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ISL94208 GUI Description

The ISL94208 Graphical User Interface (GUI) provides readout
and control of all registers in the ISL94208, provides indicators
of the pack status, a readout of cell voltages, a simple method
of configuring the ISL94208 parameters and pack limits, and
a mechanism for board calibration. See Figure 1.

System Operating Modes

There are two states for the GUI. One state provides for
automatic polling of the ISL94208EVZ board. This polling
occurs at preselected rates. The other (default) state provides
for manual polling of the board under the control of the user.

There are also two states for the evaluation board
microcontroller operation. In the default state, the
microcontroller on the board automatically scans the
ISL94208 every 256ms and makes decisions about the pack
operation. The other state is a manual scan mode where the
microcontroller on the board is not scanning the voltages and
no pack decisions are made. In this mode the microcontroller
is waiting for communication from the GUI.
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Main Screen
Auto Poling POLLING
|__I The user selects either Manual
1 L4
R Polling or Automatic Polling
Poliing (Screen Refresh) mode using the Manual and

Auto buttons (lower right of the
screen.) The Auto Polling rate is
selectable with refresh periods
of 1s, 2s, 5s, and 10s. The auto scan updates all values in the
main window and in the Monitor tab.

Vv Manual I Auto

FIRMWARE VERSION

At the top of the screen
(above the FET indicators) is
the device part number and
the version number for the
microcontroller firmware on
the board.

I1SL94208 Firmware v. 2.10
DFET CFET

Discharging | Charging I

CFET/DFET

The CFET and DFET buttons show the status of the Charge FET
and Discharge FET on the board. When the microcontroller is
in the auto scan mode, these buttons are only indicators.
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FIGURE 1. I1SL94208 GUI Main and Configure Screens
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Clicking on a button changes the color, but the microcontroller
over-rides the setting. Check this by clicking on the “Status
Refresh” button.

When the board is set for manual scan mode (select this mode
by monitoring any single voltage, not ALL, in the Monitor Tab),
then the CFET and DFET buttons are not controlled by the
microcontroller, so the system allows the FETs to be turned on
and off by the user. Click on either of these buttons to turn the
respective FET on or off. The indicator is Green to indicate that
the FET is on. The default state in manual scan mode is OFF. With
the microcontroller running auto scan, the default state is ON (if
all pack conditions are within normal operating limits).

CHARGE/DISCHARGE INDICATORS

Below the CFET/DFET buttons are the charging and discharging
indicators. These glow GREEN when the hardware indicates that
there is charge or discharge current.

To test charge/discharge operation requires a charge or load
current across the sense resistors. A load current of up to 1A is
needed between the B- terminal and P- terminal for the board to
detect load current. A charge current of 250mA between B- and
CHG- should be high enough current for the board to detect. A
good way to test this when applying the load or charger current is
to set the GUI to Auto Polling mode so the status indicators are
automatically updated. In Manual Polling mode, it is necessary to
periodically click on the “Status Refresh” button.

REGISTER ACCESS

The register access box allows the
user to select the address to read
and write. During a read, the
value is returned in the “Contents”
window. During a write, the value
in the “Contents” window is sent
to the device at the address
specified. The operation takes
place when the read or write
buttons are pressed.

Reqister Access

Device |94208 "l
Address |00H 'I
Contents |

Read |  wiite |

Sleep |

The GUI is set up to handle a single ISL94208EVZ board.

Note that when using this Register Access, and writing to
registers 5, 6, and 7 of any device, a write must first be made to
register 8 to set an enable (80H). Then, once the write is

complete, register 8 should be reset to prevent accidental writes.

Do not write to registers 9H or AH.

SLEEP BUTTON

A sleep button (below the Register Access controls) has been
added to the GUI. Clicking on this button causes the
microcontroller to put the pack to sleep. To wake the pack it is
necessary to do one of the following.

¢ Press the WKPO_L button (WKPOL = 0; default).

¢ Press the WKPO_C button (WKPOL = 0; default).

¢ Press the WKP1 button (WKPOL = 1).

* Connect a charger to the board between VBAT and CHG-.
* Connect a load to the board between VBAT and P-.

STATUS

The status box is simply a graphical
representation of the contents of
the two status registers of the
ISL94208. In auto scan, these
values are updated at the scan
rate. In a manual scan, they are
updated when the refresh button is
pressed.

1SL94208 Status

‘WKUP Pin Active

Ext OverTemperature
Int OverTempetature
Load Fail

In this area is also a box that
allows the user to turn on or off the
load monitor function of the
ISL94208. When the box is
checked, the load monitor is on.

Short Circuit

Discharge Over
Current

Charge Over
Current

©0 e 606606

The “Reset Over Current” button in
this area clears the discharge over
[~ Enable Load Monitor current, charge over current, and
short circuit flags after one of
M’ these events occurs. This latch is
part of the microcontroller code on

the board and the GUI and is not part of the ISL94208
functionality. Without the latch, these indicators do not stay on
long enough after an event for the user to detect. This is because
the FETs open in response to the over current event. Once the
FETs open, the over current condition goes away and the
ISL94208 devices immediately clear the over current indicator
bit in the device. When the microcontroller is operating, it
manages the over current conditions.

Cell Balance CELL BALANCE

1SL94208 In the cell balance block, the status of the

 CBE cell balance outputs are shown, plus the user
has control of turning cell balance outputs on

R or off. A change to the cell balance output

[~ Ce4 occurs immediately on clicking on one of the

[~ CB3 cell balance boxes.

[~ cB2 There is a box that limits the number of cells

[~ CcB1 that can be balanced at the same time.

When this limit is reached, all other cell
balance controls are disabled.

i

Refresh
MaX #

o

When the microcontroller is operating and
running automatic scan operations and
controlling the pack, the user can still turn on
or off any of the cell balance outputs.

When the automatic cell balance routine is being executed by the
microcontroller, the “Refresh” button updates the screen
indication of which balance outputs the microcode algorithm has
turned on or off. These cell balance indicators are also updated
when the automatic polling is active.

The cell balance routine is always active. However, balancing
does not start unless all conditions allow it. The primary limit to
cell balance is that balance only happens when balancing is set
to balance during charging and a charge current is detected by
the hardware. This is the default condition. The board can also be
set to balance during discharge when the board detects a
discharge current. This setting is controlled in the Pack tab (See
Section , “Pack TAB,” on page 5.)
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USER FLAGS
I~ UserFlag 3 .
[~ UserFlag2 :rhe.re are 4 buttons on the main scre.en to
- Flag 1 indicate the status of four user flags in the
User Flag ISL94208. These simply control and indicate
IV UserFlagD  ¢he condition of four bits in the device register

space. When the microcontroller powers up, it
sets User Flag O to indicate that the code has been installed and
is operating. The other three tabs are for general purpose use.

Tabbed Selections

There are four tabs on the main window. These are Configure,
Monitor, Pack, and Calibration.

CONFIGURE TAB

The Configure tab provides
simplified on screen
access to the
configuration registers of
the ISL94208. These
registers are also
controlled by the Register
Access block, but the
Configure Tab shows real
values, making it easier to
make selections.

Discharge/Charge Set

15194208 LA

Time_out Control

Discharge  [p 1y v||1gn,,- 7w
Over Cument =
Discharge 207 -l Aus =

Shot Caout ' e u

Charge Over [ 1oy vl 8ms = I
Current o

Recall Default |

Threshold

SaveDetaut|  Wiie |

The discharge and charge thresholds and time-outs are selected
by drop down menus, which have all of the settings in one drop
down menu, even though the settings span multiple bits and
even multiple registers. For example: the Discharge Over Current
time-out setting shows 2.5ms, 5ms, 10ms, 20ms, 160ms,
320ms, 60ms, and 1280ms. The value is set by programming
bits 5 and 6 in register 05H and bit 2 in register O6H. The auto
control bit for Discharge Over Current is set by bit 5 in register
O5H.

When “Write” is pressed, the values for all configuration registers
and the Auto Control bits are written to the ISL94208. This entire
procedure includes setting the enable bits in register O8H prior to
writing the individual values and resetting the write control bits
when the operation is over. This procedure is also used for
changing the threshold levels and the other time out conditions.

Note: It appears that in Rev 2.01 of the GUI code, the software
does not properly set the write enable bits in register O8H prior to
changing the configuration values. To more reliably change the
configuration, write EOH to register 08 prior to writing the new
configuration values. To be sure of the configuration setting, click
on the Refresh button to read back the value in the 1SI94208.

At the conclusion of the write operation, the
registers are read and the settings returned

Device settings
AC V1 VO DVT1 TO

F7FEESE2ETED  from the 1SL94208 are displayed in the
L/S AC V1 VO “Device Settings” area. This display is a
[f4[54[53F2  simple binary representation of the registers.

ACvi voDivTi To | During an auto-polling operation, these

[f7FefEsEiE1fo  values are automatically updated.
__Reiesh | |n each of the device settings bits, there is a

value that shows where the bit is located. For
example, the TO bit for discharge over current is labeled as 5:0.

This means that the bit is in register 5, bit 0. The device status
display is read only.

The normal default setting is “all bits equal to zero.” So, clicking
on “Recall Default” sets all of the bits to zero. Then, clicking on
“Write” loads the values into the device.

There may be cases where other default values are desired. If so,
the user can click on “Save Default.” This stores (in the GUI
program) the current settings of the configuration registers. (This
is a volatile setting, so it is lost when the GUI is closed.) After
clicking on “Save Default” these are the configuration values that
will be recalled when clicking the “Recall Default” button.

In either manual or automatic polling, clicking the “Refresh”
button processes a read of the device and the values are updated
based on the settings of the ISL94208.

Feature Set
1594208 |

™ 'WKUP Pin Active HIGH
™ Force POR

™ TEMP3V always ON

[~ AutomaticT empScan OFF
™ Estemnal Temp shutdown OFF

™ Intemal Temp shutdown OFF
[~ WEUP Pin disabled [CAUTION) ™ 3.3V Regulator OFF [CAUTION)

Be careful when seiting bits showing CAUTION.
See the GUI User Guide before setting these bits.

Reset Defaul Refresh Wiite

Also in the configure tab is a screen for setting the feature bits.
The check boxes indicate the current setting of the bit and allow
a change to be made. The box is checked if the feature is active.

As with he Charge/Discharge parameters, it is recommended to
write EOH to Register O8H prior to changing any of these settings.
Clicking on a setting two times (leaving enough time for the
command to complete) also works. To be sure about the setting,
click on Refresh to read back the status of the ISL94208.

For bits labeled “CAUTION”, the user is advised to consider the
response to system operation when these bits are set.

¢ Clicking on the “3.3VRegulator OFF” button turns off the
ISL94208 regulator, which turns off the microcontroller as well
as some functions within the ISL94208. This bit should only be
set if there is an external 3.3V supply connected to RGO.

* Clicking on the “WKUP pin disabled” will turn off the wake up
circuit of the ISL94208. If the part goes to sleep with this bit
set, the device cannot be waken by hardware. The only way to
wake the part in this case is to supply an external RGO and use
an 12C command to reset the bit.

The “Refresh” button re-reads the register and sets the check
boxes accordingly. The “Reset Default” button clears the check
boxes to reset the device default values. This does not write the
values to the device until the “Write” button sends the screen
values to the ISL94208.
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FIGURE 2. 1SL94208 GUI WITH MONITOR TAB

MONITOR TAB

The monitor tab provides information on the
analog voltages returned from the board.
This reading is based on the AO of the
ISL94208. The AO voltage is converted to
digital by the 10-bit A/D converter in the
microcontroller.

CELLE |3.295 v
CELLS |3.315 v
CELL4 |3321 W
CELL3 |3.302 v

CELLZ |3178 v
CELLY |3.328 W

The internal and external

Inemal Temp 1305~ Fv C T temperatures are be
Extemal Temp [0533 Gy T reported as either a

voltage or a temperature.
The user chooses which units are to be displayed. In the case of
internal temperature, the temperature value is calculated
converted from voltage to °C using data sheet values for
25°C(1.31V) and the voltage/temperature slope (-3.5mV/°C.)

The calculation for internal temperature is:
C = 85+ (intTempVoltage -1.1)/(-0.0035)
Where intTempVoltage is the internal temperature value

converted from the ISL94208 AO output. Note, the AO output is
1.1V at 85°C.

For the external temperature, the conversion is based on the
values of the resistor divider on the board, the RGO voltage, and
a table of values for a typical thermistor from Murata.

The calculation for external temperature is:

R = (46400 x extTempVoltage)/(3.3-extTempVoltage)

Where 46400 is the value of the top resistor in the divider, R is
the resistance of the thermistor, and extTempVoltage is the
external temperature value converted from the ISL94208 AO
output.

The “R” value in the equation is then divided by 1000 and
compared to Resistance values in the Table 1 to get the
corresponding temperature value. The GUI algorithm does a
linear interpolation between two points to get the final result.
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TABLE 1. EXTERNAL TEMPERATURE LOOKUP TABLE

The monitor window also shows an Over

b i Voltage and Under Voltage indicator. By
420/ *| Delect default, these are set to the same values
as programmed into the microcode on the
@ Over Vokege ISL94208EVZ board (see board thresholds
Undes Voltage

in Section , “Pack TAB,” on page 5.)
Otherwise, these values are not associated
with the over voltage or under voltage
conditions on the ISL94208 board. If the
settings are kept at the same thresholds as
the on the board, then these provide simple visual indicators that
the voltage has exceeded an over voltage level or dropped below
an under voltage level to verify that the ISL94208 board is at or
near a threshold level. The indicators are normally green, but
show red in a fault condition.

268V ¥| Detect

(@ Under Volage

Resistance Resistance
Temperature (°C) (kQ) Temperature (°C) (kQ)
-20 68.2 35 6.95
-15 53.6 40 5.83
-10 42,5 45 4.92
-5 33.9 50 4.16
0 27.2 55 3.54
5 22 60 3.01
10 17.9 65 2.59
15 14.7 70 2.23
20 121 75 1.92
25 10 80 1.67
30 8.31 85 1.45

The user can select to Monitor

Monitor JALL b | _Retiesh | “ALL” voltages or only a specific

CELL4
CELLS
CELLE
External Temp
Intermal Te:

cell or temperature. When
monitoring only one voltage,
that voltage is constantly placed
on the AO of the ISL94208,
making it easy to monitor the
cell voltages with a meter. In Monitor “ALL’, the voltages are
sequentially obtained and automatically updated in the
microcontroller. The values in the Monitor screen update when
clicking the Refresh button. The values are automatically
updated when Auto Polling is selected.

The monitor tab
shows two pack
voltage values.
The top one, Pack
Voltage, is obtained by the microcontroller from hardware on the
board. The ISL94208EVZ Evaluation board is equipped with a
switched voltage divider (+16) that the software uses to read the
pack voltage. The Pack Voltage window shows a voltage equal to
16 times the voltage from the divider.

PackVoltage [20.228
< Packdv/dt [ 00 mv/s

13.739 i [Based on Sum of Cells)

Sum of Cells

The “Sum of Cells” value in the Monitor Tab shows the sum of all
voltages shown for the active cells. Both are included to give an
indication of the performance of the board.

The dV/dt indicator in the monitor window shows the change in
the “Sum of Cells” over time. It detects the difference in the
reading every Automatic Polling cycle and shows the result in
mV/s. The value is for indication only, as there is no functionality
tied to it. The purpose was to give the user the ability to
experiment with various charge and discharge algorithms.

PACK TAB
Vokack cail This tab provides inputs to
Over Vokage Under Volage the microcontroller for
Yoltag Yaltage " .
TroLevel | 420V | TroLevel [T 28v | setting battery pack
Volage Tos || Volage 105 parameters controlling the
:""'m’ ;‘;ZLI::y operation of the pack by the
BCOVel - g .
Level 2 40V||over | 29V microcode. The use of these
?:Tc'ewew [ os ?:::VW 105 parameters by the
microcontroller are detailed
Sleeplevel 23V : “ f
in the “ISL94208 Microcode
T 1 iy
sleeplme 105 ' peference Guide.
READ WRITE |

These values are updated on
the screen with the various

“read” buttons and any changed values are written back to the
microcontroller by the “Write” buttons. The write button stores
the value back to the microcontroller and the values are saved

only in RAM.
T The Cell balance window of the Pack Tab allows
[ Chaige the user to set the pack such that balancing will
[~ Dischage. MOt happen, will happen during charge, will

happen during discharge, or will happen during
both charge and discharge. Balancing only happens if the board
detects that current is flowing (and in the proper direction.) There
is no balancing if a box is checked, but there is no current

detected.

Power Management
OnTime |0

M

\UﬂlTE'

The Pack tab also has a
Power Management window.
This allows the user to set a
time, from 1 minute to 15

minutes for the pack to go to sleep when there is no current
detected flowing into or out of the pack. When the value is “0”,
the pack does not go to sleep.

The Sleep Level is “hard coded” in the software to be 2.3V and
the sleep time is hard coded to be 1.0s.

Since the GUI changes for Pack parameters are made in the
microcontroller RAM, inducing a sleep mode on the ISL94208
causes these values to be lost when the microcontroller is turned
off. The “Write to Flash” button in the main window allows the
user to store changes back to the microcontroller Flash for
permanent storage. (The procedure is described in Section “This
may not be the preferred approach, but any change would
require an update to the microcode. Another solution to this
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#- 15.94208 Battery Pack Application Utility 2.10

15194208 Firmware v. 2.10
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FIGURE 3. 1SL94208 GUI WITH PACK TAB

condition, for example, would be to turn off the discharge FET,
but leave the charge FET on. Then, when there is charge current,
the lower voltage cells could balance faster than the other cells
to try to recover the pack capacity. But, this approach might not
be the proper response to other conditions that show up with the
same symptoms, which would prompt other conditionals. Since
each application is different, the microcode provided, takes a
simple approach.” on page 9).

The Pack Tab also contains settings for

= B“’”’_ E°Mble"’c°"‘c’;'__ the Cell Balance Control. As with the
[4 Chaige other sections, the values are read from
[~ Dischage the microcontroller with the “Read”

CBONTime [ zs button and written to the microcontroller
CBOHTime |—2 s with the “Write” button.

CECelMinDeltal 30 mv The cell balance control values are the
CBCelMaxDehav] 200 miv Cell balance on and off times, the
CBOverTemp [ 40 '¢ minimum voltage differential required
CBUnderTemp [0 ' before a cell is balanced, the maximum
deviation between the lowest and
_READ | _WRITE| highest voltage cell, and temperature
limits on the balancing.

More information about the balancing operation is presented in
Section, “ISL94208 Cell Balancing,” on page 8.
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FIGURE 4. 1SL94208 GUI WITH CALIBRATION TAB

CALIBRATION TAB

The configuration Tab input column allows the user to define the
voltage at which the board is calibrated. This single point
calibration provides very good accuracy. It is usually performed
at a critical voltage, such as at a voltage comparable to the “flat”
part of a discharge curve or near the over voltage detection.

The GUI powers up with a default input voltage of 3.3V, so the
user could apply a power supply with exactly 3.3V per cell to
perform the calibration. However, getting a supply that can
support 6 input cells to near 1mV accuracy is often difficult. So,
the user can instead provide a supply that is close to the desired
voltage and use a meter to provide an accurate measurement of
the input voltage for calibration (as shown in Figure 4).

The input voltage can be measured at the pins of the evaluation
board or at the terminals of a battery stack or power supply.
Normally the voltage at the pins of the board is the preferred
method for repeatability in manufacturing.

CResad inoue Saving the Applied Input Values

ISL94208
CELLE | |323 v
ces (333 v
CELLe 33w

CELL3 |3. 295 v

CELL2 31724 W
CELL1 |33‘I 36 '

Save Input | Recall Input

During calibration of multiple boards,
the measurement of input values can
be performed once, then saved using
the “Save Input Default” button in the
Configuration Tab. This saves the data
to a “.CIV” file. For the second and
subsequent boards, if the supply
voltages do not change, then the
previously entered power supply

Retad Defa voltages can be loaded using the
“Recall Input Default” button to load
the previously saved “.CIV” values.

Programming the offset
Cell Readout Offset
- |5L94208 - 15L94208 Once the input voltages are

3.255 v -0.004 v entered into the GUI screen,

3315 v 002 v the user clicks on the Update

3315 v -0.004 y button. This instructs the

3302 v | [-0.007 Y microcontroller to do a scan

378V oo v of the available cells and

3321 v o007V enter the cell voltage values

= - ———————1 into the Cell Readout column.
jaLL | [Update | An offset is automatically

calculated and saved to the

microcontroller RAM. The
calibrated value remains in RAM as long as the microcontroller is
powered. The calibration values can be programmed into the
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microcontroller flash using the procedure defined in the Section ,
“Saving Microcode Changes,” on page 9.

This single point calibration removes errors caused by input
voltage drops, the ISL94208 input level shifters, AO voltage
drops, ADC conversion errors, and errors in the voltage reference.

As an example of the calibration procedure and accuracy, a
board was calibrated at about 3.3V per cell, as shown in Figure 4.
This shows that the un-calibrated error was about 30mV.

Then the cells were measured over the range of 2.7V to 4.1V,
with the results shown in Figure 5.

ISL94208 Accuracy Over Voltage

After Cal at 3.3V (25degC)

Measurement Error (mV)
[- - Y SR TR R SR

=
o

2.6 28 3 32 3.4 36 3.8 4 4.2
Applied Voltage (V)

Celle

CellS ———Celi4 Celi3

Cellz =——Celll

FIGURE 5. SINGLE POINT CALIBRATION ACCURACY RESULTS,
ROOM TEMP

The same board was re-calibrated at 3.6V, and the accuracy
measured again, with mostly the same results.

I1SL94208 Accuracy Over Voltage
After Cal at 3.6V (25degC)

Absolute Measurement Error (mV)

26 2.8 3.0 3.2 3.4 36 3.8 4.0 4.2
Applied Voltage (V)

—Cells Cells ———Cell4 Cell3 Cell2 ——Celll

FIGURE 6. SINGLE POINT CALIBRATION ACCURACY RESULTS,
ROOM TEMP

Resetting Calibration

If a board needs to be calibrated again, then the offsets must be
set to zero first. Do this by setting the Applied input values to
match the Cell Readout values. Then click the “Update” button.
This should set the Offset values to zero. If it does not, then

repeat until they are all zero. Now, you can use the procedure
above to set new offset values.

ISL94208 Cell Balancing

The operation of the cell balance algorithm is described in more
detail in the “ISL94208 Microcode Reference Guide”. However, a
quick description is provided here.

The microcontroller code essentially runs the cell balancing
algorithm constantly. However, cells are actually balanced only
when all conditions allow it. Conditions that control cell balancing
are differential cell voltage, temperature, open circuit detection,
and current sense. Of course, if there are events that turn off the
charge/discharge FETs, such as under voltage detection, then
current will go to zero and balancing is also turned off. For a
graphical depiction of the cell balance routine, see Figure 7.

In general there is no balancing, if:
¢ the cell balance off timer is counting,
* the temperature is too high or too low for balancing,

* the difference between the highest voltage cell and the lowest
voltage cell is lower than the specified minimum voltage
differential, meaning that the cells are already balanced,

* the difference between the highest voltage cell and the lowest
voltage cell exceeds a specified maximum,

* an input open circuit is detected,

* balance during charge is selected and there is no charge
current

* balance during discharge is selected and there is no discharge
current.

* the maximum number of cells are already being balanced.

Once the general conditions are met, then balancing for each cell
proceeds, starting with the cell with the highest voltage
differential from the lowest voltage cell.

If there is no hardware that detects current flow, then balancing
is disabled.

The conditions for Cell Balance that are programmable through
the GUI are described below.

CELL BALANCE MIN/MAX
CBCelMinDeltal/ A0 my .

The CBCellMinDeltaV parameter
CBCellMaxDeltay 400 my  specifies the differential

between the highest voltage cell

and the lowest voltage for a
balanced pack. Ideally, this value is zero to achieve cells with the
same capacity. However, due to variations in cell voltage
measurement through inaccuracy in the ISL94208 level
translation and the resolution of the microcontroller this is the
value chosen for the default. The 30mV value could be a little
smaller, based on the calibrated results above, but overall, the
system should allow for a minimum of 15mV variation between
cells over temperature and voltage and the microcontroller
minimum resolution of 3mV. So, if changing this value, the
recommended minimum CBCellMinDeltaV value is 20mV. If the
value is set too low, then it is possible for the system to balance
the wrong cell.
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CB Off timer is counting

CBOT—l

CBUT \ CBERR

Cell7 voltage -CELLMIN
> CBMINDV [CB70N]

Cell6 voltage -CELLMIN
> CBMINDV [CB60ON]

CB7 driver

Cell5 voltage -CELLMIN
> CBMINDV [CB5ON]

CB6 driver

Cell deltaV > Max—|

Open Wire4

ERR

Cell4 voltage -CELLMIN
> CBMINDV [CB4ON]

CBS5 driver

Cell3 voltage -CELLMIN
> CBMINDV [CB3ON]

CB4 driver

Enable CB Charge bit
Charging indicator

3)_
>
[

Enable CB Discharge bit
Discharging indicator

Cell2 voltage -CELLMIN
> CBMINDV [CB20ON]

CB3 driver

Celll voltage -CELLMIN
> CBMINDV [CB10ON]

CB2 driver

FIGURE 7. Cell balance operation

The CBCellMaxDeltaV value is the maximum allowable
differential between the minimum voltage cell and the
maximum voltage cell. The most likely cause for this condition is
that one or more cells reaches minimum capacity during
discharge, so that the voltage on those cells drops very fast.

The ISL94208EVZ kit microcode treats a large differential
between the high voltage cell and the low voltage cell like a cell
open circuit condition, where the microcontroller turns off the
charge and discharge FETs and turns off cell balancing.

This may not be the preferred approach, but any change would
require an update to the microcode. Another solution to this
condition, for example, would be to turn off the discharge FET,
but leave the charge FET on. Then, when there is charge current,
the lower voltage cells could balance faster than the other cells
to try to recover the pack capacity. But, this approach might not
be the proper response to other conditions that show up with the
same symptoms, which would prompt other conditionals. Since
each application is different, the microcode provided, takes a
simple approach.

ISL94208 Flash Programming

Because of memory limitations in the microcontroller, it is not
possible to include EEPROM re-programming through the 12C
port. So, programming changes to Flash is a multi step process.

CB1 driver

fhniun

The microcontroller contains the base code when the board is
assembled, so it is not necessary to make any changes for basic
operation of the board.

Whether it is desired to change the operation of the
microcontroller code or change the calibration coefficients in the
microcontroller Flash, the process of loading the modified code is
the same. The following procedure describes how to modify the
Flash memory for calibration and pack configuration
parameters.

First, the board is calibrated using the procedure described in the
section “Calibration Tab” on page 7 above. This procedure sets
the calibration values into the microcontroller RAM. If there are
any changes to the operation of the pack (for example different
over voltage or under voltage thresholds) make these changes as
described in Section , “Pack TAB,” on page 5.

Saving Microcode

Changes

Once calibration values,
AR MSH| changes to Pack settings, or

device parameters are

saved in RAM, click on the “Write to Flash” button. This brings up
a window as shown in Figure 8.

Auto Polling
Rate |1 5 j

Polling [Scieen Refresh)
V Manual ™ Auto
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4~ 15194208 Battery Pack Application Utility 2.10 [ X
P 15194208 Firmware v. 210
t @ ™ — Register Access———
in e.SII 0 Devics [34208  ~
Dizcharging Charging
: I — i I I Address IUUH :I
@ Configure | ; 21X
Look irc | 3 bin v @& ek m-
= 15L94208rev200.abs.519
= 15L.94208rev200¢al.abs.519 Balce o
134208
" CBE
" CBS
" CB4
" CB3
" CB2
" cel |
~Applied Inp efresh |
Hex #
CELLE £
CELLS llzer Flag 3
CELL4 llzer Flag 2
Fil : 15L342 10.3bs.51 - 0
il ile name: ISL 08rev210.abs.£19 __J pen et Fiag 1
s Files of tppe: [ Driginal Intersil ISL34208 Files (*.519) =l Cancel | liserFlag0
CELLT ||3.300 V| | ||[3.321 vl ||I VITT T AutoPoling—
: ; [ Rate |1s 'I
| T
oot | Pt | [ BT o] uees | | | P tsommmemi—
‘ vV Manual I~ Auto ‘ WRITE TO FLASH|

FIGURE 8. 1SL94208 GUI WITH “WRITE TO FLASH” OPEN FLASH DIALOG BOX

In this window, select the “base” code and click on “OPEN”". The
base code will be:

* ISL94208rev210.abs.s19.
Make sure that you pick the correct file.

The next window that appears will look similar, but you now
change the file name to something appropriate and click “SAVE”
to save the new code. As an example, Figure 9 shows a modified
file name of ISL94208rev210cal.abs.s19. But, you can name the
file anything else, but with a suffix of “.abs.s19”". If you want to
keep the released, default, base code separate, do not click SAVE
without changing the name of the file.

Loading code into the microcontroller

The following procedure is used for loading the microcontroller
with new, factory provided updates of the microcode as well as
loading modified or calibrated code.

The code is loaded into the microcontroller using the Freescale
USB/Multilink module and Code Watrrior tools. So, these must be
available prior to starting the programming sequence.

1. Start the Simulator.
Use the program called HIWAVE.EXE, located in the prog
folder in the CodeWarrior installation folder (c:\Program
Files\Freescale\CWO08 v5.0\prog). The Simulator appears as
shown in Figure 10.

2. Select Set Connection from the Component menu. The Set
Connection dialog box appears (see Figure 11).

3. The CPU derivative for this project is in the HCS08 subfamily,
so select HCSO8 from the Processor pull-down menu. Select
P&E Multilink/Cyclone Pro in the Connection pull-down menu.
Press OK.

4. The Connection Manager dialog box appears (See Figure 12.)
Press Connect.

5. From the File menu, select Load Application.... The Load
Executable File dialog box appears. (See Figure 13.)

6. Browse to find and select the base code (the default code
initially programmed on the board), a newly revised program
(provided by Intersil or your own new code), or the new
configuration and calibrated code in the modified “.abs.s19”
file.

Press Open.

This brings up a dialog to start the flash memory write. Select
“Yes”. This begins the write of the new flash values. When
this process completes, the USB/Multilink cable can be
removed from the board and the board power cycled to begin
the new code operation.
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- 15194208 Battery Pack Application Utility 2.10 x|
® 1594208 Firmware v. 2.10 a
3 B egister Access
intergjl D
Discharging Charging
Addess [00H 7]
© Configue | © Pack | © Montor © Caitrstion | =
1| rantents |
Y —— 21|
Savein: [ bin x| «®meE
= 15L94208rev200.abs. 519 Balance —
=) 15L94208rev200cal, abs.519 | 24208
= 15L94208rev210.abs.519 - g
Bk
- B4
Desklop " CB3
" cB2
. - o8
el My Documents efresh
wr X,
CELLG - 5
My Computer:
CELLS | NNt Werl User Flag 3
CELL4 | ser Flag 2
CELL3 - ser Flag 1
ENETS  File name: [15L34208mev210c8l abs.s19 | Save | [isorFiag0
CELL2 Places —_—1
- Saveastype:  |Modified Intersil1SL94208 Files [*.513) =l Cancel
Fate |15 jid|
el e | ‘ [aL =] _Updae | ‘ Poling (Screen Refresh)
{ W Manual [~ Mn—‘ WRITE TO FLASHl

FIGURE 9. 1SL94208 GUI “WRITE TO FLASH” WITH SAVE TO FLASH FILE DIALOG BOX

Set Connection E|
Processor

|HCs02 | | oK |
Connection

P&E Multiink /Cyclone Pra

This Connection supports: ~ Help
- P&E BDM Multilink (USE and parallel). P&E
Cyclone Pro [USE. Serial and TCPAP).

C:\Program Files\Freescale\C\W08 V5.0

FIGURE 11. CODE WARRIOR SIMULATOR SET CONNECTION

ICD - Connection Manager ﬂ

You have selected to display this dialog on startup. Specify communications
parameters and click OK.

i Connection port and Interface Type

Interface: [LUSB HCS08/HCS 12 Muliik - USE Port o | MEEER FER
Refresh List
Poit: IUSB-ML-1 2Rev B on USE1 (Name=PE5S015500) [Autodetected) j
Interface Detected : Firrware Version : Socket Programming Adapter Settings .. I
—Target CPU Inf ior
CPU: HCSO8 Processor - Autodetect
MCL reset line: MCU Voltage:

Reset Delay
I Delay after Reset and before communicating to target for I 0 miliseconds [decimal).

I~ Wheninitiating & debugger reset, the MEUIReset Pin should be used (else use & debug module resst]

Pawer Dowr Delay I 250 ms
Pawer Up Delap I 250 m&

Cyclone Pro Power Relay Control  [Voltage > Power-Out Jack}
= Use Cyclone Pro relays Regulator Output Voltage:

= Pawer off target upon softwere exit O

| Connect ] Hotsync | Abort |

FIGURE 12. CODE WARRIOR SIMULATOR CONNECTION MANAGER
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i True-Time Simulator, & Real Time Debugger, C:\Program Files\Freescale\CWOB ¥5.0\proghproject.ini
File Wiew Run HCSOSFCS  Component Command  Window  Help

DlEE 4@ 2R o[22+ B

B Source

[ Assembly

BR3IET 0,0x00,%+3 0xEQDG

BRSET 0,0x00,%+3 OxEDDS a8
0,000,743 OxE00C v

Register

[HCS08 [CPU Cycles: 0
Lo ~
H: 0 &F| FF B
$R |62 Status |VEINZC

PC EDOQ

[H|Procedure

1 Memory

Data:1 7 7 7 [,
| Ao | Symb | Global

Command

Data:2

A power-on Reset has occured.

| Auto | Spmb | Local

in=

2] 2|

For Help, press FL |95EIEEQGEE FrS |.¢\ poveer-on Reset has occured,

i4 Start [ ®S 2 Outlon... ara... i 2Integr.. - gl Documert... E... En B f‘ LS o

FIGURE 10. CODE WARRIOR SIMULATOR (HIGHWAVE.EXE)
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o True-Time Simulator & Real-Time Debugger C:\Program Files\Freescale\CWOB ¥5.0\prog'\projectini Amﬂ
File Yiew FRun MultlinkCyclonePro  Component Command  Window Help

== T R A L B S T R A T

:

FEE e T

Load Executable File !
- -
Look in: [ = bin | & @& ek - : 4l
) 15L94208rev200.abs.519 sebs = OAEQ4E |
= 15.94208rev200cal abs.519 Sl
= 15L94208rev210.3bs.519
_ =loix
Auto
"
[= hs | VHINZC
File name: IISLS#ZDBrsv21DcaI.abs.s1S l Open I
s it e | — 1]
e qE i Auto
; 00 00 00 00 ,.veenn. ﬂ
LoadCode | LoadSymbols|  Verity Code | 00 00 00 00 ........
00D 00 00 00 ..vesnnus
N Data . 0O 00 00 00 ..vevens
Y co oo (111
I~ | Automatically erase and program inta FLASH and EEPROM 00 00 00 00
00 00 00 00
5 10 00 00 00
B T 00 00 00 00
& Complete image 00 00 00 00
€ First byte of each loaded black (faster] EE EE EE EE gl ;[
=10l
I~ Run after successul load - -
3 MULTILINK detected - Flash Versi
I Stop at Function: | e to ~3983360hz.
o MULTILINE detected - Flash '\Fe:s:i.J
“NGE.

Mode is In-Circuit Debug.

4 L4 A
For Help, press F1 [automatic (triggers, breakpoints, watchpoints, and trace possible) [9508qG8 ICD " [Target Ready 7

I0 registers loaded for MCS9S508QG8 from C:\Prngra:-l

FIGURE 13. CODE WARRIOR SIMULATOR LOAD APPLICATION
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