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DS78LS120/DS88LS120 Dual Differential
Line Receiver (Noise Filtering and Fail-Safe)

General Description

The DS78LS120 and DS88LS120 are high performance,
dual differential, TTL compatible line receivers for both bal-
anced and unbalanced digital data transmission. The inputs
are compatible with EIA, Federal and MIL standards.

The line receiver will discriminate a =200 mV input signal
over a common-mode range of +10V and a +300 mV sig-
nal over a range of +15V.

Circuit features include hysteresis and response control for
applications where controlled rise and fall times and/or high
frequency noise rejection are desirable. Threshold offset
control is provided for fail-safe detection, should the input
be open or short. Each receiver includes an optional 1802
terminating resistor and the output gate contains a logic
strobe for time discrimination. The DS78LS120 is specified
over a —55°C to +125°C temperature range and the
DS88LS120 from 0°C to +70°C.

Input specifications meet or exceed those of the popular
DS7820/DS8820 line receiver.

Features

B Meets EIA standards RS232-C, RS422 and RS423,
Federal Standards 1020, 1030 and MIL-188-114

| Input voltage range of =15V (differential or common-

mode)

Separate strobe input for each receiver

5k typical input impedance

Optional 1804} termination resistor

50 mV input hysteresis

200 mV input threshold

Separate fail-safe mode

Connection Diagram

Dual-In-Line Package
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Top View

Order Number DS88LS120N or DS88LS120M
See NS Package Number M16A or N16A

For Complete Military 883 Specifications,
see RETS Data Sheet.
Order Number DS78LS120J/883 or DS78LS120W/883
See NS Package Number J16A or W16A
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Absolute Maximum Ratings (note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 5.5 v
Office/Distributors for availability and specifications. Temperature (Ta)
Supply Voltage 7V DS78LS120 —55 +125 °C
Input Voltage 105y DS88LS120 0 +70 °C
Strobe Voltage v Common-Mode Voltage (Vcum) —15 +15 \Y
Output Sink Current 50 mA
Storage Temperature Range —65°Cto +150°C
Maximum Power Dissipation* at 25°C
Cavity Package 1433 mV
Molded Package 1362 mW
Lead Temperature (Soldering, 4 sec) 260°C
*Derate cavity package 9.6 mW/°C above 25°C; derate molded package
10.9 mW/°C above 25°C.
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min | Typ | Max | Units
VTH Differential Threshold Voltage louT = —400 pA,VoyT = 25V | =7V < Vg <7V 0.06 0.2 \
—15 < Vgm <15V 0.06 | 0.3 Vv
V1L Differential Threshold Voltage lout = 4 mA, Vout < 0.5V —7V < Vpom <7V —-0.08| —0.2| V
—15V < Vgpm < 15V —0.08) —03| V
VTH Differential Threshold Voltage louT = —400 pA,VoyT = 25V | -7V <Vpom <7V 0.47 0.7 \"
Vi | withFail-Safe Offset = 5V louT = 4 mA, VouT < 0.5V —7V<Vou<7V | —02|—042 v
RiN Input Resistance —15V < Vgpm < 15V, 0V < Voo < 7V 4 5 kQ
Rt Line Termination Resistance Ta = 25°C 100 | 180 300 Q
Ro Offset Control Resistance Ta = 25°C 42 56 70 kQ
IInD Data Input Current (Unterminated) | Vg = 10V 3.1 mA
Veom = 0V 0V < Vgo <7V —0.5| mA
Vem = —10V -2 | =81 | mA
VTHB Input Balance louT = —400 pA, Voyt = 2.5V, | =7V < Vpemq 7V 01 0.4 v
(Note 5) Rs = 5000
IF?:T: SSOEA, Vout < 0.5V, 7V <Vgom <7V 01l —0al v
VoH Logical “1” Output Voltage louT = —400 pA, Vpipr = 1V, Ve = 4.5V 25 3 \
VoL Logical “0” Output Voltage loutr = 4 mA, Vpipr = —1V, Voo = 4.5V 0.35 0.5 \
Icc Power Supply Current Voo = 5.5V Vom = 15V 10 16 mA
Vpirr = —0.5V, (Both Receivers) Vom = —15V 10 16 mA
IIN (1) Logical “1” Strobe Input Current | VsTroBE = 5.5V, VpIFF = 3V 1 100 nA
IIN (0) Logical “0” Strobe Input Current | VsTroBE = OV, VpIFF = —3V —290 | —400| pnA
VIH Logical “1” Strobe Input Voltage | VoL < 0.5, loyT = 4mA 20 | 112 \
ViL Logical “0” Strobe Input Voltage | Vo = 2.5V, loyT, = —400 uA 1.12 0.8 \
los Output Short-Circuit Current Vout = 0V, Vgo = 5.5V, VsTRroBE = 0V, (Note 4) —30| —100 | —170| mA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.
Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78L.S120 and across the 0°C to +70°C for the
DS88LS120. All typical values are for Ty = 25°C, Vo = 5V and Vg = OV.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown

as max or min on absolute value basis.
Note 4: Only one output at a time should be shorted.
Note 5: Refer to EIA-RS422 for exact conditions.
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Switching Characteristics v = 5v, 74 = 25°C

Symbol Parameter Conditions Min Typ Max Units
tpdo(D) Differential Input to “0” Output 38 60 ns
tpd1(D) Differential Input to “1” Output Response Pin Open, G, = 15 pF, R, = 2 k2 38 60 ns
tpdo(s) Strobe Input to “0”” Output 16 25 ns
tpd1(s) Strobe Input to “1”” Output 12 25 ns

AC Test Circuit and Switching Time Waveforms

Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection).

Differential and Strobe Input Signal
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Application Hints (continued)

Unbalanced Data Transmission

1/4 DS1488 OR
1/4DS16914/DS3691

1/2 DS78LS120
LINE RECEIVER

lll—

Vou

39YL10A 10ndiN0

a1

ViL V1 Vin

INPUT VOLTAGE TL/F/7499-7

The DS78LS120/DS88LS120 may be used as a level trans-
lator to interface between +12V MOS, ECL, TTL and
CMOS. To configure, bias either input to a voltage equal to
/> the voltage of the input signal, and the other input to the
driving gate.

LINE DRIVERS

Line drivers which will interface with the DS78LS120/
DS88LS120 are listed below.

Balanced Drivers

DS26LS31 Quad RS-422 Line Driver
Dual CMOS
DS7830, DS8830 Dual TTL

Dual TRI-STATE TTL
Dual TRI-STATE TTL
Quad RS-423/Dual RS-422 TTL

Quad RS-423/Dual TRI-STATE
RS-422 TTL

DS7831, DS8831
DS7832, DS8832
DS1691A, DS3691
DS1692, DS3692

DS3487 Quad TRI-STATE RS-422
Unbalanced Drivers

DS1488 Quad RS-232
DS75150 Dual RS-232

RESPONSE CONTROL AND HYSTERESIS

In unbalanced (RS-232/RS-423) applications it is recom-
mended that the rise time and fall time of the line driver be
controlled to reduce cross-talk. Elimination of switching
noise is accomplished in the DS78LS120/DS88LS120 by
the 50 mV of hysteresis incorporated in the output gate.
This eliminates the oscillations which may appear in a line
receiver due to the input signal slowly varying about the
threshold level for extended periods of time.

High frequency noise which is superimposed on the input
signal which may exceed 50 mV can be reduced in ampli-
tude by filtering the device input. On the DS78LS120/
DS88LS120, a high impedance response control pin in the
input amplifier is available to filter the input signal without

TL/F/7499-6
Logic Level Translator

1/2 DS78LS120

ECL GATE LINE RECEIVER
+
ECL THRESHOLD Q=i — O
.£7 O=—QO OUTPUT
o—0
O
TL/F/7499-8

affecting the termination impedance of the transmission
line. Noise pulse width rejection vs the value of the re-
sponse control capacitor is shown in Figures 1 and 2. This
combination of filters followed by hysteresis will optimize
performance in a worse case noise environment.
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Application Hints (continued)

TRANSMISSION LINE TERMINATION

On a transmission line which is electrically long, it is advisa-
ble to terminate the line in its characteristic impedance to
prevent signal reflection and its associated noise/cross-
talk. A 180Q termination resistor is provided in the
DS78LS120/DS88LS120 line receiver. To use the termina-
tion resistor, connect pins 2 and 3 together and pins 13 and
14 together. The 180% resistor provides a good compro-
mise between line reflections, power dissipation in the driv-
er, and IR drop in the transmission line. If power dissipation
and IR drop are still a concern, a capacitor may be connect-
ed in series with the resistor to minimize power loss.

The value of the capacitor is recommended to be the line
length (time) divided by 3 times the resistor value. Example:
if the transmission line is 1,000 feet long, (approximately
1000 ns), and the termination resistor value is 1801, the
capacitor value should be 1852 pF. For additional applica-
tion details, refer to application notes AN-22 and AN-108.

FAIL-SAFE OPERATION

Communication systems require elements of a system to
detect the presence of signals in the transmission lines, and
it is desirable to have the system shut-down in a fail-safe
mode if the transmission line is open or shorted. To facilitate
the detection of input opens or shorts, the DS78LS120/
DS88LS120 incorporates an input threshold voltage offset.
This feature will force the line receiver to a specific logic
state if presence of either fault is a condition.

Given that the receiver input threshold is £200 mV, an input
signal greater than +200 mV insures the receiver will be in
a specific logic state. When the offset control input (pins 1
and 15) is connected to Voo = 5V, the input thresholds

are offset from 200 mV to 700 mV, referred to the non-in-
verting input, or —200 mV to —700 mV, referred to the
inverting input. Therefore, if the input is open or shorted, the
input will be greater than the input threshold and the receiv-
er will remain in a specified logic state.

The input circuit of the receiver consists of a 5k resistor
terminated to ground through 120§ on both inputs. This net-
work acts as an attenuator, and permits operation with com-
mon-mode input voltages greater than +15V. The offset
control input is actually another input to the attenuator, but
its resistor value is 56k. The offset control input is connect-
ed to the inverting input side of the attenuator, and the input
voltage to the amplifier is the sum of the inverting input plus
0.09 times the voltage on the offset control input. When the
offset control input is connected to 5V the input amplifier will
see VININVERTING) +0.45V or ViN(NVERTING) +0.9V when
the control input is connected to 10V. The offset control
input will not significantly affect the differential performance
of the receiver over its common-mode operating range, and
will not change the input impedance balance of the receiver.

It is recommended that the receiver be terminated (5009 or
less) to insure it will detect an open circuit in the presence
of noise.

The offset control can be used to insure fail-safe operation
for unbalanced interface (RS-423) or for balanced interface
(RS-422) operation.

For unbalanced operation, the receiver would be in an inde-
terminate logic state if the offset control input was open.
Connecting the fail-safe offset pin to 5V, offsets the receiver
threshold to 0.45V. The output is forced to a logic zero state
if the input is open or shorted.

Unbalanced RS-423 and RS-232 Fail-Safe

LINE RECEIVER
1/2 DS78LS120

LINE DRIVER

<

(OFFSET CONTROL
INPUT OPEN)

OUTPUT VOLTAGE

0
INPUT VOLTAGE

TL/F/7499-11

(OFFSET CONTROL
INPYT = 5V}

OUTPUT VOLTAGE

l

0 045V
INPUT VOLTAGE

TL/F/7499-12
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Application Hints (continued)

Balanced RS-422 Fail-Safe
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TL/F/7499-13

INPUT VOLTAGE

For balanced operation with inputs open or shorted, receiv-
er C will be in an indeterminate logic state. Receivers A and
B will be in a logic zero state allowing the NOR gate to
detect the open or short condition. The strobe will disable
receivers A and B and may therefore be used to sample the
fail-safe detector. Another method of fail-safe detection
consists of filtering the output of NOR gate D so it would not
indicate a fault condition when receiver inputs pass through
the threshold region, generating an output transient.

Truth Table (For Balanced Fail-Safe)

INPUT VOLTAGE

L
INPUT VOLTAGE

TL/F/7499-14

In a communications system, only the control signals are
required to detect input fault conditions. Advantages of a
balanced data transmission system over an unbalanced
transmission system are:

1. High noise immunity

2. High data ratio

3. Long line lengths

Input Strobe A-Out B-Out C-Out D-Out
0 1 0 1 0 0
1 1 1 0 1 0
X 1 0 0 X 1
0 0 1 1 0 0
1 0 1 1 0 0
X 0 1 1 0 0
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Schematic Diagram
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Physical Dimensions inches (millimeters)

16-Lead Molded Package Small Outline (M)
Order Number DS88LS120M
NS Package Number M16A

0.785
[19.94] MAX ———»
16
DA AN ANAD ﬂ T
0.220-0.310
[5.59-7.87]
0.025 PRIV IV I P i P L P AN
" lo.64] 1 0.005-0.020
RT0.13-051] 7P
0.03740.005
> TYP
0.005 [0.94£0.13] ?Azgo—o 32]0_
y | 0.055£0.005 7.37-8.13
M[I%‘ﬁ]P N = [ Trsozoas) TP GLASS SEALANT
¥ ?’OZO_O'OG?TYP v
0.200 0.51-1.52
[5.08] H ' 17 (4 [57) M =
MAX TYP | | 0.010£0.002
T lo.25£0.05] TP
A |
0.125-0.200 o't 40 | 950% 50
TYP — 909+ 4 959+ 5
[3.18-5.08] L TYP .« TYP
0.080
[2.03] MAX == =~ 1 0.310-0.410
BOTH ENDS 0.018+0.00 AL
[0.46 £0.08 ] Ye [7.87-10.41] J16A (REV L)
0.100£0.010 1yp _|
[2.540.25]
Ceramic Dual-In-Line Package (J)
Order Number DS78LS120J
NS Package Number J16A
A 0.386—0.304
(9.804—10.00)
15 14 13 12 11 10 9
0.228-0.244 300
(5.791-6.198) TYP
Be | ™
LEAD N0 4 12 3 4 5 6 1 8
IDENT 0.010 max
0.254)
0.150—0.157
810-3988) [
0.010-0.020 0.053 -0.069
02540508 < [ (1.346-1.753) 0.004-0.010
8° MAX TYP (0.102—0.254)
ALL LEADS T -
L — - 5
mf n "E '1 SEATING
‘ ﬁ: f * T PLANE
n.mm 0.010 oo 0.014—0.02
{0.203-0.259) — D.016-0.050. (0.356) > 10 ggg o 355»3 gng P
TYP ALL LEADS ‘ (0-406-1.270) (e ’ 508)
0.004 TYP ALL LEADS e 0008
(0.102 (0. 203) M16A (REV H}
ALL LEAD TIPS
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Physical Dimensions inches (millimeters) (Continued)

0.092
(2.337)
DIA NOM
(2X)

0.843-0.870
m (21.41-22.10)
(2.286) —
NOM | ) W [ [ [ G [ [
I

PIN NO.1 IDENT\

0.250 +0.005
(6.350 £0.127)

S @

G L2 Bl Lo Ls] L] 2] 18]

0.145-0.200
¥ (3.683-5.080)

Molded Dual-In-Line Package (N)
Order Number DS88LS120N
NS Package Number N16A

0.280
1.112) =
|
0.300-0320 | ‘g 0040
| T620-8.128) 0085 0060 w576) 0.130 £0,005
(1651}  (1.524) TYP ’* (3.302 :0.127) ¥
” = * b=
95°+5° 0.009-0.015 90° 4° 020
ol OB
™"{0229-0381) S
0.075 +0.015 F H_ 0.018:0.003 0.125-0.140 (uM.r;Ns)
00750015 | _ 0-018:0.003
0325 T00 {1905 -0.381) | ™ (o457 s0.078) (3-175-3.556)
ot 0.100 :0.010
(3-255 _oﬁm) 2,540 0.254)

N18A (REV E)
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LIFE SUPPORT POLICY

Physical Dimensions inches (millimeters) (Gontinued)

0.050—0.080 0.371-0.390
(1.270-2.032) {9.423-9.906)
0.004—0.006 0.007 -0.018 0.0500.005
_0.004—0.006 | 902800 yp
@iz=o1g " {0.178-0.457) ‘}* (1.270£0.127)
TP —p=||<—0.000 min TYP
A
|
0.250-0.370
(6.350—9.398)
L Y 1
A 161514 13121110 9 A ,
L] % 0.245-0.275
L [ A s (6.223—6.985)
d..2345678
T 0.008—0.012
DETAILA— >~ > 10.203—0.305)
]
PIN ND. 1 0.250-0.370
0.250-0.370 DETAIL A
IDENT (6.350 _9.398)
Y
0.026—0.040 J 0.015—0.019
bbb . bl
06601015 " 0.381-0.482)
TYP W16A (RCV H)

Ceramic Dual-In-Line Package (W)
Order Number DS78LS120W/883

NS Package Number W16A

DS78LS120/DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe)

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.

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 OF NATIONAL

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.
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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.






