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Obsolete
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8-Bit
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Through Hole
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40-PDIP
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Pin Configurations

PDIP
(T2)P1.00 1 40 [1vee
(T2EX) P11 2 39 [1P0.0 (ADO)
P1203 38 [1PO.1 (AD1)
P1.3004 37 [1P0.2 (AD2)
(SS)P1.40]5 36 [1P0.3 (AD3)
(MOSI) P1.5] 6 35 [1P0.4 (AD4)
(MISO) P1.6 ] 7 34 [1P0.5 (AD5)
(SCK) P1.7[] 8 33 [1P0.6 (AD6)
RSTC]9 32 [1P0.7 (AD7)
(RXD) P3.0[] 10 31 [1EA/VPP
(TXD) P3.1 ] 11 30 [J ALE/PROG
(INTO) P3.2 ] 12 29 [1PSEN
(INT1) P3.30 13 28 [1P2.7 (A15)
(TO) P3.4 ] 14 27 [1P2.6 (A14)
(T1) P35 15 26 [1P2.5 (A13)
(WR) P3.6 ] 16 25[1P2.4 (A12)
(RD) P3.7 ] 17 24 [1P2.3 (A11)
XTAL2[] 18 23 [0 P2.2 (A10)
XTAL1 ] 19 22 [1P2.1 (A9)
GND [ 20 21 [1P2.0 (A8)
TQFP
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(MISO) P1.6 ] 2 32 [1P0.5 (AD5)
(SCK) P1.70]3 31 [1P0.6 (AD6)
RST ] 4 30 [0 P0.7 (AD7)
(RXD) P3.0 15 29 [1EANVPP
NC |6 28[INC
(TXD) P31 7 27 [1 ALE/PROG
(INTO) P3.2 0] 8 26 [1PSEN
(INT1) P3.30]9 25 [1P2.7 (A15)
(To) P3.4 0] 10 24 [1P2.6 (A14)
(T1) P35 11 23[1P2.5 (A13)
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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.
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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, PO 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 (I, ) because of the internal pullups.
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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 V. for internal program execu-
tions. This pin also receives the 12-volt programming

Table 1. AT89S53 SFR Map and Reset Values

OF8H

OFOH

OE8H

OEOH

0D8H

ODOH

0C8H

0COH

0B8H

0BOH

0A8H

O0AQH

98H

90H

88H

80H

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

XTALA1

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

XTAL2

Output from the inverting oscillator amplifier.

B
00000000

ACC
00000000

PSW
00000000

SPCR
000001XX

T2CON
00000000

T2MOD
XXXXXX00

RCAP2L
00000000

RCAP2H
00000000

TL2
00000000

TH2
00000000

1P
XX000000

P3
11111111

IE
0X000000

SPSR
OOXXXXXX

P2
11111111

SCON
00000000

SBUF
XXXXXXXX

P1
11111111

WCON
00000010

TCON
00000000

TMOD
00000000

TLO
00000000

TL1
00000000

THO
00000000

THA1
00000000

PO
11111111

SP
00000111

DPOL
00000000

DPOH
00000000

DP1L
00000000

DP1H
00000000

SPDR
XXXXXXXX

PCON
0XXX0000
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OFFH

OF7H

OEFH

OE7H

ODFH

0D7H

O0CFH

0C7H

OBFH

0B7H

OAFH

0A7H

9FH

97H

8FH

87H
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Table 4. SPCR—SPI Control Register

SPCR Address = D5H

Reset Value = 0000 01XXB

SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPI interrupts: SPIE = 1 and ES
=1 enable SPI interrupts. SPIE = 0 disables SPI interrupts.
SPE SPI Enable. SPI = 1 enables the SPI channel and connects SS, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, and
P1.7. SPI = 0 disables the SPI channel.
DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.
MSTR Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.
CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device is low when not
transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.
CPHA Clock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship between master and
slave. Please refer to figure on SPI Clock Phase and Polarity Control.
SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have
SPR1 no effect on the slave. The relationship between SCK and the oscillator frequency, Fogc, is as follows:

SPR1SPROSCK = Fyqc divided by

0O 0 4
0 1 16
1 0 64
1 1128

Table 5. SPSR—SPI Status Register Data Memory - RAM

SPSR Address = AAH

Reset Value = 00XX XXXXB

SPIF WCOL - - - - - -
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and
ES = 1. The SPIF bit is cleared by reading the SPI status register with SPIF and WCOL bits set, and then accessing
the SPI data register.
WCOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer,

the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF
bit) are cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register.

Table 6. SPDR—SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7

SPD6

SPD5

SPD4

SPD3

SPD2

SPD1

SPDO

Bit

1

0

8

A T 80 S 5 3 1 —

0787E-MICRO-3/06




Data Memory - RAM

The AT89S53 implements 256 bytes of RAM. The upper
128 bytes of RAM occupy a parallel space to the Special
Function Registers. That means the upper 128 bytes have
the same addresses as the SFR space but are physically
separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV 0AOH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AQOH, accesses
the data byte at address 0AOH, rather than P2 (whose
address is 0AOH).

MOV @RO, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the
actual timer periods (at V¢ = 5V) are within £30% of the
nominal.

The WDT is disabled by Power-on Reset and during
Power-down. It is enabled by setting the WDTEN bit in SFR
WCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WCON. When the WDT times out without
being reset or disabled, an internal RST pulse is generated
to reset the CPU.

Table 7. Watchdog Timer Period Selection

Table 7. Watchdog Timer Period Selection

1 0 1 512 ms

1 1 0 1024 ms

1 1 1 2048 ms

WDT Prescaler Bits
PS2 PS1 PSO Period (nominal)
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
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89S53 operate the same way
as Timer 0 and Timer 1 in the AT89C51, AT89C52 and
AT89C55. For further information, see the October 1995
Microcontroller Data Book, page 2-45, section titled,
“Timer/Counters.”

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 (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 8.

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 oscil-
lator 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 corresponding 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-t0-0 transi-
tion, 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 8. 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)

ATMEL ;



Figure 2. Timer 2 in Auto Reload Mode (DCEN = 0)

AT89S53

0SC +12 _
C/T2 =0
W—ﬁ TH2 TL2
i CONTROL | OVERFLOW
T . TR2 >
] iz = 1 RELOAD |
T2 PIN | TIMER 2
INTERRUPT
RCAP2H | RCAP2L
TF2
TRANSITION
DETECTOR
T2EX PIN [ |——» . O/O . » EXF2
| CoNTROL
EXEN2
Table 9. T2MOD—Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
- - - - - T20E DCEN
Bit 7 6 5 4 2 1 0
Symbol Function
- Not implemented, reserved for future use.
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

0787E-MICRO-3/06
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UART

The UART in the AT89S53 operates the same way as the
UART in the AT89C51, AT89C52 and AT89C55. For fur-
ther information, see the October 1995 Microcontroller
Data Book, page 2-49, section titled, “Serial Interface.”

Serial Peripheral Interface

The serial peripheral interface (SPI) allows high-speed syn-
chronous data transfer between the AT89S53 and
peripheral devices or between several AT89S53 devices.
The AT89S53 SPI features include the following:
¢ Full-duplex, 3-wire Synchronous Data Transfer

* Master or Slave Operation

e 1.5 MHz Bit Frequency (max.)

e LSB First or MSB First Data Transfer
* Four Programmable Bit Rates

e End of Transmission Interrupt Flag

Figure 7. SPI Master-slave Interconnection

¢ Write Collision Flag Protection
¢ Wakeup from Idle Mode (Slave Mode Only)

The interconnection between master and slave CPUs with
SPIl is shown in the following figure. The SCK pin is the
clock output in the master mode but is the clock input in the
slave mode. Writing to the SPI data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). If both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested.

The Slave Select input, SS/P1.4, is set low to select an
individual SPI device as a slave. When SS/P1.4 is set high,
the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phase and polarity
with respect to serial data, which are determined by control
bits CPHA and CPOL. The SPI data transfer formats are
shown in Figure 8 and Figure 9.

MSB MASTER LSB o0 wisol MSB  SLAVE LSB
8-BIT SHIFT REGISTER ‘ 1 8-BIT SHIFT REGISTER ‘7
A : :
R \MOSI_MOSI: |
SPI . . §SCK SCK§
CLOCK GENERATOR > " 5s 55
Voo v
Figure 8. SPI transfer Format with CPHA =0
SCK CYCLE # 1 2 3 4 5 6 7 8 ‘

(FOR REFERENCE) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
e RDKDKOKEKERD
SCK (CPOL=1) IRNZR\4 | | | | | |

| |
FROM MAS“QS' MSB 6 5 4 3 2 1 LSB
( b Hly gyl nyln |
MISO MSB 6 5 4 3 2 1 LSB *
(FROM SLAVE)
55 10 5LAvE) HNEEENEEEEEEREN
|

*Not defined but normally MSB of character just received

ATMEL s
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Figure 9. SPI Transfer Format with CPHA =1

SCK CYCLE # 1 2 3

(FOR REFERENCE)
SCK (CPOL=0)

SCK (CPOL=1)

oM MAS'\'I/!(E)FSRI MSB 6 5 4 3 2 1 LSB
‘ b Iyl Hylly Ryl |
MISO * MSB 6 5 4 3 2 1 LSB
(FROM SLAVE)
| | | | | | | | | | | | | | | | |

*Not defined but normally LSB of previously transmitted character
Interrupts
The _AT89353 has a total of six interrupt velctors:.two exter- ETo E1 Timer 0 interrupt enable bit,
nal interrupts (INTO and INT1), three timer interrupts : :
(Timers 0, 1, and 2), and the serial port interrupt. These EX0 IEO0 | Externalinterrupt O enable bit.

interrupts are all shown in Figure 10.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 10 shows that bit position IE.6 is unimple-

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

Figure 10. Interrupt Sources

o

>

mented. In the AT89C51, bit position IE.5 is also mM IEO —>»
unimplemented. User software should not write 1s to these ‘L
bit positions, since they may be used in future AT89 .
products.
Table 10. Interrupt Enable (IE) Register TFO >
(MSB)(LSB) ‘
‘EA‘—‘ETQ‘ES‘ET1‘EX1‘ETO‘EXO’ Oi \
Enable Bit = 1 enables the interrupt. INT1 —O/ IE1 —»
1
Enable Bit = 0 disables the interrupt. L
P g
AN
Symbol Position | Function
EA IE.7 Disables all interrupts. If EA = 0, no interrupt TF1 >
is acknowledged. If EA = 1, each interrupt
source is individually enabled or disabled by ,1{_: YN\ >
setting or clearing its enable bit. SPIF I S
- IE.6 Reserved. TF2 :D
ET2 IE.5 Timer 2 interrupt enable bit. EXF2
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.
16  AT89S53
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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.

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO 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

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 V. 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.

Lock Bit Protection Modes("®

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.

Program Lock Bits
LB1 | LB2 | LB3 | Protection Type

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

4 P P Same as Mode 3, but external execution is also disabled.

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

Input Format

Instruction Byte 1 Byte 2 Byte 3 Operation

Programming Enable | 1010 1100 | 0101 0011 | xxxx xxxx | Enable serial programming interface after RST goes
high.

Chip Erase 1010 1100 | xxxx x100 | xxxx xxxx | Chip erase the 12K memory array.

Read Code Memory |¥=22 2201 low addr | xxxx xxxx | Read data from Code memory array at the selected
R address. The 6 MSBs of the first byte are the high order
address bits. The low order address bits are in the

second byte. Data are available at pin MISO during the

third byte.
Write Code Memory ggg% 2210 low addr datain Write data to Code memory location at selected

address. The address bits are the 6 MSBs of the first
byte together with the second byte.

Write Lock Bits 1010 1100 | ZRBX x111| xxxx xxxx | Write lock bits.
- Set LB1, LB2 or LB3 = “0” to program lock bits.

Notes: 1. DATA polling is used to indicate the end of a write cycle which typically takes less than 10 ms at 2.7V.
2. X" =don’t care.

Flash Parallel Programming Modes

_ _ . Data I/O Address

Mode RST | PSEN | ALE/PROG | EA/N,, | P2.6 | P27 | P3.6 | P3.7 | P0.7:0 | P2.5:0P1.7:0
Serial Prog. Modes H h(™ h(™" X
Chip Erase H L ~ ¥ 12V H L L L X X
Write (12K bytes) Memory H L T 12V L H H H DIN ADDR
Read (12K bytes) Memory H L H 12v L L H H DOUT ADDR
Write Lock Bits: H L ~ 12V H L H L DIN X

Bit - 1 P0.7=0 X

Bit-2 P0.6=0 X

Bit- 3 P0.5=0 X
Read Lock Bits: H L H 12V H H L L DOUT X

Bit - 1 @P0.2 X

Bit-2 @P0.1 X

Bit- 3 @P0.0 X
Read Atmel Code H L H 12V L L L L DOUT 30H
Read Device Code H L H 12V L L L L DOUT 31H
Serial Prog. Enable H L ~_®@ 12v L H L H | Poo=0 X
Serial Prog. Disable H L ~~ @ 12V L H L H | Po.o=1 X
Read Serial Prog. Fuse H L H 12v H H L H @P0.0 X

Notes: 1. “h” = weakly pulled “High” internally.
2. Chip Erase and Serial Programming Fuse require a 10 ms PROG pulse. Chip Erase needs to be performed first before
reprogramming any byte with a content other than FFH.
3. P3.4is pulled Low during programming to indicate RDY/BSY.
4

. “X” =don’t care
AIMEL 2
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Flash Programming and Verification Characteristics — Parallel Mode
T, = 0°C to 70°C, V¢ = 5.0V + 10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 115 125 \
lpp Programming Enable Current 1.0 mA
1oLl Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48tq o1

tanax Address Hold after PROG 48tq o1

tovaL Data Setup to PROG Low 48t oL

taHDx Data Hold after PROG 48t oL

tersh P2.7 (ENABLE) High to Vpp 48t oL

tsualL Vpp Setup to PROG Low 10 us
toLan PROG Width 1 110 us
tavav Address to Data Valid 48tg oL

teLqu ENABLE Low to Data Valid 48tq o,

tenaz Data Float after ENABLE 0 48tq o,

tanaL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

ATMEL 2
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Flash Programming and Verification Waveforms — Parallel Mode

P1.0 - P1.7 PROGRAMMING VERIFICATION
P2.0 - P25 ADDRESS ﬂ ADDRESS
< tavav
PORT 0 ‘ DATA IN ‘—j* DATA OUT p——
< thvaL  laHpx
tavaL [ > < > toHax
ALE/PROG
fsrat < R (CRe T
- Vep
EA/VPP 77777777777777777777777777777777777777777777777777777777777777
-1 t
P2.7 ErsH tELQV -~ “— lEHaz
(ENABLE)
taHBL —*] Dl
P3.4
(RDY/BSY) BUSY READY
<« twe

Serial Downloading Waveforms

SERIAL CLOCK INPUT
SCK/P1.7

SERIAL DATA INPUT

MOSI/P1.5 msBl [ [ [ [ [ [LSB]

SERIAL DATA OUTPUT
MISO/P1.6 IMSB

[ [ [ ]LsB]

24 AT SO'S 53 mssss———————



Absolute Maximum Ratings*

Voltage on Any Pin

Maximum Operating Voltage .........cccceeeeievieeiiieeenee e

Operating Temperature.........c.ccoccveeiieeenneenne -55°C to +125°C

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

with Respect to Ground ..........ccccoeveiiieiiecineen. -1.0V to +7.0V

*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.

DC Output CUITENt.......eeiieieiiieeeee e 15.

DC Characteristics

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

Symbol | Parameter Condition Min Max Units

' Input Low-voltage (Except EA) -0.5 0.2V -0.1 \

Vi Input Low-voltage (EA) -0.5 0.2V -0.3 v

Viy Input Hight-voltage (Except XTAL1, RST) 0.2V +0.9 Vec +0.5 \

Va1 Input Hight-voltage (XTAL1, RST) 0.7 Ve Vee +0.5 \

Output Low-voltage ("
VoL (Poﬁm 29) 9 lo, = 1.6 MA 05 v
Output Low-voltage

Vous (Poﬁ 0, ALE PS%) lop =3.2mA 0.5 v

lon = -60 pA, Ve =5V £ 10% 24 \
Output Hight-voltage _

Von (Ports 1,2,3, ALE, PSEN) lon = -25 nA 0.75 Voo v
lOH = '10 HA 09 Vcc V
lon =-800 pA, Voo =5V + 10% 24 \

Output Hight-voltage _

Vors (Port 0 in External Bus Mode) low = -300 uA 0.75 Vec v
lOH = '80 IJ.A 09 VCC V

I Logical 0 Input Current (Ports 1,2,3) Vi =0.45V -50 pA

I Logical 1 to 0 Transition Current (Ports 1,2,3) | V|y =2V, Voo =5V £ 10% -650 pA

Input Leakage C t

I, (g%‘;t o,e%"’)‘ge urren 0.45 <V, < Vg +10 pA

RRST Reset Pull-down Resistor 50 300 KQ

Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA

Power Supply Current
Idle Mode, 12 MHz 6.5 mA
I
« Vo = 6V 100 WA
Power-down Mode @
Vee =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I Maximum total |5, for all output pins: 71 mA

must be externally limited as follows:

Maximum Iy per port pin: 10 mA

Maximum |y, per 8-bit port:

Port 0: 26 mA 2.
Ports 1,2, 3: 15 mA

If I, exceeds the test condition, V5_may exceed the
related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.
Minimum V. for Power-down is 2V.

ATMEL 2
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AC Characteristics

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

External Program and Data Memory Characteristics

12MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
1tciol Oscillator Frequency 0 24 MHz
tHLL ALE Pulse Width 127 2tc oL - 40 ns
taviL Address Valid to ALE Low 43 tooL- 13 ns
L ax Address Hold after ALE Low 48 torcL - 20 ns
iy ALE Low to Valid Instruction In 233 4tc oL - 65 ns
tpL ALE Low to PSEN Low 43 tolcL- 13 ns
tpLpH PSEN Pulse Width 205 3teicL - 20 ns
tpLy PSEN Low to Valid Instruction In 145 3teicL- 45 ns
txix Input Instruction Hold after PSEN 0 0 ns
tpxiz Input Instruction Float after PSEN 59 toLcL- 10 ns
tpxay PSEN to Address Valid 75 toioL - 8 ns
taviv Address to Valid Instruction In 312 StcicL - 55 ns
tpaz PSEN Low to Address Float 10 10 ns
trLRH RD Pulse Width 400 Bte o - 100 ns
twLwH WR Pulse Width 400 Bte e - 100 ns
taLoy RD Low to Valid Data In 252 SteicL- 90 ns
trHDX Data Hold after RD 0 0 ns
trHDZ Data Float after RD 97 2tci oL - 28 ns
tLLov ALE Low to Valid Data In 517 8t oL - 150 ns
tavov Address to Valid Data In 585 OtgcL- 165 ns
tow ALE Low to RD or WR Low 200 300 3tg oL - 50 St oL + 50 ns
tavwiL Address to RD or WR Low 203 Moo - 75 ns
touwx Data Valid to WR Transition 23 tocL - 20 ns
touwh Data Valid to WR High 433 TtoLoL- 120 ns
twHax Data Hold after WR 33 tocL- 20 ns
triaz RD Low to Address Float 0 0 ns
twHLH RD or WR High to ALE High 43 123 tolcL - 20 toLoL + 25 ns
26 AT89S53 m———————————————————————
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External Data Memory Write Cycle

PORT 0 >

PORT 2

External Clock Drive Waveforms

0.45V

b
ALE

¥ tWHLH
PSEN
o tw — ety —>
WR
1 ax E—
« by > tavwx « > twhox
<«— toywH —»

A0 - A7 FROM RI OR DPL

DATA OUT

A0 - A7 FROM PCL

INSTR IN

¢ tAVWL >

R

P2.0 - P2.7 OR A8 - A15 FROM DPH

A8 - A15 FROM PCH

tCLCH I

tCLCX I

<« tohex

tCHCL

“ toLoL
External Clock Drive
Symbol | Parameter Vce = 4.0V to 6.0V
Min Max Units
1tcLol Oscillator Frequency 0 24 MHz
torel Clock Period 41.6 ns
toHex High Time 15 ns
toLex Low Time 15 ns
teLcH Rise Time 20 ns
toHeoL Fall Time 20 ns
28 AA T 89S 5. s ——
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V¢ = 4.0V to 6V and Load Capacitance = 80 pF

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units
Min Max Min Max

txL Serial Port Clock Cycle Time 1.0 12tc oL us

tQuxH Output Data Setup to Clock Rising 700 10t - 133 ns
Edge

txHax Output Data Hold after Clock Rising 50 2tc o - 117 ns
Edge

txHDx Input Data Hold after Clock Rising 0 0 ns
Edge

txnov Clock Rising Edge to Input Data 700 10t ¢ - 133 ns
Valid

Shift Register Mode Timing Waveforms

INSTRUCTION ‘ 0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘
< > tx

CLOCK t [ S A R O S e
QVXH
—> F tXH‘QX
WRITE TO SBUF, 0 1 2 3 4 5 6 7
v — t
OUTPUT DATA txwow [ * ax SETTI |
. CLEARRI | VALID VALID VALID VALID VALID VALID VALID VALID
INPUT DATA SET RIT

AC Testing Input/Output Waveforms!)  Float Waveforms'"

Vee- 08V 0.2 Vg + 0.9V Vioad °-‘V/4ﬂvof oV
TEST POINTS Vioap Timing Reference
0.45V 0. cc - Y- VLOAD- . VOL+ 0.1V
Notes: 1. AC Inputs during testing are driven at Vo - 0.5V Notes: 1. Fortiming purposes, a port pin is no longer floating
for a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V,; min. for a logic 1 and V,_ max. port pin begins to float when a 100 mV change from
for a logic 0. the loaded V/Vq, level occurs.

ATMEL 2
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AT89S53
o TYPICAL ICC (ACTIVE) at 25°C
Ve =6.0V
20
(|: 16 — |
C ., — Vg =5.0V
A 8
— L Vee=30
4 /
0
0 4 8 12 16 20 24
F (MHz)
AT89S53
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)
20
| 15
C
C 1o
1)
A 5
0
3.0V 4.0V 5.0V 6.0V
V. VOLTAGE
AT89S53
.5 TYPICAL ICC (IDLE) at 25°C
' Ve =6.0V
40
| —
C 24 / VCC =5.0V
M 16 — _—
0.8 — | Vee=3.0V
. /
—
0.0 =—1
0 4 8 12 16 20 24
F (MHz)

Notes: 1. XTALT1 tied to GND for I (power-down)
2. Lock bits programmed

30 A T 80 S 5 3 1 —
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Ordering Information

Speed Power Ordering Code Package Operation Range
(MHz) Supply
24 4.0V to 6.0V AT89S53-24AC 44A Commercial
AT89S53-24JC 44J (0°C to 70°C)
AT89S53-24PC 40P6
4.0V to 6.0V AT89S53-24Al 44A Industrial
AT89S53-24JI 44J (-40°C to 85°C)
AT89S53-24PI 40P6
33 4.5V to 5.5V | AT89S53-33AC 44A Commercial
AT89S53-33JC 44J (0°C to 70°C)
AT89S53-33PC 40P6
= Preliminary Information
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

0787E-MICRO-3/06
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Packaging Information

44A - TQFP
TR AT IR A
PIN 1 — =
= =5
g PIN 1 IDENTIFIER %i
= =1
ey o T E1 E
P = =
Tonoonmorn ounuuwounis !
— D -—
Cj 0°~7° ! |
4 ——— I_{CLDDDDDDDCDDDDDDDCDDDDD) ﬁmﬁppﬂmﬂmﬂ L !
- A1J‘ Az LA
— | <7L

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
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
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 9.90 10.00 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 — 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. ¢ 0.09 - 020
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
o TITLE DRAWING NO. |REV.
ATMEL éii‘r’ Josrghgrg F;aSr:‘gay 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, A4A 5
© ’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
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44J - PLCC
. 1.14(0.045) X 45°
1.14(0.045) X 45 PIN NO. 1 L o |l 0:318(0.0125)
* IDENTIFIER ‘4 0.191(0.0075)
O r1m ()(' I Y T
I : '
[ 0 f—
0 0 4
L L D2/E2
. I L L B E — B
v a 0
—0 0
0 0
A |
I R AN [y I [y |
T’ |- A2
- D1 —
- A1
- D —
0.51(0.020)MAX
45° MAX (3X)
* COMMON DIMENSIONS
f— (Unit of Measure = mm)
? SYMBOL| MIN NOM MAX | NOTE
A 4.191 - 4.572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusion. Et 16.510 - 16.662 | Note 2
Allowable protrusion is .010"(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 - 16.002
and E1 include mold mismatch and are measured at the extreme B 0.660 0813
material condition at the upper or lower parting line. : — :
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1.270 TYP
10/04/01
o TITLE DRAWING NO. |REV.
‘I_ 2325 Orchard Parkway . . .
44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC
AMEL ... cn 95131 P (PLCO) 44J B
33
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