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Figure 1 TeraOhmmeter
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NTZ DRBHBENREFENS

1GQ TO 10GQ 13 to 200 ppm TIA—LA—BEF O RIEFHENS
10 GQ TO100GQ 200 to 250 ppm

100GQTO1TQ 250 to 500 ppm

1TQTO10TQ 500 to 1000 ppm

10 TQTO 100TQ 1000 to 5500 ppm
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ISO GUIDE TO THE EXPRESSION OF UNCERTAINTY IN MEASUREMENT

UNCERTAINTY BUDGET
Type | Service - 1000 V

8000A/8001A/3458A

Effective Date: Jan 2000

Quantity: DC Voltage

Value.of-Range:

canfreresti
(all in ppm) code bounds u(xi)
1 Calibration of In-house Standard b 1.000 0.500
2 Drift of in house standard a 0.020 0.012
3 Temperature of In-house Standard a 0.060 0.035
4 8000A/8001A System Uncertainty b 1.000 0.500
5 Repeatability [« 0.100 0.041
6 EMF - leads, etc. a 0.100 0.050
7 System Short term drift ( 24 hours) a 0.100 0.058
8 Systematic error of meas system a 0.100 0.041
Combined Standard Uncertainty(u ¢ ): 0.71
sk FHEM S k=2 kuc 1.429
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Test Source 1 Source 1 Source 1 U(2s) Source 2 Source2 Source 2 U(2s)

# Range Voltage Offset ppm Range Voltage Offset ppm

s/n1102672 ppm Note 1 s/n1102673 ppm Notel
1 -1 -0.99999062 -9.38 2 -1 -0.99999279 -7.21 2
2 1 1.00000675 6.75 2 1 1.00000241 2.41 2
3 -2 -1.99998835 -5.83 2 -2 -1.99999083 -4.58 2
4 2 2.00000089 0.44 2 2 1.99999795 -1.03 2
5 -5 -4.99996382 -7.24 2 -5 -4.99996478 -7.04 2
6 5 5.00000867 1.73 2 5 5.00001068 2.14 2
7 -10 -9.9999505 -4.95 2 -10 -9.9999354 -6.46 2
8 10 10.0000175 1.75 2 10 9.9999984 -0.16 2
9 -20 -19.9998294 -8.53 2 -20 -19.9998179 -9.11 2
10 20 19.9999591 -2.04 2 20 19.9999329 -3.35 2
11 -50 -49.9997113 -5.78 2 -50 -49.9998106 -3.79 2
12 50 50.0000941 1.88 2 50 50.0000198 0.4 2
13 -100 -100.000062 0.62 2 -100 -100.000111 111 2
14 100 100.000198 1.98 2 100 100.000127 1.27 2
15 -200 -200.001635 8.17 2 -200 -200.001318 6.59 2
16 200 200.001725 8.63 2 200 200.001355 6.78 2
17 -500 -500.005894 11.79 2 -500 -500.004786 9.57 2
18 500 500.006927 13.85 2 500 500.004219 8.44 2
19 -1000 -1000.01225 12.25 2 -1000 -1000.01041 10.41 2
20 1000 1000.00320 3.19 2 1000 1000.01107 11.07 2

A7 yMEXRFLET .
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ILYFAA—2DORIE

MI 17025 Scope Uncertainties 2013

Current DC

1 mAto 10 mA
10 mA to 100 A
100 A to 400 A

10 pAto 1 mA

5 to 10 ppm
3to 13 ppm
13 to 50 ppm

560 to 5 ppm

Source: For the
calibration of current
shunts and current
spurces.

Source: for the
calibration of current
measuring devices.
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FALIME—FDKIE
Number of Detector
o 6
Readings:
Voltage . Calculated Measured

Applied Resistor Value Current (A) Current (A) Offset (A)
1 9.993760E+11 1.000624E-12 1.002183E-12 1.558E-15

-1 9.993760E+11 -1.000624E-12 -1.001691E-12  -1.067E-15

1 9.963840E+10 1.003629E-11 1.002829E-11  -8.003E-15

-1 9.963840E+10 -1.003629E-11 -1.001090E-11  2.539E-14
10 9.963840E+10 1.003629E-10 1.003965E-10 3.357E-14
-10 9.963840E+10 -1.003629E-10 -1.003874E-10  -2.447E-14
100 9.963840E+10 1.003629E-09 1.003626E-09  -3.456E-15
-100 9.963840E+10 -1.003629E-09 -1.003548E-09  8.162E-14
10 1.000024E+09 9.999757E-09 1.000119E-08 1.428E-12
-10 1.000024E+09 -9.999757E-09 -1.000102E-08  -1.260E-12
100 1.000024E+09 9.999757E-08 1.000846E-07 8.701E-11
-100 1.000024E+09 -9.999757E-08 -1.000831E-07  -8.556E-11
10 9.999954E+06 1.000005E-06 9.999008E-07  -1.039E-10
-10 9.999954E+06 -1.000005E-06 -9.999497E-07  5.495E-11
100 9.999954E+06 1.000005E-05 9.998684E-06  -1.363E-09
-100 9.999954E+06 -1.000005E-05 -9.998596E-06  1.451E-09

TATIIDRIEIFEERNDE
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Offset
(%)
0.156
0.107
-0.080
-0.253
0.033
0.024
0.000
-0.008
0.014
0.013
0.087
0.086
-0.010
-0.005
-0.014
-0.015

unc.
(%)
0.131
0.064
0.056
0.056
0.03
0.03
0.015
0.015
0.01
0.01
0.005
0.005
0.0015
0.0015
0.0015
0.0015
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Rx Nominal  Voltage Electrom  Threshold  Unbalance Electrom

Range Value applied to Burden Current Window Unc (% of
(Ohms) Rx Window)
Volts uv (nA) ppm
100K to 1 M 1.00E+06 10 2.00E-05 1 10 1
100K to 1 M 1.00E+06 20 2.00E-05 2 10 1
100K to 1 M 1.00E+06 50 2.00E-05 5 10 1
100K to 1 M 1.00E+06 100 2.00E-05 10 10 1
1M to 10M 1.00E+07 10 2.00E-05 0.1 10 1
1M to 10M 1.00E+07 20 2.00E-05 0.2 10 1
1M to 10M 1.00E+07 50 2.00E-05 0.5 10 1
1M to 10M 1.00E+07 100 2.00E-05 1 10 1
10M to 100M 1.00E+08 10 2.00E-05 0.01 10 1
10M to 100M 1.00E+08 20 2.00E-05 0.02 10 1
10M to 100M 1.00E+08 50 2.00E-05 0.05 10 1
10M to 100M 1.00E+08 100 2.00E-05 0.1 10 1
100M to 1G 1.00E+09 20 2.00E-05 0.002 10 1
100M to 1G 1.00E+09 50 2.00E-05 0.005 10 1
100M to 1G 1.00E+09 100 2.00E-05 0.01 10 1
100M to 1G 1.00E+09 250 2.00E-05 0.025 10 1
1G to 10G 1.00E+10 100 2.00E-05 0.001 10 1
1G to 10G 1.00E+10 250 2.00E-05 0.0025 10 1
1G to 10G 1.00E+10 500 2.00E-05 0.005 10 1
1G to 10G 1.00E+10 1000 2.00E-05 0.01 10 1
10G to 100G 1.00E+11 100 2.00E-05 0.0001 10 1
10G to 100G 1.00E+11 250 2.00E-05 0.00025 10 1
10G to 100G 1.00E+11 500 2.00E-05 0.0005 10 1
10G to 100G 1.00E+11 1000 2.00E-05 0.001 10 1
www.mintl.com
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Range

100G to 1T
100G to 1T
100G to 1T
100G to 1T
1T to 10T
1T to 10T
1T to 10T
1T to 10T
10T to 100T
10T to 100T
10T to 100T
10T to 100T
100T to 1P
100T to 1P
100T to 1P
100T to 1P

Rx Nominal
Value
(Ohms)

1.00E+12
1.00E+12
1.00E+12
1.00E+12
1.00E+13
1.00E+13
1.00E+13
1.00E+13
1.00E+14
1.00E+14
1.00E+14
1.00E+14
1.00E+15
1.00E+15
1.00E+15
1.00E+15

Voltage
applied to
Rx

Volts
100
250
500

1000
100
250
500

1000
100
250
500

1000
100
250
500

1000

1)

Electrom
Burden

uv
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05

O

oV

Threshold
Current

(nA)
0.00001
0.000025
0.00005
0.0001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001

Unbalance
Window

ppm
10
10
10
10
100
40
20
10
1000
400
200
100
10000
4000
2000
1000
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Electrom
uUnc (% of
Window)
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MIL — METAS LEEARIE 1GQ Hi5100TQ

AFME HABREHE CalfE Cal |[Cal.Lab| MI{E T —AURE BT Avg. Ratio Std Ml To
unc. (s) Dev METASDOZE=
1G 20 |[1.0000243| 13 M 1.00001662 45 0.50 -7.68
10G 50 9.99725 29 | METAS | 9.99713898 45 0.928 -11.11
10G 250 | 9.99719 22 | METAS | 9.99712851 45 0.285 -6.15
100G 50 99.6384 44 | METAS | 99.6382931 90 1.860 -1.07
100G | 100 | 99.6385 40 | METAS | 99.6383328 90 3.515 -1.68
100G | 250 | 99.6376 41 | METAS | 99.6375644 90 3.478 -0.36
1T 100 | 0.999376 | 40 | METAS | 0.99938943 150 14.330 13.44
T 250 | 0.999371 | 40 | METAS | 0.9993912 150 11.105 20.21
1T 500 | 0.999366 | 40 | METAS | 0.99937947 150 4.666 13.48
10T 100 9.9800 400 | METAS | 9.97999469 900 303.764 -0.53
10T 500 9.9599 200 | METAS | 9.95955008 900 24.762 -35.13
100T | 750 | 92.9140 | 400 | METAS | 92.88545 2000 184.360 -307.27

« ZCT. T —AINERRBIIEINMIFRIEZEERZ D it & H HEnst
EEIAH . IEHEBIIMETASIZHIELTLVET,
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o T .1| -
e B -mh’"‘-
w {Fh- Lol R _tr"'lhi‘"_u_ i

:J:‘EE *J'LE //\

uuT Al (nA) F—4 [Mmts/S Ratio Ratio Std |Resistance Sr?i:esrtt Room Room
Volt. IR SREF tat Dev.ppm Gohm " | Temp. Hum.

fifl (s) ppm

20.00 45 10/5 | 9.99698258 1.50 9.9971485 13.04
0.0005 22.21 20.56

50.00 45 10/5 | 9.99696044 0.59 9.9971264 13.01
0.0005 22.37 20.29

100.00 45 10/5 | 9.99697622 0.41 9.9971422 13.00
0.0010 22.42 19.82

200.00 45 10/5 | 9.99696222 0.38 9.9971282 13.00
0.00200 22.65 18.80

500.00 45 10/5 | 9.99694629 0.28 9.9971122 13.00
0.0050 22.49 19.85

°
J]]lTII

S [E R 2GR

o ERICKYREEBEEHRALITS,
e 10GQUUT # Rs [Z, (RODEHAD
- 10GQEHAHERE = 200V to 20V

o ETAICIFIVELEDEEZMZ S,
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Voltage Coefficient vs Standard Deviation 10G(Q)
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Range

100Kto 1 M
100Kto 1 M
100Kto 1 M
100K to 1 M
1M to 10M
1M to 10M
1M to 10M
1M to 10M
10M to 100M
10M to 100M
10M to 100M
10M to 100M
100M to 1G
100M to 1G
100M to 1G
100M to 1G
1G to 10G
1G to 10G
1G to 10G
1G to 10G
10G to 100G
10G to 100G
10G to 100G
10G to 100G

Rx Nominal
Value
(Ohms)

1.00E+06
1.00E+06
1.00E+06
1.00E+06
1.00E+07
1.00E+07
1.00E+07
1.00E+07
1.00E+08
1.00E+08
1.00E+08
1.00E+08
1.00E+09
1.00E+09
1.00E+09
1.00E+09
1.00E+10
1.00E+10
1.00E+10
1.00E+10
1.00E+11
1.00E+11
1.00E+11
1.00E+11

ttlﬂ&

Source #1 Source #2

Voltage
applied to
Rx

Volts

10
20
50
100
10
20
50
100
10
20
50
100
20
50
100
250
100
250
500
1000
100
250
500
1000

unc
(+/- ppm)

2.5
4.1
4.1
4.1
25
2.5
2.5
4.1
2.5
25
25
4.1
4.1
4.1
6.1
6.1
4.1
6.1
6.1
6.1
4.1
6.1
6.1
6.1

unc
(+/- ppm)

2.6
2.5
2.5
2.5
2.6
2.6
2.6
2.5
2.6
2.6
2.6
2.5
2.5
2.5
4.1
4.1
2.5
4.1
4.1
4.1
2.5
4.1
4.1
4.1

Electrom
Burden

uVv

2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05
2.00E-05

Threshold
Current

(nA)

a N -

10
0.1
0.2
0.5
1
0.01
0.02
0.05
0.1
0.002
0.005
0.01
0.025
0.001
0.0025
0.005
0.01
0.0001
0.00025
0.0005
0.001
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75\3 ll\/IQ ~ 100GQ

Unbalance
Window

ppm

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Electrom Ratio Ratio

Unc (% of Uncertainty Uncertainty

Window) 1:1 ratio 10:1 ratio
1 3.5 211
1 5.8 11.5
1 5.8 6.4
1 5.8 5.2
1 3.5 211
1 3.5 11.0
1 3.5 5.5
1 5.8 5.2
1 3.5 211
1 3.5 11.0
1 3.5 5.5
1 5.8 5.2
1 5.8 11.5
1 5.8 6.4
1 8.6 7.6
1 8.6 7.4
1 5.8 5.2
1 8.6 7.4
1 8.6 7.4
1 8.6 7.4
1 5.8 5.2
1 8.6 7.4
1 8.6 7.4
1 8.6 7.4
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_ﬂ_-ﬂ'- p—t
HERFEME 1TQ ~ 100TO
Rx Nominal ~ Voltage Source #1 Source #2 Electrom Ratio Ratio
Range Value applied to Unc Unc Electrom  Threshold  Unbalance  ync (9 of Uncertainty ~ Uncertainty
(Ohms) Rx (+-ppm)  (+-ppm)  Burden Current Window  \window) l:lratio  10:1ratio
Volts uv (nA) ppm

100G to 1T 1.00E+12 100 4.1 2.5 2.00E-05 0.00001 10 1 5.8 5.2
100G to 1T 1.00E+12 250 6.1 4.1 2.00E-05 0.000025 10 1 8.6 7.4
100G to 1T 1.00E+12 500 6.1 4.1 2.00E-05 0.00005 10 1 8.6 7.4
100G to 1T 1.00E+12 1000 6.1 4.1 2.00E-05 0.0001 10 1 8.6 7.4
1T to 10T 1.00E+13 100 4.1 2.5 2.00E-05 0.00001 100 1 5.9 5.4
1T to 10T 1.00E+13 250 6.1 4.1 2.00E-05 0.00001 40 1 8.6 7.4
1T to 10T 1.00E+13 500 6.1 4.1 2.00E-05 0.00001 20 1 8.6 7.4
1T to 10T 1.00E+13 1000 6.1 4.1 2.00E-05 0.00001 10 1 8.6 7.4
10T to 100T 1.00E+14 100 4.1 2.5 2.00E-05 0.00001 1000 1 12.9 12.7
10T to 100T 1.00E+14 250 6.1 4.1 2.00E-05 0.00001 400 1 9.8 8.7
10T to 100T 1.00E+14 500 6.1 4.1 2.00E-05 0.00001 200 1 8.9 7.7
10T to 100T 1.00E+14 1000 6.1 4.1 2.00E-05 0.00001 100 1 8.7 7.4
100T to 1P 1.00E+15 100 4.1 2.5 2.00E-05 0.00001 10000 1 115.8 115.7
100T to 1P 1.00E+15 250 6.1 4.1 2.00E-05 0.00001 4000 1 47.0 46.8
100T to 1P 1.00E+15 500 6.1 4.1 2.00E-05 0.00001 2000 1 24.7 24.3
100T to 1P 1.00E+15 1000 6.1 4.1 2.00E-05 0.00001 1000 1 14.4 13.7
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1) TaFILY—RETRIZFDIRE<T=2TIL

2) EHRIAFENSDIRTE

3) TaFIWI—RTYIODATFUAI=aTIL
4) FaTFILIY—RTVICHRIER=aTIL

5) AT F AT =TIl 10GQ ~ 1PQ

CLAS i&H
(EHAKER -9 —hRE ISOTAGS, a 17 /1 (245 —)
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SCC EJL‘.\E

CLAS Imskruicty hiMl to
En wend Calibeation

update scope fleport o MIL

CLAS — WA 12#ERIEHY—E X — NRCC (3 £1%)
SCC — W F1ZEEM (BEEIR—IAUN)
NMI — E RS
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PT =R

« CLAS HEE
o« NMIE—#EIZ. PTEIIRERZITD,
o MWIMLI-ERIFREER
e EnstEnf-6H.CLAS ZZDIFHEFH

. WIART EEDHAREREBIILIE. HEEE TREN A IEERT T4

[ZlEYET,
o TaTFIYV—RITYyTTIEL.  PTOEIAER(Z10GQEI00TQTITH
TWWET,
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PT %TJ%%O)‘F—“%

From CLAS

Prdiminary numbes from Mifor 6800A system certification

Differe Mdasresult

Devigionfrom  Desired Soope nce @sATe pajaionfom
ModdNmbe  Dee Messured\Vae unis nomindpm)  Unoerainy  \biege be_‘}'gﬁ VOREGES)  nomindlppm) Unceainy  En
PV FPV)

T A R o o 3'330 > TN

e R e R o > TN
.fl'zﬂ'l?llﬁ

WMBLI=RA—R Ty EFS5T-QHR TR IELT-SBIZERINELLE T 5,
AERSE TETIZ2FAZET,

CLAS WT—43%IR&EL . BTt 1To7=,
ZDTOCIINETEC2EFELS-,
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10GQ PT

20ppm®D K1) T +ZEFEFE (METASDHI, & T)
HAFAHEMI (XI5 ppm T,
HEAMIODOSERIZLEE, 50VTEHEKRIETILLL ppmTLT=,
METASAHEMEIE29 ppm TLT=,
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100TQ PT

BEIXELSEWN-LIICRAT,
(MR LT DEIE)
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PT ‘LT%@O)‘F%

IERENST/INSLEHT=-C T,

MID S A
BETWEIN

HRIL Y

1GQ TO 10GQ

10 GQ TO 100GQ
100GQTO1TQ
1TQTO10TQ

10 TQTO 100TQ
100 TQTO 1PQ

-Jhl-

TaTFILI—RT)yo
TYyd £—F

8.5 to 35 ppm

35 to 45 ppm

45 to 60 ppm

60 to 210 ppm

210 to 310 ppm

310 to 10000 ppm
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*);haf" t%ﬁﬁ Aith o

TIA—LT)yY

Y IRT4Fa—3vEF—F
13 to 200 ppm

200 to 250 ppm

250 to 500 ppm

500 to 1000 ppm

1000 to 5500 ppm
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« BIFGEREGBRDIGR

o CDEENTHEE
e NMIMNGSIBFGORL—YEY Ty
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« 100MQ
e METAS

e 10GQ and 100TQ
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o TaATIY—RIT)yINDFERIFHEFD
NI\/IIGDJ@ LRIZFTY,

e MIZEIX/NSLEAENSTRENTEET,
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FRLAEZEEERSIET. AEYDRYIRERE

1[ZH [EQEULNRLET

AL TNz, FF-EES
H_ELHBH,

1T. 100TQ L& #%T

- A 18NMIsTERLT-,

faRlE. INoEENZEL, BIFTHELE,
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A new technique for the automatic measurement of high value resistors

Lesley C A Henderson, Division of Electrical Science, National Physical
Labor oratory, Teddington, Middlesex, TW 11 OLW, UK, J. Phgs. E: Sci.
Instrum. 20 (1987)

Dean G Jarret, Automated Guarded Bridge for Calibration of Multimegohm
Standard Resistors from 10MQ to 1TQ, IEEE Transactions on
Instrumentation and Measurements, Vol 46, No 2,

Dean G Jarret, Analysis of a Dual Balance High Resistance Bridge at
10TQ, April 2001, IEEE Transactions on Instrumentation and
Measurements, Vol 50, No 2

Duane Brown, Dual Source Resistance Bridge — NCSL 2012
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