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ABSTRACT

In this paper, we constructed a ATM (Asynchronous Transfer Mode) self-routing switching circuit module by using a shared
memory structure. This switching circuit consisted of self-routing switching circuits, SIPO (Serial-in and Parallel-out) conversion
circuits, PISO (Parallel-in and Serial-out) conversion circuits, and memory circuits. We examined its feasibility and electrical char-
acteristics with a FPGA chip. The constructed FPGA ATM switch showed that circuit delay time was 22ns and the maximum
operating frequency was 15MHz and switching circuits operated without data blocking for the various input waveforms.
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Fig. 3. A Construction of 4x4 self-routing of the Shared
Memory Structure

a9 4e fdEUE 418 s 4x4 293
Jzz Fgshe T2 Jehix sk 0¥, &9
@27t 47 4lely 2¥se FA42E A Y
HEE 202 FAEY glth Aojilz H1L ¥l
3o A & v ES Z§ste] AUA Hstage)
dAae £8 F4F AYd AU H2e FHH
iy vES} 2@t FHUA DM 28 F2E
ARG 4x4self-routing 294 e
ACTELAIS] A1010B FPGA 22 F#3id

2. SIPO, PISO Higs|25 2} 22| 825

SIPO(Serial In Parallel Out) ¥z 4
&3 ¥ dolelE 8 bite] W dolglz Wgs}
o Mzl AFAle 71sE F¥Fd. SIPO A
B2 Re TAL FHPAY A4 A A ol
€ @ WEY EANA Z s 2Ev} A3 A
A4 w7A dA ARde AE Y48 8 bit AZE
HA2E 9 AZE YA HAE doleld 8
bitel HE ez 2dA7|ehe A& (0OF)E Huy)
A8 3709 J-K EHEFOE FAT 83 JeEHY
a3 A2 delee 93L& s87se A%
(DREQ)E #% 219 D-EHEFLE o|Fojirh

PISO ¥igzl 2R vRe]2 Y& ¥ 8bit ¥E
Yejo) ololebg 22 Hele dlolelR W F
@ 4x4 293 HRER A$de 7S FY3e
3z Rolt}k PISO W2 Re MLd2Ry we
8bit WE Zeho] dlolelE Yoz o FEe 4}
ZAA N Al EYde 75 FYse 8719
D-EHEFOR o|RofA AR} H2HE T
< 8bit B el dolelg AE YeH < Holgz
Halshe 89 ¥E d8/3E &Y ANZE gA2H,
a2j3 SIPOA g Zo] AJ2& dlojete] ¢EHE 8
Tie A3 (DREQE #AAI7le 2719 DY &¥

L I SR

0% 4. FPGA 4x4 2913 fize
Fig. 4. FPGA 4x4 swich circuits diagram

481

www.dbpia.co.kr



A RPREICE '95-2 Vol. 20 No.2

E§3 AIZE YA2H dolete] YA YPeir} AP
A HEJIAE e A5 (P/S)E A7 9
¢ 8% sheE slzz FAEC

e 2R SIPO WS e e vy Afue
8bit ¥E ¥Helg dlolelE 947 vlolet2 &1 oA
= AR F PISO #g3=zxe 2sle 715
FYPste SRAMLZ FAHE I d8g ¢
T SRAM cellE2 H¥ A AFo] & cell
54 937t HolA di7]A] AM] Aol Ha Fape
T B e cell SFE X7} Fol A Hgho] 7}
% Adel stk wEA SRAM 9| dalg
SRAM cell array?t 28 & A= FAH 9
k. BdEE Fadat odA dHelele &
F27k AR T Ao B oA diolert 42y
2l=3

V. 482

FPGAZ F4% 4x4 self-routing 2913 3=
© self-routing 294 715& 483 F3FL 2
o F9lth. SIPO, PISO #z¥E logic simula~
tion tooldl 2l&jAl B2 ezt AAE F 19 594

Zol F-AARELSIPORTI 28 PISOHHI 2
F+A-dHE 32"9 722 A1020B FPGA &
Ztell FEFAY. shiel SIPO, PISO ¥z
55709) logic cello] @R 3}7] Bl f-dAE+
SIPO¥ I 2R PISOHE 2R 4p-dAES 7
d4E8 & =2 281709 logic celld 50709 1/O
cell 28131 170 28 cellE °18¥ &+ Y&
A1020B FPGA Z2AH547 logic cell)®] 51.4%%
ol g8l TABHTE 4x4 self routing 2¢=<
7% 120709 logic cell®} 17749] 1/O cell 28m
he E8 cello] Wadmg 3z2g 7Y An
Al1010B FPGA A£4(295 logic cell) celld]
40.7%Z | &34 =, TEE 2319 & &4
< NEEHY] A8 A dria) neke] o3y
& et 1 A9E AR AmEE Faso
AR 913 271 HEWLETT PACKARDS
HP8116AR 1 A422A3TE LECROYS 94107
71& AHEIHT. AR FPGA 2949 dd %
FUre 15MHz, B3 A9AH4e 1.7~6V, Hg
AAA S 2nsecE UERTE olRE& T4HC A
& o] gt ZAE HFAFEue 13MHz, A
GAAAT WBnsP =R HAF BH5E Ho] FUt),

N
|

% 5 fdeEWE, SIPO, PISOMYEZY FPGA 82%
Fig. 5. A FPGA circuits diagram of f-element, SIPO, PISO converson circuits

www.dbpia.co.kr



3 /Field Programmable Gate Array Chip2.2 7¥ % FRvi=aY Self-Routing 29

T4HC AYE A4 oj48 Esi¥ ALucg 3
o] FPGA o2 FHE 3¢ 33 Ada¢g L &
A% A 2.4V~6VelA 1.7~6VE 0.7V ¥ A
YelM= T2, $HE B XAAFL 28ns
oAl 22nsZ 21.4%9 #F4 &I gl HY F
ZFoeE 13MHzolA 15MHzE 3713s ¢ &
At =3 FPGA chipe® FEE# Afoe &
gu¥oA ringing 830 F42EE £ 4 UUh
a¥ 6 (a), (b= FAFv7E 22 100 KHze
15MHz¥ = FPGAZ TH% 4x4 self-routing
2929} 1&8 H¥olr}, 100 KHzY o AeAd
AlZEE 22nselx Hd F3F} Fu4 15MHzY o
24nse] g AAALE Holx i}, 17 69 (c),
(d). (e)& 4x4 self-routing 29X A¥, A

[ e
100KHz | Tt epdtcooooo Ouedt
I i
- 4 i A ~1:12’~n.=‘.m: -F‘ Clock time(20ns) + dblay(22ns) i
3 !
g3 A { |
g ]
o 2 ﬁ | |
Roq- ; ‘ 1
D! - l._...__..,-m.,l e ~~»L-~

0 254 5.04 7.54 10 12.5 15
AlZ} (usec)

(a) 100 KHzolM 9] 7%35} 4/498 0¥
(a) squarewave input/output waveforms at 100 KHz

I ——
'4 N S [N a R

% 35
£%
225
o1 2
® 1.5
1
0.5
0

0 100 200 300 400 500

AlZH (ns)

(b) 15MHzo M9 7Yt ¢I8)/&9 o4y
(b) squarewave input/output waveforms at 15MHz

5- .
v S N " NS
4 ) L
E 3. . S :{ — == input ‘[
i 2 45ns=c|ocklimff2013)¢delay(zsns)‘,\ l[ -~ output
& : O
Rl 1 é’}d Lo /
; N ; A 7
0 ' ‘\ /. )‘

201 401 601 8.01 10.01 12.01 14.01 16.01
A2 (usec)

{c) 100 KHzolA¢] F¥st /39 oy

(¢) sinewave input/output waveforms at 100 KHz

5 -
4 | f e
‘ Ly
g2 ‘ N
g o 4508 = clook hme;(20m) + delay (ans)";_\ ‘ e put
Bm ] \‘\ e ot
h \] N put
Q! . L i) |
0 ; e
A NS,
-1 S G
201 401 601 8.01 10.01 1201 14.01 1601
AlZ} (usec)

(d) 100 KHzol M 9] 425} 918)/39 o8
(d) triangular wave input/output waveforms at 100 KHz

8
5 # s
@ (AR p s ooes i fUon

- 4 H Bl \ f
2 s Girs = clock tinje(20ns) + deteyizere) | | '
3 T |

2 | input
a8 : »

1 —~t— ] e output

0 | .

A

201 401 6.01 801 10.01 12.01 14.01 16.01
AlZ} (usec)

(e) 100 KHzAM ¢l Hyst 43/&% %Y

(e) saw wave input/output waveforms at 100 KHz

12| 6. FPGA 4x4 self-routing 2813 Y&d 9y
Fig. 6. Input/output waveforms of a FPGA 4X4 self-routing switch

www.dbpia.co.kr



HERRSEIEE "95-2 Vol. 20 No.2

100 <=

gl E :L‘::'

Ko 1

PANEY [ Emuas il
N @ [ e . lgq
< T toel R I el RN
TE e gremm ,,y,..mb?i,f‘f‘yhm!
H Py by i CEHH i
CI RO R N 1 M R

0.1 1 10 100
ZF U (MH2)

8 7. FPGA 4x4 self-routing 2=¢139l AgA| A
Fig. 7. A propagation delay of FPGA 4 x4 self-routing swich

zZtgh, §uste o 4R S Arleii e o o
B 28 9¥g HoFam ok tharg 9 oy
o dsl ~9A R dolgt FEGl0l & BaAYS
BolZm Ag AAAE 6nsPEE B 73
T8 A7FEE W) Ag XAAzE 2 Aolr) g
& BAFAR FuLE A6 e wisishe
g Atz a3y 73 2ol et g B 5 A
. 1% 72 FPGAZ 733 4x4 self-routing
299 Fog Hsle] G g 2PAIZEE Vel
Aok E8 AR 2EEAl g% 9 Ad ARk
15MHzZ X714 22nsy& Holz ity 28 8&
Fogeel W& FPGA 4x4 self-routing 2$1%] 9
At 7A3HE Jepd. Qrts s Age) 3dB ol

S 2 ste Fuee] §A7 15MHzY S Hojn
At

1. ATM ARX2F 740 tist S4d|n

W 8 FPGA1010A TAHCAHIE AR}
A MATE 1.0 umCMOS | 1.0 umCMOS
2E 37|(HAXxE0]) | 3.24wrx0.4em | 9%rx 1.23cm
AE M R At 22nsec 28nsec
Zh 2 Fai4(3dB) 15MHz 13MHz
2 3y 1.7~ 6V 2.4~ 6V
£ g 1.3ar 122cr
£ A 2.4g 24.2¢

ol& T4HC Al¥ 249 FPGA Al1010A chip

484

156MHz

6
* Su 5 EENEN B mg 3d§mint(15MHz)
= 4
S
213 y
ol 2.
o
Rl G A Y
0 - P
0.1 1 10 100

F 0k (MHz)

18 8. FPGA 4x4 self-routing 2939} Fo¢ EA
Fig. 8. A frequency characteristics of FPGA 4 x4 self-routing
swich

F 1.0em C-MOS 222 #8€ oz chip

F w3} chip W3 wjAolgh= alololA] & W)
Adolel g0z Qg dgoz B & g Az
712 e] FHAM B wle 4x4 self-routing 29
A 3 2F-E T4HC AE 2AE o) 83 283g 7
+ 320¢] IC7t ¥ 83t REQ HAUHL 99arr}
Hed e FPGA oz 7Y A% 4 ¢
PLCC #7148 H(BA=3.24m) 28 F3o] 7}%
sng FyoA 2%, FANM 2%2 ZA: b &
7} et

&g R/ BVISIEEt sl FJoz 7ET
e, F A 4&8 O 9 FA wie] ofy
Fol k. wekA & n¥rE FH) HaA
© AL %9 A¥NE o8 G dAskdol sy}
B =FdM FA4% 4x4 self-routing 24X E
FPGA 38l di&F 292& T3] $% 7)
B2 & of &3 29Re] F2E 4x4 self-
routing FPGA 7} o1& dZdsle 43927 o]
Fojzit}, FEAAR ol vREs) gloen ©@x
AEZE 2943 HAfsle gt o 54
Bo] 74 MHogE Clos@el A4, Batcher-
Banyan®, Knockout® & AM-E &+ A,
£ d¥oME Al010BE o] 43l 30 Mbps7HAl 4
A, A AdE FPGA 245 71 &£571
W2 Al4100AE <1848 2% 150 Mbps7tA] 7153}
U ATM aghdelx A1tz lE 155 Mbps9
AEEEE A HallAes FPGA 3 vide o
Aol o3t A AAZHE Bl 8 Fjok Y.

www.dbpia.co.kr



% /Field Programmable Gate Array Chip22 THE #Rvl221¥ Self-Routing 29X

V.28 B

B =RE ATM Z@A 28 718d 291 3
28 FHNE 72N TH W2y 29X P2
Al self-routing 2911 2F SIPO W=
® PISO #Wigsz® vmgyzrz TS
FPGA 102 ~9)2 25& 7¥she wie 243
gch. B3] geston AW & YT /|8 W92
4x4 2917 3128 FASAY. T4HC AY 2AE
ol 48] T3 2ol Ui BAS MAIF F FPGA 3o
2 2972 7485t FPGA Jo2 78E A5
AGAAAL 22ns, AEaEweE 15MHz2 |}
Byt dandos A Azs FURs o
H71A) e Qrlsleds 2914 22t dole 28
glo] 2 BAYe AT & AUtk olol wet self-
routing 71%5°] Fu4e] S0 wet AR B &
AT, EF T4HC AY 2248 o83 REHskd 7
48 ASRT} FPGA AAE olfsla] RES T4
7S vlga By BARAAN Aoz $ge B
203, A71% SARIME 28WA9) ringing WA
o] @3] ZolEm, HAFAETs} 30 Mbps7tal &
ojds 4 F AUt Logic simulation?] Hahk=
ATM 28719 T4l oA Aoigzol T34 =
oo} & Ao BN ATIHmEA ARHA
ATM @A 29 78S gol3A] ok,

2 w2 748 FPGA 24vRaY 29xE
QI /28 4 Ae W2 AN vz FTRTO
24 dedol A7 2 vEae FAEEE Aud
o AN 4 An P4F 29N FPAY &
& 40| Utt.

Znzs

1. T. Armaki, et al., “High-Speed Line
Processing Scheme for ATM Output Modular
Switches,” IEICE, 1991, spring natl. conf.
rec., B457, 1991.

2. Y. Inoue, et al., “Transport Network
Evaluation toward ATMized B-ISDNs,” -
EICE, SSE 91-35, 1991.

3. HYE, @AE "ATM @A 28 H7e” A

A8 A A 208 A 12%, p.7-15, 1993

4. S.E. Minzer, “Broadband ISDN and
Asynchronous Transfer Mode(ATM),” IEEE
Commun-ications magazine, p.17-24, Sep..
1989.

5. P. Newman, “ATM Technology for Corporate
Networks,” IEEE Communications magazine,
p.90-101, April, 1992.

6. M.A. Henrion, et al., “A Multipath Self-
routing Switch,” IEEE Communications mag-
azine, p.48-52. April, 1993.

7. A'W. Zegure, “Architectures for ATM
Switching Systems,” IEEE Communications
magazine, p.28-37, Feb, 1993.

8. A. Pattavina, “Nonblocking Architectures
for ATM Switching,” IEEE Commun. maga-
zine, p.38-48, Feb, 1993.

9. Y. Sakurai. et al., “Large-Scale ATM
Multistage Switching Network with Shared
Buffer Memory Switches,” IEEE Commun-
ications magazine, p.90-96, Jan, 1991.

10. R.H. Hofmann, et al., “A Multifunctional
High-Speed Switch Element for ATM
Application,” IEEE J. Solid State Circuits,
vol-27, no.7, p.1036-1040, 1992.

11. H. Kondoh, et al., “A 622Mbps 8x8 ATM
Switch Chip Set with Shared Multibuffer
Architecture,” IEEE J. Solid State Circuits,
vol-28, no.7, p.808-815, 1993.

12. K. Sakaue, et al., “A 0.8-um BiCMOS ATM
Switch on an 800Mbps Asynchronous Buffered
Banyan Network.,” IEEE J. Solid State
Circuits, no.8, p.1133-1144, vol-26 , 1991.

13. Y. Doi, et al, “An ATM Switch Hardware
Technologies Using Multichip Packaging,”
IEEE Trans. Comp., Hybrids, Manufac.
Technol., vol-16, no.1, p.60-65, 1993.

14. K.Y. Eng and Y.S. Yeh, “A Growable
Packet(ATM) Switch Architecture:Design
Principles and Architecture,” Globlecom ‘89,
pp.32.2.2.-32.2.7., 1989,

www.dbpia.co.kr



WEHA SRR '95-2 Vol.20 No.2

3 % B (Hae Seong Jang) A3

19929 24 : AAdida AAFHH
(&Ah

19949 8% : Mgt AR
(A4h

19949~ - Mgt digte A

Az e Aty AgF

x FH4Pok: ATM29A Al2d, Az A28 H73, =

71 #7134

it #E (Yong Jee) 234

19783 84 : N7gtm AA-FEH
(grAh

19819 8¢ : NZUgw AAFEH
(M)

19874 54 : The University of
Texas at Austin,
Electrical Eng..
Ph.D.

19873 6¥9~1987d 8% : The University of Texas at
Austin, Rearch Associate

19879 9¥~1991d 24 : %3 Microelectronics and
Computer Technology Corporation (MCC)

19919 39~8A : A3 gw AT 225

®* FRAEr: AR AAE AN € A 7)Y, B4

§#714, d=d F3, MCM

www.dbpia.co.kr

5 & M (Jun Gun Chung) #34

19943 24 : M7 R AA-ge
(8HA)
19949 29 ~@A : MAhetn g
4 AR 3433 A
Ly
® TR ATM2HA Alad,
Az Alz" #7074,
287] #7)4



