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ABSTRACT

This thesis, Present efficiency checking of machine by temperature measurement. There
is a digital temperature sensor with sent data to microcontroller for calculate and show
temperature value from LCD-display. After show value to LCD-display, it send the data to
computer by radio frequency wave and record temperature value in database for check

temperature value had deviated.
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Date: Time: 04:55:35 Create Report
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Date Time Temperaturel | Temperature) | Temperature3 | Temperatared | =]
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DS1820

DALLAS

SEMICONDUCTOR

DS1820
1-Wire™ Digital Thermometer

FEATURES

+ Unique 1-WireTMinterface requires only one port pin
for communication

= Multidrop capability simplifies distributed temperature
sensing applications

® Requires no external components
» Can be powered from data line
s Zero standby power required

¢ Measures temperatures from —55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is 67°F to
+257°F in 0.9°F increments

« Temperature is read as a 9-bit digital value.
» Converts temperature to digital word in 200 ms (typ.)

* User—definable, nonvoiatile temperature alarm set-
tings

s Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

¢ Applications include thermostatic controls, industrial
systems, consurner products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, sothatonly one wire (and ground} needs to be
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

PIN ASSIGNMENT

DALLAS
D51820

BOTTOM VIEW
NG =] 1 16 = NC
NC = 2 15— NC
NC = 3 14 = NC
NG — 4 13F= NG
NC— 5 12 NG
NC = & 11— NC
oaao VDD = ¥ 10 — NC
Z a0 DQ— 8 g9 /= GND
- =
051820 0518208
PR35 PACKAGE 16-PIN S50P
See Mach. Drawings See Mech. Drawings
Seclion Section
PIN DESCRIPTION
GND - Ground
DQ - Data InfOut
Vop — Optional Vpp
NC — No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and centrol.

©Copyrignt 1995 by Dallas Semiconductor Corparation.

Al Rights Reserved. For important informalion regarding
palents and cthar intelectual property righls, please refer
Dallas Sermiconducir data books.

021497 1727
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DETAILED PIN DESCRIPTION

PIN PIN
16-PIN SS0OP PR35 | SYMBOL DESCRIPTION i
9 1 GND Ground.
8 2 (B8] Data Input/Output pin. For 1-Wire operation: Open drain. (See
“Parasite Power” section.)
7 3 Voo Optional Vgp pin. See "Parasite Power” section for details of
connection.

DS1820S {16-pin SSOP): All pins not specified in this table are not to be connected.

OVERVIEW

The block giagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
compenants: 1) B4-bit fasered ROM., 2) temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication line by storing energy on an
intemal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1--Wire line until it
returns high ta replenish the parasite (capacitor) supply.
As an altemative, the DS1820 may also be powered
from an external 5 volts supply.

Communicationto the DS1820is via a 1-Wire port. With
the 1—Wire port, the memory and control functions will
not be available before the ROM function protocol has
been established. The master must first provide one of
five ROM function commands: 1) Read ROM, 2} Match
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm
Search. These commands operate on the 64-bit
lasered ROM portion of each device and can single out

DS1820 BLOCK DIAGRAM Figure 1

a specific device if many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. Aftar a ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one of the six memory and control
function commands.

One control function command instructs the DS1820 to
perform a temperature measurement. The result of this
measurement will be placed in the D51820's scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scratchpad memory. The temperature alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
these registers may be used as general purpose user
memory. Writing TH and TL is done using a memory
function command. Read access to these registers is
through the scratchpad. All data is read and written
least significant bit first.

PG - bl 64-BIT ROM
AND

3-WIRE FORT

INTERNAL Vpp

POWER

Voo SUPPLY
SENSE

- MEMORY AND
CONTROL LGGIC
[}
A
- TEMPERATURE SENSOR
SCRATCHPAD
- - HIGH TEMPERATURE
TRIGGER. TH
LOW TEMPERATURE 1
TRIGGER, TL
8-BIT CRC
GENERATOR

021497 2127
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PARASITE POWER

The black diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenaver the
110 or Vpp pins are high. WO will provide sufficient power
as long as the specified timing and voltage require-
ments are met {see the section titled “1-Wire Bus Sys-
tem”). The advantages of parasite power are two—fold:
1) by parasiting off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
temperature conversions, sufficient power must be pro-
vided overthe I/ line when a temperature conversionis
taking place. Since the operating current of the DS1820
is up to 1 mA, the /O line will not have sufficient drive
due to the 5K pull-up resistor. This problem is particu-
larly acute if several DS1820's are on the same /O and
attempting to convert simultaneously.

There are two ways to assure that the DS 1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the /O line
whenaver temperature conversions or copies to the E?
memory are taking place. This may be accomplished by
using a MOSFET to pult the /O line directly to the power
supply as shown in Figure 2. The KO line must be
switched over to the strong pull-up within 10 ps maxi-
mum after issuing any protacol that involves copying to
the E2 memory or initiates temperature conversions.
When using the parasite power moda, the Vpp pin must
be tied to ground.

Another method of supplying current to the DS1820 is
through the use of an external power supply tied to the

Vpp pin, as shown in Figure 3. The advantage to this is
that the strong puil—up is not required on the IO line, and
the bus master need not be tied up holding that line high
during temperature conversions. This allows other data
traffic on the 1-Wire bus during the conversion time. In
addition, any number of DS1820's may be placed on the
i-Wire bus, and if they all use external power, they may
all simultaneously perform temperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external
power supply is active, the GND pin may not be fioating.

The use of parasite power is not recommended above
100°C, since it may not be able to sustain communica-
tions given the higher leakage currents the DS1820
exhibits at these temperatures, For applications in
which such temperatures are likely, itis strongly recom-
mended that Vpp be applied to the DS1820.

For situalions where the bus master does not know
whether the DS1820's on the bus are parasite powered
or supplied with external Vpp, a provision ismade in the
DS1820 to signal the power supply scheme used. The
bus master can determine if any DS1820's are on the
bus which require the strong pull—up by sending a Skip
ROM protocol, then issuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0”
on the 1-Wire bus if it is parasite powered, it will send
back a “1"if itis powered from the Vpp pin. if the master
receives a 0", it knows that it must supply the strong
pull-up on the IfO tine during temperature conversions.
See “Memory Command Functions” section for more
detail on this command protocol.

STRONG PULL-UP FOR SUPPLYING DS1820 DURING TEMPERATURE CONVERSION Figure 2

+5V

DS1820

uP

1l

‘ 1

021497 327
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE

4.7K

DEVICES
DS51820

|

V
Vo % B2 () EXTERNAL +5 SUPPLY

up —

OPERATION - MEASURING TEMPERATURE
The DS 1820 rmeasures temperature through the use of
an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
sponds to —55°C. If the counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the —55°C value, is incremented, indicat-
ing that the temperature is higher than -55°C.

Atthe same time, the counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
jor of the ascillators over temperature. The counter is
then ciocked again until it reaches zero. If the gate
periad is still not finished, then this process repeals.

The slope accumulator is used to compensate for the
non-linear behavior of the osciliators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degree in temperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

Internaily, this calculation is done inside the DS1820 to
provide 0.5°C resolution. The ternperature reading is

provided in a 16-bit, sign—extended two's complement
reading. Table 1 describes the exact relationship of out-
put data to measured temperature, The data is trans-
mitted serially aver the 1-Wire interface. The DS1820
can measure temperature over the range of -55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that temperature is represented in the DS1820 in
terms of a 1/,°C LSB, yielding the following 9-bit farmat:

O G T T o]

= -25°C

The most significant (sign}) bit is duplicated into all of the
bits in the upper MSB of the two—byte temperature reg-
isterin memory. This “sign—extension” yields the 16-bit
temperature readings as shown in Table 1.

Higher resolutions may be obtained by the following
procedure. First, read the temperature, and truncate
the D.5°C bit (the LSB) from the read value. This valueis
TEMP_READ. The value leftin the counter may then be
read. This wvalue is the count remaining
(COUNT_REMAIN) after the gate period has ceased.
The last value needed is the number of counts per
degree C (COUNT_PER_C) at that temperature. The
actual temperature may be then be calculated by the
user using the following:

{COUNT _PER_ - COUNT_REMAIN)

TEMPERATURE = READ - 028 +
PE TEMP.. COUNT_PER_C
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TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE ACCUMULATOR

PRESET * COMPARE
[ F
SET/CLEAR
LOW TEMPERATURE PRESET Lsa
COEFFICIENT OSCILLATOR COUNTER
INC
=0 TEMPERATURE REGISTER
1
HIGH TEMPERATURE
COEFFICIENT OSCILLATOR COUNTER
STOP
=0

TEMPERATURE/DATA RELATIONSHIPS Table 1

DIGITAL OUTPUT DIGITAL OUTPUT

TEMPERATURE (Binary) {Hex)
+125°C 0000000 11111010 00FA
+25°C 00000000 00110010 0032h
+15°C 00000000 CO00H001 000th
+0°C 00000000 00000000 0000h
-11°C M1 11111111 FFFFh
-25°C 11111111 11001110 FFCEhR
-55°C 11111111 10010010 FF92h

OPERATION —- ALARM SIGNALING

After the DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
B-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. If the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

This flag is updated with every temperature measure-
ment. As long as the alarm flag is set, the DS 1820 will
respond to the alarm search command. This allows
many DS1820s to be connected in parallel daing simul-
taneous temperature measurements. If somewherethe
temperature exceeds the limits, the alarming device(s)
can be identified and read immediately without having to
read non—alarming devices.
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64-BIT LASERED ROM

Each DS1820 contains a unigue ROM code that is
£4-bits long. The first eight bits are a 1-Wire family
code (DS1B20 code is 10h). The next 48 bits are a
unigue serial number. The last eight bits are a CRC of
the first 56 bits. (See Figure 5.) The 64-bit ROM and
ROM Function Control section aliow the DS1820 to
operate as a 1-Wire device and follow the 1—Wire proto-
col detailed in the section “t—Wire Bus System". The
functions required to control sections of the DS1820 are
not accessibte until the ROM function protocol has been
satisfied. This protocol is described in the ROM function
protocol flowcharnt (Figure 6). The 1-Wire bus master
must first provide one of five ROM function commands:
1} Read ROM, 2} Match ROM, 3} Search ROM, 4) Skip
ROM, or 5) Alarm Search. Afler a ROM functions
sequence has been successfully executed, the func-
tions specific to the DS 1820 are accessible and the bus
master may then provide and one of the sixmemory and
control function commands.

CRC GENERATION

The DS1820 has an 8-bit CRC stored in the most signif-
icant byte of the 64—bit ROM. The bus master can com-
pute a CRC valua from the first 56-bits of the 64-bit
ROM and compare it to the value stored within the
DS1820 to determine if the ROM data has been
received error—free by the bus master. The equivalent
polynomial function of this CRC is:

CRC=XB+X5+X%+1

The DS1820 also generates an 8-bit CRC value using
the same polynomial function shown above and pro-

64-BIT LASERED ROM Figure &

vides this value to the bus master to validate the transfer
ofdata bytes. Ineach case where a CRCis used for data
transfer validation, the bus master must calculate a
CRC value using the polynomial function given above
and compare the calculated value to either the 8-bit
CRC value stored in the 64-bit ROM portion of the
031820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
when the scralchpad is read). The comparison of CRC
values and decision to continue with an operation are
determined entirely by the bus master. There is no cir-
cuitry inside the DS1820 that prevents a command
sequence from proceeding if the CRC stored in or calcu-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-Wire CRC can be generated using a polynomial
generator consisting of a shift register and XOR gates
as shown in Figure 7. Additional information about the
Dallas 1-Wire Cyclic Redundancy Check is availablein
Application Note 27 entitled “Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products”.

The shift register bits are initialized to zero. Then start-
ingwith the least significant bit of the family code, one bit
at a time is shifted in. After the 8th bit of the family code
has been entered, then the serial number is entered.
Aftar the 48th bit of the serial number has been entered,
the shift register contains the CRC value. Shifting in the
eight bits of CRC should return the shift register to all
zeros.

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LSB MSB

LSB MSB LS8
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ROM FUNCTIONS FLOW CHART Figure 6

MASTER Ty -
RESET PULSE

'

DS1820 Ty
PRESENCE
PULSE

!

MASTER Ty ROM
FUNCTION COMMAND

33h N 55h Foh CCh N
READ ROM —- MATCH ROM SEARCH ROM SKIP ROM
COMMAND COMMAND COMMAND COMMAND

Y
051820 Tx FAMILY MASTE Ty BiT 0
coDE
1BYTE -
DS1820 T BITD
DS1820 Ty BITO
MASTER Ty BIT D
DS1820 Ty 8To N N~ miTo
SERIAL NUMBER MATCH? MATCH?
6 BYTES
Y Y
L DS 1820 Ty BIT 1
DS1820 Ty DS1820 Tx AIT 1
CRC BYTE MASTER Ty BIT 1
' MASTER Tx BIT 1

DS1820 Ty BIT 63
DS1820 Ty BIT 63
MASTER Ty BIT 63

MASTER Tx BIT 63

Bi 63
MATCH?

BIT 63
MATCH?

MASTER Tx MEMORY OR CONTROL
FUNCTION COMMAND
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1-WIRE CRC CODE Figure 7

| [ [~
(MSB)

INPUT

Onllin iy

(LSB)

MEMORY

The DS1820's memory is organized as shown in
Figure B. The memory consists of a scratchpad RAM
and a nonvolatile, electrically erasable (E2) RAM, which
stores the high and low temperature triggers THand TL.
The scratchpad helps insure data integrity when com-
municating over the 1-Wire bus. Data is first written to
the scratchpad where it can be read back. After the data
has been verified, a copy scratchpad command will
transfer the data to the nonvolatile (E2) RAM. This pro-
cess insures data integrity when megifying the memory.

The scratchpad is organized as eight bytes of memory.
The first two bytes contain the measured temperature

DS1820 MEMORY MAP Figure 8

SCRATCHPAD
BYTE

TEMPERATURE LSB 0
TEMPERATURE MS8 1
THASER BYTE 1 2
TL/USER BYTE 2 3
RESERVED 4
RESERVED 5
COUNT REMAIN 6
COUNT PER °C 7
CRC B

information. The third and fourth bytes are volatile
copies of TH and TL and are refreshed with every pow-
er-on reset. The next two bytes are not used; upon
reading back, however, they will appear as all logic 1's.
The seventh and eighth bytes are countregisters, which
may be used In obtaining higher temperature resolution
(see “Operation—measuring Temperature™ section).

There is a ninth byte which may be read with a Read
Scratchpad command. This byte contains a cyclic
redundancy check (CRC) byte which is the CRC overall
of the eight previous bytes. This CRC is implemented in
the fashion described in the sectiontitled "CRC Genera-
tion”.

EZ RAM

TH/USER BYTE 1

TLUSER BYTE 2
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1-WIRE BUS SYSTEM

The 1—Wire bus is a system which has a single bus mas-
ter and one or more slaves. The DS1820 behaves as a
slave. The discussion of this bus system is broken down
into three topics: hardware configuration, transaction
sequence, and 1-Wire signating (signal types and tim-
ing).

HARDWARE CONFIGURATION
The 1-Wire bus has only a single line by definition; it is
important that each device on the bus be able lodrive it

HARDWARE CONFIGURATION Figure 9

+5v
BUS MASTER
47K

at the appropriate time. To facilitate this, each device
attached to the 1—-Wire bus must have open drain or
3-state outputs. The 1-Wire port of the DS1820 (I/O
pin} is open drain with an internal circuit equivalent to
that shown in Figure 8. A multidrop bus consists of a
1-Wire bus with multiple slaves attached, The 1-Wire
bus requires a pullup resistor of approximately SKG.

051820 1-WIRE PORT

M

—

Ry = RECEIVE

The idle state forthe 1-Wire bus is high. If for any reason
a transaction needs to be suspended, the bus MUST be
leftinthe idla state if the transaction is to resume. Infinite
recovery time can occur between bits so ong as the
1-Wire bus is in the inactive (high) state during the re-
covery period. If this does not occur and the bus is left
low for more than 480 ps, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS1820 via the 1-Wire
port is as follows;

e |nitialization
* ROM Function Command
® Memory Function Command

# Transaction/Data

Ty = TRANSMIT

i >O Rx
SpA
Typ. | Tx
100 OHM
MOSFET
INITIALIZATION

All transactions on the 1-Wire bus begin with an initial-
ization sequence. The initialization sequence consists
of a resel pulse transmitted by the bus master followed
by presence pulse(s) transmitted by the slave(s).

The presence pulse lets the bus master know that the
D51820is on the bus and is ready to operate. For more
details, see the *1-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it can
issue one of the five ROM function commands. All ROM
function commands are B—bits long. A list of these com-
mands follows {refer to flowchart in Figure 6):
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Read ROM [33h]

This command allows the bus master to read the
DS1820's 8-bit family code, unigue 48-bit senal num-
ber, and 8-bit CRC. This command can only be used if
there is a single DS1B820 on the bus. If more than one
slave is present on the bus, a data collision will occur
when all slaves try to transmit at the same time {open
drain will produce a wired AND resuit).

Match ROM [55h]

The match ROM command, followed by a 64—bit ROM
sequence, allows the bus master to address a specific
DS1820 on a multidrop bus. Only the DS1820 that
exactly matches the 64—bit ROM sequence will respond
to the following memory function command. All slaves
that do not match the 64—bit ROM sequence will wait for
a reset pulse. This command can oe used with a singte
or multiple devices on the bus.

Skip ROM [CCh]

This command can save time in a single drop bus sys-
tem by allowing the bus master to access the memory
functions without providing the 64-bit ROM code. If
more than one slave is present on the bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus as multiple slaves
transmit simultaneously {(cpen drain pulldowns will pro-
duce a wired AND result).

Search ROM [FOh]

When a system is initially brought up, the bus master
might not know the number of devices on the 1-Wire
bus or their 64—bit ROM codes. The search ROM com-
mand allows the bus master to use a process of elimina-
tion to identify the 64—bit ROM codes of all slave devices
on the bus.

Alarm Search [ECh]

The flowchart of this command is identical to the Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condition has been
encountered at the |last temperature measurement. An
alarm condition is defined as a temperature higher than
TH or lower than TL. The alarm condition remains setas
long as the D51820 is powered up, or until another tem-
perature measurement reveals a non—alarming value.
For alarming, the trigger values stored in EEPROM are
taken into account. If an alarm condition exists and the
TH or TL settings are changed, another temperature

conversion shoutd be done to validate any alarm condi-
tions.

Example of a ROM Search

The ROM search process is the repetition of a simple
J-step routine: read a bit, read the complement of the
bit, then write the desired value of that bit. The bus mas-
ter performs this simple, 3—step routine on each bit of
the ROM. After one complete pass, the bus master
knows the contents of the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additional passes.

The following example of the ROM search process
assumes four different devices are connected to the
same 1-Wire bus. The ROM data of the four devices is
as shown:

ROM1  00110101...
ROM2Z  10101010...
ROM3  11110101...
ROM4  00010001...

The search process is as follows:

1. The bus master beginsthe initialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presence pulses.

2. The bus master will then issue the Search ROM
command on the 1-Wire bus.

3. The bus master reads a bit from the 1-Wire bus.
Each device wilt respond by placing the value of the
first bit of their respective ROM data onto the 1-Wire
bus. ROM1 and ROM4 will place a 0 onto the
1-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a 1 onto the 1-Wire bus by allowing the line to
stay high. The resultis the logical AND of all devices
on the line, therefore the bus master sees a 0. The
bus master reads another bit. Since the Search
ROM data command is being exscuted, all of the
devices on the 1-Wire bus respond to this second
read by placing the complement of the first bit of their
respective ROM dala onto the 1-Wire bus. ROM1
and ROM4 will place a 1 onto the 1-Wire, allowing
the line to stay high. ROM2 and ROM3 will place a
0 onto the 1-Wire, thus it will be pulled fow. The bus
master again observes a ( for the complement of the
first ROM data bit. The bus master has determined
that there are some devices on the 1-Wire bus that
have a 0 in the first position and others that have a 1.
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The data obtained from the two reads of the 3-step
routine have the following interpretations:

DD There are still devices attached which have
conflicting bits in this position.

0t All devices still coupled have a 0-bit in this
bit position.

10 All devices still coupled have a 1-bit in this
bit position.

11 There are no devices attached to the 1-Wire
bus.

4, The bus master writes a 0. This deselects ROM2
and ROM3 for the remainder of this search pass,
leaving only ROM1 and ROM4 connected to the
1-Wire bus.

5. The bus master performs two more reads and
receives a 0-bit followed by a 1-bit. This indicates
that all devices still coupled to the bus have 0's as
their second ROM data bit.

8. The bus master then writes a 0 to keep both ROM1
and ROM4 coupled.

7. The bus master executes two reads and receives
two O-bits. This indicates thai both 1-bits and 0-bits
exist as the third bit of the ROM data of the attached
devices.

8. Thebus master writes a 0-bit. This deselects ROM1
teaving ROMA4 as the only device still connected.

9. Thebus master reads the remainder of the ROM bits
for ROM4 and continues to access the part if
desired. This completes the first pass and uniguely
identifies one part on the' 1-Wire bus.

10. The bus master starts a new ROM search sequence
by repeating steps 1 through 7.

11. The bus master writes a 1-bit. This decouples
ROMA4, leaving only ROMT1 still coupled.

12. The bus master reads the remainder of the ROM bits
for ROM1 and communicates to the underlying logic
if desired. This completes the second ROM search
pass, in which ancther of the ROMs was found.

13. The bus master starts a new ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselects
ROM1 and ROM4 for the remainder of this search
pass, leaving only ROM2 and ROM3 coupled to the
system.

15. The bus master executes two read time slots and
receives two zeros.

16.The bus master writes a 0-bit. This decouples
ROM3, and leaving only ROMZ2,

17. The bus master reads the remainder of the ROM bits
for ROM2 and communicates to the underlying logic
if desired. This completes the third ROM search
pass, in which another of the ROMs was found.

18. The bus master starts a new ROM search by repeat-
ing steps 13 through 15,

19. The bus master writes a 1-bit. This decouples
ROMZ2, leaving only ROM3.

20. The bus master reads the remainder of the ROM bits
for ROM3 and communicates to the underlying logic
if desired. This completes the fourth ROM search
pass, in which another of the ROMs was found.

Note the following:

The bus master leams the unique ID number (ROMdata
pattern} of one 1-Wire device on each ROM Search
operation. The time required to derive the part's unique
ROM code is:

960 ps + (B +3x64)61 us=13.16 ms

The bus masteris therefore capable of identifying 75 dif-
ferent 1-Wire devices per second.

11O SIGNALING

The DS1820 requires strict protocols to insure data
integrity. The protocol consists of several types of
signaling on one line: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of these signals, with
the exception of the presence pulse, are initiated by the
bus master.

The initialization sequence required to begin any com-
munication with the DS1820 is shown in Figure 11. A
reset pulse followed by a presence pulse indicates the
DS 1820 is ready to send or receive data given the cor-
rect ROM command and memory function command.

The bus master transmits (TX) a reset pulse (a low sig-
nal for a minimum of 480 ps). The bus master then
releases the line and goes into a receive mode (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . After detecting the rising edge on the
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10 pin, the DS1820 waits 1560 ps and then transmits
the presence pulse (a low signal for 50-240 us).

MEMORY COMMAND FUNCTIONS
The following command protocols are summarized in
Table 2, and by the flowchart of Figure 10.

Write Scratchpad [4Eh]

This command writes to the scratchpad of the DS1820,
starting al address 2. The next two bytes written will be
saved in scratchpad memory, at address locations 2
and 3. Writing may be terminated at any point by issuing
a reset.
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MEMORY FUNCTIONS FLOW CHART Figure 10

MASTER Tyx MEMORY
OR CONTROL COMMAND
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MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)
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MEMORY FUNCTIONS FLOW CHART Figure 10 {cont'd)
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INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES” Figure 11

Master Ty “reset pulse”

Master Ry

i 480 s minimum

960 ps maximum

-

ol
Ds1820
waits
15 -60 us

Veo

1-WIRE
BUS
GND

DS1820 Tx
“presence pulse”
60 - 240 us

480 ps minimum

.

]
-

LINE TYPE LEGEND:

aEE—— Bus masler aclive law

Bath bus master and

™ — DS1820 active law

51820 aclive low

Resistor pullup

DS51820 COMMAND SET Table 2

INSTRUCTION DESCRIPTION

Convert T

Initiates temperature conversion.

MEMORY COMMANDS

44h

PROTOCOL
TEMPERATURE CONVERSION COMMANDS

1-WIRE BUS
AFTER ISSUING

PROTOCOL NOTES

<read temperature 1
busy status>

Read Scratchpad Reads bytes from scratchpad and BEh <read dataupto @
reads CRC byte. bytes>

Write Scratchpad Writes bytes into scratchpad at 4Eh <write data into 2
addresses 2 and 3 (THand TL bytes at addr. 2 and
temperature triggers ). addr. 3>

Copy Scratchpad Copies scratchpad into nonvolatile 48h <read copy status> 2
memor, (addresses 2 and 3 only).

Recall E2 Recalls values stored in nonvolatile B8h <read lemperature
memory into scratchpad (tempera- busy status>
ture triggers).

Read Power Supply Signals the mode of D$1820 B4h <read supply status>

power supply to the master.

NOTES:

1.

Temperature conversion takes up to 500 ms. After receiving the Convent T protocal, if the part does not

receive power frorm the Vpp pin, the 1/Q line for the DS1820 must be held high for at least 500 ms to provide
power during the conversion process. As such, no cther activity may take place on the 1-Wire bus for at least

this period after a Convert T command has been issued.

After receiving the Copy Scratchpad protocol, if the part does not receive power from the Vpp pin, the I/0 line

for the DS1820 must be held high for at least 10 ms to provide power during the copy process. As such, no
other activity may take place on the 1-Wire bus for at least this period after a Copy Scratchpad cormmand has

been issued.
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Read Scratchpad [BEh]

This command reads the contents of the scratchpad.
Reading will commence at byte 0, and will continue
through the scratchpad until the 9th (byte—8, CRC) byte
isread. If not all locations are tobe read, the master may
issue a reset to lerminate reading at any time.,

Copy Scratchpad [48h]

This command copies the scratchpad into the E2
memeory of the DS 1820, storing the temperature trigger
bytes in nonvolatile memory. If the bus master issues
read time slots following this command, the DS 1820 will
output “0" on the bus as long as it is busy copying the
scratchpad to EZ; it will return a *1" when the copy pro-
cass is complete. If parasite powered, the bus master
has to enable a streng pull-up for atleast 10 ms immedi-
ately after issuing this command.

Convert T [44h]

This command begins a temperature conversion. No
further datais required. The temperature conversion will
be performed and then the DS1820 will remain idle. If
the bus master issues read time slots following this com-
mand, the DS 1820 will output “0” on the bus as long as it
is busy making a temperature conversion; it will return a
“1"when the temperature conversion is complete. If par-
asite powered, the bus master has to enable a strong
puliup for 500 ms immediately after issuing this com-
mand.

Recall E2 [B8h]

This command recalls the temperature trigger values
stored in E2 to the s¢ratchpad. This recall operation hap-
pens automatically upon power—up to the DS1820 as
well, so valid datais available in the scratchpad as soon
as the device has power applied. With every read data
time slot issued after this command has been sent, the
device will output its temperature converter busy flag
“0"=busy, “1"=ready.

Read Power Supply [B4h]

With every read data time slot issued after this com-
mand has been sent to the DS1820, the device will sig-
nal its power mode: "0"=parasite power, "1"=extemal
power supply provided.

READ/WRITE TIME SLOTS

DS1820datais read and written through the use of time
slots to manipulate bits and a command word to specify
the transaction.

Write Time Slots

A write time slotis initiated when the host pulis the data
line from a highlogic level to a low logic level. There are
two types of write time slots: Write One time slots and
Write Zero time stots. All write time slots must be a mini-
mum of 80 ps in duration with a minimum of a one ps
recovery lime between individual write cycles.

The DS1820 samples the I/Q line in a window of 15usto
60 s after the /O line falls. Ifthe line is high, a Write Cne
accurs. If the line is low, a Write Zero occurs (see
Figure 12).

For the host to generate a Write One time slot, the data
line mustbe puliedto a logic low level and then released,
allowing the data line to pull up to a high leve! within
15 us after the start of the write time slot.

For the host to generate a Write Zero time siot, the data
line must be pulled to a logic low level and remain low for
60 ps.

Read Time Slots

The host generates read time slots when data is to be
read from the DS1820. A read time slot is initiated when
the host pulls the data line from a logic high level tologic
low level. The data line must remain at a low logic level
for aminimum of one ps; output datafromthe DS1820 s
valid for 15 ps after the falling edge of the read time slot.
The host therefore must stop driving the IfO pin low in
ordertoread its state 15 ps from the start of the read slot
(see Figure 12). By the end of the read time slot, the VO
pin will pull back high via the external pull~up resistor. Al
read time slots must be a minimum of 60 s in duration
with a minimum of a one ps recovery time between indi-
vidual read slots.

Figure 13 shows that the sum of Ty, Tre., and
TsampLe Must be less than 15 ps. Figure 14 shows that
system timing margin is maximized by keeping Ty
and Trc as small as possible and by locating the master
sample time towards the end of the 15 ps period.

021497 17/27



DS51820

READ/WRITE TIMING DIAGRAM Figure 12
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DETAILED MASTER READ “1” TIMING Figure 13
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RECOMMENDED MASTER READ “1” TIMING Figure 14
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Ty = Tre = SAMPLES
SMALL SMALL
15 ps |
LINE TYPE LEGEND:
osmems  Bus masler active low I D&1820 active low
Bath bus master and !
B e DS1820 active low _— Resistar puli-up
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Related Application Notes Semiconductor “Application Note Book”, via our web-
The following Application Notes can be applied to the site at htip://www.dalsemi.com/, or through our faxback
DS1820. These notes can be obtained from the Dallas service at (214) 450-0441.

Application Note 27: “Understancing and Using Cyclic Redundancy Checks with Dallas Semiconductor Touch
Memory Product”

Application Note 55: “Extending the Contact Range of Touch Memories”
Application Note 74: “Reading and Writing Touch Memories via Serial Interfaces”
Application Note 104: "Minimalist Temperature Control Demo”

Application Note 105: “High Resclution Temperature Measurement with Dallas Direct—to-Direct Temperature Sen-
sors”

Application Note 106: “Complex MicroLANs”
Application Note 108: “MicrolLAN — In the Long Run”

Sample 1-Wire subroutines that can be used in conjunction with AN74 can ba downlcaded from the website or our
Anonymous FTP Site.
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MEMORY FUNCTION EXAMPLE Table 3

Example: Bus Master initiates temperature conversion, then reads temperature (parasite power assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

X Reset Reset pulse (480-360 ps).

RX Presence Presence pulse.

T 55h Issue “Match ROM” command.

TX <B4-bit ROM code> Issue address for DS1820.

TX 44h Issue “Convert T" command.

TX <|/Q LINE HIGH> 1/0 line is held high for at least 500 ms by bus master to
aliow conversion to complete,

™ Reset Reset pulse.

RX Presence Presence pulse.

TX 55h |ssue “Match ROM™ command.

TX <B4-bit ROM code> Issue address for DS1820.

X BEh Issue “Read Scratchpad” command.

RX <8 data bytes> Read entire scratchpad plus CRC; the master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC calculated and the CRC
read. If they match, the master continues; if not, this read
operation is repeated.

TX Reset Reset Puise.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 4

Example: Bus Master writes memory (parasite power and only one DS1820 assumed).

MASTER MODE DATA {LSB FIRST) COMMENTS

TX Reset Reset pulse.

RX Presence Presence pulse.

| TX CCh Skip RCM commana.

> 4Eh Write Scratchpad command.

X <2 data bytes> Writes two byles ta scratchpad (TH and TL).

TX Reset Reset pulse.

RX Presence Presence pulse.

TX CCh Skip ROM command.

T BEh Read Scratchpad command.

RX <9 data byles> Read entire scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC and the two other bytes
read back from the scratchpad. If data match, the master
continues; if not, repeat the sequence.

X Reset Reset puise.

RX Presence Presence pulse.

TX CCh Skip ROM command.

X 48h Copy Scratchpad command; after issuing this command,
the master must wait 6 ms for copy operation to complete.

TX Reset Reset pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 5

Example: Temperature conversion and interpolation (external power supply and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

TX Reset Reset pulse.

TR Presence Presence pulse.

TX CCh Skip ROM command.

TX 44h Convert T command.

RX <1 data byte> Read busy flag eight times. The master continues reading
one byle (or bit} after another until the data is FFh (all
bits 1).

TX Reset Reset pulse.

RX Presence Presence pulse.

TX CCh Skip ROM command.

X BEh Read Scratchpad command.

RX <9 data bytes> Read entife scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad and compares both CRCs. If the CRCs match,
the data is valid. The master saves the temperature value
and stores the contents of the count register and count
per °C register as COUNT_REMAIN and COUNT_PER_C,
respectively.

T Reset Reset pulse.

RX Presence Presence puise, done.

- - CPU calculates lemperature as described in the data sheet
for higher resolution.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature

Storage Temperature

Soldering Temperature

-0.5V o +7.0V
—55°C to +125°C
-55°C to +125°C
260°C for 10 seconds

* Thisisastress ratingonly and functional operation ofthe device atthese or any other conditions above those
indicatedin the operation sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods of time may affect retiability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Supply Voltage Voo /O Functions 2.8 5.0 55 1,2
+1/,°C Accurate 4.3 5.5 v

Temperature

Conversions
Data Pin /O ~-0.5 +5.5 2
Logic 1 ViH 2.0 Vect0.3 2,3
Logic 0 ViL 0.3 +0.8 2,4

DC ELECTRICAL CHARACTERISTICS {(-55°C to +125°C; Vpp=3.6V lo 5.5V)

PARAMETER SYMBOL | CONDITION MIN TYP MAX UNITS | NOTES
Thermometer Error tERR —0°C to +70°C +1f, °C

-55°C to 0°C

and +70°C to See Typical Curve 1,9, 10

+125°C

Input Logic High ViH 22 5.5 2,3
Inpul Logic Low Vi, -0.3 +0.8 2.4
Sink Current IL Vyp=0.4V —4.0 mA 2
Standby Current la 200 350 nA 8
Active Current oo 1 1.5 mA 56
Input Load Current I 5 HA 7
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AC ELECTRICAL CHARACTERISTICS: (-55°C to +125°C; Vpp=3.6V 10 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time lcony 200 500 ms
Time Slot tsLoT 60 120 HS
Recovery Time trec 1 us
Write C Low Time rLowo 60 120 us
Write 1 Low Time tLow1 1 15 ps
Read Data Valid trRpv 15 HS
Reset Time High tRSTH 480 US
Reset Time Low trRsTL 480 4800 us
Presence Detect High tPOHIGH 15 6Q us
Presence Detect Low troLow 60 240 HS
Capacitance Cinrout 25 pF

NOTES:

1. Temperature conversion will work with £2°C accuracy down to Vpp = 3.4 volts.

2. All voltages are referenced to ground.

3. Logic one voitages are specified at a source current of 1 mA.

4. Logic zero voltages are specified at a sink current of 4 mA.

5. lpp specified with Ve at 5.0 volts.

6. Active current refers to either temperature canversion or writing to the E2 memory. Writing to E2 memory con-

sumes approximately 200 pA for up to 10 ms.

7. Input load is to ground.

8. Standby current specified up to 70°C. Standby cumrent typically is 5 A at 125°C.

9. See Typical Curve for specification limits outside the 0°C to 70°C range. Thermometer error reflects sensor accu-

racy as tested during calibration.

10. Typical accuracy curve valid for 4.3V < Vpp < 5.5V.

1-WIRE WRITE ONE TIME SLOT

- tsLot START OF NEXT CYCLE
— b lgpc

=
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1-WIRE WRITE ZERO TIME SLOT

lsLor

——oe ke lREC

22 2 -t Wowa

1-WIRE READ ZERO TIME SLOT

-t tsLot

START OF NEXT CYCLE

J START OF NEXT CYCLE

~—— a—— REC

V4

—— lppy ——==

1-WIRE RESET PULSE

RESET PULSE FROM HOST

[

RTH

lasTL

1-WIRE PRESENCE DETECT

tPDHIGH

PRESENCE DETECT

[ lppLow
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TYPICAL PERFORMANCE CURVE

DS1820 DIGITAL TERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR
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Features

» Compatible with MCS-51™ Products

» 4K 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

+ 128 x 8-Bit Internal RAM

= 32 Programmable /O Lines

» Two 16-Bit Timer/Counters

» Six Interrupt Sources

* Programmable Serial Channel

* Low Power Idle and Power Down Modes

Description

The ATBOC51 is a low-power, high-performance CMOS B-bit microcomputer with 4K
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 MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional honvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel ATB9CS51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

8-Bit
Microcontroller
with 4K Bytes
Flash

{continued)
" . .
Pin Configurations PDIP
S
P1.0 7] 1 40]:vece
P1.1 .2 39|~ P0o.0 (ADO)
P1.2 713 38| PO.1 (AD1)
P1.3 | 4 37 |Z Po.2 (AD2}
P1.4 .15 36 |- Po.3 (AD3}
P1.5 | & 3s |z ro.4 (AD4)
P1.8 )7 34 |- Po.5 (ADS)
Pi.7 7] 8 33 |- Po.s (aD&}
RST .| g az|zPo7 (D7)
{RXD] P3.0 7|10 31§z EAIvPP
PQFP/TQFP (TXD] P3.1 |11 30131 ALE/PRDG
srTas (THTO) P3.2: |12 29 |7 PSEN
aaoaa (TRTT) P33 13 283 P2.7T (A15)
LLz (Toy P3.4:] 14 27 (7 P2.6 (A14)
INDEX [ O - ot e (T1} P3.50| 15 26 | P2.5 (A13)
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(INTT) P32 g 25 ;7 P2 T (A15) CORMER Z‘:'j,‘iQSZQZZ
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/Q lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
Cuitry. In addition, the ATBIC51 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 osciliator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee
Supply voltage.

GND
Ground.

Port 0

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

Port 0 may 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 pul-
lups.

Port 0 also receives the code byles during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

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

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

ort 2

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

*ort 2 emits the high-order address byte during fetches
rom external program memory and during accesses to
:xternal data memory that use 16-bit addresses (MOVX @
JPTR). In this application it uses strong internal pullups

AIMEL

when emitting 1s. During accesses to external data mem-
ory 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 1/0 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 puliups 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 ATBIC51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt @)

P3.3 INTT (external interrupt 1)

P3.4 TO {timer 0 external input)

P35 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 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 output pulse for latching the low byte
of the address during accesses to external memory. 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 osciliator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data Mem-
ory.

if desired, ALE operation can be disabled by setting bit 0 of
SFR location BEH. 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 external pro-
gram memory.
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When the AT89CS51 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.

EANgp

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
internatly latched on reset.

EA should be strapped to V¢ for internat program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
jevice from an external clock source, XTALZ2 should be left
Jnconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
slock signal, since the input to the internal clocking circuitry
s through a divide-by-two flip-flop, but minimum and maxi-
num voltage high and low time specifications must be
Jbserved.

'dle Mode

n idle mode, the CPU puts itself to sleep while all the on-
ship peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
sial functions registers remain unchanged during this
node. The idle mode can be terminated by any enabled
nterrupt or by a hardware reset.

it should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, 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 ldle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2

—)}———eo—— XTALZ2
l C1 T
o—}———e— XITALT
i

. GND

Note: C1,C2 =30 pF t 10 pF for Crystals
= 40 pF * 10 pF for Ceramic Rescnators

Figure 2. External Clock Drive Configuration

NC ——— 1 XTAL2
EXTERNAL

OSCILLATOR — XTAL1
SIGNAL

J_ﬁ GND

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data

\dle External 1 1 Float Data Address Data
Power Down ‘ internal 0 0 Data Data Data Data ]
Power Down ] External 0 0 Float Data Data Data ]
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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. 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 V¢ is
restored to its normal operating level and must be held
active long encugh to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

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. It is nec-
essary that the latched value of EA be in agreement with
the current logic levet at that pin in order for the device to
function properly.

Program Lock Bits Protection Type
LB1 LB2 LB3

1 u U U No program lock features.

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 is disabled.

3 P P U Same as mode 2, also verify is disabled.

4 P P P | Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 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
(Vee) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB9C51 inside the user’'s system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The ATB8C5H1 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 ATBICS51 .| ATBSCS1
XXXX X0xx-5
YYww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H {031H)=51H
(032H)=FFH {032H)=05H

The AT83C51 code memory array is programmed byte-by-
wyte in either programming mode. To program any non-
dank byte in the on-chip Flash Memory, the entire memory
nust be erased using the Chip Erase Mode.

AIMEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT83C51, take the follow-

ing steps.

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

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

4, Raise EA/Vpp to 12V for the high-voltage programming
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 AT89C51 features Data Polling to indi-
cate the end of a write cycie. During a write cycle, an
attempted read of the |ast byte written will result in the com-
plement of the written datum on PO.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: 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.
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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 fock 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 “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

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 Atme|
(031H) = 51H indicates 89C51

{032H) = FFH indicates 12V programming
{032H} = 05H indicates 5V programming

Programming Interface

Every code byte in the Fiash 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, wiil automatically time itself to
completion.

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

Flash Programming Modes

Mode RST PSEN ALE/PROG EANpp | P26 | P27 | P36 | P3Y
Write Code Data H L H2v L H H H
. :
Read Cade Data H L H H L L H H
Write Lock Bit - 1 H L HM12V H H
—~_
Bit - 2 H L H/12v H H L L
—~
Bit- 3 H L H/i12V H L H L
v
Chip Erase H L (1) Hi12v H L L L
—~
Read Signature Byte H L H H L L L L
lote: 1. Chip Erase reguires a 10-ms PROG pulse.
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Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
ATB9C51 Q AT89C51 T
ADDR. Ai{_ﬂ. P1 Veo — ADDR. AD - ATl b4 Vee L.
OOOOQH/OFFFH | PGM OOOOH/OFFFH PGM DATA
— P20 - P23 PO [ pata P20 - P23 PO [—» (USE 10K
AB - A11 A8 - A11 PULLUPS)
e P2.6 ———»{ P26
SEE FLASH » P27 ALE |le— PROG SEE FLASH — | P27 ALE l
PROGRAMMING - . PROGRAMMING ‘
MODES TABLE ——» P36 MODES TABLE | —»{ P36 | v
N P37 T "
e -—| XTALZ EA {4 VNV - —@————1 XTAL2 EA |4 !
324 MHz _ = 3-24 MHzi l
( T TT
o xTAL1 RST |e— Vv, XTAL1 RST |4——— V),
‘{— GND PSEN 1 o GND PSEN _1—

Flash Programming and Verification Characteristics
Tp =0°Cto 70°C, Vee = 5.0+ 10%

Symbol Parameter Min Max iUnits
Vppt!) Programming Enable Voltage 11.5 12.5 Y

lppt" Programming Enable Current 1.0 mA
heloL Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48tc oL

taHAX Address Hold After PROG 48tccL

tovaL Data Setup to PROG Low 48tc L

teHDX | Data Hold After PROG 4Bte oL

tensH . P2.7 (ENABLE) High to Vep 48te L

tsHaL Vep Setup to PROG Low 10 1S

tons | Vpp Hold After PROG 10 ' us i
toLah | PROG Width 1 110 us

tavav Address to Data Valid 48t oL o
teLav ENABLE Low to Data Valid 4BtcicL ;

temaz Data Float After ENABLE 0 48tcicL

{GHBL PROG High to BUSY Low 1.0 Hs

twe Byte Write Cycle Time 20 ms

lote: 1. Only used in 12-volt programming made.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P10 - P17 ,i’ PROGRAMMING VERIFICATION
P20 - P23 4 ADDRESS _‘j ADDRESS —-
: *— tavav
PORT 0 — DATA IN ) DATA QUT -
e tover  toHox [
tavaL + ¥ N teHax
ALE/PROG N o
t - t
SHGL gy ® GHSL
S Nep LOGIC 1 )
EANee oo Tweico
—t — 1
P 7 ! EHSH tELQV - EHQZ
{(ENABLE)

toHeL —* e

P34__ -
(RDY/BSY) S BUSY READY
b twe

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

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS Aﬂ ADDRESS —
- — tavav
PORT 0 4 DATA IN “DATA OUT p——
> tval  lorox [
tﬁ\\."GL t(_‘-;HA)(
ALE/PROG
tshaL ™ toyan——>
- LOGIC 1
EANVpp A waicol L ______
. -— t t
P27 Erish teiqu—+  fe— A _EHQZ
(ENABLE) B A . )
‘ taraL —* le—
{RDY/BSY) BUSY /" READY
"ty ¥
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Absolute Maximum Ratings*

Storage Temperature ...

Operating Temperature................oo oo -55°C to +125°C

Voltage on Any Pin

with Respect to Ground ... -1.0V to +7.0V
Maximum Operating Voltage...............ocoiies 6.6V
DC Output CuUrrent.......o.ooo e 15.0 mA

veorere. -B5°C to +150°C

*NOTICE:

DC Characteristics
Ta =-40°C to 85°C, V¢ = 5.0V + 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functionai 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
refiability.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) -0.5 0.2 Ve - 01 v
Vi Input Low Voltage (EA) -0.5 0.2 Vge-0.3 \
Vin input High Voltage (Except XTAL1, RST) 0.2V +0.9 Vee + 0.5 \
Vi Input High Voltage (XTAL1, RST) 0.7 Voo Vec+ 0.5 v
VoL Output Low Valtagel" (Ports 1,2,3) loL = 1.6 mA 0.45 v
VoL Output Low Voltage'! lgL = 3.2 mA 0.45 \
{Port 0, ALE, PSEN)
Vo Oulput High Voltage loy = -60 HA, Ve = 5V £10% 2.4 \Y
{Ports 1,2,3, ALE, PSEN) lor = -25 pA 0.75 Ve v
loH = -10 pA 0.9 Ve v
Vor1 Output High Voltage lgH = -BOO HA, Ve = 5V £10% 24 v
(Port 0 in External Bus Mode) lop = -300 pA 0.75 Veg v
lgy=-BO A 0.9 Vee v
I Logica! 0 Input Current (Ports 1,2,3) Wiy = 0.45V -50 pA
L Logicat 1 to 0 Transition Current ViN=2V,.VCC =5V £ 10% -650 pA
(Ports 1,2,3)
ILs Input Leakage Current (Port 0, EA) 045<V)y <V 10 pA
RRST Reset Pulldown Resistor 50 300 KO
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode(® Voo =BV 100 HA
Vge =3V 40 HA
lotes: 1. Under steady state (non-transient) conditions, Ig, must be externally limited as follows:

Maximum |g_ per port pin: 10 mA
Maximum |g_ per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total 15 for all outpul pins: 71 mA
If lg, 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

AIMEL

Symbo! Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
Mool Oscillator Frequency 0 24 MHz
tHLL ALE Pulse Width 127 2o 40 ns
taviL Address Valid to ALE Low 43 toLo-13 ns
tLLAx Address Hold After ALE Low 48 torcL-20 ns
v ALE Low to Valid Instruction In 233 4te ¢ 65 ns
Pl ALE Low to PSEN Low 43 teLeL-13 ns
toLpH PSEN Pulse Width 205 3teLeL-20 ns
trLiv PSEN Low to Valid Instruction In 145 tere-45 ns
tpyix Input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float After PSEN 59 toLeL-10 ns
tpxav PSEN to Address Valid 75 teLoL-8 ns
taviv Address to Valid Instruction In 312 StcLoL-55 ns
toLaz PSEN Low to Address Float 10 10 ns
taLRH RD Pulse Width 400 Ble oL -100 ns
twLwWH WR Pulse Width 400 Bl e -100 ns
tar ov RD Low to Valid Data In 252 SteLel-90 ns
tRHDX Data Hold After RD 0 0 ns
trHDZ Data Float After RD 97 2oL c-28 ns
tLov ALE Low to Valid Data In 517 BleL o150 ns
tavow Address to Valid Data In 585 eLcL-165 ns
LWL ALE Low to RD or WR Low 200 300 3toLL-50 3o L *50 ns
LavwL Address to RD or WR Low 203 Mec-75 ns
tovwx Data Vaiid to WR Transition 23 teLeL-20 ns
tovwn Data Valid to WR High 433 TloLe-120 ns
twHax Data Hold After WR 33 toLcL-20 ns
talaz RD Low lo Address Float 0 0 ns
bAHLH RD or WR High to ALE High 43 123 toLoL-20 te oL 25 ns




External Program Memory Read Cycle

t
L 1 T

ne TN e N

Moo teepr
Lavie “_'_""""{ — S LY
o o [ T R 1 | o
PSEN | S teav
, - tpLaz | t
LTV IUR—, PXIZ |
‘ b toxix —»
PORTO >—]C”_A0-A? $ ~-———<INSTR IN AO - A7
o by —-- '""**4
PORT2 _>|< AB-A15 W AB-A15
External Data Memory Read Cycle
=
ALE t T Vs
L B Y
« - lman >
~— yw —
RD o tiax ¥ AN :t 7 ,
! - -
tayi L ¢ o » lrLov '—" RHOZ
RLAZ % : | t
P —+  |a— tRHDX
PORT 0 A0 - A7 FROM RI OR DPLA % ‘DATA IN_}>3%/A0 - A7 FROM PCL>— INSTR IN
-« toowe 'l |
- by ———»
PORT 2 < P20 - P27 OR A8 - A15 FROM DPH > A8 - A15 FROM PCH
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External Data Memory Write Cycle

b —
ALE f . T -
o by
PSEN e B ) L
— tw — e twiwn >
N . [ S
N .
WR be——t  ax —> e
— b —+ tavwx nl T A twhax
' tavwn ¥
PORT 0 5> (A - A7 FROM RI OR DPL | DATA ouT > <A0 - A7 FROM PCL> < INSTR IN
o b — -y
|
PORT 2 ,_X P2.0 - P2.7 OR AB - A15 FROM DPH > A8 - A15 FROM PCH
External Clock Drive Waveforms
"" terex >
- terex toicn - — — tonol

Vg - 0.5V
0.7 Vee

0.2 Vgg- 0.1V N 7 <

0.45V
o lgiex — ™
— locL *
External Clock Drive

Symbol Parameter Min | Max Units
MeLel Oscillator Frequency 0 24 MHz
tcloL Clock Period 416 ns
toHox High Time 15 nsk
teLex Low Time 15 ns
loLcH Rise Time 20 ns
teheL Fall Time 20 ns

40 AT 80 C 51 10



Serial Port Timing: Shift Register Mode Test Conditions
(Voo = 5.0 V £20%; Load Capacitance = 80 pF)

| Symbol | Parameter 12 MHz Osc Variable Oscillator Units

_‘ Min Max Min Max

Cbax Serial Port Clock Cycle Time 1.0 12t o0 us

| lavxH Output Data Setup to Clock Rising Edge 700 10t o -133 ns

_tXHQx Output Data Hold After Clock Rising Edge 50 2o 0 -117 ns
lxHDx ! Input Data Hotd After Clock Rising Edge 0 0 ns
by | Clock Rising Edge 10 Input Data Valid 700 10tg, o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION O |1l 2., 3 |_4 . s . g |7 | 8 |
Lo I [ Y I B e B I R L
- W D
oLocKk R R T B e B e
tovxH | > |
e txnax
WRITE T SBUF R D NI O e "l S T Y N
OUTP' | am Y bapx +
UT DATA taroy N SET T
COLEARRI T T T T . s i b i i i
|NPU; DATA SET RIT
AC Testing Input/Output Waveforms(!) Fioat Waveforms!(!
Vee - 0.5Vﬂ\ 02 Vg +ﬁ‘}j—3§ — Vionp® O ‘"_““;3*“- 0.1V
TEST POINTS V\ioan ‘ Timing Reference o
/ Points
045y —— [)ZJEL[,)_‘LV_/_/{ —_ VLOAD- ' - VOL* o.1v

fote: 1. AC Inpuls during testing are Jriven at Vec-0.5Vior  Note: 1. For timing purposes, a port pin is no longer floating

a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V| min. for a logic 1 and V| port pin begins to float when 100 mV change from
max. for a logic 0. the toaded Vou/Vg, level occurs.
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Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Operation Range

12 5V + 20% ATB9CH1-12AC 44A Commercial
ATBICS1-12)C 44) (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
ATBI9CS51-12Al 444 :‘ Industrial
AT89C51-12J| 44J ’ {-40°C to 85°C}
ATBICS51-12P| 40P6
ATBICS1-12Q1 44Q
AT89C51-12AA 444 Automotive
ATBIC51-12JA 44)) (-40°C to 105°C)
ATBIC51-12PA 40P6
ATBIC51-12QA 44Q

16 5V + 20% ATB9C51-16AC 44A Commercial
ATB9C51-16JC 44J {0°C to 70°C})
AT89C51-16PC 40P6
ATBIC51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J! 44 (-40°C to B5°C)
ATBIC51-16PI 40P6
ATBIC5H1-16Q 44Q
ATBICH1-16AA 44A Automotive
AT89C51-16JA 44) {-40°C to 105°C)
ATBOC51-16PA 40P6
AT89C51-16QA 44Q

20 5V 20% ATBICH1-20AC 44A Commercial
AT89C51-20JC 44, {0°C to 70°C)
ATB9C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
ATBIC51-20J1 444 (-40°C to 85°C)
ATB9C51-20P! 40P6
ATBO9CS1-20QlI 440 i

42 AT89C51 mms——————————



Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Operation Range
24 5V £ 20% ATBOC51-24AC 44A Commercial
ATBICS51-24JC 44, {0°C to 70°C)
ATB9C51-24PC 44P6
AT88C51-24QC 440
AT88C51-24Al 44A Industrial
AT83C51-24J| 44J (-40°C to 85°C)
AT89C51-24Pi 44P6
ATB9C51-24Q 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) . 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual inline Package (PDIP) B
44Q 44 Lead, Plastic Gull Wing Quad Fiatpack (PQFP) J

AIMEL
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 15889 - REVISED MARCH 2004

® Meets or Exceeds TIA/EIA-232-F and ITU

Recommendation V.28

Operates From a Single 5-V Power Supply

With 1.0-uF Charge-Pump Capacitors

Operates Up To 120 kbit/s
Two Drivers and Two Receivers
+30-V Input Levels

ESD Protection Exceeds JESD 22

Low Supply Current . . . 8 mA Typical

~ 2000-V Human-Body Model (A114-A)

® Upgrade With improved ESD (15-kV HBM)
and 0.1-uF Charge-Pump Capacitors is

Available With the MAX202
® Applications

- TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232...D, DW, N, OR NS PACKAGE
MAX232| ... D, DW, OR N PACKAGE

(TOP VIEW)
c1+ [ 1 U15]VCC
Vgs [} 2 15[] GND
ci-[j3 14[] TIOUT
c2+[] 4 13[J R1IN
c2-(]s 12[] R10UT
vg-[| 6 1 TN

T20UT |7 10{] T2IN
R2IN[] 8 9] R2OUT

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMQOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept £30-V inputs.
Each driver converls TTL/CMOS input levels into TIA/JEIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMAT!ON

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
PDIP (N) Tube of 25 MAX232N MAXZ32N
o Tube of 40 MAX232D MAX
soiem) Reel of 2500 MAX232DR 232
0°C to 70°C
o Tube of 40 MAX232DW a2s
oW
©W)  Reel of 2000 MAX232DWR
SOP (NS) Reel of 2000 MAX232NSR MAXZ32
PDIP (N) Tube of 25 MAX232IN MAX232IN
SOIC (D Tube of 40 MAX232I1D
—40°C 1o B5°C ©) Reel of 2500 MAX23210R Max2321
Tube of 40 MAX232IDW
S0IC (DW) MAX232|
Reel of 2000 MAX232IDWR

t Package drawings, standard packing quantities, thermat data, symbolization, and PCB design

guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.

PRODUCTION DATA informetion s cummenl ss of publicstion date.
Products conlomm to spaciiications par the terms of Taxas Instruments
standard y. Praduction pr Ing doss nat ity Include
testing of all parameters.

"f’ TEXAS

Caopyright ® 2004, Texas Instruments Incarporated
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MAX232, MAX232

DUAL EIA-232 DRIVERS/RECEIVERS

S1LS047L - FEBRUARY 1985 - REVISED MARCH 2004

logic diagram {positive logic)

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H
H L

H = high level, L = low

level

EACH RECEIVER
INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low

level

T1IN " DG kn T10UT
R1OUT 12 O@ 13 R1IN
R20UT : O@ k R2IN

‘5‘ TEXAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EJA-232 DRIVERS/RECEIVERS

SLL5047L - FEBRUARY 1889 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Vec(seeNote 1) ... -03VioBV
Positive output supply voltage range, VSu Vee-03Vio 15V
Negative output supply voltage range, Voo T -0.3Vto-15V
Input voltage range, V|: Driver ............... ... ... ... .. . .. ... 7 ~03VtoVee +03V
Receiver .............. ... 30V

Output voltage range, Vo: TIOUT, T20UT ... ... ... ... ... . ... Vg--03VtoVg,+03V
RIOUT, R20UT ..................... ... .. ...~ “03VtoVee +03V

Short-circuit duration: T1OUT, T20UT .............. ... ... . .~ "~ 7% Unlimited
Package thermal impedance, B)a(see Notes 2and 3): Dpackage .............. ... ... . 73°Cw
DWpackage .................. . ... .. 57°C/wW

Npackage ........... ... .. ... ... ... .. 67°C/wW

NSpackage ................... ... .. .. 64°C/w

Operating virtual junction temperature, T 150°C
Storage temperature range, Tstg .................................................. -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ralings anly, and
functional aperation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability,

NOTES: 1. All voltages are with respect to network GND.

2. Maximum power dissipation is a function of Ty(max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = {T j(max) - TAM8 y4. Operating at the absolute maximum TJ of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7,

recommended operating conditions

MIN NOM MAX | UNIT
Vece Supply voltage 4.5 5 5.5 v
VIH High-level input voltage {TTIN,T2IN) 2 \
ViL Low-level input voltage (T1IN, T2IN) 0.8 v
R1IN, R2IN Receiver input voltage +30 v
Ta Operating free-air temperature MAX232 0 79 °C
MAX232{ -40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPt mAX| uniT
Vec =55V, Al outputs open,
IcC  Supply current TA = 25°C 8 10 mA

¥ All typical vaiues are at Vo = 5 V and Ta = 25°C.
NOTE 4: Test conditions are C1-C4 = 1 uF at Vec=5V+05Vv

‘Qf TEXAS
INSTRUMENTS
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MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN Typt mMax]| uniT
Vol  High-level output voltage T10UT, T20UT R = 3kQ 1o GND 5 7 A
VoL  Low-leve! output voltaget T10UT, T20UT [ R = 3 ki) to GND -7 -5 v
o Output resistance T10UT, T20UT |Vg+=Vg-=0, V=42V 300 Q
los§  Shen-creuit output current T1OUT, T20UT |V =55V, Vo=0 +10 mA
s Short-circuit input current T1N, T2IN V=0 200 uA

T Al typical values are at Vo = 5 V. Ta = 25°C.

1 The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
ievels only.

§ Not more than one output should be shorted at a time,

NOTE 4: Test conditions are C1-C4 =1 pF atVoc =5V +05V.

switching characteristics, Voo =5 V, Ta = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

) R =3kQlaTkQ,
SR Driver slew rate See Figure 2 30| Vs
SR(t) Driver transition region slew rate See Figure 3 3 Vs
Data rate One TOUT switching 120 kbi/s

NOTE 4: Test conditions are C1-C4 =1 pF at Voo =5V 205V

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYpt mMaAX| UNIT
VoH  High-level output voltage R1OUT R20UT |IgH=-1mA A5 v
VoL  Low-level oulput voltaget R10OUT, R20UT |igL =3.2mA 04 Y
Recei itive-gaing input
VITE  threshod votage R1IN, R2IN Voo =5V, Ta = 25°C 17 24| v
ViT- 5,::,'1‘3; rliﬁ:g‘f'gc"”g nput R1IN, R2IN Voo =5V, Ta = 25°C 0.8 12 v
Vhys  Input hysteresis voltage RN, RZIN Vee=5V 0.2 0.5 1 v
r Receiver input resistance R1iN, R2IN Voo =5, Ta =25°C 3 5 7 [4e]

T All typical values are at Ve = 5V, Ta = 25°C.

1 The algebraic convention, in which the least-pasitive (most negative) value is designated minimum, is used in this data sheet for fogic voltage
levels only.

NOTE 4. Test conditions are C1-C4 =1 uF at Voo =5V 05 V.

switching characteristics, Voo =5V, Tp = 25°C (see Note 4 and Figure 1)

PARAMETER TYP | UNIT
\p|_H{R) Receiver propagation delay time, low- to high-tevel output 500 ns
PHL{R) Receiver propagation delay time, high- to low-tevel oulput 500 ns

NOTE 4: Test conditions are C1-C4=1pF at Voo =5V 10.5V.

*5’ TEXAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRLUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

RL=1.3kQ

Pulse See Note C
Generator

(see Note A}

CL =50 pF =
{see Note B)
TEST CIRCUIT

10 ns -» :k —» l—<10ns
l

|
Inout ¥ T v
P 10% 50% 50% N 10%
| i ov

+— 500 ns —»

tPHL H_QPLH
| | VOH
Output 15V i{ 1.5V % _____ VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.
B. C| includes probe and jig capacitance.
C. All diodes are 1TN3064 or equivalent,

Figure 1. Receiver Test Circuit and Waveforms for tpy;_and tp 4 Measurements

{’f TEXAS
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1589 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Pulse TN or T2IN T10UT ar T20UT
Generator ElA-232 Output
{see Note A) l
RL CL=10 pF
(see Note B}
TEST CIRCUIT
<{0 ns —bJI le— —» :4—510115
|
———————— 3v
nput : 90% 90% *Sgr
50% 50% N
0, o,
10% 1 & 10% oV
Ilq— 5us —»
f¢—»— tpLH
tpHL — !
! 90% | VoH
. | A~ 80%
Output I\ _10% 10% A
P - VoL
tTHL —» _’| (4 tTLH
0.8 (Vo -Vo)  9-8(Vg ~Voy!
SR = 1 or t
TLH THL
WAVEFORMS

NOTES: A. The pulse generator has the fallowing characteristics: Zoy = 50 {2, duty cycle < 50%.
B. C includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy and tp; iy Measurements (5-us Input)

Pulse
(iinﬁgizo};) O l ElA-232 Output
3 kil I CL=25nF

TEST CIRCUIT
<10ns —» h— — ld—sﬂ]ns
|

Input |
| 90% 90% |
| 15V 15V N 1%
J‘_ 20 us —D|
il Ll Y
t'rHL"*I Ik_ B T
— v % | | VoH
Qutput 3V | | 3V
- -3V
IV eroronom—m———or. VoL
SR = 6V

trHL O YLl

WAVEFORMS
NOTE A:  The pulse generator has the following characteristics: Zg = 50 (2, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tyy and ty 4 Measurements (20-us Input)

{5“ TeEXAS
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

APPLICATION INFORMATION

5V
Al |
CeYPASS =1HF = :
16 ]
= ‘ t == 14F
1 Vee , l R
(| ci+ "
c1 1uF 3 Vge > B85V
S e Lo 6
_r___ﬂ_w_w4_ C2+ Vs- --—:Il—b -85V
c2 1uF 5 c4 1uF
e T
1 > ~ 14 1232 Output
c TTL
From CMOS or 10 | > ~ 7 E1A-232 Output
12 _ 13
O p—«—— EiA-232 Input
To CMOS or TTL 9 8
PENL B oV O |—<—— EIA-232 Input
15
GND

TC3 can be connected to Vo or GND,
NOTES: A. Resistor values shown are nominal.

8. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used. they should be
connected as shown, [n addition to the 1-iuF capacitors shown, the MAX202 can operate with 0.1-uF capacitors.

Figure 4. Typical Operating Circuit

"5 TEXAS
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Y T PACKAGE OPTION ADDENDUM

INSTRUMENTS
www ti.com 18-Jul-2006

PACKAGING INFORMATION

Orderable Device Status ') Package Package Pins Package EcoPlan'? Lead/Ball Finish MSL Peak Temp ¥
Type Drawing Qty
MAX232D ACTIVE SOIC D 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232DE4 ACTIVE SOIC D 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br}
i MAX232DR ACTIVE S0IC D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
| no Sb/Br)
! MAX232DRE4 ACTIVE SQIC D 16 2500 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
i no Sb/Br)
MAX232DW ACTIVE soiC DW 16 40 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232DWE4 ACTIVE SoIC Dw 16 40 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232DWR ACTIVE SOIC Dw 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sh/Br)
MAX232DWRE4 ACTIVE SQIC Dw 16 2000 Green (RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX2321D ACTIVE SQIC D 16 40 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IDE4 ACTIVE S0IC D 16 40 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no ShiBr)
MAX232IDR ACTIVE S0oIC D 16 2500 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232IDRE4 ACTIVE SOIC D 16 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
MAX232iDW ACTIVE sSQIC DW 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
na Sb/Br)
MAX232IDWE4 ACTIVE S0IC DW 16 40 Green{RoHS & CU NIPDAU Level-1-260C-UNLIM
no ShiBr)
MAX232IDWG4 ACTIVE SoIC Dw 16 40 Green{RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
MAX232IDWR ACTIVE SQIC DwW 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
MAX232IDWRE4 ACTIVE S0IC DW 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232IDWRG4 ACTIVE SoIC DwW 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
MAX232IN ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU N /A for Pkg Type
(ROHS) !
MAX232INE4 ACTIVE PDIP N 16 25 Pt-Free CUNIPDAU N/ Afor Pkg Type '
(RoHS)
MAX232N ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU N/ A for Pkg Type
{RoHS)
MAX232NE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
{RoHS)
MAXZ232NSR ACTIVE SO NS 16 2000 Green {(RoHS & CU NIPDAU Level-1-260C-LNLIM
no Sb/Br)
MAX232NSRE4 ACTIVE S0 NS 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
ne SbiBr)

M The marketing status values are defined as follows:
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ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

DBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http:/fwww ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined,

Pb-Free (RoH3): TI's lerms "Lead-Free" or "Pb-Free” mean semiconductor products that are compatibte with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materals. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-Tree processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free {RoHS
compatible) as defined above.

Green {RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine {Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material}

3 MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to beller integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. T1 and Tt suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall T!'s fiability arising out of such information exceed the total purchase price of the Tt part{s) at issue in this document sold by Tl
to Customer on an annual basis.
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MECHANICAL DATA

PLASTIC DUAL—IN-LINE PACKAGE

N {(R—PDIP—T**)
16 PINS SHOWN
%
¢ A oM oINS 14 6 18 20
6 ’ 0775 | 0775 | 0820 | 1.060
= ACMAX 1 19.69) | (19.69) | (23.37) | (26.82)
0.260 (6.60) 0.745 | 0.745 | 0.850 | 0.840
D 0.240 (5,10 ACMING 802} | (18,92) | (21.56) | (23.88)
— A | 00 L s | B | oA |

Tt TS L o A T
8

J L 0.070 ( 178!&

! 0,125 (3,18) MIN

0.045 (1,14}
0.045 (1.14) 0.325 (8,26
1 r 0.030 (0,76) A 0.028 (