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Power Measurements and Analysis:

[ ] Manua 1 S Challenges and Solutions

Applcation Note

ABSTRACT: The job of a swilch mode power supply and power @
challenging. Stringent efficiency and performance requirements, alq
contribute 1o a variety of measurement and analysis challenges. Fas!
semiconductors add to the challenge of making accurate voltage a
tedious calcuiations for a sophisticated analysis

This paper looks at issues around essential measurements such as Tum|

Teasurements and evalusing Manetc poperties and maqneb( power
Analysis measurements such as Ripple and Noise, Current Harmanics, 7
are also discussed.

After a review of these measurement [ssues, the paper focuses on overg)
Tektronix Power Measurement and Analysis Solution. The DPO7C0D sel
DPOPWR Power Analysis Software and TCPDO3D, P5205 current d b
developed with the power electronics engineer in mind

L Introduction

The demand for power has increased exponentially over steaty
he performance and eMiciency of SUpphes Used in everyda,’ nzv
communication systems

Switch mode power supplies (SMPS) have become the dominant archite|

electronic systems loday. Besies being more efficient, SMPS have awl

weight, smader size, and reduced costs for larger amounts of power bed

g;m; rectifiers and linear DC-DC converters. Switching supplies ar
cient

Tranststor (MOSFET) or an lﬂsﬂilvd Cabe B4|>0htr Transistor (IGBT). T
Include inductors and

and Analysis bl g e Analysis with the MSO/DPO
Primer Series Oscilloscope

Introduction

Power suppbes can be found &
to compulers and office equipt
electrical power from one form
are AG-to-DC convertars whic!
DC-1o-DC converters which ca

Power Supply Measurement The key component of a SMPS is the switching devics, which may be a Power Supp|y Measurement and

DPO3PWR and DPO4PWR
Power Analysis Application
User Manual

www. tektronix. com/power —
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<1.0W

(Pre-2004)

>282%
(Pre-2004)

>88%

PR B PR

Performance Requirements

Nameplate Nameplate
Output P?wer NO'IE,(:::‘E':QO“ Output Power Average Efficiency in Active Mode* Power Factor
(Pro) (Pro)
Used if none of the other criteria are met.
M <0.75 Oto<1W 20.39 * Py
1} 1010 250 W '< 10 Tto<49W & In(Pno) + 0.39 Not Applicable
> (o] =1
> 49 W 2082 )
Oto<10W W —y n.lno
>1t049W 2 0.09 * In(Pno) + 0.49 Not Applicable
1 >49t0250 W | 20.34
: Oto<1W 208 5Py
0to 250 W < Oi 1t051 W 20.09 * In(Pno) + 0.5 Not Applicable
1 >51t0250W | 20.85
| Oto<1W Pasf Voltage: 2 0.480 * Py, + 0.140 EPSs with 2 100
Oto<50W achc: <03 B I,CW|Vo|tage5: 2 0.497 * Py, +0.067 watts input power
" acheisos [0 o Rasib Voltage: 2 0.0626 * In(Pyo) + 0.622 ;‘;‘j;:‘g’;; e
! \'.ow:/onage: 2 0.0750 * In(Pyo) + 0.561 gt ool
Basit Voltage: = 0.870 load when tested
250t0 <250 W | <O.f >49to 250 W Low]Voltage: = 0.860 at 115 volts/60Hz.
v Single-Voltage |
A Basit Voltage: = 0.5 % Py, + 0.16
- Low Voltage: 2 0.517 * Pno + 0.087
AC-DC: =0.100 Basig Voltage: 2 0.071 * In(Pro) - 0.0014 * P
0to<49W  {Ac.ACi <0210 20 g . "
>1t0<49W : .
Low Voltage: 2 0.0834 * In(Pno) = 0.0014 * Py
— +
> 49 to <250 Basic Voltage: = 0.880
>49t0=250W | <0210 W Low Voltage: 20.870) _
\"/| o Not Applicable
>250 W | s0mae=" | >250w 20,
Multiple-Voltage
Otos1W 2 0.497 * Pno + 0.067
Any <0.300 >1t0<49W 2 0.075 * In(Pyo) + 0.561
>49 W >0.860
Vil Reserved for future use.

Source:
Department of
Energy (U.S.)

LEVEL VI: Title 10
of the U.S. Code
of Federal
Regulations,
Appendix Z to
Subpart B of Part
430
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Setup Measure
Qe »e

Stop Reset Setup

Test Results
Significant Figures 5
Averaging Auto

Measurements | Limits

Measurement |

Display

Zero Blanking v

i .1l Harmonics

= Enable %Wau'efnrm
Wit L+ Trend
Charting

Snapshot Rﬂcurd Data

Efficiency Data Logging

Index | Meas

B
PA1000(0002) 1

A
PA1000(0001) 1

229.98 V

230.05

c !

Formulis | z
\ ~
AN

Efficiency

999.83 mA 999. 89

99. 984e+00

230.04 W 230.01

50.016 49,980

230,03 V¥ 229.97

0.0000 - 0. 0000

46.705 pv 132. 30

10.817 ~© 110.52

B84.563 pv 77767

-149. 80 * =177.5% *°
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Selection
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RSA — Spectrum Analyzer

PA1000 Power Analyzer
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BEVE 2 B/ TEC 62301 / EN 50564
- ( FHHETFR&EMP AR EFEBENE T HILIE)

« TEC / EN 61000-3-2 ( Fi—#iEmat)
- (EREWH. mRI6AC &) BHA A 735 A2 10 B v e I & 5 7%)

« TEC 61000-4-7
— (FE 7 AN T R R ) R R B R i 24 AU E AR IZ AT . 5 TEC61000-3-2 — & )

» SPECPower 4o
- (& iE, AT RLHT— 2P0 R B B IR S 2R P AL DRI, BFEIRAR )
F RS 8L B . www. spec. org )
o At EE IR bR
- CQC 3146-2014 (LED MEELTREINUE. ZEKR300KHz ThZ i o8 — HE)
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IEC HR{

7

EN61347-1
EN61347-2-13

Electro-Magnetic
Interference (EMI)

Electro-Magnetic
Susceptibility (EMS)

Starting time

N

EcoDesign Standby power

Power factor

S ———

Harmonic Current
EN61000-3-2

Voltage Flicker
EN61000-3-3

ESD air/contact

EN61000-4-2

RF field susceptibility
EN61000-4-3

Electrical fast
transient/burst
immunity EN61000-4-
4

EMS for general
lighting purposes
EN61547

Surge susceptil
EN61000-4-5

Conducted
susceptibility
EN61000-4-6

Magnetic field
immunity EN61000-4-
8

Voltage dip,
interuption EN61000-
4-11
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o CERRIRIAIE B R 00 4T 15305 TR

o “EELTTH AT A AN IR S EP A A /2 EN 61000328581
o IXJENGM ‘EMCHs4’ HI—#4r, PAFCERMBRDLIUN 2iX—f84%. 7 —
— RN B YR 3 T P

o

BAT RRRRE:
1. PALO0OZME—NTIEC 61000—3-2F— Ut HLIm & B ik Fe B AR g v 7 =
1) B 18 T DI 2 3 AT AN
[EC 61000-4-7 ~ (KLRE 7 75D 18 I8t A0 ] 18 3 P 0 8 72 4% 6 20 E
- HIEC61000-3-2—iEf#i )
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H IRV TEC61000-3-2  FiiAiE — st

@ Test Type HARMONICS - Laboratory: <not selected> ~ ’,

Instrument PA1000(0001) - Customer: <not selected> - -

Stop Test
Channel | Chl - Product: <not selected> ~ Info -

Test Details

IEC Precomp“ance Results Forma @ Graph ) Table

i [¢ _ 0 Amp % :
Limit:  |Class A | Fﬁ Harmonics Graph (Current Value)

Test Status Running
Rated

Measured

Arms: 10.532 A
Amps Fundament:  9.4826 A

Power: 2.0833 kw

Power Factor: 816.50 m . .
] Harmonics

Vet 1.0000 ¥ MaxHarmonics
= Limitl

Frequen
i = Limit2

Expected:
Measured:
Voltage
Expected:
Measured:

Test Time
Duration: 00:02:30

Elapsed: 00:00:21

LAy —[E BRARAETEC61000, J5{H, —8 itk .
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Iphone cube charger (2007)
o Watts Rating: 5SW

o Standby power < 300mW

Ipad cube charger (2012)
o \Watts Rating: 12W

o Standby power < 30mW

Tl Eval board for USB chargers (UCC28720EVM)
o Watts Rating: SW

o Standby power <10mW
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Peak value

RMS value

Crest factor =

— NFRUEIE LK CF=1. 414,
{EREXN T AL IDFEICE — M R 5L
#HEEmTIHEELL .

S H SR B AT R AR TR 2828, X
T IR AT AL A A =i AE A AL
AERA I 25K

e [ENASE

Voltage

m? 229,09

G o G

f ; |i=|luw'|'ﬁ| B .2'05.55 u |i=|t 1 Watt

1|::-|,.|..|;“,-';|:|; 50,0 Hz |

12.0m

16.0m

9.5 mW|

20.0m
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witt 9.838 wM | Fres 5003 M= | oo . 6274‘"? | Fres 49.99 we¥

PE0.145 act  30.69

vind 3,533 | atna 326.4 gi
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" 229.'4 v firms 296.0
Watt 9. 838 mW | Freq 50.03 z
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PWRVIEW 762 4% fill #A% :

Test Report No 140214-085333-F
Standby Power Measurement

Mame:  <new contact=
Addrass:

Name:  <new sdfsdfcontact>
Address:  sdfsdf
Date of issue: 2014-Feb-14

Unit Under Test

<not selectad» Manufacturer:  Tektronix

Desoription:
Maodel:

Senial Number:
Firmware Verzion:
Test Softwars:

Power Analyzer
<unkmown =

<unknown >

<unknown >

PWRVIEW wer. 1.1.3.412

All vhaes in this table sefler 03 resl
frem the o5t 23 of the test

N1 THFE MR —pwrview s (—ami)

Results

Average

Minimum

Maximurm

Pawer

5B.480 mW

56736 mW

60.792 mW

n'a

Pass

Voltage

241V

22704V

22913V

22770V

FAIL

Current

10217 mA

97935 pA

10969 mA

n/z

n/a

n/a

Frequency

49995 Hz

49961 Hz

50.035 Hz

49500 Hz

Pass

Pawer Factor

25071 m

23775 m

261.06 m

n/a

n/a

n/a

Voltage Crest Factor

14302

14274

14342

13300

14300

Pass

Current Crest Factor

14504

11735

21223

n/a

na

nfa

Voltage THC

42063 %

40772 %

43957 %

nfa

20000 %

FAIL

Uncertainty Ratie*

L5322

15431

16322

1.0000

n/a

Pass

Result Interval

n/a

n'a

0.4950 =

na

1.0000 5

Pass

* Uncemainty Rarth is the rtho of Uim/Ures, whene “Ures' is the uncenainty of each power mtisorement, due Ofly 10 th acouracy of the relenencs instrument wsed

im’ [s the absobse slowed umcensinty, calodated for each power measurement in scoordarce with IECEIN0] Bd 2 § BN 505542011 standands

nzertalety Rato is msrked a3 FAL @ meand that ol a2 ane POWE Messurement Locerainty in the as 273 of the tem exceeded e limit presibed in e standad

Time of Test:  2014-Feb-14 08:53:33 Average Power 58480 mW
Test Voltage: 230V £1% Power Limit  S00.00 m\Y
Test Frequency:  50Hz £1% Power Stability:  B3L0L pW/'h
Voltage Distortion: < 2% THC Uncertainty™ 12634 mW
Voltage Crest Factor: 133 < Vicf < 149 Test Period:  00:15:00
Temperature:  23°C £3°C Test Method: Sampling IEC6230L Ed
Humidity: = 75% Test Stamus:  FAIL

Power measurements were carried out in accordance with the requirements of IEC 63
“Measurement of standby power™ and EN 50564:2011 “Electrical and electronic ho
equipment - Measurement of low power consumption” in the laboratery environmen

traceable to national or international standards. All testing was performed under compufe
¥ Uncertaingy quoted & an svearge of power messurement uncerisinties from the L 203 of the e which are due only io the acourssy of the reference
I'I'Un'_eruﬂy t elroed @ FAIL [T means Thet ot least One Dower aiursrent LnogrTainty mthat last 2/3 of the test excesded the Imi precribed ig

Test Notes

Test Officer
Full Name:

Signature:

N

Power Graphs
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