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ABSTRACT

Remote management and control system for LMDS wireless CATV network which is being developed at SK

Telecom is developed. This system is composed of central control division located at head center and remote units

for remote transceivers equipped in base stations and repeaters. It monitors the state of the remote transceivers and

controls the operations using PSTN for interface. Remote transceivers would be equipped in pairs, and the

operations are exchanged automatically in case of emergency situations. The remote units are designed not only to

perform commands from central control division, but to inform emergency situations such as disorder and power

failure. This system works well, which is established at Central research center in SK Telecom with remote units
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such as BTX, PPTX, and PPRX. This system could be utilized in other applications requiring remote control

through slight modifications.
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Fig 1. Block diagram of the remote control system for
wircless CATV
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128KB

buffer

“aanBROP

. LW
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3 3. CCUy A E
Fig 3. Block diagram of CCU
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CCU H x2] MC680000] F2H& Falateld 27)
A 7t AFoA 27 Z2aPg NAeE Fe
3 E 219 o] ROMo| W5 of & 3bs]ojo} ghrt.
olg] g B3 7bEdtA st T2 YR e &
F& 71571 st F sle] 27C512& A&t
128KB9] &-8g 2tA %}

@ 64KB2] RAM

270 2] 622568 o] &3l 64KByte®] RAME 14
A7 9tk CCUS 23 WAE 16 WEZ T36}
3 97 dEo) sl Exal RAM IC 270 2 AH&-stu).
°] RAM® VME W& %3 o] 71539
VME MB o] oz 79 CCU7 g0l 259
F A7) "ol 2k CCU9l RAMSY di & 3 WA=
VME W 229] QoA M2 thEA HolA stz
t}. olg] 3k E£2.& RAMS MC680000] X &= w9}
VME W27} B HAE A2 24 st ok 8
7he] M2 ThE CCU gk VMEbus®] oA &
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E 1.CCU?| vlxe] Wz &
Table 1. Memory address assignment for CCU

CCUREWE |CCU W3 g vl ma] ¥z
#1 $f0000000~ $f000ftTf
71 #2 $0010000~ ${001 F1FF
3 $£0020000~ SFOO2FYTF
#2 #4 $0030000~ SFO03FTT
’s $10040000~ SO0ALTTF
46 $10050000~ SFOOSHITE
¥ $10060000~ SFO06ATTT
" #8 $f0070000~ SOTEE

o] B2 MC68000 CCUS] CPU &304 hebdl
Zloltt. o] M se] oA &5 lKo] ROMo] &t
A VMEbusol M= #7Hs 3 vbd RAM3} 1/0
o Wak HIe 7hsdA Hof vk 2 BAE 16
HER FAHAT ®5 A& DIsS~D8, &4 M4
& D7~D0¢} tf -7 frt.

Memory Map accessabilit

VME MPU

even (+0) add (+1)

RoM

$000000

rd | wr

27¢512 x 2
(126kB)

SO1L£EE
S£00x0000 $020000

~“:"~ I

S02££00 {64%B)
SEOOXEELSE SO2fffE 170

O 4.CCU vixa 9
Fig 4. Memory map for CCU

RAMSY 92 tediAle Taade) dag 9
8 Aae AAse otk 1 £58 o xAEHA
RH3d CCUNA AR HE 7 B2 Q8 v
g 29 59 Zdh o] 1Y & VME ¥ &9 g3
A B CCU2] RAMd| & Wixe Had §=8 4
wat Aot oAl zH WAE § o o ApA S 4
WH7Z 3}

$f000 0000

Message

$f000 O7€f
$£f000 0800

$£000 Offf
$f000 1000

$f000 17ff
ZE£000 1800

$f000 1fff
$£000 2000

$£000 4fff
5000 5000

code
S£000 9fff
SENOD a0 drereer
data
SE000 Jdfff
FE00D @000  Jrrrrrrorrrreee
reserved

$£000 efff
TEQUO £000  Jrrrrrrerrrr e

stack
$£000 feff
$f000 f£00
3f000 ffff

38l 6. CCUS RAMO) ti g v 2] HAY &5
Fig 5. Usage of RAM in CCU

a. W A1x] °f 9 (Message space)

*STDIN 49

o] 49 & CCUY #AE Z2adge] £y X
© & UNIXY stdins} $U AF4E Z=E 57 9
sto] 443l STl CCUE HE9) consoled 2
Al AR @7 WE AAG & Al ARE Y
LA AT ] & B8 o] o2 Yy
T UAEE st 2o #lg HesA s A%
gt

*STDOUT 9 ¢

°| F9L CCUY gAlE Z2adoe] 35X
AE ¥k FYolt). CCUE A9 &< (console)
& ’}J’ AA 7] W Foll AAIZE & A] o] Fo
AHE ASCIIFHE £8 8t tIHA F& o] 8§39
e & oA FoM Mua Hsye HAA S &
X EYr}

*STDERR 49

o] 99& STDOUTH = 2 HALHA $342
2 Qg e Feo] WA tig WA A E ASCII FH &

938ty 9ot

. Z%(Public) g <

o] Y& gtol AHYEZL HAE A Timer
valueE sht ¥ FUHAF1A He W49 CCU
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RBL/FACATVH €14 #2) 2 Ao A2g9 Ag

CPU H=¢lo] E412 9% 93 AA &l 7185=
d 9 olt}. Timer_valuer 27 173 2] Elo] A Y
E7} @ s 2 aiuich 14 S5 B R o] e F
W ogo)] 2 AE AR 289 HANGE AN
4 A "k E CPU HE2XRE gagiits
Tz age) Agg o] o 7]E3t2 MC68000L ©]
g FAR Belsto Wl Qs T2y st
SHY EAHE T $8EZ2aY JHo 2 Wy
NA 20828 HAZY Z2ay 2293 o
2 zzade H3E 7Y 4 Uk CPU BHE
4 CCUE dEle 939 stgz RCU BzoX
CCUZ 4% ¥ FHE CPU REZ Asly) 93ty
2 golg Ast AHE o] R 7| S5t}

c. ¥4 99 (Communication space)

o] 44L& RCURREH 38 FLE 72L&
€ CPU R=2 8 E dehite g g 7| E3le F4
olt}. CPU HE=& CCUZREH HHL 3l€8 A
& FH 998 Fito el 2 Fio HHE
71 &%k £3 RCURRE 5" 7t led ¥
# 9499 CCU7} AEAHRE AN 7123 5
2 g EAse HSEPEY AXNE NFrh
CPU HEx HEHRE 3 3le FA o dF CCU
o T/ dolM ASHEY A8 gAsta 1y
22 54 994 g7t

d. $8¢=x871%y 9Y(Application program space)

o] & CPU REZXE 28 Zg¢%L 1}
293t 4837 A% Lol M GAgE
o] ¥9-& F& 43Ut ANy $2e HEE
7] Yt 2 T2 ade A4 F dE A4
© ROM# RAMEQ| % o] 9leH ROME o] &3
7} 8N o2 W ROM Z2#7-g 438 o}
g A7 2 WARE BHol g} wigl
o o] $4X2aY Jdo JLadgste o] g3t
A fjF2H ] A 7 F¢l Spectrad o] &35}
s A AHEE = e FHe] UAA do. =§ g
4 DAl AT NEHQ) BT Z2 3PS ROM
oA 4FstA HAY, L85 42 98l o] g9
o2 ZF ZeaYPe] dRE 22 gste F344A
713, WAL} o] MAEH WX ROM-E M A5
$3 OEHE FE0E £ HAs A £
A& ol

e. t) o} ¥} g H(Data space)

ol gL ZRaPe 3 A MAdE HFE AP
e Farth o] 9499 #8&-2 JAink) Al 4H
5w 27138 Wy 271315 R] g HFE o) E
o $1A A ROMolY 228 o] 88 o 2
718t My AMEEHA ¥ Aol vigE st o sl
W 2 (loader)?t M}E £A)3}x] ov 2 doly 4§
2] RAMO| tt&2d Alell 2713} gho] aixz]
7] o &ol}.

f. 2" o o(Stack space)

2oz 2HATY 55 E Ao wedeFol
ABEE FaBA gz 93te AR
At o] A4 FA] RAMo] £ 5t ¢] 719} 27) ¥
2ol 7} 8t}

g 4&% 947/0 space)

o] §HL 256ute| E o} F2hE A3}, 7l SRAM
o] 64KHlo|EE EF AMG3itid FEEE F99]
"ok aejut o] FRo i FA3 =g Ade] 7t
&Rk SRAMe] gt HEL IAHT Y2¥o
2% F3He F90] A} gty 443 Ee
CCU W] SRAML (64K-256)u}0] EE AL&31 7 §)
= Aoltt o]X Y Y& 993 SRAMIE Y& 5
AlZl o] fr& CPU R EME CCUS EA3te U&
gg Aojd 4 A 3] HFoltt. oA VT &
F7Mg o 24 UNIX 7|l M= g dhA o] @730
2 AHE RUEHEYE 5 Qrh o] 4%8 492 o

Memory Map
VMEbus MPU

accessability

$f00x0000 $020000

$£O0OX££00 $02££00
$02££02

S02££04
502££06

502££08 : rd | wr
sp2ff0a ! wr / rd
502ff0c rd
502ff0e rd
$02£110 ¢ rd | wr

SEOOXELLS SO2LLLe fvviiiiviiiriiiieeieaeiind)

OB 6. 9988 999 Mimg 9
Fig 6. Memory map for 1/O space
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g 59 A8E £33, 53] At o] &3
RCU% 9 5418 98] B 835 DAASH DTMF ICE
Aolsl7] 943 ojmd Az gaec) 219 62 YS
g oo U 4F =¥ Y YEp 2114
o] Z o)A n_dtmf, ringsel, cpsel, lcsel 5 A3} 715
o] Aloj & 3% M4Eo)m, n_level, n_state, set 5
RCUA} ¢HEVI S AR w g 2 Alo] 2407 AR
3l7] 98 MEE2A CCUNA = AHE-31A] o+ 94
o]} CCUS RCUE Y3 722 AAs7] 913
gst sielth

® Reset 715

CCU R=g 4 71 e A 7EA7E EAG
o}. & 7}1\% CCU B o e 2 2925 =
He W sy, o F$e CPU HEvh A
AS 283 &= E}‘— A9 = 27 MYzt A9
ojt}k. CPU R =7} 2|l S VME B 22 B E
SoA A M55 AgHT 2o ek CCU B
T At AYe NMEo| A7 Afde
C AAFE o] 8T 555 gto|[5]& o] &3t Al
A3pe wrETh o] A 7hA] Ao e F FS-ut
WA H e ElE MC680008 fAAIE wEldoR
ORe| 4#go= %3}%4

® A3t 22 7%

Aszte A/ 71 A3kl CCUS RCU A}
olo] EAle] PSTN #-g %34 7hHgstch o2t &
e RCUY et el ARE A3lrtdo] 7158
247k, W& ofs] F o AdMTE £ vt
=387 o Aste] FEA 715 8] At
DTMF A% & 43ttt olg 93 & MM
Mitel A}2] MT8880C DTMF #44l ICE o] &3ttt
o] 2R WHHoR FELE 2HY F Us a4
%¢] DTMF 41718} DTMF 24171 & 7F3l ) =g
F3]8] ¥ E(call progress mode)& AT F A= 7]
5o gt} o] & o] g3t A3 tho|d YAl Ha
g Fak AT E A 8k

@FPGAE o] &5 = AA

thersl 715 adte tAE HES dA A
TTL ICE A} 83t REE AANGY oiths] B2
Z=9] [C7} @€} o] u o] & FPGA(Field Progra-
mmable Gate Array)2 thX|sH TTL ICE AH&-3te
HAS A9nct 47A A g ek £ g

]
.]_
rE
==

—=

=

A& FPGA 7t % 79¢1 Cypress®] Warp3& ©| &3}
qon, ASICS] dAlANA EF ol & Aejvzista
2lE VHDLE o|43le FPGAS A& 715353
t}. VHDLZ 7]4%¥ FPGA ICY F3zte g
34 (synthesis) 12|32 Al & &) o] A(simulation)g %
&lod FPGA®] ZR13l7] Hel mAHdY + 3l
o} Adgk ARl HFHOR FEEHH 2RI
A E ol &sle] L2yt b HA ICEA F2
S golstA ok WA FA Argo] BAsE e
VHDL Z2aydvte $3 8o A Zod 44, Al
Lol A, vl x] & ul A(place & routing), Al &8 o] 4
o] RA4L Z3 M2 FPGA ICY F38 4&
4 2leh ol 3 Al Ay A WMEEY £EE 8
Fabe FAo 28 HE AZHE Rty FHEE
BodA 239 B U 715 S F7HE F UA
gt CCUel AA A AHg€ FPGAE 270t} &
U= VME B 2619 Qg #H o] 28 95t AHeHe
FPGA©l ¥, th& sl CCU tig Alojal s g 4§
Asted AR E e FPGAolH, 2% VHDLE ©l &
sted 714 dth VME B 2 <l Ej# o] 2§ FPGAE 68
We| CY382 IC[6]E AME-8td 2 g3t 32 &8
o] H(slave) 715 & zh=t}
« VME B 29} DS1, DS0 A58 o] &3t} UDS$}
LDS A& & A3 7%
spug Za8E 2 7o) CCUH thale g )9
FPGAE o| &3} QlEjdo] & &
*VME B 2ojA] whaly= oj =g 29 wef Bed
g 29 X9kl AAA #2l AT
+ 3 CCUY W2 8 ¥ (bus request) 715
35 CCURRE 9] v 2%<l(bus grant)3} W2
%9121 |(bus grant acknowledge) 7] %
s VME 29 §£3 ozl 2 ¥ Holy o
2Z o] &3] 93 vin Ale] 7%
*» 4 A ¥l DTACK-S& VME ¥l 2 dAddle 7%
* VME ¥ 2 2] RD/WR A 5.8 dgd = 7%
23 CPU REZXE CCUY RAMO| ©HlolHE
o) &3] 9lsted Wad A8 gIaa Aot 7le
® VHDL 3 $}& Warp 3 FPGA & ol &3t 2ot
Azt A F oujA) @ wjdo] kg d RES 2
g 734 3tk o] 1golA vhgatel o] =& FPGA
39 1C Ao shg Rt 223 R B2 A
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WL CATVS S 914 #e) 2 Alo] Aol g

2H e 23 =328 13 A= 71T E He
. VME ¥ 2 QEgol2 g FPGAS H$E 44
A" 38%7} BA gowng o 30%e 27 B o
AHEEHATE B F At

V4

suMarnaa | =0 o O TRTE I
(77, 686) ﬁ "5
P .
e -] EI

RIEN . i o

#

28 7. VME B X QB #| o] 28 FPGA S vjA =
Fig 7. Routing diagram of the FPGA for VMEbus inte-
rface

CCU¢2 Aol & 9338t FPGAT 841 9] CY384A
ICI6]& o) 8312 glon olde} e 7]5& st
sol=dg X~ tjaygd] o3 ROM, RAM, DTMF 3
Mg N5
*DTMF ICE SIStE N3 WA 7|5
« 23} $=41(ringing) 39 N%
* 23} o] £ A o(Loop control) 7] 5
*DTACK A3 24 715
+Elo]n] AEHHE B4 7)5 ¥ AHF¥E (auto vector)
A 71E
ol# g 712 a5 FPGA2] &9 ¢l Hol
2E VHDLZ 7|%3te sty g4 F v
P ujdo] S8 E THE 1Y 834 7o) o] 32y
o 4 glEo] Bast TTL AlOJE & o] 43l 7
g A9k vwste] B AR " IC F94 WAl
A8 o4+ AU
AAd CCU =

g AFsE 2z e MY

M————_—.—_—___—_“_—

M4
. SR
) T BT "
Cras O|R oPLLE
Ciagren) | v¥ | [F
Ortentation, i ? L? . ]
Chime 5 9 4% -
¥ 1y *
c‘ =]
[
C .
o ‘uﬁ '- '

712! 8. CCU A o] & FPGA 2| v %
Fig 8. Routing diagram of the FPGA for CCU control

a7] $istel AA =& Spectrag AME-EYLH,
XRAY tiiAE ol8-slof epl B9 2RIy
Ao g A7), € Aol o) printf 3t AR
F-74-8 Spectra®} =32 o) v} &4 71 g9
de &8ste MY 23] SutEA AEs
=218 &Y 1§ 9+ CCU Rxeo] AA ¢
¥ Hgolrt

E‘.

O3 9.0CU RE
Fig 9. CCU board
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R IC/FA CATVY O 7 el 2 o] Al 2w o sy

2. 817 B34 xR 78

AAE5A A2 kE CCUSH B4 N5 g a8
£ RCUSH 441 339 408 £182 548
Aojshe %49l SCUZ Aout ol & shpe] nx
2 Fastgrh.

()RCUY 24
RCUE 973 5 Zxjo] Rztsof olof B
ARE £33 PSTN B8 AH3ta CCU 57
ARE wgstn, 97 H54 FR o gk Ao
33tk RCUV Fatse 97 £33 439
FHE PPRX, PPTX 2 BTX 59 37147} glo
v g ol5g Aojdlr] 93 RCUR zHz: 371A 71 A
Al Fojol Fhot. 1o} BE F /2 RCUNM 38|
oF & 712 FALSHE R o] & HEaA 3t 94
FA A o] FHel et A Y SH9A kol whak
o] WA 37kR] 9] 7S FHFLEE HA 5
Ak 7h 54 F Ao RzbEl RCUZE A Yo} gt 3
AR Ur%s}tﬂ okef of 7ok,
A} F/4N N5 S e
*AHE ol g3t FRZ AG3le s Zerh
A0 9 gl ARG £ gae
%Lt—
*VM«I gilo] HAgh @ Hogs 243
A MCPUol| 513}
*SCU¢| A %o tf3l 4 88 MCPUo| %33t}
=5 7)Y 94Er] F WA MCPUY
Fx3n,
*MCPU A Agd <telvt ON/OFF W& -8 SCU
o Ae3tel ON/OFFE 3 i}
*MCPUYNAM AE® 37 29 #d& 43t
*MCPUA 78 99 AR E HaE Fslo
MCPU9 A g
A9 7% F £ £ A4d-¢ FHs= 7
59 A% PPTX9 A%+ A/D M7 E ol g3t
2 32, BTX9] A9 BTX9 7@ AL8¥ TWTA
oA AFsle AHE RS-232CE o] 351 4359
th 29 108 73E RCUY HERE UrENlH A
o B2 & F gl%e] RCUS P23 CCU2
TFZ9 vl FASHA FEFE AT RCUE VME #
28 AHEEA] $OoEE VME QI EH ol AE 9§ v

i Y

29 FF N15E HAA B Ul 44 $54 %
Aot R ag A AEH 75l FAHAYE
Aol CCUS 1:1(5‘; Holt}. wbelr] VME Slg# o] &
& 918 v FHUIES AL BE 71F5S CCU
o} FUSA rRAR O, WiRe] Y CCUY B4
o} L&A AAHARCE bk RCUANA 94 F44)
A AR T 9IEY do] WFE Y
s} ololi= th& 3t 7o) n_level, n_state, set 0]
Ao olFo] FYstE AR th&3 ot
On level: o] WAl A= 168 E 2} 2tert A level
& FAgh o] Al M Y e BTXA
Ao 48 g 71EEt 324819 dB JuU =
Fhol 914 @} PPTX ¢ PPRX S| A¢% 543
A& #Hstr) 9lsle A/D WER S 3z
o] BCD e & wiate] Y gx s stqlo)
@n state: o] & UPS?] Atej el SCUS AE & 214
st Wxjo|t}. o now A EE= A= UPS
R, SR e 57 e, SCURYH dg
¥ oA 9 M4 g wa, HA el
kAl 2o|t}
Dset:o] wlA = gheivtel 7] 44 g3t AH)
& 4 2 ON/OFF &t A ste AR E 2tech

}

state buffer

ups

level buffer

MCEFOUD

scu

set buffer

B oW o wuwAaNe oo

Control Logic
FEGA

ROM
L2RKB -

RAM

T

2 10. RCU S F4 %
Fig 10. Block Diagram of RCU
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BI/5 CATVR e 94 e 2 Ao} Ao g

(2) SCU9 78

SCU M= MCPU 2} W #o wte} 94 $541 4
Ao T3 ¢ AGE sy ¥ o HA w3 A
B g mietste) o4 WAl A] RCUO HILsty the
AR 9A F54 FA F4E o)M= 9L
gt o)l FAL st AA Aot e ¢
F FeA A FHl daglol Fdg =90
9 AZEJAE ALY 4 UAEF AAHAG. SCU
oA nolazzAMe 9] AFEEHI e Intel
AFe]l MCS-51 Al el &3l ©d3 vlolag Z 24
Al 87CSIGB[7]& AH&-3td . 7l 4 2= v}
olazd Ate] MCS-51 M8 7l =791 Easypack
8052% o] &35t}

A A7t Ze gl o8 F&o] JAHA, &
RYE9 £y 8 f7HE W 27UL A
Az ol 3 Aelv Ad HHR zrighEn
olF ¥4 44 FA FHE AAFe DIP2Y
2] 4GS oM 2t FA o TR ©E 712 H
¢l 44 & g} o] FRE T A o] AT AU A
A7 AR HEHog FPHE FR &Y
gt od7iM e RCUS B 444 3|9 §3
el & ¢l3 RCU9 B o) wa} $£454 39 F
Aroet ~9x0 AR FHE A, 544 F
x 2] 2] o] 4R/FE AA G} FA M| Ao
ol REvt A BEgl A -ds MCPUS A A gl
uhel 9% Aol A} o]F FI REV}

O3 .97 540 AR

Fig 11. Remote Unit for Transmitter and Receiver

MCPU 98 F4 2= 5@ 2719 29%] AR
& BAAA S dert AL 28y BE $541
AH2EE FZANA WHo] HHA 1o we} F
g A gl @ A4 A B $3 3 oy
BEi7 AAEE E Ha AR e FZL A
713 Ao B3E FUYLEN AT HAE 54
st ol d 48L& RCU 23] £YE4 AEio
HILEh SCUNA = o] 4he] & A4 vt 53
gok B oAz 97 54 AR #Fde
RCU$ SCUE &L A3 shte) o) 2369
on HA BFe 1y 1o BT}

Vg £

A CATVe] tid ez o Ao 3xd 43
n) @ FAM R Q1E f-4 CATVY 7= &8¢ o
HEd Bt AR HAZ s Uz £ 2l
Zoln, vtolrt fubak WEjmjrio] B AH| 27}
© 2141719 {5 B HERge] MulX
ATE A R o] 8 7t E Aot B =
oAM= ol d 74 CATV 45 97 @] ¢ Ao
ke A" g st A 71 7HE 1996 49
HE 1997'd 297M R 2 9% 10784 el A X o] Fof
Atk Ay dAGM e 94 $£44 AN J8¢8
Falste St oA A EHlolHE FA5e B3
& ANEstdd. g ¥4 CATVEY 943 Ao} A
He oy Argdaio) Az SK Telecom Aol 9
ATAE FTYFANEE gt FHAARE HA 3
3, 7Y Ao AR Fd e PPTX,
PPRX % BTX ¥ 7} $F/9 974 44 FAd €
2 FFA FARE A AR st 283 A A
Aol Fxto] AFstdy). ¥ 974 #A ¢ Alo] Al
e &% LMDS 2o 4 CATV HEA 24
& 27.5~28.5GHz9 ol2%& IGHzo WHZ2 A&
o Hdld $£54171¢9 PPTX % PPRXE 42 A
2o ok IW AR AT AR dupgFo s
SKm A Eolm, W48 F4417]¢0 BTXe 10~20W
o] MYPoz HMEar, 239 #w e A(coverage) =
W7 SKmol| o2 AAHYY. 1y 129 19
138 717} 2 =Rl M g FYA e 944 &
A AXNFE ggdraA e SK dAF TIATF

) o
te &
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Ao} Qlstel ARl BTX| Al x)ate] Ay E-8-o 4
3 AA Egolvh

22l 12.SK Bl F ST ae] FdAoly
Fig 12. Central control division at research center in SK

Telecom Co.

813 9554 AU A A" BTX
Fig 13. BTX equipped with Remote Unit

g3 lovk, FA CATV ® ofut g A 9

ojw 3ol g E A 8ol sHs ek o] &

olth. ® Alzelol] g o] ArsAEe A4

Al Al 2] o] Ao} g welst ol e Al e A
ZHA] g Alo] Al o ® fA A slo] de] ¢8E
Fogluh. ¥ o AjaEle QAshgel ok Ho] shedt

%ol EEAlE ol 83 52l AW B Y F
ATk EF RCUAA gretr) o] 27429 4 7%
T WATORHN Bt YA e A 2" A
S e g AE Aol

o Ed

Lo2dsl A, S E, v, "4 CATV 71&5 %", &
= EAE A HHEN ALY, A7E, dE8
3], 1996. 7

2. Pelerson, W. D. The VMEbus Handbook : A User’s

Guide to the IEEE 1014 and TEC 821 Microcomputer
Bus. Scottsdale, Ariz.: VMEbus International Trade
Assoation, 1989,

“Applications of the MT8870 Integrated DTMF
Receiver,” MITEL Application Note MSAN-108,
1993.

k7S

4. Clements, Microprocessor Systems Design, 2nd ed.,
PWS-KENT, 1992.

. Analog/ Interface ICs Device Data, Voll, II, Motorola
Inc., 1995.

6. Cypress Applications Handbook, Cypress Semico-
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n

& 8 T+(Moon Kyou Song) A 3] ¢

19883 29wtz AzF
&3 (F- 84D

1990 2¢:xdigw &g
A8 HF A

19949 29 :32jista g
ARt (F b

1994 3Y~EA QB Egw F

i g Ao Al HF S WP

1997 104~ A FFAAZNAT Y 2974
META Fob: AW EY R FA, EMol5FA, A

dig, u¥rle 5
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W®X/FACATVE S 944 2] 2 Alo] N2 Ag

0| A} M(Sang-Seol Lee) A3

19843 29 U8 AAF
B 2H(F 84

19893 24 : 838719 A
71 @ A eI (F
314 Ah

1994'd 29: 3= 987 1ed A
7] & HaFaa(F
&HefAL)

19943 39~A: gt T A7) FE

Za
xEGARob: AFE T E, B4 2 24 VLSI AA,
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