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Abstract: To address challenges associated with multiple cables and significant link loss in high-speed
CMOS image data transmission, a fiber-optic transmission system for high-speed CMOS image data was
investigated. The limiting factors of high-speed fiber-optic transmission were identified, with particular
emphasis on the transmission link within the fiber-optic module. The electrical signal link was determined
as the critical element impacting overall transmission performance. Initially, based on the transmitter’ s
full-temperature-range transmission capability and the receiver’ s minimum required signal amplitude for
stable operation, the maximum permissible insertion loss for the electrical transmission link was estab-
lished. Employing an insertion loss model for the transmission link, the reliable transmission distance was
quantified, constrained primarily by the dielectric constant and dielectric loss tangent. Subsequently, con-
sidering the AC coupling requirements for high-speed signals in fiber-optic modules and the limitations im-
posed by the use of small-package nickel-electrode capacitors in high-reliability aerospace applications,
compensation strategies were developed to mitigate impedance mismatches caused by large-package cou-
pling capacitors and vias. Furthermore, for the Aurora 64b/66b protocol implemented in the GTX mod-
ule, a method was proposed that utilizes the empty flag signal of the cache FIFO to restore line boundaries
within the data stream, supplemented by the insertion of line head, line end identifiers, and synchroniza-
tion headers between the Reed-Solomon encoder and the scrambler to reduce FPGA memory resource con-
sumption. Simulation results at a 10 Gb/s transmission rate indicate an echo insertion loss of —10. 243 2
dB on the circuit board, surpassing OIF-CEI-04. 0 and PCle 4. O protocol standard requirements and con-
firming high signal transmission quality. The overall insertion loss of —1.477 65 dB also exceeds link
specification demands. Software testing over 48 hours demonstrated a bit error rate of 5. 789X 107!, con-
firming the system's stability and reliability. Comparative analysis between the novel and conventional
methods reveals that the proposed protocol interface reduces FPGA storage resource usage by 3.6%,
highlighting its efficiency and practical significance.
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Fig.1 Schematic diagram of optical fiber transmission system for high-speed CMOS image data



1796 e K TR

33 %

oy o RPN AR F A KT 100 krad(Si),
PR F 8 B AN IEF 75 MeVeem®/mg, 157 # i
3 320 56 11 G BRI B R /N F 5 X 10" (%831 1 MeV
T F)/em’s ZHEMFTHRBMAGHEE, FEE
HY T & 326 il & 36 1 22 4015 5 AR J2 6 F O HL Rl o)
PR, BLE G e o B Lk B A, R SE TR AR A
HL AR UEAT IR B AE . TGET B A R R A
2T EAEREYAN Y 22 43 v AT 5 4 1 A AN
BHLAS o 0402 355 8 557 HL 25 46 A5 IR ST i e
FEMEME R, 10 GHz N A4 0. 2 dB,{H i T8
FL A R 5 A o T SE DR T H o BR Ak B H R
FRAF BN 1 dB Y 0603 B HL 7%

Differential
band line | vias

Differential
microstrip line | viag

Differential
microstrip line

3 bE AR R kit

3.1 SEBESHEEERER

T FPGA SR EMEE R, MBEHES
LT B XS Ty FE MG 2, AN 2 T 7 g 3 I 2
(AR A HEL 25 T30 T D' 21 B B ity B B3 2, m s b
B b 3 LB DT U2 e i LS 30 LT
PFL o X e ol A i i I 1 1 5 S MR ST
Wk oA T B AR S R MR R A G e
Sl 5 E AR AR R AT S Y L E A AR
FHE, 4 )8 S 5 F s H 30 22 TR0 A9 HARE M X
AL P RE A R

Differential

Differential
microstrip line | viag

Differential
band line | yiag

Differential
microstrip line

FPGA

Differential Differential

N Differential
_microstrip line | yiag | band line | vijas __microstrip line

Differential Differential

n Differential
_microstrip line | yiss | bandline | viag | microstrip line

Coupling microstrip line
"| capacitor i " Transmisitted
- Ditferential optic signal
Coupling | microstrip line
> capacitor -
Optical
: : fiber
Differential module
Coupling |_ microstrip line
capacitor | Received
. . optic signal
Ditferential
Coupling |_ microstrip line
capacitor |

P2 e o 5 A AL il B A5 7

Fig.2 Schematic diagram of transmission link model for high-speed optoelectronic signals
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