



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































INSTRUCTION SET REFERENCE

MOV Rm,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 3t 2t
1if this instruction addresses a port (Px, x = 0-3), add 1 state.
[Encoding] | 0111 [ 1110 | | ssss | 0001 | | directadar
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(Rm) « (dir8)
MOV WRj,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encodingl | o111 | 1110 | | tttt | o101 | [ directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(WR)j) « (dir8)
MOV DRk,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 6 5
[Encodingl | o111 | 1110 | | wuuuu 1101 | [ directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(DRK) « (dir8)
MOV Rm,dir16
Binary Mode Source Mode
Bytes: 5 4
States: 3 2
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[Encoding]
| o111 | 1110 | | ssss | o011 | [ directaddr | [ directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(Rm) « (dir16)
MOV WR,dir16
Binary Mode Source Mode
Bytes: 5 4
States: 4 3
[Encoding]
[ 0111 1110 | | tttt | 0111 | [ directaddr | | direct addr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(WR)j) « (dir16)
MOV DRk,dir16
Binary Mode Source Mode
Bytes: 5 4
States: 6 5
[Encoding]
[ o111 | 1110 | [ wuuu | 1111 | [ directaddr | | directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(DRK) « (dir16)
MOV Rm, @ WRj
Binary Mode Source Mode
Bytes: 4 3
States: 2 2
[Encoding]
[ o111 [ 1110 | | tttt | 1001 | | ssss 0000

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
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Operation: MOV
(Rm) « ((WRj))

MOV Rm,@DRk

Binary Mode Source Mode

Bytes: 4 3
States: 4 3

[Encoding]

r 0111 L 1110 4J [ uuuu | 1011 ] [ ssss 0000

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(Rm) « ((DRK))

MOV WRjd, @WRjs

Binary Mode Source Mode

Bytes: 4 3
States: 4 3
[Encoding]
[ oooo | 1011 | | TTTT | 1000 | | tttt 0000

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(WRjd) < ((WR]s))

MOV WRj,@DRk

Binary Mode Source Mode

Bytes: 4 3
States: 5 4
[Encoding]
| oooo | 1011 | | wuwuu | 1010 | | tttt 0000

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(WRY) « ((DRK))

A-92



INSTRUCTION SET REFERENCE

MOV dir8,Rm
Binary Mode Source Mode
Bytes: 4 3
States: 4% 3t
t1f this instruction addresses a port (Px, x = 0-3), add 1 state.
[Encodingl | 0111 | 1010 | | ssss | o011 ] | direct addr
Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(dir8) « (Rm)
MOV dir8,WRj
Binary Mode Source Mode
Bytes: 4 3
States: 5 4
[Encodingl | o111 | 1010 | [ttt 0101 | | directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(dir8) « (WR)j)
MOV dir8,DRk
Binary Mode Source Mode
Bytes: 4 3
States: 7 6
[Encodingl | 0111 | 1010 | | wuuu 1101 | | directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
(dir8) « (DRK)
MOV dir16,Rm
Binary Mode Source Mode
Bytes: 5 4
States: 4 3
[Encoding]
[ o111 | 1010 | | ssss 0011 | [ directaddr | | directaddr
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Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(dir16) « (Rm)

MOV dir16,WRj

Binary Mode Source Mode

Bytes: 5 4

States: 5 4

[Encoding]

[ o111 | 1010 | | ottt | o111 | | directaddr

I I direct addr

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV

(dir16) « (WR;j)
MOV dir16,DRk
Binary Mode Source Mode
Bytes: 5 4
States: 7 6
[Encoding]
[ o111 | 1010 | | wwuu [ 1111 | [ directaddr | | directadar |

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(dir16) « (DRk)

MOV @WRj,Rm

Binary Mode Source Mode

Bytes: 4 3

States: 4 3

[Encoding]

[ 0111 | 1010 || tttt | 1001 | | ssss 0000

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MoV
((WRj)) « (Rm)
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MOV @DRk,Rm
Binary Mode Source Mode
Bytes: 4 3
States: 5 4
[Encoding]
0111 | 1010 | | wwuu [ 1011 ]| [ ssss 0000
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
((DRK)) « (Rm)
MOV @WRjd,WRjs
Binary Mode Source Mode
Bytes: 4 3
States: 5 4
[Encoding]
t ooot1 | 1011 | | tttt [ 1000 | [ TTTT 0000
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOV
((WRjd)) < (WRjs)
MOV @DRk,WR;j
Binary Mode Source Mode
Bytes: 4 3
States: 6 5
[Encoding]
| o001 1011 | [ uwuuwu [ 1010 | [ttt 0000

Hex Code in: Binary Mode = [A5][Encoding]

Source Mode = [Encoding]

Operation: Mov
((DRK)) « (WR))

MOV Rm,@WRj + dis16

Binary Mode Source Mode
Bytes: 5 4
States: 6 5
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[Encoding]

[ oooo | 1001 | | ssss | tttt | | dishi

dis low

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(Rm) « ((WRj)) + (dis)

MOV WRj,@WR;j + dis16
Binary Mode Source Mode

Bytes: 5 4

States: 7 6

[Encoding]

[ o100 | 1001 | |ttt | t7TT | | | dishi | |

dis low J

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(WRj) « ((WRj)) + (dis)

MOV Rm,@DRk + dis24
Binary Mode Source Mode

Bytes: 5 4

States: 7 6

[Encoding]

| oo1to | 1001 | | ssss [ uuuu | | (dishi | | dislow AJ

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(Rm) « ((DRK)) + (dis)

MOV WRj,@DRk + dis24

Binary Mode Source Mode

Bytes: 5 4
States: 8 7

[Encoding]

[ o110 | 1001 |f tttt | uuuu || dis hi || dis low

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
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Operation: MOV
(WRj) « ((DRK)) + (dis)
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MOV @WR;j + dis16,Rm

Binary Mode Source Mode

Bytes: 5 4
States: 6 5
[Encoding]
[ o001 | 1001 | [ tet ssss | | dishi | [ dislow
Operation: MOV

((WRj)) + (dis) « (Rm)
MOV @WR;j + dis16,WRj

Binary Mode Source Mode

Bytes: 5 4
States: 7 6
[Encoding]
| o101 | 100t | [ tttt | TTTT | | dishi | | dislow
Hex Code in:  Binary Mode = [A5][Encoding]

Source Mode = [Encoding]
Operation: MOV

((WRj)) + (dis) « (WRj)
MOV @DRk + dis24,Rm

Binary Mode Source Mode

Bytes: 5 4
States: 7 6
[Encoding]
| 0011 | 1001 | | uuuu l CEEE I | dis hi J l dis low

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
((DRK)) + (dis) « (Rm)
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MOV @DRk + dis24,WRj
Binary Mode Source Mode
Bytes: 5 4
States: 8 7
[Encoding]
[ o111 | 1001 | [ wuuu [ tttt | | dishi | [ distow

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
((DRK)) + (dis) « (WR))

MOV <dest-bit>,<src-bit>

Function: Move bit data

Description:  Copies the Boolean variable specified by the second operand into the location specified by
the first operand. One of the operands must be the CY flag; the other may be any directly

addressable bit. Does not affect any other register.

Flags:
CcY AC ov N z
v/ — —_ - —
Example: The CY flag is set, input Port 3 contains 11000101B, and output Port 1 contains 35H
(00110101B). After executing the instruction sequence
MOV P1.3,CY
MOV CY,P3.3
MOV P1.2,CY
the CY flag is clear and Port 1 contains 39H (00111001B).
Variations
MOV bit51,CY
Binary Mode Source Mode
Bytes: 2 2
States: 2t 2t
1if this instruction addresses a port (Px, x= 0-3), add 2 states.
[Encoding] | 1001 0010 | | bitaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: MOV
(bit51) « (CY)
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MOV CY,bit51
Binary Mode Source Mode
Bytes: 2 2
States: 1t 1t
1If this instruction addresses a port (Px, x= 0-3), add 1 state.
[Encoding] | 1010 | 0010 | [ bitadar |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: MOV

(CY) « (bit51)
MOV bit,CY
Binary Mode Source Mode
Bytes: 4 3
States: 41 3t
11f this instruction addresses a port (Px, x= 0-3), add 2 states.
[Encoding]
[ 1010 1001 | | 1001 | 0 |  yyy | [ directaddr

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV

(bit) « (CY)
MOV CY,bit
Binary Mode Source Mode
Bytes: 4 3
States: 3t 2t
1If this instruction addresses a port (Px, x= 0-3), add 1 state.
[Encoding]
[ 1010 | 1001 | | 1010 | 0 |  yyy | [ directaddr |

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOV
(CY) « (bit)
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MOV DPTR,#data16

Function: Load data pointer with a 16-bit constant

Description:  Loads the 16-bit data pointer (DPTR) with the specified 16-bit constant. The high byte of the
constant is loaded into the high byte of the data pointer (DPH). The low byte of the constant
is loaded into the low byte of the data pointer (DPL).

Flags:

(034 AC ov N z

Example: After executing the instruction
MOV DPTR,#1234H
DPTR contains 1234H (DPH contains 12H and DPL contains 34H).

Binary Mode Source Mode

Bytes: 3 3

States: 2 2

[Encoding] 1001 | 0000 | | datahi | | datalow

Hex Code in:  Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: MOV
(DPTR) « #data16

MOVC A,@A+<base-reg>

Function: Move code byte

Description:  Loads the accumulator with a code byte or constant from program memory. The address of
the byte fetched is the sum of the original unsigned 8-bit accumulator contents and the
contents of a 16-bit base register, which may be the 16 LSBs of the data pointer or PC. In
the latter case, the PC is incremented to the address of the following instruction before being
added with the accumulator; otherwise the base register is not altered. Sixteen-bit addition is
performed.

Flags:
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Example: The accumulator contains a number between 0 and 3. The following instruction sequence
translates the value in the accumulator to one of four values defined by the DB (define byte)

directive.
RELPC: INC A
MovC A,@A+PC
RET
DB 66H
DB 77H
DB 88H
DB 99H

If the subroutine is called with the accumulator equal to 01H, it returns with 77H in the
accumulator. The INC A before the MOVC instruction is needed to "get around" the RET
instruction above the table. If several bytes of code separated the MOVC from the table, the
corresponding number would be added to the accumulator instead.

Variations
MOVC A,@A+PC

Binary Mode Source Mode
Bytes: 1 1
States: 6 6
[Encoding] | 1000 [ o011 |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: MovC
(PC) « (PC) +1
(A) « ((A) + (PC))

MOVC A,@A+DPTR

Binary Mode Source Mode

Bytes: 1 1
States: 6 6
[Encoding] | 1001 0011

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: MovC
(A) < ((A) + (DPTR))
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MOVH DRk,#data16 -

Function:

Description:

Flags:

Move immediate 16-bit data to the high word of a dword (double-word) register.

Moves 16-bit immediate data to the high word of a dword (32-bit) register. The low word of
the dword register is unchanged.

cYy AC ov

Example:

Variations

The dword register DRk contains 5566 7788H. After the instruction
MOVH DRk, #1122H

executes, DRk contains 1122 7788H.

MOVH DRk,#data16

Binary Mode Source Mode
Bytes: 5 4
States: 3 2
[Encoding]
[ o111 [ 1010 | | wwuu | 1100 | [ #datahi | [ #datalow
Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MOVH
(DRK).31:16 « #data16
MOVS WRj,Rm
Function: Move 8-bit register to 16-bit register with sign extension
Description:  Moves the contents of an 8-bit register to the low byte of a 16-bit register. The high byte of
the 16-bit register is filled with the sign extension, which is obtained from the MSB of the 8-
bit source register.
Flags:
cY AC ov N 4
Example: Eight-bit register Rm contains 055H (01010101B) and the 16-bit register WR;j contains
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OFFFFH (11111111 11111111B). The instruction
MOVSE WRj,Rm

moves the contents of register Rm (01010101B) to register WR;j (i.e., WRj contains
00000000 01010101B).
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Variations

MOVS WRj,Rm |
Binary Mode Source Mode ;

Bytes: 3 2 .

States: 2 1 i

[Encoding] | o001 | 1010 | [ tttt ssss

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOVS ‘
(WR;j).7-0 « (Rm).7-0 o
(WR;j).15-8 « MSB

MOVX <dest>,<src>

Function: Move external

Description:  Transfers data between the accumulator and a byte in external data RAM. There are two
types of instructions. One provides an 8-bit indirect address to external data RAM; the
second provides a 16-bit indirect address to external data RAM.

In the first type of MOVX instruction, the contents of R0 or R1 in the current register bank
provides an 8-bit address on port 0. Eight bits are sufficient for external /O expansion
decoding or for a relatively small RAM array. For larger arrays, any port pins can be used to
output higher address bits. These pins would be controlled by an output instruction
preceding the MOVX.

In the second type of MOVX instruction, the data pointer generates a 16-bit address. Port 2
outputs the upper eight address bits (from DPH) while port 0 outputs the lower eight address
bits (from DPL).

For both types of moves in nonpage mode, the data is muitiplexed with the lower address i
bits on port 0. In page mode, the data is multiplexed with the contents of P2 on port 2 (8-bit
address) or with the upper address bits on port 2 (16-bit address).

It is possible in some situations to mix the two MOVX types. A large RAM array with its |
upper address lines driven by P2 can be addressed via the data pointer, or with code to
output upper address bits to P2 followed by a MOVX instruction using RO or R1.

Flags:

(02 4 AC ov N z

Example: The MCS 251 controller is operating in nonpage mode. An external 256-byte RAM using
multiplexed address/data lines (e.g., an Intel 8155 RAM/I/O/Timer) is connected to port 0.
Port 3 provides control lines for the external RAM. ports 1 and 2 are used for normal /0. RO
and R1 contain 12H and 34H. Location 34H of the external RAM contains 56H. After
executing the instruction sequence
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MOVX A,@R1
MOVX @R0,A

the accumulator and external RAM location 12H contain 56H.
Variations

MOVX A,@DPTR

Binary Mode Source Mode

Bytes: 1 1
States: 4 4
‘[Encoding] | 1110 | 0000 |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: MOVX

(A) « ((DPTR))
MOVX A,@Ri
Binary Mode Source Mode
Bytes: 1 1
States: 3 3
[Encoding] | 1110 [ oo01i |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]

Operation: MOVX
(A) « ((Ri)

MOVX @DPTR,A

Binary Mode Source Mode

Bytes: 1 1
States: 5 5
[Encoding] | 1111 [ o000 |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: ' MOVX
((DPTR)) « (A)

A-104



intel.

INSTRUCTION SET REFERENCE

MOVX @Ri,A

Binary Mode Source Mode
Bytes: 1 1
States: 4 4
[Encoding] | 1111 | oo01i |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]

Operation: MOVX

((R) « (A)
MOVZ WRj,Rm
Function: Move 8-bit register to 16-bit register with zero extension
Description:  Moves the contents of an 8-bit register to the low byte of a 16-bit register. The upper byte of
the 16-bit register is filled with zeros.
Flags:
(04 AC ov N z
Example: Eight-bit register Rm contains 055H (01010101B) and 16-bit register WRj contains OFFFFH
(11111111 11111111B). The instruction
MOVZ WRj,Rm
moves the contents of register Rm (01010101B) to register WRj. At the end of the operation,
WR;j contains 00000000 01010101B.
Variations
MOVZ WRj,Rm
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] | 0000 [ 1010 | [ttt ssss

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: MOvz
(WRj)7—0 « (Rm)7-0
(WR])15-8 < 0
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MUL <dest>,<s|
Function:

Description:

Flags:

Example:

re>
Multiply

Multiplies the unsigned integer in the register with the other unsigned integer operand. Only
register addressing mode is allowed. For 8-bit operands, the result is 16 bits with the low
byte stored in low byte of the destination register and high byte of the result stored in the
following byte register. The OV flag is set if the product is greater than 255 (OFFH),
otherwise it is cleared. If both operands are 16 bit, the result is 32 bit with the low word
stored in the low word of the destination register and high word of the result stored in the
following word register. In this operation, the OV flag is set if the product is greater than
OFFFFH, otherwise it is cleared. The CY flag is always cleared. The N flag is set when the
MSB of the result is set. The Z flag is set when the result is zero.

AC N

v/

N

cYy
0

ov
v

Register 1. contains 80 (50H or 10010000B) and register 0 contains 160 (OAOH or
10010000B). After executing the instruction

MUL R1,R0

which gives the product 12,800 (3200H), register 1 contains 32H (00110010B), register 0
contains 00H, the OV flag is set, and the CY flag is clear.

MUL Rmd,Rms

Binary Mode Source Mode
Bytes: 3 2
States: 6 5
[Encoding] | 1010 | 1100 | | ssss SSSS
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MUL (8-bit operands)
if <dest>md =0, 2, 4, .., 14
Rmd « low byte of the Rmd X Rms
Rmd+1 « high byte of the Rmd X Rms
if <dest>md=1,3,5, .., 15
Rmd-1 « low byte of the Rmd X Rms
Rmd « high byte of the Rmd X Rms
MUL WRjd,WRjs
Binary Mode Source Mode
Bytes: 3 2
States: 12 1
[Encoding] | 1010 1101 | [ tett tttt |
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Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: MUL (16-bit operands)
if <dest>jd=0, 4, 8, .., 28
WRjd « low byte of the WRjd X WRjs
WRjd+2 « high byte of the WRjd X WRjs
if <dest> jd =2, 6, 10, .., 30
WRjd-2 « low byte of the WRjd X WRjs
WRjd « high byte of the WRjd X WRjs
MUL AB
Function: Multiply
Description:  Multiplies the unsigned 8-bit integers in the accumulator and register B. The low byte of the
16-bit product is left in the accumulator, and the high byte is left in register in B. If the product
is greater than 255 (OFFH) the OV flag is set; otherwise it is clear. The CY flag is always
clear.
Flags:
cYy AC ov N z
0 —_ v/ v v
Example: The accumulator contains 80 (50H) and register B contains 160 (OAOH). After executing the
instruction
MUL AB
which gives the product 12,800 (3200H), register B contains 32H (00110010B), the
accumulator contains 00H, the OV flag is set, and the CY flag is clear.
Binary Mode Source Mode
Bytes: 1 1
States: 5 5
[Encoding] 1010 | 0100
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: MUL
(A) « low byte of (A) X (B)
(B) « high byte of (A) X (B)
NOP
Function: No operation
Description:  Execution continues at the following instruction. Affects the PC register only.
Flags:

(034 AC ov N 4
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Example: You want to produce a low-going output pulse on bit 7 of Port 2 that lasts exactly 11 states. A
simple CLR-SETB sequence generates an eight-state pulse. (Each instruction requires four
states to write to a port SFR.) You can insert three additional states (if no interrupts are
enabled) with the following instruction sequence:

CLR P27
NOP
NOP
NOP
SETB P2.7
Binary Mode Source Mode

Bytes: 1 1

States: 1 1

[Encoding] | 0000 | 0000 |

Hex Code in: Binary Mode = [Encoding]

Source Mode = [Encoding]

Operation: NOP
(PC) « (PC) + 1

ORL <dest> <src>

Function: Logical-OR for byte variables

Description:  Performs the bitwise logical-OR operation (V) between the specified variables, storing the
results in the destination operand.

The destination operand can be a register, an accumulator or direct address.

The two operands allow twelve addressing mode combinations. When the destination is the
accumulator, the source can be register, direct, register-indirect, or inmediate addressing;
when the destination is a direct address, the source can be the accumulator or immediate
data. When the destination is register the source can be register, inmediate, direct and
indirect addressing.

Note: When this instruction is used to modify an output port, the value used as the original
port data is read from the output data latch, not the input pins.

Flags:

CcY AC ov N 4
—_ — —_ v v
Example: The accumulator contains 0C3H (11000011B) and RO contains 55H (01010101B). After
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executing the instruction,
ORL A,RO

the accumulator contains 0D7H (11010111B).
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When the destination is a directly addressed byte, the instruction can set combinations of
bits in any RAM location or hardware register. The pattern of bits to be set is determined by
a mask byte, which may be a constant data value in the instruction or a variable computed in
the accumulator at run time. After executing the instruction

ORL P1,#00110010B

sets bits 5, 4, and 1 of output Port 1.

Variations
ORL dir8,A
Binary Mode Source Mode
Bytes: 2 2
States: 2t 2t
1if this instruction addresses a port (Px, x = 0-3), add 2 states.
[Encoding] | 0100 | 0010 | | directaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: ORL
(dir8) « (dir8) V (A)

ORL dir8,#data

Binary Mode Source Mode
Bytes: 3 3
States: 3t 3t
1if this instruction addresses a port (Px, x= 0-3), add 1 state.

[Encoding] | 0100 | 0011 | | directaddr | |[immed.data

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: ORL

(dir8) « (dir8) V #data
ORL A, #data
Binary Mode Source Mode
Bytes: 2 2
States: 1 1
[Encoding] | 0100 [ 0100 | [immed.data

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
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Operation: ORL

(A) « (A) V #data
ORL A,dir8
Binary Mode Source Mode
Bytes: 2 2
States: 1t 1t
1f this instruction addresses a port (Px, x= 0-3), add 1 state.
[Encoding] | 0100 0101 | | directaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: ORL

(A) « (A) V (dir8)
ORL A, @Ri
Binary Mode Source Mode
Bytes: 1 2
States: 2 3
[Encoding] | 0100 [ o011i |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]

Operation: ORL

(A) « (A) V ((Ri)
ORL A,Rn
Binary Mode Source Mode
Bytes: 1 2
States: 1 2
[Encoding] | 0100 | trrr |

Hex Code in:  Binary Mode = [Encoding]
Source Mode = [A5][Encoding]

Operation: ORL
(A) « (A) V (Rn)
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ORL Rmd,Rms
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] 0100 | 1100 | | ssss SSsSs

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL
(Rmd) « (Rmd) V (Rms)

ORL WRjd,WRjs

Binary Mode Source Mode

Bytes: 3 2
States: 3 2
[Encoding] | 0100 | 1101 | |  tttt TTTT

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL
(WRjd)e—(WRijd) V (WR;js)

ORL Rm,#data

Binary Mode Source Mode

Bytes: 4 3
States: 3 2
[Encodingl | 0100 | 1110 | | ssss 0000 | | #data

Hex Code in Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL
(Rm) « (Rm) V #data

ORL WRj,#data16

Binary Mode Source Mode
Bytes: 5 4
States: 4 3
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[Encoding]

[ o100 | 1110 | | tttt [ 0100 | | #datahi | [ #datalow |

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL

(WRYj) « (WRij) V #data16
ORL Rm,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 3t 2t
11f this instruction addresses a port (Px, x = 0-3), add 1 state.
[Encoding] [ 0100 [ 1110 | | ssss | 0001 | | diectaddr

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL

(Rm) « (Rm) V (dir8)
ORL WRi,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encodingl [ 0100 | 1111 | |ttt 0101 | | directaddr |

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL

(WRj) « (WRj) V (dir8)
ORL Rm,dir16
Binary Mode Source Mode
Bytes: 5 4
States: 3 2
[Encoding]
[ o100 | 1110 | [ ssss | o011 | | directaddr | | directadar

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
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Operation: ORL

(Rm) « (Rm) V (dir16)
ORL WR,dir16
Binary Mode Source Mode
Bytes: 5 4
States: 4 3
[Encoding] ¥
[ o100 | 1110 | [ tttt | o111 | | directaddr | | directaddr |

Hex Code in:  Binary Mode = [AS][Encoding]
Source Mode = [Encoding]

Operation: ORL
(WRj) « (WRj) V (dir16)

ORL Rm,@WRj

Binary Mode Source Mode

Bytes: 4 3
States: 3 2
[Encoding]

0100 1110 | | tttt | 1001 | | ssss 0000

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL
(Rm) « (Rm) V ((WR}))

ORL Rm,@DRk
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encoding]
[ o100 | 1110 | [ wwuu | 1011 | | ssss 0000 |

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: ORL
(Rm) « (Rm) V ((DRKk))
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ORL CY,<src-bit>
Function: Logical-OR for bit variables

Description:  Sets the CY flag if the Boolean value is a logical 1; leaves the CY flag in its current state
otherwise . A slash ("/") preceding the operand in the assembly language indicates that the
logical complement of the addressed bit is used as the source value, but the source bit itself
is not affected.

Flags:
cYy AC ov N z
4 —_ —_ —_ _—
Example: Set the CY flag if and only if P1.0 =1, ACC.7 =1, orOV =0:
MOV CY,P1.0 ;LOAD CARRY WITH INPUT PIN P10
ORL CY,ACC.7 ;OR CARRY WITH THE ACC. BIT 7
ORL CY,/OV ;OR CARRY WITH THE INVERSE OF OV.
Variations
ORL CY,bit51
Binary Mode Source Mode
Bytes: 2 2
States: 1t 11
1If this instruction addresses a port (Px, x= 0-3), add 1 state.
[Encodingl | 0111 | o010 | | bitaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: ORL

(CY) « (CY) V (bit51)
ORL CY,/bit51
Binary Mode Source Mode
Bytes: 2 2
States: 1t 1t
1if this instruction addresses a port (Px, x= 0-3), add 1 state.

[Encodingl | 1010 | o000 | [ bitaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: ORL
(CY) « (CY) V= (bit51)
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ORL CY,bit
Binary Mode Source Mode
Bytes:
States:
1if this instruction addresses a port (Px, x= 0-3), add 1 state.

[Encoding]

| 1010 [ 1001 | [ o111 0 yyy | | directadar

Hex Code in: Binary Mode = [A5][Encoding]

Source Mode = [Encoding]

Operation: ORL
(CY) « (CY) V (bit)

ORL CY//bit

Binary Mode Source Mode
Bytes:
States:
1if this instruction addresses a port (Px, x = 0-3), add 1 state.

[Encoding]

| 1010 | 1001 | | 1110 0 yyy | |directaddr

Hex Code in: Binary Mode = [A5][Encoding]

Source Mode = [Encoding]

Operation: ORL
(CY) « (CY) V — (bit)

POP <src>

Function: Pop from stack.

Description:  Reads the contents of the on-chip RAM location addressed by the stack pointer, then
decrements the stack pointer by one. The value read at the original RAM location is
transferred to the newly addressed location, which can be 8-bit or 16-bit.

Flags:

CcY AC ov N z

Example: The stack pointer contains 32H and on-chip RAM locations 30H through 32H contain 01H,

23H, and 20H, respectively. After executing the instruction sequence
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POP DPH
POP DPL

the stack pointer contains 30H and the data pointer contains 0123H. After executing the
instruction

POP SP

the stack pointer contains 20H. Note that in this special case the stack pointer was
decremented to 2FH before it was loaded with the value popped (20H).

Variations
POP dir8
Binary Mode Source Mode
Bytes: 2 2
States: 3 3
[Encoding] | 1101 | 0000 [ | direct addr

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: POP
(dir8) « ((SP))
(SP) « (SP) -1

POP Rm
Binary Mode Source Mode
Bytes: 3 2
States: 3 2
[Encoding] | 1101 [ 1010 | | ssss 1000

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: POP
(Rm) « ((SP))
(SP) « (SP) -1

POP WR]
Binary Mode Source Mode

Bytes: 3 2

States: 5 4

[Encoding] | 1101 | 1010 | | tttt 1001

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
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Operation: POP
(WRY) « ((SP))
(SP) « (SP) -2
POP DRk
Binary Mode Source Mode
Bytes: 3 2
States: 10 9
[Encoding] 1101 | 1010 | | wuuu 1101
Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: POP
(DRK) « ((SP))
(SP) « (SP) -2
PUSH <dest>
Function: Push onto stack
Description:  Increments the stack pointer by one. The contents of the specified variable are then copied
into the on-chip RAM location addressed by the stack pointer.
Flags:
CcY AC ov N 4
Example: On entering an interrupt routine, the stack pointer contains 09H and the data pointer
contains 0123H. After executing the instruction sequence
PUSH DPL
PUSH DPH
the stack pointer contains 0BH and on-chip RAM locations 0AH and OBH contain 01H and
23H, respectively.
Variations
PUSH dir8
Binary Mode Source Mode
Bytes: 2 2
States: 4 4
[Encoding] 1100 | 0000 | [ directaddr |
Hex Code in: Binary Mode = [Encoding]

Source Mode = [Encoding]
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Operation: PUSH
(SP) « (SP) + 1

((SP)) « (dir8)
PUSH #data
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encoding] | 1100 | 1010 | | 0000 | 0010 | | #data
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: PUSH
(SP) « (SP) +1
((SP)) « #data
PUSH #data16
Binary Mode Source Mode
Bytes: 5 4
States: 6 5
[Encoding]
[ 1100 | 1010 | | o000 [ o110 | | #datahi | | +#datalo |

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: PUSH

(SP) « (SP) + 2
((SP)) « #data16
PUSH Rm
Binary Mode Source Mode
Bytes: 3 2
States: 4 3
[Encoding] | 1100 | 1010 | [ ssss 1000

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: PUSH

(SP) « (SP) +1
((SP)) « (Rm)
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PUSH WRj
Binary Mode Source Mode
Bytes: 3 2 |
States: 5 4 “
|
[Encoding] | 1100 | 1010 | [ttt 1001

Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: PUSH

(SP) « (SP) + 2
((SP)) « (WRj) ;
PUSH DRk :
Binary Mode Source Mode y
Bytes: 3 2
States: 9 8
[Encodingl | 1100 | 1010 | | wuuuu 1101

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: PUSH

T e e T e

(SP) « (SP) +4
((SP)) « (DRk)
RET
Function: Return from subroutine

Description:  Pops the high and low bytes of the PC successively from the stack, decrementing the stack
pointer by two. Program execution continues at the resulting address, which normally is the
instruction immediately following ACALL or LCALL.

Flags:

CcYy AC ov N z

Example: The stack pointer contains 0BH and on-chip RAM locations 0AH and 0BH contain 01H and
23H, respectively. After executing the instruction,

RET

the stack pointer contains 09H and program execution continues at location 0123H.
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Bytes:
States:

[Encoding]

Hex Code in:

Operation:

Binary Mode Source Mode
1 1
7 7

[ o010 | o010 |

Binary Mode = [Encoding]
Source Mode = [Encoding]

RET

(PC).15-8 « ((SP))
(SP) « (SP) -1
(PC).7-8 « ((SP))
(SP) « (SP) -1

RETI
Function:

Description:

Flags:

Example:

A-120

Return from interrupt

This instruction pops two or four bytes from the stack, depending on the INTR bit in the
CONFIG1 register .

If INTR = 0, RETI pops the high and low bytes of the PC successively from the stack and
uses them as the 16-bit return address in region FF:.The stack pointer is decremented by
two. No other registers are affected, and neither PSW nor PSW1 is automatically restored to
its pre-interrupt status. :

If INTR = 1, RETI pops four bytes from the stack: PSW1 and the three bytes of the PC. The
three bytes of the PC are the return address, which can be anywhere in the 16-Mbyte
memory space. The stack pointer is decremented by four. PSW1 is restored to its pre-
interrupt status, but PSW is not restored to its pre-interrupt status. No other registers are
affected.

For either value of INTR1, hardware restores the interrupt logic to accept additional
interrupts at the same priority level as the one just processed. Program execution continues
at the return address, which normally is the instruction immediately after the point at which
the interrupt request was detected. If an interrupt of the same or lower priority is pending
when the RET! instruction is executed, that one instruction is executed before the pending
interrupt is processed.

cy AC ov N V4

INTR1 = 0. The stack pointer contains OBH. An interrupt was detected during the instruction
ending at location 0122H. On-chip RAM locations 0AH and 0BH contain 01H and 23H,
respectively. After executing the instruction,

RETI

the stack pointer contains 09H and program execution continues at location 0123H.
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Binary Mode Source Mode

Bytes: 1 1
States (INTR = 0): 9 9
States (INTR = 1): 12 12
[Encoding] | 0011 | o010 |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation for for INTR1 = 0:
RETI
(PC).7:0 « ((SP))
(SP) « (SP) -1
(PC).15:8 « ((SP))
(SP) « (SP) -1

Operation for INTR1 = 1:

RETI
X « ((SP))
(SP) « (SP) -1
X « ((SP))
(SP) « (SP) -1
X « ((SP))
(SP) « (SP) -1
X « ((SP))
(SP) « (SP) -1
RL A
Function: Rotate accumulator left

Description:  Rotates the eight bits in the accumulator one bit to the left. Bit 7 is rotated into the bit 0

position.
Flags:
CcY AC ov N p4
- — —_ v/
Example: The accumulator contains 0C5H (11000101B). After executing the instruction,
RLA
the accumulator contains 8BH (10001011B); the CY flag is unaffected.
Binary Mode Source Mode
Bytes: 1 1
States: 1 1
[Encoding] | 0010 0011
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Hex Code in: Binary Mode = [Enco&lng]
Source Mode = [Encoding]
Operation: RL
(A).a+1 « (A).a
(A).0 « (A).7
RLCA
Function: Rotate accumulator left through the carry flag
Description:  Rotates the eight bits in the accumulator and the CY flag one bit to the left. Bit 7 moves into
the CY flag position and the original state of the CY flag moves into bit 0 position.
Flags:
cYy AC ov N z
v/ — — v/ v
Example: The accumulator contains 0C5H (11000101B) and the CY flag is clear. After executing the
instruction
RLC A
the accumulator contains 8AH (10001010B) and the CY flag is set.
Binary Mode Source Mode
Bytes: 1 1
States: 1 1
[Encoding] | 0011 | 0011 |
Hex Code in:  Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: RLC
(A).a+1 « (A).a
(A).0 « (CY)
(CY) « (A) .7
RR A
Function: Rotate accumulator right
Description:  Rotates the 8 or 16 bits in the accumulator one bit to the right. Bit 0 is moved into the bit 7 or
15 position.
Flags:

A-122

CcYy AC ov N z




INSTRUCTION SET REFERENCE

Example: The accumulator contains 0C5H (11000101B). After executing the instruction,
RRA
the accumulator contains 0E2H (11100010B) and the CY flag is unaffected.
Binary Mode Source Mode
Bytes: 1 1
States: 1 1
[Encoding] | 0000 | o011 |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: RR
(A).a « (A).a+1
(A).7 « (A) .0
RRC A
Function: Rotate accumulator right through carry flag
Description:  Rotates the eight bits in the accumulator and the CY flag one bit to the right. Bit 0 moves into
the CY flag position; the original value of the CY flag moves into the bit 7 position.
Flags:
cY AC ov N z
v/ —_ —_— v/ 4
Example: The accumulator contains 0C5H (11000101B) and the CY flag is clear. After executing the
instruction
RRC A
the accumulator contains 62 (01100010B) and the CY flag is set.
Binary Mode Source Mode
Bytes: 1 1
States: 1 1
[Encoding] | 0001 | o011 |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: RRC
(A).a « (A).a+1
(A).7 « (CY)
(CY) « (A).0
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SETB <bit>
Function: Set bit
Description:  Sets the specified bit to one. SETB can operate on the CY flag or any directly addressable
bit.
Flags: No flags are affected except the CY flag for instruction with CY as the operand.
cY AC ov N z
4 —_ — —_ —
Example: The CY flag is clear and output Port 1 contains 34H (00110100B). After executing the
instruction sequence,
SETB CY
SETB P1.0
the CY flag is set and output Port 1 contains 35H (00110101B).
SETB bit51
Binary Mode Source Mode
Bytes: 2 2
States: 2t 2t
1If this instruction addresses a port (Px, x= 0-3), add 2 states.
[Encoding]l | 1101 | 0010 | [ bitaddr |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: SETB
(bit51) « 1
SETB CY
Binary Mode Source Mode
Bytes: 1 1
States: 1 1
[Encoding] I 1101 I 0011 |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: SETB
(CY) <1
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SETB bit
Binary Mode Source Mode
Bytes: 4 3
States: 4t 3t
11f this instruction addresses a port (Px, x= 0-3), add 2 states.
[Encoding]
[ 1010 | 1001 | [ 1101 | 0 | yyy | | directaddr |
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SETB
(bit) « 1
SJMP rel
Function: Short jump

Description:

Flags:

Example:

Bytes:
States:

[Encoding]

Hex Code in:

Program control branches unconditionally to the specified address. The branch destination
is computed by adding the signed displacement in the second instruction byte to the PC,
after incrementing the PC twice. Therefore, the range of destinations allowed is from 128
bytes preceding this instruction to 127 bytes following it.

cYy AC ov N Y4

The label "RELADR" is assigned to an instruction at program memory location 0123H. The
instruction

SJMP RELADR
assembles into location 0100H. After executing the instruction, the PC contains 0123H.
(Note: In the above example, the instruction following SUMP is located at 102H. Therefore,

the displacement byte of the instruction is the relative offset (0123H-0102H) = 21H. Put
another way, an SUMP with a displacement of OFEH would be a one-instruction infinite loop.)

Binary Mode Source Mode
2 2
4 4

[ 1000 | o000 | | reladar

Binary Mode = [Encoding]
Source Mode = [Encoding]
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Operation: SJMP
(PC) « (PC) +2
(PC) « (PC) +rel
SLL <src>
Function: Shift logical left by 1 bit
Description:  Shifts the specified variable to the left by 1 bit, replacing the LSB with zero.
Flags:
cYy AC ov N z
v — — 4 4
Example: Register 1 contains 0C5H (11000101B). After executing the instruction
SLL register 1
Register 1 contains 8AH (10001010B).
Variations
SLL Rm
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] | 0011 | 1110 | [ ssss 0000
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SLL
(Rm).a+1 « (Rm).a
(Rm).0 <0
SLL WRj
Binary Mode  Source Mode
Bytes: 3 2
States: 2 1
[Encodingl | o011 | 1110 | | tttt 0100
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SLL
(WRj).b+1 « (WRj).b
(WRj).0 <0
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SRA <src>

Function:

Description:

Shift arithmetic right by 1 bit

Shifts the specified variable to the arithmetic right by 1 bit. The MSB is unchanged.

Flags:
cY . AC ov N z
v — — v v/
Example: Register 1 contains 0C5H (11000101B). After executing the instruction
SRA register 1
Register 1 contains 0E2H (11100010B).
Variations
SRA Rm
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] 0000 | 1110 | [ ssss 0000
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SRA
(Rm).7 « (Rm).7
(Rm).a « (Rm).a+1
SRA WRj
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] 0000 | 1110 | [ttt 0100 |
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SRA

(WRj).15 « (WRij).15
(WRij).b « (WRj).b+1
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SRL <src>
Function: Shift logical right by 1 bit
Description:  SRL shifts the specified variable to the right by 1 bit, replacing the MSB with a zero.
Flags:
cY AC ov N z
v — — v 4
Example: Register 1 contains 0C5H (11000101B). After executing the instruction
SRL register 1
Register 1 contains 62H (01100010B).
Variations
SRL Rm
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] | 0001 | 1110 | [ ssss 0000
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SRL
(Rm).7 <0
(Rm).a « (Rm).a+1
SRL WRj
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] | 0001 | 1110 | [  tttt 0100
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SRL
(WRj).15 <0
(WRj).b « (WRj).b+1
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SUB <dest>,<src>
Function: Subtract
Description:  Subtracts the specified variable from the destination operand, leaving the result in the
destination operand. SUB sets the CY (borrow) flag if a borrow is needed for bit 7.
Otherwise, CY is clear.
When subtracting signed integers, the OV flag indicates a negative number produced when
a negative value is subtracted from a positive value, or a positive result when a positive
number is subtracted from a negative number.
The source operand allows four addressing modes: immediate, indirect, register and direct.
Flags:
cY AC ov N z
v vt e 4 v
tFor word and dword subtractions, AC is not affected.
Example: Register 1 contains 0C9H (11001001B) and register 0 contains 54H (01010100B). After
executing the instruction
SUB R1,R0
register 1 contains 75H (01110101B), the CY and AC flags are clear, and the OV flag is set.
Variations
SUB Rmd,Rms
Binary Mode Source Mode
Bytes: 3 2
States: 2 1
[Encoding] | 1001 [ 1100 | | ssss SSsSsS
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(Rmd) « (Rmd) — (Rms)
SUB WRjd,WRjs
Binary Mode Source Mode
Bytes: 3 2
States: 3 2
[Encoding] | 1001 1101 | [ttt TTTT

A-129




INSTRUCTION SET REFERENCE

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation:  SUB
(WRjd) « (WRjd) - (WRjs)

SUB DRkd,DRks
Binary Mode Source Mode
Bytes: 3 2
States: 5 4
[Encoding] | 1001 | 1111 | | wuuuu uuuu

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: SuB
(DRkd) « (DRkd) — (DRks)

SUB Rm,#data
Binary Mode Source Mode
Bytes: 4 3
States: 3 2
[Encoding] | 1001 | 1110 | [ ssss | 0000 #data |
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(Rm) « (Rm) - #data
SUB WRj,#data16
Binary Mode Source Mode
Bytes: 5 4
States: 4 3
[Encoding]
[ 1001 | 1110 | | tttt | o100 | | #datani #datalow |

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: sSuB
(WRj) « (WRj) — #data16
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SUB DRk,#data16
Binary Mode Source Mode
Bytes: 5 4
States: 6 5
[Encoding]
[ 1001 1110 | [ uuuu [ 1000 | | #datani #data low
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(DRK) « (DRK) — #data16
SUB Rm,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 3t 2t
1if this instruction addresses a port (Px, x = 0-3), add 1 state.
[Encoding] 1001 | 1110 | | SSSS | 0001 | I direct addr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(Rm) « (Rm) — (dir8)
SUB WRj,dir8
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encoding] 1001 | 1110 | | ottty 0101 | | direct addr
Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: sSuB

(WR)j) < (WRj) — (dir8)

SUB Rm,dir16

Bytes:
States:

Binary Mode = Source Mode
5 4
3 2
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intgl.

[Encoding]
I 1001 | 1110 J [ CECES | 0011 I I direct addr I [directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(Rm) « (Rm) — (dir16)
SUB WRij,dir16
Binary Mode Source Mode
Bytes: 5 4
States: 4 3
[Encoding]
| 1001 | 1110 | | tttt | o111 | | directaddr | | directaddr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(WR)) « (WR)) — (dir16)
SUB Rm,@WRj
Binary Mode Source Mode
Bytes: 4 3
States: 3 2
[Encoding]
[ 1001 | 1110 | | tttt | 1001 | | ssss 0000
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: SuB
(Rm) « (Rm) — ((WRYj))
SUB Rm,@DRk
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encoding]
[ 1001 | 1110 | [ uuuu 1011 | | ssss | | o000
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Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: suB
(Rm) « (Rm) — ((DRKk))

SUBB A,<src-byte>

Function: Subtract with borrow

Description: = SUBB subtracts the specified variable and the CY flag together from the accumulator,
leaving the result in the accumulator. SUBB sets the CY (borrow) flag if a borrow is needed
for bit 7, and clears CY otherwise. (If CY was set before executing a SUBB instruction, this
indicates that a borrow was needed for the previous step in a multiple precision subtraction,
so the CY flag is subtracted from the accumulator along with the source operand.) AC is set
if a borrow is needed for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit
6, but not into bit 7, or into bit 7, but not bit 6.

When subtracting signed integers the OV flag indicates a negative number produced when a
negative value is subtracted from a positive value, or a positive result when a positive
number is subtracted from a negative number.

The source operand allows four addressing modes: register, direct, register-indirect, or

immediate.
Flags:
CcYy AC ov N z
v 4 v v v
Example: The accumulator contains 0C9H (11001001B), register 2 contains 54H (01010100B), and
the CY flag is set. After executing the instruction
SUBB A,R2
the accumulator contains 74H (01110100B), the CY and AC flags are clear, and the OV flag
is set.
Notice that 0C9H minus 54H is 75H. The difference between this and the above result is due
to the CY (borrow) flag being set before the operation. If the state of the carry is not known
before starting a single or multiple-precision subtraction, it should be explicitly cleared by a
CLR CY instruction.
Variations
SUBB A,#data
Binary Mode Source Mode
Bytes: 2 2
States: 1 1
[Encoding] 1001 0100 ] | immed. data

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
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Operation: SuBB
(A) « (A) - (CY) — #data
SUBB A,dir8
Binary Mode Source Mode
Bytes: 2 2
States: 1t 1t
1if this instruction addresses a port (Px, x= 0-3), add 1 state.
[Encodingl | 1001 | o101 | | directaddr |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: SuBB
(A) « (A) - (CY) — (dir8)
SUBB A,@Ri
Binary Mode Source Mode
Bytes: 1 2
States: 2 3
[Encoding] | 1001 [ o011i |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]
Operation: SUBB
(A) « (A) - (CY) - ((R)))
SUBB A,Rn
Binary Mode Source Mode
Bytes: 1 2
States: 1 2
[Encoding] | 1001 | irrr |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]
Operation: SuBB
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SWAP A
Function: Swap nibbles within the accumulator
Description:  Interchanges the low and high nibbles (4-bit fields) of the accumulator (bits 3—0 and bits 7—
4). This operation can also be thought of as a 4-bit rotate instruction.
Flags:
cYy AC ov N z
Example: The accumulator contains 0C5H (11000101B). After executing the instruction
SWAP A
the accumulator contains 5CH (01011100B).
Binary Mode Source Mode
Bytes: 1 1
States: 2 2
[Encodingl | 1100 | o100
Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]
Operation: SWAP
(A).3:0 - « (A).7:4
TRAP
Function: Causes interrupt call
Description:  Causes an interrupt call that is vectored through location OFF007BH. The operation of this
instruction is not affected by the state of the interrupt enable flag in PSW0 and PSW1.
Interrupt calls can not occur immediately following this instruction. This instruction is
intended for use by Intel-provided development tools. These tools do not support user
application of this instruction.
Flags:
cY AC ov N z
Example: The instruction

TRAP

causes an interrupt call to location OFF007BH during normal operation.
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Binary Mode Source Mode

Bytes: 2 1
States (2 bytes): 1" 10
States (4 bytes): 16 15
[Encoding] | 1011 | 1001 |

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: TRAP

SP « SP -2
(SP) « PC
PC « (OFF007BH)
XCH A,<byte>
Function: Exchange accumulator with byte variable

Description:  Loads the accumulator with the contents of the specified variable, at the same time writing
the original accumulator contents to the specified variable. The source/destination operand

can use register, direct, or register-indirect addressing.

Flags:
CcY AC ov
Example: RO contains the address 20H, the accumulator contains 3FH (00111111B) and on-chip RAM
location 20H contains 75H (01110101B). After executing the instruction
XCH A,@R0
RAM location 20H contains 3FH (00111111B) and the accumulator confains 75H
(01110101B).
Variations
XCH A, dir8
Binary Mode Source Mode
Bytes: 2 2
States: 3t 3t
1if this instruction addresses a port (Px, x= 0-3), add 2 states.
[Encoding] | 1100 | 0101 | | directaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: XCH
(A) = « (dir8)
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XCH A, @Ri
Binary Mode Source Mode
Bytes: 1 2
States: 4 5
[Encoding] | 1100 | o011i |
Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]
Operation: XCH
(A) —» « ((R))
XCH A,Rn
Binary Mode  Source Mode
Bytes: 1 2
States: 3 4
[Encoding] | 1100 T irrr
Hex Code in:  Binary Mode = [Encoding]
Source Mode = [A5][Encoding]
Operation: XCH
(A) > « (Rn)
Variations
XCHD A, @Ri
Function: Exchange digit
Description:  Exchanges the low nibble of the accumulator (bits 3-0), generally representing a
hexadecimal or BCD digit, with that of the on-chip RAM location indirectly addressed by the
specified register. Does not affect the high nibble (bits 7-4) of either register.
Flags:
CcY AC ov N z
Example: RO contains the address 20H, the accumulator contains 36H (00110110B), and on-chip RAM

location 20H contains 75H (01110101B). After executing the instruction,

XCHD A,@R0

on-chip RAM location 20H contains 76H (01110110B) and 35H (00110101B) in the accumu-

lator.
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Binary Mode Source Mode

Bytes: 1 2

States: 4 5

[Encoding] | 1101 | ot11i |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: XCHD
(A).3:0 - « ((Ri)).3:0

XRL <dest>,<src>

Function: Logical Exclusive-OR for byte variables

Description:  Performs the bitwise logical Exclusive-OR operation (V) between the specified variables,
storing the results in the destination. The destination operand can be the accumulator, a
register, or a direct address.
The two operands allow 12 addressing mode combinations. When the destination is the
accumulator or a register, the source addressing can be register, direct, register-indirect, or
immediate; when the destination is a direct address, the source can be the accumulator or
immediate data.
(Note: When this instruction is used to modify an output port, the value used as the original
port data is read from the output data latch, not the input pins.)

Flags:

cYy AC ov N 4
— — — 4 v
Example: The accumulator contains 0C3H (11000011B) and RO contains 0AAH (10101010B). After
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executing the instruction,

XRL A,RO

the accumulator contains 69H (01101001B).

When the destination is a directly addressed byte, this instruction can complement combina-
tions of bits in any RAM location or hardware register. The pattern of bits to be comple-
mented is then determined by a mask byte, either a constant contained in the instruction or
a variable computed in the accumulator at run time. The instruction

XRL P1,#00110001B

complements bits 5, 4, and 0 of output Port 1.
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Variations
XRL dir8,A
Binary Mode Source Mode
Bytes: 2 2
States: 2t 2t
tlf this instruction addresses a port (Px, x = 0-3), add 2 states.
[Encoding] | 0110 | 0010 | | diectaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: XRL
(dir8) « (dir8) V (A)

XRL dir8,#data

Binary Mode Source Mode
Bytes: 3 3
States: 3t 3t
1f this instruction addresses a port (Px, x = 0-3), add 1 state.

[Encoding] | 0110 | 0011 | [ directaddr | [immed.data |

Hex Code in:  Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: XRL

(dir8) « (dir8) V #data
XRL A,d#data
Binary Mode Source Mode
Bytes: 2 2
States: 1 1
[Encoding] | 0110 | 0100 | [immed.data

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: XRL
(A) « (A) V #data
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XRL A dir8
Binary Mode Source Mode
Bytes: 2 2
States: 1t 1t
1if this instruction addresses a port (Px, x= 0-3), add 1 state.
[Encoding] l 0110 | 0101 | [ directaddr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [Encoding]

Operation: XRL

(A) « (A) V (dir8)
XRL A,@Ri
Binary Mode Source Mode
Bytes: 1 2
States: 2 3
[Encoding] | 0110 [ o011i |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]

Operation: XRL

(A) « (A) V ((R1)
XRL A,Rn
Binary Mode  Source Mode
Bytes: 1 2
States: 1 2
[Encodingl | o110 | trrr |

Hex Code in: Binary Mode = [Encoding]
Source Mode = [A5][Encoding]

Operation: XRL

(A) « (A) V (Rn)
XRL Rmd,Rms
Binary Mode  Source Mode
Bytes: 3 2
States: 2 1
[Encoding] | 0110 | 1100 | [ ssss SSSS
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Hex Code in:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: XRL
(Rmd) « (Rmd) V (Rms)

XRL WRjd,WRijs

Binary Mode  Source Mode

Bytes: 3 2
States: 3 2
[Encoding] [ o110 [ 1101 | [ttt TTTT

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: XRL

(WRds) « (WRjd) V (WRjs)
XRAL Rm, #data
Binary Mode  Source Mode
Bytes: 4 3
States: 3 2
[Encoding] | 0110 | 1110 | [ ssss 0000 | | #data

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: XRL
(Rm) « (Rm) V #data

XRL WRj,#data16

Binary Mode  Source Mode

Bytes: 5 4

States: 4 3

[Encoding]

[ o110 | 1110 | |ttt | o100 | | #daahi | | #datalow

Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]

Operation: XRL
(WRj) « (WRj) V #data16
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XRL Rm,dir8

Bytes:
States:

Binary Mode  Source Mode
4 3
3t 2t

1if this instruction addresses a port (Px, x= 0-3), add 1 state.

[Encoding] 0110 | 1110 | | ssss | 0001 | [ directaddr
Hex Code in: Binary Mode = [A5][Encoding]

Source Mode = [Encoding]
Operation: XRL

(Rm) « (Rm) V (dir8)
XRL WR,dir8

Binary Mode  Source Mode

Bytes: 4 3
States: 4 3
[Encoding] o110 | 1110 | [ttt 0101 | | directaddr
Hex Code in: Binary Mode = [A5][Encoding]

Source Mode = [Encoding]
Operation: XRL

(WR)) < (WRj) V (dir8)
XRL Rm,dir16

Binary Mode Source Mode

Bytes: 5 4
States: 3 2
[Encoding]
| o110 1110 | | ssss | 0011 | | directaddr | | dir8addr
Hex Code in: Binary Mode = [A5][Encoding]

Source Mode = [Encoding]
Operation: XRL

(Rm) « (Rm) V (dir16)
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XRL WRij,dir16 .
Binary Mode Source Mode
Bytes: 5 4
States: 4 3
[Encoding]
[ o110 1110 | |ttt | 0111 | [ diectaddr | [ directaadr
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: XRL
(WRj) « (WR;j) V (dir16)
XRL Rm, @ Wrj
Binary Mode  Source Mode
Bytes: 4 3
States: 3 2
[Encoding]
| o110 1110 | | tttt | 1001 | [ ssss 0000 |
Hex Code in: Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: XRL
(Rm) « (Rm) V ((WRj))
XRL Rm,@Drk
Binary Mode Source Mode
Bytes: 4 3
States: 4 3
[Encoding]
| o110 | 1110 | | wuuu | 1011 | | ssss | | ooo00
Hex Code In:  Binary Mode = [A5][Encoding]
Source Mode = [Encoding]
Operation: XRL
(Rm) « (Rm) V ((DRKk))
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APPENDIX B
SIGNAL DESCRIPTIONS

This appendix provides reference information for the pin functions of the 8XC251SB. Table B-1 |
lists the signals, grouped by function. Table B-2 defines the columns used in Table B-3, which !
describes the signals.

Table B-1. Signals Arranged by Functional Categories

Address & Data Input/Output Processor Control
Name Name Name
ADO/P0.0 T2/P1.0 INTO#/P3.2
AD1/P0.1 T2EX/P1.1 INT1#/P3.3
AD2/P0.2 ECI/P1.2 EA#/Npp
AD3/P0.3 CEX0/P1.3 RST
AD4/P0.4 CEX1/P1.4 XTALA1
AD5/P0.5 CEX2/P1.5 XTAL2 ;
AD6/P0.6 CEX3/P1.6
AD7/P0.7 CEX4/P1.7 Power & Ground
A8/P2.0 RXD/P3.0 Name ﬁ
A9/P2.1 TXD/P3.1 Veo
A10/P2.2 T0/P3.4 Veeo |
A11/P2.3 T1/P3.5 Ves |
A12/P2.4 Vas1
A13/P2.5 Bus Control & Status Vas2
A14/P2.6 Name | |
A15/P2.7 WR#/P3.6
RD#/P3.7
ALE/PROG#
PSEN#
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Table B-2. Description of Columns of Table B-3

Column Heading Description

Signal Name

pin is listed in the Multiplexed With column.

Lists the signals, arranged alphabetically. Many pins have two functions, so
there are more entries in this column than there are pins. Every signal is
listed in this column; for each signal, the alternate function that shares the

Type Identifies the pin function listed in the Signal Name column as an input (1),
output (O), bidirectional (1/0), power (PWR), or ground (GND).
Note that all inputs except RESET# are sampled inputs. RESET# is a level-
sensitive input. During powerdown mode, the powerdown cnrcuntry uses
EXTINTx as a level-sensitive input.
Description Briefly describes the function of the pin for the specific signal listed in the
Signal Name column.
Multiplexed With Lists the multiplexed signal name for the alternate function that the pin
provides (if applicable).
Table B-3. Signal Descriptions
Signal - Multiplexed
Name Type Description With
A16 (0] Address Line 16. See RD#. N.A.
A15:8f (o] Address Lines. Upper address lines for the external bus. P2.7:0
AD7:0t 1/0 | Address/Data Lines. Multiplexed lower address lines and data lines for | P0.7:0
external memory.
ALE O | Address Latch Enable. ALE signals the start of an external bus cycle | PROG#
and indicates that valid address information is available on lines A15:8
and AD7:0. An external latch can use ALE to demultiplex the address
from the address/data bus. ¢
CEX4:0 1/0 | Programmable Counter Array (PCA) Input/Output Pins. These are P1.7:3
input signals for the PCA capture mode and output signals for the PCA
compare mode and PCA PWM mode.
EA# | External Access. Directs program memory accesses to on-chip or off- | Vpp
chip code memory. For EA# = 0, all program memory accesses are off-
chip. For EA# = 1, an access is to on-chip OTPROM/ROM if the
address is within the range of the on-chip OTPROM/ROM; otherwise
the access is off-chip. The value of EA# is latched at reset. For a
ROMIess part, EA# must be strapped to ground.
ECA | PCA External Clock Input. External clock input to the 16-bit PCA timer. | P1.2
INT1:0# | External Interrupts 0 and 1. These inputs set bits IE1:0 in the TCON P3.3:2
register. If bits IT1:0 in the TCON register are set, bits IE1:0 are set by a
falling edge on INT1#/INTO#. If bits INT1:0 are clear, bits IE1:0 are set
by a low level on INT1:0#.

tThe descriptions of A15:8/P2.7:0 and AD7:0/P0.7:0 are for the nonpage-mode chip configuration
(compatible with PLCC MCS 51 microcontrollers). If the chip is configured for page-mode operation, port 0
carries the lower address bits (AO—A7), and port 2 carries the upper address bits (A8—-A15) and the data

(DO-D7).
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Table B-3. Signal Descriptions (Continued)

Signal i Multiplexed

Name Type Description With
P0.7:0 1/0 | Port 0. This is an 8-bit, open-drain, bidirectional I/O port. AD7:0
P1.0 1/0 | Port 1. This is an 8-bit, bidirectional 1/O port with internal pullups. T2
P1.1 T2EX
P1.2 ECI
P1.7:3 CEX4:0
P2.7:0 1/0 | Port 2. This is an 8-bit, bidirectional 1/0 port with internal pullups. A15:8
P3.0 /0 | Port 3. This is an 8-bit, bidirectional 1/0 port with internal pullups. RXD
P3.1 TXD
P3.3:2 INT1:0#
P3.5:4 T1:0
P3.6 WR#
P3.7 RD#
PROG# | Programming Pulse. The programming pulse is applied to this pin for | ALE

programming the on-chip OTPROM.

PSEN# O | Program Store Enable. Read signal output. This output is asserted for | —

a memory address range that depends on bits RD0 and RD1 in configu-
ration byte CONFIG1 (see also RD#):

RD1RDOAddress Range for Assertion
OOReserved

01All addresses

10All addresses

11All addresses > 80:0000H

RD# O | Read or 17th Address Bit (A16). Read signal output to external data | P3.7
memory or 17th external address bit (A16), depending on the values of
bits RDO and RD1 in configuration byte CONFIG1. (See also PSEN#):

RD1RDOFunction

OOReserved

01The pin functions as A16 only.

10The pin functions as P3.7 only.

11RD#: asserted for reads at all addresses < 7F:FFFFH

RST | Reset. Reset input to the chip. Holding this pin high for 64 oscillator —
. periods while the oscillator is running resets the device. The port pins
are driven to their reset conditions when a voltage greater than Vi is
applied, whether or not the oscillator is running. This pin has an internal
pulldown resistor, which allows the device to be reset by connecting a
capacitor between this pin and Vgc.

Asserting RST when the chip is in idle mode or powerdown mode
returns the chip to normal operation.

RXD 1/0 | Receive Serial Data. RXD sends and receives data in serial /O mode 0 | P3.0
and receives data in serial I/O modes 1, 2, and 3.

T1:0 | Timer 1:0 External Clock Inputs. When timer 1:0 operates as a P3.5:4
counter, a falling edge on the T1:0 pin increments the count.

tThe descriptions of A15:8/P2.7:0 and AD7:0/P0.7:0 are for the nonpage-mode chip configuration
(compatible with PLCC MCS 51 microcontrollers). If the chip is configured for page-mode operation, port 0
carries the lower address bits (A0—A7), and port 2 carries the upper address bits (A8—A15) and the data
(D0-D7).

B-3




SIGNAL DESCRIPTIONS

Table B-3. Signal Descriptions (Continued)

Signal
Name

Type

Description

Multiplexed
With

T2

/0

Timer 2 Clock Input/Output. For the timer 2 capture mode, this signal
is the external clock input. For the clock-out mode, it is the timer 2 clock
output.

P1.0

T2EX

Timer 2 External Input. In timer 2 capture mode, a falling edge initiates
a capture of the timer 2 registers. In auto-reload mode, a falling edge
causes the timer 2 registers to be reloaded. In the up-down counter
mode, this signal determines the count direction: 1 = up, 0 = down.

P1.1

Transmit Serial Data. TXD outputs the shift clock in serial I/O mode 0
and transmits serial data in serial /0O modes 1, 2, and 3.

P3.1

PWR

Supply Voltage. Connect this pin to the +5V supply voltage.

PWR

Secondary Supply Voltage 2. This supply voltage connection is
provided to reduce power supply noise. Connection of this pin to the
+5V supply voltage is recommended. However, when using the
8XC251SB as a pin-for-pin replacement for the 8XC51FX, Vgg2 can be
unconnected without loss of compatibility.

Programming Supply Voltage. The programming supply voltage is
applied to this pin for programming the on-chip OTPROM.

EA#

Vss

GND

Circuit Ground. Connect this pin to ground.

Vss1

GND

Secondary Ground. This ground is provided to reduce ground bounce
and improve power supply bypassing. Connection of this pin to ground

is recommended. However, when using the 8XC251SB as a pin-for-pin
replacement for the 8XC51BH, Vg1 can be unconnected without loss of
compatibility.

Vss2

GND

Secondary Ground 2. This ground is provided to reduce ground
bounce and improve power supply bypassing. Connection of this pin to
ground is recommended. However, when using the 8XC251SB as a pin-
for-pin replacement for the 8XC51FX, Vg can be unconnected without
loss of compatibility.

WR#

Write. Write signal output to external memory. For configuration bits
RD1 = RDO = 1, WR# is strobed only for writes to locations 00 0000H-
01 FFFFH. For other values of RD1 and RDO, WR# is strobed for writes
to all memory locations.

P3.6

XTAL1

Input to the On-chip, Inverting, Oscillator Amplifier. To use the
internal oscillator, a crystal/resonator circuit is connected to this pin. If
an external oscillator is used, its output is connected to this pin. XTAL1
is the clock source for internal timing.

XTAL2

Output of the On-chip, Inverting, Oscillator Amplifier. To use the
internal oscillator, a crystal/resonator circuit is connected to this pin. If
an external oscillator is used, leave XTAL2 unconnected.

tThe descriptions of A15:8/P2.7:0 and AD7:0/P0.7:0 are for the nonpage-mode chip configuration
(compatible with PLCC MCS 51 microcontrollers). If the chip is configured for page-mode operation, port 0
carries the lower address bits (AO-A7), and port 2 carries the upper address bits (A8—A15) and the data

(D0-D7).
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APPENDIX C
REGISTERS

Table C-1. 8XC251SB Special Function Registers (SFRs)

SFR Binary Reset Value
. SFR Name Hex Address
Mnemonic High Low

Acct Accumulator S:EOH 0000 0000

Bt B Register S:FOH 0000 0000

CCAPOH PCA Module 0 Compare/Capture S:FAH XXXX XXXX
Register High Byte

CCAPOL PCA Module 0 Compare/Capture S:EAH XXXX XXXX
Register Low Byte

CCAP1H PCA Module 1 Compare/Capture S:FBH XXXX XXXX
Register High Byte

CCAP1L PCA Module 1 Compare/Capture S:EBH XXXX XXXX
Register Low Byte

CCAP2H PCA Module 2 Compare/Capture S:FCH XXXX XXXX
Register High Byte

CCAP2L PCA Module 2 Compare/Capture S:ECH XXXX XXXX
Register Low Byte

CCAP3H PCA Module 3 Compare/Capture S:FDH XXXX XXXX
Register High Byte

CCAP3L PCA Module 3 Compare/Capture S:EDH XXXX XXXX
Register Low Byte

CCAP4H PCA Module 4 Compare/Capture S:FEH XXXX XXXX
Register High Byte

CCAP4L PCA Module 4 Compare/Capture S:EEH XXXX XXXX
Register Low Byte

CCAPMO PCA Compare/Capture Module 0 S:DAH X000 0000
Mode Register

CCAPM1 PCA Compare/Capture Module 1 S:DBH X000 0000
Mode Register

CCAPM2 PCA Compare/Capture Module 2 S:DCH X000 0000
Mode Register

CCAPM3 PCA Compare/Capture Module 3 S:DDH X000 0000
Mode Register

CCAPM4 PCA Compare/Capture Module 4 S:DEH X000 0000
Mode Register

CCON PCA Timer/Counter Control S:D8H 00X0 0000
Register

tThis register resides in the register file. It can also be accessed as an SFR.
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Table C-1. 8XC251SB Special Function Registers (SFRs)
SFR . SFR Name Hex Address Binary Reset Value
Mnemonic High Low
CH PCA Timer/Counter High Byte S:F9H 0000 0000
CL PCA Timer/Counter Low Byte S:E9H 0000 0000
CMOD PCA Timer/Counter Mode Register S:D9H 00XX X000
DPH? Data Pointer High S:83H 0000 0000
DPLY Data Pointer Low S:82H 0000 0000
DPXLT Data Pointer Extended Low S:84H 0000 0001
IEO Interrupt Enable Control Register 0 S:A8H 0000 0000
IPHO Interrupt Priority High Control S:B7H X000 0000
Register 0
IPLO Interrupt Priority Low Control S:B8H X000 0000
Register 0
PO Port 0 S:80H 1111 1111
P1 Port 1 S:90H 1111 111
P2 Port 2 S:AOH 1111 1111
P3 Port 3 S:BOH 111 111
PCON Power Control Register S:87H 00XX 0000
PSW Program Status Word S:DOH 0000 0000
PSW1 Program Status Word 1 S:D1H 0000 0000
RCAP2H Timer 2 Reload/Capture Register S:CBH 0000 0000
High Byte
RCAP2L Timer 2 Reload/Capture Register S:CAH 0000 0000
Low Byte
SADDR Slave Individual Address Register S:A9H 0000 0000
SADEN Mask Byte Register S:B9H 0000 0000
SBUF Serial Data Buffer S:99H XXXX XXXX
SCON Serial Control Register S:98H 0000 0000
Spf Stack Pointer - LS byte of SPX S:81H 0000 ~ 0111
SPHT Stack Pointer High - MSB of SPX S:BDH 0000 0000
T2CON Timer 2 Control Register S:C8H 0000 0000
T2MOD Timer 2 Mode Control Register S:C9H . XXXX XX00
TCON Timer 0/1 Control Register S:88H 0000 0000
TMOD Timer 0/1 Mode Control Register S:89H 0000 0000
THO Timer 0 Timer Register High Byte S:8CH 0000 0000
TLO Timer 0 Timer Register Low Byte S:8AH 0000 0000

TThis register resides in the register file. It can also be accessed as an SFR.
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tThis register resides in the register file. It can also be accessed as an SFR.
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Table C-1. 8XC251SB Special Function Registers (SFRs)
SFR Binary Reset Value
. SFR Name Hex Address
Mnemonic High Low |
THA Timer 1 Timer Register High Byte S:8DH 0000 0000 “
TLA Timer 1 Timer Register Low Byte S:8BH 0000 0000 |
TH2 Timer 2 Timer Register High Byte S:CDH 0000 0000 ;
TL2 Timer 2 Timer Register Low Byte S:CCH 0000 0000
WDTRST Watchdog Timer Reset Register S:A6H XXXX XXXX
|
|
|
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ACC

Address: EOH
Reset State: 0000 0000B

Accumulator. ACC provides SFR access to the accumulator, which resides in the register file as byte
register R11 (also named ACC). Instructions in the MCS® 51 architecture use the accumulator as both
source and destination for calculations and moves. Instructions in the MCS 251 architecture assign no
special significance to R11. These instructions can use byte registers Rm (m = 0~15) interchangeably.

7 0
name.7 | name.6 T name.5 I name.4 || name.3 I name.2 l name.1 | name.0
Bit Bit

Number Mnemonic Function

7:0 ACC.7:0 Accumulator.




B Register. The B register provides SFR access to byte register R10 (also named B) in the register
file. The B register is used as both a source and destination in multiply and divide operations. For all
other operations, the B register is available for use as one of the byte registers Rm, m = 0-15.

I nbl ® REGISTERS
B Address: FOH
Reset State: 0000 0000B

7 0
[ name.7 name.6 l name.5 name.4 ” name.3 I name.2 | name.1 ] name.0
Bit Bit .
Number Mnemonic Function
7:0 B.7:0 B Register.
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CCAPxH, CCAPxL (x = 0-4)

Address: CCAPOH,L S:FAH, S:EAH

CCAP1H,L S:FBH, S:EBH
CCAP2H,L S:FCH, S:ECH
CCAP3H,L S:FDH, S:EDH
CCAP4H,L S:FEH, S:EEH

Reset State: XXXX XXXXB

PCA Module Compare/Capture Registers. These five register pairs store the 16-bit comparison value
or captured value for the corresponding compare/capture modules. In the PWM mode, the low-byte
register controls the duty cycle of the output waveform.

7 0
name.7 name.6 | name.5 | name.4 | | name.3 name.2 name.1 | name.0 I
Bit Bit
Number Mnemonic Function
7:0 CCAPxH.7:0 | High byte of PCA comparison or capture values.
CCAPXL.7:0 | Low byte of PCA comparison or capture values.
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CCAPMXx (x = 0—4)

Address: CCAPMO S:DAH
CCAPM1 S:DBH
CCAPM2 S:DCH
CCAPM3 S:DDH
CCAPM4 S:DEH

Reset State: X000 0000B

PCA Compare/Capture Module Mode Registers. These five registers select the operating mode of the
corresponding compare/capture module. Each register also contains an enable interrupt bit (ECCFx)
for generating an interrupt request when the module’s compare/capture flag (CCFxin the CCON
register) is set. See Table 8-3 on page 8-15 for mode select bit combinations.

7 0
| — | Ecomx | cAPPx | CAPNx || MATx | TOGxX PWMx | ECCFx |
Bit Bit .
Number Mnemonic Function

7 — Reserved:
The value read from this bit is indeterminate. Do not write a “1” to this bit.

6 ECOMx Compare Modes:
ECOMx = 1 enables the module comparator function. The comparator is
used to implement the software timer, high-speed output, pulse width
modulation, and watchdog timer modes.

5 CAPPx Capture Mode (Positive):
CAPPx = 1 enables the capture function with capture triggered by a
positive edge on pin CEXx.

4 CAPNx Capture Mode (Negative):
CAPNx = 1 enables the capture function with capture triggered by a
negative edge on pin CEXx.

3 MATx Match:
Set ECOMxand MATx to implement the software timer mode. When
MATx = 1, a match of the PCA timer/counter with the compare/capture
register sets the CCFx bit in the CCON register, flagging an interrupt.

2 TOGx Toggle:
Set ECOMx, MATx, and TOGx to implement the high-speed output
mode. When TOGx = 1, a match of the PCA timer/counter with the
compare/capture register toggles the CEXx pin.

1 PWMx Pulse Width Modulation Mode:
PWMx = 1 configures the module for operation as an 8-bit pulse width
modulator with output waveform on the CEXx pin.

0 ECCFx Enable CCFx Interrupt:
Enables compare/capture flag CCFx in the CCON register to generate
an interrupt request.
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REGISTERS

CCON

Address: S:D8H
Reset State:  00X0 0000B

PCA Timer/Counter Control Register. Contains the run control bit and overflow flag for the PCA
timer/counter, and the compare/capture flags for the five PCA compare/capture modules.

7 0
CF CR — ccF4 || ccra | ccr2 | cCFt CCFO
Bit Bit .
Number | Mnemonic Function
7 CF PCA Timer/Counter Overflow Flag:
Set by hardware when the PCA timer/counter rolls over. This generates
an interrupt request if the ECF interrupt enable bitin CMOD is set. CF
can be set by hardware or software but can be cleared only by software.
6 CR PCA Timer/Counter Run Control Bit: .
Set and cleared by software to turn the PCA timer/counter on and off.
5 —_ Reserved:
The value read from this bit is indeterminate. Do not write a “1” to this bit.
4:0 CCF4 PCA Module Compare/Capture Flags:
CCF3 Set by hardware when a match or capture occurs. This generates a PCA
CCF2 interrupt request if the ECCFx interrupt enable bit in the corresponding
8&';3) CCAPMXx register is set. Must be cleared by software.
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|nte|® REGISTERS
CH, CL Address: S:F9H
S:E9H
Reset State: 0000 0000B
CH, CL Registers. These registers operate in cascade to form the 16-bit PCA timer/counter.
7 0
r name.7 name.6 name.5 | name.4 J | name.3 name.2 name.1 name.0
Bit Bit
Number Mnemonic Function
7:0 CH.7:0 High byte of the PCA timer/counter
CL.7:0 Low byte of the PCA timer/counter




REGISTERS

CMOD

Address: S:D9H
Reset State:  00XX X000B

PCA Timer/Counter Mode Register. Contains bits for selecting the PCA timer/counter input, disabling
the PCA timer/counter during idle mode, enabling the PCA WDT reset output (module 4 only), and
enabling the PCA timer/counter overflow interrupt.

0

CIDL

WDTE

— — || — CPS1 | CPS0 | ECF

Bit
Number

Bit
Mnemonic

Function

7

CIDL

PCA Timer/Counter Idle Control:

CIDL = 1 disables the PCA timer/counter during idle mode. CIDL = 0
allows the PCA timer/counter to run during idle mode.

WDTE

Watchdog Timer Enable:

WDTE = 1 enables the watchdog timer output on PCA module 4.
WDTE = 0 disables the PCA watchdog timer output.

5:3

Reserved:

The values read from these bits are indeterminate. Do not write a “1” to
these bits.

2:1

CPS1:0

PCA Timer/Counter Input Select:

CPS1 CPS0O

0 0 Fosc/12

0 1 Fosc /4

1 0 Timer 0 overflow

1 1 External clock at ECI pin (maximum rate = Fg; /8)

ECF

PCA Timer/Counter Interrupt Enable:

ECF = 1 enables the CF bit in the CCON register to generate an interrupt
request.




|nte|® REGISTERS

DPH Address: S:83H
Reset State: 0000 0000B

Data Pointer High. DPH provides SFR access to register file location 58 (also named DPH). DPH is
the upper byte of the 16-bit data pointer, DPTR. Instructions in the MCS® 51 architecture use DPTR
for data moves, code moves, and for a jump instruction (JMP @A+DPTR). See also DPL and DPXL.

7 0
name.7 name.6 name.5 name.4 | | name.3 | name.2 | name. name.0
Bit Bit
Number Mnemonic Function
7:0 DPH.7:0 Data Pointer High:
Bits 8—15 of the extended data pointer, DPX (DR56).




REGISTERS

intgl.

DPL

DPXL.

Address: S:82H
Reset State: 0000 0000B

Data Pointer Low. DPL provides SFR access to register file location 59 (also named DPL). DPL is the
low byte of the 16-bit data pointer, DPTR. Instructions in the MCS® 51 architecture use the 16-bit data
pointer for data moves, code moves, and for a jump instruction (JMP @ A+DPTR). See also DPH and

7 0
rname] | name.6 name.5 name.4 II name.3 l name.2 I name.1 I name.0
Bit Bit
Number | Mnemonic Function
7:0 DPL.7:0 Data Pointer Low:
Bits 0-7 of the extended data pointer, DPX (DR56).




L ]
|nte|® REGISTERS
DPXL Address: S:84H
Reset State: 0000 0001B

Data Pointer Extended Low. DPXL provides SFR access to register file location 57 (also named
"DPXL). Location 57 is the lower byte of the upper word of the extended data pointer, DPX = DR56,
whose lower word is the 16-bit data pointer, DPTR. See also DPH and DPL.

7 0
| name.7 L name.6 I name.5 name.4 || name.3 name.2 l name.1 | name.u
Bit Bit .
Number Mnemonic Function
7:0 DPL.7:0 Data Pointer Extended Low:

Bits 16-23 of the extended data pointer, DPX (DR56).
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REGISTERS

IEO

Address:
Reset State:

0000 0000B

Interrupt Enable Register 0. IEO contains two types of interrupt enable bits. The global enable bit (EA)
enables/disables all of the interrupts, except the TRAP interrupt, which is always enabled. The
remaining bits enable/disable the other individual interrupts.

S:A8H

7 0
EA EC ET2 ES || Em EX1 ET0 | Ex0 |
Nuﬁ\i:)er Mne?'n:tonic Function
7 EA Global Interrupt Enable:
Setting this bit enables all interrupts that are individually enabled by bits
0-6. Clearing this bit disables all interrupts, except the TRAP interrupt,
which is always enabled.
6 EC PCA Interrupt Enable:
Setting this bit enables the PCA interrupt.
5 ET2 Timer 2 Overflow Interrupt Enable:
Setting this bit enables the timer 2 overflow interrupt.
4 ES Serial I/O Port Interrupt Enable:
Setting this bit enables the serial I/0 port interrupt.
3 ET1 Timer 1 Overflow Interrupt Enable:
Setting this bit enables the timer 1 overflow interrupt.
2 EX1 External Interrupt 1 Enable:
Setting this bit enables external interrupt 1.
1 ETO Timer 0 Overflow Interrupt Enable:
Setting this bit enables the timer 0 overfiow interrupt.
0 EXO0 External Interrupt O Enable:
Setting this bit enables external interrupt 0.




||"|'|.'e|® REGISTERS

IPHO Address: S:B7H
Reset State: X000 0000B

Interrupt Priority High Control Register 0. IPHO, together with IPLO, assigns each interrupt a priority
level from O (lowest) to 3 (highest):

IPHO.x IPLO.x Priority Level

0 0 0 (lowest priority)
0 1 1
1 0 2
1 1 3 (highest priority)
7 0

— T IPHO.6 J IPHO.5 [ IPHO.4 |L IPHO.3 | IPHO.2 IPHO.1 [ IPHO.0

Nuﬁ:::er Mne?\"l:mic Function
7 — Reserved. The value read from this bit is indeterminate. Do not write a
“1” to this bit.
6 IPH0.6 PCA Interrupt Priority Bit High
5 IPHO.5 Timer 2 Overflow Interrupt Priority Bit High
4 IPHO0.4 Serial I/0 Port Interrupt Priority Bit High
3 IPHO0.3 Timer 1 Overflow Interrupt Priority Bit High
2 IPHO0.2 External Interrupt Priority Bit High
1 IPHO.1 Timer 0 Overflow Interrupt Priority Bit High
0 IPHO.0 External Interrupt O Priority Bit High

C-156




REGISTERS |nte|®

IPLO Address: S:B8H
Reset State: X000 0000B

Interrupt Priority Low Control Register 0. IPLO, together with IPHO, assigns each interrupt a priority
level from O (lowest) to 3 (highest):

IPHO.x IPLO.x Priority Level

0 0 0 (lowest priority)
0 1 1
1 0 2
1 1 3 (highest priority)
7 0
— IPLO.6 IPLO.5 | IPLO.4 || 1PLO3 | IPLO2 IPLO.1 IPLO.O
Nuﬁ::)er Mne?'r:tonic Function
7 —_ Reserved. The value read from this bit is indeterminate. Do not write a
“1” to this bit.
6 IPLO.6 PCA Interrupt Priority Bit Low
5 IPLO.5 Timer 2 Overflow Interrupt Priority Bit Low
4 IPLO.4 Serial 1/0 Port Interrupt Priority Bit Low
3 IPLO.3 Timer 1 Overflow Interrupt Priority Bit Low
2 IPLO.2 External Interrupt Priority Bit Low
1 IPLO.1 Timer 0 Overflow Interrupt Priority Bit Low
0 IPLO.O External Interrupt O Priority Bit Low
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|nte|® REGISTERS
PO Address: S:80H
Reset State: 1111 1111B

Port 0. PO is the SFR that contains data to be driven out from the port 0 pins. Read-modify-write
instructions that read port 0 read this register. The other instructions that read port 0 read the port 0
pins. When port 0 is used for an extemnal bus cycle, the CPU always writes FFH to PO, and the former
contents of PO are lost.

7 0
I name.7 name.6 name.5 name.4 ] ' name.3 T name.2 name.1 name.0
Bit Bit
Number Mnemonic Function
7:0 P0.7:0 Port 0 Register:
Write data to be driven onto the port 0 pins to these bits.




REGISTERS inteL

P1 Address: S:90H
Reset State: 1111 1111B

Port 1. P1 is the SFR that contains data to be driven out from the port 1 pins. Read-write-modify
instructions that read port 1 read this register. Other instructions that read port 1 read the port 1 pins.

7 0
name.7 name.6 name.5 name.4 | | name.3 name.2 name.1 | name.0 |
Bit Bit
Number | ‘Mnemonic Function
7:0 P1.7:0 Port 1 Register:
Wirite data to be driven onto the port 1 pins to these bits.
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Port 2. P2 is the SFR that contains data to be driven out from the port 2 pins. Read-modify-write
instructions that read port 2 read this register. Other instructions that read port 2 read the port 2 pins.

REGISTERS
P2 Address: S:AOH
Reset State: 1111 1111B

7 0
name.7 name.6 name.5 name.4 | | name.3 name.2 name.1 | name.ﬂ
Bit Bit .
Number Mnemonic Function
7:0 P2.7:0 Port 2 Register:
Write data to be driven onto the port 2 pins to these bits.




REGISTERS

P3

Address: S:BOH
Reset State: 1111 1111B

Port 3. P3is the SFR that contains data to be driven out from the port 3 pins. Read-modify-write
instructions that read port 3 read this register. Other instructions that read port 3 read the port 3 pins.

7 0
name.7 name.6 name.5 name.4 | | name.3 name.2 name.1 | name.0
Bit Bit .
Number | Mnemonic Function
7:0 P3.7:0 Port 3 Register:
Write data to be driven onto the port 3 pins to these bits.
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|nte|® REGISTERS

PCON Address: S:87H
Reset State:  00XX 0000B

Power Control Register. Contains the power off flag (POF) and bits for enabling the idle and
powerdown modes. Also contains two general-purpose flags and two bits that control serial /O
functions—the double baud rate bit and a bit that selects whether accesses to SCON.7 are to the FE
bit or the SMO bit.

7 0 I
SMOD1 | SMODO—[ — [ POF || GF1 GFO PD IDL ] ‘
Bit Bit . |
Number Mnemonic Function i
7 SMOD1 Double Baud Rate Bit:

When set, doubles the baud rate when timer 1 is used and mode 1, 2, or
3 is selected in the SCON register. See “Baud Rates” on page 9-10.

6 SMODO SCON.7 Select:

When set, read/write accesses to SCON.7 are to the FE bit.
When clear, read/write accesses to SCON.7 are to the SMO bit.
See Figure 9-2 on page 9-3.

5 — Reserved:
The value read from this bit is indeterminate. Do not write a “1” to this bit. ‘
4 POF Power Off Flag:

Set by hardware as V¢ rises above 3 V to indicate that power has been
off or V¢ had fallen below 3 V and that on-chip volatile memory is
indeterminate. Set or cleared by software.

3 GF1 General Purpose Flag:

Set or cleared by software. One use is to indicate whether an interrupt
occurred during normal operation or during idle mode.

2 GFO General Purpose Flag:

Set or cleared by software. One use is to indicate whether an interrupt ‘
occurred during normal operation or during idle mode. ;

1 PD Powerdown Mode Bit:

When set, activates powerdown mode. ]
Cleared by hardware when an interrupt or reset occurs.

0 IDL Idle Mode Bit:

When set, activates idle mode.
Cleared by hardware when an interrupt or reset occurs.
If IDL and PD are both set, PD takes precedence.
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REGISTERS

intel.

PSW

Program Status Word. PSW contains bits that reflect the results of operations, bits that select the
register bank for registers R0O—R7, and two general-purpose flags that are available to the user.

Address: S:DOH
Reset State: 0000 0000B

7 0
cy AC FO RS1 || Rso ov uD P
Bit Bit
Number Mnemonic Function

7 cY Carry Flag:
The carry flag is set by an addition instruction (ADD, ADDC) if there is a
carry out of the MSB. It is set by a subtraction (SUB, SUBB) or compare
(CMP) if a borrow is needed for the MSB. The carry flag is also affected
by some rotate and shift instructions, logical bit instructions, bit move
instructions, and the multiply (MUL) and decimal adjust (DA) instructions
(see Table 4-11 on page 4-18).

6 AC Auxiliary Carry Flag:
The auxiliary carry flag is affected only by instructions that address 8-bit
operands. The AC flag is set if an arithmetic instruction with an 8-bit
operand produces a carry out of bit 3 (from addition) or a borrow into bit
3 (from subtraction). Otherwise it is cleared. This flag is useful for BCD
arithmetic (see Table 4-11 on page 4-18).

5 FO Flag 0:
This general-purpose flag is available to the user.

4:3 RS1:0 Register Bank Select Bits 1 and 0:
These bits select the memory locations that comprise the active bank of
the register file (registers R0-R7).
RS1 RSO Bank Address
0 0 0 00H-07H
0 1 1 08H-OFH
1 0 2 10H~17H
1 1 3 18H~1FH

2 ov Overflow Flag:
This bit is set if an addition or subtraction of signed variables results in
an overflow error (i.e., if the magnitude of the sum or difference is too
great for the seven LSBs in 2’s-complement representation). The
overflow flag is also set if a multiplication product overflows one byte or if
a division by zero is attempted.

1 ub User-definable Flag:
This general-purpose flag is available to the user.

0 P Parity Bit:
This bit indicates the parity of the accumulator. It is set if an odd number
of bits in the accumulator are set. Otherwise, it is cleared. Not all instruc-
tions update the parity bit.
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REGISTERS

PSW1

Program Status Word 1. PSW1 contains bits that reflect the results of operations and bits that select
the register bank for registers RO-R7.

Address: S:D1H
Reset State: 0000 0000B

7 0
cy | Ac N | Rst || Rso ov z —
NutBt::aer Mne?rll:mic Function
7 cYy Carry Flag:
Identical to the CY bitin the PSW register on page C-26.
6 AC Auxiliary Carry Flag:
Identical to the AC bitin the PSW register on page C-26.
5 N Negative Flag:
This bit is set if the result of the last logical or arithmetic operation was
negative. Otherwise it is cleared.
4:3 RS1:0 Register Bank Select Bits 0 and 1:
Identical to the RS1:0 bits in the PSW register on page C-26.
2 ov Overflow Flag:
Identical to the OV bitin the PSW register page C-26.
1 z Zero Flag:
This flag is set if the result of the last logical or arithmetic operation is
zero. Otherwise it is cleared.
0 — Reserved:
The value read from this bit is indeterminate. Do not write a “1” to this bit.
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REGISTERS lnteL

RCAP2H, RCAP2L Address: RCAP2H S:CBH
RCAP2L S:CAH

Reset State: 0000 0000B

Timer 2 Reload/Capture Registers. This register pair stores 16-bit values to be loaded into or captured
from the timer register (TH2/TL2) in timer 2.

7 0
name.7 name.6 ‘ name.5 | name.4 | | name.3 name.2 name.1 | name.o—l
Bit Bit
Number Mnemonic Function
7:0 RCAP2H.7:0 | High byte of the timer 2 reload/recapture register
RCAP2L.7:0 | Low byte of the timer 2 reload/recapture register
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REGISTERS

SADDR

Slave Individual Address Register. SADDR contains the device’s individual address for multiprocessor

Address: S:A9H
Reset State: 0000 0000B

communication.

7 0
name.7 name.6 rname.s | name.4 H name.3 I name.2 | name.1 name.0
Bit Bit ]

Number | Mnemonic Function

7:0 SADDR.7:0
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REGISTERS |nte|®

SADEN Address: S:B9H
Reset State: 0000 0000B

Mask Byte Register. This register masks bits in the SADDR register to form the device’s given address
for multiprocessor communication.

7 , 0

name.7 name.6 | name.5 Iname.4 J I name.3 name.2 name.1 name.0

Bit Bit
Number | Mnemonic Function
7:0 SADEN.7:0
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REGISTERS

SBUF

Address:

Reset State: XXXX XXXXB

Serial Data Buffer. Writing to SBUF loads the transmit buffer of the serial I/0 port. Reading SBUF
reads the receive buffer of the serial I/O port.

S:99H

! 0
name.7 name.6 name.5 name.4 I I name.3 name.2 name.1 name.0
Bit Bit .
Number | Mnemonic Function
7:0 SBUF.7:0
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REGISTERS |nte|®

SCON Address: 98H
Reset State: 0000 0000B

Serial Port Control Register. SCON contains serial I/0 control and status bits, including the mode
select bits and the interrupt flag bits.

7 0
FE/SMO SM1 sM2 | REN J | TB8 RB8 | T RI
Bit Bit
Number Mnemonic Function
7 FE Framing Error Bit:

To select this function, set the SMODO bit in the PCON register. Set by
hardware to indicate an invalid stop bit. Cleared by software, not by valid
frames.

SMo Serial Port Mode Bit 0:

To select this function, clear the SMODO bit in the PCON register.
Software writes to bits SMO and SM1 to select the serial port operating
mode. Refer to the SM1 bit for the mode selections.

6 SM1 Serial Port Mode Bit 1:

Software writes to bits SM1 and SMO (above) to select the serial port
operating mode.
SMO0 SM1 Mode Description Baud Rate
0 0 0 Shift register Fogc/12
0 1 1 8-bit UART  Variable
1 0 2 9-bit UART  Fogc/32T or Fog /64T
1 1 3 9-bit UART  Variable

TSelect by programming the SMOD bit in the PCON register (see “Baud
Rates” on page 9-10).

5 SM2 Serial Port Mode Bit 2:

Software writes to bit SM2 to enable and disable the multiprocessor
communication and automatic address recognition features. This allows
the serial port to differentiate between data and command frames and to
recognize slave and broadcast addresses.

4 REN Receiver Enable Bit:
To enable reception, set this bit. To enable transmission, clear this bit.
3 TB8 Transmit Bit 8:

In modes 2 and 3, software writes the ninth data bit to be transmitted to
TB8. Not used in modes 0 and 1.

2 RB8 Receiver Bit 8:

Mode 0: Not used.

Mode 1 (SM2 clear): Set or cleared by hardware to reflect the stop bit
received.

Modes 2 and 3 (SM2 set): Set or cleared by hardware to reflect the ninth
data bit received.
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REGISTERS

SCON

Address: 98H
Reset State: 0000 0000B

Serial Port Control Register. SCON contains serial /0 control and status bits, including the mode
select bits and the interrupt flag bits.

7 0
FE/SMO | SM1 SM2 REN || TB8 RB8 TI R |
Bit Bit .
Number Mnemonic Function
1 Tl Transmit Interrupt Flag Bit:
Set by the transmitter after the last data bit is transmitted. Cleared by
software.
0 RI Receive Interrupt Flag Bit:
Set by the receiver after the last data bit of a frame has been received.
Cleared by software.
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REGISTERS "Ttelo

sP Address: S:81H
Reset State: 0000 0111B

Stack Pointer. SP provides SFR access to location 63 in the register file (also named SP). SP is the
lowest byte of the extended stack pointer (SPX = DR60). The extended stack pointer points to the
current top of stack. When a byte is saved (PUSHed) on the stack, SPX is incremented, and then the
byte is written to the top of stack. When a byte is retrieved (POPped) from the stack, it is copied from
the top of stack, and then SPX is decremented.

7 0
| name.7 J name.6 | name.5 I name.4 |rname.3 | name.2 I name.1 name.0

Bit Bit
Number Mnemonic

7:0 .| SP.7:0 Stack Pointer:
Bits 07 of the extended stack pointer, SPX (DR60).

Function
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intel.

Stack Pointer High. SPH provides SFR access to location 62 in the register file (also named SPH).
SPH is the upper byte of the lower word of DR60, the extended stack pointer (SPX). The extended
stack pointer points to the current top of stack. When a byte is saved (PUSHed) on the stack, SPX is
incremented, and then the byte is written to the top of stack. When a byte is retrieved (POPped) from
the stack, it is copied from the top of stack, and then SPX is decremented.

REGISTERS
SPH Address: S:BDH
Reset State: 0000 0000B

7 0
name7 | name6 | name5 | name4 || name3 | name2 | name1 | nameo |
Bit Bit
Number Mnemonic Function
7:0 SPH.7:0 Stack Pointer High:
Bits 8—15 of the extended stack pointer, SPX (DR(60)).
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REGISTERS inte|®

T2CON Address: S:C8H
Reset State: 0000 0000B

Timer 2 Control Register. Contains the receive clock, transmit clock, and capture/reload bits used to
configure timer 2. Also contains the run control bit, counter/timer select bit, overflow flag, external flag,
and external enable for timer 2.

7 0
TF2 | EXF2 RCLK [ TCLK | | EXEN2 TR2 Cc/me# | CPRL2#
Bit Bit .

Number Mnemonic Function

7 TF2 Timer 2 Overflow Flag:

Set by timer 2 overflow. Must be cleared by software. TF2 is not set if
RCLK=1o0r TCLK=1.
6 EXF2 Timer 2 External Flag:

If EXEN2 = 1, capture or reload caused by a negative transition on T2EX
sets EFX2. EXF2 does not cause an interrupt in up/down counter mode
(DCEN = 1)

5 RCLK Receive Clock Bit:

Selects timer 2 overflow pulses (RCLK = 1) or timer 1 overflow pulses
(RCLK = 0) as the baud rate generator for serial port modes 1 and 3.

4 TCLK Transmit Clock Bit:

Selects timer 2 overflow pulses (TCLK = 1) or timer 1 overflow pulses
(TCLK = 0) as the baud rate generator for serial port modes 1 and 3.
3 EXEN2 Timer 2 External Enable Bit:

Setting EXEN2 causes a capture or reload to occur as a result of a
negative transition on T2EX unless timer 2 is being used as the baud
rate generator for the serial port. Clearing EXEN2 causes timer 2 to
ignore events at T2EX.

2 TR2 Timer 2 Run Control Bit:
Setting this bit starts the timer.
1 C/T2# Timer 2 Counter/Timer Select:

C/T2# = 0 selects timer operation: timer 2 counts the divided-down
system clock. C/T2# = 1 selects counter operation: timer 2 counts
negative transitions on external pin T2.

0 CP/RL2# Capture/Reload Bit:

When set, captures occur on negative transitions at T2EX if EXEN2 = 1.
When cleared, auto-reloads occur on timer 2 overflows or negative
transitions at T2EX if EXEN2 = 1. The CP/RL2# bit is ignored and timer 2
forced to auto-reload on timer 2 overflow, if RCLK = 1 or TCLK = 1.
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I nU ® REGISTERS

T2MOD Address: S:Co9H
Reset State:  XXXX XX00B

Timer 2 Mode Control Register. Contains the timer 2 down count enable and clock-out enable bits for
timer2.

7 0
- | = — - | = — T20E | DCEN
Bit Bit .
Number | Mnemonic Function
7:2 — Reserved:
The values read from these bits are indeterminate. Do not write a “1” to
these bits.
1 T20E Timer 2 Output Enable Bit:

In the timer 2 clock-out mode, connects the programmable clock output
to external pin T2.

0 DCEN Down Count Enable Bit:
Configures timer 2 as an up/down counter.
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REGISTERS |nte|®

TCON Address: S:88H
Reset State: 0000 0000B

Timer/Counter Control Register. Contains the overflow and external interrupt flags and the run control
and interrupt transition select bits for timer 0 and timer 1.

7 0
[ TF1 TR1 TFO [ TRO H IE1 I IEO ITO ]

Bit Bit

Number | Mnemonic Function

7 TF1 Timer 1 Overflow Flag:

Set by hardware when the timer 1 register overflows. Cleared by
hardware when the processor vectors to the interrupt routine.

6 TR1 Timer 1 Run Control Bit:
Set/cleared by software to turn timer 1 on/off.
5 TFO Timer 0 Overflow Flag:

Set by hardware when the timer O register overflows. Cleared by
hardware when the processor vectors to the interrupt routine.

4 TRO Timer 1 Run Control Bit:
Set/cleared by software to turn timer 1 on/off.
3 IE1 Interrupt 1 Flag:

Set by hardware when an external interrupt is detected on the INT1# pin.
Edge- or level- triggered (see IT1). Cleared when interrupt is processed
if edge-triggered.

2 T Interrupt 1 Type Control Bit:

Set this bit to select edge-triggered (high-to-low) for external interrupt 1.
Clear this bit to select level-triggered (active low).

1 IEO Interrupt 1 Flag:

Set by hardware when an external interrupt is detected on the INTO# pin.
Edge- or level- triggered (see IT0). Cleared when interrupt is processed
if edge-triggered.

0 ITO Interrupt 0 Type Control Bit:

Set this bit to select edge-triggered (high-to-low) for external interrupt 0.
Clear this bit to select level-triggered (active low).
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|nte|@ REGISTERS

TMOD Address: S:89H
Reset State: 0000 0000B

Timer/Counter Mode Control Register. Contains mode select, run control select, and counter/timer

select bits for controlling timer 0 and timer 1. z
7 0 i
GATE1 | s M11 Mo1 || GATEO CITo# MO1 Moo |
Bit Bit . i
Number | Mnemonic Function i
7 GATE1 Timer 1 Gate: i

When GATE1 = 0, run control bit TR1 gates the input signal to the timer ;
register. When GATE1 =1 and TR1 = 1, external signal INT1 gates the
timer input.

6 C/T1# Timer 1 Counter/Timer Select:

C/T1# = 0 selects timer operation: timer 1 counts the divided-down
system clock. C/T1# = 1 selects counter operation: timer 1 counts
negative transitions on external pin T1.

54 M11, MO1 Timer 1 Mode Select: I’

M11 MO1

0 0 ModeO: 8-bittimer/counter (TH1) with 5-bit prescalar (TL1)

o 1 Mode 1: 16-bit timer/counter

1 0 Mode 2: 8-bit auto-reload timer/counter (TL1). Reloaded
from TH1 at overflow. }

1 1 Mode 3: Timer 1 halted. Retains count. I

3 GATEO Timer 0 Gate:

When GATEO = 0, run control bit TRO gates the input signal to the timer
register. When GATEO = 1 and TRO = 1, external signal INTO gates the
timer input.

2 C/TO# Timer 0 Counter/Timer Select:

C/TO# = 0 selects timer operation: timer 0 counts the divided-down
system clock. C/TO# = 1 selects counter operation: timer 0 counts
negative transitions on external pin TO.

1,0 ~ | Mmo1, Moo Timer 0 Mode Select:

M10 MOO

0 0 ModeO: 8-bittimer/counter (TO) with 5-bit prescaler (TLO)

0 1 Mode 1: 16-bit timer/counter

1 0 Mode 2: 8-bit auto-reload timer/counter (TLO). Reloaded
from THO at overflow

1 1 Mode 3: TLO is 8-bit timer/counter. THO is 8-bit timer only
using timer 1 TR1 and TF1 bits.

‘.1
|
I
If
{
It
it
|
i
i
,
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THO, TLO Address: THO S:8CH
TLO S:8AH
Reset State: 0000 0000B

THO, TLO Timer Registers. These registers operate in cascade to form the 16-bit timer register in timer
0 or separately as 8-bit timer/counters.

7 0
r name.7 ] name.6 name.5 name.4 I I name.3 name.2 name.1 name.0
Bit Bit .
Number Mnemonic . Function
7:0 THO.7:0 High byte of the timer O timer register.
TLO.7:0 Low byte of the timer 0 timer register.
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TH1, TL1

Reset State: 0000 0000B

TH1, TL1 Timer Registers. These registers operate in cascade to form the 16-bit timer register in timer
1 or separately as 8-bit timer/counters.

Address: TH1 S:8DH
TL1 S:8BH

7 0
name.7 name.6 name.5 name.4 | | name.3 name.2 name.1 name.0
Bit Bit .
Number | Mnemonic Function
7:0 TH1.7:0 High byte of the timer 1 timer register.
TL1.7:0 Low byte of the timer 1 timer register.
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TH2, TL2 Address: TH2 S:CDH
TL2 S:CCH

Reset State: 0000 0000B

TH2, TL2 Timer Registers. These registers operate in cascade to form the 16-bit timer register in timer
2.

7 0
name.7 name.6 name.5 name.4 ] I name.3 name.2 name.1 name.0
Bit Bit
Number Mnemonic Function
7:0 TH2.7:0 High byte of the timer 2 timer register.
TL2.7:0 Low byte of the timer 2 timer register.
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WDTRST Address: S:A6H
Reset State: XXXX XXXXB

Watchdog Timer Reset Register. Writing the two-byte sequence 1EH-E1H to the WDTRST register
clears and enables the hardware WDT. The WDTRST register is a write-only register. Attempts to
read it retum FFH. The WDT itself is not read or write accessible. See “Watchdog Timer” on page
7-16.

7 0

name.7 name.6 name.5 name.4 l[ name.3 \l name.2 name.1 Lname.o I

Bit Bit .
Number | Mnemonic Function
7:0 WDTRST.7:0 | Provides user control of the hardware WDT.
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GLOSSARY

This glossary defines acronyms, abbreviations, and terms that have special meaning in this man-
ual. (Chapter 1, “Guide to this Manual,” discusses notational conventions and general terminol-

0gy.)
#0datal6

#1datal6

#data

#datalé

#short

accumulator

addrll

addrl6

addr24

ALU

assert

A 32-bit constant that is immediately addressed in an
instruction. The upper word is filled with zeros.

A 32-bit constant that is immediately addressed in an
instruction. The upper word is filled with ones.

An 8-bit constant that is immediately addressed in an
instruction.

A 16-bit constant that is immediately addressed in an
instruction.

A constant, equal to 1, 2, or 4, that is immediately
addressed in an instruction.

A register or storage location that forms the result of
an arithmetic or logical operation.

An 11-bit destination address. The destination can be
anywhere in the same 2-Kbyte block of memory as
the first byte of the next instruction.

A 16-bit destination address. The destination can be
anywhere within the same 64-Kbyte region as the first
byte of the next instruction.

A 24-bit destination address. The destination can be
anywhere within the 16-Mbyte address space.

Arithmetic-logic unit. The part of the CPU that
processes arithmetic and logical operations.

The term assert refers to the act of making a signal
active (enabled). The polarity (high/low) is defined by
the signal name. Active-low signals are designated by
a pound symbol (#) suffix; active-high signals have no
suffix. To assert RD# is to drive it low; to assert ALE
is to drive it high.

Glossary-1
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binary-code compatibility

binary mode

bit

bit (operand)
bit51

byte

clear

code memory

configuration bytes

dir8

dirlée

DPTR

DPX

deassert

Glossary-2

intgl.

The ability of an MCS® 251 microcontroller to
execute, without modification, binary code written for
an MCS 51 microcontroller.

An operating mode, selected by a configuration bit,
that enables an MCS 251 microcontroller to execute,
without modification, binary code written for an MCS
51 microcontroller.

A binary digit.

An addressable bit in the MCS 251 architecture.
An addressable bit in the MCS 51 architecture.
Any 8-bit unit of data.

The term clear refers to the value of a bit or the act of
giving it a value. If a bit is clear, its value is “0”;
clearing a bit gives it a “0” value.

See program memory.

Bytes, residing in on-chip OTPROM/ROM, that
determine a set of operating parameters for the
8XC251SB.

An 8-bit direct address. This can be a memory address
or an SFR address.

A 16-bit memory address (00:0000H-00:FFFFH)
used in direct addressing.

The 16-bit data pointer. In MCS 251 microcontrollers,
DPTR is the lower 16 bits of the 24-bit extended data
pointer, DPX.

The 24-bit extended data pointer in MCS 251 micro-
controllers. See also DPTR.

The term deassert refers to the act of making a signal
inactive (disabled). The polarity (high/low) is defined
by the signal name. Active-low signals are designated
by a pound symbol (#) suffix; active-high signals have
no suffix. To deassert RD# is to drive it high; to
deassert ALE is to drive it low.



double word

dword

edge-triggered

encryption array

external address

FET

idle mode

input leakage

integer
internal address

interrupt handler

interrupt latency

interrupt response time

GLOSSARY

The process of introducing a periodic table Group III
or Group V element into a Group IV element (e.g.,
silicon). A Group III impurity (e.g., indium or
gallium) results in a p-type material. A Group V
impurity (e.g., arsenic or antimony) results in an n-
type material.

A 32-bit unit of data. In memory, a double word
comprises four contiguous bytes.

See double word.

The mode in which a device or component recognizes
a falling edge (high-to-low transition), a rising edge
(low-to-high transition), or a rising or falling edge of
an input signal as the assertion of that signal. See also
level-triggered.

An array of key bytes used to encrypt user code in the
on-chip code memory as that code is read; protects
against unauthorized access to user’s code.

A 16-bit or 17-bit address presented on the device
pins. The address decoded by an external device
depends on how many of these address bits the
external system uses. See also internal address.

Field-effect transistor.

The power conservation mode that freezes the core
clocks but leaves the peripheral clocks running.

Current leakage from an input pin to power or ground.

Any member of the set consisting of the positive and
negative whole numbers and zero.

The 24-bit address that the device generates. See also
external address.

The module responsible for handling interrupts that
are to be serviced by user-written interrupt service
routines.

The delay between an interrupt request and the time
when the first instruction in the interrupt service
routine begins execution.

The time delay between an interrupt request and the
resulting break in the current instruction stream.

Glossary-3




GLOSSARY

interrupt service routine (ISR)

level-triggered

LSB

maskable interrupt

MSB
multiplexed bus
n-channel FET

n-type material

nonmaskable interrupt

npn transistor
OTPROM
p-channel FET

p-type material

PC

program memory

Glossary-4

intel.

The software routine that services an interrupt.

The mode in which a device or component recognizes
a high level (logic one) or a low level (logic zero) of
an input signal as the assertion of that signal. See also
edge-triggered.

Least-significant bit of a byte or least-significant byte
of a word.

An interrupt that can be disabled (masked) by its
individual mask bit in an interrupt enable register. All
8XC251SB interrupts, except the software trap
(TRAP), are maskable.

Most-significant bit of a byte or most-significant byte
of a word.

A bus on which the data is time-multiplexed with
(some of) the address bits.

A field-effect transistor with an n-type conducting
path (channel).

Semiconductor material with introduced impurities
(doping) causing it to have an excess of negatively
charged carriers.

An interrupt that cannot be disabled (masked). The
software trap (TRAP) is the 8XC251SB’s only
nonmaskable interrupt.

A transistor consisting of one part p-type material and
two parts n-type material.

One-time-programmable read-only memory, a version
of EPROM.

A field-effect transistor with a p-type conducting
path.

Semiconductor material with introduced impurities
(doping) causing it to have an excess of positively
charged carriers.

Program counter

A part of memory where instructions can be stored for
fetching and execution.
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powerdown mode

PWM

rel

reserved bits

set

SFR

sign extension
sink current
source-code compatibility

source current

source mode

SP
SPX

GLOSSARY

The power conservation mode that freezes both the
core clocks and the peripheral clocks.

Pulse-width modulated (outputs).

A signed (two's complement) 8-bit, relative
destination address. The destination is -128 to +127
bytes relative to the first byte of the next instruction.

Register bits that are not used in this device but may
be used in future implementations. Avoid any
software dependence on these bits. In the 8XC251SB,
the value read from a reserved bit is indeterminate; do
not write a “1” to a reserved bit.

The term set refers to the value of a bit or the act of
giving it a value. If a bit is set, its value is “1”; setting
a bit gives it a “1” value.

Special-function register.

A method for converting data to a larger format by
filling the extra bit positions with the value of the
sign. This conversion preserves the positive or
negative value of signed integers.

Current flowing into a device to ground. Always a
positive value.

The ability of an MCS 251 microcontroller to execute
recompiled source code written for an MCS 51 micro-
controller.

Current flowing out of a device from V.. Always a
negative value.

An operating mode that is selected by a configuration
bit. In source mode, an MCS 251 microcontroller can
execute recompiled source code written for an MCS
51 microcontroller. In source mode, the MCS 251
microcontroller cannot execute unmodified binary
code written for an MCS 51 microcontroller. See
binary mode.

Stack pointer.

Extended stack pointer.

Glossary-5
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state time (or state)

UART

WDT

word

wraparound

Glossary-6

intel.

The basic time unit of the device; the combined
period of the two internal timing signals, PH1 and
PH2. (The internal clock generator produces PH1 and
PH2 by halving the frequency of the signal on
XTAL1.) With a 16-MHz crystal, one state time
equals 125 ns. Because the device can operate at
many frequencies, this manual defines time require-
ments in terms of state times rather than in specific
units of time.

Universal asynchronous receiver and transmitter. A
part of the serial I/O port.

Watchdog timer, an internal timer that resets the
device if the software fails to operate properly.

A 16-bit unit of data. In memory, a word comprises
two contiguous bytes.

The result of interpreting an address whose
hexadecimal expression uses more bits than the
number of available address lines. Wraparound
ignores the upper address bits and directs access to the
value expressed by the lower bits.
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#0datal6, A-3
#ldatal6, A-3
#data
definition, A-3
#datal6, A-3
#short, A-3
80C2518B, 13-1
configuration byte values, 13-9
83C2518B, 13-1
See also ROM
87C251SB, 13-1
See also OTPROM
8XC251SB, 2-1
applications, 2-1
block diagram, 2-2
features, 2-4
on-chip peripherals, 2-1, 2-3
8XC51FX, 2-1

A
Al15:8, 6-1,B-2
description, 12-1
Al6, B-2 )
configuring for, 13-6
description, 12-1
AC flag, 4-19, 4-20
ACALL instruction, 4-16, A-24, A-26
ACC, 3-10,3-13,3-14,C4
Accumulator, 3-12
in register file, 3-10
See also ACC
AD7.0, 6-1,B-2
description, 12-1
ADD instruction, 4-10, A-14
ADDC instruction, 4-10, A-14
addrll, 4-14, A-3
addrl6, 4-14, A-3
addr24, 4-14, A-3
Address spaces See Memory space, SFRs, Register
file, External memory, Compatibility
Addresses
internal vs external, 12-3
Addressing modes, 3-5, 4-5
See also Data instructions, Bit instructions,
Control instructions
AJMP instruction, 4-16, A-24
ALE, B-2

INDEX

caution, 10-6
description, 12-1
extended, 12-6
following reset, 10-6
idle mode, 11-4
programming for extension, 13-6
programming on-chip OTPROM, 13-3
ANL instruction, 4-11, 4-12
for bits, A-23
ANL/ instruction, 4-12
for bits, A-23
Arithmetic instructions, 4-10, 4-11
table of, A-14, A-15, A-16

B
B register, 3-12, C-5
as SFR, 3-13,3-14
in register file, 3-10
Base address, 4-5
Baud rate See Serial I/O port, Timer 1, Timer 2
Binary and source modes, 2-3, 4-1-4-3
opcode maps, 4-1
selection guidelines, 2-3, 4-2
Bit address
addressing modes, 4-14
definition, A-3
examples, 4-13
Bit instructions, 4-4, 4-12-4-14
addressing modes, 4-6, 4-12
bit51, 4-13, A-3
Broadcast address See Serial I/O port

Cc

Call instructions, 4-16
Capacitors

bypass, 10-2
CCAPI1H-CCAP4H, CCAPIL-CCAP4L, 3-13,

3-16,C-6

CCAPM1-4, 3-13,3-15,C-7

interrupts, 5-5
CCON, 3-13,3-15,C-8
Ceramic resonator, 10-4
CEX4:0, 6-1,B-2
CH, CL, 3-13, 3-16,C-9
CINE instruction, A-25
Clock, 2-5

external, 10-4

Index-1
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external source, 10-3
idle and powerdown modes, 11-5
idle mode, 11-4
powerdown mode, 11-5,11-6
sources, 10-3
CLR instruction, 4-11,4-12, A-17, A-23
CMOD, 3-13, 3-15,C-10
interrupts, 5-5
CMP instruction, 4-10, 4-15, A-15
Code constants, 12-7
Code fetches
external, 12-10
internal, 12-10
page hit and page miss, 12-11
page mode, 12-11
Code memory
MCS 51 architecture, 3-5
See also On-chip code memory, External code
memory
Compatibility (MCS 251 and MCS 51
architectures), 2-1, 3-2-3-5
address spaces, 3-2,3-4
external memory, 3-5
memory configuration for, 12-5
on-chip RAM, 3-5
SFR space, 3-5
See also Binary and source modes
CONFIGO
bit definitions, 13-7
CONFIG1
bit definitions, 13-8
Configuration bytes
programming, 13-1
programming and verifying, 13-6
setup for programming and verifying, 13-2—
13-3
Control instructions, 4-4,4-14—4-17
addressing modes, 4-14,4-15
table of, A-24
Core, 2-4
SFRs, 3-14
CPL instruction, 4-11, 4-12, A-17, A-23
CPU, 24
block diagram, 2-5
Crystal
for on-chip oscillator, 10-3
CY flag, 4-19, 4-20

Index-2
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D

DA instruction, A-16
Data instructions, 4-4, 4-6—4-12
addressing modes, 4-6
Data pointer See DPH, DPL, DPTR, DPX, DPXL
Data transfer instructions, 4-11-4-12
table of, A-22
See also Move instructions
Data types, 4-4
DEC instruction, 4-10, A-16
Destination register, 4-5
dir16, A-3
dir8, A-3
Direct addressing, 4-5
in control instructions, 4-14
Displacement addressing, 4-5, 4-9
DIV instruction, 4-10, A-16
Division, 4-10
DINZ instruction, A-25
Documents, related, 1-5
DPH, DPL, 3-12,C-11,C-12
as SFRs, 3-13,3-14
DPTR, 3-12
in jump instruction, 4-14
DPX, 3-5,3-10, 3-12,4-7
DPXL, 3-12,C-13
as SFR, 3-13,3-14
external data memory mapping, 3-5, 4-7,
4-11
reset value, 3-5

E
EA#, 3-6, B-2
description, 12-1
ECALL instruction, 4-16, A-24
ECI, 6-1,B-2
EJMP instruction, 4-16, A-24
EMAP bit, 3-6, 12-7
Encryption, 13-1
Encryption array
key bytes, 13-10
programming and verifying, 13-1, 13-10
setup for programming, 13-2-13-3
ERET instruction, 4-17, A-24
Escape prefix (ASH), 4-2
Extended stack pointer See SPX
External address lines



intel.

number of, 12-3

See also External bus
External bus

AC timing definitions, 12-28

AC timing specifications, 12-24-12-27

bus-idle condition, 12-7
inactive, 12-7
pin status, 12-15, 12-16

structure in page mode, nonpage mode, 12-10

External bus cycles, 12-7
definitions, 12-8

extended ALE wait state, 12-14
extended PSEN#RD#/WR# wait state, 12-13

nonpage mode, 12-8, 12-9

page hit vs page miss, 12-10

page mode, 12-10-12-12
External code memory, 12-4, 12-5

example, 12-16, 12-21, 12-22

idle mode, 11-4

powerdown mode, 11-5
External memory, 3-8

design examples, 12-16-12-24
MCS 51 architecture, 3-3, 3-4, 3-5
External memory interface, 12-1-12-30

configuring, 12-2-12-7
signals, 12-1
External RAM, 12-4, 12-5

example, 12-16, 12-19, 12-21, 12-22

exiting idle mode, 11-5

F
FO flag, 4-19
Flash memory
example, 12-21, 12-22

G

Given address See Serial I/0 port
Ground bounce, 10-2

H

Hardware
application notes, 1-6

|
I/O ports, 6-1-6-8

external memory access, 6-7, 6-8

latches, 6-2

loading, 6-7

pullups, 6-6
quasi-bidirectional, 6-5
SFRs, 3-14

See also Ports 0-3

Idle mode, 2-3, 11-1, 11-4-11-5

entering, 11-4
exiting, 10-5, 11-5
external bus, 12-7

IE, 5-3,5-5

IEO, 3-13, 3-14, 5-14,9-11,C-14
Immediate addressing, 4-5

INC instruction, 4-10, A-16
Indirect addressing, 4-5

in control instructions, 4-14
in data instructions, 4-9

Input pins

level-sensitive, B-2
sampled, B-2

INT1:0#, 5-1, 6-1,7-1,7-3,B-2

pulse width measurements, 7-10

Interrupt request, 5-1

cleared by hardware, 5-4

Interrupt service routine

exiting idle mode, 11-5
exiting powerdown mode, 11-6

Interrupts, 5-1-5-15

blocking conditions, 5-14
detection, 5-3

edge-triggered, 5-4
enable/disable, 5-5

exiting idle mode, 11-5

exiting powerdown mode, 11-6
external, 5-3,5-11

global enable, 5-5

instruction completion time, 5-10
latency, 5-9-5-13
level-triggered, 5-4

PCA, 5-5

polling, 5-9,5-10

priority, 5-1, 5-3, 5-4, 5-6-5-8
priority within level, 5-7
processing, 5-9-5-15

request See Interrupt request
response time, 5-9, 5-10
sampling, 5-3, 5-10

serial port, 5-5

INDEX
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service routine (ISR), 5-4,5-9, 5-14, 5-15
sources, 5-3
timer/counters, 5-4
vector cycle, 5-14
vectors, 3-5, 5-4
INTR bit
and RETI instruction, 4-17
IPHO, 3-13, 3-14, 5-3, 5-6, 5-14, C-15
bit definitions, 5-7
IPLO, 3-13, 3-14, 5-3, 5-6, 5-14, C-16
bit definitions, 5-7
ISR See Interrupts, service routine

J

JB instruction, 4-15, A-24

JBC instruction, 4-15, A-24

JC instruction, A-24

JE instruction, A-24

JG instruction, A-24

JLE instruction, A-24

JMP instruction, A-24

JNB instruction, 4-15, A-24

JNC instruction, A-24

JNE instruction, A-24

JNZ instruction, A-24

JSG instruction, A-25

JSGE instruction, A-25

JSL instruction, A-25

JSLE instruction, A-25

Jump instructions
bit-conditional, 4-15
compare-conditional, 4-15, 4-16
unconditional, 4-16

JZ instruction, A-24

K

Key bytes See Encryption array

L

LCALL instruction, 4-16, A-24

Level-sensitive input, B-2

'LIMP instruction, 4-16, A-24

Lock bits
programming and verifying, 13-1, 13-9
protection types, 13-9
setup for programming and verifying, 13-2—

13-3

Index-4

Logical instructions, 4-11
table of, A-17

MCS 251 microcontroller, 2-1
features, 2-1

MCS 51 microcontroller, 2-1

Memory space, 2-3, 3-1, 3-5-3-8
compatibility See Compatibility (MCS 251

and MCS 51 architectures)

hardware implementation, 3-5
internal vs external, 12-4-12-6
regions, 3-2, 3-5
reserved locations, 3-5

Miller effect, 10-4

MOV instruction, 4-11, A-19, A-20, A-21
for bits, 4-12, A-23

MOVC instruction, 3-3,4-11, A-21

Move instructions
table of, A-19

MOVH instruction, 4-12, A-21

MOVS instruction, 4-12, A-21

MOVX instruction, 3-3, 4-11, A-21

MOVZ instruction, 4-12, A-21

MUL instruction, 4-10

Multiplication, 4-10

N
N flag, 4-11,4-20
Noise reduction, 10-2, 10-3, 10-4
Nonpage mode
bus cycles See External bus cycles, Nonpage
mode
bus structure, 12-1
configuring for, 12-3
design example, 12-16, 12-19
port pin status, 12-15
Nonvolatile memory
programming and verifying, 13-1-13-12
See also On-chip code memory, Configuration
bytes, Lock bits, Encryption array,
Signature bytes
NOP instruction, 4-16, A-25

0

ONCE mode, 11-1, 11-7
entering, 11-7



exiting, 11-7
On-chip code memory, 3-2, 12-4, 12-13
accessing in data memory, 12-7
accessing in region 00:, 3-6
idle mode, 11-4
powerdown mode, 11-5
programming and verifying, 13-1, 13-5
remapping, 13-6
setup for programming and verifying, 13-2—
13-3
starting address, 3-6, 13-1, 13-2
top eight bytes, 3-6, 13-2
See also OTPROM, ROM
On-chip oscillator
hardware setup, 10-1
On-chip RAM, 3-2, 3-6
bit addressable, 3-6, 4-13
bit addressable in MCS 51 architecture, 4-13
idle mode, 11-4
MCS 51 architecture, 3-2, 3-4
reset, 10-6
Opcodes
for binary and source modes, 4-1
map, A-4
See also Binary and source modes
ORL instruction, 4-11, 4-12
for bits, A-23
ORL/ instruction, 4-12
for bits, A-23
Oscillator, 2-5
at startup, 10-7
during reset, 10-5
ONCE mode, 11-7
on-chip, 10-3
powerdown mode, 11-5, 11-6
programming and verifying on-chip
OTPROM/ROM, 13-3
OTPROM (on-chip), 13-1
programming algorithm, 13-4
programming and verifying, 13-1-13-12
programming waveforms, 13-4
timing for programming and verifying, 13-11
verify algorithm, 13-5
See also On-chip code memory, Configuration
bytes, Lock bits, Encryption array,
Signature bytes
OV bit, 4-19, 4-20
Overflow See OV bit

INDEX

P
P bit, 4-19
PO, 3-13, 3-14, 6-2, C-17
P1, 3-13, 3-14,6-2, C-18
P2, 3-13, 3-14, 6-2, C-19
P3, 3-13, 3-14, 6-2, C-20
PAGE bit, 12-3
Page mode, 2-4
address access time, 12-11

bus cycles See External bus cycles, page mode

configuring for, 12-3,13-6
design example, 12-21, 12-22
port pin status, 12-16
Parity See P bit
PCA
idle mode, 11-4
SFRs, 3-15
PCON, 3-13, 3-14,9-7,11-1, 11-2, 11-5, C-21
idle mode, 11-4
powerdown mode, 11-6
reset, 10-5
Peripheral cycle, 2-5
Phase 1 and phase 2, 2-5
Pin conditions, 11-3
Pins
unused inputs, 10-2
Pipeline, 2-4
POP instruction, 3-11, 4-12, A-22
Port 0, 6-2, B-3
and top of on-chip code memory, 13-2
pullups, 6-7
structure, 6-3
See also External bus
Port 1, 6-2, B-3
structure, 6-3
Port 2, 6-2, B-3
and top of on-chip code memory, 13-2
structure, 6-4
See also External bus
Port 3, 6-2,B-3
structure, 6-3
Ports
at power on, 10-7
exiting idle mode, 11-5
exiting powerdown mode, 11-5
extended execution times, 4-1, A-1, A-11
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programming and verifying on-chip
OTPROM/ROM, 13-3, 13-4, 13-5
Power supply, 10-2
Powerdown mode, 2-3, 11-1, 11-5-11-6
accidental entry, 11-4
entering, 11-6
exiting, 10-5, 11-6
external bus, 12-7
PROG#, 13-1,B-3 .
Program status word See PSW, PSW1
PSEN#, 13-6, B-3
caution, 10-6
description, 12-2
idle mode, 11-4
programming on-chip OTPROM, 13-3
regions for strobe, 12-3
PSW, A-26
PSW, PSW1, 3-13, 3-14, 4-174-18, C-22, C-23
conditional jumps, 4-15
effects of instructions on flags, 4-18
PSW1, A-26
Pullups, 6-7
ports 1,2, 3, 6-5
Pulse width measurements, 7-10
PUSH instruction, 3-11, 4-12, A-22

Q

Quick-pulse algorithm, 13-1

R
RCAP2H, RCAP2L, 3-13, 3-15,7-2,9-12, C-24
RD#, 6-1, 13-6, B-3
as 17th address bit, 12-3, 12-4
described, 12-2
regions for strobe, 12-3
RD1:0 configuration bits, 12-3-12-6
table, 12-3
Read-modify-write instructions, 6-2, 6-5
Register addressing, 4-5, 4-8
Register banks, 3-2, 3-8
accessing in memory address space, 4-6
implementation, 3-8, 3-9
MCS 51 architecture, 3-2
selection bits (RS1:0), 4-19, 4-20
Register file, 2-4, 3-1, 3-5, 3-8-3-12
address space, 3-2
addressing locations in, 3-9

Index-6
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and reset, 10-6
MCS 51 architecture, 3-4
naming registers, 3-8
register types, 3-8
Registers See Register addressing, Register banks,
Register file
rel, A-3
Relative addressing, 4-6, 4-14
Reset, 10-5-10-7
cold start, 10-5, 11-1
entering ONCE mode, 11-7
exiting idle mode, 11-5
exiting powerdown mode, 11-6
externally initiated, 10-5
need for, 10-6
operation, 10-6
power on, 10-6
power-on setup, 10-1
timing sequence, 10-6, 10-7
warm start, 10-5, 11-1
RET instruction, 4-17, A-24
RETI instruction, 5-1, 5-14, 5-15, A-24
Return instructions, 4-16
RL instruction, A-17
RLC instruction, A-17
ROM (on-chip), 13-1
verifying, 13-1-13-12
See also On-chip code memory, Configuration
bytes, Lock bits, Encryption array,
Signature bytes
Rotate instructions, 4-11
RR instruction, A-17
RRC instruction, A-17
RST, 10-5, 10-6, B-3
exiting idle mode, 11-5
exiting powerdown mode, 11-6
ONCE mode, 11-7
power-on reset, 10-6
programming and verifying on-chip
OTPROM/ROM, 13-3
RXD, 6-1,9-1,B-3
mode 0, 9-4
modes 1, 2, 3, 9-6

S
SADDR, 3-13, 3-15, 9-2, 9-8, 9-9, 9-10, C-25
SADEN, 3-13, 3-15, 9-2, 9-8, 9-9, 9-10, C-26
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Sampled input, B-2

SBUF, 3-13, 3-15,9-2,9-4,9-5, C-27

SCON, 3-13, 3-15,9-2,9-4, 9-5, 9-6, 9-7, C-28,

C-29

bit definitions, 9-3
interrupts, 5-5

Security, 13-1

Serial I/O port, 9-1-9-14
asynchronous modes, 9-6
automatic address recognition, 9-7-9-10
baud rate generator, 7-9
baud rate, mode 0, 9-4, 9-10
baud rate, modes 1, 2, 3, 9-6, 9-10-9-14
broadcast address, 9-9
data frame, modes 1, 2, 3, 9-6
framing bit error detection, 9-7
full-duplex, 9-6
given address, 9-8
half-duplex, 9-4
interrupts, 9-1,9-8
mode 0, 9-4-9-5
modes 1, 2, 3, 9-6
multiprocessor communication, 9-7
SFRs, 3-15,9-1,9-2
synchronous mode, 9-4
timer 1 baud rate, 9-11,9-12
timer 2 baud rate, 9-12-9-14
timing, mode 0, 9-5

SETB instruction, 4-12, A-23

SFRs
accessing, 3-12
address space, 3-1,3-2
idle mode, 11-4
map, 3-13
MCS 51 architecture, 3-4
powerdown mode, 11-5
reset initialization, 10-6
reset values, 3-12
tables of, 3-14
unimplemented, 3-2, 3-12

Shift instruction, 4-11

Signal descriptions, 8-4

Signature bytes
setup for verifying, 13-2-13-3
values, 13-10
verifying, 13-1, 13-10

SIMP instruction, 4-16, A-24

SLL instruction, 4-11, A-17

INDEX

Software

application notes, 1-6
Source register, 4-5
SP, 3-11, 3-12, 3-13, 3-14, C-30
Special function registers See SFRs
SPH, 3-11, 3-12, 3-13, 3-14, C-31
SPX, 3-10, 3-11, 3-12
SRA instruction, 4-11, A-18
SRL instruction, 4-11, A-18
State time, 2-5
SUB instruction, 4-10, A-14
SUBB instruction, 4-10, A-14
SWAP instruction, 4-11, A-18

T
T1:0, 6-1,7-3,B-3
T2, 6-1,7-3,B-4
T2CON, 3-13, 3-15, 7-1, 7-2, 7-10, 9-13, C-32
baud rate generator, 9-12
bit definitions, 7-17
T2EX, 6-1,7-3,7-11,9-12, B-4
T2MOD, 3-13, 3-15, 7-1, 7-2, 7-10, C-33
bit definitions, 7-16
Target address, 4-6
TCON, 3-13, 3-15, 7-1, 7-2, 7-4, 7-6, C-34
bit definitions, 7-8
interrupts, 5-1
TH2, TL2
baud rate generator, 9-14
baud-rate generator, 9-12
THx, TLx (x=0, 1, 2), 3-13, 3-15, 7-2, C-36,
C-37,C-38
Timer 0, 7-4-7-8
applications, 7-9
auto-reload, 7-5
counter/timer select, 7-7
interrupt, 7-4,7-8
mode 0, 7-4
mode 1, 7-5
mode 2, 7-5
mode 3, 7-5
mode selection, 7-7
pulse width measurements, 7-10
Timer 1
applications, 7-9
auto-reload, 7-9
baud rate generator, 7-6

Index-7
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counter/timer select, 7-7 Vpp, 13-1,B-4
interrupt, 7-6, 7-8 requirements, 13-3
mode 0, 7-6 Vss, B-4
mode 1, 7-9 Vssl, 10-2, B-4
mode 2, 7-9 Vss2, 10-2,B-4
mode 3, 7-9 :
mode selection, 7-7 w
pulse width measurements, 7-10 Wait state, 12-6
Timer 2, 7-10-7-17 configuring for, 13-6
auto-reload mode, 7-12 extended ALE, 12-6
baud rate generator, 7-14 PSEN#/RD#/WR#, 4-1, 12-6, A-1, A-11
capture mode, 7-11 Watchdog timer
clock out mode, 7-14 SFRs, 3-15
interrupt, 7-11 Watchdog timer (hardware), 7-16-7-18
mode select, 7-15 enabling, disabling, 7-16
Timer/counters, 7-1-7-17 in idle mode, 7-18
external input sampling, 7-3 in powerdown mode, 7-18
internal clock, 7-3 overflow, 7-16
interrupts, 7-1 WDT
overview, 7-1-7-3 initiating reset, 10-5
registers, 7-2 WDTRST, 3-13, 3-15, 7-2, 7-16, C-39
SFRs, 3-15 WR#, 6-1, B-4
signal descriptions, 7-3 described, 12-2
See also Timer 0, Timer 1, Timer 2 WSA, WSB bits, 12-6
Timing
symbol definitions, 12-28 X

TMOD, 3-13, 3-15, 7-1, 7-2, 7-4, 7-6,9-11, C-35
bit definitions, 7-7
Tosc, 2-5,2-6
See also Oscillator
TRAP instruction, 4-17, 5-3, 5-5, 5-15, A-25
TXD, 6-1,9-1,B-4
mode 0, 9-4
modes 1, 2, 3, 9-6

XALE bit, 12-6

XCH instruction, 4-12, A-22

XCHD instruction, 4-12, A-22

XRL instruction, 4-11

XTAL1, B-4

XTALI1, XTAL2, 10-3
capacitance loading, 10-4

XTAL2, B-4
ILJ,ART 91 Z
UD flag, 4-19 Z flag, 4-11, 4-20
')
Vee, 10-2, B-4

during reset, 10-5
power off flag, 11-1
powerdown mode, 11-5, 11-6
power-on reset, 10-7
See also Power supply

Vee2, 10-2,B-4
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NORTH AMERICAN SALES OFFICES

ALABAMA

Intel Corp.

4024 Medford Drive
Huntsville 35802
Tel: (205) 883-6137
FAX: (205) 883-4826

ARIZONA

tintel C

410 Norlh 44th Street
Suite 500

Phoenix 85008

Tel: (800) 628-8686
FAX: (602) 244-0446

CALIFORNIA

Intel Corp.

3550 Watt Avenue
Suite 140
Sacramento 95821
Tel: (800) 628-8686
FAX: (916) 488-1473

tintel Corp.

9655 Granite Ridge Drive
3rd Floor, Suite 4A

San Diego 92123

Tel: (800) 628-8686

FAX: (619) 467-2460

Intel Corp.

1781 Fox Drive

San Jose 95131
Tel: (800) 628-8686
FAX: (408) 441-9540

*tIntel C

1551 N Tusun Avenue
Suite 81
Santa Ana 92701
Tel: (800) 628-8686
TWX: 910-595-1114
FAX: (714) 541-9157

tlntel Corp.
15260 Ventura Boulevard
Sulte 360

erman Oaks 91403
Tel (800) 628-8686
FAX: (818) 995-6624

intel Corp.

120 Bimingham
Suite 110-1 14

Cardiff, CA 92007
Tel: (sss) 942-8938
FAX: (619) 942-2849
Intel Corp.

300 N. Continental Blvd.
Suite 100

El Segundo 90245
Tel: (800) 628-8686
FAX: (310) 640-7133

COLORADO

*tintel Corp.
600 S. Cherry St.

Denver 80222

Tel: (800) 628-8686
TWX: 910-931-2289

FAX: (303) 322-8670

CONNECTICUT

tintel Corp.
40 Old Fndgebury Road
Suite 3
Danbul
Tel: (600) s
FAX: (203) 773-2163

FLORIDA

tintel Corp.

800 Fairway Drive
Suite 160

Deerfield Beach 33441
Tel: (800) 628-8686
FAX: (305) 421-244

1Sales and Service Office
*Field Application Location

Intel Corp.
2250 Lucien Way
Sulte 100 Floom 8

Tol (800) 62

686
FAX: (407) 660 1283GEORGIA

tintel Corp.

20 Technology Park
Suite 150

Norcross 30092

Tel: (800) 628-8686
FAX: (404) 448-0875

IDAHO

Intel Corp.
9456 Fairview Ave., Suite C
Boise 83704

Tel: (800) 628-8686

FAX: (208) 377-1052

ILLINOIS

*fintel Corp.

Woodfield Corp. Center Il
300 N. Martingale Road
Suite 400

Schaumburg 60173

Tell: (800) 626-8686
FAX: (708) 605-9762

INDIANA

tintel Corp.

8041 Knue Road
Indianapolis 46250
Tel: (800) 628-8686
FAX: (317) 577-4939

MARYLAND

*tIntel Comp.

10010 Junction Dr.

Suite 200

Annapolis Junction 20701
Tel: (800) 628-8686

FAX: (301) 206-3678

MASSACHUSETTS

*tIntel Corp.

Westford Corp Center

5 Carlisle Road

2nd Floor |

Westford 01886

Tel: (BOO 628 8686
X: 710-343-6333

FAX: (508) 692-7867

MICHIGAN

tintel Comp.

7071 Orchard Lake Road
Suite 100

West Bloomfield 48322
Tel: (800) 628-8686
FAX: (313) 851-8770

Intel Corp.

32255 N. Western Hwy.
Suite 212, Tri Atria
Farmlngton Hills 43334
Tel: (800) 628-8686

FAX: (313) 851-8770

MINNESOTA

tintel Comp.

3500 W. 80th St.
Suite 360
Bloomington 55431
Tel: (800) 628-8686
TWX: 910-576-2867
FAX: (612) 831-6497

NEW JERSEY

Intel Corp.

2001 Route 46, Suite 310
Parsippany 07054-1315
Tel: (800) 628-8686

FAX: (201) 402-4893

*tintel Corp.
Lincroft Center
125 Half Mile Road
Fled (B‘a)nk 07701

28-8686
FAX (908) 747-0983NEW YORK

*intel Corp.

850 Cross Keys Office Park
Fairport 14450

Tel: (800) 628-8686

TWX: 510-253-7391

FAX: (716) 223-2661

*#Intel Corp.

2950 Express Dr. South
Suite 130

Islandia 11722

Tel: (800) 628-8686
TWX: 510-227-6236
FAX: (516) 348-7939

OHIO

*Intel Corp.
56 leord Dr., Suite 205

dson 44236
Tel: (800) 628-8686
FAX: (216) 528-1026
*tintel Cormp.
3401 Palk Center Drive
Suite 220
Dayton 45414
Tel: (800) 628-8686
TWX: 810-450-2528
FAX: (513) 890-8658

OKLAHOMA

intel Comp.

6801 N. Broadway
Suite 115

Oklahoma City 73162
Tel: (800) 628-8686
FAX: (405) 840-9819

OREGON

tintel Comp.

15254 NW Greenbner Pkwy.
Building B

Beavenon

Tel: (800) ez&aeas

TWX: 910-467-8741

FAX: (503) 645-8181

PENNSYLVANIA

*tIntel Corp.
25 Havvest Drive

Suite
Blte Bell 19422

Tel: (800) 626-8686
FAX: (215) 641-0785

SOUTH CAROLINA

7403 Parklane Rd., Suite 4
Columbia 29223

Tel: (800) 628-8686

FAX: (803) 788-7999

Intel Corp.
100 Executive Center Drive
Suite 109 B183

29615
Tel: (soo) 628-8686
FAX: (803) 297-3401

TEXAS
tlntel Corp.

8911 N. Capital of Texas Hwy.

Suite 4230

Austin 7!

Tel: (BOO) 628 8686
FAX: (512) 338-9335

*tintel Corp.
5000 Quorum Drive
Suite 750

Dallas 75240
Tel: (80 ) 628-8686
FAX: (214) 233-1325

*tIntel Cormp.

20515 SH 249

Suite 401

Houston 77070

Tel: (800) 628-8686
TWX: 910-881-2490
FAX: (713) 376-2891

UTAH

tlntel C

428 Easl 6400 South

Suite 135

Murray 84107

Tel: (800) 628-8686
FAX: (801) 268-1457

Intel Comp.

2581 E. Cobblestone Way
Sandy, UT 84093

Tel: (801) 942-8820

FAX: (801) 942-8815

WASHINGTON

fintel C

2800 156!h Avenue SE
Suite 105

Bellevue 98007

Tel: (800) 628-8686
FAX: (206) 746-4495

WISCONSIN
Intel C

Brookfield 53005
Tel: (800) 628-8686
FAX: (414) 789-2746

CANADA

BRITISH COLUMBIA

Intel Semiconductor of
Canada, Ltd.

999 Canada Place
Suite 404, #11
Vancouver V6C 3E2
Tel: (800) 628-8686
FAX: (604) 844-2813

ONTARIO

tintel Semiconductor of
Canada, Ltd.

2650 Queensview Drive
Sults 250

Otta B 8HE6
Tel: (800) 628-8686
FAX: (613) 820-5936

tIntel Semiconductor of
Canada, Ltd.

190 Attwell Drive

Suite 500

Rexdale MW 6H8

Tel: (800) 628-8686
FAX: (416) 675-2438

QUEBEC

tIntel Semiconductor of
Canada, Ltd.

1 Rue Holiday, Tour West
Suite 320

Pt. Claire HOR 5N3

Tel: (800) 628-8686

FAX: 514-694-0064
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NORTH AMERICAN DISTRIBUTORS

ALABAMA

Arrow/Schweber Electronics
26707 W. Ag‘ogor; Road

Arro El
1015 Henderson Road
Huntsville 35806

Tel: (205) 837-6955
FAX: (205) 721-1581

Hamilton Hallmark

4890 University Square, #1
Huntsville 35816

Tel: (205) 837-8700

FAX: (205) 830-2565

MTI Systems

4950 Corporate Dr., #120
Huntsville 35805

Tel: (205) 830-9526

FAX: (205) 830-9557

Pioneer Technologies Group
4835 University Square, #5
Huntsville 35805

Tel: (205) 837-9300

FAX: (205) 837-9358

Wyle Laboratories

7800 Govemers Drive
Tower Building, 2nd Floor
Huntsville 35806

Tel: (205) 830-1119

FAX: (205) 830-1520

ARIZONA

Anthem Electronics
1555W 10th Place, #101
Tempe 85281
Tel: (602) 966-6600

FAX: (602) 966-4826
Arrow/Schweber Electronics
2415 W. Erie D
Tempe 85282
Tel: (602) 431-0030
FAX: (602) 252-9109

Avnet Computer

1626 S. Edwards Drive
Tempe 85281

Tel: (602) 902-4600
FAX: (602) 902-4640

Hamilton Hallmark
4637 S. 36th Place
Phoenix 85040

Tel: (602) 437-1200
FAX: (602) 437-2348

Wyle Laboratories

4141 E. Fiaymond

Phoenix 85040

Tel (602) 437-2088
FAX: (602) 437-2124

CALIFORNIA

Anthem Electronics
9131 Oakdale Avenue
Chatsworth 91311
Tel: (818) 775-1333
FAX: (818) 775-1302
Anthem Electronics

1 Oldfield Drive

lrvine 92718-2809
Tel: (714) 768-4444
FAX: (714) 768-6456

Anthem Electronics
580 Menlo Drive, #8
Rocklin 95677

Tel: (916) 624-9744
FAX: (916) 624-9750

Anthem Electronics
9369 Carroll Park Drive
San Diego 92121

Tel: (619) 453-9005
FAX: (619) 546-7893

Anthem Electronics

FAX: (408) 441-4504

Arrow Commercial Systems Group
1502 Crocker Avenue

Hayward 94544

Tel: (510) 489-5371

FAX: (510) 489-9393

Arrow Commercial Systems Group
14242 Chambers Road

Tustin 92680

Tel: (714) 544-0200

FAX: (714) 731-8438

20707
Tel: (818) 880-9686
FAX: (818) 772-8930

Arrow/Schweber Electronics
48834. Kato Rd., Suite 103
Fremont 94538

Tel: (510) 490-9477
Arrow/Schweber Electronics
6 Cromwell, #100

Irvine 92718

Tel: (714) 838-5422

FAX: (714) 454-4206

Arrow/Schweber Electronics
9511 Ridgehaven Court
San Diego 92123

Tel: (619) 565-4800

FAX: (619) 279-8062

Arrow/Schweber Electronics

Tel: (408) 441-9700
FAX: (408) 453-4810

Avnet Computer
3170 Pullman Street
Costa Mesa 92626
Tel: (714) 641-4150
FAX: (714) 641-4170

Avnet Computer

13618 West 190th Street
Gardena 90248

Tel: (800) 426-7999
FAX: (310) 327-5389

Avnet Computer

755 Sunrise Blvd, #150
Roseville 95661

Tel: (916) 781-2521
FAX: (916) 781-3819

Avnet Computer

1175 Bordeaux Drive, #A
Sunnyvale 94089

Tel: (408) 743-3454
FAX: (408) 743-3348

Avnet Computer
21150 Califa Street
Woodland Hills 91376
Tel: (818) 594-8301
FAX: (818) 594-8333

Hamilton Halimark
3170 Pullman Street
Costa Mesa 92626
Tel: (714) 641-4100
FAX: (714) 641-4122

Hamilton Hallmark

1175 Bordeaux Drive, #A
Sunnyvale 94089

Tel: (408) 435-3500
FAX: (408) 745-6679

Hamilton Hallmark
4545 Vlewndga Avenue
San Diego 9212:

Tel: (61 9) 571-7540
FAX: (619) 277-6136

Hamilton Hallmark
21150 Califa St.
Woodland Hills 91367
Tel: (818) 594-0404
FAX: (818) 594-8234

Hamilton Halimark
580 Menlo Drive, #2
Rocklin 95762

Tel: (9|6) 624-9781
FAX: (916) 961-0922

Pioneer Standard

5850 Canoga Bivd., #400
Woodiand Hills 91367
Tel: (818) 883-4640

Pioneer Standard

217 Technology Dr.;#110
Irvine 92718

Tel: (714) 753-5090

Pioneer Technologies Group
134 Rio Robles

San Jose 95134
Tel: (408) 954-9100
FAX: (408) 954-9113

Wyle Laboratories
15370 Barranca Pkwy
Irvine 92713

Tel: (714) 753-9953
FAX: (714) 753-9877

Wyle Laboratories

15360 Barranca Pkwy, #200
e 92713

Tel (714) 753-9953

FAX: (714) 753-9877

Wyle Laboratories

2951 Sunrise Blvd., #175

Rancho Cordova 95742

Tel: (916) 638-5282

FAX: (916) 638-1491

Wyle Laboratories

9525 Chesapeake Drive
San Diego 92123

Tel: (619) 565-9171
FAX: (619) 365-0512

Wyle Laboratories
3000 Bowers Avenue
Santa Clara 95051
Tel: (408) 727-2500
FAX: (408) 727-5896

Wyle Laboratories
17872 Cowan Avenue
Irvine 92714

Tel: (714) 863-9953
FAX: (714) 263-0473

Wyle Laboratories

26010 Mureau Road, #150
Calabasas 91302

Tel: (818) 880-9000

FAX: (818) 880-5510

Zeus Arrow Electronics
6276 San Ignacio Ave., #E
San Jose 95119

Tel: (408) 629-4789

FAX: (408) 629-4792

Zeus Arrow Electronics
22700 Savi Ranch Pkwy.
Yorba Linda 92687-4613
Tel: (714) 921-9000
FAX: (714) 921-2715

COLORADO

Anthem Electronics

373 Inverness Drive South
Englewood 80112

Tel: (303) 790-4500

FAX: (303) 790-4532

Arrow/Schweber Electronics
61 Inverness Dr. East, #105
Englewood 80112
Tel (303) 799—0258

AX: (303) 373-5760

Hamilton Hallmark

12503 E. Euclid Drive, #20
Englewood 80111

Tel: (303) 790-1662

FAX: (303) 790-4991

Hamilton Hallmark

710 Wooten Road, #102
Colorado Springs 80915
Tel: (719) 637-0055
FAX: (719) 637-0088

Wyle Laboratories
451 E. 124th Avenue
Thomton 80241

Tel: (303) 457-9953
FAX: (303) 457-4831

CONNECTICUT

Anthem Electronics

61 Mattatuck Heights Road
Waterburg 06705

Tel: (203) 675-1575

FAX: (203) 696-3232

Arrow/Schweber Electronics
12 Beaumont Road
Wa!llngfovd 06492
Tel: (203) 265-7741

FAX: (203) 265-7988

Avnet Computer

55 Federal Road, #103
Danbury 06810

Tel: (203) 797-2880
FAX: (203) 791-9050

Hamilton Hallmark
25 Commerce Court, Unit 6
Cheshire 06410
Tel: (203) 271-2844
FAX: (203) 272-1704

Pioneer Standard

2 Trap Falls Road
Shelton 06484

Tel: (203) 929-5600

FLORIDA

Anthem Electronics

598 South Northlake Blvd., #1024
Altamonte Springs 32701

Tel: (813) 797-2900

FAX: (813) 796-4880

Arrow/Schweber Electronics
400 Fairway Drive, #102
Deerfield Beach 33441

Tel: (305) 429-8200

FAX: (305) 428-3991

Arrow/Schweber Electronics
37 Skyline Drive, #3101
Lake Mary 32746

Tel: (407) 333-9300

FAX: (407) 333-9320

Avnet Computer

3343 W. Commercial Boulevard
Bldg. C/D, Suite 107

Ft. Lauderdale 33309

Tel: (305) 730-9110

FAX: (305) 730-0368

Avnet Computer

3247 Tech Drive North
St. Petersburg 33716
Tel: (813) 573-5524
FAX: (813) 572-4324

Hamilton Hallmark

3350 N.W. 53rd St,, #105-107
Ft. Lauderdale 33309

Tel: (305) 484-5482

FAX: (305) 484-2995

Hamilton/Avnet
10491 72nd St. North
Largo 34647

Tel: (813) 541-7440
FAX: (813) 544-4394

Hamilton/Avnet

7079 University Boulevard
Winter Park 32792

Tel: (407) 657-3300

FAX: (407) 678-4414

Pioneer Technologies Group
337 Northlake Blvd., #1000
Alta Monte Springs 32701
Tel: (407) 834-9090

FAX: (407) 834-0865

Pioneer Technologies Group
674 S. Military Trail
Deerfield Beach 33442
Tel (30 ) 428-8877

AX: (305) 481-2950

Pioneer Technologies Group
8031-2 Phillips Highway
Jacksonville 32256

Tel: (904) 730-0065

Wyle Laboratories
1000 112 Circle North
St. Petersburg 33716
Tel: (813) 530-3400
FAX: (813) 579-1518

GEORGIA

Arrow Commercial Systems Group
3400 C. Corporate Way
Duluth 30136
Tel: (404) 623 8825
FAX: (404) 623-8802

Arrow/Schweber Electronics
4250 E. Rivergreen Pkwy., #E

Tel: (404) 497-1300
FAX: (404) 476-1493

Avnet Computer

3425 Corporate Way, #G
Duluth 30136

Tel: (404) 623-5452
FAX: (404) 476-0125
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Hamilton Hallmark

3425 Corporate Way, #G & #A
Duluth 30136

Tel: (404) 623-5475

FAX: (404) 623-5490

Pioneer Technologies Group
4250 C. Rivergreen Parkway
Duluth 30136

Tel: (404) 623-1003

FAX: (404) 623-0665

Wyle Laboratories

6025 The Comers Pkwy., #111
Norcross 30092

Tel: (404) 441-9045

FAX: (404) 441-9086

ILLINOIS

Anthem Electronics

1300 Remington Road, Suite A
Schaumberg 60173

Tel: (708) 884-0200

FAX: (708) 885-0480

Arrow/Schweber Electronics
1140 W. Thomdale Rd.
Itasca 60143

Tel: (708) 250-0500

Avnet Computer

1124 Thomdale Avenue
Bensenville 60106

Tel: (708) 860-8572
FAX: (708) 773-7976

Hamilton/Avnet

1130 Thomdale Avenue
Bensenville 60106

Tel: (708) 860-7780
FAX: (708) 860-8530

MTI Systems

1140 W. Thomdale Avenue
Itasca 60143

Tel: (708) 250-8222

FAX: (708) 250-8275

Pioneer-Standard

2171 Executive Dr., #200
Addison 60101

Tel: (708) 495-9680

FAX: (708) 495-9831

Wyle Laboratories

2055 Army Trail Road, #140
Addison 60101

Tel: (800) 853-9953

FAX: (708) 620-1610

INDIANA
Arrow/Schweber Electronics

7108 Lakeview Parkway West Dr.

Indianapolis 46268
Tel: (317) 299-2071
FAX: (317) 299-2379

Avnet Computer

485 Gradle Drive
Carmel 46032

Tel: (317) 575-8029
FAX: (317) 844-4964
Hamilton Hallmark
4275 W. 96th
Indianapolis 46268

Tel: (317) 872-8875
FAX: (317) 876-7165

Pioneer-Standard

9350 Priority Way West Dr.

|nd|anapolis 46250
Tel:'(317) 673-0880

FAX: (317) 573-0979

KANSAS

Arrow/Schweber Electronics
9801 Legler Road

Lenexa 66219

Tel: (913) 541-9542

FAX: (913) 541-0328

Avnet Computer
15313 W. 95th Street
Lenexa 61219

Tel: (913) 541-7989
FAX: (913) 541-7904

Hamilton Hallmark
10809 Lakeview Avenue
Lenexa 66215

Tel: (913) 888-4747
FAX: (913) 888-0523

KENTUCKY

Hamilton Hallmark
Mercer Rd., #G
Lexington 40511
Tel: (800) 235-6039
FAX: (606) 288-4936

MARYLAND

Anthem Electronics

7168A Columbia Gateway Drive
Columbia 21046

Tel: (410) 995-6640

FAX: (410) 290-9862

Arrow Commercial Systems Group
200 Perry Parkway

Gaithersburg 20877

Tel: (301) 670-1600

FAX: (301) 670-0188

Arrow/Schweber Electronics
9800J Patuxent Woods Dr.
Columbia 21046

Tel: (301) 596-7800

FAX: (301) 995-6201

Avnet Computer

7172 Columbia Gateway Dr., #G
Columbia 21045

Tel: (301) 995-3571

FAX: (301) 995-3515

Hamilton Hallmark

10240 Old Columbia Road
Columbia 21046

Tel: (410) 988-9800

FAX: (410) 381-2036

North Atlantic Industries
Systems Division

7125 River Wood Dr.
Columbia 21046

Tel: (301) 312-5800
FAX: (301) 312-5850

Pioneer Technologies Group
9100 Gaither Road
Gaithersburg 20877

Tel: (301) 921-0660

FAX: (301) 670-6746

Wyle Laboratories

7180 Columbia Gateway Dr.
Columbia 21046

Tel: (410) 312-4844

FAX: (410) 312-4953

MASSACHUSETTS

Anthem Electronics
36 Jonspin Road
Wilmington 01887
Tel: (508) 657-5170
FAX: (508) 657-6008

Arrow/Schweber Electronics
25 Upton Drive

Wilmington 01887

Tel: (508) 658-0900

FAX: (508) 694-1754

Avnet Computer

10 D Centennial Drive
Peabody 01960

Tel: (508) 532-9886
FAX: (508) 532-9660

Hamilton Hallmark
0D Centennlal Drive

Peabo

Tel: (508) 531~7430

FAX: (508) 532-9802

Pioneer Standard

44 Hartwell Avenue
Lexington 02173
Tel: (617) 861-9200
FAX: (617) 863-1547

Wyle Laboratories

15 Third Avenue
Burington 01803
Tel: (617) 272-7300
FAX: (617) 272-6809

MICHIGAN

Avnet Computer

2876 28th Street, SW., #5
Grandville 49418

Tel: (616) 531-9607

FAX: (616) 531-0059

Avnet Computer

41650 Garden Brook Rd. #120
Novi 48375

Tel: (313) 347-1820

FAX: (313) 347-4067

Hamilton Hallmark

44191 Plymouth Oaks Blvd., #1300

Plymouth 48170
Tel: (313) 416-5800
FAX: (313) 416-5811

Hamilton Hallmark

41650 Garden Brook Rd., #100
Novi 49418

Tel: (313) 347-4271

FAX: (313) 347-4021

Pioneer Standard
4505 Broadmoor S.E.
Grand Rapids 49512
Tel: (616) 698-1800
FAX: (616) 698-1831

Pioneer Standard
13485 Stamford Ct.
Livonia 48150

Tel: (313) 525-1800
FAX: (313) 427-3720

MINNESOTA

Anthem Electronics

7646 Golden Triangle Drive
Eden Prairie 55344

Tel: (612) 944-5454

FAX: (612) 944-3045

Arrow/Schweber Electronics
10100 Viking Drive, #100
Eden Prairie 55344

Tel: (612) 941-5280

FAX: (612) 942-7803

Avnet Computer

10000 West 76th Street
Eden Prairie 55344
Tel: (612) 829-0025
FAX: (612) 944-2781

Hamilton Hallmark

9401 James Ave. South, #140
Bloomington 55431

Tel: (612) 881-2600

FAX: (612) 881-9461

Pioneer Standard”

7625 Golden Triangle Dr., #G
Eden Prairie 55344

Tel: (612) 944-3355

FAX: (612) 944-3794

Wyle Laboratories
1325 E. 79th Street, #1
Bloomington 55425
Tel: (612) 853-2280
FAX: (612) 853-2298

MISSOURI

Arrow/Schweber Electronics
2380 Schuelz Road

St. Louis 63141

Tel: (314) 567-6888

FAX: (314) 567-1164

Avnet Computer

741 Goddard Avenue
Chesterfield 63005
Tel: (314) 537-2725
FAX: (314) 537-4248

Hamilton Hallmark
3783 Rider Trail South
Earth City 6304!

Tel: (314) 291-5350
FAX: (314) 291-0362

NEW HAMPSHIRE

Avnet Computer
Drive

19830 Hsggeny Road
Livonia 481

Tel: (800) 231 7902
FAX: (313) 462-2686

Bedford 03102
Tel: (800) 442-8638
FAX: (603) 624-2402

NEW JERSEY

Anthem Electronics

26 Chapin Road, Unit K
Pine Brook 07058

Tel: (201) 227-7960
FAX: (201) 227-9246

Arrow/Schweber Electronics
4 East Stow Rd., Unit 11
Mariton 08053

Tel: (609) 596-8000

FAX: (609) 596-9632

Arrow/Schweber Electronics
43 Route 46 Eas
Pine Brook
Tel (201) 227 7380
X: (201) 538-4962

Avnel Computer

1-B Keystone Ave., Bldg. 36
Cherry Hill 08003

Tel: (609) 424-8961

FAX: (609) 751-2502

Hamilton Hallmark

1 Keystone Ave., Bldg. 36
Cherry Hill 08003

Tel: (609) 424-0110

FAX: (609) 751-2552

Hamilton Hallmark

10 Lanidex Plaza West
Parsippany 07054

Tel: (201) 515-5300
FAX: (201) 515-1601

MTI Systems

43 Route 46 East
Pinebrook 07058
Tel: (201) 882-8780
FAX: (201) 539-6430

Anthem Electronics

19017 - 120th Ave., N.E. #102
Bothell 9801

Tel: (206) 483-1700

FAX: (206) 486-0571

Avnet Computer

17761 N.E. 78th Place
Redmond 98052

Tel: (206) 867-0160
FAX: (206) 867-0161

Hamilton Hallmark
8630 154th Avenue
Redmond 98052
Tel: (206) 881-6697
FAX: (206) 867-0159

Wyle Laboratories
15385 N.E. 90th Street

Redmond 98052

Tel: (206) 881-1150

FAX: (206) 881-1567

PioneerStandard

Tel: (201) 575-3510
FAX: (201) 575-3454

Wyle Laboratories
20 Chapin g(;gd, Bldg. 10-13

Tel: (201) 882-8358
FAX: (201) 882-9109

NEW MEXICO

Alliance Electronics, Inc.
10510 Research Ave.
Albuquerque 87123

Tel: (505) 292-3360
FAX: (505) 275-6392

Avnet Computer
7801 Academy Rd.
Bldg. 1, Suite 204
Albuquerque 87109
Tel: (505) 828-9725
FAX: (505) 828-0360

NEW YORK
Anthem Electronics

5
Tel: (516) 864-6600
FAX: (516) 483-2244
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Arro El i
3375 Brighton Henrietta
Townline Rd.

Rochester 14623

Tel: (716) 427-0300

FAX: (716) 427-0735

Arrow/Schweber Electronics
20 Oser Avenue
Hauppauge 11788

Tel: (516) 231-1000

FAX: (516) 231-1072

Avnet Computer

933 Motor Parkway
Hauppauge 11788

Tel: (516) 434-7443

FAX: (516) 434-7426

Avnet Computer
2060 Townline Rd.
Rochester 14623
Tel: (716) 272-9110
FAX: (716) 272-9685

Hamilton/Avnet

933 Motor Parkway
Hauppauge 11788
Tel: (516) 434-7470
FAX: (516) 434-7491
Hamdton Hallmark

FAX: (716) 475-91 19

Hamilton Hallmark

3075 Veterans Memorial Hwy.
Ronkonkoma 11779

Tel: (516) 737-0600

FAX: (516) 737-0838

MTI Systems
1 Penn Plaza

1
Tel: (212) 643-1280
FAX: (212) 643-1288

Pioneer Standard
68 Corpome Drive
Binghamton 13904
Tel: (607 722-9300
FAX: (607) 722-9562

Pioneer Standard

60 Crossway Park West
Woodbuty, Long Island 11797
Tel: (516) 921-8700

FAX: (516) 921-2143

Pioneer Standard
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
FAX: (716) 381-5955
Zeus Arrow Electronics
100 Midland Avenue
Port Chester 10573
Tel: (914) 937-7400
FAX: (914) 937-2553

NORTH CAROLINA

Arrow/Schweber Electronics
5240 Greensdairy Road
Raleigh 27604

Tel: (919) 876-3132

FAX: (919) 878-9517

Avnet Computer

2725 Millbrook Rd., #123
Raleigh 27604

Tel: (919) 790-1735

FAX: (919) 872-4972

Hamilton Hallmark
5234 Greensdairy Road
Raleigh 27604

Tel: (919) 878-0819
FAX: (919) 878-8729

Pioneer Technologies Group
2200 Gateway Ctr. Blvd., #215
Morrisville 27560

Tel: (919) 460-1530

FAX: (919) 460-1540

OHIO

Arro El i
6573 Cochran Road, #E
Solon 44139

Tel: (216) 248-3990

FAX: (216) 248-1106

Arrow/Schweber Electronics
8200 Washmgton Village Dr.
Centerville 45458

Tel: (513) 35 5563
FAX: (513) 435-2049

Avnet Computer

7764 Washmgton Village Dr.
Dayton 45459

Tel: (513) 439-6756

FAX: (513) 439-6719

Avnet Computer
30325 Bainbridge Rd., Bldg. A

Solon
Tel: (216) 349-2505
FAX: (216) 349-1894

Hamilton Hallmark

7760 Washington Village Dr.
Dayton 45459

Tel: (513) 439-6735

FAX: (513) 439-6711

Hamilton Hallmark

5821 Harper Road

Solon 44139

Tel: (216) 498-1100

FAX: (216) 248-4803
Hamilton Hallmark

777 Dearbom Park Lane, #L
Worthington 43085

Tel: (614) 888-3313

FAX: (614) 888-0767

MTI Systems

23404 Commerce Park Rd.
Beachwood 44122

Tel: (216) 464 6688

FAX: (216) 464-3564

Pioneer Standard

4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

FAX: (513) 236-8133

Pioneer Standard
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
FAX: (216) 663-1004

OKLAHOMA

Arrow/Schweber Electronics
12101 East 51st Street, #106
Tulsa 74146

Tel: (918) 252-7537

FAX: (918) 254-0917

Hamilton Hallmark

5411 S. 125th E. Ave., #305
Tulsa 74146

Tel: (918) 254-6110

FAX: (918) 254-6207

Pioneer Standard
9717 E. 42nd St,, #105
Tulsa 74146

Tel: (918) 665-7840
FAX: (918) 665-1891

OREGON

AlmacArrow Electronics
1885 N.W. 169th Place
Beaverton 97006

Tel: (503) 629-8090
FAX: (503) 645-0611

Anthem Electronics
9090 S.W. Gemini Drive
Beaverton 97005

Tel: (503) 643-1114
FAX: (503) 626-7928

Avnet Computer

9750 Southwest Nimbus Ave.
Beaverton 97005

Tel: (503) 627-0900

FAX: (503) 526-6242

Hamilton Hallmark
50 Nimbus Ave.

Arrow C i Group
284 Cramev Creek Court

Dubli
Tel: (614) 889-9347
FAX: (614) 889-9680

*Self Certified Small B

Beaverton 97005
Tel: (503) 526-6200
FAX: (503) 641-5939

per Federal Acquisition Regulati

Wyle Laboratories
9640 Sunshine Court
Bldg. G, Suite 200
Beaverton 97005
Tel: (503) 643-7900
FAX: (503) 646-5466

PENNSYLVANIA

Anthem Electronics

355 Business Center Dr.
Horsham 19044

Tel: (215) 443-5150
FAX: (215) 675-9875

Avnet Computer

213 Executive Drive, #320
Mars 16046

Tel: (412) 772-1888

FAX: (412) 772-1890

Pioneer Technologies Group
259 Kappa Drive

Pittsburgh 15238

Tel: (412) 782-2300

FAX: (412) 963-8255

Pioneer Technologies Group
500 Enterprise Road

Keith Valley Business Center
Horsham 19044

Tel: (215) 530-4700

Wyle Laboratories

1 Eves Drive, #111
Mariton 08053-3185
Tel: (609) 985-7953
FAX: (609) 985-8757

TEXAS

Anthem Electronics

651 N. Plano Road, #401
Richardson 75081

Tel: (214) 238-7100
FAX: (214) 238-0237

Arrow/Schweber Electronics
11500 Metric Blvd., #160
Austin 78758

Tel: (512) 835-4180

FAX: (512) 832-5921
Arrow/Schweber Electronics
3220 Commander Drive
Carroliton 75006

Tel: (214) 380-6464

FAX: (214) 248-7208

Arrow/Schweber Electronics
10899 Kinghurst Dr., #100
Houston 77099

Tel: (713) 530-4700

Avnet Computer

4004 Beltiine, Suite 200
Dallas 75244

Tel: (214) 308-8181
FAX: (214) 308-8129

Avnet Computer

1235 North Loop West, #525
Houston 77008

Tel: (713) 867-8572

FAX: (713) 861-6851

Hamilton Halimark
12211 Technology Bivd.
Austin 787

Tel: (512) 258-8848
FAX: (512) 258-3777
Hamilton Hallmark
11420 Page Mill Road
Dallas 75234

Tel: (214) 5653-4300
FAX: (214) 553-4395

Hamilton Hallmark
8000 Westglen
Houston 77063

Tel: (713) 781-6100
FAX: (713) 953-8420

Pioneer Standard
1826D Kramer Lane
Austin 78758

Tel: (512) 835-4000
FAX: (512) 835-9829

Pioneer Standard
13765 Beta Road
Dallas 75244

Tel: (214) 263-3168
FAX: (214) 490-6419

Pioneer Standard

10530 Rockley Road, #100
Houston 7709

Tel: (713) 495-4700

FAX: (713) 495-5642

Wyle Laboratories

1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953

FAX: (214) 644-5064

Wyle Laboratories

4030 West Braker Lane, #330
Austin 78758

Tel: (512) 345-8853

FAX: (512) 345-9330

Wyle Laboratories

11001 South Wilcrest, #100
Houston 77099

Tel: (713) 879-9953

FAX: (713) 879-6540

UTAH

Anthem Electronics
1279 West 2200 South
Salt Lake City 84119
Tel: (801) 973-8555
FAX: (801) 973-8909

Arrow/Schweber Electronics
1946 W. Parkway Blvd.

Salt Lake City 84119

Tel: (801) 973-6913

FAX: (801) 972-0200

Avnet Computer

1100 E. 6600 South, #150
Salt Lake City 84121

Tel: (801) 266-1115

FAX: (801) 266-0362

Hamilton Hallmark

1100 East 6600 South, #120
Salt Lake City 84121

Tel: (801) 266-2022

FAX: (801) 263-0104

Wyle Laboratories

1325 West 2200 South, #E
West Valley 84119

Tel: (801) 974-9953

FAX: (801) 972-2524

WASHINGTON

AlmacArrow Electronics
14360 S.E. Eg;lgate Way

Tel: (206) 643-9992
FAX: (206) 643-9709

WISCONSIN

Arrow/Schweber Electronics
200 N. Patrick, #100
Brookfield 53045

Tel: (414) 792-0150

FAX: (414) 792-0156

Avnet Computer

20875 Crossroads Circle, #400
Waukesha 53186

Tel: (414) 784-8205

FAX: (414) 784-6006

Hamilton Hallmark
2440 S. 179th Street
New Berlin 53146
Tel: (414) 797-7844
FAX: (414) 797-9259

Pioneer Standard

120 Bishop Way #163
Brookfield 53005

Tel: (414) 784-3480
FAX: (414) 780-3613

Wyle Laboratories

W226 N555 Eastmound Drive
Waukesha 63186

Tel: (414) 521-9333

FAX: (414) 521-9498

ALASKA

Avnet Computer
1400 West Bensgn Blvd., #400

FAX: (907) 277-2639
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CANADA
ALBERTA

Avnet Computer

2816 21st Street, Northeast
Calgary T2E 622

Tel: (403) 291-3284

FAX: (403) 250-1591

Zentronics

6815 8th Slveo( N.E., #100
Calg: avg

Tel: (403) 295 ssaa

FAX: (403) 295-8714

BRITISH COLUMBIA

AlmacArrow Electronics
8544 Baxter Place
Bumaby V5A 4T8

Tel: (604) 421-2333
FAX: (604) 421-5030

Hamilton Hallmark
8610 Commerce Court
Bumaby V5A 4N6

Tel: (604) 420-4101
FAX: (604) 420-5376

FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
FAX: (358) 0 544 030

FRANCE

Intel Corporation S.A.R.L.
1, Rue Edison-BP 303
78054 St. Quentin-en-Yvelines

Cedex
Tel: (33) (1) 30 57 70 00
FAX: (33) (1) 30 64 60 32

GERMANY

Intel GmbH

Domacher Strasse 1

85622 Feldkirchen/Muenchen
Tel: (49) 089/90992-0

FAX: (49) 089/9043948

Zentronics

11400 Bridgeport Rd., #108
Richmond V6X 1T2

Tel: (604) 273-5575

FAX: (604) 273-2413

ONTARIO

Avnet Computer
190 Colonade Road

ean
Tel: (613) 727-2000
FAX: (613) 226-1184

Hamilton Halimark
151 Superior Blvd., Unit 1-6
Missi: LsT 2Lt

El, i
1093 Meyerside, Unit 2
Mississauga LST 1M4
Tel: (416) 670-7769
FAX: (416) 670-7781

Arrow/Schweber Electronics
36 Antares Dr., Unit 100
Nepean K2E 7W5

Tel: (613) 226-6903

FAX: (613) 723-2018

Avnet Computer

Canada System Engineering Group
151 Superior Bivd.
Mississua ga LST 2L1

Tel: (416) 795-3835

FAX: (416) 677-5091

ISRAEL

Intel Semiconductor Ltd.
Atidim Industrial Park-Neve Sharet
P.O. Box 43202
Tel-Aviv 6
Tel: (972) oa 493030
FAX: (972) 03 491870

ITALY

Intel Corporation Italia S.p.A.
Milanofiori Palazzo E
20094 Assago

Milano

Tel: (39) (2) 575441
FAX: (39) (2) 3498464
NETHERLANDS

Intel Semiconductor B.V.
Postbus 84130

3009 CC Rotterdam

Tel: (31) 10 407 11 11
FAX: (31) 10 455 4688

Tel: (416) 564-6060
FAX: (416) 564-6033

Hamilton Hallmark

190 Colonade Road
Nepean K2E 7J5

Tel: (613) 226-1700

FAX: (613) 226-1184
Zentronics

5600 Keaton Crescent, #1
Mississauga L5R 355
Tel: (416) 507-2600

FAX: (416) 507-2831

Zentronics

155 Colonnade Rd., South #17
Nepean K2E 7

Tel: (613) 226-8840

FAX: (613) 226-6352

RUSSIA

Intel Technologies, Inc.

Krementshugakaya /7
121357 Moscow

Tel: 007-095-4439785
AX: 007-095-4459420

TLX: 612092 smail su.

SPAIN

Intel Iberia S.A.
Zubaran, 28

28010 Madrid

Tel: (34) (1) 308 2552
FAX: (34) (1) 410 7570

QUEBEC

Arrow/Schweber Electronics
1100 St. Rogls Bivd.

Dorval HOP 2T5

Tel: (514) 421-7411

FAX: (514) 421-7430

Arrow Schweber Electronics
500 Boul. St.-Jean-Baptiste Ave.
Quebec H2E 5R9

Tel: (418) 871-7500

FAX: (418) 871-6816

Avnet Computer

2795 Rue Halpem

St. Laurent H4S 1P8

Tel: (514) 335-2483

FAX: (514) 335-2481

Hamilton Halimark

7575 Transcanada Highway #600
St. Laurent H4T 2V6

Tel: (514) 335-1000

FAX: (514) 335-2481

Zentronics

520 McCaffrey Street
St. Laurent H4T 1N3
Tel: (514) 737-9700
FAX: (514) 737-5212

EUROPEAN SALES OFFICES

SWEDEN

Intel Sweden A.B.
Dalvagen 24

171 36 Solna

Tel: (46) 8 705 5600
FAX: (46) 8 278085

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon, Wiltshire SNS 1RJ
Tel: (44) (0793) 696000

FAX: (44) (0793) 641440

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

1*Elbatex GmbH
Eitnergasse 6
A-1231 Wien

Tel: (43) 1816020
FAX: (43) 181602201

Omnilogic
Himbergerstrasse 10-12
A-1100 Wien

Tel: (43) 1 684 646
FAX: (43) 1 6842 0482

1*Spoerle Elektronik

Heiligen\stadter Str. 52

A-1190 Wi

Tal (43) 1 318 72 700
AX: (43) 13692273

BELGIUM

1*Inelco

Avenue des Croix de Guerre 94
1120 Bruxelles

Tel: (32) 2 244 2811

FAX: (32) 2 216 3304

*Diode

Keiberg 2
Minervastraat, 14/B2
1930 Zaventem

Tel: (32) 2 725 46 60
FAX: (32) 2725 45 11

Ompnilogic
Budasteenweg 2
1830 Machelen

Tel: (32) 2 252 5600
FAX: (32) 2 252 5900

CZECH REPUBLIC

Elbatex

Prechodni 11/1600
CS-140 00 Praha 4-Krc
Tel: (42) 2 692 8087
FAX: (42) 2 471 8203

DENMARK

*Avnet Nortec A/S
Transformervej 17
DK-2730 Herlev

Tel: (45) 4284 2000
FAX: (45) 4492 1552

1*Famell Electronic Services AS
Naverland 29

DK-260t

Tel: (45) 42 451 822

FAX: (45) 42 450 786

ESTONIA
*Avnet Baltronic AS
Akadeemla tee 21F, EE0026

Tallini
Tel: (327) 2527 349
FAX: (372) 2 527 556

FINLAND

1*C2000 Finland
Pyyntitie, 3

P.O. Box 44

SF-02231 Espoo

Tel: (358) 0 887 331
FAX: (358) 0 887 33343

Avnet Nortec OY

F- elsinki
Tel: (358) 0 670277
FAX: (358) 0 692 23 26

Famell Electronic Services O.Y.

skaty
0 sinki

Tel: (ass) o 739100

FAX: (358) 0 712414

FRANCE

*Arrow Electronique
73-79 Rue des Solets
Silic 585

94663 Rungis Cedex
Tel: (33) (1) 4978 4978
FAX: (33) (1) 4978 0596

*Avnet EMG SA
79, Rue Pierre Semard

92322 Chatillon

Tel: (33) (1) 4965 2500
FAX: (33) (1) 4965-2769
1Metrologie

Tour d'Asnieres

4, Avenue Laurent Cely
92606 Asnieres Cedex
Tel: (33) (1) 4080 9000
FAX: (33) (1) 4791 0561
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EUROPEAN DISTRIBUTORS/REPRESENTATIVES
(Cont’'d)

*Tekelec

Cite des Bruyeres

5, Rue Carle Vemet-BP 2
92310 Sevres

Tel: (33) (1) 4623 2425
FAX: (33) (1) 4507 2191

Inelco

114 Avenue Louis Roche
92230 Gennevilliers

Tel: (33) 1 4794 7680
FAX: (33) 1 4792 3468

Omnilogic
11 Flu?ds Cambrai

Bat.
75019 Paris
GERMANY

*Avnet E2000

S!ahlgmbemng 12
81829 nchen

Tel: (49) '89 4511001
FAX: (49) 89 45110129

*Jermyn GmbH

Im Dachsstueck 9
65549 Limburg

Tel: (49) 6431 5080
FAX: (49) 6431 508289

1Metrologie GmbH
Steinerstrasse 15

81369 Munchen

Tel: (49) 89 74 21 70
FAX:(49)89742171 11

*Proelectron Vertiebs GmbH
Max-Planck-Strasse 1-3
63303 Dreieich

Tel: (49) 6103 304343

FAX: (49) 6103 304425

1Raab Karcher Elektronik GmbH
Loetscher Weg 66

4133(4 b;et(em

FAX: (49) 2153 733513

Itesa GmbH

Beethovenstrasse 26

63526 Erensee

Tel: (49) 6183 830

FAX: (49) 6183 8338

GREECE

tErgodata
Aigiroupoleos 2A

176 76 Kalithea

Tel: (30) 195 10 922
FAX: (30) 19593 160

*Pouliadis Associates Comp.
Aristotelous St. 3

Sygrou Av. 150

17671 Athens

Tel: (30) 1 924 2072

FAX: (30) 1924 1066
HUNGARY

Elbatex

Gabor Takacs

Vaci u. 202

H-1138 Budapest
Tel: (36) 1 140 91 94
FAX: (36) 1 120 9478

IRELAND

+*Micro Markoimg
Tan

Egﬁnton Tonaco
Dundm

Por (353) (1) 298 9400
FAX: (353) (1) 298 9828
ISRAEL

1*Eastronics Limited
Rozanis 11

P.0.B. 39300

Tel Ba

I'U

iv 61392
Tel: (972) 36458 777
FAX: (972) 3 6458 666

*Technical Distributor
1VAD

ITALY

Avnet Adelsy SRL
Via Novara, 570
20100 Milano

Tel: (39) 2 824701
FAX: (39) 2 38002988

Famell Electronic Services SpA
Viale Milanofiori E/S
1-20090 Assago

Tel: (39) 2 824701

FAX: (30) 2 824 2631
*Lasi Elettronica

P.1. 00839000155

Viale Fulvio Testi, N.280
20126 Milano

Tel: (39) 2 661431

FAX: (39) 2 66101385

Omnilogic Telcom

Via Lorenteggia 270/A
0152 Milano

Tel: (39) 2 48302640

FAX: (39) 2 48 302010

LATVIA

Avnet Baltronic
Maskavas iela 40/42
New Bldg - Room 513
LV 1018 Riga

Tel: (371) 2211 109
FAX: (371) 2211 109

NETHERLANDS

tDatelcom B.V.
Meidoornkadae 22
3993 AE Houten

Tel: (31) 3403 57222
FAX: (31) 3403 57220

*Diode Components
Coltbaan 17

3439 NG Nieuwegein
Tel: (31) 34029 1234
FAX: (31) 3402 3 59 24

1*Koning en Hartman

Tel: (31) 15 609 906
FAX: (31) 15619 194

NORWAY

*Avnet Nortec A/S
Postboks 123
N-1364 Hvalstad

Tel: (47) 66 84 62 10
FAX: (47) 66 84 6545

tMetrologia

Flua Dr. Faria de Vasconcelos 3A

1900 Lisboa
Tor (351) ) 847 2202

FAX: (351) (1) 847 2197

RUSSIA

Merisel
3 Kroutitskiy Val St.
tion 2

109044 Moscow

Tel: (7) 095 276 4718
FAX: (7) 0895 276 4714
SLOVAKIA

Elbatex

Topol Cianska 23
85105 Bratislava

Tal (42) 7 831 320

FAX: (42) 7 831 320

SOUTH AFRICA

1*EBE

PO Box 912-1222
Silverton 0127
Meyerspark

Pretoria 0184

Tel: (27) 12 803 7680
FAX: (27) 12 803 8294

SPAIN
*Arrow/ATD Electronica

TURKEY

*Empa Electronic

Besyol Mah E-5 Karayolu Yani
Florya is Merkezi

No. 5 34630 Sefakoy

Istanbul

Tel: (90) 212 599 3050

FAX: (90) 212 598 5353

Info

Buyukdere Cad. 107/3
Bangun Han Gayerttepe
80300 Istanbul

Tel: (90) 212 275 0780
FAX: (90) 212 272 3427

UNITED KINGDOM

*Arrow/MMD

3 Bennet Court
Bennet F!oad

Reading RG2 0QX
Tel: (44) 734 313 232
FAX: (44) 734 313 265
*Avnet Access

Jubilee House

Jubilee Road
Letchworth SG6 1QH
Tel: (44) 462 488 500
FAX: (44) 462 488 567

*Bytech Electronics
(t gg Csdavv_v‘oog

Avenue de la
28100 Alconbendas

Madrid

Tel: (34) (1) 661 6551
FAX: (34) (1) 661 6300
tMetrologia

Avda. Industria, 32-2
2810% Alconbendas

Madri
Tel: (34) (1) 661 1142
FAX: (34) (1) 6615755

SWEDEN

tAvnet Computer AB
Box 184

$-123 23 Farsta

Tel: (46) 8 93 05 50
FAX: (46) 894 90 83

*Avnet Nortec AB
Box 1830

8-171 27 Solna
Tel: (46) 8705 1800
FAX: (46) 883 6918

32-2B

Park
Crockford Lane
Basingstoke RG12 1RW
Tel: (44) 256 707 107
FAX: (44) 256 707 162

Bytech On Board

12a Cedarwood
Chineham Business Park
Basingstoke RG24 OWD
Tel: (44) 256 707 386
FAX: (44) 256 707 486

1Bytech Systems

5 The Sterling Centre

Eastern Road

Bracknell F!G 1 2 2F’W
el: (44) 344 55 333

FAX (44) 344 867 270

*Datrontech PLC
42-44 Birchett Road
Aldershot

Hants-GU11 1LU

Tel: (44) 252 313155
FAX: (44) 252 341939

. N *Famell El AB tMetrologie UK Ltd.
1C System NS 32 Metrologie House
Postbox 193 Box 1330 Ox'ord Fload

N-1364
Tel: (47) 638 45 41
FAX: (47) 638 45 310

Famell Electronic Services
Division of Famell Sweden AB
Nedre Kalbakkvei 88

N-1081 Oslo 10

Tel: (47) 22 321270

FAX: (47) 22 325120

POLAND

Elbatex

ul. Hoza 29/31 M6
PL-00-681 Warszawa
Tel: (48) 2 623 0602-09
FAX: (48) 2 623 06 05

PORTUGAL

*Arrow/ATD Electronica LDA
Quinta Grande, Lote 20 - R/C DTO
Alfragide (Norte)

2700 Amadora

Tel: (351) 14714182

FAX: (351) 1 4715886

$-171 26 Solna
Tel: (46) 8 830020
FAX: (46) 8 27 13 03

SWITZERLAND

tElbatex AG
Hardstrasse 72
CH-54 gen
Tel: (41) 56 27 50 00
FAX: (41) 56 27 12 40

tFabrimex AG
Kirchenweg 5
CH-8032 Zurich

Tel: (41) 1386 86 86
FAX: (41)13832379

FIMITEC
Zurichstrasse
CH-8185 Winkel-Ruti
Tel: (41) (1) 8620055
FAX: (41) (1) 8620266

$*Industrade A.G.
Hertistrasse 31
CH-8304 Wallisellen
Tel: (41) (1) 8328111
FAX: (41) (1) 8307550

High ombe HP11 2EE
Tel (44) 494 26 271
FAX: (44) 494 421 860

Omnilogic CPU PLC

Copse Road, St. Johns, Woking
Surrey GU21 15X

Tel: (44) 483 723 411

FAX: (44) 483729 974

UKRAINE

Kvasar Micro
Popudrenko Str. 52
253094 Kiev

Tel: (7) 044 51 68 496
FAX: (7) 044 516 86 08

UNITED ARAB EMIRATES

Graytech
ox 50718

Dubai
Tel: (971) 434 6952
FAX: (971) 434 6546







UNITED STATES
Intel Corporation
2200 Mission College Boulevard
P.O. Box 58119
Santa Clara, CA 95052-8119

JAPAN
Intel Japan K.K.
5-6 Tokodai
Tsukuba-shi
[baraki-ken, 300-26

FRANCE
Intel Corporation S.A.R.L.
I. Rue Edison - BP 303
78054 Saint-Quentin-en-Yvelines. Cedex

"~ UNITED KINGDOM
Intel Corporation (U.K.) Ltd.
Pipers Way
Swindon, SN3 IRJ Wiltshire
England

GERMANY
Intel GmbH
Dornacher Strasse |
D-85622 Feldkirchen bei Muenchen

HONG KONG
Intel Semiconductor Ltd.
32/F, Two Pacific Place
88 Queensway, Central

CANADA
Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario MOW 6HS8
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