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ABSTRACT

This paper provides some insight into the characteristic
response of filters versus frequency and loading. A com-
puter program is provided which will allow the user to vary

the filter model in order to assess the effect of specific
conditions.
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Introduction

Lumped-element filters are networks comprised of combinations of
discrete resistors, inductors, and capacitors. They are distin-
guished from distributed networks such as a coaxial 1line having
values which may be in infinitely small increments. A lumped-
element network, meanwhile, may have similar aggregate values but
they will not be distributed along a significant electrical line
length. These lumped elements frequently have characteristics such
as the "distributed capacitance" of an inductor which will complete-
ly alter the response of that component at different frequencies.
Lumped-element low-pass filters may have ac responses that are not
predictable without an intimate knowledge of their electrical para-
meters. These responses may vary widely with frequency and with
differing terminations and it is of little or no consequence what

design technique is used.

This paper will show some of the characteristics of the filter that
cause these responses. Measured data will be presented as the basis
for the development of a model which will prove useful in predicting
the response over a wide frequency range with various loads.

Of the numerous filter types currently specified and in use in
Sandia systems, the MC2871 will be used as the primary basis for the

development of a model. Pertinent parameters for several other fil-
ters will be given in order to tailor a similar model for these fil-
ters. The other types to be considered are the MC2867, the MC2868,
the MC2944, and the MC3288.

Lumped~-Element Model

Using the lumped-constant values for the MC2871, it appears schemat-

ically as shown in Figure 1.



INPUT >— AV— > OUTPUT
T 1 i T WHERE: R=.20 Ohms
By ok ¢+ & L =150 uH
| C=.05 uF

Figure 1

The voltage response of Figure 1 is
20 log [(w’Lc-1)2 + (wrC)?211/2 g, (1)

and is plotted in Figure 2,
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This model will approximate the attenuation response of the MC2871
fairly well up to about 2 MHz, but yields significant error in both

impedance and phase from below 100 kHz.

Full Model Confiquration and Simplifications

Since the required frequency spectrum for these filter types is from
the low audio frequencies to 15 GHz, a model will be used that
encompasses all known elements. Simplifications will be identified

as appropriate.

Configuring a model to yield accurate responses over this frequency
range requires a knowledge of the distributed capacitance of the

inductive elements and the 1location and value of ‘'parasitic'
elements.

A complete model of the MC2871 will look like Figure 3 to the extent
that parameters are measurable or predictable.

Cé6
1
R2 L2 R4 L4 R6 ' L6 R8 L8
INPUT L ANA—N L AN— Y > OUTPUT
Ci/2 Ci/2 —C5 el o4 4
R5 R7 c
E; o
! L5 L7
> v v >
WHERE: R2=R4=02 L5=L7=0
R5=R7=.70% L6 =150 uH
R6 =.200 2 L8 =44 nH
R8=0 Ci=2 pF
L2=5nH C5=C7=.05 uF
L4 =10 nH C6 =3.17 pF

Figure 3



At frequencies below about 5 MHz, the model of Figure 3 may be sim-
plified to that of Figure 4.

6
| |
|
R6 L6
INPUT > T W\,——NY\——,I.—> OUTPUT
% L
j’ ——=C8 C7== Eo

Figure 4

At frequencies above about 20 MHz, the model may be simplified to
that of Figure 5.

L2 R4 L4 cé R8 L8
INPUT > A AAA—O (| AA—N— > OUTPUT
L ci/2 L ci/2 Lcs L7
E R5 R7 Eq
L5 L7
, >

<H

Figure 5

In the frequency range from about 2 MHz to 20 MHz, it is necessary
to consider the model as it is shown in Figure 3. 1In this range,
the impedance of C6 begins to predominate that of R6 and L6 and also
the impedance of elements Ci, L2, L4, and L8 start to become

significant.
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The models in Figures 1, 3, 4, and 5 all assume a perfect ground
return connection having zero resistance. This resistance value is
a function of the mechanics of mounting and the condition of the
metals or oxides at that mechanical interface. This resistance is
the result of an effect not entirely associated with the filter
alone, so will not be considered here. Other experimenters have
studied this effect to some degree and it probably merits further

study.

Figure 6 shows pictorially what physical parts comprise the various
electrical elements of Figure 3. The ground return is picked up by

the filter shell into which the parts are assembled and which is not
depicted in this figure.

TERMINAL lcs: Le : c7 : TERMINAL
e
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' | | l
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OUTPUT

INPUT > "
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| Eo

Y
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Figure 6
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‘Description of Appendices

Appendix A lists the directly measurable parameters of the filter
types covered by this paper.

The derivation of Equation 1 is given in Appendix B.

Appendix C lists a computer program called "Anlyz" written in BASIC
language for the Hewlett-Packard model 9845B computer. This program
calculates and plots attenuation, impedance, and phase. It 1is
designed to cover the frequency range 10 kHz to 15 GHz. No data
above 100 MHz is presented here, however, as verification of the
model accuracy has not been undertaken above this frequency. The
driven end is at the input of the filter model. The format used in
this program is standard with the 9845B computer. Equations used in
the calculation section of the program follow standard complex
notation.

Appendix D is a compilation of plots (with a partial data listing)
of the response of the MC2871 filter under a variety of load condi-
tions. Also included are plots for the unloaded output of all of

the filter types discussed.

CPS:mcm:6340A:10/30/82X
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R2
R5
R6
R7
L2
L4
L6
L8
Ga
c5
Cé

c7

MC2867/
MC3288

.045Q
.78
5.0 nH
10.0 nH
90.0 uH
53.0 nH
1.5 pF
«15 uF
4,74 pF

.15 uF

APPENDIX A

TABLE 1

MC2868

0.0Q
.70
.024Q
.19
5.0 nH
10.0 nH
45,0 uH
50.0 nH
1.5 pF
.10 uF
3.40 pF

.10 uF

MC2871

0.0Q

.79
.200Q

719
5.0 nH
10.0 nH
150.0 uH
44,0 nH
2.0 pF
.05 uF
3.17 pF

.05 uF

MC2944

<78
.79
.009Q
R £9)]
20.0 nH
10.0 nH
1.24 uH
79.0 nH
1.5 pF
.05 uF
.54 pF

.05 yrF
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APPENDIX B

Derivation of Equation 1.

Given the circuit of Figure 1 with the output open-circuited,

the voltage

A = 20
A = 20
= 20

20

14

&
V

attenuation A is given by the relationship:

E
log Ei dB, where: Ei = the voltage applied to the input.
o
E, = the voltage appearing across the
output capacitor.
By
log 1 dB
Ie (@e
EiwC EiwC
log I dB = 20 log E dB
c i

log (wC) R%%: b=l de

2
log \/(wRC)2+(wC)2 (‘”—%‘l) aB

' 2
log J(mRC) 2+(m2LC—l) dB



32a
chels
340
3508
3e0
are
za8
394
40a
410
420
430
448
454
4E£@
4748
428
490

APPENDIX C

! The name of this program is "Anlyz". Original 4-15-1981.
DIM Eout(108),Xbri19¢180),Ybr19(166),2in(188),Angled1B8B),AttenC1B0)
DIM Types$l(S@l,Load$lea]
Typef="MC2EB71 Filter"
Ein=1.006
R2=0
R4=0
RS5=.70@
RE=.2
RcE=0
R7=.70
RE=0
R=1E15 | Note: Check value of “Load$¥’ in line 138,
Load$="0UTPUT Open-circuited"
L2=5E-9
L4=.0000000100
L5=8
L&=1.50E-4
L7=8
L&=4.4E-8
L9=@ | HNote: Check walue of “Load$’ in line 134,
Cinput=2,8E-12
Ci=Cinput~-2
C3=Cinput~ 2
CS5=5E-8
C6=3.17E-12
7=5E-8
Coe=1E33 ! Hote: Check value of “Load$#’ in line 136.
COPP$="H"
PRINTER IS @
BEEP

INPUT * Do vou want a copy of the schematici Yes or No? ",Copy$

IF UPC$<(Copy$(1.988,1.808]>="Y" THEN 350
GOTD 878
FPRINT ,LINC1@)
PRINT TAB(29),"Component Yalues"
PRINT "M
PRIWT "
FRIMT TABC18),"Branch";TRAB(31),"R";TRE(43), "L";TAB(SS),"C"
PRINT |
FLOART 2
PRINT TRBC(2@),"1";TABCZY),"";TAB(29)," " TAR(S1>,C1
PRINT TAB(28),"2";TRB(27),R2;TRB(39),L2; TARB(S51),""
PRINT TRB(2@G>,"3";TAB(27),"";TAB(3%9)," """ TARB(S51>,C3
FRINT TAB(Z28),"4";TRB(2V),R4; TAB(39),L4; TABCS1O>,""
PRINT TAB(2@8),"S";TABC(27),RS; TAE(39),L5} TAE(S1),C5
FRINT TAE<Z@),"6";TABC27),RE;TAR(39),L6TABLSL),CE
PRINT TRB(28),"7";TRB(27),FR7:TRB(39),L7; TRE(S1),C7
PRINT TRB(ZG),"S"'TRB(z?J,E3;THB(39),L3;TRB(51),“"
PRINT TAB(20),"S";TAB(27),~3; TRBC(39),L9; TAB(S51),C3
PRINT |
PRINT |
PRINT !
PRINT SPAHC3);
FOR P=1.006 TO 18

PRINT CHR$(228);5PR(2),CHR$(236);SPAC2),CHR$(228);
NEXT P
FRINT !
PRINT !
PRINT !
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616 PRINT " Rcé ce"

6208 PRINT * ---l\/\___‘l___n
€38  PRINT * "
£48  PRINT * "
658  PRINT " R2 L2 R4 L4 RE L6 RS L8"
€60 PRINT * ym———— s J00-=== NN =000-- ==~ INSN==000-———— IN/N==000---0"
678  PRINT * "
€38 PRINT * .
698  PRINT " CS === -—-- C7 AN
7@  PRINT " == oL RS e
718  PRINT * c1 c3 | | t
LI’
728 PRINT * -— ——- ’ / [ *
738 PRINT * m—e - RS ~ R? 0
UII
748 PRINT * Zin=-=> ’ ’ Ly a"
758  PRINT " | | o
HII
76@  PRINT | | "
778 PRINT " 0 0
Il"
768 PRINT " | | LS 0 0 L7 €9 ---
798 PRINT " | | 0 ) —
68 PRINT * "
818  PRINT " Gnd. "
g2 PRINT * it o"
838  PRINT !

2408 PRINT PAGE
854 PRINT !

SE0 PRINT !

37a PRINTER IS 16
=2=1 Bands$="L"

899 PRINT " Low band = 18kHz to 198 MHz"
988 PRINT " High band = 186MHz to 1S5 GHz"
J1a BEEF

Sza INFUT "Do vou wish the Low band or High band?",Band$

234 PRINTER IS 8

240 Output $="L"

258 Againg="Y"

968 INPUT "Do wou wish to List data, plot Impedance & Fhase, plot Attenu
ation, or Stop ?",0utput$

ave IF UPC$C0utput$ll.06,1.8812="1" THEH 998

agG IF (UPC$(Outputdli.08,1.83]1>="L") OR (UPC#(Output$(l.08,1.086]1,="A"> THEH 1
a1a

998 INFUT "What is the Maximum Iwmpedance wvalue for the Plot?",B

1@@@ FOR P=1.86 TO 2

1816 IF UPC$(Fand$[1.06,1.661>="H" THEN 1138

igzé FOR Y=1.,080 TO 4

1638 IF Y<4 THEN 1@7a

1648 FOR X=1.0806 TO 14

1858 IF <(X>5) AND (2*¥ MOD 2<{>B> THEN 1658

1868 GOTO 1238

1878 FOR X=1,98 TO 9 STEP .1889

1880 IF <(UPC$(Qutput$[1.86,1.881>="1"> AND (X=1,80) AND (Y=1.88) AND (P=1i.88> T
HEN GOSUB Graph

1898 IF (UPC#$<{0Output#$(1.66,1.881>="R") AHD (X=1.86) AND (Y=1.88> THEN GOSUE Gra
ph

1188 IF (X>S)> AND (2%xX MOD 2<>8> THEN 1&5@

1116 IF (UPC$# Output$(1.90,1.80815="A")> OR (UPC#$(Qutput$(1.96,1.881)="1I") THEN 1
248

1126 GOTO 123@

1138 FOR ¥=5 TO 7

1146 IF ¥<7 THEN 1138©

1158 FOR X=1.88 TO 18 STEP .5



1168 IF (UPC$<(Band$[1.80,1.881>="L"> AND (X>5> AND (2#*¥ MOD 2<{>8> THEN 1&350
1179 GOTO 1236

1188 FOR ¥=1.00 TO 9 STEP .S

1198 IF (UPCH(Output$l1.00,1.863)="1") AND (X=1.88> AND (Y=5) AND (P=1.8@8) THEN
GOSUB Graph

1266 IF (UPC$(Qutput$dl1.89,1,883="A") AND (X=1,8682 AND (Y¥=5) THEN GOSUE Graph
1218 IF <UPC$(Band$[1.09,1.881:="H") AND (X>7> AND <2*x MOD 2<>B> THEH 1&38
1220 IF (UPC$(Qutput$[1.068,1.861>="A") OR (UPCH(Output$(1.88,1.0@8]1>="I") THEN I
248

1226 PRINTER 1S @

1248 Fi1=18~(Y-3)%1E6

12586 Freqg=X#F1

1268 IF <UPC$(Output$(1.84,1.8a1>="A") OR (UPC$(Output$(1.806,1.0886]1>="1I"> THEN G
O5SUE Calc

1278 IF CUPC$COutput$(1.86,1.881>="1") AND (P=1.86)> THEN GOSUB Flot_imp

1286 IF CUPC#H(Output$l1.88,1.861>="1") AND (P=2) THEN GOSUE Plot ang]e

1298 IF UPC#(Outpur$ll.0Q, 1 @alx="RA" THEN GOSUB Flot_atten

1368 IF cUPC$COutput$(1.88,1.08))="A") OR (UPCH(Output$ll,.B0,1.0035="1"> THEN 1
558

1318 IF UPC$<(Band$(1.80,1.8810="H" THEN 1340

1320 IF ¢é>1.88) OR (Y>1.8@) THEH 1428

1338 GOTO 13580

12498 IF (¥>1,88) OR (Y>3> THEHN 1428

1356 PRINT TAB(1S),Types$:" - "jLoad¥

1268 PRINT !

12378 PRINT !

1288 PRINT TAB(E); "Fregquency";TRE(21);"Impedance" ; TRB(35>" Atten us
1398 PRINT TRBC(49);" Itotal "sTRAE(EEX "  Eout "

1488 PRINT TREC2);"(MHz)";TRECZZ); "(ohms " TREC33; " (dB»"

1418 PRINT !

1428 IF Freq>»1.5E1@ THEH 1€€8

1438 IF Fregr=1ES THEN 1598

1448 IF Freqg»=1E7 THEN 1568

1458 IF Freq>=1EE THEN 1538

1468 IF Freq>=1ES THEHN 1568

1478 FIXED 4

1438 PRINT TRAB(8),Freq/1ER;

1498 GOTO 1618

1588 FIXED 3

1518 PRINT TRB(2),Freq/1E6;

1528 GOTO 1616

1538 FIXED 2

1548 PRINT TRE(7),Freg-/1E6;

1558 GOTO 1616

1568 FIXKED 1.80

1578 PRINT TAB(E),Freq-1E6;

1586 GOTO 1&61@

1598 FIXED @

16808 PRINT TRB(S),Freq/1E6;

1618 GOSUR Calc

1628 IF <UPC$(Output$(1.66,1,801>="1") OR CUPCH{Dutput$(1.08,1.088]12="A")> OR C(UF
CHFCOutput$l1.686,1,00)2="5") THEHN 16506

1638 FLOAT 2

1648 PRINT TRE(ZO),Zin; THEL(ZEY ,Atten; TRE(S@); I1total s TRECES) , Eout
1656 HNEXT #

1668 HNEXT ¥

1678 IF UPCH(Outputsl1.09,1.80]10="L" THEHN 1718
1628  IF UPC$(Output$(l1.88,1.88713="A" THEN 172@
1638 HERT F

1788 IF UPC$(Outpurs[1.00,1.881>="1" THEN 1720
1718 GOTO 1318

1720 PRINT ,LINC18)>

17386 DUMP GRAPHICS

1748 EXIT GRAFPHICS

1758 PRINTER IS @

1768  PRINT PAGE
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BEEP

INPUT "Do you wish another Plot; Yes or No? “,Again$
IF UPC#(Again$él1.06,1.88]10="Y" THEN 9606

GOTO 4276

PRINT PAGE

PRINTER IS 16

INFUT "Do you wish a Plot; Yes or Ho? ",Again$

IF UPC$(Again$l1.60,1.861>="Y" THEN 9c@

GOTO 42386

Graph: !

PLOTTER IS "GRAPHICS"
GRAFPHICS
SETUL
LOCATE 1@,118,18,85
IF UPC$C(Band$[1.26,1,.88]1>="H" THEN 1948
SCALE ©8,4,0,15
GOTO 1958
SCALE @,3,0,1%
Fi=1@~(Y=-32#1E&
GRID 1.88,1.86
FOR N=1.88 TO 9
GRID 1.86,0,LGT(H>,B
NEAT H
IF UPC$<PBand$(1.086,1.8681:="H" THEHN 2678
MOVE -.12,-.8
LAEBEL ".@1 e | 1.0 18 1aa"
MOVE 2,-1.5
LORG S
LABEL "Freguency - (MHz>"
GOTO 2128
MOVE -.88,-.8
LABEL "1@8 1868 16aaa"
MOVE 1.5,-1.5
LORG S
LABEL “"Frequency - C(MHz>»"
LORG #&
FIXED B
IF UPC$<Outpurs[1,.4a,1.808]="R" THEN 2538
CSIZE 2 1
FOR U= TO 15
MOYE .83,U
D=U*EB~15
LABEL D
HEX®T U
MOVE -.32,1,68
DEG
LDIR 9@
LORG 4
IF UPC$(Band$[1.0608,1.8813="H" THEN 2298
MOVE -.33,7.5
LABEL "Input Impedance in Ohms <(solid linel"
GOTO 2316
MOVE -.23,7.5
LABEL "Input Impedance in Ohms (solid line)"
LDIR @
LORG 2
IF UPC$(Band$[1.98,1.881>="H" THEN 2468
FOR E=2 TO 14
F=15%C(E-2,-908
MOYE 4.05,E
LABEL F
NEXT E
GOTO 2450
FOR E=2 TO 14
F=15%(E-2)-90
MOVE 3.85,E



24386 LABEL F

2448 HNEXT E

2458 LDIR 99

2468 LORG 4

2478 IF UPC$(Band$(1.80,1.881>="H" THEN 2518
2439 MOVE 4.4,7.5

2498 LABEL "Phase Angle in Deg (dotted lined"
2588 GOTO 2538

2518 MOVE 3.3,7.5

25280 LABEL "Phase Angle in Deg (dotted line>"
2538 IF UPC$(Output$(1.00,1.881)="1" THEHN 2680
2540 FOR U=0 TO 15

255@ MOVE .83,U

2560 G=180-10=U

z578 LABEL G

2588 HNEXT U

2598 DEG

2e60@ LDIR 90

26180 LORG 4

2628 IF UPC#(Band#[1.68,1.08@]1)="H" THEN Z&cd
2638 MOVE -.33,7.5

2648 LABEL "Attenuation (dB)"

2658 GOTO 2680

2668 MOVE -.24,7.5

2678 LABEL "Attenuation (dB>"

26280 LDIR ©

269@ IF UPC$(Band$[1.86,1.88]>="H" THEN 2728
2788 MOVE 2,17.5

2718 GOTO 2736

27286 MOVE 1.5,17.5

2738 CSIZE 6

2746 LORG S

2756 LABEL Type#

2768 IF UPC#(Pand$[1.08,1.801>="H" THEN 2798
2778 MOVE 2,16

2788 GOTO 2308

2798 MOVE 1.5,16

2888 CSIZE 3

2818 LORG S

2628 LABEL Loads

28328 RETURN

2848 Plot_imp: |

2858 LINE TYPE 1.00

2e68 IF UPC#(Band$([1.86,1.88]1>="H" THEN 2898
287a IF (®¥>1,08) OR (Y>»1.88)> THEN 2910

2328 GOTO 2906

2890 IF (X>1.88> OR (¥>5» THEN 2918

29008 MOVE 0,0

2918 LINE TYPE 1.08

2928 PLOT Horiz,Vert_imp,-1.080

438 RETURN

£24@ Plot_angle: !

3583 IF UPC$(Band$[1.86,1.88]1>="H" THEN 2988
e LA IF (X>1.8@8) OR (Y>1.88) THEN 26286

297 GOTO 2990

2Ega IF ¢¥>1.@8» OR (Y>5> THEN 3028

2998 LINE TYPE 1.00

3@04 MOVE ©@,0

30180 GOTO 20830

3828 LINE TYPE 3

3836 PLOT Horiz,Vert_angle,-1.00

3648 RETURN

3050 Plot_atten: !

3668 IF Atten=99 THEN 3690

zeve LINE TYPE 1.08

3886 GOTO 3100
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3898 LIME TYPE 23

2188 IF UPC$<(Band#%[1.88,1.88]1)="H" THEHN 2136
3118 IF ¢X>*1.@8> OR <Y¥2>»1,88> THEM 31358

z128 GOTO 31486

31328 IF ¢¥>1.88> OR (%¥>5) THEN 215@

21486 MOYE ©,8

3158 PLOT Horiz,Vert_atten,-1.008

2168 RETURHN

3178 GOTO 4278

2188 Calc: )

3198 DEFARULT ON

2248 DEG

3218  Omega=zZ#*PI#Freg

228 IF UPC#(Type#(1.68,1.8815="MC2E871 Filter" THEH 3258
3238 RE4=R4+R4*LGT(Freq-1E42#%.,25

Zz48 GOTO 2268

2258 R4=R4

3268 Rx5=R5+.00800016889%Fregq 18066

3278 Rxe=RE+125%LE6%(1,.9E~14%Freqn2+48E-7#Freqg+3.0E-8%Freqi*LGT(Freg*.601)
3288 Rce=0

32%8 Rx7=R7+.000080108%Freq-/1008

33280 CxS=C5-CS5#*:1.006-1,80-LGTCFreq 1808824
3318 Cxe=C8

3328 Cx?=C7-C7*(1.808-1.06/LGT(Freqs1888)>12-4
3338 KHbrl=8

2Z48 Ybril=-1.88-{0mega%*Cl’

3358 HbriZ=R2

3368 Ybhr2=Omega*L2

3378  Hbr3=8@

2E80  Ybri3=-1.00-{0mega%*C3)

3398  Hbr4=R4

3408 Ybr4=0mega*l4

3418  Hbr5=Rx3

3428 YbrS=(O0mega~2#L5*Cx5-1.08@) (0nega*Cx3}
3438 Denomé={(RcE+Rx6)"2+(0mega*LE-1.080-(0Omega*Cxe) 12
34408 S1E=(RcE*RxE+LE/CxE)*(RcE+RxED

3458 Sze=(0Omega*le&*Rco-Rxe- - (Omega*Cxel 2% (0mega#LEe-1,88-(0mega*CxE1)
3468 Hbre=(S16+4528) Denomé

2478 S3E=(RcE+RxEI%#(Omega*LE*RcéE-RxE-/(0Omega*Cxi )
24588 S46=(RcB¥RRE+LESCxBI#(0Omega*lé-1,088-(0Omega*CxE))
3498 YbhrE=(S36-546) Denomé

2568  Rbr7=Rx?

3518 Ybr7=(0Omega~2#L7*Lx7-1,88) {0mega*Cx7)
3528 XKbr3=RE

2538 Ybr8=0mega*L3

3548 Rbr9=R9

3558 Ybr9=(0mega~2#L9%C9-1.608)-(0Omega*C9)

35668 Zbr9=SQR(Xbr3~2+Ybr9~2)

3578 Rbr89=Xbr2+Xbr9

3588 Ybr89=Ybr2+Ybr9

2578 Zbr89=30R(Xbr89 2+Ybra3.2J

3688 Denom78=(Hbr7i+Xbr89i~2+{Ybr?+Ybrg8g9)~2
3618 S179=(Xbr7+¥bri39)*(ibr7*Xbr89-Ybr7*Ybr89)
IE2A  S279=(YbrP+YbrE9 ) (Hbr7#Ybr89+Ybr7+4br89)
2638 Bbr79=(S179+52792/Denon?9

FE48 S5379=(Ybr7+Ybr83)+#<(Ybr7#Ybr89-¥br7*xbrg9:,
BE58  S479=(Xbr7+Rbr89)% (Xbr7?*Ybr89+Ybr7#Xbrg%2
3660 Ybr79=(8379+8479 ) Denom?9

FETE  Zbr79=SOR(Xbr73.2+Ybr79.2)

3688 Hbré9=Hbré+Xbr79

3692 Ybred3=Ybré+yVbr?9

2788 Zbré69=SQR{(Abré9-2+Yhbres~2>

3718 Denom39=(xbro+Xbredi~2+(YhbrS+Ybrgdr~2
3728 S159=(XKbrS5+Kbré9)#{({brS*#Xbred-YbrS*Ybred)
3738 S259=(YbrS+Ybre9)# (XbrS*Ybréd+YbrS4Kbreg)



Wbr59=0(S5159+8259 ) DenomS9
S259=(YbrS+Ybregd ) ¥ Vbr3*Vbre9-XbrSskbradl
S459=(HbrS+Rbreg ) £ HbrS¥YEre9+YbrS#bra9)
Yhr53=(52359+5459 ) DenomS9
ZbrS9=S0R(Abr39~2+Ybr59~2)
“br49=kbr4+xbrs9

Ybr49=Ybr4+Ybr59
Tbrd43=SGRCHbBr49-2+%Ybr 4920
Derom39={br3+8ibrd42) -2+ Ybr3+Ybr49i~2
S5139=CHbr2+Kbr43 ) (Kbr 3+ br49-Yhr3#Yor43:
S233=CYbr3+Ybra49 02 Ybr3¥kbr49+kbrIxYbr49:
Hbr39=(5139+52292lenom39
SA9=CHbrI3+ibr49 )2 (Ybr 2 Xbrd9+Eibr3sVbr49:
S433=CYbr3+Ybr 490 (Ybr3*Ybr49-Xbr3s¥br432
VYhr39=(3339+3439 ) lenom39
Zbr29=5ARCAbr39-2+Ybr39~22
wbr2g9=rbr2+xbr39

Ybr29=Ybr2+Ybra9
Zhr29=SRR{Kbr29~2+Ybra9e~2>
Denoml9=(Xbrl+xbr29r-2+i{Ybri+Ybr29,~2
S1ig9=ixbrl+ubr232# sbri*8br29-YbrilsYbra9:
S219={Ybrl+¥bra2o s (kbra23sYeri+kbrl#Ybr 292
Hbr19=05113+5219) - Denoml?

397 SE319=Csbrl+¥br22is<ibrzosvYbri+xbrisYbr29}
2988 S419=<Ybri+Ybr23)%(YbrisYbr29-8brlskbraal
3%98  Ybhrl19=(S53219+5419) Denaoml?

4888 Z2in=SQROEbBr1342+Ybr19423

4618 Itotal=EinsZ2in

4828 I29=Ein-Zbra?

4338 EZ9=I129%Zbr39

4846 142=E39-Zbrd9

4358 ES9=149*#ZbrS9

4@aea  [E9=E53-Z2bre9

4878 EF9=189%Zbr79

4@28 [29=E79-Zbrg9

4098 Eout=189%Zbr9

4188 Angle=ATH{Ybr12-Xbr1932

4118 Atten=28*LGTCEinsEout

4126 IF CUPC#cOutput$(l.88,1.88]1="A") 0OF C(UPCHFOutput$Fll.86,1.86870="1"2 THEH 4

ol e O 00 D0 00 J0 00 00 00 00 Q0 = s o] v )

L

ol v
LU TS P S (i e BT et B O ) B S i T W T (R 0 S L

R0 E00 000500000000

DN W P T R R W I R B IR P B P R 1 O X %

(Y]

41328 GOTO 4174

t14@ IF Atten»=%% THEH 41c8
1158 GOTOD 4178

1168 Atten=9%

178 IF UPC#(Band#$[(1.88,1.86812="H" THEHN 4268
41368 Horiz=LGTiFregqlr-4

4198 GOTO 4220

1288 IF Freg>»l.5E18 THEHW 4288
4218 Horiz=LGTiFreq:-8

4228 Vert_imp=13%ZinsE

4238 Vert_angle=Angles15+2

4248 Wert _atten=13-C(Attens1@+350
4258 DEFRAULT OFF

1268  EREETUREHN

4z7d  PRIMTER IS 18

4228 EMD
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Appendix D

Component VYalues

Branch R L C
1 1.88E-12
2 B.80E+88 S.8BE-B89
b 1.886E-12
4 B,B8BE+30Q 1.B88E-88
=] 7.BBE-81 0.BRE+00 S.QBE-@8
& 2.ABE-B1 1.586E-84 8.17E~-12
7 7.88E-01 @.88E+B0 S5.008E-8%
2 A.808E+D0 4.48E-88
9 1.88E+15 8, 88E+80 1.8BE+32
RcéE Ce
———'\xx---||---
R2 L2 R4 L4 ‘ RE LE ‘ RE LS
Ym——— %/N\N=000==== N/ --000-—=—- ’\fx——DUD——]——'\f\——DDD———o
LS —l - cv? s
- - r9
o1 (Rge) | | s
- - s 7 |
i i RS . N R7 0
Zin==3 s V4 Le 0O
(I
0 0 I
LS 0 0o L7 €8 ===
0 0 -———
Gnd. |
) ___________________________________________________________ o
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MC2871 Filter — OUTRUT LOAD - 1@k OHMS

Fregquencoy Impedance At ten ITtotal Eout
CHMHz ) Cohims? tdE 2

LElEa 1.57E+82 -2.61E-81 E.32E-23 1.82E+B4
LA15e 1.87E+82 -5.FeE-81 %, 3BE-B3 1.8FE+08
LEzEe T.95E+01 -1.82E+00 1.26E-8B2 1. 12E+94
LB2EE B.21E+A] -1, B4E+EH 1.61E-B2 1.21E+44
s beda 4,37E+81 -2, 44E+BH Z.81E-B2 1.32E+08
LBAR5E 4.8RE+E1 -3.4%E+84 Z2.58eE-82 1.43E+B8
L E4aa 3. 137E+81 -4, 87E+88 2. 13E-82 1.73E+34
(S Swps 2.47E+E1 ~&. PSE+GR 4. @5E-82 2. 17E+B8
HEEE 1.79E+81 -3, 47E+E0 S.E6B8E-B2 2., 97E+R8
HEaEag F.BAFE+84 ~2.52E+81 2. 23E-81 1.283E+81
HrEa 2.85E+81 ~1.89E+81 4. 27E-BZ 3.0BE+88
HEEE 9. 13E+81 -3.47E+808 1.18E-82 1.43%E+B4A
JA9E0 Z.3BE+R2 2.7TE-81 2.57E-8% 3,.84E-81
168 3. 7TRE+A1 4.84E+80 1.82E-82 6. 22E-81
1568 3.18E+81 1.26E+81 3.22E-B2 2. 18E-81
Apelals) 2.88E+81 1.92E+81 4.S91E-82 1.83E-a1
258 1.68E+81 2.34E+91 €. Z6E~82 B. TEE-B2
L 2EE 1.31E+81 2.67E+81 T.EBE-B2 4.62E-82
» 35 1.11E+81 2.95E+81 9. B82E-82 3.3VE-B2
GaE A E4E+BA F.12E+01 1.84E-81 2.597E-82
458 2, S4E+008 3. 39E+R1 1.17E~-81 2.82E-82
SaE T.EFE+EH 2. 8VE+AE1 1.38E-81 1.64E-8B2
a6 &.37E+8G . 8%E+81 1.57E-61 1.14E-8B2
rEa S.45SE+808 4. 15E+81 1.22E-81 2. 383E-83
aee 4, 77E+8R 4.38E+81 2. 18E-81 &.44E-B3
Qa6 4. 23E+88 4.58E+41 2.38E-81 S.11E-83
1.08 2. 81E+88 4.7eE+@1 2.EZE-B1 4. 1€6E-83
1.54 2.592ZE+@8 S.44E+81 3. 98E-01 1.5%8E-832
2,08 1.58E+88 5.92E+81 S.32E-81 1.18E-83
2.58 1.4%9E+808 E.28E+61 E.7P3E-81 T.27E-84
2,048 1.23E+88 . SYE+D] 2.14E-41 S.1TE-B4
Z.508 1.B85E+4808 B.23E+01 B+ 98E-B1 3.E3E-84
4, B4 3. 1%E-01 T.03E+01 1.83E+B4G 2. 9RE-B4
4. 58 a2, 27E-81 T.32E+81 1.21E+84 2. 19E-84
5. 68 F.e3E-01 7.58E+81 1.31E+84 1.61E-84
s F.EEE-81 2. 2eE+D1 1.42E+38 F.42E-B35
7.8 7.H2E-81 3. 72E+@1 1.41E+64 1.38E-85
.88 7.43E-681 3, 17E+@1 1.23E+84 2.568E-85
9. Ba 2.14E-81 2.58E+81 1.23E+08 5. 13E-85
14,48 Z.9%1E-81 2. 34E+81 1.12E+44 £.PIE-B5
28,8 1.82E+88 2. B8E+81 S.47E-a1 1,88E-04
8.8 2. TIE+BE T.97E+E] 3.59%E-81 1.83E-94
43,8 2.74E+08 Y.35E+81 Z.67E-81 1.84E-64
SE.a 4.7AE+@4E T.95E+81 2.12E-81 l1.85E-a4
= S.EeSE+EA F.95E+81 1.77E-81 1.85E-84
vE.a £.G1E+BH8 F.25E+81 1.51E-#1 l.86E~-84
2@, 8 T.SEE+EE 7.95E+E1 1.32E-81 1.66E~84
i, 8 2.593E+08 T.35E+a1 1.17E-81 1.88E-04
1ed F.49E+B8 F.94E+81 1.85E-81 1.87E-64
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