(> DALLAS DS2437

# SEMICONDUCTOR Smart Battery Monitor

www.dalsemi.com

FEATURES PIN ASSIGNMENT
=  Unique 1-Wire® interface requires only one
port pin for communication DQ E 1 ED
* Provides unique 64-bit serial number to ng O 2 c
battery packs NC [ 1 X1
» Eliminates thermistors by sensing battery VSENS¥ E\ J) 12 JNC
temperat _chi VSENS 11 [0 x2
perature on-chip NG >7 10 B Ne
* On-board A/D converter allows monitoring of 9 1 GND

battery voltage for end-of-charge and end-of-
discharge determination

* On-board integrated current accumulator
facilitates gas gauging

» Real-time clock in binary format

= 40-byte nonvolatile user memory available for - Data In/Out
storage of user data such as gas gauge and - General A/D input
manufacturing information S+ - Battery current momtor mput )
= Operating range -40°C to +85°C : NS- - I]?Ia‘[tery curtrent monitor input (-)
* Applications include portabl ters, - NO connec
pplications include portable computers GND - Digital Ground

portable/cellular phones, consumer

. . AGND - Analog Ground
lect , and handheld inst t .
CICCHIOTIES, and Handheid MSTumentail % X2 - Connection for 32.768 kHz XTAL
X1 - Connection for 32.768 kHz XTAL

Vbp - Power Supply (2.7V to 10.0V)
DESCRIPTION

yides several functions that are desirable to carry in a battery

pack: a means of tagging a bafeey\pack with a unique serial number; a direct-to-digital temperature
sensor which eliminates the ermistors in the battery pack; an A/D converter which measures
the battery voltage and cu integrated current accumulator, which keeps a running total of all

Information is s¢ i the DS2437 over a 1-Wire interface, so that only one wire (and ground) needs

to be connectgd frog\a/central microprocessor to a DS2437. This means that battery packs need only
have three ou&%ﬂ ectors: battery power, ground, and the 1-Wire interface.

Becaus 437 contains a unique silicon serial number, multiple DS2437s can exist on the same
1-Wire 3s allows multiple battery packs to be charged or used in the system simultaneously.
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DS2437

Applications for the smart battery pack monitor include portable computers, portable/cellular telephones,
and handheld instrumentation battery packs in which it is critical to monitor real-time battery
performance. Used in conjunction with a microcontroller in the battery pack or host system, the DS2437
provides a complete smart battery pack solution that is fully chemistry-independent. The customization
for a particular battery chemistry and capacity is realized in the code proggammed into the
microcontroller and DS2437 EEPROM, and only a software revision is necessary shq @{\c esigner wish

to change battery pack chemistry. Q
% D
DETAILED PIN DESCRIPTION (AN
PIN | SYMBOL | DESCRIPTION ~lop~
1 DQ Data Input/Out: for 1-Wire operation: opeﬁx\ﬁ%}\'}y
3 VAD ADC Input: input for general purpose A/I\
5 VSENS+ | Battery Input: connection for battery Q}&%o be monitored (see text)
6 VSENS- Battery Input: connection for bat(m;)( %Qt to be monitored (see text)
8 AGND Analog Ground: must be at the%Mtial as GND
9 GND Digital Ground: must be at th;@a?r’te\\;o'tential as AGND
11 X2 Crystal Input: connectioprTSs'g&\p8 kHz for RTC operation
D \' .
13 X1 Crystal Input: connectém_)768 kHz for RTC operation
16 Vb Vpp Pin: input supplml}ég%)
2,4,7,10, NC No Connect Q -
12, 14, 15 <\(v}\
\Y

Q
The block diagram of Figure 1 shows the s jor components of the DS2437:

OVERVIEW %Q

64-bit lasered ROM

temperature sensor
battery voltage A/D
battery current A/D

current accumulators

real-time clock

NSk Wb =

40-byte nonvolatiles

charged/monitoredy b g¢same host system. Furthermore, other Dallas products featuring the same
1-Wire bus archigectycdwith a 64-bit ROM can reside on the same bus; refer to the Dallas "Automatic

Communication X0the DS2437 is via a 1-Wire port. With the 1-Wire port, the memory and control
functions will nof be available until the ROM function protocol has been established. The master must
first provide one of four ROM function commands: 1) Read ROM, 2) Match ROM, 3) Search ROM, or 4)
Skip ROM. These commands operate on the 64-bit lasered ROM portion of each device and can singulate
a specific device if many are present on the 1-Wire line as well as indicate to the bus master how many
and what types of devices are present. After a ROM function sequence has been successfully executed,
the memory and control functions are accessible and the master may then provide any one of the six
memory and control function commands.
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Control function commands may be issued which instruct the DS2437 to perform a temperature

measurement or battery voltage A/D conversion. The result of these measurements will be placed in the

DS2437°s memory map, and may be read by issuing a memory function command which reads the

contents of the temperature and voltage registers. Additionally, the charging/discharging battery current is

measured without user intervention, and again, the last completed result is stored in i: 2437 memory
L\\‘.

space. The DS2437 uses these current measurements to update three current accumulatQrsaone stores net
he life of the

battery, and the remaining accumulator tallies battery discharge current. The re dhoyk data, which
can be used in calculating battery self-discharge or time-related charge terminat also resides in
the DS2437 memory map and can be extracted with a control function coq e nonvolatile user
memory of the DS2437 consists of 40 bytes of EEPROM. These locatio sed to store any data
the user wishes and are written to using a memory function command. A and commands are read

and written least significant bit first.

PARASITE POWER
The block diagram (Figure 1) shows the parasite-powereg % ) This circuitry “steals” power
whenever the DQ pin is high. DQ will provide sufficient p ong as the specified timing and

voltage requirements are met (see the section titled “l-Wir stem”). The advantage of parasite

power is that the ROM may be read in absence of normal-pawer, 1.e., if the battery pack is completely
discharged.

DS2437 BLOCK DIAGRAM Figure 1 &

_______________________________________________

8-BYTE - TEMPERATURE !
: A?\.""EE{'_TV?/A’E le—ra  SP(00h) = REGISTER |
| 1
. CONTROL 8-BIT CRC | | BATTERY/GENERAL |
| VOLTAGE REGISTER |
f Ll
, 8-BYTE Lo BATTERY CURRENT|
' DIS(S:I(E)SSNEECT P SP (01h) REGISTER '
' 8-BIT CRC N :
X | o ATCREGISTER | .
: TEMPERATURE 8-BYTE :
- - '
32768KHz | SENSOR - SP(02h) >  (DIS)CONNECT | .
CRYSTAL X1 8-BIT CRC > REGISTERS !
f . 1
(] ' 32768 KHz Lo o A40BYTESNON- | '
! »| XTAL OSCILLATOR 8-BYTE —] VOLATILE MEMORY |
-E___'xz__l g SPs (03h—07h) '
. CURRENT '
@ | VAD 8-BIT CRC -  ACCUMULATORS |
! t - ]
vDD VOLTAGE :
[ : ™| A/D CONVERTER [~ :
—_— : > ;
T 1 VSENS+ ‘
Rseng : ‘
+ o '
-~ CURRENT
cr : A/D CONVERTER [===to" CONTROL LOGIC :
" VSENS—

Re :

, -
F , AGND DS2437'

1 s
6 WOND X
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DS2437

OPERATION — MEASURING TEMPERATURE
The DS2437 measures temperatures through the use of an onboard proprietary temperature measurement
technique.

The temperature reading is provided in a 13-bit, two’s complement reading, which pro
resolution. Table 1 describes the exact relationship of output data to measured te
transmitted serially over the 1-Wire interface. The DS2437 can measure tempefa

-55°C to +125°C in 0.03125°C increments. For Fahrenheit usage, a lookup t

must be used.

Note that temperature is represented in the DS2437 in terms of a 0.0312
13-bit format. The 3 least significant bits of the temperature register wi
bits contain the two’s complement representation of the temperature in
(S) bit. See “Memory Map” section for the TEMPERATURE REGI

yays be 0. The remaining 13
with the MSb holding the sign
dress location.

Temperature/Data Relationships Table 1 &

1} 22| 28] 24| 25 (sgt) (52{) (sgt) LSB
MSb {unit = °C) LSb
] 286 25 24 23 22 21 20 | msB
- .
TEMPERATURE DIGITAL OUTPER\(Bjhary) DIGITAL OUTPUT (Hex)
+125°C 01111101}01&?@\?;7) 7D00h
+25.0625°C 000110gNQOVPO000 1910h

+1/2°C 0000@%@@000000 0080h
0°C 00008050/ 00000000 0000h
-1/2°C A 110000000 FF80h

-25.0625°C <(;\ 110 11110000 E6FOh
-55°C ® 001001 00000000 C900h

OPERATION — MEAS ls G BATTERY VOLTAGE
The on-board analog
when the DS2437 rece

measurement is pl \the 2-byte VOLTAGE REGISTER. The range for the DS2437 ADC is 0V to

10V; this range i le for NiCd or NiMH battery packs up to six cells and for lithium ion battery
packs of two full-scale range of the ADC is scaled to 10.23V, resulting in a resolution of 10
mV.

While the ADC Ms a range that extends to 0V, it is important to note that the battery voltage can also be
the supply voltage to the DS2437. As such, the accuracy of the ADC begins to degrade below battery
voltages of 2.7V, and the ability to make conversions is limited by the operating voltage range of the
DS2437.
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Voltage is expressed in this register in scaled binary format, as outlined in Table 2. Note that while codes
exist for values below 2.7V, accuracy of the ADC and the limitation on the DS2437’s supply voltage
make it unlikely that these values would be used in actual practice. See “Memory Map” section for the
VOLTAGE REGISTER address location.

Voltage/Data Relationships Table 2

o7 | 28| 5| 24| 23| 2| 20| 20| .sB E%

MSb {unit = 10 mV) LSb 0
(oet) | (set) | (s | (sev | (son | sen | 2 | 2 |msB >
A O,
BATTERY - <©§};
VOLTAGE DIGITAL OUTPUT (Binary) ITAL OUTPUT (Hex)
0.01V 0000 0000 0000 0001 N\\16) 0001h
2.7 0000 0001 0000 1110 ) 010Eh
3.6V 0000 0001 0110 1000 (¢ M 0168h
5V 0000 0001 1111 0409 (Q\ 01F4h
7.2V 0000 0010 1101 00Q0 02D0h
9.99V 0000 0011 1110}0\1\11\) 03E7h
10V 0000 0011 1118 03ES8h

For applications requiring a general purpose
the result of a Convert V command will plaexle8caled binary representation of the voltage on the Vap

per in the Memory Map section for details. If the Vap input is

e accurate for OV < Vap < 2Vpp over the range 2.7V < Vpp <
Q ; A/D (Vpp input) loses accuracy as Vpp falls below 2.7V. This
Xve a voltage A/D that meets spec accuracy for inputs over the entire
5.0V.

OPERATION - K
The DS2437 features asfgma-delta A/D converter that effectively measures the current flow into and out
of the battery pac dod# so in the background at a rate of 32 measurements/sec; thus, no command is

Y WD bit is set to 1 in the CONFIGURATION REGISTER. The DS2437 measures

required to in'ti nt flow measurements. However, the DS2437 will only perform current A/D
)
out of the battery through the VSENS pins; the voltage from the VSENS+ pin to the

terminal may be tied directly to the cell side of the Rggns resistor, we recommend using an RC low pass
filter between the other side of Rgpns and VSENS-. Using a 47 k€ (max) resistor (Rr) and a 0.1 puF
capacitor (Cp), the filter cutoff is approximately 32 Hz. The current A/D measures at a rate of 32 times
per second, or once every 31.25 ms. This filter will capture the effect of many current spikes and will thus
allow the current accumulators to accurately reflect the total charge which has gone into or out of the
battery.
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The current is measured by the ADC with a signed 10-bit (0.004883C) resolution, and the last completed

measurement is placed in the CURRENT REGISTER in a sign-extended 2’s-complement format. This

register is scaled such that a count of 205;¢ corresponds to a current level of 1C. Thus, the range of

current flow that can be measured is from -2.5C (discharging) to +2.5C (charging). The sign (S) of the

current measurement, indicating charge or discharge, resides in the seven most sigt bits of the
X\

CURRENT REGISTER, as shown in Table 3. See “Memory Map” section 8¢, CURRENT

REGISTER address location. Q %
D

Current/Data Relationships Table 3 %%
»

27 26 25 24 23 22 21 20

MSb (unit = 0.004883C) LSb

LSB
S S S S S S S 28 1 MsB

NV

BATTERY
CURRENT DIGITAL OUTPUT (Binaryy \ _ DIGITAL OUTPUT (Hex)
+2.495C 0000 0001 1111 1111 NN 01FFh
+2.002C 0000 0001 1001 LI\ ) 019Ah
+1.25C 0000 0001 000Q\QODQY, 0100h
+1.001C 0000 0000 1100C 8L 00CDh

0C 0000 000QQYH ped0 0000h

-1.001C 1111 1111(0QN0011 FF33h
-1.25C 1111 113 Q090 0000 FF0Oh

-2.002C 1111 (g Y10 0110 FE66h
-2.500C 1 1 R 0000 0000 FE00h
4

For the DS2437 to output current data sodled as in Table 3, the user is responsible for selecting an Rggns
that will provide a 100 mV drapqioss it at a 2C rate. However, this value could be changed to

correspond to a different rate & N as this is comprehended by the user’s software in interpreting the

results from the DS2437. @

T ACCUMULATORS
the remaining capacity of a battery through the Integrated Current

OPERATION -
The DS2437 keeps
Accumulator (IC
battery; therefore
may be used
battery chatg gitive) current (CCA) and one that accumulates discharging (negative) current
(DCA). This WY the smart battery system information needed to determine the end of life of a
rechargeable batt¥ry, based on total charge/discharge current over its lifetime.

The current measurement described above yields a result of the instantaneous current measured at the
31.25 ms measurement times. This value is then used to increment or decrement the ICA register,
increment the CCA (if current is positive), or increment the DCA (if current is negative).
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The ICA is a scaled 8-bit (0.01C resolution) volatile binary counter which represents the amount of
capacity remaining in the battery in terms of the full capacity (1C), normalized to a count of 100;¢. Thus,
an ICA count of 100, represents 1C of charge or 100% of capacity or fully charged, while a count of 0
represents 0% of capacity or fully discharged. The ICA will count up to 2550, but will not roll over if
incremented above 2.55C, which should not occur during charging. However, since ¢gharging typically
provides the battery with more than its rated capacity, the ICA should be reset to a ¢RI,
charging is complete to indicate that the battery is at 100% of capacity and to en |

measurements are accurate.

The ICA is only incremented/decremented if the IAD bit is set to g» ,'" ONFIGURATION
REGISTER. Refer to the “Memory Map” section for details of devicg ation. Table 4 below
illustrates the contents of the ICA. See Memory Map section for the addresa ion of the ICA.

ICA/Data Relationships Table 4 &
27 [ 26 25| 24| 28| 22| 2 20
MSb {unit = 0.01C) LSb
Q™
BATTERY N\
CAPACITY DIGITAL OUTPUT DIGITAL OUTPUT (Hex)
2.55C TR\ FFh
1.0C 0110 0106 ), 64h
0.5C 001 Qedio A 32h
0.1C 0000(eIR~ 0Ah
0C 060RQRE0 00h

The Charging Current Accumulator (¢
which represents the total charging
when current through Rgpns is pos

a 2-byte (0.32C resolution) nonvolatile read/write counter
e battery has encountered in its lifetime. It is only updated
‘€., the battery is being charged. Because this is a nonvolatile

Mheddwed to EEPROM in the background at the rate of once per 0.32C of
discharge current if the 37 is properly configured, thus allowing three EEPROM updates for each
complete discharg&cycle of the battery pack. Table 5 illustrates the contents of the CCA/DCA registers.

In reference 10 %A/DCA, the DS2437 can be configured to function in any of three modes. Refer to
the Memory\ Map\3cction for details of device configuration and for the address location of the
CCA/DCA.

1. The CCA/DCA is disabled. Charging/discharging current will not be accumulated, thus allowing free
use of EEPROM page 07h otherwise reserved for the CCA/DCA.

2. The CCA/DCA will accumulate charging/discharging current, but the information will NOT be
shadowed to EEPROM. The information could be lost or corrupted upon discharge of the battery
(depending upon the voltage to which discharged battery decays). The memory location is reserved
for the CCA/DCA, and the entire page SHOULD NOT be written to.
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3. The CCA/DCA will accumulate charging/discharging current, and the counter information will be
shadowed to EEPROM each time the respective counter increments by 0.32C. The memory location
is reserved for the CCA/DCA, and the entire page SHOULD NOT be written to.

sxgeAdischarge cycle
of a battery pack, assuming the DS2437 is configured for the ICA to functipmand the CCA/DCA to
)\ nﬁ,’ ators, they are treated
as analog values, although they are digital counters in the DS2437. Note
fully discharged, i.e., the ICA value reaches 0, the CCA and DCA regis

CCA/DCA Data Relationships Table 5 <\(®\
27 4 28 25| 24 22 22 2t | 20 | isB
MSb (unit = 0.32C) LSb
215 | o1a | 213 | 912 | o1t | o100 | o8 28 | MsB
/\ 4
CCA/DCA DIGITAL OUTPUP (Rinafy) DIGITAL OUTPUT (Hex)
0C 0000 0000, 0000h
32C 0000 0000090 00 0064h
64C 0000 0QERXNLOW 1000 00C8h
100C 0010 GIBRYY1 1 1000 0138h
20,971 TNV 1111 1111 FFFFh
¥
CURRENT ACCUMULAT IVITY Figure 2
[@N
CHARGING
_— =
INSTANTANEOUS i
Pl |
CUF:JI:}ENT | v / I |
) I BATTERY FULLY
' i i ' DISCHARGED
20 ; |
CURRENT YT e icA ' , . | .
ACCUMULATOR - CCA
© i) o il
05 —— s '
"
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OPERATION - REAL TIME CLOCK

The 32.768 kHz crystal oscillator is used as the time base for the timekeeping functions. The timekeeping
functions are double-buffered, allowing the master to read time without the data changing while it is
being read. To accomplish this, a snapshot of the counter data is transferred to holding registers which the

user accesses. This occurs after the eighth bit of the Recall Memory command. Q
The real-time clock is a 4-byte binary counter with a 1-second resolution. The Q)

Ro4are a count of
w or) Time/date is

seconds. The real-time clock can accumulate 136 years of seconds before ro

represented by the number of seconds since a reference point, which is det u!g d by the user. For
example, 12:00 A.M., January 1, 1970 could be used as a reference point.
Two other time-related functions are available. The first is the DISCO TIMESTAMP, which is

ore than 1 second. This
3, system; the time when that
upon replacement into the

calculate the amount of time the battery has been ith\a digsharge or storage state, again to facilitate self-
discharge calculations.

The format of the RTC, Disconnect, and Endko \%; registers are as shown in Table 6. Refer to the
“Memory Map” section for the address locatiof e(the ime-related registers.

Time Data Relationships Table(g)

27 26 25 24 23 22 21 20 | LsSB

MSb (unit = 1s) LSb

215 214 213 o212 ot 210 29 28'

MSb {unit = 1s) LSb

223 022 221 220 o19 218 217 216

Q
MSb {unit = 1s) LSh
% 231 | 230 229 | p28 227 | 226 | 225 224 | MSB

A 32.768 k 1, Daiwa Part No. DT26S, Seiko Part No. DS-VT-200 or equivalent can be directly
connected to the¥DS2437 via pins 11 and 13 (X1, X2). The crystal selected for use should have a
specified load capacitance (CL) of 6 pF. The crystal is connected directly to the X1 and X2 pins. There is
no need for external capacitors or resistors. Note: X1 and X2 are very high impedance nodes. It is
recommended that they and the crystal be guard ringed with ground and that high frequency signals be
kept away from the crystal area. For more information on crystal selection and crystal layout
considerations, please consult Application Note 58, “Crystal Considerations with Dallas Real Time
Clocks.”
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64-BIT LASERED ROM

Each DS2437 contains a unique ROM code that is 64 bits long. The first 8 bits are a 1-Wire family code
(DS2437 code is 1Eh). The next 48 bits are a unique serial number. The last 8 bits are a CRC of the first
56 bits. (See Figure 3.) The 64-bit ROM and ROM Function Control section allow the DS2437 to operate

1-Wire bus master must first provide one of four ROM function commands:
ROM, 3) Search ROM, or 4) Skip ROM. After a ROM function sequence has beg
the functions specific to the DS2437 are accessible and the bus master m
six memory and control function commands.

es fully executed,
gvide and one of the

64-Bit Lasered ROM Figure 3 &

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

MSb LSb  MSb LSb  MSb LSb
\y

¢ of the 64-bit ROM. The bus master can
#and compare it to the value stored within

CRC Generation
The DS2437 has an 8-bit CRC stored in the most signifigan

provides this value to the bus master to Ay the transfer of data bytes. In each case where a CRC is
used for data transfer validation, the (Bws $master must calculate a CRC value using the polynomial
function given above and compare the galsplated value to either the 8-bit CRC value stored in the 64-bit
ROM portion of the DS2437 (for
(which is read as a 9™ byte whem{z
continue with an operation arg de¢eRined entirely by the bus master. There is no circuitry inside the
DS2437 that prevents a conpmy

DS2437 does not match the Q
flowchart of Figure 6 ¢a .

The 1-Wire CRC arated using a polynomial generator consisting of a shift register and XOR
gates as shown in Kig re 4¢ Additional information about the Dallas 1-Wire Cyclic Redundancy Check is
available in A p' atiohy Note 27 entitled “Understandmg and Using Cyclic Redundancy Checks with
Dallas Semigox -; ouch Memory Products.”

The shift registei\bits are initialized to 0. Then starting with the least significant bit of the family code,
1 bit at a time is shifted in. After the 8" bit of the family code has been entered, then the serial number is
entered. After the 48" bit of the serial number has been entered, the shift register contains the CRC
value.
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1-Wire CRC CODE Figure 4

MSb |-~ =]

D

INPUT

LSb

ROM FUNCTIONS FLOWCHART Figure 5

MASTER Tx

@W

~ O 2

RESET PULSE

DS2437 Tx
PRESENCE PULSE

MASTER Tx
ROM FUNCTION
COMMAND

33h
READ ROM

FCh
SEARCH ROM

NO

MASTER Tx BIT 1

1

YES
®
®

MASTER Tx DS2437 Tx BIT 63

BIT 63

DS2437 Tx BIT 63

MASTER Tx BIT 63

MASTER Tx
MEMORY /
CONTROL
FUNCTION

BIT 63
MATCH?

YES YES
DS2437 Tx BITO MASTER Tx
DS2437 Tx MASTER Tx MEMORY /
FAMILY CODE DS2437 Tx BIT 0 CONTROL
1BYTE FUNCTION
‘ MASTER Tx BIT 0
D82437 Tx
SERIAL NUMBER
6 BYTES BITO NO NO BITO
MATCH? MATCH?
DS2437 Tx ‘ YES ‘ YES
CRC
1BYTE MASTER Tx DS2437 Tx BIT 1
BIT 1 —
DS2437 Tx BIT 1
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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
=7?

DS2437 INCRE~-
MENTS ADDRESS

NO

Y

BEh

READ SP

YES

MASTER Tx
PAGE #

DS2437 SETS
ADDRESS COUNT=0

!

YES

MASTER Rx
DATA BYTE

MASTER Tx
RESET?

ADDRESS
=77

DS2437 INCRE—~

48h
COPY SP

YES

MASTER Tx
PAGE #

DS2437 SHADOWS
SP PAGEx TO
EEPROM/SRAM PAGEy

MASTER Tx
RESET?

YES
NV MEMORY
BUSY?

NO

MENTS ADDRESS

MASTER Tx
RESET?

YES YES

1

MASTER Rx
8-BIT CRC

[

MASTER Tx
RESET?

DS2437 Tx
PRESENCE PULSE

MASTER Rx
ALL “1'8"
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MEMORY/CONTROL FUNCTIONS FLOWCHART Figure 6 Cont'd

NO a4h

NO

B4h

< CONVERTT

§ ves

DS2437 BEGINS
CONVERSION

YES
MASTER Tx
RESET?

TEMP CONVERT
BUSY?

NO YES

CONVERT V

DS2437 BEGINS
CONVERSION

MASTER Tx
RESET?

V CONVERT
BUSY?
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\
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/

MASTER MASTER
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\

DS2437 RECALLS
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MEMORY MAP

The DS2437’s memory is organized as shown in Figure 7. The memory consists of a scratchpad RAM
and storage SRAM/EEPROM. The scratchpad helps insure data integrity when communicating over the
1-Wire bus. Data is first written to the scratchpad where it can be read back. After the data has been
verified, a copy scratchpad command will transfer the data to the appropriate page in ory (pages 0-2
are primarily volatile SRAM, pages 3-7 are EEPROM). This process insures * i
modifying the memory.

The DS2437°s memory is organized as 64 bytes of memory in eight 8-byte page
scratchpad space, organized as 8 bytes of memory. When reading a scratgh %
may be read with a Read Scratchpad command. This byte contains a edfindancy check (CRC)
byte, which is the CRC over all of the 8 bytes in the currently selectedV gcratchpad. This CRC is
implemented in the fashion described in the section titled “CRC Gener

N\

Page 0 (00h)

The Status / Configuration Register is a nonvolatile read/y
DS2437 are enabled and how they will function. The r;

A

X ADB | NvB TB AD E2? | CA IAD

MSb LSb
V N 4
IAD = Current A/D Control Bit. 1 = the current nd the ICA are enabled, and current measurements
will be taken at the rate of 32 Hz; 0 = the ¢ and the ICA have been disabled.
CA = Current Accumulator Configurati CA/DCA are enabled, and data will be stored and can be
retrieved from page 7, bytes 4-7; /DCA 1is disabled, and page 7 can be used for general

EEPROM storage.

E2? = Current Accumulator Sha
EEPROM each time the respecti
be shadowed to EEPROM. Tk
CA bit in the status/conft 1

functionality. 3

voltage A/D cony, = the general purpose A/D input (VAD) is selected as the voltage A/D input.
For either sett ert V. command will initialize a voltage A/D conversion.
TB = Tempe Busy Flag. 1 = temperature conversion in progress; 0 = temperature conversion

complete.

AD = Voltage Aé% ect Bit. 1 = the battery input (VDD) is selected as the input for the DS2437
"0

NVB = Nonvolatile Memory Busy Flag. 1 = Copy from Scratchpad to EEPROM in progress; 0 =
Nonvolatile memory not busy. A copy to EEPROM may take from 2 ms to 10 ms (taking longer at lower
supply voltages).
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ADB = A/D Converter Busy Flag. 1 = A/D conversion in progress on battery voltage; 0 = conversion
complete, or no measurement being made. An A/D conversion takes approximately 10 ms.

X =Don’t care

Page 1 (01h) @

The second page, Page 1, contains the ICA and real time clock data. Both RTC and ICA are volatile
read/ write locations so that they may be set, changed, or cleared by t st M0ftware. Bytes 0-3 contain
the RTC data, formatted as described in the “Operation - Real Time ' section. Byte 4 contains the
8-bit ICA. Bytes 5-7 are reserved and will read out as all 1°s.

Page 2 (02h)
The third page of memory (Page 2) contains the DISCO C ME (first four bytes) and END OF
CHARGE (remaining four bytes) timestamps. This pa yolatile and read / write. Refer to the

“Operation - Real Time Clock”™ section for the formatt; locations.

Pages 3-7 (03h - 07h)
The remainder of the memory in the DS2437 (Page ough 7) is backed with EEPROM. This memory
d @O carry any information the user wishes to store.

Additionally, the CCA/DCA information is storoy ) bytes 4-7 of page 7 if the DS2437 is configured
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DS2437 MEMORY MAP Figure 7

PAGE BYTE CONTENTS RW NV? PAGE BYTE CONTENTS RW  NV?
o [STATUSICONFIGURATION] RW  YES 0 USER BYTE RW  YES
1 TEMPERATURE LSB R NO 1 USER BYTE RW  YES
2 TEMPERATURE MSB R NO 2 USER BYTE RW  YES
o 3 VOLTAGE LSB R NO 3 3 USER BYTE RW  YES
a 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 RW YES
0 RTC BYTE 0 RW NO 0 USER BYTE RW  YES
1 RTC BYTE 1 AW  NO 1 USER BYTE RW  YES
2 RTC BYTE 2 RW NO 2 USER BYTE RW  YES
1 3 RTC BYTE 3 RW NO 4 3 USER BYTE RW  YES
a ICA RW  NO 4 USER BYTE RW  YES
5 RESERVED 5 USER BYTE RW  YES
6 RESERVED 6 USER BYTE RW  YES
; RESERVED 7 USER BYTE RW  YES
L] [ ] L ] L ] L]
0 DISCONNECT BYTE 0 RW  NO e o . . .
1 DISCONNECT BYTE 1 AW  NO ®: * * *
2 DISCONNECT BYTE 2 RW NO 0 USER BYTE RW  YES
2 3 DISCONNECT BYTE 3 RW NO 1 USER BYTE RW  YES
q END OF CHARGE W NG 2 USER BYTE RW  YES
7 3 USER BYTE RW  YES
END OF CHARGE
YTE/
5 BYTE 1 R N a oA BYTE® AW YEE
END OF CHARGE USER BYTE/
: BYTE 2 Sl 5 CCA BYTE 1 AW YES
END OF CHARGE
7 RW  NO USER BYTE/
BYTE 3 6 g i) RW  YES
USER BYTE/
x DCA BYTE 3 G A
N\
1-Wire BUS SYSTEM
. . . %
The 1-Wire bus is a system which has 3 f\u g bus master and one or more slaves. The DS2437 behaves
1s broken down into three topics: hardware configuration,

as a slave. The discussion of this bu \
£/

B gure 8. A multidrop bus consists of a 1-Wire bus with multiple slaves

HARDWARE IGURATION Figure 8
BUS MASTER DS2437 1-WIRE PORT
+5V
4.7KQ
™ 04 {>ij
5 uA T
Tx Typ. Iix
Ry = RECEIVE 100 OHM
E’x = TRANSM:T:| MOSFET
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The idle state for the 1-Wire bus is high. If for any reason a transaction needs to be suspended, the bus
MUST be left in the idle state if the transaction is to resume. Infinite recovery time can occur between
bits so long as the 1-Wire bus is in the inactive (high) state during the recovery period. If this does not
occur and the bus is left low for more than 480 s, all components on the bus will be reset.

TRANSACTION SEQUENCE @
The protocol for accessing the DS2437 via the 1-Wire port is as follows: Q %
e Initialization %%

e ROM Function Command @

e Memory Function Command

e Transaction/Data

INITIALIZATION

All transactions on the 1-Wire bus begin with an initializapge ce. The initialization sequence
consists of a reset pulse transmitted by the bus master followe presence pulse(s) transmitted by the
slave(s).

The presence pulse lets the bus master know that the D3 on the bus and is ready to operate. For

more details, see the “1-Wire Signaling” section.

ROM FUNCTION COMMANDS
Once the bus master has detected a presence, 4': dap Bsue one of the four ROM function commands. All

ROM function commands are eight bits long

Figure 5):
Read ROM [33h] §

This command allows the bus master to 8adthe DS2437’s 8-bit family code (1Eh), unique 48-bit serial
number, and 8-bit CRC. This commai&cwonly be used if there is a single DS2437 on the bus. If more
than one slave is present on the bus} @datg collision will occur when all slaves try to transmit at the same
time (open-drain will produce a Wi® ck* ND result).

Match ROM [55h] @

The Match ROM commapg wed by a 64-bit ROM sequence, allows the bus master to address a
specific DS2437 on g Ap bus. Only the DS2437 that exactly matches the 64-bit ROM sequence
will respond to the 0 Rg4nemory function command. All slaves that do not match the 64-bit ROM
sequence will wai as¢t pulse. This command can be used with a single or multiple devices on the
bus.

Skip RO

This comman save time in a single-drop bus system by allowing the bus master to access the
memory function® without providing the 64-bit ROM code. If more than one slave is present on the bus
and a read command is issued following the Skip ROM command, data collision will occur on the bus as
multiple slaves transmit simultaneously (open drain pulldowns will produce a wired-AND result).
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Search ROM [FOh]

When a system is initially brought up, the bus master might not know the number of devices on the
1-Wire bus or their 64-bit ROM codes. The search ROM command allows the bus master to use a process

of elimination to identify the 64-bit ROM codes of all slave devices on the bus.
Example of a ROM Search Q
Sl N

The ROM search process is the repetition of a simple three-step routine: read a A
of the bit, then write the desired value of that bit. The bus master performs this g N . dtep routine on
each bit of the ROM. After one complete pass, the bus master knows the con %. the ROM in one
device. The remaining number of devices and their ROM codes may be idemtificdpy-additi

N

The following example of the ROM search process assumes four differgn

ces are connected to the
same 1-Wire bus. The ROM data of the four devices is as shown (LSb

ROM1=00110101...
ROM2 =10101010... @
ROM3 =111101015
ROM4 =00010001,..

The search process is as follows:

1. The bus master begins the initialization sequence
by issuing simultaneous presence pulses.

2. The bus master will then issue the search ROM

3. The bus master reads a bit from the 1-Wirg\b
first bit of their respective ROM data onto

on the 1-Wire bus (FOh).

device will respond by placing the value of the
bus. ROM1 and ROM4 will place a 0 onto the
1-Wire bus, i.e., pull it low. ROM2 and ill place a 1 onto the 1-Wire bus by allowing the line
to stay high. The result is the logical A devices on the line; therefore the bus master sees a 0.
The bus master reads another bit. Sin earch ROM data command is being executed, all of the
devices on the 1-Wire bus respond(td second read by placing the complement of the first bit of
their respective ROM data onto &‘;

allowing the line to stay high. RON 2

low. The bus master again obge
has determined that there a
others that have a 1.

The data obtained fro
00 - There are sti
01 - All devic

#hd ROM3 will place a 0 onto the 1-wire; thus it will be pulled
‘ 2 0 for the complement of the first ROM data bit. The bus master

ti

10 - All devic coupled have a 1-bit in this bit position.
11 - The evices attached to the 1-Wire bus.
4. The bus rites a 0. This deselects ROM2 and ROM3 for the remainder of this search pass,

leaving only ROM1 and ROM4 connected to the 1-Wire bus.

5. The bus master performs two more reads and receives a 0-bit followed by a 1-bit. This indicates that
all devices still coupled to the bus have Os as their second ROM data bit.

6. The bus master then writes a 0 to keep both ROM1 and ROM4 coupled.

7. The bus master executes two reads and receives two 0-bits. This indicates that both 1-bits and 0-bits
exist as the 3™ bit of the ROM data of the attached devices.
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8. The bus master writes a 0-bit. This deselects ROM1 leaving ROM4 as the only device still connected.

9. The bus master reads the remainder of the ROM bits for ROM4 and continues to access the part if
desired. This completes the first pass and uniquely identifies one part on the 1-Wire bus.

10. The bus master starts a new ROM search sequence by repeating steps 1 through 7.
11. The bus master writes a 1-bit. This decouples ROM4, leaving only ROM1 stil&:
12. The bus master reads the remainder of the ROM bits for ROM1 and commupigs

13. The bus master starts a new ROM search by repeating steps 1 through

14. The bus master writes a 1-bit. This deselects ROM1 and ROM4 for €he rexgainder of this search pass,
leaving only ROM2 and ROM3 coupled to the system.

15. The bus master executes two read time slots and receives twg O

9
16. The bus master writes a 0-bit. This decouples ROM3, and kavinXex
17. The bus master reads the remainder of the ROM bits for }

18. The bus master starts a new ROM search by repea
19. The bus master writes a 1-bit. This decouples ROW?2

20. The bus master reads the remainder of the RO
logic if desired. This completes the fou
found.

Note that the bus master learns the unique

ROM Search operation. The time required te
960 % 3x64)61 us=13.16 ms

The bus master is therefore capable g ying 75 different 1-Wire devices per second.

Read Scra ad [BEhxxh]

This command refds the contents of the scratchpad page xxh on the DS2437. After issuing this command,
the user must send the page number of the scratchpad to be read, and then may begin reading the data,
always beginning at address O of the selected scratchpad. The user may read through the end of the
scratchpad space (byte 07h), with any reserved data bits reading all logic 1s and after which the data read
will be all logic 1s. If not all locations are to be read, the master may issue a reset to terminate reading at
any time. Valid page numbers are 00h - 07h.
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Copy Scratchpad [48hxxh]

This command copies the scratchpad page xxh into the EEPROM / SRAM memory page xxh of the
DS2437. After issuing this command, the user must write a page number to direct which page of memory
the scratchpad is to be copied. Valid page numbers are 00h - 07h. If the bus master issues read time slots
following this command, the DS2437 will output 0 on the bus as long as it is busy cop the scratchpad
to SRAM/EEPROM; it will return a 1 when the copy process is complete. o %

Recall Memory [B8hxxh]

This command recalls the stored values in EEPROM/SRAM page xxh to the page xxh. This
command must procede a Read SPxx command in order to read any pag on the DS2437. No
data is available directly with a Read SP command. Valid page numbers a

Convert T [44h]

This command begins a temperature conversion. No further data is r The temperature conversion
will be performed and then the DS2437 will remain idle. If aster issues read time slots
following this command, the DS2437 will output 0 on the bus g it is busy making a temperature
conversion; it will return a 1 when the temperature conversion s cempJete.

Convert V [B4h]

This command instructs the DS2437 to initiate a volt
supply that is measured is defined by the AD bit of th usAConfiguration register. This sets the ADB
flag (see Status/Configuration register discussion irkthe ory Map section). When the A/D conversion
is done, the ADB flag is cleared and the current Voalue is placed in the VOLTAGE REGISTER of
page 00h. While an A/D conversion is taking plagé all™d

If the bus master issues read time slots followin}
long as it is busy making a voltage measureme

1-WIRE BUS
MASTER
sTATUS AFTER | 1-WIRE BUS DATA
ISSUING AFTER ISSUING
INSTRUCTION DESC N PROTOCOL | PROTOCOL PROTOCOL
Rea from .
BEh <page <read up to nine bytes
Read Scratchpad ratchpad Rx
{& S 00h-07Fh> of data>
es bytes to . :
Write Scratchpac{i m7 Scratchpad 4:)1;:)1}1131;1%6 Tx <ng:sl;pf§)ag§ht
NN page xxh vt
Q _)Sopies entire contents {NVB bit in Status
C Scratch of S}f iatchp}?fllf) age 48h<page Idle or Rx of | Register = 1 until copy
OpYy Scratehp xxh fo eight-byte 00h-07h> NVB bit complete (2-10 ms,
EEPROM/SRAM typ)!}
page xxh yp
Copies entire contents
of EEPROM/SRAM B8h<page
Recall Memory page xxh to 00h-07h> Idle Idle
Scratchpad page xxh
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REGISTER COMMANDS |
1-WIRE BUS
MASTER
STATUS AFTER 1-WIRE BUS DATA
ISSUING AFTER ISSUING
INSTRUCTION DESCRIPTION PROTOCOL | PROTOCOL QTOCOL
N4
Initiates temperature Idle or Rx of Q . lil Statu_s
Convert T . 44h ) =1 until
conversion TB bit @1\ #n complete}
N .
Initiates voltage A/D Idle or \ Z{XDB b1t_1n Statl_ls
Convert V conversion B4h ADB b Register = 1 until
A ) conversion complete}
¢
NOTES:

1.
2. A/D conversion takes up to 2 ms.
3. EEPROM write takes up to 50 ms.

Temperature conversion takes up to 1 second.

Sample Command Sequence Table 7

Example: Bus Master enables the ICA, CCA, and R
the CCA/DCA information is shadowed to EEPRX

DS2437 will perform voltage measurements on thg

S
N
O

a single DS2437 and configures it such that
e voltage A/D is configured such that the
y (VDD) voltage.

QL0
MASTER MODE | DATA (LSB FIRST) f (\ COMMENTS
TX Reset Q( M Pulse
RX Presence 7 \h\e'sence Pulse
TX CCh A Q\¥/Skip ROM
TX 4EROQI\N\Y” | Issue Write SP 00h Command
TX 0P\’ | Sets ICA, CA, E2?, AD Bits Active
TX > Reset Pulse
RX (Me Presence Pulse
TX @}\\\dh Skip ROM
TX O I BEhoon Issue Read SP 00h Command
RX b'\ %\ddata bytes> Read Scratchpad Data and CRC
X . Q\“b Reset Reset Pulse
R)&Q) Presence Presence Pulse
X \X? CCh Skip ROM
™ 7 48h00h Issue Copy SP 00h Command
RX Read Slots DS2437 returns a 1 when Copy SP is complete
TX Reset Reset Pulse
RX Presence Presence Pulse, done
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Sample Command Sequence Table 8
Example: Bus Master issues a temperature and voltage conversion, then reads the temperature, battery
voltage, battery current, all on a single DS2437.

MASTER MODE | DATA (LSB FIRST) COMMENTS
X Reset Reset Pulse O (‘Q,%\'
RX Presence Presence Pulse )
TX CCh Skip ROM ~2)’
X 44h Issue Convert Temperamr{M Read Slots
X Reset Reset Pulse ) w )v
RX Presence Presence Pulse & N
TX CCh Skip ROM
X B4h Issue Convert Vo%g\\e?@)w\{mand
X Reset Reset pulse, Re\d\S{@
RX Presence Presence Pulsq(\
TX CCh Skip ROM (Q\
X B8h00h IssueAR}cE@Mory Page 00h Command
X Reset Rese&x@se\)
RX Presence Prose &pﬂse
TX CCh “Shig €M
TX BEhOOh  Ns®¥@Read SP 00h Command
RX <0 data bytes> (G0 e, voltage, and curtent messurements.
X Reset <(4 r\%\'IReset Pulse
RX Prese}ﬁh N\ Presence Pulse, done

&
@

@
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Sample Command Sequence Table 9
Example: Assuming a single DS2437 is configured for its current accumulators to function, this sequence
allows the Bus Master to read the three current accumulators.

MASTER MODE | DATA (LSB FIRST) COMMENTS
X Reset Reset Pulse N
QLN
RX Presence Presence Pulse ~
TX CCh Skip ROM /\\f,
X B8h01h Issue Recall Memory pageﬂN@&)‘nand
X Reset Reset Pulse ) i
RX Presence Presence Pulse & N
TX CCh Skip ROM NN
TX BEhO1h Issue Read SP Q1R\Cxtfiand
RX <9 data bytes> Read Scratchpa dtaynd CRC. The ICA is located in
byte 04h A
X Reset Reset Pl}liem\
RX Presence Presenc(e\ &)
TX CCh SkipRQM\Y,
X B8h07h Issye&@y\gl Memory page 07h Command
X Reset %*e\(s\m‘ge
RX Presence / (Kféﬁ\'{e Pulse
TX cch SRS ROM
X BEhO7h f\&vmsue Read SP 07h Command
RX <9 data b N1 Read Scratchpad Data and CRC. The CCA is located in
O\ bytes 04h-05h and the DCA is located in bytes 06h-07h
X Re’ée(\\)\' Reset Pulse
RX P@@}v Presence Pulse, done
N

N
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1/0 SIGNALING

The DS2437 requires strict protocols to insure data integrity. The protocol consists of several types of
signaling on one line: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. All of these signals,
with the exception of the presence pulse, are initiated by the bus master.

The initialization sequence required to begin any communication with the DS2437 ig \o\: » in Figure 9.
A reset pulse followed by a presence pulse indicates the DS2437 is ready to send éb
D

correct ROM command and memory function command.

he bus master then
a high state via the

The bus master transmits (Tx) a reset pulse (a low signal for a minimum
releases the line and goes into a receive mode (Rx). The 1-Wire bus
5 kQ pullup resistor. After detecting the rising edge on the I/O pin, the waits 15-60 us and then
transmits the presence pulse (a low signal for 60-240 ps). DS2437 datas read and written through the
use of time slots to manipulate bits and a command word to specify t ction.

INITIALIZATION PROCEDURE "RESET AND RRESENCE PULSES" Figure 9

Master Ty “reset pulse”
- 480 ps minimum
98B0 pus maximum

Master Ry i
480 ps minimum -"

H DS2437 Ty
15 - 60 s “presence puise”

Vee 60-240ps
1-WIRE
BUS

GND
LINE TYPE LEGEND:
c—— Bus master active low PrE— DS2437 active low

Both bus master and .
T DS2437 active low m—— Resistor pull-up
\\>\'
Write Time Slots

A write time slot is initiated wj
logic level. There are two typ
time slots must be a minimyn
individual write cycle

ost pulls the data line from a high (inactive) logic level to a low
rite time slots: Write 1 time slots and Write 0 time slots. All write
60 us in duration with a minimum of a 1 s recovery time between

The DS2437 samples the Q¥ line in a window of 15 s to 60 us after the I/O line falls. If the line is high,

a Write 1 occurs. I lin¢'is low, a Write 0 Occurs (See Figure 10).
For the hos te a Write 1 time slot, the data line must be pulled to a logic low level and then
released, all ¢ data line to pull up to a high level within 15 microseconds after the start of the

write time slot.

For the host to generate a Write 0 time slot, the data line must be pulled to a logic low level and remain
low for the duration of the write time slot.
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Read Time Slots

The host generates read time slots when data is to be read from the DS2437. A read time slot is initiated
when the host pulls the data line from a logic high level to logic low level. The data line must remain at a
low logic level for a minimum of 1 us; output data from the DS2437 is then valid within the next 14 us
maximum.

The host therefore must stop driving the I/O pin low in order to read its state 1
read slot. (see Figure 10). By the end of the read time slot, the I/O pin will pull
pullup resistor. All read time slots must be a minimum of 60 ps in duration
recovery time between individual read slots. Figure 11 shows that the sury
be less than 15 us. Figure 12 shows that system timing margin is maxim
small as possible and by locating the master sample time toward the end gf the

e, and tsavpre must
ceping tingr, and tre as
us period.

RELATED APPLICATIONS NOTES
The following Application Notes can be applied to the DS243¢ % otes can be obtained from the
Dallas Semiconductor Application Note Book, via our websitelat-hettpdrww.dalsemi.com, or through our
faxback service at (972) 371-4441.

Application Note 27: “Understanding and Using Cycli
Touch Memory Product”

website.
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READ / WRITE TIMING DIAGRAM Figure 10

MASTER WRITE “0" SLOT MASTER WRITE “1" SLOT

1us <tggc <=
60 pus<Tyx “0"<120 us

Vee -
1-WIRE

BUS { /
GND - - - - - e e - - - - - - - - ~ ~ wm -~ . - - - -

>1pus
DS2437 SAMPLES DS2437 SAMPLES
MIN TYP MAX MIN TYP MAX
15us 15us+ 30ps 15 us 15;154—}1— 30 us —
MASTER READ “0" SLOT MASTER READ “1" SLOT
1us <tggc <=
60 ps<Ty “0"<120 ps JE——

Vee
1-WIRE

BUS
GND

=1 ps

— MASTER SAMPLES MASTER SAMPLES
15 pus 15;.;54—1-4— 30 ps 15us

LINE TYPE LEGEND:

— Bus master active low ee—— DS2437 active low

Both bus master and ;
E—— DS2437 active low e Resistor pull—up

5z

N
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DETAILED MASTER READ 1 TIMING Figure 11

Vee
1-WIRE 3 T g V||.| OF MASTER
BUS
——— Tiar>1 us Hi* Tre —_— MASTER SAMPLES
f————————— TsampLe —————==|
- 15 us E
%Y’J
RECOMMENDED MASTER READ 1 TIMING Figure 12<\\>
Ve - e - -
1-WIRE - Vy OF MASTER
BUS
GND - -
MASTER
Tnr= " Tac= SAMPLES
SMALL  SMALL
- 15 us -:_l
LINE TYPE LEGEND:
e— Bus master aclive low o—— DS2437 active low
Both bus master and
W=Sa=M===  DS2437 aclive low S Resistor pull-up

\ N

»
Q@@

S
N
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ABSOLUTE MAXIMUM RATINGS*
Voltage on VDD and VAD, Relative to Ground
Voltage on VSENS+, VSENS-, Relative to Ground
Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

-0.3V to +12V
>+300 mV
-0.3V to +7.0V
-40°C to +85°C
-55°C to +125°C

See J-STD-02 C : ation
D
* This is a stress rating only and functional operation of the device at these or g ij; conditions above

RECOMMENDED DC

xposure to absolute

OPERATING CONDITIONS (-40°C to8%E; 2.7V < Vpp < 10.0V)
PARAMETER SYMBOL | CONDITION | MINQ\ (PR MAX | UNITS | NOTES
Supply Voltage Vb 2.5\ \\\\\‘I 10.0 \Y 3
Data Pin DQ o3 N +5.5 v 3
DQ Pullup Voltage A (R 5.5
Analog Ground AGND /Eﬁd GND A% 3

0.5 +0.5

DC ELECTRICAL CHARACTERIS

NG

40°C to +85°C; 2.7V < Vpp < 10.0V)

PARAMETER SYMBOL CONIX} MIN | TYP | MAX | UNITS | NOTES
Input Logic High Vi W 2.0 A% 3
Input Logic Low Vi (Qﬂ%\' 0.3 0.8 v 3
Shutdown Current Ipps =0, RTC 10 15 LA 2,4
AR ctive
Standby Current Iops t%\\ﬁ'Qzl, ICA 50 | 100 A 2,4
/.\§§ Active
Active Current QY Temperature or 250 | 1000 HA 4
Voltage
Conversions or
q EEPROM write
N in progress
Input Resistance S\V\\A Y R; DQ 500 kQ 5
\YJ

ELECTR ARACTERISTICS:

DIGITAL OMETER (-40°C to +85°C; 2.7V < Vpp < 10.0V)
PARAMETER\’ SYMBOL | CONDITION MIN TYP | MAX | UNITS | NOTES
Thermometer Error TErr 0°C to 70°C +2 °C 6
(Tactuar - TMEASURED)

Resolution 13 bits
Conversion Time tconvT 400 1000 ms
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ELECTRICAL CHARACTERISTICS:
VOLTAGE A/D CONVERTER

(-40°C to +85°C; 2.7V < Vpp < 10.0V)

PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX | UNITS | NOTES
A/D Error VADgrr 10 +50
Vap Input Range Vabr 2.7V < Vpp < 0 2Vpp \@ 3
5.0V QAR

Vap Input Range V ADRI Vpp > 5.0V 0 10@\ 3
Vip Input Range Vibr 2.7 100587 Vv 3
Resolution W bits

. . Y
Conversion Time tconvy \y ms
No Missing Code -40 +85 °C
Temperature Range [}
Monotonicity \\) Guaranteed

ELECTRICAL CHARACTERISTICS:
CURRENT A/D CONVERTER

N

to +85°C; 4.5V < Vpp < 10.0V)

Resolution

PARAMETER SYMBOL | CONDITIONYMIN | TYP | MAX | UNITS | NOTES
Current Measurement IADgrr s +2 LSB 1
Error Q N

Integrated Current CAEgrr 2 5 %

Error

Instantaneous Current 10 bits

ELECTRICAL CHARACTE

r%

RTC COUNTER /f\ (-40°C to +85°C; 2.7V < Vpp < 10.0V)
PARAMETER SYM}@{%) ONDITION | MIN | TYP | MAX | UNITS | NOTES
Clock Error R/T\Q%;\\) 6
Resolution /\&Q{\V 1 sec

¢
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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 tsLor 60 120 N
Recovery Time tREC 1 A M
Write 0 Low Time tLowo 60 120 ¥ \“{\;
Write 1 Low Time tLow 1 RGATY
Read Data Valid trDV N&SJ us
Reset Time High trRsTH 480 w)\l s
Reset Time Low tRSTL 480 N us
Presence Detect High tpDH 15 /\Q\\) 60 us
N\
PARAMETER SYMBOL | CONDITION Mﬁ\l\\\\ MAX | UNITS | NOTES
Presence Detect Low tppL @ QV 240 us
DQ Capacitance Cbog N m 25 pF
NJ
NOTES: s ~
1. Current measurement accuracy is +2 LSb or

5 ichever is greater. Contact the factory for
applications with less than 4.5V supply voltage W

Shutdown and Standby currents specified g
All Voltages are referenced to GND.

Ipp specified with Vpp = 5.0V. @
Input load is to GND. @
Refer to Application Note 58. @®

ge 0°C to 70°C.

NS kv

See Figure 13 for internal g onnections. GND and AGND must be connected to the same
potential.

ONNECTIONS Figure 13

>

% ; 1009 (TYPICAL)
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TIMING DIAGRAMS Figure 14
1-WIRE WRITE 1 TIME SLOT

- tsLoT *  START OF NEXT CYCLE
—— t—— IREC '

'

] 1
—— tLowt i@—
t 1

N
1-WIRE WRITE 0 TIME SLOT @)

AN\

START OF NEXT CYCLE

T
<3 tsLoT ;:

1
F

Y

]
- fLowo

\2
1-WIRE READ TIME SLOT f@
AN NI

LN

tsLoT >] j START OF NEXT CYCLE

— —— tREC

Z\ 1Y .

'<— trov —————N

\)v

1-WIRE RESET P

RESET PULSE FROM HOST

R

tReTH

]
- tRsTL

1-WIRE PRESENCE DETECT ‘ PRESENCE DETECT

t
b
'
' i
—— ippHIGH  r— ) !
1 i ]

1 ] il
1 ] i)

1 t |

)

1

1 i
— lppLow '———"—’:
t
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