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6500B Impedance Measurement Accuracy
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Impedance Z (Q)
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|| AC Drive Level:
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| Temperature range:
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Capacitance C (F)

6500B Capacitance Measurement Accuracy
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: Conditions
I AC Drive Level:

1V/20mA
Speed: SLOW
Fixture: 1J1011
Temperature
range:

23+5°C
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Wayne Ko Elactronics WA YNE KERR MODELS OVER TIME ,
Wayne Kerr
Decade of first production .
Maximum Electronics
Measurement
Frequency 1960's 1970's 1980's 1990's 2000 onwards
DC [HnLnuﬂli) |
S10kHz B221 B421 B424
s | L Bso0 | L_8es | |46 |
[__Bs21 | L__B5¢41 | I I < |
8o | 4210 |
| 900 | 4375 - . H";. |
20kHz to 100kHz HZ24 4350 — 1

200kHz 1o 1MHz

[__Beoz | 84408
}1m '%'
L asg1 |

KEY: & \odal entarcament | HB1 |Otsalate Moded

— Recommended replacemaer: medel [ 851208 |Curent Vadel
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Showing the impedance of a ferrite bead. The phase response behaves similarly where
the green trace is with bias off and amber trace with bias on. The red trace shows

performance at zero bias while the blue trace shows the impedance at 3A bias current.
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Showing how a 2.2uH ferrite core rated at 10A behaves with bias.

The red trace shows the original coil inductance variation between 1MHz and

20MHz. The blue trace shows the 5% inductance reduction at the rated current.
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Showing the same 2.2uH coil at resonance (approx 58 MHz). The red trace shows
the magnitude (Z) response, while the green trace shows the phase. The blue and
amber traces show how the coil behaves with 10A applied. Note that the resonant

frequency has increased and the Q-factor has reduced.
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This screenshot shows and air-cored coil of similar value with the bias on
plot compared to bias off. As can be seen the two sets of plots are very

closely aligned.
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Supply (24V]

| sagurce bios

Controller TmA — 10A

= Drive High Measuremant Signal

@ ,__i k\"\_\ Sense High Megsurement Signal
O

E55w1 CUT
——

Lense Low Messurement Slgnal
ay
" {D'I'r'l] Drive Low Meosurement 5Signal
—— Chald
Rmuintuined to GV
| sink bigs
TmA-104A
—B&Y

Reference potential

SCR

6500 Measurement Bridge

S0R

Fig. 1 Showing a prior art design current bias unit operating with an impedance measurement bridge.

Referring to figl, this shows a typical bias unit made to a prior art design. It consists of two

opposing current sources set to the same current value by the controller unit. These supply the bias current through the Device Under Test
(DUT). A large capacitor, Chold forms a reservoir to hold about 6V for the working voltage of the sink circuitry. When the bias is off, this

potential is maintained by a control circuit via SW1. When the bias is active, this voltage is maintained by differential control of the two current

sources. The Impedance Analyser (6500) will then measure the value of the DUT at the set bias current.
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Reference potential

In fig 2 we see that the bias current sources are not perfect but instead have significant stray capacitances Cx and Cy associated with the

Each can be of the order of 10,000pF. These capacitances are highly undesirable as they both shunt and cross-couple signal currents acrq

2CR

6500 Measurement Bridge

SCR

Mm.

pss the

bridge network of the Impedance Analyser via the 24V supply. Since the 24V supply can be considered as an ac signal short circuit, if we

performa T to  transformation as in Fig3 we can see that there are 3 impedances formed, Z1, Z2 and Z3. Z2 is particularly unwelcome

because it appears in parallel with the DUT. Furthermore, these impedances can also be highly variable with bias current and hence make

them impossible to trim out effectively.
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Fig. 3 lllustrates how the same capacitances Cx and Cy form Pi impedance across the DUT.

A method of avoiding this problem used in prior art designs was to employ the use of tuned circuits as shown in Fig 4. Here, L1, C1 and L2, C2

are arranged to give relatively high impedances at the frequency of test by tracking the test frequency used by the measurement bridge circuitry.
This can be accomplished by switching in and out different inductors and capacitors in order to cover the necessary range of frequencies. There

are several major problems with this technique. To provide coverage for
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Impedance measurement errors can be divided into two types: Offset and scalar.

Offset errors are typically introduced at the fixture. At lower frequencies they tend to affect
impedances at the low and high ends of the impedance measurement range. These errors are removed
using the standard open-circuit and short-circuit trim routines.

Offset error example: A 1 pF o/c trim error represents a 10% error when measuring 10 pF, a 1% error
when measuring 100 pF and a 0.1% error when measuring 1 nF.

Scalar errors can be introduced by both the extension cables and the fixture and generally start to
become significant at higher frequencies. These errors affect both the magnitude and phase of the
measured impedance. The effect on the measurement at any particular frequency is a scalar (gain)
effect

This type of error is corrected using the High Frequency Lead Compensation routine.



