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Nowadays, Barcode is a popular technique used in wide variety of applications such as on
price tags, product packages and time recording cards of many companies and etc. The reason for
its popularity is the higher accuracy and convenience in interring data , when compared to the
manual method.

This thesis introduces another way in using barcode to detect the student 1.D. to permit or
reject to/from entering the room. This system uses barcode scanner to detect barcode of the student
I.D. The system consist of microcontroller no. 89C52 to analyze the barcode, to processes the
door control unit and record the the student I.D. on its EEPROM of 8kB as the data logger. The
system could be controlled and retrived the data by a personal computer. The controling program is

written in Visual Basic 6.0. This system has an error of access about 20%.
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2.6 MIADHHIBAIINT Program Memory tiaz Data Memory

NIABNUILAIND AR 1L 2.8

EPROM 2764 (8Kx8)
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Fiva s

7415138
P2.7 o Y7
P2.6 B Y6
P2.5 A V5
Y4
Y3
G1 Y2
G2A\ Y1
G2B\ YO
cSs\
P2.4 P A12
8051P2.8 - A1
p2.o 2% A10
54
P2.1 A9
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PO.7 | D7 Q7 A7
PO.6 : D6 Q63 A6
PO.S o D5 Q5f A5
PO.4 4= D4 "
Q4 Ad
gg g D3 74373 3 A3
z D2 Q2
PO.1 ] D ] i
1 Q1 5 Al 2
P0.0 2 DO QO = Gl
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Byte
7FH
30H
2FH
2EH
2DH
2CH
2BH
2AH
29H

18H
17H
10H
OFH
08H
07H
O00H

(MSB) (LSB)
Scratch Pad Area

7F 7E 7D 7C 7B TA 79 78
77 76 75 74 73 72 71 70
6F 6E 6D 6C 6B 6A 69 68
67 66 65 64 63 62 61 60
SF 5E 5D 5C 5B S5A 59 58
57 56 55 54 53 52 51 50
4F 4E 4D 4C 4B 4A 49 48
47 46 45 44 43 42 41 40
BP 3E 3D 3C 3B 3A 39 38
37 36 35 34 33 32 31 30
2F 2E 2D @ 2B 2A 29 28
27 26 25 24 23 22 21 20
IF 15 1D 1C 1B 1A 19 18
17 16 15 14 13 12 11 10
OF 3 0D 0C 0B 0A 09 08
07 06 05 04 03 02 01 00

RO-R7

RO-R7

RO-R7

RO-R7
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$a 4 4
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Ha 4 <
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Ha v s
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Special Function Register (SFR) 3 518a2198a63015197 2.4
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Symbol Name Address
*ACC Accumulator OEOH
*B B Register OFOH
*PSW Program Status Word ODOH
SP Stack Pointer 81H
DPTR Data Pointer 2 Bytes

DPL Low Byte 82H
DPH High Byte 83H
*PO Port 0 80H
*Pl Port 1 90H
*P2 Port 2 0AOH
*P3 Port 3 OBOH
*IP Interrupt Priority Control 0B8H
*1E Interrupt Enable Control 0A8H
TMOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
*=T2CON Timer/Counter 2 Control 0C8H
THO Timer/Counter 0 High Byte 8CH
TLO Timer/Counter 0 Low Byte 8AH
TH1 Timer/Counter 1 High Byte 8DH
TL1 Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg.High Byte 0CBH
+RCAP2L T/C 2 Capture Reg.Low Byte 0CAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
&C ON Power Control 87H

* = Bit addressable
+=8052 only
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Compatible with MCS-51™ Products

8K Bytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable /O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel
Low-power Idle and Power-down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vcec
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional /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 O can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram 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 bi-directional 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.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional I/O port with intemal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to extérnal pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

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
executions.

This pin also receives the 12-volt programming enable volt-
age (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.

OF8H OFFH
OFOH B OF7H
00000000
OE8H OEFH
ACC
OEOH | somonoo OE7H
0D8H ODFH
PSW
ODOH | oo 0D7H
ocen | T2CON T2MOD RCAP2L | RCAP2H TL2 TH2 -
00000000 XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH OC7H
0B8H P OBFH
XX000000
P3
OBOH | 44411111 QBT
0A8H IE OAFH
0X000000
P2
OAOH | 41111111 S
SCON SBUF
981 | 00000000 | XXXXXXXX HFHR
P1
9OH 1 111111 J7t
- TCON TMOD TLO LY THO TH1 ) .
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
-y PO sp DPL DPH PCON -
11111111 00000111 00000000 | 00000000 0XXX0000




e B 1 69052

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON - Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2

7 6 5 4 3 2 1 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=1o0or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial

| port Modes 1 and 3. TCLK = O causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

C/T2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK =1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address 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 OAOH, #data
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains OAOH, 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.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

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 3.

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.

Table 3. 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)

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-to-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.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.



Figure 1. Timer in Capture Mode

AT89C52

osC »> +12 .
CM2=0
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T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
DETECTOR TIMER 2
INTERRUPT
ToEX PIN [ J—— ™ J\}//of » EXF2
| conTROL
EXEN2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)
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Table 4. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
- - - - - — T20E DCEN
Bit 7 6 5 4 3 a2 1 0
Symbol Function

= Not implemented, reserved for future

T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2’s overflow rate according to the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates = 6

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1 and 3 _
Baud Rate

_ Oscillator Frequency
32 x [65536 — (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timerin
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

2 1®)_Fe2 L TH2
osc 2 ™ 9// O (8-BITS) | (8-BITS)
LT{ Tll?2 /‘ J rﬂ/\ T
| |
L
[ RCAP2L | RCAP2H
! CT2 BIT
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|
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l
T20E (T2MOD.1)
TRANSITION
\__ DETECTOR
P11 o o Exe2 | » TIMER 2
(T2EX) \ . INTERRUPT
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar I/O pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency
536 — (RCAP2H,RCAP2L)]

Clock-Out Frequency= IX65

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

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 shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MSB)
[ea |-

(LSB)
[ ET2 l ES lET1 ’EX1 [E'ro ‘ EXOJ

Enable Bit = 1 enables the interrupt.

Enable Bit = 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 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO E.J Timer 0 interrupt enable bit.

EXO IE.0 External interrupt 0 enable bit.

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

Figure 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTALZ2 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 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

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. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vg

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

c2
—"—I__ XTAL2
C1
o—) XTAL1
l GND

Note: C1, C2 =30 pF £ 10 pF for Crystals

= 40 pF £ 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NG = XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Status of External Pins During Idle and Powe-down Modes

% Mode Program Memory ALE PSEN PORTO PORT1 F PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
' Idie External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
"MP—O\;/er-down "‘E‘xternal 0 0 : Float Data Data Data
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Program Memory Lock Bits

The AT89C52 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.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 U U U No program lock features.

2 P 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 is disabled.

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
execution is also disabled.

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.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

| Vpp=12V Vpp =5V
Top-side Mark ATB9C52 AT89C52
XXXX XXXX - 5
yyww yyww

Vpp =12V Vpp =5V
Signature (030H) =1EH (030H) = 1EH

(031H) = 52H (031H) = 52H

(032H) = FFH (032H) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the
AT89C52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached. '

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, 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 can also
be monitored by the RDY/BSY output signal. 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 data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

w
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANpp P2.6 P2.7 P3.6 P37
Write Code Data H L H/12V L H H H
—%_
Read Code Data H L H H |5 L H H
Write Lock Bit - 1 H L. H/12v H H
e A
Bit - 2 H L H/12V H H L L
e L
Bit - 3 H L H/12V H L H L
A
Chip Erase H L ™) H/12V H L L L
AR
Read Signature Byte H L H H L 1 L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
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Figure 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
+5V +5V
AT87F52 T AT87F52 T
ADDR, A0 A7) py Vee ADDR. 20 A7l oy Veo
OOOOH/AFFFH PGM OOOOH/1FFFH PGM DATA
P20 - P24 PO [¢—— pamp P2.0 - P24 PO [ (USE 10K
A8 - A12 A8 - A12 PULLUPS)
—> P26 —» P26
SEE FLASH | ——»{ P27 ALE l¢—— PROG SEE FLASH | —»{ P2.7 ALE |<
PROGRAMMING PROGRAMMING
MODES TABLE | — %] P36 MODES TABLE | —»| P3.6 ov
——>» P37 —»| P37 "
® XTAL2 EA |[¢— Ve ® XTAL2 EA |«
324 MHz | I 3-24 MHz | ]
& — XTAL1 RST |[¢— V, tes — XTAL1 RST f¢—— Vi,
E GND PSEN T ‘E GND PSEN —_L_

Flash Programming and Verification Characteristics
T, =0°C to 70°C, Vo = 5.0 £ 10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.5 12.5 \Y
Ipp!" Programming Enable Current 1.0 mA
1teeL Oscillator Frequency 3 24 MHz
el Address Setup to PROG Low 48tc o,

tain Address Hold after PROG 48t o1

tovaL Data Setup to PROG Low 48t o

teuox Data Hold After PROG 48t o,

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

tomar Vpp Setup to PROG Low 10 us
tens Vpp Hold after PROG 10 us
teLcn PROG Width 1 110 us
tavav Address to Data Valid 48tc o

tevay ENABLE Low to Data Valid 48t o1

tenaz Data Float after ENABLE 0 48t o,

r— PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time ;0 ms

Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P10 - P1.7 PROGRAMMING VERIFICATION
PBG - o ADDRESS j ADDRESS
*— tavav
PORT O l/ DATA IN DATA OUT
b el tover  toHox [+ N
AVGL [¢ < GHAX
ALE/PROG A A
tshaL (", taLa—> taHsL
_ AN T\LOGIC 1
EANee L floe@co_________1________.
(2)
iyl le— 1t —al t
P2.7 /l st te v —“L +—— 7 enaz
(ENABLE) |
1 taHeL ]
P3.4
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P2.4 ADDRESS ﬁ ADDRESS
- < tavav
PORT 0 5; DATA IN _ DATA OUT | —
L" vl taHox [+
taveL (& > tahax
ALE/PROG
o 1 i+ laeH
. LOGIC 1
EANVpp R N . = = ] Loce\® £~ |
P2.7 ’ s tELQV‘T’ =1 EReZ
(ENABLE) ] | \ b
]‘ loue =™ [+
P34 | !
(RDY/BSY) 1 BUSY V" READY
—— tyg — H‘
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Absolute Maximum Ratings*

Operating Temperature..............cooevrvvevsviens -55°C t0 +125°C *NOTICE:
Storage Temperature .......ccoouevviniinciinniinienn -65°C to +150°C

Voltage on Any Pin

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

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

DC QuitputCurrent. vssmessmesesmssvsm sy os 15.0 mA

DC Characteristics

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.

The values shown in this table are valid for T, = -40°C to 85°C and V. = 5.0V + 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 V-0.1 \%
Viir Input Low-voltage (EA) -0.5 0.2 Vc-0.3 v
Vi Input High-voltage (Except XTAL1, RST) 0.2 Ve+0.9 Vecet0.5 \
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vec+0.5 \"
Vou Output Low-voltage!") (Ports 1,2,3) lou=1.6 mA 0.45 v
Vot Output Low-voltage!" lou=3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vou Output High-voltage lon=-60 pPA, Voo =5V £ 10% 2.4 \
(Ports 1,2,3, ALE, PSEN) lop = -25 pA 0.75 Ve Vv
Ioy=-10 pA 0.9 Ve v
Vo Output High-voltage loy=-800 pA, Vo =5V £ 10% 24 \
(Port 0 in External Bus Mode) Iy = -300 pA 0.75 Ve v
Ion = -80 pA 0.9 V¢ v
I Logical 0 Input Current (Ports 1,2,3) | V,y=0.45V -50 pA
I Logical 1 to 0 Transition Current Vin=2V, Vec =5V £ 10% -650 pA
(Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) 0.45 < V)y < Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode!" Vg =6V 100 pA
Ve =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum l5_per port pin: 10 mA
Maximum l_per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total I for all output pins: 71

mA

If 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

ATmEL
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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

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
MereL | Oscillator Frequency 0 24 MHz
Yo * ALE Pulse Width 127 2ty 40 ns
tavL | Address Valid to ALE Low 43 Yo ei13 ns
tax Address Hold After ALE Low 48 ter oL 20 ns
oy ALE Low to Valid Instruction In 233 4 65 ns
tupL | ALE Low to PSEN Low 43 Sh-13 ns
toLpn PSEN Pulse Width 205 3t 20 ns
touy PSEN Low to Valid Instruction In 145 3t 45 ns
toyix Input Instruction Hold after PSEN 0 0 ns
sz Input Instruction Float after PSEN 59 toc-10 ns
Beseniy ' PSEN to Address Valid 75 toLcL-8 ns
taviv < Address to Valid Instruction In 312 StoLcL-55 ns
tsis ' PSEN Low to Address Float 10 10 ns
B ' RD Pulse Width 400 Bte, o -100 ns
tvtw . WR Pulse Width 400 6tc cL-100 ns
tainy . RD Low to Valid Data In 252 5t c.-90 ns
Harpx . Data Hold After RD 0 0 ns
thrinz Data Float After RD 97 2t 28 ns
e . ALE Low to Valid Data In 517 Bt oL -150 ns
tavov | Address to Valid Data In 585 Ste o -165 ns
twi ! ALE Low to RD or WR Low 200 300 3tco-50 3tg o +50 ns
s | Address to RD or WR Low 203 4tc 75 ns
tovwx ' Data Valid to WR Transition 23 to o 20 ns
K ' Data Valid to WR High 433 TtorcL-120 ns
tiias Data Hold After WR 33 toLc-20 ns
topaz RD Low to Address Float 0 0 ns
i RD or WR High to ALE High 43 123 toc-20 toLcL+25 ns
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External Program Memory Read Cycle

tp —>
ALE

N
N
tpLPH
tavie @ " v
—> lyp

PSEN oLy |

R toLaz 4_tpxml‘ﬂi

t 4__.1 i

tax e »f ’k Fle ‘ l

x> [ }
PORT 0 AO - A7 ———_INSTRIN } >+ A0-A7 4

| | | |

e Ly ————»
PORT 2 A8 - A15 X__A8-A15
External Data Memory Read Cycle
th—

ALE i 7z

tWH LH

PSEN /

& ooy
«— laipH —»
— hw —»

e tavL—>

—tax —*>I =

tRiaz > e
|

taLov ‘**'i tRHDZ

le— tRHDxX

—-
PORT 0 A0 - A7 FROM Rl OR DPL Y ! )}— DATA IN
T

< tAVWL »

%N tAVDV ————

: L%I’\AO - A7 FROM PCL < INSTR IN

PORT 2 X P2.0

- P27 OR A8 - A15 FROM DPH

A8 - A15 FROM PCH

ATMEL
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External Data Memory Write Cycle

b L]
ALE
™ twhLH
PSEN
— t e ——le—tywn —>
WR P
— tayL L —> tavwx [ > typox
— tavwn —»
PORT 0 _ > A0 - A7 FROM RI OR DPL DATA OUT (A0 - A7 FROM PCL >—INSTR IN
< tavwi >
PORT 2 ) P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH
i . .
External Clock Drive Waveforms
tehex
toich — <+ toncL

Vg - 0.5V

0.2 Vgg- 0.1V

0.45V
RS (T — g
p toroL >
External Clock Drive

Symbol Parameter Min Max Units
el Oscillator Frequency 0 24 MHz
terel Clock Period 41.6 ns
tenex High Time 15 ns
terex Low Time 15 ns
teren Rise Time 20 . ns
tenel Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

The values in this table are valid for Vo = 5.0V £20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tyix Serial Port Clock Cycle Time 1.0 12t oL ps
tquxt Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns
txHax Output Data Hold After Clock Rising Edge 50 2t o117 ns
txHox Input Data Hold After Clock Rising Edge 0 0 ns
txHov Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 1 2 | 3 l 4 | 5 l 6 [ 7 | 8 |
ae [T L e e L e e e rer
tyixe
GLAGK / T AR { S0 L NN\
VXH |
— [+ txnox
WRITE TO SBUF, 0 1 > |2 g 4 < 5 6 A
s O . \
v — et
OUTPUT DATA by ] | sern |
_CLEARRI P T D T ST S AT D S AT NG AT G Ty
v
INPUT DATA SET RIT
AC Testing Input/Output Waveforms!"  Float Waveforms("
Vee - O.SV—\\ *W‘Y //*““ Vioan® &1V <4 “‘“*—*\ V- 0V
X N g’ 4 N X
e TEST POINTS b4 My & <‘/ Timing F_Ieference b
7 N02 Vg -0V L\ o oNe LI
" <= Yoo RN A S Loap” Y = 4~ Vg + 0V
Note: 1. AC Inputs during testing are driven at V¢ - 0.5V Note: 1. For timing purposes, a port pin is no longer floating

for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V,; min. for a logic 1 and V,_ max.
for a logic 0.

when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded Vg/V(, level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V 1 20% AT89C52-12AC 44A Commercial
AT89C52-12JC 44) (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
AT89C52-12Al 44A Industrial
AT89C52-12J1 44) (-40°C to 85°C)
AT89C52-12PI 40P6
AT89C52-12Ql 44Q
16 5V + 20% AT89C52-16AC 44A Commercial
AT89C52-16JC 44J (0°C to 70°C)
AT89C52-16PC 40P6
AT89C52-16QC 44Q
AT89C52-16Al 44A Industrial
AT89C52-16JI 44J (-40°C to 85°C)
AT89C52-16PI 40P6
AT89C52-16Ql 44Q
20 5V £ 20% AT89C52-20AC £ 44A Commercial
AT89C52-20JC 44) (0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT89C52-20Al 44A Industrial
AT89C52-20JI 44J (-40°C to 85°C)
AT89C52-20PI 40P6
AT89C52-20Ql 44Q
24 5V £ 20% AT89C52-24AC 44A Commercial
AT89C52-24JC 44 (0°C to 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24Al 44A Industrial
AT89C52-24JI 44J (-40°C to 85°C)
AT89C52-24PI 40P6
AT89C52-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4y 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)




Packaging Information

AT89C52

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21(0.478) ¢
11.75(0.458)

PINHD—\

0.45(0.018

0.80(0.031) BSC ] J 0.30(0.012)
-

)
|

, 10.10(0.394) ¢
| '9.90(0.386)

‘— 1.20(0.047) MAX

1i 4
ﬁl MMJ,

" 0.45(0.018) 0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45°  PINNO. 1 -045(1.14) X 30° - 45°

012(.305)
/IDENTIFY L_! !_:—1 008(.208)
T : Ty
j_ 4656(16.7)8 a .630(16.0)
= 650(16.5) '590(15.0)
032(813) § .021(533)
026(660) | E :g::g;:zso 1013(330)
Tq * P‘_i 043(1.09)
.050(1.27) TYP ool OO g = 3 Y
s e =1 500(12.7) REF SQ 7020(.508)
1120(3.05)
1 7090(2.29)
.180(4.57)
qe5(3.19)

1022(.559) X 45° MAX (3X)

s

By

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6)
2.04(51.8)

1
NEEsEEL R ENL o)

PIN

!
566(14.4)
.530(13.5)

:l |..._ .090(2.29)
l—— 1.900(48.26) REF MAX
220(5.59) 005(127,

MAX I v

sz LT
FEARE 1 f_ 065(1.65)

.161{4.09) 1015(.381)
.125(3.18) 022(.559)
.065(1.65) TR

110(2.79) .041(1.04) BIAEs0)
1090(2.29) 630(16.0)
590(15.0)
O REF
012(.305) 13
1008(203)

I____ .690(17.5)
.610(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45(0.525) o
12.95 (0.506)
PIN 11D ra

"

= 0.50 (0.020)

080 (0‘03”8801 = ‘_ 0.35(0.014)
l  ——
LA
10.10 (0.394)
79,90 (0.386) °°
‘— 2.45(0.096) MAX
[
0.17 (0.007) 7
0.13 (0.005) —1 { mem ‘
by = T
AN ©1.03(0.041
*l L' W%b‘.éﬁ) L o025 (0.010) MAX

Controlling dimension: millimeters
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Special Function Register (SFR)

Symbol Name Address
*ACC Accumulator OEOH
*B B Register OFOH
*PSW Program Status Word O0DOH
SP Stack Pointer 81H
DPTR Data Pointer 2 Bytes

DPL Low Byte 82H
DPH High Byte 83H
*PO Port 0 80H
*P1 Port 1 90H
*P2 Port 2 0AOH
HP3 Port 3 0BOH
*IP Interrupt Priority Control 0B8H
*IE Interrupt Enable Control 0A8H
TMOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
*=T2CON Timer/Counter 2 Control 0C8H
THO Timer/Counter 0 High Byte 8CH
TLO Timer/Counter 0 Low Byte 8AH
TH1 Timer/Counter 1 High Byte 8DH
TL1 Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg.High Byte 0CBH
+RCAP2L T/C 2 Capture Reg.Low Byte 0CAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H

* = Bit addressable
+ = 8052 only



Byte
7FH
30H
2FH
2EH
2DH
2CH
2BH
2AH
29H
28H
27H
26H
25H
24H
23H
22H
21H
20H
1FH

18H
17H
10H
OFH
08H
07H
00H

(MSB) (LSB)
Scratch Pad Area

7F 7E 7D 7C 7B TA 79 78
77 76 75 74 73 72 71 70
6F 6E 6D 6C 6B 6A 69 68
67 66 65 64 63 62 61 60
SF SE 5D 5C 5B 5A 59 58
57 56 55 54 39 52 51 50
4F 4E 4D 4C 4B 4A 49 48
47 46 45 44 43 42 41 40
3F 3E 3D 3C 3B 3A 39 38
37 36 35 34 33 32 31 30
2F 2E 2D 2C 2B 2A 29 28
27 26 25 24 23 22 21 20
1F 1E 1D e 1B 1A 19 18
17 16 15 14 13 12 11 10
OF OE 0D 0C 0B 0A 09 08
07 06 05 04 03 02 01 00

RO-R7

RO-R7

RO-R7

R0O-R7

d '
128 TuAlve3 RAM 410990 yauULINIIATIALNIIBDN Y9 89¢52

1a 4 4
TUALADT LUINA 3

1a s s
IUTLADT LA 2

a 4 4
TALADT UINA 1

aa 4 J
TUCALADT LUNA O



KM62256D Family

Document Title
32Kx8 bit Low Power CMOS Static RAM
Revision History
Revision No Hi Draft D R i
0.0 Initial draft May 18, 1997 Design target
0.1 First revision April 1, 1997 Preliminily
- KM62256DL/DLI IsB1 = 100 — 50pA
KM62256DL-L IsB1 =20 — 10pA
KM62256DLI-L IsB1 =50 — 15pA
-CiN=6 — 8pF, Clo =8 — 10pF
- KM62256D-4/5/7 Family
tOH =5 — 10ns
- KM62256DL/DLI Ibr = 50—-30pA
KM62256DL-L/DLI-L IbR =30 - 15pA
1.0 Finalize November 11, 1997 Final
- Remove Icc write value

- Improved operating current
lcc2 =70 — 60mA
- Improved standby cumrent
KM62256DL/DLI IsB1 = 50 — 30pA
KM62256DL-L IsB1 = 10 — 5pA
KM62256DLI-L IsB1 = 15 — 5pA
- Improved data retention current
KM62256DL/DLI IbrR = 30 — 5pA
KM62256DL-L/DLI-L IprR = 15 — 3pA
- Remove 45ns part from commercial product and 100ns part
from industrial product.

Replace test load 100pF to 50pF for 55ns part

The attached datasheets are provided by SAMSUNG Electronics. SAMSUNG Electronics CO., LTD. reserves the right to change the specifications and
products. SAMSUNG Electronics will answer to your questions about device. If you have any questions, please contact the SAMSUNG branch offices.

W Revision 1.0

November 1997
ELECTRONICS




KM62256D Family

CMOS SRAM

32Kx8 bit Low Power CMOS Static RAM

FEATURES

e Process Technology : TFT

o Organization : 32Kx8

o Power Supply Voltage : 4.5~5.5V

o Low Data Retention Voltage : 2V(Min)

e Three state output and TTL Compatible

o Package Type : 28-DIP-600B, 28-SOP-450
28-TSOP1-0813.4 F/R

PRODUCT FAMILY

GENERAL DESCRIPTION

The KM62256D families are fabricated by SAMSUNG’s
advanced CMOS process technology. The families support
various operating temperature ranges and have various
package types for user flexibility of system design. The fami-
lies also support low data retention voltage for battery back-
up operation with low data retention current.

Power Dissipation
Product Family | Operating Temperature | Vcc Range Speed Standby Operating PKG Type
(IsB1, Max) | (lccz, Max)
KM62256DL 30, K =
Commercial (0~70°C) 55"/70ns ay §§ ?Is%ii s};:o:
KM62256DL-L 5uA g -FI
45t0 5.5V 60mA
KM62256DLI 30, £
Industrial (-40~85°C) 70ns nA gg ‘?(SD(')DM FIR
KM62256DLI-L 5pA - -F/
1. The parameter is tested with 50pF test load.
PIN DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
AOE E 10 3 %" [ Cikgen || Precharge circut. |
A9 ()3 2[5 1o A1 | I
I [ Y ) u,_£>___
a1 (10 J 28] ] vee A’}’;: s 23_5_11 :/o: A
a2 (2 allw s 28-TSOP /o YT
ar s 26 = Typel-Forward  =[7 vss A2 o7 >—H
. [ are A1z ]9 20[7] 103 b 3 o__{"}*__ Row 2‘5%":23:"3)'
s [|a 25[]a8 a7 197 102 selo@t o,
A6 Cf 1 18] 101 A oS e
as [ |5 24 ] A9 s 12 7 A0 oA .4 [: -]
as [ |8 a[]an ME™ e A R
A3 ]+ 15[ A2 A8 o——{)—.—_
wa[|r 28-DIP 2»[&e e 0__{>__
a8 28-SOP 21[T a0 ascw 5§ Az I
L A n 16§ A1
a0 20| T a5 n ,: = :0 10 —k— Data |—| I/O Circuit
ol sflee 2EL g Sy R e T
1 18| | o7 A2 20{7] 1103
voy E % vor Ala s 28-TSOP 21§ vss - !
oz L]12 7 o8 vee 7 Typel- Reverse  2[J o4 3
e cont <{ AAAAAN Y
vos (13 18] ] vos ;v\:aé: zg:;g: LIXL'IX ‘1& ‘IS
vss L] 15] Juos ABCH4 2s[ o7 S SOP S S St
A9 s [ vos A10 A3 AD A1 A2 A9 AN
A 7[] €8 <}
OE E 0 28f7) Af0 P
Pin Name Function Pin Name Function s — Sontr F—
— ontrol
CS Chip Select Input 1/01~1/Ce | Data Inputs/Outputs WE —> Logic
OE Output Enable Input Vee Power G —|
WE Write Enable Input Vss Ground
Ao~A1s | Address Inputs NC No connect

SAMSUNG ELECTRONICS CO., LTD. reserves the right to change products and specifications without notice.

et

ELECTRONICS

Revision 1.0
November 1997



KM62256D Family

CMOS SRAM

PRODUCT LIST

Commercial Temperature Products(0~70°C)

Industrial Temperature Products(-40~85°C)v :

Part Name

Function

Part Name

Function

KM62256DLP-5
KM62256DLP-5L
KM62256DLP-7
KM62256DLP-7L
KM62256DLG-5
KM62256DLG-5L
KM62256DLG-7
KM62256DLG-7L
KM62256DLTG-5
KM62256DLTG-5L
KM62256DLTG-7
KM62256DLTG-7L
KM62256DLRG-5
KM62256DLRG-5L
KM62256DLRG-7
KM62256DLRG-7L

28-DIP, 55ns, L-pwr
28-DIP, 55ns, LL-pwr
28-DIP, 70ns, L-pwr
28-DIP, 70ns, LL-pwr
28-SOP, 50ns, L-pwr
28-SOP, 50ns, LL-pwr
28-SOP, 70ns, L-pwr
28-SOP, 70ns, LL-pwr
28-TSOP1 F, 55ns, L-pwr
28-TSOP1 F, 55ns, LL-pwr
28-TSOP1 F, 70ns, L-pwr
28-TSOP1 F, 70ns, LL-pwr
28-TSOP1 R, 55ns, L-pwr
28-TSOP1 R, 55ns, LL-pwr
28-TSOP1 R, 70ns, L-pwr
28-TSOP1 R, 70ns, LL-pwr

KM62256DLGI-7
KM62256DLGI-7L
KM62256DLTGI-7
KM62256DLTGI-7L
KM62256DLRGI-7
KM62256DLRGI-7L

28-SOP, 70ns, L-pwr
28-SOP, 70ns, LL-pwr
28-TSOP1 F, 70ns, L-pwr
28-TSOP1 F, 70ns, LL-pwr
28-TSOP1 R, 70ns, L-pwr
28-TSOP1 R, 70ns, LL-pwr

FUNCTIONAL DESCRIPTION

cs OE WE /o] Mode Power
H X X High-Z Deselected Standby
L H H High-Z Output Disabled Active
L L H Dout Read Active
L X" L Din Write Active
1. X means don’t care (Must be in high or low states)
ABSOLUTE MAXIMUM RATINGS"
Item Symbol Ratings Unit Remark
Voltage on any pin relative to Vss VIN,VouT -0.5t07.0 \ -
Voltage on Vcc supply relative to Vss Vce -0.5t07.0 v -
Power Dissipation Po 1.0 W -
Storage temperature Ts1G -65to 150 €© -
Operating Temperature TA el ¢ iMEZeoe0
-40 to 85 °C KM62256DLI
Soldering temperature and time TSOLDER 260°C, 10sec (Lead Only) - -

-

. Stresses greater than those listed under "Absolute Maximum Ratings™ may cause permanent damage to the device. Functional operation should be
restricted to recommended operating condition. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Revision 1.0
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KM62256D Family

CMOS SRAM

RECOMMENDED DC OPERATING CONDITIONS"

Item Symbol Min Typ Max Unit
Supply voltage Vece 4.5 5.0 5.5 \
Ground Vss 0 0 0 \
Input high voltage VIH 2.2 - Vee+0.5V2 \
Input low voltage ViL -0.5% - 0.8 v
Note:
1. Commercial Product : Ta=0 to 70°C, otherwise specified
Industrial Product : Ta=-40 to 85°C, otherwise specified
2. Overshoot : Vcc+3.0V in case of pulse width<30ns
3. Undershoot : -3.0V in case of pulse width<30ns
4. Overshoot and undershoot are sampled, not 100% tested
CAPACITANCE?" (f=1MHz, TA=25°C)
Item Symbol Test Condition Min Max Unit
Input capacitance CIN VIN=0V - 8 pF
Input/Output capacitance Cio Vio=0V - 10 pF
1. Capacitance is sampled not, 100% tested
DC AND OPERATING CHARACTERISTICS
Item Symbol Test Conditions Min | Typ | Max | Unit
Input leakage current L VIN=Vss to Vce -1 - 1 HA
Output leakage current Lo |CS=ViHor OE=ViH or WE=VIL, VIo=Vss to Vce -1 - 1 HA
Operating power supply current Icc 110=0mA, CS=VIL, VIN=VIH or VL, Read - 5 10 | mA
ima= [y = b
181 Cycle time=1ps, 100% duty, lo=0mA Read 2 5 ok
Average operating current CS<0.2V, VIN<0.2V, VIN2Vce -0.2V Write _ 20
lcc2 | Cycle time=Min,100% duty, l0=0mA, CS=ViL, ViN=ViHorViL| - | 45 | 60 | mA
Output low voltage VoL |loL=2.1mA - - 0.4 \%
Output high voltage VoH  [loH=-1.0mA 2.4 - - \%
Standby Current(TTL) Is8  |CS=ViH, Other inputs=VIH or ViL - - 1 mA
— ! Low Power - 1 30 HA
Standby Current (CMOS) IsB1  |CS2Vcce-0.2V, Other inputs=0~Vce
Low Low Power - 0.2 5 HA
Revision 1.0
November 1997

ELECTRONICS




KM62256D Family CMOS SRAM

AC OPERATING CONDITIONS

TEST CONDITIONS (Test Load and Test Input/Output Reference) O—
Input pulse level : 0.8 to 2.4V

Input rising and falling time : Sns [oR)
Input and output reference voltage : 1.5V {I;
Output load (See right) :CL=100pF+1TTL
C|_=50pF+1TTL 1. Including scope and jig capacitance

AC CHARACTERISTICS (vcc=4.5~5.5V, KM62256D Family:TA=0 to 70°C, KM62256DI Family:Ta=-40 to 85°C)

Speed Bins
Parameter List Symbol 55Nns 70ns Units
Min Max Min Max
Read cycle time trRC 55 - 70 - ns
Address access time tAA - 55 - 70 ns
Chip select to output tco - 55 - 70 ns
Output enable to valid output toE - 25 - 35 ns
Read Chip select to low-Z output tLz 10 = 10 s ns
Output enable to low-Z output toLz 5 - 5 - ns
Chip disable to high-Z output tHz 0 20 0 30 ns
Output disable to high-Z output toHz 0 20 0 30 ns
Output hold from address change toH 10 - 10 - ns
Write cycle time twe 65 - 70 - ns
Chip select to end of write tcw 45 - 60 - ns
Address set-up time tas 0 - 0 - ns
Address valid to end of write taw 45 - 60 - ns
Write Write pulse width twp 40 - 50 - ns
Write recovery time twr 0 - 0 - ns
Write to output high-Z twHz 0 20 0 25 ns
Data to write time overlap tow 25 - 30 - ns
Data hold from write time toH 0 - 0 - ns
End write to output low-Z tow b - 5 - ns

1. The parameter is tested with 50pF test load.

DATA RETENTION CHARACTERISTICS

Item Symbol Test Condition Min Typ Max Unit
Vcc for data retention VDR CS=Vce-0.2V 2.0 - 5.5 \
Data retention current IDR Vee=3.0V, CS2Vee-0.2V k- ver 2 L 5 HA
LL-Ver - 0.2 3
DatAiieentian Sebyg laie feon See data retention waveform g - - ms
Recovery time tRDR 5 - -

Revision 1.0
November 1997
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KM62256D Family CMOS SRAM

TIMMING DIAGRAMS
TIMING WAVEFORM OF READ CYCLE(1) (Address Controlled, CS=OE=Vi, WE=Vix)

tRC >

Address )Q ;{

- A

~—toH ’
Data Out Previous Data Valid ;ﬁ X Data Valid

TIMING WAVEFORM OF READ CYCLE(2) (WE=Vix)

tRC >
Address ( *
taa - &T
—_— {CO————t—1™ - -
cs \\ ]l G
————tOE————> tHz ——»l
<tOLZ>] :ole

y etz
Data out ————— High-Z —4(

NOTES (READ CYCLE)

X Data Valid

1. tHZ and tOHZ are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage
levels.

2. At any given temperature and voltage condition, tHz(Max.) is less than tL.z(Min.) both for a given device and from device to device
interconnection.

Revision 1.0
November 1997
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KM62256D Family

CMOS SRAM

TIMING WAVEFORM OF WRITE CYCLE(1) (WE Controlled)

twe
Address ){ ><
e ‘{WR(4)
Ccs 5\ / :
taw: >
twp(1)
WE NN /
WE KX 7
tAse) r—‘ tDW ——»1¢— tDH —:}
Data in 4 Data Valid >
«—— tWHZ —3 L_‘ tow _7
Data out Data Undefined ) ;./
TIMING WAVEFORM OF WRITE CYCLE(2) (CS Controlled)
twe
Address ><
HtAS (3 tcw(2) b
cs P4
< taw
e tWP(1) ———————»
WE X\ 2[
r—lDw »re—{tDH—>
Data in X Data Valid >:<
Data out High-Z High-Z

NOTES (WRITE CYCLE)

1. A write occurs during the overlap of a low CSanda |0_E_VE. A write begins at the latest transition among cs going Low and WE
going low : A write end at the earliest transition among CS going high and WE going high, twe is measured from the begining of write

to the end of write.

2. tew is measured from the CS going low to end of write.
3. tAs is measured from the address valid to the beginning of write. a o &
4. twr is measured from the end of write to the address change. twr applied in case a write ends as CS or WE going high.

DATA RETENTION WAVE FORM

& controlled

Data Retention Mode

j—tSDR—>1¢

Vce

ABY e RSN e o S s o i o /

CS>Vec - 0.2V

ELECTRONICS
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KM62256D Family

CMOS SRAM

PACKAGE DIMENSIONS

Units: millimeter(inch)

28 PIN DUAL INLINE PACKAGE(600mil) 0.25 *0-10
. -0.05
0.010° 0%
#28 #15
7‘_!_II_H_\I_H_!ijI‘TFTI_\lj[—WF’WI_H”'l e
13,60+ 020 > O O @
; + 0.008 d
O
¥y _J |
N A N N I e e e I N 3 = Y
#1 #14 m@*
, 3.81+0,
5.08
36.32t020 0.200 MAX
0.008
y A
A A
T Y.
Yy
3.30% 0.30
L + 0.012
0.38
0.015 MIN
/"‘*&80
#28 #15 '
1 9 —
L pE R naiy 77
OO0 0 A g A0 _[V®
11.81+ 0.30 8.38+ 0.20 E@
0.465+ 0.012 0.330+ 0.008 E
IKEEERE LR N
| U U . ﬁi’—T
#1 #14 w1 1.02+ 0.0
18.69 2.5+ 020 218t | 0.040¢ o008
0.736MAX 102+ 0.008 0.006 5507 L
I
3.00
18.29+ 020 0T 1 adalil 1BMAX
i .720+ 0.008 y
'/ . . . 3
- 0.10 MAX
i inl I v & 10,004 MAX
[
0.89 : 1.27
003 |, ';9'41‘23‘& N ! 0.050 205 vin
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KM62256D Family

CMOS SRAM

PACKAGE DIMENSIONS

28 PIN THIN SMALL OUTLINE PACKAGE TYPE1 (0813.4F)

13.40+ 020
020 9% 0,528+ 0008
Y >
0.0084 50 ‘ ’ll
#1 — e #28
| e e s |
— —]
v =3 32 e |
5“ — by
| ke ez e |
== 2 o
= o o—]
—Y 8 s, |
R -y - Fr—j
A NN 5 e |
—x g
 acemmes | = e
0.0 #14 — — #15
0.25 11.80+0.10 o
0.010 ' *P 04652 0008 0.15 S
0.0065 o0
0~8° %L_%:J
\
0.45~0.75
0.018 ~0.030

28 PIN THIN SMALL OUTLINE PACKAGE TYPE1 (0813.4R)

+0.10 _ 1340+t 020
020 005 0 0.528+ 0008 -
o+ .
0.0087 | }
#14 — = #15
— =
s fr=i
v =5 8 —]
= =
7 = =
w3 & e
| m— = e |
p :El  © o
Y (T3
0 @ s
0.0
L #1 = #28
0.25 11.80% 0.10 P
p.010 1P 0.4652 o004 0.15 5og
00067555
4 -\ =
080 v, T _
x N P4
L 9 | |
N
045-075 | ' | 050 ;
0018-0030 | | 110020

Units: millimeter(inch)

22
o
b=}
Sls
A e
=
i
i (0425
g = 0.017
i
g ol =]
sz B | B
Pl s | B
I
I
—
i
v 4 —
1.00t0.10 0.05
0.039% 000s |, || 0.002MIN
1.20
=L MAX
0047777 e o
e
o3
g =
Sls
W i r
E‘L A
0.425
0.017
: =
el BB | B
ol Em
I:‘J
T
| |
T
y Y 5:"
1.004 0.10 0.05
0.039 0.004 0.002 MIN
1.20
0.047 MAX
P —— P
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I SEMICONDUCTOR 64 X 8 Serial Real Time Clock

FEATURES PIN ASSIGNMENT
= Real time clock counts seconds, minutes,
hours, date of the month, month, day of the

x1 1~ 8§ Ve
X202 7 33 SQW/OUT

week, and year with leap year compensation VerT]3 6 BlscL
valid up to 2100 onoCl4 5 [3spa
= 56 byte nonvolatile RAM for data storage DS1307 8-Pin DIP (300 mil)
= 2-wire serial interface
» Programmable squarewave output signal -l % HD Voo
=  Automatic power-fail detect and switch xoml2 7 Hmsawout
circuitry Vewr|3 6 [mSsCL
* Consumes less than 500 nA in battery backup oND |4 5 W SDA
mode with oscillator running DS1307Z 8-Pin SOIC (150 mil)
= Optional industrial temperature range
-40°C to +85°C
=  Available in 8-pin DIP or SOIC PIN DESCRIPTION
» Recognized by Underwriters Laboratory VA - Primary Power Supply
X1, X2 - 32.768 kHz Crystal Connection
VBAT - +3V Battery Input
ORDERING INFORMATION GND - Ground
DS1307 8-Pin DIP SDA - Serial Data
DS1307Z 8-Pin SOIC (150 mil) SCL - Serial Clock
DSI1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Output Driver
DS1307ZN 8-Pin SOIC (Industrial)
DESCRIPTION

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
nonvolatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the
month date is automatically adjusted for months with less than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery

supply.

1of 11 081800



DS1307

OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Vcc falls below 1.25 x Vgart the
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When Vcc falls below Vgar the device switches into a low current battery backup
mode. Upon power up, the device switches from battery to Ve when Vecis greater than Vgar+0.2V and
recognizes inputs when V¢ is greater than 1.25 x Vgar. The block diagram in Figure 1 shows the main
elements of the Serial Real Time Clock.

DS1307 BLOCK DIAGRAM Figure 1

[0k,

OSCILLATOR
AND DIVIDER

RTC

SQUARE WAVE
SQwW/oUT -——f ouT l

CONTROL
LOGIC

Veo T 1T
Vasr —— POWER
GND ————f ca Q

SCL ———»f

ADDRESS
SERIAL BUS 25—

SIGNAL DESCRIPTIONS

Ve, GND - DC power is provided to the device on these pins. Vccis the +5 volt input. When 5 volts is
applied within normal limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and V¢ is below 1.25 x Vgart, reads and writes are inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As Vc falls below
Vear the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at
Vgar.

Vsar - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
access to the real time clock and user RAM is denied is set by the internal circuitry as 1.25 x Vgar
nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.

20f11



DS1307

SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OUT will operate with either Vcc or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5 pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
external 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is floated.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers are located in address
locations 08h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
space, it wraps around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

O0H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
56 x 8
3FH 62

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the
appropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a I, the
oscillator is disabled. When cleared to a 0, the oscillator is enabled.

Please note that the initial power on state of all registers is not defined. Therefore it is important to
enable the oscillator (CH bit=0) during initial configuration.
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DS1307

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is

read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

lew | | | | | | |em]
00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
» 10 HR 01-12
X 24 [am ] 10HR HOURS 0005
X X X X X ] DAY 1-7
g1-2u29
01~
X X 10 DATE DATE 0130
X X AN o MONTH 01-12
10 YEAR YEAR | 00-99
o7H oml X | x | sawe| x { X l RS1 { RSO

CONTROL REGISTER
The DS1307 Control Register is used to control the operation of the SQW/OUT pin.

BIT 7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OuT X X SQWE X X RSI RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. If SQWE=0, the logic level on the SQW/OUT pin is 1 if OUT=1 and is 0 if OUT=0.

SQWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RS0 and RS1 bits.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
0 1 Hz
1 4.096 kHz
0

1

8.192 kHz
32.768 kHz

et | | DD
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DS1307

2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-directional 2-wire bus and data transmission protocol. A device that sends
data onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master are referred to as
slaves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

Vee
Rp Rp
<
SDA
2-WIRE
SERIAL DATA
BUS
SCL
MICRO DS1307 OTHER
REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

Figures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

= Data transfer may be initiated only when the bus is not busy.
= During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

Accordingly, the following bus conditions have been defined:
Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
defines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
1s stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. There is one clock pulse per bit of data.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions is not limited, and is determined
by the master device. The information is transferred byte-wise and each receiver acknowledges with a
ninth bit. Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.
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DS1307
Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
reception of each byte. The master device must generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data to the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
the slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

" g

- -
EA @ e w1 [
L - - - | S P —
[ SLAVE a
Py = ADDRESS - . W !
. DIRECTION ACKNOWLEDGEMENT
BIT SIGNAL FROM
- RECEIVER
; 2 KNOWLEDG! .
o SIGNAL FROM Ty, ¥
o RECEIVER "
: —
L ACK ACK ..
START STOP CONDITION
le—  REPEATEDIF | ORREPEATED
S MORE BYTES ARE START CONDITION

TRANSFERRED

Depending upon the state of the R/ W bit, two types of data transfer are possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a "not acknowledge’ is returned.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
with the most significant bit (MSB) first.
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DS1307

The DS1307 may operate in the following two modes:

L.

Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/W ) which, for a write,
is a 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

A
<Slave Address> 'V <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>
[ s [ 101000 [ 0 [ A [0000000¢ ] A [xo00000x | A jxxxxxxxx[AJxxxxxxxx{A [P]

S - START ”
A - ACKNOWLEDGE oAt

B.= STOP (X+1 BYTES + ACKNOWLEDGE)
*RW - READ/WRITE OR DIRECTION BIT. ADDRESS = Doh

2. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave

receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

*direction bit (R/W ) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

A

I
<Slave Address> % <Data(n)> <Data(n+1)> <Data (n+2)> <Data (m+Xp>
[s [ 1101000 [ 1 ] A [xoooo0 [ a oo | a ] oooooox [ a | xooooxox [& [P
] . |
5 — SIARI ATA TRANGFERFE
A - ACKNOWLEDGE (xn BYTES + Acrmowusoc ), NOTE_ LAST DATABYTE IS
P - sTOP OLLOWED BY A NOT ACKNOWLEDGE ( A ) SIGNAL)
A - NOT ACKNOWLEDGE
“R/W — READ/WRITE OR DIRECTION BIT ADDRESS = D1h
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DS1307

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground
Operating Temperature

Storage Temperature

Soldering Temperature

-0.5V to +7.0V

0°C to 70°C (-40°C to 85°C for industrial)
-55°C to +125°C

260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

(0°C to 70°C or -40°C to +85°C)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Supply Voltage Vee 4.5 5.0 O \Y 1
Logic 1 Vi 2.2 Vect0.3 A" 1
Logic 0 A% -0.3 +0.8 \% 1
Vgar Battery Voltage Vpar 2.0 3 \4 1

DC ELECTRICAL CHARACTERISTICS

(0°C to 70°C or -40°C to +85°C; Vcc=4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Leakage I 1 LA 10
I/O Leakage Iio 1 HA 11
Logic 0 Output VoL 0.4 \% 2
Active Supply Current Ieca nS mA 9
Standby Current Tces 200 A 3
Battery Current (OSC ON); IsATI 300 500 nA 4
SQW/OUT OFF

Battery Current (OSC ON); IgaT? 480 800 nA 4
SQW/OUT ON (32 kHz)

8ofll



DS1307

AC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Vc=4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
SCL Clock Frequency fscL 0 100 kHz

Bus Free Time Between a STOP and tBUF 4.7 us

START Condition

Hold Time (Repeated) START Condition tHD:-STA 4.0 us 5
LOW Period of SCL Clock tLow 4.7 us

HIGH Period of SCL Clock tHIGH 4.0 Us

Set-up Time for a Repeated START tsu.STA 4.7 us

Condition

Data Hold Time tHD-DAT 0 s 6,7
Data Set-up Time tSU-DAT 250 ns

Rise Time of Both SDA and SCL Signals tr 1000 ns

Fall Time of Both SDA and SCL Signals 1E 300 ns

Set-up Time for STOP Condition tsu:sTO 4.7 us

Capacitive Load for each Bus Line Cs 400 pF 8
1/O Capacitance Cro 10 pF

Crystal Specified Load Capacitance 1825 pF

NOTES:

1. All voltages are referenced to ground.

2. Logic zero voltages are specified at a sink current of 5 mA at Vcc=4.5V, Vo =GND for capacitive

loads.

VCCZOV, VBA’r:3V.

S S

Iccs specified with Vec=5.0V and SDA, SCL=5.0V.

After this period, the first clock pulse is generated.

A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the

VM of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

7. The maximum typ.paT has only to be met if the device does not stretch the LOW period (t ow) of the

SCL signal.

8. Cg - total capacitance of one bus line in pF.

9. Icca - SCL clocking at max frequency = 100 kHz.

10. SCL only.
11. SDA and SQW/OUT
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TIMING DIAGRAM Figure 8

tsusTo

DS1307 64 X 8 SERIAL REAL TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS

SAonc PKG 8-PIN
T DIM MIN | MAX
S ! AIN. | 0360 | 0.400
‘ MM 9.14 | 10.16
_L B IN. | 0240 | 0.260
e MM | 610 | 6.60
le—f X5 CIN. | 0120 | 0.140

MM 3.05 3.56

D IN. 0.300 0.325
MM 7.62 8.26
Jc E IN. 0.015 0.040
L3 S

MM 0.38 1.02

F IN. 0.120 0.140
MM 3.04 3.56
G IN. 0.090 0.110
MM 2.29 2.79

E y
K’it*_l LG
HIN. | 0320 | 0.370
0 MM 8.13 9.40
JIN. | 0.008 | 0.012
J
l‘——H

MM 0.20 0.30
K IN. 0.015 0.021
MM 0.38 0.53

—
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DS1307

DS1307Z 64 X 8 SERIAL REAL TIME CLOCK
8-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

ol K 8-PIN

“] r‘ [" PKG (150 MIL)
10 DIM | MIN | MAX
HFHELB_T AIN. | 0.188 | 0.196
, MM | 478 | 498
8 on B IN. | 0.150 | 0.158

- | MM | 381 | 401
= C IN. | 0.048 | 0.062
5 MM | 122 | 157
" E IN. | 0.004 | 0,010
MM | 010 | 0.25
FIN. | 0.053 | 0.069
mm | 135 | 175

G IN. 0.050 BSC

MM 1.27 BSC
HIN. | 0230 | 0.244
MM | 584 | 620
JIN. | 0.007 | 0.017
MM | 018 | o028
K IN. | 0.012 | 0.020

MM | 030 | o051
L IN. | 0.016 | 0.050
MM | 041 | 127

phi 0° 8°

56-G2008-001
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