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0 Architecture Allows Software to Patch Data by []3

Superseding an Old Page in Favor of a Newly
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Pin), TSOC and WLP Surface Mount Package PIN 2: GND
e Wide Voltage and Temperature Operating Ranges
Provide Robust System Performance
o0 Reads Over Voltage Range of 2.8V to 6.0V at BOTTOM VIEW  SIDE VIEW
40°C to +85°C SFN (APPROX. 6.0mm x 6.0mm x 0.9mm)
0 Zero Standby Power Required NOTE: THE SFN PACKAGE IS QUALIFIED FOR ELECTRO-MECHANICAL
400 CONTACT APPLICATIONS ONLY, NOT FOR SOLDERING. FOR MORE
o Programs at 11.5V to 12.0voin -40°C INFORMATION, REFER TO APPLICATION NOTE 4132 ATTACHVENT
to +50°C METHODS FOR THE ELECTRO-MECHANICAL SFN PACKAGE.
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ORDERING INFORMATION

PART TEMP RANGE | PIN-PACKAGE
DS2502+ -40°C to +85°C | 3 TO-92 (straight leads)
DS2502+T&R -40°C to +85°C | 3TO-92 (formed leads2k piece$
DS2502G-T&R | -40°C to +85°C | 2 SFN @.5k pieces)
DS2502P+ -40°C to +85°C | 6 TSOC
DS2502P+T&R | -40°C to +85°C | 6 TSOC(4k pieces)
DS2502RHA&R | -40°C to +85°C | 3 SOT-23 (3k pieces)
DS2502S+ -40°C to +85°C | 8 SO
DS2502S+T&R | -40°C to +85°C | 8 SO(2.5k pieces)
DS2502X1+ -40°C to +85°C | 4 WLP (10K pieces)

+Denotes a lead(Pb)-free/RoHS-compliant package.
T&R = Tapeand redl.

DESCRIPTION

The DS2502 1Kb Addnly Memory identifies and stores relevant information about the product to
which it is associate This lot or productspecific information can be accessed with minimal interface
for example, a single port pin of a microcontroller. The DS2502 consists of a fegergd registration
number that includes a unique-B8 serial number, an-Bit CRC,and an &it Family Code (09h) plus

1Kb of EPROM which is usegrogrammable. The power to program and read the DS2502 is derived
entirely from the 4Wire® communication line.

Data is transferred serially via theWlire protocol which requires only a single data lead and a ground
return. The entire device can be programmed and thenpvdtected if desired. Alternatively, the part
may be programmed multiple times with new data being appended to, but notitivgrexisting data

with each subsequent programming of the device. Note: Individual bits can be changemongy f
logical 1 to a logical O, never from a logical O to a logical 1. A provision is also inclodeddicating

that a certain page or pages of data are no longer valid and have been replaced withpaatedrdata

that is now residing at an alternate page address. This page addrestiaediliesvs software to patch
data and enhance the flexibility of the device as a shéontk database. The-#8 serial number that is
factorylasered into each DS2502 provides a guaranteed unique identity which allows for absolute
traceability. The familiar TE®2 or SOIC or TSOC packages provide a compact enclosure that allows
standard assembly equipment to handle the device easily for attachment td grcué boards or
wiring. Typical applications include storage of calibration constants, maitemacords, asset tracking,
product revision status, and access codes.

OVERVIEW

The block diagram in Figure 1 shows the relationships between the major control and sertiong of

the DS2502. The DS2502 has three main data componentsbit)l&dered ROM, 2) 1028it EPROM,

and 3) EPROM Status Bytes. The device derives its power for read operatiogly &oim the tWire
communication line bgtoring energy on an internal capacitor during periods of time when the signal |
is high and continues to operate off of this “parasite” power source during the les dinthe iWire

line until it returns high to replenish the parasite (capacitopplgu During programming, -Wire
communication occurs at normal voltage levels and then is pulsed momentarily to ghempning
voltage to cause the selected EPROM bits to be programmed:-Wire line must be able to provide 12
volts and 10 milliamperedo adequately program the EPROM portions of the part. Whenever
programming voltages are present on th¢/ife line a special high voltage detect circuit within the
DS2502 generates an internal logic signal to indicate this condition. The hiesbstucture of the 1

Wire protocol is shown in Figure 2. The bus master must first provide one of the six R@dWoR
Commands, 1) Read ROM, 2) Match ROM, 3) Search ROM, 4) Skip ROM. These commands operate on
the 64bit lasered ROM portion of each device araoh singulate a specific device if many are present on
1-Wireisa registered trademark of Maxim Integrated Products, Inc. 2of24
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the XWire line as well as indicate to the bus master how many and what types of deviageseme fphe
protocol required for these ROM Function Commands is described in Figure 9.aA@M Functn
Command is successfully executed, the memory functions that operate on the EfRONE of the
DS2502 become accessible and the bus master may issue any one of the five Memton Fu
Commands specific to the DS2502 to read or program the various data fields. The portticesd
Memory Function Commands is described in Figure 5. All data is read and writsérsigaficant bit
first.

64-BIT LASERED ROM

Each DS2502 contains a unigue ROM code that is 64 bits long. The first 8 bits-@&eafamly code.
The next 48 bits are a unique serial number. The last 8 bits are a CRC of thé fiitst (See Figure 3).
The 64bit ROM and ROM Function Control section allow the DS2502 to operate -&8ieeevice and
follow the :Wire protocol detailedn the section “IWire Bus System.” The memory functions required
to read and program the EPROM sections of the DS2502 are not accessible untilMhieiriR@on
protocol has been satisfied. This protocol is described in the ROM functions flawFigare9). The 1
Wire bus master must first provide one of four ROM function commands: 1) Read ROMt@) ROM,
3) Search ROM, or 4) Skip ROM. After a ROM function sequence has been successcllied, the
bus master may then provide any one of the memory function commands specifiD828@2 (Figure
6).

The tWire CRC of the lasered ROM is generated using the polynorfial X°> + X* + 1. Figure 4
shows a hardware implementation of this CRC generator. Additional information aboltaiie
1-Wire Cyclic Redundancy Check is availableApplication Note 27. The shift register acting as the
CRC accumulator is initialized to 0. Then starting with the least significant bit chnfig/fcode, 1 bit at

a time is shifted in. After the"®it 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 theaDRCShifting

in the 8 bits of CRC should return the shift register to all 0s.

DS2502 BLOCK DIAGRAM Figure 1

PARASITE POWER

NI I
k7
1-WIRE BUS DATA 1-WIRE FUNCTION 64-BIT LASERED
> CONTROL ROM
PROGRAM MEMORY 8-BIT
VOLTAGE FUNCTION [* » SCRATCHPAD
DETECT CONTROL
8-BIT CRC i
GENERATOR
1024-BIT EPROM >
(4 PAGES OF 32 BYTES)
EPROM >
STATUS BYTES
30f24
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HIERARCHICAL STRUCTURE FOR 1-WIRE PROTOCOL Figure 2

BUS 1-WIRE BUS
OTHER
MASTER > TR,
DS2502
COMMAND | AVAILABLE DATA FIELD
READ ROM 64-BIT ROM
1-WIRE ROM FUNCTION MATCH ROM 64-BIT ROM
COMMANDS (SEE FIGURE 9) SEARCH ROM 64-BIT ROM
SKIP ROM N/A
A
WRITE MEMORY 1024-BIT EPROM
DS2502-SPECIFIC WRITE STATUS BYTE EPROM STATUS BYTES
MEM(%RJ JR»TSST'ON READ MEMORY 1024-BIT EPROM
READ STATUS BYTE EPROM STATUS BYTES
(SEE FIGURE 6) READ DATA/GENERATE 1024-BIT EPROM
8-BIT CAC
64-BIT LASERED ROM Figure 3
| 8-Bit CRC Code | 48-Bit Serial Number | 8-Bit Family Code (09h) |
MSB LSB MSB LSB MSB LSB
1-WIRE CRC GENERATOR Figure 4
INPUT
T e e O -
(MSB) (LSB)
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1024-BITS EPROM

The memory map in Figure 5 shows the 084EPROM section of the DS2502 which is configured as
four pages of 32 bytes each. ThdiBscratchpad is an additional register that acts as a buffer when
programming the memory. Data fisst written to the scratchpad and then verified by reading-bih 8
CRC from the DS2502 that confirms proper receipt of the data. If the buffer coatentorrect, a
programming voltage should be applied and the byte of data will be written intel¢loéed address in
memory. This process ensures data integrity when programming the memejetails for reading and
programming the 1028it EPROM portion of the DS2502 are given in the Memory Function Commands
section.

EPROM STATUS BYTES
In additionto the 1024 bits of data memory the DS2502 provides 64 bits of Status Memory accessible
with separate commands.

The EPROM Status Bytes can be read or programmed to indicate various conditionsdéivhes
interrogating the DS2502. The first byte of tBRROM Status Memory contain the Write Protect Page
bits which inhibit programming of the corresponding page in the -biizhain memory area if the
appropriate write protection bit is programmed. Once a bit has been programitiedWrite Protect
Page byte, the entire 3®te page that corresponds to that bit can no longer be altered but may still be
read.

The next 4 bytes of the EPROM Status Memory contain the Page Address RediBates, which
indicate if one or more of the pages of data in theddPEPROM section have been invalidated and
redirected to the page address contained in the appropriate redirection bytardare of the DS2502
makes no decisions based on the contents of the Page Address Redirectionf@geadditional bytes
of Status EPROM technology, bits within a page can be changed from a logical lbgicah O by
programming, but cannot be changed back. Therefore, it is not possible to simply aepage if the
data requires changing or updating, but with space permitting, an entire pdaga ofin be redirected to
another page within the DS2502 by writing the one’s complement of the new pagssadtv the Page
Address Redirection Byte that corresponds to the original (replaced) page.

This architecture allows theser’s software to make a “data patch” to the EPROM by indicating that a
particular page or pages should be replaced with those indicated in the Pags Redissction Bytes.

If a Page Address Redirection Byte has an FFH value, the data in the mainynfggha@orresponds to

that page is valid. If a Page Address Redirection Byte has some other hexthaldata in the page
corresponding to that redirection byte is invalid, and the valid data can now be found at the one’s
complement of the page address indicated by the hex value stored in the associatédid?ags
Redirection Byte. A value of FDH in the redirection byte for page 1, for pbearwould indicate that the
updated data is now in page 2. The details for reading and programming the ERR@GMr&mory
portion of the DS2502 are given in the Memory Function Commands section.

MEMORY FUNCTION COMMANDS

The “Memory Function Flow Chart” (Figure 6) describes the protocols negekwgaaccessing the
various data fields within the DS2502. The Memory Function Control sectibm,s8ratchpad, and the
Program Voltage Detect circuit combine to interpret the commands issued bysthebier and create
the correct control signals within the device. A 3-byte protocol is issued by the bies.ritas compsed
of a command byte to determine the type of operation and two address bytes to deterrapexific
starting byte location within a data field. The command byte indicates ifi¢kiee is to be read or

50f24
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written. Writing data involves not only issuitige correct command sequence by also providing\solt2
programming voltage at the appropriate times. To execute a write sequéeyte od data is first loaded

into the scratchpad and then programmed into the selected address. Watess@lways occur a byte

at a time. To execute a read sequence, the starting address is issued byntast&uand data is read

from the part beginning at that initial location and continuing to the end of tletesetiata field or until

a reset sequence is issuedl.bits transferred to the DS2502 and received back by the bus master are sent

least significant bit first.

DS2502 MEMORY MAP Figure 5

8-BIT SCRATCHPAD
STARTING
ADDRESS
- 0000h
PAGE 0
32 BYTES
0020h
PAGE 1
32 BYTES
1024-BIT
EPROM < po40h
PAGE 2
32 BYTES
0060h
PAGE 3
32 BYTES
S~
EPROM STATUS BYTES
ADDRESS: 0007h 0008h 0005h 0004h 0D003h 0002h 0001h 0000h
(MSB) (LSB)
7 & 5 4 3 2 1 0
/ /‘ { )Ilr ."; |II
/ / / / / / |
/ ! ]
/ ! | / ! ! I.'
( FACTORY- [ RESERVED FOR PAGE ADDRESS PAGE ADDRESS / PAGE ADDRESS ’{{PAGE ADDRESS ’f /
PROGRAMMED FUTURE EXPANSICN REDIRECTION REDIRECTION REDIRECTION REDIRECTION
00h BYTE FOR BYTE FOR EYTE FOR BYTE FOR
PAGE 3 PAGE 2 PAGE 1 PAGED

BITO WHRITE PROTECT PAGE 0
BIT 1 WRITE PROTECT PAGE 1
WHRITE PROTECT PAGE 2

BIT 2
BIT 3 WRITE PROTECT PAGE 3
BIT 4-7 BITMAP OF USED PAGES (RESERVED FOR TMEX)
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MEMORY FUNCTION FLOW CHART Figure 6

MASTER Ty MEMORY
FUNCTION COMMAND

)

AA
> READ STATUS >~
Y
BUS MASTER Ty BUS MASTER Ty
TA1 (T7:T0) TA1 (T7:T0)
BUS MASTER Ty BUS MASTER Ty
TA2 (T15:18) TA2 (T15:78)
y
BUS MASTER Ry 8-BIT CRC BUS MASTER RX 8-BIT CRC
OF COMMAND AND ADDRESS OF COMMAND AND ADDRESS
CRC N N CRC
MASTER T
CORRECT RESET ’—<FC>
» Y Y la
Y \
BUS MASTER Ry BUS MASTER Ry
DATA FROM DATA FROM
DATA MEMORY STATUS MEMORY

DS2502 INCREMENTS
ADDRESS COUNTER

BUS MASTER

Ty RESET
?
BUS MASTER Ry
BUS MASTER R 8-BIT CRC OF
8-BIT CRC OF DATA STATUS DATA
N
| 1
™ A Y Y @S‘ER
5 RES“:SH' E Tx R$SET
N N
BUS MASTER - BUS MASTER
: DS2502 T y
Rx 'S PRESENCE PULSE Rx1'S
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MEMORY FUNCTION FLOW CHART Figure 6 (cont’d)

C3h
EAD DAT/ N
< & GENERATE vy
IT CRI TO WRITE COMMANDS
?
Y

BUS MASTER Tx
TA1 (T7:70)

]

BUS MASTER Ty
TA2 (T15:T8)

!

BUS MASTER Ry 8-BIT CRC
OF COMMAND AfD ADDRESS

CRC N BUS MASTER
CORRECT Tx RESET

Y

\

BUS MASTER Ry
DATA FROM
DATA MEMORY
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ADDRESS COUNTER

S MASTER R
P R A E O oA

BUS MASTER
Ty RESET
LEGEND:
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BY THE MASTER
y

|  Dps2s027TX
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BY DS2502
BUS MASTER
Rx 1'S
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MEMORY FUNCTION FLOW CHART Figure 6 (cont'd)

ﬁr\
WRITE N

Py ™ MEMORY
READ COMMANDS ?
Y

BUS MASTER Ty
TA1 (T7:TO)

v

BUS MASTER Ty
TA2 (T15:T8)

Y

BUS MASTER Ty
DATA BYTE (D7:D0)

Y

BUS MASTER Ry 8-BIT
CRC OF COMMAND, ADDRESS,
DATA (15T PASS)

CRC OF ADDRESS, DATA
(SUBSEQUENT PASSES)

Y

BUS MASTER Ty
PROGRAM PULSE

DS2502 COPIES
SCRATCHPAD
TO DATA EPROM

]

BUS MASTER Ry

BYTE FROM EFROM

[}

BUS MASTER Ty
TA1 (T7:T0)

1

BUS MASTER Tx
TA2 (T15:T8)

BUS MASTER Tx
DATA BYTE (D7:00)

v

BUS MASTER Ry 8-BIT
CRC OF COMMAND, ADDRESS,
DATA (15T PASS)

CRC OF ADDRESS, DATA
(SUBSEQUENT PASSES)

BUS MASTER
Ty RESET
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READ MEMORY [FOh]

The Read Memory command is used to read data from thediOE#ROM data field. The bus master
follows the command byte with at®te address (TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting
byte locdion within the data field. An-®it CRC of the command byte and address bytes is computed by
the DS2502 and read back by the bus master to confirm that the correct command word agd starti
address were received. If the CRC read by the bus master iepoicarreset pulse must be issued and the
entire sequence must be repeated. If the CRC received by the bus mastecistberbus master issues
read time slots and receives data from the DS2502 starting at the initial addresstnuing until the

end of the 102bit data field is reached or until a reset pulse is issued. If reading occurghthiheuend

of memory space, the bus master may issue eight additional read time slots @8@3%b& will respond

with a 8bit CRC of all data bytes read frothe initial starting byte through the last byte of memory.
After the CRC is received by the bus master, any subsequent read timelsimppedr as logical 1s until

a reset pulse is issued. Any reads ended by a reset pulse prior to reachiagaireesnory will not have

the 8bit CRC available.

Typically a 16bit CRC would be stored with each page of data to ensure rapidfreeatata transfers
that eliminate having to read a page multiple times to determine if the received datadsaranot(See
Application Note 114 for the recommended file structure.) If CRC values are imbedded within #headat
reset pulse may be issued at the end of memory space during a Read Memory command.

READ STATUS [ Aah]

The Read Status command is used to i@ from the EPROM Status data field. The bus master
follows the command byte with al®te address (TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting
byte location within the data field. Anrt8t CRC of the command byte and address bytes is computed b
the DS2502 and read back by the bus master to confirm that the correct command word agd starti
address were received. If the CRC read by the bus master is incorrect, a resetugtilse issued and the
entire sequence must be repeated. If the CRC received by the bus mastecistberbus master issues
read time slots and receives data from the DS2502 starting at the supplied addmsgianchg until

the end of the EPROM Status data field is reached. At that point the bus masieceamt ar8-bit CRC

that is the result of shifting into the CRC generator all of the data bytes from the taitiadgsbyte
through the final factory-programmed byte that contains the 00h value.

This feature is provided since the EPROM Status information maygehover time making it impossible

to program the data once and include an accompanying CRC that will alwaysdoeThaliefore, the
Read Status command supplieslBit8CRC that is based on and always is consistent with the current data
stored in the EROM Status data field.

After the 8bit CRC is read, the bus master will receive logical 1s from the DS2502 untdtgprase is
issued. The Read Status command sequence can be ended at any point by issuingisereset

READ DATA/GENERATE 8 -BIT CRC [C3h]

The Read Data/GeneratebB CRC command is used to read data from the HIREPROM data field.
The bus master follows the command byte with-layt2 address (TA1=(T7:T0), TA2=(T15:T8)) that
indicates a starting byte location within the datadfiéin 8bit CRC of the command byte and address
bytes is computed by the DS2502 and read back by the bus master to confirm that the@omeand
word and starting address were received. If the CRC read by the bus masterrisct, a reset pulse
must be issued and the entire sequence must be repeated. If the CRC received by thstéus m
correct, the bus master issues read time slots and receives data fro®28@2 3tarting at the initial
address and continuing until the end of ab§& page igseached. At that point the bus master will send
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eight additional read time slots and receive ant8CRC that is the result of shifting into the CRC
generator all of the data bytes from the initial starting byte to the last byte ofrtbetqage. Oncthe 8
bit CRC has been received, data is again read from thediOE#PROM data field starting at the next
page. This sequence will continue until the final page and its accompanyinga@R€ad by the bus
master. Thus each page of data can be consitieiteel 33 bytes long: the 32 bytes of ugeygrammed
EPROM data and anl@it CRC that gets generated automatically at the end of each page.

This type of read differs from the Read Memory command which simple reads gacarphthe end of
address spads reached. The Read Memory command only generateb@C&C at the end of memory
space that often might be ignored, since in many applications the user would Kidri¢ @RC with the
data itself in each page of the 1624 EPROM data field at thime the page was programmed.

The Read Data/GeneratebB CRC command provides and alternate read capability for applications that
are “bitoriented” rather than “pageriented” where the 102dit EPROM information may change over
time within a page boundary making it impossible to program the page once and include an
accompanying CRC that will always be valid. Therefore, the Read Data/Gendiaite RBC command
concludes each page with the DS2502 generating and supplyinghiarCRC that is based on and
therefore is always consistent with the current data stored in each page of it HPROM data field.

After the 8bit CRC of the last page is read, the bus master will receive logical 1s from theD8#b a

reset pulse is issued. The Read Data/GenerBie BRC command sequence can be exited at any point
by issuing a reset pulse.

WRITE MEMORY [0OFh]

The Write Memory command is used to program the #624£PROM data field. The bus master will
follow the command byte with al2yte starting adaiss (TA1=(T7:T0), TA2=(T15:T8)) and a byte of

data (D7:D0). An &it CRC of the command byte, address bytes, and data byte is computed by the
DS2502 and read back by the bus master to confirm that the correct command worg,astdress, and

data byte were received.

The highest starting address within the DS2502 is 007FH. If the bus master seadm@ atldress
higher than this, the nine 9 most significant address bits are set to 0 by the kiteudi of the chip.

This will result in a misratch between the CRC calculated by the DS2502 and the CRC calculated by the
bus master, indicating an error condition.

If the CRC read by the bus master is incorrect, a reset pulse must be issuetl entatdlsequence must

be repeated. If the CRC recet/by the bus master is correct, a programming pulse (12 volts on the 1
Wire bus for 480 us) is issued by the bus master. Prior to programming, the entrgramponed 1024

bit EPROM data field will appear as logical 1s. For each bit in the data bytelgddyy the bus master
that is set to a logical 0, the corresponding bit in the selected byte of thebil(BROM will be
programmed to a logical O after the programming pulse has been appliedbgteHacation.

After the 480 ps programming pulse is applied and the data line returnsvoltdevel, the bus master
issues eight read time slots to verify that the appropriate bits have been pregraiita DS2502
responds with the data from the selected EPROM address sent least sighififiest. This byte contains
the logical AND of all bytes written to this EPROM data address. If the EPR&@Mbyte contains 1s in
bit positions where the byte issued by the master contains 0s, a reset pulse shesigdand the
current byte address should be programmed again. If the DS2502 EPROM data byts Osnita the
same bit positions as the data byte, the programming was successful an@%02 B8l automatically
increment its address counter to select the next byte in thebliOEAPROM data field. The least
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significant byte of the new twbyte address will also be loaded into thBIBCRC generator as a starting
value. The bus master will issue the next byte of data using eight write time slots.

As the DS2502 receives this byte of data into the scratchpad, it also shifts theadtitea CRC generator
that has been preloaded with the LSB of the current address; the resultlst &RE of the new data
byte and the LSB of the new address. After supplying the data byte, sheaster will read th 8-bit
CRC from the DS2502 with eight read time slots to confirm that the address intedrpeoperly and the
data byte was received correctly. If the CRC is incorrect, a reset pultebmussued and the Write
Memory command sequence must be restatiethe CRC is correct, the bus master will issue a
programming pulse and the selected byte in memory will be programmed.

Note that the initial pass through the Write Memory flow chart will generatetsin@RC value that is

the result of shifting theaanmand byte into the CRC generator, followed by the two address bytes, and
finally the data byte. Subsequent passes through the Write Memory flow chard doe DS2502
automatically incrementing its address counter will generatelainGRC that is theesult of loading (not
shifting) the LSB of the new (incremented) address into the CRC generatdreanshifting in the new

data byte.

For both of these cases, the decision to continue (to apply a program pulse to the DS258@9 i
entirely by the busnaster, since the DS2502 will not be able to determine if-#hie GRC calculated by

the bus master agrees with thbiBCRC calculated by the DS2502. If an incorrect CRC is ignored and a
program pulse is applied by the bus master, incorrect progranuming occur within the DS2502. Also
note that the DS2502 will always increment its internal address counter aftecdiya of the eight read
time slots used to confirm the programming of the selected EPROM byte. Tismmdo continue is
again made rdirely by the bus master, therefore if the EPROM data byte does not matshpiblied

data byte does not match the supplied data byte but the master but the master owittirthesWrite
Memory command, incorrect programming could occur within the DS2502. The Wetaoh
command sequence can be exited at any point by issuing a reset pulse.

WRITE STATUS [55h]

The Write Status command is used to program the EPROM status data field.sThadter will follow

the command byte with al@ste starting adress (TA1=(T7:T0), TA2=(T15:T8)) and a byte of status data
(D7:D0). An 8bit CRC of the command byte, address bytes, and data byte is computed by the DS2502
and read back by the bus master to confirm that the correct command word, sthitexs.aand da

byte were received.

If the CRC read by the bus master is incorrect, a reset pulse must be issuetl entatdlsequence must
be repeated. If the CRC received by the bus master is correct, anpnugcapulse (12 volts on the 1
Wire bus for 480 us) issued by the bus master. Prior to programming, the first 7 bytes of theMEPRO
Status data field will appear as logical 1s. For each bit in the data byte proyidee bus master that is
set to a logical 0, the corresponding bit in the selected bytkeoEPROM Status data field will be
programmed to a logical 0 after the programming pulse has been apphiechgte location. The'8oyte

of the EPROM Status Byte data field is factprpgrammed to contain 00h.

After the 480 ps programming pulse is applied and the data line returnsvoltaevel, the bus master
issues eight read time slots to verify that the appropriate bits have been pregrafiira DS2502
responds with the data from the selected EPROM Status address sent |dastrdidit first. This byte

contains the logical AND of all bytes written to this EPROM Status Byte addi¢lse. EPROM Status
Byte contains 1s in bit positions where the byte issued by the master containegs@s palse should be
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issued and the current byte address should be programmed again. If the DS2502 ERRON VG
contains Os in the same bit positions as the data byte, the programming waddumeéste DS2502
will automatically increment its address counter to select the next byte in theMEBRAs data field.
The least significant byte of the newbgte address will also be loaded into thbilBCRC generator as a
starting value. The bus master will issue the next byte of data using eightiwetglots.

As the DS2502 receives this byte of dati® the scratchpad, it also shifts the data into the CRC generator
that has been preloaded with the LSB of the current address and the res8Hois @RC of the new data

byte and the LSB of the new address. After supplying the data byte, the ias with read this &bit

CRC from the DS2502 with eight read time slots to confirm that the address intedpeoperly and the

data byte was received correctly. If the CRC is incorrect, a reset pulseerastied and the Write Status
command sequence stube restarted. If the CRC is correct, the bus master will issue a programming
pulse and the selected byte in memory will be programmed.

Note that the initial pass through the Write Status flow chart will generatdbarC&®C value that is the
result ofshifting the command byte into the CRC generator, followed by the 2 adgtessdnd finally
the data byte. Subsequent passes through the Write Status flow chart due to the D$2s8ically
incrementing its address counter will generate-bit €RCthat is the result of loading (not shifting) the
LSB of the new (incremented) address into the CRC generator and then shiftingewttiata byte.

For both of these cases, the decision to continue (to apply a program pulse to the DS258@9 i
entirdy by the bus master, since the DS2502 will not be able to determine Haih€RBRC calculated by

the bus master agrees with thbiBCRC calculated by the DS2502. If an incorrect CRC is ignored and a
program pulse is applied by the bus master, incorrect programming could occur hatBi82502. Also
note that the DS2502 will always increment its internal address counter aftecdiya of the eight read
time slots used to confirm the programming of the selected EPROM byte. Tismmdo continue is
again made entirely by the bus master, therefore if the EPROM data byte tioestcto the supplied
data byte but the master continues with the Write Status command, incorreenprogg could occur
within the DS2502. The Write Status command sequence can be ended at any poinhgyaiseset
pulse.

1-Wire BUS SYSTEM

The TWire bus is a system which has a single bus master and one or more slaves. lanaksnshe
DS2502 is a slave device. The bus master is typically a microcontroller. Thssiisc of this bus
system is broken down into three topics: hardware configuration, transactjpense, and -Wire
signaling (signal type and timing). AWire protocol defines bus transactions in terms of the bus state
during specified time slots that aretiated on the falling edge of sync pulses from the bus master.

Hardware Configuration

The XWire bus has only a single line by definition; it is important that each device tushae able to
drive it at the appropriate time. To facilitate thiscleaevice attached to theWire bus must have an
open drain connection or thrstate outputs. The DS2502 is an open drain part with an internal circuit
equivalent to that shown in Figure 7. The bus master can be the same equivalenif @rbudirecional

pin is not available, separate output and input pins can be tied together.

The bus master requires a pullup resistor at the master end of the bus, with thasbers circuit
equivalent to the one shown in Figures 8a and 8b. The value of the peaBigbor should be
approximately 5 kQ for short line lengths.
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A multidrop bus consists of aWire bus with multiple slaves attached. At regular speed-Waréd bus
has a maximum data rate of 16.3 kbits per second. If the bus master is also requieeidrto p
programming of the EPROM portions of the DS2502, a programming supply capable afircgliyeto
10 milliamps at 12 volts for 480 ps is required. The idle state for -W&rd bus is high. If, for any
reason, a transaction needs to be suspendetduthMUST be left in the idle state if the transaction is to
resume. If this does not occur and the bus is left low for more than 120 us, one or rherdeviides on
the bus may be reset.

Transaction Sequence
The sequence for accessing the DS2502 via-\eré port is as follows:

= |nitialization

= ROM Function Command
= Memory Function Command

» Read/Write Memory/Status

INITIALIZATION

All transactions on the-Wire bus begin with an initialization sequence. The initialization sequence
consists of a et pulse transmitted by the bus master followed by a presence pulsefsjtteahby the
slave(s).

The presence pulse lets the bus master know that the DS2502 is on the bus and is reaalg t¢-oper
more details, see the-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it can issue one of the six ROMdometiands. All
ROM function commands are 8 bits long. A list of these commands follows {oeflervchart in Figure
9):

Read ROM [33h]

This command allows the bus master to read the DS250Bit family code, unique 48it serial
number, and ®it CRC. This command can be used only if there is a single DS2502 on the bus. If more
than one slave is present on the bus, a data collision will ocam athslaves try to transmit at the same
time (open drain will produce a wire&ND result).

Match ROM [ 55h]

The Match ROM command, followed by a-6# ROM sequence, allows the bus master to address a
specific DS2502 on a multidrop bus. Only the DS28@at exactly matches the-64 ROM sequence

will respond to the subsequent memory function command. All slaves that do not matctbthB©G#
sequence will wait for a reset pulse. This command can be used with a single oendelipkes on the
bus.
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DS2502 EQUIVALENT CIRCUIT Figure 7
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ROM FUNCTIONS FLOW CHART Figure 9
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Skip ROM [ CCh]

This command can save time in a sirglep bus system by allowing the bus master to access the
memory functions without providing the &4t 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 ocber lmurstas
multiple slaves transmit simultaneously (open drain pulldowns will produce a aii&dresult).

Search ROM [ FOh]

When a system is initially brought up, the bus master might not know the number of devites1

Wire bus or their 64bit ROM codes. The search ROM command allows the bus master to use a process
of elimination to identy the 64bit ROM codes of all slave devices on the bus. The ROM search process
is the repetition of a simple, thrséep routine: read a bit, read the complement of the bit, then write the
desired value of that bit. The bus master performs this simpé=dtap routine on each bit of the ROM.

After one complete pass, the bus master knows the contents of the ROM in one devimmaining
number of devices and their ROM codes may be identified by additional passégpBeation Note

187 for a comprehesive discussion of a ROM search, including an actual example.

1-Wire Signaling

The DS2502 requires strict protocols to ensure data integrity. The protocol cafisists types of
signaling on one line: Reset Sequence with Reset Pulse and Presenc@/Rtdd® Write 1, Read Data
and Program Pulse. All these signals except presence pulse are initiateé byst master. The
initialization sequence required to begin any communication with the DS2502 is shévwgura 10. A
Reset Pulse followed by a Presence Pulse indicates the DS2502 is readytta &08bpcommand. The
bus master transmits (TX) a reset pulsgr{{ minimum 480 ps). The bus master then releases the line
and goes into receive mode (RX). Th&Vire bus is pulled to a high state via the pullup resistor. After
detecting the rising edge on the data pin, the DS2502 waiis 560 ps) and then transmits the
presence pulsep,, 60-240 pus).

Read/Write Time Slots

The definitions of write and read time slots are illustrated in Figure Liin#e slots are initiated by the
master driving the data line low. The falling edge of the data line synchsahedS2502 to the master
by triggering a delay circuit in the DS2502. During write time slots, the delayitoitetermines when the
DS2502will sample the data line. For a read data time slot, if a “0” is to be transmitted |dlgecoleuit
determines how long the DS2502 will hold the data line low overriding the “1” geddrgitthe master.
If the data bit is a 1, the device will leave the read data time slot unchanged.

PROGRAM PULSE

To copy data from the-Bit scratchpad to the 1024t EPROM Memory or Status Memory, a program
pulse of 12 volts is applied to the data line after the bus master has confirmae R for the current
byteis correct. During programming, the bus master controls the transitionafisiate where the data
line is idling high via the pullup resistor to a state where the data line is actiiedy tiv a programming
voltage of 12 volts providing a minimum of 10 mA of current to the DS2502. This programmingevoltag
(Figure 12) should be applied for 480 us, after which the bus master returns theedtiaah idle high
state controlled by the pullup resistor. Note that due to thevaljage programming req@ments for
any XWire EPROM device, it is not possible to multidrop #6RAROM based -Wire devices with the
DS2502 during programming. An internal diode within the-B®fROM based -Wire devices will
attempt to clamp the data line at approximately 8svafid could potentially damage these devices.
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CRC GENERATION

The DS2502 has anltdt CRC stored in the most significant byte of thebt®ROM. The bus master can
compute a CRC value from the first 56 bits of theb84ROM and compare it to the value Itd within
the DS2502 to determine if the ROM data has been receivedfreredry the bus master. The equivalent
polynomial function of this CRC is: 3%+ X + X* +1.

Under certain conditions, the DS2502 also generates-tah GRC value using the same lyrmomial
function shown above and provides this value to the bus master to validate the transfer of command,
address, and data bytes from the bus master to the DS2502. The Memory FunctiQiditoof Figure

6 indicates that the DS2502 computes @nt&RC for the command, address, and data bytes received
for the Write Memory and the Write Status commands and then outputs this value to the teusomas
confirm proper transfer. Similarly the DS2502 computes 4t &RC for the command and address
bytes eceived from the bus master for the Read Memory, Read Status, and Read Dat&@ditrat
CRC commands to confirm that these bytes have been received correctly. The @r&ogem the
DS2502 is also used to provide verification of efree data transf as each page of data from the 1024
bit EPROM is sent to the bus master during a Read Data/GendBat€CBRC command, and for the 8
bytes of information in the status memory field.

In each case where a CRC is used for data transfer validation, theabies must calculate a CRC value
using the polynomial function given above and compare the calculated value to eitherittleRE

value stored in the 6dit ROM portion of the DS2502 (for ROM reads) or thBIBCRC value computed

within the DS2502. The comparison of CRC values and decision to continue with an operation are
determined entirely by the bus master. There is no circuitry on the DS2502 thetitpra command
sequence from proceeding if the CRC stored in or calculated by the DS2502 does nohenaidhet
generated by the bus master. Proper use of the CRC as outlined in the flow clianteo6fean result in

a communication channel with a very high level of integrity. For more detailsranagmg CRC values
including example implementatis in both hardware and software, Application Note 27.

INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES” Figure 10
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P i
[} ]
: X (——————— fRSTH —————>
V 1 ) __(C
VPUL{YP MIN \ A e
HMIN /
Vi MAX - » ‘y // \‘
e 1RSTL ————] < tppL »
— i
— tPDH |
__ RESISTOR
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—— MASTER 480us < trsth < © (includes recovery time)
DS2502 15].15 < tppH < 60'.15
60].15 <tppL < 240“3
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READ/WRITE TIMING DIAGRAM Figure 11
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PROGRAM PULSE TIMING DIAGRAM Figure 12
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ABSOLUTE MAXIMUM RATINGS
Voltage on any Pin Relative to Ground

Operating Temperature
Storage Temperature

Lead Temperature (TO2, TSOC, SOT23-3, SOIC only, soldering 10s)

Soldering Temperate (reflow)
TO-92
TSOC, SOT23, SOIGC WLP
SFN

time may affect reliability.

-0.5V to +12.0V

-40°C to +85°C

-55°C to +125°C
+300°C

+250°C
+260°C

Refer to Application Note 4132ttachment

methods for the electro-mechanical SFN package.
Thisisa stress rating only and functional operation of the device at these or any other conditions above those indicated in the
operation sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of

DC ELECTRICAL CHARACTERISTICS

(Ta = -40°C to +85°C)

PARAMETER SYMBOL MIN TYP | MAX | UNITS NOTES

Pullup Voltage Vpup 2.8 6 \Y 1,2

Logic 1 Vi 2.2 V 1,6

Logic O Vi -0.3 +0.8 \Y 1,11

Output Logic Low @ 4 mA VoL 0.4 \% 1

Input Load Current I 5 LA 3

Operating Charge Qop 30 nC 7,8

Programming Voltage @ 10 mA Vpp 11.5 12.0 V

Valid EPROM Read Voltage VEepr 2.8 6.0 V 13
CAPACITANCE (Ta =25°C)

PARAMETER SYMBOL MIN TYP | MAX | UNITS NOTES

Data (EWire) Civjout 800 pF 9
AC ELECTRICAL C HARACTERISTICS (Ta =-40°C to +85°C)

PARAMETER SYMBOL MIN TYP | MAX | UNITS NOTES

Time Slot tsior 60 120 us

Write 1 Low Time tLowt 1 15 VS

Write O Low Time tLowo 60 120 us

Read Data Valid trov exactly 1 VES

Release Time tRELEASE 0 15 45 V&S

Read Data Setup tsu 1 V& 5

Recovery Time trReC 1 ps

Reset Time High trsTH 480 us 4

Reset Time Low trsTL 480 960 VS 14

Presence Detect High tpoH 15 60 us

Presence Detect Low tppL 60 240 V&S

Delay to Program top 5 us 10

Delayto Verify tov 5 ps 10

Program Pulse Width tpp 480 5000 us 10, 12

Program Voltage Rise Time trp 0.5 5.0 ps 10

Program Voltage Fall Time tep 0.5 5.0 ps 10
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NOTES:
1. All voltages are referenced to ground.

2. Vpyp= external pullup voltage.

3. Inputload is to ground.

4. An additional reset or communication sequence cannot begin until the reset higlagdierpired.

5. Read data setup time refers to the time the host must pull\tfieelbus low to read a bit. Data is
guaranteed to be valid withiniis of ths falling edge and will remain valid for 14 ps minimum. (15
us total from falling edge onWire bus.)

6. Vy is a function of the external pullup resistor and the pull-up voltage.

7. 30 nanocoulombs per 72 time slots @ 5.0V.

8. At Vcc=5.0V with a 5 & pullup to ¢ and a maximum time slot of 120 us.

9. Capacitance on the data pin could be 800 pF when power is first applied. 4 &Si&tor is used to
pullup the data line to 3, 5 us after power has been applied the parasite capacitance will not affect
nomal communications.

10.Maximum XWire voltage for programming parameters is 11.5V to 12.0V; temperature rad@geds
to +50°C.

11.Under certain lowvoltage conditions ¥uax may have to be reduced to as much as 0.5V to always
guarantee a presence pulse.

12.The accumulative duration of the programming pulses for each address must adterte

13.1C operation and -Wvire communication is valid at p¢p=2.5V or higher, but EPROM data read is
only valid when \bys=2.8V or higher.

14.Reset low pulse on DQ must peeceded by a valickic recovery time above the minimumeyp
voltage of 2.5V.
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PACKAGE INFORMATION

For the latest package outline information and land patterns (footpgot&)www.maxim-ic.com/packages.
Note that a “+”, “#”, or *" in the package code indicates RoHS status only. Package drawings may show a
different suffix character, but the drawing pertains to the package regmaflROHS status.

PACKAGE TYPE PACKAGE CODE OUTLINE NO. LAND PATTERN NO.

3 TO-92 (straight leads] Q3+1 21-0248 —
3 TO-92 (formed leads Q3+4 21-0250 —
2 SFN G266N+1 21-0390 —

6 TSOC D6+1 21-0382 90-0321

3 SOT23 U3+5 21-0051 90-0179

8 SO S8+2 21-0041 90-0096

4 WLP N40D1+1 21-0723 Refer t021-0723
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REVISION HISTORY

REVISION PAGES
DATE DESCRIPTION CHANGED
102199 | Conversion to new template. All
030806 | SOT-23 package added, lead (Pb)-free part numbers added. 1,2
032307 Flip chip package added. 1,2
071107 Note added that TO-92 tape & reel has formed leads. 1

Added note to Figure 10 that changegkt to 96018 maximum. 18
Added \kpr specification.
12/09 Changeddsr. to 9608 maximum. 21
Added notes 13 and 14 Ebectrical Characteristics table. 22
Added SFN package, cleaned up ordering informatigo corrections. | 1, 2, 5, 9, 11
Updated lead temperature and soldenrigrmation. 21
12/11 Moved Veypfrom Electrical Characteristics table header to table body, 21
deleted \by from theElectrical Characteristicstable.
AddedPackage Information section extendedrevision History. 23,24
8/14 Replacedlip chip variant with WLP package 1, 2,21, 23
3/15 UpdatedBenefits and Features section 1
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