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AT89S8253
2.3 44J – 44-lead PLCC

2.4 42PS6 – PDIP

3. Pin Description

3.1 VCC
Supply voltage (all packages except 42-PDIP).

3.2 GND
Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the
embedded program/data memories).

3.3 VDD
Supply voltage for the 42-PDIP which connects only the logic core and the embedded pro-
gram/data memories.

3.4 PWRVDD
Supply voltage for the 42-PDIP which connects only the I/O Pad Drivers. The application board
must connect both VDD and PWRVDD to the board supply voltage. 
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3.13 EA/VPP
External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program 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 executions. This pin also receives the 12-volt
programming enable voltage (VPP) during Flash programming when 12-volt programming is
selected.

3.14 XTAL1
Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

3.15 XTAL2
Output from the inverting oscillator amplifier. XTAL2 should not drive a board-level clock without
a buffer.

4. Block Diagram
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AT89S8253
5. Special Function Registers
A map of the on-chip memory area called the Special Function Register (SFR) space is shown in
Table 5-1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Read accesses to these addresses will generally return random data, and
write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used in future
products to invoke new features. In that case, the reset or inactive values of the new bits will
always be 0.

Note: # means: 0 after cold reset and unchanged after warm reset.

Table 5-1. AT89S8253 SFR Map and Reset Values

0F8H 0FFH

0F0H
B

00000000
0F7H

0E8H 0EFH

0E0H
ACC

00000000
0E7H

0D8H 0DFH

0D0H
PSW

00000000
SPCR

00000100
0D7H

0C8H
T2CON

00000000
T2MOD

XXXXXX00
RCAP2L

00000000
RCAP2H
00000000

TL2
00000000

TH2
00000000

0CFH

0C0H 0C7H

0B8H
IP

XX000000
SADEN

00000000
0BFH

0B0H
P3

11111111
IPH

XX000000
0B7H

0A8H
IE

0X000000
SADDR

00000000
SPSR

000XXX00
0AFH

0A0H
P2

11111111
WDTRST

(Write Only)
WDTCON

0000 0000
0A7H

98H
SCON

00000000
SBUF

XXXXXXXX
9FH

90H
P1

11111111
EECON 

XX000011
97H

88H
TCON

00000000
TMOD

00000000
TL0

00000000
TL1

00000000
TH0

00000000
TH1

00000000
AUXR

XXXXXXX0

CLKREG

XXXXXXX0
8FH

80H
P0

11111111
SP

00000111
DP0L

00000000
DP0H

00000000
DP1L

00000000
DP1H

00000000
SPDR

########
PCON

00XX0000
87H
7
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5.1 Auxiliary Register
 

5.2 Clock Register

5.3 SPI Registers
Control and status bits for the Serial Peripheral Interface are contained in registers SPCR (see
Table 14-1 on page 25) and SPSR (see Table 14-2 on page 26). The SPI data bits are contained
in the SPDR register. In normal SPI mode, writing the SPI data register during serial data trans-
fer sets the Write Collision bit (WCOL) in the SPSR register. In enhanced SPI mode, the SPDR
is also write double-buffered because WCOL works as a Write Buffer Full Flag instead of being a
collision flag. The values in SPDR are not changed by Reset.

5.4 Interrupt Registers
The global interrupt enable bit and the individual interrupt enable bits are in the IE register. In
addition, the individual interrupt enable bit for the SPI is in the SPCR register. Four priorities can
be set for each of the six interrupt sources in the IP and IPH registers.

IPH bits have the same functions as IP bits, except IPH has higher priority than IP. By using IPH
in conjunction with IP, a priority level of 0, 1, 2, or 3 may be set for each interrupt.

Table 5-2. AUXR – Auxiliary Register

AUXR Address = 8EH Reset Value = XXXX XXX0B

Not Bit Addressable

– – – – – – Intel_Pwd_Exit DISALE

Bit 7 6 5 4 3 2 1 0

Symbol Function

Intel_Pwd_Exit
When set, this bit configures the interrupt driven exit from power-down to resume execution on the rising edge of 
the interrupt signal. When this bit is cleared, the execution resumes after a self-timed interval (nominal 2 ms) 
referenced from the falling edge of the interrupt signal.

DISALE
When DISALE = 0, ALE is emitted at a constant rate of 1/6 the oscillator frequency (except during MOVX when 1 
ALE pulse is missing). When DISALE = 1, ALE is active only during a MOVX or MOVC instruction.

Table 5-3. CLKREG – Clock Register

CLKREG Address = 8FH Reset Value = XXXX XXX0B

Not Bit Addressable

– – – – – – – X2

Bit 7 6 5 4 3 2 1 0

Symbol Function

X2

When X2 = 0, the oscillator frequency (at XTAL1 pin) is internally divided by 2 before it is used as the device system 
frequency.

When X2 = 1, the divider by 2 is no longer used and the XTAL1 frequency becomes the device system frequency. This 
enables the user to choose a 6 MHz crystal instead of a 12 MHz crystal, for example, in order to reduce EMI.
8
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8. Programmable Watchdog Timer
The programmable Watchdog Timer (WDT) counts instruction cycles. The prescaler bits, PS0,
PS1 and PS2 in SFR WDTCON are used to set the period of the Watchdog Timer from 16K to
2048K instruction cycles. The available timer periods are shown in Table 8-1. The WDT time-out

period is dependent upon the external clock frequency.

The WDT is disabled by Power-on Reset and during Power-down mode. When WDT times out
without being serviced or disabled, an internal RST pulse is generated to reset the CPU. See
Table 8-1 for the WDT period selections.

Table 8-1. Watchdog Timer Time-out Period Selection

WDT Prescaler Bits
Period (Nominal for 

FCLK = 12 MHz)PS2 PS1 PS0

0 0 0 16 ms

0 0 1 32 ms

0 1 0 64 ms

0 1 1 128 ms

1 0 0 256 ms

1 0 1 512 ms

1 1 0 1024 ms

1 1 1 2048 ms
12
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9. Timer 0 and 1
Timer 0 and Timer 1 in the AT89S8253 operate the same way as Timer 0 and Timer 1 in the
AT89S51 and AT89S52. For more detailed information on the Timer/Counter operation, please
click on the document link below:

http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

10. Timer 2
Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter. The
type of operation is selected by bit C/T2 in the SFR T2CON (see Table 10-2 on page 15). Timer
2 has three operating modes: capture, auto-reload (up or down counting), and baud rate gener-
ator. The modes are selected by bits in T2CON, as shown in Table 10-2.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 register is
incremented every machine cycle. Since a machine cycle consists of 12 oscillator periods, the
count rate is 1/12 of the oscillator frequency.

In the Counter function, the register is incremented in response to a 1-to-0 transition at its corre-
sponding external input pin, T2. In this function, the external input is sampled during S5P2 of
every machine cycle. When the samples show a high in one cycle and a low in the next cycle,
the count is incremented. The new count value appears in the register during S3P1 of the cycle
following the one in which the transition was detected. Since two machine cycles (24 oscillator
periods) are required to recognize a 1-to-0 transition, the maximum count rate is 1/24 of the
oscillator frequency. To ensure that a given level is sampled at least once before it changes, the
level should be held for at least one full machine cycle.

Table 10-1. Timer 2 Operating Modes

RCLK + TCLK CP/RL2 TR2 MODE

0 0 1 16-bit Auto-reload

0 1 1 16-bit Capture

1 X 1 Baud Rate Generator

X X 0 (Off)
14
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AT89S8253
Figure 14-3. SPI Shift Register Diagram

The CPHA (Clock PHAse), CPOL (Clock POLarity), and SPR (Serial Peripheral clock Rate =
baud rate) bits in SPCR control the shape and rate of SCK. The two SPR bits provide four possi-
ble clock rates when the SPI is in master mode. In slave mode, the SPI will operate at the rate of
the incoming SCK as long as it does not exceed the maximum bit rate. There are also four pos-
sible combinations of SCK phase and polarity with respect to the serial data. CPHA and CPOL
determine which format is used for transmission. The SPI data transfer formats are shown in
Figure 14-4 and Figure 14-5. To prevent glitches on SCK from disrupting the interface, CPHA,
CPOL, and SPR should be set up before the interface is enabled, and the master device should
be enabled before the slave device(s).

Table 14-4. SPI Master Characteristics

Symbol Parameter Min Max Units

tCLCL Oscillator Period 41.6 ns

tSCK Serial Clock Cycle Time 4tCLCL ns

tSHSL Clock High Time tSCK/2 - 25 ns

tSLSH Clock Low Time tSCK/2 - 25 ns

tSR Rise Time 25 ns

tSF Fall Time 25 ns

tSIS Serial Input Setup Time 10 ns

tSIH Serial Input Hold Time 10 ns

tSOH Serial Output Hold Time 10 ns

tSOV Serial Output Valid Time 35 ns
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Interrupt Source Vector Address

System Reset RST or POR 0000H

External Interrupt 0 IE0 0003H

Timer 0 Overflow TF0 000BH

External Interrupt 1 IE1 0013H

Timer 1 Overflow TF1 001BH

Serial Port RI or TI or SPIF 0023H

Table 15-1. Interrupt Enable (IE) Register

IE Address = A8H Reset Value = 0X00 0000B

Bit Addressable

EA – ET2 ES ET1 EX1 ET0 EX0

Enable Bit = 1 enables the interrupt, 0 disables the interrupt.

Symbol Position Function

EA IE.7
Disables all interrupts. If EA = 0, no interrupt is acknowledged. If EA = 1, each interrupt source is individually 
enabled or disabled by setting or clearing its enable bit.

– IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 SPI and UART interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ET0 IE.1 Timer 0 interrupt enable bit.

EX0 IE.0 External interrupt 0 enable bit.

User software should never write 1s to reserved bits, because they may be used in future AT89 products.

Table 15-2. IP – Interrupt Priority Register

IP = B8H Reset Value = XX00 0000B

Bit Addressable

– – PT2 PS PT1 PX1 PT0 PX0

Bit 7 6 5 4 3 2 1 0

Symbol Function

PT2 Timer 2 Interrupt Priority Low

PS Serial Port Interrupt Priority Low

PT1 Timer 1 Interrupt Priority Low

PX1 External Interrupt 1 Priority Low

PT0 Timer 0 Interrupt Priority Low

PX0 External Interrupt 0 Priority Low
31
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.

Figure 15-1. Interrupt Sources

Table 15-3. IPH – Interrupt Priority High Register

IPH = B7H Reset Value = XX00 0000B

Not Bit Addressable

– – PT2H PSH PT1H PX1H PT0H PX0H

Bit 7 6 5 4 3 2 1 0

Symbol Function

PT2H Timer 2 Interrupt Priority High

PSH Serial Port Interrupt Priority High

PT1H Timer 1 Interrupt Priority High

PX1H External Interrupt 1 Priority High

PT0H Timer 0 Interrupt Priority High

PX0H External Interrupt 0 Priority High
32
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16. Oscillator Characteristics 
XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 16-1 (A) and (B). Either a quartz
crystal or ceramic resonator may be used. For frequencies above 16MHz it is recommended that
C1 be replaced with R1 for improved startup performance. Note that the internal structure of the
devices adds about 10 pF of capacitance to both XTAL1 and XTAL2. The total capacitance on
XTAL1 or XTAL2, including the external load capacitor (C1/C2) plus internal device load, board
trace and crystal loadings, should not exceed 20 pF. Figure 16-2, 16-3, 16-4 and 16-5 illustrate
the relationship between clock loading and the respective resulting clock amplitudes. 

Figure 16-1. Oscillator Connections 

Note: C1, C2 = 0–10 pF for Crystals
= 0–10 pF for Ceramic Resonators

R1 = 4–5 MΩ

Figure 16-2. Quartz Crystal Clock Source (A)
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Figure 16-5. Ceramic Resonator Clock Source (B)

To drive the device from an external clock source, XTAL2 should be left unconnected while
XTAL1 is driven, as shown in Figure 16-6. 

Figure 16-6. External Clock Drive Configuration

17. Idle Mode
In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. This
mode is invoked by software. The content of the on-chip RAM and all the special functions regis-
ters 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 pro-
gram 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 terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memory.
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20. Programming the Flash and EEPROM
Atmel’s AT89S8253 Flash microcontroller offers 12K bytes of In-System reprogrammable Flash
code memory and 2K bytes of EEPROM data memory.

The AT89S8253 is normally shipped with the on-chip Flash code and EEPROM data memory
arrays in the erased state (i.e. contents = FFH) and ready to be programmed. This device sup-
ports a parallel programming mode and a serial programming mode. The serial programming
mode provides a convenient way to reprogram the AT89S8253 inside the user’s system. The
parallel programming mode is compatible with conventional third-party Flash or EPROM
programmers.

The code and data memory arrays are mapped via separate address spaces in the parallel and
serial programming modes: 0000H to 2FFFH for code memory and 000H to 7FFH for data
memory.

The code and data memory arrays in the AT89S8253 are programmed byte-by-byte or by page
in either programming mode. To reprogram any non-blank byte in the parallel or serial mode, the
user needs to invoke the Chip Erase operation first to erase both arrays since there is no built-in
auto-erase capability.

Parallel Programming Algorithm: To program and verify the AT89S8253 in the parallel pro-
gramming mode, the following sequence is recommended (see Figure 26-1):

1. Power-up sequence:

a. Apply power between VCC and GND pins.

b. Set RST pin to “H”.

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

2. Set PSEN pin to “L”

a. ALE pin to “H”

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

3. Raise EA/VPP to 12V to enable Flash programming, erase or verification. Enable the 
P3.0 pull-up (10 KΩ typical) for RDY/BSY operation.

4. Apply the appropriate combination of “H” or “L” logic levels to pins P3.3, P3.4, P3.5, 
P3.6, P3.7 to select one of the programming operations shown in the Flash Program-
ming Modes table.

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

a. Apply data to pins P0.0 to P0.7 for write code operation.

6. Pulse ALE/PROG once to load a byte in the code memory array, the data memory 
array, or the lock bits. 

7. Repeat steps 5 and 6, changing the address and data for up to 64 bytes in the code 
memory page or 32 bytes in the data memory (EEPROM) page. When loading a page 
with individual bytes, the interval between consecutive byte loads should be no longer 
than 150 µs. Otherwise the device internally times out and assumes that the page load 
sequence is completed, rejecting any further loads before the page programming 
sequence has finished. This timing restriction also applies to Page Write of the 64-byte 
User Row. 

8. After the last byte of the current page has been loaded, wait for 5 ms or monitor the 
RDY/BUSY pin until it transitions high. The page write cycle is self-timed and typically 
takes less than 5 ms.

9. To verify the last byte of the page just programmed, bring pin P3.4 to “L” and read the 
programmed data at pins P0.0 to P0.7.
37
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Figure 25-3. Flash/EEPROM Serial Downloading
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31. AC Characteristics
The values shown in this table are valid for TA = -40°C to 85°C and VCC = 2.7 to 5.5V, unless otherwise noted.

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

31.1 External Program and Data Memory Characteristics

Symbol Parameter

Variable Oscillator

UnitsMin Max

1/tCLCL Oscillator Frequency 0 24 MHz

tLHLL ALE Pulse Width 2tCLCL - 12 ns

tAVLL Address Valid to ALE Low tCLCL - 12 ns

tLLAX Address Hold after ALE Low tCLCL - 16 ns

tLLIV ALE Low to Valid Instruction In 4tCLCL - 50 ns

tLLPL ALE Low to PSEN Low tCLCL - 12 ns

tPLPH PSEN Pulse Width 3tCLCL - 12 ns

tPLIV PSEN Low to Valid Instruction In 3tCLCL - 50 ns

tPXIX Input Instruction Hold after PSEN -10 ns

tPXIZ Input Instruction Float after PSEN tCLCL - 20 ns

tPXAV PSEN to Address Valid tCLCL - 4 ns

tAVIV Address to Valid Instruction In 5tCLCL - 50 ns

tPLAZ PSEN Low to Address Float 20 ns

tRLRH RD Pulse Width 6tCLCL ns

tWLWH WR Pulse Width 6tCLCL ns

tRLDV RD Low to Valid Data In 5tCLCL - 50 ns

tRHDX Data Hold after RD 0 ns

tRHDZ Data Float after RD 2tCLCL - 20 ns

tLLDV ALE Low to Valid Data In 8tCLCL - 50 ns

tAVDV Address to Valid Data In 9tCLCL - 50 ns

tLLWL ALE Low to RD or WR Low 3tCLCL - 24 3tCLCL ns

tAVWL Address to RD or WR Low 4tCLCL - 12 ns

tQVWX Data Valid to WR Transition 2tCLCL - 24 ns

tQVWH Data Valid to WR High 8tCLCL - 24 ns

tWHQX Data Hold after WR 2tCLCL - 24 ns

tRLAZ RD Low to Address Float 0 ns

tWHLH RD or WR High to ALE High tCLCL - 10 tCLCL + 20 ns

tWHAX Address Hold after RD or WR High tCLCL - 10 ns
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34. External Data Memory Write Cycle

35. External Clock Drive Waveforms

36. External Clock Drive

Symbol Parameter

VCC = 2.7V to 5.5V

UnitsMin Max

1/tCLCL Oscillator Frequency 0 24 MHz

tCLCL Clock Period 41.6 ns

tCHCX High Time 12 ns

tCLCX Low Time 12 ns

tCLCH Rise Time 5 ns

tCHCL Fall Time 5 ns
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38. Shift Register Mode Timing Waveforms

39. AC Testing Input/Output Waveforms(1)

Note: 1. AC Inputs during testing are driven at VCC - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at VIH 
min. for a logic 1 and VIL max. for a logic 0.

40. Float Waveforms(1)

37. Serial Port Timing: Shift Register Mode Test Conditions

Symbol Parameter

Variable Oscillator

UnitsMin Max
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46. ICC (Idle Mode) Measurements

47. ICC (Power Down Mode) Measurements

AT89S8253 ICC Idle vs. Frequency, T = 25°C

0

0.5

1

1.5

2

2.5

3

0 5 10 15 20 25

Frequency (MHz)

I
C

C
)

A
m( 

Vcc=3V

Vcc=4V

Vcc=5V

x1 Mode
With Internal Clock Oscillator

AT89S8253 ICC in Power-down

0

0.5

1

1.5

2

2.5

1 2 3 4 5 6 7

VCC (V)

IC
C

 P
w

d
 (

u
A

)

0 deg C

25 deg C

90 deg C
54 AT89S8253



AT89S8253
48. Ordering Information

48.1 Green Package (Pb/Halide-free)
Speed
(MHz)

Power
Supply Ordering Code Package Operation Range

24 2.7V to 5.5V

AT89S8253-24AU
AT89S8253-24JU

AT89S8253-24PU

AT89S8253-24PSU

44A
44J

40P6

42PS6

Industrial

(-40° C to 85° C)

Package Type

44A 44-lead, Thin Plastic Gull Wing Quad Flat Package (TQFP)

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

40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

42PS6 42-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
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49. Package Information

49.1 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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49.3 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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