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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, Vcho)
Leakage Currents (Iceo, Ices, lebo)

DC Current Gain (hfe)

.
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MOSFETs & JFETs

Family of Curves (Vds-1d)

Transfer characteristics (Vgs-1d)
On-resistance (Rdson)

Breakdown voltages (BVdss, BVdg)
Leakage Currents (ldss, 1gss)

~
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4 Triacs & SCRs etc.

Blocking voltages (Vdrm, Vrrm)
Leakage currents: (Idrm, Irrm)
Holding current (1)

Latching current (1))

~
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0.0008
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= - - 300 =
O -0.0002 § 8
-0.0004 - - 200
—0.0006.4 L 100
-0.0008
000104 - 0
~0.0012 | | | | | L _100
0.000 0.005 0.010 0.015 0.020 0.025 0.030

Time (seconds)

o Note: Test data taken with Model 2657A’s built-in digitizer
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SMU Instruments

Sink + Source

— Source Sink

Capable of
Four-Quadrant Operation

Measure Q

Measure V

Measure |

Measure W

Supports Any Combination
of Force and Measure Functions

Series 2400

SN ER RN E(N e E SN 2B B MRS

Series 2650

Series 2600
(introductionof TSF)

Series 2450

fidE =G, B B SMU

7A DC, 7A Pulse, 100 W
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Force Hi

Discharge Curve Created with a 2450 TSP Script

1.45

2300mAH AA Battery
1.4 Discharged at 460 mA (0.2 C)
135
2 13
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Inductance
Magnetic Loss
Magnetic
Properties

BH Analysis
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File | Edit | Vertical | Digital | Horizl4cg | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Advigced Power Analysis - Plat(s)
s

Bt " REE| ] sawiegend (i 7 = Swe

[ .
Connect  magel)

SOA Mask-

Pass/Fall

Mask Failed: with 147 hits

-
<
-
-
=
[
=
=
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R T o Save g Layout
haw Legend m W & Image[s) Details (rultpl plot)

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

- L T S ST

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

Voltage (V)
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Power Measurements
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MSOSRIMN BT 3
Power Measurements - Magnetics

Powe 1 2
am - Inductance’
p' 59.84 yH
’F & Power 2 (1 /9]
| Edmmgg.m uH | vs. ["-.-'"
| p' 15.29 p\V*s
e Power 3 (1]
Y Magnetic Loss'
E‘é‘u"!\"";a"ii'u"f T 91.94 mwW
ROl Povve ¢ wwen
= 7| | Magnetic Property’
Bpeak: 5.824 uT
Br:
Hc: 19.8 mAT/m
Hmaee  101.4 mAT/m
I-Ripple: 244.8 mA
AB: 11.81 pT
AH: 208.3 mAT/m
- T L — perm... 4280 kism
i Pl Witk vsom | S 111

o 2
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Power Measurements — Eff

File Edit

Applications

Measurement Resuls

Utility

Help

Power 1 EF Input

14631 W
4 i/

95749 m.
Ref3*Refd

InpUtACC

160 ns/pt
BL: 126 Mpts ¥ 50%

Acquisition
Auto,  Analyze
Samphe: 12 bits
115 Acgs

Add New...

Efficiency’
Input :
Qutput1:
Output2 :

1.463' W
496.1 m
496.1 m

Efficiency1: 33.91 %
Efficiency2: 33.91 %

Total :

67.82 %

29




MSOSHIN B X

Power Measurements — Efficiency

« Efficiency

measurement
capability increases
with channel count
of instrument

* 4 channel scope
o 1 input, 1 output

* 6 channel scope
o 1 input, 2 outputs

« 8 channel scope
o 1 input, 3 outputs

Efficiency’
Input :

Qutputl:
Qutput2 :
Qutput3 :
Efficiency1:
Efficiency2:
Efficiency3:
Total : -

Input source mism...

30



MSOS5RIRIFETS %
Power Measurements — Rpg o, mmmr==

RDS(on)
~p': 1.548 ohms

* Rps(on) 1S simply
voltage divided by
current

« Measurement is
gated during
conduction
regions

Vasu will provide deeper
training on the new power
measurements during the
first week of March via
WebEX sessions...be sure
to attend!
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R AR /N

o fEJRZE / IEC 62301 / EN 50564
- ( FHHBFRENIPAREFRBENE T L)

« TEC / EN 61000-3-2 ( Fi—#imat)
— (BT HL. HBORI6A(C F) BYH AW AL 8048 72 AR A F RV e U &2 7 72%)

e IEC 61000-4-7
— (B T ALV VR R (R B i 25 A AU E AR IE AT . 5 IEC61000-3-2 — i )

e SPECPower
- ( &bk, AT — 2 DU BRI OR S T IRk 55 ST SN LDDFEM L, LRGSR )
A HRSS# e & . www. spec. org )
o A ) HE YEAR AE
- CQC 3146-2014 (LED #EHFTHEINUE. ZER300KHz TR im 5e — HE)
— TEC 62087:2011 ( HLMAL. BARE& FLITE. B &AM H 2 Thhe i & IIFE)
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62K Be RCHT PR

Ui VIR BER C b e AE2016F S jit . AB MR dh 24N 2K, EIFaaXS IHP it
TR HAR, X2 Pk LA,

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

Oto<50W AC-DC:<0.3 Low ‘v’oltagef’: = 0.497 = Ppo + 0.067 watts input power
-AC: . th t
Vv AC-AC:<0S | 4gw | BasicVoltage: 2 0.0626 » In(Pno) + 0.622 g‘oﬁer factor> 0.5
B Low Voltage: 2 0.0750 * In(Ppo) + 0.561 at 100% of rated
Basic Voltage: = 0.870 load when tested
250t0=230W | =05 > 4910250 W 1 | 5w Voltage: = 0.860 at 115 volts/60Hz.

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

<
Oto=1W Low Voltage: = 0.517 * Ppo + 0.087
Oto<49 W AC-DC:=0.100 Basic Voltage: = 0.071 = In(Pno) = 0.0014 * Ppo
AC-AC: <0.210 4067
~1tos49W ' _
Low Voltage: = 0.0834 * In(Pno) = 0.0014 * Py
+0.609
- >49to =250 Basic Voltage: =z 0.880
>491t0s250W | 0210 w Low Voltage: 2 0.870 _
Vi Not Applicable
> 250 W < 0.500 > 250 W > 0.875

BT BAT BV BE SR HEAC-DC 50WLL T HE Y& 7= W 300mW 3K, VIR RERIK T 100mW FI A5 ML T #E
B X IR S B Rk . an A REXFVI 2% BERE AR I
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1. WHJRM R E SR IE 2. 3%, FRFT%—E R Eks

2. AALIAEI A Z R HH300mW PR 21 100mW—ZL R Mt 15 & uA g i) I e
jjo

3. WAMTHITTZ:
PA3000 ZIBIEI)F 71X
24 PA1000 + PWRVIEW# fE+ Cable +Breakout Box




AC-DCER = i, &

a )
é é Vout
2 £
L L
Time Time Time >
= EXTERNAL POWER SUPPLY

K<

200 cee cee

@00 o @0 .

B_—_-
e om o= .0.
00 e @00

- — . ® . . 9 l .9 _ .0 .
- L] l‘lll L {1]]] Illll
. @

W 8 JUNE 2018 39



H Y5 FA) 300 R

@ | | | PWRVIEW

R~ Setup Measure  Test Results

| ... | significant Figures 5 - .1l Harmonics
LY Pie : =
Averaging Auto - Enable '\, Waveform
Stop Reset  Setup z Watts SnapShot Record Data
2 Zero Blanking v [+ Trend s 2!
Measurements | Limits Display Efficiency Charting Data Logging
Measurement
Index | Meas . B i
PALOOO(000LY 1 PA1000(0002) 1 Formula
Vrms 229.98 V 230.0% V Efficiency
[ 2 | Arms 995.83 mA 995.89 mA | 99.984e+00
|I|hlatt5 230.04 W 230.01 W
Fregq 50.016 Hz 49,980 Hz
|I| Vhim 230,03 V 229.97 V
[ 6 | Vvhip 0.0000 ° 0.0000 °
Vh2m 46.705 pv 132.30 pv
vh2p 10.817 ° 110.52 °
|I| Vh3m 84.563 pv T7.767 pv
vh3p -149.80 ° -177.59 °

IHEIEPWRVIEW, H 0] PALEPC L [F] B 2 7 5 H I A\ AN 4 H 0 &
PWRVIEWARYFH P I AN AT, FATREERE I HEH
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« AT REFF

o FFAIEC 62301 / EN5056445HERIEAT 41 — ZUHE AR AL T 20038
a)  bmWAFHLII M &
b)  ME— NTECHFALINZR A TEC HL I v I8 XA A it v T 8 1) L8 0 ) 2R 43 A A
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o RURAZWITTES ($842005/32/EC)
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o SEE N EAR S T AEE S A h 1000 | mE— |
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PA1000 IEEEZATLUAZI10EFEEIE
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Peak value

RMS value

Crest factor =

— NEUEIE XK CF=1. 414,
{EEXN T ALIIFEMICE — R %
#HEmT3IEHEELL FH,

S H SR BT R AR TR 2528, X
T IR AT AL A A T AE A AL
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Woltage

IR — I {E R %L

Current

\/ o
Peak value
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watt 9. 838 Freq 90.03 HOLD

Vrms 229, 5
Arms 296 O uﬁffﬂ ig}“mm 4 . - 400-6 m
" Watt 624‘“ | Freq 49,99 ;

PF 0.145 act  30.69

vihd 3533 x | atd 326.4 ii

w |

M EATFAH R, MR, g5 RZERARR K,
Zie: RN BRI AT S

ThE e IEH A6 % o
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ms 2208 v | arms 296.0 u

Watt 9838 mW || Freq 50.03
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PWRVIEW F2 4% il 344 -

] ILIJEI %—%{ﬁ!ﬂ TP\ ——PWRVIEN

Test Report No 140214-085333-F
Standby Power Measurement

Customer
MNarme:  <new contact> Mame:  <new sdfsdfcontact>
Address: Address:  sdfsdf
Date of izzue:  2014-Feb-14
Unit Under Test Reference Instrument
<not selected = Manufacturer.  Tektronix
Description:  Power Analyzer
Model:  =unknown:=
Serial Mumber:  <unknown:>
Firmware Version:  <unknown:=
Test Software: PWRVIEW ver_ 113412

B (D

Results
el ‘;‘;: "’:;:";;;:"::““ Average Minimum Maximum Min.Limit Max Limit Status
Power | SBARDmW | 56736 mW | 60.792 mW n'a S00.00 mWW Pass
Voltoge | 22841V 22704 22913V 22770V 23230V FAIL
Current | 10217 mA 979.35 pA 1.0969 mA n/a n/a n/a
Frequency | 49.995 Hz 49.961 Hz 50.035 Hz 49.500 Hz 50.500 Hz Paszz
Power Factor | 250.71m 237.75m 261.06 m n/a n/a n/a
Voltage Crest Factor | 14302 14274 14342 1.3900 14900 Pazz
Cuwrrent Crest Foctor | 14504 11735 21223 na na nfa
Voltage THC | 4.2063 % 40772 % 43957 % n/a 2.0000 % FAIL
Uncertginty Ratis* | 15332 15431 16323 10000 n/a Pazz
Fesult Intenval n/a n/a 04950 = n/a 1.0000 = Pazz

= Uncertainty Ratia is the ratio of Ulm Ures, where ‘Ures' s the unosrsinty of sach power measorement,

io¢ iy 10 the accuracy of the relerence Instrument sed

Time of Test  2014-Feb-14 08:53:33 Average Powern

Test Voltage: 230V £1% Power Limit

Test Frequency: 50Hz +1% Power Stability:
Voltage Distortion: < 2% THC Uncertainty™
Voltage Crest Factor: 139 < Vief < 149 Test Perod:

Test Method:
Test Stams:

Temperature:  23°C £3°C
Humidity: < 75%

‘i is the absokne Slowed Uroemsinty, chlodated for sbch powsr MESSUREMENT in Booordare with IB0E3201 E4.2 § BN 505642011 standards
ncertainty Ranio is marked as FATL i mars thal o lest one power MsISUrement urcerainty in the las 2/3 of the test exceeded the limit prescibed in the standand

Test Summea:
58.480 mW
S00.00 mW
831.01 pWih
12624 mW

00:15:00
Sampling 0
FAIL

Power Graphs

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 e
traceable to national or international standards. All testing was performed und

* Uncertainty quoted i an Swearge of POWer ISl ement UNCErEnties from the Lest 2,3 of the tee which ane due only 1o the Sasssy
If Uncertainty is marked & FAIL it means that af least cne power meaiorement unceriaingy i thee last 273 of the best esceeded the I

Test Notes

Full Mame:

Signature:

Test Officer 0.056

0.054

0.052

(=]

00:05:00 00:10:00 00:15:00

[tirme]
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ﬁ%ﬁ'%—mﬁ1000—3—2$ﬁ—§&ﬁ?ﬂﬂﬁ§
IEC 61000-3-2F1— I 5 4 1 — 250 o0 b

o CEFRRINE R 06 2513047 15 35 Ik
o “IERRTTH T A AR A A AR A A0 /2 EN 61000-3-2FRHE
o BCRERH CEMCIRS 985, PAFCERRRL AR X R4, T ——IK
TN EE YR 1 P P

AT BRI E:

1. PA1000/EME— NIEC 61000-3-2F—FCME HE i 18 v a2 L B AR fige R 7 2 1Y)
FAIEIE T 2 T AX

2. IEC 61000-4-7 ~ (HHE 1 75 1 U 0 [a] 1 Bsp il & W 4 L AU EFE s

7. HTEC61000-3-2— 245 i)
3 FAOUE 2T EH =07 — B RASEI6 = IR, — R R A
4. “HRATINR, HH I
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ISV IEC61000—-3-2 FHyAiE— @ik

@ Test Type HARMOMNICS - | | Laboratory: |<not selected> ~ ',
Instrument PAL000(0001) - Customer: <not selected> ~ -
Stop est
Channel |Chl - Product: <not selected> -~ Info-
Test Details
IEC Pi’ecomp“ance Results Forma @ Graph ) Table
e [Classa | Amp % i
Limit: ~ [Class A ] -p Harmonics Graph (Current Value)
Test Statu: Running 2
Rated —
100 el
4
Measured
Arms: 10.532 A
Amps Fundament:  9.4826 A .
Power: 2.0833 kW 7 ™
T
Power Facton: 816.50 m YT
T |
Vcf: 1.0000 ¥ MaxHarmonics
= Limitl
gty : : ' = = |imit2
Expected: | |
TRkt 2]
Measured:
Voltage
Expected: 230 .V
Measured: 1
Test Time
Duration: 00:02:30 O
Elapsed: 00:00:21 o
0
a-

LN —E PR ETIEC61000, J7 {8, —8g it &




@

&

oI AR5t

FoEEER |, (XESIREH ARG5Sk
NEXNES , E/MES10ENHKER
AT El 1mA-20A |, BBIEE ST LLE
10mV-600V,

THERNIE B E=1A0.08%
AIREMHIRE , Wi IRE—8 5k
BoiEmNtiRs | e fRaeitiE
gg%ﬁ%@ﬁ%ﬁ&ﬁﬁ@ﬂﬁ@iw
WA=

IR FFEIEC62301 2.0 FHINFE—EL
e Ry as

R E1EC61000-3-2 B8 1 R i —
UM kAL
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EMT $51— 35014 0] 5%

» BN TEMIFR—EUEN R ZE B !

RE 0.03-1GHz QP Class B

&80T
TO s R I S N N SRR NS SO SO
80T EN RE =
50 I
=
g 40
= Markers
g 30+ Peak Markers
B Lol I I s Y S LRI L SR | e D e I —— s
2 Y S on| ont
r . : : : : J : : : ¥
10T £ I Ty | A | i To
| / i , Center

Excursion
Frequency in Hz 30.0 dB

A M
Ly H AR A
0 i i ——t %&EQ—\T ; ; ; ——t H L AN .F.. ....................... 0 (1 " Thresc}l'lold
: ki i 57.0 dBuV
30M 50 60 a0 = H J ] 300 400 500 800 1G J ! | L] W. ﬁlf

EGIEL
i |f _ Markers
RE 0.03-1GHz QP Class A H ‘On| off
: Readout
80T [Absolute]
L L 1.99 con NI Sah e ——— SIS SS—— S—— " Delta
70t i i i i
[ 30.0MHz | ; | | ; | ; 200MHz
80T EN 5507TF RE 3:ivi QP(CLASS AJ (@ Ref: 92.0 dBuV Scale: 10.0 dB/div ) (CF:_115.000000MHz ) (Span: 170.000MHz ‘ | Free Run )
3 I (@ 10.0dB @ 10.0dB ) \RBW: 170kH2 )L
50 —
3 | |29Apr 2016‘
= |16:42:35
2 40t
c » y N » D »
! MDO4000CHI 1\ 25 )~ 2 AU A |
& 0T N R .
20+
10t
0

30M 50 60 80 |U(§QE£)= 300 400 500 800 1G

@
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SZFFRITRAE

EMCVUFI—EUENIRAER D ==

Market
Segment

Equipment Type

IEC/CISPR

CENELEC

STANDARDS

FCC

MIL-STD

DEF-STAN

ISM Industrial, scientific and medical equipment CISPR 11 i
EN 55011 ggftTl':e i
MEDICAL Medical electrical apparatus EN 60601-1-2
Veh.|c|e5, boats and internal combustion CISPR 12 EN 55012
engines
AUTOMOTIVE :
CFR Title 47
Components and modules on board vehicles CISPR 25 EN 55025 I i
Part 15(*)
Sound and TV broadcast receivers CISPR 13 EN 55013
Information ‘Eechnoiogy a.nd CISPR 22 (replaced by EN 55022 CER Title 47
MULTIMEDIA  telecommunications equipment (ITE) EN55032) Part 15
Professi l audio/vid ltimedi CISPR 32 |
ro .essmna audio/video/multimedia (replaces EN 55032
equipment CISPR 13 and 22)
APPLIANCES Electrical devices, household appliances and R — EN SEOLA1 CFR Title 47
tools Part 15
CFR Title 47
LUMINAIRES Fluorescent lamps and luminaires CISPR 15 EN 55015 Part 1I5 =
- . MIL-STD- DEF-STAN 59-
MILITARY Military equipment and systems 461G 211
€ s.une 2018 56
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Frer b

_ MDO4000C RSA5100B | RSAG00A RSA306B

EMI FR—E izt AESE Hfsvec 2
—it2sE, (B:
FEIEEENES - = =
R RIEES EESignaIVU-PC, ®OEER EER
Zvi{SS45FR (SFDR) 65 dBc 80 dBc (HD 3%&IM) 70 dBc
EMI iEizt /HERS B - TibiEs + ol = g, R INEotr
Y WHEDPX, 3l  HADPX; IRER
EiStRfinA A HEEE%IR
S5 RIREE (DPX) 2: B978 B g 2 g
B SuE POI - 434 ns POI - 26 us
ESETERS 2 008, 245, MY, 2:Rr B8, @%  2: RF B8, @,
RF ilivi il
mia SR EMI ifEizt EMI izt EMI izt

EMIFR—EL  EMI FR—31E
Tt izt

BRB NS $10,050 #2 (3 GHz) $28,000#2 (3  $6,200%2
GHz) (3 GHz)

o 8 JUNE 2018

!

3PS

60 dBc

= INE R, W
BDPX, I&iRIRC

= g
POI - 26 us

=: RF, B8], V@, 8
v

EMI &zt

EMI FlR—ES 1
iit

$3,890i2

(6 GHz)
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- . 554aB _'_.."—mi;‘g
DPO7000C MSO/DP0O5000 NEW MDO4000C MDO3000 Series
oW 500 MHz to 3.5 GHz 350 MHz to 2 GHz 200 MHz to 1 GHz 100 MHz to 1 GHz
KR 5 GS/s to 40 GS/s 5 GS/s to 10 GS/s 2.5 GS/s to 5 GS/s 2.5GS/s
v s 4 analog 4 analog, 16 digital, 2, 4 analog, 16 digital ,
& 4 analog 16 digital (MSO) 1RF 1RF
wRKE 50 M =500 M 12.5M - 250 M 20M 10M
% 12.1 inch, XGA color 10.4 inch, XGA color 10.4 inch, XGA color 9.0 inch, WVGA color
A No No Yes Yes
HATRER No Yes (MSO Series) Yes (option) Yes (option)
I°C, SPI, CAN, LIN, I°C, SPI, CAN, LIN,
BT R B I°C, SPI, CAN, LIN, 12C, SPI, CAN, LIN, RS-232/422/485/UART, RS-232/422/485/UART,
(% 1,;!: ;’ RS-232/422/485/UART, RS-232/422/485/UART 12S/LJ/RJ/TDM 12S/LJ/RJ/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, Ethernet and USB 2.0 Advanced RF Triggering, .
Ethernet, and USB 2.0 . . . AR Power Analysis, Limit/Mask
o ) . . Compliance Testing, Jitter, |Power Analysis, Limit/Mask )
¥ B #7 Rt /1 [Compliance Testing, Jitter, - . . Testing, HDTV and
. . , Timing, Eye Diagrams, Testing, HDTV and Custom .
@rix:D) Timing, Eye Diagrams, Power, . Custom Video
. Power, DDR Memory Bus [Video
DDR Memory Bus Analysis, Analysis, and Wideband RF
Wideband RF ysIS,
B R NO NO AFG/SA/DVM/COUNTER |AFG/SA/DVM/COUNTER
Act on Event
Video Picture mode Act on Event
HEInEE N/A N/A EIRT A EANSIEAE R DT

SEASEDHT

eiA=Val

Video Picture mode

@




PA3000 ZhZE 77X

=T B
S ARHINERE PN
A L
il wll o | 1
5-1 S
| ! n"‘#ll-
= FEHERNEREE: 0.04% EB/E = E7R30A /1A Wshunt h@ﬂ = USB, LAN, #1RS-232 Fxic
ERHIERNEE = PWMIRE] , $E7R38 . 45411 (GPIB ) iZ:Fg
. GEESESE0 WSEEN | EEFASSHURER - EREHRERERPWRVIEW
RER - IERIATIRATA , AR EREFRTLAER2APA3000
LR RIES - PERESEERNE , TEL]
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o H A i1 37 [ SRANE% T ME— g2 Bonds, SCRRBOE
W HIRE

UG es, CHFE AR 10uAR HLE, SRR I

X FP N I EA L, AL IE IHEEVR 2% . VRV H AN BEAE I A1 B T AE
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2380 F EH5HR

B NI 200 W 250 W 750 W
NS 0-500 V 0-120 V 0-500 V

FL I 0-15A 0-60 A 0-30 A

S N

F B

CC/ CV/ CR/CP - HIFA] PLJWaAS 6] A DUTAR =X

CR-LEDMX - W] DM 5 H SZLEDX] BRLED &
RT3 0. 1mV/0. 0lmA - 7EIIZDUTI LEH X 380 [ 15
WAL, FIA25KHz — A LB GFDCH R RS 1 G
I-MonitorZjgg ~ [JHEDUTH T HTH HI AL

200W / 250W 750W
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