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TR A B 1310 nm AR STM-N B4R
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Tab. 3. resource consumption

Bt LUT REG ERAM20K PLL 10 GCLK SHIFTER Serdes
=/ 29401 46653 370 20 26 73 12
2 4 BRRA U IIALE R
Tab. 4. Frequency Offset Test Results for Each Wavelength

FE I /mm Aw/ppm ITU-T G.813 E>K/ppm PR
C21 1560.61 <24 +4.6 v
C22 1559.79 2.4 +4.6 v
C23 1558.98 2.4 +4.6 v
C24 1558.17 2.4 +4.6 v
C25 1557.36 2.4 +4.6 v
C26 1556.55 2.4 +4.6 v
C27 1555.75 2.4 +4.6 v
C28 1554.94 2.4 +4.6 v

3.2.3 FERWFREERESRENIK

BN STM-1/4/16/64 VURE R FH 7 HI B K
FARREME, A R R I, PR SR s I
25+5°C, HEHHEAIRRE L%, WSS ESHEN
OSN3500 ¥ #eflt, Z4M SDH M4 & 5 ElE
BARMATH M, MR RAESIZT. ~
FRUTY S5 o AT 0 SR FH A0 T 0 B PR A IS i |
IeFAmE (AR ppm) , TWENEADT 1h,
RS JE N KBV IR R ER RS R K
HARRE MR IR A SOE SIS 24 b, TE5%
IR MIERNG I IREMAR Y& HTL,
WL I SRR B oK T . 22 s B M B ah e
flEo AIRZTER o BRI,

(1) KR53

BIRBEWR NRAELIBIT 24 /NI, MRS R
a9 pR. MAEARITCIRAG, TmiEK, RIAR
SHEAFEER N A& KRR E BT ik,

(2) PRE I ] &

= 9 Ffi7R STM-1/4/16/64 BB KA 72 5108 2.1
ppm. 0.8 ppm. 0.3 ppm 1 2.4 ppm, ¥JiHE ITU-T
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G.813 tnifEl®, Hrp ETH CDR HY STM-16
7 EZWm A/ (0.3 ppm) , HT T REEER
STM-1/4 45i{ 43 %14 2.1 ppm #1 0.8 ppm, H T
“CDR+HIEMN ") STM-64 #ifw-~ 2.4 ppm (&
47.8%) o LIRGERRIA, A5 B Pk E 22 7E
SRR N B A R AP 12l E

(3) HRE T

BB EN NMREESHIREE 10 Fos, 78
STM-1 fll STM-4 JEZER R (|4 10(a). (b)) , RH 8
R SRAE 7 RVRE WIS PR B 5k T B R4, 50 0s
W, FREAZ 77 RAE IR &M R RIS A R BN
BMER, WRE BRI o B SIAERINERE N,
£ STM-16 R R (|4 10(c) , FET AWML
CDR 77 ZKE I PPER B B A HE L5k, HRE
IR, X A TEM, S BB R LE AR L
VAR FE 7 E AL 3 7F STM-64 T8 R (1] 10(d)),
PR E AR B R RS RAFAYSK T, AR CDR
£ 10 Gbps R LM F ARG SR E /E
REAS T2 SDH RGN s ik & I HEREZE K
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Fig. 9. Schematic diagram of stability and frequency offset of various speed services
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Fig. 10. Eye diagrams of the recovered clock at different rate levels
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Implementation of a Multi-Rate STM-N Adaptive Forwarding
System Based on SerDes

Fan Zhengi'?, Han Yumeng'?, Tang Hui'?, Cheng Cheng'?, Zhou Yi'?, Wang Xun'2

1. State Grid Electric Power Research Institute Co., Ltd. (NARI Group Corporation), Nanjing Jiangsu; 2. Nanjing NARI
Information & Communication Technology Co., Ltd., Nanjing Jiangsu

Abstract: Due to the limited fiber core resources in the aggregation layer of power communication networks, many
existing devices output synchronous transport module N-level (STM-N) signals as gray light, which cannot be
directly accessed by wavelength division multiplexing (WDM) systems. Traditional synchronous digital hierarchy
(SDH) equipment and dedicated adaptation solutions struggle to balance multi-rate support (155 Mbps to 10 Gbps)
and low-cost deployment. This article proposes a multi-rate STM-N adaptive forwarding system based on a
serializer/deserializer (SerDes). The system uses a hybrid clock recovery architecture, with low-speed channels
using 8x oversampling and high-speed channels using clock and data recovery (CDR). Multi-rate dynamic switching
is achieved via a microcontroller unit (MCU), and frequency offset compensation and lossless transmission are
managed through deviation detection and a proportional control algorithm for the FIFO buffer levels. Experimental
results show that the system achieves stable multi-rate adaptive forwarding across the full 155 Mbps to 10 Gbps
range, with all rate-level recovered clock frequency offsets meeting ITU-T G.813 standards, good eye diagram
openings, and error-free long-term operation. Implemented on domestically produced FPGAs, the system has low
resource usage. Testing over eight DWDM standard wavelength channels demonstrates the system's wavelength
adaptability in gray-to-colored light conversion scenarios. This work provides a feasible technical path for the
smooth evolution of existing STM-N devices at the aggregation layer of power communication networks.

Keywords: SerDes; Oversampling; Multi-rate switching; Clock recovery; SDH; wavelength conversion
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