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UCC2897A Advanced Current-Mode Active-Clamp PWM Controller
1 Features 3 Description

e Low-Output Jitter
» Soft-Stop Shutdown of MAIN and AUX
e 110-V Input Startup Function

» Ideal for Active-Clamp, Reset-Forward, Flyback
and Synchronous Rectifier Uses

* Provides Complementary Auxiliary Driver with
Programmable Dead Time (Turn-On Delay)
between AUX and MAIN Switches

» Peak Current-Mode Control with 0.5-V Cycle-by-
Cycle Current Limiting

e TrueDrive™ 2-A Sink, 2-A Source Outputs

» Trimmed Internal-Bandgap Reference for
Accurate Line UV and Line OV Threshold

» Programmable Slope Compensation

e High-Performance 1-MHz Synchronizable
Oscillator with Internal Timing Capacitor

* Precise Programmable Maximum Duty Cycle
* PB-Free Lead Finish Package

2 Applications
» High-Efficiency DC-to-DC Power Supplies

» Server Power, 48-V Telecom, Datacom, and 42-V
Automotive Applications

The UCC2897A PWM  controller  simplifies
implementation of the various active clamp or reset
and synchronous rectifier switching power topologies.

The UCC2897A is a peak current-mode fixed-
frequency high-performance pulse-width modulator.
The controller includes the logic and the drive
capability for the P-channel auxiliary switch along with
a simple method of programming the critical delays
for proper active-clamp operation.

Features include an internal programmable slope
compensation circuit, precise Dyax limit, and a
synchronizable oscillator with an internal-timing
capacitor. An accurate line-monitoring function also
programs the ON and OFF transitions of the
converter with regard to the bulk input voltage, VIN.

The UCC2897A adds a second-level hiccup-mode
current-sense threshold, bi-directional
synchronization and input-overvoltage protection
functionalities. The UCC2897A is offered in 20-pin
TSSOP (PW) and 20-pin QFN (RGP) packages.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TSSOP (20) 6.60 mm x 6.60 mm

UCC2897A
VQFN (20) 4.15 mm x 4.15 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Device Options

ARy | CTELEEE SRR YEE 110-V HV JFET PART NUMBER
APPLICATION T SfEEEs | TS ie START-UP @ @
THRESHOLD CIRCUIT TSSOP-20 (PW) QFN-20 (RGP)
DC/DC P-Channel 05V 0.75 V Yes UCC2897APW UCC2897ARGP

(1) The PW package is available taped and reeled. Add R suffix to the device type (for example: UCC2897APWR) to order quantities of
2,000 devices per reel. Bulk quantities are 70 units per tube. The RGP package is available in two options of tape and reel. The RGPT
is orderable in small reels of 250 (for example: UCC2897ARGPT); the RGPR contains 3000 pieces per reel (for example:
UCC2897ARGPR).

The TSSOP-20 (PW) and QFN-20 (RGP) package uses Pb-free lead finish of Pd-Ni-Au which is compatible with MSL level 1 at 255°C
to 260°C peak reflow temperature and compatible with either lead-free, tin, or lead soldering operations.

@

6 Pin Configuration and Functions

PW Package
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Pin Functions

PIN

NAME

NO.

TSSOP

VQFN

1/0

DESCRIPTION

AUX

14

11

This output drives the auxiliary-clamp MOSFET which turns on when the main
PWM-switching device turns off. The AUX pin directly drives the auxiliary switch
with a 2-A source turn-on current and a 2-A sink turn-off current.

Cs

This pin senses the peak current utilized for current-mode control and for current-
limiting functions. The peak signal is applied to this pin before pulse-by-pulse
current limiting activates and is approximately 0.5 V.

FB

11

This pin brings the error signal from an external optocoupler or error amplifier into
the PWM-control circuitry. Often, there is a resistor tied from FB to VREF, and an
optocoupler pulls the control pin closer to GND to reduce the pulse width of the
OUT output driving the main-power switch of the converter.

GND

This pin serves as the fundamental-analog ground for the PWM-control circuitry.
This pin is connected to PGND directly at the device.

LINEOV

19

16

The LINEOV pin is an input pin of voltage comparator with programmable
hysteresis and 1.27-V threshold, providing LINE overvoltage or other functions.

LINEUV

18

15

This pin provides a means to accurately enable/disable the power converter stage
by monitoring the bulk input voltage or another parameter. When the circuit initially
starts (or restarts from a disabled condition), a rising input on LINEUV enables the
outputs when the threshold of 1.27 V is crossed. After the circuit is enabled, a
falling LINEUV signal disables the outputs when the same threshold is reached.
The hysteresis between the two levels is programmed using an internal current
source.

ouT

15

12

This output pin drives the main PWM switching element MOSFET in an active-
clamp controller. The OUT pin directly drives an N-channel device with a 2-A
source turnon-current and a 2-A sink turnoff-current. TI recommends connecting a
10-kQ resistor from this pin to PGND pin.

PGND

13

10

The PGND should serve as the current return for the high-current output drivers
OUT and AUX. Ideally, the current path from the outputs to the switching devices,
and back would be as short as possible, and enclose a minimal-loop area.

PVDD

16

13

The PVDD pin is the supply pin for the power devices. It is separated internally
from the VDD pin.

RSLOPE

10

A resistor connected from this pin to GND programs an internal current source that
sets the slope-compensation ramp for the current-mode control-circuitry.

RTDEL

20

A resistor from this pin to GND programs the turn-on delay of the two gate-drive
outputs to accommodate the resonant transitions of the active-clamp power
converter.

ROFF

A resistor connected from this pin to GND programs an internal-current source that
discharges the internal timing-capacitor.

RON

A resistor connected from this pin to GND programs an internal-current source that
charges the internal timing-capacitor.

SS/SD

12

A capacitor from SS/SD to ground is charged by an internal-current source of
IRON to program the soft-start interval for the controller. During a fault condition
this capacitor is discharged by a current source equal to Izon:-

SYNC

The SYNC pin serves as a bidirectional-synchronization input for the internal
oscillator. The synchronization function is implemented such that the user-
programmable maximum duty-cycle (set by RON and ROFF) remains accurate
during synchronized operation. This pin is left open when not in use. The external
capacitance is minimized. No capacitors are connected to this pin.

VDD

17

14

The VDD pin is the power supply for the device. There should be a 1-uF capacitor
directly from VDD to PGND. The capacitor value should be at least 10-times larger
than that on VREF. PGND and GND are connected externally and directly from
PGND pin to GND pin. (To make a full design of capacitance on VDD pin, please
refer to, Application Note: Understanding and Designing an Active Clamp Current
Mode Controlled Converter (SLUA535), section 7.3)

VIN

18

This pin is connected to the input-power rail directly. Inside the device, a high-
voltage start-up device is utilized to provide the start-up current for the controller
until a bootstrap-type bias rail becomes available.
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Pin Functions (continued)

PIN
NO. 1/0 DESCRIPTION
NAME
TSSOP VQFN

The VREF pin is the 5-V reference voltage that is used for an external load of up to

VREE 6 3 o 5 mA. Since this reference provides the supply rail for internal logic, VREF is
bypassed to AGND as close as possible to the device. The VREF bias profile is
not always monotonic before VDD reaches 5 V.

7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT

VN Line input voltage 120
Vpp Supply voltage 16.5 \Y

Analog inputs, FB, CS, SYNC, LINEOV, LINEUV -0.3 (Vgert 0.3)
lo_source Output source current (peak) OUT AUX 25 A
lo_sink Output sink current (peak) OUT AUX -2.5
Ty Operating junction temperature range -55 150 oc
Tsol Lead temperature, 1,6 mm (1/16 inch) from case for 10 seconds 300
Tstg Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- £500 \
c101®
(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.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
VN Line input voltage 18 110 \%
Vpp Supply voltage 8.5 12 16 \%
Vpp Supply bypass capacitance 1 uF
Ron = Rorr Timing resistance (for 250-kHz 75 kQ
operation)
T, Operating junction temperature -40 125 °C
CRrer Reference bypass capacitance 0.1 uF
Copyright © 2008-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.4 Thermal Information

UCC2897A
THERMAL METRIC® QFN (RGP) TSSOP (PW) UNIT
20 PINS 20 PINS

Rgia Junction-to-ambient thermal resistance 34.1 91.6
ReaJc(top) Junction-to-case (top) thermal resistance 33.3 26.3
Reis Junction-to-board thermal resistance 9.2 42.6 CIW
Wit Junction-to-top characterization parameter 0.4 11
Wis Junction-to-board characterization parameter 9.1 42.1
Raic(bot) Junction-to-case (bottom) thermal resistance 29 N/A

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

7.5 Electrical Characteristics

Vpp = 12 V@, 1-uF capacitor for VDD to GND, 0.01-pF capacitor from VREF to GND, Royn = Roer = 75 kQ, Rgiope = 50 kQ,
—40°C = Tp = T, £ 125°C (unless otherwise noted)

PARAMETER ’ TEST CONDITIONS MIN TYP MAX UNIT
OVERALL
IsTARTUP Start-up current Vop < Vuvio 300 500 HA
Veg =0V,
Iob Operating supply current®® Vcs = 0V, 2 3 mA
Outputs not switching
HIGH-VOLTAGE BIAS
Current available from VDD during
Ibp-sT VDD startup current startug, Ta =-40°C to +85°C, VIN = 4 11 mA
36 V0O
Ivin JFET leakage current VIN =120 V; VDD =14V 75 pA
UNDERVOLTAGE LOCKOUT
UVLO Start threshold voltage 12.2 12.7 13.2
gllti;ritmum operating voltage after 76 8 8.4 v
Hysteresis 4.4 4.7 5
LINE MONITOR
V| INEUV Line UV voltage threshold 1.243 1.268 1.294 \%
lLineuvHys | Line UV hysteresis current -11.5 -13 -14.5 HA
V| INEOV Line OV voltage threshold 1.243 1.268 1.294 \%
lLiINeovHYs | Line OV hysteresis current -11.5 -13 -14.5 HA
Soft-Start
lssc SS charge current Ron = 75 kQ® -10.5 -145 -185
Issp SS discharge current Ron = 75 kQ® 10.5 14.5 18.5 WA
Vasiso \I?(;Tt;girge/shutdown threshold 0.4 05 0.6 v
VOLTAGE REFERENCE
VRer Reference voltage T;=25°C 4.85 5 5.15
VREE Reference voltage 0 A < Iger < 5 MA, over temperature 4.75 5 5.25 v
Isc Short circuit current REF =0V, T; = 25°C -20 -11 -8 mA
INTERNAL SLOPE COMPENSATION
m Slope FB = High —-10% Res/ +10%
RsLope

(1) Set VDD above the start threshold before setting at 12 V.
(2) Does not include current of the external oscillator network.
(3) The power supply starts with Ipp_gt load on VDD, the part starts up with no load up to 125°C. For more information see the section for
VIN and VDD
(4) lssc and Isg/sp are directly proportional to Iron. See Equation 8.
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Electrical Characteristics (continued)

Vpp = 12 VO, 1-uF capacitor for VDD to GND, 0.01-pF capacitor from VREF to GND, Roy = Rore = 75 kQ, Rg ope = 50 kQ,
—40°C £ T, = T, £ 125°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
OSCILLATOR
T;=25°C 237 250 265
fosc Oscillator frequency —40°C < T; < 125°C; 8.5 V < VDD < 295 270 kHZ
145V

Ve p Oscillator amplitude (peak-to-peak) 2 \%
SYNCHRONIZATION

SYNC input high voltage 3 v

SYNC input low voltage 1.6

SYNC pull down output current 600 uA

SYNC pull up output current -600

SYNC output pulse width 150
tpEL SYNC-to-output delay 50 ns
PWM®
Dmax Maximum duty cycle Ron = Rorr = 75 kQ, RpgL = 10 kQ 66% 70% 74%

Minimum duty cycle 0%

PWM offset CS=0V 0.43 0.5 0.61 Y,
CURRENT SENSE
Vive Current sense level shift voltage 0.4 0.5 0.6
VErr(max) | Maximum voltage error (clamped) v
Ves (C:yucrlr:nt sense threshold cycle-by- 0.43 0.48 0.53
OUTPUT (OUT AND AUX)
louTsrc) Output source current -2 A
louT(sink) Output sink current 2
VouT(iow) Low-level output voltage lout = 150 mA 0.4 v
VouThigh)y | High-level output voltage lout = —-150 mA 111

(5) Maximum pulse width needs to be less than Dyax, Which is a function of RON and Rpgg. For more information on Dyax, see detailed
description for Rogg in .

7.6 Timing Requirements

CrLoap =2 nF, Rpg = 10
kQ

MIN NOM MAX | UNIT
OUTPUT (OUT AND AUX)
tr Rise time CLoap =2 nF 19 28
te Fall time CLoap =2 nF 14 23
tpeLL Delay time (AUX to OUT) E(L)OAD =2nF, Rpg. =10 110 ns
tpEL2 Delay time (OUT to AUX) 115
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Figure 1. Output Timing Diagram
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7.7 Typical Characteristics
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Figure 2. UVLO Voltage Thresholds vs. Junction
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Figure 3. Quiescent Current vs. Supply Voltage
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Figure 6. Line UV/OV Voltage Threshold vs. Junction
Temperature

Temperature
1.30 20
/
< 15 e
1.28 .; Softstart Discharge Current
> "1 -
' _— § 10
% // 5
2 42 — g s
3 =] s
13 0
£ £ o
] 7]
3 124 L
' 2 -5
: s
> < -10
1.22 g [
7]
£ -15 Softstart Charge Current
1.20 -20 ‘ ‘ ‘ ‘

=50 -25 0 25 50 75 100 125
Ty - Junction Temperature - °C

Figure 7. Softstart Currents vs. Temperature
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Typical Characteristics (continued)
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Figure 8. Soft Start/Shutdown Threshold Voltage vs.
Junction Temperature
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Figure 10. Oscillator Frequency vs. Junction Temperature
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Figure 11. Maximum Duty Cycle vs. Junction Temperature
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Typical Characteristics (continued)
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8 Detailed Description

8.1 Overview

The UCC2897A is a peak current mode active clamp PWM controller. It provides simple interface to program the
critical timings such as soft start, gate turn on delay, switching period, maximum operating duty cycle, and slope
compensation. Features includes a high voltage JFET circuit, UVLO protection, line under/over voltage
protection, pulse skipping, and synchronization. The UCC2897A also has the logic and the drive capability for a
P-channel auxiliary switch. The VDD supply is generated from a bootstrap circuit connected to a bias winding.

8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Detailed Pin Descriptions

8.3.1.1 RDEL

This pin is internally connected to an approximately 2.5-V DC source. A resistor (RDEL) to GND sets the turn-on
delay for both gate drive signals of the UCC2987A controller. The delay time is identical for both switching
transitions between OUT turning off and AUX turning on, as well as when AUX is turning off and OUT is turning
on. The delay time is defined in Equation 1.

toen = toere = 11.1 x1072 xRpg + 15 x 10 ~° seconds 1)

For proper selection of the delay time refer to the various references describing the design of active-clamp
power-converters.

8.3.1.2 RON

This pin is internally connected to an approximately 2.5-V DC source. A resistor (Rgy) to GND (pin 6) sets the
charge current of the internal-timing capacitor. The RON pin, in conjunction with the ROFF pin (pin 3), sets the
operating frequency and maximum-operating duty cycle.

8.3.1.3 ROFF

This pin is internally connected to an approximately 2.5-V DC source. A resistor (Rpgr) to GND (pin 6) sets the
discharge current of the internal-timing capacitor. The RON and ROFF pins set the switching period (Tgy) and
maximum-operating duty cycle (Dyax) according to the following equations:

ton = 36.1x10712 xRy % (%j ~tpe () seconds

@
torr =15x 1072 xRopr {%} toeL (5)+170x107 x(s) seconds
©)
Tsw = ton + torr (4)
t
Dyax = —22N
ton +torr ®)
8.3.1.4 VREF

The internal 5-V bias rail of the controller is connected to this pin. The internal bias-regulator requires a high-
quality ceramic-bypass capacitor (Cygrer) to GND for noise filtering and to provide compensation to the regulator
circuitry. The recommended Cyrge value is 0.22 pF and X7R capacitors are recommended. The minimum-
bypass capacitor value is 0.022 yF limited by stability considerations of the bias regulator, while the maximum is
approximately 22 pyF. The capacitance on VREF and VDD should be in a minimum ratio of 1:10.

The VREF pin is internally current-limited and supplies approximately 5 mA to external circuits. The 5-V bias is
available only when the undervoltage lock-out (UVLO) circuit enables the operation of UCC2897A controller. The
VREF-bias profile may not be monotonic before VDD reaches 5 V.

For the detailed functional description of the undervoltage lock-out (UVLO) circuit refer to the section of this
datasheet.
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Feature Description (continued)
8.3.1.5 SYNC
This pin is a bi-directional synchronization terminal. This pin should be left open if not used.

This pin provides an input for an external-clock signal which synchronizes the internal oscillator of the
UCC2897A controller. The synchronizing frequency must be higher than the free-running frequency of the
onboard oscillator (Tsyne < Tsw)- The acceptable minimum pulse-width of the synchronization signal is
approximately 50 ns (positive logic), and should remain shorter than Equation 6.

(1 — Dumax) * Tsync
where
+  Duax is set by Roy and Rope (6)

If the pulse-width of the synchronization signal stays within these limits, the maximum-operating duty ratio
remains valid as defined by the ratio of RON and ROFF, and DMAX is the same in free-running and in
synchronized modes of operation. If the pulse width of the synchronization signal would exceed the (1 — Dyax) X
Tsyne limit, the maximum-operating duty cycle is defined by the synchronization pulse width.

In the stand-alone mode, the sync pin is driven by the internal oscillator which provides output pulses. The pulse
width from SYNC output does not vary with the duty cycle. That signal synchronizes other PWM controllers or
circuits requiring a constant-frequency time base.

External capacitance should be minimized on this pin layout. Capacitors are not connected between SYNC and
GND or PGND. For more information on synchronization of the UCC2897A refer to the section of this datasheet.

8.3.1.6 GND

This pin provides a reference potential for all small-signal control and programming circuitry inside the
UCC2897A. Ground layout is critical for correct operation. High-current surges from the MOSFET drivers conduct
through PVDD, OUT, AUX, and PGND. To localize these surges, PVYDD must bypass directly to PGND. PGND
current must be electrically, capacitively, and inductively isolated from GND with only one short trace connecting
PGND to GND, located to best minimize noise into GND.

8.3.1.7 CS

CS is a direct input to the PWM and current-limit comparators of the UCC2897A controller. The CS pin never
connects directly across the current-sense resistor (Rcg) of the power converter. A small, customary R-C filter
between the current-sense resistor and the CS pin is necessary to accommodate the proper operation of the
onboard slope-compensation circuit and in order to protect the interna- discharge transistor connected to the CS

pin (Re1, Cp).

Slope compensation is achieved across RF by a linearly-increasing current flowing out of the CS pin. The slop-
compensation current is only present during the on-time of the gate-drive signal of the main-power switch (OUT)
of the converter. The internal-pulldown transistor of the CS pin is activated during the discharge time of the
timing capacitor. This time interval is (1 — Dyax) X Tsw long and represents the specified off-time of the main-
power switch.
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Feature Description (continued)
8.3.1.8 RSLOPE

A resistor (Rg opg) connected between this pin and GND (pin 6) sets the amplitude of the slope-compensation
current. During the on time of the main gate-drive output (OUT) the voltage across Rg opg iS @ representation of
the internal-timing-capacitor waveform. As the timing capacitor is being charged, the voltage across Rg ope also
increases, generating a linearly-increasing current waveform. The current provided at the CS pin for slope
compensation is proportional to this current flowing through Rg ope.

Due to the high speed, AC-voltage waveform present at the RSLOPE pin, the parasitic capacitance and
inductance of the external-circuit components connected to the RSLOPE pin should be carefully minimized.

For more information on how to program the internal-slope compensation refer to the section of this datasheet.

8.3.19 FB

FB and SS/SD interact. The one with the lower-voltage value takes control on the duty cycle, refer to SS/SD
description. This pin is an input for the control voltage of the pulse-width modulator of the UCC2897A.The control
voltage is generated by an external-error amplifier by comparing the output voltage of the converter to a voltage
reference and employing the compensation for the voltage-regulation loop. Usually, the error amplifier is located
on the secondary side of the isolated-power converter and the output voltage is sent across the isolation
boundary by an optocoupler. Thus, the FB pin is usually driven by the optocoupler. An external-pullup resistor to
the VREF pin (pin 4) is also required for proper operation as part of the feedback circuitry.

The control voltage is internally buffered and connected to the PWM comparator through a voltage divider to
make it compatible to the signal level of the current-sense circuit. The useful voltage range of the FB pin is
between approximately 2.5 V and 4.5 V. Control voltages below the 2.5-V threshold result in zero-duty cycle
(pulse skipping) while voltages above 4.5 V result in full-duty-cycle (Dyax) Operation.

8.3.1.10 SS/SD

A capacitor (Cgg) connected between this pin and GND (pin 6) programs the soft-start time of the power
converter. The soft-start capacitor is charged by a precise, internal DC-current source which is programmed by
the Rgy resistor connected to pin 2. The soft-start current is defined in Equation 7.

lss = 0.43xlgoy = 0.43x~REE 1

Ron @)

This DC current charges Cgg from 0 V to approximately 5 V. Internal to the UCC2897A, the soft-start capacitor
voltage is buffered and ORed with the control voltage present at the FB pin (pin 9). The lower of the two voltages
manipulates the PWM engine of the controller through the voltage divider described with regards to the FB pin.
Accordingly, the useful control range on the SS pin is similar to the control range of the FB pin and it is between
2.5V and 4.5 V approximately. During line-undervoltage protection, the PWM follows this pin-capacitor discharge
to achieve soft-stop function
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Feature Description (continued)
8.3.1.11 PGND

This pin serves as a dedicated connection to all high-current circuits inside the UCC2897A. The high-current
portion of the controller consists of the two high-current gate drivers, and the various bias connections except
VREF (pin 4). The PGND (pin 11) and GND (pin 6) pins are not connected internally, a low-impedance external
connection between the two ground pins is also required. TI recommends to form a separate ground plane for
the low-current setup components (Rpgi, Rons Roers Cvrers Crr RsiLopes Css and the emitter of the optocoupler in
the feedback circuit). This separate ground plane (GND) should have a single connection to the rest of the
ground of the power converter (PGND) and this connection should be between pin 6 and pin 11 of the controller.

8.3.1.12 AUX

AUX is a high-current gate-drive output for the auxiliary switch to implement the active-clamp operation for the
power stage. The auxiliary output (AUX) of the UCC2897A drives a P-channel device as the clamp switch
therefore it requires an active-low operation (the switch is ON when the output is low).

8.3.1.13 OUT

This high-current output drives an external N-channel MOSFET. The UCC2897A controller uses an active-high
drive signal for the main switch of the converter.

Due to the high-speed and high-drive current capability of these outputs (AUX, OUT) the parasitic inductance of
the external-circuit components connected to these pins should be carefully minimized. A potential way of
avoiding unnecessary parasitic inductances in the gate-drive circuit is to place the controller in close proximity to
the MOSFETs and by ensuring that the outputs (AUX, OUT) and the gates of the MOSFET devices are
connected by wide overlapping traces. Tl recommends connecting a 10-kQ resistor from this pin to PGND pin to
reduce a possible parasitic effect from layout.

8.3.1.14 VDD

The VDD rail is the primary bias for the internal high-current gate drivers, the internal 5-V bias regulator and for
parts of the undervoltage-lockout circuit. To reduce switching noise on the bias rail, a good-quality ceramic
capacitor (Cyr) must be placed very closely between the VDD pin and PGND (pin 11) to provide adequate
filtering. The recommended C,r value is 1-uyF for most applications but the value might be affected by the
properties of the external-MOSFET transistors used in the power stage.

In addition to the low-impedance high-frequency filtering, the bias rail of the controller requires a larger value
energy-storage capacitor (Cgjas) connected parallel to Cyr. The energy-storage capacitor must provide the hold-
up time to operate the UCC2897A (including gate-drive power requirements) during start up. In steady-state
operation the controller must be powered from a bootstrap winding off the power transformer or by an auxiliary-
bias supply. In case of an independent-auxiliary-bias supply, the energy storage is provided by the output
capacitance of the bias supply. The capacitor values are also determined by the capacitor values connected to
VREF. The capacitance on VREF and VDD should be in a minimum ratio of 1:10.
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Feature Description (continued)
8.3.1.15 LINEUV

This input monitors the incoming-power source to provide an accurate undervoltage-lockout function with user-
programmable hysteresis for the power supply controlled by the UCC2897A. The unique property of the
UCC2897A is to use only one pin to implement these functions without sacrificing on performance. The input
voltage of the power supply is scaled to the precise 1.27-V threshold of the undervoltage-lockout comparator by
an external-resistor divider (Rjy1, Rinz in ). Once the input threshold of the line monitor is exceeded, an internal-
current source gets connected to the LINEUV pin. The current generator is programmed by the Rpg, resistor
connected to pin 1 of the controller. The actual current level is given in Equation 8.

lyysT = Veer , 1005
2 R
DEL (8)

As this current flows through Ry, of the input divider, the undervoltage-lockout hysteresis is a function of lyst
and Ry, allowing accurate programming of the hysteresis of the line-monitoring circuit. When LINEUV is
detected, PWM follows VSS capacitor discharge and soft-stop function is provided. The soft-start capacitor starts
discharging when the soft-start capacitor voltage reaches 2.5 V. Both OUT and AUX stop switching while the
soft-start capacitor continues discharging until the voltage reaches 0.5 V when the soft start is resumed on the
assumption of all other soft-start conditions are met.

For more information on how to program the line-monitoring function refer to the of this datasheet.

8.3.1.16 VIN

The UCC2897A controller is equipped with a high-voltage N-channel-JFET startup device to initiate operation
from the input-power source of the converter in applications where the input voltage does not exceed the 110-V
maximum rating of the startup transistor. In these applications, the VIN pin connects directly to the positive
terminal of the input-power source. The internal-JFET startup transistor provides charge-current for the energy-
storage capacitor (Cgas) connected across the VDD (pin 14) and PGND (pin 11) terminals. Note that the startup
device turns off immediately when the voltage on the VDD pin exceeds approximately 12.7 V, the undervoltage-
lockout threshold of the controller for turn-on. The JFET is also disabled at all times when the high-current gate
drivers are switching to protect against excessive-power dissipation and current through the device. For
dependable start-up, VDD must not be loaded by more than 4 mA.

For more information on biasing the UCC2897A, refer to the and sections of this datasheet.

8.3.1.17 LINEOV

This input monitors the incoming-power source to provide an accurate-overvoltage protection with user-
programmable hysteresis for the power supply controlled by the controller. The circuit implementation of the
overvoltage-protection function is identical to the technique used for monitoring the input-power rail for
undervoltage lockout. The circuit implements an accurate threshold and hysteresis using only one pin. The input
voltage of the power supply is scaled to the precise 1.27-V threshold of the overvoltage-protection comparator by
an external-resistor divider (Rjys, Rina in ). Once the input threshold of the line monitor is exceeded, an internal-
current source gets connected to the LINEOV pin. The current generator is programmed by the Rpg resistor
connected to pin 1 of the controller. The actual current level is given in Equation 9.

2 R
DEL 9)

As this current flows through RIN4 of the input divider, the overvoltage-protection hysteresis is a function of lyst
and Ry, allowing accurate programming of the hysteresis of the line-monitoring circuit.

For more information on how to program the overvoltage protection, refer to the of this datasheet.
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Feature Description (continued)
8.3.2 JFET Control and UVLO

The UCC2897A controller includes a high-voltage JFET startup-transistor. The steady-state power-consumption
of the of the control circuit which also includes the gate-drive power-loss of the two power switches of an active-
clamp converter exceeds the current and thermal capabilities of the device. Thus the JFET should only be used
for initial start-up of the control circuitry and to provide keep-alive power during stand-by mode when the gate-
drive outputs are not switching. Accordingly, the startup device is managed by the control algorithm implemented
on board the UCC2897A. The following timing diagram in Figure 19 illustrates the operation of the JFET startup
device.
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Figure 19. JFET Control Startup and Shutdown

During initial power-up the JFET is on and charges the Cgas and Cye capacitors connected to the VDD pin. The
undervoltage lockout-circuit of the controller monitors the VDD pin to ensure proper biasing before the operation
is enabled. When the VDD voltage reaches approximately 12.7 V (UVLO turnon threshold) the UVLO circuit
enables the rest of the controller. At that time, the JFET turns off and 5 V appears on the VREF terminal.
Switching waveforms might not appear at the gate-drive outputs unless all other conditions of proper operation
are met. These conditions are:

* The voltage on the CS pin is below the current limit threshold

» The control voltage is above the zero duty-cycle boundary (Vgg > 2.5 V).

» The input voltage is in the valid operating range (Vyon < Vvin < Vvorr-

— The line under or overvoltage protections are not activated.
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Feature Description (continued)

As the controller starts operation it draws bias power from the Cgas capacitor until the bootstrap winding takes
over (referring to Figure 25 and Figure 26). During this time, VDD voltage is falling rapidly as the JFET is off but
the bootstrap voltage is still not sufficient to power the control circuits. It is imperative to store enough energy in
Cgias to prevent the bias voltage from dipping below the turnoff threshold of the UVLO circuit during the startup-
time interval. Otherwise the power supply goes through several cycles of retry attempts before steady-state
operation is established.

During normal operation the bias voltage is determined by the bootstrap bias design. The UCC2897A tolerates a
wide range of bias voltages between the minimum-operating voltage (UVLO turn-off threshold) and the
maximum-operating voltage as defined in the .

In applications where the power supply enters standby in response to an external command, the bias voltage of
the controller must be kept alive to react intelligently to the control signal. In standby mode, switching action is
suspended for an undefined period of time and the bootstrap power is unavailable to bias the controller. Without
an alternate power source the bias voltage collapses and the controller initiates a re-start sequence. To avoid
this situation, the onboard JFET of the UCC2897A controller keeps the VDD bias alive as long as the gate-drive
outputs remain inactive. As shown in the timing diagram in Figure 19, the JFET turns on when VDD = 10 V and
charges the Cgag Capacitor to approximately 12.7 V. At that time the JFET turns off and VDD gradually
decreases to 10 V then the procedure repeats. When the power supply is enabled again, the controller is fully
biased and ready to initiate the soft-start sequence. As soon as the gate-drive pulses appear the JFET turn off
and bias is provided by the bootstrap bias generator.

During power down the situation is different as the switching action continues until the VDD bias voltage drops
below the UVLO turn-off threshold of the controller (approximately 8 V). At that time the UCC2897A shuts down
and turns off the 5-V bias rail and returning to startup state when the JFET device is turned on and the Cgjas
capacitor starts charging again. In case the input voltage of the converter is re-established, the UCC2897A
attempts to restart the converter.
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Feature Description (continued)

8.3.3 Line Undervoltage Protection

As shown in Figure 20, when the input power-source is removed, the power supply is turned off by the line-
undervoltage protection because the bootstrap winding keeps the VDD bias up as long as switching takes place
in the power stage. As the input voltage of the power supply decreases gradually toward the line-cutoff voltage,
the operating duty cycle of the converter must compensate for the lower input voltage. At minimum input-voltage
the duty cycle nears the maximum value (Dyax). Under these conditions the voltage across the clamp capacitor
approaches the highest value since the transformer must be reset in a relatively short time. The timing diagram
in Figure 20 highlights that in the instance when the converter stops switching the clamp-capacitor voltage might
be at the maximum level. Since the only load of the clamp capacitor is the power transformer, this high voltage
could linger across the clamp capacitor for a long time when the converter is off. With this high voltage present
across the clamp capacitor a soft start would be very dangerous, due to the narrow duty cycle of the main switch
and the long on-time of the clamp switch. This could cause the power transformer to saturate during the next
soft-start cycle.

Vorr —

Vin >
7777777777 V CLAMP, MAX

VcLamp -

VSS \ >

Tsw I I I I I I I I I I L,

o | L] N
w1 ] N

Figure 20. Line Undervoltage Shutdown Waveforms, P-Channel

To eliminate this potential hazard the UCC2897A controller, discharge the clamp capacitor during power down
safely. The OUT and the AUX output continues switching while the soft-start capacitor Cgg is being slowly
discharged. the function of soft stop is achieved because the AUX pulse-width gradually increases as the clamp
voltage decreases, while never applying the high voltage across the transformer for extended period of time.
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Feature Description (continued)
8.3.4 Line Overvoltage Protection

When the line-overvoltage protection is triggered in the UCC2897A controller, the gate-drive signals are
immediately disabled. At the same time, the slow discharge of Cgg initiates. While the soft-start capacitor
discharges the gate-drive signals remain disabled. Once Vg5 = 0.5 V and the overvoltage disappears from the
input of the power supply, operation resumes through a regular soft start of the converter as it is demonstrated in
Figure 21. The pulses of OUT and AUX stop if one of three conditions is met:

1. VDD reaches UVLO off

2. VSS reaches below 2.5V

3. FB voltage is below 2.5 V

Vin

\

wr LILTL LT

\

AUX

\

Figure 21. Line Overvoltage Sequence, P-Channel
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Feature Description (continued)
8.3.5 Pulse Skipping

During output-load current-transients or light-load conditions most PWM controllers must be able to skip some
number of PWM pulses. In an active-clamp topology where the clamp switch is driven complementary to the
main switch, the skipping of pulses applies the clamp voltage across the transformer continuously. Since
operating conditions might require skipping several switching-cycles on the main transistor, saturating the
transformer is very likely if the AUX output remains on.

D = 0 Boundary _\Yﬁ
FB -

Tsw 1 1 1 1 1 1 1 1 1 1 .
ouT »
AUX .

Figure 22. Pulse Skipping Operation, P-Channel

To overcome this problem, the UCC2897A family incorporates pulse skipping for both outputs in the controller.
As shown in Figure 22, when a pulse is skipped at the main output (OUT) because the feedback signal demands
zero duty-ratio, the corresponding output pulse on the AUX output is omitted as well. This operation prevents
reverse saturation of the power transformer and preserves the clamp-capacitor voltage level during pulse-
skipping operation.
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Feature Description (continued)
8.3.6 Synchronization

The UCC2897A has a bi-directional synchronization pin. In the stand-alone operation the SYNC pin is driven by
the internal oscillator of the UCC2897A which provides an approximately 5-V amplitude square-wave output. This
signal synchronizes other PWM controllers or circuits requiring a constant frequency time-base. The
synchronization output of the UCC2897A is generated when the internal-timing capacitor reaches the peak value.
Therefore, the synchronization waveform does not coincide with the turnon of the main gate-driver output as it is
usually implemented in PWM controllers.

The operation of the oscillator and other relevant waveforms in free-running and synchronized mode are shown

in Figure 23.
SYNC L1 1 nnrr.

Cr s~

Dwmax 4U_U_L|:L|:L|:|_D.r_>
our — LTI T T T T,

ax  ULTLILIL L,

Figure 23. A Synchronization Waveform for SYNC Input, P-Channel

The most critical and unique feature of the oscillator is to limit the maximum-operating duty-cycle of the
converter, which is achieved by accurately controlling the charge and discharge intervals of the on-board timing
capacitor. The maximum on-time of the OUT pin, which is also the maximum duty-cycle of the active-clamp
converter, is limited by the charging-interval of the timing capacitor. While the capacitor is reset to the initial
voltage level, OUT is ensured to be off.

When synchronization is used, the rising edge of the signal terminates the charging period and initiates the
discharge of the timing capacitor. Once the timing-capacitor voltage reaches the predefined valley-voltage, a new
charge period starts automatically. This method of synchronization leaves the charge and discharge slopes of the
timing-waveform unaffected thus maintains the maximum duty-cycle of the converter, independent of the
operation mode.

Although the synchronization circuit is level sensitive, the actual synchronization event occurs at the rising-edge
of the waveform, allowing the synchronizing pulse-width to vary significantly while certain limitations are
observed. The minimum pulse-width should be sufficient to ensure reliable triggering of the internal-oscillator
circuitry, therefore it is greater than approximately 50 nanoseconds. The other limiting factor is to keep it shorter
than Equation 10.

(1 — Dumax) % Tsync
where
e Tgync IS the period of the synchronization frequency (10)

When a pulse wider than that of Equation 10 is connected to the SYNC input, the oscillator is unable to maintain
the maximum duty-cycle, originally set by the timing-resistor ratio (Ron, Rorg)- Furthermore, the timing-capacitor
waveform has a flat portion as highlighted by the vertical marker in the timing diagram. During this flat portion of
the waveform, both outputs are off, but this state is not compatible with the operation of active-clamp power
converters. Therefore, this operating mode is not recommended.

Note that both outputs of the UCC2897A controller are off if the synchronization signal stays continuously high.

When both UCC2897A outputs are synchronized by tying their SYNC pins together, they operate in-phase. It is
possible to set different maximum duty-cycle limits for both UCC2897A outputs and still synchronize them by a
simple connection between their respective SYNC terminals.
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Feature Description (continued)

8.3.7 Gate Drive Connection

The low-side P-channel gate-drive circuit involves a level shifter using a capacitor and a diode which ensures
that the gate-drive amplitude of the auxiliary switch is independent of the actual duty-cycle of the converter.

Detailed analysis and design examples of these and many similar gate-drive solutions are given in Design and
Application Guide for High Speed MOSFET Gate Drive Circuits, SLUP169.

+VN
CcLamp j ‘
3

}_<

Qaux Qara ﬂE.
R

P
Figure 24. Low-Side P-Channel
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Feature Description (continued)
8.3.8 Bootstrap Biasing

Many converters use a bootstrap circuit to generate bias power during steady-state operation. The popularity of
this solution is justified by the simplicity and high-efficiency of the circuit. Usually, bias power is derived from the
main transformer by adding an additional dedicated winding to the structure. Using a flyback converter as shown
in Figure 25, a bootstrap winding provides a quasi-regulated bias voltage for the primary-side control circuits. The
voltage on the VDD pin is equal to the output voltage times the turns-ratio between the output and the bootstrap-
winding in the transformer. Because the output is regulated, the bias rail is regulated as well.

While the same arrangement is used in a forward-type converter, the bootstrap winding off the main-power
transformer is unable to provide a quasi-regulated voltage. In the forward converter, the voltage across the
bootstrap-winding equals the input voltage times the turns-ratio. Accordingly the bias voltage would vary with the
input voltage and exceeds the maximum-operating voltage of the control circuits at high line. A linear regulator
limits and regulates the bias voltage if the power dissipation is acceptable. Another possible solution for the
forward converter is to generate the bias voltage from the output inductor as shown in Figure 26.

Bootstrap Bias 1* og

+ViN °

[ 15 f s
voo [ 14

UCC2897A Coins

=
pr— J Synchronous
GND QuAIN Rectifier

AN

1 Control

-ViN ITI

Figure 25. Bootstrap Bias 1, Flyback Example
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Feature Description (continued)

This solution uses the regulated output voltage across the output inductor during the freewheeling period to
generate a quasi-regulated bias for the control circuits.

Bootstrap Bias 2 i

.

+ViN * IS °
° ) T_|
§ E L LOAD
VIN —_|_
wi |
IN
UCC2897A ¢ J ™
BIAS
_— Q Synchronous
GND MAIN Rectifier
Control
-ViN .I ® .

Figure 26. Bootstrap Bias 2, Forward Example

This solution uses the regulated output voltage across the output inductor during the freewheeling period to
generate a quasi-regulated bias for the control circuits.

Both of the illustrated solutions provide reliable bias-power during normal operation. Note that in both cases, the
bias voltages are proportional to the output voltage. This nature of the bootstrap bias-supply causes the
converter to operate in a hiccup mode under significant overload or under short-circuit conditions as the
bootstrap winding is not able to hold the bias rail above the undervoltage lockout-threshold of the controller.

Another biasing solution, based on the active circuit, is shown on the previous page with components Q10, C18,
R19, D10 and D12. Such a circuit is used in the applications where the allowed biasing-capacitor size is limited
to optimize the board space utilization.
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8.4 Device Functional Modes

The UCC2897A uses a high voltage JFET to provide the start-up current for the controller until a bootstrap-type
rail becomes available on VDD pin. The JFET will be turned off after the VDD pin voltage exceeds the UVLO
threshold. Then the device enters normal operation mode. If the line voltage is abnormal, the device enters line
under voltage or line over voltage mode. During light load or load transient, the device may enter pulse skipping
mode if the feedback voltage FB is less than a certain threshold. Figure 27 shows the mode transition diagram.

Line undervoltage
protection

UVLO, JFETon [

» Line overvoltage

Normal operation .
< protection

Pulse skipping

Figure 27. Mode Transition Diagram
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9 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.

9.1 Application Information

The UCC2897A offers a highly integrated solution for active clamp PWM converters. In order to make the part
easier to use, Tl has prepared an extensive set of materials to demonstrate the features of the device.

The UCC2897A family offers a highly integrated feature-set and excellent accuracy to control an active-clamp
forward or active-clamp flyback power-converter.

9.2 Typical Application

In order to take advantage of all the benefits integrated in these controllers, the following procedure simplifies the
setup to avoid unnecessary iterations in the design procedure. Refer to Figure 28 setup diagrams for component

names.

Rin2 RiN1
— VWV —\\/\ O +ViN
Rinz
UCC2897A
N/C
LINEOV Caias
RDEL  LINEUV
ChF
RON VDD |—<» w
G
Z
5 |ROFF  PVDD 4
s
n VREF ouT S
% Rot
SYNC AUX
n GND  PGND b o-vin
SS/SD
RSLOPE
RE
= AN
VREF ISOLATED FEEDBACK
NMN—— .

Figure 28. UCC2897A Typical Application
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Typical Application (continued)
9.2.1 Design Requirements

The required design is an active clamp reset forward converter providing a 3.3-V regulated output at 30 A of load
current, operating from a 48-V input. The design operates over the full 36-V to 72-V telecom input range, and is
able to fully regulate down to zero load current.

Table 1. Design Requirements

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT

Input Characteristics

Input voltage range 36 48 72 \%
No load input current ViIN=36V,loyt=0A 75 100 mA
Input undervoltage limit 35 \%
Input overvoltage limit 73 \%
Max input current ViIN=36V, oyt =30A 3 3.25 A
Input voltage ripple VIN=72V, oyt =30 A 15 1.75 Vpp
Output Characteristics

Output voltage 36V<VN<T2V,0A<lpyr<30A 3.25 3.3 3.35 \%
Output voltage regulation Linereg 36 V<V|N<T72V,lgyr=0A) 0.00% 0.01%

Load reg (0 A<loyt <30 A, V|y=48V) 0.06% 0.10%

Output voltage ripple Vin=48V, oyt =30 A 30 35| mVpp
Output load current 36V<Vy<72V 0 30 A
Output current limit 32 A
Short circuit protection Not provided

Systems Characteristics

Switching frequency 225 250 265 kHz
Control loop bandwidth 36V<VN<T72V,loyt=10A 5 7 kHz
Phase margin 50 60 | degrees
Peak efficiency Vin=36V 93%

Full load efficiency ViIN=48V, loy1 =30 A 91%
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9.2.2 Detailed Design Procedure

Before the controller design begins, the power-stage design must be completed. From the power-stage design
the following operating parameters are required to complete the setup procedure of the controller:
» Switching frequency (fsw)

» Maximum operating duty cycle (Dyax)

» Soft-start duration (tss)

+ Gate-drive power requirements of the external-power MOSFETS (Qg(main): Qa(aux)

» Bias method and voltage for steady-state operation (bootstrap or bias supply)

» Gate-drive turn-on delay (tpg,)

e Turnon input-voltage threshold (Vgy)

* Minimum-operating input voltage (Vorr Where Viyorr) < Vineon)

» Maximum-operating input voltage (Voyp)

» Overvoltage-protection hysteresis (Voyn)

 The down slope of the output-inductor current-waveform reflected across the primary-side current-sense
resistor (dV, / dt)

9.2.2.1 Oscillator
The two timing elements of the oscillator are calculated from fs,, and Dyax by the Equation 11 and Equation 12.

Ron = ton + toeL
3a1x1012x[55j
Q (11)
tOFF - tDEL - 1 70 X 1 079 X (S)
Rorr = s
15x1012x(j
Q
where
e Dpuax is a dimensionless number between 0 and 1. (12)
9.2.2.2 Soft Start
Once Rpy is defined, the charge current of the soft-start capacitor is calculated with Equation 13.
lgg = 0.43xREE 1
Ron (13)

During soft start, Cgg charges from 0 to 5 V by the calculated Isg current. The actual control range of the soft-
start capacitor voltage is between 2.5 and 4.5 V. Therefore, the soft-start capacitor value must be based on this
narrower control range and the required startup time (tss) according to Equation 14.

Cow = lss xtss
SS =T oy
45V_25V (14)

Note that tsg defines a time interval to reach the maximum-current capability of the converter and not the time
required to ramp the output voltage from 0 V to the nominal regulated level. Using an open-loop start-up scheme
does not allow accurate control over the ramp-up time of the output voltage. In addition to the Isg and Cgg values,
the time required to reach the nominal output voltage of the converter is a function of the maximum-output
current (current limit), the output capacitance of the converter and the actual load conditions. If it is critical to
implement a tightly-controlled ramp-up time at the output of the converter, the soft start must be implemented
using a closed-loop technique. Closed-loop soft-start implements with the error amplifier of the voltage regulation
loop when the voltage reference is ramped from 0 V to the final steady-state value during the required tgg
startup-time interval.
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9.2.2.3 VDD Bypass Requirements

First, the high-frequency filter capacitor is calculated based on the gate-charge parameters of the external
MOSFETSs. If the basic switching-frequency ripple is kept below 0.1-V across Cyg, this value is approximated with
Equation 15.

QG(main) X QG(aux)

0.1V (15)
The energy storage requirements are defined primarily by the startup-time (tgg), turnon (approximately 12.7 V),
and turnoff (approximately 8 V) thresholds of the undervoltage-lockout circuit-monitoring of the controller for the
VDD pin. In addition, the bias-current consumption of the entire primary-side control circuit (Ipp + Igxt) must be
known. This power consumption is estimated with Equation 16.

Pgias = [loo + lext + (Qg(main) + Qagauwy X fsw)] X Vop (16)
During start-up (tss), this power is provided by Cgas While the voltage must remain above the UVLO turn-off
threshold. This relationship is expressed with Equation 17.

Peias X tss < %2 X Cgpas  (12.72 - 87) (17

Cur =

Rearranging the equation yields the minimum value for CBIAS as shown in Equation 18.

2% Pajag X t
CBIAS > BIAS SS
2 2
(12.7 -8 ) 8)

Equation 19 may yield a big capacitance value that is not feasible in some applications, such as an additional
energy-storage circuit. A smaller footprint is designed to ease the space demand. Refer to the Application Note
for such a design.

9.2.2.4 Delay Programming

From the power-stage design, the required turn-on delay (tpg) of the gate-drive signals is defined. The
corresponding Rpg, resistor value to implement this delay is given by Equation 19 and Equation 20.

RpeL = tbeL x0.91x 10" X(gj

s (19)
or
Rog, = toeLp ¥ 0.91x10" " x (gj
S (20)

9.2.2.5 Input Voltage Monitoring

The input-voltage monitoring functions is governed by the following two expressions (see Equation 21 and
Equation 22) of the voltage at the LINEUV pi.

R
Viineuv = Von Xﬁ at turn on, and
INT T IN2 21)
R R R
Vinewy = Vorr X — N2 4| ver x N2 IN2 ot tyrn off.
Rint +Rinz Rint +Rinz 22)

Since Voy and Ve are given by the power-supply specification, Vneuv €quals the 1.27-V threshold of the line
monitor and lyst is already defined in Equation 23.

IHYST = VREF X L X 005
2 R
DEL (23)

The two unknown, Ry, and Ry, are fully determined (see Equation 24 and Equation 25).

Von — Vi
Ry = ~ON ~ YoFF

lyysT (24)
1.27V
Rinz = Voo —127V VX IN1
ON ! (25)
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9.2.2.6 Current Sense and Slope Compensation

The UCC2897A offers onboard user-programmable slope-compensation. The programming of the correct
amount of slope compensation is accomplished by the appropriate selection of two external resistors, Rg and

RSLOPE'

First, the current-sense filter-resistor value (RF) must be calculated based on the desired filtering of the current-
sense signal. The filter consists of two components, Cr and Rg. The Cg filter capacitor is connected between the
CS pin and the GND pin. While the value of CF is selected freely as the first step of the filter design, the value of
CF is minimized to avoid filtering the slope compensation current exiting the CS pin. The recommended range for
the filter capacitance is between 50 pF and 270 pF. The value of the filter resistor is calculated from the filter
capacitance and the desired filter corner frequency f.

1

Re=———
27 x fF X CF (26)
After RF is defined, RSLOPE is calculated. The amount of slope compensation is defined by the stability
requirements of the inner-peak current-loop of the control algorithm and is measured by the number m. When the
slope of the applied compensation ramp equals the down-slope of the output-inductor current waveform reflected
across the primary-side current-sense resistor (dV, / dt), m = 1. The minimum value of m is 0.5 to prevent
current-loop instability. The best current-mode performance is achieved around m = 1. The increase of m moves
the control closer to the voltage-mode control operation.

In the UCC2897A controllers, slope compensation is implemented by sourcing a linearly-increasing current at the
CS pin. When this current passes through the current-sense filter resistor (RF), the current converts to a slope-
compensation ramp which is characterized by (dVg / dt). The (dVg / dt) of the slope-compensation current is
defined by Rg opg according to Equation 27.

%_ 5x2V

dt  ton xRsiLope

where
e 2V is the peak-to-peak ramp amplitude of the internal oscillator waveform
« 5is the multiplication factor of the internal current mirror 27)

The voltage equivalent of the compensation ramp (dVs / dt) is obtained easily by multiplying with Rg. After
introducing the application specific m and (dV, / dt) values, Equation 28 is rearranged for Rg ope.

5><2 VXRF

RSLOPE = —dVL
SCY
dt

(28)
+VN
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Bootstrap % {: T
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AUX ) 4 Rectifier
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Figure 29. Active Clamp Forward Converter
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9.2.3 Application Curves
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Figure 30. UCC2897A-EVM Efficiency Figure 31. Line and Load Regulation
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Figure 32. 10-A Load with 5-A Transient
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10 Power Supply Recommendations

VDD pin is the power supply for the device. There should be a 1-uF capacitor directly from VDD to PGND. VREF
pin provides the supply rail for internal logic, it should be by-passed to GND as close as possible to the device
using a 0.1-pF capacitor. PVDD pin is the supply pin for the power devices, it should be by-passed to PGND
using a 10-pF capacitor.

11 Layout

11.1 Layout Guidelines

» Connection of Two Grounds: GND (analog ground) and PGND (power ground). Two grounds should be
connected using a net tie right between GND pin and PGND pin at IC, and there should be only this
connection between two grounds.

» The bypass capacitors to the VDD pin and VREF pin should be as close as possible to the device GND.

* The timing configuration pins RDEL, RTON, RTOFF, and RSLOPE are connected to the device GND as
close as possible.

« PGND should serve as the current return for the high current output drivers OUT and AUX. The current path
should be as short as possible.

e Connect PVDD and VDD using a Oohm resistor right at IC of these two pins.

11.2 Layout Example

1
NET00074
NETO00004 7 S

GND

T VREF
Net tie

NET00027

1
NETO00064 | NET

Figure 33. Layout Example Top Layer
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Layout Example (continued)

NET00010

1uF for VDD
bypassing

10uF for PVDD
bypassing

NETO00064 | NE ‘065

Figure 34. Layout Example Bottom Layer
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

1. Evaluation Module: UCC2891EVM, 48-V to 3.3-V, 30-A Forward Converter with Active Clamp Reset.
(SLUU407).

2. User's Guide: Using the UCC2897AEVM, 48-V to 3.3-V Forward Converter with Active Clamp Reset
(SLUU357).

3. Application Note: Understanding and Designing an Active Clamp Current Mode Controlled Converter
(SLUAS35).

4. Power Supply Design Seminar Topic: Design Considerations for Active Clamp and Reset Technique, D.
Dalal, SEM1100-Topic 3 (SLUP112).

5. Power Supply Design Seminar Topic: Active Clamp and Reset Technique Enhances Forward Converter
Performance, B. Andreycak, SEM1000-Topic 3 (SLUP108).

6. Power Supply Design Seminar Topic: Design and Application Guide for High Speed MOSFET Gate Drive
Circuits, L. Balogh, SEM1400-Topic 2 (SLUP169).

7. Datasheet: UCC3580, Single Ended Active-Clamp/Reset PWM Controller (SLUS292).
8. Evaluation Module: UCC3580EVM, Flyback Converters, Active Clamp vs. Hard-Switched (SLUU085).

9. Reference Designs: Highly Efficient 100W Isolated Power Supply Reference Design Using UCC3580-1.
Texas Instruments Hardware Reference Design Number PMP206.

10. Reference Designs: Active Clamp Forward Reference Design using UCC3580-1. Texas Instruments
Hardware Reference Design Number PMP368

11. Application Note: Method of Providing Hiccup Operation for UCC2897AEVM (SLUA532)
12. Application Note: External Slope Compensation for UCC2897A in Some Special Applications (SLUA548)

12.2 Trademarks

TrueDrive is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

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

12.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing Qty @ €} @

UCC2897APW ACTIVE TSSOP PW 20 70 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40 to 125 UCC2897A Samples
& no Sh/Br)

UCC2897APWR ACTIVE TSSOP PW 20 2000 Green (RoHS CUNIPDAU  Level-1-260C-UNLIM -40 to 125 UCC2897A Samples
& no Sh/Br)

UCC2897ARGPR ACTIVE QFN RGP 20 3000 Green (RoHS CUNIPDAU Level-2-260C-1 YEAR  -40to 125 2897A Samples
& no Sh/Br)

UCC2897ARGPT ACTIVE QFN RGP 20 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -40to 125 2897A Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Top-Side Marking for that device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
T
@ ’@ @ Bf l
A 1 {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
UCC2897APWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
UCC2897ARGPR QFN RGP 20 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
UCC2897ARGPT QFN RGP 20 250 180.0 12.4 4.25 | 4.25 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC2897APWR TSSOP PW 20 2000 367.0 367.0 38.0
UCC2897ARGPR QFN RGP 20 3000 367.0 367.0 35.0
UCC2897ARGPT QFN RGP 20 250 210.0 185.0 35.0
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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ L
J | Bes

0,15 NOM

g _
6,60 > 0,75
6,40 050

[ | [\ \
v Seating P\one# / ‘

L 1,20 MAX 0.15 (B[00

,05

(=}

4040064-5/G 02/

NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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LAND PATTERN DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

Example Board Layout

|<—18XO,65

nonnalI

5,6
<2
l/' h__//’
/
/ Example
/ Non Soldermask Defined Pad
[T TN Example
;s '\ .
i | g
,/ —>_<— 0’3 3
/ ! \
! ! _\‘
\\\ 1 ’6 | /l Pad Geometry

\‘\\ O 07 /'I
N AII Around /

______

Based on a stencil thickness
of .127mm (.005inch).

20x0,25 —=| |=—

JUNDUUDDL

1,95

5,6

(A RO

18x0.65—— |=—

4211284-5/F 12/12

NOTES: All linear dimensions are in millimeters.

Publication IPC-7351 is recommended for alternate design.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

A
B. This drawing is subject to change without notice.
C
D
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MECHANICAL DATA

RGP (S—PVQFN—N20) PLASTIC QUAD FLATPACK NO—LEAD
-
8]
15 l 11
\
‘ 10
16
415
ﬁ R 3,85
20 ‘
6
Pin 1 Index Area /
Top and Bottom 1 5
¢ 0,20 Nominal
1,00 Lead Frame
0,80
M Seating Plane
~Jo08[c] 4 9
Seating Height j ‘

W | ° L
JUUUU__| &

s 1
20 [ THERM‘ L PAD 1 —
D) ]
SIZE AND SHAPE
—2 " SHGIN O SEPARATE SHEET 4 [2.00]
- 1 =
|
16 ‘ - v
10
annnn -
15 J 1
20 O W8
0,10 W|c[AlB]
~ P05 mic
Bottom View . 4203555/G 07 /11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.
C. QFN (Quad Flatpack No-Lead) package configuration.
D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
ﬁ Check thermal pad mechanical drawing in the product datasheet for nominal lead length dimensions.
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THERMAL PAD MECHANICAL DATA

RGP (S—PVQFN—N20)

PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

integrated circuit (IC).

PIN 1 INDICATOR

C 0,30
\ 1 5 § 2% 0,30

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

0,50

|

2,70+0,10

|

\‘/ Jyu U——r
20D e
) (=
= + —=
) (o=
1685 o f %20 MIN
anpaay 1T *
15 11
« »—2,70+0,10

Bottom View

Exposed Thermal Pad Dimensions

/—Exposed Thermal Pad

4206346-3/A  11/13

NOTES: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RGP (S—PVQFN—N20) PLASTIC QUAD FLATPACK NO—-LEAD

Note D

Example Stencil Design

Example Board Layout 0.125 Thick Stencil
(Note E)
~—16x0,5 — =16x0,5
00000 jooo__
Do 0 0| | L] o] &
O ] ¢ — 4XVH —
D] O O O|Cd31 458 . —315,154,75
O - =A==
O O O | §6213105 =R —
] DMB i J000

4,8 -4/ —=
(66% Printed Solder Coverage by Area)
Non Solder Mask Defined Pad Example Via Layout Design

Via layout may vary depending
on layout constraints

Example Solder Mask Opening (Note D, F)

(Note F)
9:00,3-NT— 27 ==
© O O W
O O O|2/
Pad Geometry 6><O,9*
(Note C) O O O J
Around - - 609

4207608-3/L 07 /11

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Revision History
	5 Device Options
	6 Pin Configuration and Functions
	7 Specifications
	7.1 Absolute Maximum Ratings
	7.2 ESD Ratings
	7.3 Recommended Operating Conditions
	7.4 Thermal Information
	7.5 Electrical Characteristics
	7.6 Timing Requirements
	7.7 Typical Characteristics

	8 Detailed Description
	8.1 Overview
	8.2 Functional Block Diagram
	8.3 Feature Description
	8.3.1 Detailed Pin Descriptions
	8.3.1.1 RDEL
	8.3.1.2 RON
	8.3.1.3 ROFF
	8.3.1.4 VREF
	8.3.1.5 SYNC
	8.3.1.6 GND
	8.3.1.7 CS
	8.3.1.8 RSLOPE
	8.3.1.9 FB
	8.3.1.10 SS/SD
	8.3.1.11 PGND
	8.3.1.12 AUX
	8.3.1.13 OUT
	8.3.1.14 VDD
	8.3.1.15 LINEUV
	8.3.1.16 VIN
	8.3.1.17 LINEOV

	8.3.2 JFET Control and UVLO
	8.3.3 Line Undervoltage Protection
	8.3.4 Line Overvoltage Protection
	8.3.5 Pulse Skipping
	8.3.6 Synchronization
	8.3.7 Gate Drive Connection
	8.3.8 Bootstrap Biasing

	8.4 Device Functional Modes

	9 Application and Implementation
	9.1 Application Information
	9.2 Typical Application
	9.2.1 Design Requirements
	9.2.2 Detailed Design Procedure
	9.2.2.1 Oscillator
	9.2.2.2 Soft Start
	9.2.2.3 VDD Bypass Requirements
	9.2.2.4 Delay Programming
	9.2.2.5 Input Voltage Monitoring
	9.2.2.6 Current Sense and Slope Compensation

	9.2.3 Application Curves


	10 Power Supply Recommendations
	11 Layout
	11.1 Layout Guidelines
	11.2 Layout Example

	12 Device and Documentation Support
	12.1 Documentation Support
	12.1.1 Related Documentation

	12.2 Trademarks
	12.3 Electrostatic Discharge Caution
	12.4 Glossary

	13 Mechanical, Packaging, and Orderable Information

