maxim
integrated..

Maxim > Design Support > Technical Documents > Application Notes > 1-Wire® Devices > APP 4043

Keywords: DS2784, Fuel Gauge, Standalone Fuel Gauge, Standalone, Stand Alone, Li+, LilON, Lithium
lon, Protector, Protection

Storing Fuel Gauge Parameters in the DS2784

Aug 16, 2007

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 mQ. The DS2784 requires the parameters to be stored in units such as uV, uVhrs,
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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D52784K

Eile Reqgisters 1 Wire Speed Tools

Preferences Help

CEX]

Fieal Time 1 Parameters 1 hlemary 1
L Apglication Units || Device Units (Read Only) |
Temperature (C) | 20c | 12c | oc | 18C |
Full (maAhrs) 945 | 973 | 1011 | 1031 | 105
Active Emply (maAhrs) s | 33 | & | 13 | &
Stanc-by Ernphy (mhrs) [ 22 | 11 | 7 | q | 0
Charge Yoltage (V) 41773 Rated Cell Capacity (mahrs)  [1220.00
Terrninating Current () 80.0 Accumulation Bias (ma) TR
Adtive Empty Voltags (v) W Current Offset Bias (ma) -0.3125
Active Emipy Current (maA) 240 Control Register ik
Frotection Thrashold Registe
Sense Resistor (mOhms) 20.00 o TEse i 0ok
BSGain 103027
Read Factory RSGAIN | ehdl Write & Copy
RETLC (ppm/C) 0 Fecall & 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 mQ.
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D52784K =13
Ele Registers 1 Wire Speed Tools Preferences Help

Feal Time | Parameters l hdemorny 1 Log Date
Application Units | Device Units (Read Onhy) |
Vale De . alue Doy ;
E0h: Control 00k 70h: AE Seqg_4 Slope [ 05h |3|]5 ppm
. 71h: AE Seg_3 Slope 09h [543 ppm
B1h: Acc Bias
| 04h [0.006250 mV 72h AE Seq 2 Slope i2h (1098 pprm
62/63h: Capacity | OF40h  [24.40000 rmivhes 73h: AE Seq_1 Slope | 25k |2258 ppm
Bdh: Charge Vaoltage | DGh [4_1 7728 74h: SE Seq_4 Slope [ 03h |1 83 ppm
BSh: Charge Current I 20k |1 G 75h: SE Seg_3 Slope 03k |-| 83 ppm
76h: SE Seg_2 Slope
Al | Aah 331840V 77h: SE sag 1 Slupe 35: |13|]5 A
G7h: AE Current | 18h [4Bmy : g-15lope | 15h |1282 ppm
; F8/79h: REGAIM
B8h: Active Empty 40 I 06k ||].|]|]l53534 | 041Fh IlI 03027
TAh BSTC
B3h: RSNSP | 32n [20.0000 mOhms | oon o
7Bh: Curr Oftzet Eias F ¥ N
BA/6Bh: Full 40 | 0D23h [21.01875 mivhrs | FCh 0006250 m
BCh: Full Seg_4 Slope I OEh [854ppm 33:12; | 12h |1BG
60h: Full Seg_3Slope | 11h [1038 ppm et | 0oh foC
GEh: Full Seqg_2 Slope | Ih (2991 ppm ‘ | Fah I'lI eC
BFh: Full Seg_1 Slope | 36h 3296 ppm 7Fh: Prot Threshold | 00k
Recall & Read |

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
MV, 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/Rsns. 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_ mQ
AccBias_pV = 0.3125mA x 20.00mQ
AccBias_uV = 6.25uVv

AccBias_pV
ValueStored {§1h) = % = 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/Rsns. It is stored in
Addresses 62h and 63h, and it has a range of 0 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_pVhrs = 24,400uVhrs

AgingCapacity_uVhrs

ValueStored (62h) = 6 25hr == B = OFh
Agi ity_uVh
ValueStored (53h) = g'"“gazp;:“'h:” S aoh

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 0 to 4.9776V.

Charge\ioltage vV 41773 _ D6h
16.52m\ ©DOo1852W

“alueSiored (64h) =

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 0 to 12.75mV. Assuming the sense resistor has a value of 20mQ, the range is 0 to 637.5mA in
2.5mA steps.

ChargeCurrent_uV = ChargeCurrent_mA x SenseResistor_ mQ
ChargeCurrent_uV = 80mA x 20.00mQ
ChargeCurrent_pV = 1600uV

ChargeCument_uV

WalueStored (B3h) = 500V = 20h
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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 0 to 4.9776V.

AEVoltage_V 3318V
19.52mV 0.01952V

alueSiored (B6h) =

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 0 to 2560mA in
10mA steps.

AECurrent_pV = AECurrent_mA x SenseResistor_ mQ
AECurrent_pV = 240mA x 20.00mQ
AECurrent_pV = 4800uV

AECurrant_p\

WalueStored (67h) = 2000V

= 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_mahrs _ Gmahrs _
Ful_40_mahrs = (271" 1015mahrs x (2719

WalueStored (G8h) = 0h

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 Tmhos to 255mhos, which is 1Q to 3.922mQ.

~ 1 _ 1 =
ValueStored (590) = S nseResistor &1 D.0z002 o

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 6.25uVhr/Rsns. It is stored in Addresses 6Ah and
6Bh, and it has a range of 0 to 409.59375mVhrs/Rsns. Assuming the sense resistor has a value of
20mQ, the range is 0 to 20479.6785mAhrs in 0.3125mAhr steps.

Full40_pVhrs = Full4d0_mAhrs x SenseResistor_ mQ

Full40_pVhrs = 1051mAhrs x 20.00mQ
Full40_uVhrs = 21020uVhrs
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FulldD_p\hrs

WalueStared (BAh) = W == § =00h
ValueStored (68h) = %‘%‘% - 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 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 - Full_T34_mAhrs 108
Full_40_mAhrs VT Y
- 15}
10811031, , 10
1051 40-18

Full_T34_mAhrs - Full T23_mahrs | 10°
Full_40_mAhrs A FYR ST
1031 - 1011 105
* = 1057 ppm
s He0 ! PP
Full_T23_mAhrs - Ful T12 mAnrs | 10°
Full_40_mdAhrs Ta3-Ti2

1011 - 873 108
=i EX 1= 3013ppm
1051 0--12)

Full_T12_m#Ahrs - Full TO1_mahrs | 108 :
Full_40_mAhrs T12-T01

073 - 045 108
= EA )= 3330ppm
1051 A2 - (-20)

ValueStored (6Ch) = Full Seg_4 Slape _ o\,
0=z

Full Seg_3 Slope

ValueStored (6Dh) = f:x:'_i"" & = 1n

Full Seg_2 Slope
10 274

_ Full SBE 1S|DEG _
ValueStored (GFh) 0xo 2 36h

Full Seg_4 Slope = { i

= 1 = BB4ppm

Full Seg_3 Slope = |

)

=1

Full Seg_2 Slope = | )

Full Seg_1 Slope = {

ValueStored (GERh) = =31h

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
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temperature is always greater than or equal to the Active 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 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.

AE_T34_mAhrs - AE_40C_mAhrs 108
Full_40_mAhrs V¥ a0 Tas
=i 13-8 108
= Jx(
1051 40-18
AE_T23_mAhrs - AE_T34_mAhrs 108
Full_40_mAhrs A TR T
2313 108
x = 52
1051 <\ Tyg_g )T oeeRem
AE T12 mAhrs - AE T23 mAnrs_ 10°
Full_40_m#Ahrs T23-T12
_ 5]
J(_37-28 . 10
1051 0-(12)
AE_TO1_mAhrs - AE_T12_mAhrs 109

Full_40_mAnrs e TR T

56 - 3T 104
= EA )= 2260ppm
1051 12 - (-20)

AE Seq 4 Slope
ValueStored (TOh) = ———cd 2008 _ nep
(ron} 10Xz

ValueStored (T1h) = ?; " gﬁ'” € = oon
AE Seg_2 Slope
10 x 214

AE Seq 1 Slope
ValugStored (T3h) = —=—ody S0PE 55,
(73n} 10x274

AE Seg_4 Slope = ( )

1= 303ppm

AE Seg_ 3 Slope = )

=1

AE Seg_Z Slope =

1 =1110ppm

AE Seg_1 Slope = (

‘alueStored (72h) = =12h

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.

Page 7 of 9



SE_T34_mAhrs - SE_40C_mAhrs 108
Full_40_mAhrs ¥ e T34
- 108
4:0 10
1051 40-18
SE_T23_mahrs - SE_T34_mAbrs | 10°
Full_40_mAhrs A T
7-4 108

=159
1051 )l 18-0 ! pom

SE_T12_mihrs - SE_T23 mAhrs | 105
Full_40_mahrs T23-Ti2

11-7 108
= ® =37
¢ 1051 Ixt 0--12) ) pem

SE_TO1_mAhrs - SE_T12 mAhrs | 108
Full_40_mAhrs T12-T01

2211 108
= TE L 1= 1308ppm
1051 12 - (-20)

SE Seq 4 Slope
ValueStored (T4h) = ———od" SI0B8 _ nay,
(74h} 10x24

ValueStored (T5h} = & ?; b zﬁ” e o3n
SE Seg 2 Slope
10 x 214

5E Seq 1 Slope
ValueStored (TTh) = ———odm = OP2 _ 45,
tr7hy 10x2

SE Seg_4 Slope = (

)

= )= 173ppm

SE Seg_3 Slope =

)

=1

SE Seg_2 Slopa = { )

SE Seg_1 Slope = { |

ValueStored (76h) = = 05h

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 0 to 1.999.
The nominal value for this register is 1.000.

ValueStored (78h) = (RSGAIN x 1024) == § = {1.03027 x 1024) == 8 = D4h
ValueStored (75h) = 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 0 to 7782ppm/°C. A value of 0 disables the temperature-compensation function.

RSTCO
ValueStored (TAh) = o = Bl]gﬁﬁ = 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/Rsns. It is stored in Address
7Bh 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 78.125A steps.

OffsetBias_uV = OffsetBias_mA x SenseResistor_ mQ

OffsetBias_puV = -0.3125mA x 20.00mQ
OffsetBias_puV = -6.25uV
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OffsetBias_uV _

WalueStored (7Bh) = 1562500 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.

Related Parts

DS2784 1-Cell Stand-Alone Fuel Gauge IC with Li+ Protector and Free Samples
SHA-1 Authentication

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

Application Note 4043: http://www.maximintegrated.com/an4043
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