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FILTER CHARACTERIZATION 

Charles P. Stanton 
Electrical Components Division 2153 

Sandia National Laboratories 
Albuquerque, New Mexico 87185 

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 resi s tors, inductors, and capacitors. They are distin -

guished from 

values which 

distributed 

may be in 

networks such as a coaxial 

infinitely small increment s . 

line having 

A l umped-

element network, meanwhile, may have similar aggregate values bu t 

they will not be distributed along a significant electrical line 

length. These lumped elements frequently have character i s tics 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 basi s 

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. 



R L 
INPUT >>--7rt-l"-~~~-l.,--t.--,.> OUTPUT 

I I WHERE: 
EI TC 

CT Eo 
R =.20 Ohm. 
L = lS0 I' H 
C = .05 I' F 

;, 1 _ _ 1 > 
7 

Figure 1 

The vo ltage response of Figure 1 is 

and i s plotte d 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 be l ow 100 kHz . 

Full Model Configuration 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 location and va lue of 'parasitic ' 

elemen t s . 

A complete mode l of the MC2871 will look like Figure 3 to the extent 

that parameters are measurable or predictabl e . 

INPUT 

Ej 

R2 L2 R4 L4 

-, Cil2 __ CI/ 2 

WHERE: R2 = R4= o n 
R5 =R7 =.70n 
R6 =.200 n 
R8 = 0 
L2 = 5 nH 
L4 = 10 nH 

R6 

r C5 

R5 

L5 

Figure 3 

C6 

L6 R8 

_, C7 

R7 

L7 

L5 = L7 = 0 
L6 = 150 !l H 
L8 = 44 nH 
Cj =2 pF 

L8 

C5 = C7 = .05 !IF 
C6 = 3 .17pF 

OUTPUT 

Eo 
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At frequencies below about 5 MHz, the model of Figure 3 may be sim

plified to that of Figure 4. 

C6 
I 
, I 

R6 L6 
INPUT 

C7 ~ J 
OUTPUT 

EI rCS T f > 1 > 

~ 
Figure 4 

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

L2 R4 L4 C6 R8 L8 
INPUT > ,...,..,..., 

1~=¥C5 I OUTPUT 

r ICil2 ,-C7 

R5 R7 
Ei < Eo 

L5 ) L7 

Figure 5 

In the frequency range from about 2 MHz to 20 MHz, it is necessary 

In this range, to consider the model as it is shown in 

the impedance of C6 begins to predominate 

Figure 3. 

that of R6 and L6 and also 

the impedance of elements Ci, L2, L4, and La start to become 

significant. 
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The models in Figures 1, 3, 4, and 5 a ll assume a perfect ground 

return connection having ze ro r es istance. This r es istance value is 

a function o f the mechanics of mounting and the condition of the 

metals o r oxides at that mechanical interface. This resistance is 

the result of a n effect not entirely associated with t he filter 

alone , so will not be considered here . Other expe r imenters have 

studied this effect to some degree and it probably merits further 

study. 

Figure 6 s hows pic tor ially what physical parts compr ise the var ious 

electr ical elements of Figure 3 . The ground return is picked up by 

the filter shell into which the parts are assembled and wh i ch is not 

depi~ted in this figure. 

TERMINAL I cal L6 I C7 I TERMINAL 
I I I I 

~ :n m :D:[F 
I I I 

I C6 I I 

INPUT >>----,,--.-~~-.-~i :1 ~ I: : ~~-3» OUTPUT r I CI/ 2 I CII2 cs l l R6 L6 I I lC7 i r ' -r '1 -'- , 
RSI I I IR7 

Eo Ej 
Lsi I 1 I 

! 
1 1L7 I I I 

I 1 \J I I 

Figure 6 
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"Description of Appendice s 

Appendix A li sts the directly measurable parameters of the filter 

types covered by this paper. 

The derivation of Equation I 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 is 
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 sect~on 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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APPENDIX A 

TABLE 1 

MC2867/ MC2868 MC2871 MC2944 
MC3288 

---------------------------------------------------------------------
R2 o . o n o.on o. o n .7 12 

R5 .7n .7 12 .7 Q .7 12 

R6 .045 12 .024 12 .200Q .009 Q 

R7 .7n .7Q .7 n .7 Q 

L2 5.0 nH 5.0 nH 5 . 0 nH 20.0 nH 

L4 10.0 nH 10.0 nH 10.0 nH 10.0 nH 

L6 90.0 "H 45.0 "H 150.0 "H 1. 24 "H 

L8 5 3 . 0 nH 50.0 nH 44.0 nH 79.0 nH 

Ci 1.5 pF 1.5 pF 2.0 pF 1.5 pF 

C5 . 15 "F .10 "F .05 "F .05 "F 

C6 4.74 pF 3.40 pF 3.17 pF .54 pF 

C7 .15 " F .10 "F . 05 "F .05 "F 
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APPENDIX B 

Derivation of Equation 1. 

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

R L 
> f I ¥A ryy-, 

CI f :> 

Ej 

TC Eo 

> 1 T 1 :> 

the voltage attenuation A is given by the relationship: 

14 

El 
A = 20 log Eo dB, where: Ei = the voltage applied to the input. 

A = 20 log (Ie (:~)) dB 

(
E. we) 

= 20 log ~c dB = 

EO = the voltage appearing across the 
output capacitor. 

20 log 
Ei wC 

dB 
Ei 

(WL- ~r ,,;C 
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3ee 
31e 
n. 
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". 
36e 
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APPENDIX C 

ThE" n""ljIE" of t.hi s ,:. .... o gram i s " An l y :z:M , Orig in .. l 4-15 - 1981. 
DIH Eout ( lee ).Xbr19 ( 100 ) . Yb r I9 ( l e0 ).Zin( lee ) . An91 ~(l ee ) .Atten ( 100 ) 
DIM T yp~$[~e].Loa.d$[6e] 

TypeS·"MC297t Filter" 
Ein=1.0e 
R2=(j 
R4=0 
R5= . 70 
R6= . 2 
Rc6:0 
R7"'.79 
RS",e 
R9=lE15 ! Hot~: Check v .;,.lu€ of ' Loadf ~ in 1 ine 130. 
load$;"QUTPUT Open-c j .... c~d ted" 
L2"'~E-9 

L4= .0eeeeeelee 
L5:0 
l6:1 . S0E-4 
L7:0 
LS=4.4E-S 
L9:0 ! Not~: Check valu~ of ' Loa.d$ ~ in line 130 . 
Cinput"'2 . 0E-12 
C!:C input / 2 
C3=Cinpvt .t 2 
C5 =5£-8 
C6=3 . 17E-12 
C7=5E-8 
C9"'IE33 ! No t e: Check va. lv," of ' lo.ad,J - ;n line 13 121 . 
Co py$="N " 
PR I NTER IS 0 
BEEP 
IHPUl " Do yo u wan t .a copy of' t he- sch"'lIIatic; Yf!$ or No? ",Copy ' 
IF UPC$ ( Copy'(l.ee.l.eel ) ."Y~ THEN 350 
GOTO 870 
PRINT ,LIH ( 10 ) 
PRINT TAB ( 2 ~), "Component Va'I"j"'~~ 

PRINT "" 
PRINT 
PRINT TAB ( 18 ) . "Branch" j TAB (3 1 ) . uR" j TAB ( 43). "L" ; TAB05S ) , "C" 
PR INT I 
FLORT 2 
PRINT TAB ( 20 ) . "1~ ;TAB ( 2 7) , "" ;TAB ( 39 ) 1 ~· ;TAB ( Sl ) ,Cl 

PRINT TAB (2 e ) , ~ 2~ ;TAB ( 27 ) ,R 2 ;TAB ( 39 ) ,L 2 jTAB ( Sl ) . "· 

PRINT TAB ( 20 ) , "3" jTAB C27) , "" jTAB C3 9 ) ," " jTAB ( S1 ) , C3 
PRJ NT TAB ( 20 ) 1"4"; TAB ( 27), R4; TAlI ( 39) ,L4: TAB ( S1 ) ,"" 
PRINT TAB ( 20 ) ,"5";TAB(27 ) ,R5jTAB C3 9 ) ,L5jTAB C51 ), C5 
PRINT TAB ( 20 ) 1"6"; TAB ( 27 ) . R6; TAlI(39 ) , L6; TAB eSt ) , C6 
PRINT TRB (20 ) , "7" ; TAB C2?>. R7; TAB ( 39) , L7 i TAB Cst ) , C7 
PRINT TAB(20 ) , . 8"; TAB(27 ) , ; 3; TRB O') , L8: TAB eS!),"" 
PRINT TAB ( 20 ) , " 9· ;TAB < 27 ) , ~ 9 ;TAB < 3, ) , L9 ; T AB ( 51 ) ,C9 

PRINT ! 
PRIHT 
PRINT 
PRIHT SPF! ( 3 ) j 
FOR p=l.ee TO Ie 

PRINT CHR$ ( 228)jSPA(2 ) ,CHRf<236 ) ;SPA ( 2 >,CHR$ (228); 
NEXT P 
PRINT 
PRIHT 
PRINT 
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1 6 

6'. Rc 6 C6 " 
620 
63. ... 
65. 

___ 'v' _ __ II ___ M 

R2 l 2 R4 L4 I R6 L6 I: R8 LB" 
6 •• 

PRINT 
PlUtH ~ 

PlUtH 
PRINT 
PRINT 
PRIHT 
PRINT 
PRIHT 
PRINT 
PR I NT .. 
PR I NT .. 

>----- " ,,,,. 100-- -- " '1"'-- 000- - - -- " '/' --000 -----"/' - - 000---0 " 
67. 
.8. I I I:: 
6 •• 
7 •• 
71. 

L" 
72. 
". 

0" 
74. 
75. 

A" 
76. 77. 

D" 
760 

7 •• 
" 

PRINT 
PRINT 

PR INT 
PRINT 

PR I NT 
PRINT 

PRJi'll 

PRINT 

C' 

21n-- > 

C5 

C3 

L5 

, 
, 
, 

I 
o 

o 

o 

, 
, 
, 

I 
o 

C7 

"' 

o L7 

o 

," 
•• '" , 

I" 
0 

L. 0" 
0 

I" 
C9 

8 •• .,. PRItH 
PRINT 
PRINT " 

Gnd. I I I:: 
82. 
83. 
84. 
85. 
8 6. 
87. 
.8. 

PRINT ! 
PR I In PACE 
PR I NT ! 
PRINT 
PRINTER I S 16 
Ba.nd$- " L " 

>---------------------------------------------------------0· 

8 •• PRIN T Low band::: 10kHz to 100 MHz" 

••• .,. 
.2. 
n. 
' 4. 
.5. 

FRItH " Hi9h band ::: 100J1Hz to 15 GHz" 
BEEP 
I HPU T "Do y ou wi $1'1 thE' Lo w baond or High band?" . BandS 
PRINTER IS '" 
Ou"tput$:o: " L" 
Again$""Y " 

9613 INPUT "Do yO~1 wi:l-h to List da.ta., plot I mpedanc~ &. Ph ... ~r- , plot Attenu 
at-ion, or Sto p ?" , Oll tPUt ' 
970 IF UPC $ ( Output$[1.00, 1. 00J)=ur u T HEI~ 99121 
9 8 0 IF ( UPCJ: ( Olltput$[1 . 00 ,I. e0)="L U

) OR ( UPCS ( O ~ltp'l tS[I. 0e ,I. 00) ) ""A") THEI-! 1 .,. 
99121 IN PUT "loIhoilt is the Max imum I mp",d a nce v alue" for thE' Pl o t ? ",B 
1000 FOR p-I . ee TO 2 
101 0 IF UPC$(BoilndS[1. 0e,t.OeJ)=u Hu TH EN 113121 
112120 FOR V- t.ee TO 4 
1030 IF V( 4 THEN 11217121 
11214121 FOR x- I.ee TO Ie 
10~e IF (X) ~ ) AND ( 2* X MOD 2()e) THEN 165e 
11216121 GO TO 123121 
11217121 FOR X:l.0e TO 9 STEP .100 
lese IF ( UPCS ( Output$[I.eO,I . OO] ) ="I" ) AND (X"'I.00 ) AND (V"'I.ee ) AND ( P "' I . 00) T 
HEN GOSUS Graph 
1090 I F (UPC$ ( Output $[I. eO,l . eOJ ) ="A ~) AND (X:l.e0 ) AND (V"I. 00 ) THEN GOSUB Gra 
ph 
Ilea IF (X ) ~ ) AND ( 2* X MOD 2()0 ) THEN 165121 
11le IF ( UPC:f ( O ... tput$[ 1. €Ie, t.Oe)=uA" ) OR ( UPC$(O ... tputS( I. €Ie, 1. OOJ)~"I ") THEN 1 
24. 
1120 GO TO 12313 
1130 FOR Y=~ TO 7 
1140 IF Y( 7 THEN 1 18121 
lisa FOR XR1 .ee TO 10 STEP . 5 



1160 IF ( UPC$ ( SandtCt.ee,1.09] ) = " L") AND (X) 5 ) AND <2 * X MOD 2 <> 9 ) THEN 1659 
11 79 GO TO 1230 
11 80 FOR X ~ I.00 TO 9 STEP .5 
1190 IF ( UPC$ ( Ol,oltpl,oItf.C1.00, 1.e0)::"I") AND ( X= 1.00) AND (Y,. S ) AIm ( P:1.00 ) THEN 

GOSU B Graph 
\200' IF ( U P C$ ( Ol,ol~put$(1.(10', l.0'0 J)=" A" ) FIND (X =1.0B) FIND ( Y"'~) THEN GOSUB Graph 
12 19 IF (uPCf. ( B .. nd$(l.(10, 1 . 90] ) ="H" ) AND (X >7> FIND (2 * X MOD 2()0 ) TH EN 16 50 
122 0 IF ( UP C:f (Ol,olt pl,olt:f[1 . 00,1 . 00] ) :><" FI ") OR ( UPC$ ( Out putt Cl . ee,I.00] ) ="I" ) THE N I 

PR INTER I S 13 
FI=le A ( V-3 ) *IE6 
Freq:X .. Fl 

,." 
1239 
1240 
1 250 
1269 
OS UB 
1279 
1280 
129 0 
130 13 
650 

IF ( UPC $ ( Outpl,olt$ [ 1 . 00 ,I . eel ) ~ M A ") OR (u PC$ (Ou tpl,olt$(l.eB,1.00 ]) = " P ) THEN G 
C.a 1 c 

IF <UPCt:( Output$[1.0 0 , 1.00 » ;; MI ") AIiD ( p lE1. e0 ) THE N GOSUB Pl o t _imp 
IF (UPC $ ( OutputSCI . 00 ,1. 00)-"I") AND ( pz 2 ) THEN GOSUB P lot angle 
IF UPCS ( Ol,oltput $[t . 00,l . 0B]):"A" THEN GOSU B Pl ot a ttt' n 
IF <U PCt:(Outpu t $(I.0e,I.00 ] ) ,. " A" ) OR ( UPC$ (O utputSCI. e0, 1.130] ) ="1" ) 

13 19 IF UPC$ ( Ba nd$[1. 00,t.00] ) = " H" THEN 1340 
1329 IF ( X> I.0B) OR (Y ) 1.00) THEN 14 20 
13313 GO TD 13 50 
13 40 IF (X) I.00 ) OR ( V)5) THEN 14 20 
1350 PlUtH TAB ( 15 ) ,T y p e $; M - ";Load$ 
13 69 PRI NT! 
1370 PRINT 
1389 PR INT TAB ( 6 ) ; "Frt'quenc y" ; TAB( 2 1 ) ; " I fflpi'danc e"; TAB (3 5 ); " 
1399 PRINT TAB ( 4 9);" It o tal '' ;TA E( 6 6) ; '' Eout H 

1400 PR INT TAB (e) ; "( MHz )" ;TAB (22 ) ; "(ohm~ )· ; T AB (3S );" ( dS)" 

1410 PRlfH ! 
14 20 IF Freq > I . 5EI0 THEN 1660 
14 30' IF Freq >= IE 9 THEN 1590 
1440 IF Freq >"' IE7 THEN 1560 
1459 IF Freq >-IE6 THEN 1530 
14 60 IF Freq ) -IE5 THEN 1500 
14 713 FI XED 4 
1480 PRI NT TA BeS) ,Freq / IE6j 
14913 GOTO 161 0 
1500 FI XED 3 
1510 PRIIH TAB (S) ,Fr' IiI'q / IE6j 
1~20 GOTO 16113 
1530 FI XED 2 
1 ~ 40 PRINT TAB ( 7 ) ,Fr~q / lE6 ; 

1550 GOTO 1610 
1560 FI XED 1.00 
1 ~70 PRI NT TAB ( 6),Fr~q/ lE6j 

15813 GOTO 16113 
159 0 FI XED 13 
1600 PRINT TAB ( 5 ) ,Fre q / 1E6j 
1610 GOSUS Calc 

Atter: '" , 

THE N t 

1620 IF ( UP C $ (Output $ [1 . 0e ,I. 0e ] ) = " I ~) OR (UPC$(Out p ut$ (1 . 00.1 . 00 ] ) =" A~ ) OR (UP 
CI(Outp tlt$(I.00,1.00] )"'''$'') THEN 165 9 
1630 FLO AT :2 
1640 
1650 
166;) 
1670 
168 0 
1690 
17'210 
1 71 0 
1 7213 
1730 
17 40 
1 7513 
1760 

PRINT TAE ( 20 ) , Zi n ; TAB (36) , Atten; TAB ( S0 ) ; I tot a, 1 ; TAB <6S ) . Eout 
NE XT X 
NE XT V 
IF UPCS ( Outp u tS[1.00,I.001 ) ="L" THEN 1710 
IF UPC$ (Outpl,olt$[ I. e0 ,1. 00 1 ) ="A" THEN 1 72 0 
NE XT F' 
IF UPCf(Outpu t $[t.OO,1.00] ) ="1" THE~l 1 72 121 
GO TO 18113 
PRINT ,LIN Ue ) 
DUMP GRAPHICS 
EXIT GRAPHI CS 
PRINTER I S 0 
PRINT PAGE 
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18 

177 0 
17e0 
179 0 
IS00 
18 10 
182 0 
1830 
18 40 
18513 
1860 
1870 
18B 0 
1890 
1900 
19 10 
1920 
1930 
1940 
1958 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
20 60 
2070 
2080 
2090 
2 100 
2 1 10 
2 120 
2 130 
2 140 
2150 
2160 
2170 
21 8 0 
2 190 
2200 
22 10 
2 '<:2 e 
22313 
2240 
2250 
2260 
22 70 
2280 
2290 
230 (1 
23 10 
2320 
233 0 
23 40 
2350 
2360 
23 70 
2380 

BEEP 
I NPUT "Do y ou w i sh ~no thE'r Plot; Y ~ s 01' Ho? " , Ag-il. i n$ 
I F UPC:HAQ.i nU 1. 00, 1.een:>"y" THEN 96 13 
COTO 4270 
PR I NT PAGE 
PRINT ER IS 16 
I HPUT "Do you wish .... Plot; Y ~s or No? " , AQa i n$ 
IF UPCs< AQa i n$(1 . 00, 1 . 001 ) = "Y" TH EN 960 
COTO 4230 

Gr aph : ! 
PLOTTER I S " G RAPHI CS~ 

CRAPHICS 
SETUU 
LOCATE 10, 11 0 ,1 0,85 
I F UPC:J(Band$[ 1. (le, 1. 00])","H" THEN 1940 
SCALE O,4,O,1 5 
GOTO 1950 
SCALE 0 , 3,0, 15 
Fl·10~ <Y-3)tl E 6 

GRID 1 . 00,1.00 
FOR N"'I . 00 TO 9 

GRID 1 . 00,0 ,LCT ( N) ,0 
NE XT H 
IF UP CS<Band$( 1 . €1O, 1 . 001 ) = " 101" THEN 2(1 70 
MOVE -.12 , - . 6 
LA!lEL " . 01 .1 1.0 Ie 
MOVE 2 ,- 1. 5 
LORC 5 
LABEL "Fr~qu~ncy - ( MHz )" 
GOTO 2 120 
MOVE - . 0e , - . 6 
LABEL .. 10e 10e0 10eee " 
MOY E 1.5, - 1 . 5 
LORG 5 
LA BEL ~ Fr~qu~n c y - ( MHz ) " 
LORC 8 
F I XED e 
IF UPC$ ( Output1[1.00,1 . 00) ) = " A- THEN 2530 
CSIZE :3 
FOR U"'O TO 15 

MOVE . 0:3,U 
D=U*B/15 
LABEL D 

NEXT U 
MOVE - . 32 ,1 . 00 
DEO 
LD I R 90 
LOI;!C 4 
IF UPC$ ( Band$[1.00,I.eOl ) = " H" TH EN 2290 
~10 V E - . 33,7.5 
LABEL "I np l l t Impedanc e in Ohms ( sol id 1 i n ~ )" 

GOTO 23 10 
MO VE -.23,7.5 
LABEL " I nput ImpedancE' i n Ohms <sol id 1 i n e )
LDIR 0 
LORG :2 
IF UPCS( Ban d:H1.0et, 1.1313»= " 101 - THEN 2400 
FOR E=2 TO 14 

F-15*< E-2) - 9et 
MOV E 4.05,E 
LABEL F 

HEX T E 
2390 COTO 2450 
241313 FOR E"'2 TO 14 
2410 F"'15* ( E-2 ) -90 
2420 MOVE 3.0S ,E 

100" 



2430 
24 40 
2450 
2469 
2479 
2480 
24~0 

2506 
251'21 
2529 
2536 
254'21 
2550 
2569 
257'21 
2589 
25~6 
269'21 
26 10 
2626 
2630 
2649 
2650 
2660 
2679 
26813 
26~a 

271313 
2710 
2729 
273 £1 
2749 
275 0 
2760 
2770 
2780 
2790 
2800 
281 0 
2&20 
2830 
28 48 
2850 
2860 
28713 
2830 
2e~ e 

2990 
29 10 
zne 
. ::. ~0 
.t 9 49 
~ "' '5 ') 

,'"::l e O 
2 ':>('0 
,;: ,, 80 
2 990 
30ee 
'30 10 
3020 
383£1 
3040 
395'21 
3069 
3070 
398'21 

LAB EL F 
NE XT E 
LDIR 90 
LORG 4 
IF UPCS <Ba.ndH1.00,1.00J)s:"H" THEN 2510 
MOVE 4.4 , 7.5 
LABEL "Ph a. ... Angle- in Dl'g ( dott .. d I in'!')" 
GOTO 2530 
MOVE 3 . 3,7 .5 
LABEL "Phas l' Angle in De-'i! ( dottl'd 1 inE')" 
IF UPCS ( 0~tput S[1.00 , l. 00]);"I M THEN 26913 
FOR u- e TO 15 

MOV E .03 , U 
G"'10e - 18*U 
LAB EL G 

NE XT U 
DEG 
LDIR 98 
LORG 4 
IF UPCS ( BandH 1. 09, 1. 91'3]): "H" THEN 2660 
MOVE -.33,7.5 
LAB EL "Attl'n~~tion <dB )" 
GOTO 26813 
MO VE -.24 , 7 . 5 
LABEL "Attl'n~a.t; on ( dB )" 
LD HI: e 
IF UPCS ( B,andS{I . ee,I .0e] ) ="H" THEN 27213 
110 VE 2 ,17. 5 
GOTO 2738 
MOVE 1.5,17 . 5 
CS I ZE 6 
LORe; '5 
LABEL Type S 
IF UPCS( BandH1.ee,1.ee ])s"H" THEN 27913 
MOV E 2,16 
Ga TO 2888 
MO .... E 1.5,16 
CSIZE 3 
LORG '5 
LABEL Lo a dS 
RETURN 

Plot imp: I 
LINE TYPE 1.813 

IF UPC' ( B~ndS (I. 00, 1. 00 ] )=· H " THEN 289 '21 
IF (X) I.00 ) OR (Y) I.00 ) THEN 2910 
GOTO 291313 
IF (X >I . e0 ) OR (Y>S ) THEN 2910 
MO .... E 13 , 0 
L HIE TYPE 1. 00 
PLOT Ho~ i z, Y .. rt_;~p ,-1. 00 

RETURN 
Plot_angle: I 

IF UPCS ( BandU1.ge ,1. ge])""H" THE N 298'21 
IF (X ) I.00 ) OR (Y >I. 00) TH EN 3020 
GOTO 2998 
IF (X> I.08 ) OR (Y>S) THE N 3020 
LIN E TYP E I. £10 
MOVE £1,0 
GO TO 3030 
LItl E TYP E 3 
PL OT Horiz,V .. rt_.nglE' ,-1.00 

RETUR N 
Pl ot atten : ! 

IF Attl'n - 99 THE N 3090 
LI NE TYPE 1.00 

GOTO 3 1130 
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20 

3090 
311313 
3 11 13 
3 1213 
3 13e 
314e 
315e 
3160 
3 }70 
3180 
3190 
3200 
321e 
3220 
3230 
3 2413 
3250 
3260 
3270 
3280 
3290 
33130 
3 3 10 
33 20 
3330 
3340 
33 513 
3369 
3 3 79 
3389 
3399 
34130 
34113 
34 2 13 
34313 
34413 
34513 
3460 
34 7 0 
3 480 
34913 
3500 
3 510 
3520 
3530 
3540 
35513 
3560 
3570 
3580 
3 590 
36130 
3610 
3620 
3 630 
364 0 
36513 
366e 
3670 
36se 
3690 
3 709 
37 1€1 
37211 
3?3 11 

LIHE TYPE :3 
IF UPC$(Band$[1.00 , 1.00)="H" THEH 3 130 

IF ( X) I.00 ) OR ( V) I.00) THEN 3150 
GOTO 31 40 
IF ( X) 1.e0 ) OR (Y) 5 ) THEN 31 513 
MOVE e,e 
PLOT Horiz,Vert att~n,-1.00 

RETURN 
GO TO 42713 

Cal c : 
DEFAULT ON 
DEG 
OmeQa=2*P I*F req 
IF UPC" <Type$[ 1 • 130, I. (0)::" t1C2871 F; 1 t o?r'" THEIl 32513 
R4=R4+R4*LGT ( Fr~q/ lE4)* . 25 

GOTO 3260 
R4:R4 
R x 5~R5 +. e00000100*Freq/ 100e 

R x6=R6+125*L6*(1 . 9E-14*Freq ~ 2+8E-7*Freq+3 . eE-8*Freq ) +LGT ( Freq*.001 ) 

Rc6=e 
Rx 7"'R7+. 000000100*Fr'eq / 1000 
Cx 5= CS-CS* ( I . eO-I . OO/ LGT ( Freq / 1000 »/4 
Cx6:C6 
Cx7=C7- C7* ( 1.ee - I.00 / LGT ( Freq / 1000 » / 4 
Xbrl""0 
Ybrl"'-1.e0 /( Omega*Cl ) 
Xbr2=R2 
Ybr2::0mega*L2 
Xbr3=0 
Ybr3=-1.0e / (Omega*C3 ) 
Xbr4=R4 
Ybr4=Omega*L4 
Xbr5a Rx5 
YbrS""(OmegaA2*LS*C xS-t.e0 )/( Omega*C x S ) 
Denom6· ( Rc6+R x 6) A2+(Om~ga*L6-1 .0e/( Omega*Cx 6 »A2 

S t6=(Rc6*R x 6+L6 / Cx 6 ) * ( Rc6+R x 6 ) 
S26= ( Omega+L6*Rc6-R x 6 / ( Om~ga*Cx 6 » * ( Omega*L6-1 . e0 / ( Omega*Cx 6 » 

Xbr6= ( SI6+S26 )/Denoro6 
S36=(Rc6+Rx6 ) * ( Omega*L6*Rc6 - Rx6 /( Omega*C x 6 ) 
S46= ( Rc6*Rx6+L6/Cx6 ) * ( Om~ga*L6 - 1.e0/( Omega*Cx6 ») 

Ybr6: ( S36-S46 )/D~nom6 

Xbr7=R x 7 
Ybr7~ ( Om~gaA2*L7*Cx 7-1 . ee ) / ( Omega*Cx7 ) 

Xbr8=R8 
Ybr8=Omegai-L8 
Xbr9=R9 
Ybr9~(Ome9a~2*L9* C9-1.0e )/( Omega*C9 ) 

Zbr9=SQR ( Xbr9 A2 +Ybr9 A2 ) 
Xbr89=Xbr8+Xbr9 
Ybr89-Ybr8+Ybr9 
Zbr89 =SQR (X br89 A2+ Ybr89 A2 ) 
D ~nom79·(Xbr7+Xbr89 )n2+ (Ybr7+Ybr89) A 2 

S t 79" (Xbr7 +Xbr89 ) i- <X br7*Xbr89-Ybr7* Ybr-89) 
52 '79: (Ybr 7+ Ybr89 ) * (Xb r 7 * Vb r-89. Ybr 7* Xbr89) 
Xbr7S1-(SI79+S279 )/Denom79 
S379*(Vbr7 +Ybr89 ) i-(Ybr7*Ybr89-Xbr7* Xbr89 ) 
S479"' ( Xbr7 +Xbr89 ) * <X br7* Ybr89+Ybr7*Xbr89 ) 
Ybr79- <S379 +S479 )/ Denom79 
Z br 79~SQR(Xbr79 ~2+Ybr7 9 ~ 2 ) 

Xbr69-Xbr6+Xbr79 
Ybr69=Ybr6 +Ybr79 
Zbr69~SQR (Xbr69 ~ 2+Ybr69A 2 ) 

DenomS9:( XbrS+Xbr69 ) A2+ ( Ybr5+ Ybr69 )A 2 
S159- ( XbrS+ Xbr69)4(XbrS*Xbr69- Ybr5* Ybr69 ) 
S2S9~ ( Ybr5+Ybr69 ) * (XbrS*Ybr69+YbrS*Xbr69 ) 



3740 
3750 
3 760 
37713 
37S0 
379 0 
38'210 
381@ 
3820 
3830 
3840 
3850 
3860 
3870 
3880 
38 90 
3900 
3910 
392 0 
393 0 
3'740 
3 950 
39 60 
397 0 
3980 
3 990 
4000 
412110 
402 0 
4030 
4040 
4050 
4060 
4070 

Xbr59 = <S 159+S259) / Denom59 
S359=(Ybr5+Ybr 69)*(Ybr5* Ybr69 - Xbr5* Xbr69 ) 
S459= (Xbr5+ Xbr69)* (Xbr5*Ybr69+Ybr5* Xbr69) 
Ybr59=(S359 +S459 ) / Denom59 
Zbr59=SQR(X br59 A 2+Ybr59 A 2 ) 
Xbr49=Xbr4+ Xbr59 
Ybr49= Ybr4+ Ybr59 
Zb r 49=S QR <X br49 A 2+Ybr49 A 2 ) 
Denorn39= (Xbr3 +Xbr 49) A2+ (Ybr3+Ybr49) A2 
S 139= ( Xbr3 +Xbr 49 )* ( Xbr3* Xbr49-Ybr3* Ybr49 ) 
S23 9= ( Yb r3 +Ybr49 ) * ( Ybr 3 *Xbr49+ Xbr3* Ybr49 ) 
Xbr39= (S I39+S239) / Denom39 
S339= ( Xbr3 +Xbr4 9)*<Ybr3*Xbr49 +Xbr 3*Ybr49 ) 
S439= ( Vbr3+Ybr49 )* ( Ybr3*Ybr49- Xbr 3*xbr49) 
Ybr39=(S339+S439) / Denom39 
Zbr39=SQR ( Xbr39 A 2+Ybr39 A 2) 
Xbr29=Xbr2+Xbr39 
Ybr29=Ybr2+Ybr39 
Zbr29=SQR (X br29 A 2+Ybr29 A 2 ) 
DenomI9= (Xbrl+Xbr29 )A 2+(Ybrl+Ybr29 )A 2 
Sl19=(Xbrl+Xbr29)* <Xbrl* Xbr 29-Ybrl*Ybr29) 
S219=(Ybrl +Ybr29 )*(Xbr29*Ybr l+ Xbrl*Ybr29) 
Xbr19= ( S119+S219 )/Denorn19 
S319= (X brl+ Xbr29 ) * (X br29*Ybr l+ Xbrl*Ybr29 ) 
S419= (Y brl+Ybr29 ) * ( Ybrl*Ybr29-Xbrl*Xbr29 ) 
Ybr19=(S319+S419 )/DenomI9 
Zin=SQR <X brI9A2+YbrI9 A 2) 
Itotal= Ein / Zin 
129=Ein / 2br29 
E39=I29*Zbr39 
149=E39 / Zbr49 
ES9=I49*Zbr59 
169=E59/ Zbr69 
E7 9= I69*Zbr79 

40813 I 89=E79/ Zbr89 
413 913 Eout=!89*Zbr9 
4100 Angle=ATNCVbr19 /X b r 19 ) 
4110 Atten=20*LGT ( Ein / Eout) 
4 120 IF ( UPCS ( OutputS[1.OO ,1. (10])="A") OR ( UPCS ( OutputS[1 . 00,1.00] ) ="I" ) THEN 4 
140 
41 30 GOTD 4170 
~140 IF Atten >=99 THEN 4160 
H50 GOTO 4170 
t160 Att en=99 
H 70 IF UPC$CBand$[ 1. 00,1. OO])= " H" THEN 4200 
4180 Horiz=LGT ( Fr eq)-4 
-t 19B GOTO 42213 
.200 IF Fr eq >I.5El13 THEN 42613 
42 10 Horiz=LGT CFreq ) -8 
4220 Vert lmp=15*Zln / B 
42313 V~rt_.an gle =Angle/ 15+8 

4 240 Vert .atten=15- ( Atten / II3+5 ) 
4250 DEFAULT OFF 
~260 RET URN 
427 13 PRINTER I S 16 
4280 DID 
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Appendix D 

Component Values 

Branch 0 L C 

1 1.00E-12 
2 e.e0E+00 5.00E-i39 
3 1.00E-12 
4 e . 00E+00 l.fleE-a s 
5 7.0BE-Ol o.e0E+€te 5.eeE-0S 
6 2 . e0E-0t I.S0E-04 :3 .17E -12 
7 7.eOE-81 e.e0E+00 5.00E-0S 
a e.OOE+00 4 . 40E-0a 
9 1.00E+15 e.eOE+oe 1.eElE+33 

- - - - - - - - - - -
Rc6 C6 

--- 'v'---II---

02 L 2 04 L4 06 L6 os La 
) ----- ',/, -OOO - - - - F'/' --OOO----- F'/' --OOO----- F'/' --OO0---0 

I I I 
C5 C7 / 

R. , 
C 1 C3 / L 

/ / I 
05 , , R7 0 0 

Zi rl-- ) / / L' 0 

I 
0 R 

I 0 0 D 
L5 0 0 L7 C' 

0 0 

Gnd. I I }-- -------- -- -- ------ - -------------- - .. - ------------- - -----0 
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MC2871 F i 1 t. 02 1' - OUTPUT LOAD - 10K OHMS 

Fre-que-nc ~, Imp>?dance- At.t.e-n I t.ot. a 1 Eout. 
<11Hz ) ( ohms) ( dB) 

.0100 1 . 57E+02 -2 . 61E-i31 6.38E-03 1.03E+00 

. 015 0 1.07E+02 -5 . 76E-01 9. 38E-133 1.07E+00 

. 0 21313 7 . 95E+01 - 1 . 0 3 E+00 1 . 26E-02 1.13E+130 

. 02513 6 . 2 1E+131 -1 . 64E+£tO 1.61E- 02 1.21E+OO 

.03£10 4.97E+01 - 2 .44E+OO 2 . 01E - 02 1 . 32E+00 

. 0350 4.00E +01 -3 . 49E+130 2 . 50E-02 1 . 49E+OO 

. 0400 3.19E+0 1 -4 . 87E+OO 3 . 13E-02 1 . 75E+00 

. 0450 2.47E+Ol -6.75E +00 4 . 05E-02 2 . 17E+oe 

. 0500 1.79E+Ol -9 .4 7E +06 5.60E--02 2 . 97E+06 

.060 13 3.09E+130 -2.53E+01 3 . 2 3 E-Ol 1 . 83E+Ol 

. 07£10 2.05E+0 1 -1.09E+Ol 4.87E-02 3.50E+00 

. 0800 9 . 13E+Ol -3 .47E+00 1. 10E-02 1 . 49E+00 

.0900 3 . 88E+02 8 . 77E-Ol 2 . 57E-03 9 . 04E-Ol 

· 100 9 . 76E+Ol 4.04E+00 1 . 02E-02 6 . 28E-Ol 

· 150 3 . 10E +Ol 1.36E+01 3.22£-02 2 .1 0E-Ol 
. 200 2 . 08E+O l 1.92E+Ol 4 . 8 1E-02 1 . 09E-01 
.25B 1.60E+O l 2.34E+Gl 6 . 26£-02 6.76E-02 
.300 1 . 3 1E +O l 2.67E+Bl 7.66E-02 4 . 62E-02 
.350 1.1 1E+01 2.95E+Ol 9 . 132E - 02 3.37E-02 
. 400 9.6 4 E+Oe 3 .18E+01 1 . 134E-O l 2 . 57E-132 
. 450 8.54E+00 3.39E+Ol 1. 17E-01 2 . 02E-02 
. 500 7.67E+00 3 . 57E +Ol 1.30E-Ol 1.64 E-0 2 
. 600 6.37E+OO 3.89E +Ol 1 . 57E-O l 1 .14E-02 
. 700 5 . 45E+OO 4 . 15E +Ol 1.83E-0 1 8 . 38E-03 
.800 4 . 77E+OO 4.38E +Ol 2.113E-131 6 . 44E-133 
· '300 4.23E+OO 4.58E +Ol 2 . 3 6E - Ol 5.I I E-03 

1. 00 3.81E+00 4.76E+£11 2 . 63E-131 4 . 16E-03 
1. 50 2 . 52E+00 5.44E+Ol 3 . 96E-Ol 1.90E-03 
2.00 1.88E+00 5 . 92E+01 5 . 33E-Ol i.10E-0:3 
2 . 50 1 . 49E+013 6.28E+131 6 . 73E-Ol 7.27E-04 
3.00 1.23E+013 6.57E+Ol 8 . 14E-131 5.17E-04 
3 . 50 1.135 E+00 6 . 83 E+Ol 9.55E-£1l 3.83E-04 
4.130 9.19E - 131 7.08E+OI 1 . 139E+1313 2 . 90E-04 
4. !;;O 8.27 E-01 7 . 32E+Ol 1 . 2 1E+130 2 . 19E-04 
5.013 7.65E-01 7.58 E+01 1 . 3 1E+00 1.61E-04 
6 . 00 7.06E-01 8.26E+Ol 1 . 42E+00 7.42E-135 
7 . 013 7.08E-01 9.72E+Ol 1 . 41EHH~ 1.38E-05 
8 . 00 7.49E-131 9. 17E+01 1 . 33E+013 2.613E-05 
9.00 8.14E-131 8.58 E+131 1. 23E+130 5. 13E-05 

10 . 13 8.91E-01 8.34E+Ol 1 . 12E+00 6.73E-05 
20 . 0 1.83E +00 8 . 013E+01 5 . 47E-01 1.00E-134 
30.13 2 . 79E+00 7 . 97E+OI 3 . 59E-01 1.0:3E-04 
40 . 0 3.74E +013 7 . 96E+Ol 2 . 67E-Ol 1.04E-04 
50.0 4.70E +00 7.96E+OI 2 .1 3 E-Ol 1.05E-1)4 
60.0 5.65E+00 7 . 96E+Ol 1 . 77E-Ol 1.05E-04 
713 .0 6.6IE+00 7.95E+01 1 . 51E-01 1.06E-04 
80 . 13 7.56 E+00 7 . 95E+Ol 1 . 32E-Ol 1.06E-0 4 
90 . 0 8.53E+00 7 . 95E+OI 1.17E-01 1.06E-04 

leO 9 . 49E+1313 7 . 94E+01 1.05E-01 1.07E-134 
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f'-. 

, 1 

QUTF'UT LOAD - 10K OHMS 

"" "-
h 
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ID 
C 

o 
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4 

0 

, 
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? 
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2 

2 1 

I 

I 

\ I 

, 131 

\ 

I"-

1"1 C2871 

\, 
\ 

, 1 

OUTF'Ur LOAD - 18K OHMS 

/ 

---

1.13 

Frequenc y - ( MHz ) 

90 

I 75 ~ 
~ 
c 

,/ 
60 .-

45 " <, 
38 +' 

+' 
0 

15 '0 
~ 

0 'J> ID 

-15 '" c 
-30 

~ 

-45 
'" 

- 80 cE 
v 

-75 " ,n 

-30 .: 
"-

10 1130 

25 



~ 

'" u ---
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f"IC28? 1 F 1 I ter 

OUTPUT LOAD - 50 Ohms 

150 

140 90 
,~ 

~ 
c 138 75 ~ v 

c 
120 . 60 

'0 

1 10 45 '" 0 ~ 
~ 108 38 " ~ .. " 0 
0 90 15 '0 
E ~ 

r: 
0 80 , 0 en 

... .. .. .. ID 
c . ... , 

" 713 -15 
, c 

~ 613 -313 '-u 
c . 'D ,. 

50 -45 -
'0 .. m 
ID If Q. 40 -60 
E . . 

H V 
313 

' .. \ -75 0 
~ ~ 

~ . .. , .. It "- 20 
1"-

-90 
c 

H 113 
~ 

0 
.01 . 1 1.0 10 100 

F re quen cy - ( MHz ) 
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OU TPUT LO AD - :5 rrrl1 I 1 Henr ys: 

90 

1/ 75 ~ 
•• c 
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: 0 

15 ." 
~ 

0 '" ~ 

-15 '" c 
-30 

v 

Ii -45 
'" 

- .£0 f 
~ 

i\ \ .. 

\ 

- 75 " ,d 

- 90 .C 
IL 

1~. 

• 1 1.0 10 100 
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'" -0 
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MC2 87 1 Fi Iter 
OUTPUT LOAD - 1 nanaHenry 

-50 

··40 

- 30 

-20 

- 10 

0 

10 

20 

30 

40 f-.-

50 

60~-1-1-+-~~-~-+-+~~~---r-r+f+t~--~~rr~ 

70~---~+-~+H~--~-+~++~~--~+-~trH+--~-+~++ttH 

80~-+-+~~1+~--·~~~~~-+-+~1+Hr--+-~~~ 

80 ~-+-+~1+~--+-~-H+Ht-~~-rH1~--~~~HtH 
100 .............. . - .. . 

. 01 . 1 1.0 
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10 100 



1"1C287 1 
OU TPUT LOAD - 1 nanaHenry 

1200~---+--+~+4++H----+~f-j-+++H+----~+-~~~+-~~-+-+~44~ 
"0 

=1100~--~~-HH+H---+-+-~~~--+-4-++~~·~-~~+44++H 
o 
,~ 1008~--+--+~~++H----+~L4-+++H+----~+-~~~+---~-+-++44+~ 

H 

• 1 1.0 

Frequency - ( MHz) 

10 100 

90 

45 ,::i 
V 

30 t 
o 

15 :: 
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I"IC2871 Fi Itel-
OUTPUT LOAD - 0.5 mlcroFarad 
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MC28 ? 1 Fi I t e r' 

OUTPUT LOAD - 0.5 rnl c roFar ad 

450 

c . 42121 9121 
d' 
e 39 0 75 ~ 

ID . . c 
36121 6121 

u 

330 45 .~ 

0 ID 
'A 300 30 .... 
~ .... : 0 
~ .. 270 15 '" s ~ 

6 240 0 cr, 
ID 

c 
2 18 -15 '" c 

ID J8 0 -30 u , 
C ID ," 150 -45 
'" , m 
ID C 
Q. 12 171 -8121 a: 
E 

M ~ 

90 .' - 75 ~ 

" ,d 

~ , .. , ... , .. 
'" "- 6 121 

'" 
-8121 fI.. 

c 
M 30 

0 
...... V 

.0 1 . 1 1.0 10 100 
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