Low Noise/Low Power

®

X9400

Quad SPI EEPOT™ Nonvolatile Digital Potentiometer

FEATURES

+ Four EEPOTs in One Package

+ SPI Serial Interface

+ Hardware Write Protection, WP

» Register Oriented Format
—Direct Read/Write Wiper Position

—Store as Many as Four Positions per Pot

+ Power Supplies

—VCC =2.7V 1o 5.5V

—V+ =27V to 5.5V

—V—-=-2.7V to -5.5V

+ Low Power CMOS

—Standby Current < 1pA

« High Reliability

—Endurance - 100,000 Data Changes per

Register

—Register Data Retention - 100 years
» 16 Bytes of EEPROM memory

« 10K Ohm Resistor Arrays

« Resolution: 64 Taps each Pot
» 24-Lead TSSOP, 24-Lead SOIC and 24-Pin
Plastic DIP Packages

DESCRIPTION

The X9400 integrates four nonvolatile (EEPQOTs), digitally
controlled potentiometers, on a monolithic CMOS
microcircuit.

The X9400 contains four resistor arrays, each composed
of 63 resistive elements. Between each slement and at
either end are tap points accessible to the wiper
elements. The position of the wiper element on the array
is controlled by the user through the SPI serial bus
interface.

Each resistor array has associated with it a Wiper
Counter Register and four 6 bit data registers that can be
directly written and read by the user. The contents of the
Wiper Counter Register controls the position of the wiper
on the resistor array. Power-up recalls the contents of
data register RO to the Wiper Counter Register.

FUNCTIONAL DIAGRAM
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PIN DESCRIPTIONS

Host Interface Pins
Serial Output (SO)

80 is a push/pull serial data output pin. During a read
cycle, data is shifted out on this pin. Data is clocked out
by the falling edge of the serial clock.

Serial Input

Sl is the serial data input pin. All opcodes, byte
addresses and data to be written to the pots and pot
registers are input on this pin. Data is latched by the
rising edge of the serial clock.

Serial Clock (SCK)

The SCK input is used 1o clock data into and out of the
X9400.

Chip Select (CS)

When CS is HIGH, the X9400 is deselected and the SO
pin is at high impedance, and (unless an internal write
cycle is underway) the device will be in the standby state.
CS LOW enables the X9400, placing it in the active
power mode. It should be noted that after a power-up, a
HIGH to LOW transition on CS is required prior to the
start of any operation.

Hold (HOLD)

HOLD is used in conjunction with the CS pin to select the
device. Once the part is selected and a serial sequence
is underway, HOLD may be used to pause the serial
communication with the controller without resetting the
serial sequence. To pause, HOLD must be brought LOW
while SCK is LOW. To resume communication, HOLD is
brought HIGH, again while SCK is LOW. If the pause
feature is not used, HOLD should be held HIGH at all
times.

Device Address (Ag—A4)

The address inputs are used to set the least significant 2
bits of the 8-bit slave address. A match in the slave
address serial data stream must be made with the
address input in order to initiate communication with the
X9400. A maximum of 4 devices may cccupy the SPI
serial bus.

Poientiometer Pins

Vi (Vo — Vua) Vi (Vip— Vi3
The VH and VL inputs are equivalent to the terminal

connections on either end of a mechanical
potentiometer.

Vw (Vwo — Vws)

The wiper outputs are equivalent to the wiper output of a
mechanical potentiometer.

Hardware Write Protect Input (WP)

The WP pin when LOW prevents nonvolatile writes 1o the
Wiper Counter Registers.

Analog Supplies (V+, V-)

The analog Supplies V+, V- are the supply voltages for
the EEPot analog section.

PIN CONFIGURATION

DIP/SOIC
vce 1 24 v+
vio =2 23] vLs
vHo [ 3 22 vH3
vwo ] 4 21 [ vwa
cs s 20 Ao
WP s 19 80

sz X e g HOID
A s 17 [ SCK
vt [ 9 16 vLe2
vHi []10 15 [] vH2
vwi [ 44 14 [ vwez
Vgg []12 131 V-
TSSOP
s ]+ 241 WP
P - 231 CS
vy (8 22 Vg
v [ 4 21 [ Vo
v 15 20 [ Vi
Ves [ 6 19 Y
-7 X0 5 g vfc
Ve [ 8 17 ] Vi3
Vi 39 161 Vhs
Vi 10 15T Vs
SCK 3 14 14 1 Aq
HOLD [ 12 13[] SO

7028 FM2
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PIN NAMES

Symbol Description
SCK Serial Clock
Sl, SC Serial Data
Ag-A4 Device Address
Vio-VHa, Potentiometers
Vig-Via (terminal equivalent)
Vivo_ Vvt Pqtentiomgters

(wiper equivalent)

WP Hardware Write Protecticn
Vo V- g\ﬂggisnd Voltage Follower
Vee System Supply Voltage
Vss System Ground
NC No Connection

7028 FRM To1

DEVICE DESCRIPTION

The X9400 is a highly integrated microcircuit
incorporating four resistor arrays and their associated
registers and counters and the serial interface logic
providing direct communication between the host and the
EEPOT potentiometers.

Serial Interface

The X9400 supports the SPl interface hardware
conventions. The device is accessed via the Sl input with
data clocked in on the rising SCK. CS must be LOW and
the HOLD and WP pins must be HIGH during the entire
operation.

The SO and Sl pins can be connected together, since
they have three state cutputs. This can help to reduce
system pin count.

Array Description

The X9400 is comprised of four resistor arrays. Each
array contains 63 discrete resistive segments that are
connected in series. The physical ends of each array are
equivalent to the fixed terminals of a mechanical
potentiometer (Vy and V|_inputs).

At both ends of each array and between each resistor
segment is a CMOS switch connected to the wiper (V)
output. Within each individual array only one switch may
be turned on at a time.

These switches are controlled by a Wiper Counter
Register (WCR). The six bits of the WCR are decoded to
select, and enable, one of sixty-four switches.

Wiper Counter Register (WCR)

The X9400 contains four Wiper Counter Registers, one
for each EEPQT potentiometer. The WCR is equivalent
to a serial-in, parallel-out register/counter with its outputs
decoded to select one of sixty-four switches along its
resistor array. The contents of the WCR can be altered in
four ways: it may be written directly by the host via the
Write Wiper Counter Register instruction {serial load); it
may be written indirectly by transferring the contents of
one of four associated data registers via the XFR Data
Register or Global XFR Data Register instructions
(parallel load); it can be modified one step at a time by
the Increment/Decrement instruction. Finally, it is loaded
with the contents of its data register zero (RO) upon
power-up.

The Wiper Counter Register is a volatile register; that is,
its contents are lost when the X9400 is powered-down.
Although the register is automatically loaded with the
value in RO upon power-up, this may be different from the
value present at power-down.

Data Registers

Each potentiometer has four 6-bit nonvolatile data
registers. These can be read or written directly by the
host. Data can also be transferred between any of the
four data registers and the associated Wiper Counter
Register. All operations changing data in one of the data
registers is a nonvolatile operation and will take a
maximum of 10ms.

If the application does not require storage of multiple
settings for the potentiometer, the data registers can be
used as regular memory locations for system parameters
or user preference data.

Table 1. Data Register Detail
(MSB) (LSB)
\ D5 ‘ D4 ‘ D3 \ D2 \ D1
NV NV NV NV NV NV
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FIGURE 1. Detailed Potentiometer Block Diagram

Write in Process

The contents of the Data Registers are saved to
nonvolatile memory when the CS pin goes from LOW to
HIGH after a complete write sequence is received by the
device. The progress of this internal write operation can
be monitored by a Write In Process bit (WIP). The WIP bit
is read with a Read Status command.

INSTRUCTIONS

Identification (ID) Byte

The first byte sent to the X9400 from the host, following a
CS going HIGH to LOW, is called the Identification byte.
The most significant four bits of the slave address are a
device type identifier, for the X9400 this is fixed as
0101[B] {refer to Figure 2).

The two least significant bits in the 1D byte select one of
four devices on the bus. The physical device address is
defined by the state of the Ag-A4 input pins. The X9400
compares the serial data stream with the address input
state; a successful compare of both address bits is
required for the X9400 to successfully continue the
command sequence. The Ag—A; inputs can be actively
driven by CMOS input signals or tied to Vo of Vgg.

The remaining two bits in the slave byte must be set o 0.

(One of Four Arrays) I
SERIAL DATA PATH SERIAL VH
FROM INTERF ACE ¢ I I BUS
CIRCUITRY INPUIT c
REGISTER 0 REGISTER 1 o
u
N
\f 8 { } 6 PARALLEL T
— 7 > BUS £
} ” { } ” INPUT =
REGISTER 2 REGISTER 3 WIPER ol ! !
COUNTER |E
REGISTER |C
wer) o
D
E
INC/DEC
IF WCR = 00[H] THEN VW = VL LOGIC
UPN I up/DN
IF WCR = 3F[H] THEN VW = VH y
MODIFIED SCK | « L
7028 FM11

FIGURE 2. Identification Byte Format

DEVICE TYPE
IDENIIFIER

DEVICE ADDRESS

7028 FM3
Instruction Byte
The next byte sent to the X9400 contains the instruction
and register pointer information. The four most significant
bits are the instruction. The next four bits point 1o one of
the four pots and, when applicable, they point to one of
four associated registers. The format is shown below in
Figure 3.

FIGURE 3. Instruction Byte Format

REGISTER
SELECT

INSTRUCTIONS POT SELECT

7028 FM5
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The four high order bits of the instruction byte specify the
operation. The next two bits (R and Rgp) select one of the
four registers that is to be acted upon when a register
oriented instruction is issued. The last two bits (P1 and Pg)
selects which one of the four potentiometers is to be
affected by the instruction.

Four of the ten instructions are two bytes in length and
end with the transmission of the instruction byte. These
instructions are:

+ XFR Data Reqgister 1o Wiper Counter Register - This
transfers the contents of one specified Data Register to
the associated Wiper Counter Register.

« XFR Wiper Counter Register to Data Register - This
transfers the contents of the specified Wiper Counter
Register to the specified associated Data Register.

« Global XFR Data Register to Wiper Counter Register -
This transfers the contents of all spacified Data
Registers to the associated Wiper Counter Registers.

+ Global XFR Wiper Counter Register to Data Register -
This transfers the contents of all Wiper Counter
Registers to the specified associated Data Registers.

The basic sequence of the two byte instructions is
illustrated in Figure 4. These two-byte instructions
exchange data between the WCR and one of the data
registers. A transfer from a data register to a WCR is
essentialy a write to a static RAM, with the static RAM
controlling the wiper position. The response of the wiper to
this action will be delayed by twrL. A transfer from the
WCR ({current wiper position), fo a data register is a write
o nonvolatile memory and takes a minimum of tyg fo
complete. The transfer can occur between one of the four
potentiometers and one of its associated registers; or it
may occur globally, where the transfer occurs between all
potentiometers and one associated register.

Five instructions require a three-byte sequence to
complete. These instructions transfer data between the
host and the X9400; either between the host and one of
the data registers or directly between the host and the
Wiper Counter Register. These instructions are:

+ Read Wiper Counter Register - read the current wiper
position of the selected pot,

+ Write Wiper Counter Register - change current wiper
position of the selected pot,

+ Read Data Register - read the contents of the selected
data register;

+ Write Data Register - write a new value 1o the selected
data register.

+ Read Status - This command returns the contents of the
WIP bit which indicates if the internal write cycle is in
progress.

The sequence of these operations is shown in Figure 5
and Figure 6.

The final command is Increment/Decrement. It is different
from the other commands, because it's length is
indeterminate. Once the command is issued, the master
can clock the selected wiper up and/or down in one
resistor segment steps; thereby, providing a fine tuning
capability fo the host. For each SCK clock pulse (iqiqH)
while Sl is HIGH, the selected wiper will move one resistor
segment towards the Vi terminal. Similarly, for each SCK
clock pulse while Sl is LOW, the selected wiper will move
one resistor segment towards the V| terminal. A detailed
llustration of the sequence and timing for this operation
are shown in Figure 7 and Figure 8.
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FIGURE 4. Two-Byte Command Sequence
os | [

sl

0 1 0 1 0 0 Al A0 I3 12 11 10 R1 RO P1 PO

7028 FM6

FIGURE 5. Three-Byte Command Sequence (Write)

e | [

s [T TTITTTTTTTT] HEEEEE

0 1 0 1 0 0 A1 AD 13 12 i 10 R1 RO P1 PO 0 0 D5 D4 D3 Dz D1 DO

7028 FM7

FIGURE 6. Three-Byte Command Sequence (Read)

= [

s [T _TTITTTTTTTTII Don’t Care I

0 1 o 1 0 0 Al AD I3 12 11 10 R1 RO P1 PO

= HEEEEE
\

0 0 D5 D4 D3 D2 D1 DO

7028 FM7

FIGURE 7. Increment/Decrement Command Squence

cs_l

JlFLI'LI'LFLﬂ_FLI'Iﬂ_I'IJ'LFLFLFLFLI'Lﬂ_I'IJ'LHJlﬂ_U_H_
: -

0 1 0o 1 0 0 At A0 13 12 1 10 o 0o P1 PO

NOZ —
- O=Z—
—~Oomg

S Omo

7028 FM8
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FIGURE 8. Increment/Decrement Timing Limits
|

s X X Y  SE—— :

YOLTAGE CUT

INC/DEC CMD ISSUED

7028 FM9

Table 1. Instruction Set

Instruction Set

Instruction I3 |12 | 4 |lop |Ry| Ro | Py | Pp Operation
Eggg t\é\;’iper Counter 1 olol 1o 0 Py | Po Eggids ttg;apo(;aimsgttsoog ythpe1 Ygifer Counter
\é\fergg t\:fe\c;iper Counter 1 0| 1 ol o 0 P, | Po \é{\lég?s tne?‘,; gi?wlt%% tt% t&({e F‘)l:li_;;%r Counter
Read Data Register 1 0| 1 1 |Ry| Ro | Py | Po E;i?egl?ocg;] tF? 1”_% OO;;ZERE:EanReQiSter
Write Data Register 1 1 0| 0|R|Ry| P Pg Write new value to the Data Register

pointed to by P1-Pg and R{—Rg

. Transfer the contents of the Data Register

QFR Dgta F{teglater_ t‘tj 111 10]|1]|R{| Ry | Py | Py | pointed to by Ry—Rg to the Wiper Counter
Iper Lounter Hegister Register pointed to by P1-Pg

. Transfer the contents of the Wiper Counter
XFR Wiper Gounter 111]1]0]|R| Ry| Py | Pp | Register pointed to by P4-Pg to the

Register to Data Register Register pointed to by Ry—Rq

Transfer the contents of all four Data
0|0 |0 1 |Ry{| Rg| O 0 | Registers pointed to by R{—Rg to their
respective Wiper Counter Register
Transfer the contents of all Wiper Counter
1 0| 0|0 |R|Ry| O 0 | Registers totheir respective data Registers
pointed to by R{-Rg

Global XFR Data Register
to Wiper Counter Register

Global XFR Wiper Counter
Register to Data Register

Increment/Decrement ol o ] 0ol o 0 P p Enable Increment/decrement of the Wiper
Wiper Counter Register 1 0 | Counter Register pointed to by P1-Pg

Read the status of the internal write cycle,
by checking the WIP bit.

Read Status (WIP bit) 0 1 0 1 0 0 0 1

7028 FM TO2
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Instruction Format

Notes: {1) “Al ~ A0": stands for the device addresses sent by the master.

{2) WPx refers to wiper position data in the Counter Register
{2) “I":stands for the increment operation, S| held HIGH during active SCK phase (high).
{3) “D":stands for the decrement operation, Sl held LOW during active SCK phase (high).

Read Wiper Counter Register (WCR)

device type device instruction WCR wiper position
Cs identifier | addresses opcode addresses | (sent by X9400 on SO) [o13]
Falling WIWwwwlwlw Rising
Edge010100?‘3‘100100?500PPPPPPEd98
5413|210
7028 FM TO3
Write Wiper Counter Register (WCR)
device type device instruction WCR Data Byte
CS identifier | addresses opcode addresses {sent by Host on Sl) cS
Edge lo 101 0o A 2110 /1|0ala|T| |ojo|p|P P P|P P|Edge
5/413|2/1|0
7028 FMT04
Read Data Register (DR)
device type device instruction | DR and WCR Data Byte
CS identifier | addresses opcode addresses {sent by X9400 on SO) CS
Falling WIWIWI W W|wW Rising
Edge No| 1[0 1]a 0| ¥ A t]of1 1T BT i oop|p|p|P p|p]Edee
5(4(3(2/1|0
7028 FM T05
Write Data Register (DR)
device type | device instruction | DR and WCR Data Byte
CS identifier | addresses | opcode addresses {sent by host on Sl) CS |-
Falling wiwlwlwiwlw Rising :
Ed99010100/1'\'81100?8?EOOPPPPPPEdge
5/4(3|2|1|0

7028 FM TOoB

Transfer Data Register (DR) to Wiper Counter Register (WCR)

__ ldevice type | device instruction | DR and WCR]
CS identifier | addresses | opcode addresses CS
Falling TR STRTP TP Rising
Edge Edge

e lojtjojtiofo gt {t{o 15170 9

7028 FMTO7
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Transfer Wiper Counter Register (WCR) to Data Register (DR)

___ | device type device instruction |DRand WCRY [
CS identifier | addresses | opcode addresses CsS |
Falllng ATA STRTP TP R|s|ng o
Edge Edge |
eqojtjojtiojo Yot 1oy ol1lal T

7028 FM T08
Increment/Decrement Wiper Counter Register (WCR)

o device type device instruction WCR increment/decrement o
C.S identifier addresses opcode addresses | (sent by master on SDA) CS
Falng AlA PIPRI| I I/ 1/ Reing
Edge Edge
9o1o1oo1ooo1oxx1ODD....DD9

7028FMTO09

Global Transfer Data Register {DR) to Wiper Counter Register (WCR)

o device type device instruction DR o

Cs identifier addresses opcode addresses CS

Falling Rising

Edge o |1]0|1]0|o0 |22 ololo|1|R|R|o]|o] Edge
110 10

7028 FMT10

Global Transfer Wiper Counter Register (WCR) to Data Register (DR)

| device type device instruction DR L
CS identifier | addresses opcode | addresses Cs
Falling Rising
Edge o1 0|1 0|0 A|A|1|o]o]o R Rlo|o]| Edge
1|0 1|0
7028FMT11
Read Status
device type device instruction wiper Data Byte
GS identifier | addresses opcode addresses | (sent by X9400 on SO) csS
Falling w| Rising
Edge010100’:\3010100010000000|Edge
P

7028FMTOS
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ABSOLUTE MAXIMUM RATINGS*

*COMMENT

Temperature under Bias.......................... —65°Cto+135°C  Siresses above those listed under “Absolute Maximum
Storage Temperature «............oooooe...... —65°C1to+150°c  Ratings” may cause permanent damage to the device.
Voltage on SCK, SCL or any Address Input This is a stress rating only and the functional operation of
With Respect 10 Ve ....orvveee oo, —1Vio+7v  the device at these or any other conditions above those
Voltage on V+ (referenced to Veg) ... ...ooorrvevevvecceeee. 10y listed in the operational sections of this specification is not
Voltage on V- (referenced 0 Vag) ......ovveeeoveerr e iov  implied. Exposure to absolute maximum rating conditions
(V) = V5 e 1oy  for extended periods may affect device reliability.
ANy Ve e V+
ANY V] e V-
Lead Temperature (Soldering, 10 seconds) ............. 300°C
RECOMMENDED OPERATING CONDITIONS
Temp Min. Max. Device Supply Voltage (Vo) Limits
Commercial 0°C +70°C X9400 5V £10%
Industrial —40°C +85°C X9400-2.7 27Vio 55V
7028 FMT12 7028 FMT13

Table 2. ANALOG CHARACTERISTICS (Over recommended operating conditions unless otherwise stated.)

Limits
Symbol Parameter Min. | Typ. | Max. | Units Test Conditions
RroTaL | End to End Resistance -20 +20 %
Power Rating 50 mwW 25°C, each pot
Y, Wiper Current -3 +3 mA
Rw Wiper Resistance 150 250 Q Wiper Current =+ 1mA
Vv+ | Voltage on Va Pin | 2400 +45 53
X9400-2.7 +2.7 +55
Vv- Voltage on V- Pin X9400 55 45 Vv
X9400-2.7 -55 -27
Vterm | Voltage onany Vyor V| Pin V- V+ Vv
Noise -120 dBV Ref: 1kHz
Resolution ¥ 1.6 Yo
Absolute Linearity () -1 +1 M Viw(n(actual) — Vw(n)texpected)
Relative Linearity @ -0.2 +0.2 | MI® | Vin 4 1) = Mwn) 2 mil
Temperature Coefficient 300 ppm/°C

7028 FMT14

Notes: (1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage as detemrmined by wiper position when used as a

potentiometer.

{2) Relative Linearity is utilized to determine the actual change in voltage bebween two successive tap positions when used as a

potentiometer. Itis a measure of the errorin step size.
{(3) MI=RTOT/63 or (V— V| )83, single pot
{(4) lindividual array resolutions.

10
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D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.)

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
oot &%\:‘SQL;PPIV Current 400 uA fgﬁ,ﬁ: :stz;SVC;: Open,
locz Voo Supply Current 1 mA fsok = 2MHz, SO = Open,
(Nonvolatile Write) Other Inputs = Vgg
Isp Ve Current (Standby) 1 A SCK =Sl =Vgg, Addr. = Vgg
I Input Leakage Current 10 LA Viy=Vsgto Ve
Lo Output Leakage Gurrent 10 LA Vout=VsgtoVee
ViH Input HIGH Voltage Voo x 0.7 Voo + 0.5 Vv
ViL Input LOW Voltage 05 Veox 0.1 Vv
VoL Qutput LOW Voltage 04 Vv loL =3mA
7028 FMT15
Table 3. ENDURANCE AND DATA RETENTION
Parameter Min. Units
Minimum Endurance 100,000 Data Changes per Register
Data Retention 100 Years
7028 FMT16
CAPACITANCE
Symbol Test Max. Units Test Conditions
Cout® Output Capacitance (SO) 8 pF VouT =0V
CiN® Input Capacitance (A0, A1, SI, and SCK) 6 pF ViN=0V
7028 FMT17
POWER-UP TIMING
Symbol Parameter Max. Units
tpur™® Power-up to Initiation of Read Operation 1 ms
tpuw® Power-up to Initiation of Write Operation 5 ms
7028 FMT18

A.C. TEST CONDITIONS

Input Pulse Levels

VCC x0.1to VCC x09

Input Rise and Fall Times

10ns

Input and Cutput Timing Level

Ve x 0.5

7028 FMT19

Notes: (5) This parameteris periodically sampled and not 100%
tested
(6) tpur and tpyw are the delays required from the time the
third (last) power supply (Vcc, V+ or V=) is stable until the spe-
cific instruction can be issued. These parameters are periodi-
cally sampled and not 100% tested.
{7) The bias order of power supply (Vcc, V+ and V-) don't care.

EQUIVALENT A.C. LOAD CIRCUIT

SDAOUTPUT

IH%LN\H%

1533Q

100pF

™

2.7V

11
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AC TIMING
Symbol Parameter Min. Max. Units
fsck SSI/SPI Clock Frequency 20 MHz
teve SSI/SPI Clock Cycle Time 500 ns
twH SSI/SPI Clock High Time 200 ns
bwL S81/SPI Clock Low Time 200 ns
I EaD Lead Time 250 ns
tLaG Lag Time 250 ns
tsu Sl, SCK, HOLD and CS Input Setup Time 50 ns
tH 8l, SCK, HOLD and GS Input Hold Time 50 ns
= Sl, SCK, HOLD and CS Input Rise Time 2 us
tF| Sl, SCK, HOLD and CS Input Fall Time 2 us
tnis S0 Qutput Disable Time 0 500 ns
by SO Qutput Valid Time 100 ns
tho SO Qutput Hold Time 0 ns
tro S0 Qutput Rise Time 50 ns
tro SO Qutput Fall Time 50 ns
tHoLp HOLD Time 400 ns
thsu HOLD Setup Time 100 ns
tHH HOLD Held Time 100 ns
thz HOLD Low to Qutput in High Z 100 ns
t 7 HOLD High to Output in Low Z 100 ns
T, Noise Su&ession Tiﬂe. Constant at 20 ns
51, SCK, HOLD and CS inputs
les CS Deselect Time 2 us
twPASU WP, AQ and A1 Setup Time 0 ns
twWPAH WP, A0 and A1 Hold Time 0 ns
7028 FMT20
HIGH-VOLTAGE WRITE CYCLE TIMING
Symbol Parameter Typ. Max. Units
twr High-voltage Write Gycle Time (Store Instructions) 5 10 ms

7028 FMT21

12
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EEPOT TIMING
Symbol Parameter Min. | Max. | Units
twrPo Wiper Response Time After The Third (Last) Power Supply Is Stable 10 ns
twrL Wiper Response Time After Instruction Issued (All Load Instructions) 10 us
Wiper Response Time From An Active SCL/SCK Edge (Increment/Decrement
twRID Instruction) 450 ns
7028 FMT22
SYMBCOL TABLE

WAVEFORM

INPUTS

Must be
steady

May change
from Low o
High
May change
from High to
Low

Don't Care:
Changes
Allowed

N/A

OUTPUTS

Will be
steady

Will change
from Low to
High
Will change
from High to
Low

Changing:
State Not
Known

Center Line
is High
Impedance

13
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TIMING DIAGRAMS

Input Timing

fcs —ﬂ

SCK

CS £
—1LEAD

tsu

S

o YOOK 0000 WRKEK" 000 o XOO000000000800

SO High Impedance

Qutput Timing

si- ADDR YXXXOOG0000CKX

CS
Ty h !
SO 4< MSB

- e >};

XXX RN XXHRIRX KX KNI

Hold Timing

TR04>

tHsu

sO

-

thz

X & X

v
v

SO0 XOWA A

tHoLD

v
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EEPOT Timing (for All Load Instructions)

s\ [

TWRL —«

sl RO MSB XXXXX XA XUAR- - XXX LB XO00XCARNRRNIXX

VWx

S0 High Impedance

EEPOT Timing (for Increment/Decrement Instruction)

CS /7
sck \ /O . /0
VWx X *‘ WRIE?.. X

S ADDR Y ine/Dec kXXX neDecXXXHX -+ KKIRRRXNORIOOAK

S0 High Impedance

Write Protect and Device Address Pins Timing

CS {Any Instruction)
o twpasu twPAH —
WP

A0

Al

15
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APPLICATIONS INFORMATION

Basic Configurations of Electronic Potentiometers

e |

_
] | vy,
1 g
—

L

Three terminal Potentiometer;
Variable voltage divider

Application Circuits
Noninverting Amplifier

Vs
Vo

Rq

Vo = (1+R2/R1)VS

Offset Voltage Adjustment

R Ry
Vs —AAMV——AM—
100KQ
TLO72
10KQ
10KQ 10KQ

+12V -12v

liVo

L

Sf il
Two terminal Variable Resistor;

Variable current

Voltage Regulator

adj

Rz

Vo {REG) =1.25V (1+Rp/Ry)+laq Ro

Comparator with Hysterisis

Vs
— VO

Vu ={Ry/(R1+Rp)} Vg(max)
Vi = {R4/(R4+Rz)} Vo(min)

Vo (REG)




X9400

Application Circuits (continued)

Attenuator

IiVo

R4 2 All Rg = 10k

Vo=GVs
A22G<41/2

Inverting Amplifier

HVO

Vo=GVg
G =-Ry/Ry

Function Generator

Filter

Go =1+RyRy
fe= 1/(27RC)

Equivalent L-R Circuit

Rz

Z|N=R2+SR2(R1 +R3) C1 =R2+SL8C|
(R-I + Rg) -l Rz

frequency «< Ry, Rp, C
amplitude =< Ry, Rg
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PACKAGING INFORMATION

24-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P

1.265 (32.13)
-

Y

1.230(3124)

1 1 1 [

1 1 1 [

PIN 1 INDEX— ()

0.557 (14.15)
0.530 (13.46)

l

L —_—
PIN 1 I N I w— I B N I W
11002794 | 0.080 (2.03)
REF. 0.065 (1.65)
. 0.162 (4.11)
SEATING 0.140 (3.56)
PLANE —
0.150 (3.81) ! ! E 0.030 (0.76)
0.125 (3.18) 0.015 {0.38)
i
| |
0.110 (2.79) L 0.065 (1.65) ’J Lo.ozz {0.56)
0.090 (2.29) 0.040 (1.02) 0.014 (0.36)

0.625 (15.87)
0600 (15.24)

TYP.0.010 (0.25)

NOTE:

1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS)
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH
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PACKAGING INFORMATION

24-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S

alaEsEs NS ls

PIN 1 INDEX

0.290 (7.37)  0.393 (10.00)
0299 (7.60)  0.420 {10.65)

l

~HHH HHH

L 0.014 (0.35)
_’. _

0.020 (0.50)

0.598 (15.20)
0610 (15.49)

R

Y

— : - 0.092 (2.35)
| i :M:F J 0.105 (2.65)
0.003 (0.10) %
0.050 (1.27) 0.012 (0.30)

0.010 (0.25)
T r 0.020 (0.50) * 45
0°—g°
J_\ 0009(022
ﬁ 0.013 (0.33)
0.015{0.40) L

0.050 (1.27)

0.420"

FOOTPRINT

0.050" TYPICAL

0.030" TYPICAL
24 PLACES

v

llllllllllllj

0.050"
TYPICAL

NOTE: ALL DIMENSIONS IN INCHES {IN PARENTHESES IN MILLIMETERS)

19




X9400

PACKAGING INFORMATION

24-LEAD PLASTIC, TSSOP PACKAGE TYPE V

%‘ h_oze (.65) BSC
QHARRRA T '

Y ol

) O 169 (4.3)
| | .
EELEEE ,,

303 (7.70)

( mu:um
0075 (.19) L 002 ( 06)
0118 (.30) 005 (15)
010(25
_'r_ _ _ Giage Plane
- Seating Plane
LY +‘ L .020 (.50) A
.030 (.75)
Detail A {20X)
R I{ \I .031 (.80)
' J\, 4L 041 (1.05)
See Detail "A” A

NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS)
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ORDERING INFORMATION

X9400 Y P T V
—L VCC Limits

Blank = 5V +10%
—27=271055V

Device

Temperature Range

Blank = Commercial = 0°C 1o +70°C
| = Industrial = —40°C 1o +85°C

M = Military = -55°C 10 +125°C

Package

P24 = 24-Lead Plastic DIP
524 = 24-Lead SOIC

V24 = 24-| ead TSSOP

Potentiometer Crganization
Pot0O Pot1 Pot2 Pot3
W= 10KQ  10KQ 10KQ  10KQ

LIMITED WARRANTY

Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc.
makes no warranty, express, statutory, implied, or by description regarding the information set forth herein or regarding the freedom of the
described devices from patent infringement. Xicor, Inc. makes no warranty of merchantability or fitness for any purpose. Xicor, Inc. reserves the
right to discontinue production and change specifications and prices at any time and without notice.

Xicor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embedied in a Xicoer, Inc. product. No other circuits, patents,
licenses are implied.

U.S. PATENTS

Xicor products are covered by one or more of the following U.S. Patents: 4,263,664, 4,274,012; 4,300,212; 4,314,265; 4,326,134, 4,393,481;
4,404,475; 4, 450,402; 4,488,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829, 482; 4,874, 967,
4,883, 976. Foreign patents and additional patents pending.

LIFE RELATED POLICY

In situations where semiconductor component failure may endanger life, system designers using this product should design the system with
appropriate error detection and correction, redundancy and back-up features to prevent such an occurence.

Xicor's products are not authorized for use in critical components in life support devices or systems.

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain
life, and whose failure to perform, when propery used in accordance with instructions for use provided in the labeling, can be reasonably
expected to result in a significant injury to the user.

2. A critical component is any compenent of a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or system, or to affect its safety or effectiveness.
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U.S. SALES OFFICES

Corporate Office
Xicor Inc.

1511 Buckeye Drive
Milpitas, CA 95035
Phone: 408/432-8888
Fax: 408/432-0640
E-mail: info@xicor.com

Southeast Region

Xicor Inc.

100 E. Sybelia Ave.

Suite 355

Maitland, FL 32751

Phone: 407/740-8282

Fax: 407/740-8602

E-mail: xicor-se@xicor.com

Northeast Region

Xicor Inc.

50 North Street

Danbury, CT 06810

Phone: 203/743-1701

Fax: 203/794-9501

E-mail: xicor-ma@xicor.com

North Central Region
Xicor Inc.

810 South Bartlett Road
Suite 103

Streamwood, IL 60107
Phone: 630/372-3200

Fax: 630/372-3210

E-mail: xicor-nc@xicor.com

South Central Region
Xicor Inc.

11884 Greenville Ave.
Suite 102

Dallas, TX 75243

Phone: 972/669-2022

Fax: 972/644-5835

E-mail: xicor-sc@xicor.com

Southwest Region

Xicor Inc.

4100 Newport Place Drive
Suite 710

Newport Beach, CA 92660
Phone: 714/752-8700

Fax: 714/752-8634

E-mail: xicor-sw@xicor.com

Xicor West

Xicor Inc.

3333 Bowers Ave.

Suite 238

Santa Clara, CA 85054
Phone: 408/492-1966

Fax: 408/980-8478

E-mail: xicor-nw@xicor.com

INTERNATIONAL SALES OFFICES

EUROPE

Northern Europe

Xicor Lid.

Grant Thornton House
Witan Way

Witney

Oxford OX8 6FE

UK

Phone: (44) 1933.700544
Fax: (44) 1933.700533
E-mail: xicor-uk@xicor.com

Central Europe

Xicor GmbH

Technopark Neukeferloh
Bretonischer Ring 15

85630 Grasbrunn bei Muenchen
Germany

Phone: {49) 8946.10080

Fax: (49) 8946.05472

E-mail: xicor-gm@xicor.com

ASIA/PACIFIC

Japan

Xicor Japan K.K.

Suzuki Building, 4th Floor
1-6-8 Shinjuku, Shinjuku-ku
Tokyo 160, Japan

Phone: (81) 3322.52004
Fax:(81) 332252319
E-mail: xicor-jp@xicor.com

Mainland China, Hong Kong,
Taiwan, Singapore, Malaysia
Xicor Hong Kong, Ltd.

Room 7, Business Centre

B1, Grand Stanford Harbour View
70 Mody Road, Tsimshatsui East

Kowloon, Hong Kong
Phone: (852) 2313 7607
Fax: (852) 2313 7507

E-mail: xicor_hongkong@sxicor.com

Australia, India, New Zealand
Xicor Inc.

4100 Newport Place Drive
Suite 710

Newport Beach, CA 92660
Phone: 714/752-8675

Fax: 714/752-8645

E-mail: xicor-ap@xicor.com

Korea

Xicor Korea, Ltd.

27th Fl., Korea World Trade Cir.
159, Samsung-dong

Kangnam Ku

Seoul 135-729

Korea

Phone: (82) 2.5651.2750

Fax: (82) 2.551.2710

E-mail: xicor-ka@xicor.com

() = Country Code

Xicor product information is available at:

WWW.XICOor.com

Xicor, Inc., Marketing Dept. 1511 Buckeye Drive, Milpitas, California 95035-7493 TEL 408/432-8888 FAX 408/432-0640 2/98



