ON Semiconductor ™

Quad EIA-485 Line Drivers
with Three-State Outputs

The ON Semiconductor MC75172B/174B Quad Line drivers are
differential high speed drivers designed to comply with the EIA—485
Standard. Features include three—state outputs, thermal shutdown,
and output current limiting in both directions. These devices also
comply with EIA-422-A, and CCITT Recommendations V.11 and
X.27.

The MC75172B/174B are optimized for balanced multipoint bus
transmission at rates in excess of 10 MBPS. The outputs feature wide
common mode voltage range, making them suitable for party line
applications in noisy environments. The current limit and thermal
shutdown features protect the devices from line fault conditions.
These devices offer optimum performance when used with the
MC75173 and MC75175 line receivers.

Both devices are available in 16—pin plastic DIP and 20—pin wide
body surface mount packages.

Meets EIA-485 Standard for Party Line Operation

Meets EIA-422-A and CCITT Recommendations V.11 and X.27
Operating Ambient Temperature: —40°C to +85°C

High Impedance Outputs

Common Mode Output Voltage Range: —7t0 12 V

Positive and Negative Current Limiting

Transmission Rates in Excess of 10 MBPS

Thermal Shutdown at 150°C Junction Temperature, (20°C)
Single 5.0 V Supply

Pin Compatible with TI SN75172/4 and NS nA96172/4
Interchangeable with MC3487 and AM26LS31 for ETA—422-A
Applications
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MC75172B MC75174B

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vee -0.5,+7.0 Vdc
Input Voltage (Data, Enable) Vin +7.0 Vdc
Input Current (Data, Enable) lin -24 mA
Applied Output Voltage, when in 3—State Condition (Vgc=5.0V) Vza -10, +14 Vdc
Applied Output Voltage, when Voo =0V Vzp +14
Output Current lo Self-Limiting -
Storage Temperature Tstg —-65, +150 °C

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vee +4.75 +5.0 +5.25 Vdc
Input Voltage (All Inputs) Vin 0 - Vee Vdc
Output Voltage in 3—State Condition, or when Voo =0V Vem -7.0 - +12 Vdc
Output Current (Normal data transmission) lo -65 - +65 mA
Operating Ambient Temperature (see text) Ta °C
EIA-485 -40 - +85
ElIA-422 0 - +85

All limits are not necessarily functional concurrently.

ELECTRICAL CHARACTERISTICS (-40°C < Tp < 85°C,4.75V < V¢ < 5.25V, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage

Single-Ended Voltage Vdc

lo=0 Vo 0 - 6.0

High @ lo = -33 mA Vou - 4.0 -

Low @ lp = +33 mA VoL - 1.6 -
Differential Voltage

Open Circuit (Io = 0) Vool 1.5 3.4 6.0

R =54 Q (Figure 1) Nopol 15 23 5.0
Change in Differential*, R = 54 Q (Figure 1) [AVopal - 5.0 200 mVdc
Differential Voltage, R = 100 Q (Figure 1) Nopoal - 22 - Vdc
Change in Differential*, R_ = 100 Q (Figure 1) [AVopoal - 5.0 200 mVdc
Differential Voltage, -7.0 V < Vyp, < 12V (Figure 2) Nopal 1.5 - 5.0 Vdc
Change in Differential*, =7.0 V < Vg, < 12V (Figure 2) [AVopal - 5.0 200 mVdc
Offset Voltage, R = 54 Q (Figure 1) Vos - 29 - Vdc
Change in Offset*, R| =54 Q (Figure 1) [AVod] - 5.0 200 mVdc

Output Current (Each Output)

Power Off Leakage, Vcc=0,-7.0V < Vo < 12V lo(off) -50 0 +50 UuA
Leakage in 3—State Mode, —7.0V < Vo < 12V loz -50 0 +50
Short Circuit Current to Ground losr -150 - +150 mA
Short Circuit Current, =7.0V < Vg < 12V los -250 - +250

*Vin switched from 0.8 to 2.0 V.
Typical values determined at 25°C ambient and 5.0 V supply.
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ELECTRICAL CHARACTERISTICS (-40°C < Tp< 85°C,4.75V < V¢ < 5.25V, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Inputs Vdc

Low Level Voltage (Pins 4 & 12, MC75174B only) ViLa) 0 - 0.7

Low Level Voltage (All Other Pins) ViLe) 0 - 0.8

High Level Voltage (All Inputs) Vi 2.0 - Vee

Current @ Vi, = 2.7 V (All Inputs) Iy - 0.2 20 UvA

Current @ Vi, = 0.5 V (All Inputs) IiL -100 -15 -

Clamp Voltage (All Inputs, lj, = -18 mA) Vik -1.5 - - Vdc
Thermal Shutdown Junction Temperature Tits - +150 - °C
Power Supply Current (Outputs Open, Voo =5.25 V) lcc mA

Outputs Enable - 60 70

Outputs Disabled - 30 40

TIMING CHARACTERISTICS (Tp = 25°C, Vo = 5.0 V)
Characteristics Symbol Min Typ Max Unit
Propagation Delay — Input to Single—ended Output (Figure 3) ns

Output Low-to—High tpLH - 23 30

Output High-to-Low tpHL - 18 30
Propagation Delay — Input to Differential Output (Figure 4) ns

Input Low—to—High tPLH(D) - 15 25

Input High—to—Low tPHL(D) - 17 25
Differential Output Transition Time (Figure 4) tan tof - 19 25 ns
Skew Timing ns

|tPLHD = tpHLDl for Each Driver tsk1 = 0.2 =

Max — Min tp| yp Within a Package tsko - 15 -

Max — Min tpy p Within a Package tsk3 - 1.5 -

Enable Timing ns

Single—ended Outputs (Figure 5)

Enable to Active High Output trzH(E) - 48 60
Enable to Active Low Output trzL(E) - 20 30
Active High to Disable (using Enable) trHz(E) - 35 45
Active Low to Disable (using Enable) trLz(E) - 30 50
Enable to Active High Output (MC75172B only) trzH(E) - 58 70
Enable to Active Low Output (MC75172B only) trzL(E) - 28 35
Active High to Disable (using Enable, MC75172B only) trHz(E) - 38 50
Active Low to Disable (using Enable, MC75172B only) trLz(E) - 36 50
Differential Outputs (Figure 6) ns
Enable to Active Output trzD(E) - 47 -
Enable to Active Output (MC75172B only) trzD(E) - 56 -
Enable to 3—State Output troz(E) - 32 -
Enable to 3-State Output (MC75172B only) troz(E) - 40 -
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Figure 2. Common Mode Test

Figure 1. Vpp Measurement
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Figure 3. Propagation Delay, Single-Ended Outputs

L[]
;54_1_50pF Voo

AAN

NOTES: 1.S.G. set to: f < 1.0 MHz; duty cycle = 50%; t;, t;, 5.0 ns.

2.tsk1 = ItpLHD — tHLp | for each driver.
3. tske computed by subtracting the shortest tp_ yp from the longest tp 1 of the 4 drivers within a package.

4.tgks computed by subtracting the shortest tpy p from the longest tpy) p of the 4 drivers within a package.

Figure 4. Propagation Delay, Differential Outputs
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Figure 5. Enable Timing, Single—-Ended Outputs
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NOTES: 1.S.G. set to: f < 1.0 MHz; duty cycle = 50%; t;, tr, < 5.0 ns.
2. Vi, is inverted for Enable measurements.

Figure 6. Enable Timing, Differential Outputs
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APPLICATIONS INFORMATION

Description

The MC75172B and MC75174B are differential line
drivers designed to comply with EIA—485 Standard (April
1983) for use in balanced digital multipoint systems
containing multiple drivers. The drivers also comply with
EIA-422-A and CCITT Recommendations V.11 and X.27.
The drivers meet the EIA-485 requirement for protection
from damage in the event that two or more drivers attempt
to transmit data simultancously on the same cable. Data
rates in excess of 10 MBPS are possible, depending on the
cable length and cable characteristics. A single power
supply, 5.0 V, £5%, is required at a nominal current of
60 mA, plus load currents.

Outputs

Each output (when active) will be a low or a high voltage,
which depends on the input state and the load current (see
Table 1, 2 and Figures 7 to 10). The graphs apply to ecach
driver, regardless of how many other drivers within the
package are supplying load current.

Table 1. MC75172B Truth Table

Enables Outputs
Data Input EN EN Y z
H H X H L
L H X L H
H X L H L
L X L L H
X L H z z

Table 2. MC75174B Truth Table

Outputs
Data Input Enable Y z
H H H L
L H L H
X L Z Z

H = Logic high, L = Logic low, X = Irrelevant, Z = High impedance

The two outputs of a driver are always complementary.
A “high” output can only source current out, while a “low”
output can only sink current (except for short circuit current
— see Figure 16).

The outputs will be in the high impedance mode when:

a) the Enable inputs are set according to Table 1 or 2;
b) Ve is less than 1.5 V;

¢) the junction temperature exceeds the trip point of
the thermal shutdown circuit (see below). When in
this condition, the output’s source and sink
capability are shut off, and only leakage currents
will flow (see Figures 13, 14). Disabled outputs may
be taken to any voltage between —7.0 V and 12 V
without damage.

The drivers are protected from short circuits by two
methods:

a) Current limiting is provided at each output, in both
the source and sink direction, for shorts to any
voltage within the range of 12V to —7.0V, with
respect to circuit ground (see Figure 16). The short
circuit current will flow until the fault is removed, or
until the thermal shutdown circuit activates (see
below). The current limiting circuit has a negative
temperature coefficient and requires no resetting
upon removal of the fault condition.

b) A thermal shutdown circuit disables the outputs
when the junction temperature reaches 150°C,
+20°C. The thermal shutdown circuit has a
hysteresis of = 12°C to prevent oscillations. When
this circuit activates, the output stage of each driver
is put into the high impedance mode, thercby
shutting off the output currents. The remainder of the
internal circuitry remains biased. The outputs will

become active once again as the IC cools down.

Driver Inputs

The driver inputs determine the state of the outputs in
accordance with Tables 1 and 2. The driver inputs have a
nominal threshold of 1.2 V, and their voltage must be kept
within the range of 0 V to V¢ for proper operation. If the
voltage is taken more than 0.5 V below ground, excessive
currents will flow, and proper operation of the drivers will
be affected. An open pin is equivalent to a logic high, but
good design practices dictate that inputs should never be
left open. The characteristics of the driver inputs are shown
in Figure 15. This graph is not affected by the state of the
Enable pins.

Enable Logic

Each driver’s outputs are active when the Enable inputs
(Pins 4 and 12) are true according to Tables 1 and 2.

The Enable inputs have a nominal threshold of 1.2 V and
their voltage must be kept within the range of 0 V to V¢
for proper operation. If the voltage is taken more than 0.5 V
below ground, excessive currents will flow, and proper
operation of the drivers will be affected. An open pin is
equivalent to a logic high, but good design practices dictate
that inputs should never be left open. The Enable input
characteristics are shown in Figure 15.

Operating Temperature Range

The minimum ambient operating temperature is listed as
—40°C to meet EIA-485 specifications, and 0°C to meet
EIA—422-A specifications. The higher Vop required by
EIA—422-A is the reason for the narrower temperature range.

http://onsemi.com
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The maximum ambient operating temperature
(applicable to both EIA—485 and EIA-422-A) is listed as
85°C. However, a lower ambient may be required
depending on system use (i.e. specifically how many
drivers within a package are used) and at what current
levels they are operating. The maximum power which may
be dissipated within the package is determined by:
Tumax~TA

RoJa

PDmax

where: Rgya = package thermal resistance (typical
70°C/W for the DIP package, 85°C/W for
SOIC package);

Timax = Max. operating junction
temperature, and

T = ambient temperature.

Since the thermal shutdown feature has a trip point of
150°C, £20°C, Tyax is selected to be 130°C. The power
dissipated within the package is calculated from:

PD ={[(Vcc - Von) ® Ionl + Vor, ® lop)} each
driver + (Ve @ Ice)
where: Ve = the supply voltage;

Vou. Vor, are measured or estimated from
Figures 7 to 10;

Icc = the quiescent power supply current
(typical 60 mA).

As indicated in the equation, the first term (in brackets)
must be calculated and summed for each of the four drivers,
while the last term is common to the entire package.

Example 1: Ta = 25°C, Io1, = Iog = 55 mA for each
driver, Vcc = 5.0 V, DIP package. How many drivers per
package can be used?

Maximum allowable power dissipation is:
130°C — 25°C

e = W

PDmax =
Since the power supply current of 60 mA dissipates
300 mW, that leaves 1.2 W (1.5 W — 0.3 W) for the drivers.
From Figures 7 and 9, Vor, =1.75 'V, and Vo =3.85 V.
The power dissipated in each driver is:
{(5.0 —3.85) ¢ 0.055} + (1.75  0.055) = 160 mW.

Since each driver dissipates 160 mW, the four drivers per
package could be used in this application.

Example 2% TA = 85°C, IOL =27.8 mA, IOH =20 mA for
eachdriver, Voc =5.0V, SOIC package. How many drivers
per package can be used?

Maximum allowable power dissipation is:
130°C — 85°C _

P 85°C/W

max = 053 W

Since the power supply current of 60 mA dissipates
300 mW, that leaves 230 mW (530 mW — 300 mW) for the

drivers. From Figures 8 and 10 (adjusted for Ve =5.0 V),
Vor, =1.38 V, and Vo =4.27 V. The power dissipated
in each driver is:

{(5.0 —4.27) « 0.020} + (1.38 ® 0.0278) = 53 mW

Since each driver dissipates 53 mW, the use of all four
drivers in a package would be marginal. Options include
reducing the load current, reducing the ambient
temperature, and/or providing a heat sink.

System Requirements

EIA-485 requires each driver to be capable of
transmitting data differentially to at least 32 unit loads, plus
an equivalent DC termination resistance of 60€) over a
common mode voltage of —=7.0 to 12 V. A unit load (U.L.),
as defined by EIA—485, is shown in Figure 17.

|
1.0 mA

7ov %V

PPN

|
S0

-0.8 mA

12V

Reprinted from EIA-485, Electronic Industries Association,
Washington,DC.

Figure 17. Unit Load Definition

A load current within the shaded regions represents an
impedance of less than one U.L., while a load current of a
magnitude outside the shaded area is greater than one U.L.
A system’s total load is the sum of the unit load equivalents
of each receiver’s input current, and each disabled driver’s
output leakage current. The 60€) termination resistance
mentioned above allows for two 12002 terminating
resistors.

Using the EIA-485 requirements (worst case limits), and
the graphs of Figures 7 and 9, it can be determined that the
maximum current an MC75172B or MC75174B driver will
source or sink is =65 mA.

System Example

An example of a typical EIA-485 system is shown in
Figure 18. In this example, it is assumed each receiver’s
input characteristics correspond to 1.0 U.L. as defined in
Figure 17. Each “off” driver, with a maximum leakage of
+50 pA over the common mode range, presents a load of
=~=0.06 U.L. The total load for the active driver is therefore
8.3 unit loads, plus the parallel combination of the two
terminating resistors (60€2). It is up to the system software
to control the driver Enable pins to ensure that only one
driver is active at any time.
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Termination Resistors

Transmission line theory states that, in order to preserve
the shape and integrity of a waveform traveling along a
cable, the cable must be terminated in an impedance equal
to its characteristic impedance. In a system such as that
depicted in Figure 18, in which data can travel in both
directions, both physical ends of the cable must be
terminated. Stubs, leading to each receiver and driver,
should be as short as possible.

Leaving off the terminations will generally result in
reflections which can have amplitudes of several volts
above Vcc or below ground. These overshoots and
undershoots can disrupt the driver and/or receiver
operation, create false data, and in some cases damage
components on the bus.

En
TTL TTL TTL
#1 #2 #3
En
TTL Rr - A
~
#1
= _1 120Q
B D Twisted
5 “off” drivers (@ 0.06 U.L. each), i Pair
+8 receivers (@ 1.0 U.L. each) = 8.3 Unit Loads
Rt =120 Q at each end of the cable. > L R
= # #3
En
TTL D !
L #4
TTL R
TTL #
1 #6
=
TTL
/
En
TTL TTL TTL TTL Flﬁ
= #7 = #5 =— #5

NOTES: 1. Terminating resistors Rt must be located at the physical ends of the cable.

2. Stubs should be as short as possible.

3. Circuit ground of all drivers and receivers must be connected via a dedicated wire within the cable.
Do not rely on chassis ground or power line ground.

Figure 18. Typical EIA—485 System
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Comparing System Requirements

MC75172B MC75174B

Characteristic Symbol ‘ EIA-485 ElA-422-A V.11 and X.27
GENERATOR (DRIVER)
Output Impedance (Note 1) Zout Not Specified <100 Q 5010100 Q
Open Circuit Voltage
Differential Vocp 15t06.0V <60V <6.0 V, w/3.9 kQ, Load
Single—Ended Vocs <60V =60V <6.0 V, w/3.9 kQ, Load

Loaded Differential Voltage Vob 1.5t0 5.0 V, w/54 Q load =20Vor = 05 =22.0Vor=0.5Vocp,
Vocp, w/100 Q load w/100 Q load

Differential Voltage Balance AVop <200 mV <400 mV <400 mV

Output Common Mode Range Vewm -7.0to +12V Not Specified Not Specified

Offset Voltage Vos -1.0 < Vpg <30V =30V =30V

Offset Voltage Balance AVos <200 mV <400 mV <400 mV

Short Circuit Current los <250 mA for -7.0 to <150 mA to ground <150 mA to ground

12V

Leakage Current (Vo = 0) loLk Not Specified <100 uAto -0.25V <100 uAto £ 025V
thru6.0 vV

Output Rise/Fall Time (Note 2) tn t <0.3 Tg, w/54 /1150 pF <0.1 Tgor < 20 ns, <01 Tgor < 20ns,

load w/100 Q load w/100 Q load
RECEIVER

Input Sensitivity Vin + 200 mV + 200 mV + 300 mV

Input Bias Voltage Vpias <30V <30V <30V

Input Common Mode Range Vem -7.0to 12V -7.0to 7.0V -7.0to 70V

Dynamic Input Impedance Rin Spec humber of U.L. =4 kQ =4 kQ

NOTES: 1. Compliance with V.11 and X.27 (Blue book) output impedance requires external resistors in series with the outputs of the MC75172B and MC75174B.

2. Tg = Bit time.

Copies of the EIA Recommendations (EIA—485 and EIA-422-A) can be obtained from the Electronics Industries
Association, Washington, D.C. (202-457-4966). Copies of the CCITT Recommendations (V.11 and X.27) can be obtained

Additional Information

from the United States Department of Commerce, Springfield, VA (703-487—4600).
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