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I MOSFET BEEZS 3

« mWEFE = RdsOn* Qg

« RdsOn = SiEHLH B S, T
o ML FAFE oo
« Qg = |7 HLf ; v
v AR 8 B O W BT 7 2 1 H ) S
oo < . 2
v MR SR I TR AT SR 451 4 e -
© Qg SRdsON'E LR Lk 7R
/ﬂuﬁﬁuTﬁiiﬂéﬁﬁiﬁRds-ON o P BODY SUBSTRATE
AQg

> SR AT At RdsON
> R # RdsOn
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FEL Yt 78 5 FE

B 36: BittFEMEERRERE

FEFEIR MR A IR
RIS 2450 X 2% RS 2450 {25
Force Hi Force HI
-
i\' + @ i_‘ Kl
s— % VB —'—.'_ VE
— Vs — Vs
- ' Force LO " ' Force LO
(1 (2)
1 Model 2450 AbFiFHER (Vs> Vp). (NSBEHBIFEI(E: TBER () A
IEBR-
2 Model 2450 Ah-FEBRER (Vs > V). B EABRFHEIE: HE
Bt (i) AR
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3.5E-02

3.0E-02 /—g
- 2.5E-02 VG =2V
a
% amm—\/G =3V
— 2.0E-02
= VG =4V
o
5 a\/G =5V
O 1.5E-02
c
i
o 1.0E-02 f-

5.0E-03 -

0.0E+00

0 1 2 3

Drain Voltage (volts)
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MOSFET )
Drain Force HI

Gate
2450 #2
Sweeps Drain
Force HI Voltage (Vp)
Source and Measures
- Drain Current
2450 #1 1 (In)
Steps Gate
Voltage (Vg) Force LO

Force LO

Controller (With gpib interface)

TSP-Link is used

to synchronize
Gpib interface <

with cable ’ the gate voltage
stepping and

2450 #1 (TSP-Link set to Node 1) 2450 #2 (TSP-Link set to Node 2) d ra | n vo Ita ge

YT nard sweeping of the

- & G SRR

two units.

CA-180-3A Crossover Cable for tsp Link
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0.020 : ; \ 0.020
0018 - - 1
0016 . \ —~ id=20A 0018
_ -~ |d = 404
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z 0010 — \ S
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0.008 b N ¥ \\ % o014
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ey, Sy 5 0
0.006 — . e
0.004 0.012
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vgs (V) Ids (Amps)

Diagrams from “Testing to 100A by combining Keithley Model 2651A High Power System SourceMeter
Instruments”, an application note from Keithley Instruments.

(== Tektron/iw

A Tektronix Company



I T3 T (QQ)

= Qg RAGTESF I B K WTMOSFETH
165 A 3 1 e

— [#MKgate H 1 o] L3R = H A
R

— ZZHIRGE T ISR R EZ
R ICRTT H H a4

IO bGiNE-A LIPS YN - Al
¥ RO R 4 #E

= PG AR A A AR IR R gate
v, A8 H R Edrainiy, [F
f A FH 7 % A SR il g ate L
SR

KEITHLEY

A Tektronix Company

Vgs, Gate-to-Source Voltage (V)

'VDR\/

AN\

7
7

DS

7

Qg, Total Gate Charge (nC)

Tektron/ix*’



I MOSFET HfhZ=#

- HHFHE
— o HLE AT DL 45 v A R R g 2SR AT &
o JRHIR
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o FEFHAIBHFT
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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

KEITHLEY

A Tektronix Company

—

: ; 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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I 2600B fll 2650A 53

Model 2636B SMU

o PHNENT SMUIR IE

o ANHE 200V

o HOKHVR 10A (k)
e 0.1fA MERSE

Model 2651A SMU

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

ik 5 £ 100us to DC

e I AT SR FEADC

Model 2657A SMU

o RHE 3000V, HKIZ180W
o VUZR[REE GE+EH)

o 1fA JEREEE

o RN EAG FEEADC P AR 2

KEITHLEY 20 mramene C”T@kﬁ*on/iw
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T3k FLO00AR) 2 4l 5 (
interlock)

£14TO-220 and TO-247 P Fh 4 i
, ANI—ANEE P E e i

Easy & 5.7 H B & £ =k 46 1

T I 1]
I( E I T H LEY KI 202 -- Parametric Curve Tracer (PCTEktronix®
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8010 A X A EEREHE

‘ " S B
B4 2657A for 3KV HEAT - JEREF S i 100A ke,
fEHP (pA) TR i

— ('
s lN oAl

o$mﬂlﬂ-

%32SMU interlocks. 243 B & 3T H

YEHE £2636B 1% 4200 SMUs A5 51 2 D)7 s o
BHATACH R, W(pA), LA
FL A &
IKEITHLEY 20z -peemene TREKTRFONIX
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8010 MAFX B EEREHE

External wiring diagram

Model 4200-SCS

Serles 2600A

Model 2651A

|

| I
|| | \\}‘-.

\ \
\\ Interlock\- Interlock o
KEITH = TEktron/iW
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W%%E*ﬂ ALK TP Tektronix PA4000 W%EEH:*H M TACIERESIPN

. i THE AR . i

o NHR o [NKE

« HIITEHE o HINYFE

o LITE o LIPIFR

o DIFRFEH o IR

o HiAth o HiAth

Rectifier & Filter

| T Vou
- T

Transformer

L
L
L

PWM 1 Feedback

Control Circuit

X I
NI T

\ 4
v

YYy
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AC to DC Converter

Line ' Transformer  Rectifier & Filter v
Voltage ou
" =T DC to DC
L

T Converter(s)

I Converter

) I Converter
Feedback

Control Circuit

= ATV A N i = JPRARS
— HLLIEK — JTRAAE
- MR E — AR TAEX
— IRV IR — PWM##H
= H A o = Wt (KA
— B AT -
—ou — W
— B-H %k
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o R SRS I HB A R S L
SR SR S\ B o A I
BT — b B S B I 25l EZ‘\Z: AEH‘ [N YR

o DT B A P R B A T o AR EOE T HEHOR R AR TR
ST R T e K

) fG. 6 « Probe
o PNV

\ Actual Signal

s

- R T R
- MRS RAMET Lot _
> IEFHE: -
SREZESELRR RS
B, HL R R AT
ZEWE.
AF BRI SR R T AT E N E !
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9.4 ns skew

de- skewed

KEITHLEY Tektron/ix*’

A Tektronix Company



I VH RN E IR R
« B
LR K

From To

Slope Source
Source Source e i
: By [ch1 [V ch2 |v
Deskew Real Ref Level Ref Level
Time 50% 50%

Hysteresis. Hysteresis Edges

[ 5% 5% 1

IProbe

To

Source

G

Probe

|THDF'0200 |T | |TCF'C|030A
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TR AR

= KR e R IHARTE fR A IR Hd R v

= 18 FH &
—Turn Off Loss

Vv
—Turn On Loss
—Conduction Loss . ¢ OUTPUT
—Total Loss - J_ PPPPP L 2o
—Dynamic On Resistance ’|‘ i
. J S—
—Slew Rate (dv/dt, di/dt) =
—Safe Operating Area N
region region
i, 1, r, 1,
T LOSS
m OFF O
Valtage &
Current
o -

Switch
Fower
Loss

AN
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> AL P I H > EXMUBLE

Advanced Power Analysis

Measurements
Hi-Power

RDS({on)

Finder SOA
- e 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)-
9 956mW |- 7 70 -Time Trend Time Trend

Hi-Power F..  3.396W 3.518W 3.470W 34t a a

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 NA NA

S0A Graph
Switching ON &0...
Time Trend

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

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

A Tektronix Company
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SRRl i

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*

A Tektronix Company



I FFRWMAENR: ZE2TIEX

= JFRIAEX
ol VRS ER/ N ES

Max. Current

Switching Device

)3> Safe Operating Area

2 Mask =
Q
X
S
g
(¢

Volts
KEITEILEY Tektron/ix”
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FPRMFEM R : BETIEX

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

KEITHLEY

A Tektronix Company

SOA Mask-
Overlay

e
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I ToIR AR IR

= E T A
— FJE (BRBE, B
— WETHRIAKE (HECTFE + A4 FE)

— W
. . Transformer
= BRI RO AR R 2
Magnelic Flux Density (B)
By
B, —
Par
B v —YYY\___o
x\’"" Magnet: Fed Stengh H Inductor
. —_ —_
He
o o O
Input and Output Filters

KEITHLEY Tektron/iw
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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

32 SU14-S0OL217 Power Measurements and Solutions Tektmnix>
/



ToUR AR 0

B-H plot for single
winding inductor

[#] Dewiegerd ||| i | = [DetCommeton v o Acel Lavet

Magnetic Property( - Chi,Ch2 - BH Curve
Tvs JV0 - Chl,Ch2 - TVs [ V Pot

...... ':.A.,Ait,s;l;'”..,“‘{_“ patedimresie iy tag

Fiekd Entesssity (W) (AT/m)

13N
':lu..-..-..‘ TP~ PO B P S
3 I B f7am iwaan @ iese ' iseme |

Current (A)

KEITHLEY S 1EKronIx
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I a0 A\ Ui BB YRR & 0P

= 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’
A Tektronix Company rd
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= M=
— D> EN D> BIR > S RLEAFEE > 2K

Advanced Power Analysis

Measurements

Power Current  TotalPower  InRush : .
Quality ~ Harmonics  Quality ~ Current Fowartanit) Input Analysis

-— ‘e S S Measurements

Capacitance

Advanced Power Analysis

Line Frequency

Curment Hamonics0 | ™+

Global
Configure

278.844mA  NA

24.000 Success

KEITHLEY Tektron/iw

A Tektronix Company
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R
— WP D> BN D> BIR D> ERLEIER > &

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

A Tektronix Company
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w DML SR IR B 40V

[TV ARUE, 0:  EN61000-3-2,
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)

T L LA £ LI S008I A
e imbn

T ST S— L AT vy
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Advanced Power Analysis

Report Name |App:TekFileChooser:TextBox

|+ Auto increment report name

Content To Save

[/ Include plotimages Configuration

MHT Report Structure

KEITHLEY

A Tektronix Company

DPOS034B

lektronix

1/14/2014 9:18:39 AM

Varsion: 7.1.1.1

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

g Type: DC; Bandwidth Limit: BWL_20MHz; Acquisition Moda: HiRes;
iCursoe Gaunn Off; Current Source: Ch2; Currant Probe: Tek _VPI:

Measurement Summary Results

Measurement Min

Max Mean Istd dev  [Pk-Pk Population |Result

wﬁ 235, 770mwW [270.300mW [258.609mW [o.ow 34.521mW [2.6498  [Success

Currant Acq  [245,115mW [260,354mwW [265.325mw [3.453mw  [24.039mw  [7.197k |Succass

NA INA Ina NA 30711k [Succass

M
rent 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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USB POWER H shilll iR ¥4
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@ Configuration

|| Compliance Mode +  User Defined Mode

g —

[=-USB PWR
Ripple Voltage
i AC Voltage Frequency Component
Maximum Slew
E1-Common Mode Voltage
e 1KHz-100KHz
i 100KHz-400KHz
i 400KHz-1MHz
‘.. TMHz-100MHz

AIC Frequency

47 Hz
AIC Voltage

0V
Load

[71 50 Hz [] 60 Hz [7] 63 Hz

[F1120v [F1 207V [T] 253V
0% [[J25%
Temperature

[¥] 0 Degree

[C]s0% [ 75% [T] 100%

[”] 25 Degree [”] 45 Degree

Tektron/iw



I MDOES 3% 23 AT IS FH - EMI

MRT7I%: A= hh T IEEEHPRES T, TSR
AR AR AR RIS =, FHEIE B R ILE
B, B A RIS SR IR DR AH
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1 T ‘._.. d ‘ﬁ'ﬁ%1+rrﬂlﬁl“‘ru“ﬂmmm“‘{ﬂ“ﬂ.““mwﬂﬂhllri1TLtdTl,-'rf-‘q‘“'“‘.*rﬂm.‘wrww “I 1.]‘, !JLf 'HIHW {lefli l}; 1:" f.

(@ &+:-15.0dBm  Z|E: 10.0 dB/fZ J[CF: 75.5000000MHz ) ‘frr-ﬂf 149.000MHz ‘ ‘
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LAJ
-
myy
E-EE
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[ 1]
[ ] ] i
[ 1] ]
1 |
-
]

F GT i EXHEES Z g - —9.08ps M 20.0ps
=B — —
|
- LL LL LL LL Lh# l L L l l L
g 5 5
g 36.26kH2 8.707mv
92.59kHz 4.692mv
A59.59kHz A4.015mY
i - B g H
(€2 5.00mV 1[Z 4.00us 50,0M% /F0
W v0.00000s 10k 5
(73 —
mR
" - —<0.u
I -35.0

F-95.0

Fo-10%
1.00MHz

£ —15.0dBm  Z|fE: 10.0 dB/fE J[CF: 75.5000000MHz ][ﬁjﬁ: 149.000MHz ][ & 7

RBW: 149kHz

i

KEITHLEY :
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: [ oEE
340.8 Hz 218.7uV |
141.1 Hz 165.6 4V

&99.?8 Hz .A53.12}J.V )

IBiE

|£'2000m\l7 | 2.00ms I

e RH
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