'-.— Ercl;guct ‘\_ giymple & b E’)echnicalt ,4 ;ochtls & gz&prgr:nifi‘ty
i3 TEXAS
INSTRUMENTS UCC28251
ZHCSAWZ2E —FEBRUARY 2013-REVISED DECEMBER 2014
UCC28251 H A Tif B #AE = PWM 15545
1 Rt 3 UiHH
VW E 5 3h UCC28251 PWM #%ill #% L A% Pl Bt 20 2 3R 4 11
o« HAEWHRBERPFDERBEHmE (BHFEEE EThEREE N MBT. UCC28251 £ A Al [F] 253
IB3ZFF) TS I A RO RE SR AN B AL, T AR

o FLAHN HL R A0 10 R ASE 2 ) s Pl AR S o

o VI E IR G )

o 3.3V, 1.5% fEkE e

o BARMB/NE TR

. iﬁa@a&ﬁ%tbiﬁﬁtﬂﬂﬁ 1% ok P A i i AR

o AT YRFRIR S B AT S E S N A

o BHIEERAY Amm x 4mm B DU TT IG5 £
(VQFN)-20 251 20 5| fiIfE R /NN R S
(TSSOP) %

2 MNH
o MR A SCHE IR RS B S i e

o HUEAEEREEAE BT
o AR RIR

o RS AR

o TAVHERS

fai s (400V4,DC % DC %iﬁ%&)

Secondary H Primary : Secondary

ucc2s2st H 700 i ] Vour
H —0
UTA H HEH
Isol
501 ion [

u Lo >—<
SSSSSSSS y H

iI—
<

ucc2752x]

VSENSE

FB
GND

L= NotShown:PS, SP, HICC, VDD, EA+, ENAND ILIM

M. S IERRER 250 . 5 UCC28251 — AT H
) UCC27210 IRzl 28 F1 UCC2752x MOSFET IK
ShES IR AL — A SR B YRR B R R T &R .

UCC28251 #& UCC28250 PWM 2 il 25 () Th g 448
&, UCC28251 fE/R KFEREE FfRE T UCC28250 iy
AT)RE, [FIRTZd s T ER 4 400V N
DC-DC M #1 48V Hy N Myl tr N H i 14 R

B EREO
RS 3k HERST OrfrfE)
RN R SF 33
UCC28251 (TSSOP) (20) 6.50mm x 4.40mm
VQFN (20) 4.,00mm x 4.00mm

(1) WG T ARITE AT B, T B R R R R T R

a7 SN /Bl (48Vig\DC & DC ##e8%)

le 36V ~48V)

272
vocar2ion Vour
HI HI

ucc2r2x

VIN (36 V ~ 48 V)

ucc28251

OoVP  OUTA

RAMP  OUTB

b

\\)—4

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.

English Data Sheet: SLUSBD8


http://www-s.ti.com/sc/techlit/SLUSBD8.pdf
http://www.ti.com.cn/product/cn/ucc28251?qgpn=ucc28251
http://www.ti.com.cn/product/cn/UCC28251?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/UCC28251?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/UCC28251?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/UCC28251?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/UCC28251?dcmp=dsproject&hqs=support&#community

I3 TEXAS
INSTRUMENTS
UCC28251
ZHCSAW2E —FEBRUARY 2013—REVISED DECEMBER 2014 www.ti.com.cn
I = 8.3 Feature DeSCriPtioN.......ccocrieeeerrrcereieesnenceeens 14
2 R, 8.4 Device Functional Modes...........ccoceverinvennneenenn. 28
3 B e, 9 Application and Implementation .............c.c........ 29
4 BITHYitsE 9.1 Application Information.............cccoeveeviiiiieiiiinicnnn. 29
5 B (4 9.2 Typical Applications .........coccveeriiieiiieeniee e 35
6 Pin Configuration and FUNCtions ...........c........... 4 10 Power Supply Recommendations .................. 43
7 SPECIHiCAtIONS. ... 5 11 Layout............ s
7.1 Absolute Maximum Ratings....... 5 11.1 Layout GUIdeliNeS .......cccceevieriiiiieiiecieeec e
7.2 ESD RAUNGS oo eoeeeeeeeeeeeeeeeeeeeeseeeenees 5 112 Layout Example .............
7.3 Recommended Operating Conditions.................... 5 13'3 Ther\rpal Protection.....
7.4 Thermal Information ...........ccoceeviiieiiie e 6 12 %514:$D?t*é3§% """""""""""""
7.5 Electrical CharacteristiCs..........cccovvirveenienieniieenieen 6 121 z*%‘ih ''''''''''''''''''''''''''''''''''''''''''' 45
7.6 Typical CharacteriStiCS...........coeevevrrreeriverererieencaenas 9 12.2 ':J*’T: ------ L 45
8 Detailed DeSCription ......ccccceevveveeiecieieereceevene 13 12.3 PR R o 45
8.1 OVEIVIEW ..ottt 13 124 GIOSSANY wvvvvvversesssssssssessess s 45
8.2 Functional Block Diagram ............cccceeveevreeerenneeen. 14 13 MUk FEEAFTIER s 45
4 BATPIRiER
e ZHTRRAR DU AT g 5 4 AT AACAH BT AN o
Changes from Revision D (April 2013) to Revision E Page
o TN FIMBCEMITIRER Sy, ESD BUEMHE, FFIE fidk WOy aFDIREEEC. RISy« HLIR G DGR
Iy ATJBERIY s ASPEADCRTSCFFRR T CA LA BRI IGE BT oo, 1
Changes from Revision C (April, 2013) to Revision D Page
¢ Added VREF value for EN (Enable Pin) pin de@SCIPLION. ....coiuuiiiiiiiiiiee ettt ettt e et e e e et e e e e s e nbae e e e e aneee 15
e Changed Equation 3
LI O F-T g Vo T=To B T 0T PP UPPPRR
« Changed Figure 28.....
e Changed Equation 4
e Changed Current Limit CirCUIL QIAgIamM. .. ....ciiiiiiie e e s e e e e e st e e e e e s aab e e e e e e satbaeeeessatbaeeeesasbaeeeesansaees 25
e Changed UCC28251 Set Up for Peak Current Mode Control diagram.............ccooiiuiiieeiiiiiiee e ee e neeea e 33
o Changed EQUALION 28. .......coiiiieiiiieiiee ettt et et e bt oh e e e ek bt e e b et e e ke e e e R bt e e Rt e R et e e R bt e e Rt e nn e e e b n e nne e nne s 37
Changes from Revision B (March 2013) to Revision C Page
* Changed Operating junction temperature range from (-40 t0 125) t0 (125 10 150). ..eeeeeiiiirriieeiiiiiiee e e 5
e Added UCC28251PW CUITENE SENSE TALA. ....cuuveiieeiiiiiie e iitiiee e ettt e e e ettt e e e s s sttaeeeesaaeaeeaeaasstaeeaesanseeeaeaansteeeeeaansbeeeeesansrenens 7
LI O3 F-TaTo T=To W a0 T Tedu o g F= Ul 2] (o Yot g I F=To | = o PSPPI 14

2 AL © 2013-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucc28251?qgpn=ucc28251
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
UCC28251
www.ti.com.cn ZHCSAWZE —FEBRUARY 2013—REVISED DECEMBER 2014
Changes from Revision A (February 2013) to Revision B Page
¢ Added Start threshold electiCal ChAraCIEIISHICS. .......oi i e e et e e e e et e e e e st e e e e e ente e e e e s annaeeeas 6
e Added Input offset eleCtriCal ChArACIEIISTICS. .......uiiiiiiiiiie ettt e e e e e e et a e e e e e tb e e e e e e stbbeeaesasraeeaeeasereeeas 6

« Added Primary off to secondary on dead time electrical characteristics
¢ Added Secondary off to primary on dead time electrical characteristics

¢ Added note, "The minimum value for Rps/Rgp is 5 kQ and the maximum value is 250 kQ." in two places. .........ccccccceuneee. 19
Changes from Original (February 2013) to Revision A Page
» Added Figure 24, Oscillator Frequency Fqogc vs External Resistance of RT at Tppg) =40 nsand 100 NS .....coocvieiiiinins 17

JiRA © 2013-2014, Texas Instruments Incorporated 3


http://www.ti.com.cn/product/cn/ucc28251?qgpn=ucc28251
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC28251

ZHCSAW2E —FEBRUARY 2013—-REVISED DECEMBER 2014 www.ti.com.cn

5 W (22)

GRS, AT g LR 55 P 3 T B 2 Fi B 1 45 6 ) 240 T DA 4% 1) 2 320 347 3138 e A 44 A
UCC28251 &t W1 sk F A4 il AT RO B, FF BT #0047 FE R 3R H v s s il o

PR B 0B ATHIR AL 1.8 MHz, FEal 5 — ANt [E 20 . S N BUE AT 5 320 R 30 b 3 PR A1) R — A 1 4 R I 2 5
0T LU Z R GR AR — AN AT E N ATHATHION L . 4 B AR R R o AT ST 15 5 ) 2 A FF 5 A
TR AM] [) 25 i a2 18] FRBE X s ]

6 Pin Configuration and Functions

RT VSENSE SS SP PS

REF/EA+ FB/EA- COMP GND VDD

Pin Functions

PIN
I/0 DESCRIPTION
QFN-20 PW-20 NAME
5 12 VDD | Bias supply input.
20 7 VREF (@) 3.3-V reference output.
18 5 EN | Device enable and disable.
15 2 RT | Oscillator frequency set or synchronous clock input.
12 19 SP | Synchronous rectifier off to primary on dead-time set .
11 18 PS | Primary off to synchronous rectifier on dead-time set .
PWM ramp input (for voltage mode control) or current sense input (for current
16 8 RAMPICS ! mode control).
REF/EA+ | Error amplifier non-inverting input.
FB/EA- | Error amplifier inverting input.

10 COMP 1/0 Error amplifier output.
14 1 VSENSE | Output voltage sensing for pre-bias control.
13 20 SS 1/0 Soft-start programming.
17 4 ILIM | Current sense for cycle-by-cycle over-current protection.
10 17 HICC | Cycle-by-cycle current limit time delay and Hiccup time setting.
19 6 OVP/OTP | Over voltage and over temperature protection pin.

16 OUTA (@) 0.2-A sink/source primary switching output.
8 15 OouUTB (@) 0.2-A sink/source primary switching output.

4 Copyright © 2013-2014, Texas Instruments Incorporated
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Pin Functions (continued)

PIN I} DESCRIPTION
QFN-20 PW-20 NAME
7 14 SRA (@) 0.2-A sink/source synchronous rectifier output.
6 13 SRB (@) 0.2-A sink/source synchronous rectifier output.
4 11 GND | Ground.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range®® (unless otherwise noted)

MIN MAX UNIT

vDD®) Input supply voltage -0.3 20

OUTA, OUTB, SRA and SRB -0.3 VDD + 0.3

COMP 03 VRELT

Input voltages on SS and EN -0.3 55 v

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

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, 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 ext
(2) These devices are sensitive to electrostatic discharge; follow proper device handl
(©)]

Section of the datasheet for thermal limitations and considerations of packages.

7.2 ESD Ratings

ended periods may affect device reliability.
ing procedures.

All voltages are with respect to GND unless otherwise noted. Currents are positive into, negative out of the specified pin. See Packaging

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +3000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- 42000 \
c101®@ =
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Supply voltage range, Vpp 4.7 12 17 Y
Supply bypass capacitor, Cypp 1 uF
VREF bypass capacitor 0.47 2.20
Error amplifier input common mode range (REF/EA+, FB/EA-) 0 3.0 v
VSENSE input voltage range 3.3
RT resistor range 12.5 200 o
PS, SP resistor range 250
RAMP/CS voltage range 0 2.3 Y
Operating junction temperature range -40 150 °C
Copyright © 2013-2014, Texas Instruments Incorporated 5
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7.4 Thermal Information

UCC28251
THERMAL METRIC® RGP PW UNIT
20 PINS 20 PINS
Rgia 126 with hot 60.3 with hot
Junction-to-ambient thermal resistance 104 V\?i?r?é’ut hot | 39.3 ;ﬁﬁé’ut hot
spot spot
- - °C/W
Roactop) Junction-to-case (top) thermal resistance N/A 315
RgiB Junction-to-board thermal resistance N/A 55.8
Roacbot) Junction-to-case (bottom) thermal resistance 0.8 N/A

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

7.5 Electrical Characteristics®

VDD =12 V, 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 = 100 kHz (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY CURRENTS
Ipp(offy Startup current VDD =3.6 V 150 275 HA
Ipp Operating supply current 100-pF capacitor on OUTA, OUTB, SRA and SRB 1.2 2.0 25 mA
Ipp(dis) Standby current EN=0V 250 425 600 pA
UNDERVOLTAGE LOCKOUT
VUVLOR Start threshold 4.00 4.30 4.65
Vovior g/lflglrrr;ltj;?toperatlng voltage 3.8 a1 a4 v
Hysteresis 0.15 0.20 0.25
SOFT-START
Iss Soft-start charge current Vgs =0V 26 28 30 HA
Vss(max) Clamp voltage 3.3 3.6 4.0 \%
ENABLE®
Trigger threshold 15 2.0 2.25 \%
gﬂd?sigﬁgrr?agrgse width for 32 us
ERROR AMPLIFIER
High-level COMP voltage 2.8 v
Low-level COMP voltage 0.3 0.4
Input offset -16.2 18.0 mV
Open loop gain 70 100 dB
lcomP(snk) COMP sink current 3.0 6.5 9.0 A
lcomp(src) COMP source current 2.0 4.5 8.0

(1) Typical values for Tp = 25 °C.
(2) Refer to EN pin description.

Copyright © 2013-2014, Texas Instruments Incorporated
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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 = 100 kHz (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
OSCILLATOR
Nominal switching frequency
Fsw(nom) at OUTA or OUTB set by RT | RT/SYNC =75 kQ, Rgp = 20 kQ 90 98 106
resistor
Minimum switching frequency
FSW(min_sync) at OUTA or OUTB set by fRT/SYNC =50 kHz 42 KHz
external sync frequency
Maximum switching
frequency at OUTA or OUTB _
Fswmasyne) | get by external sync frmisyne = 2.5 MHz 945
frequency
External synchronization
; . 1
signal high v
External synchronization 0.2
signal low '
VOLTAGE REFERENCE
Vpp =from7 Vto 17 V, | =2mA 3.17 3.25 3.33
VVREF Output voltage bb VREF \%
0 < Iggr <10 mA 3.17 3.25 3.33
Short circuit current Veep =3V, T;=25°C 12 25 40 mA
CURRENT SENSE, CYCLE-BY-CYCLE CURRENT LIMIT WITH HICCUP
Viim ILIM cycle-by-cycle threshold 0.497 0.505 0.513 \Y
- Propagation delay from ILIM | Exclude leading edge blanking (UCC28251RGP) 15 25 36
POILIM to OUTA and OUTB outputs | Exclude leading edge blanking (UCC28251PW) 123 250  387| ns
TBLANK Leading edge blanking 35 60 90
Current limit shutdown delay | yoo¢red at HICC pin 55 75 95
timing program current A
- - H
Hiccup timing program .
current Measured at HICC pin 2.0 2.7 35
Current limit shutdown delay
Vhice_sp timer threshold at HICC 085 060 065
VHicc pu HICC pull-up threshold 2.25 2.40 2.50 v
VHicc RsT Hiccup restart threshold 0.25 0.30 0.35
10-V ramp charging voltage source with 40-kQ
Vesmax) RAMP/CS clamp voltage current limiting resistor 35 4.0 4.5
Copyright © 2013-2014, Texas Instruments Incorporated 7
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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 = 100 kHz (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
OVP/OTP COMPARATOR
Vovp Internal reference 0.66 0.70 0.74 \%
lovp Internal current 6.0 8.5 11.0 HA
PRIMARY OUTPUTS
Rise/fall time CLoap = 100 pF 8 ns
Rsre Output source resistance lout =20 mA 12 20 35 o
Rsnk Output sink resistance lout = 20 mA 4 12 30
SYNCHRONOUS RECTIFIER OUTPUTS
Rise/fall time CLoap = 100 pF 8 ns
. lour =20 mA, VDD = 12 V 12 20 35
Rsre Output source resistance
lour=20 mA, VDD =5V 15 25 45 Q
Rsnk Output sink resistance lout =20 mA, VDD =12V 4 12 30
PS = VREF -5.0 0 7.5
TDps Prlma(y off to secondary on PS = 27 kO o5 38 48 ns
dead time
PS =27 kQ, 25 °C 32 38 43
SP = VREF -5.0 0 7.5
TDgp Secondary off to primary on SP = 20 kQ 33 43 55 ns
dead time
SP =20 kQ, 25 °C 39 43 48
8 Copyright © 2013-2014, Texas Instruments Incorporated
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7.6 Typical Characteristics

T, - Temperature - °C

Figure 3. UVLO Thresholds vs Temperature
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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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8 Detailed Description

8.1 Overview

The UCC28251 is a functional variant of the UCC28250 PWM Controller. While the same basic functionality of
the UCC28250 is largely maintained, the UCC28251 is designed to operate at a lower frequency (minimum of 27
kHz when programmed by RT pin) allowing operation in 400-V input DC-to-DC converters in off-line AC-to-DC
power supplies, where frequency-dependent high-voltage switching losses are an important concern. Various
other enhancements, (summarized in Table 1) made in UCC28251 that enhance the performance in both 400-V
input and 48-V input full-bridge and half-bridge applications in server telecom power supplies.

8.1.1 UCC28251 Enhancements Over the UCC28250

The UCC28251 is a functional variant of the UCC28250 PWM Controller. While the same basic functionality of
the UCC28250 is largely maintained, the UCC28251 is designed to enhance performance in both offline, 400-V
input DC-to-DC applications and 48-V input full-bridge or half-bridge applications. The overall improvements that

are made in UCC28251 can be summarized in the table below:

Table 1. UCC28251 Improvements

NEW IN UCC28251

UCC28250

ENHANCEMENT

When synchronized to an external frequency
source, the minimum switching frequency can be
as low as 42 kHz. When programmed by Rt
resistor, the minimum switching frequency can be
as low a 27 kHz.

UCC28250 does not allow support frequencies
lower than 85 kHz.

UCC28251 enables better power
efficiency in offline (400 V) DC-
to-DC converters.

PS and SP delay times are fully independent and
maintain their programmed values under all
conditions.

Whenever OUTA/B turn on time + ps delay is
greater than %2 switching cycle time, the PS delay
would be clamped (identical) to SP delay.

UCC28251 prevents shoot-
through between primary and
secondary side MOSFETs

EN shut down delay time shortened to ~1.5 ps
(typical).

UCC28250 EN shutdown time was ~6 pus.

UCC28251 enables quicker shut
down in offline DC-to-DC
applications.

The synchronous rectifier outputs, SRA and SRB,
are ensured to follow after the primary outputs and
have a minimum 50% duty cycle during startup.
SRA and SRB continue to be active and will only
be disabled when UCC28251 is disabled.

The synchronous rectifier duty cycle will be equal
to 0 when primary duty cycle is very narrow. This
duty cycle loss can increased MOSFET Vpg and
cause poor reverse recovery.

UCC28251 reduces MOSFET
stress and enables better
reverse recovery.

UCC28251 startup is delayed by 20 ps typical after
reaching Vpp UVLO. This 20 ps delay provides
enough time for SS pin to fully discharge.

No delay, immediate startup after UVLO is
reached. After startup, if the applied Vpp happens
to drop below UVLO then rises back up above
ULVO very quickly, the UCC28250’s SS pin does
not have enough time to discharge.

UCC28251 SS pin will fully
discharge under Vpp brownout
conditions.

When OVP is detected, the internal current source
now turn on for a minimum of 5 ps typical. This
allows the capacitor connected to the OVP pin to
be charged up sufficiently. (The internal current
source has been changed to 8 pA).

In UCC28250, if the OVP comparator is triggered,
the internal current source does not turn on for any
minimum amount of time. In some cases this may
result in the external OVP capacitor not being
charged properly. This could result poor voltage
hysteresis for OVP protection. (The internal current
source is 11 pA).

UCC28251 allows over voltage
protection to have enough
voltage hysteresis.
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 VDD (5/12)

The UCC28251 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 YA (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. Please
refer to the VREF description 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.
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Feature Description (continued)

8.3.2 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 between 0.47 pF to 2.2 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).

8.3.3 EN (Enable Pin) (18/5)

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

1. VDD voltage has been sustained above the rising UVLO threshold 4.3 V (typical);

2. The 3.3-V reference voltage output at the VREF pin is 2.4 V (typical) for at least 20 us;

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. Once 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 needs to be continuously higher than 2.25 V to allow continuous
operation. Once the EN pin falls below threshold, the device is disabled after 2 ps (see Figure 21).

A

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

A pulse signal may also be applied to the EN pin. Pulse-enable operation is shown on Figure 22. If 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. If the falling edge of the first pulse at EN pin happens
after SS rises to 0.3 V, the UCC28251 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 of under 0.1 mA .

R, >10kQ W

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

6us
C, ==

Ry @
If enable function is not used, pull EN pin to VREF.

A

UVLO

\/

E—
\

EN

ss [ — \
RS 0 :

Figure 22. Pulse Enable at EN Pin

 J

(a) I (b)

UCC28251

Enabl “ R2 Enable
nable
Signal ] EN Signal >
EN
— r r

Figure 23. An External Solution to Generate Enable Pulses for Pulse Enable
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16 Copyright © 2013-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucc28251?qgpn=ucc28251
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC28251

www.ti.com.cn ZHCSAW2E —FEBRUARY 2013—-REVISED DECEMBER 2014

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

The UCC28251 oscillator frequency is set by an external resistor connected between the RT pin and ground. The
oscillator frequency can be set to any value between 50 kHz to 1.4 MHz, which is equivalent to an 25-kHz to
700-kHz switching frequency. 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
R _ 2>< fSW
T 66.4pF 3)

—tpsp)

In this equation, fsyy is the switching frequency and Ty, is the dead time between synchronous rectifier turn-off
to primary switch turn-on. Tpp,) is set by an external resistor between the SP pin and ground (refer to the SP pin
description).

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

1350 TDps=40ns
1250
1150 e TDps=100ns
1050
5 90
T 850
X 750
3 650
© 550
450
350
250
150 ——
50
0 50 100 150 200
RT (kQ)

Figure 24. Oscillator Frequency Fosc vs External Resistance of Rt at Tp,s) = 40 ns and 100 ns

The UCC28251 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 UCC28251
synchronizes its internal oscillator to an external frequency source ranging from 84 kHz to 1.89 MHz, which is
equivalent to an 42-kHz to 0.945-MHz switching frequency. The internal oscillator frequency is clamped to 84
kHz during synchronization if the external source frequency drops below 84 kHz.

The UCC28251 aligns the turn-on 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.

Copyright © 2013-2014, Texas Instruments Incorporated 17
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Feature Description (continued)
A
Frequency -
Source o
OUTA -
OouTB >
Figure 25. Timing Diagram for Synchronization
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CLK I_ |_| >
OUTA -
SRA P>
ﬂ - <—>§
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ouTB
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SRB

\

- - -
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Figure 26. UCC28251 Outputs Timing Waveforms
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Feature Description (continued)
8.3.5 SP (Synchronous Rectifier Turn-Off to Primary Output Turn-On Dead Time Programming) (13/19)

The dead time Ty, between synchronous rectifier turn-off to primary output turn-on 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 rising edge of the primary output OUTA/OUTB.

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

SP DEAD TIME
'S
SP RESISTOR
400 y
350
300 /
2 //
v 250
£ /
=
o
$ 200
o
&
3 150 //
e /
100 /r
50 ,/
Ve

0O 20 40 60 80 100 120 140 160 180 200 220 240
Rsp - SP Resistor - kQ

Figure 27. Dead Time Tpp) vs. External Resistor Rgp at SP Pin

8.3.6 PS (Primary Output Turn-Off to Synchronous Rectifier Turn-On Dead Time Programming) (11/18)

The dead time Tp,) between primary output turn-off to synchronous rectifier turn-on 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 and Rgp is 5 kQ and the maximum value is 250 kQ.
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Feature Description (continued)

PS DEAD TIME
'S
PS RESISTOR
400
350 _
300 ,/
. d
E 250
=
T 200 /
2 //
g 150 /
=
100
50
P
0

0 20 40 60 80 100 120 140 160 180 200 220 240
Rps - PS Resistor - kQ

Figure 28. Dead Time Tp(s) VS. External Resistor Rpg at PS Pin

8.3.7 RAMP/CS (PWM Ramp Input or Current Sense Input) (16/3)

The UCC28251 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.

8.3.7.1 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 pull-down switch has approximately 40-Q on-resistance. The RAMP/CS pin is clamped
internally to not exceed 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 (Tpp) + 70 ns). The
following formula derives a Ccg value.

4V /2) Tyep +70ns
Ces X
40Q 4V @

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

1
Res = Vv
2 |n(CHARGEJ x Ceg % foy

CHARGE ~— VPK

®)

In this equation, the Vcuarce is the voltage used to generate the ramp, Vpk is the desired ramp amplitude and
the fsy is the switching frequency.
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Feature Description (continued)

UCC28251 UCC28251
Vin36Vito 75V
| vrer
Rcs gRCS
I RAMP/CS I RAMP/CS
L L| L L|
— Ccs L —— Cocs I_
BLANK BLANK
™ GND 1 GND
L ‘T‘ 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 will have much faster line transient response. When the UCC28251 is used for the primary-
side control, RAMP parameters are critical for the optimal pre-biased start up performance. Refer to the ‘Voltage
Mode Control and Input Voltage Feed-Forward’ section of the Functional Description section 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 Rc5 from 3.3 V VREF (Figure 29).

8.3.7.2 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 has to 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. Refer to the Functional Description section for more details on the current mode
control.

R:

B
|

3V

MAX /n (6)

COMP |= = T — >

Cs

\

OUTA

\

OuUTB

\

Figure 30. Peak Current Mode Control and PWM Generation

8.3.8 REF/EA+ (1/8)
REF/EA+ is the non-inverting input of the UCC28251’s internal error amplifier.
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Feature Description (continued)

When the UCC28251 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 UCC28251 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.

8.3.9 FB/EA- (2/9)
FB/EA- is the inverting input of the UCC28251’s internal error amplifier.

When the UCC28251 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:

Ro, = (L—qum

VREF/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 UCC28251 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.

8.3.10 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 clamp to be lower than 2.8 V by
external circuit in order to make the internal PWM comparator work properly. An external circuit detailed as below
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 UCC28251 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.
% Res

UCC28251

[

L
Y
m
m

GND

Figure 31. Comp Clamp Circuit

22 Copyright © 2013-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucc28251?qgpn=ucc28251
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC28251

www.ti.com.cn ZHCSAW2E —FEBRUARY 2013—-REVISED DECEMBER 2014

Feature Description (continued)
8.3.11 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 UCC28251 to achieve optimal pre-biased start up performance.

When configured as a secondary-side controller, the output voltage is sensed and fed into the FB/EA- pin. The
UCC28251 uses a conventional error amplifier approach to allow type 1l 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
Pre-Biased Start-Up Section.

When UCC28251 is set up as primary-side control, connect VSENSE pin to VREF.

8.3.12 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 UCC28251 reaches its valid operating threshold, the SS pin capacitor is charged with a 27-pA current
source. The UCC28251’s internal error amplifier non-inverting 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 UCC28251 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 Tsg, choose soft start capacitor Cgg value as:

27 A x T,
Ces = v S8

REF/EA+ (8)

VOUT

UCC28251
VSENSE
Cp1
§Rm Il
;Rm il VREF
§RSZ Rz Cz comp
+—A—| :I:

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:

27T uAx T,
C.. = ss

COMP__final (9)
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.

VOuT

UCC28251

VSENSE

VREF

COMP

FB/EA-

External
Reference

Css
N g

Figure 33. Error Amplifier EAMP Connections for Primary-Side Control

8.3.13 ILIM (Current Limit for Cycle-by-Cycle Over-Current 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 when
OUTA or OUTB goes low. 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.
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Feature Description (continued)

Transformer Primary Side

Current UCC28251

% \ 4 ILIM
cT

Rs HICC
——Cs
' ——

1:n ? —1— Chicc

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 =———
lo (10)
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
Cs = R
S

11

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)

8.3.14 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 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 Tocelay) iS Selected, the HICC pin capacitor Cycc can be
selected based on the equation

TOC(deIay) x TS A
0.6V (12)

CHICC =
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Feature Description (continued)
A TOCdeaIy oy Tchc _
HIcC
2.4V
T
0.6V
0.3V ¢ S
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A
OUTA M n N I ] . I ] | 1 -
outs__[] m. n o . 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(deIa ) = Chce Xo—~
Y 75uA (13)
And hiccup-restart-time Ty cc is equal to:
24V -0.3V
Tuce =CuccX——F 51—
2.7pA 14

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.

8.3.15 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 (i.e. OVP/OTP voltage drops below 0.7 V), the
UCC28251 enters hiccup mode. A soft-start cycle begins after the hiccup cycle is finished. An internal 8.5-pA
switched current source is used to create hysteresis.

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

If the external resistor divider runs from the output voltage, output over voltage fault protection is achieved.
Figure 36 shows the over-voltage 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, needs to meet the following:

2 <
The other two resistors, R; and R; can be calculated.
V,-0.7V
1= R —x Rz
0.7V (16)
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Feature Description (continued)
R < 07V x(VR Vi) 111AXR2x (Vg ~07V)
3 <
8.5uA x Vg 17

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

0.7V x(Rpre1 ~Rprez )~ 8.5 A xRprcy xRprez 2 0 (18)
And resistors R; and R; can be calculated as:
R, =3.7 xR (19)
R, < 2.6V x[0.7V x (Rprc1 ~Rprc2 )~ 8.5 A xRpret xRpres |
8.5 uA x (2.6 xRpycy +0.7V xRpres ) (20)
UCC28251

VREF I:]—
L

8.5 uA

VIN or VOUT

R1

R3 ovP

R2 0.7V I:

Figure 36. Overvoltage Protection

UCC28251
VREF

[
L

L

8.5 uA

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:
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Feature Description (continued)
0.7V
4= oo oo XRure
3.3V-0.7V (21)

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

UCC28251
— VREF

e
VIN or VOUT

[

HNTC
§R1 8.5 uA

P R3 OVP
R4 _LW’_[ >—l>o

R2 0.7V

Figure 38. Overvoltage and Overtemperature Protection With Single OVP Pin

8.3.16 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.

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

SRA and SRB are the synchronous rectifier control signals. With the 0.2A peak current capability, an external
gate driver is required.

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

8.4 Device Functional Modes

The UCC28251 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.
Please refer to RAMP/CS (PWM Ramp Input or Current Sense Input) (16/3) for the details.
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9 Application and Implementation

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

9.1 Application Information

The UCC28251 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 pre-biased start up
control loop working in conjunction with a primary-side voltage loop achieves monotonic pre-biased start up for
either primary-side or secondary-side control applications. The UCC28251 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 over
temperature protection can be implemented. The UCC28251 allows individual programming of dead time
between primary-side switch and secondary-side SRs, in order 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 UCC28251 also provides complete system level protection functions, including UVLO, thermal
shut down and over voltage, over current protection.

9.1.1 Error Amplifier and PWM Generation

The UCC28251 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 420 mV internal offset. The synchronous rectifier outputs, SRA and
SRB, follow after the primary outputs and have a minimum 50% duty cycle during startup. SRA and SRB
continue to be active and will only be disabled when UCC28251 is disabled (either through UVLO, EN shut
down, OVP and etc). 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 pre-biased start-up loop. An internal pre-biased start-up loop modifies the SR
duty cycle during soft start to achieve the optimal pre-biased start-up performance.

After the SS pin reaches 2.9 V, the pre-biased 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.

9.1.2 Prebiased Start Up

With the internal error amplifier, UCC28251 supports both primary-side control and secondary-side control. For
different control methods, the controller is configured accordingly and so is the pre-biased 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.
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Application Information (continued)
9.1.2.1 Secondary-Side Control

For secondary-side control, the UCC28251 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 pre-biased start up performance, the output voltage needs
to be directly measured. The UCC28251 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

UCC28251

VSENSE

e |
§Rz3 | VREF

g%z R Cz
22 COMP

FB/EA-

REF/EA+

Lo
N N l

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 pre-biased start up loop) and by the COMP pin voltage. This dedicated
pre-biased loop is much faster than the regular voltage loop in order to avoid interaction between the two loops.
The start up loop reads the output voltage via a transconductance error amplifier connected to the VSENSE pin.
When the output voltage is higher than the reference, the pre-biased 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 pre-biased 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.
9.1.2.2 Primary-Side Control

When the UCC28251 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.
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Application Information (continued)

VOUT

UCC28251

Roz VSENSE

REF/EA+

Ss

External
Reference

Css
N g

Figure 40. Error Amplifier Setup for Primary-Side Control

In the above configuration, the UCC28251 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 pre-biased 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 the ramp section discussion on the detailed design procedure
for choosing ramp generation components.

During soft start, regardless of the pre-biased 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. Since
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 pre-biased 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 pre-biased start up performance, it is recommended
that the duty cycle change at the end of soft start be as small as possible.

9.1.3 Voltage Mode Control and Input Voltage Feed-Forward

For voltage mode control, a resistor Rcg and a capacitor C.g 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).

Copyright © 2013-2014, Texas Instruments Incorporated 31


http://www.ti.com.cn/product/cn/ucc28251?qgpn=ucc28251
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC28251

ZHCSAW2E —FEBRUARY 2013—-REVISED DECEMBER 2014 www.ti.com.cn

Application Information (continued)

To realize a fixed amplitude ramp, connect Rcg to the constant voltage source, 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 pull-down switch has about 40-Q on-resistance, the Ccg value
must be small enough to discharge RAMP/CS from the peak to ground within Tp,) + 70 ns (i.e. the pulse width
of BLANK signal).

To achieve the input voltage feedforward, the slope of the ramp needs to 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.

UCC28251 UCC28251
VeHaree Vin36Vito 75V
gRCS chs
[] RAMP/E [] RAMP/E
—— Cecs L —— Cecs L
BLANK BLANK
1 GND 1 GND
L L

Figure 41. External Configuration Of RAMP/CS Pin With/Without Feed-Forward Operation

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

9.1.3.1 Condition 1

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

9.1.3.2 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 Rcs and Ccg following the
procedure below.

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

Vin _
_oxn  /PREBIAS
RAMP = " o\ XVSR(ramp)
X VpRE-BIAS (22)

In this equation, VIN is the input voltage because of the feedforward any input voltage should be fine; Vpre_gias IS
the highest pre-bias start-up voltage required by the system; n is the tranformer primary to secondary turns ratio
and Vsgamp) 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:

Veompfinal) = (SR—DMAX —-0.5)x3Vx2

(23)
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Application Information (continued)
9.1.3.3 Condition 3
Use the calculated COMP pin voltage to derive the external ramp amplitude
V. _ VCOMP(finaI)
RAMP —
(1-SR _Dya )x 2 ”

According to the calculated ramp voltage from Equation 22 and Equation 24 some trade off is required to pick up
the appropriate ramp voltage. Based on the selected ramp capacitor Ccg value, choose the ramp resistor Rcg
value:

V

IN(max)

x 2

R. -
CSV

ravp X Ccs * fyy, (25)
In this equation, Viymax) 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 the RAMP pin discussion
for RC calculation.

9.1.4 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

Converter (SLUA101).
L L

OUTA OuTB

—LJ—\—‘ UCC28251
T[ T e
Transformer Primary Side

Current ?

[ ]

— RAMP/CS
|

WA Ly
CcT % * Re EL BLANK
—c -
Lin '
o
ne

Figure 42. UCC28251 Set Up for Peak Current Mode Control
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Application Information (continued)
9.1.5 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.

UCC28251 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 UCC28251 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.

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

0.6V
TOC(deIay) = Cycc X m

(26)
The hiccup timer keeps all outputs being zero until the timer expires. The hiccup time Ty cc is calculated as:
24V -0.3V
Tuce = Chice ¥ “o7iA
R 27)

As soon as the outputs are shut-down, SS pin is pulled down internally until the hiccup restart timer is reset after
time duration Tycc. The detailed illustration of HICCUP mode is shown in Figure 44.
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Application Information (continued)
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Figure 44. Cycle-By-Cycle Current Limit Delay Timer and Hiccup Restart Timer

9.2 Typical Applications

9.2.1 Circuit Diagram in Design Example

Normal

ocC

Normal

ocC

Hiccup

Soft Start

The example provided here is to show how to design a symmetrical half bridge converter of voltage mode control
with UCC28251 on primary side.

Figure 45 is the circuit diagram to be used in this design example. This design example is to show how to
determine the values in the circuit associated to UCC28251 programming.
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Typical Applications (continued)
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Figure 45. Circuit Diagram in Design Example
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Typical Applications (continued)
9.2.1.1 Design Requirements
Table 2 shows the specifications for the design example.
Table 2. Specifications for the Design Example
PARAMETER MIN TYP MAX UNIT
Y Input voltage 36 48 72
IN p g VDC
Vout Output voltage 3.3
Pout Outpu 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 \%

9.2.1.2 Detailed Design Procedure

9.2.1.2.1 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.

9.2.1.2.2 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.

9.2.1.2.3 Step 3: Programming The Device

9.2.1.2.3.1 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 —-150ns

Ry = 2x150kHz _318S 47 9k0
66.4pF 66.4pF
R4 = 47.9 kO o

9.2.1.2.3.2 Step 3-2: Determine Ramp Resistance and Capacitance

There are two-fold considerations to determine RAMP resistance and capacitance. Equation 22 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 below T1 turns ratio n = 4.

V 36V
2 >I<Nn - Vpre—bias 2% 4 - 30 \Y
VRAMP = 2%V XVSR_RAMP ZWXSOV =0.750V
pre—bias . (29)

Equation 23 and Equation 24 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.
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p="Vo 1_4x33V 1_4 476
Viw 2 75V/2 2
2 (30)
2. Calculate SRA or SRB duty cycle.
SR_D=1-D=1-0.176 =0.82 (31)
3. Calculate the COMP voltage value in steady state (Equation 23).
Veoyp =(SR_D-0.5)x3.0V x2=(0.824—-0.5)x3.0V x2=1.944V @2)

4. Calculate the RAMP peak value (Equation 24).

VCOMP: 1.944V _ 5503V

V =
AP (Dx2)  (0.176x2) (33)

5. Arbitrary select Crapmpe 470 pF, then C3 =470 pF.
6. Calculate Rgramp-

1 1

Reave 1= v = 36V =336.9kQ
2xIn CHARGE % C xf, 2xIn(——————————)x470pF x150kHz
[ CHARGE — VRAMP J RANE 36V -0.750V
(34)
1 1
RRAMP_Z = Y = 75V =92.7kQ
CHARGE 2xIn(————————Yx470pF x150kHz
2X|n[VCHARGE _VRAMPJXCRAMP xfo X (75V—5.523V)X pr
(35)

As different RAMP resistor values are obtained, at this stage, we may take their average value for initial design.

9.2.1.2.4 Step 3-3: Determine Soft-Start Capacitance

Determine soft-start capacitance with soft-start time 15 ms.
_2TuAxTgg  27pAx15ms

Cee = = =0.101uF = C8 =0.1uF
> VCOMP(finaI) 4.0V (36)
9.2.1.2.5 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.
9.2.1.2.6 Step 3-5: Determine OCP Hiccup Off-Time Capacitance
Assuming off time is 0.8 s (Equation 14).
2.7uA 2.7uA
Cice =Tyoe x————————=08sx———F——=1.03uF = C7=1.0uF
oo = THoe X 5 4V - 0.3V 24V _-03V H : -
9.2.1.2.7 Step 3-6: Determine Primary-Side OVP Resistance
Assuming OV_OFF =73 V, OV_ON = 72 V (Equation 15 to Equation 17).
0.7Vx(V. -V, 0.7Vx(73V-72V
, < (Vi -Vi) _ 07Vx( ) _8800— R2 = 8660
1MpAx (V. -0.7V) 11pAx(73V -0.7V) )
Vo207V o _T3V-0.7V e560 - 89.4k2 = R1=88.7kQ
0.7V 0.7V (39)
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R, = 0.7V><(VR —VF)—1 1THA xR, x(VR —0.7V):
11pA X V.
0.7V x (73V —72V)—1 1A x 866 Q x (73V —0.7V)
= =14Q=R14=14Q
11TuAx73V (40)

9.2.1.2.8 Step 3-7: Select Capacitance for VDD and VREF
As recommended by the datasheet, select C6 = C4 = 1.0 pyF. 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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9.2.1.3 Application Curves

Tek Run: 25.0kS/s  Sample ;

T
LS

200mvi . M2.00ms Chi 4 140MV 29 Mar 2010
14:01:08

Figure 47. Load Transient

Tek Run: 10.0MS/s  Sample ;

= el

“M5.00ps Chi /7 18.0mV 29 Mar 2010
13:44:09

20.0mve

Figure 48. Output Ripple

TeK Run: 25.0MS/5  Sample ,

L

8.4V 29 Mar 2010
12:48:21

Figure 49. Clock Signal and Switching Node Waveform

Chi 500V 200V W 2.00s CHi 7

Tek Run: 10.0kS/s: Sample , m

L

1.10V 29 Mar 2010
12:54:42

Figure 50. Enable Turn-On Waveform

Ws.00ms Chi 7

Tek Run: lO.OkS/sE Sample . m

LS |

Wi 100V

Wsa0ms OhT v .10V 20 Mar 2010
12:55:29

Figure 51. Enable Turn-Off Waveform

Tek Run: 25.0MS5/s  Sample

—

Chi~ 200V 500V WM2.00us Chi & 1.96V 29 Apr 2010

13:45:08
Figure 52. Secondary-Side Switching Waveform
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9.2.2 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 turn-on performance with an output pre-bias 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.
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Figure 53. Secondary-Side Half-Bridge Controller With Synchronous Rectification
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10 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. 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 clamp to be lower than 2.8 V by
external circuit in order to make the internal PWM comparator work properly. Please refer to COMP (3/10) for the
detall information.

11 Layout

11.1 Layout Guidelines

In order to increase the reliability and robustness of the design, it is recommended that the following layout
guidelines be met.

1. REF/EA+ The REF/EA+ pin is the non-inverting 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 needs to 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- Please minimize the loop between FB/EA- and COMP and keep it clear from any of high voltage
switch nodes in order to avoid the noise injection into to the compensation loop.

3. COMP Please minimize the loop between FB/EA- and COMP and keep it clear from any of high voltage
switch nodes in order 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 please allocate related resistor as
close as possible with the good ground connection.
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11.2 Layout Example

TSSOP-20
TOP VIEW

A

—I—1"}vsense ss 20}——

f==== ===

—W—]2; RT SP H9p—wWA—

===3 y== =
B _“J;L'S:_ERAMPJCS PS ;_1_1_3—"'-"\'”v—
N o T R

A

—] )J_ L 5! EN OUTA{16]

1
T

LE- OVP/OTP OUTET5]

——7} VRer SRA [14]

1
T

L'fa' REFIEA+ SRB {13

Y

J__Lg FB/EA- VDD :12 l—

-[w,—'ﬂi”: comp GND |

-

Figure 54. Layout Example

11.3 Thermal Protection

Internal thermal shutdown circuitry protects the UCC28251 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 UCC28251 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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12.4 Glossary

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

UCC28251PW Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UCC28251
UCC28251PW.A Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UCC28251
UCC28251PWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 uUCC28251

UCC28251PWR.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UCC28251

UCC28251PWRG4 Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UCC28251

UCC28251PWRG4.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UCC28251
UCC28251RGPR Active Production QFN (RGP) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 28251
UCC28251RGPR.A Active Production QFN (RGP) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 28251
UCC28251RGPT Active Production QFN (RGP) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 28251
UCC28251RGPT.A Active Production QFN (RGP) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 28251

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
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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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
UCC28251PWR TSSOP PW 20 2000 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
UCC28251PWRG4 TSSOP PW 20 2000 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
UCC28251RGPR QFN RGP 20 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
UCC28251RGPT 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
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC28251PWR TSSOP PW 20 2000 353.0 353.0 32.0
UCC28251PWRG4 TSSOP PW 20 2000 353.0 353.0 32.0
UCC28251RGPR QFN RGP 20 3000 346.0 346.0 33.0
UCC28251RGPT QFN RGP 20 250 210.0 185.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
UCC28251PW PW TSSOP 20 70 530 10.2 3600 35
UCC28251PW.A PW TSSOP 20 70 530 10.2 3600 35
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0O020A

SMALL OUTLINE PACKAGE

PIN 1 INDEX AREA
18X -0.65
R 20
1 == )
== -
—
—
2X
6.6 5.85
64 —
NOTE 3
—
—
o
10 g e et
- J 11
20X 0.30
E 45 0.19
4.3

./'

&-«/\ (0.15)TYPjr
SEE DETAIL A

GAGE PLANE

DETAIL A
TYPICAL

4220206/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X(1.5) SYMM
|1 ‘ r ¢ (R0.05) TYP
oo [ | e
b |

|
) |

|
e |

L

18X (0.65) — -

-

)
1]
1)

o | ]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL UNDER SOLDER MASK
oPEN|NG\ METAL SOLDER MASK OPENING
777777777777 .
|
|

T EXPOSED METAL

*H‘* 0.05 MAX *j 0.05 MIN

EXPOSED METAL

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220206/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X (0.45)

f

e
-

aai

SYMM

=
[N

20X (1.5) SYMM
i j | r ¢ (R0.05) TYP
| |
|
|
|
|
|
4
|
|
|
|
|
|
|

[ ]
1]
]
o

R

L— (5.8) —J

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220206/A 02/2017

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RGP 20 VQFN - 1 mm max height

4 x 4,0.5 mm pitch VERY THIN QUAD FLATPACK

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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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. SLUAZ2Z], 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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