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Low Power Consumption Current Mode Controller

FEATURES
 • Pin-for-pin compatible with UCC280X 

controllers
 • Enhanced performance UC284X 

for new designs
 • 100 µA typical start-up current
 • 500 µA typical operating current
 • Internal soft start at power-on and after fault
 • 100 ns internal leading edge blanking
 • Compliant to RoHS Directive 2002/95/EC

APPLICATIONS
 • Efficiency-enhanced DC/DC converter modules
 • Low quiescent current standby power supplies
 • Offline (AC/DC) power supplies
 • Universal input power supplies
 • Buck, boost, and buck-boost converters

DESCRIPTION

The SiP280X family includes six high-speed, low power
consumption, BiCMOS Current Mode Controllers. These
integrated circuits contain all of the control and drive
functions required for off-line and DC/DC current-mode
switching power supplies. Their advanced architecture
enables the implementation of full-featured designs with
minimal external parts count.

The SiP280X family controllers is available in lead (Pb)-free,
SO-8 packages, and are rated for operation over the
industrial temperature range of - 40 °C to 85 °C.

Part Number Maximum Duty Cycle Reference Voltage Turn-On Threshold Turn-Off Threshold

SiP2800 100 % 5 V 7.2 V 6.9 V

SiP2801 50 % 5 V 9.4 V 7.4 V

SiP2802 100 % 5 V 12.5 V 8.3 V

SiP2803 100 % 4 V 4.1 V 3.6 V

SiP2804 50 % 5 V 12.5 V 8.3 V

SiP2805 50 % 4 V 4.1 V 3.6 V

TYPICAL APPLICATION CIRCUIT 

* Pb containing terminations are not RoHS compliant, exemptions may apply.
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Notes: 
a. Currents are positive into, negative out of the specificed terminal. 
b. In normal operation VCC is powered through a current limiting resistor. An absolute maximum of 12 V applies when VCC is driven from a low

impedance source such that ICC does not exceed 30 mA. 

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

ABSOLUTE MAXIMUM RATINGSa

Parameter Limit Unit 

VCC
b 12

V
FB, Comp, CS - 0.3 to 6

Power Dissipation SO-8 1 W

Power Dissipation TSSOP-8 830 mW

Storage Temperature - 55 to 150 °C

RECOMMENDED OPERATING RANGE  
Parameter Limit Unit 

Operating Temperature Range - 40 to 85 °C

SPECIFICATIONS  

Parameter Symbol 

Test Conditions  Unless Specified
VCC = 10 V, RT = 100 k., CT = 330 pF

CREF = 0.1 µF, - 40 °C < TA < 85 °C

Limits

Unit Min.a Typ.b Max.a

Reference

Reference Voltage VREF

ILOAD = 0.2 mA, TA = 25 °C

SiP2800 / 
SiP2801 / 
SiP2802 / 
SiP2804

4.925 5.000 5.075

VSiP2803 / 
SiP2805

3.940 4.000 4.06

SiP2800 / SiP2801 / SiP2802 / SiP2804 4.88 5.00 5.10

SiP2803 / SiP2805 3.90 4.00 4.08

Load Regulation VLOAD 0.2 mA < ILOAD < 5 mA 10 30 mV

Line Regulation VLINE
VCC = 10 V to Clamp, TA = 25 °C 1.9

mV/V
VCC = 10 V to Clamp 2.5

Noise VNOISE
10 Hz < f < 10 kHz, TA = 25 °C

130 µV

Short Circuit Current ISC - 5 - 35 mA

Oscillator

Frequency fOSC

SiP2800 / 
SiP2801 / 
SiP2802 / 
SiP2804

40 46 52
kHz

SiP2803 / 
SiP2805

26 31 36

Temperature Stability 2.5 %

Amplitude VP-P 2.25 2.40 2.55
V

Peak Voltage VP 2.45
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Parameter Symbol 

Test Conditions  Unless Specified
VCC = 10 V, RT = 100 k., CT = 330 pF

CREF = 0.1 µF, - 40 °C < TA < 85 °C

Limits

Unit Min.a Typ.b Max.a

Error Amplifier

Input Voltage VIN

COMP = 2.5 V

SiP2800 / 
SiP2801 / 
SiP2802 / 
SiP2804

2.44 2.50 2.56
V

COMP = 2.0 V
SiP2803 / 
SiP2805

1.95 2.00 2.05

Input Bias Current IBIAS1 - 1 1 µA

Open Loop Gain AV 60 80 dB

COMP Sink Current ISINK FB = 2.7 V, COMP = 1.1 V 0.3 3.5
mA

COMP Source Current ISOURCE FB = 1.8 V, COMP = VREF - 1.2 V - 0.2 - 0.5 - 0.8

Gain Bandwidth BW 2 MHz

SPECIFICATIONS  

SPECIFICATIONS  

Parameter Symbol 

Test Conditions  Unless Specified
VCC = 10 V, RT = 100 k., CT = 330 pF

CREF = 0.1 µF, - 40 °C < TA < 85 °C

Limits

Unit Min.a Typ.b Max.a

PWM and Overcurrent Comparator

Maximum Duty Cycle DMAX

SiP2800 / 
SiP2802 / 
SiP2803

97 99 100

%SiP2801 / 
SiP2804 / 
SiP2805

48 49 50

Minimum Duty Cycle DMIN COMP = 0 V 0

Gainc AV 0 < VCS < 0.8 V 1.2 1.65 1.9 V/V

Max. Input Signal VIMAX COMP = 5 V 0.9 1.0 1.1 V

Input Bias Current 2 IBIAS2 - 200 200 nA

COMP to CS Offset CS = 0 V 0.45 0.90 1.35 V

CS Pin Blanking Time 50 100 150 ns

Overcurrent Comparator Fault 
Threshold

1.47 1.73

Output

Output Voltage

VOL

I = 20 mA
All Parts

0.1 0.40

V

I = 200 mA 0.35 0.90

I = 50 mA, VCC = 5 V SiP2803 / 
SiP2805

0.15 0.40

I = 20 mA, VCC = 0 V All Parts 0.70 1.20

VCC - VOH

I = - 20 mA
All Parts

0.15 0.40

I = - 200 mA 1.00 1.90

I = - 50 mA, VCC = 5 V SiP2803 / 
SiP2805

0.40 0.90

Rise Time tr
CL = 1 nF

41 70
ns

Fall Time tf 44 75
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Notes: 
a. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum (- 40 °C to 85 °C). 
b. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing and are measured at VCC = 12 V unless otherwise

noted. 
c. Gain is defined by A = DVCOMP/DVCS, 0 V  VCS  0.8 V.
d. Start, Stop, and Zener voltages track each other.

Parameter Symbol 

Test Conditions  Unless Specified
VCC = 10 V, RT = 100 k., CT = 330 pF

CREF = 0.1 µF, - 40 °C < TA < 85 °C

Limits

Unit Min.a Typ.b Max.a

Undervoltage Lockout

Start Thresholdd VSTART

SiP2800 6.6 7.2 7.8

V

SiP2801 8.6 9.4 10.2

SiP2802 / 
SiP2804

11.5 12.5 13.5

SiP2803 / 
SiP2805

3.7 4.1 4.5

Stop Thresholdd VSTOP

SiP2800 6.3 6.9 7.5

SiP2801 6.8 7.4 8.0

SiP2802 / 
SiP2804

7.6 8.3 9.0

SiP2803 / 
SiP2805

3.2 3.6 4.0

Start to Stop Hysteresis VHYS

SiP2800 0.05 0.30 0.48

SiP2801 1.5 2.0 2.4

SiP2802 / 
SiP2804

3.0 4.2 5.1

SiP2803 / 
SiP2805

0.2 0.5 0.8

Soft-Start

COMP Rise Time SS FB = 1.8 V, Rise from 0.5 V to VREF - 1 V 4 10 ms

Overall

Start-up Current ISTART VCC < Start Threshold 0.1 0.2
mA

Operating Supply Current ICC FB = 0 V, CS = 0 V 0.5 1.0

VCC Internal Zener Voltaged VZ ICC = 10 mA 12.0 13.5 15.0

VVCC Internal Zener Voltage Minus

Start Threshold Voltaged
VZ - VSTART

SiP2802 / 
SiP28004

0.5 1.0

SPECIFICATIONS  
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TYPICAL CHARACTERISTICS  

SiP2800 / SiP2801 / SiP2802 / SiP2804
Oscillator Frequency vs. Rt and Ct

Oscillator Dead Time vs. Ct
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COMP to CS Offset Voltage vs. Temperature
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PIN CONFIGURATION

Additional voltage options are available.

DETAILED PIN DESCRIPTION

COMP
COMP is the output of the Voltage Error Amplifier (VEA). The
VEA is a low output impedance operational amplifier,
providing the input to the PWM cycle-by-cycle current limit
comparator. As the SiP280X series of parts use a true
operational amplifier for the VEA, the COMP terminal can
both source and sink current. To add flexibility to these parts,
the VEA is internally current limited, which allows OUT to be
forced to zero duty cycle by taking the COMP pin to GND.

The voltage on COMP is passed through an internal diode to
develop an offset voltage of approximately 0.6 V, and then
through a resistive divider with a gain of 0.606 V/V, before
being presented to the control input of the cycle-by-cycle
current limit comparator. Clamping the COMP pin to less
than the diode’s forward voltage (i.e., < 0.5 V) will command
the current loop to deliver 0 A, by holding the control input of
the cycle-by-cycle current comparator at 0 V. Similarly, the
current loop will command the maximum inductor current on
each cycle when COMP is at 2.25 V or greater, which drives
the control input of the cycle-by-cycle current comparator to
1 V (since [2.25 V - 0.6 V] x 0.606 V/V = 1 V).
The SiP280X series additionally features a built-in soft-start
function, which functions by clamping the output level of the
VEA to an internally generated voltage. This clamp will hold
COMP at a low voltage (VCOMP 0 V) until VCC and VREF are
at their proper levels. When these levels are appropriate for
circuit operation, the internal voltage will begin rising, at the
rate of 1 V/ms. This rising clamp level allows the voltage on
the COMP pin to rise, which in turn allows the voltage at the

control input of the cycle-by-cycle current comparator to
increase. The maximum soft-start interval occurs under
conditions requiring full duty cycle (50 % or 100 %,
depending upon the part type), and is given by the time
required for the voltage on the cycle-by-cycle current
comparator’s control input to reach 1 V. Since 1 V at the
control input to the comparator requires that the COMP pin
be at 2.25 V, the maximum soft-start interval is
approximately 2.25 ms.

CS
Input to both the cycle-by-cycle and overcurrent fault current
sense comparators. The cycle-by-cycle current limit
comparator is the mechanism by which the VEA’s output
voltage commands the level of inductor or transformer
current during a given "on" interval, thereby regulating the
overall circuit’s output.This comparator forms the inner loop
of the two loops used in current-mode regulation.

The overcurrent comparator has a trip threshold that is 50 %
higher than that of the cycle-by-cycle comparator. Under
normal operating conditions, this comparator will not trip: its
purpose is to provide enhanced protection of the power path
components during severe faults (e.g., a short circuit). If the
overcurrent comparator is tripped by a fault condition, it will
command the SiP280X to do a "full-cycle restart". During this
restart, the power supply will be quickly driven to the "off"
state, and will be required to wait for five milliseconds
(typical) before restarting. When the supply does restart, it
will do so using the built-in soft-start function of the SiP280X.

5

COMP REF

FB VCC

CS OUT

RC GND

SOIC-8

6

7

8

2

3

4

1

Top View

ORDERING INFORMATION   
SOIC-8

Part Number
Lead (Pb)-free 
Part Number

Marking Temperature

SiP2800DY-T1 SiP2800DY-T1-E3 2800

- 40 °C to 85 °C

SiP2801DY-T1 SiP2801DY-T1-E3 2801

SiP2802DY-T1 SiP2802DY-T1-E3 2802

SiP2803DY-T1 SiP2803DY-T1-E3 2803

SiP2804DY-T1 SiP2804DY-T1-E3 2804

SiP2805DY-T1 SiP2805DY-T1-E3 2805

PIN DESCRIPTION   
Pin Number Name Function

1 COMP Output of the Voltage Error Amplifier, and the inverting input to the PWM’s Current Sense Comparator

2 FB Inverting input of the Voltage Error Amplifier

3 CS
Non-inverting input of the PWM Current Sense Comparator, and inverting input of the Overcurrent Fault 
Comparator (both comparators are fed from the output of the internal 100 ns Leading Edge Blanking circuit)

4 RC Connection for the PWM Oscillator’s timing resistor and timing capacitor

5 GND Ground Pin

6 OUT PWM Output Signal (capable of driving ± 750 mA into the gate of an external MOSFET power switch)

7 VCC Positive supply voltage for the IC

8 REF IC Reference Voltage
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The SiP280X family incorporates internal leading-edge
blanking on the CS pin, to keep any spurious voltages on the
CS pin from reaching the comparator inputs during the
100 ns interval immediately following the rising edge on OUT
(for example, voltages due to capacitive charging currents).
Because of this internal leading-edge blanking, many
applications require no external RC filter on the CS input.
Compared to circuits requiring the use of an external RC filter
circuit, leading-edge blanking provides a shorter effective CS
to OUT propagation delay.

FB
FB is the inverting input of the VEA. Internally compared
against VREF/2 appearing on the VEA’s non-inverting input.
To avoid stability problems, keep lead lengths to FB as short
as possible, and use good layout practices to minimize the
stray capacitances of components connected to this pin.

GND
The GND pin is both the reference ground and the power
ground for this part.

OUT
OUT is the output of a high-current driver capable of peak
currents in excess of ± 750 mA. OUT is therefore well suited
to driving the gates of power MOSFETs. This pin is
specifically held low when VCC is below the SiP280X’s UVLO
threshold, to ensure a predictable system turn-on. Since the
OUT pin is internally connected to a low impedance CMOS
buffer, it is capable of rapid rail-to-rail transitions. This output
topology also mitigates the effects of undershoot and
overshoot. For this reason, external Schottky clamp diodes
are generally not required on this pin.

RC
RC is the oscillator frequency programming pin. FOSC is set
by the combination of RT and CT. The charging current for CT
is provided through RT, which is normally connected
between REF and the SiP280X RC pin. CT then connects
from RC to GND. Due to the high impedances encountered
in low power control circuits, this connection must be a short
and quiet return to GND (preferably by means of a dedicated
signal trace, separated from all other circuit functions).

The oscillator frequency for the SiP280X family of parts is
approximated by the following formulas:

For the SiP2800, SiP2801, SiP2802, and SiP2804:

 • FOSC  (1.5)/RTCT

For the SiP2803 and SiP2805:

 • FOSC  (1.0)/RTCT

Here RT is in ohms and CT is in farads.

More accurate formulas for FOSC are:

For the SiP2800, SiP2801, SiP2802 and SiP2804:

 • FOSC = 1/{[(CT + CSTRAY) x RT x 0.652] + [(CT + CSTRAY) 
x RDISCH x 2.53] + TDELAY}

For the SiP2803 and SiP2805:

 • FOSC = 1/{[(CT + CSTRAY) x RT x 0.93] + [(CT + CSTRAY) 
x RDISCH x 2.53] + TDELAY}

Here RT is in ohms and CT is in farads, RDISCH is the value
of the resistor through which CT is discharged (normally an
on-chip 130  resistor, unless the circuit is configured with
additional external discharge-path resistance), and tDELAY is
an inherent internal comparator delay time of 100 ns. The
capacitance associated with the RC pin is approximately
7.5 pF, and should be included as a part of CSTRAY.

Note that the SiP2801, SiP2804, and SiP2805 have an
internal toggle flip-flop at the output of the oscillator, to
ensure that the output duty cycle never exceeds 50 %. This
divides the frequency appearing at the OUT pin to one-half
of the oscillator frequency for these three parts.

Values of RT below 10 k are not recommended. Low values
of RT cause high circuit operating currents, and very low
values will prevent the oscillator from properly discharging
CT.

REF
The reference generator block of the Si280X provides an
accurate and stable 4.0 V or 5.0 V (depending upon part
number), which is available at this pin of the IC. This voltage
is also used internally for other functions on the IC. One of
these uses is as the logic power supply for high speed
switching logic on the IC; this, and stability concerns, make it
important to bypass VREF to GND with a good quality 0.1 µF
ceramic capacitor, as close to the part as possible. An
electrolytic or tantalum capacitor may be used in addition to
the ceramic capacitor. When 1 V < VCC < the UVLO
threshold, REF is pulled to ground through a 5 k resistor.
Hence, REF can also be used as an output to indicate the
part’s VCC status.

VCC
VCC is the positive power connection for the SiP280X
controller IC, and should be the most positive terminal on the
part. In normal operation, VCC is powered through a current
limiting resistor. The required start-up supply current will
generally be on the order of 100 µA with VCC below the
UVLO voltage of the SiP280X, and can remain at or below
500 µA total supply current once the part starts switching. 
To prevent the IC from being damaged by overvoltage
conditions, each of the SiP2800 family of parts has an
internal clamp (effectively a 13.5 V Zener diode) between
VCC and GND. If the part’s VCC pin is current-fed through an
appropriate dropping resistor, the VCC pin will never exceed
its rated voltage, nor will the device as a whole exceed its
rated power dissipation. This does require knowing what the
operating current of the IC will be, so that the value of the
dropping resistor can be calculated. A good estimate of the
actual operating current (ICC) may be made by summing
three components:

(a) Any external current loading on the VCC or REF pins

(b) The operating current required by the IC itself, and

(c) The drive current (IDRIVE) required by the external 
power switch.
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Item (a) in the above list is a static dc value, and can
generally be calculated with good accuracy. Item (b) will
increase with operating frequency, but will be fixed for a
given value of FOSC. Item (c) is usually the dominant term in
the calculation of ICC, as the power required to drive the
external power switch will typically increase as FOUT is
increased. The most common example of this is seen in
driving the gate of a power MOSFET. In such applications,
the gate capacitances must be charged once each switching
cycle. This calculation is simplified by using the gate charge
term given by most MOSFET manufacturers, allowing the
use of the formula:

IDRIVE = FOUT x Qg of the chosen MOSFET.

A first approximation of the necessary dropping resistor
value is then given by:

R = [(Nominal VSUPPLY) - 12 V]/(Nominal ICC)

Here R is in ohms and ICC is in amperes.

The resistor limiting the current into the VCC pin should be
selected such that ICC(min) equals the worst-case maximum
sum of the above currents, while holding ICC(max) to as low a
value above that number as practicable (for best overall
efficiency), and nevermore than 25 mA above that number
(to avoid exceeding the IC’s internal clamp diode ratings).
VCC must be bypassed to GND with a good quality 0.1 µF
ceramic capacitor, as close to the part as possible. This will
help avoid problems created by high-frequency noise on the
power supply of the part. An electrolytic or tantalum capacitor
may be placed in parallel with the ceramic capacitor if more
capacitance is needed or desired.

FUNCTIONAL BLOCK DIAGRAM 

Vishay Siliconix maintains worldwide manufacturing capability. Products may be manufactured at one of several qualified locations. Reliability data for Silicon Tech-

nology and Package Reliability represent a composite of all qualified locations. For related documents such as package/tape drawings, part marking, and reliability

data, see www.vishay.com/ppg?72660.
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DIM
MILLIMETERS INCHES

Min Max Min Max

A 1.35 1.75 0.053 0.069

A1 0.10 0.20 0.004 0.008

B 0.35 0.51 0.014 0.020

C 0.19 0.25 0.0075 0.010

D 4.80 5.00 0.189 0.196

E 3.80 4.00 0.150 0.157

e 1.27 BSC 0.050 BSC

H 5.80 6.20 0.228 0.244

h 0.25 0.50 0.010 0.020

L 0.50 0.93 0.020 0.037

q 0° 8° 0° 8°

S 0.44 0.64 0.018 0.026

ECN: C-06527-Rev. I, 11-Sep-06
DWG: 5498

431 2

568 7

HE

h x 45

C

All Leads

q 0.101 mm

0.004"LB A1

A

e

D

0.25 mm (Gage Plane)

SOIC (NARROW): 8-LEAD
JEDEC Part Number: MS-012

S
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Disclaimer
ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE. 

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product.  To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (ii) any and all liability, including without limitation special,
consequential or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability. 

Statements regarding the suitability of products for certain types of applications are based on Vishay’s knowledge of typical
requirements that are often placed on Vishay products in generic applications.  Such statements are not binding statements
about the suitability of products for a particular application.  It is the customer’s responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application.  Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time.  All
operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay’s terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk.  Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay.  Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy
Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as Halogen-Free follow Halogen-Free
requirements as per JEDEC JS709A standards.  Please note that some Vishay documentation may still make reference
to the IEC 61249-2-21 definition.  We confirm that all the products identified as being compliant to IEC 61249-2-21
conform to JEDEC JS709A standards. 
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      Компания «Life Electronics» занимается поставками электронных компонентов импортного и 
отечественного производства от производителей и со складов крупных дистрибьюторов Европы, 
Америки и Азии. 

С конца 2013 года компания активно расширяет линейку поставок компонентов по направлению 
коаксиальный кабель, кварцевые генераторы и конденсаторы (керамические, пленочные, 
электролитические),  за  счёт заключения дистрибьюторских договоров 

      Мы предлагаем: 

 Конкурентоспособные цены и скидки постоянным клиентам. 

 Специальные условия для постоянных клиентов. 

 Подбор аналогов. 

 Поставку компонентов в любых объемах, удовлетворяющих вашим потребностям. 
 

 Приемлемые сроки поставки, возможна ускоренная поставка. 

 Доставку товара в любую точку России и стран СНГ. 

 Комплексную поставку. 

 Работу по проектам и поставку образцов. 

 Формирование склада под заказчика. 
 

 Сертификаты соответствия на поставляемую продукцию (по желанию клиента). 

 Тестирование поставляемой продукции. 

 Поставку компонентов, требующих военную и космическую приемку. 

 Входной контроль качества. 

 Наличие сертификата ISO. 
 

       В составе нашей компании организован Конструкторский отдел, призванный помогать 
разработчикам, и инженерам. 

  Конструкторский отдел помогает осуществить: 

 Регистрацию проекта у производителя компонентов. 

 Техническую поддержку проекта. 

 Защиту от снятия компонента с производства. 

 Оценку стоимости проекта по компонентам. 

 Изготовление тестовой платы монтаж и пусконаладочные работы. 
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