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Diodes & Rectifiers

!

Forward Voltage (Vf)
Reverse Voltage (Vr)
Reverse Leakage (Ir)

\

/

\
4 Bipolar transistors &
IGBTs

Saturation Voltage (Vcesat)

Family of curves (Vce-Ic)

Breakdown voltages (Vceo, Vebo, Vcbo)
Leakage Currents (Iceo, Ices, Iebo)

DC Current Gain (hfe)

\

/

-

o

=

MOSFETs & JFETS

Family of Curves (Vds-Id)
Transfer characteristics (Vgs-1d)
On-resistance (Rdson)

Breakdown voltages (BVdss, BVdg)
Leakage Currents (Idss, Igss)

~

/

-

Triacs & SCRs etc.

Blocking voltages (Vdrm, Vrrm)
Leakage currents: (Idrm, Irrm)
Holding current (Iy;)

Latching current (I;)

\
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$  0.0000- &
= ! - 300 =
O -0.0002 o~

-0.0004 - 4 - 200

-0.0006 4%

0.0006 b s

-0.0008

-0.0010 4 - 0

-0.0012 | | | | | L 100

0.000 0.005 0.010 0.015 0.020 0.025 0.030

Time (seconds)

e Note: Test data taken with Model 2657A’s built-in digitizer
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Touch, Test, Invent®

e« Upto 7A DC, 7A Pulse, 100 Watt Source/Sink
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©» 418V Off V502 By:20.0M EITT) 13.8mA 50.0ms -250ms 250ms [~ Lo WAt 50.0ms/div10.0MS/s  100ns/pt @D 216V Offseti224V 500 Byi20.0M (me® s 233v |[ 50.0ustdiv 20.0MS/s  50.0ns/pt

«TD 62.5mA Off 1MQ By:20.0m single Seq
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Advanced Power Analysis Preferences ¥ Preferences ¥ |

Measuremer Min Mear Dev. Peak-Peak Population Result
I T e o S N e
“Accumulated Magnetic P. 16.977uT 16.977uT 16.977uT NA NA 109.000 Success
MagneticL... 64.354mW  64.354mW  64.354mW  NA 1.000 Success

Detailed
@ 1vs V0 20650u¥s  20650uVs  20.650uVs  NA 1.000 Success

Switching Loss0 Current

Povwer Loss Energy
Min Max Average Min Max Average
TOn 9.530mW 9.634mW 3584mW 68.453u) 69.196uJ 68.8420)
TOff 25.505mwW 26.070mw 25781mwW 183.193uJ 187.256uJ 185.178uJ
Total Avg Total Avg Loss:38.723mW Total Avg Energy:278.136u)

Per cycle log location:
CMUsersiTek Local AdminiTeki

DPOPWR B B 45 FE I DPOPWR & i ik HEFE I
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®= True Power

= Reactive Power
= Apparent Power
= Phase Angle

= Power Factor

= Crest Factor

= Harmonics
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L D1 g 4
c2 > C7 == C8 1=
Rx D
GND
D3 C10 l ——
—i—T—] C9
R4
+C3
IC1 I
R2 [] VIPer100 3
vdd DRAIN
1 —
osc }(’) —> -
COMP SOURCE R7
— 5 4 R6
c4 ——
=—C6
J_C5 1ISO1 R5
N v 4 R8
l R3 r
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= Line/Switching

Ripple
= Spectral
=  Amplitude
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ThERIR H K PhER
C OB, A
o Vis = sart (V3); Ty = sart(12)
o M MAE
o —fESEFEAMAFIE, ¢ = 360° * (time delay from V to I) / (waveform
period)
e
o p(t) =v(t) * i(t)

. WLEF

o S =V %]
S
. HIIhE (HEZ) 0
o P =V % [ % cos ¢ !
o EIhTE p
o Q =V 1TI3*sin ¢ MR =M




EZ R HARIEH

o PF =HEIER /RHNE =P / S

o PIEDNEL

o CFy = Vpeak / Vs
o CF| = Ipeak / Trys

o« ]

Power Tour | _

o dv/dt =wmHEREEL /IR R4, 75 RO IR RE ]
fi] B EF‘ RER

e A TR A P TR iy L R it Y PR g B 2E © di/dt=sa s/ s )54k, 7RO 1 [ P&

 MOSFETRU(ENIE#E
o RUENHERE = V) *

« MOSFET# FE%E
o [HFAIRFE = Vs *

« MOSFET/HIiE}E%E
o [HIEIRFE = V) *

Ty, FERPARE B2

Iy, FEHUERER T

Fig fid] o P4
o TEIE ALK
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01011011 > Demux, Memory, CPU,

etc.
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The ‘Whole Measurement System’
matters, not a single specification




PR EE —— oty e i R 5 1 S

oy

SHEHE RIS 9R, 124% 70 R SR 1R
o %, BRI BRI eE a5
o e fir il R AE IR BRI 22 4 (1) B RE 0 2] IN
o I B U TR S AR A (o] et 1) B 2

o BRGNS R IR EE

\~l
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< H1Tektronix RogowskiF#REH

TRCP0300 / TRCP0O600 / TRCP3000

- Tek Rogowski Current Probe 300 Amps 20 MHz 300 A
- Tek Rogowski Current Probe 600 Amps 30 MHz 600 A
- Tek Rogowski Current Probe 3,000 Amps 16 MHz 3,000 A

::: TRCPOBOO

TRCP0600

11

TRCP3000
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« BEHEEER V/divikE, BRI
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Full Scale
Display

5 mV/div 50 mV/div

25 mV/div 50 U /diy
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* ADC FLEATFE RN AR AR, 7E — (SRR BRI, 3 2 (RRBIRTIE
177, 4 v 3 B A AT L.

o TR AT EERE AT DL SR AN AR EE AR

Sample mode: decimates
(throws out © ) points to meet
the selected sampling rate.

Live Signal ADC Sampling

/\/%<

Single Acquisitions

HiRes: averages a group of
samples into new points;
from a single acquisition.
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N O ~ Averaging mode: uses an advance
. g - exponential average algorithmto
MU|t|p|e ACQUISItIOﬂS sum the points as they’re acquired.
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Input Power Quality and Current Harmonic
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Th2 B &hHIER D) BB ———mmsmsenz

= R BH FE RO B R AN IE % B it (MOSFET,  1GBT,
BJT, ect.)
= BHERIRFE
- BEBQ’ Eﬁ%’ %gjﬁﬁ .
R R R B L Switch Voltage and Current
= EM2BERERFHREFERE
Rds (on) for MOSFETs
Vce(sat) for BJTs and IGBTs

Max. Current

bl

1, Switch Power Loss
U
/oohze iéif/ﬁﬁ :
Switching Device 2 - BB T/ERE

sdwy

Safe Operating Area
Mask

—  SOASEZA AR [ A4 B Bl AR RIFRAE
- ERERGHEEHEAK, WRETEREHAN

abejjon ‘xe\

Volts



R B &) H fl—sonsami

File | Edit | Vertical | Digital | Horizl&cq | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help 'n

On Current

\ )\ Off Current
I i

| HorizAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ﬂ

SOAD - Refl Ref2 - SOA Graph

Switching Loss0 - ON(Yellow) & OFF{Red) Trajectory
514.92m-
a5am

SOA Mask- R e
Pass/Fail o

Current (A)

23844m:
183.15m.

Current (A)

127.85m-

T256m:
voltage (v) -
m-

—
SBR03MT T U T

-390.31m 620.56m pAK] 364 5.15 6.66 8.17 9.69 12 1271 180

Mask Failed: with 147 hits

Voltage (V)
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File | Edt | Vertc o | Dispiay | i Measure | Mask | Math A utiites | +eip ([IE)
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@D 216V Offset:224V 500 8,:20.0M | ™ /233 50.0us/div 20.0MS/s 50.0ns/pt
@D 62.5mA Offset:150mA  1MQ By:20.0M - Single Saq
z @D 216V 1855 9.28ps 9.23us 1acqs RL:10.0k
- B_H “\] T 62.5mA 1.85us  9.28ps 9.23us Man

Advanced Power Analysis Preference:

> =1
ﬁz /E\ Current Measuremer Min StdDev  Peak-Peak Popmamn Result

e o P T

WagneficP. 16977uT  18.977uT  16977uT  NA 109.000 Success
MagneficL.. 84.354mW  84.354mW  B4354mW  NA 1.000 Success
lus VO 20650uvs  20650uVs  20B50UVS  NA 1000 Success

)

==

O
JELCI S

\_-4_\41

gH>

p=1
o

llling

A
4

Inductance - Refl,Ref2 - Inductance curve Magnetic Properties - Refl,Ref2 - BH Curve

Voltage( [V aB ) (Vs)
Flux Density (B) (T)

Input Filter Switch Transformer | Rectifier & Filte

— 1 I T T

y Advanced Power Analysis. Preferences Y.
Measuremer Min Peak-Peak Population Result
- — Magnetic P 238.368uT  238.368uT 238.368uT NA NA 2.000 Success

MagneficL. 8.858mIV  8858mW  8358MW  NA 1.000 Success

Feedback Iintg(V)  453.293uVs 453293uVs 453293uVs NA 1000 Success
—
o

Control Circuit
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e Primer & Application notes

Power Measurements and Analysis:
Challenges and Solutions

Application Note

e Manuals

BSTRACT: The job of a swi

Introduction

e demand for power has incre

e performance and efficiency of
munication systems.

mode power supplies (SM

Power Supply Measurement and
Analysis with the MSO/DPO
Series Oscilloscope

Introduction

Power Supply Measurement
and Analysis

Primer

from chidren’s toys
are used to convert

ion. Cammon examples
4 DC voltages or

Jtage levels.

DPO3PWR and DPO4PWR
Power Analysis Application

Tektron/ix‘ User Manual Tekt n/ix'

N
074.2631.00

www. tektronix. com/power
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e IEC 61000-4-7
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e SPECPower
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o AR FE AR UE
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6AK HE BB IR

(R R VI BE R A AE20 16 SF BT JtE o ARSI B 22 A I - B R K, CLPH 260 85 7
RS, B R PR 2 A

Dto<1W Basic Voltage: 2 0.480 = Pp + 0.140 EPSs with = 100

Oto<50W AC-DC:<0.3 B Low \f'oltageﬁ: = 0.497 = Ppo + 0.067 watts input power
AC-AC:=0.5 i . . must have a true

Vv > 1t0<49 W Basic Voltagfe. =0.0626 = In(Pno) + 0.622 power factor 2 0.9
Low Voltage: = 0.0750 = In(Pno) + 0.561 at 100% of rated
Basic Voltage: 2 0.870 load when tested

250t0=250W | =0.5 > 4910 250W 1 | o\ Voltage: 2 0.850 at 115 volts/60Hz.

Single-Voltage
Basic Voltage: 2 0.5 = P + 0.16

<

Oto<1W Low Voltage: = 0.517 = P + 0.087

Oto<49W AC-DC: = 0.100 Basic Voltage: = 0.071 * In(Ppo) = 0.0014 * Ppg
AC-AC: <0.210 +067
. .
>T10549W 1| o Voltage: = 0.0834 = In(Pro) = 0.0014 * Pao
+ 0.609
- >491to =250 Basic Voltage: =2 0.880
>49t0<250 W | £0.210 " Low Voltage: = 0.870 _
Vi Not Applicable

> 250 W <0.500 > 250 W >0.875
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Eetup Measure  Test Results

il

@ > Significant Figures 5 - .11 Harmonics @ @ @
ot R; et; et Averaging Auto . [¥IEnable 7\ ,waveform cnapshot R rd Dats
o| es u . napthot Reco
P “up Zero Blanking v Watts |-+ Trend -
Measurements | Limits Display Efficiency Charting Data Logging
Measurement
Index | Meas A B C
PA100D{0001) 1 PA1000{0002) 1 Formula
Virms 229.98 V 230.0% W Efficiency
Arms 999,83 mA 999.89 mA | 99.984e+00
|I|'hlatt5 230.04 W 230,01 W
Freg 50.016 Hz 49.980 Hz
|I| Vhim 230,03 V 229.97 W
[ 6 | vhip 0.0000 * 0.0000 °
Vh2m 46.705 v 132.30 pV
vhzp 10.817 * 110.52 *
|I| Vh3m 84.563 v FT.767 pv
vh3p -145.80 ° -177.59 °
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& T FE G —pwrviewices (—smst)

PWRV TEW i 425 1| 4k B .

Results
A alings I ils fnble aler 20 remdt Average Minimum Maximum Min.Limit Max Limit Status
fratt the e 243 of the text
Test Report No 140214-085333-F Power | 584280 mW | 56736 mW | 60.792 mW nfa 500.00 mW Pass
Standby Power Measurement Voltage | 22341V 22704V 22913V 22770 23230V FAIL
Current | L0217 mA 979.35 pA 10969 mA n/a n/a n/a
Customer
NIME  <mew CONtact> Name  <new sdfsdfcontacts Frequency | 49.995Hz | 49961Hz [ 50035Hz | 49500Hz | 50.500 Hz Pass
Address: Address:  sdfsdf Power Factor | 25071 m 237.75m 26106 m n/a n/a n/a
Date ofissue: - 2014-Feb-14 Voltage Crest Factor | 14302 14274 14342 13900 1.4300 Pass
Unit Under Test Reference Instrument Current Crest Factor | 14.504 11785 21223 nfa nfa nfa
“not selected:: Manufacturer: - Tektronix Voltage THC | 42063 % 40772% 43957 % nia 20000 % FAIL
Description:  Power Analyzer
Model  <unknown> Uncertainty Ratio* | 15832 15481 16323 1.0000 nja Pass
Serial Mumber  <unknown: Reswlt Interval n'a n'a 04950 = n/a 1.0000 = Pazz
Firmware Version:  <unkmown: * Uncertainy Ratia i e ratia of URmyUres, where Ures' 15 the roeriainty of each power metatrement, dos only o the acouracy of the relrence Instrament wed
Test Software: PWRVIEW ver. 1.1 .3.412 y the sbsshte slowed UrCamainty, caloulated for sach powe MBESUREMENT I Sooordamoe with IECEI201 Ed 2 § EN 505643011 standards.
neriairty Aario is marked as FAL | mears that ot ket one power measurement mr'.-'myin he las 273 of the test excended the limil presaibed in the standard
Test Conditions Test Summa
Time of Test:  2014-Feb-14 08:53:33 Average Power.  58.480 mW Power Graphs
Test Voltage: 230V £1% Power Limit 500,00 m\W
Test Frequency:  50Hz +1% Power Stabilin:  E3L.01 pWih
Voltage Distortion: < 2% THC Uncertainty™ 12,634 mW
Voltage Crest Factor: 139 « Vief < 149 Test Period:  00:15:00
Temperature:  23°C £3°C Test Method: Sampling JECEZZ0
Humidity: =< 75% Test Status:  FAIL

Power measurements were carried out in accordance with the requireme)
“Measurement of standby power™ and EN 50564:2011 “Flectrical and elecirond
equipment - Measurement of low power consumption” in the laboratory €

traceable to national or international standards. All testing was performed und
* Uncertainty quobted & an Mugemmr N EENT UNCETEntes from the st 23 of the et which ane dus bnlylbﬂ L)
If Uncertaingy is marked & FAIL it means that of least cne power meaiorement unceriaingy in the |ast 273 of the best esceeded the [j

Test Notes

Test Officer
Full Name:

Signature:

0.056

0.054

0.052

(=]

00:05:00

[tirme]

00:10:00

00:15:00
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BINE

@ Test Type HARMONICS -| | Laboratory:
stop Instrument PA1000(0001) - Customer:
Channel | chl - Product:
Test
IEC Precompliance Results Forma
Limnit: Class A Amp %
Test Statu: Running .
Rated
100 T
Measured
Arms: 10.532 A
Amps Fundament:  9.4826 A
Power: 2.0833 kW
Power Factor: 816.50 m
Vck: 1.0000
Frequency
Expected: |30 Hz
Measured: 63.195 Hz
Voltage
Expected: 220 L v
Measured: 242.25 V
Test Time
Duration: 00:02:30
Elapsed: 00:00:21 =
-

B3 —FPEAEHETEC61000,

¥ IEC61000-3-2;

<not selected> - [[100L

<not selected> ~

Test

<not selected> ~ Info -

Details

@ Graph

) Table

Harmonics Graph (Current Value)
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JIAE, s

[1] Harmonics

* MaxHarmonics
= Limitl

= Limit2
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5 B ,
s aaaaa = ée;ée;a = == dodan
DPO7000C MSO/DPO5000 NEW MDO4000C MDO3000 Series
9w 500 MHz to 3.5 GHz 350 MHz to 2 GHz 200 MHz to 1 GHz 100 MHz to 1 GHz
KREZR 5 GS/s to 40 GS/s 5 GS/s to 10 GS/s 2.5 GS/sto 5 GS/s 2.5 GS/s
. 4 analog 4 analog, 16 digital, 2, 4 analog, 16 digital ,
& 4 analog 16 digital (MSO) 1RF 1RF
wEKE 50 M -500 M 12.5M - 250 M 20 M 10 M
LT 12.1 inch, XGA color 10.4 inch, XGA color 10.4 inch, XGA color 9.0 inch, WVGA color
& No No Yes Yes
FHIT R No Yes (MSO Series) Yes (option) Yes (option)
I°C, SPI, CAN, LIN, I°C, SPI, CAN, LIN,
T MBS IZC, SPI, CAN, LIN, 12C, SPI, CAN, LIN, RS-232/422/485/UART, RS-232/422/485/UART,
(f@'fﬁli: )’ RS-232/422/485/UART, RS-232/422/485/UART 12S/LJ/RI/TDM 12S/LI/RI/TDM
USB 2.0 USB 2.0, MIPI D-PHY FlexRay /USB, FlexRay /USB,
STD-1553,Ethernet STD-1553
MIPI® D-PHY DSI-1 and CSI-2, 10 ot and USB 2.0 Advanced RF Triggering, o
Ethernet, and USB 2.0 ) . . A Power Analysis, Limit/Mask
. ) . . Compliance Testing, Jitter, [Power Analysis, Limit/Mask .
¥ B4y ¥rie f7 |[Compliance Testing, Jitter, . ) . Testing, HDTV and
\ - . Timing, Eye Diagrams, Testing, HDTV and Custom .
(&4 Timing, Eye Diagrams, Power, ) Custom Video
. Power, DDR Memory Bus Video
DDR Memory Bus Analysis, Analysis, and Wideband RF
Wideband RF ysIS,
B NO NO AFG/SA/IDVM/COUNTER |AFG/SA/DVM/COUNTER
Act on Event
Video Picture mode Act on Event
&g N/A N/A B A AU AR R 54T Vi .
ey ideo Picture mode
SR T
FEELE
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S | &4 —semnessme— Al
= EERNASEE: 0.04%EBE = EE/)lLSOAllA gshuntiZhc = USB, LAN,fIRS-2324ZfC
ERNEREE - PWMEES) - sa722 . ity (GPIB) Eic
» B ERSSEZEIONSBENZE & - %‘E%ﬁ/\*hyﬁﬂzﬁ‘t n = I E S Z B PWRVIEW
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2380 F EIRIE

) KNIFE 200 W 250 W 750 W
AL 0-500 V 0-120 V 0-500 V
G 0-15 A 0-60 A 0-30 A
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2. CC/ CV/ CR/CP - H /7 a] BLHIERAS[A] FIDUTHR =
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