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Storing Fuel Gauge Parameters in the DS2784

Abstract: The DS2784 allows the user to customize the stand-alone fuel gauge to the exact requirements of the
application and the cell being used. The parameters required are typically known in units such as mA, V, mAhrs, and
mW. The DS2784 requires the parameters to be stored in units such as pV, pvhrs, and mhos. This application note
describes the calculations involved in converting the typical units into units that are actually stored in the device.

Introduction

The DS2784 stand-alone fuel gauge is simple to use and very accurate, assuming that the correct parameters for the

application have been stored in this device. It is very important to store the correct data in order to optimize the fuel
gauge. The DS2784K provides an easy way to program the DS2784. The user can input cell characterization and other
application data in units such as mA, V, mAhrs, and mQ, as shown in Figure 1. The DS2784K then converts that data
into the format that actually gets stored to the device, as shown in Figure 2. Application note 3463, "Getting Started
with the DS2780" describes how to select all of the parameters that are stored in the DS2784. The following text

describes the calculations involved in storing these parameters to the device.
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DS2784K =13
File Registers 1 Wire Speed Tools  Preferences Help
Feal Time T Farameters T

Temperatura (C) Az C nc

| | |
Full (mahrs) | 973 | 1011 | 103
Active Empty (mAhrs) | 3% | 23 |
Stand-byy Empty (mAhrs) | 11 | 7 |

16C

|

| 1051
13 | 6
4 | o

Charge Voltage (V) Fated Cell Capacity (mAhrs) |1 220.00

Terminating Currant (ma) 80.0 Acsumulation Biss (mA) R

Curment Offset Bias (ma) -0.3125

Active Empty Voltage (V) 33184
Activie Ermtpy Current (ma) 240 Control Register 00k

Sense Resistor (mOhms) |2[I.I]IJ

Frotection Threshold Registar 00k

RSGain 1.03027

Fead Factory BSGAIN | Wirite & Copy

RSTC (ppm{C) |IJ Becall & Read

Save Set Up | Load Set up Load Default Set Up

Figure 1. The Application Units subtab of the Parameters Tab allows the user to enter application data in conventional
units, such as mA, V, mAhrs, and mW.
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DS27B4K (=13

File Registers 1 Wire Speed Tools Preferences Help
Feal Time T Parameters T Log Diata

Elh: Contral | ik F0h: AE Seg_4Slope
71h: AE Seq_3 Slope
Tk AE Seqg_Z Slope

05h 305 ppm
05h |549 ppm
12h ]mﬂﬂppm
25h  |2256 ppm

61h: Acc Bias [ 04n [0.006250 mv

62/63h: Capacity | OF40h [24.40000 mivhrs 73h: AE Seg_1 Slope

Bdh: Charge Valtage
B5h: Charge Current

20h [1.60 mV 75h: SE Seg_3 Slope 03h [183 ppm
05h ]305 ppm
15h ]1 282 ppm

/bh: SE Seq_d Slope

At e Ash [331840V 77h SE Seg_1 Slope

B7h; AE Currant 18k |a1Elm‘-.-f

l
|
|
|
D6h [4.17728V 74h: SE Seg_4Slope | 03h (183 ppm
|
|
|
l

78/79h: RSGAIN

041Fh |1.nauz?

TAh BSTC

| 00h f0
7Bh CurrOffsstBias [ FCh [-0.006250 mV

|

|

|

B3k RSNEF

32h [20.0000 mOhms

BAfEBh: Full 40 0D23h |E1.I]13?5 mi'hrs

JCh T34
DER EE::FM fDh: T23 10k ]uc
11h 108 ppm 7Eh: T12 .

31h  |2991 ppm ~in |12|:

36h |3296 ppm #Fh: Prot Threshaold | 00k

Fecall & Read

ECh: Full Seg_4 Slope 12h |13C

EDh: Full Seg_3 Slope
GEh: Full Seg_2 Slope
BFh: Full Seg_1 Slope

|
|
|
|
B8h: Actrve Empty 40 | 0Gh |nun53594
|
|
|
|
|
|

Figure 2. The Device Units subtab of the Parameters Tab shows the parameters that are actually stored in the DS2784.

Calculations

Figure 1 shows the parameters that are needed by the DS2784 to operate accurately as a fuel gauge. When the Write &
Copy button is clicked, the DS2784K software converts the parameters into the format that is actually stored in the
device, as shown in Figure 2. Those values are then written and copied into EEPROM Addresses 60h—7Fh.

The following sections show the calculations that are required to convert the application parameters into the actual values
that are stored in the device at each address. The units used in the calculations are displayed such that AccBias_pV
indicates that the Accumulation Bias Register is displayed in terms of pV, and AccBias_mA indicates the same value in
terms of mA. The value to be programmed to each EEPROM address is shown as a hexadecimal value in the form
ValueStored (EEPROM ADDRESS); each shown is a single byte. Example data in the following calculations come from the
values in Figure 1 that are used in the equations, which supply 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 DS2784 data sheet. No
calculations are required.
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Accumulation Bias Register (Address 61h)

The Accumulation Bias Register is used to estimate either 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/Rgys. It is stored in Address 61h 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.

AccBias_pV = AccBias_mA x SenseResistor_mQ
AccBias_pV = 0.3125mA x 20.00mQ
AccBias_pV = 6.25uVv

AccBias_pv

ValueStored (&1h) = 156250 04h

Aging Capacity Register (Address 62/63h)

The Aging Capacity Register stores the rated capacity used in estimating the decrease in battery capacity during normal
use. It is an unsigned register with an LSB value of 6.25uVhr/Rgns. It is stored in Addresses 62h and 63h, and it has a

range of O to 409.59375mVhrs. Assuming the sense resistor has a value of 20mQ, the range is 0 to 20479.68755mAhrs
in 0.3125mAhrs steps.

AgingCapacity _pVhrs = AgingCapacity_mAhrs x SenseResistor_mQ
AgingCapacity_pVhrs = 1220mAhrs x 20.00mQ
AgingCapacity_puVhrs = 24,400uVhrs

AgingCapacity_uvhrs

ValueStored (62h) = FoT >> § = OFh
Agi ity_uVh
ValueStored (63h) = 9'"9";*3;53"“;::” s = 40h

Charge Voltage Register (Address 64h)

The Charge Voltage Register stores the charge voltage threshold used to detect a fully charged state. This is an unsigned
register with an LSB value of 19.52mV. It is stored in Address 64h and has a range of O to 4.9776V.

Ch Voltage W
argeVoltage V41773V _

ValueStored (64h) = 10.652my 001952V

Minimum Charge Current Register (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.

ChargeCurrent_pV = ChargeCurrent_mA x SenseResistor_mQ
ChargeCurrent_pV = 80mA < 20.00mQ
ChargeCurrent_pV = 1600uV

ChargeCument_pV

WalueStored (B5h) = B0V = 20h

Active Empty Voltage Register (Address 66h)

The Active Empty Voltage Register stores the voltage threshold used to detect the Active Empty point. This is an
unsigned register with an LSB value of 19.52mV. It is stored in Address 66h and has a range of O to 4.9776V.
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AEVoltage V
otage V _ 3318V _ ..

ValueStored (86h) = — =5 F— = T otesy

Active Empty Current Register (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 200uV. It is stored in Address 67h and has a range of 0 to 51.2mV. Assuming the
sense resistor has a value of 20mQ, the range is O to 2560mA in 10mA steps.

AECurrent_pV = AECurrent_mA x SenseResistor_mQ
AECurrent_pV = 240mA < 20.00mQ
AECurrent_puV = 4800uV

AECurnant_pt

ValueStored (67h) = —— 0o

= 18h

Active Empty 40 Register (Address 68h)

The Active Empty 40 Register stores the Active Empty point value for +40°C (as shown in Figure 11 of the DS2784 data
sheet). This is an unsigned register with an LSB value of parts per million 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_mah Bmih
ValueStored (68h) = ——mo— 070 MANE L L —

Full_40_mahrs x (271% ~ 1015mahrs x (2719

Sense Resistor Prime Register (Address 69h)

The Sense Resistor Prime (RSNSP) Register stores the value of the sense resistor that computes 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 _ 1
SenseResistor_2  0.0200

Waluestored (B3h) = = 3Zh

Full 40 Register (Address 6A/6Bh)

The Full 40 Register stores the Full point value for +40°C (refer to Figure 11 of the DS2784 data sheet). This is an
unsigned register with an LSB value of 6.25puVhr/Rgys. It is stored in Addresses 6Ah and 6Bh, and it has a range of O to

409.59375uVhrs. Assuming the sense resistor has a value of 20mQ, the range is 0 to 20479.6785mAhrs in 0.3125mAhr
steps.

Full40_pVhrs = Full40_mAhrs x SenseResistor_mQ
Full40_pVhrs = 1051mAhrs x 20.00mQ
Full40_pVhrs = 21020uVhrs

Fuldd_p\hrs

ValueStored (BAh) = B 25, hr == 8 =0Dh
_ FulD_pvhrs _
ValueStored (EBh) = ~B25uVhr 23h

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 4 in the DS2784 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
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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.

Full_40C_mahrs - Ful_T34_mahrs 106
Full_40_mAhrs e Taa

- (1081 -1031, ,_ 10°

1051 40-18

Full_T34_méAhrs - Full_T23_mAhrs , 106 ]
Full_40_mAhrs ‘a4

1031 - 1011 109
= IEY ) = 1057 ppm
1051 18-0

Full_T23 m#&hrs - Full_T12_m#&hrs b ( 108 |
Full_40 méAhrs T23-T12
1011973, , 108
1051 0-i-12
Full_T12_m&hrs - Full_T01_m#Ahrs Vx( 108 |
Full_40_m#Ahrs T12-T
_ . 973-945 108 .
I 1051 P 12 - (-20) } = 3E0ppm
Full Seg_4 Slope
10 x 2714
Full Seg_3 Slope
10 x 2-1-!1
Full Zeg_2 Slope
10 x 214
Full S&g_l Slope

10 x 2714

Full Seg_4 Slope = | )

| = BB4ppm

Full Seg_2 Slope = |

Full Seg_2 Slopa = |

= | = 3013ppm

Full Seg_1 Slope = |

ValueStored (6Ch) = = 0Eh

ValueStored (B0h) = = 11h

=31h

ValueStored (BER) =

ValueStored (BFh) = = 36h

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_T34_mAhrs - AE_40C_maAhrs 106

| =
AE Seg_4 Slope = | Full_40_mAhrs % e e
_ 13-6 108 _
= Jx( ) = 303ppm
1051 40 - 18
AE T23 mAhrs - AE T34 mAhrs 108
I - - -— - -
AE Seg_3 Slope = { Full_40_mAhrs M ma v
2313 108
= A ) = B28pom
1051 18-0 P
AE_T12_mAhrs - AE_T23_mAhrs 108
AE Seg_2 Slope = { Full_40_mAhrs M=z )
a7 -23 108
= w0 ) = 1110ppm
1051 0-(-12
AE_TO1_mAhrs - AE_T12_mAhrs 108
AE S 1 5l = e ————————————————
eg_1 Slops = Full_40_mAnrs o
56 - 37 108
= A )= 2260ppm
1051 12 - (-20)
ValueStored (70h) = SE 5204 Slope _ oo
10 x 2714
AE Seg_3 Slope
ValueStored (T1h) = = 0Gh
alueStored (71h) 10 %218
ValueStored (72h} = L2202 ﬁ'”pe = 12h
10x 2
ValueStored (73h) = ~E 5291 Slope oo
10x214

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 zero. 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 is reconstructed in one-degree increments in
such a way that the Standby Empty point at any temperature is always greater than or equal to the Standby Empty 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 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 zero) 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_T34_mAhrs - SE_40C_mahrs 106

| =
SE Seq_4 Slope = Full_40_mAhrs I e Tag )
_ 4-0 10° _
- X =173
51 " 20.18 "’ pem
SE T23 mAhrs - SE_T34 mAhrs 108
lope = =" = e
SE Seg_3 Slope = { Full_40_mAhrs S T T
7-4 108
= ® =158
[ 1051 TE( 3.0 | [} =2}
SE_T12_méhrs - SE_T23_méAhrs 108
SE Sag_ 2 Slope = = = <0
g2 Slope = | Full 40_mAhrs e TR T
11-7 108
= e )= 317ppm
1051 0-(-12
SE_T01_méahrs - SE_T12_méAhrs 108
eg_1 Slope = { Full_40_mAhrs e TP T
22 -11 108
= Y ( ) = 1308ppm
1051 12 - (-20)
ValueStored (74h) = —C o004 Slope _ oo
10 x 2714
SE Seg_3 Slope
ValueStored (75h) = = 03h
alueStored (75h) 0%z 1
ValueStored (76h) = 8= >0PE_ _ g
NEYS
ValueStored (77h) = —Ccoed.! Slepe .
10 %2714

Sense Resistor Gain Register (Address 78/79h)

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

ValueStored (T8h) = (RSGAIN X 1024) >= 8 = {1.03027 x 1024) >> 8 = 04h
ValueStored (78h) = RSGAIN x 1024 = ({1.03027 x 1024)  =1Fh

Sense Resistor Temperature Coefficient Register (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 O

to 7782ppm/°C. A value of O disables the temperature-compensation function.

RSTCO
ValueStored (TAR) = == = — ‘EI?E = 00h

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/Rgps. 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_mQ
OffsetBias_pV = -0.3125mA x 20.00mQ
OffsetBias_pV = -6.25uV
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OffsetBias_uV
ValueStored (7Bh) = Tzlgfﬁrp = FCh

Temperature Breakpoints (Address 7Ch—7Eh)

The Full, Active Empty, and Standby Empty lines (refer to Figure 4 in the DS2784 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.

ValueStored (7Ch) = T34 = +18°C = 12h
ValueStored (7Dh) = T23 = 0°C = 00h
ValueStored (7Eh) = T12 = -12°C = F4h

Protection Threshold Register (Address 7Fh)

The Protection Threshold Register is stored in Address 7Fh, and the bits are formatted as described in the DS2784 data
sheet. No calculations are required.

Conclusion

The DS2784 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. By following the calculations outlined in this application note,
the more recognizable units can be converted into the units required by the DS2784.

Application Note 4043: www.maxim-ic.com/an4043
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