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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

Notes: 1. 8 analog Inputs/8 Digital I/O

2. 2-Bit I/O Port
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I/O Configurations Each Port SFR operates via type-D latches, as illustrated in Figure 1 for Ports 3 and 4. A

CPU "write to latch" signal initiates transfer of internal bus data into the type-D latch. A

CPU "read latch" signal transfers the latched Q output onto the internal bus. Similarly, a

"read pin" signal transfers the logical level of the Port pin. Some Port data instructions

activate the "read latch" signal while others activate the "read pin" signal. Latch instruc-

tions are referred to as Read-Modify-Write instructions. Each I/O line may be

independently programmed as input or output.

Port 1, Port 3 and Port 4 Figure 1 shows the structure of Ports 1 and 3, which have internal pull-ups. An external

source can pull the pin low. Each Port pin can be configured either for general-purpose

I/O or for its alternate input output function.

To use a pin for general-purpose output, set or clear the corresponding bit in the Px reg-

ister (x = 1,3 or 4). To use a pin for general-purpose input, set the bit in the Px register.

This turns off the output FET drive.

To configure a pin for its alternate function, set the bit in the Px register. When the latch

is set, the "alternate output function" signal controls the output level (see Figure 1). The

operation of Ports 1, 3 and 4 is discussed further in the "quasi-Bidirectional Port Opera-

tion" section.

Figure 1.  Port 1, Port 3 and Port 4 Structure

Note: The internal pull-up can be disabled on P1 when analog function is selected.

Port 0 and Port 2 Ports 0 and 2 are used for general-purpose I/O or as the external address/data bus. Port

0, shown in Figure 3, differs from the other Ports in not having internal pull-ups. Figure 3

shows the structure of Port 2. An external source can pull a Port 2 pin low.

To use a pin for general-purpose output, set or clear the corresponding bit in the Px reg-

ister (x = 0 or 2). To use a pin for general-purpose input, set the bit in the Px register to

turn off the output driver FET.
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Reserved  

Note: 1. These registers are bit–addressable.

Sixteen addresses in the SFR space are both byte–addressable and bit–addressable. The bit–addressable SFR’s are those

whose address ends in 0 and 8. The bit addresses, in this area, are 0x80 through to 0xFF.

Table 11.  SFR Mapping

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

F8h
IPL1

xxxx xx0x

CH

0000 0000

CCAP0H

0000 0000

CCAP1H

0000 0000

CCAP2H

0000 0000

CCAP3H

0000 0000

CCAP4H

0000 0000
FFh

F0h
B

0000 0000

ADCLK

xxx0 0000

ADCON

x000 0000

ADDL

0000 0000

ADDH

0000 0000

ADCF

0000 0000

IPH1

xxxx xx0x
F7h

E8h
IEN1

xxxx xx0x

CL

0000 0000

CCAP0L

0000 0000

CCAP1L

0000 0000

CCAP2L

0000 0000

CCAP3L

0000 0000

CCAP4L

0000 0000
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

FCON

0000 0000

EECON

xxxx xx00
D7h

C8h
T2CON

0000 0000

T2MOD

xxxx xx00

RCAP2L

0000 0000

RCAP2H

0000 0000

TL2

0000 0000

TH2

0000 0000
CFh

C0h
P4

xxxx xx11
C7h

B8h
IPL0

x000 0000

SADEN

0000 0000
BFh

B0h
P3

1111 1111

IPH0

x000 0000
B7h

A8h
IEN0

0000 0000

SADDR

0000 0000
AFh

A0h
P2

1111 1111

AUXR1

xxxx 00x0

WDTRST

1111 1111

WDTPRG

xxxx x000
A7h

98h
SCON

0000 0000

SBUF

0000 0000
9Fh

90h
P1

1111 1111
97h

88h
TCON

0000 0000

TMOD

0000 0000

TL0

0000 0000

TL1

0000 0000

TH0

0000 0000

TH1

0000 0000

AUXR

x00x 1100

CKCON

0000 0000
8Fh

80h
P0

1111 1111

SP

0000 0111

DPL

0000 0000

DPH

0000 0000

PCON

00x1 0000
87h

0/8(1) 1/9 2/A 3/B 4/C 5/D 6/E 7/F
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Figure 6.  Mode Switching Waveforms

Note: In order to prevent any incorrect operation while operating in the X2 mode, users must be aware that all peripherals using the

clock frequency as a time reference (UART, timers...) will have their time reference divided by two. For example a free running

timer generating an interrupt every 20 ms will then generate an interrupt every 10 ms. A UART with a 4800 baud rate will have

a 9600 baud rate.

XTAL1/2 

XTAL1

CPU clock

X2 bit

X2 ModeSTD Mode STD Mode
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Power Management Two power reduction modes are implemented in the A/T89C51AC2: the Idle mode and

the Power-down mode. These modes are detailed in the following sections. In addition

to these power reduction modes, the clocks of the core and peripherals can be dynami-

cally divided by 2 using the X2 Mode detailed in Section “Clock”.

Reset Pin In order to start-up (cold reset) or to restart (warm reset) properly the microcontroller, a

high level has to be applied on the RST pin. A bad level leads to a wrong initialisation of

the internal registers like SFRs, PC, etc. and to unpredictable behavior of the microcon-

troller. A warm reset can be applied either directly on the RST pin or indirectly by an

internal reset source such as a watchdog, PCA, timer, etc.

At Power-up (Cold Reset) Two conditions are required before enabling a CPU start-up:

• VDD must reach the specified VDD range,

• The level on xtal1 input must be outside the specification (VIH, VIL).

If one of these two conditions are not met, the microcontroller does not start correctly

and can execute an instruction fetch from anywhere in the program space. An active

level applied on the RST pin must be maintained until both of the above conditions are

met. A reset is active when the level VIH1 is reached and when the pulse width covers

the period of time where VDD and the oscillator are not stabilized. Two parameters have

to be taken into account to determine the reset pulse width:

• VDD rise time (vddrst),

• Oscillator startup time (oscrst).

To determine the capacitor the highest value of these two parameters has to be chosen.

The reset circuitry is shown in Figure 7.

Figure 7.  Reset Circuitry

Table 13 and Table 15 give some typical examples for three values of VDD rise times,

two values of oscillator start-up time and two pull-down resistor values.

Table 13.  Minimum Reset Capacitor for a 15k Pull-down Resistor

Note: These values assume VDD starts from 0v to the nominal value. If the time between two

on/off sequences is too fast, the power-supply de coupling capacitors may not be fully

discharged, leading to a bad reset sequence.

oscrst/vddrst 1ms 10ms 100ms

5 ms 2.7 µF 4.7 µF 47 µF

20 ms 10 µF 15 µF 47 µF

0

VDD

Rrst

Crst

RST pin

Internal reset

Reset input circuitry
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Registers Table 15.  PCON Register

PCON (S:87h) – Power configuration Register

Reset Value = 00X1 0000b

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

Clear 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

Clear 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 1

One use is to indicate whether an interrupt occurred during normal operation or 

during Idle mode.

2 GF0

General-purpose flag 0

One use is to indicate whether an interrupt occurred during normal operation or 

during Idle mode.

1 PD

Power-down Mode bit

Cleared by hardware when an interrupt or reset occurs.

Set to activate the Power-down mode.

If IDL and PD are both set, PD takes precedence.

0 IDL

Idle Mode bit

Cleared by hardware when an interrupt or reset occurs.

Set to activate the Idle mode.

If IDL and PD are both set, PD takes precedence.
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Registers Table 18.  PSW Register

PSW (S:D0h)

Program Status Word Register

Reset Value = 0000 0000b

Table 19.  AUXR Register

AUXR (S:8Eh)

Auxiliary Register

7 6 5 4 3 2 1 0

CY AC F0 RS1 RS0 OV F1 P

Bit 

Number

Bit 

Mnemonic Description

7 CY
Carry Flag

Carry out from bit 1 of ALU operands.

6 AC
Auxiliary Carry Flag

Carry out from bit 1 of addition operands.

5 F0 User Definable Flag 0.

4-3 RS1:0
Register Bank Select Bits

Refer to Table 16 for bits description.

2 OV
Overflow Flag

Overflow set by arithmetic operations.

1 F1 User Definable Flag 1

0 P

Parity Bit

Set when ACC contains an odd number of 1’s.

Cleared when ACC contains an even number of 1’s.

7 6 5 4 3 2 1 0

- - M0 - XRS1 XRS0 EXTRAM A0

Bit 

Number

Bit 

Mnemonic Description

7-6 -
Reserved

The value read from these bits are indeterminate. Do not set this bit.

5 M0

Stretch MOVX control:

the RD/ and the WR/ pulse length is increased according to the value of M0.

M0 Pulse length in clock period

0  6

1  30

4 -
Reserved

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

3-2 XRS1-0

XRAM size:

Accessible size of the XRAM

XRS 1:0 XRAM size

   0  0    256 Bytes

   0  1  512 Bytes

   1  0 768 Bytes

   1  1  1024 Bytes (default)
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Registers Table 21.  EECON Register

EECON (S:0D2h)

EEPROM Control Register

Reset Value = XXXX XX00b

Not bit addressable

7 6 5 4 3 2 1 0

EEPL3 EEPL2 EEPL1 EEPL0 - - EEE EEBUSY

Bit Number

Bit 

Mnemonic Description

7-4 EEPL3-0
Programming Launch command bits

Write 5Xh followed by AXh to EEPL to launch the programming.

3 -
Reserved

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

2 -
Reserved

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

1 EEE

Enable EEPROM Space bit

Set to map the EEPROM space during MOVX instructions (Write in the column 

latches)

Clear to map the XRAM space during MOVX.

0 EEBUSY

Programming Busy flag

Set by hardware when programming is in progress.

Cleared by hardware when programming is done.

Can not be set or cleared by software.
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FM0 Memory Architecture The Flash memory is made up of 4 blocks (see Figure 20):

• The memory array (user space) 32 KB

• The Extra Row

• The Hardware security bits

• The column latch registers

User Space This space is composed of a 32 KB Flash memory organized in 256 pages of 128 Bytes.

It contains the user’s application code. 

Extra Row (XRow) This row is a part of FM0 and has a size of 128 Bytes. The extra row may contain infor-

mation for boot loader usage.

Hardware Security Byte The Hardware security Byte space is a part of FM0 and has a size of 1 byte.

The 4 MSB can be read/written by software, the 4 LSB can only be read by software and

written by hardware in parallel mode.

Column Latches The column latches, also part of FM0, have a size of full page (128 Bytes).

The column latches are the entrance buffers of the three previous memory locations

(user array, XROW and Hardware security byte).

Cross Flash Memory Access 

Description

The FM0 memory can be program only from FM1. Programming FM0 from FM0 or from

external memory is impossible.

The FM1 memory can be program only by parallel programming. 

The Table 23 show all software Flash access allowed.

Table 23.  Cross Flash Memory Access

C
o

d
e

 e
x

e
c

u
ti

n
g

 f
ro

m

Action

FM0

(user Flash)

FM1

(boot Flash)

FM0

(user Flash)

Read ok -

Load column latch ok -

Write - -

FM1

(boot Flash)

Read ok ok

Load column latch ok -

Write ok -

External 

memory

EA = 0

Read - -

Load column latch - -

Write - -
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Figure 23.  Hardware Programming Procedure

Reading the Flash Spaces

User The following procedure is used to read the User space:

• Read one byte in Accumulator by executing MOVC A,@A+DPTR where A+DPTR is 

the address of the code byte to read.

Note: FCON is supposed to be reset when not needed.

Extra Row The following procedure is used to read the Extra Row space and is summarized in

Figure 24:

• Map the Extra Row space by writing 02h in FCON register.

• Read one byte in Accumulator by executing MOVC A,@A+DPTR with A = 0 and 

DPTR = FF80h to FFFFh.

• Clear FCON to unmap the Extra Row.

Hardware Security Byte The following procedure is used to read the Hardware Security space and is summarized

in Figure 24:

• Map the Hardware Security space by writing 04h in FCON register.

• Read the byte in Accumulator by executing MOVC A,@A+DPTR with A = 0 and 

DPTR = 0000h.

• Clear FCON to unmap the Hardware Security Byte.

Flash Spaces 

Programming

Save and Disable IT
EA = 0

Launch Programming
FCON = 54h
FCON = A4h

End Programming
RestoreIT

FBusy

Cleared?

Clear Mode
FCON = 00h

Data Load
DPTR = 00h
ACC = Data

Exec: MOVX @DPTR, A

 FCON = 0Ch

Save and Disable IT
EA = 0

End Loading
Restore IT
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Hardware Security Byte Table 33.  Hardware Security Byte

After erasing the chip in parallel mode, the default value is : FFh

The erasing in ISP mode (from bootloader) does not modify this byte.

Notes: 1. Only the 4 MSB bits can be accessed by software.

2. The 4 LSB bits can only be accessed by parallel mode.

7 6 5 4 3 2 1 0

X2B BLJB - - - LB2 LB1 LB0

Bit 

Number

Bit 

Mnemonic Description

7 X2B

X2 Bit

Set this bit to start in standard mode.

Clear this bit to start in X2 mode.

6 BLJB

Boot Loader JumpBit

- 1: To start the user’s application on next RESET (@0000h) located in FM0,

- 0: To start the boot loader(@F800h) located in FM1.

5-3 -
Reserved

The value read from these bits are indeterminate.

2-0 LB2:0 Lock Bits
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Timer 1 Timer 1 is identical to Timer 0 excepted for Mode 3 which is a hold-count mode. The fol-

lowing comments help to understand the differences:

• Timer 1 functions as either a Timer or event Counter in three modes of operation. 

Figure 31 to Figure 33 show the logical configuration for modes 0, 1, and 2. Timer 

1’s mode 3 is a hold-count mode.

• Timer 1 is controlled by the four high-order bits of TMOD register (see Figure 40) 

and bits 2, 3, 6 and 7 of TCON register (see Figure 39). TMOD register selects the 

method of Timer gating (GATE1), Timer or Counter operation (C/T1#) and mode of 

operation (M11 and M01). TCON register provides Timer 1 control functions: 

overflow flag (TF1), run control bit (TR1), interrupt flag (IE1) and interrupt type 

control bit (IT1).

• Timer 1 can serve as the Baud Rate Generator for the Serial Port. Mode 2 is best 

suited for this purpose.

• For normal Timer operation (GATE1 = 0), setting TR1 allows TL1 to be incremented 

by the selected input. Setting GATE1 and TR1 allows external pin INT1# to control 

Timer operation.

• Timer 1 overflow (count rolls over from all 1s to all 0s) sets the TF1 flag generating 

an interrupt request.

• When Timer 0 is in mode 3, it uses Timer 1’s overflow flag (TF1) and run control bit 

(TR1). For this situation, use Timer 1 only for applications that do not require an 

interrupt (such as a Baud Rate Generator for the Serial Port) and switch Timer 1 in 

and out of mode 3 to turn it off and on.

• It is important to stop Timer/Counter before changing mode.

Mode 0 (13-bit Timer) Mode 0 configures Timer 1 as a 13-bit Timer, which is set up as an 8-bit Timer (TH1 reg-

ister) with a modulo-32 prescaler implemented with the lower 5 bits of the TL1 register

(see Figure 31). The upper 3 bits of TL1 register are ignored. Prescaler overflow incre-

ments TH1 register.

Mode 1 (16-bit Timer) Mode 1 configures Timer 1 as a 16-bit Timer with TH1 and TL1 registers connected in

cascade (see Figure 32). The selected input increments TL1 register.

Mode 2 (8-bit Timer with Auto-

Reload)

Mode 2 configures Timer 1 as an 8-bit Timer (TL1 register) with automatic reload from

TH1 register on overflow (see Figure 33). TL1 overflow sets TF1 flag in TCON register

and reloads TL1 with the contents of TH1, which is preset by software. The reload

leaves TH1 unchanged.

Mode 3 (Halt) Placing Timer 1 in mode 3 causes it to halt and hold its count. This can be used to halt

Timer 1 when TR1 run control bit is not available i.e. when Timer 0 is in mode 3.

Interrupt Each Timer handles one interrupt source that is the timer overflow flag TF0 or TF1. This

flag is set every time an overflow occurs. Flags are cleared when vectoring to the Timer

interrupt routine. Interrupts are enabled by setting ETx bit in IEN0 register. This assumes

interrupts are globally enabled by setting EA bit in IEN0 register.
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Table 40.  TMOD Register

TMOD (S:89h)

Timer/Counter Mode Control Register

Notes: 1. Reloaded from TH1 at overflow.

2. Reloaded from TH0 at overflow.

Reset Value = 0000 0000b

7 6 5 4 3 2 1 0

GATE1 C/T1# M11 M01 GATE0 C/T0# M10 M00

Bit 

Number

Bit 

Mnemonic Description

7 GATE1

Timer 1 Gating Control Bit

Clear to enable Timer 1 whenever TR1 bit is set.

Set to enable Timer 1 only while INT1# pin is high and TR1 bit is set.

6 C/T1#

Timer 1 Counter/Timer Select Bit

Clear for Timer operation: Timer 1 counts the divided-down system clock.

Set for Counter operation: Timer 1 counts negative transitions on external pin T1.

5 M11 Timer 1 Mode Select Bits

M11 M01 Operating mode

 0  0 Mode 0: 8-bit Timer/Counter (TH1) with 5-bit prescaler (TL1).

 0  1 Mode 1: 16-bit Timer/Counter.

1  0 Mode 2: 8-bit auto-reload Timer/Counter (TL1)(1)

1  1 Mode 3: Timer 1 halted. Retains count

4 M01

3 GATE0

Timer 0 Gating Control Bit

Clear to enable Timer 0 whenever TR0 bit is set.

Set to enable Timer/Counter 0 only while INT0# pin is high and TR0 bit is set.

2 C/T0#

Timer 0 Counter/Timer Select Bit

Clear for Timer operation: Timer 0 counts the divided-down system clock.

Set for Counter operation: Timer 0 counts negative transitions on external pin T0.

1 M10

Timer 0 Mode Select Bit

M10 M00 Operating mode

 0 0 Mode 0: 8-bit Timer/Counter (TH0) with 5-bit prescaler (TL0).

 0 1 Mode 1: 16-bit Timer/Counter.

1 0 Mode 2: 8-bit auto-reload Timer/Counter (TL0)(2)

1   1 Mode 3: TL0 is an 8-bit Timer/Counter

TH0 is an 8-bit Timer using Timer 1’s TR0 and TF0 bits.

0 M00
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Programmable Clock-
Output

In clock-out mode, timer 2 operates as a 50%-duty-cycle, programmable clock genera-

tor (See Figure 37). The input clock increments TL2 at frequency FOSC/2. The timer

repeatedly counts to overflow from a loaded value. At overflow, the contents of RCAP2H

and RCAP2L registers are loaded into TH2 and TL2. In this mode, timer 2 overflows do

not generate interrupts. The formula gives the clock-out frequency depending on the

system oscillator frequency and the value in the RCAP2H and RCAP2L registers:

For a 16 MHz system clock in x1 mode, timer 2 has a programmable frequency range of

61 Hz (FOSC/216) to 4 MHz (FOSC/4). The generated clock signal is brought out to T2 pin

(P1.0).

Timer 2 is programmed for the clock-out mode as follows:

• Set T2OE bit in T2MOD register.

• Clear C/T2 bit in T2CON register.

• Determine the 16-bit reload value from the formula and enter it in RCAP2H/RCAP2L 

registers.

• Enter a 16-bit initial value in timer registers TH2/TL2. It can be the same as the 

reload value or different depending on the application.

• To start the timer, set TR2 run control bit in T2CON register.

It is possible to use timer 2 as a baud rate generator and a clock generator simulta-

neously. For this configuration, the baud rates and clock frequencies are not

independent since both functions use the values in the RCAP2H and RCAP2L registers.

Figure 37.  Clock-Out Mode

Clock OutFrequency–
FT2clock

4 65536 RCAP2H– RCAP2L⁄( )×
-----------------------------------------------------------------------------------------=

EXEN2

EXF2

OVERFLOW

T2EX

TH2
(8-bit)

TL2
(8-bit)

TIMER 2

RCAP2H
(8-bit)

RCAP2L
(8-bit)

T2OE

T2CON reg

T2CON reg

T2MOD reg

INTERRUPT

TR2
T2CON.2

FT2
CLOCK

T2

Q D

Toggle

Q
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Table 60.  CH Register

CH (S:F9h)

PCA Counter Register High Value

Reset Value = 0000 00000b

Table 61.  CL Register

CL (S:E9h)

PCA counter Register Low Value

Reset Value = 0000 00000b

7 6 5 4 3 2 1 0

CH 7 CH 6 CH 5 CH 4 CH 3 CH 2 CH 1 CH 0

Bit 

Number

Bit 

Mnemonic Description

7:0 CH 7:0 High byte of Timer/Counter

7 6 5 4 3 2 1 0

CL 7 CL 6 CL 5 CL 4 CL 3 CL 2 CL 1 CL 0

Bit 

Number

Bit 

Mnemonic Description

7:0 CL0 7:0 Low byte of Timer/Counter
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Registers Table 70.  IEN0 Register

IEN0 (S:A8h)

Interrupt Enable Register

Reset Value = 0000 0000b

bit addressable

7 6 5 4 3 2 1 0

EA EC ET2 ES ET1 EX1 ET0 EX0

Bit 

Number

Bit 

Mnemonic Description

7 EA

Enable All Interrupt bit

Clear to disable all interrupts.

Set to enable all interrupts.

If EA=1, each interrupt source is individually enabled or disabled by setting or 

clearing its interrupt enable bit.

6 EC

PCA Interrupt Enable

Clear to disable the PCA interrupt.

Set to enable the PCA interrupt.

5 ET2

Timer 2 Overflow Interrupt Enable bit

Clear to disable Timer 2 overflow interrupt.

Set to enable Timer 2 overflow interrupt.

4 ES

Serial Port Enable bit

Clear to disable serial port interrupt.

Set to enable serial port interrupt.

3 ET1

Timer 1 Overflow Interrupt Enable bit

Clear to disable timer 1 overflow interrupt.

Set to enable timer 1 overflow interrupt.

2 EX1

External Interrupt 1 Enable bit

Clear to disable external interrupt 1.

Set to enable external interrupt 1.

1 ET0

Timer 0 Overflow Interrupt Enable bit

Clear to disable timer 0 overflow interrupt.

Set to enable timer 0 overflow interrupt.

0 EX0

External Interrupt 0 Enable bit

Clear to disable external interrupt 0.

Set to enable external interrupt 0.
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External Program Memory 

Characteristics

Table 78.  Symbol Description

Table 79.  AC Parameters for a Fix Clock (F = 40 MHz)

Symbol Parameter

T Oscillator clock period

TLHLL ALE pulse width

TAVLL Address Valid to ALE

TLLAX Address Hold After ALE

TLLIV ALE to Valid Instruction In

TLLPL ALE to PSEN

TPLPH PSEN Pulse Width

TPLIV PSEN to Valid Instruction In

TPXIX Input Instruction Hold After PSEN

TPXIZ Input Instruction Float After PSEN

TAVIV Address to Valid Instruction In

TPLAZ PSEN Low to Address Float

Symbol Min Max Units

T 25 ns

TLHLL 40 ns

TAVLL 10 ns

TLLAX 10 ns

TLLIV 70 ns

TLLPL 15 ns

TPLPH 55 ns

TPLIV 35 ns

TPXIX 0 ns

TPXIZ 18 ns

TAVIV 85 ns

TPLAZ 10 ns
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External Data Memory Write Cycle

External Data Memory Read Cycle

Serial Port Timing – Shift Register Mode

Table 84.  Symbol Description (F = 40 MHz)

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

ALE

PSEN

RD

PORT 0

PORT 2

A0-A7 DATA IN

ADDRESS
OR SFR-P2

TAVWL

TLLWL

TRLAZ

ADDRESS A8-A15 OR SFR P2

TRHDZ

TWHLH

TRLRH

TLLDV

TRHDXTLLAX

TAVDV

Symbol Parameter

TXLXL Serial port clock cycle time

TQVHX Output data set-up to clock rising edge

TXHQX Output data hold after clock rising edge

TXHDX Input data hold after clock rising edge

TXHDV Clock rising edge to input data valid
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Table 85.  AC Parameters for a Fix Clock (F = 40 MHz)

Table 86.  AC Parameters for a Variable Clock

Shift Register Timing 

Waveforms

External Clock Drive 

Characteristics (XTAL1)

Table 87.  AC Parameters

Symbol Min Max Units

TXLXL 300 ns

TQVHX 200 ns

TXHQX 30 ns

TXHDX 0 ns

TXHDV 117 ns

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

VALID VALID VALID VALID VALIDVALIDINPUT DATA 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

Symbol Parameter Min Max Units

TCLCL Oscillator Period 25 ns

TCHCX High Time 5 ns

TCLCX Low Time 5 ns

TCLCH Rise Time 5 ns

TCHCL Fall Time 5 ns

TCHCX/TCLCX Cyclic ratio in X2 mode 40 60 %


