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		  Datasheet File OCR Text:


		  1 of 24 012401 features    four high-impedance inputs to measure analog voltages over the 1-wire bus    user programmable input range (2.56v, 5.12v), resolution (1 to 16 bits) and alarm thresholds    5v, single supply operation    very low power: 2.5 mw active, 25   w idle    built-in multidrop controller allows multiple DS2450?s to be identified and operated on a common 1-wire bus    responds to conditional search if the analog voltage crosses the alarm thresholds    channels not used as analog input can serve as open drain digital outputs for closed-loop control    directly connects to a single port pin of a microprocessor and communicates at up to 16.3k bits per second    overdrive mode boosts communication speed to 142k bits per second    on-chip 16-bit crc-generator for safeguarding data transfers    unique, factory-lasered and tested 64-bit registration number (8-bit family code + 48- bit serial number 8-bit crc tester) assures absolute traceability because no two parts are alike    8-bit family code specifies device communication requirements to bus master    operating temperature range from -40  c to +85  c    compact, low cost 8-pin soic surface mount package pin assignment pin description v cc 4.5 to 5.5v nc do not connect data 1-wire bus gnd ground ain-a analog input a ain-b analog input b ain-c analog input c ain-d analog input d ordering information DS2450s 8-pin soic description the DS2450 1-wire quad a/d converter is based on a successive-approximation analog to digital converter with a four to one analog multiplexer.  each input channel has its own register set to store the input voltage range, resolution, and alarm threshold values as well as flags to enable participation of the device in the conditional search if the input voltage leaves the specified range.  two alarm flags for each channel indicate if the voltage measured was too high or too low without requiring the bus master to do DS2450 1-wire tm quad a/d converte r www.dalsemi.com v cc nc data gnd a in-a a in-b a in-c a in-d 2 3 4 8 7 6 5 1 8-pin soic (208 mil)

 DS2450 2 of 24 the comparison.  each a/d conversion is initiated by the bus master.  a channel not used as analog input can serve as a digital open-drain output.  after disabling the input the bus master can directly switch on or off the open-drain transistor at the selected channel.  all device settings are stored in sram and kept non-volatile while the device gets power either through the 1-wire bus or through its v cc  pin.  after powering up a power-on reset flag signals the bus master the need to restore the device settings before the regular operation can resume.  all device registers and conversion read-out registers are organized as three 8-byte memory pages similar to the status memory of a ds2505/6 device.  an on-chip crc16 generator protects the communication against transmission errors when reading through the end of a memory page as well as when writing individual bytes. overview the block diagram in figure 1 shows the major function blocks of the device.  the DS2450 contains a factory-lasered registration number that includes a unique 48-bit serial number, an 8-bit crc, and an 8- bit family code (20h).  the 64-bit rom portion of the DS2450 not only creates an absolutely unique electronic identification for the device itself but also is a means to locate and address the device in order to exercise its control functions. the device gets its power either from the 1-wire bus or through its v cc  pin.  without a v cc  supply the device stores energy on an internal capacitor during periods where the signal line is high and continues to operate off of this ?parasite? power source during the low times of the 1-wire line until it returns to high to replenish the parasite (capacitor) supply.  this, however, provides sufficient energy only for communication.  to perform an a/d conversion a strong pullup of the 1-wire bus to 5v or a v cc  supply is required. DS2450 block diagram  figure 1

 DS2450 3 of 24 hierarchical structure for 1-wire protocol  figure 2 the DS2450 uses the standard dallas semiconductor 1-wire protocol for data transfers.  communication to and from the DS2450 requires a single bi-directional line that is typically a port pin of a microcontroller.  the hierarchical structure of the 1-wire protocol is shown in figure 2.  the 1-wire bus master must first provide one of the seven rom function commands, 1) read rom, 2) match rom, 3) search rom, 4) conditional search rom, 5) skip rom, 6) overdrive-skip rom or 7) overdrive- match rom.  upon completion of an overdrive rom command byte executed at standard speed, the device will enter overdrive mode where all subsequent communication occurs at a higher speed.  the protocol required for these rom function commands is described in figure 9.  after a rom function command is successfully executed, the memory and control functions become accessible and the master may provide any one of the available commands.  the protocol for these commands is described in figure 6. all data is read and written least significant bit first. 64-bit lasered rom each DS2450 contains a unique rom code that is 64 bits long.  the first eight bits are a 1-wire family code.  the next 48 bits are a unique serial number.  the last eight bits are a crc of the first 56 bits. (see figure 3.)  the 1-wire crc is generated using a polynomial generator consisting of a shift register and xor gates as shown in figure 4.  the polynomial is x 8  + x 5  + x 4  + 1.  additional information about the dallas 1-wire cyclic redundancy check is available in the book of ds19xx ibutton tm  standards.  the shift register acting as the crc accumulator is initialized to zero.  then starting with the least significant bit of the family code, one bit at a time is shifted in.  after the 8 th  bit of the family code has been entered, then the serial number is entered.  after the 48 th  bit of the serial number has been entered, the shift register contains the crc value.  shifting in the eight bits of crc should return the shift register to all zeros.

 DS2450 4 of 24 64-bit lasered rom  figure 3 1-wire crc-generator  figure 4 device registers all registers of the DS2450 are mapped into a linear memory range of 24 adjacent bytes organized as three 8-byte pages.  the first page, called conversion read-out, contains the memory area where the chip- internal logic places the results of a conversion for the bus master to read.  starting with channel a at the lowest address, each channel has an area of 16 bits assigned for the conversion result, as shown in figure 5a.  the power-on default for the conversion read-out registers is all zeros.  regardless of the resolution requested, the most significant bit of the conversion is always at the same bit position.  if less than 16-bit resolution is requested, the least significant bits of the conversion result will be filled with zeros in order to always generate a 16-bit result.  for applications that require less than four analog inputs, one should start using input d for the first channel, input c for the second one, etc.  the advantage is that when reading the conversion results one reaches the end of the page and with it the crc16 sooner and minimizes the traffic on the 1-wire bus.  for more details on reading please refer to the read memory command description. memory map page 0, conversion read-out  figure 5a address bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 00 aaaaaaalsbit a 01 msbit aaaaaaaa 02 bbbbbbblsbit b 03 msbit bbbbbbbb 04 ccccccclsbit c 05 msbit cccccccc 06 dddddddlsbit d 07 msbit dddddddd the control and status information for all channels is located in memory page 1 (figure 5b).  as for the conversion read-out, each channel has assigned 16 bits.  the four least significant bits, called rc3 to rc0, are an unsigned binary number that represents the number of bits to be converted.  a code of 1111 (15 decimal) will generate a 15-bit result.  for a full 16-bit conversion the code number needs to be 0000. the next two bits beyond rc3 will always read 0.  they have no function and cannot be changed to 1s.

 DS2450 5 of 24 the next bits, oc (output control) and oe (enable output) control the alternate use of a channel as output. for normal operation as analog input the oe bit of a channel needs to be 0, rendering the oc bit to a don?t care.  with oe set to 1, a 0 for oc will make the channel?s output transistor conducting, a 1 for oc will switch the transistor off.  with a pullup resistor to a positive voltage, for example, the oc bit will directly translate into the voltage equivalent of its logic state.  enabling the output does not disable the analog input.  conversions remain possible, but will result in values close to 0 if the transistor is conducting. the ir bit in the second byte of a channel?s control and status memory selects the input voltage range. with ir set to 0, the highest possible conversion result is reached at 2.55v.  setting ir to 1 requires an input voltage of 5.10v for the same result.  the next bit beyond ir has no function. it will always read 0 and cannot be changed to 1. the next two bits, ael alarm enable low and aeh alarm enable high, control whether the device will respond to the conditional search command (see rom functions) if a conversion results in a value higher (aeh) than or lower (ael) than the channel?s alarm threshold voltage as specified in the alarm settings.  the alarm flags afl (low) and afh (high) tell the bus master whether the channel?s input voltage was beyond the low or high threshold at the latest conversion.  these flags are cleared automatically if a new conversion reveals a non-alarming value.  they can alternatively be written to 0 by the bus master without a conversion. the next bit of a channel?s control and status memory always reads 0 and cannot be changed to 1.  the por bit (power on reset) is automatically set to 1 as the device performs a power-on reset cycle.  as long as this bit is set the device will always respond to the conditional search command in order to notify the bus master that the control and threshold data is no longer valid.  after powering-up the por bit needs to be written to 0 by the bus master.  this may be done together with restoring the control and threshold data.  it is possible for the bus master to write the por bit to a 1.  this will make the device participate in the conditional search but will  not   generate a reset cycle.  since the por bit is related to the device and not channel-specific the value written with the most recent setting of an input range or alarm enable applies.  the power-on default setting for the control/status data is 08h for the first and 8ch for the second byte of each channel. memory map page 1, control/status data  figure 5b address bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 08 oe-a oc-a 0 0 rc3-a rc2-a rc1-a rc0-a 09 por 0 afh-a afl-a aeh-a ael-a 0 ir-a 0a oe-b oc-b 0 0 rc3-b rc2-b rc1-b rc0-b 0b por 0 afh-b afl-b aeh-b ael-b 0 ir-b 0c oe-c oc-c 0 0 rc3-c rc2-c rc1-c rc0-c 0d por 0 afh-c afl-c aeh-c ael-c 0 ir-c 0e oe-d oc-d 0 0 rc3-d rc2-d rc1-d rc0-d 0f por 0 afh-d afl-d aeh-d ael-d 0 ir-d

 DS2450 6 of 24 memory map page 2, alarm settings  figure 5c address bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 10 msbl-a a a a a a a lsbl-a 11 msbh-a a a a a a a lsbh-a 12 msbl-b b b b b b b lsbl-b 13 msbh-b b b b b b b lsbh-b 14 msbl-c c c c c c c lsbl-c 15 msbh-c c c c c c c lsbh-c 16 msbl-d d d d d d d lsbl-d 17 msbh-d d d d d d d lsbh-d the registers for the alarm threshold voltages of each channel are located in memory page 2 with the low threshold being at the lower address (figure 5c).  the power-on default thresholds are 00h for low alarm and ffh for high alarm.  the alarm settings are always eight bits.  for a resolution higher or equal to eight bits the alarm flag will be set if the eight most significant bits of the conversion result yield a number higher than stored in the high alarm register (afh) or lower than stored in the low alarm register (afl). for a resolution lower than eight bits the least significant bits of the alarm registers are ignored. there is a fourth memory page in the address range of 18 to 1f used during calibration at the factory. this memory page is accessible to the user through the read memory and write memory commands. changing the data of this page arbitrarily will de-calibrate the a/d converter or make the device nonfunctional until it undergoes a power-on reset.   if the device is vcc powered the analog circuitry must be kept permanently active  by writing a value of 40 hex to memory address 1c after power-up. this also eliminates the offset time otherwise needed with each convert command.  see the description of the convert command for details. function commands the function command flow chart (figure 6) describes the protocols necessary for accessing the device registers.  since the memory map of the DS2450 is small compared to the 16-bit addressing capabilities the 11 most significant bits of the address will be forced to 0 before they enter the crc-generator.  the communication between master and DS2450 takes place either at regular speed (default, od = 0) or at overdrive speed (od = 1).  if not explicitly set into overdrive mode the device assumes regular speed. read memory [aah] the read memory command is used to read conversion results, control/status data and alarm settings. the bus master follows the command byte with a two byte address (ta1=(t7:t0), ta2=(t15:t8)) that indicates a starting byte location within the memory map.  with every subsequent read data time slot the bus master receives data from the DS2450 starting at the supplied address and continuing until the end of an eight-byte page is reached.  at that point the bus master will receive a 16-bit crc of the command byte, address bytes and data bytes.  this crc is computed by the DS2450 and read back by the bus master to check if the command word, starting address and data were received correctly.  if the crc read by the bus master is incorrect, a reset pulse must be issued and the entire sequence must be repeated. note that the initial pass through the read memory flow chart will generate a 16-bit crc value that is the result of clearing the crc-generator and then shifting in the command byte followed by the two address bytes, and finally the data bytes beginning at the first addressed memory location and continuing through to the last byte of the addressed page.  subsequent passes through the read memory flow chart will generate a 16-bit crc that is the result of clearing the crc-generator and then shifting in the new data bytes starting at the first byte of the next page.

 DS2450 7 of 24 write memory [55h] the write memory command is used to write to memory pages 1 and 2 in order to set the channel- specific control data and alarm thresholds.  the bus master will follow the command byte with a two byte starting address (ta1=(t7:t0), ta2=(t15:t8)) and a data byte of (d7:d0).  a 16-bit crc of the command byte, address bytes, and data byte is computed by the DS2450 and read back by the bus master to confirm that the correct command word, starting address, and data byte were received.  now the DS2450 copies the data byte to the specified memory location.  with the next eight time slots the bus master receives a copy of the same byte but read from memory for verification.  if the verification fails, a reset pulse should be issued and the current byte address should be written again. if the bus master does not issue a reset pulse and the end of memory was not yet reached, the DS2450 will automatically increment its address counter to address the next memory location.  the new two-byte address will also be loaded into the 16-bit crc-generator as a starting value.  the bus master will send the next byte using eight write time slots.  as the DS2450 receives this byte it also shifts it into the crc- generator and the result is a 16-bit crc of the new data byte and the new address.  with the next sixteen read time slots the bus master will read this 16-bit crc from the DS2450 to verify that the address incremented properly and the data byte was received correctly.  if the crc is incorrect, a reset pulse should be issued in order to repeat the write memory command sequence. note that the initial pass through the write memory flow chart will generate a 16-bit crc value that is the result of shifting the command byte into the crc-generator, followed by the two address bytes, and finally the data byte.  subsequent passes through the write memory flow chart due to the DS2450 automatically incrementing its address counter will generate a 16-bit crc that is the result of loading (not shifting) the new (incremented) address into the crc-generator and then shifting in the new data byte. the decision to continue after having received a bad crc or if the verification fails is made entirely by the bus master.  write access to the conversion read-out registers is not possible.  if a write attempt is made to a page 0 address the device will follow the write  memory flow chart correctly but the verification of the data byte read back from memory will usually fail.  the write memory command sequence can be ended at any point by issuing a reset pulse.

 DS2450 8 of 24 function command flow chart  figure 6

 DS2450 9 of 24 function command flow chart  figure 6 (continued)

 DS2450 10 of 24 convert [3ch] the convert command is used to initiate the analog to digital conversion for one or more channels at the resolution specified in memory page 1, control/status data.  the conversion takes between 60 and 80   s per bit plus an offset time of maximum 160   s every time the convert command is issued.  for four channels with 12-bit resolution each, as an example, the convert command will not take more than 4x12x80   s plus 160   s offset, which totals 4 ms.  if the DS2450 gets its power through the v cc  pin, the bus master may communicate with other devices on the 1-wire bus while the DS2450 is busy with a/d conversions.  if the device is powered entirely from the 1-wire bus, the bus master must instead provide a strong pullup to 5v for the estimated duration of the conversion in order to provide sufficient energy. the conversion is controlled by the input select mask (figure 7a) and the read-out control byte (figure 7b).  in the input select mask the bus master specifies which channels participate in the conversion.  a channel is selected if the bit associated to the channel is set to 1.  if more than one channel is selected, the conversion takes place one channel after another in the sequence a, b, c, d, skipping those channels that are not selected.  the bus master can read the result of a channel?s conversion before the conversion of all the remaining selected channels is completed.  in order to distinguish between the previous result and the new value the bus master uses the read-out control byte.  this byte allows presetting the conversion read- out registers for each selected channel to all 1?s or all 0?s.  if the expected result is close to 0 then one should preset to all 1?s or to all 0?s if the conversion result will likely be a high number.  in applications where the bus master can wait until all selected channels are converted before reading, a preset of the read-out registers is not necessary.   note   that for a channel not selected in the input select mask, the channel?s read-out control setting has no effect.  if a channel constantly yields conversion results close to 0 the channel?s output transistor may be conducting. see section device registers for details. input select mask (conversion command)  figure 7a bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 ?don?t care? d c b a read-out control (conversion command)  figure 7b bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 set d clear d set c clear c set b clear b set a clear a set clear explanation 0 0 no preset, leave as is 0 1 preset to all 0?s 1 0 preset to all 1?s 1 1 (illegal code) following the convert command byte the bus master transmits the input select mask and the read-out control byte.  now the bus master reads the crc16 of the command byte, select mask and control byte. the conversion will start no earlier than 10   s after the most significant bit of the crc is received by the bus master. with a parasitic power supply the bus master must activate the strong pullup within this 10   s window for a duration that is estimated as explained above.  after that, the data line returns to an idle high state and communication on the bus can resume.  the bus master would normally send a reset pulse to exit the convert command. read data time slots generated after the strong pullup has ended but before issuing a reset pulse should result in all 1?s if the conversion time was calculated correctly.

 DS2450 11 of 24 with v cc  power supply the bus master may either send a reset pulse to exit the convert command or continuously generate read data time slots.  as long as the DS2450 is busy with conversions the bus master will read 0?s.  after the conversion is completed the bus master will receive 1?s instead.  since in a open-drain environment a single 0 overwrites multiple 1?s the bus master can monitor multiple devices converting simultaneously and immediately knows when the last one is ready.  as in the parasitically powered scenario the bus master finally has to exit the convert command by issuing a rest pulse. 1-wire bus system the 1-wire bus is a system which has a single bus master and one or more slaves.  in all instances the DS2450 is a slave device.  the discussion of this bus system is broken down into three topics: hardware configuration, transaction sequence, and 1-wire signaling (signal types and timing).  a 1-wire protocol defines bus transactions in terms of the bus state during specific time slots that are initiated on the falling edge of sync pulses from the bus master.  for a more detailed protocol description, refer to chapter 4 of the book of ds19xx ibutton standards. hardware configuration the 1-wire bus has only a single line by definition; it is important that each device on the bus be able to drive it at the appropriate time.  to facilitate this, each device   attached to the 1-wire bus must have open drain or 3-state outputs.  the 1-wire port of the DS2450 is open drain with an internal circuit equivalent to that shown in figure 8.  a multidrop bus consists of a 1-wire bus with multiple slaves attached.  at regular speed the 1-wire bus has a maximum data rate of 16.3k bits per second.  the speed can be boosted to 142k bits per second by activating the overdrive mode.  the 1-wire bus requires a pullup resistor of approximately 5k ?  at regular speed or maximum 2.2k ? = at overdrive speed for communication.  during a/d conversions the bus master must provide a strong pullup to 5v to supply sufficient energy if the DS2450 is powered entirely from the 1-wire bus. 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.  if this does not occur and the bus is left low for more than 16   s (overdrive speed) or more than 120   s (regular speed), one or more devices on the bus may be reset. hardware configuration  figure 8 see text

 DS2450 12 of 24 transaction sequence the protocol for accessing the DS2450 via the 1-wire port is as follows:    initialization    rom function command    memory/convert function command    transaction/data initialization all transactions on the 1-wire bus begin with an initialization sequence.  the initialization sequence consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the slave(s).  the presence pulse lets the bus master know that the DS2450 is 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, it can issue one of the seven rom function commands.  all rom function commands are eight bits long.  a list of these commands follows (refer to flowchart in figure 9): read rom [33h] this command allows the bus master to read the DS2450?s 8-bit family code, unique 48-bit serial number, and 8-bit crc.  this command can only be used if there is a single DS2450 on the bus.  if more than one slave is present on the bus, a data collision will occur when all slaves try to transmit at the same time (open drain will produce a wired-and result).  the resultant family code and 48-bit serial number will result in a mismatch of the crc. match rom [55h] the match rom command, followed by a 64-bit rom sequence, allows the bus master to address a specific DS2450 on a multidrop bus.  only the DS2450 that exactly matches the 64-bit rom sequence will respond to the following memory/convert function command.  all slaves that do not match the 64-bit rom sequence will wait for a reset pulse.  this command can be used with a single or multiple devices on the bus. skip rom [cch] this command can save time in a single drop bus system by allowing the bus master to access the memory/ convert functions 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). search rom [f0h] 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.  the search rom process is the repetition of a simple 3-step routine: read a bit, read the complement of the bit, then write the desired value of that bit.  the bus master performs this simple, 3-step routine on each bit of the rom. after one complete pass, the bus master knows the contents of the rom in one device.  the remaining number of devices and their rom codes may be identified by additional passes.  see chapter 5 of the book of ds19xx ibutton standards for a comprehensive discussion of a search rom, including an actual example.

 DS2450 13 of 24 conditional search [ech] the conditional search rom command operates similarly to the search rom command except that only devices fulfilling the specified condition will participate in the search.  the DS2450 will respond to the conditional search command if a channel?s alarm enable flags aeh and/or ael are set and the conversion results in a value outside the range specified by the channel?s alarm threshold voltages.  see section device registers for details.  the conditional search rom provides an efficient means for the bus master to determine devices on a multidrop system that have to signal an important event, such as a voltage leaving the tolerance band.  after each pass of the conditional search that successfully determined the 64-bit rom for a specific device on the multidrop bus, that particular device can be individually accessed as if a match rom had been issued since all other devices will have dropped out of the search process and are waiting for a reset pulse. overdrive skip rom [3ch] on a single-drop bus this command can save time by allowing the bus master to access the memory/convert functions without providing the 64-bit rom code.  unlike the normal skip rom command the overdrive skip rom sets the DS2450 in the overdrive mode (od = 1). all communication following this command has to occur at overdrive speed until a reset pulse of minimum 480   s duration resets all devices on the bus to regular speed (od = 0). when issued on a multidrop bus this command will set all overdrive-supporting devices into overdrive mode.  to subsequently address a specific overdrive-supporting device, a reset pulse at overdrive speed has to be issued followed by a match rom or search rom command sequence.  this will speed up the time for the search process.  if more than one slave supporting overdrive is present on the bus and the overdrive skip rom command is followed by a read command, data collision will occur on the bus as multiple slaves transmit simultaneously (open drain pulldowns will produce a wired-and result). overdrive match rom [69h] the overdrive match rom command, followed by a 64-bit rom sequence transmitted at overdrive speed, allows the bus master to address a specific DS2450 on a multidrop bus and to simultaneously set it in overdrive mode.  only the DS2450 that exactly matches the 64-bit rom sequence will respond to the subsequent memory function command.  slaves already in overdrive mode from a previous overdrive skip or match command will remain in overdrive mode.  all overdrive-capable slaves will return to regular speed at the next reset pulse of minimum 480   s duration.  the overdrive match rom command can be used with a single or multiple devices on the bus.

 DS2450 14 of 24 rom functions flow chart  figure 9

 DS2450 15 of 24 rom functions flow chart  figure 9 (continued)

 DS2450 16 of 24 usage example  (set-up section) there is a single v cc  powered DS2450 on the 1-wire bus.  set-up channel d for 12 bits, 5.12v range and alarm thresholds of 2.0v (64h) and 3.0v (96h) (increment 20 mv) and convert the input voltage; turn on the channel a output if low alarm occurs and the channel b output if high alarm occurs, respectively. master mode data (lsb first) comments tx reset reset pulse (480 - 960   s) rx presence presence pulse tx cch issue ?skip rom? command tx 55h issue ?write memory? command tx 08h ta1, beginning address tx 00h ta2, address = 0008h tx c0h data byte (address 0008) ch-a rx  crc of command, address, data byte rx c0h read-back for simple verification tx 00h next data byte (address 0009h) rx  crc of address, data byte rx 00h read-back for simple verification tx c0h data byte (address 000a) ch-b rx  crc of address, data byte rx c0h read-back for simple verification tx 00h next data byte (address 000bh) rx  crc of address, data byte rx 00h read-back for simple verification tx c0h data byte (address 000c) ch-c* rx  crc of address, data byte rx c0h read-back for simple verification tx 00h next data byte (address 000dh) rx  crc of address, data byte rx 00h read-back for simple verification tx 0ch data byte (address 000e) ch-d rx  crc of address, data byte rx 0ch read-back for simple verification tx 0dh next data byte (address 000fh) rx  crc of address, data byte rx 0dh read-back for simple verification continued on the next page. *in a multi-drop environment it takes less time to set-up an unused channel rather than skipping it.

 DS2450 17 of 24 usage example  (set-up continued, conversion, read flags) master mode data (lsb first) comments tx reset reset pulse (480 - 960   s) rx presence presence pulse tx cch issue ?skip rom? command tx 55h issue ?write memory? command tx 16h ta1, beginning address tx 00h ta2, address = 0016h tx 64h data byte (address 0016) ch-d rx  crc of command, address, data byte rx 64h read-back for simple verification tx 96h next data byte (address 0017h) rx  crc of address, data byte rx 96h read-back for simple verification tx reset reset pulse (480 - 960   s) rx presence presence pulse tx cch issue ?skip rom? command tx 3ch issue ?convert? command tx 08h input select mask ch-d tx 40h read-out control byte rx  crc of command, mask, control byte rx  continue reading until byte is ffh tx reset reset pulse (480 - 960   s) rx presence presence pulse tx cch issue ?skip rom? command tx aah issue ?read memory? command tx 0fh ta1, beginning address tx 00h ta2, address = 000fh rx  status data* ch-d rx  crc of command, address, data byte continued on the next page. *the status data byte includes the channel d alarm flags afh and afl which are used to control the channel a and b outputs (see next page).

 DS2450 18 of 24 usage example  (control channel a and channel b outputs) master mode data (lsb first) comments tx reset reset pulse (480 - 960   s) rx presence presence pulse tx cch issue ?skip rom? command tx 55h issue ?write memory? command tx 08h ta1, beginning address tx 00h ta2, address = 0008h tx 80h if afl = 1 / c0h if afl = 0 data byte (address 0008) ch-a rx  crc of command, address, data byte rx  read-back for simple verification tx 00h next data byte (address 0009h)* rx  crc of address, data byte rx 00h read-back for simple verification tx 80h if afh = 1 / c0h if afh = 0 data byte (address 000a) ch-b rx  crc of address, data byte rx  read-back for simple verification tx reset reset pulse (480 - 960   s) rx presence presence pulse *in a multi-drop environment it takes less time to perform a non-changing write cycle rather than skipping a byte. 1-wire signaling the DS2450 requires strict protocols to ensure data integrity.  the protocol consists of four types of signaling on one line: reset sequence with reset pulse and presence pulse, write 0, write 1 and read data. all these signals except presence pulse are initiated by the bus master.  the DS2450 can communicate at two different speeds, regular speed and overdrive speed.  if not explicitly set into the overdrive mode, the DS2450 will communicate at regular speed.  while in overdrive mode the fast timing applies to all wave forms. the initialization sequence required to begin any communication with the DS2450 is shown in figure 10. a reset pulse followed by a presence pulse indicates the DS2450 is ready to send or receive data given the correct rom command and memory function command.  the bus master transmits (tx) a reset pulse (t rstl , minimum 480   s at regular speed, 48   s at overdrive speed).  the bus master then releases the line and goes into receive mode (rx).  the 1-wire bus is pulled to a high state via the pullup resistor. after detecting the rising edge on the data pin, the DS2450 waits (t pdh ,15-60   s at regular speed, 2-6   s at overdrive speed) and then transmits the presence pulse (t pdl , 60-240   s at regular speed, 8-24   s at overdrive speed). a reset pulse of 480   s or longer will exit the overdrive mode returning the device to regular speed.  if the DS2450 is in overdrive mode and the reset pulse is no longer than 80   s the device will remain in overdrive mode.

 DS2450 19 of 24 initialization procedure ?reset and presence pluses?  figure 10 *in order not to mask interrupt signaling by other devices on the 1-wire bus, t rstl  + t r should always be less than 960   s **includes recovery time read/write time slots the definitions of write and read time slots are illustrated in figure 11.  all time slots are initiated by the master driving the data line low.  the falling edge of the data line synchronizes the DS2450 to the master by triggering a delay circuit in the DS2450.  during write time slots, the delay circuit determines when the DS2450 will sample the data line.  for a read data time slot, if a ?0? is to be transmitted, the delay circuit determines how long the DS2450 will hold the data line low overriding the 1 generated by the master.  if the data bit is a ?1?, the device will leave the read data time slot unchanged. read/write time diagram  figure 11 write-one time slot

 DS2450 20 of 24 read/write timing diagram  figure 11 (continued) write-zero time slot read-data time slot

 DS2450 21 of 24 crc hardware description and polynomial  figure 12 crc-generation with the DS2450 there are two different types of crcs (cyclic redundancy checks).  one crc is a 8- bit type and is stored in the most significant byte of the 64-bit rom.  the bus master can compute a crc value from the first 56 bits of the 64-bit rom and compare it to the value stored within the DS2450 to determine if the rom data has been received error-free by the bus master.  the equivalent polynomial function of this crc is x 8  + x 5  + x 4  + 1.  this 8-bit crc is received in the true (non inverted) form when reading the rom of the DS2450.  it is computed once at the factory and lasered into the rom. the other crc is a 16-bit type, generated according to the standardized crc16 polynomial function x 16 + x 15  + x 2  + 1.  this crc is used to safeguard data when reading from or writing to the device?s memory.  it is the same type of crc as is used with nv ram based ibuttons to safeguard data packets of the ibutton file structure.  in contrast to the 8-bit crc, the 16-bit crc is always returned in the complemented (inverted) form.  a crc-generator inside the DS2450 chip (figure 12) will calculate a new 16-bit crc at every situation shown in the command flow chart of figure 6. the DS2450 provides this crc value to the bus master to validate the transfer of command, address, and data to and from the bus master.  when reading the memory, the 16-bit crc is transmitted when the end of each 8-byte memory page is reached.  at the initial pass through the read memory flow chart the 16- bit crc will be generated by clearing the crc-generator, shifting in the command byte, low address, high address and the data bytes beginning at the first addressed memory location and continuing until the last byte of the addressed memory page is reached.  subsequent passes through the read memory flow chart will generate a 16-bit crc that is the result of clearing the crc-generator and then shifting in the new data bytes starting at the first byte of the next page and continuing until the last byte of the page is reached. when writing to the DS2450, the bus master receives a 16-bit crc to verify the correctness of the data transfer before the device copies the data byte to its memory.  with the initial pass through the write memory flow chart the 16-bit crc will be generated by clearing the crc-generator, shifting in the command, address low, address high and the data byte.  subsequent passes through the write memory flow chart due to the DS2450 automatically incrementing its address counter will generate an 16-bit crc that is the result of loading (not shifting) the new (incremented) address into the crc-generator and then shifting in the new data byte. for more details on generating crc values including example implementations in both hardware and software, see the book of ds19xx ibutton standards.

 DS2450 22 of 24 transfer characteristic increment and minimum full scale input voltage versus resolution range = 2.56v range = 5.12v resolution 1 ls bit equivalent input voltage(mv) minimum full scale input voltage (v) 1 ls bit equivalent input voltage (mv) minimum full scale input voltage (v) 2 bits 640 1.60 1280 3.20 3 bits 320 2.08 640 4.16 4 bits 160 2.32 320 4.64 5 bits 80 2.44 160 4.88 6 bits 40 2.50 80 5.00 7 bits 20 2.53 40 5.06 8 bits 10 2.545 20 5.09 9 bits 5 2.5525 10 5.105 10 bits 2.5 2.5563 5 5.1125 11 bits 1.25 2.5581 2.5 5.1163 12 bits 0.625 2.5591 1.25 5.1181 13 bits 0.313 2.5595 0.625 5.1191 14 bits 0.156 2.5598 0.313 5.1195 15 bits 0.078 2.5599 0.156 5.1198 16 bits 0.039 2.5599 0.078 5.1199 in the shaded areas the accuracy is  less than   the resolution. the conversion results may include random noise.

 DS2450 23 of 24 absolute maximum ratings* voltage on data to ground -0.5v to +7.0v operating temperature -40  c to +85  c storage temperature -55  c to +125  c soldering temperature see j-std-020a specification * this is a 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 time may affect reliability. dc electrical characteristics  (-40c to +85c; v pup  or v cc  =5v 10%) parameter symbol min typ max units notes logic 1 v ih 2.2 v 1 logic 0 v il -0.3 +0.8 v 1 output logic low @ 4 ma v ol 0.4 v 1 output logic high v oh v pup 6.0 v 1, 2 input load current i l 5  a 3 operating current i cc 0.5 ma 7 quiescent current i ccq 20  a 8 capacitance  (t a = 25  c) parameter symbol min typ max units notes i/o (1-wire) c in/out 100 800 pf 5 analog input c ain 50 pf resistances    (t a = 25  c) parameter symbol min typ max units notes analog input z ain 1.0 m ? ac electrical characteristics regular speed (v pup =4.0v to 6.0v; -40  c to +85  c) parameter symbol min typ max units notes time slot t slot 60 120  s write 1 low time t low 115  s write 0 low time t low0 60 120  s read low time t lowr 115  s read data valid t rdv exactly 15  s release time t release 01545  s read data setup t su 1  s 4 recovery time t rec 1  s reset time high t rsth 480  s reset time low t rstl 480  s 6 presence detect high t pdh 15 60  s presence detect low t pdl 60 240  s

 DS2450 24 of 24 ac electrical characteristics overdrive speed      (v pup  =4.0v to 6.0v; -40c to +85c) parameter symbol min typ max units notes time slot t slot 616  s write 1 low time t low1 12  s write 0 low time t low0 616  s read low time t lowr 12  s read data valid t rdv exactly 2  s release time t release 0 1.5 4  s read data setup t su 1  s 4 recovery time t rec 1  s reset time high t rsth 48  s reset time low t rstl 48 80  s presence detect high t pdh 26  s presence detect low t pdl 824  s ac electrical characteristics  (v pup  or v cc  =5v   10%; -40  c to +85  c) parameter symbol min typ max units notes sample & hold aperture t sh 20  s equivalent input noise v inoise t.b.d.  v rms total conversion error n err  = 1/2 lsb 9 notes: 1.   all voltages are referenced to ground. 2.   v pup  = external pullup voltage. 3.   input load is to ground. 4.   read data setup time refers to the time the host must pull the 1-wire bus low to read a bit.  data is guaranteed to be valid within 1   s of this falling edge. 5.   capacitance on the data pin could be 800 pf when power is first applied.  if a 5 k ? = resistor is used to pull up the data line to v pup , 5   s after power has been applied the parasite capacitance will not affect normal communications. 6.   the reset low time (t rstl ) should be restricted to a maximum of 960   s, to allow interrupt signaling, otherwise, it could mask or conceal interrupt pulses. 7.   measured with v cc  = 5.0v supply and 1-wire input open. 8.   measured with v cc  = 5.0v supply, 1-wire input open and analog circuitry inactive. 9.   at 8-bit resolution regardless of range and temperature; includes offset, non-linearity and noise.
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