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ADVANCED CURRENT-MODE
ACTIVE CLAMP PWM CONTROLLER
FEATURES DESCRIPTION
® |deal for Active Clamp/Reset Forward, N
Flyback and Synchronous Rectifier Apps The UCCZ.897 PWM . contro_ller simplifies
i . ) implementation of the various active clamp/reset
® Provides Complementary Auxiliary Driver and synchronous rectifier switching power
with Programmable Deadtime (Turn-On topologies.
Delay) between AUX and MAIN Switches _
® Peak Current-Mode Control with 0.5-V E;]aseS 0?2:3287 QCC2891 kactlve-clamp dcon';_rollsr
Cycle-by-Cycle Current Limiting the 97 IS a peak current-mode, fixed-
: T frequency, high-performance pulse width modulator.
® Hiccup Mode 0.75-V Current Limit It includes the logic and the drive capability for the
® TrueDrive ™ 2-A Sink, 2-A Source Outputs P-channel auxiliary switch along with a simple
® 110-V Input Startup Device method of programming the critical delays for
® Trimmed Internal Bandgap Reference for proper active clamp operation.
Accurate Line UV and Line OV Threshold Features include an internal programmable slope
® Programmable Slope Compensation compensation circuit, precise Dyax limit, and a
® High-Performance 1.0-MHz Synchronizable synchromzable oscnlator_ with an_lnt_ernal timing
Oscillator with Internal Timing Capacitor capacitor. An accurate line monitoring function
o ) _ also programs the converter’'s ON and OFF
Precise Programmable Maximum Duty Cycle transitions with regard to the bulk input voltage.
® PB-Free Lead Finish Package

APPLICATIONS

High-Efficiency DC/DC Power Supplies

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

TYPICAL APPLICATION DIAGRAM
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The UCC2897 adds a second level hiccup mode
current sense threshold, bi-directional
synchronization and the input overvoltage
protection functionalities that are not available on
the 16-pin UCC2891. The UCC2897 is offered in
20-pin TSSOP (PW) and 20-pin QFN (RTJ)
package.
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ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted(1)

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

UNIT
Line input voltage, V|N 120
Supply voltage range, Vpp (Ipp <10 mA) 15 \Y
Analog inputs FB, CS, SYNC -0.3to (VRgg + 0.3)
Output source current (peak), |0 SOURCE 2.5
Output sink current (peak), o SINK OUT, AUX -2.5 A
Operating junction temperature range, T -55 to 150
Storage temperature, Tstg —65 to 150 °C
Lead temperature, Tsp| 1,6 mm (1/16 inch) from case for 10 seconds 300

(1) stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is
not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltages are with respect to
GND. Currents are positive into and negative out of, the specified terminal.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT
Supply voltage, Vpp 8.5 12.0 14.5 \%
Supply bypass capacitance 1 uF
Timing resistance, RoN, ROFE 75 KO
(for 250-kHz operation)
Operating junction temperature, T -40 125 °C
Reference bybass capacitance, CREg 0.1 uF
ORDERING INFORMATION
PART
NUMBERST
AUX CYCLE-BY- HICCUP 110-V HV JFET
TA APPLICATION OUTPUT CYCLE CS MODE CS START-UP TS(ISDSVF;¢20 ?g1’\_|\1)2¢0
POLARITY THRESHOLD | THRESHOLD CIRCUIT
UCC2897PW
-40°C to 125°C DC/DC P-Channel 05V 0.75V Yes
UCC2897RTJ

T The PW package is available taped and reeled. Add R suffix to device type (e.g. UCC2897PWR) to order quantities of 2,000 devices per
reel. Bulk quantities are 70 units per tube. The RTJ package is available in two options of tape and reel. The RTJT is orderable in small
reels of 250 (e.g. UCC2897RTJT); the RTJR contains 3000 pieces per reel (e.g. UCC2897RTJR).

¥ The TSSOP-20 (PW) and QFN-20 (RTJ) 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 or Sn/Pb soldering operations.
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PIN ASSIGNMENTS

PW PACKAGE
(TOP VIEW)
VIN CI] 10 20 [T N/C
N/C CI]2 19 [T LINEOV
RDEL 13 18 [T LINEUV
RTON I 4 17 13 vDD
RTOFF I} 5 16 1 PVDD
VREF (1] 6 15 [ 11 ouT
SYNC 17 14 [T AUX
GND I8 13 [T PGND
cs 19 12 [T SS/SD
RSLOPE I} 10 11 [ T1FB

RDEL
NC

VIN

NC
LINEOV

QFN PACKAGE
(BOTTOM VIEW)

= C] RTON
~» ] RTOFF
w (] VREF
»(C ] SYNC
o (] GND

20
D19
18
17
16

6]
7
8]
9]

10

ELECTRICAL CHARACTERISTICS

LINEUV [ DO &

VDD [DOR
PVDD [DO &
ouT [DOR
AUX [DE

CS
RSLOPE
FB
SS/SD
PGND

Vpp = 12 V(1), 1-uF capacitor from VDD to GND, 0.01-uF capacitor from VREF to GND, RT(on) = RT(off) = 75 kQ, RpgL = 10 kO,
RsLOPE =50 kQ, ~40 °C < Tp = Tj<125°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
OVERALL
VDD Supply voltage range 145 \%
IDD Operating supply current(1)(2) g';?pjg r\1/c’)t switchingcs =0V, 2 3| mA
HIGH-VOLTAGE BIAS SECTION
VDD startup current S:rrent available from VDD during start- 4 10 mA
UNDERVOLTAGE LOCKOUT
Start threshold voltage(1) 122 127 13.2
Minimum operating voltage after start 7.6 8.0 8.4 vV
Hysteresis 4.4 4.7 5.0
LINE MONITOR
VLINEUDV Line-on, Line-off voltage thresholds 1.243 1.268 1.294 \
ILINEHYS Line hysteresis 11.8 12.5 13.2 A
SOFT-START
IRTON IRTON
Iss_cH Charge current IRT(on) = 2.5V /RT(0n) -30% IRTON +30%
| | nA
] RTON RTON
Iss DSH Discharge current IRT(on) = 2.5 V/RT(0n) 30% IRTON +30%
Vss/sD Discharge/shutdown threshold voltage 0.4 0.5 0.6 \
(1) set VDD above the start threshold before setting at 12 V.
(2) Does not include current of the external oscillator network.
3 7
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ELECTRICAL CHARACTERISTICS

Vpp = 12 V(1), 1-uF capacitor from VDD to GND, 0.01-uF capacitor from VREF to GND, RT(on) = RT(off) = 75 k@, RpEL = 10 k2,

RsLOPE =50 kQ, -40 °C < Tp = T3 <125°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
VOLTAGE REFERENCE
Tj=25°C 4.85 5.00 5.15
VREF  Reference voliage OA<IREF<5MA,  over temperature 475 500 525|
Isc Short circuit current REF=0V, Ty=25°C -20 -1 mA
INTERNAL SLOPE COMPENSATION
m Slope FB = High -10% h +10%
Rsiope
OSCILLATOR
fosc Oscillator frequency Tj=25°C 237 250 263
Total variation Line, Temperature 225 270 kHz
Vp p Oscillator amplitude (peak-to-peak) 2 \%
SYNCHRONIZATION
SYNC input high voltage 3.0 \%
SYNC input low voltage 1.6 \%
SYNC input pulse width (4) 50 ns
SYNC pull down output current (3) 600 HA
SYNC pull up output current(3) -600 UA
SYNC output pulse width(3) 150 ns
tDEL SYNC-to-output delay 50 ns
PWM
Maximum duty cycle 66% 70% 74%
Minimum duty cycle 0%
PWM offset CS=0V 0.43 0.52 0.61 \Y
OUTPUT (OUT AND AUX)
tR Rise time CLoAaD = 2nF 10 19 28
tE Fall time CLOAD = 2nF 5 14 23
tDEL Delay time (AUX to OUT) CLOAD = 2nF, RpeL = 10 kQ 90 110 130 ns
tDEL Delay time (OUT to AUX) CLOAD = 2nF, RpeL = 10 kQ 115
louT(src) Output source current -2 A
loUT(sink)  Output sink current 2
VoUT(low) Low-level output voltage loyT = 150 mA 0.4 v
VouTigh) High-level output voltage loyT = -150 mA 0.9

(1) set VDD above the start threshold before setting at 12 V.
(2) Does not include current of the external oscillator network.

(3) This pulse is typically 150 ns.

(4) Maximum pulse width needs to be less than Dy ax, which is a function of RT(on) and RT(off)-
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\J

ouT >

AUX
(N-channel)

\

{DEL tDEL UDG-03147
Figure 1. Output Timing Diagram
ELECTRICAL CHARACTERISTICS

Vpp =12 v(1), 1-uF capacitor from VDD to GND, 0.01-uF capacitor from VREF to GND, RT(on) = RT(off) = 75 kQ, RpeL = 10 kQ,
RsLopg =50 kQ, =40 °C < Tp = T3 <125°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
CURRENT SENSE
VivL Current sense level shift voltage 045 050 0.55
VERR(max) Maximum voltage error (clamped) 4.8 5.0 5.2 v
Cycle-by-cycle |VEg=5V 0.43 0.48 0.53
Vcs Current sense threshold Hiccup mode 071 0.76 081
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FUNCTIONAL BLOCK DIAGRAM

VIN
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TERMINAL FUNCTIONS

TERMINAL

NAME

UCC2897

110

DESCRIPTION

AUX

14

This output drives the auxiliary clamp P—channel MOSFET which is turned on when the main PWM
switching device is turned off. The AUX pin can directly drive the auxiliary switch with 2-A source turn-
on current and 2-A sink turn-off current.

CS

This pin is used to sense the peak current utilized for current mode control and for current limiting func-
tions. The peak signal which can be applied to this pin before pulse-by-pulse current limiting activates
is approximately 0.50 V for the UCC2897.

FB

11

This pin is used to bring 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 is used to pull 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 should be
connected to PGND directly at the device.

LINEOV

19

Provides the LINE overvoltage function.

LINEUV

18

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, then 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

This output pin drives the main PWM switching element MOSFET in an active clamp controller. It can
directly drive an N-channel device with 2-A source turn-on current and 2-A sink turn-off current.

PGND

13

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

This is the supply pin for the power devices in the IC. 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 com-
pensation ramp for the current mode control circuitry.

RTDEL

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

RTOFF

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

RTON

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 IRTON to program the
soft-start interval for the controller. During a fault condition this capacitor is discharged by a current
source equal to IRTON-

SYNC

The SYNC pin serves as a bidirectional synchronization input/output for the internal oscillator. The syn-
chronization function is implemented such that the user programmable maximum duty cycle (set by
RTON and RTOFF) remains accurate during synchronized operation.

VDD

17

This is the power supply for the device. There should be a minimum 0.1-uF capacitor directly from VDD
to PGND.

VIN

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 avail-
able.

VREF

This is the 5-V reference voltage that can be utilized for an external load of up to 5 mA. Since this refer-
ence provides the supply rail for internal logic, it should be bypassed to AGND as close as possible to
the device.
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DETAILED PIN DESCRIPTIONS

VIN (pin 1)

The UCC2897 controller are equipped with a high voltage, P-channel JFET start up 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 start up transistor. In these applications, the VIN pin can be connected directly to the
positive terminal of the input power source. The internal JFET start up transistor provides approximately 15-mA
charge current for the energy storage capacitor (Cgjas) connected across the VDD (pin 14) and PGND (pin 11)
terminals. Note that the start up device is turned off immediately when the voltage on the VDD pin exceeds
approximately 13.5 V, the controller’s undervoltage lockout threshold 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 more information on biasing the UCC2897, refer to the Setup Guide and Additional Application Sections
of this datasheet.

RDEL (pin 3)

This pin is internally connected to an approximately 2.5-V DC source. A resistor (Rpg|) to GND (pin 6) sets the
turn-on delay for both gate drive signals of the UCC2987 controller. The delay time is identical for both switching
transitions, between OUT (pin 13) is turning off and AUX (pin 14) is turning on as well as when AUX (pin 14)
is turning off and OUT (pin 13) is turning on. The delay time is defined as:

_ -11
thpL = RDEL x 1.1 x 10 (1)

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

RTON (pin 4)

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 RTON pin, in conjunction with the RTOFF pin (pin 3) are used
to set the operating frequency and maximum operating duty cycle of the UCC2897.

RTOFF (pin 5)

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

_ —12
ton = 37.33 x 10 X Rop @
_ —-12
topr = 16 X 10 X Ropp 3)
Tsw = ton * torr 4)
t
ON
D =N
MAX Tow (5)
X
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DETAILED PIN DESCRIPTIONS (continued)

VREF (pin 6)

The controller’s internal, 5-V bias rail is connected to this pin. The internal bias regulator requires a good quality
ceramic bypass capacitor (Cyrgg) to GND (pin 6) for noise filtering and to provide compensation to the regulator
circuitry. The recommended Cyrgg value is 0.22-uF. The minimum bypass capacitor value is 0.022-uF limited
by stability considerations of the bias regulator, while the maximum is approximately 22-uF.

The VREF pin is internally current limited and can supply approximately 5-mA to external circuits. The 5-V bias
is only available when the undervoltage lock out (UVLO) circuit enables the operation of UCC2897 controller.

For the detailed functional description of the undervoltage lock out (UVLO) circuit refer to the Functional
Description section of this datasheet.

SYNC (pin 7)
This pin is a bi-directioanl synchonization terminal.
This pin provides an input for an external clock signal which can be used to synchronize the internal oscillator

of the UCC2897 controller. The synchronizing frequency must be higher than the free running frequency of the
onboard oscillator (TSYNC < Tsw)- The acceptable minimum pulse width of the synchronization signal is

approximately 50 ns (positive logic), and it should remain shorter than (1 - DMAX) X Tgync Where Dyax is set

by Ron and Rogpg.  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 Rgn and Rogg, and Dyax is the same in free running
and in synchronized modes of operation. If the pulse width of the synchronization signal would exceed the

(1 - DMAX) X Tgync 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 of
approximately 100-ns wide 5-V amplitude square wave. This signal can be use to synchronize other PWM
controllers or circuits needing a constant frequency time base.

For more information on synchronization of the UCC2897 refer to the Functional Description section of this
datasheet.

GND (pin 8)

This pin provides a reference potential for all small signal control and programming circuitry inside the
UCC2897. 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, PVDD must be bypassed 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.
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DETAILED PIN DESCRIPTIONS (continued)

CS (pin 9)

This is a direct input to the PWM and current limit comparators of the UCC2897 controller. The CS pin should
never be connected directly across the current sense resistor (Rcs) 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 internal discharge transistor connected
to the CS pin (Rg, Cp).

Slope compensation is achieved across Rg by a linearly increasing current flowing out of the CS pin. The slope
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 pull-down transistor of the CS pin is activated during the discharge time of the

timing capacitor. This time interval is (1 - DMAX) X Tgy long and represents the ensured off time of the main
power switch.

The UCC2897 has a two level over-current protection. There are two different thresholds for cycle by cycle and
hiccup mode current limit operation. The UCC2897 will operate continuously in cycle-by-cycle current limit
mode with a 0.5-V maximum current sense voltage. In case the magnetic components would saturate and the
current level increases by an additional 50% (0.75-V threshold), a hiccup cycle is initiated. The hiccup cycle
consists of a wait period with no switching action while the soft-start capacitor is slowly discharged to 0.5 V
followed by a normal soft start sequence.

RSLOPE (pin 10)

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 a representation
of the internal timing capacitor waveform. As the timing capacitor is being charged, the voltage across Rg| opg
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 opg.

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 Setup Guide section of
this datasheet.

FB (pin 11)

This pin is an input for the control voltage of the pulse width modulator of the UCC2897. The control voltage
is generated by an external error amplifier by comparing the converters output voltage 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 its output voltage is sent across the isolation boundary by
an opto coupler. Thus, the FB pin is usually driven by the opto coupler. An external pull-up resistor to the VREF
pin (pin 4) is also needed 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.

10
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DETAILED PIN DESCRIPTIONS (continued)

SS/SD (pin 12)

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 Ry resistor connected to pin 2. The soft-start current is defined as:

_ 25V

lss = 52— x 0.43

ON (6)

This DC current charges Cgg from 0 V to approximately 5 V. Internal to the UCC2897 controller, 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 controller’'s PWM engine 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 2.5 V and 4.5 V approximately.

PGND (pin 13)

This pin serves as a dedicated connection to all high-current circuits inside the UCC2897. The high-current
portion of the controller consists of the two high-current gate drivers, and the various bias connections except
VREF (pin 4). While the PGND (pin 11) and GND (pin 6) pins are connected internally, a low-impedance,
external connection between the two ground pins is also required. It is recommended to form a separate ground
plane for the low current setup components (RpgL, Ron: Rorr CvREE Ck Rsope, Css and the emitter of the
opto-coupler 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.

AUX (pin 14)

This 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 UCC2897 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).

OUT (pin 15)

This high-current output drives an external N-channel MOSFET. Each controller in the UCC2897 uses active
high drive signals 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.

PVDD (pin 16)

The PVDD pin in the supply rail for the output power devices of the IC. It is completely separated internally by
the VDD pin.
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DETAILED PIN DESCRIPTIONS (continued)

VDD (pin 17)

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 (Cyg) must be placed very closely between the VDD pin and PGND (pin 11) to provide adequate
filtering. The recommended Cyg value is 1-uF for most applications but its 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 controller’s bias rail requires a larger value energy
storage capacitor (Cgjas) connected parallel to Cyg. The energy storage capacitor must provide the hold up time
to operate the UCC2897 (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.

LINEUV (pin 18)

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 UCC2897. The unique property of the
UCC2897 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 (Rjn1, Rjn2)- Once the line monitor’s input threshold 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 as:

25V
| = ==— % 0.05
HYST = R/ Ko

As this current flows through R)n2 of the input divider, the undervoltage lockout hysteresis is a function of lqysT
and Ry allowing accurate programming of the hysteresis of the line monitoring circuit.

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

LINEOV (pin 19)

In the UCC2897 controller the high-voltage start-up device is not utilized thus pin 16 is used for a different
function. 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. This allows implementing 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 (Ryn3. Rjng)- Once the line monitor’s input threshold 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 as:

| — 25V 005

HYST = R/ ®)

As this current flows through R)n4 of the input divider, the overvoltage protection hysteresis is a function of IqysT
and Rn4 allowing accurate programming of the hysteresis of the line monitoring circuit.

For more information on how to program the overvoltage protection, refer to the Setup Guide of this datasheet.
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JFET Control and UVLO

The UCC2897 controller includes the 110-V high voltage JFET start up 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 start-up device is managed by its own control
algorithm implemented on board the UCC2897. The following timing diagram illustrates the operation of the
JFET start up device.

VON - - - - —_— — — — — — — —
VIN >
i /
| <— Bootstrap bias —» i
VDD : ! -
OFF OFF OFF
JFET
Enable
Command >
SS/SD / / \ -
OFF OFF OFF
OUTPUTs
SWITCHING SWITCHING UDG-03148

Figure 2. JFET Control Startup and Shutdown

During initial power up the JFET is on and charges the Cgjag and Cyg capacitors connected to the VDD pin (pin
14). The VDD pin is monitored by the controller’s undervoltage lockout circuit to ensure proper biasing before
the operation is enabled. When the VDD voltage reaches approximately 13.5 V (UVLO turn-on threshold) the
UVLO circuit enables the rest of the controller. At that time, the JFET is turned off and 5 V appears on the VREF
terminal (pin 4). Switching waveforms might not appear at the gate drive outputs unless all other conditions of
proper operation are met. These conditions are:

® sufficient voltage on the VREF pin (VyRgp > 4.5V)

® the voltage on the CS pin is below the current limit threshold

® the control voltage is above the zero duty cycle boundary (Vgg > 1.25 V)
°

the input voltage is in the valid operating range (Vyyon<VvIN<VvOFE) i-e. the line under or overvoltage
protections are not activated.

{5‘ TEXAS
INSTRUMENTS

www.ti.com 13



UCC2897

SLUS591G - NOVEMBER 2003 - REVISED DECEMBER 2008

FUNCTIONAL DESCRIPTION

As the controller starts operation it draws its bias power from the Cg|ag capacitor until the bootstrap winding
takes over. During this time VDD voltage is falling rapidly as the JFET is already off but the bootstrap voltage
is still not sufficient to power the control circuits. It is imperative to store enough energy in Cgjas to prevent the
bias voltage to dip below the turn off threshold of the UVLO circuit during the start up time interval. Otherwise
the power supply goes through several cycles of retry attempts before steady state operation might be
established.

During normal operation the bias voltage is determined by the bootstrap bias design. The UCC2897 can tolerate
a wide range of bias voltages between the minimum operating voltage (UVLO turn-off threshold) and the
absolute maximum operating voltage as defined in the datasheet (14 V).

In applications where the power supply must be able to go to stand by in response to an external command,
the bias voltage of the controller must be kept alive to be able to react intelligently to the control signal. In stand
by 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 would collapse and the controller would
initiate a re-start sequence. To avoid this situation, the on board JFET of the UCC2897 controller can keep the
VDD bias alive as long as the gate drive outputs remain inactive. As shown in the timing diagram, the JFET is
turned on when VDD = 10 V and charges the Cg|as capacitor to approximately 13.5 V. At that time the JFET
turns off and VDD gradually decreases to 10 V then the procedure is repeated. When the power supply is
enabled again, the controller is fully biased and ready to initiate its soft start sequence. As soon as the gate drive
pulses appear the JFET are turned off and bias must be provided by the bootstrap bias generator.

During power down the situation is different as switching action might continue until the VDD bias voltage drops
below the controller’s own UVLO turn-off threshold (approximately 8 V). At that time the UCC2897 shuts down
completely turning off its 5 V bias rail and returning to start up state when the JFET device is turned on and the
Cp|as capacitor starts charging again. In case the converter’s input voltage is re-established, the UCC2897
attempts to restart the converter.

Line Undervoltage Protection

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 power supply’s input voltage gradually decreases towards the line cut off voltage the converter’s operating
duty cycle must compensate for the lower input voltage. At minimum input voltage the duty cycle nears its
maximum value (Dpax)- Under these conditions the voltage across the clamp capacitor approaches its highest
value since the transformer must be reset in a relatively short time. The timing diagram in Figure 2 highlights
that in the instance when the converter stops switching the clamp capacitor voltage might be at its maximum
level. Since the clamp capacitor’s only load 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, easily cauing the power transformer to saturate during soft-start.
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VIN

VCLAMP >

Vss >

Tsw >

ouT >

L] UL T

AUX UDG-03149

Figure 3. Line Undervoltage Shutdown Waveforms

To eliminate this potential hazard the UCC2897 controller safely discharge the clamp capacitor during power
down. As shown by the timing diagram in Figure 4, the undervoltage lockout circuits stop the power transfer in
the converter by disabling the gate drive signal for the main switch (OUT). The AUX output keeps switching while
the soft-start capacitor Cgg is being slowly discharged. Notice that the AUX pulse width gradually increases as
the clamp voltage decreases never applying the high voltage across the transformer for extended period of time.
During the slow discharge of the timing capacitor the converter can not be restarted even if the input voltage
returns to the acceptable range.

Line Overvoltage Protection

When the line overvoltage protection is triggered in the UCC2897 controller, the gate drive signals are
immediately disabled. At the same time, the slow discharge of Cgg is initiated. While the soft-start capacitor is
discharging the gate drive signals remains disabled. Once Cgg = 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 5.
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VIN

\

Vss

w LILIL LT

\j

\J

AUX > UDG-03150

Figure 4. Line Overvoltage Sequence

Pulse Skipping

During output load current transients or light load conditions most PWM controller needs to be able to skip some
number of PWM pulses. In an active clamp topology where the clamp switch is driven complementarily to the
main switch, this would apply 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 stays on.

D=0Boundary — — S — — — — — — =1 o5y
FB -
Tsw | | | | | | | | | | -
ouT [ -
AUX > UDG-03151

Figure 5. Pulse Skipping Operation

To overcome this problem, the UCC2897 incorporates pulse skipping for both outputs in the controller. As can
be seen above, 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 allows to prevent
reverse saturation of the power transformer and to preserve the clamp capacitor voltage level during pulse
skipping operation.

16

{" TeEXAS
INSTRUMENTS

www.ti.com



UCC2897

SLUS591G - NOVEMBER 2003 - REVISED DECEMBER 2008

FUNCTIONAL DESCRIPTION

Synchronization

The UCC2897 has a bi-directional synchronization terminal (pin 7). In the stand-alone operation the SYNC pin
is driven by the internal oscillator of the UCC2897 which provides an approximately TBD-ns wide TBD-V
amplitude square wave output. This signal can be used to synchronize other PWM controllers or circuits needing
a constant frequency time base. The synchronization output of the UCC2897 is generated when the internal
timing capacitor reaches its peak value. Therefore, the synchronization waveform does not coincide with the
turn on of the main gate driver output as it is usually implemented in PWM controllers.

The operation of the oscillator and relevant other waveforms in free running and synchronized mode are shown
in Figure 6.

e L.

MAX —|

ouT

o T THHHEH U

Figure 6. Synchronization Waveforms

\

\]

The most critical and unique feature of the oscillator is to limit the maximum operating duty cycle of the converter.
It is achieved by accurately controlling the charge and discharge intervals of the on board timing capacitor. The
maximum on-time of OUT (pin 13), 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 being reset to its initial voltage level OUT
is guaranteed to be off.

When synchronization is used, the rising edge of the signal terminates the charging period and initiate 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
mode of operation.

Although the synchronization circuit is level sensitive, the actual synchronization event occurs at the rising edge
of the waveform. This allows the synchronizing pulse width to vary significantly but certain limitations must be
observed. The minimum pulse width should be sufficient to guarantee reliable triggering of the internal oscillator
circuitry, therefore it should be greater than approximately 50 nanoseconds. The other limiting factor is to keep

it shorter than (1 - DMAX) X Tgyne Where Ty is the period of the synchronization frequency.
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When a wider than (1 — DMAX) X Tgync Pulse is connected to the SYNC input, the oscillator is not able to

maintain the maximum duty cycle, originally set by the timing resistor ratio (Ron, Ropg). 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 is off which 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 UCC2897 controller are off if the synchronization signal stays continuously high.

When two UCC2897’s are synchronized by tying their SYNC pins together, they will operate in—phase. It is
possible to set different maximum duty cycle limits for the two UCC2897’s and still synchronize them by a simple
connection between their respective SYNC terminals.

APPLICATION INFORMATION: SETUP GUIDE

RIN2 ,R,Hyl
— W ANN—e O +VIN
RIN4 RIN3
uCcc2897
VIN N/C
N/C LINEOV| 19 Clas
! RDEL  LINEUV
CHF
! RTON VDD }—n u
=
) RTOFE  PVDD ®
Ll
=
! n VREF ouT o
SYNC AUX
! n GND PGND : O-VIN
< n cs SS/ISD
! RSLOPE FB
Css
) I RE
RVREF ISOLATED FEEDBACK
AAAY

Figure 7. UCC2897 Typical Setup
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The UCC2897 offers a highly integrated feature set and excellent accuracy to control an active clamp forward
or active clamp flyback power converter. In order to take advantage of all the benefits integrated in these
controller, the following procedure can simplify the setup and avoid unnecessary iterations in the design
procedure. Refer to Figure 7 setup diagrams for component names.

Before the controller design begins, the power stage design must be completed. From the power stage design
the following operating parameters are needed to complete the setup procedure of the controller:

® Switching frequency (fsyy)

Maximum operating duty cycle (Dpax)

Soft start duration (tgg)

Gate drive power requirements of the external power MOSFETS (QG(main). QG(aux))
Bias method and voltage for steady state operation (bootstrap or bias supply)

Gate drive turn-on delay (tpg|)

Turn—on input voltage threshold (Vop)

Minimum operating input voltage (Vorr) where Vi (off) < ViN(on)

Maximum operating input voltage (Voyp)

overvoltage protection hysteresis (VoyH)

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

Step 1. Oscillator

The two timing elements of the oscillator can be calculated from fg\y, and Dyax by the following two equations:

_ ton _ Dumax
Ron = —12 -
37.33 x 10712 fg, x 37.33 x 10712 9)
_ orr _ 1~ Dyax
ROFF = 16 x 10-12 Ty, x 16 x 10-12
S (20)
where Dyjax is a dimensionless number between 0 and 1.
Step 2. Soft Start
Once Rpy is defined, the charge current of the soft-start capacitor can be calculated as:
25V
leg = == x 0.43
55 Ron (11)

During soft start, Cgg is being charged from 0 V to 5 V by the calculated Igg current. The actual control range
of the soft-start capacitor voltage is between 1.25 V and 4.5 V. Therefore, the soft-start capacitor value must
be based on this narrower control range and the required start up time (tgg) according to:

Co = lss X tss
SS T 45V —1.25V (12)
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Note, that tgg 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 its 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 Igg 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 can be implemented with the error amplifier of the voltage
regulation loop when its voltage reference is ramped from 0 V to its final steady state value during the required
tgg start up time interval.

Step 3. VDD Bypass Requirements

First, the high-frequency filter capacitor is calculated based on the gate charge parameters of the external
MOSFETs. Assuming that the basic switching frequency ripple should be kept below 0.1-V across Chp, its value
can be approximated as:

c _ QG(main) + QG(aux)
HF 0.1V (13)

The energy storage requirements are defined primarily by the start up time (tgg) and turn-on (approximately
13.5 V) and turn-off (approximately 8 V) thresholds of the controller’s undervoltage lockout circuit monitoring
the VDD voltage at pin 14. In addition, the bias current consumption of the entire primary side control circuit (Ipp
+ lgxT) must be known. This power consumption can be estimated as:

Pgias = |lop + lext * (QG(main) + Qgaun X fsw)] X Vpp (14)

During start up (tgg) this power is provided by Cgjag While its voltage must remain above the UVLO turn-off
threshold. This relationship can be expressed as:

1 2 2
Pgias X tgg < 5% Cglas X (13.5 -8 )

(15)
Rearranging the equation yields the minimum value for Cgjas:
2xP Xt
BIAS ™ 'SS
C >

Step 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:

— -9 11
Rpet = (tpg, — 50 X 1079) x 0.87 x 10 (17)
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Step 5. Input Voltage Monitoring

The input voltage monitoring functions is governed by the following two expressions of the voltage at the
LINEUV terminal (pin 15):

R
Vo X ——IN2_ gt turn on, and

V
ON " Ring + Rinz (18)

VON —

\% -V
_ OFF VON

(19)

Since Von and Vogg are given by the power supply specification, Vyon equals the 1.27-V threshold of the line
monitor and lyysT is already defined as:

25V
I =£=+ x 0.05
HYST Rpg, (20)

the two unknown, Ryyp1 and Rjn2 are fully determined. Solving the equations results the following two
expressions for the input voltage divider:

\% Vv

R . — _ON_ YOFF
N lhyst (22)
127V
Ryo = Rpyg X o0——5————
IN2 INL™ Vo — 1.27V (22)

Similar methods can be used to define the divider components of the overvoltage protection input of the
UCC2897 controller.

Step 6. Current Sense and Slope Compensation

The UCC2897 offers onboard, user programmable slope compensation. The programming of the right amount
of slope compensation is accomplished by the appropriate selection of two external resistors, Rg and Rg| opE-

First, the current sense filter resistor value (Rg) must be calculated based on the desired filtering of the current
sense signal. The filter consists of two components, Cg and Rg. The C filter capacitor is connected between
the CS pin (pin 7) and the GND terminal (pin 6). While the value of Cg can be freely selected as the first step
of the filter design, it should be 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
can be calculated from the filter capacitance and the desired filter corner frequency fg.

1

R = —
F 2n x fz x Cp (23)

After Rg is defined Rg| opg can be 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 (dVL/dt), m equals 1. The minimum value of mis 0.5
to prevent current loop instability. Best current mode performance can be achieved around m=1. The further
increase of m moves the control closer to voltage mode control operation.
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In the UCC2897, controller slope compensation is implemented by sourcing a linearly increasing current at the
CS pin. When this current passes through the current sense filter resistor (Rg), it is converted to a slope

compensation ramp which can be characterized by its (dVS/dt). The (dVS/dt) of the slope compensation
current is defined by Rg| opg according to:

ds  s5x2v

dt  ton X RgLope (24)
where
® 2V is the peak—to—peak ramp amplitude of the internal oscillator waveform

® 5 s the multiplication factor of the internal current mirror

The voltage equivalent of the compensation ramp (dVS/dt) can be easily obtained by multiplying with Rg. After

introducing the application specific m and (dVL/dt) values, the equation can be rearranged for Rg| opE:

5><2V><RF

dv,
tON X m X W (25)

The UCC2897 controller is dedicated to control current mode active clamp flyback or forward converters in an
isolated power supply. The key advantage of the active clamp topologies is the zero voltage switching (ZVS)
of the primary side semiconductors. This operating mode reduces the switching losses of the converter, thus
facilitates higher switching frequencies or improves efficiency when operated at similar frequencies as its hard
switched counterparts. The simplified schematic below demonstrates the typical implementation of an active
clamp forward converter with high-side clamp utilizing a P-channel auxiliary switch.

R

SLOPE —

Detailed analysis and design examples of active clamp converters are published in the references listed at the
end of this datasheet.

+VIN . - - Mﬁ_]'_ Ej
ootstra I—L\ % {jL T Lo
’ gis 'Vlm' :ECLAMP LLIT- )

) -
—[17] VDD ||_> QAUX Synchronous
»

AUX |:14£|— P-Channel — Rectifier
Gate Drive Control
CiN

AY
/1

Secondary-Side
Error Amplifier
and Isolation

UDG-03154

Figure 8. Active Clamp Forward Converter
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Gate Drive Implementation

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 reference [6].

+VIN

CcLAMP ‘

QAUX Oual I\J
R
~,

Figure 9. Low-Side P-Channel

Bootstrap Biasing

Many converters use a bootstrap circuit to generate its own hias power during steady state operation. The
popularity of this solutions is justified by the simplicity and high efficiency of the circuit. Usually, bias power is
derived from the main transformer by adding a dedicated, additional winding to the structure. Using a flyback
converter as shown in Figure 12, 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 windings in the transformer. Since the output is regulated, the bias rail is regulated

as well.
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While the same arrangement can be used in a forward type converter, the bootstrap winding off the main power
transformer would not be able 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 most likely would exceed the maximum operating voltage of the control circuits at high
line. A linear regulator can be used to limit and regulate 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 13.

Bootstrap Bias 1 * 3

0 T Fee
VDD |:17:|—<. -

CIN
=

+VIN

uCC2897 CRIAS

=
p— J Synchronous
GND OMAIN Rectifier

I?l Control

“VIN |—1—|

UDG-03155

Figure 10. Bootstrap Bias 1, Flyback 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.

Bootstrap Bias 2 i

L

VIN—e NG - y
1 L LOAD
jé
VIN —_|_
wiy | ]
IN
uCC2897 ChiAS J T
BIA
p— 0 Synchronous
GND MAIN Rectifier
8 Control
“VIN it & &

UDG-03156

Figure 11. Bootstrap Bias 2, Forward Example
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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 solution provides 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.

ADDITIONAL APPLICATION INFORMATION

References and Additional Development Tools

10.

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

User’s Guide: Using the UCC2891EVM, 48-V to 3.3-V, 30-A Forward Converter with Active Clamp Reset,
(SLUU178)

Application Note: Designing for High Efficiency with the UCC2891 Active Clamp PWM Controller, Steve
Mappus (SLUA303)

Power Supply Design Seminar Topic: Design Considerations for Active Clamp and Reset Technique, D.
Dalal, SEM1100-Topic3 (SLUP112)

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

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

Datasheet: UCC3580, Single Ended Active-Clamp/Reset PWM Controller, (SLUS292A)
Evaluation Module: UCC3580EVM, Flyback Converters, Active Clamp vs. Hard—Switched.

Reference Designs: Highly Efficient 200W Isolated Power Supply Reference Design Using UCC3580-1.
Texas Instruments Hardware Reference Design Number PMP206.

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

Reference Circuit

For completeness, the schematic diagram of a complete active clamp forward converter using the UCC2897
is shown in Figure 12. The UCC2891 includes many of the core features of the UCC2897 and their setup and
operation are almost identical. The detailed description of the circuit operation and design procedure can be
found in SLUU178.

{5‘ TEXAS
INSTRUMENTS

www.ti.com 25



UCC2897

SLUS591G - NOVEMBER 2003 - REVISED DECEMBER 2008

ADDITIONAL APPLICATION INFORMATION

82y z L pra-y
9y
. 59
A2 = A =
L SLEPAIL \_r \_r
La inzz'e
u:mmxir AL 0 ygsi| 4deel [ anie T g9 TM9LS
510 z1y L_[g3 sdory ¥ |5 £ Y )
. 4deze = = 6 los/ss oy E]
Hee 910== anzy | anzy ar[%s oz
92y ol 1o | oo Tr{oNod  anolg
22y Zrxy onska
- <o PN
[svie—d) 1000 Mow<
ST{ANINT uoLyl
w9z e LT
™ 168200N
— doo7 n
w
1'1g e
sy oLy
+doory | 2z
sr oLy
¥S1va
ca
o A
yLy
N ¥51v8 122
8y
L0 Ho-¥s ¥S1va $S1va sizad |1 Aeal | Aeel | Aeal
< .y unt”_ 10 W% L anez | anzz| anze
r %0 20 10
HS9LZIVH - X8 ¥0 nu]
jnor— 5T S N— duge
oir 80 L0 =) X3 6
9Ly I
L&A & . L
; dnege [ dnece | gnig 74
. 2020 SFE6L0 T Lun H oLy
e | |,
3
1NOA+ 31v9 40-¥S
e
INoA+
T .
6" Inding ACE+ ‘

£480vd
2l

a1 H ¥51ve

810 8a

ASY'8
12-]

Figure 12. UCC2891 EVM Schematic
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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i3 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 16-Apr-2009

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
UCC2897PW NRND TSSOP PW 20 70 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
UCC2897PWG4 NRND TSSOP PW 20 70 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
UCC2897PWR NRND TSSOP PW 20 2000 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
UCC2897PWRG4 NRND TSSOP PW 20 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
UCC2897RTJR NRND QFN RTJ 20 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UCC2897RTIJRG4 NRND QFN RTJ 20 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UCC2897RTJT NRND QFN RTJ 20 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)
UCC2897RTJTG4 NRND QFN RTJ 20 250 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
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 Sh/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.

Important Information and Disclaimer:The information provided on this page represents TI'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 TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [¢—P1—
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O O?——Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*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)
UCC2897PWR TSSOP PW 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
UCC2897RTJR QFN RTJ 20 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
UCC2897RTJIT QFN RTJ 20 250 180.0 12.4 425 | 425 | 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)
UCC2897PWR TSSOP PW 20 2000 346.0 346.0 33.0
UCC2897RTJR QFN RTJ 20 3000 346.0 346.0 29.0
UCC2897RTJT QFN RTJ 20 250 190.5 212.7 31.8
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MECHANICAL DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

/ N
A
| P o pJ M
J | Bes

0,15 NOM

g _
6,60 > 0,75
6,40 0.50

[ | [\ \
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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MECHANICAL DATA

RTJ (S—PWQFN—=N20) PLASTIC QUAD FLATPACK NO—LEAD
e
8]
15 ‘ "
\
‘ 10
16
_ . o] 415
Q 3,85
20
6
Pin 1 Index Area /

Top and Bottom

1 5

¢ 0,20 Nominal

0,80 Lead Frame

00 | oo .
(N\[0,08(|C f j ? ‘ Seating Plane

: : 0,05
Seating Height === C
’ g 0,00 .
1 5

e

JUUUU

=

s 1
THERMAL PAD
20 D (G
|
) a
SIZE AND SHAPE
= SHOMN ON SEPARATE SHEET —
7 =

|
(L[] =
15 J 11
0,30
20X 0.18

0,10 W[C[A]B]
Bottom View 0,05M|C

4205505 /F 07,/11

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

RTJ (S—PWQFN-N20) PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

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
integrated circuit (IC).

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.
I

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

0,50

f QOXT’BO
S
*f

20D C e
D) -
2,70£0,10 T + 7€—Exposed Thermal Pad
D) | G
D) C 1o

NAMNNAN

— 2,70£0,10 —»

Bottom View

Exposed Thermal Pad Dimensions

4206256-2,/Q 07/11

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RTJ (S—PWQFN—N20) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design

Example Board Layout 0.125 Thick Stencil
(Note E)
Note D ——10x0,5 i ——16x0,5
Ll [
Olo0 0 O T BT s
= = = EUIRE=
OO O O |C331 48 o C3,154,/5
— — 02304 2T =
2 ° 91 R0 LT =
TD@BDU\ 10000
J—==="3,1 N\ 3,15
- 48 — A ‘ 4,75
/,/ \\\\\ (66% Printed Solder Coverage by Area)
/ AN
/ S
N

Example Via Layout Design

\\\\ Via layout may vary depending
/T T N\ on layout constraints
’/// \*\ Example Solder Mask Opening AN (Note D, F)
Y y (Note F) \\

/ 0,08 == \ 0xp0, 3" 2/ T
/ RO14 ‘ M o o ‘
| |
\ —© O O
\\ Pad Geometry 6XO;9J
\ 0.07 (Note C) O QO O

Al Around Y. F09

\ ya
N e

4207085-2/K 06/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C

D

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>.
E. 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.
F.  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, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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