XR-15/25/3543

Power Supply Output Supervisory Circuit

GENERAL DESCRIPTION

The XR-1543/2543/3543 are monolithic integrated cir-
cuits that contain all the functions necessary ¢ monitor
and control the output of a power supply system. In-
cluded in the 16-Pin dual-in-line package is a voltage
reference, an operational amplifier, voltage compara-
tors, and a high-current SCR trigger circuit. The func-
tions performed by this device include over-voltage
sensing, under-voltage sensing and current limiting,
with provisions for triggering an external SCR “crow-
bar.”

The internal voltage reference on the XR-1543
and XR-2543 is guaranteed for an accuracy of
+1% to eliminate the need for external
potentiometers. The entire circuit may be powered
from either the output that is being monitored or
from a separate bias voltage.

FEATURES

Over-Voltage Sensing Capability
Under-Voltage Sensing Capability
Current Limiting Capability
Reference Voltage Trimmed 1%
SCR “Crowbar" Drive 300 mA
Programmabte Time Delays
Open Collector Outputs

and Remote Activation Capability
Total Standby current

APPLICATIONS

DC/DC Converters

Switch Mode Power Supplies
Power Line Monitors

Linear Power Supplies

ABSOLUTE MAXIMUM RATINGS

Less than 10 mA

Input Supply Voltage, V)N 40V
Sense Inputs VIN
SCR Trigger Current (Note 1) 300 mA
Indicator Output Voltage 40V
Indicator Output Sink Current 50 mA
Power Dissipation (Ceramic) 1000 mW

Derate Above T = +25°C 8 mwi/°C
Power Dissipation (Piastic) 625 mw

Derate Above Tp = +25°C 5 mW/°C
Operating Junction Temperature (T ) +150°C

Storage Temperature Range —-65°C to +150°C

Note 1: At higher input voltages, a dissipation limiting
resistor, Rg, is required.
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-1543M Ceramic ~-55°C to +125°C
XR-2543N Ceramic —-25°C to +85°C
XR-3543CN Ceramic 0°C to +70°C
XR-3543CP Plastic 0°Cto +70°C

SYSTEM DESCRIPTION

An output supervisory circuit, such as the XR-1543, is
used to control and monitor the performance of a
power supply. in many systems, it is crucial that the
supply voltage is always within some minimum and
maximum level, to guarantee proper performance, and
1o prevent damage to the system. If the supply voltage
is out of tolerance, it is often desirable to shut down the
system or to have some form of indication to the opera-
tor or system controller. As well as protecting the sys-
tem, the power supply sometimes needs to be protect-
ed under short circuit and current overload situations.
By providing an SCR ‘“crowbar” on the output of a
power supply, it can be shut off under certain fault con-
ditions as weil.

The over-voltage sensing circuit (O.V.)) can be used to
monitor the output of a power supply and provide trig-
gering of an SCR, when «he output goes above the pre-
scribed voltage level. The under-voltage sensing circuit
(U.V) can be used to monitor either the output of a
power supply or the input line voitage.
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XR-15/25/3543

ELECTRICAL CHARACTERISTICS
Tost Conditions: vy = 10V, To = 25°C unless otherwise specified. Refer to Figure 9 for component designation.

XR-1543/2543 XR-3543
PARAMETERS MIN TYP MAX MIN TYP MAX UNIT CONDITIONS
Input Voltage Range 4.5 40 4.5 40 v Ta = 25°C
Input Voitage Range 4.7 40 4.7 40 v TT. = min to max *
Supply Current 7 10 7 10 mA TA =25°C, VN = 40V
REFERENCE VOLTAGE SECTION (Pins 15 and 16)
Output Voltage 248 | 250 252 245 | 250 255 \' Ta =25°C
Output Voltage 2.45 2.55 2.40 2.60 " TT = min to max *
Line Regulation 1 5 1 5 my ViN = 5to 30V
Load Regulation 1 10 1 10 mv lref = 0t0 10 mA
Short Circuit Current 15 15 mA Vigt = OV
Temperature Stability 50 50 ppm/°C
SCR TRIGGER SECTION (Pins 1, 2, and 3)
Peak Output Current 100 200 400 100 200 400 mA VIN = 5V, Rg = 00,
Vo=0
Peak QOutput Voltage 12 13 12 13 v V|?\| = 15V, ig = 100 mA
Output OFF Voltage 0 0.1 0 0.1 v ViN = 40V
Remote Activate Current 04 08 0.4 0.8 mA Pin2 = GND
Remote Activate Voltage 2 6 2 6 v Pin 2 = Open
Reset Current 04 0.8 0.4 0.8 mA Pin 2 = GND,
Pin 3 = GND
Reset Voltage 2 6 2 6 v Pin 2 = GND,
Pin 3 = Open
Output Current Slew Rate 400 400 mA/us | Tj = 25°C, R = 50@,
Ch=0
Propagation Delay Time 300 300 nsec TJD= 25°C, Ry = 50Q
(From Pin 2) Cp = 0,Pin2 = 0.4V
Propagation Delay Time 500 500 nsec Ty = 25°C, R_ = 500,
(From Pin 6) Cp = 0,Pin6 = 27V
COMPARATOR SECTIONS (Pins 4, 5, 6, 7, 8, and 9)
Input Threshold
(Input Voltage Rising 2.45 2.50 2.55 2.40 2.50 2.60 v Tt = min to max *
on Pin 6 and
Falling on Pin 7) 2.40 2.60 2.35 2.65 v Ty = 25°C
Input Hysteresis 25 25 mv
Input Bias Current 0.3 1.0 0.3 1.0 uA Sense input = OV
Delay Saturation 0.2 0.5 0.2 0.5 v
Delay High Level 6 7 6 7 v
Delay Charging Current 200 250 300 200 250 300 uA Vp = OV
Indicate Saturation Voltage 0.2 05 0.2 0.5 v IL=10mA
Indicate Leakage Current 0.01 1.0 0.01 1.0 A Vout = 40V
Propagation Delay Time 400 400 nsec Cp=0 Pin6 = 2.7V
Pin7 = 2.3V
Propagation Delay Time 10 10 msec Cp =tuF Ty=25C
CURRENT LIMIT AMPLIFIER SECTION (Pins 10, 1%, 12, and 13)
Input Voltage Range 0 ViN-3V 0 ViN—-3V \J
Input Bias Current 0.3 1.0 03 1.0 uA Pin 12 = Open, Vouq = OV
Input Offset Voltage 0 10 0 15 mvV Pin 12 = Open, Vg = OV
Input Offset Voltage 80 100 120 70 100 130 mv Pin 12 = 10 k@ to GND
Common Mode 60 70 60 70 dB VIN = 15V. 0=
Vem = 12v
Rejection Ratio
Open Loop Gain 72 80 72 80 dB VcMm = OV, Pin 12 = Open
Output Saturation Voltage 0.2 0.5 0.2 05 \ IL = 10mA
Output Leakage Current 0.01 1.0 0.01 1.0 A Vout = 40V
Small Signal Bandwidth 5 5 MHz Ty =25°C, Av = 0dB
Propagation Delay Time 200 200 nsec Ty = 25°C,
Vaverdrive = 100 m¥

* These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production
for XR-3543.
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XR-15/25/3543

PRINCIPLES OF OPERATION

The internal control blocks of the XR-1543 operate as
follows:

Voltage Reference Section

The internal voltage reference circuit of the XR-1543 is
based on the well-known “band-gap reference” with a
nominal output voltage of 2.50 volts, internally trimmed
to give an accuracy of + 1% at 25°C. It is capable of
providing a stable output voltage over a wide input volt-
age range. Furthermore, its performance is guaranteed
for changes in line and load conditions. The accuracy
of the output voltage is guaranteed to + 2% maximum
for the XR-1543/2543, and + 4% maximum for the XR-
3543, over the entire operating temperature range.

The output of the reference circuit is capable of provid-
ing up to 10 mA of current for use as a reference for ex-
ternal circuitry. The primary function of this circuit is to
provide a very accurate and stable reference input for
the under-voltage and over-voltage comparators, there-
by enabling very precise monitoring of line and output
voltages without potentiometers.

Comparator Section

The under-voltage and over-voltage sensing compara-
tors of the XR-1543 are identical except for the input po-
larities. Each section is made up of two comparators in
series whose inputs are referenced to 2.50 volts. The
delay terminal between the comparators requires an
external capacitor to ground for programmable time de-
lays on the output.

When an out-of-tolerance situation occurs, the first
comparator activates a current source which then
charges the external capacitor at a constant rate. This
ramp voltage is then compared to the reference voltage
by the second comparator which activates the output
indicating circuit. With no external capacitor, the overall
time delay from sense input to output is approximately
0.5 usec. The charging current for the capacitor, Cp, is
approximately 250 pA which results in the following re-
lationship:

Time delay = 10 Cp (msec)
where Cp is in pF.

The output npn transistors are capable of sinking 10
mA with saturation voltage of less than 0.4 volts. The
outputs can be “wired OR’d" to provide a single output
indicator. The maximum recommended R4 pull up
resistor volume is 1K so when pulled up to +5Vpg.

Current Sensing Amplifier

The operational amplifier used in the XR-1543 is a high-
gain, externally compensated amplifier with open col-
lector outputs. The pnp input stage provides for a wide
input common mode range extending from ground to
approximately 3 volts below the positive supply. With a
2 k2 pull-up resistor, the open-loop voltage gain is 72
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dB minimum with a unity gain bandwidth beyond 5
MHz. The operational amplifier may be used as a com-
parator or, if linear amplification is required, external
compensation may be added for stable performance
over a wide frequency range.

The input offset voitage of this amplifier is specified for
10 mV maximum; however, it may be programmed ex-
ternally for thresholds up to 200 mV. By connecting a
resistor, Ry, from Pin 12 to ground, the input threshold
voltage can be varied. For most current sensing appli-
cations, the required threshold polarity calis for a posi-
tive voltage on the inverting input. Reducing the imped-
ance on Pin 12 also lowers the overall voltage gain of
the amplifier, which makes this pin a convenient point
to apply frequency compensation. This can be accom-
plished by either connecting C to the output, or Co to
ground as shown in Figure 8. The diode, D1, and the re-
sistor, Rc, are used only if it is necessary to increase
the frequency response by operating the output at a
higher current and/or isolating the load from Rc and
C1, when the amplifier is off.

SCR Trigger Section

The SCR trigger section of the XR-1543 is connected to
the output of the over-voltage comparator and is capa-
ble of handling 300 mA. The circuit also provides for re-
mote activation of the output as well as a reset termi-
nal. When an over-voltage situation occurs, the output
of the sensing comparator goes low, turning “on” the
over-voltage indicate transistor. At the same time, the
comparator drives an npn Darlington pair which pro-
vides 300 mA to activate an external SCR crowbar.

A remote activation circuit is included to aliow the user
to activate the SCR crowbar in other than an over-
voltage situation. When this terminal, Pin 2, is ground-
ed, it forces the output of the comparator low which ac-
tivates the output circuitry in the same manner as the
over-voltage comparator does. Figure 9 and 11
shows one possible SCR application. RG is
dependent upon the VgppLy to prevent>300 mA
of current flow and to prevent exceeding the power
dissipation rating of the XR-1543/2543/3543.

Another function of this circuit is to provide the capabili-
ty to latch the O.V. indicate and SCR trigger outputs
“on”, after a fault is sensed. This is done by connecting
the remote activate terminal (Pin 2) to the O.V. indicat-
ing terminal (Pin 4). When an O.V. condition occurs, Pin
2 is pulled low, which in turn holds the outputs in the
“on” condition until the reset terminal is externaily
grounded, removing the latch and turning “off” the out-
puts. If the external connection is not made, the high
current output will be activated only as long as a fault
condition exists. When the fault condition disappears,
the outputs will be disabled. The thresholds for both re-
mote activation and reset terminals are approximately
1.2 volts.
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XR-15/25/3543

APPLICATIONS INFORMATION

A typical application of the XR-1543 is to monitor a sin-
gle power supply output voltage as shown in Figure 9.
In this circuit, both over- and under-voltage sensing and
current-limiting functions are performed. The circuit
shown is powered from an external bias capable of sup-
plying 10 mA in addition to the activation current for the
SCR trigger. With Pin 2 tied to Pin 4, a latch has been
pravided such that when an over-voltage situation oc-
curs, the o.v. indicator and SCR trigger are activated
and held until the reset terminal is externally grounded.

In powering an SCR from supply voltages greater than 5
voits, an external resistor, Rg, is required on Pin 1 to
limit the power dissipation for the XR-1543. Although
the XR-1543 is capable of handling 300 mA of current,
its power dissipation must be kept below the absolute
maximum ratings.

tn this circuit, current-limiting is performed by sensing
the voltage drop across the resistor, Rgg, in the posi-
tive supply line. The threshold for the amplifier is exter-
nally set by the resistor, R

The values of the external components used in Figure 9
are calculated as follows:

1. Current limiting threshold, VT =

1000
RT

2. Cq is determined by the loop dynamics.

3. Peak current to load,
VTH V_O(L
Rsc Rsc \R2 + R

4. Short circuit current,

Ipz

VTH

Rsc

5. Low output voltage limit,

Isc =

2.5(R4 + R5 + Rg)

Vo (low) = Rs + Rg

6. High output voltage limit,

2.5(R4 + Rs + Rg)

Vo (high) =
Re

7. Voltage sensing delay, Tp = 10,000 Cp

8. SCR trigger power limiting resistor,

VIN -5

Rg >
G 0.2

TO CONTAOL
LOOP

Figure 8. Current Limiting Amplifier Connections for
Threshold Control and Frequency Compensation
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72* EXAR XR-1488/1489A

Quéd Line Driver/Receiver

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAMS

The XR-1488 is a monolithic quad line driver designed
to interface data terminal equipment with data commu-
nications equipment in conformance with the specifica-
tions of EIA Standard No. RS232C. This extremely ver-
satile integrated circuit can be used to perform a wide
range of applications. Features such as output current
limiting, independent positive and negative power sup-
ply driving elements, and compatibility with all DTL and
TTL logic families greatly enhance the versatility of the
circuit.

The XR-1489A is a monolithic quad line receiver de-
signed to interface data terminal equipment with data
communications equipment. the XR-1489A quad re-
ceiver along with its companion circuit, the XR-1488
quad driver, provide a complete interface system be-
tween DTL or TTL logic levels and the RS232C defined
voltage and impedance levels.

mmmmmmm
o] B] 2] =] L&] 2]

ABSOLUTE MAXIMUM RATINGS

T[T *‘f‘]’lﬁ_t

[=] Lol [a] 121 18] L&) [=]

sicicicicioio
Léd&

Power Supply
XR-1488 +15 Vde
XR-1489A +10 Vde
Power Dissipation
Ceramic Package 1000 mwW
Derate above +25°C 6.7 mW/°C
Plastic Package 650 mw/°C
Derate above +25°C 5 mW/°C SYSTEM DESCRIPTION

The XR-1488 and XR-1489A are a matched set of quad
line drivers and line receivers designed for interfacing
between TTL/DTL and RS232C data communication
lines.

The XR-1488 contains four independent split supply line
drivers, each with a + 10 mA current limited output. For
RS232C applications, the slew rate can be reduced to
ORDERING INFORMATION the 30 V/uS limit by shunting the output to ground with a
410 pF capacitor. The XR-1489A contains four indepen-

Part Number Package Operating Temperature dent line receivers, designed for Interfacing RS232C to
XR-1488N Ceramic 0°C to +70°C TTUDTL. Each receiver features independently pro-
XR-1488P Plastic 0°C to +70°C grammable switching thresholds with hysteresls, and
XR-1489AN Ceramic 0°Cto +70°C input protection to +30 V. The output can typically
XR-1489AP Plastic 0°C to +70°C source 3 mA and sink 20 mA.
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XR-1468/1568

Dual-Polarity Tracking Voltage Regulator

GENERAL DESCRIPTION

The XR-1468/1568 s a dual polarity tracking voitage
regulator, internally trimmed for symmetrical positive
and negatlve 15V outputs. Current output capability is
100 mA, and may be Increased by adding external pass
transistors. The device Is intended for local "“on-card”
regulation, which eliminates the distribution problems
assoclated with single point regulation.

The XR-1468CN and XR-1568N are guaranteed over
the 0°C to 70°C commerclal temperature range. The
XR-1568M is rated over the full military temperature
range of —55°C to +125°C.

FEATURES

Internally Set for + 15V Outputs

+ 100 mA Peak Output Current

Output Voltages Balanced Within 1% (XR-1568)
0.06% Line and Load Regulation

Low Stand-By Current

Output Externally Adjustable from +8 to +20 Volts
Externally Adjustable Current Limiting

Remote Sensing

APPLICATIONS
Main Regulation in Small Instruments

On-Card Regulation in Analog and Digital Systems
Point-of-Load Precision Regulation

ABSOLUTE MAXIMUM RATINGS

Power Supply + 30 Volits
Minimum Short-Clrcuit Reslistance 4.0 Ohms
Load Current, Peak +100 mA
Power Dissipation

Ceramic (N) Package 1.0 Watt

Derate Above +25°C
Operating Temperature

XR-1568M -55°C to +125°C

XR-1568/XR-1468 0°C to +70°C

6.7 mW/°C

Powered by ICmin{erAcom gmwg-w%%{ﬁ?gopquhl 2003 —65°C to + 150°C
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Temperature Output Offset  Package

XR-1568M -55°C to + 125°C + 150 mV maxCeramic
XR-1568N 0°Cto +70°C x 150 mV maxCeramic
XR-1468CN 0°Cto +70°C 300 mV maxCeramic

SYSTEM DESCRIPTION

The XR-1468/1668 Is a dual polarity tracking voltage
regulator combining two separate regulators with a
common reference element in a singie monolithic cir-
cuit, thus providing a very close balance between the
positive and negative output voltages. Qutputs are in-
ternaily set to + 15 Volts but can be externally adjusted
between +8.0 to 420 Volts with a single control. The
clrcult features 1100 mA output current, with exter-
nally adjustable current limiting, and provision for re-
mote voltage sensing.
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