The Future of Analog IC Technology®

MP4008

High-Brightness, High-Current Accuracy

WLED Controller

DESCRIPTION

The MP4008 is a current-mode controller
designed for driving high brightness light
emitting diodes (LEDs) with a wide input
voltage from 9V to 28V. It can be used in boost
and SEPIC topologies.

The MP4008 drives an external MOSFET with a
fixed frequency architecture to regulate the LED
current, which is measured through an external
current-sense resistor. The LED current
feedback voltage is 280mV. The switching
frequency is fixed to 180kHz. The cycle-by-
cycle current limit can be programmed by the
sense resistor on CS.

The MP4008 employs fast PWM dimming to the
LED current with a high dimming ratio.

Integrated protection features include under-
voltage lockout, over-voltage protection, over-
current protection, short LED protection, short
output  protection,  short inductor/diode
protection, and OTP.

The MP4008 is available in a SOIC-8 package.

FEATURES

Constant Current WLED Driver

280mV Feedback Voltage with +1.8%
Accuracy

9V to 28V Input Voltage

Leading Edge Blanking for Current Sense
Frequency Fixed to 180kHz

Fast PWM Dimming

Soft Start

Over-Voltage Protection

Short LED Protection

Short Output Protection

Over-Current Protection

Short Inductor/Diode Protection

VIN UVLO

Thermal Shutdown

Available in a SOIC-8 Package

APPLICATIONS

LCD Backlighting

DC/DC LED Driver

General lllumination

Industrial Lighting

Automotive/ Decorative LED Lighting

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under Quality Assurance.

“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.
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ORDERING INFORMATION

Part Number* Package Top Marking
MP4008GS SOIC-8 See Below

* For Tape & Reel, add suffix —-Z (e.g. MP4008GS-2)

TOP MARKING

MP4008
LLLLLLLL
MPSYWW

MP4008: Part number
LLLLLLLL: Lot number
MPS: MPS Prefix

Y: Year code

WW: Week code

PACKAGE REFERENCE

TOP VIEW

vIN 1] O [ 8] ovP

GND [2 7] FB
cs 3 6] COMP
GATE[4] 5] PWM
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ABSOLUTE MAXIMUM RATINGS ()

VNGt -0.3V to 30V
VGATE. .................................................. -0.3V to 19V
All other pins......ccooeiiiiiiics -0.3V to 6.5V
Junction temperature...................... 150°C
Lead temperature..............ccoooeviiiinnn. 260°C
Continuous power dissipation (Ta = +25°C) @
SOIC-8.... 1.3W

Recommended Operating Conditions )
IN supply voltage (VIN) ... 9V to 28V
Operating junction temp. T,....... -40°C to +125°C

Thermal Resistance

“) 6,4 0Oy

SOIC-8...civiiiiiiiie, 9%...... 45... °C/W

NOTES:

1)
2)

Exceeding these ratings may damage the device.

The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/8,a. Exceeding the maximum allowable power
dissipation will produce an excessive die temperature,
causing the regulator to go into thermal shutdown. Internal
thermal shutdown circuitry protects the device from
permanent damage.

The device is not guaranteed to function outside of its
operating conditions.

Measured on JESD51-7, 4-layer PCB.

MP4008 Rev. 1.01
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mP " MP4008— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

ELECTRICAL CHARACTERISTICS

Vin = 24V, Tp = +25°C, unless otherwise noted.

Parameters Symbol |Condition Min | Typ | Max | Units
Operating input voltage VN 9 28 V
Supply current (quiescent) lg Vg = 500mV 0.9 1.1 1.3 | mA
VIN under-voltage lockout Vin uvo | Vinrising 8.6 9 \
VIN under-voltage lockout hysteresis ViN_uviLo_HYs 600 mV
Feedback

FB feedback voltage Vs 275 | 280 | 285 | mV
FB input current =5 Veg = 280mV -0.1 0.1 MA
Oscillator

Oscillator frequency fosc 180 kHz
Maximum duty cycle Duax 90 96 %
PWM Dimming

PWM low threshold VPWMI-LO VPMWI falllng 0.8 V
PWM hlgh threshold VPWMI-HI Vemwi rising 1.5 V
PWM pull-down resistance Rpwm 1 MQ
GATE

GATE high threshold VGaTE 12 13 13.8 \Y
GATE OUtpUt rise time Trise CGATE = 1nF, Vin= 12V 40 ns
GATE OUtpUt fall time TFALL CGATE = 1nF, V|N =12V 40 ns
Current Sense

Current limit value Ve Duty =0 435 | 485 | 535 | mV
OCP detect voltage Vocp Over-current protection 485 mV
Leading edge blanking time TaLANK 100 | 200 | 300 | ns
Compensation

Transconductance of error amplifier Gea 380 | 440 | 500 | pAV
Maximum sourcing/sinking current lea 80 MA
Soft-start current Iss Veg < 0.8*REF 15 21 27 MA
Time for COMP saturated protection

detection Teowr 2048 cycle
MP4008 Rev. 1.01 www.MonolithicPower.com 4
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ELECTRICAL CHARACTERISTICS (continued)

Vin = 24V, Tao= +25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min | Typ ‘ Max |Units
Protection

OVP threshold Vovp-TH 26 | 275 | 29 \Y
OVP threshold hysteresis Vovp.Hys 410 mV
SCP protection threshold Vovp_scp 210 | 280 | 350 | mV

FB short protection threshold

0.54 | 0.58 | 0.62 Vv

Propagation time for short-circuit

detection TOFF FB =620mV 1 MSs
Thermal shutdown ® 150 °C
NOTE:
5) Guaranteed by design.
MP4008 Rev. 1.01 www.MonolithicPower.com 5
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PIN FUNCTIONS
Pin
Number

Name Pin Function

Input supply, 9V-28V. VIN is the input of the internal linear regulator. VIN must be
bypassed locally.

GND Ground.

Switch current sense input. CS is used to sense the current of the external power
FET. It integrates a built-in blanking time to avoid switching noise interruption.

2
3
4 GATE |External MOSFET gate driver.
5

PWM dimming input. Apply a PWM signal on PWM for brightness control. GATE is
disabled when the PWM signal is low. GATE is enabled when the PWM signal is high.

1 VIN

CS

PWM

Compensation. COMP is used to compensate the regulation control loop. Connect a
capacitor or a series RC network from COMP to GND. Also, COMP is used for soft
start. When the IC starts up, the current of the internal error amplifier is limited until the
output current reaches 80% of the setting current.

6 COMP

Feedback input, a 280mV internal feedback voltage. Connect a current sense
7 FB resistor from FB to GND. If the FB voltage is higher than 580mV for 1us, short-load
protection is triggered, and the IC latches off.

Over-voltage protection input. Connect a resistor divider from the output to OVP to
program the OVP threshold. When the OVP voltage reaches the high threshold, the

8 OVP A
over-voltage protection is triggered. The IC recovers once OVP decreases to the low
threshold.
MP4008 Rev. 1.01 www.MonolithicPower.com 6
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TYPICAL CHARACTERISTICS

Vin= 24V, Tp= 25°C, unless otherwise noted.

Quiescent Current vs. T, FB Voltage vs. T, Switching Frequency vs. T,
V|N=24V
1.4 285 210
1.2 } 200 _
o l/ _ 283 //
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o = 279 © 180 7
o6 \ /
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27 —
= TN S
2.6 r \ o
< 0 0.580 90.296
E 2.5 (]/:)I \\ gl /
[aa]
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin= 12V, PV\y= 20V, Vi ep = 70V, ILED = 350mA, L = 100pH, Ta= 25°C, unless otherwise noted.

PWM Dimming Curve Efficiency vs. PVIN Efficiency vs. VLgp
ViN=12V, V| gp=70V ViN=12V, PVIN=20V
360 / 99 97
320 98
< 280 97
< —_ L —_ Te—
E S o g %
p y. ey / 5 94
o 200 / <2> 95 %
4 i i
120 0 93 b
] ] o 92
4 80 // 92
40 91 91
0 0 20 40 60 80 100 9020 24 28 32 36 40 44 48 9032 40 48 56 64 72
PWM DUTY (%) PVIN (V) LED VOLTAGE (V)
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin=12V, PV\y= 20V, Vi gp =70V, ILED = 350mA, L = 100uH, Tao= 25°C, unless otherwise noted.

Steady State V|n Start-Up VN Off
- 7 .
Vsw M Vsw Vsw
s0v/div. | { 50V/div. | t 50V/div. [ !
; ot
PVIN pfetbisstsiisscfrdisninstondnivsd  Voowp ghebiosie@ et SO O DI OPOY o0 Veomp vt Prastbrerebiass
20V/div. : 1V/div. —/— 1V/div.
Vout of Vout, { Vout _ i
SOV/GIV. “Lan_aoA\ AN A A A 50V/div.* : 50V/div. llw'
I ! I N IL - . {
2Adiv: i 2 Bt 2A/div. :
4pus/div. 4ms/div. 10ms/div.
PWM Dimming Open-Load Protection Short-Load Protection

foyM=200Hz, Duty=50%

Vsw _I_'.'—l'_'. Vsw - Vsw “MMWM“ML_—
50V/div. | } 50V/div. | R 50V/div. " ?
Vewmpd ol sl i Rl 8 LUl Vooup plememt o i b o el e Veompy; -
5V/div. : VIV, P~ ] s 2V/div.
Vour ol - F- p— - Vour Vour, E
50V/div. b 50V/div. " DA e 50V/div. i
| Eo] L B ey, N \ *
LED bl Rl . t s i
200mA/div. 9[ ; i SA/div. ”[ i
2ms/div. 400ms/div. 40us/div.
Short-Inductor Protection Short-Diode Protection Short LED- to GND
Protection
50V/div. : 50V/div. " i) 50V/div. " ;
Veowp ; . b L i B i ] Voomp, ' | D L Veomp i g od
2V/div. SR PR e 2Vidiv. ST T e RIS b 2Vidiv. S e e
50\\?21?\1 R { f 50\621% B ‘ 501//%% 2 ;
C A |
IsHoRT ‘ : 1 IsHorr W IsHoRT | IR X o
5A/div. s 10A/div. ! 500mA/div. & i '
40us/div. 100ps/div. 4ms/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin=12V, PV\y= 20V, V g =70V, ILED = 350mA, L = 100uH, TAo= 25°C, unless otherwise noted.
Short LED+ to GND
Protection

50V/div. | i
VCOMP g fmmesemsenf
1Vidiv. ]
Voutp i
50V/div. \.:
[T — , SRR S, O W
10A/div. -
100us/div.
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OPERATION

The MP4008 drives an external MOSFET with
current mode architecture to regulate the LED
current, which is measured through an external
current sense resistor.

The MP4008 employs a special circuit for
regulating the internal power supply, which
covers a wide input voltage from 9V to 28V. The
switching frequency is fixed at 180 kHz.

The slope compensation is integrated to avoid
sub-harmonic resonance when the duty cycle is
greater than 0.5. The cycle-by-cycle current limit
can be programmed by the sense resistor on CS.

The MP4008 integrates under-voltage lockout,
over-voltage protection, over-current protection,
short LED protection, short-circuit protection,
short inductor/diode protection, and OTP.

J[:l GND
L

1PWM

VIN
Internal
Reference
—
& COMP__ L1 counter |4
; Regulator SATURATE Lo &
* Thermal
REF —\
EA
FB L1 / PW
m
comP I:" DRIVER —[]GATE
VCL ‘
CS []— LEB
LOGIC
+
| L
COSF\EE)%SENA < OSsC Jovp
VOVP

Figure 1: Functional Block Diagram
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Soft Start

The MP4008 implements a soft start by limiting
the current capability of the internal error
amplifier during start-up. The COMP voltage
jumps to its clamp voltage (~0.3V) at the
beginning of start-up. The sourcing/sinking
current of the internal error amplifier is limited to
21uA until the FB voltage reaches 0.8 of the
internal reference voltage during start-up (see
Figure 2).

VIN
UvVLO

v

Vcowrp

0.8lep

\4

ILED

Figure 2: Soft-Start Process
PWM Dimming

PWM dimming is achieved by applying a PWM
signal on the PWM pin.

When the PWM signal is high, GATE is enabled,
and the external dimming MOSFET is turned on
by the driving signal, which is filtered from GATE
(see Figure 3). The output of the internal error
amplifier is connected to the external
compensation network, and the LED current is
regulated accurately.

When the PWM signal goes low, the GATE
signal is disabled. Meanwhile, the output of the
internal error amplifier is disconnected from the
compensation network, and the COMP voltage is
held by the external capacitor. The dimming
MOSFET turns off to prevent the output voltage
from being discharged.

The internal oscillator is synchronized by the

R1 D1 DIMO

GATE A AN > I imming
C1

D
P> \0S

Figure 3: Dimming Signal Filtered from GATE
Protection

The MP4008 includes under-voltage lockout,
over-voltage protection, short-load protection,
short-circuit protection, over-current protection,
and short inductor/diode protection. If fault
conditions are detected, GATE and COMP are
pulled down.

A. Under-Voltage Lockout

The MP4008 integrates VIN UVLO. The internal
circuit does not work until the VIN voltage
reaches the UVLO rising threshold. The
hysteresis of VIN UVLO is 600mV.

B. Over-Voltage Protection

Over-voltage protection is detected by the
voltage of OVP. When the OVP voltage rises to
its high threshold, the over-voltage protection is
triggered, and GATE and COMP are pulled low.
The IC recovers once the OVP voltage
decreases to its low threshold.

C. Short-Load Protection

In a short-load condition, a large short current is
detected by the FB sense resistor. If the FB
sensed voltage is higher than 580mV and lasts
for 1us, the short-load protection is triggered;
GATE and COMP are pulled low, and the IC
latches off.

D. Short-Circuit Protection

In a short-circuit condition, the output voltage is
pulled low and no current is sensed on FB. If the
following conditions are satisfied, OVP < 280mV,
FB < 0.3*REF, and COMP > 1V, the short-circuit
protection is triggered. GATE and COMP are
pulled low, and the IC latches off.

performance W|th a Sma” d|mm|ng ratio_ proteCtlon. It uses a PMOS for bOth PWM
dimming and short-circuit protection. When LED+
is shorted to GND, GATE pulls low, and the
PMOS turns off to cut off the short loop.

MP4008 Rev. 1.01 www.MonolithicPower.com 12
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L1

Vin ’
ok
l MP4013
VIN GATE

COM cs
P

M2

OovP

GND 3
N FB T

Figure 4: Short-Circuit Protection Scheme

E. Over-Current Protection (Short Inductor/
Diode Protection)

The MP4008 implements a cycle-by-cycle current
limit function for protection. In normal operation,
the over-current protection is recoverable.

In unexpected cases (inductor or diode shorts),
when the voltage of CS, which is detected by an
external CS sense resistor, hits the latch-off
current limit value within the 300ns turn-on time
for 7 consecutive cycles, the over-current
protection is triggered; GATE and COMP are
pulled low, and the IC latches off.

F. LED-to GND Short Protection

In an LED- to GND short condition, the FB
senses no current which causes the COMP to
charge to its saturated value. If COMP remains
saturated for 2048 switching cycles, and FB is
below 30% of the internal reference, protection is
triggered; GATE and COMP are pulled low, and
the IC latches off.

MP4008 Rev. 1.01 www.MonolithicPower.com
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APPLICATION INFORMATION

LED Current Setting
The LED current is set by the LED current sense
resistor (Rgg). See Equation (1):

R - 280mV

B lep (1)

Selecting the Inductor

Select an inductor that allows the circuit to work
in continuous conduction mode (CCM). See
Equation (2):

L= Vinx (Vo — V)
Vox AlLx fs )

Where, A |_ is the peak-to-peak current of the
inductor current. Design the A l_to be 30% to 60%
of the inductor average current. See Equation (3):

Vo xILep
Vin 3)

Ensure the inductor saturated current is greater
than the inductor peak current. See Equation (4):

IL_ave=

IL_Pk=IL_ave+—AlL
4)
Current Sense Resistor Setting

The cycle-by-cycle current limit and slope
compensation are both integrated. The current
limit value is programmed by the external CS
resistor, which connects from CS to GND. The
maximum value of the CS sense resistor can be
set using Equation (5):

0.435-0.27 xD
IL_pk (5)

Where, D is the duty cycle of the GATE signal in
CCM. See Equation (6):

Res1(Q) =

pq

Vo (6)
I._pk is the peak current of the inductor.
The slope compensation is integrated to avoid

sub-harmonic resonance when the duty is larger
than 0.5 in CCM. Equation (7) must be satisfied:

Res2(Q) <9.7x107 x L(uH)

Where, V| is the voltage across the inductor when
GATE is off. See Equation (8):

VL(V) = VO max— VIN min (8)

The CS resistance must be less than Rest and Reso.

Over-Voltage Protection Setting

Choose a voltage divider (R1 and R2 in typical
application) to set the over-voltage protection
threshold. See Equation (9):

V. = 2.75V x R R2

(9)

Set the OVP point 10%-20% higher than the
maximum output voltage in normal operation.

Selecting the MOSFET and Diode

There are two MOSFETSs for MP4008 application:
One is for the boost converter (the power
MOSFET), and the other is for PWM dimming
(the dimming MOSFET).

Choose a power MOSFET with breakdown
voltage at least 20% higher than the OVP point to
ensure safety in all conditions.

The RMS current of the MOSFET can be
calculated using Equation (10):

|RMS=\/DX (IL_avé? +iA|L2)
12 (10)

Where, D is the duty cycle.

Choose a dimming MOSFET with a voltage
rating 20% higher than the OVP point, and a
current rating about 3-5 of the LED current.

Choose a diode with a voltage rating greater than
the OVP point (at least 20% higher), and a
current rating greater than the LED current.

Selecting the Input Capacitor

The input capacitor reduces the surge current
drawn from the input supply and the switching
noise from the device. Use a ceramic capacitor
with an X7R dielectric, low ESR, and small
temperature coefficient.

MP4008 Rev. 1.01
12/8/2016
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Select a capacitor to limit the input voltage
ripple( A Viy) to less than 5% to 10% of its DC
value. See Equation (11):

AlL

Cn>—
8 x AVinx fs

(11)
Selecting the Output Capacitor

The output capacitor limits the output voltage
ripple A Vo (normally less than 1% to 5% of its
DC value) and ensures feedback loop stability.
See Equation (12):

ILep x (Vo - ViN)
AVoxfsx Vo

Cout >

(12)
Compensation Network Setting

The MP4008 implements peak-current-mode
control to regulate the LED current through a
compensation network on COMP. Usually, an
RCC network is adopted for most applications
(see Figure 5).

¥

§ MP4008

FB
COMP
Rrp
280m

Figure 5: Compensation Network

= Cp

C

The transfer function of the compensation
network is calculated using Equation (13).
Assume Cz>>Cp.

Gea xRrs 1
~ X X
Rre+Riep Ac  sxCz 14+ sx CpxRcomr

1+ sx CzxRcomp

EA
©) (13)

Where, Gga is the transconductance of the internal

The zero of the compensation network is calculated
using Equation (15):

1

271t x CzxRcowmp

fz A=

(15)

The pole of this compensation network is
calculated using Equation (16):

1

27 x Cp x Rcowmp

fe EA=

(16)

The power stage of the boost converter is
calculated using Equation (17):

1
Vo
21 X (—I /I(Riep _ac + Res)) x Cour
LED

fr_ps=

(17)
Where, Vo is the output voltage, | ep is the LED
current, and Coyr is the output capacitance.

The right-half-plane (RHP) zero of the boost
converter stage is calculated using Equation (18):

(1-D)? x&

ILep

2nxL (18)

Choose a cross frequency (fc) below 1/5 of frup 7 to
get the Rcowe value. See Equation (19):

frup Zz=

fcx Courx 21
Rrs Geax(1-D)x Ges

Riep act+Rrs
Rcomp=

(19)
Where, Gcs is the conductance of the CS circuit.

The zero of the compensation network is used to
compensate the power-stage pole. See Equation
(20):

1

2t x frs_p xRcowmp

Cz=

(20)

The pole of the compensation network is used to
compensate the RHP zero. See Equation (21):

1

, , Ce=
error amplifier (Gga = 440pA/V), and Rigp ac is the 21 x frup 2 x Rcomp 1)
dynamic resistor of the LED load. Riep ac is
calculated using Equation (14):
RLep_ac= AVieo
Aliep (14)
MP4008 Rev. 1.01 www.MonolithicPower.com 15
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TYPICAL APPLICATION CIRCUIT
L1 D1

VIN Q
I CIN COUTI ROVP1 :
'
(]
= - '
'
R '
VDD \ﬁ?\‘ oveF}— ovP2 E
C I (]
o £—| 2.]GND FB 7} e |
| M1 —— [ 3lcs covmp[E—IF—
— GATE PWME— I «—] M2
Res Rot Dor Co Rp2 Rrs
Figure 6: Boost Application
L1 D1
VIN c1 n
OT‘ ol—o i ’l. l *‘
X Cin ¢ C + Rove1 '
- L2 - E
(]
L Rove2 E
'
(]
[}
K L oveE— :
C (]
| M1 ——1{3]cs covmpE—F—
GATE PWMI 51— TIL £ : M2
Res Ror Do Cof Rp2 Rrs
Figure 7: SEPIC Application
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DETAIL "A" 6) DRAWING IS NOT TO SCALE.
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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




