


. - . .

 – 

2003



,

-

, -

- . -

,  ROM
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- . -

-

-

.

-

.

- -

, .

:

; -

,

.

-

. -

, .

, 2003
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1.

-

, -

.

- , -

. -

,

.

. -

, -

. -

, , -

, -

.

. - :

– ;

– ;

– ;

–  ( , .).

, -

,

.

1.1. 

, -

. -

, - - .

.

.

.

C=2k, k
 (

 – 0 1). , . . -

, .

,

, C=2mn,  m
, n – , . .
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.

. -

. - -

, ,

, .

 – . .  " -
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. -

-

.

,

.

. -

-

. -

, , , . -

-

.

. -

. -

-

.

, , . . -

. -

 – , -

.

,

.

. -

. -

-

.
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-

.  -

.

, -

, , .

- :

. -

.

-

.

. -

. -

, -

0 1.

-

 – .

.

-

.

,

.

-

,

.

. -

.

- -

.

-

-

.

,

.

, .

- - ,
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.

1.2. 

.

1. .

 ( ) -

. - ,

:

– , ;

– ;

– -

.

2. .  ( -

) , -

-

.

3. . . -

 ( ). -

 (

). - , ,

.

- -

- .

, ,

. -

,

.

-

-

.
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2.

-

, - , . .

, ,

. -

 – . -

 ( ).

.

,

,

.

,

, , - -

. -

. -

, , -

, ,

 – 

( ). -
.

, -

 – 

.

2.1. 

 (CPU, Central

Processing Unit – ), , ,

,  – . 2.1.

-

. ,

, , ( ). 

, . . -

. .

, -

.

,
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 ( ).

. 2.1. .

,

, -

, , ,

.

, - .

2.2. 

 ( ):

– DB (Data Bus) -

.

 ( )

. , -

. -

,

;

– AB (Address Bus) -

.

,

;

– CB (Control Bus) , -

.

 (Read),  – 

(Write). - , -

. -
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.

,

 Motorola, -

- -

W/R  – Read/Write. 

1 ,

, 0 – . -

,

 ( - -

E – Enable). -

,  Intel,

RD WR  – Read  Write, 

.

.

-

. -

-

, -

,

.

-

. 2.2.

,

,

 ( )

AD (Address/Data Bus),  ( ),

 – . 2.3.

( ALE –

Address Latch Enable), -

-

.

 ( )

-

. -

. 2.2. 

.

.2.3. 

.

. 2.4. -

.
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,

-

.

- , -

.

. 2.4. 

( )

. -

,

,  – .

2.3. 

,  Motorola, 

- . -

,

 – . -

- -

.

, ,  Intel,

-

.

.

.

- -

, -

. ,

, - , -

- .

.

 ( )

 ( )  (

). 

.

2.4. 

-

-

.

.
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. 2.5.  – 

 MC6800.

. 2.5, -

 MC6800. 

 – 1 2 (  1 MHz), -

.

R W/ , , -

, . -

 MC6800 , -

VMA .

, ,

, . VMA,

, R W/ , .

-  300 ns .

E, , -
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 100 ns ,

.

 10 ns .

.

, , R W/
. -

, -

-  225 ns E. ,

, ,

10 ns .

. 2.6.  – 

 i8031.

. 2.6, -

 i8031 

 Intel. OSC (  12 MHz), 

 12 .

 Intel, i8031 RD WR -

, -

. ,  8- ,

 8 .
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ALE.

-  28 ns ALE
, AD
.  48 ns

ALE ( , -

).  300 ns ALE RD , -

 –  123 ns
ALE . RD -

,

AD  148 ns RD .

,

, , WR ,

WR  – .

2.5.  MC6800

. 2.7  MC6800, -

. :

, , -

, ,

.

 ‘161

 16.  16 MHz  (1 MHz)

. -

- ,

- .

 LM311, -

. -

RESET  “ ”.

 8 KB SRAM 6264  16 KB

EPROM 27128.  8- ,

.

CS ,

,

.

,

 1/2 ‘139,  4  16 KB. -

 ‘139 

, , -

.
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. 2.7.  MC6800.
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-

 – , -

.

.

, -

, .

 7, , -

,  128 B. -

.

2.6.  i8031

 i8031 

. 2.8. 

0
EA . ,

.

 i8031 -

 3,5  12 MHz.

RST
-  24 OSC.  i8031 -

-

. RTS
 +5 V, -

.

-

 ‘373 (  “ ”), 

ALE. PSEN , RD WR . -

PSEN
 ( ) PSEN .

-

EA  = 0. RD ,

 ( )

RD . WR ,

, WR 0.

P1 P3  1  TTL -

, P0 PSEN  2  TTL -

. , P0 AD , -
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.

-

 64 .  SRAM 62256 

 32 KB.

-

 64 .  EPROM

27256  32 KB.

. 2.8.  i8031.

 SRAM  EPROM -

 ( CS 0), 

EPROM PSEN , -

.  SRAM -

RD WR .

-

, - -

 RAM. -

. A15
,  EPROM,  –

SRAM (EPROM 15 = 0,  SRAM – 15 = 1). -

PSEN RD .



17

3.

-

 ( )

,

.

. -

- -

.

.

3.1. 

, -

-

. -

.

" ", -

.

. 3.1. .

( ), .

.

. -

-

. -

. , -

.
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, -

. -

. 3.1.

, -

 “ ”  “ ” -

. ,

,

.

. 3.2.

. 3.2. .

-

. ,

. -

1,  – 0.

. 3.3 

.

-

-

,

.  8-

16-

 16 -

.

 – -

.

. 3.3. 

.
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, .

. 3.4. 

, -

,  " ". 

.

.

-

, .  8-

 8,  16-  – 16.

-

-

.

. -

. -

-

.

.

, -

,

.

,

-

. . 3.5 

-

SR- .

-

 ( -  100 ), 

- .

. 3.4. -

-

.

. 3.5. 

.
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 " "  " " -

. -

,  “ ”  “ -

” .

. -

 " "  " ", 

-

.  MC6800 -

VMA ( ) R W/
( / ), BA ( ),

0.

 ( -

) , -

. -

 (  i8031).

3.2. 

 " "  " " . -

, , , -

, .

-

.

.  “ ”,

:

1. .

2. .

3. -

.

4. ,  “ ”,

 (  “ ”).

5. .

 “ ”,

:

1. .

2. ,

.

3. ,  “ ”, -

 (  “ ”).

4. .
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.

 “ ”  “ ”

,

. -

.

. 3.6 

,

MC6800. . -

VMA R W/
DBE, -

.

DBE. -

.

D-

 ‘HCT374, DBE
( ) – . . ,

.

 D- .

.

 F9368  Fairchild, 

 – 0, 1, 2, 3, 4, 5,
6, 7, 8, 9, A, b, C, d, E, F.

- ,

.

 " " -

,

:

1. VMA 0, -

.

2. .

3. R W/ 0, ,

 “ ”.

4. -

.

5. VMA 1,

0.

DBE , -
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.

, DBE
.

. 3.6. 6800.
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 “ ”

. :

1. VMA 0.

2. , .

3. R W/ 1, ,

.

4. VMA 1,

0.

. VMA 1, -

DBE.

i8031 . 3.7.  i8031 -

, 0 7 -

D0 D7. -

.

 i8031 , -

 “ ”.

:

1. PSEN , RD WR -

 – 1, ALE – 0.

2. ,

.

3. ALE 1, 0.

4  PSEN 0,

1. PSEN  ( -

0), 

.

 “ ”,

:

1. PSEN , RD WR -

 – 1, ALE – 0.

2. 

, .

3. ALE 1, 0.

4. AD0 AD7 .

5 WR 0, -

1.

 “ ”

:

1. PSEN , RD WR -
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 – 1, ALE – 0.

. 3.7.  i8031.
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2. ,

.

3. ALE 1,  0.

4 RD 0, -

1. RD  (

0), -

.

, . -

-

. , .

,

. -

. -

,

.

, -

 i8088 (i8086). 

,

 – . -

. -

 “ ”  “ ” :

– IO/ M  ( - );

– DT/ R  ( );

– ALE ( ) 0;

– DEN  ( ) 1;

– RD  ( ) 1;

– WR  ( ) 1.

 “ ”  “ ” :

– INTA  ( ) 1;

– HLDA ( )

 0.

,  i8088 

,  i8031.

,

,

i8085, MC146805E2 .

 i8088 

S0, S1 S2,

. ,

-
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.

S0, S1 S2 1.

. -

, -

, -

S0, S1 S2
, CLK. -

 " - ". 

, -

ALE DEN . -

.

-

, .

DEN .

 i8088  ( -

), -

. ,

DEN .

. 3.8.  i8088, .

. 3.8 -
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,  i8088 

.

3.3. 

-

.

.

, , -

, -

, -

.

. 3.9.  MC6800.

- -
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.

 “ ”

 “ ” .

,

.

,

, . .

3.9. -

 MC6800, 

 Apple II.

,

DEVICE SELECT_ .

74LS138, 0,

.  8-  74LS374 -

.

, -

,  – ,

. , -

.

. 3.10 

,  8- -

.

 IBM PC.  4 -

,

3 0 3FF.

 16 -

.

 8 .

.  8 -

, , .

.  ( -

W ) 0  “ ” -

,  ( E) -

-

. -

 8 . -

, , -

. .  ( R)

-

. -

E,
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R.

. 3.10.  8- .
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-

.

-

 " "  " ". 

-

.

.

-

,

- .  “ ”  “ ” -

- . , -

, ,  –

.

3.4. 

,

- -

, ,

.

, ,

, , . .

. -

-

NOP ( . 3.11). , -

,

NOP
(01  MC6800 68 11, 00  Z80, A5  i8031,  6502 . .). 

.

NOP.  1 

NOP . . NOP -

-

.

 MC6800 RESET -

FFFE FFFF. 01 01.

0101,

01 (NOP).  1 0102
 – 01.

FFFF 01.
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-

 1,

-

,

, 0000.

0001 . . -

-

.

-

 16-

.

 1/2. -

,

0,

,

. 3.12. 

,

, :

. 3.12. .

1. , -

.

2. , -

.

,

.

3. -

,

. 3.11. 

6800.
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.

. 3.13.  i8031 68 11.

,

 (  i8031, 68HC11 .), 

NOP. . 3.13  i8031 68 11

. NOP
-

 ( ).



33

4.

,

. -

. - -

-

, . -

 ( )

.

-

, .

. -

 Intel, 

-

. , , -
 ( ), ,  – -

.

-

. , -

ROM- RAM- .

,

. -

,

, -

. , -

, -

, , -

, .

4.1. 

. -

-

. - -

. -

 “ ”

.

,

-
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.

, , -

.

.

:

–  ( -

, );

–

;

– ;

– ;

–

 – , , -

.

, . ,

- , -

. , -

, , ,

. , ,

(debugger). ,

, , -

. ,

, :

- , -

,

.

. 4.1 -

.

 ( , -

) .

, .

,

. , -

.

, ,

. -

-

, .

-
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.

, , -

,

.

. 4.1. .

:

– , -

;

– , ;

– .

- , -

.

, , -

.
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, -

.

, , -

.

, . -

 ( )

.

-

. , -

, -

.

68 11 -

, . -

, . -

, -

.  MC68HC24.

.

, -

.

. , -

.

-

, .

-

.

.

, -

-

.

,

. - -

,  PIA, ACIA, PTM . -

-

, -

.

-

.

-

.
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. -

. -

,

.

-

-

, . -

-

, .

4.2. 

 ( ) -

-

. -

. -

,  ( ), 

. , -

,

.

. 4.2. .

- -
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. -

-

. . 4.2. 

 ( ) , -

 (ROM, RAM, I/O). ,

-

, -

 ( ).

,

, .

,

 ( -

). -

,

.

. 4.3. .

-
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, ,

,

. ,

.

, -

.

. 4.3 , -

-

.

15, 14 13,

. 6000
7FFF  7 -

.

 ( ). 

-

. ,

,

-

.

. 4.4. .

.

 ( -

) .
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, -

.

. 4.4.

, -

,

.

. . 4.5.

, -

,

,  ( . 4.5. ). 

.

. 4.5. .

, ,

,

,

 ( . 4.5. ). -

 (RAM, I/O) 

.
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, -

.

-

 (dual map) (  – , -

 – ). 

.

-

.

,

.

,

.

, -

. -

.

, -

. -

.

.

-

. , -

.

VSM ( ) VUM ( -

).

. 4.6 -

6800.

 (  8-

 Motorola) :

, ,

.

-

, LDAA n,X
STAA n,X . -

, -

.

 ( ,
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), 

.

. 4.6. 6800.

- .

,

,

.

,

RTI
. -

.

( ) .

-

, . -
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,

.

. 4.7. .

. 4.7. ,

 MC6840, .

ST (  – -

I )

 – 

. ST = 0  ‘74 -

. ST = 1,

1,  " " -

Q S
FFFA  = 0 R .

-

, V  – 

VSA ( ), 

 – VUA ( ).

-

,

,

.  i8031 

PSEN , RD WR .

. 4.8 -

-
. 4.8. 

 i8031.
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 i8031. - 68 11, -

FFFF. -

. . 4.9 -

.

. 4.9.  68 11 .

-

 ( )

. -

,

, -

.

6800, MC68HC11 . -

, -

FFFA . -

, -

. -

. -

 (

) .

,

-

. -

.
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4.3. 

 ( -

)

-

.

.

-

 ( . 4.10). -

 ( 6800, 68 11 – SWI = 3F).

:

1. ,

, , .

2. -

, ,

-

. . . .

3. .

. 4.10. .

,

, -

.
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4. 

 ( -

-

). ,

-

.

5. , -

-

-

.

,

,

.

.

, .

:

; -

.

-

 ( -

 – ). -

, . -

:

1. ,

.

2. -

 ( ) , -

.

3. .

, -

, .

4. 

 ( -

-

). ,

-

.
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5. , -

-

.

-  16

. 4.11.  16-

,  ‘680.  A 

B  8-  (  PIA) -

 (  CA2 ). -

SCOPE
INT -

.

E , -

,

.

. 4.11. .

- .

,

. -

1 0,

. -

-

.

-

. .

4.12. ,  4.12.  64K 1 -
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 8K 8.

-

, ,

. :

;

.

,

,

, -

 – .

. 4.12. .

-

.

.

,

,

, -

 ( ) .

, -

,

.

, .
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. 4.13  (

). -

, -

, .

-

,

. LIR  (Latch Instruction) 

68 11, LI  MC146805E2 . .

. 4.13. - .

- -

.

. . 4.14 -

. , -

.

, .

. 4.14. - .

, -

. -
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.

,

. , -

, -

.  i8031.

INC DPTR  (Increment Data

Pointer),  2 , 3,  DPTR  DPTR+1

(  1 ). 

 1.

, ,

 ( LIR ). -

. . 4.15 

 i8031.

. 4.15.  i8031.

 82S129 ,

 ( 4). 

1 2 , -

.

 ‘161, , PSEN ,

. , -

.

,

.

, -

.

4.4. 

.
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, -

, , - .

.

. -

. -

.

-

. :

1. -

 ( ), 

.

2. 

.

3. -

.

4. -

,  (

, ,

).

,

, -

.

5. 

( ).

, -

-

.

6. ,

-

-

.

,

, .

,

, .

, -

, .
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 ( -  –

). -

 ( ), 

. .

4.16,  Motorola ( 6800,

68 11 .).

:

1. -

, -

.

2. -

.

3. , -

 " " (RTI) .

,  11 

.

11- RTI,  10 -

, . -

,

.

4. 

( ).

, -

-

.

. 4.16. .

5. , -

.
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,

LIR ,

. . 4.17 -

.

. 4.17. 

.

,

-

.

-

 ( . 4.17).

,

, ,

.

,  16-

.

.

.  i8086  TF

 PSW. -

68000.

4.5. 

. 4.18 

, 601. ,

, . 3.1. 

, -

 "20 mA ".  4800

bit/s,  555 (76,8 kHz).
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.4.18. 601.
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F000 FFFF  4K byte.  – F7FE F7FF
 ACIA.

0000
EFFF F000 FFFF . -

,

 74LS245  VMA -

0.

.

0000 EFFF  – F000 FFFF -

. .

RTS  ACIA 

A15. -

 EOR. F000 FFFF -

7000 7FFF,

.  EPROM -

F700 F7FD. F000
F6FF .

-

. ,

. -

,

,  “ ” .

 ( ). . 4.19

6502, 

Apple II. 

 32  2  byte 

C800 CFFF. A0 A10, -

R W/ , RES , 0 SYNC,

 74LS244. A11 A15 -

 Apple II, 

 74LS374. 

I O SELECT/ _ .

.

- -

.

.

,
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.

. 4.19.  Apple II.

-

, -

. -

, -

- -

, .

-

-

. . 4.20.

. -

- .

. 4.20. .
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5.

-

. ,

-

 ( . 5.1  SRAM 6264-12), , -

.

 ( . 5.1. ) tACC,

 120 ns. - : tCSR
– ; tOE –

OE
; tOD – OE -

; tOH – 

; tRC –  (

, ). 

.

. 5.1.  SRAM – 6264-12.

 ( . 5.1. )

tCSW ,  100 ns. -

, , :

tWP – WE ; tDS
–

WE ; tAS – -
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WE  (  0,

, WE
, ); tDH – -

WE  (

 0); tWC – , -

.

. 5.1 ,

-

OE WE . ,

,

, ,

.

,  8- , -

 16 , 8 

.  27  30

, .

. -

.

5.1. 

,

-

, ,

 – .

.

-

:

–

;

–

, ;

– -

, ;

– .

- , -

, -

.

, . -

,
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“ ” .

. 5.2. ,

, , ,

, , , -

.

. 5.2. 

,

, . -

 (  1 M )

 (  10  25 pF). -

 – 0 1,

.

,

.

. -

 8  100 ,

 8 .

. , -

, ,

. -

- , -

.
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, , -

. -

,

.

-

 – . ,

 – , -

. -

. M
M , M-

.

. . " "

. -

- -

-

.

.

,

( ). . -

. -

.

, - .

. 5.3. -

.

. -

, -

 1.  0, 

, ,
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. -

 ( ), -

, ,

.

. 5.4. .

. 5.3, . 5.4 

. N,

, K ,

K N - K .

, -

, .

5.2. 

-

.

,

. ,

,

, , ,

.

-

,

, . -

, , . . -

. , -

601, 

 ( , )

2.

68 11, 

 ( ). - -
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 i8031, 

-

RD , WR PSEN .

-

,

. ,

, -

. ,

, , -

.

-

. ,

, -

, .

0, 1  ( , . . ). 

VMA
601. 

, VMA
1.

.

.

-

, , -

,

. ,

MC68HC11 

AS,

 – E.

-

-

. .

,

,

, -

 ( ).

, -

,

, ,
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. -

-

, .

-

-

.

 –  16, 

 200 MHz. -

. -

,

.

-

. -
,  – . -

,

,

. , -

, ,

. -

,

.

,

.

. 5.5 .

. 5.5. .

. -

- , -

.
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- -

, -

.

5.3. 

.

-

. - ,

,

 ( ). -

 – , . ,

-

. -

, -

. .

,

. -

. 601

 – 

0, ,

 (  = 0).

-

n- .

, -

n- .

- . .

.

.

" ", " ", " " .,

.

,

.

, .

. 5.6 -

. , -

 A B D, A C D, A B C D  A C B D. 

-



65

, .

. 5.6.  (A  D) .

- . . .

, -

.

.

, -

,

. , -

, -

, -

. ,

. -

, -

. .

-

.

.

,

, .

, -

, . -

. -

.

-

 – , - . -

.
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-

. -

. -

. -

.

5.4. 

. -

- . -

, -  – .

. -

TRIG.

. 5.7. 

.

, -

-

,

. , -

, , ,

, .

 ( )

, -
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- .

.

-

. -

. . 5.7.

. ,

, .

-

.

. 5.8. 

.

,

, . , -

, . -

, -

. - -

.

. -

,

. -

,

 – . . 5.8 

.

,

 ( ).  2M

,  M ,
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. .

. , -

. , -

, - ,

.

. 5.9. 

.

 M , .

-

. , -

.

.  16

 8 

,  8 – . 0000
, FFFF – 

. , -

 “ ”

.

“ ” .

. 5.9.

, -

.

, -
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. -

-

, -

.

.

. 5.10.

. 5.10. -

-

-

.

 (

).  (

),  – .

. 5.11. -

-

.

.
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.  16 0000
- , FFFF – -

. . 5.11. 

,

.

-

 – , -

., -

.

-

.

, , ,

.

-

, , ,

.

, -

, -

.

. -

- -

,  VME-BUS, MULTIBUS .,

.

,

,

 ( ).
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6.

. -

-

. . 6.1. -

, , -

,

.

. 6.1. .

, -

. -

.

. . . -

, ,

,  – ,

.

6.1. 

-

 " " .

,
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,  ( )

, . -

, ,  –

, .

.

-

:

–  ( -

), ;

– -

 ( ), .

. 6.2. .

.

-

, . 6.2. 

, . -

.

, -

, , . . -

.

. -

, . -

. -

-
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.

-

, , -

. ,

- ,

. , , -

. . .

 16-  2048

, -

.

, -

.

 4  8 , -

.  Hewlett-Packard 
1612970 XXXXX)X(L ,

 ( )

1XXXXXG 47916 .

. 6.3. -

,  16- , -

 modulo 2,  EXOR ( ), 

modulo 2. ,

modulo 2 .

. 6.3.  16-

.

. . -

, ,

 16- , .
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.

-

. 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E

F 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, C, F, H, P U. -

 Hewlett-Packard -

.

- .

n : a1 , a2 , a3 , . . . , an-1 , an
(ai 0 1). -

n  – b1 , b2 , b3 , . . . , bn-1 , bn
 modulo 2. 

, . . b1 = a1 , b2 = a2 , b3 = a3 , b4 =
a4 , b5 = a5 , b6 = a6 b7 = a7. bi

b
a b b b b

a b b b b
i

i i i i i

i i i i i

16 12 9 7

16 12 9 7

0

1
, (6.1)

8 < i < n. bi-k , 

 (i < k), . -

 16 b1 , b2 , b3 , . . . , bn-1 , bn .

-

-

A(X) G(X). 

Q(X) R(X), 

:

XG
XRXQ

XG
XA

. (6.2)

:

XQ
XG

XRXA
. (6.3)

A(X)

. 11001001
01234567 2.12.02.02.12.02.02.12.1 .

2 ,

1XXX)X(A 367 .

G(X)

, , , -

.  ( )
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-
16, -

L(X).

.

 R(X), Q(X) . -

, , -

,

. -

-

. . . -

- , . . -

. -  ( -

) -

.

-

 16- -

:

P
m

m1 2 1
2 1

16
, (6.4)

m , .

m < 16 P = 1. -

m > 16 -

-

0,99998. ,

P = 1.

 99,998 %.

6.2. 

. 6.4 . , -

 – ,

. -

. -

.

-

, .

-

.

.
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, .

. 6.4. .

-

, .

. 6.5. 

.

. 6.5. .

-

.

1,  2 .

-

. -

. -

.

-

.
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. 6.6 , -

, . 6.6 .

. 6.6.  ( ), -

 ( ).

-

. , ,

, -

. ,

.

, -

.
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. 6.7 .

 B ,  C

 D. -

 B, C  D. 

, -

 B. 

, . -

,

, - .

. 6.7. .

-

, .

.

6.3. 

-

-

.

.

,

.

. - 0 -

, ,

1 – .

- -

. -

.

.

. 6.8 -

601. 
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2 DBE (E), 

.

. 6.8. 601.

 68 11, 

,  i8086  – RD , . .

, .

. 6.9.  i8031.

. 6.9 

 i8031, -



80

PSEN .

 " -

". 

. ,

. -

, -

.

0000.

-

. -

, .

-

-

, ,

-

.

-

-

,

.

-

,

-

, -

.

,

.

-

. -

 (

),  “ ” .

VCC GND. .

6.10 .

. ,

. 6.10. -

 C 601.
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,

. . 6.11. -

.

. -

.

.

, . -

-

.

. .

, -

, . -

, -

.

,  – . -

.

. 6.11. .

-

. 6.12. 

. ,

-

, ,
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. , -

. -

, . , -

,

. -

-

, .

. 6.12. .

,

, -

. -

. - -

,

.

.

-

.

, -

 – . , -
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-

- .

,

.

 “ ”. -

.

-

. 6.13. 

.

. -

.

, .

,

.

, -

. -

.

. 6.13. .

, . -

-

.
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, , -

, .

6.4. 

. 6.14 .

TTL .

 74LS164,  – -

 XOR 74LS86. -

,  XOR, 

. 0,

 ( );

1,  ( ).

. 6.14. .

,

, . -

, -

.

.

-

.

 1. 
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,

. -

, .

,

D-

 74LS74. -

-

. -

.

. 6.15. .

-

, ,

, . . - -

. -
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 2. - ,

.

. 6.15 – .

. 6.16.  Hewlett-Packard.

-

 7- . 6.16. -

. ,

 TTL PROM 82S29 (  32  8 -

), .

 0 

,  1 – -

 Hewlett-Packard. . 6.1 

.

:

– -

;

– -

;

– -
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.

. 6.1. 

Hewlett-Packad.

D6 D5 D4 D3 D2 D1 D0 hex D6 D5 D4 D3 D2 D1 D0 hex
00 1 0 0 0 0 0 0 40 0 10 1 0 0 0 0 0 0 40 0
01 1 1 1 1 0 0 1 79 1 11 1 1 1 1 0 0 1 79 1
02 0 1 0 0 1 0 0 24 2 12 0 1 0 0 1 0 0 24 2
03 0 1 1 0 0 0 0 10 3 13 0 1 1 0 0 0 0 30 3
04 0 0 1 1 0 0 1 19 4 14 0 0 1 1 0 0 1 19 4
05 0 0 1 0 0 1 0 12 5 15 0 0 1 0 0 1 0 12 5
06 0 0 0 0 0 1 0 02 6 16 0 0 0 0 0 1 0 02 6
07 1 1 1 1 0 0 0 78 7 17 1 1 1 1 0 0 0 78 7
08 0 0 0 0 0 0 0 00 8 18 0 0 0 0 0 0 0 00 8
09 0 0 1 0 0 0 0 10 9 19 0 0 1 0 0 0 0 10 9
0A 0 0 0 1 0 0 0 08 A 1A 0 0 0 1 0 0 0 08 A
0B 0 0 0 0 0 1 1 03 b 1B 1 0 0 0 1 1 0 46 C
0C 1 0 0 0 1 1 0 46 C 1C 0 0 0 1 1 1 0 0E F
0D 0 1 0 0 0 0 1 21 d 1D 0 0 0 1 0 0 1 09 H
0E 0 0 0 0 1 1 0 06 E 1E 0 0 0 1 1 0 0 0C P
0F 0 0 0 1 1 1 0 0E F 1F 1 0 0 0 0 0 1 41 U

, -

- .

,

.

6.5. 

-

, -

. -

 " " .

, -

- . -

 X  Y  ( . 6.17). 

-

.

-

, -
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 64 , . 6.18. 

0 15  8- ,

Y ,  –  X. 

 256  256 ,

- .

. 6.17.

-

.

12, 13, 14 15 4,

3, 2 1 Y,  Y , -

 16 , -

 4 . 8, 9, 10 11
4, 3, 2 1 X,

 16 , -

 256 .

 256 

 1/16 

 1/16  ( . 6.19 ). 

- -

4 7 8 5 Y, 0 3
8 5 X.

- -

 (D-  74LS374  74LS273)  AS. 

601  AS 

VMA 2.  74 244, 

.

-

 256 
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.

. 6.19 .  (

) 1.

. 6.18. -

.
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 256 

 8 . - -

 4- . 4,

5, 6 7 4, 3, 2 1 Y, -

0, 1, 2 3 – 4, 3, 2 1 X. -

, -

 74LS244,  74LS374.

. 6.19. .

8 5 0. -

 74LS273. 

, , -

2.

8 15  74LS688 

.



 ROM- 91

7.  ROM-

- -

, . -

, , . .

-

. -

.

, .

, -

 ( ), 

, .

7.1.  ROM-

, -

,  ROM- .

,

, -

. , ,

 ( ). 

,  EPROM 

EEPROM, , .

. 7.1.  ROM-  EPROM .

-

 2716, 2732, 2764, 27128, 27256  27512, 



 ROM-92

2K byte  64K byte. 

 – 24  28- . -

, -

.

ROM-

,  – . 7.1. -

, . . ,

.

ROM- -

.

.

. 7.2.  ROM- .

. 7.2  ROM-

. , -

.

- . -

- ,

. -

 ( )  – 

. -

, -

.



 ROM- 93

.

-

, ,

,  – .

 ROM- .

 ROM-

, .

-

,  ( . . 3.17).

RESET-

. -

RESET. ,

. -

RESET- .

-

. , -

RESET . -

.  ROM-

.

 ROM, 

, -

. ,

 ROM .

, -

, :

–  ROM- -

;

– ,

;

–

;

– ;

– .

. .

 ROM- , -

.

7.2.  ROM-

. 7.3  ROM- .

 i8748.



 ROM-94

. 7.3.  EPROM- ,

EPROM  32 K byte (27256).



 ROM- 95

 1K byte  32K

byte.  8- -

,

 16- .

 – LDS UDS, .

24  28- . -

 +5V, , -

-

.

OE  (Output Enable) CE  (Chip Enable), 

,  74 541, 

.

1.2 -

. 0,

; 1.2 1,

, -

. -

,

, WR 1
1.6.

 ROM- -

 RS232C  CENTRONIX. -

S9.

ROM,  RS232C

,

S1 S8, 8 15, -

1.0.

 ROM- RESET- , -

, -

, .

7.3.  ROM-

 ROM- -

. -

.

, .

,

.



 ROM-96

. ,

 ROM- , , -

 ( ) -

.

. 7.4  ( -

)  ROM- . -

, ,

. -

, .

. 7.4.  ROM-  (Trace buffer).

, , -

DI . DO
.

, -

. -

.

OE CE ,
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 ( ) -

. -

, OE CE ,

-

. DS,

1, DS , 0.

, -

.

SEL . -

. -

.

, . .

. - -

, -

. -

.

, -

. , -

,

, .

,

.

, -

.

 ROM- ,

.

7.4.  ROM-

,  ROM- -

.

-

.  ( ) -

 ( -

). -

. -

,  RAM -

 RAM, -

.

. 7.5. -

. -



 ROM-98

 RAM.

. 7.5.  ROM- .

-

 ROM- .

, -

 RAM.  ROM-

.

,

, -

.

ROM- ,

- , -

.  ROM- , -

-

. . ROM- -

,  EPROM EPROM.

 ROM- -

 EPROM  EEPROM, 

.
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8.

-

.

.

.

:

– -

, -

;

–

;

– -

,

;

–

-

.

8.1. 

. -

. -

, ,

. ,

, .

,

, .

.

. -

, ,

, . -

, .

, .

. -

.
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.

. -

, .

,

. -

-

.

- ,

. -

.

. , -

,

. , -

.

- , - -

,

 (CRC - Cyclic Redundancy Check). -

.

 CRC 

.  CRC .

8.1. ,

.

. 8.1. .

-

, . -

,
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, .

 ( .  “ ”), ,

.

 16-

-

1XXXXG 21516 . (8.1)

,

.

, , -

 CRC.  (CRC 

) -

,  CRC , A(X)

+ R(X) G(X).  (6.3) , A(X) – R(X)

G(X),  modulo2 

, A(X) + R(X) .

 CRC -

.

CRC_reg  CRC. -

CRC_reg
,

next_byte.

MC68HC11  IAR.

static char next_byte;
static unsigned int CRC_reg;
const unsigned int polynom = 0x8005

/*-----------------------------------------------------------
 CRC

-----------------------------------------------------------*/
void CRC_calc(char next_byte)
     {
     char i, CRC_next;

     for (i = 0; i < 8; i++)
         {
         CRC_next = (0x8000 & CRC_reg) >> 8 ^ (next_byte & 0x80);
         CRC_reg << 1;
         if (CRC_next != 0) CRC_reg = CRC_reg ^ polynom;
         next_byte << 1;
         }
     }

.
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,

.

,

.

.

 “ ” -

, -

, -

. , -

.

 0  1.

 “ ”

.  1. 

, .

 1 .

,  1. -

,

.

 “ ”,

, . . -

,  1. -

. ,

. ,

. ., .

.

-

.

.

,

.

,  “ ”, - ,

- , -

.

“ ”

 Motorola MC6800/01/03/08/09/11.

MC6801 Cross Assembler

00001                   ****************************************
00002                   *                                      *
00003                   *             - RAMTST -               *
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00004                   * - *
00005                   *  " " *
00006                   *                                      *
00007                   ****************************************
00008                   *  $F000,
00009                   * .
00010                   *
00011                   *  BEG  END 
00012                   * 
00013                   * 
00014                   * ,  TIME 
00015                   * 
00016                   *  MS.
00017                   *
00018                   * .
00019                   * -
00020                   * 
00021                   * , -
00022                   * ,  IX 
00023                   * . .
00024                   ****************************************
00025A F000                      ORG  $F000
00026                   ****************************************
00027                   RAMTST   EQU  *
00028                   *  01010101
00029A F000  86 55               LDAA #$55
00030A F002  8D 0D               BSR  INT
00031A F004  8D 18               BSR  DELAY
00032A F006  8D 22               BSR  TEST
00033                   *  10101010
00034A F008  86 AA               LDAA #$AA
00035A F00A  8D 05               BSR  INT
00036A F00C  8D 10               BSR  DELAY
00037A F00E  8D 1A               BSR  TEST
00038A F010  39                  RTS
00039                   *
00040                   * 
00041                   *
00042A F011  FE 7010    INT      LDX  BEG
00043A F014  09                  DEX
00044A F015  08         LOOP1    INX
00045A F016  A7 00               STAA 0,X
00046A F018  BC 7012             CPX  END
00047A F01B  26 F8               BNE  LOOP1
00048A F01D  39                  RTS
00049                   *
00050                   * 
00051                   *
00052A F01E  FE 7014    DELAY    LDX  TIME
00053A F021  C6 A5      LOOP3    LDAB #165
00054A F023  5A         LOOP2    DECB
00055A F024  26 FD               BNE  LOOP2
00056A F026  09                  DEX
00057A F027  26 F8               BNE  LOOP3
00058A F029  39                  RTS
00059                   *
00060                   * 
00061                   *
00062A F02A  FE 7010    TEST     LDX  BEG
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00063A F02D  09                  DEX
00064A F02E  08 LOOP4            INX
00065A F02F  A1 00               CMPA 0,X
00066A F031  26 02               BNE  ERROR
00067A F033  20 F9               BRA  LOOP4
00068                   ERROR    EQU  *
00069                   ***************************************
00070                   * 
00071A 7010                      ORG  $F7010
00072A 7010     0002    BEG      RMB  2
00073A 7012     0002    END      RMB  2
00074A 7014     0002    TIME     RMB  2
00075                   ***************************************
00076                            END

-

55 .

,

 (  1 ), -

.

- -

. -

.

, ,

. ,

,

.

-

. ,

-

. .

-

. , - -

. , -

, -

.

8.2. 

. 8.2. -

:
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–  (

) ;

– ,  " " ;

– .

, -

.

-

, -

.

-

-

.

-

. -

( ) , . . -

,

-

.

.

-

. 8.3. -

.

, -

-

-

:

– -

,

. 8.2. -

.
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;

– , -

.

. 8.3. .

, -

, -

. -

,

.
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9.

-

, -

. .

, -

.

9.1.  EPROM

-

EPROM.  9.1.

 ( - -

),  ( -

, ). 

, ,

.

. 9.1.  EPROM.

 EPROM.  EPROM 

.  EPROM ,

,

1. , -

-  4.10-7 m.

, .

,
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-

.

.

. 9.2 

-

 EPROM (

‘2764). 

Vpp, -

,

PGM , -

.

-

-

,

 EPROM.

-

 EPROM . 9.3.

. 9.3. 

EPROM.

,

.

Vpp Vcc
, CE .

tPS PGM

. 9.2. 

 EPROM.
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tPW.  EPROM -

tPH.

.

 “ ”  “ ”, ,

. tOS -

OE tOH .

 EPROM  “ ”

 “ ”.

 EPROM 

. - -

 EPROM  25/27 . 9.1

.

. 9.1.  EPROM.

EPROM

2758 AR 19 L L L
PGMCE / 18 L Pulse L  H  L L

OE 20 L L L
25/2716

Vpp 21 +5V +25V +25V
CE 18 L L –2732/32A

VppOE / 20 L Pulse  **Vpp –

PGMPD / 20 L Pulse H  L  H –2532

Vpp 21 +5V +25V –
CE 20 L L L

OE 22 L X L

PGM 27 H Pulse H  L  H H

2764,

27128

Vpp 1 +5V +Vpp +Vpp
PGMPD / 22 L Pulse H  L  H –

1CE 21 L L –

2CE 27 L L –

2564

Vpp 1 +5V +25V –
CE 20 L Pulse H  L  H H

OE 22 L H L
27256

Vpp 1 +5V +Vpp +Vpp
PGMCE / 18 L Pulse L  H  L –27512

VppOE / 20 L +Vpp –

 EPROM  ( )
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, -

. . 9.4.

. 9.4.  ( -

)  EPROM.

-

 1 ms .

 – PC. -

,
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 3 ms.  EPROM 

-

Vcc = +6V.

 ( , .) 

,

EPROM -

. -

.

-

 EEPROM. -

. -   (  28 ) -

,  PROM,  

.

,  EEPROM, 

.

9.2.  FLASH 

 PROM  FLASH 

EEPROM. FLASH . -

 ( ) ,

.

 ( . 9.5) – WE
.

. 9.5. 

 FLASH

EEPROM: ) -

; ) -

.

 FLASH  (  28F )  EEPROM

, Vpp -

.

 FLASH  (  29F )
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Vcc .

 FLASH -

 ( ), -

. -

.

, .

-

. . 9.2. -

 FLASH  Am29F010.

. 9.2.  FLASH  Am29F010.

V V V

    A      D     A      D     A      D     A      D     A      D     A      D

/ 5555 AA 2AAA 55 5555 F0    RA  RD

5555 AA 2AAA 55 5555 A0    PA  PD
5555 AA 2AAA 55 5555 80 5555 AA 2AAA 55 5555 10
5555 AA 2AAA 55 5555 80 5555 AA 2AAA 55    SA   30

WE = 0, CE = 0 OE = 1.

WE ,  – 

WE .  “ ” ,

,

 D7, .

.

9.3. 

.  PROM, EEPROM 

FLASH. 

, - :

, -

.

- ,

. -

,  EPROM, -

.

 i8751, . 9.6.

, i8551  4  6 MHz, 

. , ,  Port



113

1 P2.0 2.3  Port 2. 

Port 0. 2.4 2.6 PSEN 0,

RES -  +2,5 V. -

VppEA/  +21V,

PGMALE / -

 50 ms.

. 9.6.  i8751: ) ; ) .

, -

 i8751 . -

,

, , VppEA/

1 2.7 CE -

.

 Port 0.

- -

. ,

 ( -  EPROM) .

,

.

, ,

.

 Motorola  MC68HC705  MC68HC805. 
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,  – -

. . 9.7 -

 MC68HC805C4.

PD2 PD5. -

Vpp , -

 +19 V,  +5 V (

).

, -

,

. ,

-

.

IRQ -  +6 V (  +8 V). 

S1 .

. 9.7.  MC68HC805C4 

 EPROM.

 MC68HC805 -

, . 9.7. 

 “  EEPROM”  8K
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EPROM  EEPROM . , -

 EEPROM , .

 EPROM FF. -

. MC68HC805 

 EEPROM . -

 NRZ  ( ,

). 0020,  – 1FFF, -

.  2 MHz -

 4800 bit/s.

.

, , -

.

,

PC . . 9.8 -

 Analog Device ADuC824 (

8031). , PSEN
 1 k -

.

. 9.8.  AduC824 : ) ; )

.

-

-  9600 bit/s
 25 .

, -



116

.  ASCII ,

:

Start ID – , 07hex 0 hex;

 Data Bytes – ,  1

 25;

Data1 – ;

Data – ;

Checksum – .

, -

 – ‘C’ (43hex) -

 ‘W’ (57hex) .

 ‘C’  Data.  ‘W’ 

 Data ,

 Data .

-

. .

ACK ( )  NAK ( ). -

,

.
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 ( -

) ,

 ( - ).

.

. 10.4. -

 ROM- .

. -

-

, . -

. -

. -

.

-

, -

 – , .



127

11.

 1985 . -
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.

 ( ) -

.

- -

 – . . 11.1.
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.



129

 – 

 (MCM).

. -

, . ,

.

.

-

. -

 BCS.  “ ” -

, . .
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.
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–  (TDI – Test Data Input);

–  (TDO – Test Data Output);

–  (TMS – Test Mode Select);
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. TMS  TCK -

, -
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.

 TRST, 

-

-

. . 11.6 -

,  (
. 11.6. -

 ‘244  ‘8244,

.
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.
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.
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.
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.
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.
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.
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.
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.



139

,  (

 “ ”). -

 TCK  TMS ,

. -

. -

. -

,

-

.

. 11.13. -

.

- ,

, . ,

.

-

, -

. -

-

.

. ,

 “ ” -



140

 ( . 11.14).

. 11.14. .

 (

), -

.

-

-

 ( , .) 

,

 ( . 11.15). 

.

-

,

.

. 11.15. -

.



141

. ,

, .

.

, -

,

. , -

 ( ), -

 – . . 2.16.

. 11.16. .

 TDI  TDO .

 “ ”

. .

,

-

. ,

.

,  IEEE 1149.1, -

 “ ”. -

 TCK  TDI  TDO, -

 TMS .

. ,

 TMS ,  TMS -

. , -

 TMS .

,



142

, -

 (ASP), -

 IEEE 1149.1.

, -

 JTAG . -

, -

. -

.

 (computer-automated-engineering – ) -

-

, -

 (ATPG). -

, -

,

. -

 BSDL .

: -

,

.

-

-

.

- , -

, ,

-

, .
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.
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.
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, , . -



150

820 -

.

-

. ,

.

 “ ”  1 kHz.

-

, . -

 “ ”

. -

, .



151

13.

-

. - -

,

. ,

. -

, -

-

.

, .

.

, , -

,

- . ,

.

-

. , , -

, .

,

- . -

.

 – 

-

.

, , , -

. ,

,

.

. , -

, . , ,

, . ,

, .

, -

. , 6800, 

.

.



152

, -

. -

-  – , .

, ,

. -

, ,

- -

. , -

. .

,

-

, -

.

, -

, -

.

,

, , -

, . -

, -

- .

, -

.

-

.

, . -

, - -

. .

- -

. -

.

-

. - . -

, -

. ,

, -

, .

-

-

 ROM- .

. ,



153

! -

.

.

-

 ( ) . . 13.1 -

-

.  1 V
.

. 13.1. 

.

-

.

, : , , -

. ,

,

, . -

, -

, .

. . " "

(watchdog). -

,

. , -

. ,

. - ,

, -

, .

, -

-

.

. 13.2. -

 ( )  1 s, -

 LM311. 



154

-

,  ( -

). 

. -

 ( , ).

. 13.2.  “ ”.

 ( -

 4,7 F  300 k )

.

.

, , -

.

,

. .

,

.

.

 MC68HC11. 

- , -

.

- .

 MC68HC11 , -

 ( ) - ,

. , . . -

, -

 ( -

RESET  MC68HC11 ). 



155

, .

, .

. 55
 COPRST. 

AA . -

. -

,

.

55 AA ( ) -

.

,

. -

.

CR0 CR1  OPTION .

 1, 4, 16  64 

-

. , E, -

 215. CR0 CR1
, - .

 64 -

.

, -

.  NOCOP  CONFIG. 

1, ,  0 – .

 CONFIG ,  EEPROM, -

-

. -

.

E, -

, .  MC68HC11 -

,

, .

.

 (

) -

. ,

,

.

-

, . -

.



156

. -

 MC6803, MC68HC11 .

-

- , . - -

.

-

, . , -

, -

-

.



157

1. , ., . . .  3 . . 3. -

. . ., , 1986.

2. , ., . , . . -

. ., , 1988.

3. , ., . , . . -

. ., , 1984.

4. , ., . . . ., -

, 1990.

5. , .,  – 

.  – , 1997.

6. , ., . . , . .

.  – , PENSOFT,

2000.

7. , .  – -

.  – , 2000.

8. , . -

. ., , 1984.

9. ., . ,

 – , 1994.

10. , ., . . . -

. ., , 1985.

11. , . -

.  2 . . 2. ., , 1988.

12. , ., . , . , . .

. , , 1999.

13. , . . ., ,

1988.

14. , ., . , . . -

. ., , 1989.

15. , ., . . .

. ., , 1990.

16. Tooley, M. Practical Digital Electronics Handbook. PC Publishing, London,

1998.

17. . ELEKTOR,  1987 . - FRG.

18. Boundary-Scan Logic, Data Book. Texas Instruments Inc. 1997.

19. MC68HC805C4 8-bit EEPROM Microcomputer Programming Module.

AN966, Motorola Inc, 1985.



158

1. 3

2. ...................................... 7

2.1. ......................................................... 7

2.2. ............................................................................................ 8

2.3. ............................................................................... 10

2.4. ............................................................... 10

2.5.  MC6800 ...................................................................... 13

2.6.  i8031.............................. 15

3. 17

3.1. ............................................................ 17

3.2. ............................................................... 20

3.3. ........................................ 27

3.4. ........................................................... 30

4. 33

4.1. ............................................... 33

4.2. .................................................. 37

4.3. ................................................... 45

4.4. ............................................................................. 50

4.5. ......................................... 53

5. 57

5.1. ......................................................... 58

5.2. .............................................. 61

5.3. .................................................... 64

5.4. .................................................................................. 66

6. 71

6.1. ................................................................................................... 71

6.2. ............................................................................. 75

6.3. ........................................................... 78

6.4. ................................................. 84

6.5. ..................................... 87

7.  ROM- 91

7.1.  ROM- .................................................. 91

7.2.  ROM- ............................................................. 93

7.3.  ROM- ...................................... 95

7.4.  ROM- ................................................ 97

8. 99

8.1. ....................................... 99



159

8.2. ........................................................... 104

9. 107

9.1.  EPROM........................................................................ 107

9.2.  FLASH ............................................................ 111

9.3. .................................... 112

10. 117

10.1. ...................................................................... 117

10.2. .................................................................................. 118

10.3. ....................................... 119

10.4. ......................................... 123

11. 127

11.1. ......................................................... 129

11.2. ................................... 132

11.3. .......................... 133

11.4. ........................... 135

11.5. ........ 138

12. 143

12.1. .................................................................................... 143

12.2. ................................................................................. 145

12.3. .......................................................................................... 146

12.4. ......................................................................................... 149

13. 151

157



: . - .

:

. - .

:

© . - .

:

.  2003 .

.  2003 .

 20.00  60 84/16

 100 .  27/30.04.2003 .

 5.70 . ISBN  954-438-340-9

 – 




