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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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AT80C51RD2
3. Pin Configurations
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AT80C51RD2
P2.0 - P2.7 21 - 28 24 - 31 18 - 25 I/O Port 2: Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. Port 2 pins 
that have 1s written to them are pulled high by the internal pull-ups and can be 
used as inputs. As inputs, Port 2 pins that are externally pulled low will source 
current because of the internal pull-ups. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external 
data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOVX @Ri), Port 2 emits the contents of the P2 SFR. 
Some Port 2 pins receive the high order address bits during ROM reading and 
verification:

P2.0 to P2.5 for 16 KB devices

P2.0 to P2.6 for 32 KB devices

P3.0 - P3.7 10 - 17 11,
13 - 19

5,
7 - 13

I/O Port 3: Port 3 is an 8-bit bi-directional I/O port with internal pull-ups. Port 3 pins 
that have 1s written to them are pulled high by the internal pull-ups and can be 
used as inputs. As inputs, Port 3 pins that are externally pulled low will source 
current because of the internal pull-ups. Port 3 also serves the special features of 
the 80C51 family, as listed below.

10 11 5 I RXD (P3.0): Serial input port

11 13 7 O TXD (P3.1): Serial output port

12 14 8 I INT0 (P3.2): External interrupt 0

13 15 9 I INT1 (P3.3): External interrupt 1

14 16 10 I T0 (P3.4): Timer 0 external input

15 17 11 I T1 (P3.5): Timer 1 external input

16 18 12 O WR (P3.6): External data memory write strobe

17 19 13 O RD (P3.7): External data memory read strobe

RST 9 10 4 I/O

Reset: A high on this pin for two machine cycles while the oscillator is running, 
resets the device. An internal diffused resistor to VSS permits a power-on reset 
using only an external capacitor to VCC. This pin is an output when the hardware 
watchdog forces a system reset.

ALE/PROG 30 33 27 O (I) Address Latch Enable/Program Pulse: Output pulse for latching the low byte of 
the address during an access to external memory. In normal operation, ALE is 
emitted at a constant rate of 1/6 (1/3 in X2 mode) the oscillator frequency, and can 
be used for external timing or clocking. Note that one ALE pulse is skipped during 
each access to external data memory. This pin is also the program pulse input 
(PROG) during Flash programming. ALE can be disabled by setting SFR’s AUXR.0 
bit. With this bit set, ALE will be inactive during internal fetches.

PSEN 29 32 26 O Program Strobe Enable: The read strobe to external program memory. When 
executing code from the external program memory, PSEN is activated twice each 
machine cycle, except that two PSEN activations are skipped during each access 
to external data memory. PSEN is not activated during fetches from internal 
program memory.

EA 31 35 29 I
External Access Enable: EA must be externally held low to enable the device to 
fetch code from external program memory locations. If security level 1 is 
programmed, EA will be internally latched on Reset.

Table 3-1. Pin Description  (Continued)

Mnemonic

Pin Number

Type Name and FunctionDIL PLCC44 VQFP44 1.4
5
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AT80C51RD2
Table 3 shows all SFRs with their address and their reset value.

Table 4-1. SFR Mapping

Bit

Addressable Non-bit Addressable

0/8 1/9  2/A 3/B  4/C 5/D 6/E  7/F

F8h CH

0000 0000

CCAP0H

XXXX XXXX

CCAP1H

XXXX XXXX

CCAPL2H

XXXX XXXX

CCAPL3H

XXXX XXXX

CCAPL4H

XXXX XXXX
FFh

F0h B
0000 0000

F7h

E8h CL

0000 0000

CCAP0L

XXXX XXXX

CCAP1L

XXXX XXXX

CCAPL2L

XXXX XXXX

CCAPL3L

XXXX XXXX

CCAPL4L

XXXX XXXX
EFh

E0h ACC
0000 0000

E7h

D8h CCON

00X0 0000

CMOD

00XX X000

CCAPM0

X000 0000

CCAPM1

X000 0000

CCAPM2

X000 0000

CCAPM3

X000 0000

CCAPM4

X000 0000
DFh

D0h PSW
0000 0000

D7h

C8h T2CON
0000 0000

T2MOD
XXXX XX00

RCAP2L
0000 0000

RCAP2H
0000 0000

TL2
0000 0000

TH2
0000 0000

CFh

C0h C7h

B8h  IPL0

X000 000

SADEN

0000 0000
BFh

B0h P3

1111 1111

IE1

XXXX XXX0b

IPL1

XXXX XXX0b

IPH1

XXXX XXX0b

IPH0

X000 0000
B7h

A8h IE0

0000 0000

SADDR

0000 0000
AFh

A0h P2

1111 1111

AUXR1

XXXX XXX0

WDTRST

XXXX XXXX

WDTPRG

XXXX X000
A7h

98h  SCON

0000 0000

SBUF

XXXX XXXX

BRL

0000 0000

BDRCON

XXX0 0000

KBLS

0000 0000

KBE

0000 0000

KBF

0000 0000
9Fh

90h P1

1111 1111

CKRL

1111 1111
97h

88h  TCON

0000 0000

TMOD

0000 0000

TL0

0000 0000

TL1

0000 0000

TH0

0000 0000

TH1

0000 0000
AUXR

XX0X 0000
CKCON0

0000 0000
8Fh

80h P0

1111 1111
SP

0000 0111
DPL

0000 0000
DPH

0000 0000
PCON

00X1 0000
87h

0/8 1/9  2/A 3/B  4/C 5/D 6/E  7/F

Reserved 
7
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5. Oscillators

5.1 Overview 
One oscillator is available for CPU: 

• OSC used for high frequency (3 MHz to 40 MHz) 

In order to optimize the power consumption and the execution time needed for a specific task,
an internal prescaler feature has been implemented between the selected oscillator and the
CPU.

5.2 Registers
Table 5-1. Clock Reload Register

Reset Value = 1111 1111b
Not bit addressable

5.2.1 Prescaler Divider
A hardware RESET puts the prescaler divider in the following state: 

• CKRL = FFh: FCLK CPU = FCLK PERIPH = FOSC/2 (Standard C51 feature)
KS signal selects OSC: FCLK OUT = FOSC

• Any value between FFh down to 00h can be written by software into CKRL register in order to 
divide frequency of the selected oscillator: 

– CKRL = 00h: minimum frequency 
FCLK CPU = FCLK PERIPH = FOSC/1020 (Standard Mode) 
FCLK CPU = FCLK PERIPH = FOSC/510 (X2 Mode) 

– CKRL = FFh: maximum frequency
FCLK CPU = FCLK PERIPH = FOSC/2 (Standard Mode) 
FCLK CPU = FCLK PERIPH = FOSC (X2 Mode) 

– FCLK CPU and FCLK PERIPH

In X2 mode: 

In X1 mode: 

7 6 5 4 3 2 1 0

- - - - - - - -

Bit 
Number 

Bit 
Mnemonic Description 

7:0 CKRL Clock Reload Register: Prescaler value 

FCPU F= CLKPERIPH
FOSC

2 255 CKRL–( )×
----------------------------------------------=

FCPU F= CLKPERIPH
FOSCA

4 255 CKRL–( )×
----------------------------------------------=



7. Dual Data Pointer Register
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 7-1) that allows the program code to switch
between them (Refer to Figure 7-1). 

Figure 7-1. Use of Dual Pointer

Table 7-1. AUXR1 Register
AUXR1- Auxiliary Register 1(0A2h)

Reset Value: XXXX XXXX0b
Not bit addressable

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

External Data Memory

AUXR1(A2H)

DPS

DPH(83H) DPL(82H)

07

DPTR0

DPTR1

7 6 5 4 3 2 1 0

- - - - 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 - Reserved

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.

2 0 Always cleared(1).

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.
12
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Reset Value = XX0X 00’HSB.XRAM’0b (see Table 8-1)
Not bit addressable

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 if a MOVX or MOVC instruction is used.

Bit 

Number

Bit     

Mnemonic Description
16
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Reset Value = 0000 0000b
Bit addressable

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
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
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.
20
4113D–8051–01/09

AT80C51RD2



AT80C51RD2
Figure 10-1. PCA Timer/Counter
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CH CL
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Table 10-1. 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 (see Figure 10-4 and
Table 10-1).

• 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 10-2). 

• 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. 

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

CPS1CPS0 Selected PCA input
0  0  Internal clock fCLK PERIPH/6

0  1  Internal clock fCLK 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.
24
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Figure 10-2. PCA Interrupt System

PCA Modules: each one of the five compare/capture modules has six possible functions. It can
perform:

• 16-bit Capture, positive-edge triggered

• 16-bit Capture, negative-edge triggered

• 16-bit Capture, both positive and negative-edge triggered

• 16-bit Software Timer

• 16-bit High-speed Output

• 8-bit Pulse Width Modulator

In addition, module 4 can be used as a Watchdog Timer. 

Each module in the PCA has a special function register associated with it. These registers are:
CCAPM0 for module 0, CCAPM1 for module 1, etc. (see Table 10-3). The registers contain the
bits that control the mode that each module will operate in. 

• The ECCF bit (CCAPMn.0 where n = 0, 1, 2, 3, or 4 depending on the module) enables the 
CCF flag in the CCON SFR to generate an interrupt when a match or compare occurs in the 
associated module. 

• PWM (CCAPMn.1) enables the pulse width modulation mode. 

• The TOG bit (CCAPMn.2) when set causes the CEX output associated with the module to 
toggle when there is a match between the PCA counter and the module's capture/compare 
register. 

• The match bit MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON register to be 
set when there is a match between the PCA counter and the module's capture/compare 
register.

• The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) determine the edge that a 
capture input will be active on. The CAPN bit enables the negative edge, and the CAPP bit 
enables the positive edge. If both bits are set both edges will be enabled and a capture will 
occur for either transition. 

• The last bit in the register ECOM (CCAPMn.6) when set enables the comparator function. 

CF CR
CCON

0xD8
CCF4 CCF3 CCF2 CCF1 CCF0

Module 4 

Module 3 

Module 2 

Module 1 

Module 0 

ECF

PCA Timer/Counter 

ECCFn CCAPMn.0CMOD.0
IE.6 IE.7

To Interrupt
Priority Decoder

EC EA
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Table 10-3 shows the CCAPMn settings for the various PCA functions.

Table 10-3. 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 the CEXn 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.
27
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Table 10-4. 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 10-5 and Table 10-6).

Table 10-5. 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
28
4113D–8051–01/09

AT80C51RD2



Figure 10-5. PCA High-speed Output Mode

Before enabling ECOM bit, CCAPnL and CCAPnH should be set with a non zero value, other-
wise an unwanted match could occur.

Once ECOM is set, writing CCAPnL will clear ECOM so that an unwanted match doesn’t occur
while modifying the compare value. Writing to CCAPnH will set ECOM. For this reason, user
software should write CCAPnL first, and then CCAPnH. Of course, the ECOM bit can still be
controlled by accessing the CCAPMn register.

10.4 Pulse Width Modulator Mode
All of the PCA modules can be used as PWM outputs. Figure 10-6 shows the PWM function.
The frequency of the output depends on the source for the PCA timer. All of the modules will
have the same frequency of output because they all share the PCA timer. The duty cycle of each
module is independently variable using the module's capture register CCAPLn. When the value
of the PCA CL SFR is less than the value in the module's CCAPLn SFR the output will be low,
when it is equal to or greater than the output will be high. When CL overflows from FF to 00,
CCAPLn is reloaded with the value in CCAPHn. This allows updating the PWM without glitches.
The PWM and ECOM bits in the module's CCAPMn register must be set to enable the PWM
mode.

CH CL

CCAPnH CCAPnL

ECOMn
CCAPMn, n = 0 to 4
0xDA to 0xDECAPNn MATn TOGn PWMn ECCFnCAPPn

16 bit comparator
Match

CF CR
CCON
0xD8CCF4 CCF3 CCF2 CCF1 CCF0

PCA IT

Enable

CEXn

PCA counter/timer

Write to
CCAPnH

Reset
Write to
CCAPnL

1 0
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Figure 10-6. PCA PWM Mode

10.5 PCA Watchdog Timer 
An on-board watchdog timer is available with the PCA to improve the reliability of the system
without increasing chip count. Watchdog timers are useful for systems that are susceptible to
noise, power glitches, or electrostatic discharge. Module 4 is the only PCA module that can be
programmed as a watchdog. However, this module can still be used for other modes if the
watchdog is not needed. Figure 10-4 shows a diagram of how the watchdog works. The user
pre-loads a 16-bit value in the compare registers. Just like the other compare modes, this 16-bit
value is compared to the PCA timer value. If a match is allowed to occur, an internal reset will be
generated. This will not cause the RST pin to be driven high. 

In order to hold off the reset, the user has three options: 

1. Periodically change the compare value so it will never match the PCA timer.

2. Periodically change the PCA timer value so it will never match the compare values.

3. Disable the watchdog by clearing the WDTE bit before a match occurs and then re-
enable it. 

The first two options are more reliable because the watchdog timer is never disabled as in option
#3. If the program counter ever goes astray, a match will eventually occur and cause an internal
reset. The second option is also not recommended if other PCA modules are being used.
Remember, the PCA timer is the time base for all modules; changing the time base for other
modules would not be a good idea. Thus, in most applications the first solution is the best option.

This watchdog timer won’t generate a reset out on the reset pin.

CL

CCAPnH

CCAPnL

ECOMn CCAPMn, n= 0 to 4

0xDA to 0xDE
CAPNn MATn TOGn PWMn ECCFnCAPPn

8-Bit Comparator
CEXn

“0”

“1”

 
Enable

PCA Counter/Timer

Overflow
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Reset Value = 0000 0000b
Bit addressable

Table 12-3. IPL0 Register
IPL0 - Interrupt Priority Register (B8h)

Reset Value = X000 0000b
Bit addressable

Table 12-4. IPH0 Register
IPH0 - Interrupt Priority High Register (B7h)

7 6 5 4 3 2 1 0

- PPCL PT2L PSL PT1L PX1L PT0L PX0L

Bit 

Number

Bit 

Mnemonic Description

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

6 PPCL
PCA interrupt priority bit
Refer to PPCH for priority level. 

5 PT2L
Timer 2 overflow interrupt priority bit
Refer to PT2H for priority level. 

4 PSL
Serial port priority bit
Refer to PSH for priority level. 

3 PT1L
Timer 1 overflow interrupt priority bit
Refer to PT1H for priority level. 

2 PX1L
External interrupt 1 priority bit
Refer to PX1H for priority level. 

1 PT0L
Timer 0 overflow interrupt priority bit
Refer to PT0H for priority level. 

0 PX0L
External interrupt 0 priority bit
Refer to PX0H for priority level. 

7 6 5 4 3 2 1 0

- PPCH PT2H PSH PT1H PX1H PT0H PX0H
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14. Power Management

14.1 Idle Mode
An instruction that sets PCON.0 indicates that it is the last instruction to be executed before
going into Idle mode. In Idle mode, the internal clock signal is gated off to the CPU, but not to the
interrupt, Timer, and Serial Port functions. The CPU status is preserved in its entirety:  the Stack
Pointer, Program Counter, Program Status Word, Accumulator and all other registers maintain
their data during idle. The port pins hold the logical states they had at the time Idle was acti-
vated. ALE and PSEN hold at logic high level. 

There are two ways to terminate the Idle mode. Activation of any enabled interrupt will cause
PCON.0 to be cleared by hardware, terminating the Idle mode. The interrupt will be serviced,
and following RETI the next instruction to be executed will be the one following the instruction
that put the device into idle. 

The flag bits GF0 and GF1 can be used to give an indication if an interrupt occurred during nor-
mal operation or during idle. For example, an instruction that activates idle can also set one or
both flag bits. When idle is terminated by an interrupt, the interrupt service routine can examine
the flag bits. 

The other way of terminating the Idle mode is with a hardware reset. Since the clock oscillator is
still running, the hardware reset needs to be held active for only two machine cycles (24 oscilla-
tor periods) to complete the reset. 

14.2 Power-down Mode
To save maximum power, a power-down mode can be invoked by software (refer to Table 11-
12, PCON register). 

In power-down mode, the oscillator is stopped and the instruction that invoked power-down
mode is the last instruction executed. The internal RAM and SFRs retain their value until the
power-down mode is terminated. VCC can be lowered to save further power. Either a hardware
reset or an external interrupt can cause an exit from power-down. To properly terminate power-
down, the reset or external interrupt should not be executed before VCC is restored to its normal
operating level and must be held active long enough for the oscillator to restart and stabilize. 

Only external interrupts INT0, INT1 and Keyboard Interrupts are useful to exit from power-down.
Thus, the interrupt must be enabled and configured as level - or edge - sensitive interrupt input.
When Keyboard Interrupt occurs after a power-down mode, 1024 clocks are necessary to exit to
power-down mode and enter in operating mode. 

Holding the pin low restarts the oscillator but bringing the pin high completes the exit as detailed
in Figure 14-1. When both interrupts are enabled, the oscillator restarts as soon as one of the
two inputs is held low and power-down exit will be completed when the first input is released. In
this case, the higher priority interrupt service routine is executed. Once the interrupt is serviced,
the next instruction to be executed after RETI will be the one following the instruction that put
AT80C51RD2 into power-down mode. 
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16. Power-off Flag
The Power-off flag allows the user to distinguish between a “cold start” reset and a “warm start”
reset. 

A cold start reset is the one induced by VCC switch-on. A warm start reset occurs while VCC is still
applied to the device and could be generated for example by an exit from power-down. 

The Power-off flag (POF) is located in PCON register (Table 16-1). POF is set by hardware
when VCC rises from 0 to its nominal voltage. The POF can be set or cleared by software allow-
ing the user to determine the type of reset. 

Table 16-1. PCON Register
PCON - Power Control Register (87h)

Reset Value = 00X1 0000b
Not bit addressable

7 6 5 4 3 2 1 0

SMOD1 SMOD0 - POF GF1 GF0 PD IDL

Bit 

Number

Bit        

Mnemonic Description

7 SMOD1
Serial port Mode bit 1
Set to select double baud rate in mode 1, 2 or 3.

6 SMOD0
Serial port Mode bit 0
Cleared to select SM0 bit in SCON register. 
Set to select FE bit in SCON register. 

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

4 POF

Power-off Flag
Cleared to recognize next reset type. 
Set by hardware when VCC rises from 0 to its nominal voltage. Can also be set by 
software. 

3 GF1
General purpose Flag
Cleared by user for general purpose usage. 
Set by user for general purpose usage. 

2 GF0
General purpose Flag
Cleared by user for general purpose usage. 
Set by user for general purpose usage. 

1 PD
Power-down mode bit
Cleared by hardware when reset occurs. 
Set to enter power-down mode. 

0 IDL
Idle mode bit
Cleared by hardware when interrupt or reset occurs. 
Set to enter idle mode. 



17. Electrical Characteristics

17.1 DC Parameters for Standard Voltage
TA = 0°C to +70°C; VSS = 0V; VCC = 4.5V to 5.5V; F = 10 to 40 MHz
TA = -40°C to +85°C; VSS = 0V; VCC =4.5V to 5.5V; F = 10 to 40 MHz

Table 17-1. Absolute Maximum Ratings

C = commercial......................................................0°C to 70°C
I = industrial ........................................................-40°C to 85°C
Storage Temperature .................................... -65°C to + 150°C
Voltage on VCC to VSS (standard voltage) .........-0.5V to + 6.5V
Voltage on VCC to VSS (low voltage)..................-0.5V to + 4.5V
Voltage on Any Pin to VSS..........................-0.5V to VCC + 0.5V
Power Dissipation .............................................................. 1 W

Note: Stresses at or above those listed under “Absolute
Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other condi-
tions above those indicated in the operational sections
of this specification is not implied. Exposure to abso-
lute maximum rating conditions may affect device
reliability.
Power dissipation value is based on the maximum
allowable die temperature and the thermal resistance
of the package.

Symbol Parameter Min Typ Max Unit Test Conditions

VIL Input Low Voltage -0.5 0.2 VCC - 0.1 V

VIH Input High Voltage except RST, XTAL1 0.2 VCC + 0.9 VCC + 0.5 V

VIH1 Input High Voltage RST, XTAL1 0.7 VCC VCC + 0.5 V

VOL Output Low Voltage, ports 1, 2, 3, 4 (6)

0.3

0.45

1.0

V

V

V

IOL = 100 μA(4)

IOL = 1.6 mA(4)

IOL = 3.5 mA(4)

VOL1 Output Low Voltage, port 0, ALE, PSEN (6)

0.3

0.45

1.0

V

V

V

IOL = 200 μA(4)

IOL = 3.2 mA(4)

IOL = 7.0 mA(4)

VOH Output High Voltage, ports 1, 2, 3, 4

VCC - 0.3

VCC - 0.7

VCC - 1.5

V

V

V

IOH = -10 μA

IOH = -30 μA

IOH = -60 μA

VCC = 5V ± 10%

VOH1 Output High Voltage, port 0, ALE, PSEN

VCC - 0.3

VCC - 0.7

VCC - 1.5

V

V

V

IOH = -200 μA

IOH = -3.2 mA

IOH = -7.0 mA

VCC = 5V ± 10%

RRST RST Pull-down Resistor 50 200(5) 250 kΩ

IIL Logical 0 Input Current ports 1, 2, 3, 4 and 5 -50 μA VIN = 0.45V

ILI Input Leakage Current ±10 μA 0.45V < VIN < VCC

ITL Logical 1 to 0 Transition Current, ports 1, 2, 3, 4 -650 μA VIN = 2.0 V

CIO Capacitance of I/O Buffer 10 pF
Fc = 3 MHz
TA = 25°C

IPD Power-down Current 100 150 μA 4.5V < VCC < 5.5V(3)

ICCOP Power Supply Current on normal mode 0.29 x Frequency (MHz) + 4 mA VCC = 5.5V(1)

ICCIDLE Power Supply Current on idle mode 0.16 x Frequency (MHz) + 4 mA VCC = 5.5V(2)
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17.3.5 External Data Memory Write Cycle

Symbol Type
Standard 

Clock X2 Clock
X parameter for -

M range Units

TRLRH Min 6 T - x 3 T - x 25 ns

TWLWH Min 6 T - x 3 T - x 25 ns

TRLDV Max 5 T - x 2.5 T - x 30 ns

TRHDX Min x x 0 ns

TRHDZ Max 2 T - x T - x 25 ns

TLLDV Max 8 T - x 4T -x 45 ns

TAVDV Max 9 T - x 4.5 T - x 65 ns

TLLWL Min 3 T - x 1.5 T - x 30 ns

TLLWL Max 3 T + x 1.5 T + x 30 ns

TAVWL Min 4 T - x 2 T - x 30 ns

TQVWX Min T - x 0.5 T - x 20 ns

TQVWH Min 7 T - x 3.5 T - x 20 ns

TWHQX Min T - x 0.5 T - x 15 ns

TRLAZ Max x x 0 ns

TWHLH Min T - x 0.5 T - x 20 ns

TWHLH Max T + x 0.5 T + x 20 ns

TQVWHTLLAX

ALE

PSEN

WR

PORT 0

PORT 2

A0-A7 DATA OUT

ADDRESS
OR SFR-P2

TAVWL

TLLWL

TQVWX

ADDRESS A8 - A15 OR SFR P2

TWHQX

TWHLH

TWLWH
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Table 17-9. AC Parameters for a Variable Clock

17.3.8 Shift Register Timing Waveforms

17.3.9 External Clock Drive Waveforms

17.3.10 AC Testing Input/Output Waveforms

AC inputs during testing are driven at VCC - 0.5 for a logic “1” and 0.45V for a logic “0”. Timing
measurement are made at VIH min for a logic “1” and VIL max for a logic “0”.

Symbol Type
Standard 

Clock X2 Clock
X Parameter for -

M Range Units

TXLXL Min 12 T 6 T ns

TQVHX Min 10 T - x 5 T - x 50 ns

TXHQX Min 2 T - x T - x 20 ns

TXHDX Min x x 0 ns

TXHDV Max 10 T - x 5 T- x 133 ns

INPUT DATA VALIDVALID VALID VALID

0 1 2 3 4 5 6 87

ALE

CLOCK

OUTPUT DATA

WRITE to SBUF

CLEAR RI

TXLXL

TQVXH
TXHQX

TXHDV
TXHDX SET TI

SET RI

INSTRUCTION

0 1 2 3 4 5 6 7

VALID VALID VALID VALID

VCC-0.5V

0.45V

0.7VCC

0.2VCC-0.1

TCHCL TCLCX

TCLCL

TCLCH

TCHCX

INPUT/OUTPUT 0.2 VCC + 0.9

0.2 VCC - 0.1

VCC -0.5V

0.45V
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