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High Reliability SP2T RF Switch 300kHz to 8000MHz
GENERAL DESCRIPTION FEATURES
The IDTF2912 is a high reliability, low insertion loss, . . . .
50Q SP2T absorptive RF switch designed for a Vt_ary low msert!on loss: 0.4dB @ 1GHz
, - A . e High Input IP3: +66dBm
multitude of wireless and other RF applications. This « RFL to RF2 Isolation: 74dB @ 1GHz
device covers a broad frequency range from 300kHz to . ! o ;

. ) . - e 1-pin or 2-pin device control option
8000MHz. In addition to providing low insertion loss, «  Low DC current: 20uA usina 3.3V logic
the IDTF2912 also delivers excellent linearity and - L 9 A 9
) - . . ¢ Single positive supply voltage: 3.3V
isolation performance while providing a 50Q e 3.3V or 1.8V user-selectable control logic
termination to the unused RF input port. «  Operating temperature -55°C to +125°C
The F2912 uses a single positive supply voltage of 3.3V e 4x4 20 pin TQFN package

supporting three states using either 3.3V or 1.8V user-
selectable control voltage. An added feature includes
a Mode CTL pin allowing the user to control the device
with either 1-pin or 2-pin control.

COMPETITIVE ADVANTAGE

IDTF2912 provides extremely low insertion loss;
particularly important for RF receiver front-end use.

v Insertion Loss 0.4dB*

IIP3 : +66dBm

RF1 to RF2 isolation: 74dB*

Negative supply voltage not required
Extended temperature -55°C to +125°C
* 1GHz

AN N NN

APPLICATIONS

Base Station 2G, 3G, 4G

Portable Wireless

Repeaters and E911 systems
Digital Pre-Distortion

Point to Point Infrastructure

Public Safety Infrastructure
WIMAX Receivers and Transmitters
Military Systems, JTRS radios

RFID handheld and portable readers
Cable Infrastructure

Wireless LAN

Test / ATE Equipment

High Reliability SP2T RF Switch
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High Reliability SP2T RF Switch 300kHz to 8000MHz
ABSOLUTE MAXIMUM RATINGS
GENERAL
Parameter / Condition Symbol Min Max Unit
VCC to GND VCC -0.3 +3.9 \
CTL1, CTL2, LogicCTL VentL -0.3 Vcc + 0.3 Vv
RF1, RF2, RF_Com Vre -0.3 +0.3 \
Maximum Junction Temperature Tomax +140 °C
Storage Temperature Range Ter -65 +150 °C
Lead Temperature (soldering, 10s) TieaD +260 °C
Class 2
ESD Voltage— HBM (Per JESD22-A114) VEespHpM (2000V)
Class IV
ESD VOItage - CDM (Per JESDZZ'C].O].) VESDCDM (1500V)
RF POWER FOR CASE TEMPERATURES UP TO +85°C *
RF1, RF2 (RF1 or RF2 is switched to RF_COM, State 3 and 2) +33dBm
RF1, RF2 (RF1 or RF2 is NOT switched to RF_COM, State 1, 2 and 3) +24dBm
RF_COM (RF_COM port is NOT switched to RF1 or RF2, State 1) +24dBm
RF POWER FOR CASE TEMPERATURES UP TO +105°C*
RF1, RF2 (RF1 or RF2 is switched to RF_COM, State 3 and 2) +33dBm
RF1, RF2 (RF1 or RF2 is NOT switched to RF_COM, State 1, 2 and 3) +21dBm
RF_COM (RF_COM port is NOT switched to RF1 or RF2, State 1) +21dBm
RF POWER FOR CASE TEMPERATURES UP TO +120°C *
RF1, RF2 (RF1 or RF2 is switched to RF_COM, State 3 and 2) +27dBm
RF1, RF2 (RF1 or RF2 is NOT switched to RF_COM, State 1, 2 and 3) +18dBm
RF_COM (RF_COM port is NOT switched to RF1 or RF2, State 1) +18dBm

* Note: RF power limits are reduced if the RF frequency is lower than 400MHz.

Stresses above those listed above may cause permanent damage to the device. Functional operation of the device at
these or any other conditions above those indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

PACKAGE THERMAL AND MOISTURE CHARACTERISTICS

834 (Junction — Ambient) 60°C/W
B;c (Junction — Case) The Case is defined as the exposed paddle 3.9°C/W
Moisture Sensitivity Rating (Per J-STD-020) MSL 1

High Reliability SP2T RF Switch
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High Reliability SP2T RF Switch 300kHz to 8000MHz
IDTF2912 RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Conditions Min Typ | Max | Units
. Using 3.3V logic (Pin 18 low) 2.7 3.6
Single Supply Voltage Vee Using 1.8V logic (Pin 18 high) 3.15 3.45 v
Operating Temperature ) o
Range Tease Case Temperature 55 +125 C
RF Frequency Range Fre 0.3 8000 MHz
RF1 Port Impedance ZrF1 50
RF2 Port Impedance Zre> 50 Q
RF_COM Port Impedance ZRr coM 50

High Reliability SP2T RF Switch
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High Reliability SP2T RF Switch 300kHz to 8000MHz

IDTF2912 SPECIFICATION

Typical Application Circuit, Voc = +3.3V, Tc = +25°C, Fre = 1GHz, 2GHz, and or 4GHz as noted below. Input power
= 0dBm per tone unless otherwise stated. PCB board trace and connector losses are de-embedded unless otherwise
noted.

Parameter Symbol Conditions Min Typ Max | Units
For all control pins 0.7 x 2.6
Logic Input High vV Pin 18 low for 3.3V logic vcc i vV
Threshold IH For all control pins 111 2
Pin 18 high for 1.8V logic )
For all control pins 0.3 x Vv
Logic Input Low vV Pin 18 low for 3.3V logic vcc
Threshold L For all control pins 0.63 y
Pin 18 high for 1.8V logic )
Logic Current I In For all control pins 180 500 nA
Pin 18 low for 3.3V logic 20 25
DC Current Inc Pin 18 high for 1.8V logic 126 153 HA
Insertion Loss RF = 1GHz 0.4 0.6
RF1/RF2 to RF_COM IL RF = 2GHz 0.5 0.7 dB
(State 2 or 3) RF = 4GHz 0.6 0.8
Isolation RF = 1GHz 58 61.5
RF1 / RF2 to RF_COM ISO1 RF = 2GHz 52 57 dB
(State 2 or 3) RF = 4GHz 502 52
Isolation RF = 1GHz 71 74
RF1 to RF2 1S02 RF = 2GHz 60 62 dB
(State 2 or 3) RF = 4GHz 46 47
RF = 1GHz 27
?;g‘i;n 1")055 RF_COM RL1 RF = 2GHz 27 dB
RF = 4GHz 16
RF = 1GHz 25
(Rse}gljt;”ZLgfs3§F—COM RL2 RF = 2GHz 23 dB
RF = 4GHz 26

High Reliability SP2T RF Switch 4 Rev1, October 2014




IDTF2912NCGI
Datasheet

High Reliability SP2T RF Switch 300kHz to 8000MHz

IDTF2912 SPECIFICATION (CONT)

Typical Application Circuit, Voc = +3.3V, Tc = +25°C, Fre = 1GHz, 2GHz, 3GHz, and or 4GHz as noted below. Input
power = 0dBm per tone unless otherwise stated. PCB board trace and connector losses are de-embedded unless
otherwise noted.

Parameter Symbol Conditions Min Typ | Max | Units

Return Loss RF = 1GHz 27
RF1, RF2 RL3 RF = 2GHz 27 dB
(State 1) RF = 4GHz 20
Return Loss RF = 1GHz 26
RF1, RF2 RL4 RF = 2GHz 25 dB
(State 2 or 3) RF = 4GHz 21
Input IP2 RF = 1GHz 102
RF1 / RF2 IIP2 Pin = +13dBm | RF = 2GHz 110 dBm
(State 2 or 3) per tone RF = 3GHz 110
Input IP3 o RF = 1GHz 66
RF1 / RF2 1IP3 gg‘r o 13dBm 1 RE = 2GHz 64 dBm
(State 2 or 3) RF = 3GHz 64
Input 1dB compression
RF1 / RF2 IP1dB RF = 2GHz 29 30 dBm
(State 2 or 3) %

o .4 50% control to 90% RF 1.1
Switching Time Tsw  ["50% control to 10% RF 0.5 Hs
Maximum Switching
Frequency SWFREQ 25 KHz

. . 5MHz to 1000MHz
maXImﬂnllg I%eool\)l’eed it VIDgr Measured with 2.5ns risetime, 5 mVpp
roug - po 0 to 3.3V control pulse

Maximum spurious level . . i
on any RF port® Spuryax RF ports terminated into 50Q 145 dBm

1 — Items in min/max columns in bold italics are Guaranteed by Test.

2 — Items in min/max columns that are not bold/italics are Guaranteed by Design Characterization.

3 — The input 1dB compression point is a linearity figure of merit. Refer to Absolute Maximum Ratings section
for the maximum RF input power.

4 — FRF = 1GHz

5- Spurious due to on-chip negative voltage generator. Typical generator fundamental frequency is 2.2 MHz.
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High Reliability SP2T RF Switch 300kHz to 8000MHz

Table 1 includes 3 states and provides the truth table for 2-pin control input.

Control pin input RF1, RF2 input / output
State (P(i:r-|1-L117) (P(i::\—L126) RF1 to RF Com RF2 to RF Com
1 Low Low OFF OFF
2 Low High OFF ON
3 High Low ON OFF
4 High High N/A N/A

Table 1 - Switch Control Truth Table for 3 states using 2 control pins; pin 16 and pin 17

Table 2 includes 2 states and provides the truth table for 1-pin control input.

Control pin input RF1, RF2 input / output
State CTL1 CTL2
(Pin 17) (Pin 16) RF1 to RF Com RF2 to RF Com
don't care High OFF ON
don't care Low ON OFF

Table 2 — Switch Control Truth Table for 2 states using a single control pin 16

Table 3 provides the truth table for selecting the use of either 1 or 2 control pins.

Pin Control Mode

ModeCTL (Pin 19)

2-pin control: CTL1 and CTL2

GND

1-pin control: CTL2

VCC

Table 3 — Mode Control (pin 19) Truth table to use either 1 or 2 control pins

Notes:
1. When RF1 and RF2 ports are both open (State 1), all 3 RF ports are terminated to an internal 50Q
termination resistor.
2. When RF1 or RF2 port is open (State 2 or State 3 OFF condition), the open port is connected to an internal
50Q termination resistor.
3. When RF1 or RF2 port is closed (State 2 or State 3 ON condition), the closed port is connected to the RF
Com port.

Table 4 provides the truth table for selecting the use of either 1.8V logic control or 3.3V logic control.

High Reliability SP2T RF Switch

Logic Voltage

LogicCTL (Pin 18)

1.8V

VCC

3.3V

GND

Table 4 - Logic Control (pin 18) Truth Table

Rev1, October 2014
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High Reliability SP2T RF Switch 300kHz to 8000MHz

TYPICAL OPERATING CURVE CONDITIONS

Unless otherwise noted, the following conditions apply:

EVKit loss de-embedded

Vce=3.3V

TAMB=25C

Small signal parameters measured with Py = 0dBm.

Two tone tests Py =+13dBm/tone with 50 MHz tone spacing.

High Reliability SP2T RF Switch 7 Rev1, October 2014
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High Reliability SP2T RF Switch

TYPICAL OPERATING CONDITIONS (-1-)

Insertion Loss vs. Temperature

300kHz to 8000MHz

Insertion Loss vs. Voltage
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High Reliability SP2T RF Switch

TYPICAL OPERATING CONDITIONS (-2-)

RF1 Return Loss vs. Temp

° \ \
——-55degC/ 3.30V/ RF1_sel -=--55degC/ 3.30V/ RF2_sel
ST ——25degC/ 3.30V/ RF1_sel ==-25degC/ 3.30V/ RF2_sel
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RF2 Return Loss vs. Temp
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-10 T —125degC/ 3.30V/ RF1_sel -=-125degC/ 3.30V/ RF2_sel

Return Loss (dB)
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High Reliability SP2T RF Switch

300kHz to 8000MHz

RF1 Return Loss vs. Voltage
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RF2 Return Loss vs. Voltage
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High Reliability SP2T RF Switch

TYPICAL OPERATING CONDITIONS (-3-)

Switching Time [Tams = 25C, 3.3V]

T el B 0 E -

Compression [1 GHz, 2 GHz, RF1]

1.0 7 I I 80 1 ‘
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5 00 j \ 70 : :
c —_
9 . £ M
2 0.5 @ 65
£ 0 %
s 60
: \ -
o -5 2 55
a £
S 201 50
2.5 45
-3.0 y y y ! ) ' ' |
18 20 22 24 26 28 30 32 2.7 2.9 3.1 3.3 35 3.7
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80 T : : 80 : :
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70 70
£ —_
- —————— |
3 T T e é 65 | SEsses
P A
% 60 g 60 -
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g 5 2 55
- £
50 50 |
45 a5
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High Reliabilit¥ SP2T RF Switch 10 Rev1, October 2014

300kHz to 8000MHz

Switching Time [Tams = -40C, 3.3V]
CEl - S

RF1

T 0elo) Civk) ) > $GENEN:

Input IP3 [1 GHz]




OIDT

IDTF2912NCGI

0.9

Datasheet
High Reliability SP2T RF Switch 300kHz to 8000MHz
TYPICAL OPERATING CONDITIONS HISTOGRAMS [N=4800, Tcase= 25C] (-4-)
Insertion Loss [RF = 1 GHz] Insertion Loss [RF = 2 GHz]
25% - 25% 1
RFC --> RF1 RFC --> RF1
20% A RFC --> RF2 20% RFC --> RF2
£ 15% A = 15% A
0 £
2 10% - 2 10%
5% R 5% -
0% T |". . . . - 0% . T I . :
0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.3 04 0.5 0.6 0.7 0.8
Insertion Loss [1 GHz] Bin (dB) Insertion Loss [2 GHz] Bin (dB)
Insertion Loss [RF = 4 GHz] Isolation [RF = 1 GHz]
25% 1 40% -
RFC --> RF1 RFC --> RF1 =
35% A
20% A RFC--> RF2 RFC --> RF2
o 30%
£ 15% - £ 2%
8 S 20%
[ |
S 10% - i & 15% 1
| ° :
10% - i
5% A | |
5% A i
0% . : . . 0% ST
0.3 0.4 0.5 0.6 0.7 0.8 0.9 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

Insertion Loss [4 GHz] Bin (dB)

Isolation [RF = 2 GHz]
25%

20% -

RFC --> RF1

RFC --> RF2

15% 1

Percent

10% 1

5% A

.

0% l

50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65
RFC to RFx Isolation [2 GHZz] Bin (dB)

High Reliability SP2T RF Switch
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RFC to RFx Isolation [1 GHz] Bin (dB)
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High Reliability SP2T RF Switch 300kHz to 8000MHz

PiNouT & BLOCK DIAGRAM

= e
g 5
(6]
k: $ g 5 5
T UL
s [ Cowal |
GND | 1 | r/ i | | 15 | GND
L L |
| |
GND 2 | | 500 500 | | 14 GND
| |
rRF1| 3 I | a ! } 13 | RF2
| ° |
| 500 |
oND | 4 | | —o\o—-'Wv—‘I. | | 12 | GND
| E.P. iy |
GND I| - — — — . |I GND

RF_COM
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High Reliability SP2T RF Switch 300kHz to 8000MHz

PIN DESCRIPTION

PIN NAME FUNCTION
1l2I4I5I6I7I9I
10,11,12,14, GND Ground these pins as close to the device as possible.
15
3 RF1 RF1 Port. Matched to 50Q. If this pin is not OV DC, then an

external coupling capacitor must be used.
RF Common Port. Matched to 50Q. If this pin is not OV DC,

8 RF_COM - )

then an external coupling capacitor must be used.

RF2 Port. Matched to 50Q. If this pin is not OV DC, then an
13 RF2 . :

external coupling capacitor must be used.

Control 2 — See Table 1 and Table 2 Switch Control Truth Tables
16 CTL2 - .

for proper logic setting.

Control 1 — See Table 1 and Table 2 Switch Control Truth Tables
17 CTL1 i X

for proper logic setting
18 LogicCTL Logic Control — See Table 4 Logic Control Truth Table. Apply

9 VCC to select 1.8V logic control or GND for 3.3V logic control

Mode Control — See Table 3 Mode Control Truth Table. Apply
19 ModeCTL VCC to select 1-pin control or GND for 2-pin control
20 VeC Power Supply. Bypass to GND with capacitors shown in the

Typical Application Circuit as close as possible to pin.

Exposed Pad. Internally connected to GND. Solder this exposed
pad to a PCB pad that uses multiple ground vias to provide heat
21 —EP transfer out of the device into the PCB ground planes. These
multiple via grounds are also required to achieve the specified
RF performance.

High Reliability SP2T RF Switch 14 Rev1, October 2014
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High Reliability SP2T RF Switch 300kHz to 8000MHz

APPLICATIONS INFORMATION
Default Start-up

Control pins include no internal pull-down resistors to logic LOW or pull-up resistors to logic HIGH. Upon start-
up, all control pins should be set to logic LOW (0) thereby enabling 2 pin switch control, opening both RF1 and
RF2 paths, and setting logic control voltage to 3.3V (see above tables for LOW logic states).

Power Supplies

A common VCC power supply should be used for all pins requiring DC power. All supply pins should be
bypassed with external capacitors to minimize noise and fast transients. Supply noise can degrade noise figure
and fast transients can trigger ESD clamps and cause them to fail. Supply voltage change or transients should
have a slew rate smaller than 1V/20uS. In addition, all control pins should remain at OV (+/-0.3V) while the
supply voltage ramps or while it returns to zero.

Control Pin Interface

If control signal integrity is a concern and clean signals cannot be guaranteed due to overshoot, undershoot,
ringing, etc., the following circuit at the input of each control pin is recommended. This applies to control pins
16, 17, 18, and 19 as shown below.
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EVKIT PICTURE / LAYOUT (TOP)
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EVKIT PI1CTURE / LAYOUT (BOTTOM)

High Reliability SP2T RF Switch 18 Rev1, October 2014




IDTF2912NCGI
Datasheet

High Reliability SP2T RF Switch 300kHz to 8000MHz

EVKIT OPERATION

The F2912 EVKkit has a number of control features available. Please refer to the EVkit Application Circuit and
EVKit Picture for connections to this part. All bias and logic controls are done using J7 as an interface.
See Table 5 for the function of each pin on J7.

J7 PIN | PIN NAME CONNECTIONS
1 VCC Pin to supply VCC from an external power supply.
2 GND Pin to supply GND from an external power supply.

Leave this pin open to select 1-pin control. A pull up resistor on the EVkit
provides a logic high. If 2-pin control is desired, ground this pin by using a

3 ModeCTL two pin shunt between this pin and pin 4 (GND). See Tables 1, 2, and 3 for
1-pin and 2-pin control logic.

4 GND Pin available to shunt to pin 3 to provide a logic low.
If using 1.8V logic for CTL1 and CTL2, leave this pin open. A pullup resistor

5 LogicCTL on the kit provides a logic high. If 3.3V logic is used then ground this pin by
using a two pin shunt between this pin and pin 6 (GND) .

6 GND Pin available to shunt to pin 5 to provide a logic low.

Used to control the switch state when using the 2-pin control method.
Leave this pin open to allow the EVKkit pullup resistor to provide a logic

7 CTL1 high. Connect to pin 8 (GND) with a two pin shunt if a logic low is desired.
Actual logic levels applied to this pin depend on the setting of LogicCTL pin.
This device can be damage if the incorrect logic level is applied to this pin.
8 GND Pin available to shunt to pin 7 to provide a logic low.

Used to control the switch state when using the 1-pin or 2-pin control
method. Leave this pin open to allow the EVkit pullup resistor to provide a
logic high. Connect to pin 10 (GND) with a two pin shunt if a logic low is
desired. Actual logic levels applied to this pin depend on the setting of
LogicCTL pin. This device can be damage if the incorrect logic level is
applied to this pin.

10 GND Pin available to shunt to pin 9 to provide a logic low.

11 1.8VSEL If using 3.3V CTL1 and CTL2 logic, connect this pin to pin 12 (VCC) using a
) two pin shunt. If using 1.8V logic then leave this pin open.*

12 VCC Internally connected on PCB to VCC on pin 1.

13 1.8VSEL If using 1.8V CTL1 and CTL2 logic, connect this pin to pin 14 (1.8VSEL2)

) using a two pin shunt. If using 3.3V logic then leave this pin open.*

If using 1.8V CTL1 and CTL2 logic, connect this pin to pin 13 (1.8VSEL)
using a two pin shunt. If using 3.3V logic then leave this pin open.*

9 CTL2

14 1.8VSEL2

Table 5: EVkit J7 Interface Table

* Never configure the kit to have two pin shunts for both Pin11 to Pin12 and Pin13 to Pin14.
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EVkiT BOM
Part Reference QTyY DESCRIPTION Mfr. Part # Mfr.
C1 1 1000pF +5%, 50V, COG Ceramic Capacitor (0603) GRM1885C1H102J Murata
Cc2 1 100nF +10%, 16V, X7R Ceramic Capacitor (0402) GRM155R71C104K Murata
C3-C6 4 100pF +5%, 50V, COG Ceramic Capacitor (0402) GRM1555C1H101J Murata
R1-R4 4 100Q +1%, 1/10W, Resistor (0402) ERJ-2RKF1000X Panasonic
R5 1 15kQ +1%, 1/10W, Resistor (0402) ERJ-2RKF1502X Panasonic
R6 1 18kQ +1%, 1/10W, Resistor (0402) ERJ-2RKF1802X Panasonic
R7-R10 4 1MegQ +1%, 1/10W, Resistors (0402) ERJ-2RKF1004X Panasonic
J1-J5 5 Edge Launch SMA (0.375 inch pitch ground tabs) 142-0701-851 Emerson Johnson
J7 1 CONN HEADER VERT 7 x 2 POS GOLD N2514-6002-RB 3M
U1 1 SPDT Switch 4mm x 4mm QFN20-EP F2912NCGI IDT
1 Printed Circuit Board (Current Rev) F2912 REV 4.1 IDT

ToP MARKINGS

IDTF29 1, —
12NCGI
ZCA12AKG <«

—— ey ——
/ \ \ Code
\

|_— Part Number

[~ Assembler

ASM Test Date Code [yww]  LotCode

Step (Week 12 of 2014)
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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