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4200A - SCS at aglance

INSTRUMENT CONFIGURATION

Touch-screen display
USB3 and USB2 ports(keyboards,
mouse, storage...)

Up to 9 Source Measure Units
Up to 4 dual-channel Pulse and
Measure units

Capacitance Voltage Unit
GNDU



4 Instrument block diagram
GENERAL VIEW

Device Interconnects:
USB, gpib, Ethernet, Trigger Card

Control Instruments | Device and Fixturing
| |
I Cables
SMU I-V -7 .
! Software /
SMU |-V i
I Computer / Test Fixture
I Triggering i SMU |-V Device
| C-V Meter
[
I Pulsed I-V
[
' |
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é Test Case Example

PHASE CHANGE MEMORY TEST BENCH

Pulse Generation:

e Arbitrary Waveform Generator
« Variable Attenuator
 Amplifier

Variable Attenuator
Amplifier

Scope Ch1

(- Vokage) Pulse Measurement:

» Oscilloscope

- « Voltage and current probes

Scope Ch2
(- Current)



a Test Challenges and Solutions

HOW THE PARAMETER ANALYZER CAN HELP

Test Need Value Proposition

Configure multiple instrument and related All instruments visually configurable in one page
parameters

Multiple Instruments Synchronization and Trigger Fully handled by Clarius software
Retrieve measurements data in both graphical and Fully handled by Clarius software
tabular formats

Extract device parameters report from Fully handled by Clarius software (customizable with
measurements Formulator)



IV
Characterization

and SMUs




& IV Characterization and Parameters extraction
4

CONFIGURE THE TESTS

4

4terminal-n-fet
vds-id
vilin
subwt
vgs-id
ig-vg
cv-nmosfet
pulse-vds-id

waveform-meas

S BB <

Operation Mode | Voltage Step

Start | 2

Stop | 5 A

Step

1

Compliance | 0.1 A

D Measure Current Report Voltage

[ |
V;
v
|

| All Parameters |

Drain | SMU2 [+]

. -~
Operation Mode | Voltage Linear Sweep | ¥

Start

I
Compliance _ A

Measure Current Report Voltage

NDU

| v
Opesation Mode | Ground Unit | v

Operation Mode | Voltage Bias v

D IMeasure Current D Report Voltage
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IV Characterization and Parameters extraction

CONFIGURE TESTS

4 - 4terminal-n-fet
vds-id

vilin

subwt

vgs-id

ig-vg

cv-nmosfet

pulse-vds-id

waveform-meas

<

BN 0 AR

Operation Mode | Voltage Linear Sweep | v

\

Stop

Step | 0.05 v

Il

Compliance | 0.1 A

D Measure Current Report Voltage

J All Parameters 1

I

SMu2

Operation Mode | Voltage Bias

I

Bias | 1 v

Measure Current D Report Voltage

Operation Mode | Ground Unit ‘ v

Compliance

D Measure Current D Report Voltage
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IV Characterization and Parameters extraction

ANALYZE THE RESULTS

vds-id#1

03/03/2017 141807
£0E-D270 -

20E-02

206021+

Drain Current (4)

1.0E-02

n-MOSFET Drain Family

Graph Settings... |

0.0E+00

1.0E+00

20E+00

Drain Vottage (V)

30400
4,0E+00

5.0E+00

vtlin#1

Run1 Formulas List

Drainl

STARTI

STOPI

VT

47 6351E-12

1.0000E-3 6.0000E-

Formulator

1.3688E+0)

102.3558E-12

-5.5375E-3

220.7390E-12

-5.3276E-3

482 2470E-12

S177E3

1.0461E9

-49077E-3

2.2845E9

-4.6978E-3

49160E9

-4 4878E-3

10.2551E9

-42779€-3

21.0541E9

-4.0679E-3

42.0942E9

-3.8580E-3

4

080272007 16:41:12

|14

v

re-MOSFET Threshold Voltage-Linear

Run Settings

Graph Settings...

Runt:¥T =1.36882

Thieshold Voltage [V}

Fil[Link: y=a+b
e
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Gate Votage (V)

SDE+0
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Source Meter Units
THE NEW 4201-SMU AND 4211-SMU

SMU Current Specifications witl§ 4200-PA Preamplifier ¢

Measure Source
Current Max. Accuracy Accuracy
Range* Voltage Resolution? +(% rdg + amps) Resolution? +(% rdg + amps)
1A 21V 1 pA 0.100% + 200 pA 50 pA 0.100% + 350 pA
100 mA 210V 100 nA 0.045% + 3 pA 5 pA 0.050% + 15 pA
‘:f‘ﬁf”” 100 mA 21V 100 nA 0.045% + 3 pA 5 uA 0.050% + 15 pA
Ign-owek 4200-SMU = =
SMU Madiiiri 10 mA 210V 10 nA 0.037% + 300 nA 500 nA 0.042% + 1.5 pA
and Power SMU 1mA 210V 1nA 0.035% + 30 nA 50 nA 0.040% + 150 nA
4H?1I11-I§MU and 100 pA 210V 100 pA 0.033% + 3 nA 5nA 0.038% + 15 nA
i ower
snﬁuz :’120;_-5”‘“ 10 A 210V 10 pA 0.050% + 600 pA 500 pA 0.060% + 1.5 nA
eamuum
Power SMU 2 1 pA 210V 1pA 0.050% + 100 pA 50 pA 0.060% + 200 pA
5pA 0.060% + 30 pA
0.050% + 1 pA 500 fA 0.060% + 3 pA
0.050% + 100 fA 50 fA 0.060% + 300 fA
42X X-SMU with optional
4200-PA Preamp 0.100% + 30 fA 15 fA 0.100% + 80 fA
0.500% + 15 fA 5fA 0.500% + 50 fA
1.000% + 10 fA 1.5fA 1.000% + 40 fA
age range

SMU Between Source of
Capacitance SMU 42?2:;’:‘:]53223 System
Specifications | Terminals p Capacitance
100mA-1A
ranges: 100 pF
— 100nA-10mA
Maximum Load 0;;3 ranges: 10 pF DUT, coax
Capacitance Force L0 1nA-10nA preamp  cables, chuck
ranges: 10 pF
1pA-100pA preamp
ranges: 1 jiF
Maximum Triax
Guard FOrG 5nF Cables and
; HI and Guard :
Capacitance Connections
Maximum B Triax
Shield 10nF Cables and
: and Force LO :
Capacitance Connections




V Source Meter Units
4 THE NEW 4201-SMU AND 4211-SMU

S500
LCD Test System

Glass Panels to be Tested

______

HE0
HOE

I v
|
|
|
i
| 00000000
| oonooonn
—————— cooooood .
! 00000000 Mabile Phone
: noononon
|
v
LCD Probe Station

Switch
Matrix

Triax Cables Probe Card
connecting test
system to probe card

Current{amps)

Current (amps)

|-V Curves

1E+0

-
m
w

=
m
@

[
mn
[t}

Saturation
— Linear

1E-12

1E-15
-20 -10 0 10 20

Voltage (volts)

|-V Curves

1E-6
1E9
s Saturation
— Linear
1E-15
-20 -10 0 10 20

Voltage (volts)



CV Measurements




VA CVU Measurement Overview

Measure
ac current

o Measure

ac voltage

Red SMA
cable*

LCUR /‘,;\H

v A

* The shields of the cables
must be connected together
near the DUT.

Measures AC impedance (Zp 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 impedance.

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:

C _ IDUT
DUT anVac




cv-nmosfet#1

H CVH1

DC Operation Mode

Start

Stop

Step

Freq Operation Mode

Frequency

Voltage Linear Sweep | v

-5
-0.2
Single Freq

1E6

-]

All Parameters

Operation Mode | Mot Connected ‘ v

Operation Mode | Not Connected ‘ w

Start

Stop

Step
Freq Operation Mode

Frequency

DC Operation Mode | Voltage Linear Sweep | v

Voltage Bias

Voltage Linear Sweep

Voltage List Sweep

Voltage Step

Single Freg

Start
Stop
Step

Freq Operation Mode

Frequency

Single Freq

Single Freg

Freq Linear Sweep

Freqg Log Sweep

Freq List Sweep

Freq Step




& CVU Open Compensation
4

C-VMEASUREMENTS ON A MOSFET

[3173072017 12 56,04
ABE-AD oot

 N-MOSFETCV Sweep
Gate to Drain/Source/Bulk | : i :

The difference between the
two curvesis about 0.23 pF.

E+0

k3
w
2
b

BOE40 T
3.0640
20640
0E+0
0.0E40
0E+0
2.0E40
3.0E40

Gate Voltage (V)




” 4215-CVU vs 4210-CVU
4

Discreet Frequencies
Frequency Sweeps

AC Drive Voltage

4215-CVU
10,000

Linear, log, list

10mVto1Vrms

4210-CVU
37

Linear

10 mV to 100 mV rms

New filter settings
Can be used with all
Library tests?

Can be used with new CVU
user library?

Y, admittance

19 SEPTEMBER 2023

yes

yes

yes

yes

yes

yes
yes, except log sweep

yes

16



The Clarius
Software
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Clarius+ Software Suite
4200A-SCS SOFTWARE APPLICATIONS INCLUDED WITH SYSTEM

‘*1 Learning Center contains
£

manuals, white papers, KCon — Keithley Configuration

A applications notes, release notes, Al Utility
Ex[Lls] videos and other related literature

Center

KXCI - Keithley External Control
Interface

Clarius - Keithley Interactive
Test Environment

i

Clarius

%
E{";"’ KULT - Keithley User Library
A Tool

KULT

KPulse - Keithley Pulse

o 19 SEPTEMBER 2023

18
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Clarius+ Software Suite

8 Default - Clarius PC Editid

B

2 0

est Library (141)

Default Sort By: Import
A @ Site |Name:AToZ | v ‘ | ‘ image Desmipliun
4 @ Subsite &
Custom Test
4 - 4Hterminal-n-fet . . n
Custom Add a blank test that can be configured into a DC, Pulse, or C-V test (ITM).
vds-id l:‘ Choose a test from a preprogrammed library (UTM).
vds-id_1
vtlin D Capacitor High-Voltage Bias Capacitance Measurements (200vbias)
Applies a high-voltage and measures the capacitance as a function of time of a capacitor.
subvt D
vgs-id l:‘
igvg O] Capacitor High-Voltage C-V Sweep (200vsweep)
cv-nmosfet D Makes a high-voltage C-V sweep on a capacitor.
pulse-vds-id D
waveform-meas l:‘ . .
2D FET Drain Current vs Gate Voltage (2dfet-id-vg)
Custom Test A D Uses a voltage segment sweep to generate a drain current vs. gate voltage curve of a 2D FET.
A ‘ Sterminal-generic D
Custom Test_2 A
Schottky Diode 400V C-V Sweep (400vsweep)
Custom Test_1 . "
Generates a high-voltage C-V sweep on a Schottky diode.
v
4 { 3terminal-npn-bjt 4
@ Messages 2023/09/13-11:08:57: Clarius Hardware Server started.

l:‘ Electrochemistry
D Materials

D Memory

D Nanotech

l:‘ Organic

D Semiconductor

D Other

Measurements
[Jev
[ociv
[ JPuise
[ | Retiabitity
[ | Resistivity

Author
[ JFactory
[ Juser

Configure Save Tools Projects My Settings Learning Center
[FUCE Hel
— ‘/// Devices Actions Wafer Plan  Projects @ p
Sopyt T _.D Technology Device Type

[ ] capacitor

[ ] piode

[ ] Etectrochemistry
[ ] ceneric

[ | Resistor

[ ] sotar cell

[ ] ransistor

[ Jother

Terminals
(12
(s
e
[ s
[ s
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Clarius+

oftware Suite

=8

Analyze

L=

Stop Save

2

Tools Projects My Settings  Learning Center

oB ¥ 7

Copy Cut Rename

Default
4 @B site

A @ Subsite

A - 4terminal-n-fet

vds-id
vds-id_1
vtlin
subvt
vgs-id
ig-vg
cv-nmosfet
pulse-vds-id
waveform-meas
Custom Test
A -' Sterminal-generic

Custom Test_2

Custom Test_1

4 {  3terminal-npn-bjt

>

OooOooDooOO0lilial e e

>

.

Delete

vtlin#1

Start

Step

Compliance | 0.1

Operation Mode | Voltage Linear Sweep ‘ v

v

v

v

A

D Measure Current Report Voltage

I All Parameters I

Operation Mode | Voltage Bias | >,

Measure Current D Report Voltage

Operation Mode | Ground Unit | k.

Operation Mode | Voltage Bias | b

\%

Bias

D Measure Current D Report Voltage

@ Messages

2023/09/13 - 11:08:57: Clarius Hardware Server started.

@ BCE TGN Terminal Settings  Help

vtlin#1

Measure Settings

Speed‘ Mormal ‘ v |
D Report Timestamps
Test Mode
Mode | Sweeping ‘ v |

Exit Condition




& Clarius+ Software Suite
4

I8 Default - Clarius PC Edition - X
@ — n
*— I [
o W > B B & S
Select Configure Analyze Run Stop Save Tools Projects My Settings  Leaming Center
e 5 == " :
@ 36 » View: ( : Jll Run Histol Terminal Settings  Help
Copy Cut Rename Run4
Default Run1 Formulas List D 3/3/2017 20'18:17.923
: - : > = = : More...
4 @ Site Drainl(1) DrainV(1) GateV(1) Drainl(2) DrainV/(2) GateV(2) hini(3) DrainV(3) GateV/(3) Drainl(4) P
un
3.9086E-6 0.0000E+0 2.0000E+0| 2533656 0.0000E+0 3.0000E+0 ho511E-6 0.0000E+0 4.0000E+0 47953E-6 D 3/3/2017 20:17:44 618
< @ Subsite 682.3069E-6|  100.0000E-3 2 DOOOE+D 1.0795E-3)  100.0000E-3 3.0000E+0 '3940E-3|  100.0000E-3 4.0000E+0 1.6596E-3 More...
4 £ Aterminakn-fet 1.3012E-3)  200.0000E-3 2 DOOOE+D 21091E-3|  200.0000E-3 3.0000E+0  TA46E-3|  200.0000E-3 4.0000E+0 3.2805E-3 Run2
1.8577E-3)  300.0000E-3 2.DO00E+0 3.0889E-3)  300.0000E-3 3.0000E+0 |0524E-3|  300.0000E-3 4.0000E+0 4.8633E-3 D BIHA01T200718:271
0 More...
vds-id 2.3503E-3)  400.0000E-3 2 DO0OE+D 40157E-3|  400.0000E-3 3.0000E+0 .3119E-3|  400.0000E-3 4.0000E+0 6.4016E-3
. 27828E-3)  500.0000E-3 2 DODOE+0 4.8948E-3|  500.0000E-3 3.0000E+0 .5322E-3|  500.0000E-3 4.0000E+0 7.9060E-3 Ruril
vds-id_1 3/3/2017 20:16:34.853
3.1546E-3)  600.0000E-3 2 DD0OE+D 57197E-3|  600.0000E-3 3.0000E+0 ' T064E-3|  600.0000E-3 4.0000E+0 9.3682E-3 Miia
vilin I:‘ 3.4684E-3  700.0000E-3 2.D000E+0 6.4952E-3)  700.0000E-3 3.0000E+0 |8339E-3|  700.0000E-3 4.0000E+0|  10.7876E-3
3.7272E-3|  BOO.000OE-3 2 DD0OE+D 7.2164E-3|  800.0000E-3 3.0000E+0 bo110E-3|  B00.0000E3 4.0000E+0|  12.1592E-3
subvt ] v
vgs-id | |
g D 4 » Runl Run Settinas
) D ) ik n-MOSFET Drain Family
cv-nmosfet I:‘
pulse-vds-id D
<
waveform-meas D =
£
o
Custom Test 'y
O
S
4 ™ 5terminal-generic D
Custom Test_2 A Date ¥ Name Checked Stars
25 )
| ] - ImBy 1 -
Drain Voltage (V)
4 { 3terminal-npn-bjt ] -
@ Messages 2023/09/13-11:08:57: Clarius Hardware Server started. |




TH AN K Contact Information
YOU

enrico.citti@tektronix.com
andrea.vinci@tektronix.com

KEITHLEY

A Tektronix Company
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4 Connecting to probers
SWITCHING AMONG DC - CV - PULSED

RPM Output Terminals SMU, CVU, PMU to
to Device Under Test RPM Input Terminals




4 Connecting to probers
SWITCHING AMONG DC - CV -HVCV

GNDU SENSE

SMu2

LCUR |

CVU INPUTS

a
.t & SMU INPUTS /N




