i TEXAS PMP9561
INSTRUMENTS February 5, 2015

PMP9561 Rev. A Test Results

1. PHOTO OF THE PROTOTYPE:
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The PMP9561 is a 10-W off-line discontinuous mode (DCM) flyback converter that provides
constant-voltage (CV) and constant-current (CC) output regulation without the use of an optical
coupler. The controller uses primary side regulation (PSR) and detects a wake-up signal from
the UCC24650 secondary-side voltage-droop monitor for improved transient response to large
load steps. The UCC24610 is used to drive the 60V CSD18534Q5A synchronous rectifier and
demonstrates the ENS function of the UCC24650 Wake-up monitor. This reference design
shows how the UCC28730 can provide ultra-low standby power without sacrificing start-up time
or output transient response with an internal 700-V start-up switch, dynamically controlled
operating states, and a tailored modulation profile. The UCC28730 uses frequency modulation,
peak primary current modulation, valley switching and valley skipping in its control algorithm in
order to maximize efficiency over the entire operating range. The PMP9561 reference design
exceeds Level VI and CoC Tier 2 specifications, effective 2016, for average efficiency, 10% load
efficiency, and no-load stand-by power. Note that this reference design is not an orderable
device from TI, but shows the performance of a UCC28730/UCC24650 in a constant
voltage/ constant current controller in a typical 10-W USB adapter application.
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2. Electrical Performance Specifications
PARAMETER TEST CONDITIONS ‘ MIN ‘ NOM ‘ MAX ‘ UNITS
Input Characteristics
Voltage range, Viy 85 115/230 265 Vrus
Maximum input current Vin = Vinmin, lout = loutmax 0.250 Agrwms
Line frequency a7 60/50 63 Hz
No-load power consumption Vinmin € Vin = Vinmax, lout = 0A 5 mw
Output Characteristics
Output volgge, CV mode, Vinmin < Vin < Vinmae, OA < lour < loutmax 475 5 5.25 v
Output load current, CV _
mode, loutmax Vinmin € Vin £ Vinmax 1.9 2.0 2.1 A
. Line Regulation: 5 %
Output voltage regulation Vinmin € Vin € Vinmaxs lout = loutmax
Load Regulation: 0A < lout < loutmax 5 %
Output voltage ripple Vinmin < Vin S Vinmax, OA < lout < loutmax 80 mVpp
Output over current, locc Vinmin £ Vin £ Vinmax 2.15 A
Mini tput volt ,CC
inimum OL:n[())l:jeVO age Vinmin € Vin € Vinmaxs lour = loce 14 2 \
. lout = louTmax 62
Brown-out protection VRrvs
lout = 10% louTmax 34
Systems Characteristics
Switching frequency, fsw 0.05 50 kHz
- 25%, 50%, 75%, 100% load average at nominal
Average efficiency input voltages 84 85 %
Operating temperature 25 °C
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3. Efficiency
V\:Ss F\;{;‘ V‘\’/UT "X’T Pout EFFFICIENCY
1.1736 5.007 0.200 10% 0.8533
2.909 4.993 0.498 25% 0.8547
85V, 60Hz 5.963 4.986 0.997 50% 0.8336
9.1 4.996 1.505 75% 0.8263
12.319 5.021 2.013 100% 0.8205
1.1725 5.007 0.2 10% 0.8541
2.872 4.998 0.498 25% 0.8666
115V, 60Hz 5.862 4.989 0.998 50% 0.8494
8.959 4.995 1.504 75% 0.8385
12.043 5.016 2.011 100% 0.8376
1.2161 5.009 0.200 10% 0.8238
2.96 5.013 0.507 25% 0.8586
230V, 50Hz 5.839 4.999 1 50% 0.8561
8.838 5 1.506 75% 0.8520
11.848 5.019 2.006 100% 0.8498
1.2342 5.015 0.200 10% 0.8127
2.954 5.027 0.501 25% 0.8526
265V, 50Hz 5.869 5.005 1.001 50% 0.8536
8.865 5.004 1.507 75% 0.8506
11.884 5.023 2.007 100% 0.8483
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4. No-Load Power Consumption

INPUT VOLTAGE INPUT POWER

85 VRMS, 60Hz 2.401 mW
115 VRMS, 60Hz 2.565 mW
230 VRMS, 50Hz 3.119 mw

265 VRMS, 50Hz 3.408 mw
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5. Output Voltage vs Output Current

OUTPUT VOLTAGE AS A FUNCTION OF LOAD
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The converter is in constant-voltage operating mode from 0 A load up to approximately
2.05 A. Once reaching this output over-current threshold, the converter transitions into
constant-current mode where the load current remains constant until the output voltge
falls below 2 V, at which point the converter enters shutdown/restart. If the load demand
is decreased to the constant current operating region, the converter will automatically re-
start.

6. Transient Response and WAKE Function

P1:max(C1)
5.207 v

200 mVidiv. 10.0 mVidiv transient: 0A to 2A, 115Vac 10.0 ms/div Auto 125mVv
-5.200 V ofst 10.4 mV ofst 100kS 1.00MS/s Edge Positive
4848V| -~ -280 mV
5118V| - -145mV
Aoy 270 mV| &y 135mv

Figure 1. Load transient from No-Load to Full-Load
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The transient response shown was taken with a 115 VAC, 60 Hz input voltage and a load
transition from 0 A to full load. Channel 4 is the load current on a scale of 1 A per
division, channel 1 is the output voltage on a scale of 200 mV per division, offset from the
center line by -5.20 V. The cursors show the undershoot from the regulated output
voltage, under full load transient conditions. Output voltage undershoot may vary
dependent upon the specific time the transient occurs during the switching cycle.

Load, 1V/div

Ci Trigger (HES
500 mVidiv 10.0 mVidiv 10.0 Vidiv 20.0 psidiv Stop 49mv
-6.000 V ofst 10.0 mV ofst -10.00 V ofst 100kS 500MS/s Edge Positive
5100V ---- -280mV ---- -80V
4975V| - 105V Load transient, 115Vac, 0A to 2A
-125 mVv| Ay -25mv Ay 25V

Figure 2. WAKE Signal During Load Transient
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Pl:max(C1)
transient: 0A to 2A, 115Vac

20.0 Vidiv| 10.0 mWidiv 20.0 psidiv Stop 8.0mv
2.0V offset 0.0 mV offset 100kS 500MS/s Edge Positive

Timebase -85 6 psf Tngger  [EHES

Figure 3. WAKE Signal Transmitted to the AUX Winding

Figure 2 shows the WAKE signal from the UCC24650 Wake-Up Monitor activating when
the output voltage falls below approximately 3% of its regulated value. Figure 3 shows the
wake-up alert signal transmitted to the PSR controller on the AUX winding.
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7. Output Ripple
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P1:max{C1)
333 mv
v

100 psidiv Stop 400 v
100kS 100 MS/s Edge Positive

Vout Ripple, 2A, 115Vac

Figure 4. Output Ripple at Full-Load, 115Vin

Figure 4 shows the output voltage ripple taken at full load with an input voltage of 115
VAC, 60 Hz and the waveform is AC coupled, with 20 MHz bandwidth limit. The cursor
indicates the maximum peak to peak limit of 80 mV permitted for the design. The ripple
pattern seen is characteristic of the EMI dithering method used by the UCC28730
controller.

8. Turn On Waveform

&

C1 Timebase-4.00 msf Trigger  GIES

1.000 Widiv Vout turn on, 115VAC, 60 Hz, 2.036A load 20 P 800mv
-3.000 V ofst

100kS 5.00MSis Edge Positive

Figure 5. Output Voltage Turn On Waveform
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Timebase -198 psf Trigger CEES
5 EXAY
> Positive

C: CNEAD .
CS - '\ = 0 EVac 2
10.0 Vidiv 200 mvidiv CS and DRV at turn on, 116Vac, 2A
-30 40 V ofst 0 mV offset

Figure 6. CS and DRV at Turn On

Figure 6 shows how the UCC28730 limits the first four switching-cycle current peaks to
IPP(min) in order to monitor for any initial input or output faults with limited power
delivery. After these initial four pulses, the controller will limit the amplitude of the peak
primary current to approximately 0.67 X lppmax. Modifications are also made to Dyaccc,
increasing it from 0.432 to 0.650. These modifications during startup allow high
frequency charge-up of the output capacitor to avoid audible noise. Once the VS signal is
greater than 1.36 V (approximately 1.45 V on the output), Dyaccc is restored to its normal
value and the peak primary current resumes at lpp(ma-

9. Switching Waveform

C1_CHESm ) ES | c4  EMBESTD| Primary side switching, 115Vac, 2.006A Timebase -40.0 ps) Trigger oc
100 Vidiv 50.0 Vidiv 500 mv/div 10.0 Vidiv| 10.0 ys/div Stop 55V
-200.0 V ofst -150.0 V ofst 500 mV ofst 25.00 V offset| 100kS 1.00GS/s Edge Positive

Figure 7. Primary Side Switching Waveform
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The typical switching waveform can be seen in Figure 7. Channel 1 shows the MOSFET
drain to source voltage at 100 V per division, channel 2 shows the AUX winding at 50 V
per division, channel 3 is the CS waveform at 500 mV per division, and channel 4 shows
the gate drive at 10 V per division. The scan was taken at 2 A load, 115 V¢, 60 Hz input
voltage. At this operating point, the switching frequency is dithering between 48 kHz and
40 kHz due to valley skipping.

Timebase -5.0ps)Trgger EHES

5.00 vidiv Secondary side switching, 115Vac, 2A 10.0 psfdiv Stop 1965V
-14.85V ofst i i 100kS 1.00GS/s Edge Positive

Figure 8. Secondary Side Switching Waveform

Figure 8 shows the switching waveforms on the secondary side, channel 1 is the SW
node and channel 2 shows the UCC24610 gate drive for the secondary side synchronous
rectifier.

10.ENS

SR GATE

Fy

v
div 5.00 Vidiv 115VAC, 60Hz input. Load increased from 0.08A to 0.09A 200 p p
0 mV offset -15.00 V ofst 100ks  50.0 dge  Positive

Figure 9. ENS and SR Gate as Load Decreases
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SR GATE

F

c1  EEESDD Timebase 0.0 Trigger  (S)ES

1.000 V/div 5.00 Vidiv 115VAC, 60Hz input, Load de from 0.03A to 0.02A 500 ms/div Stop 710 mV
0 mV offset -15.00 V ofst 100k 2.00 MSis Edge Megative

Figure 10. ENS and SR Gate as Load Increases

The ENS open-drain MOSFET output of the UCC24650 Wake-Up Monitor will disable the
UCC24610 Synchronous Rectifier Driver when the load decreases below 0.03 A, as
shown in Figure 9. The ENS re-enables the UCC24610 when the load increases above
0.09 A. as shown in Figure 10. Controlling the secondary-side circuitduring no-load and
light-load conditions helps to reduce stand-by and light-load power loss.

11.EMI

Note that this reference design does pass EMI but fails margin. It is recommended that

the transformer be redesigned with a more appropriately placed shield winding for better
EMI performance.

5 dBidiv Ref 70.00 dBpvV

Start 150 kHz Stop 30 MHz
Res BW 9 kHz VBW 90 kHz Scan Time 3.204 ks( 6635 pts)



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	1. PHOTO OF THE PROTOTYPE:
	2. Electrical Performance Specifications
	3.   Efficiency
	4. No-Load Power Consumption
	5. Output Voltage vs Output Current
	6. Transient Response and WAKE Function
	7. Output Ripple
	8. Turn On Waveform
	9. Switching Waveform
	10. ENS
	11. EMI

