ﬂ= DALLAS DS2437

¥ SEMICONDUCTOR Smart Battery Monito r

www .dalsemi.com

FEATURES PIN ASSIGNMENT
= Unique 1-Wre® interface equires ony one
port pin for communication pQ O |1 DD
* Provides unique 64-bit serial number to Vﬁg E 2 %} g
battey packs NC O 1 x1
» Eliminates themistors by sensing batery VSENSY, E\ 12 [ NC
temperaure on-chp VSN T g X2
* On-board A/Dconveter allows monitorig of ‘ 9 (1 aND
battey voltage for end-ofcharge and eneof- 16PN SSOP

discharge determination

» On-board mtegraed curentaccunulator
fadlitates gas gauging
= Red-time dock in binay format PINRESCRIPTION
= 40-byte ronvolatile user memgravailablefor - Dataln/Out
- Geneal A/D input

storage of ugedata suh asgas gawe and o
S+ - Battery curent monitor input (+)
C

manufaduring information o
= Operaing range -40C to +85°C NS- - Battery curent monitor input (-)

» Applications include portable compuse GND i g_o _colnget q
portable/cellular phags, consumer AGND ) A;galltlig Grroouunnd
electronicsand handheld instrumes @ X3 - Connection for 32.768 KEETAL
X1 - Connection for 32.768 KHXTAL
Vb - Power Suppl (2.7V to 10.0V)

DESCRIPTION
The DS2437 Smart dtery Mon ides sesral functions that are esirableto cary in a battey
pack: a mans of tagging a o=l:4'=5\s k with a unique @&l number; a dect-to-digital tempeature
sensomwhich eliminatesthe ;-o\h', ermistors in the battgmpack; an A/Dconverer which neasures
e intgrated curent acumulator, wheh keepsa runnirg total of all
currentgoing into and qua(\the ditery; a real-time clak; and 40bytes of nonvolatile EEPROM
memory for storageof iy %”' t paameers sud as battery cgoecity, capa&ity remaning, and indiction
of battey cycling. Q

Informationis @%..‘ theDS2437 oven 1-Wre interfice, so that oyl one wire (andground)needs
QI

to be conne QR>~Ecental microproessor to a DS2437. This means thattdoy packs needonly
have thre ou codnects: battey power, ground,and the 1-We interfice

Becaus 243Gontainsa uniquesilicon serial number,multiple DS2437s can &t on the same
1-Wire IS Bows multiple batery packs to be barged orused in thesystem simultaneously.
10f31 070600
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DS2437

Applications for the smart batiepad< monitor includeportablecomputersportablecellular telephons,

and handheld instrumentation baytepacks in which itis critical to monitor real-time battey

performare. Ugd in conjunction with a micomntroller in the batty pack @ host ystem, theDS2437

provides acomplete smat bdtery padk solution thais fully chemistry-independent. The customizdion

for a paticular battery chemistry and cpadty is redized in the code proga@awmel into the

microcontroller andS2437 EERROM, and ory a softwae revision is necesszyrshesgner wish
®

to charge batery packchenmstry. O

DETAILED PIN DESCRIPTION @i\\
PIN | SYMBOL |DESCRIPTION ~lop~
1 DQ Data I nput/Out: for 1-Wire operation: oée\?td)\ﬁqd

VAD ADC Input: input for genesl purpose AR

5 VSENS+ Battery Input: connetion for battey @QQ\;O be monitored é& tex)
6 VSENS- Battery Input: connetion for ba{t@(o%ﬁt to be monitored ég tex)
8 AGND Analog Ground: must beat thés?ﬁ\e%&étial as GND

9 GND Digital Ground: must best thgsg:ﬁé?gtential as AGND

11 X2 Crystal Input: connectign (fq\\%’;\\&]%sz for RTC operation

13 X1 Crystal Input: connec(L(ﬁ(MVJ%sz for RTC operation

16 Vb Vpp Pin: input suppﬁ\@l\ﬁa@)
2,4,7,10, NC No Connect &Q} -
12, 14, 15 (o

OVERVIEW
The block digram of Hgure 1 shows the

1. 64-bit lasered ROM 5
2. temperaure sensor
. battey voltage A/D @

jajor compoeants of the DS2437:

batery current A/D

currentaccunulators @
red-time clock Q

NOo O~

EachDS2437co
chaged/monitore
1-Wire busarchi

Identificatig ¢D\..-: " for the speifications of these ducts.

Communicati 6 the DS2437 is via a dré/port. Wth the 1-Wre port, thememoy and control
fundions will not beavailable until the ROM fundion protoml has been established. The maste must
first provideoneof four ROM functioncommandsl) Read ROM, 2) Match ROM,)3each ROM, or 4)
Skip ROM. These commands operain the 64-bit lased ROM portion of ach devte andcan simgulate
a spedic device f many are pregnton the 1-Wre line aswell asindicat to the busmaster how many
andwhattypes of @vices ae present. Afer a ROMfunction sequete has ben sucessfully executed,
the memory and control functions are acessble andthe mester may then povide ary one of he sk
memol and control fugtion commands.
20f31

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6093840/ds2437.html

DS2437
Control function commands mabe issued which instruct th&®S2437 to perform a tempemature
measurementr battery voltage A/D conwersion. The esult of these measurements will be placed in the
DS2437'smemoly map, and may be read ly issuinga memory function commandvhich reads the
contents of thetemperature and voltage regstas. Additiondly, the chargng/discharging batery current is

space. Th D437 uses thesmurrent measwments to updatiree currentaccum
chage for gas gawe calculations, the s®nd acumulates the total @mjing cug
batery, and theremaning accumulator talies bdtery discharge current. There
can be usal in calculating batery sdf-discharge or time-related dcharge termina
the DS2437memok mapandcan be exracted with a control fudion ¢
memoy of the DS2437 consists of 4@tes of EEPROM. Theslocati

the user wishes arale written to usinga memoy function command.

and wiitten least significant bit first.

used tstore ary data
a@and commandsare read

PARASITE POWER
The block digram (Fgure 1) shows the gprasitepowered-SiPe:
whenever the DQ pin is hgh. DQ will provide sufficient paw
voltage requirements ae me (see the section titled “1-WirgBus
powe is tha the ROM ma bereal in absence of nom
dischaged.

This circuitry “steals” power

DS2437 BLOCK DIA GRAM Figure 1 %

_______________________________________________

1
| 8-BYTE TEMPERATURE [
‘ A?\l4[;81 -Tvsl/ge e SP {00h) - REGISTER '
| i
‘ CONTROL 8-BIT CRC | o BATTERY/GENERAL | -
. VOLTAGE REGISTER |
f [}
, 8-BYTE | BATTERY CURRENT|
! DISCONNECT L SP(1h) REGISTER -
SENSE '

' 8-BIT CRC
' . 1
. | o  RTCREGISTER |
: TEMPERATURE 8-BYTE :
32.768 KHz , SENSOR Le{  SP(02h) »  (DIS) CONNECT | .
CRYSTAL X1 8_BIT CRC . REGISTERS .
| 1
() ' 32,768 KHz 40 BYTES NON- !
' XTAL OSCILLATOR 8-BYTE VOLATILE MEMORY | '
ix2_ | o] SPs (03h—07h) i
7 CURRENT !
@ ' VAD 8-BIT CRC -8 ACCUMULATORS !
. VDD |  voLTAGE :
I , A/D CONVERTER .
— ] §
T _ (VSENS+ ‘
L T t
§ HSENS-L ) ‘
+ , ¢

CURRENT
cr | A/D CONVERTER =8> CONTROL LOGIC :
A VSENS- ‘
RV A A 2 d §
F ,AGND DS2437"
v 'GND )
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DS2437

OPERATION — MEASURING TEMPERATURE
The DS2437 meases temperates throgh the use ban onbard proprietary temperatue measuvement
technique.

Thetempeature eadirg is provided in a 1-dit, two’s complement @ading, which proxiges 0.03125C of
resolution. Table 1 desbes the eact elationship of output data to measurec a:s"’i‘ Tk data is
transmitted seriafi over the 1-Wre intaface. Tre DS2437 cameasuretempei N

& the range of
-55°C to +128C in 0.031258C increments. &r Fahenheit usge, a lookup ta Tprarsion actor
must be used.

Note that temperata is repesented in th®S2437 in terms of a 0.031 b/Vielding the following
13-bit format. The 3 least significant bits of the tempeature regsta wil, aways be 0. Theremaning 13
bits @ntan thetwo’s complement representation of the temperature in with the MSb holdinghe sgn
(S) bit. See “Memar Map’ section fo the TEMPERATURE RE ddess location.

S

Temper atur e/Data Relationshi ps Table 1
24| 25

) ) 29 : (s?et) (set) | (cety | 5B
MSb {unit = °C) LSb
s 26 25 24 23 22 21 20 | mMsB
—

TEMPERATURE DIGITAL OUTPYI\{Biary) DIGITAL OUTPUT (Hex)
+125°C ounm}@oo 7D00h
+25.0625C 00011q0VP10000 1910h

+1/2°C 000¢gOER0000000 0080h

0°C om'g\%%foooooooo 0000h
-1/2°C 13411 10000000 FF80h
-25.0625C (24360110 11110000 E6FOh
-55°C (3001001 00000000 C900h

OPERATION — ME
The on-boad analog
whenthe DS2437rete

measuremens plaesd IN

'g" G BATTERY VOLTAGE

ob converter (ADC) has 10 bits ofesolution ad will perform a onwversion

essacommand protoco{Convert V) instructig it to do so. Theasult of this

the 2-byte VOLTAGE REGISTER. The rame for the DS2437 ADC is OV to

0

10V; this angei Wdle for NiCd or NIMH battery padks up to sixcells and for lithium ion batery
packsof two 4| full-sale ange of theADC is scaled to 10.23Vgesulting in aresolution of 10
mV.

While the ADC arangethat extends to OV, it is impdent to notetha the batery voltage can alsobe
the suppl voltage to the DS2437.As swch, the acuracy of the ADC beagins to degade below lattery
voltages of 2.7V, and theability to makeconversions is limitedybthe ograting voltage range d the
DS2437.

4 0of31

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6093840/ds2437.html

DS2437
Voltage is expressel in this egista in saed binary format, as outlined in Table 2. Note that while codes
exist for values below 2.7V, aaracy of the ADC and the limitation orthe DS2437’ssupply voltage
make it unlikely that thesevalueswould be ugd n acual pracice. Se “Menory Map” section for he
VOLTAGE REGISTER addess location.

Voltage/Data Relationshi ps Table 2

o7 | 26 | 25| 28| 23| 22| 21| 20 <\

MSb (unit = 10 mV) LSb
(s%t) (s?et) (s?-zt) (s?et) (s?at) (s?et) o MSB
J
BATTERY <© -
VOLTAGE DIGITAL OUTPUT (Binary) /7 ITAL OUTPUT (Hex)
0.01V 0000 0000 0000 0001 ,N\N\\/6) 0001h
2.7 0000 0001 0000 1110 D 010Eh
3.6V 0000 0001 0110 1000{¢ ™ 0168h
5V 0000 0001 1111 F3dE\\2 01F4h
7.2V 0000 0010 1191800~ 02D0h
9.99V 0000 0011 11}0\11&\1} 03E7h
10V 0000 001/% QN 000 03E8h
For appliations requiring genesd purpos eA/D convater, theDS2437canbe configuredsothat
theresult of a Convert Vanmand will plageXe<scaled biary repreentation of the volige on theVap
input (as opposed to thepy input) intg IR \ @ TAGE REGSTER in the same fmat descibed in

Table 2. Depnding upon the state o w\:m
i [ REGSTERupon re:elpt of the ConverY command. Red to
ster in the Mmory Map setion for dedils. If the Vap input is

used as the volge input, the A/D e accuatefor OV < Vap < 2Vpp ove the rame 2.7V <Vpp <

OPERATION - A\ m RING BATTERY CURRENT
The DS2437 feafes a St adta A/D conwerte that efectively measures theurrent flow into andout

of the battey pack do so in thedzkgroundat a ete of 32 masurements/sethus, no command is
requiredto injtigte sjy flow meaasuremats. Howeve, the DS2437 will oy perform curent A/D
measurem 'i' BAD Dbit is set to 1 in the CONEHURATION REGSTER. The DS2437 meass
current flo g out of the battg through the VSENS pins; the voltage from ti&ENS+ pin tothe
VSENS- pin 1Issgnsidered to be the vgiaaoss the cuent senseesistor, Rens While the VSENS+
termind may be tied diredly to thecdl side of the Rsgns resistor, we ecommend usimpan RC low pass
filter beaween the othe side of Rsgns and VSENS-. Usig a 47 K2 (max) resstor (R) and a 0.1uF
capaitor (Cg), thefilter cutoff is goproximately 32 Hz. Thecurrent A/D measures at a rate of 32 times
per second, monce evey 31.25 ms. This filter will capture theffect ofmany currentspikesandwill thus
allow the current accumulators to accurately refled the totd charge which hasgoneinto or out of the
batery.

50f31
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DS2437
The curent is measd by the ADC with a sgned 10bit (0.004883C) resolution, artbe lastcompleted
measurerantis placed n the QJRRENT REGISTER in a sgn-extended 2's-comlement format. This
register is scaled s that acountof 205 corresponds to a a@nt level & 1C. Thus, the rage of
current flow ttat can le measued is from -2.5C (disarging) to +2.5C ¢hamging). The sjn (S) of the
current meaurement, indicating charge or disdharge, resides in the seven most signifieant bits of the
CURRENT REGSTER, as shown in Table 3. &€Memay Map” section 3@ CURRENT

)

REGISTER addess bcation. <)

Current/Data Relationshi ps Table 3 @

27 f 26 ) 25| 24| 28} 22| 2 20 | 1sB
MSb (unit = 0.004883C) LSb >>
S S s s ] S S 28 | MsB
7%
BATTERY
CURRENT DIGITAL OUTPUT (Binaryh "\ DIGITAL OUTPUT (Hex)
+2.495C 0000 0001 1111 11110~ 01FFh
+2.002C 0000 0001 1001 1A ) 019Ah
+1.25C 0000 0001 006Q 080Q 0100h
+1.001C 0000 0000 11QG140f 00CDh
0C 0000 0008, {@pralo0 0000h
-1.001C 1111 111¢ Q00011 FF33h
-1.25C 1111 1430000 0000 FFOOh
-2.002C 111 110 0110 FE66h
-2.500C 1 &3¢0 0000 0000 FEOOh
\Z

For the DS2437 to output cumned as in @ble 3, the useis responsibldor selecting an Rsens
that will providea 100 mV .@\.\».;n it at a 2C rate.Howewr, this value could & charmged to
correspondo adifferentrate %» as this is compranded ly the us€s software in interpeting the
results from the DS2437.

OPERATION —

OvyThe
ading in this egisteris an indication of the remaning capadty in a batery and
Ing gas gauge functions.n addition, the DS2437 has agrste that acumulates

) itivg current (CCA) and onetha acumulaes disdarging (negetive) current
(DCA). This §iVed the smat batery systam information nesded to ddermine the end of life of a
rechargeable batéry, basad on totd charge/discharge current ove its lifetime.

‘@ T ACCUMULATORS

ek 0T the remainirg capacity of a battey through the Integrated Current
Accumulator (ICA
batery; therefore

The current measuenent desribed aboe yields a result of the instananeouscurrent measuredat the
31.25 ms measurement times. This value is then used temant or derement thelCA register,
increment the CCA (if current is positive, orincrement the DCA (if current is negtive).
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The ICA is a scaled 8-bit (0.01C resolution) volatile binar counter wheth repesents theamount of
capaity remaining in the battey in terms & the full camcity (1C), nornalized to a count of 1Q@ Thus,
an ICA count of 10Q, repregnts 1C of chae or 100% b capacity or fully charged, while a count 60
repregnts 0% of apacity or fully discharged. The CA will count up to 25%, but will notroll over if
incrementedabove 2.55C, which should not ocaluring charging. However, sin(erging typically
QLN

provides the battgrwith more than its rated apecity, the ICA should be reddo a g

The ICA is only incremented/deaemented if the IAD bit is sé to [ ONFIGURATION
REGISTER. Re#r to the “Memory Map” section for dtails of devie
illustrates thecontents ofthelCA. See Memory Map sedtion for theaddress

chaging is complete to indicate &t the batter is at 100% 6 capacity and to
measurerants are accuate.

fion of thel CA.

ICA/Data Relationshi ps Table 4 &
27 | 26 o - B8 2| 2 20
MSb {unit = 0.01C) LSb
™V
BATTERY N\
CAPACITY DIGITAL OUTPUT DIGITAL OUTPUT (Hex)
2.55C 1111 1108\ FFh

1.0C 0110 0100QV\, 64h
0.5C 001008~ 32h

0.1C 0004, £Q1p” 0Ah

0C 0400900 00h
V 4

The Chaging CurrentAccumulator (d \ﬁ a 2-hg (0.32C esolution) nonvolatile readfte counte

which repesents the total eiming clixertshe battey has enounteed in its lifetime.lt is only updated
when curent through Rsens is posifivenr.e., the battens beirg charged. Becausethis is a nonvolatile
register, the information will ace WNlgte cer the lifetime ofthe battery pack andwill not be lost when

the battey becomes dischae 'Q

Similarly, the Dischage C ’u‘g‘ cumulator (DCA)is a 2byte nonvolatile countewhich represents the
total dischaging current (loebattey has encounéred ower its lifetime.It features the @ne resolution as
the CCA andit alsg aflowed to EEPROM in the bgrokind at therate d once @r 0.32C of
dischage current \if the RS2437 is propgricorfigured, thus allowig three EEPROMupdatesfor each

complee distharge cycledf thebattery padk. Table 5 illustrates thecontents of the CCA/DCA registas.

In reference A/DCA, the DS243artbe comigured to furttion in ary of three modesRefea to
the Memo @tion for details of avice configuration andfor the addess location of the
CCA/DCA.

1. TheCCA/DCA is disabled. Chaging/disdharging current will not be accumulaed, thus dowing free
use of EEPROM pge 07h othewise resened for the CCA/DCA.

2. The CCA/DCA will accumulate chrging/dischaging current, but the information will NOT be
shadowedo EEPROM. The information could b lost or corruptd upon dischge of the lattery
(dependig upon the voltge to which dischaged battey deays). The nemory location is reerved
for the CCA/DCA, and theentire page SHOULD NOT bewritten to.
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DS2437
3. The CCA/DCA will accumulate carging/dischaging current, and the countanformation will be
shadowedo EEPROMeach time the respetive counte increments i 0.32C. Tle memoy location

is resaved for the CCA/DCA, and theentire pageSHOU.D NOT bewritten to.

the user’ssoftware shouldnever allow a write to memowy page 07h if the CCA/DC d; othmvise
CCA/ DCA information will be overwritten. Q

Because he uer hasreadivrite acess ¢ the entre EERROM array, including the C%;A locatons,

Figure 2 below illustrates theactivity of the ICA, CCA, and DCA over a samp erlischarge cycle
of a battey pack, assuminghe DS2437 is confjured fa the ICA to f @ d te CCA/DCA to
fundion and shadlow data to EEPROM. To simplif the illustration of theee™ .iﬂ dors, the are treated
as analg values,althoudh they are digtal counters in the DS2437. No .\v hen the battey becones
fully dischaged, i.e., theCA valuereaches 0, the CCA and DCAegisier valgs ae maintained.

CCA/DCA Data Relationshi ps Table 5 «@
27 26 25 24 23 22 2t 20 | LsB
MSb (unit = 0.32C) LSb
215 | 214 | 218 | 212 | 211 |} 210} 29 28 | MsB
N =
CCA/DCA DIGITAL OUTPUP (Binafy) DIGITAL OUTPUT (Hex)
0C 0000 000Q GEDHVPO0 0000h
32C 0000 000p D%{0)0100 0064h
64C 0000 OQBNFO 1000 00C8h
100C 001 Ng011 1000 0138h
20,971 1INIA1 1111 1111 FFFFh

\J
CURRENT ACCUMULAT?@HVITY Figure 2
[@N

/ CHARGING —

DISCHARGING
INSTANTANEOUS ;
CURRENT
=T |
) BATTERY FULLY
1 ' 1 ' DISCHARGED
' ' , | ' |
] . ,
20 '
+ f . ‘ :
+
< I | I
15 —— '
CURRENT ——— |[CA | . ' | | ‘ |
ACCUMULATOR e CCA
© ol = =mpbcA
’/‘/,4‘/'
05 —— s )
// .

TIME
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OPERATION — REAL TIME CLOCK
The 32.768 kHzrystal oscillator is used as the tirbesefor the timekeepingunctions. Thetimekeepig
functionsare doublebuffered, allowing the master toead time without the dateharging while it is
beingread.To accomplish this, a snapshot of the countatads transfered to holdimg registes which the
user acesses. Thioccursafter the eighth bit of the Recal Memory conmand.

The ral-time clock is a 44te binary couner with a 1-seond esolution. ThefQy
seconds.The real-time clock can acumulate136 yeas of seonds befee r
repregnted ly the numbe of seconds since aeference point,which is detd
example, 12:00 A.M.,ahuar 1, 1970 could be udes areference point.

Two other time-elated fuictions areavailable. Thefirst is the DSCO TIMESTAMP, which is
written to by the DS2437whene\er it senses that the@line has bendaw fef moe than 1 seond. This

condition would signal tha the batery padk has ben removed fr system; the time when tha
occursis written into the DISCONNECT TMESTAMP reiste at uponeplacenent into the
systam, the system can ddermine how long the device hes age, to facilitate sdf-discharge
correctionsto the remainirg battely capacity. After the disco eendlecied, the DS2437 revis
to aslesp mode duting which nothirg is active except theredhti ck.

The other timestamp is the ENOF@CHARGE timest h is written by the DS2437wheneverit
senses tha chargng is finished (when current ch ion). This timestanp dlows the userto
calculate theamount of time the battgihas beeng hage or stoage state,again to facilitate self-
dischage calculations.

The format of the RTC, Disconnect, and |\GPape raistersareas shown in Table 6. R to the
“Memory Map” section for the address lo@tio ime-related regstes.

Time Data Relationshi ps Table@)

27 26 25 24 23 22 21 20 | LsB
MSb (unit = 1s) LSb

215 214 213 212 ot 210 29 28
MSb (unit = 1s) LSb

<€ 223 | 222 | 221 | 220 | 219 | 218 | 217 | 216

N\ MSb {unit = 1s) LSb
Q:\.Q) 031 | 230 | 229 | 028 | 927 | 226 | 925 | 224 | MsB
Crystal ‘1
A 32.768kH , Daiwa Pat No. DT26S, Seiko Part No. DS-VJA00 or equiglent can le directly

connected to tHS2437 via pins 11 and 13 (X1, XZ2The cystal seleceéd for ug should havea
specifiedload capaitance(CL) of 6 g~. Thecrystal is conneted diretly to theX1 and X2 pins. The is
no need forexternal capacitors or esisors. Noe: X1 and X2are vey high impedarte nods. It is
recommended #t they and thecrystal beguard rirged with groundand that hgh frequeng signals be
kept away from the crysta area For more information on caystal sdection and ciystal layout
considerationsplea® consult Application Note 58, “Crystal Considerations with Dallas Real Time
Clocks.”
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64-BIT LASERED ROM

Each DS2437 contains a ung®OM code that is 64 bits longhe first 8 bits area 1-Wre family code
(DS2437codeis 1Eh). The next 48 bits @ a uniqueserid numbe. Thelast 8 bits & a CRC of thefirst
56 bits. (Seeigure 3) The 64-bit ROM and RONfunctionControlsectionallow the DS2437to opelte
asa 1-Wire devie and follow the 1-Wire protocol dediled in the section “1-We Bus _System.” The
functionsrequiredto controlsectionsof the DS2437 & not @cessible until the nction protocol
hasbeensatisfied.This protaol is described in the ROM fgtion protocol fl igure 4. The
1-Wire bus mastermustfirst provide one of fouROM function commands; 3 M, 2) Match
fully executed,
vié and one bthe

the functionsspecificto theDS2437 areacessible and the bus mastga /

six memoyg andcontrol function commands.

64-Bit Lase red ROM Figure 3 &

8-BIT CRC CODE 48-BIT SERIAL NUMBER 8-BIT FAMILY CODE (1Eh)

MSb LSb  MSb LSb  MSb LSb

CRC Generation

¢ of the 64-bit ROM. The busmaste can
DT ROM and compae it to the value stored within
the DS2437 to determine if the ROM dats heensce gror-free ly the bus maste Theequivalent

provides this value to the bus mate to s the transfer of data bytes. In eat case where a CRC is
usal for daa transfer vdidation, the®t ater must dculate a CRC vdue using the polynomid
function given above and comparethe cadsplated valueto dther the 8-bit CRC véue storé in the 64-bit
ROM portion of the DS2437 (for (R
(which is readas a 8 byte wh ~ \ hpad is read). The compaison of CRC vaues and dedsion to

DS2437tha prevents a co
DS2437does not méch t
flowchart of Figure

generated by the bus mate. Proper useof the CRC & outlinad in the
a communication ahnel with a vey high level of integrity.

The 1-Wire CRC @n gg@erated usinga polynomid generator consistingof a shift regster and XOR
gates as shown ik ¥ Additional information about thedbas 1-Wre Cyclic Redundaay Check is
available in Apptisation Note 2@éntitled “Undestandingand Usimg Cyclic Redundany Checkswith
Dallas SemicQridotpr Touchevhory Products.”

The shift regis ts ae initialized to 0. Tha stating with theleast significant bit of the family code
1 bit at atime is $hited in. After the 8" bit of the family code has be@ entered, then the serial numbe is
entered. After the 48" bit of the serial numberas been enteed, the shift registecontains the CRC
value.
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1-Wire CRC CODE Figure 4

~o1 MSb ] -1 -

=

INPUT

. e {Sb

ROM FUNCTIONS FLOWCHART Figure 5

MASTER Tx

@‘8)

RESET PULSE

DS2437 Tx
PRESENCE PULSE

MASTER Tx
ROM FUNCTION
COMMAND

33h
READ ROM

DS2437 Tx
FAMILY CODE
1BYTE

!

DS2437 Tx
SERIAL NUMBER
6 BYTES

‘

DS2437 Tx
CRC
1 BYTE

MASTER Tx
MEMORY /
CONTROL
FUNCTION

FCh
SEARCH ROM

YES

NO

YES

MASTER Tx
BITO

NO NO

* YES

DS2437 Tx BITO

DS2437 TxBIT 0

MASTER Tx BIT 0

1

BITO
MATCH?

‘ YES

MASTER Tx
BIT 1

DS2437 Tx BIT 1

DS2437 Tx BIT 1

MASTER Tx BIT 1

)

MASTER Tx
MEMORY /
CONTROL
FUNCTION
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MEMORY/CONTROL FUNCTIONS FLOWCHART Figure 6

MASTER Tx
MEMORY/CONTROL
FUNCTION

4Eh
WRITE SP

MASTER Tx
PAGE #

DS2437 SETS
ADDRESS COUNT=0

'

MASTER Tx
DATA BYTE

MASTER Tx
RESET?

ADDRESS
=77

DS2437 INCRE~
MENTS ADDRESS

NO
at READ SP

YES

BEh

NO 48h

YES

MASTER Tx
PAGE #

DS2437 SETS
ADDRESS COUNT=0

!

MASTER Rx
DATA BYTE

MASTER Tx
RESET?

ADDRESS
=77

DS2437 INCRE-~
MENTS ADDRESS

MASTER Tx
RESET?

YES

\

YES

MASTER Rx
8-BIT CRC

MASTER Tx
RESET?

DS2437 Tx
PRESENCE PULSE

MASTER Rx
ALL “1'8”
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MASTER Tx
PAGE #

DS2437 SHADOWS
SP PAGEy TO
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MASTER Tx
RESET?
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DS2437

MEMORY/CONTROL FUNCTIONS FLOWCHART Figure 6 Cont'd

44h

B4h

< CONVERTT

‘ YES

DS2437 BEGINS
CONVERSION

YES
MASTER Tx
RESET?

TEMP CONVERT
BUSY?

YES

CONVERT V

DS2437 BEGINS
CONVERSION

MASTER Tx
RESET?

V CONVERT
BUSY?

NO

B8h
RECALL
MEMORY

NO

MASTER Tx
PAGE #

Y

DS2437 RECALLS
EEPROM PAGEx
INTO SP PAGEx

MASTER
Rx “0'S”

MASTER
Rx “1'§”

/
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DS2437

MEMORY MAP

The DS2437'smemoy is organized asshownin Figure 7. The memoy consists of asatchpad RAM
and storage SRAM/EEPROM.The saatchpal helps insue daa integity when eommuniating over the
1-Wire bus. Data is first written to the sciatchpad where it can be read back. After the daa has been
verified, acopy saatchpad command will transfer the data to theappropiate pagein oty (pages0-2

are primarly volaile SRAM, pags 37 ae EEPROM) This pocess insues dd eglity when
modifying the mamoty.

The DS2437’smemoy is organized as64 bytesof memoy in eight 8-byte p paye has its own
scratchpd spae, oganized as 8 tes d memoy. When reading a saateh eis a 9" byte which

ddindaocy chedk (CRC)
gaatchpad. This CRC is

Page 0 (00h)
The first pa@e contains the most fregatly acessed infor
volatile read-only bytes with theexception of the Staus / Con

X ADB | NVB TB AD E2? | CA IAD

MSb LSb

Q‘: and he ICA are erabled, andcurrent measuements
AD

Q and thelCA have bea disaled.

CA = Current Accumulator Confiuratje % CA/DCA ae enabled, andiata will be storednd @n be
retrieved frompage 7, bytes 4-7; A/DCA is disabled, andgp 7 can be usedfor general

EEPROM storag.
O Selector bit. 1 =CCA/DCA counter data will be shaded to
pgister is incemented $ 0.32C;0 = CCA/DCA counterdata will not
CA/DCA could be lost as dttenp pack becomes dischaed. If the
n egister is set to 0, the EAt will have no effet on the DS2437

E2? = Current Accumulator

>N
EEPROM each time the =-.~:..

be shadowed to EEPRO (*’
CA bit in the status/confj Qb

. (A
functionality. %

lect Bt. 1 = the batteryinput (VDD) is seleted as the input fahe DS2437

AD = Voltage A/ p

voltage A/D con ~0 = the general purpose A/Dinput (VAD) is selectedas the voltge A/D input.
For eithe set ert V. commandill initializ e a voltag A/D conwersion.

TB = Temp Bsy Flag. 1 = tempeature conveasion in praress; 0 = temgrature onversion
complete.

NVB = Nonvolatile Memory Busy Flag. 1 = Copy from Scrathpad to EEPROM in progress; 0 =
Nonvolatile memoy not buy. A copy to EEPROM mw take from 2 msto 10 ms (takinglonger at lower

suppl voltages).
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DS2437
ADB = A/D Converter Bisy Flag. 1 = A/D conversion in prgress on batteryoltage; O = conersion
complete, or no measament beig mace. An A/D conversion taks approxmately 10 ms.

X =Don’t cae

Bytes 1 and2 of page O contain the last completed teerptue conersion in the fq "\Q’ cribed in the
“Operation - Measuing Tempemturé section. Bytes 3-4 contain theast ¢gfpleted volige A/D

conversionresultand Bytes 56 contain the instantanes curent data. Rier tg \ piopriag section
for thedaaformat of these locations.Byte 7 is leseved and will read out as all 1
Page 1 (01h)

The second amge, Page 1, contains thd CA andreal time clock dataBoth TC andICA are volatile
read/ write locations so thathey may be sd, changed, o cleaed byt osisOftware. Bytes 0-3 contan
the RTC data, formatted asstribed in thé‘Operation - Ral Tim " sectionByte 4 containsthe
8-bit ICA. Bytes 57 are reseved and will read out s all 1's.

Page 2 (02h)
The third page of memory (Page 2 contains the DIBCONNMNEG ME (first four bytes)and ENDOF

CHARGE (remaning four bytes) timestanps. This p olatile and read / write. Rder to the
“Operation - Redl Time Clodk” sedion for theformattj 8¢ |ocdions.

Pages 3-7 (03h - 07h)
The remaindr of the nemory in the DS2437 (Rye: yrogh 7) is lacked with EEPROM. This mempor
provides 40 ptes of user reamory which marhe gsedAo arry any information the usewishes tostore.
Additionally, the CCA/DCA information is 2 ]
appropriatey. If the CCA/DCA is used, me%
be oveawritten. Se “Operation - Current Accxyiaors’ for ddails.
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DS2437

DS2437 MEMORY MAP Figure 7

PAGE BYTE CONTENTS RW NV? PAGE BYTE CONTENTS . RW  NV?

0 STATUS/CONFIGURATION RW  YES ¢} USER BYTE RW  YES
1 TEMPERATURE LSB R NO 1 USER BYTE RW YES
2 TEMPERATURE MSB R NO 2 USER BYTE RW YES
0 3 VOLTAGE LSB R NO 3 3 USER BYTE RW  YES
4 VOLTAGE MSB R NO 4 USER BYTE RW YES
5 CURRENT LSB R NO 5 USER BYTE RW YES
6 CURRENT MSB R NO 6 USER BYTE RW  YES
7 RESERVED 7 USER BYTE R/W YES
0 RTC BYTEQ R/W NO 0 USER BYTE RW  YES
1 RTC BYTE 1 R/W NO 1 USER BYTE R/W YES
2 RTC BYTE 2 R/W NO 2 USER BYTE R/W YES
1 3 RTC BYTE 3 R/W NO 4 3 USER BYTE R/W YES
4 ICA R/W NO 4 USER BYTE R/W YES
5 RESERVED 5 USER BYTE RW  YES
6 RESERVED 6 USER BYTE RW YES
7 RESERVED 7 USER BYTE R/W YES
[ ] [ ] L 2 L J L ]
0 DISCONNECT BYTE 0 R/W NO [} (] [ [ o
1 DISCONNECT BYTE 1 RW NO s o * hd s
2 DISCONNECT BYTE 2 RW NO 0 USER BYTE RW  YES
2 3 DISCONNECT BYTE 3 R/W NO 1 USER BYTE RW YES
4 END CB‘\';T%H:RGE AW  NO 2 USER BYTE RW  YES
END OF CRARGE 7 3 USER BYTE RW YES
USER BYTE/
5 BYTE 1 AW NO 4 CCA BYTE 0 RW  YES
END OF CHARGE
6 BYTE2 AW NO 5 P RW  YES
END OF CHARGE
R/W NO USER BYTE/
7 BYTE 3 6 A RW  YES
USER BYTE/
7 DCA BYTE 3 RW  YES
1-Wire BUS SYSTEM
The 1-Wire busis a system which hag us naster and oa or moe slaves. Th&S2437 behaves
as a slave. Tdndiscussion of this by is brokerdown into threetopics: hardvare configuration,
transaction seuence, and 1Wire sigR
HARDWARE CONFIGUR
The 1-Wire bushas ony a by ddinition; it is important that each dewae on e bus beble to
drive it at the appropate ti ¢ failitate this, each dege att@hedto the 1-Wire busmusthawe open
drain or 3-state outputs ire port of the DS2437{DQ pin) is opendrain with aninternal circuit

equivdent to tha sh
attached. Ta 1-Wre b

Fgure 8. A multidrop bus onsists ofa 1-Wire bus with multiple slaves
egjues a pullup resistorf@pproxmately 5 kQ.

HARDWARE IGURATION Figure 8

BUS MASTER DS2437 1-WIRE PORT

+5V

R o<} % i {>ij

Tx

5 pA
Tx Typ. '—

Ry = RECEIVE 100 OHM
Tx = TRANSMIT MOSFET
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DS2437
Theidle statefor the 1-Wire bus is hig. If for any reason a tnsaction neds to be suspendedgetbus
MUST beleft in theidle stae if the transadion is to esume Infinite recvery time can occur between
bits so longas the 1-We bus is in the inactive (high)asé durirg the ecovey period.If this doesnot
occur and th bus is left low for mathan 48Qus, all components on the bus will be eks

TRANSACTION SEQUENCE @
The protocol foraacessing the DS2437 via the 1H& port is afollows: Q %
* Initialization @

« ROM Function Command @

* Memoty FunctionCommand Q

+ Transaabn/Data

INITIALIZATION

consists ofa resd pulsetransmitted by the bus naste followes
slave(s).

The presece pulse dts the bus master know that
more ddails, see the*1-Wire Signaling” section.

ROM FUNCTION COMMANDS
Oncethe busmaste hasdetected gpreencedt
ROM fundion commands ae eght bits lon
Figure 5):

Read ROM [33h]
This command allows the bus ma H
numbe, and 8-bit CRC. This omm&)e % only be usd if there is asingle DS2437 on théus.If more
than oneslave is present on thebuys
time (open-drain will produce a W

Match ROM [55h]
The Match ROM com Qeflpwed by a 64-bit ROM segence,allows the bus master to adds a

will respond to the

sequence will wai &
bus.

Skip RO

This oomm save time in a sinde-drop bus sgtem by alowing the bus maste to access the
memoy functiongwithout providing the 64-bit ROM coce. If more than one slaw is presnt on the bus
anda read command is issued follovgrthe Skip ROM command, datallision will occur on the bus as
multiple slaves transmit simultaneopgbpen drain pulldowns will produe a wired-AND result).

dnemoy function command. All slavethat do not matchthe 64-bit ROM
& pulse This command can be used with a single or multiple devices on the

17 of31
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DS2437

Search RO M [FON]

When a systemis initially brought up, the bus mastemight not know the number of devices on the
1-Wire busor their 64-bit ROM codes. Theeacth ROM command allows the bus magteuse a pcess

of dimination to identify the64-bit ROM mdes o dl slave devices on thebus.

Example of a ROM Search

The ROM search processis the repetition of a simplethreestep routine read a TN e complement
of the bit, then write the desired vaue of tha bit. Thebusmaste performs this sipR@-3tep routineon
each bit of the ROM. fier onecomplete pass, the busaster knows the 1

ORIRHES f he ROM in one
device. Theemainirg number ¢ devies and their ROM caeb may be i @v additional passes.

The following exanple of the ROM seach pracess assues fou differen ices ae conrecied D the

same 1-We bus. The ROM dataf the fou devices isas shownl(Sb #

ROM1 = 00110101...
ROM2 = 10101010.¢ @
ROM3 = 1111010

ROM4 = 00010001.
The searh pracess $ as folows:

‘&H Q

afd on thel-Wire bus (Ph).

3. Thebusmasterreadsa bit from the 1-Wirg blug.)kalt devicewill respond ly placirg the \elue of the
thaldire bus. ROM1and ROM4 wiill place a 0 ontothe
ill place a 1 onto the 1HW bus ly allowing the line

1. The bus master s the initialiation sequen ) a reset pulseThe slavedevicesrespond

by issuingsimultaneous r@sere pulses.

2. Thebus matea will then issuetheseach ROM

to stay high. The esult is the logcd AND devices on the line; thefore the bus masteseesa 0.
The bus raster reads andier bit. Sin ach ROM data command is being execued, all of the
devices on the 1-Wke bus espond Al secondae ly placing the complemenbf the first bit of

low. Thebus mate agan ohsgvesa0 for the complement of the first ROM dda bit. The busmaster
has determined that teea
others that hava 1.

5. Thebus naster peforms wo more reads and ecewves a 0-bi followed by a 1-bt. This indicakes hat
all devices still coupled to the bus have Os ag tecond ROM aa bit.

6. The bus master thenrites a 0 to kep both ROM1 and ROM4 coupled.

7. The bus master exutes twaeadsand reeives two €bits. This indicates that both 1-bits ad«bits
exist as the 3 bit of the ROM data of the atthed dewies.
18 of31
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DS2437
8. The bus master ntes a 0-bit. This desatess ROM1 leavig ROM4 as the omldevice still connected.

9. Thebusmaste reads theremander of the ROM bits br ROM4 and continues to acess thepatt if
desired. This completes thiest pass and uniqugidentifies one grt on the 1-Wke bus.

10.The bus master starts an&®OM sarch ®quene by repeatirg steps 1 throgh 7. Q
NSO

11.The bus master mtes a 1-bit. This decouples ROM4aleng only ROM1 stig)c

12. The busmasterreadsthe remainde of the ROM bits for ROM1 andomm \b p the undiging
logic if desied. This completes theesond ROM sarch pass, in which (' e ROMs was

found. %@9

9,
13.The bus master starts am&O0M search ly repating steps 1 throgh@

14. Thebusmeaste writes a 1bit. This dsdects ROM1 aad ROM4 br {herexgander of this sarch pass,
leavingonly ROM2 and ROM3oupled to theystem.

_OT

20. The busmastemreadsthe remainde of the RO s for ROM3 andommunicates to the undiging
logic if desired. This @mpletes thefou yhgarch pass, in whit anothe of the ROMs was
found.

Note that the bus mastealas the uniquéD Rymber(ROM data pattan) of ore 1-Wre devie on each
ROM Search opgation. The timeaquire qye the pat’s unigue ROM code is:

960 ~ X 64) 61us=13.16 ms

be written, but dl w
issuingthis com |
may begin writin to the DS2437 saichpad. Witing may be terminatedat ary point by issuinga

reset. Valid rs fowriting are 00h-07h.

Read Scra%ad [BEhxxh]

This command reads thertents of the satchpmad pa@e xxh onthe DS2437 After issuingthis command,
the usermustsendthe pagenumber of tle sceichpad to beead,and then mga begin readiry the dita,
always beginning at addess O of the etected sratthpad. The usr may readthrough the end of the
scratchjpd spae (byte 07h),with any reserved data bits redingall logic 1sand after which the data read

will be dl logic 1s.1f notall locations ae to be read, themaster may issuearesd to taminae reading at
ary time. Valid page numbes ae 00h - 07h.
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DS2437

Copy Scratchpad [48hxxh]

This mmmand opies the saatchpad page xxh into the EEFROM / SRAM menory page xxh of the
DS2437. After issuinghis command, the es must write a @ge numbe to directwhich page of memoy
the scratchad is to be copied. aid page numbes ae 00h - 07hif the busmasterissuesreadtime slots
following this command, the DS2437 will output O on the bus asdsrigis bug copyintthe scatchad
to SRAM/EEPROM it will return a1 when the copy process is omplee. p@

Recall M emory [B8hxxh] P
This command recdls the stored values in EEPROM/SRAM pge xxh to the g@@
commandnust procede Read SPxxcommand in order to agl ary page ey on theDS2437. No

Convert T [44N]
This commandoegins a tempeatureconversion. Ndurther cita is requigd, The tempratue conersion

Convert V [B4h]
This command instructs the DS2437 to initiate a
suppl thatis measuedis definedby the AD bit of t /Configration register. This sets the 2B
flag (see Status/Cortfuration egister discussion {nthe\MemoMap setion). Whenthe A/D conwersion
is done,the ADB flag is cleared and the ctrent vo alue is plaed in the VQTAGE REGSTER of
page 00h. Wile an A/D conersion is takin l,l.'%

Ul i

If the bus master issuesad time slots folloa: <\

o-digital conwersion gcle. Thevoltage

long as it is bug m&king a voltage measurem Will return awhen the onversion is complete.

1-WIRE BUS

MASTER
STATUSAFTER | FWIRE BUSDATA
ISSUING AFTER ISSUING
INSTRUCTION DESC N PROTOCOL | PROTOCOL PROTOCOL
Re from :
BEh <page <read up to nineyies
Read Sratchpad ¢ cratchpad 00h-07F> Rx of data>
0 e xh
es bytes to . .
. @ 4Eh <pae <write up to eght
Write Scratchpak D32437 Scratchpad| o, 5700 Tx bytes of data>

NN page xh

N g e bt Stas
Copy Scrath xxh to éght-byte 48h<pae Idle or Rxof | Registe = 1 until @py

EEPROM/SRAM 00h-07h> NVB bit complfe ()2}-10 ms,
page xh yp
Copies enfre conents
of EEPROM/SRAM B8h<page
Recal Memory page xhto 00h-07h> ldle ldle
Scratchpad @ge xxh
20 of31
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DS2437
REGISTER COMMANDS |

1-WIRE BUS
MASTER
STAT eA ER | 1'WIRE BUSDATA
|SSUING AFTER ISSUING
INSTRUCTION | DESCRIPTION | PROTOCOL | PROTOCOL QXOCOL

N
Initiates tamperature Idle or Rx of 2 -@ T Statu_s
Convert T . 44h . ter= 1 until
conversion TB bit
(o) on complete}

" Qﬁﬁ(DB bit in Status
Convert V Initiates voltageA/D B4h Idle or p@\ Regster= 1 until

conversion ADB .
conversion complete}

I\
N
NOTES: @
1. Temperatue conersion takes up to 1 send. @

2. A/D conversion taks up to 2 ms.
3. EEPROM write takes up to 50 ms. %

the CCA/DCA information is shaowed to EEP hevoltage A/D is configured sud tha the
DS2437 will perform voltge measvements on t (vDD) voltage.

Q
MASTER MODE | DATA (LSBFIRST) | (

TX Reset ([ ResktPulse

Sample Command Sequence Table 7 Q
Example: Bis Master enabs thelCA, CCA, and n-a sgle DS2437 and condures it such that
M
%
N/

COMMENTS

RX Presence (¢ \E}\ésence bse
TX cch A QX\/Skip ROV
TX 4Eh0BRN\Y” | Isste Write SP 00h Command
TX 0F\\’ | SetsICA, CA, E22 AD Bits Active
TX ! ResetPulse
RX (@@q\éﬂce Presence Hlse
TX o ZeLh Skip RQM
TX O IBEhoon Isste Read SP 00h Command
RX DA %\gdata ptes> Read Scratchgd Datand CRC
X . (;\”\\“) Reset ResetPulse
R&Q) Presence Presence Hlse
@\ cch Skip RQM
™ 48h00h Isste Copy SP 00h Command
RX Read Slots DS2437 returns a 1 veim Copy SP is complete
TX Reset ResetPulse
RX Presence Presence Hlse, dore
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DS2437

Sample Command Sequence Table 8
Example: Bis Master issues a tempeureand voltage conversion, theneadsthe temperatue, battey
voltage, battery current, all ona sinde DS2437.

MASTER MODE | DATA (LSB FIRST) COMMENTS
TX Reset ResetPulse M
RX Presence Presence Hse %\é@}\)
TX cch Skip RQM N
TX 44h Isste Convert Tempaturgfbt\y\@d Read Slots
TX Reset ResetPulse ) w)
RX Presence Presence Hse <§\ N
TX CCh Skip RQM

TX B4h Isswe Convert )@é\é@ffn’mamd

TX Reset Reset pulse, R}eqd\Q\lp S

RX Presence Presence Elsé\
TX CCh skip RO (Q\
TX B8h0Oh Isste R‘e\EQl\qur Page 00h Command
X Reset
RX Presence
TX CCh &@%ﬁ
TX BEhOOh %Read SP 00h Command
RX <9 data lyteS:\V pesrgtﬁg,]ﬁa[;iaaﬁfcg r?eii n;;h;zupgﬁear)lgtans
TX Reset f '\@’Resetmlse
RX Presenge \* | Presence flse, dore
\YJ
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DS2437

Sample Command Sequence Table 9
Example:Assuminga sinde DS2437 is confjured fa its currentaccumulators to fustion, this sequence

dlows theBus Masterto read thethreecurrent accumulators.

MASTER MODE | DATA (LSB FIRST) COMMENTS &
TX Reset ResetPulse (i(\%\)
RX Presence Presence Blse /; Q’J:f)
TX CCh Skip RQM ~2)’
TX B8h01h Isste Recall Memoy pag@q\%mand
TX Reset ResetPulse ) )
RX Presence Presence Blse <§\ N
TX CCh Skip RCM AN
TX BEhO1h Isste Read SP.&M\Edfpmand
RX <9 data jtes> | Read SaatchpahDatagnd CRC. TheCA is located in
byte 04h
TX Reset ResetPngem\v
RX Presence Prese
TX cch SKIFRANY
TX B8hO7h Issy&l%\@ll Memoy page 07h Command
TX Reset RefiiPrse
RX Presence A (Qﬁg\s?fce Hse
TX cch CRSyP Rav
TX BEhO7h \Y4)4ste Read SP 07h Command
RX <9 daab N1 Read Saatchpad Dataand CRC. TheCCA s located in
O\ bytes 04h-05fand the DCA is locad in kytes 06h-07h
X Rég\\?’ ResetPulse
RX PI(W Presence Hlse, dore
N

@

@9
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DS2437

I/O SIGNALING

The DS2437requires strict protocols to insure data igteey. The protocol consists of senal types @
signaling ononeline: resetpulse,preene pulse,write 0, write 1, read 0, andead 1. All of thes signals,
with the exception of the presence pulse are initiated by thebus mater.

The initialization sequence reqed to bein ary communiation with the DS2437 ¢
A reset pulse followd bya presene pulse indicates thhDS2437 is regdto sen
correct ROM command and mempofunction command.

The bus master transmits (JTa regt pulse (a low ginal for a minimum
releagsthe line and gesinto areceive mode (R). The 1-Wre bus<§
5 kQ pullup resistor. After detding the risingedge on thel/O pin, the

transmits the preseagulse (a low ginal for 60-240us). DS2437 '
use oftime slots to maipulae bits and acommand woi to spedy t

0 a high state via the
fwaits 15-60us and then
dand written throgh the
¢ion.

INITIALIZATION PROCEDURE "RESET AND R O E PULSES" Figure 9

Master Tx “reset pulse” Master Ry _
- 480 us minimum L 480 ps minimum =
980 us maximum
DS2487 DS2437 Ty
“presence pulse” ‘.I
Vee ] e Gousl" 60-240ps " 71
1—-WIRE
BUS
GND
LINE TYPE LEGEND:
oE—— Bus master active low oEnEEm— DS2437 active low
Both bus master and
e DS2437 active low — Resistor pull-up
\\Y
Write Time Slots
A write time slot is initiged w ost pulls thedaa line from ahigh (inadive) logic level to alow
logic level. Thee ae two rite time slots: Wite 1 time slots ad Wiite O time slots. All write
time slots must be minim O s in durdion with aminimum ofa 1 us recovey time between

individual write g/cle
TheDS2437sam Ies::I :-,' line in a window 615 s to60 us after thel/O linefalls. If theline is high,
a Write 1 occursl liné is low, a Wite 0 Occurs (Se Figure 10).

For the hos e a Write 1 time slot, thedaa line must bepulled to a logic low level and then

releagd, a e data line to pull up to adti level within 15 microseondsafter the startof the
write time slot.

For the hostto generate a Write O time slot, the data line must bepulled to alogic low level and reman
low for thedurdion of thewrite time slot.
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DS2437

Read Time Slots

The hostgenestesread time slotswhendatais to be ead fom the DS2437. Aaad time slot is initiated
when the host pulls thedaa line from a logic high level to logic low level. The data line must emain a a
low logic level for a minimumof 1 us; output datarbm the DS2437 is then valid within the néx ps
maximum.

The hosttherefore muststopdriving the 1/O pin low in oder to read its stde 1
rea slot. (seeFigure 10). By theend d theread time slot, thel/O pin will pull
pullup resistor All read time slots must bea minimum of 60 ps in durdion wth@Minimum ofa 1 ps
recvely time beaween individud real slots. Fgure 11 shows thiathe suy
be less than 1fs. Figure 12 showsthat system timing margn is mai
smadl as possibleand bylocaing the maste sanpletime toward theend & 16 s period.

RELATED APPLICATIONS NOTES
The following Application Notes an be applied to th®S243F
Dallas Semiconductor Appkdion Note Bok, via ou websiteats
faxback servie at (972) 374441.

notesan be obtaied from the
.dalsemi.com, ahrough our

Application Note 27: “Understandirg and Usig Cycli agy Checks with Rllas Semiconductor

Touch Memoy Product”

via Seid Interfaces’

Application Note 110: “NiCd/NiMH Intellig stem Refeence Desgn Using the DS2437”

Samplel-Wire subroutines that can be% njunction with AN74 an be downladed fom the
website
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DS2437

READ / WRITE TIMING DIAGRAM Figure 10

MASTER WRITE “0” SLOT MASTER WRITE “1” SLOT

1us <tgec <o

60 pus<Ty “0"<120 jis

.Vee - - - .
1-WIRE
BUS Y
GND - poe - - e e e - . - .- - - “ . . v e e - .- - . .- -
>1us
DS2437 SAMPLES DS2437 SAMPLES
MIN TYP MAX MIN TYP MAX
15 us 15u34>l<— 30 pus 15 s 15 us 4>}<— 30 us —
MASTER READ “0" SLOT MASTER READ “1” SLOT
1us <tpgc <o
60 us<Ty “0"<120 ps —
Vce \‘_/
1-WIRE \ %
BUS \\ ,
GND 2

>1 ps

— MASTER SAMPLES | MASTER SAMPLES
15 us

15us——>‘<- 30 us 15us

LINE TYPE LEGEND:

PrUT— Bus master active low oEs—— DS2437 active low

Both bus master and .
W==="=w=  DS2437 active low —_— Resistor pull-up

s

N
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DS2437

DETAILED MASTER READ 1 TIMING Figure 11

Vee . L

1-WIRE © Viy OF MASTER

BUS

GND - - -

[ Tinr>1 us Tre — ™ MASTER SAMPLES

, a———— Tsampte —————
- 15 us -

%Q’J
RECOMMENDED MASTER READ 1 TIMING Figure 12<\

Ve -
1-WIRE - Vjy OF MASTER
BUS
GND - - - -
MASTER
Tinr= " Tae= SAMPLES
SMALL SMALL
-t 15 us >
LINE TYPE LEGEND:
n—— Bus master active low oxmEE—— DS2437 active low

Both bus master and .
m—rm—— DS2437 active low — Resistor pufl-up
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DS2437

ABSOLUTE MAXIMUM RATINGS*

Voltage on VDDand VAD, Retdtive to Ground -0.3V to +12V
Voltage on VSENS+, VSENS-, Relative to Ground >+300 mV
Voltage on Ary Pin Relative to Ground -0.3V to +7.0V

-40°C to +85°C

Operatirg Temperatue
Storag Tempeature
SolderingTemperatue

RECOMMENDED DC

OPERATING CONDITIONS (-40°C tg & , 2.7V < Vpp < 10.0V)
PARAMETER SYMBOL | CONDITION | MIN M\‘ MAX | UNITS | NOTES
Supply Voltage Voo 2AXN7 | 100] vV 3
Data Pin DQ X3 N +5.5 Vv 3
DQ Pullup Voltag N (m 5.5
Analog Ground AGND /éﬁﬁ GND \% 3

0.5 +0.5

40°C to +85°C; 2.7V < Vpp < 10.0V)

DC ELECTRICAL CHARAC TERISR@}

PARAMETER SYMBOL CON MIN | TYP | MAX | UNITS | NOTES
Input Logic High Vi 2.0 \% 3
Input Logic Low Vi (m}% 0.3 08 | Vv 3
Shutdown Current lop1 =0, RTC 10 15 HA 2,4
] ctive
Standly Current Iop2 t%\\DQ 1, ICA 50 | 100 | pA | 2,4
AN Active
Active Curent Q ¢ Tenperaure or 250 1000 MA 4
Voltage
Conversions or
Q EEPROM write
N in progess
Input Resistar&:&\\) R, DQ 500 kQ 5

ARACTERISTICS:

\
ELECTR
DIGITAL OMETER

(-40°C to +85°C; 2.7V < Vpp < 10.0V)

Downloaded from Elcodis.com electronic components distributor

PARAM ETER\' SYMBOL | CONDITION MIN | TYP | MAX | UNITS | NOTES
Themomeer Error Terr 0°Cto 70C +2 °C 6
(TacTuaL - TmeAsURED)
Resolution 13 hts
Conversion Time tconvT 400 1000 ms
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DS2437

ELECTRICAL CHARACTERISTICS:
VOLTAGE A/D CONVERTER

(-40°C to +85°C; 2.7V < Vpp < 10.0V)

Temperature Range

PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX | UNITS | NOTES

A/D Error VADErr +10 +50

Vap InputRarge Vabr 2.7V<Vpp < 0 DD \\%\3 3
5.0V <) <\

Vap InputRarge V ADR1 Voo > 5.0V 0 10.06NOY/ 3

Voo InputRarge Vobr 27 WJ Y, 3

Resolution WJ kits

Conversion Time tconvy \7 ms

No MissingCode -40 +85 °C

Monotonicity

\(\}) Guaranted

ELECTRICAL CHARACTERISTICS:
CURRENT A/D CONVERTER

N

to +85°C; 4.5V < Vpp < 10.0V)

Resolution

PARAMETER SYMBOL | CONDITIONYMIM | TYP | MAX | UNITS | NOTES
CurrentMeasuenment | |ADgrr Q +2 LSB 1
Error N

Integraed Qurrent CAgerr O 2 5 %

Error

Instanéneous Cuent 10 bits

ELECTRICAL CHARACTE

RTC COUNTER

%
@\x

(-40°Cto +85°C,; 2.7V £ Vpp < 10.0V)

PARAMETER SYM/@ ) ONDITION MIN | TYP | MAX | UNITS | NOTES
Clock Error RA@ 6

, N4
Resolution /\&Q{\ 1 se

Downloaded from Elcodis.com electronic components distributor
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DS2437

AC ELECTRICAL CHARACTERISTICS:

1-WIRE INTERFACE (-40°C to +85°C; 2.7V < Vpp < 10.0V)
PARAMETER SYMBOL | CONDITION MIN | TYP | MAX | UNITS | NOTES
Time Slot tsior 60 120 /@S\

Recovey Time t 1 W)

' Y] . REC <\' (!.N%

Write O Low Time tLowo 60 12% Q{g}\

Write 1 Low Time tLow1 1 ;S\th\\)p

Read Data Valid trov ~84)7 s

Resd Time High trsTH 480 QYI US

Resd TimeLow trsrL 480 N Us

Presence Dett High tpoH 15 &\\) 60 s

A%

PARAMETER SYMBOL | CONDITION MIN\\\iS'ﬁ MAX | UNITS | NOTES
Presence Dett Low tpoL QQ \) 240 s

DQ Capacitarce Coo N m 25 pF

N

NOTES:
1. Current measuement accuracy is +2 LSb o chever is greatr. Contact the facbory for
applications with less than 4.5V supplbltage

Shutdown and Stanglzurents speified for
All Voltages are referenced to GND.

Iop specfied with Vpp = 5.0V. @
Input load is to GND.

Refer to Application Note 58.

e¢-raige 0°C to 70°C.

N o g bk~ b

SeeFigure 13 for interral onrections.GND and AGND must be conreed to the same

potential. Q
INTERNAL GROUN @‘ ECTIONS Figure 13

X >

§ ; 100Q (TYPICAL)
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DS2437

TIMING DIAGRAMS Figure 14
1-WIRE WRITE 1 TIME SLOT

| - tsLot ®  START OF NEXT CYCLE
—» 4—— tREC '

] 1
e tLow1 i@—
H 1

N
1-WIRE WRITE 0 TIME SLOT @)

t
- tsLoT =:
1

- fLowo »
1
1

2
1-WIRE READ TIME SLOT (@
AN NI

1 l

tsLot =: ] START OF NEXT CYCLE

——p —— tREC

%\ 0 .

'4— tapv ——w

\)v

1-WIRE RESET P

RESET PULSE FROM HOST

L ¥ _

]
- tRsTL

> tRSTH
1-WIRE PRESENCE DETECT PRESENCE DETECT

¥ b i

— ippHIGH re— ) .
1 ) ]

! ' f

1 1 1

1 i 1

)

)

-—————— tPDL()W —_—
t 1
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