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Figure 4.4 Cross sections of popular transmission line geomctrics.

4.2.1 Ideal Distortionless, Lossless Transmission Line
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Transmission line effects
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Figure 1-12. Causes of Reflected, Coupled, and Switching (Al) Noises.
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Objectives

» Develop the concepts of:
— Characteristic impedance Z,
— Pulse velocity and line delay

— Lossless line
* Distortionless transmission
» Shape factor

— Effects of loss
* Distortion

— PWB routing
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1. Transmission line theory
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2. Generalized theory summary
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3. Lossless lines
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4. Z, calculations

Need L, C
Also gives B, v

Easiest geometry is coaxial line
(radial symmetry)
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(a) For dielectric: C/unit length
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(b) For leakage conductance:
) G/unit length
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(c) For inductance: L/unit length
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Coaxial line summary (lossless)
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JABLE 5.2 CONDUCTANCE, CAPACITANCE, AND INDUCTANCE PER UNIT LENGTH FOR
SOME STRUCTURES CONSISTING OF INFINITELY LONG CONDUCTORS HAVING THE
CROSS SECTIONS SHOWN IN FIG. 5.12

Capacitance Conductance Inductance
Description per unit length, € per unit length, 4 per unit length, &£
Parallel-plane € 1:1—) 0% y."i
conductors, w
Fig. 5.12
Coalxgia\l5 © ____211-5 2mo o 1 b
2o
cylindrical In (b/a) In (b/a) 2 a
conductors,
Fig. 5.12(b) . .
m m © -
Parallel —_— —_— = cosh™' =
-1 -1
cylindrical wires, cosh™! (d/a) cosh™' (d/a) ™
Fig. 5.12
Ecc:n ic in(::r 2me 2o Lo h-! a__2+b2—d2
n Iy pl_dg? T ~—— cos
conductor, cosh~! (Q”_i) cosh~! (“ +b—d 2) 2 2ab
Fig. 5.12(d) 2ab 2ab
. TE To p. d(b? — d*/4)
Shielded parallel g — L
cylindrical wires, d®? — d*/4) d? — d*/4) m  a(b? + d*/4)

Fig. 5.12(e)

a0 + d*/4) "0 + d¥/4)
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2 CM LONG INTERCONNECT, LOAD =35 PF

5. Dielectric
effects
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Humidity affects performance
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FIGURE 8.32 Air bridges for high-speed interconnections. Periodic supports
enhance the strength of the interconnections.
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Figure E-2 Cross section of two-wire a .
Transmission line J\—.

The shape factor of the transmission line, sf, depends only on the
shapes, sizes, and posilions of the cenductors. Two-wire transmission
line (Figure E-2) has shape [actor

3G

when both wires have diameter D, When the wires have diameters D1
and D2, the shape factor becomes

- L T _
sf 2 In[x + (x 1))
where

4/10/2012 Lo 8-l -2
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(2,) Twisting a two-wire transmission line to form a twisted-pair in-
creases the average relative permittivity .. For hard insulation with
relative permittivity €,,

€ =~ 1 4+ (0.25 + 0.00040%(¢, - 1),

and for soft insulation (Teflon, polyvinyl chloride)

o
L_.I € =1 + (0.25 + 0.0010%(, — 1),

O = arctan (nwSn) degrees,

and n1 is the number of twists per meter.
( 3) A wire near a ground plane (Figure E-3) has shape factor

Figure E-3 Cross seclion of wire ncar a N ELN s . 1)m]
groundplane Y=5"D D? '
T (4 A laminar bus (Figure E-4) has shape factor
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j .
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Figure E-4 Cross section of u Iaminar bus
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L
(’;Ir%sEss-section of ‘__.y__.l—{
s

a microstrip line

(5 Microstrip (Figure E-5) has shape factor

1 85 W
Jf"’i';ln(w'i'g) for W S, T<<W,
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If an insulator separates the conductors (Figure E-1(c)),

€, - .
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Figure E-§ Cross sectlon of coplanar lincs
(é } Coplanar lines (Figure E-6) have shape factor

sfﬁ;ln 2 for W =< 24145, T <«

§f =~ for W> 24145, T << W.

172
2w
4In|2{—=

" [ ( st ‘) ]

If the lines are supported by an insulator on one side,

l<£,-<€'+l.
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a1}
e

Figure E-7  Cross seclion of triplate
TR sthipline

( "7 “Triplate stripline (Figure E-T) has shape factor

— for W= L.1175, T << §,
2m W
exp (—4}-) -1

1
Sf’“""_zw for W> 11175, T << §.
1.765% + —
S
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Figure E-B  Cruss section of coaxial eable

Figure E-9  Cross section of shiclded
twisted- pair

(g) Coaxial cable (Figure E-8) has shape factor

sf = -2-[; In (g)

( ?} Shielded twisted-pair (Figure E-9) has shape factor

sf = 'lln (258: -8
b D B+ §2)°
-
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7. Lossy lines

T A)L Vo ZRe Y
}‘— emt_——’l

\%

/ \ V«n\
e-h;ne tmt/z \ %
\\‘\\\ o Rt &/22
o -
0 Ut /> t

FIGURE 6.10 Waveforms in a lossy transmission line

The response of this line to a unit step input at a distance z from the beginning
of the line is [6.1]: .

- Rz [t e~Rt2L R
V(z,t) = {e R’/2Z°+—/ RS SAY Y Sy
270 Jravie | Vi —aie 20 t2—zVLC|dl

xu (- z/EC).
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LOSSY TRANSMISSION LINES 247
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URE 6.11 Waveform propagating along a lossy transmission line. The
it to the transmission line is a unit voltage step, and the response is captured
uccessive points along the line. The size of the step is attenuated as the
eform travels down the line, and at a point far enough from the source, the

4/10/2012 onse is like that of a distributed RC line.
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9. PWB Routing
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S_fqa_i o ' . ) ) )
N:r:r}j algorithm based on “wire list” of elecincal 1nkgonnedions
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(d) These comnectkions set {-af efechonic afc,src'?-\

Preations here :

%) EC conncchens assumed ﬁxea( (I'b""" board)

5 Only ene connection device pin
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H‘Dw'hb]&.—f (}4‘&:: o{e.‘.rfc,c W o /}'hi ';8 /\/

Skp3  Distmbute W, X 2. bohweer D gfee. comedwnﬁf
() X 87 adinted 12) \N’beh..um u ;z N
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Reassigm pins 4 bebweem EC-1,2 7
2:‘““" & bethvess EC— 13, 14
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Assignment #2

An interconnect of width 10pum and length 100um is above a
ground plane, separated by 3pum thick SiO, (g, = 3.9.) Calculate the
interconnect capacitance (a) ideally, and (b) including fringing
effects.

A digital signal of risetime 2ns crosses a 1cm long Al interconnect
embedded in polyimide (¢, = 3.9). Should this interconnect be
treated as a transmission line? Justify your answer.

The skin depths for Ag, Au, and Al are 0.64pum, 0.79um, and
0.81pum respectively at 10GHz. Which conductor material would
you choose for a 10GHz current signal application? Justify your
answer.

An MCM consists of 10 drivers switching simultaneously. The
characteristic impedance of the transmission line is 50Q with a 502
matched load. The power supply is 5V with an effective L = 0.2nH,
while the effective ground-plane L = InH. Find the magnitude of
the delta-I noise in the power and ground planes.
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