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ABSTRACT

A signal path control switch has been designed and
implemented with AT&T 05um CMOS ORCA FPGA.
This device controls the path of digital signals in
SDH-based transmission system. The proposed switch
is suitable for self-healing operation which protects
against transmission network failure. The self-healing
operation of the switch is effectively done by the
reconfigurable information stored in the registers of
the switch. This device consists of eight subparts
such west-east transmitting parts, Wwest-east
receiving parts, add-drop control parts, AIS control
part, and CPU interface part. The device is capable to

a ring network as well as a linear network.
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1. ORCA FPGA
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Item Value
Input 3 groups(24-ch/group)
Output 3 groups{24-ch/group)
Data rate 51.84 Mb/s
Throughput 1.25 Gb/s
Technology 0.5um CMOS (3-metal)
Gate size 5,000 gates
Package 240 pin PQFP
Device ATT2C15-35240

(Optirmized Reconfigurable Cell Array) 2 A
PLC(Programmable  Logic  Cel)®  PIC(Programmable
Interface Cell)9] F F-&¢] dAEHoz Tt 1 54L&
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0 SRAM based FPGA

o 12000 - 26000 usuable gate

o ~ 384 usuable I/O

o 0.5um CMOS technology(triple metal)

0 4 16bit look-up table and 4 latches/FFs per PLC
o TTL or CMOS compatible

0 6 or 12mA sink / 3 or 6mA source

o nibble-oriented architecture
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19 3. FPGA design steps

ol-&7] HA #Ae WA Viewlogic®t ORCA Library® 3|2
£ AAsla ODS(ORCA Development System)S 01%3}"%
dAE 32 PEdan Aol & F HF oER= 3
4dg At 1 HAL 1930 Jehliddel ajde M
A€ top-blockd] & :xolt},



2001 B SRS -

NS B 5% B SAEL 2813 /83

1y 4 A" 294 22

2. 290x| 2Xte| interface

IgsE B =M Aodg Als AR Ale] 29AUt HE
He ADM dgAadel A3HE EEx otk ADMO
Q- 2807 HEEE west, east ¥ tributary #He] dlo]

B &3e zZ}Z 48504}  AU-3(51.84Mb/s) A Z2A
25Gh/se)  &aelth west ¥ east®] AT STM-16

(25Gh/s) AE2 H&EH 3 tibutary®] HAE 48789 DS-3
(44.736Mb/s) &2 16709] STM-1 (156Mb/s) Hv= 4709
STM-4(622Mb/s) A EE2 HF&Eoh A3 HE Alo] 2934
225 el Joz HAY W aHE AN 109 Fe
3008 olite] HER B =FeMi 27 U AR Al
290A] 22 HETRE AMEEHTE 293 aate) FRE
26l A2t #ol west-east R add-drop Ao, AISAOIR
9 dle]lAaz T2 HEFE FAFe HE AEFPED o}
Yttt A2 293 g Ar|AFEAE hsstA &
=3

3. Add-Drop % West-East HO{F
24 Ade] AU-3 dlolei7} Zbzt west, east R add, drop 4!
Z9o gz zzt H3 Alo] 29A| Aol §f - EHEch o]
E 9 EYEE Ald doleEe] FRELE HAeAlagel A
Foll HL&E= Fxo| weld AlAE9] configuration data
of oa Baelxoz g9y Hu F AgAade] MY RE
b MY Hg moolAu dutel FE 4fd ¥ R
ubd WE Al Asse] Aol gEiA Al €k R A%
F2 Hel 29 EHEFER FAHE F=
of ol&lf FAHCE ol R Ad ANzEe AR Ao FF
HolFel mlo]aR ZRAMe] Qleisolse] o3

ojsh AAol aiF L] HaE A Eoh

ADM

H Signal Path B
Iw“l lsr;:’x’:ge » | ControlSwitch . STM-16 §asl
ink H Signal Path H —— link
c .
o,

S§TM-1 or STM-4
or DS-3 interface

Add-Drop (Tributary unit)

¥ 5 ADM d$A 9] A5 HEE

St aent| East East
pas hd )
Transmit |‘W“-ci T Transmit r* traffic
West

(TX)
‘west remote sast ramote
Add loopback
..::] ! Control T
traffic

:Ien East East
(RX) eceive S
L——J% T
signals
I

West Woest
tratfic +—
(TX)

(RX)

Receive (*— 1~ traffic
£

Orop AlS
Control control

Add Traffic

Interface

Orop Traffic
locs
Config loopbacky
addr &
data

a9 6 29A 239 AR

4. ojolaRERMM RES

slolziz ZzAN &R AdAlago) W4
Fzo) weh configuration data® 23, 9 5 FH
o olg 9aiM vlolaz Zzaq HERE o=

o, ol HAAEEE FAUG ASML Aol Holrh @
A W AP AsSe) B7W & 2SS add, drop, pass
through, loopback S92 291 2ol ¥4 Aug WA
A dsEe) N2e ARE AojB) olsh BL xS 7
NARERE 2993 axjel dlolE] AXAHA M2E A
loJElE 9% dole MAg Fal MEeoRA o Fojzth
o] AALEle] A 4H HHL A9 BB olsda-
ole] ol ejs] o} Fojzick

=

o
o

5. Alga{olMd 5 A&z}

Al g ol e dAEE pre-layout simulation®} post-layout
simulation .2 WrolA 2883519 th pre-layout simulationS
BE gate®9] delayE YA el 4 Aoz 4
g 3REY =gHA V)ee  #EIZI}  post-layout
simulation® 2% AA®Y 322 optimize ANF placement
& routing 3t delay factorE $&3lY Viewsim o4 433
ek el Algeeld Welo] el AlgEoINE 53
g Az Y7 go] ] - e ZE AEATES A&



84 / FPGAEZ AAIS A5 F2 Aol A

gl AojRel o} dolejol ejaiA A controlEE & F
AR AIS control, local loopback, remote loopback control
2 data register 9 read, write® & FHEJCH

19 7. post-layout Al ge#eol4 Azt

AAE A2Ake] HEg Hrishr]l 3l FHSA LG
Anritsurte) ME3401A DS-3 4 - =41 Al&7)18 o] &3l
I8 ol AEAAE YA DS-3 A2 RH

45 23988 PRBS(pseudo random bit stream)
HEl o] DS-3 &7t AEA A FHE(TU)A AU-3
Transmission cables
(51.84Mb/s)
me, [
. H8TU
be [ oomrser
—— - MUX
UK - = - oTX
P a0, ?&"wm!{
083
Measurament
apparatus T STM-16
N | e— Optical signal
(Fiber hnk)
Anritsu ME3401A [}
l [] HSRU
L]

— DEMUX ORX | a—ri,
-

2" 8 AEFEA AR

FE F 23] 4zt dhte] W dlolE] Ad=
o]z? 08 HHE AN STM-16 457 A4
A EEOTX)ol g3t 3 g2 #8" F ZAo
x{:‘g.;,]q_ o] _Q-_}; 11_6_1\]/\51)14],] _Ty__._\_ A]p‘_ /\] %
(HSRU)Z thAl gEe & 3 4 ZEORX)Y 3-d
sha} AriEale] A AX AU-3 432 A wgd ¥
& Bs) DS-3 &2 ofpr] vk ¢ AEE DS-3
Adste] AdEz 29F L] §f - &Y dolg
=3 waatdck o) 54 Ade U -2y WelHg
BAZHEQ 2o} BERS AME A 107'~10" 4%
FEE ST AU IYGE AHR AT 2e o
g o AAEe] A90A] Axte] HA AEE WA
5 ol 54 Adeldel -2 deleE
TektronixAtel DSAG0IA digital signal analyzer2 243 2

JE ol
i
jl

5

.Lm o
o}

e Sy o m

2ot e oy oo B T o koS orx
R
2

Yy

s}e} g olck,

-375V
-358 ne. 200 naidiv 1.844 ue

(b) UPSR

a9 9 29 Axe) Y - &9 dolE

ze

SDH ADM #AEA 2" HLHE dAE $4 A5EY
AEE Aoshke 715§ 1R 294 248 AT&T ORCA
FPGAE AHgsle] dAEIHLE o] Zate FHgA|xe9]
eastoll Al YEEE 24 Ad9 51.34Mbps9t westolA] Y&
T 24 A9 S51.8aMbps B FEFOA YE T 24 Ade
51.84Mbps 435S Al2¥l o829 configuration datadl
oA 2zt AR ~9A o] east, west E FEH o gl
v wEgog &8 sheshA Stk o] Axw FHFAlAgle]
Ay g # ohlzt 88 HEpwolz AL slesiAE
= FEZ AR

o

i

Ho
rok

[1] "Network Node Interface for the Synchronous Hierarchy,”
ITU-T, G708

[2] "Synchronous Multiplexing Structure,” ITU-T, G.709

(3] T. H Wu et al, "Feasibility Study of a High-speed
SONET Self-healing Ring Architecture in  Future
Interoffice Networks,” IEEE Comm., Magazine, pp. 33-51,
Nov., 1990

[4] oI HE, " A2 Y e e BRA] 2 £,
FEZAS TR, ppl245-1251, 199



