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# #4972212523: MAJOR METROLOGICAL SCIENCE

KONGSAK THONGBOON: DEVELOPMENT OF WHEATSTONE BRIDGE
CIRCUIT FOR MEASUREMENT OF HIGH VALUE RESISTANCE IN ORDER OF
TERAOHM. , THESIS ADVISOR; ASST. PROF. KIRANANT
RATANATHAMMAPAN., 126 pp. ‘

KEYWORDS: UNCERTAINTY.

Wheatstone bndge ‘method is widely used among secondary calibration
laboratory for-ealibration of standard resistance. This methed provides high accuracy
due to null detection used, However, for calibration of high value resistance with
accuracy, this method has several limitations for example, the environment has to be
controlled and the operators must have good experienced in calibration. Therefore, the
main objective of this research is to develop an efficient, low cost, less calibration time
and easy-to-use calibration system. For the developed system, the known value
resistance (R;) will be used to assign a value to an unknewn value resistance (R,) with
the ratio of 1:1 and 1: 10. Voltage source for Ry (£V,), Fluke multi-product calibrator
model 5520A, is used as a standard voltage source. The applied voltage depends on the
ratio of both resistance (R, and R;). Veltage source adjust for R, (+V,) are separately
used in each direction. Agilent digital multimeter model 3458A is used to measure
voltage across Rs(+Vs), and the 'mllagﬁ across R, (+V,). In addition, Keithley
picoammeter/voltage model 487 is used to measure current at equilibrium condition
(I). I, will be recorded dur!ng anull process after its value is close to zero as possible.

This thesis concerns research and development of resistance calibration
method for Teraohm resistance. Using the developed wheatstone bridge method,
standard resistance in range of (10kQ — 1TQ) can be calibrated with uncertainty of
0.000443TL2 ‘at 1TQ. The calibration sysmm !s cﬂntmlled by computer for all the
measuring process. The measurement error is mini :d, and alsu calibration time is
reduced to only 2 hours per | resistance. -

Field of Study : __Metrological Science = Student’s Signature

Academic Year: 2009 ... Advisor's Signature
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A13197 5.1 LAMIWAMTIAAIANUGIUNIY Rs 10kQ Model 742A: Rx 100kQ Model 742A S/N
8363002 ; Ratio 1:10 @ 1V

Voltage (1V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+00 1.00E+00 1.00E+00 1.00E+00 | 1.00E+00 | 1.00E+00
I, (A) 6.31E-08 -7.41E-08 5.05E-08 1.04E-07 | 5.87E-08 | 4.04E-08
Vi (V) -9.98E+00" ' | -9.98E+00 -9.98E+00 -9.98E+00 | -9.98E+00| -9.98E+00
Voltage (-1V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+00 | -1.00E+00 -1.00E+00 -1.00E+00 | -1.00E+00| -1.00E+00
I, (A) 4.87E-08 9.63E-08 -7.47E-08 -7.82E-08 | 3.70E-08 | 5.83E-09
Vi (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 [ 1.00E+01 | 1.00E+01
Total Average
Vi (V) 0.99995462
Iy (A) 9.99722087
Ve (V) 2.313E-8
R, (Q) 10000.307 10.000307 | kQ
R, (Q) 100002.94 100.00294 | kQ
Date:4/18/2010 TIME:3:25:40 PM
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A58 5.2 LAAINANMIIAAIANUAIUNIY R, IMQ Model 742A S/N 8363001 ; R, 1MQ

Model 742A S/N 8129002 ; Ratio 1:1 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) -2.49E-11 1.32E-09 1.51E-09-+{*-1.58E-09 | -1.20E-09 | 5.61E-12
Vi (V) -9.99E+00 | -9.99E+00 | -9.99E+00 | -9.99E+00 | -9.99E+00 | -9.99E+00
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 | -1.00E+01 | -1.00E+01 [ -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 1.47E-09 891E-10 | -1.65E-09 | -1.14E-10 | 1.66E-09 4.52E-10
Vi (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
Total Average
Vi (V) 9.9999547
Iy (A) 9.9983115
Vi (V) 2.287E-10
R, (Q) 1000015.9 1.0000159 (MQ
R, (Q) 999874.4 0.9998744 | MQ
Date:3/19/2010 TIME:3:24:59 PM

A13197 5.3 LAAIHANTIAAIRNINATUINIY R, IMQ Model 742A S/N 8363001 ; R, 10MQ

Model 742A S/N 7806005 ; Ratio 1:10 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) -3.41E-09 2.78E-09 | -7.36E-09 | 3.42E-09 | -3.78E-09 | -1.67E-09
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02

Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) -6.24E-09 2.61E-09 | 5.93E-09 | -5.56E-09 | -1.70E-09 | -9.91E-10
Vi (V) 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02

Total Average

Vg (V) 9.99995481
L (A) 100.001922
Vi (V) 1.331E-09
R, (Q) 1000015.9 1.0000159|MQ
R, (Q) 10001728 10.001728| MQ

Date:3/11/2010 TIME:2:00:26 PM
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A13197 5.4 LAAIHANTIAAIANNAIUNIY R, IMQ Model 742A S/N 8363001 ; R, 10MQ

Model 742A S/N 8001005 ; Ratio 1:10 @10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) 6.61E-10 -3.10E-09 | -1.18E-10- | 2.22E-09 | -3.55E-09 | -7.77E-10
Vi (V) -1.00E+02| -1.00E+02; | -1.00E+02| -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+0l | -1.00E+01 | -1.00E+01
I, (A) 1.85E-10 -3.17E-09 | 2.25E-09 | -2.93E-09 | -5.51E-09 | -1.84E-09
V. (V) 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average
Vi (V) 9.9999588
I (A) 100.00138
Vi (V) 1.306E-09
R () 1000015.9 1.0000159 MQ
R, (Q) 10001644.5 10.001644 MQ
Date:4/8/2010 TIME:9:02:12 AM

A13197 5.5 LAAIHANITIAAIANNAIUNIY R, IMQ Model 742A S/N 8129002 ; R, 10MQ

Model 742A S/N 7806005 ; Ratio 1:10 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+01 1.00E+01 | 1.00E+01 1.00E+01 | 1.00E+01 1.00E+01
I (A) 4.10E-09 -2.74E-09 | -6.36E-09 | -3.66E-09 | 3.67E-09 -9.98E-10
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 |-1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vi (V) -1.0O0E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 |-1.00E+01 | -1.00E+01
I (A) 2.99E-09 -6.65E-09 | 6.30E-09 -2.52E-09 | -2.34E-09 | -4.45E-10
Vi (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 | 1.00E+02 1.00E+02
Total Average
Vi (V) 9.9999575
I (A) 100.001015
Vi (V) 7.214E-10
R (Q) 999874.44 0.9998744| MQ
R, (Q) 10000150.98 10.0001510, MQ
Date:3/12/2010 TIME:11:32:17 AM
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A13197 5.6 LAAIWANTIAAIANUAIUNIY R, 10MQ Model 742A S/N 7806005 ; R, 10MQ

Model 742A S/N 8001005 ; Ratio 1:1 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
V, (V) 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01 1.00E+01
I, (A) -4.39E-12 -1.22E-11 | 539E-12° | -3.37E-11 | 1.61E-11 -5.75E-12
Vi (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 .| -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) -3.17E-12 -1.07E-11 | -5.90E-13 | -1.64E-12 | -7.80E-13 | -3.37E-12
Vi (V) 1.00E+01 1.00E+01 | 1.00E+01 [ 1.00E+01 | 1.00E+01 1.00E+01
Total Average
Vi (V) 9.99996357
I (A) 10.0000671
Vi (V) 4.558E-12
R, (Q) 10000150.98 10.0001510 | MQ
R, (Q) 10000300.07 10.0003001 | MQ
Date:3/15/2010 TIME:10:28:58 AM

M15190 5.7 LAAIHAMITIARIAVAININ R, 10MQ Model 742A S/N 7806005 ; R, 100MQ

Model 5188-8 ; Ratio 1:10 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) 2.71E-12 -1.35E-12 | 4.50E-13 6.57E-12 1.21E-12 1.92E-12
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vi (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 2.25E-12 299E-12 | -1.12E-12 | 1.58E-12 | 4.30E-13 1.23E-12
Vi (V) 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02- | 1.00E+02 | 1.00E+02
Total Average
Vo (V) 9.99995784
Ine (A) 100.194256
Vi (V) 1.572E-12
R, (Q) 10000151.0 10.0001510|MQ
R, (Q) 100196348.1 100.196348 | MQ
Date:3/16/2010 TIME:1:41:39 PM
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A13197 5.8 LAAIHANTIAAIANNAIUNIY R, 10MQ Model 742A S/N 7806005 ; R, 100MQ

Model 9334A; Ratio 1:10 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) 6.20E-13 1.40E-12 3.67E-12 3.67E-12 | -2.20E-12 | 1.43E-12
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02

Voltage (-10V) #1 #2 #3 #4 #5 Average
V (V) -1.00E+01 -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 2.90E-13 2.80E-13 2.70E-13 1.13E-12 1.75E-12 7.44E-13
Vi (V) 1.00E+02 1.OOE+02 | 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average

Vi (V) 9.99996053
Ine (A) 100.004058
Vu (V) 1.088E-12
R, (Q) 10000151.0 10.0001510 (MQ
R, (Q) 100006071.0 100.006071 | MQ

Date:3/15/2010 TIME:2:12:26 PM

M15197 5.9 LAAIHANTIAAIANUATUNTH R, 10MQ Model 742A S/N 7806005 ; R, 100MQ

Model 9336 ; Ratio 1:10 @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+01 | 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) -326E-12 | -1.33E-12 | -6.10E-13 | -4.00E-14 | 3.95E-12 | -2.58E-13
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10Y) #1 #2 #3 #4 #5 Average
Vi (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I (A) -2.60E-12 | 0.00E+00 | 5.93E-12 | -9.90E-13 | 291E-12 | 1.05E-12
Vi (V) 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average
Ve (V) 9.9999584
I (A) 100.000165
Vi (V) 6.540E-13
R, () 10000151 10.0001510|MQ
R, (Q) 100002156 100.002156 | MQ
Date:3/17/2010 TIME:8:47:52 AM
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A13197 5.10 LAAINANIIAAIANNATUNIY R, 100MQ Model 9334A; R_ 100MQ Model

9336; Ratio 1:1 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
V, (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) -6.60E-13 | -1.50E-13 -8.90E-13 4.10E-13 | -1.16E-12 | -4.90E-13
V. (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
Voltage (-10V) #1 #2 #3 #4 #5 Average
V, (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 3.30E-13 3.20E-13 3.00E-13 3.00E-13 | 3.00E-13 | 3.10E-13
Vi (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
Total Average
Vi (V) 9.9999605
I (A) 9.9995996
Vi (V) 4.000E-13
R, (Q) 100006071 100.006071 | MQ
R, (Q) 100002861 100.002861 | MQ
Date:3/17/2010 TIME:5:01:04 PM

M15190 5.1 UAAIHANTIAAIAMAIUNIY R, 100MQ Model 9334A; R, 100MQ Model

9336; Ratio 1:1 ; @ 100V

Voltage (100V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+02 | 1.00E+02 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02
Iy (A) 8.00E-14 | S5.13E-12 3.84E-12 2.01E-12 | 1'49E-12 | 2.51E-12
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-100V) #1 #2 #3 #4 #5 Average
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
I (A) 1.50E-12 | 4.02E-12 -3.40E-13 | -3.40E-13~ 1.41E-12 | 1.25E-12
Vi (V) 1.00E+02 | 1.00E+02 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average
Ve (V) 99.999888
Ipe (A) 99.995659
Vi (V) 1.880E-12
R; (Q) 100006071 100.006071 MQ
R, (2) 100002029 100.002029 | MQ
Date:3/17/2010 TIME:3:57:35 PM
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A13197 5.12 HEAAIWANITIAAIANUAIUNIY R_100MQ Model 9336; R_100MQ Model 5155-

8; Ratio 1:1 ; @ 100V

Voltage (100V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
I (A) 2.32E-12 8.60E-13 | -3.10B-13 | =149E-12 | 3.60E-12 | 9.96E-13
Vi (V) “1.00E+02 | -1.00E+02"| -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-100V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
I, (A) 1.83E-12 | -1.34E-12 | -4.10E-13 | 2.66E-12 | -1.23E-12 | 3.02E-13
Vi (V) 1.00E4+02 | L:00E+02 | 1.00E+02 | 1.00E4+02 | 1.00E+02 | 1.00E+02
Total Average
Vi (V) 99.999884
Ine (A) 100.194841
Vi (V) 6.490E-13
R, (Q) 100002029 100.002029 [MQ
R, (Q) 100197056 100.197056 | MQ
Date:3/22/2010 TIME:9:54:18 AM

M191971 5.13 LAAIHANITIAAIAINAIUMIY R, 100MQ Model 9336; R, 100MQ Model

9334A; Ratio 1:1 ; @ 100V

Voltage (100V) #1 #2 #3 #4 #5 Average
V (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02
I, (A) -1.72E-12 -8.30E-13 -1.57E-12 2.90E-13 -3.03E-12 | -1.37E-12
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-100V) #1 #2 #3 #4 #5 Average
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
I (A) 5.10E-13 -1.03E-12 -1.04E-12 -1.04E-12 2.78E-12 3.60E-14
Vi (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02
Total Average
Vi (V) 99.999904
I (A) 100.004072
Vi (V) 7.040E-13
R (Q) 100002029 100.002029 |MQ
R, (Q) 100006268 100.006268 |MQ
Date:3/19/2010 TIME:10:32:09 AM
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A13197 5.14 LAAINANITIAAIANNAIUNIY R, 100MQ Model 9336; R_1GQ Model 9336;

Ratio 1:10 ; @10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01
I, (A) 2.05E-12 1.01E-12 1.01E-12 -2.46E-12 | -4.30E-13 2.36E-13
Vi (V) -1.00E+02 | -1.00E+02| -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02

Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 |-1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 4.30E-13 4.40E-13 4.50E-13 4.50E-13 4.40E-13 4.42E-13
Vi (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02

Total Average
Vi (V) 9.9999609
Ly (A) 100.000058
Vi (V) 3.390E-13
R, (Q) 100002156 100.002156 | MQ
R, (Q) 1000029436 1.00002944 |GQ
Date:4/1/2010 TIME:2:13:13 PM

M15197 5.15 HAAINanTT TAAIANINMIUNIY R, 100MQModel 9336; R_ 1GQ Model 5155-9;

Ratio 1:10 ; @10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.0OE+0L | 1.00E+01 1.00E+01
I, (A) 3.10E-13 3.10E-13 3.20E-13 3.30E-13 3.40E-13 3.22E-13
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 ¢ -1.00E+01 -1.00E+01
I, (A) 4.30E-13 4.30E-13 4.20E-13 4.30E-13 4.30E-13 4.28E-13
Vi (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02
Total Average
Vi (V) 9.9999578
I (A) 100.344135
Vi (V) 3.750E-13
R, (Q) 100002029 100.00203 MQ
Ry (D) 100346971 1.0034697  |GQ.
Date:3/22/2010 TIME:2:53:26 PM
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A13197 5.16 LAAIHANTIAAIANNAIUNIY R 100MQ Model 9336; R 1GQ Model 9331S;
Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01
I, (A) 5.10E-13 5.20E-13 | 5.40E-13 5.40E-13 1.36E-12 | 6.94E-13
Vi (V) =1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02

Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 530E-13 5.20E-13 | -1.80E-13 | 3.50E-13 3.50E-13 | 3.14E-13
Vi (V) 1.00E+02 1.00E+02 | 1.00E+02 1.00E+02 1.00E+02 | 1.00E+02

Total Average

Vi (V) 9.9999614
Iy (A) 99.991949
Vi (V) 5.040E-13
R, (Q) 100002029 100.002029 |MQ
R, (Q) 999948674 0.9999487 |GQ

Date:3/22/2010 TIME:2:10:06 PM

A19197 5.17 HAAIWANMIIAAIANVAIUNIY R, 1GQ Model 9331S; R, 1GQ Model 5155-9;

Ratio 1:1 ; @ 100V

Voltage (100V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
I, (A) 5.30E-13 5.40E-13 5.50E-13 5.60E-13 |.5.70E-13 5.50E-13
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-100V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
I, (A) 4.10E-13 4.10E-13 420E-13 | 4.20E-13 4.20E-13 4.16E-13
Vi (V) 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average
Ve (V) 99.999891
Ly (A) 100.350150
Vi (V) 4.830E-13
R, () 999948674 0.9999487 |GQ
R, (Q) 1.003E+09 1.00345593 |GQ
Date:3/23/2010 TIME:7:48:31 AM
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M5197 5.18 UAAIWANTIAMANWAIUNIY R 1GQ Model 9336; R_ 1GQ Model 9331S;
Ratio 1:1 ; @ 100V

Voltage (100V) #1 #2 #3 #4 #5 Average
V, (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 | 1.00E+02
I, (A) -2.21E-12 1.54E-12 5.50E-13 5.40E-13 -1.40E-12 | -1.96E-13
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-100V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
I, (A) 5.30E-13 5.40E-13 5.40E-13 5.40E-13 5.40E-13 5.38E-13
Vi (V) 1.00E+02 1.00E+02 | 1.00E+02 1.00E+02 1.00E+02 | 1.00E+02
Total Average
Vi (V) 99.9999295
I (A) 99.9999291
Vi (V) 3.670E-13
R, (Q) 1000029436 1.0000294 |GQ
R, (Q) 99988365 0.9998837 |GQ
Date:4/1/2010 TIME:3:51:49 PM

M31399 5.19 LAAIHANMTIAAIANUA U R, 1GQ Model 9331S; R 10GQ Model 5155-10;
Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01 |-1.00E+01 | 1.00E+01
I, (A) 4.80E-13 4.80E-13 | 4.80E-13 | 4.80E-13 | 4.80E-13 | 4.80E-13
Vi (V) -9.96E+01 | -9.96E+01 | -9.96E+01 | -9.96E+01 | -9.96E+01 | -9.96E+01
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vi (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01+{ -1.00E+01 | -1.00E+01
I, (A) 4.60E-13 4.60E-13 | 4.60E-13 | 4.60E-13 | 4.60E-13 | 4.60E-13
Vi (V) 9.97E+01 9.97E+01 | 9.97E+01 | 9.97E+01 | 9.97E+01 | 9.97E+01
Total Average
V_Rs (V) 9.9999614
V_Rx (V) 99.651203
I_Rx (A) 4.700E-13
Rs (ohm) 999948674 0.9999487 |GQ
Rx (ohm) 996511564 9.9651156 |GQ
Date:3/24/2010 TIME:1:10:23 PM
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A13197 5.20 LAAINANTIAAIANUAIUNIY R, 1GQ Model 9331S; R, 10GQ Model 9336;

Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01
Iy (A) 5.00E-13 5.00E-13 /| 5.00E-13 | 5.00E-13 | 5.00E-13 | 5.00E-13
Vi (V) -1.00E+02 | =1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01.+| -1.00E4+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I (A) 4.60E-13 4.60E-13 | 4.60E-13 | 4.60E-13 | 4.70E-13 | 4.62E-13
Vi (V) 1.00E+02 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average
Vi (V) 9.9999610
Ipc (A) 100.017622
Vi (V) 4.810E-13
R, (Q) 999948674 0.9999486 |GQ
R, (Q) 100017688 10.0017689 |GQ
Date:3/23/2010 TIME:3:12:33 PM

A13197 5.21 HEAAINANITIAAIAIUAIUNIY R 1GQ Model 9336; R_ 10GQ Model 9336;

Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
Iy (A) 8.00E-14 1.00E-13 7.00E-13 6.90E-13 6.80E-13 4.50E-13
Vi (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vi (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01_| -1.00E+01 | -1.00E+01
I, (A) 4.70E-13 4.70E-13 | 4.70E-13 | 4.70E-13 | 4.60E-13 | 4.68E-13
Vi (V) 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02
Total Average
Va (V) 9.9999629
I (A) 100.010289
Vu (V) 4.590E-13
R, (Q) 1000029436 1.0000294 |GQ
R, (Q) 1000181955 10.001820 |GQ
Date:4/1/2010 TIME:4:59:02 PM
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A13197 5.22 LAAIWANITIAAIANUAIUNIY R_10GQ Model 9336; R_10GQ Model 5155-10;

Ratio 1:1 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 | L.OOE+01 | 1.00E+01 | 1.00E+01 | 1.00E+01
I, (A) 4.40E-13 4.40E-13 | 4.30E-13 | 4.40E-13 4.40E-13 | 4.38E-13
Vi (V) -9.96E+00 -9.96E+00 | -9.96E+00 | -9.96E+00 | -9.96E+00 | -9.96E+00
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 4.10E-13 4.10E-13 | 4.10E-13 | 4.00E-13 4.00E-13 | 4.06E-13
Vi (V) 9.97E+00 9.97E+00 | 9.97E+00 | 9.97E+00 | 9.97E+00 | 9.97E+00
Total Average
Vi (V) 9.9999628
I (A) 9.9625082
Vi (V) 4.22E-13
R, () 10001768886 10.001769 |GO.
R, (Q) 9968514999 9.9685150 |G
Date:3/24/2010 TIME:3:51:22 PM

M15191 5.23 HAAIHANITIAAIANUAIUNIN R, 10GQ Model 9336; R, 10GQ Model 5155-10;

Ratio 1:1 ; @ 100V

Voltage (100V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
I, (A) 4.70E-13 | 4.70E-13 4.70E-13 4.70E-13 | -4.80E-13 | 4.72E-13
Vi (V) -9.96E+01 | -9.96E+01 | -9.96E+01 | -9.96E+01 | -9.96E+01 | -9.96E+01

Voltage (-100Y) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
I, (A) 4.30E-13 | 4.30E-13 4.30E-13 4.30E-13 | 4.30E-13 | 4.30E-13
Vi (V) 9.96E+01 | 9.96E+01 | 9.96E+01. | 9.96E+01 | 9.96E+01 | 9.96E+01

Total Average
Vi (V) 99.999869
I (A) 99.626533
Vi (V) 4.51E-13
R, (Q) 100017688 10.001769 |GQ
R, (Q) 996487812 9.9648781 |GQ
Date:3/24/2010 TIME:4:55:08 PM
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M15197 5.24 UAAIHANTIAAIAINAIUNIU R 10GQ Model 9336; R_ 100G Model 9334A;

Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vi (V) 1.00E+01 | 1.00E+01 1.00E+01 1.00E+01 | 1.00E+01 | 1.00E+01
I (A) 5.10B-13 | 5.10E-13 5.10E-13 5.10E-13 | 5.00E-13 | 5.08E-13
Vi (V) -1.00B+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02 | -1.00E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vo (V) -1.00E+01 | -1"00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 4.60E-13 | 4.70E-13 4.70E-13 4.70B-13 | -9.60E-13 | 1.82E-13
Vi (V) 1.00E+02 | L.OOE+02 | 1.00B+02 | 1.00E+02 | 1.00E+02 | 1.00E+02
Total Average
Vi (V) 9.9999678
Ine (A) 100.10161
Vi (V) 3.45E-13
R, (Q) 100018195 10.001820 |GQ
R, (Q) 100154703 100.15470 |GQ
Date:4/2/2010 TIME:3:07:26 PM

M5197 5.25 UAAIHANMSIAAIANLAIUNIU R, 10GR Model 9336A; R, 100GQ Model 5155-

11; Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 | “1.00E+01 | 1.00E+01
I, (A) 4.60E-13 4.60E-13 4.60E-13 4.60E-13 4.60E-13 4.60E-13
Vi (V) -1.03E+02 | -1.03E+02 | -1.03E+02 | -1.03E+02 | -1.03E+02 | -1.03E+02
Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01.| -1.00E+01 | -1.00E+01
I, (A) 4.20E-13 4.20E-13 4.20E-13 4.20E-13 4.20E-13 4.20E-13
Vi (V) 1.03E+02 1.03E+02 1.03E+02 1.03E+02 | 1.03E+02 | 1.03E+02
Total Average
Vi (V) 9.9999700
Iy (A) 103.25336
Vi (V) 4.4E-13
R, () 100018195 10.001820 (GQ
R, (Q) 103317927 103.31793 |GQ
Date:4/7/2010 TIME:1:07:44 PM
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A13199 5.26 UAAIHANITIAAIANNAIUNIY R, 100GQ Model 9334A; R_ 1TQ Model

5155-12; Ratio 1:10 ; @ 10V

Voltage (10V) #1 #2 #3 #4 #5 Average
Vs (V) 1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01
I, (A) 4.30E-13 4.20E-13 4.20E-13 4.20E-13 4.10E-13 4.20E-13
Vi (V) -9.89E+01 | -9.89E+01 | -9.89E+01 | -9.89E+01 | -9.89E+01 | -9.89E+01
'Voltage (-10V) #1 #2 #3 #4 #5 Average
Vs (V) -1.00E+01 -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01 | -1.00E+01
I, (A) 4.90E-13 5.00E-13 5.00E-13 5.00E-13 5.00E-13 4.98E-13
Vi (V) 9.98E+01 9.98E+01 9.98E+01 9.98E+01 9.98E+01 9.98E+01
Total Average

Vi (V) 9.99997021

Iy (A) 99.3656851

Vu (V) 4.59E-13

R, (Q) 100154703 100.154703 |GQ

R, (Q) 99979319 0.9997932 |ITQ

Date:4/7/2010 TIME:4:46:03 PM

a (% A da o
5.2 msidszifivmanuhiniueuvesmsiamanumumuguuniaalaunadi

U d
1395 1UszAUmMsLe%iN [6]

MU

Tumsiinsandaunasvesny ladiveud 1aannis Jaa19 deamiiadaniuly

i v
UUUOUNTINA 6],1!ﬂ1iﬁ1ﬂ1ﬁ1fﬂiﬂigmuNﬁﬂ?ﬂ')'lllhllluuuﬂuﬁ")lI‘VNiZiJ‘Uﬂﬁ’m

Uszinnueaany limivenldusneenilu 2 Uszianlvajqfe

1 1 $ a a 4 ana [ %’
- Type A ﬂ31ilullllluu®uﬂ1§]5:@11&’17]‘]J§$ll|1!1@18ﬂ1§3&ﬂ§18ﬁﬂ1ﬂﬁﬂ§]ﬂ]®ﬂﬂ1i?ﬂ°ﬁ1‘]

%30'1d119197139@ (Random Errors)

- Type B anyhindueuinasgiuilsgdivlgvninizuunsda sy doyasumniz

lususoIMa rﬂuﬁ’u (Systematic Errors)
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Yunanvaamsisziuanaliniveu
1. #9139130UDUVDINTEVIUMTIA (Math Modeling)
2. dsziiuanu limiueuaas v Type A, Type B
3. 4 luiueusaw (Combined Standard Uncertainty)
4. anu lduiueuvens (Expanded uncertainty)

@ 1 1 ] c!' 9
5. renunamsIataan iy luniveunla

52.1 M3iangaNIMIUMIY R, 100kQ Model 742A S/N 8363002 ; R, 10kQ Model
742A; Ratio 1:10

d’ r r
7’)3177]63937”7%!!1!1!9”

anudumu R, 100kQ gavh ldaenidioudedinisdaalavusadiiau Tae
TdanudumuuiasgiuRr, - 10kQ lumsmiear lueasidiu 1:10  Tasussaunly

+1VDC Avmeavaniwesgnidnulugmda 1viras 10v Tagiimsia s Ass
Yoya R, 10kQ : 11nTu5U58IWa 10.000 307kQ @ 1ppm (k=2)
: mn%’agafﬁnww Stability 4ppm/year, Temperature Coefficient 1.5ppm
Gi’fmg,a R, 100kQ : mﬂsﬁ'ﬂgainww Temperature Coefficient 2ppm
ﬁi’imga DMM : 1LV Accuracy = 4 ppm of reading+0.05ppm.of range, Resolution 100nA
gy 10V Accuracy = 4 ppm of reading+0.3ppm.of range, Resolution IpHA

1. gunseuiumsin g - WV, +8v, )s (R, + 3R, +3R,)
X

(Vs +6Vs )_(&b '(Rs +5de +6Rs; )) i



2. dszdivanalimiveuainasgv Type A

Voltage (1V) #1 #2
V(1) 0.9999805 0.9999806
I, (1) 0.0000000631  -0.0000000741
V(1) -9.9843182 -9.9810141

Voltage (-1V) #6 #7
Vi (2) -0.9999291 -0.9999288
I, @) 0.0000000487  0.0000000963
Ve (2) 10.0048442 10.0162224

WAL V

st

Ibt ’th

#3
0.9999803
0.0000000505
-9.9793686
#8
-0.9999287
-0.0000000747
10.0168015

#4
0.9999802
0.0000001039
-9.9783170
#9
-0.9999289
-0.0000000782
10.0165225

66

#5
0.9999805
0.0000000587
-9.9775570
#10
-0.9999286
0.0000000370
10.0172400

_ Vs#l 4 ABS(VA#6) g Vs#l N ABS(VA#7) L Vs#3 it ABS (VA'#S) . Vs#n + ABS (Vs#n )

Vvt > 9
2 o 2
I = Ly +1b#6) . Loy, +144) ) Ly + Ib#s) | Lyyn + Lp,)
" A B AN — Yalk\ N\
_ ABS (Vx#l) + Vx#ﬁ . ABS (Vx#Z) P Vx#7 F ABS(VX#S) + VX#S . ABS(Vx#n ) + ‘/s#n
7 ' 2 ; 2 ’ 2
v
el
Total #1 #2 #3 #4 #5
Vg 0.99995477 0.99995471 0.99995451 0.99995456 0.99995455
T 0.0000000559 - 0.0000000111  -0.0000000121  0.0000000129 0.0000000479
W . 9.9945812 9.9986183 9.9980850 9.9974198 9.9973985

1 —_— 9
2.1 mMAnNae X U0dHan1sin n Asd

5

‘TS _ 0.99995477 4 0.99995471+0.99995451+0.99995456 +0.99995455 _ 99995462V

7 _ 0.0000000559+0.00000001 11+ (=0.0000000121) + 0.0000000129+ 0.0000000479

=10.0000000231A

5

xt

5

_0.9945812+0.9986183 +0.9980850 + 0.9974198 +0.9973985 _ ( 99995462V
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o 1 A dyw ¢ ' V. ®R,
nuaeh lduaazasanmam R = "o
Vsn - (Ibn ° Rsn )
R, = 9.994581210.000307 — 0.09995340€)
0 0.99995477 - (0.0000000559 10.000307)
R, = 9.998618310.000307 £ 0.09999378C)
: 0.99995471—(0.000000011110.000307)
R, = 9.9980850 ¢ 10.000307 — 0.09998847C)
7 0.99995451 - (=0.000000012110.000307)
R, = 9.9974198 ¢ 10.000307 — 009998131
0.99995456 — (0.0000000129 ¢ 10.000307)
9.997398510.000307 £ 0.099981600,

R.2
.70.99995455 — (0.0000000497 » 10.000307)

R 2 0.09995340:+ 0.09999378 +0.09998847 +0,0999818 1 +0.09998160 _y 19997981
‘ 5

v Y
2.2 AUTsUUNAIFIVUDINIG IA n A3 (Standard Deviation)

S.x:\/ 1 i(xi_;)l

(n=1)=

¥ \/% ((0.09995340 — 0.09997981)* + (0.09999378 + 0.0999798 1)* + (0.09998847 + 0.0999798 1)*

+(0.09998181+ 0.09997981) + (0.09998160 + 0.0999798 1)

=10.00001561Q
2.3 Ao WININAS §11 V8991181 (Standard Deviation of the mean)

S(})=\S/2_(w0<)0f;56m

= 0.00000698Q W30 69.8ppm

2.4 99mA A W93 ZU04 Type A (Degree of freedom)

V =n-1 =5-1=4
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3. Uszifivanulimivewsinasgiu Type B

- = [l ] A
'nmﬁm 10.000307kQ Aif1au laiuiuey lppm A

mﬂhgw
FZAUAD k= 7,

_. 1
12UBIA; a#ﬁa 19193 N

S akh
x :

‘ -;?E -\
=9.99722087V : (A cu%‘i 0 a
-. ‘! .

=(( 4. 997 '.x,M
1000000

Y
aaiuazld

' b
=)
9 | ° aa v aa s A o o 1 I"‘ A Y
3.3 9109 ANIZVDIAIRDANAANINDS NITUIR 1V Tﬂmmt%mmmmumu
mmmu?“sﬁ )

Frapy Wﬁ%ﬁ’ﬂ“ﬂﬂ N7

* 462 #] - 4 4
(1000000 0.9999546 6Vé+( 00000 V) 000000 3V = 4.3ppm
q A ﬂ‘%% HHNINYIAY
V = _0.00000430 2 ARE—6

Rectan gular J3
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3.4 ANVaIDEARINDANAANMBS (resolution) = 0.0000001V NENUMIIA 10V (BV)

_0.0000001vV
10v

*1000000

_ Wi , -4
3.6 mauammumﬂm | !ﬂaﬂ HATURUNY 2ppm LU

SR’“ i}fﬁ% ctan gu ﬁ

3.7 menammfmmmmmumuw"lumm R ) uﬂstﬂaaummmwﬂu 1.5ppm

A e Wlfim‘m gInq

g 075

qm mn“ﬁmmfmmnaﬂ

' Rectan gular
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3.8 foyatumizyesmanudmumumasgiu (OR ) nfasuuilaa(drif) 4ppm
g v 4

Aaiuazld ———— =0.000004
1000000
U 0.000004
OR,, = = =231E-6
Rec tan gular \/5
Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient Contribution Ui(y)

Xi Xi Relative | Absolute fre&q;’ 0 (Ci) Relative | Absolute

Ve 10V 2.34%10° - Rectangular o 1 2.34%10° -
SV, 0 2.89*10” E Rectangular oo 1 2.89*107 -

V, 10V | 248*10° - Rectangular o0 1 2.48*10° -
SV, 0 2.89%10° - Rectangular oo 1 2.89*107 -
Ry IMQ | 5.00%107 - Normal oo 1 5.00%107 -
SRy 0 2.31%10° . Rectangular 0 1 2.31%10° -
SRy 0 4.33%107 - Rectangular o 1 4.33%107 -
OR, 0 57+108 - Rectangular o 1 577107 -
o1, 0 6.98%10° Normal 4 1 6.98%10°

R, IMQ ' o 1.40%10°* -

A9 5.27 Uncertainty Budget R 100k ; Model 742A; S/N 8363002 @ 1V

.= anuluwiveuvens (Expanded uncertainty)ﬁi&’ﬁ’ﬂﬂ?ml%@iﬁ! 95%(k=2);U =kou(R,)

=207.00%10° = 1.40*10 ' *100kQ = £0.014k @ 100.002k2

5.2.2 M3IANAANUAIUMU R, IMQ Model 742A S/N 8129002 ; R IMQ Model 742A S/N
8363001; Ratio 1:1; @ 10V

fnveaunasnaniniven
R, = A1n0 hitineuuonudun1unesg1u(standard resistor) #lgnnlususes
WamsaeuMeL Sppm (1.000 015 IMQ)
= (5/1000000 = 0.000005) = 5.00E-6/2 = 2.50E-6
V.- Awseduiianudiunm linsum femenasaemianiines 9.998 311 5V fighu
MV uwdqﬁm"lﬁmﬂi’fﬂgaﬁnww 4 ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6

1 o { 1 i aa v aa J {1
V.= muimuﬁmméﬁuwmmmm NownaInoaladinos 9.999 954 7V ERRLS

1V uvasnun Iaandeyasumiz 4 ppm of reading+0.3ppm.of range = 4.3ppm.
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= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6

v, = anwaziBua esolution) VedinFesatneaadtmesitumsta 10vde
0.01ppm
= (0.01/1000000) = 1.00E-8 / 2+/3 =2.89E-9
OV, = Anuazioen (resolution) Y0 UA3 pIAINBMIARIADS G115 3R 1Vde 0.01ppm
=(0.01/1000000) = 1.00E-8 / 2\/52 2.89E-9
SR, — seud et lains wansilfeuaagamngil 2ppm iegaingifims
Wasuvaizshmagoufot- £0.5°C (2ppm*0.5 = 1.00ppm)
= (1,00/1000000) = 1.00E-6/~/3 = 5.77E-7
SR, - mmnudimmninswawalsaioumuoain gl 1 sppmilogungitims
Lﬂﬁﬂummzﬁwmiﬁamﬁﬂu: +0.5°C (2ppm*0.5 = 1.00ppm)
= (1.00/1000000) = 1.00E-6/~/3 = 5.77E-7
OR, - ﬂ'wmmﬁﬁumummgmLﬁaum (drift) 8ppm/year
= (8/1000000) = 8.00E-6 /\/5 =4.62E-6
31, = M wmunsofinsgien YeHansda s asa - 12.9ppm

=(12.9/1000000) = 1.29E-5 /1= 1.29E-5

Quantity Estimate Standard Uncert. Probability Effective Sensitivity Uncertainty
U(Xi) distribution degree of coefficient Contribution Ui(y)

Xi Xi Relative | Absolute freé‘i;’m (Ci) Relative  Absolute
Ve 10V 2.34%10° - Rectangular oo 1 2.34%10°

oV, 0 2.89%10” - Rectangular 0 L 2.89%10”
V, 10V 2.34%10° - Rectangular oo 1 2.34%10°

SV, 0 2.89%10° - Rectangular o 1 2.89%10°
R; 1MQ 2.50%10° - Normal o0 1 2.50%10°

SRy 0 4.62%10° - Rectangular o 1 4.62%10°

SRy 0 5.77%107 - Rectangular = 1 5.77%107

OR,; 0 5.77%107 - Rectangular = 1 5.77%107

I, 0 1.29¥10° Normal 4 1 1.29¥10°

Ry Mo | N, ! S o D | t4am0f

A3 199 5.28 Uncertainty Budget R IMQ ; Model 742A; S/N 8129002
, AW INiuiueuves (Expanded uncertainty )5 AUAIWITOI 95%(Kk=2);U =k ¢ u(R, )

=201.44%10" = 2.87 *10 *1MQ = £0.000 029MQ @ 0.999 874MQ
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5.2.3 M3TANAIANUAIUNIY R 10MQ Model 742A S/N 7806005 ; R_ IMQ Model 742A S/N

8363001; Ratio 1:10

fnveaunasnuliuviveu
R, = A1 liinideuvesnnud unMnasg u(standard resistor) fldannluduses
HamsaoUINey Sppm  (1.000 015 9MQ)
= (5/1000000 = 0.000005) = 5.00E-6/2 = 2.50E-6
V.= musssuiiaamdemulingui e naineaiadimes 100.001 922V fid1u
M1V wdqﬁm"lﬁ'mﬂsi’fay.aﬁiuww 6ppm of reading+0.3ppm.of range = 6.30ppm
=(6.30/1000000 = 6.30E-6) = 6.30E-6 /+/3 = 3.64E-6
vV, = mussduiinnudiuniums wa fiemanasaeadadiiines 9.999 954 8V fig1uia
1V uviaeiinn l8nndasasunig 4 ppm of reading+0.3ppmiof range — 4.3ppm.
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6
SVX = ANNALIBYUA (resolution) YOIIAS D4ATAD AR IIADS REIUNT IR 10Vde
0.01ppm
— (0.01/1000000) = 1.00E-8 / 2/3 = 2.89E-9
SVS — AWALI0A (resolution) YOS 09AIABANAATIADS NEUNI A 1Vde 0.01ppm
=(0.01/1000000) = 1.00E-8 / 2 4/3 = 2.89E-9
SR, - shanmdumui inswaunlsalfeungangi 2ppm iilegaiigifing
wlAsnvazimsaeuiion=£0.5°C (3ppm*0.5 = 1.50ppm)
= (1.50/1000000) = 1.50E-6/\/§ = 8.66E-7
SR, - mhanudumiuinswawsnasunugangd 1.5ppmidegaingifing
wAsuvazimsauiien= £0.5°C (2ppm*0.5 = 1.00ppm)
= (1.00/1000000) = 1.00E-6/\/§ =5.7TTE-T
OR, = fhmmﬁ’mmummgmgﬁaum (drift) 8ppm/year
— (8/1000000) = 8.00E-6 /~/3 = 4.62E-6
oL - AP NNEN5TNSEINEN ¥B IWAMIIA SAT = 12.5ppm

= (12.5/1000000) = 1.25E-6 /1 = 1.25E-5
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)
Xi Xi Relative | Absolute fre(eg(i;)m (Ci) Relative  Absolute
Vi 100V | 3.64%10° 5 Rectangular o 1 3.64%10°° -
8V, 0 2.89%107 ) Rectangular o 1 2.89%10” -
V, 10V | 2.34%10° p Rectangular o 1 2.34%10° -
8V, 0 2.89%10” - Rectangular o 1 2.89%10” -
Ry IMQ | 2.50%10°° - Normal o 1 2.50%10°° -
ORy 0 4.62%10°° - Rectangular ) 1 4.62%10° -
ORy 0 5.77%107 - Rectangular () 1 5.77%107 -
SRy 0 8.66*10” r Rectangular o 1 8.66%107 -
Sl 0 1.25%10° Normal 4 1 1.25%107
| > 1 . 105
R, " . FF7ir B\ 143410 -

A15197N 5-29. Uncertainty Budget R, 10MQ Model 742A S/N 7806005 @ 10V
- A luiyenuveae (Expanded uncertainty)ﬁia‘fﬁﬂﬂ??ﬂl%ﬂﬁﬁ 95%(k=2);U =kou(R,)

=20 1.43*10" =2.86*10"*10MQ = =0.000 29MQ @ 10.001 73 MQ

5.2.4 M3TaNAIANUAIUNIY R 10MQ Model 742A S/N 8001005 ; R_ IMQ Model 742A S/N

8363001; Ratio 1:10

fnveaunasnnu e
R, = i himiveuvenuduniunas giu(standard resistor) Aldanlususes
Ham3saouINgy Sppm (1.000 015 9MQ)
= (5/1000000 = 0.000005) = 5.00E-6/2 = 2.50E-6
v, = awssduiinnudumulinsaum fewsnataeaianiimes 100.001 380V i
g1UIA100V uwﬁiqﬁnﬂﬁ’mﬂ%’ayaﬁ?nww 6ppm of reading+0.3ppm.of range = 6.30ppm
= (6.30/1000000 = 6.30E-6) = 6.30E-6 /\/§ = 3.64E-6
V_ = fusedufin e e fieusinasaeadaftines 9.999 958 8V fis1uia
10V uw@iqﬁm"lﬁ’mﬂ%gaﬁnww 4 ppm of reading+0.3ppm.of range = 4.3ppm.
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6
8VX = A711aL19ua (resolution) YPUATINATADATARIADIAIMPIT IR 10Vde
0.01ppm
— (0.01/1000000) = 1.00E-8 / 2 /3 = 2.89E-9
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4 aa v aa S o
OV, = AMwaziden (resolution) Yo 4IAT0IAIARANARNINDS NEUMTIA 1Vde 0.01ppm

=(0.01/1000000) = 1.00E-8 / 2\/§ =2.89E-9

1 9y d' 1 1 d‘ a d' as
8th = mmmmumuﬂ"lummmuﬂﬁsﬂaﬂumuqmﬂgu 3ppm IDYUNHNUNIT

asuyngimsaoueu= +0.5°C (3ppm*0.5=1.50ppm)

= (1.50/1000000) = 1.50E-6/~/3 =8.66E~7

1 Y A 1 = a A an A
8RSt = mﬂammlmmwmmmuﬂinﬂaﬂumuqmwgu 2ppm maqmwgmmmﬂaﬂu

vazymMIdo U= £0.5°C (2ppm*0.5 = 1.00ppm)

= (1.00/1000000).= 1.00E-6/\/§ = 3.77E-7

OR,, = AnudumMuINATgIIaoUA1 (drif) 8ppm/year

— (8/1000000) = 8.00E-6 //3 = 4.62E~6

1 § o % % g}J
Slb = ANNNETNIDNATE VI VOHAN1TIA 5 AT = 12.8ppm
= (12.8/1000000) = 1.28E-5 /1 = 1.28E-5
Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi | Relative | Absolute fre&‘ii;’m (Ci) Relative | Absolute
Ve 100V |3.64%10° y Rectangular oo 1 3.64*10° -
8V, 0 2.89%107 - Rectangular o 1 2.89%107 -

v 10V |2.34%10° 4 Rectangular o 1 2.34%10° -
8V, 0 2.89%10°8 5 Rectangular o 1 2.89%107® -
R, IMQ |2.50%10°° - Normal o 1 2.50%10° -
SRy 0 4.62%10° = Rectangular o 1 4.62%10°° -
SRy 0 5774107 - Rectangular o 1 5.77%107 -
SRy 0 8.66%107 - Rectangular o 1 8.66*107 -
8l 0 1.28%107 Normal 4 1 1.28%107

R, 10MQ o S 1455107 -

M3197 5.30 Uncertainty Budget R, 10MQ. Model 742A S/N 8001005 @ 10V

.. AN e uvey (Expanded uncertainty ) TR UAMTONY 95%(Kk=2); U =k ® u(R, )

=201.45%10" = 2.90 *10"*10MQ = £0.000 29MQ @ 10.001 64MQ



75

5.2.5 M3tanaanNuMuNIY R, 10MQ Model 742A S/N 7806005 ; R, IMQ Model 742A S/N
8129002; Ratio 1:10

Ad’ r r r
nmwmgmmmm?mmuau

R, = 1A linideuresnnuMun1tanasi u(standard resistor) 1 laninlususes

namsaoUINeL 29ppm (0.999 874 4MQ)

=(29/1000000 =.0.000029) = 2.90E-5/2 = 1.45E-5

v = swsssuiianumuniulinsuar fAeunnalaeasiaaiimes 100.001 015V #

g1UIA100V Lma'qﬁm'lﬁ’mwﬁ'ﬂyjaﬁh!,ww 6ppm of reading+0.3ppm.of range = 6.30ppm

=(6.30/1000000 = 6.30E-6) = 6.30E-6 /\/5 = 3.64E-6

V, = ausseudinsuanuMuniunsaun Newainatasaiadaines 9.999 957V i

gin 10V unaehin 1@ ndoyasuniz 4 ppm of reading+0.3ppm.of range = 4.3ppm.

= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/5 = 2.34E-6

ov, -

AUALID8A (resolution) UYBUAS 0IAINBAVARUIADS NEIUNMITA  100Vde
0.01ppm = (0.01/1000000) = 1,00E-6 / 2+/3 = 2.89E-7

OV, = AMwaziden (resolution) ¥OUATOIRIABAN AR IAB S NE1UMTIA 10Vde 0.01ppm
— (0.01/1000000) = 1.00E-7 / 2 /3 = 2.89E-8

! B Ay ' = a 4 an
OR, = annudumui hinswawalsalasunugavigil 3ppm isgunigiiins

iasuyne M saaungl= £0.5°C (3ppm*0.5 = 1.50ppm)
=(1.50/1000000) = 1.50E-6/«/§ = 8.66E-7

1 9 d' 1 d' a A an d‘
OR, = Aanumumuiniuawlsalaoumugamgil 2ppm iogaingiiinminlasu
VUINMIFOUNAL= £0.5°C (2ppm*0.5 = 1.00ppm)

=(1.00/1000000) = l.OOE—6/\B =S5.77E-7

OR

L= MANUAUMIUINATIIUIABUAT (drift) Sppm/year
= (8/1000000) = 8.00E-6 / /3 = 4.62E-6

o, -

' { o % o 3
AANUENITONNTLINE VOINANITIA 5 AT = 5.58ppm

= (5.58/1000000) = 5.58E~6 /1 = 5.58E-6
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient Contribution Ui(y)
Xi Xi Relative | Absolute “e(eycil;) m (Ci Relative | Absolute
Vi 100V | 3.64%107 5 Rectangular o 1 3.64*%107 -
8V, 0 2.89%107 : Rectangular o 1 2.89%10% -
V, 10V | 2.34%10° - Rectangular o 1 2.34%10°¢ -
8V, 0 2.89%10” = Rectangular ) 1 2.89%10° -
Ry IMQ | 1.45%10° = Normal ™ 1 1.45%10° -
SRy 0 4.62%10°° = Rectangular o 1 4.62%10°° -
SRy 0 5.77%10” s Rectangular o 1 5.77%107 -
SRy 0 8.66*10” 7 Rectangular o 1 8.66%107 -
8y 0 5.58%10° Normal 4 | 5.58%10°°
x| tovo [ NN - N s 0|

A1519N 5.31 Uncertainty Budget R, 10MQ Model 742A S/N 7086005 @ 10V
", AW MO UV (Expanded uncertainty )N 3ZAUADINTOUY 95%(k=2); U =k o u(R, )

=201.68%10"° =3.36*10" *IMQ = £0.000 34MQ @ 1.000 15MQ

5.2.6 MIIANAIANNAIMNIY R_10MQ Model 742A S/N 8001005 ; R_ 10MQ Model 742A

S/N 7806005; Ratio 1:10 @ 10V

fnveaunaaniulainiiuen
R, = a1 hitiveouvonuduniunas giu(standard resistor) Aldanlususes
WansaoUigl 34ppm (10.000 151 OMQ)
= (34/1000000 = 0.000034) = 3.40E-5/2 = 1.70E-5
v, = miswuiinnudiumulinsum fswsnaineaiadiaes 10.000 067 1V i
g1u3a10v unasiinn I&eanToyasunig 4ppm of reading+0.05ppm.of range = 4.05pm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 / /3 =2.34E-6
V.© dussuin i uniunsiuat newa nasaeaiantines 9.999 963 6V fig1uia
10V Lmﬁqﬁm"lﬁmﬂﬂlyagaﬁnww 4 ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/5 = 2.34E-6
OV, - ‘Auaziden (resolution). ¥0uATaNAIABATARTIADSTEINT TR 10Vdc
0.01ppm
=(0.01/1000000) = 1.00E-8 / 2 \/§ =2.89E-9
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5Vs: ANNAZIDYA (resolution)mmmf}mﬁ%maﬁaﬁﬁma%ﬁfhumiﬁ’ﬂ 10Vde 0.01ppm
= (0.01/1000000) = 1.00E-8 / 24/3 = 2.89E-9
Or, - manwdumuitbinsududsulasuaugunigl 3ppm iileguvigiing
wasuvaizihims deuifieu= £0,5°C (3ppm*0.5 = 1.50ppm)
= (1.50/1000000) = 1.50E-6/~/3 =8.66B-7
SR, - manudumuin s asumveangi 3ppm iegmugifimaasy
VM do U= £0.5°C (3ppm*0.5 = 1.50ppm)
= (1.00/1000000) = 1.00E-6/\/§ = 8.66E-7
OR, - fhmmcfﬁumummgmLﬁ@us&h (drift) 9ppm/year
= (9/1000000) = 9,008-6 /+/3 = 5.20E=6
o, - AREIIN TG 9 YRIHan13 3R 5 AT = 0.69ppm

= (0.69/1000000) = 6.90E-7 /1 = 6.90E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute fre(eycii;) ™ (Ci) Relative  Absolute

Vy 100V | 2.34%10° 5 Rectangular o 1 2.34%10° -
5V, 0 2.89%10° . Rectangular o 1 2.89%10° -

V, 10V |2.34%10° 3 Rectangular o 1 2.34%10° -
SV, 0 2.89%107 = Rectangular o 1 2.89%10” -

R, 10MQ | 1.20%10° - Normal oo 1 1.20%107 -
SRy 0 5.20%10° - Rectangular o 1 520%10° -
SRy 0 8.66%107 - Rectangular o 1 8.66*107 -
SRy 0 8.66%107 - Rectangular o 1 8.66%107 -
S, 0 6.90%10” Normal 4 1 6.90%10”

R, 10MO o 8100 | -

M13199 5.32 Uncertainty Budget R, LOMQ Model 742A S/N 8001005.@ 10V
.. AN i ouved (Expanded uncertainty ) NTEAUATIMTONU 95%(Kk=2); U =k ® u(R, )

=201.81%10" = 3.63*10" #10MQ = £0.000 36MQ @ 10.000 30MQ
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5.2.7 m3tanaanudIumu R, 100MQ Model 5155-8; R, 10M£2 Model 742A S/N 7803006;
Ratio 1:10; @ 10V

fnveaunasnaninivow
R, = A1 liinideuresnnud unMnasg u(standard resistor) fldannluduses
Wam3saouINey 34ppm (10.000151 OMQ)
= (34/1000000 = 0.000034) = 3.40E-5/2 = 1.70E-5
v, = dusssuiinriusimilinaud femeinasaeadanines 100.194 256V 7
g1UIA100V Lma'qﬁm'lﬁ’mwﬁ'ﬂyjaﬁh!,ww 6ppm of reading+0.3ppm.of range = 6.3 1pm
=(6.31/1000000 = 6.31E-6) = 6.31E-6 /+/3 = 3.64E-6
v, = mussduiinnudiumuns wa fiemanasaeasiafiiaes 9.999 957 8V fig1uia
10V unasiiindfnindeyasamie 4ppm of reading+0.05ppm.of range = 4.05ppm
~ (4.05/1000000 = 4.05E-6) = 4.05E-6 /+/3 = 2.34E-6
SVX = 'A7NALIBYA (resolution) YOIUAG IR INDANARTIADS NEIUNTTA  100Vde
0.01ppm — (0.01/1000000) = 1,00E-8 /2/3 = 2.89E-9
OV, = Anwazidea (resolution) YouIA3B9AIABAN ARG S eI A 10Vde 0.01ppm
= (0.01/1000000) = 1.00E-8 / 2 /3 = 2.89E-9
Or, - manudmmuilinsodwdsudeuaneaigl sppm iileguvigiiing
L]J'E’iﬂueumzﬁmﬁﬁamﬁau: +0.5°C (Sppm*0.5 = 2.50ppm)
=(2.50/1000000) = 2.50E-6/«/§ = 1.44E-6
SR, — mimdmumuiinsiwawsalfeunuegangd 3ppm Wegungifimadoy
VUINMIFOUNAIL= £0.5°C (3ppm*0.5 = 1.50ppm)
— (1.50/1000000) = 1.50E-6/+/3 = 8.66E-7
OR,, & MU uniuinsgiReun (drif) Ippmiycar
=(9/1000000) = 9.00E-6 /\/g = 5.20E-6
o, - MANuENNIATNITIE YeaHams A 5 31 = 0.33ppm

= (0:33/1000000) = 3.32E-7 /1 = 3.32E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient Contribution Ui(y)
Xi Xi | Relative | Absolute frefy?;’ m (Ci) Relative  Absolute
V, 100V | 3.64%10° Y Rectangular oo 1 3.64*10° -
SV, 0 2.89%107 o Rectangular o 1 2.89%107 -
V, 10V |2.34%10° - Rectangular B 1 2.34%10° -
8V, 0 2.89%10” g Rectangular oo 1 2.89%107 -
R, 10MQ | 1.70%107 - Normal o 1 1.70%10° -
SRy 0 5.20%10° ) Rectangular o 1 5.20%10°° -
SRy 0 8.66%107 ’ Rectangular £ 1 8.66*107 -
SRy 0 1.44%10° 3 Rectangular 1 1.44%10° -
8, 0 3.325107 Normal 4 1 3.32%107
R, 100MQ | i J N o : 1.84%107 -

A151990:5.33. Uncertainty Budget R 100MQ Model 5155-8 @ 10V
", AW N iUOUYEI8 (Expanded uncertainty )N3ZAUADINTRIU 95%(k=2); U =k o u(R, )

=290 1.84" = 3.68*10 *10MQ = =0.003 7MQ @ 100.196 4MQ

5.2.8 M3 IANAINNURIUNIU R_100MQ Model 9334A; R, 10MQ Model 742A S/N 7806005;

Ratio 1:10; @ 10V

Fanveamaan e
R, = A bimiveuvenuduniunas §1u(standard resistor) Aldanlususes
WansdoiNel 24ppm (10.000 151 0MQ)
=(34/1000000 = 0.000034) = 3.40E-5/2 = 1.70E-5
v = awssduiinnudiumuhinsw fismanataeaiafiines 100.004 058V i
6113100V uviaaiian 181ndeyasunz 6ppm of reading+0.3ppm.of range = 6.30pm
— (6.30/1000000.= 6:30E-6)=6.30E-6/ /3 = 3.64E-6
V. = austduiin e um s a1 fisuainasaearaffimes 9.999 960 sy fig 1
10V uw@iqﬁm"lﬁ’mﬂﬂlyagaﬁn,ww 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6
SV . A wiaziden (resolution) VaNIASEIATABANTARTIABS NETMMI T 100V
0.01ppm = (0.01/1000000) = 1.00E-8 / 2+/3 = 2.89E-9

4 aa v aa S o
OV, = AMwaziden (resolution) Yo AT 0IRIARANARTINDS NETUMTIA 10Vde 0.01ppm
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= (0.01/1000000) = 1.00E-8 / 2+/3 = 2.89E-9
Or, - manwdumui linsudwdswasunuguigl sppm iileguvigiing
wasuvazinmsaeuiien= £0.5°€ (5ppm*0.5 = 2:50ppm)
=(2.50/1000000) = 2.50E-6/\/§ =1.44E-6
SR, - mmidmmauanswa s eusiseamal 3ppm iegmugifimanasy
VMg UNo U= £0.5°C(3ppm*0.5 =1.50ppm)
=(1.50/1000000) = 1.50E-6/«/§ = 8.66E-7
SR, — AP WA IUINAS g MIABLAT (drift) 9ppmiyear
=(9/1000000) = 9.00E-6 /\/5 =5.20E-6
31, - mnamlauIsoRinge i Veawan1a 5AS A% — 0.184ppm

= (0.184/1000000) = 1.84E-7 /1 = 1.84E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute frefy?)" o (Ci) Relative | Absolute

Vy 100V | 3.64%10° X Rectangular ™ 1 3.64%10° -
8V, 0 2.89%10” - Rectangular £ 1 2.89%10° -

V, 10V |2.34%10° - Rectangular o 1 2.34%10° -
8V, 0 2.89%107 : Rectangular oo 1 2.89%107 -

R, 10MQ | 1.70%107° £ Normal o 1 1.70%107 -
SRy 0 5.20%10°° E Rectangular o 1 5.20%10°° -
SRy 0 8.66*107 - Rectangular L) 1 8.66%107 -
SRy, 0 1.44%10° = Rectangular o 1 1.44%10° -
S, 0 1.84%107 Normal 4 1 1.84%107

A1319% 5.34 Uncertainty Budget R_100MQ Model 9334A @ 10V
conm e uvee (Expanded uncertainty ) FeA UANMTONY 95%(k=2):U =k u(R, )

=201.84*10" =3.67*10"*100MQ ==0.003 7MQ @ 100.006 IMQ
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5.2.9 MsdanmanNuaIUNIU R, 100M&Q Model 9336; R, 10MQ Model 742A S/N 7806005;
Ratio 1:10; @ 10V

fnveaunasnuliuyiveu
R, = A linideuresnnudun1anasgu(standard resistor) Aldannluduses
HaNIAOUINOY 34ppm (10.000 151 OMQ)
= (34/1000000 = 0.000034) = 3.40E-5/2 = 1.70E-5
v = Awssdufieniudnimuhinnum femanitaeaiadines 100.000 165V i
g1UIA100V Lmdqﬁm"lﬁ'mﬂﬁﬁ'ﬂy,aﬁuww 6ppm of reading+0.3ppm.of range = 6.30pm
=(6.30/1000000 = 6.30E-6) = 6.30E-6 /+/3 = 3.64F-6
V.= mussduiinnudiuniuns wa fiemainasaeasiafilaes 9.999 958 4V fig1uia
10V unaaiiindfnindoyasamie 4ppm of reading+0.05ppm.of range = 4.05ppm
— (4.05/1000000 = 4.05B-6) = 4.05E-6 /+/3 = 2.34E-6
v, = AMuaIdeA (resolution) VBAURSoIRINGANARTIABSTIEMMITA  100Vde
0.01ppm = (0.01/1000000) = 1.00E-8 /2 /3 = 2.89E-9
OV, = Anuazidea (resolution) YA BIABABAN ARG S eI A 10Vde 0.01ppm
= (0.01/1000000) = 1.00E-8 / 2 /3 = 2.89E-9
Or, - manudmmuilinsoswdsuldeuaeaigl sppm iileguvigiiing
L]J'E’iﬂueumzﬁmﬁﬁamﬁau: +0.5°C (Sppm*0.5 = 2.50ppm)
=(2.50/1000000) = 2.50E-6/\/§ = 1.44E-6
SR, - mimudumuinswawsulfeunuegangd 3ppm Wegungiimadoy
VUINMITOUNAL= £0.5°C (3ppm*0.5 = 1.50ppm)
= (1.50/1000000) = 1.50E-6/+/3 = 8.66E-7
OR, - ﬂ'mamﬁﬁumummgmgﬁaum (drift) 9ppm/ycar
= (9/1000000) = 9.00E-6 /+/3 = 5.20E-6
O, = Ammawsofinziiig veswamssa s A%3=0.178ppm

= (0:178/1000000) = 1.78E-7 /1 =1.78E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute tre(ey(ii;)m (Ci) Relative | Absolute

Vi 100V | 3.64%10° 2 Rectangular = 1 3.64%10° -
8V, 0 2.89%107 4 Rectangular o 1 2.89%10” -

V, 10V | 2.34%10° - Rectangular oo 1 2.34%10°¢ -
8V, 0 2.89%10 = Rectangular oo 1 2.89%10° -

Ry 10MQ |.1.70%107 - Normal o 1 1.70%107 -
SRy 0 5.20%10°° = Rectangular o 1 5.20%10° -
SRy 0 8.66*10” ’ Rectangular o 1 8.66*107 -
SRy 0 1.44%10°° / Rectangular 1 1.44%10°° -
81, 0 178107 Normal 4 ) 1.78%107

x| toovo [ N - N 50|

A5 199 5.35 Uncertainty Budget R, 100MQ Model 9336 @ 10V
", AW MO UV (Expanded uncertainty )N 3ZAUADINTOUY 95%(k=2); U =k o u(R, )

=20 1.84*10" =3.67%10" *100MQ = =0.003 TMQ @ 100.002 6MQ

5.2.10 M3 iana A IUNIL R_100MQ Model 9336; R, 100MQ Model 9334A; Ratio 1:1;
@ 10V

fnveaunasnuluinivomu
R, = 19270 Liniuoueanua unIuies §1u(standard resistor) Aldanlususes
wamsdouieu 37ppm (100.006 07MQ)
= (37/1000000 = 0.000037) = 3.70E-5/2 = 1.85E-5
v - Awseauiinnudunilinsus fismeindsneaiiadiines 9.999 599 6V fig1u
a0V unasfiin I80noyas e 4ppm of reading+0.05ppm.of range — 4.05pm
— (4.05/1000000 = 4.05E-6) = 4.05E=6/~/3 = 2.34E-6
V.= musesudmuagumuns1um teuainasaeatafiined 9.999 960 5V i
dhudn10v naeTiin 18N Toyas AL 4ppm of reading+0.05ppii.of range = 4.05pm
— (4.05/1000000 = 4.05E-6) = 4.05E-6 /+/3 = 2.34E-6
OV, = (AwaziBud (resolution) vBIATBNATARATAR MAB S HEINNIE T 10V
0.01ppm

=(0.01/1000000) = 1.00E-8 / 2\/3 =2.89E-9
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SVS — A2WALI0A (resolution) YouAIDIAINEATARTMDS NI TA 10Vde 0.01ppm
= (0.01/1000000) = 1.00B-8 / 2~/3 = 2.89E-9
Or, - manudmuitbinnumudsulaeuauguvigh sppm ileguvgiting
Wasuvaizhmsdeuifisu- +0.5°C (5ppm*0.5—2.50ppm)
= (2:50/1000000) = 2.50E-6/~/3 =1.44B~6
SR, - manudumuin s asummeangi sppm iegmungifimaasy
vz MIdo U= £0.5°C (5ppm*0.5 = 2.50ppm)
= (2.50/1000000) =2.50E-6/ \/§ =1.44E-6
OR, - fhmmﬁ’mmummgmLﬁ@us&h (drift) 20ppm/year
= (20/1000000) =2.00E-5 /~/3 = 1.15E-5
S1, - arrwdnnanfigszyi vesransda 5 A5920.191ppm

= (0.191/1000000) = 1.91E-7 /1 = 1.91E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute fre(eycil;) ™ (Ci) Relative | Absolute

V, 10V |2.34%10° - Rectangular o 1 2.34%10° -
8V, 0 2.89%107 L Rectangular oo 1 2.89%107 -

Vy 10V | 2.34%10° £ Rectangular o 1 2.34%#10° -
8V, 0 2.89%10 = Rectangular o 1 2.89%10” -

R, 100MQ | 1.85%107 = Normal o 1 1.85%10° -
SRy 0 1.15%10° = Rectangular ™ 1 1.15%107 -
SRy 0 1.44%10°¢ - Rectangular o 1 1.44%10°° -
OR,; 0 1.44*10° - Rectangular oo 1 1.44%10° -
oI, 0 1.91%107 Normal 4 1 1.91%107

R, 100MQ o 2.22%107 -

AN5190 536 Uncertainty Budget R, 100M€ Model 9336 @ 10V
.~ AN NN Ve 18 (Expanded uncertainty ) TR UAIMTONY 95%(Kk=2); U =k e u(R, )

=202.22%10" = 4.43*10" *100MQ = £0.004 4MQ @ 100.002 9MQ
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5.2.11 M3fanaanumunuy R, 100MQ Model 9336; R, 100MQ Model 9334A; Ratio 1:1;
@ 100V

fnveaunasnaninivow

R, = A1 liinideuresnnud unMnasg u(standard resistor) fldannluduses
nam3saouINey 37ppm (100.006 071MQ)

= (37/1000000 = 0.000037) = 3.70E-5/2 = 1.85E-5

V.= Awsssuiinaisunlingwal fisnnaseeasadiines 99.995 659V fid1u

19100V wﬁaﬁm”l@’fmm’i’ayjaﬁuww 6ppm of reading+0.3ppm.of range = 6.30ppm
= (6.30/1000000 = 6.30E-6) = 6.30E-6/+/3 =3.64E-6

V.= mussduiinnufuniuns e i mainasaeasianiines 99.999 888V fig11in

100V unasiiualandoyadhimig 6ppm of reading+0:3 ppm.of tange = 6.30ppm

=(6.30/1000000 = 6.30E-6) = 6.30E-6 /\/5 = 3.64E-6

SVX = 'A7NALIBYA (resolution) YOIUAG IR INDANARTIADS NEIUNTTA  100Vde
0.01ppm — (0:01/1000000) = 1.00E-8 /2 +/3 — 2.89E-9

v, = ANwaz@Boa (resolution) VeuAIEIRINEANAATIADS NUMITA  100Vde
0.01ppm

= (0.01/1000000) = 1.00E-8 /2 /3 = 2.89E-9
Or, = manwdumui inswawdsalfeunmeungi sppm ieguvgiting
wlAsnvaziimsaeuieu=£0.5°C (Sppm*0.5 = 2.50ppm)
= (2.50/1000000) = 2.50E-6/\/§ =1.44E-6
SR, - Aanudumuinawsulslfeuaugungd spom ilegaimaiimanlaou
vauzIimMsaouiat=+0.5°C (Sppm*0.5 = 2.50ppm)
=(2.50/1000000) = 2.50E-6/\/§ =1.44E-6
OR, = fhmmﬁ’mmummgmgﬁaum (drift) 20ppm/year
= (20/1000000) = 2.00E-5 /~/3 = 1.15E-5

' { o % o 3
811, = AINNEINITONNILTIIE VYO IHANTIA 5ATI= 0.169ppm

= (0.169/1000000) = 1.69E-7 /1 = 1.69E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)
Xi Xi Relative | Absolute fre(tay(ii;) = (Ci) Relative | Absolute
Vi 100V | 3.64%10° . Rectangular o 1 3.64%10° -
oV, 0 2.89%107 o Rectangular £ 1 2.89%107 -
Vs 100V | 3.64%10° = Rectangular oo 1 3.64%10° -
oV 0 2.89*10” - Rectangular o0 1 2.89%107 -
R, 100MQ | 1.85%107 - Normal o 1 1.85%10° -
SRy 0 1.15%10° - Rectangular o 1 1.15%107 -
SRy 0 1.44%10° 3 Rectangular oo 1 1.44%10° -
SRy 0 1.44%10°° / Rectangular 1 1.44%10° -
81, 0 1.69%107 Normal 4 1 1.69%107
Ry 100MQ | 8 F BN ‘ 2.25%10° _

A3 5.37 Uncertainty Budget R, 100MQ Model 9336 @ 100V
, AW Iuinniueuey (Expanded uncertainty ) N5 AUA IMTONU 95%(k=2); U =k o u(R, )

=20225%10" = 4.5010" *100MQ = +0.004 SMQ @ 100.002 0MQ

5.2.12 myianamanudIuniu R 100MQ Model 5155-8; R, 100MQ Model 9336; Ratio 1:1;
@100V

fnveaundananliuiuon
R, = a7 laiinenvesn MU LA §IU(standard resistor) 118010 1u5u504
Han1s aoNeU 45ppm (100.0020MQ)
= (45/1000000 = 0.000045) = 4.50E-5/2 = 2.25E-5
v, = swsssuinnudunlinsioa femanasaeaiaftnes 100.194 841V i
g1UIA100V umiﬁm'lﬁ'mﬂﬁﬁ'ayaﬁnww 6ppm of reading+0.3ppm.of range = 6.3 I ppm
= (6.31/1000000 = 6.31E-6) = 6.31E-6 /\/g = 3.64E-6
V. = Auseaufinnud wmun i istuinaineaianimes 99.999 884y fig1ua
100V wdqﬁuﬂﬁ’mﬂ%’ayaﬁnww 6ppm of reading+0.3ppm.of range = 6.30ppm
= (6.30/1000000 = 6.30E-6) = 6.30E-6 /\/g =3.64E-6
8VX — . A1aLdea (resolution) 09130 INDANARTIABSHEIUMT TR 100Vdc

0.01ppm = (0.01/1000000) = 1.00E-8 /2 +/3 = 2.89E-9
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5Vs =  A73ALA (resolution) YouATeIAIADATAATIND T REIUMI T 100Vde
0.01ppm
= (0.01/1000000) = 1.00E-8 / 2 /3 =2.89E-9
Or, - marmgwmuilinswandsaldeuaweaind sppm ileguvigiiiing
Waguvazsins aofen=£0.5°C (Sppm*0.5 = 2:50ppm)
= (2.50/1000000) = 2.50E-6/+/3 = 1.44E-6
SR, - A uiing wawsdeunugamai sppm ieamngifimadoy
VUINMI Ao L= £0.5°C (Sppm™0.5 = 2.50ppm),
=(2.50/1000000) = 2.50E-6/\/§ > 1.44E-6
SR, — MU ILUMUINGS PIuIAOURT (drift) 25ppm/year
= (25/1000000) = 2.50E-5 /\/g = 1.44E-5

' { o % [ g’/
81b = A1ANE N aNNTZ T YBIHAN15 IR 5 A3 = 0.116ppm

=(0.116/1000000) = 1.16E-7 /1 = 1.16E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U((Xi) distribution | degree of | coefficient | Contribution Ui(y)
Xi Xi Relative | Absolute fre(eg;) m (Ci) Relative | Absolute
Vy 100V |3.64%10° . Rectangular o 1 3.64%10°¢ -
SV 0 2.89%107 . Rectangular o 1 2.89%10” -
V, 100V | 3.64%10° - Rectangular o 1 3.64%10° -
oV 0 2.89%10 - Rectangular ) 1 2.89%10% -
R, 100 MQ | 2.25%10° = Normal 0 1 2.25%107 -
SRy 0 1.44%107 - Rectangular o 1 1.44%10° -
ORy 0 1.44%10° = Rectangular oo 1 1.44%10°° -
SRy 0 1.44%10°° - Rectangular ™ 1 1.44%10° -
S, 0 1.16%107 - Normal 4 1 1.16%107
R, 100 MQ = TR TR, o at..b 2.73%107 -

15197 5.38 Uncertainty Budget R_ 100MQ Model 5155-8 @ 100V
.2 A iuivueuveny (Expanded uncertainty )JA5EAUANMTOIU 95%(k=2);U =k o u(R,)

=202.73%10"=5.46510" *100MQ = 0.0055MQ @ 100.1971MQ
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5.2.13 M3TanMANuAIUMY R, 100MQ Model 9334A; R, 100MS Model 9336; Ratio 1:1

@100V

fnveaunasnaninivow
R, = A1 liinideuresnnud unMnasg u(standard resistor) fldannluduses
nam3saoUINey 45ppm (100.00203MQ)
= (45/1000000 = 0.000045) = 4.50E-5/2 = 2.25E-5

V.= dusssuiinniusmilinaud femeindsaeadantnes 100.004 072V i

g1UIA100V Lma'qﬁm'lﬁ’mwﬁ'ﬂyjaﬁh!,ww 6ppm of reading+0.3ppm.of range = 6.3 1ppm
=(6.31/1000000 = 6.3 1E-6) = 6.31E-6/~/3 =3.64E-6

V. = dussiuiinnudiumnnnu ie unaneaiaatmes 99.999 904V fig1uia

100V unasiiualandoyadhimig 6ppm of reading+0:3 ppm.of tange = 6.30ppm

= (6.30/1000000 = 6.30E-6) = 6.30E-6 /\/5 =3.64E-6

SVX = 'A7NALIBYA (resolution) YOIUAG IR INDANARTIADS NEIUNTTA  100Vde
0.01ppm — (0:01/1000000) = 1.00E-8 /2 +/3 — 2.89E-9

v, = ANwaz@Boa (resolution) VeuAIEIRINEANAATIADS NUMITA  100Vde
0.01ppm

= (0.01/1000000) = 1.00E-8 / 2~/3 = 2.89E-9
SR, = manwdumui inswawdsalfeuameuigi sppm ileguvgiting
wlAsnvaziimsaeuieu=£0.5°C (Sppm*0.5 = 2.50ppm)
= (2.50/1000000) = 2.50E-6/\/§ =1.44E-6
SR, = Aanudumuinswsulslfeunugangd spom iegaimgiimanlaou
vauzIimMsaouiat=+0.5°C (Sppm*0.5 = 2.50ppm)
=(2.50/1000000) = 2.50E-6/\/§ =1.44E-6
OR, = fhmmﬁ’mmummgmgﬁaum (drift) 25ppm/year
= (25/1000000) = 2.50E-5 /~/3 = 1.44E-5

1 § o % % g’l
811, = AINNEINITONNILTIIE VYO IHANTIA 5ATI= 0.446ppm

= (0.446/1000000) = 4.46E-7 /1 = 4.46E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient Contribution Ui(y)

Xi Xi Relative | Absolute fre(ey(ii)o = (Ci) Relative | Absolute

Vi 100V [3.64%10° . Rectangular o 1 3.64%10°° -
oV, 0 2.89%107 2 Rectangular £ 1 2.89%10° -

Vs 100V | 3.64*10°® - Rectangular oo 1 3.64%10° -
8V, 0 2.89%10° = Rectangular oo 1 2.89%10° -

R, 100 MQ | 2.25%107 - Normal o 1 2.25%107 -
SRy 0 1.44%10° 4 Rectangular oo 1 1.44%10° -
SRy 0 1.44%10° 4 Rectangular oo 1 1.44%10° -
SRy 0 1.44%10° / Rectangular 1 1.44%10° -
81, 0 4.46%107 Normal 4 1 4.46%107
R, | 100MQ [ 8 f . PEEEE

A13997 5.39 Uncertainty Budget R 100MQ. Model 9334A @ 100V
, AW Iuinniueuey (Expanded uncertainty ) N5 AUA IMTONU 95%(k=2); U =k o u(R, )

=202.73*%10" = 5.46*10 *100MQ = £0.005 5MQ @ 100.006 3MQ

5.2.14 M3danmANURIUNIM R, 1GQ Model 9336 R, 100MQ Model 9336; Ratio 1:10
@10V

Fanvewmraan e
R, = A biniuouueinuduniunias §1u(standard resistor) Aldanlususes
nam3saauMoy 37ppm (100.00216MQ)
= (37/1000000 = 0.000037) => 3.70E-5/2 => 1.85E-5
v = Awssduiinnudiumulinsnum fiswnndtaeaiadiines 100.000 058V i
gandn 100V uiaaiin 1an 1ndosasuniz 6ppm of reading +0:3ppm.of range =6.30ppm
= (6.30/1000000 = 6.30E-6) = 6.30E=6 / /3 =3.64E-6
V.- mussduiinnudumuna i fismsinasaeaiadiines 9.999 960 9V fig1na
10V unaaiiinI§andoyasunie 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E6 //3 = 2.34E-6

= 4 an v aa S @
8VX = ANACLBYA (resolution) ﬂlﬂﬂlﬂ%’f)ﬂﬂﬁ]ﬁﬂai\la@mﬁﬂi‘ﬂfJ'I‘Llﬂﬁ”Jﬂ 100Vdce

0.01ppm — (0.01/1000000) = 1.00E-8 / 2 /3 = 2.89E-9
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OV, = Anwuaziden (resolution) Yo psaIneaiaftnes ntNIs3A 10Vde 0.01ppm
=(0.01/1000000) = 1.00E-8 / 2\/5: 2.89E-9
Or, - marmdwmuilinswandsaldenaweaind eppm 1iloguiigiiiing
Waguvazsinms aofen=£0.5°C (6ppm*0.5 = 3.00ppm)
= (3.00/1000000) = 3.00E-6/\/§ =1.73E-6
SR, - A uiing wawsdeunugamai sppm ieamngifimadoy
VUINMI Ao L= £0.5°C (Sppm™0.5 = 2.50ppm),
=(2.50/1000000) = 2.50E-6/\/§ = 1.44E-6
SR, — MU IUMUINGS PIuIAOURT (drift) 35ppm/year
= (35/1000000) = 3.50E-5 /\/g =2.02E-5

' { o % [ g’/
81b = A1ANE N aNNTZ T YBIHAN15 IR 5 133 = 1.10ppm

=(1.10/1000000) = 1.10E-6 /1 = 1.10E-6

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute fre(e;i;) m (Ci) Relative | Absolute

Vy 100V |3.64%10° - Rectangular o 1 3.64%10° -
SV 0 2.89%10 - Rectangular oo 1 2.89%10 -

V, 10V [2.34%10° - Rectangular o 1 2.34%10° -
8V 0 2.89%107 = Rectangular o 1 2.89%10” -

R, 100MQ | 1.85%107 - Normal o 1 1.85%107 -
SRy 0 2.02%107 - Rectangular o0 1 2.02%107 -
SRy 0 1.44%10°° - Rectangular oo 1 1.44%10° -
SRy 0 1.73%10°° - Rectangular 1 1.73%10° -
81, 0 1.10%10°¢ Normal 4 1 1.10%10°¢

R, Ty A 2785105 -

71519%15.40 Uncertainty Budget Ry 1GQ Model 9336 @ 10V
- luivenveny (Expanded uncertainty)ﬁi&’ﬁﬂﬂ??ﬂl“ﬁ?)ﬁlﬂ 95%(k=2);U =kou(R,)

=202.78%10" = 5.57%10" *1GQ =£0.000 056GQ @ 1.000 029GQ
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5.2.15 Mm3fanaanudiumu R, 1GQ Model 5155-9; R, 100MQ Model 9336; Ratio 1:10
@10V

d’ r r r
7’)3177]63!!74@7\7?1?7%7#!!”%91!

R, =

' 1 9 . Ay v o
?ﬂﬂ’JHJ%JLLHNE]N"U@QF]’JHJGHMV]W‘Llll']@liﬁ1u(standard resistor) Tlulﬂﬁﬂﬂql,ﬂi‘]ﬁ’ﬂ\i
Hamsd@oUNey 45ppm (100.00203MQ)

= (45/1000000 =.0.000045) = 4.50E-5/2 = 2.25E-5

V.= swsssuiianumuniulinsua fAeunnalaeaiiaaiimes 100.344 135V #

g1UIA100V Lma'qﬁm'lﬁ’mwﬁ'ﬂyjaﬁh!,ww 6ppm of reading+0.3ppm.of range = 6.32ppm
=(6.32/1000000 = 6.32E-6) = 6.32E-6 /\/5 =3.65E-6

V,= Ausaauiinnuiumuns wa ienunnaneadaataes 9.999 957 8V Nduia

10V urasnuIdondeyadnwig 4ppm of reading +0.05ppm.of range = 4.05ppm
— (4.05/1000000 = 4.05E-6) = 4.05E-6 //3 =2.34E-6

4 aa v aa A1 @
OV, = AIaz138A (resolution) ¥IATDIAIADANARNNBSNEN1UATTA 100Vde 0.01ppm

=(0.01/1000000)*100V = 1.00E-7 / 2+/3 = 2.89E-8

= 4 aa v aa S @
SVS: AUALIDEA (resolution) VOILATOIAIMBANIANABS NE11UNTIA 10Vde 0.01ppm

=(0.01/1000000)*10V = 1.00E-8 / 2 \/§: 2.89E-9

OrR. -

xt

! v sy ox : = A A an
amanusumud lunsawdsalfeusugugll 6ppm eguugiiiinig
asuyne M saeungl= £0.5°C (6ppm*0.5 = 3.00ppm)

=(3.00/1000000) = 3.00E-6/ «/5 =1.73E-6

1 9 d' 1 d' a A an d‘
OR, = Aanumumuinsuawlsalaounugamgil sppm iiogainigiiinminlasu
VULINMITOUNAIL= £0.5°C (5ppm™*0.5 = 2.50ppm)

=1(2.50/1000000) = 2.50E—6/\B = 1.44E-6

OR

L= MANUAUMIUINATIIIRBUAT (drifY) 25ppm/year
= (25/1000000) = 2.50E-5 /4/3 = 1.44E-5

o, -

' { o % o 3
AANUENITONNTLINE VOINANITIA 5 AT = 0.354ppm

= (0:354/1000000) = 3.54E-7 /1 = 3.54E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient Contribution Ui(y)
Xi Xi | Relative | Absolute frefy‘ij;’ m (Ci Relative | Absolute
Vi 100V [3.65%10° Y Rectangular s 1 3.65%10° -
8V, 0 2.89%10® - Rectangular o 1 2.89%10° -
V, 10V |2.34%10° - Rectangular oo 1 2.34%10°¢ -
8V, 0 2.89%10° - Rectangular oo 1 2.89%10” -
Ry 100MQ {2.25%107 - Normal oo 1 2.25%107 -
SRy 0 1.44%10° = Rectangular o 1 1.44%107 -
SRy 0 1.44%10° . Rectangular o 1 1.44%10°° -
SRy 0 1.73*10° - Rectangular o 1 1.73%10°° -
81, 0 2.25%107 Normal 4 1 2.25%107
R, 1GQ _ ) W o ; 2.72%107 -

A15197 5.41 Uncertainty Budget R, 1GQ Model 5155-9 @ 10V
", AW MO UV (Expanded uncertainty )N 3ZAUADINTOUY 95%(k=2); U =k o u(R, )

=202.72*%10" = 5.44*10"*1GQ = +0.000 0054GQ @ 1.003 469GQ

5.2.16 M3IANAIANUAINMIL R, 1GQ Model 9331S; R, 100MQ Model 9336; Ratio 1:10
@10V

fnveaundananliuduon
R, = mnwlaiinenvesn MU LA §IU(standard resistor) 118010 1u5u504
Han1s aoNeU 45ppm (100.002 03MQ)
=(45/1000000 = 0.000045) = 4.50E-5/2 = 2.25E-5
V.= Awsssuianudmilinsia fotuainasaeaadiiines 99.991 949V fid1u
19100V Lmdqﬁm”lﬁ’mﬂ%'aym‘inww 6ppm of reading+0.3ppm.of range = 6.30ppm
= (6.30/1000000 = 6.30E-6) = 6.30E-6 /\/g =3.64E-6
V.= ausAuiinnudum g a1 fisuainasaeasafines 9.999 961 4V fig1ua
10V uw@iqﬁm"lﬁ’mﬂ%’waﬁwmz 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6
8VX — . A1aLdea (resolution) 09130 INDANARTIABSHEIUMT TR 100Vdc

0.01ppm =(0.01/1000000)* 100V = 1.00E-7 / 2 \/5 =2.89E-8



92

SVS — A2WALI0A (resolution) YouAIDIAINEATARTMDS NI TA 10Vde 0.01ppm
— (0.01/1000000)* 10V =11.00E-8 / 2 /3 = 2.89E-9
Or, - manwdmuitbinsududsulasuaugunigh eppm iileguvigiing
Lﬂﬁaueumxﬁwmsﬁamﬁﬂu: +0.5°C (6ppm*0.5 =3.00ppm)
= (3.00/1000000) = 3.00E-6/~/3 =1.73E-6
SR, — manudumauin s asummeangi sppm iegmugifimaasy
VMo U= £0.5°C (5ppm*0.5 = 2.50ppm)
= (2.50/1000000) = 2.50E-6/\/§ = 1.44E-6
OR, - ﬂ'mamﬁ’mmummgmgﬁﬂum (drift) 25ppm/year
— (25/1000000) = 2.50E-5 /+/3 = 1.44E-5
o, - AREIIN TG 9 YRIHan13 3R 5 AT = 0.342ppm

= (0.342/1000000) = 3.42E-7 /1 = 3.42E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi | Relative | Absolute frefg;’m (Ci) Relative | Absolute

Ve 100V | 3.64%10° - Rectangular o 1 3.64%10°° -
SV, 0 2.89%10° - Rectangular o 1 2.89%10° -

v 10V |2.34%10° 3 Rectangular o 1 2.34%107 -
SV, 0 2.89%10° z Rectangular oo 1 2.89%107 -

Ry 100MQ | 2.25%107 = Normal oo 1 2.25%107 -
SRy 0 1,44%10° - Rectangular o 1 1,44%107 -
SRy 0 1.44%10°¢ - Rectangular o 1 1.44%10° -
SRy 0 1.73%10°¢ - Rectangular 1 1.73%10° -
Sl 0 3.42%107 Normal 4 1 3.42%107

R, 16 o S 20| -

A131991 5.42 Uncertainty Budget R_1GQ Model 9331S @ 10V
.. AN Iiiseuvey (Expanded uncertainty ) TR UAIMTONY 95%(Kk=2); U =k ® u(R, )

=202.72%10" = 5.43%10 " *1GQ = £0.000 054 GQ @ 0.999 949GQ
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52.17 m3dfanamanudiumu R, 1GQ Model 5155-9; R, 1G€ Model 9331S; Ratio 1:1
@100V

d’ r r r
7’)3177]63!!74@7\7?1?7%7#!!”%91!

R, = 1A hinideuresnnuMun1tanasiu(standard resistor) 7 laninlususes

Ham3saoUINgL S4ppm (0.999 949GQ)

= (54/1000000 =.0.000054) = 5.40E-5/2 = 2.70E-5

v, = swsssuiianiugmniuinnus fewnasaeaiianiimes 100350 150V #

g1UIA100V Lma'qﬁm'lﬁ’mwﬁ'ﬂyjaﬁh!,ww 6ppm of reading+0.3ppm.of range = 6.32ppm

=(6.32/1000000 = 6.32E-6) = 6.32E-6 /\/5 =3.65E-6

V,= AusIauiinnuiumuns el e ainaneaiaaimos 99.999 891V guia

100V nrashualanindoyasuwiz 6ppm of reading+0.3ppm.of range = 6.30ppm

=(6.30/1000000 = 6.30E-6) = 6.30E-6 /«/5 = 3.64E-6

SVX = 'A7NALIBYA (resolution) YOIUAG IR INDANARTIADS NEIUNTTA  100Vde
0.01ppm = (0.01/1000000) = 1.00E-8 /2 /3 = 2.89E-9
v, = ANwaz@oa (resolution) VeuAIEIRINEANAATIADS NEMMITA  100Vde
0.01ppm
=(0.01/1000000) = 1.00E-8 / 2 v/3 = 2.89E-9
Or, = manwdumui inswawdsalfeuameungi 6ppm ieguvgiting

nasuyngiimsgouney= £0.5°C (6ppm*0.5 = 3.00ppm)
~ (3.00/1000000) = 3.00E-6/+/3 = 1.73E-6

1 9 Py 4 ~ a d' as =
OR, = anudumuiniuawlsalaoumugavigil 6ppm ivgaingiiiminlasu
vaugIimMsaouigl=£0.5°C (6ppm*0.5 = 2.50ppm)

= (3.00/1000000) = 3.00E-6/\/§ =1.73E-6

OR, = ManudUMUINATgIMANA1 (drif) 40ppm/year
— (40/1000000) = 4.00E-5 //3 = 2.31E-5
OL-. = AnnuaIsninggsinan Yo wamidn 5a59 =0.433ppm

= (0.433/1000000) = 4.33E-7 /1 = 4.33E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)
Xi Xi Relative | Absolute fre(ey(i;) = (Ci) Relative | Absolute
Vs 100V | 3.65%10° - Rectangular o 1 3.65%10° -
8V, 0 2.89%107 - Rectangular o 1 2.89%107 -
| A 100V | 3.64%10°° - Rectangular oo 1 3.64%10° -
8V, 0 2.89%107 = Rectangular B 1 2.89%107 -
R, 1GQ [ 2.70%10° s Normal 55 1 2.70%107 -
SRy 0 2.31%107 £ Rectangular B 1 2.31%107 -
SRy 0 1.73%10° 4 Rectangular o 1 1.73%10° -
SRy 0 1.73%10°¢ S Rectangular 1 1.73%10°¢ -
oI, 0 4.33%107 Normal 4 1 4.33%107
Ry 1GQ 3 F ' o | 3.60%10° -

AN 543 Uncertainty Budget. R, 1GQ Model 5155-9 @ 100V
, AW Iuinniueuey (Expanded uncertainty ) N5 AUA IMTONU 95%(k=2); U =k o u(R, )

=293.60¥10" = 7.20%10 *1GQ = £0.000 072GQ @ 1.003 456GQ

5.2.18 M3FanmIANUAIUNMIUR, 1GQ. Model 93318; R, 1GQ Model 9336; Ratio 1:10 @100V

Fanveamaanniinonu
R, = a2 bimiveuvenudiuniunas giu(standard resistor) Aldanlususes
HamMIaoLINgY S6ppm (1.000 029GE)
= (56/1000000 = 0.000056) =5.60E-5/2 = 2.80E-5
V.= awssduiinnudiumelingui fennasaeadadiiines 99.984 985V fid1u
3a100v uvaaiinn l8nndoyasunz 6ppm of reading+0.3ppm.of range = 6.30ppm
= (6.30/1000000'= 6:30E=6) = 6:30E-67~/3 =3.64E-6
V. = fuesuin i unun i isuanasaeasanimes 99.999 920V fid1uia
100V wdﬁm”lﬁ’%m%’ayaﬁnww 6ppm of reading+0.3ppm.of range = 6.30ppm
=(6.30/1000000 = 6.30E-6) = 6.30E-6 /\/5 =3.64E-6
8VX — . A711aL19ea (resolution) Y09IASPIRTINDANARTIABSHEIMMT TR 100Vdc

0.01ppm =(0.01/1000000)*100V = 1.00E-6 / 2 \/5 = 2.89E-7
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5Vs =  A73ALA (resolution) YouATeIAIADATAATIND T REIUMI T 100Vde
0.01ppm
= (0.01/1000000)*100V. = 1.00E<6 / 2+/3 = 2.89E-7
Or, - marmgwmuilinswandsaldeuameanai eppm 1iloguigiiing
waguvazsinms aofen=£0.5°C (6ppm*0.5 = 3.00ppm)
= (3.00/1000000) = 3.00E-6/\/§ =1.73E-6
SR, - manudmn uiing wawsdeunugamai eppm ieaungifimadoy
VM doURY L= £0.5°C (6ppm™0.5 = 2.50ppm).
=(3.00/1000000) = 3.00E-6/\/§ = 1.73E-6
SR, — MU IUMUINGS PIuIAOURT (drift) 35ppm/year
= (35/1000000) = 3.50E-5 /\/g =2.02E-5

' { o % [ g’/
81b = A1ANE N aNNTZ T YBIHAN15 IR 5 A3 =0.731ppm

=(0.731/1000000) =7.31E-7 /1 = 7.31E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U((Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi | Relative | Absolute fre(e;il;’ m (Ci) Relative | Absolute

Vy 100V | 3.64%10° . Rectangular o 1 3.64%10° -
SV, 0 2.89%107 E Rectangular o 1 2.89%107 -

V, 100V | 3.64%10° - Rectangular o 1 3.64%10° -
8V, 0 2.89%107 - Rectangular o 1 2:89%107 -

R, 1GQ | 2.80%107° = Normal o 1 2.80%10° -
SRy 0 2.02%10° - Rectangular o 1 2.02%10° -
ORy 0 1.73%10° - Rectangular oo 1 1.73%#10°¢ -
SRy 0 1.73%10°¢ - Rectangular ™ 1 1.73%10° -
S, 0 7.31%107 Normal 4 1 7.31%10”

Ry 1GQ = e T, o at..b 3.50*%107 -

M13199 5.44 Uncertainty Budget R_1GQ Model 93318 @ 100V
.2 A iuivueuveny (Expanded uncertainty )JA5EAUANMTOIU 95%(k=2);U =k o u(R,)

=203.50%10" = 700410 *1GQ=0.000 070G @ 0.999 884GQ
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5.2.19 mytanmaNuAIuMu R, 10GQ Model 5155-10; R, 1GQ Model 9331S; Ratio 1:10
@10V

fanvounidenialiuilon
R, = ma e nvesa @ i mins g (tandard resiston) 11801n1u5us04
nam3saeUINeL S4ppm (0.999 949GQ)
=(54/1000000 = 0.000054) = 5.40E-5/2 = 2.70E-5
v, = Awssduiinnudiunldnau feuanasaeadadiines 99.651 203V i
19100V wtiaﬁm”lﬁ’ﬂm%’ayaﬁuww 6ppm of reading+0.3ppm.of range = 6.28ppm
=(6.28/1000000 = 6.28E-6) = 6.28E-6 /\/g =3.63E-6
vV, = mussdufinnudumuns 1w fiswannasaeasianiines 9.999 961 4V fig1uia
10V Lmdaﬁm"lﬁ'mﬂ%’@gaﬁuww 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /+/3 = 2.34E-6
v, = anuaziden (resolution) VewASeIATAANaATIAESEMMITA 100Vde
0.01ppm ~ (0.01/1000000) = 1.00E-8 /2 /3 = 2.89E-9
SVS — A7WALI0A (resolution) YD UATDIAIABANAATIADS NI TR 10Vde 0.01ppm
=(0.01/1000000) = 1.00E-7 / 2~/3 = 2.89E-9
SR, = mawdumui linswawsufsunmeasgill 25ppm ioguvigiiins
Lﬂ?ﬁlﬂuﬂlmsﬁimiﬁﬂmﬁﬂu= +0.5°C (25ppm*0.5 = 12.5ppm)
= (12.5/1000000) = 12.5E-5/\/§ =17.22E-6
SR, - manudumiuinswawsasunugangi 6ppm iWegmugifimaasy
VM FoUNIU= £0.5°C (6ppm*0.5 = 2.50ppm)
= (3.00/1000000) = 3.00E-6/\/§ = 1.73E-6
OR, - ﬂ'wmmﬁﬁumummgjmLﬁaus&h (drift) 40ppm/year
= (40/1000000) = 4.00E-5 /+/3 = 2.31E-5
OL. — M maienngzAtE veawamsda s A54 = 0.447ppm

= (0.447/1000000) =4.47E-7 /1 = 4.4TE-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi | Relative | Absolute tre(ey(ii;)m (Ci) Relative | Absolute

Vi 100V [3.63*10° S Rectangular o 1 3.63*%10° -
8V, 0 2.89%10” ) Rectangular o0 1 2.89%107 -

V, 10V |2.34%10° - Rectangular o 1 2.34%10° -
8V, 0 2.89%10° - Rectangular o 1 2.89%10° -

Ry 1GQ - [2.70%10° ~ Normal oo 1 2.70%107 -
SRy 0 2.31%10° = Rectangular o 1 2.31%107 -
SRy 0 173108 ¢ Rectangular o 1 1.73%10° -
SRy 0 7.22%10°¢ 3 Rectangular ™ 1 7.22%10° -
81y Normal 4 1 4.47%107

R, = N | 3.66%10° ;

A151910/5.45 Uncertainty Budget R, 10G€2 Model 5155-10 @ 10V
", AW MO UV (Expanded uncertainty )N 3ZAUADINTOUY 95%(k=2); U =k o u(R, )

=203,66%10"° =7.31*10"*10GQ = +0.000 73G @ 9.965 12GQ

5.2.20 M3TANAIAIMUATUINY R_10GQ Model 9336; R, 1GQ Model 93318; Ratio 1:10 @10V

fsnvoaniasnaTiuiuon
R, = manu e uue Wi nImMEIns g1 (standard resistor) 118010 lusus0q
namsdoUioy S4ppm (0.999 949GQ)
=(54/1000000 = 0.000054) = 5.40E-5/2 = 2.70E-5
v - dussduiinnudiumuhinsum fswnndtaeaiadimes 100017 622V i
6113100V uasiinn I8 1ndeyasunz 6ppm of reading +0.3ppm.of range = 6.30ppm
= (6.30/1000000 = 6.30E-6) = 6.30E-6 /+/3 = 3.64E-6
V.= musduiamidumung 1 fiswandsaeaiadiines 9.999 961 0V fig1uia
10V tndaiiin T8 anoua$11¢ 4ppm of reading +0.05ppm.of range — 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g =2.34E-6
v, - AanwaziBen (resolution) veunIvaATAoaNARIAOSRE UM TR 100Vde
0.01ppm = (0.01/1000000) = 1.00E-8 / 2 \/§ =2.89E-9
OV, = Anwazidem (resolution) ¥01A5 09AIN0ATAATINOSNEMWNI5 TR 10V 0.01ppm

=(0.01/1000000) = 1.00E-8 / 2 \/5 =2.89E-9
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SR, - manwdumuii linswawdswdsunuganigil 25ppm Weguvgiting
wAsnvazinmsaeuiien= £0.5°C (25ppm*0.5 = 12.5ppm)
= (12.5/1000000) = 12.5E-5/\/§ =17.22E-6
SR, - manudwmininswdsnsfasunsenngi sppm iegmugifimanasy
VMg UNoU=20.5°C (6ppm*0.5 = 2.50ppm)
= (3.00/1000000) = 3.00E-6/\/§ =1.73E-6

OR

L = AANUMUMUNIA SR OUAT (drift) 40ppm/year
= (40/1000000) =4.00E-5 /\/5 =2.31E-5
01, = AamuaanIofingzsiat YeaHamsia s ATa= 0.317ppm

=(0:317/1000000) =3.17E-7 /1 = 3.17E-7

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
UXi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute frefg;) % (Ci) Relative | Absolute

Vy 100V |3.64%10° \ Rectangular oo 1 3.64%10°° -
8V, 0 2.89%107 4 Rectangular o 1 2.89%107 -

V 10V [2.34%10° - Rectangular oo 1 2.34%10°¢ -
8V, 0 2.89%10°% . Rectangular c0 1 2.89%10° -

R, 1GQ  |2.70%10° - Normal o0 1 2.70%10° -
SRy 0 2.31%107 : Rectangular o 1 2.31%107 -
SRy, 0 1.73*%10°° 4 Rectangular oo 1 1.73%10°¢ -
SRy 0 7.22%10° - Rectangular o 1 7.22%10° -

ol 0 3.17%10” Normal 4 1 3.17%107

b
R, 10 GQ o e 3 66%107 -
= il

AN 5.46 Uncertainty Budget R, 10GQ2 Model 9336 @ 10V
, A Iuiu1iuoUvgI8 (Expanded uncertainty ) ATEAVA TN 95%(Kk=2);U =k o u(R, )

=203.6610" = 7.31*10 **10GQ = £0.000 73GQ @ 10.001 77GQ
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5.2.21 M3danannumumu R, 10GQ Model 9336; R, 1GQ Model 9336; Ratio 1:10 @10V

fnveaunasnulinviven
R, = a1n2w hitiue e A un1nuIns §1u(standard resistor) fldanlususes
HaMIao UMY S6ppm (1.000 029 4GQ)
= (56/1000000 = 0.000056) = 5.60E-5/2 = 2.80E-5
V.= Ausssuiinamdiunlinsiua fesnasaeasanines 100.010 289V i
g13a100v uviasiinnldandeladiniz 6ppm of reading +0.3ppm.of range = 6.30ppm
= (6.30/1000000 = 6.30E-6) => 6.30E-6 /4/3 = 3.64E-6
V. = museduiantdumuna e i nasaealiad tmes.0.999 962 ov fid1uia
10V wdqﬁm'lﬁ’ﬂmﬁleyjaﬁnww 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) => 4.05E-6 /\/g =2.34E-6
v, = nmazidua (resolution) Wedln3piATnoANaATAesE1uMITA 100Vde
0.01ppm =(0.01/1000000) = 1.00E-8 / 2\/—3— =2.89E-9
OV, = Anwagdea (resolution) Y05 09A oA AANN e TG 11IMI TA 10Vde 0.01ppm
= (0.01/1000000) = 1.00E-8 / 2+/3 = 2.:89E-9
Or, - marwdumuiilinswswalsalasungungd 25ppm ioguvigiing
wAsnvazinsaeuifion=£0.5°C (25ppm*0.5 = 12.5ppm)
=(12.5/1000000) = 12.5E-5/\/§ =7.22E-6
SR, — ‘Awnwdiumiuins wmislfeuagamgd 6ppm Wogaiiniimaasy
VULIMITOUNIU=+0.5°C (6ppm*0.5 = 3.00ppm)
= (3.00/1000000) = 3.00E-6/~/3 = 1.73E-6
OR, - mmmﬁ’mmummgmLﬁ"ouﬁw (drift) 35ppm/year
= (35/1000000) = 3.50E-5 /\/g =2.02E-5
o= MAEIN3 TS ZAgh UBIHANTSA 5 AT4 = 0.294ppm

=(0.294/1000000) = 2.94E-6 /1 = 2.94E-6
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi | Relative | Absolute tre(ey(ii;)m (Ci Relative | Absolute

Vi 100V |3.64%10° - Rectangular o 1 3.64%10°° -
8V, 0 2.89%107 E Rectangular o0 1 2.89%107 -

V, 10V | 234510 . Rectangular oo 1 2.34%10°° -
8V, 0 2.89%10°° - Rectangular oo 1 2.89%10° -

Ry 1GQ [ 2.80%10° -~ Normal - 1 2.80%107 -
SRy 0 2.02*107° = Rectangular o 1 2.02%107 -
SRy 0 1.73%10°¢ ¢ Rectangular o0 1 1.73%10° -
SRy 0 7221078 r Rectangular o 1 7.22%10° -
81y Normal 4 1 2.94%10°°

R, N % b 3.54%10° | -

A5 5.47 Uncertainty Budget R_10GQ Model 9336 @ 10V
", AW MO UV (Expanded uncertainty )N 3ZAUADINTOUY 95%(k=2); U =k o u(R, )

=203.57%10" = 7.14*10"*10GQ = +0.000 71GQ @ 10.001 82GQ

5.2.22 M3TANMANUAIMMU R, 10GQ Model 5155-10; R 10GQ Model 9336; Ratio 1:1
@10V

fnveaundaninuliuivou
R, = minnuliniuenvesnnudunuIIns§1M(standard resistor) 118010 lusus04
WansaolNel 73ppm (10.001 77GQ)
=(73/1000000 = 0.000073) = 7.30E-5/2 = 3.65E-5
v - Awssduiianudiunmslins et A inasaeaaniines 9.962 508 2V g1y
1910V Lmﬁiﬁm"lﬁ’mﬂ%’ayaﬁuww 4ppm of reading+0.05ppm.of range = 4.04ppm
= (4.04/1000000 = 4.04E-6) = 4.04E-6 /\/§ =2.33E-6
V.= austdufinnudun g a1 fisuainasaeaafines 9.099 962 8V fis1uia
10V uw@iqﬁm"lﬁ’mﬂﬂlyagaﬁn,ww 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) = 4.05E-6 /\/g = 2.34E-6
5VX = A711aL1p8a (resolution) YPAUATINATADAITARIIADI NPT IR TOVdC
0.01ppm
— (0.01/1000000) = 1.00E-8 / 2 /3 = 2.89E-9
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5Vs: ANNAZIDYA (resolution)mmmf}mﬁ%maﬁaﬁﬁma%ﬁfhumiﬁ’ﬂ 10Vde 0.01ppm
= (0.01/1000000) = 1.00E-8 / 2~/3 =>2.89E-9
SR, - manwdumuilinswandswfewnuganigil 25ppm Weguvgiing
Wasuvaizhmsdeuifisu- £0.5°C (25ppm*0.5 =12.5ppm)
= (12:5/1000000) = 12.5E-5//3 = 7.22B-6
SR, - manudumuing s iasumueangi 25ppm eganigiiiman/den
VauIMIdoUNoU=£0.5°C (25ppm*0.5 = 12.5ppm)
= (12.5/1000000) = 12.5E-5/\/§ =7.22E-6
OR, - fhmmcfﬁumummgmLﬁ@us&h (drift) 100ppm/ycar
= (100/1000000) = 1.00E-4 /~/3 = 5.77E-5
S1, - amuasnnnszi 8T vesransdh 5 751 =0.296ppm

=(0.296/1000000) = 2.96E-6 /1 = 2.96E-6

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient Contribution Ui(y)

Xi Xi | Relative | Absolute frefy‘ii)om (Ci) Relative | Absolute

Vs 10V [2.33%10° - Rectangular o 1 2.33%10° -
8V, 0 2.89%10” - Rectangular o 1 2.89%107 -

vy 10V |2.34%10° - Rectangular o 1 2.34%10° -
8V, 0 2.89%10° = Rectangular o 1 2.89%10° -

R, 10GQ |3.65%107° S Normal o 1 3.65%10° -
SRy 0 5774107 - Rectangular o 1 5.77%107 -
SRy 0 7.22%10°° - Rectangular o 1 7.22%10° -
SRy 0 7.22%10°° - Rectangular 1 7.22%10° -
81, 0 2.96%10° Normal 4 1 2.96%10°

R, 10GQ o S 6.924107 ;

A151991 5.48 Uncertainty Budget R_10G€. Model 5155-10 @ 10V
.. AN o uvey (Expanded uncertainty ) TR UAMTOIY 95%(Kk=2); U =k ® u(R, )

=206.92%10" = 1.38*10.*10GQ = +0.001 38GQ @ 9.968 52GQ
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5.2.23 m3tanaanumumu R, 10G& Model 5155-10; R, 10GQ Model 9336; Ratio 1:1

@100V

fnveaunasnnulinviveu
R, = A1 liinideuvesnnud unMnasg 1u(standard resistor) fldannluduses
HaMsaoUoY 73ppm (10.001 77GQ)
= (73/1000000 =0.000073) = 7.30E-5/2 = 3.65E-5

V.- Awssduiinatisny st figwinadneaiadiines 99.626 533V fidu

19100V wdaﬁm”lﬁ’mm’l’mgm‘hmw 6ppm of reading+0.3ppm.of range = 6.28ppm
= (6.28/1000000 = 6.28E-6) = 6.28E-6 /+/3 = 3.62E-6

Vv, = Auseiufinnuiumnnsum e uinatneaiaatmes 99.999 860V figua

100V unasiiualandoyadumng 6ppm of reading+0:3 ppm.of range = 6.30ppm

= (6.30/1000000 = 6.30E-6) = 6.30E-6 /\/5 =3.64E-6

v, = ‘AMuazIden (resolution) VOIRSoIRINGANARTIABSTIEUMITA  100Vde
0.01ppm = (0.01/1000000) = 1.00E-8 / 2+/3 = 2.89E-9

v, = AnuazBoa (resolution) veuATENRTNeANRATIAGS TIE1WNITTA  100Vde
0.01ppm

= (0.01/1000000) = 1.00E-8 / 2 +/3 = 2.89E-9
SR, = mmnwdumui linswawsudeunmgaigii 25ppm oguvgiims
WasvazhmsAeufieu==0.5C (25ppm*0.5 = 12.5ppm)
= (12.5/1000000) = 1.25E-5/\/§ =17.22E-6
SR, - manudumiuinswaulsiasunugang 25ppmileganigiifimsn/aen
VUM IAOUNYL==£0.5°C (25ppm*0.5 = 12.5ppm)
= (12/5/1000000) = 12.5E5/A/3 =7.22E-6
SR = MANUATMUINGI NGO (ddfD) 100ppm/year
= (100/1000000) = 1.00E-4 /~/3 =5.77E-5

1 { o g 4 a’l
81b = AN NENITANNILTIIE VO IHAN TN SATL= 0.126ppm

= (0.126/1000000) = 1.26E-6 /1 = 1.26E-6
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi Relative | Absolute fre(ey(ii;) 5 (Ci) Relative | Absolute

Vi 100V | 3.62%10° . Rectangular = 1 3.62%10° -
8V, 0 2.89%107 = Rectangular o 1 2.89%107 -

Vs 10V 3.64*10°° = Rectangular oo 1 3.64%10° -
8V, 0 2.89%107 = Rectangular S 1 2.89%107 -

R, 10 GQ | 3.65%107 = Normal o 1 3.65%107 -
SRy 0 5.77510° g Rectangular = 1 5.77%10° -
SRy 0 7227107 2 Rectangular o 1 7.22%10°° -
OR,; 0 7.22%10° - Rectangular 1 7.22%10° -
81, 0 1.26%107 Normal 4 1 1.26%107

R, 10GQ p F ' oo k .| 6.93*10° -

A1599N 5.49 Uncertainty Budget R 10GQ Model 5155-10 @ 100V
, AW Iuinniueuey (Expanded uncertainty ) N5 AUA IMTONU 95%(k=2); U =k o u(R, )

=206.93*10" = 1.396*10 *10GQ = +0.001 39GQ @ 9.964 88GQ

5.2.24 M3TANAIANUA UMY R 100GQ Model 9334A; R. 10GQ Model 9336; Ratio 1:10
@10V

fnveaunaanaliniven
R, — A0 i Ue UUeNA NRINN 11N 1A3 § 1 1(standard resiston) T 18010 TuS U0
HamMsdoUMeL 71ppm (10.001 82GQ)
= (71/1000000 = 0.000071) = 7.10E-5/2 = 3.55E-5
V.= mussduiianudumilingua fignnaineaiadines 100.101 608V i
GANTA 100V, Lmdﬁm“lﬁ'mﬂ%'mgaﬁuww 6ppm of reading+0.3ppm.of range = 6.3 1 ppm
— (6.31/1000000 = 6.31E-6) = 6.31E<6 / /3 =3.64E-6
V.- mussdufinnudumuna i fiswainasaeaadiines 9.999 967 9V figusa
10V unaaiiinl§andoyasunie 4ppm of reading+0.05ppm.of range = 4.05ppm
— (4.05/1000000 = 4.05E-6) = 4.05E-6 /3 = 2.34E6
8Vx = AI1NAZIBYA (resolution) Y0uIA30dRIReaNaARTIABI ROTUMT IR 100Vde

0.01ppm
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= (0.01/1000000) = 1.00E-8 / 2+/3 = 2.89E-9
OV, = Anuazidua (resolution) VNIA5 9AINEANARTIAB e LM TA 10Vde 0.01ppm
= (0.01/1000000) = 1,00E-8 / 24/3 = 2.89E-9
SR, - M lins was wieun gl 250ppm ogumgiiing
wlAsnvaizinsaefeN=£0.5C (250ppm*0.5 = 125ppm)
= (125/1000000) = 1.25E-4//3 =7.22E-5
SR, - manudmniuims s feunueamgi 25ppm egangiifiman/den
vz M douRo U= £0.5°C (25ppm*0.5 = 12.5ppm)
=(12.5/1000000) = 1.25E-5//3 = 7.22E-6
SR, — AARIuINUINAS IIMERUAT (drift) 100ppm/year
= (100/1000000) = 1:00E-4 //3 = 5.77B-5
S1, - AmamamnsafingzihE vesnan1s a s A%2 = 0.156ppm

=(0.156/1000000) = 1.56E-6/1 = 1.56E-6

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)
Xi Xi | Relative | Absolute frefy?;’ m (Ci) Relative | Absolute
Vy 100V [3.64%10° = Rectangular oo 1 3.64%10°° -
SV 0 2.89%107 = Rectangular o 1 2.89%107 -
v 10V |2.34%10° - Rectangular o 1 2.34%10° -
oV 0 2.89%10° = Rectangular oo i 2.89%10°® -
R, 10GQ [3.55*%107 5 Normal 0 1 3.55%107 -
SRy 0 5.77+%10° - Rectangular o 1 5.77%107 -
SRy 0 7.22%10° S Rectangular o 1 7.22%10° -
SRy 0 7.22%10° - Rectangular ™ 1 7.22%107 -
81, 0 1.56%10°° Normal 1 1.56%10°
k. | 100Go NI - [ os+10° | -

A5 199 5.50 Uncertainty Budget R_100GQ Model 9334A @ 10V

< A luniveuvens (Expanded uncertainty)ﬁi&ﬁﬂﬂ??ﬂl%@ﬁu 95%(k=2);U =kou(R,)

=209,94%10" = 1.99%10 *100GQ = £0.019 9GQ @ 100.154 7GQ
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5.2.25 M3fanaanumunIuy R, 100GQ Model 5155-11; R, 10G2 Model 9336; Ratio 1:10
@10V

Ad’ r r r
nmwmgmmmm?mmuau

R, = 1A linideuresnnuMun1tanasi u(standard resistor) 1 laninlususes

wamsdouey 71ppm (10.001 82GQ)

= (71/1000000 = 0.000071) = 7.10E-5/2 = 3.55E-5

v, = aussauiienuiininiulinaum fismandsaeaanines 103.253 362V #

g1UIA100V Lma'qﬁm"lﬁ’mﬂﬁﬁ'ﬂyjaﬁnww 6ppm of reading+0.3ppm.of range = 6.50ppm
=(6.50/1000000 = 6.50E-6) = 6.50E-6 /\/5 =3.75E-6

V,= Ausaaud i un s unIuns a1 Ne1uainaonoaNaaines 9.999 970 01V 7

gin10v unashin Idndoyas iz 4ppm of reading+0.05ppm.of range = 4.05ppm

= (4.05/1000000 = 4.05E-6) = 4.05E-6 /«/—3— =2.34E-6

ov, -

AUALID8A (resolution) UYBUAS 0IAINBAVARUIADS NEIUNMITA  100Vde
0.01ppm = (0.01/1000000) = 1,00E-8 / 2+/3 = 2.89E-9

OV, = AMwaziden (resolution) YOUATOIRIABAN AR IIAB S NE1UMTTA 10Vde 0.01ppm
— (0.01/1000000) = 1.00E-8 / 2 +/3 = 2.89E-9

OrR -

' 9 Ay v ' = A A A
. = manudumud insuadwlsalasuniweuvigil 250ppm Wegmigiiiing
asuyne M saeueu= £0.5°C (250ppm*0.5 = 125ppm)

=(125/1000000) = 1.25E-4/«/§ =17.22E-5

1 9 d' 1 d' a A as d‘
OR, = sanudumuinsuawlsalasuagumagil 25ppm iloguingiiininlasu
VUINMITOUNAIU= £0.5°C (25ppm*0.5 = 12.5ppm)

=(12.5/1000000) = 1.25E—5/\B =1.22E-6

OR

L= MANURUMUINATIIEOUAT (drifY) 100ppm/year

=(100/1000000) = 1.00F-4/+/3 =5.77E-5

o, -

' { o % o 3
AANUENITONNTLINE VOINANITIA 5 AT = 0.676ppm

= (0.676/1000000) = 6.76E-7 /1 = 6.76E-7
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Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)

Xi Xi | Relative | Absolute frefy‘ij;’ m (Ci Relative | Absolute

Ve 100V |3.75%10° . Rectangular o 1 3.75%10°° -
8V, 0 2.89%10” - Rectangular o0 1 2.89%107 -

V, 10V |2.34%10° " Rectangular oo 1 2.34%10°¢ -
8V, 0 2.89%107 - Rectangular o 1 2.89%10” -

Ry 10 GQ | 3.55%10° - Normal o 1 3.55%107 -
SRy 0 5.77*10° = Rectangular o 1 5.77%10° -
SRy 0 722108 ¢ Rectangular o 1 7.22%10° -
SRy 0 7.:22%10°¢ - Rectangular s 1 7.22%10° -
81, 0 6.76%107 Normal 4 1 6.76%107

R | 100G W % b 9.94%10° | -

A5 5,51 Uncertainty Budget R, 100G Model 5155-11 @ 10V

", AW MO UV (Expanded uncertainty )N 3ZAUADINTOUY 95%(k=2); U =k o u(R, )

=209.94%10° = 1.99%10 *100GQ = +0.019 9GQ @ 103.317 9GQ

5.2.26 M3IANAIANUAUMU R ITQ Model 5155-12; R, 100GQ Model 9334A; Ratio 1:10

@10V

fnveaunaanin luiusion
R, = mnw bimiveuvenuduniunias giu(standard resistor) Aldanlususes
HaMsao UYL 199ppm (100.154 703GLQ)
=(199/1000000 = 0.000199) = 1.99E-4/2 = 9.95E-5
v - Awsefuiinnudiumuhinsum fiemnndtaeaiadtmes 99.365 685V g1y
3a100v uvaaiintlaandeoyasune 6ppm of readiig#0.3ppm.of range = 6.26ppm
= (6.26/1000000 = 6.26E-6) = 6.26E-6 /\/g = 3.62E-6
V. < musediiin i un mnsanal fiswsnasaeaafiimes 9.999 970 2V fig 1
10V zmﬁqﬁm"lﬁmﬂﬂlyagaﬁnww 4ppm of reading+0.05ppm.of range = 4.05ppm
= (4.05/1000000 = 4.05E-6) => 4.05E-6 /\/g =2.34E-6
OV, - 'mmaziden (resolution)  WBuASEIATABANAATIABSTIETUMI A 100Vdc
0.01ppm
— (0.01/1000000) = 1.00E-8 / 2 /3 = 2.89E-9
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SVS — A2WALI0A (resolution) YouAIDIAINEATARTMDS NI TA 10Vde 0.01ppm
= (0.01/1000000) = 1.00E-8 / 24/3 = 2.89E-9
SR, = mnnudummitlinswawlswfeunugungd 500ppm ioguvgitims
wasuvaizihims deuieu= £0,5°C (500ppm*0.5= 250ppm)
= (250/1000000) =2.50E-4/~/3 =1.44E-4
SR, - manudumuinT s asummeangi 250ppm egungitims
wAsnvaz i Uler= £0:5°C (250ppm*0.5 = 125ppm)
= (125/1000000) = 1.25E-5//3 = 7.22E-5
OR, - ﬂ'mamﬁ’mmummgmléﬂum (drift) 200ppm/ycar
= (200/1000000) = 2.00E-4 /\/5 =1.15E-4
o, - AREIIN TG 9 YRIHan13 3R 5 AT = 0.144ppm

= (0.144/1000000) = 1.44E-6 /1 = 1.44E-6

Quantity | Estimate Standard Uncert. Probability | Effective | Sensitivity Uncertainty
U(Xi) distribution | degree of | coefficient | Contribution Ui(y)
Xi Xi | Relative | Absolute fre&?;’ m (Ci) Relative | Absolute
Vi 100V [3.62%10° = Rectangular oo 1 3.62%10° -
SV 0 2.89%107 = Rectangular o 1 2.89%107 -
v 10V |2.34%10° - Rectangular o 1 2.34%10° -
oV 0 2,.89*10’8 - Rectangular oo 1 2,.89%10° -
R, 100 GQ |9.95%107 5 Normal 0 1 9.95%10° -
SRy 0 1.15%10™* - Rectangular o 1 1.15%10™ -
SRy 0 7.22%10° S Rectangular o 1 7.22%107 -
SRy 0 1.44%10™ - Rectangular ™ 1 1.44%10™ -
8l 0 1.44%10° Normal 4 1 1.44%10°
R, o [ L j | 220°] -

A1519% 5.52 Uncertainty Budget R_1TQ Model 5155-12 @ 10V

< A lunivenveny (Expanded uncertainty)ﬁi&’ﬁﬂﬂ??ﬂl“ﬁ?)ﬁlﬂ 95%(k=2);U =kou(R,)

=2022210" = 4.44%10 " *1TQ = £0.000 444TQ @ 0.999 793TQ
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MEASUREMENT RESULTS

Resistance Test

Standard Voltage Ratio | Norminal Measured Uncertainty
Ry (Vo | (Vo) Ry Value (%)
10kQ 1V 10V 1:10 100k 100.002 | kQ 0.014 | kQ
IMQ 10V 10V 1] 1IMQ 0.999 874 MQ 0.000 029 | MQ
IMQ 10V | 100V| 1:10 10MQ 10.001 73| MQ. 0.000 29  MQ
IMQ 10V @00V J:10 10MQ 10.001 64| MQ 0.000 29 MQ
IMQ 10V | 100V | 1:10 10MQ 10.001 50 MQ 0.000 34 MQ
10MQ 10V 10V 14 10MQ 10.000 30| MQ 0.000 36 MQ
10MQ 10V | 100V | 1:10 100MQ 100.196 4 MQ 0.003 7 MQ
10MQ 10V | 100V | 1:10 100MQ 100.006 1| MQ 0.003 7 MQ
10MQ 10V | 100V | 1:10 100MQ 100.002 2| MQ 0.003 7 MQ
100MQ 10V 10V 1:1 100MQ 100.002 9| MQ 0.004 4 MQ
100MQ 100V | 100V 1gl} 100MQ 100.002 0| MQ 0.004 5 MQ
100MQ 100V | 100V 1:1 100MQ 100.197 1|MQ 0.005 5| MQ
100MQ 100V | 100V 1:1 100MQ 100.006 3 MQ 0.005 5 MQ
100MQ 10V | 100V |- 1;10 1GQ 1.000 029| GQ 0.000 056 |GQ
100MQ 10V | 100V |- 1:10 1GQ 1.003 469| GQ 0.000 054 |GQ
100MQ 10V_| 100V | 1:10 1GQ 0.999 949| GQ 0.000 054 |GQ

1GQ 100V _| 100V 1:1 1GQ 1.003 456| GQ 0.000 072 |GQ

1GQ 100V | 100V 1:1 1GQ 0.999 884| GQ 0.000 070 |GQ

1GQ 10V | 100V | 1:10 10GQ 9.965 12| GQ 0.000 73 |GQ

1GQ 10V | 100V | 1:10 10GQ2 10.001 77|GQ 0.000 73 |GQ

1GQ 10V_| 100V | 1:10 10GQ 10.001 82| GQ 0.000 71 |GQ
10GQ 10V 10V 1:1 10GQ 9.968 52| GQ 0.001 38 |GQ
10GQ 100V | 100V 1:1 10GQ 9.964 88| GQ 0.001 39 |GQ
10GQ 10V 47100V |0 1:10 100GQ 100.154 7| GQ 0.0199 |GQ
10GQ 10V | 100V | 1:10 100GQ 103.317 9| GQ 0.0199|GQ
100GQ 10V | 100V | 1:10 1TQ 0.999 793| TQ 0.000 444 | TQ

A15199 5.53 T1eUHamMIIatazAn UL
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5.3 #amsIaMANNMUMUGWULIAeAsI

A13197 5.54 paaanamsiamanyMumMuulagnsanainie

Range S/N V) #1 #2 #3 #4 #5 Average
10MQ | 7806005 10.0005 | 10.0004-| 10.00055 | 10.0005 | 10.0004 | 10.0005
8001005 | . 10V 10.0009 | 10.0008 | 10.0008 | 10.00065 | 10.0008 | 10.0008

5155-9 10.0029 | 10.00313 | 10.00284 | 10.00274 | 10.00285 | 10.0029

100M€2 9334 100.0190 | 100.0187 | 100.0188 | 100.0185 | 100.0184 | 100.019
5155-10° 1 10V 100:201 | 100.202 | 100.202 | 100.202 | 100.201 | 100.202

9336 100:012 | 100.012 | 100.012 | 100.012 | 100.013 | 100.012

100M€2 9334 100.0130 | 100.0136 | 100.0133 | 100.0137 | 100.0128 | 100.013
5155-10 || 100V 100.2 100.2 100.199 | 100.199 | 100.199 | 100.199

9336 100.01 100.01 100.01 100.011 | 100.010 | 100.01

1IGQ | 5155-11 1.00351 | 1.00353 | 1.00355 | 1.00357 | 1.00356 | 1.00354

9336 10V 1.00018 | 1.00017 | 1.00018 | 1.00018 | 1.00019 | 1.00018

93315 1.00019 | 1.00014 | 1.00013 | 1.00018 | 1.00017 | 1.00016

10GQ 9336 10.0033 | 10.0032 | 10.0033 | 10.0033 | 10.0032 | 10.0033
5155-12°| 100V || 9.96737 | 9.96746 | 9.96735 | 9.96741 | 9.96763 | 9.96744

9331S 9.97782 | 9.97790 | 9.97776 | 9.97756 | 9.97774 | 9.97776

100GQ2 9334 1000V | 100.1710 | 100.1720 | 100.1710 | 100.1715 | 100.1710 | 100.171
5155-10 101.6878 | 101.6880 | 101.6882 | 101.6870 | 101.6870 | 101.688

1TQ 5155-12 | 1000V | 0.99596 | 0.99602 | 0.99601 | 0.99606 | 0.99609 | 0.99603

5.4 mssziumanahimiveuvesmsiamanathumugauulasns

Rix = 8Rix + 8Rrep + 8th

Taeh

R, = manuaumuin lins1uaiunknown resistor)

1X

8Rix = AIANYAZIDEN (resolution) ﬁmmsmmm'lﬁ'mmm?m Digital Teraohmmeter

- L o B . |
SRrep = fIANNAI50NIAFIVR Digital Teraohmmeter

OR

xt

T A Y A A 9 o v 9
b= mmawummmmumu/qmﬂgumﬂaﬂullﬂ (ﬂJ@iJ”ﬁi]']LW1$GU’0\WI’WanHN)
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nsannwrany imiveuiimaninmsiaaudiunuguuulasase veaaazai

AnuAIUMUAAIa A lua13190 5-55 R

SR OR, OR
23 V3 1

i Ur =2 Ue

Range | S/N

10V

10MQ | 7806005 |0.00001|2.89E-06) 1.5E-06 | 8.66E-07]3.26E-05 | 3.26E-05 | 3.28E-05| 2.00 |6.55E-05

8001005 10.00001|2.89E-06] 1.5E-06 | 8.66E-07]3.84E-05 | 3.84E-05] 3.85E-05] 2.00 |7.70E-05

5155-9_.10.00001{2.89E-06]1.5B-06 |8.66E-07]6.50E-05 | 6.50E-05] 6.51E-05] 2.00 |1.30E-04

100MQ 9334 0.0001 | 2.89E-05] 2.5E-06 | 1.44E-06] 1.07E-04 | 1.07E-04] 1.11E-04| 2.00 |2.21E-04

5155-10 | 0.0001 |2.89E-05] 2.5E-06 | 1.44E-06|1.72E-04 | 1.72E-04] 1.74E-04| 2.00 |3.49E-04

9336 0.0001 | 2.89E-05] 2.5E-06 | 1.44E-06]1.56E-04 | 1.56E-04] 1.59E-04| 2.00 |3.18E-04

100V

100MQ 9334 0.0001 | 2.89E-05] 2.5E-06 | 1.44E-06]| 1.71E-04 | 1.71E-04] 1.74E-04| 2.00 |3.48E-04

5155-10 | 0.0001 |2.89E-05] 2.5E-06 | 1.44F-06]|1.93E-04 | 1.93E-04] 1.96E-04| 2.00 |3.91E-04

9336 0.0001 | 2.89E-05] 2.5B-06 | 1.44E-06]|2.22E-04 | 2.22E-04] 2.24E-04] 2.00 |4.48E-04

10V

1GQ | 5155-11 |0.00001|2.89E-06]3.00E-06 | 1.73E-06]1.08E-05 | 1.08E-05] 1.13E-05| 2.00 |2.26E-05

9336  ]0.00001|2.89E-06]3.00E-06 | 1.73E-06]3.16E-06 | 3./6E-06] 4.62E-06 | 2.00 |9.24E-06

9331S  ]0.00001|2.89E-06]3.00E-06 1.73E-06] 1.16E-05 | 1./6E-05] 1.21E-05] 2.00 |2.41E-05
100V

10GQ 9336  |0.00001|2.89E-06] 1.3E-05 | 7.22E-06]2.45E-05 | 2.45E-05] 2.57E-05] 2.00 |5.14E-05

5155-12 |0.00001|2.89E-06] 1.3E-05 | 7.22E-06]5.02E-05 | 5.02E-05] 5.08E-05| 2.00 |1.02E-04

9331S ]0.00001|2.89E-06| 1.3E-05 | 7.22E-06]5.64E-05 | 5.64E-05] 5.69E-05| 2.00 |1.14E-04
1000V

100GQ 9334 0.0001 | 2.89E-05]| 1.25E-04 | 7.22E-05]2.00E-04 | 2.00E-0442.15E-04 | 2.00 |4.29E-04

5155-10_| 0.0001 | 2.89E-05] 1.25E-04|7.22E-05]2.53E-04 | 2.53E-04] 2.65E-04 | 2.00 |5.29E-04

ITQ | 5155-12 | 0.001 |2.89E-04]1.50E-04|8.66E-05]2.22E-05 | 2.22E-05] 3.02E-04| 2.00 ]|6.04E-04

M13190 5.55 waaerann Ny N L UAANUMUNILAINIE
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Range S/N UUC reading Uncert.

Direct Bridge Direct Bridge
10MQ 7806005 10.000452 MQ 10.00173..MQ | 66 ppm | 29  ppm
(10V) 8001005 10.000778 MQ 10.00030 MQ | 77 ppm 36 pPpm

100MQ 5155-8 100.01868 « MQ 100.1964 MQ | 349 ppm | 37 ppm
(10V) 9334 100.20154 = MQ 100.0061 MQ-| 221 ppm 37 ppm
9336 100.01212 + MQ | 100.0022 = MQ |'318 ppm | 37 ppm

100MQ 9334 100.01328 = MQ 100.0020 ~ - MQ | 448 ppm | 45 ppm
(100V) 5155-8 100.19942 ° MQ 100.1971 . MQ | 391  ppm | 55 ppm
9336 100.01008 ~ MQ 100.0063 = MQ | 348 ppm 55 ppm

1GQ 5155-9 1.003544  GQ 1.000029  GQ 9 ppm | 56  ppm
(10V) 9336 1.00018 GQ 1.003469 GQ 23 ppm 54 pPpm
9331S 1.000162 GQ | 0.9999487 GQ | 24 ppm 54 ppm

10GQ 9336 10.00326  GQ 9.96512 GQ | 102 ppm | 73 ppm
(100V) 5155-10 9.967444 GQ 10.00177 GQ 51 ppm 73 pPpm
100GQ 9334 100.171 GQ | 100.15470  GQ | 429 ppm | 199 ppm
(1000V) 5155-10 101.6876 GQ | 103.31793 G | 529 ppm | 199 ppm
1TQ 5155-12 0.996028 TQ 0.999793 TQ | 604 ppm | 444 ppm
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MANHIN N

Specification Guildline Series 9334A

SERIES 9334A

GUILDLINE

*RESISTANCE STANDARDS

INSTRUMENTS

| _VERY HIGH STABILITY CALIBRATION .[AB_O_RA_‘.LQRTSTANDARDS

0334A FEATURES

Stability < 2.5 ppm
OilorAlr Baths not required

Operating Range 18°Ct0 28°C
Resistance Range 1u {2 to 100G 2
Compact and ruggedized

Report of Calibration traceable to NIST or
INMS/NRCC included

Nominal Accuracy < 2 ppm

Low Temperature Coefficient

High Power Rating, Low Power coefficient
Guard and Shield compliant

1G 2Direct plug-in for Wavetek 1271 &
1281 DMMs

1G £2Direct plug-in for HP/Agilent HP34584
and Fluke 8S08A DMMs

100G 2 Direct plug-in for Fluke S508A DMM

-
=
P
-
-

v

Veltage Hysteresis < 0.1 ppm

special values available on request

uildline 93344 series of Resistance Standards are designec

as very high stability calibration laboratory standards for
high accuracy resistance calibration in air, without the need for
stabilization in a temperature controlled bath.

They can be used as working standards or highly reliable and
rugged transportable transter standards. They are extremely
usefulfor the calibration of resistance ranges of multi-function
calibrators and high accuracy DVMs, as well as being used in
rmiore classical standards and calibration laboratory
applications.

Hysterasis emror, is typically better than negligible to 0.1 ppm
when stressed at three times the maximurm voltage, and less
than 03 ppm over a temperature cycle between 0 °C and 40 °C.

Connections to these resistance standards are by conventional
A-terminal connection up to 1M 0 and two terminal
connection for values above 1M €. The model 9334AH-1G and
the 9334AW-1G are designed to answer a difficult calibration
need for ewners ofthe HP/Agilent 34584 and the
Wavetek/Datron 1271 and 1281 model DMMs.

The 9334A Series Precision Resistance Standards
are availablein a wide range of off the shelf and
custom values to satisfy demanding applications

between 1,02 and 100G (2.

Both manufacturers’ instruments raguire verification at the 1
gigachm level and typical connection methods make it
difficult to obtain a satisfactory stable reading. These special
9334A% are designed to fitdirectly into the appropriate DMM's
input terminals without the necessity of external leads and the
inherent problems of noise pickup.

The 8334AH-1G and 9334AH-10G are also designed to support
the calibration of the Fluke 8508A.

Special values such as 02502, are available for precision
thermametny. Standards available for Quantum Hall Effect
applications include 64532 k 02 and 12,9064 k 2. Iflinearity
verification of a long scale DVM is your challenge, 1.9 x cardinal
resistance points are available. If you have a special resistance
application between 1 0 and 100G Q, Guildline can supply a
precision standard to fulfill vour requirement.

HF;&gilent are trademarks of Agilent Techneologies Inc. Wavetek/Datron and
Fluke are trademarks of Fluke Corporation
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Model Neminal Nominal Cl&!l‘l on\ Efy Temp. Max. Max. Voltage
Resistance Initial Uncertainty jonths Coeff. Voltage Current Coefficient
Value Tolerange | (= m} pm) {ppm/°C) | (Volts) (mA) [+ ppm/V)
{Ohms) (= ppm]). i
(Notel) | (Mote2) L i

9334A-1n 0.000001 100 50 25 35 0.0001 1004 -
9334A-100 0.00001 50 25 15 20 10 0.0005 S04 -
9334A-1000 0.0001 25 15 10 20 5 0.002 204 -
9334A-0.001 0.001 ird 5 10 20 1 0.01 104 -
9334A-0.01 0.01 10 2 5 10 0.5 0.03 3A -
9334A-0.1 0.1 3 5 3 5. 0.3 0.1 1000 -
933441 | 2 1 2 25 0.2 032 320 -
9334A-10 10 2 1 2 TS 0.2 1 100 -
9334A-25 25 2 1 2 2.5 02 1.6 64 -
9334A-100 100 2 ] 2 25 Q.2 3.2 32 -
9334A-400 400 2 1 2 25 0.2 6.3 16 -
9334A-1k 1k 2 1 2 25 02 10 10 -
9334A-10k 10k 2 1 2 2 0.2 32 3.2 0.01
9334A-100k 100k 3 3 3 4 0.3 100 1 0.03
9334A-1M 1M 5 & 3 5 0.3 320 0.32 0.05
9334A-10M 10M 15 15 4 ] 25 1000 0.1 0.1
G9334A4-100M 100M a5 25 12 20 5 1500 0.015 0.2
9334A-1G 1G 50 80 12 25 b 1500 0.0015 03
9334AH-1G 1G 50 &0 12 25 5 1500 0.0015 03
G9334AW-1G 1G 50 80 12 25 6 1500 0.0015 0.2
9334A-10G 10G 100 B0 50 100 25 1500 0.15u4 05
9334AH-10G 10G 100 80 50 100 25 1500 0.15u4 0.5
9334A-100G 100G 350 500 100 200 250 1500 0.015u4 1

Mote 1:  Morninal initial tolerance is defined as the masimum variation of resistance mean values as initially adjusted at the point of sale.

Mote2: Calibrated inairat 21, 23 and 25 "C referrad to the unit of resistance as maintained by the National Research Coundil of Canada or the National Institute of
Standards and Technology, and expressed as a total uncertaintywith a coverage factor of k=2. Atraceable report of calibration stating the meas ured values
and uncertainty is provided with sach resistor.

Mote 3:  Voltage hysteresis: negligible to < 0.1 ppm
Temperature bysterasis: < 0.3 ppm between 0 °C and 407

Moted:  Special values availablz on raquast.

2334 A-0hmic value
TM 93344

Resistance Standard

Technical Manual {included)
Certificate of Calibration (included)
Report of Calibration {included)

SFECIFICATIONS

Environment: Operating

Storage

Dimensions:  pohmvalues
HeZmmi(3 Sin)

W1Z4mm{4.9in)

D79mmi3. 1im)

Weaight: 1.1ka(2.41bs)

s

e G 300 4 GRS

18°Cto28°C
< 70% RH, non-condensing

-20% to 60°C

< 90% RH, non-condensing
values above 1001 ohm

H &8 mm (3.5 in)

W24 mm (4.9 0in)

D 79 mm (3.1 in)

0.6 ka (141bs)

o4 St gk ¢ mOMAGIET

GUILDLINE IS DISTRIBUTED BY:

Guildline Instruments Limited

PO, Box &9
21 Gilroy Street

Smiths Falls, Ontario Canada K7A 459

Phone: (613) 283-3000
Fax: (&13) 283-0082
Wl wiwrw guildlineca
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MARUIN VU

Specification Guildline Series 9336&9337

9336 &9337 Series

PRECISION HIGH VALUE ATRRESISTANCE STANDARDS

GuILDLIN

| Hiem 10 ULTRA-HIGH ViaLUE LABORATORY AIR RESISTANCE STANDARDS

INSTRUME =

..Er'__

pabG-104
s rasit AIRME

GUILDLINE, INSTRUMENTS 9336 & 9337 SERIES of
Resistance Standards are designed as very high stability
calibration laberatory standards for accurate resistance
calibration in air, between 10 MC and 10 P These new
resistors complement the 9334 and 9336 Resistance
Standards available from 1 1 to 100 GO with many custom
and intermediate values for special applications.

‘These resistors are also suitable for use as calibration
standards for the Guildline 6500 Series of Teraohmmeters to
include the new 6520 Pregrammable Terachmmeter. They
are also an excellent choice for the calibration of other high
to ultra high ohms measuring instruments and standards.

With a wide laboratery environment from18 °C to 28 °C, they
can be used as working standards or reliable, ruggedized,

9336 &9337 SERIESFEATURES

12 Month Stabilitiés Lowas 10 ppm
Wide Operating Range 18 °C to 28 °'C
Resistance Range TOMLL to 100 GG
Hermetically Sealed

IS0 17025 Calibrations Available
Compact and Ruggedized

Nominal Initial Accuracy < 2 ppm

¢ Low Temperature Coefficients

’ Voltage Hysteresis < 0.1 ppm

Rated to 1000V

Suitablefor Calibration of Terachmmeters
Meqggers, Long Scale DMM's, and More. ..

Check Out The 6636 TEMPERATURE STABILIZED RESISTANCE STANDARD!

transportable transfer standards. They are extremely useful
for the calibration of resistance ranges of multi-function
calibrators and high accuracy digital multimeters, as well as
being used in more classical standards and calibration
laboratory applications where the need for high accuracy
high ohms values are required.

The 9336 and 9327 Series of Precision Resistance
Standards can be used as laboratory standard or for
portable applications requiting high accuracy with
resistance valuesfrom 1002 to1 0 P12

The resistor elements are securely mounted to the inside of
a rmgged hermetically sealed, shielded, aluminium
enclosure. A pair of input/output Type N connectors
provides the tarmination for the standard.

The “SOURCE” connector connects to the power supply of
the measurement system, while the “OUTPUT" connector
connects to the measurement detector. If necessary, the
ambient temperature of the enclosure may be monitored
and a carrection factor applied to the value of the resistance.

The 9337 Standard Resistors are 3 terminal devices. The 3
terminal design minimizes the effect of current leakages
fram the source and eutput connectors. The high stability is
achieved by use of a resistance divider network of the farm
shown below:

Source  of Onitput.
Connector Connector
= AR B -
R
Enclosurefl [ |
Shield =
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9336-10M 10 Mg I TEARTN —— <5 0.1

9336-100M ' i J B - <5 0.5

9336-1G 16G 1 | W =6 05
e O ol ¥y 10 J o 1

9326-100G 0G | =" 500 250 1
| 933717 F | F foogfay 500 oo <2

9337-10T y ] <500 <2
(9337-100T | T00T F | sP0 _ 10000, <800 <2

9337-1P 1P ' = I Eh | 1000 <2
[r— Smg— = - e -
| 9337-10P i I i <5000 <5 |

9336-X C rSpe Value N 3 ns Provide Re

9337-X | ar ue ) ns Provi

Mote 1: Initial Tolerancs is the W n of resistance ; . e al P sale.

Mote 2: Calibrated at 23 °C, refe the ur o:ﬁ maint - i zsearch Cou Camada (NRCC) or NIST and expressed as atotal

uncertainty with a coverage fac k=2. li on'lepnmm 1 walug and uncertainty is idled with 2ach resistor.

Note 3:  Maximum Voltage 210 L ! jﬂj’ L

Noted: Special Values available on "' o Sl B

&
Environmental Tipel Humidity
Operating —— T | =50% RH non-condensing
Storage .. 15% to 80% RH
Dimensions I ,« ! . Depth Weight

5 years for total
ans when you order!

ﬂunyrﬂsmsnmumsr

customers

Customer Specified Value (State Value)
/TM2336 | Techni anual included at no charge.

ERFENING 1)

Guildline Instruments Limited
*Precision Leads Are Available —Cnlly:r::lglﬁmmménts 21 Gilroy Street, PO Box 99
z

& Smiths Falls, i
- J ~ Canada K7,
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NANUIN A

e Series 742A

Speciﬁéﬁ:t l

Technical Data

Apphenhms

. N Workmg'?f‘andards

-+ Portable transfer standards

“_' 5 Artifact Calibration
« of the Fluke 57004 and

STZOA %hrators

.n Peatlu:es

'« Small and rug

dg o 011 air baths required

&1 2°C operating range
pplied with temperature

racterization

onth stability to 2.5 ppm

LFh:l.‘!m 28 Standard Resistors
e high accuracy working stan-
ds for precision, on-site re-
tance calibration. Their excel-
nt temperature stability allows
them to be used from 18°C to
28°C with typically less than
m degradation. Using the
calibration table supplied with
- the standards, which lists cor-
rections in 0. 5eC. increments,
this uncertainty can be reduced
bersome oil
uired.

ransport. Care
has heen taken to reduce resis-
“tance changrps brought about by
thermal ‘mechanical shock.
Retrace | in resistance) is
typlcall{lless than 2 ppm after
cyeling between 0°C and 40°C.

The T425-1 12 and

MZR—IO]{ 10 kQ umts are

a];hiatmn‘bf

n d 57204 Ca IatDIS
rvaluesca | ba use

r the calibration i you"

i o desue
§ : A convenient transit case,
4 Y designed to hold two standards,

is available as an option.
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Specifications

Madel

Ta2A-1 7 f Q. r—

a2 14 ‘ e e

A1 Wt 4 -

THIA-28 280 i 180 P T

a1 [ oo | 48 Ty —

THIA-1K 1k I N0 JU s Whaos. —

a1 | tock ' [ WAY %\

I | 00w 0 23 FTAE IR )

MJIII 1000k [ Al g 15 1

T T . . ' :

JazaeioM | oM 3 0 jiTR .0

A [ o ag g _?ﬁ

5
ran 3 I i FTe -

%:".i: i} C J ﬂ — . ——

Sto tem ] # P ‘ R ——
U"ﬁtl:.:l“:ﬂ'ﬂ y 1 as \ - ,
Retrace orror (hyst 5 7428-1.9 1. ! B i
23°C to 18°C o 23°C giffle: =10 | istanceStandard .
Hegligible fi T42A-25 250 Ry .

EIS“C o 28T w2 cla: 5 100, : ] .

l‘ﬂw. resistance .
23 10 O°C to 23°C 42A-1 : tandard o, [
=2 ppm resistance shi 42A- 191k 19 ndard o B
23°C to 40°C to 23°C oficle: Jan-10 - P I *

. 2 T42A- ard A

<2 ppm resistance shift T4 i B [
Size: 86 am Hx 105 cm W 7 F |
13.75115[3&!41&:.: T ’ ; , e ¥ ~
Weight: L5 lo 2 " .- -
I:Iupnnll:dmg o the model - “\

Q

|

aa‘m. Ewvawit, Wh 2A 08106
pe B

PO Bax 194, S602 BD
Umnddhover, The Betbedands

Tor more wfermanian ol
'u.:u. m ua ENSA o

200 or

1 {428 4
I-'u-n-l H-IH 183116
Wely ooz buttp o Nosvew Mukis com

mnm%“xﬂmlﬁ.
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Specification Digital Multimeter 3458A

Section 1: DC Voltage

124

DC Voltage
Maximum Tnput Temperature Coefficient

Range Full Scale Resolution Impedance {npm of Reading + ppm of Range) / °C

Without ACAL" _— Wiith ACAL?
100 my 120.00000 10 n¥ > 1060 1241 015+1
1v 1.20000000 10nY >106Q 1.2+01 0.15+0.1
10y 12.0000000 100 p¥f >106Q 0.5 +0.01 0.15+ 0:01
v 120.000000 T 10 ME:+ 1% 2+04 015+07
1000V 1050.00000 10 p¥ 10 M2+ 1% 24004 0.15+0.01
Acc uracy [ppm of Reading*{ppm ofeading forOption 002) + ppm of Range]
Range 24 Hour# 9 Day ¥ 1Year ¥ 2 Year$
100 mV 2543 8 L5085 43, o Co 0 9 1401043
1v 15403 & 46(31)+03 B[t)+03 _ ~14(10) +03
1oy 0.5+ 005 o A1(26H+005 o BIA)+005 ~ 14[100+0.05
v 25+03 6.0(45)+03 10 (6}+0.3 _14{10}+ 03
1000V ¢ 25+01 6.0(45)+0.1 10{8) + 0.1 14(10)+ 0.1
Transfer Acciwacy/ Linearity

10 Min, Tref + 05°C i
Range {ppm of Reading + ppm of Range) CBIIIiiIIOFkS
+ Following 4 hour warm-up. Full scale to 10% of fu!l scale.
100 m¥ 05405 » Measurements on the 1000 V range are within 5%of the initia
v 0.3+0.1 measurement value and following measurement settling
10V 0_.051-0.05 . "|.:"'i:"_": starting ambient ten |::' ature 1 .
T « Measurer g made on a fixed range (> 4 min.) using accepted

LU 0340, metrolagy practices. : '
1000V 1.5+ 005
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MM INTZILUVUN (Student’t distribution)
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297 UHI
AMNBATE | p=6827% | p=90% | p=95%"| p=9545% | p=99% | p=99.73%
14
1 1.84 6.31 12.71 13.97 63.66 235.80
2 89 2.92 4.30 4.53 9.92 19.21
3 L9® 2.35 3.18 3.31 5.84 9.22
4 1.14 .15 2.78 2.87 4.60 6.62
5 1.11 2.02 2.57 2.65 4.03 5.51
6 1.09 1.94 2.45 2.52 3.7 4.90
7 1.08 1.89 2.36 2.43 3.50 4.53
8 1.07 1.86 2.31 R 7 3.36 4.28
9 1.06 1.83 2.26 2%2 3.25 4.09
10 1.05 1.81 228 2.28 3.17 3.96
11 1.05 1.80 2.20 2% 3.11 3.85
12 1.04 1.78 2.18 223 3.05 3.76
13 1.04 14 2.16 2.21 3.01 3.69
14 1.04 1.76 2.14 2.20 2.98 3.64
15 1.03 145 2.13 2.18 2.95 3.59
16 1.03 1.75 2.12 2.17 2.92 3.54
17 1.03 1.74 2.11 2.16 2.90 3.51
18 1.03 1.73 2.10 2.15 2.88 3.48
19 1.03 1.73 2.09 2.14 2.86 3.45
20 1.03 1.72 2.09 2.13 2.85 3.42
25 1.02 1.71 2.06 2.11 2.79 3.33
30 1.01 1.70 2.04 2.09 2.75 3.27
35 1.01 1.70 P& 2.07 2.72 3.23
40 1.01 1.68 2.02 2.06 2.70 3.20
45 1.01 1.68 2.01 2.06 2.69 3.18
50 1.01 1.68 2.01 2.05 2.68 3.16
100 1.005 1.660 1.984 2.025 2.626 3.077
fo%s) 1.000 1.645 1.960 2.000 2.576 3.000
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