RF System Formulas

lulian Rosu, YO3DAC / VA3IUL, http://www.qsl.net/va3iul/

Noise_Floorgem = — 174 + 10*LOG (BW/H,) + Noise_Figuregs + Gaing
Minimum_Detectable_Signaljgem) = [-174 + 34g] + 10*LOG(BW/17) + Noise_Figuredg;
Spurious_Free_Dynamic_Rangedsjord2 = (1/2) * [174 + 1IP2[gsm)— Noise_Figuregs;— 10*LOG(BWt7)]
Spurious_Free_Dynamic_Rangeds) ord 3 = (2/3) * [174 + 1IP3[gamj— Noise_Figuregs)— 10*LOG(BW/)]
Noise_Figuregg = 174 + RX_Sensitivityjgem — 10*LOG(BW/[nz) — Signal/Noisejqg;

RX_Sensitivitysm = =174 + 10*LOG(BW/t)) + Noise_Figuregs) + Signal/Noisegg;

Signal/Noiseg = 174 + RX_Sensitivitygsmj— 10*LOG(BW/w;;) — Noise_Figureqg;
RX_Dynamic_Rangeg = RX_Sensitivitygsm — P1dBdem

Blocking_Dynamic_Rangess) = P1dBjgem) - Noise_Floorgem; - Sighal/Noisegs
Co-channel_rejectiongg = Co-channel_interferergem - RX_Sensitivitydem

RX_selectivityg) = - Co-ch_rejectionjgs; — 10*LOG[10¢!Ffilter_rej[dBl10) 47 Q(-LO_spurldBel/10) +|F BW/y,) * 10Q(SB_Noise[dBe/Hz)/10)]
Image_frequencynz = RF_frequencymnz £ 2*IF_frequencymuz

Half_IFmHz = RF_frequencyunz * IF_frequencymrz / 2

Half_IFgem) = [OIP24em — RX_Sensitivitygsmj— Co-channel_rejectionyg; ] / 2

IM_rejectiongg) = [2*1IP3gsm— 2* RX_Sensitivityjgem;— Co-Channel_rejectiong;] / 3

[IP3aem; = Interferer_levelem) + [Interferer_levelgem — RX_levelgem) + Signal/Noisesg; ] / 2

OIP3gem) = Poutem) + [IM3aac/ 2] = Poutaem) + [Poutgem)— IM3em)] / 2

IM3igem) = 3* Poutjgam;— 2*O1P3gam]

IM3,ut unequal_input_levels(left_side)gsm = Pout_Leftjggm — 2*[OIP3igemj— Pout_Rightigsm]

OIP2iggm) = Poutigem) + IM2[gec] = 2 * POUtgem — IM2[dBm]

IM2[ggm) = 2 * Poutjgem] - OIP2[dem]

lIP2(cascaded_stages)sm) = IIP2iast stagedsm) — GaiNotaag) + Selectivity @ 1/2 IFg)
[IP2(Direct_Conversion_Receiver)gsm = 2*AM_Interferergsm) — Noise_Floorgem
Full_Duplex_Noise@RX_inpem = =174 — TX_Noise@RX_bandsemm— Duplexer_rejectionqg;
Crest_Factorgg) = 10*LOG[Peak_Powerw)/ Average_Powery] = Peak_Powergsm) — Average_Power(gem
MultiCarrier_Peak_to_Average_Ratioyg = 10*LOG(Number_of_Carriers)

MultiCarrier_Total_Powergem = 10*\LOG(Number_of_Carriers) + Carrier_Powergm


http://www.qsl.net/va3iul/

Processing_Gaing = 10*LOG[BW}+; / Data_Rate[z]

Eb/Nog; = S/Ngj + 10*LOG[BWn / Data_Rateyy]

RX_Input_Noise_Power_maxem = Sensitivitygsm) + Processing_Gaingg) - Eb/NO[gg;

Carrier_Noise_Ratiog; = 10*LOG[Eb/No] + 10*LOGI[Bit_Rate[nps / BWiHz]

Bandwidth_Efficiencyppsiz = Bit_Ratepps) / BW[hz

Integer_PLL_freq_outmuz = [N (vco_dvider) / R (ref_divider)] * Reference_frequencymrz
Required_LO_PhaseNoise[gecHz = RX_levelgsm— Blocking_levelsm — Sighal/Noisegs;— 10*LOG(BW/nz)
PLL_PhaseNoisedserz = 1Hz_Normalized_PhaiseNoisegscHz + 10*LOG(Comparison Frequencyiyz) + 20*LOG(N)
PLL_Lock_Timeseq = [400 / Loop_BW/kz] * [1-10*LOG(Frequency_tolerancey / Frequency_jumpiuz)]
PLL_Switching_Timeseq) = 50 / F_comparisonmuz = 2.5 / Loop_Bandwidthpu

PhaseNoise_on_SpectrumAnalyzergscrz = Carrier_Powerem — Noise_Power@Freq_offsetgsm — 10*LOG(RBW/z)

PLL_Phase_ErrorRMs (= 107 * 10(PhaseNoise[dBc/Hz]/20) * \/LOOD_BW[HZ ]

PLL_Jitterseconds) = PLL_Phase_Errorrus o/ (360*Frequencyiw,))

EVMgrwus g = 1.74 * PLL_Phase_Errorrus

TX_PhaseNoise_limitgscrz = Power_limit@Offset_from_carriergsg + 10*LOG(BW/Hz)
ACLRggq = 20.75 + 1.6*Crest_Factorg) + 2*[Input_Powergsm — PA_IIP3gm] sine]
EVM[y = [10¢SignaliNoise[dB] /20)]*100 <> EVMgg) = 20*LOG(EVMe; / 100)

Signal/Noiseg = 20*LOG(EVM[%; / 100)

Corrected_EVMp = +/Re sidual _ EVM[%)]* Measured _ EVM [%]

ADC_SNRygg = (Nr_of_Bits*6.02) + 1.76 + 10*LOG(Sampling_Frequencywz / 2*BWiwz)
ADC_Nyquist_frequencyz = Sampling_Frequencyjz / 2

ADC_NoiseFigureg; = Full_Scale_Pinem — SNRgs; — 10*LOG(FS_sampling_rate / 2 ) — Thermal_Noisedsmtz
ADC_NoiseFloorgsrs) = SNRg; + 10*LOG(FS_sampling_rate / 2)

ADC_Spurious_Free_Dynamic_Ranges = Desired_Input_Signalds— Highest_Amplitude_Spuriousiqdg;
ADC_Input_Dynamic_Rangegs; = 20*LOG(2Nr-0fBits -1)

VSWR = (1+IN) / (1-T) = (Vinc + Vref) / (Vinc — Vref) = (Z. - Zo) / (Z. + Zo)

Reflection_Coefficient I = (VSWR — 1) / (VSWR + 1) = Vref / Vinc

Return_LosS 4g) = - 20*LOG(I)

Missmatch_LossSgs; = - 10*LOG [1 - T ?]



Reflected_Powerw; = Incident_Powerw; * T2

Power_Absorbed_by the_Loadw= 4 * Incident_Power; * [VSWR/(1+VSWR?)]

Characteristic_Impedance Zo = /L /C
Resonant_Frequencynz = 1/ [2*TT*+L*C]
L=Xs/o ; C=1/(o*Xp) o=1/+L*C

Q (seriesLc) = XS/ Rs Q (paratiel LC) = Rp / Xp

Free_Space_Path_Lossg = 27.6 — 20*LOG[Frequencyuz] — 20*LOGI[Distancem]

RX_inp_levelem = TX_Powergesm + TX_Ant_Gaing — Free_Space_Path_Lossgs) — Cable_lossgi+ RX_Ant_Gaing

Antenna_Polarization_Mismatch_Lo0ssSg = 20*LOG(cos @)

[for linear polarized antennas]

30

Antenna_Factorg = 20*LOG[(12.56 / Ajm)) * \/
E|RP[W] - POWEI’[W] * lo(Antenna_Factor[dB]/10)
Antenna_Near_Fieldim = 2 * Antenna_Dimension?m;/ A

Te = (Noise Factorpiny — 1) * TO [200k]

R _loadlohms]*10" (Antenna_ Gain[dBi]/10) ]

ENR(Excess_Noise_Ratio) = 10*LOG [(Tenr — TO [290x]) / TO [290k] ]

Noise_Figure_Test(Y_Factor_Method)g = 10*LOG[(L0ENR0)/(100719)] ; Y = NFout - NFinp

RMS Noise Voltage across a Resistor () = \/[4* R[ohms] * k[Boltzman ]* Temp[K] * BW[Hz]]
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IP3pypyT - equivalent system input intercept point (dBm)

IP1: IP3 of first stage transferred to mput (mW)
IPy - IP3 of last stage transferred to input (mW)
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Noise Factor (all linear) - Cascaded Stages
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Noise_Figureg = 10*LOG(F)
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Noise Factor (all linear) — Identical Cascaded Stages
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Noise Temperature — Cascaded Stages
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Tw23..n = (Noise Factorjin — 1) * TO 290k

NFg) = 10*LOG (1 + Teq / TO 200k])

AM_Modulation_Index = v max[Vpp] =V min[Vpp] _ 2%

Power _sideband(usb_ Isb)[W]

J

V max[Vpp]+V min[Vpp]

Power _carrieqW]

AM_Total_Powerw; = Power_carrierw; * [(1+AM_Modulation_Index?) / 2]

AM_Bandwidth; = 2 * Highest_Modulation_Frequencyjuz

FM_Modulation_Index = Max_Frequency_Deviation, / Max_Modulation_Frequencyi

FM_Bandwidthjs = 2 * Max_Modulation_Frequencyp; * [1+ FM_Modulation_Index]




Term Conversion in 50 Q Environment

dBpV to dBm

dBpA to dBm

dBm to dBpV

dBuA to dBuV

dBm to dBuA

dBpV to dBpA

Volts to dBm

Amps to dBm

Watts to dBuV

Amps to dBpV

Watts to dBpA

Volts to dBpA

dBpV to Watts

dBpA to Watts

dBm to Volts

dBpA to Volts

dBm to Amps

dBpV to Amps

Log
dBm=dBuv —107
dBm=dBud—173
dBuV =dBm+107
dBuV = dBud + 34
dBuA=dBm+73

dBuA = dBuV —-34

Log ¢ Linear

dBm =20 Log(Volts)+13
dBm=20e Log(Amps)+47
dBuV =10e Log(watts)+137
dBuV =20e Log(Amps)+154
dBit4 =10e Log(Watts) +103

dBit4 = 20e Log(Volts) + 86

Log = Linear
( dBul"™-137 )
Watts=10" '°
dBud-103
Watts=10" '
dBm—-13 )
Volts=10" *°
( dB,M—EGI'[
Volts=10" ** ~/
[ dBm—47 ]
Amps=10" *

(dBul’-154 I

Amps=10" *

Volts to Watts

Amps to Watts

Watts to Volts

Amps to Volts

Watts to Amps

Volts to Amps

Unit Conversion

Watts to dBm

Volts to dBuV

Amps to dBpA

Q to dBQ2

Linear

Volts®
Watts =

Watts = Amps® 50

Volts =~ Wattse 50

Volts = Ampse® 50

Watts
50

Amps =

- S._VOH'S'
“AMPS="50

Log < Linear

dBm=10e Log{Watts)+30
dBuV =20elog(Volts)+120
dBd =20elog( Amps)+120

dBQ =20e1l0g(Q)

Used for the conversion of Voltage & Current

dBm to Watts

dBuV to Volts

dBpA to Amps

dBQ to Q

Log = Linear

[ dBm-30

Watts =10* "

I" dBul’—120)

g
Volts=10" *° ~/

"dB;:.»I—lEO"J
Amps=10"
{dBQ

Q=10



Term Conversion/Ohms Law

dBuV to dBm

dBpA to dBm

dBm to dBpV

dBpA to dBuV

dBm to dBpA

dBuV to dBpA

Find Watts  Warts= Amps’ ¢ Q. Watts =

Find Volts

Find Amps  _4pps=

dB A Watts

dB A Volts

dB A Amps

New Watts w/dB A

New Volts w/dB A

New Amps w/dB A

Log
dBm=dBuV —10e Log(€)—-90
dBm=dBu4+10e Log(Q)—-90
dBuV =dBm+10e Log(€2) +90
dBuV =dBud +20e Log(Q)
dBuA =dBm—10e Log(QQ)+90
dByd = dBuV —20e Log(Q)
Linear

Volts®

Volts = AmpseQ), Volts=~WattseQ)

Watts Volts
s Amps=

dB Calculations

Watts,
Watts,

dB = lOLog[

[ dBA+10e Log(Watts,p, ) j
Watts,,, =10 1

dBA+20eLog(Tolts,,p, ) l

Voltsy,, = 10( =

dBA+20eLog(Amps; ) ]
20

Amps,, =10

dB Correction for distance change (antenna far field)

distance,

dB = ZOOLog[ -
distance

Sine Wave

Voltage levels for a sine wave

Volts,,,,, = V2e Volts,,,. = % *Volts,,,

Volts

peak T

Volts,,, =

V2 2e
2
Volts,,, =—eVolts,,, =

T

Volts

peak—peak

*Volts,,,

V2
2h/§

T

*Volts,,,

=2eVolts,,,;




w/ Impedance of air = 377 ()

dBuV/m to dBm/m*  dBm/m’ = dBuV/m—-115.8
dBm/m’ to dBuV/m  dBuV /m=dBm/m* +115.8
dBpA/m to dBuV/m  dBuV /m=dBud/m+51.5
dBuV/m to dBpA/m  dBud/m=dBuV /m—-51.5
dBpA/m to dBpT dBpT =dBud/m+2

dBpT to dBpA/m dBuA/m=dBpT -2

Watts/m* to V/m V/m=~Watts/m> 377

V:

V/m to Watts/m’ Watts/ m> = e
)
Radiated Field
dBul /m-120 ]
dBpV/m to V/m Vim=10" %
V/mtodBuV/m  dBuV/m=20e Log(7/)+120
New V/m with dBA

dBA+20eLog (V.. ) ‘I

Vim,, = 10[ -

Interpolation values on a graph w/ Log of frequency
This equation works for finding all points on a test
curve where test limit is sloping (i.e. DO 160F BCI
testing)

Log %)

req,
_ \Jreyer ) .(valueupper
Lool J7%eper ]

o
ﬁ eqlower

value

new

—value,,,, )+ Value,,,,

Current Injection
Power needed for BCI probe (50(2) for given
Insertion loss (IL(dB))

'Vansy 1]
zz+1o-wot %) ]

10

Watts=10

\

IL+100LOG| Amps>e50) J
10

Watts=1 0[

IL+dBud-73 ]

Watts = 10[ -

Power needed for BCI probe or EM Clamp (15012)
for given Insertion loss(IL(dB))

Volts*/ )
11+10-Loo{ olis £0o)
10

Watts=10

\

(w]
10

Watts=10

Conducted current measurement using a current

probe. Where reading is in dBuV and probe factor
is dBQ or )

dBuA = dBuV — dBSQ)

dBud = dBuV —20 Log(Q)

Power needed for TEM Cell

Watts = (7, ® Height® 0.5)

Z(son)

Power needed for GTEM Cell

(7, ® Spectrual EBight)’
Z

Watts = ] 08

(500)
Wave length (A)

300 75
Almeters|=—— Y, A[meters] = )
MH=z M



Period

1
Time(s)

1
Timeds) =— Hz=
as) =

n

VSWR
VSWR given Fwd/Rev power

W atts,
Wi arts

1+
VSWR=
i

We atts,,,

W artsﬂ.d

VSWR given Return Loss (RL)

(—RL(d.B)}
1+100 ®
@@

VSWR=
1—10[ =

VSWR Given Impedance (Z)

Zo>ZL  YSWR= %

L

ZLi>Zo  YSWR= ;-L

o

VSWR given reflection coefficient (I)

yswr=1t1
1-T

Reflection Coefficient (I')

Watt.
r_ |Patts,,
Watts,,
| Zload T ZA”W
ZIoad + ZAmp

_ VSWR-1
VSIWR+1

—RIL(dB)

r-10 *

Return Loss (RL) in dB

VSWR—
RL(dB)=-20e Log[ il
VSWR+1
Watts .
RL(dB)=10e Lo f“"]
Watts,,,

RIL(dB)=—-20e Log(T')

Transmission Loss (TL) in dB

We atrs

|

TL(dB) = IOOLog{
Wattsg,, —

TL(dB) =—10e Log(1-T?)

10[

TL(dB)=—10e Log[ -

Wm‘rs ]

= ] ]

mdmz_m.m[l_[%] }
- \vswR+1)



Antenna Equations

Far Field Distance

Dipole & Log-periodic antenna
FarField =

20

o >
Horn antenna  Fy-Field = Enpeaae

Far Field Equations
( Gaingg; )
Gain over isotropic Gainy,, . =10"
Gaingg, =10 Log(Gain,,,,....)
seav/ B
Gt = (Meterse,)
’ 30eWatts
‘ a7/
Gaing, =10e Log —(Afetei.so Ju)
30e Watts

Gaing, =20 Log(MHz)— AF —29.79

Antenna Factor (AF)

AF =20e Log(MHz)— Gain,g, —29.79

AF =20 Log(MHz)—10 Log(Gain, —29.79

mmeri()

Find Antenna Spot size, Beam Width and Distance

Sp ormdfﬂ'ﬁ

‘ Angle,
=2 eDistance, tall[#}

Sp o’meters

merers =
SWETEe

SPOYMOTWK
2 e Distance

Distance

Angle, ;; =2 tau"[

Field Strength

\/30. Wattse Gain,, ...
Vim=
Meters
J [Gairug, }
30eWattse10° *°
Vim=
Meters
7/ e meters)
Watts= M
30 * Gai’ 'numeﬂc
T/ e meters 2
Watts = (/"—o)
{ ai :
30610 1 -

Power needed if gain remains constant (in Far
Field) using same antenna and changing field level
or test distance.

. 7, 2
For Field Change  yyarss, = Warts,, )

st

For Distance Change

Meters,, )
Watts,,,, = Watts,, %
(Meters,,; )’

Power for given Amplitude Modulation %
Watts o, =Wattsy ®(1+(%#0.01))’

_ Wattsy, *(2+(%#0.01))

Watts,,, = >
. Watts, . #(2+(%0.01)*)
‘atts, = -
e 2e(1+(%*0.01))

Power for given Pulse Modulation

Duty Cycle %

i Watts,,
Watts,, . = £
. %0.01



