QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

DESCRIPTION

Demonstration Circuit 616 is a synchronous, 4-phase
boost converter using the LTC3425. It is capable of op-
erating below 1V input. DC616A is set for 3.3V output.
DC616B is set for 5V output. On each demo board, the
left circuit gives higher efficiency and current rating;
while the right circuit has smaller size and lower cost.

The switching frequency is set at 1MHz per phase,

minimizing inductor and capacitor size. A single resistor  the LTC factory.
at RT pin sets the frequency. If desired, the LTC3425

can be synchronized to an external clock.

Table 1. DC616A Performance Summary (Ty = 25°C unless otherwise noted)

LTC3425EUH

Long wires run from input sources (such as wall adap-
tors) can cause large voltage spikes during initial plug-
in. C5 and G15 are installed on DC616 to damp the pos-
sible voltage spikes. They are not required for applica-
tions where input source is close to the regulator.
Please refer to Application Note 88 for details.

Design files for this circuit board are available. Call

PARAMETER CONDITION VALUE
Minimum Input Voltage (Start-Up) 1V
Output Voltage VoyT1 (High Efficiency Circuit) Vin =2V 10 3V, lgyT1 = 0A t0 2.25A 3.3V +4%
Output Voltage Vgyto (Low Cost Circuit) Vin=2Vto 3V, IgyT2 = 0Ato 1.8A 3.3V +4%
Maximum Qutput Current (High Efficiency Circuit) Viy=2V1o 3V 2.25A
Maximum Qutput Current (Low Cost Circuit) Viy=2V1to 3V 1.8A
Typical Output Ripple Vout Vin = 2.4V, lgyT = 1.8A (20MHz BW) 28mVp_p
Typical Switching Frequency (each phase) 1MHz
Efficiency (High Efficiency Circuit) Vin =24V, loury = 0.58 0% Typica
Vin =24V, IgyT1 = 2A 88.6% Typical
Logic Low Voltage-Off, -40°C to 85°C 0.25V MAX
On/0ff Control Logic High Voltage-On (Initial Start-Up), -40°C to 85°C 1V MIN
Logic High Voltage-On (Vgyt>2.4V), -40°C to 85°C 0.65V MIN
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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Demo Circuit 616A = 3.3Vout@2.25A or 1.8A
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Demo Circuit 616B = 5Vout@2.0A or 1.5A
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

Table 2. DC616B Performance Summary (Tp = 25°C unless otherwise noted)

PARAMETER CONDITION VALUE
Minimum Input Voltage (Start-Up) 1V
Output Voltage VoyT1 (High Efficiency Circuit) VinN=2.5V 10 4.5V, IgyT1 = 0A to 2A 5V +4%
Output Voltage Vgyto (Low Cost Circuit) VinN =25V 10 4.5V, lgyT2 = 0A to 1.5A 5V +4%
Maximum Qutput Current (High Efficiency Circuit) ViN=2.5V104.5V 2A
Maximum Qutput Current (Low Cost Circuit) ViN=2.5V104.5V 1.5A
Typical Output Ripple Vout Vin = 3.3V, lgyT = 1.5A (20MHz BW) 33mVp_p
Typical Switching Frequency (each phase) 1MHz
Efficiency (High Efficiency Circuit Yin = 3.3V, loury = 0.58 0% Typica
Vin=3.3V, lgyT1 = 2A 92.3% Typical
Logic Low Voltage-Off, -40°C to 85°C 0.25V MAX
On/0ff Control Logic High Voltage-On (Initial Start-Up), -40°C to 85°C 1V MIN
Logic High Voltage-On (Vgyt>2.4V), -40°C to 85°C 0.65V MIN
Q@UICK START PROCEDURE

Demonstration circuit 616 is easy to set up to evaluate the performance of the LTC3425. Refer to Figure 1 for proper
measurement equipment setup and follow the procedure below:

NOTE: When measuring the input or output voltage ripple, care must be taken to avoid a long ground lead on the oscil-
loscope probe. Measure the input or output voltage ripple by touching the probe tip directly across the Vin or Vout
and GND terminals. See Figure 2 for proper scope probe technique.

1. Place jumpers in the following positions:

JP1,JP5  RUN
JP2,JP7  ON
JP4,JP6  DCM
JP3,JP8  AUTO ON.

2. With power off, connect the input power supply to VIN1 and GND or VIN2 and GND.

3. Turn on the power at the input.

NOTE: Make sure that the input voltage does not exceed 4.5V.

4. Check for the proper output voltage.

5. If there is no output, temporarily disconnect the load to make sure that the load is not set too high.
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

6. Once the proper output voltage is established, adjust the load within the operating range and observe the output
voltage regulation, ripple voltage, efficiency and other parameters.

7. Different operating modes can be selected according to the following table:

Table 3. LTC3425 Operating Modes

OPERATING MODE JP3, JP8 POSITION JP4, JP6 POSITION
Forced Burst BURST MODE DCM
Automatic Burst (Operating Mode is Load Dependent) AUTO ON DCM
Forced Fixed Frequency with Pulse Skipping at light load FIXED FREQ DCM
Forced Fixed Frequency, Low Noise (No Pulse Skipping) FIXED FREQ CCM

8. The active clamping circuits are installed on DC616B to prevent the voltages at switch nodes from exceeding the

maximum rating (refer to data sheet “Applications Where Vout > 4.3V” section for details).

If there is
any momentary  short-circuit ~ condition,  please  add

a 10Q in series with Q1.
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

=

Figure 2. Measuring Input or Output Ripple
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Figure 3. Maximum Qutput Current vs Input Voltage for 3.3V OQutput (DC616A)
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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Figure 4. Maximum Qutput Current vs Input Voltage for 5V Qutput (DC616B)
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Figure 5. DC616A Load Transient Response (Vin=2.4V;Channel 1: Vout1; Channel 2: lout: load step from 0.2A to 2.25A)
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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Figure 6. DC616B Load Transient Response (Vin=4.2V;Channel 1: Vout1; Channel 2: lout1: load step from 0.2A to 2A)
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

Vin=1V to 3V
Vout=3.3V@2.25A

ltern Qty Ref - Des Part Description Manufacturer's Part Number

| 2 CBI1,CSS1 Cap., X58 0.047uF 16V 20% ANVX 0402YD47/3MATZA

2 | CINI Cap., X5R 2.2uF 6.3V 10% TAIYO YUDEN JMKT07BJ225KA-1

3 4 COUTI,COUT2,COUT3,COUT4 Cap., X5R 4.7uF 6.3V 20% TAIYO YUDEN JMKZ212ABJ475MG-1
4 | COuTS Cap, SP-CAP 220uF 4V 009 ohm, case size D2 PANASONIC EEFSXOG221ER

3 | Cl Cap., NPO 330pF 25V 10% ANVX 04023A331KAT2A

& 2 C2,C8 Cap., X5R 0.TuF 10V 10% IDK C1005X5RTA 104K

7 | C3 Cap.. NPO 10pF 25V 10% ANVX 04023A T00KAT2A

8 | C4 Cap., NPO 18pF 25V 10% ANVX 04023A 180KAT2A

9 | 5 Cap., Tant. 47uF 10V 20% AVX TAJBL/6MOTORNY

10 0 C6,C7 (Opt) Cap., X5R 0.47uF 10V 10% Taiyo Yuden LMKI107BJ474KA-T

I 0 D1,.02,03,04 (Opt) Schottky Diode, UPS5817 Microsemi UPS5817

12 3 JP1.JP2,JP4 Headers, 3 Pins 2mm Cirs. SULLINS NRPNO3T1PAEN-RC

13 | JP3 Headers, Commcon280250492 SULLINS NRPNO41PAEN-RC

14 I J1 BNC Connector Connex 112404

15 0 J2 (Opt) lest Jacks, Shielded Johnson Components 129-0701-201
[ 4 LT1,L2,L3,L4 Inductor, 2.2uH COILCRAFT XALS030-222MEC

17 0 Q1 (Cpt) P-Channel, 20V JETEX ZXMETPOZE

18 | RBE1 Res., Chip 30.1K 0.06W 1% VISHAY CRCWO040230K 1FKED

1% | RILIM Res., Chip 69.8K 0.06W 1% VISHAY CRCWO40249K8FKED

20 | RT1 Res., Chip 15K 0.06W 1% VISHAY CRCWO0402 1 5K0FKED

21 3 R1,R3,R6 Res., Chip 1.0M 1/16W 5% VISHAY CRCWO04021 MOOINED

22 2 R5.R2 Res., Chip 10K 0.06W 5% VISHAY CRCWO40210K0JNED

23 | R4 Res., Chip 1M 1/16W 1% YISHAY CRCWO402 1 MOOFKED

24 | R/ Res., Chip 100K 0.06W 5% VISHAY CRCWO0402100KINED

25 | k& Res., Chip 570K 0.06W 1% VISHAY CRCWO0402570KFKED

26 | R9 Res., Chip 200K 0.06W 5% VISHAY CRCW0402200KINED

27 0 R10 (Opl) Res., Chip 51 0.06W 5% VISHAY CRCWO040251ROJNED

28 4 IP1,TP2,TP4,TP7 furrel, Tesipoint MILL-MAX 2501-2-00-80-00-00-07-0

29 4 [P4. TS, TP8, TP furret, Testpoint MILL-MAX 2308-2-00-80-00-00-0/-0

30 | U1 I.C., Polyphase Switching Regq. LINEAR TECH. CORP. LTC3425EUHPBF
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

Vin=1V to 3V
Vout=3.3V@1.8A

ltem Qity Ref - Des Part Description Manufacturer's Part Number
1 2 (CS8S2,CB2 Cap., X5R 0.047uF 16V 20% AVX D402YD473MAT2A
2 | CINZ Cap., X58 2.20F 6.3V 10% Taiyo Yuden JMK10/7BJ225KA-1
3 4 COUTé,COUT/,COUT8,COUT9 Cap., X58 4.7uF 6.3V 20% TAIYO YUDEN JMK212AB1475MG-T
4 I COUuTI0 Cap, SP-CAP 220pF 4V 009 ohm, case size D2 |PANASONIC EEFSX0G221ER
5 2 C1/,C9 Cap., X58 0.1uF 10V 10% DK CI005X5RTAT04K
6 1 Cl10 Cap., NPO 220pF 25V 10% ANX 04023A221KAT2A
7 1 Cl11 Cap., NFO 18pF 25V 10% ANVK D4023A 180KATZA
8 1 Cl2 Cap., NPO 10pF 25V 10% ANX 040234 T00KAT2A
9 0 Cl16,C14 (Opt) Cap., X5 0.47uF 10V 10% Taiyo Yuden LMK107B 147 4KA -1
10 | Cl5 Cap., Tant. 47uF 10V 20% AVK TAJB47 6MOTORN
11 4 D5,06,07,08 (Opt) Schottky Diode, UPS5817 Microsemi UPS5817
12 3 JP5,IP6,IP7 Headers, 3 Pins 2mm Ctrs. SULLINS NRPNO3TPAEN-RC
13 | JP8 Headers, Commeon2802504¢g2 SULLINS NRPNO41TPAEN-RC
14 I J3 BNC Conneclor Connex 112404
15 0 J4 [Opt) Test Jacks, Shielded Johnson Components 129-0/01-201
16 4 L5,L6,L7 L8 Inductor, 2.2uH muRata LGH32CN2R2M53
17 0 Q2 (Opt) P-Channel, 20V ZETEX ZXM6E1PO2E
18 | RB2 Res., Chip 30.1K 0.06W 1% VISHAY CRCWO40230K1FKED
19 1 RILIM2 Res., Chip 80.6K 0.06W 1% VISHAY CRCWO40269K8FKED
20 1 RT2 Res., Chip 15K 0.06W 1% VISHAY CRCWO040215K0FKED
21 | K11 Res., Chip IM 1/16W 1% VISHAY CRCWO0402 1 MOOFKED
22 1 R12 Res., Chip 200K 0.06W 5% VISHAY CRCWO0402200KJNED
23 1 R13 Res., Chip 590K 0.06W 1% VISHAY CRCWO402590KFKED
24 3 R14,R15,R20 Res., Chip 1.0M 1/16W 5% VISHAY CRCWO0402 1 MODJINED
25 1 R1é Res., Chip 100K 0.06W 5% VISHAY CRCWO0402 100KIJNED
26 2 R21.R19 Res.. Chip 10K 0.06W 5% VISHAY CRCWO0402 10K0JNED
27 0 R22 [Opt) Res., Chip 51 0.06W 5% VISHAY CRCWO40251R0OINED
28 4 P10 TP13,TP14,TP15 Turret, Testpoint MILL-MAX 2501-2-00-80-00-00-0/-0
29 4 IP11IP12,TP16,TP17 Turret, Testpoint MILL-MAX 2308-2-00-80-00-00-0/-0
30 I U2 I.C., Polyphase Swilching Reg. LINEAR TECH. CORP. LTC3425EUH#PBF
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

Vin=2.5V to 4.5V
Vout=5V@2A

Item Qty Ref- Des Part Description Manufacture's Part Number
I 2 CB1,CSS1 Cap., X5R 0.047uF 16V 20% ANVX 0402YD473MATZA
2 1 CINI Cap., X58 2.2uF 6.3V 10% laiyo Yuden JMKI107BJ225KA-
3 4 COuUT1,COUT2,COUT3,COoUT4 Cap., X5R 4.7uF 6.3V 20% TAYO YUDEN JMEZ212AB1475MG-1
4 1 COouTs Cap., POSCAP 150uF 6.3V 20% PANASONIC STPETS0M
5 1 Cl Cap., NPO 100pF 25V 10% ANVX 04023AT0TKAT2A
& 2 C8,C2 Cap., X5R 0.TuF 10V 10% DK CT005X5R 1A 104K
7 1 3 Cap., NPO 10pF 25V 10% AVX 04023A T00KAT2A
8 1 C4 Cap., NPO 27pF 25V 10% AVX 04023A270KAT2A
9 1 C5 Cap., Tant. 47uF 10V 20% AVX TAJBL76MOTORN
10 2 Cé,C7 Cap., X5R 0.470F 10V 10% TAIYO YUDEN LMK T07BJ474KA-T
11 4 D1,D2,03,D4 Schottky Diode, UPS5817 MICROSEMI. UPSSB1/E3/TR/
12 3 JP1,JP2,0P4 Headers, 3 Pins 2mm Ctrs. SULLINS NRPNO3TPAEN-RC
13 1 JP3 Headers, 4 Pins 2mm Clrs. SULLINS NRPNO41PAEN-RC
14 1 J1 BNC Connectol Connex 112404
15 0 12 (Opt) lest Jacks, Shielded Johnson Components 129-0701-201
l& 4 L1,L2,L3,L4 Inductor, 2.2uH COILCRAFT XAL5030-222MEC
17 1 Ql P-Channel, 20V ZETEX ZXMSTPOZFTA
18 1 RBI Res., Chip 30.1K 0.06W 1% VISHAY CRCWO040230K1FKED
19 1 RILIMI Res,, Chip 69.8K 0.06W 1% VISHAY CRCWO040269K8FKED
20 1 RT1 Res,, Chip 15K 0.06W 1% VISHAY CRCWO040215K0FKED
21 3 R1.R3.Ré& Res., Chip 1.0M 1/16W 5% YISHAY CRCWO402 1MO0INED
22 2 R5,R2 Res., Chip 10K 0.06W 5% VISHAY CRCW040210K0JINED
23 1 R4 Res, Chip IM 1/16W 1% VISHAY CRCW0402 1 MOOFKED
24 2 R7.R9 Res., Chip 100K 0.06W 5% VISHAY CRCWO402 100K JNED
25 1 R8 Res., Chip 324K 1/16W 1% VISHAY CRCWO0402324KFKED
26 0 R10 (Opt) Res,, Chip 51 0.06W 5% VISHAY CRCWO040251R0OINED
27 4 [P1,1P2,TP6,TPY lurret, Testpoint MILL-MAX 2501-2-00-80-00-00-07-0
28 4 IP4,TP5,TP8,TP? lurret, Testpoint MILL-MAX 2308-2-00-80-00-00-07-0
29 1 Ul I.C.. Polyphase Switching Req. LINEAR TECH. CORP. LTC3425EUH#PBF
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER
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QUICK START GUIDE FOR DEMONSTRATION CIRCUIT 616
4MHZ, POLYPHASE HIGH EFFICIENCY SYNCHRONOUS BOOST CONVERTER

Vin=2.5V to 4.5V
Vout=5V@1.5A

ltem Oty Ref- Des Part Description Manufacturer's Part Number
1 2 CSS82,CB2 Cap., X5 0.047uF 16V 20% AVX 0402YD473MAT2A
2 I CIN2 Cap., X5R 2.20F 6.3V 10% Taiyo Yuden JMKI107BJ225KA-T
3 4 COUT6,COUTZ,COUTE,COUT? Cap., X5 4.7uF 6.3V 20% TAIYO YUDEN UJMKZ212AE147 5MG-T
4 1 COuTI0 Cap, SP-CAP 220uF 4V 009 ohm, case size D2 [PANASCONIC EEFSX0G221ER
5 2 C17,C9 Cap., X5 0.TuF 10V 10% DK CI005X5R 1A 104K
& 1 C10 Cap., NPO 220pF 25V 10% AN J4J£JA 221KATZA
7 [ Cll Cap., NPO 18pF 25V 10%
8 1 Cl2 Cap., NPO 10pF 25V 10% AVX 04023A 100KATZA
9 0 C16,C14 (Opt) Cap., X5R 0.47uF 10V 10% Taiyo Yuden LMK107BJ474KA-]
10 1 Cl15 Cap., Tant. 47uF 10V 20% AVX TAIB476MOTORNY
11 4 D5,06,07,08 [(Opt) Schottky Diode, UPSS581/7 Microsemi UPS5817
12 3 JP5, 0P8, JF7 Headers, 3 Pins 2mm Chrs. SULLINS NRPNOZTPAEN-RC
13 I P8 Headers, Commcon2802s04g2 SULLINS NRPNOD4TPAEN-RC
14 I 13 BNC Connector Connex 112404
15 0 J4 (Opt) lest Jacks, Shielded Johnson Components 129-0701-201
14 4 L5Lé,L7 L8 Inductor, 2 2uH muRata LQH3ZCN2R2ZMS3
17 0 Q2 (Opf) P-Channel, 20V JETEX IXMBTPOZF
18 1 RB2 Res., Chip jU. 1K 0.06W 1% VISHAY CRCWO040230K1FKED
19 1 RILIMZ2 Res., Chip 80.6K 0.06W 1% VISHAY CRCWO040269K8FKED
20 1 RT2 Res., Chip 15K 0.06W 1% VISHAY CRCWO040215K0FKED
21 I R11 Res., Chip IM T/16W 1% VISHAY CRCWO04021MOOFKED
22 1 R12 Res., Chip 200K 0.06W 5% VISHAY CRCWO0402200KINED
23 1 R13 Res., Chip 590K 0.06W 1% VISHAY CRCWO0402590KFKED
24 3 R14,R15R20 Res., Chip 1.OM 1/16W 5% VISHAY CRCWO04021MO0JNED
25 1 El1é Res., Chip 100K 0.06W 5% VISHAY CRCWO0402100KJNED
24 2 R21,R19 Res., Chip 10K 0.06W 5% VISHAY CRCWO040210K0JNED
27 0 R22 (Opt) Res., Chip 51 0.06W 5% VISHAY CRCWO040251ROINED
28 4 [P10TP13,TP14,1P15 Turret, Testpoint MILL-MAX 2501-2-00-80-00-00-07-0
29 4 1P11,TP12,TE14,TP17 Turret, Testpaint MILL-MA X 2308-2-00-80-00-00-0/-0
30 I U2 I.C., Polyphase Swilching Reg. LINEAR TECH. CORP. LTC3425EUH#PBF
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
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