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Storing Battery Fuel Gauge Parameters in the DS2781

Abstract: The DS2781 stand-alone fuel gauge allows the user to customize a stand-alone battery fuel gauge to
the exact requirements of the application and cell being used. The parameters required are typically known in
units such as mA, V, mAhrs, and mW. However, the DS2781 requires that the parameters are stored in units

such as uV, pvhrs and mhos. This application note describes the calculations for converting the typical units
into units that are stored in the DS2781.

Introduction

The DS2781 two-cell, stand-alone fuel gauge is simple to use and very accurate, assuming the correct
parameters have been stored in the device. It is very important that the correct data for the application is stored
into the device in order optimize the fuel gauge. The DS2781K (DS2781 evaluation kit) provides an easy way to
program the DS2781. The user can input characterization data of the cell and other application data in units such
as mA, V, mAhrs, and mQ, as shown in Figure 1. The DS2781K then converts that data into the correct format
that gets stored to the DS2781, as shown in Figure 2. Application note 3463, "Getting Started with the
DS2780K", describes how to select all of the parameters that are stored in the DS2781. Alternately, this
application note describes the calculations involved in storing the parameters to the device.
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F DS2781K
File Regsters 1Wire Spead Preferences Help

Real Tune 1 Parameters Mamary

_Apoication Units ] Device Urits (Read Oniv |

Temperatuse (C] | -20c | 12c | oc | 18C |

Full (mékbrs) 945 | 973 | 1011 | 1032 | 1051
Active Emply [méhrs) 8 | 3™ | 2% | 13 | B
Stand-by Emply [méhes) 24 | 13 | 9 | 4 | o0

Charge Yoage [V) 41773 Rated Cell Capacity [mAhrs)  [1220.00
=/ ] 67.0 Accumulation Bias (ma) 0.3125

Active Emply Vaoltage [V) 33184 Curtert Dffset Bias [ma) 0325
Active Emitpy Cunent (m&]  [24p  Control Register [ oo

Sense Resston [m0hms) |2|:|_|][|

R5Gan 103
Read Factory RSGEAIN | Wiite & Copy

RSTC [ppm/C) Il] Recal & Read

Save SetUp | Ll Load Defaul Set Up

Figure 1. Application units sub-tab of the parameters tab.
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F DS2781K
File Rsgisters 1Wire Speed Prefsrences Help
Heal Tme | Parameters 1 Log Dala

Application Units | Device Links [Read Dokl |

E0k: Control ™ oon 7Ok AE Seg 45lope | 04h [303 ppm
_ _ 1k AE Seg_3 Slope 0&h |E34 ppm
Blh Acc B
cC Hias | O4h [B.25uY 72k AE Seg 2 Slope 12h [1110ppm
B2/63h: Capacty [ OF40R [24.4 uvHis 3 AL Seg_15lope | 25h 2260 ppm

|
|
|
|
Bdh ChageVollage [ gah [41773 74h SE Seg_4 Slope | g2 173 ppm
B5h: Charge Currendt 20h |16 mv 79hc SE Seg_35lope |  pah |264 ppm
76h SE Seg_2Slope |  psh [317 ppm
Bbh: AE Voltage S5k [3NBav v
§7h: AE Cunrent | 7t SE Seg 13lope | 15h [1308 ppm
|
|
|
|
|

18h |4.8 mv

T8/75h: RSGAIM
fah: ASTC
FBR: Curr OFfz=t Biaz

D41Fh |1.03
00k |0
FCh |-6.25uV/

Bk HSNSP

32h |50 mhos
0023h |21.02 mivhrs
7Ch: T34

BLh: FullSeg 4 Slope | oDK [822 pom Dh: T22
EDh: Full Seg_3Slope | 12n [1110 ppm '
BEh: Full Seg_2 Slope | 3k 3013 ppm
BFh: FullSeg 1 Slope | 36k [3330ppm

B&/BBH: Full 40

|
|
|
E8h Active Emply 40 [ pgh [000570825
|
I

12h |18C
00h JoC
F4h |12C

TERh: T12

Recall & Read

Figure 2. Device units sub-tab of the parameters tab.

Calculations

Figure 1 shows the parameters required by the DS2781 in order to operate accurately as a fuel gauge. When the
Write & Copy button is clicked, the DS2781K software converts the parameters into the format that is stored in
the device, as shown in Figure 2. Those values are then written and copied into the EEPROM Addresses 60h-7Eh.

The following sections show the calculations that are required to convert the application parameters into the
actual values that are stored in the DS2781 at each address. The units used in the calculations are displayed
such that AccBias_puV indicates the Accumulation Bias Register is displayed in terms of pV. AccBias_mA indicates
that same value in terms of mA. The value that is to be programmed to each EEPROM address is shown as a
hexadecimal value in the form ValueStored (EEPROM ADDRESS). Each ValueStored shown is a single byte.
Example data in the following calculations come from the Figure 1 values that are plugged into the equations to
illustrate computation of the values in Figure 2.

Control Register (Address 60h)

The Control Register is stored in Address 60h, and the bits are formatted as described in the DS2781 data sheet.
No calculations are required.
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Accumulation Bias Register (Address 61h)

The Accumulation Bias register is used to estimate battery currents that do not flow through the sense resistor,
or battery self-discharge. This is a signed register with an LSB value of 1.5625uV/Rgns. It is stored in Address

61h and has a range of -200.000uV to 198.4375uV. Assuming the Sense Resistor has a value of 20mQ, the
range is -10mA to 9.921875mA in 78.125uA steps.

AccBias_pV = AccBias_mA x SenseResistor_m&
AccBias_ pV = 0.3125mA x 20.00mL2
AccBias_pV = 6.25pV

AccBias uV
ValueStored (61h) = ceBias w - 04h

1.5625uV

Aging Capacity (Address 62h-63)

The Aging Capacity register stores the rated capacity used in estimating the decrease in battery capacity that
occurs during normal use. It is an unsigned register with an LSB value of 6.25uVhrs/Rgys. This register is stored

in Addresses 62h and 63h and has a range of 0 to 409.59375mVhrs. Assuming the Sense Resistor has a value of
20mQ, the range is O to 20479.6875mAhrs in 0.3125mAhrs steps.

AgingCapacity_puVhrs = AgingCapacity mAhrs x SenseResistor_m£2
AgingCapacity_pVhrs = 1220.00mAhrs x 20,00m&3
AgingCapacity pVhrs = 24, 400uVhrs

AgingCapacity puVhrs

ValueStored (62h) =8 iFh
6.25uVhrs
Agi : ity uVhrs
ValueStored (63h) gingCapacity wVhrs 40h
6. 25uVhrs

Charge Voltage (Address 64h)

The Charge Voltage register stores the charge voltage threshold that detects a fully charged state. This is an
unsigned register with an LSB value of 39.04mV. It is stored in Address 64h and has a range of O to 9.9552V.

hargeVoltage V 4. 17728V
YValueStored (64h) = ChargeVoliage_ = = (aBh

39.04mV 003904V

Minimum Charge Current (Address 65h)

The Minimum Charge Current register stores the charge-current threshold that detects a fully charged state. This
is an unsigned register with an LSB value of 50uV. It is stored in Address 65h and has a range of O to 12.75mV.
Assuming the Sense Resistor has a value of 20mQ, the range is O to 637.5mA in 2.5mA steps.
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ChargeCurrent pV = ChargeCurrent mA x SenseResistor mil
ChargeCurrent_pV = 80mA x 20.00m4L2
ChargeCurrent_pV = 1600pV

ChargeCurrent pV
ValueStored (65h) = i a = 20h
S0uv

Active Empty Voltage (Address 66h)

The Active Empty Voltage register stores the voltage threshold that detects the Active Empty point. This is an
unsigned register with an LSB value of 39.04mV. It is stored in Address 66h and has a range of O to 9.9552V.

AEVoliage V 13184V
ValueStored (66h) = _~Evolage Vo _ - S0V _ oo

19.04 mV 0.03904Y

Active Empty Current (Address 67h)

The Active Empty Current register stores the discharge current threshold that detects the Active Empty point.
This is an unsigned register with an LSB value of 200pV. It is stored in Address 67h and has a range of O to
51.2mV. Assuming the Sense Resistor has a value of 20mQ, the range is O to 2560mA in 10mA steps.

AECurrent pV = AECurrent_ maA x SenseResistor mL2
AECurment_pV = 240mA x 20.00mL2
AECumment_pV = 48(0pV

AECurrent_uV
200pV

YValueStored (67h) = 12h

Active Empty 40 (Address 68h)

The Active Empty 40 register stores the Active Empty point value for +40°C (refer to Figure 12 in the DS2781
data sheet). This is an unsigned register with an LSB value of parts per million (ppm) of the Full point at +40°C.
It is stored in Address 68h and has a range of 0 to 24.9% of the Full point for +40°C.

ActiveEmpty 40 mAhrs GmAh
ValueStored (68h) = ACiIveCmph MANS = 06h

Full 40 mAhrs x (2-'7%) 101 3mAhrs x (217

Sense Resistor Prime (Address 69h)

The Sense Resistor Prime (RSNSP) register stores the value of the sense resistor for use in computing the
absolute capacity results. This is an unsigned register with an LSB value of 1mhos. It is stored in Address 69h
and has a range of 1mhos to 255mhos, which is 1Q to 3.922mQ.

| 1
ValueStored (69h) = - = 32h
SenseResistor L2 0.02082
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Full 40 (Address 6Ah-6Bh)

The Full 40 stores the Full point value for +40°C (refer to Figure 12 in the DS2781 data sheet).This is an
unsigned register with an LSB value of 6.25uVhrs/RSNS. It is stored in Addresses 6Ah and 6Bh and has a range
of 0 to 409.59375uVhrs. Assuming the Sense Resistor has a value of 20mQ, the range is 0 to 20479.6785mAhrs
in 0.3125mAhrs steps.

Full40 pVhrs = Full4d mAhrs x SenseResistor mi2
Fulld40 pVhrs = 10531mAhrs x 20.00mE2
Fulldd pVhrs = 21020p%hrs

. Full40 pVhrs
ValueStored (6Ah) = l * = R 0Dh
6. 25uVhrs
Fulldd puWhrs
ValueStored (6Bh) = - = 23h

6. 25uVhrs

Full Slopes (Address 6Ch-6Fh)

The Full point at +40°C is a stored value (Full 40), and the Full points at the other temperatures are calculated
using the slope of the Full line (refer to Figure 12 in the DS2781 data sheet). The slope of the Full line between
each of the programmable temperature points (T34, T23, T12) is stored as an unsigned byte in terms of ppm/°
C. It is assumed that the Full point at +40°C is the highest point on the Full line. The Full line is reconstructed in
one-degree increments such that the Full point at any temperature is always less than or equal to the Full point
at the next higher temperature. The slope can range from 0 to 15564ppm/°C. Note: Only three temperature
points are stored in the device, but a fourth point, TO1, is required to calculate the slope of Full Segment 1.

The variables used in the following equations have the following meaning and format: Full Seg_4 Slope indicates
the slope from the Full point at +40°C to the Full point at temperature T34. Full_40C_mAhrs signifies the Full
point in mAhrs at +40°C. Full_T34_mAhrs indicates the Full point in mAhrs at temperature T34. T34 designates
the temperature breakpoint in °C. The variables used in the other equations follow the same format.
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Full Seg_4 Slope = Full 40C mAhrs - Full T34 mAhrs Vo 10" |
Full 40 mAhrs +40°C - T34
L J051-1032 0 100 L gro0nm
1051 40 - 158
Full Seg 3 Slope =( Full T34 mAhrs - Full T23 mAhrs I |
Full 40 mAhrs T34 -T23
¥ .
= 1032-1011 o 10° 5 = pp10ppm
1051 [& =0
Full Seg 2 Slope = Full T23 mAhrs - Full T12 mAhrs V% L |
Full 40 mAhrs T23-Ti2
- JOIE-973 e 10y = 3013ppm
1051 0-(-12)
Full Seg_1 Slope = Full TI2 mAlrs - Full TOl mAhres 1o |
Full 40 mAhrs T12 - TOl
=1 973 - 945 [ 10* ) = 3330ppm
1051 =12 = (=200
Full Seg 4 Slope
ValueStored (6Ch) = g a8
10 x 2H
Full Seg 3 Slope
ValueStored (6D0h) = R = 12h
I0x2u
Full Seg 2 Slope
ValueStored (6Eh) = R e = 3in
I0x2u
Full Seg 1 Slope
ValueStored (6Fh) = ——— ot 2 OPC o 3

10 x 24
Active Empty Slopes (Address 70h-73h)

The Active Empty line is reconstructed in a similar fashion as the Full line. The Active Empty point at +40°C is a
stored value (Active Empty 40), and the Active Empty points at the other temperatures are calculated from the
slope between each of the temperature breakpoints (T34, T23, T12). The slopes between each of the Active
Empty points are stored as an unsigned byte in terms of ppm/°C. The Active Empty line is reconstructed in one-
degree increments in such a way that the Active Empty point at any temperature is always greater than or equal
to the Active Empty point at the next higher temperature. The slope can range from O to 15564ppm/°C. Note:
Only three temperature points are stored in the device, but a fourth point, TO1, is required to calculate the slope
of AE Segment 1.

The variables used in the following equations have the following format and meaning: AE Seg_4 Slope indicates
the slope from the Active Empty point at +40°C to the Active Empty point at temperature T34. AE_40C_mAhrs
shows the Active Empty point in mAhrs at +40°C. AE_T34_mAhrs denotes the Active Empty point in mAhrs at
temperature breakpoint T34. T34 indicates the temperature breakpoint in °C.
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AE Seg 4 Slope = AE T34 mAhrs - AE 40C mAhrs 10*

Jx | )
Full 40 _mahrs +40°C =T34
13 -6 '
o . | L] = 303ppm
1051 40 - 18
] h
AE Seg 3 Slope = ( AE T23 mAhrs - AE T34 mAhrs )y ( 10 ]
Full 40 mAhrs T34-T23
25 . .
=i¢ )X L} = H3dppm
1051 & -0
. _ . i
AE Seg 2 Slope = AE TI12 mAhrs - AE T23 mAhrs Vi { 10 )
Full 40 mAhrs T23-TI2
=223 ¢ 1y = 1110ppm
1051 0-(-12)
Full 40 mAhrs T12-T0l
=839 (1) = 2260ppm
1031 =12 = (<20)
AE 4 Slope
ValueStored (70h) = Seg 4 Slope o,
10 x 274
AE Seg 3 Slope
ValueStored (71h) = B OO - pan
10 x 2-14
AE Seg 2 Slope
ValueStored (72h) = B - 12n
10 x 2-14
AE Seg 1 Slope
ValueStored (73h) = B COOPY = 2sh
I0x 2

Standby Empty Slopes (Address 74h-77h)

The Standby Empty line is reconstructed in a similar fashion to the Full and Active Empty lines. The Standby
Empty point at +40°C is fixed at OmAh. The Standby Empty points at the other temperatures are calculated from
the slope between each of the temperature breakpoints (T34, T23, and T12). The slopes between each of the
Standby Empty points are stored as an unsigned byte in terms of ppm/°C. The Standby Empty line reconstructed
in one-degree increments in such a way that the Standby Empty point at any temperature the is always greater
than or equal to the Standby Empty point at the next higher temperature. The slope can range from O to
15564ppm/°C. Note: Only three temperature points are stored in the device, but a fourth point, TO1, is required
to calculate the slope of SE Segment 1.

The variables used in the following equations have the following format and meaning: SE Seg_4 Slope indicates
the slope from the Standby Empty point at +40°C (which is OmAhrs) to the Standby Empty point at temperature
T34. SE_40C_mAhrs signifies the Standby Empty point in mAhrs at +40°C. SE_T34_mAhrs shows the Standby
Empty point in mAhrs at temperature T34. T34 indicates the temperature breakpoint in °C.
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SE Seg 4 Slope = ( SE T34 mAhrs - SE 40C mAhrs VX 10 )

Full 40 mAhrs +40°C - T34
S0 e 1y = 173ppm
1051 40 - 18
SE Seg 3 Slope = SE T23 mAhrs - SE T34 mAhrs V% { 10 |
Full 40 mAhrs T34-T23
= { L Jxd 10° ) = 26d4ppm
1051 18-0
SE Seg 2 Slope = | SE T12 mahrs - SE T23 mAhrs VX | O I
Full 40 mAhrs T23-Ti2
_EL}K[ 1 ) = 317ppm
051 0-i-12)
SE Seg 1 Slope = SE TOl mAhrs -5E T12 mAhrs 1% ( 10 .
Full 40 mAhrs T12 - Tl
S 2413 (1 - 1308ppm
1051 -12 - (-20)

SE Seg 4 Slope

YValueStored (74h) = = {JZh
10 x 214
SE Seg 3 5l
ValueStored (75h) = B ISP gun
10 x 2
SE Seg 2 5l
ValueStored (76h) = B SOWPE - gsh
10 x 2
SE Seg_1 Slope

ValueStored (77h) = 15h

10 x 2+

Sense Resistor Gain (Address 78h-79h)

The Sense Resistor Gain (RSGAIN) register stores the calibration factor used to produce accurate readings in the
Current Register with a reference voltage forced across SNS and VSS. This register is an 11-bit value with an
LSB value of 1/1024. It is stored in Addresses 78h and 79h and has a range of O to 1.999. The nominal value for
this register is 1.000.

ValueStored (78h) = (RSGAIN x 1024) ==8
ValueStored (79h) = RSGAIN x 1024

(1.03x 1024) == 8
(1.03 x 1024)

04h
1Fh

Sense Resistor Temperature Coefficient (Address 7Ah)

The Sense Resistor Temperature Coefficient (RSTCO) register stores the temperature coefficient of the sense
resistor. This is an 8-bit value with an LSB value of 30.5176ppm/°C. It is stored in Address 7Ah and has a range
of 0 to 7782ppm/°C. A value of O disables the temperature compensation function.
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RSTCO
ValueSiored (7TAR) 2 —ee— oo = —D = ([}}h
305176 30.5176

Current Offset Bias Register (Address 7Bh)

The Current Offset Bias register allows a programmable offset value to be added to raw current measurements.
This is a signed register with an LSB value of 1.5625uV/RSNS. It is stored in Address 7Bh and has a range of -
200.000pV to 198.4375uV. Assuming the Sense Resistor has a value of 20mQ, the range is -10mA to
9.921875mA in 78.125pA steps.

OffsetBias pV = OffsetBias mA x SenseResistor mg
OffsetBias pV = -0.3125mA x 20.00mg2
OffsetBias pV = -6.25pV

OffsetBias pV
ValueStored (TBh) = setBias |

1.5625uV

FCh

Temperature Breakpoints (Address 7Ch-7Eh)

The Full, Active Empty, and Standby Empty lines (refer to Figure 12 in the DS2781 data sheet) are reconstructed
using the slopes calculated above and three programmable temperature breakpoints (T34, T23, T12). These
breakpoints are stored as signed registers with an LSB of +1°C and a range of -128°C to +40°C.

ValueSwored (TCh) = T34 = +18°C = 12h
ValueStored (7Dh) = T23 = 0°C = (h
ValueStwored (TERy = TI12 = -12°C = F4h

Conclusion

The DS2781 allows the user to customize the fuel gauge to the exact parameters of the application. However,
the units stored in the device are not units that are commonly used. The user can convert the more recognizable
units into the units required by the DS2781 by following the calculations outlined in this application note.

Application Note 3727: www.maxim-ic.com/an3727

More Information
For technical support: www.maxim-ic.com/support

For samples: www.maxim-ic.com/samples
Other questions and comments: www.maxim-ic.com/contact

Automatic Updates
Would you like to be automatically notified when new application notes are published in your areas of interest?
Sign up for EE-Mail™.

Related Parts
DS2781: QuickView -- Full (PDF) Data Sheet -- Free Samples

Page 10 of 11


http://www.maxim-ic.com/an3727
http://www.maxim-ic.com/support
http://www.maxim-ic.com/samples
http://www.maxim-ic.com/contact
http://www.maxim-ic.com/ee_mail/home/subscribe.mvp?phase=apn
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/3424/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2781.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS2781&ln=en

AN3727, AN 3727, APP3727, Appnote3727, Appnote 3727
Copyright © by Maxim Integrated Products
Additional legal notices: www.maxim-ic.com/legal

Page 11 of 11


http://www.maxim-ic.com/legal

