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Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

General Description

The DS3904 contains three nonvolatile (NV) low tem-
perature coefficient variable digital resistors. Each
resistor has 128 user-selectable positions. Additionally,
the DS3904 has a high-impedance option that allows
each resistor to function as a digital switch. The
DS3904 can operate over a 2.7V to 5.5V supply voltage
range, and communication with the device is achieved
through a 2-wire serial interface. An address pin allows
two DS3904s to operate on the same bus. The low-cost
and small size of the DS3904 make it an ideal replace-
ment for conventional mechanical trimming resistors.

Applications

Power-Supply Calibration

Cell Phones and PDAs

Fibre Optic Transceiver Modules
Portable Electronics

Small and Low-Cost Replacement for
Conventional Mechanical Trimming Resistors

Test Equipment

Features

¢ Three 20kQ, 128-Position Linear Digital Resistors

¢ Resistor Settings are Stored in NV Memory

<
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Each Resistor has a High-Impedance Setting for
Switch Operation to Control Digital Logic

Low Temperature Coefficient

2-Wire Serial Interface

2.7V to 5.5V Operating Range

Industrial Temperature Range: -40°C to +85°C
Packaging: 8-Pin uSOP

Ordering Information

PIN- RESISTANCE
PART  TEMPRANGE  paCKAGE
DS3904  -40°Cto +85°C 8 pSOP 20kQ + Hi-Z
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For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

ABSOLUTE MAXIMUM RATINGS

Voltage on Vcc Pin Relative to Ground................. -0.5V to +6.0V Operating Temperature Range ...........cccccoeeeeenn. -40°C to +85°C
Voltage on SDA, SCL, and Programming Temperature Range ..............cc......... 0°C to +70°C

AO Relative to Ground™ .............ccceeevniinn. -0.5Vto Vce + 0.5V Storage Temperature Range .........ccc.ccooeveeeen. -55°C to +125°C
Voltage on HO, H1, and Soldering Temperature ................ See J-STD-020A Specification

H2 Relative to Ground....... -0.5V to +6.0V when V¢ Powered
Current Through HO, H1, and H2......cccocooiiiiiiii 3mA

*This voltage must not exceed 6.0V.
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional

operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(TA = -40°C to +85°C)
PARAMETER

SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Vce (Note 1) 2.7 5.5 \
. 0.7 x Vce +
Input Logic 1 VIH Vee 03 V
) 0.3x
Input Logic O \ -0.3 \
P 9 IL Vee
Resistor Current IR 3 mA
Resistor Terminals
HO, H1, H2 Voo = +2.7V 1o +5.5V -0.3 +5.5 Vv
DC ELECTRICAL CHARACTERISTICS
(Vce = +2.7V to +5.5V, Ta = -40°C to +85°C, unless otherwise noted.)
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
Input Leakage I (Note 2) -1 +1 pA
Standby Supply Current | vee = 3V (Note 3) 1 209 A
u u
Y SUPRY STBY Ve = 5V (Note 3) 145 H
Vou1 3mA sink current 0 0.4
Low-Level Output Voltage (SDA) - \
VoL2 6mA sink current 0 0.6
ANALOG RESISTOR CHARACTERISTICS
(Vce = +2.7V to +5.5V, Ta = -40°C to +85°C, unless otherwise noted.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Absolute Linearity (Note 4) -1 +1 LSB
Relative Linearity (Note 5) -0.5 +0.5 LSB
Temperature Coefficient Position 7Fh (Note 6) -200 +123 +400 | ppm/°C
Position 7Fh Resistance RMmAX Ta = +25°C 14.5 20 255 kQ
Position 00h Resistance RMIN Ta = +25°C 200 500 Q
High Impedance RHi-z 5 MQ
n >
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

AC ELECTRICAL CHARACTERISTICS
(Vo = +2.7V to +5.5V, Ta = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Fast mode (Note 7) 0 400
SCL Clock Frequency fscL kHz
Standard mode (Note 7) 0 100
Bus Free Time between STOP BUE Fast mode (Note 7) 1.3 us
and START Conditions Standard mode (Note 7) 4.7
Hold Time (Repeated) START Fast mode (Notes 7, 8) 0.6
iy tHD:STA Hs
Condition Standard mode (Notes 7, 8) 4.0
) Fast mode (Note 7) 1.3
Low Period of SCL Clock tLow us
Standard mode (Note 7) 4.7
. . Fast mode (Note 7) 0.6
High Period of SCL Clock tHIGH us
Standard mode (Note 7) 4.0
) Fast mode (Notes 7, 9, 10) 0 0.9
Data Hold Time tHD:DAT ys
Standard mode (Notes 7, 9, 10) 0 0.9
) Fast mode (Note 7) 100
Data Setup Time tSU:DAT ns
Standard mode (Note 7) 250
Start Setuo Ti ; Fast mode 0.6
art Setup Time : s
P SUSTA Standard mode 4.7 H
Rise Time of Both SDA and SCL R Fast mode (Note 11) 20 +0.1Cg 300 e
Signals Standard mode (Note 11) 20 +0.1Cp 1000
Fall Time of Both SDA and SCL e Fast mode (Note 11) 20 +0.1Cg 300 s
Signals Standard mode (Note 11) 20 + 0.1Cg 300
Setup Time for STOP Condition t Fast mode 06 s
up Ti iti :

P SUSTO Standard mode 4.0 H
Qapamhve Load for Each Bus Ca (Note 11) 400 oF
Line
EEPROM Write Time tw (Note 12) 20 ms
Startup Time tsT 2 ms
NONVOLATILE MEMORY CHARACTERISTICS

(Vo = +2.7V to +5.5V, Ta = -40°C to +85°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Writes 85°C 50,000

& DALLAS M /1K1 M
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

AC ELECTRICAL CHARACTERISTICS (continued)
(Vo = +2.7V to +5.5V, Ta = -40°C to +85°C.)

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:

Note 6:

Note 7:

Note 8:
Note 9:

Note 10:

Note 11:
Note 12:

All voltages are referenced to ground.

Applies to AO, SCL, SDA as well as HO, H1, and H2 in the high-impedance state.

IsTBY specified with SDA = SCL = Vcc and A0 = GND.

Absolute linearity is used to determine expected resistance. Absolute linearity is defined as the deviation
from the straight line drawn from the value of the resistance at position 00h to the value of the resistance at
position 7Fh.

Relative linearity is used to determine the change of resistance between two adjacent resistor positions.
Temperature coefficient specifies the change in resistance as a function of temperature. The temperature
coefficient varies with resistor position. Guaranteed by design.

A fast-mode device can be used in a standard-mode system, but the requirement tsy:pAT > 250ns must
then be met. This is automatically the case if the device does not stretch the LOW period of the SCL signal.
If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA
line tRVAX + tSU:DAT = 1000ns + 250ns =1250ns before the SCL line is released.

After this period, the first clock pulse is generated.

The maximum tHD:DAT has only to be met if the device does not stretch the LOW period (tLow) of the SCL
signal.

A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the VN MIN of
the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

Cp—total capacitance of one bus line in picofarads, timing referenced to 0.9 x Vcc and 0.1 x Vcc.
EEPROM write begins after a stop condition occurs.
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

Typical Operating Characteristics
(Vce = +5.0V; 20kQ plots apply to ResO, Res1, and Res2, Ta = +25°C unless otherwise noted.)
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DS3904

DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

Typical Operating Characteristics (continued)
(Vce = +5.0V; 20kQ plots apply to Res0, Res1, and Res2, Ta = +25°C unless otherwise noted.)
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

Pin Description

PIN NAME FUNCTION
’ SDA Q—ere Serial Data. Qpen—dram
input/output for 2-wire data.
5 scL 2-Wire Serial Clock. Input for 2-wire
clock.
3 Vce Supply Voltage Terminal
4 GND Ground Terminal
56,7 H2, H1, HO | Resistor High Terminals
8 A0 Address-Select Input

Detailed Description

The DS3904 contains three, 128-position, NV, low tem-
perature coefficient variable digital resistors. It is con-
trolled through a 2-wire serial interface, and it serves as
a low-cost replacement for designs using conventional
trimming resistors. Furthermore, the address pin allows
two DS3904s to be placed on the same 2-wire bus.

With its low cost and small size, the DS3904 is well tai-
lored to replace larger mechanical trimming variable
resistors. This allows the automation of calibration in
many instances because the 2-wire interface can easily
be adjusted by test/production equipment.

Variable Resistor
Memory Organization

The variable resistors of the DS3904 are addressed by
communicating with the registers in Table 1.

Table 1. Variable Resistor Registers

ADDRESS | 1idicron | RESISTANCE | POSITIONS:
F8h Resistor O 20kQ ;iﬁ)(golji—tg
Foh Resistor 1 20kQ ;iﬁ)eolﬂi—t;
FAh Resistor 2 20kQ ;EE)(SO::;

*Writing a value greater than 7Fh to any of the resistor registers
sets the high-impedance mode control bit (RHIZ, the MSB of
the resistor register) resulting in the resistor going into high-
impedance mode.

& DALLAS M /1K1 M
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Figure 1. DS3904 Block Diagram

Device Operation

Clock and Data Transitions
The SDA pin is normally pulled high with an external
resistor or device. Data on the SDA pin can only change
during SCL low time periods. Data changes during SCL
high periods indicates a start or stop condition depend-
ing on the conditions discussed below. See the timing
diagrams for further details (Figures 2 and 3).

Start Condition
A high-to-low transition of SDA with SCL high is a start
condition, which must precede any other command. See
the timing diagrams for further details (Figures 2 and 3).

Stop Condition
A low-to-high transition of SDA with SCL high is a stop
condition. After a read or write sequence, the stop
command places the DS3904 into a low-power mode.
See the timing diagrams for further details (Figures 2
and 3).

Acknowledge
All address and data bytes are transmitted through a
serial protocol. The DS3904 pulls the SDA line low dur-
ing the ninth clock pulse to acknowledge that it has
received each byte.
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

Standby Mode
The DS3904 features a low-power mode that is auto-
matically enabled after power-on, after a stop com-
mand, and after the completion of all internal
operations.

Bus Reset
After any interruption in protocol, power loss, or system
reset, the following steps reset the DS3904:

1)  Clock up to nine cycles.
2)  Look for SDA high in each cycle while SCL is high.
3) Create a start condition while SDA is high.

Device Addressing
The DS3904 must receive an 8-bit device address byte
following a start condition to enable a specific device
for a read or write operation. The address byte is
clocked into the DS3904 MSB to LSB. The address
byte consists of 101000 binary followed by A0 then the
R/W bit. If the R/W bit is high, a read operation is initiat-
ed. If the R/W bit is low, a write operation is initiated.
For a device to become active, the value of the AO bit
must be the same as the hard-wired address pins on
the DS3904. Upon a match of written and hard-wired
addresses, the DS3904 outputs a zero for one clock
cycle as an acknowledge. If the address does not
match, the DS3904 returns to a low-power mode.

Write Operations
After receiving a matching device address byte with the
R/W bit set low, the device goes into the write mode of
operation. The master must transmit an 8-bit EEPROM
memory address to the device to define the address
where the data is to be written. After the byte has been
received, the DS3904 transmits a zero for one clock
cycle to acknowledge that the memory address has
been received. The master must then transmit an 8-bit
data word to be written into this memory address. The
DS3904 again transmits a zero for one clock cycle to
acknowledge the receipt of the data byte. At this point,
the master must terminate the write operation with a stop
condition. The DS3904 then enters an internally timed
write process tyw to the EEPROM memory. All inputs are
disabled during this write cycle.

Acknowledge Polling
Once the internally timed write has started and the
DS3904 inputs are disabled, acknowledge polling can
be initiated. The process involves transmitting a_start
condition followed by the device address. The R/W bit
signifies the type of operation that is desired. The read
or write sequence is only allowed to proceed if the
internal write cycle has completed and the DS3904
responds with a zero.

8

Read Operations
After receiving a matching address byte with the R/W
bit set high, the device goes into the read mode of
operation. A read requires a dummy byte write
sequence to load in the register address. Once the
device address and data address bytes are clocked in
by the master, and acknowledged by the DS3904, the
master must generate another start condition (repeated
start). The master now initiates a read by sending the
device address with the R/W bit set high. The DS3904
acknowledges the device address and serially clocks
out the data byte. The master responds with a NACK
and generates a stop condition afterwards.

See Figures 4 and 5 for command and data byte struc-
tures as well as read and write examples.

2-Wire Serial Port Operation

The 2-wire serial port interface supports a bidirectional
data transmission protocol with device addressing. A
device that sends data on the bus is defined as a trans-
mitter, and a device receiving data as a receiver. The
device that controls the message is called a “master.”
The devices that are controlled by the master are
“slaves.” The bus must be controlled by a master
device that generates the SCL, controls the bus
access, and generates the start and stop conditions.
The DS3904 operates as a slave on the 2-wire bus.
Connections to the bus are made through SCL and
open-drain SDA lines. The following I/O terminals con-
trol the 2-wire serial port: SDA, SCL, and AQO. Timing
diagrams for the 2-wire serial port can be found in
Figures 2 and 3. Timing information for the 2-wire serial
port is provided in the AC Electrical Characteristics
table for 2-wire serial communications.

The following bus protocol has been defined:

Data transfer can be initiated only when the bus is
not busy.

During data transfer, the data line must remain stable
whenever the clock line is high. Changes in the data
line while the clock line is high are interpreted as con-
trol signals.

Accordingly, the following bus conditions have been
defined:

Bus Not Busy: Both data and clock lines remain high.

Start Data Transfer: A change in the state of the data
line from high to low while the clock is high defines a
start condition.

Stop Data Transfer: A change in the state of the data
line from low to high while the clock line is high defines

the stop condition.
B DALLAS M /X1 VI




DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch
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Figure 3. 2-Wire AC Characteristics

Data Valid: The state of the data line represents valid
data when, after a start condition, the data line is stable
for the duration of the high period of the clock signal. The
data on the line can be changed during the low period of
the clock signal. There is one clock pulse per bit of data.
Figures 2 and 3 detail how data transfer is accomplished
on the 2-wire bus. Depending upon the state of the R/W
bit, two types of data transfer are possible.

Each data transfer is initiated with a start condition and
terminated with a stop condition. The number of data
bytes transferred between start and stop conditions is
not limited and is determined by the master device. The
information is transferred byte-wise and each receiver
acknowledges with a ninth bit.

& DALLAS M /1K1 M

Within the bus specifications, a regular mode (100kHz
clock rate) and a fast mode (400kHz clock rate) are
defined. The DS3904 works in both modes.

Acknowledge: Each receiving device, when
addressed, generates an acknowledge after the byte
has been received. The master device must generate
an extra clock pulse that is associated with this
acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is a stable low during the high period
of the acknowledge-related clock pulse. Of course,
setup and hold times must be taken into account. A
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

The DS3904 can operate in the following three modes:
COMMAND BYTE DATA BYTE 1) Slave Receiver Mode: Serial data and clock are
MSB LsB MSB LB received through SDA and SCL, respectively. After
suat[1 Jo[+JoJoJofwlm] [T TTTITTT] each byte is received, an acknowledge bit is trans-
“DEVCE DENTIFER  SUVE A P A—— mitted. Start and stop conditions are recognized as
_OR  ADDRESS CONTROL BIT the beginning and end of a serial transfer. Address
FAMILY CODE recognition is performed by hardware after the
slave (device) address and direction bit has been

Figure 4. Command and Data Byte Structures received.

2) Slave Transmitter Mode: The first byte is received
master must signal an end of data to the slave by not and handled as in the slave receiver mode.
generating an acknowledge bit on the last byte that has However, in this mode the direction bit indicates
been clocked out of the slave. In this case, the slave that thg transfer direction is reversed. Serial datalis
must leave the data line high to enable the master to transmitted on SDA by the DS3904 while the serial
generate the stop condition. clock ig input on SCL. St.art.and stop conditions are
Data transfer from a master transmitter to a slave treco?mzed as the beginning and end of a serial
receiver. The first byte transmitted by the master is the ranster. ' '
command/control byte. Next follows a number of data 3) Slave Address: Command/control byte is the first
bytes. The slave returns an acknowledge bit after each byte received following the start condition from the
received byte. master qlevice. The command/control byte Qonsists
Data transfer from a slave transmitter to a master of 318'1%580&.”0' cofde. Fog/the'tD83904,t'th|s |sTshet
receiver. The master transmits the first byte (the com- as ¢ bit of th Inary tor rde/a \f[vr||ebotpe'raﬂ|10n(sj. he
mand/control byte) to the slave. The slave then returns nelx t'b.? elcommjlg conArg |>t/(.9 IS S bevtf]e
an acknowledge bit. Next follows the data byte trans- se etc Cli or s?ve al tres? (h )ft IS éjse. y te
mitted by the slave to the master. The master returns master device 1o select which of two devices IS 10
NACK followed by a stop. be accgssed. When reading or writing thQ DS3904,

. . the device-select bits must match the device-select
The master device generates all serial clock pulses and pin (A0). The last bit of the command/control byte
the start and stop conditions. A transfer is ended with a (R/W) defines the operation to be performed. When
stop condition or with a repeated start condition. Since set to a ‘1, a read operation is selected, and when
a repeated start condition is also the beginning of the setto a ‘0", a write operation is selected.
next serial transfer, the bus is not released.
EXAMPLE 2-WIRE TRANSACTIONS
;HOM EROM EROM
WRITE 550 T0 MSB LSB LAVE | \MSB LSB LAVE  [MSB LSB LAVE
REWISTTSEOD:('Z)SM ISTART‘P ‘0‘1 ‘0‘0‘0‘0‘0 HACK H1 ‘1 ‘1‘1‘1‘0‘0‘0”/«% ‘ 0‘1 ‘0‘1 ‘0‘1 ‘o ‘1 HACK HSTOP‘
. MSB LSB MSB LSB MSB LSB
" @R Do [ o [ Do [ o o [ [ [ T[T | ) o [o[o o Lo v o ey e
WITHAO =1
MSB LSB MSB LSB MSB LSB
LSO () [smar ][+ To [+ o o JoJo Lo e+ T o [T oo [o o]+ T o o [ I [ Jloecc][omer ]
WITHAO=0
READ DATA FROM MSB LSB MSB LSB
¢ T DD G S Rt
MSB LSB MSB LSB | MASTER
NONODONN il EECTTEEE 3 kN

Figure 5. Example 2-Wire Transactions
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DS3904 Triple 128-Position Nonvolatile
Variable Digital Resistor/Switch

Following the start condition, the DS3904 monitors the
SDA bus checking the device-type identifier being
transmitted. Upon receiving the 101000 control code,
the appropriate device address bit, and the read/write
bit, the slave device outputs an acknowledge signal on
the SDA line.

Applications Information

Power-Supply Decoupling
To achieve the best results when using the DS3904,
decouple the power supply with a 0.01pyF or 0.1pF
capacitor. Use a high-quality ceramic surface-mount
capacitor. Surface-mount components minimize lead
inductance, which improves performance, and ceramic
capacitors tend to have adequate high-frequency
response for decoupling applications.

Using the Resistor as a Switch
By taking advantage of the high-impedance mode, a
switch can be created to produce a digital output.
Setting one of the resistor registers to 00h creates the
low state. Writing 80h into the same resistor register
enables the high-impedance state. Furthermore, an
external pullup resistor can be used to generate a high
state as well.

High Resistor Terminal Voltage
It is possible to have a voltage on the resistor-high termi-
nals that is higher than the voltage connected to Vcc.
For instance, connecting Vcc to 3.0V while one or more
of the resistor high terminals are connected to 5.0V
allows a 3V system to control a 5V system. The 5.5V
maximum still applies to the limit on the resistor high ter-
minals regardless of the voltage present on Vcc.

Chip Information

TRANSISTOR COUNT: 9049
SUBSTRATE CONNECTED TO GROUND

Package Information

For the latest package outline information, go to www.maxim-ic.
com/packages.
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