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l n t r o d u c t i o n

Bat te ry  n ranagement  i s  an  impor tan t  par t  o f  the
c les ign  o f  any  por tab le  equ ipn ten t .  l f  sys tem c l ra in  i s
extrerrely lolnr.  anci  the s; ,51s111 tvl l l  t ' ;ork properl ; '  otr
p r in rary  ce l l s ,  t f ren  ba t ie ry  manager len t  i s  s imp l i f iec i .
Hor, ,rever,  i f  system drair t  rates or Lrsage requires a
rechargeab le  techno logy ,  ther t  t l re re  a re  many con-
siderat ions in the charging ancl c l ischarging of the bat-
ienes .

The EXAR InterAct ive Battery Managenrent System
monitors cr i t ical  battery parameters to prodLrce a
highly accurate state-of-charge indicat ion and to con-
trol  s lave charging systems. l t  is compatible t ' r i th Ni-
Cd,  N i -MHi ,  &  L i - lon  techno log ies .

By  prov id ing  charger  cont ro l ,  fL re l  gauge d isp lay  dr i -
vers, and both a digi tal  and analog interface, the XR-
B1 '100 ba t te ry  management  ch ip  se t  can  be  used to
develop a comprehensive baltery nranagement sys-
tem.

This appl icat ion note descr ibes the circui t  topology for
one such circui t ,  vrhich is avai lable from EXAR as an
evaluat ion board. l t  ut i l izes a 1- lv ire asynchronous
master -s lave  hardware  pro toco l ,  w i th  the  ba t te ry
being the slave. Included are the software protocol
and 1- to -2  l ine  communica t ions  t rans la t ion  c i rcu i t
descr ic t ions .

Th is  e ' ra l i ra t ion  sys tem con les  v ' r i th  a  Mrcrosof  t
Winclor, ,rs compatible clr iver progranr for al t tornatecl
conrnrun ica t ions  l ' . , i th  the  In te rac t ive  Bat te ry
fvlanagenrent Syster l .

P r i n c i p l e  o {  O p e r a t i o n

FigLrre 1 sho' i ' ;s a block diagram of the system in an
app l ica t ion  tha t  inc lL rdes  a  s in rp le  charger  c i rc r : i t .  Note
tha t  there  is  no  in te l l igence in  the  charger .

Tlre battery,  r ,vhen i t  senses no commLtnicat ions, ancl
a  shor t  pu lse  o f  charge ( requ i red  to  rev ive  a  to ta l l y
dead battery) wi l l  ' take control"  of  the charger via the
charge and d ischarge cont ro l  p ins .

For  in te l l igen t  o r  in te rac t ive  chargers ,  commtrn ica '
t ions  is  es tab l i shed a t  the  beg inn ing  o f  the  charge
cycle, al lor,v ing the battery and charger to make cer-
tain determinat ions together.

Figure 2 shows ihe block ci iagram of the evaluat ion
board circui t .  Note the single vr, , i re communicat ions
and the addit ion of the analog fuel  gauge (AFG) rvhich
provides a 0-5VDC signal proport ional to capacity
The conf igurat ion shorvn is for Li- lon cel ls,  which
require intercel l  monitor ing for safety and cel l  protec-
t ion .  The under -vo l tage pro tec t ion  d isconnect
renroves al l  c i rcui try from the cel ls,  including the on

-l

, l
It l

I
I
I
I
I
I
I
I
I
I
I
I

-.J

I

I

I
I
I
I
I
I
I

I
I

I
I

I

, ; I
:

U@.1 I [,^-j- l- R-,"J Over Voltage Y under voltage
'  l " ' " ' - -  " * " - ' '  I  P ro tec t  P ro tec t

Figure  1 .  B lock  D iagram o f  a  S imple  Sydtem Inc lud ing  Charger

wffiWf#::l:;f:
o199s

EXAR Corporat ion,  P.O.  Box 49007,  2222 Qume Dr ive,  San Jose,  CA 95161-9007

C h a r q e  C n t l

Constant
Po'u';e r
Supply

EXAR
B 1  1 5

EXAR
B  1 0 5

l l
l l
l l
t l
l l

r l
Discha roe  Cn t l

Display
(Op t i ona l )

Sanrple Resistor
Over Vol tage

T9M
408/434-6400'  408/943-8245 ( fax)

' i '  ]



BAN-OO1

omm (sense)

Inrc
I
I
I
I
I
I
I

I
I
I

board electronics. A pulse of charge wi l l  momentar i ly
turn the circuit back on, to enable a "dead" batterv to
be charged.

C i rcu i t  Opera t ion

Battery charge and discharge current is monitored
through the voltage drop across a sample resistor,
which is in l ine with the low side of the cel l  pack.
Current is measured via a high bandwidth coulomb
counter,  which accurately monitors load prof i le band-
widths of ' l50kHz.

Voltage measurements on the ent ire stack, and tem-
peraiure measurements are made via a '10 bi t  AID
converter for high accuracy.

When batter ies are in their  non-act ive or . ,s leeo, '
mode, they "arvake" every 2 min. (adjustable) to make
tempe ratu re nteasuren'tents. Adclitionally, tlre system
wakes up on any communicat ions, or current drain.

Li- lon protect ion is provided via on-chip buffers and
conrparators, which control off-chip pass FETs to
remove the load or charge in problem situations.
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The Li- lon protect ion circui t  requires a very smal l  bias
current,  which vir tual ly el iminates the cel l  pack imbal-
ance impact.

The AFG is produced rvi th a 4 bi t  DAC, to provide 16
steps from 0 to SVDC, 0 being a dead battery.

The coulomb counter is a sel f  reversing bidirect ional
integrator,  fol lowed by a2 stage binary counter.  This
allows the systern to keep up rvith a wide dynamic
range of loads.

Temperature nteasurements can be made from l inear
and non-l inear temperature sensors. An opt ional
EEPROM can hold l inearizat ion tables for non-l inear
devices.

Tables for charge and discharge derat ing, and self
discharge calculat ions can be mask opt ions, or as is
the case with the evaluat ion circui t ,  stored in the
opt iona l  EEPROM.

Also in EEPROM or as mask opt ions, the user can
select charge cutoff methods, communications proto-
cols,  and other system parameters. l f  EEpROM is
used, battery serial number, and date of manufacture
can be stored during assembly test (pack charge &
discharge).

1u",,
Inside Batte. 

ou:' Voltage
- -  - - - - - - ' ' .  

P r o t e c t
r Voltage

Protect
I

- J

Figure  2 .  Eva lua t ion  B lock  D iagram
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Fue I  Gar-rge capacity is "Learned" ancl opt ional ly
stored in EEPROM. This ensrrres that i00.r i ,  = 100%
of  ava i lab le  charge,  no t  namepla te .  A lso ,  a  cyc le
corrnter is maintained to indicate battery l i fe.

To  a le r t  r rsers  to  sys tem.anomal ies ,  se i .v ice  and ca l i -
brat ion f lags are carr ied in the systenr,  and can be
communicated via the conrmunicat ions port ,  or dis-
played on the opt ional on-board display.

Charge Cuto f f  Methods

The XR-B1100 suppor ls  a l t  s tandard  cu to f f  methods .
The system r,vi l l  terminate charge on maximum volt-
age,  max imum change in  tempera ture ,  max imum
temperature, a minus change in vol tage, a minimum
current,  or a maximum t ime. The proper cutoff
method is chosen based upon cel l  type.

In  add i t ion ,  the  XR-B1100 suppor ts  a  pack  ba lanc ing
algori thm, and a sel f  discharge conrpensat ion "main-

tenance" algor i thms, I ' rhere appropriate. This ensures
maximum battery capacity after removal f rom the
charger.

Communica t ions

The XR-81100 eva lua t ion  sys tem employs  a  p ropr i -
etary communicat ions protocol which is a great com-
promise between very robust and minimal ist  commu-
nicat ions protocols.  Al l  standard protocols are avai l -
able, as is a custom programming opt ion.

The evaluat ion board protocol is an asyncnronous,
single wire, bidirect ional master-slave interface, with
the battery being the slave. The simple command-
response pairs can be found in Table 2.

Figure 3 shows a circui t  that ur i l l  convert  this hardware
protocol to a standard RS-232c interface, for commu-
nicat ing r ,nr i th an IBM-PC. Provided ur i th the evaluat ion
board is a disk which contains a Microsoft  Windor,vs
compatible software interface for monitor ing battery
funct ions. Custom softr ,vare can be wri t ten to commu-
nicate r ,v i th the system by sending the request byte
information from Table 2 and decoding the answer
byte per the information in the table.

L i - lon  Cons idera t ions

Li- lon has special  charging requirements in that each
cel l  must be monitored during charge to ensure that

no  ce l l  in  the  s tack  exceeds a  max inrunr  vo l lage.  l i
so, the protect ion circr_t i t  autonrat ical ly c i isconnecls
the  charge cur ren i  f ronr  the  ce l i s .

Acidi t ional ly,  to el iminate cel l  c lanrage on cl ischarge. i f
any cel l  c lrops belor.r  a nr ininrum voltage. the loacl  ancj
a l l  in te rna l  c i rcu i t ry  i s  c l i sconnected .

A separa te  s igna l ,  the  th resho ld  o f  wh ich  is  user  se t -
tab le ,  genera tes  a  log ic  h igh  r ,vhen the  ce l l  pack
reaches an EOD concl i t ion.

On-Ch ip  D isp lay  Dr ivers

The XR-B 1 ' l  00 provides 1 2 on-chip disptay dr ivers f  or
fuel  gauge, f lag status, and charge state. These dr i-
vers are programmable to provide l inear and non l in-
ear  fue l  gauges,  and ca l ib ra te  &  serv ice  f lags .
Further,  they are compatible with both LED and LCD
disp lays .

Produc t  Packag ing  and Connect ion

The XR-B l  100 is a tr , , ro chip set.  The evaluat ion board
has been developed with bui iding blocks to ai low user
measurements within the circui t .

The evaluat ion board measures ' l  Bmm x 68mm,
which al lows for placement r ,v i thin the envelope of a
4 /3  A-ce l l .

The board has g connect ions to off-board points
including cel l  pack, load/charge, intercel l  vol tages,
analog and digi tal  communicat ions. Table I  contains
connect ion information.

a -

Figure  3 .  Communica t ions  In te r face  fo r
Standard RS-232c
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E2 Load + Posit ive output of lhe smarl battery pack

E3 C3+ Junc t ion  o f  Ce l l  3  and 4  in  s lack

E4 C2+ Junctior. l  of Cell  2 and 3 in stack

E5 C1+ Junc t ion  o f  Ce l l  1  and 2  in  s tack

E21 Load - Negative oLrtput of the smart baitery pacK

eZb AFG Arralog fuel gaLrge oriput -- 0 lo SVDC

E23 Cell  Pack + Connects to t lre top of the cel l  stack

E24 Settse Sing le  Wi re  Communica t ions  Ptn

. - l

Tab le  1 .  Eva lua t ion  Board  Connect ions

<i i . t ' l .h

Abtrreviated Temperature & Fuel  Gauge l t r fo

Presenl  Alr  o l  Discharge

Las t  S to red  Ah  Va lue

F lags

Soft rvare Versiotr

Bat tery Vol tage

Presen t  Cu r ren t  F l ow  '

Tempera tu re

Nan rep la te  Ah

Factory Cal ibrated Ah CaPaci lY

P resen t  Ah  CaPac i tY

Current  Flor^r  Resolui ion

Bu rs t  Reques t

T  i r r  uppe r  n i bb le  12 -  42 - 'C  i n  2 ' 'C  s teps  FG

in  l o r ve r  n i bb le .

0  -  1 5 . O  A h  n r a x  0 . 1 A h  s l e p s

0  -  1 5 . 0  A h  t n a x  0 . 1 A h  s t e p s

Ca l i b ra t i on  Requ i red  B i t  4  =  H igh

Ba t t e r y  a t  EOD B i t  0  =  H igh

Se rv i ce  Requ i red  B i t  1  =  H igh

Soft ' ,yare Versiorr  Nr l r : - rber:  0.0 -  25 5

O .O  -  25  5  VDC 0 .1  VDC s teps

O.00  -  10 .0  An rPs

T e r n p = D e g r e e s C + 4 O

Ad lus ted  Range :  - 4O  to  215  1 -C  s l ePS

O -  25 .5  A l r r l ax  0 .1  Ah  s i eps

0  -  25 .5  Ahmax  0 .1  Ah  s teps

o  -  25 .5  A l r n rax  0 .1  Ah  s teDs

10  by i es  i n  t i r e  Fc l l o r v i ng  Fo rn l a t

E '

4 4

C A

B4

94

By te  1 :Abb rev ia ted  Temp  and  Fue t  Gauge  i n f o :  Uppe r  n i bb le :  f  12 -44 "C  i n  2 "C  s teps

Lo ' , ve r  N ibb le :  Fue l  Gauge .  O0  -  OF  t l ex

Byte  2 :  Exper ie r rced ar t rp  hour  capac i i y

B),re 3: Batrery rrra'e: iiff: l[l]i:: i: fft;:":]il,.uo"
By tes  4 ,  5 .  6 :  Se r i a l  Nu t r i be r

Byte 7:  Date of  lv lanufacture

Byte 8:  Nun.rber of  CYcles High BYie

Byte 9:  Nur l lber of  CYcles Low BYte

Byte 1 0: Checksunr of previous 9 Bytes.

Table 2. Communicat ions Softrvare Protocol
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