@ MOTOROLA

Universal Switching
Regulator Subsystem

The pA78S40 is a switching regulator subsystem, consisting of a
temperature compensated voltage reference, controlled—duty cycle
osciliator with an active current limit circuit, comparator, high—current and
high-voltage output switch, capable of 1.5 A and 40 V, pinned—out power
diode and an uncommitted operational amplifier, which can be powered up or
down independent of the IC supply. The switching output can drive external
NPN or PNP transistors when voltages greater the 40 V, or currents in
excess of 1.5 A, are required. Some of the features are wide—supply voltage
range, low standby current, high efficiency and low drift. The uA78840 is
available in commercial (0° to + 70°C), and automotive (—40° to + 85°C)
temperature ranges.

Some of the applications include use in step-up, step—down, and
inverting regulators, with extremely good results obtained in battery—
operated systems.
¢ Output Adjustable from 1.25 V to 40 V
¢ Peak Output Current of 1.5 A Without External Transistor
® 80 dB Line and Load Regulation
® Operation from 2.5 V to 40 V Supply
® | ow Standby Current Drain
®

High Gain, High Output Current, Uncommitted Op Amp
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ORDERING INFORMATION

Lef [ [e [s] [4]
" - - " Temperature
Ref Inv Noninv vee Output  Switch Diode Diode
Output Input input  Op Amp Emitter  Anode  Cathode Device Range Package
{Bottom View) HA78S40PC | Ta =0°to +70°C Plastic
UATSS40PY | Ta = — 40° to +85°C Plastic
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nA78840

MAXIMUM RATINGS
Rating Symbol . Value Unit
Power Supply Voltage vVco 40 \
Op Amp Power Supply Voltage Ve (Op Amp) 40 v
Common Mode Input Range VICR -0.3to Voo v
(Comparator and Op Amp)
Differential Input Voltage (Note 2) ViD +30 A
Output Short Circuit Duration (Op Amp) Continuous -
Reference Output Current Iref 10 mA
Voltage from Switch Collectors to Gnd 40 v
Voltage from Switch Emitters to Gnd 40 \
Voltage from Switch Collectors to Emitter 40 \
Voltage from Power Diode to Gnd 40 v
Reverse—Power Diode Voltage VDR 40 \
Current through Power Switch Isw 1.5 A
Current through Power Diode o] . 1.5 A
Power Dissipation and Thermal Characteristics:
Plastic Package (TA = + 25°C) Pp 1500 mw
Derate above + 25°C (Note 1) 1/Rgya 14 mwy/°C
Storage Temperature Range Tstg —65to + 150 °C
Operating Temperature Range TA °C
HA788S40V —40to +85
WA78S40C 0to +70
NOTES: 1.Tjow = —40° for yA78S40PV Thigh = +85° for uA78S40PV
= Q° for pA78S40PC = +70° for pA78S40PC

2. For supply voltages less than 30 V the maximum differential input voltage (Error Amp
and Op Amp) is equal to the supply voltage.

ELECTRICAL CHARACTERISTICS (Voc = Vo (Op Amp) 5.0 V, TA = Tjow t0 Thigh, unless otherwise noted.)

[ Characteristic | symbol | Min Tvp Max [ unit |
GENERAL
Supply Voltage \'ole] 25 - 40 v
Supply Current (Op Amp Vg, disconnected) lcc mA
(Ve =50V) - 1.8 35
(Vcec=40V) - 23 5.0
Supply Current (Op Amp V¢, connected) Icc mA
Ve =50V) - - 4.0
(Vcc=40V) - - 5.5
REFERENCE
Reference Voltage Vref 1.180 1.245 1.310 \'
(lref= 1.0 mA)
Reference Voltage Line Regulation Regiine - 0.04 0.2 mV/V
(3.0V< VGG <40V, lrgf = 1.0 MA, TA = 25°C)
Reference Voltage Load Regulation Regioad - 0.2 0.5 mv/mA
(1.0 MA< Irgf < 10 mA, Tp = 25°C)
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nA78540

ELECTRICAL CHARACTERISTICS (VoG = Voc (Op Amp) 5.0V, TA = Tiow to Thigh. unless otherwise noted.)

Characteristic | Symbol ] Min Typ Max | Unit ]
OSCILLATOR
Charging Current (Ta = 25°C) lehg RA
{(Vcc=50V) 20 - 50
(Vcc=40V) 20 - 70
Discharging Current (Ta = 25°C) Idis pA
(Vcc=50V) 150 - 250
(Vec=40V) 150 - 350
Oscillator Voltage Swing (Ta = 25°C) Vosc - 0.5 . v
(Vcc=5.0V)
Ratio of Charge/Discharge Time tchg/tdis - 6.0 . -
CURRENT LIMIT
Current-Limit Sense Voltage (Tp = 25°C) VeLs 250 - 350 mv
(VGG - Vipk Sense)
OUTPUT SWITCH
Output Saturation Voltage 1 Vsat1 - 0.93 1.3 A
(Isw = 1.0 A, Pin 15 tied to Pin 16)
Qutput Saturation Voltage 2 Vsatz - 0.5 0.7 A
(Isw=1.0A, 115 =50 mA)
Output Transistor Current Gain (TA = 25°C) hFE - 70 - -
(Ic=10A,VCg=5.0V)
Output Leakage Current (Ta = 25°C) IC(off) - 10 - nA
(VCE=40V)
POWER DIODE
Forward Voltage Drop (Ip = 1.0 A) \'%>) - 1.25 15 v
Diode Leakage Current (Ta = 25°C) (VDR =40 V) bR - 10 - nA
COMPARATOR
Input Offset Voltage (VoM = Vref) Vio - 15 15 mvV
Input Bias Current (VoM = Vref) i . 35 200 nA
Input Offset Current (VoM = Vref) ho - 5.0 75 nA
Common Mode Voltage Range (Tp = 25°C) VICR 0 - Ve -2.0 \
Power-Supply Rejection Ratio (T = 25°C) PSRR 70 96 - daB
(3.0<Vgpc<40V)
OUTPUT OPERATION AMPLIFIER
Input Offset Voltage (VoM = 2.5 V) Vio - 4.0 15 mv
Input Bias Current (VoM = 2.5 V) B - 30 200 nA
Input Offset Current (VoM = 2.5 V) o - 5.0 75 nA
Voitage Gain + (Tp = 25°C) AvoL+ 25 250 - V/imv
(RL=2.0kQtoGnd, 1.0 VSV <25V)
Voltage Gain — (T = 25°C) AvoL- 25 250 - Vimv
(RL=2.0kQto Vo (Op Amp), 1.0V Vo <25V)
Common Mode Voltage Range (Ta = 25°C) ViCcR 0 - Voo -2.0 3
Common Mode Rejection Ratio (Ta = 25°C) CMRR 76 100 - dB
(VemM=0Vto3.0V)
Power-Supply Rejection Ratio (TA = 25°C) PSRR 76 100 - dB
(3.0 V<Vgee (Op Amp) < 40 V)
Output Source Current (Ta = 25°C) ISource 75 150 - mA
Output Sink Current (Ta = 25°C) ISink 10 35 - mA
Slew Rate (Tp = 25°C) SR - 0.6 - Vius
Qutput Low Voltage (T = 25°C, 1| =-5.0 mA) VoL - - 1.0 v
Output High Voltage (Ta = 25°C, I = 50 mA) Vou Vcc(Op Amp) - - v
-3.0
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HA78S40

Figure 1. Output Switch On/Off Time Figure 2. Standby Supply Current
I versus Oscillator Timing Capacitor versus Supply Voitage
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Figure 3. Emitter-Follower Configuration Figure 4. Common-Emitter Configuration
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PA78S40

Figure 5. Step-Down Converter
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Figure 6. Step—Up Converter
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Figure 7. Inverting Converter
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Design Formula Table
Calculation Step-Down Step-Up Inverting
ton Vout + VF Vout — VF_ Vin(min) Vout + VF
tott Vin(min) — Vsat - Vout Vin(min) Vsat Vin(min) — Vsat
(ton + toff) max 1 A A
fmin frmin fmin
Cr 4x10515n 4x1051tp 4x105t5n
l i - +
pk{switch) 2 lput{max) 2] ton — toff 21 ton + toff
out(max) toft out(max) Toft
RsC 0.33 0.33 0.33
Ipk({switch) lpk(switch) Ipk(switch)
. Vin(min) = Vsat = V. Vin(min) = V. Vin(min) ~ V.
L(min) < |n(mm|) sa.t out> ton(max) ( 1nglm|n) . sat> ton(max) < m(rlmn) . sat ton(max)
pk{switch) pk(switch) pk(switch)
Co Ipk(switch) {ton + toff) - lout ton _ loutton
8 Vripple(pp) Vripple Vripple

Vgat = Saturation voltage of the output switch. VF = Forward voltage drop of the ringback rectifier.

The following power supply characteristics must be chosen:
Vin — Nominal input voltage. If this voltage is not constant, then use Vip(max) for step—down and Vin(min) for step—up and inverting convertor.

Vout — Desired output voltage: Vot = 1.25 (1 +

fout — Desired output current.
fmin — Minimum desired output switching frequency at the selected values for Vi, and lo.

Vripple(pp) ~

Rz
1

| 126 Rp ¢ .o
.R_> for step—down and step-up: vy = A for inverting.

Desired peak-to—peak output ripple voltage. In practice, the calculated value will need to be increased due 10 the capacitor’s equivaient series

resistance and board layout. The ripple voltage should be kept to a low value since it will directly effect the line and load regulation.
See Application Note AN920 for further information
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