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Highmaster
• Highmaster M1 • Highmaster S1

Satellite Headend Systems / Sat-IF Converters

Highmaster Sat-IF Converter System is a QPSK-to-

QPSK Transmodulator, which receives and selects

channels/packets from many independent satellites

and polarizations and arranges them into a single

polarization between 950-2150 Mhz frequency range.

This system lets you distribute a large number* of TV

channels on satellite band to subscriber Set-top Box

(STB) receivers via a single coaxial cable. Satellite

Headend Systems are built while combining units

which include 8 QPSK Transmodulators each, according

to transponder quantity to broadcast over distribution

system.

Satellite Headend units are two types: Highmaster

M1 and S1. M1 (Master) units are devices which have

LCD display and keypad, entire system programming

is performed over them and S1 devices are connected

in shunt. S1 units have independent operation ability,

but their programming is performed and their

efficiency is controlled by M1.

Overview

(*) Number of channels varies with total number of channels on selected

transponder and symbol rates of transponders.

Features

¥ Common platform for different broadcasting medias (Satellite Service Prodivers, CATV Operators etc.).

¥ High quality output (even HD channels) via advanced performance digital modulation technology.

¥ Automatic calculation of output bandwidth according to transponder symbol rate.

¥ One touch automatic sorting. ¥ Digital level adjustment and compensation.

¥ Easy programming over LCD display. ¥ Settings installation on site via PC.

¥ 19Ó 3U rack type housing, modular structure. ¥ Passwords for settings advisory.



5

¥ Inputs may be selected from many satellites and

many transponders recepted via Quattro LNB.

¥ Channel parameters (bandwidth, symbol rate,

FEC, BER, signal level) related to input

transponders are automatically detected.

¥ Output bandwidth can be automatically detected

according to transponder symbol rate:

¥ In a system only HOTBIRD satellite is used within,

30 transponders of 27.500 Msps symbol rate

each including 10 TV channels can be placed on

output polarization. So, a satellite headend with

300 channels can be constructed.

¥ Satellite Headend can be combined with Cable

TV System (85-862 MHz), and this Ultra

Broadband System (85 - 2150 MHz) can be

broadcasted to subscribers over a single coaxial

cable.
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Symbol Rate Output Transponder
(Msps) Bandwidth (MHz)

30.000 38

27.500 36

24.444 32

18.000 24

14.000 18

10.000 14

8.000 Msps and below 10

40
MHz

40
MHz

12
MHz

12
MHz

40
MHz

12
MHz

38 38 10 10

Output transponder frequencies can be set manually
or can be sorted automatically after all of inputs are

configured.

Channels with lower symbol rates can be
transferred to output transponder with lower

bandwidths. Transponder capacity is used efficiently
with this feature (Example: 10 MHz for 8.800 Msps).

Highmaster S1 Highmaster M1 (Rear View)
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Sample Application

Usage Panels

Sat. 1

Sat. 2

H/h

L/h

L/v

H/v

L/1

MDU-1

MDU-2

MDU-3

Cable TV
Headend System

Combined Output
 (950 - 2150MHz)

UBA 4234R Amplifiers
5-2150 MHz

Combined SAT+CATV
5 - 2150 MHz output

is connected to distribution
network.

Can be combined with
Cable TV Headend
(5-862 MHz).

90-240 VAC
Power Supply Keypad

Modular structure  8 pieces
QPSK Transmodulators

LCD
Control Panel

Combined Output
(950 - 2150 MHz)

19Ó 3U rack type
mechanical structure

External Input
(950 - 2150 MHz)

All specifications are same with those of M1 devices,
but controllable over M1 (master) device.

8 pieces Sat-IF inputs
14 VDC supply (250 mA) for LNB

from 1st, 3rd, 5th and 8th modules
Power Input (IEC320)

external fuse cover and
On/Off switch

8 pieces Sat-IF
extension outputs

USB standard 6 pieces data outputs
on M1 (Master) device for S1 (Slave) connection.

Only 1 input exists on S1 (Slave) devices.

RS-232 interface
control and program update
via external PC connection
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Technical Specifications

Feature Specification

Model Highmaster M1 (Master Unit) Highmaster S1 (Slave Unit)

Number of Inputs 8 (Optional 4 inputs for Highmaster S1)

Frequency Band 950 ~ 2150 MHz

Number of LNB/Polarization Limited to Number of Inputs

LNB Type Quattro LNB

Impedance 75½

Level -20...+65 dBm

Transponder Selection
PLL controlled digital programming,

Sat-IF Input via satellite transponder frequency and LNB L.O. selection

Frequency Change Step 1 MHz

AFC
Digital control, Digital control,

over LCD display over LCD display of M1 unit

IF Bandwidth Same as satellite transponder bandwidth

Channel Format DVB

Symbol Rate 5-45 Msps

LNB Power Can be switched On/Off from 1st, 3rd, 5th and 8th inputs; 14 VDC, 250 mA.

Demodulation Type QPSK

Symbol Rate 5 ~ 45 Msps

Channel FEC 1/2, 2/3, 3/4, 5/6, 6/7, 7/8; Automatic detection

Processing Signal Parameter Tracking SNR and BER can be tracked over LCD display

CAS Type Transparent as recepted; independent from encryption

Modulation Type QPSK

Frequency Band 950 ~ 2150 MHz

Number of Transponders 8

Number of Polarizations 1 (Independent from DiSEqC protocol)

IF Bandwidth (IFBW)
                      10...40 MHz Detected by system according to transponder characteristics

Can be altered manually by user

Sat-IF Output IFBW Change Step 1 MHz

Transponder Characteristics Transparent as recepted

Transponder Sorting Automatic or manual

Transponder Output Level Adj. 0...-16 dB, Set digitally per each transponder

Number of Combined Outputs 1

Combined Signal Output Level 15 dBmV / transponder

Through keypad on front Through operations performed

Data Input  panel and LCD display on connected M1 device

or through PC software

Settings Storage
Own settings and settings Own settings

Programming of S1(s) connected

and
Security

2 levels of
-

Communication  authorization ciphers

Processor Operation Independent

Devices Communication Up to 6 pieces of S1/S4 units, To a single M1 unit

Interconnection via shunt USB cables via USB cable

Communication Protocol I2C-Bus

Products are developed and manufactured according to EN50083-1 and EN60065 safety standards.
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Di-Compact Digital SMATV Demodulators are QPSK to AV demodulators to be integrated with TV

modulators to built SMATV Broadcasting Systems, which receive and process free (FTA) digital satellite

channels. While Di-Compact 4x4 models are used to built SMATV systems which outputs 4 channels

simultaneously through 4 independent modules, Di-Compact 1x1 model can be used to add channels to

existing SMATV systems flexibly.

Overview

Di-Compact
• Di-Compact 4x4 • Di-Compact 1x1

Digital SMATV Demodulators

¥ MPEG-2 and DVB-S compliant 4 independent modules (1 for Di-Compact 1x1) within modular external structure housing.

¥ LED display on front panel; programmed without remote controller over user friendly OSD interface.

¥ 256 colors OSD menus, supports up to 10 language options (6 for Di-Compact 1x1), including English.

¥ Stores up to 64 LNBs, 2000 transponders and 5000 channels.

¥ Auto network or transponder search function, code stream information update.

¥ Mono, Dual Mono or Stereo (Left and Right) audio output with level adjustment.

¥ LNB powering from modules 1 and 4.

¥ Supports OSD TV / Teletext VBI (DVB ETS 300 706) and caption function.

¥ Firmware upgrade and settings installation via RS-232 interface.

¥ 90-240 VAC Universal Switching Mode Power Supply (SMPS).

¥ F type RF, RCA type AV connectors.

Features
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Di-Compact 4x4 B12 Rear Panel Di-Compact 1x1 1000B11 Rear Panel

Technical Specifications

Feature Specification

Model Di-Compact 4x4 B12 Di-Compact 1x1 1000B11

Input Symbol Rate 1.0...45 Mbps

Packet Length 204, 188

Tuner Demodulation Type QPSK

FEC 1/2, 2/3, 3/4, 5/6, 7/8, Automatic

LNB Power 16V (max. 350mA) over 1st and 4th modules 13-18V (max. 350mA)

Input Frequency 950-2150 MHz

Input Input Level -65...-25 dBm

Input Impedance 75½

Decoding Standard MPEG-2 ISO / IEC 13818, MPEG-2 MP@ML

Data Input Rate max. 60 Mbit/s

Aspect Ratio 4:3, 16:9

MPEG TS A/V Output Picture NTSC & PAL

Decoding Video Resolution 720 x 576 (PAL), 720 x 480 (NTSC)

Audio Decoding Standard MPEG LAYER I, II

Audio Channels Mono, Dual Mono or Stereo (Left and right)

Audio Sampling Rate 32, 44.1 and 48 kHz

Processor & 
Processor SGS-Thomson STi5119 SGS-Thomson STi5118

Memory
SDRAM Memory 16 MB 8 MB

Flash Memory 2 MB 1 MB

Output Impedance 75½

Output Level 1.0V ± 20 mVpp

Video Frequency Level ± 0.5 dB (4.8 MHz)

Output Differantial Gain < 5%

Differantial Phase < 5û

C/L Latency < 30 ns

Output Impedance 680½

Output Level ± 6 dB

Audio Output Frequency Level ± 0.5 dB (20 Hz...18 kHz)

Audio S/N Ratio > 70 dB

Left and Right Ch. Level Diff. < 0.5 dB (20 Hz...18 kHz)

Data Connection Serial Port RS-232, 9 pin D-Sub (Male), Baud rate 115200 bps RS-232, 9 pin D-Sub (Female), Baud rate 115200 bps

Number of Modules 4 pcs. of DVB-S and MPEG-2 comp. sat. demodulators 1 pc. of DVB-S and MPEG-2 comp. sat. demodulator

Configuration Module selectable and independent; over TV/OSD Over TV/OSD

Mechanical Structure Sheet Metal Housing, 19Ó 2U Rack Type, IP20 Sheet Metal Housing, 19Ó 1U Rack Type, IP20

Operating Environment Temp. 5ûC...45ûC

Relative Humidity 10%...90%

General Atmospheric Pressure 86...106 kPa

Connection Elements
RF Inputs/Outputs: F Type (4 Pairs, Rear Panel) RF Inputs/Outputs: F Type (1 Pair, Rear Panel)

AV Outputs: RCA Jack (16 Pieces, Rear Panel) AV Outputs: RCA Jack (9 Pieces, Rear Panel)

Mains Input 90-240 VAC, 50-60 Hz

Mains Connection From rear panel, with IEC 320 compliant power cord

Power Consumption 100W 25W

Dimensions and Weight 483mm x 265mm x 88mm, 5.42 kg. 483mm x 170mm x 48mm, 2.0 kg.

Products are developed and manufactured according to EN50083-1 and EN60065 safety standards.



Quattron VSB Full SMATV Modulators are single side band (VSB) TV modulators to built SMATV systems,

to add channels to existing SMATV systems or to be integrated with similar CCTV systems, which converts

the audio and video (AV) signals generated by satellite receivers, security cameras, computers etc. electronic

peripherals to TV standard in S-Band and UHF (S03 – E69) channels.

Capable to operate in entire TV broadcasting band, Quattron VSB Full yields broadcasting of more than

48 TV (RF) channels together over same distribution network. Through its modular internal and external

structure, it provides easy installation and maintenance on-site. 1, 2, 4, 6 and 8 channels options are available

in 19” 1U and 19” 2U housings with Quattron VSB Full 4-8 and Quattron VSB Full 1-2 product models.

Overview

¥ Twice efficient use of broadcasting band through single side band (VSB) modulation.

¥ Digital programming and adjustable output channel.

¥ Operated in entire TV broadcasting band (S03-E69).

¥ PAL (B/G, D/K, I and L) picture standard compatible.

¥ 92 dBuV combined signal output level and level adjustment (-20...0 dB)

¥ Independent output level adjustment per each module (-7...0 dB).

¥ Internal combiner.

¥ 90-240 VAC Universal SMPS power supply.

¥ Modular internal and external structures within 19” 1U and 19” 2U rack type housings.

¥ F type RF, RCA type AV connectors.

Features

10

Quattron VSB Full
• Quattron VSB Full 4-8 • Quattron VSB Full 1-2

SMATV Modulators - Single Side Band (VSB)
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Quattron VSB Full 4-8 Rear Panel Quattron VSB Full 1-2 Rear Panel

Feature Specification

Model Quattron VSB Full 4-8 Quattron VSB Full 1-2

Number of Modules (channels) Default 8, optionally 4 or 6 Default 2, optionally 1

Modulation Type VSB - Single Side Band

Carrier Standards PAL B/G, PAL D/K, PAL I, PAL L, adjustable

Video/Audio Level Ratio -12 dB / -16 dB, adjustable

Number of Audio Channels 1 (Mono)

Output Channel Range S03-E69 (118 MHz - 862 MHz), adjustable

Modulator Frequency Stability ± 5 kHz

Output Impedance 75½

Output Level Adjustment Adjustable between -7...0 dB range

Signal/Noise Ratio (SNR) > 60 dB

TV Test Picture On / Off adjustable

Combiner Internal

Number of External RF Inputs 1 -

External RF Input Band 47 - 862 MHz -

External RF Input Level 80 dBuV max. -

RF Input/Output External RF Input Impedance 75½ -

Combined RF Output Level 92 dBuV 90 dBuV

Combined RF Output Level Adj. -20...0 dB -

Combined RF Output Impedance 75½

Audio Input Level 500 mV ± 6 dB (RMS)

A/V Input
Audio Input Impedance 680½

Video Input Level 2 Vpp @ 87.5% modulation depth

Video Input Impedance 75½

Processor &
Processor Freescale MC9S08GT16 Freescale MC9S08AC8

Memory
RAM Memory 2 kB 0.7 kB

Flash Memory 16 kB 8 kB

Dimensions and Weight 483mm x 265mm x 88mm, 5.6 kg. 483mm x 170mm x 48mm, 2.0 kg.

Mechanical Structure Sheet Metal, 19Ó 2U Rack Type, IP20 Sheet Metal, 19Ó 1U Kabin Tipi, IP20

Operating Temperature -20ûC...+55ûC

General Input/Output Elements
A/V Inputs: RCA Jack (8 Pairs, Rear Panel) A/V Inputs: RCA Jack (8 Pairs, Rear Panel)

RF Input/Output: F Type (2 Pieces, Front Panel) RF Input/Output: F Type (1 Adet, Front Panel)

Mains Input 90-240 VAC 50-60 Hz

Mains Connection From rear panel, with IEC 320 compliant power cord

Power Consumption 30W 12W

Products are developed and manufactured according to EN50083-1 and EN60065 safety standards.

Technical Specifications



Quattron Pro-D SMATV Modulator is

a double side band TV modulator to be

integrated with SMATV Systems and

similar CCTV systems, which converts

the audio and video (AV) signals

generated by satellite receivers, security

cameras, computers etc. electronic

peripherals to TV standard in VHF, S-

Band or UHF channels.

Overview
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Quattron Pro-D

SMATV Modulator - Double Side Band

Features

¥ 8 channels models, 19” standard mechanical
structure.

¥ Microprocessor controlled, digital programming
and adjustable output channel.

¥ Compatible with PAL (B/G, D/K, I, L) picture standard.

¥ Use in entire TV band with VHF, S-Band and
UHF options.

¥ Flexible and modular design architecture.

¥ High, stable and adjustable output level.

¥ Ability to shut down unused modules in means
of RF.

¥ Test signal or dark screen option for sound-
only sources.

¥ 90-240 VAC Switch Mode Power Supply.

Technical Specifications

Feature Specification

Number of Modules (channels) Default 8, optionally 6 or 4

Modulation Type DSB - Double Side Band

Carrier Standards PAL B/G, PAL D/K, PAL I, PAL L, adjustable

Number of Audio Channels 1 (Mono)

Output Channel Range (*)
S03-E12 (118-230 MHz) or

S11-E69 (230-862 MHz), adjustable

Output Impedance 75½

Signal/Noise Ratio (SNR) > 46 dB

TV Test Picture On / Off adjustable

Extarnal RF Input Band 47-862 MHz (80 dBuV max.)

RF Input/
External RF Input Imp. 75½

Output
Combined Output Level 86 dBuV

Comb. Output Lvl. Adj. -20...0 dB

Combined Output Imp. 75½

Audio Input Level 500 mV ± 6 dB (RMS)

A/V Input
Audio Input Impedance 680½

Video Input Level 1 Vpp @ 81% modulation depth

Video Input Impedance 75½

Dimensions and Weight 483mm x 265mm x 88mm, 4.7 kg.

Mechanical Structure Sheet Metal, 19Ó 2U Rack Type, IP20

Operating Env. Temp. -20ûC...+55ûC

General Input/Output AV Inputs: RCA Jack (8 Pairs, Rear Panel)

Elements RF Input/Output: F Type (2 Pcs., Front Panel)

Mains Input 90-240 VAC, 50-60 Hz (IEC 320)

Power Consumption 20W

(*) Specification depends on operating band and should be specified as VHF (S03-E12) or S-Band+UHF while ordering.



13

Quattron 4x4 TV Modulator is a

double side band TV modulator to be

integrated with CCTV Systems having

limited channels, which converts the

audio and video (AV) signals generated

by CD/DVD players, security cameras,

computers etc. electronic peripherals

or by information systems to TV

standard in VHF, S-Band or UHF

channels.

Overview

Quattron 4x4

TV Modulator - Double Side Band

¥ Compact TV modulator series for CCTV
applications.

¥ For adding digital or analog channels, closed
circuit video-DVD playback, information,
security cameras etc. channel(s) to Headend
distribution systems.

¥ Microprocessor controlled, digital
programming and adjustable output channel.

¥ Compatible with PAL (B/G, D/K, I, L) picture standard.

¥ Use in entire TV band with VHF, S-Band and
UHF options.

¥ High and stable output level.

¥ Internal power supply.

Features

Quattron 4x4
AV Inputs

Technical Specifications

Feature Specification

Number of Modules (channels) 4

Modulation Type DSB - Double Side Band

Carrier Standards PAL B/G, PAL D/K, PAL I, PAL L, adjustable

Number of Audio Channels 1 (Mono)

Output Channel Range (*)
S03-E12 (118-230 MHz) or

S11-E69 (230-862 MHz), adjustable

Output Impedance 75½

Signal/Noise Ratio (SNR) > 46 dB

TV Test Picture On / Off adjustable

Output Level 86 dBuV

RF Output Output Level Adj. -20...0 dB

Output Impedance 75½

Audio Input Level 500 mV ± 6 dB (RMS)

A/V Input
Audio Input Imp. 680½

Video Input Level 1 Vpp @ 81% modulation depth

Video Input Imp. 75½

Dims. and Weight 145mm x 200mm x 68mm, 1.75 kg.

Mech. Structure Aluminum Extrusion Housing, Wall Type, IP40

Oper. Env. Temp. -10ûC...+55ûC

General Input/Output AV Inputs: RCA Jack, 4 Pairs

Elements RF Output: F Type, 1 Piece

Mains Input 220 VAC (-%10...+%15), 50-60 Hz

Power Consump. 6W

(*) Specification depends on operating band and should be specified as VHF (S03-E12) or S-Band+UHF while ordering.
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Quattron Basic TV Modulator is a double side band (DSB) TV Modulator to add channels to existing

SMATV or similar CCTV systems, which converts the audio and video signals generated by security cameras,

CD/DVD players, information systems, computers etc. electronic peripherals to TV standard in VHF, S-Band

and UHF (S03 - E69) channels.

While providing flexibility through its capability to operate in entire TV broadcasting band, Quattron Basic

also meets external adapter need by supplying necessary power for security cameras, CD/DVD players and

similar electronic devices through its short circuit protected 12V DC power output. It can be used in all mains

types and conditions with its 90-240 VAC SMPS power supply.

Overview

¥ Double side band (DSB),

¥ Digital programming and adjustable output channel,

¥ Operated in entire TV broadcasting band (S03 - E69),

¥ PAL (B/G, D/K, I, L) picture standard compatible,

¥ 85 dBuV signal output level and level adjustment (-20...0 dB),

¥ 90-240 VAC Universal SMPS power supply,

¥ 12V DC power output for security cameras vb. devices and short circuit protection,

¥ F type RF, RCA type AV connectors.

Features

Quattron Basic

TV Modulator - Double Side Band
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Technical Specifications

Feature Specification

Modulation Type DSB - Double Side Band

Carrier Standards PAL B/G, PAL D/K, PAL I, PAL L, adjustable

Video/Audio Level Ratio -12 dB / -16 dB, adjustable

Number of Audio Channels 1 (Mono)

Modulator Output Channel Range S03-E69 (118 MHz - 862 MHz), adjustable

Frequency Stability ± 5 kHz

Output Impedance 75½

Signal/Noise Ratio (SNR) > 60 dB

TV Test Picture On / Off adjustable

Number of External RF Inputs 1

External RF Input Band 47 - 862 MHz

External RF Insertion Loss -2 dB

RF Input/Output
External RF Input Level 87 dBuV (recommended value for equal level output)

External RF Input Impedance 75½

RF Output Level 85 dBuV

RF Output Level Adjustment -20...0 dB

Combined RF Output Impedance 75½

Audio Input Level 500 mV ± 6 dB (RMS)

A/V Input
Audio Input Impedance 680½

Video Input Level 1 Vpp @ 81% modulation depth

Video Input Impedance 75½

DC Output Voltage 12V, short circuit protected

DC Output DC Output Current 500mA max.

Compatible DC Female Jack Internal Diameter: 2.5mm, External Diameter: 5.5mm

Processor &
Processor Freescale MC9S08AC8

Memory
RAM Memory 0.7 kB

Flash Memory 8 kB

Dimensions and Weight 192mm x 92mm x 45mm, 683 g.

Mechanical Structure Aluminum Diecast Housing, Wall Mount Type, IP30

Operating Environment Temp. -20ûC...+55ûC

General Input/Output Elements A/V Inputs: RCA Jack, 1 Pair - RF Input/Output: F Type, 2 Pieces

Mains Input 90-240 VAC 50-60 Hz

Total Power Consumption DC Output Unloaded: 2W, DC Output Loaded to Sink 500mA: 10.5W

Internal Glass Fuse Ratings 2A 250V

Products are developed and manufactured according to EN50083-1 and EN60065 safety standards.



HECo-8

Headend Combiner & Band Filter

¥ No adjustment necessary, Plug & Play,

¥ Compatible with conventional group modulators

through eight channels (PAL) grouped inputs,

¥ Min. 25 dB isolation between inputs,

¥ 106 dBuV output level with GaAsFET Push

Pull output stage amplifier with 18 dB gain,

¥ Test output (-20 dB),

¥ 90–240 VAC Universal SMPS power supply,

¥ Modular external structure within 19" 1U rack

type housing.

Features

Technical Specifications

Feature Specification

1. S03-S10: 118-174 MHz

2: S11-S18: 230-286 MHz

Input
3: S27-S34: 350-414 MHz

Channel/Frequency
4: E22-E29: 478-542 MHz

Ranges
5: E05-E12: 174-230 MHz

RF Inputs
6: S19-S26: 286-350 MHz

7: S35-E21: 414-478 MHz

8: E30-E69: 542-862 MHz

Input Level Max. 85 dBuV @ CTB/CSO -60 dBc

Input Impedance 75½

Isolation Btwn. Inp. Min. 25 dB

Return Loss Min. 12 dB

Combiner Gain 18 dB (GaAsFET Push Pull)

Gain Accuracy ±1 dB
Signal

Combined Signal 109 dBuV @ CSO -60 dBc
Combiner

Output Level 106 dBuV @ CTB -60 dBc
and

(CENELEC 42 ch.) 102 dBuV @ XMOD -60 dBc
RF Outputs

Output Impedance 75½

Test Output -20 dB

Dims. and Weight 483mm x 170mm x 48mm, 2.15 kg.

Mech. Structure Sheet Metal Housing, 19Ó 1U Rack Type, IP30

Oper. Env. Temp. -10ûC...+55ûC

Input/Output RF Inputs: F Type (8 Pieces, Front Panel)

General Elements RF Outputs: F Type (2 Pieces, Front Panel)

Mains Input 90-240 VAC, 50-60 Hz

Mains Connection From rear panel, with IEC 320 compliant cord

Total Power Consump. 4.5W

Internal Glass Fuse 2A 250V

16

HECo-8 Headend Combiner & Band

Filter is an external RF signal combiner

with highly selective 8 multiple inputs

intended to increase Signal-to-Noise

Ratio (SNR) on SMATV networks.

Single input is devoted to entire UHF

band and remaining 7 inputs are evenly

distributed between below UHF. Unit

has a built-in Push Pull amplifier stage

with GaAsFET technology achieving a

total combiner gain of 18 dB. HECo-8 is

housed in a 19" 1U Rack and powered

by a universal 90-240 VAC.

Overview
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HECo-8 - Simplified Gain Chart

-40,00

-30,00

-20,00

-10,00

0,00

10,00

20,00

30,00

40,00

80 119 158 197 236 275 314 353 392 431 470 509 548 587 626 665 704 743 782 821 860

Frequency (MHz)

G
ai

n 
(d

B
)

S03-S10 S11-S18 S27-S34 E22-E29 E05-E12 S19-S26 S35-E21 E30-E69

HECo-8 - Simplified Isolation Chart
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¥ Charts are based on real measurements of a typical HECo-8 device.
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Line and Distribution
Amplifiers

TLE 35128 20
CATV Outdoor Line Extender

PA-X 41128R 22
CATV Main Distribution Amplifier

ONU 250 24
CATV Indoor Optical Transceiver

PA Series 26
CATV Large Scale Distribution Amplifiers

¥ PA 35124
¥ PA 35124R
¥ PA-M 35124R
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¥ Active distribution element for huge scale, two way interactive CATV HFC networks.

¥ AC bypass conduction feature for cascaded applications.

¥ Highly efficient, minimum distortion at high output level through GaAs Hybrid Power Doubler technology.

¥ Cascaded use on Cable TV coaxial network as Line Extender.

¥ Metal injection diecast housing belongs to IP65 category: High durability under rain, pressure, dust etc.

¥ 30-90 VAC feed from coaxial network selectable from input or output.

¥ 5-30/47-862, 5-42/54-862, 5-65/85-862 MHz operating bands switchable on site by plugin diplex filters.

¥ Max. 15A current pass from input to output or vice versa. ¥CTB/CSO 60 dBc (EN50083-3): 112 / 115 dBuV

¥ 35 dB forward, 20 dB reverse gain. ¥Modular elements.

Features

TLE 35128 CATV Outdoor Line Extender is a broadband amplifier on surface or underground paths of huge

scale CATV networks, which is able to be fed from coaxial network. TLE 35128 features ultra high level output

and minimal noise with its GaAs Hybrid Power Doubler technology and it can be cascaded by several units

through this feature. Its mechanical and electrical characteristics are developed according to North American

Cable TV Standards (SCTE).

Overview

TLE 35128

CATV Outdoor Line Extender
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MID STAGE PLUG
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Feature Specification

Model TLE 35128
Technology GaAs Hybrid Power Doubler
Power Source 30-90 VAC Coaxial Line Powered; Cascaded Use
Bandwidth - Forword Path (Switchable at site) 47 - 862 / 54 - 862 / 85 - 862 MHz
Bandwidth - Reverse Path (Switchable at site) 5 - 30 / 5 - 42 / 5 - 65 MHz

Gain 35 dB
Gain Accuracy ±0.75 dB
Gain Control  0...-20 dB, Continuous Setting, @Input
Gain Slope Control  0...-20 dB, Continuous Setting, @Input
Mid-Stage Equalizer-Fixed 0, 2, 4, 6, 10, 12, 14, 20 dB with plugin modules
Test Ports -20 dB, @ Input & Output
Output Level (1) Cenelec 42 Ch, EN50083-3, -60 dBc, Each Channel Equal Level

CTB 112 dBuV
CSO 115 dBuV
XMOD 108 dBuV

Forward Output Level (1) Cenelec 42 Ch, EN50083-3, -60 dBc, with 10 dB Mid-Stage Equalizer
CTB 114 dBuV
CSO 117 dBuV
XMOD 110 dBuV

Noise Figure 6 dB
Group Delay (with 42/54 Diplex Filters)

48.25 - 52.83 MHz max. 30 nSec.
55.25 - 58.83 MHz max. 30 nSec.
61.25 - 64.83 MHz max. 15 nSec.
85 - 86 MHz max. 10 nSec.

Input/Output Return Loss (3) -16 dB
Module Gain 20 dB
Total Gain 18 dB, with diplex filters
Gain Loss (@30, 42 & 65MHz) 1-2 dB max.
Gain Control - @Input 0, 2, 4, 6 dB with fixed value plugin modules
Gain Control - @Output  0...-20 dB, continuous setting
Gain Slope Control - @Output 0, 2, 4, 6, 8, 10 dB with fixed value plugin modules
Test Port -20 dB, @Output
Distortion (1) 4 Channels, EN50083-3, -60 dBc, Each Channel 40 dBmV Equal Level

Reverse
CTB -61 dBc
CSO -86 dBc
XMOD -78 dBc

Input/Output Return Loss (3) > 16 dBuV
Group Delay  (with 42/54 MHz Diplex Filters)

5-6 MHz max. 50 nSec.
13-14 MHz max. 4 nSec.
29-30 MHz max. 20 nSec.
41-42 MHz max. 30 nSec.
64-65 MHz max. 20 nSec.

Noise Figure 7 dB
Power Source 30-90 VAC over Coaxial Network
Power Consumption 14.5W (including 1.3W for Reverse Amplifier)
Hum Modulation -100 @ 10A dB
Lightning Bolt and Surge Protection All ports, IEEE C62.41 Cat B3 (6kV,3kA)
Current Pass - AC Typical 10 A, Max. 15 A

General
AC Power Direction Selectable as: from Input, from Output or Loop Through
EMI Isolation (5-1000MHz) (2) < -100 dB
Operating Environment Temperature -40ûC...+55ûC
Connection Elements Standard 5/8Ó - 24 UNEF, optional 3/4Ó - 24 UNS (Steel input adapters)
Underwater Durability 15 psi, during 10 sec. @ 20ûC
Dimensions (w x l x h) 190 x 170 x 75 mm
Weight 1.6 kgs

(1) CTB/CSO/XMOD values are defined according to EN50083-3 measurement standard.

(2) Screening Factor are defined according to EN50083-2 measurement standard.

(3) Return Loss value is defined according to measurement standard.

The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.



22

PA-X 41128R

CATV Main Distribution Amplifier

PA-X 41128R CATV Main Distribution Amplifier is an indoor main distribution amplifier for use at the entry

points of multi-dwelling units with high subscriber capacities. Through its signal output power at line extender

grade, very high gain and low noise figure, it can also be used as an output amplifier for CATV headend

systems having long main lines.

Overview

¥ 128 dBuV output level through GaAsFET Push Pull amplifier stages,

¥ 41 dB forward gain, 18 dB reverse gain,

¥ 1 GHz forward bandwidth and adjustable operating band with plugin diplex filters,

¥ Compatible with all mains powering conditions through 90-240 VAC SMPS power suppy,

¥ Low noise figure (6 dB).

¥ Gain and cable slope controls (equalizer) with JXP style plugin modules,

¥ Surge protection on all ports,

¥ High screening and resistance against environmental conditons in alumnum diecast housing (IP54),

¥ F type connectors,

¥ Test points at input and output (-20 dB).

Features
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Technical Specifications

Feature Specification

Model PA-X 41128R

Number of Inputs / Outputs 1 / 1

Frequency Band
5-30 / 47-1000 MHz, 5-42 / 54-1000 MHz or 5-65 / 85-1000 MHz

(with plugin diplex filters)

Technology / Technique GaAsFET Push Pull

Gain 41 dB

Gain Accuracy ±1 dB

Gain Control with JXP style plugin modules and 2 dB steps: -20...0 dB

Gain Slope Control (Equalizer) with JXP style plugin modules and 2 dB steps: -13...3 dB

Mid-Stage Gain Slope Control with JXP style plugin modules and 2 dB steps: -13...3 dB

Output Levels
110 dBuV @ CTB -60 dBc

Forward
(CENELEC 42 channels)

111 dBuV @ CSO -60 dBc

105 dBuV @ XMOD -60 dBc

Output Levels 115 dBuV @ CTB -60 dBc

(CENELEC 42 channels) 116 dBuV @ CSO -60 dBc

(with -12 dB Mid-Stage Equalizer) 109 dBuV @ XMOD -60 dBc

Input/Output Return Loss (1) -16 dB

Noise Figure 6 dB (with 0 dB JXP modules)

Test Point -20 dB @ input and output

Technology / Technique GaAsFET Push Pull

Gain 18 dB

Gain Accuracy ±1 dB

Gain Control with JXP style plugin modules and 2 dB steps: -20...0 dB (@ input and output)

Gain Slope Control (Equalizer) with JXP style plugin modules and 2 dB steps: -12...-2 dB

Reverse
Output Levels

110 dBuV @ CTB -60 dBc

(4 channels)
111 dBuV @ CSO -60 dBc

105 dBuV @ XMOD -60 dBc

Input/Output Return Loss (3) -16 dB

Noise Figure 6 dB (with 0 dB JXP modules)

Test Point -20 dB @ input and output

Dimensions and Weight 210 x 168 x 88 mm, 2,3 kg.

Mechanical Structure Aluminum Diecast Housing, IP54 (IEC 60529)

Operating Environment Temperature -10ûC...+55ûC

General
Screening Factor (2) > 100 dB

Connection Elements F type

Surge Protection IEEE C62.41 Cat. A3 (6kV, 200A)

Power Source 90-240 VAC, 50-60 Hz

Power Consumption 15 W

(1) Return loss values are defined according to EN50083-3 measurement standard. (2) Screening Factor is defined according to EN50083-2 measurement standard.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.
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ONU 250

CATV Indoor Optical Transceiver

ONU 250 CATV Indoor Optical Transceiver is an Optical/RF converter and distribution amplifier for use

at the entry points of multi-dwelling units, within CATV networks whose optical fiber lines are extended to

the building entrances (FTTB/HFC). It converts forward direction (downstream) optical signals transmitted

over fiber line to RF for the coaxial network inside the building; and it converts reverse direction (upstream)

RF signals generated by modem devices used for interactive applications to optical signals.

Overview

¥ High RF output level through GaAsFET Push Pull amplifier stages,

¥ Compliant with advanced CATV applications through 1 GHz forward bandwidth,

¥ Microprocessor aided AGC (automatic gain control),

¥ Compatible with all mains powering conditions through 90-240 VAC SMPS power suppy,

¥ LED indicators on cover for displaying optical input and output status,

¥ Tracking of optical input and output levels w/o instrumentation devices over the digital display under cover,

¥ Fabry-Perot or DFB laser options for reverse direction,

¥ Gain and gain slope control (equalizer) with JXP style plugin modules,

¥ Surge protection on all ports,

¥ High screening and resistance against environmental conditons in alumnum diecast housing (IP54),

¥ F type connectors,

¥ Separate test ports for forward and reverse directions (-30 dB).

Features
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Technical Specifications

Feature Specification

Model ONU 250

Number of Inputs / Outputs 2 Adet Optik Giriþ/Çýkýþ (One Way), 1 Adet RF Giriþ/Çýkýþ (Bi-Directional)

RF Frequency Band
5-30 / 47-1000 MHz, 5-42 / 54-1000 MHz or 5-65 / 85-1000 MHz

(with plugin diplex filters)

Forward / Optical
Wavelength 1200...1600 nm

Optical Input Power Range (AGC ctrl.led) -8...+2 dBm

Technology / Technique GaAsFET Push Pull

Frequency Reponse Slope 0...3 dB (gain slope control = 0 dB)

Forward / RF Gain Slope Control with JXP style plugin modules and 2 dB steps: -20...0 dB

Frequency Response Accuracy ±1 dB

Test Output -30 dB

RF Reference Output Level 110 dBuV @ 0 dBm Optical Input, OMI = %3.8, CENELEC 42 channels

Forward Link
Distortions at

CNR = -51 dBc

Performance
Reference Output Level

CSO = -63 dBc

CTB = -60 dBc

Reverse / Optical
Wavelength 1310 ± 20 nm (Fabry-Perot), 1550 ± 20 (DFB) or ITU CWDM

Laser Power 1 mW, optional 2 mW

Tecnology / Technique GaAsFET

Level Control with JXP style plugin modules and 2 dB steps: -20...0 dB

Reverse / RF Frequency Response Accuracy ±1 dB

Input/Output Return Loss (1) -16 dB

Test Output -30 dB

Reverse Link RF Input Dynamic Range 68...87 dBuV

Performance (3) Maximum NPR 54 dB @ 22 dBmV RF input level

Dimensions and Weight 195 x 136 x 75 mm, 1,7 kg.

Mechanical Structure Aluminum Diecast Housing, IP54 (IEC 60529)

Operating Environment Temperature -10ûC...+55ûC

General
Screening Factor (2) > 85 dB

Connection Elements F type

Surge Protection IEEE C62.41 Cat. A3 (6kV, 200A)

Power Source 90-240 VAC, 50-60 Hz

Power Consumption 8 W

(1) Return loss values are defined according to EN50083-3 measurement standard. (2) Screening Factor is defined according to EN50083-2 measurement standard.
(3) Values are measured with 6 dB link loss, 10 km. fiber and optical attenuator.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.
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PA Series
• PA 35124 • PA 35124R • PA-M 35124R

CATV Large Scale Distribution Amplifiers

PA Series CATV Amplifiers are intended for use in large scale distribution networks as high performance

indoor distribution amplifiers through their very high output level achieved with GaAsFET technology. It has

main power and line power options. It is designed according to international standards for CATV networks

including two way digital services.

Overview

¥ Very high output level through GaAsFET technology.

¥ 35 dB forward, 18 dB reverse gain.

¥ 230 VAC mains or 30-90 VAC coaxial line powered (PA-M models).

¥ Low noise figure.

¥ Gain slope control (equalizer).

¥ Surge protected inputs and outputs.

¥ Aluminum diecast housing (IP54) provides high screening and high durability against external conditions.

¥ F type connectors.

¥ Test port (-30 dB).

Features
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Feature Specification

Model PA 35124R PA 35124 PA-M 35124R

Technology GaAsFET Push Pull Technology

Power Source
 230 VAC 230 VAC 25-65 VAC

Mains Power Mains Power Line Power

Bandwidth - Forward Path 85 - 862 MHz 47 - 862 MHz 85 - 862 MHz

Bandwidth - Reverse Path 5-65 (30/42 Optional) - 5-65 (30/42 Optional)

Gain 35 dB 35 dB 35 dB

Gain Accuracy ±1 dB ±1 dB ±1 dB

Gain Control 0...-20 dB 0...-20 dB 0...-20 dB

Gain Slope Control (Equalizer) 0...-18 dB 0...-18 dB 0...-18 dB

Output Level (-60 dB IMD3) (1) 122 dBuV 122 dBuV 122 dBuV

Forward
Output Level (-60 dB IMD2) (1) 116 dBuV 116 dBuV 116 dBuV

Output Level (CTB, -60 dB CENELEC 42ch) (2) 106 dBuV 106 dBuV 106 dBuV

Output Level (CSO, -60 dB CENELEC 42ch) (2) 109 dBuV 109 dBuV 109 dBuV

Output Level (XMOD, -60 dB CENELEC 42ch) (2) 102 dBuV 102 dBuV 102 dBuV

Hum Modulation < -70 dBc < -70 dBc < -65 dBc

Noise Figure 7 dB 7 dB 7 dB

Input/Output Return Loss (3) 14 dB 14 dB 16 dB

Gain 18 dB 20 dB

Gain Accuracy ±1 dB ±1 dB

Reverse
Gain Control 0...-20 dB 0...-20 dB

Output Level (-60 dB IMD3) (1) 118 dBuV - 122 dBuV

Noise Figure 6 dB - 7 dB

Input/Output Return Loss (3) 14 dB - 16 dB

Supply Voltage
230 VAC (-%10...+%15) 230 VAC (-%10...+%15) 25-65 VAC Coax. Line

117 VAC (Optional) 117 VAC (Optional) (Max. Current Pass 2A)

Power Consumption 7 W

Surge Protection All ports, IEEE C82 41 Cat A3 (6kV, 200A)

Screening Factor (4) > 85 dB

General Connection Elements F type

Test Port -30 dB

Mechanical Protection Category IP54

Operating Environment Temperature -10ûC...+55ûC

Dimensions (w x l x h) 195 x 136 x 75 mm

Weight 1.5 kgs. 1,5 kgs. 1.4 kgs.

(1) IMD3 value is defined according to EN50083-5 measurement standard. (2) 60 dB CTB, CSO, XMOD values are defined according to EN50083-3 measurement standard.
(3) Return loss values are defined according to EN50083-3 measurement standard. (4) Screening Factor is defined according to EN50083-2 measurement standard.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.

Technical Specifications
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UBA Series Distribution Amplifiers can be efficiently used in medium scaled indoor distribution systems

with their high and stable output power, where Cable TV (5-862) and Satellite TV (950-2150) bands are

combined in an ultra broadband headend system and throughput via single coaxial cable.

Overview

¥ Combined input and output in Ultra Broadband (5-862 / 950-2150 MHz) range.

¥ 33...38 dB sloped gain and gain slope control (equalizer) in Sat-IF band (950-2150 MHz).

¥ Features active return path for interactive CATV networks.

¥ Low noise figure.

¥ 33 dB gain and gain slope control (equalizer) for CATV band.

¥ Aluminum diecast housing (IP54) provides high screening and high durability against external conditions.

¥ F type connectors.

¥ Test port (-30 dB).

Features

UBA 4234R

Combined SAT and CATV Distribution Amplifier (5-2150 MHz)
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Technical Specifications

Feature Specification

Model UBA 4234R

Technology Si-Bipolar, Ultra Broadband

Power Source 230 VAC Mains Power

Number of Inputs 1

Frequency Band 47 - 862 MHz 950 - 2150 MHz

Gain 33 dB 33...38 dB

Gain Accuracy ±1.5 dB Sloped

Gain Control 0...-20 dB 0...-20 dB

Gain Slope Control 0...18 dB 0 - 5 - 10 dB

Output Level

IMD3 -60dB (1) 116 dBuV -

Forward IMD3 -35dB (1) - 120 dBuV

CTB, -60dB, 42ch (2) 104 dBuV

CSO, -60dB, 42ch(2) 103 dBuV

XMOD, -60dB, 42ch (2) 100 dBuV

Return Loss (3) 12 dB 10 dB

Noise Figure 7 dB 6 dB

Isolation (SAT- UHF/VHF) > 35 dB

Application Valid for UBA 4234R

Frequency Band 5-30 / 5-42 / 5-65 MHz

Gain 17 dB

Gain Accuracy ±1.5 dB

Reverse Gain Control  0...-20 dB

Output Level (-60 dB IMD3) (1) 118 dBuV

Noise Figure 6 dB

Input/Output Return Loss (3) 12 dB

Connection Elements F type

Test Port -30 dB

Mechanical Structure Aluminum Metal Diecast, IP54 Category

Screening Factor (4) > 85 dB

General Operating Environment Temperature -10ûC...+55ûC

Supply Voltage 230 VAC (-%10...+%15)

Power Consumption 15 W

Dimensions (w x l x h) 210 x 168 x 88 mm

Weight 2,3 kg

(1) IMD3 value is defined according to EN50083-5 measurement standard. (2) 60 dB CTB, CSO and XMOD values are defined according to EN50083-3 standard CENELEC channel plan.

(3) Return Loss values are defined according to EN50083-3 measurement standard. (4) Screening Factor is defined according to EN50083-2 measurement standard.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.
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Y Y
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TZ Series CATV Distribution Amplifiers can be efficiently used in medium scaled indoor distribution

systems with their Si-Bipolar Push Pull technology, providing high output power.

Overview

¥ High output power with Si-Bipolar Push Pull technology.

¥ Features active return path.

¥ 32 and 34 dB forward path gain options.

¥ Low noise figure.

¥ Gain slope control (equalizer).

¥ Aluminum diecast housing (IP54) provides high screening and high durability against external conditions.

¥ F type connectors.

¥ Test port (-30 dB).

Features

TZ Series
• TZ 34120 • TZ 32120R

CATV Indoor Distribution Amplifiers



31

Technical Specifications

Y Y

Reverse Path (TZ 32120R)

85 - 862 MHz

IN

+24 VDC

AC 230V

TP -30 dB

OUT

TZ32120R model
features extra 5-862 MHz

Modem output.

Feature Specification

Model TZ 34120 TZ 32120R

Technology Si-Bipolar Push Pull Si-Bipolar Push Pull

Power Source 230 VAC Mains Power 230 VAC Mains Power

1 x One way 1 x Two ways and

Number of Outputs 1 x Test forward path subscribers-only

extra (filtered) output port

Bandwidth - Forward Path 47 - 862 MHz  85 - 862 MHz

Bandwidth - Reverse Path  5 - 65 MHz (5-42, 5-30 MHz optional)

Gain 34 dB 32 dB

Gain Accuracy ±1 dB ±1 dB

Gain Control  0...-20 dB 0...-20 dB

Gain Slope Control (Equalizer) 0...-18 dB 0...-18 dB

Output Level (-60 dB IMD3) (1) 120@450 MHz - 118@862 MHz 117@450 MHz - 115@862 MHz

Forward Output Level (CTB, -60dB, CENELEC 42ch) (2) 104 dBuV 102 dBuV

Output Level (CSO, -60dB, CENELEC 42ch) (2) 103 dBuV 100 dBuV

Output Level (XMOD, -60dB, CENELEC 42ch) (2) 100 dBuV 97 dBuV

Hum Modulation < -70 dBc < -70 dBc

Noise Figure 7 dB 7 dB

Input/Output Return Loss (3) 12 dB 12 dB

Gain 17 dB

Gain Accuracy ±1 dB

Reverse
Gain Control  0...-20 dB

Output Level (-60 dB IMD3) (1) 118 dBuV

Noise Figure 6 dB

Input/Output Return Loss (3) 12 dB

Supply Voltage 230 VAC (-%10...+%15) 230 VAC (-%10...+%15)

Power Consumption 6 W 6 W

Screening Factor (4) > 85 dB > 85 dB

Connection Elements F type F type

General Test Port / Extra Port -30 dB Test: -30 / Modem Output 5-862 MHz

Mechanical Protection Category IP54 IP54

Operating Environment Temperature -10ûC...+55ûC -10ûC...+55ûC

Dimensions (w x l x h) 195 x 136 x 75 mm 195 x 136 x 75 mm

Weight 1.5 kgs. 1,5 kgs.

(1) IMD3 value is defined according to EN50083-5 measurement standard. (2) 60 dB CTB, CSO and XMOD values are defined according to EN50083-3 standard

(3) Return Loss values are defined according to EN50083-3 measurement standard. (4) Screening Factor is defined according to EN50083-2 measurement standard.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.
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MZ Series CATV Amplifiers can be used efficiently in small scale distributions with 20 and 30 dB

options where only one way broadcasting is need.

Overview

¥ High and stable output level, 20 and 30 dB gain options.

¥ Gain slope control (equalizer).

¥ Low noise figure.

¥ Aluminum diecast housing (IP54) provides high screening and high durability against external conditions.

¥ F type connectors.

¥ Test port (-20 dB).

Features

MZ Series
• MZ 20116 • MZ 30116

CATV Small Scale Distribution Amplifiers (One Way)
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Technical Specifications

Feature Specification

Model MZ 20116 MZ 30116

Technology Si-Bipolar Si-Bipolar

Power Source 230 VAC Mains Power 230 VAC Mains Power

Bandwidth - Forward Path 47-862 MHz 47-862 MHz

Bandwidth - Reverse Path -

Gain 20 dB 30 dB

Gain Accuracy ±1 dB ±1 dB

Gain Control 0...-20 dB

Gain Slope Control (Equalizer) 0...+18 dB

Forward
Output Level (-60dB IMD3) (1) 116 dBuV@450 MHz 115 dBuV@862 MHz

Output Level (CTB, -60dB, CENELEC 42ch) (2) 100 dBuV

Output Level (CSO, -60dB, CENELEC 42ch) (2) 96 dBuV

Hum Modulation < -70 dBc

Noise Figure 7 dB

Input/Output Return Loss (3) 12 dB

Supply Voltage 230 VAC (-%10...+%15)

Power Consumption 4 W

Screening Factor (4) > 85 dB

Connection Elements F type

General Test Port -20 dB

Mechanical Protection Category IP54

Operating Environment Temperature -10ûC...+55ûC

Dimensions (w x l x h) 195 x 136 x 75 mm.

Weight 1.3 kgs.

(1) IMD3 value is defined according to EN50083-5 measurement standard.

(2) 60 dB CTB, CSO and XMOD values are defined according to EN50083-3 standard

(3) Return Loss values are defined according to EN50083-3 measurement standard.

(4) Screening Factor is defined according to EN50083-2 measurement standard.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.
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TP -20 dB
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MP Series CATV Amplifiers can be used efficiently in small scale distributions or in detached houses

with 20 and 30 dB options both in one way or interactive networks.

Overview

¥ For small scale distributions, indoor and in-house applications.

¥ 20 and 30 dB gain options.

¥ Passive return option (MP 30116R).

¥ Gain slope control (equalizer).

¥ Low noise figure.

¥ F type connectors.

¥ Test port (-25 dB).

Features

MP Series
• MP 20116 • MP 30116 • MP 30116R

CATV End-of-Line Amplifiers
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Feature Specification

Model MP 20116 MP 30116 MP 30116R

Technology Si-Bipolar Si-Bipolar Si-Bipolar

Power Source 230 VAC Mains Power 230 VAC Mains Power 230 VAC Mains Power

Bandwidth - Forward Path 47-862 MHz 47-862 MHz  54-862 / 85-862 MHz

Bandwidth - Reverse Path N/A N/A  5-42 / 5-65

Gain 20 dB 30 dB 30 dB

Gain Accuracy ±1 dB

Gain Control 0...-20 dB

Gain Slope Control (Equalizer) 0...-18 dB

Forward
Output Level (-60dB IMD3) (1) 116 dBuV@450MHz, 115 dBuV@862 MHz

Output Level (CTB, -60dB, CENELEC 42ch) (2) 100 dBuV

Output Level (CSO, -60dB, CENELEC 42ch) (2) 96 dBuV

Hum Modulation < -70 dBc

Noise Figure 7 dB

Input/Output Return Loss (3) 12 dB

Reverse
Insertion Loss                                       -  -2 dB

Level Accuracy                                       - ±1.5 dB

Supply Voltage 230 VAC (-%10...+%15)

Power Consumption 4 W

Screening Factor (4) > 85 dB

General
Connection Elements F type

Test Port -20 dB

Operating Environment Temperature -10ûC...+55ûC

Dimensions (w x l x h) 192 x 91 x 52 mm

Weight 0.85 kg

(1) IMD3 value is defined according to EN50083-5 measurement standard.

(2) 60 dB CTB, CSO and XMOD values are defined according to EN50083-3 standard

(3) Return Loss values are defined according to EN50083-3 measurement standard.

(4) Screening Factor is defined according to EN50083-2 measurement standard.
The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.

OUTIN

AC 230V

+12 VDC

47 - 862 MHz

Reverse Path (MP 30116R-Passive)

TP -20dB
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C-Plus 20

CATV In-House (Subscriber) Amplifier

C-Plus 20 is used to overcome the losses

of TV broadcasting from operator network or

master antenna, and amplify the signals in

house wide distributions. It has two outputs,

providing connection to more than one

television.

Overview

¥ Complies with Cable TV system. ¥ Highly isolated outputs.

¥ 20...23 dB forward path (85-862 MHz) gain, passive return path (5-65 MHz).

¥ External wall type power adapter (12 VDC). ¥ F type connectors.

¥ Metal injection diecast mechanical structure. ¥ Easy mounting kit and connectors included.

Features

Technical Specifications

Feature Specification

Model C-Plus 20

Technology Si-Bipolar

Power Source External - 230 VAC Adapter

Number of Inputs/Outputs 1 / 2

Bandwidth - Forward Path 85-862 MHz

Bandwidth - Reverse Path 5-65 MHz

Gain 20...23 dB (sloped)

Forward Output Level (-60 dB IMD3, EN50083-5) (1)114@450 MHz   112@862 MHz (dBuV)

(85-862 MHz) Output Level (-60 dB IMD2, EN50083-5) (1)112@450 MHz   110@862 MHz (dBuV)

Noise Figure < 5 dB

Reverse (5-65 MHz) Insertion Loss -3 dB

Isolation Between Outputs > 20 dB

AC Supply Voltage (Mains) 230 VAC (-%10...+%15)

DC Device Input 12 VDC

General
 Power Consumption 3 W

Options
Screening Factor (2) > 100 dB

Connection Elements F type

Operating Environment Temperature -20ûC...+55ûC

Dimensions (w x l x h) 110 x 90 x 28 mm

Weight 0.85 kg

(1) IMD3 and IMD2 values are defined according to EN50083-5 measurement standard.        (2) Screening Factor is defined according to EN50083-2 measurement standard.

ANTENNA OR CABLE TV

CONNECTOR

POWER
ADAPTER
220 VAC

TV OUTPUT TV OUTPUT

TVTV

TV-1

PWR

DROP AMPLIFIER

TV-2
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1.80 m.
INTER-

CONNECTION
CABLE

¥ TV/SAT combined, Ultra Broadband (85-2150 MHz) input; independent outputs for TV and SAT.

¥ Complies with Cable TV system, passive return band (5-65 MHz).

¥ 20 dB forward path (85-2150 MHz) gain, LNB DC power feed from SAT output to input.

¥ Highly isolated outputs, external wall type power adapter (12 VDC).  ¥ F type connectors.

¥ Easy mounting kit and connectors included.  ¥ Metal injection diecast mechanical structure.

Features

S-Plus 20

Combined SAT and CATV In-House Amplifier (5-2150 MHz)

S-Plus 20 Combined SAT and CATV Amplifier
is used to overcome the losses of SAT and TV
broadcasting from LNB, Satellite Headend System,
operator network or master antenna, and amplify
the signals in house wide distributions. It has dual
outputs: One output for satellite set-top boxes
(STB) and other one for directly TV input.

Overview

Technical Specifications

Feature Specification

Model S-Plus 20

Technology Si-Bipolar, Ultra Broadband

Power Source External - 230 VAC Adapter

Input 1 x 85-2150 MHz Ultra Broadband

Output                                    1 x 950-2150 MHz, 1 x 85-862 MHz

Frequency Band 85-862 MHz 950-2150 MHz

Gain 20 dB 20 dB

Gain Accuracy ±1.5 dB ±1.5 dB

Forward IMD3 -60 dB (1) 105 dBuV -

(85-2150 MHz) IMD3 -35 dB (1) - 112 dBuV

Return Loss (1) 12 dB 10 dB

Noise Figure 6 dB 5 dB

Isolation (SAT - UHF/VHF) > 35 dB

Reverse Frequency Band 5-65 MHz

(5-65 MHz) Insertion Loss -3 dB

Isolation Between Outputs > 30 dB

Input-Output DC Bypass max. 250 mA

AC Supply Source (Mains) 230 VAC (-%10...+%15)

DC Device Input 12 VDC

General
Power Consumption 3 W

Screening Factor (2) > 100 dB

Connection Elements F type

Operating Environment Temp. -20ûC...+55ûC

Dimensions (w x l x h) 110 x 90 x 28 mm.

Weight 0.85 kg
(1) IMD3 values are defined according to EN50083-5 measurement standard.        (2) Screening Factor is defined according to EN50083-2 measurement standard.

BROADCASTING CABLE

CONNECTOR

POWER
ADAPTER
220 VAC

SAT OUTPUT TV OUTPUT

TVSTB

SAT

PWR

SAT / TV AMPLIFIER

TV
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MA 404 (4 Inputs)

Sample Application

UHF-1 UHF-2

VHFIII

FM / B-I

MA 303 (3 Inputs)

Sample Application

UHF-1 UHF-2

VHFIII

MA 302 (2 Inputs)

Sample Application

UHF

VHFIII

SMATV

MA 465 (5 Inputs)

Sample Application

UHF-1 UHF-2 UHF-3

VHFII FM

DVB-T
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MA 302

2 Inputs

MA 302 Multiband Amplifier provides the

combination of Satellite Master Antenna TV (SMATV)

channels and Terresterial broadcasting (UHF) in

distribution systems with its 2 different inputs: UHF

and VHF+S-Band. VHF+S-Band input operates

between channels E02-S38 and it can be used at

the output of SMATV Headend or for BIII terresterial

(VHF) channels. Through highly isolated outputs

and gain controls, different signal level broadcastings

can be combined with well-balance.

Overview

Features

¥ 12 VDC Preamplifier feed from UHF input.

¥ Highly isolated inputs.

¥ Independent gain control for each input (0...-20 dB).

¥ High and stable output level.

¥ Low noise figure.

¥ F type connectors..

¥ Aluminum diecast housing (IP54) provides high

 screening and durability against external conditions.

¥ Test port (-20 dB).

Technical Specifications

Feature Specification

Model MA 302

Technology Si-Bipolar

Number of Inputs 2

Inputs UHF IV/V VHF + S-Band

Frequency Band 470 - 862 MHz 47 - 452 MHz

Gain 30 dB

Gain Accuracy ±1.5 dB

Gain Control 0...- 20 dB 0...- 20 dB

Output Level (-60 dB IMD3) (1) 116 dBuV  116 dBuV

Return Loss (3) 12 dB 12 dB

Noise Figure < 7 dB < 7 dB

Preamplifier Feed Voltage 12 VDC

Preamplifier Feed Max. Current 60 mA

Connection Elements F tipi

Test Port - 20 dB

Mechanical Structure Al. Metal Diecast, IP54 Cat.

Screening Factor  (2) > 85 dB

Operating Environment Temp. -10ûC...+55ûC

Supply Voltage 230 VAC (-%10...+%15)

Power Consumption 5 W

Dimensions (w x l x h) 195 x 136 x 75 mm

Weight 1,4 kg

(1) IMD3 values are defined according to EN50083-5 measurement standard.
(2) Screening Factors are defined according to EN50083-2 measurement standard.
(3) Return Loss values are defined according to EN50083-3 measurement standard.
The product is developed and manufactured according to EN50083-1
in connection with EN60065 safety standards.



Features

¥ Antenna inputs in 2 different operating band (BIII, UHF).

¥ 12 VDC preamplifier feed from UHF input.

¥ Highly isolated inputs.

¥ Independent gain control for each input (0...-20 dB).

¥ High and stable output power.

¥ Low noise figure.

¥ F type connectors.

¥ Aluminum diecast housing (IP54) provides high

 screening and durability against external conditions.

¥ Test port (-20 dB).

Technical Specifications
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MA 303

3 Inputs

MA 303 Multiband Amplifier provides efficient

combination of terresterial broadcastings from

different directions and their distribution in small

and medium scaled distribution systems, through

its 2 UHF inputs with 30 dB gain and additional

VHFIII input.

Overview Feature Specification

Model MA 303

Technology Si-Bipolar

Number of Inputs 3

Inputs UHF IV/V UHF IV/V VHF III

Frequency Band (MHz) 470 - 862 470 - 862 174 - 230

Gain 30 dB 30 dB 30 dB

Gain Accuracy ±1 dB

Gain Control 0...-20 dB 0...-20 dB 0...-20 dB

Output Level (-60 dB IMD3) (1) 118 dBuV 118 dBuV 116 dBuV

Return Loss (3) 12 dB 12 dB 12 dB

Noise < 7 dB < 7 dB < 7 dB

Preamplifier Feed Voltage 12 VDC

Preamplifier Max. Current 60 mA

Connection Elements F type

Test Port - 20 dB

Mechanical Structure Al. Metal Diecast; IP54 Cat.

Screening Factor (2) > 85 dB

Operating Environment Temp. -10ûC...+55ûC

Supply Voltage 230 VAC (-%10...+%15)

Power Consumption 6 W

Dimensions (w x l x h) 195 x 136 x 75 mm

Weight 1,5 kg

(1) IMD3 values are defined according to EN50083-5 measurement standard.
(2) Screening Factors are defined according to EN50083-2 measurement standard.
(3) Return Loss values are defined according to EN50083-3 measurement standard.
The product is developed and manufactured according to EN50083-1
in connection with EN60065 safety standards.
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MA 404 Multiband Amplifier provides efficient combination of terresterial broadcastings from different

directions and their distribution in medium or larger scaled distribution systems, through its 2 UHF inputs

with 30 dB gain and additional VHFIII and BI/FM inputs.

Overview

Technical Specifications

Feature Specification

Model MA 404

Technology Si-Bipolar

Number of Inputs 4

Inputs UHF IV/V UHF IV/V VHF III VHF I+FM

Frequency Band 470 - 862 MHz 470 - 862 MHz 174 - 230 MHz 47-108MHz

Gain 40 dB 40 dB 30 dB 30 dB

Gain Accuracy ±1.5 dB

Gain Control 0...-20 dB 0...-20 dB 0...-20 dB 0...- 20 dB

Output Level (-60 dB IMD3) (1) 118 dBuV 118 dBuV 116 dBuV 116 dBuV

Return Loss (3) 12 12 12 12

Noise Figure < 7 dB < 7 dB < 7 dB < 7 dB

Preamplifier Feed Voltage 12 VDC N/A

Preamplifier Max. Current 60 mA

Connection Elements F type

Test Port - 20 dB

Mechanical Structure Aluminum Metal Diecast, IP54 Category

Screening Factor  (2) > 85 dB

Operating Environment Temp. -10ûC...+ 55ûC

Supply Voltage 230 VAC (-%10...+%15)

Power Consumption 7 W

Dimensions (w x l x h) 195 x 136 x 75 mm

Weight 1,5 kg

(1) IMD3 values are defined according to EN50083-5 measurement standard. (2) Screening Factors are defined according to EN50083-2 measurement standard.
(3) Return Loss values are defined according to EN50083-3 measurement standard.

The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.

MA 404

4 Inputs
Overview

¥ Antenna input option in 3 different operating bands (UHF, BIII, BI/FM).

¥ 12 VDC preamplifier feed from UHF input.

¥ Highly isolated outputs.

¥ Independent gain control for each inputs (0...-20 dB).

¥ Aluminum diecast housing (IP54) provides high

 screening and durability against external conditions.

¥ High and stable output power. ¥ Low noise figure.

¥ F type connectors. ¥  Test port.
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Overview

¥ 5 antennas input option in 3 different (UHF, BIII/BI and FM)

operating bands.

¥ Digital Terresterial (DVB-T) compliant 3 UHF inputs with 46 dB gain.

¥ Highly isolated inputs.

¥ Independent gain control for each input (0...-20 dB).

¥ Aluminum diecast housing (IP54) provides high screening and

durability against external conditions.

¥ High and stable output power. ¥ Test port.

¥ Low noise figure. ¥ F type connectors.

Technical Specifications

Feature Specification

Model MA 465

Number of Inputs 5

Technology GaAsFET                             Si-Bipolar

Inputs UHF IV/V UHF IV/V UHF IV/V VHF III+I FM

Frequency Band 470 - 862 MHz 470 - 862 MHz 470 - 862 MHz 47-68 + 174-230 MHz 88-108 MHz

Gain 46 dB 46 dB 46 dB 38 dB 20 dB

Gain Accuracy ±1.5 dB

Gain Control 0...-20 dB 0...-20 dB 0...-20 dB 0...-20 dB 0...-20 dB

Output Level (-60 dB IMD3) (1) 118 dBuV 118 dBuV 118 dBuV 116 dBuV 117 dBuV

Return Loss (3) 12 dB

Noise Figure < 7 dB

Connection Elements F type

Test Port -25 dB

Mechanical Structure Aluminum Metal Diecast, IP54 Category

Screening Factor  (2) > 85 dB

Operating Environment Temp. -10ûC...+55ûC

Supply Voltage 90-240 VAC SMPS

Power Consumption 7 W

Dimensions (w x l x h) 195 x 136 x 75 mm

Weight 1,5 kg

(1) IMD3 values are defined according to EN50083-5 measurement standard. (2) Screening Factors are defined according to EN50083-2 measurement standard.
(3) Return Loss values are defined according to EN50083-3 measurement standard.

The product is developed and manufactured according to EN50083-1 in connection with EN60065 safety standards.

MA 465

5 Inputs

MA 465 Multiband Amplifier provides efficient combination of both analog and digital terresterial

broadcastings from different directions and their distribution in medium or larger scaled distribution systems,

through its 3 different UHF inputs with 46 dB gain and additional VHFIII input. It is designed and manufactured

by using GaAsFET technology for Digital Terresterial (DVB-T) broadcastings.

Overview
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MA Series Multiband Amplifiers
Block Diagrams

MA 302 2 Inputs Block Diagram
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MA 303 3 Inputs Block Diagram

BIV/V
Gain: +30 dB

RF Output

Test Port
(-20 dB)

VDC

210 - 255 VAC

D
C

-1
2 

V
 / 

60
 m

A
 P

re
am

pl
ifi

er
 F

ee
d

BIII/S-Band

BIV/V

BV

BIV

BIV/V Gain: +46 dB, GaAsFET

RF Output

Test Port
(-30 dB)

BIII+BI Gain: +38 dB, Si-Bipolar

FM FM

FM

FM Gain: +20 dB, Si-Bipolar

VDC

85-265 VAC

MA 465 5 Inputs Block Diagram

BIII

BI + BIII



Manufacturer Mandatory
Provided Technical Specs.

(According CENELEC Channel Plan
and EN50083 Standard)

Application related info

IMD2 Output Level of 2nd Order Harmonics at 60 dB suppressing
point.

IMD3 Output Level of 3rd Order Harmonics at 60 dB suppressing
point.

CTB Composite Triple Beat
Output level of 3rd Order Harmonics at 60 dB suppressing point
under multiple channels.

CSO Composite Second Order
Output Level of 2nd Order Harmonics at 60 dB suppressing
point under multiple channels.

Number of TV Channels

Frequency Distribution of Channels

Calculation of Maximum Output Level (For CATV and Multiband Amplifiers)

Below information will be necessary in order to calculate maximum output levels of broadband amplifiers used
in distribution systems.

CTB / CSO values are for under multiple channels applications. In
narrow band applications like MA 404, optimum output level
can be calculated by selecting lesser one of IMD2 and IMD3,
and lowering it by 3 dB as total number of channels double.

Example:  Output level must be lowered by -7 dB under 10 channels
and -10 dB under 20 channels. Consequently, optimum
output level for MA 404 varies between 97 and 108 dBuV,
according to the channel structure.

Catalog
Specifications

(dBuV) IMD3 IMD2 CTB/CSO

TLE35128 128 128 112/115

PA35124 122 116 106/109

TZ34120 120 114 104/103

MZ30116 116 102 100/100

MP30116 116 102 96/96

MA404 118 107 (*)

Example: TRON Amplifier Group

For applications where the number of channels is more than 10, in order to calculate optimum output level of line
amplifiers, CTB and CSO values provided by manufacturer and number/distribution of channels must be known.

Because, under multichannel distributions, interfering signals at the amplifier output depend on very complex
mathematical components of main carriers (intermodulation, cross modulation...).
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Technical Knowledge and Application Notes
Amplifier Group

Catalog Specifications Explanation

CTB / CSO, -60 dBc, 105 dBuV, CENELEC 42
Output level of the amplifier under 42 channels is 105 dBuV. At this output
level, highest level of all harmonics is 60 dB lower than the level of main
carrier (105 - 60 = 45 dBuV).

CTB / CSO, -56 dBc , 109 dBuV, CENELEC 42
Output level of the amplifier under 42 channels is 109 dBuV. At this output
level, highest level of all harmonics is 56 dB lower than the level of main
carrier (109 - 56 = 53 dBuV).

Measurement methods of specified CTB / CSO parameters are defined by common standards (EN - Euro Norms) that
Europead Union develop and published as well. The aim of these standards is, yielding all manufacturers get the measurement
results by identical methods and making them appropriate for proper comparison.

Related Standards: EN50083-3 - Active Wideband Equipment for Coaxial Cable Networks, EN50083-5 - Headend Equipment.

Example: Amplifier Gain = 35 dB



¥ Find CTB and CSO values defined for 60 dB
suppressing point from manufacturer catalog
specifications.

¥ Check the number of channels valid for these
CTB and CSO values. According European
Standards CENELEC Channel Plan, this number
should be 29 or 42.

¥ If your the number of channels in your distribution
system is approximately double of above number,
decrease these CTB and CSO values by 3 dB and
take the lower value of two as optimum output
level.

¥ If your the number of channels in your distribution
system is approximately half of above number,
increase these CTB and CSO values by 3 dB and
take the lower value of two as optimum output
level.

¥ These obtained values will be accepted as
Operating Specification at 60 dB Suppressing
Point. In other words, there is a minimum
difference of 60 dB between main carriers and
harmonics at this point.

¥ In some applications, you can accept lower values
than 60 dB suppressing ratio value. For example,
European Standards allows down to 54 dB. When
the suppressing ratio lowers, optimum output
level of amplifier will increase. In such case,
before all above steps, you should recalculate
optimum output level formerly defined for 60 dB
suppressing ratio, for the new value (example
54 dB). Method is as follows:

Diff.  = Catalog value (60 dB) - New value (54 dB) = 6 dB

New CTB = Catalog CTB (60 dB) + Diff./2

New CSO = Catalog CSO (60 dB) + Diff.

Approximate Calculation of Maximum Output Level:

Example: Amplifier Gain = 35 dB

Catalog Specifications Performance Under
22 Channels

CTB = 105 dBuV CTB = 108 dBuV
-60 dBc , 42 Channels (105 + 3 dBuV)

CENELEC -60 dBc, 22 Channels

CSO = 108 dBuV CSO = 111 dBuV
-60 dBc , 42 Channels (108 + 3 dBuV)

CENELEC -60 dBc, 22 Channels

Optimum Output Level  of the amplifier under 22 channels
will be 108 dBuV. Under these conditions, Maximum Input
Level  of the amplifier will be 108 - 35 = 73 dBuV.

In same distribution system (22 channels), let's calculate
performance values of the amplifier at 54 dB Supressing
Point (Difference = 60 - 54 = 6 dB).

22 Channels, 22 Channels,
Values for 60 dB Values for 54 dB

CTB = 108 dBuV CTB = 111 dBuV
-60 dBc, 22 Channels (108 dBuV + 6/2 dB)

-54 dBc, 22 Channels

CSO = 111 dBuV CSO = 117 dBuV
-60 dBc, 22 Channels (111 dBuV + 6 dB)

-54 dBc, 22 Channels

In cases where 54 dB is allowed between main carriers and
harmonics, Optimum Output Level  of amplifier under 29
channels will be 111 dBuV. Under these conditions, Maximum
Input Level  of the amplifier will be 111 - 35 = 76 dBuV.
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Technical Knowledge and Application Notes
Amplifier Group



Practical Application
Example: TRON CATV Amplifier Group

Catalog Specs. CTB, -60 dBc CSO, -60 dBc

TLE 35128 112 115

PA 35124R 106 109

TZ 34120R 104 103

MZ 30116 100 100

MP 30116 96 96

According 42 Ch. CENELEC and EN50083-5 Standard

Catalog Specs. CTB, -54 dBc CSO, -54 dBc

TLE 35128 115 121

PA 35124R 109 115

TZ 34120R 107 109

MZ 30116 103 106

MP 30116 99 102

According 42 Ch. CENELEC and EN50083-5 Standard

-60 dBc / 42 Ch. Maximum Input
Signal Levels

TLE 35128 77 (Maximum Output - Gain)

PA 35124R 71 (106-35)

TZ 34120R 69

MZ 30116 65

MP 30116 61

According 42 Ch. CENELEC and EN50083-5 Standard

Under these knowledge and examples, we can define
following practical results:

¥ As the output level of amplifiers are increased by 1
dB, some noises increase by twice of this value. These
are 3rd order harmonics (CTB).

¥ As the output level of amplifiers are increased by 1
dB, some noises increase by same level of this value.
These are 2nd order harmonics (CSO).

¥ Setting the gain of amplifier to maximum may not give
best result in all cases. The correct method is, to
determine input signal level by finding the difference
between levels of main carriers and harmonics (e.g.
54 dB).

¥ In such case, determine the Maximum Input Level by
basing on the lower one of CTB and CSO parameters,
and subtracting amplifier gain from it. You can prepare
your project regarding this calculation method.

¥ As the number of channels doubles, optimum output
level will decrease by 3 dB regarding catalog
specifications.

110
105
100
95
90
85
80
75
70
65
60
55
50
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)

Frequency (MHz)

Diff. = 60 dBc

Output Signal
Level: 105 dBuV

Max. Noise
(Harmonics) Level
(CTB, CSO): 45 dBuV

Determination of Noises and

Harmonics in Spectrum Analyzer

In practical site cases, the conditions where only a
single amplifier operates on a line is very rare. In
general applications, line amplifiers are cascaded
more than one piece.

In such cases, Optimum Output Levels and Maximum
Input Levels will be different for each amplifier.

Briefly, Optimum Output Level will decrease by 3 dB
as the number of cascaded amplifiers double.

Cascading Conditions of Line Amplifiers
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Technical Knowledge and Application Notes
Amplifier Group

Example: Amplifier Gain = 35 dB

2 Amplifiers 4 Amplifiers
Optimum Cascaded and  Cascaded and

Output Level 2nd Amplifier 4th Amplifier
Performance  Performance

CTB / CSO = 105 dBuV 102 dBuV 99 dBuV
-60 dBc, 42 Channels Maximum Input: Maximum Input:

CENELEC 102 - 35 = 67 dBuV 99 - 35 = 63 dBuV
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