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Several different methods have been describederitifrature to assess mixer performance for angfueguency
architectur&®** The most commonly used relationship shown ir fislsolved for those cases of M and N which
give spurious outputs at the desired IF or withimrge of the IF. This same relationship can bekaabin reverse
to identify different ranges within the IF which,hen mapped through the mixer in reverse, identifyut
frequencies suffering from spurious mechanisms.

for =M flo + N fe [1]

Bain Technique for Mixer Characterization

The next several pages are intended to describetlrochwhich is a derivative of [1] above, and west published

in rf Design, May, 1989 | have filled in the missing details to heflocument for myself the technique and
application of the algorithm. Two slightly differeexpressions related to [1] above are used toridbesthe desired
and undesired signals appearing at the IF output.

NF +M.F_.=F The first expression, [2], describes the desirgmai with N, and M
1% in 1'LO out . .
[2,3] taking on values oftl to give an output at the IF. The second
NF +MF,=F, expression, [3], determines some frequengywitich, when combined

with the spurious mechanisms of the mixer, als@gian output at the
IF. K is defined in expression [4]. « s defined to be some signal slightly removed frigmwhich, due to the
spurious mechanism, produces undesired outpuedFth\r, describes this offset in frequency.

AFx: I:X_Fin [4]

There are four different scenarios of interest wibard to frequency conversion schemes findingtmss. The
relationships we derive below eliminate an unknewept variable, such as the local oscillator frexgyen a fixed
IF case, to culminate in the desired mathematigptession. This elimination technique is used uggrmut to
synthesize relationships which show the positiothefinterfering signal within the IF passband.

Type 1 - Receiver Case NF,+MF,=F

F is Signal Offset From DesiredAFX = F, - F, atinput

- .. I
Input Signal Giving Output fo Fs = Mapping of IF Passban
Fixed IF

Back to Input

out

Type 2 - Receiver Case NF,+MF,=F

F is Signal Offset From DesiredAFX = F, - F, atinput

- .. I
Input Signal Giving Output fo Fs = Mapping of IF Passban
Fixed LO

Back to Input

out

Type 3 - Transmitter Casel NF_+ M F . = F | F« is Signal Offset From DesiredA_ = F — F at Output
in LO X Fx ut p

X [o]
F# = Mapping of Oupu
Passband Back to Input

Output Signal Giving Output for
Fixed LO

Type 4 - Transmitter Case| N F,*+MF,=F F, is Signal Offset From DesiredAFX = F -F . at Output

g Output Signal Giving Output for Fo = K/Iappiong of Oupu
Fixed RF Input '

Passband Back to Input
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Case 1. Fixed Output, Swept Local Oscillator

Nl I:in + I\/IlFLO = F

out

We begin with the following pair of equations: [5, 6]
N I:x + M I:LO = Fout

Multiplying each equation by M or Mand subtracting to canceldgives:
M NlFin + M I\/IlFLO = M I:out
_(MlNFx+MM1FLO):_M1Fout [7]
N,MF,-NMF, =F,(M-M,)

Making the substitution for,Arom [4] above gives:
NlMFin_NMl(AFx+Fin):Fout(M_Ml) (8]

The input frequencies forfFange from K, to F,.x Which give two different answers fog,.

A _Fn(NaM =N M, ) -F (M - M)

Fx1 NMl 9
A _Fux(N,M =NM,)=F (M -M,) ol
Fx2 — NMl

A similar elimination of unknown variables can berformed to map the IF range back to the inputingithe
designer insight into what portions of the IF bamd subject to spurious corruption by portionshaf input band.
Begin once again with the relationships in [5] #id

Nl I:in + Ml I:LO = I:out
N Fx + M I:LO = I:out

The input frequency,;k is defined to be equal to-Fand F equal toAg, + Fy:

[5, 6]

I:in = Frfl I:x = AFx

Once again | is varying and § is known, therefore i is eliminated from the pair of equations in [5,6].
M Nl I:rfl + M IvllFLO = M I:out

AF +F,

Fn=F1 = AI:max + I:rfl

(M, N(BF e + F)) + M, M Fo ) == M, F,, [10]
M Nl I:rfl_ MlN(AFmax + Frfl) = I:out ( M - Ml)

The IF passband is/& . in width, therefore substituting AR« gives the two frequencies at the input which
define the mapping of the IF output passband toribet.

_ M. N(=AF,, )+ Fu (M- M,)

s MN, - M,N

[11]
e = MiN(AF,)+Fu (M- M)
"2 MN, - M,N

Case 2: Fixed Local Oscillator, Swvept |nput




. . . . . A Nl I:in + Ml I:LO = I:out
We begin with the following pair of equations: [5, 6]
N Fx + M I:LO = I:out

Setting [5] equal to [6] and solving foy, Bives:
NlI:in + I\/llFLO = N I:x + M I:LO
F:NlFm+(M1—M)FLO [12]

X
N
Using the fact in [4] and substituting,fand . for F, gives the following:

A :Fmin(Nl_N)+(Ml_M)FLO
F.x1 N
[13,14]
A _Fo(N,=N)+ (M, -M)F,
Fo N

A similar elimination of unknown variables can berformed to map the IF range back to the inputingivthe
designer insight into what portions of the IF bamd subject to spurious corruption by portionshef input band.
Begin once again with the relationships in [5] #id

Nl I:in + Ml I:LO = I:out
N I:x + M I:LO = Fout

The input frequency,;f is defined to be equal t:fand k equal toAg, + Fy:

[5, 6]

I:in = Frfl I:x = AFx + I:in :AFX + I:rfl
:AFX + I:in = _AFX + Frfz
Fout is varying, therefore & is eliminated from the pair of equations in [5,6].
NlFrf + IVllFLO = N Fx + M I:LO
_NFX+(M_M1)FLO [15]
Nl

I:rf

The IF passband isf&F ., in width, therefore substituting AR« gives the two frequencies at the input after
substituting for k.

A N+(M=M,)F,

rfl Nl—N [16]
- _—AFXN+(M - M, )F,
f2 — N _N

1

Case 3: Fixed Local Oscillator, Swept Input

A modification in the expressions used is incorpenehere to accomodate what is termed the “traterhitase. In
the transmitter case the input signal at RF israssiu‘clean” with the only spurious products geretadt the output
due to mixer spurious responses, i.e. no contobutiom nearby signals at the input. In the reeeivases the
potential for nearby signals to generate spuriautpud mechanisms is the concern, contrasted hdheimternally

generated signals occurring withliF MHz of the desired output ( transmitted ) sidioalthe transmitter case.



N,F,+MF,=F [17,18] with F, defined to be:

out
NF,+MF,=F

X

AF, =F, - F, [19]

The quantity fixed in value is the local oscillatbequency, k. The derivation proceeds by elimination of the
swept input frequencies from both [17] and [18].

NN, F, +N M Fo=NF, [20] N.M-NM.)FE N -N F - [21]
_(NlN Fn *N,MF,-N,AF, = NlFout) AFxl = ( . l) LON+( l)( OUt)mln
(NMl_NlM)FLO+N1AF><:(N_N1)FOU1 1
(Nl M-N Ml) Fio * ( N - Nl)( Fout)max (2]
Apg = N
1

The AF calculated in equations [21] and [22] is the freocy offset from the output for a given (M,N) spus
mixer product.

In a manner similar to that for Cases 1 and 2 thguencies at the input causing the spurious ptediche output
are derived.

N,F,+MF,=F [23,24] with F, defined to be:

out

= 25
N Fin + M FLO = Fx I:x AI:max + Fout [25]
NN, F, +NM,F,=NF, [26] (N1 M - N Ml)FLO - N, (AFX) _ [27]
_(NlNFin+N1MFLO_Nl(AFx)max:NlFom) Fffl: N. - N -
(NMl_NlM)FLO+N1(AFx)max:(N_Nl)Fout !
— ( Nl M-N Ml) FLO B Nl (AFX)max [28]
f2 — N1 -N

Case 4: Fixed Input Freqguency, Swvept Local Oscillator

In the final case to be presented, the input fraqueés fixed while the local oscillator varies. Kkeeping with the
other derivations performed , the swept local tetcil frequency term is eliminated from the pairemfuations.
Once again, the transmitter case is considere#tingdor output spurious frequencies witlik MHz of the output
frequency.

Nl I:in + IvllFLO = l:out
NFin+ MFLO:F

X

[17,18] with F, defined to be:
AF =F -F, [19]

MN,F, +MM,F,=MF, [29] (M— |\/|1)(|:Out
~(M,NF, +M, MF - M,AF, = M,F, ) A, =

1" out

(MN,-M;N)Fg +M,AF, =(M-M,)F

out

)min B ( M Nl_ MlN)Fn [30]

In a manner similar to that for Cases 1 and 2 thgquencies at the input causing the spurious ptedaiche output
are derived.



N,F,+MF,=F [23,24] with F, defined to be:

out

= 25
N Fin + M F|_o - Fx I:x AI:max + Fout [ ]
MN, K, +MM, F,=MF, [32] ( M N1 - MlN)FRF + Ml (AFX)min
_(MlNFin+M1MFLO_Ml(AFx)max:MlFom) Fffl: M-M
(MNl_MlN)FRF+M1(AFx)max:(M_Ml)Fout !
(MN, =M, N)Fy + M, (AF)

F. =
rf2 M—Ml

Spoecific Numerical Examples

Case 1.

RF Range: 200 - 400 MHz
IF Range 70 MHz

LO Range: 130 - 330 MHz

For an (M,N) spur equal to (4,-3), spurious produgppear over the range ( -50, 16.666 ) MHz ofdésired

(33]

(34]

output. Input Frequencies within50 MHz of the desired input signal produce spusiproducts at the IF between

frequencies ( 200, 500 ) MHz for the same (-4,8ospur.

_Fmin(NlM_NMl)_Fout(M_Ml):20q4_ 3)_ 7(( 4 :):

x1,x2 ~ N Ml 3

_40q4-3-7q 4 Y L
3

AF -500

_ _MN(-AF)+F,(M-M,)_(-)(-3(-50)+ 7 4 3 _
e MN, - M N (4)(])_(_])(_3
_(-0(=9(+50) + 7 4+ 3 _
I T B
Double-check thel\:‘izslt:ipna-i: Xé(n;vierl\s}ltkngaIECl:l?Ftions:
-3(200- 50)+ 4 13Q= 700 YES
-3 200+ 166664 + # 33p= 700ES

Double-check second pair of answers for input feemies suffering from spurious (-4, 3) mechanism.

—3(Fge —50)+ 4 Foe = 70)= 70 Fp = 200 YES
~3( Fge +50)+ 4 Foe = 70)= 70 Fe = 500 YES



Case 2.

RF Range: 300 - 400 MHz
IF Range 50 - 150 MHz
LO Range: 250 MHz

For an (M,N) spur equal to (3, -2), spurious pradwappear over the range ( 50, -100 ) MHz of trerdd output.
Input Frequencies withie 50 MHz of the desired input signal produce spusi@roducts at the IF between
frequencies ( 366.666, 300.0 ) MHz for the samedBorder spur.

AR, = Fon( Ny = N);IFLO( M,-M) _30q 1+ 3) J:ZZSQ_ L
:400(3)— 4 25():_1000
-2
iz = AFN+(M =M, )Fo =50 -2) +(3+ 3 250 3666666
' N, - N 1+ 2
_50(-2)+(3+]) 250_ 2000
1+2

Double-check the first pair of answers fif calculations:
N(F,+AF )+ MF,=F,

-2( 300+ 50)+ § 250= 500 YES
-2( 400- 1000 + § 250= 1500YES
Double-check second pair of answers for input feemies suffering from spurious (-4, 3) mechanism.

—2(Fe —50)+ 4 2500=F,, = 116666F, =F,, + F,, = 3666668ES

-2(Fe +50)+ § 2500=F,, = 500 Fg =F, +F,= 3000 YES
Case 3.

RF Range: 300 - 400 MHz

IF Range 200 - 100 MHz

LO Range: 500 MHz

For an (M,N) spur equal to (-2, 3), spurious praduppear over the range ( 100, -300 ) MHz of #mrdd output.
Input Frequencies withie 50 MHz of the desired input signal produce spusi@roducts at the IF between
frequencies (1137.5, 112.5 ) MHz for the same3)Zrder spur.

Fo(N;M =NM,)-F,(N-N,) _
N, -1

(2- 3)5O?I (4200 _ 2000

(-1(-2)- g 1)) 500+ ( 3 } 100

AF,,, = =1000




- _(N,M=-NM,)F,-N,(AF,) (-1(-2)-3)5000+ (- 509
rfLrf2 = Nl_ N - -1-3

:(2—3_)15_0(?; 500_, 1,c

=1375

Double-check the first pair of answers fiff calculations:
N I:in + M I:LO = I:out +AFX

3(300) - 2 500 = 206- (- 30p YES
3 400) - 2 500 = 106-( 10p VYES

Double-check second pair of answers for input feemies suffering from spurious (-4, 3) mechanism.

3(Fe ) - A 5000 =F,, +AF, =— 50+ Fy. + 500 Fp. = 3625F,, = 500 3625 1375ES
3(Fg ) - A 5000 =F,, +AF, =+ 50+ Fy. + 500 Fp. = 3875F,, = 500 3875 1125ES
Case4:

RF Range: 100 MHz

IF Range 300 - 500 MHz

LO Range: 200 - 400 MHz

For an (M,N) spur equal to (4, -6), spurious praduppear over the range ( -100, 500 ) MHz of #mrdd output.
Input Frequencies withie 50 MHz of the desired input signal produce spusi@roducts at the IF between
frequencies ( 316.66, 350 ) MHz for the same ((prBer spur.

AFXm:(l\/l - M, )F,, —(NM N, = M;N)Fe :(4—1)3001—0(4+ § 100 00
1
_(4-1500-(4+ 6)100:5000
10
I:mz:(Nl M- NM,)Fe - M,(AF ) _(4+6)1000+ (- 509 316666
| M =M, 4-1
:(4+6)104(1)£)I(+ 50():3500

Double-check the first pair of answers fiff calculations:
N I:in + M I:LO = I:out +AFX

3(300) - 2 500 = 206- (- 30p YES
3 400) - 2 500 = 106-( 10p VYES

Double-check second pair of answers for input feemies suffering from spurious (-4, 3) mechanism.

—6(Fy )+ 4 Fo)=F, +AF, =-50+F, + 100 F,
~6(Fee )+ 4 Fo )=F,, +AF, =+50+F, + 100 F,

21666F,, = 100 21666 316666ES
2500 F,, = 108 2509 3500ES



