ICS91718

Integrated
Circuit
Systems, Inc.

Low EMI, Spread Modulating, Clock Generator

Features: Pin Configuration
e ICS91718 is a Spread Spectrum Clock targeted

for Mobile PC and LCD panel applications. .
Generates an EMI optimized clock signal (EMI CLKINY1 8|PD#
peak reduction of 7-14 dB on 3rd-19th harmonics) vDD|2 7lscLk
through use of Spread Spectrum techniques.
e 1CS91718 operates with input frequencies at GND|3 6|SDATA
14.318 - 80 MHz. *CLKOUT/FS_INO|4 5|REF_OUT/FS_IN1*

e Spread modulation frequency range is 20kHz to

40kHz.
. %pread percentage/type programming through 8-pin SOIC & TSSOP
I"C. Notes:
. *Internal pull-up resistor
Specifications: ** Internal pull-down resistor

e Supply Voltages: Vpp = 3.3V +0.3V
e Cyc to Cyc jitter: <150ps
e Output duty cycle 45/55%

* Guarantees +85°C operational condition Input Select Functionality

e 8-pin SOIC (150 mil) package FS_IN1[FS_INO MHz SPREAD %
© | © | saoou | “1O%downsp
° 1 61322613?)3 -1.0% down sprd
| 9 | caceiou| "O%cownsp
t | 1 | Goeeimou | 0% centerser
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ICS91718

Pin Descriptions

PIN # PIN NAME PIN TYPE DESCRIPTION
1 CLKIN INPUT Input clock
2 VDD POWER Power supply, nominal 3.3V
3 GND POWER Ground pin.
4 GLKOUT/FS_INO 10 CLKOUT modulated clock output

FS_INO latched input, selects modulation percentage/type
REF_OUT, unmodulated reference clock output

5 REF_OUT/FS_IN1 Vo FS_IN1 latched input, selects modulation percentage/type
6 SDATA 1/0 Data pin for I12C circuitry 5V tolerant
7 SCLK INPUT Clock pin of 12C circuitry 5V tolerant
Asynchronous active low input pin used to power down the device into a low power
8 PD#* INPUT state. The internal clocks are disabled and the VCO and the crystal are stopped.

The latency of the power down will not be greater than 1.8ms.

* Internal Pull-Up Resistor
** Internal Pull-Down Resistor
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ICS91718

Table 1: Frequency Configuration Table
(See 12C Byte 0)

FS4 FS3 FS2 FS1|FS0|Sprd Type |Sprd %
olofolo]o 0.80
oloflo]lo]1 1.00
olo|lo|] 1] o| DOWN 1.25
olo] o] 1] 1]SPREAD| 1.50
olo[1]o0o]o ) 1.75

14in/48out [ 0 [ o[ 1 | o] 1 2.00
olo[1][1]o0 2.50
olol 1] 1]1 0.60
o]l 1] o] o] o] CENTER| 1.00
ol 1] o]l o] 1]|SPREAD| 1.25
ol1]ofl1]o0 (+/) 1.50
ol 1[o]1]1 2.00
ol1]1]lo]o 1.25
14in/66out | 0 [ 1 [ 1] o] 1 S[;%VL\'D 1.00
ol 1] 1][1]o 1.50
ol 1|1 1]1 ©) 2.00
1lolJoflofo 0.80
1l olofo] 1 1.00
1JoJol1]o] yomn 1.25
11o]ol 1| 1]prenp |15
1ol 1]ofo ) 1.75
1ol 1[o] 1 ©) 2.00
1ol 1]1]o 2.50
agin/4sout | 1] o | 1| 1] 1 3.00
e6in/éeout | 1 | 1 | o] o] o 0.30
11 ]ofo]1 0.40
11110 1]0] enreR |—0:50
11110111 1] cppeap |60
1l1]1]0]o0 ) 0.80
111 ]o]1 1.00
1l1]1]1]o 1.25
1 1] 1] 1] 1 1.50

For 14.318 in 48.008 out default is...00001
For 14.318 in 66.66 out default is..Q1101
For 48/48 and 66/66 default is....10001
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ICS91718

General 12C serial interface information

The information in this section assumes familiarity with 1’C programming.
For more information, contact ICS for an I°C programming application note.

How to Write: How to Read:
» Controller (host) sends a start bit. e Controller (host) will send start bit.
¢ Controller (host) sends the write address D4 * Controller (host) sends the read address D5
e ICS clock will acknowledge * ICS clock will acknowledge
¢ Controller (host) sends a dummy command code ¢ |ICS clock will send the byte count
¢ ICS clock will acknowledge e Controller (host) acknowledges
e Controller (host) sends a dummy byte count e |CS clock sends first byte (Byte 0) through byte 7
¢ ICS clock will acknowledge e Controller (host) will need to acknowledge each
e Controller (host) starts sending first byte (Byte 0) byte
through byte 6 e Controller (host) will send a stop bit

e ICS clock will acknowledge each byte one at a time.
¢ Controller (host) sends a Stop bit

How to Write: How to Read:
Controller (Host) ICS (Slave/Receiver) Controller (Host) ICS (Slave/Receiver)
Start Bit Start Bit
Address Address
D4y D5
ACK ACK
Dummy Command Code Byte Count
ACK ACK
Dummy Byte Count Byte O
ACK ACK
Byte 0 Byte 1
ACK ACK
Byte 1 Byte 2
ACK ACK
Byte 2 Byte 3
ACK ACK
Byte 3 Byte 4
ACK ACK
Byte 4 Byte 5
ACK ACK
Byte 5 Byte 6
ACK ACK
Byte 6 Byte 7
ACK Stop Bit
Byte 7
ACK
Stop Bit

Notes:

1. The ICS clock generator is a slave/receiver, 12C component. It can read back the data stored in the latches for verification.
Read-Back will support Intel PlIX4 "Block-Read" protocol.

The data transfer rate supported by this clock generator is 100K bits/sec or less (standard mode)

The input is operating at 3.3V logic levels.

The data byte format is 8 bit bytes.

To simplify the clock generator I2C interface, the protocol is set to use only "Block-Writes" from the controller. The bytes
must be accessed in sequential order from lowest to highest byte with the ability to stop after any complete byte has been
transferred. The Command code and Byte count shown above must be sent, but the data is ignored for those two bytes.
The data is loaded until a Stop sequence is issued.

6. Atpower-on, all registers are set to a default condition, as shown.

IS
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ICS91718

BYTE Affected Pin w Bit Control

0 |Pin# Name Control Function - 0 1 PWD
Bit 7 - N/A FSO RW 1
Bit 6 - N/A FS1 RW 0
Bit 5 N/A FS2 RW [See ROM TABLE| 0
Bit 4 N/A FS3 RW 0
Bit 3 N/A FS4 RW 0
Bit 2 N/A PD# Tri_Sate RW | Hi-Z LOW 1
Bit 1 N/A Spread Enable RW | OFF ON 1

Spread Spectrum Control
Bit 0 HW/SW Control FS 2:4 Hard/Software RwW HW SW 0
Select

BYTE Affected Pin w Bit Control

1 |Pin# Name Control Function - 0 1 |PwD
Bit7 5 REF OUT REF_OUT ENABLE RW [ Disable | Enable 1
Bit 6 5 REF OUT Slew Rate REF-OUT RW [Nominal| Fast 1
Bit 5 FS_IN1 Readback FS_IN1 Readback RwW - - 1
Bit 4 FS_INO Readback FS_INO Readback RwW - - 1
Bit 3 4 CLK_OUT Slew Rate CLK-OUT RW [Nominal| Fast 1
Bit 2 4 CLK_OUT CLK_OUT_Enable RW [ Disable | Enable 1
Bit 1 Reserved Reserved R - - 1
Bit 0 Reserved Reserved R - - 1
BYTE Affected Pin w Bit Control

2 |Pin# Name Control Function - 0 1 |PwD
Bit7 X - RESERVED - - - 1
Bit 6 X RESERVED RESERVED RW | Disable | Enable 1
Bit 5 X RESERVED RESERVED RW | Disable | Enable 1
Bit4 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 3 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 2 X RESERVED RESERVED RW | Disable | Enable 1
Bit 1 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 0 X RESERVED RESERVED RW [ Disable | Enable 1
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ICS91718

BYTE Affected Pin w Bit Control
3 |Pin# Name Control Function - 0 1 PWD
Bit7 X RESERVED RESERVED RW | Disable | Enable 1
Bit 6 X RESERVED RESERVED RW [ Disable | Enable 1
Bit5 X RESERVED RESERVED RW | Freerun Not 1
Freerun
Bit 4 X RESERVED RESERVED RW [ Freerun Not 1
Freerun
Bit 3 X RESERVED RESERVED RW | Freerun Not 1
Freerun
Bit 2 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 1 X RESERVED RESERVED RW | Disable | Enable 1
Bit0 X RESERVED RESERVED RW [ Disable | Enable 1
BYTE Affected Pin w Bit Control
4 |Pin# Name Control Function - 0 1 |PwD
Bit7 X RESERVED RESERVED RW | Disable | Enable 1
Bit 6 X RESERVED RESERVED RW | Disable | Enable 1
Bit 5 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 4 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 3 X RESERVED RESERVED RW | Disable | Enable 1
Bit 2 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 1 X RESERVED RESERVED RW [ Disable | Enable 1
Bit0 X RESERVED RESERVED RW | Disable | Enable 1
BYTE Affected Pin w Bit Control
5 |Pin# Name Control Function - 0 1 PWD
Bit 7 X RESERVED RESERVED - - - 1
Bit 6 X RESERVED RESERVED - - - 1
Bit 5 X RESERVED RESERVED - - - 1
Bit 4 X RESERVED RESERVED - - - 1
Bit 3 X RESERVED RESERVED RW | Disable | Enable 1
Bit 2 X RESERVED RESERVED RW [ Disable | Enable 1
Bit 1 X RESERVED RESERVED RW | Disable | Enable 1
Bit 0 X RESERVED RESERVED RW | Disable | Enable 1
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ICS91718

BYTE Affected Pin w Bit Control

6 |Pin# Name Control Function - 0 1 PWD
Bit 7 X Revision ID Bit 3 (Reserved) R - - 1
Bit 6 X Revision ID Bit 2 (Reserved) R - - 1
Bit 5 X Revision ID Bit 1 (Reserved) R - - 1
Bit 4 X Revision ID Bit 0 (Reserved) R - - 1
Bit 3 X Vendor ID Bit 3 (Reserved) R - - 1
Bit 2 X Vendor ID Bit 2 (Reserved) R - - 1
Bit 1 X Vendor ID Bit 1 (Reserved) R - - 1
Bit 0 X Vendor ID Bit 0 (Reserved) R - - 1
BYTE Affected Pin w Bit Control

7 |Pin# Name Control Function - 0 1 |PwD
Bit 7 X DEVICE ID7 (Reserved) R - - 0
Bit 6 X DEVICE ID6 (Reserved) R - - 0
Bit 5 X DEVICE ID5 (Reserved) R - - 0
Bit4 X DEVICE ID4 (Reserved) R - - 0
Bit 3 X DEVICE ID3 (Reserved) R - - 0
Bit 2 X DEVICE ID2 (Reserved) R - - 0
Bit 1 X DEVICE ID1 (Reserved) R - - 0
Bit 0 X DEVICE IDO (Reserved) R - - 1
BYTE Affected Pin w Bit Control

8 |Pin# Name Control Function - 0 1 PWD
Bit 7 X Byte Count?7 (Reserved) R - - 0
Bit 6 X Byte Count6 (Reserved) R - - 0
Bit 5 X Byte Count5 (Reserved) R - - 0
Bit 4 X Byte Count4 (Reserved) R - - 0
Bit 3 X Byte Count3 (Reserved) R - - 0
Bit 2 X Byte Count2 (Reserved) R - - 1
Bit 1 X Byte Count1 (Reserved) R - - 1
Bit 0 X Byte Count0 (Reserved) R - - 1
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Absolute Maximum Ratings

Supply Voltage.. ... ......... ... ... ... 3.7V

Voltage on any pin with respect to GND ... -0.5to +3.7 V
Storage Temperature . ... ................ —55°C to +125°C
Operating Temperature .. ................ 0°C to +85°C
Power Dissipation ...................... 0.5W

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These ratings
are stress specifications only and functional operation of the device at these or any other conditions above those listed
in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect product reliability.

Electrical Characteristics - Input/Supply/Common Output Parameters
Ta = 0-85°C; Supply Voltage Vpp = 3.3 V +/-5%

PARAMETER SYMBOL CONDITIONS MIN TYP MAX |UNITS
Input High Voltage Vi 2 Vpp+ 0.3 \Y,
Input Low Voltage Vi Vgg-0.3 0.8 Vv
Input High Current i1 Vin= Vo -5 5 A
Input Low Current liLq Vin = 0 V; Inputs with no pull-up resistors -5 ZA

Supply Current lop fin = 14.318MHz 27 35 mA

fin = 66.66MHz 42 50 mA
Powerdown Current Ibp3.3PD 3 5 mA

Pin Inductance Lin 7 nH

. . Cin  |Logic Inputs 5 pF
Pin Capacitance’ Coutr [Output pin capacitance 6 pF

Transition time' Twans | TO 1st crossing of target frequency 3 ms
Settling time' Ts From 1st crossing to 1% target frequency 3 ms
Clk Stabilization' Tstas |From Vpp = 3.3 V to 1% target frequency 1 3 ms
Delay’ tezn,tpz |Output enable delay (all outputs) 1 10 ns
'Guaranteed by design, not 100% tested in production.
AC Electrical Characteristics
Ta =0 - 70°C; Supply Voltage Vpp = 3.3 V £0.3V
PARAMETER DESCRIPTION TEST CONDITION MIN | TYP | MAX |UNITS
FiN Input Frequency Input Clock 14.318 80 MHz
four Output Frequency Spread Off 14.318 80 MHz
tr Output Rise Time 15 pF load, 0.8V - 2.4V 0.5 1 ns
tF Output Fall Time 15 pF load, 2.4 - 0.8V 0.5 1 ns
lop Output Duty Cycle 15 pf load 45 55 %
tip Input Duty Cycle 45 55 %
ticve Jitter, Cycle-to-Cycle 250 ps
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ICS91718

Electrical Characteristics - CLOCK_OUT
Ta=0-85°C; Vpp= 3.3V +/-5%; C_ = 10-20 pF (unless otherwise specified)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX [UNITS
Current Source
Output Impedance Zo' Vo = Vi 3000 (
Output High Voltage VoHs lon = -1 mA 2.4 Y
Output Low Voltage Vous loo=1mA 0.4
Rise Time ts VoL = 0.41V, Voy = 0.86V 0.5 1 ns
Fall Time ti3 Vou = 0.86V Vo = 0.41V 0.5 1 ns
Duty Cycle O3 Vo= 50% 45 51 55 Y%
Jitter, Cycle to cycle| tiyeeye  |Vr= 50% 250 | ps

'Guaranteed by design, not 100% tested in production.
2 |owr can be varied and is selectable thru the MULTSEL pin.

Electrical Characteristics - REF
Ta = 0-85°C; VDD=3.3V +/-5%; C_ = 10-20 pF (unless otherwise specified)

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX |UNITS
Output Frequency Fo1 MHz
Output Impedance Rose1!  |Vo = Vpp*(0.5) 20 60 Z

Output High Voltage Vou' |lon=-1mA 2.4 Y,
Output Low Voltage Vo loL =1 mA 0.4 v
Output High Current loy' V onemin= 1.0 V, V onemax = 3.135 V -29 23 | mA
Output Low Current lo ! VoL emin= 1.95V, VoL emax = 0.4 V 29 27 mA
Rise Time ty! VoL = 0.4V, Vou =24V 0.5 1 ns

Fall Time try! Vou=24V, Vo =04V 0.5 1 ns

Duty Cycle dit’ Vr=15V 45 55 %
Accumulated Jitter | tjongterm  |[V7 = 1.5V 10us. 2 ns
Jitter tieyooye! |[VT=1.5V 500 | ps

'Guaranteed by design, not 100% tested in production.
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150 mil (Narrow Body) SOIC
q---- C_>”*_‘_{ In Millimeters In Inches
1] 1 SYMBOL | COMMON DIMENSIONS | COMMON DIMENSIONS

L MIN MAX MIN MAX
NoEX B T A 1.35 1.75 .0532 .0688
AREA EooH A1 0.10 0.25 .0040 .0098

B 0.33 0.51 013 .020
l C 0.19 0.25 .0075 .0098
o= D SEE VARIATIONS SEE VARIATIONS
|:| I:I I:I |:| L E 38 | 400 1497 | 1574

12 hx 45° & e 1.27 BASIC 0.050 BASIC

«—D—» _,’\‘_ o H 5.80 6.20 2284 2440

AT h 0.25 0.50 010 .020

)} ry L 0.40 1.27 016 .050
( o ! N SEE VARIATIONS SEE VARIATIONS

4 L R seame 2 : ! 8 : | 8
]+ e B PLANE
VARIATIONS
[=].10(.004)] N D mm. D (inch)

MIN MAX MIN MAX

150mil Body, .50mil pitch 8 4.80 5.00 1890 1968

Reference Doc.: JEDEC Publication 95, MS-012
10-0030

Ordering Information
ICS91718yMLF-T

Example:

ICS XXXX yMLF-T
L Designation for tape and reel packaging
Annealed Lead Free (Optional)
Package Type
M = SOIC

Revision Designator (will not correlate with datasheet revision)

Device Type

Prefix
ICS = Standard Device
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ICS91718

N c —?”4— ¢ 4.40 mm. Body, 0.65 mm. Pitch TSSOP
I:I I:I |:| I:I E— (173 mil) (25.6 mil)
p \ f In Millimeters In Inches
L SYMBOL COMMON DIMENSIONS COMMON DIMENSIONS
T MIN MAX MIN MAX
A - 1.20 - .047
INDEX £l Al 0.05 0.15 1002 006
AREA A2 0.80 1.05 .032 .041
b 0.19 0.30 .007 .012
. 1 X 4 C 0.09 0.20 .0035 .008
l:l l:l I:I l:l D SEE VARIATIONS SEE VARIATIONS
1 2 E 6.40 BASIC 0.252 BASIC
E1 4.30 | 4.50 .169 | 177
_.yl\q—— o e 0.65 BASIC 0.0256 BASIC
«—D—» L 0.45 | 0.75 018 [ 030
N SEE VARIATIONS SEE VARIATIONS
a 0° 8° 0° 8°
aaa -- 0.10 -- .004
A2 A VARIATIONS
N D mm. D (inch)
? ) A= 1 MIN MAX MIN MAX
1 8 2.90 3.10 114 122
v -C-
El ‘ ‘ * \_SEATING Reference Doc.: JEDEC Publication 95, MO-153
b |4 PLANE

10-0035

Ordering Information
ICS91718yGLF-T

Example:

ICS XXXX yGLF-T
L Designation for tape and reel packaging
Annealed Lead Free (Optional)
Package Type
G =TSSOP

Revision Designator (will not correlate with datasheet revision)

Device Type

Prefix
ICS = Standard Device
0500D—07/15/04
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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




