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UCC28910 High-Voltage Flyback Switcher
with Primary-Side Regulation and Constant-Current Control
1 Features 3 Description

» Constant-Voltage (CV) and Constant-Current (CC)
Output Regulation Without Optical-Coupler

» 15% Output Voltage Regulation Accuracy

e 15% Output Current Regulation With AC Line and
Primary Inductance Tolerance Compensation

e 700-V Start-Up and Smart Power Management
Enable Best-in-Class <30-mW Standby Power

e 115-kHz Maximum Switching Frequency Enables
High-Power Density Designs

» Valley Switching and Frequency Dithering to Ease
EMI Compliance

» Thermal Shut Down
» Low Line and Output Over-Voltage Protection

2 Applications

» AC and DC Adapters, Chargers for Mobile
Phones, Tablets and Cameras

e Power Metering

e TV Standby SMPS, Server, White Goods

e LED Drivers

4 Simplified Schematic

N

\ |
71

The UCC28910 is dedicated to isolated flyback power
supplies and provides output voltage and current
regulation without the use of an optical coupler. The
device incorporates a 700-V power FET and a
controller that processes operating information from
the auxiliary flyback winding and from the power FET
to provide precise output voltage and current control.

The integrated high-voltage current source for startup
that is switched off during device operation and the
controller current consumption that is dynamically
adjusted, allows very low stand-by power.

Control algorithms in the UCC28910, combining
switching frequency and peak primary current
modulation, allow operating efficiencies to meet or
exceed applicable  standards. Discontinuous
conduction mode (DCM) with valley switching is used
to reduce switching losses. The maximum switching
frequency is 115 kHz. Protection features help to
keep secondary and primary component stress levels
in check across the operating range.

The controlled slope of the DRAIN voltage, during
internal FET switch on and switch off, and the
frequency jitter help to reduce EMI filter cost.

Device Information
ORDER NUMBER | PACKAGE BODY SIZE
UCC28910D SOIC-7 (7) 5 mm X 6.2 mm

A
Typical Target Output V-I Characteristic

Output Voltage (V)
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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.
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6 Terminal Configuration and Functions

D (SOIC) PACKAGE

7 TERMINALS
(TOP VIEW)
GND ] |1 8|1 DRAIN
GND 1] |2
GND [} |3 6| 1 vDD
IPK [T (4 5( 11 vs

Terminal Functions

TERMINAL

NAME

NO.

/0

DESCRIPTION

GND

1,23

The ground terminals (GND) are both the reference terminals for the controller and the low-
side return for the drive output. Special care should be taken to return all AC decoupling as
close as possible to this terminal and avoid any common trace length with analog signal
return paths.

IPK

IPK is used to set the maximum peak current flowing in the power FET that is proportional to
the maximum output current.

VS

Voltage Sense (VS) is used to provide voltage and timing feedback to the controller.
Normally this terminal is connected to a voltage divider between an auxiliary winding and
ground. The value of the upper resistor of this divider is used to program low line thresholds.

VDD

VDD is the supply terminal to the controller. A carefully placed bypass capacitor to GND is
required on this terminal.

N/A

N/A

This pin is not present to provide enough distance between high voltage terminal (DRAIN)
and the other pins

DRAIN

DRAIN, the drain of the internal power FET, but also the input for the high-voltage current
source used to start up the device.
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range, T, = 25°C (unless otherwise noted) ®®

\ MIN MAX UNIT
VoRAIN DRAIN voltage 'I[‘r;el{gggg 700 v
IDRAIN Negative drain current -100 mA

Internall

Vob Supply voltage Iimited(3¥ Y,
lvbb(elp) Maximum VDD clamp current 10 mA
Vys Voltage range Ilrﬁtrggy 7 \%
Vipk Voltage range -0.5 5.0 \%
lvs Peak vs terminal current (current out of the terminal) 1.2 mA
IDRAIN Drained pulsed drain current® 950 mA
T; Operating junction temperature range -55 150 °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) All voltages are with respect to GND. Currents are positive into, negative out of the specified terminal. These ratings apply over the

operating ambient temperature ranges unless otherwise noted.

(3) Do not drive with low impedance voltage source.
(4) Maximum pulse length = 100 ps.

7.2 Handling Ratings

MIN MAX UNIT
Tste Storage temperature range -65 150 °C
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 260 °C
Vesp® Human Body Model (HBM)®@ -2000 2000 \Y,
Charged Device Model (CDM)® -500 500 \Y,

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges

into the device.

(2) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows

safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions®®

over operating free-air temperature range (unless otherwise noted) Vypp = 15V, To =-40°C t0 125°C, T, =T,

MIN NOM MAX UNIT
Vvbp 6 VvbD(clp) \
lvs 1 mA
Ip(peak_max) 600 mA
T, Operating junction temperature -40 125 °C

(1) Unless otherwise noted, all voltages are with respect to GND.

(2) In case of thermal shut down, if T4 > 100°C, the device does not restart because of the Typys) Electrical Characteristics.
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7.4 Thermal Information
UCC28910
THERMAL METRIC® D UNITS
7 TERMINAL

63a Junction-to-ambient thermal resistance 102.2
8ictop Junction-to-case (top) thermal resistance 39.1
038 Junction-to-board thermal resistance 54.7 °C/IW
Wit Junction-to-top characterization parameter 5.4
Wig Junction-to-board characterization parameter 54.7

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

7.5 Output Power

175 Vac TO 265 Vac 90 Vac TO 265 Vac
ADAPTER ® OPEN FRAME @ ADAPTER ® OPEN FRAME @
UCC28910 10 12 6 7.5 w

PART NUMBER

UNIT

(1) Typical continuous power in enclosed adapter at 50°C ambient, with adequate (560 mm?, 2 0z.) copper area connected on GND pins.
(2) Maximum continuous power with open frame design at 50°C ambient, with adequate copper area connected on GND pins and/or
adequate air flow to have 50°C/W as Rryja.
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7.6 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted), Vypp = 15V, Tp =-40°C t0 125°C, T, =T,

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY INPUT
IrUN Supply current, run YVDD =15V, Vys =39V, fow = 2.3 2.9 3.4 mA
SW(max)
IRUNQ Quiescent supply current \|_/|\£DD =15V, Vs =39V, few =0 1.90 2.35 2.80 mA
hwarr Wait supply current Yvop= 15V, Vs = 4.1V, fsw = 150 270 370|  pA
SW(min)
lwaiTQ Quiescent wait supply current \|_/|\£DD =15V, Vs =41V, few =0 150 200 280 PA
lsTART Supply current before start X‘G’D from 0 V10 5.6 V, Voram = 65 90 HA
lFauLT Supply current after fault Vypp = 15V, fgw = 0 Hz 190 260 HA
UNDER-VOLTAGE LOCKOUT
VDDgp VDD turn-on threshold Vypp low to high 9.0 9.5 10.0 \%
VDDogr VDD turn-off threshold Vypp high to low 6.0 6.5 7.0 \%
VDDhy/(on) HV current source start Vypp high to low 4.8 5.2 5.6 \%
AVuvio UVLO hysteresis VDDoy — VDDogr 2.8 3.0 3.2 Y,
STARTUP CURRENT SOURCE
leny Startup current with VDD shorted Vyop < 250 MV, Vpgan = 100 V ~300 ~100 LA
to GND
lomo \S/oDLIJDrced current for startup at high Vyop = 8 V, Vpran = 100 V _9.75 ~0.40 mA
lons \S/oDuDrced current for startup at low Vyop = 2 V, Vpra = 100 V _13.75 ~1.30 mA
VS INPUT
Vysr Regulating level Measured in no load condition, 4.01 4.05 4.09 v
T;=25°C
Vvsne Negative clamp level lys = =300 pA, -190 -250 -325 mV
lvs Input bias current Vys =4V -0.25 0.00 0.25 HA
PROTECTION
Ibocp DRAIN over current Ipk terminal shorted to GND 0.725 0.850 0.925 A
VCSTE_OCF’ Equivalent VCST(OCF’) VVS =39V, ID(OCp) X RIPK 670 770 830 \Y
VesTE ocp2 Equivalent Vcsrocr2) Vys = 3.9V, Ipocp2) X Ripk 1200 \
toNMAX(max) :\é'gg'm“m FET on time at high Vs < 3.9V, Ipx shorted to GND 13 18 24| s
tonmAX(min) Maximum FET on time at low load | Vs > 4.1V, Ipk shorted to GND 4.3 6 10 us
Vovp Over-voltage threshold At VS input, T; = 25°C 4.45 4.60 4.75 \Y,
- Current out of VS terminal —
lvsLRUN VS line sense run current increasing 175 215 260 HA
. Current out of VS terminal —
lvsLsToP VS line sense stop current decreasing 60 75 100 HA
KyvsL Line sense lys ratio IVSL(run) / IVSL(StOp) 2.55 2.70 2.90 AIA
VDDc¢p VDD voltage clamp lyppcLp forced = 2 mA 26 28 30 \%
lvbocLe_oc VDD clamp over current Vypp > 25V 4.65 6.00 7.65 mA
T3(stop) Thermal shutdown temperature Internal junction temperature 150 °C
Tihys) Thermal shutdown hysteresis Internal junction temperature 50 °C
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Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted), Vypp = 15V, Tp =-40°C t0o 125°C, T, =T,

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
POWER FET
BVpss Break-down voltage T;=25°C 700 \%
. Ip =150 mA, T; = 25°C 10.5 12.0 Q
Rps(on) Power FET on resistance
Ip =150 mA, T; = 125°C 18.4 215 Q
Vps =400V HV,VS =42V DC
T;=25°C 10 HA
| EAKAGE DRAIN terminal leakage current ¥D5_ i;‘sof’cv HV, VS =4.2V DC 20 HA
1=
Vps =700 VHV,VS=42VDC
T;=25°C 10 HA
CURRENTS
. Vypp = 15V, IPK terminal shorted
Ip_pEAK(Max) Maximum DRAIN peak current to GND, T, = 25°C 582 600 618 mA
IPK to GND resistance Max to _
RipK_sHoRT assume IPK shorted to GND Vvop =15V 200 Q
Ripk(min) IPK to GND minimum resistance | Vypp =15V 900 Q
. V =15V, Vys =39V
\Y Equivalent current sense threshold | VPP 1 YVS ’ 532 540 548 v
CSTE(max) q Ip_pK(max) X Ripk » Ty = 25°C
VesTEmin) Equivalent current sense threshold Vvop =15V, Vys = 4.1V, 160 180 200 \%
Ip_pk(min) * Ripk
Kam AM control ratio VCSE(max) / VCSE(min) 2.30 3.00 3.50 VIV
Kee CC regulation gain \X/\g\[;/: 15V, Vys > 3.9 V; pemac 0.413
. V =15V, Vyg <39V
V, CC regulation constant VDD ' YVS . 216 223 230 \Y
CCR 9 VeseTmax) X Kee, Ty =25°C
7.7 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
TIMING
fswimax) Maximum switching frequency Vys <3.9V 105 115 125 kHz
fswimin) Minimum switching frequency Vys >4.1V 360 420 490 Hz
tzto Zero crossing timeout delay Vys <39V 1.80 2.10 2.65 us
toN(min) Minimum on time lpk =0.85V 390 ns
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7.8 Typic

al Characteristics

Unless otherwise specified, Vypp = 15V, Tp = —40°C to 125°C, T, =T,
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Typical Characteristics (continued)

Unless otherwise specified, Vypp =15V, T4 =

—40°C 10 125°C, T = T,

1.03 1.03
1.02
o ~ o 102
& 1.01 &
N N
2 1.00 2la "
3 3"
N
§ 0.99 S T
5 0.98 5 100 -
o
20.97 3 -]
= > 0.99
0.96
0.95 0.98
-50 -25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Figure 7. tz1o vs Temperature Figure 8. Vcsteminy VS Temperature
4.15 4.75
S
o 410 4.70
8 \ s
S S
= 405 & 4.65
o o
= >
%, 4.00 \ g 4.60 ™
> 4. 34
[i4 [ \
>
4
] \ 3 \
$3.95 4.55
>
3.90 4.50
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Figure 9. Regulation Voltage vs Temperature Figure 10. Over Voltage vs Temperature
35 146 250
[—
3.0 T 145 T
N 144 g 20
2.5 3
143 s
<20 //\ g 5 150
= ~_] 142 ¢ 2
_5 1.5 / —= z
/ 141 & 100
z
2
10 / 140 %
>
=~ 50
VSLRUN
0.0 138 0 IVSLSTOF’
%0250 2% 50 75100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Figure 11. HV Current Source Currents Figure 12. VS Line Sense Current vs Temperature

Copyright © 2013-2014, Texas Instruments Incorporated

Product Folder Links: UCC28910

Submit Documentation Feedback 9


http://www.ti.com/product/ucc28910?qgpn=ucc28910
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS769B&partnum=UCC28910
http://www.ti.com/product/ucc28910?qgpn=ucc28910

i3 TEXAS
INSTRUMENTS
UCC28910

SLUS769B —JULY 2013—-REVISED AUGUST 2014 www.ti.com

8 Detailed Description

8.1 Overview

The device is an HV switcher dedicated to an off-line power supply in an isolated flyback configuration. HV
switcher means that device integrates the power switch, a 700-V power FET, with the control logic. The control
logic controls both the output voltage and the output current without the need of an optical coupler. This control
method is known as Primary-Side Regulation (PSR) and it operates by analyzing the voltage waveform on the
auxiliary winding of the transformer. This allows significant cost saving with respect to traditional control scheme
that uses an optical coupler. The transformer auxiliary winding is also used to provide housekeeping supply
power to the control logic. The device operates in Constant Voltage mode (CV) when it is controlling the output
voltage. The device operates in Constant Current mode (CC) when the output current is controlled. The device
operates in CV mode or in CC mode according to the load condition. (See Figure 18). The control algorithm that
implements both, modulation of the switching frequency and the amplitude modulation of the primary current
peak, allows the power supply to operate efficiently over the entire load range. The high-voltage current source
used for startup is kept off during normal operation thereby minimizing standby power consumption. The device
also incorporates a smart power management to minimize its current consumption from the VDD terminal. This
power consumption is reduced when the converter is lightly loaded or unloaded allowing for a total input power of
less than 30 mW when converter input voltage is 265 V¢ and unloaded. A number of protection features inside
the device allow for improved overall system reliability.

8.2 Functional Block Diagram

VBULK
i Primary
Winding
M

Secondary Vour Load
Winding T

L e
Auxiliary| VDD DRAIN
Winding LJ—‘_,
GND .
r [ (E)
L ] OT Fault —p
i& UVLO Logic »
OC Fault—»| Power and Fault
+ VDD CLP Fault Line Fault—: Management
6 mMA— =
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g T
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IDRAIN

? |z
&
A4
A
A py) w
__|_ o o
I
TI:T
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» < | Sense
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N
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8.3 Detailed Device Description

8.3.1 VDD (Device Voltage Supply)

The VDD terminal is connected to a bypass capacitor to ground and typically to a rectifier diode connected to the
auxiliary winding. The VDD turn on UVLO threshold is 9.5 V (VDDgy typical) and turn off UVLO threshold is 6.5 V
(VDDggr typical). The terminal is provided with an internal clamp that prevents the voltage from exceeding the
absolute maximum rating of the terminal. The internal clamp cannot absorb currents higher than 10 mA (see
lvop(cipy IN Absolute Maximum Ratings), to avoid damaging the device, when the clamp flowing current exceeds 6
MA (IppcLp oc typical) the device stops switching. The VDD terminal operating range is then from 7 V (VDDgge
maximum) up to 26 V (VDD¢ ayp Minimum). The USB charging specification requires that the output current
operates in constant current mode from 5 V to a minimum of 2 V; this is easily achieved with a nominal VDD of
approximately 17 V. Set Nps (auxiliary-to-secondary windings turn ratio) to 17 V / (Vout + VE) where V¢ is the
voltage drop on the output diode at low current. The additional VDD headroom up to the clamp allows for VDD to
rise due to the leakage energy delivered to the VDD in high-load conditions.

IDD Current Vs Normalized converter output power

0.01,

P) 1107

g
2

IDD (mA)

110 110 ° 0.01 0.1 1

POUT / POUTmax

Figure 13. VDD Current Consumption

8.3.2 GND (Ground)

The device is provided with three terminals, shorted together, that are used as external ground reference to the
controller for analog signal reference. The three terminals function to pull out the heat caused by the power
dissipation of the internal power FET. Place the VDD bypass capacitor close to GND and VDD with short traces
to minimize noise on the VS and IPK signal terminals.
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Detailed Device Description (continued)
8.3.3 VS (Voltage Sense)
The VS terminal is connected to a resistor divider from the auxiliary winding to ground. The VS terminal provides

three functions.

1. It provides output voltage information to the voltage control Loop. The output voltage feedback information is
sampled at the end of the transformer secondary current demagnetization time to provide an accurate
representation of the output voltage.

2. It also provides timing information to achieve valley switching and the duty cycle of the secondary
transformer current is determined by the waveform on the VS terminal.

3. It samples the bulk capacitor input voltage providing under-voltage shutdown.

The data provided in 1) and 2) are sensed during the MOSFET off-time; 3) is performed during the MOSFET on-
time when the auxiliary-winding voltage is negative.

During MOSFET on-time, the voltage on VS terminal is clamped to GND and through the resistance Rg;
connected between the auxiliary winding and VS. During the on-time, the current sourced from the VS terminal is
sensed by the device. For the under-voltage function, the enable threshold on VS current is 210 pA and the
disable threshold is 75 pA.

The resistor values for Rg; and Rg, can be determined by the equations below.

Re. = VRms _EN X V2

SN
PA X VSLRUN

where

* Npa is the transformer primary to auxiliary turns ratio,

*  Vgus_en is the AC RMS voltage to enable turn on of the controller,

* lysirun IS the line sense current (210 pA typical). Q)

Vvsr XRs1 XNpa

~ (Vour + Vi) xNpg = (Vysr xNpp)

where

» where Vgyr is the converter output voltage in V,

» Vg is the output rectifier forward drop at low current in V,

* Nps is the transformer primary to secondary turns ratio Rg; is the VS divider high side resistance in

RSZ

Ohmes,
*  Vygr is the regulating level of VS terminal. (2)
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Detailed Device Description (continued)
8.3.4 IPK (Set the Maximum DRAIN Current Peak)

A resistance (Rjpx) connected between IPK terminal and GND sets the maximum value of the power FET peak
current. A current, lsgnsg, proportional to the power FET current comes out from the IPK terminal during power
FET on time.

IDRAIN

lsense = K
SENSE

where

Ksense = 720

The voltage across Rjpi is fed to the PWM comparator and established to switch off the power FET according to
the following equation:

Ksense X VesT(max) _ Vestemax)

Ib px =
~Pr(max Ripk Ripk
where

VCST(maX) =0.75V

If the terminal is shorted to GND (R;pk = 0) the peak current is automatically set to 600 mA (Ip_peak(max))-

A test is performed at device start up to check whether the IPK terminal is shorted to GND or the Rjp is present.
If Ripk is less than Ripk sqorT (Maximum), the device interprets it as a short (Rpx = 0) and the DRAIN peak
current is set to Ip peakmax)- Otherwise, if Ripi is greater than Ripgminy (Minimum), the device sets the peak
current DRAIN according to the previous equation. A value of Rjpk that is in between the before said values, is
not allowed since the value of the peak current may be selected using anyone of the two sense resistances: the
internal sense resistance and Rpk.

8.3.5 DRAIN

The DRAIN terminal is connected to the DRAIN of the internal power FET. This terminal also provides current to
the high voltage current source at start up.
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8.4 Feature Description

The UCC28910 is a flyback power-supply switcher which provides accurate output voltage and constant current
regulation with primary-side feedback, eliminating the need for optical coupler feedback circuits. The device has
an internal 700-V power FET plus a controller which forces the converter to operate in discontinuous conduction
mode with valley switching to minimize switching losses. The modulation scheme is a combination of frequency
and primary-peak current modulation to provide optimized conversion efficiency over the entire load range. The
control law provides a wide dynamic operating range to achieve less than 30-mW standby power.

The UCC28910 includes features in the modulator to reduce the EMI peak energy of the fundamental switching
frequency and harmonics. Accurate voltage and constant current regulation, fast dynamic response, and fault
protection are achieved with primary-side control.

A complete charger solution can be realized with a straightforward design process, low cost and low component
count solution.

8.4.1 Primary-Side Voltage Regulation

Figure 14 illustrates a flyback converter. The voltage regulation blocks of the device are shown. The power train
operation is the same as any DCM flyback circuit but accurate output voltage and current sensing is the key to

primary side control.
VeuLk ’
i Primary
Winding ¢
’J_‘ DRAIN

Rs1 Gate Driver )j_l
VS Error Amplifier : ) s Q >
0 r Control Law
L

JUR
% Secondary ,FVOUT Load

Winding

(Vour + V) X Nps/Npa

C\/U_Xig?ry ] > Sampler Fixes fsw and R B loram
Inding Vsr Drain Current Q
Rs2 Peak
GND —p Discriminator + | loran Sense IPK
r] < [
L L
|-
o | Zero Cross »
> Detect PWM Comparator
Reference
Figure 14. Voltage Loop Block Diagram
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Feature Description (continued)

In primary-side control, the output voltage is sensed by the auxiliary winding during the transfer of transformer
energy to the secondary. Figure 15 shows the down slope representing a decreasing total rectifier Vg and the
secondary winding resistance voltage drop as the secondary current decreases to 0 A. To achieve an accurate
representation of the secondary output voltage on the auxiliary winding, the Discriminator Block (Figure 14)
reliably ignores the leakage inductance reset and ring, continuously samples the auxiliary voltage during the
down slope after the ringing is diminished, and captures the error signal at the time the secondary winding
reaches O current. The internal reference on VS is 4 V; the resistor divider is selected as outlined in the VS
terminal description.

A

N
(Vour + Vi) x NPS
PA /\

V
BULK >

Npa
Figure 15. Auxiliary Winding Voltage
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Feature Description (continued)

The UCC28910 VS signal Discriminator Block (Figure 14) ensures accurate sampling time for an accurate
sample of the output voltage from the auxiliary winding. There are however some details of the auxiliary winding
signal to ensure reliable operation, specifically the reset time of the leakage inductance and the duration of any
subsequent leakage inductance ring. Refer to Figure 16 for a detailed illustration of waveform criteria to ensure a
reliable sample on the VS terminal. The first detail to examine is the duration of the leakage inductance reset
pedestal, t x reser- Since this can mimic the waveform of the secondary current decay, followed by a sharp
down-slope, it is important to keep the leakage reset time less than 500 ns for Ipgan Minimum, and less than 1.5
us for Ipgrany Maximum. The second detail is the amplitude of ringing on the auxiliary winding waveform (Vayx)
following t « reser- The peak-to-peak voltage at the VS terminal should be less than approximately 100 mV,_, at
least 200 ns before the end of the demagnetization time, tpyac. If there is a concern with excessive ringing, it
usually occurs during light or no-load conditions, when tpyac iS at the minimum. The tolerable ripple on VS is
scaled up to the auxiliary winding voltage by Rs; and Rg,, and is equal to 100 (Rg; + Rgp) / Rg, mV.

A

Tk _Reser

>

VS Ring p-p

tomac

="
-
-
-

<
rmecaeeed

Figure 16. VS Voltage

During voltage regulation, the controller operates in frequency modulation mode and amplitude modulation mode.
The internal operating frequency limits of the controller are 115 kHz maximum and 420 Hz minimum. The
transformer primary inductance and turns ratio sets the maximum operating frequency of the converter. The
output preload resistor and efficiency at low power determines the converter minimum operating frequency.
There is no external compensation required for the UCC28910 device.
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Feature Description (continued)

8.4.2 Primary-Side Current Regulation

Timing information at the VS terminal and the primary current information allow accurate regulation of the
secondary average current. The control law dictates that as power is increased in CV regulation and approaching
CC regulation the primary-peak current is at Ip pkmax) = Vestemax) / Ripk- Referring to Figure 17, the primary-
peak current, turns ratio, secondary demagnetization time (tpyag), and switching period (tgy) establish the
secondary average output current. When the average output current reaches the regulation reference in the
current control block, the controller operates in frequency modulation mode to control the output current at any
output voltage at or below the voltage regulation target as long as the aux winding can keep VDD above the
VDD UVLO threshold (VDDggg).

A
ID_PK(max) ~~~~~~~~~~~~~~ R ISEC(peak)
; . Nps
E
P S S — t >
4 ton—P—touac — P
< tsw >
. 1 Npg
— Primary Current lout = 5% s pr(max) * tomac * fsw = *Ip_pk(max) XDmacce
---- Secondary Current
Y where Duacce = tomac * fsw

Figure 17. Output Current Estimation

A

5
> 1500 —P | 4—
2 37
2
g2 P
@ -

’/
1 -~

T T T T —>
0.3 0.6 0.9 1.2 1.4

Output Current (A)
Figure 18. Target Output V-l Characteristic
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Feature Description (continued)

Kcc is defined as the maximum value of the secondary-side conduction duty cycle. It is set internally by the
UCC28910 and occurs during constant current control mode.

Veuik ' * .
Primary Secondary Load
Winding ¢ Winding -

| 7 oman
T

(Vour + VE) X Nps/Npa

Rst Zero Cross Gate Driver
Detect L
VS . S Q 4| >—‘
° Current Regulation |_>_:>_
C\z)r(]'(lj';ry [] o Discriminator and VFF fow _ IprAIN
9 Compensation R Q
g Rs2
GND T ’7 + Iorain Sense IPK

. r] > < 1 [
E L 4)\, ,\I\_ - PWM Comparator | L

N H > —

[ MR
—P tovac 4— L
Figure 19. Output Current Control Loop Block Diagram
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Feature Description (continued)

8.4.3 Voltage Feed Forward Compensation

During normal operation the on-time is determined by sensing the power FET current and switching off the power
FET as this current reaches a threshold fixed by the feedback loop according to the load condition. The power
FET is not immediately turned off and its current, that is also the primary winding current, continues to rise for
some time during the propagation delay (tpg ay in Figure 20). Keeping the reference for the PWM comparator
constant, the value of the primary winding peak current depends on the slope of the primary winding current and

toeLAY-

Alp_pk
$ '
v
E(max) _
CSRT M8 = Ip_pK_TARGET
IPK

Ip_pk

—» toeiay €— !
Figure 20. Propagation Delay Effect on the Primary Current Peak

VBuLk
Alp pk = L X telay
P (5)
VBuLK
Ib Pk =lb_pk_TARGET *+ X gelay ©

The current loop estimates the output current assuming the primary winding peak current is equal to the
Ik TargeT @nd compares this estimated current with a reference to obtain the current regulation. Considering,
Ip peax is different from Iy peak TargeT (S€€ Figure 20) we need to compensate the effect of the propagation
delay. The UCC28910 incorporates fully integrated propagation delay compensation that modifies the switching
frequency keeping the output current constant during (CC) Constant Current Mode operation. This function is
integrated in the controller and requires no external components. This feature keeps the output current constant
despite input voltage variations and primary inductance value spread.
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Feature Description (continued)

8.4.4 Control Law

During voltage regulation, the device operates in switching frequency modulation mode and primary current peak
amplitude modulation mode. The internal operating frequency limits of the device are fsymax and fswmin)- The
transformer primary inductance and primary-peak current chosen sets the maximum operating frequency of the
converter. The output preload resistor and efficiency at low power determines the converter minimum operating
frequency. During constant current regulation the device operates only in frequency modulation mode reducing
the switching frequency as the output voltage decreases. Figure 21 shows how the primary peak current and the
switching frequency change with respect to changes in load.

A Constant Voltage (CV Mode) Constant Current (CC Mode) A
fSW(max) e
= - T Vestemax ! Ripk
T ; \
% ,': \“ E
9 / \ =
~ 44 kHz , ’
5 - “.‘ VesTe(max) / Ripk
S “
~4.4KHz ot
Fowmingles” >le
A A
VOUTn
PSS i \ loutn
_,-"" Stop/Restart
e Region:
el (VDD < Vpporr) .
5 e 3
o . -
>
o \
-~ N
o A
.7 QP \
Lol B |
~1/2376 ~1/270 ~1/27 ~1/3 1
Normalized Output Power Pour / Pout max
Figure 21. Control Law Profile
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Feature Description (continued)
8.4.5 Valley Switching

The UCC28910 utilizes valley switching to reduce switching losses in the MOSFET and minimize the turn on FET
current spike. The UCC28910 operates in valley switching in almost all load conditions until the Vpg ringing is
diminished. By switching at the lowest Vpg voltage the MOSFET turn on dV / dt is minimized which is a benefit to
reduce EMI.

Referring to Figure 22, the UCC28910 operates in a valley skipping mode in most load conditions to maintain an
accurate voltage regulation point and still switch on the lowest available Vg voltage.

A
Valley Skipping

v

Minimum allowed period

v

Figure 22. Valley Skipping

Valley switching is maintained during constant current regulation to provide improved efficiency and EMI benefits
in constant current operation.

In very light-load or no-load condition the Vpg ringing is very low and not easy to detect, moreover with very low
ringing amplitude there would be no benefit in valley switching so in this condition the valley switching is disabled
(see Figure 23).

A R
Vos No Valley Switching in Light Load

v

Figure 23. Valley Switching Disable at Light Load
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Feature Description (continued)
8.4.6 Startup Operation

UCC28910 is provided with a high-voltage current source, connected between the DRAIN terminal and the VDD
terminal; this current source is activated when a voltage is applied on DRAIN terminal. The current source
charges the capacitor connected between VDD and GND increasing the VDD voltage. As VDD exceeds VDDgy
the current source is turned off and the controller internal logic is activated and the device starts switching. If the
VDD voltage falls below the VDD threshold, or a fault condition is detected, the controller stops operation and
its current consumption is reduced to Istart OF lpaut- The high-voltage current source is turned on again when
VDD voltage goes below VDD on) (see Figure 11 for reference).

The initial three cycles are limited to Ip peakmax) / 3- This allows sensing any input or output faults with minimal
power delivery. After the initial three cycles at Ip pgakmax) / 3, the controller responds to the condition dictated by
the control law.

A

VBuLk T »

VDDON /\
/ "\ T~ /\
VDDorr / — —
VDDHV(on)

VDD n |

Vbrain
\ ) K i t

Behavior with Auxiliary

Winding Disconnected Fault

Figure 24. Start Up and Auto Re-Start Operation

The converter remains in DCM during charging of the output capacitor(s), and operates in constant current mode
until the output voltage is in regulation.

To avoid high-power dissipation inside the device, such as in the event that VDD is accidentally shorted to GND,
the current provided by the high-voltage current source is reduced (Icy,) until VDD < 1V (typical).

8.4.7 Fault Protection

There is comprehensive fault protection incorporated into the UCC28910. Protection functions include:
* Output Over-Voltage Fault

* Input Under-Voltage Fault

» Internal Over-Temperature Fault

* Primary Over-Current Fault

*  Maximum toy Fault

» VDD Clamp Over Current
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Feature Description (continued)
8.4.7.1 Output Over-Voltage

The output over-voltage function is determined by the voltage feedback on the VS terminal. If the voltage sample
on VS exceeds 4.6 V, which correlates to 115% of nominal Vgyr, the device stops switching and reduces its
current consumption to Igay,t, Slowly discharging the VDD capacitor to the VDDyyon) threshold. At this time the
standard startup sequence begins. The initial three cycles of startup at low-peak DRAIN current is important to
monitor Voyr and deliver minimal power. The reset and restart, or hiccup, sequence applies for all fault
protection. The slow VDD capacitor discharge after a fault allows the high voltage current source to have a low
duty cycle to avoid over heating of the device if a fault condition is continuously present resulting in a repetitious
start up sequence.

8.4.7.2 Input Under-Voltage

The input under voltage is determined by current information on the VS terminal during the MOSFET on time.
The VS terminal is clamped close to GND during the MOSFET on time; at this time the current though Rg; is
monitored to determine a sample of the bulk capacitor voltage. The under voltage shutdown current on VS is 75
MA; the enable current threshold is 210 pA. The device must sense the under-voltage condition for three
consecutive switching cycles to recognize it as a fault condition. After an under-voltage fault, the same sequence
described for output overvoltage occurs.

8.4.7.3 Internal Over-Temperature

The internal over-temperature protection threshold is 150°C with a hysteresis of 50°C. If an over temperature is
detected the device stops switching and the current consumption is reduced to Igay - The VDD voltage
decreases to VDDyy(on) Where the high-voltage current source is activated and the VDD voltage rises again until
VDDgy, Where the internal logic is re-activated. If the temperature of the device is not dropped below
approximately 100°C (150°C — 50°C) no switching cycles occur and the fault condition is maintained and the
current consumption is again Iz, 1. For diagnostic purposes, when a thermal shutdown occurs, a short voltage
pulse whose amplitude is around 2 V is transmitted on the IPK terminal.

8.4.7.4 Primary Over-Current

The UCC28910 always operates with cycle-by-cycle primary current control. The normal operating range for the
peak DRAIN current depends on the resistance (Rpx) connected between the IPK terminal and the GND
terminal. The peak DRAIN current should not exceed Ip peakmax) €ven if the IPK terminal is shorted to GND, or
should not exceed Vcste / Ripk if the IPK terminal is tied to GND with the resistance Rjpx. There are different
reasons the DRAIN current can go out of control, for example a secondary winding short or hard saturation of the
transformer. To avoid over-stress of the power FET additional protections are added. If the DRAIN current
exceeds Ipocp (~33% higher than Ip peak(max), Such as when IPK terminal is shorted to GND, or Vcste ocp / Ripks
(Veste_ocp ~33% higher than Vestemay), and the condition is sensed for three consecutive switching cycles, a
fault shutdown and retry sequence, detailed in the output overvoltage fault description, occurs. If the DRAIN
current exceeds a second level of current (Veste ocpz / Ripk) it is not necessary to detect the fault for three
consecutive switching cycles, the device will stop switching immediately.

8.4.7.5 Maximum tgy

An additional protection that limits the power FET on time was added. A timer sets a maximum tgy time that is
proportional to the Ip peax Value established by the control law. When Ip pgax is maximum the maximum toy is
tonmAax(max) (18 ps typical) if Ip_peak IS minimum the maximum toy is tONMAx(mm) (6 ps typical). As the maximum
ton IS elapsed the power FET is switched off (if it is still on). If for three consecutive switching cycles the power
FET is switched off by the maximum tgy protection, the device stops switching and sets the consumption low
(IlvpprauLT) until the next restart.

8.4.7.6 VDD Clamp Over-Current

The VDD terminal is provided with an internal clamp to prevent the terminal voltage from exceeding the absolute
maximum rating. If the current in the clamp exceeds 6 mA (typical), in order to avoid any damage to the device
and to the system, a fault condition is assumed and the device stops operation.
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8.5 Device Functional Modes

According to the input voltage, the VDD voltage, and the load conditions, the device can operate in different
modes:

1.

At start-up with Vpran > 20 V, VDD = 0 V, the HV voltage current source is ON and starts to charge the
capacitor connected to the VDD pin. With VDD < 1 V the current provided is limited < 500 pA and VDD rises
slowly.

When VDD exceeds 1 V (VDD < VDDgy) the HV current source provides higher current and VDD rises
faster.

When VDD exceeds VDDgy the device starts switching and delivers power to its output. According to its
load, the converter operates in CV mode or in CC mode.

(&) CV mode means that the converter keeps the output voltage constant. This operating mode takes place
when R oap > Voev / locc Where Voey is the target for output voltage and Igcc is the maximum converter
output current. In this condition the converter output voltage Vour = Vocy and the converter output
current loyt < loce.

(b) CC mode means that the converter keeps the output current constant. This operating mode takes place
when R oap < Vocv / loce- In this condition the converter output voltage Voyr < Vocy @and the converter
output current loyt = locc.

Device operations can be stopped because of the events listed below:

(a) If VDD drops below VDDggg, the device stops switching and its current consumption is lowered to IgtarT-
Because the converter is not switching, no energy is delivered from the auxiliary winding, the HV current
source is off, then the VDD capacitor is discharged with IstagT Current.

(b) If a fault is detected device stops switching and its current consumption is lowered to Igay 7 that slowly
discharges the VDD capacitor down to VDDggr Where the current consumption is Istart < lpault and the
VDD capacitor continues to discharge.

After the device stops switching, because of 4a or 4b, the VDD voltage drops, when it goes below VDDyy(qn),
the HV current source is turned on recharging the VDD capacitor up to VDDgy.

When a fault condition is permanently present, the device operates in auto restart-mode. This means that a
fault condition is detected, the device stops operation as described in 4b, then VDD drops down to VDDyy(on)
when the device start-up sequence takes place. At device turn-on, the fault is again detected and the cycle
repeats.
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9 Applications and Implementation

9.1 Application Information

The UCC28910 device is a HV switcher that integrates an HV power FET plus a controller that uses primary-
side-regulated (PSR), supporting magnetically-sensed output voltage regulation via the transformer bias winding.
This sensing eliminates the need for a secondary-side reference, error amplifier and optical-isolator for output
voltage regulation. The device delivers accurate output voltage static load and line regulation, and accurate
control of the output current. The magnetic sampling scheme allows operation only in discontinuous conduction
mode (DCM) so the device is not allowed to turn on the Power FET if it doesn’t sense a ZCD event that is when
auxiliary winding voltage crosses zero from high to low after transformer demagnetization is complete. The
modulator adjusts both frequency and peak current in different load regions to maximize efficiency throughout the
operating range. The smart management of the control logic power consumption and the HV current source,
used for startup that is off during operation and have very low leakage current, allow designing converters with
very low standby input power. The less than 30mW can be easily achieved with this device.

9.2 Typical Application

9.2.1 Battery Charger,5V,6 W

This design example describes the UCC28910FBEVM-526 design and outlines the design steps required to
design a constant-voltage, constant-current flyback converter for a 5-V/6-W charger. Discontinuous conduction
mode (DCM) with valley switching is used to reduce switching losses. A combination of switching frequency and
peak primary current amplitude modulation is used to keep conversion efficiency high across the full load and
input voltage range. Figure 25 below details the output V-I characteristic. Low system parts count and built in
advanced protection features result in a cost-effective solution that meets stringent world-wide energy efficiency
requirements.
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Figure 25. Target Output V-l Characteristic
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Typical Application (continued)
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Typical Application (continued)

9.2.1.1 Design Requirements

For this design example, use the parameters listed in Table 1.

Table 1. Design Parameters

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
INPUT CHARACTERISTICS
VN Input voltage 85 115/230 265 \%
fLINE Frequency 47 50/60 64 Hz
Pne No load power ViN=Vnom lout=0A 15 20 mw
Vinuvio  Brownout voltage louT = Inom 70 \%
Vinov Brownout recovery voltage 80 \%
Iin Input current Vin = Vuine lout = max 0.2 A
OUTPUT CHARACTERISTICS
Vout QOutput voltage Vin =Vmin 10 Vvaxs loutr =0 V to Inom 4.75 5.00 5.25 \%
loutmaxy Maximum output current Vin = Vuin t0 Vivax 1.14 1.20 1.26 A
loutminy  Minimum output current Vin = Vnin 10 Vpmax 0 A
AVout Qutput voltage ripple VN = Vmin 10 Vmaxs louTt =0 V to Inom 150 mV
Pout Output power Vin = Vuin 10 Vvax
SYSTEM CHARACTERISTICS
n Average efficiency ‘ 25%, 50%, 75%, 100% of loyt | 75%

ENVIRONMENTAL

Conducted EMI

| Meets CISPR22B/EN550228

9.2.1.2 Detailed Design Procedure

This procedure outlines the steps to design a constant-voltage, constant-current flyback converter based on
UCC28910 switcher. Refer to the Figure 27 for component names and network locations. The design procedure
equations use terms that are defined below.

T1 DOUT

T

Ay
/

_L Cerr

Ree D1

RPRL VOUT

UCC28910

1 Cvop % Rs2

Figure 27. Standard Flyback Converter Based on UCC28910
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9.2.1.2.1 Power Handling Curves

The application curves give the maximum input power that can be handled by the device versus the ambient
temperature. Two input curves are shown below. The first refers to a wide-range input voltage (88 Vac; 264 Vac)
converter; the second refers to a European range input voltage (175 Vac; 265 V) converter. The two curves
refer to an AC / DC converter realized with the UCC28910 device using the provided design equations. A copper
area, used as heat sink, connected to GND terminals, considered in calculation to get the Input curves is 560
mm?. The input stage losses are included. A full-bridge rectifier and 7.5 Q as inrush limiter resistance was
considered.

To estimate the maximum output power at a certain ambient temperature it is possible to multiply the input power
given by the input curve by the estimated efficiency. Below are reported the output power curves where, as
estimated efficiency, was considered the minimum required efficiency given by EPA in to the Eligible Criteria
(Version 2.0) for single voltage external AC/DC power supplies to get energy star label.

The curves give a rough estimation of the power handling capability of the device because at the end this
capability depends a lot from the other components used in the circuit. A big impact on efficiency and then, on
power handling capability, is given by transformer. The primary-leakage inductance and primary-winding parasitic
capacitance should be minimized to improve performance.

The output diode has also an important impact; better performance is generally obtained if a Schottky diode is
used because of the low-forward voltage drop and fast switching times. The reverse leakage current of this diode
has to be checked because this current, in the schottky diodes, is higher respect standard or fast diodes. It
increases with temperature. If the revers current is too high it could cause thermal runaway of the diode beside of
the additional losses. Considering the wide-range application (Figure 30) the point representing the required
output power (6 W) and operating maximum T, (50°C) is below the 5-V curve so the device can handle the
required power at the required condition.
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Figure 28. (90; 265) Vrus Input Voltage Range Converter
Maximum Input Power vs Ambient Temperature
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Figure 29. (180; 265) Vrus Input Voltage Range Converter
Maximum Input Power vs Ambient Temperature
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Figure 31. (180; 265) Vrus Input Voltage Range Converter
Maximum Output Power vs Ambient Temperature
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9.2.1.2.2 Definition of Terms

Capacitance Terms in Farads

* Cpuik: total input capacitance of Cg; and Cpgy.
* Cypp: capacitance on the VDD terminal.

* Cout: output capacitance.

Duty Cycle Terms
» Kcc: secondary diode conduction duty cycle in CC, (see Electrical Characteristics).
* Dpax: MOSFET on-time maximum duty cycle.

Frequency Terms in Hertz

e fne: minimum line frequency.

*  frarceTmax: target full-load maximum switching frequency of the converter.

+ fuin: minimum switching frequency of the converter, add 15% margin over the fgymin limit of the device.
*  fswmin): minimum switching frequency (see Electrical Characteristics)

Current Terms in Amperes

* lpocc: converter output current target when operating in constant current mode.

* Ip_pkmax: Maximum transformer primary current peak.

* |tran: required positive load-step current.

* Igun: maximum current consumption of the device (see Electrical Characteristics).
* lysirun: VS terminal run current (see Electrical Characteristics).

Current and Voltage Scaling Terms
e Kau: maximum-to-minimum peak-primary current ratio (see Electrical Characteristics).
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Transformer Terms
» Lp: transformer primary inductance.
* Npa: transformer primary-to-auxiliary turns ratio.
* Npg: transformer primary-to-secondary turns ratio.
Power Terms in Watts
* Py\: converter maximum input power.
*  PinTrx: transformer maximum input power.
*  Poyr: full-load output power of the converter.
» Pgg: total stand-by input power.
Resistance Terms in Q
* Rypk: primary current programming resistance.
* Rggg: total ESR of the output capacitors.
* Rpg.: preload resistance on the output of the converter.
e Rg: high-side VS terminal resistance.
* Rg,: low-side VS terminal resistance.
Timing Terms in Seconds
*  tpmagmin: Minimum secondary rectifier conduction time.
*  ton(min): Minimum MOSFET on time.
* tg: resonant frequency during the DCM (discontinuous conduction mode) time.
Voltage Terms in Volts
*  VguLk: highest bulk capacitor voltage for stand-by power measurement.
* VguLk(min): Minimum voltage on Cg; and Cg; at full power.
* Vccgr: constant-current regulating voltage (see Electrical Characteristics).
* Voa: output voltage drop allowed during the load-step transient.
*  Vpspk: peak MOSFET drain-to-source voltage at high line.
» Vg secondary rectifier, Dgoyt, forward voltage drop at near-zero current.
»  Vga: auxiliary rectifier, D2, forward voltage drop.
*  Voev: regulated output voltage of the converter, Vg7 in CV mode.
*  Vypp: voltage value on VDD terminal.
*  Vocc: target lowest converter output voltage in constant-current regulation.
* Vgey: peak reverse voltage on the secondary rectifier, Dgyr.
*  VgepLe: OUtput peak-to-peak ripple voltage at full-load.
*  Vygr: CV regulating level at the VS input (see Electrical Characteristics).
*  AVyyLo: VDDgn — VDDgge (see Electrical Characteristics).
AC Voltage Terms in Vgys
*  Vinmax: Maximum AC input voltage to the converter.
*  Vinminy: Minimum AC input voltage to the converter.
*  Vingun): CONverter input start-up (run) AC voltage.
Efficiency Terms
* n: converter overall efficiency.
* nxemr: transformer primary-to-secondary power transfer efficiency.
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9.2.1.2.3 Maximum Target Switching Frequency

The maximum operative switching frequency of the converter should be selected with a trade-off between the
efficiency requirement (generally decreasing the switching frequency improves efficiency because the switching
losses are reduced) and transformer size (increasing the switching frequency results in decreased transformer
size). Some limits to the maximum value of the switching frequency need to be taken into account.

The internal oscillator of the device cannot exceed 115 kHz (see fswmax) in the Electrical Characteristics)
moreover the demagnetization time cannot be too short (tpyagmin) > 1 KS) in order to allow for the proper working
of the discriminator (see Primary-Side Voltage Regulation) and the maximum operative switching frequency is
linked to the demagnetization time from the equation below.

Kam XKee

frarRGET(Mmax) < "

DMAG(min) (7)
So the target maximum operative switching frequency of the converter satisfies to the below condition:

Kam *Kee fSW(
! max

frarcET(max) <MIN )

t .
DMAG(min) @)
A good value for tpyagminy IS 1.2 us with some margin respect the minimum allowed value.

9.2.1.2.4 Transformer Turns Ratio, Inductance, Primary-Peak Current

The maximum primary-to-secondary turns ratio can be determined by the target maximum switching frequency at
full load, the minimum input capacitor bulk voltage, and the estimated DCM quasi-resonant time. Initially
determine the maximum available total duty cycle of the on-time and secondary conduction time based on target
switching frequency and DCM resonant time. For DCM resonant time, assume tg = 1 / 500 kHz if you do not
have an estimate from previous designs. For the transition mode operation limit, the period required from the end
of secondary current conduction to the first valley of the Vpg voltage is half of the DCM resonant period, or 1 us
assuming 500-kHz resonant frequency. Dyax can be determined using the equation below.
t
Duax =1- [?R x fTARGET(max)j -Kee

9)
Once Dyax is known, the maximum turn ratio of the primary-to-secondary can be determined with the equation
below.

Dumax * VBULK (min)
Kee x (Vocv + VF) (10)

Duacce is defined as the secondary diode conduction duty cycle during constant-current control mode operation.
It is set internally by the UCC28910. This is the maximum allowable demagnetizing duty cycle and is equal to
Kce. The total voltage on the secondary winding needs to be determined; the sum of Vgcy and the secondary
rectifier VF. The voltage Vgykmin) IS generally selected around 65% or 60%. Vgy kmin) iS determined by the
selection of the high-voltage input capacitors.

I\lPS(max) =

For the 5-V USB charger applications Npg values from 13 to 17 are typically used.
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9.2.1.2.5 Bulk Capacitance

The minimum input capacitance voltage, the input power of the converter based on target full-load efficiency,
minimum input RMS voltage, and minimum AC input frequency are used to determine the input capacitance
requirement.

Maximum input power is determined based on Vv, locc, and the full-load efficiency target.
p. _ Vocv Xlocc
IN =
n (11)

The following equation provides an accurate solution for input capacitance based on a target minimum bulk
capacitor voltage. To target a given input capacitance value, iterate the minimum capacitor voltage to achieve the
target capacitance.

2XPIN X 1 — 1 x arccos M
fungming | RCT  2xm 2 % ViN(min)

Ceuk = 2 2
V2 x ViNmin) — VBULK (min) (12)

In the case the input rectifier is a single diode (half-wave rectifier) and for bridge-input rectifier (full-wave rectifier),
as in the schematic of Figure 26.

9.2.1.2.6 Output Capacitance

The output capacitance value is typically determined by the transient response requirement from no load. For
example, in USB charger applications, it is often required to maintain a minimum output voltage of 4.1 V with a
load-step transient from 0 mA to 500 mA (Itran)- The equation below assumes that the switching frequency can

be at the UCC28910 minimum of fgymin-

I

Cour = v TF;AN
oA X lsw(min) (13)

Another consideration on the output capacitor(s) is the ripple voltage requirement which is reviewed based on
secondary-peak current and ESR. A margin of 20% is added to the capacitor ESR requirement in the equation
below.

VRIPPLE «0.8

Resr < | N
D_PK(max) *'Nps (14)

9.2.1.2.7 VDD Capacitance, Cypp

The capacitance on VDD needs to supply the device operating current until the output of the converter reaches
the target minimum operating voltage in constant-current regulation. At this time the auxiliary winding can sustain
the supply voltage to the UCC28910. The output current available to the load to charge the output capacitors is
the constant-current regulation target. The equation below assumes the output current of the flyback is available
to charge the output capacitance until the minimum output voltage is achieved.

Cout % Voce *lrun(max)
locc X AVuvio (15)

CVDD =
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9.2.1.2.8 VS Resistor Divider

The VS divider resistors determine the output voltage regulation point of the flyback converter, also the high-side
divider resistor (Rg;) determines the line voltage at which the controller enables continuous switching operation.
Rg; is initially determined based on transformer auxiliary to primary turn ratio and desired input voltage operating
threshold.

R = ViNgmin) X J2
s1=
Npa X lysi RUN(max) (16)

The low-side VS terminal resistor is selected based on desired output voltage regulation.
Vvsr XRs; XNpa

(Mout + VE) xNpg = (Vysr xNpa) (17)

RSZ

9.2.1.2.9 Rypp Resistor and Turn Ratio

The value of Rypp and the auxiliary-to-secondary turns ratio should be selected with care in order to be sure that
the VDD is always higher than the VDDgre (7 V maximum) threshold under all operating conditions. The Rypp
resistor also limits the current that can go into the VDD terminal preventing lyppcip oc Clamp over-current
protection from being erroneously activated. -

9.2.1.2.10 Transformer Input Power

The power at the transformer input during full-load condition is given by the output power plus the power loss in
the output diode plus the power consumption of the UCC28910 control logic (Vypp % lgryn) divided by the
transformer efficiency that takes into account all the losses due to the transformer: copper losses, core losses,
and energy loss in the leakage inductances.

(Vocv + VF) *loce + Vvop X lrun
MXFMR (18)

PnTRX =

9.2.1.2.11 Ry Value

The Rpk value sets the value of the DRAIN current peak that equals the transformer primary winding current
peak value. This value also sets the value of the output current when working in CC mode according to the
following formula:

V, I V, I V,
lout = \/nXFMR — VDD RUN |, Npg x 1 XIp_pk(max) XPmacee = \/nXFMR — VDD TRUN |, Npg x 1 x —SCR
PNTRX 2 - PNTRX 2 Rpk

where
*  Duaccc is the secondary diode conduction duty cycle
* Nps is the primary-to-secondary transformer turns ratio
*  Vccr is the defined as Veer = Vestemax X Kee @and the value is specified in the Electrical Characteristics ~ (19)

Vvop Xlrun

MXFMR ~

The term [\] PnTRX ] takes into account that not all the energy stored in the transformer goes to the
secondary side but some of this energy, through the auxiliary winding, is used to supply the device control logic.
The transfer of energy always happens with unavoidable losses. These losses are accounted for through the
transformer efficiency term (nxemr)- Fixed the target value for Igyt, the value of Rpk can be calculated using the
following formula:

V x| 1V,
Ripk = {\/nXFMR - —VBD RUN J xNpg x Py X T LCR
INTRX ouT (20)
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9.2.1.2.12 Primary Inductance Value

After you have fixed the maximum switching frequency and the maximum value of the primary current peak for
your application, the primary inductance value can be fixed by the following equation:

2xPintRx

Lpmin) = 2
(1-Lp _Tol)x FrARGET (max) * 12 ek (21)

Lp_Tol is the tolerance on the primary inductance value of the transformer. Typical values of Lp_Tol are between
+10% and +15%)

9.2.1.2.12.1 Secondary Diode Selection

The maximum reverse voltage that the secondary diode had to sustain can be calculated by the equation below
where a margin of 30% is considered. Usually for this kind of application a Schottky diode is used to reduce the
power losses due to the lower forward voltage drop. The maximum current rating of the diode is generally
selected between two and five times the maximum output current (Iocc).

V, X2
IN(max) \/_] %x1.3

Vrev = [Vocv + N
PS

(22)
9.2.1.2.13 Pre-Load

When no load is applied on the converter output, the output voltage rises until the OVP (over voltage protection)
of the device is tripped, because the device cannot operate at zero switching frequency. To avoid this, an Rpg,
(pre-load resistance) is used. The value of this pre-load can be selected using the following equation:

2
VOCV

Rpre = | 2
n D _PK
TXEUR xLp x (1+Lp _Tol) x fyay x [‘K(max)] ~ VDDorr(min) * warrq(min)

AM (23)
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9.2.1.2.14 DRAIN Voltage Clamp Circuit

The main purpose of this circuit, as in most flyback converters, is to prevent the DRAIN voltage from rising up to
the FET break-down voltage, at the FET turn-off, and destroying the FET itself. An additional task, required by
the primary-side regulation mechanism, is to provide a clean input to UCC28910 VS terminal by damping the
oscillation that is typically present on the DRAIN voltage due to the transformer primary leakage inductance.

To perform damping, the D1 diode selected is not a fast recovery diode (0.3 ps < tgg < 1 ps) so the reverse
current can flow in the RLC over damped circuit. This RLC circuit is formed by the transformer primary leakage
inductance (L kp), the resistance R¢ p, and the capacitance Cq p. To ensure proper damping the resistance R p
has to satisfy the following condition:

Likp
CcLP (24)

The capacitance Cg p should not be too high so it does not require too much energy to be charged. Typical
values for C¢ p are between 100 pF and 1 nF.

RCLP > 2)(

If the R¢ p is too high, the additional drop on this resistance can cause excessively high DRAIN voltage. The
DRAIN clamp circuit of Figure 27 can be modified as shown in Figure 32 where R¢ p was divided into resistance
(RcLp1 and R¢ py). Resistance Rpcy can be added to discharge the Cq p capacitance before the next switching
cycles. This can help in dumping oscillations caused by leakage inductance.

VBuLk _T_

Transformer
Primary
Winding

CCLP RDCH

ln

Figure 32. DRAIN Clamp Circuit Options
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9.2.1.3 Application Curves

Output Current (A)

Figure 35. Output V-I Characteristic Output Voltage
Regulation
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Figure 37. Ripple with 5-V, 1.2-A Output, 85 V¢ Input, Figure 38. Ripple with 5-V,1.2-A Output, 265-V ¢ Input,
20 mV/div, 5 ps/div 20 mV/div 5 ps/div
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Figure 39. EMI Test Results per EN55022, Class B. 115 V¢ Figure 40. EMI Test Results per EN55022, Class B. 230-Vc
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9.2.1.4 Average Efficiency Performance and Standby Power of the UCC28910FBEVM-526

Table 2 summarizes the average efficiency performance of the UCC28910FBEVM-526 and Table 3 summarizes
the standby power that is the no-load power consumption of the converter.

Table 2. Average Efficiency Performance of the UCC28910FBEVM-526

AVERAGE
EFFICIENCY
Vin (V) f(Hz) Pin (W) lout (A) Vour (V) Pourt (W) (%) EFFI?’ENCY
0

7.826 1.201 4.950 5.943 75.94
5.845 0.901 4.942 4.451 76.15

115 60 76.25
3.889 0.601 4,934 2.964 76.19
1.930 0.301 4.927 1.481 76.73
7.721 1.201 4.956 5.950 77.06
5.783 0.901 4,948 4.457 77.07

230 50 76.68
3.853 0.601 4.938 2.966 76.97
1.960 0.301 4.930 1.482 75.60

Table 3. Standby Power, No-Load Power Consumption of the Converter

Vin (V) f (Hz) Pin (MW)
88 60 10
115 60 10
230 50 10
265 50 12
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10 Power Supply Recommendations

The UCC28910 is intended for AC/DC adapters and chargers with input voltage range of 85 Vcms) to 265
Vacms) Using Flyback topology. It can be used in other applications and converter topologies with different input
voltages. Be sure that all voltages and currents are within the recommended operating conditions and absolute
maximum ratings of the device.

To maintain output current regulation over the entire input voltage range, design the converter to operate close to
fuax When in full-load conditions.

To improve thermal performance increase the copper area connected to GND pins.

11 Layout

11.1 Layout Guidelines

In order to increase the reliability and feasibility of the project it is recommended to follow the here below
guidelines.

1. Place the Rjpk resistance as close as possible to the device with the shortest available traces.

2. Try to minimize the area of DRAIN trace, this helps in keeping EMI disturbance low.

3. A copper area connected to the GND terminals improves heat sinking thermal performance.

4

. A copper area connected to anode and cathode secondary diode improves heat sinking with an emphasis on
the quiet area of the diode, the diode connected to the output capacitor, this limits the EMI disturbance.

5. Place the auxiliary voltage sense resistor divider (Rg; and Rg, in Figure 41) directly on the VS pin keeping
traces as short as possible.

11.2 Layout Example

Figure 41. UCC28910 Layout Example
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documents
Using the UCC28910 EVM-526, Evaluation Module, Texas Instruments Literature Number SLUUAI4

12.2 Trademarks
All trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

‘ 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.

12.4 Glossary

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

13 Mechanical, Packaging, and Orderable Information

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

® 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.

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.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
UCC28910D ACTIVE solc D 7 75 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 U28910
& no Sh/Br)
UCC28910DR ACTIVE solc D 7 2500 Gg[een s(l;/%H)s CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 U28910
no r
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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
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
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)
UCC28910DR SoIC D 7 2500 330.0 12.4 6.4 5.2 21 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC28910DR SoIC D 7 2500 367.0 367.0 35.0
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MECHANICAL DATA

D (R—PDSO—-G7)

PLASTIC SMALL QUTLINE
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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

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

Data Converters
DLP® Products

DSP
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Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity
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Computers and Peripherals
Consumer Electronics
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Industrial

Medical

Security

Space, Avionics and Defense
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