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AUTOMAICS SALINE DRIPPING CONTROL
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Abstract
Automatic dripping control machine is one of the widely used equipment in the medication.
It can be used to control flow rate of saline dripping accurately for better result of patient treatment.
The system uses micro-controller (MCS 51) to control motor in the saline tube compressing
mechanism. Flow rate of saline will be controlled to have the defined value. In controlling of the
flow rate drop of saline is detected and calculated to the value of flow rate then compared to the
defined value and the data is sent to control the motor. Besides that the system will generate alarm
signal when the saline is finished or exceed the defined volume. Control program can be set to make

the system stop working or continue working in differences of flow rate after alarm.
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§18y | Flow $asms Inavestiundofiialdviamuanni
i Rate( 1 2 3 4 5 6 7 8 9 10 | %er
MO/ | (i) | d) | i) | and) | and) | ond) | and) | i) | i) | i) | (Ave)
I
1 S 9 8 8 7 8 8 7 8 9 10
% Error 80 60 60 40 60 60 40 60 80 100 18
2 10 11 12 11 11 11 12 11 10 12 11
% Error 10 20 10 10 10 20 10 0 20 10 1.25
3 20 18 21 22 18 16 19 20 19 16 19
% Error 10 5} 10 10 20 5 0 5 20 5 9
4 30 31 29 34 32 29 32 3 32 32 30
% Error 3.83 3.33 | 13.33 | 6.67 3.33 6.67 3.33 6.67 6.67 | 0.00 | 533
5 40 32 42 45 46 44 45 45 46 45 44
% Error 20 k) 1248 15 10 184S 12.5 15 12.5 10 12.5
6 50 | 49 | 50 | 51 ogaixl . (P09 117785 49 | 48 | 51
% Error 36 16 10 8 12 10 10 8 10 12 3
7 60 54 56 55 56 54 53 54 56 55 54
% Error 10 6.67 | 8.33 6.67 10 8.33 10 6.67 8.33 10 8.50
8 70 63 69 67 66 68 65 64 66 68 67
% Error 5 2,50 | 3.75 | 2.50 1,29 2.50 3.75 1.25 0 1.25 | 5.29
9 80 76 78 77 78 81 78 77 81 80 79
% Error 5 2.50 | 3.75 2.50 1.25 2.50 S 1.25 0 1.25 | 238
10 90 101 86 80 88 89 91 93 87 88 91
% Error 1222 | 444 | 1111 222 | 111 | L11 | 3.33 | 3.33 | 222 | 1.11 | 422
11 100 97 99 96 93 98 97 95 98 96 99
% Error 3 1 4 7 2 3 5 2 4 1 3..0
12 | 120 | 106 | 114 | 112 | 114 | 115 | 114 | 117 | 119 | 114 | 116
% Error 1167 5 |667] 5 | 417 ] 5 25 | 083 | 5 | 333|492
13 | 140 | 134 | 136 | 142 | 137 | 142 | 137 | 142 | 136 | 142 | 137
% Error 429 | 2.86 | 143 | 2.14 | 143 | 2.14 | 143 | 286 | 1.43 | 2.14 | 222
14 160 152 154 159 160 158 159 161 158 159 162
% Error 8.89 2.22 1.67 2.22 1.67 0.56 1.67 2.22 1.11 0 1.63
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§160 | Flow a5 Inavestiundonia 185 seanni)

ii Rate( 1 2 3 4 5 6 7 8 9 10 | %er
MO @) | an@) | wad) | and) | and) | and) | and) | cni | and) | ani | ave)
wIn)

15 | 180 | 164 | 184 | 183 | 184 | 177 | 179 | 183 | 184 | 178 | 180

% Error 889 | 222 | 167 | 222 | 1.67 | 056 | 1.67 | 222 | 1.11 | 0 | 2.2

16 | 200 | 194 | 202 | 203 | 207 | 200 | 202 | 201 | 202 | 201 | 203

% Error 3 1 15 | 35 0 1 0.5 1 05 | 1.5 | 135
17 | 240 | 232 | 239 | 241 | 240 | 238 | 242 | 239 | 243 | 240 | 239

% Error 333 | 042 | 042 | 0 0 |08 |08 |125]| 0 |04 |09
18 | 250 | 245 | 249 | 249 | 249 | 248 | 251 | 249 | 249 | 252 | 250

% Error 2 | 040 | 040 | 040 | 0.80 | 0.40 | 0.40 | 040 | 0.80 | 0 | 0.60
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Flow Rate 1J51195(cc) ﬂ?wiﬁﬁﬁ’jﬂw{ Error(%) Average(Error %)

5 5 0

20 10 9.5 5 2.5
20 19:5 3
50 49 2
5 5 0

50 10 9.75 3 1
20 20 0
50 50.5 1
5 5 0

100 10 10.5 5 3
20 21 5
50 51 2
5 5t 10

150 10 SHROES S 5.5
20 21 5
50 50 2
) 5 0

200 10 11 10 3
20 21,5 8
50 51.5 3
5 535 10

250 10 10.5 5 5
20 21 5
50 50 0
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Features

@ Compatible with MCS-51™ Products

@ 8K bytes of In-System Reprogrammable Downloadable Flash Memory
SPI Serial Interface for Program Downloading
Endurance: 1,000 Write/Erase Cycles

2K bytes EEPROM
Endurance: 100,000 Write/Erase Cycles

2.7V to 6V Operating Range

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

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

Description

The AT89S8252 is a low-power, high-performance CMOS 8 bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’s high density non-
volatile memory technology and is compatible with the industry standard 80C51 in-
struction set and pinout. The on-chip Downloadable Flash allows the program mem-
ory to be reprogrammed in-system through an SPI serial interface or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8 bit CPU with
Downloadable Flash on a monolithic chip, the Atmel AT89S8252 is a powerful micro-
computer which provides a highly flexible and cost effective solution to many embed-
ded control applications.

The AT89S8252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes EEPROM, 256 bytes of RAM, 32 1/O lines, programmable watchdog
timer, two Data Pointers, three 16 bit timer/counters, a six-vector two-level interrupt
architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In addition,
the AT89S58252 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 oscilla-
tor, disabling all other chip functions until the next interrupt or hardware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a

AIMEL
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Pin Configurations

PDIP/Cerdip FLECLEC
(T2) Pr.o]1 40 p vCcC Eg‘ :&‘ gggg
(T2 EX) P11 ]2 39 [J P0.0 (ADO) < e it
P1.2(]3 38 [3 P0.1 (AD1) INDEX ToN-0 pOo-an
P1.3|4 37 B Po.2 (AD2) CORNER - i Zvddsoa
(Ss) P1.4 s 368 3 P0.3 (AD3) \""-“‘,‘“z“‘““‘;
(MOSI) P1.5 |6 35 [0 P0.4 (AD4) 5 r¥ S 1
(MISO) P1.8 C|7 34 [ P0.5 (ADS5) (MOS1) P1.5f7 5 3 1 43 4‘:«9EP0.4 (AD4)
(SCK) P1.7 ] 8 33 O P0.6 (ADS) (MISO) P1.6C]8 38[0P0.5 (ADS)
RST C|9 32 O P0.7 (AD7) (SCK) P1.7C]e 37[3JP0.6 (ADS)
(RXD) P3.0C] 10 31 P E—AIVPP RSTC]10 38:}P_0.7 (AD7)
(TXD) P3.1Cf 11 30 [J ALE/PROG (RXD) P3.0CJ11 ~35 EA/VPP
(INTO) P3.2C|12 29 [O PSEN NCCj12 spNCc
(INTTY P3.3C] 13 28 B P2.7 (A15) (TXD) P3.1]13 33[J ALE/PROG
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RST | 4 30 [3P0.7 (AD7)
(RXD) P3.0(] 5 29 MEA/VPP
NC (] 6 28 [ONC
(TXD) P3.1 | 7 27 PJALE/PROG
(INTO) P3.2C] 8 26 pQPSEN
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(T1) P3.sC] 11 23 pOP2.5 (A13)
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= 56 ao%
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Pin Description Port 0 can also be configured to be the multiplexed low-or-
- der address/data bus during accesses to external pro-
Vce ? ;
gram and data memory. In this mode, PO has internal pul-
Supply voltage. lups.
GND Port 0 also receives the code bytes during Flash program-
Ground. ming and outputs the code bytes during program verifica-
Port 0 tion. External pullups are required during program verifica-
tion.
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-im- Port 1 is an 8 bit bidirectional I/O port with internal pullups.
pedance inputs. 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.  (continued)
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Block Diagram
POO P0.7 P2.0 - P2.7
" i FHH 1 HHE $
' PORT 0 DRIVERS [ PORT 2 DRIVERS
GND ! 4 ? 4 T
|
= 0 RAM ADDR. PORT 0 RT 2
. | EEPROM REGISTER [P RAM LATCH LATCH FLASH
' y A 4 4
A
; 4 y
| PROGRAM
; B STACK
- ADDRESS
: REGISTER ACC POINTER REGISTER
: A4
; <—»  BUFFER
' 2 TMP2 TMP1
: T
E PC
: ALU INCREMENTER
K A
; INTERRUPT, SERIAL PORT,
: AND TIMER BLOCKS
. A
' 4 4 PROGRAM
: T COUNTER
PSEN <4——
ALE/PROG <4———| TIMING | \ystRycTiON \ 4 4
B Tn AND REGISTER y y 1 BFR
! Vep » CONTROL
RST -—-i—p
; y ? v
' i__| WATCH PORT 3 PORT 1 SPI PROGRAM
; DOG LATCH LATCH port [¥® "Loaic
4 A
: osc 3 :
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et T ? TITIT
IR e R R R
1 it ] |
o—i||i—e YYVYYVY
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Uoogee ]
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Pin Description (Continued)

Some Port 1 pins provide additional functions. 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.

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be config-
ured as the SPI slave port select, data input/output and
shift clock input/output pins as shown in the following ta-
ble.

Port Pin | Alternate Functions
P1.0 T2 (external count input to
) Timer/Counter 2), clock-out
P11 T2EX (Timer/Counter 2 capture/reload

trigger and direction control)
P1.4 SS (Slave port select input)
MOSI (Master data output, slave data

s input pin for SPI channel)
P16 MISO (Master data input, slave data
) output pin for SPI channel)
P17 SCK (Master clock output, slave clock

input pin for SPI channel)

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

Port 2

Port 2 is an 8 bit bidirectional I/O port with internal 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 internal 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
@ DPTRY). In this application, Port 2 uses strong internal
pullups 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 bidirectional 1/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 (liL) because of the pullups.
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Port 3 also serves the functions of various special features
of the AT8958252, as shown in the following table.

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 0 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)

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

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) dur-
ing Flash programming.

In normal operation, ALE is emitted at a constant rate of
1/6 the oscillator frequency and may be used for external
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
during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.

PSEN

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

When the AT89S8252 is executing code from external
program memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped dur-
ing each access to external data memory.

EANpP

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

EA should be strapped to Vcc for internal program execu-
tions.

(continued)
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Pin Description (Continued)
This pin also receives the 12-volt programming enable
voltage (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTALA1

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

XTAL2

Output from the inverting oscillator amplifier.

OF8H

OFOH

OE8H

OEOH

0D8H

ODOH

0C8H

0COH

0B8H

0BOH

0A8H

0AOH

98H

90H

88H

80H

(continued)
Table 1. AT89S8252 SFR Map and Reset Values
OFFH
B
00000000 OF7H
0EFH
ACC
00000000 0E7H
ODFH
PSW SPCR
00000000 000001XX 0D7H
T2CON | T2MOD | RCAP2L | RCAP2H | TL2 TH2 ——
00000000 |XXXXXXX0| 00000000 | 00000000 | 00000000 | 00000000
0C7H
P
XX000000 CBFH
P3
11111111 0B7H
IE SPSR
0X000000 00000000 0AFH
P2
11111111 0A7H
SBUF
SCON
oo | RREsL 9FH
= WMCON
11111111 00000010 97H
TCON | TMOD TLO TL1 THO TH1 SH
00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
PO sp DPOL DPOH DP1L DP1H SPDR PCON | o
11111111 | 00000111 | 00000000 | 00000000 | 0OO00000 | KO0O0000 |XXXXXXXX| OXXX0000

Special Function Registers

A map of the on-chip memory area called the Special
Function 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

ATmEL
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Special Function Registers (Continued)

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 capture mode or 16 bit auto-reload mode.

Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
(shown in Table 3) . The EEMEN and EEMWE bits are
used to select the 2K bytes on-chip EEPROM, and to en-
able byte-write. The DPS bit selects one of two DPTR reg-
isters available. .

Table 2. T2CON—Timer/Counter 2 Conirol Register
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SPI Registers Control and status bits for the Serial Pe-
ripheral Interface are contained in registers SPCR (shown
in Table 4) and SPSR (shown in Table 5). The SPI data
bits are contained in the SPDR register. Writing the SPI
data register during serial data transfer sets the Write Col-
lision bit, WOCL, in the SPSR register. The SPDR is dou-
ble buffered for writing and the values in SPDR are not
changed by Reset.

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

T2CON Address = 0C8H

Reset Value = 0000 0000B

set when either RCLK =1 or TCLK = 1.

Bit Addressable
TF2 EXF2 RCLK TCLK EXEN2 |TR2 C/T2 CP/RL2
Bit 7 6 O 4 s 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

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 = 0 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 négétive
transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = O causes Timer 2
to ignore events at T2EX.

TR2

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

CT2

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.
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Table 3. WMCON—Watchdog and Memory Control Register

WMCON Address = 96H Reset Value = 0000 0000B
PS2 PS1 PSO EEMWE |EEMEN DPS WDTRST |WDTEN
Bit 7 6 5 4 3 2 1 0
Symbol Function

gg% Prescaler Bits for the Watchdog Timer. When all three bits are set to ’0’, the watchdog timer has a

PSO nominal period of 16 ms. When all three bits are set to '1’, the nominal period is 2048 ms.

EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to-'1’ before initiating byte write to on-chip
EEPROPM with the MOVX instruction. User software should set this bit to ‘0" after EEPROM write
is completed.

EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will
access on-chip EEPROM instead of external data memory. When EEMEN = 0, MOVX with
DPTR accesses external data memory.

DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DP0, and
DPS = 1 selects the second bank, DP1.

WDTRST Watchdog Timer Reset and EEPROM Ready/ﬁsy Flag. Each time this bit is set to 1’ by user

RDY/BSY ~  software, a pulse is generated to reset the watchdog timer. The WDTRST bit is then automatically
reset to '0’ in the next instruction cycle. The WDTRST bit is Write-Only. This bit also serves as the
RDY/BSY flag in a Read-Only mode during EEPROM write. RDY/BSY = 1 means that the
EEPROM is ready to be programmed. While programming operations are being executed, the
RDY/BSY bit equals ‘0’ and is automatically reset to ‘1’ when programming is completed.

WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 disables
the watchdog timer.
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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 SPR1 and SPRO have no effect on the slave. The relationship between SCK and the oscillator

frequency, Fosc., is as follows:

SPR1 SPRO SCK = Fosc. divided by
0 0 4
0 1 16
1 0 64
1 1 128
Table 5. SPSR—SPI Status Register
SPCR Address = AAH Reset Value = 0000 0000B
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 SP| 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.
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Table 6. SPDR—SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 SPD6 SPD5 SPD4

SPD3

SPD2 SPDI SPDO

Bit s 6 5 4

2 1 0

Data Memory—EEPROM and RAM

The AT89S8252 implements 2K bytes of on-chip
EEPROM for data storage and 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 ad-
dressing 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 ad-
dressing instruction, where RO contains 0AOH, accesses
the data byte at address OAQH, rather than P2 (whose ad-
dress is 0AOH).

MOV @RO, #data

Note that stack operations are examples of indirect ad-
dressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

The on-chip EEPROM data memory is selected by setting
the EEMEN bit in the WMCON register at SFR address
location 96H. The EEPROM address range is from 000H
to 7FFH. The MOVX instructions are used to access the
EEPROM. To access off-chip data memory with the
MOVX instructions, the EEMEN bit needs to be set to ’0’.

The EEMWE bit in the WMCON register needs to be set
to '1” before any byte location in the EEPROM can be writ-
ten. User software should reset EEMWE bit to ‘0’ if no fur-
ther EEPROM write is required. EEPROM write cycles are
self-timed and typically take 2.5 ms. The progress of
EEPROM write can be monitored by reading the
RDY/BSY bit (read-only) in SFR WMCON. RDY/BSY =0
means programming is still in progress and RDY/BSY = 1
means EEPROM write cycle is completed and another
write cycle can be initiated.

In addition, during EEPROM programming, an attempted
read from the EEPROM will fetch the byte being written
with the MSB complemented. Once the write cycleis com-
pleted, true data are valid at all bit locations.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits | Period
PS2 | PS1 - PSO | (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

1 0 1 512 ms

1 1 0 1024 ms
1 1 1 2048 ms

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
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Timer 0 and 1

Timer 0 and Timer 1 In the AT89SB252 operate the same
way as Timer 0 and Timer 1 in tha AT89CS1, ATBAC52
and AT89C55. For further infarmation, see the October
1995 Microcontroller Data Book, page 2-35, section titled,
"Timer/Counters.”

Timer 2

Timer 2 is a 16 bit Timer/Counter that can operate as
githier a timer or an event counter. The type ol operation is
selected by bit C/T2 in the SFR T2CON (shown in Table
2). Timen 2 has three operating modes: capture, auto-ge-
load (up or down counting), and baud rata generatan. The
modes -are selected by bits in T2CON, as shown in Table
8.

Timer 2 consists of twvo 8 bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every ma-
chine cycle. Since a machine cycle consists of 12 oscilla-
tor periods, the count rate is 1/12 of the oscillator fre-
quency.

In the Counter functlon, tHe register Is incremented in re-
sponse o a I-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of eveny machine cycle. When the samples
sfiaw a high In ona cycle and a low in the next cycle, the
count is incremented. ThHe new caunt value appears in the
register during S3P1 of the cycle following the one In
which the transition was detected. Since twa machine cy-
cles (24 ascillaton periads) ara required to recagnize a 1-
to-0 transition, the maximum count rate is 1/24 of the os-

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)

Figure 1. Timer 2 in Capture Mode
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Capture Mode

In the capture mode, two optlons are selected by bit
EXEN2 in T2GON. If EXEN2 = 0, Timen 2 is a 16 bit timer
ar. counter which upan averflow sets hit TF2 in T2CON.
THis bit can then be used to generate an Interrupt. If
EXEN2 = 1, Timer 2 perorms the same operation, but a
I-ta-0 transition al extamal input T2EX alsa causes the
current value in TH2 and ML2 to be capiured inta RCAP2H
and RCAP2L, raspectively. In addition, tha transition at
T2EX causes bit EXF2 in T2CON ta be set. Tha EXF2 hit,

Auto-Reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16 hit auto-reload mode. This feature is
invoked by the DCEN (Dawn Caunter Enatile) bit located
in the SFR T2MOD (see Table 9). Upon reset, the DCEN
bit is set to 0 so that timen 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 2 shows Timen 2 automatically counting up when
DCEN = 0. In this made, twa aptions are selected by hit
EXEN2 in T2CON. If EXEN2 = 0O, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflom also causes the timer registers to be reloaded
with the 16 bit valua in RCAP2H and RCAP2L. The values
In RCAP2H and RCAP2L are preset by sotiware. I§
EXENZ2 = 1, a 16 bit reload can be triggered either by. an
overflaw or by a I-ta-0 transition at external ingut 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 ta count up ordown,
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 avertlaw at OFFFFH and set the
TF2 hit. This overflow alsa causes the 16 ?&HB}H%W

lcrz=o0
J\o,f_ozl/o_-———{ TH2 nz o me |
|
s I controt. : | | overrLow |
0 lema =1 TR2 S— v ,v ‘
T2 PIN CAPTURE L] "VD_"

TRANSITION
DETECTOR

P
T2EX PIN [} - -‘ N Jﬁf——f}»{){(}--rm
i
EXEN

*,ﬁ,‘,,.,_.’ EXF2  p-—m -

CONTROL
2

i
RCAP2H | RCAP2L v.

TIMER 2
' INTERRUPT
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Auto-Reload (Up or Down Counter) (Continued)

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

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

RCAP2H and RCAP2L. The underflow sets the TF2 bit
and causes OFFFFH to be reloaded into the timer regis-

ters.

0SsC +12 >
—_—kn-z =0
~ ~C o//o o e T T2 |
) -
| conTRoL Al AN | OVERFLOW
T 0~ TR2 /\\_7 |
1 1 RELOAD \
T2 PIN f
RCAP2H | RCAP2L | |
‘ !
. | < o TF2
TRANSITION \
DETECTOR j
g . 4
T2EX PIN [ }——» - O/:/o -
| conTROL
EXEN2

Table 9. T2MOD—Timer 2 Mode Control Register

TIMER 2
INTERRUPT

T2MOD Address = 0C9H
Not Bit Addressable

Reset Value = XXXX XX00B

T20E

DCEN

Bit |7 16 5 4

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.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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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 Figure 4.

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

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

Timer2 Overflow Rate
16

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. Nor-
mally, as a timer, it increments every machine cycle (at

Modes 1 and 3 Baud Rates =

Figure 5. Timer 2 in Clock-Out Mode

1/12 the oscillator frequency). As a baud rate generator,
however, it increments every state time (at 1/2 the oscilla-
tor frequency). The baud rate formula is given below.

Modes1 and 3 _ Oscillator Frequency
Baud Rate 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
generate an interrupt. Note too, that if EXEN2is set, a I-to-
0 transition in T2EX will set EXF2 but will not cause a re-
load 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 atimer in
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

. l R % A TL2 . TH2
0sc 1 1/9/ * 5059 ™ (8-BITS) ' (8-BITS) 1
i g Il
3 ! | SO ) oS-
; | TR2 )/\fj ._j
f—_ 74 |
| i
| | | RCAP2L | RCAP2H
L L C/T2 BIT
ol N 3 o oo |
(T2) \ J o | L
f
|
T20E (T2MOD.1)
____________ TRANSITION
% DETECTOR
P11 /\P, s » Expp |————» TIMER 2
(T2EX) \J INTERRUPT
EXEN2
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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
regular /0 pin, has two alternate functions. It can be pro-
grammed 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 Frequency

Clock-Out Frequency =

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

Figure 6. SPI Block Diagram
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UART

The UART in the AT89S8252 operates the same way as
the UART in the AT89C51, AT89C52 and AT89C55. For
further 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
synchronous data transfer between the AT89S8252 and
peripheral devices or between several AT89S8252 de-
vices. The AT89S8252 SPI features include the following:

» Full-Duplex, 3-Wire Synchronous Data Transfer
» Master or Slave Operation
o 6 MHz Bit Frequency (max.)

4 x [65536 — (RCAP2H, RCAP2L * LSB First or MSB First Data Transfer

o Four Programmable Bit Rates

o End of Transmission Interrupt Flag

» Write Collision Flag Protection

» Wakeup from Idle Mode (Slave Mode Only)

(continued)
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Serial Peripheral Interface (Continued)

The interconnection between master and slave CPUs with
SPI 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 gen-
erator stops, setting the end of transmission flag (SPIF). If
both the SP! interrupt enable bit (SPIE) and the serial port
interrupt enable bit (ES) are set, an interrupt is requested.

Figure 7. SPI Master -Slave Interconnection

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/P1.6 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 con-
trol bits CPHA and CPOL. The SPI data transfer formats
are shown in Figures 8 and 9.

MSB MASTER LSB  i\eo wiso! MSB  SLAVE LSB
f—t 8-BIT SHIFT REGISTER > « 8-BIT SHIFT REGISTER *’—}
] 0 AP ; z |
S § BN~ s ¥ AV n YA %MQSJ, MQ_S,!E_.; |
| SP| ] ‘ SCK  SCK!
,CLOCK GENBRATRR: ~ “a° & 0V CmalBry gdivan . o Jf
VB /e
Figure 8. SPI Transfer Format with CPHA =0
SCK CYCLE # i [ 2 3 | a 5 T 6 - 8 ]
(FOR REFERENCE) =T ‘ ’ ; 1 | I
SCK(CPOL=0) | /I \ .F\L/N/Rﬁmt‘\ |
N N Lo ) | L | N
SCK (CPOL=1) N A \Ev/ \|—/ \!/ A \T/ X{/ \' /
AR T I R N e N i o
MOSI TN msB X6 5 4 3 2 1 X LsB
(FROM MASTER) | o ; X; 1><\ ;X 1T ] ]
MISO (" “uss < 6 > 5 X3 X2 XA Xass X x A

(FROM SLAVE)
SS (TO SLAVE)

* Not defined but normally MSB of character just received.

/L4
g
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Figure 9. SPI Transfer Format with CPHA =1

SCK CYCLE #

(FOR REFERENCE)
SCK (CPOL=0)

SCK (CPOL=1)

MOSI
(FROM MASTER)

MISO

(FROM SLAVE)

SS (TOSLAVE)
I I I | i I |

* Not defined but normally LSB of previously transmitted character.

Interrupts

The AT89S8252 has a total of six interrupt vectors: two
external interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 10.

Each of these interrupt sources can be individually en-
abled 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-
mented. In the AT89C51, AT89C52 and AT89C55, bit po-
sition IE.5 is also unimplemented. User software should
not write 1s to these bit positions, since they may be used
in future AT89 products.

Table 10. Interrupt Enable (IE) Register

(MSB) (LSB)
[ea [ [er2 [es [eTt [Ext |ETO [EXO |
Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function

Disables all interrupts. If EA =0, no
interrupt is acknowledged. If EA = 1,

EA IE.7 each interrupt source is individually
enabled or disabled by setting or
clearing its enable bit. .

= IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 SPI and UART interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IEA Timer O interrupt enable bit.

EXO0 IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,
because 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 TFI, 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.

Figure 10. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 11. 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 12. 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 maximum voltage high and low time specifi-
cations 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 re-
set, the device normally resumes program execution from
where it left off, up to two machine cycles before the inter-
nal reset algorithm takes control. On-chip hardware inhib-
its 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 in-
vokes idle mode should not write to a port pin or to external
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 termi-
nated. Exit from power down can be initiated either by a
hardware reset or by an enabled external interrupt. Reset
redefines the SFRs but does not change the on-chip RAM.
The reset should not be activated before Vcc is restored
to its normal operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

To exit power down via an interrupt, the external interrupt
must be enabled as level sensitive before entering power

Figure 11. Oscillator Connections
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%
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Notes: C1, C2 = 30 pF + 10 pF for Crystals
=40 pF % 10 pF for Ceramic Resonators

Figure 12. Extemal Clock Drive Configuration
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Status of E<ternal Pins During ldle and Power Down

XTAL2

XTAL1

GND

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
Powr.r Down | External 0 0 Float Data Data Data
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down. The interrupt service routine starts at 16 ms (nomi-
nal) after the enabled interrupt pin is activated.

Program Memory Lock Bits

The AT89S8252 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional features listed in the following table.

Lock Bit Protection Modes "2

58

When lock bit 1 is programmed, the logic level at the EA
pin is sampled and latched during reset. If the device is

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 P U

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

4 P P P

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

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

powered up without a reset, the latch initializes to a ran-
dom 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 and EEPROM

Atmel’s AT89S8252 Flash Microcontroller offers 8K bytes
of in-system reprogrammable flash PEROM Code mem-
ory and 2K bytes of EEPROM Data memory.

The AT89S8252 is normally shipped with the on-chip
PEROM Code and EEPROM Data memory arrays in the
erased state (i.e. contents = FFH) and ready to be pro-
grammed. This device supports a High-Voltage (12V) Par-
allel programming mode and a Low-Voltage Serial pro-
gramming mode. The serial programming mode provides
a convenient way to download the AT8958252 inside the
user’s system. The parallel programming mode is compat-
ible with conventional third party Flash or EPRCM pro-
grammers.

The Code and Data memory arrays are mapped via sepa-
rate address spaces in the serial programming mode. In
the parallel programming mode, the two arrays occupy
one contiguous address space: 0000H to 1FFFH for the
Code array and 2000H to 27FFH for the Data array.

The Code and Data memory arrays on the AT8958252
are programmed byte-by-byte in either programming
modes. An auto-erase cycle is provided with the self-timed
programming operation in the serial programming mode.
There is no need to perform the Chip Erase operation to

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

reprogram any memory location in the serial programming
mode.

In the parallel programming mode, there is no auto-erase
cycle and to reprogram any non-blank byte, the user
needs to use the Chip Erase operation first to erase both
arrays.

(continued)
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Programming the Flash and EEPROM
(Continued)
Parallel Programming Algorithm
To program and verify the AT89S8252 in the parallel pro-
gramming mode, the following sequence is recom-
mended:
1. Power-up sequence:
Apply power between Vcc and GND pins with all other
pins floating.
Set RST pin to 'H'.
Apply a 4 MHz to 24 MHz clock to XTAL1 pin and wait

for
at least 10 milliseconds.

2. Setﬁpin to'H’
ALE pin to’H’
EA pin to'H’ and all other pins to 'H’.

3. Apply the appropriate combination of 'H’ or 'L’ logic lev-
els to pins P2.6, P2.7, P3.6, P3.7 to select one of the

programming operations shown in the PEROM Pro-
gramming Modes table.

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

Apply data to pins P0.0 to P07 for Write Code operation.

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

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

7. To verify the byte just programmed, bring pin P2.7 to
'L’ and read the programmed data at pins P0.0 to
P0O.7. -

8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K bytes array or until the
end of the object file is reached.

9. Power-off sequence:

Set XTAL1to L.

Set RST and EA pins to 'L’
Float all other I/O pins.
Turn Vcc power off.

In the parallel programming mode, there is no auto-erase
cycle and to reprogram any non-blank byte, the user
needs to use the Chip Erase operation first to erase both
arrays.

DATA Polling

The AT89S8252 features DATA Polling to indicate the end
of a write cycle. During a write cycle in the parallel or serial

programming mode, an attempted read of the last byte
written will result in the complement of the written datum
on P0.7. Once the write cycle has been completed, true
data are 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 2
The progress of byte programming in the parallel program-
ming mode can also be monitored by the RDY/BSY output
signal. Pin P3.4 is pulled Low after ALE goes High during
programming to indicate BUSY. P3.4 is pulled High again
when programming is done to indicate READY.

Programming Interface

Every code byte in the Flash and EEPROM arrays can be
written, and the entire array can be erased, by using the
appropriate combination of control signals. The write op-
eration cycle is self-timed and once initiated, will automat-
ically time itself to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your

Serial Downloading

Both the Code and Data memory arrays can be pro-
grammed using the serial SPI bus while RST is pulled to
Vce. The serial interface consists of pins SCK, MOSI (in-
put) and MISO (output). After RST is set high, the Pro-
gramming Enble instruction needs to be executed first be-
fore program/erase operations can be executed.

An auto-erase cycle is built into the self-timed program-
ming operation (in the serial mode ONLY) and there is no
need to first execute the Chip Erase instruction. The Chip
Erase operation turns the content of every memory loca-
tion in both the Code and Data arrays into FFH.

The Code and Data memory arrays have separate ad-
dress spaces:

0000H to 1FFFH for Code memory and 000H to 7FFH for
Data memory.

" Either an external system clock is supplied at pin XTAL1

or a crystal needs to be connected across pins XTAL1 and
XTAL2. The maximum serial clock (SCK) frequency
should be less than 1/40 of the crystal frequency. With a

24 MHz oscillator clock, the maximum SCK frequency is
600 KHz. (continued)
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Serial Downloading (Continued)
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Serial Programming Algorithm

To program and verify the AT89S8252 in the serial pro-
gramming mode, the following sequence is recom-
mended:

1.

Power-up sequence:

Apply power between Vcc and GND pins with all other
pins floating.

Set RST pinto ’'H'.

If a crystal is not connected across pins XTAL1 and
XTAL2, apply a 4 MHz to 24 MHz clock to XTAL1 pin
and wait for at least 10 milliseconds.

Enable serial programming by sending the Program-
ming Enable serial instruction to pin MOSI/P1.5. The

frequency of the shift clock supplied at pin SCK/P1.7
needs to be less than the CPU clock at XTAL1 di-

vided by 40.
Instruction Set
Instruction Input Format Operation
MSB LSB
1010 1100 |- _ : 11
Programming Enable 0101 0011 Enable_ serial programming interface after RST
goes high.
XXXX  XXXX
1010 1100
Chip Erase xxxx  x100 |Chip erase both 8K & 2K memory arrays.
XXXX  XXXX
Read data from Code memory array at the
aaaa a001 [selected address. The 5 MSBs of the first byte
Read Code Memory low  addr |are the high order address bits. The low order
XXXX  xxxx |address bits are in the second byte. Data are
available at pin MISO during the third byte.
aaaa a010 |Write data to Code memory location at selected
Write Code Memory low addr |address. The address bits are the 5 MSBs of the
data in  |first byte together with the second byte.
00aa al01 [Read data from Data memory array at selected
Read Data Memory low  addr |address. Data are available at pin MISO during
Xxxx  xxxx |[the third byte.
00aa al110 . .
Write Data Memory S Write data to Data memory location at selected
d ; address.
ata in
1010 1100
LLLx  x111 . .
. ) Write lock bits.
Write Lock Bits ?SE Set LB1, LB2 or LB3 =0’ to program lock bits.
L | XXXX XXXX |
Notes: 1. DATA polling is used to indicate the end of a write cy- 3. ’x’ = don’t care.

cle, which typically takes less than 2.5 ms.
2. ‘aaaaa’ = high order address.

AT89S8252 mmmr e
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Flash and EEPROM Parallel Programming Modes

Fuse

Mode RsT PSEN ALEL  EA' prg pa7 P36 P37 Batalio Addreas
PROG PP P0.7:0 P2.5:0 P1.7:0
hsﬂigzgstg' H ) h X (See detail timing)
@
Chip Erase H L N 12y H L L L X X
Write (10K bytes) H L T 12y L H H H DIN ADDR
Memory
Read (10K bytes) H L H 12v . ™ H  H DOUT ADDR
Memory
Write Lock Bits: H L A 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 @Po.1 X
Bit- 3 @P0.0 X
Read Atmel Code H L H 12V L L ! L DOUT 30H
Read Device
X
fie H L H 2v L L L L DOUT 31H
Serial Prog. NN
Erable H L \%. 12v L H L H P0.0=0 X
Serial Prog. IR
. \__J U=
Disable H L 12V L (N H L H P0.0 =1 X
Read Serial Prog. H L H 12v My IO\P Y @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. P3.4 is pulled Low during programming to indicate RDYBSY.

4. 'X’ = don't care.

ATMEL




Figure 13. Programming the Flash Memory
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Figure 14. Verifying the Flash Memory
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Figure 15. Flash/EEPROM Serial Downloading
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Flash Programming and Verification Characteristics

Ta=21°Cto 27°C, Vcc = 5.0V £10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.5 12.5 \Y
Ipp Programming Enable Current 1.0 mA
1/tcLcL Oscillator Frequency 4 24 MHz
tAVGL Address Setup to PROG Low 48tcLoL

tGHAX Address Hold After PROG 48tcLcL

tDVGL Data Setup to PROG Low 48tcLoL

tGHDX Data Hold After PROG 48tcLoL

tEHSH P2.7 (ENABLE) Hign to Vpp 48tcLcoL

{SHGL Vep Setup to PROG Low 10 Hs
tGLGH PROG Width 1 110 Us
tavav Address to Data Valid 48tcLcL

teLav ENABLE Low to Data Valid 48tcLcL

tEHQV Data Float After ENABLE 0 48tcLcL

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

ATMEL
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Flash/EEPROM Programming and Verification Waveforms - Parallel Mode

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P25 2~ ADDRESS r—ﬂ” ADDRESS
<+ tavav
PORT 0 DATA IN DATA OUT
> tovar  tonox [
taveL [* ‘ taHAx
ALE/PROG s % -
st [ +—taigh— "
. A N )
EAVpp I =l el e L NN
A, le— 1., t
e EHSH ) - ‘:’1{ *— lenaz
(ENABLE) : ;
Sojinki YN ’
P34 9 P |
(RDY/BSY) r BUSY :I/ READY
=71 1%c

Serial Downloading Waveforms

SERIAL CLOCK INPUT

SCK/P1.7 (&l LT Y\ S RITL I [ 1 ON 4

7 6 5 4 3 2 1 0
SERIAL DATA INPUT o
i
MOSI/P1.5 MEB' Bl R il Vo 1 458
I
SERIAL DATA OUTPUT |
MOSI/P1.6 mSBl | [ T T T TisB]
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" Absolute Maximum Ratings*

*NOTICE: Stresses beyond those listed under “Absolute Maxi-

Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
- This is a stress rating only and functional operation of the
Storage Temperature..........ccceeeuee. -65°C to +150°C device at these or any other conditions beyond those indi-

cated in the operational sections of this specification is not

e on Any Pin
Voirag y implied. Exposure to absolute maximum rating conditions

with Respect to Ground ........ccceeeunnenn -1.0V to +7.0V for extended periods may affect device reliability,
Maximum Operating VOltage .......c.cccuiurincuse. 6.6V
DC Output CUITENt....cocvevusirsemsnreansesacreransases 15.0 mA

DC Characteristics
The values shown in this table are valid for Ta = -40°C to 85°C and Vcc = 2.7V to 6.0V, unless otherwise noted.

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (Except EA) -0.5 0.2 Vce - 0.1 \%
ViL1 Input Low Voltage (EA) -0.5 0.2Vcc -0.3 \"
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vcc + 0.9 Vce + 0.5 \Y
VIH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vce + 0.5 \Y
Output Low Voltage " P
VoL (Ports 1,2,3) loL=1.6 mA 0.5 \
Output Low Voltage M -
Vour | (porto, ALE, PSEN)  loL=82mA s v
' ookl 8 lo = -60 pA, Ve = 5V + 10% 2.4 v
utput High Voltage
VOH | (Ports 1,2,3, ALE, PSEN) loH=-25 A __0.75Vce v
loH =-10 pA 0.9 Vce Vv
Output High Voltage loH = -800 pA, Vce = 5V +10% 2.4 \YJ
VOH1 (Port 0 in External Bus lon = -300 pA 0.75 Vcc Vv
Moce) loH = -80 pA 0.9 Vce v
Logical 0 Input Current N K
TR (Ports 1,2,3) VIN = 0.45V 50 HA
Logical 1 to 0 Transition =
L Current (Ports 1,2,3) Vil Y . A
Input Leakage Current
ILi (Port 0, EA) 0.45 < VIN < Vce +10 pHA
RRST Reset Pulldown Resistor 50 300 kQ
Cio Pin Capacitance .. Test Freq. = 1 MHz, Ta =25°C 10 pF
Active Mode, 12 MHz 25 - mA
Power Supply Current
- Idle Mode, 12 MHz 6.5 mA
Vcec =6V 1
Power Down Mode e L e
Vce =3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, loL If loL exceeds the test condition, VoL may exceed the
must be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum loL per port pin: 10 mA current greater than the listed test conditions.
Maximum loL per 8 bit port: 2. Minimum Vcc for Power Down is 2V.

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

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

External Program and Data Memory Characteristics

AIMEL
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12 MHz Oscillator Variable Oscillator
. Symbol Parameter Min Max Min Max Units
} 1/tcLcL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLcL - 40 ns
tAVLL Address Valid to ALE Low 28 tcLeL - 13 ns
tLLAX Address Hold After ALE Low 48 tcLeL - 20 ns
I tuv ALE Low to Valid Instruction In 233 4cLcL - 65 ns
! tLLpL ALE Low to PSEN Low 43 tcLcL- 13 ns
tpLPH | PSEN Pulse Width 205 3toLcL - 20 ns
tpLIv PSEN Low to Valid Instruction In 145 3tcLcL - 45 ns
tPXIX Input Instruction Hold After PSEN 0 0 ns
tPxiz Input Instruction Float After PSEN 59 tcLeL - 10 ns
tpxav | PSEN to Address Valid 75 toLoL - 8 ns
' taviv Address to Valid Instruction In 312 StcieL - 55 ns
tPLAZ PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 6tcLcL - 100 ns
twiwH | WR Pulse Width 400 BtcLcL - 100 ns
tRLDV RD Low to Valid Data In 252 StcLeL - 90 ns
tRHDX Data Hold After RD 0 0 ns
tRHDz | Data Float After RD 97 2tcLeL - 28 ns
tLLDV ALE Low to Valid Data In 517 8tcLcL - 150 ns
tavDv Address to Valid Data In 585 StciLcL - 165 ns
tLLwL ALE Low to RD or WR Low 200 300 3tcLcL-50  3tcreoL + 50 ns
tAVWL Address to RD or WR Low 203 4cLeL- 75 ns
tQvwx Data Valid to WR Transition 23 tcLeL - 20 ns
tavwx | Data Valid to WR High 433 7tcLeL - 120 ns
twHax Data Hold After WR 33 tcLeL - 20 ns
tRLAZ RD Low to Address Float 0 0 ns
twHLH | RD or WR High to ALE High 43 123 tcLcL-20  toLoL+ 25 ns

ATEDS8252 s —
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External Program Memory Read Cycle

[ tLHLL

ALE J( N
¢ tpLpy
ta ¢ 0L i
______ LLPL
PSEN o
PORT 0 B
PORT2 )~ =3 Y i A by R

External Data Memory Read Cycle

= tLHLL—‘ *b’

ALE - ) L Q ([BAEr W 7 A4

> ~ twHLH

:

PN NNy, AN

: tLoy z ‘
| +— tALRH —»
s it 255 [ !

i
!
— I
{

—tax —» N—rn
e ) ! [ —tRLoy > tRHpz
<+ tavie-- i ‘; -
! RLAZMH }‘— b ) ! t

F - {q—r RHDX

1

, DATA IN ‘ A0 - A7 FROM PCL INSTR IN
I

PORT 0 )4@0 A7 FROM RI OR DPL 0

o —

f-_* - taoy

PORT 2 ” . P20=P2, 7OR A8 - A15 FROMDPH . l\_8_-.A15FBQMIiCH~
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External Data Memory Cycle

tiH—
ALE FI_J
—> [+ twHLH
N .
PSEN ; NS
e W ——e—twiwn —»
_é
WR P — |
taviL —»] tavwx >' NS Vi *“_ twhax
| o lavwhn —> |
PORT 0 AO - A7 FROM RIOR DPL}Ql/ DATAOQUT X <A0- A7 FROM PCL>-<INSTR IN
r*w---*——‘ tavw - —>
PORT2 X P2.0-P270RA8-AI5FROMDPH < A8-A15 FROM PCH

External Clock Drive Waveforms

, | R ta—— |
S [ loicxgn Y13 g BV _‘*‘i * toneL
cc - 0.5V b o\ P e !
A 07V, \ ' 7[ Sc |
VA ! // i :
/ ) N
- 0.2 Vg - 0.1V = 4 N
0asv— \ N L S -
: ; |
— folex —> }
|
MO GITOoN— Mg ——
External Clock Drive
Symbol  Parameter Vcec=4.0V to 6.0V Units Vce = 2.7V to 6.0V
Min Max Min Max
1/tcLeL Oscillator Frequency 0 24 MHz 0 12
tcLeL Clock Period 41.6 ns 83.3
tCHCex High Time 15 ns 30
tcLex Low Time 15 ns 30
_teLen Rise Time 20 ns 20 I
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vcc = 2.7V to 6V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycle Time 1.0 12tcLoL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLcL - 133 ns
txHQax Output Data Hold After Clock Rising Edge 50 2tcLeL - 33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tcLcL- 133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION [ 0 | 1 [ 2 | 3 | 4 | 5 | 6 | 7 [ 8 i
ae [ onl ICH AR TGO S Bkl W1 1P, ) Izl |1 P2 R T LT L
et 28 A Al - o
CLOCK ! U/ 4 \gd cannnnc P JERASN | R
tavxn :
p el O PO NINION O iy = J)
WRITE TO SBUR 5.0 T RSk 2013 X4 &XJs X 7/
v [ beiox seTn |
OUTPUT DATA by [+
_CEARRL O g D R aun< . amund . imin aupd
M A
INPUT DATA SETRI |
s Q)]
AC Testing Input/Output Waveforms Float Waveforms "’
Vise = 10,5 —— p— e e
cc 0.2 VCC + 0.9V VLOAD+0.1V7£ -‘XT\VOL-OJV
TEST POINTS Vioro /  Timing Reference \___
/ 0.2 Ve - 0.1V v\ Pairis
0.45V - e T _ Vioan ™ A o
Note: 1. AC Inputs during testing are driven at Voc - 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 meas-
urements are made at Vi4 min. for a logic 1 and
ViL max. for a logic O.

when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded Von/VoL level occurs.
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AT89S8252
'C<2> gnA) TYPICAL ICC (ACTIVE) at 25°C
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AT89S8252
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)
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C 10 e
' / //
0
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Ordering Information
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12

Speed Power
(MHz2) Supply Ordering Code Package Operation Range
12 2.7V to 6.0V AT895852-12AC 44A Commercial
AT89S852-12JC 44J (0°C to 70°C)
AT89S852-12PC 40P6
AT895852-12QC 44Q
AT89S852-12Al 44A Industrial
AT895852-12J1 44J (-40°C to 85°C)
AT89S852-12P| 40P6
AT895852-12Ql 44Q ~_~
16 4.0V to 6.0V AT89S852-16AA 44A Automotive
AT89S852-16JA 44J (-40°C to 125°C)
AT89S852-16PA 40P6
. ___AT895852-16QA 44Q
20 4.0V to 6.0V AT89S852-20AC 44A Commercial
AT895852-20JC 44J (0°C te 70°C)
AT89S852-20PC 40P6
AT895852-20QC 44Q
AT895852-20Al 44A 3 Industriai
AT895852-20JI 44J (-40°C to 85°C)
AT89S5852-20PI 40P6
|| .| aTessssaz0Ql |  44Q D = 11
24 4.0V to 6.0V AT89S852-24AC 44A Commercial
AT89S5852-24JC 44J (0°C to 70°C)
AT89S8852-24PC 44P6
__ATB95852-24QC 44Q__ y _ !
AT89S852-24Al 44A Industrial
AT89S852-24J] 44J (-40°C to 85°C)
ATB9S852-24P| 44P6
AT89S852-24Q 44Q
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)
44Q 44 | ead, Plastic Gull Wing Quad Flatpack (PQFP)
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