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Transmission Lines in Planar structure
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Key Parameters for Transmission Lines

1. Relationof V/1: Characteristic Impedance Z,
2. Velocity of Signal: Effective dielectric constant ¢,
3. Attenuation: Conductor loss o,

Dielectric loss Oy

Lossless case
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Transmission Line Equations
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Transmission Line Equations
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R, = resistance per unit length(Ohm/ cm)

G, = conductance per unit length (mOhm / cm)
L, = inductance per unit length (H / cm)

C, = capacitance per unit length (F/cm)

av .

KVL : = _(Ro + JWLO)I
dz —) Solve 2nd order D.E. for
dl . Vand |

KCL: =G+ WC,)V o




Transmission Line Equations

Two wave components with amplitudes
V+ and V- traveling in the direction of +z and -z

V=Ve"”+Ver
| :i(\/+e—rz —V_e*”) _ |+ 1
ZO

Where propagation constant and characteristic impedance are

r= \/(Ro +JWL)(G, + JWC) =+ jB

5 VoV _ [Ro+iwl,
1 |G, + jwC,

Transmission Line Equations
a and S can be expressed in terms of (R, L,,G,,C,)
a’ - B =R,G, - w’L,C,
20 = w(R,C, +G,L,)
The actual voltage and current on transmission line:
V(z,t) = Re[(V e e +V_e*“el*)e™]

1(z,t) = Re[zi(\/+e“"ze“'ﬁZ —V_e*“?elt)e™]
0




Analysis approach for Z, and T4 (Wires in air)

@H C=? (by Q=CV)

. L=2 (by V=L 1)
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FIGURE 48 D ination of the per-unit-length of a two-wire line: (a)
inductance; (b) capacitance.
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Analysis approach for Z, and T4 (Wires in air):
Ampere’s Law for H field
- _
(n= 5 2m
2) v, = [ Beds=[" Lolar = £lin Ry (inw)
¢ s =R 271 2r 'R,

Tw r

FIGURE 44 The magnetic field about a current-carrying wire.
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Analysis approach for Z, and T4 (Wires in air):
Ampere’s Law for H field
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HIGURE 45 111 of a basic subprobl f ining the flux of a current

of
through a surface: (a) dimensions of the problem; (b) use of Gauss' Law; (¢) an equivabent
but simpler problem.
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The per-unit-length Parameters (E):
Gauss’s Law
L | Exmial 1) from gauss law
R i) VeD=p o § sEds=Qy
St g _.axim
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FGURE 46 The clectric field about a charge-carrying wire
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The per-unit-length Parameters (E)

FIGURE 47 Illustration of a basic subproblem of determining the voltage between
two points: (4) dimensions of the problem; (b) an equivalent but simpler problem.

———In(Z- 2)

27&90
C=Q/V

13

c. For example Determine the L.C.G.R of the two-wire line.

(note : homogeneous medium)

Inductance : \ !

ot e
where j &

v, =252 W2)+“°I(
2 [

:;‘0 (> w2 w) (51,2 (51y) )
7 rerWZ

assume s>, , I,

)

(49, &)

= L=
27 r.r

wl w2
14




Capacitance :

1) {,C= e,

| S 1
+ _+ / N
27E, .
B G
+ -
In( )

rr g C/m -q Cim

wl w2

2) v=2q In(Cz )+ 9 jn( )

&, (9 27s, lo

_ 9 In( (S_rWZ)(S_rwl) )

- 27s, (9] 9
2
= >y ifssr, .,
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c=4._ ng < the same with 1) approach
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The per-unit-length Parameters

Homogeneous structure

TEM wave structure is like the DC (static) field structure

LG =uo
LC = ue

So, if you can derive how to get the L, G and C can be
obtained by the above two relations.

16




The per-unit-length Parameters (Above GND )

I
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‘#7777777T = 777717777' Why?
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FIGURE 49 Determination of the per-unit-length capacitance of a wire above a ground
plane with the method of images.
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y €,

d. How to determine L,C for microstrip-line. #os o
L . s & ;
1) This is mhomogeneous medium. |

2) Nunerical method should be used to solve
the C of this structure, such as Finite element,
Finite Difference...

3) But 7, can be obtained by
0.Co = 1oy = L, =L
CO

where C, is the capacitance when g, medium
Is replaced by &, medium.

18




Analysis approach for Z, and T (Strip line)

Approximate electrostatic solution v

1. | 2549 _— e=45 |4
a2 az
2. The fields in TEM mode must satisfy Laplace equation
V. D(x,y) =0

where @ is the electric potential
The boundary conditions are
®d(x,y)=0 atx=+a/2
®d(x,y)=0 at y=0,b
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Analysis approach for Z, and T
3. Since the center conductor will contain the surface charge, so
Z&cos%sinhﬂ for0<y<b/2
n=1 a a
(X, y) =1"% o
ZBncos—sinh—”(b—y) forb/2<y<b
n=1 a a
odd
| Why?
4. The unknowns A, and B, can be solved by two known conditions:
The potential aty = b /2 must continuous
N ) 1 for [x| <W /2
The surface charge distribution for the strip: p, =
0 for [x =W /2
20
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Analysis approach for Z, and T

5. b/2 b/2
V= —J E,(x=0,y)dy =~ _[—GCD(X, y)/oy(x =0,y)dy
0

0
w/2

Q= [p,(x)dx=W(C/m)

-w/2

6. CQ w

v 5 2asin(nW / 2a)sinh(nzb / 2a)

=~ (n7)%e,¢, cosh(nzb/ 2a)
odd

1 e
Zozviz cC
p

" Td:\/;rlc '\
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Analysis approach for Z, and T, (Microstrip Line)
y
1.
— d w
| £=45 | v
I | . £=45 )
-al2 al2
2. The fields in Quasi - TEM mode must satisfy Laplace equation
V.2®d(x,y) =0
where @ is the electric potential
The boundary conditions are
d(x,y)=0 atx==xa/2
d(x,y)=0 at y=0,0
22
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Analysis approach for Z, and T4 (Microstrip Line)

3. Since the center conductor will contain the surface charge, so

Z:,%cos%sinhM for0<y<d
n=1 a a

D(x,y) =1
>'B, cos 7% g-navia ford<y<o
n=1 a

odd

4. The unknowns A, and B, can be solved by two known conditions and
the orthogonality of cos function :

The potential at y = d must continuous
for x| <W /2

1
The surface charge distribution for the strip: p, =
0 for |x| =W /2
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Analysis approach for Z, and T, (Microstrip Line)

5. b/2 bi2 " nd
V= —j E,(x=0,y)dy = —J'—aCD(x,y) loy(x=0,y)dy =Y A, sinhT
0 n=1

0
odd

w/2

Q= [p,(x)dx=W(C/m)

-w/2

c=2- W
Vo i 4asin(nzW / 2a) sinh(nzd / 2a)
(n7)*We,[sinh(nzd / @) + &, cosh(nzd / a)]

n=1
odd

24
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Analysis approach for Z, and T, (Microstrip Line)

" To find the effective dielectric constant &,,We consider two cases of capacitance
1. C = capacitance per unit length of the microstrip line with the dielectric substrate ¢, =1
2. C, = capacitance per unit length of the microstrip line with the dielectric substrate ¢, =1

. _C
e [ — @

25

Tables for Z, and T, (Microstrip Line)

Z, () 20 28 40 50 75 90 100

& 3.8 3.68 3.51 3.39 3.21 3.13 3.09
eff

Lo 0.119 | 0.183 | 0.246 | 0.320 | 0.468 | 0.538 | 0.591

(nH/ mm)
Co 0.299 | 0.233 | 0.154 | 0.128 | 0.083 | 0.067 | 0.059
(pF/ mm)
T 6.54 6.41 6.25 6.17 5.99 5.92 5.88
(ps/ mm)

Fr4 : dielectric constant = 4.5
Frequency: 1GHz

26




Tables for Z, and T, (Strip Line)

Z, (@) 20 28 40 50 75 90 100

& 4.5 4.5 4.5 4.5 4.5 4.5 4.5
eff

Lo 0.141 | 0.198 | 0.282 | 0.353 | 0.53 | 0.636 | 0.707

(nH/ mm)
Co 0.354 | 0.252 | 0.171 | 0.141 | 0.094 | 0.078 | 0.071
(pF/ mm)
T 7.09 |[7.09 7.09 7.09 7.09 7.09 7.09
(ps/ mm)

Fr4 : dielectric constant = 4.5
Frequency: 1GHz

27

Analysis approach for Z, and T, (EDA/Simulation Tool)

1. HP Touch Stone (HP ADS)

2. Microwave Office

3. Software shop on Web:

4. APPCAD

(http://softwareshop.edtn.com/netsim/si/termination/term_article.html)

(http://www.agilent.com/view/rf or http://www.hp.woodshot.com )

28




Concept Test for Planar Transmission Lines

* Please compare their Z; and V,,

@ (b)

29

' @ (b) ©

30
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£=25 £=25

31

32
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Loss of Transmission Lines

Typically, dielectric loss is quite small -> G,= 0. Thus

R, + jwl, 2
Z 1-jx
0 ,} W, ,/ ( ix)

Ry
r:\/(Ro+JWL0)(JWC0):a+Jﬂ Y L
R Highly Lossy <+— l —>Near Lossless
Where x=—° o
WLO T w
o T~ e
e T e
e Losslesscase : x=0 T S~
[ P Gocgeamy/on}
* Near Lossless: x<<1 A
* Highly Lossy: x>>1 T o W oW
Frvguescy (ich
Egper A8
33
Loss of Transmission Lines
*For Lossless case: « For Near Lossless case:
a=0 a~ R,
f= LG, 2L, /C,
XZ
Z, = L Brw Loco|:l_8:|
C0
Time delay T, = 4/L,C, Z, = L 1-j R 1o | +i where C = 2T, / R,
C, 2wL, C, jwC

Time delay T, = /L, C,

34

17



Loss of Transmission Lines

* For highly loss case: (RC transmission line)

\/ [1 a 7] Nonlinear phase relationship with f

/ntroduces signal distortion

WR, C 1
R ] Example of RC transmission line:
Ro 1 AWG 24 telephone line in home
° 71 2wC, [+ Z,(w) = (R“WLJ = 648(1+ j)
/4 wC
where
R =0.0042Q/in
L=10nH/in
C=1pF/in
That"s Why‘te/ephone company terminate w = 10,000rad / s(1600Hz) : voice band
the lines with 600 ohm

35

Loss of Transmission Lines ( Dielectric Loss)

TABLE 5.3 SOME TYPICAL LINE PAHAMETERS

Cme I, [+ B L L & R
(i) (Pl (Dood (D) {pekem)

5 1 onst® M7 M7 45 0003
MOM S 1 5 M7 M1 45 on
Chlp 22 2 s s &8 39 NS

ty =2y f =2xOA5)T, =44x 10F ouilem @ T; =03 ms.
Bl widhih, 102 Cu.

The loss of dielectric loss is described by the loss tangent

tand, = v% FR4 PCB tand, = 0.035

4 GZ
==

0 =(wCtans,Z,) /2 = 7f tand,+/LC

36
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Loss of Transmission Lines (Skin Effect)

» Skin Effect

DC resistance ~ AC resistance
Law—lass region
B Preton, -h-n-tm¢=. | . N
.mm__a.\ fmetion of Cegumcy - N\ B aiTct
— N, R
! <
I 2] a
¥ \ — ™
4 srducter
wt v ‘resctance - o~
Magaitud /! = {n per ) - 0
of e 7 paat.
@) -3 /' -~ . w’ Eradsin)
o v \ Series w e
SR = - =t
% 0 -
Vi ]
1.0", -] -
w0 w® oW e? w W W o w
v Fregquency {Hz)- A =
Figawe 420 Seriies reslsance godf seafcs imfecrive mencsnce of MG-SY oo verss v
37

Loss of Transmission Lines (Skin Effect)

Current density vorsus radial position 1
P — o =—=
(94

the characteristic impedance Z, is not much
affected by the skin effect

NOTE: In the near lossless region (R / wL << 1),

“+ R(W) oc W
o R(W) /wL o (1/ Yw) << 1

38

— @

19



Loss of Transmission Lines (Skin Effect)

f(MHz) |100 [200 [400 |800 |1200 |1600 |2000

s -1 |6.6um |4.7um |3.3um |2.4um |1.9um | 1.7um |1.5um
¢ fuo

2.6m 3.7m 5.2m 7.4m 9.0m 10.8m | 11.6m
ohm ohm ohm ohm ohm ohm ohm

R.(©)

T_fftice 1.56 2.22 3.12 4.44 5.4 6.48 7.0
resistance
ohm ohm ohm ohm ohm ohm ohm

Skin depth resistance R, = ﬂ(Q)
o
wu=4rx10"H/m

J1um - Cu)=5.8x107S /m
Length of trace = 20cm

39
Loss Example: Gigabit differential transmission lines
— ¥
For comparison: (Set Conditions) 1
— —
1. Differential impedance = 100 M= )
; : ; ———
2. Trace width fixed to 8mil
3. Coupling coefficient = 5% Fiure 14-Sigle Sriphne Coplanar Geamerr
4. Metal : 1 oz Copper
Question: f
¥ —
1. Which one has larger loss by skin effect? I
2. Which one has larger loss of dielectric? —
Figure 15 - Dual Stripline Geometry
40
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Loss Example: Gigabit differential transmission lines

Skin effect loss

Frequency Siripline Dual Stripline | Percent Difference
Resistance Resistance
£/ feet £2 / fleet
500 MH=z 6144 6648 8.2%
1.5 GHz 10.663 11,508 7.9%
2.5 GHz 13.728 14.332 B8.0%

Table 3 - Simulated Results of Skin Effect Losses

41
Loss Example: Gigabit differential transmission lines
Skin effect loss
"
Why? Figure 18 « Graph of Simulated Results of Skin Effect Losses
42
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Loss Example: Gigabit differential transmission lines

Look at the field distribution of the common-mode coupling

e

Figure 11 - Coplanar Differential Single Stripline Routing Geometry

Figure 12 - Differential Routing in a Dual Stripline Geometry

Coplanar structure has more surface for current flowing

43

Loss Example: Gigabit differential transmission lines

How about the dielectric loss ? Which one is larger?

44

22



Loss Example: Gigabit differential transmission lines

The answer is dual stripline has larger loss. Why ?

The field density in the dielectric between the trace and GND is
higher for dual stripline.

45

Loss Example: Gigabit differential transmission lines

Which one has higher ability of rejecting common-mode noise ?

46
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Loss Example: Gigabit differential transmission lines

The answer is coplanar stripline. Why ?

47
HS3
Connector
769 mV Opening, 6.25% Jitter 754 mV Opening, 6.25% Jitter
48
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HS3
Connector

Vel tage (V)

“The output waveform shown
results from a 1-valt, 32-
bit inverting K28.5 input

| bit pattern (5 Gbps, 60ps
| edges) that is applied to a
system with two through-
os o on ot holes, two AMP HS3
connectors, and a 12 mil,
H 0, H 50 Ohm stripline trace
218 mV Opening, 34.4% Jitter that s~ 6 ong.

49

tans* Relative

Material @t ; @ fgm @1eHz Cost
FR4 430 | 4.05 | 0.020 1
GETEK 4.15 | 4.00 | 0.015 14
ROGERS 3.75 | 3.60 | 0.009 2.1
4350/4320
ARLON CLTE | 3.5 | 3.05 | 0.004 6.8

* Measured from test data
**(ost factor derived from 107 by 207, 12-layer backplane

50




FR4:
Jitter = 0.30 Ul
Opening = 238 mV

GETEK:
Jitter = 0.28 Ul
Opening = 268 mV

ROGERS 4350:
itter = 0.
Opening = 426 mV

ARLON CLTE:
itter = 0.1
Opening = 520 mY

-The output waveforms shown
result from a 1-volt, 32-bit
inverting K28.5 input bit
pattern (10 Gbps, B0ps
edges) that is applied to a
12 mil, 50 Ohm stripline
trace that is 18" long

51

Intuitive concept to determine Z, and T,

*How physical dimensions affect impedance and delay

Sensitivity is defined as percent change in impedance
per percent change in line width, /og-log plot shows sensitivity directly.

an - ’- !
. .w- L
=L o Z, is mostly influenced by w / h,
e e ’ the sensitivity is about 100%.
fE2eT Eh : . It means 10% change in w / h will
. i ) cause 10% change of Z
--:..E-'- - 0 9 0
& =45 [ 1 w
’ el .
= w - . The sensitivity of Z, to changes in ¢,
Tl wmsmiiudy - -
ERESTT & it is about 40%
=g = -
R-ow owpper
L & 3ss P oM
&=
. — - 3 g
. -—-.Mlp‘ﬂ s 52
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Intuitive concept to determine Z, and T,

*Striplines )
impedance

-4 =
=
— - -
T samar ]
. r&
"
¥ etn
i R e

53

Ground Perforation: BGA via and impedance

e Wm\

Figwre &  Characiorisic

resesvarameants fov o Aok (il velea) irare
ever fu) sofid seference plane, and (Edpecivrated

Figure |. Section of a pypical 1600pin BGA, referance phime.

ﬂ“mﬁmmn-dﬂ:c“-

senle,

54
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Ground Perforation: cross-talk (near end)

Piguwe |. Section of a yypical 1600pin BGA pin fleld
'with signal rraces ranning through. Drawing is not t0

senls,

55

Ground Perforation : cross-talk (far end)

200000
oocoodpoocooot *™

Figwe L. Secrion of a rxpical I600pta BGA pin fleld
with sigmal raves mnnig tiroagh, Drowing & nof o
oAl

00000 P nizn

E{

i
z
i
E

i
;i
h

§
r
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Example(ll): Transmission line on non-ideal GND

Reasons for splits or slits on GND planes

DC isolation between different .
supply voltages.

AC isolation of digital from
low noise analog circuits.

Low cost method of removing
unwanted resonances from the
power distribution system.
Nearby touching via holes.

57

Example(ll): Transmission line on non-ideal GND

Disadvantages of Image Plane
Slits and Splits

» Transverse slits in the image planes present
a discontinuity to the flow of AC currents.

* Result in significant signal degradation.

» Help generate common mode currents that
result in significant radiation.

58
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Example(ll): Transmission line on non-ideal GND

Two most commonly used:

* AC shorting (stitching)
the two separated planes
with capacitors.

» Using differential lines to
cross the split.

59
Example(ll): Transmission line on non-ideal GND
hl =h2=0.8 mm
80 mm
60
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Example(ll): Transmission line on non-ideal GND

Solid

61

Example(ll): Transmission line on non-ideal GND

EM Radiation: Solid vs. Split Plane

E(OVEI(D) [dB]

62
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Example(ll): Transmission line on non-ideal GND

Diftferential Microstrip

[tz

hl =h2=0.8 mm

le )

80 mm

63
Input side
Signal Quality: Single vs. Diff. (I)
64
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Output side
Signal Quality: Single vs. Diff. (O)

65

EM Radiation: Single vs. Diff.

66
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Signal Quality: Tighter Coupling

67

EM Radiation: Tighter Coupling

S0

w/h =250 ——

w/h=1.25

68
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Example: Rambus RDRAM and RIMM Design

RDRAM Signal Routing

_—— Rambus Memaory Controller
/" Rambus ASIC Cell (RAC)
4/~ Rambus Channe!

i Vrat
—= Terminatior|

Application
Logic

69

Example: Rambus RDRAM and RIMM Design

*Power:
VDD = 2.5V, Vterm = 1.8V, Vref = 1.4V

«Signal:
0.8V Swing: Logic 0 -> 1.8V, Logic 1 -> 1.0V
2x400MHz CLK: 1.25ns timing window, 200ps rise/fall time
Timing Skew: only allow 150ps - 200ps

*Rambus channel architecture:
(30 controlled impedance and matched transmission lines)

=Two 9-bit data buses (DQA and DQB)
=A 3-bit ROW bus
=A 5-bit COL bus
=*CTM and CFM differential clock buses

70
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Example: Rambus RDRAM and RIMM Design

*RDRAM Channel is designed for 28 Q +/- 10%
*Impedance mismatch causes signal reflections
=Reflections reduce voltage and timing margins

*PCB process variation -> Z, variation -> Channel error

|

Transmitted Energy

Reflected Energy

71

Example: Rambus RDRAM and RIMM Design

« Intel suggested coplanar structure

10 mils e 4B milS Ground flood & Stitch

* Intel suggested strip structure

RIMM 28X UNLOADED)

72
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Example: Rambus RDRAM and RIMM Design

PCB Parameter sensitivity:
* H tolerance is hardest to control
* W & T have less impact on Z,

Z0 vs H (W=18mils, T=1.4mils, £,=4.5)
Zovs

Z0 vs W (H=4 Smils, T=1.4mils,

20 VS €, (H=4 Smils, W=1Bmils, 20 vs T (Hed.Smils, Ws18mils,
4.5

73
Example: Rambus RDRAM and RIMM Design
e How to design Rambus channel in R/IMM Module
with uniform Z, = 28 ohm ??
e How to design Rambus channel in R/IMM Module
with propagation delay variation in +/- 20ps ??
Last Device
First Device
Pin A1
74
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Example: Rambus RDRAM and RIMM Design

Impedance Control: (Why?)
Loaded trace

vy 4% oo

A e, Unloaded trace
s /M s 3%
ST e _
T
2qat > fgsd

G
TR ah &

ek

B0 e
_co

Figang 512 Wigh-Spesd CRHOS Siyon) Roldieg

75
Example: Rambus RDRAM and RIMM Design
Multi-drop Buses
Jf % Jf % Unloaded Z, Jﬁjk
/ [
Stub | Device input

r 777777777777 Capacitance C

. Electric pitch L i
Equivalent loaded Z, P A Mulidrop Bus

7("_ = 28Q (for Rambus design)
L0

Loz
where C; is the per - unit - length equivalent capacitance at length L,
including the loading capacitance and the unloaded trace capacitance
C, is the loading capacitance including the device input capacitance C,,

the stub trace capacitance, and the via effect.
76
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Example: Rambus RDRAM and RIMM Design

In typical RIMM module design

via Device input capacitance
stub

— o /
If C, =0.2pF+0.1pF + 2.2pF, and
If you design unloaded trace Z, = 562
the electric pitch L = 7.06mm to reach loaded Z, =28Q

— @

Ly =2Z,7=56Qx6.77 psec/ mm =379 pH/mm = 9.5 pH/ mil
C. L 25pF 379 pH/mm

Cr=-2t+-2-= + 5 =0475pF/ mm
Lz 7.06mm 5602

.z, = | —2830
Ve,

7

Example: Rambus RDRAM and RIMM Design

» Modulation trace
Device pitch = Device height +
Device space

Figuta 5-5: & Davica Singlo-Sidad Edgo-Bondad MWedula Davica and Elactrical Phich Modulation trace /ength

= Device pitch - Electric pitch

78

b2**  Electrical pitch L is designed as
: 2
: FE K : Jrical pitch L = CLZL
ssans a8 T 2 2
n treex s 12iee 7, 8
*  iwEE * Akwe If device pitch > electric pitch, modulation
e i trace of 28ohm should be used.

39



Example: Rambus RDRAM and RIMM Design

« Effect of PCB parameter variations on three key module
electric characteristics

...rasults In this Adjusting this... o
i N 3
Spacing
Channel - Trace
“ Attenualion ’- T Width
* Coppar
L Thickness W
i 4] ietectric Impedance
? Channel o Constant
Delay * RODRAM
L Capacitance
+ Dielectric
Thickness * J
“: affects ion and delay indi

Figure 2-3: PCB Design Parameter Relationships

79

Example: Rambus RDRAM and RIMM Design

« Controlling propagation delay:

«Bend compensation
Via Compensation
«Connector compensation

Bend Compensation

Figure 5-11: Delay Matching (Right Side)

« Rule of thumb: 0.3ps faster delay of every bend
e Solving strategies:

1. Using same numbers of bends for those critical traces(difficult)

2. Compensate each bend by a 0.3ps delay line.

80
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Example: Rambus RDRAM and RIMM Design

Via Compensation (delay)

For a 8 layers PCB, a via with 50mil length can be modeled as
(L, C) = (0.485nH, 0.385pF).

.. Delay T, =+ LC =137 psec

1
Impedance Z, = —=~38Q <«— Inductive
p = Jic
Rule of thumb: delay of a specific via depth can be calculated by scaling
the inductance value which is proportional to via length.

.. 30mil via has delay ~13.7 x 30m!I =10.6psec
50mil

This delay difference can be compensated by adding a 1.566mm to the

unloaded trace (56Q2) /'
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Example: Rambus RDRAM and RIMM Design

Via Compensation (impedance)

Compensation and
Overcompensation at a Via
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Example: Rambus RDRAM and RIMM Design

Connector Compensation

Mother-board compensation ~ 2.1nH
0.7pF

ngi 0,6pi UTU LO-SPF

Through-hole

Connector model Module

Cpin = 0.7pF, Cvia = 0.6pF, Cpad = 0.6pF, Cmb=0.8pF == Ctotal = 2.7pl’
Lpin = 2.1InH
Z = Wf(Lpin)/(Crotal) = 27.9Q
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Example: EMI resulting from a trace near a PCB edge

Experiment setup and trace design

Table 1. Cemparison of helght above PCB reference plane
and irace o

proximity te board edse ().
| Hoight (il | d(mils) /b | Tomisstion |

45 25 55 s0a

Figure 1: Geometry of PCB layout. 45 75 Le7T g0
45 275 &1l 200
45 515 128 200
5 1935 ooy | 435 | o002
o0 1056 d} | 217 1160
o 1956 (contered) | 843 [0 ]
e b L14 (14
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Example: EMI resulting from a trace near a PCB edge

Measurement Setup

Teetwork
Ansdyaer Port2 Eervite
sloeve
‘% M
Port 1 antenma.
60 cma x 60 cm
alumincon plete

Figere 2: Test setop for measuring the IS;,) witha
current probe.
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Example: EMI resulting from a trace near a PCB edge

EMI caused by Common-mode current : magnetic coupling
Measured by current probe

‘Tahle 2. Increase in Syl as the trace nears the PCB edge.

The reference is g centered trace,
Distance feom Edgs (d) AlSyl (B)
25 mils. 17.6
75 mils. 131
275 mils 6.61
475 mils 3.33

0.1 Prequency (GHz) 10
Figure 3: 1S5] measurements with a current probe.

86

43



Example: EMI resulting from a trace near a PCB edge

EMI measured by the monopole : E field

at high frequency
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Example: EMI resulting from a trace near a PCB edge

Trace height effect on EMI

— =25 =4S
e RS R=22
- conen k=22
p—
— Comier; B=00

18211 fdBY

b 3.0

0s 1

15 a
Frequency (GHz)
Figere B Comparisom of (e near-clectric fleld radiation

for differeat trace helghts above the reference plans for o
centered trace, and trace 25 mily from edge.
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