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Capacitance Bridge

A H 2700A ULTRA-PRECISION 50Hz-20kHz CAPACITANCE BRIDGE

CAPACITANCE - pF
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GIGOHMS SPECIAL

LOSS VECTOR - [pF OVEN NOT RDY

The AH2700A offers unparalleled stability,
resolution, linearity and accuracy in a multi-
frequency capacitance/loss* bridge (whether cr V appllcatlons in calibration, science,
manual or automatic). Its numerous state-of- t@a nd uttion in a wide range of fields.

* Frequencies: 50, 60, 70, 80, 100, 120, 140, @ ¢ Deviation Mode with Fast Analog Output has a frequency

300, 400, 500, 600, 700, 800 Hz and 1.0 9@ response of 4.2kHz at 3dB down
24,3.0,4.0,5.0,6.0,7.0, 80,10, 12, \ e Continuous Frequency (Option C) is now available
* Selected Performance Spec1ﬁca{0\q§(m 0 e Synchronous Rejection (Patent No. 6,987,391) eliminates
etrature virtually all power line related interference working in con-
Frequency | Accuracy Stﬁ@gx efﬁc}S@\ (R¥olution junction with conventional commutation (test signal reversal)
kHz ppm W> pm, aF | ppm * Negative capacitance and los,s ranges measure negative val-
Ay N ues to allow for unusual DUT’s or three terminal networks
0.1 i{ (J (3%(1/6 <\>O 7 16 | 0.8  Three terminal BNC connections minimize connector costs
L/ ~N
1 s\ A<1.g N~0.035 | 08 ] 0.16 and mumber of cables
W * JEEE-488 GPIB and IEEE-1174 serial interfaces included;
10 x11 i@ +0.07 24105 remote device can act as controller or logger

o * Programmability can eliminate need for external controller
* Measures extremely low loss down to a dissipation factor of

1.5x1078 tan &, a conductance of 3x10”7 nanosiemens or a * Large, variable-brightness displays have 8 digits for capac-
resistance up to 1.7x10° gigohms itance and loss and 5 digits for frequency

* Aslittle as 0.4 second required for full precision measurements * Zero correction of test fixture capacitance and loss
and as little as 30 ms required for repeated measurements on  External DC bias may be applied up to £100 volts

the same DUT
NIST traceable calibration

External trigger capability

Self-test diagnostics on power-up and by command
¢ Automatic internal calibration

Autoranging

¢ Monitoring of calibration due date and temperature status « Three year warranty

*The term "loss" is used to refer to the component of the impedance which is 90° out of phase with respect to the capacitive component. The

AH2700A can report loss in unitNISTnlSOQ; IECH ANSIINCSL, MiL-STDrby: www.raeservices:com
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The AH2700A measures capacitance
and loss in medium- and high-impedance
ranges, and thus allows using three-ter-
minal rather than five-terminal
connections to the DUT (Device Under
Test). Its unmatched precision is the

result of a uniquely designed ratio trans-

former which is the culmination of over
40 years of bridge design and manufac-
ture. Equally important is the unique
temperature-controlled, fused-silica
capacitance standard which allows

MEASUREMENT FEATURES

Units

Capacitance units are picofarads. Loss
units are selectable among nanosiemens,
dissipation factor, series resistance in
kilohms, parallel resistance in gigohms
or magnitude of the loss vector in jpF —
the choice being indicated by the front
panel LED’s.

DC Bias

A connector is provided to which an
external DC bias voltage may be applied.
The AH2700A can switch this voltage to
the DUT through user-selectable resis-
tors located within the instrument.

Bridge Balancing Time

Measurement time on a previously un-
measured DUT is less than 0.4 second.
However, the measurements following
the first can be made in less than 30 mil-
liseconds if the averaging time is set to
be short.

marily by the amount of time
aging out noise. The trade-g
resolution and measuremen
selectable in factors of ab.

28 milliseconds to 20 mi

sure an inductor. The inductance
corresponding to a negative capacitance
is easily calculated using L = -1/&’C.
Any inductance above 420 uH can be
measured. The AH2700A makes
extremely accurate inductance measure-
ments since its internal fused-silica
reference capacitor is much more perfect
than any reference inductor.

Display Results

Results are displayed on large, variable-
brightness front panel LED’s to as many
as eight digits. Results go to remote

Synchronous Rejection

A new kind of selectable commutation
has been developed and patented by
Andeen-Hagerling. It has the ability to
reject power line related noise by a factor
of about 50 db. This allows the
AH2700A to operate at or near the line

in conjunction with the existin®
tation feature which pe

Standards,

The qyve (% NexCe theé%re bridge)
SN jes sta n only 15

um test voltage applied to the

T o
& § continuously selectable from 0.3

NV

0 15 V r.m.s. The actual voltage
applied by the AH2700A may be much
smaller than the selected maximum.

Zero Correction

Stray capacitance and loss (typically
associated with a test fixture) may occur
in parallel with the capacitance and loss
that is to be measured. The stray values
can be obtained from the result of a pre-
vious measurement or from a user-
provided value and used to correct the
reported results. The stray loss is cor-
rected as if it is in parallel with the loss
that is intended to be measured. This
occurs no matter what loss units are
being used. This is more involved than a
deviation measurement which would just
do a simple subtraction. (The AH2700A

extremely high measurement stability
and immunity to mechanical shock.
These elements combine to form a true
bridge operating at 50 Hz - 20 kHz to
give capacitance/loss results which are
independent of the exact test frequency.

Analog Output

Rapidly ging capacitances or losses
may(he icd using the capacitance
and/oNOs log outputs. The upper

wil wthe changing DUT.
e a flat frequency
.2kHz at 3dB down.

ts may be provided in the form of a
ference or offset from a set point value

“
for capacitance or loss or both. The set

point value can be the result of a previ-
ous measurement or a user-provided
value.

Measurement Initiation

A single measurement is initiated by a
front panel keystroke, an external trigger
pulse, a single character from the IEEE-
1174 serial or IEEE-488 ports, or a
Group Execute Trigger from the IEEE-
488 bus. Measurements can be taken
continuously with a selectable delay
time between the end of one reading and
the start of the next. This delay time can
range from zero to many hours in 0.01
second increments

Cable Length Correction

The three-terminal connection method
used by the AH2700A often makes the
errors caused by the pair of cables that
connect the instrument to the DUT small
enough to be ignored. However, cable
capacitance and inductance can reduce
the accuracy of capacitance measure-
ments made at higher frequencies or
capacitances. Similarly, cable resistance
can reduce the accuracy of loss measure-
ments made at higher frequencies or
capacitances. In these situations, the
resistance, capacitance and inductance
per meter of cable pair and the length of
the cable pair can be entered into the
instrument. The AH2700A then auto-

devices using as many as niNIST SO, IEC; ANSE NCSLy MIL-STD by www.raeserviceslcomluces these errors.
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pointed by one of over a dozen English
language error messages (or, optionally,
error codes). Additionally, many other
command and status messages are
reported.

Calibration

A unique calibration technique allows
internal precision components to be
compared against internal temperature-

SYSTEM INTERFACES

IEEE-1174

An IEEE-1174 standard serial interface
is included to allow simple operation
with a computer, modem, printing termi-
nal or video terminal. These devices can
take control of the instrument interac-
tively or can merely log the measured
data passively.

IEEE-488

An IEEE-488 (GPIB) standard interface
is included. A full IEEE-488 implemen-
tation is provided including serial poll
and extended talker/listener addressing.
The AH2700A can be run with a GPIB
controller or can operate in "talk only"
mode to send data to a passive printer or

calibration against external standards. To
prevent unauthorized calibrations, a

passcode (which only the manager of the
instrument can change) must be entered

before any calibration can be performed.

Cal Due Date Monitoring

The user can enter a due date into the
AH2700A for the internal and capaci-
tance calibrations independently. If one

Setup of IEEE-488 and IEEE-
1174

IEEE-488 bus address and serial baud
rate, parity, stop bits, and fill characte

$ese dates passes, the CAL

\ tﬁﬂ’fﬁele, links and a warning
%essrzri]ge is reported with each measure-
ment. The temperatures of the internal
oven and DAC are similarly monitored.

Self Tests

Power-on or user-initiated self-tests
check the microprocessor area, trans-
former ratio-arm switches, D/A switches
and A/D converter. Special circuitry
allows numerous internal self-consis-
tency checks.

Friendly Commands

Both remote-device interfaces use the
same English language commands that
are found on the front panel. Commands
can be abbreviated by supplying only
enough letters to uniquely identify the

data logger. A front panel "remote" indi- desired command.

cator is provided.

» Research, development and production testing of
capacitance- or loss-based sensors.

* Determination of the quality and characteristics of any
insulating medium (solid, liquid or gas). The presence
of contaminating water is particularly easy to detect.
See ASTM D150 and D924.

* Monitoring chemical reactions.

» Radiation measurements using crystalline structures
and radiation induced changes in non-metals. .

Applications involving measuring small changes in
capacitance or loss. The AH2700A is very good at
these due to its very high resolution and stability.

* Rapid, accurate and direct humidity measurements.
¢ Measurement of the thickness of metals or dielectrics.

* Liquid and vapor level measurements. * Replacement of the electronics normally associated
with currently manufactured capacitance based sensors

e AC resistance measurements to 1000 teraohms. . . -
to obtain greatly improved precision.

* Detection of contaminants in refrigerants.
e Measurement of pressures ranging from high vacuum

* Displacement and strain measurements. Very small .
to high pressure.

changes in dimensions are measurable, approaching the
diameter of an atomic nucleus. (This is less than a mil- * Very high pressure gauge using a solid dielectric capac-

lionth of the wavelength of visible light.) itor. (Patent No. 3,787,764)
NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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The reaction of many technical persons
upon first learning of the AH2700A is:
"That's a very impressive instrument, but
we don't see a need for such precision in
our work. Furthermore, such measure-
ments must be more difficult to make."
Until the introduction of the original
AH?2500A, this attitude toward high pre-
cision capacitance measurements was
justified. Previously, the only commer-
cially available instruments were
manually operated, required a skilled
operator to spend several minutes bal-
ancing the bridge, were prone to
reliability problems due to the large
number of open switching contacts used,
and were still far less stable than the
AH?2700A. It is not surprising that these
bridges have not seen significant use
outside of calibration or research
laboratories.

Today, the incredible ease with which
high precision capacitance and loss mea-
surements can be made with the
AH?2700A requires a reassessment of
previous attitudes. The AH2700A
allows totally automated operation with
no human intervention. Its ability to

maintain its precision over a wide tem-
perature range and its immunity to
mechanical shock make it ideally suited
for factory floor or portable field use.

To apply the AH2700A to a productive
task requires obtaining a suitable sensor.
This is where the possibilities become
exciting, because capacitive sensors are
theoretically the most precise of all elec-
trical sensors. The reasons are:

* A perfect capacitor dissipates no
power. Thus relatively high voltages can
be applied to the sensor without
generating any heat in it. The higher the
voltage, the better the signal-to-noise
ratio. In contrast, all resistive sensors
dissipate heat while being measured.

noise and are susceptible to othg
of noise as well.

applied voltage. Most 1es]
are at least slightly non-1

* Real, practical capacitors can be made
with a high degree of perfection.

* The variation with temperature of a
small capacitor can be made very small
and simultaneously very linear. Other
elements, such as resistors, require
compensation schemes which cause
them to have low temperature
coefficients over a narrow temperature
range but much higher and very non-
linear variations over a broader range.

ristics allow the creation
y precise capacitance
the ehange in area or

SS

ape, position, or what-

N er nto tive field of a capacitor. If

within the active field is a
good insulating dielectric,

the matep

¢4 of the material are obtainable. This
be a very simple way to observe

chemical changes, detect contaminants,
etc., in a wide variety of non-metals.

&,
INTRODUCTION TO TF@

SPECIFICATION@

as a true bridge. It does this igh-
precision, internal bridge net device
under test (DUT). The bal aking a

series of adjustments adjustment

brings the bridge clsd tosa ytate of ¢/ This process bal-
computing the
most significant six or seven dig{ts0f $he capacitance result.
However, due to the precisio % ed, some of the switching
is done with relays which slows down the rate at which mea-

surements can be taken.

The degree of imbalance of the bridge is detected using a very
high gain preamplifier (preamp) connected across the bridge.
The balancing process minimizes the output signal from the
preamp but leaves a residual signal. This residual is digitized
and matrix multiplied to obtain the two or three least signifi-
cant digits of the capacitance and loss results.

This conventional mode of operation is called the Bridge Bal-
ance Mode (BBM). In this mode, the user has no access to the
residual imbalance signal from the preamp.

inductive elementg-age usually ext
non-linear. @

called Deviation Mode. In this mode, the user is given access
to the processed imbalance signal from the preamp.

At the beginning of Deviation Mode (Dev Mode) measure-
ments, the bridge is first set as in BBM to capacitance and loss
values that are close to those of the DUT. The bridge can be
used to accurately measure these values or they can be manu-
ally entered. This pair of values is called the Bridge Balanced
Point (BBP). Once Dev Mode measurements begin, the BBP
remains fixed for the duration of the measurements.

The imbalance signal from the preamp now represents the
deviation of the capacitance and loss of the DUT from the
BBP. This signal is digitized at a rate of 50,098 samples/s and
matrix multiplied by a DSP to convert it to two real-time data
streams representing the capacitance and loss deviations.

From this point the two deviation data streams each split into
two branches. One branch goes to a pair of digital to analog
converters (DAC’s) which produce two analog voltages at the
rear panel of the instrument that correspond to the capacitance
and loss deviation signals. The other branch is used to produce
alphanumeric results which are sent to the front panel and may
also be sent to the serial and/or GPIB ports.

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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Notation: The specifications are grouped according to
whether the DUT is modeled as a resistor in par-
allel with a capacitor or in series with it.

Parallel: “C” is the value of the measured (parallel) capacitance
in picofarads (pF= 10712 F). Also used are attofar-
ads (aF = 10°%pF) and microfarads (uF = 10°pF).

“G” 1is the value of the measured loss expressed as a
conductance in nanosiemens (nS = 10 S).

“D” is the value of the measured loss expressed as a
dissipation factor (tand). D has no units.

“Rp” 1is the value of the measured loss expressed as a
parallel resistance in gigohms (GQ = 10°Q).

“G/w” 1is the value of the measured loss expressed as the

loss component of a complex vector in units of
(imaginary) capacitance (jpF= 10712 jF).

Series:  “Cg” is the value of the measured series capacitance in

picofarads (pF = 1071 F)
“Rg” is the value of the measured loss expressed as a
series resistance in kilohms (k2 = 103 Q).
Misc: “f is the frequency in kilohertz (kHz = 103 Ha).
“o”  equals 2xf.
“t” is the measurement time in seconds.
“V”  is the AC test signal voltage in volts applied G
across the DUT. Its upper limit is selectable to
have any value from 0.3 mV to 15 V.
“ppm” is Parts Per Million.
General: ®

for absolute resolution, G/ sh§

Many of the expressions include a

resolution expressions contai

if the measurement time is set too*§

erfor contribution from cable

N\

For s of capacitance and loss, the maximum allowable test
N ¢ set by the user (usually 15 volts at >1 kHz) can be substituted
occurrence of V in the uncertainty expressions. For larger

@s of capacitance and loss, if the voltage value is not taken from

measurement result, then the value of V automatically chosen by

@tahe AH?2700A must be determined from the AC Test Signal Voltage

Table. The following equations may be used to convert to the units of
C and G used in the table from units other than those used in the
table.

Given units of:  D: use G =wCD
Rp: G=1/Rp
Rg: G = oCgD/(1+D?)
Cy: C = Cg/(1+D?)

A set of contour plots of all of the uncertainty expressions is avail-
able from Andeen-Hagerling upon request. Accuracy, stability, lin-
earity and resolution specifications assume a recent internal
calibration at the operating temperature. All specifications are valid

effects. This cable is assumed to be an AH-DCOAX/TP cable that is
one meter in length. Where these one or two cable error contribution
terms exist, they may be identified by their enclosure within a pair of
braces “{ }”. This pair will always be the inner of two pairs of braces.

Most of the uncertainty expressions can be evaluated by direct sub-
stitution of the values of capacitance, loss and voltage as if they were
read directly from the AH2700A. The instrument reports these val-
ues in the units given in the notation section above. Some expres-
sions also require the dissipation factor, D, which, if it is not directly
available, can be calculated using one of the following relations:

or

D=G/oC, D =1/oCRp D = ®CgRgx1070

only for positive values of capacitance and loss.

Range:*
Parallel: C:

G:
D:

-0.0016/DyF to +10/(f+D/0.0019) uF

for 3x10°>D> 0.01
-0.15 pF to the lesser of +1.5 uF

or +10/(f+D/0.0019) pF for -0.001 <D < 0.01
-0.15 pF to +0.0016/|D| uF for -0.1 <D <-0.001
-0.019/|D| uF to +0.0016/|D| uF for -3 x10°< D< -0.1
The capacitance range is also graphed in Figure 1.
See Table 1.
See Figure 1 and the equations for C above.

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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Capacitance, Cg in pF

Figure 2. The values of Cg and Rq are measurable in the six
shaded regions. In five of these regions, one or both of the
measured values are too large to report on the AH2700A’s dis-
play. In three of these five regions, one or both values are also
too large to send to any remote devices. The table below shows
what can be reported in each region. A "Display" entry mean<

that the result can be shown on the instrument’s display. C

"Remotes" entry means that the result can be repor@fo a@

IEEE-1174 or IEEE-488 device.

Cs
I Display & Remotes
II Display & Remotes
111 Display & Remotes
v Remotes only
\Y% Neither
VI Neither

*Regions V and VI extend

because the resistarce ss i
surable even though'Cg ifse{f Ts not

Rp: -8x107 GQ to -1,
and +8x10° GQTo<17x10° GQ @ 1 kHz
See Figure 2 for the range at 1kHz.

Series:  Cg:
Rg: See Figure 2 for the range at 1kHz.

*The ranges of all measurable variables except Rp cover a region
defined by negative numbers for the lower limit and positive numbers
for the upper limit. This is due to the AH2700A's ability to measure
both positive and negative values of capacitance and loss. Other
instruments typically measure only positive values and have ranges
which cover a region defined by small positive numbers for the lower
limits to large positive numbers for the upper limits. For the
AH2700A, the small numbers corresponding to the lower limits of
other instruments are given by the AH2700A's resolution specifica-
tions in absolute units.

Click here>> WWW'raesewicﬁowgﬁaifﬁi/ﬂﬁ?(tin#ﬂati ons:

(The front panel display may further limit the range

and resolution of the capacitance and loss.)
Capacitance: 0.1 aF is best display resolution for C and Cg.
Loss: G:

D: 107 is best dissipation display resolution.

1077 nS is best conductance display resolution.

Rg: 107 kQ is best series resistance display resolution.
Rp: 107 GQ is best parallel resistance display resolution.

Remote Device Reporting Limitations:
Capacitance:
Loss: G:

0.01 aF is best resglution for C and Cg.

c‘q:ictance resolution.

Q

n the table which provides sufficient range to be able to mea-
> sure the capacitance and loss of the DUT. The voltages listed
4

have tolerances of +5%.

Temperature range: 0° to 45°C while operating
-40° to +75°C while in storage

Humidity: 0 to 85% operating relative humidity, non-condensing.
0 to 60% storage relative humidity, non-condensing.

Power requirements: 25 watts, 48 to 440 Hz, 85 to 115, 102
to 138, 187 to 253 and 204 to 276 volts rms

Packaging: The instrument is 3.5 inches (8.9 cm) high and 15
inches (38.1 cm) deep behind the front panel. Hardware for rack
mounting and a bail for bench top use are provided.

Weight: 18 pounds (8.2 kg)

Safety and EMC conformity: conforms to EN61326:1998
and EN 61010-1: 1993/A2: 1995

Patents: The AH2700A is protected by U.S. Patent No.
4,772,844, 6,204,673 and 6,987,391

Warranty: The AH2700A is covered by a three year warranty.
Forward and return shipping is covered during the first three
months of the warranty.

Note: Specifications are subject to change without notice.

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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Table 1. Capacitance and condunctance ranges for the F?referred limiting voltages with f>1 kHz,

For f Lolrﬁfﬁ',vgbqllg?hbﬁm ‘Hﬁﬁ%’f’}& quote:RMA, fﬁ%ﬁ W}E ggfﬁgﬁ$ﬂcequations.

ere>> w .raeservi es.con‘r/semces/q ote.ntm

Limit Capacitance range Range of G; f is in kHz At Ac
15.00 V -11 to +110 pF 08f to +8f nS 0 0
750V 22 to +220 pF -1.6f to +16f nS 0 0
3.00V 55 to +550 pF “4f to +40f nS 0 0
1.50 V -110 to +1100 pF 8f to +80f nS 0 0
0.750 V -220 to +2200 pF -16f to +160f nS 0 0
0.250V -660 to +6600 pF 48 f to +480 f nS 0 0
0.100 V -1650 to +16,500 pF -120 5 0.01
0.030V -5500 to 455,000 pF -400 f 10 0.03
0.010V -16,500 to  +165,000 pF -1200 f 0.1
0.003V -55,000 to +550,000 pF -4000 f 0.3
0.001V -165,000 to +1650,000 pF -12,000 f 0 1
O
Resolution in absolute units:* @ @
faralier C 17, 15[, , 1 n,C  50G e oK)
. {56[“?}+_\7[4+?+5n(}+\7+7+(1 ”OAC)IS"(SE[I 500 Sy L oF &

C N
G: 150G + m[—g(Z + l) + lé(ﬁl 1y Sn(.) + % g0

A J/C . Divide result by m to get
{ g 5—‘6(1 N @) x107°nS  absolute resolution for G/
D: {(1+D2)1/2[501)+i(2+l)+£(4+l+5n)+'fr oﬁfc+(@§§l+ 1700 H}XIO*"
2007 f vl o f <) )\ 200+ CV
: { [ 1.5 E; 1700

+

5()R)+U)R2,[ (2+l)+—(4+l+5n. + 0 4%+ ()A(v)]z(l ~————-ﬂlxlo*(}g
PO\ ) TV P50\ T 200+ eVl
——‘-‘[2+l}+—l—'§[4+l_+5n](l+02) %CY+ ¥ -—————3[l+———1—7-9—(—)——-} x 10-6 pF

5] Sl I I : 77500 L T 200+ CV

l)+)(1 ”+(3+5()A(‘)—]i(l+ 1700 ﬂ % 106 kQ
AL ‘« v 500 T 200+ CV
S +152Y2¢ -2 A is found in Table 1.

The series resistance Rg 5 d using Rg= Dx10%/(®wC(1+D?)).
Resolution in pp

. R
Rs: 1s0R, + 1.3+—“[l(2+
: D20

Parallel:
C: L [2 S + -

-2
50D + (1 + IOAC)/—[I 1700 }
500L 200+ CV

C :
150 } + 1 8x1070FC% 4 (3 +50A ) f—c[l + 1700 }
Py 50 200+ cv

2y1/2 .
D: (L+xD7) 7~ 500+-1—[2+1}+l§[4+1+5n]+”_"+8x10"’fC+(3+50AC)l[1 + 1700 }
D 0T T evl T T Ty sol" 200+ cv

c . -
Rp: 50+ R, £[2+1}+1—'§[4+l+5n]+i+8x10(fC2+(3+50AC)f——C-[1+ 1700 }
ol TRtV TR T Y sol" T200+cv
Series:

)
Cy [2+1}+——5—[4+l+5n(1(] +DZ)+1V"+5(>D+(1 +1040) L=

- L [1+ﬂ}
w05 e vl Ty 500

200+ CV

Rg: 50413, 1 —]-[2+1}+—]'—5—
R, D|20L" " flTCv

s

[4 1y 5n{](1 +D)+ 24 (34 SOAC)—f—[l + 1700 }

¥ % 7500 T 200+ CV

*Resolution is the smallest repeatable difference in readings that is guaranteed to be measurable at every capacitance or loss value.
Useful resolution is typically a factor of ten better.

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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Non-linearity in ppm:

Parallel:
1, 1, 1 dor  calibratiomsand/or MA from R.A.E. Services Inc.
“ i{zo[sz}rcv A i%ﬁ‘iilckoh {rezaoww és%?\glc cd /services/quote.htm

a0 g[S 1) oo i) 1200w

D: {Q—i—g——)ﬂ—j[SOD+—l—(2+l)+]'5(4+%)+8><1076fC+Z(1+ 1700 ﬂ+{(]+gz)l/2[1.2><1074fc]}}

200" ") cv 6L 200+ CV

fC(] L1700

6

Rp: £50 + oR [—C— —
200+ CV

2+l)+1'5(4 f)+8><10 rcts ﬂ+{1.2x10’4mfR,,C2}}

Series:

CS M-

[1 N 1700

6 .4
+{1.5x107 f23C}
200 + CV} ! / f}

(3]
o|_
1
[\ )
+
‘\.»—-
| S—
+
Q —_
W
V—\
\—I

(1+D2)+50D + L
f 200

Rg: 1{50+£+L[L(2+L)+ LS (4+L)<1+Dz)+f(1+&)}+{@}}
: R. DL20 f cVv f 6 200+ CV R,

s s

Non-linearity is the deviation from a best fit straight line through a plot of the measured quantity ” The test signal

voltage is assumed to be constant.

Accuracy in ppm following calibration:

Parallel:

c: J1[8+ ST lf}zoomlfOO[H%}AT[“;}{

- 2
G: iJ200+9[g(2+1+f)+l'—§(4+l)+£+f——c-(l+ﬂ
| G2 f 1% f£) 3300 3 200+ CV

D: i{w—-—(”gz)m[zoopﬂ(u +f) é3(4+

V)&P{% AL EIE
&ﬁ%ﬂ {wR f[leo c +HH

1 6 .25~ [2(1+D?)
f+f}+{3><l() rrce ) H

s

o))

s

Rp: {200+wR [C(2+%+‘f‘)+l_

Series:

Cy: i{%[8+%+]‘}+cl'5v[4+—

Rg: {200+%9+ [%(2+]lc+f)

s

The length of the cables connecti S egligible effect on the accuracy for small capacitances. This assumes that
the coaxial shield on these cab}és\4 . 2 orrected by the CABLE Command Cables similar to RG-58 will increase the

Parallel:
1 1 . 1

o Afe ! 1

“ ‘{10[8+\f'+‘f}+2cv

G: {30+ %’[%(2 + % +f)+ %/(4 + %) + 5x1(rﬁfcz} N {%f[SXI()’ﬁCZ + 2%}}}

+ %[201) + 1—10(2 + % +f ) + ZCLV(A‘ + }) + le(fst} + {%[‘MWSC ' Z-(IEJH

2
a7Y 300+ 10- 6f25c+f
20C

Series:

CS.'i—l-[8+l+f]+ 1 [4+f}(l+D)+30D+{10%‘“C+L+DZ)H

2CV 20C

Rp: ¢{3<)+le)[%(2+},+¢)+2—V(4+f)+5x10 e+ {mef [3x1(r5C2+5%}}}

- %Ho(“]+fjr B (1+D)Lé fz(lgpz)}i
; NIST, IS0, |Ed ANSI §L MIL.STD by www.raeservices.com



Temperature coefficient relative to change in ambient temperature in ppm per °C:

Parallel:
C:

[
i1400
: i{ZO +9€

G

[

3

400

To receive a calibration and/or repair quote-RMA from R.A.E. Services Inc.

[8 N % N f} +20D + %ﬁig%}wgre>> WWW.raesﬂe{'y@pejsm@m/lg_gcr\ﬁes/quote.htm

2+6CVQR2+1/f)

gl

440
4+VGR+1/f)/®

{%[mm’ﬁcﬂ ﬁ)}}}

A
)+ 3x10°°fC + %I(f +

(2+l+f 3

f

A

3 200

400

(1+D2)1/2f

- 20D + —

(]+D2)1/2[

R P

P

Series:

400

[ 3
400

(

2+l+f

f

)+ 3x10°fC +

7)

AU+

-

2+6CV(2+1/F)  4+CVD(2+1/F)

400

+
4+VQR+1/f )/wRP

§

+{(oRP f [2x10’6c2+

D

all}

J

Ap
+20D + —

200

£20+0%)

C S

[8+%+f}

33

4]+

+{10*7f2-5c+

100C,

i

[2><10"’c+

f
100C

j

2+6C,V(2+1/f)/(1+D?)

(2+Jl£+f)+%(f+%ﬂ+

where At is found in Table 1.

O

03, £2(1+ DAY

+ +
{ R, 100DC,

400
44+ CVDQ2+1/f)/(1+D?)

05,1
R, D

3
Ry =
s [400

?the value of C but also on the value of the
ss. Each Conto tted using the maximum possible voltage.
et at th€ right is a contour plot of the accuracy of the dissi-

yJat to or better than the labeled accuracy (in percent) for that

SELECTED BRIDGE MODE SPECIFICATIONS ngc@b

Specifications versus frequency:

There are ten graphs on pages 10-12 of plots versus frequency of the
accuracy, resolution in ppm, non-linearity, stability and temperature
coefficient specifications. These plots were generated by using the speci-
fication equations presented on the previous three pages except tha
dissipation equations were multiplied by D. Each graph contains

uracy specifications at selected voltages:

@he first graph in the right column on the next page is a contour plot of
the accuracy of C versus C and G. The accuracy in the area within or
below each contour is equal to or better than 0.001%.

The second graph in the right column on the next page is a contour plot
of the accuracy of D versus C and D. The accuracy in the area within
each contour is equal to or better than 0.03%.

These graphs show how the accuracy of C and D depends on the mea-
surement voltage. Each contour represents operation at the labeled volt-
age which is one of the voltages in Table 1 on page 7. The gray regions
are out of range.

¢raphs show that the accu-

onto :l €SC

6 Accuracy of C vs. C and G using maximum voltages Accuracy of D vs. C and D using maximum voltages

10 10
oo
10*} 1 S
Frequency = 0.1 kHz 107F
o 1 1 .
o 1|
= c
£ 17 ] S
O 102l
102} ; e
2
104k . o )l 1074
1) 1S Frequency = 1 kHz
10-6 6 4 2 - 2 4 6 8 10-6
10° 10° 10° 1 10 10 10 10 10 10 107 1 102 10* 108 108
CinpF CinpF

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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GinnS

Accuracy of C vs. C and G using maximum voltages

Frequency = 1 kHz

and/or
V.3

re
es

0.01%

0.0006%

0.0015%

102
CinpF

-

10

Accuracy of C vs.

C and G using maximum voltages

G innS

| Frequency = 10 kHz

10%

i

0.0015%
0.1%
1%

10

EN

-

10
CinpF

10

200k t
100k ¢

—_
o O
~ X

\S]
=

Accuracy C in ppm

¢/

N

L i i
50 100 200

i i i i
500 1k 2k 10k 20k

Frequency in Hz

5k

2

4

Accuracy of C vs. C and G using selected voltages

pair quote-RMA from.R.A.E. Services Inc.
ervices.com/serviges/quote:htm
Frequency =1 kHz
® 1
c
£
0] 102}
-4 > >
e SRS
- -l ol s
-6
10
107" 1 1 10° 10° 10t
CinpF
Accuracy of D vs. G age(@ using selected voltages
1 0.001V
__1008] 0.003V.
%=
C
©
S 0.001V |
o N—J=0.003V
0.01V
®
-1.5 > i
10 >9
AQJracy resented by s> >>2 50- S
\ico ris 0.063 bin olgd 3
-2 Pe) ~ o
10
1 2 103 10 10°

0

2

e

Accuracy D (x106) (Absolute, not ppm

02 1o'1 1O1Cinp;20
G

200k |

Accuracy of D vs. Frequency

| | | |
500 1k 2k
Frequency in Hz

|
10k 20k

1 | |
50 100 200
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Resolution C in ppm

Non-Linearity C in ppm

0.2

01 | | | | | | | \/
50 100 200 500 1k 2k 5k 10k 100 200 500 1k 2k 5k 10k 20k
Frequency in Hz @ & Frequency in Hz
Non-Linearity of C vs. Freq&%y@ @S Non-Linearity of D vs. Frequency
100k 5\,\&5) 100k 4
50Kk » @ :
20k @ ¢,
10k =3
u Q.
5kKp <> o
A S
2 %% >y B
2
500k~ " A ?
,00 \ Re)
B & <
200} ~
Q —~~
L N ©
100; \ : iy
50K X
/(\ ~—"
L &
S o
10k . =
E ©
L7
5:00,(\ GE)
L -
i ’ I
QS
1k i RN Z
oo \\'
0.2 — 0.2}
01 | | | | | | 1 01 | | | | | | |
50 100 200 500 1k 2k 5k 10k 20k 50 100 200 500 1k 2k 5k 10k 20k

—_
o
TTTT

Resolution of C vs. Frequency

To receive a calibration and/or rep
Click here>> www.raese

t=30 S

air quote-Rlva%(

(Absolute, not ppm

solution D (x1076)

rvices.com/service

20k

a1 -
o = N o o
o X x x X

Resolution of D vs. Frequency

om R.A.E. Services Inc.
s/quote.htm
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Stability/Year C in ppm

Temperature Coefficient C in ppm

20k f
10k |
5k [

500 f

200 |
100 |

0.5[

Stability/Year of C vs. Frequency

2kr
1k

50|

20¢
10¢

2, &
° S
2 ~N
. &
O N

&
0 : ; ’\(\

LR <

To receive a calibration and/or repair quote-RI
Click here>> www.raeservices.c

(Absolute, not ppm)

Stability/Year D (x1076)

50 100 200 500 1k 2k 5k 10k 20k
Frequency in Hz

10Kk

—_
o

o
[

o
N

OJ;
0.05f

0.02f

0.01

= N
o o
o O

)]
o

N
o

¢,

50 100 200 500 1k 2k 5k 10k 20k
FrequeNIST IO, IEC, ANSI, NCSL, MIL-STD by www.raeservices;,comcy in Hz

12

m

Temperature Coefficient D (x106) (Absolute, not pp

Stability/Year of D vs. Frequency

2kt

1kE
500;
2001
100¢
5o§

VIA from R.A.E. Services Inc.
S grvices/quote.htm
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100¢
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DEVIATION MODE SPECIFICATIONS Parabolic Error

To receive a calibration and/or repair quote pa%q{p ﬁff&'gcd?mkcﬁuml on of the DUT’s total low
Some symbols used are giveClick! here>>twiww.raeservices.com gs’ %Nlﬁq Sg(%?cg, r\?/hich includes the high to low capaci-

to groun

Symbol Variable tance and loss. Thc? magnitu.de of the ParabolicError in the

. : Dev Mode output is approximated by:
BBM Bridge Balancing Mode
BBP . Brid.ge'Balanced.Point PamhnlicErrors’(‘BBP‘ —-\DReading\)z G)pF
DSPoint Deviation Set Point IDReading + 10, 000)
DReading | Deviation Reading This formula is always effective when DSpan is > 6pF. If
DSpan Deviation Span DSpan is between 2 to 5 pF the formula applies if a lineariz-
Freq Bridge Frequency ing preamp shunt capacitor is present. If DSpan is less than 2

pF the parabolic error is minimal.
This section describes the performance of the Deviation

Mode subsystem for both alphanumeric and analog output Resolution &
results. Specifications are common to both kinds of results <>

unless noted otherwise. These specifications apply to both

capacitance and loss channels.

Units having equivalent magnitudes are used for both the
capacitance and loss analog output channels. These units are
pF and jpF. The jpF unit can be thought of as pF that are
shifted in phase by 90 degrees. These units have the advan-

tage of allowing direct comparisons between capacitance and O
loss analog outputs. Unlike BBM, there is no provision to set ~ Anablsg dytputs o ve an additional limitation due to
the loss to other units. DAC re oluti@ out 0.35 mV with unit to unit varia-

oms of up
Static Performance 2 @

Noi
Accuracy @ eviation outputs and especially in analog outputs is
The magnitude of the overall error in (j)pF i leall S p(eater’for shorter signal sample times. Sample time is deter-
than the sum of the GainError, Temperaturf@ogf / iped mainly by Freq. In the range of 6 to 20 kHz, the sam-
le time is 20 ps whereas at 50 Hz the sample time is

2036 ps. This allows deviation signals to be averaged 100
times longer at 50 Hz than at or above 6 kHz. The complete
noise specification is given at the bottom of the page.

Due to the real-time nature of Dev Mode, the COMMUTATE
LINEREJ noise rejection feature (Patent No. 6,987,391) is
disabled during Dev Mode. This reduces the rejection of low
frequency noise and may require Dev Mode measurements to
be made in a lower noise environment. This will certainly be
true if the COMMUTATE LINEREJ feature was necessary to
make good measurements in BBM.

Bridge Errors

The BridgeErrors includes all errors occurring in measure-
ments made using the bridge balancing mode. The specifica-
tions for these errors are on pages 5 through 12.

TemperatureCoefficient <0.0003|DReading — BBP| (j)pF/°C

The analog output only, has an additional temperature depen-
dence of less than 0.03% of the analog output voltage span

per °C or 2 mV/°C, whichever is greater. Dynamic Performance

Non-Linearity Analog Output Frequency Response

By far the biggest advantage of Dev Mode is speed. Capaci-

The magnitude of the Non-Linearity is given by: ;
tance and loss analog output results occur at rates typically

Non-Linearity < DSpan/2000 (j)pF over 100 times faster than those obtained in BBM
Noise = (1 - ) /DRUHUff[l +4(DR“"””<‘>"BBP)}[1 +104(DReading)? + 35DSpan]10-5 (j)pF
Freq/N 03Freq DSpan

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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The maximum frequency response of the analog outputs is

With Freq set near 14 kHz and DRolloff set near 4000 Hz, a

4.2 kHz at -3 db. It occursTo receive'd ¢alibratiohcand/orrepair quoté~RMA from:RIA. EnServices) Imcis produced.

above and below this frequency.

A deviation rolloff parameter, DRolloff in kHz, is used to
reduce the frequency response. DRolloff sets the value of the
3 db down frequency and can reduce it to as low as 0.00028
Hz. The highest possible rolloff frequency, RolloffMax, is:

RolloffMax = 0.3 Minimum(Freq,28 — Freq) kHz

The actual rolloff frequency used by the instrument is the
lesser of DRolloff and RolloffMax.

Analog Output Update Rate

The deviation voltage present at the analog outputs is updated
at a rate that depends upon Freq. This data rate can vary from
491 to 50,098 updates/s as Freq varies from 50 to 20,000 Hz.

Signal Averaging for Alphanumeric Results

The maximum rate at which alphanumeric Dev Mode results
can be generated depends on Freq and ranges from about 5 to
500 times slower than those from the analog outputs. The

Click here>> www.raeservices.com/services/%ote.htm

For lower values of DRolloff and with Freq several times
higher than DRolloff, the response is that of a simple RC filter
having a time constant of 1/(2rDRolloff).

Alphanumeric results are similar for lower DRolloff frequen-
cies if the results are not affected by the lower data rate of the
serial or GPIB channel. For the best alphanumeric response
time, DAvgTime should equal 1/(2nDRolloff ).

Set Point, Bound, Span and Other Settings

In addition to the frequency response and averaging settings
described previously, the par:

d{y ¢rs Jescribed below may
s, 8ach of these parameters

also be set. Unless stated other’

channel. A graphical fsp

alphanumeric result rate is <100 Hz.

Like the AverageTime parameter used in BBM, a DAvgTime

ters is shown in F'g (
which meagfiremeqtsey
Q

parameter is used in Dev Mode to determine the minimum

length of time during which deviation signal samples are

averaged to produce an alphanumeric result. Increasing

DAvgTime may further reduce the frequency response whileé
7 (

whichever is less, the response to a sinusoidal farta(ie
should not be affected. :( @
When DAvgTime is set 2 0.1 s eric re ate,
DResultRate, is approximatelys

Remote Device Result Rates

Largest Smallest
or Most or Most
Positive Negative
1650 nF —165 nF
19 jnF —1.9 jnF
100 nF —100 nF
1200 jpF —1200 jpF
1650 nF —165 nF
19 jnF -1.9 jnF
Deviation Position 1 -1
>9 alog Output Voltage Limits 105V -10.5V
Analog Output Bounds 160 V -160V
Analog Output Span 320V 0.1V
Conversion Factor Cap (IOS—I)V/pF —(108—1)V/pF
Conversion Factor Loss  |(108-1)V/jpF|-(108-1)V/jpF
Deviation Margin 20 1

DResultRa[e%
e

the serial channel, baud rate is alSoa
Time should be set so DResultRs
results/s.

actor. Ideally DAvg-
¢ equals the observed

Using optimum settings, the serial DResultRate will be about
40 results/s at 9600 baud and 100 results/s at 115,200 baud.

Using optimum settings and a fast controller, the GPIB
DResultRate will be about 60 results/s.

Step Response

The digital processing of the preamp imbalance signal adds a
0.8ms delay to all results.

Fast step changes in capacitance and loss of the DUT pro-
duce the following results at the analog outputs:

The BBP is always the center of the capacitance and loss
spans that can be passed by the preamp. This point can be set
by entering a Deviation Set Point (DSPoint) which the BBP
defaults to being equal to.

However, BBP need not coincide with DSPoint. DSPoint can
be set anywhere within the measurable region, an example of
which is shown in the Figure 3. DSPoint exists for the conve-
nience of the user who, for example, can set it equal to the
quiescent point of the DUT (which may not be in the center
of the span).The table of limits above gives the most positive
and most negative values that can be entered for DSPoint and
other deviation parameters.

DSpan is settable. This is the capacitance and loss range that
is passed by the preamp.

The Upper and Lower Deviation Bounds are settable. The
values of the DUT that can be measured must lie between the

NIST, ISO, IEC, ANSI, NCSL, MIL-STD by www.raeservices.com
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Upper Bound and the Lower Bound. Values outside these

changed at any later time. Changing CFactor causes a rota-

bounds will gencerreceive a'calibration and/orrepairquote-RMA fromoR:AESérvices Inc.
and Upper and Lower BounGlickihere>> Wingaesewides.co?%/g \ icg%gll\qte.ht

the capacitance or loss channels will automatically set the
other two in the same channel.

DSPoint can be offset from BBP by setting the Deviation
Position parameter. A setting of zero causes DSPoint to equal
BBP. Settings of +1 cause DSPoint to be equal to one of the
Deviation Bounds.

The Analog Output Voltage Limits are settable. These are
limits placed on the voltages that can be generated by the
analog outputs in Analog Output Mode.

The Upper and Lower Analog Output Bounds are settable.
Their maximum values are £160 V which are much higher
than the Analog Output Limits. This allows an analog output
to be magnified by as much as 15 times thereby allowing a
correspondingly greater resolution over the Analog Output’s
21 volt maximum span.

The voltage of the Analog Output Span may be set. This Span
is the difference in voltage between the upper and lower ana-
log output Bounds.

The Conversion Factor (CFactor) is settable. This is the ratig
(or gain) of the Analog Output Span to DSpan. CFactor is
calculated automatically when Dev Mode is started. It can be

vid argmr?DMargin) is a single parameter
applying to both capacitance and loss. It is shown in Figure 3.
Increasing DMargin decreases the sensitivity of the preamp
so that noise spikes do not overload it causing error messages
instead of measurement results. The trade-off is that the sig-
nal-to-noise ratio is reduced in the same proportion as the
value of DMargin.

In Dev Mode only, 13 different result formats may be chosen.
These subtract DSPoint and/or a settable Reference value
from the measurement result. Many of these also report per-
centages based on DSPoint, Span or the Reference value.

Deviation Mode,
duces capacitanee~

performance than the corre-
de specs. Nevertheless, Devia-

in performance advantages not
acitance meters.

s det Balance Mode. The
g cations for Deviation

A LEGEND %C§> —— —~\\\\ P
. [ ] Measurable Region o \\'\/
8 [ ] cap or Loss too Hi ow// N
|:| Preamp Overloa / AN
/ ~——— DSpanCap ———» \
/4 \
Deviation L High _ \\
DBound ON O Set Point sl Cap too High \
Upper O\ /
N * P
Loss O
\ Measurable \
DSPoint (A ’ . Region Z \
Loss v ~ 1 T | ~
o D — —— =g ————— S |
| CaptooLow | >
| S |
DBound \ ‘ l /
Lower L /
Lo \ Loss too Low /
Raw In-phase /
and Quadrature /
from preamp /
\\ DMargin =1 //
N - yZ
~ 7
e 7
\ e
N~ ~ - - - r
DR >
CAPACITANCE DBound DSPoint DBound
I LowerCap  Cap UpperCap

Figure 3. Deviation parameters and the measurable region on the cap/loss plane.
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rately as any other Bridge Balance Mode measurement.

Voltage Range

This means (hat hepgligegile s Aibration Andior télair qubte RUA ror R AE Sehvices g ! ranee T+ 2105V

which deviation measurementscﬁe FedS Wi
accurately known. The result is that any measured devia-
tions are due essentially entirely to changes relative to the
Bridge Balancing Point and not due to absolute changes of
the Bridge Balancing Point. This is a big advantage since
the measured Bridge Balancing Point may be many thou-
sands of times larger than the deviation that is desired to be
measured relative to it.

* When used with the analog output, Deviation Mode can be
part of a feedback loop to control a device or process.

e Deviation Mode can rapidly measure the difference
between a stable capacitor and a DUT. The stable capacitor
is first measured in BBM, then BBP is set equal to the mea-
sured value. The DUT can then replace the capacitor and
be measured relative to the capacitor’s value in Dev Mode.

Bias Voltage Performance

The AH2700A can generate fixed voltages on the two analog
output channels. These are called Bias voltages and are settable
with a command. Their performance is described in the follow-
ing subsections. Bias voltages are independent of the Deviation
Subsystem but allow the same range of voltages.

gservices com/semces/quote htm
Accuracy

The magnitude of the capacitance or loss bias voltage errors is:
AoutBiasError < 0.003|ABias| +0.003 VDC
where ABias is the output voltage setting in VDC.

Noise
The output voltage noise is less than 1 mV RMS.

Temperature Coefficient
The bias voltage temperature coefficient is < |+2| mV/°C.

Resolution
DAC voltage resolutlon
variation of +10%.

Step and Dela
The 10% to 904

ms.

ting a command within an AH2700A
ble the bias voltage to the time when the

The Continuous Frequency Opti
The standard version of the AH2700A operates at

crete frequenmes from 50 Hz to 20 kHz. The A

the AH2700A with Option-C is idgnticals
AH2700A in all other respects

The most difficult aspect of :le

/\
ay be

t that it operate at any frequency including those at
the power line frequency or any of its harmonics (which
¢ troublesome even above 1 kHz). This happens to be a
demanding requirement especially if the power line fre-
uency is not stable. Andeen-Hagerling solved this problem by
inventing a novel and fundamentally new means for rejecting
interference. We named it the method of Synchronous Rejec-
tion. It is described in U.S. Patent No. 6,987,391. Without using
Synchronous Rejection, the performance of the AH2700A
would be unacceptable at times at many frequencies.

Website: ww -ha
Please look

Ordering Informati

Ultra-Precision 50 Hz-26’kHz Capacitance Bridge

Continuous Frequency Option for AH2700A . . . ...

readsheet to make it easy to evaluate all of the specification equations.

Model or Option No.

.................................. AH2700A
................................... Option-C

For questions regarding the AH2700A, possible applications, the location of your nearest

sales representative, or ordering information:

Call: 440-349-0370
B
A

H ANDEEN-HAGERLING

| 31200 Bainbridge Road

Cleveland, Ohio 44139-2231 U.S.A.

Fax: 440-349-0359

E-mail: info@andeen-hagerling.com
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