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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

Details

Product Status Obsolete

Core Processor 8051

Core Size 8-Bit

Speed 24MHz

Connectivity SPI, UART/USART

Peripherals WDT

Number of I/O 32

Program Memory Size 12KB (12K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 256 x 8

Voltage - Supply (Vcc/Vdd) 4V ~ 6V

Data Converters -

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 44-LCC (J-Lead)

Supplier Device Package 44-PLCC (16.6x16.6)
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Pin Description

VCC

Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an 
output port, each pin can sink eight TTL inputs. When 1s 
are written to port 0 pins, the pins can be used as high-
impedance inputs. 

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external 
program and data memory. In this mode, P0 has internal 
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program 
verification. External pullups are required during program 
verification. 

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 1 output buffers can sink/source four TTL inputs. 
When 1s are written to Port 1 pins, they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 1 pins that are externally being pulled low will source 
current (IIL) because of the internal pullups. 
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 AT89S53
EA/VPP

External Access Enable. EA must be strapped to GND in 
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH. 
Note, however, that if lock bit 1 is programmed, EA will be 
internally latched on reset. 

EA should be strapped to VCC for internal program execu-
tions. This pin also receives the 12-volt programming 

enable voltage (VPP) during Flash programming when 12-
volt programming is selected.

XTAL1

Input to the inverting oscillator amplifier and input to the 
internal clock operating circuit. 

XTAL2

Output from the inverting oscillator amplifier.

Table 1.  AT89S53 SFR Map and Reset Values

0F8H 0FFH

0F0H
B

00000000
0F7H

0E8H 0EFH

0E0H
ACC

00000000
0E7H

0D8H 0DFH

0D0H
PSW

00000000
SPCR

000001XX
0D7H

0C8H
T2CON

00000000
T2MOD

XXXXXX00
RCAP2L

00000000
RCAP2H
00000000

TL2
00000000

TH2
00000000

0CFH

0C0H 0C7H

0B8H
IP

XX000000
0BFH

0B0H
P3

11111111
0B7H

0A8H
IE

0X000000
SPSR

00XXXXXX
0AFH

0A0H
P2

11111111
0A7H

98H
SCON

00000000
SBUF

XXXXXXXX
9FH

90H
P1

11111111
WCON

00000010
97H

88H
TCON

00000000
TMOD

00000000
TL0

00000000
TL1

00000000
TH0

00000000
TH1

00000000
8FH

80H
P0

11111111
SP

00000111
DP0L

00000000
DP0H

00000000
DP1L

00000000
DP1H

00000000
SPDR

XXXXXXXX
PCON

0XXX0000
87H
5
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Figure 5.  Timer 2 in Clock-Out Mode

Figure 6.  SPI Block Diagram
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Idle Mode
In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by 
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this 
mode. The idle mode can be terminated by any enabled 
interrupt or by a hardware reset. 

Note that when idle mode is terminated by a hardware 
reset, the device normally resumes program execution 

from where it left off, up to two machine cycles before the 
internal reset algorithm takes control. On-chip hardware 
inhibits access to internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate the possibility of 
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that 
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode
In the power-down mode, the oscillator is stopped and the 
instruction that invokes power-down is the last instruction 
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power-down mode is 
terminated. Exit from power-down can be initiated either by 
a hardware reset or by an enabled external interrupt. Reset 
redefines the SFRs but does not change the on-chip RAM. 
The reset should not be activated before VCC is restored to 
its normal operating level and must be held active long 
enough to allow the oscillator to restart and stabilize.

To exit power-down via an interrupt, the external interrupt 
must be enabled as level sensitive before entering power-
down. The interrupt service routine starts at 16 ms (nomi-
nal) after the enabled interrupt pin is activated.

Program Memory Lock Bits
The AT89S53 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the 
additional features listed in the following table.

When lock bit 1 is programmed, the logic level at the EA pin 
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random 
value and holds that value until reset is activated. The 
latched value of EA must agree with the current logic level 
at that pin in order for the device to function properly.

Once programmed, the lock bits can only be unpro-
grammed with the Chip Erase operations in either the 
parallel or serial modes.

Notes: 1. U = Unprogrammed
2. P = Programmed

Status of External Pins During Idle and Power-down Modes
Mode Program Memory ALE PSEN PORT0 PORT1 PORT2 PORT3

Idle Internal 1 1 Data Data Data Data

Idle External 1 1 Float Data Address Data

Power-down Internal 0 0 Data Data Data Data

Power-down External 0 0 Float Data Data Data

Lock Bit Protection Modes(1)(2)

Program Lock Bits

Protection TypeLB1 LB2 LB3

1 U U U No internal memory lock feature.

2 P U U MOVC instructions executed from external program memory are disabled from fetching code bytes 
from internal memory. EA is sampled and latched on reset and further programming of the Flash 
memory (parallel or serial mode) is disabled.

3 P P U Same as Mode 2, but parallel or serial verify are also disabled.

4 P P P Same as Mode 3, but external execution is also disabled.
AT89S53 
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 AT89S53
Programming the Flash
Atmel’s AT89S53 Flash Microcontroller offers 12K bytes of 
in-system reprogrammable Flash Code memory.

The AT89S53 is normally shipped with the on-chip Flash 
Code memory array in the erased state (i.e. contents = 
FFH) and ready to be programmed. This device supports a 
High-Voltage (12V) Parallel programming mode and a Low-
Voltage (5V) Serial programming mode. The serial pro-
gramming mode provides a convenient way to download 
the AT89S53 inside the user’s system. The parallel pro-
gramming mode is compatible with conventional third party 
Flash or EPROM programmers.

The Code memory array occupies one contiguous address 
space from 0000H to 2FFFH. 

The Code array on the AT89S53 is programmed byte-by-
byte in either programming mode. An auto-erase cycle is 
provided with the self-timed programming operation in the 
serial programming mode. There is no need to perform the 
Chip Erase operation to reprogram any memory location in 
the serial programming mode unless any of the lock bits 
have been programmed.

In the parallel programming mode, there is no auto-erase 
cycle. To reprogram any non-blank byte, the user needs to 
use the Chip Erase operation first to erase the entire Code 
memory array.

Parallel Programming Algorithm: To program and verify 
the AT89S53 in the parallel programming mode, the follow-
ing sequence is recommended:

1. Power-up sequence:

Apply power between VCC and GND pins.

Set RST pin to “H”.

Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait 
for at least 10 milliseconds.

2. Set PSEN pin to “L”

ALE pin to “H”

EA pin to “H” and all other pins to “H”.

3. Apply the appropriate combination of “H” or “L” logic 
levels to pins P2.6, P2.7, P3.6, P3.7 to select one of 
the programming operations shown in the Flash 
Programming Modes table.

4. Apply the desired byte address to pins P1.0 to P1.7 
and P2.0 to P2.5.

Apply data to pins P0.0 to P0.7 for Write Code 
operation.

5. Raise EA/VPP to 12V to enable Flash programming, 
erase or verification.

6. Pulse ALE/PROG once to program a byte in the 
Code memory array, or the lock bits. The byte-write 
cycle is self-timed and typically takes 1.5 ms.

7. To verify the byte just programmed, bring pin P2.7 
to “L” and read the programmed data at pins P0.0 to 
P0.7.

8. Repeat steps 3 through 7 changing the address and 
data for the entire 12K-byte array or until the end of 
the object file is reached.

9. Power-off sequence:

Set XTAL1 to “L”.

Set RST and EA pins to “L”.

Turn VCC power off.

Data Polling: The AT89S53 features DATA Polling to indi-
cate the end of a write cycle. During a write cycle in the 
parallel or serial programming mode, an attempted read of 
the last byte written will result in the complement of the writ-
ten datum on P0.7 (parallel mode), and on the MSB of the 
serial output byte on MISO (serial mode). Once the write 
cycle has been completed, true data are valid on all out-
puts, and the next cycle may begin. DATA Polling may 
begin any time after a write cycle has been initiated.

Ready/Busy: The progress of byte programming in the 
parallel programming mode can also be monitored by the 
RDY/BSY output signal. Pin P3.4 is pulled Low after ALE 
goes High during programming to indicate BUSY. P3.4 is 
pulled High again when programming is done to indicate 
READY.

Program Verify: If lock bits LB1 and LB2 have not been 
programmed, the programmed Code can be read back via 
the address and data lines for verification. The state of the 
lock bits can also be verified directly in the parallel pro-
gramming mode. In the serial programming mode, the state 
of the lock bits can only be verified indirectly by observing 
that the lock bit features are enabled.

Chip Erase: In the parallel programming mode, chip erase 
is initiated by using the proper combination of control sig-
nals and by holding ALE/PROG low for 10 ms. The Code 
array is written with all “1”s in the Chip Erase operation.

In the serial programming mode, a chip erase operation is 
initiated by issuing the Chip Erase instruction. In this mode, 
chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location 
will return 00H at the data outputs.

Serial Programming Fuse: A programmable fuse is avail-
able to disable Serial Programming if the user needs 
maximum system security. The Serial Programming Fuse 
can only be programmed or erased in the Parallel Program-
ming Mode.

The AT89S53 is shipped with the Serial Programming 
Mode enabled.
19
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 AT89S53
Flash Programming and Verification Characteristics – Parallel Mode
TA = 0°C to 70°C, VCC = 5.0V �r 10%

Symbol Parameter Min Max Units

VPP Programming Enable Voltage 11.5 12.5 V

IPP Programming Enable Current 1.0 mA

1/tCLCL Oscillator Frequency 3 24 MHz

tAVGL Address Setup to PROG Low 48tCLCL

tGHAX Address Hold after PROG 48tCLCL

tDVGL Data Setup to PROG Low 48tCLCL

tGHDX Data Hold after PROG 48tCLCL

tEHSH P2.7 (ENABLE) High to VPP 48tCLCL

tSHGL VPP Setup to PROG Low 10 �Ps

tGLGH PROG Width 1 110 �Ps

tAVQV Address to Data Valid 48tCLCL

tELQV ENABLE Low to Data Valid 48tCLCL

tEHQZ Data Float after ENABLE 0 48tCLCL

tGHBL PROG High to BUSY Low 1.0 �Ps

tWC Byte Write Cycle Time 2.0 ms
23
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 AT89S53
Notes: 1. Under steady state (non-transient) conditions, IOL 
must be externally limited as follows:��
Maximum IOL per port pin: 10 mA��
Maximum IOL per 8-bit port:��
Port 0: 26 mA��
Ports 1,2, 3: 15 mA��

Maximum total IOL for all output pins: 71 mA��
If IOL exceeds the test condition, VOL may exceed the 
related specification. Pins are not guaranteed to sink 
current greater than the listed test conditions.

2. Minimum VCC for Power-down is 2V.

Absolute Maximum Ratings*
Operating Temperature.................................. -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute 

Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability.

Storage Temperature ..................................... -65°C to +150°C

Voltage on Any Pin��
with Respect to Ground .....................................-1.0V to +7.0V

Maximum Operating Voltage ............................................ 6.6V

DC Output Current...................................................... 15.0 mA

DC Characteristics
The values shown in this table are valid for TA = -40°C to 85°C and VCC = 4.0V to 6.0V, unless otherwise noted

Symbol Parameter Condition Min Max Units

VIL Input Low-voltage (Except EA) -0.5 0.2 VCC - 0.1 V

VIL1 Input Low-voltage (EA) -0.5 0.2 VCC - 0.3 V

VIH Input Hight-voltage (Except XTAL1, RST) 0.2 VCC + 0.9 VCC + 0.5 V

VIH1 Input Hight-voltage (XTAL1, RST) 0.7 VCC VCC + 0.5 V

VOL
Output Low-voltage (1)

(Ports 1,2,3)
IOL = 1.6 mA 0.5 V

VOL1
Output Low-voltage (1)

(Port 0, ALE, PSEN)
IOL = 3.2 mA 0.5 V

VOH
Output Hight-voltage
(Ports 1,2,3, ALE, PSEN)

IOH = -60 �PA, VCC = 5V �r 10% 2.4 V

IOH = -25 �PA 0.75 VCC V

IOH = -10 �PA 0.9 VCC V

VOH1
Output Hight-voltage
(Port 0 in External Bus Mode)

IOH = -800 �PA, VCC = 5V �r 10% 2.4 V

IOH = -300 �PA 0.75 VCC V

IOH = -80 �PA 0.9 VCC V

IIL Logical 0 Input Current (Ports 1,2,3) VIN = 0.45V -50 �PA

ITL Logical 1 to 0 Transition Current (Ports 1,2,3) VIN = 2V, VCC = 5V �r 10% -650 �PA

ILI
Input Leakage Current ��
(Port 0, EA) 0.45 < VIN < VCC �r10 �PA

RRST Reset Pull-down Resistor 50 300 K�:

CIO Pin Capacitance Test Freq. = 1 MHz, TA = 25°C 10 pF

ICC

Power Supply Current
Active Mode, 12 MHz 25 mA

Idle Mode, 12 MHz 6.5 mA

Power-down Mode (2)
VCC = 6V 100 �PA

VCC = 3V 40 �PA
25
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 AT89S53
External Program Memory Read Cycle

External Data Memory Read Cycle
27
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External Data Memory Write Cycle

External Clock Drive Waveforms

External Clock Drive
Symbol Parameter VCC = 4.0V to 6.0V

Min Max Units

1/tCLCL Oscillator Frequency 0 24 MHz

tCLCL Clock Period 41.6 ns

tCHCX High Time 15 ns

tCLCX Low Time 15 ns

tCLCH Rise Time 20 ns

tCHCL Fall Time 20 ns
28
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Notes: 1. XTAL1 tied to GND for ICC (power-down)
2. Lock bits programmed





Packaging Information

44A – TQFP

  2325 Orchard Parkway
  San Jose, CA  95131

TITLE DRAWING NO.

R

REV.  

44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP) 

B44A

10/5/2001

PIN 1 IDENTIFIER

0˚~7˚

PIN 1 

L

C

A1 A2 A

D1

D

e E1 E

B

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL MIN NOM MAX NOTE

Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB. 
2. Dimensions D1 and E1 do not include mold protrusion. Allowable 

protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum 
plastic body size dimensions including mold mismatch.

3. Lead coplanarity is 0.10 mm maximum.

A – – 1.20

A1 0.05 – 0.15

A2  0.95 1.00 1.05           

D 11.75 12.00 12.25

D1 9.90 10.00 10.10 Note 2

E 11.75 12.00 12.25

E1 9.90 10.00 10.10 Note 2

B           0.30 – 0.45

C 0.09 – 0.20

L 0.45 –  0.75

e 0.80 TYP
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44J – PLCC

Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC. 
2. Dimensions D1 and E1 do not include mold protrusion.

Allowable protrusion is .010"(0.254 mm) per side. Dimension D1
and E1 include mold mismatch and are measured at the extreme
material condition at the upper or lower parting line.

3. Lead coplanarity is 0.004" (0.102 mm) maximum.

A 4.191 – 4.572

A1 2.286 – 3.048

A2  0.508 – –           

D 17.399 – 17.653

D1 16.510 – 16.662 Note 2

E 17.399 – 17.653

E1 16.510 – 16.662 Note 2

D2/E2 14.986 – 16.002

B 0.660 – 0.813

B1 0.330 –  0.533

e 1.270 TYP

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL MIN NOM MAX NOTE

1.14(0.045) X 45˚ PIN NO. 1

IDENTIFIER

1.14(0.045) X 45˚

0.51(0.020)MAX

0.318(0.0125)
0.191(0.0075)

A2

45˚ MAX (3X)

 A

A1

B1 D2/E2
B

 e

E1 E

D1

D

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)  B44J

10/04/01

  2325 Orchard Parkway
  San Jose, CA  95131

TITLE DRAWING NO.

R

REV.  
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40P6 – PDIP

  2325 Orchard Parkway
  San Jose, CA  95131

TITLE DRAWING NO.

R

REV.  
40P6, 40-lead (0.600"/15.24 mm Wide) Plastic Dual 
Inline Package (PDIP)  B40P6

09/28/01

PIN
1

E1

A1

B

REF

E

B1

C

L

SEATING PLANE

A

0º ~ 15º  

D

e

eB

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL MIN NOM MAX NOTE

A – – 4.826

A1 0.381 – –

D 52.070 – 52.578 Note 2

E 15.240 – 15.875

E1 13.462 – 13.970 Note 2

B 0.356 – 0.559

B1 1.041 – 1.651

L 3.048 – 3.556

C 0.203 –      0.381     

eB 15.494 – 17.526

e 2.540 TYP

Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. 
2. Dimensions D and E1 do not include mold Flash or Protrusion.

Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").
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