






































































8051 Architectural Specification and Functional Description 

Bit 
Function Flag Location 

Serial Port Operation SMO SCON.7 
Mode (MSb) 

Serial Port Operation SMI SCON.6 
Mode (LSb) 

Conditional Receiver SM2 SCON.5 
Enable 

Receiver Enable REN SCON.4 
Transmitter Data Bit 8 TB8 SCON.3 
Received Data Bit 8 RB8 SCON.2 
Transmission Complete TI SCON. I 

Interrupt Flag 
Reception Complete RI SCON.O 

Interrupt Flag 

Figure 2.49. Functions of Bits in SCaN 

Mode control hits S MO and S M I program the serial port 
in one of four operating modes. A detailed description of 
the modes is. provided in section 2.12.2. The receiver
enable bit (REN) resets the receiver's start/stop logic. 
When software sets REN to one (1), the receiver's 
transmission-rate generator is initialized and reception is 
enabled. REN must be set as part of the serial channel's 
initialization program. When REN is cleared, reception 
is disabled. 
The CPU is informed that the transmitter portion .of 
SB UF is empty or the receiver portion is full by TI and RI 
respectively. TI and RI must be cleared as part of the 
interrupt service program so as not to continuously 
interrupt the CPU. Since TI and RI are or-ed together to 
generate the serial port's interrupt request, they must be 
polled to determine· the source of the interrupt. 

2.12.2 Operating Modes 

2.12.2.1 OPERATING MODE 0 
The 1/0 expansion mode, Mode 0, is used to expand the 
number of input and output pins. In this mode, a clock 
output is provided for synchronizing the shifting of bits 
into or from an external register. Eight bits will be shifted 
out each time a data byte is written to the serial channel's 
data buffer (SBUF), even if TI is set. Each time software 
clears the RI flag, eight bits are shifted into SBUF before 
the RI flag is again set. The receiver must be enabled [i.e., 
REN set to one (I)] for reception to occur. 

The synchronizing clock is output on pin P3.1 and toggles 
from high to low near the falling-edge of ALE in the 
fifteenth oscillator period following execution of the 
instruction that updated SBUF or cleared the RI flag. It 
then toggles near the falling-edge of ALE in each 
subsequent sixth oscillator period until 8-bits are 
transferred. The eighth rising-edge of clock (P3.1) sets the 
RI or TI flag. At this point shifting is complete and the 
clock is once again high. The first bit is shifted out of P3. 0 
at the beginning of the eighteenth oscillator period 
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following the instruction that updated SBUF. The first 
bit shifted in from P3.0 is latohed by the clock's rising
edge in the twenty-fourth oscillator period following the 
instruction that cleared the RI flag. One bit is shifted 
every twelvth oscillator period until all eight bits have 
been shifted. 

2.12.2.2 OPERATING MODES 1-3 
In the UART Modes (i.e., I through 3), the transmission 
rate is sub-divided into 16 "ticks." The value of a received 
bit is determined by taking a majority vote after it has 
been sampled during the seventh, eighth and ninth 
"ticks". If two or three ones (I's) are detected, the bit will 
be given a one (I) value; if two or three zeros (O's) are 
detected, the bit will be given a zero (0) value. 

Until a start bit arrives, the receiver samples the RXD 
input pin (P3.0) every "tick". One-half bit time 
(eight "ticks") after the start bit is detected (i.e., a low 
input level was sampled on "tick" one), the serial port 
checks its validity (majority vote from "ticks" seven, eight 
and nine) and accepts or rejects it. This provides rejection 
of false start bits. 

The contents of the receiver's input shift register is moved 
to SBUF and RB8 (Modes 2 and 3), and RI is set, when 
a frame's ninth (Mode 1) or tenth (Modes 2 and 3) bit is 
received. Upon reception of a second frame's ninth or 
tenth bit, the data bits in the shift register are again trans
ferred to SBUF and RB8, but only if software has reset 
the RI flag. If RI has not been reset, then overrun will 
occur since the shift register will continue to accept bits. 
Double buffering the receiver provides the CPU with one 
frame-time in which to empty the SBUF and RB8 regis
ters. The RI flag is set and bit RB8 is loaded during the 
ninth "tick" of the received frame's ninth or tenth bit. 
The serial port begins looking for the next start bit 
one-half bit time after the center of a stop bit is received. 

Data is transmitted from the TXD output pin (P3.1) each 
time a byte is written to SBUF, even if TI is set. TI is set 
at the beginning of the transmitted tenth (Mode 1) or 
eleventh (Modes 2 or 3) bit. After TI becomes set, if 
SBUF is written-to prior to the end of the stop (tenth or 
eleventh) bit, the transmission of the next frame's start. 
bit will not begin until the end of the stop bit. 

In Modes 2 and 3, ifSM2isset, frames are received but an 
interrupt request is generated only when the received data 
bit 8 (RB8) is a one (1). This feature permits interrupt 
generated wake-up during interprocessor com
munications when mUltiple 8051 's are connected to a 
serial bus. Thus, data bit 8 (RB8) awakens all processors 
on the serial bus only when the master is changing the 
address to a different processor. Each processor not 
addressed then ignores the subsequent transmission of 
control information and data. A protocol for multi-80S I 
serial communications is shown in Figure 2.50. The SM2 
bit has no effect in Modes 0 and l. 
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1. The hardware In each slave's serial port 
begins by listening for an addre88. Receipt 
of an addre88 frame will force an Interrupt If 
the slave's SM2 bit Is set to one (1) to enable 
"Interrupt on addre88 frame only". 

2. The master then transmits a frame con
taining the 8-blt address of the slave that Is 
to receive the subsequent commands and 
data. A transmitted addre88 frame has Its 
ninth data bit (TB8) set equal to one (1). 

3. When the addre88 frame Is received, each 
s'ave's serial port Interrupts its CPU. The 
CPU then compares the addre88 sent to Its 
own. 

4. The 8051 stave which has been addressed 
then resets Its SM2 bit to zero (0) to receive 
all subsequent transmissions. All other 
8051's leave their SM2 bits at a one (1) to 
Ignore transmissions until a new address 
arrives. 

5. The master device then sends controllnfor
matlon and data, which In tum Is accepted 
by the previously addressed 8051 [i.e., the 
one that had set Its SM2 bit to zero (0)]. 

Figure 2.50. Protocol for Multl- Processor 
Communications 

2.12.3 The Serial Frame 
A frame is a string of bits. The frame transmitted and 
received in Mode 0 is 8 bits in length. The data bits of the 
frame are transmitted SBUF.O first and SBUF.7 last. 

The frame transmitted and received in Mode 1 is ten bits 
in length. The frame transmitted and received in Modes 2 
and 3 is eleven bits in length. These frames consist of one 
start bit, eight or nine data bits and a stop bit. Data bits 0-
7 are loaded into SBUF.O-SBUF.7 respectively, and data 
bit 8 into RB8 (receive) or TB8 (transmit). With nominal 
software overhead, the last data bit can be made a parity· 
bit, as shown in Figure 2.51. 

MOV C, P ; Parity moved to carry (byte 
already in A). 

MOV TB8, C ; Put carry into Transmitter Bit 8 
MOV SBUF, A; Load Transmit Register 

Figure 2.51. Generating Parity and 
Transmitting Frame 

Figure 2.52 shows some typical frame formats for 
different applications. The data bits of the frame are 
transmitted least significant bit first (SBUF.O) and TB8 
last. 
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110BAUDTTV 

I START I DATA .01 .1 1·21 .31 .41 .51 .61 PARITY I STOP I STOP I 
TYPICAL ASCII TERMINAL 

I START I DATA .01 .1 1·21 .31 .41 .51 .61 PARITY 1 STOP I 
OR 

I START 1 DATA.O 1 .1 I .21 .31 .41 .51 .6 I .7 1 PARITY j STOP I 

OR 

I STAAT IDATA.oj .1 1.21.31.41.51.&1.71.81 STOP I 
Figur.e 2.52. Typical Frame Formats 

2.12.4 Transmission Rate Generation 
The proper timing for the serial I/O data is provided by a 
transmission-rate generator. On-board the 8051, three 
different methods of transmission rate generation are 
provided. The transmission-rate achievable is dependent 
upon the operating mode of the serial port. 

In the I/O expansion mode (Mode 0) the oscillator 
frequency is simply divdied by 12 to generate the 
transmission rate. This produces a transmission rate of 
1M bits per second at 12 MHz. If Modes lor 3 are being 
used, the transmission rate can be generated from the 
oscillator frequency or from an external reference fre
quency. In these modes, either one-twelfth the oscillator 
frequency or the TI input frequency is divided by 256-
minus-the-value-in-TH I (counter I must be configured 
in auto-reload mode by software) and then divided by 
32 to generate the transmission rate. When the oscillator 
frequency input (rather than TI) is selected, this method 
produces a transmission rate of 122 to 31,250 bits per 
second (including start and stop bits) at 12 MHz. The TI 
external input is selected by setting the C;Tbit to one (1). 
When Mode 2 is used, the oscillator frequency is simply 
divided by 64 to generate the transmission rate. This 
produces a transmission rate of 187,500 bits per second 
(including start and stop bits) at 12 MHz. 

2.12.5 UART Error Conditions 
There are two UART error conditions that should be 
accounted for when designing systems that use the serial 
channel. 

First, the 805I's serial channel provides no indication that 
a valid stop bit has been received. However, since a start 
bit is detected as a high-level to low-level transition, the 
UART will not receive additional frames if a stop bit is 
not received. 

Second, the RI flag is set and SBUF and RB8 are loaded 
from the receiver's input shift register when the received 
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last data bit (i.e. ninth or tenth received bit) is sampled. 
As long as RI is set, the loading of SBUF, the updating of 
RB8 and the generation of further receiver interrupts is 
inhibited. Thus, overrun will occur if the programmer 
does not reset RI before reception of the next frame's last 
data bit since the receiver's input shift register will shift in 
a third frame. 

2.13 EXTERNAL INTERFACE 

2.13.1 Processor Reset and Initialization 
Processor initialization is accomplished with activation 
of the RST /VPO pin. To reset the processor, this pin 
should be held high for at least twenty-four oscillator 
periods. Upon powering up, RST /VPO should be held 
high for at least I ms after the power supply stabilizes to 
allow the oscillator to stabilize. Upon receipt of RST, the 
processor ceases instruction execution and remains 
dormant for the duration of the pUlse. The low-going 
transition then initiates a sequence which requires 
approximately twelve oscillator periods to execute before 
ALE is generated and normal operation commences with 
the instruction at absolute location OOOOH. This sequence 
ends with registers initialized as shown in Figure 2.53. 

Register Content 

PC OOOOH 
SP 07H 
PSW, OPH, OPL, A, B, OOH 
IP, IE, SCaN, TCON, OOH 
TMOO, THl, THO, OOH 
TLl, TLO OOH 
SBUF Indeterminate 
Port 3-PQrt 0 FFH (configures all I/O 

pins as inputs) 
Internal RAM Unchanged if VPO 

applied; else 
indeterminate 

Figure 2.53 Register Initialization 

In addition, certain of the control pins are driven to a 
TTL high level during initialization. These are ALE/ 
PROG and PSEN. Thus, no ALE or PSEN signals are 
generated while RST / VPD is high. When the processor 
is reset all ports are immediately written with ones (l's). 

+5V 

t 8051 

RSTNPD 

Figure 2.54. Power-On Reset 
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The Schmitt-trigger input has a small internal pull down 
resistor which permits power-on reset (as shown in Figure 
2.54) using only a small capacitor tied to VCe. A con
ventional external reset circuit, such as that in Figure 
2.55, can also be used. 

+5V 

8051 
.... 
v 

RSTNPD 

+5V 

L 8051 
~o-~~-._R_S_TN_P_O;-____ ~ 

t 
Figure 2.55. External Reset 

2.13.2 Power Down (Standby) Operation of 
Internal RAM 
Data can be maintained valid in the Internal Data RAM 
while the remainder of the 8051 is powered down. When 
powered down, the 8051 consumes about 10% of its 
normal operating power. During normal operation, both 
the CPU and the internal RAM derive their power from 
VCC. However, the internal RAM will derive its power 
from RST/VPD when the voltage on VCC is more than 
a diode drop below that on RST/VPD. 

VCC ---------i'-...... ___ rffl----
I I 

wro~~--------~~~~~I __ ------+I ____ ----__ I I I 
(POWER·FAIL) INTERRUPT I I 

I I 
I I 
~i-----tl ____ __ 

RSTNPO --------_. • 

NORMAL OPERATION SERVICE PROGRAM NORMAL OPERATION 

Figure 2.56. Power-Down Sequence 

When a power-supply failure is imminent, the user's 
system generates a "power-failure" signal to interrupt the 
processor via INTO or INTI. This power-failure signal 
must be early enough to allow the 8051 to save all data 
that is relevant for recovery before VCC falls below its 
operating limit. The program servicing the power-failure 
interrupt request must save any important data and 
machine status into the Internal Data RAM. The service 

AFN-01488A-37 



8051 Architectural Specification and Functional Description 

program must also enable the backup power supply to 
the RST/VPD pin. Applying power to the RST/VPD pin 
resets the 805 I and retains the internal RAM data valid 
as the VCC power supply falls below limit. Normal opera
tion resumes when RST/VPD is returned low. Figure 
2.56 shows the waveforms for the power-down sequence. 

2.14 EPROM PROGRAMMING 
The 8751 is programmed and the 8051 and 8751 are 
verified using the UPP-851 programming card. For pro
gramming and verification, address is input on Port I 
and Port pins 2.0-2.3. Pins P2.4 and P2.5 are held to a 
TTL low. Data is input and output through Port O. 
RST/VPD is held at a TTL high level and PSEN is held 
at a TTL low level during program and verify. To pro-· 
gram, ALE/PROG is held at a TTL low level. ALE/ 
PROG is held at a TTL high level to verify the program. 
Port pin 2.7 forces the Port 0 output drivers to the high 
impedence state when held at a TTL high level and is held 
at a TTL low level for verification. Erasure of an 8751 
will leave the EPROM programmed to an all one's (I's) 
state. 

2.15 THE 8051 AS AN EVOLUTION OF 
THE 8048 
For every 8048 instruction there is a corresponding 8051 
instruction, or in rare cases, a short sequence of instruc
tions. An example of the latter is the adjustment required 
for the use the 8051 makes of PC- and DPTR-relative 
addressing. Thus, while the 8051 has new bit patterns 
in its instruction coding, the functions of the 8048 may 
be performed by the 8051. For this purpose Intel provides 
a conversion program (CONV-51) which translates 8048 
assembly source code to 8051 assembly source code. In 
the 8051 the stack pointer has been changed from a 3-bit 
field in the PSW to an 8-bit register. Therefore, the stack 
pointer does not "roll-over" from address 23 to address 8, 
but will increment to address 24. In general, 8048 code 
that manipulates the stack pointer cannot be translated 
by CONV-51. In translating 8048 code, upon an interrupt, 
an unused RAM location can be used for storing the 
PSW using the PUSH instruction with Direct Addressing 
to keep the 8051 's stack size equivalent to that of the 8048. 

8048 and 8049 programs using only the low-order six or 
seven bits of RI and RO in Indirect Addressing must now 
use all eight bits. Thus, bit seven (and bit six for 8048 
programs) must be zero. 

8048 operations no longer necessary (and invalid) for the 
8051 are MOVD, ANLD and ORLD. These instructions 
control the 8243 I/O expander chip. Since the 8051 uses a 
shift register for low-cost I/O expansion, these are no 
longer necessary. However, the 8051 can interface to an 
8243 using standard instructions on its ports. Also no 
longer needed are the ENTO CLK and SEL MBi instruc
tions. The 8051 uses ALE (along with RD and WR when 

necessary) as the s.ystem clock. The 64K contiguous 
memory preempts the need for the SEL MBi instructions. 
The SEL RBi instructions are preempted by instructions 
that manipulate the PSW. 

2.16 DEVELOPMENT SYSTEM AND 
SOFTWARE SUPPORT 
The 8051 is supported by a total range of Intel develop
ment tools. This broad range of support shortens the 
product development cycle and thus brings the product 
to market sooner. 
• ASM51 Absolute macro assembler for the 8051. 
• CONV51 8048 assembly language source code to 8051 

assembly source code conversion program. 
• EM-51 8051/8751 emulator board that uses a 

modified 8051 and an EPROM. 
• ICE-5J™ 
• UPP-851 
• 

Real-time in-circuit emulator. 
PROM programmer personality card. 
8051 Workshop. 

8051 Software Development Package 
(ASM51 and CONV51) 
The 8051 software development package provides de-

. velopment system support for the powerful 8051 family 
of single chip microcomputers. The package contains 
a symbolic macro assembler and 8.048 to 8051 source 
code converter. This diskette-based software package 
runs under ISIS-II on any Intellec® Microcomputer 
Development System with 64K bytes of memory. 
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8051 Macro Assembler (ASM51) 
The 8051 macro assembler translates symbolic 8051 as
sembly language instructions into machine exectuable 
object code. These assembly language mnemonics are 
easier to program and are more readable than binary or 
hexidecimal machine instructions. Also, by allowing the 
programmer to give symbolic names to memory loca
tions rather than absolute addresses, software design 
and debug are performed more quickly and reliably. 

ASM51 provides symbolic access for the many useful 
addressing methods in the 8051 architecture. These 
features include referencing bit and byte locations, and 
provide 4-bit operations for BCD arithmetic. The as
sembler also provides symbolic access to the bits and 
bytes in the RAM and Special Function Register address 
spaces. 

The assembler supports macro definitions and calls. This 
provides a convenient means of programming a frequent
ly used code sequence only once. The assembler also 
provides conditional assembly capabilities. Cross refer
encing is provided in the symbol table listing, which 
shows the user the lines in which each symbol was de
fined and referenced. 

If an 8051 program contains errors, the assembler pro
vides a comprehensive set of error diagnostics, which are 
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included in the assembly listing, or on another file. 

The object code generated may be used t.o program the 
8751 EPROM version of the chip or sent to Intel for 
fabricating the 8051 RO M version. The assembler output 
can also be debugged using the ICE-51 in-circuit emulator. 

8048 to 8051 Assembly Langu~ge Converter 
Utility Program (CONV51) 
The 8048 to 8051 assembly language converter is a utility 
to help users of the MCS-48 family of microcomputers 
upgrade their designs to the high performance 8051 
architecture. By converting 8048 source code to 8051 
source code, the investment in software developed for 
the 8048 is maintained when the system is upgraded. 

8051 Emulation BO.ard (EM-51) 
The EM-51 8051 emulation board is a small (2.85" x 
5.25; board which emulates an 8031/8051/8751 micro
computer using standard PROMs or EPROMs in place 
of the 8051's on-chip program memory. The board in
cludes a modified 8051 microcomputer, supporting 
circuits, and two sockets for program memory. The user 
may select two 2716 EPROMs, a 2732 EPROM, or two 
3636 J:>ipolar PROMs depending on crystal frequency 
and power requirements. 

8051 In-Circuit Emulator (ICE-51™) 
The 8051 In-Circuit Emulator resides in the Intellec 
development system. The development system interfaces 
with the user's 8051 system through an in-cable module 
with the cable terminating in an 8051 pin-compatible 
plug. Together these replace. the 8051 device in the sys
tem. With the emulator plug in place, the designer can 
exercise the. system in real-time while collecting up to 255 
instruction cycles of real-time data. In addition, he can 
single step the system program. Static RAM memory is 
available in the ICE-51 module to emulate the 8051's 
internal and external program memories and external 
data memory. The designer can display and alter the 
contents of intermil 8051 registers, internal data RAM, 
Special Function Registers, and replacement external 
memory. Symbolic reference capability allows the de
signer to use meaningful symbols provided by ASM51 
rather than absolute values when examing and modifying 
the memory, registers, flags, and I/O ports in his system. 

Universal PROM Programmer Personality 
Card (UPP-851) 
The UPP-851 is a personality card for the UPP-\03 
Universal PROM Programmer. The Universal PROM 
Programmer is an Intellec system peripheral capable of 
programming and verifying the 8751. Programming and 
verification operations are initiated from the Intellec 

. development system console and are controlled by the 
Universal PROM Mapper (UPM) program. 
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8051 Workshop 
The workshop provides the design engineer or system 
designer hands-on experience with the 8051 microcom
puters. The course includes explanation of the Intel 8051 
architecture, system timing and input / output design. Lab 
sessions will allow the attendee to gain detailed familiar
ity with the 8051 family and support tools. 

INSITE™ Library 
The INSITE Library contains 8051 utilities and 
applications programs. 

2.17 8051 FAMILY PIN DESCRIPTION 

VSS 

Circuit ground potential. 

Vee 
+SV power supply during operation, programming and 
verification. 

Port 0 
Port 0 is an 8-bit open drain bidirectional 110 port. It is 
also the multiplexed low-order address and data bus 
when using ~xternal memory. It is used for data input and 
output during programming and verification. Port 0 can 
sinkl source two TTL loads. 

Port 1 
Port 1 is an 8-bit quasi-bidirectional I/O port. It is used 
for the low-order address byte during programming and 
verification. Port I can sinkl source one TTL load. 

Port 2 

Port 2 is an 8-bit quasi-bidirectional 110 port. It also 
emits the high-order 8 bits of address when aa:essing 
external memory. It is used for the high-order address and 
the control signals during programming and verification. 
Port 2 can sink/ source one TTL load. 

Port 3 
Port 3 is an 8-bit quasi-bidirectional 110 port. It also 
contains the interrupt, timer, serial port and RD and WR 
pins that are used by various options. The output latch 
corresponding to a special function must be programmed 
to a one (I) for that function to operate. Port 3 can 
sink/ source one TTL load. The special functions are 
assigned to the pins of Port 3, as follows: 
- RXD / data (P3.0). Serial port's receiver data input 

(asynchronous) or data input I output (synchronous). 
- TXD/clock (P3.I). Serial port's transmitter data 

output (asynchronous) or clock output (synchronous). 
- INTO (P3.2). Interrupt 0 input or gate control input for 

counter O. 
- INTI (P3.3). Interrupt 1 input or gate control input for 

counter 1. 
- TO (P3.4). Input to counter O . 
- TI (P3.5). Input to counter 1. 
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- WR (P3.6). The write control signal latches the data 
byte from Port 0 into the External Data Memory. 

-RD (P3.7). The read control signal enables External 
Data Memory to Port O. 

RSTNpD . 
A low to high transition on this pin (at approximately 3V) 
resets the 80S 1. If VPD is held within its spec (ap
proximately +SV), while VCC drops below spec, VPD 
will provide standby power to the RAM. When VPD is 
low, the RAM's current is drawn from VCC. A small 
internal resistor permits power-on reset using only a 
capacitator connected to VCC. 
ALE/PROG . 

Provides Address Latch Enable output used for latching 
the address into external memory during normal opera
tion. Receives the program pulse input during EPROM 
programming. 
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PSEN 

The Program Store Enable output is a control signal that 
enables the external Program Memory to the bus during 
normal fetch operations. 

EAlVDD 

When held at a TTL high level, the 80S I executes 
instructions from the internal ROM/EPROM when the 
PC is less than 4096. When held at a TTL low level, the 
80S I fetches all instructions from external Program 
M~mory. The pin also receives the 21 V EPROM 
programming supply voltage. 

XTAL 1 

Input to the oscillator's high gain amplifier. A crystal or 
external source can be used. 

XTAL 2 

Output from the oscillator's amplifier. Required when a 
crystal is used. 
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TABLE 2-1 8051 INSTRUCTION SET SUMMARY 
Notes on instruction set and addressing modes: 
Rn ·~Register R7-RO of the currently selected Register Bani<. 
data -S-bit internal data location's address. This could be an Inter-

nal Data RAM location (0-127) or a SFR [i.e. (:0 port. con-. 
tTOI register. status register. etc. (128-255)]. 

@Ri -g-bit Internal Data RAM location (0-255) addressed indir-

IIdata 
IIdata 16 

ectly through register R I or RD. 
-8-bit constant included in instruction. 
-16-bit constant included in instruction. 

addrl6 -16-bit destination address. Used by LCALL & LJMP. A 
branch can be anywhere within the 64K-byte Program Mem
ory address space. 

addrll 

rei 

-II-bit destination address. Used by ACALL & AJMP. The 
branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

·--Signed (two's complement) 8-bit offset byte. Used by SJMP 
and all conditionaljumps. Range is-128 to + 127 bytes relative 
to first byte of the following instruction. 

bit -Direct Addressed bit in Internal Data RAM or Special Func
tion Register. 

* - New operation not pTOvided by 8048 i 8049. 

Data Tra nafer Oscillator 
Mnemonic Description Bytes Periods 

MOV A.Rn Move· register to A I 12 
"MOV A.data Move direct byte to A 2 12 

MOV A.@Ri Move indirect RAM to A I 12 
MOV A.lldata Move immediate data io A 2 12 
MOV Rn.A Move A to register I 12 

"MOV Rn.data Move direct byte to register 2 24 
MOV Rn.lldata Move immediate data to 2 12 

register 
"MOV data.A Move A to direct byte 2 12 
"MOV dala.Rn Move register 10 direct byte 2 24 
"MOV data.data Move direct byte to direct 3 24 

byte 
"MOV data.@Ri Move indirect RAM to 2 24 

direct byte 
"MOV data.lldata Move immediate data to 3 24 

direct byte 
MOV@Ri.A Move A to indirect RAM I 12 

"MOV @Ri.data Move direct byte to 2 24 
indirect RAM 

MOV @Ri,lIdata Move immediate data to 2 12 
indirect RAM 

"MOV DPTR. Move l6-bit constant to 24 
IIdata 16 Data Pointer 

"MOV C,bit Move direct bit to carry 2 12 
"MOV bit.C Move carry to direct bit 2 24 
"MOVC A.@A+ Move Program Memory 24 

DPTR byte addressed by 
A+DPTR to A 

"MOVC A.@A+PC Move Program Memory 24 
byte addre"ed by 
A+PC to A 

MOVX A.@Ri Move External Data 24 
(8-bit address) to A 

"MOVX A.@DPTR Move External Data 24 
(l6-bit address) to A 

MOVX @Ri.A Move A to External Data 24 
(8-bit address) 

·MOVX @DPTR.A Move A to External Data 24 
(l6-bit address) 

·PUSH data Move direct byte to staci< 2 24 
and,inc. SP 

'POP data Move direct byte from 2 24 
staci< and dec. S P 

XCH A.Rn Exchange register with A 12 
"XCH A.data Exchange direct byte 12 

with A 
XCH A.@Ri Exchange indirect RAM 12 

with A 
XCHD A.@Ri Exchange indirect RA M', 12 

least sig nibble with A's LSN 

Interrupt Response Time: To finish execution of current instruction. 
respond to the interrupt request. push the PC and to vector to the first 
instruction of the interrupt service progr.am requires 38 to 81 oscillator 
periods (3 to 71's @ 12 MHz). 

INSTRUCTIONS THAT AFFECT FLAG SETTINGS' 

INSTRUCTION FLAG INSTRVCTION FLAG 
C OV AC C OV AC 

ADD X X X CLR C 0 
ADDC X X X CPL C X 
SUBB X X X ANL C,bit X 
'MUL 0 X ANL C: bit X 
DIV 0 X ORL C, bit X 
DA X ORL C, bit X 
RRC X MOV C, 'bit X 
RLC X CJNE X 
SETB C 

'Note that operations on SFR byte address 20X or bit addresses 209-215 
(i.e. the PSW or bits in the PSW) will also affect nag settings. 

Logic Oscillator 
Mnemonic Description Bytes Periods 

ANL A.Rn AND register to A I 12 
"ANL A.data AND direct byte to A 2 12 
ANL A.@Ri AND indirect RAM to A I 12 
ANL A.lldata AND immediate data to A 2 12 

"ANL data.A AND A to direct byte 2 12 
"ANL data.lldata AND immediate data to 3 24 

direct byte 
"ANL C,bit AND direct bit to carry 2 24 
'ANL C,bit ... ND complement of 2 24 

direct bit to carry 
ORL A.Rn OR register to A I 12 

"ORL A.data OR direct byte to A 2 12 
ORL A.@Ri OR indirect RAM to A I 12 
ORL A.lldata OR immediate data to A 2 12 

"ORL data.A OR A to direct byte 2 12 
'ORL data.lldata OR immediate data to 3 24 

direct byte 
"ORL C,bit OR direct bit to carry 24 
"ORL C, bit OR complement of direct 24 

bit to carry 
XRL A.Rn Exclusive-OR register to A 12 

"XRL A.data Exclusive-OR direct byte 12 
to A 

XRL A.@Ri Exclusive-OR indirect 12 
RAM to A 

XRL A.lldata Exclusive-OR immediate 12 
data to A 

'XRL data.A Exclusive-OR A to direct 2 12 
byte 

"XRL data.lldata Exclusive-OR immediate 24 
data to direct byte 

·SETB C Set carry 1 12 
"SETB bit Set direct bit 2 12 
CLR A Clear A 12 
CLR c.: Clear carry 12 

·CLR bit Clear direct bit 2 12 
CPL A Complement A 12 
CPL C Complement carry 12 

"CPL bit Complement direct bit 12 
RL A Rotate A Left 12 
RLC A Rotate A Left through 12 

carry 
RR A Rotate A Right 12 
RRC A Rotate A Right through 12 

carry 
SWAP A Rotate A left four 12 

(exchange nibbles within 
A) 
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Arithmetic Oscillator ContrOl Trans'er (Branch) Oscillator 
Mnemonic Description Bytes Periods Mnemonic Description Byt .. Periods 

ADD A.Rn Add register to A I 12 AJMP addrll Absolute Jump 2 24 
"ADD A.data Add direct byte to A 2 12 "LJMP addrl6 Long Jump 3 24 

ADDA.@Ri Add indirect RAM to A I 12 "SJMP rei Short Jump 2 24 
ADDA./Idata Add immediate data to A 2 12 "JMP @A+DPTR Jump indirect relative to 24 
ADDC A.Rn Add register and carry flag to A I 12 the DPTR 

*ADDC A.data Add direct byte aild carry flag 2 12 JZ rei Jump if A is zero 2 24 
toA JNZ rei Jump if A is not zero 2 24 

ADDC A.@Ri Add indirect RAM and carry 12 JC rei Jump if carry is set 2 24 
flag to A JNC rei Jump if carry is not set 2 24 

ADDC A./Idata Add immediate data and carry 2 12 "JD bit. rei Jump relative if direct bit 3 24 
flag to A is set 

"SUBD A.Rn Subtract register and carry flag 12 "JNB bit. rei Jump relative if direct bit 3 24 
from A is not set 

"SUBD A.data Subtract direct byte and carry 2 12 " J DC bit.rel Jump relative if direct bit 3 24 

flag from A is ser. then clear bit 

"SUBD A.@Ri Subtract indirect RA M and 12 "CJNE A.data.rel Compare direct byte to A 3 24 
carry flag from A & Jump if not Eq. 

"SUBD A./Idata Subtract immediate data aild 2 12 See Note a. 

carry flag from A 'CJNE A.lldata.rel Compare immed. to A & Jump 3 24 

INCA Increment A 12 if not Eq. See Note a. 

INC Rn Increment register 12 'CJNE Rn.lldata. Compare immed. to reg & 3 24 

"INC data Increment direct byte 2 12 rei Jump if not Eq. See Note a. 

INC@Ri Increment indirect RAM 12 'CNJE @Ri. Compare immed. to indirect 3 24 

DECA Decrement A I 12 IIdata.rel RAM & Jump if not Eq. 

DEC Rn Decrement register I 12 See Note a. 

"DEC data Decrement direct byte 2 12 DJNZ Rn.rel Decrement register & Jump 3 24 

"DEC@Ri Decrement indirect RAM 12 if not zero 

"INC DPTR Increment Data Pointer 24 'DJNZ data. rei Decrement direct byte & 3 24 

'MUL AB Multiply A times D 48 Jump if not zero 

'DIV AD Divide A by D 48 Note a) Set C if the first operand is less than the second operand; 
DAA Decimal add Adjust of A 12 else clear 

Control Trans'er (Subroutine) Oscillator 
Mnemonic Description Bytes Periods 

Other ACALL addrll Absolute Subroutine Call 2 24 
Oscillator LCALL addrl6 Long Subroutine Call 3 24 

Mnemonic D .. crlptlon Byt .. Periods RET Return from Subroutine Call 24 
NOP No Operation I 12 RETI Return from Interrupt Call 24 
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