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Introduction

Recelver and tranamitter design caculations are usudly done on an Excel spreadsheet. An excel spreadsheet
has the advantage that it maximizes the number of parameters that can be displayed on asignd sheet smultaneoudly.
On the other hand, it has the disadvantages of a very difficult to read format (e.g. A126 in ingtead of 1P3), whichis
error prone and difficult to update or explain to others. An Excel spreadsheet should be accompanied with
documentation from aword processor, but it never seen.

Thisreport isasmplified verson of detalled Mathcad worksheet used for receiver cdculations. All of the user
inputs to the system are highlighted. The worksheet can be considerably cleaner, when the regions with equations are
collapsed. There are left open here so the reader can read the equations.



[*] Cascaded Receiver Equations

Cascaded Receiver Block Equations

Cascaded Gain Equation
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Cascaded Signd Power Equation
N
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Cascaded Noise Figure Equation
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Reverse Cascaded Noise
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Cascaded 3rd Order Intermodul ation Power



Eteraioshzs( Giam: Gamz, Gan, IP3, Piam1, Pamz. N) = Plam1 + 2Pjam2 + Galngas(Gain, N) - 24P3cascasel Gam, Giama, Gain, |
Cascaded 2nd Order Intermodulation Power
Boeatiofecas( Giams: Gamd: G. 1P2, Piams, Pama. N) = Pama + 2Pjama + Galngas(G, N) - 1Pocascade Gams: Gama. G, 1P2, N)

Cascaded Output Referred Noise
Power aBW 6
Npowercas(Gan, NF,BW, N) = Nﬂoor + lOXOgg Hz ;"' Nol%F'gc%(Gan, NF, N) + Gancm(Gan, N)
Change in System Noise Figure due to Noise of Element N
NF;
0% 1
DeltaNF(G, NF, i, N) := - NoiseFigeas(G, NF, N)
& ot 0
¢ a G-
(o =0 +—ae NoiseFig(G, NF, N) o)
C =G =
ifai=01,10 ©° @al0 10 - 1g

Cascaded Carrier to Noise Ratio

Carrier_Noise(G, Psig, NF,BW,, N) := Sgascade G, Psig: N) - Npowercas(G. NF,BW, N)

Cascaded Carrier to 3d Order Interference Ratio

Carrier_Int(Gjam, Gama, G, IP3, Psig. Plama. Pjam2: N) := Scascade( G: Psig: N) - Intermodcas(Giam, Giama: G, IP3, Piama., Pjama, N
Cascaded Carrier to 2nd Order Interference Ratio

Carrier_IntGams, Gama. G. GIF. IP2, Psig, Pam3, Plama. N) = Scascade{ G, Psig, N) - Intermod2cas(Giama, Gama GiE. IP2, Py

Cascaded Carrier to Noise plus Interference Ratio
@ Npowecas(G, NF,BW, I
10

G
Carrier_Noiselnt(Gam, Gamz. G. IP3, Psig, Plam1. Plama, NF,BW,, N) := Scagzarie( G, Psig, N) - 1040gG10

c IntermodcaS(Gjan, Gja

C

e+10

Cascaded Carrier to (Noise + Interference + Phase Noise) Ratio
Carrier_NoiselntPN(Giam, Gamz. G IP3, Psig, Plam1. Plama, NF, BW , PNjam, N) := Scascade( G, Psig, N) -

? PN]aT'IN

.- 1oxogglo 10
c N powercas(G. NF, BW, N)
g Intermodws(Gjan,Gjamz,G, IP:
é+ 10 10

LasCaoea Larier 10 everyning =alo
Carrier_Everything(Giam, Giamz, Gama: Giams: GTX - Gmeg: G 1P2, 1P3, Peig, Plam1. Plam. Plam3. Plamd. Pimege. NF. BW, PNja



Cascaded Carrier to Phase Noise Ratio
Carrier_PN(G, Pgig, PNjam. N) = Scascade( G, Psig: N) - PNjam,
Cascaded Carrier to Image Noise Ratio
Carrier_lmage(G,qmag, Psig: Pimag; N) = Scascaje(G: Psigs N) - Scascade(cimaga Pimag: N)
Cascaded Bias Currents

g
|cas(|B|As, N) =a |B|AsI

i=0
Cascaded Power Dissipation
Pcas(lBIASaVDDa N) = |cas(|B|As, N)’VDD
Peak to Peak Output Voltage at Output Node

x Scemade(Gv Psig: N) Smsnaje(Gjamll Pjam1. N)
¢ 10 10
Vouth)(G]amlijamZvGa Psig: Fjam1, Pjam2, Rout » N) = 1mV\/’Rout,\l’elo +10 +1

[#] Cascaded Receiver Equations




Receiver Architecture with Two LNA's and a Passive Mixer

Pggi=-100dBm BWgg:=1MHz
Pmin =- 103dBm

N:=11
i=0.N-1

fjam1 = 900%Hz

fjam2 == 1.8MHz

PlamMax := - 21dBm

Plam1 = if(PS,-g + 580B < PlamMax: Psig * 58dBvPJamMaX)
Plam2 = if (Psig *+ 580B < Plammax, Psig *+ 5848, PlamMax)
Plam3 = if (Psig *+ 580B < Plammax, Psig *+ 5848, PlamMax)
Piama = if(Psig + 580B < PiamMax: Psig + 5898, PlamMax)
Pimege = if(Psig * 5848 < PlamMax: Psig * 5898, PamMay)
Vpp =3V

Power of Signd
Minimum Sgnd Power

Number of Blocks
Index Vector

Frequency offset of Jammer that is Farthes
Frequency offset of Jammer that is Cosest
Maximum Jammer Power

Power of Jammer that isfarthest from the
Power of Jammer that is closest to desired
Power of Jammer that f;-/2 above the desii
Power of Jammer thét f,/2 below the des|
Power of Sgnd in the Image Band

Power Supply Voltage

A/D and Filter: Noise Figure, Gain, and Intercept Point Parameters

Atten := 65dB

GanAGCmaX = 65dB

B
Slopeacc = 1d—

dB
é NFaGgcmin- 3 & Psi'Pmin('i:,I
NF, . = 10% (':-O 10 §1+10 1 _:ll‘\IF =11.764
10~ 104ogel i NP =
IP3 =6
310
IP, =6
210

G, = GanaGemax * 5|OpeAGC>(Ps'g - I:’min) G=68
qamllo = Glo - Atten qamzlo = Glo - Atten
GTX 10 = GlO - Atten Qm&lo = GlO

GF, =G

Baseband Filter Attenuation
AGC Noise Figure a Minimum Input Pow

AGC Gan a Minimum Input Power Leve
AGC Gain Sope

AGC Noise Figure
AGC 3rd Order Intercept Point

AGC 2nd Order Intercept Point

AGC Gan

Adjacent and Alternate Adjacent Channel
Gansfor Signads a Image and Tranamit F
Gainsfor Sgnd at Intermediate Frequency



G.NAGmax=13dB G NAGmin=-3dB

IP3. NAGmax = 6dB  IP3 NAGmin := 10dB

IP2L NAGmax := 6dB P2 NAGMin = 10dB

NF_ NAGmax = 1.8dB  NF NAGMin = 3dB
PLNASwitch = - 90dBm

G, = if(Psig < PLNASwitch: GLNAGmax: CLNAGMin)

qa'nlg = G3 qa'n23 = G3
qmag3 =Gy
G||:3 = G3 -2

IP3, := if(Psig < PLNASWitch: IP3LNAGMax, IP3LNAGMI n)
IP2, := if(Psig < PLNASWitch: IP2L NAGmax: IP2L NAGMin)
NF; = if(Psig < PLNASWitch, NFLNAGmax: NFLNAGmin)
lBIAS, = if(Psig < PLNASwitch, 6MA , OmA )

G.NAGmax=12dB G NAGmin:=-3dB

IP3. NAGmax = 6dB  I1P3| NAGMin := 10dB

IP2L NAGmax := 6dB P2 NAGMin = 10dB
NFLNAGmax=2dB  NF_NAGmin = 3dB
PLNASwitch := - 90dBm

(35 = if(Psig < PLNASwitch: GLNAGmax: G1_NAGmin)

Gjamls =G Gjam23 =G
Gimaga =G

Gama, = G Gama, = G
G, =G - 20dB

IP3, := if(Psig < PLNASWitch: IP3LNAGMax, IP3LNAGMI n)
IP2, := if(Psig < PLNASWitch: IP2L NAGmax: P2 NAGMin)

NF := if(Psig < PLNASwitch, NFLNAGmax: NFLNAGmin)

Stepped Gain LNA #1 Noise Figure, Gain, and Intercept Point Parameters

Maximum and Minimum LNA Gan

|P3 & Maximum and Minimum Gain

|P, & Maximum and Minimum Gain
Noise Figure a Maximum and Minimum C
LNA #1 Bypass Switching Threshold
LNA #1 Gan

Adjacent and Alternate Adjacent Channel
Gainsfor Signds a Image Frequency

LNA #1 1P;
LNA #1 1P,
LNA #1 NF
LNA #1 Bias Current

Stepped Gain LNA #2 Noise Figure, Gain, and Intercept Point Parameters

Maximum and Minimum LNA Gan

|P3 & Maximum and Minimum Gain

|P, & Maximum and Minimum Gain
Noise Figure a Maximum and Minimum C
LNA #2 Bypass Switching Threshold
LNA #2 Gan

Adjacent and Alternate Adjacent Channel
Gainsfor Signds a Image Frequency
Gansfor Sgnds a Haf-1F Frequencies
Gainsfor Sgndsat Intermediate Frequenc

LNA #2 1P,
LNA #2 1P,
LNA #2 NF



ANT SWITCH SAW Route LNA
X
Switch SAW Route LNA #1
GO :=-0.3dB Gl =-2dB G2 =-0.1dB G3 =13
Gjamlo =-0.3dB Gjamll =-2dB Gjamlz :=-0.1dB Gjam13 =13
G]HTIZO :=-0.3dB G]HTIZl =-2dB G]HTIZZ =-0.1dB G]Bm23 =12
Gjan30 =-0.3dB Gj«’:m31 :=-10dB Gjam32 :=-0.1dB G’jam33 =0
Gjamo =-0.3dB Gjaml :=-10dB G]HMZ :=-0.1dB Gjam43 =0
Gimago :=-0.3dB Gimagi =-25dB Gimagz :=-0.1dB Gimaga =12
G||:0::-0.3dB G||:l::-25dB G||:2::-0.1dB G||:3:-7
NFO :=0.3dB NFl = 3dB NF2 :=0.1dB NF3 =18
|P20 = 1000dBm |F’21 = 1000dBm |F’22 = 1000dBm |F’23 =6
|P30 = 1000dBm |F’31 = 1000dBm |F’32 = 1000dBm |F’33 =6
RinO::wN Rinl = 50W Rin2 = 50W Rin3 = 50W
ROUTO = 50W Routl = 50W Rout2 = 50W Rout3 = 50W
BW0 = l><_|.06HZ BWl = l><_|.06HZ BW2 = l><_|.06HZ BW3 = l><_|.06HZ
IBlASO::omA IB|A51::OmA IBlASZ::omA IB|A53:6mA
Image Noise

Pimeg *= Pimege + Ganeas(Gimag: N - 1) - Gaingas(G, N - 1) + Gaings(G, i)
RF VCO Phase Noise

L(f) = - 11008C_Hz - 20i0g®—— a1z
e 100kHz g
8" w ©
(;O Lo -
g% 10 df =
¢ -
P(f1, 2, Plam) := 1040g- -+ Pam
e Hz [}

LRFjam1 = L{Tjam1)
LRFjam2 = L(fjamz)

SAW LNA
SAW LNA #2
G4 '=-3dB (35 =12

qa'n14 =- 3dB qa*nls = 12
Gamz,=-30B  Gamp, =0
qa'n34 =- 13dB qa*nSS = 12
=-13dB =12
Gama, = - 13dB Gama,
:=-13dB =
Gimag4 3d Gimags 0
G, =-20dB G _=-8
NF, := 3dB NF =2
|P24 := 1000dBm |F’25 =6
|P34 := 1000dBm |F’35 =6
Rin,=S0W  Rip_=50W
Rout4 = 50w Rout5 = 50w

MIX

LO
Mixer
66 = -6dB
qa'nle =- &
qa'nz =- &

Gj&mg: =-3
qame =-3
Gimage =-3
G1|:6:: - 6dB
NF6 = 8dB

IP;, = 100Br
IPg_:= 100Br
Rin6 = 50w

Rou,, = S0V

BW 4= 1><_I.06HZ BW5 = 1><_I.06HZ BW6 = 1><_I.OE

IBlAS4 =0mA

IBlAss = 10mA IBlASG = 10n

RF Phase Noise Equation

Integrated Phase Noise Power

LRFjam1 = - 129.085dBC_Hz Phase Noise of Local Oscillator at
LRFjam2 = - 135.105dBC_Hz Phase Noise of Loca Oscillator at

© 2 BlWsg ~ BWsg .~ 0 & BWsg  BWsg 00 .
éJaml 5 lamlTTo T Jamlb s jamz” T Hjam2 ' JamZ"a+ Noi:
N 10 10 - - ; due
PNjam, = 1040ge10 +10 @+ Gainggg(G, 1)
aclx BWsg 0 . .
PN := Pr kHz,T 0% + 3+ Scagearie| G, Pig 7) PN = - 123.409 Noise Power a the Mixer Output
e %)
é & a@Wsig(j('jEj
PN- € Nyjport 105000 <=
é e e Hz gg(
z v Effective NF due to In-Band Phas
NF, := 1040g&L + 10 10 0 NF,=0506



Calculations
NFggs = NoiseFigeas(G, NF, i)
I

Sczazsi = Scascade(a Psig, i) |P3<:asi = |P3cascade(ejamllejam21(3, |P31i)
C_Ness. = Carrier_Noisd(G, Pgg, NF,BW,, i) C_lcas, 1= Carier_| nt(Gjam1. Giamz: G. IP3. Psig, Pjam
Vo_p, = Voutp_p(Gam1, Gamz, G, Psig.F’Jarnlﬂanz.Rout,i) NFrey. := NoiseFigrey(G, NF,i, N - 1)
IPscmr, = IP3reversd Gam1. Grx . G, IP3,i, N - 1) C Niggs = Carrier_NoiseInt(Gjam1. Gamz. G IP3, Pe
Imodi = |nterm0dcas(ejaml,ejam2:e‘1 IP3, Pja"nllpjamZai) II:):%revi = |P3reverse(ejamlaejarn2,G:|P3:i- N- 1)
Gezs, = Gainas(G, ) Np. := Npowercas(G, NF, BW., )
C_PN.:= Carrier_PN(G, Psig, PNjam i) C_NIPN, = Carrier_Noisel ntPN(Gjam1, Gamz, G IP3
DNF; := DeltaNF(G, NF,i, N - 1) IPocas, == IPocascadel Gama: Gama. G, 1P2, )

|
Gicasi = Gancas(eimag, i) Imod2i = Intermod2cag( Gama: Gamd: G, 1P2, Pama, F

CE:= Carrier_Everything(Giam1, Gam2, Gam3: Gama, GTx » Gimag: G, P2, IP3, Psig, Plam1, Plam2, Plam3, Pjamd, Pimag, NF, BW



Block Output Parameters

ANT SWITCH SAW Route LNA SAW LNA
X
Goss, = - 0.30B Goss = -230B Goss,=-240B  Gggs =106dB  Gegs = 7.60B Goas, = 1967
G, = - 03B Gow, =~ 25308 Gos, =-2540B G, =-1340B G, =~ 26408 Gicas_ = - 2641
NFezs, = 03dB NFezs, =330B NFes, =3380B  NFcgs, =4871dB  NFcas, = 499208 NFcgs_ = 513
NFrey = 5616dB NFrey =53160B  NFrey, =2758dB  NFre =2658dB  NFg, =8806dB  NFre = 580€
DNFg = 0.15dB DNF; = 2.260B DNF, =008dB  DNF3=19dB DNF4 =018dB  DNFs5 = 0.22dl

Np =-114.3dBm Np, =-11333dBm Np_=-11335dBm Np_ =-98858dBm Np =-101.737dBm Np_=-89.6dE
0 1 2 3 4 5

IPacas = 1° 10°dBm IPacas, = 997.1370BM IPacas,, = 995.9820B) IPscas, = 84dBM  IPgcs = 84dBM  IPages = - 111

IPocas = 1° 10°dBm IPocas = 994.1280BM IPocas,, = 993,607 B IPcas, = 2440BM  IPyces = 244cBm [Py = 24.2¢

IParey, = -2450cBm  IP3rey, =-27590BM IP3rey, = - 47590BMIP3rey, = - 48590BMIP3rey, = 75130BM IPyrey, = 4513

Sees, = - 1003dBM S =

ah 102.3dBm Scaz52 =-1024dBm 3c353 =-894dBm SC354 =-924dBm Scaz55 =-804d
Vp_po = 0.858mVpk_pk Vp_pl = 0.681mVpk _pl<|0_p2 = 0.674mVpk _pk_ID3 =2.85mVpk _plﬁg_p4 = 2.018mVpk _pk_p5 = 6.146
'modo =-2126" 103dBrr1mOO|1 =-2123° 103dBmO|2 =-212° 103dBmO|3 =-132.2dBm |mod4 =-1352dBm |mod5 =-1041
|mod20 =-1126" 103 danodzl =-1122° 103 dBm22 =-1122° 103 dBm3 =- 139.8dBm|m0d24 =- 142.8dBm|m0d25 =-130.

C_Nezs, = 14.03dB C_Neas, =1103dB  C_Neas, =10950B C_Negs, = 94580B C_Nas, = 933708 C_Nas_ = 921

C_lcaso =2026" 103dB C_lcasl =202° 103dB:_I0352 =2018" 103d|30353 =42.8dB C_lcas4 =42.8dB C_|0355 =237

Cl anso =1026" 103dBC_I 2casl =1043° 103dB 2casz =1038° 1O3dl31&5\53 =704dB C| 2cas4 =874dB C.| 2cas5 =100
C Niggs =1408dB  C Niggs =1108dB C Niggs, = 109508 C_Nicas, = 945608 C_Nics, = 9.335dB C Niggs_ = 90
C_NIPN0 =7.612dB C_NIPN1 =6.723dB C_NIPN2 =6.693dB C_NIPN3 =6.071dB C_NIPN4 =6.015dB C_NIPN5 =5¢
C_PN,=8736dB CPN,=8736dB CPN,=8736dB C_PN,=8736dB C_PN,6=8736dB C_PN_ =873
C mag, = - 6dB C mag, = - 6dB C mag,, = - 6dB C| mag; = - 6dB C| mag, = - 6dB
C_E,=-6185dB CE =-626dB CE,=-6228dB CE;=-6262dB CE, =-6265dB C_FE =-6273

C mag, = - 6



System Output Parameters

NoiseFigeas(G, NF, N - 1) = 5616dB

Gangs(G,N - 1) = 856dB

IP3cascadel Gami: Giamz, G, 1P3, N - 1) = - 2.450dBm
IPacascadel Gams: Giama, G, IP2, N - 1) = 23.298dBm

Scascade G, Psigy N - 1) = - 14.40dBm
Intermodcas(Gjam1. Giama, G, IP3, Piama. Plamz, N - 1) = - 35.483dBm
Intermod2eas( Gams: Gama, G, IP2, Plama. Plama, N - 1) = - 63698
Npowercas(G, NF,BW, N - 1) = - 23.113dBm

Carrier_Noisq{G, Pgg, NF,BW, N - 1) = 8.713dB
Carrier_Int(Gjam1, Gama, G. IP3, Psig, Plam1, Pama, N - 1) = 21.083dB
Carrier_IntGama, Gama. G, GF. IP2, Psig, Plam, Plama, N - 1) = 73607dB
Carrier_Image(G, Gimag, Psig: Pimage: N - 1) =- 6

Carrier_PN(G, Psg, PNjam, N - 1) = 8.736dB
Carrier_Noiselnt(Gam1, Gamz. G, IP3, Psig, Plam1. Plamz, NF,BW, N - 1) = 847dB

Cascaded Noise Figure E
Cascaded Gain Equation
Cascaded Two Tone | P
Cascaded Two Tone IP,
Output Signd Power (dB
Output 3rd Order Intermc
Output 2nd Order I nterm
Output Noise Power (dB
Carrier to Noise Ratio

Carrier to 3rd Order Inter
Carrier to 2nd Order Inte
Carrier to Image Noie R
Carrier to Phase Noise R
Carrier to (Noise + Intefe

Carrier_NoiselntPN(Giam1, Gamz. G, IP3, Psig, Plam1, Plamz, NF,BW, PNjgm, N - 1) =550dB  Carrier to (Noise + Inteft

Carrier_Everythi ng(ejamb Gam2: Gam3: Gamd: GTX - Gmag: G, 1P2, 1P3, Psig, Pjam1: Fjam2, Fjam3: Fjam4 Pimag, NF, BW, PNjam

leas(IBIAS, N - 1) = 46mA
Peas(IBIAS VDD, N - 1) = 138mW

CIN, C/I, CIPM, C/(N++PN) in Chain

20 —20
CN 15
Vo, S —40
— i
cl —
10 N,
- I
C_Imag - 760
Imod,
Cl2e 5
|
T Imod2
C_PN; o —80
i 0 PN;
CE Jam;
-5 —100
10
0 5 10 —120

10

Carrier to Everything Rati
Tota Bias Current
Tota Power Disspation

Signal,Noise and Intermod Power in Chail




O:Switch 1.SAW 2Route 3LNA 4.SAW 5LNA 6Mixer 7:PhaseNoise 8IF AMP 9:SAW 10:Bascban
Noise Figure Through Recaiver Chain Gain Through Chain

20 100

A :
A

15
60
NFs. /
I G
. 40
NFrevi 10 / — o8, /
20 ~J

0 5 10 0 5 10
i i

Two Tone IP; Through Chain

20

I P3revi

O\J;
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Copyright and Trademark Notice
All software and other materias included in this document are protected by copyright, and are owned or

controlled by Circuit Sage.

The routines are protected by copyright as a collective work and/or compilation, pursuant to federd copyright
laws, internationa conventions, and other copyright laws. Any reproduction, modification, publication, transmission,
trandfer, sde, digtribution, performance, display or exploitation of any of the routines, whether in whole or in part,
without the express written permission of Circuit Sage is prohibited.

11



