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RF Measurements
in a CATV System

What LEVEL should be measured for Analog and
Digital CATV Systems? What Performance Metrics
should be Measured for the Health of the Signal?
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RF Measurements at Endpoints

» Analog RF signals should be between 5 and 15
dBmV.
1 B

» Measured at the input to the tuner device (Analog
Television, Processor, Demodulator, etc.) - ﬁ“rf‘.%.\wﬂ{“ c

= FCC Minimum is 0 dBmV, or 3 dBmV at the end of o
100’ of cable

= Digital RF Signals (8VSB and QAM64 / 256)
should be between -5 dBmV and +5 dBmV.
» Measured at the input to the device (Digital Tuner,
Processor, Demodulator, etc.)

» |n mixed Analog/Digital Systems, Digital signals «—— 6MHz —»
should combine with Analog signals 6-10 dB lower — -~

than Analog Video Carrier

-5to+5dBmV
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5to15dBmV

+—6MHz ——»
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-5to +5dBmV
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RF Measurements into Amplifiers TONGUE |

LABORATORIES

= Amplifier Input Minimum Level = Amplifier Output High Level - Gain

» Example: BIDA 86B-30; 30 dB gain, 36/44 dBmV rated output
» 44 dBmV output - 30 dB Gain = 14 dBmV Input Level, Minimum
= |f more than 2 dB higher input level, use Plug-In modules to reduce levels

» Example: BIDA-86B-43; 43 dB gain, 36/44 dBmV rated output; +1 dBmV Input Level

= [f incoming RF signals are all Analog or all Digital, all signals must be flat (equal
level) as possible.

= [f incoming RF signals are a mix of Analog and Digital, Digital signals must be 6-
10 dB lower than Analog Video Carrier. All signals must be relatively flat (equal
level), in relation to other signals of the same type (analog/digital).

+14 +14

+7 +7 +14 dBmV Min.
S BIDA-86B-30 Amplifier
Analog Channels Digital Channels

R TONGUE LABORATORIES, INC. ONE JAKE BROWN
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Units of Measure - dBmV vs Microvolt $¢'5%'étDJER

LABORATORIES

dBmV uV uW
| 12 251.2 0.0008
-9 354.8 0.0016
i"’| > -6 501.2 0.0033 gl
M i" 3 707.9 0.0066 Piﬁ g
g ¢ 0 +— 1000 — 0.013 ﬂ |0
pi J 3 1414 0.026 0? ¢
|‘|I’ P 6 1990 0.053 B ‘,I’
"9 > 9 2810 0.105 i g@
'zﬁ 12 3980 0.21 g
¢0 f 15— 5620  — 042 g g
‘,0 20 10,000 1.33 ¢ P
L 30 31,620 13.3 i
40 100,000 133.3 11’
50 316,200 1,333.3
60 1,000,000 (1V)  13,333.3
Conversion Factors
Reference Voltage Level: 0 dBm = +48.75 dBmV across 75 Q
0 dBmV = 1000 microvolts (1 mV) across 75 Q2 0 dBW=+78.75 dBmV across 75 Q

0 dBmV =+60 dBuV across 75 Q

R TONGUE LABORATORIES, INC. ONE JAKE BROWN ROAD, OLD BRIDGE, N

800-523-6049 | FAX 732-679-
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Amplifier Contributions - NOISE TONGUE |

LABORATORIES

Noise - unwanted or erroneous signals

To avoid snowy pictures (Analog) or poor MER (Digital), the desired signal must be strong
enough to override the noise.

Significant noise contributions include:
= Thermal noise - generated by all electronics, dependent upon temperature
= Amplifiers - amount of noise added above thermal noise is the noise figure

NOISE is added to the signal at the Input to Amplifiers. Lower input levels cause more noise to be
added to the signal.

0 VA
\

ONE JAKE BROWN ROAD, OLD BRIDGE, N
800-523-6049 | FAX 732-679-
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Carrier-to-Noise (C/N) TONGUE

LABORATORIES

» C/N - wanted video carrier compared to the system noise level

Amplifier Cascade Factor

» For a single Amplifier onisso] o [cmaxmen

CASCADE (N) | 10*LOG(N) | 15*LOG(N) | 20*LOG(N)
= C/N=59-NF + Input Level 1 0.00 0.00 0.00
2 3.01 452 6.02
= 59 = thermal noise level in dBmV of 75 Q resistor 3 477 AL 954
= BIDA Series = 8.5 dB NF > o5 L =2
= 30 dB gain =15 dBmV input = ~65 dB C/N . s — —
= 43 dB gain =+1dBmVinput=~51dB C/N 2 24 — L
» 50 dB gain = -6 dBmV input = ~44 dB C/N I 0T [ Ts6z | 208
. o 13 11.14 16.71 22.28
» For an amplifier cascade L I z52
= C/N (cascade)=C/N - 10 log(N) 7 R Y T
= C/N = single amp contribution 19 279 1015 ot
.. . 20 13.01 19.52 26.02
= N= Number of amplifiers in cascade T 322 1983 264
22 13.42 20.14 26.85
23 13.62 2043 27.23
** Every doubling of amplifiers drops overall C/N by 3dB ;‘5‘ ::22 gggg ;;gg

*FCC Minimum C/N for Analog signals to any outlet = 43 dB

R TONGUE LABORATORIES, INC. ONE JAKE BROWN ROAD, OLD BRIDGE,

800-523-6049 | FAX 732-
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Carrier-to-Noise (C/N) Example $tl5ﬂlétDJEn
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10 Log Function Derate Chart

Noise Figure = 8.5 dB (use for CNR and SSO)

) ) diff SUBTRACTION VALUES
BIDA 86B-43 BIDA 86B-30 (dB) J0.00 010 020 030 040 050 060 070 080 0.90
0 301 (296 |2.91 [286 |2.81 (277 [2.72 |2.67 |2.63 |2.58
Inout = - - 1 (254 (250 |2.45 [241 (237 |2.32 (228 |(2.24 |2.20 |2.16
21 (1“;27;4 'nf‘ig 2 1212|209 |2.05 (201|197 [1.94 [1.90 |1.87 [1.83 |1.80
3 1176 [1.73 |1.70 |1.67 |1.63 |1.60 [1.57 [1.54 |1.51 |1.48
dBmV dBmV dBmV 4 |1.46 |1.43 [1.40 |1.37 |1.35 [1.32 [1.29 |1.27 [1.24 |1.22
3 5 1119 (1.17 |1.15 (112 [1.10 |1.08 [1.06 [1.04 |1.01 |0.99
Amplifier #1 Amplifier #2 & [097 (095 |0.93 |091 |0.90 |0.88 |0.86 |0.84 |0.82 |0.81
7 1079 [0.77 |0.76 |0.74 |0.73 |0.71 [0.70 |0.68 |0.67 |0.65
RG-6 \\§ _J 8 lo.64 (063 |0.61 |060 |0.59 |057 |[0.56 [0.55 |0.54 |0.53
Cable Y~ 9 051 (050 |0.49 |048 |0.47 |046 [0.45 |0.44 |0.43 (042
Total L B 10 o041 (040 |0.40 |0.39 |0.38 |0.37 [0.36 |0.35 |0.35 |0.34
otal Loss = 11 Jo0.33 (032 [0.32 |0.31 030 |030 (0.29 |0.28 |0.28 |0.27
29 dB 12 J0.27 |0.26 |0.25 [0.25 |0.24 |0.24 |0.23 |0.23 |0.22 |0.22
13 Jo.21 (0.21 |0.20 |0.20 |0.19 |0.19 [0.19 |0.18 |0.18 |0.17
_ _ 14 J0.17 (017 |0.16 |0.16 |0.15 |0.15 [0.15 |0.14 |0.14 |0.14
C/N ~=59-NF +Input Level C/N ~ =59-NF+Input Level 15 014 013 013 |03 [012 |02 |02 |02 [0.171 |0.11
CIN#1=59-85+1 CIN#2=59-85+15 16 [0.11 |0.11 |0.10 |0.10 |0.10 [0.10 [0.09 |0.09 |0.09 |0.09
— + — + 17 J0.09 |0.08 |0.08 |0.08 |0.08 |0.08 [0.07 |0.07 |0.07 |0.07
50.5+1 50.5+15 18 J0.07 |0.07 |0.07 |0.06 |0.06 |0.06 [0.06 |0.06 |0.06 |0.06
=51.5dB =65.5dB 19 10.05 |[0.05 |0.05 |0.05 |0.05 |0.05 |0.05 |0.05 |0.05 |0.04
20 lo0.04 |0.04 |0.04 |0.04 |0.04 |0.04 (0.04 |0.04 |0.04 |0.04
. 21 Jo.03 |0.03 |0.03 |0.03 |0.03 |0.03 (0.03 |0.03 |0.03 |0.03
dB difference =65.5-51.5=14.0dB 22 lo.03 (003 |0.03 |0.03 |0.02 |0.02 [0.02 |0.02 |0.02 |0.02
- - _ : 23 Jo.02 (002 |0.02 |0.02 |0.02 |0.02 [0.02 |0.02 |0.02 |0.02
dB subtraction figure = 0.17 dB (Refer to 10 Log chart in BRG P. 126) 24 loo2 1002 002 002 l002 002 loo2 |00l lool 001
Lowest CNR =51.5-0.17=51.33dB 25 |0.01 |0.01 |0.01 [0.01 |{0.01 |0.01 |0.01 |0.01 |0.01 |0.01

The Resultant Overall CNR =51.3 dB

R TONGUE LABORATORIES, INC. ONE JAKE BROWN
0 -

80
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Amplifier Contributions - Distortions (Analog) TONGUE |

LABORATORIES

» [ntermodulation Products

= Distortions generated by the amplifiers due to their non-linearity. Frequencies are added and
subtracted yielding new interfering frequencies (or beats).

= Distortions are added to RF signals at the Output of the Amplifiers. Higher Output levels cause more
Distortions to be added to the signals.

» CTB - Composite Triple Beat (grainy or wormy)
= Summation of triple order distortions in decibels

» CSO - Composite Second Order (VHF Channels - diagonal lines)
= Summation of second order distortions (1.25 MHz above visual carriers) in decibels

ONE JAKE BROWN ROAD, OLD BRIDGE, N
800-523-6049 | FAX 732-679-
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Amplifier Contributions - Distortions (Analog) TONGUE |

LABORATORIES

= XMOD - Cross Modulation (buzzing in sound, sound lines in pictures)
= Modulation from one or more television channels imposed on another channel or channels
» Measured in decibels

= Hum (rolling bars: 1=60 Hz; 2=120 Hz. Usually bad capacitor in PS)

= Amplitude modulation of the carrier by a signal whose frequency is usually a harmonic of the power line
frequency

= Measured in dBc - decibels relative to carrier

* The “Delta of Life" - a balancing act

= CNRis 1:1 ratio, for every dB change on Amp input, C/N changes 1 dB CNR 21dB
= 1 dB lower input, C/N gets Worse by 1 dB
» CTBis 2:1 ratio, for every dB change on Amp output, CTB changes 2 dB
CTB=2dB XMOD =1.5dB

» 1 dB lower output, CTB gets Better by 2 dB; XMOD gets Better by 1.5 dB
= XMOD is 1:5:1 ratio, for every 1 dB change on output, XMOD changes 1.5 dB

R TONGUE LABORATORIES, INC. ONE JAKE BROWN
0 -

80


http://www.blondertongue.com/

: : BLONDER
Distortions Example TONGUE

LABORATORIES

20 Log Function Derate Chart
(use for CTB and XMOD)

BIDA 86B-43P BIDA 86B-30P T SUBTRACTION VALUES
@) 000 010 020 030 040 050 060 070 080 090
CTB @ 36/44 dBmV OUTPUT =-60dB CTB @ 36/44 dBmV OUTPUT =-62 dB 0 | 602] 597 ] 592] 587] 582] 577] 573 568] 563 ] 5.58

553 | 549 | 544| 539 535| 530| 526 | 521| 517 | 5.12
508| 503 | 499| 495| 490| 486 | 482 | 478| 473 | 469
465| 461 | 457 | 453| 449| 445|441 | 437| 433 (429
425|421 | 417| 413] 470| 406 | 402 | 398( 395 | 3.91
3.88| 3.84 | 380 3.77| 3.73| 3.70| 3.66 | 3.63| 3.60 | 3.56
353| 350| 346 343| 340| 336 3.33 | 330 3.27 | 3.24
3.21| 318 | 3.15| 3.12| 3.09| 3.06| 3.03 | 3.00( 297 | 2.94
291 | 288 | 2.85| 283 280 277 | 274 | 272| 2.69 | 2.66
264 | 261 | 259 256| 2.53| 251 | 248 | 246| 244 | 2.41
239 236| 234| 232| 229| 227 | 225| 222|220 | 218

216 213 211 209| 207 | 205|203 | 201| 199 | 1.97
195|193 191| 1.89| 1.87| 1.85| 1.83 | 1.81| 1.
1.75| 1.74 | 1.72| 1.70| 1.68| 1.67 | 1.65 | 1.63| 1.61
1.58| 1.56 | 1.55| 1.53| 1.51| 1.50 | 148 | 1.47| 145 | 144
1.31
1.7

Input =
+1
dBmV

Output = Input = Output =
+ 36/44 + 15 + 36/44
dBmV dBmV dBmV

Amplifier #1 Amplifier #2

g J
Y
Total Loss =
29 dB

RG-6
Cable

142 141 | 1.39| 1.38] 136 1.35| 1.33 | 1.32
1.28 | 1.26 | 1.25| 1.24| 1.22| 1.21| 1.20 | 1.19( 1.
1.15] 1.14 | 1.12| 1.11] 1.10| 1.09( 1.08 | 1.06| 1.05 | 1.04
1.03| 1.02| 1.01| 1.00| 0.99| 098 | 096 | 095| 0.94 | 093
092|091 | 090| 089 0.88| 0.87| 0.86 | 0.86| 0.85 | 0.84
083| 082| 081| 080| 0.79| 0.78| 0.77 | 0.77| 0.76 | 0.75

074 073 | 073 0.72| 0.71| 0.70| 0.69 | 0.69| 0.68 | 0.67
066 | 0.66 | 0.65| 0.64| 0.64| 063 | 0.62 | 0.61| 0.61 | 0.60
059 | 0.59 | 0.58| 0.57| 0.57 | 0.56 | 0.56 | 0.55| 0.54 | 0.54
053] 0.53 | 052 051 0.51| 050 0.50 | 0.49| 0.49 | 0.48
048|047 | 046| 046| 045| 045| 044 | 044| 043 | 043
042|042 | 042 041| 041 | 040|040 | 039|039 | 0.38
038|038 | 037| 037| 036 036|035 | 0.35| 0.35|0.34
034 | 034 033 033| 032 032|032 031] 031031
030|030 030 029| 0.29| 0.29| 0.28 | 0.28| 0.28 | 0.27
027 | 027 | 026 0.26| 0.26| 0.26 | 0.25 | 0.25| 0.25 | 0.24

024|024| 024| 023| 0.23]| 023|023 | 0.22]| 0.22 | 0.22

dB Difference —62 -60=2dB

dB Subtraction Figure =5.08 dB (Refer to 20 LOG chart in BRG p. 125)
Lowest CTB =60 —-5.08 =54.92 dB

The Resultant overall CTB =55 dB

MNMRNMMNMRN M= = |
sBm\la\mth_. OO bWl = |oPONOL A WN =

W
—_

321022021 021 021 0.21| 0.20( 0.20 | 0.20| 0.20 | 0.19

. P 331019|019| 0.19| 0.19| 0.18| 0.18 | 0.18 | 0.18| 0.18 | 0.17

**Every doubling of amplifiers drops overall CTB by 6 dB u 017/ 07| 07| 017/ 016 016 | 016 | 036 016 | 015
* FCC Minimum for Distortions in Analog system to any A B EHRHRHEHEH R
outlet=-51dB 35 [ 510 03| 55| 0o a0s| 609 | 609 | 509 609 | 605
40 | 009|009 | 0.08| 008| 0.08| 0.08 | 0.08 | 0.08| 0.08 | 0.08

R TONGUE LABORATORIES, INC. ONE JAKE BROWN

800-523-604
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Distortions and Noise in Digital TONGUE

LABORATORIES

= Distortions and noise in Digital systems manitfest as CIN (Composite
Intermodulation Noise)

» This is a combination of Composite Intermodulation Distortions (CID = CTB, CSO, and XMOD
in analog) and Thermal Noise

= CIN appears as elevated noise floor

= CIN will decrease MER (Modulation Error Ratio) of the digital signal

= MER is the ratio, in decibels, of average symbol power to average error power
= MER 45 = 10 x log (average symbol power/average error power)

Q
-+ -+ Targ;:mw Modulation Error [ \
o - | \
Transmitted Symbol | ll
+ =+ + Emﬁmﬁ 'VFM
+ +  F

ONE JAKE BROWN
800 -
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It's All About MER at the Drop FONGUE

LABORATORIES

» Once the QAM signal leaves the Headend (MER about 40 dB), it is subject to
degradation due to distribution, related problems. MER is reduced by all of the
following

* Noise, due to improper Amp input levels or Ingress (CNR)

» Non-Linear Distortion from Amplifiers. Maintain amp input/output levels according to
specifications and channel loading. (CTB, CSO, XMOD, CPD)

» Reflections, due to impedance mismatches and improper or missing terminations on Splitters,
Combiners, Taps; Damaged coax cable, and improperly installed F-connectors. (Micro-
reflections, Amplitude Ripple & Tilt, Group Delay).

= Spurious Signals - caused by Ingress, Local Pickup, or Malfunctioning Active Equipment (In-
Channel Ingress, Lase Clipping, Data Collisions)

The “Cliff" Point for QAM 64 is about 22 dB and for QAM 256 about 28 dB

The “Cliff’ Point is when the Forward Error Correction runs out of the ability to replace missing

or damaged data with “corrected” data. Severe tiling or picture freeze up will occur.
Recommended to run with at least 3 dB margin above Cliff Point.

R TONGUE LABORATORIES, INC. ONE JAKE BROWN
0 -

80
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BER and MER TONGUE

LABORATORIES

= BER (Bit Error Rate) is the ratio of errored bits to the total number of bits
transmitted, received, or processed over a defined length of time

» Example: 3 errored bits in a total of 1,000,000 transmitted bits will result in a BER of
371,000,000 = 0.000003 = 3x106

= MER (Modulation Error Ratio) is the ratio, in decibels, of average symbol power to
average error power
= MER(dB) = 10 x log (average symbol power/average error power)
= MER is influenced by everything present in the signal’s transmission path such as:
» Phase Noise
CNR (Carrier-to-Noise Ratio)
CTB Distortion (Composite Triple Beat)
CSO Distortion (Composite Second Order)
Cross Modulation (XMOD)
Micro-reflections (Ghosting)
Amplitude tilt/ripple
Group Delay
Ingress

R TONGUE LABORATORIES, INC. ONE JAKE BROWN
0 -

80
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BLONODER
TONGUE

LABORATORIES

Tech Tip
7. TECHTIP
" TPicture Quality | MER (8VSB) MER (QAM 64) MER (QAM 256)
Excellent Greater than 30 dB Greater than 38 dB Greater than 38 dB
Good 25 to 30 dB 30 to 38 dB 35t0 38 dB
Marginal 18 to 25 dB 23 to 30 dB 30to 35dB
Non-Functional Less than 18 dB Less than 23 Less than 30 dB

R TONGUE LABORATORIES, INC.

ONE JAKE BROWN ROAD, OLD BRIDGE, NJ 08
800-523-6049 | FAX 732-679-6
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QAM 64 Constellation Analysis TONGUE

LABORATORIES

s + & + + + + +][1]Good Constellation Y T R DR [3] CTB/CSO
‘ . e e ;. Constellation
£ 4+ 4 + + + % 4| Patternofdotsin this BRI T SR A - )
constellation diagram are o o A Be e T Caused by coherent noise,
4 + 4 4+ + + + +| veryclosetothe center FERE R R S A Sl A cmg:nuﬂ:dpgts-t%:;"in
(crosshairs), indicating a T S VO O o
+ + ¢ + + + + *| nhormal constellation with - S T T each cell.
 r e+ o e no noise or distortion e owr B o 4 &
issues. ¥ e
¥ O+ 4+ 4+ 4+ G SR T S
+ o+ o+ 4+ o+ 4 b R T O S
+ + + + + + 4 @ WO b A xR
- . [2] Phase Shift o e b & [4] Poor CNR
E A A L T - e W, O o B R
FooE oo % R % Constellation & OWoR E RS E R Constellation
o e h % . SR SR NS R
¥r & et et : | Circular effect where points ,,,\. Fo® A Fuzzy circular pattern in
* ¥ # + + + % % | ineachcellarestretched # % 4 ‘% % . ¥ 4 -% |each cell, occupying most of
: out perpendicular to a i L - ) the cells. Picture quality
£ 2 % + + ¢ 3 |radiusline inproportionto B # $ W e 9 # % | mayremain good, but slight
‘ the distance from the . - w v, « | further degradation of the
2 3 o+ v o+ o+ # center of the diagram, * O e, R R oW A - signal may cause loss of
 # : L giving an {:n%rel_'allI W % g A G e picture all together.
= " appearance of circles L A
+ o+ 4 % 4 & F F| Sound :lhe center of the p T " o @
s ] iagram. R PE M R 2
+ % T+ % 4 & F 4| ysually caused by residual T i
T om L ‘ < 4 | FM-typically a headend e S IR Sl
¥ e % e A problem.

R TONGUE LABORATORIES, INC. ONE JAKE BROWN ROAD, OLD BRIDGE,

800-523-6049 | FAX 732-
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QAM 256 Constellations $'C'JR|EBER

LABORATORIES

Constellation: Full

[ | oot [ cost [ pcgw | rreo | ok
s | sia Jowsss] o | 100

Constellation: Zoom

ot | 1900

SYM. RATE:
LNB Curr:

SYM. RATE:
LNB Curr:

R TONGUE LABORATORIES, INC. ONE JAKE BROWN ROAD, OLD BRIDGE,
800-523-6049 | FAX 732-
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8VSB Constellation Diagrams (Waterfalls) TONGUE |

LABORATORIES

Constellation: Full

btotfair | vss | euss | orr | 653.00

Constellation: Zoom

totrair | vss | auss | orr | 653.00

SYM. RATE:
LNE Curr:

ANNEX
SYM. RATE:
LNB Curr:

R TONGUE LABORATORIES, INC. ONE JAKE BROWN ROAD, OLD BRIDGE, NJ
800-523-6049 | FAX 732-679-
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: BLONDER
Measurement Metrics - Analog TONGUE

LABORATORIES

* For Analog systems, C/N and CTB are primary measurement metrics
for the health of the system

» Use a Field Strength Meter and a Spectrum Analyzer to measure

T

blAna FS5.25 blféna HE Fao.25
TLJ O3 HTSC - T AHALOGE HT=SC -
UOI0=4 .S8aMH=z "L |8 20 22 a2y

- o= 15.60dB QOLTY=PASS

20 30 40 50 BO
ELU= 13.2dBml} 50 55

L <M= .
H Llac=@all \UH=z = ”H 4. 7dE m

R TONGUE LABORATORIES, INC. ONE JAKE

BROWN ROAD, OLD BRIDGE, N
800-523- 6049 | FAX 732 6
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: - BLONDER
Measurement Metrics - Digital TONGUE

LABORATORIES

» For Digital systems, MER and BER are primary measurement metrics
for the health of the system

» Use Digital Field Strength Meter, QAM Analyzer, Spectrum Analyzer, and
Constellation Meter to measure

| pLai | moouLar | cons | ocowe | Feea | o | | pLau | moouLar | cost | ocowe | Feea | con |
“usacs | 3a-8 |owwse| oF | ss00 | w0 o | w0 | 15 |

15

POWER: -5.2dBmV QAM64 ) [+]#]
i IAMD56 SDE-4AV
MER : >40dB

8 12 16 20 24 28 32 36 44

NsMAR: 16. 4dB QLY: PASS

bBER: <10-9 SDE-4AV

YPID:161 APID:162 PMT: 1608
aBER:2x10-9 ERR: 000 - o]t [ [ fa]e ] nfa]o]e]
: EhLlEs L4818 CEEEE P R R

SYM.RATE: 5.361MS/s e oA Ll 8
ENCRYPT . 1 Lms/s FlEG o P = = = 17

a

[ +]

]3] »] ]

ANNEX
SYM. RATE:
LNB Curr:

L

[£] o] o ] o]}
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