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UCC28250 Advanced PWM Controller With Prebias Operation
1 Features 3 Description

Prebiased Start-up

Synchronous Rectifier Control Outputs With
Programmable Delays (Including Zero Delay
Support)

Voltage Mode Control With Input Voltage Feed-
Forward or Current Mode Control

Primary or Secondary-Side Control
3.3-V, 1.5% Accurate Reference Output
1-MHz Capable Switching Frequency

1% Accurate Cycle-by-Cycle Overcurrent
Protection with Matched Duty Cycle Outputs

Programmable Soft-Start and Hiccup Restart
Timer

Thermally Enhanced 4-mm x 4-mm QFN-20
Package and 20-pin TSSOP Package

Applications

Half-Bridge, Full-Bridge, Interleaved Forward, and
Push-Pull Isolated Converters

Telecom and Data-com Power

Wireless Base Station Power

Server Power

Industrial Power Systems

The UCC28250 PWM controller is designed for high
power density applications that may have stringent
prebiased start-up requirements. The integrated
synchronous rectifier control outputs target high-
efficiency and high-performance topologies such as
half-bridge, full-bridge, interleaved forward, and push-
pull. The UCC27200 half-bridge drivers and
UCC2732X MOSFET drivers used in conjunction with
the UCC28250 provide a complete power converter
solution.

Externally programmable  soft-start, used in
conjunction with an internal prebiased start-up circuit,
allows the controller to gradually reach a steady-state
operating point under all output conditions. The
UCC28250 can be configured for primary or
secondary-side control and either voltage or current
mode control can be implemented.

The oscillator operates at frequencies up to 2 MHz,
and can be synchronized to an external clock. Input
voltage feedforward, cycle-by-cycle current limit, and
a programmable hiccup timer allow the system to
stay within a safe operation range. Input voltage,
output voltage and temperature protection can be
implemented. Dead time between primary-side switch
and secondary-side synchronous rectifiers can be
independently programmed.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TSSOP (20) 6.50 mm x 4.40 mm

UCC28250
VQFN (20) 4.00 mm x 3.50 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Application Diagram

VIN (36 V ~ 75 V)

UCC27200

UCC28250

OovpP OUTA HI H

RAMP  OUTB LO LO

5 [k
e L

RT SRA

VIN (36 V ~ 75 V)

‘ VOUTO

EF:

LT

13
o

Isolation

|||—;

UCC2732x

A4

SS SRB

COMP

Feedback and Isolation

<

Not Shown: PS, SP, HICC, VDD, EA+, EA-, VREF, EN, ILIM, AND VSENSE

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.



I3 TEXAS
INSTRUMENTS
UCC28250
SLUSA29D —APRIL 2010—REVISED AUGUST 2015 www.ti.com
Table of Contents
1 FAUIES ..o 1 7.4 Device Functional Modes.............ccoeeiiiiiiiiiieininns 28
2 APPHCALIONS .ciiiiiiceece e 1 8 Applications and Implementation ...................... 29
3 DESCIIPLION e 1 8.1 Application Information............cccoveninniininnn, 29
4 REVISION HiSTOIY..o.ouovieeeeieeeeeeeeeeeeeeeeerereeeeeean, 2 8.2 Typical Applications .........cccccvveiiiiiiiiicic i 36
5 Pin Configuration and Functions...............c........ 3 9  Power Supply Recommendations.................... 45
6 SPECIiICAtiONS......vvveiereieeiiei e 4 10 Layout............ e 45
6.1 Absolute Maximum RAINGS ......evererrereeereeerereerenns 4 10.1 Layout GUIdENINES .......ceeevveeeriie e 45
6.2 ESD RAUNGS.....vvereeereeeresseeerseeeeesseesseseesseesessseesssens 4 10.2  Layout EXample ......cccccooieiieniiiiieniccieceesieenn 46
6.3 Recommended Operating Conditions..................... 4 10.3  Thermal Protection.............cooooueevevessssssssssssssssnsnnnn 46
6.4 Thermal INFOrMAtiON e oo 4 11 Device and Documentation Support................. a7
6.5 Electrical CharacCteriStiCS.....uvmm e, 5 11.1 Documentation Support ........................................ 47
6.6 Typical CharacteriStiCS...........coeevevrvreeerrrerererieereraenas 7 11.2  Community RESOUICES..........ooruniiiniiiiiinicis 47
7 Detailed DeSCrPtioN .........ccevcvevreeecieeeeeeenenn. 11 11.3  Trademarks ... 47
L OVEIVIEW oo 11 11.4 Electrostatic Discharge Caution.............cccceevvenee. 47
7.2 Functional Block Diagram .............cccoceveerereennnnn. 12 115 GIOSSANY .ocveveresiessssrssssiss s 47
7.3 Feature DeSCHPtON.........c..c.orueeeeeeereeeeeeeeeeeeeensereeen 12 12 Mechanical, Packaging, and Orderable
INFOrMation ......cocveviiiii 47
4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision C (July 2011) to Revision D Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and

Mechanical, Packaging, and Orderable INformation SECHON ..........cccuiiiiiiiiiiiie e e e 1
Changes from Revision B (October 2010) to Revision C Page
* Changed Operating junction temperature range from (-40 t0 125) t0 (125 t0 150). ..eceeeiiiiriireiiiiiiiie e e e 4
e Changed FUNCioNal BIOCK DIGGIAIM ......couiiiiiiieiiie ittt ettt ekt aat e e s b e e bt e e ne e e sbn e e e bn e e e nr e e s nnnees 12
Changes from Revision A (April, 2010) to Revision B Page
* Added note, "The minimum value for Rps/Rgp is 5 kQ and the maximum value is 250 kQ." in two places. ...........ccccceueee. 17
2 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated

Product Folder Links: UCC28250



13 TEXAS
INSTRUMENTS
UCC28250

www.ti.com SLUSA29D —APRIL 2010—REVISED AUGUST 2015

5 Pin Configuration and Functions

RGB Package

20-Pin VQFN PW Package
TOp View 20-Pin TSSOP
Top View

RT VSENSE SS SP PS

REF/EA+ FB/EA- COMP GND VDD

Pin Functions

N (;I:’\lil — 110 DESCRIPTION

COMP 3 10 1/0 Error amplifier output

EN 18 5 | Device enable and disable

FB/EA- 2 9 | Error amplifier inverting input

GND 4 11 | Ground

HICC 10 17 | Cycle-by-cycle current limit time delay and Hiccup time setting
ILIM 17 4 | Current sense for cycle-by-cycle overcurrent protection

OUTA 9 16 (@) 0.2-A sink/source primary switching output

ouUTB 8 15 (@) 0.2-A sink/source primary switching output

OVP/OTP 19 6 | Overvoltage and overtemperature protection pin

PS 11 18 | Primary off to synchronous rectifier on dead-time set
RAMP/CS 16 3 | rF;\(/)le\(/; rca;rrr]lgoilr;put (for voltage mode control) or current sense input (for current
REF/EA+ 1 8 | Error amplifier noninverting input

RT 15 2 | Oscillator frequency set or synchronous clock input

SP 12 19 | Synchronous rectifier off to primary on dead-time set

SRA 7 14 (@) 0.2-A sink/source synchronous rectifier output

SRB 6 13 (@) 0.2-A sink/source synchronous rectifier output

SS 13 20 /0 Soft-start programming

VDD 5 12 | Bias supply input

VREF 20 7 (@) 3.3-V reference output

VSENSE 14 1 | Output voltage sensing for prebias control

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
vDD®) Input supply voltage -0.3 20 \Y
OUTA, OUTB, SRA and SRB -0.3 VDD + 0.3 \%
COMP -0.3 VREF + 0.3 \%
Input voltages on SS and EN -0.3 55 \Y
Input voltages on RT, PS, SP, ILIM, OVP, HICC, VSENSE, EA+ and EA- -0.3 3.6 \%
Input voltage on RAMP/CS -0.3 4.3 \Y
Output voltage on VREF -0.3 3.6 \%
Lead temperature (soldering 10 sec) PW package 300 °C
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.

(2) These devices are sensitive to electrostatic discharge; follow proper device handling procedures.

(3) All voltages are with respect to GND unless otherwise noted. Currents are positive into, negative out of the specified terminal. See
Mechanical, Packaging, and Orderable Information of the data sheet for thermal limitations and considerations of packages.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +3000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
c101@ +2000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Supply voltage, Vpp 4.7 12 17 \%
Supply bypass capacitor, Cypp 1 uF
VREF bypass capacitor 0.5 2 uF
Error amplifier input common-mode (REF/EA+, FB/EA-) 0 3 \%
VSENSE input voltage 0 3.3 \%
RT resistor 12,5 200 kQ
PS, SP resistor 5 250 kQ
RAMP/CS voltage 0 2.7 \%
Operating junction temperature -40 150 °C
6.4 Thermal Information
UCC28250
THERMAL METRIC RGB (VQFN) PW (TSSOP) UNIT
20 PINS 20 PINS
Rgia Junction-to-ambient thermal resistance 1(1)421?N\?tlgguhtor'l[(ipsor;[,ot 3893;3w\?tlirll[gur;0rfc)stpsor§‘cjt °C/W
RoJc(top) Junction-to-case(top) thermal resistance 315 °CIW
Ross Junction-to-board thermal resistance 55.8 °CIW
RoJc(bot Junction-to-case(bottom) thermal resistance 0.8 °CIW
4 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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6.5 Electrical Characteristics

VDD =12 V, 1-pyF capacitor from VDD and VREF to GND, T, = T; = —40°C to 125°C, RT = 75 kQ connected to ground to set
Fsw = 200 kHz (unless otherwise noted). @

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY CURRENTS
IpD(off) Start-up current VDD =36V 150 275 HA
Ibp Operating supply current 100-pF capacitor on OUTA, OUTB, SRA and SRB 2 2.7 3.4 mA
Ipp(dis) Standby current EN=0V 250 425 600 HA
UNDERVOLTAGE LOCKOUT
VuvLor Start threshold 4 4.3 4.6 \%
Minimum operating voltage
VuviLor after start 3.8 41 4.4 \Y
Hysteresis 0.15 0.2 0.25 \%
SOFT START
Iss Soft-start charge current Vss =0V 25 27 29 HA
Vss(max) Clamp voltage 3.3 3.6 4 \%
ENABLE®
Trigger threshold 2.25 \%
Minimum pulse width for 3
us
pulse enable
ERROR AMPLIFIER
High-level COMP voltage 2.8 3 \%
Low-level COMP voltage 0.3 0.4 \%
Input offset -12 12 mV
Open loop gain 70 100 dB
lcomp(snk) COMP sink current 3 6.5 9 mA
lcomp(src) COMP source current 2 4.5 8 mA
OSCILLATOR
Nominal switching frequency
Fsw(nom) at OUTA or OUTB set by RT | RT/SYNC = 75 kQ, Rgp = 20 kQ 185 200 215| kHz
resistor
Minimum switching frequency
FSW(min_sync) at OUTA or OUTB set by fRT/SYNC =100 kHz 85 kHz
external sync frequency
Maximum switching
frequency at OUTA or OUTB _
Fswimacsyng)  get by external sync frrisvne = 2.5 MHz 1.15 MHz
frequency
External synchronization
- . 1 \%
signal high
E_xternal synchronization 0.2 Vv
signal low
VOLTAGE REFERENCE
Vpp=from7Vito 17 V, | =2mA 3.22 3.3 3.38
VVREE Qutput voltage bo VREF \%
0 < Iggr < 10 MA 3.22 3.3 3.38
Short circuit current Vegep =3V, T;=25°C 12 25 40 mA
(1) Typical values for Ty = 25°C.
(2) Refer to EN pin description in .
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

VDD =12V, 1-pF capacitor from VDD and VREF to GND, T, = T; = —40°C to 125°C, RT = 75 kQ connected to ground to set
Fsw = 200 kHz (unless otherwise noted). @

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
CURRENT SENSE, CYCLE-BY-CYCLE CURRENT LIMIT WITH HICCUP
Vium ILIM cycle-by-cycle threshold 0.495 0.502 0.509 \%
Propagation delay from ILIM . .
TroiLim to OUTA and OUTB outputs Exclude leading edge blanking 15 25 36 ns
TBLANK leading edge blanking 40 60 90 ns
Current limit shutdown delay | yoo,red at HICC pin 55 75 95| pA
timing program current
Hiccup timing program .
current Measured at HICC pin 2 2.7 35 pA
Current limit shutdown delay
Vhice_sp timer threshold at HICC 055 0.6 065 v
VHicc pu HICC pullup threshold 2.3 2.4 25 \%
VHicc RsT Hiccup restart threshold 0.25 0.3 0.35 \%
10-V ramp charging voltage source with 40-kQ
Vesman RAMP/CS clamp voltage currem: "nﬁiting rgesigstor 9 3.5 4 45 v
OVP/OTP COMPARATOR
Vovp Internal reference 0.66 0.7 0.74 \%
lovp Internal current 8.5 11 135 HA
PRIMARY OUTPUTS
Rise/fall time CLoap = 100 pF 8 ns
Rsre QOutput source resistance lout =20 mA 12 20 35 Q
Rsnk Output sink resistance lout = 20 mMA 4 12 30 Q
SYNCHRONOUS RECTIFIER OUTPUTS
Rise/fall time CLoap = 100 pF 8 ns
. lour =20 mA, VDD =12 V 12 20 35
Rsre Output source resistance Q
lour =20 mA, VDD =5V 15 25 45
Rsnk Output sink resistance lour =20 mA, VDD = 12 V 4 12 30 Q
PS = VREF -5 0 7.5
Primary off to secondary on _
TDps dead time PS =27 kQ 27 40 50 ns
PS =27 kQ, 25°C 37 40 43
SP = VREF -5 0 7.5
Secondary off to primary on _
TDsp dead time SP =20 kQ 30 40 50 ns
SP =20 kQ, 25°C 37 40 43
6 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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6.6 Typical Characteristics
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The UCC28250 is a high-performance PWM controller with advanced synchronous rectifier outputs and is ideally
suited for regulated half-bridge, full-bridge and push-pull converters. A dedicated internal prebiased start-up
control loop working in conjunction with a primary-side voltage loop achieves prebiased start-up for either
primary-side or secondary-side control applications. The UCC28250 architecture allows either voltage mode or
current mode control.

Input voltage feedforward can be implemented, allowing PWM ramp generator to improve the converter line
transient response. Advanced cycle-by-cycle current limit achieves volt-second balancing even during fault
conditions. The hiccup timer helps the system to stay within a safe operation range under over load conditions.
With a multifunction OVP/OTP pin, combinations of input voltage protection, output voltage protection and
overtemperature protection can be implemented. The UCC28250 allows individual programming of dead time
between primary-side switch and secondary-side SRs, to allow optimal power stage design. Dead time can also
be reduced to zero, and this allows optimal system configuration considering the delays on the gate driver stage.
The UCC28250 also provides complete system level protection functions, including UVLO, thermal shut down
and overvoltage, overcurrent protection.

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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7.2 Functional Block Diagram

© | OUTA

| |OUTB

o |SRB

| ~|SRA

Over oTP
temperature

4.1V/4.3V—

I~
oo
vDD [ 5} =
| Vref OK EN_INT

LD
ocP

VREF [2(2'_ I YY W) T

b 16
EN |18 Enable detection | ! = [
Level&pulse Enable J :q_
BLANK

ILIM E Cycle by cydle OCP delay [
current limit timer
0.5V & duty cycle match

7
o
HICC EO] 550mV T | SR_RAMP

generator

—E4 VSENSE
11uA
Hiccup

timer
FE] GND

OVP/OTP Eg 3 L
0.7v—] = ovP

RT |15 ok
Oscillator 70ns

SP 12 leading edge blanking BLANK
Deadtime

=

NOTE: Pin numbers are used for RGP package. PW package has different pin numbers.

°]

Switching Logic

> b

RAMP/CS

NV dS

7.3 Feature Description

7.3.1 VDD (5/12)

The UCC28250 can be powered up by a wide supply range from 4.3 V (UVLO rising typical) to 20 V (absolute
maximum), making it suitable for primary-side control or secondary-side control. When the voltage at the VDD
pin is lower than 4.1 V (typical), the controller is in stand-by mode and consumes 150 pA (typical) at 3.6 V VDD.
In stand-by mode, VREF continues to be regulated to 3.3 V or follows VDD if VDD is lower than 3.3 V. Refer to
the VREF description VREF (Reference Generator) (20/7) for more detailed information. A minimum 1-pF bypass
capacitor is required from VDD to ground. Keep the bypass capacitor as close to the device as possible.

7.3.2 VREF (Reference Generator) (20/7)

The VREF pin is regulated at 3.3 V. An external ceramic capacitor must be placed as close as possible to the
VREF and GND pins for noise filtering and to provide compensation to the regulator. The capacitance range
must be limited from 0.5 pF to 2 pF for stability. This reference is used to power the controller’s internal circuits,
and can also be used to bias an opto-coupler transistor, an external house-keeping microcontroller, or other
peripheral circuits. This reference can also be used to generate the reference for an external error amplifier. This
regulator output is internally current limited to 25 mA (typical).

12 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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Feature Description (continued)

7.3.3 EN (Enable Pin) (18/5)

The following conditions must be met before the controller allows start-up:

1. VDD voltage is above the rising UVLO threshold 4.3 V (typical).

2. The 3.3-V reference voltage output at the VREF pin is available and above 2.4 V (typical).
3. Junction temperature is below the thermal shutdown threshold 130°C (minimum).

4. The voltage at OVP is below 0.7 V (typical).

If all these conditions are met, the signal driving the EN pin is able to initiate the soft start process. When the
device is enabled, the 27-pA internal charging current at the SS pin is turned on and begins to charge the soft-
start capacitor. The EN pin can accept both level-enable and pulse-enable signals.

For level-enable, the voltage level on the EN pin must be continuously higher than 2.25 V to allow continuous
operation. When the EN pin falls below 2.25 V, the device is disabled (see Figure 21).

A

ss I‘”V/Iz \ .
S 88 X

Figure 21. Level Enable at EN pin
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Feature Description (continued)

A pulse signhal may also be applied to the EN pin. Pulse-enable operation is shown on Figure 22. As long as the
EN falling edge happens before the SS voltage reaches 0.3 V, the enable signal at EN pin is considered as a
pulse. In this case, the next rising edge at EN pin disables the controller. As long as the falling edge of the first
pulse at EN pin happens after SS rises to 0.3 V, the UCC28250 interprets the pulse enable as a level enable,
and an external solution as shown on Figure 23 (a) can be used to reduce the pulse width. In this circuit, R2 is
used to limit the current (especially the negative current) through the internal ESD cell. Figure 23 (b) illustrates
the waveforms based on this solution. To prevent false trigger by noises, the pulse at the EN pin must be at least
2.25 V (minimum) high and 3 ps wide to be considered valid.

Choose the R1, R2, and C values based on the following equations:

Choose R2 based on the current limit requirement from the device.
R, > 10kQ O

Choose R1 arbitrarily but much smaller than R2 and choose C1 according to the time constant requirement to
generate longer than 3-us pulse.

.61
R, @

In the case that the UCC28250 is enabled with a level EN signal and the SS is discharged internally when the
OCP is triggered, pulling the EN pin down before SS rises to 0.3 V cannot disable the part because the controller
interprets it to be a pulse enable. In this case, the next rising edge at the EN pin disables the controller. If the
designer wants to disable UCC28250 with a level signal during an over current condition, the recommended
solution is to pull down the SS pin rather than the EN pin. If the enable function is not used, pull the EN pin to the
VREF pin.

UVvLO

\/

~N
~N

Y

EN

ss [ — \
RS 0 :

Figure 22. Pulse Enable at EN Pin

\/

(a) I (b)

UCC28250

Enabl 1 R2 Enable
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R1 }\ k
EN >
1 r r

Figure 23. An External Solution to Generate Enable Pulses for Pulse Enable

\
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Feature Description (continued)
7.3.4 RT (Oscillator Frequency Set and Synchronization) (15/2)

The UCC28250 oscillator frequency is set by an external resistor connected between the RT pin and ground.
Switching frequency selection is a trade-off between efficiency and component size. Based on the selected
switching frequency, the programming resistor value can be calculated as:

1
2xfy, _Td(SP)
T~ 33.2pF

©)
In this equation, fsy is the switching frequency and Ty, is the dead time between synchronous rectifier turnoff

to primary switch turnon. Tpp is set by an external resistor between the SP pin and ground (refer to SP
(Synchronous Rectifier Turnoff to Primary Output Turnon Dead Time Programming) (13/19)).

Each output (OUTA, OUTB, SRA, SRB) switches at half the oscillator frequency (fsw = %2 X fosc). Figure 24
shows the relationship between RT and fosc at certain Tpsp) and can be used to program oscillator frequency
accordingly.

OSCILLATOR FREQUENCY
vs

RT RESISTOR
2000 TT T T
1800 TD(ps) =40 ns
//
1600 | o
T
X 1400
3
g 1200
&
g 1000
t \
L 800
= N\
3 AN\
3 600
°© N
S 400
w Tops = 100 ns \\\‘~
200 e
0

0 20 40 60 80 100 120 140 160 180 200
RT Resistor - kQ

Figure 24. Oscillator Frequency Fosc vs External Resistance of RT at Tp(ps) = 40 ns and 100 ns

The UCC28250 can be synchronized to an external clock by applying an external clock source to the RT pin.
Synchronization helps with parallel operation and/or preventing beat frequency noise. The UCC28250
synchronizes its internal oscillator to an external frequency source ranging from 170 kHz to 2.3 MHz, which is
equivalent to an 85-kHz to 1.15-MHz switching frequency. The internal oscillator frequency is clamped to 170
kHz during synchronization if the external source frequency drops below 170 kHz.

The UCC28250 aligns the turnon of primary outputs OUTA and OUTB to the falling edge of the synchronizing
signal, as shown in Figure 25. If the frequency source is from the gate outputs of another half bridge controller,
interleaving can be achieved. The interleaving angle is determined by the frequency source’s duty cycle. When a
50% duty cycle is applied, optimal interleaving is achieved, and EMI filters can be minimized.
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Feature Description (continued)
A
Frequency -
Source o
OUTA -
OouTB >
Figure 25. Timing Diagram for Synchronization
A
CLK I— |_| >
OUTA -
SRA P>
Td(sp) Td(PS)‘
ouTB >
SRB -
Td(sp) Td(PS)‘
Figure 26. UCC28250 Outputs Timing Waveforms
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Feature Description (continued)
7.3.5 SP (Synchronous Rectifier Turnoff to Primary Output Turnon Dead Time Programming) (13/19)

The dead time Tp, between synchronous rectifier turnoff to primary output turnon is programmed by an
external resistor, Rgp, connected between the SP pin and ground. The value of Rgp can be determined by
Figure 27. Zero dead time can be achieved by tying the SP pin to VREF. The falling edge of synchronous
rectifier SRA/SRB is aligned with the raising edge of the primary output OUTA/OUTB.

NOTE
The minimum value for Rpg/Rgp is 5 kQ and the maximum value is 250 kQ.

SP DEAD TIME
vs
SP RESISTOR

400

350 /
° /
300 /

4
@ /
o
: /
g 250 /
[ /
g 200 /
a /
o
150 /
5 /
[=]

100 /

50 /

0 20 40 60 80 100120 140160 180200 220 240
Rgp - SP Resistor - kQ

Figure 27. Dead Time Tpsp VS. External Resistor Rgp at SP Pin
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Feature Description (continued)
7.3.6 PS (Primary Output Turnoff to Synchronous Rectifier Turnon Dead Time Programming) (11/18)

The dead time Tp(, between primary output turnoff to synchronous rectifier turnon is set by external resistor,
Rps, connected between PS pin and ground. The value of is Rpg is defined by Figure 28. Zero dead time can be
achieved by tying the SP pin to VREF.

NOTE
The minimum value for Rpg/Rgp is 5 kQ and the maximum value is 250 kQ.

PS DEAD TIME
vs
PS RESISTOR
400

350

300

250

200

150

D, - PS Dead Time - ns

100

50

0 20 40 60 80 100120 140160 180200 220 240
Rqs - PS Resistor - kQ

Figure 28. Dead Time Tp(s) Vs. External Resistor Rpg at PS Pin
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Feature Description (continued)
7.3.7 RAMP/CS (PWM Ramp Input or Current Sense Input) (16/3)

The UCC28250 can be controlled using either voltage mode or current mode. RAMP/CS is a multi-function pin
used either to generate the ramp signal for voltage mode control or to sense current for current mode control.The
following sections describe the RAMP/CS functionality for voltage mode and current mode control.

7.3.7.1 RAMP: Voltage Mode Control With Feed-Forward Operation

For voltage mode control, a resistor Rcg and a capacitor Ccg must be connected to the RAMP/CS pin as shown
in Figure 29. The internal pulldown switch has approximately 40-Q on-resistance. The RAMP/CS pin is clamped
internally to 4 V for internal device protection. The Ccg value must be small enough to discharge the RAMP/CS
pin from its peak voltage to ground within the pulse width of the BLANK signal (Tpsp) + 70 ns). The following
formula derives a Cg value.

4V/2) Tyepy+70ns
Ces X
400 4V

“

A Ccg value less than 650 pF works for most applications. To minimize the impacts of parasitic capacitance
caused by the PCB layout and routing, a minimum of 100 pF is recommended for Ccs. Once Ccg is determined,
Rcs can be calculated according to the desired ramp peak amplitude.

B 1
Res =
2xIn (VCHARGE J x Ceg X fo

CHARGE — VPK

(5)
In this equation, the Vcyarce iS the voltage used to generate the ramp, Vpk is the desired ramp amplitude and
the fgy is the switching frequency.

Choose the ramp amplitude to accommodate the voltage range of the COMP pin and the maximum duty cycle
required by the power stage. Use the following equation to select Vpy, in the equation, Dyax is the maximum duty
cycle for primary outputs.

1.4V
VPK =
D
MAX (6)
UCC28250 UCC28250
V, 36 V10 75V
:| VREF
RCS RCS
L RAMPICS L RAMPICS
L] |_| L] |_|
T Ces |— BLANK T Ces |— BLANK
L GND L GND
L L

Figure 29. Fixed Ramp Generation/Ramp Generation With Input Voltage Feedforward

Voltage feed-forward can be achieved by driving Rcg from line input VIN. The peak of RAMP/CS is proportional
to VIN and output has have much faster line transient response. When the UCC28250 is used for the primary-
side control, RAMP parameters are critical for the optimal prebiased start-up performance. Refer to the RAMP:
Voltage Mode Control With Feed-Forward Operation for a detailed design procedure of choosing Rcs.

If the line input cannot be easily accessed due to limited board area or other limitation, a RAMP signal with fixed
peak voltage can be implemented by simply driving Rcg from 3.3-V VREF (Figure 29).
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Feature Description (continued)
7.3.7.2 CS: Current Mode Control

For current mode control, the RAMP/CS pin is driven by a signal representative of the transformer primary-side
current. The current signal must have compatible input range of the COMP pin. As shown in Figure 30, the
COMP pin voltage is used as the reference for peak current. The primary-side signals OUTA and OUTB are
turned on by the internal clock signal and turned off when sensed peak current reaches the COMP pin voltage.
Choose the current sense transformer turns ratio (1:n) and the burden resistor value (Rg) based on the peak
current at maximum load Iyax.

3V

MAX /n %)

COMP |— . - — >

Cs

\

OUTA

\

\

ouTB
Figure 30. Peak Current Mode Control and PWM Generation

7.3.8 REF/EA+ (1/8)
REF/EA+ is the noninverting input of the UCC28250’s internal error amplifier.

When the UCC28250 is configured for secondary-side control, the internal error amplifier is used as the control
loop error amplifier. Connect REF/EA+ directly to the VREF pin to provide the reference voltage for the feedback
loop.

When the UCC28250 is configured for primary-side control, the error amplifier is connected as a voltage follower.
Connect REF/EA+ to the opto-coupler output.

The voltage range on REF/EA+ pinis 0 V to 3.7 V.
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Feature Description (continued)
7.3.9 FB/EA- (2/9)
FB/EA- is the inverting input of the UCC28250’s internal error amplifier.

When the UCC28250 is configured for secondary-side control, connect the output voltage sensing divider to this
pin. The voltage divider can be selected according to the voltage on REF/EA+ pin. Referring to Figure 32, pick
the lower resistor Rp; value arbitrarily, and choose the upper resistor Ry, value as:

V,
Roz = [V—O—'I]me

REF/EA+

®

Because the control loop gain is affected by voltage divider resistor values, choose an appropriate Rg; value so
that the voltage loop DC gain is larger than 40 dB to prevent interference between the primary-side control loop
and the SR control loop during start-up.

When the UCC28250 is sitting on the primary side, the error amplifier is connected as a voltage follower.
Connect FB/EA- directly with COMP pin.

The maximum voltage allowed on FB/EA- pinis 3.7 V.

7.3.10 COMP (3/10)

The COMP pin is the internal error amplifier's output and also the input signal for PWM comparator. The
maximum input common voltage of the PWM comparator is 2.8 V. It is suggested to program the peak value of
RAMP to be lower than 2.3 V. Otherwise, the voltage of COMP pin should be clamped to be lower than 2.8 V by
external circuit to make the internal PWM comparator work properly. Figure 31 shows tan external circuit that is
recommended for voltage clamp function. Both the primary-side switches’ duty cycle and secondary-side SRS’
duty cycle is controlled by the COMP pin voltage. At steady state, a higher COMP pin voltage results in a larger
duty cycle for the primary-side switches and a smaller duty cycle on the SRs.

When the UCC28250 controller is set up for secondary-side control, connect the compensation network from the
FB/EA- pin to the COMP pin.

For primary-side control, the error amplifier is connected as a voltage follower. Directly connect the COMP pin to
the FB/EA- pin.

UCC28250

GND

Figure 31. Comp Clamp Circuit

7.3.11 VSENSE (14/1)

The VSENSE pin is used to directly sense the output voltage and to feed it into a transconductance error
amplifier. The measured voltage allows the UCC28250 to achieve optimal prebiased start-up performance.

When configured as a secondary-side controller, the output voltage is sensed and fed into the FB/EA- pin. The
UCC28250 uses a conventional error amplifier approach to allow type Ill compensation. Therefore, the FB/EA-
pin voltage always follows the REF/EA+ voltage. The FB/EA- pin does not reflect the true output voltage and
therefore this dedicated VSENSE pin is required. The voltage divider connected to VSENSE is discussed in the
Prebiased Start-Up Section.

When UCC28250 is set up as primary-side control, connect VSENSE pin to VREF.
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Feature Description (continued)

7.3.12 SS (Soft Start Programming Pin) (13/20)

The soft-start circuit gradually increases the converter's output voltage until steady state operation is reached.
This reduces start-up stresses and current surge.

When the UCC28250 reaches its valid operating threshold, the SS pin capacitor is charged with a 27-yA current
source. The UCC28250's internal error amplifier noninverting terminal follows the SS pin voltage on REF/EA+ pin
voltage depending on which one is lower. Hence, during soft start, the SS pin voltage is lower than REF/EA+.
The internal error amplifier then uses the SS pin as its reference voltage, until the SS pin voltage rises above the
REF/EA+ level. Once the SS pin voltage is above REF/EA+ voltage, soft-start time is considered finished.

The soft-start implementation scheme and timing is different, depending on the location of the UCC28250 with
respect to the isolation barrier.

For secondary-side control, the internal error amplifier is used to achieve the voltage regulation. The REF/EA+ is
connected to an external reference voltage, FB/EA- is connected to the voltage sensing divider, and the error
amplifier's output pin (COMP) is connected through a compensation filter back to the FB/EA- pin (Figure 32). In
this case, the primary output’s start-up is a closed loop soft start (soft-start input reference of error amplifier). The
output soft-start time is determined by the external capacitor connected at SS pin based on the internal 27-pA
charging current and the voltage set at REF/EA+ pin.

Based on the soft-start time Tgg, choose soft start capacitor Cgg value as:

C. = 2THAXTss
SR
REF/EA+ 9)
vouTt
UCC28250
VSENSE
c
§R°Z I VREF
SR I
R c
§ sz Rz, ”ZZ COMP
—\\V\ |
| Gz FBIEA-
REF/EA+
§RS1 §R01
CSS
N N
Figure 32. Error Amplifier EAMP Connections for Secondary-Side Control
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Feature Description (continued)

For primary-side control, the internal error amplifier is connected as a buffer stage. In other words, the COMP pin
is shorted to the FB/EA- pin, and the output of an external error amplifier is connected to the REF/EA+ pin
through an optical coupler (Figure 33). In this case, the output start-up is an open loop soft start because the
COMP follows the soft-start voltage instead of the voltage loop output. The soft-start time is still determined by
external capacitor Cgg and the 27-pA internal charge current. The voltage depends on the value of final COMP
voltage which corresponds to the regulated primary output duty cycle. According to the desired soft start time and
COMP pin voltage level at steady state, the SS pin capacitor can be calculated as:

27uAXT,
Co. = ss

COMP__final (10)
After soft start, the voltage at SS pin is eventually clamped at around 4 V. Under fault conditions (UVLO, internal
thermal shut down, OVP/OTP, hiccup mode), or when externally disabled, SS pin is pulled down to ground
quickly by an internal switch with 2 kQ on resistance to prepare for re-start. Pulling SS pin to ground externally
shuts down the controller as well.

VOouT

UCC28250

VSENSE

VREF

compP

FB/EA-

REF/EA+

T.

External ;
Reference J— c |
ss

N
Figure 33. Error Amplifier EAMP Connections for Primary-Side Control
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Feature Description (continued)
7.3.13 ILIM (Current Limit for Cycle-By-Cycle Overcurrent Protection) (17/4)

Cycle-by-cycle current limit is accomplished using the ILIM pin for current mode control or for voltage mode
control. The input to the ILIM pin represents the primary current information. If the voltage sensed at ILIM pin
exceeds 0.5 V, the current sense comparator terminates the pulse of output OUTA or OUTB. If the high current
condition persists, the controller operates in a cycle-by-cycle current limit mode with duty cycle determined by the
current sense comparator instead of the PWM comparator. ILIM pin is pulled down by an internal switch at the
rising edge of every clock cycle. This internal switch remains on for an additional 70 ns after OUTA or OUTB
goes high to blank leading edge transient noise in the current sensing loop. This reduces the filtering
requirements at the ILIM pin and improves the current sense response time.

Transformer Primary
Side Current UCC28250

%

ILIM

r § Rq HICC
il
‘ 1:n T Crice
ix
=

Figure 34. Current Limit Circuit

Once the over current protection level lpk is selected, the current transformer turns ratio and the burden resistor
value can be decided as:

0.5V xn
Ry =———
IPK (11)
In this equation, current transformer turns ratio is 1:n and Rg is the burden resistor value.

Some filtering capacitance is required to reduce the sensing noise. Choose the RC constant at about 100 ns,
and calculate the capacitor value as:

100ns
Co=——
R
S (12)
The cycle-by-cycle current limit operation time before all four outputs shut down can be programmed by external
capacitor Cy,cc at HICC pin. (See HICC pin description)
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Feature Description (continued)

7.3.14 HICC (10/17)

The cycle-by-cycle current limit operation time before all four outputs shut down can be programmed by an
external capacitor Cy,cc from HICC pin to ground, as shown in Figure 34. Once all four outputs are shutdown,
controller goes into hiccup cycle which is about 100 times of the cycle-by-cycle current limit shut-down delay
time. A 1-mA internal current source charges HICC pin up to 2.4 V, then the HICC pin is discharged by a 2.7-pA
internal current source to generate long hiccup restart time until HICC reaches 0.3 V. Based on the system
requirement, once the cycle-by-cycle current limit delay time Tocgeay) IS selected, the HICC pin capacitor Cycc
can be selected based on the equation

C _ TOC(deIay) x 75 pA
HICC —
0.6V (13)
A TOCdeaIy o Tchc _
HICC
2.4V —
0.6V
0.3V 3 E
ssA
v
A
OUTA M n 1 I N1 I | 1 -
outs__ T[] n_n 1 | n_n,
Normal ocC Normal ocC Hiccup Soft Start

Figure 35. Cycle-by-Cycle Current Limit Delay Timer and Hiccup Restart Timer

As shown in Figure 35, cycle-by-cycle current limiting shut-down delay time is:

0.6V
TOC(deIay) = Cpycc X m

(14)
And hiccup-restart-time Ty cc is equal to:
24V -0.3V
Tuce =Cuce x——F5 5
2.7pA (15)

As soon as the outputs are shut-down, the SS pin is pulled to ground internally until the hiccup restart timer is
reset after time duration Ty cc.
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Feature Description (continued)
7.3.15 OVP/OTP (19/6)

The OVP/OTP pin provides multiple fault protection functions. If the voltage on the OVP/OTP pin exceeds 0.7 V,
a fault shutdown occurs. All outputs stop switching and stay off (low) during the shutdown, and the SS pin is
pulled to ground internally. Once the fault condition is cleared (that is, OVP/OTP voltage drops below 0.7 V), the
UCC28250 enters hiccup mode. A soft-start cycle begins after the hiccup cycle is finished. An internal 11-pA
switched current source is used to create hysteresis.

If the external resistor divider runs from line voltage VIN, a line overvoltage protection is implemented.

If the external resistor divider runs from the output voltage, output overvoltage fault protection is achieved.
Figure 36 shows the overvoltage protection external configuration at the OVP/OTP pin.

According to the protection threshold Vi and recovery threshold Vg, choose an arbitrary R, value. To ensure a
realistic solution, R, must meet the following:

B 0.7Vx (Ve —V;)
11pA x (Vg -0.7 V)

(16)
The other two resistors, R; and Rs can be calculated.
R, - Ve =07V 2
0.7V (17)
R - 0.7Vx(Vg = V; )-11pAxR, x (Vg —0.7V)
i 11pA x Vg 1)

If the external resistor divider runs from 3.3-V VREF, and replaces R, with a positive temperature coefficient
(PTC) thermistor, an overtemperature fault protection with programmable hysteresis is accomplished (Figure 37).
Choose an arbitrary PTC value, which has a resistance as Rprc; at protection temperature and resistance as
Rprco at recovery temperature. Because of its positive temperature coefficient, Rprcy is larger than Rpyco. TO
ensure an available solution, Rprc; and Rprey need to meet the criteria.

0.7V x (RPTC1 ~Rerez )_ TTUA X Reprey X Rprg, 20

19)
And resistors R, and R; can be calculated as:
R, =3.7 xR (20)
B 2.6V x I:O-?V X (RPTC1 —Rerc, )_ TIHA X Rprey % RPTCZ]
5 =
11pAX (2.6 V xR +0.7V xRy, 1)
UCC28250
VREF I:]__L
_«}—
VIN or VOUT
11 A
R1
R3 ovp
R2 0.7V >
Figure 36. Overvoltage Protection
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Feature Description (continued)

UCC28250

L

11 uA

VREF

[ ]
L]

§R1

R3 OVP

0.7V :

PTC

Figure 37. Overtemperature Protection

Figure 38 shows an external configuration using the OVP/OTP pin to achieve both overvoltage and
overtemperature protection. Follow the same design procedure for the OVP setting to choose R;, R,, and Rj.
Choose an NTC value at protection temperature much smaller than R; and with the resistance at protection
temperature as Rytc1, and recover temperature as Rytco. The R4 value can be calculated as:

__o7v. o
* 33v-o07v " 22)

Because of the interaction between the two voltage dividers, overtemperature protection thresholds move slightly
with the different input voltages.

UCC28250
- VREF

- L
VIN or VOUT
_— L }—
§R1 11 1A
N R3 OVP
R4 L ~|>o

R2 0.7V

[ ]

ﬂNTc

Figure 38. Overvoltage and Overtemperature Protection With Single OVP Pin

7.3.16 OUTA (9/16) and OUTB (8/15)

OUTA and OUTB are the primary-side switch control signals. With the 0.2-A peak current capability, an external
gate driver is required.

7.3.17 SRA (7/14) and SRB (6/13)

SRA and SRB are the synchronous rectifier control signals. With the 0.2-A peak current capability, an external
gate driver is required.
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Feature Description (continued)

7.3.18 GND (4/11)
GND pin is the ground reference for the whole device. Tie all the signal returns to this pin.

7.4 Device Functional Modes

The UCC28250 can be controlled using either voltage mode or current mode. RAMP/CS is a multi-function pin
used either to generate the ramp signal for voltage mode control or to sense current for current mode control.
Refer to RAMP/CS (PWM Ramp Input or Current Sense Input) (16/3) for the details.
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8 Applications and Implementation

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

8.1 Application Information

The UCC28250 is a high-performance PWM controller with advanced synchronous rectifier outputs and is ideally
suited for regulated half-bridge, full-bridge and push-pull converters. A dedicated internal prebiased start-up
control loop working in conjunction with a primary-side voltage loop achieves monotonic prebiased start-up for
either primary-side or secondary-side control applications. The UCC28250 architecture allows either voltage
mode or current mode control.

Input voltage feedforward can be implemented, allowing PWM ramp generator to improve the converter line
transient response. Advanced cycle-by-cycle current limit achieves volt-second balancing even during fault
conditions. The hiccup timer helps the system to stay within a safe operation range under over load conditions.
With a multifunction OVP/OTP pin, combinations of input voltage protection, output voltage protection and
overtemperature protection can be implemented. The UCC28250 allows individual programming of dead time
between primary-side switch and secondary-side SRs, To allow optimal power stage design. Dead time can also
be reduced to zero, and this allows optimal system configuration considering the delays on the gate driver stage.
The UCC28250 also provides complete system level protection functions, including UVLO, thermal shut down
and overvoltage, overcurrent protection.

8.1.1 Error Amplifier and PWM Generation

The UCC28250 includes a high-performance internal error amplifier with low input offset, high source/sink current
capability and high gain bandwidth (typical 3.5 MHz). The reference of the error amplifier (REF/EA+ pin) is set
externally to support flexible trimming of the voltage loop, and to make the controller flexible for both primary
side, as well as secondary-side control. The extra positive input for the error amplifier is the SS pin which is used
to externally program the soft-start time of the converter’'s output.

During steady state operation, the primary switch duty cycle, D, is generated based on the external ramp on
RAMP/CS pin and the COMP pin voltage. A higher COMP pin voltage results in a larger duty cycle. The
secondary-side SR duty cycle is SR_D = (1-D), complementary to the primary-side duty cycle, without
considering the dead time between primary-side switch and secondary-side SR. The primary outputs begin to
switch when COMP pin voltage is above the 350 mV internal offset. The synchronous rectifier outputs only switch
after COMP pin voltage is above 550 mV internal offset. According to the internal logic, the minimum pulse width
for the primary-side OUTA and OUTB is typically 100 ns.

During soft start, the primary-side switch duty cycle is generated based on the external ramp on RAMP/CS pin
and the COMP pin voltage. However, the duty cycle of secondary-side SR is generated based on an internal
ramp and the COMP pin voltage. When the converter is controlled on the primary side, an internal ramp is a
fixed ramp with 3-V peak voltage. When the converter is controlled on secondary side, an internal ramp is
generated based on the internal prebiased start-up loop. An internal prebiased start-up loop modifies the SR duty
cycle during soft start to achieve the optimal prebiased start-up performance.

After the SS pin reaches 2.9 V, the prebiased start-up control loop is disabled. The secondary-side SR
instantaneously changes into its steady state value as complementary to the primary-side duty cycle.

8.1.2 Prebiased Start-Up

With the internal error amplifier, UCC28250 supports both primary-side control and secondary-side control. For
different control methods, the controller is configured accordingly and so is the prebiased start-up control. During
soft start, both the primary-side switches’ duty cycle and secondary-side SRs’ duty cycle are increased. This
gradually increases the output voltage until steady state operation is reached, thereby reducing surge current.

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 29
Product Folder Links: UCC28250



13 TEXAS
INSTRUMENTS
UCC28250

SLUSA29D —APRIL 2010—REVISED AUGUST 2015 www.ti.com

Application Information (continued)
8.1.2.1 Secondary-Side Control

For secondary-side control, the UCC28250 implements close-loop control of both the primary-side switches and
secondary-side synchronous rectifiers’ duty cycles. This makes it easy to achieve optimal start-up performance.

The internal error amplifier is set up as the control loop error amplifier. Connect REF/EA+, FB/EA-, COMP and
VSENSE as shown in Figure 39. To achieve optimal prebiased start-up performance, the output voltage must be
directly measured. The UCC28250 uses the VSENSE pin to directly sense this output voltage. Choose the
voltage dividers on VSENSE slightly different to the FB/EA- voltage divider so that the voltage on VSENSE pin is
roughly 10% to 15% more than FB/EA- pin voltages. Select Rp; equal to Rg;, and Rg, about 10% to 15% smaller
than Rgy.

VOUT
UCC28250
VSENSE
R CP1
02 [l VREF
SR I

R c
§ s2 Rz, e COMP

’_/\/\/\/ |

FB/EA-

REF/EA+

J_C

ss

Figure 39. Error Amplifier Set Up for Secondary-Side Control

The error amplifier uses the lower voltage between the SS pin and the REF/EA+ pin to be the reference voltage
for the feedback loop. In this method, the control loop is said to be ‘closed’ during the entire start-up process, as
it is always based on the true output voltage.

During soft start, the primary-side switch duty cycle is controlled by the COMP pin voltage and ramp voltage
generated on the RAMP/CS pin. A higher COMP pin voltage results in larger duty cycle. However, to improve
start-up performance, the secondary-side synchronous rectifier duty cycle is controlled by a separate, internal
ramp signal (generated by a dedicated prebiased start-up loop) and by the COMP pin voltage. This dedicated
prebiased loop is much faster than the regular voltage loop to avoid interaction between the two loops. The start-
up loop reads the output voltage through a transconductance error amplifier connected to the VSENSE pin.
When the output voltage is higher than the reference, the prebiased start-up loop increases the SR duty cycle to
reduce the output voltage. Conversely, when the output voltage is lower than the reference, the SR duty cycle is
decreased to help maintain higher output voltage. To speed up the start-up time, the minimum duty cycle of the
synchronous rectifier is 50%.

Once the soft start is finished, the prebiased loop is disabled and the duty cycle of the synchronous rectifiers
becomes the complimentary of primary switches’ duty cycle, with some dead time inserted in between.
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Application Information (continued)
8.1.2.2 Primary-Side Control

When the UCC28250 is sitting on the primary side, the internal error amplifier is connected as a voltage follower
and an extra error amplifier is needed on the secondary side for closed loop control. The error amplifier
implementation is shown in Figure 40.

VOuT

UCC28250

VSENSE

VREF

compP

FB/EA-

REF/EA+

SS

External
Reference

I‘l’css
N

Figure 40. Error Amplifier Setup for Primary-Side Control

In the above configuration, the UCC28250 can only see the control loop feedback voltage, and cannot directly
access the output voltage. The design of the soft-start time is critical to achieve optimal prebiased start-up
performance. Some trial and error approaches are needed to achieve optimal performance. It is also important to
choose the appropriate ramp amplitude. Refer to RAMP/CS (PWM Ramp Input or Current Sense Input) (16/3)
discussion on the detailed design procedure for choosing ramp generation components.

During soft start, regardless of the prebiased condition, the output voltage is always lower than the regulation
voltage, so that the feedback loop is always saturated. When the internal error amplifier is connected as a
voltage follower, the COMP voltage follows the lower of the voltage on the RER/EA+ pin and the SS pin.
Because the feedback loop is saturated, the COMP pin always follows the SS pin voltage, until the output
voltage becomes regulated and the feedback voltage takes over. In this control method, the output voltage
control loop is always saturated, and the controller soft starts the COMP pin voltage. Therefore, it is called open
loop soft start.

The primary-side switch duty cycle is controlled by the COMP pin voltage and by the RAMP/CS pin voltage.
During soft start, the COMP pin voltage follows the SS pin as it is rising, so the primary-side switch duty cycle
keeps increasing. When the output voltage becomes regulated, the feedback voltage becomes less than the SS
pin voltage and the primary-side switch comes controlled by the control loop.

For the primary-side control setup, because output voltage is not directly accessible, the internal prebiased start-
up loop is disabled by connecting VSENSE to VREF. Instead, the internal ramp used to generate the
synchronous rectifier duty cycle is fixed, with the peak voltage of 3 V. The duty cycle of the synchronous rectifier
increases as the SS pin voltage increases. When the SS pin voltage reaches 2.9 V, the soft start is considered
finished and the synchronous rectifier duty cycle becomes the complementary of the primary-side switch duty
cycle, minus the programmed dead time. Because of different COMP pin voltages at different line voltages, the
SR duty cycle generated by the internal ramp might be different than the complementary of the primary-side
switch duty cycle (1-D). If the duty cycle is too large, the internal logic is able to limit the duty cycle to (1-D).
However, if the duty cycle is too small, when the soft start is finished, the SR duty cycle has a sudden change,
which will cause output voltage disturbance. To optimize the prebiased start-up performance, Tl recommends
that the duty cycle change at the end of soft start be as small as possible.
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Application Information (continued)
8.1.2.3 Voltage Mode Control and Input Voltage Feed-Forward

For voltage mode control, a resistor Rcg and a capacitor Cog are connected externally at RAMP/CS pin as
shown in Figure 41. A ramp signal is generated on the RAMP/CS pin, at a rate of two times that of the switching
frequency. The generated ramp signal is used to control the duty cycle for both the primary-side switches and
secondary-side synchronous rectifiers. The ramp amplitude can be fixed or variable with the input voltage (input
voltage feedforward).

To realize a fixed amplitude ramp, connect Rcg to the VREF pin, so that the ramp capacitor charging voltage is
fixed regardless of line and load condition. The RAMP/CS pin is clamped internally to 4 V for internal device
protection. Because the internal pulldown switch has about 40-Q on-resistance, the Ccg value must be small
enough to discharge RAMP/CS from the peak to ground within T + 70 ns (that is, the pulse width of BLANK
signal).

To achieve the input voltage feedforward, the slope of the ramp must be proportional to the input voltage. Tie
Rcs to the input line voltage. Because the ramp voltage is much lower than the input voltage, the ramp capacitor
charging current is considered to be proportional to the input voltage. With input voltage feedforward, the COMP
pin voltage should only move slightly even with large input voltage variation. This will provide much better line
transient response for the converter.

UCC28250 UCC28250
V, 36Vto75V

:| VREF
Res chs

- RAMP/CS L RAMP/CS
L1 |_' L1 |_'
T Cos LBLANK T Cos LBLANK
L GND L GND
1 1

Figure 41. External Configuration of RAMP/CS Pin With/Without Feed-Forward Operation
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Application Information (continued)

The input voltage feedforward also helps on prebiased start-up. When doing primary-side control to prebiased
start-up, three conditions need to be considered:

8.1.2.3.1 Condition 1

At initial start-up, the primary side must provide enough energy to prevent output voltage dip;

8.1.2.3.2 Condition 2

At the end of soft start, it is required to keep the SR duty cycle change to be as small as possible. With input
voltage feedforward, the COMP pin voltage is virtually fixed for different input voltages. Therefore, before the end
of soft start, the duty cycle is the same for different input voltages. Choose the Rcg and Ccg following the
procedure.

Considering initial start-up, the RAMP peak voltage should be:

Vi _y
PRE-BIAS
V. _2xn V.
RAMP 2%\ SR(ramp)
PRE-BIAS (23)

In this equation, VIN is the input voltage because of the feedforward any input voltage should be fine; Vpre_gias IS
the highest prebias start-up voltage required by the system; n is the tranformer primary to secondary turns ratio
and Vsggamp) IS the internal SR ramp peak voltage 3 V.

Another consideration is at the end of soft start, the SR duty cycle changes from controlled by the soft start, to
complimentary to the primary-side duty cycle. The design should keep the transition as smooth as possible.
Considering this, based on the output voltage and input voltage range, as well as the transformer turns ratio,
calculate the SR duty cycle at different line voltages.

Next, based on the maximum duty cycle on the SR_Dyax, and the internal fixed ramp amplitude 3 V, the COMP
voltage at regulation can be chosen as:

VCOMP(finaI) = (SR—DMAX - 0-5)>< 3Vx2

(24)
8.1.2.3.3 Condition 3
Use the calculated COMP pin voltage to derive the external ramp amplitude
Voo = VCOMP(finaI)
(1—SR_DMAX)><2 (25)

According to the calculated ramp voltage from Equation 23 and Equation 25 some trade off is required to pick up
the appropriate ramp voltage. Based on the selected ramp capacitor C.g value, choose the ramp resistor Rcg
value:

R — \/IN(max) x2

cs
Veawe % Ces x

(26)
In this equation, Vymay) iS the maximum input voltage, fsyy is the switching frequency.

Because these calculations ignore the dead time and the non-linearity of the ramp, slight modification is expected
to achieve the optimal design. When the input voltage feed forward is not used, refer to RAMP/CS (PWM Ramp
Input or Current Sense Input) (16/3) for RC calculation.
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Application Information (continued)
8.1.2.4 Peak Current Mode Control

For peak current mode control, RAMP/CS pin is connected directly with the current signal generated from a

current transformer. The current signal must be compatible with the input range of the COMP pin. External slope

compensation is required to prevent sub-harmonic oscillation and to maintain flux-balance. The slope

compensation can be implemented by using OUTA and OUTB to charge external capacitors and use the voltage

follower to add into the sensed the current signal, as shown in Figure 42. Follow the peak current mode control

theory to select compensation slope or refer to Modeling, Analysis and Compensation of the Current-Mode
L L

Converter, (SLUA101).
I Vv l
1
OUTA OouTB

UCC28250
’—/7 _i— :| VREF

Transformer Primary

Side Current
1 RAMP/CS
% % | I—|L
CT E BLANK
2, L
3¢

|||—<

Figure 42. UCC28250 Set Up for Peak Current Mode Control

34 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
Product Folder Links: UCC28250



13 TEXAS
INSTRUMENTS
UCC28250

www.ti.com SLUSA29D —APRIL 2010—REVISED AUGUST 2015

Application Information (continued)
8.1.2.5 Cycle-by-Cycle Current Limit and Hiccup Mode Protection

Cycle-by-cycle current limit is accomplished using the ILIM pin for both current mode control and voltage mode
control. The input to the ILIM pin represents the primary current information. If the voltage sensed at ILIM pin
exceeds 0.5 V, the current sense comparator terminates the pulse of output OUTA or OUTB. If the high current
condition persists, the controller operates in a cycle-by-cycle current limit mode with duty cycle determined by the
current sense comparator instead of the PWM comparator. ILIM pin is pulled down by an internal switch at the
rising edge of each clock cycle. This internal switch remains on for an additional 70 ns after OUTA or OUTB
goes high to blank leading edge transient noise in the current sensing loop. This reduces the filtering
requirements at the ILIM pin and improves the current sense response time.

UCC28250 makes it possible to maintain flux balance during cycle-by-cycle current limit operation. The duty
cycles of primary switches are always matched. If one switch duty cycle is terminated earlier because of current
limiting, a matched duty cycle is applied to the other switch for the next half switching cycle, regardless of the
current condition, as shown in Figure 43. This matched duty cycle helps to maintain volt-second balancing on the
transformer and prevents the transformer saturation.

A

~
~

CLK

n [ 1

~
~

OUTA

~A
~A
\j

ouTB =

\

Figure 43. Cycle-by-Cycle Current Limit Duty Cycle Matching

Once the current limit is triggered, the 75-pA internal current source begins to charge the capacitor on HICC pin.
If the current limit condition went away before HICC pin reaches 0.6 V, the device stops charge HICC capacitor
and begins to discharge it with 2.7-pyA current source. If the cycle-by-cycle current limit condition continues, HICC
pin reachs 0.6 V, and all four outputs are shut down. The UCC28250 then enters hiccup mode. During hiccup
mode, all four outputs keep low; SS pin is pulled to ground internally; a 2.7-JA current source continuously
discharge HICC pin capacitor; until HICC pin voltage reaches 0.3 V. After that, HICC pin is discharged internally
to get ready for the next HICC event. The whole converter starts with soft start after hiccup mode.
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Application Information (continued)

The cycle-by-cycle current limit operation time before all four outputs shut down is programmed by external
capacitor Cycc at HICC pin. The delay time can be calculated as:

0.6V

Toc(geiny) = Crice X o
(delay) HICC
75pA @7)
The hiccup timer keeps all outputs being zero until the timer expires. The hiccup time Ty cc is calculated as:
24V -0.3V
Thice = Crice ¥ T2 7uA
H (28)

As soon as the outputs are shut-down, SS pin is pulled down internally until the hiccup restart timer is reset after
time duration Ty,cc. The detailed illustration of HICCUP mode is shown in Figure 44.

A TOCdealy Thice
-t - G P

HICC
2.4v

0.6V

0.3V P——

ssh
4V

> t

p t

OUTA n_n . n I | I | n_n .,
oute_I N1 1 | n_n,

Normal ocC Normal ocC Hiccup Soft Start

Figure 44. Cycle-by-Cycle Current Limit Delay Timer and Hiccup Restart Timer

8.2 Typical Applications

8.2.1 Design Example

The example provided shows how to design a symmetrical half bridge converter of voltage mode control with
UCC28250 on primary side.

Figure 45 is the circuit diagram to be used in this design example. This design example shows how to determine
the values in the circuit associated to UCC28250 programming.
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8.2.1.1 Design Requirements

Table 1 shows the specifications for the design example.

Table 1. Specifications for the Design Example

PARAMETER MIN TYP MAX UNIT

VN Input voltage 36 48 72 VvDC
Vour Output voltage 3.3 VvDC
Pout Output power 75 W
lout Output load current 23 A
Cout Load capacitance 5000 uF
fsw Switching frequency 150 kHz
Pumit Over-power limit 150%
n Efficiancy at full load 90%

Isolation 1500 \Y,

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Step 1, Power Stage Design

The power stage design in this example is standard and the same as that for symmetrical half bridge converter of
voltage mode control. From the standard design, these components are determined. This includes Q1 through
Q4, C1, C2, CT1, D1 and D2, D3, T1, T2 and T3, and U6. Their design is standard. Also, design associated to
current sensing and protection is also standard. This includes CT1, D1, D2, R5 and C5.

8.2.1.2.2 Step 2, Feedback Loop Design

D3 (TLV431) with U6, R6, R9, R10, R12, R13, C11 and C12 are composed of standard type 3 feedback loop
compensation network and output voltage set point. Their design is also standard.

Table 2. Specifications for the Design Example

PARAMETER MIN TYP MAX UNIT
VN Input voltage 36 48 72 VDC
Vour Output voltage 3.3 VvDC
Pout Output power 75 W
lout Output load current 23 A
Cout Load capacitance 5000 uF
fsw Switching frequency 150 kHz
Pumir Over-power limit 150%
n Efficiency at full load 90%
Isolation 1500 \%
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8.2.1.2.3 Step 3, Programming the Device

8.2.1.2.3.1 Step 3-1

Equation 3 is used to determine RT based on switching frequency, 300 kHz and assumes the dead time of 150
ns.

1 1

2xf ~Taer) 2x150kHz
= sw - — 94.9kQ = R4 = 100kQ
33.2pF 33.2pF (29)

—150ns

8.2.1.2.3.2 Step 3-2, Determine RAMP Resistance and Capacitance

There are two-fold considerations to determine RAMP resistance and capacitance. Equation 23 provides RAMP
consideration for SR initial start-up with prebias. The corresponding RAMP peak voltage is determined with input
voltage low line and maximum prebias output voltage. In the following, T1 turns ratio n = 4.

Ve 36V _30V
V. _2xn_ Pl _2x4 " 30v=0750V
RAMP 2xV__ . SR_RAMP 2x3.0V . - (30)
pre—bias 30

Equation 24 and Equation 25 provides RAMP consideration for soft start completion to make duty cycle match
(1-D) = SR_D.
1. Calculate OUTA or OUTB duty cycle at 75-V input voltage, 3.3-V output.

nxVy 1 4x33V 1

D= X — = x—=0.176
Vi 2 75V/2 2
2 (31)
2. Calculate SRA or SRB duty cycle.
SR_D=1-D=1-0.176 =0.82 @2)

3. Calculate the COMP voltage value in steady state (Equation 24).
Veour = (SR_D-0.5)x3.0Vx2=(0.824-0.5)x3.0V x2=1.944V

4. Calculate the RAMP peak value (Equation 25).
V, 1.944V
Vigaygp = M2 — =5.523V
(Dx2) (0.176x2) 34)
5. Arbitrary select Crapmp 470 pF, then C3 =470 pF.
6. Calculate Rgamp-

(33)

1 1
R = V. = T, — 336.9kQ
2xIn CHARGE JXC xf,, 2xIn(———————)x470pF x150kHz
(VCHARGE — Veawp RAMP 36V -0.750V
(35)
1 1
RRAMP_Z B vV - 75V =92.7kQ
2xIn CHARGE Jx Conr Xfoy  2XIN(C 2552 ) ¥ 470pF x150kHz
(VCHARGE - VRAMP RANP 75V -5.523V
(36)

As different RAMP resistor values are obtained, at this stage, we may take their average value for initial design.
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8.2.1.2.4 Step 3-3, Determine Soft-Start Capacitance

Determine soft-start capacitance with soft-start time 15 ms.

Ce. = 27T pAx Tgg _ 27uA x15ms —0.101pF = C8 = 0.1yF
V 4.0V

COMP(final) (37)

8.2.1.2.5 Step 3-4, Determine Dead-Time Resistance
Assuming the dead time is 150 ns, Select R7 = R8 = 121 kQ based on Figure 27 and Figure 28.

8.2.1.2.6 Step 3-5, Determine OCP Hiccup Off-Time Capacitance

Assuming off time is 0.8 s (Equation 15).
2.7pA 0.8s 2.7uA

Crce = Tuoe X —=THA__ _08sx—="M2 4 03,F=C7=1.0uF
oo = oo X5 4V - 0.3V “24v_03V H ! (38)

8.2.1.2.7 Step 3-6, Determine Primary-Side OVP Resistance
Assuming OV_OFF =73V, OV_ON =72 V (Equation 16 to Equation 18).
. 07Vx(V,-V,) _ 0.7Vx(73V-72V)
27 11pAx (V. -0.7V)  11pAx(73V-0.7V)
R, :MXRZ _BV=0.7V 86602 —89.4kQ = R1= 88.7kQ
0.7V 0.7V (40)
R, - 0.7V x (Vg —VF)—1 1THA xR, ><(VR —0.7V):
11pAx V.
_0.7Vx(73V-72V)-11uAx866Qx(73V-0.7V)

140 =R14=14Q
11uA X 73V @)

=880Q = R2=866Q

(39)

8.2.1.2.8 Step 3-7, Select Capacitance for VDD and VREF
As recommended by the data sheet, select C6 = C4 = 1 yF. The final design is shown in Figure 46.
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Figure 46. Schematics of Primary-Side Control Design Example
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8.2.1.3 Application Curves
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Figure 47. Load Transient
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Figure 48. Output Ripple
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Figure 51. Enable Turnoff Waveform
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Figure 49. Clock Signal and Switching Node Waveform Figure 50. Enable Turnon Waveform
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Figure 52. Secondary-Side Switching Waveform
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8.2.2 Secondary-Side Half-Bridge Controller with Synchronous Rectification

UCC28250 also supports secondary-side control. Refer to Figure 53. In this configuration, the UCC28250 can be
used in a design that produces smooth turnon performance with an output prebias condition. The design
example and guidelines are summarized in Designing UCC28250 as a Secondary Side Control for Output Turn-
On with a Pre-Bias Condition, SLAA477, and Using the UCC28250EVM-564, SLUU441.

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 43
Product Folder Links: UCC28250



uCC28250

SLUSA29D —APRIL 2010—REVISED AUGUST 2015

13 TEXAS
INSTRUMENTS

www.ti.com

Vin 36V to 75V

.
C1 _'Q1
— ‘N
: JC L1 vouT
J1 () R J2
CTH - T1
o \_§ R15
f— H
g C10
Lc? . | @2 P_BIAS 3 R14
D2 D1
RS Q3
ANN— _l_
v c5 N
| - "
Q4
- =
NN~
>~ c12
R12
° Ut - 2
fg S VSNS;_' R4 R11
T2 AN 18 SP RT 3 A\% 1
[ i ]
ICC  ILIM R3 R1
013_|_ 12 UTA E : EnON %
” UTB  ov = R9
13 SRA  VREF 5 MWV
ue SPRB  EA
». 1 ]/PP EAT 10 |
— COMP |—<
}‘KL c8| r8l R7J c7 Ci GND m AT Res  R13 R2
I ] = = uCC28250PW L s
| Rio | \[s_sms [
L = c9 =
Figure 53. Secondary-Side Half-Bridge Controller With Synchronous Rectification
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9 Power Supply Recommendations

The COMP pin is the internal error amplifier's output and also the input signal for PWM comparator. The
maximum input common voltage of the PWM comparator is 2.8 V. Tl suggests programming the peak value of
RAMP to be lower than 2.3 V. Otherwise, the voltage of COMP pin should be clamp to be lower than 2.8 V by
external circuit to make the internal PWM comparator work properly. Refer to COMP (3/10) for the detail
information.

10 Layout

10.1 Layout Guidelines

To increase the reliability and robustness of the design, the following layout guidelines must be met.

1. REF/EA+ The REF/EA+ pin is the noninverting input of the error amplifier. For secondary side control, this
pin is used to set the reference of voltage loop which decides the output voltage. So it is important to keep it
clear from any of high voltage switching nodes. In addition, a decoupling capacitor located closely is
recommended. For primary side control, this pin must be connected to opto-coupler. it is important minimize
the loop area by running the EA+ signal and GND trace in parallel.

2. FB/EA- Minimize the loop between FB/EA- and COMP and keep it clear from any of high voltage switch
nodes to avoid the noise injection into to the compensation loop.

3. COMP Minimize the loop between FB/EA- and COMP and keep it clear from any of high voltage switch
nodes to avoid the noise injection into to the compensation loop.

4. GND As with all PWM controllers, the effectiveness of the filter capacitors on the signal pins depends upon
the integrity of the ground return. Place all decoupling and filter capacitors as close as possible to the device
pins with short traces. The AGND pin is used as the return connection for the low-power signaling and
sensitive signal so it should be separated from the power stage ground to avoid ground bouncing.

5. VDD, VREF The VCC pin must be decoupled to GND by minimum 1-pF ceramic capacitors placed close to
the pins.

6. SRA, SRB, OUTA, OUTB The SRA and SRB gate drive pins can be used to drive the inputs of gate driver or
to directly drive the primary winding of a gate-drive transformer or the to directly drive the input of isolator.
The tracks connected to these pins carry high dv/dt signals. Minimize noise pickup by routing them as far
away as possible from tracks connected to sensitive signal including EA+, EA-, COMP, VSENSE, RT,
RAMP/CS, ILIM, PS, SP.

7. HICC, SS, EN, OVP/OTP The connection track between the pin and external corresponding capacitor should
be short.

8. PS, SP, RT, VSENSE, RAMP/CS, ILIM These pins are noise sensitive so allocate the related resistor as
close as possible with the good ground connection.
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10.2 Layout Example
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Figure 54. Layout Example

10.3 Thermal Protection

Internal thermal shutdown circuitry protects the UCC28250 in the event the maximum rated junction temperature
is exceeded. When activated, typically at 160°C, with the maximum threshold at 170°C and minimum threshold at
150°C the controller is forced into a low power standby mode. The outputs (OUTA, OUTB, SRA, SRB) are
disabled. This helps to prevent accidental device overheating. A 20°C hysteresis is added to prevent comparator
oscillation. During thermal shutdown, the UCC28250 follows a normal start-up sequence after the junction
temperature falls below 140°C (typical value, with 130°C minimum threshold and 150°C maximum threshold).
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:
» Designing UCC28250 as a Secondary Side Control for Output Turn-On with a Pre-Bias Condition, SLAA477
» Using the UCC28250EVM-564, SLUU441

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 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 '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

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

12 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) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)

UCC28250PW ACTIVE TSSOP PW 20 70 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 UCC28250 Samples
& no Sh/Br)

UCC28250PWR ACTIVE TSSOP PW 20 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 UCC28250 Samples
& no Sh/Br)

UCC28250RGPR ACTIVE QFN RGP 20 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 28250 Samples
& no Sh/Br)

UCC28250RGPT ACTIVE QFN RGP 20 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 28250 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.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device 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 Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI'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 Tl 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
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
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
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
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)
UCC28250PWR TSSOP PW 20 2000 330.0 16.4 695 | 7.1 1.6 8.0 16.0 Q1
UCC28250RGPR QFN RGP 20 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
UCC28250RGPT QFN RGP 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)
UCC28250PWR TSSOP PW 20 2000 367.0 367.0 38.0
UCC28250RGPR QFN RGP 20 3000 367.0 367.0 35.0
UCC28250RGPT 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 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.

i3 TEXAS
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

Example Board Layout _—
Based on a stencil thickness
of .127mm (.005inch).
—=| [=—18x0,65 20x0,25
~1,55
5,6 5,6
<N
/ \\___//
/ 18x0,65 -
/
,./ Example
| Non Soldermask Defined Pad
/ /x// ™. Example
| ~. Solder Mask Opening
é/ N\, (See Note E)
/ —1=—0,3 X\
/ A \
| Ak |
\ ] /
\ '] 6 7~ Pad Geometry
\ = /
\‘\ 0,07 /'I
\._ All Around.”
~.. 7
N~ - —
4211284-5/G  08/15
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate design.
D. 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.
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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 l
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 ‘\

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.

20x 2:20

r 0,30

20

1
Juguu__]

I

2,20+0,10

!

D)

—F
6

| — Exposed Thermal Pad

JUQU

16

10

1

A
A

Bottom View

Exposed Thermal Pad Dimensions

2,20+0,10

4206346-4/AA 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

Example Stencil Design

0.125 Thick Stencil
Example Board Layout (Note E)
TT 16x0,5 - 0,23 ‘0’»16x0,5
e e JUUUD.
W )
[ RO,115 e =03
O 1 R —
O —J L | ]
L > O 1 31 48 () 4 C—1 315 475
D) —J — o3 #0.9 —J
O O — —
o0 Jfie
3] 4]5
4,8
(67% Printed Solder Coverage by Area)
Non Solder Mask Defined Pad Example Via Layout Design

Via layout may vary depending
on layout constraints
(Note D, F)

Example Solder Mask Opening
= 2,7 — 5x90,3

(Note F)
B v

b 075
15 - 22

Pad Geometry
(Note C)

All Around

4207608-4/L 07 /11

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. 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.

i3 TEXAS
INSTRUMENTS

www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
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 Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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