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Abstract

This paper describes the test method used by the manufacturerhafh accuracy AC
Measurement Standard to verify the flatness and gain errte Wfideband input. This input has
a 5@ input impedance and measures voltage from 700 puV to 7 V, 10 Hz to 30 MHghon e
voltage ranges. Discussed first are some issues associ#ttedevifying an instrument with a
50Q input impedance followed by a description of the method used to védrd@yAlC
Measurement Standard. Last is a description of the methods used to calibstdadheds used.

1. Introduction

The AC Measurement Standard described in this paper has e Mput and a Wideband Input.
The verification of the MAIN input has been described in previous pgagi2]. This paper
describes the method used to verify the Wideband input and alsoitirateai of the standards
used for this verification.

The Wideband input can measure AC Voltage from 700 uV to 7 V, 1® 138 MHz in eight
voltage ranges. The input impedance is a nomin@l &ad it is calibrated to correctly measure
the voltage of a source that has a nomin& BQitput impedance. Figure 1 shows such @ 50
source connected to the AC Measurement Standard.

Source AC Measurement Standard
ﬁlv\l 3.1245
500
50Q True RMS
Voltmeter

Figure 1. AC Measurement Standard connected t&asblrce.
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The 5@ source is modeled as a voltage source witd BApedance in series with the output.
The AC Measurement Standard is modeled with an input impedance(bfab@ a high
impedance AC voltmeter to measure the voltage across e A® can be seen the output
impedance of the source and the input impedance of the AC Measureraedar8 form a
voltage divider so the voltage at the input to the AC Measurententl&d is highly dependent
on these impedances. As a result the source can be calibratedubtbetcorrect voltage only
into one impedance and there will be an error for other impedancesaifteeis true for the AC
Measurement Standard. Since these devices are nomindlly the impedance they are
calibrated to work with is exactly $D In reality the source output impedance is never exactly
50Q and the input impedance of the AC Measurement Standard is rotiye5@2. In fact these
impedances can be substantially of€58nd change significantly with frequency. But the source
whose output impedance is not(b@an be calibrated in such a way as to output the correct
voltage across %0. The key to doing this is to calibrate it with a very goof 36ad. Also the

AC Measurement Standard can be calibrated so that it remdsctty even though its input
impedance is not exactly 80 The key to this is to calibrate it with a very good§ource.
Selecting equipment and the right calibration method so as to ergaty good 5Q source and
load is the key to the success of the verification of the ACshtement Standard and the
calibration of the standards used to verify it.

2. Gain Error Verification
The method used to verify the AC Measurement Standard to checkaids$ correctly in a 5D

system starts by verifying each range at about mid atdl&kHz. This is a two step process with
the setup for the first step shown in Figure 2.

5700A 3’ Cable 50Q Load 5790A

Wideband HI | Inputl
Output 500 or
1kH Input 2
(1 kHz) Lol '™P

Figure 2. First step of verifying the gain error, characterizingdbecs.

The source for all the steps of verifying the AC Measuremimdard is the wideband output of
a meter calibrator. The output impedance of this calibrator islose¢ enough to $0to use it as

is so it must first be characterized into a goo® 36ad. This load is made up special for this
test. It consists of a number of metal film resistors in fErahd trimmed to be very close to
50Q. At such a low frequency, 1 kHz, the reactance of metal fiBista's is so small that it is
not difficult to build such a load. The voltage across the loadeaead with any AC Voltmeter
that has adequate uncertainties down to 1 mV. If the input impedattoe \afltmeter is too low

it can load the 5Q. If this occurs then a correction can be applied to the resuttsrtect for
this. A good choice for a meter is the MAIN input of a Fluke 579@\input impedance on all
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the ranges that are used, except one, is >@0sblit has an insignificant loading of thecA00n
the one range where the loading is significant, a correction can be applied.

The source is characterized at eight voltage levels, one forraagh of the AC Measurement
Standard. This is from 3.2 V for the 7 V range down to 1 mV for the 2.2ange. Once the
source is characterized, it can then be used to measure an AQrbtaant Standard under test.
The source is stable and repeatable enough that it doesn’t haveharacterized every time it
is used. It appears that characterizing it every 30 days @uatte Figure 3 shows the setup for
connecting the source to the unit under test. The same 3’ cablevalsaused during the
characterization is used here. The source is set to the saragegols it was when it was
characterized and a reading is taken from the unit under testiffééence between each of
these readings and the corresponding reading of the AC Voltmeter first step is the error in
the unit under test for that range.

5790A
5700A 3’ Cable Under Test
Wideband
Output Wideband
(1 kHz) Input

Figure 3. Second step of verifying an AC Measurement Standard at 1 kHz.

There is some error in this process due to the output impedartbe gburce and the input
impedance of the AC Measurement Standard under test not beingVviasurements of the
output impedance of the source showed that it could be significantOQffat 1 kHz but is
predominately resistive so it can be modeled as a resister.iriput impedance of the AC
Measurement Standard is close td58nd is also resistive. Equation (1) gives the error, in
HV/V, in the gain verification due these impedances not beifly 50

2E5O(ZOUT + ZIN ) _
0+ Zour )(50+ Zy )

— 6
Error vy =10

(1)

This equation shows that if either impedance ic#x®0Q there is no error in the process and if
one of the impedances is nearthbéhen the error in the process is small even if dtiger
impedance is significantly off 52

For the first step where the source is characteiizi® a very good load, the error is insignificant
because the load is so close t@56or the second step where the source is connerteeé AC
Measurement Standard under test, the error is si@all but still insignificant compared to
other measurement errors. Following is an examplénis using actual impedances for the
source and the AC Measurement Standard at 3.2 V.
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2[60(1+50.2)
(60+51)(50+50.2)

Error ,, v, =10{ —1} =20V 1V)

The gain test is a measurement of the absolute efreach range at one frequency, 1 kHz, but
the AC Measurement Standard is specified for absalacertainty from 10 Hz to 500 kHz. To
determine the absolute error over this range afueacies, the flatness of each range relative to
1 kHz is measured and combined with the gain ewoget the absolute error. Since the AC
Measurement Standard is also specified for flatriess 10 Hz to 30 MHz, this flatness test
covers that whole range.

3. Flatness Error Verification

The flatness test determines the variation in the Measurement Standard reading with
frequency relative to 1 kHz . This is done at aldbetmid scale of each range. If a range is flat
then it reads the same at all frequencies asdtaea kHz with the same input voltage.

The first step of the flatness test is to char&adethe source for flatness and the setup forighis
shown in Figure 4. Here the standard is an EL 1¥Wfch is a 3V, 5Q, Thermal Voltage
Converter (TVC) which has been characterized fatn#éiss. It is connected to the end of the three
foot cable. The output of the EL 1100 is measurégld ayDMM.

The plane of reference for the calibration of thelB 0O is its input connector so that makes the
plane of reference for this characterization atehd of the cable. The input impedance of the
EL 1100 is close to 80 but more importantly since this is a flatness, tiéstimpedance changes
very little with frequency.

EL 1100
5700A 3 Cable 3V,502TVC DMM
Wideband ACY DOV HI
%Utzp\l'}; Input Output mVv
' LO

Figure 4. First step of the flatness test, charexe¢he source for flatness.

The EL 1100 is characterized for its AC/AC Diffecerrelative to 1 kHz. That means that for a
positive AC/AC Difference more AC Voltage at thettérequency is needed than at 1 kHz for
the same output. To be compatible with this deénitthe characterization of the source is done
in two steps. The first of these steps determirmmas much the output of the source needs to be
shifted at the test frequency so the output offhel100 is close to the same it is at 1 kHz. The
second step is then done with this new setting. fdseilts of these measurements is the
determination of a setting for the source whichl Watten its output. For each frequency this

setting is determined by the use of Equation 2.
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5700Agq,, = 57004, [1— ((%Jlos + EL1100,cpcpi jio'ﬂ (2)
1.

5700A;,,, - 5700A Setting to Flatten the Output Voltage (V)

5700A,, - 5700A Setting to get nearly the same outpat the
EL1100 at the test frequency as at 1 kHz (V)

V, - The EL 1100 Output Voltage at 1 kHz (V)

Vv, - The EL 1100 Output Voltage at the Test Frequghg

EL1100,cacpis - The AC/AC Difference of the EL 1100 (uV/V)

In equation 2, the shift in the EL 1100 output isidkd by 1.7 because the EL 1100 is a square
law device which means that its output voltage geanapproximately with the square of the
input voltage. At 3.2 V, where this characterizatie done, it varies with the 1.7 power of the
input.

The next step is to use the characterized sourdeteymine the flatness errors for the 7 V range
of the AC Measurement Standard under test. The A&addrement Standard is connected in
place of the EL 1100 as shown in Figure 5. This esakhe plane of reference for the
measurement at the AC Measurement Standard inpaector.

5790A
5700A 3’ Cable Under Test
Wideband Wideband
Output Input

(3.2V)

Figure 5. Second step of the flatness test, medlsargatness error of the
5790A under test at 3.2 V on the 7 V range.

For each test frequency the source is set to lakidza reading taken from the AC Measurement
Standard and then the Source is set to the tagidrey and appropriate level for a flat output
and another reading taken from the AC Measuremé&mdard. The error in the flatness is

determined according to equation 3.

57908, = (u]loﬁ ©)
Vl
5790A.,, - Flatness Error of the 5790A Under Test (WV/V
\A - The 5790A Reading at 1 kHz (V)
V, - The 5790A Reading at the Test Frequency (V)
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This completes the test of the 7 V Range. Next2f2eV Range is tested. To do this range a
characterized 10 dB attenuator is added at thet itoptihe AC Measurement Standard to reduce
the voltage to about 1 V as shown in Figure 6. dtenuator was characterized for flatness with
a 502 source and load.

o 5790
, Under Test
5700A 3’ Cable Attenuator Cable
Wideband Wideband
Output 10 dB Input
(3.2V) 1v

Figure 6. Third step of the flatness test, meathedlatness error of the AC
Measurement Standard under test at 1 V on the 2&hie

For each test frequency the source is set to lakidza reading taken from the AC Measurement
Standard and then the source is set to the tegtidney and appropriate level and another
reading taken from the AC Measurement Standard. dier in the flatness is determined
according to equation 4.

V, -V,
5790AError = ( 2 1)106 + AttenCorrection (4)
1
5790A.,, - Flatness Error of the 5790A Under Test (WV/V
V, - The 5790A Reading at 1 kHz (V)
V, - The 5790A Reading at the Test Frequency (V)

Atten,..ion - Attenuator Correction for the Test Frequency )V

For the next range, the 700 mV Range, a charaete@p dB attenuator is used in place of the
10 dB. This reduces the voltage to about 320 m\é $&me procedure and equation is used as
just described for the 2.2 V Range.

To test the next range, the 220 mV Range, the 1@miB 20 dB attenuators are both used to
reduce the voltage to about 100 mV. The same purees used except for the attenuator
correction used in equation 4 is the sum of theB@orrection and the 20 dB correction.

The rest of the ranges are tested the same way osire characterized 20 dB attenuators. So for
the lowest range, the 2.2 mV range, one 10 dB lare 20 dB attenuators are used to get 1 mV.

This concludes the verification of the AC Measurathttandard.
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4. Measurement Uncertainty Considerations

The uncertainty of the verification of an AC Meamument Standard Wideband input depends on
a number of factors. The uncertainty of the catibraof the standards used, the EL 1100 and
attenuators, are the largest uncertainty componBuotshere are some other sources of
uncertainty that need to be considered.

A source of uncertainty that can be small if daraken but can easily be large if care is not
taken is the repeatability and stability of therseuand its connection to the standards and the
AC Measurement Standard under test. The souramnisected through a three foot cable with
Type N male connectors on each end. It is impottaatta good quality cable in good condition
be used. During the development of the verificatiathod, different types of cables were
tested. Looked at was the effect of flexing theleathe line loss and characteristic impedance
and the repeatability of the connectors. Using &8/ size cable with a Zo of 8Dand
stainless steal connectors gave the best resulisveas also found that the cable made of
RG58C/U that comes with the Wideband option ofdberce, worked well enough if in good
condition. Whatever cable is used, it should beetesrst for repeatability of results before
being put into service. Also whenever the cablisnected it should be tightened securely.

The repeatability of the source should also bestesthis can be done by characterizing it
repeatedly over a period of time. It was found thast sources would repeat well enough and
were stable enough that they could be used fowtrification and only needed to be
characterized every 30 days.

Another important consideration for the sourcésoutput impedance or in other words how
well it is matched to 5Q. Equation 1 showed that if a source and load an@ected and one of
them is very close to $Dthen the other one can be ofit®@ ways and still have a low
uncertainty. In the case of the flatness testEihd 100 is close to %0 and very flat with
frequency so the source can be of€8fly several ohms and still have an acceptable taiogy.
When the source is connected to the AC Measure8tandard to verify its 7 V range the
mismatch error is larger because the 5790A is sigtadl matched to 30 or as flat as the

EL 1100. For this reason the output impedanceeftturce needs to be measured over the
frequency range of the test. If measured at theoétiae cable it should be within a few Ohms of
50Q. A sample of units were measured and some of thera far enough off as to add
significantly to the uncertainty at 20 MHz and abov

5. Characterization of the Standards

The real key to the success of the flatness vatifo is the use of standards that are well
characterized and have input impedances that ase do 5@ and most importantly have
impedances that change very little with frequeridye EL 1100 and the particular attenuators
picked for this verification meet this requiremefithe way in which these standards are
characterized is also very important. They mustlhwracterized with a good Q0source and
load when determining their flatness. The way thislone for the EL 1100 will be explained
first.
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5.1 EL 1100 Characterization
The EL 1100, 3V, TVC is characterized using ad¢hstep process. The setup for the first step is

shown in Figure 7.

GR No

5700A 3’ Cable TEE Cabl 5790A
Wideband Wideband
Output i?tdB +t10 ® Input
enuators
(3.2 V) PMM 3V TIVC 100 mV

Figure 7. First step, measuring the flatness &#80A at 100 mV

The source, 3V TVC and the attenuators make upa $ource of known flatness with an
output impedance that is close taband changes very little with frequency. The 3 VO Was a
nominal input impedance of 6a0and is used to level the voltage at its input Whi at the
center of the GR TEE. This effectively creates i@ z®urce impedance at that point. The 30 dB
of attenuation between that point and the inputh® 5790A insures that the 5790A sees an
impedance that is close to@@nd changes very little with frequency. The atéears are hand
picked to have a minimum change in impedance wéguency.

The first step determines the flatness of the 5780200 mV, 10 Hz to 30 MHz. Figure 8 shows
the setup for the second step.

. No
5700A 3’ Cable 3" Extension Cabl 5790A
Wideband Wideband
20dB +10dB
Output Attenuators Input
3.2V) 100 mV

Figure 8. Second step, leveling the output of @ S6urce at the end of the cable

It is the same as the first step with the 3V TV@l &GR TEE removed. A short section of
transmission line in the form of a 3” extensiomplaced between the end of the 3 foot cable and
input of the attenuator to replace the missing THES is so that the plane of reference for the
measurement, which was at the center of the TEEh&first step, is now at the end of the cable
for the second step. This step determines thengdtir the source so that the voltage at the end
of the cable is flat over the whole frequency rarajative to 1 kHz. Again the attenuators insure
that the source see an impedance ne@rd&tl doesn’'t change much with frequency.
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Figure 9 shows the setup for the third step. Thep sletermines the flatness of the EL 1100
which has a nominal $Dinput impedance.

5700A 3’ Cable

Wideband EL 1100
Output Under Test
(3.2V) nder Tes

Figure 9. Third step, measuring the flatness ofLEQO, 3 V, 5@, TVC

In the second step the source was leveled at tHeoktthe cable so this step determines the
flatness of the TVC right at its input connectoneTinput impedance of the TVC is close t@50
and has a small change with frequency. The respohdlis TVC is very stable so it is
characterized once a year.

5.2. Attenuator Characterization

Characterizing an attenuator determines its flatioesn other words its change in loss relative to
1 kHz and is measured in pV/V. It is measured usid2 source and load. It is very important
that the attenuators used have input and outpuédamces that are close to(b@nd most
importantly that the impedances changes very htika frequency. The attenuators used were
chosen because they meet this criteria very well.

Measuring the flatness of a 10 dB attenuator isastep process. Figure 10 shows the setup for
the first step.

GR No

5700A 3’ Cable TEE Cabl 5790A
Wideband 20 dB Wideband
Output Input
(1V) DMM 3V TIVC Attenuator 100 mV

Figure 10, First step, characterization of a 1GattBnuator

This setup is the same as the setup in the fiegt sf the measurement of the flatness of the
EL 1100 except 20 dB of attenuation is used insi@&a80 dB between the 3V TVC and the
5790A. The source is set to 1V and the flathessh®f5790A is determined but no corrections
are used for the 3V TVC.
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Figure 11 shows the setup for the second step.

GR No Cable
5700A 3’ Cable Attenuators 5790A
TEE
Witeoane 20 {30 | | Wieband
dB
(3.2V) oMV v TIVC aB 100 mV

Figure 11. Second step, characterization of a 1&ttdhuator

The 10 dB attenuator under test is inserted betwleer?0 dB attenuator and the 5790A. The
source is set to 3.2 V which is a 10 dB increassr tive 1 V used before. This gets the voltage at
the input of the 5790A to the same level as forfifs step, 100 mV. Again the flatness of the
5790A is measured with no corrections being appieethe 3 V TVC. The difference in the
flatness of the 5790A between the two steps isléquhe change in loss of the attenuator under
test. This is true because the flatness of theT3/€ doesn’t change with voltage and the 5790A
is at the same voltage in both steps so any chandbe measured flatness is due to the
attenuator under test.

Test were run to insure that the flatness of thveT3/C didn’t change between 1V and 3.2 V.
The results of this test showed that there was antifference at 10 Hz and 20 Hz. At these
frequencies a correction is applied to the regaltorrect for the change in flatness with level.

The measurement of a 20 dB attenuator is also asteprocess with the setup for the first step
being the same as shown in Figure 11 with two giffees. One difference is that the source is
set to 1 V which makes the input to the AC Voltmetieout 32 mV. The other difference is that
instead of the 10 dB attenuator under test, a wleracterized 10 dB attenuator is used. The
flatness of the 5790A is measured with no correstibeing applied for the 3 V TVC. For the
second step, the 10 dB attenuator is removed an@@ldB attenuator under test is inserted. The
source is set to 3.2V and the flatness of the B786termined. The flatness of the 20 dB
attenuator is the difference of the flatness of3A80A between the two steps and the flatness of
the 10 dB attenuator.

6. Conclusion

A method for the verification of the calibration thfe Wideband input of an AC Measurement
Standard was presented. First was given an expanat how the AC Measurement Standard is
calibrated using a %D source which dictates that it be verified withGf25source. No real world
source is exactly %0 so a description is given of how to characterizmarce so that it can be
used with satisfactory uncertainties. Next the afsattenuators with the source is described to
verify the ranges below the top range. Finally @&cdgtion of the characterization of the
EL 1100 and attenuators was given.
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