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Measure amplitude of the impedance and the phase angle between voltage and current
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Figure 31: 4200-SMU and 4200-PA operating boundaries

+|
+100 mA
Quadrant Il Quadrant |
Sink Source
-200V - v +200V
-V i I +V
Quadrant Il Quadrant IV
Source Sink

-100 mA

KEITHLEY gl

A Tektronix Company



4200-SMU or 4210-SMU

FORCE
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SMU ikl & *
s g
nE mE
REER' |RARE ’ ’
RER ARE | emmams) | P Lomw.wm
1A 21V 1pA 0.100% + 200pA 50pA | 0.100% + 350pA
100 mA 210V | 100nA 0.045% + 3pA 5uA | 0.050% + 15uA
100 mA 21V | 100nA 0.045% + 3pA 5uA | 0.050% + 15 pA
4210-SMU 10 mA 210V | 10nA 0.037% + 300nA | 500 nA | 0.042% + 1.5pA
BhE SMU? [4200-SMU 1T 210V 1nA 0,035% + 30 nA 50 nA 0.0400{: + 150 nA
%1% SMU? 100 pA 210V | 100 pA 0.033% + 3 nA 5nA | 0.038% + 15nA
10 uA 210V | 10pA 0.050% + 600 pA | 500 pA | 0.060% + 1.5 nA
m 210V 1 pA 0.050% + 100pA | 50 pA | 0.060% + 200 pA
100 nA 210V | 100fA 0.050% + 30 pA 5pA | 0.060% + 30 pA
4200-SMU #1 4210-SMU 10 nA 210 V 10 1A 0.050% + 1 pA S00fA | 0.060% + 3 pA
Tk E 4200-PA 1 nA 210V 1 fA 0.050% + 100 fA 50 iA 0.060% + 300 fA
T 100 pA 210V | 300aA 0.100% + 30 fA 151A | 0.100% + 80 fA
10 pA 210V | 100 aA 0.500% + 15 fA 5fA | 0.500% + 50 fA
1 pA 210V 10 aA 1.000% + 10 fA 15fA | 1.000% + 40 fA
SMU B ERE°
REERE " mRAHRRK = i3
BE BE
4200-SMU | 4210-SMU SHE’ | (%EB+RE) | SHET | = (%EE+ RE)
200V 10.5 mA 105 mA 200 pV 0.015% + 3mV 5mV 0.02% + 15 mV
20V 105 mA 1.05 A 20 pv 0.01% + 1 mV 500 uV 0.02% + 1.5 mV
2V 105 mA 1.05 A 2 uv 0.012% + 150 pV 50 pV 0.02% + 300 pV
200 mV 105 mA 1.05 A 0.2 uV 0.012% + 100 pV 5 uV 0.02% + 150 pV
R REMRAERE, TURBMESAREN 10% HARERSERE.
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Why are these new features important to customers?

New CVU Features Benefits and Apps

Higher AC Drive voltage, (1VACrms) ¢ Enables more sensitive, quieter C-V measurements
* Accurate 1fF (1E-15 F) measurements
* Quieter measurements are important for applications, such as
doping profile, that require taking the derivative of the capacitance

More Frequency Steps (10,000) Enables customers to see resonance in C-f sweeps due to either
external interference or device

* Helps to determine optimal test frequency for C-V measurements

Log f sweeps (new feature) Enables customers to plot the Impedance vs log f which is very common
for many applications including organic FETs, traditional semi devices,
electrochemistry apps

AC drive voltage sweep (UTMs) Plotting capacitance as a function of AC drive voltage enables the
customer to derive certain device parameters such as defect density of a
solar cell

€ 14 rucusT 2020 KEITHLEY JE

A Tektronix Company



Example #1: Measuring a 1fF (1E-15F) Capacitor

Commercially available 1fFcapacitor
https://www.ietlabs.com/genrad-1403-

series-high-frequency-standard-

capacitor.html

1E-15 F = 0.000000000000001 F

Can | measure this with the 4215-CVU?

KEITHLEY BR&



Yes! 1E-15F measurements!

[i femtofarad-capactance_ - Clarus - [w) x
o RF :
: i 3 [i
Do R | > m B Q0 O O
Select Configure AnyyTe fun | Tools My Projects My Settings  Lesining Cester
’5) | femtofarad-capacitance_ View E @ Save Data g,)
? - = s
i 10E15 .o " cewn tistew e vees 1'emt°Farad Capac'tor v . . R R T I s ev‘se v = ;’
2 . : : ‘(with Open Correction) : : 3
990.0E-18+ - seeseadiena T o RS e N R R A N A S R S e A TN B s R NS Ee TR TR e va s Sl AGE T
] y J ; ; : ; [
: k)
980 0E-18
970 OE-18

960.0E-18

950.0E-18

Capacitance (F)

940 0E-18

930 OE-18
NOISE = 5.80581e-18 F
920.0E-18 0 N - - . S JR.
910.0E-18
900 OE-18
T - g 7 e ? 7 F ?
& ¥ & & # # -] - & 8 ] -
Time (s)

(A\/ Messages  2020/00/25 - 130436 Model/Preamp configuration in saved test differs from system configuration Performi
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Keithley Family of SMU - Instruments

Graphical SMU 2450,2460,2461

* Industry-first 5” color touchscreen GUI
* Sub pA and sub pV resolution

Basic Bench 2400 Series

* Industry standard SMU
* Family of models from 1100V to 10.5A

Speed 2600B Series

. TSP® (Test Script Processor) technology for industry-best throughput and lowest cost
of test

e Single- or Dual-channel models

Power 2650A Series

¢ Industry-best 3kV, 50A with up to 2000W pulsed power and sub pA resolution
e 1uSec digitizer

(7 KEITHLEY
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Keithley SMU Family - Systems

Parametric Curve Tracers

e Power device characterization up to 3kV and 100A including high quality instruments, cables, test
fixturing, and software

e ACS Basic Edition software features real-time curve tracing and full parametric characterization

4200A-SCS Parameter Analyzer

e Multi-channel, turn-key characterization system: |-V, C-V, and Pulse measurements
e Characterize devices, materials, and semiconductor processes with sub-fA resolution
e Easy-to-use Windows® GUI, modular architecture, and over 450 user-modifiable test applications

$530 & S540 Parametric Test Systems

¢ High-speed semiconductor parametric testing with low cost of ownership

e Designed for production and lab environments managing a broad range of devices and product
wafers

S$500 Parametric Test Systems

¢ Highly configurable and scalable SMU instrument-based system

e Semiconductor device testing along with Automated Characterization Suite (ACS) at the device,
wafer, or cassette level

KEITHLEY

A Tektronix Company
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