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FEATURES PIN ASSIGNMENT
UniverTsSlI, common-ground serial pogtM to
1-Wire line driver for MicroLAN

1
applications GND [ 8[IRXD
Works with all iButtons™ and MicroLAN- 1-w []|2 7 1TXD

compatible 1-Wire slave devices Ne [ —JPoL
Communicates at regular and Overdrive 1-Wire 3 6

speed and serial port data rates of Go 4 5[ Ves
(default), 19200, 57600 and 115200 bps 0
Supports 12V EPROM programming and 8-PIN SOIC
J (150 MIL)
¢

5V pull-up for Crypto_iButton, sensor
EEPROM

Self-calibrating time base with +59 .\ RIPTION
for serial and 1-Wire communica ) Ground
Slew rate controlled 1-Wire pullxd ‘ 1-Wire Input/Output

No Connection

4.5 to 5.5V

Optional EPROM
Programming Voltage

reduce radiation
User-selectable RXD/TXD po @
component count when interfaci

bl . oL RXD/TXD Polarity Select
Pr(r)]grammf_al le  1-Wire TXD Serial Data from UART
characteristics accom RXD Serial Data to UART

ORDERING INFORMATION
DS2480S 8-pin SOIC

1 0f 33 012501



DS2480

DESCRIPTION
The DS2480 is a serial port to 1-Wire interface chip that supports standard and Overdrive speeds. It
connects directly to UARTs and 5V RS232 systems. Interfacing to RS232C (x 12V levels) requires a
passive clamping circuit and one 5V to = 12V level translator. Internal timers relieve the host of the
burden of generating the time-critical 1-Wire communication waveforms. In contrast to the
DS9097 (E) where a full character must be sent by the host for each 1-Wire time slot, the DS2480 can
translate each character into eight 1-Wire time slots thereby increasing the data throughput
significantly. In addition, the DS2480 can be set to communicate at four different data rates including
115.2 kbps, 57.6 kbps and 19.2 kbps with 9.6 kbps being the pg on default. Command codes
received from the host’s crystal controlled UART serve as a rgafere ,K -, [ '
chip timing generator. The DS2480 uses a unique protocg g
without requiring control pins. This approach maintain§
wireless converters allowing easy realization of 1- er
of the DS2480 are optimized for MicroLAN 1
current 1-Wire devices including the Crypto i

devices and 1-Wire Thermometers.

DETAILED PIN DESCRIPTION /)
PIN |SYMBOL DESCRIPTION> | Y/ /A\\ﬁ )
1 | GND Ground Plry/Mthn—g'ound refé{é(ﬁye\énd’ground return for 1-Wire bus

2 1-W 1- t Pin: slew rate-controlled pull-down, active
p SW|tch in pro m EPROM, and ability to switch in
Vho t@)u ha low-i |m th to program EEPROM, perform a
p re conversi p rate the Crypto iButton.

nnection Pim,

N
fower Input EM{H supply for the chip and 1-Wire pull-up voltage: 5V

/ 10%; may from 12VpWwith an external voltage regulator.
5 | Vpp— |EPR o nggnmlng Voltage: 12V supply input for EPROM programming; if
mming is not required, this pin must be tiedst Wpp must

o e\upbefore M.

6 POL XD Polarity Select: RXD/TXD polarity select; tied to GND for RS232
N\ @ or 5V) connection, tied tops for direct connection to UART chip.

W
S
— U

N

Sg'lal Data from UART: data input from host (inverted or true); maximum
voltage swing -0.3V to M + 0.3V; for logic thresholds see DC specification
8 R\eg)\' Serial Data to UART: signal output to host; push-pull driver with CMOS
compatible levels; for truel2V RS232 systems an external level-translator
must be provided.

[92)
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DS2480

OVERVIEW
The DS2480 directly interfaces a 5-volts serial communication port with its lines TXD (transmit) and
RXD (receive) to a 1-Wire bus. In addition the device performs a speed conversion allowing the data rate
at the communication port to be different from the 1-Wire date rate. Several parameters relating to the
1-Wire port and its timing as well as the communication speed at both the port and the 1-Wire bus are
configurable. The circuit to achieve these functions is outlined in Figure 1, Block Diagram. The device
gets its input data from the serial communication port of the host computer through pin TXD. For
compatibility with active-high as well as active-low systems, the incoming signal can be inverted by
y ® logic level of this pin is also
5 tween RXD and
opntrol parameter to

ol

valid for the output pin RXD. If for minimizing the interface
TXD is desired, this can be achieved by setting the most sig

at TXD is still selected by the logic level at POL, but the Rpgosite of what the
logic level at POL specifies. As data enters guitry, it is analyzed to
separate data and command bytes and to ¢ ' i IMiNg erator. The timing generator

controls all speed relations of the communica ra ; sUs as well as the waveforms

on the 1-Wire bus. Data bytes are si mfatgcol sonverter into the appropriate 1-Wire
activities. Each data byte generate A & bus that is communicated back to the

host through the RXD pin as S00A-3
shapes the slopes of the 1-Wire
reads the 1-Wire bys‘using GHATL thres

L0
large 1-Wire MicroLAN

DS2480 mc D
G‘ -e¢— MSBIT OF SPEED CONTROL
(1=RXD IS INVERTED)

> < \Ver

o MUX [

gramming pulses or strong pull-up to 5-volts and
mize the noise margin for best performance on

RAM ElQU

71

> CONFIGURATION
REGISTER

|

A

PROTOCOL » 1-WIRE —O

CONVERTER DRIVER

' p — PROTOCOL 1 TIMING
ANALYZER GENERATOR

A

—
x
IU
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DS2480

DEVICE OPERATION
The DS2480 can be described as a complex state machine with two static and several dynamic states.
Two device-internal flags as well as functions assigned to certain bit positions in the command codes
determine the behavior of the chip, as shown in the state transition diagram (Figure 2). The DS2480
requires and generates a communication protocol of 8 data bits per character, 1 stop bit and no parity. It is
permissible to use two stop bits on the TXD line. However, the DS2480 will only assert a single stop bit
on RXD. When powering up, the DS2480 performs a master reset cycle and enters the
Command Mode, which is one of the two static states. The device ngw expects to receive one 1-Wire

Communication Commands for details). This command byt
timing generator the DS2480 and is not translated into a
command byte the device is ready to receive and exe

cycle equivalent to the power-on reset if it d
several options to generate this condition.
sending a NULL character at a data ratg
selecting space polarity for the parity b

command sent by the host at a dg:;ja ra

RT generate a break signal,
yaCharacter with parity enabled and
the DS2480 requires a 1-Wire reset
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DS2480

STATE TRANSITION DIAGRAM Figure 2

SOFTWARE @
MASTER RESET

T
POWER ARRIVAL
ON CODE

POWER OFF
ARRNA"ﬂ":c,

110XSS01

CONFIGURATION

SINGLE BIT 5
FUNCTION

101HSSO01

110XSs01

100VSSP1

POWER OFF

CODE = E3h
N.C. ACC. OFF,

CHECK SEARCH
DATA MODE ACCELERATOR
ALL OTHER
CODES
PERFORM SEARCH
SEQUENCE

STR. PULL-UP NOT

STR. PULL-UP
ARMED

GENERATE STRONG
PULL-UP TO 5V

N.C. = UNCONDITIONAL

LEGEND: V BINARY VALUE (TYPE OF WRITE TIME SLOT)
SS 1-WIRE SPEED SELECTION CODE
P IF LOGIC 1, GENERATES STRONG PULL-UP TO 5V IMMEDIATELY FOLLOWING THE TIME SLOT
T TYPE OF PULSE; 0 = STRONG PULL-UP (5V), 1 = PROGRAMMING PULSE (12V)
Q 1=ARM STRONG PULL-UP AFTER EVERY BYTE; 0 = DISARM
H SEARCH ACCELERATOR CONTROL; 1 = ACCELERATOR ON, 0 = ACCELERATOR OFF
Z7Z CONFIGURATION PARAMETER CODE (WRITE), 000 = READ CONFIGURATION PARAMETER
VVV CONFIGURATION PARAMETER VALUE CODE (WRITE), CONFIGURATION PARAMETER CODE (READ)
X DON'T CARE

After the DS2480 has reached the command mode, the host can send commands such as 1-Wire Reset
Pulse, Configuration, Search Accelerator and Single Bit functions or switch over to the second static state
calledData Mode. In data mode the DS2480 simply converts bytes it receives at the TXD pin into their
equivalent 1-Wire wave forms and reports the results back to the host through the RXD pin. If the Search
Accelerator is on, each byte seen at TXD will generate a 12-bit sequence on the 1-Wire bus (see section
Search Accelerator for details). If the Strong Pull-up to 5-volts is enabled (see Pulse command) each byte
on the 1-Wire bus will be followed by a pause of predefined duration where the bus is pulled to 5-volts
via a low impedance transistor in the 1-Wire driver circuit.

5 of 28



DS2480
While being in the Data Mode the DS2480 checks each byte received from the host for the reserved code
that is used to switch back to Command Mode. To be able to write any possible code (including the
reserved one) to the 1-Wire bus, the transition to the Command Mode is as follows: After having received
the code for switching to Command Mode, the device temporarily ente@htak M ode where it waits
for the next byte. If both bytes are the same, the byte ioseato the 1-Wire bus and the device returns
to the Data Mode. If the second byte is different from the reserved code, it will be executed as command
and the device finally enters the Command Mode. As a consequence, if the reserved code that normally
switches to Command Mode is to be written to the 1-Wire bus, this code byte must be sent twice

nds use data of the configuration register in order to
the strong pull-up after every byte or (de) activate the
the 1-Wire bus. Details on the command codes are

set cycle, every legal command byte generates a response byte. The pulse terminatior
code triggexsrthe response byte of the terminated pulse command. lllegal command bytes do not generate
a comma#td response byte.

Once the device is switched back from Data Mode to Command Mode one must not repeat the E3h
command while the Command Mode is still active.

COMMUNICATION COMMANDS

The DS2480 supports four communication function commands: Reset, Single Bit, Pulse, and Search
Accelerator control. Details on the assignment of each bit of the command codes are shown in Table 1.
The corresponding command response bytes are detailed in Table 2. The Reset, Search Accelerator
Control and Single Bit commands include bits to select the 1-Wire communication speed (regular,
flexible regular, Overdrive). Even if a command does not generate activity on the 1-Wire bus, these bits
are latched inside the device and will take effect immediately.
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DS2480

COMMUNICATION COMMAND CODES TABLE 1

FUNCTION BIT7 |[BIT6 BITS5 BIT4 BIT 3,BIT 2 BIT1 BITO
Single Bit 1 0 0 0 =write O 00 reg. speed |See Text| 1
1=write 1 01 flex. speed

10 OD. speed
11 reg. speed
Search 1 0 1 0 = accelerator off |00 eed O 1
Accelerator 1 = acceleratoron |01 pged

Control See Text 10/“

Reset 1 1 0 (don’t care) O .g. spee(j% \ﬁ
&
11 . shded)
Pulse 1 1 1 0=5V tro §putftud 1 C(ﬂ(%j See Text 1
1= . pulse \
14
COMMUNICATION COMM BEY%!ONSE/IA d}(/
)

=

FUNCTION |BIT 7 [BIT6 Bf, BIVS\ BIZ2 BIT1BITO
Single Bit |1 0 0 4 me\a% sent 1-Wire read back,
(/\/\ / A\ both bits same value
Reset 1 JO See |0 S)l 0 00 = 1-Wire shorted
Text 0 01 = presence pulse
10 = alarming presence
( G pulse
OA \ 11 = no presence pulse
Puse 1 L1\ 3 same as sent undefined
(The Search Accelerato rol command does not generate a response byte.)

‘1’, a programming voltage is present on thg Yin, indicating that one may try programming EPROM
devices.

SINGLE BIT

The Single Bit command is used to generate a single time slot on the 1-Wire bus at the speed indicated by
bits 2 and 3. The type of the time slot (write zero or write one) is determined by the logic value of bit 4. A
read data time slot is identical to the write one time slot. Bits 0 and 1 of the response byte transmitted by
the DS2480 at the end of the time slot reveal the value found on the 1-Wire bus when reading.

For a time slot without a subsequent strong pull-up, bit 1 of the command must be set to 0. For a time slot
immediately followed by a strong pull-up bit 1 must be set to 1. As soon as the strong pull-up is over, the
device will send a second response byte, code EFh (read 1) or ECh (read 0), depending on the value
found on the 1-Wire bus when reading. The strong pull-up directly following the single bit is used in
conjunction with the CryptoiButton.
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DS2480

SEARCH ACCELERATOR CONTROL
The Search Accelerator Control command is used to set or reset the Search Accelerator control flag. Bit 4
of the command code contains the state to which the accelerator control flag is to be set. Ifsrseflag i

to a 1 (on) the device translates every byte received in data mode into a 12-bit sequence on the 1-Wire
bus. For details on how the Search Accelerator works please refer to the section Search Accelerator
Operation. Before activating the Search Accelerator, one must make sure that the strong pull-up after
every byte is disarmed (see Pulse Command). The Search Accelerator command does not generate a
command response byte.

Although the Search Accelerator Control command itself does not g
used to select the communication speed on the 1-Wire bug
previous setting, e.g., from a Reset command) will take effe

PULSE
The Pulse command serves several function
command code. The main functions are ge
programming pulses for EPROM devices (if

data mode. The arm/disarm functio

whether the device will generate
below summarizes these opti?i%

BIT 4 N @ ~ FUNCTION
0 \ N a\\ strong pull-up to 5V and disarm
1 AN Y S0 \IQ\ ) D ] 12V Programming Pulse and disarm
0/ \J 1~ \ strong pull-up to 5V and arm
1 Iy 1| % 12V Programming Pulse and arm

The stron s/required to program EEPROM devices or to operate special function
devices that require\ a : rrent for a limited time after having received a “go and convert”
command. Therefore ause it significantly reduces the effective data throughput on the 1-Wire bus,
the strong pull-u gkmed most of the time. Although arming or disarming is simultaneously possible
while gen ggramming pulse, this is not recommended since it is likely to destroy the DS2480 if

section figuration Commands). However, unlimited duration is not allowed in conjunction with
arming tHe strong-pull-up after every byte. As long as the DS2480 is in Command Mode the host may
terminate a strong pull-up or programming pulse prematurely at any time by sending the cowaeand c

F1h. The response byte is generated as soon as the strong pull-up or programming pulse is over (either
because the predefined time has elapsed or due to termination). The response byte mainly returns the
command code as sent by the host, but the two least significant bits are undefined. If the strong pull-up is
armed and the device is in Data Mode, the end of the strong pull-up will be signaled as code F6h if the
most significant bit of the preceding data byte on the 1-Wire bus was a 1 and 76h otherwise. The host will
see this response byte in addition to the response on the data byte sent (see also section Wave Forms late
in this document).
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DS2480

SEARCH ACCELERATOR INTRODUCTION

The Search Accelerator is a logic block inside the DS2480 that allows using the Search ROM function
very efficiently under modern operating systems such as Windows and Windows 95/NT. Without the
DS2480 all 1-Wire port adapters have to involve the computer’s CPU for every single time slot or pulse
to be generated on the 1-Wire bus.

Under DOS, accessing peripherals such as the UART or parallel port is very straight forward and
therefore fast. Under Windows the situation is different and it may take several milliseconds or more to
get the first time slot generated on the 1-Wire bus. Every subsequent time slot will be generated in much
of bytes. This works reasonably

mrequires reading
Jtimes to identify

50 per second under DOS to less than 10 u i . ¢ thi Dlem the Search Accelerator
was developed.

The Search Accelerator receives from
execution of the Search ROM functio
appropriate time slots on the 1-Wj
ROM ID of the device actuall
ROM ID of one device has a

Since the M icroLAN
these bitg/ t ta lerfgth of data
CPU sends datagaster than i cs
each path and the xamtees the correct data timing and frees the CPU for other tasks while the
DS2480 performs

r3 X3 ra X2 51 X1 lo Xo
et cetera

16th byte

7 6 5 4 3 2 1 0

r63 X63 r62 X62 r6l X61 ré0 x60
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DS2480

In this scheme, the index (values from 0 to 63, “n”) designates the position of the bit in the ROM ID of a
MicroLAN compatible device. The character “x” marks bits that act as filler and do not requirefec speci
value (don’t care bits). The character “r’ marks the path to go at that particular bit in case of a conflict
during the execution of the ROM Search.

For each bit position n (values from 0 to 63) the DS2480 will generate three time slots on the 1-Wire bus.
These are referenced as:

b0 for the first time slot (read data)

bl for the second time slot (read data) and

b2 for the third time slot (write data).
The type of time slot b2 (write 1 or write 0) is determined by the D

b2 = 1, if conflict (as chosen by the host)
= Iy if no conflict (there is no alternative)
=1 if error (there is no response)
The response the host will receive during a comp DAS roug
Search Accelerator consists of 16 bytes as foflows

function using the

first byte
7 6 5 4 3 |/ 2 |)\A&A o/
r 3 d3 r 2 d2 r 1 / Q]/ r 0
et cetera g
16th byte e Q Ne )
Vi N\

ds I's1 10\ ) Mo deo
</

> occurred during the search procedure and the last sequence has to be repeated
763) is the ROM code of the device that has been found and addressed.

being thesindex number of the highest discrepancy flag that is 1 and setwall with i > m. This

process is repeated until the highest discrepancy occurs in the same bit position for two consecutive

passes.

The table below shows an example for the communication between host and DS2480 to perform one pass
through the Search ROM function using the Search Accelerator. After a device has been identified and

addressed, a (not specified here) memory function is executed and finally a reset pulse is generated. This
example assumes that the DS2480 was in Command Mode and that regular 1-Wire speed is used.
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DS2480

SEARCH ACCELERATOR USAGE EXAMPLE

Action Sequence Host TX Host RX
Generate Reset Pulse C1 C9
Set Data Mode E1l (nothing)
Search ROM command FO (as sent)
Set Command M ode E3 (nothing)
Search Accelerator On Bl (nothing)
Set Data Mode E1l (nothing) —
Send 16 bytes data response’
Set Command Mode E3 (ntthidgf 2/ )
Search Accelerator Off Al { (n@thingl/ \ V1
Set Data Mode E1l {4 (nbthirg) (a\\ V/
Do Memory Function N\ /A /) |\
Set Command Mode E3 A/ £nathing) N\ \ .\ ./
Generate Reset Pulse ci1 |\ \/{ ca [\\WVY)
N\ b o
CONFIGURATION COMMANDS
The DS2480 is designed to be config ments of its application. When the
device powers up and/or performs a . “‘wired default configutaigsitake
effect. These settings will workK gF i ume regular 1-Wire communication speed.
To change these def ? [ 2nt settings, the logic of the DS2480 supports
configuration com 7 onfiguration parameters, their default settings at
regular and Overdrive is shown in Table 3.
Parameters 1ot relat @d on the 1-Wire bus specify the duration of the 12-volts

communication wave forms i gcts “Flexible Speed” (see “Communication Commands” for speed
selection).

Flexible speed is i --
accomplished by:

te on falling edges (e. g., at the beginning of time slots, to reduce ringing),
Nrite 1 low time (allows the current flow through the network to end slowly, to
prevet gblage from inductive kickback),

programming’puylsg, the duration pof tke g plll-up to 5-volts and the baud rate on the interface that
connects/the DSZ2480 to the o% e remaining three parameters are used to modify the 1-Wire
U

to improve the performance of large MicroLAN Networks. This is

stabilize, % et a higher voltage margin) and

. adding extra recovery time between Write O time slots (allows more energy transfer through the
network, to replenish the parasite power supply of the devices on the bus).

The latter two functions are controlled by a single parameter. Taking advantage of flexible speesl requi
changing one or more of these parameters from their default values. Otherwise the waveforms will be
identical to those at regular speed.

Each configuration parameter is identified by its 3-bit parameter code and can be progranmomedfor

a maximum 8 different values using a 3-bit value code. A matrix of parameter codes and value codes with
the associated physical values in shown in Table 4.
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DS2480

CONFIGURATION COMMAND OVERVIEW TABLE 3

Parameter Description | Par. Code |Configurable at Default

Regular | Flexible | Overdrive Reg./Flex., Overdrive
Pull-Down Slew Rate 001 v 15 Vius 15 V/us
Control
Programming Pulse 010 v v v 512 us 512 us
Duration
Strong Pull-up Duration | 011 Vv v v 524 ms 524 ms
Write 1 low time 100 Vv NS 1lyus
Data Sample Offset and |101 Vv ( é/ )\
Write O Recovery Time S N &S
RS232 Baud Rate 111 v v \/\\" .6k bits(/s(\ Qg% Jits/s

The numbers given for parameter 001 (Pull-D

as specified in the Electrical Characteristics s
bus. Information on how to select the optimu

Edges”.

0 Recovery Time) is

110 is reserved for!: \
CONEIGVF ,‘4 Od

For the parameters 010 (Programming

alues They may vary

e nt of the load on the 1-Wire
iI5“given in section “Controlled

ong Pull-Up Duration) one may select
one is not going to switch the device
(hMOde, any pulse function (programming or

¢ terminated by sending the command code F1h.

PARAMETER VALUE CODES Table 4

¥ Value Codes Unit
Paharpet 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111

001 (PD@Q ) 15 22| 165 137 11 083 07 055 Vius
010 (PPD) 32 64 | 128 256/ 512 1024 2048 Us
011 (SPUD) 16.4| 655 131 262 524 1048 2096 « ms
100 (W1LT) 8 9 10 11 12 13 14 15 Us
101 (DSO/WORT) 3 4 5 6 7 8 9 D HS
111 (RBR) 96 @ 19.2) 576 1152 9.6 19.2 576 115.2 kbits/s
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DS2480
The syntax of configuration commands is very simple. Each 8-bit code word contains a 3-bit parameter
code to specify the parameter and the 3-bit value code to be selected. Bit 7 of the command code is set to
0 and bit 0 is always a 1. To read the value code of a parameter, one writes all zeros fontagpara
code and puts the parameter code in place of the parameter value code. Table 5 shows the details.
The configuration command response byte is similar to the command byte itself. Bit O of the response
byte is always 0. When writing a parameter, the upper 7 bits are the echo of the command code. When
reading a parameter, the current value code is returned in bit positions 1 to 3 with the upper 4 bits being
the same as sent (see Table 6).

CONFIGURATION COMMAND CODES Table 5 A @ P
FUNCTION BIT7 | BIT6 BIT5 BIT4 | BIT3 J(B¥2 BIThiY ™BITO
Write Parameter | 0 parameter code (. \pararfleter vayﬁp\ééddﬂ/) 1

Read Parameter 0 0 0 0 \ j)arame{/r\:‘p?s{é\ \ 1
ﬁ
CONFIGURATION COMMAND RESP@eé Tahle E\\A
FUNCTION BIT7 | BIT6 BIT5 BIT34-BIT3 /nmhf)z ¢~BIT1 | BITO
Write Parameter 0 sape aé\é Y| e as sent 0
Read Parameter 0 ;(aﬁé ag V\ |5£ ratneter value code 0

CONTROLLED EDGES

One of the tasks of the 3 10 act|vel e dges of the 1-Wire communication waveforms.

(I’ISI edges) and reduces ringing of |d(fialimges
haping risin always on. The slew rate of falling edges is actively
gpeed and req arameter for slew rate control being diffenaig fro

The active pdll-up of,
simple resistive pull-

ACTIVE P‘@'

es reduces the rise time on the 1-Wire bus significantly compared to a
4 shows how the DS2480 is involved in shaping a rising edge.
ure 4

Viapo /

ov |

1-WIRE BUS + f ﬁ\
IS DISCHARGED

t1 t2 t3
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DS2480
The circuit operates as follows: Atthe pull-down (induced by the DS2480 or a device on the bus) ends.
From this point on the 1-Wire bus is pulled high by the weak pull-up curkgrkply provided by the
DS2480. The slope is determined by the load on the bus and the value of the pull-up currghte At t
voltage crosses the threshold voltaggry. Now the DS2480 switches over from the weak pull-up
current fyveakpu to the higher currenindtpu. As a consequence, the voltage on the bus now rises faster.
As the voltage on the bus crosses the threshqlghd/at &, a timer is started. As long as this timer is on
(tapuoT), the herpu current will continue to flow. After the timer is expired, the DS2480 will switch back
to the weak pull-up current.

FALLING EDGES (DS2480-INITIATED)
Whenever the DS2480 begins pulling the 1-Wire bus low tg

WMy’ 30 meters length one
e@t lexible speed is the slew rate

SLEW RATE CONTROL Figure

TARGET FOR

5V

>
HIGH SLEW RATE — )

Once detgrmined, the value code for the Pull-Down Slew Rate Control parameter should be stored in the
host and always be loaded into the DS2480 after apower-on or master reset cycle.

TIMING DIAGRAMS

This section explains the wave forms generated by the DS2480 on the 1-Wire bus in detail. First the
communication wave forms such as the Reset/Presence Detect Sequence and the time slots are discusset
After that follows a detailed description of the pulse function under various conditions. The wave forms
as generated by the DS2480 may deviate slightly from specifications found in the “Book of DS19xx
iButton Standards” or in data sheets of 1-Wire slave devices. However, at a closer look one will find that
all of the timing requirements are met.
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1-WIRE COMMUNICATION WAVE FORMS
One of the major features of the DS2480 is that it relieves the host from generating the timing of the
1-Wire signals and sampling the 1-Wire bus at the appropriate times. How this is done for the
reset/presence detect sequence is shown in Figure 6a. This sequence is composed of four timing
segments: the reset low timgs#,, the short/interrupt sampling offsey, tthe presence detect sampling

offset ppr and a delay time-t,. The timing segments;t t.pr and ¢ comprise the reset high timgsty

where 1-Wire slave devices assert their presence or interrupt pulse. During this time the DS2480 pulls the
1-Wire bus high with its weak pull-up current.

The values of all timing segments for all 1-Wire speed option
reset/presence sequence is slow compared to the time slot
the same. Except for the falling edge of the presence puls¢ d '
shape of the uncontrolled falling edge is determined by the ‘ e of the
speed and sink capability of the slave devices connectes

RESET/PRESENCE DETECT Figure 6a @}‘

- RESET/PRESENCE SEQUENCE
¢ trsTL

|_
trRsTH "V
sv _
g v w
UNCONTROLLED /PEL?LESNECE <
FALLING EDGE )
ov A
tor = TIME
A sLoT
TESTING FOR SHER A D/OR NTERRYPT PRESENCE TESTING

shown in the table. Since the

5/for regulaf and flexible speed are
||@ by the DS2480. The
5 and the number,

I}
Speed /A lis\L\ tsi \U @)BJT e trsTH
Regular / [ [|512 Kz " 64 us 512 us 584 us
Overdrive \ us SR 8 us 64 s 74 us
Flexible \ _A12s | Vr&\ﬁ( 64 us 512 us 584 us

After having received

’ @nand code for generating a reset/presence sequence, the DS2480 pulls the
1-Wire bus low d

then lets it go back to 5-volts. The DS2480 will now wait for the

short/interrup
there is Dt g
will wa L ihor Andidest the voltage on the 1-Wire bus for a presence pulse. Regardless of the result of

If the test for interrupt or short reveals a logic 0, the DS2480 will wait for 4B9@&nd then test the
1-Wire bus again. If a logic 0 is detected, the 1-Wire bus is shorted and a command response byte with
the code for SHORT will be sent immediately. If a logic 1 is detected, the device will waij fotot
expire after which it will send the command response byte with the code for an alarming presence pulse.
No additional testing for a presence pulse will be done. The DS2480 will perform the short/interrupt
testing as described also at Overdrive speed, although interrupt signaling is only defined for regular
speed.
The idle time following the Reset/Presence Detect sequence depends on the serial communication speed
and the host’s response time.
A Write 1 and Read Data time slot is comprised of the segmenis tbso and tycn. During write 1
time slots, after the write 1 low timgotyy is over, the DS2480 waits for the duration of the data sample
offset and then samples the voltage at the 1-Wire bus to read the response. After this, the waiting time
tuicu1 Must expire before the time slot is complete. A Write 0 time slot only consists of the two segments
tLowo and keco
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If the network is large or heavily loaded, one should select flexible speed and exigni tmore than
8 us to allow the 1-Wire bus to completely discharge. Since a large or heavily loaded network needs more
time to recharge, it is also recommended to delay sampling the bus for reading. A highernighe fo
will increase the voltage margin and also provide extra energy to the slave devices when generating a
long series of write 0 time slots. However, the totalefit+ tbso should not exceed 22 ps*. Otherwise
the slave device responding may have stopped pulling the bus low when transmitting a logic O.
The idle time between time slots within a byte or during a 12-bit sequence while the Search Accelerator is
on is zero. Between bytes, 12-bit search sequences and single bits the idle time depends on the RS232

data rate and the host's response time. The response byte is sent tg ost as soon as the last time slot c
a byte, 12-bit sequence or the command is completed.

WRITE 1 AND READ DATA TIME SLOT Flgure

i TIME SLOT DURATION ts ot ‘

5V

N T

tlows \,
SAMPLING /\

ﬂlE

N

Speed tLow1 t HI 1v ts o™
Regular 8 us / 3 US 9 us 60 us
Overdrive s\ \//// 1us (| \ 8 us 10 ps
Flexible |8 thA5 AR1l0us 49 us 60 to 74 ps
v VQ

WRITEO/@\E} @) igurepc\

. 77 @ ™ e

ovk" A\ /n\(

\ _ NEXT
wOb - RECO TS

Speed e \\ 1 Bwo* treco tsLor*
Regular . /\\ VY ) T57us 3us 60 ps
Overgtiye ) { %\Y 7 s 3 s 10 ps
Flexible” o 57 us 31010 us 60 to 67 pus

*Ina S-mnvironmen&( 1-volt, full temperature range) the tolerance of the internal time base of

1-Wire slave devices is much narrower than what it is when operated at the minimum voltage of 2.8 volts.
Therefore, the timing generated by the DS2480 is in compliance with the requirements of all MicroLAN-
compatible 1-Wire devices.
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PULSE WAVE FORMS, DISARMED
The pulse command can be used to generate a strong pull-up to 5-volts and a 12-volts programming
pulse, respectively. The duration of the pulse is predefined if the parameter value code of parameter 010
(Programming Pulse Duration) and parameter 011 (Strong Pull-Up Duration), has a value from 000 to

110 (see Table 4). Figures 7a and 7b show the timing of a pulse with predefined duration, which should

be considered the normal case. If an infinite duration is chosen (parameter value code 111), the host must
terminate the pulse command, as shown in Figures 7c and 7d. All versions of Figure 7 assume that bit 1
of the pulse command is 0O, i.e., disarmed mode. See section Communication Commands, Pulse, for more
details on possibilities of the pulse command.

STRONG PULL-UP TO 5V, PREDEFINED DURA

IDLE

END OF PREVIOUS | TIME | tspu - Tl
5v TIME SLOT (( ((
/) /] (\

oV

The processing of a pulse £
programming pulse is reques

s % e_sédme, regardless if a strong pull-up or a
te host starts se g the pulse command byte. thetDS2480
mediately~generate$ the pulse. The pulse £add #hd DS2480

QN the host that the command is completed. The idle time
e@ rangmit the command byte at the selected baud rate. The

idle time b and 4 of thefime“1o transmit the response byte, plus the response time
of the hogt command and/or data to generate the next time slot.
12V PRO , PREDEFINED DURATION Figure 7b
12V (
)
END OF PREVIOU 6‘3& STEEP SHOPES 'T'IDI\;E BEGIN OF NEXT
5v TIME SLOT tep - }(}( TIME SLOT
\Y
oV
7 ! i i

2 t3 ta

A correct programming pulse can only be generated if the 12-volts programming voltage is available at
the Vpp pin of the DS2480. The slew rate of the rising and falling edge of the programming pulse (“steep
slopes”) is not actively controlled by DS2480. For EPROM programming, only a single slave device
should be connected to the 1-Wire bus and the cable must to be short, not to exceed a few meters. One
should not attempt generating a programming pulse with a non-EPROM device on the bus; this may
damage the device as well as the DS2480. Certain applications may require a duration for a strong pull-
up or programming pulse that cannot be realized using one of the predefined values. Selecting infinite
duration allows the host to generate pulses of any length. As a consequence, however, the host becomes
responsible to actively control the duration of the pulse. Failing to do so may require a power-on reset or
master reset cycle of the DS2480. For this reason, infinite duration should only be used if absolutely
necessary. The time to end a pulse of infinite duration strongly depends on the baud rate of the
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communication between host and DS2480. Neglecting the response time of the host, the minimum pulse
durations are: 86.8 us at 115.2 kbps, 173.6 us at 57.6 kbps, 520 pys at 19.2 kbps and 1.04 ms at 9.6 kbps.

STRONG PULL-UP TO 5V, INFINITE DURATION Figure 7c

END OF PREVIOUS | [DLE IDLE

TIME SLOT TIME STRONG PULL-UP ON TIME BEGIN OF NEXT
5y ( (( TIME SLOT
) !
ov )
A i S

As before, processing the command is essentially the sa i K2 strong pull-up or a
programming pulse. At the host starts sendingthe pyls & tAE 80 has received

the command and immediately activates the § ' 12V programming voltage.
To end the pulse, the DS2480 must receive g 3&’F1h, which ogcilitseat t
480\Will immediately end the pulse and
send out the response byte of the pu ANy 4 etvaeeingtis determined by the

12V PROGRAM URATION Figure 7d
12 7N 7 0
5v TIME o~ IS D T(';V'E BETIII\’/I\‘E sFLgEXT
9~ ”
oy @
m g A A

t t3 ty

FJFRORM, ARMED
section Communication Commands, bit 1 of the pulse command allows the arming of a

data mode, there will be a strong pull-up immediately following every byte on the 1-Wire bus. This mode

is implemented to provide extra energy when writing to EEPROM devices or to do a temperature
conversion with the DS1920 Temperature iButton, for example. These devices need a strong pull-up
immediately after the power-consuming activity has been initiated by a command code.

To arm the strong pull-up, one usually generates a “dummy” pulse with bit 1 being 1 while the device is

in command mode. To save time, the dummy pulse may immediately be terminated by sending the
termination command, code F1h. Then one switches to data mode and sends a command code that makes
one or more slaves on the 1-Wire bus require extra energy. After the command execution is finished, one
switches back to command mode and disarms the strong pull-up by generating another dummy pulse. A
complete temperature conversion sequence that shows the use of the armed pulse is included in Section
“Software DriverExamples”.
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STRONG PULL-UP TO 5-VOLTS, ARMED, PREDEFINED DURATION Figure 8

END OF 8th tspy TIME BEGIN OF NEXT
5v TIME SLOT (( (( TIME SLOT

/] )]

A

ty t2 ts

Figures 8 shows the timing of the strong pull-up in data mogeg, tA
the 1-Wire bus is completed. Without any delay the D 3
simultaneously starts sending the data response byte to H1E
DS2480 sends a pulse response byte to the Hostidle t Rtwee f ised of the time

hg byte sent to
h® s ong pull-up and

command and/or data to generate the next ti
Since in data mode the pulse termination co

compmfand also allows generating a strong pull-up
p of the Single Bit command, however, is controlled

sing the Sipgle B gnd, any duration of the strong pull-up including infinite
3 thextiming of the Single Bit command with the immediately following
gdiately following a single time slot is implemented to support the

g received the command code to run a program, the Eiryptoi

sends out an ackn
predefined time.

RONG PULL-UP, PREDEFINED DURATION Figure 9a

IDLE
TIME BEGIN OF NEXT
(( (( ACTIVITY

)

A

ty t ts

For predefined duration (Figure 9a) the timing is as follows:, Alhé time slot is completed. Now the
DS2480 activates the strong pull-up and simultaneously starts sending the response byte of the Single Bit
command to the host. At the strong pull-up ends and the DS2480 sends out a pulse respondinéyte.

idle time betweentand § is comprised of the time to transmit the pulse response byte, plus the response
time of the host plus the time to transmit the command and/or data to generate the next time slot. For
infinite duration (Figure 9b) the strong pull-up also begins immediately after the time slot is completed.
To end the strong pull-up, the DS2480 must receive a termination command, code F1h, which occurs at
to. The termination command does not generate a response byte. The DS2480 will then immediately end
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the strong pull-up and send out a pulse response byte. Everything else is the same as with predefined
duration.

SINGLE BIT WITH STRONG PULL-UP, INFINITE DURATION Figure 9b

IDLE
END OF PREVIOUS STRONG PULL-UP ON TIME BEGIN OF NEXT
5v TIME SLOT (( ACTIVITY

)

ov.

command, react to it and then transmit the terpamna f nd. Neg|e
shortest duration of an infinite strong pull-up
1.04 ms at 19.2 kbps and 2.08 ms at 9.6 kbps

to be generated on the 1-Wire bus into
al situations, such as reading the ROM,
> memory of a MetBotyn, programming
gfature conversion with the TempeBatitos i
Accelerator is included in the description of the Search
180 command codes used in these examples are valid for
ire busses (< 10 meters). The response byte on the
esehce pulse, no alarm or short. The DS2480 includes a 1-byte

the appropriate commands.
writing to the scratchpad of a

ost may send another byte even without having received the response
hey can be translated into 1-Wire activities may result in loss of data

Host TX Host RX
C1 C9
Set data rjode E1l (nothing)
Read ROM Command 33 (as sent)
Read ROM ID (8 bytes) FF (x8) ROM ID
Set command mode E3 (nothing)
Generate Reset Pulse C1 C9
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WRITE SCRATCHPAD SEQUENCE
Write 2 bytes to scratchpad at memory locations 16h and 17h

Action Sequence Host TX Host RX
Generate Reset Pulse C1 C9
Set data mode El (nothing)
Skip ROM Command CcC CcC
Write Scratchpad Cmd. OF (as sent)
Starting Address TA1 16 (as-sent)
Starting Address TA2 00 s sént)
Write to the Scratchpad (2 bytes) /\A ent) ")
Set command mode . ing) ~\ V¥_\
Gener ate Reset Pulse \/\\C{ [ e\ \\\;}
READ MEMORY SEQUENCE (\ @ f\g \3
Read 8 bytes from memory address 0040h 0

Action Sequence \ | ¥ f Host RX
Generate Reset Pulse \ \ ) > QQ/
Set data mode l,?_/lf) ] \ [ (p6thing)
Skip ROM Command lce/s Ca N0 )Y (as sent)
Read Memory Command /Q)\PO' \\ ) (as sent)
Starting Address TAL, /40 A\ (as sent)
Starting Address TR2V_ Y\ . 0a Q|| VY (as sent)
Read 8 bytes ofdata () /) RN data
Set command r mode\ -/ 6( D) (nothing)
Generate,lé@}?ul C9
WRITE EP SEQ 2505)
Write memory startlr@a 40h
Action Sequence Host TX Host RX
Set Vpp dur. = 5&&5 29 28
GenerateR C1 C9
Set dat/ ?ﬁ\ ¥ E1l (nothing)
Skip R ’C@Ma d cC (as sent)
Write Méthe Command OF (as sent)
Starting\Address TA1 40 (as sent)
Starting Address TA2 00 (as sent)
*** Send data byte (data) (as sent)
Receive CRC16 FF (x2) CRC16
Set command mode E3 (nothing)
Generate Program Pulse FD response
Set data mode E1l (nothing)
Read written byte FF (data)
Go to *** to write the next byte or end the sequence as shown below.
Set command mode E3 (nothing)
Generate Reset Pulse C1 C9
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TEMPERATURE CONVERSION SEQUENCE

Terminate pulse

Action Sequence Host TX Host RX

Set pull-up dur. =524 ms 39 38

Generate Reset Pulse C1 C9

Set data mode El (nothing)

Skip ROM Command CcC (as sent)

Set command mode E3 (nothing)

Arm strong pull-up EF j

Terminate pulse F1

Set data mode El

Convert Temperature 44 P,

Wait for pulse response (nothing) A

Set command mode E3 0\ ,/ (nothifig)) \ \\ W\
Disarm strong pull-up ED % (notfing) . ./

Generate Reset Pulse

x
TN el

HARDWARE APPLICATION E

U

UA

OR OC

SOUT (TXD)

\ A\

RXD
DS2480

TXD

\%

/:

Y

+/(-) 5MARS232 Figure 10b

DRIVER/
LEVEL SHIFTER

POWER
STEALING

UART

[1-WIRE BUS
1-W

_LEX]DDKHE_\I

STOP

VOLTAGE
REGULATOR

RETURN

OROC

RXD

SEE TEXT
1 TXD

DS2480

GND

POLV

1-WIRE BUS
1-W

RETURN

»
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DS2480
The signals DTR and RTS provide the power to operate the DS2480. The resistor in the TXD line and the
Schottky diode limit the negative voltage at the TXD pin of the DS2480 to 0.3 volts maximum. The
resistor is typically 4.7 Q. If the inverting driver is current-limited to 1 mA the resistor is not required.
From the DS2480’s perspective, this circuit will work with inverted signals ®ivolts as well as 0 to
5-volts. Depending on the voltage levels the host expects, it may be necessary to generate a negative
voltage on the RXD line. Figure 10c shows how this can be accomplished for a true RS232C system.

+ 12V RS232 Figure 10c

5V

POWER VOLTAGE
STEALING REGULATOR

v

UART S

OR OC :}

v

igwre X0c) the power for the DS2480 is stolen from
DTR and RTS. Thé 3 3 at at’least one of these signals constantly provides the
12-volts operatt ge . and the 4.7 volts Zener diode in the TXD line limit the

positive voltage at
0.3 volts ma
the negative\biz
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UART DIRECT OPTO ISOLATED Figure 10d

T -
Wi -l. |
! ?r & % i B E == ; I =}
e t— .
o | [effmmn | M L 2
=ENOM A= | e 7
‘ | xM. L
| — - !_ ... S
v (1T J'l_j-.? 1 [ - L S
The circuit in Figure 10d is essentially the in Fi . A8e main difference is the opto-

. Using a different type will affect

the values of the resistors that limit th¢ bias the photo transistors.

+57T0 12V RS232 OPT@%D

i Do g y P ™
e [ Sy
Py ; — f -
O = |

- . —-- lﬂ..i S PN,

. e ' oy

v e = =

FY .: 1Ei .I. ;I J_“L___ [ =

[t 1 I

The cirduk ¥ Figure 10e combines the true RS232C interface with opto-isolation. The energy to power
the LED'fh the TXD channel and to provide the positive voltage for the host's RXD input is stolen from
DTR and RTS. The negative voltage for the RXD input is taken from the TXD line through a parasitic
supply consisting of a Schottky diode in series with a capacitor. The HCPL-2202 opto-isolator has a
totem pole output that allows switching in positive as well as negative voltage. The +5-volts are sufficient
for most RS232C systems. Switching in 12-volts requires a opto-isolator with different voltage
characteristics. In the schematic the HCPL-2202 opto-isolator is sourced by the RXD pin of the DS2480.
It can as well be connected the traditional way where the DS2480 sinks the current through the LED.
This, however, causes a signal inversion that has to be compensated through the DS2480 by using a value
code of 100, 101, 110 or 111 for the RS232 baud rate setting. Using other types of opto-isolators than
shown in the schematic will at least require changing the values of the resistors.
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RS232 DATA TIMING RXD LINE Figure 11

START BITO BIT1 BIT 2 BIT3 BIT 4 BIT S5 BIT 6 BIT 7 STOP

4WVXFYXXXX ‘‘‘‘‘ =

(DIAGRAM DRAWN FOR POL = 5V)

10 Tx -

RECEIVE DELAY TIMING Figure 12 @
,fr—\
TXD ><_>< (DIAGRAM DRAWN FOR POL = 5V

T y START BIT

INPUT SAMPLING 8.5Tg 9.5Tg RXD

RS232 DATA TIMING TXD LINE

BIT O BIT 1 BIT 2 BIT 3
. ]‘*
B 7 ><

15T

@@@
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FUNCTION AND SPEED MATRIX Table 7

1-Wire Speed
Baud Rate Regular Flexible Overdrive Function

9600 bps V v V Search

v v v Command/Data
19200 bps X X V Search

V X v Command/Data
57600 bps X X V—\ | Search

X X . /\p Command/Data
115200 bps X X \4 / /| Seafeh )

X X mxnwmata
v tpLeT is guaranteed by the UART; no p

' : eces a
X not recommended unlesg kT is {499 fhe host th \ o unctlon
TXD LINE ASYMMETRY Figure 14—\ %

w—_—— - =c
STO = TR | Ll B
"y | /

b

1 Fl P h
P y
'-. A iR
.'- kY
— PR S -
— - dly —— -

|DLAGAARM DAAWH FOR POL = 5V

IgTapT = Ty + =) Ligiaa b= T — [+ Loy
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ABSOLUTE MAXIMUM RATINGS*

Voltage on 1-W to Ground -0.5V to +14.0V
Voltage on RXD, TXD, POL to Ground -0.5V to +7.0V
Operating Temperature -40°C to +85C
Storage Temperature -55°C to +125C
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 ng 'ed. Exposure to absolute
maximum rating conditions for extended periods of time a bility.
DC ELECTRICAL CHARACTERISTICS (Vppa= 46V 10 5.5\; 44 Q 5°C)
PARAMETER SYMBOL MAX) \ UN NOTES
Supply Voltage Ve N\4BELE 5.0 55 A\
Programming Voltage w o\ \1Bs/S | [NRRY )V 1
Operating Current ob \ A\~ 300 ) [5B00 T mA
Idle Current on ¥p e Y\ J /127 7 HA 2
Active Pull-up Timer Threshold /M9 /7 Vop:1A4 TVon{l ¥ v
Active Pull-up On Threshold % A Ca\ BT 1.2 v
1-Wire Input High / M 34\ |~ v
1-Wire Input Low / Mu A\ 1.8 v
TXD/POL input res{stor’_, \ R, _\|B0 ¥ kQ 3
TXD/POL inputteye|s ( )] WA VA \ N\ R.7 v
TXD/POL ipput levels v\V)/J 0.8 v
1-Wire wgal'p ‘]Jz) tdfrent WAk 1.5 3.0 5.0 mA
1-Wire attivie pllldup current /3( akteu 9 15 mA
Strong thage \A/STRPU 0.6 \Y; 4
@ 10 mA on 1-{4\(
Programming volta éy f@) AVproc 024 |V 5
@ 10 mA load o
RXD smk cu;re}q\ é) dir 6 mA
/ loHr -4 mA
PYR 3.3 \Y
PATRIP 9.5 \Y
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CAPACITANCES (ta = 25°C)
PARAMETER SYMBOL | MIN | TYP MAX UNITS NOTES

TXD/POL input capacitance | ¢ 5 pF

1-Wire input capacitance &z 10 pF

AC ELECTRICAL CHARACTERISTICS (Vpp = 4.5V to 5.5V;-40°C to 85°C)
PARAMETER SYMBOL | MIN TYP MAX UNITS NOTES

UART Bit Time Tr 8.68 104 NS 6

Device Bit Time ® 8.68 104 /0/5 B, 7

Fall Time RXD tr 8 26\4 [ 8 7 )

Rise Time RXD &R 13 7¢\ _Ans N\ 8 )

Transmit Idle Time bLET 0 PRCEZEETN LN

Receive Idle Time BLER e ) S W L\ )

Asymmetry Asym N/ /1 1 0) 10

Arrival Response Time AkR a4\ \l </|52 I\ ws 11

Master Reset Time vk 104\ \— (O )T 12

Active Pull-Up on Time devor  /B5)\ A 207/ us 13

Response Time rtse /[ (868+A ~\/104 Us 11, 14

NOTES: | — Q

Ve - AVprogMu

kbps, maximum at 9.6 kbps.
St cycle is complete affgris over.
. sgRvalue at Overdrive speed; maximum value at regular speed.
14. Ais\he time to complete the activity on the 1-Wire bus; values range from 0 (configuration
command) up to5130 us (alarming presence pulse)
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