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Distortions in a Broadband System.

In this section we will learn how to calculate the distortions
In a Broadband System. This presentation will help
understand, why the system performs better closer t 0 the
headend and get worst, toward the end of the system



Distortions in a Broadband System.

Here are the distortions we will covering in this section:

Distortion of second order.
Distortion of third order

*Cross modulation.

Composite third order, CTB.
Composite second order, CSO.
*Noise.

eHum.



Distortions in a Broadband System.

Formulas for calculating distortions on a
HFC, Broadband system, CATV.



Distortions in a Broadband System.

After you have decided the number of customers per NODE, you'll need to
determinate at what level you system will operate. This is done by the
following:

*Determinate the optical level ( light level ) at the NODE, this will give you
distortion level at the NODE.

*You then need to determinate the length of the coax ial system. ( how
many amp. In cascade )

*You will have to determinate the operating level of the amplifie rs.

*Then you can calculate the distortion of each leg o  f the system.

dBm 0 dBm 1.0dBm
53.0 dB 54.0 dB C/N
PS ' 65.0dB 65.0 dB CTB
RF level — —
dBmV -65.0dB -65.0 dB CSO




Distortion in a Broadband System.

Attached are the
technical
specifications of a
870 MHz optical

NODE



Noise Distortion in a Broadband System.

Noise distortion for one RF amplifier:

Formula is:
C-N ratio = Input signal (dBmV) + 59.2 - (Noise Figure of each amplifier).

It is always a gqood practice to add one (1) dB to the noise fig ure qiven by

manufacture, due of the cable equalizer that will b e installed a t their input.

6d
' in E?JTV 59.2 + 16 - (10+1)=64.2 dB C/N

Remark: 10 dB Noise Figure

59.2 dB is the thermal noise for: 4.2 MHz of bandwidth on a CATV amplifie7r.




Noise Distortion in a Broadband System.

Attached are the technical
specifications of a 870
MHz RF amplifier



Distortion in a Broadband System.

All distortions.

You need to calculate the distortions of the CASCADE of the RF
amplifiers and then married (add) these distortions to the Optic al
NODE, to get the actual system’s distortions.

Tt Tl

< = >
CASCADE of RF amplifiers

Then add the NODE distortions.




Distortion in a Broadband System.

Carrier to Noise

For a cascade of amplifier, where all of the amplif
the same level (input and output)

C/N .= C/N - Iogll(}l

The formula is:

N = Number of amplifier in the cascade.

Formula for different operating level:

-C/IN, -C/N>
C/Ns= -10Iog10 10 © 419 1

lers operate at

+...10

-C/Nn
10

10



Distortion in a Broadband System.

Carrier to Noise

To sum differing Carrier to Noise ratios:

C-N 10*10log1o 2 10*10logwo 3

T

10*10|0910( -C/Nl + -C/NZ)
10 10 10 10

10*10I0g10( -C/Nl + -C/NZ)
10 10 10 10

To do this calculation, things you need to know are , the distort ion
(Carrier to Noise or Noise figure ) of each amplifier, their spacing at

***MHz and their operating level, so you'll know th  eir input lev el.
11



Distortion in a Broadband System.

Carrier to CSO

CSO 15*10log10 2 15*10log1o 3

[

15 * 10 |Og10 ( -CTB 1 + -CTB 2)
10 10 10 10

15 * 10 |Og 10 ( -CTB 1 + -CTB 2)
10 10 10 10

-CTB 1 -CTB 2
. 15*101
Composite Second Order : >"10loguwo ( 10 10 " 10 10 )

e|s always given as negative number.
*For each 1 dB in change of output level, the change in CSO will be 1 dB.

*Each time we double the cascade, CSO distortion get worse by 3.0 1 dB.
12



Distortion in a Broadband System.

CTB & X-Modulation

Xmod. 20log10 2 20log 10 3
CTB.

r'd ¥ ¥

x\ <«

-XM 1 -XM 2

20 * 10 log 10
gro ( 20 10 " 20 10) 4
20 * 10 log1o ( XM 1 + XM 2 )
20 10 20 10
Crossmodulation & CTB _: 20%10logwo (M1, XMz )
20 10 20 10

*|s always given as negative number.
*For each dB change in output level, the change inC  TB and Xmod. is 2.0 dB.

*Each time we double the cascade, CTB and Xmod. get  worse by 6.02 dB.
13



Distortion in a Broadband System.

CTB & XModulation

For a cascade of amplifiers, when they operates at  the same outp ut level,
here is the formulas to calculate the CTB and Cross Modulation

distortion .

The formula is:

CTB’s or Xmod’' s - 20 log o N

N = Number of amplifier in the cascade.

14



Distortion in a Broadband System.

HUM

Hum can be measured in dB or in percentage (%). Sin ce hum is oft en
caused by a defective piece of equipment, HUM is us ually not cas cade
distortion dependant. HUM is generally measured on a CW channel (channel

without modulation ).

If your HUM distortion is measured in dB, the formula below permits to
transfer dB HUM to HUM percentage (%).

The formula below shows the calculation of a -60 dB HUM distortion to %
HUM.
%=(R/R)*100
10 20
%=( 60 )*100
10 20

% = (10 3) * 100
% = .001 X 100 = 0.1% 15



Distortion in a Broadband System.

All Distortions measurements.

Cascade (N) 10%*log (N) 15%*log (N) 20*log (N)
1 0.00 0.00 0.00
2 3.01 4.52 6.02
3 4.77 7.16 9.54
4 6.02 9.03 12.04

_> 5 6.99 10.48 13.98
6 7.78 11.67 15.56
7 8.45 12.68 16.90
8 9.03 13.55 18.06
9 9.54 14.31 19.08
10 10.00 15.00 20.00
11 10.41 15.62 20.83
12 10.79 16.19 21.58
13 11.17 16.71 22.28
14 11.46 17.19 22.92

Distortions calculation for a series of amplifiers, when all amp lifier have the same

output level. This calculate C/N, CSO and CTB of a  cascade of am plifiers.

At the 5™ amplifier C/N will be: 6.99 dB, CSO will be: 10.48 dB and CTB will be:
13.98 dB waorst than the first amplifier of the cascade, 16



Distortions in a Broadband System.

CTB, Xmod with different Operating Level.
v

dB 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
0 6.02 597 592|587 582|577 |573 | 568 563 5.58
1 553|549 544 539 535|530 526 521 517|5.12
2 508 503 499 495 490 | 486 | 482 | 4.78 | 4.73 | 4.69
3 465 461 457|453 449 445 441|437 | 4.33 | 4.29
4 425 421 417|413 | 4.10 | 4.06 | 4.02  3.98 | 3.95 | 3.91
5 388 384 380|377 373 3.70 | 3.66 | 3.63 | 3.60 | 3.56
6 353|350 346 343 340 3.36 | 3.33 | 3.30 | 3.27 | 3.24
7 321 318|315 3.12 | 3.09 | 3.06 | 3.03 | 3.00 | 2.97 | 2.94
8 291288 285|283 280|277 |274 | 272 2.69  2.66
9 264 261 _ 259 256 253 | 251|248 246 244 241

—»10 2.39 2.36I 234 232 229 | 227|225 222 220 2.18

11 216 213 ] 211 209 | 2.07 | 2.05 | 2.03 | 2.01 | 1.99 | 1.97
12 195/193|191 189 187 185|183 181 179 1.77
13 175174 172170 168 | 1.67 | 1.65 | 1.63 | 1.61 | 1.60
14 158 156 | 155|153 151 150|148 | 147 145 144
15 142 141 139138136 135|133 132|131 1.29
16 128 126|125 124 122 121|120 119 117 1.16
17 125114 112 111 110/ 1.09 | 1.08  1.06  1.05 1.04
18 1.031.02| 101 1.00 0.99  0.98| 0.96 | 0.95 0.94 | 0.93
19 092 091 090 089 0.88|0.87 | 0.86  0.86  0.85 0.84
20 082080078 0.76|0.75|0.74 | 0.72 | 0.70 | 0.69 | 0.68

You must removed the reading to the lowest of thet  wo levels.
Trunk Distortion = 71.45 dB — Bridger Distortion = 61.44 dB or 10.20 dB diff. = 2.34 dB
61.44 — 2.34 = 59.10 dB L



Distortions in a Broadband System.

2"d Qrder, C/N with different Operating Level.
v

dB 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
0 3.01 29 | 291|286 281|277 | 272|267 | 2.63 | 2.58
1 254|250 | 245|241 | 237 | 232|228 | 224 | 2.20 | 2.16
2 2121209 | 205|201 197|194 |19 |187 | 1.83 ] 1.80

—» 3 1.76 | 1.73 | 1.70 | 1.67 | 1.63 | 1.60 | 1.57 | 1.54 | 1.51| 1.48

4 146 | 1.43 140 | 1.37 | 1.35 | 1.32 | 1.29 | 1.27 | 1.24 T I.2Z
5 1.19 | 117115112 | 1.10 | 1.08 | 1.06 | 1.04 | 1.01 | 0.99
6 097 1 095|093 |0.91|0.90 088 0.86 | 0.84 | 0.82 | 0.81
7 0.97 | 0.77 | 0.76 | 0.74 | 0.73 | 0.71 | 0.70 | 0.68 | 0.67 | 0.65
8 0.64 | 0.63 | 0.61 | 0.60 | 0.59 | 0.57 | 0.56 | 0.55 | 0.54 | 0.53
9 0.51|0.50 | 0.49 | 0.48 | 0.47 | 0.46 | 0.45 | 0.44 | 0.43 | 0.42
10 041|040 | 040 0.39|0.38| 0.37 | 0.36 | 0.35| 0.35 | 0.34
117 0.33|0.32|0.32 031|030 | 0.30|0.29| 0.28 | 0.28 | 0.27
12 0.27|0.26 | 0.25 | 0.25 | 0.24 | 0.24 | 0.23 | 0.23 | 0.22 | 0.22
13 0.21{0.21|0.20 | 0.20 | 0.19 | 0.19 | 0.19 | 0.18 | 0.18 | 0.17
14 0.17|0.17 | 0.16 | 0.16 | 0.15 | 0.15 | 0.15 | 0.14 | 0.14 | 0.14
15 0.14|0.13|0.13 | 0.13| 0.12 | 0.12 | 0.12 | 0.12 | 0.11 | 0.11
16 0.11 | 0.11 | 0.10 | 0.10 | 0.10 | 0.10 | 0.09 | 0.09 | 0.09 | 0.09
17 0.09 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.07 | 0.07 | 0.07 | 0.07
18 0.07 | 0.07 | 0.07 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06
19 0.05|0.05| 0.05| 0.05| 0.05| 0.05| 0.05 | 0.05 | 0.05 | 0.04
20 0.04 | 0.04| 0.04 | 0.04| 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04

You must removed the reading to the lowest of thet  wo levels.
Trunk distortion = 52.09 dB - Bridger distortion = 48.23dB or = 3.86 diff. = (1.48 dB)
48.23 — 1.48 = 46.75 dB 18



Distortions in a Broadband System.

Operating an RF Amplifier at Different Level.
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If we increase the input of this amplifier, we will
increase the Carrier to Noise of the amplifier. For
every increase of 1.0 dB at the input, the Carrier to
Noise of the amplifier will better itself by 1.0 dB

Let say this amplifier has 10.0 dB of Noise and you
hit the amplifier by a level of +10.0 dBmV, his C/N
will be 59+10 -10=59.0 dB C/N. If you hit the same
amplifier at +12.0 dBmV, his C/N will now be 59+12
10=61.0 dB C/N

If we get this amplifier to works at +45.0 dBmV and his
distortions level are -75.0 for CTB, -74.0 dB for CSO,
and if we increase his output to  +47.0 dBmV, the CTB
level will now be -71.0 dB and the CSO will now be -
72.0 dB.

For every increase of 1.0 dB at the output of the
amplifier, the CTB will get worse by 2.0 dB and the
CSO will get worse by 1.0 dB 19



Distortions in a Broadband System.

Distortion on a RF Section of a HFC System.

2H3K4H5H6H7

Input; +12 dBmV
Noise Fig. =11 dB
Output = +45 dBmV
CTB=-77.0dB
CSO =-76.0dB

Distortion Calculation: Cascade Specification:
CTB =8 x 20log 10 = 18.6 dB CI/N = 60.0 - 9.03 = 50.97 dB
CSO =8 x15log 10 = 13.54 CTB =-77.0-18.6 =58.4 dB
C/N = 8 x 10log 10 = 9.03 CSO =-76.0 -62.46 =62.46 dB

Amplifier specification:

Chanqing the operation level:

C/N =59+12-11 = 60.0 dB
CTB=-77.0dB
CSO =-76.0dB

Since at the end of this cascade the distortions ar e good, we co uld lower
the output of this cascade by 1.0 dB, it input woul d now be 12.0 -1.0=11.0
dBmV, then it output would then be + 44.0 dB, then the cascade w ould
have the following distortions:

C/N=50.97 -1.0=49.97 dB
CTB=58.4+2.0=60.4dB
CSO =62.46 + 1.0 = 63.46 dB

N
D



Distortions in a Broadband System.

Distortion on a RF Section of a HFC System.

JpENENEN TR

Cascade Specification:
NODE Distortion: CI/N = 60.0 - 9.03 = 50.97 dB
C/N=53.0dB CTB=-77.0-18.6 =58.4 dB
CTB=-65.0dB CSO =-76.0 - 62.46 = 62.46 dB
CSO =-64.0 dB

Overall Specification:

C/N = 53.0 — 50.97 or 50.97 — 2.03 = 48.94 dB
CTB =65.0 —58.4 or 58.4 —3.33 =55.07 dB
CSO =64.0 — 62.46 or 62.46 —2.32 = 60.14 dB

Remember the minimum distortion expected at each ¢ ustomer are ;

C/IN=48.0dB, CTB=-51.0dB, CSO=-51.0dB

21



Distortions in a Broadband System.

How distortion s are measured on a HFC system.

Last Active
on System

oo

Variable

Filter Analyzer

Variable RF

Attenuator

—000 00—

22



Distortions in a Broadband System.

Distortion Measurement Calculated using a Spreadshe et.
HFC system distortion
Name of System |*** |
System Freq.| 870 |MHZ 77 ch. CW and 320 MHz Data @ 6 dB Lower thanaog .
: — Maximum
Single RF Amplifier performance gain
Type of amp. { MB87S | E-GaAs | Max Gainl 45 |dB
Amp. Noise Fig. | 12.0 |dB @ 52 MHz
50 MHz / 550 MHz / 870 MHz R
Operating Oper. Level {| 36 [ 43 | 48 |dBmv OutputNo 1 &2 ese_rve
gain = [ with a TV signal at 865.25 MHZ »~ gain
m :dB Reserve. Gain dB gain
Single amp. Distortion Input next Amplifier :
CTB: | -75.00|dB For 79 ch. and 320 MHz data | 10.00 | dBmV
CSO:| -72.00|dB " with a TV signal at 745,25 MHz
C/IN: | 57.00|dB
Number of Amp. Coaxial System performance
In cascade > Number of amp. In cascade
OutputNo2 & 3
RE amp CTB :| -61.02 |dB For 77 ch. and 200 MHz data
. L P cso | 6152|ds " "
distortion BN | HEC
Complete system performance distortion
Input dBm; Amplifier Cascad: /
OO Opt. RX fibeg) 5 L With 2 outputs same level
Optical Complete
System System
CTB :| -65.00|dB| -56.76 |For 79 ch. and 320 MHz data
CSO | -62.00|dB| -58.74 " "
C/N: 52.00(dB| 47.88 23

coaxial/calcul/dist77-750




Distortions in a Broadband System.

Distortion Measurement Accepted at all the Customer

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| | ‘ ‘ <« Signal-to-
- | = e ooneeee oo /| -] Interference limites
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Test!



*What is the best Carrier to Noise possible for a 6 MHz RF signal ?

*A + 10 dBmV input for an amp. with 11.5 dB Noise Fi 9. What is hi s C/N?

*A amp. has —65.0 dB CTB at 46.0 dBmV output, what isthe CTBfo ra42.0dBmV ?

*What does CSO stand for?

*Which of the two distortions, CTB or CSO degrade fa  ster in a HFC system?

*First amp. Has —-74.0 dB CTB, what will be the CTB after 6 amps?

*What is the minimum AC voltage for a modern amplifi er?

*What is the maximum amp. Cascade on a modern HFC sy stem>

26



The end of this session.



