Extraction of parameter information from data using (Excel) curve fitting

This document shows the technique. It is referenced to diode data as taken under experiment 1

and making a fit to the ideal diode equation

Iy =15 (€™ -1)

where the goal is to find the best fit values of

Is = reverse saturation current

n = emission coefficient

to 1-V data extracted from a diode, for which the Ip current is given by 1, =V, /R,

and V, =V, /N where N = number of diodes in test string

1. Typical raw data as entered into spreadsheet

2. Use of Excel calculation to find Vp

and Ip from raw data

Measurements {from O-scope)

VX VY (far R1 = R2 shown)
3™0) 0 1.0M 100k 10k 1k
(4] 0 ) )
0.6 0005
0.9 0035
1.2 0.21
1.5 0.15
1.8 0.75
1.95 2
2.1 0.4
225 1.5
2.4 3
2585 1.5
27 3
Measurements (from O-scope) 1D vs VD

VY ifor R1 = R2 shown) | [(Calc from data)
(30 1.0M 100k 10k 1k WD IDimeas)
g ) ] (A
06 0.005 02 5.00E09
09 0.035 0.3 3.50E-08
1.2 0.21 04 210E07
1.5 0.15 0.5 1.50E-06
1.8 0.75 06 7.50E06
1.95 2 0.65 Z.00E-05
2.1 0.4 07 4.00E-05
225 1.5 0.75 1.50E-04
24 3 0.8 3.00E-04
255 15| | 0.85 1.50E03
27 3 0.9 3.00E03




3. Since Ip ranges over several orders of magnitude, use Excel to find log(lp)

Measurements (from O-scope) ID vs VD log(10y wd %D
WX W (for R1 = RZ shown) | [(Calc from data) [ag (10
(30 | [1.0M 100k 10k 1k WO |IDi(meas) | %D (meas)
(] M ) ) (v (A (W1 (A
0.6 0.005 0.2 5.00E-09 0.2 -83M
0.9 0.035 0.3 3.50E-03 0.3 -7.4559
1.2 0.1 0.4 210E07 0.4 -B5R77E
1.5 0.15 0.5 1.50E-06 0.5 -58239
1.8 0.75 06 7.50E-06 06 -5.1249
1.95 2 OkBSs 200E05 | OBS -4.B599
241 0.4 0.7 4.00E-05 0.7 -4.3979
225 1.5 075 1580ED4| | 0.75 -3.8239
2.4 3 0.8 3.00E-04 0.8 -3.5229
255 15| 0.85 1.50E-03| | 0.85 -2.5239
27 3 0.9 3.00E-03 0.9 -2A209

4. Call up the X-Y plot of the data. Hopefully it will look reasonably like a straight line
(consistent with log (Ip) of ideal diode equation). The Excel plot function (usually) requires that
the values to be plotted are in column form, with first column = x-axis.

log(ID) vd WD
lag (1D
YD [(meas)
Y 0% ' pny ' 7
TS B0 1 B 0z 0.4 0.5 [IR]
03 74889 | -2 .
04 56778 | -3 .
05 58239 | e?
06| 51249 | % BN !
0B5| -4599 .
07| -43grs| | © .
0.75 -3.6239 sl .
08 -35229| | -5 +
nes| 28239 | os = i
0.9 -2.5229]

(The highlighted columns are read by the X-Y plot call)



5. Make a calculation (with trial values of Is and n) using the Vp values as obtained from data

Is A.00E-12
n 1
WT 0.025
Measurements (from Oscope) ID vs WD log 10 wd %D I=ls]explntTI-1]
WX W (far B1 = B2 shown) | [(Calc from data) log(IC
(30D | 1.0M 100k 10k |1k WO IDfmeas) | (WD (meas) ID{eqgn)  |log(D)
(] A T ' I ' I (v (A (¥ (A (V1 (A
0.6 0.005 0.2 5.00E-09 02 -83M 0.2 1.49E-08| -7 827
0.9 0.035 0.3 3.50E-08 0.3 -7.4553 0.3 8.14E-07| -6.053
12 0. 0.4 210E-07 0.4 -6EB/78 0.4 4. 44E-05| -4 352
15 015 0.5 1.50E-05 05 -58239 0.5 0.002426| -2 615
1.8 0.74 06 7.50E-05 06 -5.1249 0.6 0.132446| -0.5878
1.95 2 0.65 2.00E-05 0.65 -4.693( | 065 0.973645|-0.009
21 0.4 0.7 4.00E-05 0.7 -4.3979 0.7 7.2312385| 0.859
275 1.5 075 1.50E-04 075 -38239| | 0.75 5343237 1.728
2.4 3 0.8 3.00E-04 0.8 -3.5229 0.8 394.5148| 2595
265 1.5( | 0.85 1.50E-03 085 -28239( | 0.85 2917309 3465
27 0.9 3.00E-03 09 25229 0.9 255616 4.334

(A plot of these values can also be obtained from the X-Y plot call. Should be a straight line)
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6. If the plots for Ip (equation) and I, (measured) are overlaid, they probably will not compare
that well

Is A.00E-12
n 1
vT 0.025
I=ls[exp it Ti1] Comparisons
and curve fitting
log (1D
IDiegr)  (log(D) [ (WD |[(meas) |legn)

™) A L o m

0.2 1.43E-08) -7.827 0.2 -8.30103 -7.827
0.3 §.14E-07| -65.0839 0.3|| -7.45593 -5.059
0.4 4 44E-05| -4.352 0.4 -6E7778 -4.352
0.5 0.002426| -2.615 0.5] -5.82391 2615
0.6 0.132446| -0.578 0.6] -5.12494 0578
065 09786548 -0.004 0.B5| -4.55985%7  -0.0049
0.7 7.231285| 0.858 0.7 -4.39794 | 0.58592
0.75 5343237 1.728 075 -3.82391  1.72478
0.5 394.8148|) 2.55965 0.8( -3.52288 2.5564
0.85 2917.309| 3.465 0.85) -2.82391| 3.465
0.9 21556.16| 4.334 0.9) -2 5268 4.3336)
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7. After you have tweaked the trial values for Is and n the Ip(equation) plot can be fitted to the
data (assuming that the equation and data are consistent). And the parametric values Is and n as
used to get a good fit are the goal of your measurements.

Is 5.00E-11
n 2
vT 0.025
=ls[expiin'Ti-1] Comparisons
and curve fitting
log(D)
Diegnd  |log{lD) [ [VD  |imeas) |(egn) .
v (A 1 By
0.2 4.29E-09| -3.368 0.2 -3.30103 -8.368
0.3 3.22E-08| -7 492 0.3 -7.45593 -7.492 =
0.4 238E-07| -6.623 0.4 -BE/77E BB -3 //
0.5 1.76E-05) -5.754 0.5 -5.52391 -5.754 -4
06 1.3E-05]-4.885 0.6 -5.12434 -41385 = //
065 3.54E-05( -4.451 065 -4.63397 -4.451 5 f‘ﬁ/
0.7 9.B62E-05| -4.017 0.7 -4.35734 -4.017 . /
0.75 0000252 -3.5582 075 -3.82391 -3.5582 i /
0.8 0.000711] -3.148 0.8 -352235 -3.148 -8 i

0.85 0001932 -2.714 084 -2.823971 2714 -3
0.8 0005253 228 089 252238 228

Your data may not be as clean as this example, particularly for the stranger diodes.



