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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Block Diagram

Figure 1.  Block Diagram

Notes: 1. Alternate function of Port 1.
2. Alternate function of Port 3.

Timer 0 INT

RAM
256x8

T
0

T
1

R
xD

T
xD

WR

RD

EA

PSEN

ALE/

XTAL2
XTAL1

EUART

CPU

Timer 1

IN
T

1

Ctrl

IN
T

0

(2)

(2)

C51 
CORE

(2) (2) (2) (2)

Port 0
P

0
Port 1 Port 2 Port 3

Parallel I/O Ports & Ext. Bus

P
1

P
2

P
3

XRAM
1Kx8

IB-bus

PCA
R

E
S

E
T

PROG

Watch
Dog

P
C

A

E
C

I

V
ss

V
C

C

(2)(2) (1)(1)

Timer2

T2
E

X

T
2

(1) (1)

Flash
32Kx8 or
16Kx8

Key
Board

ROM
2Kx8

Boot

+
BRG

SPI

M
IS

O

M
O

S
I

S
C

K

(1) (1) (1)

S
S

(1)



4 AT89C51RB2/RC2
4180E–8051–10/06

SFR Mapping The Special Function Registers (SFRs) of the AT89C51RB2/RC2 fall into the following
categories:

• C51 core registers: ACC, B, DPH, DPL, PSW, SP

• I/O port registers: P0, P1, P2, P3 

• Timer registers: T2CON, T2MOD, TCON, TH0, TH1, TH2, TMOD, TL0, TL1, TL2, 
RCAP2L, RCAP2H

• Serial I/O port registers: SADDR, SADEN, SBUF, SCON

• PCA (Programmable Counter Array) registers: CCON, CCAPMx, CL, CH, CCAPxH, 
CCAPxL (x: 0 to 4)

• Power and clock control registers: PCON

• Hardware Watchdog Timer registers: WDTRST, WDTPRG

• Interrupt system registers: IEN0, IPL0, IPH0, IEN1, IPL1, IPH1

• Keyboard Interface registers: KBE, KBF, KBLS

• SPI registers: SPCON, SPSTR, SPDAT

• BRG (Baud Rate Generator) registers: BRL, BDRCON

• Flash register: FCON

• Clock Prescaler register: CKRL

• Others: AUXR, AUXR1, CKCON0, CKCON1
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Port Types AT89C51RB2/RC2 I/O ports (P1, P2, P3) implement the quasi-bidirectional output that
is common on the 80C51 and most of its derivatives. This output type can be used as
both an input and output without the need to reconfigure the port. This is possible
because when the port outputs a logic high, it is weakly driven, allowing an external
device to pull the pin low. When the pin is pulled low, it is driven strongly and able to sink
a fairly large current. These features are somewhat similar to an open drain output
except that there are three pull-up transistors in the quasi-bidirectional output that serve
different purposes. One of these pull-ups, called the "weak" pull-up, is turned on when-
ever the port latch for the pin contains a logic 1. The weak pull-up sources a very small
current that will pull the pin high if it is left floating. A second pull-up, called the "medium"
pull-up, is turned on when the port latch for the pin contains a logic 1 and the pin itself is
also at a logic 1 level. This pull-up provides the primary source current for a quasi-bidi-
rectional pin that is outputting a 1. If a pin that has a logic 1 on it is pulled low by an
external device, the medium pull-up turns off, and only the weak pull-up remains on. In
order to pull the pin low under these conditions, the external device has to sink enough
current to overpower the medium pull-up and take the voltage on the port pin below its
input threshold.

The third pull-up is referred to as the "strong" pull-up. This pull-up is used to speed up
low-to-high transitions on a quasi-bidirectional port pin when the port latch changes from
a logic 0 to a logic 1. When this occurs, the strong pull-up turns on for a brief time, two
CPU clocks, in order to pull the port pin high quickly. Then it turns off again.

The DPU bit (bit 7 in AUXR register) allows to disable the permanent weak pull up of all
ports when latch data is logical 0. 

The quasi-bidirectional port configuration is shown in Figure 3. 

Figure 3.  Quasi-Bidirectional Output
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Figure 10.  Clock-Out Mode C/T2 = 0
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Registers Table 22.  CMOD Register

CMOD – PCA Counter Mode Register (D9h)

Reset Value = 00XX X000b
Not bit addressable

The CMOD register includes three additional bits associated with the PCA.

• The CIDL bit which allows the PCA to stop during idle mode. 

• The WDTE bit which enables or disables the watchdog function on Module 4. 

• The ECF bit which when set causes an interrupt and the PCA overflow flag CF (in 
the CCON SFR) to be set when the PCA timer overflows. 

The CCON register contains the run control bit for the PCA and the flags for the PCA
timer (CF) and each Module (see Table 23). 

• Bit CR (CCON. 6) must be set by software to run the PCA. The PCA is shut off by 
clearing this bit. 

• Bit CF:  The CF bit (CCON. 7) is set when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in the CMOD register is set. The CF bit can 
only be cleared by software. 

• Bits 0 through 4 are the flags for the Modules (bit 0 for Module 0, bit 1 for Module 1, 
etc. ) and are set by hardware when either a match or a capture occurs. These flags 
also can only be cleared by software. 

7 6 5 4 3 2 1 0

CIDL WDTE - - - CPS1 CPS0 ECF

Bit 

Number

Bit       

Mnemonic Description

7 CIDL

Counter Idle Control

Cleared to program the PCA Counter to continue functioning during idle Mode. 

Set to program PCA to be gated off during idle. 

6 WDTE

Watchdog Timer Enable

Cleared to disable Watchdog Timer function on PCA Module 4. 

Set to enable Watchdog Timer function on PCA Module 4. 

5 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

4 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

3 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

2 CPS1 PCA Count Pulse Select

CPS1 CPS0 Selected PCA input
0  0 Internal clock FCLK PERIPH/6

0   1 Internal clock FLK PERIPH/2

1   0 Timer 0 Overflow

1   1 External clock at ECI/P1.2 pin (max rate = fCLK PERIPH/ 4)

1 CPS0

0 ECF
PCA Enable Counter Overflow Interrupt
Cleared to disable CF bit in CCON to inhibit an interrupt. 
Set to enable CF bit in CCON to generate an interrupt. 
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Table 24.  CCAPMn Registers (n = 0-4)

CCAPM0 – PCA Module 0 Compare/Capture Control Register (0DAh)

CCAPM1 – PCA Module 1 Compare/Capture Control Register (0DBh)

CCAPM2 – PCA Module 2 Compare/Capture Control Register (0DCh)

CCAPM3 – PCA Module 3 Compare/Capture Control Register (0DDh)

CCAPM4 – PCA Module 4 Compare/Capture Control Register (0DEh)

Reset Value = X000 0000b
Not bit addressable

7 6 5 4 3 2 1 0

- ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn

Bit 

Number

Bit       

Mnemonic Description

7 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

6 ECOMn

Enable Comparator

Cleared to disable the comparator function. 

Set to enable the comparator function. 

5 CAPPn
Capture Positive

Cleared to disable positive edge capture. 
Set to enable positive edge capture. 

4 CAPNn
Capture Negative

Cleared to disable negative edge capture. 
Set to enable negative edge capture. 

3 MATn

Match

When MATn = 1, a match of the PCA counter with this Module's 
compare/capture register causes the CCFn bit in CCON to be set, flagging an 
interrupt. 

2 TOGn
Toggle 

When TOGn = 1, a match of the PCA counter with this Module's 
compare/capture register causes theCEXn pin to toggle. 

1 PWMn

Pulse Width Modulation Mode

Cleared to disable the CEXn pin to be used as a pulse width modulated output. 

Set to enable the CEXn pin to be used as a pulse width modulated output. 

0 CCF0

Enable CCF Interrupt

Cleared to disable compare/capture flag CCFn in the CCON register to generate 
an interrupt. 

Set to enable compare/capture flag CCFn in the CCON register to generate an 
interrupt. 
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Table 25.  PCA Module Modes (CCAPMn Registers)

There are two additional registers associated with each of the PCA Modules. They are
CCAPnH and CCAPnL and these are the registers that store the 16-bit count when a
capture occurs or a compare should occur. When a Module is used in the PWM mode
these registers are used to control the duty cycle of the output (see Table 26 and
Table 27). 

Table 26.  CCAPnH Registers (n = 0-4)

CCAP0H – PCA Module 0 Compare/Capture Control Register High (0FAh)

CCAP1H – PCA Module 1 Compare/Capture Control Register High (0FBh)

CCAP2H – PCA Module 2 Compare/Capture Control Register High (0FCh)

CCAP3H – PCA Module 3 Compare/Capture Control Register High (0FDh)

CCAP4H – PCA Module 4 Compare/Capture Control Register High (0FEh)

Reset Value = 0000 0000b
Not bit addressable

ECOMn CAPPn CAPNn MATn TOGn PWMm ECCFn Module Function

0 0 0 0 0 0 0  No Operation

X 1 0 0 0 0 X
16-bit capture by a positive-edge 
trigger on CEXn

X 0 1 0 0 0 X
16-bit capture by a negative trigger 
on CEXn

X 1 1 0 0 0 X
16-bit capture by a transition on 
CEXn

1 0 0 1 0 0 X
16-bit Software Timer/Compare 
mode. 

1 0 0 1 1 0 X  16-bit High-speed Output

1 0 0 0 0 1 0  8-bit PWM

1 0 0 1 X 0 X  Watchdog Timer (Module 4 only)

7 6 5 4 3 2 1 0

- - - - - - - -

Bit 

Number

Bit       

Mnemonic Description

7 - 0 -
PCA Module n Compare/Capture Control
CCAPnH Value
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Registers Table 30.  SADEN Register

SADEN - Slave Address Mask Register (B9h)

Reset Value = 0000 0000b
Not bit addressable

Table 31.  SADDR Register

SADDR - Slave Address Register (A9h)

Reset Value = 0000 0000b
Not bit addressable

Baud Rate Selection for 
UART for Mode 1 and 3

The Baud Rate Generator for transmit and receive clocks can be selected separately via
the T2CON and BDRCON registers. 

Figure 20.  Baud Rate Selection
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Table 40.  T2CON Register

T2CON - Timer 2 Control Register (C8h)

Reset Value = 0000 0000b
Bit addressable

7 6 5 4 3 2 1 0

TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2# CP/RL2#

Bit 

Number

Bit        

Mnemonic Description

7 TF2
Timer 2 overflow Flag
Must be cleared by software. 
Set by hardware on timer 2 overflow, if RCLK = 0 and TCLK = 0.

6 EXF2

Timer 2 External Flag
Set when a capture or a reload is caused by a negative transition on T2EX pin if 
EXEN2=1.
When set, causes the CPU to vector to timer 2 interrupt routine when timer 2 
interrupt is enabled. 
Must be cleared by software. EXF2 doesn’t cause an interrupt in Up/down 
counter mode (DCEN = 1)

5 RCLK
Receive Clock bit for UART
Cleared to use timer 1 overflow as receive clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as receive clock for serial port in mode 1 or 3.

4 TCLK
Transmit Clock bit for UART
Cleared to use timer 1 overflow as transmit clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as transmit clock for serial port in mode 1 or 3.

3 EXEN2

Timer 2 External Enable bit
Cleared to ignore events on T2EX pin for timer 2 operation. 
Set to cause a capture or reload when a negative transition on T2EX pin is 
detected, if timer 2 is not used to clock the serial port. 

2 TR2
Timer 2 Run control bit
Cleared to turn off timer 2.
Set to turn on timer 2.

1 C/T2#

Timer/Counter 2 select bit
Cleared for timer operation (input from internal clock system:  FCLK PERIPH). 
Set for counter operation (input from T2 input pin, falling edge trigger). Must be 
0 for clock out mode. 

0 CP/RL2#

Timer 2 Capture/Reload bit
If RCLK=1 or TCLK=1, CP/RL2# is ignored and timer is forced to auto-reload on 
timer 2 overflow. 
Cleared to auto-reload on timer 2 overflows or negative transitions on T2EX pin 
if EXEN2=1.
Set to capture on negative transitions on T2EX pin if EXEN2=1.
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Registers A low-priority interrupt can be interrupted by a high-priority interrupt, but not by another
low-priority interrupt. A high-priority interrupt can’t be interrupted by any other interrupt
source.

Table 43.  Priority Level Bit Values

If two interrupt requests of different priority levels are received simultaneously, the
request of higher-priority level is serviced. If interrupt requests of the same priority level
are received simultaneously, an internal polling sequence determines which request is
serviced. Thus within each priority level there is a second priority structure determined
by the polling sequence. 

IPH. x IPL. x Interrupt Level Priority

0 0 0 (Lowest)

0 1 1

1 0 2

1 1 3 (Highest)
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Table 48.  IPL1 Register

IPL1 - Interrupt Priority Register (B2h)

Reset Value = XXXX X000b
Bit addressable

7 6 5 4 3 2 1 0

- - - - - SPIL - KBDL

Bit 

Number

Bit 

Mnemonic Description

7 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

6 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

5 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

4 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

3 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

2 SPIL
SPI Interrupt Priority Bit
see SPIH for priority level. 

1 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

0 KBDL
Keyboard Interrupt Priority Bit
see KBDH for priority level. 
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Keyboard Interface The AT89C51RB2/RC2 implements a keyboard interface allowing the connection of a 
8 x n matrix keyboard. It is based on 8 inputs with programmable interrupt capability on
both high or low level. These inputs are available as alternate function of P1 and allow to
exit from idle and power-down modes. 

The keyboard interfaces with the C51 core through 3 special function registers:  KBLS,
the Keyboard Level Selection register (Table 53), KBE, the Keyboard interrupt Enable
register (Table 52), and KBF, the Keyboard Flag register (Table 51). 

Interrupt The keyboard inputs are considered as 8 independent interrupt sources sharing the
same interrupt vector. An interrupt enable bit (KBD in IEN1) allows global enable or dis-
able of the keyboard interrupt (see Figure 23). As detailed in Figure 24 each keyboard
input has the capability to detect a programmable level according to KBLS. x bit value.
Level detection is then reported in interrupt flags KBF. x that can be masked by software
using KBE. x bits. 

This structure allows keyboard arrangement from 1 by n to 8 by n matrix and allow
usage of P1 inputs for other purpose. 

Figure 23.  Keyboard Interface Block Diagram

Figure 24.  Keyboard Input Circuitry

Power Reduction Mode P1 inputs allow exit from idle and power down modes as detailed in Section “Power-
down Mode”, page 82. 
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Serial Port Interface 
(SPI)

The Serial Peripheral Interface Module (SPI) allows full-duplex, synchronous, serial
communication between the MCU and peripheral devices, including other MCUs. 

Features Features of the SPI Module include the following:

• Full-duplex, three-wire synchronous transfers

• Master or Slave operation

• Eight programmable Master clock rates

• Serial clock with programmable polarity and phase

• Master Mode fault error flag with MCU interrupt capability

• Write collision flag protection

Signal Description Figure 25 shows a typical SPI bus configuration using one Master controller and many
Slave peripherals. The bus is made of three wires connecting all the devices.

Figure 25.  SPI Master/Slaves Interconnection

The Master device selects the individual Slave devices by using four pins of a parallel
port to control the four SS pins of the Slave devices. 
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ONCE™ Mode (ON 
Chip Emulation)

The ONCE mode facilitates testing and debugging of systems using AT89C51RB2/RC2
without removing the circuit from the board. The ONCE mode is invoked by driving cer-
tain pins of the AT89C51RB2/RC2; the following sequence must be exercised:

• Pull ALE low while the device is in reset (RST high) and PSEN is high. 

• Hold ALE low as RST is deactivated. 

While the AT89C51RB2/RC2 is in ONCE mode, an emulator or test CPU can be used to
drive the circuit. Table 61 shows the status of the port pins during ONCE mode. 

Normal operation is restored when normal reset is applied. 

Table 61.  External Pin Status during ONCE Mode

ALE PSEN Port 0 Port 1 Port 2 Port 3 XTAL1/2

Weak pull-up Weak pull-up Float Weak pull-up Weak pull-up Weak pull-up Active
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Power Management Two power reduction modes are implemented in the AT89C51RB2/RC2: the Idle mode
and the Power-down mode. These modes are detailed in the following sections. In addi-
tion to these power reduction modes, the clocks of the core and peripherals can be
dynamically divided by 2 using the X2 mode detailed in Section “X2 Feature”.

Reset In order to start-up (cold reset) or to restart (warm reset) properly the microcontroller, an
high level has to be applied on the RST pin. A bad level leads to a wrong initialization of
the internal registers like SFRs, Program Counter… and to unpredictable behavior of
the microcontroller. A proper device reset initializes the AT89C51RB2/RC2 and vectors
the CPU to address 0000h. RST input has a pull-down resistor allowing power-on reset
by simply connecting an external capacitor to VDD as shown in Figure 32. A warm reset
can be applied either directly on the RST pin or indirectly by an internal reset source
such as the watchdog timer. Resistor value and input characteristics are discussed in
the Section “DC Characteristics” of the AT89C51RB2/RC2 datasheet.

Figure 32.  Reset Circuitry and Power-On Reset

Cold Reset 2 conditions are required before enabling a CPU start-up:

• VDD must reach the specified VDD range

• The level on X1 input pin must be outside the specification (VIH, VIL)
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R
R

S
T

RST

VSS

To CPU Core
and Peripherals

RST

VDD

+

Power-on ResetRST input circuitry

P

VDD From Internal
Reset Source



85

AT89C51RB2/RC2

4180E–8051–10/06

Reduced EMI Mode The ALE signal is used to demultiplex address and data buses on port 0 when used with
external program or data memory. Nevertheless, during internal code execution, ALE
signal is still generated. In order to reduce EMI, ALE signal can be disabled by setting
AO bit. 

The AO bit is located in AUXR register at bit location 0.As soon as AO is set, ALE is no
longer output but remains active during MOVX and MOVC instructions and external
fetches. During ALE disabling, ALE pin is weakly pulled high. 

Table 64.  AUXR Register

AUXR - Auxiliary Register (8Eh)

7 6 5 4 3 2 1 0

DPU - M0 - XRS1 XRS0 EXTRAM AO

Bit 

Number

Bit     

Mnemonic Description

7 DPU

Disable Weak Pull-up

Cleared to activate the permanent weak pull up when latch data is logic 1

Set to disactive the weak pull-up.

6 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

5 M0

Pulse Length

Cleared to stretch MOVX control:  the RD and the WR pulse length is 6 clock 
periods (default). 

Set to stretch MOVX control:  the RD and the WR pulse length is 30 clock 
periods. 

4 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

3 XRS1 XRAM Size

XRS1 XRS0 XRAM size
0 0 256 Bytes (default)

0 1 512 Bytes

1 0 768 Bytes

1 1 1024 Bytes

2 XRS0

1 EXTRAM

EXTRAM Bit
Cleared to access internal XRAM using movx @ Ri @ DPTR. 

Set to access external memory. 

Programmed by hardware after Power-up regarding Hardware Security Byte 
(HSB), default setting, XRAM selected. 

0 AO

ALE Output Bit
Cleared, ALE is emitted at a constant rate of 1/6 the oscillator frequency (or 1/3 if 
X2 mode is used). (default) Set, ALE is active only during a MOVX or MOVC 
instruction is used. 
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Table 66.  Program Lock Bits

Note: U:  unprogrammed or "one" level. 
P:  programmed or "zero" level. 
X:  don’t care
WARNING:  Security level ‘2’ and ‘3‘ should only be programmed after Flash and code
verification. 

These security bits protect the code access through the parallel programming interface.
They are set by default to level 4. The code access through the ISP is still possible and
is controlled by the "software security bits" which are stored in the extra Flash memory
accessed by the ISP firmware. 

To load a new application with the parallel programmer, a chip erase must first be done.
This will set the HSB in its inactive state and will erase the Flash memory. The part ref-
erence can always be read using Flash parallel programming modes. 

Default Values The default value of the HSB provides parts ready to be programmed with ISP:  

• BLJB:  Programmed force ISP operation. 

• X2:  Unprogrammed to force X1 mode (Standard Mode). 

• XRAM:  Unprogrammed to valid XRAM

• LB2-0:  Security level four to protect the code from a parallel access with maximum 
security. 

Software Registers Several registers are used, in factory and by parallel programmers, to make copies of
hardware registers contents. These values are used by Atmel ISP.

These registers are in the "Extra Flash Memory" part of the Flash memory. This block is
also called "XAF" or eXtra Array Flash. They are accessed in the following ways:

• Commands issued by the parallel memory programmer. 

• Commands issued by the ISP software. 

• Calls of API issued by the application software. 

Several software registers are described in Table 67. 

Program Lock Bits

Protection Description
Security 

Level LB0 LB1 LB2

1 U U U No program lock features enabled. 

2 P U U

MOVC instruction executed from external program memory is disabled 
from fetching code Bytes from internal memory, EA is sampled and 
latched on reset, and further parallel programming of the Flash is 
disabled. ISP and software programming with API are still allowed. 

3 X P U
Same as 2, also verify through parallel programming interface is 
disabled. 

4 X X P Same as 3, also external execution is disabled. (Default)



95

AT89C51RB2/RC2

4180E–8051–10/06

ISP Protocol Description

Physical Layer The UART used to transmit information has the following configuration:

• Character: 8-bit data

• Parity: none

• Stop: 1 bit

• Flow control: none

• Baud rate: autobaud is performed by the bootloader to compute the baud rate 
choosen by the host.

Frame Description The Serial Protocol is based on the Intel Hex-type records. 

Intel Hex records consist of ASCII characters used to represent hexadecimal values and
are summarized below.

Table 70.  Intel Hex Type Frame

• Record Mark:

– Record Mark is the start of frame. This field must contain ’:’.

• Reclen:

– Reclen specifies the number of Bytes of information or data which follows 
the Record Type field of the record.

• Load Offset:

– Load Offset specifies the 16-bit starting load offset of the data Bytes, 
therefore this field is used only for 

– Data Program Record (see Section “ISP Commands Summary”).

• Record Type:

– Record Type specifies the command type. This field is used to interpret the 
remaining information within the frame. The encoding for all the current 
record types is described in Section “ISP Commands Summary”.

• Data/Info:

– Data/Info is a variable length field. It consists of zero or more Bytes encoded 
as pairs of hexadecimal digits. The meaning of data depends on the Record 
Type.

• Checksum:

– The two’s complement of the 8-bit Bytes that result from converting each pair 
of ASCII hexadecimal digits to one Byte of binary, and including the Reclen 
field to and including the last Byte of the Data/Info field. Therefore, the sum 
of all the ASCII pairs in a record after converting to binary, from the Reclen 
field to and including the Checksum field, is zero.

Record Mark ‘:’ Reclen Load Offset Record Type Data or Info Checksum

1 byte 1 byte 2 bytes 1 bytes n byte 1 byte
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PROGRAM X2 FUSE 0Ah
Fuse value

00h or 01h
0008h XXh none Program X2 fuse bit with ACC

PROGRAM BLJB 
FUSE

0Ah
Fuse value

00h or 01h
0004h XXh none Program BLJB fuse bit with ACC

READ HSB 0Bh XXh XXXXh XXh ACC = HSB Read Hardware Byte

READ BOOT ID1 0Eh XXh DPL = 00h XXh ACC = ID1 Read boot ID1

READ BOOT ID2 0Eh XXh DPL = 01h XXh ACC = ID2 Read boot ID2

READ BOOT VERSION 0Fh XXh XXXXh XXh ACC = Boot_Version Read bootloader version

Table 74.  API Call Summary  (Continued)
 Command R1 A DPTR0 DPTR1 Returned Value Command Effect
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