CEL BIPOLAR ANALOG INTEGRATED CIRCUIT

UPC8172TB

SILICON RFIC 2.5 GHz FREQUENCY UP-CONVERTER
FOR WIRELESS TRANSCEIVER

FEATURES BLOCK DIAGRAM
- RECOMMENDED OPERATING FREQUENCY: (Top View)
fRFout = 0.8 to 2.5 GHz _
. SUPPLY VOLTAGE: to '”"“'[ PS

+ HIGHER IP3 AND CONVERSION GAIN:
CG = 95 dB TYP IF input[
OIP3 =+7.5dBm TYP @ fRFout = 0.9 GHz

+ HIGH-DENSITY SURFACE MOUNTING:
6-pin super minimold package

RF output

Vcc=2.7t03.3V [ ]
GND Vce

DESCRIPTION APPLICATIONS

The UPC8172TB is a silicon monolithic integrated circuit + PCS1900 MHz

designed as a frequency up-converter for a wireless trans- + 2.4 GHz band transmitter/receiver system (wireless
ceiver transmitter stage. This IC is manufactured using the LAN, etc.)

30 GHz fmax UHSO (Ultra High Speed Process) silicon bipolar
process. This IC has the same circuit current as the conven-
tional UPC8106TB, but operates at higher frequency, higher
gain and lower distortion. Such performance and operation
from a 3 volts supply makes this device ideal for mobile
communications and wireless LAN applications.

Stringent quality assurance and test procedures ensure
the highest reliability and performance.

ELECTRICAL CHARACTERISTICS

(Ta =25°C, Vce = VRFout = 3.0 V, fiFin = 240 MHz, PLoin = -5 dBm, and VpPs =2.7 V unless otherwise specified))

PART NUMBER UPC8172TB
PACKAGE OUTLINE S06
SYMBOLS PARAMETERS AND CONDITIONS? UNITS MIN TYP MAX
Icc Circuit Current (no signal) mA 5.5 9.0 13.0
lcc(ps) Circuit Current in Power Save Mode, Vps =0V LA — — 2
CG1 fRFout = 0.9 GHz, PIFin = -30 dBm dB 6.5 9.5 12.5
CG2 Conversion Gain,| fRFout = 1.9 GHz, PiFin = -30 dBm dB 5.5 8.5 11.5
CG3 fRFout = 2.4 GHz, PIFin = -30 dBm dB 5.0 8.0 11.0
Po(sAT)1 fRFout = 0.9 GHz, PiFin=0 dBm dBm -2.5 0.5 -
Po(sAT)2 Saturated RF Output Power,| fRFout = 1.9 GHz, PIFin =0 dBm dBm -3.5 0 -
Po(sAT)3 fRFout = 2.4 GHz, PIFin=0 dBm dBm -4.0 -0.5 -
Output Third-Order Distortion Intercept Point,
OIP31 fRFout = 0.9 GHz fiFin1 = 240 MHz dBm - 7.5 -
OIP32 fRFout = 1.9 GHz fIFin2 = 241 MHz dBm - 6.0 -
OIP33 fRFout = 2.4 GHz dBm - 4.0 -
Input Third-Order Distortion Intercept Point,
1IP31 fRFout = 0.9 GHz fiFin1 = 240 MHz dBm — -2.0 -
1IP32 fRFout= 1.9 GHz fiFin2 = 241 MHz dBm - -25 -
1IP33 fRFout = 2.4 GHz dBm - -4.0 -
SSB-NF1 fRFout = 0.9 GHz, fiFin1 = 240 MHz dB - 9.5 -
SSB:NF2 | SSB Noise Figure, fRFout = 1.9 GHz, fiFin1 = 240 MHz dB - 10.4 -
SSB-NF3 fRFout = 2.4 GHz, fiFin1 = 240 MHz dB - 10.6 -
TPS(rise) Power Save Response Time Rise Time, Vps: GND’Vcc us - 1 -
TPs(fall) Fall Time, Vps: Vcc’ GND us - 1.5 -

Note:
1. fRFout < fLOIn @ fRFout = 0.9 GHz
fLOin < fRFout @ fRFout = 1.9 GHz/2.4 GHz



UPC8172TB

ABSOLUTE MAXIMUM RATINGS! RECOMMENDED
(TA = +25°C unless otherwise specified) OPERATlNG COND'T'ONS
SYMBOLS PARAMETERS UNITS | RATINGS
SYMBOLS PARAMETERS UNITS | MIN | TYP | MAX
Vee | Supply Voltage v 3.6 Vcc | Supply Voltage! v |27 | 30|33
Vps PS Pin Input Voltage \ 3.6 TA Operating
Pp Power Dissipation? mwW 270 Ambient Temperature ‘C | -40 | +25| +85
TaA Operating Ambient °C -40 10 +85 PLoin Local Input Level? dBm | -10 5] 0
Temperature fRFout RF Output Frequency3 GHz | 0.8 - | 25
TsTG Storage Temperature °C -55 to +150 fiFin IF Input Frequency MHz | 50 — | 400
PIN Input Power dBm +10 Note:
Notes: 1. Same voltage applied to pins 5 and 6.
1. Operation in excess of any one of these conditions may result in § 6\?; SOtQ"gWI't;OL:trT:tCh'rng?t'
permanent damage. . With external matching circuit.
2. Mounted on a double-sided copper clad 50x50x1.6 mm epoxy
glass PWB, Ta = +85°C.
SERIES PRODUCTS! (1A = +25°C, Vo = VRFout = 3.0 V, Zs = ZL = 50 Q)
Part Number Icc fRFout CG (dB OIP3 (dBm)
(mA) (GHz) @RF 0.9 GHz2 | @RF 1.9 GHz | @RF 2.4 GHz | @RF 0.9 GHz2 | @RF 1.9 GHz | @RF 2.4 GHz
UPC8172TB 9 0.8t02.5 9.5 8.5 8.0 +7.5 +6.0 +4.0
UPC8106TB 9 0.4t02.0 7 - +5.5 -1.0 -
UPC8109TB 5 0.4t02.0 4 - +1.5 +2.0 -
UPC8163TB 16.5 0.8t02.0 5.5 - +9.5 +6.0 -
Notes:
1. Typical performance.
2. fRFout = 0.83 GHz @ UPC8163TB
PIN FUNCTIONS (Voltage is measured at Vcc = Vps = VRFoUT = 3.0 V)
Pin Pin Applied Pin Function and Explanation Equivalent Circuit
No. | Name | Voltage [Voltage
\)] V)
1 IFinput _ 1.4 This pin is the IF input pin to the double balanced
’ mixer (DBM). The input is designed as a high
impedance. The circuit helps suppress spurious ®
signals. Also this symmetrical circuit can keep 5
specified performance insensitive to process-
condition distribution. For that reason, a double ®
balanced mixer is adopted. 3 Y
2 GND GND - GND pin. Ground pattern on the board should be ] My
formed as wide as possible. Track length should ,)
be kept as short as possible to minimize ground o) LN
inductance. MA
—— - wy
3 |LOinput _ 53 Local input pin. Recommendable input level is -10 3 2
to 0 dBm. 3
5 Vce 2.7t03.3 - Supply voltage pin. @)
6 |RFoutput |Same bias| — This pin is the RF output from the double
as Vcc balanced mixer. This pin is designed as an open
through collector. Due to the high impedance output, this
external pin should be externally equipped with an LC
inductor matching circuit to the next stage.
4 PS Vcc/GND Power save control pin. Bias controls operate as
V —(:)
follows: «
Pin Bias Control :_'
Vce Operation s
GND Power Save @
GND @)
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TYPICAL PERFORMANCE CURVES (TA = 25°C)

CIRCUIT CURRENT CIRCUIT CURRENT
vs. SUPPLY VOLTAGE vs. PS PIN INPUT VOLTAGE
12 12
10 10
/
z il z
\E/ 8 TA=+85°C | ~7 \E/ 8 /
ARRRY//; BN
5 6 \/ E . /
3 / TA=+25°C 3
s 4 1// 5 4
° / 7\ 3
(&) / TA =-40°C O
: / A
/ nosignal Veo=30V
0 0
0 1 2 3 4 0 1 2 3 4
Supply Voltage, Vcc (V) PS Pin Input Voltage, Vps (V)
CONVERSION GAIN
PS PIN CONTROL RESPONSE TIME vs. LOCAL INPUT LEVEL
15
REF LVL = 0 dBm
- —_ 10
- ATT =10dB 8 ——
10 dB/DIV (Vertical axis) o /
CENTER = 0.9 GHz © /’
SPAN =0 Hz S ofl—y
RBW = 3 MHz s /
VBW = 3 MHz g o
5
o

fRFout = 900 MHz
SWP =50 psec

10 fLOin = 1140 MHz
) ] PIFin = -30 dBm
5 psec/DIV (Horizontal axis) Vee = VPs

30 25 20 -5 -0 -5 0 5 10
Local Input Level, PLoin (dBm)

RF OUTPUT LEVEL CONVERSION GAIN
vs. IF INPUT LEVEL vs. LOCAL INPUT LEVEL
5 15
T o0 10
c% " ec=sov| N )
< / = v Vee=3.0V
g 5 7 g s //
g s / \
5 2 5|/
3 -1 5 /
8 fRFout = 900 MHz g fRF_om =1.9 GHz
L fLOin = 1140 MHz O 10 fLOIn. = 1660 MHz
c 20 PLOIn = -5 dBm \F;LOIn_ =V-3o dBm
Vce = VpPs CcC =VPS
.25 -15
3 25 20 -5 10 5 0 5 10 8 -25 -20 15 -10 5 0 5 10

IF Input Level, PiFin (dBm) Local Input Level, PLoin (dBm)
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TYPICAL PERFORMANCE CURVES (TA = 25°C)

RF OUTPUT LEVEL CONVERSION GAIN
vs. IF INPUT LEVEL vs. LOCAL INPUT LEVEL
5 15
T o 10 —
@D / Vee=3.0V Q \
RS ~ vee =3.0V—>
E / ORI
[S) 5 O
i /
o C"
n-— / g 0 /] \
@ -10
4
g : / \
5 s 5 -5 A
a 4 2
8 fRFgul =1.9 GHz g fRFout = 2.4 GHz
fLOin = 1660 MHz o fLOIn = 2160 MHz
E 20 PLOIn = -5 dBm —10 PIFin = —30 dBm
Vce = VPs vce = Vprs
-25 -15
30 25 20 -5 -10 -5 0 5 10 -30 -25 20 -15 -10 -5 0 5 10
IF Input Level, PiFin (dBm) Local Input Level, PLoin (dBm)
RF OUTPUT LEVEL IM3, RF OUTPUT LEVEL
vs. IF INPUT LEVEL = vs. IF INPUT LEVEL
5 mg 10 :
35
n O
€ 0 =1 ° /
@ 7‘-“ g £ —10 - -
° / vee=3.0V = E L —
= 5 o -~ —20 -
g 4 % g 4
o / Q02 3 7
—_ =10 g < /
2 ’ g8 0
o / S u / TA = +25°C
= -5 T5 -s0 / Voc = VPS =3.0V
2 / g = fRFout = 900 MHz
= fRFout = 2.4 GHz 52 o fIFin1 = 240 MHz
o fLOin = 2160 MHz €9 4 fiFin2 = 241 MHz
w i/ PLOIn = -5 dBm - = / fLOin = 1140 MHz
o VCC = VPS o a3 70 / PLOIn = -5 dBm
Ps5
-25 OO -8
-30 25 -20 -15 -10 -5 0 5 10 ° E:L 30 -25 -20 -15 —10 -5 0 5
IF Input Level, PiFin (dBm) @ IF Input Level, PiFin (dBm)
IM3, RF OUTPUT LEVEL IM3, RF OUTPUT LEVEL
3 vs. IF INPUT LEVEL £ vs. IF INPUT LEVEL
mE mE
55 g °
o i o
== 0 =5 0 T
SE 0 = il SE -1 el I
£ — = £ — |1 A
2 ¢ -20 2 ¢ -20 ~
55 a5 A
- -30 - -3 —
S5 S5 Pl
3« © ©
S uw Sw 40 P4
8% TA = +25°C 8% 7 TA = +25°C
ED Veec=VPs=3.0V ED / Vec=VPs=3.0V
T 3 fRFout = 1.9 GHz 33 y fRFout = 2.4 GHz
£4 fIFint = 240 MHz €3 fiFin1 = 240 MHz
=5 fiFin2 = 241 MHz . / fiFin2 = 241 MHz
3 = fLoin = 1660 MHz 3 = f;Oin = 21§%é4HZ
S i S LOin = —
oo PLOiIn = -5 dBm [eXe) 6 in m
e st —
& E -1%5 -10 -5 0 5 & & -30 -25 -20 -15 -10 -5 0o 5

IF Input Level, PiFin (dBm) IF Input Level, PiFin (dBm)
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TYPICAL PERFORMANCE CURVES (TA = 25°C)

Local Leakage at IF Pin, LOif (dBm)

Local Leakage at RF Pin, LOrf (dBm)

Local Leakage at IF Pin LOr, (dBm)

-40

LOCAL LEAKAGE AT IF PIN
vs. LOCAL INPUT FREQUENCY

7

yd

fRFout = 900 MHz
PLOIn = -5 dBm
Vec=VPs=3.0V

0.5 1 1.5 2 25 3
Local Input Frequency, fLoin (GHz)

LOCAL LEAKAGE AT RF PIN
vs. LOCAL INPUT FREQUENCY

/T ™

Vec=VPs=3.0V

fRFout = 900 MHz
PLOIn = -5 dBm

0.5 1 1.5 2 2.5 3

Local Input Frequency, fLoin (GHz)

LOCAL LEAKAGE AT IF PIN
vs. LOCAL INPUT FREQUENCY

BAvd
e

fRFout = 2.4 GHz
PLOiIn = -5 dBm
Vec=VPs=3.0V

0

0.5 1 1.5 2 25 3

Local Input Frequency, fLoin (GHz)

Local Leakage at IF Pin LOif (dBm)

Local Leakage at RF Pin LOxf, (dBm)

Local Leakage at RF Pin LOxf, (dBm)

LOCAL LEAKAGE AT IF PIN
vs. LOCAL INPUT FREQUENCY

N

)

fRFout = 1.9 GHz
PLOIn = -5 dBm
Vec=VPs=3.0V

-10

0.5 1 1.5 2 25 3
Local Input Frequency, fLoin (GHz)

LOCAL LEAKAGE AT RF PIN
vs. LOCAL INPUT FREQUENCY

AL

fRFout = 1.9 GHz
/J PLOin = -5 dBm
/~ Vee=VPs=3.0V
0 0.5 1 15 2 2.5 3

Local Input Frequency, fLoin (GHz)

LOCAL LEAKAGE AT RF PIN
vs. LOCAL INPUT FREQUENCY

/

AW

Y

fRFout = 2.4 GHz
PLOin = -5 dBm
/-/ Vec=VPs=3.0V

0.5 1 15 2 25 3

Local Input Frequency, fLoin (GHz)
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SYSTEM APPLICATION EXAMPLE

Wireless Transceiver

LNA
N — |
Vax ll> Il> > DEMO aQ
VCO +N HPLL
— sw PLL
i i e <
I | N A
|
|
TX A A 1A Phase
1 Shifter
ST

UPC8172TB

/N
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S-PARAMETERS FOR EACH PORT (vcc = Ves = Varou = 3.0 V)

(The paramters are monitored at DUT pins)

LO port

Si1 Zz

REF 1.0 Units

1 200.0 mUnits/

21.625Q -91.148 Q

Vhp

MARKER 1
1.15 GHz

MARKER 2
1.65 GHz

MARKER 3
2.15 GHz

START  0.400000000 GHz
STOP 2.500000000 GHz

IF port

Si1 Z
REF 1.0 Units
1 200.0 mUnits/
332.63 Q -601.34 Q
hp
MARKER 1
240.0 MHz

START  0.100000000 GHz
STOP 1.000000000 GHz

RF port (without matching)

S22 Zz

REF 1.0 Units

1 200.0 mUnits/

\v 71.5Q -240.34 Q
hp

MARKER 1
900 MHz

MARKER 2
1.9 GHz

MARKER 3
2.5 GHz

START  0.400000000 GHz
STOP 2.500000000 GHz
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TEST CIRCUIT 1 (frrout = 900 MHz)

Strip Line
Spectrum Anal ;
pectrum Analyzer 100 pF 1 pF \ 100 pF Signal Generator
’47_AM_©_| l_l 6 | RFoutput  IFinput I—@——AM—@;7
50 Q 10 nH C1 50 Q
? {5 |vce GND
77 100 pF Signal Generator
100 pF \)—E PS LOinput .—| I—@S——-‘VV\(—C);
C2 50 Q
Vcc’L Cs j7: J; J; I 1000 pF

-
=
B
(o))
[e]
o
S
—_
=
B

EXAMPLE OF TEST CIRCUIT 1 ASSEMBLED ON EVALUATION BOARD

O ONONONONONONONONONONONONONG)
PS Bias
LOinput
@/ ,Voltage Supply
IFinput RFoutput
ONONONONONONONONONONONONONONG
O O O UPC8172TB Q
COMPONENT LIST
FORM SYMBOL VALUE (*1) 35x42x0.4 mm polymide board, double-sided copper clad
Chip Capacitor C1,Cz2, C3 100 pF (*2) Ground pattern on rear of the board
C4 1000 pF (*3) Solder plated patterns
Cs, Cs 1 uF (*4) mmIN: Through holes
C7 68 pF
Cs 1 pF
Chip Inductor L 10 nH’

Note:
1. 10 nH: LL1608-FH10N (TOKO Co., Ltd.)
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TEST CIRCUIT 2 (frrout = 1.9 GHz)

Strip Line
Spectrum Analyzer 0100 oF / \ 100 pF Signal Generator
’J7——W\,—@-—3f 6 | RFouput  IFinput [ 1 |—— |—@——'\Ny—@;
509 575 ij_ Ce L & 470 nH C1 50 Q
? ——2 » {5 [Vec GND
777 100 pF Signal Generator
100 pF \_E PS LOinput I—@—--'Wv—@’—%
Co 50 Q
Vce Cs_—C7__Ce C4_— 1000 pF

1 pF 30 pF1puF

EXAMPLE OF TEST CIRCUIT 2 ASSEMBLED ON EVALUATION BOARD

O O O O

OO0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0O0

PS Bias
LOinput

»

,Voltage Supply

IFinput RFoutput

O000O0OO0OO0OO0OO0OO0OO0OOO0OO0O0

O O O wamO

COMPONENT LIST
FORM SYMBOL VALUE (*1) 35 x 42 x 0.4 mm polymide board, double-sided copper clad
Chip Capacitor C1, C2, C3 100 pF (*2) Ground pattern on rear of the board
Ca 1000 pF (*3) Solder plated patterns
Cs, Cs 1 uF (*4) mmIN: Through holes
C7 30 pF
Cs 2.75 pF
Chip Inductor L 470 nH'
Note:

1. 470 nH: LL2012-FR47 (TOKO Co., Ltd.)
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TEST CIRCUIT 3 (farout = 2.4 GHz)

Strip Line

Spectrum Analyzer 100 pF / \ 100 pF Signal Generator

_@_I 6 | RFoutput  IFinput |—@—_A,W_@;7
1.75 ij_ Cs L 470nH C1 50 Q
—

= {5 |vee GND
I J Signal Generator

100 pF
100 pF

\—E PS LOinput I—@——-Wy—@;7
C2 50 Q
“3

4 1000 pF

1yF1OpF1HF

EXAMPLE OF TEST CIRCUIT 3 ASSEMBLED ON EVALUATION BOARD

O0O0OO0OO0OO0OO0OO0OOOOOO0OO
PS Bias
LOinput
@/,Voltage Supply
IFinput RFoutput
OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOOOO
O O O wemsO
COMPONENT LIST
FORM SYMBOL VALUE (*1) 35 x 42 x 0.4 mm polymide board, double-sided copper clad
Chip Capacitor C1, C2, C3 100 pF (*2) Ground pattern on rear of the board
Ca 1000 pF (*3) Solder plated patterns
Cs. Co 1uF (*4) mmIN: Through holes
C7 10 pF
Cs 1.75 pF
Chip Inductor L 470 nH'

Note:
1. 470 nH: LL2012-FR47 (TOKO Co., Ltd.)
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OUTLINE DIMENSIONS (units in mm)

PACKAGE OUTLINE S06

— ] lo32

[

010 0.1 +0.10
0.15 005

Note:
All dimensions are typical unless otherwise specified.

PIN CONNECTIONS

(Top View) (Bottom View)
]+ 4 ] HE
[ ]s s[] [ ]2

1
C3A

ORDERING INFORMATION

BLOCK DIAGRAM
(Top View)
LO input PS
GND Vce
IF input RF output
PIN NO. PIN NAME
1 IFinput
2 GND
3 LOinput
4 PS
5 Vce
6 RFoutput

Part Number Quantity

UPC8172TB-E3-A 3 K pcs/reel

Note: Embossed tape, 8 mm wide. Pins 1, 2 and 3 face the tape
perforation side.

EXCLUSIVE NORTH AMERICAN AGENT FOR RF, MICROWAVE & OPTOELECTRONIC SEMICONDUCTORS
CALIFORNIA EASTERN LABORATORIES * Headquarters * 4590 Patrick Henry Drive ¢ Santa Clara, CA 95054-1817 ¢ (408) 988-3500 ¢ Telex 34-6393 « FAX (408) 988-0279
24-Hour Fax-On-Demand: 800-390-3232 (U.S. and Canada only) ¢ Internet: http://WWW.CEL.COM

DATA SUBJECT TO CHANGE WITHOUT NOTICE

06/14/2001



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

\_

J
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