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Regenerating the DS1847/DS1848 Resistor
Calibration Constants

Abstract: The purpose of this application note is to show how the DS1847/48 digital resistor calibration
constants can be regenerated. This application note assumes that the reader is familiar with the
Programming the Lookup Table section of the DS1847 or DS1848 data sheets. This application note will
describe the measurements required, as well as show the calculations needed to regenerate the
calibration constants. Last of all, this application note will show an example spreadsheet calculator (a link
to it can be found at the end of this application note) that can be used to perform the calculations once
several measurements are input.

Introduction

The DS1847/48 resistor calibration constants are calculated and programmed into EEPROM at the
factory during two test steps that are performed at different temperatures (25°C and 95°C). These
calibration constants are unique and vary from device to device as well as lot to lot. Unfortunately, at the
time the DS1847/48 was designed, the use of calibration constants was not considered and therefore
additional write protected or read-only memory for the constants was not included. So when the decision
was made to include them, the only location for them to be stored (at least for the DS1847) was in the
Lookup Tables (LUTs). The obvious problem here is that when the user fills the LUTSs, the factory
programmed calibration constants are overwritten. Fortunately for the DS1848, a copy of the calibration
constants (although not write protected) is also stored in the user EEPROM (Table 0). If using the
DS1848, it may be worthwhile to check if the calibration constants are still intact in the user EEPROM
before reading further.

The purpose of this application note is to show how the DS1847/48 calibration constants can be
regenerated. This application note assumes that the reader is familiar with the Programming the Lookup
Table section of the DS1847 or DS1848 data sheets. This application note will describe the
measurements required, as well as show the calculations needed to regenerate the calibration constants.
Last of all, this application note will show an example spreadsheet calculator (a link to it can be found at
the end of this application note) that can be used to perform the calculations once several measurements
are input.

Convention

The conventions used to represent the calibration constants in this document are as follows:
o Upper case calibration constants (U, V, W, X, Y, and Z) are the integer values read from the part
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and may be displayed in decimal or hexadecimal. These need to be multiplied by their
corresponding LSB weights to convert them into their real values, which can then be used in
calculations.

e Lower case calibration constants are real numbers. Before real numbers can be written into the
DS1847/48, they must be converted into integer values by dividing the real number by its LSB
weight.

Measurements

In order to regenerate the calibration constants, the minimum (position 00h) and maximum (position FFh)
resistance of each resistor need to be measured at room temp (25°C) as well as at hot (85°C to 95°C)
using the temperature read from the DS1847/48.

While it is possible for these measurements to be made "in-circuit", there are several concerns to
address. First of all, a 2-wire master is required to put the DS1847/48 into manual mode to first set the
resistors to position 00h, then to position FFh (or manual mode can be avoided by programming the
LUTs to position 00h followed by FFh). It is important that if in-circuit programming, to make sure that
setting the resistors to these extremes do not damage any portion of the circuit. The 2-wire master is
also required to read what temperature the DS1847/48 says it is when the resistor measurements are
made. Last, and probably the most difficult when making the measurements in-circuit, the minimum and
maximum resistance of both resistors need to be measured without the application circuit loading the
measurements, giving inaccurate readings. Once these concerns are addressed and the measurements
are made, nomenclature for the measured values follow below.

Measure (for each resistor):

RMINC1, RMAXC1, and read the temperature from the part, C1 (preferably at 25°C), and
RMINC2, RMAXC2, and read the temperature from the part, C2 (preferably 85-95°C).

where

RMINC1 is the position 0 (min) resistance of the resistor at C1 degrees C,
RMAXCL1 is the position FFh (max) resistance of the resistor at C1 degrees C,
RMINC2 is the position 0 (min) resistance of the resistor at C2 degrees C,
RMAXC?2 is the position FFh (max) resistance of the resistor at C2 degrees C,
C1 is the temperature read from the part (~25°C) in degrees C,

C2 is the temperature read from the part (~85-95°C) in degrees C.

Calculations

Several constants (not to be confused with calibration constants) which are used in the calculations are
shown in Table 1. They are a function of the dash version of the device as well as the resistor being
measured. Constants w and z are actually the real values of two of the six calibration constants, leaving
the remaining 4 (per resistor) to be calculated.
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Table 1. Values of constants to be used in the calculations

-050 version -010 version

Constants RO (50kQ) R1 (10kQ) RO (10kQ) R1 (10kQ)

o 3.78964 19.74866 8.4117 8.4117
w 1.265E-6 7.875E-6 7.345E-6 7.814E-6
z 5.808E-7 7.5E-7 506.7E-9 523.5E-9

Using the constants in Table 1 along with the values from the measurements, Equations 1 through 8
yield the remainder of the real values of the calibration constants y, x, v, and u. These equations must

be worked in the order provided since the values calculated initially are used in the subsequent

equations. The real values can then be converted into their integer equivalents by dividing by their LSB

weights, yielding Y, X, V, U, W, and Z.

Calculate:
Equation 1
R | — (R yaxer = Royimer)
L 255
Equation 2
R _ {]{nl.ﬂ.xu"z ~ I{MIH{'Z)
Alez ™ 253
Equation 3
R, -lede, ~25P]-R, |, e 2le
R4 |.(Ci-25)-R,|(C; -25)
Equation 4
% = R f‘]m
1+ ¥(C, -25)+2(C, -25)°
Equation 5

Rﬂlﬂ = I{n!mr;: _H{Rn. {'I)

Equation 6
Ry, = Rymes — (R, |, )
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Equation 7

- R “lf.'t[l * W{CE - 25}:]_ H‘Hl(-:[] + "-"r"{‘::! - 25]:]
. Ru]o(C, - 25)- R,

Equation 8

R |-’-IC|
1+ v(C, -25)+ w(C, -25)

u=

Convert real values into hexadecimal integers:

Y =y /10-7 = (dec)(hex) for resistor RO

Y =y /10-7 = (dec)(hex) for resistor R1

X =x/ 2-8 = (dec)(hex) for resistor RO

X =x/ 2-8 = (dec)(hex) for resistor R1

V = v/ 10-6 = (dec)(hex) for resistor RO

V = v/ 10-6 = (dec)(hex) for resistor R1

U = u/ 10-8 = (dec)(hex) for resistor RO

U = u/ 10-8 = (dec)(hex) for resistor R1

W =w/10-9 = 1.265E-6 / 10-9 = 1265(dec) = 04F1(hex) for resistor RO

W =w /10-9 = 7.875E-6 / 10-9 = 7875(dec) = 1EC3(hex) for resistor R1
Z=12z/10-10 = 5.808E-7 / 10-10 = 5808(dec) = 16B0(hex) for resistor RO
Z=12z/10-10 = 7.5E-7 / 10-10 = 7500(dec) = 1D4C(hex) for resistor R1

Write to DS1847/48:

Once U, V, W, X, Y, and Z are calculated for each resistor (in hex), the values can be written into the
corresponding locations of the corresponding LUTs in the location that the original factory calibration
constants were originally (stated in the data sheet). Resistor O calibration constants are stored in Table 1
and Resistor 1 constants are stored in Table 2. For the DS1848, back-ups of both sets of calibration
constants are stored in Table 0. Otherwise, one may wish to keep the calibration constants in real form
so they can be used in the customer's calculations to program the entire LUTS.

Spreadsheet Calculator

The accompanying spreadsheet calculator greatly simplifies calculation of the calibration constants (see
Figure 1). Simply fill in the table with the measurements, and the calibration constants are instantly
calculated, outputting both the real and integer values. Just be sure that the correct constants (a , w, and
z) are used depending on the dash version. The hex values can then be written into the device so that it
looks like it just came from the factory. Or, the real values can be used in additional calculations to
implement the transfer function and reprogram the LUTSs.
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D51847/48 Calibration Constant Calculator T e

Madrdiand min (pos ) and max Hed FRR) resdtance ol balh redislons, and Lisa (e comecd sal of
read e lemperatung nom the par &1 noam and hot lemperalures. Indss) the [ Depends on
walues inlo this labla. dash number being used

Ra
Fa@C1 1984470588 39,3016607)

0.00051382 0.00059861
% 10054080810 FD.0254T10M

RBEC1 D3 95T0BE  E46.B3BO3D1
RibEC2 1238140133  B5.52388811

0L0044 33458

|:cmcz 061372548 41,0801

| [T —— | ook Lables.
|Mm RO fraal) R fraai) RO int R imt
i D4.375ITTOS  ET.0E0M2026 24160 17170
v DO4433450 0000444331 4433 a4
w 1.2650E-06  7.07T50E-D6 1265 TA75
" 100.5406618  ¥0.02547181 50829 10067
¥ 000051382 000059861 5138 E0HE
L BEANE.0T 00000074 a8 7500

Figure 1. Example DS1847/48 calibration constant calculator.

Conclusion

This application note describes the measurements and calculations required to regenerate the

DS1847/48 calibration constants for the rare occasion that the DS1847/48 needs to be put back into its
factory programmed state. Once the measurements are made, the accompanying example spreadsheet
can be used to calculate the calibration constants in both real and integer formats so that the DS1847/48
can be reprogrammed to resemble a virgin part, or the real values can be kept in the spreadsheet and

incorporated into the customer's calculations to generate their LUTSs.

Questions/comments/suggestions concerning this application note can be sent to:
MixedSignal.Apps@dalsemi.com

Link to the spreadsheet used in this example:
http://files.dalsemi.com/system_extension/AN233/DS1847 Calibration Constant Calculator.xls

Related Parts

DS1847 Dual Temperature-Controlled NV Variable Resistor Free Samples
DS1848 Dual Temperature-Controlled NV Variable Resistor & Free Samples
Memory

More Information

For Technical Support: http://www.maximintegrated.com/support

For Samples: http://www.maximintegrated.com/samples

Other Questions and Comments: http://www.maximintegrated.com/contact
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