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( Empirical Model of Via-Hole Structures in High-Count Multi-Layered
Printed Circuit Board )
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Abstract

The electrical properties of a back drilled via-hole (BDH) without the open-stub and the plated through via-hole (PTH)

with the open-—stub, which is called the conventional structure, in a high-count multi-layered (HCML) printed circuit board
(PCB) were investigated for a high-speed digital system, and a selected inner layer to transmit a high-speed signal was
farthest away from the side to mount the component. Within 10 GHz of the broadband frequency, a design of experiment
(DOE) methodology was carried out with three cause factors of each via—hole structure, which were the distance between
the via-holes, the dimensions of drilling pad and the anti-pad in the ground plane, and then the relation between cause
and result factors which were the maximum return loss, the half-power frequency, and the minimum insertion loss was
analyzed. Subsequently, the empirical formulae resulting in a macro model were extracted and compared with the
experiment results. Even, out of the cause range, the calculated results obtained from the macro model can be also
matched with the measured results within 5 % of the error.

Keywords : via-hole, open-stub, back-drilled-hole, plated-through-hole, high-count multi-layered printed
circuit board, macro model
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Table 1. Speomcanon of control factors for the experiment.
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Table 2. Comparison the calculated result obtained from
the regression formula with the measured value.
L (VL % g)
1.763 4,480 719
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(dB) |BDH| -1.16 -0.88 -1.02
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(dB) | BDH| -29.06 | -2443 | -2291
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Table 3. Matrix of regression formula to minimize the error between the experimental resulis and the regressed value.

[=]
24 #2

HCML Hj & 7| oA HlOHE X0 Chgt

b 2tel 2Rk H2stsy| S8 BlW MM HE HEYA

o
0R
Ho
0

Wagt X2 X -
¢ X eas o 3 .
W Ve Vp - Ve | Vm - Vid Vi -
Ve
A/345 Ay Ay Az Ay As As A; Ag Ay
12 6, 1 -0.0021 0.01 -0.0075 | -0.0012| -0.0276 | 0.0265 0.0093 00171 | -0.0243
PTH| L 6, | -0.0244 | -0.0205 | 0.0418 | 0.2468 | -0.0954 | -0.1428 | -0.3587 | 0.2429 | 0.10%4
Maz. S, Lc s 0232 | -0.2581 | 0.0236 |-14122| 16926 | -0.2849 1.733 -2.1451 | 3.4079
20 +3 12 6, | -0.0237 | 00447 | -0.0197 | 0.1141 | -0.2129 | 0.0922 -0.1309 0.242 | -0.1038
BDH| L 0, 02681 | -05131 | 0229 |(-1.2352| 23517 | -1.0457 14088 | 27046 | 1.227
Le g, | 04669 | 09111 | -04406| 1.8252 | -3.1471 | 1.1798 -21444 | 39307 | 1.2589
Maz. S,, 12 5, | —0.0024 | -0.0012 | -0.0113 | 0.0263 | -0.0092 | 0.0845 -00749 | 0.0678 | -0.1651
—20————+3 PTH{ L 0, 00257 | 00161 | 01409 |-02915| 0.0867 | -1.0534 | 08452 | -0.7404 | 2.0758
Lc £, 0.0058 | -0.1106 | -04678 | 0.2187 | 0.3%M47 34878 -16235 | 1.0086 | -4.1101
Min. S, 12 5, || -0.0046 | 00141 |-0.0081 | 0.0163 | -0.0688 | 0.0439 -0.0153 | 0.083 | -0.0579
( 20 ) BDH| L e, 00365 | -0.098 | 0.0496 |-0.163b| 04993 | -0.2592 02043 | -06852 | 0.3215
10 Le P, 0185 | -02171 | 00191 |-1.1657| 152% | -0.2084 1.0029 | -1.7349 | 1.1911
12 s, 0.061 -0.1322 | 0.0683 |-053%| 1.0635 | -05053 | 0.8062 -1.556 | 0.700b
PTH| L 6, | -1.3193 | 20147 | -05024 | 79525 | -126% | 3.8791 -10.109 | 16398 | -5.16%4
f Lc Do 22872 | -3.1351 | 04486 |-14435| 20693 | -3613H 17956 | -26523 | 86715
—3dB 12 6, || 07112 | 12518 | -04332 | 36748 | -6.7055 | 25182 52557 | 99086 | -4.0524
BDH| L 6, 85246 | -15029 | 53447 |-42.224| 76446 | -28784 | 53755 | -99.035| 38934
Lc p, || -16817 | 34635 |-16319| 71.964 | -171.72 | 91.814 -69506 | 169.77 | -87.156
< <
5 >
8 8
E] 3

1.667

a& 3. QIR Le ZT|of| mE V2l Xe| otM st pzioff it d
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@

3& 99
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nE ojod

oo ot
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(b)

<-26.5dB

Fig. 3. Response surface analysis of a stable range embodied by Ve and X for the magnitude of L.
{a) Joint area at L = 7.195. (b) Joint area at L = 1.763.
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Table 4. Measured and calculated result through Lis.
=3 Box macro
A3 ~Behnken model
Sime | PTH | -1526 -11.31 ~15.20
(dB) | BDH ~24.26 -24.42 -24.35
£ PTH 13.5 12.8 1351
(GHz) | BDH 21.7 17.71 21.66
Sy | PTH | -119 ~7.44 -1.61
(dB) | BDH -1.27 -1.24 -1.21
0
."-“-"‘;;__1
e ~20 .2 3
2 2
e 2
H 'f‘ & = g
9 304 ¢ -3 2
& a0 -4 &
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a8l 4 Ly AERMERZE S8 Al BDHRI PTH 70
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Fig. 4. Measurement of insertion and return loss on the

condition of the transmission of the high-speed
signal through a inner layer of Lis.
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