Raytheon Electronics

Semiconductor Division

RC4191/RC4192/RC4193

Micropower Switching Regulator

Features

» High efficiency — 85% typical

» Low quiescent current — 215 pA
« Adjustable output — 1.3V to 30V
+ High switch current — 200 mA

+ Bandgap reference — 1.31V

Description

The RC4191/4192/4193 series of monolithic ICs are low
power switch mode regulators intended for miniature power
supply applications. These DC-to-DC converter ICs provide
all of the active components needed to create supplies for
micropower circuits. Contained internally are an oscillator,
switch, reference, comparator, and logic, plus a discharged
battery detection circuit.

These regulators can achieve up to 85% efficiency in most
applications while operating over a wide supply voltage
range, 2.2V to 30V, at a very low quiescent current drain of
215 pA.
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» Accurate oscillator frequency — £10%
* Remote shutdown capability

» Low battery detection circuitry

* Low component count

» 8-lead packages

The standard application circuit requires just seven external
components for step-up operation: an inductor, a steering
diode, three resistors, a low value timing capacitor, and an
electrolytic filter capacitor. The combination of simple
application circuit, low supply current, and small package
make the RC4193 adaptable to a wide range of miniature
power supply applications.

The RC4193 is most suited for single ended step-up

(VOUT > VIN) circuits because the NPN internal switch tran-
sistor is referenced to ground. It is complemented by Ray-
theon's micropower switching regulator, the RC4391, which
is dedicated to step-down (VOUT < VIN) and inverting
VOUT = -VIN) applications. Between the two devices the
ability to create all three basic switching regulator configura-
tions is assured. Refer to the RC4391 data sheet for step-
down and inverting applications.

The RC4191/92/93 series of micropower switching regula-
tors consists of three devices, each with slightly different
specifications. The RM4191 has a 1.5% maximum output
voltage tolerance, 0.2% maximum line regulation, and oper-
ation to 30V. The RC4192 has a 3.0% maximum output
voltage tolerance. 0.5% maximum line regulation, and oper-
ation to 30V. The RC4193 has a 5.0% maximum output volt-
age tolerance, 0.5% maximum line regulation, and operation
to 24V. Other specifications are identical for the RC4191.
RC4192 and RC4193. Each type is available in commercial,
industrial, and military temperature ranges. and in plastic
and ceramic DIPs and SO-8 packages.
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PRODUCT SPECIFICATION

RC4191/RC4192/RC4193

Pin Assignments

Pin Definitions

Pin Pin
LBR [TT]+ 8 [1T71 LBD Name | Number | Pin Function Description
ovg mun Fl 7 110 Veg LBR 1 Low Battery (Set) Resistor
Ly CTT]s 6 I 1e Cx 2 Timing Capacitor
Lx 3 External Inductor
GND [TL{4 ST +Vs Gnd 4 Ground
eds +Vs 5 Positive Supply Voltage
Ic 6 Reference Set Current
VFB 7 Feedback Voltage
LBD 8 Low Battery Detector Output
Absolute Maximum Ratings
(beyond which the device may be damaged)1
Parameter Min Typ Max Units
Supply Voltage (Without External 4191, 4192 30 \
Transistor) 4193 24 Y,
PDTA < 50°C SoIC 300 mwW
PDIP 468 mwW
CerDIP 833 mwW
Operating Temperature RM4191/2/3 -55 125 °C
RV4191/2/3 -25 85 °C
RC4191/2/3 0 70 °C
Storage Temperature -65 150 °C
Junction Temperature SOIC, PDIP 125 °C
CerDIP 175 °C
Switch Current Peak 375 mA
For Ta > 50°C Derate at SOIC 417 mw/°C
PDIP 6.25 mw/°C
CerDIP 8.33 mwW/°C

Note:

1. Functional operation under any of these conditions is NOT implied. Performance and reliability are guaranteed only if

Operating Canditions are not exceeded.

Operating Conditions

Parameter Min Typ Max Units
8JC Thermal resistance CerDIP 45 °C/IW
BJA Thermal resistance SOIC 240 °C/W

PDIP 160 °C/W
CerDIP 150 °C/W
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RC4191/RC4192/RC4193

PRODUCT SPECIFICATION

Electrical Characteristics
(+Vs = +6.0V, IC = 5.0 pA over the full operating temperature range unless otherwise noted.)

4191 4192 4193

Parameters Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Units

+Vs | Supply Voltage 2.6 30 | 2.6 30 | 26 24 \'

VREF | Reference 1.25(1.31(137]123|1.31|1.39/1.20|1.31|1.42 \
Voltage (Internal)

sy Supply Current Measure at Pin 5 225 | 350 235 | 350 225 | 350 | pA

I3a=0

Line Regulation 0.5Vo < Vs < Vo 02| 05 05| 1.0 05|10 | % Vo

L Load Regulation | Vs =0.5Vo 05| 1.0 05| 1.0 05| 1.0 | % Vo

PL =150 mW

Ic Reference Set 10| 50| 50 | 10|50 50 (10| 50| 50 pA
Current

Ico Switch Leakage V3 =24V (4193) 30 30 30 A
Current 30V (4191, 4192)

Iso Supply Current V¢ €200 mV 30 30 30 LA
(Disabled)

ILBD | Low Battery Vg =0.4V, 400 | 1200 400 (1200 400 (1200 HA
Output Current Vi=1.1V
Oscillator +200 +200 +200 ppm/
Frequency °C
Temperature Drift
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PRODUCT SPECIFICATION RC4191/RC4192/RC4193

Electrical Characteristics

(+Vs = +6.0V, IC = 5.0 pA, and TA = +25°C unless otherwise noted.)

4191 4192 4193

Parameters Conditions Min | Typ |Max [ Min | Typ | Max | Min | Typ | Max | Units

+Vs Supply Voltage 2.2 30 | 2.2 30 | 22 24 \

VREF Reference 1.2911.31(1.33|1.27(1.31(1.35|1.24(1.31(1.38 \'
Voltage (Internal)

Isw Switch Current V3 =400 mV 100 | 200 100 { 200 100 | 200 mA

Isy Supply Current Measure at Pin 5 215 | 300 215 | 300 215|300 | pA

|3=0

ef Efficiency 85 85 85 %
Line Regulation 05Vo<Vs< Vo 0.04| 0.2 0.04| 0.5 0.04| 0.5 | % Vo

L Load Regulation | V§=+0.5VouT 02|05 02|05 02|05 |%Vo

PL= 150 mW

FO Operating 0125|175 |01 |25 (75 |01| 25| 75 | kHz
Frequency Range

Ic Reference Set 1.0 50|50 |10]50)| 50 |1.0(50)| 50 HA
Current

lco Switch Leakage | V3 =24V (4193), 0.01| 5.0 0.01( 5.0 0.01] 50| pA
Current 30V (4191/2)

I1SO Supply Current V¢ £200 mV 0.1 | 5.0 01|50 0.1 1] 50 pA
(Disabled)

B Low Battery Bias | Vi =12V 0.7 0.7 0.7 A
Current

Icx Capacitor 8.6 8.6 8.6 HA
Charging Current
Oscillator +10 +10 +10 %
Frequency
Tolerance

+VTHX | Capacitor 14 14 1.4 \
Threshold
Voltage +

-VTHX | Capacitor 0.5 0.5 0.5 Y
Threshold
Voltage —

IFB Feedback Input V7=13V 0.1 0.1 0.1 HA
Current

ILBD Low Battery Vg = 0.4V, 500 | 1500 500 {1500 500 |1500 HA
Qutput Current Vi=1.1V
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RC4191/RC4192/RC4193 PRODUCT SPECIFICATION

Typical Performance Characteristics
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PRODUCT SPECIFICATION

RC4191/RC4192/RC4193

Applications Discussion

Simple Step-Up Converter

The most common application, the step-up regulator, is
derived from a simple step-up (VOUT > VBAT)
DC-to-EC Converter (Figure 6).

Vout

65-1646

Figure 6. Simpie Set-Up Converter

When switch S is closed, the battery voltage is applied
across the inductor L. Charging current flows through the
inductor. building up a magnetic field. increasing as the
switch is held closed. While the switch is closed, the diode D
is reverse biased (open circuit) and current is supplied to the
load by the capacitor C. Until the switch is opened, the
inductor current will increase linearly to a maximum value
determined by the battery voltage, inductor value, and the
amount of time the switch is held closed

(IMAX = VBAT/L x TON). When the switch is opened, the
magnetic field collapses, and the energy stored in the mag-
netic field is converted into a discharge current which flows
through the inductor in the same direction as the charging
current. Because there is no path for current to flow through
the switch, the current must flow through the switch, the cur-
rent must flow through the diode to supply the load and
charge the output capacitor.

If the switch is opened and closed repeatedly, at a rate much
greater than the time constant of the output RC, then a
constant DC voltage will be produced at the output.

An output voltage higher than the input voltage is possible
because of the high voltage produced by a rapid change of
current in the inductor. When the switch is opened, the
inductor voltage will instantly rise high enough to forward
bias the diode, to VOUT + VD.

In the complete RC4193 regulator, a feedback control sys-
tem adjusts the on time of the switch. controlling the level of
inductor current, so that the average inductor discharge
current equals the load current, thus regulating the output
voltage.

Compilete Step-Up Regulator

A complete schematic of the minimum step-up application is
shown in Figure 7. The ideal switch in the DC-to-DC
Converter diagram is replaced by an open collector NPN
transistor Q1. CF functions as the output filter capacitor, and
Dl and LX replace D and L.

When power is first applied. the current in R1 supplies bias
current to pin 6 (IC). This current is stabilized by a unity gain
current source amplifier and then used as bias current for the
1.31V bandgap reference. A very stable bias current gener-
ated by the bandgap is mirrored and used to bias the remain-
der of the chip. At the same time the RC4193 is starting up,
current will flow through the inductor and the diode to
charge the output capacitor to VBAT - VD.

At this point. the feedback (pin 7) senses that the output volt-
age is too low, by comparing a division of the output voltage
(set by the ratio of R2 to R3) to the +1.31V reference. If the
output voltage is too low then the comparator output changes
to a logical zero. The NOR gate then effectively ANDs the
oscillator square wave with the comparator signal; if the
comparator output is zero AND the oscillator output is low,
then the NOR gate output is high and the switch transistor
will be forced on. When the oscillator goes high again, the
NOR gate output goes low and the switch transistor will turn
off. This turning on and off of the switch tcansistor performs
the same function that opening and closing the switch in the
simple DC-to-DC Converter does; i.e., it stores energy in the
inductor during the on time and releases it into the capacitor
during the off time.

The comparator will continue to allow the oscillator to turn
the switch on and off until enough charge has been delivered
to the capacitor to raise the feedback voltage above 1.31V.

Thereafter, this feedback system will vary the duration of the
on time in response to changes in load current or battery
voltage (see Figure 8). If the load current increases (wave-
form C), then the transistor will remain on (waveform D) for
a longer portion of the oscillator cycle (waveform B), thus
allowing the inductor current (waveform E) to build up to a
higher peak value. The duty cycle of the switch transistor
varies in response to changes in load and time.
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Figure 7. Complete Step-Up Regulator
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Figure 8. Step-Up Regulator Waveforms
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RC4191/RC4192/RC4193

Simplified Schematic Diagram

PRODUCT SPECIFICATION
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RC4191/RC4192/RC4193

PRODUCT SPECIFICATION

Ordering Information

Product Number Temperature Range Screening Package

RC4191M/2M/3M 0° to +70°C Commercial 8 Pin Wide SOIC

RC4191N/2N/3N 0° to +70°C Commercial 8 Pin Plastic DIP

RV4191N/92N/93N -25° to +85°C 8 Pin Plastic DIP

RM4191D/92D/93D -565°C to +125°C 8 Pin Ceramic DIP

RM4191D/883 -55°C to +125°C Military 8 Pin Ceramic DIP
Note:

1. /883 suffix denotes MIL-STD-883, Par. 1.2.1 compliant device.
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