo 9bVRdV KaURdV 69bVRdV Ii S < V < b

9ebbV_d < V )&*+

)&*+

+& )&*+ Ⅲ )&*, z

,& )&*, n o z



 

12 
 

)&*,

1.2! !

;:7 z y

;:7 GeRbdecr

z GeRbdecr z

)& z

) )&)* < V DVg DVg EdYVb < Vc

)&*- z

 * )&*- LVTd b MRfVW b < V nEAo )&*.

z

)&*- EdYVb < Vc



 

13 
 

)&*.

 + )&*. nDR Vo n _cVbd D U b 8eco

nD UV < _UVb&&&o D UV < _UVb )&*/ z

)&*/ nD UV < _UVbo

 , )&*/ nB cdo

)&*0 z

)&*0 nD UV < _UVbo



 

14 
 

 - )&*, → nxn z

n66o )&*1 z

)&*1 →

 . )&*1 nEAo )&+( z

)&+(

 / )&+( nEAo )&+) z

)&+)

 0 )&+) nDR Vo n7o z



 

15 
 

n o n9 T\o y

nEAo 7 )&+*z

)&+*

 1 Ⅲ z

*&

 ) z 7cc X_ V_dc 6IVdd _Xc&&& IVdd _Xc 9RdVX bi

I e Rd b IVdd _Xc z

* z )&+* n o

Fb TVcc _X 6IdRbd 9 a Rd _ z nGeRbdec o

)&++ z

 + z )&++ z

)&++



 

16 
 

1.3!Quartusr !

GeRbdecr 7>:ByL>:B LVb X >:B

JT z >:B z

)&,&)

)&, < V 6 DVg Fb VTd M jRb&&&

y y COQ;:7yL>:BQ_ byL>:BQ_ b

)&+, z

)&,&*

)&

< V 6DVg&&& )&-

:Vf TV :Vc X_ < V L>:B < V EA )&+- z

)&+,

)&+-



 

17 
 

*&

Ⅲ。 z

)&+- >:B n

o )&+. z

)&+.

+& Ⅲ z

L>:B n

B 8H7HO ;;;3

KI; ;;;&cdUQ X TQ)).,&R 3

KI; ;;;&cdUQ X TQe_c X_VU&R 3

;DJ JO L>:BQ_ b I

FEHJ 7 2 D IJ:QBE= 93

8 2 D IJ:QBE= 93

< 2 EKJ IJ:QBE= 9 3

;D: L>:BQ_ b3

RbTY dVTdebV SVYRfVb W L>:BQ_ b c

SVX _

a)2ab TVcc 7 8

SVX _

W  75l(mR_U 85l(m dYV_ < 45l)m3

V cV < 45l(m3

V_U W3

V_U ab TVcc a)3

V_U RbTY dVTdebV SVYRfVb3

… )&) y y

z



 

18 
 

1.4! !

×Ⅲ z ”

Ⅰ z

z )&) )&+ ≥ Ⅰ

z

)& C N;: )&+/ z

)&+/ C N;:

*& z )&+/

Fb VTd iQ_ d iQ_ b

)&+0 z

)&+0

+& z )&+0 iQ_ dy iQ_ by _aedy edaed



 

19 
 

)&+1 z

)&+1 hVU

,& z

z

-& z z

.& z )&,( z

)&,( hVU

/& 7y8y9y: <

n ≥ o z

GeRbdec z …

× z



 

20 
 

2   

2.1! !

;:7 ; VTdb _ T :Vc X_ 7ed Rd _ Ⅰ zⅤ

;:7 y

y y y y z

z

z

Ⅱ y y Ⅱ

<F=7 Ⅰ ;:7 <F=7 ;:7 Ⅰ y

‘ Ⅰ y Ⅳ Ⅳ z

Ⅳ

;:7 <F=7 Ⅱ

Ⅳ <F=7 GK7HJKI y

z

Ⅱ y Ⅳ

y y z

…

y z F9

y

z *&) z

*&)

 

 

 

 

 

…  

 

FPGA  

  



 

21 
 

Ⅱ y y y

z

z

2.2! !

2.2.1  

2.2 yFPGA r y

ROMyRAM Ⅲ s y t y u “

v z y y y

y ’ yFPGA ’ CPU ’ yFPGA yRS232

Ⅳ z 

2.2.2  

、 2.3 z

 

)& <F=7 … <F=7 ;F*90G*(090

z

*& ” z

*>jy,>j y0>j y).>jy+*>j y.,>j y)*0>jy*-.>j y-)*>j y)(*,>j *(,0>j

)2)

*( c Ⅲ z

+& H7C Ⅲ *Ak0 H7C Ⅲ z

,& ROM Ⅲ Ⅲ z!

-& , BH)- ~ BH(yB:)- ~ B:(yB7)- ~ B7* yB*+ ~ B( /(

z BH)- ~ BH(yB:)- ~ B:(yB7)- ~ B7* ,. B7)y B7(

× B*+ ~ B( Ⅲ z

.& *, A*+ ~ A( z

/& ’ ’ 9FK ’ z ’ <F=7

’ z

0& HI*+* y<F=7 H ,- z

HI*+* F9

<F=7 <F=7

H ,- DJ;HD;J z



 22
 

 

 
0

7

3
 

R
O

M
1 

R
O

M
2 

R
O

M
3 

R
A

M
 

K
 

.
6

 

K
1

  
C

PU
1

  
3

 

  
 

 

7
 

 

….
.#

….
.#

 ..# ..# ..# ..# ..# ..#

 

FP
G

A
 

A
 

……
….
#

……
….

 

8
6

 
0

 

1
 

2
 

 

5
 

 

K
5

-
 

 

 

 

8
D

L1
D

L3
 

8
D

L2
 



 23
 

 

 
0

7  
 

 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
 

FP
G

A
 

 E
P2

C
8Q

20
8C

8 
 

 
L

A
15

-0
 

-

 K
 

2
2

2

 
 

 
6

 

1
 

 

 
L

D
15

-0
 

 
L

R
15

-0
 

R
S2

32
 

6
 

 R
J4

5 
6

 
 

-
-



 

24 
 

2.2.3  

U ● ◇

R

r 07 S2 3- TQ 07 S

T s 07 S2 3- TR

U 07 s 2 3- Q07 s

R

U 07 s 2 3- U 5 (

◇ R

2.3$ $

2.3.1  

K DIDL” U K91A L

R

K DIDL U K

DIDL U K” L

U S T S

◇ Tr R U K

LR

2.4 —”



 

25 
 

2.3.2  

— U 2-4 —” U K LU 2.5

R 

2.5 Q Q Q Q Q Q

33 U  

N Quartus II —U Q Q

R 

N K QROM QRAM L U

ROM RAM

ROM RAM R 

K L 。x s U

R 

N Q R 

N U R 

N Q Q 。 Ua R 

Q R 

 

2.5 —  



 

26 
 

X.  

S1T 2.5 U K L Quartus IIU 2.6 R 

S2T Quartus IISQuartus II 1 T U

2 3- U R 

2.6  Quartus II —  

2.  

K L K QROM QRAM L U  

S1T  

O K  ! L — U 2.7 R 

 

2.7   



 

27 
 

O 2.7

U U

2.8 R 

2.8  

K L U R

S T U K B L

U

S TQ S T U R

K L x s 2 3- 1 4 (Q )Q Q

Q()Q( Q( Q( Q Q ( R



 

28 
 

 

2.10  —  

S2TROM QRAM  

N KROM ! L U

ROM RAM U ROMQRAM

” U 2.11 2.12 R  

 

 2.11 ROM  

 2.12  ROM

N ROMQRAM  

U U ” COM S TU

” Q U ROMQRAM



 

29 
 

U R 

N ROM RAM  

O ROMQRAM RAM U 03,c2, 00-ff  

O ROM U f23c01, 000000-ffffff  

O ROM 8 URAM 18  

O  , ”U  ;  

N  

O s  

O  

O ◆   

O  

O 8 S18 T R 

O RT 

3. 5 R 

 

U 2.13 S U

a TU U r U R 

  

U 16 U 、  

Q Q Q S TQ S TQ S TQ

S TQ Q Q ROMQ RAMQ Q Q S TQ ”

Q  

r U 8 U 、  

Q Q FPGAQ Q Q S TQ Q

S T  

U 3 U 、  

FPGA QRAM ROM R 

 

2.13  

2.3.2 

R



 

30 
 

3   

3.1$ $

3.1 R 

P ” K23 16QK15 8 K7 0 3  

P LA15 2QLD15 0QLR15 0 3  

P 1  

P CPU FPGA R 

P FPGA R 

 

3.1 FPGA Q  

1. ” Q 2  

       2. JYS--X S T 3R 

3.2$ $
U 07 s 2 3- Q07

s R

     
 

                                           
 

FPGA 
 EP2C8Q208C8 

 

 

LA15-2 

” 6 ) ” 6 ( ” 6

 

 

CPU 

  

 

LD15-0 

 

LR15-0 



 

31 
 

1  

1Q  

S1T  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T R 

3Q  

U

U R 3.2

U A=a3a2a1a0UB=b3b2b1b0UC=c3c2c1c0U UY=y3y2y1y0

UCYQBYQAY R 

3.2  

4Q  

    S1T 3.3 U R 

S2T 3.1  FPGA

Q R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T  ” U AYQBYQ

CY S U ” TU Y R 

S5T U R 

AY 

BY 

Y 

CY 

B C A 

 
 



 

32 
 

 

3.3  

 

2  

1Q  

S1T  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3Tr 7 r 7 )R 

3Q  

1 r U a Qb U

ci Us Uco U 3.4 1 r U

3.5 R 

AND2

inst
AND2

inst1
AND2

inst2

AND2

inst3
AND2

inst4
AND2

inst5

AND2

inst6
AND2

inst7
AND2

inst8

AND2

inst9
AND2

inst10
AND2

inst11

OR3

inst12

OR3

inst13

OR3

inst14

OR3

inst15

VCC
a3 INPUT

VCC
b3 INPUT

VCC
c3 INPUT

VCC
a2 INPUT

VCC
b2 INPUT

VCC
c2 INPUT

VCC
a1 INPUT

VCC
b1 INPUT

VCC
c1 INPUT

VCC
a0 INPUT

VCC
b0 INPUT

VCC
c0 INPUT

VCC
AY INPUT

VCC
BY INPUT

VCC
CY INPUT

Y3OUTPUT

Y2OUTPUT

Y1OUTPUT

Y0OUTPUT



 

33 
 

3.4  1 r  

 

 
3.5  1 r  

 

4Q  

    S1T 3.5 U R 

S2T 3.1  FPGA

Q R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T  U ” U

S CO R 

S5T R 

5Q  

BCD K1L U K1LU

K0LR 

3  

1Q  

7400

inst

7400

inst1

7486

inst2

7486

inst3

7400

inst4

VCC
a INPUT

VCC
b INPUT

VCC
ci INPUT

sOUTPUT

coOUTPUT

b ci 

s co 

a 

FADD 



 

34 
 

S1T  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T4 r 74283 7404R 

3Q  

U 4 r

74283 7404 1 U r

R 1 3.6 U - - . .

U 49 U 8 8 U

R

3.6 1

4Q  

    S1T 3.6 U R 

S2T 3.1  FPGA

Q R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T  U ” 1

U SUM COUT R 

4  

1Q  

4"BIT"ADDER

CIN
A1

A2
B2
A3

A4
B4

B1

B3
SUM4
COUT

SUM1
SUM2
SUM3

74283

inst

4"BIT"ADDER

CIN
A1

A2
B2
A3

A4
B4

B1

B3
SUM4
COUT

SUM1
SUM2
SUM3

74283

inst1

7404

inst2

VCC

GND

VCC
CIN INPUT

VCC
A[4..1] INPUT

VCC
B[4..1] INPUT

SUM[4..1]OUTPUT

COUTOUTPUT

A[4..1] A[1]

B[1]

A[2]

B[2]

B[4]

A[4]

B[3]

A[3]

B[4..1]
SUM[4]

SUM[1]

SUM[2]

SUM[3]

SUM[4..1]



 

35 
 

S1T  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T R 

3Q  

3 8 R i2-i0 Uy7-y0

R 3.7 \ U 8 \ R 

3.7  3 \8  

4Q  

S1T 3.8 U R 

S2T 3.1  FPGA

Q R 

K2-0 R 

LD7-0 R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T K2-0 U R 

S5T R 

i2        i1        i0 

y7  y6   y5  y4  y3  y2  y1  y0 

 
decoder 



 

36 
 

 
3.8  3 —8  

 

5  

1Q  

S1T —  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T D 8 R 

3Q  

D 8 U d7—d0Qq7—q0

Ucp R 

3.9 8 R 

3.10 8 R 

AND3

inst
AND3

inst1
AND3

inst2
AND3

inst3
AND3

inst4
AND3

inst5
AND3

inst6
AND3

inst7

NOT

inst8

NOT

inst9

NOT

inst10
VCC

I2 INPUT

VCC
I1 INPUT

VCC
I0 INPUT

Y7OUTPUT

Y6OUTPUT

Y5OUTPUT

Y4OUTPUT

Y3OUTPUT

Y2OUTPUT

Y1OUTPUT

Y0OUTPUT



 

37 
 

 
3.9  8  

 
 

3.10  8  

CLRN

D
PRN

Q

DFF

inst

CLRN

D
PRN

Q

DFF

inst10

CLRN

D
PRN

Q

DFF

inst17

CLRN

D
PRN

Q

DFF

inst11

CLRN

D
PRN

Q

DFF

inst19

CLRN

D
PRN

Q

DFF

inst12

CLRN

D
PRN

Q

DFF

inst18

CLRN

D
PRN

Q

DFF

inst13

VCC

VCC
CP INPUT

VCC
d7 INPUT

VCC
d6 INPUT

VCC
d5 INPUT

VCC
d4 INPUT

VCC
d3 INPUT

VCC
d2 INPUT

VCC
d1 INPUT

VCC
d0 INPUT q0OUTPUT

q1OUTPUT

q2OUTPUT

q3OUTPUT

q4OUTPUT

q5OUTPUT

q6OUTPUT

q7OUTPUT

cp 

d7  d6   d5  d4  d3  d2  d1  d0 

q7  q6   q5  q4  q3  q2  q1  q0 

 
reg8 



 

38 
 

4Q  

    S1T 3.10 U R 

S2T 3.1  FPGA

Q R 

q7 q0 LD7 0 R 

d7 d0 K7 0 R 

cp R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T K7 0 U ULD7 0 K7 0 U

R 

S5T R 
 

6 4  

1Q  

S1T —  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T 0 7 Qr r 7 Q 7 r

7 )R 

3Q  

— U 0 Qr Q

4 U 3.11 U CP UCON

SCON=1 UCON=0 TUQ2Q1 UZ R

4 3.12 R 

3.11 4  

CP Z 
Q1 
Q2 CON 

COUNTER4 



 

39 
 

 

3.12 4  

4Q  

    S1T 3.12 U R 

S2T 3.1  FPGA

Q R 

CON K0 RLD7 0 R 

CP R 

Q2Q1 LD1 LD0 U Z LD2 R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T ULD1 0 00-01-10-11 11-10-01-00 ULD2

U R 

5Q  

JK 4 R-

 

7 8 1  

1Q  

S1T —  

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T0 R 

3Q  



 

40 
 

    8 1 U CLK UCLR Uq2-q0

R 

3.13 8 1 R 

 
3.13 8 1  

4Q  

S1T 3.13 U R 

S2T CLK CLR k0

LD2 0 R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T  

S132 TU 1U LED2-0 R 

S131 TU Ⅱ LED2-0 Ⅱ R 

S 2.2T U LED

R 

S5T R  

 

8  

1Q  

S1T   

S2T  

S3T EDA R 

2Q  

S1T WINDOWS XP  

S2T  

S3T R 

q2OUTPUT

q1OUTPUT

q0OUTPUT

CLRN

D
PRN

Q

DFF

inst
CLRN

D
PRN

Q

DFF

inst1
CLRN

D
PRN

Q

DFF

inst2

NOT

inst4

NOT

inst5

NOT

inst6

VCC

VCC
CLR INPUT

VCC
CLK INPUT



 

41 
 

3Q  

U 7Q 4

U 3.14 R 

 

 

3.14  

4Q  

S1T 3.14 U 3Q 4

R 

S2T 3.1 Q R 

cp R 

re k0 R 

LD7 0 R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T U LD7 0 Ⅱ R U

R  

S5T R 

 

 

 

 

 

 

 

 

CLK
CLR

q2
q1
q0

counter8

inst

I2
I1
I0

Y7
Y6
Y5
Y4
Y3
Y2
Y1
Y0

decoder

inst1

VCC
CLK INPUT

VCC
CLR INPUT

q7OUTPUT

q6OUTPUT

q5OUTPUT

q4OUTPUT

q3OUTPUT

q2OUTPUT

q1OUTPUT

q0OUTPUT



 

42 
 

3.3 $

1 u  

1.1�
 

u R

R

10- R 

1.2����� 

1 EDA ”             

2                         

3 ”          

4                     

1.3 ���� 

u u 3.15 R U  l 2 R

Q Q u R t ( R1UG1UY1UR2UG2UY2)

R U U U

R 

 

1. SENl SEN2 l U R 

2. SENl SEN2 l 0 U u Ⅱ R 

3. 20sU 5sR 

4. R 

5. U x R 

u 3.l 3.2 R 

 

3-1  u  

SEN1 SEN2     

0 1 2   R1=G2=1 

1 0 1   R2=G1=1 

0 0 Ⅱ  

1 1 Ⅱ  

 

3-2   

   R1  G1  Y1 R2  G2  Y2 

1 

2 

3 

4 

1   0   0 

1   0   0 

0   1   0 

0   0   1 

0   1   0 

0   0   1 

1   0   0 

1   0   0 

 

RGY RGY 

SEN1 

SEN1 

 

1 

3-15  u  



 

43 
 

1.4�������	 

 1 R 

2 S HDL TR 

3. ” R 

4 R 

    

2  

R

R

10- R

10- ”

”

U ”U

a ●” — U R

U 1 R ” Q

a U s R

” U R a a ”

R

” — ● U e —U ” R

” — U ” R

( ” ” —  U U

R U JJ U R

) ” —

 -  ” —U s R

 R



 

44 
 

 ” 19 ” R

— U ” U

— U ” 19  U R

 ” U U 1 U R

U 1 - a U 4 1  R

( U 19 - ” —R

Q - Q 19 U R

) R

3.16  

1. U R 

2. S —TR 

3. R 

4. S TQ R 

3  

3.1  

1. R 

2. R 

3. EDA R 

 
 

 
 

 
 

 
 

 
 

   

 

en 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

right 

i-setup 

setup 

start 

open 

clk 

en 
gree 
red 
jbao 

  kaimen 
sel 



 

45 
 

3.2  

1.EDA ”                       

2.                                       

3. ”                    

4.                                

3.3  

1.  

4 U 4 U  

(1) U S U S T

U S T a U Q

U T  

(2) U U U U

”U“  

(3) R U r U

U  

(4) U” a U U ”

”U  

(5) U  

(6) U a U R 

2.  

Q Q Q R 

” Q Q R 

3.4  

1. U Q U R 

2. S —TR 

3. R 

4. S TQ R 

 



 

46 
 

4   

4.1$ $

    Q Q

U R 

4.2 $

    4.1 R 

4.3 $

1  

1Q  

1 abQ a+b (a⊕b) R 4.2

U 1 r a bUandQxor or

Q R 

2Q  

S1T 4.2 U R 

S2T Q R 

a K9 b K8 e LD0

and K2 xor K1 or K0

R 

S3T Q CEG FM EP2C8Q208C8 U

U R 

S4T ” r LD R 

S5T R 

3Q  

4 r ASa3a2a1a0T B(b3b2b1b0)

R 

 



 47
 

 

 

6
4.

1 
 I

C
8

D
6

 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 

 

FP
G

A
 

 E
P2

C
8Q

20
8C

8 

 

0
 

 
~ 

0 
-
0

 

13
2 

13
1 

3
 

D
A

 
L

A
15

-0
 

 
3

 

2
2

2
 

 
5

 

C
PU

 
7

1
 

K
 

D
A

 
L

D
15

-0
 

D
A

 
L

R
15

-0
 

R
S2

32
 

5
 

 

~ 

0
~ 
 

0
~ 
 

 
~ 
 

 
’

~ 
 

 
 

 

A’
7~

0 



 

48 
 

 
4.2  

2  

p

p p l

r

mD mE tmD E 

mD mE tmD mmE n

mmE n mE l

) ( p BC ( BC p3) p1( 1

1 p2( 2 2 p3 p : p : p

p: p l

m n r l

m n r BC ( BC 3) · 54 4 4 p : 3 1( 1

2( 2 · :. :- :, :) :( : l

m3n z r F Uc EP2C8Q208C8 p

p z l 

m4n r :. : : 3 1 2 p 54

l

m n l

AND3

inst

AND3

inst1

AND3

inst2

AND2

inst3

AND2

inst4
NOT

inst6

NOT

inst7
OR6

inst12

GND

VCC
a INPUT

VCC
b INPUT

VCC
and INPUT

VCC
or INPUT

VCC
xor INPUT

eOUTPUT



 

49 
 

) (

3  

 1  

l 4.4 Ⅳ 1

m 2np 1 m 2n p l 

LMmⅣ n z Ⅳ 1 p 0l 

RMm n z 1 p 0l 

DMm n z l 

2  

    m1n 4.3 l 

    m2n r a3-a0 · K3 0 s 4 q3-q0 · LD3 0 s

LM · K8 p s DM · K9 p s RM · K10 p

p z l 

m3n K3 0 4 p LM DM RM z … LD3 0 p

l 

7486

inst

7486

inst4

7486

inst5

7486

inst6

2+BIT/ADDER

A2

B2
B1

C0

A1
C2

SUM1
SUM2

7482

inst2

2+BIT/ADDER

A2

B2
B1

C0

A1
C2

SUM1
SUM2

7482

inst3

VCC
K INPUT

VCC
C0 INPUT

SUM3OUTPUT

SUM2OUTPUT

SUM1OUTPUT

SUM0OUTPUT

C4OUTPUT

VCC
A1 INPUT

VCC
A0 INPUT

VCC
A3 INPUT

VCC
A2 INPUT

VCC
B1 INPUT

VCC
B0 INPUT

VCC
B3 INPUT

VCC
B2 INPUT



 

50 
 

m4n l 

 
4.4  

 

4 /  

,) B - p

,) B - l ) ,) B - ,) B -

l

AND2

inst
AND2

inst1
AND2

inst2

AND2

inst3
AND2

inst4
AND2

inst5

AND2

inst6
AND2

inst7
AND2

inst8

OR3

inst9

OR3

inst10

OR3

inst11

AND2

inst12
AND2

inst13
AND2

inst14

OR3

inst15

GND

VCC
a3 INPUT

VCC
a2 INPUT

VCC
a1 INPUT

VCC
a0 INPUT

VCC
LM INPUT

VCC
DM INPUT

VCC
RM INPUT

q3OUTPUT

q2OUTPUT

q1OUTPUT

q0OUTPUT



 

51 
 

)

m n r ,) B - ,) B - ) l

m n r 1, 1 · :, : p2- 2 · : :-p3 ·

: p 3- · A p6- 6 · 4,v 4 l

m3n z r F Uc EP2C8Q208C8 p

p z l 

m4n r : : 54 l

 

5  

1  

1 Ⅳ

p 4.6 , p Ⅳ l 

p 4.6 p R0 R1 R2 ” 4D ”

74173m 74173 G1N G2N MN NN CLR np

3 p 2 l 

6( 6 6 66, 6 6 6)

7

2( ~ B

3-

1( ~ A02, ~ B41, ~ 1)

3 ) ,) B - 3 ,) B - 3

       7 3D 7

1 3
7

 

3



 

52 
 

  

4.6  

2  

m1n r ” ━ 4.6

l 

m2n r 4 Ama3a2a1a0n K7 4 4 B(b3b2b1b0)

K3 0 CPR0 K8 CPR1 K9 CPR2

K10 LM K11 DM K12 RM K13 C0m

n K14 l 

    K p l 

” R2 D(d3d2d1d0) LD3 0 l  

m3n F Uc EP2C8Q208C8 p p

z l 

m4n r K LED r 1 Ⅳ p

l 

 

6  

1  

D 

B A 

C0 

CPR1 CPR0 

CPR2 

4  

R2 

R0 R1  

 
LM 
DM 
RM 



 

53 
 

p l 4.7

l ROM µPC ” µ IR l 

p l 

p µPC 8 p RDµ zp

24 p CPµ IR zp µ IR23-16 µ IR15-8 µ IR7-0l 

L23-16 L15-8 L7-0 ” µ IR23-16 µ IR15-8 µ IR7-0 l 

4.7  

     p r 

RDµ l 

CPµ IR ” µ IRl 

µPCo1 z l 

” l 

4.8l 

 P         //  
 

 

         P          // 

 4.8   

2  

m1n 8 m 7n p 8 1

m PC nl 

–15-8 23-16 ,-0 CP 9A A4 

RE                       FPGA    CPPC 

                                             

3  

µIR23 - 16    µIR15 ~ 8    µIR 7 - 0 

 
0 0 0  



 

54 
 

m2n 4.6 l 

* PC CPPC RD CP IRl 

        * PC 8 A7 A0 l 

        * PC CPU l 

           * z l 

m3n  ( ROM ) 

       ROM 0 l 

     m4n  

       CPU p l 

          

             0 µ IR23-µ IR0 L23-L0 s 

             µPC 1 z l 

        、  

、 ROM L23-L0 l 

               r  

7 CPU 。  

1  

CPU 。 l 4.9 CPU 。 l

p p PC ROM3

ROM2 ROM1 IR l 

x ” R0 R1 R2 p ALU

p 4.6 l 

2  

(1) ALU PC 4.9 l 

(2) ·rALU a3-a0 µIR23-µIR420 pCPR0 CPR1 CPR2

µIR7-µIR5 pLM DM RM C0 µIR4-µIR1 pP lQ3-Q0

LD3-LD0 l 

 



 

55 
 

) . 3 C 。

(3) z  

(4)  

z r 

                   CPR0    CPR1     CPR2 
 
                   
             P 
   
 
 

9A23— 9A20             9A7   9A6   9A5  9A4     aaaaaa    9A0 

    r µIR23uµIR20 p µIR7uµIR0

p r CPR0 p 1p 0s 0l 

a3a2a1a0              CPR0    CPR1   CPR2  LM    DM   RM    C0 

& & & 

CPU 
 

P 

 CPµPC 

 
CPµIR  µRD 

a3 a2 a1 a0  µIR         CPR0    CPR1  CPR2  LM    DM   RM   C0 

          ROM3                       ROM1 
             A7  A6  A5  A4  A3  A2  A1  A0 
 

µPC 

& & & 

Q3        Q2       Q1      Q0 

 
                                ALU 

 
a3 aa a0  b3aab0     CPR0   CPR1  CPR2  LM    DM   RM   C0 

µIR23- 20                µIR7  µIR6                                         µIR1     µIR0 



 

56 
 

r 0110o1000 l 

” r0110 R0 1000 R1 R2l 

                        

  0 1 1 0→R0s     60 00 80H    ROM 0 l 

        ↓ 

1 0 0 0→R1s     80 00 40H    ROM 1 l 

        ↓ 

R0oR1→R2s    00 00 08H    ROM 2 l 

(5) l 

       x ROM 0 1 2 p p ×l 

(6)  

      CPU PCp × 0 l 

      p l 

      3 p l 

      R2 p LD3 0 l 

      ─ l 

    2 mR0oR1n⇒ R2s 

      1/2mR0oR1n⇒ R2s 

           aa

8  

 

p

p l

r

m n l

m n r

3RI p ) l p

p× NH R > p ) l



 

57 
 

)

)

r  m n p 4NFL FP

p ) l m 、n

l 

 

)  



 

58 
 

5   

p l

p p p p p

p p

l p Ⅱ

p p p

lz ÷ l 

5.1$ $

5.1.1  
1.  

p p 5.1 l 

5.1  

2  

p 16  

  

 

 

 

 

r” s ”  

                  s z  

              ” s ” l 

  

 ADD Ⅳ  ROL  IN 

 SUB  ROR  OUT 

 MOV 1  INC  JMP 

”  

” r 
R0 
R1 
 

Cr  
Dr  

 

  

”    ”  



 

59 
 

5.1.2  

5.1 l 

 

5.1   

1  

    8 p ” lR0pR1 C Dp ” Rip ”

ROp PCp 8 l ” IR 16 l ” 8 p

M 256X8p ALU 8 pA B 8 l 

2  

    p p l

” p p ”

p DM PC     A p p

l 



 

60 
 

3  

5.1 r 

A ” l 

B ” l 

C zp p ALU Ⅲ p l 

5.1.3  

    p p p p p

l p Ⅰ p ─p

─p ─pz ADDR0pR1 l 

  p ” p p

p p l 

5.1.4  

1 24 p zr 

 

 

 

M       ALU      IR1 

PC+1         PC 
             MAR 

M     ALU     IR2 

PC+1          PC 

R0+R1          R1 

PC            MAR 

”  

z  

”  

z  

p R1 

z ”  

A B Y F J CP1 CP2 RD WR 
 



 

61 
 

pA B p3 sY 2 sF p1 sJ 

 p1 s CP1 CP2 p3 s RD p1 sWR

p1 l 

2 · 

Am3 n         Bm3 n             Ym2 n   Fm1 n 

000   R0    A    000    R0     B       00   R      1  B     ALU 

001   R1   A     001    R1     B       01   L 

010   C    A     010    C      B       10  DM      0  B     ALU 

011   D    A     011    D      B 

100   PC   A     100    M      B 

101   Rin   A 

 

J  m1 n    CP1 (3 )            CP2  (3 )         RDm1 n   WR m1 n 

1    +1       000     CPR0        000    CPRin        0          0     

0             001     CPR1        001    CPRout 

              010     CPC         010    CPPC  

              011     CPD         011    CPIR1  

              100     CPMAR       100    CPIR2 

 

5.2 $

r 

l 

2  

m1n 5.1 p “ - p ”

- p 1 C � - p p p

3 0 1 A 0 2 �p” 3 A � p

A1 s 

m2n l



 

62 
 

3  

    m n

m n

m(n

m)n

m n

 

5.3$

”

p p l

p μ z pz

p l

m n s

m n s

m(n s

m)n s

m n s

m n s

m,n l

r m n m n l

(

m n s

m n s

m(n s

m)n s

m n l 



 

63 
 

1  JYS FPGA  

、 s 24 m: ( ~ : np 72 p LR15 ~ LR0

LD15 ~ LD0 LA15 ~ LA2 46 mLA1 LA0 p npL23 

~ L0 ” p l$

: ( ~ : FPGA

58          

8    

58     

8  

FPGA

74A         

8         D6

74A         

8           

74A 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0

8                   

( RAM FPGA  

0 ’ ’ ’ ’ ’ ’ ’ ’

8          

4.  RAM m n FPGA  

0 ’ ’ ’ ’ ’ ’ ’ ’

8        

5. ROM FPGA  

0  

8           

6. r 

2 0 2 0 2 0  2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 

                    

2 0  2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0

     



 

64 
 

7. FPGA  

389 RD CP IR rd wr 、   3 C

8  ( (

r RD ROM CP IR ” rd RAM wr RAM

、 8 )8 -8 8 ( 8 )8 -8 8 8 )8

)-8 p / “ PU m p nl



 

65 
 

2  Quartusc  

F U c p

p l F U c

x r P LFK QH NRQU R M U S NPN NX U l

P LFK QH NRQU p p

p p l

◆ ◆ ◆ ◆ l

P LFK QH NRQU 

R M U PFYSO U p l ,)

p p p

P Yp p P Y l

S NPN NX U ( p G KK  ORLNH 

mSNQn mU R FL n mR M n SNQ z

p l



 

66 
 

R M U 

( S NPN NX U 

p p Ⅴ p

l



 

67 
 

3  JYS-X Ⅱ  

JYS--X Ⅱ mb  ~ g np 2 l 

b r l mK1 ~ K20n J7 ~ J9 s

m np z m nl 

c r l GND P+ P 、 VCC 、 p

J1~J6 l RW J6 0V ~ 4V 、 pP+ P KA

p 、 l 

d rⅢ l p l

5 p p p p

p 1 l 

 

 

                                             1   

e r l 16 p J13 J14 l 

f r l Ⅵ 4 p J11

J12 p 4 DCBAm np 0 ~ 9  m10 

~ 15 nl 

g r l J10 J15

l J15 16 pJ15

J10 1 l 

r Ⅱ p m5V/1A nl 

1  J15 J10  

J10  1 3 5 7 h h h h 

J15  1 3 5 7 9 11 13 15 

 
161 160 152 151 +5V 、   GND 

EP2C8Q208  c  

J10  2 4 6 8 h h h h 

J15  2 4 6 8 10 12 14 16 

 
145 144 143 141 +5V 、   GND 

EP2C8Q208  c  

 

iii iii iii iii iii iii iii iii iii iii

iii iii iii iii iii iii iii iii iii iii



 68
 

 

 
-

2

 

J1
5 

J1
0 

 

 
...
...
..

…
....

. … …
..  

K
A

 
R

W
 

J6
 

 
J5

 
 

J4
 

 
J3

 
 

J2
  

J1
 ..
..

..
..

..
..

  
 

P+
 P

- 
 

 
 

 

J8
$

J9
 

...
.

...
...
..

J7
 

...
...
..

 
J1

4 
J1

3 

JY
S

-X
-

 

...
...
..

...
...
..

J1
2 

J1
1 

 

 
 

 

...
.$.
...

...
.$.
... 

  


