MAX17524 Dual Output
Evaluation Kit

General Description

The MAX17524 evaluation kit (EV kit) provides a proven
design to evaluate the MAX17524 high-efficiency, high-
voltage, synchronous step-down dual DC-DC converter.
The EV kit is preset to generate 3.3V and 5V output volt-
ages, at load currents up to 3A per converter and features
a 450kHz switching frequency for optimum efficiency and
component size. The EV kit features adjustable input
undervoltage lockout, adjustable soft-start, open-drain
RESET signal, and external frequency synchronization.

Features

e Operates from a 6.5V to 60V Input Supply
e Dual Output Voltage: 3.3V and 5V

e Up to 3A Output Current Per Converter

e 450kHz Switching Frequency

e Enable/UVLO Input, Resistor-Programmable
UVLO Threshold

o MODE/SYNC Pin to Select Among PWM, PFM,
or DCM Modes

e Open-Drain RESET Output

e External Frequency Synchronization

e Overcurrent and Overtemperature Protection
e Proven PCB Layout

e Fully Assembled and Tested

Ordering Information appears at end of data sheet.
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Evaluates: MAX17524 Dual-Output
Voltage 3.3V and 5V Application

Quick Start

Recommended Equipment

o MAX17524EVKIT#

6.5V to 60V, 5A DC-input power supply
Two loads capable of sinking 3A

Two digital voltmeters (DVM)

Equipment Setup and Test Procedure

The EV kit is fully assembled and tested. Follow the steps
below to verify the board operation. Caution: Do not turn
on power supply until all connections are completed.

1) Set the power supply at a voltage between 6.5V and
60V. Disable the power supply.

2) Connect the positive terminal of the power supply
to the VIN1 PCB pad and the negative terminal to
the nearest PGND1 PCB pad. Connect the positive
terminal of the 3A load to the VOUT1 PCB pad and
the negative terminal to the nearest PGND1 PCB pad.
Connect the positive terminal of the other 3A load to
the VOUT2 PCB pad and the negative terminal to the
nearest PGND2 PCB pad.

3) Connect the DVMs across the VOUT1 PCB pad and
the nearest PGND1 PCB pad, and across the VOUT2
PCB pad and the nearest PGND2 PCB pad.

4) Verify that shunts are installed across pins 1-2 on
jumper JU4 and pins 1-2 on JU5 (see Table 1 and 2).

5) Select the shunt position on jumper JU1 and JU2
according to the intended mode of operation (see
Table 3 and 4).

6) Verify that the shunt is connected across pins 1-2 on
jumper JU3 (see Table 5 for details).

7) Turn on the DC power supply.
8) Enable the loads.
9) Verify that the DVMs display 3.3V and 5V.
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Detailed Description

The MAX17524 EV kit provides a proven design to
evaluate the MAX17524 high-efficiency, high-voltage,
synchronous step-down Dual DC-DC converter. The EV
kit generates a fixed 3.3V and 5V, at load currents up to
3A per channel, from a 6.5V to 60V input supply. The EV
kit features a 450kHz fixed switching frequency for opti-
mum efficiency and component size.

This EV kit includes an EN/UVLO PCB pad and JU4, JU5
to enable the two outputs at a desired input voltage. The
MODE/SYNC1 PCB pad and JU1, and MODE/SYNC2
PCB pad and JU2 allow an external clock to synchronize
the respective channels. The EV kit features individual
mode-of-operation selector pins, adjustable input under-
voltage lockout (EN/UVLO) pins, adjustable soft-start
pins, open-drain RESET signals for each output channel.

Soft-Start Input (SS)

The device implements adjustable soft-start operation
for each output to reduce inrush current. Capacitors
connected from the SS pins to SGND (Cgg) programs
the soft-start time for the corresponding output voltage.
The selected output capacitance (Cggl) and the output
voltage (VouyT) determine the minimum required soft-start
capacitor as follows:

Css 2 28 x 106 x Cgg x Vout

The soft-start time (tgg) is related to the capacitor
connected at SS (Cgg) by the following Equation:

Css

R
(5.55x1079)

For example, to program a 1ms soft-start time on one
channel, a 5.6nF capacitor should be connected from the
corresponding SS pin to SGND.

ViNt IN1 IN2 Vinz
Rrop1 MAX17524 Rop2
ENIUVLOT  ENIUVLO2
ReoT1 RsoT2
SGND™— — SGND

Figure 1. Setting the Input Undervoltage Lockout
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Setting the Input Enable/Undervoltage-
Lockout Level (EN/UVLO1, EN/UVLO2)

The device offers an adjustable input undervoltage-
lockout level for each output. Set the voltage at which
each converter turns on with a resistive voltage-divider
connected from V| to SGND. Connect the center node
of the divider to EN/UVLO pins as shown in Figure 1.

Choose Rtop to be 3.3MQ, and then calculate RgoT
as:

R RTOF’_ x1.216
BOT_ “'Vinu_ 1216

Where V|Ny is the input voltage at which the desired
converter is required to turn on. Install a shunt across pins
1-2 on JU4 and JU5 to enable the EV kit outputs and for
always on operation. See Table 1 and Table 2 for proper
jumper settings.

Table 1. Regulator Enable (EN/UVLO1)
Description (JU4)

SHUNT EN/UVLO1 MAX17524_
POSITION PIN OUTPUT1
1-2* Connected to VN1 Enabled
Connected to the center | Enabled, UVLO level
Not . L
installed node of resistor-divider set through the
R1 and R2 R1 and R2 resistors
2-3 Connected to SGND Disabled

Table 2. Regulator Enable (EN/UVLO2)
Description (JU5)

SHUNT EN/UVLO2 MAX17524_
POSITION PIN OUTPUT2
1-2* Connected to V|2 Enabled
Connected to the center Enabled, UVLO
Not installed | node of resistor-divider | level set through the
R3 and R4 R3 and R4 resistors
2-3 Connected to SGND Disabled

Maxim Integrated | 2
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MODE Selection and External Synchronization
(MODE/SYNC1, MODE/SYNC2)

The device’s MODE/SYNC pins can be used to select
among PWM, PFM, or DCM modes of operation for
each output. The logic state of the MODE pin is latched
when VCC and EN/UVLO voltages exceed the respec-
tive UVLO rising thresholds and all internal voltages are
ready to allow LX switching. State changes on the MODE
pin are ignored during normal operation. Refer to the
MAX17524 I1C data sheet for more information on PWM,
PFM, and DCM modes of operation.

Table 3. MODE/SYNC1 Description (JU1)

Evaluates: MAX17524 Dual-Output
Voltage 3.3V and 5V Application

Table 3 and Table 4 show EV kit jumper settings that can
be used to configure the desired mode of operation.

The internal clock of each converter can be synchronized
to an external clock signal on the MODE/SYNC1 and
MODE/SYNC2 pins. The external synchronization clock
frequency must be between 1.1 x fgyy and 1.4 x fgy,
where fgyy is the frequency of operation set by resistor
(R11) connected to the RT pin. The minimum external
clock high pulse width should be greater than 50ns and
the minimum external clock low pulse width should be
greater than 160ns.

Table 4. MODE/SYNC2 Description (JU2)

SHUNT MODE/ MAX17524_ SHUNT MODE/ MAX17524_
POSITION SYNC1 PIN MODE1 POSITION SYNC2 PIN MODE2
Not installed Unconnected PFM mode of operation Not installed Unconnected PFM mode of operation
1-2¢ Connected to SGND | PWM mode of operation 1-2¢ Connected to SGND | PWM mode of operation
2-3 Connected to Vg | DCM mode of operation 2-3 Connected to Vg | DCM mode of operation
*Default position *Default position

Table 5. VN2 Connection (JU3)

SHUNT
POSITION Vinz PIN MAX17524_ OUTPUT
. Not powered up
Not installed from Vi1 No output at VoyT2
. Powered up
1-2 from Vi1 3.3V Output at VoyT2
*Default position

www.maximintegrated.com
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MAX17524 EV Kit Performance Report

Evaluates: MAX17524 Dual-Output
Voltage 3.3V and 5V Application

(VIN1 = VIN2 = 24V, Tp = +25°C, unless otherwise noted.)
MAX17524, 5V OUTPUT MAX17524, 5V OUTPUT MAX17524, 5V OUTPUT
LOAD AND LINE REGULATION EFFICIENCY vs. LOAD CURRENT LOAD AND LINE REGULATION
(PWM MODE, fy = 450kHz) (PWM MODE, fs = 450kHz) (PFM MODE, fs = 450kHz)
4.99 foc0 100 — toc02 5.14 toc03
0 |4 — — ‘
— L L J IV ——
G 4 » ) [ RN S0 I vmesy,
2 g0 A - Vin =36V . Viy =48V | = Vi =12V
g Vin != v Vi |= 3V V=60V S e / K iy = 24V Ve 8 ”@T 506 Ty L24v
5 497 S w0 =12V = ‘
g (] (] & Vi =65V S V=36V
3 T T W40 i 502 Viy =48V
o
30 -—
496 |ViN=65YV —— Vjy =24V —— Vi =48V — £ \ le—7 Vin =60V
20 © 498
10
495 0
0 1 2 3 0 1 2 3 494 h » 2 3
LOAD CURRENT (A
LOAD CURRENT (A) ® LOAD CURRENT (A)
MAX17524, 5V OUTPUT MAX17524,5V OUTPUT MAX17524, 5 OUTPUT
EFFICIENCY vs. LOAD CURRENT LOAD AND LINE REGULATION EFFICIENCY vs. LOAD CURRENT
(PFM MODE, fgy = 450kHz) (DCM MODE, fsw = 450kHz) (DCM MODE, fsyy = 450kHz)
100 10‘004 4.99 toc05 100 toc06
90 == A é 9% —
g/” ] Vc\.f":,/" — 1 " P i
80 i /AL T 80 / / /-v 7 ‘
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LOAD CURRENT (A) 0 1 2 3 LOAD CURRENT (3)
LOAD CURRENT (A)
MAX17524,3.3VOUTPUT
LOAD AND LINE REGULATION MAX17524, 3.3V OUTPUT
334 toc07 (PWM MODE, fsy = 450kHz)
100 ‘ toc08
%0 | ==
3.33 A,
80 —
V=12V V=38V vy =60V
s N N N | o / A A” ) T
w 3% i i g ﬁ( ,3( Vi =36V V= 4svl
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3.30
20
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MAX17524 EV Kit Performance Report (continued)

(VIN1 = VIN2 = 24V, Ta = +25°C, unless otherwise noted.)

MAX17524,3.3VOUTPUT MAX17524, 3.3V OUTPUT

LOAD AND LINE REGULATION EFFICIENCY vs. LOAD CURRENT
(PFM MODE, sy = 450kHz) (PFM MODE, fsy = 450kHz)
3.44 toc09 100 toc10
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Viy=4.5V 80 //{ il il ]
3.40 ! 20 \/’i NG 1
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[
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0
3.28
0 . 5 3 0.01 0.10 1.00
LOAD CURRENT (A)
LOAD CURRENT (A)
MAX17524, 3.3V OUTPUT MAX17524,3.3VOUTPUT
LOAD AND LINE REGULATION EFFICIENCY vs. LOAD CURRENT
(DCM MODE, fsw = 450kHz) (DCM MODE, fsy = 450kHz)
334 toc11 100 toc12
% A V] ] -—:/__—
333 80 A &
= 70 / / A A T
= Vpsiv | Vin=38Y V=6V g A VAT A
= | | | 5 AN/ d z
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LOAD CURRENT (A)
MAX17524, 5V OUTPUT MAX17524, 5V OUTPUT
LOAD TRANSIENT BETWEEN 0A AND 1.5A LOAD TRANSIENT BETWEEN 1.5A AND 3A
(fsw = 450kHz, PWM MODE) (fsw = 450kHz, PWM MODE)
toc13 toc14

Vouriac) k 100mV/div Voutiac) \ 100mV/div

p
lour 1A/div lout 2A/div

100ps/div 100ps/div
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MAX17524 EV Kit Performance Report (continued)

(VIN1 = VIN2 = 24V, Ta = +25°C, unless otherwise noted.)

MAX17524,5V OUTPUT MAX17524, 5V OUTPUT
LOAD TRANSIENT BETWEEN 50mA AND 1.5A LOAD TRANSIENT BETWEEN 50mA AND 1.5A
(fsw = 450kHz, PFM MODE) (fsw = 450kHz, DCM MODE)
toc15 toc16
] ]
Voutiac) |\ \J \ J \ \JW 100mVidiv Voutac) 1( S —onvan
4 i
10UT [ [SUUS——— (). |7 10UT e _.J s 1A/ OV

400ps/div

400ps/div
MAX17524, 3.3V OUTPUT MAX17524,3.3VOUTPUT
LOAD TRANSIENT BETWEEN 0A AND 1.5A LOAD TRANSIENT BETWEEN 1.5A AND 3A
(fsw = 450kHz, PWM MODE) (fsw = 450kHz, PWM MODE)
toc17 toc18
Vourac) 100mV/div Voutac) 100mV/div
4|
——
P
lour 1A/div
lour 1A/div
100ps/div
100us/div
MAX17524,3.3VOUTPUT MAX17524, 3.3VOUTPUT
LOAD TRANSIENT BETWEEN 50mA AND 1.5A LOAD TRANSIENT BETWEEN 50mA AND 1.5A
(fsw = 450kHz, PFM MODE) (fsw = 450kHz, DCM MODE)
toc19 toc2
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Evaluates: MAX17524 Dual-Output

MAX17524 EV Kit Performance Report (continued)

(VIN1 = VIN2 = 24V, Ta = +25°C, unless otherwise noted.)

MAX17524, 5V OUTPUT
CLOSED-LOOP BODE PLOT
(PWM MODE, fsw = 450kHz, 3A LOAD)
50 TTTTT ‘\ucz‘ 120
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MAX17524, 5V OUTPUT
STEADY STATE,

(PWM MODE, 3A LOAD, fsw = 450kHz)

toc23

Vouriac) wa 2mv/div

Vix 10V/div

SYAVANA VA VA VA NLNAN

2us/div

2A/div

MAX17524, 5V OUTPUT
STEADY STATE
(fsw = 450kHz, PFM MODE, 25mA LOAD)

toc25
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7

Vix | 10V/div

1A/div

40ps/div
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Voltage 3.3V and 5V Application

MAX17524, 3.3V OUTPUT

CLOSED-LOOP BODE PLOT
(PWM MODE, fsw = 450kHz, 3A LOAD)22
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MAX17524, 3.3V OUTPUT
STEADY STATE
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MAX17524 EV Kit Performance Report (continued)

(VIN1 = VIN2 = 24V, Ta = +25°C, unless otherwise noted.)

MAX17524, 3.3V OUTPUT MAX17524,3.3V OUTPUT
STEADY STATE STEADY STATE
(fsw = 450kHz, DCM MODE, 75mA LOAD) (fsw = 450kHz, PFM MODE, 25mA LOAD)
toc27 toc28
v
Voutiac) WMWWMV 10mVidiv Voutiac) N 50mV/div
¥ 4
Vix 10V/div
A 10V/div
Ix WWWWWW%MW w\ »\
Iix 1A/div
2us/div
40ps/div
MAX17524, 5V OUTPUT MAX17524, 5V OUTPUT
SOFT-START/SHUTDOWN FROM EN/UVLO SOFT-START WITH PREBIAS VOLTAGE OF 2.5V
(fsw = 450kHz, PWM MODE, 3A LOAD) (PWM MODE, 5mA LOAD, fy = 450kHz)
toc29 toc30
« 4 X
Venwvio 5V/div Venuvio 5Vidiv

Vour ’ N Nidiv Vour r_T i
WX o ‘ 2A/div VRESET 5V/div
st ol | v

VResET
1ms/div 1ms/div
MAX17524,3.3V OUTPUT MAX17524, 3.3V OUTPUT
SOFT-START/SHUTDOWN FROM EN/UVLO SOFT-START WITH PREBIAS VOLTAGE OF 1.65V
(PWM MODE, 3A LOAD, fsyy = 450kHz) (PWM MODE, 5mA LOAD, fsy = 450kHz)
toc31 toc32
11
4 4
Venuvio 5V/div VEnuvLo 5V/div

Vour ———/——-\L V/div

_——P Vour 1V/div
Iix 2A/div VResET 5V/div
Vrgser [ 5V/div Ix mw__‘ 1Adiv

1ms/div 1ms/div
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Evaluates: MAX17524 Dual-Output
Voltage 3.3V and 5V Application

Component Suppliers

PART TYPE SUPPLIER WEBSITE
MAX17524EVKIT# EV Kit Coilcraft, Inc. www.coilcraft.com
#Denotes RoHS compliant. Murata Americas www.murataamericas.com

MAX17524 EV Kit Bill of Materials

Panasonic Corp.

www.panasonic.com

Vishay

www.vishay.com

Note: Indicate that you are using the MAX17524 when
contacting these component suppliers.

No. Description Quantity Designator Part Number
1 47uF, 20%, 80V, Electrolytic capacitor 1 C1 PANASONIC EEE-FK1K470P
2 2.2uF, 10%, 100V, X7R,Ceramic capacitor (1210) 2 C2,C5 MURATA GRM32ER72A225KA35
3 0.1uF, 10%, 100V, X7R,Ceramic capacitor (0603) 2 C3,C4 MURATA GRM188R72A104KA35
4 22uF, 10%, 10V, X7R,Ceramic capacitor (1210) 2 C6, C18 MURATA GRM32ER71A226K
5 47uF, 10%, 10V, X7R,Ceramic capacitor (1210) 2 C7,C19 MURATA GRM32ER71A476KE15
6 2.2uF, 10%, 10V, X7R,Ceramic capacitor (0603) 2 C8,C9 MURATA GRM188R71A225KE15
7 5600pF, 10%, 25V, X7R,Ceramic capacitor (0402) 2 C10,C11 MURATA GRM155R71E562KA01
8 0.1uF, 10%, 16V, X7R,Ceramic capacitor (0402) 2 C12,C13 MURATA GRM155R71C104KA88
9 0.1pF, 10%, 50V, X7R,Ceramic capacitor (0402) 2 C16, C17 MURATA GRM155R71H104KE14
10 3-pin header (36-pin header 0.1” centers) 4 JU1,JU2, JU4, JU5 SULLINS PECO3SAAN
11 2-pin header (36-pin header 0.1” centers) 1 JU3 SULLINS PECO2SAAN
12 INDUCTOR, 10pH, 7A 1 L1 COILCRAFT XAL6060-103ME
13 INDUCTOR, 6.8uH, 9A 1 L2 COILCRAFT XAL6060-682ME
14 MOSFET (80V, 30A) 2 Q1,Q2 VISHAY SILICONIX SIS468DN-T1-GE3
15 3.32MQ), £1%, 1/10W, resistor (0603) 2 R1,R3 Any
16 768kQ, +1%, 1/10W, resistor (0603) 2 R2, R4 Any
17 140kQ), 1%, 1/10W, resistor (0402) 1 R5 Any
18 30.9kQ, +1%, 1/16W, resistor (0402) 1 R6 Any
19 100kQ), £1%, 1/16W, resistor (0402) 1 R7 Any
20 37.4kQ, +1%, 1/16W, resistor (0402) 1 R8 Any
21 10kQ, £1%, 1/16W, resistor (0402) 4 R9, R10, R16, R17 Any
22 00Q), 5%, 1/16W, resistor (0402) 2 R12,R13 Any
23 4,70, 1%, 1/16W, resistor (0402) 2 R14,R15 Any
24 Dual Buck Converter, MAX17524 1 Ul MAXIM MAX17524AT)+
Jumper Table
Jumper Shunt Position
JU1,JU2,JU3, JU4, JUS 1-2 Short

www.maximintegrated.com
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Voltage 3

MAX17524 EV Kit Schematic
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MAX17524 EV Kit PCB Layout

O MAX17524 EVKIT O
1-888-629-4642
www.maximintegrated.com
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PGND 1 PGND2
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MAX17524 EV Kit PCB—Top Silkscreen

MAX17524 EV Kit PCB—Top Layer
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MAX17524 EV Kit PCB Layout (continued)

MAX17524 EV Kit PCB—Layer 2

MAX17524 EV Kit PCB—Layer 3
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MAX17524 EV Kit PCB Layout (continued)

MAX17524 EV Kit PCB—Bottom Layer
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NUMBER DATE DESCRIPTION CHANGED
0 12/17 Initial release —

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
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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> (ocHoBsaH 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




