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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

Table 1. PRODUCT INFORMATION® @

PACKAGE PINS ORDERABLE
DEVICES
SOIC (D) 7 UCC28720D

(1) See Orderable Addendum for specific device ordering information.
(2) For other fixed cable compensation options, please consult the factory.

ABSOLUTE MAXIMUM RATINGS®

MIN MAX UNIT
Start-up pin voltage, HV Vhyv 700 v
Bias supply voltage, VDD Vvpp 38
Continuous base current sink Ibrv 50
Continuous base current source Ibrv Self- limiting mA
Peak current, VS lvs -1.2
Base drive voltage at DRV Vprv -0.5 Self- limiting
VS -0.75 7 \%
Voltage range
Cs, CBC -0.5 5
Operating junction temperature range T, -55 150
Storage temperature Tste -65 150 °C
Lead temperature 0.6 mm from case for 10 seconds 260
. Human-body model (HBM) 2000
ESD rating . \4
Charged-device model (CDM) 500

(1) Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Exposure to absolute-
maximum-rated conditions for extended periods may affect device reliability. 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.
Extended exposure to stresses above the Recommended Operating Conditions may affect device reliability. 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.

2 Copyright © 2013, Texas Instruments Incorporated
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
VDD Bias supply operating voltage 9 35 \%
Cvpp VDD bypass capacitor 1.0 10 uF
Rcee Cable-compensation resistance 10 kQ
lvs VS pin current -1 mA
T, Operating junction temperature -40 125 °C
THERMAL INFORMATION
uCC28720
THERMAL METRIC® D UNITS
7 PINS
Ba Junction-to-ambient thermal resistance @ 141.5
B3ctop Junction-to-case (top) thermal resistance ® 73.8
B35 Junction-to-board thermal resistance 89.0 °C/W
Wit Junction-to-top characterization parameter®) 23.5
Wig Junction-to-board characterization parameter® 88.2

(1) BXEENFHR EENEZEER , FSHIC HRRAREENARE , SPRAIG3,

) E;LESD51-2a HRKIRIE R | 3RHB JESD51-7 WISE , £—/ JEDEC /RS K HEREHTHE , NMRBER IRKETHREER
IS

(3) BREHFEMIEL —NSRAEHRREBLEESHAT (TSP ) WHRME, FTEEHFEN JEDEC foEN |, B AIFE ANSI SEMI #7# G30-
88 HEEHREI N AR A,

(4) I%ER JESD51-8 HMVikER , B EEA A T#E PCB BREMNRKENIRREMNIFEFHITHE , URBLERHBRME,

(5) gﬁ]{gg’ﬁﬁ%ﬁ , Wi, BEERRERBEMMNER , HEMH JESDS1-2a (£ 6 ENE 7 E ) F #HRNEFNGERES REEZS
8> 2 03p0

6) &= %%ﬁﬁ?ﬁ%& , Wig, HEEXRRERBRHMNLEER , HFEH JESDS1-2a (F 6 EME7E ) B HIANEFMNFERES EEEBZ
SEBEMEIRTE 055 o
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ELECTRICAL CHARACTERISTICS

over operating free-air temperature range, Vypp = 25 V, HV = open, Rege = open, Tx

(unless otherwise noted)

=-40°C 10 125°C, T, = T,

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNITS
HIGH-VOLTAGE START UP
lhy Start-up current out of VDD Vpy =100 V, Vypp = 0V, start state 100 225 500 uA
lnvike Leakage current at HV Vpy =400 V, run state, T; =25°C 0.01 0.25
BIAS SUPPLY INPUT
lrRuN Supply current, run Iprv = 0, run state 2.00 2.65 mA
lwait Supply current, wait Ipry = 0, wait state 95 150
IsTART Supply current, start Iprv = 0, Vypp = 18V, start state, Iy =0 18 30 HA
leAULT Supply current, fault Ipry = 0, fault state 95 150
UNDERVOLTAGE LOCKOUT
Vvopen) VDD turn-on threshold Vypp low to high 19 21 23 v
Vvoprm VDD turn-off threshold Vyvpp high to low 7.35 7.7 8.15
VS INPUT
Vysr Regulating level Measured at no-load condition, Ty = 25°C® 4.01 4.05 409 VvV
Vvsne Negative clamp level lys = -300 pA, volts below ground 190 250 325 mV
lysg Input bias current Vys =4V -0.25 0 0.25 MA
CS INPUT
Vestmaxy Max CS threshold voltage Vys=3.7V 735 780 815 v
Vestming Min CS threshold voltage Vys =4.35V 175 190 215
Kam AM control ratio Vestmax) ! Vestmin 3.6 4.0 44| VIV
Vcer Constant current regulating level CC regulation constant 317 330 344 mV
Kic Line compensation current ratio lysis = -300 YA, lys s / current out of CS pin 24.0 25.0 28.6| AA
TcsLEB Leading-edge blanking time DRV output duration, V cg =1V 230 290 355 ns
DRIVER
Iprs(maxy Maximum DRV source current Vporv =2V, Vypp =9V, Vys=3.85V 32 37 41 mA
Iprsminy  Minimum DRV source current Vprv =2V, Vypp =9V, Vys =430V 16 19 22
RprvLs DRV low-side drive resistance Ipry = 10 mA 1 2.4 Q
VpreL DRV clamp voltage Vyvpp =35V 5.9 7 \%
Rprvss DRV pull-down in start state 20 25 kQ
TIMING
fswmaxy  Maximum switching frequency Vys=3.7V 74 80 87| kHz
fswi(min) Minimum switching frequency Vys =4.35V 580 650 740 Hz
tz10 Zero-crossing timeout delay 2.5 3.1 3.6 us

(1) The regulating level and over voltage at VS decreases with temperature by 0.8 mV/°C. This compensation is included to reduce the
power supply output voltage variance over temperature.

Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range, Vypp = 25 V, HV = open, Rcgc = open, T, = -40°C to 125°C, T, =T,

(unless otherwise noted)

load

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNITS
PROTECTION
Vovp Over-voltage threshold At VS input, T; = 25°Cc® 451 4.60 4.73 v
Vocp Over-current threshold At CS input 1.4 15 1.6
lvsLquny VS line-sense run current Current out of VS pin increasing 190 225 275 A
lvsLstop) VS line-sense stop current Current out of VS pin decreasing 70 80 100 H
Kyst VS line sense ratio lsLun) / sL(stop) 2.45 2.80 3.05| AA
T3(stop) Thermal shut-down temperature Internal junction temperature 165 °C
CABLE COMPENSATION
Cable compensation maximum

VeBc(max) voltage Voltage at CBC at full load 2.9 3.1 3.5 \%
Vevsming  Minimum compensation at VS I\é%?jc = open, change in VS regulating level at ful -55 -15 25

- - mv
Vevsmay Maximum compensation at VS Vege = 0V, change in VS regulating level at ful 275 320 380

(2) The regulating level and over voltage at VS decreases with temperature by 0.8 mV/°C. This compensation is included to reduce the
power supply output voltage variance over temperature.
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DEVICE INFORMATION
Functional Block Diagram
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SOIC (D) PACKAGE
7 PINS
(TOP VIEW)
uCcC28720
SOIC-7 (D)
| |
VDD | 1 7 |HV
VS| 2
CBC| 3 6 | DRV
GND| 4 5|CS
| |
(TOP VIEW)
PIN FUNCTIONS
NAME NUMBER 110 DESCRIPTION
CBC 3 | Cable compensation is a programming pin for compensation of cable voltage drop. Cable

compensation is programmed with a resistor to GND.

Current sense input connects to a ground-referenced current-sense resistor in series with the power
CS 5 | switch. The resulting voltage is used to monitor and control the peak primary current. A series resistor
can be added to this pin to compensate the peak switch current levels as the AC-mains input varies.

DRV 6 (0] Drive is an output used to drive the base of an external high voltage NPN transistor.

The ground pin is both the reference pin for the controller and the low-side return for the drive output.
GND 4 — | Special care should be taken to return all AC decoupling capacitors as close as possible to this pin and
avoid any common trace length with analog signal return paths.

HY 7 | The high-voltage pin connects directly to the rectified bulk voltage and provides charge to the VDD
capacitor for start-up of the power supply.

NTC . | NTC an interface to an external negative temperature coefficient resistor for remote temperature
sensing. Pulling this pin low shuts down PWM action.

VDD 1 | VDD is the bias supply input pin to the controller. A carefully-placed bypass capacitor to GND is
required on this pin.

Voltage sense is an input used to provide voltage and timing feedback to the controller. This pin is
VS 2 | connected to a voltage divider between an auxiliary winding and GND. The value of the upper resistor
of this divider is used to program the AC-mains run and stop thresholds and line compensation at the
CS pin.

Copyright © 2013, Texas Instruments Incorporated 7
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Detailed Pin Description

VDD (Device Bias Voltage Supply): The VDD pin is connected to a bypass capacitor to ground. The VDD turn-
on UVLO threshold is 21 V and turn-off UVLO threshold is 8.1 V, with an available operating range up to 35 V on
VDD. The USB charging specification requires the output current to operate in constant-current mode from 5 V to
a minimum of 2 V; this is easily achieved with a nominal VDD of approximately 25 V. The additional VDD
headroom up to 35 V allows for VDD to rise due to the leakage energy delivered to the VDD capacitor in high-
load conditions.

GND (Ground): There is a single ground reference external to the device for the base drive current and analog
signal reference. Place the VDD bypass capacitor close to GND and VDD with short traces to minimize noise on
the VS and CS signal pins.

HV (High Voltage Startup): The HV pin is connected directly to the bulk capacitor to provide startup current to
the VDD capacitor. The typical startup current is ~300 pA which provides fast charging of the VDD capacitor. The
internal HV start-up device is active until VDD exceeds the turn-on UVLO threshold at which time the HV start-up
device is turned off. In the off state the leakage current is very low to minimize standby losses of the controller.
When VDD falls below the UVLO turn-off threshold the HV start-up device is turned on.

VS (Voltage-Sense): The VS pin is connected to a resistor divider from the auxiliary winding to ground. 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. Timing information to achieve valley-switching
and to control the duty cycle of the secondary transformer current is determined by the waveform on the VS pin.
Avoid placing a filter capacitor on this input which would interfere with accurate sensing of this waveform.

The VS pin also senses the bulk capacitor voltage to provide for AC-input run and stop thresholds, and to
compensate the current-sense threshold across the AC-input range. During the transistor on-time the VS pin is
clamped to approximately 250 mV below GND and the current out of the VS pin is sensed. For the AC-input
run/stop function, the run threshold on VS is 225 pA and the stop threshold is 80 pA. The values for the auxilliary
voltage divider upper-resistor Rg; and lower-resistor Rg, can be determined by the equations below.

VlN(run) X \/5

Npa X IVSL(run)

Rs1 =

* Np, is the transformer primary-to-auxiliary turns ratio,
*  Vineun 1S the AC RMS voltage to enable turn-on of the controller (run),
*  lysigun) IS the run-threshold for the current pulled out of the VS pin during the switch on-time. (see

ELECTRICAL CHARACTERISTICS) )
Res = Rg1x Vysr
27N V, Ve )-V
AS X( ocv t F)— VSR
where

e Vqev is the converter regulated output voltage,

e Vg is the output rectifier forward drop at near-zero current,

* Npg is the transformer auxiliary to secondary turns ratio,

* Ry is the VS divider high-side resistance,

*  Vygg is the CV regulating level at the VS input (see ELECTRICAL CHARACTERISTICS). 2)

DRV (Base Drive): The DRV pin is connected to the NPN transistor base pin. The driver provides a base drive
signal limited to 7 V. The turn-on characteristic of the driver is a 15 mA to 35-mA current source that is scaled
with the current sense threshold dictated by the operating point in the control scheme. When the minimum
current sense threshold is being used, the base drive current is also at its minimum value. As the current sense
threshold is increased to the maximum, the base drive current scales linearly with it to its maximum of 35 mA
typical. The turn-off current is determined by the low-side driver Rpg(qn)

8 Copyright © 2013, Texas Instruments Incorporated
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CS (Current Sense): The current-sense pin is connected through a series resistor (R, ) to the current-sense
resistor (Rcs). The current-sense threshold is 0.78 V for lppimax and 0.195 V for lppminy. The series resistor R, ¢
provides the function of feed-forward line compensation to eliminate change in Ipp due to change in di/dt and the
propagation delay of the internal comparator and NPN transistor turn-off time. There is an internal leading-edge
blanking time of approximately 300 ns to eliminate sensitivity to the turn-on current spike. It should not be
necessary to place a bypass capacitor on the CS pin. The value of Rcg is determined by the target output current
in Constant Current (CC) regulation. The values of Rcs and R, can be determined by the equations below. The
term nyemg iS intended to account for the energy stored in the transformer but not delivered to the secondary.
This includes transformer resistance and core loss, bias power, and primary-to-secondary leakage ratio.

Example: With a transformer core and winding loss of 5%, primary-to-secondary leakage inductance of 3.5%,
and bias power to output power ratio of 1.5%. The nyrvr Value is approximately: 1 - 0.05 - 0.035 - 0.015 = 0.9.

Veer *Nps
Res = = ——— X{MxFMR

* Vg is a current regulation constant (see ELECTRICAL CHARACTERISTICS),
* Nps is the transformer primary-to-secondary turns ratio (a ratio of 13 to 15 is recommended for 5-V output),
* locc is the target output current in constant-current regulation,

*  Nxemr IS the transformer efficiency. 3)
R = Kic xRs1xRcs * tp xNea
Lp
where

* Rg; is the VS pin high-side resistor value,

* Rcs is the current-sense resistor value,

e tpisthe current-sense delay including NPN transistor turn-off delay, add ~50 ns to transistor delay,

e Npa is the transformer primary-to-auxiliary turns ratio,

e Lpis the transformer primary inductance,

e K¢ is a current-scaling constant (see ELECTRICAL CHARACTERISTICS). (4)

CBC (Cable Compensation): The cable compensation pin is connected to a resistor to ground to program the
amount of output voltage compensation to offset cable resistance. The cable compensation block provides a 0-V
to 3-V voltage level on the CBC pin corresponding to loccmax) Output current. Connecting a resistance from CBC
to GND programs a current that is summed into the VS feedback divider, increasing the regulation voltage as
lout increases. There is an internal series resistance of 28 kQ to the CBC pin which sets a maximum cable
compensation of a 5-V output to 400 mV when CBC is shorted to ground. The CBC resistance value can be
determined by the equation below.

_ VCBC(max) x 3 kQx (Vocv + VF)

IQCBC -

-28kQ

Vusr % Vocace

*  Voev is the regulated output voltage,
e Vs the diode forward voltage in V,
*  Vocge is the target cable compensation voltage at the output terminals,

*  Vcacmax iS the maximum voltage at the cable compensation pin at the maximum converter output current (see
ELECTRICAL CHARACTERISTICS),

* Vygr is the CV regulating level at the VS input (see ELECTRICAL CHARACTERISTICS). (5)

Copyright © 2013, Texas Instruments Incorporated 9
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TYPICAL CHARACTERISTICS
VDD = 25 V, unless otherwise noted.
10 10.000 ‘ T
VDD off
« L v . < lruns VDD = 25V
E 4 Run state IS
= +1.000
g 01l /mm——m—m—mf—————— =
S BeS £
2 01 VDD on 3 lwar, VDD = 25V
s L ’\ 2 0.100 ; ;
& 0.001 ® _
aQ Startup state gz Istagr, VDD =18V
o
S 0.0001 ', 0.010
8
0.00001
0 10 20 30 40
0.001
Vypp - Input voltage - V
voo - INPUL VoTage 50 25 0 25 50 75 100 125
T, - Temperature - °C
Figure 1. Bias Supply Current vs. VDD Voltage Figure 2. Operating Current vs. Junction Temperature
4.2 250 _’_‘7
> <:(1. I B, e
' 4.15 ; Start
o ° 200
B 2
2 41 8
g \\ § 150
S 405 @
g T~ 3 100
4 £
[
> I o
' >
£3.95 5 50 Stop
> =
3.9 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T, - Junction Temperature - °C T, - Junction temperature - °C
Figure 3. VS Pin Regulation Voltage vs. Junction Figure 4. VS Pin Start and Stop Thresholds vs. Junction
Temperature Temperature
900.0 340.0
> >
£ goo.0 =
g T
o
2 7000 Vyg = 3.7V 3 3350
E j=2)
£ 600.0 £
v g
2 500.0 ol
o
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= 400.0 =
5 300.0 5
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Figure 5. Current Sense Threshold vs. Temperature Figure 6. Constant Current Regulation Level vs. Junction

Temperature
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TYPICAL CHARACTERISTICS (continued)
VDD = 25V, unless otherwise noted.

700 ~ 85.00
w 690 < 84.00
T .
', 680 o 83.00
g 2
£ 670 > 82.00
=
£ 660 | 5 81.00 —
£ 650 % 80.00
2]
< 640 é 79.00
Z 630 % 78.00
= =
£620  77.00
3 g
<610 £76.00
600 ~ 75.00
-50 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
T, - Junction temperature - °C T, - Junction temperature - °C
Figure 7. Minimum Switching Frequency vs. Junction Figure 8. Maximum Switching Frequency vs. Junction
Temperature Temperature
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\ S
< 1  1.50
£ 35.00 Ve = 3.7V 3
A vs = o € 140
£ @
£ 30.00 g 130
o o 1.20
3 g
‘g 25.00 z 1.10
2 g 1.00
£ 20.00 2
a £ 0.90
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£15.00 Ve g 0.80
e % 0.70
Vpry=2V, Vypp = 9 3
10.00 0.60
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T, - Junction temperature - °C T, - Junction temperature - °C
Figure 9. Driver Outjlgut Source Current vs. Junction Figure 10. Driver Pull Down Resistance vs. Junction
emperature Temperature
4.68 227.00
> g
% 4.66 - 226.00
c
2 E 225.00
f’s—: 4.64 3
< £ 224.00
5 4.62 g
g § 223.00 \
s 4.6 o
o & 222.00 N
£ s
S 458 S \
S 221.00
2 5 N ]
[ I
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o >
' I
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Figure 11. Over Voltag@rProtection Threshold vs. Junction Figure 12. HV Charging Current vs. Junction Temperature
emperature
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FUNCTIONAL DESCRIPTION

The UCC28720 is a flyback power supply controller which provides accurate voltage and constant current
regulation with primary-side feedback, eliminating the need for opto-coupler feedback circuits. The controller
operates 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 high conversion efficiency
across the load range. The control law provides a wide-dynamic operating range of output power which allows
the power designer to achieve the <10-mW stand-by power requirement.

During low-power operating ranges the device has power management features to reduce the device operating
current at operating frequencies below 28 kHz. 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.

Primary-Side Voltage Regulation

Figure 13 illustrates a simplified flyback convertor with the main voltage regulation blocks of the device 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.
Sporsey L < Vour
Cout | Rload

Bulk Voltage

Primary Winding

Timing
¢ |
Rs1 Control
H G .| Discriminator Ve Law »

and Sampler .
Rs2 inimum
Period
. And Peak RCS
Zero Crossings o Primary
»>

Current

Figure 13. Simplified Flyback Convertor
(with the main voltage regulation blocks)
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In primary-side control, the output voltage is sensed on the auxiliary winding during the transfer of transformer
energy to the secondary. As shown in Figure 14 it is clear there is a down slope representing a decreasing total
rectifier Vg and resistance voltage drop (IsRs) as the secondary current decreases to zero. To achieve an
accurate representation of the secondary output voltage on the auxiliary winding, the discriminator reliably
recognizes the leakage inductance reset and ringing and ingores it, 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 zero current. The internal reference on VS is 4.05 V. Temperature compensation on the VS
reference voltage of -0.8-mV/°C offsets the change in the output rectifier forward voltage with temperature. The
resistor divider is selected as outlined in the VS pin description.

¢VS Sample
(Vour + Ve + IsRs) Na/ Ng ------ l\

oV V/\
- (Vek) Na/Np -—---- I_ |

Figure 14. Auxiliary Winding Voltage

The UCC28720 includes a VS signal sampler that uses discrimination methods to ensure an accurate sample of
the output voltage from the auxiliary winding. There are some conditions that must be met on the auxiliary
winding signal to ensure reliable operation. These conditions are the reset time of the leakage inductance and
the duration of any subsequent leakage inductance ring. Refer to Figure 15 below for a detailed illustration of
waveform criteria to ensure a reliable sample on the VS pin. The first detail to examine is the duration of the
leakage inductance reset pedestal, t x reser in Figure 15. Because this can mimic the waveform of the
secondary current decay, followed by a sharp downslope, it is important to keep the leakage reset time less than
600 ns for Ipg; minimum, and less than 2.2 ps for Ipg; maximum. The second detail is the amplitude of ringing on
the Vux waveform following t x reset- The peak-to-peak voltage at the VS pin should be less than approximately
100 mV,,, at least 200 ns before the end of the demagnetization time, tpy. If there is a concern with excessive
ringing, it usually occurs during light or no-load conditions, when tp), is at the minimum. The tolerable ripple on
VS scales up when measured at the auxiliary winding by Rg; and Rg,, and is equal to 100 mV x (Rs; + Rs,) / Rs»
when measured directly at the auxilliary winding.

A

tLk RESET

*‘\*

ﬂl‘*f\ VS ring (-0 \I\/\/\mv
J

Figure 15. Auxiliary Waveform Details
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During voltage regulation, the controller operates in frequency modulation mode and amplitude modulation mode
as illustrated in Figure 16 below. The internal operating frequency limits of the device are 80 kHz, fsymax) and 65
Hz, fsw(min)- 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. There is no stability compensation required for the UCC28720.

Control Law Profile in Constant Voltage(CV) Mode

A
80 kHz — oocccccccscscapa |
fSW(max) "l / PP (max)
4 fud
& s :
Z S
= 'o' ®©
- o £
- 0 s
B '0" lpp o~
) Q
" / fSW %
28 kHz /-' Z lppmax /4.0
‘ FM AM FM—>
fSW(min)
3.3kHz . N
\ \ \ \ o
075V 13V 22V 355V 5V

Control Voltage, E/A Output - V¢,

UDG-13095

Figure 16. Frequency and Amplitude Modulation Modes

(during voltage regulation)
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Primary-Side Current Regulation

Timing information at the VS pin and current information at the CS pin 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 lppmax. Referring to Figure 17 below, the primary-peak current, turns
ratio, secondary demagnetization time (tpy), and switching period (tsy) determine the secondary average output
current. Ignoring leakage inductance effects, the average output current is given by Equation 6. 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 auxiliary winding can keep VDD above the UVLO turn-off threshold.

x I - >
<« ton —>«— tpy —> l
tsw >
| UDG-12203
Figure 17. Transformer Currents
I Np t
louT = PP P DM
2 Ng  tow (6)
Vocv \ 5.25
5
4.75
=~ 4r
z 5% | le
(o)}
8
S 3
>
2
>
o 2 /
1 |-
loce UDG-12201

Output Current

Figure 18. Typical Target Output V-I Characteristic
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Valley Switching

The UCC28720 utilizes valley switching to reduce switching losses in the transistor, to reduce induced-EMI, and
to minimize the turn-on current spike at the sense resistor. The controller operates in valley-switching in all load
conditions unless the collector voltage (V) ringing has subsided.

Referring to Figure 19 below, the UCC28720 operates in a valley-skipping mode in most load conditions to
maintain an accurate voltage or current regulation point and still switch on the lowest available V.

b

Vc .
VbRV -
UDG-13091

Figure 19. Valley-Skipping Mode

Start-Up Operation

The internal high-voltage start-up switch connected to the bulk capacitor voltage (Vg k) through the HV pin
charges the VDD capacitor. During start up there is typically 300 YA available to charge the VDD capacitor.
When VDD reaches the 21-V UVLO turn-on threshold, the controller is enabled, the converter starts switching
and the start-up switch is turned off. The initial three cycles are limited to lppmin). After the initial three cycles at
minimum lppmin), the controller responds to the condition dictated by the control law. The converter will remain in
discontinuous mode during charging of the output capacitor(s), maintaining a constant output current until the
output voltage is in regulation.
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Fault Protection

The UCC28720 provides comprehensive fault protection. Protection functions include:
» Output over-voltage fault

* Input under-voltage fault

» Internal over-temperature fault

» Primary over-current fault

* CS pin fault

e VS pin fault

A UVLO reset and restart sequence applies for all fault protection events.

The output over-voltage function is determined by the voltage feedback on the VS pin. If the voltage sample on
VS exceeds 115% of the nominal Vo, the device stops switching and the internal current consumption is lgayt
which discharges the VDD capacitor to the UVLO turn-off threshold. After that, the device returns to the start
state and a start-up sequence ensues.

The UCC28720 always operates with cycle-by-cycle primary peak current control. The normal operating range of
the CS pinis 0.78 V to 0.195 V. There is additional protection if the CS pin reaches 1.5 V. This results in a UVLO
reset and restart sequence.

The line input run and stop thresholds are determined by current information at the VS pin during the transistor
on-time. While the VS pin is clamped close to GND during the transistor on-time, the current through Rg; is
monitored to determine a sample of the bulk capacitor voltage. A wide separation of run and stop thresholds
allows clean start-up and shut-down of the power supply with the line voltage. The run current threshold is 225
MA and the stop current threshold is 80 pA.

The internal over-temperature protection threshold is 165°C. If the junction temperature reaches this threshold
the device initiates a UVLO reset cycle. If the temperature is still high at the end of the UVLO cycle, the
protection cycle repeats.

Protection is included in the event of component failures on the VS pin. If complete loss of feedback information
on the VS pin occurs, the controller stops switching and restarts.

Copyright © 2013, Texas Instruments Incorporated 17
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DESIGN PROCEDURE

This procedure outlines the steps to design a constant-voltage, constant-current flyback converter using the
UCC28720 controller. Refer to the Figure 20 for component names and network locations. The design procedure
equations use terms that are defined below.

Vaik + V-

RS
‘ icm icsz
VAC
N

uCC28720
SOIC-7

VDD HV [—

DRV

VS

cs
Rey CBC Ric

Res

Rcec
GND

% UDG-13091

Figure 20. Design Procedure Application Example

Definition of Terms

Capacitance Terms in Farads

*  CpguLk: total input capacitance of Cg; and Cgy.

» Cpp: minimum required capacitance on the VDD pin.
*  Cout: minimum output capacitance required.

Duty Cycle Terms
* Dwaccc: secondary diode conduction duty cycle in CC, 0.425.
* Dpax: transistor on-time duty cycle.

Frequency Terms in Hertz

o fner minimum line frequency.

« fuax: target full-load maximum switching frequency of the converter.

 fywin: minimum switching frequency of the converter, add 15% margin over the fgymin) limit of the device.
* fsw(min): minimum switching frequency (see ELECTRICAL CHARACTERISTICS).

Current Terms in Amperes

* lpocc: converter output constant-current target.

*  lppmax): Maximum transformer primary current.

* lg7arT: Start-up bias supply current (see ELECTRICAL CHARACTERISTICS).
* |tran : required positive load-step current.

* lvsi qun): VS pin run current (see ELECTRICAL CHARACTERISTICS).

* Ipgrs: Driver source current (see ELECTRICAL CHARACTERISTICS).
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Current and Voltage Scaling Terms
e Kam: maximum-to-minimum peak primary current ratio (see ELECTRICAL CHARACTERISTICS).
* K¢ current-scaling constant (see ELECTRICAL CHARACTERISTICS).

Transformer Terms

* Lp: transformer primary inductance.

* Nag: transformer auxiliary-to-secondary turns ratio.
* Npa: transformer primary-to-auxiliary turns ratio.

* Npg: transformer primary-to-secondary turns ratio.

Power Terms in Watts

* P\ converter maximum input power.

e Pour: full-load output power of the converter.

* Prstr: VDD start-up resistor power dissipation.

» Pgg: total stand-by power.

* Psg conv: Psg minus start-up resistor and snubber losses.

Resistance Terms in Q

e Rcs: primary current programming resistance.

* Rggg: total ESR of the output capacitor(s).

* Rp.: preload resistance on the output of the converter.
* Rgy: high-side VS pin resistance.

* Rg,: low-side VS pin resistance.

Timing Terms in Seconds

e tp: current-sense delay including transistor turn-off delay; add 50 ns to transistor delay.
*  tpmagmin): MinNimum secondary rectifier conduction time.

s tongmin): MiNimum transistor on time.

» tg: resonant frequency during the DCM (discontinuous conduction mode) time.

Copyright © 2013, Texas Instruments Incorporated
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Voltage Terms in Volts

* Vg.k: highest bulk capacitor voltage for stand-by power measurement.
* VguLk(min): Minimum voltage on Cg; and Cg; at full power.

*  Vocre: target cable compensation voltage at the output terminals.

*  Veecmax): Maximum voltage at the CBC pin at the maximum converter output current (see ELECTRICAL
CHARACTERISTICS).

* Vccgr: constant-current regulating voltage (see ELECTRICAL CHARACTERISTICS).

*  Vestmax): CS pin maximum current-sense threshold (see ELECTRICAL CHARACTERISTICS).
* Vestminy: CS pin minimum current-sense threshold (see ELECTRICAL CHARACTERISTICS).
*  Vppotry: UVLO turn-off voltage (see ELECTRICAL CHARACTERISTICS).

*  Vpp(on): UVLO turn-on voltage (see ELECTRICAL CHARACTERISTICS).

*  Voa! output voltage drop allowed during the load-step transient.

*  Vcpk: peak transistor collector to emitter voltage at high line.

» Vg secondary rectifier forward voltage drop at near-zero current.

* Vga: auxiliary rectifier forward voltage drop.

* V,k: estimated leakage inductance energy reset voltage.

*  Voey: regulated output voltage of the converter.

*  Vocc: target lowest converter output voltage in constant-current regulation.

* Vgey: peak reverse voltage on the secondary rectifier.

*  VgepLe: Output peak-to-peak ripple voltage at full-load.

*  Vysr: CV regulating level at the VS input (see ELECTRICAL CHARACTERISTICS).

AC Voltage Terms in Vgys

*  Vinmax): Maximum input voltage to the converter.
* Vinminy): Minimum input voltage to the converter.
*  Vinguny: CONverter input start-up (run) voltage.

Efficiency Terms

* ngp: estimated efficiency of the converter at no-load condition, not including start-up resistance or bias losses.
For a 5-V USB charger application, 60% to 65% is a good initial estimate.

e n: converter overall efficiency.
* nNxeur: transformer primary-to-secondary power transfer efficiency.
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Stand-by Power Estimate

Assuming no-load stand-by power is a critical design parameter, determine estimated no-load power based on
target converter maximum switching frequency and output power rating.

The following equation estimates the stand-by power of the converter.

Pout * fun

Pss_conv =
_ 2

Nss X Kam~ X fuax @)
For a typical USB charger application, the bias power during no-load is approximately 2.5 mW. This is based on
25-V VDD and 100-pA bias current. The output preload resistor can be estimated by Vocy and the difference in
the converter stand-by power and the bias power. The equation for output preload resistance accounts for bias
power estimated at 2.5 mW.

2

Rp, = Vocv

Psg_ conv — 2.5 mW

®

The capacitor bulk voltage for the loss estimation is the highest voltage for the stand-by power measurement,
typically 325 Vpc.

For the total stand-by power estimation add an estimated 2.5 mW for snubber loss to the converter stand-by
power loss.

PSB = PSB_CONV +2.5mW ©)

Input Bulk Capacitance and Minimum Bulk Voltage

Determine the minimum voltage on the input capacitance, Cg; and Cg, total, in order to determine the maximum
Np to Ns turns ratio of the transformer. 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, loce, and the full-load efficiency target.

=) _ Voev Xloce
IN —

n (10)

The below 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.

V, _
2P, x| 0.25 + 1 x arcsin| — 29tk
C 2 2 x \/IN(min)
BULK —
(2\/IN(min)2 ~Vauikmn )X fine 1)

Copyright © 2013, Texas Instruments Incorporated 21


http://www.ti.com.cn/product/cn/ucc28720?qgpn=ucc28720
http://www.ti.com.cn

UCC28720 .

13 TEXAS
INSTRUMENTS

ZHCSB14 —MAY 2013 www.ti.com.cn

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 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 Vg voltage is ¥ of the DCM resonant period, or 1 ps
assuming 500-kHz resonant frequency. Dyax can be determined using the equation below.

t
Duax =1- [?R X fMAXj —Dwmacce
(12)

Once Dyax is known, the maximum turns ratio of the primary to secondary can be determined with the equation
below. Dyaccc is defined as the secondary diode conduction duty cycle during constant-current, CC, operation. It
is set internally by the UCC28720 at 0.425. The total voltage on the secondary winding needs to be determined;
which is the sum of Vgcy, the secondary rectifier Vg, and the cable compensation voltage (Vocge). For the 5-V
USB charger applications, a turns ratio range of 13 to 15 is typically used.

Duax X VBULK(min)

Nes(man =
" Dyasee X (Voov + Ve + Vocsc) (13)

Once an optimum turns ratio is determined from a detailed transformer design, use this ratio for the following
parameters.

The UCC28720 constant-current regulation is achieved by maintaining a maximum Dy, duty cycle of 0.425 at
the maximum primary current setting. The transformer turns ratio and constant-current regulating voltage
determine the current sense resistor for a target constant current.

Since not all of the energy stored in the transformer is transferred to the secondary, a transformer efficiency term
is included. This efficiency number includes the core and winding losses, leakage inductance ratio, and bias
power ratio to rated output power. For a 5-V, 1-A charger example, bias power of 1.5% is a good estimate. An
overall transformer efficiency of 0.9 is a good estimate to include 3.5% leakage inductance, 5% core and winding
loss, and 1.5% bias power.

Veer *Nes
Res = =2 XJMxFMR

2oce (14)

The primary transformer inductance can be calculated using the standard energy storage equation for flyback
transformers. Primary current, maximum switching frequency and output and transformer power losses are
included in the equation below. Initially determine transformer primary current.

Primary current is simply the maximum current sense threshold divided by the current sense resistance.

| _ VCST(max)
PP(max) — R
CS (15)
L = 2(Vocv +Ve+ Vocac)>< loce
p= 2
Nxemr X IPP(max) X fuax (16)

The secondary winding to auxiliary winding transformer turns ratio (Nag) is determined by the lowest target
operating output voltage in constant-current regulation and the VDD UVLO of the UCC28720. There is additional
energy supplied to VDD from the transformer leakage inductance energy which allows a lower turns ratio to be
used in many designs.

_ Voo + Vea

Nus =
i Voce + Ve 17)
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Transformer Parameter Verification

The transformer turns ratio selected affects the transistor V- and secondary rectifier reverse voltage so these
should be reviewed. The UCC28720 does require a minimum on time of the transistor (toy) and minimum Dyag
time (tpmac) of the secondary rectifier in the high line, minimum load condition. The selection of fyax, Lp and Rcg
affects the minimum toy and tppac-

The secondary rectifier and transistor voltage stress can be determined by the equations below.

V X «/5
__ "IN(max)
Vrev = +Voev + Vocse

PS (18)

For the transistor V voltage stress, an estimated leakage inductance voltage spike (V k) needs to be included.
Verk = 67 IN(max) X \/5 )+ (Vocv + Vr+ Vocsc )x Nps + Vik (19)

Equation 20 and Equation 21 are used to determine if the minimum tgoy target of 300 ns and minimum tpyac
target of 1.2 ps is achieved.

¢ 3 Lp N IPP(max) x VCST(min)
ON(min) —
(min) VIN(max) x~2 VCST(max) (20)
¢ ton x VIN(max) x \/E
DMAG(min) =
(")~ Neg x (Voov + V) 1)

Output Capacitance

The output capacitance value is typically determined by the transient response requirement from no-load. For
example, in some USB charger applications there is a requirement to maintain a minimum Vg of 4.1 V with a
load-step transient of 0 mA to 500 mA . The equation below assumes that the switching frequency can be at the
UCC28720 minimum of fgw(min)-

s~ +150 s

SW(min)

VOA

COUT =
(22)

Another consideration of 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.

R — VeppLe X 0.8
PP(max) < Nps (23)
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VDD Capacitance, Cpp

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 voltage to the UCC28720. The total output current available to the load and 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. There is 1 V of margin added to
VDD in the calculation.

(IRUN + LDRS(max) X (1 - Dmagcc))
Cop = Io
(VDD(on) — VDD(off))— 1V (24)

Cour x Vocc

VS Resistor Divider, Line Compensation, and Cable Compensation

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 DRV operation. Rg;
is initially determined based on transformer auxiliary to primary turns ratio and desired input voltage operating
threshold.

VlN(run) X \/5

RS1 = N |
pA % lvsL(run) (25)

The low-side VS pin resistor is selected based on desired Vg regulation voltage.
Rs1 % Visr
Nas % (Vocv +Ve )_ Visr

R, =
(26)
The UCC28720 can maintain tight constant-current regulation over input line by utilizing the line compensation

feature. The line compensation resistor (R ) value is determined by current flowing in Rg; and expected base
drive and transistor turn-off delay. Assume a 50-ns internal delay in the UCC28720.

_ Kic xRs1xRes xtp xNpa

Rc
Lp @7)

The UCC28720 has adjustable cable drop compensation. The resistance for the desired compensation level at
the output terminals can be determined using Equation 28.

~ Veacmax * 3 KQX (Vocv + VF)

RCBC -

-28kQ

Vusr X Vocec (28)
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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
DOOO7A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

7X (061 )
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SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X
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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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