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Welcome to E-XFL.COM

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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3. SFR Mapping
The Special Function Registers (SFRs) of the AT89C51RD2/ED2 fall into the following
categories:

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

� I/O port registers: P0, P1, P2, P3, PI2 
� 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: IE0, IPL0, IPH0, IE1, IPL1, IPH1
� Keyboard Interface registers: KBE, KBF, KBLS
� SPI registers: SPCON, SPSTR, SPDAT

� BRG (Baud Rate Generator) registers: BRL, BDRCON
� Clock Prescaler register: CKRL
� Others: AUXR, AUXR1, CKCON0, CKCON1

Table 3-1. C51 Core SFRs
Mnemonic Add Name 7 6 5 4 3 2 1 0

ACC E0h Accumulator

B F0h B Register

PSW D0h Program Status Word CY AC F0 RS1 RS0 OV F1 P

SP 81h Stack Pointer

DPL 82h Data Pointer Low Byte

DPH 83h Data Pointer High Byte

Table 3-2. System Management SFRs
Mnemonic Add Name 7 6 5 4 3 2 1 0

PCON 87h Power Control SMOD1 SMOD0 - POF GF1 GF0 PD IDL

AUXR 8Eh Auxiliary Register 0 DPU - M0 XRS2 XRS1 XRS0 EXTRAM AO

AUXR1 A2h Auxiliary Register 1 - - ENBOOT - GF3 0 - DPS

CKRL 97h Clock Reload Register - - - - - - - -

CKCKON0 8Fh Clock Control Register 0 - WDTX2 PCAX2 SIX2 T2X2 T1X2 T0X2 X2

CKCKON1 AFh Clock Control Register 1 - - - - - - - SPIX2
4
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AT89C51RD2/ED2
4. Pin Configurations 

Figure 4-1. Pin Configurations

43 42 41 40 3944 38 37 36 35 34

P
1.

4/
C

E
X

1

P
1.

0/
T2

P
1.

1/
T2

E
X

/S
S

P
1.

3/
C

E
X

0
P

1.
2/

E
C

I

V
C

C
P

0.
0/

A
D

0

P
0.

2/
A

D
2

P
0.

3/
A

D
3

P
0.

1/
A

D
1

P0.4/AD4

P0.6/AD6
P0.5/AD5

P0.7/AD7

ALE/PROG
PSEN

EA

P2.7/A15

P2.5/A13
P2.6/A14

P1.5/CEX2/MISO
P1.6/CEX3/SCK
P1.7/CEX4/MOSI

RST
P3.0/RxD

P3.1/TxD
P3.2/INT0
P3.3/INT1

P3.4/T0
P3.5/T1

P
3.

6/
W

R
P

3.
7/

R
D

X
TA

L2
X

TA
L1

V
S

S

P
2.

0/
A

8
P

2.
1/

A
9

P
2.

2/
A

10
P

2.
3/

A
11

P
2.

4/
A

12

N
IC

*

12 13 17161514 201918 21 22

      

 

 
  

 

33
32 

 31
 30 
 29
28 
27

26
 25
 24

 23

AT89C51RD2/ED2

 1 
2 

 3
 4 
 5
6 
7
8 
 9
 10 
 11

VQFP44 1.4

NIC*NIC*

N
IC

*

PLCC44
AT89C51RD2/ED2

NIC*NIC*

N
IC

*
18 19 23222120 262524 27 28

 5  4  3  2  1  6 44 43 42 41 40

P
1.

4/
C

E
X

1

P
1.

0/
T2

P
1.

1/
T2

E
X

/S
S

P
1.

3/
C

E
X

0
P

1.
2/

E
C

I

V
C

C
P

0.
0/

A
D

0

P
0.

2/
A

D
2

P
0.

1/
A

D
1

P0.4/AD4

P0.6/AD6
P0.5/AD5

P0.7/AD7

ALE/PROG
PSEN

EA

P2.7/A15

P2.5/A13
9
4235K�8051�05/08



AT89C51RD2/ED2
8. Dual Data Pointer Register (DPTR)
The additional data pointer can be used to speed up code execution and reduce code size. 

The dual DPTR structure is a way by which the chip will specify the address of an external data
memory location. There are two 16-bit DPTR registers that address the external memory, and a
single bit called DPS = AUXR1.0 (see Table 8-1) that allows the program code to switch
between them (Refer to Figure 8-1). 

Figure 8-1. Use of Dual Pointer

Table 8-1. AUXR1 Register
AUXR1- Auxiliary Register 1(0A2h)

External Data Memory

AUXR1(A2H)

DPS

DPH(83H) DPL(82H)

07

DPTR0
DPTR1

7 6 5 4 3 2 1 0

- - ENBOOT - GF3 0 - DPS

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 ENBOOT
Enable Boot Flash
Cleared to disable boot ROM. 
Set to map the boot ROM between F800h - 0FFFFh. 

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

3 GF3 This bit is a general-purpose user flag.(1)

2 0 Always cleared

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

0 DPS
Data Pointer Selection
Cleared to select DPTR0.
Set to select DPTR1.
21
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Reset Value = XXXX XX0X0b

Not bit addressable

Note: 1. Bit 2 stuck at 0; this allows to use INC AUXR1 to toggle DPS without changing GF3.

ASSEMBLY LANGUAGE 

; Block move using dual data pointers 
; Modifies DPTR0, DPTR1, A and PSW 
; note:  DPS exits opposite of entry state 
; unless an extra INC AUXR1 is added 
; 
00A2  AUXR1 EQU 0A2H 
; 
0000 909000MOV DPTR,#SOURCE ; address of SOURCE 
0003 05A2 INC AUXR1 ; switch data pointers 
0005 90A000 MOV DPTR,#DEST ; address of DEST 
0008 LOOP:  
0008 05A2 INC AUXR1 ; switch data pointers 
000A E0 MOVX A,@DPTR ; get a byte from SOURCE 
000B A3 INC DPTR ; increment SOURCE address 
000C 05A2 INC AUXR1 ; switch data pointers 
000E F0 MOVX @DPTR,A ; write the byte to DEST 
000F A3 INC DPTR ; increment DEST address 
0010 70F6JNZ LOOP ; check for 0 terminator 
0012 05A2 INC AUXR1 ; (optional) restore DPS 

INC is a short (2 bytes) and fast (12 clocks) way to manipulate the DPS bit in the AUXR1 SFR.
However, note that the INC instruction does not directly force the DPS bit to a particular state,
but simply toggles it. In simple routines, such as the block move example, only the fact that DPS
is toggled in the proper sequence matters, not its actual value. In other words, the block move
routine works the same whether DPS is ’0’ or ’1’ on entry. Observe that without the last instruc-
tion (INC AUXR1), the routine will exit with DPS in the opposite state. 
22
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Table 13-4. 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 13-5 & Table 13-6).

Table 13-5. 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
41
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Table 14-3. Baud Rate Selection Table UART

14.4.1 Internal Baud Rate Generator (BRG)

When the internal Baud Rate Generator is used, the Baud Rates are determined by the BRG

overflow depending on the BRL reload value, the value of SPD bit (Speed Mode) in BDRCON

register and the value of the SMOD1 bit in PCON register. 

Figure 14-5. Internal Baud Rate

• The baud rate for UART is token by formula:

TCLK

(T2CON)

RCLK

(T2CON)

TBCK

(BDRCON)

RBCK

(BDRCON)

Clock Source 

UART Tx

Clock Source

UART Rx

0 0 0 0 Timer 1 Timer 1

1 0 0 0 Timer 2 Timer 1

0 1 0 0 Timer 1 Timer 2

1 1 0 0 Timer 2 Timer 2

X 0 1 0 INT_BRG Timer 1

X 1 1 0 INT_BRG Timer 2

0 X 0 1 Timer 1 INT_BRG

1 X 0 1 Timer 2 INT_BRG

X X 1 1 INT_BRG INT_BRG

0

1

Overflow

SPD
BDRCON.1

BRG
(8 bits)

BRL
(8 bits)

FClk Periph ‚ 6

BRR
BDRCON.4

0

1

SMOD1
PCON.7

‚ 2
INT_BRG

Baud_Rate =
6(1-SPD) × 32 × (256 -BRL)

2SMOD1 × FPER

BRL = 256 -
6(1-SPD) × 32 × Baud_Rate

2SMOD1 × FPER
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AT89C51RD2/ED2
16. Serial Port Interface (SPI)
The Serial Peripheral Interface Module (SPI) allows full-duplex, synchronous, serial communica-

tion between the MCU and peripheral devices, including other MCUs. 

16.1 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

16.2 Signal Description

Figure 16-1 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 16-1. 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. 

16.2.1 Master Output Slave Input (MOSI)

This 1-bit signal is directly connected between the Master Device and a Slave Device. The MOSI

line is used to transfer data in series from the Master to the Slave. Therefore, it is an output sig-

nal from the Master, and an input signal to a Slave. A Byte (8-bit word) is transmitted most

significant bit (MSB) first, least significant bit (LSB) last. 

16.2.2 Master Input Slave Output (MISO)

This 1-bit signal is directly connected between the Slave Device and a Master Device. The MISO

line is used to transfer data in series from the Slave to the Master. Therefore, it is an output sig-

nal from the Slave, and an input signal to the Master. A Byte (8-bit word) is transmitted most

significant bit (MSB) first, least significant bit (LSB) last. 
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Table 17-7. IPL1 Register

IPL1 - Interrupt Priority Register (B2h)

Reset Value = XXXX X000b

Bit addressable

7 6 5 4 3 2 1 0

- - - - - SPIL TWIL 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

Refer to 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

Refer to KBDH for priority level. 
78
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24. Flash/EEPROM Memory
The Flash memory increases EEPROM and ROM functionality with in-circuit electrical erasure

and programming. It contains 64K bytes of program memory organized respectively in 512

pages of 128 bytes. This memory is both parallel and serial In-System Programmable (ISP). ISP

allows devices to alter their own program memory in the actual end product under software con-

trol. A default serial loader (bootloader) program allows ISP of the Flash. 

The programming does not require external dedicated programming voltage. The necessary

high programming voltage is generated on-chip using the standard VCC pins of the

microcontroller. 

24.1 Features

• Flash EEPROM Internal Program Memory

• Boot vector allows user provided Flash loader code to reside anywhere in the Flash memory 

space. This configuration provides flexibility to the user. 

• Default loader in Boot ROM allows programming via the serial port without the need of a user 

provided loader. 

• Up to 64K bytes external program memory if the internal program memory is disabled (EA = 

0). 

• Programming and erasing voltage with standard power supply

• Read/Programming/Erase:

– Byte-wise read without wait state

– Byte or page erase and programming (10 ms)

• Typical programming time (64K bytes) is 22s with on chip serial bootloader

• Parallel programming with 87C51 compatible hardware interface to programmer

• Programmable security for the code in the Flash

• 100K write cycles

• 10 years data retention

24.2 Flash Programming and Erasure

The 64-K byte Flash is programmed by bytes or by pages of 128 bytes. It is not necessary to

erase a byte or a page before programming. The programming of a byte or a page includes a

self erase before programming. 

There are three methods of programming the Flash memory:

1. The on-chip ISP bootloader may be invoked which will use low level routines to pro-

gram the pages. The interface used for serial downloading of Flash is the UART. 

2. The Flash may be programmed or erased in the end-user application by calling low-

level routines through a common entry point in the Boot ROM. 

3. The Flash may be programmed using the parallel method by using a conventional 

EPROM programmer. The parallel programming method used by these devices is simi-

lar to that used by EPROM 87C51 but it is not identical and the commercially available 

programmers need to have support for the AT89C51RD2/ED2. The bootloader and the 

Application Programming Interface (API) routines are located in the BOOT ROM. 
93
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