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TAPR DCC Noise in a Digital World
Agenda

Knowing Noise

dB, dBm, mW, W, Oh my...
Noise Figure, Sensitivity and Gain
FLEX-6000 Family Line-Up

Q&A
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Knowing Noise
Do you know...?

» Why does the noise floor In my panadapter
drop when |- change panadapter bandwiath?

» IS my radio out of calibration it my receiver

]

nolse measurement doesn’'t match my
Danadapternoise ftoor?

» | can see a signal in my panadapter, but | can't
near it... my radio must be broken, right?
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Knowing Noise

Do you know...?

» Youre selecting a radio ... do you care about
sensitivity, noise figure; preamp-gai, something
else?

» |s there a relationship between any of these
numbers?

> Your buddy Is boasting about his rig’'s sensitivity
(which Is 3dB better than yours). |s this important?
Should you be ashamed and trade rigs?
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NglelWiigle

Nolse

Do you know...?

» | looked up the ADC in my direct sampling

recelver, It says 16-b

bits and 74d

bit of dynamic range. 12.3 X 6

even If | could use all 16-bits, ~

My radio ma
Srd-oraer-dy

nufacturer says it

namic range.

s with an ENOB of 12.3
B SNR. | know there are cdB per

= (4. Heck,
o X6 =90dB

nas 105dB of

He’s lying, right?
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dBm, dB, et. al.

Quick review

» dB Is a measurement of difference in two things (relative)
> dBm is a measurement of power (dB wrt 1TmW)

> 2X power = 3dB, 10x power = 10dB

> Multiplication in power (W) = Addition in dB

> IW =1,000mW ... 1000 = 10x10x10 = 30dB so
O0dBm + 30dB = +30dBm

flexRadio fSysDz;e:ms@



dBm, dB, et.
POP QUIZ!

» What Is 20x power?

> 10x =10dB
2x = 3dB
so 10 x 2 =20, and
therefore
10dB + 3dB = 13dB

» What i1s 200mW in dBm?

> well TmW = 0dBm
200=10x10x 2 ...s0
10dB + 10dB + 3dB + 0dBm = 23dBm

flexRadio fSysDIff_ems@



dBm, dB, et. al.
POP QUIZ!

> \What i1s 5\W in dBm? T R I C KY I
> well TW = 30dBm v
5W=1W x 10/ 2
= 30dBm + 10dB - 3db = +37dBm
> What 1s 4W in dBm?

> well TW = 30dBm
AW = 1TW x 2 x 2
= 30dBm + 3dB + 3dB = +36dBm

flexRadio fSysDIff_ems@



Knowing Noise Sources
Theyre everywhere

» Thermal noise » Powerline Noise

» (Gaussian noise > oplatter

» Flicker Noise > Power supply Noise
» Quantization Noise » - Atmospheric Noise
» Phase Noise » - Spark Noise

» Additive Noise > EMI

Noise can be complicated and even those that know It
well will-have to think and figure on some guestions

~FlexRadio fSysog_ejmf



Noise and Bandwidth

What Is the Noise Floor?

» \We often hear “Noise Floor,” we know how to
point at it, but what is It
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Noise Behavior
Better get a buckeét...

What your ADC sees:

Think of noise as trough of water
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Noise Behavior
Better get a buckeét...

What Happens if | split the trough into two troughs?

Water level-drops:by:-afactorof two (3aB)

(note: all:computations:mn-the water domain)

~FlexRadio fSygggng



Noise Behavior
Find the diamond...

here's a diamond at the bottom of the trough

I'll give you as many bins as you want,
N many sizes (all factors of 2)

How can you find the diamond?

e L
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Noise Behavior
Find the diamond. ...

What if you split the water into 1024 buckets,
each 1/1024 the size of the original trough?

Congratulations, you've
just created the first

e a.k.a the WTFFT

“l e 5
. - L
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Noise Behavior ——
hﬁ’h%'lllléx‘a.'J“'?zhﬁu"‘,jl,» J ‘1ir.ll [‘“ i\
OK, what about a RADIO?  MERAISE S

» In a receiver (on an EET bin), we filter

»  Bandwidth limited to receiver bandwidth

> NoIse IS reduced in dB by:

g
10%og —'ﬂmﬁw

Tl

Think of an FFT as a series of receiver S-Meters
stacked next to each other
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NoIse Behavior
OK fine, but how does this workina RADIO?

» S0 for our 1024-bin W ITEE I, we reduced the
water in each bin by:

Fod iy
@Jﬂmdﬂ

10%og
'l,il-h 1
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Noise Behavior

Why doesn't my sighal go down too?

» If your signal Is contained entirely in a single
bin, you lose none of it by filtering

> |f your noise Is evenly distributed, you reduce it
as shown In the previous slide

» If you split the signal (evenly) across two bins, it
will reduce by 3dB In any one bin

» For the pedantic: yes we're ignoring window
eakage, scalloping, etc.
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Noise Behavior

WSJT

-
e A P
e

SeEses

N N

~exposing the signal

rops as we narrow bandwidth,
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Noise Behavior
Does this ever NO T work?

» YES, when not evenly distributed (not AWGN)

» For example: Frequency dependent noise
source

» Speclal tools...

flexRadio fSygggr;rzf



Noise Behavior

Review

> QUESTION: Why does the noise floor in my
panadapter drop when | change panadapter
banawidth?

»  ANSWER: We redtice the noise by 3dB each

time we reduce the bandwidth by half

~FlexRadio fSygggng



Noise Behavior
Review

» QUESTION: Is my radio out of calibration if my
recelver noise measurement doesn't match my
panadapter noise Hoor?

»  ANSWERINO Slook-at:the difference in
recever banadwidth-ana panadapter FET bin

S|ze
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Noise Behavior

Review

» QUESTION: | can see a signal in my
adapter, but | can't hear it... my radio must

be broken, right??

par

»  ANSWERZNO 7a good FE
oetter mstrtiment:ithan: ot

ellg

size s small (<=50Hz):

IS:generally a
Fear/brain when the
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Noise Behavior

Review

» QUESTION: Assuming your signal strength in

your 500Hz rece

120dBm, what Is
»  ANSWER:5HZ

10log

iver (noise only) says -

your FET bin size?

f5on

JJ 20dB
l.__ X

100dBm and your panadapter shows -
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Noise Floor

Terminology

P

P

P

“Noise Floor” is used haphazardly
Vendors, ARRL, etc. use 500Hz bandwidth

Noise Floor down as bandwidt
WSJT, CW, etc
“12dB below t

noise floor.
only 10Hz w

.II

ne noise floor,” t

their detector (fi
ide, they are heari

N 1S decreased

'ake advantage of this

ney mean the 500Hz

tered receiver) is

ng 5dB above the

actual noise floor for the recelver.
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Noise and Bandwidth

What Is the Noise Floor?

»  Ihat's pretty — what's the noise floor of that
receiver, there?”
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NglelWiigle

Nolse

Do you know...?

» | looked up the ADC in my direct sampling

recelver, It says 16-b

bits and 74d

bit of dynamic range. 12.3 X 6

even If | could use all 16-bits, ~

My radio ma
Srd-oraer-dy

nufacturer says it

namic range.

s with an ENOB of 12.3
B SNR. | know there are cdB per

= (4. Heck,
o X6 =90dB

nas 105dB of

He’s lying, right?
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Knowing Noise

Do you know...

»  12.4 bits ENO

iz

3 1S spec'd at the full bandwidth
of the converter

» \We know how to convert — lets say we're
going from 100MHz to 46kHZ

33dB+74dB =

Actual bits togg

¢ . b
10l0g NL 104, 000,000

48,100

ng =~

1070

' =33d8

)

3 = 1/7.8-bits

66+ 33/06=21.5-bits

flexRadio fSysDIff_ems@



Knowing Noise

Do you know...?

NO. He’s not lying

~FlexRadio fSygggng



Noise Figure, Sensitivity &

Gain

Oh My!

» YOU bought a om radio with a stated noise figure of
5dB

Where is the noise floor?

A. -128dBm 3. -135dBm C. -142dBm

D). Insufficient
Information

flexRadio fSyleffq;rzf



Noise Figure, Sensitivity &
Gain
Oh My!

TRICK QUESTION!

flexRadio fSyssz?_gr;rzf



Noise Figure, Sensitivity &

Gain

Oh My!

> You bought a om radio with a stated noise figure
of 5dB

Where Is the noise floor?

A. -1238dBm B. -135dBm C. -142dBm

D. Insufficient
Information

flexRadio fSygggng



Noise Figure, Sensitivity &
Gain

What you need to know

» (Golden Rule: 0dB NE =-174dBm 1n 1Hz

» [0 calculate the noise floor in ANY bandwidth given the NF
and bandwidth:

-174dBm + NFE + (dB bandwidth difference from 1Hz)

For example, a receiver with a 5dB NF and a bandwidth of
500Hz has a noise floor of:

-174dBm + 5dB + (10 + 10 +10 - 3) = -142dBm

flexRadio fSyng?gng



Noise Figure, Sensitivity &
Gain

What you need to know

What's the golden rule?

0dB NE =-174dBm In 1HzZ

flexRadio fSysDIff_ems@



Noise Figure, Sensitivity &
Gain
Cascaded Noise Figure

» Cascaded NF tells us the final NF and Gain given a series
of preamplifiers / attenuators heading into a receiver

i
NE. =10Hog| nf,. + By |

E s

flexRadio fSysDIff_ems@



Noise Figure, Sensitivity &

Gain
Cascaded Noise Figure

» Example: 10dB NF receiver with a 5dB NE preamp with
10dB gain:

Select number of cascaded amplifiers:

2
Noise(dB) Gain(dB)
5 10

10 0

Calculate

6.1dB

Total Noise Figure: 6.088 dB
Total Gain: 10.00 dB

flexRadio fSyleffq;rzf



Noise Figure & Sensmwty

What's Important?

Sensitivity Noise
Floor in 500Hz

Radio 1 -136dBm
Radio 2 -123dBm
Radio 3 -139dBm

e 4 ! /
h - {

NF Preamp NF /
Gain
13dB 5dB /10dB
24dB 2dB / 30dB
8dB 7dB / 20dB

flexRadio fSysszT_e:mf



Noise Figure & Sensitivity

What's Important?

Select number of cascaded amplifiers:
2 =
Noise(dB)
5 10

13 0

Calculate

Result:

Gain(dB)

7.0dB

Total Noise Figure: 7.039 dB
Total Gain: 10.00 dB

flexRadio fSyleffq;rzf



Noise Figure & Sensitivity

What's Important?

Select number of cascaded amplifiers:
2 2
Noise(dB) Gain(dB)
30

0

Calculate

Result:

Total Noise Figure: 2.637 dB
Total Gain: 30.00 dB

flexRadio fSyleffq;rzf



Noise Figure & Sensitivity

What's Important?

Select number of cascaded amplifiers:
2 B
Noise(dB) Gain(dB)
20

0

Calculate

Resulit: 7.0d B

Total Noise Figure: 7.046 dB
Total Gain: 20.00 dB

flexRadio fSyleffq;rzf



Noise Figure & Sensitivity

_J0fae!'s Important?

e
Radio 1 -136dBm 13dB 5dB /10dB 7dB
Radio 2 -123dBm 24dB  2dB /30dB  2.6dB
03 -139dBm 8dB  7dB /20dB 7dB

with the “worst sensitivity” has the best NF
Go Figure!

flexRadio fSysDIff_ems@



Noise Figure, Sensitivity &
Gain

What you need to know

What's the golden rule?

0dB NE =-174dBm In 1HzZ

flexRadio fSysDIff_ems@



Noise Figure, Sensitivity &

Gain
QUIZ TIME!
You have figured out your radio with the
preamp has a 6dB NF. You run coax from
your radio to the tower and up the tower to
your om antenna. Youre using 180’ of
LMR-200 from the rig to the antenna.

What is your system Noise Figure?

flexRadio fSyleffq;rzf



Noise Figure, Sensitivity &
Gain

g —

i Coaxial Cable Data

Product: LMR-200

ey Wi 180° LMR-200 @

Run Length (Feet): 159 5 O I\/I H Z

PRODUCT PERFORMANCE PARAMETERS

Attenuation: 2.3 db/100ft 7.5 db/100mtr 4 5 d B L O S S
|

Average Power: 0.79 KW

CableVg: 83%
Nominal Td: 1.22 nSec/ft 4.02 nSec/mtr
Capacitance: 24.5 pF/ft 80.3 pF/mtr

Typical Connector Loss: 0.01 dB/pair

CABLE ASSEMBLY PERFORMANCE

Cable Run Attenuation: 4.1 dB

Total Cable Assembly 4.5 dB
Loss:

Cable Run Efficiency: 38.8% XF[ EXRadiO SyStemS®

Software Defined Radios
Cable Run Time Delay: 220.34 nSec



Noise Figure, Sensitivity &
Gain
What you need to know

Select number of cascaded amplifiers:
2 <
Noise(dB) Gain(dB)
4.5 -4.5

6 0

Calculate

Result:

Total Noise Figure: 10.50 dB
Total Gain: -4.500 dB

flexRadio fSyleffq;rzf



Noise Figure, Sensitivity &

(Gain

QUIZ TIM

You have figured out your radio with the preamp has a

odB NF. ...

What Is your system Noise Figure?

10.5aB!!!

What now?

MAST MOUNTED PREAMP

or BETTER COAX

flexRadio fSyssz?_gr;rzf



Noise Figure, Sensitivity &

GGain
QUIZ TIME!

You realize your coax Is Killing you. You add a mast
mounted preamp with 0.8adB NF and 10-20adB of

gain (adjustable). What's your NFE now?

Select number of cascaded amplifiers:
3
Gain(dB) Noise(dB) Gain(dB)
0.8 20
4.5 -4.5

Select number of cascaded amplifiers:
3
Noise(dB)
0.8 10

4.5 -4.5

6 0 6 0

Calculate 3 . sd B Calculate 1 . 2d B

Result:

Total Noise Figure: 1.154 dB
Total Gain: 15.50 dB

Total Noise Figure: 3.472 dB
Total Gain: 5.500 dB

flexRadio fSyleffq;rzf



Noise Figure, Sensitivity &
Gain

've got it!!

| totally understand: You should add

preamps to lower your NF so you can hear
weak signals!

NO... only lower the noise floor to ~6-10dB
below your atmospheric noise. Lower just
reduces your dynamic range

flexRadio fSyleffq;rzf



Noise Figure, Sensitivity &

Gain
QUIZ TIME!
How do you decide where to set the gain??

As you move from 10-20dB, you lower
your noise floor by 3.5-1.2 = 2.3dB, but at
the same time, your overload Is lowered by
10dB. The overall affect on DR Is 2.3-10=-
/./dB

flexRadio fSyleffq;rzf



Noise Figure, Sensitivity &

Gain
QUIZ TIME!
10dB loss
iIn-overload
v
cuu.i net loss of
o (.7dB DR
2.30B lower
noise floor

~FlexRadio fSyggemf



Noise Figure, Sensitivity &
Gain

-70
-80
90
-100
-110
-120
-130

143

HRKD12Y FfCQUQ'\CY (MHZ)

Fig 19.37 — Typical noise levels versus frequency for various environments,
(Man-made noise in a 500-Hz bandwidth, from Rec. ITU-R P.372.7, Radio Noise)

Propagation of Radio Signals  19.31
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Noise Figure, Sensitivity &
Gain

Review

QUESTION: Your buddy is boasting about his
rig's sensitivity (which is 3dB better than
yours). Is this important? Should you be

P

ashamed and

ANSWER:NO;
considermcle

RMBPR PR €

frade rigs?

there:are - many other factors to
ding preamps, ergonomics,

G
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TAPR DCC Noise in a Digital World
Agenda

he Blank Look — We can teach it!
Knowing Noise

dB, dBm, mW, W, Oh my...
Noise Figure, Sensitivity and Gain
FLEX-6000 Family Line-Up

Q&A
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V" ETNdde

Take your radio anywhere...

B

| ocal or remote

In front of the rig or across the
Weldle

Production stalled for months due
to supplier problem

Problem now resolved and
production resuming

¢ DISPLAY
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Power GGenius XL
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LT é?gﬁ’ﬁ Z O

(reduced power)

» TRUE SO2R

» Works with any transceiver
(CAT, Cl-V, BCD, Ethernet)
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FLEX-6400 / FLEX-6600

Reimagined

» Both models:
>  Run SmartSDR just like all FLEX-6000s
» Improved recelver
> TWO VFO Controls
> MARS/SHARES/CAP Option
» 116db RMDR
> Full Duplex
» FLEX-6600
» Enhanced preselector
> Two XVIR Ports / SO2R

flexRadio fSysDz;e:ms@



FLEX-6400

Rear View
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FLEX-6600

Rear View
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FLEX-6400M & FLEX-6600M

Features

> All the capabilities of a FLEX-6400/6600
» Best screen available: 1920x1200 IPS CAP Touch
» Support for external HDMI display

> PLUS front panel with touch screen and controls

> Builds on excellent Maestro design

» Includes SmartLink for remote operation

» Can be used with Maestro, iIPad, DogparkSDR, etc.

flexRadio fSysDz;gi;rzs®



FLEX-6400M

Rear View

PWR-SPKR KeY
® 6 & 6 o o o o o o o o o
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FLEX-6600M

Rear View
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FLEX-6000 Lineup

6400 ©6400M 6600 ©6600M 6700

RX/Pan 2/2 212 4/4 4/4 8/8
Pan Width 7MHz (MHz 14MHz  14MHz  14MHz
SCU 1 1 2 2 2
SOZR 7 7/ 4
RX Presel &7 4 V4 A 4
XVIR 1/2 1/2 2/4 2/4 |

ATU OPT OPT 7 4 4
GPSDO OPT OPT OPT OPT OPT
MARS OPT OPT OPT OPT 7
Displ/Knob \4 4

$1,999 $2,999 $3,999 54,999 36,999
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QUESTIONS?



