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Measurement System

Cabling/

Instrument




What will limit your results?

e The material or device under test [DUT] itself?

e The connections between the DUT and
instruments [including cables, fixtures,
switching, etc.]?

e The measuring instrument?




4-Step Measurement Process

Define required measurement quality
Accuracy, Repeatability, Timing, ...
Desigh measurement system
Select equipment and fixtures
Build and verify performance
Technigues to improve measurements
Use system to gather desired information
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Resolution

The smallest portion of the signal that can be observed

12-bit resolution = 1 part in 4096
4-1/2 digits = 1 part in 20000 counts (00000 to 19999)
7-1/2 digits = 1 part in 20,000,000 counts (00000000 to 19999999)




Resolution — Bits and Counts

12 bit A/D — 4096 counts — approx 3.5 digits
16 bit A/D — 65,536 counts — approx 4.5 digits

18 bit A/D - 262,144 counts — approx 5.5 digits

22 bit A/D — 4,194,304 counts — approx 6.5 digits
25 bit A/D — 33,554,304 counts — approx 7.5 digits
28 bit A/D — 268,435,456 counts — approx 8.5 digits




Sensitivity

* The smallest change that can be detected
e Specified in units of the measured value

— Volts, ohms, degrees

e Examples:
— 3-1/2 digits (2000) on 2V range = 1ImV
—4-1/2 digits (20000) on 2W range = 100mW
— 16-bit (65536) A/D on 2V range = 30mV
— 8-1/2 digits on 200 mV range = 1nV




Accuracy

« Absolute accuracy

— A measure of the closeness of agreement between a measured
value and that of a primary standard value

* Relative accuracy

— A measure of the closeness of agreement between a measured
value and that of a locally established reference value
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Resolution Accuracy Repeatability

@ High High High
© High Low High
O Low Low High
O Low Low Low
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How to read instrument specs

e Accuracy
— Offset error vs. Gain error
— Temperature coefficient

* Sensitivity
— Noise vs. resolution

* Timing

— Settling Time vs. Rise Time

16
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Temperature Coefficient
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Instrumentation Error

Accuracy = 1 (% reading + % range)
= 1 (gain error + offset error)
For example, DMM 2V range:
Accuracy =1 (0.03% of reading + 0.01% range)
For a 0.5V input:
Uncertainty =1 (0.03% x .5V +.01% x 2.0V)

=1 (.00015V + .00020V)
=1 350 mV
Reading =.49965 to .50035




Instrumentation Error - DMM Example

e DMM, 6 1/2 digit, 2V range (2.000000)
Accuracy
=1 (0.003% reading + 0.001% range)
=1 (30 ppm readings + 10 ppm range)
= 1 (0.003% reading + 20 counts)
Uncertainty @ .5V
=1 (.000015 + .000020)
=1.000035V

=+35mV
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Instrumentation Error —

Data Acquisition Board Example

* Analog input board, 12 bit, 2V range
Accuracy

=+ (0.01% reading + 1 LSB)

=1 (100ppm + 1 bit)
Uncertainty @ .5V

= £ (.000050 +29__)

409

= + (.000050 +.000488)

= 1 .000538

=+ 538 uwv
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Sensitivity

The smallest observable change may be limited either by noise or by
digital resolution

Instrument Noise is often specified
— Peak-to-peak, RMS, in some bandwidth
If not specified, could be measured:

— Voltmeters/Ohmeters: Shorted Input
— Ammeters: Open (Shielded) Input




Timing

®* Rise Time:
— 10% —90%
— 2.2 time constants (2.2 X RC)
* Settling Time:
— Specified as time for measurement circuitry to settle to within 1%
(or .1%) of final value
26
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e We have picked appropriate equipment, cables, and fixtures
e We know the specs of the equipment

o Verify performance one step at a time
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Assemble system one piece at a time

www.keithley.com

e Start with the instrument, verify noise and error:
— Voltage measurements: Short circuit input
— Ammeter: Open circuit input

Short/Open
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Assemble system one piece at a time

e Start with the instrument, verify noise and error:
— Voltage measurements: Short circuit input
— Ammeter: Open circuit input

e ...Then include Cabling

Short/Open
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Assemble system one piece at a time

e Start with the instrument, verify noise and error:
— Voltage measurements: Short circuit input
— Ammeter: Open circuit input

e Include Cabling
..... Then include Test Fixture

. . Short/Open
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Assemble system one piece at a time

e Start with the instrument, verify noise and error:
— Voltage measurements: Short circuit input
— Ammeter: Open circuit input

e Include Cabling

e Include Test Fixture
.... Then include DUT
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Assemble system one piece at a time

e Start with the instrument, verify noise and error:
— Voltage measurements: Short circuit input
— Ammeter: Open circuit input

e Include cabling

e Include test fixture

e Include DUT

e Check timing, reassess measurement speed goal

. .
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R 7 & (Piezoelectric Effect)

LT Rt Piezoelectric Effect
] Metal
Applied Terminal
Force [
Piezoelectric Conductive
Insulator Plate




B#4 % (Triboelectric Effect)

Frictional motion
at boundary due
to cable motion

Coaxial
Cable

Conductive
lubricant in
_ low noise
Jacket Inner Shield cable
Conductor
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Contamination Effect

Printed '
n Epoxy Printed
/\ Wiring Circuit Board
| Flux or
# -' other chemical
; & "track” and
I + | moisture

Noise current can be tens of nA
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Cables

Co-axial (BNC) Tri-axial (Triax)
a. Configuration a. Configuration
Shield ; Quter slot (1 of 3)
Inner e (5
Cent shield e [
enter i [Raan]
conductor Center ¥ Ifmﬁ

conductor

b. Connections
Center conductor (HI) b. Connections

Center conductor (HI)
@ Inner shield (LO or GUARD)
‘L Shield (LO or ground) AN

Outer shield (chassis ground or LO)

LO
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« £ 3 #® (Thermal EMF)
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« Measure on two pads

« Measure on Kelvin (four pads)

structure
| SMU Hi Force
Hi Sense
DUT
| Lo Force
Lo Sense

structure
SMU1 Hi Force SMU2
Hi Sense . .
l Hi Force .
Hi Sense

DUT § \/
. Lo Force SMU3
| Lo Force Lo Sense ®

| Lo Sense
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o force | measure V (FIMV)
o force V measure | (FVMI)
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Coaxial vs. Triaxial

« Coaxial Cable (BNC r #h 7 %)
o RG-58 (- 4% BNC cable)
o Keithley 4801 (Low Noise BNC cable)
S BERBR A 2 EUELRA 4 2 TR
o — &% BNC cable*tnAr F 7 7xz2. & B

 Triaxial Cable
o NA(Z )T Tinz £ R ¢ & * Triaxial cable
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