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General Description

The DS1487 is a low-power transceiver for RS-485 and
RS-422 communication. The device contains one driver and
one receiver. The drivers slew rate allows for operation up to
2.0 Mbps (see Applications Information section). The trans-
ceiver presents ¥4 unit loading to the RS-485 bus allowing up
to 128 nodes to be connected together without the use of re-
peaters.

The transceiver draws 200 pA of supply current when un-
loaded or fully loaded with the driver disabled and operates
from a single +5V supply.

The driver is short-circuit current limited and is protected
against excessive power dissipation by thermal shutdown
circuitry that places the driver outputs into TRI-STATE®
(High Impedance state) under fault conditions. The driver
guarantees a minimum of 1.5V differential output voltage
with maximum loading across the common mode range
(Voba)-

The receiver has a failsafe feature that guarantees a
logic-high output if the input is open circuit.

The DS1487 is available in surface mount and DIP pack-
ages.

July 1998

Features
m Meets TIA/EIA RS-485 multipoint standard
m Allows up to 128 transceivers on the bus (¥2 U.L.)
B Guaranteed full load output voltage (Vops)
B | ow quiescent current: 200 pA typ
m -7V to +12V common-mode input voltage range
m TRI-STATE outputs on driver and receiver
m AC performance:
— Driver transition time: 25 ns typ
— Driver propagation delay: 40 ns typ
— Driver skew: 1 ns typ
— Receiver propagation delay: 200 ns typ
— Receiver skew: 20 ns typ
m Half-duplex flow through pinout
Operates from a single 5V supply
m Current-limiting and thermal shutdown for driver
overload protection
® Pin and functional compatible with MAX1487

Connection and Logic Diagram

DIP and SOIC
1 8
RO — — Vce
2 7
RE* — B
3 6
DE — A
4 5
DI — — GND

DS012920-1

*Note: Non Terminated, Open Input only

Order Number Temp. Range Package/ ###
DS1487N 0°C to +70°C DIP/NO8SE
DS1487M 0°C to +70°C SOP/MO8A

TRI-STATE® is a registered trademark of National Semiconductor Corporation.

Truth Table
DRIVER SECTION
RE DE DI A B
(Note 1)
X H H H L
X H L L
X L X V4 Z
RECEIVER SECTION
RE DE A-B RO
(Note 1)
L L >+0.2V H
L L <-0.2V L
H X X Z
L L OPEN (Note 1) H
X = indeterminate
Z = TRI-STATE

Note 1: Non Terminated, Open Input only
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DS1487

Absolute Maximum Ratings  (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

M Package

N Package
Storage Temperature Range
Lead Temperature Range

0.76W
0.47W
-65°C to +150°C

+260°C

Supply Voltage (Vee) +12V (Soldering, 4 sec.)
Enable Input Voltage ESD (HBM) 22 kv
(RE (Note 1), DE) -0.5V to (Vg + 0.5V)
Driver Input Voltage (DI) ~0.5V to (Ve + 0.5V) Recommended Operating
Driver Output Voltage (A, B) -14V to +14V Conditions
Receiver Input Voltage (A, B) -14V to +14V
Receiver Output Voltage (RO) ~0.5V to (Vee + 0.5V) Min  Typ  Max Units
Maximum Package Power Dissipation @ +25°C Supply Voltage (Vcc) +4.75 450 +5.25 v
M Package 1.19W Operating Free Air
N Package 0.74W Temperature (T,)
Derate M Package 9.5 mW/°C above +25°C DS1487 0 +25 +70 c
Derate N Package 6.0 mW/°C above +25°C Bus Common Mode Voltage -7 +12 v
Maximum Package Power Dissipation @ +70°C
Electrical Characteristics
Over Supply Voltage and Operating Temperature Ranges, unless otherwise specified (Notes 3, 4)
Symbol Parameter Conditions Pin in Typ Mpx Units
Vob1 Differential Driver Output Voltage (No Load) A B 15 5 Vv
Vopa2 Differential Driver Output Voltage R, = 50Q, (RS422), Figure 1 2 |28 \%
with Load R, = 27Q, (RS485), Figure 1 15| 23 5 \%

AVop Change in Magnitude of Output R, = 27Q or 50Q (Note 5) 0.2 V|
Differential Voltage

Vobs Differential Driver Output Voltage — R1 = 54Q, R2 = 375Q 15| 20 5 \%
Full Load with Max Vg Viest = =7V to +12V, Figure 2

Voe Driver Common-Mode Output Voltage | R, = 27Q or 50Q, Figure 1 0 3 \%

AVoc Change in Magnitude of R, = 27Q or 50Q, Figure 1 (Note 5) 02 v
Common-Mode Output Voltage

Vig Input High Voltage DI, DE, 2.0 \%

Vo Input Low Voltage RE (Note 1) 0.8 \%

lin1 Input Current Vin = OV or Ve +2 MA

iz Input Current (Note 6) Vg = +12V A B 0 | 190 | 250 | pA
DE = 0V, V¢ = OV or 5.25V Viy = -7V 0 100 |-200 | pA

Vg Receiver Differential Threshold =7V £ Vgy < +12V -0.2 0.2 \%
Voltage

AV Receiver Input Hysteresis Vem = OV 70 mvV

Vou Receiver Output High Voltage lo = -4 mA, Vp = 0.2V RO 3.5 \Y

Voo Receiver Output Low Voltage lo =4 mA V=-0.2V 0.5 \%

lozr TRI-STATE Output Current at 0.4V < Vg <24V +1 A
Receiver

Rin Receiver Input Resistance -7V <V £ +12V A B 48 | 68 kQ

lec No-Load Supply Current (Note 7) DE = V¢, RE (Note 1) = OV or Ve Vee 200 | 500 | pA

DE = 0V, RE (Note 1) = OV or V¢ 200 | 500 | pA

losp1 Driver Short Circuit Current, Vg = -7V < Vg < +12V A B 250 | mA
HIGH

losp2 Driver Short Circuit Current, Vo = =7V £ Vg < +12V -250 | mA
LOW

losr Receiver Short Circuit Current Vo = GND RO 7 85 | mA
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Switching Characteristics

Over Supply Voltage and Operating Temperature Ranges, unless otherwise specified (Notes 4, 8, 9)

Symbol Parameter Conditions Min  Typ Max Units
teLHD Driver Differential Propagation Delay —Low to High R, =54Q, C, = 100 pF 10 40 80 ns
teHLD Driver Differential Propagation Delay —High to Low 10 39 80 ns
tskew Differential Skew |tpy b = teL bl 0 1 10 ns
t, Driver Rise Time 3 25 50 ns
te Driver Fall Time 3 25 50 ns
ton Driver Enable to Output High C, =100 pF 50 200 ns
ty Driver Enable to Output Low C, = 100 pF 65 200 ns
t > Driver Disable from Output Low C,. =15 pF 80 200 ns
thz Driver Disable from Output High C,. =15 pF 80 200 ns
teLHD Receiver Differential Propagation Delay—Low to High C, = 15 pF (RO) 30 190 | 400 ns
terLD Receiver Differential Propagation Delay—High to Low 30 210 400 ns
tskew Differential Skew |tpyy p — toLrpl 0 20 50 ns
trn Receiver Enable to Output High C_ =15 pF 45 150 ns
to Receiver Enable to Output Low 40 150 ns
t2 Receiver Disable from Output Low 50 150 ns
thz Receiver Disable from Output High 55 150 ns
frnax Maximum Data Rate (Note 10) 2.0 Mbps

Note 2: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Electrical Characteristics” specifies conditions of device operation.

Note 3: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground except Vpop1/2/3and
VID'

Note 4: All typicals are given for: Vo = +5.0V, Ty = +25°C.

Note 5: A|Vop| and A[Voc| are changes in magnitude of Vop and Vo respectively, that occur when the input changes state.

Note 6: Iy includes the receiver input current and driver TRI-STATE leakage current.

Note 7: Supply current specification is valid for loaded transmitters when DE = OV or enabled (DE = H) with no load.

Note 8: f =1 MHz, t; and t; < 6 ns, Zg = 50Q.

Note 9: C, includes jig and probe capacitance.

Note 10: fax is the guaranteed data rate for 50 ft of twisted pair cable. f,5x may be conservatively determined from the ratio of driver transition time (t;) to the data
rate unit interval (1/fax). Using a 10% ratio yields fax = (0.1)/50 ns = 2.0 Mb/s. Higher data rates may be supported by allowing larger ratios.

Parameter Measurement Information

R
GENERATOR
DI 0 DI

R

L

v
oc
- 500
DE 3y
L DE

DS012920-2

FIGURE 1. Vop

DS012920-4

FIGURE 3.

Vtest =
=7V to +12V

DS012920-3

FIGURE 2. Vops
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Parameter Measurement

0V OR 3V

GENERATOR

DI

S1 to DO for DI=0V

504 S1 to DO* for DI =3V

Information (continued)

DI 7/1,5\/ \< 1.5v

DO*
CP = CROSSING POINT cp

DO

toLhp <] tenLo

[ 50% 90%

Vo =DO - DO* L oV oV

10% 10%
— tr - — tf -

DS012920-5

FIGURE 4.

DI
0V OR 3V

GENERATOR

S1 to DO for DI =3V
S1 to DO* for DI=0V

DS012920-6

FIGURE 5.
3V
DE 1.5V 1.5V
ov
tpzH vz =1 [ v
out 2.3y (505 'OH
VOFF = GND — —_—
DS012920-7
FIGURE 6.
1.5V ——0
-1.5V—0 RI*
G
GENERATOR

*Note: Non Terminated, Open Input only

FIGURE 11.

DS012920-8

FIGURE 7.
3V
DE 1.5V 1.5V
ov
tozL to 7
5V +
out 2.3V (Vo +0.5V)
Vo—
DS012920-9
FIGURE 8.
GENERATOR
Vg

DS012920-10

*Note: Non Terminated, Open Input only

FIGURE 9.
3V
RI 1.5V
oV
\ teHLD
PLHD
N Vo
RO 1.5V 1.5V 3
VoL
DS012920-11
FIGURE 10.
\%
RO cc
2k0 s2 O——l

GND

DS012920-12
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Parameter Measurement Information  (continued)
3y
RE* 1.5V 1.5V
ov
S1 -1.5V < tp 7 tpz >
S2 Voo
Vee
ouT 1.5V
0.5V
I VoL
DS012920-13
*Note: Non Terminated, Open Input only
FIGURE 12.
3V
RE* 1.5V 1.5V
ov
S1 +1.5V
S2 GND toyz —| tpzn
* v
0.5V OH
ouT 1.5V
GND
DS012920-14
*Note: Non Terminated, Open Input only
FIGURE 13.
Pin Descriptions
Pin | 110 Name Function
#
1 o RO Receiver Output: If A > B by 200 mV, RO will be high; If A < B by 200 mV, RO will be low. RO will
be high also if the inputs (A and B) are open (non-terminated).
2 | RE (Note 1) | Receiver Output Enable: RO is enabled when RE (Note 1) is low; RO is in TRI-STATE when RE
(Note 1) is high.
3 | DE Driver Output Enable: The driver outputs (A and B) are enabled when DE is high; they are in
TRI-STATE when DE is low. Pins A and B also function as the receiver input pins (see below).
4 | DI Driver Input: A low on DI forces A low and B high while a high on DI forces A high and B low when
the driver is enabled.
NA GND Ground
6 110 A Non-inverting Driver Output and Receiver Input pin. Driver output levels conform to RS-485 signaling
levels.
7 110 B Inverting Driver Output and Receiver Input pin. Driver output levels conform to RS-485 signaling
levels.
8 | NA Vee Power Supply: 4.75V < V¢ < 5.25V

Applications Information

The DS1487 is a low power transceiver designed for use in
RS-485 multipoint applications. The DS1487 can transmit
data up to 2.0 Mbps based on a ratio of driver transition time
to the unit interval (bit time) of 10%. This maximum data rate
may be further limited by the interconnecting media. The
DS1487 provides a ¥4 unit load to the RS-485 bus across the
common mode range of =7V to +12V. This allows up to 128
transceivers (Y4 unit load) to be connected to the bus. The

DS1487 also guarantees the driver's output differential volt-
age into a worst case load that models standard termination
loads and 32 unit loads (=128 DS1487's) referenced to the
maximum common mode voltage extremes. With a minimum
of 1.5V swing into this load, a 1.3V differential noise margin
is supported along with the standard common mode rejec-
tion range of the receivers.

www.national.com
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Applications Information

Due to the multipoint nature of the bus, contention between
drivers may occur. This will not cause damage to the drivers
since they feature short-circuit protection and also thermal
shutdown protection. Thermal shutdown senses die tem-
perature and puts the driver outputs into TRI-STATE if a fault
condition occurs that causes excessive power dissipation
which can elevate the junction temperature to +150°C.

(Continued)

A typical multipoint application is shown in the following fig-
ure. Note that termination is typically required but is only lo-
cated at the two ends of the cable (not on every node). Com-
monly pull up and pull down resistors may be required at one
end of the bus to provide a failsafe bias. These resistors pro-
vide a bias to the line when all drivers are in TRI-STATE. See
National Application Note 847 for a complete discussion of
failsafe biasing of differention buses.

+=

1 s !

T3

T4

T2

DS012920-16
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Physical Dimensions

inches (millimeters) unless otherwise noted

_ 0.189-0.197 _
" (4.800-5.004)

i

0.228-0.284
{5.791—6.198)
0.010 max
e — (0.258)
LeaDNO.1/ 1 2 3 4 ;T
IDENT 30
TYP
0.150-0.157
(3.810—3.988)
0.010-0.020 , 450 3| 0.053-0.069
(0.250—0.508) (1.346-1.753) 0.004 —0.010
8° MAX TYP 0.004-0.010
(_‘ ALL LEADS (0.102—0.254)
L/mﬁ - N, &7‘ —= SEATING
0002 A i f ! PLANE
{0.102) 0.014
0.008 —0.010 S 0.050 <0 014 0.020
—————  ALLLEADTIPS 0.016 —0.050 {0.356) —— | 0.014-0.020 ryp
. —0.254] = rr
%OYIgDABLL Esisns’ (0.406 —1.270) (1@0) 0.008 1yp (0 Honm
TYP ALL LEADS (0.203) MOBA (REV H)
0.373 —0.400
(9.474—10.16)
0.090
_» ———
(2.286)
o082 8] [7] [6] [5] 0.032 +0.005
(2.337) . L (0.81320.127)
PIN NO. 1 IDENT B AL Ol AAD
: s (6.35+0.127) PIN NO. 1 msmﬂ.
OPTION 1
0,260 O [=2] 3] [4]
— | —0 — 0.040
.11z " 0030 L (1.016) me—»| |l 039 OPTION 2
0.3000.320 (0.762) —> 0033 0.145-0.200
(1.62-8.128) | ¢ 0° 1> /<— (0.991) (3.683—5.080)
e I ¢ o A 0.130+0.005 J
Yy (3.302%0.127) Y
950+ 5 . A 0a25-0.140 T
N 0425 0.065 Yy (3.175-3.556) 0.020
) —_— ! .
0.009—0.015 =180 (1 651) LI S
e - 3.175 (0.508)
(0.229—0.381) | :,,A ) TYP MIN
+0.040 NOM L 0.018+0.003
0325 _y'015 (0.457+0.076)
— — ——9
+1.016 Il 0.100+0.010
(8'255 —u.aa1) (2.54020.254)
0.045+0.015
{1.143£0.381)
0.060
0.050 > (1.528)
— | —
(1.270) NOBE (REV F)

Order Number DS1487N
NS Package Number NOSE
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DS1487 Low Power RS-485 ¥4 Unit Load Multipoint Transceiver

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor National Semiconductor

Corporation Europe

Americas Fax: +49 (0) 180-530 85 86

Tel: 1-800-272-9959 Email: europe.support@nsc.com

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208

Email: support@nsc.com English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 87 90

National Semiconductor National Semiconductor

Asia Pacific Customer Japan Ltd.

Response Group Tel: 81-3-5639-7560

Tel: 65-2544466 Email: nsj.crc@jksmtp.nsc.com
Fax: 65-2504466 Fax: 81-3-5639-7507

Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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