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Agenda

e System overview

- SMU

- CVvU

- PMU

- Clarius Program with Demo
« KCon/KULT / KXCI

* New products
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4200A-SCS Parameter Analyzer

ACCELERATING INSIGHT

- Integrated parameter analyzer that reduces * Industry’s first instrument with built-in
characterization complexity, troubleshooting and measurement videos
test set up time. > “YouTube-like” experience

o (Get answers faster and investigate unexpected
results more quickly

 Fully characterize a device, material or process
o DC I-V Source Measure Units (SMU)
o AC Impedance Capacitance-Voltage Unit (CVU)
o Pulsed I-V Pulse Measure Unit (PMU)

KREITHLEY

A Tektronix Company

 Industry’s easiest methods to switch between |-V,
C-V and Pulsed |-V measurements

« Jumpstart testing with over 250 user-modifiable,

searchable application tests 4200A-SCS 4200A-CVIV

> No complex programming required Parameter Analyzer Multi-Switch
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A Complete Solution from DC to Pulse

4200A-SCS Parameter Analyzer

System Software Clarius™ with >450 application tests/projects/devices
Medium Power SMU High Power SMU Remote Pre-amplifier
I-V Measurements ESEReNETs 210V, 1A 0.1 fA resolution
Pulse |-V/Transient JIRVEENCRAIE RalEERCEREE AU -
_ Capacitance-Voltage Unit Ramp-Rate Very Low Frequency
c-v Measurements [SEERSEREE WERE TR D
- : . . Remote Ultra Low Current

Drivers for Probe stations, temp. controllers, external equipment




DC |-V Source Measu
(SMU)

4200-SMU and 4210-SMU
4201-SMU and 4211-SMU



A Parameter Analyzer can have multiples SMUs

Multiple SMUs are required when performing I-V characterization on devices that have more than
two terminals like MOSFETSs.

The source and measure timing of all the SMUs in the parameter analyzer are synchronized.

Computer, Software,
GPIB Interface SMU 2
7 -
4
drain \
/ bulk
SMU 1 S o SMU 3
\ f,n'll
source /
—_— '_{Lﬁ}
GPIB and Trigger
Connections SMU 4




What i1s a SMU?

SOURCE MEASURE UNIT (SMU)

¢ 4200-SMU Medium Power SMU

-200V —ZGVI

| +100mA

— +10mA

+20V

| +200V

o +/- 210V, +/- 100 mA, 100 fA resolution |

« 4210-SMU High Power SMU
o +/-210V, +/- 1 A, 100 fA resolution

— —10mA

[ —100mA

« 4200-PA optional pre-amplifier
o Extends SMU current range and supports 0.1 fA resolution

* 6 Y2 digit A/D per SMU for parallel, simultaneous, high-precision
measurements

 All slots in the 4200-SCS can be configured with any SMU




Operating Boundaries

4200-SMU:

105mA, 21V

10.5mA, 210V

+1

4210-SMU: 1.05A, 21V

105mA, 210V

+l

1100mA Tia
— 10mA —— 100mA
(V) 1) (V) 1]
Sink SOLrce Sink Source
| | | l
- | = Y No-— | =+
200V 20V 20V 200V ~200V 20V 20V 200V
iy y (1 iy
Source Sink Source Sink
—+ -10mA —— - 100mA
_100mA NOTES: Nominal Values Shown A HNOTES: Nominal Values Shown
Y 5ink areas shown shaded. L Sink areas shown shaded,




SMU Measurement Characteristics

CURRENT SPECIFICATIONS

CURRENT

MAX.

MEASURE

ACCURACY

SOURCE

ACCURACY

RANGE' [0 IRV {3 RESOLUTION® +(% rdg + amps) |RESOLUTION® (% rdg + amps)
4210- R AR 21V 1 UA 0.100% + 200 A S0 uA 0.100% + 350 uA
SMU? 100 mA 210V 100  nA 0.045% + 3uA 5 nA 0050% + 15 pA
High 100 mA 21V 100 nA 0.045% +  3uA S A 0.050% + 15 xA
Power 4200- 10 mA 210V 10 nA 0.037% + 300 nA 500 nA 0.042% + 1.5 pA
SMU :Ilwe‘tlijium 1 mA 210V 1 nA 0.035% + 30nA 50 nA 0.040% + 150 nA
Power 100 uA 210V 100 PA 0033% + 3nA S nA 0038% + 15 nA
SMU 10 pA 210V 10 pA 0.050% + 600 pA 500 pA 0.060% + 1.5 nA
1 pA 210V 1 pA 0.050% + 100 pA 50 pA 0.060% + 200 pA
100 nA 210 V 100 fA 0.050% + 30 pA 5 pA 0.060% + 30 pA
10 nA 210V 10 fA 0.050% + 1pA 500 fA 0.060%+ 3 pA
4200-SMU and 1 nA 210V 3 fA 0.050% + 100 fA 50 fA 0.060% +300 fA
:::?J:xu with 100 pA 210V 1 fA 0.100% + 30 fA 15 fA 0.100% + 80 fA
4200-PA PreAmp 10 pA 210V 03 fA 0.500% + 15 fA 5 A 0500%+ S0 fA
1 pA 210V 100 aA 1.000% + 10 fA 15 A 1.000% + 40 fA

VOLTAGE SPECIFICATIONS

VOLTAGE
RANGE! MEASURE SOURCE
Accuracy Accuracy
4200-SMU 4210-SMU Resolution® +(% rdg + volts) Resolution®*  %(% rdg + volts)
200 ye 105 mA 105 mA 200 pV 005%+ 3 mv 5 mv 002%+ 15 mv
20 vV 105 mA 105 A 20 uv 001 %+ 1 mv 500 uv 002%+ 15 mv
2 v 105 mA 105 A 2V 0.012% + 150 puV 50 uv 0.02% +300 uV
200 mv 105 mA 105 A 1 uv 0.012% + 100wV 5 uv 0.02% + 150  uv




Four Quadrant Operation

+I

Quadrant IV

SINK

Cluadrant |

+SOURCE

Quadrant 1l

-SOURCE

Quadrant Il

SINK

+V

« SMUs can operate in one of
four quadrants.

« Quadrants | and lll are
sourcing (I and V have same
polarity):

« Sourcing SMUs deliver power
to load.

« Quadrants |l and IV are
sinking (I and V have different
polarity):

« Sinking SMUs dissipate power.




Compliance

Built-in mechanism that limits current or voltage depending on
whether the SMU is configured as a V-Source or |-Source.

SMU as V-Source SMU as |-Source

« Compliance limits the « Compliance limits the

maximum current that may be maximum voltage that
output to the device. appears across the output

terminals (Local sense) or
across the device (Remote
sense).

« When compliance is reached,
the SMU effectively becomes a
constant current source

+ When compliance is
reached, the SMU effectively
becomes a constant voltage
source.




Understanding Compliance

Set Voltage to 50V and Compliance to 50mA

Normal V-Source Operation V-Source in compliance
Current Limit Current Limit Operating
1 Load Line 1 Load Line Point
50mA pd 50mA p 4
I-Meter I-Meter g
(Ip) (Ipd) g
I5mA H—DPP‘:.;?:"S 25mA - &\'G‘b
o ' QQ . Voltage Source
N e 4 i
Vsource (vg) V-Source w;w o
l, =Vs/R ly = Vs /R Vo=1y- R
= (50V) / (2000Q) = (50V) / (800Q2) = (50mA) - (800Q)
No ! SMU has become
I-Limit is 50mA !! a current source!




Local vs Remote Sensing

Local Sense
(2-wire measure)

Remote Sense
(4-wire measure)

Use when lead resistance is negligible Use to eliminate lead and contact
compared to DUT resistance. Examples: resistance from affecting measure
» Measuring resistance of insulators accuracy. Examples:

« Measuring low current

« Measuring low resistance (<10Q)
« Sourcing voltage at a high current

Source V, Measure |
Force HI

T

Force LO

Source |, Measure V
Force HI

Sense HI

Sense LO

Force LO




Interlock connections

Without interlock, SMU output

e
g
-

L

P”"i’i”// Switch is limited to about 42V
r ----- ;éﬂﬁ% * Interlock will engage the 200V
Fin 1 = Interlock ! & s range
Pin 3 = Ground 6) : i Rt » Use supplied interlock cable to
e amp connect to safety switch on
sMU1| [smu2 SMU8 PP 1 (A test fixture or probe station
dark box
q / \ + Safety switch closes circuit
Enﬁ?ﬁ between pins 1 and 2 of the
interlock cable
Power Supply * Green Interlock LED on 4200-
nteslock Front SCS front panel will be it

OnWhen Ascened when interlock is engaged
« DO NOT SHORTPIN3 TO

OTHER PINS!




Capacitance-Voltage
(CVU)

4210-CVU
4215-CVU



Multi-frequency AC Impedance
4210-CVU CAPACITANCE-VOLTAGE

Test frequencies from 1KHz to 10MHz

DC source (sweep) +/-30 V (60 V differential)
Internal

External DC bias up to +/- 200V (400V differential)
using SMUs

Extensive sample programs in Clarius library

Parameter extraction examples
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CVU Measurement Overview

4210-CVU

=

\/

Ac
Source

:I HPOT |

AC
Volt-
meter

HCUR |

LPOT |

Ac
Ammet
er

/\

LCUR |

IDUT

Measures AC impedance (Z,,1) of the DUT by
sourcing an AC voltage across the device and
measuring the resulting AC current and phase.

The time-domain AC values are processed into the
frequency-domain to produce the phasor form of the
iImpedance.

The capacitive impedance (and conductance) are
calculated based on the measured AC impedance
and the phase.

The capacitance is calculated from the impedance
and the test frequency:

I DUT

27V

CDUT —

acC




Measured Parameters

The Model 4200-CVU can measure the following parameters:

Z, Theta Impedance and Phase Angle
R+ jX Resistance and Reactance

« Cp-Gp Parallel Capacitance and Conductance
Cs-Rs Series Capacitance and Conductance
Cp-D Parallel Capacitance and Dissipation Factor
Cs-D Series Capacitance and Dissipation Factor

Figure 15-2 shows the vector diagram and fundamental equations for impedance.

Figure 15-2
Vector diagram for impedance (Z)

Z = Impedance

7 1Z| = AR ‘i X R = 7co0s 6 = Phase Angle

X . , R = Resistance
g = R+X A = Zsmb X = Reactance
N W B = m'ctan(‘l() ¥ = 1 = (G +jB) Y = Admuttance
R R 7z

= Conductance




Unigue Tools to Simplify C-V Measurements
EXCLUSIVE FEATURES FOUND ONLY IN 4200A-SCS Advanced

AC Source V cVHl | ¥
AC Measure | Range(CVL1) Auto | v
DC Source V cvHl | v

« Move the AC measurement and DC Bias to least B .
noisy terminal with just a mouse click
Capacitance Range Estimator

> No re-cabling or changing the test setup [-Erre
o Faster research and time to answer stes e (Ranae

Performing Open Check Frequency 1TMHz
Sourcing HI side

The open circuit Offset Imped:
with Noise o AC Drive Voltage 30mV RMS

» Real time capacitance measurements

Sourcing LO side IMax
The open circuit Offset Impeds

. . . C X
o Check your switch matrix, prober connections VA 2V g

HI Side Source and Sense Cab

befo re b e g I n n i n g a te St LO Side Source and Sense Cables appear to be Open!

Open Check FAILED!

Troubleshooting:
-Are you using the Red Keithley Cables?

.
® C O n fl d e n C e C h e C k -Check your cables for proper connection/ proper torque.
-Check for shorted or open cables.
-Is the chuck connected? What is the chuck isolation from
ground? Is the chuck generating noise?

o Reveals problems before you begin C-V test

as a power panel or large motor or RF source?

> Provides troubleshooting tips




Calculating Inductance

Even though the 4210-CVU does not measure inductance directly, the inductance
can be extracted in the Formulator from the Impedance (£), Phase Angle (theta, 6),
and the Test Frequency (f).

X = Zsinb
L = X/2nf

The Measured Options Parameters must be set to “Z, theta”.
NOTE: The units for “theta” are in degrees. To use the trig functions in the
Formulator, you must convert to rads using the “rad” function as shown below.

A B C 1}

2 | 2012324540 89 GEGSE+D| 10 0000E+3 3.1791E-3

Formula:; 3 | 2071.27B1E4D 80.6E33E+0| 100000E+3 3.1B00E-3

4 | 201.2274E40 89 GEOOE+D| 10 0000E+3 3.1779E-3

5 | 207 23FEH] B9 BE1AEHI| 10 0O00FE+3 31773F-3

6 | 201.2417EH 89.6572E+0| 100000E+3 3.1791E-3

L = J5A2FI"F_AB) 7 | 2012281540 59 GERAE+D| 10 OO00E+3 31791E-3

e =2 ABTSIN[RAD[THETA_AR]) 8 | 201.2225E+0 B9.6583E+0|  10.0000E+3 3.1783E-3

9 | 201.2371E40 80 GEFBE+D| 10 0000E+3 3.1787E-3




Very Low Frequency
KEITHLEY ONLY

« UTM

« SMU-based

 Test frequencies from 0.1Hz to 10Hz
* Measures from 1pF ~ 10nF




Ultra-fast Pulse Meas

4225-PMU and 4225-RPM



4225-PMU Basic Capabilities

 Voltage Source
o 1 slot, 2 channels
o 2 source ranges (10V, 40V: both into 50Q)

« Current measure range
o 10V : 10mA, 200mA
o 40V : 100uA, 10mA, 800mA
o With 4225-RPM : extends to 100nA

e Up to 6 cards per chassis
o 12 channels per chassis, all synchronized




Remote Preamplifier/Switch Module
4225-RPM

 Single channel module simplifies connections to
DUT and extends current range of PMU

« Automatic switching between |-V, C-V and Ultra-fast
Pulsed |-V measurements

> No changing test setup or cables

« Extends the current range of the 4225-PMU
o Provides current sensitivity down to tens of pico-amps
o Reduces cable capacitance effects

« Magnetic and vacuum base available for easy
Installation on prober platen
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Why is Pulsed I-V needed?

DC-LIKE RESULTS

S DC |-V Pulsed |-V

* Minimizes self-
heating effects SMU B ouT oo BN DuT
(Joule heating)

. Certain tests L[ Iewl
require pulsing,
for example,
non-volatile Applied V Applied V
memory devices ® Measured | — — @ Measured |

Similar result but power is applied only X%
of the time. The narrower the Pulse Width

But there is POWER (PW), the less the DUT heats up. But
applied the whole time measuring | can be difficult if PW < 20mSec
to the DUT




Operating Modes of 4225-PMU

Pulsed |-V
e * Pulse and measure with DC-like results
H « Step, sweep, pulse train and DC outputs

Pulsed Sourcing

Transient |-V Samples « Two-level or multi-level ‘/_\_\
% pulsing - A
* Waveform Capture v - Sequence A Definition
_  Arbitrary Waveform e
* time-based current and e ” Generator
voltage measurements easure indow

« Segment ARB




Pulsed I-V Mode

425-PMU PULSED I-V

 Pulsed source and a corresponding high speed, time-based
measurement that provides DC like results.

« For each pulse an average of readings are taken in a
predefined window — called “spot mean”.

« User defines the parameters include:

. Pulse width A

o Duty cycle
o Rise/fall times
o Amplitude




Transient |-V Mode
4225-PMU WAVEFORM CAPTURE MODE

* Transient I-V is also known as Waveform Capture samples
similar to an oscilloscope \\‘

* Time-based current and/or voltage measurement that \
captures the pulsed waveform.

[
|

time
-y
Measure Window

« Used to evaluate a dynamic test circuit

« Used as a diagnostic tool for choosing the appropriate
pulse settings in the pulse -V mode.




Pulsed Sourcing
4225-PMU SEGMENT ARBITRARY WAVEFORM

« Two-level pulsing: user inputs a high and low value of

Sequence A

the pulse. Can choose to measure the “spot mean” at o
both the high and low values. “{/_\—\
. . . . Time
« Multi-level pulsing with Segment Arb: user inputs s _
. . . . . equence A Dehnmiion
iIndividual segments of the desired pulse. This mode Segmeni [ SiadV [ Stop V [ uralion

V2 V2 T2

allows measuring.

V2 V3 T3

| s L 3| —

V3 V3 T4

V3 V4 T5

 Arbitrary Waveform Generator (KPULSE): user creates Segment Arb
the arbitrary waveform in KPULSE and then implements
the waveform in a UTM. This mode does not allow
measuring.




New Clarius ™ User In

Clear, Uncomplicated Analysis



Clarius Software

* Primary user interface for the 4200A.

(1 * Replaces the KITE software.

L * Includes built-in Help and Learning Center

Clarius

« Embedded Videos

« Finding, setting up, and viewing the results is broken down in 3 easy

steps:
v’ Select ﬁ
v’ Configure [ 2 #ﬂ I @
v Analyze
Configure Analyze
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Select — Configure — Analyze Views

Select Configure

gomooOREoOoO@ROA®E,
.
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Select Configure Analyze



Clarius Select Screen

Project
Tree

- b

Library

| é
Run Save

A Stop Tools My Projects My Settings Learning Center
Configure Analyze
// n-ﬂ Devices Actions Wafer Plan  Projects @ Help
Copy Cut Rename Delete .
o N Test Library (119) _E Technology Device
e Sort By Import I:‘ Semiconductor I:‘ Transistor
4 - 4terminal-n-fet ‘ Name Descending | v ‘ | ‘ m Image Description
I:‘ Nanotech I:‘ Capacitor
vds-id A
i Custom Test I [ | memory || Diode
in
Add a blank test that can be configured into a DC, Pulse, or CV test (ITM).
. Custom 9 (I [ ] Materials [ |Resistor
Subst Choose a test from the pre-programmed library (UTM).
vgs-id [ _]EcChem [ ]Echem
ig- Oth PV Cell
'9vg MOSFET Waveform Capture (waveform-meas) [] other ] €
cv-nmosfet Captures a waveform of the drain current vs drain voltage of a MOSFET. I:‘ Generic
pulse-vds-id I:‘ Other F I Ite

waveform-meas
3terminal-npn-bjt

vee-ic

gummel

vesat

4w 2-wireresistor

res2t

pulse-resistor

CE< BB B BB BB H BB BB H<H<H <]

MOSFET Threshold Voltage Using Linear Line Fit (vtlin)
Determines the threshold voltage (Vt) from the drain current vs gate voltage data of a MOSFET.

Diode Reverse |-V Sweep (vrd)

Sweeps the reverse-bias voltage and measures the resulting current of a diode.

Molecular Wire |-V Sweep (voltage-sweep)

A
/
/
1]

e [Clm ]

Measurements
[ Jocry
[ JPuise
[ ]ac
[Jev
[ ] Retiability
[ ] Resistivity
Author

I:‘ Factory
I:‘ User

Terminals
[z
E
[ ]
[e
[ e

4 4 diode ‘
Generates an |-V sweep on a molecular wire and calculates the conductance.
vid
vrd v
v
N na
- — R g W e W N T p—— ——— —— Wi G —

« ST

so9am |

6/28/2016 ||

I's
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Projects Library

Contains predefined projects and also can create own project.
PN

Tests Devices Actions Wafer Pla

Project Lib 53
Sort By roject Library (53)

2

Import

‘Name Ascending ‘ v ‘ ‘ ‘ m Image Description

L High Voltage C-V Tests (cvu-highv)

Contains high voltage C-V measurement examples for a zener diode, MOS Cap, capacitance, and Schottky diode.

A

MOS Capacitor C-V Project (cvu-moscap)

=
=

Makes C-V measurements on a MOS capacitor and extracts common measurement parameters.

~

Demo Project (default)

Includes common DC IV, C-V, and pulse |-V tests for MOSFETSs, BJTs, resistors, diodes, and capacitors.

M

Diode Project (diode-project)
Contains DC |-V, C-V, and pulse |-V tests for a PN junction.

=l
NNENS

¥

Electromigration Project (em-const-i)

Does an electromigration test using current stressing on a metal line structure.

=

© B

Technalogy Device

D Semiconductor |:| Transistor

[ | Nanotech [ |capacitor
[ | memory [ ] piode
[ | Materials [ | Resistor
[ |Echem [ ]Echem
[ ] other [ ]Pvcen
[ ] Generic
[ ]other

Measurements Terminals

[ Iociv [ ]2
[ JPuse []3
[ ]ac [[]4
[Jev [
[ ] Reliability L
[ ] Resistivity

Author

D Factory
D User

0 6 SEPTEMBER 2021
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Select and Open a New Project

Instead of using one of the preconfigured projects from the Library, you can choose to create
a New Project.

Project Library (65) -ﬂ

||||||

ort By:
ame Ascending | v ‘ ‘ ‘ m Image Description

A
New Project I

Creates an empty project.

New

/| | BJT Praject (bjt)
Contains comman DC |-V tests for testing a bipolar junction transistor.

0 6 SEPTEMBER 2021



Open a Project from the Library

To open a project or test, select (or highlight) it and then press Create.
The project will open up into the Project Tree.

EE@ 12 ﬁ? i @(. > N é

Run Stop Save
Select Configure Analyze
T > e ' . :
% b// [I]] Tests Devices Actions  Wafer Plan
Copy Cut Rename Delete . .
A Project Library (3) -ﬂ

Project: default Sort By: Import

Name Ascending | v ‘ ‘ demo ‘ m Clear Image Description

4 | 4terminal-n-fet

vds-id

i é /| Demo Project (default)

subvt Includes common DC |-V, C-V, and pulse |-V tests for MOSFETs, BJTs, resistors, diodes, and capacitors.
vgs-id / /

ig-vg

SR Probing Wafer Sites Project (probesites)

pulse-vds-id Demonstrate automated device testing using the 4200A-SCS, a Series 700 Switch System, and a probe station.

waveform-meas

4 | 3terminal-npn-bjt
: Probing Wafer Subsites Project (probesubsites)
Vvce-ic
Demonstrate automated device testing using the 4200A-SCS, a Series 700 Switch System, and a probe station.
gummel
vcsat

4 W 2-wireresistor

res?t

S BN B BB BB BB WP W<
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Wafer Plan

Contains sites and subsites.
A site is used for

yll N

Tests Devices Actiony RRUEIESHELM JProjects

Sort By

Wafer Plan Library (2)

Name Ascending | v ‘

2l

Import

Image Description

Site

Adds a site to the test plan.

Subsite

Adds a subsite to the test plan.

0 6 SEPTEMBER 2021
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Devices

Contains sites and subsites.

A site is used for

/7~ N\

Tegts Aptions  Wafer Plan  Projects

Sort By.

Device Library (46) -ﬂ

Import

| Name Ascending

‘ T | ‘ ‘ m Image Description

A
Comb capacitor structure, 2 terminal (2terminal-combcap) I

Electrochemical cell, 2 terminal (2terminal-echem-cell)

o et
N
-

Generic device, 2 terminal (2terminal-generic)

%

MIS capacitor, 2 terminal (2terminal-miscap)

Metal-insulator semiconductor (MIS) capacitor

4{

MISFET, n-type, 2 terminal (2terminal-misfet-n)

Metal-insulator semiconductor (MIS) field-effect transistor (FET), with the source, drain, and bulk terminals tied together

o) - I

Terminals

[ ]2
E!
[ 4
[ s
[ s
[]7
[ s

Device Type

[ ] capacitor
[ ]diode

[ ]generic
[ ] nano-tech
[ ]echem

[ ] solar cel
[ ] material
[ Jresistor
[ ] transistor

Author

\:‘ Factory
D User

0 6 SEPTEMBER 2021
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Tests

Contains sites and subsites.

A site is used for

m Dduices  Actions  Wafer Plan  Projects

Test Library (119)
- Sort By

‘Name Ascending ‘ v | | | m

=]
Import

Image Description

CNTFET Capacitance vs Voltage Sweep (cntfet-cvsweep)

Measures the capacitance as a function of a voltage bias sweep of a carbon nanotube FET.

~

CNTFET Drain Family of Curves (cntfet-vds-id)

measuring the drain current.

Generates a Vds-ld test on a carbon nanotube FET by stepping the gate voltage and sweeping the drain voltage while

CNTFET Drain Current vs Gate Voltage (cntfet-vgs-id)

Sweeps the gate voltage (Vg) and measures the drain current (Id) at a constant drain voltage (Vd) on a carbon nanotube FET.

CNTFET Single Pulse I-V (cnt-pulse)

voltage as a function of time.

Outputs a single voltage pulse to characterize the transient response of the carbon nanotube FET and graphs the current and

Custom Segment Arb Waveform (customwaveform)

Defines a single Segment ARB sequence for each PMU channel.

= IWIHANURN

o] - I

Technology

I:‘ Semiconductor

[ ] Nanotech
[ ] memory
[ ] Materials
[ ]Echem
[ ] other

Measurements

[ Jociv

[ ]Pulse

[ ]ac

[Jov

|| Reliability

|| Resistivity
Author

I:‘ Factory
l:‘ User

Device

[ ] Transistor
[ ] capacitor
| ] piode

[ | Resistor
[ ]Echem
[ ]pvcen

[ ] ceneric
[ ] other

Terminals
[]2
[E!
[]a
[]s
[ s
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Project Tree

Project Trees no longer require Sites and Subsites.

Across the top of the Project Tree are new functions:

 Copy, Cut, and Paste: Used to move and add tests.

« Rename: All names in the project tree can be
renamed.

« Delete: removes tests from Project Tree

The new functions are also available by right clicking on
test.

©

B X 4

Copy Cut Rename

Delete

Project: default

4 -~ Aterminal-n-fet

vds-id

vtlin

subvt

vgs-id

ig-vg

cv-nmosfet

pulse-vds-id

waveform-meas
3terminal-npn-bjt

VCe-ic

gummel

vcsat

SE<B<BE<BB<E<B<BBE<B<
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Relocate objects in the Project Tree

The location of an object within a project can also be changed by dragging it to a new spot in the

project tree. Here is example of moving vds-id test:
3. Move the test back towards project

1. Highlight the test (vds-id) - :
you want to move, tree until line will be above where you
want to place the test.
= s
2. Drag the highlighted test to E@W o5
the right. - af .
i e a 4. vds-id s e
A test in new i i
location in i
ey project tree. - vguid
vdsid ‘,“. '
m
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Relocate objects in the Project Tree

If the object cannot be located in the selected location, a red X is displayed. In the example below,
a resistor test cannot be placed under a BJT device.

4 [, 3terminal-npn-bjt
vee-ic
nummal
res2t
vcsat

4 v\ 2-wire-resistor
res2t
pulse-resistor
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Select Configure Analyze




Configure View
B

Project
Tree

Set Parameters

Run

=

@ 0O

My Projects

y Settings Learning Center

% vid

Stop Save Tools
Select Configure Analyze A
- Y ——
@ I-— % .;/// I ’ vds-id#1 [ | All Parameters ] ‘
Copy Cut Rename Delete
Project: default e e [ | v
4 [ 4terminal-n-fet v
. Operation Mode| Voltage Linear Sweep ‘ v ‘
e Start | 0 v
— l
| Stop | 5§ v
— subvt |
Step| 0.1 v
I vgs-id : P I:
. Compliance A
B SMU3 |~ ' p 0.1
— cv-nmosfet Operation Mode | Voltage Step | v ‘ jp Measure Current Report Voltage
| pulse-vds-id Start| 2 v
L wavetornmeas s[5 v 7 | ¢ |
. . | Operation Mode | Ground Unit v ‘
4 [ 3terminalnpnbjt Step| 1 v ‘
e o rim
Compliance 0.1 A
— gummel v -
. l:l Report Current Report Voltage |
L vesat |
| Operation Mode | Voltage Bias v ‘
4w 2-wire-resistor I |
Bi 0 v
| res2t ! fas
L ——
L pulse-resistor Compliance | 0.1 A
4 [ diode I:‘ Report Current D Report Voltage

@ Messages Model/PreAmp configuration in saved test differs from system configuration. Performing auto adjustment.

Terminal Settings  Help \

vds-id#1

— Measure Settings

sl ] 4
[l Report Timestamps

~ Test Mode —an
Mode | Sweeping | v SE
o

Output Values Exit Conditions

Hold Time

St Settings
d Terminal
ttings

@ = me

gl

3:49 PM
1/2/2016

‘;{“ i
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Test Settings (timing) -SMU (CVU)

4200 Timing Window

ITM Timing

i

I

Speed
() Fast
@ Mormal
() Quiet

() Customn

Hold Time:

@ Sweeping Mode

Sweep Delay: 0.1

MNOTE: Remave all Sweeping/Stepping functions to allow Sampling Mode selection.

[ Timestamp Enabled

Delay Factor: 1
Filter Factar: 1
A0 Aperture Time: Auto PLCs

Sampling Mode

Interval: 0 3
#Samples: |1
1] T
- Held Time: [0 H

SMU Power On Sequence

-

Dizable outputs at completion

Cancel

4200A Test Settings
Pane

@ Terminal Settings  Help

vds-id#1

Advance

Measure Settings

M

Speed | Normal
| | Report Timestamps
Test Mode
Mode | Sweeping | v ‘
Sweep Delay I:l s
Hold Time I:l s

Output Values

Exit Conditions

On right hand side of screen is Test Settings
pane. The Test Settings pane is where

timing parameters are set for the SMU, CVU,
and PMU.

4200A Advanced Test

Settings Window

-
8 SMU Advanced Test Settings

Measure Settings
Speed | Normal | v

Delay Factor

Filter Factor

Il

D Report Timestamps

Test Mode
. Sweeping

O Sampling

Sweep Delay

Hold Time

Il

SMU Power On Sequence

Source
Drain Move Up

Gate

Disable Outputs at Completion

Em Em
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Formulator

The Formulator is accessed in the Test Settings pane.

-
8 Formulator

Formulas List

Tools My Projects My Settings Learning Center

‘ Choose a formula

Edit or Create New Formula

-

| Add/Update

Gonstants

Data Series
Statistics ~
Anodel
7 8 9 - AVG MAVE MAX
AnodeV
MEDIAN MIN STDEV
CURR 4 5 6 EE
Trigonometry
® ACOS ASIN ATAN
1 2 3 (
IsC cos DEG RAD
voc ) 0 F- ) SIN TAN
PMAX Array
Y AT DIFF FINDD
VA FINDLIN FINDU FIRSTPOS
- INTEG INDEX LASTPOS
ABS SQRT EXP
MINPOS MAXPOS SUBARRAY
LoG LN DELTA v

Apply Set to | Future and checked runs

@ ACSE O WSl Terminal Settings  Help

fwd-ivsweep#1

Measure Settings

Speed | Normal ‘ v

\ Report Timestamps
Test Mode
Mode | Sweeping ‘ v
Sweep Delay

Hold Time

I

Output Values Exit Co

Updated dialog box.

You can choose which Runs
you want to apply the formulas.
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_ 4

Key Parameters View

\ 4

Key Parameters of a terminal include vas-dit | | pramerrs |
the name of the terminal, the device
connected to the terminal, the crtontioe Vg o e |-
operation mode, and basic settings for . s v
that mode. | | | swlor v
SMU3 | v ' Compliance. 0.1 A
. ) . operationmgde‘wmgestep ‘v‘ E B veasure current  [I Report voitage
Notice the operation mode icons next e "
to each terminal. wfs v | Ml
Step‘ 1 v
C mpliance‘ 0.1 .A E
[ ] Measure Current Report Voltage :
I Operation Mode ‘ Voltage Bias | v ‘
o sa[o v
[ ] Measure Current | | Report Voltage
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All Parameters View

Or, if you want to view all the
terminal parameters at once,
select the All Parameters view.

_

ih vds-id#1 Key Parameters

5
Terminal Gate Bulk Source

Instrument SMU3 | v | smu2 | ¥ | enpU | v | smut | v |&
Force

Operation Mode Voltage Step | ¥ | Voltage Linear Sweep | ¥ | Ground Unit | ¥ | Voltage Bias | v

Bias 0

Start 2 0 v

Stop 5 5 vV

Step 1 0.1 v

Points 4 51

Dual Sweep |:|

Range Best Fixed | ¥ | Best Fixed v Best Fixed v

Compliance 0.1 0.1 A 0.1

Power On Delay 0 0 s 0

Over Voltage Protection OFF | ¥ | OFF v OFF v
Measure

Current D D

Column Name Drainl
Range Limited Auto v
v
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Terminal Settings panes

The most common terminal settings are available in the center pane when Key Parameters is
selected. Additional common test settings are available in the right Terminal Settings pane.
The SMU, CVU, and PMU have different panes.

r—
o nmp E 13 @s
(+]
Select Configure Analyze
@ 3‘ //‘ ﬁlﬁ diode-c-2vsv#1
Copy Cut == Rename Delete LR
Most Common Settings in ~Additionale==s
4 [ 3terminal-npn-bjt . Force tt- A
Key Parameters View SEMNGgS. ..
gummel
vesat smt[ 2 y
4 [ diode swn| 08 y
| diode-c-2vsv .
peration Mode | Voltage Linear Sweep ‘V. Dual Sweep
i g N = T
Stop | 0.4 .v ‘ ‘ | Operation Mode | DG Gnd *H' Measure
. Parameters | Cp-G |V
Step | 0.05 \4 il
Compensation
Frequency | 1MHz ‘ v
Open
. . . | sh
ighlight the terminal that you want to
oa
show in the right hand pane E
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::0 - ﬁ'g' nm

Analyze
Configure
Select




Analyze Vie

ﬁ MOSFET_TEST - Clarius - [vds-id1@1] =0 (B =
@ —
= o fE - |2 A=
0 Run Stop Save Tools My Projects My Settings Learning Center
Select Configure Analyze
T—h N _ . . -
© B X 7 1 e = ®
Copy Cut Rename Delete Run5
— ) " 2016-06-21 11:12:23.521 ***
Project: MOSFET_TEST Runs Formulas List Ed
More... Exec: 199 s

. i
4 \" 3terminal-n-fet A B C D E (F G H I J < Run4
rOJ e C 1 Drainl{1) DrainV(1) Gatel(1) GateV(1) Draini(2) DrainV(2) Gatel(2) GateV(2) Drainl(3) DrainV(3) G Yok
| vdsiid 2 1.9772E-6|  000.0000E-3|  60.0987E-15. 2.0000E+0|  B31.5665E-9  000.0000E-3| 15.2311E-15 3.0000E+0 1.2983E-6  000.0000E-3 D 2016-06-21 11:04:05.567
3 618.1966E-6|  100.0000E-3|  522364E-15 2 0000E+0 10144E-3]  100.0000E-3| 5215264E-18]  3.0000E+0 13229E3] 100.0000E3 More... Exec: 2025
T ] 11731E-3 200 0000E-3|  514998E-15 2 0000E+0 20215E-3| 200 0000E-3| 37 7654E-15 3 0000E+0 26279E-3| 200 0000E-3
re e 5 16640E-3 300 0000E-3|  &18101E-15 2 0000E+0 209770E-3| 300 0000E-3 59 9007E-15 3 0000E+0 38907E-3| 300 0000E-3 Run3 v
6 208026-3  400.0000E-3| 532834E-15)  2.0000E+0 3B748E-3|  400.0000E-3|  65.1568E-15  3.0000E+0 5.1067E-3|  400.0000E-3 [[] 2me0s21 1057523516
7 24241E-3]  500.0000E-3|  523359E-15  2.0000E+0. 47164E-3|  500.0000E-3|  65.2282E-15  3.0000E+0 6.2825E-3|  500.0000E-3 More.. Erec 10
8 2702263 600.0000E-3|  47.0776E-15 2 0000E+0 54915E-3|  600.0000E-3| 54 7733E-15  3.0000E+0 74055E-3|  600.0000E-3) :
9 2 9255E-3| 700 0000E-3| 46 8071E-15 2 0000E+0. 62273E-3| 700 0000E-3| 58 2410E-15 3 0000E+0 84857E-3 700 0000E-3 Run?
10 31028E-3) 800 0000E-3| 44 7411E-15| 2 0000E+0. 609033E-3|  8000000E-3 53 6815E-15 3 0000E+0 95196E-3 800 0000E-3 "] 20160621 105503670 0.0 ¢
1 32414E-3  900.0000E-3|  39.1859E-15  2.0000E+0 75233E-3]  900.0000E-3|  518983E-15.  3.0000E+0]  10.5041E-3|  900.0000E-3
12 33482E3)  10000E+0| 407265615 2.0000E+0 8.0876E-3|  1.0000E+0| 49.7085E-15  3.0000E+0  114386E3)  1.0000E:0, More... Bxec: 105
13 34285E-3)  11000E+0|  36.2904E15 2 0000E+0 8.5948E-3|  1.1000E+0| 46.1334E15]  3.0000E+0]  12.3190E3|  1.1000E+0
14 34882E-3|  12000E+0| 37 9774E-15] 2 0000E+0 90501E-3  12000E+0| 435321E-15  30000E+0, 13 1512E-3]  12000E+0 RunT ¥ F A
15 3E307E-3  1.3000E+0| 37.3871E-15  2.0000E+0 94528E-3]  13000E+0| 431265E-15  30000E+0  13.9320E-3|  1.3000E+D [[] 2016-06-21 105335565
16 35620E3)  14000E+0| 34 5314E15 2. 0000E+0 9.8066E-3|  14000E+0| 45.0609E-15)  3.0000E+0|  14.6596E-3|  14000E+0 More... Exec: 19
17 3.5836E3)  15000E+0| 327054E-15]  20000E+0  10.1123E3|  1.5000E+0) 41.3613E-15  3.0000E+0  16.3375E-3]  1.5000E=0|
18 3.6021E3|  16000E+0| 29.3687E-15|  20000E+0  10.3746E3|  1.6000E+0) 39.9765E-15  3.0000E+0.  15.9640E-3]  1.6000E=0|
19 36169E-3|  17000E+0| 30 9352E-15| 2 0000E+0]  105963E-3|  17000E+0] 38 60B3E-15  30000E+0 16 5386E-3| 1 TOODE+0, .
20 36287E-3  1B8000E+0| 27 3304E-15|  20000E+0]  107820E-3  18000E+0| 335225E-15  30000E+0  170665E-3|  18000E+0, _ R H t
4 Run5 A Cale A, Settings [ el ' u n IS O ry
06/21/2016 11:03.03
30.0E-3: -
RO PP URU SRR e T e
=
T S ot T
a

0.0E+0
L0EA L B TR ST ERIIITTITPEN RS :
i i & & 4 Checked Stars
] ] & 4 &
2 a S = @
DrainV'

. O
6/21/2016  [15)

(~) Messages Total Fxecution Time: 00:00:03:19

NUM
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Analyze View

The Analyze View enables the user to simultaneously view both readings logged in the Sheet and
graphing in real time. Sheet

vds-id# vew B2 =
Sheet and Graph -
vds-id#1 View: E Save Data
. L ]
Run1 Formulas List T
A B C D E F G H 1 J K L B
1 Drainl{1) Drain\/(1)  |GateV(1) Drainl(2) DrainV(2) GateV/(2) Drainl(3) DrainV(3) GateV/(3) Drainl(4) DrainV/(4)  |GateV/(4) ]
2 78.7028E-9) 000.0000E-3| 2 0000E+0| 480.2807E-9) 000.0000E-3| 3.0000E+0 553.1483E-9 000.0000E-3 4 0000E+0 597.7523E-9) 000.0000E-3| 5.0000E+0
3 543.4838E-6| 100.0000E-3| 2.0000E+0 1.0110E-3| 100.0000E-3| 3.0000E+0 1.3478E-3| 100.0000E-3  4.0000E+0 1.6291E-3) 100.0000E-3| 5.0000E+0
4 1.0058E-3| 200.0000E-3] 2.0000E+0| 1.9702E-3| 200.0000E-3| 3.0000E+0|  2.6515E-3 200.0000E-3 4.0000E+0  3.2186E-3| 200.0000E-3] 5.0000E+0
5 1.3839E-3| 300.0000E-3| 2.0000E+0| 28779E-3| 300.0000E-3| 3.0000E+0| 3.9114E-3| 300.0000E-3) 4.0000E+0| 4.7694E-3| 300.0000E-3| 5.0000E+0
6 1.6763E-3| 400.0000E-3| 2.0000E+0| 3.7338E-3| 400.0000E-3| 3.0000E+0| &.1274E-3 400.0000E-3 4.0000E+0| 6.2816E-3| 400.0000E-3] 5.0000E+0
7 1.8877E-3| 500.0000E-3) 2.0000E+0| 4.5387E-3| 500.0000E-3) 3.0000E+0  6.3006E-3 500.0000E-3 4.0000E+0  7.7555E-3| 500.0000E-3) 5.0000E+0
8 2.0293E-3| 600.0000E-3| 2 0000E+0| 52869E-3) 600.0000E-3| 3.0000E+0  74241E-3 600.0000E-3 4.0000E+0  9.1827E-3| 600.0000E-3| 5.0000E+0
9 2.1192E-3| 700.0000E-3| 20000E+0| 5.9823E-3) 700.0000E-3| 3.0000E+0  84999E-3 700.0000E-3 4.0000E+0 10.5663E-3| 700.0000E-3| 5.0000E+0
10 2.1746E-3| 800.0000E-3| 2.0000E+0| 6.6237E-3) 800.0000E-3| 3.0000E+0  9.5278E-3 800.0000E-3 4.0000E+0 11.9050E-3| 800.0000E-3| 5.0000E+0
1 2.2084E-3| 900.0000E-3| 2.0000E+0| 7.2119E-3| 900.0000E-3| 3.0000E+0 10.5080E-3 900.0000E-3 4.0000E+0| 13.1994E-3| 900.0000E-3| 5.0000E+0
12 2.2291E-3] 1.0000E+0| 20000E+0| 7.7467E-3) 1.0000E+0| 3.0000E+0 114392E-3 1.0000E+0 4 0000E+0 14 4477E-3| 1.0000E+0| 5.0000E+0
13 2.2419E-3] 1.1000E+0| 2.0000E+0| 8.2294E-3) 1.1000E+0| 3.0000E+0 12.3210E-3| 1.1000E+0 4.0000E+0 15.6488E-3| 1.1000E+0| 5.0000E+0
14 2.2500E-3] 1.2000E+0| 2.0000E+0| 8.6612E-3| 1.2000E+0| 3.0000E+0 13.1533E-3 1.2000E+0  4.0000E+0| 16.8021E-3] 1.2000E+0| 5.0000E+0
15 2.2550E-3] 1.3000E+0| 20000E+0| 9.0443E-3) 1.3000E+0/ 3.0000E+0 13.9364E-3 1.3000E+0 4.0000E+0 17.9078E-3| 1.3000E+0| 5.0000E+0
16 2.2582E-3] 14000E+0| 20000E+0| 9.3811E-3] 14000E+0| 3.0000E+0 146717E-3 14000E+0 4.0000E+0 18.9671E-3| 14000E+0| 5.0000E+0
17 2.2603E-3] 1.5000E+0| 2.0000E+0| 9.6738E-3) 1.5000E+0| 3.0000E+0 15.3578E-3 1.5000E+0 4.0000E+0| 19.9774E-3| 1.5000E+0| 5.0000E+0
18 2.2617E-3) 1.6000E+0| 2.0000E+0| 9.9257E-3| 1.6000E+0| 3.0000E+0 15.9961E-3 1.6000E+0 4.0000E+0| 20.9398E-3) 1.6000E+0| 5.0000E+0 G r a h
19 2.2626E-3] 1.7000E+0| 20000E+0| 10.1398E-3) 1.7000E+0| 3.0000E+0 16.5868E-3 1.7000E+0 4 0000E+0 21.8533E-3] 1.7000E+0| 5.0000E+0
20 2.2632E-3) 1.8000E+0| 2.0000E+0| 10.3196E-3| 1.8000E+0| 3.0000E+0| 17.1310E-3) 1.8000E+0 4.0000E+0 22.7187E-3) 1.8000E+0| 50000E#0| |
< ¢+ Runl A Calc A Settings / [Tl ) o vds-id#]
3 oz s
04/23/2001 17:2352 [[Gaphsettngs... | . et o
P e e s SO TR T
3.0E-02 . i —
= ~
= -
R S SOy S
a I _
£ s
[=]
B v e o e
0.0E+00
g g2 g 8 8 g2
g T g T T ?
=1 ] =1 g g g
E - & E - I

Drain Voltage (V)

s
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Run History

The 4200A has one Run button for executing all tests and projects.

Run

E R0 O O

Stop Save Tools My Projects My Settings Learning Center
lyze
- - == @ Terminal Settings  Hel
w BB I z e
et KAk
) 2016-07-05 17-16:42 938
Rung Formulas List ‘ v ‘ “
More... Exec: 10 5
A B C D E F G H 1 J Rung e
1 Drainl{1) DrainV(1) GateV/(1) Drainl(2) DrainV{2) GateV/(2) Drainl{3) DrainV/(3) GateV(3) Drainl(4) Dl
2 13.8574E-6]  000.0000E-3|  2.0000E+0 49335E6]  000.0000E-3|  3.0000E+0  27.1037E-6|  000.0000E-3|  4.0000E+0]  28.7449E-6 2016-07-05 17:16:28.350
3 635.0257E-6]  100.0000E-3 20000E+0|  983.0797E-6  100.0000E-3 3 0000E+0 12512E-3  100.0000E-3 4.0000E+0 1.4743E-3 More... Exec:9s
1 12180E-3]  200.0000E-3 2 0000E +0 1.9277E-3]  200.0000E-3 3 0000E+0 2473163 200.0000E-3 4.0000E+0 2.9249E-3
5 17471E-3]  300.0000E-3 2 0000E +0 28319E-3|  300.0000E-3 3 0000E+0 36612E-3  300.0000E-3 4.0000E+0 4.3465E-3 Run7 * ik 71\3
6 22216E-3  400.0000E-3 2 0000E +0 36939E-3]  400.0000E-3 3 0000E+0 4.8136E-3  400.0000E-3 4.0000E+0 5.7304E-3 2016-07-05 17:15:07.171
7 26414E-3 500.0000E-3 2 0000E +0 45129E-3]  500.0000E-3 3 0000E+0 5.9306E-3  500.0000E-3 4.0000E+0 7.0988E-3 More Exec 105
8 3.0063E-3  600.0000E-3. 2 0000E+0 5.2866E-3|  600.0000E-3 3.0000E+0 7.0072E-3  600.0000E-3. 4.0000E+0 8.4215E-3 :
9 33201E-3  700.0000E-3. 2 0000E+0 6.0187E-3|  700.0000E-3 3.0000E+0 8.0490E-3  700.0000E-3 4.0000E+0 9.7147E-3 RuN6
10 35843E-3  800.0000E-3. 2 0000E+0 6.7064E-3|  §00.0000E-3 3.0000E+0 9.0527E-3  800.0000E-3 4.0000E+0|  10.9745E-3 2016-07-05 17-14:05.482 izf Yﬁ? *
" 338020E-3  900.0000E-3. 2 0000E+0 7.3494E-3|  900.0000E-3 3.0000E+0,  10.0174E-3  900.0000E-3 4.0000E+0|  12.1993E-3
12 3.9778E-3 1.0000E+0! 2 0000E+0 7.9479E-3 1.0000E+0) 3.0000E+0,  10.9425E-3 1.0000E+0! 4.0000E+0|  13.3883E-3 More... Execi9s
13 4.1162E-3 1.1000E+0] 2 0000E+0 8.5010E-3 1.1000E+0) 3.0000E+0,  11.8270E-3 1.1000E+0] 4.0000E+0| 14 5401E-3 RunG
14 1.2226E3 12000E+0] 2 0000E+0 9.0078E-3 12000E+0]  3.0000E+0  126672E-3 12000E+0]  4.0000E+0] 15650953 un _ ¥ %
15 43029E-3  13000E+0[ 2. 0000E+0 94723E-3]  13000E+0[  3.0000E+0|  134688E-3  1.3000E+0]  4.0000E+0|  16.7271E-3 2016-07-05 17:13:49.733
16 43619E-3 1 4000E+0 2 0000E+0 9 8938E-3 1.4000E+0 30000E+0 14 2292E3 1 4000E+0 40000E+0| 17 7655E-3 More... Execi10s
17 4.4042E3 1 5000E+0 20000E+0| 10272563 1 5000E+0 30000E+0] 14 9474E3 1 5000E+0 40000E+0|  16.7642E3
18 44344E 3 1 6000E+0 20000E+0|  106101E3 1 6000E+0 30000E+0] 15 6235E-3 1 6000E+0 40000E+0|  19.7231E3 Run4 ﬁ 793 *
19 4 4564E3 1 7000E 0 2 0000E+0|  10.9079E-3 1.7000E+0 30000E+0,  162577E3 1 7000E+0 40000E+0|  206418E-3 2016-07-05 17:13:35.781
— L T B000E+0 : 3 1.8000E+0 30000E+0]  168472E3 1 8000E+0 40000E+0|  215167E3 More Erec 10
~a T — am anmar A T hmnac on T annnc o n n araar Al d :
< v % Rund A Calc A Settings A Rung A Run5 A Rund A Run2 ™| r Run3
07/05/2016 170 6:31 uni
— OSFET Drain Farmily Graph Settings... 2016-07-065 17-11:46.156 *ﬁ*
: More... Exec: 105
Run2
30802 2016-07-06 17:11:31.326 ik ﬁ *
g More... Exec:12s
E 20E-027 - Runl *ﬁﬁ
o
£ 2016-07-05 12:51:42.017
° More... Reference Data Exec:0s
1.0E-02
0.0E+00
p

=}

00

00

00

00

00

Dotg W Dun

Charlbad

Siar

Only the checked
boxes appear on the
Graph and Sheet.
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Analyze View — Terminal Settings

To be able to easily make changes as you are actively testing, there is a Terminal Settings tab to
quickly make parameter changes to your test.

I8 default 4 - Clarius - [vas-i0#1@1]

550 m»ﬁﬁ‘ mw > B QD

Run Stop Save Tools My Projects My Settings Learning Center
Select Configure Analyze I
B > - i i i
= . . Run Hist Hel
® ) 4 Z M | vasian v 22 ER ORUELEY o serio: G
Copy Cut Rename Delete
Project: default_4 N [[oraphseuncs || vds-id#1
- H0e0z : n-MOSFET Drain Family
4 | 4terminal-n-fet Gate (SMU3) -
vds-id Operation Mode | Voltage Step ‘ v
vtlin
subvt v : -
vgs-id
igvg
. Comp\ianceA
cv-nmosfet v
. T Report Current B4 Report Voltage
s
pulse-vds-id E : A | | .
waveform-meas g 20502 : : Drain (SMU2)
§ : :
5 ) -
P 3telmina\-npn-bjl Operation Mode | Voltage Linear Sweep ‘ v
vee-ic Start D v
gurime se[s ]y
NOEOZE o eeeee s
4w 2-wire-resistor COmpHanceA
res2t Current Report Voltage
ulse-resistor
p Bulk (GNDU)
4 4 diod o0
[+ diode g 2 ] g g Operation Mode | Ground Unit ‘ v
g g g g ]
vfd e - o ° =
Drain Votage (V) Source (SMUT)
vrd
v Operation Mode | Voltage Bias ‘ v
@ Messages Total Execution Time: 00:00:00:09 - .
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" @ Terminal Settings  Help
Run Hi I
2016-07-09 12:11:41.592 O A

More... Exec: 10 5
D 2{0:2?0?-0912:10:11.330 WK K
You can have up to 10,000 Runs for each test. :mr:..

< S S
2016-07-09 12:09:26.084 T T o T o

More... Exec: 10 s
If exceed 10,000 oldest Run will be removed first.

D 2016-07-09 12:09:03.154
Less... Exec 10 s

\-.‘"‘7 \-.‘"‘7 \-.‘"‘7
T T T o

You can Add Comments

A timestamp that shows the date and time when the test was run. temperature 300K (Rund)

2016-07-09 12:04:59.151

More... Exec: 10 s
. . Run2 _7 \?r-? ?,,?
° The eXGCUtIOH t|me 2016-07-09 12:04:31.640 2N aNal
More... Exec:12 s
Run1

she < <l
2016-07-09 12:03:52.753 AR A

 Rating stars that you can use to flag specific tests. L Hre, eemesa
* Notes. Select the More link and select the text box to add notes

about the run. Select Enter when the notes are complete. bete ¥ Aun Checked  Stars

EEEl - BB
I 7/9/2016  [15)
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Software Apps — Desktop

4200 Apps - KTEI

Complete Reference
I@ contains manuals, white
papers, applications
Complete  notes, release notes and
Feference )
other related literature

@ KITE — Keithley
Interactive Test

KITE Environment

th) KULT — Keithley User
KLLT Library Tool

KCON — Keithley
Configuration Utility

KXCI - Keithley External
Control Interface

4200A Apps — Clarius+

Learning Center contains
21| manuals, white papers,

ZE applications notes, release notes,
Llfi:‘t':rg videos and other related
literature

C
E.-I-| B Clarius — Keithley Interactive Test
= Environment

KULT — Keithley User Library Tool

KCon — Keithley Configuration
Utility

KXCI = Keithley External Control
Interface

KPulse — Keithley Pulse




=

Keithley Configuration Uti

KCon



__ Keithley CONfigura

Clarius+ Version V1.0

Kl System Configuration

Al B =

Validate Update Preamp, Save System Configuration

Configuration RPM, and CVIV Summary
Configuration

KXCI Settings Tools

Learning Center

Keithley 4200A-SCS Parameter Analyzer
KI 4200A-SCS

Keithley 4210 HPSMU

- sMul Slot 1
Keithley 4200 PreAmp
PA1
Keithley 4210 HPSMU
— SMU2
Slot 2
Keithley 4200 PreAmp
PA2
Keithley 4200 MPSMU
— SMU3
Slot 3
Keithley 4200 PreAmp
PA3
Keithley 4200 MPSMU
— SMU4
Slot 4
Keithley 4200 PreAmp
PA4
Keithley 4210 CVU
cvul
Slot 8
Keithley 4225 PMU
— PMU1
Slot 9
Keithley 4225 RPM
RPM1-1
Keithley 4225 RPM
RPM1-2
Keithley 4200 Ground Unit
GNDU

Add External Instrument Remove External Instrument

KI 4200A-SCS Properties
Model: Keithley 4200A-SCS Parameter Analyzer
System Serial Number. 1234567

4200A-300-1

Platform Version:

System Software Version:  4200A-852-1.0

Clarius+ Version: V1.0

Powerline Frequency: ‘ 60 Hz ‘ hd ‘
SMU Autorange Method: ‘ Normal ‘ v ‘
SMU Standby Range: ‘ 10mA | = ‘

Instrument Cards

Slot 1:

Slot 2:

Slot 3:

Slot 4:

Slot 5:

Slot 6:

Slot 7:

Slot 8:

Slot 9:

Keithley 4210 HPSMU
Keithley 4210 HPSMU
Keithley 4200 MPSIU
Keithley 4200 MPSIU
Empty

Empty

Empty

Keithley 4210 CVU

Keithley 4225 PMU
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New Firmware Upgrade Utility

To verify or update the firmware revision of the instruments, use the Firmware Upgrade utility.
Firmware Upgrade can be found from the Start menu by going to All Programs -> Keithley

Instruments -> Firmware Upgrade.

E Windows Media Center

Sticky Notes

;) Snipping Tool
B‘Q PpINg

a
x| Calculator

_p
55 4) Paint
2of

Firmware Upgrade

Clarius

» Al Programs

e S B’

A
kiuser
Documents
Pictures
Music
Games
Computer
Control Panel
Devices and Printers
Default Programs
Help and Support

Run...

E2 Windows Fax and Scan
 Windows Media Center
Windows Media Player
£ Windows Update
w# XP5 Viewer

. MAccessories

. Acronis

. Games

. Intel

. Keithley Instrurmnents

m Clarius

Firmware Upgrade
n Initialize New User

D KCon

KPulse

E kot

KXCI

n Learning Center

L Message Consale

I8 uninstall Clarius+ V1.0
, KI-488

Back

LN

kiuser

Documents
Pictures

Music

Games

Computer

Control Panel
Devices and Printers
Default Programs

Help and Support
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Firmware Upgrade Utilit

Learning photodiode AuditV1.0
Center 4200A-SCS Firmware Upgrade Utility

SMU1 1 M30

SMU2 2 M30

SMuU3 3 M30

SMU4 4 M30

Module

RPM1-1 9 2.00
RPM1-2 9 2.00
TUM1 31 0.41.7

Press the Upgrade button to start procedure

AuditV1.082
2] !

Acronis Tru...
Broadcast.

B A

Notepad++  VLC media
player

Instrument Slot Installed FW Version

cvul 8 2.12e04

PMU1 9 2.02e01

Upgrade FW Version

Up to date

Up to date

Up to date

Up to date

Up to date

Up to date

Up to date
Up to date

0.41.9

Status
Up to date
Up to date
Up to date
Up to date
Up to date
Up to date
Up to date
Up to date

Upgrade Required

4200A-SCS Firmware Upgrade Utility

Instrument Slot Installed FW Version Upgrade FW Version Status
SMU1 1 M30 Up to date Up to date
SMU2 2 M30 Up to date Up to date
SMU3 3 M30 Up to date Up to date
SMU4 4 M30 Up to date Up to date
cvul 8 2.12e04 Up to date Up to date
PMU1 9 2.02e01 Up to date Up to date

RPM1-1 9 2.00 Up to date Up to date
RPM1-2 9 2.00 Up to date Up to date
TUM1 31 0417 0.41.9 Installing

Upgrading: TUM1
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Clarius+ Version V1.0

KI System Configuration

PAL

= SMu2

PA2

- SMU3

PA3

= SMuU4

PA4

= PMU1

KI 4200A-5CS Kl 4200A-SCS Properties

KCON System Configuration Summary

Instrument Cards

RPM1-1

RPM1-2

GNDU

Print Configuration
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KCon Admin

Clarius* Version: V1.9.1 - 3 V—_—
@ |E =
fom v—
e o8 validate Save Summary KXCI Settings Tools Learning Center

Keithley 4200A-SCS Parameter Analyzer

o |aEesED 4200A-SCS Properties Instrument Cards Calibration View
[> SMUT Keithley 4211 HPSMU
Slot 1 Model: Keithley 4200A-SCS Parameter Analyzer Slot 1: Keithley 4211 HPSMU
[> SMUZ2 Keithley 4211 HPSMU
Slot 2 System Serial Number: 1473602 Slot 2: Keithley 4211 HPSMU
SMU3 Keithley 4211 HPSMU
Slot 3 Platform Version: 4200A-300-3 Slot 3: Keithley 4211 HPSMU
i~ Keithley 4215 CVU
Slot6 System Software Version:  4200A-852-1.9.1 Slot 4: Empty
D pMUI Keithley 4225 PMU
Slot 8 Clarius™ Version: V1.9.1 Slot 5: Empty
GNDU Keithley 4200 Ground Unit
Powerline Frequency: ‘ 60 Hz | v ‘ Slot 6: Keithley 4215 CVU
PRER Fake Prober
SMU Autorange Method: ‘ Normal | v ‘ Slot 7: Empty
SMU Standby Range: ‘ 10 mA | v ‘ Slot 8: Keithley 4225 PMU
Slot 9: Empty

ID : kconclient -systemtest
PW : KIST

Add External Instrument

Remove External Instrument
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KULT

« KULT is a tool used to create and manage user libraries.

* A user library is a collection of one or more user modules.

» User modules are C programming language subroutines.

» User libraries are created to control instrumentation, analyze data, or perform any other system automation
task programmatically.

» Once a user library has been successful built using KULT, its user modules can be executed using
KITE/Clarius.

» To execute a KULT user module in KITE/Clarius, you create a UTM and connect it to the user module.
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KULT

Module identification area

/

Library visible or
hidden display

{E) KULT: Module *Rdson Librany “Kid2onlib®.
Menu bar—— Fie Edit Options He

Librany k|4 2ewbb

Module: | RdsondZds

e e e =~ vl L Module-parameter
#include "ulib_internal.h® d'SplaY ares
int Bdson4iZX([ double Vg, double Vdl, double Vd2, int GatePin, int j

ff Verify parameters

if (GatePin » T2)  retucn(INVAL PARAM) ;
if (SourcePin > VI recucn(INVAL PLRAN) ;

if (DrainPin > 72) retuco(INVAL FPARAM) :
if (BulkPin » T2)  return(INVAL PLEAM) :

J4 Make the connecclons

{
ff Switch matrix used.

e S v FEMETS ot aBdn Fil s

4|

if ((GacePin > 0) ££ (DrainPin > 0) £€ (SourcePin > 0O))

Module code-entry
area

Terminating-brace
area

[+ /* End RdsonsziX.c */ =
Farameteaz Inchudes | Descnpon I Buid ]
Tab area——» | Parametsr Name Diats Type 1 Disfsuit | Min | M acd_|
(7] double It ] B W j Qetcin |
v double Iipoat 3 10 |10 Apply |
V2 double Iiprat 5 R

Status bar—»
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KXCI

Keithley External Control Interface




KXCI

« KXCI allows you to use an external computer to remotely control.
—> operation by GPIB, Ethernet
 The SMU, CVU, and PMU each have different types of command sets.
» Can call KULT user libraries remotely
* When controlled by an external computer, the Model 4200 functions like any other GPIB instrument.

* The GPIB command set is provided in Section 9 of the Model 4200 Reference Manual.
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KXCI

GPIB Status
indicators

KXCI settings
in this area™ |

Command,
message, and
data display

ared

Hide or Show
Graph button

Graph display
area
B
GPIE States
SRO LTW TLE RMT
00O

Z0T702f03 - 07:43:16 STATUS:

Running autozero on SMU1
2017f02f03 - 07:43:19 STATUS:
Running autozero on SMU2
2017402/03 - 07:43:19 STATUS:
GPIB communication started
2017/02/03 - 07:43:19 STATUS:
Address= 17

™ EOI= On

2017/02/03 - 07:43:19 STATUS:
String Terminator= CR{LF
2017/02f03 - 07:43:19 STATUS:
Reading Delimiter= Comma
2017/02/03 - 07:43:19 STATUS:
Command Set= 41200A (Mormal)

Clear Messages

Ly KPCHG8LP CARD NOT DETECTED

¥| Log Console Messages ¥ Include Timestamp in Log

Mo graph information avalable,

Ao Cal

Ext
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KXCI Test

B o fo| o

GFIB Status Help

5RE LTH TLK RMT [ )

. . . . Hide Graph

STATUS: Command Set= 4200A -
Normal : : : : r : : : :
|(NPUTZ)DR'| 1I:II:IE—|:|3:)!_;
INPUT: IT1 BODE-O4 - - - v e e e T
INPUT: CH1. "V1*, "1, 1. 1 ZO0E0A o opereefer e frerelee e Lo
INPUT: CH2. "V2". 12", 3. 3 = D00E+0 — e
|NPUTZSS 2O0E-D4 - - - ..... ..... I.{_{p/:l
INPUT: ¥R1,-5. 5. 0.1, 0.001 AOOE-O4 - e Teens : ; : :
INFUT: HT D : Lo : [ : . : .
EDUEM"", ........... L e e e e e
INPUT: SM ' R
INPUT: XN '"V¥1'.1,-5. 5
INPUT: YA 'I1". 1. -5e-9. 5e-9
INFUT: MD
INPUT: RG1, 100e-12
INFUT: ME1

m

-5.00E-01
-6.00E-0
-4 00E-t1
-2,00E-
0.00E +00
2.00E-M
4 00E-M
5.00E-M
5.00E-M

==
—

4

[¥] Log Console Messages [ ] Include Timestamp in Log Esit
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Learning Center

L '?‘IT@ The Learning Center x ‘j

://clariusweb/LearningCenter/indexhtm

I'
g

J
"
(
I

sl The Learning Center

| contents || index |[ Search |

Contents

Welcome to the Learning Center
[> Videos
Application notes, white papers, and technical notes
Keithley Low-Level Measurements Handbook
4200A-SCS documentation
Release notes
Technical data sheet
[> Accessory information
[> Model 4200A-CVIV User's Manual
[>> 4200A-SCS User's Manual
[>> 4200A-5SCS Reference Manual
[>> Test and Device Descriptions
Index

Welcome to the Learning Center

Welcome to the Learning Center

The Learning Center contains product and application information regarding the Model 4200A-SCS Parameter Analyzer.

The Learning Center contains a variety of content to help you learn how to use your 4200A-SCS. It includes the options shown in the following table.

Videos provide quick tutorials on a
variety of topics

Application notes, white papers, and
technical notes describe how to use the
4200A-5CS for specific instruments and
devices and how to address specific
issues

The Keithley Low Level Measurements
Handbook is the industry’s premier
technical reference for making precision
DC current, voltage, and resistance
measurements

User lManual content explains how to do
initial setup and application examples
that help you leam to use your
4200A-SCS

PDF versions of the User Manual,
Reference Manual, and Quick Start
Guides and other general product
information

Release notes contain information about
this version of the software release

Reference Manual content provides
detailed information on all aspects of
4200A-SCS operation

The Technical Data Sheet provides an
overview of the 4200A-5CS and
accessories. |t also includes
specifications

Accessory information provides links to
documents regarding cables, rack mount
kits, and other 4200A-SCS accessories

Keithley forums (requires internet
connection) provides a place where users
can share information

4200A-SCS website (requires internet
connection)

Keithley and Tektronix website (requires
internet connection)
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New products

4201-SMU and 4211-SMU
4215-CVU




V1.7 Released — New SMUs

New features include:
 Release of two new SMUs:
« 4201-SMU Medium Power SMU — same specs as 4200-SMU except higher cap specs
e 4211-SMU High Power SMU — same specs as 4210-SMU except higher cap specs
This upgrade is no charge to customers with 4200A with Win 10.

If users do not have Win10 and want to upgrade to V1.6, they can purchase 4200A-WIN10-UP
which includes both Win 10 and V1.5. Then upgrade to V1.6.
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New SMUs! Models 4201-SMU, 4211-SMU

INCREASED MAXIMUM CAPACITANCE SPECS FOR IMPROVED STABILITY WHEN
MAKING SENSITIVE LOW CURRENT MEASUREMENTS

SMU

=

Triax Cable
Force V, Measure | Mode /\
O » O
Force HI Guard Center pin

Cap

X1 G d<> o]
uar Shield Inside shield
Cap
Force LO 4

O

Load
Capacitance

OU—

Outside shield

PRELIMINARY SPECS:

« Max Guard Capacitance:

42X0-SMU spec: 100pF
New 42X1-SMU spec: 5SnF

« Max Shield Capacitance:

42X0-SMU spec: 330pF
New 42X1-SMU spec: 10nF

« Max Load Capacitance:

42X0-SMU spec: 10nF
New 42X1-SMU spec: 10uF
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Long Cables: MOSFET Id-Vg (TG-439 Demo DUT)

Run Settings: Sweep 2 to -2 V on Gate, Measure Current on Drain, Limited Auto 1pA, 20m Cable, best fixed source range,

10.0000E-3
1.0000E-3
100.0000E-6
10.0000E-6 .
Drain SMU:

1.0000E-6

100.0000E-9

Blue Curve— 4200-SMU
Green Curve - 4201-SMU

10.0000E-9

1.0000E-9

Drain Current (A)

100.0000E-12
10.0000E-12
1.0000E-12
100.0000E-15

10.0000E-15

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Gate Voltage (V)

No LCD SMU

New FW
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Current (amps)

OLED Device for Display

SATURATION AND LINEAR TRANSFER CURVES

-V Curves
1E+0

oscillations

1E-

w

1E-6

1E-9

1E-12

1E-15
-20 -10 0 10

Voltage (volts)

Measured with 4200-SMU

20

Current (amps)

-V Curves
1E+0

No oscillations

1E-

w

1E-6
1E-9
1E-12

1E-15
-20 -10 0 10 20

Voltage (volts)

Measured with 4211-SMU
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V1.8 Released — New CVU

Here are some of the proposed list of new features:

* New 4215-CVU

« KULT Editor

 New Graph Tool

« USB controlled external instruments (still being defined)

 New projects and tests
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4215-CVU Preliminary Specs

Has all the capabilities of the 4210-CVU and....
1V rms ac drive voltage

« 1kHz to 10Mhz, withlkHz test frequency resolution
« For example, 8.121 MHz is a test frequency

« Logarithmic frequency sweep capability
* Y-theta measurement function

« Averaging Filter Modes: Noise reduction, point averaging
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Why higher AC drive voltage?

« Measuring very small capacitances, <pF

« Making high impedance measurements (or measuring low capacitance at a low test frequency)

Example: 10pF device with 10kHz test frequency and 100mV ac drive voltage:

Iac
C = GV aD) or lac =CR2*m=* f *Vac) = 10pF (2 *m* 10kHz * 100mV) = 63ndac

The lowest current range full scale is 1uA. By increasing the voltage to 1Vac the measured
current becomes 630nA ac which becomes easier to measure.

« Keysight B1500A MFCMU ac drive voltage: 10mV to 250mV rms
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Key Specs




Key Specs

Modules

4200-SMU
4201-SMU
4210-SMU
4211-SMU

4200-PA

4210-CVU
4215-CVU

4200A-CVIV

4225-PMU

4225-RPM

4220-PGU

Ground Unit

Description

Medium power
Source Measure Unit

High power
Source Measure Unit

Remote Preamplifier Module

Capacitance-Voltage Unit

I-V/C-V Multi-Switch Module

Ultra-Fast Pulse Measure Unit

Remote Preamplifier/Switch
Module

High Voltage Pulse Generator
Unit

Low noise, ground unit

Key Measurements

o DC |-V

. VLF C-V (Very low
frequency C-V)

. QSCvV

. AC Impedance
C-V, CH, C-t

DC I-V and C-V with automatic

switching

. Pulsed I-V

. SegmentARB® multi-
level pulsing

. Transient Waveform
Capture

DC I-V, C-V, Pulsed I-V with
automatic switching

° Pulsed voltage source
° SegmentARB® multi-
level pulsing

Range

+100 mA, +210 V

1A, £210V

Extends current ranges for all
SMU’s

1 kHz — 10 MHz

+30 V built-in DC bias

(60 V differential)

+210 V DC bias with SMU’s

+40V (80 V p-p), £800 mA

200 M Sa/s simultaneous |
and V measure

2048 unique segments

20 ns PW source only

60 ns PW source/measure

Extends current range of 4225-
PMU unit

+40V (80 V p-p)

2048 unique segments

Triaxial connection: 2.6 A
Binding post: 9.5 A
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Thank you
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