R 2014 FFFAFWIR

-REREE: . R EENE TR

KEIFHIEEY Tektron/ixw

A Tektronix Company



KBRI R——R AT AAT

= HORHLA
— AC/DC, DC/DC
= HINRE
— DC/DC Converter
- WSS
- BBl it e
- T EU
= LED M&BH

TH 2 LT

(== Tektron/iqu

A Tektronix Company



R AER (SMUD RIS R

KEITHLEY Tektron/ixw

A Tektronix Company



i

N

BERIEFTA PAERERAE T — G-I R R ER !

Sources
Voltage
Current

SMU

or
— 4 o——

A

Measures

/-\ Current
®

\/

Measures

o, =0

KEITHLEY

A Tektronix Company

Tektron/ix&



I MOSFET EE S ¥

« mWEFE = RdsOn* Qg

e RdsOn = Fi#EHRH ———i|l———
© L SR .
« Qg = |7 HLf ; v
v AETF I B ST (5 7 25 oSO
B : e
v BUMTT S L RT % ke il e -
* Qg SRdsONEILR LA

Z0ONE

v E/J\ H‘]Qgﬁlj%%ﬁ[%jﬁﬁ‘]l?ds- P BODY SUBSTRATE
ON
v u] LU BLR 7 VR gt Rds-
ON*ﬂQg
> FEEN &R A LLMGERISON
> dudE AR MO RdsOn

(== Tektron/iqu

A Tektronix Company



| e

VG =2V
am\/G =3V

3.5E-02
3.0E-02 /—g
_ 25E-02
(2]
o
: /
€ 20602
c /
I
3 1.5E-02
c
®
& 1.0E-02 f—
5.0E-03 -
0.0E+00 -¥

0 1 2 3
Drain Voltage (volts)

KEITHLEY

A Tektronix Company

Gpib interface
with cable

2450 #1 (TSP-Link set to Node 1)

VG=4V  oas0#1
-—\/G =5V  Steps Gate
Voltage (Vg)

MOSFET

Gate

Force HI

%

Force LO

Controller (With gpib interface)

'g

2450 #2 (TSP-Link set to Node 2)

CA-180-3A Crossover Cable for tsp Link

Drain Force HI
Source
Force LO

TSP-Link is used
to synchronize
the gate voltage
stepping and
drain voltage
sweeping of the
two units.

2450 #2
Sweeps Drain
Voltage (Vp)
and Measures
Drain Current

(Ip)
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Diagrams from “Testing to 100A by combining Keithley Model 2651A High Power System SourceMeter
Instruments”, an application note from Keithley Instruments.
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“ 2600-PCT-1 2600-PCT-2 2600-PCT-3 2600-PCT-4 4200-PCT-2 4200-PCT-3 4200-PCT-4

Collector/  High Voltage Mode

Drain
Supply High Current Mode

Step Generator (Base/Gate
supply)

Typical Applications

Software

Text Fixture
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: ; High Current High Current High Voltage High Current and
Entry Level High C t High Volta
S ESHe g Lurren 'gh Voliage and Voltage +CV +CV Voltage +C-V
200V/10A 200V/10A 3KV/120mA 3KV/120mA 200V/1A 3KV/120mA 3KV/120mA
200V/10A 40V/50A 200V/10A 40V/50A 40V/50A 200V/1A 200V/1A
200V/10A 200V/10A 200V/10A 200V/10A 200V/1A 200V/1A 200V/1A
Incoming Incoming Incoming Incoming
Inspection, FA, Inspection, FA, Inspection, FA, Inspection, FA, g:;zg:gﬁt 8:;1223? g:;zg:gﬁt
QA, Rellablllty, QA, Rehablllty, QA, Rellabthty, 98, Rehablllty, Modeling, General ~ Modeling, General  Modeling, General
Deigty Qo Des i S D S D S Characterization Characterization Characterization
Product Dev. Product Dev. Product Dev. Product Dev.

ACS Basic Edition with Trace Mode and Parametric Mode, single and sequenced tests, sample power device libraries

Model 8010 High Power Device Test Fixture supports 3KV/100A
Includes TO-220, TO-247, Axial, Custom sockets,. sample demo parts (BJT, MOSFET, diode, etc.)
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Model 2636B SMU

o PN B SMUTE i

o ANHE 200V

o HOKHVR 10A (k)
e 0.1fA MERSE
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Model 2651A SMU

e 1N 50A pulsed (P& IFFELR]LLIEF]1004)
o K 2000W pulse / 200 W DC

o JikH e E100us to DC

o fRPE A ERE EEADC

Model 2657A SMU

- . - « HOKHUE 3000V, HKIhE180W

] . [ « PURBRHH ()
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Connections to the Model 8010 Test Fixture

\ o AR I 2 v
“EH—4 2657A for 3kV 4T PR FRERPE & % H 100A ik H
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Connection to the 8010 test fixture

External wiring diagram
Model 4200-SCS
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= Static and Real time deskew
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Time ’T
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Ref Level
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Advanced Power Analysis

7

Measurements
Hi-Power
Finder SOA RDS(on)

o e
difdt

Coupling Cursor Gating Acquisition Mode *

(e -
& &

* Average mode is recommended for dvidt, di'dt & RDS{on)

Preferences ¥

Plots
Rise Edyge(s) Fall Edgeis)-
-Time Trend Time Trend

” o &

S0A Graph
Switching ON &0...
Time Trend

SOAD-Ch1Ch2
Switching Loss0 - .
RDSfon)0-Ch1.C...

9.956mW |2 S5mwW
Hi-Power F..  3.396W 3.518W 3.470W

RDS(on)0  0.00hm  35917kOhm 148.1820hm 909
difdto -4 116MAs 110765k NA NA Histogram Histogram
dvidtd -49.713MVIs 11.203MVis  NA NA

S0AD NA NA MNA NA

KEITHLEY Tektron/iw

A Tektronix Company
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Advanced Power Analysis

Measurements

Hi-Power
Finder SOA

- @
dv/dt difdt
& @&
SOAX-Y
(DPX)

Switching
Loss

Switching Loss0
| Hi-Power Finderd

& ventich2
& viehtich2
& VCh11Ch2
& 1ch2

& ven

Vo 12 Couping i
RDSkall ﬂ Vit ith2 G

Al i £Ch2 .

. STl 1 dv/ad - VOl ) .
wENEDH o VO 102 .

ey

Advanced Power Analysis

RDS(on)0 0.00hm

difdto -4 116MA/s
dvidtD -49.713MVIs
S0AD MA

110.765kAs
11.203MVis
MNA

Hi-PowerF.. 2.396W 518w 3470W
35.917k0hm  1483.1820hm 909.5000h... 35.917kOhm  10.000k
MA
MA
MA

51.000
3461mwW  122.079mW  51.000 Success
Success
MNA
NA

MNA

A
MA
A

105.000
105.000
1.000

Success

Success

Success

KEITHLEY
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File | Edit | Vertical | Digital | Horiz'4cqg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help 'n

Ro161m=
348,66m -
305.71m -
262, 76m *
219.82m .
176.87m
133.92m .
00,03 -
48,03m -
5.08m -

SATABATMT 0o 0w b
1.29 229 3.3 4.31

276.57m

Advanced Power Analysis

Switching Loss0

Accumulated |1l 1 Power Loss Energy
- Min Max Average Min Max Average
15.963mW 16.843mW 16.522mwW 102.594nJ 100.637nJ
218.247TmW  221.601mW  220.200mW 1.350ud 1.341ud
Total Avg Loss:265.945mW Total Avg Energy:1.620uJ

97.235nJ
TOff 1.329uJ

Total Avg

lektron/ix*
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File | Edit | Vertical | Digital | HorizlAcq | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help 'n

—_

Z

I 1, T

On Current

"Off Current

SOAT - el | el 2 - S04 i

SOA Mask-
Pass/Fail
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Advanced Power Analysis

Measurements
Magnetic Magnetic
Inductance  Property Loss lvs IV

Hi-Power Finder(

Magnetic Property0 |@ V:Ch11:Ch2
Magnetic Loss0  |ial V:Ch1.Ch2
Inductance0 |a V:Ch11Ch2
Ivs VO [ venticn2

G &

Magnetic Property0 |l V:Ch11:Ch2

Magnetic Loss0 |a V:Ch11:Ch2 IVs [V Plot BH Curve Magnetic Property..

-‘&Ei}( Configure) [\ - & vant 1ch2 Inductance curve | Inductance0 - Ch...
[ - Vs [V Plot lvs VO -Ch1.Ch2

Magn
MagneticP.. 16.829uT 16.829uT 16.820uT NA A 7.000 Success
Inductance0 57.692uH 57.692uH 57.692uH
Ivs VO 5.860uVs 5.860uVs 5.860uVs NA A 1.000 Success

Success

ZRILE

25 SU14-S0OL217 Power Measurements and Solutions Tektmnix>
/



I ToUR AR 0

= An Interactive BH plot provides more insight to magnetic component.

B-H plot for single
winding inductor

Tvs JV0 - Ch1,Ch2 - TVs [ V Piot

.............................................................

R R e,
%49 . 1E2.56m 150833

Current (A)

KEITHLEY o 1EKronIx
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= HERENEANE
— True Powerfg I =
— Reactive Power LTI %
— Apparent Power fiL7E L3
— Power FactorIj R [H &
— Crest Factorj g K&
— Current Harmonics Measurements HiLji 1

(Non-intrusive AC/DC probe)

lac
Line
Filter PFC N PWM
VAC control _| < Z |_ control

o————

|
Current Test Point M ’I %

Voltage Test Points J___ v
KEITHLEY Tektronix’
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Advanced Power Analysis

Measurements

|
&o:;; H;I:;I:“lil(t:s Tot&l:lqu:er :I:lu?:les’:'t | Power Qualityd V:Ch1I1Ch2 |nput An aIyS|S
- e - easiramants
Input

Capacitance

Advanced Power Analysis

Global
Configure

Success

278.844mA NA Success

up Results

KEITHLEY Tektron/iw
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Advanced Power Analysis

7

Measurements - easure
Power Current  Total Power  InRush
Quality Harmonics Quality Current

Input
] Capacitance
|

m star | 'Value
Zpparent Power | 118.151V8
True Power 13.001W
VCrestFactor Reaclive Power 34 504VAR
iCresiFadior Power Factor  956.410m

[E=mE =g

| Summary Yiew. | rocieortal ew

| [*]| moniegend i} IF = |DotComeston xov: mmlmw Gnd .2

Power QualityQ - Chl1,Ch2 - V*I Power Waveform Powor Qualityd v(.;:,::r;;;:l:; | (V*I) Energy

KEITHLEY Tektron/iw
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EN61000-3-2 AM14, MIL-STD-
1399 (400 Hz)

= [ B3 EN
RAITISH STANDARD | Waben 12 on

Electromagnetic
compatibility (EMC) —
Part 52: Linuts — Limits for harmonie

current emissions (equipnsent luput
currvent = 16 A per phase)
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Advanced Power Analysis

Report Name |App:TekFileChooser:TextBox

|+ Auto increment report name

Content To Save

mhcludepassmm "‘._..1' ced Power Analysis

[/ Include plotimages Configuration

MHT Report Structure

KEITHLEY

A Tektronix Company

DPOS034B

Varsion: 7.1.1.1

lektronix

1/14/2014 9:18:39 AM

Advanced Power
Analyss

arsion: 2.0.0 davBuild 236

:Chi 1:Ch2| EdgeSouwrce Unit: Parcentage; RefLavel; 50.000%; Hysteress:

1 witching 5,000%:; Is Loggng Done: False;PWMType: Fixed; DeviceModsa: Auto;
t: Percentage; 1 LevelPercentage: 5.0004:; V_LeveRercentage:
.000%; DeviceType: N-Channel; MathDastination: Mathl;
2 |soa0 V:Chl 1:Ch2

upling Type: DC; Bandwidth Limit: BWL_20MHz; Acquisition Moda: HiRes;
[Cursor Gating: Off; Current Source: Ch2; Current Probe: Tek VPI:

Measurement Summary Results

Measurement Min Max Mean Istd dev  [Pk-Pk Population |Result
wﬁ 235, 779mW [270.300mwW [258.609mW [o.ow 34.521mW [2.6498  [Success
Currant Acq  [245,115mW [260,354mwW [265.325mw [3.453mw  [24.039mw  [7.197k |Succass
M NA INA NA 30711k [Succass
Tent Acq  NA NA NA |na NA 1.000 |Succass

Measurement Detailed Results

Switching Loss0

N'(ND! Loss0_PowerlLoss

Type Min Max Average
On 10.905mW [14.065mW [12.518mW
Toff 231.822mW [255.075mWI241.597mwW

Tektronix:
/



Result Summary

Detailed Results
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PWM _1-

Control Circuit

Feedback
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=100k

WD R M ThRE, FHFE AL H
M) BEFREC
CTLE HE YR -1E T
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= LRSS AT PR BCPWRVIEW
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I PN HA-3 HENEIIEE (PREC)
IEC61000-4-7 i%z?ﬂﬂ%
RGBT DI EE, B e v) DA 3 100

< |EC61000-4-7 FE R 251N B6 I B B YR 28 Gt M T i e £ VS U R s i N

o AFRHEG FH T A8 I A E A N 50HZz ARy FE E 110kV &Lﬂ? fr 2 Fe EEL XY
. FRMREE R N220KV RS FH HE M AT 2 BB 110KV 4T . 2635 I T iy R

%ZJ%UE“J
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o UK, 7RI R B R T A IR KBRS, S et R [A]
AR EMER,

= FRATTA AR PR 2 A = Rl DA 210,

= FEMN A

AR T °] LA R GAR PRIHOKR, IOk 5 PR S Bl e

U E RN, FALREb R,

HID 4T 3XZhIR,  H A LT FE \\//"m

FRATTI B R P I 3zt v T AT s o6 -

/—\ Peak value
RMS value
Curren
Crest fiet Peak value i T
res aclior =
' RMS value \/
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I RFNH6: ZF AN ERS

= UYL R AR

* PWM LiAIREIRI: B EMF AL DIk IREh 3 LK A b A7 & ok
IR . BAREES #EIEPN L, IHIEI, RIS AR, RN RS
S0 S5 8 AT ARG R

 FEPLTHERAER: E S TR O B IR 2 &) 1B T, AT
B AR PRI T 2 H a4 . Hrp M e 2 I EbpifE 2 —72
[EC 62301,

o GHIRARI: R AR RO B i P R R 1 P TR AR Y R IR A
FTHERA RN R, DA% S 5 e AR R B R A= Y R A i O
JEIN & A B B TR PR G 7 —Fhigtz.

o RSB B SRR AN R I RE, i RERE (RO, i, 255%)
o LWLk, KRS E, ERM 7T IYE.

= PRUEASFE N RO E— 2o, b N0 iR

£y
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i‘%ﬁﬁ#ﬂ : R RS 5 RN B EDC-1MHz

= A - AR

(45 Hz - 850 Hz)

HUE LR E (Vrms) + 0.01% (1% + 0.04% HI3E ]
(10 Hz - 45 HzE850 Hz - 1 MHz )

HLER A (Vrms) + 0.05% f)i% + 0.05% HTEHE + (0.02*F)% [K1iE% + 0.02
V (HAYE)

S0ASSNEIT. 2AA\BIT(500mA, 1A, 2AE7R). BESBA

- B F/ iR hE

DC EH#RY0.05%+E #2/90.05% (U, 30A, {£E83) | iE=#AY0.05%+EF2890.1%(30A, {£REE3)
1 #A50.05%+EF2#90.05%+2pA (2A) 1E8I890.05%+E F2690.1%+2uAxUEE (2A)

0.1Hz< <30Hz EEAY0.1%+ 2B F2/%0.2% EEAY0.2%+ 8 12/90.3%
30Hz< f<45Hz 1L &IRY0.03%+EF2/90.05% 1E#A90.05%+EF2/90.05%
45Hz< f<66Hz EEA90.01%+ & #2/90.03% 1EEaY0.02%+ 22 /Y0.04%
66Hz<f< 1kHz 1E&1/90.03%+E$2/90.05% E#a90.05%+2#2/90.05%
1kHz<f<10kHz E&#RY0.1%+232890.05% EEH90.15%+2F2/90.1%
10kHz<f<50kHz EE#0.3%+EF2/90.1% EE##90.3%+E 2/90.2%
50kHz<f<100kHz EEE0.012xf%+EF2890.2% IEHRY0.014x%+EF2890.3%
100kHz<f<500kHz [|E&EAJ0.009xf%+EF2R70.5% EHAY0.012x%+BFEHI1%
500kHz<f<1MHz EEAY(0.022x1-7) %+ EF2RI1% 1EEIAY(0.048x1-19) % +E#2892%

U: BIE, FRR PEMERSIBA, 2A.2AARBRBANERAS500mA, 1A, 2A, 30A; 30AEEEBTRBMA.
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PA4000 L7 HriX
oAt — M 45 A v BH

PA4000_1CH PA4000_2CH PA4000_3CH PA4000_4CH

b N 1 2 3 4
FEL s P A A\ Y B K1000 Vrms, 2000 Vpeak
FEARH R 0.01%

0.025 A to 30 Arms with 2 1y B4 5%
0.01%
CIME=eUy=| Vrms, Irms, VA, VAR, W, PF, Freq, Whr, Vahr, THD, TIF, etc.
BEL DC - 1 MHz
H zhill & PWM X, R 38, FrpLINFE, e
HhEBEE USB, LAN, RS-232 (GPIB Optional)
] SCHLE R H A EEEIE % (BRED
FHRE A
RME S B RS Jb3

=<
M
=
8
[==
M
=
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DE X —FEERNNESH
" Vs Aruss W, VA, VAr, CF, $5i, #47 £
= e 1000 (AREE)

w ERRAR

= RIFH

= WY, HIESIR MG ER

mA

22.220 W
60.015 Hz

0.5144
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