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Fig.1 (a) Structure diagram of uncoated optical fibers embedding; (b) Structure diagram of coated optical fibers embedding
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Tab.1 Properties of materials
Material Elastic Poisspn‘s Thermal e.xpansion DensiEy/ Heat capaci}y/ Thermal conduftivity/
modulus/GPa ratio coefficient/°C kg'm™ J(KgC)'! W-(m-°C)"'

Copper layer 110 0.33 18x107 8940 384 398
Protective layer 3.20 0.36 22x107° 1420 1090 0.12
Silica fiber 71.9 0.16 0.55x107° 2200 745 1.50
Filled resin 7.84 0.30 27x107 970 1600 0.21
Coating layer 3.20 0.36 22x107 1420 1090 0.12

K 2 AR A ZOCEF AR MEREAR MRS R 72 SR

Fig.2 The global view of meshing of coated optical fibers embedding in flexible substrate
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Fig.3 Lamination process of circuit board
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Fig.4 Curves of lamination process
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Fig.5 (a) Stress distribution of uncoated optical fibers; (b) Stress distribution of coated optical fibers; (c) Stress distribution of coatings
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Fig.6 The influence of the thickness of the middle PI layer on optical

fibers stress
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Fig.7 The influence of thickness of optical fiber bottom filler on optical

fibers stress
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Fig.8 Cross-section diagram of optical fiber positioning groove
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Tab.2 Measurement results of structural parameters of optical fiber positioning groove

Measurement item Measurement value/um

Design value/um Error value/um

F . (copper layer) 155.95
F (position 1) 155.78
F,,, (position 2) 140.88

Pitch (P) 244.87
Depth (H) 118.29

155 0.95
155 0.78
155 —14.12
250 -5.13
120 -1.71

N 5 5 S T, AR 2 Ak, YA R R 2%
{H i K H—14.12 pm, 1 TOCE A BIE, %R 22 X6
AU AKE SRR K 78 1 98 IR ZE(H R 0.78 pm,
T2 R AE Gk 2= 20 ol T2, iR 22 EAUH 0.95 pm.
SEIE RS A EE P oy 244.87 pum, 12 244 4 -5.13 um; FIE
RS H Jg 11829 pm, 12255 J9—1.71 pm.
2.2 FEOPCB #l{E

Y8 IR E R A B BDGER (i A b, SRR TR
BN SEET (UL 7 ) PTEEAE T2 0 1 2% 1h0 e [

o R F0 PLARYP R 04T & 2 5 XL, IFHe IRIAD 4 FrR
2 T2 MR AT 2 . 2 [ Ak R e e T e R A%
T RH A RS, LR 55 A v 8] f 25 B
ENCLE, BRARDCET 76 J2 i A2 T 52 #4030 77, PRAIE
AHARIR, LR RN 50 pm. #I/ER) FEOPCB 4
& 9(a) Fm, AR 10 cm F115 cm. X FEOPCB

HEAT RO U A AR EE A3 BT, Al 9(b) B, LA
W Z LSRG, JCm R . OB MR 5
B
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Fig.9 (a) Physical picture of FEOPCB; (b) Cross-section diagram of
FEOPCB
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Fig.10 Measurement diagram of buried optical fiber offset
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Tab.3 Measurement values of buried optical fiber

offset
Path Section Lateral Vertical
number number offset/pm offset/um
A 2.98 7.15
! D 3.87 6.94
A —-0.56 6.26
2 D -1.24 5.74
A 0.89 5.70
. D 0.66 6.07
A —2.58 6.84
! D 227 6.71

A) o ME S Sk [18-19], B LR 1) AU 1] i
/N T+10 pm, HHE6E R IE VCESL #0625 #il PIN
RN 28 5] 55 OB EF 22 1) B 55 I R 0%
TE S B o FH Ao B v, AT 6 i 4 g 17 A YK 28 o R E S
3. 1 pm RS 0 20 R4 ' 4 A 7 BIF S 4 S AL 3, OF: i
Bk A 25~35 nm OE IR, FRATF-EEO I I v T, BT
BRI A ROR

3 LR ENH R R AT I

R GIBISOA A9 ZER, XOBLF A 15em 1
FEOPCB ZAMEEMETT e TR whily L RIR . & iR A
PR E RIS AR5 AR IR GIB7548 w25 il g
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Fig.11 Bending fatigue test of FEOPCB
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Fig.12 Cross-section diagram of FEOPCB bending area
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rh 3 T A SRR (R, G 14 B . MR H AT
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o
o
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=
o
-
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Fig.13 Schematic diagram of bending loss test
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Fig.14 Bending loss versus curvature radius
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Fig.15 Crosstalk test diagram of adjacent optical fibers
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BERT Oscilloscope
Optical

module
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Fig.16 Schematic diagram of high-speed signal transmission perfor-

mance test for FEOPCB
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Fig.17 Physical picture of high-speed signal transmission performance

test for FEOPCB

20220514-8



s Gk A2

% 4 www.irla.cn % 52 %
5 £ -L/b\ Chinese)

FEOPCB 7 & it i e T 20 i 4 1 72 ol 5 3%
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Simulation and test of optical fiber characteristics in flexible electro-

optical printed circuit board process

Mao Jiubing', Guo Yuanxing', She Yulai®', Liu Qiang', Zhang Junhua®, Yang Wei', Yang Jian', Li Quanying'

(1. The 30th Research Institute of China Electronics Technology Group Corporation, Chengdu 610093, China;
2. Mechanical and Electrical Engineering College, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract:

Objective The traditional electric interconnection method has become the bottleneck to limit the rapid
development of high-speed communication electronic products for its inherent physical characteristics in the case
of high frequency. Optical interconnection technology can be used instead of electric interconnection technology
to realize high-speed, large-capacity, high-density and flexible information transmission in electronic products
and eliminate the technical bottleneck. As a new development direction of board-level optoelectronic
interconnection technology, FEOPCB can realize flexible interconnection among different subsystems and meet
the development trend of lightweight, miniaturization and high performance of high-speed electronic systems.
However, during the high-temperature lamination manufacturing process of FEOPCB, the embedded fibers will
generate thermal stress, which will cause damage to the embedded fibers, affecting high-speed signal transmission
performance and reliability of FEOPCB. Therefore, it is necessary to establish the finite element model with bare
optical fibers embedded for simulating and analyzing the thermal force to guide the design and manufacturing of
FEOPCB. For this purpose, the research work on simulation and test of fiber characteristics in FEOPCB process
was carried out in this paper.

Methods In order to reduce the bending radius and improve its reliability, high-precision rectangular positioning
grooves for the fibers were designed and fabricated on polyimide substrate with double-sided copper-clad. Firstly,
finite element simulation models of fibers with and without coating layer embedded in PI substrate were
established and the manufacturing process of FEOPCB was simulated and analyzed with the influence factors of
stress for embedded fibers (Fig.1). The results indicate that the stress of the coated fibers is much smaller than that
of the uncoated fiber (Fig.5-7). Then, the laser-etching technology was used to fabricate the high-precision

rectangular positioning grooves on the double-sided copper-clad PI substrate for the coated fibers (Fig.8).
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FEOPCB was fabricated by the high-temperature lamination process (Fig.9).
Results and Discussions FEOPCB has completed the reliability tests of temperature shock, low temperature, high
temperature, wet heat and bending fatigue for 100 000 times (Fig.11). Through the observation and analysis with
optical microscopy, the result shows that the embedded fibers have no high temperature degradation and cracking
defects under high temperature lamination process (Fig.12). The minimum bending radius of FEOPCB is as small
as 2 mm, and the bending loss is 0.57 dB and 1.12 dB respectively under 90° and 180° bending conditions
(Fig.14). The measurement results show that there is no crosstalk between adjacent fibers. Finally, the high-speed
signal transmission performance was measured which indicated that a 10 Gbps communication rate with bit error
rate of 10-16 could be reached at the wavelength of 850 nm (Fig.17).
Conclusions In this study, the finite element analysis method is used to establish the model with coated or
uncoated optical fiber embedded in rectangular groove of PI substrate, and the stress and influence factors of
embedded optical fiber are analyzed. The results show that the stress of uncoated fiber decreases from
129.72 MPa to 116.80 MPa, and the stress of coated fiber decreases from 89.47 MPa to 52.02 MPa with the
increase of intermediate PI layer thickness. The stress value tends to be stable, when the thickness value is greater
than 140 pm. With the increase of the thickness of the filling adhesive at the bottom of the optical fiber, the stress
on the uncoated optical fiber decreases from 125.04 MPa to 86.82 MPa, and then increases to 93.53 MPa, and the
stress on the coated optical fiber increases from 81.30 MPa to 84.52 MPa. The transverse and longitudinal offsets
of the embedded optical fibers at both ends of FEOPCB were measured, and the maximum values were 3.87 um
and 7.15 pm, respectively. It can ensure high coupling efficiency between bare optical fiber and photoelectric
chip. FEOPCB has completed the reliability experiments and performance tests perfectly. The research results
show that the coated optical fiber can be compatible with the printed circuit board lamination process. FEOPCB
has high reliability and can meet the requirements of high-speed signal transmission.
Key words: opto-electronic interconnection; FEOPCB;  finite element analysis;  positioning groove;
high reliability
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