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An Empirical Formulation for Predicting the Thickness of
Multilayer PCB

Nam-Hoon Kim*, Gwan-Hee Han*, Min-Su Lee**, Hyun-Ho Kim**, Kwang-Bok Shin*"

ABSTRACT: In this paper, the thickness of a multilayer PCB was predicted through an empirical formulation based on
the physical properties of the prepreg used in multilayer PCB. Since the thickness of prepreg reduction when
manufacturing a PCB due to the physical properties and copper foil residual rate, it is necessary to accurately predict
the thickness of the PCB through the thickness empirical formulation. To determine the density of the prepreg, the
mass and thickness of the prepreg were measured. To manufacture the CCL, the prepreg and copper foil were
laminated using a hot press machine, and the thickness was measured using a microscope and micrometer. An 8-
layerd PCB was designed with different circuit densities to measure the change in the thickness with the copper foil
residual ratio, and the proposed empirical formulation was verified by comparing the measured thickness with the
value obtained using the empirical formulation. As a result, the errors for the CCL and multilayer PCB were 2.56%
and 4.48%, respectively, which demonstrated the reliability of the empirical formulation.
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Fig. 1. Glass/Epoxy prepreg

Table 1. Physical properties of prepreg

Glass fiber Resin Mass Thickness Resi.n
fabric type content @ (um) den51t3y
(%) (g/em’)

106 75 5.18 57 1.550

62 6.59 71 1.476

1080 63 6.87 74 1.484

67 7.57 83 1.489

2116 54 12.16 126 1.471

7628 45 20.04 201 1.433




184 Nam-Hoon Kim, Gwan-Hee Han, Min-Su Lee, Hyun-Ho Kim, Kwang-Bok Shin

SAA ke eAk7 Qs A9 WETE ohE 4= QL]
ool of 8] T/ T Ze 15 ARE-Sto] 27 S5t
qow, S Aus &85t oA deg =&5sHith 1
A} Uyl FHFA 07 1.484 g/em’E UERG o, o @
27} 4.45% = SRIsHITE T A Aol A== A Y

w P REhS AESIIT). Table 12 1 Q150 ALEH 3
Blma) o) AT A4S Uehit.

2.2 CCL Mz 23X

CCL Fig. 29} o] ) e 19} Fuh8 2 5-5haL 7}
o 9 7ok A AR EH, B dJLoAE 8 = AT
= ;\}g—}oq 74 @ 7k 2AL stk AR “7%
ote] AL Fig 31} Zro] 7 kg/em?Q] ¢l Hojshal 4
oA 1.5°C/min®] $E& AW L7l St ER *é_xé
&h9iTh. o] 24 %7} 90~100°Ce] A el
02 o|il 2 %7} 165°Co| EEshH 308 oS &
A5k A2ksl et

Copper Foil

Epoxy/Glass Prepreg

Cutting

Hot pressing

Fig. 2. Manufacturing processes for copper clad laminate
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Fig. 3. Curing cycles of copper clad laminate
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Fig. 4. Cross section of copper clad laminate
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Fig. 5. Layer thicknesses of the manufactured CCL

Table 2. Comparison of prepreg thicknesses

Glass fiber Resin P.repreg . Prepre.g . Error
fabric type content | thickness | thickness inside %)
(%) (um) CCL (um)
106 75 57 55 3.51
62 71 72 1.41
1080 63 74 74 0
67 83 84 1.21
2116 54 126 123 2.38
7628 45 201 203 1.01
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Fig. 6. Layer structure for 8-layerd PCB

Fig. 7. Cross section of 8-layerd PCB
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Fig. 8. Measured layer thicknesses of 8-layerd PCB
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Table 3. Layer thicknesses of CCL predicted by empirical

formulation

Prepreg Copper | Prepreg | Copper | Total | Error
(um) | (um) | (um) | (um) | (%)

106_75% 17.5 57 17.5 92 2.43
1080_62% 17.5 71 17.5 106 0.63
1080_63% 17.5 73 17.5 108 0.65
1080_67% 17.5 84 17.5 119 0.25
2116_54% 17.5 127 17.5 162 2.35
7628_45% 17.5 197 17.5 232 2.56

Table 4. Layer thicknesses of 8-layerd PCB predicted by empirical

formulation
Copper foil |Measured| Predicted
Layer residual ratio | thickness | thickness E1;ror
@ | e | @m |
1-2 Prepreg 50 121.3 120.25 0.87
2-3 Prepreg 100 203.27 200 1.61
3-4 Prepreg 50 123.47 120.25 2.61
4-5 Prepreg 100 201.11 200 0.55
5-6 Prepreg 25 119.13 115.88 2.74
6-7 Prepreg 100 201.11 200 0.55
7-8 Prepreg 100 123.47 129 4.48
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