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« IGBT(Insulated Gate Bipolar Transistor), ik E EARE, SHBITHIMOSFETAHMBNAMMEGIINES
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Characterization

Static

Dynamic

Switching

Test Category

OFF-state

Charge
Capacitance

Timing

Devices and Parameters

Power MOSFET

GTR

VCE-IC
VGE-IC

ICEO

ICES
BVCES

BVCEO
BVCBS

Qg

Ciss (a-k-a- Cies)
Coss(a-k-a- Coes)
Css(ak.a. C)

Td(on)

Taom

VDS-I D
VTH

VGS- I D
I:QDS(on)

IGSS

IDSS
BVDSS

BVpe

Qg

C (a.k.a. Cyy)
Coss(a-' k.a. Coes)
Crss(a- k.a. Cres)

Td (on)
T
Td (off)
Tf

r

VCE-IC
Gummel plot

ICEO

ICES
BVCES

BVCEO

NA

Qs OFIE) ST (EIGBT IS 2R G 18], g Bl A) Az FL 78 8 3 i T /e B A LT BV

Q:  OFE) M—4 . GEHLEMOVEIGBTH UG- Fl (Vo (th) , BUE D T ZRI A B E. BN, CeeCAIEARP TR, CoclZWIFITUGFEH .
Qc:  OFIE) M—5ErAT. CEHLE MV, (th) TH = IGBTHAN I8 s Z AU B . X —JIE], MR XS Cae TR L, Vi R T AR AT AL
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IGBTHXIFIE
- IGBTSEHE:
> tyon: SEBIERATE, MUgeLFZE10%E!]. EF+Z=10%0TE] ;
>t EFAESE, 1.MA10%Z190%
> FHEETIEN,  =tyon) +;
> UceBY FIREFED /9t Ft, ,ER. 1, 2IGBTHMOSFETEIR T{E
HIEBE NEEHE, 4, ,EMOSFETHIPNPRIAE RN TIFRIBET
pEISFE.
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Use 4 Usenm

10% Upgpar

Z C
90% oy

10% Zong

0

| KEITHLEY

A Tektronix Company



2561: IGBT HBNFESEY

(ST:STGW15H120F2, Trench gate field-stop IGBT, 1200 V, 15 A high speed)
Electrical characteristics

T,= 25 *C unless otherwise specified.

Table 4, Static characteristics

Symbaol Parameter Test conditions Min. | Typ. | Max. | Umnit
Collector-emitter
‘u’l:ﬂ AcEs | breakdown voltage =2 mA 1200 v
Mge=D
Vge= 15V I =15 A 21 2.8
Wge=18W, Ic=15A
v Collector-emitter saturation TGE 125 ¢ = 24 v
CEisat) voltage 4
Wge=18W, Ic =15 A 28
Ty=175°C
""'EE[“.I' Gate threshold voltage Ve = Ve I =500 pA 5 B T v
Collector cut-off current .
Gate-emiftter leakage _ .
ISES CUrTE'ntl:UCE=:|:| IMrGE—izﬂl'-'l + 250 n&
Table 5. Dynamic characteristics
Symbaol Parameter Test conditions Min. | Typ. | Max. | Unit
Cias Input capacitance - 1300 pF
Coes Cwutput capacitance V=28V, f=1 MHz, - 105 pF
Wee=0
c Rewverse transfer =2 32 F
™5 | capacitance B P
Qg Total gate charge - &7 nc
— Veo=8980V, Iz=15 A,
Qga Gate-emitter charge Vgs = 15 V, see Figure 23 - g nc
Qgc: Gate-collector charge - 3z nic

| KEITHLEY
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TO-247 TO-247 long leads

Figure 1. Internal schematic diagram
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Wizt 72=f51: Vees (BVcEs)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit

Collector-emittar
Vigrjces | breakdown voltage Iz =2 mA 1200 W

(Vge=10)

- SEWIES N . ERIENERT
(Vge=0), &Collector 5 EmitterdITHEFRBE. —i%
L R R4S EE FAICollectorBIER[EIC AV s

1200

- —RGMiN753%: 7Ecollector HhnigEE
(Biasl=2mA) GatezEmitter #common Lo. i
in.Collector imAYERE

f
 SMU
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MR RBY: Vee (Vegean)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vee=15V,Ic=15A 21 | 28
. E;:I:gagc;or-emmer saturation }'rfE T;SE T: le=T1oA 24 y
Vee= 15V, Ic=15A )
T,=175°C '
- SEIIEE N : Collector 5 Emitter/g11EE
FBIE, ®MUETE—EGateEB[E T, AISEER RS
HYCollector EBJE(E.,
® :ﬂl A N il n= - time |v_Gate |v_Collector |I_Collector
ﬁ.Q’)‘JEtH'£° EGat?f ED%LZEE = - 2.51e4 |1.499476e+1  |2.249901 |2.50026e +1
(BiasV=15V) £ Collector imz5FiNEAYE R
(Biasl=15A) Emitter #common Lo. iz RN LAC = 20 AR LR
Collector I, Tt e sist, BSE— 1

Ve 2.2499V
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izt~ f1: Vee (Ve E(th))

Symibol Parameter Test conditions Min. | Typ. | Max. | Unit
""'IIGEI:H'I] Gate threshold voltage Vee =Vee, I = 500 pA ] 6 7 W

- SEPTBEN : Collector SEmitterfag14\e
A REE ARV eBE, BTFAEAEEIGBTHIRS
BRIV o BIORE. =m0

- —RGMiN/5%: 7EGateRCollector HiNEIERY
FEEE (SweepV 4~7V i.e.) Emitter #2common E |
Lo. Wi Collector ixAIFEIR. JEESTEEENN  ome
VGiE?gVGE(th) |

/V GE(th)

i i 1
4.5 5.0 5.5
Vge(volts)
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AEELRBY: 1 ces

Symbaol Farameter Test conditions Min. | Typ. | Max. | Unit G I
legs Eﬂ:g‘:‘;}m‘m current 1y = 1200 v 25 | pA I
CoXV : — de
- SHYNEE N :  cateREmiter hFIRHVRTS
HITECollector JMNEERIFEERIC-ERIATIRFEER 5
. . N o :1240
- —RRMARNTIR: #Colecor bhngREERRE L\
(BiasV =1200V i.e.) J&Gate Emitter #common .
Lo. i Collector umAYFEI. |
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REURBY: 1oes

SMU

Symibaol

FParameter Test conditions

Mimn.

Max.

Typ. Umit

lces

Gate-emitter |E‘ﬂhage
cument {VCE = D]l

VGEztEDV

+250 | nA

- SHE

RS, fEG-EESMINEERIEIERIG-ERAYR

=D

IS V. cEETFERIKE

o —BRMXTTE: #Ecate E4RIMNER

R REEE (BiasV=+/- 20V) Emitter %

CollectoriZcommon Lo. JifGate iHEIEE

SZ=
Lo

e e

Ig(Amps)

| i 1 i 1 1 1
0 10 20 30 40 50 60
time(s)
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Symbol Parameter S e R AR AR
Vpz=  |Drain to Source Voltage mFERETFIE  [EEBVpe:
Continuous Drain Current {@3=25°C) EREAERZHNERE FEORE] EE
Ig _ . WERRR  [TEETREREFREMAOCP. OLPH]
Continuous Drain Current (@J=100°C) i | R iE s R,
8T EMOSFETIE Rk 7] F = ) B R Ao
lon Drain current pulsed BESABHAER [FEE ST, BEREEMOCPEO
LPMistEt, FeALFSME.
Wikl R Sn T AR ETE FEMEST,
Ves Gate to Source Voltage #HEEE R B AR R AT AR M
OSFET#7#HE 2 ZMOSFET &2 5380 5.
E Single pulsed Avalanche Ener IR ERRREE .
s =P 2 ERAEREE MOSFET IR 3] e % B e 3 KBS
3 _ [r= gsEmsiaEROCP. OLP. SU
E.r Repetitive Avalanche Energy EREHEE  RGER. T EEME I E RS £ SR,
(1) dv/dtiR s ) E o PR = B L e LR a2 2]
. [Bkh, EAELT.
=R —_ [asa o o
dvidt  |Peak diode Recovery dvidt R s 0 ) MRS, R OABREERS
; BIEEEZL e FIEMIEMISEYE FihE T EE
=B R G RS F LA TSR,
Total power dissipatiol@T.=25°C) FEEARS, ETiZENIEERNERR
Py _ SARHNE g FUMEHRERSIT R RS
Derating Factor above 28C Rk, SEZ Y HESER.
Operating Junction Temperature & 42 T [ B 22 = BMOSFET fE E R ZAe 11, A
Tsre Storage Temperature FnlCFaE |
T Maximum Lead Temperature for solderlnlg = e R EEHR AR ESER EENEEX

purpose, 1/8 from Case for b seconds.

IFHERTR E R F 8 DT,
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Symbol Parameter F gt VRt e g e
Rinic Thermal resistance, Junction to case o5 B £ 345 40 TABR
- ——— v T e [ AN B R R SRR TR A
Ripes Thermal resistance, Case to Sin _ : PR bes H 02285 ARSI,
R Thermal resistance, Junction to ambient EE|ESINE
Symbol Parameter a3 Rl R ARG RS EE
ﬁiﬁ@ﬂ-ﬂﬁﬁﬁﬁiﬁgﬁ%ﬁ: ﬁfﬁ?ﬂ%ﬁ
s Continuous source current AN RE I FERTTEST RENEREZPEREMNRO
P. OLPE) TS S5 ZERTEAMG.
T &R MOSFET R IR ] 2] 2 2 a) B2 A+
I Pulsed source current SARHFERRR [RARE, BEHT/ . REFREEMOCP
ELOLPMGAT, FHREAGFaIMb.
; —ipasEs ZEHNRT A ENABLLCRATS T
Vep Diode forward voltage drop. i EERARE = = R EE T A B A S,
ZEHMMRET A EFRELLCRETER
T, Reverse recovery time f7 1 1 5 B 8] A GmEA A RFES. FRMMET
[FEBE BB A BS.
Q, Reverse recovery Charge EmikEFBEBHE EEMSRBAEMEIL —fFE T,

| KEITHLEY
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Symbol

Parameter

st

Fi R B SRR

Off characteristics

BVDSS

Drain to source breakdown voltage

EELFHE

mRIERAEREEE ZEHNHNERERLL
MEBV, 1. REIEETENRER
43 EMOSFETH E4E, MM5IEXH
IR 2 eV PR RIS SR K AR ke se,

ABVpss
/AT,

Breakdown voltage temperature
coefficient

ERLFRENAEER
21

FiREAR FEREEIEBVDSSRERER
EEE ), REEIREEEAT.

IDSS

Drain to source leakage current

B R m R

ERERM | &K MOSFETHHiET®
A, = FEOENEE AT,

IGSS

Gate to source leakage current, forwarg

Gate to source leakage current, reversg

i 1% BB =1 i B2 i

ik R, ST, ARGHETR
i & B 5200

On characteristics

Vesmy

Gate threshold voltage

(1) Vg ®B. MOSFETRIF &3t
wE, Higsie, Hxm#Eas, #HAss
B8 FH gD,

(2) EEZERBEMOSFETHIHE®RE MO
SFETZCRr CfERtERE R MATFESEE 1
SR R ERE IEEFEME =
SR REEEITH. AMESE LA, MW
S B A I &,

Rosion

Drain to source on state resistance

TSR

Bl —H #E FIMOSEFET Rpg o /1 2257, K
[E#EREMOSFETRIZEMT. RpgouRit
o, FERA, MOSFETRTHEE. 75
AIEERT, Rpgg i £ SMOSFETE
10 7% R A

it = B L.

Gfs

Forward Transconductance

EmER

57 [ 0 2 4l B8 B AR R e S ausE A,
Gfsit/ = SHMOSFETHEEEEE, 2%
Biss h RS Gtk SSIEERTE

FMIEtE =, R SREETEEEFEE
RIS BT ER R .

| KEITHLEY
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Dynamic characteristics

%2 5% W EIMOSFETRI JT 52 ],  Cg ik
. RREIRENEE DT, FT8 R =Tt a) BE

Cies Input capacitance i A HE=Cgs+Cqgd 5 o haiX, XthE2EHREARRE
FEMMERAEBEER., BB CRE
Gt o B 2o SR i RIEMIAT 14 .
C Output capacitance I H178=Cds+Cgd & PAMZELX MOSFETIR NN ] i 45 521,
i iﬂf ﬁ%ﬂgci b Cod 2 B EN R 2% & mER, {4
Crss Reverse transfer capacitance N i —~9 'ELFH;EUMOSFETHH}E’& EE.J_EHEEEI’-JJ'UI\, ok
(K 81 1 7F) i 11 B A — E#2.
tacom Turn on delay time ik R 5 8 AE IR I (R
tr Rising time DR IR HL T B A E]
taom  |Turn off delay time i R G 7 S SR ) XL 2 HE R S R A E DGR B 5L, Tk
- G L o o R [ RO B B AR R R T e AR, R
Qq Total gate charge iz R E NOSFET?\%E}}Q&U’%J&EQ
Qgs Gate-source charge HHE FE i i &
Qqa Gate-drain charge iR e i &

| KEITHLEY
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ARG SNSASTE — BE M

- A GES|IERRESECZERNES. ECSHEMEDZE. EOSHRZEIDHES, FIIREEEENL.
FESSEEEMBE RS, BERIIR, MRWE, B,

* AEESHMASEREN, TEEERBTEBERIIRN, ALETEI=1%E: PHEE (JIFFZE
BrE)

" CodfEBITHBFRARIEE(Che), WFETMSWEREME, IIREEFR.

= CissiHFEIRAITIR, IERiLE, HFEK, SIMNAR, MRS5S EEIICissTeBMIME, HHHXIER.,

= Crss32lE/RIR, BMSSSNRREERIZIMK, 5EEEIRS.

Output
Input Capacitance Reverse Crss

Capacitance [ Transfer = Cyd r—«
Capacitance
— |
Ciss ‘, ‘H
=Cgs+Cgd . [ I\ |
K ‘j -E .tus

|KEITHLEY
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IGBTHIMNFE

- 158 BE/LTEJIBRER. BER/LHEJ I BZ=EH.

. 2*}54% BT ITENIEHEIGBT, BRI RS EREANEIRE,
SIS FTEIERZME, SREFER, A5 Bnes. BXes.
EBIR. FEfFET{LEE,

« 348Gl (ENFRBIIIERESINEHENERSHSE, IGBTES 2 FE
. ACCEE. iHENl. BBEF. [ERF). K. ENETEESR™

/\i—JZ

. ﬁf_ 3 |GBTE#"T§@'§1§¢BJE’JV’L}E§1¢ {BFRE 5'735 e M‘CPU”, MF
:.‘?Fn RE. HeeEEM. Sk, BalSESHRERE %@ﬁi—ﬁ
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EIRNIGBTHIEEI /&

« ESMPIMINZE KRR, ABB. =Z&F] At AHIIGBTEH4 ™ MRt K EEEE FE600V-
6500V, EBj2A-3600A,

e ERIGBTEE &

ot | s WM

- AR, WEFE1700VE LA TEREZFRIEZRIGBTIUE T LE B,
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PC

- PCTEIES
e PCT-CVUA'E
o BERFME (HV CV)
. 8010F18020/ 42
« PCTH RZE10kVEERIEZFEEM/RE M
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PCT——Parametric Curve Tracer: S¥ELHIZ&idFEY

 IZERRRSE: BIE(NEE. &4, iR aEOEIRE
R, ERASFONZURE

- BB/E(E: MuV 3KV, EBiR(E: M fAZ] 100A

- BECVIULZ AT

IR ISt




HBIRER S

/

Bk ot 2B
AT & Bines
T FEBE(VE)
KMEBE (Vr)
R ERE (Ir)

o

\

/

| R SKES IGBT

¢

TFNEEE(Veesat)

A (Vee-1e)

$HZEHEE (Vceo, Vebo, Vebo)
JREER (Iceo, Ices, Iebo)

......

\

o

4 MOSFET & JFET

|
—+

~

i 4 (Vds-1d)
B (Vgs-1d)
SEEHE (Rdson)
TFHZHJE (BVdss, BVdg)
JREE (Idss, Igss)

/

=

L L

dif

WA SR TE 5 & AIREE

IAEHEEE(Vdrm, Vrrm)
JREER (Idrm, Irrm)
Rt (R BB (1)
ABER R,

L

o




PCT RS

2600-PCT-

High Voltage Mode

High Current
Mode

Base/Gate supply

Auxiliary
Supply

1B 200V/10A 200V/10A 200V/10A N/A
2600-PCT-
2B 200V/10A 40V/50A 200V/10A 200V/10A
2600-PCT-
3B 3KV/120mA 200V/10A 200V/10A 200V/10A
2020 PET H3kvis20ma 40V/50A 200V/10A 200V/10A
Bt 44 :

— Model 8010 BIT=MiXEE

— Model 8020 %—Iﬂg—(;gl:lﬁ*& Includes

— Model 2651A 50A JBE3& all cables

— Model PCT-CVU Z3iERC-VIlliF{Y to 8010

— Model CVU-3K-KIT 3KV {RE M or 8020!

— Model CVU-200-KIT 200V {RE M

| KEITHLEY
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sZiFEI 2 RREIR = anillizt

WAFER LEVEL CHARACTERIZATION

8020 High Power
Interface Panel

Prober

Ei’?:fﬁf??’;z

_" e Tt _, 1

Probe Chuck

PROBE STATION

PCT CONFIGURATION
Model 2600-PCT-4

8010 High Power
Device Test Fixture

PACKAGED PARTS CHARACTERIZATION

RESULTS!

AR —EMR G X # =R X X F@EER mili

Elu
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PCT fic&2

« XF C-Villid,, EZEPCT-CVU F1 bias tee
o 8010HYBias Tee :
« CVU-3K-KIT : 3kV HVCV &
= CVU-200-KIT : 400V =% HVCV &
» €& bias tees, NEIV-CVFX

o 8020HBias Tee :
= 8020-Bias-Tee/CV-Installed : 3kV HV CV &
» §4 biastees, RNEIV-CVHx

Drail
AC Input — i
[C-Y Instrument) @ i o
Cept, 7
Ac 3
Guard }\( | e
Switch ! L
I i. Cost
AC Gate T
Switcl L
ACos y ' ;
AR Casi & ______________ S : ACaD
DC Input @ aaaall B g 8 -
(SML) oc © @ ? s
Switch
| KEITHLEY

A Tektronix Company



Model 8010iiz{3KE

8010
Qty

Note:

R RS =

Item Description
CA-558-2 Interlock Cable (2m)
8010-DTB Device Test Board for TO-247 packages
CA-562-2B  High current Red banana jumper cables
CA-562-0B  High current Black banana jumper cables
CA-560-2A  Red banana jumper cables

CA-560-0B Black banana jumper cables

CA-563 BNC to single banana jumper cables

8010 has other options for supporting a variety of device
packages, including the Model 8010-DTB-220 Device Test
Board for TO-220 packages, Model 8010-DTB-CT Curve
Tracer Adapter module and the Model 8010-CTB Custom
Test Board




Model 8010iiz{3KE

&EZ—BModel 2657A, #, BANimH, ZIEINEYEs FEMEModel 2651A,
173KVAHMERER A (P AL (ToREERk, FAEBEMES 147100 ABK AU,

4200

EAPSSENS T onr
SH Hi Lo Su

WARNING: NO INTERNAL OPERATOR SERVICEABLE PART
SERVIC QUALIFIED Pt i1

EERZmEModel 2636Ba;Model 4200 EESMUERE, EFIFi{ERS
SMU, #147200VHHEKEEFR(pA)AL, ZHSMUNS EiaH




Socket

KEITHLEY

8010-DTB 8010-CTB 8010-DTB-CT 8010-DTB-220
Supports TO-247 customize with their own test socket TEK Curve Tracer Adapter Supports TO-220,TO-247
and
Socket and

axial leaded devices axial leaded devices

%, .



Model 8010-DTB-CT Tektronix Curve Tracer Adapter Module

Our Adapter with a
different Tek module or
socket plugged in

Model 8010-DTB-CT Typical Tek module

that will fit into our Adapter
8010 & B aiFfB I L IR ERlizlARIR

Note: Some users have made their own test adapters for use with Tektronix curve tracers. The
8010-DTB-CT makes the 8010 compatible with such test modules for use with PCT system




an (B R HT i SN
St BBl AR

Watch this video: http://youtu.be/Y14J z1INESO



http://youtu.be/Y14J_z1NE8Q

= O5%I%#R 8020

mER~mAIRRE E

. KEITHLEY 8020 HIGH POWER INTERFACE PANEL
@ ATokvonixCompany

) 8020-CVU AC
) o ©) ror € ror @) ror 'ENGAGED.
9 2 3 #1 #2 3 #3 % 91 A AY LLI
BIAS-TEE @ e @ @ et @ £ @ g A . EH I-l Auﬁﬁ¢&
2657 (HIGH VOLTAGE) 2600/4200 . '_— j
A Hi A 3 :l I7_:”'!!_:‘:_!.0.;'.OI S!'ll ?-? '0.'SI.0I ;'HI_ HI 3.& 0 . " 3 LO HI S L ?}\ \Eiﬁ S M U
| @ o ole pfoey <~ ==oNUS

3kV SMU Channel 200V SMU Safety Two 50A SMU Channels
Channels Interlock Hub  (100A pulse in parallel)

- BUIREROEIRIR, RXRERERINERERENRT e,
> ETHEN 3KV, 200V, 100A SMUs
o BERNHNREEM, ATHLO, SREEE B ERF
o IBIIEECVIUzEE
o BHNXHRESHISMUFIEEIRSE
- PCTHIB4, SS005mUNIRARSE

| KEITHLEY
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Model 8020ER

PRI BC & A4 A iR

FFINE EIFZXT200N FIL i 1R 1 AT A
BILAGEY e, SiFEZHISMUs HIgs 1 ERIEE

|KEITHLEY




Model 8020 FliFstEnER:

EEEEEE

EXPANSION our

Eﬁéﬁ unll lﬁ'ﬁﬁ*&
EERETE

@ &,

COMBINED 2651 ———
sn.c|> ?n L0 HI & ‘;:,%“;%‘:Lo

BB & 0
%) [ EVICE CONNECTIONS :

i

50A High Current

- Common 3KV High
(Combined 2651) LO Channel 200V Channels 9

Channel Voltage (2657)
Channel

- Model 8020th RS EORIEZIRETS
o 3KV, 200VFI Tttthes EmEim &
- FAFRIBEN M8020EIDUTRIKERIERE, BId PhoenixiR2imFig[11ERE

| KEITHLEY
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Model 80204946 E¥EO &

p

ex .
Model 8020-KHV Model 8020-AHV Model 8020-STC Model 8020-SHV
Keithley BE= R+ Keysight BE= =R+ SHV &
GlgES
ERTHAEEE EATF 200V i ERTRAEREE
EARTRAE&EE, B FE @
JeiEECascade

Tesla #£5t&
Note: All channels of the Model

8020 must have a designated
connector card. A Model 8020-BLK
blank plate is also available.
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PCT-CVU: PCT I\VilliZtBY¥ =

« 2,3 FN4imORYC-V

e 10KHz~2MHz
« 200V CV solutions E - o - P2 200 O

g =

e 3000V CV solutions
o« EfIER

The PCT-CVU 2 — 1A, /E9PCTRIRMHE

CVZ IR
— KITE, A58 HBias TeefICVEREE
— ACS Basic, S7#55Bias TeelYCVRREYE
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10K VRIfZ RS ENAERPCT ?

o 10kVE’]51Ji'tﬁ'éjJ%F%EFHEUEJEWFZASMUO
« 10kVHIFER AZERRFPCT, EEEEMAMNIREE F1E 3 pFEiPaELR

I
I
I
|
I
I
I Power Supply
| —
SRS p— l

— Scries 2290
I
I |
| |
|
Model 263xB | : FM
System I [
SourceMeter® | — | /ﬂ
| — PM
I |
|
S T~ Model 263xB System
SourceMeter instrument
configured as an ammeter
Py
Model 2290-PM-200
Protection Module 77
2290 SIIZEFFI636B SMU K EE 7.
@127-,-/51)7/72 */ﬂ//ﬁ@/[lbo "Optional Sourcelater. Should a blas vollage not be required belween gate and amitter, the terminals can be
shorfed ingather.
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10kV TEERBE/IRBRARRATE

» ACS BE® {4 A 10KV B &R A a0 ZE.
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2600-PCT-xB Connections 10kV Breakdown Voltage / Leakage Current Connections
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2636B(Gate SMU)

- BiX200V
* EIX10ABKIT
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P MR RYSMUIEIE

VAS

KEITHLEY 2636B(100mA@200V, 1.5A@20V)

PULSE SPECIFICATIONS

+10A —

+1.5A —
+1A ]

+0.1A —
DA

-0.1A

1A -
-1.5A

-10A
LN
-200V -180V

I
=20V

| [
-5V ov +5V

+20V

PN
+180V +200V

DC
Pulse

Programming

Accuracy (1 Year), 23 °C +5 °C

Typical Noise (peak-peak)

Maximum Maximum Maximum
Region Current Limit Pulse Width " Duty Cycle 12
1 100 mA (@ 200V DC, no limit 100%
1 15 A@ 20V DC, no limit 100%
2 1 A@180V 8.5 ms 1%
3B 1 A@200V 2.2 ms 1%
4 0 A@ 5V 1 ms 2.2%
Programming Accuracy (1 Year), 23 °C 25 °C Typical Moise (peak-peak)
Range Resolution +(% rdg. + volts) 0.1Hz-10Hz
200 mv sV 0.02% + 375 WV 20 v
2V 50 v 0.02% + 600 pv 50 v
20V 500 v 0.02% + 5 mv/ 300 v
ROy LT E ol NS « EOvrest L e T

Range Resolution +(% rdg. + amps) 0.1AHz-10Hz
1 n& 20 1A 015% + 2 pA 800 1A
10 nA 200 A 015% + 5 pA 2 pA

100 nA 2 pA 0.06% + 50 pA 5 pA
1 pA 20 pA 0.03% + 700 pA 25 pA
10 pA 200 pA 0.03% + 5 nA 60 pA

100 pA 2nA 0.03% + B0 nA 3nA
I mA 20 naA 0.03% + 300 nA 6 nA
10 mA 200 nA 0.03% + 6 pA 200 nA

100 maA 2 UA 0.03% + 30 pa 600 nA
1A 20 pA 0.05% + 1.6 mA 70 pA

1541 0.06% + 4 mA [150 pa

50 pA




2636B(Gate SMU)

* %

Max Voltage
Max DC Current
Max Pulse Current

Current Resolution
\VVoltage Resolution

+200V
+1.5A
+10A
0.1fA

100nV

46



2651A: XNHEHESMU

+50A —
== N
¢ *Ebﬁ RIEBEIR
:2:: +20A =
- ERER ]
s +5A —
- 6230 /5 FZ (DCV, DCI, ohms) o —_—
== N —'IDA: Pulse
- ERERTREH - e
—_—— RN A \ YT = —_——
« EIAS0ABKF(FIE{NESEIAL00A)
—_—— RN :
* =IX2000WEKi# / 200 W DCHEEJR -~
- \q]._‘_I}_‘_ —4£I'.i‘ul' —Zt!.i‘ul' —1ID1-|' ov +II0‘l.I' +2!]‘l.l' +4I(]'ur
s 1OOUS -~ DC D] Region Maximum Maximum
HzKI ASIZ Region Maximums Pulse Width? Duty Cycles
= = I:I/ \ 1 S5Aar40V DE, no limit 100%
¢ EE%IEJJEE&*/ \JJ ADCs 1 10Aat20V DC, no limit 100%
1 20Aat 10V DC, no limit 100%
2 W0Aat 0V 1 ms 50%
3 204620V 15 ms 40%
4 10Aat40V 15 ms 40%
5 50Aat 10V 1 ms 35%
VOLTAGE ACCURACY SPECIFICATIONS 2 ‘ S o o
SOURCE MEASUKHE
Default
Programming Accuracy Noise (Vpp) (typical) Display Integrating ADC Accuracy3 High-Speed ADC Accuracy*
Range Resolution +(% reading + volts) 0.1 Hz to 10 Hz Resolution +(% reading + volts) +(% reading + volts)
100.000 mV 5 uv 0.02% + 500 uV 100 u¥ 1V 0.02% + 300 wV 0.05% + 600wV
100000 ¥ 50 uvV 0.02% + 500 uv 500 pv 10wV 0.02% + 300 wV 0.05% + 600 @V
10,0000 ¥ 500 pV 002%+ SmV 1 mV 100 v 002%+ 3mV 0.05% + 8mV
20,0000V 500 wy 0.02%+ SmV 1 mV 100 vV 0.02% + 5mY 0.05% + BmV
40,0000 V 500 pV 0.02%+ 12mV 2mV 100 pV 0.02%+ 12mV 0.05% + 15 mV
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2651A: KHfHRESMU

sy

Max DC Current +20A
Max Pulse Current

+50A

ddCurrent Resolution 1pA

¥Voltage Resolution | Y
Y Qvaxpower | 2KW or 4KW
100US to DC

*

0.01% to 1%




2657A : REESMU

~ :t ~
- BBEEERRIR
+120 mA —
~ :t ~ \ N
o BB/EREER KR
=gl Thab 60 mA —
- BEREFERENEINEE "
1 LHKg= +20 A —
- NE6Y#1F 5 FEZ=(DCV, DCI, omA -
—20 mA =
ohms)
—60 mA —
== == S
- SreERTRE
—_—— —_—— v _ —
« B1A3000V, FiX180WIHZER 120 ma
(+3000V@20mA, 1500V @120mA)
=] N =] S |
¢ El%BEL"EﬂE (l)ﬁllﬁ'ﬁ*u EE?&%) 3 kv ~1.5kV +3kV
JE ssz327
- HANES R
=3 BF 7\ CURRENT ACCURACY SPECIFICATIONS ¢
- BLREIERENFISADCs SOURCE MEASURE
Integrating ADC High Speed
Programming Accuracy Display Accuracy? ADC Accuracy?®
VOLTAGE ACCURACY SPECIFICATIONS! Range Resolution +(% rdg + amps)  Resolution  +(% rdg + amps)  £(% rdg + amps)
1 nA 30 fA 0.1% + 2E- + VoE-*% 1 fA 0.1% + 6E"* + VoE-5  0.2% + 6E~** + VoF-1
SOURCE i tegr::is:gs:gf: High Speed 10 nA 300 fA 0.1% + SE-* + VoE-1$ 10 fA 0.1% + SE-2 + VOE-*  0.2% + SE-" + VoE-
100 nA ipA 0.1% + 6E-" + VoE-* 100 1A 0.1% + 6E-"" + VoE-13 0.2% + 6E-* + VoE-1
Programming Accuracy Display Accuracy? ADC Accuracy® 1 ::A 30 2:\ 0.03% + 700 ;;,\ 1 pA 0.025% + 400([\& 0100 +800A
Range Resolution *(% rdg + volts) Resolution *(% rdg + volts) *(% rdg + volts) 10 A 300 pA 0.03% + SnA 10 pA 0.025% + 15nA 008% + 3nA
200V 5mV 0.03% + 50 mV 100 uV 0.025% + SOmV 0.05% + 100 mV 100 A 3nA 0.03% + 60 nA 100 pA 002 %+ 25nA 0.05% + 50nA
500V 10 mV 0.03% + 125 mV 100 pV 0.025% + 100 mV 0.05% + 200 mV 1 mA 30 nA 0.03% + 300 nA 1 nA 002 %+ 200 nA 0.05% + 400 nA
1500 V 40 mv 0.03% + 375 mV 1 mV 0.025% + 300 mV 0.05% + 600 mV 2mA 60 nA 0.03% + 1.2uA 1 nA 0.02 % + 500 nA 005% + 1uA
3000 V 80 mV 0.03% + 750 mV I mV 0.025% + 600 mV 005%+ 12 V 204 600 aA 0.03% + 12 pA 10 nA 002 %+ 5uA 0.05% + 10 uA
. . 120 mA 3 A 0.03% + 36 uA 100 nA 002 %+ 24 uA 0.05% + 50 A
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Model 8010iiz{3KE

= = Irbariock cabbe (235-ILC-3)

L& Trimsini cabis (TH78.TFX)

|/_
I| ﬁ
\ ( Model 42000-5C5
o 0 - - I'I)
Madel

Hi = 2 - 5
-
“ = =
€8 95%%% pimitn. i
e Inll i 2
] Taotial bbb = 2 * wiffihon :l:]
P (TTE-TRX) L] - 1 % .
- E ) ¥ (] L]
& H - A -‘. 200 BIAS.TEE| o Hi J -
.l- i | '= e i |
H H C Conreact ground eabl
P oade jcataen 3 {CABEL 1201 igh
i (2800~ H |===emsssssssssessen o probective se
H | P GWAdes  Connmctor waver . Tl cables_uze,
: : Vo Adsplor  SWB|M) b ShAAIM} . * Daaa i i
] H ' (C3-1381y (131836100 M 5 Garthe & CVU-3K-KIT — 3kV HVCYV Bias Tee Kit
1 ] ' y = : Model £ mien 3 -
3 ) ' ? =l "] N T Mol ¢ Qty Item Description
c: y ' 1. - s H CR- T .

W H * o S 1 2650-RBT-3K  3kV Bias Tee

' Connector saver H o 26T e

] SMALF) o SMB|F) W m.ult:

L e 2 2600-RBT-200 200V Bias Tee

386782100 Mounting bracket for bias tees
2 7078-TRX-1  Standard Triax Cable, 1ft

i HV-CA-554-0.5 HV Triax Cable, 0.5m

1 8020-DP High Voltage Discharge Probe
2 CS-1391 SMA Tee
CA-406B 50 Ohm SMA cable (M-M), 13 inches

6 131936100 SMA to SMB adapters (M-M)

131936200 SMA to SMB adapters (F-F)



1EEModel 80208135 mE R

HVCV 2-Terminal measurement connections

SMAIF] 1o SR SMA Tee Adapters 100 Q2 MM
Arsagriurs i (F-M-F) SMA Cable. 1.5 m
(CS-1381)

(131936200) (CA44T)

IV
: C'ﬁ"': Mode! 4200-5C5

o] 7 ; i Vol ciblo {FO78-TRX)

SMB{M] to SMALM) metiock cable (236.1LC.3
Adaplers
(131536100}

Model 8020
1

Cernect groand cabla
(CA-BEE-120) lug
w0 protective carth

High voltage
maxial cabies
(HY-CA554)

Connect ground cabie
(CA-508-120) Lgs
to protactiva earth

ravion for Model 2611 or
--""""“""'--._'.'6./2

-
g Cose 1Y o 8. 560 Lo"...

ofia\

Model 2651

Connect ground cable
{CA-5CE-12C) lug
to pretectve earth

Sanse ; Guars (255147 ]

Mntarock cablo (BI20-SNS)

Inferiock caia (CASSH)

| KEITHLEY

A Tektronix Company



1EEModel 80208145 HAHEtR

FXFANSION

€CS-1592-2
user-supplied
connector

CS-1195-2p»
user-supplied
connector

User- 3|
defined
&
user-
supplied
cables

|KEITHLEY



PCTEM%E: ACS

S FF

/}J?a§1¢

-
@ Automated Characterization Suite(ACS) BASIC V2.0(DEMO)---ACSADMIN[SingleMode]

:Eﬂ

Tools Help

File Edit View Operation

™ (Il

Select a Device

(@) Standard Symbols

() User Defined

‘ - SlngleMé

Test Project: Test Selection

+|:ww$+ﬂﬂ:|<4:rm<¢

DIODE RESISTOR RESISTOR TRIAC nMOSFET rPowerMOSFET npnBIT npnPowerBIT pMOSFET pPowerMOSFET prpPon
m +
Test Category
CommonLib Test Info Bitmap
‘ Open Test ‘ ‘ Cancel ‘ D

Instrument Models

2-Terminal
4-Terminal
KI2400
KI12410
KI2420
KI2425
KI12430
KI2440
KI2601
KI2602
KI2611
KI2612
KI2635

v KI2636 a

»

mn

Test Modules

IdOM
TdON_MIx

IDss
Idvd_StepVg
Idvd_StepVg_MIX
Idvg_Stepvd
1655F

IGSSR.

RdsON
RdsOn_MIX
VdsON

VasON
VgsOMN_MIX
VGSTH

Test Setup Preview (Read Only)

Mode
DC Only

(@) Pulse Available

i Timing

Stop on Compliance

Sweep

@)%

"
SMU
S

Device Num SMU Pad | Function | Force Mode Source Measure | Compliance | Meas.Range
. SMU4 Drain | BiasV | Pulse Timing 1 [30, 0] 1+ 20.0 S5A
SMUL Gate | SweepV |Pulse Timing 2 |Linear:[0, 8, 81,0, 0.1, 0] v 0.001
a . m +

Test Help

Module Name: GFS
Module Type: ITM

Instrument: KI2651A, KI2Z600A

DUT: Three term nPowerMOSFET

Function:

] »

m

Determine the forward transconductance. Measure current on
Drain by applying voltage sweep from Gate to Source and

calculate the ratio of change in Id for a change in Vgs:

GFS=delta(Id)/delta(vgs).
Pin Connection:

Two SMUs are used. KI2651A SMU applies voltage and takes =

N

Keithley Instruments, Inc.

. N

/—

PRI SR

Ui

BN ISR B
ﬁi%ﬁ%

| KEITHLEY
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PCTEM%E: ACS

SIFERERH A Z AR NI

r M
@ Automated Characterization Suite{ACS) BASIC V2.0{DEMO)-—ACSADM [Mode] mm— (=[5 ]
File Edit View Operation Tools Help
™ (Ml A435] W] - =
[ \ ‘ @ Test Project: Test Selection
Select a Device
Standard Symbols
3D Symbols * "M" JH- I J".- I —t
) User Defined
DIODE 1GBT RESISTOR RESISTOR TRIAC ZENER nMOSFET rPowerMOSFET npnBIT nprPowerBIT pMOSFEr anwerMDSFEr prpPon
] [ [0 r
Test Category
Commantio Test Info Bitmap I
i
Open Test Cancel D SMU
FENCE RS Test Setup Preview (Read Only)
2-Terminal - C +
KI2410 L DC Only SMU g
KI12420 1 (@) Pulse Available Sweep b
K12425
KI2430 =
KI2601
KI2602 .
KI2611 Timing
KI2612
KI2635 Stop on Compliance TestHelp
v KI2636 =2
-
Test Modules Module Name: GFS —
e 2 Module Type: ITM
5
IdON Device Num SMU Pad | Function | Force Mode Source Measure | Compliance | Meas.Range .
igCSJSN_MIK . SMU4 Drain Bias V | Pulse Timing 1 [30, 0] 1+ 20.0 5A g‘JEF’Urrnhent :(]265 1:’ Klz;g%iﬂ
Idvd_Stepvg sMU1 Gate | Sweep V | Pulse Timing 2 |Linear:[0, 8, 81, 0, 0.1, 0] v 0.001 - fhree term nrower 3
Idvd_StepVg_MIX Function:
ig‘;%;smwd 3 Determine the forward transconductance. Measure current on
1GS5R. Drain by applying voltage sweep from Gate to Source and
RdsON calculate the ratio of change in Id for a change in Vgs:
RdsOn_MIX GFS=delta(Id)/delta(Vgs). —
vdsON Pin Connaction:
VgsOM L4 4| ([} o in Connection:
VgsOMN_MIX Two SMUs are used. KI2651A SMU applies voltage and takes -
VGSTH =2
Keithley Instruments, Inc.
L

| KEITHLEY

A Tektronix Company



PCTEM%E: ACS

EId GPIBTEEE
NAN=
SRR ECE.
W B ESE 5]
CNIRAE, F+
FTER, £
=

@ Automated Characterization Suite(ACS) ACS_WLR V5.4---ACSADMIN[C\ACS\Projects\try2] - X
File Edit View Operation Tools Help

] Prober Control Utility

Wafer Map  Status

% Wafer Description

C;- Test Setup

» - Patterns

» i B8 Pattern_1 |m
» vl M HOME

2 ™ nPowerMOSFET 26
»- W ™ IGBT_26
a Prober Control
Initialize i
Home /
Load /7,
— e
Probe Sites Interval: 10 Scale: ‘100% v|
Move To Subsite:
= Optimization

M FAKE

Current Site: (0,0)

~

‘_] Summary Report

| KEITHLEY

A Tektronix Company



PCTEM - ACS—H %

0 Automated Characterization Suite(ACS) ACS_WLR V5.4---ACSADMIN[C:\ACS\Projects\try2] = X

& Q Prober Control Utility

Device Interface Setting

o

» @ KI System Configuration

o Q Devi 2 Device Interface Setting
XT.I-PCT/ \zﬁﬁ'[j- . Model
Bﬁl'{q:@a i - Prober Station @ O @0 O Other
=1
Bias Tee: [
; t: 10
J
=] VAN ;:F
VilliExau=parim= boply
ﬂiJ,GPI B‘JZn Ethernet e
HIJ % ag U 1. If neither Model 8010 or Model 8020 is used, select "Other".
< > 2. Check "Bias Tee" box if any of the following bias tees is used:
= Model 4205-RBT (4200-CVU-PWR C-V Power Package)
@ Wafer Description Model CVU-3K-KIT (8010 bias tee options)
Model CVU-200-KIT (8010 bias tee options)
c:’ Test Setup Model 8020-CVU (8020 bias tee options)
= Model 2650-RBT-3KV (5340 bias tee options)
W  Prober Control
q Automation SPECIFICATIONS
! Statistic Channel / ct I i Device connections
High voltage Input connectors: Must select one output connector: v
J Summary Report < >

| KEITHLEY

A Tektronix Company



AR G- 2 SSE - BE

izt

Symbol Parameter Test conditions Min. | Typ. [ Max. | Unit
Lwa ala | Lz
Cies Input capacitance - 1300 - pF
|r|-:r.t v|
Coes Output capacitance Ve =25V, =1 MHz, - 105 - pF
U Carmact = Caraenmbne I-‘-I_ . VGE =0
11 I )
- MR e e B Cres Rever_se fransfer _ 32 _ oF
“Las_Coby L83 Lo e O - : . capacitance
55| SRR T RSERDT e w2l == - xw"
Cabie g 1, = g : Seup | DAY Shshe
e r“f]-_ s 2 e
— p AL T T E= & MotardDals ) Pl Oniy Dake Ordy
| Wb SN Ty wommeaamn "_,;:.' e i
Lk, = -
m=— : ! ' ==
[ e e - ;- - =
i Triem AL i :
WO - - 1 3
fiand (321l il e ConrHan [T [T YT Frrarfarea [TELTE S TETY b= e I
1 1 !
: | ]
; ] i : ;
20 0 500 o 1004
W Dirain
1 B+ FFL EEL <EITHLEY
st /e 2 A ll.
= w DATA | o T (Tess_Ciowvg
sxfF{offstate B E. - — : ; : T
1 s ¥ Pirsin o - e | |
2 0 laet AN 0 1iHER- ] 455075 |
3 Lo =+ 2A0HE=+] | |70 — 0 P
T o 140l | . 805 7P1c Fabie1
114 o 4802341 ¥ Bl e 4 0711
h 4. 1K1} mad B LR T L] -4 FI!.I-I'\-.I'--IH
PN =t L +2 1, D e
T = LisE Rl * bl e
2 b = b LE g L HODAEE &2 ¥, D0 o1
TR 11 T F TH ¥ b1 T ae-d
11 H=15 L 1 A0S & 7 " DL et =
l m k
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L )
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(TR SR ERIZEHE BRHCHIEWEE, SBiEH!
ol BiEEE ||

v TlliFe

Ei%igi2 (4~68)

v /\ﬁ%dﬂ”lﬂﬁﬁ% KA B 40 K B T 88 44 IVANC Vil it 48298
UM/ EREREEFEAIVAICVNE 58158
BFMERBSHEEREMERIENL 585298

kv Y A n I A = Y kv ey = |

v EM‘FI'\ %4:/9%:';—114(?\5@@ BIRBODESEBONVMIIR PN AR MET 65

45 335t B
< Lk St BIR

HIMNE—

MWid 15 F SESHMLNERARITREGESR 7H38

Bi%iRiE (7~98)

- BREFEFSE(GaN/siC) MBI REHNE  7A17H

- IWXRIGBTRHMXRAZ R BrKE T 7H31H

S - B RAMEMSTR A 85148
:‘*’:ﬁ; - MOSFETHY B A CV/BIRSACVY iR 85 28H

- X SEBR AT RMEHCI/NBTINIR 98118

REGRRI RS

T R . - REEFBDHUFSESHINZRASR 9H25H




