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AD5933 Evaluation Board Example Measurement
by Liam Riordan

INTRODUCTION

This application note details how to set up the AD5933
evaluation board, and how to make a measurement of the
impedance of the on-chip 15 pF capacitor. The AD5933 data
sheet provides additional information and should be consulted
when using the evaluation board.
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Figure 1.
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EVALUATION BOARD SOFTWARE

The four steps for measuring an impedance with the evaluation
board include the following:

1. System setup

2. Calibration routine

3. Measure unknown impedance
4. Download data

SYSTEM SETUP

To set up the evaluation board system, do the following:

1.

Load the AD5933 evaluation board software, which is

supplied with the evaluation board or is alternatively

available on the AD5933 product page.

P AD5933 Beta Version REV1.0 X

Help:How to use software

|

System clock

* Ext

Sweep Parameters
Start Frequency (Hz)

| 50000

Delta Frequency [Hz)

| clock
" Internal oscillator

Dutput Excitation

Calibration Impedance

o

-~

i

Resistor only R1

Capacitor only C1

Resistor in series
with Capacitor
R1+C1

Resistor in parallel

When the software is loaded on the PC, connect the
evaluation board using a USB cable.

Place the following jumpers: LK3, LK5.

Place a 200 kQ through-hole resistor in the Z position on
the evaluation board; this is the calibration impedance.
Place a 200 kQ through-hole resistor in the RFB position;
this is the feedback resistor.

CALIBRATION ROUTINE

Set up the system as shown in Figure 2. Fill out the columns from
left to right as shown in Figure 2.

= = Internal Temperature
Program Device Registers

Measure ‘
DDS Settling Time Cycles

+ X1 (Default)
" %2 (Double)
X4 (Quadriuple)

Current Device Temperature
29.78125 Degiees Celcius

Start Sweep

[50 + Rangel:2vp-p " with capacitor i ) i [~ Enable Continuous sweep
© Range2:1vp-p R1IIC1 Calibration Gain Factor
Number of Increments (9 Bit) ’ Complex Circuit - - [~ View Theoretical
[1 00 " Range3:0.4vp-p e (R1liC1)+ R2 - :l‘;ﬂ-bl:g!:nﬁequency calibration profile
o - - - + Multi-Point Frequency ;
Number of Settling Time Range 4:0.2vp-p ?;:';t3'1 200E3 ' alibration Start Sweep
Cycles
[15 PGA Control E;?;cli:t?w ’7 Calculate Gain Factor ‘ |
MCLK.Ref Clock Frequency + Gain = X1 Resistor — Average Gain Factor Download Impedance
[1 6000000  Gain=X5 value R2 | [5_1 6048738773397E-10 Data
Absolute Impedance 1 Z | 1 Impedance Phase @
220000 . ] . . . . ' .
215000
— 210000
w
g 205000
@
b= 200000
3
2 195000
E
190000
185000
180000
50000 51000 52000 53000 54000 55000
Frequency(Hz) %
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MEASURE UNKNOWN IMPEDANCE

Remove the 200 kQ) resistor from Z and insert a 15 pF capacitor to
the board. Click Start Sweep to see the plot shown in Figure 3.
Note that the impedance of the capacitor reduces with frequency
according to the following equation:

1
2nfC

where fis the Start Frequency + (Delta Frequency x Number
of Increments).

Click the Impedance Phase 0 tab to check that the phase is
approximately —90°.

P AD5933 Beta Version REV1.0 X

Syst lock Calibration Imped Int IT b
Help:How to use software | Rt {: ;:I:i:::: ::le :;' oe Program Device Registers e
(* External clock 4 Measure ‘
Sweep Parameters © Internal oscillator  Capacitor only C1 DDS Settling Time Cycles
Start Frequency (Hz) & X1 (Default) Current Device Temperature
|5EII][I] Output Excitation - 25;“;::::;:?&‘ " X2 [Double) e
T T :::I[::“ in parallel X4 (Quadriuple) Start Sweep
[59 * Rangel:2vp-p " with capacitor - ) [~ Enable Continuous sweep
IR R1IC1 Calibration Gain Factor
Number of Increments (9 Bit) Complex Circuit Mid-Point Fi [~ View Theoretical
100 ' Range3:0.4vp-p © (RINC1)+ R2 g T calibration profile
e - ~ : + Multi-Point Frequency
Number of Settling Time TR E;:I;ta"l |2‘]|]E3 L calibration Lo, San s““p. ....................
Cycles
[15 PBA Control E;?;cll:l?l | 5E-12 Calculate Gain Factor [ |
MCLK Ref Clock Frequency + Gain = X1 Resistor — Average Gain Factor Download Impedance
[1 6000000  Gain=X5 value B2 | ! [5_1 6048738773397E-10 Data
Absolute Impedance | Z | T Impedance Phase @
220000
215000
210000
£ 205000
= H__
< 200000
@ e ————
e 195000
o E
E 185000
180000
175000
170000
50000 51000 52000 53000 54000 55000
Frequency(Hz)

Figure 3. Measuring the Impedance of Capacitor
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DOWNLOAD DATA

Click Download Impedance Data to save the measured
impedance data in an excel file.

The following data is downloaded to the excel file:

Frequency column, excitation frequency (Column A).

Real data register contents, R (Column D).
Imaginary data register contents, I (Column E).

Magnitude = 1/Rz +I* (Column F)

1
Impedance = — - (Column B),
Gain Factor x Magnitude

where Gain Factor is calculated in Step 1

Phase (rads) = Atan% or

Phase (degrees) = Phase (rads)x@ (Column C)
n

It does not give the phase in this column because the phase in
this column is actually equal to (X in degrees) — (calibration phase
[or system phase] in degrees). The system phase is calculated

when the gain factor is calculated using, for example, the midpoint
calibration. The calibration sets up the system phase, and then
to determine the phase of the sensor, the system phase is

deducted.

B3 Microsoft Excel - Impedance & Phase Data.csv
: Arial -0 - B 7 U|S E=N R
EEN TR ERENERT RN
@_] File Edit View Insert Format Tools Data Window Help Adobe PDF -8 X
e zrl
H36 - b

A [ B [ ¢ [ o [ E [ F [ 6 [ H ] g
| 1 |FrequencyImpedancePhase Real Imaginary Magnitude =
| 2 | 50000 203647.2) -87.044 6969 6528 9548.913
| 3 50050 2032543 -87.0274 6967 6538 9554.294
4 50100 202959.5 -87.0365 6972 6551 9566.838
| & | 50150 2027076 -87.0587 6976 BRR2 9A77.287 =
| 6 | 50200 2027062 -87.0257 6972 B6571| 9580.544
| 7 | 50250 202523.9 -87.0163 6977 6582 9591.728
| & | 50300 202168.7 -87.0233 6977 6596 9601.341
1 9 50350 202020.3) -86.9807 6977 6610 9610.964
| 10| 50400 201853.7 -87.0382 6982 6617 9619.408
11 50450 201656.8 -B7.024 6954 6629 9629.117
112 | 50500 201426.5 -87.0173 6984 6642 9638.071
1 13 | 50550 201045.1 -87.0581 6930 6650 9647.932
| 14 | 50600 201076.8 -86.9934 6985 6664 9653.969
| 15| 50650 200812.3 -87.0293 6991 6676 9666.595
| 16 | 50700 2006453 -87.0235 6991 6685 9672.813
| 17 | 50750 2005254 -B6.9823 6990 6701 9683.156
| 18 | 50800 200295.6 -87.0094 6994 6709 9691.58
119 | 50850 200184.6/ -87.014 6995 6720 9699.919
| 20 | 50900 199846.5 -86.9894 6997 6733 9710.371
|21 50950 1997231 -86.9813 6997 6745 9718.695
22 s4nnnl 1gadan 81 _R7 N1R2 7nn2 R7RT._G7IN A4
4 4 » ¥} Impedance & Phase Data/ 1(
iDaw> | | Autoshapes~ N\ N\ 1O [ 8 < 3 @] & - - A~ g
Ready g

Figure 4. Downloaded Data
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