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LM5035A/LM5035A-1 PWM Controller with Integrated Half-Bridge and SyncFET Drivers

Check for Samples: LM5035A

FEATURES

e 105V / 2A Half-Bridge Gate Drivers

e Synchronous Rectifier Control Outputs with
Programmable Delays

« High Voltage (105V) Start-up Regulator

e Voltage mode Control with Line Feed-Forward
and Volt « Second Limiting

* Resistor Programmed, 2MHz Capable
Oscillator

e Patent Pending Oscillator Synchronization
 Programmable Line Under-Voltage Lockout
e Line Over-Voltage Protection

* Internal Thermal Shutdown Protection

e Adjustable Soft-Start

* Versatile Dual Mode Over-Current Protection
with Hiccup Delay Timer

e Cycle-by-Cycle Over-Current Protection
» Direct Opto-Coupler Interface
e 5V Reference Output

PACKAGES

* HTSSOP-20

*  WQFN-24 (4mm x 5mm)

* HTSSOP-28 (LM5035A-1 only)

DESCRIPTION

The LM5035A Half-Bridge Controller/Gate Driver
contains all of the features necessary to implement
half-bridge topology power converters using voltage
mode control with line voltage feed-forward. The
LM5035A is a functional variant of the LM5035 half-
bridge PWM controller. The VCC current limit
threshold has been increased to 35 mA. The soft start
and soft start currents have been increased from 50
MA to 100 pA. The BST UV threshold has been
lowered to less than the VCC UV threshold. The ratio
of the T1 and T2 delays on the SR1 and SR2 outputs
has been increased from 2:1 to 3:1. The floating high-
side gate driver is capable of operating with supply
voltages up to 105V. Both the high-side and low-side
gate drivers are capable of 2A peak. An internal high
voltage startup regulator is included, along with
programmable line undervoltage lockout (UVLO) and
overvoltage protection (OVP). The oscillator is
programmed with a single resistor to frequencies up
to 2MHz. The oscillator can also be synchronized to
an external clock. A current sense input and a
programmable timer provide cycle-by-cycle current
limit and adjustable hiccup mode overload protection.
The differences between LM5035, LM5035A,
LM5035B, and LM5035C are summarized in Table 2.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Simplified Application Diagram
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Figure 1. LM5035A
20-Lead HTSSOP
(Top View)
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Figure 2. LM5035A
20-Lead HTSSOP
(Top View)
NC 1 28 | VIN
NC 2 27 | NC
NC 3 26 NC
NC 4 25 | NC
RAMP 5 24 | REF
uvLO 6 23 | SRL
ovP 7 22 | sr2
EP
COMP 8 21 | vee
RT 9 20 | PGNDS
AGND | 10 19 | Lo
cs | 11 18 | NC
SS 12 17 | HO
DLY 13 16 | HS
RES | 14 15 | HB
Figure 3. LM5035A-1
28-Lead HTSSOP
(Top View)
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Pin Descriptions for LM5035A and LM5035A—-1

HTSSOP 20
PIN LM5035A

WQFN PIN
LM5035A

HTSSOP 28
PIN LM5035A-1

Name

Description

Application Information

1

23

5

RAMP

Modulator ramp signal

An external RC circuit from VIN sets the
ramp slope. This pin is discharged at the
conclusion of every cycle by an internal
FET. Discharge is initiated by either the
internal clock or the Volt « Second clamp
comparator.

24

UVvLO

Line Under-Voltage Lockout

An external voltage divider from the
power source sets the shutdown and
standby comparator levels. When UVLO
reaches the 0.4V threshold the VCC and
REF regulators are enabled. When
UVLO reaches the 1.25V threshold, the
SS pin is released and the device enters
the active mode. Hysteresis is set by an
internal current sink that pulls 23 pA
from the external resistor divider.

OVP

Line Over-Voltage
Protection

An external voltage divider from the
power source sets the shutdown levels.
The threshold is 1.25V. Hysteresis is set
by an internal current source that
sources 23pA into the external resistor
divider.

COMP

Input to the Pulse Width
Modulator

An external opto-coupler connected to
the COMP pin sources current into an
internal NPN current mirror. The PWM
duty cycle is maximum with zero input
current, while 1mA reduces the duty
cycle to zero. The current mirror
improves the frequency response by
reducing the AC voltage across the
opto-coupler detector.

RT

Oscillator Frequency
Control and Sync Clock
Input

Normally biased at 2V. An external
resistor connected between RT and
AGND sets the internal oscillator
frequency. The internal oscillator can be
synchronized to an external clock with a
frequency higher than the free running
frequency set by the RT resistor.

10

AGND

Analog Ground

Connect directly to Power Ground.

11

Cs

Current Sense input for
current limit

If CS exceeds 0.25V, the output pulse
will be terminated, entering cycle-by-
cycle current limit. An internal switch
holds CS low for 50ns after HO or LO
switches high to blank leading edge
transients.

12

SS

Soft-start Input

An internal 110pA current source
charges an external capacitor to set the
soft-start rate. During a current limit
restart sequence, the internal current
source is reduced to 1.2uA to increase
the delay before retry.

13

DLY

Timing programming pin for
the LO and HO to SR1 and
SR2 outputs.

An external resistor to ground sets the
timing for the non-overlap time of HO to
SR1 and LO to SR2.

10

14

RES

Restart Timer

If cycle-by-cycle current limit is
exceeded during any cycle, a 22 pA
current is sourced to the RES pin
capacitor.If the RES capacitor voltage
reaches 2.5V, the soft-start capacitor will
be fully discharged and then released
with a pull-up current of 1.2pA. After the
first output pulse at LO (when SS
>COMP offset, typically 1V), the SS pin
charging current will revert to 110pA.

4 Submit Documentation Feedback

Copyright © 2008-2013, Texas Instruments Incorporated

Product Folder Links: LM5035A


http://www.ti.com/product/lm5035a?qgpn=lm5035a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS537F&partnum=LM5035A
http://www.ti.com/product/lm5035a?qgpn=lm5035a

13 TEXAS
INSTRUMENTS

LM5035A

www.ti.com SNVS537F —JANUARY 2008 —-REVISED APRIL 2013

Pin Descriptions for LM5035A and LM5035A—-1 (continued)

HTSSOP 20 WQFN PIN HTSSOP 28 Name Description Application Information
PIN LM5035A LM5035A PIN LM5035A-1

11 11 15 HB Boost voltage for the HO An external diode is required from VCC

driver to HB and an external capacitor is
required from HS to HB to power the HO
gate driver.

12 12 16 HS Switch node Connection common to the transformer
and both power switches. Provides a
return path for the HO gate driver.

13 13 17 HO High side gate drive output. | Output of the high side PWM gate
driver. Capable of sinking 2A peak
current

14 14 19 LO Low side gate dfrive output. | Output of the low side PWM gate driver.
Capable of sinking 2A peak current.

15 15 20 PGND Power Ground Connect directly to Analog Ground.

16 16 21 VCC Output of the high voltage | If an auxiliary winding raises the voltage
start-up regulator.The VCC | on this pin above the regulation setpoint,
voltage is regulated to the Start-up Regulator will shutdown,
7.6V. thus reducing the internal power

dissipation.

17 17 22 SR2 Synchronous rectifier driver | Control output of the synchronous FET
output. gate. Capable of 0.5A peak current.

18 18 23 SR1 Synchronous rectifier driver | Control output of the synchronous FET
output. gate. Capable of 0.5A peak current.

19 19 24 REF Output of 5V Reference Maximum output current is 20mA.
Locally decoupled with a 0.1pF
capacitor.

20 21 28 VIN Input voltage source Input to the Start-up Regulator.
Operating input range is 13V to 100V
with transient capability to 105V. For
power sources outside of this range, the
LM5035A can be biased directly at VCC
by an external regulator.

1 NC
2 NC
3 NC
4 NC
18 NC
25 NC
26 NC
27 NC

EP EP EP Exposed Pad, underside of | No electrical contact. Connect to system

package ground plane for reduced thermal
resistance.

1 NC No connection No electrical contact.
10 NC No connection No electrical contact.
20 NC No connection No electrical contact.
22 NC No connection No electrical contact.

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings Y@

VIN to GND -0.3V to 105V
HS to GND -1V to 105V
HB to GND -0.3V to 118V
HB to HS -0.3V to 18V
VCC to GND -0.3V to 16V
CS, RT, DLY to GND -0.3V to 5.5V
COMP Input Current 10mA

All other inputs to GND -0.3Vto 7V
ESD Rating©® Human Body Model 2kv

Storage Temperature Range -65°C to 150°C
Junction Temperature 150°C

@

Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which

operation of the device is intended to be functional. For ensured specifications and test conditions, see the Electrical Characteristics.

()
@)

which are rated at 1.5kV.

Operating Ratings®

If Military/Aerospace specified devices are required, please contact the TI Sales Office/ Distributors for availability and specifications.
The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. 2kV for all pins except HB, HO and HS

VIN Voltage

13V to 105V

External Voltage Applied to VCC

8V to 15V

Operating Junction Temperature

-40°C to +125°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For ensured specifications and test conditions, see the Electrical Characteristics.

Electrical Characteristics

Specifications with standard typeface are for T, = 25°C, and those with boldface type apply over full Operating Junction
Temperature range. Vy,y = 48V, Vycc = 10V externally applied, Rgr = 15.0 kQ, Rpy = 27.4kQ, V0 = 3V, Voyp = OV unless
otherwise stated. See ® and @,

Symbol ’ Parameter Conditions ‘ Min ’ Typ ‘ Max ’ Units
Startup Regulator (VCC pin)

Vvce VCC voltage lyce = 10mA 7.3 7.6 7.9 \%
lveeLim VCC current limit Vvee = 7V 25 35 mA
Vveccuv VCC Under-voltage threshold (VCC VIN = VCC, AVyc from the regulation 0.2 0.1 \%

increasing) setpoint
VCC decreasing VCC - PGND 5.5 6.2 6.9 \%
vin Startup regulator current VIN = 90V, UVLO = 0V 30 70 HA
Supply current into VCC from external | Outputs & COMP open, Vycc = 10V, 4 6 mA
source Outputs Switching
Voltage Reference Regulator (REF pin)
VRer REF Voltage Irer = OMA 4.85 5 5.15 \
REF Voltage Regulation Irer = 0 to 10mA 25 50 mV
REF Current Limit REF = 4.5V 15 20 mA
Under-Voltage Lock Out and shutdown (UVLO pin)
Vuvio Under-voltage threshold 1.212 1.25 1.288 \%
luvLo Hysteresis current UVLO pin sinking 19 23 27 HA
Under-voltage Shutdown Threshold UVLO voltage falling 0.3 \%
Under-voltage Standby Enable UVLO voltage rising 0.4 \%
Threshold

@

All limits are ensured. All electrical characteristics having room temperature limits are tested during production with To = 25°C. All hot

and cold limits are ensured by correlating the electrical characteristics to process and temperature variations and applying statistical
process control.
(2) Typical specifications represent the most likely parametric norm at 25°C operation
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Electrical C

haracteristics (continued)

Specifications with standard typeface are for T; = 25°C, and those with boldface type apply over full Operating Junction
Temperature range. Vy,y = 48V, Vycc = 10V externally applied, Rgr = 15.0 kQ, Rpy = 27.4kQ, Vo = 3V, Vove = OV unless

otherwise state

d. See ® and @.

Symbol ‘ Parameter ‘ Conditions ‘ Min ’ Typ ‘ Max ‘ Units
Over-Voltage Protection (OVP pin)
Vovp Over-Voltage threshold 1.212 1.25 1.288 \Y
lovp Hysteresis current OVP pin sourcing 19 23 27 pA
Current Sense Input (CS Pin)
Ves Current Limit Threshold 0.228 0.25 0.272 \%
CS delay to output CS from zero to 1V. Time for HO and LO to 80 ns
fall to 90% of VCC. Output load = 0 pF.
Leading edge blanking time at CS 50 ns
CS sink impedance (clocked) Internal FET sink impedance 32 60 Q
Current Limit Restart (RES Pin)
VREs RES Threshold 24 25 2.6 \
Charge source current VRes = 1.5V 16 22 28 HA
Discharge sink current VRes = 1V 8 12 16 HA
Soft-Start (SS Pin)

Iss Charging current in normal operation |Vgg =0 80 110 140 HA
Charging current during a hiccup Vss =0 0.6 1.2 1.8 HA
mode restart
Soft-stop Current Sink Vgg = 2.5V 80 110 140 HA

Oscillator (RT Pin)
Fsw1 Frequency 1 (at HO, half oscillator Rrt =15 kQ, T; = 25°C 185 200 215 kHz
frequency) Rer = 15 KQ, T, = -40°C to 125°C 180 220
Fsw2 Frequency 2 (at HO, half oscillator Rrt = 5.49 kQ 430 500 570 kHz
frequency)
DC level \%
Input Sync threshold 25 3.4 \%
PWM Controller (Comp Pin)
Delay to output 80 ns
Vpwm-0s SS to RAMP offset 0.7 1 1.2 \
Minimum duty cycle SS =0V 0 %
Small signal impedance lcomp = 600pA, COMP current to PWM 5000 Q
voltage
Main Output Drivers (HO and LO Pins)
Output high voltage lout = 50mMA, Vg - Vo, Vvee - Vio 0.5 0.25 \Y
Output low voltage lout = 100 mA 0.2 0.5 \%
Rise time CLoap = 1nF 15 ns
Fall time CLoap = 1nF 13 ns
Deadtime, HO to LO, LO to HO Vpry = Vrer: lcomp = OMA 45 70 100 ns
Peak source current Vho,Lo = 0V, Vycc = 10V 1.25 A
Peak sink current Vho Lo = 10V, Vycc = 10V 2 A
HB Threshold V¢ rising 3.8 \%
Voltage Feed-Forward (RAMP Pin)
‘ RAMP comparator threshold COMP current =0 ‘ 2.4 ’ 25 ‘ 2.6 ’ \%
Synchronous Rectifier Drivers (SR1, SR2)
Output high voltage louT = 10mMA, Vycc - Vsr1, Vvee - Vsre 0.25 0.1 \Y
Output low voltage lout = 20 mA (sink) 0.08 0.2 \%
Rise time CLoap = 1nF 40 ns
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Electrical Characteristics (continued)

Specifications with standard typeface are for T; = 25°C, and those with boldface type apply over full Operating Junction
Temperature range. Vy,y = 48V, Vycc = 10V externally applied, Rgr = 15.0 kQ, Rpy = 27.4kQ, Vo = 3V, Vove = OV unless
otherwise stated. See ™ and @,

Symbol Parameter Conditions Min Typ Max Units
Fall time CLoap = 1nF 20 ns
Peak source current Vsr =0, Vycc = 10V 0.5 A
Peak sink current Vsr = Vvee, Vvee = 10V 0.5 A
T1 Deadtime, SR1 falling to HO rising, RpLy = 10k 33 ns
SR2 falling to LO rising RpLy = 27.4k 68 86 120 ns
RpLy = 100k 300 ns
T2 Deadtime, HO falling to SR1 rising, RpLy = 10k 18 ns
LO falling to SR2 rising RpLy = 27.4k 20 29 42 ns
RpLy = 100k 80 ns
Thermal Shutdown
Tsp Shutdown temperature 165 °C
Hysteresis 20 °C
Thermal Resistance
03a Junction to ambient, 0 LFPM Air Flow | HTSSOP-20 package 40 °C/IW
B3¢ Junction to Case (EP) Thermal HTSSOP-20 package 4 °C/IW
resistance
03a Junction to ambient, 0 LFM Air Flow | WQFN-24 (4 mm x 5 mm) 40 °C/IW
03¢ Junction to Case Thermal resistance | WQFN-24 (4 mm x 5 mm) 6 °C/IW
8 Submit Documentation Feedback Copyright © 2008-2013, Texas Instruments Incorporated
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Effective Comp Input Impedance
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Block Diagram
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FUNCTIONAL DESCRIPTION

The LM5035A PWM controller contains all of the features necessary to implement half-bridge voltage-mode
controlled power converters. The LM5035A provides two gate driver outputs to directly drive the primary side
power MOSFETs and two signal level outputs to control secondary synchronous rectifiers through an isolation
interface. Secondary side drivers, such as the LM5110, are typically used to provide the necessary gate drive
current to control the sync MOSFETSs. Synchronous rectification allows higher conversion efficiency and greater
power density than conventional PN or Schottky rectifier techniques. The LM5035A can be configured to operate
with bias voltages ranging from 8V to 105V. Additional features include line under-voltage lockout, cycle-by-cycle
current limit, voltage feed-forward compensation, hiccup mode fault protection with adjustable delays, soft-start, a
2MHz capable oscillator with synchronization capability, precision reference, thermal shutdown and
programmable voltessecond clamping. These features simplify the design of voltage-mode half-bridge DC-DC
power converters. The Functional Block Diagram is shown in Block Diagram.

High-Voltage Start-up Regulator

The LM5035A contains an internal high voltage start-up regulator that allows the input pin (VIN) to be connected
directly to a nominal 48 VDC input voltage. The regulator input can withstand transients up to 105V. The
regulator output at VCC (7.6V) is internally current limited to 35 mA typical. When the UVLO pin potential is
greater than 0.4V, the VCC regulator is enabled to charge an external capacitor connected to the VCC pin. The
VCC regulator provides power to the voltage reference (REF) and the output drivers (LO, SR1 and SR2). When
the voltage on the VCC pin exceeds the UVLO threshold of 7.6V, the internal voltage reference (REF) reaches
its regulation setpoint of 5V and the UVLO voltage is greater than 1.25V, the controller outputs are enabled. The
value of the VCC capacitor depends on the total system design, and its start-up characteristics. The
recommended range of values for the VCC capacitor is 0.1 pF to 100 pF.

The VCC under-voltage comparator threshold is lowered to 6.2V (typical) after VCC reaches the regulation set-
point. If VCC falls below this value, the outputs are disabled, and the soft-start capacitor is discharged. If VCC
increases above 7.6V, the outputs will be enabled and a soft-start sequence will commence.

The internal power dissipation of the LM5035A can be reduced by powering VCC from an external supply. In
typical applications, an auxiliary transformer winding is connected through a diode to the VCC pin. This winding
must raise the VCC voltage above 8.3V to shut off the internal start-up regulator. Powering VCC from an
auxiliary winding improves efficiency while reducing the controller's power dissipation. The under-voltage
comparator circuit will still function in this mode, requiring that VCC never falls below 6.2V during the start-up
sequence.

During a fault mode, when the converter auxiliary winding is inactive, external current draw on the VCC line
should be limited such that the power dissipated in the start-up regulator does not exceed the maximum power
dissipation of the IC package.

An external DC bias voltage can be used instead of the internal regulator by connecting the external bias voltage
to both the VCC and the VIN pins. The external bias must be greater than 8.3V to exceed the VCC UVLO
threshold and less than the VCC maximum operating voltage rating (15V).

Line Under-Voltage Detector

The LM5035A contains a dual level Under-Voltage Lockout (UVLO) circuit. When the UVLO pin voltage is below
0.4V, the controller is in a low current shutdown mode. When the UVLO pin voltage is greater than 0.4V but less
than 1.25V, the controller is in standby mode. In standby mode the VCC and REF bias regulators are active
while the controller outputs are disabled. When the VCC and REF outputs exceed the VCC and REF under-
voltage thresholds and the UVLO pin voltage is greater than 1.25V, the outputs are enabled and normal
operation begins. An external set-point voltage divider from VIN to GND can be used to set the minimum
operating voltage of the converter. The divider must be designed such that the voltage at the UVLO pin will be
greater than 1.25V when VIN enters the desired operating range. UVLO hysteresis is accomplished with an
internal 23 YA current sink that is switched on or off into the impedance of the set-point divider. When the UVLO
threshold is exceeded, the current sink is deactivated to quickly raise the voltage at the UVLO pin. When the
UVLO pin voltage falls below the 1.25V threshold, the current sink is enabled causing the voltage at the UVLO
pin to quickly fall. The hysteresis of the 0.4V shutdown comparator is internally fixed at 100 mV.

12 Submit Documentation Feedback Copyright © 2008-2013, Texas Instruments Incorporated

Product Folder Links: LM5035A


http://www.ti.com/product/lm5035a?qgpn=lm5035a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS537F&partnum=LM5035A
http://www.ti.com/product/lm5035a?qgpn=lm5035a

13 Ti
IIE)S(?fS{UMENTS LM5035A

www.ti.com SNVS537F —JANUARY 2008 —-REVISED APRIL 2013

The UVLO pin can also be used to implement various remote enable / disable functions. Turning off a converter
by forcing the UVLO pin to the standby condition provides a controlled soft-stop. See the Soft-Start section for
more details.

Line Over Voltage / Load Over Voltage / Remote Thermal Protection

The LM5035A provides a multipurpose OVP pin that supports several fault protection functions. When the OVP
pin voltage exceeds 1.25V, the controller is held in standby mode which immediately halts the PWM pulses at
the HO and LO pins. In standby mode, the VCC and REF bias regulators are active while the controller outputs
are disabled. When the OVP pin voltage falls below the 1.25V OVP threshold, the outputs are enabled and
normal soft-start sequence begins. Hysteresis is accomplished with an internal 23 pA current source that is
switched on or off into the impedance of the OVP pin set-point divider. When the OVP threshold is exceeded, the
current source is enabled to quickly raise the voltage at the OVP pin. When the OVP pin voltage falls below the
1.25V threshold, the current source is disabled causing the voltage at the OVP pin to quickly fall.

Several examples of the use of this pin are provided in the Application Information section.

Reference

The REF pin is the output of a 5V linear regulator that can be used to bias an opto-coupler transistor and
external housekeeping circuits. The regulator output is internally current limited to 20mA (typical).

Cycle-by-Cycle Current Limit

The CS pin is driven by a signal representative of the transformer primary current. If the voltage sensed at CS
pin exceeds 0.25V, the current sense comparator terminates the HO or LO output driver pulse. If the high current
condition persists, the controller operates in a cycle-by-cycle current limit mode with duty cycle determined by the
current sense comparator instead of the PWM comparator. Cycle-by-cycle current limiting may trigger the hiccup
mode restart cycle depending on the configuration of the RES pin (see below).

A small R-C filter connect to the CS pin and located near the controller is recommended to suppress noise. An
internal 32Q MOSFET connected to the CS input discharges the external current sense filter capacitor at the
conclusion of every cycle. The discharge MOSFET remains on for an additional 50 ns after the HO or LO driver
switches high to blank leading edge transients in the current sensing circuit. Discharging the CS pin filter each
cycle and blanking leading edge spikes reduces the filtering requirements and improves the current sense
response time.

The current sense comparator is very fast and responds to short duration noise pulses. Layout considerations
are critical for the current sense filter and sense resistor. The capacitor associated with the CS filter must be
placed very close to the device and connected directly to the CS and AGND pins. If a current sense transformer
is used, both leads of the transformer secondary should be routed to the filter network, which should be located
close to the IC. If a sense resistor located in the source of the main MOSFET switch is used for current sensing,
a low inductance type of resistor is required. When designing with a current sense resistor, all of the noise
sensitive low power ground connections should be connected together near the AGND pin, and a single
connection should be made to the power ground (sense resistor ground point).

Overload Protection Timer

The LM5035A provides a current limit restart timer to disable the outputs and force a delayed restart (hiccup
mode) if a current limit condition is repeatedly sensed. The number of cycle-by-cycle current limit events required
to trigger the restart is programmable by the external capacitor at the RES pin. During each PWM cycle, the
LM5035A either sources or sinks current from the RES pin capacitor. If no current limit is detected during a cycle,
an 12 pA discharge current sink is enabled to pull the RES pin to ground. If a current limit is detected, the 12 pA
sink current is disabled and a 22pA current source causes the voltage at the RES pin to gradually increase. The
LM5035A protects the converter with cycle-by-cycle current limiting while the voltage at RES pin increases. If the
RES voltage reaches the 2.5V threshold, the following restart sequence occurs (also see Figure 14):

» The RES capacitor and SS capacitors are fully discharged
» The soft-start current source is reduced from 110 pA to 1 pA

 The SS capacitor voltage slowly increases. When the SS voltage reaches =1V, the PWM comparator will
produce the first narrow output pulse. After the first pulse occurs, the SS source current reverts to the normal
110 pA level. The SS voltage increases at its normal rate, gradually increasing the duty cycle of the output
drivers
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» If the overload condition persists after restart, cycle-by-cycle current limiting will begin to increase the voltage
on the RES capacitor again, repeating the hiccup mode sequence

» If the overload condition no longer exists after restart, the RES pin will be held at ground by the 12 YA current
sink and normal operation resumes

The overload timer function is very versatile and can be configured for the following modes of protection:

1. Cycle-by-cycle only: The hiccup mode can be completely disabled by connecting a zero to 50 kQ resistor
from the RES pin to AGND. In this configuration, the cycle-by-cycle protection will limit the output current
indefinitely and no hiccup sequences will occur.

2. Hiccup only: The timer can be configured for immediate activation of a hiccup sequence upon detection of
an overload by leaving the RES pin open circuit.

3. Delayed Hiccup: Connecting a capacitor to the RES pin provides a programmed interval of cycle-by-cycle
limiting before initiating a hiccup mode restart, as previously described. The dual advantages of this
configuration are that a short term overload will not cause a hiccup mode restart but during extended
overload conditions, the average dissipation of the power converter will be very low.

4. Externally Controlled Hiccup: The RES pin can also be used as an input. By externally driving the pin to a
level greater than the 2.5V hiccup threshold, the controller will be forced into the delayed restart sequence.
For example, the external trigger for a delayed restart sequence could come from an over-temper