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Electrical Model
: Backplane
BGA trace Line card connector Backplane
l 1.5 cm 7.5cm 3.0 cm 50 cm (= 20 in.)
50 Q / / P / i
() —Il: § Zpirr = 100 Q B
() —f I 1 I I To other
. line card
Die Egﬁfba” &via Via Via
l 8 600 ff 800 ff 1000 ff
(Pro-X) | —
Tx = 35 ps You can do better than this.
N/ \/ signal

y, A consulting
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Edge-Coupled Pair
e e

Differential sigh sig— i
. . [ ] [ ]
microstrip EN _T—

h t
- Pwr/gnd

Edge-coupled b

stripline sigt  sig— if
(offset) i — —
v

Pwr/gnd

w w
S

Differential pcb traces can be arranged in
Vdsignal many different ways.
consulting
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100-ohm edge-coupled
[ | | | | | |
stripline configurations
b h w S Rskin ZO ar b h w S Rskin ZO al‘
(dBlin. (dBlin.
@1GHz) @1GHz)
10133140 3.501]99.03| 0.1522 205 |3 |44 (3.141] 101 | 0.134
101431 7 132351004 0.1389 2015465 (2592[100.7] 0.1111
105131 7 [3218]1012] 0.1371 205 [ 5 | 11 [2271]100.6| 0.09746
101514140 2.76 | 9459 0.1258 2015 6|40 |2.087]9841] 0.0916
201 713 13.9(3.132[10L.1] 0.1336
14143 [55]3.191] 101 | 0.1361 ;8 ; ‘5‘ 5&2 ;?‘6‘2 igg: 8'(1)853
141414112 127381100.3} 0.1177 201 7 1 6 | 10 [ 1.908 | 1003 | 0.08218
1415 3 |45 (3.136]100.1| 0.135 TAEBEARTARECARTEIRLE
}j 2 ‘5‘ 1‘3 ;ggg ;gos'f 8'}(1)}? 20| 7 | 8140 | 1.613]96.34| 0.07242
: : : 2010 3 | 3.7 [3.143 [ 100.6| 0.1347
141713 [45(3.112|101.8] 0.1317 ST T 555 Notel 0107
ij ; Z_‘ 6135 ;;gg igg'g 00619059764 20[10] 5 | 6.5 |2.148 | 101.4| 0.0915
e 20110] 6 | 85| 1.876|100.7 | 0.08054
: : : 20101 7 | 12 | 1.682 [ 100.5 | 0.07236
20101 8 | 25 | 1.562 | 100.3 | 0.06735
dsignal o . .
‘con sulti ng t=1/2-0z Cu for all combinations. All dimensions in mils.
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b|h|w S Rskin Zo Oy b|lh|w| s Rskin Zo Oy
(dBlin. (dBfin.
@1GHz) @1GHz)
300 5] 3| 43]3.147]100.7] 0.1347 30| 8 | 9]23]1.446]/100.5] 0.06229
30 5] 4]63]2595[100.7] 0.1112 30| 8 [10] 40 [1.362] 97.8 | 0.06029
30 5] 5] 10 [2.268]100.7] 0.09729 30[10] 3 [3.6]3.159]101.2] 0.1345
30 5] 6| 22 [2.087]100.2] 0.08996 30[10] 4 [4.5][2.568] 101 | 0.1098
30 63| 4 [3.139] 101 | 0.1339 30[10] 5 [5.5] 2.17 [100.7] 0.09311
30/ 6] 454]2564]100.7] 0.1099 30[10] 6 [ 6.8]1.888]100.7] 0.08102
3065 |75]2195/100.7] 0.09415 30[10] 7 [8.4]1.672]100.9] 0.07163
30 6] 6 [11.2]1.955]100.6| 0.08399 30[10] 8 [10.5]1.507]100.8] 0.06471
30161 71 20 | 1.81 1100.4| 0.07795 30[{10| 9 [13.5]1.381(100.6| 0.05944
300 713 13.813.14411009| 0.1343 30[10| 10| 19 [1.287]100.6| 0.05539
300 7141 5 1255711009 0.1094 30[10| 11| 34 ]1.222]100.2| 0.05284
30| 7 |4.5] 5.7 |2.347(100.7| 0.1006 30110)12| 40 | 1.15 | 96.42| 0.05163
30 7] 5]6.5[2.172]100.6] 0.09323 3001513 ]3.5(3.171| 101 | 0.1354
300 7] 6 | 8.8 [1.907]100.7| 0.08188 30)15] 4 [4.3]2.581|100.7] 0.1107
30/ 7| 7 [12.5]1.727]100.8] 0.07411 30[15)515.312.175]101.2| 0.0928
3007181 21 11604110051 0.06903 301151 6 | 6.31.889(100.9| 0.08098
3008 13 13713.151 101 0.1344 301157 |75(1.671| 101 0.0716
30 8 4| 47[2.562]100.6] 0.1099 30115181 9 114991100.9] 0.06427
30[ 8] 5] 6 [2.167]100.7] 0.09296 3011519 | 11 | 1.361] 101 | 0.05835
30 8] 6 7.7 1.89 [100.6] 0.08123 301151101 13 11253 ] 100 |} 0.05425
30 877 [10.2]1.692[100.9] 0.07251 S0 15 111 17 11,1661 100.3] 0.05036
3018 18 [ 14 11545110061 0.06647 30 [15]12] 25 [1.101]100.5] 0.04745
A'Asignal L _ ] .
ﬂ' consulti ng t=1/2-0z Cu for all combinations. All dimensions in mils.
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DIFF versus i1 and w

12~
h=12
1= (50%) Pwr/gnd
A
107 ep = 4.3
: : 50z

- sig+ S19— 2

’ A S i &

—

S 8~ " T0.68
(mils) . I
5 Pwr/gnd
6 / —» W [P [
> 50 Edge-coupled stripline
4 /
37 | [ [ [ | | |'//|

\/ signal w (mils : : o
‘consultlng (mils) All dimensions in mils
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Zywr FOr Offset Stripline

9_
Pwr/gnd
130
8— (25% 4
er=43
7_
g 24

; : 720z
. sig+  sig—
1 _ __L
(mils) ¢ T_ — T
90 vy 0.68
> /| s Pwr/gnd
80 W [P w [
-
1= / Edge-coupled stripline
| | | | | |
2 3 4 5 6 7
w
(mils)

Wa'Asignal : : . .
v
,.;;__ ‘consultlng All dimensions in mils
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Coupling Effect

R, @1GHz 7 7
1.57 Q/in. S
6 -, 6
[ ] [ ]
1.69 Q/in. 5
|
5 5 5
[ ] [ ]
20% higher  1.89 Qin. 5

Tighter spacing = More coupling = Skinnier Traces
— More resistance = Smaller signal

\ signal _ _ _
consulting 100-Q differential pairs, ey =4.3
A copyright 2004 8 Scene 22B




NEXT Crosstalk

0
i Diff. Diff
. pair--__---- - pair
m I
) * . . .
T I | T T T s Y
§ 6-8-6 1.0 mm ball pitCh | |
% double-track 1 ) i
S : 4-4-4 1 Diff. Diff.
o . - .
— —40 pair == pair
S - + + -
~ 0.8 mm ball pitch N T 4 T‘x”T 4 T
- double-track breakout
e
0 10 20 30
Separation x to nearest aggressor
(mils) b=24 mils.
h=6 mil
=1/2-0z Cu
ep=4.3

Y ignal
_ Aconsulting
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Via Crosstalk

1 VNOISE,P-P Ly,

Ly, =h-5.08-In — | nH =
| (S / p) VINPUT,P-P Zoirrt,

Ex: s =.060, p =.180, 2 =.180 1n. (vialength)
Ly, =.108 nH, Z_ .. =100 Q
t =35 ps

‘ Vnoise, pp 031

VP P

Pair A Pair B

a  a

|- s-| |- s-|
- 1.5mm A problem in dense arrays of
ajgggnnsi'lting thick backplane vias
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Excess Capacitance

Inpup\()ultput T Ouput amplitude

// V¥ Input amplitude

)

©

)

S

2 |
< s Re;ltected arﬁfljude

Reflected wave /~ ¢p amplitude
100 ps/div

a‘signal | Ex: Z,=50, C=1.5 pF, £,=70 ps
consulting
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Pulse Height Reduction

Actuél réduction for

tal2 <tp <ty

| Curve-fit =

—0.8x+11x* dB

\

0 dB

-0.4

Ouput amplitude 0.8
Input amplitude e

(dB) -1.2

-1.6

-2

0

Leading indicator: x[ (

signal _
consulting
A copyright 2004
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1/2)ZODDC
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Reflection Coefficient

0.5 Approximation
] 7
/// I~ (I/Z)ZODDC
0.4 pat ‘e
// / ~
0-3 Jf/ r/
. {/// \
Reflected amplitude 7 N
S
Step amplitude 5 Actual
0.1
0

O 0.1 0.2 0.3 04 0.5
(1/2)ZODDC

Y. Leading indicator: [
signal t
a‘consulting :
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4— 0.250in. —p

Backdrilling

Drilled Plated Clearance | Pad dia., PTH Via
hole dia., hole dia., mil mil length, capacitance
mil dia., mil mil pF
26 22 52 38 100 1.0
26 22 52 38 125 1.3
26 22 52 38 150 1.5
26 22 52 38 225 1.8
26 22 52 38 200 2.0
26 22 52 38 250 2.4
NOTE—(The data in this table were adapted from Teradyne)

In this very thick board the via capacitance scales
almost linearly with via length.

signal

consulting

copyright 2004
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PCB Trace Losses Pielectric foss

_~tan 6 = .025
1 7 ]—tan 6= .02
i ~tan 0= .01
dB/in 7 |—tan 0 = 005
. //:// ‘g ’,/
0.1 ,///// ‘:/I{,,’l’ Loss oc (tan 6)4 =N
Skin-effect loss ) AT &47 Assume €; =4.3
w=.003 in. (075um)—f~ _~ |z~ (at 1 GHz)
7 4., LS
w=.006 in. (150um)—f _~ 21 -~ .~
w=.0121n. 300pum)—r— .=~ - 2
Loss oc \/; / w /:j:’/,/ 7
0.001 “——
8 9 10
Assume Cu 107 00 10 0
(at 20" C) Frequency (Hz)

ziognnsilmng losses for 100-ohm differential striplines

y This chart estimates dielectric and skin effect
X

copyright 2004 15 Scene 47



Trace Loss Example

dB/in.

Skin-effect loss

w =006 in. (150pm)

Assume Cu

(at 20" C)

SIgnaI
consulting

Dielectric loss

—

0.27 dB/ln

\
\ N\

0.1

tan@ =0.018

e, =4.3
(at 1 GHz)

0.15 dB/in.

7

bl

|

0.001%
7
10

10 ’ 10 ’
Frequency (Hz)

10
10

Total trace loss at 3.125 GHz is 0.42 dB/in.
at 26 inches = 11.5 dB

copyright 2004
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I m p rove m e n ts Use better material
1 2x tan @ =0.01
e, =3.5
dB/in. | (at 1 GHz)
0.1 7 T
//‘/
\ /,///
Double the 2x l —T
trace Wldth = TH/
0.001 =<
7 8 1
10 10 109 10 0
Frequency (Hz)
Visi gnal
A consulting
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