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1 System Description

The International Electrotechnical Commission (IEC) specifies methods of measurement of electrical
power consumption in standby modes and other low power modes (off mode and network mode), as
applicable in IEC 62301:2011. These methods are applicable to electrical products with a rated input
voltage or voltage range that lies wholly or partly in the range of 100-V to 250-V AC for single-phase
products and 130-V to 480-V AC for other products. Clause 4.5 of this standard regards measurements of
less than 5 mW as zero power, which now has become the basis for a "Zero Power" marketing campaign
as the ultimate target for no-load standby dissipation in electronic devices and appliances. Products that
meet this requirement can earn a "Zero Power" label.

Most of industrial applications need a bias power supply and at least has dual power rails for the entire
system: 3.3 V or 5 V for the system controller and 12 V or 15 V for the power module. This reference
design provides dual isolated outputs of 3.3 V and 12 V that cover most industrial applications. This
design also achieves very low power consumption in standby mode: 3-mW standby power consumption at
a 115-V AC input and 4.4 mW at a 230-V AC input. The design is suited for use in isolated off-line
systems requiring minimal standby power, high efficiency, and fault protection. Such applications include:

» SMPS for home appliance and building automation
e TVs and monitor power supplies

» Adapters and chargers for smart phones, tablets, and consumer electronics
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System Description

1.1 Key System Specifications

#* 1. TIDA-01560 Electrical Performance Specifications

PARAMETER TEST CONDITIONS | MIN NOM MAX UNIT
INPUT CHARACTERISTICS
Vin Input voltage range Vin = Vin_mins lout = lout_max 85 115 or 230 265 Virms
Iin_max Maximum input current 0.25 Arus
fune Line frequency 47 50 or 60 63 Hz
Psranpay No-load power consumption Vin_min S Vin S Viy_max lour = 0 A 3 4.9 mw
OUTPUT CHARACTERISTICS
Vour1 Outputl voltage, CV mode Vin_min S Vin S Vin_maxe 0 A S lourt S lour_ max 121 12.18 \%
loutt_max Outputl load current, CV mode Vin_min S Vin S Vin_max 1.125 A
Vourz Output2 voltage Vin_min £ Vin = Vin_max: O A = loyrz = lout_max 3.3 \4
lout2_max Output2 load current Vin_min S Vin S Vin_max 0.3 A
Output voltage line regulation Vin_min S Vin S Vin_maxe lout = lout_max %
Output voltage load regulation 0 A <oyt < lout max 2 %
Outputl voltage ripple Vin_min € Vin £ Vin_maxw 0 A < loutt < louts max 45 mVpp
Output2 voltage ripple Vin_min € Vin £ Vin_max 0 A < lourz < loutz_ max 35 mVpp
SYSTEMS CHARACTERISTICS
fow Switching frequency 0.05 83 kHz
Nav Average efficiency 25%, 50%, 75%, 100% load average 85.2 %
Npeak Peak efficiency 86 %
Nio% 10% efficiency 10% load, V,y = 115V 81.8 %
To Operating temperature =20 85 °C
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System Overview

Block Diagram

1 shows the high-level block diagram of the circuit. The main parts of this reference design are the
isolated-flyback power supply controller (UCC28730), voltage monitor (UCC24650), and next-generation,
low-dropout regulators (TLV74333).

° |
Nsl | ucc24650

w

LDO

F

:

‘ ‘ Na uUCC28730

1. Block Diagram of TIDA-01560

Design Considerations

IEC 62301:2011 defines "Zero Power" as standby power consumption of a system that is below 5 mW.
For different industry applications, the system power level can be from tens to hundreds of watts. Above
this power level, the requirement for x-capacitor discharge as well as the parasitic dissipation in the
components make it very difficult to achieve zero power. For example, the bulk capacitor leakage current
can amount to several mW at high line input. To enable zero power for higher power designs, the
UCC24650 features an output enable pin, which can drive a relay to disconnect the AC input voltage at a
very light load and reduce power dissipation to below 5 mW.

Based on this operating principle, this reference design has two options to help achieve the zero standby
power for different applications: high-power supply system (& 2) and larger system (¥ 3).

K] 2 shows a block diagram of a system with a high-power supply. During normal operation mode, this
system operates with a large capacitor of a larger leakage current and a full EMI filter. During standby
mode, ENS of the UCC24650 switches the relay and lets the system operate with a small capacitor of
much less leakage current and without EMI filter.
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System Overview

3 shows a block diagram of a large system. Usually, a large system is supplied as several portions, just
like power factor correction (PFC), DC/DC converter, DC/AC inverter, and so on. During normal operation
mode, zero standby power flyback serves as the auxiliary power supply for the system. During standby
mode, ENS of the UCC24650 shuts off the relay and only the flyback is connected to the power line,
making it easy to achieve zero standby power.
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2. Block Diagram of System With High-Power Supply
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3. Block Diagram of Large System
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2.3

23.1

2.3.2

Highlighted Products

This reference design features the following devices, which are selected based on their specifications. For
more information on each of these devices, see their respective product folders at Tl.com or click on the
links for the product folders under %ti.

UCC28730

The UCC28730 is an isolated-flyback power supply controller that provides accurate voltage and constant
current regulation using primary-side winding sensing, eliminating the need for optocoupler feedback
circuits. The controller operates in discontinuous conduction mode with valley switching to minimize
switching losses. The modulation scheme is a combination of frequency modulation 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 facilitates the achievement of <5-mW standby
power.

During low-power operating levels, the device has power management features to reduce the device
operating current at switching frequencies less than 28 kHz. The UCC28730 includes features in the
pulse-width modulator to reduce the EMI peak energy at the fundamental switching frequency and its
harmonics. Accurate voltage and 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.

UCC24650

The UCC24650 is a voltage monitor designed to alert a companion primary-side controller device when
the monitor detects a relative droop of approximately 3% on its VDD input. Commonly known as a wake-
up device, the UCC24650 is normally used in isolated-flyback power supply applications using primary-
side regulation (PSR). Because the PSR controller can operate at very low frequencies during light-load or
no-load conditions, the controller cannot detect a sudden load step that can occur between power cycles,
and the output voltage can fall out of regulation. The UCC24650 can detect the voltage droop and wake-
up a compatible PSR controller to increase its switching frequency before the output falls too low. This
action significantly reduces the amount of output capacitance needed to achieve an acceptable transient
response.

At the end of each power cycle delivered by the PSR controller, the UCC24650 droop monitor refreshes
an internally stored voltage scaled to 97% of the VDD voltage. If the monitor detects a droop of VDD to
the level of the stored voltage, the WAKE signal is connected to GND by an internal low-impedance
switch. The WAKE signal transmits a current pulse across the isolation transformer to a compatible PSR
controller, such as the UCC28730, capable of detecting the wake-up signal on the primary side of the
transformer.

The UCC24650 is also capable of disabling a compatible PSR controller, such as the UCC24610, during
light-load conditions to minimize standby power. The ENS output signal is driven low after a fixed
sustained count of low-frequency power pulses and can re-enable the PSR controller after a cumulative
count of 32 higher-frequency power pulses. The ENS output can also be used to drive other secondary
circuitry compatible with the ENS operating parameters.
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2.3.3 TLV74333

The TLV74333 device belongs to a new family of next-generation, low-dropout regulators (LDOs). This
device consumes low quiescent current and delivers excellent line and load transient performance.
Combined with low noise, good PSRR, and low-dropout voltage, these characteristics make this device
well-suited for portable consumer applications.

This regulator offers foldback current limit, shutdown, and thermal protection. The operating junction
temperature for this device is —40°C to +125°C.
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System Design Theory

This reference design uses the UCC28730 controller with the UCC24650 wake-up monitor in a 15-W
converter to provide dual isolated outputs of 12 V with 1.125 A and 3.3 V with 0.3 A. The input accepts an
universal voltage range of 85-V to 265-V AC.

Depending upon the operating conditions, the control law algorithm modulates the switching frequency or
the peak primary current to satisfy the power transfer requirements. As the load is increased from zero,
the converter transitions through a frequency modulation (FM) mode. The peak primary current is held
constant at one-third of its full-load peak value as the switching frequency increases from a minimum
value to maintain energy transfer up to 28 kHz. When the load is increased to the level at which the
switching frequency reaches 28 kHz, the controller keeps the switching frequency fixed and modulates the
amplitude of peak primary current, increasing it from one-third its peak value up to its maximum full load
peak current value; this area of operation is referred to as the amplitude modulation (AM) range. A further
increase in load demand transitions the controller into another FM mode where the peak primary current is
constant at its maximum designed value and the switching frequency is increased as needed, up to the
maximum switching frequency of the controller (83 kHz).

Using PSR, the output voltage is indirectly sensed on the auxiliary winding once the stored transformer
energy is transferred to the secondary to maintain a tightly regulated output. The wake-up monitoring
feature operates in conjunction with the secondary-side UCC24650 to allow light-load and no-load
switching frequencies to approach 32 Hz. This controller minimizes no-load power consumption to less
than 5 mW while providing a fast dynamic response to load transients without requiring large output
capacitance. The controller further enhances its efficient operation with valley switching. The UCC28730
also uses dithering of the gate drive, which helps to ease EMI compliance. This design guide provides the
schematic, component list, assembly drawing, and test setup necessary to evaluate the UCC28730 and
UCC24650 in a typical off-line converter application.

A typical application for the UCC28730 controller includes the compatible UCC24650 wake-up monitor to
regulate an isolated low-voltage DC output with low output capacitance. When the UCC28730 is operating
in the low-frequency wait state, the UCC24650 alerts the UCC28730 to a sudden load increase, avoiding
the need for extremely high output capacitance to hold up between power cycles. As shown in | 4, the
output rectification uses a ground-referenced diode to facilitate application of the UCC24650 device. A
ground-referenced synchronous rectifier can also be used.

470uH
MDB6S
02
ez _tcs ‘SMBJ130A-13-F ==C1
10uF 10uF 130V ""ampp

e Ao

10
BAS20HTIG )

PGND
U2 1
SWANBSK
11 vop w2
Ry &
2o vs cspd .
1.0
—ofcec onp [
R12 R13 UCCZB7300R 14 gR1
33k 510k ==c13 1.0 1
4TpF

1

PGND.

==co =—=ct0
W ] 0w

5
onD )
2

228412

Copyright © 2018, Texas Instruments Incorporated

sGlip

K 4. Simplified Application With Ground-Referenced Diode
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24.2

243

Wake-Up Detection and Function

A major feature available at the VS pin of the UCC28730 is the wake-up function, which operates in
conjunction with a companion secondary-side wake-up device, such as the UCC24650. This feature
allows light-load and no-load switching frequencies to approach 32 Hz to minimize losses, yet wake the
UCC28730 from its wait state (sleep mode) in the event of a significant load step between power cycles.
Despite the low frequencies, excessive output capacitance is not required to maintain reasonable transient
response. While in the wait state, the UCC28730 continually monitors the VS input for a wake-up signal
and, when detected, responds immediately with several high-frequency power cycles and resumes
operation as required by the control law to recover from the load-step transient and restore output voltage
regulation.

Because the wake-up feature interrupts the wait state between very low frequency switching cycles, the
feature allows the use of a much lower output capacitance value than would be required to hold up the
voltage without the wake-up function. The feature also allows the controller to drop to extremely low
switching frequencies at no-load conditions to minimize switching losses. This drop facilitates the
achievement of less than 5 mW of input power to meet zero-power standby requirements. The UCC28730
controller alone cannot ensure zero-power operation because other system-level limitations are also
imposed; however, the UCC28730 and UCC24650 together make this goal achievable.

Valley Switching and Valley Skipping

The UCC28730 uses valley-switching to reduce switching losses in the MOSFET, to reduce induced-EMI,
and to minimize the turnon current spike at the current sense resistor. The controller operates in valley
switching in all load conditions unless the VDS ringing is diminished to the point where valleys are no
longer detectable.

Valley skipping modulates each switching cycle into discrete period durations. During FM operation, the
switching cycles are periods when energy is delivered to the output in fixed packets, and the power
delivered varies inversely with the switching period. During operating conditions when the switching period
is relatively short, such as at high-load and low-line, the average power delivered per cycle varies
significantly based on the number of valleys skipped between cycles. As a consequence, valley skipping
adds additional low-amplitude ripple voltage to the output with a frequency dependent upon the rate of
change of the bulk voltage. For a load with an average power level between that of cycles with fewer
valleys skipped and cycles with more valleys skipped, the voltage control loop modulates the control law
voltage and toggles between longer and shorter switching periods to match the required average output
power.

Fault Protection

The UCC28730 provides comprehensive fault protection. The protection functions include:
» Output overvoltage

* Input undervoltage

» Internal overtemperature

e Primary overcurrent fault

* CS pin fault

* VS pin fault

A UVLO reset and restart sequence applies to all fault protection events.
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The output overvoltage function is determined by the voltage feedback on the VS pin. If the voltage
sample of VS exceeds 4.6 V for three consecutive switching cycles, the device stops switching and the
internal current consumption becomes l., .1, Which discharges the VDD capacitor to the UVLO turnoff
threshold. After that, the device returns to the start state and a start-up sequence ensues.

Current into the VS pin during the MOSFET on-time determines the line input run and stop voltages. While
the VS pin clamps close to GND during the MOSFET on-time, the current through feedback resistor is
monitored to determine a sample of Vg, «. A wide separation of the run and stop thresholds allows clean
start-up and shutdown of the power supply with line voltage. The run-current threshold is 225 pA, and the
stop-current threshold is 80 pA. The input AC voltage to run at start-up always corresponds to the peak
voltage of the rectified line because there is no loading on Cg, « before start-up. The AC input voltage to
stop varies with load because the minimum Vg, « depends on the loading and the value of Cg, «. At
maximum load, the stop voltage is close to the run voltage, but at no-load condition, the stop voltage can
be approximately 1/3 of the run voltage.

The UCC28730 always operates with cycle-by-cycle primary-peak current control. The normal operating
range of the CS pinis 0.74 V to 0.249 V. An additional protection occurs if the CS pin reaches 1.5 V after
the leading-edge blanking interval for three consecutive cycles, which results in a UVLO reset and restart
sequence.

Normally at an initial start-up, the peak level of the primary current of the first four power cycles is limited
to the minimum Vegrgmin- If the CS input is shorted or held low such that the Vg l€vel is not reached
within 4 us on the first cycle, the CS input is presumed to be shorted to GND and the fault protection
function results in a UVLO reset and restart sequence. Similarly, if the CS input is open, the internal
voltage is pulled up to 1.5 V for three consecutive switching cycles and the fault protection function results
in a UVLO reset and restart sequence.

The internal overtemperature 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 a complete loss of feedback
information on the VS pin occurs, the controller stops switching and restarts.

Input Bulk Capacitance Calculation

Bulk capacitance can consist of one or more capacitors connected in parallel, often with some inductance
between them to suppress differential-mode conducted noise. EMI filter design is beyond the scope of this
procedure.
First calculate the input capacitor charge time (t,,) based on a 40% ripple voltage:
VIN min\/E - VIN min\/EX 0.65 180

_ - i
1- VIN_min\/E n

tey = 180 =3.256x103s
4.47 Hz @

90 — asin

Calculate flyback average primary current during an input capacitor discharge:

I:)OUT + I:’OUT
nXVIN_min X\/E TIX(V|N min X'\/E) 0.65
Iptl:= = =0.198 A
2 @
10 FENLIDFESEAE T2 (AmW) 9 L5W XU 2550 1 i B 0 5 1 i ZHCU468—March 2018
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2.4.6

247

Calculate total input capacitance (C,,) based on minimum flyback input voltage and 40% ripple voltage
across the input capacitor:
_Iptlx (Trl-tg)

N =3.036 x10°F
VIN_rippIe (3)
Where Trl is the longest period of the rectified line voltage, which is calculated using 2= 4:
Trl:= ;: 0.011 s
2 x 47THz @)

Vin_ripple IS the input ripple voltage to the flyback converter:
VIN_ripple = ViN_min XV2x0.4 = 48.083 V o

Choose two 10-pF electrolytic capacitors as Ca and Cb.

Output Capacitance Calculation

With ordinary flyback converters, the output capacitance value is typically determined by the time of
duration, which is defined as 2 ms. Calculate the output capacitance using A= 6:

2ms x %
Cour = OUT X £ _ g 25 x 1074F
Vout — VoTrm (6)

Choose one 680-uF electrolytic capacitor as the output capacitance.

Snubber Circuit Selection

Define the enter voltage of Zener diode as V, = 150 V.

Veramp = Vbs max x 0.9 - VImeax\/E =165.233 V (7)
Rs = Yotamp 06V -VZ_ ) 200
Ippk (8)

Select a standard resistor of 22 Q.

Transformer Design

Define Dyag = 43.2%, where D, is the secondary diode of the conduction duty cycle during constant
current (CC) operation. In the UCC28730 controller, Dy, is fixed internally at 0.432.

Define T, = 2 us, where T, is the estimated period of the LC tank frequency at the switch node.
Calculate the maximum duty cycle (Dyay) using A= 9:

T

9)
Calculate the primary peak current (I,,) using A\ 10:
P 2
lopk = our X =0.99 A
nx (VlN_min*/E x 0-65) * Dvax (10)
Calculate the primary inductance (L,,) using Az 11:
. n _ -4
me .—7—5.106X 10 H
ppk design (11)
ZHCU468—March 2018 FEMLIHFEREIT T2 (AmW) 1) 15W 3K 57 25 4 Hi it & HBI 2% 150t 11
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» Estimated voltage drop across Rpsy, Voan =2 V
* Maximum current sense signal Vgcg = 0.77 V

» Estimated diode voltage drop Vg = 0.6 V

Calculate the transformer primary-to-secondary turns ratio (al) based on the volt second balance:
Duax ><(V|N_min\E x0.65 — VAQON - VRCS)
al:= =6.715
Dwac *(Vout *+ Vo) (12)
e al=Np/Ng

* Minimum VDD voltage of the UCC28730 controller before UVLO turnoff Vpp o, = 8.1V

» Estimated forward voltage drop V4, = 0.3V

+ Voltage on the output when the adapter is connected Voyr o = 10 V

Calculate the transformer auxiliary-to-secondary turns ratio (a2) using A= 13:

~ Vop_min +VoE _0.792

A2=—
Vout_int +Voe (13)

Calculate the transformer primary RMS current using A=\ 14:

{D
| =1, x,[—MAX —(.398A
prms ppk 3 (14)

Calculate the transformer secondary peak RMS current using Az 15:

I =5.787A

spk =
Vout % Dwac (15)

Calculate the transformer secondary RMS current using A3 16:

D
o= oy x (| 2MAG _ 5 196 A
srms spk 3 (16)

VS Sense Resistor Calculation

For the UCC28730 controller, |, = 220 pA. Calculate the VS divider resistor R, using Az 17:
a2
al XV|N_min‘/§xo-7

Ry = =5.464x10%Q
Ivslrun (17)
Choose a standard resistor value (56 kQ) as Ry;.
Rey = 4.0V = 2.605x10*Q
Rs1 (18)

Select two standard resistors 27k and 150k in parallel, so the R, is found using A3 19:

= 202190 1620 - 22881k
27 +150 19)
12 TEHL I FERENT T2 (AmW) [ 15W XX53 254 Hi i B HR 2% 8T ZHCU468—March 2018
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3.1

3.11

Hardware, Testing Requirements, and Test Results
Required Hardware

Test Equipment Needed to Validate Board

Multimeters: For highest accuracy, Vo, can be monitored by connecting a DC voltmeter; Fluke 287C is
recommended.

Power meter: Use a power analyzer capable of measuring low input current, typically less than 1 mA,
and a long integration mode, when low power standby mode input power measurements are taken;
WT210 is recommended.

AC voltage source: For an input source, use an isolated variable AC source capable of supplying
between 85-V and 265-V AC at no less than 20 W and connected as shown in ¥ 5. For accurate
efficiency calculations, insert a power meter between the neutral line of the AC source and the Neutral
terminal of the design. For highest accuracy in loaded conditions, connect the voltage terminals of the
power meter directly across the Line and Neutral terminals of the design. For highest accuracy at no
load, connect the V+ voltage terminal of the power meter at the Line terminal of the design and the V-
terminal of the power meter ahead of the shunt resistor; Chroma 61503 is recommended.

Output load: Use a programmable electronic load capable of sinking 0 A to 3 A. When testing the
design in constant current mode, set the electronic load to constant resistance mode; Chroma 63103 is
recommended.

Oscilloscope: A digital or analog oscilloscope with 500-MHz scope probes is recommended; Tektronix
DPO 3054 is recommended.

Wire gauge: The wire connections between the AC source and the design and the wire connections
between the design and the load must be less than 2 ft; a wire with a minimum of 18 AWG is
recommended.
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3.1.2 Recommended Test Setup
Multimeter
\%
o 9
/
Multiméter
A
AC Source f)
+ i
Ngutral L% /
\ lectronic Load
Poyer Meter V1+GND /\?;9%'3
3¢ 39
Copyright © 2018, Texas Instruments Incorporated
K 5. TIDA-01560 Recommended Test Setup
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3.13 Test Procedure

% 2. Connecter Pin Map

CONNECTOR PIN DESCRIPTION
n 1 Line of AC input
2 Neutral of AC input
12 1 12-V output positive
2 Ground
1 3.3-V output positive
73 2 Ground

Prepare the test setup as shown in 4] 5.

. Connect the line of the AC source on the design input (pin 1 of connector J1), and connect the neutral
of the AC source on the TIDA-01560 input (pin 2 of connector J1) through the current sensing module
of the power meter.

. Connect the voltage sensing module to the design input (connector J1).

. Connect an electronic load to the 12-V output terminal (connector J2) with the load set to draw 14 W
through the multimeter.

. Connect another electronic load to the 3.3-V output terminal (connector J3) with the load set to draw 1
Ww.

. Turn on the AC source connected to the design input with a universal input voltage (85-V to 264-V
AC).

. Once the design activates, monitor the input power consumption and dual output performance.

. Turn off the AC source and disconnect the AC source from the board when the test is complete.
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3.2 Testing and Results
3.21 No-Load Power Consumption
No-load power consumption is measured as less than 5 mW over the entire line input range.
5
4.5
4
< 35 ‘//
E |
5 3
3
S 25
2 2
g 15
1
0.5 {
| —— Standby Power
070 85 100 115 130 145 160 175 190 205 220 235 250 265 280
Input Voltage (V)
6. No-Load Power Consumption
3.2.2 Power Loss Breakdown (Theoretical Calculation)
This power loss breakdown is based on theoretical calculation, and this calculation does not contain the
leakage power loss of the input and output aluminum capacitor.
5 L L
4.5
4
35
3.18595
2
9 25 |
5
g 2 1
a8
1.5 B
1 0.9107 755 | |
0.6202 ' 0.72
0.5 [ — —| |
0.01066 0.0382 IMI 0.04026
0
12-V preload ‘ Gate ‘ UCC28730 ‘ MOSFET ‘ PSW ‘ Leakage ‘ UCC24650 ‘ TLV74333 ‘ Total
Driver VDD Coss
7. Power Loss Breakdown
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3.2.3

Efficiency With Load Variation

90

88
86

84
82

80

78

Efficiency (%)

76

74

72

70

— 115-V)y Efficiency
—— 230-V|y Efficiency

0 01 02 03 04 05 06 07 08 09 1 11

Load (A)

K| 8. Efficiency With Load Variation

Z 3. Efficiency With Load Variation Under 115-V AC Input

Vin (V) P (W) 12V Vour (V) | 12V loyr (A) | 3.3 Vour (V) | 3.3 Voyr (A) Pour (W) n (%)
0.0033 12.150 0.000 3.296 0.000 0.00
1.868 12.141 0.098 3.286 0.105 1.53 81.84
4.702 12.123 0.296 3.285 0.105 3.93 83.68
115V 7.612 12.118 0.498 3.285 0.105 6.38 83.76
10.45 12.136 0.696 3.285 0.105 8.79 84.14
13.34 12.154 0.898 3.285 0.105 11.25 84.36
16.49 12.175 1.118 3.285 0.105 13.96 84.64
#* 4. Efficiency With Load Variation Under 230-V AC Input
Vin (V) P (W) 12V Vour (V) | 12Vioyr (A) | 33 Vour (V) | 8.3 Vlour (A) Pour (W) n (%)
0.0043 12.133 0.000 3.296 0.000 0.000
1.9 12.121 0.098 3.287 0.105 1.527 80.36
4.67 12.102 0.296 3.284 0.105 3.928 84.12
230V 7.49 12.102 0.498 3.281 0.105 6.368 85.02
10.29 12.121 0.696 3.279 0.105 8.782 85.34
13.13 12.139 0.898 3.278 0.105 11.239 85.60
16.24 12.159 1.118 3.277 0.105 13.938 85.82
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3.24 Load Regulation

9 is the 12-V output load regulation with a fixed 3.3-V/0.1-A output. The load regulation is below 2%.

122

12.18

12.16 /0/

12.14

/)

12.12

121

12.08

Output Voltage (V)

12.06

12.04

12.02 —— 115-V)y Load Regulation
—— 230-Vy Load Regulation

12

0O 01 02 03 04 05 06 07 08 09 1 11
Load (A)

B 9. 12-V Output Load Regulation

D003

3.2.5 Turnon Waveform

10 and K] 11 are start-up waveforms of a 115-V input with no load and full load, respectively.

fa) E ; O -230.0ms @ 12.00V
: i O 16.00ms (¥ 0.000Y
5 3 A296.0ms A12.00 Y
Vout . . |
[12 E : : ‘. { . —
| - 1
E_____ 15 LT a1 I A
: T \
n |
[ZVdsiR : ]
lout 5 i
[@lout : : :
T.Ls.oov D) B 100 ; }[wbms ' 250@9{/@ ' . ~ 'J[zfnﬁ 2017]
@ 1004 o 1M A 100 ¥ 10:12:39
10. V,y =115V, Startup Waveform With No Load
e P ey s T C1@  -364.0ms 12.00 Y
L. R Lo 5@ —24.00ms by i
A340.0ms AL2.00 ¥
Pfout

[Elout : ; E
@50V & @ 0y & |400ms B @ 2L1LH 2017
@ 1004 o8 1M 5 100 ¥ 10: 14:'53

A 11. VvV, =115V, Startup Waveform With Full Load
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%] 12 and ¥ 13 are start-up waveforms of a 230-V input with no load and full load, respectively.

S e o : :

: ] 6 127.5H 15.50mV

S ] O 252.5H ~20.40mY

: | A257.F He A36.20mY
--------- 'B

[1 '
___________________________________ .EB._.____..-_____._.______._____._.__________A_._.______‘
(@ +10.0mY B . 00ms 25o0MP R @ 20 11H 2017
1M & 100V 16:19: 39

K 12. V,, =230V, Startup Waveform With No Load

Cey  7.062kH: 27.60mY
_____________________________ = 21 R W O 7.962kH: ~15.00mY
£62.50kHz £42.80mY

(@ +10.0mY B 20,005 1256708 @ 011 2017
M 100 ¥ 161241 20

K 13. V,, =230V, Startup Waveform With Full Load
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3.2.6 Output Voltage Ripple

14 and & 15 show the 12-V output voltage ripple. The measurements are taken at no load and full load
with an input voltage of 115-V AC, 50-Hz, and the waveform is AC coupled with a 20-MHz bandwidth limit.
The cursor indicates the maximum peak-to-peak limit of 45 mV permitted for the reference design. The
ripple pattern seen is characteristic of the EMI dithering method used by the UCC28730 controller.

. O 56.18 He (8] 20.40mY

0 15630 @  -14.60mV
A%7.72 He £35.00mV

(@ +10.0mY _"vh ) 10.0ms 10.0M7/F @ 20 117 2017
1M 5 100 W 16:33: 20

14. VvV, =115V, 12-V Voltage Ripple With No Load

[ O 6.94dkH; @) 29.80mV
|o Faelzke () —14.60my

TN

o
—

il

-
Lo
e

T

(@ 10.0m¥ s 178005 1.256%/F @ 20 117 2017
M A 100 16:27: 38

K 15. V,, =115V, 12-V Voltage Ripple With Full Load
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16 and ¥ 17 show the 12-V output voltage ripple. The measurements are taken at no load and full load
with an input voltage of 230-V AC, 50-Hz, and the waveform is AC coupled with a 20-MHz bandwidth limit.
The cursor indicates the maximum peak-to-peak limit of 45 mV permitted for the reference design. The
ripple pattern seen is characteristic of the EMI dithering method used by the UCC28730 controller.

: e o : :
: ] 6 127.5H 15.50mV
: ] O 252.5H ~20.40mY
: | A257.F He A36.20mY
--------- 'B
[1 ' ‘
___________________________________ .EB._.____..-_____._.______._____._.__________A_._.______‘
(@ +10.0mY B . 00ms 25o0MP R @ 20 11H 2017
1M & 100V 16:19: 39

K 16. V,, =230V, 12-V Voltage Ripple With No Load

Cey  7.062kH: 27.60mY
_____________________________ = 21 R W O 7.962kH: ~15.00mY
£62.50kHz £42.80mY

100V 16:24: 20

C.Lw.omv B — ' j[so'.om ' 1.'255&/@" . ~ 'J[zo'nﬁj 2017]
1M &

17. V,y =230V, 12-V Voltage Ripple With Full Load
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3.2.7 Transient Response

The transient response shown in & 18 and & 19 are taken with an input voltage of 115-V and 230-V AC,
50-Hz and a load transition from 0 A to full load. Channel 4 is the load current on a scale of 0.5 A per
division, and channel 1 is the output voltage on a scale of 200 mV per division, offset from the center line
by —12 V. The cursors show the undershoot from the regulated output voltage under full load transient
conditions. Output voltage undershoot varies depending on the specific time the transient occurs during
the switching cycle.

6 33.90H 432.0mY
O®  104.2H -564.0mY
£50.25 He £996.0mY

[ ot E T —— et — |

@ 200mi 10.0ms 10.0M%7/% @ - 2U11E 2017
@ coont b 0 1M & 100 V 09: 301 20

K 18. V,y = 115V, Load Transient

® SLesh @  4sd.0my
1 o 10420 @ -532.0mY
£45.45 Hy £995.0mY

43lout

@ 200mV A 10.0M7%/% @ 2011H 2017
1M & 100 Y 09: 35: 50

10.0ms
@ cooms on

19. V,, =230V, Load Transient
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3.2.8 Overcurrent and Short-Circuit Protection

When UCC28730 go into OCP and SCP conditions, the hiccup frequency is 5.5 Hz, and the output current
is limited below 1.3 A.

=

@ k d
F.'Ll.oo\/ Y . @;\ oV J[100ms = 1.00M;‘x/§;' '. % J[éiiiﬁ] 2017} [im.uov CE ) ‘. ‘][ZUUmx 500k;’1/ﬂ o {21 11H 2017}
@ 106 o8 M 5 100 ¥ 10: 29: 03 @ 1004 0w 1M 5 100 V 10: 37: 02
K 20. Vv, =115V, Overcurrent Protection K 21. Vv, =115V, Short-Circuit Protection

2

lout

[@Alout |

b [@lout 0 < r—]
...L.l.OE)\/ By @ |' M)Om.s ) 1.00MP’/{/$‘1. - 21 11)5[ .2017 @ 5.0 \/. ) .Bw @ w.‘ ) 200m‘s ] SOOW/T./E‘ & n 2111H 2017
T @ 1004 o ][ 1M 5 100 J[io: 30: 51 } r @ 1004 o ]{ 1M 5 100 V J{m: 36: 13 ]
22. V=230V, Overcurrent Protection K 23. V,, =230V, Short-Circuit Protection
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3.2.9 Thermal Test

24 and & 25 are the thermal test results of the top layer and bottom layer with no force cooling. In
each figure, the highest temperature is from the snubber circuit of the primary side.

K 25. Thermal Test Result of Bottom Layer
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3.2.10 EMI Test Result
26 shows the EMI test setup.

26. EMI Test Setup

ZHCU468—March 2018 FEHLIIFERENT T (AmW) 79 15W K53 2 4 Hifh B 2% 3T 25

TIDUDS3 — http://www-s.ti.com/sc/techlit/ TIDUDS3
Jixkl © 2018, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDS3.pdf

Hardware, Testing Requirements, and Test Results

13 TEXAS
INSTRUMENTS

www.ti.com.cn

Organization:

Place:

Detector: PK+AY
Limit: ENMGLD22B
Remark:

EMI TEST REPORT

---------------------------------------------------------------------------------------------------- pararneter

Operator:
Time:

20171111251 4:50

TestHtime[ms]: 30
Transductor[PKJAV]): PK | AY

The conducted emissions are compared in a pre-compliance test setup against the EN55022 class B
limits and are found to meet the class B limits with ease.

EUT:
Test equipment: KH3939
SN: 11359203

---------------------------------------------------------------------------------------------------- freq, step

Start{MHz]
0.150
2.000

10.000

End[MHz)
2.000
10.000
30.000

Step[MHz)
0.002
0.010
0.025
scan result

0.150 MHz

30.000 MHz

K 27. Test Results of Conducted Emissions

26
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-01560.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01560.

4.3 PCB Layout Recommendations

To increase the reliability and feasibility of the project, follow these guidelines:
* Minimize stray capacitance on the VS node.
» Place the voltage sense resistors (R10 and R12, R13) close to the VS pin.

« Connect the high-voltage input to a non-switching source of high voltage—not to the MOSFET
drain—to avoid injecting high-frequency capacitive current pulses into the device.

» Connect the main power loop ground and the UCC28730 ground through a single point connection at
the C3 ground pin.

» Arrange the components to minimize the loop areas of the switching currents as much as possible.
These loops areas are as follows:

— Main power loops: From C3 high positive voltage to the transformer primary winding, Q1 current
sense resistor (R14,R15)

— Primary snubber loop: R5, D2, and the transformer primary winding

— Secondary output current loop: C5, C6, and the 12-V secondary winding; C11, C2, and the 3.3-V
secondary winding

4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-01560.

4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01560.

4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01560.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01560.
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5 Related Documentation
1. Texas Instruments, Using the UCC28730EVM-552 10-W Adaptor Module With PSR and Wake-Up
Monitor User's Guide
2. Texas Instruments, UCC28730 Zero-Power Standby PSR Flyback Controller with CVCC and Wake-Up
Monitoring Data Sheet
51 &b
E2E is a trademark of Texas Instruments.
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power electronics, high-frequency DC/DC, AC/DC converters, and analog circuit design. Yuan earned his
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