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Noise is an unwanted disturbance in an electrical signal

Noise generated by electronic devices varies greatly as it is
produced by several different effects.

In particular, noise is inherent in physics and central

to thermodynamics. Any conductor with electrical resistance will
generate thermal noise inherently. The final elimination of thermal
noise in electronics can only be achieved cryogenically, and even

then guantum noise would remain inherent.



https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Electrical_resistance_and_conductance
https://en.wikipedia.org/wiki/Cryogenically
https://en.wikipedia.org/wiki/Quantum_noise
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Thermal generated by the random thermal motion of charge carriers (usually electrons), inside an electrical
conductor, which happens regardless of any applied voltage

Shot random statistical fluctuations of the electric current when the charge carriers (such as electrons) traverse
a gap. If electrons flow across a barrier, then they have discrete arrival times

Partition where current divides between two (or more) paths
Flicker a signal or process with a frequency spectrum that falls off steadily into the higher frequencies
Burst sudden step-like transitions between two or more discrete voltage or current levels

Transit-time if the time taken by the electrons to travel from emitter to collector in a transistor becomes
comparable to the period of the signal being amplified

Coupled

. can be coupled into a circuit from the external environment, by inductive coupling or capacitive coupling, or
through an antenna..

. Intermod/Crosstalk/Interference/Atmospheric/Industrial/Solar



https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Inductive_coupling
https://en.wikipedia.org/wiki/Capacitive_coupling
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1. Faraday cage — A Faraday cage enclosing a circuit can be used to isolate
the circuit from external noise sources. A Faraday cage cannot address
noise sources that originate in the circuit itself or those carried in on its
inputs, including the power supply.

2. Capacitive coupling — Capacitive coupling allows an AC signal from one part
of the circuit to be picked up in another part through the interaction of
electric fields. Where coupling is unintended, the effects can be addressed
through improved circuit layout and grounding.

3. Ground loops — When grounding a circuit, it is important to avoid ground
loops. Ground loops occur when there is a voltage difference between two
ground connections. A good way to fix this is to bring all the ground wires to
the same potential in a ground bus.



https://en.wikipedia.org/wiki/Faraday_cage
https://en.wikipedia.org/wiki/Capacitive_coupling
https://en.wikipedia.org/wiki/Ground_loop_(electricity)
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1. Shielding cables — A shielded cable can be thought of as a Faraday cage for
wiring and can protect the wires from unwanted noise in a sensitive circuit.
The shield must be grounded to be effective. Grounding the shield at only
one end can avoid a ground loop on the shield.

2. Twisted pair wiring — Twisting wires in a circuit will reduce electromagnetic
noise. Twisting the wires decreases the loop size in which a magnetic field
can run through to produce a current between the wires. Small loops may
exist between wires twisted together, but the magnetic field going through
these loops induces a current flowing in opposite directions in alternate
loops on each wire and so there is no net noise current.

3. Notch filters — Notch filters or band-rejection filters are useful for eliminating
a specific noise frequency. For example, power lines within a building run at
50 or 60 Hz line frequency. A sensitive circuit will pick up this frequency as

noise. A notch filter tuned to the line frequency can remove the noise.



https://en.wikipedia.org/wiki/Shielded_cable
https://en.wikipedia.org/wiki/Twisted_pair
https://en.wikipedia.org/wiki/Band-stop_filter
https://en.wikipedia.org/wiki/Line_frequency
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Power Supply Rejection Ratio (PSRR)

Is a measure of circuit’s power supply rejection expressed as a ratio of output noise to noise at the
power supply input — is a function of frequency/affected by the gain bandwidth of the EA/load current
variation has impacts

PSRR = 20 log ( Ripple input divided by Ripple output )

Other LDO noise

Noise generated by the transistors and resistors in the LDQO’s internal circuitry (thermal, flicker, shot)
and by the external comnnnents
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Mats referred me to the Sparkos LDO

SS78XX / SS1117XX / SSTIXX
Sparke3 b

LABS
SPARKOSLABS.COM

iscrete Voltage Regulator Family

Description :

The SS78XX / SS1117XX / SS79XX family of
discrete voltage regulators are available in a TO-
220 compatible package and are made to drop-in
replace inferior monolithic voltage regulators.
They are available in a wide output voltage range
from +/- 3.3 to +/- 24 volts with over 1 amp of
available output current.

Features:

e -125dB input rejection
e 3.2uV RMS Output Noise in a 20Khz

Bandwidth @ 5 Vo Pin Assignments

e 2mV Load Regulation SS78XX Positive  SS1117-XX Positive SS79XX Negative

e  Output Current Of 1 Amp With Proper Front View Front View Pront View
Heat Sinking Tab - Input Tab - Input Tab - Input

e Over Current Protection | @) | O | ) |

e Output Decoupling Capacitor On - Board goas PP gos2

e TO220 Compatible Package » 505 P . O08 A » B0EN

* Stable With Ceramic And Low ESR Biet SEE S
Output Capacitors

e Available In Positive And Negative Fixed
Outputs 123 123 128

e Available In 3 Different Industry 1 - Input 1 - Ground {=Ground
Standard Pin-outs 2 - Ground 2 - Output 2 - Input

e Fully Discrete Design Including The 3~ Quiput 5~ Input 3 - Output
Error Amplifier Compatible With ~ Compatible With ~ Compatible With

TALTRVY raf11T vy A
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In the datasheet
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In the datasheet

In the shop
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Noise measuring setup

In the shop

PC running REW
Soundcard ] Protection
CAL step 1
CAL sig gen buT
CAL step 2 LDO or other
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Protection for soundcard
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Ready to measure
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Calibrated system — laptop powered 6-10-23
Measurement of 1 Khz at .001v (1 mV) in the tin can
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Noise measures

Calibrated system — laptop powered 6-10-23
Measurement of 51 ohm resistor in the tin can

12 uV of ripple at 60 hz

5 LINE_IN (Master Volume) L on Analogue 1 + 2 (Focusrite USB Audio) at 96 kiHz, 65,536-point Spectrum, Hann window, 50% overlap, no averaging o X
stow | | Reset (=] H ] 7] Stepped| | Catorate | ™S " — «ts
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Calibrated system — laptop on battery 6-10-23
Measurement of 51 ohm resistor in the tin can

Peak of 1.74 uV < 20 KHz ~280 nV average noise < 20 Khz

[ LINE_IN (Master Volume) L on Analogue 1 + 2 (Focusite USB Audio) at 96 kHz, 65,536-point Spectrum, Hann window, 50% overlap, no averaging - 8 X
stow | | Reset | |8 H H | H Stepped | | Catbrate| 7S 3neVims an oy
L datortion | | averagng | | G ‘ posk | | Bom | | sne | evel | 73 - +7 &
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Calibrated system — laptop on battery 6-10-23
Measurement of 51 ohm resistor in the tin can

Peak of 1.74 uV < 20 KHz ~280 nV average noise < 20 Khz

[ LINE_IN (Master Volume) L on Analogue 1 + 2 (Focusite USB Audio) at 96 kHz, 65,536-point Spectrum, Hann window, 50% overlap, no averaging - 8 X
stow | | Reset | |8 H H | H Stepped | | Catbrate| 7S 3neVims an oy
L datortion | | averagng | | G ‘ posk | | Bom | | sne | evel | 73 - +7 &
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LM317 number 1 breadboarded circuit (12 vDC in — 5 vDC out — 51 ohm load - 75 mA
draw) ~ 5-7 uV peaks below 2 khz, broad peak of 15 uV on 5 KHz, 10 mV spike at 35

Khz

Parameter Symbol Conditions Min Typ Max Unit
Lire Ragulation (Nok 2) Riing | Ta=+25C - 00 0.04 iy
3Vs V- Vg s 40V
3VE V) - V=407 - 002 | 007 Yl V
Load Reguatian (Nole 2) Rload  |Tp= +25C, 10MA = Ig = hyax raina . -oa =
' I b roy ¥, St = i Ve foacy
Vg 5V - | 1ma | zso |mviervo (3 ]| |PER| R poey 3
V=5V 0.4 0.5
T0mA = g = 11.12mV ,_|
V=5V - 400 | 700 | mvEes Vg L
V=BV 08 | 15 80wV 2208 o
Adqusiable Pin Currant [ - - 46.0 100 wh
Afjusiabia Fin Currert Chiange Y 3= V|- Vg =40V
justable Pin Currert Change e - Vo _ 20 50 i
10mA < by < hanx Po = Pranx
Rafarenca Vallage Verer  [3VE Wiy - Vo= 40V
10MAS ln s hax 120 | 125 | 130 v
Po= Puax
Temperature Stability STt - - .7 - %I Vo
“Minimum Load Gurrent to Mainiain Fagulation | Iay Vo =40V - 35 120 M
Maximum Output Currant W) - Vo= 15Y. Pp= Pyax 1.0 22
Wi - Wp = 40V, Pp= P 0.3 - A
Ty = 25°C
FMS Naisa, % of Vo r N |Tp = +25°C, 10Hz = | = 10KHz - |ooo3| oo | wivg
20u
10u
[E26¢
wu
% of ;
003 %o
u
7000
5v=15uV | 2
3000
2000
1000
T0n
0 0 4 S0 60 70 B0 90100 200 300 400 [505] 600 700 800 900 1k = * 4 S Bk Tk Bk 9K 10k 200 Az
1 v
[J Soundcar 7035V ¥ spectrum —_— 2278 uV ] peax 9323 mv
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MH-MINI-360 (12 vDC in — 5 vDC out — 51 ohm load) ~6 to 10 uV peaks <500 Hz, rising
noise of 10 to 40 uV at 20 KHz, peak of ~1 mV at 12 KHz
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Sparkos lab SS7805 (12 vDC in — 5 vDC out — 51 ohm load - 120 mA draw) ~ 4 uV peak
at 120 hz otherwise < 3 uV from 50 hz to 20 khz and 5 mV spike at 35 khz

| LINE_IN (Master Volume) L on Analogue 1 + 2 (Focusrite USB Audio) at 96 kHz, 65,

. 65,536-point Spectrum, Hann window, 50% overlap, no averaging
Show Reset ] 7] ] Stepped | | Caitrate | FS SneVIms sl «*s
e saioson| | svorngng e e — | Fyszsy 1] R

Features:

| s - 125dB input rejection
o ¢  3.2uV RMS Output Noise in a 20Khz
o0 Bandwidth @ 5 Vo

=y

u
700n
500N
300n

200
10..200

100n 2020000 |
7on e®
20 30 40 50 60 70 80 90100 (1152 200 300 400 500 600 700 8OO %00 1k = * 4 S Bk Tk B Sk 10k 20k M 4Dz
v
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DigiLO wal wart power supply 100 mV ripple at 120 hz
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DigiLO output spectrum
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DigiLO powered by wall wart :;arker 1;7?;;23 .
Frequency setto 3456.033 e ;

line -67.89 dBm
Marker 2, live

Freq 1.582251 G
line -66.59 dBm

Marker 3, live
Freq 3.459883 G
line -12.83 dBm
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DigiLO output spectrum

Log Mag dBm
1e
DigiLO powered by battery Marker 1, live

Freg 277.23023 M
line max Frequency set to 3456.033 line -59.03 dim

1M
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iPhone charger (120vAC in 5.0 vDC out) 1 mV spike at 35 KHz
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&8 LINE_IN (Master Volume) L on Analogue 1 + 2 (Focusrite USB Audio) at 96 kHz, 65,536-point Spectrum, Hann window, 50% overlap, no averaging - a X
Show Resst E H H H Stepped Calrate | FS 3ne Vims o
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|__t0.200 |
-
100 |_20.20000 |
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“Switcher power supply” (120vAC in 6.0 vDC out) | was using back
in 2008 to drive a T/R relay for 1296 MHz

s ( ) ocusr ) sectrum, Hann window, 50% ove 3gi
ho g ke ] H é Stepped sl o Vims P % @
e dstorton | | averaging | | Current | | Peak am‘ | l | sine e w25V Toes +7
® 313.8mv o
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2951 mv 522k
100m
10m
i i 'I! m —'”
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| 1]
10u
1000
200 )
10200,
on 2020000 |
e
2 0 40 S0 60 70 80 %0100 200 300 400 500 600 700 600900 1k o« 20 300 [35 1oz
>
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Buck converter XL4016E1 number 1 (12vDC in — 5.0vDC out — 100
ohm load — 50 mA draw) ~40 uV < 20 Khz, broad 100+ uV spike at
43.2 Khz, 11 mV spike at 35

[ LINE_IN (Master Valume) L on Analogue 1 + 2 (Focusrite USB Audio) at 36 kHz, 65,536-point Spectrum, Hann window, 50% overlap, no averaging -
how Reset i (3] (%] (3] Stepped | | Calorate | FS 3N Vs 3 +,
astortion | | averagng curent ] | Posk] | o sne | | level | Faapey T +¥

500U

10.200 |

20 £l a0 50 80 70 B0 50100 200 300 400 500 600 70O BOO 500 1k x 32n] & s Bk Tk Bk Sk 10k 20k 30k d0kHz
3

[ soundcard 7037V ] spectrum —_— THTT WV [ peat
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Wavelab 1819 MHz LO - McCoy 10 MHz OCXO (12 vDC) sharing PDU
with 24 GHz system (uses XL4016 buck conv) — spuris -37 ~+184

1 1 )
[li% tinySA-App v1.1.20.1 by OneOfEleven and Erik .. tinySA% .. HW Version:V0.4.5.1 S
Connected COM5 » | 115200 =~ # aa = (=] -© Frequency bands ®
Disconne: cted 0 Sweep name
san b || @  LogPower (dBm) v I Save Image Save CSV

Start (MHz)  1818.99
Stop (MHz) 18192

vvvywy

Center (MHz) 1819.095

Span (MHz) 021

Points per scan  H{eily -

LNA Off
RBW (kHz) Auto

Attenuation Aut
(dB)
Time averaging
Cakc Off

SetNorm | Live
Load M1 Set M1
Load M2 SetMz

Load M3 Set M3
Markers
Clear

.T‘ \II "‘l“"]ﬁ“\w ‘ I\Uwi‘““" i ‘ ‘[“F""' I

1 2 364 313 471 Hz

| hll‘ﬂ il

Sun 18 Jun 2023 15:39:33 Scans 4 Seg1/1 Hist4 /64 Points 1000 Step 210.21021 Bat 4246V 115 points/sec
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Wavelab 1819 MHz LO - 5v 10 MHz OCXO powered by Sparkos LDO Society

sharing PDU with 24 GHz system (uses XL4016 buck conv) — spur is
negligible

i1 tinySA-App v1.1.20.1 by OneOfEleven and Erik .. tinySA4 .. HW Version:V0.4.5.1

Connecte d | OGN - 115200 - % aa =@ ] < Frequency bands ®
Disconne cted 0 Sweep name
Scan > | »» | @  LogPower (dBm) - [+ SaveImage Save CSY
Start (MHzZ) ~ 1818.99
o swop(ue) 18192
: Center (MHz)  1819.095

span (MHz) 021

Pointsperscan 1000 -

LNA Off
RBW (kHz) Auto

Load M1 SetM1
Load M2 SetM2
Load M3 SetM3
Markers
Clear
1 2 364 313 471 Hz
N J
| Jw""u M“ Jhl\“'“”“‘ ‘Il” \J"\Q"ﬂ"\ (hﬂ |\|| ﬂf” WHHM \hl ”\W“U‘bm “
L Sun 18 Jun 2023 17:41:15 Scans 13 Seg1/1 Hist 13 /64 Points 1000 Step 210.21021 Bat4.226 V

115 points/sec
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FEC running TinySA PL running ADF4351

Pawer LO from
5B to program LO LS8 or LDO

ADFS351 w25 Mhz

Tiny3A < interral ref

LDO

BATTERY
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Log Mag dBm
1@
Marker 1, live
Freq 1.600003 G
line -58.59 dBm

1000 Mhz-500 KHz span ADF4351 on internal 25 Marker 2, live

MHz ref-USB powered from PC freq  1.00026 &
line -57.59 dBm

line max Marker 3, live
999.998152 M Freq 1.800845 G
w -14.094 dBm line -62.89 dBm

| Marker 4, live
| Freq 1.680064 G
line -70.59 dBm

‘ Marker 5, live
Freq 1.860092 G
line -68.59 dBm

| Marker 6, live
Freq 1.860139 G
line -76.89 dBm

|1 |

! \' u\' ’I'ﬂ j‘ d' .Jl'\mﬂl h IJ-" M Q! I;'J1 'iw\ f“h ‘1 ’“‘i‘ \’”{ FI‘ ﬂ M u | M ﬁ lh l\lh f|| “ ml” ” H "l I(-'”Hlﬂhlwu

LR

'nn n’ﬂ‘ n.‘l' ‘lr"'w“;”‘

line min "
1.8688169 G
-98.594 dBm

1.60085G 1.00081G 1.68815G 1.6002G 1.86825G 1.6883G 1.88835G . 1.00845G
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rker 1, live
1.000117 G
-79.89 dBm

) 1000 MHz-500 KHz span ADF4351 on internal 25 MHz
999.999681 M ref-powered by MINI LDO on 12 v battery

ke

q

rker 2, live

q 1.888237 G
~79.@9 dBm

rker 3, live

q 1.88832 G
-79.59 dBm

rker 4, live

q

1.888355 G
-88.59 dBm

HME HTME HTME HTE
Bl Ol OB oD

11

M Il““r” ““‘”"'l HMWL!I |"|‘| Iny |1J

1.808064 G
-93.594 dBm

1.80885G 1.6601G 1.86015G 1.8802G 1.88825G 1.6603G 1.80635G . 1.680845G



Focus testing

1000 MHz-500 KHz span ADF4351 on internal 25
i MHz ref-powered by Sparkos sharing 12 vDC
e

Y st A A

1.000079 G
-93.562 dBm
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FC running TinySA PLC running ADF4351

Pawer LD from
USB to program LO UsBor LDO

External ref (10 or

Tinysa - ADF5351 | 28 MHz)

LDO

BATTERY
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Focus testing — 50 KHz span

. 1000 MHz - 50 KHz span external 10 Mhz ref powered by
999.997854 M LM317 LDO on shop supply

-5.6562 dBm W
h
||
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i [T
i s P f'.nmuw Ly ittt
(p " ” "I'm"l"“ il rrl "1‘“ w rw,,'n'\ \’( WU" M
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-85
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-183
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-115
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rker 1, livi

T GGBBGZ G
-55.16 dBm

rker 2, livi

eq 1. 999919 G
-73.66 dBm

rker 3, livi

eq 1. 999933 G
-73.66 dBm
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er 1, live
999.999151 M
-64.16 dBm

i arker 2, live
999.9985 M

oy 56562 dBm 1000 MHz - 50 KHz span external 10 Mhz ref powered by Toq Lo o
{ Sparkos LDO on battery

\
-10 |

:Bwﬂ ulﬂ"qﬁ T
_ LM(” iﬂi

1 ﬂ\"w‘«
w] il \r “ m n

ﬁlwl\u\’l\ My
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1.908043 G
-94.156 dBm

1.8008856 1.26001G 1.8008156 1.800026 1.088025G 1.8008836 1.8008356 1.008846 1.088045G
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Q:Blgggzgé M 1000 MHz - 50 KHz span external 25 Mhz ref powered by
sy Sparkos LDO on battery

-18 ||
-15
-20
-25
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Spectral Noise density curve and a rising noise floor for RF apps

Effects on ADC or DAC. Sampling system causes high frequency
noise to fold to lower frequencies due to aliasing

Reducing LDO noise-
Understanding the datasheet

Use best LDO you can afford

Cascade multiple LDOs
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