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5 Pin Configuration and Functions
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Pin Functions

PIN
38PIN | 28 PIN WQFN I/0 DESCRIPTION APPLICATION INFORMATION
NAME | TSSOP TSSOP NO
NO. NO. :
An external voltage divider from the power source sets the
shutdown and standby comparator levels. When UVLO
Line reaches the 0.4 V threshold the VCC and REF regulators
UVLO 1 1 25 | Undervoltage are enabled. At the 1.25 V threshold, the SS pin is released
Lockout and the controller enters the active mode. Hysteresis is set
by an internal current sink that pulls 20 pA from the external
resistor divider.
An external voltage divider from the input power supply sets
the shutdown level during an over-voltage condition.
OVP/O 5 5 26 | Overvoltage Alternatively, an external NTC thermistor voltage divider can
TP Protection be used to set the shutdown temperature. The threshold is
1.25 V. Hysteresis is set by an internal current that sources
20 pA of current into the external resistor divider.
Modulation ramp for the PWM comparator. This ramp can
Input to PWM be a signal repre_sentative of'the primary current (current
RAMP 4 3 27 | Comparator mode) or proportional to the input voltage (feed-forward
voltage mode). This pin is reset to GND at the end of every
cycle.
If CS exceeds 750 mV the PWM output pulse will be
cs 6 4 28 | Current Sense terminated, entering cycle-by-cycle current limit. An internal
Input switch holds CS low for 40 nS after either output switches
high to blank leading edge transients.
A ramping current source from 0 to 100 pA is provided for
Slope slope compensation in current mode control. This pin can be
SLOPE 7 5 1 (0] Compensation connected through an appropriate resistor to the CS pin to
Current provide slope compensation. If slope compensation is not
required, SLOPE must be tied to ground.
An external opto-coupler connected to the COMP pin
sources current into an internal NPN current mirror. The
COMP 8 6 5 | Input to the Pulse | PWM duty cycle is at maximum with zero input current,
Width Modulator | while 1 mA reduces the duty cycle to zero. The current
mirror improves the frequency response by reducing the AC
voltage across the opto-coupler.
REE 9 7 3 o Output of a 5V Maximum output current is 15 mA. Locally decouple with a
reference 0.1pF capacitor.
Oscillator The resistance connected between RT and AGND sets the
RT/SY Frequency oscillgtor frequency. Synchronizatiqn is achit_eved by AC
NC 10 8 4 | Control and coupling a pulse to the RT/SYNC pin that raises the voltage
Frequency at least 1.5 V above the 2 V nominal bias level.
Synchronization
AGND 11 9 5 | Analog Ground Connect directly to the Power Ground.
. " The resistance connected between RD1 and AGND sets the
RD1 12 10 6 | gilsas"’e t0 Active | alay from the falling edge of HO1/SR1 or LO1/SR2 and the
Y rising edge of LO1 or HO1 respectively.
: . The resistance connected between RD2 and AGND sets the
RD2 13 11 7 | gg';’e to Passive delay from the falling edge of LO2 or HO2 and the rising
Y edge of HO2 or LO2 respectively.
Whenever the CS pin exceeds the 750 mV cycle-by-cycle
current limit threshold, 30 PA current is sourced into the
RES capacitor for the remainder of the PWM cycle. If the
RES capacitor voltage reaches 1.0 V, the SS capacitor is
] discharged to disable the HO1, HO2, LO1, LO2 and SR1,
RES 16 12 8 ! Restart Timer SR2 ougt]puts. The SS pin is held low until the voltage on the
RES capacitor has been ramped between 2 V and 4 V eight
times by 10 pA charge and 5 pA discharge currents. After
the delay sequence, the SS capacitor is released to initiate
a normal start-up sequence.
4 Copyright © 2011-2014, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
38PIN | 28 PIN WQEN /0 DESCRIPTION APPLICATION INFORMATION
NAME | TSSOP TSSOP NO
NO. NO. :
An internal 20 pA current source charges the SS pin during
start-up. The input to the PWM comparator gradually rises
) as the SS capacitor charges to steadily increase the PWM
SS 1 13 9 ! Soft-Start Input duty cycle. Pulling the SS pin to a voltage below 200 mV
stops PWM pulses at HO1,2 and LO1,2 and turns off the
synchronous rectifier FETSs to a low state.
An external capacitor and an internal 20 pA current source
SSSR 18 14 10 | Secondary Side | set the soft-start ramp for the synchronous rectifiers. The
Soft-Start SSSR capacitor charge-up is enabled after the first output
pulse and SS > 2 V and Ilcomp < 800 pA
When SS OFF pin is connected to the AGND, the LM5046
soft-stops in the event of a VIN UVLO and Hiccup mode
SSOFF 19 15 11 | Soft-Stop Disable | current limit condition. If the SSOFF pin is connected to REF
pin, the controller hard-stops on any fault condition. Refer to
Table 1 for more details.
SR2 o5 19 15 o Synchronous Control output for synchronous rectifier gate. Capable of
Rectifier Driver peak sourcing 100 mA and sinking 400 mA.
The output voltage of the start-up regulator is initially
regulated to 9.5V. Once the secondary side soft-start (SSSR
Output of Start- pin) reaches 1V, the VCC output is reduced to 7.7 V. If an
VCC 27 21 17 | . g . A
Up Regulator auxiliary winding raises the voltage on this pin above the
regulation set-point, the internal start-up regulator will
shutdown, thus reducing the IC power dissipation.
PGND 28 22 18 | Power Ground Connect directly to Analog Ground
LO1, Low Side Output | Alternating output of the PWM gate driver. Capable of 1.5A
LO2 29,26 23,20 19,16 o Driver peak source and 2A peak sink current.
SR1 30 2u 20 o Synchronous Control output for synchronous rectifier gate. Capable of
Rectifier Driver peak sourcing 100 mA and sinking 400 mA.
Bootstrap capacitors connected between BST1, 2 and SW1,
Gate Drive 2 provide bias supply for the high side HO1,2 gate drivers.
BST1.2 | 33,22 25,18 21,14 ! Bootstrap External diodes are required between VCC and BST1,2 to
charge the bootstrap capacitors when SW1,2 are low.
High Side Outout High side PWM outputs capable of driving the upper
HO1,2 34,21 26, 17 22,13 (@) Dr?ver P MOSFET of the bridge with 1.5A peak source and 2A peak
sink current.
HS1.2 35, 20 27.16 23 12 o Switch Node Common connection of the hl_gh S|de'FE_T source, low side
FET drain and transformer primary winding.
Input to the Start-up Regulator. Operating input range is 14
VIN 38 28 2 | Input Power V to 100 V. For power sources outside of this range, the
Source LM5046 can be biased directly at VCC by an external
regulator.
3,5, 14,
15, 23,
NC 24, 31, - - - No Connect
32, 36,
37

Copyright © 2011-2014, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings®

MIN MAX UNIT
VIN to GND -0.3 105 v
HS to GND® -5 105 v
BST1/BST2 to GND -0.3 116 Y
BST1/BST2 to HS1/HS2 -0.3 16 Y
HO1/HO2 to HS1/HS2® -0.3 BST1/BST2+0.3 \Y;
LO1/LO2/SR1/SR2® -0.3 VCC+0.3 \Y;
Vce to GND -0.3 16 Y
REF,SSOFF,RT,0VP,UVLO to GND -0.3 7 Y
RAMP -0.3 7 Y
COMP -0.3 Y
COMP Input Current 10 mA
All other inputs to GND®) -0.3 REF+0.3 \Y;
Junction Temperature 150 °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 specifications and test conditions, see Electrical Characteristics.
(2) The negative HS voltage must never be more negative than VCC-16V. For example, if VCC = 12 V, the negative transients at HS must

not exceed —4 V.

(3) These pins are output pins and as such should not be connected to an external voltage source. The voltage range listed is the limits the

internal circuitry is designed to reliably tolerate in the application circuit.

6.2 Handling Ratings

MIN MAX UNIT
Tsg Storage temperature range -55 150 °C
Hum(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 2 KV
ins
Vesp) | Electrostatic discharge P - —
Charged device model gCDM), per JEDEC specification 750 v
JESD22-C101, all pins®®

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
VIN Voltage 14 100 \%
External Voltage Applied to VCC 10 14 \%
Junction Temperature -40 125 °C
SLOPE -0.3 2 \%
6 Copyright © 2011-2014, Texas Instruments Incorporated
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6.4 Thermal Information

LM5046
THERMAL METRIC® PWP RSG UNIT
28 PINS
Rgia Junction-to-ambient thermal resistance 33.9 37.4
ReaJc(top) Junction-to-case (top) thermal resistance 18.1 21.8
Reis Junction-to-board thermal resistance 15.7 10.1 CIW
Wit Junction-to-top characterization parameter 0.4 0.2
Wis Junction-to-board characterization parameter 15.6 10
Raic(bot) Junction-to-case (bottom) thermal resistance 2.0 2.6

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics

Limits in standard typeface are for T; = 25°C only; for the MIN and MAX apply the junction temperature range of —40°C to
125°C. Unless otherwise specified, the following conditions apply: VIN =48 V, RT = 25 kQ, RD1 = RD2 = 20 kQ. No load on

HO1, HO2, LO1, LO2, SR1, SR2, COMP=0 V, UVLO =25V, OVP =0V, SSOFF =0 V.

‘ PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
STARTUP REGULATOR (VCC PIN)
Veer VCC voltage lcc= 10 mA (SSSR<1V) 9.3 9.6 9.9 \
Veez VCC voltage lcc= 10 mA (SSSR > 1V) 7.5 7.8 8.1 \
lec(Limy VCC current limit Vec=6V 60 80 mA
Icc(ext) VCC supply current Supply current into VCC from an externally 4.6 mA
applied source. Vec =10 V
VCC load regulation lcc from 0 to 50 mA 35 mV
Veewy) VCC under-voltage threshold Positive going VCC Vce1—0.2 Ve 0.1 \Y
VCC under-voltage threshold Negative going VCC 5.9 6.3 6.7 \%
] VIN operating current 4 mA
VIN shutdown current Vin=20V, Vyyio =0V 300 520 HA
Vyin =100V, Vyyio =0V 350 550 HA
VIN start-up regulator leakage Vee =10V 160 pA
VOLTAGE REFERENCE REGULATOR (REF PIN)
VREer REF Voltage Irer = 0 MA 4.85 5 5.15 \Y
REF voltage regulation lrer = 0 to 10 mA 25 50 mV
IREF(Lim) REF current limit Vgrep =45V 15 20 mA
VREFUV Vgrer under-voltage threshold Positive going Vrer 4.3 45 4.7 \Y
Hysteresis 0.25 \%
UNDERVOLTAGE LOCK OUT AND SHUTDOWN (UVLO PIN)
Vuvio Under-voltage threshold 1.18 1.25 1.32 \Y
luvLo Hysteresis current UVLO pin sinking current when Vy o < 16 20 24 HA
125V
Under-voltage standby enable UVLO voltage rising 0.32 0.4 0.48 \%
threshold
Hysteresis 0.05 \%
Vovp OVP shutdown threshold OVP rising 1.18 1.25 1.32 \%
OVP hysteresis current OVP sources current when OVP > 1.25 V 16 20 24 pA
SOFT-START (SS PIN)
Iss SS charge current Vgs =0V 16 20 24 pA
SS threshold for SSSR charge lcomp < 800 pA 1.93 2.0 2.20 Y
current enable
SS output low voltage Sinking 100 pA 40 mV
SS threshold to disable switching 200 mV

Copyright © 2011-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/lm5046?qgpn=lm5046
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/spra953

LM5046

ZHCS581H —FEBRUARY 2011 —-REVISED NOVEMBER 2014

I

TEXAS
INSTRUMENTS

www.ti.com.cn

Electrical Characteristics (continued)

Limits in standard typeface are for T; = 25°C only; for the MIN and MAX apply the junction temperature range of —40°C to
125°C. Unless otherwise specified, the following conditions apply: VIN =48 V, RT = 25 kQ, RD1 = RD2 = 20 kQ. No load on
HO1, HO2, LO1, LO2, SR1, SR2, COMP=0V, UVLO =25V, OVP =0V, SSOFF =0 V.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Isssr SSSR charge current Vss > 2V, lcomp < 800 pA 16 20 24 HA
Isssr-DIS1 SSSR discharge current 1 Vuvio < 1.25V 54 65 75 HA
Isssr-DIS2 SSSR discharge current 2 VRes > 1V 109 125 147 pA
SSSR output low voltage Sinking 100 pA 50 mV
SSSR threshold to enable SR1/SR2 1.2 \
CURRENT SENSE INPUT (CS PIN)
Vcs Current limit threshold 0.710 0.750 0.785 Y,
CS delay to output 65 ns
CS leading edge blanking 50 ns
Rcs CS sink impedance (clocked) Internal FET sink impedance 18 45 Q
SOFT-STOP DISABLE (SS OFF PIN)
ViH(min) SSOFF Input Threshold 2.8 \%
SSOFF pull down resistance 200 kQ
CURRENT LIMIT RESTART (RES PIN)
RRres RES pull-down resistance Termination of hiccup timer 37 Q
VREs RES hiccup threshold 1 Y,
RES upper counter threshold Y,
RES lower counter threshold 2 \
IRES-SRC1 Charge current source 1 Vges <1V, Vs> 750 mV 30 HA
IRES-SRC2 Charge current source 2 1V<Vges<4V 10 HA
IRES-DIS2 Discharge current source 1 Vs < 750 mV 5 pA
IRES-DIS2 Discharge current source 2 2V <Vges<4V 5 pA
Ratio of time in hiccup mode to time | Vres > 1 V, Hiccup counter 147
in current limit
VOLTAGE FEED-FORWARD (RAMP PIN)
‘ RAMP sink impedance (Clocked) ‘ 5.5 20 Q
OSCILLATOR (RT PIN)
Fswi Frequency (LO1, half oscillator Rt =25kQ 185 200 215| kHz
frequency)
Fswz Frequency (LO1, half oscillator Rt =10 kQ 420 480 540| kHz
frequency)
DC level 2.0 \%
RT sync threshold 2.8 3.3 \%
ZVS TIMING CONTROL (RD1 & RD2 PINS)
Tea HO1/SR1 turn-off to LO1 turn-on Rp1 = 20 kQ 39 65 89 ns
LO1/SR2 turn-off to HO1 turn-on
Rp; = 100 kQ 230 300 391 ns
Tap LO2 turn-off to HO2 turn-on Rp2 = 20 kQ 27 55 78 ns
HO2 turn-off to LO2 turn-on
Rpz =100 kQ 214 300 378 ns
COMP PIN
VpwMm-0s COMP current to RAMP offset Veavp =0V 680 800 940 HA
Vss.os SS to RAMP offset Vrawp = 0V 0.78 1.0 122 VvV
COMP current to RAMP gain ARAMP/Alcomp 2400 Q
SS to RAMP gain ASS/ARAMP 0.5

Copyright © 2011-2014, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Limits in standard typeface are for T; = 25°C only; for the MIN and MAX apply the junction temperature range of —40°C to
125°C. Unless otherwise specified, the following conditions apply: VIN =48 V, RT = 25 kQ, RD1 = RD2 = 20 kQ. No load on
HO1, HO2, LO1, LO2, SR1, SR2, COMP=0V, UVLO =25V, OVP =0V, SSOFF =0 V.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
COMP current for SSSR charge Vgg>2V 690 800 915 pA
current enable
COMP to output delay 120 ns
Minimum duty cycle lcomp = 1 MA 0 %
SLOPE COMPENSATION (SLOPE PIN)
IsLopE ‘ Slope compensation current ramp Peak of RAMP current 100 HA
BOOST (BST PIN)
Vst uv BST under-voltage threshold Vgst — Vhs rising 3.8 4.7 5.6 \%
Hysteresis 0.5 Vv
HO1, HO2, LO1, LO2 GATE DRIVERS
VoL Low-state output voltage lhoro = 100 mA 0.16 0.32 \%
Vou High-state output voltage lhorLo = 100 mA 0.27 0.495 \%
VonL = Vec — Vio
Vour = Vest — Vo
Rise Time C-load = 1000 pF 16 ns
Fall Time C-load = 1000 pF 11 ns
loHL Peak Source Current Vhono =0V 15 - A
loLL Peak Sink Current Vyorno = Vee 2 - A
SR1, SR2 GATE DRIVERS
VoL Low-state output voltage Isr1/sr2 = 10 mA 0.05 0.10 \%
Vou High-state output voltage Isr1/sr2 = 10 mA, 0.17 0.28 \%
Vor = Vrer — Vsr
Rise Time C-load = 1000 pF 60 ns
Fall Time C-load = 1000 pF 20 ns
loHL Peak Source Current Vsg =0V 0.1 - A
loLL Peak Sink Current Vsr = VRer 0.4 - A
THERMAL
TSD Thermal Shutdown Temp 160 °C
Thermal Shutdown Hysteresis 25 °C
Copyright © 2011-2014, Texas Instruments Incorporated 9
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6.6 Typical Characteristics
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The LM5046 PWM controller contains all of the features necessary to implement a Phase-Shifted Full-Bridge
(PSFB) topology power converter using either current mode or voltage mode control. This device is intended to
operate on the primary side of an isolated dc-dc converter with input voltage up to 100 V. This highly integrated
controller-driver provides dual 2A high and low side gate drivers for the four external bridge MOSFETSs plus
control signals for secondary side synchronous rectifiers. External resistors program the dead-time to enable
Zero-Volt Switching (ZVS) of the primary FETs. Please refer to the Application and Implementation section for
details on the operation of the PSFB topology. Intelligent startup of synchronous rectifier allows turn-on of the
power converter into the pre-bias loads. Cycle-by-cycle current limit protects the power components from load
transients while hiccup mode protection limits average power dissipation during extended overload conditions.
Additional features include programmable soft-start, soft-start of the synchronous rectifiers, and a 2 MHz capable
oscillator with synchronization capability and thermal shutdown.

7.2 Functional Block Diagram

VOLTAGE
REGULATOR

VIN vee
19T O
1.25V —1
ovP J
vce 5v REF,
20 pA | REFH
USV uvLo REFERENCE
0.4V —N_HYSTERESIS g\ oo oun
uVLO ) > Losic BSTL,
Losv THERMAL HO1
STANDBY LIMIT
(160T) HS1,
uvLO vCce
HYSTERESIS o1
20 pA
= BST2
CcLK
RT £ DELAY HO2
O—— osCILLATOR ' TIMERS
HS2
AND veo
DRIVER LO2,
100 A Loaic al
opa REF .
SLOPE
REF
SLOPECOMP SR
RAMP GENERATOR
= RD1,
RD2
= |
SSOFF,

RAMP
[,

DRIVER

LOGIC

10 pA

30 pA

TIMER and RES,
PGND LOGIC

!

EAGND <~

iy

.ov

12 Copyright © 2011-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/lm5046?qgpn=lm5046
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
LM5046

www.ti.com.cn ZHCS581H —FEBRUARY 2011 —-REVISED NOVEMBER 2014

7.3 Feature Description

7.3.1 High-Voltage Start-Up Regulator

The LM5046 contains an internal high voltage start-up regulator that allows the input pin (VIN) to be connected
directly to the supply voltage over a wide range from 14 V to 100 V. The input can withstand transients up to 105
V. When the UVLO pin potential is greater than 0.4 V, 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
gate drivers (HO1/HO2 and LO1/LO2). When the voltage on the VCC pin exceeds its Under Voltage (UV)
threshold, the internal voltage reference (REF) reaches its regulation set point of 5V and the UVLO voltage is
greater than 1.25 V, the soft-start capacitor is released and normal operation begins. The regulator output at
VCC is internally current limited. 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 0.47 pF to 10 pF.

The internal power dissipation of the LM5046 can be reduced by powering VCC from an external supply. The
output voltage of the VCC regulator is initially regulated to 9.5 V. After the synchronous rectifiers are engaged
(which is approximately when the output voltage in within regulation), the VCC voltage is reduced to 7.7 V. 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 V to shut off the internal start-up regulator. Powering VCC from an auxiliary
winding improves efficiency while reducing the controller's power dissipation. The VCC UV circuit will still function
in this mode, requiring that VCC never falls below its UV threshold during the start-up sequence. The VCC
regulator series pass transistor includes a diode between VCC and VIN that should not be forward biased in
normal operation. Therefore, the auxiliary VCC voltage should never exceed the VIN voltage.

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. This implementation is shown in the Application and Implementation section.
The external bias must be greater than 10 V and less than the VCC maximum voltage rating of 14 V.

7.3.2 Line Undervoltage Detector

The LM5046 contains a dual level Under-Voltage Lockout (UVLO) circuit. When the UVLO pin voltage is below
0.4 V, the controller is in a low current shutdown mode. When the UVLO pin voltage is greater than 0.4 V but
less than 1.25 V, 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 their respective under-voltage
thresholds and the UVLO pin voltage is greater than 1.25 V, the soft-start capacitor is released and the 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 1.25 V when VIN enters the desired operating range. UVLO hysteresis is accomplished with an
internal 20uA 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 1.25 V 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 50 mV.

The UVLO pin can also be used to implement various remote enable / disable functions. Turning off the
converter by forcing the UVLO pin to standby condition (0.4 V < UVLO < 1.25 V) provides a controlled soft-stop.
Refer to the Soft-Stop section for more details.

7.3.3 Overvoltage Protection

An external voltage divider can be used to set either an over voltage or an over temperature protection. During
an OVP condition, the SS and SSSR capacitors are discharged and all the outputs are disabled. The divider
must be designed such that the voltage at the OVP pin is greater than 1.25 V when over voltage/temperature
condition exists. Hysteresis is accomplished with an internal 20uA current source. When the OVP pin voltage
exceeds 1.25 V, the 20 pA current source is activated to quickly raise the voltage at the OVP pin. When the OVP
pin voltage falls below the 1.25 V threshold, the current source is deactivated causing the voltage at the OVP to
quickly fall. Refer to the Application and Implementation section for more details.

7.3.4 Reference

The REF pin is the output of a 5 V linear regulator that can be used to bias an opto-coupler transistor and
external housekeeping circuits. The regulator output is internally current limited to 15mA. The REF pin needs to
be locally decoupled with a ceramic capacitor, the recommended range of values are from 0.1 pF to 10 yF
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Feature Description (continued)
7.3.5 Oscillator, Sync Input

The LM5046 oscillator frequency is set by a resistor connected between the RT pin and AGND. The RT resistor
should be located very close to the device. To set a desired oscillator frequency (Fosc), the necessary value of
RT resistor can be calculated from Equation 1:

Ry = %

Fosc X 1 x 10 1)
For example, if the desired oscillator frequency is 400 kHz i.e. each phase (LO1 or LO2) at 200 kHz, the value of
Rt will be 25 kQ. If the LM5046 is to be synchronized to an external clock, that signal must be coupled into the
RT pin through a 100 pF capacitor. The RT pin voltage is nominally regulated at 2.0 V and the external pulse
amplitude should lift the pin to between 3.5 V and 5.0 V on the low-to-high transition. The synchronization pulse
width should be between 15 and 200 ns. The RT resistor is always required, whether the oscillator is free running
or externally synchronized and the SYNC frequency must be equal to, or greater than the frequency set by the
RT resistor. When syncing to an external clock, it is recommended to add slope compensation by connecting an
appropriate resistor from the VCC pin to the CS pin. Also disable the SLOPE pin by grounding it.

7.3.6 Cycle-by-Cycle Current Limit

The CS pin is to be driven by a signal representative of the transformer’s primary current. If the voltage on the
CS pin exceeds 0.75 V, the current sense comparator immediately terminates the PWM cycle. A small RC filter
connected to the CS pin and located near the controller is recommended to suppress noise. An internal 18 Q
MOSFET discharges the external current sense filter capacitor at the conclusion of every cycle. The discharge
MOSFET remains on for an additional 40 ns after the start of a new PWM cycle to blank leading edge spikes.
The current sense comparator is very fast and may respond to short duration noise pulses. Layout is critical for
the current sense filter and the sense resistor. The capacitor associated with 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 the
leads of the transformer secondary should be routed to the filter network, which should be located close to the
IC. 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).

7.3.7 Hiccup Mode

The LM5046 provides a current limit restart timer to disable the controller outputs and force a delayed restart (i.e.
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 programmed by the external capacitor at the RES pin. During each PWM cycle,
the LM5046 either sources or sinks current from the RES capacitor. If current limit is detected, the 5 pA current
sink is disabled and a 30 pA current source is enabled. If the RES voltage reaches the 1.0 V threshold, the
following restart sequence occurs, as shown in Figure 10:

» The SS and SSSR capacitors are fully discharged
* The 30 pA current source is turned-off and the 10 pA current source is turned-on.

» Once the voltage at the RES pin reaches 4.0V the 10 yA current source is turned-off and a 5 pA current sink
is turned-on, ramping the voltage on the RES capacitor down to 2.0 V.

» Once RES capacitor reaches 2.0V, threshold, the 10pA current source is turned-on again. The RES capacitor
voltage is ramped between 4.0V and 2.0V eight times.

* When the counter reaches eight, the RES pin voltage is pulled low and the soft-start capacitor is released to
begin a soft-start sequence. The SS capacitor voltage slowly increases. When the SS voltage reaches 1.0 V,
the PWM comparator will produce the first narrow pulse.

« 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 5 YA current
sink and the normal operation resumes.

The hiccup mode function can be completely disabled by connecting the RES pin to the AGND pin. In this
configuration the cycle-by-cycle protection will limit the maximum output current indefinitely, no hiccup restart
sequences will occur.

14 Copyright © 2011-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/lm5046?qgpn=lm5046
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
LM5046

www.ti.com.cn ZHCS581H —FEBRUARY 2011 —-REVISED NOVEMBER 2014

Feature Description (continued)
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Figure 10. Hiccup Mode Delay and Soft-Start Timing Diagram

7.3.8 PWM Comparator

The LM5046 pulse width modulator (PWM) comparator is a three input device, it compares the signal at the
RAMP pin to the loop error signal or the soft-start, whichever is lower, to control the duty cycle. This comparator
is optimized for speed in order to achieve minimum controllable duty cycles. The loop error signal is received
from the external feedback and isolation circuit in the form of a control current into the COMP pin. The COMP pin
current is internally mirrored by a matching pair of NPN transistors which sink current through a 5 kQ resistor
connected to the 5 V reference. The resulting control voltage passes through a 1 V offset, followed by a 2:1
resistor divider before being applied to the PWM comparator.

An opto-coupler detector can be connected between the REF pin and the COMP pin. Because the COMP pin is
controlled by a current input, the potential difference across the opto-coupler detector is nearly constant. The
bandwidth limiting phase delay which is normally introduced by the significant capacitance of the opto-coupler is
thereby greatly reduced. Higher loop bandwidths can be realized since the bandwidth limiting pole associated
with the opto-coupler is now at a much higher frequency. The PWM comparator polarity is configured such that
with no current flowing into the COMP pin, the controller produces maximum duty cycle.

7.3.9 RAMP Pin

The voltage at the RAMP pin provides the modulation ramp for the PWM comparator. The PWM comparator
compares the modulation ramp signal at the RAMP pin to the loop error signal to control the duty cycle. The
modulation ramp signal can be implemented either as a ramp proportional to the input voltage, known as feed-
forward voltage mode control, or as a ramp proportional to the primary current, known as current mode control.
The RAMP pin is reset by an internal MOSFET with an Rpgony Of 5.5 Q at the conclusion of each PWM cycle.
The ability to configure the RAMP pin for either voltage mode or current mode allows the controller to be
implemented for the optimum control method depending upon the design constraints. Refer to the Application
and Implementation section for more details on configuring the RAMP pin for feed-forward voltage mode control
and peak current mode control.

7.3.10 Slope Pin

For duty cycles greater than 50% (25% for each phase), peak current mode control is subject to sub-harmonic
oscillation. Sub-harmonic oscillation is normally characterized by observing alternating wide and narrow duty
cycles. This can be eliminated by adding an artificial ramp, known as slope compensation, to the modulating
signal at the RAMP pin. The SLOPE pin provides a current source ramping from 0 to 100uA, at the frequency set
by the RT resistor, for slope compensation. The ramping current source at the SLOPE pin can be utilized in a
couple of different ways to add slope compensation to the RAMP signal:
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Feature Description (continued)

1) As shown in Figure 11(a), the SLOPE and RAMP pins can be connected together through an appropriate
resistor to the CS pin. This configuration will inject current sense signal plus slope compensation to the RAMP
pin but CS pin will not see any slope compensation. Therefore, in this scheme slope compensation will not affect
the current limit.

2) In a second configuration, as shown in Figure 11(b), the SLOPE, RAMP and CS pins can be tied together. In
this configuration the ramping current source from the SLOPE pin will flow through the filter resistor and filter
capacitor, therefore both the CS pin and the RAMP pin will see the current sense signal plus the slope
compensation ramp. In this scheme, the current limit is compensated by the slope compensation and the current
limit onset point will vary.

If slope compensation is not required, for example in feed-forward voltage mode control, the SLOPE pin must be
connected to the AGND pin. When the RT pin is synched to an external clock, it is recommended to disable the
SLOPE pin and add slope compensation externally by connecting an appropriate resistor from the VCC pin to the
CS pin. Please refer to the Application and Implementation section for more details.

LM5046 LM5046
100 pA 100 pA

—E]SLOPEAMO —[]SLOPE/VMO

RAMP r | 1\ I: RAMP
F cLk Current FcLk
Sense
RFILTER
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i Res _rl_ i CRILTER 6 i Rcs ﬂ_ _I_CHLTER ¢

(a) (b)

1

A

Current
Sense RsLoPE

N\

(a) Slope Compensation Configured for PWM Only (No Current Limit Slope)
(b) Slope Compensation Configured for PWM and Current Limit

Figure 11. Slope Compensation Configuration

7.3.11 Soft-Start

The soft-start circuit allows the power converter to gradually reach a steady state operating point, thereby
reducing the start-up stresses and current surges. When bias is supplied to the LM5046, the SS capacitor is
discharged by an internal MOSFET. When the UVLO, VCC and REF pins reach their operating thresholds, the
SS capacitor is released and is charged with a 20pA current source. Once the SS pin voltage crosses the 1 V
offset, SS controls the duty cycle. The PWM comparator is a three input device; it compares the RAMP signal
against the lower of the signals between the soft-start and the loop error signal. In a typical isolated application,
as the secondary bias is established, the error amplifier on the secondary side soft-starts and establishes closed-
loop control, steering the control away from the SS pin.

One method to shutdown the regulator is to ground the SS pin. This forces the internal PWM control signal to
ground, reducing the output duty cycle quickly to zero. Releasing the SS pin begins a soft-start cycle and normal
operation resumes. A second shutdown method is presented in the UVLO section.
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Feature Description (continued)
7.3.12 Gate Driver Outputs

The LM5046 provides four gate drivers: two floating high side gate drivers HO1 and HO2 and two ground
referenced low side gate drivers LO1 and LO2. Each internal driver is capable of sourcing 1.5A peak and sinking
2A peak. The low-side gate drivers are powered directly by the VCC regulator. The HO1 and HO2 gate drivers
are powered from a bootstrap capacitor connected between BST1/BST2 and HS1/HS2 respectively. An external
diode connected between VCC (anode pin) and BST (cathode pin) provides the high side gate driver power by
charging the bootstrap capacitor from VCC when the corresponding switch node (HS1/HS2 pin) is low. When the
high side MOSFET is turned on, BST1 rises to a peak voltage equal to VCC + Vg1 where Vg is the switch
node voltage.

The BST and VCC capacitors should be placed close to the pins of the LM5046 to minimize voltage transients
due to parasitic inductances since the peak current sourced to the MOSFET gates can exceed 1.5A. The
recommended value of the BST capacitor is 0.1 yF or greater. A low ESR / ESL capacitor, such as a surface
mount ceramic, should be used to prevent voltage droop during the HO transitions.

Figure 12 illustrates the sequence of the LM5046 gate-drive outputs. Initially, the diagonal HO1 and LO2 are
turned-on together during the power transfer cycle, followed by the freewheel cycle, where HO1 and HO2 are
kept on. In the subsequent phase, the diagonal HO2 and LO1 are turned-on together during the power transfer
cycle, followed by a freewheel cycle, where LO1 and LO2 are kept on. The power transfer mode is often called
the active mode and the freewheel mode is often called as the passive mode. The dead-time between the
passive mode and the active mode, Tpp, is set by the RD1 resistor and the dead-time between the active mode
and the passive mode, Tpp, is set by the RD2 resistor. Refer to the Application and Implementation section for
more details on the operation of the phase-shifted full-bridge topology.

If the COMP pin is open circuit, the outputs will operate at maximum duty cycle. The maximum duty cycle for
each phase is limited by the dead-time set by the RD1 resistor. If the RD1 resistor is set to zero then the
maximum duty cycle is slightly less than 50% due to the internally fixed dead-time. The internally fixed dead-time
is 30 ns which does not vary with the operating frequency. The maximum duty cycle for each output can be
calculated from Equation 2:

(Folsc )- (Tea)
Dwmax = s

Fosc @)

Where, Tp, is the time set by the RD1 resistor and Fpsc is the frequency of the oscillator. For example, if the
oscillator frequency is set at 400 kHz and the Tpp time set by the RD1 resistor is 60 ns, the resulting Dyax will be
equal to 0.488.
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Feature Description (continued)
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Figure 12. Timing Diagram lllustrating the Sequence of Gate-Driver Outputs in the PSFB Topology

7.3.13 Synchronous Rectifier Control Outputs (SR1 & SR2)

Synchronous rectification (SR) of the transformer secondary provides higher efficiency, especially for low output
voltage converters, compared to the diode rectification. The reduction of rectifier forward voltage drop (0.5 V —
1.5 V) to 10 mV — 200 mV VDS voltage for a MOSFET significantly reduces rectification losses. In a typical
application, the transformer secondary winding is center tapped, with the output power inductor in series with the
center tap. The SR MOSFETSs provide the ground path for the energized secondary winding and the inductor
current. From Figure 13 it can be seen that when the HO1/LO2 diagonal is turned ON, power transfer is enabled
from the primary. During this period, the SR1 MOSFET is enabled and the SR2 MOSFET is turned-off. The
secondary winding connected to the SR2 MOSFET drain is twice the voltage of the center tap at this time. At the
conclusion of the HO1/LO2 pulse, the inductor current continues to flow through the SR2 MOSFET body diode.
Since the body diode causes more loss than the SR MOSFET, efficiency can be improved by minimizing the
Tsron period. In the LM5046, the time Tggrop IS internally fixed to be 30ns. The 30ns internally fixed dead-time,
along with inherent system delays due to galvanic isolation, plus the gate drive ICs, will provide sufficient margin
to prevent the shoot-through current.

During the freewheeling period, the inductor current flows in both the SR1 and SR2 MOSFETS, which effectively
shorts the transformer secondary. The SR MOSFETs are disabled at the rising edge of the CLK, which also
disables HO1 or LO1. As shown in Figure 13, SR1 is disabled at the same instant as HO1 is disabled, and SR2
is disabled at the same instant as LOL1 is disabled. The dead-times, Tsgorr and Tpp achieve two different things
but are set by single resistor, RD1. Therefore, RD1 value should be selected such that the SR1/SR2 turns-off
before the next power transfer cycle is initiated by Tp,.

The SR drivers are powered by the REF regulator and each SR output is capable of sourcing 0.1A and sinking
0.4A peak. The amplitude of the SR drivers is limited to 5 V. The 5 V SR signals enable the LM5046 to transfer
SR control across the isolation barrier either through a solid-state isolator or a pulse transformer. The actual gate
sourcing and sinking currents for the synchronous MOSFETSs are provided by the secondary-side bias and gate
drivers.
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Feature Description (continued)

Tpa and Tpp can be programmed by connecting a resistor between RD1 and RD2 pins and AGND. It should be
noted that while RD1 effects the maximum duty cycle, RD2 does not. The RD1 and RD?2 resistors should be
located very close to the device. The formula for RD1 and RD2 resistors are given in Equation 3:

Tea, Tap

RD(1,2) = : For 20k < (1,2) < 100k

3p (3
If the desired dead-time for Tpp is 60 ns, then the RD1 will be 20 kQ.
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Figure 13. Synchronous Rectifier Timing Diagram

7.3.14 Soft-Start of the Synchronous Rectifiers

In addition to the basic soft-start already described, the LM5046 contains a second soft-start function that
gradually turns on the synchronous rectifiers to their steady-state duty cycle. This function keeps the
synchronous rectifiers off during the basic soft-start allowing a linear start-up of the output voltage even into pre-
biased loads. Then the SR output duty cycle is gradually increased to prevent output voltage disturbances due to
the difference in the voltage drop between the body diode and the channel resistance of the synchronous
MOSFETSs. Initially, when bias is supplied to the LM5046, the SSSR capacitor is discharged by an internal
MOSFET. When the SS capacitor reaches a 2 V threshold and once it is established that COMP is in control of
the duty cycle i.e. Icomp < 800 PA, the SSSR discharge is released and SSSR capacitor begins charging with a

Copyright © 2011-2014, Texas Instruments Incorporated 19


http://www.ti.com.cn/product/cn/lm5046?qgpn=lm5046
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
LM5046

ZHCS581H —FEBRUARY 2011 —-REVISED NOVEMBER 2014 www.ti.com.cn

Feature Description (continued)

20 pA current source. Once the SSSR cap crosses the internal 1 V threshold, the LM5046 begins the soft-start of
the synchronous FETs. The SR soft-start follows a leading edge modulation technique, that is, the leading edge
of the SR pulse is soft-started as opposed trailing edge modulation of the primary FETs. As shown in
Figure 14(a), SR1 and SR2 are turned-on simultaneously with a narrow pulse-width during the freewheeling
cycle. At the end of the freewheel cycle i.e. at the rising edge of the internal CLK, the SR FET in-phase with the
next power transfer cycle is kept on while the SR FET out of phase with it is turned-off. The in-phase SR FET is
kept on throughout the power transfer cycle and at the end of it, both the primary FETs and the in-phase SR
FETs are turned-off together. The synchronous rectifier outputs can be disabled by grounding the SSSR pin.

A

o .

Power —
Transfer
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—

-—
Power Freewheel
Transfer

A

L

f
=
|

TsrorF TsRON

| S

TsrorF  TsRON
(@) (b)
Tsronis internally fixed to 30 ns
Tsrorris set by aresistor on the RD1 pin

Figure 14. (a) Waveforms during Soft-Start (b) Waveforms after Soft-Start

7.3.15 Pre-Bias Startup

A common requirement for power converters is to have a monotonic output voltage start-up into a pre-biased
load i.e. a pre-charged output capacitor. In a pre-biased load condition, if the synchronous rectifiers are engaged
prematurely they will sink current from the pre-charged output capacitors resulting in an undesired output voltage
dip. This condition is undesirable and could potentially damage the power converter. The LM5046 utilizes unique
control circuitry to ensure intelligent turn-on of the synchronous rectifiers such that the output has a monotonic
startup. Initially, the SSSR capacitor is held at ground to disable the synchronous MOSFETSs allowing the body
diode to conduct. The synchronous rectifier soft-start is initiated once it is established the duty cycle is controlled
by the COMP instead of the soft-start capacitor i.e. Icomp < 800 PA and the voltage at the SS pin > 2 V. The
SSSR capacitor is then released and is charged by a 20 pA current source. Further, as shown in Figure 15, a 1
V offset on the SSSR pin is used to provide additional delay. This delay ensures the output voltage is in
regulation avoiding any reverse current when the synchronous MOSFETSs are engaged.

7.3.16 Soft-Stop

As shown in Figure 16, if the UVLO pin voltage falls below the 1.25 V standby threshold, but above the 0.4 V
shutdown threshold, the SSSR capacitor is soft-stopped with a 60 pA current source (3 times the charging
current). Once the SSSR pin reaches the 1.0 V threshold, both the SS and SSSR pins are immediately
discharged to GND. Soft-stopping the power converter gradually winds down the energy in the output capacitors
and results in a monotonic decay of the output voltage. During the hiccup mode, the same sequence is executed
except that the SSSR is discharged with a 120 pA current source (6 times the charging current). In case of an
OVP, VCC UV, thermal limit or a VREF UV condition, the power converter hard-stops, whereby all of the control
outputs are driven to a low state immediately.
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Feature Description (continued)
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Figure 15. Pre-Bias Voltage Startup Waveforms
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Figure 16. Stop-Stop Waveforms during a UVLO Event
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Feature Description (continued)
7.3.17 Soft-Stop Off

The Soft-Start Off (SSOFF) pin gives additional flexibility by allowing the power converter to be configured for
hard-stop during line UVLO and hiccup mode condition. If the SS OFF pin is pulled up to the 5 V REF pin, the
power converter hard-stops in any fault condition. Hard-stop drives each control output to a low state
immediately. Refer to Table 1 for more details.

Table 1. Soft-Stop in Fault Conditions

FAULT CONDITION SSSR
UVLO Soft-Stop
(UVLO<1.25V) 3x the charging rate
ovP Hard-Stop
(OVP>1.25V)

Hiccup Soft-Stop
(CS>0.75 and RES>1V) 6x the charging rate
VCC/VREF UV Hard-Stop

Internal Thermal Limit Hard-Stop

Note: All the above conditions are valid with SSOFF pin tied to GND. If SSOFF =5 V, the LM5046 hard-stops in
all the conditions. The SS pin remains high in all the conditions until the SSSR pin reaches 1 V.

7.3.18 Thermal Protection

Internal thermal shutdown circuitry is provided to protect the integrated circuit in the event the maximum rated
junction temperature is exceeded. When activated, typically at 160°C, the controller is forced into a shutdown
state with the output drivers, the bias regulators (VCC and REF) disabled. This helps to prevent catastrophic
failures from accidental device overheating. During thermal shutdown, the SS and SSSR capacitors are fully
discharged and the controller follows a normal start-up sequence after the junction temperature falls to the
operating level (140°C).

7.4 Device Functional Modes

7.4.1 Control Method Selection

The LM5045 is a versatile PWM control IC that can be configured for either current mode control or voltage
mode control. The choice of the control method usually depends upon the designer preference. The following
must be taken into consideration while selecting the control method. Current mode control can inherently balance
flux in both phases of the full-bridge topology. The full-bridge topology, like other double ended topologies, is
susceptible to the transformer core saturation. Any asymmetry in the volt-second product applied between the
two alternating phases results in flux imbalance that causes a dc buildup in the transformer. This continual dc
buildup may eventually push the transformer into saturation. The volt-second asymmetry can be corrected by
employing current mode control. In current mode control, a signal representative of the primary current is
compared against an error signal to control the duty cycle. In steady-state, this results in each phase being
terminated at the same peak current by adjusting the pulse-width and thus applying equal volt-seconds to both
the phases.

Current mode control can be susceptible to noise and sub-harmonic oscillation, while voltage mode control
employs a larger ramp for PWM and is usually less susceptible. Voltage-mode control with input line feed-
forward also has excellent line transient response. When configuring for voltage mode control, a dc blocking
capacitor can be placed in series with the primary winding of the power transformer to avoid any flux imbalance
that may cause transformer core saturation.

7.4.2 Voltage Mode Control Using the LM5045

To configure the LM5045 for voltage mode control, an external resistor (Rgg) and capacitor (Cgg) connected to
VIN, AGND, and the RAMP pins is required to create a saw-tooth modulation ramp signal shown in Figure 17.
The slope of the signal at RAMP will vary in proportion to the input line voltage. The varying slope provides line
feed-forward information necessary to improve line transient response with voltage mode control. With a constant
error signal, the on-time (Tgy) varies inversely with the input voltage (VIN) to stabilize the Volt- Second product
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Device Functional Modes (continued)

of the transformer primary. Using a line feed-forward ramp for PWM control requires very little change in the
voltage regulation loop to compensate for changes in input voltage, as compared to a fixed slope oscillator ramp.
Furthermore, voltage mode control is less susceptible to noise and does not require leading edge filtering.
Therefore, it is a good choice for wide input range power converters. Voltage mode control requires a Type-ll|
compensation network, due to the complex-conjugate poles of the L-C output filter.

SLOPE VIN
PROPORTIONAL
TOVIN sv
/ /1 rFF comp $5K R
VIN / / N\
1A C
N v R Gate Drive

\ l m .

|
RAMP
CFF$ F CLK
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v

Figure 17. Feed-Forward Voltage Mode Configuration

The recommended capacitor value range for Cge is from 100 pF to 1800 pF. Referring to Figure 17, it can be
seen that Cgr value must be small enough to be discharged with in the clock pulse-width which is typically within
50ns. The Rpg(ony Of the internal discharge FET is 5.5 Q.

The value of Rgg required can be calculated from
-1

VRamp
F X Cee X In (1- =225
osc FF ( VINMIN)

Rer =

4

For example, assuming a Vyamp Of 1.5 V (a good compromise of signal range and noise immunity), at VINyy of
36 V (oscillator frequency of 400 kHz and Cgr = 470 pF results in a value for Rgp of 125 kQ.

7.4.3 Current Mode Control Using the LM5045

The LM5045 can be configured for current mode control by applying a signal proportional to the primary current
to the RAMP pin. One way to achieve this is shown in Figure 18. The primary current can be sensed using a
current transformer or sense resistor, the resulting signal is filtered and applied to the RAMP pin through a
resistor used for slope compensation. It can be seen that the signal applied to the RAMP pin consists of the
primary current information from the CS pin plus an additional ramp for slope compensation, added by the
resistor Rg ope.

The current sense resistor is selected such that during over current condition, the voltage across the current
sense resistor is above the minimum CS threshold of 728 mV.

In general, the amount of slope compensation required to avoid sub-harmonic oscillation is equal to at least one-
half the down-slope of the output inductor current, transformed to the primary. To mitigate sub-harmonic
oscillation after one switching period, the slope compensation has to be equal to one times the down slope of the
filter inductor current transposed to primary. This is known as deadbeat control. The slope compensation resistor
required to implement dead-beat control can be calculated as follows:

VourX Res

Rsiore=
LrrerXFoscX lstore X Nig

where
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Device Functional Modes (continued)

N+g is the turns-ratio with respect to the secondary

®)

For example, for a 3.3 V output converter with a turns-ratio between primary and secondary of 9:1, an output
filter inductance (Lg ter) Of 800 nH and a current sense resistor (Rgense) of 150 mQ, Rg ope Of 1.67 kQ will

suffice.

Current
Sense

H/v

—
ﬂ_‘\._[

RsLope

RFILTER

=
l'vv\,

LM5045

] sLore

RAMP
EI- CLK
cs
/ El- CLK + LEB

100 pA
0

I | iCFILTER

v

Figure 18. Current Mode Configuration
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM5046 is a highly integrated PWM controller that contains all of the features necessary for implementing
Phase Shifted Full Bridge topology power converters using either current mode or voltage mode control. The
device targets DC to DC converter applications with input voltages of up to 100 Vdc and output power in the
range 100W to 1kW.

8.2 Typical Application

The following schematic shows an example of a 100W phase-shifted full-bridge converter controlled by LM5046.
The operating input voltage range is 36 V to 75 V, and the output voltage is 3.3 V. The output current capability
is 30 Amps. The converter is configured for current mode control with external slope compensation. An auxiliary
winding is used to raise the VCC voltage to reduce the controller power dissipation.
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Figure 19. Evaluation Board Schematic

8.2.1 Design Requirements

PARAMETERS VALUE
Input operating range 36 Vto 75V
Output voltage 33V
Measured efficiency at 48 V 92% @ 30A
Frequency of operation 420 kHz
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Typical Application (continued)

PARAMETERS VALUE
Board size 2.28 x 1.45 x 0.5 inches
Load Regulation 0.2%
Line Regulation 0.1%
Line UVLO 34V/32V on/off
Hiccup Mode Current Limit

8.2.2 Detailed Design Procedure

8.2.2.1 Phase-Shifted Full-Bridge Operation
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3]

o I
I J S
3 o T
swi e | . w2
J;, Lmag J I sr1) [sR2 s
LO1 { ’ Lozi
v |
Power Transfer/Active Mode Active to Passive
Transition
VIN VIN
! I * 2 l 3
; He —— ; HOL LLeakage LMag HO2
SW1 J> L) Swi s
I-Mag /
AL
LOl{ oD LOl—?»ll]' ¥ {LOZ
Cparasitic
Freewheel/Passive Mode Passive t(_).Acnve
Transition

Figure 20. Operating States of the PSFB Topology

The phase shifted full-bridge topology is a derivative of the conventional full-bridge topology. When tuned
appropriately the PSFB topology achieves zero voltage switching (ZVS) of the primary FETs while maintaining
constant switching frequency. The ZVS feature is highly desirable as it reduces both the switching losses and the
EMI emissions. The realization of the PSFB topology using the LM5046 is explained as follows:

8.2.2.1.1 Operating State 1 (Power Transfer/Active Mode)

The power transfer mode of the PSFB topology is similar to the hard switching full-bridge i.e. When the FETs in
the diagonal of the bridge are turned-on (HO1 & LO2 or HO2 & LO1), a power transfer cycle from the primary to
the secondary is initiated. Figure 20 depicts the case where the diagonal switches HO1 and LO2 are activated. In
this state, full VIN is applied to the primary of the power transformer, which is typically stepped down on the
secondary winding.

8.2.2.1.2 Operating State 2 (Active to Passive Transition)

At the end of the power transfer cycle, PWM turns off switch LO2. In the primary side, the reflected load current
plus the magnetizing current propels the SW2 node towards VIN. The active to passive transition is finished
when either the body diode of HO2 is forward-biased or HOZ2 is turned-on, whichever happens earlier. A delay
can be introduced by setting RD2 to an appropriate value, such that HOZ2 is turned-on only after the body-diode
is forward biased. In this mode, the I,,¢*] peak @Ct as a current source charging the parasitic capacitor located at
the node SW2. At light load conditions, it takes a longer time to propel SW node towards VIN.

The active to passive transition time can be approximated by using Equation 6:
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TAP B |Lpeak
(in + o)
= (6)

Where, I, is the magnetizing current, Nt is the power transformer’s turns ratio, I peax i the peak output filter
inductor current and Cp4.asitic IS the parasitic capacitance at the node SW2.

8.2.2.1.3 Operating State 3 (Freewheel/Passive Mode)

In the freewheel mode, unlike the conventional full-bridge topology where all the four primary FETs are off, in the
PSFB topology the primary of the power transformer is shorted by activating either both the top FETs (HO1 and
HO2) or both of the bottom FETs (LO1 and LO2) alternatively. In the current CLK cycle, the top FETs HO1 and
HO2 are kept on together. Further in this mode, on the secondary side, similar to the classic full-bridge topology
the synchronous FETs are both activated. During this state there is no energy transfer from the primary and the
filter inductor current in the secondary freewheels through both the synchronous FETS.

8.2.2.1.4 Operating State 4 (Passive to Active Transition)

At the end of the switching cycle i.e. after the oscillator times out the current CLK cycle, the primary switch HO1
and the secondary FET SR1 are turned-off simultaneously. The voltage at the node SW1 begins to fall towards
the GND. This is due to the resonance between leakage inductance of the power transformer plus any additional
commutation inductor and the parasitic capacitances at SW1. The magnetizing inductor is shorted in the
freewheel mode and therefore it does not play any role in this transition. The LC resonance results in a half-wave
sinusoid whose period is determined by the leakage inductor and parasitic capacitor. The peak of the half-wave
sinusoid is a function of the load current. The passive to active transition time can be approximated by using
Equation 7:

T
TPA = EJ(LIeakage + Lcommutation) X Cparasitic

™

When tuned appropriately either by deliberately increasing the leakage inductance or by adding an extra
commutating inductor, the sinusoidal resonant waveform peaks such that it is clamped by the body-diode of the
LO1 switch. At this instant, ZVS can be realized by turning on the LO1 switch.

The switching sequence in this CLK cycle is as follows: activation of the switch LO1 turns the diagonal LO1 and
HO2 on, resulting in power transfer. The power transfer cycle ends when PWM turns off HO2, which is followed
by an active to passive transition where LO2 is turned on. In the freewheel mode, LO1 and LO2 are both
activated. From this sequence, it can be inferred that the FETs on the right side of the bridge (HO2 and LO2) are
always terminated by the PWM ending a power transfer cycle and the SW2 node always sees an active to
passive transition. Further, the FETs on the left side of the bridge (HO1 and LO1) are always turned-off by the
CLK ending a freewheel cycle and the SW1 node always sees a passive to active transition.

Turn-off Turn-off
controlled by controlled by
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Figure 21. Simplified PSFB Topology Showing the Turn-Off Mechanism
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8.2.2.2 Control Method Selection

The LM5046 is a versatile PWM control IC that can be configured for either current mode control or voltage
mode control. The choice of the control method usually depends upon the designer preference. The following
must be taken into consideration while selecting the control method. Current mode control can inherently balance
flux in both phases of the PSFB topology. The PSFB topology, like other double ended topologies, is susceptible
to the transformer core saturation. Any asymmetry in the volt-second product applied between the two alternating
phases results in flux imbalance that causes a dc buildup in the transformer. This continual dc buildup may
eventually push the transformer into saturation. The volt-second asymmetry can be corrected by employing
current mode control. In current mode control, a signal representative of the primary current is compared against
an error signal to control the duty cycle. In steady-state, this results in each phase being terminated at the same
peak current by adjusting the pulse-width and thus applying equal volt-seconds to both the phases.

Current mode control can be susceptible to noise and sub-harmonic oscillation, while voltage mode control
employs a larger ramp for PWM and is usually less susceptible. Voltage-mode control with input line feed-
forward also has excellent line transient response. When configuring for voltage mode control, a dc blocking
capacitor can be placed in series with the primary winding of the power transformer to avoid any flux imbalance
that may cause transformer core saturation.

8.2.2.3 Voltage Mode Control Using the LM5046

To configure the LM5046 for voltage mode control, an external resistor (Rgr) and capacitor (Cgr) connected to
VIN, AGND, and the RAMP pins is required to create a saw-tooth modulation ramp signal shown in Figure 22.
The slope of the signal at RAMP will vary in proportion to the input line voltage. The varying slope provides line
feed-forward information necessary to improve line transient response with voltage mode control. With a constant
error signal, the on-time (Toy) varies inversely with the input voltage (VIN) to stabilize the Volt- Second product
