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LM3101 Secondary-Side PWM Controller
General Description
The LM3101 is a precision high-speed PWM controller. It is 
designed to provide secondary-side feedback for offline 
Switch-Mode Power Supplies (SMPS) using pulse communi­
cation to the primary-side driver. The LM3101 is applicable 
in all of the popular converter topologies such as flyback or 
forward.
The LM3101 combined with its companion LM3001 Primary- 
Side Driver forms a regulator chip-set that provides preci­
sion control of offline or other isolated DC/DC converters. 
The communication is realized between the two chips by a 
small pulse transformer, with one or two turns on its primary 
and secondary. This type of communication does not intro­
duce any poles or zeroes in the control loop and yields the 
fastest possible loop response for the isolated switching 
regulator.
The secondary-side controller contains a precision 1.242V 
reference, an error amplifier, and a trimmed oscillator which 
is programmed with a single resistor. The LM3101 can real­
ize voltage, current or charge mode control. Power supply 
monitor features include power-on reset with programmable 
delay and overvoltage protection.

Features
■ ±2% precision voltage reference
■ Wide-bandwidth (8 MHz) error amplifier
■ External synchronization
■ Frequency shift during an output short circuit
■ Power-on reset flag with programmable delay
■ Overvoltage crowbar trigger circuit
■ Ramped reference Soft-Start
■ Operation beyond 1 MHz
■ Voltage, current, or charge mode control

Typical Applications
■ Isolated offline switching power supplies
■ Isolated DC/DC power converters
■ Flyback regulator
■ Forward converter

Block Diagram

VOUT

POR

CrD
CD

EAO GND
TL/H/11436-1
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Absolute Maximum Ratings (Note d  Operating Ratings
If Military/Aerospace specified devices are required, Supply Voltage
please contact the National Semiconductor Sales Junction Temperature Range
Office/Distributors for availability and specifications.
Supply Voltage (Vs) 16V 
Junction Temperature Range —65°C £ T j <: +150°C 
ESD 1 kV 
Lead Temperature (Soldering, 5 sec.) 260°C

4.5V  ̂Vs   ̂ 15V 
40°C<;Tj<; + 125°C

Electrical Characteristics Specifications with standard typeface are for T j = 25°C, and those in bold type­
face  apply over full Operating Temperature Range. Pin 2, MC, is connected to V s by a 5 kn  resistor— this selects voltage 
mode control operation. Unless otherwise specified, Ta  = 25°C, V s = 5V, Rps — 25 kn  (Fq  = 500 kHz).

Symbol Parameter Conditions Min Typ Max Units

REFERENCE SECTION (Note 2)

V r e F Reference Voltage 1.230
1.217

1.242 1.254
1.266 V

AVr e f ^AVs Line Regulation 4.5V  ̂Vs   ̂ 15V 0.01 0.03 %/V

AV r e f /AT Temperature Stability 
(Note 3)

— 40°C <; T j  ̂ + 125°C 0.003 %/°c

ERROR AMPLIFIER SECTION

AvOL Open Loop Voltage Gain 75 90 dB

•b input Bias Current - 1.0
- 2 .0

-0 .5
jllA

GBW Gain-Bandwidth Product Fj e s t  = 100 kHz 4.5 8 MHz

Phase Margin Av = 1 52 Deg

SR Slew Rate 2.5 6 V/jas

OSCILLATOR SECTION

Fo Oscillator Frequency 
(Note 4)

Rt  = 25 kn 450
425

500 550
575 kHz

RT = 12.5 kft 0.88
0.85

1.0 1.12
1.15 MHz

FSC Oscillator Frequency in 
Output Short Circuit

RT = 25 kn  
(Fq  = 500 kHz),
RSc = 13kn  (Note 5)

120 187 260 kHz

Rt  = 12.5 kn 
(F0 = 1 MHz),
RSc = 6.34 kn  (Note 5)

210 335 470 kHz

AFq /AT Temperature Stability (Note 3) 0.1 %/°C

AF0/AVS Line Stability 4.5V <; Vs  ^ 15V 0.9 %/V

VsYNC Synch Signal Amplitude AC Coupled, Negative Edge 
Trigger (Note 6)

1.5
2 VPP

AICOMP/At Compensation Current 
Ramp Slope

Rt  = 25 kn  
RMc  = 5 kn  (Note 7)

155 208 260 jxA / jlis
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Electrical Characteristics Specifications with standard typeface are for T j = 25°C, and those in bold type-
face apply over full Operating Temperature Range. Pin 2, MC is connected to Vs by a 5 kft resistor--this selects voltage
mode control operation. Unless otherwise specified, Ta  = 25°C, V$ = 5V, Rps = 25 kft (F0 = 500 kHz). (Continued)

Symbol Parameter Conditions Min Typ Max Units

PULSE WIDTH MODULATOR SECTION

d m ax Maximum Duty Cycle F0 = 500 kHz 88 92 %
84

F0 = 1 MHz 84 90 %80

d min Minimum Duty Cycle Fq  = 500 kHz 2.5 6 %
(Note 8) 8

F0 = 1 MHz 4 10
%12

tdCS Current Sense Time Delay 75 100 ns

OUTPUT SECTION

*R Rise Time C L = 100 pF 20 ns

¥  ' Fall Time CL = 100 pF 30 ns

VOL Output Voltage l|_ = 4 mA Sinking 1.3 1.4
V

F0 = 100 kHz 1.6

VoH Output Voltage ll_ = 4 mA Sourcing 3.6 3.8 V
F0 = 100 kHz 3.4

OVER-VOLTAGE CROWBAR TRIGGER SECTION

%VTHc Relative Trigger Relative to Nominal Feedback 18 20 22 %
Threshold Pin Vojtage (Note 10) 16 24

ICD Crowbar Driver 
Output Current

Rcd  = 10ft 170 240 mA

tCD Crowbar Delay RC D = 10ft, VC D = 1V 400 ns

tc Minimum Trigger Pulse Width (Note 11) 400 ns

POWER-ON RESET FLAG SECTION

%Vth p Relative POR Trigger Relative to Nominal - 6 -4 .5 - 3 %
Threshold Feedback Pin Voltage (Note 10) -6 .5 - 2 .5

VpOR POR Output Voltage Vfb  = 1.11V 
IpOR = 1.6 mA

0.2 0.5 V

VSM Minimum Supply Voltage ;Vp0 R ^ 0.5V 1 1.2 v
(Note 12) IpOR = 1.6 mA

*DR Power-On Reset Delay C rd  = 2 nF 65 120 185
flS50 265

UNDER-VOLTAGE LOCKOUT SECTION

Vuv Start-Up Threshold (Note 13) 3.65 3.92 4.20 V

VuVH Threshold Hysteresis 300 mV

SUPPLY SECTION

>S Supply Current

>inIICO>

11 16 mA20

4.5V <; v s  <; 15V 15 24 mA28

ISFST Soft-Start Current (Note 14) VSFST = 0V 14.5 19.5 20.5 ju,A
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Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: The reference voltage is measured at the error amplifier’s output with the error amplifier connected as a non-inverting amplifier with a gain of one.

Note 3: The temperature coefficients of V r e f  or Fo  are defined as the worst-case AV r e f  or A Fo  measured at Specified Temperatures divided by the total span of 
the Specified Temperture Range (see graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum of maximum deviation.
Note 4: The frequency of the internal oscillator is set by connecting a resistor, R j, from pin 1 to ground. See detailed description of this feature in the Pin-by-Pin 
Description section or the Functional Description of this datasheet.
Note 5: A  resistor, Rsc. is connected from pin 5 to the regulator’s output. See detailed description of this feature in the Pin-by-Pin Description section or the 
Functional Description section of this datasheet.

Note 6: For this test, the frequency of synchronization, Fsync . 's 600 kHz, Cs y n c is 220 pF, and Rsync  is 1 kft. The internal oscillator will synchronize to an AC  
signal that is 1.1 to 1.5 times the free running oscillator frequency, Fo- See Functional Description section or Pin-by-Pin Description section for more detail on 
synchronization.
Note 7: Iq o m p  is sourced from pin 6 (CMI). See Functional Description section or Pin-by-Pin Description section for more detail on current mode operation. 
Note 8: Minimum duty cycle is the smallest duty cycle that can be produced by the LM3101 in a given oscillator period. The controller can operate with effectively 
zero duty cycle— it skips cycles if the regulation cannot be maintained with the minimum duty cycle. This means that the output voltage of the switching converter is 
regulated down to no load.
Note 9: The current sense time delay is the time span between an input applied to the CMI pin (pin 6) and the change of state of Vout (pin 8) due to the input.

Note 10: Both these specifications, %Vj h c  and %Vj h p . are relative to the nominal feedback voltage, V f b . by the factor: [(Vt h _V f b )/Vfb ]-
Note 11: An internal delay circuit prevents triggering of the overvoltage crowbar circuit, for pulse widths less than 400 ns, to ensure noise immunity.
Note 12: This is the minimum supply voltage for which the power-on reset flag will continue to be valid (low).

Note 13: For V s  < Vyv. the output is off— it is in a high-impedance state.
Note 14: A  resistor/capacitor circuit is normally connected from the soft start circuit, pin 3, to ground. The circuit provides a slow or “ soft” start of the IC by slowly 
ramping the reference voltage from a lower initial value set by the resistor to its normal operating value. See detailed description of this feature in the Pin-by-Pin 
Description section or the Functional Description section of this datasheet.

Connection Diagram and Ordering Information

14-Lead Package 
Top View

TL/H/11436-2
For Surface Mount Package 

Order Number LM3101M 
See NS Package Number M146 

For DIP Package 
Order Number LM3101N 

See NS Package Number N14A
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Typical Performance Characteristics (Continued)

Error Amplifier 
Step Response

TIME BASE (1 A ts/D iv)

Error Amplifier 
Open Loop 
Frequency Response

10k 100k 1M 10M 100M
FREQUENCY (Hz)

TL/H/11436-4

Pin-by-Pin Description
Pin # Symbol Function Description

1 Rt Frequency Setting 
Resistor

Connecting a resistor, R j, between this pin and ground programs the frequency—  
from 50 kHz to 1 MHz— by the following equation:

Rt  = 0.25/(F0  • 20 • 10 “  12) [F, Hz, ft]. 
Rt  also sets the internal bias current, which affects the operation of several sub­
circuits within the IC.

2 MC Mode Control For voltage mode operation, connect a resistor, Rm c > from this P*n to the supply 
voltage. For current mode operation, this pin is tied to ground via resistor R m c - a  
current is sourced from the pin through the resistor such that it sets the slope of the 
compensating ramp, Ic o m p . according to the equation:

AIc o MP/AT = 24 • 103/(RT • RMc) [j^A/jns, ft].

3 SFST Soft-Start Control A  series resistor-capacitor network tied from this pin to ground provides Soft-Start 
capability. The current charging the capacitor is:

•sFST “  0.45/R t - [a , V, ft]. 
Leave this pin open if it is not used.

4 SYNC Synchronization 
Signal Input

An external negative pulse fed to this input will synchronize the internal oscillator. 
The frequency range of the external signal should be between 1.1 to 1.5 times the 
free-running frequency. Connect this pin to ground if it is not used.

5 R sc Short Circuit Frequency 
Shift Control

A  resistor, Rsc. connected from this pin to the regulator output, determines the 
oscillator frequency during a short circuit by the formula:

RSc  = 0.09/[(0.267/Rt ) - FSc  • 20 •~ 12] [F, Hz, ft], 
or, alternately,

F sc  = (1/20 • 10- 12) • [(0.267/Rt) - (0.09/RSc)l [F, Hz, ft]. 
The recommended minimum ratio of short circuit frequency to oscillator frequency is 
one-third (nominal).

6 CMI Current Mode Input An analog voltage signal, proportional to the transformer primary current, fed to this 
input results in current mode operation. Connect this pin directly to ground if 
selecting voltage mode operation.

7 GND Ground Ground.

8 VoUT Output Output pin. It produces a PWM pulse train that is fed back to the primary side of the 
regulator, via a pulse transformer.

9 Vs Supply Voltage Supply voltage.

10 CD Crowbar Output 
Driver

This pin delivers a current when an overvoltage condition occurs on the output. It can 
be used to fire an external SCR  to crowbar the output. Leave the pin open if not 
used.
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Pin # Symbol Function Description

11 POR Power-On 
Reset Flag

This open-collector output is driven low when either the supply voltage falls below the 
Undervoltage Lockout Threshold Voltage or the output voltage is less than the Power- 
on Reset Threshold Voltage. Leave the pin open if not used.

12 C rd Reset Delay Capacitor Adding a capacitor between this pin and ground sets the power-on reset flag delay 
time according to the following formula:

C rd  = Td r / 6 0*103 [F ,s,ft]. 
Leave the pin open if not used. The POR flag will still operate if this function is not 
used.

13 FB Feedback Input A sample of the output voltage, via a resistor divider, is fed back into this pin, which is 
the inverting input of the error amplifier.

14 EAO Error Amplifier Output Error Amplifier Output. The output can source 1.5 mA typically and sink 300 julA 
typically. This pin is primarily used for loop compensation.

Pin-by-Pin Description (Continued)

Note: Pins 1, 2, 4, 5, and 10 are internally clamped by a 5.6V zener diode. Do not force a voltage larger than 5V on these pins 
without a resistor to limit the current to below 1 mA. All other pins are limited to the supply voltage.

This test circuit is for exercising the LM3101 functions and 
measuring its specifications. With the switch positions 
shown, the supply current should measure 15 mA (typical) 
for a supply voltage of 15V. Changing the supply voltage to 
5V and opening SW6 on the Vqut pin should make the 
supply current 11 mA (typical). Changing SW7 to the supply 
voltage will shutdown the LM3101 output.
To test the oscillator section, adjust the 5 kft potentiometer 
at the R j  pin such that the oscillator frequency is approxi­
mately 500 kHz. Switch SW2 to obtain a 1 MHz frequency

(typical). The maximum duty cycle of 92% typically can also 
be measured. Closing SW3 on pin R sc  and putting SW7 (pin 
FB) in the open position will change the oscillator frequency 
to approximately 180 kHz.
Switching the MC pin, SW1, to ground and opening SW4, 
the CM I pin, will put the device in current mode control. To 
measure the current sense time delay (typically 75 ns), 
close SW5 (connected to the CMI pin) and open SW 6.
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Functional Description 
Oscillator/Synchronization Section
The operating frequency is set by a single resistor connect­
ed from the R j  pin (pin 1) to ground, according to the equa­
tion:

F0 = 0.25/(Rt  • 20 pF) [kHz, ft].
Inserting a 25 kft for R j  sets the oscillator frequency at 
500 kHz.
The oscillator is capable of synchronizing to an external 
source. To synchronize the oscillator, an external source is 
connected to the SYNC pin (pin 4) via a differentiator (see 
Figure 1). The external source delivers a pulse train to the 
differentiator, which converts this signal into an AC-coupled 
signal. The negative-edge of this signal, applied to the 
SYNC pin, will control the oscillator, and thus set the operat­
ing frequency. The recommended values for Rsync and 
Csync are as follows:

Rs y n c  = 1 kft (typical) 
and

Cs y n c  • Rs y n c  > 1/(8 • Fs y n c ) [R» ft. kHz]. 
To synchronize to a 600 kHz external source, and using a 
Rs y n c  o f 1 kft, the C s y n c  must be:
Csync > 1/(8 * Rsync • Rsync) = 1 /(8 • 1 kft • 600 kHz) 

= 208 pF ~ 220 pF.

The oscillator frequency should range from 67% to 90% of 
the synchronization frequency. In the above example, the 
oscillator frequency can be between 400 kHz and 540 kHz.

Synchronization Circuit

TL/H/11436-7

FIGURE 2. Simplified Version of the Short 
Circuit Frequency Shift Circuit
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Frequency-Shift Circuit
The LM3101 has the ability to gradually reduce its operating 
frequency during an output short circuit. The amount that 
the frequency shifts and the output voltage threshold deter­
mining where the frequency starts to shift are both pro­
grammed by two external resistors, R sc i and R sc2. con­
nected to the pin R sc  (pin 5).
A simplified internal schematic of the Frequency Shift Circuit 
is shown in Figure 2. The oscillator operates at its nominal 
frequency as long as the voltage at the emitter of the tran­
sistor Q2 is higher than the internal reference voltage, Vref- 
Q2 emitter voltage is the output voltage, Vqut. scaled down 
by the resistor divider:

If Rsc2 >s omitted, the frequency starts to shift when Vqut 
drops below Vr e f* The short circuit frequency equation 
then becomes:
F sc  = (1 /20 pF) • [(0.267/R-r) -  (0.09/RSc i) l [kHz,-ft]

i
' R s c i = 0.09/[(0.267/R-r) -  (Fsc • 20 pFj] [ft, kHz]. 

Selecting a short-circuit frequency that is greater than one- 
third the operating frequency or 188 kHz leads to a resistor 
value of:
Rsc i = 0.09/[(0.267/25kft) -  (188kHz*20pF)] = l3 k f t .

Mode Control
V r sc  = VQ2E = v OUT# RSC2/(RSC1 + RSC2) [V, ft] 

where Vq 2 > Vref (1 -24V) for normal operation.
If Vo ut  drops, due to an overload, a current starts to flow 
through Q2. A cascoded current mirror causes one-tenth of 
this current to be subtracted from the timing capacitor 
charge current. Reducing the timing capacitor charge cur­
rent results in decreasing the oscillator frequency. The 
breakpoint where the frequency-shift starts is programmed 
by the ratio of the two resistors:

VoUT(SC) = 1 -24V • [1 + (RSC1/RSC2)] [V, ft]. 
The typical short circuit frequency is set by the following 
equations:
Fsc  = [lose “  0-1 • (((1.24V -  Vo ut(SC))/Rs c i ) + 

(1.24V/RSC2))] [1/(20 pF • 1.24V)] [kHz, jaA, V, ft] 
where l0 s c  = 0.25 • (1.24V/RT).
For example, say 140 kft and 100 kft were selected for 
R sc i and Rs c 2> respectively, with R j  set to 25 kft. Then 
the output voltage level where the frequency starts to decay 
is:

VoUT(CL) = 1.24V o [1 + (140 k ft/100 kft)] «  3,0V, 
and the short circuit frequency is (lose = 12.4 jaA and as­
suming Vqut is o v  during a short circuit):
FSc  = [12.4 jaA -  0.1 • {(1.24V/140 kft) + (1.24V/100 
kft)]] [1/(20 pF • 1.24V)] = 414.3 kHz ^ 4 1 5  kHz.

The LM3101 can operate in voltage mode, current mode, or 
charge mode control. Two multi-function pins are involved in 
setting the operating mode, the Mode Control pin (MC - pin 
2) and the Current Mode Input pin,(CMI - pin 6). Figure 3 
shows the simplified schematic diagram of the mode control 
circuit. To operate with voltage mode control, the MC pin is 
pulled high with a resistor (typically 3 kft), and the CM I pin is 
connected to ground. The mode comparator senses the MC 
pin voltage and sets the mode control multiplexer to voltage 
mode control. Notice that there is a 5.6V zener diode clamp­
ing the MC pin voltage.

TL/H/11436-8
FIGURE 3. Simplified Version 
of the Mode Control Circuit

TL/H/11436-9
FIGURE 4. Current Mode Sense Circuit
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To operate under current mode or charge mode control, 
insert a resistor, R m c . between the MC pin and ground, and 
connect the CM I pin to the Current Mode Sense Circuit (see 
Figure 4). At the MC pin, a voltage, proportional to the oscil­
lator ramp voltage, develops (see Figure 3). The voltage 
ramp applied to Rm c  generates a current ramp, which is 
duplicated on the CMI pin due to the current mirror. The 
current ramp, which flows, out of the CMI pin to the resistor, 
Rp, is the compensation ramp, needed to stabilize convert­
ers operating at duty cycles above 50%. The slope of the 
compensating ramp can be scaled by Rp, which is connect­
ed between the CMI pin and the terminating resistor, Rs, of 
the current sense transformer. In all practical cases, Rp will 
be much greater than Rs- For both control modes, the cur­
rent ramp provides slope compensation according to the 
equation:

AlcOMp/At = 24 • 103/(Ry • RmC) [julA / jllS, ft].
So, with R j equal 25 kft and R m c  equal 6 kft, the compen­
sation ramp slope is:

AlcOMp/At = 24 • 103/(25 kft • 6 kft) = 160 juA/jULS.

Functional Description (Continued)
The resistor Rp together with the capacitor Cp serves as an 
RC filter for the leading edge spike of the current sense 
waveform (the spike is caused by the output rectifier reverse 
recovery and/or the winding capacitance of the power 
transformer).

CHARGE MODE CONTROL
Under charge mode control, the current sense transformer 
drives a capacitor, C-|, that integrates the sensed switch 
current on a cycle-by-cycle basis. Figure 5  shows the inte­
grating current sense circuitry and the simplified details of 
the associated internal circuitry of the LM3101. Transistor 
Q i discharges the integrating capacitor C-| once every 
switch cycle— during the switch off-time (Q1 can provide up 
to 20 mA of discharge current). Charge mode control yields 
the fastest average current control loop.

vs
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Functional Description (Continued) 

Soft-Start Section
Soft-Start is accomplished by gradually increasing the refer­
ence voltage during start-up. The gradual increase is imple­
mented by charging the Soft-Start capacitor, Csfst. on pin 
3 (the SFST pin). The charging current is set according to 
the following equation:

Isfst = 0.45/R j [A, hi.

Typically, Isfst starts to flow when the supply voltage is 
raised above 3V.
As shown in Figure 6, at the beginning of start-up, Csfst is 
not charged up, and the SFST pin pulls down the reference 
voltage from its nominal value to:

Vsfsto ^ Isfst • ri [V, A, ft],
vsfsto Is designed to be 85% of the nominal reference 
voltage. The reference voltage rises smoothly from Vsfsto

to its nominal value as Csfst charges up. When Csfst 
charges up completely, the reference voltage is at its nomi­
nal value, start-up is over and steady-state operation be­
gins.
The discharge time of Csfst is set by the RC network as: 

tps = 5 • Csfst • R2-
This is the time delay required to prepare the Soft-Start cy­
cle after the LM3101 and the entire regulator has been 
turned off. R2 must be large enough so that the final value 
of Vsfst Is greater than the reference voltage:

Vs fs t  = Is fs t  • (R i + R2) ^ 1.24V [V, A, ft].

Power Supply Monitor Functions
The LM3101 provides two monitor functions, a power-on 
reset flag with programmable delay, and a crowbar driver 
output for overvoltage conditions.

POWER-ON RESET
The power-on reset (POR) flag monitors the output voltage 
via the feedback pin (FB - pin 13). The POR flag will go low 
after the output voltage reaches 95% of its nominal value, 
and the subsequent programmed delay has passed. The 
POR flag pin (pin 11) is an open-collector pin which needs 
an external resistor to pull it up. This pin is valid with supply 
voltages as low as 1V while sinking 1.6 mA.
To program the reset delay, connect an external capacitor 
to the C rd  pin (pin 12). The practical range of delay is from 
10 jjls to 5 ms, and follows the equation:

Trd  = C rd  • 60 • 103 [s, F].
For a power-on reset delay of 120 jus, the reset delay ca­
pacitor must be 0.002 /xF.

CROWBAR DRIVER OUTPUT
The second monitor function is a crowbar driver output 
(CD-pin 10). If the output voltage gets higher than 120% of 
its nominal value, the CD pin can supply more than 200 mA 
to an external SCR trigger input. The SCR will fire, shorting 
the regulator output and saving the load circuitry from ex­
cessive supply voltage.
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Typical Applications

Handle with Extreme Care TL/H/11436-13

FIGURE 7. Offline Voltage Mode Flyback Regulator

This 500 kHz Offline Converter delivers 50W (5V @ 10A) 
from an input supply ranging from 90 VAC to 132 VAC (127 
VDC to 185 VDC). The regulator achieves a line regulation 
of 0.06% and a load regulation of 0.05%. A 0.5 juH inductor 
and 100 jllF capacitor form an LC filter that reduces the

output ripple voltage to 50 mV. As shown in Figure 8, the 
regulator can respond to a “step” change in load current 
from 1A to 10A in about 12 jus. The efficiency of the con­
verter, is approximately 80% at full load.

TL/H/11436-14
A: Output Voltage, 500 mV/div., AC Coupled 
B: Load Current, 5A/div.
Horizontal Time Base: 20 /xs/div.

FIGURE 8. Load Step Response
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POWER STAGE OPERATION
The LM3001 Primary-Side PWM Driver sends a pulse-width- 
modulated signal (via pin 8) to a power switch, which in turn, 
drives a power transformer.
The power switch used in this case is an IRF840 Power 
MOSFET. It is an N-channel enhancement mode device 
that has a drain-to-source voltage (Vqss) rating of 500V and 
a pulsed drain current (Iqm) rating of 32A. Even though the 
Power M OFSET has a high Vqss. snubber circuits are 
needed to limit the drain voltage.
The power transformer has a primary inductance of 87 jliH. 
The primary-to-secondary turns ratio is 8.5 to 1 and the sec- 
ondary-to-tertiary turns ratio is 1 to 2.5. The tertiary winding 
delivers the LM3001 supply voltage (pins 7 and 12) to the 
primary-side driver.
There is an internal Overvoltage Threshold circuit (pin 10) 
monitoring the input voltage via a resistor divider. The over­
voltage trip point is 3.3V typically. With the resistor values 
shown, the maximum supply voltage is approximately 17.5V. 
The output rectifier, an SR1606, delivers the secondary cur­
rent to the output. The S R 1606 is specified for 16A forward 
current, 60V reverse breakdown voltage, and comes to a 
TO220-AB package. Since the SR1606 dissipates 7W to 
8W at full load, it requires a heatsink. An RC snubber is 
placed in parallel to reduce the ringing voltage caused by 
the output rectifier turning off during the discontinous mode 
of operation.
Two Cornell Dubilier type 226 470 jaF, 25V high frequency 
capacitors, with low ESRs of 0.25ft, are used as the output 
capacitors.

OUTPUT VOLTAGE CONTROL
The output voltage is controlled by the LM3101 Secondary- 
Side PWM Controller. The LM3101 uses its error amplifier to 
compare the scaled-down output voltage against the inter­
nal precision 1.24V reference voltage. The error amplifier 
provides compensation for the regulator frequency re­
sponse, by way of an RC feedback network.
The resulting error voltage is converted into a pulse-width- 
modulated waveform at the system oscillator frequency of 
approximately 500 kHz. This waveform is then differentiated 
(using an external high-pass RC filter) into a series of posi­
tive and negative pulses representing the desired switch 
duty cycle.
The pulses are transferred through a pulse transformer to 
the LM3001 Primary-Side Driver. The driver takes the feed­
back pulse signal and converts it into a PWM gate drive for 
the Power MOSFET.

FAULT RECOVERY OPERATION
A 0.167ft resistor sets the peak primary current limits to 
2.28A for the pulse-by-pulse limiting, and to 3.60A for the 
second-level limit. An RC network filters the current limit 
voltage to prevent the current limit (pin 6) from being acti­
vated by the reverse recovery spike of the output rectifier. 
When the second level current limit is triggered, the LM3001 
shuts down and discharges the capacitor connected to pin 5 
(the Shutdown Delay capacitor). After the capacitor is re­

Typical Applications (Continued)
charged to a voltage of approximately 2.1V, the device will 
try to restart. If the overcurrent condition persists, the device 
will shut down again.
The LM3101 provides the fault protection in case of an out­
put short circuit. During normal operation, the operating fre­
quency of this circuit is determined by a 25 kft resistor con­
nected to pin 1 of the LM3101. However, during a short 
circuit condition on the output, the frequency of the LM3101 
(and the entire circuit operating frequency) drops, yielding a 
very low duty cycle. This short-circuit frequency is set by the 
13 kft resistor connected to pin 5.
The LM3101 Mode Control and Current Mode Input pins 
(pins 2 and 6 respectively) are for current mode control op­
eration. The MC pin determines which control mode is being 
used— the resistor tied to the supply voltage means voltage 
mode control (the resistor tied to ground would indicate cur­
rent mode control).

START-UP OPERATION
When power is initially applied to the regulator, the LM3001 
Primary-Side PWM Driver receives its supply current 
through a 75 kft resistor connected to the input voltage (see 
Figure 7). Once the supply pin voltage reaches the thresh­
old of 11.8V (typical), the LM3001 turns on, sending pulse 
signals (with an amplitude of approximately 10V) to the gate 
of the Power MOSFET. Because the output is driving Power 
MOSFETs, which need gate-to-source voltages greater 
than 10V for hard turn-on (low Rd s (ON)). the threshold volt­
age of 11.8V was selected to insure sufficient output volt­
age.
At the beginning of the start-up process, the secondary side 
of the regulator is still unbiased— hence the LM3001 does 
not receive a feedback signal from the secondary side (see 
the Start-up Sequence in Figure 9). Before the LM3101 Sec­
ondary-Side PWM Controller is controlling the circuit, the 
initial operating frequency of the gate drive is determined by 
the LM3001 internal oscillator. The oscillator uses an exter­
nal capacitor and resistor, on pins 14 and 1 respectively. 
The initial operating frequency in this case is approximately 
500 kHz. During this time, the regulator is operating in a 
“ free-running” state.
Also during the start-up, the LM3001 executes Soft-Start by 
using the Soft-Start capacitor on pin 4. The voltage across 
this capacitor is compared to the oscillator ramp on pin 14 
(see the LM3001 block diagram). In the offline regulator, the 
Soft-Start time is 15 juls approximately.
During this time, as the Soft-Start capacitor charges up, the 
duty cycle increases with each progressive cycle, until final­
ly the duty cycle reaches its maximum value set by the Duty 
Cycle Limit circuit (Rql - pin 2) or the Current Limit circuit 
(CLIM - pin 6). The Soft-Start phase ends when the duty 
cycle is limited by the Rql circuit. A  resistor at this pin con­
nects to an internal current source which together will gen­
erate a voltage that will be compared to the oscillator ramp 
voltage. This comparison will determine the maximum duty 
cycle during this phase of the start-up cycle. For the circuit 
in Figure 7, the duty cycle is limited to 63% by the Rdl 
circuit.
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The duty cycle will reach the Rdl limit for several cycles, 
letting energy build up in the transformer— see the drain cur­
rent waveform in Figure 9. When the residual energy builds 
up enough, the duty cycle starts to decrease because it is 
now determined by the CUM  circuit. A voltage of 0.38V or 
greater at this pin will toggle a pulse-by-pulse comparator 
on every cycle (see the LM3001 block diagram). In the ap­
plication circuit, a 0.167H resistor will generate the current 
limit threshold voltage when a 2.28A (peak) current flows 
through it. With the CUM  circuit in control of the duty cycle, 
the duty cycle will decrease with each successive cycle. 
The duty cycle will continue to shrink until the pulse feed­
back from the LM3101 takes control.
As the LM3001 switches the Power MOSFET on and off, 
the Power Transformer starts delivering power to the sec­
ondary side of the circuit. This action will cause the supply 
voltage of the LM3101 and the output voltage to gradually 
rise. When the supply voltage reaches the Undervoltage 
Lockout Threshold (of 3.9V), the LM3101 starts supplying a

Typical Applications (Continued)
pulse train to the differentiator circuit on pin 8. The resulting 
PWM signals are fed back to the LM3001 via the pulse 
transformer. The first pulse signal to the LM3001 will cause 
it to disconnect its internal oscillator from its PWM and Out­
put Driver circuits and trigger the Output Driver from the 
pulse feedback signals (of the LM3101). At this point, con­
trol of the frequency and the duty cycle changes from the 
LM3001 to the LM3101.
The LM3101 also exercises Soft-Start capability (pin 3). An 
RC network connected to this pin allows the LM3101 to 
gradually increase the duty cycle to its nominal value (in the 
example, the secondary Soft-Start time delay is 500 jas ap­
proximately).
The method of Soft-Start used by the LM3101 ensures that 
the error amplifier is in its linear region before the output 
voltage reaches its nominal value, thus yielding a smooth 
start-up of the output without any overshoot (see Figure 10).
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FIGURE 9. Start-Up Timing Sequence t l /h / h 436-i 5
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TL/H/11436-16
Output Voltage, 1 V/div.
Horizontal Time Base: 500 jus/div.

FIGURE 10. Output Voltage Start-up
At the end of the start-up sequence, the circuit is in steady- 
state or normal PWM operation.

Design Procedure
For the Offline Voltage Mode Flyback Regulator {Figure 7), 
the specifications for the power transformer, MOSFET 
switch, the switch snubber, and the output rectifier can be 
calculated based on the system specifications:
System specifications:

V0 = 5 VDC
V| Range = 90 V A C -132 VAC 
lo Range = 0.5A-10A 
Efficiency (17) ~ 80%
F0 = 500 kHz.

TRANSFORMER SPECIFICATIONS
Manipulating the transfer function of a flyback regulator re­
sults in a calculation for the turns ratio of the power trans­
former, involving the minimum input voltage, the output volt­
age, and the maximum duty cycle (D):

Vo + Vp = (V|N(MiN)-VsW(ON)) • (Ns/Np) • 
(D(MAX)/(1-D(MAX)))

i
Ns/Np = [(V q  + VF)/(V|N(MiN)-VsW(ON))] * 

«1-D(MAX))/D(MAX))
Assume that the diode forward voltage (Vp) is about 0.7V 
and the drain-to-source voltage when the switch is on 
(Vsw(ON)) >s approximately 0.9V. Selecting a 28% maximum 
duty cycle results in a turns ratio of:

NS/NP = (5.7V/126.1V) • (1-0.28)/0.28 = 0.12 
(NP/NS = 8.5/1).

Assuming an efficiency (17) of 80%, the average input cur­
rent (at the maximum load current and for the entire period) 
is:

IlN = (Vo) do)/ (Vin(MIN) • V) = (50W)/(127V • 0.80)
= 0.49A.

The average current when the switch is on is the average 
current over the entire period divided by the duty cycle: 

l|N(TON) = IlN/D = (0.49A)/(0.28) = 1.77A. 
Selecting the primary inductance ripple current (Alp) to be a 
certain percentage of Iin(TON). and combining that with the 
duty cycle, input voltage, and operating frequency, gives the 
primary inductance by the equation:

Lp = (ViN(MIN)-VsW(ON)) • D(MAX)/ (Alp 0 Fq ) 
Assuming the percentage to be 46% in the example, then: 

LP = 126.1V • 0.28/(0.81 A • 500 kHz) = 87 jilH.

MOSFET PARAMETERS
The peak current through the primary inductance and the 
Power MOSFET is the average current when the switch is 
on plus one-half the primary inductance ripple current:

ipRI(PK) = l|N(TON) + (Alp/2) = 1.77A + (0.81 A/2)
= 2.18A

Assuming ideal conditions, the maximum voltage at the 
drain of the Power MOSFET when the switch is,off is: 

VsW(OFF) = (Vo + Vp) (NP/NS) + V|N(MAX)
= (5.7V) (8.5) + 185V = 233V 250V.

However, leakage inductance exists in the transformer, 
causing a voltage spike immediately after the switch turns 
off. This voltage spike will add to the rest of the drain volt­
ages, making Vsw(OFF)even greater. With a leakage induc­
tance that is 2%  of the transformer primary inductance and 
selecting a switch which has a fall time of 2% the total off- 
time, the added voltage will be:

V|_L = 2% • Lp • Ip r |(pk ) • Fq /[2% • (1 -D (m aX))]- 
The maximum duty cycle of 28% is used for worst case 
purposes. Thus, the leakage inductance voltage spike is: 

V L|_ = 0.02 • 87 juH • 2.18A • 500 kHz/[0.02 • (1-0.28)] 
= 130 V —► 150 V.

This means the actual peak drain voltage is approximately 
400V. When choosing the Power MOSFET, add some mar­
gin to this number. A 500V MOSFET was used in this appli­
cation.

SNUBBER DESIGN
A “snubber” circuit, consisting of a 1N4937 fast recovery 
diode and a parallel RC network, is inserted around the 
transformer primary to clamp the voltage spike. This is to 
reduce the switch voltage stress when it is off. The “ snub­
ber” components are calculated in the following manner: 

CSn  ̂ 0-02 • Lp • lp(PK)2/(VMAX2 “  Vs n 2)
= 0.02 • 87 jaH • (2.18A)2/[(255V)2 -  (250V)2] «  3.3 nF 

and
Rsn  ^ [(Vm ax  + Vsn  -  V|n)/2]2 •

[100/(F0 • Lp • lp(PK)2)]
= [(255V + 250V — 185V)/2]2 • [100/(500 kHz • 87 jliH 

• (2.18A)2)] ~ 12 kft.
In the Offline Flyback Regulator application, a 0.01 juF ca­
pacitor and a 10 kn  resistor are used as the snubber com­
ponents. V m a x is the selected maximum voltage at the drain 
of the MOSFET. Usually the RC values are selected so that 
Vm ax  is 5V to 10V higher than Vs n - The power dissipation 
of the resistor is:

P = [(Vm ax  + v SN -  v ,n)/2]2/ r  =
[(255V + 250V -  185V)/2]2/10 kft = 2.56W.

To add some margin, a 4W resistor is chosen.
The fast recovery diode must have a reverse voltage rating 
greater than V m a x - The 1N4937 has a 600V rating.

OUTPUT DIODE PARAMETERS
The peak secondary current can be calculated using the 
peak primary current and the turns ratio (this equation is for 
single output flyback regulators):

iSEC(PK) = IpRI(PK) • (Np/Ns) = 2.18A •
8.5 = 18.43A -► 20A.
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The maximum average current through the secondary and 
the diode, when the switch is off, is the maximum load cur­
rent divided by the inverse of the duty cycle:

•sEC(OFF) =  IlOAD/(1“ D(MAX)) =  10A/0.72 
=  13.90A ~  15A.

The maximum average secondary current for the entire peri­
od is the maximum load current (10A).
The maximum reverse-bias voltage on the output rectifier is:

Vrv = V|N(MAX) • (Ns/Np) + v0 + VF =
(185V) (1/8.5) + 5.7V = 27.47V ~ 30V.

A suitable diode for this circuit is the SR1606, which has a 
reverse voltage rating of 60V and an average current rating 
of 16A.

Telecom Converter
The schematic of a flyback regulator, used in Telecom appli­
cations, is shown in Figure 11. The circuit has many of the 
component values that are in the offline converter. Notable

Typical Applications (Continued)
exceptions are the power transformer, in which the turns 
ratio and primary inductance has changed (due to the 
change in the input voltage range), and the Power MOS- 
FET, which has a lower on-resistance and a lower break­
down voltage rating.
The most significant difference in the circuit design is the 
change in the mode of operation— from voltage mode to 
current mode. For current mode operation, the LM3101 
Mode Control pin (MC-pin 2) is connected to ground by a 
6 kft resistor, and the Control Mode pin (CMI- pin 6) is 
connected to the current sense transformer through a half­
wave rectifier circuit and a low-pass filter. The filter is need­
ed to remove the leading edge spike on the current wave­
form, caused by the rectifier recovery and interwinding ca­
pacitance of the power transformer.
Smaller component differences include reducing the current 
sensing resistor in the primary side ground path (to allow for 
the larger primary current), and removing a primary side 
snubber circuit (due to smaller peak voltages at the drain). 
Also, the output rectifier and Power MOSFET snubbers are 
modified.

620 pF 10n
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Application Hints 
Pulse Feedback Section
During steady-state operation, the LM3101 delivers pulse- 
width modulated signals to the feedback circuit. The feed­
back circuit will convert that signal into a series of AO-cou­
pled pulse signals and apply them to the LM3001 via the 
pulse transformer (the first positive-edged pulse from the 
LM3101 will cause the LM3001 to disconnect its internal 
oscillator from its PWM and Output Driver circuits). The 
feedback pulses wilt trigger the LM3001 Output Driver to 
apply PWM drive signals to the Power MOSFET gate. The 
timing diagram in Figure 12 demonstrates the feedback 
communication.

Pulse Interface Circuit
The pulse interface circuit provides isolation for the feed­
back circuit of the Offline Flyback Regulator. The differentia­
tor circuit converts the PWM waveform into, a pulse train. 
The differentiator delivers a train of 1 Vp k , 15 ns wide pulses 
to the pulse transformer. The core should have high perme­
ability (typically 10,000) at the switching frequency to allow 
the transfer of energy with a very small transformer (size). 
This one-to-one transformer transfers the pulse train to the 
LM3001 via a 200ft resistor, which is used mainly to filter 
noise from the system.
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FIGURE 12. Pulse Feedback Timing Diagram
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