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LM2524D/LM3524D

Regulating Pulse Width Modulator

General Description

The LM3524D family is an improved version of the industry
standard LM3524. It has improved specifications and addi-
tional features yet is pin for pin compatible with existing 3524
families. New features reduce the need for additional exter-
nal circuitry often required in the original version.

The LM3524D has a *1% precision 5V reference. The cur-
rent carrying capability of the output drive transistors has
been raised to 200 mA while reducing Vcgg, @and increasing
Ve breakdown to 60V. The common mode voltage range of
the error-amp has been raised to 5.5V to eliminate the need
for a resistive divider from the 5V reference.

In the LM3524D the circuit bias line has been isolated from
the shut-down pin. This prevents the oscillator pulse ampli-
tude and frequency from being disturbed by shut-down. Also
at high frequencies (=300 kHz) the max. duty cycle per
output has been improved to 44% compared to 35% max.
duty cycle in other 3524s.

In addition, the LM3524D can now be synchronized exter-
nally, through pin 3. Also a latch has been added to insure
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one pulse per period even in noisy environments. The
LM3524D includes double pulse suppression logic that in-
sures when a shut-down condition is removed the state of
the T-flip-flop will change only after the first clock pulse has
arrived. This feature prevents the same output from being
pulsed twice in a row, thus reducing the possibility of core
saturation in push-pull designs.

Features

m Fully interchangeable with standard LM3524 family
B +1% precision 5V reference with thermal shut-down
m Qutput current to 200 mA DC

m 60V output capability

® Wide common mode input range for error-amp

m One pulse per period (noise suppression)

® Improved max. duty cycle at high frequencies

m Double pulse suppression

® Synchronize through pin 3

Connection Diagram

1 u 16
INV INPUT = — VRer
2 15
NI INPUT —f — Vin
3 14
0SC OUTPUT — — EMITTER B
4 13
+CL SENSE — — COLLECTORB
5 12
~CL SENSE = — COLLECTORA
6 11
Ry — — EMITTER A
7 10
cy — — SHUTDOWN
8 9
GND — P~ COMPENSATION
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Top View

Order Number LM2524DN or LM3524DN
See NS Package Number N16E
Order Number LM3524DM
See NS Package Number M16A
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LM2524D/LM3524D

Block Diagram
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Absolute Maximum Ratings (Note 5) Internal Power Dissipation 1W

If Military/Aerospace specified devices are required, Operating Junction Temperature

please contact the National Semiconductor Sales Office/ Range (Note 2)

Distributors for availability and specifications. LM2524D _40°C to +125°C
Supply Voltage 40V LM3524D 0°C to +125°C
Collector Supply Voltage Maximum Junction Temperature 150°

(LM2524D) 55V Storage Temperature Range -65°C to +150°C
(LM3524D) 40V Lead Temperature (Soldering 4 sec.)
Output Current DC (each) 200 mA M, N Pkg. 260°C
Oscillator Charging Current (Pin 7) 5 mA
Electrical Characteristics
(Note 1)
LM2524D LM3524D
Symbol Parameter Conditions Tested | Design Tested | Design Units
Typ| Limit Limit | Typ Limit Limit
(Note 3) | (Note 4) (Note 3) | (Note 4)
REFERENCE SECTION
Vieer Output Voltage 5 4.85 4.80 5 4.75 Vin
5.15 5.20 5.25 VMax
VaLine Line Regulation Vn = 8V to 40V 10 15 30 10 25 50 MVyax
VaLoad Load Regulation I =0mA to 20 mA 10 15 25 10 25 50 MVyax
AVN Ripple Rejection f=120 Hz 66 66 dB
AVREF
los Short Circuit Veee =0 25 25 mA Min
Current 50 50
180 200 mA Max
No Output Noise 10 Hz < f <10 kHz 40 100 40 100 HVims Max
Long Term Ta=125°C 20 20 mV/kHr
Stability
OSCILLATOR SECTION
fosc Max. Freq. Rt = 1k, Cy = 0.001 pF 550 500 350 kHzpin
(Note 7)
fosc Initial Ry = 5.6k, Ct = 0.01 pF 17.5 17.5 kHzpin
Accuracy (Note 7) 20 20
22.5 22.5 kHZp10x
Rt = 2.7k, Cy = 0.01 pF 34 30 kHZpin
(Note 7) 38 38
42 46 KHZpax
Afosc Freq. Change V|n = 8 to 40V 0.5 1 0.5 1.0 Yomax
with V
Afosc Freq. Change Ta=-55Cto +125°C
with Temp. at 20 kHz Ry = 5.6k, 5 5 %
Ct =0.01 pF
Vosc Output Amplitude |Ry = 5.6k, C+ = 0.01 pF 3 2.4 3 2.4 Vin
(Pin 3) (Note 8)
tew Output Pulse Ry = 5.6k, C+ = 0.01 pF 0.5 1.5 0.5 1.5 MSnMax
Width (Pin 3)
Sawtooth Peak Rt = 5.6k, C+ = 0.01 pF 3.4 3.6 3.8 3.8 ViMax
Voltage
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LM2524D/LM3524D

Electrical Characteristics (continued)

(Note 1)
LM2524D LM3524D
Symbol Parameter Conditions Tested | Design Tested | Design Units
Typ| Limit Limit | Typ Limit Limit
(Note 3) | (Note 4) (Note 3) | (Note 4)
Sawtooth Valley Rt = 5.6k, Cy = 0.01 pF 1.1 0.8 0.6 0.6 Vuin
Voltage
ERROR-AMP SECTION
Vio Input Offset Vew = 2.5V 2 8 10 2 10 MVax
Voltage
s Input Bias Veum = 2.5V 1 8 10 1 10 HAMax
Current
lo Input Offset Veu = 2.5V 0.5 1.0 1 0.5 1 UAMax
Current
lcosi Compensation Ving = Vinewy = 150 mV 65 65 HAMin
Current (Sink) 95 95
125 125 PAWMax
lcoso Compensation Vinewy = Vingy = 150 mv -125 -125 AN
Current (Source) -95 -95
—65 -65 UAMax
AvoL Open Loop Gain R.=,Vecu=25V 80 74 60 80 70 60 dBuin
VCMR Common Mode 1.5 1.4 15 Vuin
Input Voltage 55 5.4 5.5 VMax
Range
CMRR Common Mode 90 80 90 80 dBuin
Rejection Ratio
Gew Unity Gain AyoL = 0dB, Vg = 2.5V 3 2 MHz
Bandwidth
Vo Output Voltage R =v°° 0.5 0.5 Vvin
Swing 5.5 5.5 VMax
PSRR Power Supply V\y = 8 to 40V 80 70 80 65 dbin
Rejection Ratio
COMPARATOR SECTION
toN Minimum Duty Pin 9 = 0.8V, 0 0 0 0 Yomax
tosc | Cycle [Ry = 5.6k, Cy = 0.01 pF]
ton Maximum Duty Pin 9 = 3.9V, 49 45 49 45 Yomin
tosc | Cycle [Ry = 5.6k, Cy = 0.01 pF]
toN Maximum Duty Pin 9 = 3.9V, 44 35 44 35 Yomin
tosc | Cycle [Ry = 1k, Cy = 0.001 pF]
Vcompz Input Threshold Zero Duty Cycle 1 1 Vv
(Pin 9)
Veompm Input Threshold Maximum Duty Cycle 3.5 3.5 \
(Pin 9)
s Input Bias -1 -1 pA
Current
CURRENT LIMIT SECTION
Vsen Sense Voltage Viein 2y = Vipin 1y 2 180 180 mVYyin
150 mV 200 200
220 220 MV pax
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Electrical Characteristics (continued)

(Note 1)
LM2524D LM3524D
Symbol Parameter Conditions Tested | Design Tested | Design Units
Typ| Limit Limit | Typ Limit Limit
(Note 3) | (Note 4) (Note 3) | (Note 4)
TC-Veense | Sense Voltage T.C. 0.2 0.2 mV/°C
Common Mode -0.7 -0.7 Vin
Voltage Range Vs -V, =300 mV 1 1 Vmax
SHUT DOWN SECTION
Vsp High Input Vpin 2 = Vipin 1) 2 1 0.5 1 0.5 Vuin
Voltage 150 mV 1.5 1.5 VMax
Isp High Input l(pin 10) 1 1 mA
Current
OUTPUT SECTION (EACH OUTPUT)
Vees Collector Emitter lc <100 pA 55 40 Vin
Voltage Breakdown
lces Collector Leakage |Veg = 60V
Current Ve = 55V 0.1 50 MAMax
Ve = 40V 0.1 50
VcesaT Saturation le =20 mA 0.2 0.5 0.2 0.7 Vvax
Voltage lg =200 mA 1.5 2.2 1.5 25
Veo Emitter Output lg =50 mA 18 17 18 17 Vuin
Voltage
tr Rise Time VN = 20V,
lg = -250 pA 200 200 ns
Rc = 2k
te Fall Time Rc = 2k 100 100 ns
SUPPLY CHARACTERISTICS SECTION
Vin Input Voltage After Turn-on 8 8 Vin
Range 40 40 Vivax
T Thermal Shutdown | (Note 2) 160 160 °C
Temp.
Iin Stand By Current |V, = 40V (Note 6) 5 10 5 10 mA

Note 1: Unless otherwise stated, these specifications apply for Ty = T; = 25°C. Boldface numbers apply over the rated temperature range: LM2524D is —40° to 85°C

and LM3524D is 0°C to 70°C. V)y = 20V and fogc = 20 kHz.

Note 2: For operation at elevated temperatures, devices in the N package must be derated based on a thermal resistance of 86°C/W, junction to ambient. Devices

in the M package must be derated at 125°C/W, junction to ambient.

Note 3: Tested limits are guaranteed and 100% tested in production.

Note 4: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage range. These limits are not used to
calculate outgoing quality level.

Note 5: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions.

Note 6: Pins 1, 4, 7, 8, 11, and 14 are grounded; Pin 2 = 2V. All other inputs and outputs open.

Note 7: The value of a C; capacitor can vary with frequency. Careful selection of this capacitor must be made for high frequency operation. Polystyrene was used
in this test. NPO ceramic or polypropylene can also be used.

Note 8: OSC amplitude is measured open circuit. Available current is limited to 1 mA so care must be exercised to limit capacitive loading of fast pulses.

5 www.national.com

avesein/aveseini



	LM2524D/LM3524D
	General Description
	Features
	Connection Diagram
	Block Diagram
	Absolute Maximum Ratings
	Electrical Characteristics
	Typical Performance Characteristics
	Test Circuit
	Functional Description
	INTERNAL VOLTAGE REGULATOR
	FIGURE 1.  

	OSCILLATOR
	FIGURE 2.  
	FIGURE 3.  

	ERROR AMPLIFIER
	FIGURE 4.  
	FIGURE 5.  

	CURRENT LIMITING
	OUTPUT STAGES
	FIGURE 6.  


	Typical Applications
	FIGURE 7. Positive Regulator, Step-Up Basic Configuration (IIN(MAX) = 80 mA) 
	FIGURE 8. Positive Regulator, Step-Up Boosted Current Configuration 
	FIGURE 9. Positive Regulator, Step-Down Basic Configuration (IIN(MAX) = 80 mA) 
	FIGURE 10. Positive Regulator, Step-Down Boosted Current Configuration 
	FIGURE 11. Boosted Current Polarity Inverter 
	BASIC SWITCHING REGULATOR THEORY AND APPLICATIONS
	FIGURE 12. Basic Step-Down Switching Regulator 
	FIGURE 13. Relation of Switch Timing to Inductor Current in Step-Down Regulator 

	CALCULATING INDUCTOR L1
	CALCULATING OUTPUT FILTER CAPACITOR Co:
	FIGURE 14. Inductor Current Slope in Step-Down Regulator 
	FIGURE 15. 5V, 1 Amp Step-Down Switching Regulator 
	TABLE 1. 
	FIGURE 16. 5V, 1 Amp Switching Regulator, Foil Side 
	FIGURE 17. Stuffing Diagram, Component Side 

	THE STEP-UP SWITCHING REGULATOR
	FIGURE 18. Basic Step-Up Switching Regulator 
	FIGURE 19. Relation of Switch Timing to Inductor Current in Step-Up Regulator 
	FIGURE 20. 15V, 0.5A Step-Up Switching Regulator 
	FIGURE 21. Replacing R3/R4 Divider in  with Reference Circuit Improves Line Regulation 
	FIGURE 22. Polarity Inverter Provides Auxiliary -15V Unregulated Output from Circuit of  


	Physical Dimensions




