ACNT-H61L
Low Power 10-MBd Digital CMOS Optocoupler in

@ BROADCOM

15-mm Stretched SO8 Package

Data Sheet

Description

The ACNT-H61L is a stretched wide optically coupled
optocoupler that combines a light-emitting diode and an
integrated high gain photo detector to address the low power
need for isolated interface. The optocoupler consumes
extremely low power, at maximum 2 mA across temperature.
The LED forward current operates from 4.5 mA.

This optocoupler supports both a 3.3V and a 5V supply voltage
with guaranteed AC and DC operational parameters from
temperature range -40°C to +105°C. The output of the detector
IC is a CMOS output. The internal Faraday shield provides a
guaranteed common-mode transient immunity specification
of 20 kV/us.

The ACNT-H61L with 15-mm stretched SO-8 package and high
voltage insulation capability is suitable for isolated
communicate logic interface and control in high-voltage
power systems such as 690V, drives, renewable inverters, and
medical equipment.

Functional Diagram
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A 0.1-pF bypass capacitor must be connected between pins
VCC and GND.

Features

Low Ipp power supply consumption: 2 mA max.
Input current capability: 4.5 mA min.
Package: 15-mm stretched SO-8.

20 kV/us minimum common-mode rejection (CMR) at
Vepm = 1000 V.

= High speed: 10 MBd min.

m  Guaranteed AC and DC performance over wide
temperature range: -40°C to +105°C.

m  Safety approval:
— UL 1577 recognized: 7500 V,,,s for 1 minute
— CSA approval

— |EC/EN 60747-5-5 Viopm = 2262 Ve, for reinforced
insulation

Applications

Communication Interface: RS-485, CAN bus
Digital isolation for A/D, D/A conversion
High-voltage power systems, e.g., 690V drives
Renewable energy inverters

Medical imaging and patient monitoring

CAUTION Itis advised that normal static precautions be
taken in handling and assembly of this
component to prevent damage and/or
degradation that may be induced by ESD. The
components featured in this data sheet are not
to be used in military or aerospace applications

or environments.

Broadcom

-1-



ACNT-H61L Ordering Information
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Ordering Information
ACNT-H61L is UL Recognized with 7500 V,,,s for T minute per UL 1577.

Option IEC/EN
Part Number RoHS Package Surface Mount | Tape & Reel UL 1577 Quantity
. 60747-5-5
Compliant
ACNT-H61L -000E 15-mm X X X 80 per tube
“500F stretched 508 X X X X 1000 per reel

To order, choose a part number from the Part Number column and combine with the desired option from the Option column to
form an order entry.

Package Outline Drawing
ACNT-H61L Stretched SO-8 Package

Lead Free Device Part Number

0.457 +0.100 Land Pattern Recommendation
[0.018 +0.004] \ / 17.857 Ref
—"t{O) . = z - ‘ [0-703] ‘ 0.630
S22 o 6.248+0.127 ‘ ‘ 0.025)
| m=ZZ 1 [0.246 +0.005) — —
1.270 m é\ -
0.05] ~ — —
BSC / \ —1 —1
LotID Date Code — —
15.01 14.047 1.905 Ref
[0.591] [0.553] [0.075]
I T T
13.600 + 0.127
] [0.535 + 0.005] 0.254 +0.050 3.607 +0.127
T ‘ 0.0100.002] 10.142  0.005) i
0.20 +0.10 r/ \ \‘ 7
[0.008 + 0.004] / \ ﬁ
7° .
l/ 8°Nom ‘ °
0.635 Min = ‘/ 7
[0.025] 16.61+0.25 Dimensions in mm [inch]
[0.654 +0.010] | Maximum Mold Flash on each side is 0.127 mm [0.005 inch]

Note: Floating Lead Protusion is 0.15 mm [0.006 inch] Max if applicable

Solder Reflow Profile

Recommended reflow condition as per JEDEC Standard, J-STD-020 (latest revision). Non-Halide Flux should be used.

Regulatory Information
The ACNT-H61L is pending approval by the following organizations:

IEC/EN 60747-5-5

UL Approval under UL 1577, component recognition program up to V|sq = 7500 Vs File E55361.

CSA Approval under CSA Component Acceptance Notice #5, File CA 88324.
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Insulation and Safety Related Specifications

Insulation and Safety Related Specifications

Parameter Symbol | ACNT-H61L Unit Conditions
Minimum External Air Gap L(101) 14.2 mm Measured from input terminals to output terminals, shortest
(External Clearance) distance through air.
Minimum External Tracking L(102) 15 mm Measured from input terminals to output terminals, shortest
(External Creepage) distance path along body.
Minimum Internal Plastic Gap 0.5 mm Through insulation distance conductor to conductor, usually the
(Internal Clearance) straight line distance thickness between the emitter and detector.
Tracking Resistance CTl >300 \' DIN IEC 112/VDE 0303 Part 1.
(Comparative Tracking Index)
Isolation Group lNla Material Group (DIN VDE 0110, 1/89, Table 1.)

IEC/EN 60747-5-5 Insulation Characteristics?®

Description Symbol Characteristic Unit
Installation Classification per DIN VDE 0110/39, Table 1
for rated mains voltage < 600 Vs -1V
for rated mains voltage < 1000 V,p, -1
Climatic Classification 40/105/21
Pollution Degree (DIN VDE 0110/39) 2
Maximum Working Insulation Voltage Viorm 2262 Vpeak
Input to Output Test Voltage, Method b?
Viorm X 1.875 = Vpg, 100% Production Test with t,, = 1 sec, Partial Discharge < 5 pC VeR 4241 Vpeak
Input to Output Test Voltage, Method a®
Viorm X 1.6 = Vpg, Type and Sample Test, t,,=10 se, Partial Discharge < 5 pC Ver 3619 Vpeak
Highest Allowable Overvoltage Viotm 12000 Vipeak
(Transient Overvoltage t;,; = 60 sec)
Safety-limiting Values — Maximum Values Allowed in the Event of a Failure
Case Temperature Ts 150 °C
Input Current Is, INpPUT 400 mA
Output Power Ps, output 1000 mw
Insulation Resistance at Ts, Vg = 500V Rs >10° Q

a.  Referto the optocoupler section of the Isolation and Control Components Designer’s Catalog, under Product Safety Regulations section, (IEC/EN 60747-5-5)

for a detailed description of Method a and Method b partial discharge test profiles.
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ACNT-H61L Absolute Maximum Ratings
Data Sheet

Absolute Maximum Ratings

Parameter Symbol Min Max Unit Conditions

Storage Temperature Ts -55 125 °C —
Operating Temperature Ta -40 105 °C —

Reverse Input Voltage Vg — 5 \Y —

Supply Voltage Vop — 6.5 \Y —

Average Forward Input Current I — 10 mA —

Peak Forward Input Current lF(TRAN) — 1 A <1 ps Pulse Width, <300 pulses per second

— 80 mA <1 us Pulse Width, <10% Duty Cycle

Output Current lo — 10 mA —

Output Voltage Vo -0.5 Vpp+0.5 \Y —

Input Power Dissipation P — 20 mW —

Output Power Dissipation Po — 22 mW —

Lead Solder Temperature Tis 260°C for 10 sec., 1.6 mm below seating plane
Solder Reflow Temperature Profile — Refer to Solder Reflow Profile section.

Recommended Operating Conditions

Parameter Symbol Min Max Unit
Operating Temperature Ta -40 105 °C
Input Current, Low Level I 0 250 UHA
Input Current, High Level leH 45 8 mA
Power Supply Voltage Vop 2.7 5.5 \Y
Forward Input Voltage VE oFp) — 0.8 \Y%

Electrical Specifications (DC)

Over recommended temperature (T, = -40°C to +105°C), supply voltage (2.7V < Vpp < 5.5V). All typical specifications are at Vpp =
5V, Ty = 25°C.

Parameter Symbol Min Typ Max Unit Test Conditions Figure
Input Forward Voltage Ve 1.20 1.38 1.85 \Y [F=7mA 1,2
Input Reverse Breakdown Voltage BVR 7 — — Y% lr=10 pA
Logic High Output Voltage VoH Vpp-0.1 Vbb — Vv [F=0mA,V,=0V,Ig=-20 pA
Vpp-1.0 Vop — \Y [f=0mA,V,=0V,Ig=-3.2mA
Logic Low Output Voltage VoL — 0.02 0.1 Vv l[r=7mA,V,=5V/33V,|g=20 pA
— 0.2 0.4 v lr=7mA,V,=5V/33V,lg=32mA
Input Threshold Current ry — 0.7 3.8 mA — 3
Logic Low Output Supply Current IppL — 1 2 mA — 4
Logic High Output Supply Current IbbH — 1 2 mA —
Input Capacitance Cn — 20 — pF f=1MHz, Vg =0V
Input Diode Temperature AVE/ATy — -1.5 — mV/°C |l =7mA
Coefficient
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Switching Specifications (AC)

Switching Specifications (AC)

Over recommended temperature (T, = -40°C to +105°C), supply voltage (2.7V < Vpp < 5.5V). All typical specifications are at Vpp =

5V, Ty = 25°C.
Parameter Symbol Min Typ Max Unit Test Conditions
Propagation Delay Time to Logic Low Output® |  tpHL — 40 100 ns |lg=7mA,V|=33V/5V,
C_= 15 pF, CMOS Signal Levels.
Propagation Delay Time to Logic High Output® | TpLH — 40 100 ns
Pulse Width tpw 100 — — ns Figures 6,7, 8,9
Pulse Width Distortion® PWD - 5 40 ns
Propagation Delay Skew® tpsk — — 40 ns
Output Rise Time (10% to 90%) tR — 10 — ns
Output Fall Time (90% to 10%) tF — 10 — ns
Static Common-Mode Transient Immunity at | CMy | 20 35 — kV/us  |Vep = 1000V, Ty = 25°C, [ =0 mA,
Logic High Outputd V, =0V, C; = 15 pF, CMOS Signal Levels
Static Common-Mode Transient Immunity at | CM | 20 35 — kV/us  |Vepm =1000V, Ty =25°C, [ =7 mA,
Logic Low Output® V, =5V/3.3V, C = 15 pF, CMOS Signal
Levels
Dynamic Common-Mode Transient Immunity’ | CMRD — 35 — kV/us  |Vem = 1000V, Tp = 25°C, I =7 mA,
V| =5V/3.3V, 10-MBd data rate, the
absolute increase of PWD <10 ns

tpyL Propagation delay is measured from the 50% (V;,, or Ig) on the rising edge of the input pulse to the 50% Vpp, of the falling edge of the Vg signal. tp

propagation delay is measured from the 50% (V;, or Ig) on the falling edge of the input pulse to the 50% level of the rising edge of the Vg signal.

b. PWD is defined as |tPHL - tPLHI'

operating conditions.

tpsk is equal to the magnitude of the worst-case difference in tpy and/or tp that is seen between units at any given temperature within the recommended

CMy is the maximum tolerable rate of rise of the common-mode voltage to assure that the output remains in a high logic state.

Package Characteristics
All typical at Ty = 25°C.

CM_ is the maximum tolerable rate of fall of the common-mode voltage to assure that the output remains in a low logic state.
CMD is the maximum tolerable rate of the common-mode voltage during data transmission to assure that the absolute increase of the PWD is less than 10 ns.

Parameter Symbol Min Typ Max Unit Test Conditions
Input-Output Insulation Viso 7500 — — Vrms  |RH < 50% for 1 min. Ty = 25°C
Input-Output Resistance R.o — 1012 — Q V.o =500V
Input-Output Capacitance Co — 0.6 — pF f=1MHz Ty =25°C
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Figure 1 Typical Input Diode Forward Characteristic Figure 2 Typical Vg Versus Temperature
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Package Characteristics

Figure 6 Typical Switching Speed Versus Pulse Input Current at 5V
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Figure 8 Typical Switching Speed Versus Temperature at 5V
Supply Voltage

45
40
35
30
%
20

—TpHL_5V
15 -

— — _TpLH_5V

10 — . -PWD.SV |
5

[ e P e e

-40 -20 0 20 40 60 80 100
Ta - TEMPERATURE - °C

—————— =

Tp - PROPOGATION DELAY;
PWD - PULSE WIDTH DISTORTION - ns

Figure 7 Typical Switching Speed Versus Pulse Input Current at
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Figure 9 Typical Switching Speed Versus Temperature at 3.3V
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Bypassing and PC Board Layout

Bypassing and PC Board Layout

The external components required for proper operation are the
input limiting resistors and the output bypass capacitor.
Capacitor values should be 0.1 pF.

For each capacitor, the total lead length between both ends of
the capacitor and the power-supply pins should not exceed
20 mm.

Propagation Delay, Pulse-Width
Distortion, and Propagation Delay Skew

Propagation delay is a figure of merit that describes how
quickly a logic signal propagates through a system. The
propagation delay from low to high (tp 1) is the amount of time
required for an input signal to propagate to the output,
causing the output to change from low to high.

Similarly, the propagation delay from high to low (tpy, ) is the
amount of time required for the input signal to propagate to
the output, causing the output to change from high to low (see
Figure 10).

Figure 10 Recommended Printed Circuit Board Layout
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Pulse-width distortion (PWD) results when tp| y and tpy, differ
in value. PWD is defined as the difference between tp y and
tpyL- This parameter determines the maximum data rate
capability of a transmission system. PWD can be expressed in
percent by dividing the PWD (in ns) by the minimum pulse
width (in ns) being transmitted. Typically, PWD in the order of
20% to 30% of the minimum pulse width is tolerable; the exact
figure depends on the particular application (R5232, RS422,
T-1, etc.).

Propagation delay skew, tpsk, is an important parameter to
consider in parallel data applications where synchronization of
signals on parallel data lines is a concern. If the parallel data is
being sent through a group of optocouplers, differences in
propagation delays cause the data to arrive at the outputs of
the optocouplers at different times. If this difference in
propagation delays is large enough, it determines the
maximum rate at which parallel data can be sent through the
optocouplers.

Propagation delay skew is defined as the difference between
the minimum and maximum propagation delays, either tp y or
tpyL, for any given group of optocouplers that are operating
under the same conditions (i.e., the same supply voltage,
output load, and operating temperature). As illustrated in
Figure 10, if the inputs of a group of optocouplers are switched
either ON or OFF at the same time, tpgy is the difference
between the shortest propagation delay, either tp; or tpy,
and the longest propagation delay, either tp y Or tpp - AS
mentioned earlier, tpsk can determine the maximum parallel
data transmission rate.

Figure 11 is the timing diagram of a typical parallel data
application with both the clock and the data lines being sent
through optocouplers. The figure shows data and clock signals
at the inputs and outputs of the optocouplers. To obtain the
maximum data transmission rate, both edges of the clock
signal are being used to clock the data; if only one edge were
used, the clock signal would need to be twice as fast.

Propagation delay skew represents the uncertainty of where an
edge might be after being sent through an optocoupler.
Figure 11 shows that there is uncertainty in both the data and
the clock lines. It is important that these two areas of
uncertainty not overlap; otherwise, the clock signal might
arrive before all of the data outputs have settled, or some of the
data outputs may start to change before the clock signal has
arrived.

With these considerations, the absolute minimum pulse width
that can be sent through optocouplers in a parallel application
is twice tpgk. A cautious design should use a slightly longer
pulse width to ensure that any additional uncertainty in the
rest of the circuit does not cause a problem.
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Optocoupler CMR Performance

The tpsk specified optocouplers offer the advantages of
guaranteed specifications for propagation delays, pulse-width
distortion, and propagation delay skew over the
recommended temperature and power supply ranges.

Figure 11 Propagation Delay Skew Waveform
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Optocoupler CMR Performance

The principal protection against common-mode noise comes
down to the fundamental isolation properties of the
optocoupler; this, in turn, is directly related to the input-output
leakage capacitance of the optocoupler.

To provide maximum protection to circuitry connected to the

input or output of the optocoupler, the leakage capacitance is
minimized by having large separation distances at all points in
the optocoupler construction, including the LED/photodiode

interface.

In addition to the constructional design, additional circuit
design steps are taken to further mitigate the effects of
common-mode noise. The most important of these is the use
of a Faraday shield on the photodetector stage. This Faraday
shield is effective in optocouplers because the internal
modulation frequency (light) is many orders of magnitude
higher than the common-mode noise frequency.

Application Level CMR Performance

In application, it desirable that the optocoupler’s
common-mode isolation perform as close as possible to that
indicated in the data sheets specifications.

The first step in meeting this goal is to ensure maintaining
maximum separation between PCB interconnects on either
side of the optocoupler and avoid routing tracks beneath the
optocoupler. Nonetheless, it is inevitable that a certain amount
of CMR noise is coupled into the inputs, which can potentially
result in false-triggering of the input.

This problem is frequently observed in devices with input high
input impedance such as CMOS buffered inputs in either
optocoupler or alternate isolator technologies. In some cases,
this not only causes momentary missing pulses but in some
technologies can even cause input circuitry to latch-up.

The ACNT-H61L does not face an input latch-up issue even at
very high CMR levels, such as those experienced in end
equipment level tests (for example IEC 61000-4-4) due to the
simple diode structure of the LED.

In some cases, achieving the rated data sheet CMR
performance levels is not possible in the intended application,
often because of the practical need to actually connect the
isolator input to the output of a dynamically changing signal
rather than tying the input statically to VDD1 or GND1.

This specsmanship issue is often observable with alternative
isolators utilizing AC encoding techniques.

To address this requirement for clear transparency on the
achievable end application performance, the ACNT-H61L
optocoupler includes an additional typical performance
indication of the dynamic CMR in the electrical parameter
table. This information indicates the achievable CMR
performance while the input is being toggled on or off during
the occurrence of a CMR transient. The logic output of the
optocoupler is mainly controlled by the level of the LED
current. Due to the short transition rise/fall time of the LED
current (approximately 10 ns), the dynamic noise immunity is
essentially the same as the static noise immunity.
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Split Resistor Configuration

To achieve this goal of meeting the maximum inherent CMR
capabilities, some simple consideration must be given to the
operation of the LED at the application level.

In particular, you must ensure that the LED stays either on or off
during a CMR transient.

The following common design techniques are sometimes used
to meet this goal:

Keeping LED On:
Overdrive the LED with a higher than required forward
current.

Keeping LED Off:
Reverse bias the LED during the off state.

Minimize the off state impedance across the anode
and cathode of the LED during the off state.

All of these methods can achieve the full CMR capabilities of
the ACNT-H61L. But they do come at the cost of practical
implementation issues or a compromise in power
consumption.

An effective method to meet the goal of maintaining the LED
status during a CMR event with no other design compromises

requires the addition of a single low-cost component (resistor).

This CMR optimization method fundamentally makes use of
the differential input capability of the LED input. By ensuring
the common-mode impedance on both the cathode and
anode of the LED are balanced, it effectively nullifies the effect
of a CMR transient on the LED. This is most easily achieved by

splitting the input bias resistor into two (as shown in Figure 10).

Split Resistor Configuration

Figure 13 shows the recommended drive circuit for the
ACNT-H61L for optimal common-mode rejection performance.
Two LED-current setting resistors are used to balance the
common-mode impedance at LED anode and cathode.
Common-mode transients can capacitively couple from the
LED anode (or cathode) to the output-side ground causing
current to be shunted away from the LED (which can be bad if
the LED is on) or conversely cause current to be injected into
the LED (bad if the LED is meant to be off). Figure 14 shows the
parasitic capacitances that exist between LED anode/cathode
and output ground (C 5 and C ().

Table 1 indicates the directions of I p and I \ flow depending
on the direction of the common-mode transient. For transients
occurring when the LED is on, common-mode rejection (CML,
since the output is in the low state) depends upon the amount
of LED current drive (Ig). For conditions where [ is close to the
switching threshold (), CML also depends on the extent that
I p and I\ balance each other. In other words, any condition
where common-mode transients cause a momentary decrease
in I¢ (i.e., when dVp/dt > 0 and |Igp| > |IgN|, referring to Table 1)
causes common-mode failure for transients that are fast
enough.

Likewise, for common-mode transients that occur when the
LED is off (i.e., CMy, since the output is high), if an imbalance
between || p and I results in a transient Iz equal to or greater
than the switching threshold of the optocoupler, the transient
signal can cause the output to spike below 2V (which
constitutes a CM failure).

The balanced || gp-setting resistors help equalize the
common-mode voltage change at anode and cathode to
reduce the amount by which || ;p is modulated from transient
coupling through C; , and C; .
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Figure 13 Recommended Drive Circuit for High-CMR
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Table 1 Effects of Common-Mode Pulse Direction on Transient I, gp

If [Ip| < 1Ll If [I.p| > 1Ll
If dV¢y/dtis: Then | p Flows: And I, \ Flows: lpl < funl . liipl > [l .
LED I Current Is Momentarily: |LED I Current Is Momentarily:
Positive (>0) Away from LED Away from LED Increased Decreased
anode through C, 5 cathode through C,
Negative (<0) Toward LED Toward LED Decreased Increased
anode through C, 5 cathode through C,
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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




