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NOTE: The Change Parameter window is a visual basic macro.

If you save the file to your computer, be sure to select the
LO O K & F E E I_— Maco-Enabled file type.

Material/Design Characteristics Freq
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Length [inch)
Trace Width (mil) i 5.00E+09
Cu Thickness (mil) 0.67 1.00E+10
Diel. Thickness (mil) 2.00E+10
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NOTE: The Change Parameter window is a visual basic macro. If you

are having issues opening this window, consider Microsoft button >
LO( 2 K g g F E E L Excel Options > Trust Center > Trust Center Settings > Macro Settings
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Behind the Scenes...

EQUATIONS AND REFERENCES OF MODEL



FREQUENCY DEPENDENCE

6 input frequency points for Dk and Df

Fit Dk and Df to second order equations

Coefficients shown on sheet
Graphical representation shown on sheet

Note that frequency dependence fit is only

approximated to 20G, therefore, loss
approximations should only be considered to

20G

Z, is calculated with Dk (or €,) at a given
frequency; a similar technique is used in loss

calculations



CHARACTERISTIC IMPEDANCE!?- EQU 4-3]

4.1
Z,= Caiked ohms
'
b Ci
g +
\/j 1-1 0.0885¢,
b
C, :0'0885‘9f< 2t log, it-l-l - it—l log, : =11
£ 115 (1})
b b b b

g, = relativedielectricconstant (at a given frequency)
b = platespacing (mil)
w = trace width (mil)

= trace thickness(mil)

C‘f =fri ng | ng Capacitance (,uf/cm) * assumingsemi - infinite plate between two infinite ground planes, but good approximaiion for w/(b - t) > 0.35



ATTENUATION IN LOSSY LINES

Attenuation per lengthl?, EQN 9-541;

o, = \/% [\/(Rf +w’L? )(Gf + a)ZCf)— w’L, C, + RLGL]nepersllen gth

Using a low-loss approximation!, EQN 9-55I:

a, = %(%+ GLZOJ nepers/len gth

0
But we don’t typically discuss in nepers...[1, EQN 9-57]

243!

1020 =™ . qa, =20log,,exa,
for ease of notation: Y, ... =20log,, e

n—dB



CONDUCTOR LOSS (per inch)

(acond = attenuation of amplitude due to conductor loss, in dB/length
R L | Y, = converstion from nepers to dB

eond = (Yn—>dB )X :
Zo R, = resistance per length of conductor

| Z, = characteristic impedance

Skin effect is accounted for in resistancel3: EQN 7

(1 = lenth of trace (inch)
w = width of trace (inch)

|
R = 7 Vot =1x R < 4= permeability of Cu~4zx107 x1
1

SAF 1
= resistivity of Cu=—=
\,0 / o 5.69x10’

[1, EQN 9-59]

Conductor loss per inch as entered in the model:

1><(20|0910€)>< 72(47z><10_7) J Tinre ><i

=
2 5.69x107  w. 7\

cond
in mils




DIELECTRIC LOSS (per inch)

(@, = attenuation of amplitude due to dielectric loss, in dB/lengthtEeN -0
Y, 4 = converstion from nepers to dB

G, =shunt conductance per length from dielectric
Z, = characteristic impedance

A giel = (Yn—>dB)XGLZO )

As developed by Bogatin...

( - [1,EQN9-19, EQN 9-60]
G, =wtan(s)C,  |G. equation
\/~ 1Z equation™=°"**" js used to cancel the capacitance value,
g ! :
ZO — 4 the Z, valuefor a given frequencyis NOT used
CCL ¢ =speedof lightm/s ..converstion m — in.is needed

Dielectric loss per inch as entered in the model:

1 1/5
== x(20l 24 xD !
Uy 2><( 09y, €)x (27 D )x 299792458*39.37
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TRACKING THE CHANGES

1.01 9/26/2011 - Initial release - second order Dk & Df approximation, track
user input channel along with Meg-6 & Improved FR-4 for given
length/width/thickness, 3 materials compared to KR limit line.



