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Abstract
This project is presented the air-condition control & monitoring system in the classroom by
using microcontroller via computer center. It can control air-condition depend on time schedule. This

system can be showed status and temperature by computer display.
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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

4V 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 I/0 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 nonvol-
atile memory technology and is compatible with the industry-standard 80C51
instruction 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
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with downloadable Flash on a monolithic chip, the Atmel AT89S8252 is a powerful
microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89S8252 provides the following standard features: 8K bytes of downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 /O lines, programmable watch-
dog 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 AT89S8252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. Theldle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware 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 serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

ATmEL

TRy 7

8-bit
Microcontroller
with 8K Bytes
Flash

AT89S8252

Rev. 0401E-02/00



Pin Configurations
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(T2)P1.oC]1 40 vce
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(MOSI) P1.5C] 6 35 [1P0.4 (AD4)
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(RD)P3.7J 17 24 [1P2.3 (A11)
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(TXD) P3.1 {7 27 [J ALE/PROG
(INTO) P3.2 8 26 [1PSEN
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Pin Description

VCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bbi-didirectional /0 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 can also be configured to be the multiplexed low-
order address/data bus during accesses to external
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(SCK) P1.70]9 37 [1P0.6 (AD6)
RSTC 10 36 [1P0.7 (AD7)
(RXD) P3.00] 11 35 [0 EAVPP
NCO 12 34[INC
(TXD) P3.1013 33 [J ALE/PROG
(INTO) P3.20] 14 32 1PSEN
(INT1) P33 15 31 [1P2.7 (A15)
(To) P3.4 {16 30 [1P2.6 (A14)
T P T iy e v o = 10 0 o 29 [IP25 (A13)
—ErSAN&IR8R%
OUOUo0oUoouooy
eny5gg9g-—qaxw
ElZ Mg vy
T 5 < % ToeTa
513 NEARE

program and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/0 port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (l,.) because of the internal pullups.

2 AT89S8252 e T e R
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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.

Pin Description

Furthermore, P1.4, P1.5, P1 .6, and P1.7 can be configured
as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table.

Port Pin Alternate Functions

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

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

P14 SS (Slave port select input)

P15 MOSI (Master data output, slave data input pin
for SPI channel)

P1.6 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 verification.

Port 2

Port 2 is an 8-bit bi-directional 1/0 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 pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

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

Port 3

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

Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (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)
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 piniis also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing 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 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

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

When the AT89S8252 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.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-

4 AT89S8252 e i G
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gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V. for internal program execu-
tions. This pin also receives the 12-volt programming
enable voltage (V,,) during Flash programming when 12-
volt programming is selected.

Table 1. AT89S8252 SFR Map and Reset Values

OF8H

O0FOH

OE8H

OEOH

0D8H

0DOH

0C8H

0CoH

0B8H

0BOH

0A8H

0AOH

98H

90H

88H

80H

XTALA1

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

XTAL2

Output from the inverting oscillator amplifier.

B
00000000

ACC
00000000

PSW
00000000

SPCR
000001XX

T2CON
00000000

T2MOD
XXXXXX00

RCAP2L
00000000

RCAP2H
00000000

TL2
00000000

TH2
00000000

P
XX000000

P3
11111111

IE

"0X000000

SPSR
00XXXXXX

P2
11111111

SCON
00000000

SBUF
XXXXXXXX

P1
11111111

WMCON
00000010

TCON
00000000

TMOD
00000000

TLO
00000000

TL1
00000000

THO
00000000

TH1
00000000

PO
11111111

SP
00000111

DPOL
00000000

DPOH
00000000

DP1L
00000000

DP1H
00000000

SPDR
XXXXXXXX

PCON
0XXX0000

ATmEL

OFFH
OF7H
OEFH
0E7H
ODFH
0D7H
OCFH
0C7H
0BFH
0B7H
OAFH
0A7H
9FH

97H

8FH

87H
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General Description

The MAX202E-MAX213E, MAX232E/MAX241E line
drivers/receivers are designed for RS-232 and V.28
communications in harsh environments. Each
transmitter output and receiver input is protected
against +15kV electrostatic discharge (ESD) shocks,
without latchup. The various combinations of features
are outlined in the Selection Guide. The drivers and
receivers for all ten devices meet all EIA/TIA-232E and
CCITT V.28 specifications at data rates up to 120kbps,
when loaded in accordance with the EIA/TIA-232E
specification.

The MAX211E/MAX213E/MAX241E are available in 28-
pin SO packages, as well as a 28-pin SSOP that uses
60% less board space. The MAX202E/MAX232E come
in 16-pin narrow SO, wide SO, and DIP packages. The
MAX203E comes in a 20-pin DIP/SO package, and
needs no external charge-pump capacitors. The
MAX205E comes in a 24-pin wide DIP package, and
also eliminates external charge-pump capacitors. The
MAX206E/MAX207E/MAX208E come in 24-pin SO,
SSOP, and narrow DIP packages. The MAX232E/
MAX241E operate with four 1pF capacitors, while the
MAX202E/MAX206E/MAX207E/MAX208E/MAX211E/
MAX213E operate with four 0.1pF capacitors, further
reducing cost and board space.

Applications

Notebook, Subnotebook, and Palmtop Computers
Battery-Powered Equipment
Hand-Held Equipment

Ordering Information appears at end of data sheet.

VI A X1/

*15kV ESD-Protected, +5V RS-232 Transceivers

Features

¢ ESD Protection for RS-232 I/0 Pins:

115kV—Human Body Model

+8kV—IEC1000-4-2, Contact Discharge
+15kV—IEC1000-4-2, Air-Gap Discharge
¢ Latchup Free (unlike bipolar equivalents)

<*

Compatible

Guaranteed 120kbps Data Rate—LapLink™

¢ Guaranteed 3V/us Min Slew Rate
¢ Operate from a Single +5V Power Supply

Pin Configurations

TOP VIEW
N
Cl+ E E Vee
v+ [2] [15] G0
- BB _amasaaa [l nour
e [4] maxaoze i3] mam
L E MAX232E % e
v- 5] 1] T
Toout [7] [10] Tan
RN [ 8 9] roout
DIP/SO

Pin Configurations and Typical Operating Circuits continued at

end of data sheet.

Selection Guide

PR e | edteny | AoTEN | oatha | LOWPOWER | T Tunee.
SHUTDOWN CAPACITORS
MAX202E 2 2 0 4 (0.1pF) No No
MAX203E 2 2 0 None No No
MAX205E 5 5 0 None Yes Yes
MAX206E 4 3 0 4 (0.1pF) Yes Yes
MAX207E 5 3 0 4 (0.1pF) No No
MAX208E 4 4 0 4 (0.1pF) No No
MAX211E 4 5 0 4 (0.1pF) Yes Yes
MAX213E 4 5 2 4 (0.1pF) Yes Yes
MAX232E 2 2 0 4 (1pF) No No
MAX241E 4 5 0 4 (1pF) Yes Yes

ALYZXVIWIZEZXYIN ‘TELZX VIN-320ecX YN

LapLink is a registered trademark of Traveling Software, Inc.

AKXV

For free samples & the latest literature: http://mww.maxim-ic.com, or phone 1-800-998-8800
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MAX202E-MAX213E, MAX232EMAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS

-0.3Vto +6V
-(Vcc - 0.3V) to +14V
-14Vto +0.3V

T_IN.... -0.3V to (V+ +0.3V)

R_IN ...

Output Voltages
T_OUT.... (V--0.3V) to (V++ 0.3V)
R_OUT.... -0.3Vto (Vee + 0:3V)

Short-Circuit Duration, T_OUT
Continuous Power Dissipation (Ta = +70 C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) .....696mW
16-Pin Wide SO (derate 9.52mW/°C above (37 02C) == 8 762mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)...889mwW

Continuous

20-Pin SO (derate 10.00mW/°C above +70°C)............ 800mw
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C)
24-Pin Wide Plastic DIP

(derate 14.29mW/°C above +70°C) oo
24-Pin SO (derate 11.76mW/*C above +70°C).
24-Pin SSOP (derate 8.00mWi/°C above +70°C) .
28-Pin'SO (derate 12.50mW/°C above +70°C)....
28-Pin SSOP (derate 9.52mW/°C above +70°C) .

Operating Temperature Ranges
MAX2_ _EC__ ...

0°Cto +70°C
-40°C to +85°C
-65°C to +165°C

MAX2_ _EE_

Storage Temperature”ﬁange.
Lead Temperature (soldering. 10sec).....

Stresses beyond those listed under "Absolute Maximum Ratings” may'cause permanent damage (o the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended. periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vcc = +5V +10% for MAX202E/206E/208E/211E/213E/232E/241E; VoG = +5V +5% for MAX203E/205E/207E; C1-C4 = 0.1pF for
MAX202E/206E/207E/208E/211E/213E; C1-C4 = TuF for MAX232E/241E; T = TmiN 0 Tpmax: unless otherwise noted. Typical values

are at Ta = +25°C.)

PARAMETER ’ SYMBOL CONDITIONS MIN TYP MAX |UNITS

DC CHARACTERISTICS
MAX202E/203E 8 A5,
MAX205E-208E ik} 20

Vcc Supply Current Ilcc No load, Ta = +25°C MAX211E/213E 14 20 mA
MAX232E 5 10
MAX241E 7 15
MAX205E/206E 1 10

Shutdown Supply Current Ta = +25°C, Figure 1 MAX211E/241F 1 10 HA
MAX213E 15 50

LOGIC

Input Pull-Up Current T_IN = 0V (MAX205E-208E/21 1E/213E/241E) o 200 HA

Input Leakage Current T_IN = 0V to Ve (MAX202E/203E/232E) +10 pA

Inpat Theeshotd Low Vi %N él—Engs(miz(g:E)izzl)%?/; 1E/241E) o8 v

T_IN 2.0
Input Threshold High ViH EN, SHDN (MAX213E) or EN, SHDN 24 %
(MAX205E-208E/211E/241E) ’
Outputvottage Low VoL | ir L4 B MAAOSEORER s o4 | v
Output Voltage High VoH R_OUT: louT = -1.0mA 3.5 Vcc- 04 \
= = < <
Output Leakage Current sr:xz\égg'-z?sﬁlg:/% glvzf 3??2?@ \éﬁtcp;uls disabled 105 «30 | pA

M AKXV




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +5V £10% for MAXZOZE/ZOSE/ZOBE/ZHE/213E/232E/241E; Vet =
MAX202E/206E/207E/208E/211E/213E; C1-C4 = TpF for MAX232E/241E; Ta

are at Ta = +25°C.)

+5V 5% for MAX203E/205E/207E: C1-C4 = 0.1pF for
= TMIN to TMax: unless otherwise noted. Typical values

PARAMETER

SYMBOL

CONDITIONS MIN TYP MAX | UNITS
EIA/TIA-232E RECEIVER INPUTS
Input Voltage Range -30 30 \Y
All parts, normal operation 0.8 R
Ta = +25°C, =
Input Threshold Low MAX213E. SHDN = 0V, v
Vee =8\ 0.6 1.5
EN = Vce
All parts, normal operation 1.7 2.4
Input Threshold High IEPA, £ 62 MAX213E (R4, RS), v
Vce = 5v £ L s 2.4
Y SHDN = 0V, EN = Vee
Input Hysteresis Vcce = 5V, no hysteresis in shutdown 0.2 0.5 1.0 %
Input Resistance TA = +25°C, Ve = 5V. 3 5 7 kQ
EIA/TIA-232E TRANSMITTER OUTPUTS
Output Voltage Swing All drivers loaded with 3kQ to ground (Note 1) +5 +9 \%
Output Resistance Vee = V+ = V-= 0V, Vout = +2V 300 Q
Output Short-Circuit Current +10 +60 mA
TIMING CHARACTERISTICS
. RL = 3kQ to 7k, Ci. = 50pF to 1000pF, 3
Maximum Data Rate one transmitter switching T fops
All parts, normal operation 0.5 10
Receiver Propagation Delay [lit:l‘.RR Cr = 150pF MAX213E (R4, R5). 4 Hs
SHDN = OV, EN = Vec 4 0
) - MAX205E/206E/211E/213E/241E normal
Receiver Output Enable Time operation, Figure 2 600 ns
. ’ ) MAX205E/206E/211E/213E/241E normal
Receiver Output Disable Time operation, Figure 2 200 ns
Transmitter Propagation Delay t;'}‘:g RL = 3kQ, CL = 2500pF, all transmitters loaded 2 us
TA = +25°C, Vce = 5V, RL = 3kQ to 7kQ,
Transition-Region Slew Rate CL = 50pF to 1000pF, measured from -3V to 3 6 30 Vips
+3V or +3V to -3V, Figure 3
ESD PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS
Human Body Model +15
ESD-Protection Voltage IEC1000-4-2, Contact Discharge +8 kV
IEC1000-4-2, Air-Gap Discharge 115
Note 1: MAX211EE_ _ tested with Vcc = +5V £5%.
MAXIsVI 3

dlveXVivIceZzXYINl ‘IELZXYIN-TZ0ZXYIN




MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

(Typical Operating Circuits, Vcc = +5V, Ta

VOH, -voL (v)

8.0

75

70

6.5

6.0

55

50

TRANSMITTER OUTPUT VOLTAGE

MAX232E

vs. LOAD CAPACITANCE

TRANSMITTER OUTPUT VOLTAGE

MAX202E/MAX203E

vs. LOAD CAPACITANCE

Typical Operating Characteristics

= +25°C, unless otherwise noted.)

MAX241E

TRANSMITTER OUTPUT VOLTAGE

vs. LOAD CAPACITANCE

VOH, -voL (v)

8.0

70

6.5

6.0

50

{ PR W o R o ; 80 | P PO TS v | 8.0 L A S s £}
ALL IRANSMITTERS LOADED £ ALL TRANSMITTERS LOADED ’\ ALL IRANSMITTERS LOADED z
DATARATE = 120kbp$__ ; DATA RAIE = 120kbps ! N DATARAIE = 120kbps 2
N RL = 3k 4 15 Re=3kQ - T 75 N \ R = 3 "— :
A\ o 70 AN , 70 =N N I I
- g Ve =5.5v
\\ Voo =55 S o6 ol \\ Vg = 5.5V 2 N y
Y e ~5.0V > 65 3
Ve = 5.0 \’ z \V 4" ¥ z /4 \ b
= \ \ S 60 9 \\ AN 3 60 N = 500N \
*\ \\ N 5.5 /‘- \\ \\ \ 55 (\4\ \ \ \
Ve =45V e 4_5\/\ \ Ve = 45V
| \'\ 50 IIWA. N 5.0 l I I \\ N\ ™
1000 2000 3000 4000 5000 0 1000 2000 3000 4000 - 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pr) LOAD CAPACITANCE (pF)
MAX211E/MAX213E MAX211E/MAX213E/MAX241E

TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE
1 30 N
ALLTRANSMITIERS LDADED | ALL IRANSHILIERS LOADED |
DATARATE = 120kbps |7 DAIARAIE- 120kbps | [
\ R-3 T 25 Re=ka T
S Z
\\ s
E s
N Vee =55 =
=
=
L= AN
N a N
INQL -SLEWRATE
MNEANRN . ~
+SLEW RATE T ]
Vg 4.5V N i< Vg = 50V ) ] T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

LOAD CAPACITANCE (pF)

LOAD CAPACITANCE (pF)
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+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics (continued)
(Typical Operating Circuits, Vce = +5V, Ta = +25°C, unless otherwise noted.)

MAX202E/MAX203E/MAX232E MAX205E-MAX208E MAX205E-MAX208E
TRANSMITTER SLEW RATE TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
vs. LOAD CAPACITANCE ’ vs. LOAD CAPACITANCE " vs. LOAD CAPACITANCE
14 p 7. . .
ALL TRANSWATTERS LOADED e 200ps ¢ i Lch S SV R3] | [
DATARATE = 120kbps || e S R - i TTRANSMITTER AT FULL DATA RATE ] 2
12 RL = 3kQ f_ 50 o T—120kbps] 16 4 TRANSMITTERS AT 1/8 DATA RATE | %
= ~ =) P =
Z 10 N 5 25 f S
> =
= N = Vec = +4.5V, R_ = 3kQ I L vl
E 8 S0 |-1TRANSMITTER AT FULL DATA RATE—| =z 10
; \ N -SLEW RATE 5 4 TRANSMITTERS AT 1/8 DATA RATE e~y FALL \\
= \\ = 25 | - v
o .
\ o
JSLE Rﬁ}\ N 2‘“"‘"”5/61/ 4
4 ] -5.0 — T P~ |
By 2
5 ' ’ ’ o 20kbps y
0 1000 2000 3000 4000 5000 "0 1000 2000 3000 4000 5000 01000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
MAX205E-MAX208E
SUPPLY CURRENT MAX205E-MAX208E
vs. LOAD CAPACITANCE OUTPUT VOLTAGE vs. DATA RATE
50 i 100 (
| £ v ]
240kbps et 9) 4+ ¢
45 =z L 1 [ 7 z
;E L1 1 s Vour 1
= 40 v 120kbps| & 25
g P4 ] = Vec = 145V, R 23K
& 35 pa 1 8 o |- 1TRANSMITTER AT FULL DATA RATE |
3 R [~ & 4TRANSMITTERS AT 1/8 DATA RATE
/
o] | g 25 |
T 3 /] 20kbps ] = |
2 LA —‘l—r‘ © 50 Vour.
25 |-Vec = +4.5V, Ry = 3kQ
1 TRANSMITTER AT FULL DATA RATE, .15
4 TRANSMITTERS AT 1/8 DATA RATE N
20 410,
0 1000 2000 3000 4000 5000 030 60 90 120 150 180 210 240
LOAD CAPACITANCE (pF) DATA RATE (kbps)
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions

MAX202E/MAX232E
PIN
DIP/SO Lcc NAME FUNCTION
1.3 2,4 C1+,C1- Terminals for positive charge-pump capacitor
2 3 V+ +2Vcc voltage generated by the charge pump
4,5 5.7 C2+,C2- Terminals for negative charge-pump capacitor
6 8 V- -2Vcc voltage generated by the charge pump
7.14 9,18 T_OUT RS-232 Driver Outputs
8,13 10,17 R_IN RS-232 Receiver Outputs
9,12 12, g6 R_OUT RS-232 Receiver Outputs
10,11 13,14 T_IN RS-232 Driver Inputs
15 19 GND Ground
16 20 Vce +4.5V to +5.5V Supply-Voltage Input
— 1,6,11,16 N.CH No Connect—not internally connected.
MAX203E
L. NAME FUNCTION
DIP SO
1.2 1p2 T_IN RS-232 Driver Inputs
3.20 3,20 R_OUT RS-232 Receiver Outputs
4,19 4,19 R_IN RS-232 Receiver Inputs
518 5,18 T_OUT RS-232 Transmitter Outputs
6.9 6.9 GND Ground
7 7 Vce +4.5V to +5.5V Supply-Voltage Input
8 13 Cl+ Make no connection to this pin.
10,16 11,16 C2- Connect pins together.
12,17 10,17 V- -2Vce voltage generated by the charge pump. Connect pins together.
13 14 C1- Make no connection to this pin.
14 8 V+ +2Vcc voltage generated by the charge pump
11,15 12,15 C2+ Connect pins together.
MAX205E
PIN NAME FUNCTION
1-4,19 T_OUT RS-232 Driver Outputs
5,10,13,18, 24 R_IN RS-232 Receiver Inputs
6.9, 14,17,23 R_OUT TTL/CMOS Receiver Outputs. All receivers are inaclive in shutdown.
7,8.15, 16, 22 T_IN TTUCMOS Driver Inputs. Internal pull-ups to Vec.
11 GND Ground
12 Vce +4.75V 1o +5.25V Supply Voltage
20 EN Receiver Enable—active low
21 SHDN Shutdown Control—active high
6 AKXV




+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX206E
PIN NAME FUNCTION
1:2. 3,24 T_OUT RS-232 Driver Outputs
4,16, 23 R_IN RS-232 Receiver Inputs
5.17,22 R_OUT TTL/CMOS Receiver Outputs. All receivers are inactive in shutdown.
6.7.18, 19 T_IN TTL/CMOS Driver Inputs. Internal pull-ups to Vcc.
8 GND Ground
9 Vce +4.5V to +5.5V Supply Voltage
10,12 Cl+, C1- Terminals for positive charge-pump capacitor
10 V+ +2Vcc generated by the charge pump
13,14 C2+, C2- Terminals for negative charge-pump capacitor
15 V- -2Vce generated by the charge pump
20 EN Receiver Enable—active low
21 SHDN Shutdown Control—active high
MAX207E
PIN NAME FUNCTION
1.2, 3,20, 2§ T_OUT RS-232 Driver Outputs
4,16, 23 R_IN RS-232 Receiver Inputs
5.17,22 R_OUT TTL/CMOS Receiver Outputs. All receivers are inactive in shutdown.
6.7.18,19, 21 T_IN TTL/CMOS Driver Inputs. Internal pull-ups to Vee.
8 GND Ground
9 Vee +4.75V to +5.25V Supply Voltage
10, 12 €1+, Gi- Terminals for positive charge-pump capacitor
11 V+ +2Vcc generated by the charge pump
13, 14 C2+, C2- Terminals for negative charge-pump capacitor
15 V- -2Vcc generated by the charge pump
MAX208E
PIN NAME FUNCTION
1,2, 20, 24 T_OuT RS-232 Driver Outplits
3.7.16, 23 R_IN RS-232 Receiver Inputs
4,6,17, 22 R_OUT TTL/CMOS Receiver Outputs. All receivers are inactive in shutdown.
5.18,19, 21 T_IN TTUCMOS Driver Inputs. Internal pull-upsto \cc.
8 GND Ground
9 Vce +4.5V to +5.5V Supply Voltage
10, 12 C1+,C1- Terminals for positive charge-pump capacitor
11 V+ +2Vcc generated by the charge pump
13,14 C2+, C2- Terminals for negative charge-pump capacitor
15 V- -2Vcce generated by the charge pump

MAXI VI
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX211E/MAX213E/MAX241E

PIN NAME FUNCTION
1.2,3,28 T_OUT RS-232 Driver Outputs
4,9 18, 23,27 R_IN RS-232 Receiver Inputs
5.8.19, 22, 26 R OUT TTL/CMOS Receiver Outputs. For the MAX21 3E. receivers R4 and R5 are active in shutdown
PR - mode when EN = 1. For the MAX211E and MAX241€, all receivers are inactive in shutdown.
6.7.20, 21 T_IN TTL/CMOS Driver Inputs. Only the MAX211E, MAX213E, and MAX241E have internal pull-ups to \bc.
10 GND Ground
1 Vee +4.5V 10 +5.5V Supply Voltage
12,14 Ci+, C1- Terminals for positive charge-pump capacitor
13 V+ +2Vcc voltage generated by the charge pump
15,16 C2+, C2- Terminals for negative charge-pump capacitor
17 V- -2Vcc voltage generated by the charge pump
" EN Receiver Enable—active low (MAX211E, MAX241E)
EN Receiver Enable—active high (MAX213E)
o SHDN Shutdown Control—active high (MAX211E, MAX241E)
SHDN Shutdown Control—active low (MAX21 3E)
- IsHon N
S 7 W s
0.1pF* :I: 0.1pF* INPUT
s ov
+ Cl+ Vee Vs [
" — ~&— QUTPUT ENABLE TIME
O | AMAXKIM o1
MAX206E . % +
) + €2+ yee MAX211E — T
O 1~ Maxaise OUTPUT
C2- MAX241E Cp = 150L)F
T1T0T5 +3V
T_OUT
+5.5V p—
R1TO RS ol En &
+5.5V NOTE: INPUT
= N T —>|  |<— OUTPUT DISABLE TivE
OV OR +5.5V ~= IS REVERSED Vo s Vw01V
DRIVE FOR THE RECEVER N o
— MAX213€ outPuts 1T R- ke
+5.5V (0V) B—] SHON (SHDN) i 7 VoL + 0.1V
GND =
() ARE FOR MAX213E _.L CAPACITORS MAY BE
* 14F FOR MAX241E - POLARIZED OR UNPOLARIZED
Figure 1. Shutdown-Current Test Circuit (MAX206E, Figure 2. Receiver Output Enable and Disable Timing
MAX211E/MAX213E/MAX241E) (MAX205E/MAX206E/MAX 21 TE/MAX213E/MAX241E)
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*15kV ESD-Protected, +5V RS-232 Transceivers

o A e
15V B e
0.1pF* T 01"
ji‘ Cl+ Vee Vs
0.1pF* -, *
- o ZMIAXILAA |oapF

MAX2_ _E y. +

C2+
g Vee pe
01F* cc =
i e 0

~

0OV (+5V) B

OV (+5V) »—] SHON (SHDN)

MINIMUM SLEW-RATE TEST CIRCUIT

(') ARE FOR MAX213E
* TuF FOR MAX232E/MAX241E

TRANSMITTER INPUT PULL-UP RESISTORS, ENABLE, AND SHUTDOWN ARE NOT PROVIDED ON THE MAX202E, MAX203E. AND MAX232E
ENABLE AND SHUTDOWN ARE NOT PROVIDED ON THE MAX207E AND MAX208E.

MAX2. B v }1_\_
B

Ve =

o ) [+
P 7
0.1pF :]_: 01pF
..E— Cl+ Vee Vs

0.1pF™ R
T . VI AV |opr
2

K 50pF

OV (+5V) p—i

MAXIMUM SLEW-RATE TEST CIRCUIT

Figure 3. Transition Slew-Rate Circuit

Detailed Description

The MAX202E-MAX213E, MAX232E/MAX241E consist of
three sections: charge-pump voltage converters,
drivers (transmitters), and receivers. These E versions
provide extra protection against ESD. They survive
+15KV discharges to the RS-232 inputs and outputs,
tested using the Human Body Model. When tested
according to IEC1000-4-2, they survive +8kV contact-
discharges and =15kV air-gap discharges. The rugged
E versions are intended for use in harsh environments
or applications where the RS-232 connection is
frequently changed (such as notebook computers). The
standard (non-"E") MAX202, MAX203, MAX205-
MAX208, MAX211, MAX213, MAX232, and MAX241 are
recommended for applications where cost is critical.

+5V to +10V Dual Charge-Pump

Voltage Converter

The +5V to £10V conversion is performed by dual
charge-pump voltage converters (Figure 4). The first
Charge-pump converter uses capacitor C1 to double
the +5V into +10V, storing the +10V on the output filter
Capacitor, C3. The second uses C2 to invert the +10V

into -10V, storing the <10V on the V- output filter
capacitor, C4.

In shutdown mode, V+ is internally connected to Ve by
a 1kQ pull-down resistor, and V- is internally connected
to ground by a 1k pull-up resistor.

RS-232 Drivers
With Vce = 5V, the typical driver output voltage swing
is +8V when loaded with a nominal 5kQ RS-232
receiver. The output swing is guaranteed to meet
EIA/TIA-232E and V.28 specifications that call for +5V
minimum output levels under worst-case conditions.
These include a 3kQ load. minimum Vce, and
maximum operating temperature. The open-circuit
output voltage swings from (V+ - 0.6V) to V-,

Input thresholds are CMOS/TTL compatible. The
unused drivers’ inputs on the MAX205E-MAX208E,

MAX2T1E, MAX213E, and MAX241E can be left

unconnected because 400kQ pull-up resistors to Vce
are included on-chip. Since all drivers invert, the pull-
up resistors force the unused drivers’ outputs low. The
MAX202E, MAX203E, and MAX232E do not have pull-
up resistors on the transmitter inputs.

MVIAXI VI
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

When in low-power shutdown mode, the MAX205E/
MAX206E/MAX211E/MAX213E/MAX241E driver outputs
are turned off and draw only leakage currents—even if
they are back-driven with voltages between 0V and
12V. Below -0.5V in shutdown, the transmitter output is
diode-clamped to ground with a 1kQ series
impedance.

RS-232 Receivers
The receivers convert the RS-232 signals to CMOS:-logic
output levels. The guaranteed 0.8V and 2.4V receiver
input thresholds are significantly tighter than the +3V
thresholds required by the EIA/TIA-232E specification.
This allows the receiver inputs to respond to TTL/CMOS-
logic levels, as well as RS-232 levels,

The guaranteed 0.8V input low threshold ensures that
receivers shorted to ground have a logic 1 output. The
5kQ input resistance to ground.ensures that a receiver
with its input left open will also have a logic 1 output.

Receiver inputs have approximately 0.5V hysteresis.
This provides clean output transitions, even with slow
rise/fall-time signals with moderate amounts of noise
and ringing.

In shutdown, the MAX213E's R4 and R5 receivers have
no hysteresis.

Shutdown and Enable Control
(MAX205E/MIAX206E/MAX211E/
MAX213E/MIAX241E)
In shutdown mode, the charge pumps are turned off,
V+is pulled down to Vce, V- is pulled to ground, and
the transmitter outputs are disabled. This reduces
supply current typically to 1pA (15pA for the MAX21 3E).
The time required to exit shutdown is under ims, as
shown in Figure 5

Receivers
All MAX213E receivers, except R4 and R5, are put into
a high-impedance state in shutdown mode (see Tables
1a and 1b). The MAX213E's R4 and R5 receivers still
function in shutdown mode. These two awake-in-
shutdown receivers can monitor external activity while
maintaining minimal power consumption.

The enable control is used to put the receiver outputs into
a high-impedance state, to allow wire-OR connection of
two EIA/TIA-232E ports (or ports of different types) at the
UART. It has no effect on the RS-232 drivers or the
charge pumps

Note: The enable control pin is active low for the
MAX211E/MAX241E (EN), but is active high for the
MAX213E (EN). The shutdown control pin is active high
for the MAX205E/MAX206E/MAX211E/MAX241E
(SHDN), but is active low for the MAX213E (SHDN).

MAX202E
MAX203E
MAX205E-208E
MAX211E/213E
MAX232¢
MAX241E

Figure 4. Charge-Pump Diagram
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*15kV ESD-Protected, +5V RS-232 Transceivers

The MAX213E's receiver propagation delay is typically
0.5ps in normal operation. In shutdown mode,

propagation delay increases to 4ps for both rising and MAX211E
falling transitions. The MAX213E's receiver inputs have 3v SHON
approximately 0.5V hysteresis, except in shutdown, ov
when receivers R4 and R5 have no hysteresis.
10V

When entering shutdown with receivers active, R4 and
R5 are not valid until 80ps after SHDN is driven low. 5V i
When coming out of shutdown, all receiver outputs are

V+

invalid until the charge pumps reach nominal voltage Y/
levels (less than 2ms when using 0.1pF capacitors). 5V v
+15kV ESD Protection -10v

As with all Maxim devices, ESD-protection structures
are incorporated on all pins to protect against
electrostatic discharges encountered during handling
and assembly. The driver outputs and receiver inputs 208
have extra protection against static electricity. Maxim's
engineers developed state-of-the-art structures to N7 =,
protect these pins against ESD of +15kV without ;gu;gij.rgl;AAXZHE Vi and V- when Exiting Shutdown (0.1uF
damage. The ESD structures withstand high ESD in all s &

states: normal operation, shutdown, and powered
down. After an ESD event, Maxim's E versions keep Table 1a. MAXZOSE/MAXZOGEIMAXZHE/

working without latchup, whereas competing RS-232 MAX241E Control Pin Configurations

products can latch and must be powered down to OPERATION
remove latchup. SHDN |EN STATUS n &
ESD protection can be tested in various ways, the Neimal ) \
transmitter outputs and receiver inputs of this product O 1 9 | operatian | Al Active All Active
family are characterized for protection to the following N |
limits: S | Wi Al Active All High-Z
: Operation
1) +15kV using the Human Body Model i
. s - 1 X | Shud All High- igh-

2) +8KkV using the contact-discharge method specified g ol ' b Q Mg

in IEC1000-4-2 % SBont Chis

3) +15kV using IEC1000-4-2's air-gap method.

ESD Test Conditions Table 1b. MAX213E Control Pin

ESD performance depends on a variety. of conditions. Configurations
Contact Maxim for a reliability report that documents =
X
test set-up, test methodology, and test results. SHDN | EN | OPERATION T4
STATUS 13 45
Human Body Model
Figure 6a shows the Human Body Model, and Figure 0 0| Shutdown AllHigh-Z | High-Z | High-Z
6b shows the current waveform it generates when
discharged into a low impedance. This model consists 0 1 | Shutdown AllHigh-Z | High-Z | Active*
of a 100pF capacitor charged to the ESD voltage of r—
interest, which is then discharged into the test device 1 0 oﬁzlfnon All Active | High-Z | High-Z
through a 1.5kQ resistor. T '] |
rma L n .
1 1 Operation All Active Active Active

“‘Active = active with reduced pertormance

MNAXII 1
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MAX202E-MIAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Re M Rp 1500Q Re: 50M10 100M Rp 33002
B
CHARGE-CURRENT DISCHARGE CHARGE CURRENT DISCHARGE
LIMIT RESISTOR RESISTANCE LIMITRESISTOR RESISTANCE
HIGH- — DEVICE HIGH- : DEVICE
VOLTAGE Cs STORAGE UNDER VOLTAGE Cs STORAGE UNDER
DC 100pF CAPACITOR TEST DC 150pF CAPACITOR TEST
SOURCE SOURCE
Figure 6a. Human Body ESD Test Model Figure 7a. IEC1000-4-2 ESD Test Model
I A
1o 100% I PEAK-TO-PEAKRINGING "V e Y-yt
90% | ——— (NOT DRAWN TQ SCALE) 90% | -
AMPERES
36.8% E v
10% |-
0
0 ) TIME —
—— oL
CURRENT WAVEFORM
10% —
; =0.705 10 Tns ]
Figure 6b. Human Body Model Current Waveform b AR Y <.30ns l
>
——— (05 — |
" IEC1000-4-2
The IEC1000-4-2 standard covers ESD testing and

performance of finished equipment; it does not
specifically refer to integrated circuits. The
MAX202E/MAX203E-MAX213E, MAX232E/MAX241E
help you design equipment that meets level 4 (the
highest level) of IEC1000-4-2, without the need for
additional ESD-protection components.

The major difference between tests done using the
Human Body Model and IEC1000-4-2 is higher peak
Current in I[EC1000-4-2, because series resistance is
lower in the IEC1000-4-2 model. Hence, the ESD
withstand voltage measured to IEC1000-4-2 is
generally lower than that measured using the Human
Body Model. Figure 7b shows the current waveform for
the 8kV IEC1000-4-2 level-four ESD contact-discharge
test.

12

Figure 7b. IEC1000-4-2 ESD Generator Current Waveform

The air-gap test involves approaching the device with a
charged probe. The contact-discharge method
connects the probe to the device before the probe is
energized.

Machine Model
The Machine Model for ESD tests all pins using a
200pF storage capacitor and zero discharge
resistance. Its objective is to emulate the stress caused
by contact that occurs with handling and assembly
during manufacturing. Of course. all pins require this
protection during manufacturing, not just RS-232 inputs
and outputs. Therefore, after PC board assembly, the
Machine Model is less relevant to 1/0 ports.
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*15kV ESD-Protected, +5V RS-232 Transceivers

Applications Information

Capacitor Selection
The capacitor type used for C1-C4 is not critical for
proper operation. The MAX202E, MAX206-MAX208E,
MAX211E, and MAX213E require 0.1pF capacitors,
and the MAX232E and MAX241E require TpF
capacitors, although in all cases capacitors up to 10pF
can be used without harm. Ceramic, aluminum-
electrolytic, or tantalum capacitors are suggested for
the TpF capacitors, and ceramic dielectrics are
suggested for the 0.1pF capacitors. When using the
minimum recommended capacitor values, make sure
the capacitance value does not degrade excessively
as the operating temperature varies. If in doubt, use
capacitors with a larger (e.qg., 2x) nominal value. The
capacitors’ effective series resistance (ESR), which
usually rises at low temperatures, influences the
amount of ripple on V+ and V-.

Use larger capacitors (up to 10pF) to reduce the output
impedance at V+ and V-. This can be useful when
“stealing” power from V+ or from V-. The MAX203E and
MAX205E have internal charge-pump capacitors.

Bypass 'Vcc to ground with at least 0.1pF. In
applications sensitive to power-supply noise generated
by the charge pumps, decouple Ve to ground with a

Capacitor the same size as (or larger than) the charge-
pump capacitors (C1-C4).

V+ and V- as Power Supplies
A small amount of power can be drawn from V+ and V-,
although this will reduce both driver output swing and
noise margins. Increasing the value of the charge-pump
capacitors (up to 10pF) helps maintain performance
when power is drawn from V+ or V-,

Driving Multiple Receivers
Each transmitter is designed to drive a single receiver.
Transmitters can be paralleled to drive multiple
receivers.

Driver Outputs when Exiting Shutdown
The driver outputs display no ringing or undesirable
transients as they come out of shutdown.

High Data Rates
These transceivers maintain the RS-232 +5.0V
minimum driver output voltages at data rates of over
120kbps. For data rates above 120kbps, refer to the
Transmitter Output Voltage vs. Load Capacitance
graphs in the Typical Operating Characteristics.
Communication at these high rates is easier if the
Capacitive loads on the transmitters are small: i.g.,
short cables are best.

Table 2. Summary of EIA/TIA-232E, V.28 Specifications

EIA/TIA-232E, V.28

PARAMETER CONDITIONS SPECIFICATIONS

0 Level 3kQ to 7kQ load +6V to +15V
Driver Output Voltage

1 Level 3kQ to 7kQ load -5V 10 -15V
Driver Output Level, Max No load +25V
Data Rate 3kQ <R[ < 7kQ, Cp < 2500pF Up to 20kbps

0 Level +3V 1o +15V
Receiver Input Voltage

1 Level -3Vto-15V
Receiver Input Level +25V
Instantaneous Slew Rate, Max 3kQ <R £ 7kQ, C < 2500pF 30V/us
Driver Output Short-Circuit Current, Max 100mA

V.28

1ms or 3% of the period

Transition Rate on Driver Output

EIA/TIA-232E

4% of the period

Driver Output Resistance

-2V < Vour < +2V

3000

M AXI 2V
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Table 3. DB9 Cable Connections
Commonly Used for EIA/TIAE-232E and
V.24 Asynchronous Interfaces

PIN CONNECTION

Received Line Signal
Detector (sometimes

called Carrier Detect, prigafiake from DCE

DCD)
2 Receive Data (RD) Data from DCE
3 Transmit Data (TD) Data from DTE
4 Data Terminal Ready Handshake from DTE

5 Signal Ground Reference point for

signals
6 Data Set Ready (DSR) Handshake from DCE
7 Request to Send (RTS) Handshake from DTE
8 Clear to Send (CTS) Handshake from DCE
9 Ring Indicator Handshake from DCE

Pin Configurations and Typical Operating Circuits (continued)

TOP ViEW +5V INPUT ﬁr—r‘) -
0.1uF T 0.1uf

6.3V

= |
1 1 Vee 2
v
= +5V 10 +10v

03V T3 . voLTaGE DOUBLER
| Cl-— VOLTAGE DOUBLER | 4
A e LY

—{ca 3
Cl+ E 16] Veo 01pFr == Py +10VT0 =10V <

16V T2 c2- voL1AGE MvERTER LTS
v+ [2] (15] GND ———"""R | =

oG] amaam [l o

1T | TN T10UT |14
c [o] maxewoz  [@] e ._h{b‘,\
MAX232E .

RS-232

TTLCMOS
c2 5] 12] Ri0UT OUTPUTS

INPUTS

v- (6] (1] TN 10| T2 D T20UT | 7
T2001 [7] (0] T2

Ra [8 (9] RoouT <12 RIN 13
TILU/CMOS
5 RS-232
DIP/SO ouTPUTS INPUTS
9 | out 8
PIN NUMBERS ON TYPICAL OPERATING CIRCUIT REFER TO DIP/SO PACKAGE, NOT LCC oD =
* 1.04F CAPACITORS, MAX232E ONLY T
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description

The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communication. Each part contains one driver and one
receiver. The MAX483, MAX487, MAX488, and MAX489
feature reduced slew-rate drivers that minimize EMI and
reduce reflections caused by improperly terminated cables,
thus allowing error-free data transmission up to 250kbps.
The driver slew rates of the MAX481, MAX485, MAX490,
MAX491, and MAX1487 are not limited, allowing them to
transmit up to 2.5Mbps.

These transceivers draw between 120pA and 500pA of
supply current when unloaded or fully loaded with disabled
drivers. Additionally, the MAX481, MAX483, and MAX487
have a low-current shutdown mode in which they consume
only 0.TpA. All parts operate from a single 5V supply.
Drivers are short-circuit current limited and are protected
against excessive power dissipation by thermal shutdown
circuitry that places the driver outputs.into a high-imped-
ance state. The receiver input has a fail-safe feature that
guarantees a logic-high output if the input is open circuit.

The MAX487 and MAX1487 feature quarter-unit-load
receiver input impedance, allowing up to 128 MAX487/
MAX1487 transceivers on the bus. Full-duplex communi-
cations are obtained using the MAX488-MAX491, while
the MAX481, MAX483, MAX485, MAX487, and MAX1487
are designed for half-duplex applications.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers
Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

Features
¢ In yMAX Package: Smallest 8-Pin SO
¢ Slew-Rate Limited for Error-Free Data
Transmission (MAX483/487/488/489)
¢ 0.1pA Low-Current Shutdown Mode
(MAX481/483/487)
¢ Low Quiescent Current:
120pA (MAX483/487/488/489)
230pA (MAX1487)
300pA (MAX481/485/490/491)
¢ -7V to +12V Common-Mode Input Voltage Range
¢ Three-State Qutputs
¢ 30ns Propagation Delays, 5ns Skew
(MAX481/485/490/491/1 487)
¢ Full-Duplex and Half-Duplex Versions Available
¢ Operate from a Single 5V Supply
¢ Allows up to 128 Transceivers on the Bus
(MAX487/MAX1487)

¢ Current-Limiting and Thermal Shutdown for
Driver Overload Protection

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX481CPA 0°C'to +70°C 8 Plastic DIP
MAX481CSA 0°Cto +70°C 8 SO
MAX481CUA 0°Cto +70°C 8 HMAX
MAX481C/D 0°C to +70°C Dice*

Ordering Information continued at end of data sheet.
* Contact factory for dice specifications.

Selection Table

PART HALF/FULL | DATA RATE |SLEW-RATE | LOW-POWER Rggf\ll\éiw QCUJER?{CEE#T Tf? AJNNéBNﬁ_IF_iTCéI;S PIN
NUMBER DUPLEX (Mbps) LIMITED SHUTDOWN ENABLE (LA) ON BUS COUNT
MAX481 Half 25 No Yes Yes 300 32 8
MAX483 Half 0.25 Yes Yes Yes 120 32 8
MAX485 Half 2.5 No No Yes 300 32 8
MAX487 Half 0.25 Yes Yes Yes 120 128 8
MAX488 Full 0.25 Yes No No 120 32 8
MAX489 Full 0.25 Yes No Yes 120 32 14
MAX490 Full 2.5 No No No 300 32 8
MAX491 Full 25 No No Yes 300 32 14
MAX1487 Half 2.5 No No Yes 230 128 8

MIAXI VI Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic. com, or phone 1-800-998-8800
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MAX481/MAX483/MAX485/ViIAX487-VIAX491/VMIAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC) ...cevvvevvrisiooeooeeoo 12V 14-Pin SO (derate 8.33mW/°C above +70°C) i, 667mwW
Control Input Voltage (RE, DE)................... -0.5Vto (Vcc + 0.5V) 8-Pin pMAX (derate 4.1mW/°C above +70°C) ... ....830mwW
Driver Input Voltage (D1)........ccooveveevei -0.5Vto (Vce + 0.5V) 8-Pin CERDIP (derate 8.00mW/°C above +70°C)......... 640mwW
Driver Output Voltage (A, B)...c...coocovovivo -8Vto +12.5V 14-Pin CERDIP (derate 9.09mW/°C above +70°C)....... 727TmW
Receiver Input Voltage (A, B)......cccoocooooooo -8Vto +12.5V Operating Temperature Ranges
Receiver Output Voltage (RO)..................... -0.5Vto (Vcc +0.5V) MAX4_ _C__IMAXT48TC_A oo 0°Cto +70°C
Continuous Power Dissipation (TA = +70°C) MAXA4_ _E__IMAXTABTE_A..oooo -40°C to +85°C
8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) .. 727mW MAXA4_ _MJ_IMAXTA8TMIA ..o ...-55°C to +125°C
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)..800mwW Storage Temperature Range.......... 65°C to +160°C
8-Pin SO (derate 5.88mW/°C above 0 G ... 47TmW Lead Temperature (soldering, 10S€C) ... +300°C

Stresses beyond those listed under "Absolute Maximum Ratings " may cause permanent damagelo the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vee = 5V +5%, Ta = TMIN to TMAX. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Driver Output (no load) VobDi 5 Vv
Differential Driver Output R =50Q (RS-422) 2

) Vop2 : v
(with load) R = 27Q (RS-485), Figure 4 5 5
Change in Magnitude of Driver
Differential Qutput Voltage for AVoD R =27Q or 50Q, Figure 4 0.2 \Y
Complementary Output States
Driver Common-Mode Output 4 .
Volage Voc R'=27Q or 50Q, Figure 4 3 \%
Change in Magnitude of Driver
Common-Mode Output Voltage AVop R = 27Q or 50Q, Figure 4 0.2 \Y
for Complementary Output States
Input High Voltage ViH DE, DI, RE 2.0 Y
Input Low Voltage ViL DE, DI, RE 0.8 v
Input Current lINT DE, DI, RE +2 pA
DE =0V;
’ ViN =1 J
Vee = OV.or 5,25V, =T 10 A
Input Current all devices except ) ]
o N2 | MAX487/MAX1487 XQ\Y 0.8
MAX487/MAX1487, VIN =12V 0.25 -
DE =0V, Vec'=0Vor 525V [y = 7v 0.2
Receiver Differential Threshold
- < < -
Voltage VTH 7V <Vem< 12V 0.2 0.2 Y
Receiver Input Hysteresis AVTH Vecm = 0V 70 mV
Receiver Output High Voltage VOoH 0 = -4mA, V|p = 200mV 35 Vv
Receiver Output Low Voltage VoL 10 =4mA, V|p = -200mV 0.4 \Y
Three-State (high impedance) & .
Output Current at Receiver lozR 0.4vVsVos24v £1 HA
-7V <VeMm €12V, all devices except 12 KO
MAX487/MAX1487
Receiver Input Resistance RIN
-7V <VecM £ 12V, MAX487/MAX1487 48 kQ
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)

(Vee =5V £5%, Ta = TMIN to TMmAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488/MAX489,
DE. DI, RE = OV or Ve 120 250
MAX490/MAX491,
DE. DI, RE = OV or Ve S0 500
No-Load Supply Current MASSITI 2t BT, LN . il
(Note 3) lcc RE =0V orVce DE = OV 300 500 HA
MAX1487, DE =Vce 300 500
RE =0V or Vg DE = 0V 230 400
MAX483 350 650
MAX483/MAX487, DE =5V
RE = OV or Ve MAX487 250 400
DE =0V 120 250
Supply Current in Shutdown ISHDN MAX481/483/487, DE = OV, RE = Vice 0.1 10 HA
Driver Short-Circuit Current,
Vo = High losp1 -7V £Vo €12V (Note 4) 35 250 mA
Driver Short-Circuit Current,
N = Low losp2 -7V V0 £12V (Note 4) 35 250 mA
Receiver Short-Circuit Current IOSR OV<Vo<Vee & 95 mA

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487

(Vce = 5V 5%, Ta = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
) tPLH Figures 6 and 8, RpiFF = 54Q, 10 30 60
Driver Input to Output ey CL91 = C(2 = 100pF 0 0 &0 ns
Driver Output Skew to Output ISKEw | Figures 6 and 8, RpIFF = 54Q, C11 = Clp = 100pF 5 10 ns
Figures 6 and 8, | MAX481, MAX485, MAX1487 3 15 40
Driver Rise or Fall Time tR. tF RDIFF = 54Q, MAX490C/E, MAX491C/E 3 15 25 ns
Cu1 = CL2 = 100pF MAX490M, MAX491M] 3 15 40
Driver Enable to Output High tZH Figures 7 and 9, CL = 100pF, S2 closed 40 70 ns
Driver Enable to Output Low tzL Figures 7.and 9, C|_ = 100pF, S1 closed 40 70 ns
Driver Disable Time from Low tLz Figures 7 and 9, C| = 15pF, S1 closed 40 70 ns
Driver Disable Time from High tHz Figures 7and 9, Cp = 15pF, S2 closed 40 70 ns
Figures 6 and 10, | MAX481, MAX485, MAX1487 20 90 200
Receiver Input to Output tPLH. tPHL | RDIFF = 54Q, MAX490C/E, MAX491C/E 20 90 150 ns
CL1 = CL2 = 100pF | MAX490M, MAX49TM 20 90 200
tPLH - tpHL | Differential Figures 6 and 10, Rp|Ff = 54Q,
Recoiver stlw KO | - gy - 100pF 3 "
Receiver Enable to Output Low tzL Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzH Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low tLz Figures 5 and 11, Cr = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHZ Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fmMAX 2.5 Mbps
Time to Shutdown ISHDN | MAX481 (Note 5) 50 200 600 ns

MK 3
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MAX481/MIAX483/MAX485/MIAX487-MAX491/MAX 1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487 (continued)
(Vcc = 5V 5%, Ta = TMIN to TMAX. unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to .
Output High (MAX481) tZH(SHDN) | Figures 7 and 9, C| = 100pF, S2 closed 40 100 ns
Driver Enable from Shutdown to .
Output Low (MAX481) tzL(SHDN) | Figures 7 and 9, C( = 100pF, S1 closed 40 100 ns
Receiver Enable from Shutdown Figures 5 and 11, CL = 15pF, S2 closed,
to Output High (MAX481) ZHGMO A B - 2v S0 len ns
Receiver Enable from Shutdown Figures 5 and 11, Cp =15pF, S1 closed,
to Output Low (MAX481) 1ZL(SHDN) “1~g = A Sy 300 1900 | ms
SWITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MAX489
(Vcc = 5V £5%, Ta = TMIN to Tmax. unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
1 tPLH Figures 6 and 8, RpIFF = 54Q, 250 800 2000
Driver Input to Output ns
5 2 toHL || CL1 = CL2 = T00pF 250 | 800 2000
. Figures 6 and 8, RpIFF = 54Q,
Driver Output Skew to Output ISKEW o B 100 800 ns
. . . Figures 6 and 8, RpIFF = 549, &
Driver Rise or Fall Time tR. tF CLy = CLa = 100pF 250 2000 ns
Driver Enable to Output High tzH Figures 7 and 9, C = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 7 and 9, Ci. = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low ° tLz Figures 7 and 9, C| = 15pF, S1 closed 300 3000 ns
Driver Disable Time from High tHz Figures 7 and 9, CL = 15pF, S2 closed 300 3000 ns
. PLH | Figures 6 and 10, Rpire = 54Q, 250 2000
Receiver Input to Output ns
P P tpHL | CL1 =Cr2 = 100pF 250 2000
[ tPLH - tpHL | Differential Figures 6.and 10, RpiFF = 549,
t 100 S
Receiver Skew pD. CL1 =Cr2 = 100pF 0
Receiver Enable to Output Low tzL Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzH Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low tLz Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fmMAX tPLH. tPHL < 50% of data period 250 kbps
Time to Shutdown tSHDN | MAX483/MAX487 (Note 5) 50 200 600 ns
Driver Enable from Shutdown to ¢ MAX483/MAX487, Figures 7 and 9, 2000 -
Output High ZH(SHON) | ¢ = 100pF, S2 closed
Driver Enable from Shutdown to ¢ MAX483/MAX487, Figures 7 and 9, 2000 .
Output Low ZLSHON) | ) = 100pF, S1 closed
Receiver Enable from Shutdown ; MAX483/MAX487, Figures 5 and 11, 2500 ns
to Output High ZH(SHDN) CL = 15pF, S2 closed
Receiver Enable from Shutdown ¢ MAX483/MAX487, Figures 5 and 11, 2500 -
to Output Low ZLSHDN) | ¢\ = 15pF, S1 closed
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

Note 2: All typical specifications are given for Vcc =5V and Ta = +25°C.

Note 3: Supply current specification is valid for loaded transmitters when DE = 0V.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481/MAX483/MAX487 are putinto shutdown by bringing RE high and DE low. If the inputs are in this state for less
than 50ns, the parts are guaranteed notto enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Vce =5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE vs.
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MAX481/MiAX483/MAX485/i.

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

(Vee = 5V, Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
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Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

Pin Description

PIN
MAX481/MAX483/
MAX485/MAX487/ e nasal | Name FUNCTION
MAX1487
DIP/SO | pMAX | DIP/SO | uMAX DIP/SO
Receiver Output: If A > B by 200mV, RO will be high;
L 3 2 4 £ RO A < B by 200mV, ROwill be low
> 4 N 3 "E Receiver Output Enable. RO is enabled when RE is low; RO is
- high impedance when RE is high.
Driver Output Enable. The driver outputs, Y and Z, are enabled
by bringing DE high. They are high impedance when DE is low. If
3 5 — — 4 DE the driver outputs are enabled, the parts function as line drivers.
While they are high impedance, they function as line receivers if
RE s low.
4 6 3 5 5 DI Driver Input. Alow on DI forces output Y low and output Z high.
Similarly, a high on DI forces output Y high and output Z low.
5 7 4 6 6.7 GND Ground
— — 5 7 o N4 Noninverting Driver Qutput
= — 6 8 10 z Inverting Driver Output
6 8 — — — A Noninverting Receiver Input and Noninverting Driver Output
— — 8 2 12 A Noninverting Receiver Input
7 1 - — - B Inverting Receiver Input and Inverting Driver Output
— — 7 1 M B Inverting Receiver Input
8 2 1 3 14 Vece Positive Supply: 4.75V'< Ve < 5.25v
— — s — 1.8, 13 N.C. No Connect—not internally connected
TOPVIEW P MAXLM
Ro [1] ﬁ}%‘ 6] vee MAX481
- MAX483
E [2] [7]8 MAX485 B
oe [3] 16 A 7 MAX487
o MAX1487 oI
or [4] 5] ono RO |1 <R 8 Vee D =
— 1.8 B
RE |2
[ R
DIP/SO B sivng, L LR,
o A A RO
K 8] A ol [4 5| GND R —
/MAXIMN
Vee (2] maxesr  [7] owo E
MAX483
OB maxes  [elo
RE[4 MAX487 DE
Re MAX1487 E
NOTE: PIN LABELS Y AND Z ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH.
1MAX TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481/MAX483/MAX485/MAX487/MAX1487 Pin Configuration and Typical Operating Circuit
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DS1820

DALLAS

SEMICONDUCTOR

DS1820

1-Wire™ Digital Thermometer

\

FEATURES

® Unique 1-Wire™interface requires only one port pin
for communication

® Multidrop capability simplifies distributed temperature
sensing applications

® Requires no external components
® Can be powered from data line
e 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, nonvolatile temperature alarm set-
tings

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

® Applications include thermostatic controls, industrial
systems, consumer 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, so thatonly one wire (and ground) needs tobe
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
DS1820

BOTTOM VIEW

DS1820

DS1820S8
PR35 PACKAGE 16-PIN SSOP
See Mech. Drawings See Mech. Drawings
Section Section

PIN DESCRIPTION

GND ~ Ground

DQ ~ Data In/Out
VDD — Optional VDD
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 control.

©Copyright 1995 by Dallas Semiconductor Corporation.
AllRights R d For s i jon a

lents and other ir\(eﬂedua[pmpeny rights, please refer to
Baallas Semiconductor data books.
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DS1820

DETAILED PIN DESCRIPTION

PIN PIN T
16-PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DQ Data Input/Output pin. For 1-Wire operation: Open drain. (See
“Parasite Power” section.)
7 3 Vop Optional Vpp 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 diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered 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
internal capacitor during periods oftime 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 to replenish the parasite (capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communication to the DS1820 is 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. Aftera ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one ofthe 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 DS1820’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.

[a]e] 64-BIT ROM
AND
1-WIRE PORT

INTERNAL Vpp

POWER

Voo SUPPLY
SENSE

MEMORY AND
CONTROL LOGIC
e TEMPERATURE SENSOR
SCRATCHPAD
< > HIGH TEMPERATURE
TRIGGER, TH
I LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” powerwhenever the
110 or Vpp pins are high. /0 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-
videdoverthe I/O linewhen a temperature conversioniis
taking place. Since the operating current of the DS 1820
is up to 1 mA, the I/0 line will not have sufficient drive
due to the 5K pull-up resistor. This problem is particu-
larly acute if several DS 1820's are on the same I/0 and
attempting to convert simultaneously.

There are two ways to assure that the DS1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the I/O line
whenever temperature conversions or copies to the E2
memory are taking place. This may be accomplished by
using a MOSFET to pull the I/0 line directly to the power
supply as shown in Figure 2. The I/O line must be
switched over to the strong pull-up within 10 s maxi-
mum after issuing any protocol that involves copying to
the E2 memory or initiates temperature conversions.
When using the parasite power mode, 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

Vbp pin, as shown in Figure 3. The advantage to this is
thatthe strong pull-upis not requiredonthe I/O line, and
the bus master need not be tied up holding thatline high
during temperature conversions. This allows other data
traffic on the 1-Wire bus during the conversion time. In
addition, any numberof DS1820's may be placed on the
1-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 floating.

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, it is strongly recom-
mended that Vpp be applied to the DS1820.

For situations where the bus master does not know
whetherthe DS1820’s on the bus are parasite powered
orsupplied with external Vpp, a provision is made in the
DS 1820 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 protacol, then issuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS 1820 will send back “0”
on the 1-Wire bus if it is parasite powered; it will send
back a “1”ifitis powered from the Vpp pin. Ifthe master
receives a “0”, it knows that it must supply the strong
pull-up on the I/0 line 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

nP

+5V

DS 1820

GND Voo

021497 3/27



Ds1820

USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE

uP

DEVICES
DS 1820

q_

v
o) PR EXTERNAL +5V SUPPLY

OPERATION — MEASURING TEMPERATURE
The DS1820 measures 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. Ifthe 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 presetwith a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators 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.

Internally, this calculation is done inside the DS1820 to
provide 0.5°C resolution. The temperature 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 over 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
termsofa '/,°C LSB, yielding the following 9-bit format:

e e T

oY 1

The most significant (sign) bit is duplicated into all of the
bits in the upper MSB of the two-byte temperature reg-
ister in 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 0.5°C bit (the LSB) from the read value. This value is
TEMP_READ. The value leftin the counter may then be
read. This value 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:

TEMPERATURE = TEMP_READ -0.25 + (COUNT-PER_C - COUNT_REMAIN)
COUNT_PER_C
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TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE ACCUMULATOR

PRESET

COMPARE

T/CLEA
LOW TEMPERATURE _— oo SETICLEAR
COEFFICIENT OSCILLATOR
INC
N TEMPERATURE REGISTER
HIGH TEMPERATURE
COEFFICIENT OSCILLATOR COUNTER
sTOP
=0

TEMPERATURE/DATA RELATIONSHIPS Table 1

DIGITAL OUTPUT DIGITAL OUTPUT

TEMPERATURE (Binary) (Hex)
+125°C 00000000 11111010 00FA
+25°C 00000000 00110010 0032h
+1,,°C 00000000 00000001 0001h
+0°C 00000000 00000000 0000h
—1/y°C 1111111 11111111 FFFFh
-25°C 11111111 11001110 FFCEh
-55°C 11111111 10010010 FF92h

OPERATION — ALARM SIGNALING

Afterthe 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
8-bitonly, 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 flagis set, the DS1820 will
respond to the alarm search command. This allows
many DS1820s to be connected in parallel doing simul-
taneous temperature measurements. Ifsomewhere the
temperature exceeds the limits, the alarming device(s)
can be identified and read immediately without havingto
read non-alarming devices.

021497 5/27



DS 1820

64—BIT LASERED ROM

Each DS1820 contains a unique ROM code that is
64—bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique 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 allow the DS1820 to
operate as a 1-Wire device and follow the 1-Wire proto-
col detailed in the section “1-Wire Bus System”. The
functions required to control sections of the DS 1820 are
not accessible until the ROM function protocol has been
satisfied. This protocol is described in the ROM function
protocol flowchart (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. After a ROM functions
sequence has been successfully executed, the func-
tions specific to the DS1820 are accessible and the bus
master may then provide and one of the six memory 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 value 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 = X8+ X5+ X4+ 1

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

64-BIT LASERED ROM Figure 5

vides this value to the bus master to validate the transfer
of data bytes. In eachcase where a CRC is 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
DS1820 (for ROM reads) or the 8—bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
when the scratchpadis 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 proceedingifthe 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 available in
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-
ing with the least significantbit of the family code, one bit
ata time is shifted in. After the 8th bit of the family code
has been entered, then the serial number is entered.
After 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 LSB
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ROM FUNCTIONS FLOW CHART Figure 6

MASTER Ty
RESET PULSE

DS1820 Ty
PRESENCE
PULSE

MASTER Ty ROM
FUNCTION COMMAND

33h

55h FOh ECh CCh N
READ ROM MATCH ROM SEARCH ROM ALARM SEARCH SKIP ROM
COMMAND COMMAND COMMAND COMMAND. COMMAND

ALARM
CONDITION
?

DS1820 Ty FAMILY
CODE

MASTER Tx BIT 0

1BYTE
DS1820 T BIT 0
DS1820 Ty BIT 0
MASTER Ty BIT.0
DS1820 Ty BITO N mimo
SERIAL NUMBER MATCH? MATCH?
6 BYTES
Y

l DS1820 Tx BIT 1

DS1820 Ty DS1820 Ty BIT 1
CRC BYTE 1 MASTER Tx BIT 1

MASTER Tx BIT 1

Y,
o ~

/}J

DS1820 Ty BIT 63
DS1820 Ty BIT 63

MASTER Ty BIT 63

MASTER Ty BIT 63
BIT 63 BIT 63
MATCH? MATCH?
Y

1

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

INPUT
H XOR XOR @

(MsB) (LSB)
MEMORY information. The third and fourth bytes are volatile

The DS1820's memory is organized as shown in
Figure 8. The memory consists of a scratchpad RAM
and anonvolatile, electrically erasable (E2) RAM, which
stores the high and low temperature triggers TH and 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 modifying 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 MSB 1
TH/USER BYTE 1 B
TL/IUSER BYTE 2 3
RESERVED 4
RESERVED 5
COUNT REMAIN 6
COUNT PER “C 7

[N P

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 count registers, 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 over all
ofthe eight previous bytes. This CRC is implemented in
the fashion described in the section titled “CRC Genera-
tion".

E2 RAM

TH/USER BYTE 1

TL/USER BYTE 2
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