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Measured Value, True Vallle,
Systematic Error, and Repeatability Error

Measured YWalue = True Value + Swstematic Error + Repeatability Error

M = heasured Yalue '

- "
T = True “alue £

= 1 = True “Yalu=

Eo = Swystematic Err@r%eH-f
Or Reproducibility Error AN
Er = Repeatability Error

THE MEASURED WALLIE:
The Measured Yalue, M, 1s the sum of three terms:

1. The TRUE vwALUE,

2. The S¥YSTEMATIC ERROR of the test swstem, and
3. The REFPEATAEILITY ERROR of the test swstem.

This is represented as:

M =T + Eg + Ep

iy = Measured YWalue

T = True “Yalus

Es = Swstematic Error
Er = Repeatability Error
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 Resolution (Quantization Error) | &

4 \}éj :F$ ﬁq: *ﬁ }_L‘ high Precision low
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Resolution - Bits and Counts Sensitivity
* 12 hit A/D - 4096 counts - approx 3.5 digits + The smallest change that can be detected
» 16 bit AID - 65,536 counts - approx 4.5 digits + Specified in units of the measured value
+ 18 bit A/D - 262,144 counts - approx 5.5 digits — Volts, ohms, degrees
+ 22 bit AID - 4,194,304 counts - approx 6.5 digits * Examples:

— 3-1/2 digits (2000) on 2V range = 1mV

— 4-1/2 digits (20000) on 2Q range = 100uQ

— 16-hit (65536) A/D on 2V range = 30uV

KEITHLEY — 8-1/2 digits on 200 mV range = 1nV KEITHLEY

+ 25 bit A/ID - 33,554,304 counts - approx 7.5 digits
+ 28 bit A/D - 268,435,456 counts - approx 8.5 digits
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DC Instruments Error
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Which one of these would we want?
How we would fix the error? example/Question 10

www _keithley.com

Resolution, Accuracy, Repeatability

Resolution Accuracy Repeatability
@ High High High
@ High Low High
@ Low Low High
O Low Low Low

14 A GREATER MEASURE OF CONFIDENCE |<EITHLEY

& Copyright 2010 Keithiey Instuments, Inc
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Cp:J Cpk
C,: MR TR, fEfrE [ aEwE] 5 [Hf
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A ERRAGE, €, = (USL-p) / 30,
ARG 0E, €, =(p -LSL) / 3a,

XA XA FA% . C,=(USL-LSL) / 60,

UTL = Upper Specification Limit

LTL = Lower Specification Limit

HO
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Gauge Repeatability and Reproducibility

GRR :Ux:\/a-rz'l'O-Rz
Cp:USL—LSL
60k
1
% GRR = ——*100
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What is an acceptable Cpk value?

<1.00 <3 %J Unacceptable
1.00 3o, Marginal
1.33 ‘o OK
1,67 S0
2.00 S0/

>200 | 79
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0.33

0.67

1.33

1.67

317310
45500
2700
63
0.57

0.002

68.3

95.5

99.73

99.9937

99.99995

100



%GRR Acceptance Criteria

Analog or Mixed Signal Parameters (Continuous)

Measurement C, %GRR Rating
1 100% Unacceptable
3 33% Unacceptable
5 20% Marginal
10 10% Acceptable
50 2% Good
100 1% Excellent

What does high %GR&R mean?




Thank you!
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Graphical Techniques
http://www.itl.nist.gov/div898/handbook/eda/eda.htm
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The calculations in the GRR-cont

D =numberofdevices,
I’ = number of test setups,
R = number of repeated measurements for each test setup.

i =1,2,....T =index for the test setup,
j =1,2,....D = index for the device, and
k=1,2.....R =index forthe repeated measurements.

= k lparameter measurement on test setup i and device

Then to estimate the repeatability variance:

I . .
X, =— ) X, =meanoftherepeated measurements for test setup i and device j
C R -'E:.-\=1 C
» 1
S Z (x., —X,)” =sample variance of the repeated measurements for test setup j and device j
I R 1 ! s I?
R 2
S, = S =meanof 5. acrossalltestsetups
o T !_1 C
S 2 .
s, =— 2 &, =meanof 5, acrossalldevices
D& 7
J=

§, = estimated standard deviation of the repeatability error



The calculations in the GRR-cont

Then to estimate the reproducibility variance:

_ 1 T
X, X; = grandaverage for device
T =l
T Z (x” fﬂ = sample variance of test setup means for deviceJ
2
2 2 i , . , .
Sg = Max 0, Sp — % = estimated reproducibility variance of device J
1
Sp Z 33::; =mean of 33 across all devices

D,l

§p = estimated standard deviation of the reproducibility error

Finally,

N 2 . -
S, =45, +5p .where § = estimate of the measurement standard deviation, &, . for parameter x.

GRR



