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Sensorless BLDC Control for MC9S08SU16-

based ESC

1.Introduction

This application note describes the design of a

sensorless BLDC control for ESC based on NXP’s

MC9S08SU16.

The drone ESC is gradually and widely used in people’s
daily life. It brings great help to the dull, dirty, and

dangerous work.

This application note focuses on the design of sensorless
BLDC control for ESC using MC9S08SU16. The

document includes:
e MCU peripherals
e Interrupts
e Software description
e Hardware setup
e Application introduction

© 2016 NXP B.V.
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MCU Peripherals

2. MCU Peripherals

MC9S08SU16 represents very low-cost portfolio of SO8 MCUs with peripherals modules dedicated for
motor control applications. The typical application segment includes BLDC sensor or sensorless motor
control applications.

The key features of the MC9S08SU16 device are as follows:

40-Mhz S08 core

768-bytes SRAM, 16-KB program flash memory

Voltage range: 4.5V to 18 V

5V input/output for logical 1/0

One 12C module supporting SMbus communications interface
One SCI module

Two 12-bit ADCs with up to 8 channels

Analog comparator with up to 4 inputs and internal 6-bit DAC
High voltage GDU (4.5V - 18 V)

Two 16-bit pulse width timers (PWT)

Two programmable delay block (PDB)

One 16-bit FTM

One 16-bit modulo timer (MTIM)

One 16-bit 6-channel PWM

Up to 17 GPIOs

Windowed COP with multiple clock sources (watchdog)
Inter-peripheral Crossbar Switch (XBAR)

Cyclic redundancy check(CRC)

Temperature range (ambient): -40<C to 105C

Figure 1 shows the overview diagram of the MC9S08SU16 device.
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Figure 1. MC9S08SU16 device overview

2.1. Timer

2.1.1. FlexTimer (FTM) configuration

The FlexTimer Module (FTM) is a TPM for the MC9S08SU16. It has two channels, which support the
input capture and output compare functions. The FTM time reference is a 16-bit counter that can be used
as an unsigned counter. The module has the following configuration in this application.

FTMO — input capture function and output compare function:

e Free running timer
FTM@_MODH = 0;
FTM@_MODL = 0;

e The input clock is the system clock/16 (20M/16=1.25 MHz).

FTM®_SC_CLKS = 1;
FTMO_SC_PS = 4;
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MCU Peripherals

The FTMOCHO is configured to the input capture function.

FTMO_COSC = FTMO_COSC_ELSA MASK | FTM@_COSC_ELSB_MASK;

The FTMOCHL1 is configured to the output compare function.

FTM@_C1SC = FTM@_C1SC_ELSA MASK | FTM@_C1SC_ELSB_MASK |
FTMO_C1SC_MSA_MASK;

Enable the ISR for FTMOCHO input capture, with the priority of level 3 (the highest priority).
IPC_ILRS4 ILRnO = 3;

Enable the ISR for FTMOCH1 output compare function, with the priority of level 3 (the highest
priority).

IPC_TLRS4 ILRn1 = 3;

2.1.2. PDBO configuration

PDBO is used to synchronize GDU’s comparator module and PWM module. The configuration is as
follows:

The input clock is the high speed clock (40 MHz).
The single short delay mode is chosen.
PDB_CTRLO = ©x00

2.1.3. MTIM configuration

MTIM is selected as the timer interrupt in this application and the module is configured as follows:

The timer period is configured to 3 ms (MOD _INIT = 234).
MTIM_SC |= MTIM_SC_TRST_MASK;

MTIM CLK |= MTIM_CLK_PS_MASK;

MTIM _MODL = MOD_INIT&OxfTf;

MTIM_MODH = MOD_INIT>>8;

The MTIM overflow interrupt is enabled.

MTIM_SC |= MTIM SC_TOIE_MASK;

Enable the overflow ISR, with the priority of level 1 (low priority).
IPC_TILRS7_ILRnO = 0;

2.1.4. PWM configuration

The PWM module is used for PWM generation which drive inverter. The module has the following
configuration:

The input clock is the high speed clock, which is 40 MHz.

The PWM fault2 interrupt and the manual fault clear functions are enabled.
PWM_FCTRLL = PWM_FCTRLL_FIE2 MASK;

The output PWM frequency is set to 16 KHz (PWM_MODULO = 2500).
PWM_CMODL = PWM_MODULO0%256;

PWM_CMODH = PWM_MODULO/256;

The reload frequency is set to 16 KHz.

PWM_CTRLH =0;
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MCU Peripherals

e The edge-aligned complementary PWM is configured to use the combined (n) and (n+1)

channels.
PWM_CNFGH = PWM_CNFGH_EDG_MASK;
PWM_CNFGL = 0;
e The deadtime is set to 1 us.
PWM DTIMOL = 40;
PWM_DTIMOH = 0O;
PWM DTIMI1L = 40;
PWM_DTIM1H = 0O;

e The top-side polarity is negative.
PWM_CNFGH |= PWM_CNFGH_TOPNEG_MASK
e The reload interrupt is enabled.
PWM_CTRLL = PWM_CTRLL_PWMEN_MASK | PWM_CTRLL_PWMRIE_MASK;
e The LDOK feature is used to update the duty-cycle.
PWM_CTRLL |= PWM_CTRLL_LDOK_ MASK;
e Enable PWM reload ISR, with the priority of level 2.
IPC_TLRS1 ILRn2 = 2;

2.1.5. PWT configuration

The PWT module is used to capture a pulse width and pulse period. The duty command is captured
through this module in this application. The module has the following configurations:

e The input clock is set to Bus clock/128, which equals to 156.25 KHz.
PWT@_CR_PRE = 7;

e The PWTOINO (PTA®6) is chosen as the PWT input port.
PWTO_CR_PINSEL = 0;

e The ready interrupt is disabled.
PWTO_CS_PRDYIE = 09;

2.2. Analog configuration

2.2.1. GDU configuration

The Gate Drive Unit (GDU) module is designed for power conversion and 3-phase motor control
applications. It includes high-side and low-side Field Effect Transistor (FET) pre-drivers, motor BEMF
zero crossing detection circuit, and 2-current sensing amplifiers with pre-configured 20x gain and
limitation detection. GDU is also internally connected to the Crossbar module, PWM module, and ADC
module, so the signal propagation delays can be effectively reduced or minimized. The module has the
following configurations:

e The delay time needs to be added after power-on, to make sure GDU module is normal powered
before initialization.
for (delayAfterClampEnable = 20000; delayAfterClampEnable > 9;
delayAfterClampEnable--);

{

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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2.3.

asm(nop);
}
By default, the Vclamp is set to 3.84 V and it needs to be manually tuned to 5 V.
GDU_CLMPCTRL_TUNE = 4;
The virtual network is enabled with the 3 internal resistors.
GDU_PHASECTRL = GDU_PHASECTRL_VNEN_MASK;
The OpMAPO is enabled for DC bus over-current protection.
GDU_CURCTRL = GDU_CURCTRL_AMPOEN_MASK;
The phase detection comparator with window/filter circuit is enabled.
GDU_PHCMPXCR@ = GCMP_FILT CNT;
GDU_PHCMPxCR1 = GDU_PHCMPOCR1_EN_MASK |
GDU_PHCMPOCR1_WE_MASK | GDU_PHCMPOCR1_PMODE_MASK ;
GDU_PHCMPXFPR = ZC_COMP_SAMP_PER_SYSU;
GDU_PHCMPxCRO_HYSTCTR = 1;
Enable over-voltage ISR, with the priority of level 3 (highest priority).
IPC_ILRS1_ILRnO = 3;
Enable over-current ISR, with the priority of level 3 (highest priority).
IPC_ILRS1_ILRnl = 3;

Others

2.3.1. Clock configuration

The internal clock source module provides clock source choices for the MCU. The module has
following configurations:

The core clock is set to 40 MHz and the bus clock to 20 MHz.
ICS C4 = 0x00;
ICS_C2 = 0x00;
SIM SCDIV = SIM SCDIV_DIV2 MASK;
The clock gate is opened for related peripherals.
SIM SCGC1 = SIM_SCGC1_IPC MASK | SIM SCGC1_DBG_MASK |
SIM_SCGC1_PMC_MASK;
SIM SCGC2 = SIM_SCGC2_PDB_MASK | SIM SCGC2_ ADCO MASK |
SIM_SCGC2_GDU_CMP_MASK |
SIM _SCGC2_CMPO_MASK;
SIM SCGC3 = SIM _SCGC3_FTM _MASK | SIM SCGC3_PWTO MASK |
SIM_SCGC3_MTIM MASK |
SIM_SCGC3_PWM_MASK;
The clock trim value calibration is enabled.
ICS_C3 = 0x50;

2.3.2. XBAR configuration

This module is used as a bridge between different peripherals. The module has following configurations:
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e The PWM reload signal is configured to sync the PDBO module.
XBAR_SEL9 = 4;
e The PDBO output is configured as GCMP compare window.

XBAR_SEL10 = 9;
XBAR_SEL11 = 9;
XBAR_SEL12 = 9;

e The GCMP output is configured to trigger FTMOCHO input capture ISR.

3. Interrupts

This application has 6-interrupt services:

e 4 interrupts are part of the BLDC motor control algorithm.

e 2 interrupts are used for over-current and over-voltage protection.
Table 1 summarizes ISR numbers and priority levels.

Table 1. Interrupt service list
Source Module function Application function Vector number ISR name Priority
FTMO Zero-crossing time | Zero-crossing time 16 isr_FTMchO_inputCapture 3
FTMO Commutation time | Commutation time 17 isr_FTMchl_outputCompare 3
GDU Over current fault Over current fault 13 isr_overCurrentFault 3
GDU Over voltage fault Over voltage fault 4 isr_overVoltageFault 3
PWM PWM reload PDB register update 6 isr_ PWM_reload 2
MTIM MTIM overflow Timer Event 28 isr_MTIM 1

3.1. Over-current fault interrupt

The GDU module includes the over-current protection. The related circuit description is as follows:

The current sense circuit and the over-current detection circuit are integrated in the GDU module. The
bias voltage for the current sense circuit is VREF/2, where the default VREF value is 4.2 V. Customers
can change the ADC reference voltage from 4.2 V to 5 V by setting the register of GDU_SIGBIAS.

The default amplification factor is 20. Customers can add external resistor to change the amplification
factor. For example, if 2K resistor is selected, the amplification factor is 15. If 4K resistor is selected,
the amplification factor is 12.

The over-current detection circuit is realized by the comparator. The positive input of comparator is the
output of current sense circuit, and the negative input of comparator is the output of 6-bit DAC. Figure 2
shows the over-current interrupt flow chart.

This hardware fault interrupt subroutine is used in:

e 6-channel PWM mask;
e Setting the Fault.

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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Figure 2. Over-current interrupt flow chart

3.2. Over-voltage fault interrupt

The over-voltage sense circuit is integrated in the GDU module. The input of the over-voltage sense
circuit is an eighth of DC bus voltage, and the reference voltage for the over-voltage sense circuit is
divided into two classes, 22 V and 24 V. Customers can distinguish it in the over-voltage interrupt and
take corresponding measures. For details, see the SU16 reference manual. Figure 3 shows the over-
voltage interrupt flow chart.

This hardware fault interrupt subroutine is used in:

e 6-channel PWM mask;
e Setting the Fault.

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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Figure 3. Over-voltage interrupt flow chart

3.3. MTIM interrupt

The state machine is executed in this ISR every 3 ms. Figure 4 shows the MTIM interrupt flow chart.
This is periodically called and is used in the following processes:

e Calculating velocityAct from periodBLDCZcFlIt;
e Calculating the duty ramp value;
e Setting PWM duty cycle.

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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Figure 4. MTIM interrupt flow chart

3.4. FTMOCHO input capture interrupt

The zero-crossing time is captured, and the next commutation time is calculated in this interrupt service.
Figure 5 shows the FTMOCHO input capture interrupt flow chart. This zero-crossing timer input capture
interrupt is used in the following processes:

e Recording the zero-crossing time (timeBLDCZc);

e Calculating the commutation period (periodBLDCZC) and filter the commutation period
(periodBLDCZcFIt);

e Calculating the period (periodBLDCZcToCmt) between the zero-crossing point (timeBLDCZc)
and the sequent commutation time (timeBLDCCmt);

e Calculating the sequent commutation time (timeBLDCCmt = timeBLDCZC+
periodBLDCZcToCmt).

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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Recode timeBLDCZC
Calculate periodBLDCZC
Calculate next CMT time

™ )

Figure 5. FTMOCHO input capture interrupt flow chart

3.5. FTMOCH1 output compare interrupt

The commutation is executed in this interrupt service. Figure 6 shows the FTMOch1 output compare
interrupt flow chart. This commutation interrupt is used in the following processes:

e When ZC Detection State = Current recirculation

Configuring XBAR_SEL4 (non-conduct phase voltage selection);
Selecting FTMOCHO input capture edge;
Changing the ZC detection state;

e \When ZC Detection State != Current recirculation

Calculating current recirculation period (periodBLDCZcToff);
Calculating force commutation period (periodBLDCCmtPreSet);
Constructing the virtual neutral point;

Making communication according to the current sector;
Changing the ZC detection state.

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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Figure 6. FTMOCH1 output compare interrupt flow chart

3.6. PWM reload interrupt

The PDBO comparison register is updated in this ISR, as PDB’s register update has no synchronization
mechanism for MC9S08SU16.

PDBO0 compare register update
When throttle calculation done =0
Throttle calculation

When throttle calculation done =0
dutyCycleRequestU16 calculation

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
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Software Description

( Isr PWM reload >

|

PDB comparison register update
PWTDuty calculation

Throttle calibration No
done?
Yes
dutyCycleRequestU16 calculation Throttle calibration

T

Figure 7. PWM reload interrupt flow chart

4. Software Description

This application core is MC9S08SU16. The low-cost SO8 chip has enough peripherals and features
suitable for implementation of sensorless BLDC six-step control.

This application is written in C language using Codewarrior 10.6, and calls the SO8 embedded software
library for time saving.

4.1. System concept

The concept shown in Figure 8 is chosen. The sensor-less rotor position technique developed detects the
zero-crossing points of Back-EMF induced in the motor windings. The phase Back-EMF zero-crossing
points are sensed while one of the 3-phase windings is not powered. The obtained information is
processed to commutate with the energized phase pair and to control the phase voltage with the Pulse
Width Modulation.

The neutral point voltage is reconstructed by using the internal virtual resister network, and 3
comparators are integrated in GDU peripheral. The zero-crossing detection is synchronized with the
duty cycle of the edge-aligned PWM signal by the hardware trigger using comparator’s window
function, in order to:

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017

NXP Semiconductors 13



Software Description

o Filter high-voltage spikes produced by the switch of the MOSFETS;
¢ Avoid detecting incorrect zero-crossing point for unipolar PWM mode.

4 d 3

S[ BLDC
wAnotor

B B G

Figure 8. Concept diagram

4.2. State machine

Figure 9 shows how this application uses the state machine to control the system flow. After resetting
the chip to configure all peripherals, the system enters never-ending loop. The state machine is executed
at 3 ms timer interrupt routine with MTIM.

e INIT

All the PWM MOSFETSs are switched off and variable initialization. The state machine transits
to the STOP state.

e STOP

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
14 NXP Semiconductors




Software Description

The transition to the OPENLOOP state is performed once the motor run is required.

e OPENLOOP
The motor is started-up with an initial duty cycle. The commutation period is constant and zero-
crossing detection is not executed in the first two commutation steps.

— If the zero-crossing point is not detected when the commutation step is greater than 4, the
state machine is forced to transit to the RUN state.

— If the zero-crossing point is detected when the commutation step is less than 5 and greater
than 2, the state machine transits to the RUN state.

¢ RUN

The motor speeds the calculation and duty cycle addition or subtraction is executed in this state.
If the motor stop is required, the state machine is switched to the STOP state.

e FAULT
— If an application detects any of the following fault:
— DC bus over voltage (Vsup > 22V)
— DC bus over current (DC bus current > 10A)
the state machine enters the FAULT state. The PWM MOSFETS are switched OFF.

— If no fault is detected in the 3 seconds period, the state machine exist the FAULT state
and transits to the INIT state.

aultRelease€n hreshold value
overCurrentFault=1
|overVoltageFault=

overCurrentFault=1
|overVoltageFault=1

overCurren

Throttle cadibration done = 1 lovervoltageFault=1

Figure 9. Application state machine
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4.3. OPENLOOP
The OPENLOORP state is described as above. Figure 10 shows the startup workflow of this application.

<§penloop stat%)

Sector =0
dutyCycle update
Preset CMT time

FTMOch1 interrupt enable

Preset CMT time
expired?

Yes ZCP detected?

Sector++

Commutation
dutyCycle update
Preset CMT time update

No

Figure 10. OOPENLOOP flow chart
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4.4. Zero-crossing detection and commutation

Figure 11 is zero-crossing detection and commutation timing diagram. If the comparator is used to
detect zero-crossing point, the window function for comparator is used to avoid incorrect zero-crossing
point detection.

PWM CNT /I/l/l/l/
Reload signal
PWM Sync T T T

signal

PWM TOP
Channel

PDBOch1

GCMP
Window

|P1us input (non—conduct phase)

.

GCMP

\/| Minus input (Virtual neutral) |®

A

GCMP COUT ‘
without filter ‘

GCMP COUT @

with filter

XBAR SEL4 = 12 @
XBAR SEL4 = 13
XBAR SEL4 = 14

FTMOchO

Isr_FTMOInputCaptur

Isr_FTMOOutputCompare

®

FTMOchl

Isr_FTMOOutputCompare @

Figure 11. Zero-crossing detection & communication timing diagram
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NOTE
The virtual neutral can be flexibly reconstructed with the register (GDU_PHASECTRL).

2. Customers need to change the XBAR_SEL4 configuration according to sector number in the
application.

— If non-conducted phase is phase A, XBAR_SEL4 = 12.
— If non-conducted phase is phase B, XBAR_SEL4 = 13.
— If non-conducted phase is phase C, XBAR_SEL4 = 14,

1 us for the PDBO rising edge delay period in this application.
4. 12 us for the GDU comparator filter period in this application.

The window function is generated by PDB0Och1. The synchronization between this two
peripherals is realized by XBAR peripheral, described in Figure 11.

6. PWM and PDBO are synchronized with the XBAR peripheral, described in Figure 11. PWM
reload signal is generated in every PWM period in this application.

7. The FTMOch1 output compare interrupt (ZC Detection state = current recirculation) time is
obtained through calculation, not aligned to actual time points in Figure 11.

8. The FTMOch1 output compare interrupt (ZC Detection state = current recirculation) time is
obtained through calculation, not aligned to actual time points in Figure 11.

5. Hardware Description
5.1. Schematic

Figure 12 shows the CPU peripheral circuit. C1 is important and supply VVclamp to drive high bridge P-
Mosfet. C6 and C40 need to be added if customers want to use 4.2 V as ADC reference voltage.

VDDX VDD

PTEQ/GDU_CMPD_

PTE1/GDU_CMP1_,

PTE2/GDU_CMP2.
PTEA/P

_OUTOMBI_|
PTAGPWT LIN1AKBI_PS PTBSPWM_WL_PWMS
PTATPWTH/TXDIXBAR_OUT1/KBI_P7 PTBI/BKGDABLSOUT

=

.
PTCO/CMP_REF/ADC_VREFHMCPWM_FAULTOICLK_IN

TACIS08SUTE

c8
100F 01UF

Figure 12. MCU peripheral circuit
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Hardware Description

Figure 13 shows the 3-phase inverter and related other circuit. The amplification factor is 20x in this
application.

T

aleoom el cm
o4 I T e cr
wie T xS

,—J, .
N

20GAIN I
Rtz A

Vddx 25A/VREF 21A

§é

o
Lo
T S
2 c0 v
0

Figure 13. Driver circuit

5.2. Hardware board
In this application, the output current is designed for 15A. Thus the PCB layout needs to be well
considered, especially for following points:

e Heat dissipation for power components

e Power ground copper pouring to avoid influence by high frequency signal

Figure 14 shows the front side of the hardware board and Figure 15 shows the back side.

DC Bus
Capacitance

P&N MOS

e ﬂ c12
e S08SUL6-EVK
L <) ~ DC Bus
: ‘ : Current
e T 3B Sampling
‘ e Resistance

i
T

&

Ri14 RIS

Figure 14. Front side of hardware board
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[P (250°0)

-~ Ozo 6 NXP B.V.
3-Phase - DC Power
Output ——— Input Connector
Connector

PR | 55 Target
" » a Controller

BDM Interface SCI, I2C, PWT
Interface

Figure 15. Back side of hardware board

6. Application Operation

6.1. FreeMASTER installation on PC or notebook

You can download the FreeMASTER PC application on www.NXP.com/freemaster. Select
FreeMASTER 2.0 Application Installation and click the Run button to start the installation.

6.2. Establishing connection between PC and embedded application

The FreeMASTER enables the use of multiple communication interfaces between the embedded
application and the PC or notebook (UART (RS232), CAN, Ethernet, BDM, and so on). For this
application, the BDM Communication Plug-in is used.

For the FreeMASTER configuration, follow the path:
e Project->Options->Comm

Sensorless BLDC Control for MC9S08SU16-based ESC, Application Notes, Rev. 0, 02/2017
20 NXP Semiconductors
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Options

Comm | MAP Files | Pack Dir | HTML Pages | Demo Mode | Views & Bars

[%=]

— Communication

 Direct RS232: Port: |E{)T-'.I11 ~| |

Speed: |144{I{I - | Timeouts._..

& Plugin Mockie:[FreeMASTER BDM Communication Plugin (HCSU8/12 Cole ]|

[T Save settings to project file

Connect stiing: ~ [drv=0ptype=3pnum=1.devid=PE5655332; | _ Configure...
W Save seitings to regisiry, use it as default.

i~ Open port at startup
* Do not open port at statup

— Communication state on startup and on pmject load

" Store port state on exit, apply t on stardup
™ Store state to project file. apply upon is load

0K

Cancel spoly |

Figure 16. FreeMASTER Comm page

* Project->Options->MAP Files:

ﬁ

Comm MAP Files | Pack Dir | HTML Pages | Demo Mode | Views & Bars |

0 el ki | WFLASHAWS UG Edrone BLOC abs

- |

File fommat: [Bnary ELF with DWARF2/DWARF4 dbg fomat. | Edit | DO<l |
List of all valid \FLASH\SU16 Edrone

symbol files:

Mote: The file selected in the list will be used as default symbol file
when the project is opened

On Load

T Letthe user select starting symbol file
W Synchronize varables each time the symbol file loads
W List emors (vaniables using undefined symbols)

@ Aways (" Except after project load
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Figure 17. FreeMASTER MAP Files page
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Application Operation

6.3. Application platform

Figure 18 shows the phase A voltage waveform and phase A current when the duty cycle ratio is 20%.
The purple waveform is the phase voltage, and the green waveform is the corresponding phase current
waveform.
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Figure 18. Phase voltage and phase current

The motor, which is used in this application, is Tiger motor (MT2208-18). Table 2 describes motor
parameters.

Table 2. Motor parameters

Characteristics Symble Value Unit
Rated voltage V 14.8 V
Rated speed - 12000 RPM
Rated power P 109 W

Number of pole pairs PP 7

Figure 19 shows the application platform.
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Revision History

Figure 19. Application platform

6.4. Microcontroller usage

Table 3 shows how much memory is needed to run the application.
Table 3. Memory usage in Byte

Header Row Text 1 Header Row Text 2 Header Row Text 3
Flash 16 K 5222
RAM 768 2241
1. Include the stack size (78 bytes).

7.References

e MC9S08SU16 reference manual
e MC9S08SU16 datasheet

NXP documents are available at www.NXP.com.

8. Revision History

Table 4. Revision history

Revision number Date Substantive changes

0 12/2016 Initial release
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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