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ONE-WIRE DEVICE WITH A-TO-D CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a device capable of 
changing an analog signal to a digital signal and then 
communicating the converted signal over a single Wire bus 
to a host. More particularly, the present invention relates to 
a quad input analog to digital converter Which converts a 
plurality of analog signals into a plurality of digital signals 
that can be communicated over a single Wire bidirectional 
communication bus. 

[0003] 2. Description of Related Art 

[0004] Analog to digital converters (A-to-D) converters 
have become common in the electronic industry. In general, 
an A-to-D converter receives an analog signal and converts 
the signal into a digital signal. The resulting digital signal is 
sent in parallel form or in serial form over multi-Wire busses. 

[0005] When an analog signal is sent over a long Wire 
connected to a host system, the integrity of the analog signal 
decreases over the length of the connection. Conversely, a 
digital signal’s integrity is much less likely to decrease over 
the same long Wire connection. Yet, a draWback of A-to-D 
converters is that they consume a large amount of energy 
While performing an A-to-D conversion. Furthermore, 
A-to-D converters are difficult to incorporate into an analog 
sensor that is remotely positioned to take an analog reading 
in a remote location. A-to-D converters require multiple 
Wires to connect the A-to-D converter to a system Which 
uses the digitiZed output of the converter. 

SUMMARY OF THE INVENTION 

[0006] There is a need for a loW poWer, A-to-D converter 
that can be coupled directly to an analog sensor and provide 
a digitiZed signal over as feW Wires as possible and over a 
long length of Wire to a system or host system that is to use 
the digitiZed signal. Such a device Would increase the 
integrity of the signal sensed at a remote location because 
the signal Would be digitiZed at the remote location instead 
of after traveling the full, long length of the Wire connecting 
the remotely placed analog device to a host system. 

[0007] The present invention responds to this need by 
providing an A-to-D converter that takes an analog voltage 
level on one of its input pins and converts the analog voltage 
level to a digital Words Which can be output via a single Wire 
bus. The single Wire bus can be a one-Wire data bus Which 
uses a one-Wire protocol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Various objects and advantages of this invention 
Will become apparent and more readily appreciated from the 
folloWing description of the exemplary embodiments of the 
present invention taken in conjunction With the accompa 
nying draWings, of Which: 

[0009] FIG. 1 depicts a block diagram of an exemplary 
one-Wire A-to-D conversion device. 

[0010] FIG. 2 depicts an exemplary one-Wire A-to-D 
converter in communication With a host and the hierarchical 
structure for a preferred one-Wire protocol. 
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[0011] FIG. 3 depicts an exemplary hardWare con?gura 
tion for a one-Wire connection betWeen a host device and a 
one-Wire input of an exemplary one-Wire A-to-D conversion 
device. 

[0012] FIG. 4 depicts a block schematic of an exemplary 
A-to-D converter system found in an exemplary device. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS OF THE 

PRESENT INVENTION 

[0013] An exemplary embodiment of the present inven 
tion is an A-to-D converter With a one-Wire interface. The 
A-to-D converter is preferably a quad A-to-D converter. In 
generic terms, the preferred A-to-D converter With a one 
Wire interface comprises an A-to-D converter With four 
inputs so that it can convert four different analog signals to 
digital signals. The signals are converted from an analog 
voltage level to a digital Word Which can be output on a 
one-Wire bus. The preferred one-Wire bus protocol is that 
Which Was created by Dallas Semiconductor of Dallas, Tex. 
Of course it is understood that other one-Wire bus protocols 
may be used to communicate the digital Word from the 
exemplary embodiment to another device. 

[0014] Many types of analog sensing are preformed With 
a Wide variety of devices. Temperature, ?oW, pressure, 
humidity, direction, ?ex, speed, volume, ?uid level, posi 
tion, resistance, and distance are a feW examples of physical 
properties that may be expressed as analog voltages. 

[0015] Manufacturers of the analog devices Would like to 
convert the analog signals to a digital signal at the point of 
measurement. Due to the sensors being placed in remote 
locations, there is a need for an economy of physical 
connections or Wires to the remote sensor. Furthermore, 
there is a need to have the analog signal converted to a 
digital signal at the remote location and then to send the 
digital signal over a long length of Wire to a host, instead of 
sending the analog signal through the Wire. The digital 
signal Will not degrade as much as an analog signal over the 
same length of Wire. 

[0016] Referring noW to FIG. 1 an exemplary embodi 
ment of the present invention is shoWn in the form of the 
major junction blocks of the A-to-D converter With a one 
Wire bus 10. The preferred A-to-D converter With a one-Wire 
bus 10 contains a factory-lasered registration number that 
includes a unique 48-bit serial number an 8-bit CRC, and an 
8-bit family code. These are all contained in the 64-bit 
lasered ROM 12. The 64-bit ROM 12 portion of the exem 
plary A-to-D device 10 not only creates an absolutely unique 
electronic identi?cation for the device, but also can be used 
to locate and address the A-to-D device 10 in order to 
exercise its control functions. 

[0017] Referring noW to the block labeled parasitic poWer 
14, the exemplary A-to-D device 10 obtains its poWer either 
from the one-Wire bus 16 or through its VDD pin 18. Without 
the VDD supply the device stores energy on an internal 
parasitic capacitor 20 during periods When the signal line 
(one-Wire bus) is high and continues to operate off the 
parasitic capacitor 20 poWer source during loW signals on 
the one-Wire data bus While the capacitor Waits until the 
one-Wire data line 16 returns to a high state to replenish the 
energy in the parasitic capacitor 20. Diodes 22 are connected 
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in this parasitic power circuit 14 to aid the parasitic power 
process. If multiple one-Wire A-to-D devices 10 are operat 
ing simultaneously on the same one-Wire bus 16, then a 
strong pull-up of the one-Wire bus 16 to 5 volts or a VDD 
poWer supply is required. 

[0018] The one-Wire function control circuitry 24 inter 
prets one Wire function commands. Although, any single 
Wire communication protocol could be used, the preferred 
exemplary one-Wire A-to-D converter device uses the stan 
dard Dallas Semiconductor one-Wire protocol for data trans 
fers. The one-Wire function control 24 handles communica 
tion With the one-Wire bus 16. FIG. 2 depicts a hierarchical 
structure for one-Wire protocol. Communication to and from 
the A-to-D device 10 preferably requires a single bi-direc 
tional line 16 that is typically connected to a port pin of a 
microcontroller or bus master 30. The one-Wire bus master 
40 must ?rst provide one of seven ROM function com 

mands, 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, the 
A-to-D device’s one-Wire bus 16 Will enter an overdrive 
mode Where all subsequent communication occurs at a 
higher speed. 
[0019] The present preferred exemplary embodiment is 
compatible With both multi-drop and overdrive aspects of 
the one-Wire protocol. The multi-drop ability alloWs many 
one-Wire devices to be connected to the same one-Wire bus 
16. 

[0020] The register access and conversion control block of 
FIG. 1 decodes commands that the exemplary A-to-D 
converter device 10 understands and modi?es the appropri 
ate registers Within the device. The registers are found in the 
channel control and register portion 28 of the circuitry. The 
internal registers control many aspects of the A-to-D con 
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16-bits assigned for the conversion result (see Table 1). The 
poWer-on default for the conversion read-out registers is all 
Zeros. Regardless of the resolution requested, the most 
signi?cant bit of the conversion is alWays at the same bit 
location. If less than 16 bit resolution is requested, the least 
signi?cant bits of the conversion result Will be ?lled With 
Zeros in order to generate a 16-bit result. For applications 
that require less than four analog inputs, the D input should 
be used ?rst. The advantage here is that When reading the 
conversion results one reaches the end of the page and, With 
it, the CRC sooner and thereby minimiZes the traf?c on the 
one-Wire bus 16. 

TABLE 1 

Ad 
dress bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 

00 A A A A A A A LSBIT A 
01 MsBrr A A A A A A A A 
02 B B B B B B B LSBIT B 
03 MsBrr B B B B B B B B 
04 c c c c c c c LSBIT c 
05 MsBrr c c c c c c c c 
06 D D D D D D D LSBIT D 
07 MSBIT D D B B D D D B 

[0022] Table 2 depicts the control and status information 
for all channels. The control and status information is 
located in memory page 1. Each channel is assigned 16 bits. 
The four least signi?cant bits, called RC3 to RCO, are an 
unsigned binary number that represent 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 
should be 0000. The next tWo bits beyond RC3 Will alWays 
read 0; at present they have no function. 

TABLE 2 

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

0s OE-A OC-A 0 0 RC3-A RCZ-A RCl-A RCO-A 
09 FOR 0 AFH-A AFL-A AEH-A AEL-A 0 IR-A 
0A OE-B OC-B 0 0 RC3-B RCZ-B RCl-B RC-B 
OB POR 0 AFH-B AFL-B AEH-B AEL-B 0 IR-B 
0c OE-C 00-0 0 0 RC3-C RCZ-C RCl-C RCO-C 
OD POR 0 AFH-C AFL-C AEH-C AEL-C 0 IR-C 
OE OE-D OC-D 0 0 RC3-C RCZ-D RCl-D RCO-D 
OF POR 0 AFH-D AFL-D AEH-D AEL-D 0 IR-D 

version processes. Commands, such as Write registers, read 
registers and convert, are decoded in register access and 
conversion control block 26 and sent to the channel control 
and registers block 28 Where the registers are updated. 

[0021] Referring noW to the channel control and register 
block 28, the registers Will noW be discussed. Table 1 and 
Table 2 (both beloW) indicate preferred registers for use in 
the present A-to-D device 10. All of the registers of the 
exemplary one-Wire A-to-D device 10 are mapped into a 
linear memory range of 24 adjacent bytes organiZed as three 
8-byte pages. The ?rst page, called conversion read-out 
contains the memory area Where the results of a conversion 
for the bus master 40 to read is placed. Starting With the 
channel at the loWest address, each channel has an area of 

[0023] The next bits, OC (output control) and OE (enable 
output) control the alternate use of a channel as output 
(AIN-A, AIN-B, AIN-C, AIN-D) 32. 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 0E set to 1, a 0 for 0C Will 
make the channel’s output transistor conducting, a 1 for 0C 
Will sWitch the transistor 30 off. With a pull-up resistor to a 
positive voltage, for example, the OC bit Will directly 
translate into the voltage equivalent of its logic state. 
Enabling the output 32 does not disable the analog input 32. 
Conversions remain possible, but Will result in values close 
to 0 if the transistor 30 is conducting. 

[0024] The IR bit in the second byte of a channel’s control 
and status memory selects the input voltage range. Prefer 
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ably, With IR set to 0, the highest possible conversion result 
is reached at 2.55 V. Setting IR to 1 requires an input voltage 
of 5.10 V for the same result. The next bit beyond IR does 
not presently have a function. 

[0025] The next tWo bits, AEL alarm enable loW and AEH 
alarm enable high, control Whether the device 10 Will 
respond to the Conditional Search command if a conversion 
results in a value higher than or loWer (AEL) than the 
channel’s alarm threshold voltage as speci?ed in the alarm 
settings. The alarm ?ags AFL (loW) and AFH (high) tell the 
bus master 40 Whether the channel’s input voltage Was 
beyond the loW or high threshold at the latest conversion. 
These ?ags are cleared automatically if a neW conversion 
reveals a non-alarming value. They can alternatively be 
Written to 0 by the bus master 40 Without a conversion. 

[0026] The next bit of a channel’s control and status 
memory presently reads 0 and cannot be changed to 1 in the 
exemplary embodiment. 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 40 that the control and threshold data 
is no longer valid. 

[0027] 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 (See Table 3). 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 ?ag Will 
be set if the eight most signi?cant bits of the conversion 
result yield a number higher than stored in the high alarm 
register (AF H) or loWer than stored in the loW alarm register 
(AFL). For a resolution loWer than eight bits the least 
signi?cant bits of the alarm registers are ignored. 

TABLE 3 

Ad 
dress 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 

[0028] In more general terms the registers alloW each one 
of four analog input pins 32 A, B, C, D to be con?gured 
differently. For example, for each input pin 32 the A-to-D 
conversion can operate With different resolutions. The reso 
lution of the A-to-D converter is con?gurable by the user. 
The resolution can be speci?ed by What is stored in the 
registers. The resolution can be, in the preferred embodi 
ment, from 1 to 16 bits. This provides the user With a very 
versatile device. 

[0029] Furthermore, the registers can be set or the device 
can be programmed to get alarms for each channel. The 
alarms can be for loW high or both loW and high alarms. 
Each channel can have different alarm settings. The alarms 
can be communicated, via the one-Wire bus 16, to the host 
system 40 When and if they are tripped. 
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[0030] The CRC generator circuitry 34 is used as a data 
integrity check. The preferred embodiment incorporates a 
16-bit CRC generator Which aids in the determination of 
data integrity or bit error problems during transmission and 
receipt of information over the one-Wire bus 16. 

[0031] Still referring to FIG. 1, the 4-to-1 analog multi 
plexer 36 is connected to the analog inputs A, B, C and D 
(AIN-A, AIN-B, AIN-C, AIN-D, respectively) 32, A, B, C, 
D. The present exemplary embodiment can only convert one 
analog channel at a time. Thus, When the convert command 
is presented to the device 10, the channel Which is to be 
converted is also communicated. The 4-to-1 analog multi 
plexer 36 connects Which ever one of the four channels is to 
be converted to the A-to-D converter circuitry 38. 

[0032] The A-to-D converter circuitry 38, of course, is 
used to convert the analog signal to a digital signal and then 
provide the digital signal to the registers so that the con 
verted signal can be formatted into one-Wire data protocol 
and sent to the host 16. FIG. 4 depicts a more detailed block 
diagram of the 4 to 1 multiplexer and A-to-D converter. The 
circuit labeled A/D INPUT MUX 50 corresponds to the 
4-to-1 Analog Multiplexer shoWn in FIG. 1. The A/D 
INPUT MUX 50 is used to select one of the four input 
channels to feed through to the analog input (AIN) of the rest 
of the A-to-D circuitry. 

[0033] The circuitry labeled A/D Bandgap 52 is a portion 
of the reference voltage generator portion of the A/D con 
verter circuitry. An output from the A/D Bandgap 52 is 
labeled VREFIN 54. VREFIN 54 is generally a voltage of 
1.262 volts due to inherent properties of silicon circuitry. 
Thus, VREFIN 54 is passed to the A/D VREF scaler circuit 
56 Which applies a voltage gain to thereby generate the 
needed 1.280 volts as VREF 58. 1.280 volts is half of the 
preferred full scale voltage input of 2.560 volts. 

[0034] The block labeled EPROM Trim 60 Which pro 
vides trim value of resistance or capacitance to calibrate the 
band gap 52 and voltage reference circuitry 56. The EPROM 
Trim circuitry 60 can also be used to calibrate the RC or ring 
oscillator clock (not shoWn) Which is Within the present 
exemplary one-Wire A-to-D device 10. 

[0035] At present the EPROM 60 is programmed and the 
device 10 is calibrated during the manufacturing process. It 
is understood that the EPROM 60 could be programmed 
With trim codes and the device could be calibrated by the end 
user of the device 10. Thus, if aging of the part makes 
component parameters shift, then the EPROM Trim circuitry 
60 can be programmed or reprogrammed to compensate for 
the shift. 

[0036] In the exemplary device there are 32 EPROM bits 
and the bits effect a number of circuits Within the present 
exemplary device 10. Some of the bits change the resistance 
of variable resistors in the band gap circuit 52. Other bits are 
used to change the gain in the A/D VREF scaler circuit to 
compensate the circuitry in order to provide an accurate 1.28 
volt output. Still other bits may be used by the A/D residual 
doubler circuit 62. 

[0037] The A/D residual doubler 62 is used to help deter 
mine the magnitude of the received analog voltage. The AIN 
signal 64 (the selected analog input signal) is provided to a 
comparator circuit, Within the A/D residual doubler 62, and 
compared to 1.280 volts. The output of the comparator is the 
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most signi?cant bit of the comparison result. If the bit Was 
a Zero, meaning that the selected analog input voltage Was 
less than 1.280 volts, the residual is determined by doubling 
the input voltage. If the bit Was one, meaning that the analog 
input Was greater than the 1.280 volt (half full scale voltage), 
then the residual is determined by doubling and then the 
input voltage and subtracting the full scale range (2.560 
volts). The residual is fed back into the comparator and 
compared With the 1.280 volts to determine the next bit and 
the neW residual value. This process continues until the 
selected resolution is achieved. 

[0038] An important aspect of the present embodiment is 
that the user can select the amount of resolution needed. 
Further, unlike other A-to-D converters Which depend 
heavily on precise matching of MOS devices in the com 
parator and voltage reference, the present device can com 
pensate for mismatches and inaccuracies by trimming them 
out using the EPROM trim codes. (See above discussion of 
the EPROM 60). 

[0039] Still referring to FIG. 4, the A/D bias circuit 66 
provides bias current to the analog components, such as 
comparators, operational ampli?ers or any circuit that 
requires a mirrored current source. The A/D bias circuit 66 
generates reference currents for each analog device in the 
device that requires a bias current. 

[0040] Referring back to FIG. 1 and revieWing What Was 
discussed above, each analog input (AIN-A, AIN-B, AIN-C, 
AIN-D) includes NMOS transistor 30. Each NMOS transis 
tor is a very high gain device. If the end user of the 
exemplary device does not need to use all the input pins, but 
does need an open drain output for another component in the 
user’s circuit design, then NMOS device 30 can be used. In 
essence, the NMOS device 30 alloWs an input channel that 
is not being used to have a dual function as an open drain 
output pin. Such an open drain device can sink enough 
current to meet the requirements of, for example, a LED 
device. 

[0041] Again to revieW, the present exemplary one-Wire 
A-to-D converter provides a user With a multitude of useful 
and advantageous options. The one-Wire interface provides 
an economy of Wiring connections betWeen a host system 
and the exemplary one-Wire A-to-D converter. Only one 
single Wire connection is required. The exemplary device 
also alloWs the user to program the digital resolution 
required for the speci?c task. The present A-to-D converter 
can be programmed to have from 1 to 16 bits of resolution 
on each of the four channels. 

[0042] The present A-to-D circuitry requires approxi 
mately sixty to eighty microseconds per bit of resolution. 
The present device Would not be considered a high-speed 
A-to-D converter in today’s technology, but Would be con 
sidered a very loW poWer A-to-D converter. For example, the 
device may take 500 microseconds to perform an A-to-D 
conversion and send the result over the single Wire bus, but 
Will only sink less than one-half a miliamp during the 
conversion process. This is an order of magnitude less than 
any high speed A-to-D converter Which performs a compa 
rable task. The trade-off is betWeen computing speed and the 
required poWer to perform the A-to-D conversion task. 

[0043] Still another advantage of the present one-Wire 
A-to-D converter is that it can be trimmed using an EPROM 
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either during manufacturing or by the end user. Thus, the 
A-to-D conversion circuitry can be accurately trimmed 
theoretically a moment before the device is to be used. 

[0044] The folloWing are preferred commands used by the 
present exemplary one-Wire A-to-D converter device 10. 

[0045] READ MEMORY: 

[0046] The Read Memory command is used to read con 
version results, control/status data and alarm settings. The 
bus master folloWs the command byte With a tWo byte 
address that indicates a starting byte location Within the 
memory map. With each subsequent read data time slot the 
bus master receives data from the exemplary one-Wire 
A-to-D converter starting at the supplied address and con 
tinuing 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 exemplary one-Wire A-to-D converter 10 
and read back by the bus master 40 to check if the command 
Word, starting address and data Were received correctly. If 
the CRC read by the bus master 40 is incorrect, a Reset Pulse 
must be issued and the entire sequence must be repeated. 

[0047] WRITE MEMORY: 

[0048] The Write Memory command is used to Write to 
memory pages 1 and 2 in order to set the channel-speci?c 
control data and alarm thresholds. The bus master 40 Will 
folloW the command byte With a tWo byte starting address 
and a data byte. A 16-bit CRC of the command byte, address 
bytes, and data byte is computed by the exemplary one-Wire 
A-to-D converter 10 and read back by the bus master 40 to 
con?rm that the correct command Word, starting address, 
and data byte Were received. The exemplary one-Wire 
A-to-D converter then copies the data byte to the speci?ed 
memory location. The bus master then receives a copy of the 
same byte but read from memory for veri?cation. If the 
veri?cation fails, a Reset Pulse should be issued and the 
current byte address should be Written again. 

[0049] If the bus master does not issue a Reset Pulse and 
the end of memory Was not yet reached, the exemplary 
one-Wire A-to-D converter 10 Will 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 exemplary 
one-Wire A-to-D converter 10 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 40 Will read this 16-bit CRC 
from the exemplary one-Wire A-to-D converter 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. 

[0050] The decision to continue after having received a 
bad CRC or if the veri?cation fails is made entirely by the 
bus master 40. Write access to the conversion read-out 
registers is not possible. 

[0051] CONVERT: 

[0052] The Convert command is used to initiate the analog 
to digital conversion for one or more channels at the 
resolution speci?ed in memory page 1, control/status data. 
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The conversion takes between 60 and 80 us 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 4><12><80 us plus 160 gs offset, Which 
totals to 4 ms. If the exemplary one-Wire A-to-D converter 
10 gets its poWer through the VDD pin 18, the bus master 40 
may communicate With other devices on the one-Wire bus 16 
While the exemplary one-Wire A-to-D converter 10 is busy 
With A/D conversions. If the device is poWered entirely from 
the one-Wire bus 16, the bus master 40 should provide a 
strong pull-up to 5V for the estimated duration of the 
conversion in order to provide suf?cient energy. The present 
exemplary embodiment preferably uses less than 5 milli 
Watts of poWer While performing a conversion. 

[0053] The conversion is controlled by the input select 
mask (Table 4) and a read-out control byte (Table 5). In the 
input select mask the bus master 40 speci?ed Which chan 
nels participate in the conversion. Achannel 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 Input A, B, C, D, (32 A, B, C, 
D) skipping those channels that are not selected. The bus 
master 40 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 40 uses the read-out 
control byte. This byte alloWs to preset the conversion 
read-out registers for each selected channel to all 1’s or all 
O’s. If the expected result is close to 0 then one should 
present to all 1’s or to all Us if the conversion result Will 
likely be a high number. In applications Where the bus 
master 40 can Wait With reading until all selected channels 
are converted, a preset of the read-out registers is not 
necessary. 

TABLE 4 

Input Select Mask (Conversion Command) 

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 
don’t care D C B A 

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 

[0054] 

TABLE 5 

Read-Out Control Conversion Command 

Set Clear Explanation 

O 0 no preset, leave as is 
O 1 present to all Os 
1 O preset to all 1s 
1 1 (illegal code) 

[0055] FolloWing the Convert command byte, the bus 
master 40 transmits the input select mask and a read-out 
control byte. NoW the bus master 40 reads the CRC16 of the 
command byte, select mask and control byte. The conver 
sion Will start not earlier than 10 us after the most signi?cant 
bit of the CRC is received by the bus master 40. 

[0056] With parasitic poWer supply 14, the bus master 40 
must activate the strong pull-up Within this 10 us WindoW for 
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a duration that is estimated as explained above. After that, 
the data line 16 returns to an idle high state and communi 
cation on the bus can resume. The bus master 40 Would 
normally send a reset pulse to exit the Convert command. 
Read data time slots generated after the strong pull-up has 
ended, but before issuing a reset pulse should result in all 1’s 
if the conversion time Was calculated correctly. 

[0057] With VDD poWer supply 18, the bus master 40 may 
either send a reset pulse to exit the Convert command or 
continuously generate read data time slots. As long as the 
one-Wire A-to-D converter 10 is busy With conversions, the 
bus master 40 Will read O’s. After the conversion is com 
pleted the bus master 40 Will receive 1’s instead. Since in an 
open-drain environment a single 0 overWrites multiple 1’s, 
the bus master 40 can monitor multiple devices converting 
simultaneously and immediately knoWs When the last one is 
ready. As in the parasitically poWered scenario the bus 
master 40 ?nally has to exit the Convert command by 
issuing a rest pulse. 

[0058] ONE-WIRE BUS SYSTEM: 

[0059] The one-Wire bus 16 is a system Which has a single 
bus master 40 and one or more slaves. The preferred 
one-Wire A-to-D converter 10 is a slave device. The discus 
sion of this bus system is broken doWn into three topics: 
hardWare con?guration, transaction sequence, and one-Wire 
signaling (signal types and timing). A one-Wire protocol 
de?nes bus transactions in terms of the bus state during 
speci?c time slots that are initiated on the falling edge of 
sync pulses from the bus master 40. It is understood that 
other single Wire systems or protocols may potentially be 
used With the present A-to-D conversion device Without 
straying from the spirit of the invention. 

[0060] The preferred one-Wire bus 16 has a single line by 
de?nition; it is important that each device on the bus be able 
to drive the bus at the appropriate time. To facilitate this, 
each device attached to the one-Wire bus 16 must have open 
drain or 3-state outputs. The one-Wire port 70 of the one 
Wire A-to-D converter device 10 is open drain With an 
internal circuit equivalent to that shoWn in FIG. 3. A 
multidrop bus consists of a one-Wire bus 16 With multiple 
slaves attached. At regular speed the one-Wire bus has a 
maximum data rate of 16.3k bits per second. The speed can 
be boosted to 142 k bits per second by activating the 
Overdrive Mode. The one-Wire bus requires a pull-up resis 
tor 72 of approximately 5 k9 to 1.5 kQ. 

[0061] The idle state for the one-Wire bus 16 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 us (regular speed), one or more devices on the bus may 
be reset. 

[0062] The protocol for accessing the one-Wire A-to-D 
converter via the one-Wire port is as folloWs: (1) InitialiZa 
tion, (2) ROM Function Command, (3) Memory/Convert 
Function Command, and (4) Transaction/Data. 

[0063] All transactions on the one-Wire bus 16 begin With 
an initialiZation sequence. The initialiZation sequence con 
sists of a reset pulse transmitted by the bus master 40 
folloWed by presence pulse(s) transmitted by the slave(s). 

[0064] The presence pulse lets the bus master 40 knoW 
that the one-Wire A-to-D converter 10 is on the bus 16 and 
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is ready to operate. Once the bus master 40 has detected a 
presence, it can issue one of the seven ROM function 
commands. All ROM function commands are eight bits 
long. 

[0065] READ ROM: 

[0066] This command allows the bus master 40 to read the 
one-Wire A-to-D converter’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 one-Wire A-to-D converter 
10 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-AN D result). 
The resultant family code and 48-bit serial number Will 
result in a mismatch of the CRC. 

[0067] MATCH ROM: 

[0068] The match ROM command, folloWed by a 64-bit 
ROM sequence, alloWs the bus master 40 to address a 
speci?c one-Wire A-to-D converter 10 on a multidrop bus. 
Only the one-Wire A-to-D converter 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. 

[0069] SKIP ROM: This command can save time in a 
single drop bus system by alloWing the bus master 40 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 pull-doWns Will 
produce a Wired-AND result). 

[0070] SEARCH ROM: 

[0071] When a system is initially brought up, the bus 
master might not knoW the number of devices on the 
one-Wire bus and their 64-bit ROM codes. The search ROM 
command alloWs the bus master to use a process of elimi 
nation 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 identi?ed by additional passes. 

[0072] CONDITIONAL SEARCH: The Conditional 
Search ROM command operates similarly to the Search 
ROM command except that only devices ful?lling the 
speci?ed condition Will participate in the search. The one 
Wire A-to-D converter device Will respond to the Condi 
tional Search command if a channels alarm enable ?ags 
AEH and/or AEL are set and the conversion results in a 
value outside the range speci?ed by the channel’s alarm 
threshold voltages. The Conditional Search ROM provides 
an ef?cient 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 speci?c device on the multidrop bus, that 
particular device can be individually accessed as if a Match 
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ROM had been issued since all other devices Will have 
dropped out of the search process and are Waiting for a reset 
pulse. 

[0073] OVERDRIVE SKIP ROM: 

[0074] 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 one-Wire A-to-D converter device in the Overdrive 
Mode (OD=1). All communication folloWing this command 
has to occur at Overdrive Speed until a reset pulse of 
minimum 480 gs duration resets all devices on the bus to 
regular speed (OD=0). 
[0075] When issued on a multidrop bus this command Will 
set all Overdrive-supporting devices into Overdrive mode. 
To subsequently address a speci?c 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 pull 
doWns Will produce a Wired-AND result). 

[0076] OVERDRIVE MATCH ROM: 

[0077] The Overdrive Match ROM command, folloWed 
by a 64-bit ROM sequence transmitted at Overdrive Speed, 
alloWs the bus master to address a speci?c one-Wire A-to-D 
converter device that exactly matches the 64-bit ROM 
sequence Will respond to the subsequent memory/convert 
function command. Slaves already in Overdrive mode from 
a previous Overdrive Skip or Match command Will remain 
in Overdrive mode. All other slaves that do not match the 
64-bit ROM sequence or do not support Overdrive Will 
return to or remain at regular speed and Wait for a reset pulse 
of minimum 480 ps duration. The Overdrive Match ROM 
command can be used With a single or multiple devices on 
the bus. 

[0078] ONE-WIRE SIGNALING: 

[0079] The one-Wire A-to-D converter requires protocols 
to insure data integrity. The preferred 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 one-Wire A-to-D converter can communi 
cate at tWo different speeds, regular speed and Overdrive 
Speed. If not explicitly set into the Overdrive mode, the 
one-Wire A-to-D converter Will communicate at regular 
speed. 

[0080] As is clearly seen, the present invention is signi? 
cant in the analog-to-digital converter arena. The present 
invention is believed to be especially effective When con 
?gured an employed as described herein, hoWever, those 
skilled in the art Will readily recogniZe that numerous 
variations and substitutions may be made in the invention 
and its use and con?guration to achieve substantially the 
same results as achieved by the embodiments and, in par 
ticular, the preferred embodiment described herein. Each 
variation is intended to be included in the description herein 
and forms a part of the present invention. The foregoing 
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detailed description is, thus, to be clearly understood as 
being given by Way of illustration and example only, the 
spirit and scope of the present invention being limited solely 
by the appended claims. 

What is claimed is: 
1. An integrated circuit for converting an analog signal to 

a digital signal and providing said digital signal to a host 
device via a single Wire data bus, said integrated circuit 
comprising: 

input/output circuitry for connecting to said single Wire 
data bus; 

analog to digital conversion circuitry for providing a 
digital signal to said input/output circuitry; 

an analog input for connecting an analog signal source 
and for providing an analog signal to said analog to 
digital conversion circuitry; and 

an EPROM memory for storing trim codes for calibrating 
said analog to digital conversion circuitry. 

2. The integrated circuit of claim 1, Wherein said analog 
input comprises four analog input connections connected to 
a four to one multiplexer, said multiplexer providing one of 
said four analog input connections to said analog to digital 
conversion circuitry. 

33. The integrated circuit of claim 1, Wherein said inte 
grated circuit operates parasitically from said single Wire 
data bus. 

4. The integrated circuit of claim 1, Wherein said analog 
to digital conversion circuitry is con?gurable to provide a 
plurality of conversion resolutions. 

5. The integrated circuit of claim if Wherein said inte 
grated circuit uses less than 5 miliWatts of poWer While 
active. 

6. The integrated circuit of claim 1, Wherein said single 
Wire data bus utiliZes a One-Wire data protocol. 
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7. An analog to digital converter comprising: 

at least one analog input for receiving an analog signal 
from an external analog signal producing device; 

an analog to digital conversion circuit; 

means for connecting said at least one analog input to said 
digital conversion circuit; 

a plurality of registers for storing an output of said analog 
to digital conversion circuit; and 

input/output circuitry for retrieving said output of said 
analog to digital conversion circuit and providing said 
output to a single Wire bus. 

8. The analog to digital converter of claim 7, Wherein said 
means connecting said at least one analog input to said 
digital conversion circuit comprises a MUX circuit With an 
input from the at least one analog input and an output to said 
analog to digital conversion circuit. 

9. The analog to digital converter of claim 7, Wherein said 
analog to digital converter is poWered parasitically from said 
single Wire bus. 

10. The analog to digital converter of claim 7, further 
comprising EPROM circuitry for storing trim code infor 
mation, said trim code information comprising information 
for calibrating said analog to digital conversion circuitry. 

11. The analog to digital converter of claim 7, Wherein 
said analog to digital converter can be programmed to 
convert each one of said at least one analog inputs to a digital 
signal With a different resolution. 

12. The analog to digital converter of claim 7, Wherein 
said plurality of registers can also store alarm conditions 
indicating that said analog input is above or beloW a pre 
determined voltage. 


