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What is Standby Power?

m  Standby power is the power used by electronics and appliances when not
performing their main function
> Can be a significant portion of the overall energy use of a device

®  Energy efficiency standards set standby power limits
>  All new federal efficiency standards are required to include standby power
> Horizontal standby regulation in EU is under revision and targeting stricter limits

®  As a power supply designer, what can one do?
>  Aim is to optimize efficiency to maximize available power within the prescribed limits

> Example: 15 W dual-output power supply design to meet emerging EU standby
regulation
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European Commission Has Different Levels of
Requirements

®  Ecodesign Directive

> Regulatory framework in the EU to reduce the environmental impact of products
throughout their entire lifecycles

[
®  Energy Labelling

>  Policy instrument used to influence consumer behavior toward conservation

®  Code of Conduct

>  Sets out the basic principles to be followed by all parties involved in power supplies
operating in Europe with respect to energy efficient equipment
>  Voluntary
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Ecodesign and Labelling Under Revision

Product ENER Lot Status in the EuP process
PCs and servers 3 Regulation in force 2013. Revision ongoing.
Televisions and electronic displays 5 Revision ongoing.
Standby and off-mode losses 6 Revision ongoing. Consultation Forum 20 Dec 2017
Battery chargers and external power supplies 7 Regulation in force 2009. Revision ongoing.
Linear, CFL, and HID lamps and ballasts 8-9 Regulation in force 2009. Revision ongoing.
Ventilation fans 11 Revision ongoing.
Electric pumps 11 Revision ongoing. Consultation Forum 8 Dec 2017
Domestic refrigerators and freezers 13 Revision ongoing. Consultation Forum 6 Dec 2017
Domestic washing machines 14 Revision ongoing. Consultation Forum 18 Dec 2017
Domestic dishwashers 14 Revision ongoing. Consultation Forum 19 Dec 2017
Household tumble driers 16 Regulation in force 2012. Revision ongoing.
Vacuum cleaners 17 Regulation in force 2013. Revision ongoing.
Directional lighting 19 Revision ongoing. Consultation Forum 7 Dec 2017
Domestic lighting (general lighting equipment) 19 Revision ongoing. Consultation Forum 7 Dec 2017
Networked standby losses 26 Revision ongoing. Consultation Forum 20 Dec 2017

https://www.eceee.org/ecodesign/
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Ecodesign Regulations for Standby/Off-Mode

B |mpact assessment finalized

>  Review study on standby published in April 2017; consultation forum held in December 2017
>  Status of adoption pending

= Regulation (EC) No 1275/2008 is under revision

> Horizontal requirement = applies across all energy-using product categories

B Proposed changes
>  Standby/off-mode requirement reduced to 0.3 W from 0.5 W

>  Network standby requirement reduced to 2 W from 3 W
®  WiFiload is always on (~1 W) plus other functions (screen, camera, etc.)
®  Example: Smart Speaker OEMs targeting <2 W input power with 1.5 W system load in standby

B Timeline
>  Entry into force likely delayed to end of 2020
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15 W Dual-output Power Supply
Desigh Example

©2020 Power Integrations | www.power.com 6




Specification

Description Symbol Min Typ. Max Units Comment
Input
Voltage Vin 85 115/230 277 VAC 2 Wire —no P.E.
Frequency fune 47 50/60 63 Hz
No-load Input Power 45 mWwW 230 VAC Input.
Output
Output Voltage 1 Vour1 5 Vv +5% PCB Connector Side.
Output Current 1 loutt 1.2 A
Output Ripple Voltage 1 VippLE1 150 mVpp Measured at the PCB Connector.
Output Voltage 2 Vour2 12 \'% +10% PCB Connector Side.
Output Current 2 lout2 0.02 0.75 A
Output Ripple Voltage 2 ViippLe2 200 mVpp Measured at the PCB Connector.
Continuous Output Power Pour 15 W
Efficiency
/;;;r’asgg%’ 75% and 100% Mavesro, | 80 % 115 and 230 VAC Input
Environmental
Conducted EMI CISPR228/ EN.SSOZZB Resistive Load, 6 dB Margin.

Load floating

Safety IEC950 / UL1950 Class |l Designed to Meet.
Differential Line Surge 1 kv 230 VAC Input
Ambient Temperature LNV 0 40 °C Free Convection, Sea Level in Sealed Enclosure.
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Schematic
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Open Frame Design
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Standby Efficiency Optimization

1.

o

Primary clamp
> RCD clamp vs. Zener clamp

Transformer
> VOR, winding technique, core material

5V output
>  Qutput capacitors, RC snubber

BP bias circuit
Input section
5 V output rectifier

©2020 Power Integrations | www.power.com 10

PSMA —p



Primary Clamp Design

= To minimize losses, tune the primary clamp such that V..., of the primary

MOSFET is 85-90% of rated breakdown voltage (BV )
> Measure at the highest AC input voltage

®  Choosing between a Zener clamp and an RCD clamp
> Both implementations can be used given that the above criterion is met

>  With Zener clamp, the voltage rating of the Zener (TVS) diodes have big voltage steps
(e.g. 180V, 200V, 220V, 250V, 300V, 350 V)

>  With RCD clamp, the components can be more easily tuned to meet derating target
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Transformer — VOR Optimization

®m  Adjusting the reflected voltage (VOR) of the transformer has a direct effect
on efficiency

®  Decreasing VOR increases efficiency

> Lower VOR yields lower secondary-peak, RMS and average currents
®  Reduces conduction loss in the output diodes

> Lower VOR increases the peak inverse voltage (PIV) — limited by diode de-rating

Improvement per 300 mW 5 V Output Diode
Refl Vol
mm S Standby Efficiency | PIV (rated 60 )

0 VOR =90 V 75.98% 46.29
1 VOR = 85 V 1 o0.40% 76.38% 46.40

Transformer
2 VOR = 80V T o03s5% 76.73% 50.08
3 VOR =75 V 1 0.06% 76.79% 58.14

Design approach: start with conservative VOR and iterate design reducing VOR until diode voltage margin is minimized
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Increasing Standby Efficiency with Synchronous
Rectification on 5 V Output
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Standby Power Improvement

. 6030%

RCD Cl R1=200 kQ, C8=470 pF Z I VR1=SMBJ200A
Primary Clamp Primary Snubber CD Clamp 00k, C8=470p ener Clamp Sl Py 4 9.26% 69.56%
D4=S1ML (trr=1.8 us), R11=20 Q D4=RSIMWEF (trr=500 ns)
VOR VOR=110V VOR =100V 4 4.12% 73.67%
Transformer -
Core Material N27 (A =950 nH, p. = 1410) N87 (A, =1000 nH, p. =1490) 4+ 0.19% 73.87%
3 TR R C5=470 uF 16 V E-cap Low ESR= [C5 =470 uF 16 V Polymer Cap Low ESR = 4 047% 74.33%
5V Output 53 mQ 10 mQ
5 V Output Rectifier RC Snubber C9=1500 pFR13=10Q C9=470pFR13=4.70Q 4 030% 74.63%
BP Pin BP Bias Resistor R16 =18 kQ (IBP =195 pA) R16 =9.09 kQ (IBP =230 pA) 4 0.82% 75.45%
Input Section Input Choke Filter L1=1000 uH 0.28 A DCR=2.37Q 11=47pyH1.6 A DCR=0.14 Q 4 0.72% 76.17%
5V Qutput 5 V Output Rectifier D3 =STPS5L60S 60 V5 ASMC Q1 =AON6268 60 V44A 6.3 mQ 4 7.21% 83.38%
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Standby Power

				P(in) = 0.25 W

						Input								5V Output						12V Output

						Input Voltage (VAC)		Input Current (mA)		Input Power (W)		PF		Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)		Output Power (W)		Efficiency

		85				85.100		8.905		0.250		0.330		5.051		38.624		0.195		12.157		0.000		0.000		77.919%

		115				115.060		7.281		0.250		0.299		5.051		38.830		0.196		12.163		0.000		0.000		78.315%

		230				230.040		5.869		0.250		0.185		5.051		38.440		0.194		12.178		0.000		0.000		77.742%

		265				265.120		6.075		0.250		0.155		5.051		38.280		0.193		12.182		0.000		0.000		77.236%

		350				350.040		7.020		0.250		0.102		5.050		37.140		0.188		12.190		0.000		0.000		75.100%

				P(in) = 0.3 W

						Input								5V Output						12V Output

						Input Voltage (VAC)		Input Current (mA)		Input Power (W)		PF		Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)		Output Power (W)		Efficiency

		85				85.090		10.404		0.300		0.339		5.051		46.430		0.235		12.201		0.000		0.000		78.144%

		115				115.050		8.453		0.300		0.309		5.050		46.740		0.236		12.204		0.000		0.000		78.621%

		230				230.030		6.400		0.300		0.204		5.049		46.557		0.235		12.211		0.000		0.000		78.266%

		265				265.120		6.492		0.301		0.175		5.051		46.260		0.234		12.220		0.000		0.000		77.770%

		350				350.040		7.258		0.300		0.118		5.050		45.040		0.228		12.227		0.000		0.000		75.833%



				P(in) = 0.5 W

						Input								5V Output						12V Output

						Input Voltage (VAC)		Input Current (mA)		Input Power (W)		PF		Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)		Output Power (W)		Efficiency

		85				85.070		16.228		0.500		0.362		5.050		77.800		0.393		12.498		0.000		0.000		78.533%

		115				115.030		13.005		0.500		0.334		5.050		78.270		0.395		12.498		0.000		0.000		79.072%

		230				230.020		8.676		0.500		0.251		5.050		78.270		0.395		12.479		0.000		0.000		79.013%

		265				265.110		8.357		0.501		0.226		5.050		77.980		0.394		12.473		0.000		0.000		78.701%

		350				350.030		8.414		0.500		0.170		5.049		76.580		0.387		12.451		0.000		0.000		77.355%

















						P(in) = 0.25 W

						Input		5V Output						12V Output				Efficiency

						Input Voltage (VAC)		Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)

						85.100		5.051		38.624		0.195		12.157		0.000		77.919%

						115.060		5.051		38.830		0.196		12.163		0.000		78.315%

						230.040		5.051		38.440		0.194		12.178		0.000		77.742%

						265.120		5.051		38.280		0.193		12.182		0.000		77.236%

						350.040		5.050		37.140		0.188		12.190		0.000		75.100%

				P(in) = 0.3 W

						Input								5V Output						12V Output

						Input Voltage (VAC)		Input Current (mA)		Input Power (W)		PF		Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)		Output Power (W)		Efficiency

						85.090		10.404		0.300		0.339		5.051		46.430		0.235		12.201		0.000		0.000		78.144%

						115.050		8.453		0.300		0.309		5.050		46.740		0.236		12.204		0.000		0.000		78.621%

						230.030		6.400		0.300		0.204		5.049		46.557		0.235		12.211		0.000		0.000		78.266%

						265.120		6.492		0.301		0.175		5.051		46.260		0.234		12.220		0.000		0.000		77.770%

						350.040		7.258		0.300		0.118		5.050		45.040		0.228		12.227		0.000		0.000		75.833%



				P(in) = 0.5 W

						Input								5V Output						12V Output

						Input Voltage (VAC)		Input Current (mA)		Input Power (W)		PF		Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)		Output Power (W)		Efficiency

						85.070		16.228		0.500		0.362		5.050		77.800		0.393		12.498		0.000		0.000		78.533%

						115.030		13.005		0.500		0.334		5.050		78.270		0.395		12.498		0.000		0.000		79.072%

						230.020		8.676		0.500		0.251		5.050		78.270		0.395		12.479		0.000		0.000		79.013%

						265.110		8.357		0.501		0.226		5.050		77.980		0.394		12.473		0.000		0.000		78.701%

						350.030		8.414		0.500		0.170		5.049		76.580		0.387		12.451		0.000		0.000		77.355%



						P(in) = 0.5 W

						Input Voltage (VAC)		5V Output						12V Output				Efficiency

								Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)

						85.070		5.050		77.800		0.393		12.498		0.000		78.533%

						115.030		5.050		78.270		0.395		12.498		0.000		79.072%

						230.020		5.050		78.270		0.395		12.479		0.000		79.013%

						265.110		5.050		77.980		0.394		12.473		0.000		78.701%

						350.030		5.049		76.580		0.387		12.451		0.000		77.355%

						P(in) = 0.3 W

						Input Voltage (VAC)		5V Output						12V Output				Efficiency

								Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)

						85.090		5.051		46.430		0.235		12.201		0.000		78.144%

						115.050		5.050		46.740		0.236		12.204		0.000		78.621%

						230.030		5.049		46.557		0.235		12.211		0.000		78.266%

						265.120		5.051		46.260		0.234		12.220		0.000		77.770%

						350.040		5.050		45.040		0.228		12.227		0.000		75.833%

						P(in) = 0.25 W

						Input Voltage (VAC)		5V Output						12V Output				Efficiency

								Output Voltage (V)		Output Current (mA)		Output Power (W)		Output Voltage (V)		Output Current (mA)

						85.100		5.051		38.624		0.195		12.157		0.000		77.919%

						115.060		5.051		38.830		0.196		12.163		0.000		78.315%

						230.040		5.051		38.440		0.194		12.178		0.000		77.742%

						265.120		5.051		38.280		0.193		12.182		0.000		77.236%

						350.040		5.050		37.140		0.188		12.190		0.000		75.100%



P(in) = 0.25 W	85	115	230	265	350	0.19511000000000001	0.1961	0.19420000000000001	0.19339999999999999	0.18759999999999999	P(in) = 0.3 W	85	115	230	265	350	0.23451	0.2361	0.23511000000000001	0.23369999999999999	0.22750000000000001	P(in) = 0.5 W	85	115	230	265	350	0.39290000000000003	0.3952	0.39529999999999998	0.39389999999999997	0.38669999999999999	Input Voltage (VAC)	

Output Power (W)	





Iterations

		Section		Parameter		Original Part (Baseline)		Final Board Changes		Improvement		300 mW 
Standby Efficiency

												60.30%

		Primary Clamp 		Primary Snubber		RCD Clamp R1=200 kΩ, C8=470 pF D4=S1ML (trr=1.8 us), R11=20 Ω		Zener Clamp VR1=SMBJ200A D4=RS1MWF (trr=500 ns)		9.26%		69.56%

		Transformer		VOR 		VOR = 110 V		VOR = 100 V		4.12%		73.67%

				Core Material		N27 (AL = 950 nH, µe = 1410)		N87 (AL = 1000 nH, µe = 1490)		0.19%		73.87%

		5 V Output 		5 V Output Capacitor		C5 = 470 µF 16 V  E-cap  Low ESR = 53 mΩ		C5 = 470 µF 16 V  Polymer Cap  Low ESR = 10 mΩ		0.47%		74.33%

				5 V Output Rectifier RC Snubber		C9 = 1500 pF R13 = 10 Ω		C9 = 470 pF R13 = 4.7 Ω		0.30%		74.63%

		BP Pin		BP Bias Resistor		R16 = 18 kΩ (IBP = 195 µA)		R16 = 9.09 kΩ (IBP = 230 µA)		0.82%		75.45%

		Input Section		Input Choke Filter		L1 = 1000 µH 0.28 A  DCR = 2.37 Ω		L1 = 47 µH 1.6 A  DCR = 0.14 Ω		0.72%		76.17%

		5 V Output 		5 V Output Rectifier		D3 = STPS5L60S 60 V 5 A SMC		Q1 = AON6268 60 V 44A 6.3 mΩ		7.21%		83.38%



300 mW 
Standby Efficiency	Primary Snubber	VOR 	Core Material	5 V Output Capacitor	5 V Output Rectifier RC Snubber	BP Bias Resistor	Input Choke Filter	5 V Output Rectifier	0.60299999999999998	0.69557999999999998	0.73673999999999995	0.73865999999999998	0.74332999999999994	0.74632999999999994	0.7545099999999999	0.76166999999999985	0.8337699999999999	

300 mW 
Standby Efficiency	





Schematic, TRF

				Primary Inductance		Pins 1-2, all other windings open, measured at 100 kHz, 1 VRMS.		1754 mH ±10%

				Primary Leakage Inductance		Pins 1-2, with pins 5,6,7,8 shorted, measured at 100 kHz		60 mH (Max.)





Average Efficiency







		Input Measurement								Output 1 Measurement								Output 2 Measurement								Efficiency		Average Efficiency

		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg				Avg_Eff		DOE6 Limit

		115.01		181.04		9.82		0.472		5.037		650.1		3.274		0.74		11.472		399.97		4.588		-4.4		80.061

		115.23		138.75		7.332		0.459		5.039		487.5		2.456		0.78		11.482		299.95		3.444		-4.317		80.469

		115.45		96.14		4.872		0.439		5.042		325		1.639		0.84		11.491		199.91		2.297		-4.242		80.788

		115.69		51.81		2.434		0.406		5.046		162.63		0.821		0.92		11.5		99.94		1.149		-4.167		80.937		80.564		71.743

		115.77		36.87		1.657		0.388		5.049		40.18		0.203		0.98		11.348		99.94		1.134		-5.433		80.688



		230.04		105.37		9.626		0.397		5.036		650.1		3.274		0.72		11.479		399.95		4.591		-4.342		81.706

		230.16		81.67		7.222		0.384		5.039		487.5		2.457		0.78		11.488		299.93		3.446		-4.267		81.736

		230.28		57.2		4.823		0.366		5.042		325.1		1.639		0.84		11.496		199.91		2.298		-4.2		81.63

		230.41		31.29		2.423		0.336		5.046		162.61		0.821		0.92		11.506		99.94		1.15		-4.117		81.345		81.604		71.743

		230.48		14.436		0.981		0.295		5.051		65.22		0.3294		1.02		11.451		40.018		0.458		-4.575		79.939





Line Regulation

		Date		Jun 02,2018

		Start		10:44 AM

		Finish		10:47 AM

		Input				Input Measurement								5V Output								12V Output

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg		Efficiency

		43		60		85		240.33		10.13		0.497		5.041		650.2		3.278		0.82		11.473		399.98		4.589		-4.392		77.66

		50		60		98.95		207.23		9.952		0.485		5.04		650.1		3.277		0.8		11.475		399.98		4.59		-4.375		79.049

		55		60		108.95		190.05		9.873		0.477		5.04		650.1		3.277		0.8		11.475		400		4.59		-4.375		79.682

		58		60		114.98		181.27		9.835		0.472		5.04		650.1		3.276		0.8		11.475		400		4.59		-4.375		79.98

		67.5		60		134.1		159.08		9.753		0.457		5.039		650.1		3.276		0.78		11.476		400		4.591		-4.367		80.662

		90		60		179.27		125.59		9.675		0.43		5.039		650.1		3.276		0.78		11.48		399.99		4.592		-4.333		81.323

		100		50		199.33		118		9.658		0.411		5.038		650.1		3.276		0.76		11.48		399.99		4.592		-4.333		81.466

		115.3		50		230.02		105.44		9.64		0.397		5.038		650.1		3.275		0.76		11.481		399.98		4.592		-4.325		81.608

		132.5		50		264.48		94.71		9.64		0.385		5.038		650.1		3.275		0.76		11.483		399.98		4.593		-4.308		81.618

		138.5		50		276.48		91.56		9.642		0.381		5.038		650.1		3.275		0.76		11.483		399.98		4.593		-4.308		81.601

		150		50		299.62		86.21		9.653		0.374		5.037		650.1		3.275		0.74		11.483		399.97		4.593		-4.308		81.508

		175		50		349.65		76.94		9.692		0.36		5.037		650.1		3.275		0.74		11.486		399.97		4.594		-4.283		81.191



5V Output	85	98.95	108.95	114.98	134.1	179.27	199.33	230.02	264.48	276.48	299.62	349.65	5.0410000000000004	5.04	5.04	5.04	5.0389999999999997	5.0389999999999997	5.0380000000000003	5.0380000000000003	5.0380000000000003	5.0380000000000003	5.0369999999999999	5.0369999999999999	12V Output 	85	98.95	108.95	114.98	134.1	179.27	199.33	230.02	264.48	276.48	299.62	349.65	11.473000000000001	11.475	11.475	11.475	11.476000000000001	11.48	11.48	11.481	11.483000000000001	11.483000000000001	11.483000000000001	11.486000000000001	Input Voltage (VAC)

5V Output	

12V Output	





Load Regulation

		Date		Jun 02,2018

		Start		10:52 AM

		Finish		11:09 AM

		Input				Input Measurement								5V Output								12V Output								Efficiency

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg

		43		60		86		1.676		0.012		0.086		5.05		0		0		1		11.029		0.001		0		-8.092		0

		43		60		85.97		8.732		0.247		0.329		5.048		38.197		0.193		0.96		12.149		0.001		0		1.242		78.138

		43		60		85.96		10.245		0.297		0.338		5.048		46.173		0.233		0.96		12.198		0.001		0		1.65		78.451

		43		60		85.67		66.07		2.464		0.435		5.048		162.74		0.822		0.96		11.502		99.97		1.15		-4.15		80.032

		43		60		85.36		124.02		4.963		0.469		5.045		325.05		1.64		0.9		11.494		199.94		2.298		-4.217		79.347

		43		60		85.07		181.23		7.496		0.486		5.042		487.53		2.458		0.84		11.486		299.94		3.445		-4.283		78.749

		43		60		84.8		240.12		10.12		0.497		5.04		650		3.276		0.8		11.469		399.95		4.587		-4.425		77.698

		43		60		85.27		140.89		5.71		0.475		5.048		0.007		0		0.96		11.236		399.95		4.494		-6.367		78.704

		43		60		85.45		106.42		4.19		0.461		5.038		650		3.275		0.76		13.979		0.001		0		16.492		78.162

		43		60		85.43		109.81		4.339		0.463		5.04		650		3.276		0.8		12.034		9.955		0.12		0.283		78.267

		58		60		115.93		2.185		0.016		0.062		5.05		0		0		1		11.019		0.001		0		-8.175		0

		58		60		115.91		7.136		0.246		0.297		5.048		38.192		0.193		0.96		12.153		0.001		0		1.275		78.455

		58		60		115.91		8.305		0.296		0.307		5.049		46.166		0.233		0.98		12.2		0.001		0		1.667		78.716

		58		60		115.69		51.85		2.437		0.406		5.047		162.73		0.821		0.94		11.503		99.98		1.15		-4.142		80.878

		58		60		115.45		96.28		4.884		0.439		5.045		325.04		1.64		0.9		11.496		199.94		2.299		-4.2		80.651

		58		60		115.21		139		7.351		0.459		5.042		487.52		2.458		0.84		11.489		299.93		3.446		-4.258		80.316

		58		60		114.98		181.21		9.831		0.472		5.04		650		3.276		0.8		11.477		399.93		4.59		-4.358		80.012

		58		60		115.37		108.98		5.609		0.446		5.049		0		0		0.98		11.237		399.95		4.494		-6.358		80.121

		58		60		115.52		82.83		4.126		0.431		5.038		650		3.275		0.76		13.92		0.001		0		16		79.375

		58		60		115.5		85.45		4.273		0.433		5.04		650		3.276		0.8		12.041		9.953		0.12		0.342		79.476

		115.3		50		230.52		3.573		0.029		0.035		5.05		0		0		1		10.993		0.001		0		-8.392		0

		115.3		50		230.52		5.459		0.248		0.197		5.048		38.19		0.193		0.96		12.166		0.001		0		1.383		77.823

		115.3		50		230.51		6.038		0.298		0.214		5.048		46.163		0.233		0.96		12.206		0.001		0		1.717		78.188

		115.3		50		230.41		31.32		2.427		0.336		5.047		162.73		0.821		0.94		11.508		99.97		1.151		-4.1		81.253

		115.3		50		230.28		57.3		4.835		0.366		5.045		324.99		1.64		0.9		11.502		199.94		2.3		-4.15		81.489

		115.3		50		230.15		81.84		7.242		0.385		5.042		487.48		2.458		0.84		11.494		299.94		3.448		-4.217		81.552

		115.3		50		230.03		105.53		9.648		0.398		5.039		650		3.276		0.78		11.486		399.94		4.594		-4.283		81.571

		115.3		50		230.24		64.65		5.544		0.373		5.048		0		0		0.96		11.239		399.95		4.495		-6.342		81.079

		115.3		50		230.32		49.37		4.083		0.359		5.038		650		3.275		0.76		13.858		0.001		0		15.483		80.211

		115.3		50		230.31		50.96		4.232		0.361		5.039		650.1		3.276		0.78		12.059		9.956		0.12		0.492		80.246

		175		50		349.97		5.392		0.049		0.026		5.05		0		0		1		11		0.001		0		-8.333		0

		175		50		349.97		6.202		0.257		0.119		5.047		38.19		0.193		0.94		12.179		0.001		0		1.492		75.097

		175		50		349.96		6.489		0.308		0.135		5.048		46.167		0.233		0.96		12.216		0.001		0		1.8		75.649

		175		50		349.9		23.518		2.456		0.298		5.047		162.73		0.821		0.94		11.514		99.97		1.151		-4.05		80.293

		175		50		349.82		42.26		4.879		0.33		5.045		325.01		1.64		0.9		11.507		199.94		2.301		-4.108		80.775

		175		50		349.74		59.99		7.296		0.348		5.042		487.51		2.458		0.84		11.5		299.95		3.449		-4.167		80.962

		175		50		349.66		77.05		9.704		0.36		5.039		650.1		3.276		0.78		11.491		399.95		4.596		-4.242		81.121

		175		50		349.8		47.57		5.592		0.336		5.048		0		0		0.96		11.24		399.96		4.496		-6.333		80.401

		175		50		349.85		36.48		4.116		0.323		5.039		650		3.275		0.78		13.847		0.002		0		15.392		79.568

		175		50		349.84		37.65		4.27		0.324		5.04		650		3.276		0.8		12.077		9.958		0.12		0.642		79.532

						Input Measurement								5V Output								12V Output								Efficiency

						Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg

						115.93		2.185		0.016		0.062		5.05		0		0		1		11.019		0.001		0		-8.175		0

						115.91		7.136		0.246		0.297		5.048		38.192		0.193		0.96		12.153		0.001		0		1.275		78.455

						115.91		8.305		0.296		0.307		5.049		46.166		0.233		0.98		12.2		0.001		0		1.667		78.716

						115.69		51.85		2.437		0.406		5.047		162.73		0.821		0.94		11.503		99.98		1.15		-4.142		80.878

						115.45		96.28		4.884		0.439		5.045		325.04		1.64		0.9		11.496		199.94		2.299		-4.2		80.651

						115.21		139		7.351		0.459		5.042		487.52		2.458		0.84		11.489		299.93		3.446		-4.258		80.316

						114.98		181.21		9.831		0.472		5.04		650		3.276		0.8		11.477		399.93		4.59		-4.358		80.012

						115.37		108.98		5.609		0.446		5.049		0		0		0.98		11.237		399.95		4.494		-6.358		80.121

						115.52		82.83		4.126		0.431		5.038		650		3.275		0.76		13.92		0.001		0		16		79.375

						115.5		85.45		4.273		0.433		5.04		650		3.276		0.8		12.041		9.953		0.12		0.342		79.476

						230.52		3.573		0.029		0.035		5.05		0		0		1		10.993		0.001		0		-8.392		0

						230.52		5.459		0.248		0.197		5.048		38.19		0.193		0.96		12.166		0.001		0		1.383		77.823

						230.51		6.038		0.298		0.214		5.048		46.163		0.233		0.96		12.206		0.001		0		1.717		78.188

						230.41		31.32		2.427		0.336		5.047		162.73		0.821		0.94		11.508		99.97		1.151		-4.1		81.253

						230.28		57.3		4.835		0.366		5.045		324.99		1.64		0.9		11.502		199.94		2.3		-4.15		81.489

						230.15		81.84		7.242		0.385		5.042		487.48		2.458		0.84		11.494		299.94		3.448		-4.217		81.552

						230.03		105.53		9.648		0.398		5.039		650		3.276		0.78		11.486		399.94		4.594		-4.283		81.571

						230.24		64.65		5.544		0.373		5.048		0		0		0.96		11.239		399.95		4.495		-6.342		81.079

						230.32		49.37		4.083		0.359		5.038		650		3.275		0.76		13.858		0.001		0		15.483		80.211

						230.31		50.96		4.232		0.361		5.039		650.1		3.276		0.78		12.059		9.956		0.12		0.492		80.246





Load Regulation I

		5V Full Load

		Input				Input Measurement								Output 1 Measurement								Output 2 Measurement

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg		Efficiency

		115.3		50		230.04		105.6		9.648		0.397		5.039		650		3.276		0.78		11.485		399.95		4.593		-4.292		81.561

		115.3		50		230.11		91.94		8.254		0.39		5.039		650.1		3.276		0.78		11.528		299.95		3.458		-3.933		81.585

		115.3		50		230.18		78.1		6.865		0.382		5.039		650.1		3.276		0.78		11.594		199.93		2.318		-3.383		81.486

		115.3		50		230.25		64		5.478		0.372		5.039		650.1		3.276		0.78		11.713		99.94		1.171		-2.392		81.179

		115.3		50		230.32		49.37		4.08		0.359		5.037		650.1		3.275		0.74		13.844		0.002		0		15.367		80.27



		5V No Load

		Input				Input Measurement								Output 1 Measurement								Output 2 Measurement

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg		Efficiency

		115.3		50		230.26		64.69		5.544		0.372		5.048		0		0		0.96		11.239		399.94		4.495		-6.342		81.079

		115.3		50		230.32		50.23		4.162		0.36		5.048		0.002		0		0.96		11.244		299.94		3.372		-6.3		81.019

		115.3		50		230.39		35.27		2.78		0.342		5.048		0.003		0		0.96		11.245		199.92		2.248		-6.292		80.863

		115.3		50		230.46		19.494		1.4		0.312		5.049		0.001		0		0.98		11.246		99.94		1.124		-6.283		80.286

		115.3		50		230.53		3.571		0.028		0.034		5.049		0		0		0.98		11		0.001		0		-8.333		0



		12V Full Load

		Input				Input Measurement								Output 1 Measurement								Output 2 Measurement

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg		Efficiency

		115.3		50		230.04		105.6		9.648		0.397		5.039		650		3.276		0.78		11.485		399.95		4.593		-4.292		81.561

		115.3		50		230.1		95.53		8.618		0.392		5.04		487.6		2.458		0.8		11.443		399.95		4.577		-4.642		81.631

		115.3		50		230.15		85.44		7.598		0.386		5.042		325		1.639		0.84		11.398		399.95		4.559		-5.017		81.574

		115.3		50		230.21		75.19		6.576		0.38		5.045		162.61		0.82		0.9		11.336		399.93		4.534		-5.533		81.417

		115.3		50		230.26		64.69		5.544		0.372		5.048		0		0		0.96		11.239		399.94		4.495		-6.342		81.079



		12V No Load

		Input				Input Measurement								Output 1 Measurement								Output 2 Measurement

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg		Efficiency

		115.3		50		230.32		49.37		4.08		0.359		5.037		650		3.275		0.74		13.844		0.002		0		15.367		80.27

		115.3		50		230.38		38.38		3.062		0.346		5.039		487.5		2.457		0.78		13.687		0.002		0		14.058		80.242

		115.3		50		230.43		27.008		2.045		0.329		5.042		325		1.639		0.84		13.434		0.001		0		11.95		80.147

		115.3		50		230.48		15.024		1.028		0.297		5.045		162.61		0.82		0.9		12.946		0.001		0		7.883		79.767

		115.3		50		230.53		3.571		0.028		0.034		5.049		0		0		0.98		11		0.001		0		-8.333		0



5V Full Load	399.95	299.95	199.93	99.94	2E-3	11.484999999999999	11.528	11.593999999999999	11.712999999999999	13.843999999999999	5V No Load	399.94	299.94	199.92	99.94	1E-3	11.239000000000001	11.244	11.244999999999999	11.246	11	399.95	-4.2919999999999998	Output Load (mA)

12V Output (V)

Output Regulation (%)



12V Full Load	650	487.6	325	162.61000000000001	0	5.0389999999999997	5.04	5.0419999999999998	5.0449999999999999	5.048	12V No Load	650	487.5	325	162.61000000000001	0	5.0369999999999999	5.0389999999999997	5.0419999999999998	5.0449999999999999	5.0490000000000004	399.95	-4.2919999999999998	Output Load (mA)

5V Output (V)

Output Regulation (%)





No Load

		Date		Jun 02,2018

		Start		11:19 AM

		Finish		11:58 AM

		Input				Input Measurement										Output 1 Measurement								Output 2 Measurement

		Vac (rms)		Freq (Hz)		Vin (rms)		Iin (mA)		Pin (W)		PF		% THD		Vo (V)		Io (mA)		Po (W)		%V Reg		Vo (V)		Io (mA)		Po (W)		%V Reg		Efficiency		Pin (mW)

		43		60		86		1.661		0.012148		0.087				0		0		0		-100		0		0.001		0		-100		0		12.148

		50		60		100.02		1.893		0.013578		0.073				0		0		0		-100		0		0.001		0		-100		0		13.578

		55		60		109.94		2.059		0.014572		0.065				0		0		0		-100		0		0.001		0		-100		0		14.572

		58		60		115.94		2.158		0.015166		0.06				0		0		0		-100		0		0.002		0		-100		0		15.166

		67.5		60		134.94		2.487		0.017136		0.051				0		0		0		-100		0		0.002		0		-100		0		17.136

		90		60		179.91		3.274		0.02191		0.038				0		0		0		-100		0		0.001		0		-100		0		21.91

		100		50		199.91		3.074		0.023926		0.039				0		0		0		-100		0		0.002		0		-100		0		23.926

		115.3		50		230.53		3.526		0.027344		0.033				0		0		0		-100		0		0.001		0		-100		0		27.344

		132.5		50		264.92		4.04		0.031322		0.029				0		0		0		-100		0		0.001		0		-100		0		31.322

		138.5		50		276.9		4.218		0.032546		0.028				0		0		0		-100		0		0.002		0		-100		0		32.546

		150		50		300		4.564		0.035438		0.026				0		0		0		-100		0		0.001		0		-100		0		35.438

		175		50		349.99		5.315		0.043502		0.023				0		0		0		-100		0		0.001		0		-100		0		43.502



No Load Input Power	86	100.02	109.94	115.94	134.94	179.91	199.91	230.53	264.92	276.89999999999998	300	349.99	12.148000000000001	13.577999999999999	14.571999999999999	15.166	17.135999999999999	21.91	23.925999999999998	27.344000000000001	31.322000000000003	32.545999999999999	35.437999999999995	43.502000000000002	Input Voltage (VAC)

No Load Input Power (mW)





Setup





Stress Analysis

		Input Voltage		Operation		Output Load		Primary FET VDS				5V Output Diode PIV				12V Output Diode PIV

								900		Derating (%)		60		Derating (%)		100		Derating (%)

		350VAC		Normal Running		5V/650mA, 12V/400mA		808.7		89.86%		50.455		84.09%		64.684		64.68%

						5V/NL, 12V/NL		774.7		86.08%		50.455		84.09%		53.383		53.38%

				Startup		5V/650mA, 12V/400mA		837.94		93.10%		53.419		89.03%		87.036		87.04%

						5V/NL, 12V/NL		853.75		94.86%		53.715		89.53%		72.411		72.41%





PRI FET VDS

		350VAC





Ripple

				Load						85VAC
50Hz				115VAC
50Hz				230VAC
60Hz				265VAC
60Hz				350VAC
60Hz

										5V Ripple (Vpp)		12V Ripple (Vpp)		5V Ripple (Vpp)		12V Ripple (Vpp)		5V Ripple (Vpp)		12V Ripple (Vpp)		5V Ripple (Vpp)		12V Ripple (Vpp)		5V Ripple (Vpp)		12V Ripple (Vpp)

				100%		5V, 650mA		12V, 400mA		64.8		154.9		61.6		142.2		64.8		135.9		64.8		134.3		64.8		132.8

				75%		5V, 487.5mA		12V, 300mA		60		137.5		61.6		140.7		53.7		116.9		55.3		115.4		56.9		115.4

				50%		5V, 325mA		12V, 200mA		47.4		113.8		49		113.8		50.5		110.6		52.1		109		53.7		109

				25%		5V, 162.5mA		12V, 100mA		45.8		105.9		45.8		107.5		49		102.7		49		102.7		50.5		101.1

				10%		5V, 65mA		12V, 40mA		44.2		101.1		44.2		101.1		47.4		99.6		47.4		99.6		50.5		98

				0%		5V, 0mA		12V, 0mA		41.1		99.6		39.5		86.9		41.1		93.2		42.6		94.8		52.1		101.1





5V PIV





12V PIV





Startup





oleObject1.bin

WD1: Primary
155T – 1x #32 AWG



1



2



WD2: 5V 
11T – 2x #26 AWG



8



5



7



6



WD3: 12V 
14T – 1x #24 AWG





image1.emf

WD1:Primary


155T –1x #32 AWG


1


2


WD2:5V 


11T –2x #26 AWG


8


5


7


6


WD3:12V 


14T –1x #24 AWG




oleObject2.bin

WD1: Primary
155T – 1x #32 AWG



WD2: 5V 
11T – 2x #26 AWG



1



4



7



5



WD3: 12V (stacked above WD2)
14T – 1x #24 AWG



8



6





image2.emf

WD1:Primary


155T –1x #32 AWG


WD2:5V 


11T –2x #26 AWG


1


4 7


5


WD3:12V (stacked above WD2)


14T –1x #24 AWG


8


6




oleObject3.bin

1:2



A



A



V



V



UUT



L



N



5V



GND



12V



GND



V



A



V+



V-



Vsense+



Vsense-



V+



V-



Vsense+



Vsense-



W310
POWER  METER



W310
POWER  METER



W310
POWER  METER



CHROMA ELOAD





image3.emf

1:2


A


V


V


A


UUT


L


N


5V


GND


12V


GND


V


A


V+


V-


V


sense


+


V


sense


-


V+


V-


V


sense


+


V


sense


-


W310


POWER  


METER


W310


POWER  


METER


W310


POWER  


METER


CHROMA 


ELOAD




image4.png

2018-06-01 ®

Horizontal

200 v/div

L
C 1Me
Sa Ta: off
500 Mz

200 ma/div

240 ma
DC 1Me
Sa Tai off
£ 500 Mz

i 0 45 304 2045 10 s os 104 204 ES 0 504

Meas Result 1 Meas Result 2







image5.png

2018-06-01

Sel: 200 v/div
pos: -0.04 div
off. -5 v

Sel: 200 ma/div
Pos: 1.8 div
Off: 240 ma
Cpl: DC 1Mo
DeciSa  Ta: off
W 500 MHz

i 0 45 304 2045 10 s os 104 204 ES

Meas Result 2







image6.png

2018-06-01 ®

Horizontal

Trigger

200 v/div

L
C 1Me
Sa Ta: off
500 Mz

200 ma/div

240 ma
DC 1Me
Sa Tai off
W 500 MHz

i 304 os ES o0 o0 120 s 160 s 180 s 2104 240 15

Meas Result 2

Meas Result 1







image7.png

2018-06-01 ®

Horizontal

Sel: 200 v/div
pos: -0.04 div
off. -5V

Sel: 200 ma/div
Pos: 1.8 div
Off: 240 ma
Cpl: DC 1Mo
DeciSa  Ta: off
W 500 MHz







image8.png

50

Meas Result 1

2018-06-02

Horizontal

Scl: 7.5 vidiv

off: 20,7 v
Col: DC 1m0

100 s







image9.png

2018-06-02

Sel: 7.5 vidiv
pos: 7604 div
off: 29,7 v

50

Meas Result 1

50.455 V.
1265 v






image10.png

2018-06-02
08:41:01

Horizontal

Scl: 7.5 vidiv

pos: 7604 div

off: 20,7 v

Col: DC 1m0

Decisa  Ta: off
W 500 MHz

0 240 s 200 1

Meas Result 1
Max 53.410 v
& 4229V






image11.png

2018-06-02
08:42:17

Scl: 7.5 vidiv

pos: 7604 div

off: 20,7 v

Col: DC 1m0

Decisa  Ta: off
W 500 MHz

- o0 s 05 as 0 a0 200 004 2005 240 200 1

Meas Result 1
53.715 V.
1265 v







Standby Power Optimization Design Challenges

Primary clamp

Transformer

5 V output capacitor

5 V output diode rectification
BP pin
Feedback circuit
Input choke

5 V SR rectification

Zener Clamp
Lower VOR

Core material
Low ESR capacitor
RC Snubber

Proper supply current
(230 pA to 250 pA)

High value feedback divider resistor

Lower DC resistance differential
choke

SR FET used for 5 V output

Verify the primary MOSFET voltage derating and EMI margin

Verify the maximum peak reverse voltage across output diode in worst case
Higher transformer cost

Lower ripple but higher cost

Verify the output diode voltage derating and radiated EMI
Insufficient external supply current may cause IC self-supply

Verify noise immunity and regulation/ripple

Verify the surge performance and ensure safe voltage margins across the
input bulk cap, primary MOSFET and output rectifier; validate conducted EMI

Higher cost
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Available Power and Efficiency in Standby Mode

B Test Condition: Soak at full load for 5 minutes and decrease load to standby

mode for 5 minutes for each line step

1.25 ep=]nput Power = 0.2 W 100.00 eg=]nput Power = 0.2 W
==g=]nput Power = 0.3 W ap=]nput Power = 0.3 W
e=o=Input Power = 0.5 W eg==]nput Power = 0.5 W
1.00 ag]nput Power = 1.0 W 95.00 s=@==]nput Power = 1.0 W
-1
= - -
< ? P ——t— i S 90.00
@ 0.75 =
3 o
Q
Y 5 85.00 §m
£ 0.50 9
- 4
s G O £ 80.00
= w
o
(D — ’
0.00 1 70.00
85 117 149 181 213 245 277 85 117 149 181 213 245 277
Input Voltage (VAC) Input Voltage (VAC)
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Summary

®  Standby power matters!

>  Global impact of standby power consumption — ~1% of global CO2 emissions *
> Typically 5-10% of residential electricity use in developed countries *

>  Standby power growing as more appliances incorporate standby functions, especially
connectivity

B Power supply design optimization enables compliance to standby
regulations worldwide

* https://standby.Ibl.gov/faq/

©2020 Power Integrations | www.power.com 17 .SMn p
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Improving Standby Efficiency
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Lower No-load Input Power Can Be Achieved By
Using Diode Rectifier on 5 V Output

m  Soak for 15 minutes and 3 minutes integration time for each line/step

60

a1
o

N
o

w
o

N
o

No Load Input Power (mW)
(I
o

e@=Schottky Diode on 5 V Output Rail

=@=Synchronous Rectifier on 5 V Output Rail

o

85 117

149 181 213 245
Input Voltage (VAC)

277
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Load Regulation

® 5V outputat 230 VAC input ® 12V output at 230 VAC input
5.25 5.00 14.40 10.00
13.60
5.13 2.50 k 5.00
12.80
e 0.00 0.00

5 V Output (V)
g

Output Regulation (%)

~—

12 V Output (V)
M
8

Output Regulation (%)

11.20 \ho_ .“a
4.88 2.50 b -5.00
ae=12 V Full Load 10.40 e=t=5 V Full Load
=g=12 V Min Load =9=5 V No Load
4.75 ' -5.00 9.60 ' -10.00
0 240 480 720 960 1200 0 150 300 450 600 750
Output Load (mA) Output Load (mA)
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Stress Analysis

Input Primary FET VDS 5V Output Diode PIV | 12 V Output Diode PIV
Operation Output Load
75 0w 100w

Normal 12 wé:%\ A 658 90.8%  36.8 61.4% 47.5 47.5%
Running
5V/NL,12V/NL 627 86.5%  33.0 54.9% 48.4 48.4%
277 VAC
12 x;é:isA 0 656 90.5%  41.6 69.3% 74.0 74.0%
Startup
5V/NL, 12V/NL 656 90.5% 386 64.3% 57.0 57.0%

©2020 Power Integrations | www.power.com 22 .SMn p



Conducted EMI Verification

®  Can be effected by:- ot ¢t 10t breamp oFf stop T0 Sean ettt
_ Level dBuv Frequency 30.0000000 MHz/
Transformer construction Average 24,50 ENMEEEENENETE 0 o & o
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Measurement Setup

®  Applicable for standby efficiency and average efficiency measurement
®  [nput and output power meter settings

>  Line filter: OFF _—
i . POWER
>  Frequency filter: OFF WI310E Keren
> Sync: Volt METER - A v+
>  Averaging: ON |_ - @ L G Veense
@ Linear, 32 points L - 1 :m
> Range a9 } { Q’) uuT crmoms
®  Voltage: AUTO —| " 12V i
: . Keysight 6812B
®  Current: AUTO Aé s
GND j—
WT310E
POWER
METER
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Measurement Setup

= Standby power measurement

>  Set desired input AC voltage and apply full load across the 5V and 12 V output
®  Soak time at full load: 240 seconds (4 minutes)

> Reduce load to meet desired standby input power (300 mW, 250 mW, 500 mW)

® Soaktime at standby load: 240 seconds (4 minutes)
> Record input/output voltage, current, and power measurements
®  Average efficiency measurement
Soak time: 120 seconds

> Delay per line: 120 seconds
> Delay per load step: 120 seconds
>3

Reduction of load: 100%, 75%, 50% , 25%, 10%

©2020 Power Integrations | www.power.com 25 .SMn p



Input/output Conditions For Standby Efficiency
Optimization
®  |nput voltage: 230 VAC

®  Input power: 300 mW

®  QOutput load

> Increase 5V load until target input power is reached
> Assumes no-load on 12 V output
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