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ISL90842
Quad Digitally Controlled Variable Resistors Low Noise, Low Power 12C Bus, 256 Taps

FN8096
Rev 1.00
January 16, 2006

The ISL90842 integrates four digitally controlled Pinout
potentiometers (DCP) configured as variable resistors on a ISL90842
monolithic CMOS integrated circuit. (14 LEAD TSSOP)
- . . . TOP VIEW

The digitally controlled potentiometers are implemented with
a combination of resistor elements and CMOS switches. The

" . RH3[]1 14[JRwo
position of the wipers are controlled by the user through the rws [ 2 1357 RHO
I2C bus interface. Each potentiometer has an associated
Wiper Register (WR) that can be directly written to and read scLL3 12 vee
by the user. The contents of the WR controls the position of sDAL]4 1At
the wiper. GND[]5 10[ JAo

Rw2[]6 9[IRH1
The DCPs can be used as two-terminal variable resistors in RH2]7 8[TRWA
a wide variety of applications including control, parameter
adjustments, and signal processing.
Features
» Four variable resistors in one package
» 256 resistor taps - 0.4% resolution
« 12C serial interface
» Wiper resistance: 700 typical @ 3.3V
» Standby current <5pA max
* Power supply: 2.7V to 5.5V
+ 50kQ, 10kQ total resistance
* 14 Lead TSSOP
* Pb-free plus anneal available (RoHS compliant)
Ordering Information
RESISTANCE OPTION TEMP RANGE
PART NUMBER PART MARKING (Q) (°C) PACKAGE
ISL90842UIV1427Z (Notes 1 & 2) 90842U127Z 50K -40 to +85 14 Ld TSSOP (Pb-Free)
ISL90842WIV1427Z (Notes 1 & 2) 90842WI127Z 10K -40 to +85 14 Ld TSSOP (Pb-Free)

NOTES:

1. Intersil Pb-free plus anneal products employ special Pb-free material sets; molding compounds/die attach materials and 100% matte tin plate
termination finish, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Intersil Pb-free products are MSL
classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.

2. Add “-TK” suffix for Tape and Reel.
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ISL90842

Functional Diagram

Vce Ryo Ry Ry2 Rys
SCL
SDA ! 1 1 1
12¢c > 3 > : > : >
INTERFACE| < b= b3 s
A0
A1
RL RL RL RL
GND Rwo Rw1 Rw2 Rws3
Block Diagram
Vce
Ry3
WR3 DCP3 Rws
— *
Ry2
12C INTERFACE POWER-UP, WR2 DCP2 Rw2
SDA INTERFACE, —X"
<:::> CONTROL
scL AND STATUS RH1
LOGIC WR1 DCP1 Rw1
A1 j; i
Rio
A0 WRO0 DCPO Rwo
— *
GND
*THE R PINS OF EACH DCP ARE LEFT FLOATING
Pin Descriptions
TSSOP PIN SYMBOL DESCRIPTION
1 RH3 “High” terminal of DCP3
2 RW3 “Wiper” terminal of DCP3
3 ScL I2C interface clock
4 SDA Serial data 1/O for the 12C interface
5 GND Device ground pin
6 RwW2 “Wiper” terminal of DCP2
7 RH2 “High” terminal of DCP2
8 RwW1 “Wiper” terminal of DCP1
9 RH1 “High” terminal of DCP1
10 A0 Device address for the 12C interface
11 A1 Device address for the 12C interface
12 VCC Power supply pin
13 RHO “High” terminal of DCP0O
14 RWO “Wiper” terminal of DCP0O
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ISL90842

Absolute Maximum Ratings

Storage temperature . ... L -65°C to +150°C Industrial ....... ... .. .. -40°C to +85°C
Voltage at any digital interface pin VG e 2.7V to 5.5V
withrespecttoGND . ..................... -0.3V to Vgc+0.3 Power ratingofeachDCP............................. 5mW
Yo T -0.3V to +6V Wiper currentofeachDCP . ......................... +3.0mA
Voltage at any DCP pin with
respecttoGND. ............................ -0.3Vto Vg
Lead temperature (soldering, 10s). .. ................... 300°C
W (10S) o +6mA
Latchup ........ ... ... ... .. ... .. Class Il, Level B at +85°C
ESD ... >2kV Human Body Model

Recommended Operating Conditions

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Analog Specifications

Over recommended operating conditions unless otherwise stated.

TYP
SYMBOL PARAMETER TEST CONDITIONS MIN (NOTE 1) | MAX UNIT
RtoTaL | RH to Ry resistance W option, wiper counter = 00h 10 kQ
U option, wiper counter = 00h 50 kQ
RH to Ry resistance tolerance Wiper counter = 00h -20 +20 %
Rw Wiper resistance Vce = 3.3V @ 25°C, wiper current = 70 200 Q
Vec/RToTAL
CH/CL/Cyy | Potentiometer capacitance (Note 15) 10/10/25 pF
ILkgpcp | Leakage on DCP pins (Note 15) Voltage at pin from GND to Vg 0.1 1 HA
RESISTOR MODE (Measurements between Ryyi and Ryi, i =0, 1, 2 or 3)
RINL Integral non-linearity DCP register set between 20 hex and FF -1 1 Mi
(Note 5) hex; monotonic over all tap positions (Note 2)
RDNL Differential non-linearity -0.5 0.5 Mi
(Note 4) (Note 2)
Roffset Offset U option 0 1 7 Mi
(Note 3) (Note 2)
W option 0 0.5 2 Mi
(Note 2)
RmaTcH | DCP to DCP matching Any two DCPs at the same tap position with -2 2 MI
(Note 6) the same terminal voltages (Note 2)
TCr Resistance temperature coefficient DCP register set between 20 hex and FF hex 45 ppm/°C
(Note 7)
Operating Specifications Over the recommended operating conditions unless otherwise specified.
TYP
SYMBOL PARAMETER TEST CONDITIONS MIN (NOTE1) | MAX UNIT
lcct V¢ supply current (volatile write/ fgcl = 400kHz; SDA = Open; (for 12C, active, 1 mA
read) read and write states)
Is V¢ current (standby) Ve = +5.5V, I2C interface in standby state 5 MA
Ve = +3.6V, I2C interface in standby state 2 MA
I kgDig Leakage current, at pins A0, A1, SDA, | Voltage at pin from GND to V¢ -10 10 pA
and SCL
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ISL90842

Operating Specifications Over the recommended operating conditions unless otherwise specified. (Continued)

TYP
SYMBOL PARAMETER TEST CONDITIONS MIN (NOTE 1) | MAX UNIT
tpcp DCP wiper response time SCL falling edge of last bit of DCP data byte 1 us
(Note 8) to wiper change
SERIAL INTERFACE SPECS
VL A1, A0, SDA, and SCL input buffer -0.3 0.3*Vce \
LOW voltage
VIH A1, A0, SDA, and SCL input buffer 0.7"Vce Vcc+0.3 \
HIGH voltage
Hysteresis | SDA and SCL input buffer hysteresis 0.05* \%
(Note 8) Vce
VoL SDA output buffer LOW voltage, 0 0.4 \
(Note 8) | sinking 4mA
Cpin A1, A0, SDA, and SCL pin 10 pF
(Note 8) | capacitance
fscL SCL frequency 400 kHz
N Pulse width suppression time at SDA | Any pulse narrower than the max spec is 50 ns
(Note 8) | and SCL inputs suppressed
taAA SCL falling edge to SDA output data | SCL falling edge crossing 30% of V¢, until 900 ns
(Note 8) | valid SDA exits the 30% to 70% of V¢ window
tBUF Time the bus must be free before the | SDA crossing 70% of V¢ during a STOP 1300 ns
(Note 8) | start of a new transmission condition, to SDA crossing 70% of Vo
during the following START condition
tLow Clock LOW time Measured at the 30% of V¢ crossing 1300 ns
tHIGH Clock HIGH time Measured at the 70% of V¢ crossing 600 ns
tsu-sta | START condition setup time SCL rising edge to SDA falling edge; both 600 ns
crossing 70% of Vgo
tHp:sTA | START condition hold time From SDA falling edge crossing 30% of Vg 600 ns
to SCL falling edge crossing 70% of Vg
tsu:paT | Input data setup time From SDA exiting the 30% to 70% of V¢ 100 ns
window, to SCL rising edge crossing 30% of
Vee
tHD:DAT | Input data hold time From SCL rising edge crossing 70% of Vg 0 ns
to SDA entering the 30% to 70% of V¢
window
tsy:sto | STOP condition hold time From SCL rising edge crossing 70% of V¢, 600 ns
to SDA rising edge crossing 30% of Vgo
tHp:sTo | STOP condition hold time for read, or | From SDA rising edge to SCL falling edge. 600 ns
volatile only write Both crossing 70% of Vg
tpH Output data hold time From SCL falling edge crossing 30% of V¢, 0 ns
(Note 8) until SDA enters the 30% to 70% of Vg
window
tR SDA and SCL rise time From 30% to 70% of V¢ 20 + 250 ns
(Note 8) 0.1*Cb
tg SDA and SCL fall time From 70% to 30% of V¢ 20 + 250 ns
(Note 8) 0.1*Cb
Cb (Note 8) | Capacitive loading of SDA or SCL Total on-chip and off-chip 10 400 pF
Rpu SDA and SCL bus pull-up resistor off- | Maximum is determined by tg and tg 1 kQ
(Note 8) | chip For Cb = 400pF, max is about 2~2.5kQ2
For Cb = 40pF, max is about 15~20kQ2
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ISL90842

Operating Specifications Over the recommended operating conditions unless otherwise specified. (Continued)

TYP
SYMBOL PARAMETER TEST CONDITIONS MIN (NOTE 1) MAX UNIT
tsu-A A1 and A0 setup time Before START condition 600 ns
tHD:A A1 and A0 hold time After STOP condition 600 ns
SDA vs SCL Timing
tHIGH tLow tR
< >l >
tsu:pAT \' -\
tHD:DAT tsu:sto

SDA

(INPUT TIMING)
toH tBuF

SDA
(OUTPUT TIMING)

A0 and Al Pin Timing

START STOP

o T\ / T\

tsu:a tHD:A

A0, A1

NOTES:

. Typical values are for Tp = 25°C and 3.3V supply voltage.

. MI = |Ros5 — Rg| / 255. Ross and Ry are the measured resistances for the DCP register set to FF hex and 00 hex, respectively.
. Roffset = Rogg / MI, when measuring between Ryy and Ry.

RDNL = (Rj— Rj.1) /M, for i = 32 to 255.

. RINL = [Rj — (MI « i) — Rg] / MI, for i = 32 to 255.

- RvatcH = (Rix— Ri’y) /MI, fori=0to255,x=0to3andy=0to 3.

. . . 6
[Max(Rl) — Mm(B')] x 10° fori= 3210255, T =-40°C to 85°C. Max ( ) is the maximum value of the resistance and Min ( ) is the
[Max(Ri) + Min(Ri)]/2 125°C minimum value of the resistance over the temperature range.

o oA W N

7. TC

8. This parameter is not 100% tested.
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ISL90842

Typical Performance Curves
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ISL90842

Typical Performance Curves (continued)
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FIGURE 7. FREQUENCY RESPONSE (2.2MHz)

Principles of Operation

The ISL90842 is an integrated circuit incorporating four
DCPs with their associated registers, and an 12C serial
interface providing direct communication between a host
and the DCPs.

DCP Description

Each DCP is implemented with a combination of resistor
elements and CMOS switches. The physical ends of each
DCP are equivalent to the fixed terminals of a mechanical
potentiometer. The Ryy pin of each DCP is connected to
intermediate nodes, and is equivalent to the wiper terminal
of a mechanical potentiometer. The position of the wiper
terminal within the DCP is controlled by an 8-bit volatile
Wiper Register (WR). Each DCP has its own WR. When the
WR of a DCP contains all zeroes (WR<7:0>: 00h), its wiper
terminal (Ryy) is closest to its R|_terminal. When the WR of a
DCP contains all ones (WR<7:0>: FFh), its wiper terminal
(Ryy) is furthest from the Ry terminal. As the value of the
WR increases from all zeroes (00h) to all ones (255
decimal), the wiper moves monotonically from the position
furthest from Ry to a position closer to Ry. At the same time,
the resistance between Ry and Ryy decreases
monotonically. Note that the R terminals for all four pots are
not connected (left floating).

While the ISL90842 is being powered up, all four WRs are
reset to 80h (128 decimal), which locates Ryy roughly at a
position which yields a rheostat setting that is about 1/2 of

RTOTAL:

The WRs can be read or written directly using the 12C serial
interface as described in the following sections. The 12c
interface Address Byte has to be set to 00h, 01h, 02h, and
03h to access the WR of DCP0O, DCP1, DCP2, and DCP3,
respectively.

receiver pulls the SDA line LOW to acknowledge the

SIGNAL AT WIPER
(WIPER UNLOADED

" MOVEMENT FROM

ffh TO 00h)

K 5.00 v ChZ T 1.00 v% B W 200ns Ch2 v 1.28V
FIGURE 8. LARGE SIGNAL SETTLING TIME

12C Serial Interface

The ISL90842 supports a bidirectional bus oriented protocol.
The protocol defines any device that sends data onto the
bus as a transmitter and the receiving device as the receiver.
The device controlling the transfer is a master and the
device being controlled is the slave. The master always
initiates data transfers and provides the clock for both
transmit and receive operations. Therefore, the ISL90842
operates as a slave device in all applications.

All communication over the I2C interface is conducted by
sending the MSB of each byte of data first.

Protocol Conventions

Data states on the SDA line must change only during SCL
LOW periods. SDA state changes during SCL HIGH are
reserved for indicating START and STOP conditions (See
Figure 9). On power-up of the ISL90842 the SDA pin is in the
input mode.

All I12C interface operations must begin with a START
condition, which is a HIGH to LOW transition of SDA while
SCL is HIGH. The ISL90842 continuously monitors the SDA
and SCL lines for the START condition and does not
respond to any command until this condition is met (See
Figure 9). A START condition is ignored during the power-up
of the device.

All 12C interface operations must be terminated by a STOP
condition, which is a LOW to HIGH transition of SDA while
SCL is HIGH (See Figure 9). A STOP condition at the end of
a read operation, or at the end of a write operation places
the device in its standby mode.

An ACK, Acknowledge, is a software convention used to
indicate a successful data transfer. The transmitting device,
either master or slave, releases the SDA bus after
transmitting eight bits. During the ninth clock cycle, the

reception of the eight bits of data (See Figure 10).
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ISL90842

The I1SL90842 responds with an ACK after recognition of a “1” for a Read operation, and “0” for a Write operation (See
START condition followed by a valid Identification Byte, and Table 1).
once again after successful receipt of an Address Byte. The

ISL90842 also responds with an ACK after receiving a Data

Byte of a write operation. The master must respond with an

ACK after receiving a Data Byte of a read operation

‘0‘1‘0‘1‘0‘A1‘A0‘R/W‘

TABLE 1. IDENTIFICATION BYTE FORMAT
Logic values at pins A1, and AO respectively

A valid Identification Byte contains 01010 as the five MSBs,
and the following two bits matching the logic values present (MSB) (LSB)
at pins A1 and AO. The LSB is the Read/Write bit. Its value is

e/ \_55_ - o '—55J \___
o T \L_0X X X

START DATA DATA DATA STOP
STABLE CHANGE STABLE

FIGURE 9. VALID DATA CHANGES, START, AND STOP CONDITIONS

SCL FROM ——

NI e AN e e

SDA OUTPUT FROM HIGH IMPEDANCE
TRANSMITTER \ / X 22 X > /
SDA OUTPUT FROM HIGH IMPEDANCE
RECEIVER SS

START ACK

FIGURE 10. ACKNOWLEDGE RESPONSE FROM RECEIVER

WRITE
s
SIGNALS FROM T s
THE MASTER A
r IDENTIFICATION ADDRESS DATA T
T BYTE BYTE BYTE g
N
4 4 4
T T T T 17T T T T T TT T T T T 71771
SIGNAL AT SDA 0101 0ALA00 000000
I I I I | I T I | I A I |
SIGNALS FROM A A A
THE ISL90842 c c c
K K K

FIGURE 11. BYTE WRITE SEQUENCE
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ISL90842

s s
SIGNALS | T T s
FROMTHE < A IDENTIFICATION A IDENTIFICATION A A T
MASTER | R BYTEWITH ADDRESS R BYTEWITH c c o
T R/W=0 BYTE T RIW=1 K K P
A
4 N 4 A 4 A}
T T T T 17T T T T T 17T ' T T T T 17T T T T T 17T ' T T T T 17T
SIGNAL AT SDA [\[0 1 0 1 0 A1A00 000000 0101 0AIA01 U
Ll Ll I Y R [ | SN I T I |
P
A A AV — —
SIGNALS FROM c c C  FIRST READ LAST READ
THE SLAVE K K K DATABYTE DATA BYTE
FIGURE 12. READ SEQUENCE
Write Operation The Data Bytes are from the registers indicated by an

internal pointer. This pointer initial value is determined by the
Address Byte in the Read operation instruction, and
increments by one during transmission of each Data Byte.
After reaching the memory location 03h the pointer “rolls
over” to 00h, and the device continues to output data for
each ACK received.

A Write operation requires a START condition, followed by a
valid Identification Byte, a valid Address Byte, a Data Byte,
and a STOP condition. After each of the three bytes, the
ISL90842 responds with an ACK. At this time, the device
enters its standby state (See Figure 11).

Read Operation

A Read operation consist of a three byte instruction followed
by one or more Data Bytes (See Figure 12). The master
initiates the operation issuing the following sequence: a
START, the Identification byte with the R/W bit set to “0”, an
Address Byte, a second START, and a second Identification
byte with the R/W bit set to “1”. After each of the three bytes,
the 1ISL90842 responds with an ACK. Then the 1ISL90842
transmits Data Bytes as long as the master responds with an
ACK during the SCL cycle following the eighth bit of each
byte. The master terminates the read operation (issuing a
STOP condition) following the last bit of the last Data Byte
(See Figure 12).

© Copyright Intersil Americas LLC 2005-2006. All Rights Reserved.
All trademarks and registered trademarks are the property of their respective owners.

For additional products, see www.intersil.com/en/products.html

Intersil products are manufactured, assembled and tested utilizing ISO9001 quality systems as noted
in the quality certifications found at www.intersil.com/en/support/qualandreliability.html

Intersil products are sold by description only. Intersil may modify the circuit design and/or specifications of products at any time without notice, provided that such
modification does not, in Intersil's sole judgment, affect the form, fit or function of the product. Accordingly, the reader is cautioned to verify that datasheets are
current before placing orders. Information furnished by Intersil is believed to be accurate and reliable. However, no responsibility is assumed by Intersil or its
subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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ISL90842

Packaging Information
14-Lead Plastic, TSSOP, Package Code V14

—>| |+ .025 (.65) BSC

1HARARS
O

169 (4.3)
177 (4.5)

252 (6.4) BSC

sSibLELE

| .193 (4.9) |
‘ .200 (5.1) ‘

{

D >

.0075 (.19) J L .002 (.05)
.0118 (.30) .006 (.15)

I .010 (.25)
T — — Gage Plane
0°-8°

? Seating Plane
N ‘ .019 (.50)
—

1029 (.75)
Detail A (20X)

oL A\ 1031 (.80)
,\ J\. /_k .o41* (1.05)

See Detail A—/

NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS)
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




