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Special Project Title Private Automatic Branch eXchange (PABX)
Name iiss. Shanita Jaisaweang

Mr. Amorn  Amornsilpa

Special Project Advisor Mr Wichit Sirichote
Mr. Teerawat Prakobphol ¢
Department Applied Physics
Academic Year 1994
Abstract

Private Automatic Branch Exchange (PABX) is an automatic device used to connect
external (Trunks) and internal lines without operators. The connections made by the device
can be performed in numerous ways which , as a result , give rise to convenient
communication services. In this project , SC11390 chip as an analog switch in the PABX is

used to control connections between two external and four internal lines.
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ummzhidsunnegiafiadadaciunsiiose @semyisuudeaniva e
158U dial tone AvAataaslnsasnivai a’numwmﬁmm'\mﬁmﬂum'mﬁ 400 Hz

(wilawriy Dial Tone) Usif 0.4 AunTl wem 0.4 Auil Aeuanlunlil 27

;;ﬂ*?'; 2-7 uamIdtynynod Busy Tone
425 Hz—

-——o.L;s—-]t—-o.as—-]t—-o.43--]L-_-0.45——J[--o.45--1

3. AryeyreuiFEnnay (Ring Back Tone) B nsunaanuds quane1sisia
aredaanbisudunadiia quatsssdsdyyinluGunmediu (called) Aavinld
n’ [ Yo o 4¥ o :’r q -l - - o~
niasdAwirasgiuienu wianiuduniesiusdaGenaanasidnyoyrFunnduiuy
o v o« A. g ] J [ % - ) =
amazwianiudoyyinnseda Tnedestiaciiamond 400 Hz Aau 1 3wl vgaRuu

- .
4 Ji uazquanaziaaTadiiu Busy Snielu 1.5 uad iflauiuy

g7 2-8 uamadtyeyrcuiilu Ring Back Tone

oo | _[ll [ ]

—1S-T-——-——-4S ‘I’-lS—"‘ 4S +—18—1

1"
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4. oyt UnsEAe (Ringing Tone) tﬂud’mruml'lwlﬁﬁ‘?:'iTu'lﬁm:ﬁ'a'lum‘?me-
A elimmuindiauinedwiom Weeanniudyornddduldnesaetc adee
Hunsugeneguanshia agludae 90-150 vpp (inld 100 v) ANBLsTaN 2060 Hz
Faaznmafe-nem azwFans U Ring Back Tone waeifitnsAmiidnanAass 1 funfl wya

. o - sl
Weil 4 U

U7 2-9 uamaktytyrnd Ringing Tone

== Fe iy m—— —™ 5 T
100 V
] - -]
15T s ]L-ls--- 4 S



2.1.9 n1synauuaslnsdAwy

7% 210 usmInsinuTBsnsAwylayinly

Hook off
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. U7 2111 uaninsRnsinszudnaIingdmilaasiugquans

A subscriber @, —® é //,,3'7 8 subscriber |

nooK ol

A cllimn SAms
S.2.anhg e

A

3 nyrmoer D
__nnging (conlrol) 10ne sfinging signal

Y

" B answer

— et — - - m—— — —e et e ——— —— - cam - G—— —— —— —

— armr e e G-t ewm D e wws A Semr Gy mAA e SR Geme e m—

hook On

Nook On

dialiing tone
(~425 Hz)

_ Ringing1one Ringing signal
(~425Hz) (=90V, 20-25 Hz)

e e e ema e Gew map e e - . —
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TUN 2-12 WARINITARRDTZUINS NS AN Tﬂﬂmuwmwmﬂqumﬂ
bl > Seizes a2n incoming line (speesh |
channel) in 8's local exchange
and eguipment fof receiving
numbar information.
informetion thel exchznge S e Seizuce ackaowieszement
- Pt
rzoeived the seiryrte signal fnol &
ISLNTGN &N 3y3ETE)
Aszsezesaniormenon > 3 sudscnder s numbder
Zxchange B sendsinfomaton o _ 8 answer
exchznge A fat 3 subscrider <
has iihed the handset.
Converszlion
. Clear tack Exchenge 3 sends information
= tha! 3 subseribar has hung up.
i
]
1
l — L)
I Time Supervision,
!
|
h‘ 3 . i . l
Zxchange peis informalion | cl mamr .
= . . ear {orward .
ihat the call is finished (A sud- !

e . —
scrider has hung up). Dissonnec-
10N can ke plece.
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2.2 @:"quﬂ’lﬂTﬂﬁ‘ﬁ'wﬁ'é’mTu:m (Private Autonj'atic Branch Exchange ;
PABX) |

Fruaneinsdmidaluid®  Aewtoslonliseugansmedmiliuniy LBl
wihilumadeusieinsdniasueniusdwissludndoety  dversasiilowers
wafvialillawlanmefaunue) 'lua"msruzm'aamsﬁ’mumlao'w’mc}fl‘i’%tﬂuﬂ'm'mu
Autatiudaulvey v‘h‘lﬁéﬂmﬂm’mﬂ:mnlun1’:‘%2\'1?112’554%147:1«16']414ﬂm'LuTN
MU vise udEn (s ﬂ"q&uﬁnﬁqumﬂmﬁ’wvﬁmmaﬁﬁ%mm'mmmanqwh’m fiay

] v
L ]

o 1 o on 3 x ' L
FTUANNALAINUATAMNARBIAT LUNTAAFAARBANTHANTWYINIY

2.2.1 AaNBUSNITINIIUTBITSUY PABX
1).n19:3anaan (Dialling)

- n12iFunnelu (Intercom function) nasnsAwyianiaTasn e luludemtaenie
Wugqaruinldlaanisnavunsasniolu i 11,12,13 wia 14

- MaFannnauan (External dialling) MsnsAwianaremealulldiaanieuen
° amn v %4 < J v -~ )
MlElaunIsna 0" udAINUNIELRTTIRI INTANYINNEuanFaIN1TaLFinFe
2). N19(5aNL1 (Incoming calls)

<

nsneAnvidhldfianansluluanansodangldanidaenisnedned s

14

dtlunag
nrludamanaueniduaniainsdminldBussdavihriudavyavisedaiugae
r'i'\Lﬂum'ﬂw?ﬁwvﬂﬂﬁqmﬂmu‘lutaﬂqn?idmﬁwvfﬁ'lﬁ'\'ﬁm:ﬁqzi’u'] 2 ﬂ%«ﬁmﬁuuﬁfa
ueaiFer-Thl

- drygyrnumauileatagnldeues Busy / call waiting) SrilldueFunaInane

o . .o - @, .
muuanlurnsiarenieludeiimeldemey  Asuneluaslidudtyo oot

[ ¥ A ] -l L 74 A < ]
Resedu euandniinisFunidraannnuuen uaziilana hookflash azifiunissiaans
o~ oo o a [
mulufusraneueninindaFundy
- milauaruainarenin IR TgTU (Unattended call pickup) GhiinsTnsidiue
? o v d [ i LI b 4 - tlz
Wiigfuay  gausnsofuseiinndanadnld Taonhsunyinsdwsuna  hookflash

1 9 [, al v - § e : v o
uRINA ‘7* araninsiinasAssanuananis luiuiun
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Lttt

o o 9 o>
munnammnmq ﬂi%’oﬂﬂﬂ&ﬂﬁ]ﬁ’lﬂﬂ?%ﬂ\‘l

*

3). nn9laudg (Call hold / transfer) .

mslauanelufarsniouanvieaumeluwinldlsantstayinsdnyd  udavin
n12NA  hookflash m'mﬁqmawmﬂmaqLh“’;ﬂaﬁo’x’mmﬁzﬁma Lda‘lﬁﬁuﬁmm'\mms
Fennauudafnaynsdniag £

- NTUsE PN WINgAWY (Conferencing) ﬁﬁluiﬁaxﬁﬁmmuwmmq‘h{!?ﬁwﬁaq
udafldFeansnsdwfludeddudn  Teasdlumsldnsdwiauiusuasvianis
ﬂﬁz‘qumdmﬁwvﬁu vinl#Tatnaaria hookflash udanaveial 8" AN ETNEAT
Uaremnig mﬂmﬂ‘luﬁﬁ:qna%"N%uLﬂunﬁsﬂizﬂumﬂmﬁw'n' |

- srumeusnbianansofiasiedunsUssqunielu (Trynk  disconnection  from
conference) Ann1slsequiussudnatonielu mﬁmﬂu@ni"imjuumﬂmsﬁﬂnﬁszfqu
aursnsineenannislszuldlanniena *9 szun PABX aidensmanuuaniildeu
ag) wiidhldfinsBunidhaanaieniouan stuu PABX fiarvinnissinattuanaanann
sruu s Aifimsdssqunensdwiresanenelu
4). AnHUzIBIAIATBUBN (Trunk configuration)

Tuuansdeasaranituanin 2 arpazasnsnsidlaofhidsszretu oy -
! "mm?'lﬁmﬂmuuanv‘hmu‘luf:uuuqu Tina 31" wia *32° Tae 1 vive 2 1uiae
NUNHLBIAENIEUBNATNAAL

- tdeenslvianantsusninendlussuuna (OTMF) Wias 417 vie 42" Tag 1
Wi 2 (uangaTesaIEMBUaNAINAIAL
5). MenTIUR Yy uunNndlnadmnlul® (Automatic fax detection)

$UU PABX @14150A3999U CNG tone mmﬁruqnmuwn'ﬁtﬁwwfaamﬁmﬂ
uanviteamesanuntuan uazanuneluly oy

v v

draens i nsmsadudtyyrnsu ndlinavaneiee 51°
drlisiaansldiinasmsadudygyrauundinavunuiay *50°
- - . o o " “
naidanattNIauaniazitnssuuindinlalasn-snaunnuiey 58X
e X iy 0 1lie reset the fax detection
1 Weldaneniausnaiu® 1+ Fuunng
4 K- .
2 Weliaranauanaieh 2 fuunnd

3 xﬁa‘lﬁmﬂmuwanv@ 2 a~gfuunnd

s

i
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‘nAsidenantinnaluiasinnasfuunng vlslaunisnavntgiay '59xx" lag XX
Aa lwIunnBTasateneluy
6). nnaisaningdunalaidaisinas (Secretary filter)
nsdonidhaesnansaansminlidhgaunalufismedonls Weld
dwiurumsaynsvielaneinned Fonlalaunimnavaneiay 61" udaidan
wunsaennelulaang saxx die xx Whumnasrzessreniely ustseenisliidnig

Funidhmnatuniglulinaunieias 60"

ANGT 2 wWAGINITTRTMNANIITNIUTENTE U PABX

18

FUNCTION OPTIONS KEYS
Dialling Internal 11.12,13,14
External 0
Cail pickup Hookflash7
Hold Hockflash
Transfer Replace handset
Toggle Hookflash
Conference 8
Trunk disconnect 9
Trunk config Disable 30,40
Pulse 31.32
DTMF 41,42
Fax detect Disable 50
Enable 51
Fax trunk detect Reset A 580
Trunk 1 . 381
Trunk 2 582
Both 583
Fax select Ext1 911
Ext2 : , T 5912
Ext3 5913
. Ext4 . 3914
Secretary filter Disable 60
Enable ’ 61
Secretary select Ext1 6911
Ext2 6912
Ext3 6913
Ext4 ‘ 6914




zﬂﬁ 2-13 WAANFALINITINIUTBNTEUY PABX,

PABX

S

A
PABX

hooK oif

Kiailimmn iana
S2ang et

“0” for exiemnal fine
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seizute

< seizure acknowiedgement
L d.aliing ‘one
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2aZcece ininy
3027€SS 1M,
‘> seicure C
Ldl
seizure acknowiedgement
N
asaress info. )
fing. 1one ing. sipnal
<€ —————ie
3 answer
3 answer
)
conversalion
hos5K on
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clear forward

&
b

2N
Cd

clear.back

¢ hook on



-
un# 3
nanmsvinuaagguaeinsAnianiula

FguananadAnvdnluBiminausiissdsznaududiundrdty Ae
1 4
- douzasanfaunf azifugauressasisnuntesssuugarninsAnyianluls
- dourasanyiuag asdudouniundaanuldsunsuauaunsieusnge 209

& Lol o .“J [ k24
ez InsdnianludBldanusninnuldasauquasiBiniwalidaesiy

3.1 Taneafanamuaifauad
Tﬂma?\qmqﬁﬂums‘mwzﬁ‘iﬁ:Lﬂu‘lumwumwawm'mu'ﬁm’ouﬁﬁwﬂ“ry"um
LUU PABX A8 Switch Unit fing ma5'\um§mms‘?{q:ndmﬁaﬁuﬂqLﬂu
1. 494294 Microcontroller Was Memory
2. Analog ground buffer

3. tﬂé‘mﬁﬁLﬁﬂl.ﬁ'mlwmua:ﬂfl'mﬁ (Music and tone generation)
. unaeangn (Power supply) :

. madausiaaresAminislu (Extension line interfaces)

. n'\ﬂ%auﬁamﬂmﬁwﬂmﬂuan {Trunk line interfaces)

. NMTIEANFATL chip SC11390 (SC11390 connections)

0 N o o S

. asrentdeaIngAny (Ring amplitier)

3.1.1 dausEu2auanane (Microcontroller) WAz MUALAINAT (Memory)
Microcontroller 14837¥uUU PABX 'ﬁﬁ’a 80C32 %@h‘hmuﬁmwﬁ 11.0692 MHz
Tneinaudlumiseszanauanawesszuy PABX Tan 27256 viwiihiiflu EPROM
~uaz 62256 (RAM) azvieuihanitaninsnlag address bus ‘zmmifmﬂmw%’\f:@:qn
nemsvialag 16v8 PAL uazld 74HCS73 1{lus latch dayndeacqgnaruruandnynin
ALE 989 Microcontroller Tt PAL aziflusiamuanmsinaiuzasanesineliues delu

A4 1
A714129 Microcontroller fasnminnlu
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1). Watchdog Taaiiinasld TL7705 (Ralvineas reset Tz Guvinauas iy
continuous processor watchdog 344z aeltiiinGg reset ageanysofiasiiasiunnnuiin
wanmuas firmware Tauazld11 WO w09 TL7705 (e pull up AuFIBUnIL 2.2 KO 1
41 large capacitive load _ .

2). Serial EEPROM 10 Serial EEPROM luszuu PABX Lie MC9366 dearldlu
nMafumneinTuanEuzIesIsLL Taud MCI366 ﬁfazqnmuaumn port pins LU

Microcontroller

3). RS232 lun1sidansie RS232 fuUATaY PC wuasld MAX232 Tunisideusa

4 RS232 Tl IMiABURe 6 Taasf Ty RS232 ATALANATYTYINU RTS Uaz CTS

3.1.2 Analog ground buffer _
L] 5 L% A [
analog reference voltage Asgmuinunihniinefine support 1Wiiuneas analog
d7u analog ground reference ArgninwENuHe WussRUATlawd I idueesiiaay

\@lieiT (stable bias voltage)

-} 0 m <l o ar . .
3.1.3 wATawndlinanduasieanasd miuingAny (Music input and Tone

generation)
<l .. o - ¥ ° o ! °
9 audio input AzFudtyyruanniATesenudasuas gy oyruiinanainai ing
TEURSINMNITINAY  FEAuAMNAITeNRsanaas U A Tae lgsasunud fuanla
. o X : ;
(R12) daudtygyulivuuasdygruaslidnaainiursinisduseus NES514 39
iy quad op-amp NaalAAdTyy UL sine wave AIND 400 Hz G9TEALANAS

gaadueilduss 18 laenr ldfasurulfuanld (R16)

3.1.4 uuagantlw (Power supply)

szun PABX tasvinewlnnlduvsesneiving 24 Taadl (1 A) Taafiusesu 24
hasiaziusneangWasaldiiy hybrid amplifier . Fae uazaeAT@eaInsAns dausesu
24 T'Jaafﬁfq:qnmmu’lﬂﬁq 7805 uay 78L05 theUfuuresulinideiius 5 Tasifiedns

WiuaeRsAamaauazIIRsaulaan
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mea¥rausesiu 50 Taasfduiuatansdmriiuacld power supply WUL switch
mode Tmeild NE5532 (dual op-amp) iusiariniiiausesiu 50 Tasainusesiu 24 Taasuag
umsesneli dausesu 50 Taadfiiaziinszuaduazldgneanuuumnifteldiuusssugng
avrasinadwd

[

3.1.5 nai3ausiaaneinsAnyiniely (Extension line interfaces)

i

nadansaaeneludiudw $C11390 1uReld dual op-amp hybrid 1aEn9as

o

be

hybrid i acldusesu 24 v uaz 0 v iNeaFaduaTuniifuanedviuaransdny lae
vimantuaudivindy 600 Qusiarnsoriuauldlasld jumper 11 uaz jumper 18
dndtyyny audio  sxdulddsTaduaztinulldiane  Tagfiagtazvinnasiaanied

Arynynu audio visedtyryroudueinsAnwyiiusasugeniulydiane Taeddiatdazgnany

ANAIN microprocessor NIUNN 82C55

3.1.6 n9idansaseinsAnyineauan (Trunk line interfaces)

nsdansiaa‘eednyinnauanvde Trunk Waiudw SC11390 dumdneriunng
A ' - o o L= -y L /4 4
dansearssAwinelu@e gldamsavinnisdiuaduiuaudaasane inunzants

v ) .
Taeld jumper Tngludautiazffiuadlalasilusatiaaiulinezann (spike) ananune
] v
uan Marsneuaniasgnueniilaeldwiaulas
2 vl . ° P ) o
ulfaulasardelill distortion /i1 Taei#l "wet" transformer AzgNoBNULLINILAS
dl [ o o : ) 3 -l W dﬂl

AILANNTEUADC ilusatjuuarty wiadaniuudaaafinasld “diy* transtormer Gew1nm
3 ' ' 1 2 &Iv <3 2 2 b 2% l: o i
Wwnndusinisldnlaudasuuutdsndusssiasld ivnszuanselunisidaensasuazing
TIANINGN

ludaures hook switch Taevinluudnarldiihfiagunsgudeazgnaiuauan
microprocessor tMe 82C56 uarluntsmsaadudnyryrnuifaaneAwyitiuasiinnglgsin

nsasuazaslmAldlatfiter and opto coupler)
3.1.7 nM9iAaNsany SC11390 (SC11390 connectiohs)

dautiaziiiudrundnAtysesszuu PABX TrauanfdnAtyAa Chip SC11390 Feaz

liaen 5 Taad@amaavDD) anuuasstuln power supply) T9luseuy PABX #ivdn

an

22



-

3 ) - ) 1
auatiaziinssiavasanenisuan 2 aredusemuly 4 e Taudynrusiejues

o . o &
SC11390 mnaataeiuszuy PABX HAsi
1 * - Jﬁ ‘ v "y - J U
- Xin duuvasinideaciundungn dedecldatansannnn 4579 MHz sie

il

TUINN Xin U Vss

- AvD s iWuueundeniefiusesiu 5 Tas

- vss azifluussdu 0 hasRaneaitlauliiiy sc11390 |

- AGND {luumasriniiausesunialy 1.75 Tasfeslileultitueetuesinig
uen warazgniiduivineslng analog ground buffer

- ER anflunns reset 2993n1BLANTIRZLRASAN 1°

. CT1 uaz CT2 iflufmmadudynnnisdundhdmiy sC11390 deazman
Judtynynaslvivgu, ﬂ’ryq,nrumﬂ'lu'fi'wua:‘lﬁﬁn’\ﬂ?ﬂmiﬂ‘lﬁmj'\eqncﬁm

- CPFO1 \fluznienviynradnisGunidauu CT1

- TGR @:Lﬂum‘éuvywﬁ'm?u’lﬁﬁﬁu‘imm'mﬁ'wmﬁmmmma‘lmmmz
dryeyrnulvivngu

- RINGEROUT azifludryrynouiavinngil sine wave w7a square wave e duld
uaeagaeedeningAny (Ring Amplifier)

- EPSR iludtynyimudunmaes audio Awsuidzamasluanisiteyinsdnyise

- CPD1 uaz CPD2 lu TTL Lmﬁvymmﬁqmqqﬁumwﬁ FakoyryrnuilaFuuu
CT1 uae CT2 argnnrasuazulasiiudryoyrcugy square wave m"q'&uﬁryrmm TTL #150
427N microprocessor asiTuANAIING

- TTG uaz TRG Lﬂumﬁﬂ'mﬂuﬁmmmmumgmﬁuLLaxmsm'aﬁnmamﬂuan
ANATAL :ﬂqé’mﬂmwmwaem?a*u-m{iqzqnmur)umewaT'\uw'\uaJ%m"ﬂﬁ'f

- 1 durewinressansassziunniiiusunsild  (programmable
bandpass filter) ?a%qnmuaumn microprocessor tRaAIRSUATYQIILNNTRdNaN
Tmtw'hmﬁmmmﬁmmﬁmmwmﬁ‘lﬁs’umumﬁfmim

- daurasaraneluresindilifinasl4eu (DRSR,DRST,TSR,TST,RCR uax RCT)
Y Az¥innnasiaaans g (ground) Femniinseenuansnelusanluinfaziinishany

) g ) 24
wanunldeu

an
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Tt 82C66 (Hlusin mop up AryryrruAanes Bunnienvivy dnurumiigluszuy
Faazrinun14lunnssiaiy address bus 94 microcontiolier, 24AsAIATUNAT I, fing
relays, GANUAAANND  (tone generator) uRTFIATIRAUNTTEUNEN  (call progress

detectors) o

3.1.8 29asae1eideainsANY (Ring amplifier)

wAszeneduinsAwiazafradnyonugd sine wave V;ﬁl.tsaﬁuzg«ﬁ'aﬁ'mw
Heuliru@eeGunsasnedn FedryrandueFunresinsdwiannsondald 2 uuy
Tmﬂ’%uafjﬁummﬁ'ﬁﬁmms‘l*imu'lul,wia:ﬂ?:mﬂ

saniiladtynyiogy sine wave Tu chip SC11390 AUHANANMND 16.67Hz 25 Hz
wia 50 Hz Taadtyeyrtugy sine wave fazflusn gLy LM2877 mmaﬁcurmm%u%%
panuaATLIas Tmuﬁomwmuﬁmmﬂmﬁq:ﬁnms"xTuum‘fu 12 Taasftiundautasli
iy 110 Tadl Feudieudadiireiinnuansalunsienafvaingaenuiisimn
1¥lnuil distrotion #i1 WazusIFMEWINAzIvinAL 6070 Taasfiiatlawlsiutnsdw Ta

anurrnUiuAlalae 1dssuntudius s

3.2 N9RANLUUNAT I UAIUGTIN JUBeTE UL PABX
Tuntseenuuuneasuasszuy PABX lévinnmseanuuuieasinuailefednene
RN Taein17uLia9R I NgIUM TNLANT il
1. 'J\’Q?F']QU?]N”'\?V.HQ'\U‘U‘ENTSUU (Process)
. nqaTunsen e iReTE UL (Supply)
. QQQ?ﬁNLV\lﬂﬁt(Analog ground butter)
. 2997189 SWITCH UNIT

. NATia@eInsAnwy (Ring Amplifier)

O o A~ W N

. Matnilaeedmiuingsdnwyl (Audio)

~

. 19arasant insdnwyinneuen (Trunks)

[s 0]

. 9asea9ant InsAnyinielu (Extensions)

=S

qqq@?ﬁnmqmuﬁ')ﬁmzmmﬁqgﬂ
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Uy (Process)
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4 oY
U 3-2. 293sunasane IWiessuy (Supply)
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AN (Ring Amplifier)

a
=
‘

o -4 ~

°

7 3-5. WATNUUALALILN

i

Terd
e
e ueT
eszd
-
neos uet

x3/28Z §
sca
woet

¥

Tzl
129

BTV oI/ NGaT

i
ez

~
3

~{}

nag/Ine

suzevIN
ebar
= west
" e
wely 1< 00
Y ..lm
MI/88T  xs/Eect
') (]
$ xa/wzx 3 "
MI /R8T x3/neCE
" ot
ste | e1e
xi/exee § ..hw.. - ¥,
e s1e2]?2
Ld LA L
¢ elssls
TINTT-1RdLNG w L4
sied e
< o<
| x1/881
ressam |00 Y .
s:ria
——AN—p
x1/2E91
e
L AN 1
L] L
XI/w9S . XT/EEVE X1 /495
182 o 78>




JUN 3-6. 29asntindadaniuinsdwyl (Audio)

c23 »9 e .
i 1008 4TR/Ex o ieesa ) »13

{ MsEx

-
~\w
3
"
x

~

-

2

-

214e

% : 22 msex
L3
- x "
a 3
~
- = 2 (.1.
HE = ] ik
39X3/1x o (P10ex 1om .
X o ]
Lumzrnien > ve A28 = Te1n
1n4148 .
M
L4} LEVEL BUSY TOWK
R19 s
1%/ 1x 1n4148
VWV #

STEREOSACK " . E> ) . o .
.1. ‘ - " - .. ““ _ - -~ »r .‘ A -

30



31

N 1 (Trunk 1)

-l

ANYINLUBNANT

@

i 3-7-1. WAsveanying

L == ST

e300
sa1disl v
ovar HE
- .\
- - -
L e -
{2 m....
R U octx o xs/ae §
3 l«un E243 |
3
> o™ e -
' vze
. 1
= P aizeee o
. o nS " /x8/88% nsZ/R00T “ «
S a 8 § 1
3 I
i XT/uvEY
D s T2 wurve sear|ear|”
] 2
] astoner L xs/uew ©
" (T  zen §
3 f sera :
x z ALdf |w
! x 6gdr
Tz azz
62¢ 8ze
XSEST L2l i 4 \N SZHY ¢
beru E.u Xz sosl




Ui 3.7-2 29asvesanalnsdnyinnauanatii 2 (Trunk 2

i3
-
nesuey xa ExE ¢
G —tf|
8 S neersmess
£R ;

108/5x/ .88  poornELAY




33

Y1 1 (Extension 1)

" . 4
vneluang

N 3-8-1 WATURIAG LNTAN

i

LIMNXL

LlNuNd

/

—C ]

i
(4]

syxdunsc
euIdMuns

euNduar

Ivdr

. \ _
xs/MY ouwnu KL/1E6 § _
173 2951 |
; |
L]
3 [l [
= XT/ALY §
ST T |
s
x§/A8T § AN i
(L) T /N8 |
. sz ,,
|
)
»iasIM
a:9tR
Xy /0%
31
w !
-
S1drY w  XI/TNG
= 9?51
z ]

L

w__J




34

)

o luAa89 2 (Extension

~

2 NRTUVBAY INTANYINA

gﬂ?‘i 3-8-

EEE
E

xS ueLy §

N /

ces3 net |
(1343 1 Le

131
xy/20% v
v xt/xey

LU

LI1¥NIL

AlMUNL

ss1
/ m ]
2 # Larg m XB/IEG
- T8
Mol = 9/0081 NES/NBET o &
.«-u ~ [ 3 - 190 m M 7 "
o » &var X
° ) ...f = | (R
AVTINTIZ im xT/30% veu Sviar|“svar .:mnn-
. 2% |ovren| 2
] " *® «
i
, starn
[ — \ﬂ STu avar
s 3 2N zesi
x¥/uE
R o




35

1 3 (Extension 3)

q o
-
L'H'n |

» < ~
INVINE

1

¢

#13] I‘f

A

7
&

71N 3-8-3 2945904

m

51

Livuxa

Sa1dTi1l
azar

23501

8 XS/7XT
sé1 A

|yIvaT
1ze

—Cmry

qu\-uno S
(2

neetT/nes _L
2T

(1 )2
AN
x9/N2T
-

-

-

xy/8%% v
%3

9/098T NEI/ASET

g8l

wndunr

uxdunr

ars L xp/116 ¢
]
1
L]
et
32 x/uzy §
et

wxduar
»

z
m -
-




36

LivMua

1 4 (Extension 4)

=4

L 14
229 == X¥/3X§
b-1814 |
i
L]
nay
[2 =]
L 7% 73 3
(2 14 ﬁ

8 xs,zxz
12394 |

XsS/ueLy
[ 12¢

lyiane

€

ANYINNE

o
P

319 3-8-4 293318988

LINNxg




3%
WHUAINITTIUERITEUY PABX

i . o J
ludauiiazutisfnsaiznasineuasssuy PABX senulssinmeingasil

- n193unean
Hook off
check signa
= ring back tone
check signal No
= dial tone
No conversation Hook on
Hook on yes
Hook on
press number
check signa
= ring back tone
i yes No
convarsation Hook on

Hook on

e ® .



- nnsiunidia

External line

PABX |

¥,

Ak key

Operator

Yes

=0

check signal

Yes

= nng call back

conversation
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No

Hook on

Hook on




- psTauany

Operator

music

b

press Hookflash °8"

diaf torﬂ

press number B

nng call back

No

Tell A

Hook on

conversation with B |

Hook on




3.3 Taseriamesuganwyiuag
suy PABX  Audusesldreriinsiieiinisanuaulvisnfaur finausis
faens  lnenmanviniasyiinsaruanquninimeueniisiesyfudn  sc113g0 I
o ¥ ¢ o L -é 12 : 9
a1 fudeyanuusitaresquUnsnianszuy Fedayatiazdsznevlysie antnzuas
< v 4‘ . k] L 13 ' (G o~
anet (i (Wavialle), Tayalunndensie, feyasasnisdunidn 1w awliiingsedu
9/

dﬂ' = dld k4 d; d' -=; 1 Y ) c‘; °
ATUDYBURENNLTENLYT)  UARTDUT "N*’nmﬂﬂw’lmummuﬂ;r‘]nmmﬂizmauaLL@:

garviuaf asvinnumunanldfulaoarunugunsnisnesiall

gaWnadraeszuy Usznaumie 2 daufe
L4 ar (¥

1. BaWuISAINTUSZLUUNTTARNIS (Operating system software) Usznavusig

1), dauiniaumiuardanldannaariunidmsunis1ieu (Application software)
R Y T . e My . e
Adeiaridumanfluiivennguaasanfausls 4 nauaall

- SC11390 - PIO

- RS232 - EEPROM

N ANI o v ar - [l @ 12 . .

2). daunvinnrrtleudayaluderaviuasdruiunasldeu (Application software)
NN 1 ms lurusfistuumsdanisiaaaudayaneinnuninadands §e1unsn
[ -ﬁ! } 78 73
Haudulesag
2. 1aWNuafdIuiun1sldeu (Application software) uldsinsuiiniuuanis
] dl v
NIUTBNTEUY TaUsenausie

- main  EUTUTUNTNAIMS L T NSNS T UUNITIANNS LA L NS 11
(Operating system and Application program:

- applicat ; WuTUsunsuudneas Appication sottware

- action ; (ulusunsugeudiniuntsyineruianingsne

- reaction ; iullsunsugendmiunisyineumuAAsRian 16

- function ; WulUsunsutiseniaewruANazAdINIURTEsulUsuN Ty

. @ A . -~
- interrup , \HUlUsUNINERLIHB N S RO UANDINITI LN NI PDITT UL
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Tuszuuasiimsutistanyinfatruiiudndou  wadiinasvineusuiuseudng
Operating system, Application software uardouzasanfounf Tnehdoudrdtyes
FaNYINFUBITEULAD 80C32 microprocessor YUENTLUL PABX Usznaumig SC11390

uag qunralniauandu

ANTINUAAIFAIL VUL BINUIE AT NN 1SS UL PABX

ADDRESS CS-SIGNAL PERIPHERAL REGISTER
0000-7FFF RAMCS EXTERNAL RAM
8000 HVCS SC11390 ADDRESS REGISTER
8001 DATA REGISTER
800F
8010 PIOCS 82C55 " PORT A REGISTER
8011 PORT B REGISTER
8012 PORT C REGISTER
8013 CONFIGURATION
801F REGISTER
8020 10CS1 Csio1
802F
8030 10CSs2 C3102
803F
8040 10CS3 CSI03
804F

ANTINN 3 AZUAAIDINUNYBINUIE AN TINTEUY PABX
178 ARANAT 1 ALUAAIDNATUMLNTBY address
[ f‘i’ < . -ﬁ' ° n; :,/ c:; - amn
ABANIAN 2 ALUARIDNATYOYINU “chip-select” TNRLNINTUN address UUINARB[N 0
[ rd' P « .:; ° i3 q; 5
ARANIT 3 azuanstegunsaintsusniinun 491U address 1

o ol 4 aa ot - % o a o
ADANNN 4 qzllﬂﬂqfN?qﬂlm’ﬂﬂqqnlﬂﬂn‘l“‘ﬂ'\\i'\um'\u address NNTUUR
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HAaNNTA /DY

NISNARAUAILAY (Selftest Facility)

S2UL PABX Minlauatinnunsonasaunasina e siniiiadldingnmeduging
fraaen LED WlufiAmsedui LED uassie RS232 waesvuu PABX inAuites
AaNAeT a2 l4TUsuns Procomm 138 Telix NARBLINATNINNULDIENTHLIFURITELIL
Tnevnnsianfiesasnanames s

- 9600 Baud

- 8 Bit

- 1 Stopbit

- No Parity
uazdTeEn s N A

- anemtienasd 1 saiu sreniluaed 3

- graneEuanane® 2 Aery arannaluanad 4

- Ring-amplitude Wiuyulyl 180 asAandugn

- Tone-amplitude 1iuyuly 90 a9m1aNdrugn

- Audio-amplitude Wiuyuludragn

- TT1,TT2.TR1 uaz TR2 wyulidragn

- JP2 Wiriaen 2-3,5-6

- JP4g ¥isiean 12

- JPE0 Wiien1" jumper 28N

- JP11,JP12,JP18,JP19,JP25,JP26.JP32,JP33,JP39,JP41,JP46 WAy JP48 1¥iena
jumper 1didinlu
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VNNEILAT N19RN9U
0 anunelugissnsinseiuaiunnauaen (i 0
UWAT AINAERTUNIBNNEUDN
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SC11390 SWITCH UNIT

anwrnuzlagvinll
Switch Unit SC11390 (PABX Chip) ifuneassauafia cMOS 2e9ssuy PABX Taeld

i3 ]
Tiags 5 Volts @viiannuarunsalunisvereansinsdwyinielu 12 argannananiauen
vireae18409An3Ingdny 6 ane Tedntlavdsznausiouneasnisiu-de, aessnisFunida
(call progress) A mFunan@esyaruAtyryuRIuAIRa T lusTULTBIPABX ddulsznau
zﬁwﬁrymm 5C11390 An (flu analog switch matrices WU 20x23 ports WAY 4x4 ports 4
anunsnaduailalaunisld software uananiineludwdalsznaudiasdaunuy DTMF

]

AMFUAATYYITY 2 6 UeT AATUNLUL DTMF @ mSumsasussAUA2ND (tone) 2 G
° ar dl o o d e: ~ ar « o 's’l ¥ 0 o d; . G ﬂ'
A miuiasasiiiadasnivinsdAniuudwiu arlinuliadtyoyrnaau sine e square 39
9s ) -l -\' ~ v 0: "; ' ﬂ: ' - oy - :’/
qegnagngliifadlundsanisinednwviauiarunely  dunisdeisionnsdanesluiniu

*FRFAANIUNIN address bus, data bus WA control bus 8 bifs U89 microprocessor

AMANTFAL8Y SC11390

tluirinafuns 20x23 matrix

-agnadanieluld 12 aresnananisuen 5 ane

- fishFunarAnaIuLy DTMF 2 4
Lol [ ar o - 2 %

- dldsunsuduiunsaadunsisunign 2 gm

- N9 TdsuNssANDTa N AT INTANY 3 sEA

- lddryeyrnumasealunisaauan

- NITTRIIABWA TNUBITEUL microprocessor LT LLILITIAN

- g1u3ninasdseguneinsdnilauazdgunsninsaasuunndenlusis
-~ T~ t‘; v ar -~ o 3 ~

- figunsafaalunisiansdaiumyvialadinuido

- Hanwouztluluy PLCC 68 91 wisa WUy PQFP 80 90

- itluszuy emos AldlWiaeeeasiies 5 Toas
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a 9 ar <4 . A LN 74 d‘ !
VANANALYUBITEUL PABX ALY switch unit TIAINTD L‘DL‘D@NW@@'\ﬂﬂ’lﬂlu 12

i [l
la

ANEAANATENNTLRN § A8 LANAINT switch uni ﬁqﬂnﬁﬂ‘ja:m"arTqumerumwiN']w
annsapauAnlataens T lusunsy iy fafunazfageuuy DTMF (DTMF transmitters and
receivers), GNATINAUATYOYIUTANGN (call progress detectors), FmII9ULRES  (voice
detector], 1A3aaRNTinALIINIANY (tone generator), \raenLinAuR wazFnsassEAy
iRt sunssld %aqﬂn?m'mur)umfh{’:fiqLﬂuéfadﬁaﬁwﬁzmd’mmﬁLﬂ'@%zm'ﬁm&a

anansuianslaldgiaaisiasnisle

ANBULUAY Switch Unit LULGNT

JUT N-1 uRAIANIUTYBY SWITCH UNIT uuy PLCC

v 0 [ . -
85888 9Er3885888E5
A000000000000000
TEnew~TOoN-3582333885
RiNG [ 10 60 {1 cr2
cPOT [ 1 s9 [ ET
cpoz [ 12 s8 [ En2
cprot []13 s7 |1 Ema
“TO [] 14 s6 [] ET4
AUX3R []1s ss {J ers
AUX2R [} 16 PLCC s4 I'] ETe
AUXaR (]17 s3 [] eI
TGR (J18 s2 [] €18
AUx1R (119 SC113s0CV st ] €M
eRs []20 so [ ET0
ER4 [] 21 49 ] ET1
ER3 [J22 48 7] ET12
ER (= 47 7] AGND
ER1 (24 46 [J auaT
TR2 (] 2s 45 [ Auxat
TRG2d (128 « [ auxat
SR88588388583257¢9¢
ooguoooooooooooood s
§Efi2s9¢g2sFypezgzy x
g-gguuIIvETETYEES
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UM N-2 URANANUZIDI SWITCH UNIT uuy PQFP

- - 2:&%55
Qe EEEEEEEEEEEEE229¢
/seereexeNcee358833¢Ss
crz —1 60— auxaT
cT1 12 S0 [ ER12
sa. C—]3 88 ] ERN
ces ]« §7 /1 ER10
wsm ——s 56 |1 ERs
Re8 C—1s ssf—m
N 17 QFP 54— TIG2
o1 c—Hs saf——m
0e 9 s2 /1 1161
os ——] 10 SC11390 st ers
O« C—In S0 {1 AVS
vgg /]2 49—/ av0
xN ———] 13 sl eRr
Vpp CC———] 14 «7f——3¢€nRs
ERS C—] 15 ' 48 [——1 TRG1A
D3 C—]1e ‘45 |/ G
02 17 “uf/ ™
D1 C—j18 43 1 TRG2A
oo —] 42 |/ TRG28
NC C——120 41T TR2

5226 28

NC C—] 2t

NC 7 22
ncC—/ 2
AING [ 24
cPOYT [ 25
CPD2 L] 28
cProy C——4 27
o] 28
AUXSRC— 28
AUX2R C——§ 30
AUX4R 77 31
TGR ] 32
AUXIR C—} 2
ERS 1 M4
ER4 ] 35
ERA "} 30
EA2 [} 37
ERY % 38
NC ] 39

NC C—] 40

v o

TunseauaudrynuGanidiussdygruGenean sty PABX Auflusssesdl
nadensednasine dansiiensearswmariiazinnsacumianinziasane (1iu e w7
T6) WAZ@TUAYUNIIRIUILY hybrid Ban19¥neuuuy hybrid asvianisuandoyoioui

' A w ~ I -t Y ~
agunaaduunamuresdygyiuGenduasdynruiGuneen Wiilusesdgyoniiag

dl o ’ ;i’ h 2ol had o 1 o
w1y Jedyaruiuuazdryunudiiazarunsoaunu i dudassseiuy



AT NLARITA19TNE U Switch Unit '

T

PIN NUMBER

48

PINNAME PLCC QFP DESCRIPTION !

Acnp 47 65 Analog Ground supply terminal (bias output). ]
AUXIR 19 33 Auxiliary 1 receive

AUX2R 16 30 Auxiliary 2 receive

AUXGR 15 pa) Auxiliary 3 receive

AUX4R 17 31 Auxiliary 4 receive

AUXIT 46 64 Auxiliary 1 transmit

AUXZT 45 63 Auxiliary 2 transmit

AUX3T 4“4 60 Auxiliary 3 transmit

AVD 33 49 Positive power supply for analog dircuits

AVs 34 50 Negative power supply for analog circuits (0 Volt)

CEB X] 4 Chip Enable Bar (active low)

D1, o2 11,12 25,26 Call Progress Detector outputs (FTL totem-pole output from zero crossing

’ detector) .

"CPRO1 13 27 Qutput CP filter] (aralog output)

CT1C12 61-60 2-1 Control Tone input trunk (analog input, direct input to tone switch matrix
DO-D7 9-6,1,68-66 | 19-16,11-8 | Bidirectional databus bits 0-7

ERI-ERIZ [ 24-20,31-32, | 38-34,4748, { Extension Receive analoginput)

35,4043 51, 56-59

ERS 5 15 | External Reset (active high)

ETI-ET12 5948 77-66 Extention Transmit (analog output)

NC — 7,20-23, 39-40 | No Connect

61-62,78-80 B

REB & 6 Read Enable Bar (active low)

RING 10 24 Ringer output

SEL 62 3 Register Select (low for address, hxgh for data)

D 14 28 Tone Detector output(TTL output st from zero crossing detector)

TGR 18 32 Tone Generator Receive (analog input)

TR1, TR2 28,25 44,41 Trunk Receive (non-inverting input)

TRGla 30 46 Trunk Receive Gain adjust 1a (inverting input)

TRGIb 5 45 Trunk Receive Gain adjust 1b(output)

TRG2a 7 3 Trunk Receive Gain adjust 2a (inverting input) ]
TRG2D 26 42 Trunk Receive Gain adjust 2b (output)

TT1, TT2 37,39 53,55 Trunk Transmit Qutput (transmitter cutput)

TIG1,TTG2 36,38 52,54 Trunk Transmit Cain adjust (inverting input)

Voo 4 14 Positive power supply for digital circuits

Vss 2 12 Negative power supply for digital circuits (0 Volt)

WEB 64 5 Write Enable Bar (active low)

XIN 3 13 Input of the oscillator or crystal connection to Vg




Warffunnsineunielu Switch Unit !
- FNASLUL DTMF

AAILLL DTME (DTMFT) ﬁummmmm'lumﬂﬁﬁﬂLﬁﬂm'mﬁmwmgm"l.é’ 16

1 f" as f"
AAIND ANANTINN 1-N

ANTINR 1-N WAAIAIND DTMF

1

CTONE High frequency group (column)

RTONE : 1209 1336 1477 1633
low 697 Hz 1 23 A
freq 770 Hz 4 5 6 B
group 852 Hz . 7 2 9 C
row 941 Hz ' 0 # D

]
\ 3
[

A4 e 4 .z _ X .
TagUAAULLY  sine  AmFuAnDUsaTANDIUUALLIENALIUINERTI4IUDRY
UDNWRYATEUINNGUAMNDGIRLIANTAN
'ﬂ’ o -~ )\ 4 * l"l “l 2§ » “I
ndryeyrru DTMF iavinnasoeasiaudnazuanalilusngen 3 desuiiludasyad
o (@ e - < o - o - oy o
vmsdaiiiaames 68 vie 69 1 TngTunapAcnfiduszamsnidanANdls a1n
3 r’ ; -4 + -" c‘ e ~ on
NANANMHNATANGHAINDAL TI9E Qi generated Thy RTONE uay CTONE {im 284
Faanes 68 via 69
- sinfuluy DTMF
FAFLULUL DTMF (DTMF) Azfian15as933UA AN i W e iuansiaiatinaaduuy
= ¢ ~ ar q-r‘l' d' « o G ¢ A
AeraatnsAnYTeazuenlumisen 2-n Ay UBUNMLULBUIRBNAZNNRINIHFATNTYTE
drunurauladrynyrounileras CT1 vise CT2
Fafuuuy DTMFR  azlvinudiadtyryrusiunn 2 Aiynyinuivevinnisasaide

AruounuaalnFseudienisyineiu

& @

LA

-



&

r:; k24 o LS )
ANTIN 2-N AT WUAAINITIUNTUAUAZNDATNATDITo UL DTMF

(CTONE = 1, RTONE = 1)

Flow Fhigh DGT D3D2D1DO
687 1209 1 000 1
67 1336 2 0010
67 1477 3 001 1
770 1209 4 0100
70 133 - S 010 1
70 1477 6 0110
82 1209 7 01 1 1
82 136 -8 100 0
82 1477 9 100 1
%41 136 0 1010
941 1209 1011
%41 1477 # 1100
67 133 A 110 1

63 B 1110
852 ' 1633 cC 1111
941 1633 D 0000

d} o o d' = n' o o (3
- LATANNIUAAITNDUBUALNN TN INTANN

50

aasidisdaaniinsdwinidsunsuldiiuaz Winuiindryognnugy sine wave vize

¥ o :i . ° s cJa; 9/ o o
square wave 16 3 sxAUAND drytyrnugy sine wave dmFuamuinisazgnoensiany

A1719N 3-N

ANTIT 3-N WAAINISIIN sV ATaN AN NI AN

FO (Hz) D1 Do
Power down 0 o
162/3 o 1
25 1 0
50 1 1

FeazFaeiinisiuuaiueniasan 94 adryryruniynsAnviiiudoyoyroiglln

§1 D2

i

D2 = 1t uassIndudryoyrugy square wave

0 uwanaindudtyryirugy sine wave

TnefidanazrrendesniainsAwyitlazgnaduAnann microprocessor



51

- 29Tl udad (Hybrid) ,

Ao Tnadwiii e 2 muﬁuﬁmrmm%fjuummxLifluumau'umﬁcyrmmm
uazdtynyrtuiu SC11390 ﬁqﬁm':'Nqi‘lﬁu?fm'a’mﬂwan’lun’m’%auﬁﬂﬁuqﬂnmiﬁhﬂLLaz
TaunaluiusanmeueniimauandnyorudeuazdrygyruFusenainiu Fadnansn
roupnlilaaiiudasesiaiu
- WeInd (Matrix)

5C11390 azldaindiminduunn 20 una 23 AedNTEavnAL 460 @nd Taaun
'ﬂ::L{’Jmifryqmm%uwmmLum“snﬂn'uazﬂaﬁun’tﬂuﬁmrmmmw?rqmmmm‘%nvﬂn‘ﬁlwzumm

fagUe 1-n

gﬂ'fﬂ; n-3

POSSIBLE

- Matrix Programming

Tunissiedunnitienviymiu susuusnunIreeinVaLsasinnsaanuennsy

o o« ° < 2 % ld. oy ‘;
warApANfAzIINTIReNTayaa I TuuasIuLa AR TAYIY
S wIaan i lisea 0 (Tone genetator)

- - 4 o a o 4 O ”

c1 ludurudunnainiesesniuiinaauiien - TR edynyrnutiaziiiunly
Amiudnyorodbimpuuardrygyruanebidnsgestnsdny
- msﬂ:‘zfqm {Conferencing)

o - - M < o

woo?t 19 (R19)  Azfienyimmidunasaneaddnyry i aanuee8unn  HATINYDY

Aryrynoutiazsiariy €22 (conferencing column) Balunstil matrix arldlunisdsequnis

o

neAwy
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SC11390 azld extra 4x4 "tone matrix"LWﬂﬁiﬂﬁU"SuﬁVl"u'N DTMFR, Tone Detector
Q .

(TD) WA Voice Detector (VD) C
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Section 1

. A PABX System In Genera
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NOTE 1:

Ui = Ling interface; Ei = Extension interface

Figure 1-1. A Typical PABX System - Based on SC11380

The heart of a PABX system is the
switch unit which is able to connect
internal and external phone lines in
numerous ways. Figure 1-1 shows a
typical PABX configuration. Besides
the interconnections between the
phone lings, the switch unit must
also connect control devices like
programmable gain controllers,
DTMF receivers-and transmitters,
call progress detectors, voice
detectors, tone generators, ring
generators and programmable
bandpass filters to the lines. All
these control devices need to be
able to be swilched to the lines in

@ Copyright 1993 Slerra Semiconductor

order to get information from them

or to perform an action on a particu-
lar line,

In order to conlrol the incoming and
outgoing signals, a PABX system
needs line interfaces. These line
interfaces control the state of a line
(i.e. open or closed) and implement
a hybrid function. The hybrid func-
tion separates the signal on the line,
which is the sum of the incoming
and outgoing signals, into two indi-
vidual signals. These individual
receive and transmit signals can
then be controlled independently.

To enable this hardware to work as
required, a PABX system needs
software. The software has to con-
irol the peripheral devices to obtain
specific information from the sys-
lem. The information can consist of
the state of the lines (i.e open or
slosed), information on established
sonnections, call progress informa-
lion (i.e. busy, ring or dial tone on
lhe line) and so on. This information
must be analysed and as a result
lhe software will take action by driv--
'ng other devices.

1-1
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Section 2

The PABX Evaluatlon System

2.1 GENERAL DESCRIPTION

The system diagram on page 3-1
shows the partitioning and interac-
tion between the operating system,
application software and hardware.
The kernel is formed by an 8032
microprocessor, while the PABX con-
sists of the SC11390 chip and aux-
iliary PABX hardware such as the
line interfaces.

2.2 THE SC11390
INTEGRATED PRIVATE
AUTOMATIC BRANCH
EXCHANGE

2.2.1 General Description

The SC11390 is a five volt CMOS
system integration of a PABX for use
with up to five external lines and as
many as twelve extensions. The
chip comprises all transmission,
reception, call progress circuitry for
mixing voice and control signals
used in multi feature PaBxs. The key
elements of the SC11390 are two
high ochmic analog switch matrices
of 20x23 ports and 4x4 ports
raspectively, which can be pro-
grammed by software control. Also
included in the chip are two DTMF
transmitters for dialling and two
DTMF receivers for recognition of
tones. An on-chip ring tone genera-
tor produces sine or square wave
signais that can be amplified to pro-
duce the ringing signals to the
extensions. Programmable call
progress facilities are built in for
flexible, multi country tone detection
allowing one unit to be developed
for PTT approval with only minor
software changes required between
countries. The digital interface of
the chip is compatible with the
address, data and control busses of
Intel compatible microprocessors,

a
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2.2.2 SC11390 Features

+ Fully buttered 20x23 matrix.

+  Two DTMF transmitters and
receivers.

+  Two programmable call
progress monitors.

+ Three programmable tone ringer
frequencies.

+ Digital gain controls.

- Facilities for conference calls,
autornalic fax detection.

+ Auxiliary interfaces for
connection to answerphone,
voice mail, and music on hold

+ 68 pin PLCC or 80 pin PQFP
package.

» Low power 5 voit CMOS
technology.

THE EVALUATION
BOARD

23

To demonstrate the capabilities of
the SC11390 chip o customers an
evaluation board has been
designed. The heart of the board is
formed by the SC11390 chip and an
8032 microprocessor. The board
has connections for two external
and four internal lines. Every exten-
sion and trunk has an interface to
adapt the analog signals to appro-
priate levels and provide signalling
functions. A ringer amplifier is
included on the board-.lo increase
the power of the ring signal generat-
ed by the SC11390. The 82C55 PIO
(Peripheral Input Output) controls
the mechanical devices for seizing
the lines and detects the state of the
lines. An RS232 interface is includ-
ed which provides an interface

between a PC and the evaluation
board.

A full description of the evaluation
board hardware is provided in Sier-
ra's SC11390/391 hardware design
manual.

;

2.4 SOFTWARE OVERVIEW

The software for the evaluation
board consists of two parts: an
operating system and applicalion
software. The operating system
also consists of two parts, Part one
is executing the commands given
by the application software. These
functions can be divided into, four
hardware groups: '

. SC11390
. PIO

. RS8232

. EEPROM

The second part of the operating
system is supplying information to
the application every 1ms, In addi-
tion to supplying information and
executing commands, the operatmg
system has other tasks as wsll

The application software deter-
mines the features, functions and
performance of the PABX system. To
creata a modular system it consists
of seven paris;

- main; for start up activities for
both operating system and
application program .

- applicat; the main program of the
application softwars

- action; subprogram with
functions for actions on states

- reaction; subprogram with
functions for reactions on states

- function; subprogram with
functions used for convenient
programming

- interrup; interrupt service routine
for time critical actions of the
application program.

- at_comm; subprogram to handle
commands from a PC link.

Three interrupts are used in the

evaluation board software system.

Every 1 ms rt_int() is activated to

update the operating system varia-

bles. Another interrupt, every 10

ms, takes care of the watchdog-cir-

cuitry and controis the time criticai
matters of the application software.

A third interrupt controls the reading
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and writing of the RS232 port.

The operating system and the real
time interrupt are written in assem-
bly and are assembled using the
Keit C-51 compiler and linked to the
application program (written in C).
Because of this, parameters of the
operating system functions are
passed via fixed CPU registers.

- In C, a function declaration has the
following syntax:

parameteri <function_name>
(parameter2, parameter3);

Parameters are passed via the fol-
lowing registers:

| Parameter | Byte | Word |
g 2 R7 | ReR7 |
| 3 RS | R4,R5 |

The return value, parameter1, of a
function is passed via:

! Return
Value Register
Bit Carry Flag |
.| Byte R7
'Word | R6,R7(with MSB in R6
and LSB in R7) l

[

2.5  SPECIFICATION

The following paragraphs list the
features included in firmware revi-

. sion 5.0 of the SC11390 evaluation
board.

2.5.1 Intercom function

It.is possible to dial another exten-
sion by dialling the other extension
number (11, 12, 13 or 14).

2.5.2 External dialling

it is possible to dial externally from
an extension by dialling ‘0' for an
outside line. The user will first hear
a diai tone generated by the evalua-

tion board and after the ‘0’ is -

pressed the outside dial tone. All
dialled digits will be transmitted to
the outside line. If a command, like
establishing a conference call, has

2-2

hookflash must be given first.

2.5.3 Incoming calls

The origin of an incoming call to any
extension will be obvious by the
type of ringing signal heard at the
extension. Calls from oulside lines
will have one long ring followed by a
pause and internal calls will have
two short rings followed by a pause.

2.5.4 Busy / call waiting

It an extension is busy while there is
a ring signal on one of the trunks,
the internal extension will hear a
‘call waiting’ beep. A nookflash will
connect the extension to the ‘call
waiting’.

2.5.5 Unattended call pick-up

If an unattended phone is ringing,
another user can pick it up from
their own extension by lifting the
handse! and pressing hookflash-
“7". Incoming calls from trunk lines
will have priority over calls between
extensions.

2.5.6 Call hold / transfer

Cltis possible to hold a call from an

external or internal line and to make
another call either internal or exter-
nal. The hold function is initiated by
a hook flash. To transfer the call to

the other line just put down the
handset.

2.5.7 Enquiry / Toggle

While a call is held it is possible to
toggle between the two calls. The
switch between calls will be initiated
by another hook flash.

2.5.8 Conferencing

if a call is holding and the user has
made another call it is possible to
connect all three parties together in
a conference call. This will be initiat-
ed by putting the last called party on
hold (hookflash) followed by press-
ing ‘8'. The extension which buiit up
the conference call, will be master.
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to be given to the PABX then a

An error tone is heard when the
coriference line is already in use,

2.5.9 Trunk disconnection from
conference ‘ »

An outside line on the conference
line or an outside line on hold can
be disconnected by pressing ‘9"
The PABX system determines
which trunk has a busy or dial tone
and disconnects that trunk. If no
busy or dial tone is detected all
trunks are disconnected, which
were connecled or on hold by the
current device. An internal busy
tone is set for three seconds on the

extension to confirm the disconnec-
tion. il

2.5.10 Trunk configuration

The transmit modes.of the two
trunks can be set manually and
independently. To enable the trunk
and set the signalling mode to puise
dial 31 or 32, where 1 or 2.is the
number of the trunk. To enable the
trunk and set the signalling mode to
DTMF dial 41 or 42 respectively.

2.5.11 Automatic fax detection

The system can automatically
detect the CNG tone of incoming
faxes on one or both trunks and
automaticaily route the call to a des-
ignated fax extension. Default the
fax select mode is off.Enabling the
fax detection and trunk salection is
performed by pressing ‘58x" where
*x'is ‘0" to reset the fax detection, '1’
for trunk 1, ‘2" for trunk 2, '3’ for both
trunks.

2.5.12 Setting the fax extension

To change the default fax extension
dial 59 followed by the extension
number. Example: to set the fax to
extension 1 dial '59171°, '

2.5.13 Secretary fliter

All incoming calls can be made to
go to one extension for use by a
receptionist or secretary. The mode
can be enabled by pressing ‘61' and
disabled with '60'. The selection of
the designated extension is done by

SC11390 PABX



pressing '69xx' where 'xx' is the
extension number as for fax exten-
sion selection.

Notes:

No action is possible for an
extension on hold. Going
onhook ends the hold status.

Only one extension, the master,
has control over the conference
cali. I this extension goes on
hook then the other devices can
continue the conversation but no
aclion is possible. Going on
hook ends a parties conference
participation.

Two outside lines are allowed in
a conference call but are
disconnected if the extension
goes on hook.

Extensions can be pulss- or
DTMF dialling types. The
transmit mode of the trunk can
be set independently of the
mode of the extensions.

if a non-existent code or number
is dialled, the busy tone will be
heard, Hookflash ends the busy
situation.

Configuration commands, like
assigning the trunk transmit

mode, are confirmed by a dial
tone

A hookflash is determined as

gaing on hook for less than
750ms.

An overview of the functions is giv-
en in Table 2-1.

Software Manual

i NumbBer | Action
o ! The extension is connested to an outside line.
1110 14 For making internal connections.
30 . Disable puise transmit 1o outsida lines.
,310r32 1 To assign pulse transmit moda to the outside line.
' ¢ 31 for outside line 1
i ' 32 for outside line 2.
140 j Oisable DTMF transmission to outside lines.
j41 or 42 | To assign DTMF transmil mode 1o the cutside lines,
| 580 ! Releasa the automatic fax redirect.
| s81 | Set automatic fax detection on outside line 1.
i582 ! Set automatic fax detection on outside line 2.
| 583 | Set automatic fax detection on both outside lines. .~
15911105914 | Set default fax-extension. )
| 60 | Release secretary filter.
I 61

! Set secretary filter.

6911 to 6914

| Set default secretary extension.

8

i Conterence call.

9 , Disconnaect outside line on hoid or in conference. -
Hookflash 7 Unattended extension call pick-up o
Haookflash Set call on hold or toggle between calls if call already on hold

Replace handset

Transfer call on hold to another extension

Table 2-1.
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3.1 SOFTWAREDEVELOPMENT
STRATEGY

The main object for the program
was to get an application which did
not rely on any time critical parame-
ter or action. This was necessary to
accomplish a system which can be
very complex, and therefore very
time consuming, and to feature the
capability of adding extra features.
In order to accomplish this, the
switching conditions for the line
matrix need to be constant while
connecting the devices. This means
that the parameters may not alter
during one program cycle. Also, all
the time critical actions like DTMF
tone reading and the settings of
audio tones, have to be centralized
and may not be affected by the main
program flow.

To cut down the program into a log-
ical and compact flow, the program
has to distinguish states for each
device. The state of a device can
depend on the state of the off-hook

SYSTEM DIAGRAM

INIT SYSTEM

'

PABX et KERNEL

switch, the previous state of this

switch, whether there is an internal,
external or no call at all, etc.

~

Another point in the strategy was o
let the operalion be performed by an
extension who wants this action.
Since many actions are needed for
some stales, and these actions can
affect different devices, a strategy
like this will lead to a clear proce-
dure for where decisions are taken.
In other words: actions on other
devices rasulting from an earlier
action are initialed by the extension
who wanted the original operation.

Example: it extension 1 tries to
establish a conneclion with exien-
sion 2 then function connect_int() is
called after the state of extension 1
is determined. The function sets the
ring tone for extension 1 and the
ring signal on extension 2. Function

‘connect_int() will still be called by

extension 1 every new program
cycle and tests for extension 2 to go
off hook. If so, then the extensions

will be connected. Therefors, exten-
sion 2 goes off hook, but connection
is made by the function which was
called after determination of extan-
sion 1.

The flow charts should be viewed in
conjunction with the source code.
Program listings are not included as
Sierra has a strategy of continuous
development to improve the code
and therefore the source code may
have changed since the time of pub-
lication of this manual. vy

3.2 UNIT MAIN.C

[ PR

In function main() of unit.main.c all’
operating system variables are

declared and initialized. In the func-
tion init_appi_var() the global appli-
cation variables are initialized.

Init_trunk_transmit_mode() can

determine if the outside line is con-
nected to a DTMF or a pulse

lelephone exchange. The function

application() is nested in an infinite
loop at the end of main().

\

APPLICATION
PROGRAM

© Copyright 1893 Sierra Semiconductor

1oms BAUDRATE 1 mS
INTERRUPT INTERRUPT INTERRUPT
(TIMER 0) (TIMER 1) (TIMER 2)
AS232 _INT RT_INT (PART
Ft(ﬁ%rfn%n |0’é8 (PART OF THE BOF TLE
Apmm‘rm'“ OPERATING OPERATING
FTWARE) SYSTEM SYSTEM
So SOFTWARE) SOFTWARE)

3-1



State

Action

Extensions

1 = ONHOOK WAS ONHOOK
11 redial activated

' break
hanole_recial

) 2 ONHOOK WAS OFFHCCK
10 ' fax selected and detected

function reset ()
. connect_lax

, OFFHOOK WAS ONHOOK
no_ring signal

i fing signal external
' ring signal internal

| = & W

function connect2pabx () i
function connect_trunk ()
break

OFFHOOK WAS OFFHOOK
connection
consuitation/contarence call
. ready for input

| busy tone

ring tone internal

function check_number_tlash ()

Trunks

. 7 | RING SIGNAL

function ext_ring_set

i 8 | NORING SIGNAL

function ext_ring_resat

1 | BUSY TONE ! break

Table 3-2.

3.3 UNIT APPLICAT.C
3.3.1 Application()

At the beginning of application() all
significant variables from the cper-
ating system, read rt_int(), are cop-
ied to variables for the application
software. This is done to let the
application software work with con-
stant values for updating the states
of all devices (i.e. extensions and
trunks) and the total time for one
complete application cycle can be
longer than the time between two,
1ms, interrupts. With the constant
parameters the state for each

VOID MAIN (VOID)

START }

APPLICATION

3-2

device is determined and action is
taken depending on the state. Next,
the operating system variables are
copied once again and the applica-
lion software can work out the new
data.

3.3.2 Copy_linterrupt_variables()

Time-critical variables are copied
from the operating system variables
to application variables. Also the fil-
tered signals busy and dial tone are
copied. Appl_trunk(].status is only
used for filter purposaes,
app!_trunk(].busy, appl_trunk[].dial,
appl_trunk{].ring, and redial are
constant during one complete pro-
gram cycle.

3.3.3 Determine_state()

One of the most powerfui features
of the program is the structure of
first determining the state of a
device and the next action of that
state. This is powerful because this
makes it easy to add features to the
PABX just by defining a new state.
An overview of the states is given in
Table 3-2.

The state oi a device depends on
saveral factors. The device number
is most important. device numbers
0-3 represent extensions 1-4.

ENTRY BY
MAIN()

COPY_INTERRUPT
_VARIABLES

!

UPDATE
WATCHDOG
VARIABLE

v

GET AT>
COMMAND

MAIN_ACTION . “ub’
(DETEAMINE :
_STATE)

ALL
DEVICES
UPDATED ?

YES

RETURN

device numbers 4 and 5 represent
trunk 0 and trunk 1 respectively.

Extensions and trunks have differ-
ent states. States 1-6 and 10,11 are
extension states, States 1, 7, and8
are states of the trunks. For an
extension, on hook/off hook, the old
situation of on hook/off hook.and
internal or extarnal ring signal are
the factors which determine the
state. The factors external ring sig-
nal and busy tone determine the
state of the trunk. The function
determine_state() returns a variable
which contains a value correspond-

ing with the current state for the
selected device.

SC11390 PABX



BYTE DETERMINE_STATE ()

OEVICE 18
EXTENSION 2

ON-HOOK WAS
NO OFF HOOK

YES

NO

OPERATOR
SELECT

BUSY LINE?

A 4 A4
STATE STATE STATE STATE STATE STATE STATE STATE® STATE STATE STATE STATE
33 -2 -t = -d «10 =6 -7 st -8

Y_ Y vy oy

T 3

Y Y vy

3.3.4 Main_action()

In main_action() a function call is
made corresponding to the value of
the variable state. For example if
state is six, the function check_-
number_flash() is called.

3.3.5 Init_appl_var()

Used to initialize the application var-
lables with default values and to set

Software Manual <.

<

G

default connections (i.e. DTMF
transmitters on the trunks and the
tone generator to the line matrix)

3.3.6. Init_trunk_transmit_mode()

As a compilable option the PABX
can configure the trunk lines itself. If
a dial tone is present on the trunk, a
DTMF ‘0’ will be transmitted. The
telephone exchange responds by
resetling the dial tone, the transmit

mode is set to DTMF, else the trans-
mit mode is pulse. So if there is no
outside line connected, the trunk is
disabled

3.4 Unit ACTION.C
3.4.1 Connect2PABX()

When an extension goes from on
hook to off hook and there are no
ring signals (Internal or external)
Connect2PABX()is called. The only

3-3
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VOID MAIN_ACTION (BYTE STATE)
ENTRY BY
APPLICATION()

-

CHECK
(sg;r% _NUMBER.
_FLASH()
YES YES
STATE =17 BREAK STATE =77 nmgxgsm L p]
NO NO
STATE=27 YES RESET)) P STATE =8 7 YES EXT_AING
) o _RESET))
NO NO
YES .
STATE =37 CONNECT2 | g STATE =107 DYES CONNECT
PABX() A
YES CONNECT_ | o YES HANDLE
STATE - 47 TRUNK()~ g STATE = 117 aeoaL 1
NO fo
YES
STATE <67 ST
NO
! RETURN
SEE TOP OF PAGE

thing it supports is initialization of
the variable no_activity[devics].

3.4.2 Check_number_{lash()

When an extension is off hook, all
the operations for this extension will
be initiated from check_number_-
flash(). This function checks for
hookflashes and number input.
Hookflashes can always be given
and cause the extension to be con-
nected to the PABX' or to toggle

between two lines if there is consul-
tation.

The first step for function
check_number_flash() is to check if
the extension is on hold. If positive,
no action is taken and the program
is returned lo its caller. The second
step is to check if the extension is
trying to establish an internal
connection. If so, then function
connect_int() is started to connect
the devices. Next, hookflash is
checked. if there was no hookfiash,
then only the possibility of dialling a
number or doing nothing (i.e. while

a connection is already established)

3-4

! a connection to the PABX means that a dial tone is set and the extension is ready for dialling.

o NN SR A B

VOID INIT_APPL_VAR (VOID)

ENTRY BY
MAIN()

CONNECT OTMF | ..
RECEVERTO. |
TONE MATRIX |+ -

SET GAINS

SET
APPLICATICN
VARIABLES TO
DEFAULT
VALUES

VOID CONNECT2PABX ()

UPDATE
NO_ACTIVITY
PARAMETER

is left,

Giving a hookflash causes the pro-
gram to set the device(s) that the
extension was connected to, on
hoid. If there was no device con-
nected then the audio signals for
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VOID INIT_TRUNK_TRANSMIT
(VOID) o

OEVICE

ON HOLD CR;
CONNECTED TO
CONFERENCE AND
OT MASTER ?,

OTMF TRANSMT
MOOQE

I SET TAUNKS TO

INTERNAL
CONNECTION
APPLY ?

YES

DIAL TONE

i PRESENT 7
CONNECT_INT
i -
SET DTMF SET TRUNK TO
TONES ON PULSE
TRUNK TRANSMIT MOOE
NO
HOOKFLASH ?
olaL

TONE NO
: STILL ! L
| PRESENT \ e,

? RSN B

SET CONNECTED . )
YEs DEVICE(S) 1O -
HOLD OR:
RESET BUSY
TONE
SET TRUNK TO
LS v
TRANSMIT MODE -
< A DEVICES NUMBER_INPUT

ON HOLD ?

BOTH
TRUNKS DONE D
7
CONNECT TO
ggwggg I,% PABX OR TRUNK
b= (IF CALLDETECT
ON TRUNK)

CONNECTON
AND DEYICE ON
HOLD ?

NQ

EXTENSION 1S EXTENSION IS
MASTER NOT MASTER

v
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this extension will be reset. If there
was a device on hold for this exten-
sion then the device on hold will be
connected to the extension. If no
devices were on hold then a hook-
flash maans that the extension has
lo be connected to the PABX! or, if
an outside line was ringing, lo the
trunk.

3.4.3 Connect_int()

As mentioned above, connect_int()
connects two internal devices (i.e.
extensions). Since the strategy in
the application software is to exe-
cute all operations by the extension
that wanis to command a function,
the establishing of the internal con-
nection is executed by the exten-
sion which is calling.

Therefore the program needs to
know which extension is being
called and then this extension is
checked for going off hook. If this
extension does not go off hook for a
certain period, default 20 seconds,
the call will be reset. If the extension
goes off hook, then an extra test is
needed to check if there is an exter-
nal call or if the extension is already
connected. If so, the busy tone of
the current extension is sat,
because an external call has a high-
er priority then an internal call. If the
test is negative, then the ring signal
for the caller and the ring tone on
the current extension will be reset
and the extensions are connected
via the matrix.

3.4.4 Number_input()

When an extension is connected to
the PABX or when it is involved in a
‘multiple call {i.e. one connected line
and one line on hold) then it is
possible to input digits. Function
numbaer_input() tilters this input to
the desired operations.

If the current extension is calling
another extension, input is not
accepted except for the redial com-
mand. In case no number input is
given and there is no connection,
the program performs a time test.
This is done to disconnect the
DTMF receiver in case an extension

VOIQ,CONNECT_INT ()

ENTAY BY
CHECK
_NUMBER
_FLASH()

4

CONNECTION
APPLY WITH
WHICH
EXTENSION ?

‘

OTHER

EXTENSION NO

OFFHOOK ?

CALLDETECT AFTER 20 SECONDS

ON TRUNK(S) OR NO ACTION? THEN
OTHER DEVICE RESET RINGSIGNAL
ALREADY AND SET BUSY TONE
CONNECTED ON OWN EXTENSION

?
. CONNECT OTHER
SELBC%S,:RE%E DEVICE WITH
DEVICE CURRENT
DEVICE

l .

RETURN

is off hook and no key is pressed. If
a connection already exists, then
this test is overruled.

In case of number input, there will
be two options. First, there could
already be a connection and that
implies that a conference call is
required. Secondly, no connection
is in progress so dialling is expected
or the PABX is to be programmed.
The function connect _program() is
called.

3-6

! a connection to the PABX means that a dial tone is set and the extension is ready for dialling.

3.4.5 Connect_or_program()

Connect_or_program is called as
soon as digits are entered and no
connection was established. This
means that digits were entered
while connected to the PABX.

The function checks the dialled dig-
its for valid commands and calls
functions to execute these com-
mands. A valid command can be an
extension number or a code for pro-
gramming the PABX. Depending on
the numbar of features this function
will expand.

SC11390 PABX
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VOID NUMBER_INPUT ()

ENTRY BY
CHECK_NUMBER
_FLASH()

CONNECTION
REQUEST
?

NUMBER-INPUT ?

NO

EXTENSION
IS MASTER ?

ALREADY A
CONNECTION ?

YES

CONNECT_
OR_PROGRAM

- © | SET BUSY-TONE
WHEN NO
CONFERENCE . NUMBER INPUT
FOR CERTAIN
PERIOD

RESET DIALLED
NUMBER WHEN
NO NUMBER
INPUT FOR
PERIOD

vy

The valid numbers are stored in
rxd_buf[device]. Every extension
has its own buffer. By means of
rxd_get{device] and rxd_put
{[device], the buffer is read or writ-
ten. Rxd_buf{device][Q] is the start
address of the recsive buffer of an
extension. Rxd_get is the write off-
set value of this buffer, The read off-
set value is rxd_put. So with a
pointer it is simple to write or read
the number receive buffer (rxd_-
buflextension] [maximal numbers]).

Software Manuat

3.4.6 Contference()

The function conference() is
entered as soon as an extension
has a line connected. Al the
moment that an extension has
another line on hold as well, it will be
possible {o connect the three devic-
es together in conference.

The program checks the dial buffer
for the conference command and
the device for having a device on
hold. If so then three or more (max=
17) devices will be connecled to the

. confarence line, it available.

3.4.7 Connect_cont()

Connect_conf() is called by th
function conference(). to establish
conference call. Depanding on tt
variable connection, a device ¢
hold is connected {o the conferenc
line, or a new conference is built.

3.5 UNIT REACTION.C
3.5.1 Reset()

The function raset() is called whe
an extension is on hook and was ¢
hook. The extension has to be res
and variables, tones and conne

3-7



VOID CONNECT_OR_PROGR

ENTRY BY
NUMBEA
_NPUT()

SWITCH
(NUMBER)

NUMBER « 107

NUMBER = 1 7

NUMBER « 3 7

NUMBER w4 7

NUMBER 317

NUMBER o8 7

NUMBER =7 7

NUMBER = 7

NO

RESET NUMBER.
BUFFER ANO
SET BUSY.TONE
ON OWN
EXTENSION

<

YES

YES

YES

YES

YES

Yes

AM ()

DIAL_EXTERN

CONNECT
INTERN

SET TRUNK TO
PULS
TAANSMIT MOGE

SET TRUNK
TO DTMF
TRANSMIT MOOE

90: FAX OFF
51: FAX ON
SAXX: FAX TRK
39XX: FAX EXT

80: OPERTR OFF
61; OPEATR ON
69XX: OP EXT

PICX-UP AINGING
EXT OR TRX

OBCONNECT
TRUNK ON HOLD

-

RETUAN
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ENTRY BY
NUMBER
_INPUT

CONFERENCE

LINE FREE ?

SWITCH
(FIRST_DIGIT)

CONNECT_CONF()

SET BUSY TONE
JON'EXTENSION'
“FOR CEATAIN

. -PERIOD

% 8U8Y OR
DIAL TONE
OETECTED ON
TRUNK(S) ?

DISCONNECT
TRUNIK(S) WITH
BUSY- OR
DIALTONE

DISCONNECT

ALL TRUNKS

!

!

RESET NUMBEA
BUFFER

G
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VO!D CONNECT CONF (VOlD)

ENTRY BY
CONFERENCE()

CONFERENCE YES
LINE ON HOLD 7

ALREADY YES
CONFERENCE ?

CONNECT
ONNECT A
lr? coussnsr:ée EXTENSION IN
CONFERENCE
z
-<
‘
RETURN

lions have o be updated (set or
raset). This function also supports
the updating of variables, tones and
connections of the devices which it
was connected to (or which it had
on hold). For example when exten-
sion 0 is connected to extension 1
and extension 0 goes on hook, the
reset() of extension 0 suppors the
busy tone on extension 1.

The first criterion which is checked
is consultation. If there is no consul-
tation then this means there is a sin-
gle connection, remember
conference call is a single connec-
tion as well, otherwise the extension
has a device, or conference line, on
hold. If there is no consuitation, a
switch case is activated, which
switches on the variable connec-
tion[device]. Depaending on which
devica, or conference line, the cur-
rent device is connected to, action is
taken. If there was consultation, the
second criterion is connection. No
connection is another swilch case
which switches on the variable

o>

3-9 A

hold[devnce] Dependmg on this var-

Yable, action is taken. When the cur-
rent device has a device on hold as
well a device connected, there are
three possibilities left. First, it is con-
nected with the conference-line and
has a device on hold. Second, it has
the conference line on hold and is
connected with a device. Third, it
has one single connection and cne
device on hold. Again depending on
these three possibilities action is
taken. Lastly, all variables for the

current device will be reset. Current -

device is the device which is on
hook and was off hook.

3.5.2 Connect_trunk()

At the moment that an outside line
rings and an extension reacts to this
by going off hook or by giving a

hook flash, connect_trunk() will be _

activated.

Depending on which trunk is calling,
the current extension will be
connected with the calling trunk.
Connect_trunk() will reset the ring
signals and warning tones on all
extensions if only one trunk is
calling. If both trunks are calling,
only the ring signal of the current
device will be reset.

3.5.3 Ext_ring_set()

The task of this function is to set an
external ring signal on the operator
extension, if selected. If not the
external ring signal is set on all
extensions onhook. Exterisions
which are off hook will receive a
warning beep. A selected fax exten-
sion will not be invoived, If a call
from an outside line is not answered
and the ring signal goes off the line,
the ring signal on the extensions
has to be reset.

3.5.4 Exi_ring_reset()

The funclion ext_ring_resel() tests it
another trunk is calling. If so, then
no ring signals need to be resat. It
no other trunk is ringing and the ring
signals have not been reset already,
the signals are reset.

3.5.5 Connect fax()

If a fax call is detected on either pro-
grammed trunk (fax_ lrunk) and the
fax(=extension=fax_select) goes off
hook, connect_fax() is called. This
function establishes the connection
between the trunk and the internal
fax, it updates the involved varia-
bles and the ring signal is cleared.

3.6 UNIT INTERRUP.C
3.6.1 Function_10ms()

Function_10ms() is the inlerrupt
service routine of timer 0 Every
The purpose of this function is to
centralize all time critical application
software actions.. Function_10ms()
uses the followmg functions:
filter_signals(), swnch DTMFr() and
set_audio tones()

First the watchdog circuit is
refreshed. Secondly the connected
DTMF receivers are checked for
new information and If found, the
informatlon is stored in correspond-
ing buffers,

The third step will transmit the cor-
rect pulses or DTMF tones {c one of
the trunks if neccesary. When
extensions and trunks are in tone
mode they are connected through
the matrix. The tones are transmit-
ted directly from extension to trunk.

For all other mode (pulse/tone)
combinations only the trunk input is
connected to the extension outpul
(seen from the matrix). By doing this
we are able to 'transiate’ pulses {c
tones and the other way around.
Every digit transmitted by DTMF
over the trunk is detected by &
DTMF receiver and stored. A busy
lone is set to the extension if digi
entering takes too long.

Finally, three functions are cailed
These functions do not require
time resolution of 10ms. The
function set_audio_tones() is callec
every 100ms and switch_DTMFr()
filter_signals() is called every 20ms
In order to keep function_10ms() o
more or less constant length, thes:
functions are called in shiftec
phase. T

SC11330 PABX

P I



VOl

3-10

SC11390 PABX

D RESET () -
STATE 2
CONSULTATION 7 HYES
' .
OETEAMINE
Swarch DEVICE ON HOLD
(CONNECTION P
(oevicEy COMNECTED
YES
CONNECTION ?
NO
OISCONNECT SWITCH
extensions | {HOLD (DEVICED .
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TRUNK 1 AND |9 oN m on
RESET N3!
NO
A
DISCONN VES ecT EONFERENGE™N_ ves
'rnum(zf.sg P CASE 187 TRUNK 0 ANO CALL?
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NO
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CONFERENCE. CASE 327 r:uux 1 x‘o
UNE ESET
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) Y Y
BUSY-TONE ON
BUSY-TONE ON CONNECT CONNECT CONNECT
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~O
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A
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VOID CONNECT_TRUNK ()

RESET EXTERN-
RINGSIGNAL
CURRENT
DEVICE

-
RING v
SIGNAL ES
TRUNK-0 ?
CONNECT CONNECT
TRUNK-1 WITH .. JRUNK-0 WITH
' EXTENSION [ EXTENSION
RING
SIGNAL
TRUNK-1 ?
RESET EXTERN
RINGSIGNALS
AND WARNING
TONES
. RETURN
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VOID EXT_RING_SET () -~ ,f' :

ARSI

JeGEROMAL L L
e excery P :
v ‘,‘,“FMD?.‘;"‘ )

STATE 8

A

REBET RINGER
AND WARNING
TONES ON
OPERATOR EXT

RESET RING AND
TONES TOALL
EXT EXCEPT

FAX*EXT %
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VOID CONNECT_FAX ()

ENTRY 8Y
MAIN_ACTION()

FAX
OETECTED
TRUNK 07

FAX
DETECTED
TRUNK 1 ?

CONNECT TRUNK CONNECT TRUNK
0 WITH CURRENT 1 WITH CURRENT
EXTENSION EXTENSION

(nFAX) {=FAX)

Y

Rl

‘ RETURN ’

3.6.2 Filter_signals()

Time related signais like external
ring signal, dial tone and busy tone
are filtered in this function. The
application software needs constant
values for ring signal, dial tone and
busy tone instead of values that
alter in the rhythm of a ring signal or
busy tone.

3.6.3 Fax_detect()

If a fax is installed (fax_select=1-4),
this function will be called by filter_-
signals(). Fax_detect() consists of 6
phases (phase 0 to phase 5). Phase
0 detects whether there is a call
detect or not. If there is a call detect,
phase is incremented. The prepara-
tions for the fax detect are made in
phases 0 and 2. Phases 3 and 4 are
the fax_detect phases. Phase 3 is

the sample phase. Phase 4 deter-

mines if the calling party was a fax
or a normal telephone, depending
on the information gained in phase
3. Depending on the fact, fax or not,
action is taken. Phase 5 provides
the ring signal for 30 seconds on the
device(s), unless a busy tone is
detected or a device goes ofthaok.

-

)

212

VOID §UNCTION_10MS

ENTRY BY
10mS
INTERRUPT

A 4

WATCHOOG TEST
OPERATING
YSTEM AND
APPLICATION
SOFTWARE)

|

READING OF
DTMF
RECEIVERS

Y

SWAP
CONNECTIONS
WHILE TRUNK
DIALING

SEE TOP OF PAGE

3.6.4 Switch_DTMFr()

The conditions of the extensions are
tested to see if the extension needs
a DTMF receiver. If so, and a DTMF
receiver is available, the DTMF
receiver is connected to the exten-
sion. If there is no DTMF available,
then the busy tone parameter is set
for the extension. If the extension
does not need a DTMF receiver but
a DTMF receiver is connected, then
this receiver is disconnected. The
conditions when a DTMF receiver is
required by an extension are:

1. Another extension is not trying
to call the extension

2. Extension is not on hold by
another extension

. 3. Extension is off hook

AUDIO
SETTINGS
(RING SIGNALS
AND TONES)

CONNECTION
AND
DISCONNECTING
OF DTMF
RECEIVER

FILTERING OF
TRUNK SIGNALS

4. Extension not connected
or. extension connection
request
or: extension on hold
or: extension is master
or: extension is connected to a
trunk and not ready with trunk
dialling.

3.6.5 Set_audlo_tones()

Since the application software sets
only parameters for the tones there
is a need for a tone connecting
function. This is-.done in
function_10ms(). First, actions for
tones with a specific duration are
taken. Next, the setting of dial tones
and external ring signals are done.
The external ring signal is set on the

SC113e0 PARY



VOID FILTER_SIGNALS (VOID) VOID FAX_DETEQT 0

-
ENTRY 8Y
FILTER_
SIGNALS()
~
¥ CALL
YES DETECT ON
TRUNK
PHASE=1
NO
FILTER RING FAX DETECT
SIGNALS
YES CONFIGURE
PHASE = 1 ? TRUNK FOR [~
SE FAX DETECT
CALL NO
PROGRESS
ENABLE 7
ves | PeEconn
PHASE = 27 {NEEDED FOR [~
VALD
FAX-SIGNALS)
FILTER DIAL- NO
AND BUSYTONE
A 4
YES
¢ : PHASE =37 e
o
YES FAX SELECT
PHASE =47 proceoure 1
NO
YES TESTING IF
PHASE =57 AINGSIGNALS [———3>
STILL NEEDED
. NO "
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YOID SWITCH_DTMFr (VOID)

ENTRY 8Y
FUNCTION
_loms(}

OTMF
" RECEIVER

REQUIRED ?

DTMF
RECEIVER

AVAILABLE ?

A 4 Y

CONNECT
RECEIVER AND
SET DIAL TONE

SET BUSY TONE

STOP SCANNING
FOR PULSE
DIALING

'

START
SCANNING FOR
PULSE
DIALING

) RETURN

extensions with the same rhythm as
the incoming ring signal. The last
step is to determine the phase in the
tone cycie (t0-114) and if needed,

tones i.e. ring signals are set or
reset.

3.6.6 Switch_tone()

Audio tones are set in the
10ms-interrupt. To set and reset
tones rapidly, function
swilch_tone() is used. The function
swaps the tone generator from
connect to disconnect or vice versa.

3.6.7 Operator mode

It the operator mode is set, all
incoming calls are routed to the des-

—
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ignated extension. If the operator is
dealing with a call already and
another call comes in on another
trunk, the operator will hear a warn-
ing bleep to signify a call is waiting.

3.7 UNIT FUNCTION.C

Besides the functions which are
described by means of flowcharts,
there are some short functions,
used for convenient programming,
which have not been explained yet.

These functions are merged in
FUNCTION.C.

3.7.1 General

Column_device(): used for the con-
version of the column value of a

device to the device number itself.
The column value is the value for a
certain device on the column of the
switch matrix, see SC11390
datasheet memory map. The device
number is a numbper in the array ot
0-3 tor extensions and 4-5 for
frunks. B

Device_column(): for conversion

from device numbers to column val--..
ues .

Device_row(). converts a device
number into a row number of the
switch matrix

log2(): calculates the second loga-
rithm of a variable wr"v. N

powar2(): calculates the second
power of a value. Standard C has a
function for calculating the power of
a variable but the application soft-
ware needed the return-vaiue 1o be
limited to a single byte. - .

* 3.7.2 Reset_extern()

When an outside line goes on hook
while it was connected to an exten-
sion or conference call or it was on
hold, and this extension diails a ‘9’
then function reset_extern() is
called.

If the outside line is on hold by an
extension, then the outside line will
be reset (disconnected) and the
extension which had the line on hold
will hear a busy tone. If the outside
line is connected to the conference
line, then the conference line will
hearithe busy tone from the outside
line for a short period and then the
outside line will be disconnected.
However, if the outside line was
connected to this conference line
but an extension had the confer-
ence line on hold, then there are two
options. The first is that only one
device is left on the conference line,
therefore this device will be discon-
nected from the conference line and
put on hold for the extension. The
second option is that more than one
device is left on the conference line.
The beep will be set on the confer-
ance line after the trunk is discon-
nected and the conference
connections remain.

SC11390 PABX




VOID SET_AUDIO_TONES
(WORD AUDIO_CLOCK)

ENTRY 8Y
FUNCTION
_1oms()

UPDATE
SETTINGS FOR
TIME LIMITED
TONES

SET DIAL
TONES

'

SET EXTERNAL
RING SIGNALS

.

SET TONES AND
RING SIGNALS
IN SPECIFIED
RYTHM

RETURN i

Nothing is done if the outside line
was simply connected to ane exten-
sion, the outside line will be reset as
soon as the extension goes onhook.

3.8 UNIT REDIAL.C
3.8.1 Handle_redlal

The redial software consists of two

parts, one for internal rediai the oth-.

er for external redial.

The internal redial will start dialling
after the redial command is entered.
For external redial, a 0 is transmit-
ted towards the trunk. When the
result of this action is a dial tone the
actual dialling is started. The dialling

uses connect_or_program to output
the digits.

Software Manual _
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VOID RESET_EXTERN (DEVICE 3)

ENTRY gY
RESETN,
CONNECT_OR
_PROGRAM()
AND
CONFERENCE(

VARIABLES

CONNECTED
TO CONFERENCE
UNE?

OISCONNECT
TRUNX OFF NO
CONFERENCE
LINE AND UPDATE
CONFERENCE
LINE :
{TRUNK TO BE No
RESET AESET) ON HOLD BY, «
BOTH TRUNKS DEVICE ?
< DISCONNECT LINE
MATRIX (DEVICE,
HOLD([DEVICE] = 0 DEVICE3)
. CONNECTION
DEVICE] = 0
¥ '
L

After dialling the number, internal
redial waits until the called exten-
sion goes off hook. if so an internal
ring signal is generated for the call-
ing extension. The external redial
will use the call progress detection
circuitry to detect the ring back sig-
nal from the trunk. When ringing is
detected from the called party we
wait for the phone to be picked up,
indicated by silence on the line.
When silence is detected an exter-
nal ring signal is set on the calling
extension. The redial action is com-

pleted if the extension goes off
hook.

All redial states contain timeouts,
once a timeout expires the redial
action is stopped and completely
repeated after 30 seconds.

If during the redial session the redial
extension goes off hook the redial
session will end.

3.9 UNIT AT_COMM.C
3.9.1 AT_handle_command

Atter the AT_get command function
receives a valid command from the
serial port, AT_handle_command
will process the command. There
are two kinds of commands.
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The first command group only sets
or changes system parameters to
meet their objectives, Second group
commands are handled by inserting
digits into the Rx buffer which are
processed by calling connect_or_-
program as at this point an exten-
sion is simulaled.

For a detailed command description
see saction 5 of this documant.

VOID CONNECT_OPERATOR ()

RING SIGNAL
TRUNK 0

CONNECT TRUNK 0
WITH CURRENT EXT|
{«FAX)

CONNECT TRUNK 0
WITH CURRENT EXT
(wFAX)

RING SIGNAL
TRUNK 1

SET WARNING
TONE ON
OPERATOR
EXTENSION

?

3-16

REDI4L OPERATION

YES
AELEASE
REDIAL

NO

R b U

AESET TONES

AND RING SIGNALS

OIAL

FILTER RINGBACK
BUSY

EXTENSION
OFF HOOK

YES
REDIAL
SIGNAL
NO
REDIAL YES
INTERNAL
NO
YES
NO
YES
REDIAL
WA
NO
YES
REDIAL
OFF HOOK
NO
REDIAL
IOLE

B

DISCONNEGT .-
R

RESET MORE
EXTENSION RETRIES
STATE=
REOLIDLE |
nveour \YES >
NO =
DIAL TRUNK
OREXT >
T OFF HOO
OR TIMEOUT >
RESET
RING
AN
P-

( RETURN )
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AT_COMMAND HANDLER .

AT_COMMAND hd

A

AT> No
YES
YES
SET EXT
AT_OPERATOR - OPERAYOR
NO
yEs SET FAX
TRUNK
NO
Y SET FAX
EXTENSION >
SET
YES DAL . >
STATE
NO
YES SET
NO_COMMAND — -1
STATE
NO
' YES v .
AT_DIAL TIMEQUT €s . P
PAUSE
NO *
NG STATE -
= DIAL_NEXT
. YES NO YES NEXT
AT_DIAL CHAR
NEXT IN
NO YES NO
CONNECT
v AT_INIT OR
PROGRAM
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Section 4

4.1 UNIT SC11330.A51

This code unit SC11390 can be
divided into the following parts:

1.1.Matrix programming
1.2.DTMF receive and transmit
.1.3.Gain setting
1.4.Read gain
1.5.0thers: ring generator and tone
filter programming.

For every part, the functions are
described in corresponding para-
graphs.

4.11 Matrix

The matrix of the SC11390 consists
of 20 rows and 23 columns and is
the main part of the SC11390. The
matrix is subdivided into a line
matrix and a tone matrix. For both
matrices, the software contains
sub-modules or functions to con-
nect or disconnect the matrix rows
and columns. A function'to connect
or disconnect a conference with the
line matrix is available as well. The
external tone generator can be con-
nected with all the extensions by the
functions connect_tone_generator
and disconnect_tone_generator.

Atany time, it is possible to read the
status of the line matrix or tone
matrix with the functions
read_line_matrix_status or
read_tone_maltrix_status. In this
malrix section, functions for the
registers 0 to 38 of the SC11390
can be found.

void connect_line_matrix (byte row,
byte columny);

Input:  row (0..18),

column (0..21)
Output: none
Affected: dptr,ace,r7,r6,15.r4

Description: A connection is made
from an extension to another exten-
sion or from an extension to a trunk.
The rows can vary from 0 to 18 and
the columns can vary from 0 to 21.
As the SC11390 uses a four wire

\
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architecture where receive and,
ransmit are on separale lines, two
switch connections have to be
made. In the matrix, columns are
inputs and rows are outputs so row
transmit is connected with column
receive, If the row equals 15, 16, 17
or 18 the line_matrix is only con-
nected in one directicn (row to col-
umn) as the selected row is for one
of the tone detectors.

Example:
connect_line_matrix(0,19)

A connection is made between
extension 1 and extension 2. This
means row 0 (extension transmit 1)
is connected to column 19 (exten-
sion receive2) and row 1 (extension
transmit 2) is connected to column
20 (extension receive1).

void disconnect_line_matrix (byte
row, byte column);

row(0..18),
column(0..21)

Input:

Oulput: none
Affected: dptr,acc,r7,15,r4

Description: The description is iden-
tical to connect_line_matrix. Both
transmit and receive paths are dis-
connected. First, the row (output) is
connected to column 0 (analog
ground). After that the column value
(input) is used to point to the row to
which it is connected (transmit) and
the row is connected to analog
ground.

If the same example is used, dis-
connect_line_matrix (0,19), row 0
(extension transmit 1) is connected
to analog ground. Column 18
(extension receive 2) is translated to
row 1 (extension transmit 2). Thus
row 2 is connected to column ana-
log ground. If row equals R17 or
R18 (DTMFR1 or DTMFR2) then
only these rows R17 or R18 are
connected to analog ground as the
DTMF receivers only use a unidirec-
tional path.

void connect_tone_matrix (byte row,
byte column);

Input:  row(19..22),

column(0..3)
Output: none
Affected: dptr,acc,r7,r5

Description: Connect the selected
row with the selected column in one
direction. If row equals 19 or 20 and
column equals 3 then the DTMF
receivers are available on the line
matrix. To establish a connection
from an extension or a trunk to a
DTMF receiver use
connact_line_matrix.

void disconnect_tone_matrix (byte
row);

Input: row(19..22)

Output: none

Affected: dptr.acc.r7.r5“l R
Description: Connect the row in use
with the analog ground column
(CO).

void connect_conference (byte row);

Input:  row(0..18) :

Output: none
Affected: dptr,pc,acc,r7,16,r5,r4

Description: The row is connected
with the conference column. Then
the row is translated to a column
and this new column is connected
with the right conference row. This
means a connection with register
32, 33 or 34.

Exahvple:
Connect_conference(0)

Row 0 (extension transmit1) is con-
nected with the conference column
{column 22), After translation of the
row into a column (the new column
becomes extension receive1), this
column is connected with the con-
ference row 34, o
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void disconnect_conference (byte
row);

Input: row(0..18)

Qutput: none

Description: The specified row is
disconnected from the conference.
If there are still lines connected in a
conterence, the conference
remains, else the conference row
. R19 is connected to analog ground.

void connect_tone_generator (byte
row);

Input:  row (0..19)

Output: none
Affected: dptr,acc,r7,r6,rS.r4

Description: The row is connected
with the tone generator. Depending
on the row, a connection is made to
the right row of the tone generator
36, 37 or 38. Row 0 to row 18 corre-
spond with the rows of the line
matrix. If row equals 19 (conferenca
column), the tone generator can be
connected with the conference col-
umn.

void disconﬁect_tone _generator
(byte row);

Input: row (0..19)

Output: none
Affected: dptr,acc,r7,r6,15,r4

Description: Disconnect the select-
ed row from the tone generator row
36, 37 or 38. A disconnection
means a connection with the analog
ground column CO.

byte read_line_matrix_status (byte
row);

Input: row(0..18)

Output: column(0..21)

Description: Read status from the
line matrix. The function returns the
column connected to the selected
row. A return value ot 0 means that
the row is connected with analog
ground and therefore not used.'

byte read_tone_matrix_status (byte);

Input:  row(19..22)
Cutput: column(0..3)

Description: Read status from the
tone matrix. This means, from the
requested row, the routine
responds with which column is con-
nected to this row. If the column
equals 0, this means the row is con-
nected with analog ground and is
not used at this time. ‘

4,1.2 DTMF Transmit and
Receive *

This section can be used to transmit
or receive DTMF tones. Both DTMF
transmitters translate a given digit
into DTMF tones. The digit must be
written into the DTMF transmit
register 68 or 69. This is possible
with the functions set_DTMFt1 and
set_DTMFt2. To stop DTMF
transmit, the functions cir_DTMFt1
and cir_DTMF(2 can be used.

Both DTMF receivers translate a
DTMF tone into a digit. The result of
this translation is placed into the

TIME DIAGRAM DIGIT TRANSMITTING

OTMF receive registers 64 or 65.

Valid digits are placed in these reg-
isters after the STD signal has gone
high.

byte OTMFri_status (void);
Input: none Y

Output: byte; d3.d0 = digit

' Digit | d3.d0 | Digit. | d3.d0 ‘|
1] ooor | 9 ;1001 |
2 | o010 0 I 1010 |
3 0011 ¢ 1011
4 0100 # 1100

| 5 0101 | AU i1101

G 0110 B. | 110
7 0111 C i 1mn
8 1000 D |. oooo

d4 = EST; Early steering: bit is set
when the DTMF receiver has recog-
nized the presance of a valid tone
pair, .

d5 = STD; Delayed steéringﬁ If EST
has been high long enough, STD is
set.

Affacted: dptr,acc,r7

Description: After the STD flag goes
high, DTMF receiver1 will latch its
digit into register 64. With this func-
tion register 64 is read and the digit
is returned with its EST and STD
flag.

DIAL TONE
PHASEs0 | PHASEat PHASEn2 PHASE=1
DTMF TRANSMIT OTMFT ACTIVE DTMFT NOT ACTIVE CTMFT ACTIVE
oGT )
PULSE TRANSMIT INTER DIGIT PAUSE
PHASE=0 | PHASEm PHASEa2 PHASEal PHASE=3
v e1 5275008
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byte DTMFr2_status (void);

Input: none

OQutput: byte: d3..d0 = digit (see
DTMFr1_status)

d4 = EST; Early steering: bit is set
when the DTMF receiver has recog-

nized the presence of a valid tone
pair.

d5 = STD; Delayed steering: If EST

has been high long enough, STD is
sel.

Affected: dptr,acc,r7

Description: With this function regis-
ter 65 is read and the digit is
returned with its EST and STD flag
(see DTMFr1_status).

void set_DTMF1 (byte digit);

Input: byte:d3..d0

| Digit | d3.do | Digit | d3..do
1 0001 9 1001
2 0010 0 1010
3 0011 . 1011

T4 0100 # 1100
5 0101 A 1101
6 0110 B 1110
7 0111 c 1111

| 8 1000 D 0000

dd= RTONE

d5= CTONE

Output: none
Affected: dptr,ace,r7,rS

Description; Set DTMF transmittert
on with the selected digit. The digit
is written into DTMF transmit regis-
ter 68. The DTMF transmitter con-

verts this digit into the
corresponding frequencies with
RTONE and CTONE high.

void set_ DTMFt2 (byte digit);

Input: byte:d3..d0 = digit (see
set_DTMFt2)

d4 = RTONE
dS = CTONE

Output: none

Affected: dptr,ace,r7,r5

Software Manual

Description: Set DTMF transmitter2
on with the selected digit. The digit
is written into DTMF transmit regis-
ter 69. The DTMF transmitter con-
verts this
corresponding frequencies with
RTONE and CTONE high.

void clr_DTMFt1 (void);

Input: none
Cutput: none
Alfected: dplr,acc,r7,r5

Description: DTMF transmitter? is
turned off by means of RTONE=0
and CTONE=0.

void clr_DTMFt2 (void);
Input: none
Output: none
Affected: dptr,ace,r7 45

Description: DTMF transmitter2 is
turned off by means of RTONE=0
and CTONE=0.

byte envelope_status kvoid);

Input: none

Output: byte: dO = tone
d1 = VOICE
d2 = EST DTMFR1
d3 = EST DTMFR2

d4 = STD DTMFR1
d5 = STD DTMFR2
d6 = call progress1
d7 = call progress2

Affected: dptr,ace,r7

Description: Envelope register 70 is
read in this function. This register
reflects the status of the tone detec-
tor, voice detector, both DTMF
receivers and both call progress
detactors. The bits call progress1
and call progress2 differ from the
call progress pins of the SC11390. If
a valid tone is detected (a valid tone
means a frequency batween 300
and 550 Hz), the bits call progress1
and call progress2 are set.

4.1.3 Gain

Functions for the PGA registers 80
to 84 and 86 to 93 can be found in

this part. With these functions, all .

PGAs present at trunk transmit,

DT T T DR B i 0, $ o T DA ta e okt w0 R

digit. into the

trunk receive, extension transmit,
tcne detector, voice detector, DTMF
receivel and 2 and call progress1

» and 2 can be programmed sepa-

rately. On start up of the evaluation

" board, all PGAs are default pro-

grammed with gain 0. Excepted are
the PGAs at call progress. Default
satting is 15.

void trunk1_transmit (byte gain);

Input:  gain(0..15)
Setting Gain (dB)
0 0
1 -0.3
! 2 .0.6
3 -0.9
! 4 -1.2
0 5 -1.5
6 -1.8
7 2.
8 28
s
10 -3.0
n -3.3
' 12 -3.6
13 -3.9
14 4.2
15 -4.5

.Qutput: none

Affected: dptr,acc,r7,rS

Description: The gain of the PGA for
trunk1 transmit is written into regis-
ter 80. With settings O to 15, every
gain between 0 and -4.5 dB can be

chosen in steps of 0.3 dB. Default is
-4.5dB.

void trunk2_transmit (byte gain);

Input: gain(0..15)
(see trunk1_transmit)

Output: none
Affected: dptr,acc,r7,1S

Description: The gain of the PGA for
trunk2 transmit is written in register
81. With settings 0 to 15, every gain
between 0 and -4.5 dB can be cho-
sen in steps of 0.3 dB. Default is
4.5 dB. '
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void trunk1_receive (byte gain);

Input:

gain(0..7)

Input:  gain(0..15)
Selection Gain (dB)
Satting i Gain (dB) ! 0 -5 .

0 ' 2 ; 1 ! -5.5 i
1 | 25 | 2 i -6 g
g 2 I 3 | 3 ; -6.5 i
r 3 3.5 ! 4 ! 7 }
. 2 2 | 5 ! 7.5 |
i (] 4.5 -' i 6 l 3 ;

6 5 | 7 i -9 K

7 5.5

8 6 Output: none
|I 9 6.5 Affected: dptr,acc.r7 (S

10 7 Description: The gain of the PGA for
: 11 7.5 extension transmit is written into

12 8 register 84. When setting is 0 to 7,

Py 35 every gain between -5 and -9 dB

. can be chosen. Default is -5 dB.
14 9
void detection_level_tone_detector
15 9.5 (byte gain);

Output: none
Affected: dptr,acc,r7,1S

Description: The gain of the PGA for
trunk1 recsive is written into register
82. With settings 0 to 15, every gain

between 2 and 9.5 dB can be cho-
sen. Default is 2 dB.

void trunk2_receive (byte gain);

Input:  gain(0..15)
(see trunk1_receive)
Output: none

Affected: dptr,acc,r7,r5

Description: The gain of the PGA for
trunk2 receive is written into register
83. With settings 0 to 15, every gain
between 2 and 9.5 dB can be cho-
san. Defauit is 2 dB.

void gain_extension_transmit (byte
gain);

Input: gain(0..15)

Min. Detect
Selection level (dBm)

0

|
}
!
I -24
]
|
l

olo|vlo|laje]lw|m] =
)
N

-t
o

-
N

—
[AS

-
'S

-
-
e e e e e = e ] e § —

-
wn

Output: none

Affected: dptr.acc 7 15

* |

I D TR

Description: The setting of th- PGA
al the tone detector is writter. into
register 86. Selections between 0
and 19 set the minimum accept lev-
el. Default is -22 dBm,

void detection_level_voice_detector
(byte gain); '

Input:  gain(0..15) (see...,. . .,
detection_level_tone_detector)
Output: none L
Affected: dptr,acc,r7,r5 . ‘ L :_

Description: The setting of the PGA
for the voice detector is written into
register 87. Selections between 0
and 15 set the minimum accept lev-
el. Default is -22 dBm.

void detection_level_DTMFr1 (byte
gain);

input:  gain(0..7)
Min. Detect
Selection Levei (dBm)
0 -30
‘ 1 a3
2 -36
3 -39
: !4 42
| 5 45
6 -48
7 -51
Output: none

Affected: dptr,acc,r7,r5
Dascription:The setting of the PGA

- for DTMF receiver1 is wrilten into

register 90. Selections between 0
and7 set the minimum accept level.
Default is -30 dBm.

void detection_level_DTMFr2 (byte
gain);

Input: gain(0..7) (see

detection_level_DTMFr1)
Output: none

Affected: dptr.acc,r7,r5°
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Description: The setting of the PGA
for DTMF receiver2 is written into
register 91. Selections between 0
and? set the minimum accept level.
Default is -30 dBm.

void detection_levei_call_progress1
(byte gain);

Input: gain(0..15)dBm

! Min, Detect
Level (dBm)
0 -18

| 1 -20

i Selection

olo|vjojluajs|w|d
3
n
(4]

—
o

1A}

e}

—
-
»

o

-
n
'Y
o

-

w
&
N

3

T

—
o
A
o

Qulput: none
Affected: dptr,acc,r7,r5

Description: The setting of the PGA
for call progress detector 1 is written
into register 2. Selections between
0 and 15 set the minimum accept
level. Default is -48 dBm.

void detection_level_call_progress2
(byte gain);

lnput. gain(0..15) (see
delection_level_call_progress1)
Output: none

Affected: dptr,acc,r7 15

Description: The setting of the PGA
for call progress detector 2 is written
into register 93. Selections between
0 and 15 set the minimum accept
level. Default is -48 dBm.

4.1.4 Read Gain Status

.
L

Software Manual

" Input:

Furxctions in this section are used to
read the programmed gain of the
PGAs.

byte trunk1_transmit_status (void); ;

Input: none

Output: byte(0..15)

Affected: dptr,acc,r7

Description: Read the gain of the
PGA for trunk transmit 1 in register
80. The value of 0-15 corresponds
with the same gain as shown in
function trunk1_transmit.

byte trunk2_transmit_status (void);

Input: none

Output: byte(0..15)

Affected: dptr,ace,r7

Description: Read the gain of the
PGA for trunk transmit 2 in register
81. The value of 0 to 15 corre-

sponds with the same gain as
shown in function trunk2_transmit.’

byte trunk1_receive_status (void);

Input: none

Oultput: byte(0..15)
Affected: dptr,acc,17 .

Description: Read the gain of the
PGA for trunk receive 1 in register
82. The value of 0 to .15 corre-
sponds with the same gain as
shown in funciion trunk1_recsive.
byte trunk2_receive_status (void);

Input: none

Output: byte(0..15)
Affected: dptr,acc,r7

Description: Read the gain of the
PGA for trunk receive 2 in register
83. The value of 0 to 15 corre-
sponds with the same gain as
shown in function trunk2_receive.

byte gain_extension_transmit_
status (void);

none
Output: byte(0..7)
Affected: dptr,acc,r7

Description: Read ga’ " the of the
PGA for extension t. nsmit in
register 84. The value =f 0 to 7
corresponds with the same gain as
shown in extension transmit.

byte detection_level_tone_
detector_status (void);

Input:
pumut: byte(0..15)
Affected: dptr,accr7

none

Description: Read {jis saiiing or the
PGA for the tone detector in reglster
86. The value esiresponds with the
setting given in
detection_level_tone_detector.

byte detection_level_voicae_
detector_status (void);

Input: none

Output: byte(0..15) -
Affected: dptr,acc,r7

Description: Read the setting of the
PGA for the voice. detqctor at
register 87. The value corresponds
with the setting given in
detection_level_voice_detactor.

byte detection_level _DTMFr1_sta-
tus (void);

Input: none s

Output: byte(0..15)
Affected: dptr,acc,r7

Description: Read the setting of the
PGA for DTMFr1 in register 90. The
value corresponds with the setting
given in detection_level_DTMFr1.

byte detection_level _DTMFr2_sta-
tus (void);

input: none

Output: byte(0..15)
Affected: dptr,acc,r7

Description:Read the setting of the
PGA for DTMFr2 in register 91. The
value corresponds with the gain giv-
en in detection_level_DTMFr2.



byte detection_level_call_
progressi_status (void);

Input: none

Output: byte(0..15)
Affected: dptr,acc,r7

Description: Read the setting of the
PGA for call progress detector1 in
register 92. The value corresponds
with the setting given in detection_-
level_call_progress1.

byte detection_level _
call_progress2_status (void);

Input: none

Output: byte(0..15)
Affected: dptr,acc,r7

Description: Read the setting of the
PGA for call progress detector2 in
register 93. The value corresponds
with the setting given in
detection_level_call_progress2.

4.1.5 Others

In this section, functions for the tone
filter (register 85) and the ring
generator (register 94) can be
found. The tone filter can be
programmed with the function
freq_tone_detector according to
table 5 of the SC11390 datasheet.
With the function freq_tone_status,
the programmed tone can be read.
The ring generator can be
programmed for ringer frequencies
of 16.6Hz, 25Hz or 50Hz. The
default frequency used on the
evaluation board is 25 Hz. This
chapter also contains a function
set_defauils_11390 to set all PGAs

to a default value an startup of the
evaluation board.

void fraq_tone_detector (byte tone);

Input: tone(B..250)
see table 5 datasheet SC11390

Output: none
Affected: dptr,acc,17,15

Description: Sets the divide factor

used for the pragrammable band

pass filter in register 85.

byte freq_tone_status (void);

Input: none

Qutput: tone(6..250)
Alfected: dptr,acc.r7

Description: Read divide factor of
programmable band pass filter of
register 85. The divide factor of this
filter corresponds with the divide
factor given in freq_tone_detector.

void set_ring_generator (byte freq);

Input:  freq. (0..7)

{ ring generator off k

i 16.6 Hz sine wave

25 Hz sine wave

50 Hz sine wave

16.6 Hz square wave

0

1

2

3

4 ring generator off
5

6 25 Hz square wave
7

50 Hz square wave

Output: none
Affected: dptr,acc,r7,r5

Description: The ring generator is
programmed with the selected fre-
quency. Every value between 0 and
7 can be chosen. Default is a 25 Hz
ring signal.

Note: With this function it is also
possible to turn the ring generator
off by setting the frequency to 0 or 4.
However, the ring generator can
also be turned off with the function
clr_ring_generator.

void cir_ring_generator (void);

Input: none

Qufput: none
Affected: dptr,acc,(7,05

Description: The ring generator is
turned off. This is done by program-
ming the ring generator with fre-
quency 0.

void set_defauits_11390 (voi);
Input: none

Output: none

Affected: dptr.acc,r7,r6,15

Description: On start up .the
SC11390 will be configured with
standard values.

The following levels are set:

Trunk1 PGA-tt1: 0dB
transmit b
Trunk2 PGA-t2: . :| 0dB
transmit -

: Trunk1 PGA-tr1: -..2d8

] receive

{ Trunk2 PGAr2: | 2dB
receive SR
Extension |PGA-ext:- | -5d8
transmit T
Tone PGA-tone -22 dBm
detaction
Voice PGA-voice -22 dBm
detection
DTMFr1 PGA-DTMFr1 | -30 dBm
DTMFr2 PGA-DTMFr2 | -30 dBm
Call PGA-cp1 -48 dBm
progressi -
Call PGA-cp2 -48 dBm
progress2

The ring generator is turned off.
4.2 Unit P10.A51

The PIO used on the evaluation
board is the 82C55. On startup of
the evaluation board, this PIO is ini-
tialised with the function init_pio.
With this routine, the external tone
generator on the evaluation board is
initialised on startup. Also in this
routine, functions are found 1o set a
ring signal on an extension and to
clear this ring signal and to connect
or disconnect a trunk from the eval-
uation board, the function set_nsi
and cir_nsi are provided.
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void init_pio (void);

Input: none

Output: none
Affected: dptr,acc

Description: The PIO ports are initi-
alised with port A and port C (high
byte) input, port B and port C (low
byte) output. The ports are config-
ured as follows:

Port A:

pa.0 = ofthook extensioni
pa.1 = offhook extension2
pa.2 = offhook extension3
pa.3 = offhook extension4
pa.4 = call detection trunk1
pa.5 = call detection trunk2
pa.6 = not used

pa.7 = not used.

Port B:

pb.0 = ring extension1
pb.1 =ring extension2
pb.2 =ring extension3
pb.3 = ring extensiond
pb.4 = not used

pb.5 = nsi trunk1

pb.6 = not used .

pb.7 = nsi trunk2

Port C:

low byte output:

pc.0 = SC11314 din

pc.1 = SC11314 wrclock
pc.2 = SC11314 wr

pc.3 = not used

high byte Input:

pa.4 = tone detect

pa.5 = call progress detection 1
pa.6 = cali progress detection 2
pa.7 = not used

void init_11314 (void);

(Optional programmabie tone gener-
ator SC11314

Input: none

Output: none
Affected: dptr,acc,r7,r6,r4

Description: Initializes the frequen-
cy, amplitude and gain of the
SC11314, a programmable sine/s-
‘quarewave generator. Default fre-
quency is set to 425 Hz. The
SC11314 Is not used on evaluation
board version 2.0.

AR
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void sét_ring (byte extension);

Input: extension

0 = extensioni

= extension2
2 = extension3
3 = extensiond

Oulput: none
Affected: dptr,acc,b,r7,r6,r1,r0

Description: Ring signal is set on
the selected extension. The ring
generator is also turned on. -

Attention: first check for offhook sta-
tus; if the handset is onhook this
function can be used.

void clr_ring (byte extension);

Input:  extension

0 = extension1
1 = extension2
2 = extension3
3 = extensiond

Ouftput: none
Affected: dptr,acc,b,r7.11

Description: This function clears the
ring signal at the selected exten-
sion. If a ring signal exists on anoth-
er extension than the selected
extension, that ring signal stays and
the ring generator will also stay on.

void set_nsi (byte trunk);
Input:  trunk

0 = trunk1
1 = trunk2

Output: none
Alfected: dptr,acc.7,ré

Description: This function can be
used to close the relay used as the
hook switch (nsi = Nummer Schalter
fOr Impulse) at the selected trunk.
This function can also be used to
pulse dialling (pulse_break or inter-
digit pause) to a trunk.

void cir_nsi (byte trunk);

Input:  trunk

0 = trunki
1 = lrunk2

Output: none

1Py e At

Affectad: dptr,acc,r7,16

Deascription: This function can be
used to open the nsi relay contact of
the selected trunk. This function can

also be used to transmit pulses to a
irunk (pulse_make).

4.3 UNIT EEPROM.A51

This unit is written for an XL93C66
serial EEPROM. In this routine func-
tions can be found to read or to write
the EEPROM. The first 10 address-
es of the EEPROM are used by the
real time interrupt.

void ee_wds (void);
Input: none

Oulput: none

Affected: psw,acc,b
Description: Lock EEPROM write.
void ee_wen (void);

Input. none

Output: none

Affected: psw,acc,b

Description: Unlock EEPROM write.
Before the EEPROM can be written,
an ee_wen() must be given.

void ee_éral (void); '
Input:. none

Output: none

Affected: psw,acc,b

Description: Erase whole EEP-
ROM.

void ee_wral (word pattern);

Input:  word
Output: none
Affected: psw,acc,b,r5,r4

Description: Fill EEPROM with pat-
tern.

word ee_road (byte address);
Input: address(0..255)

Output: word
Affacted: psw,acc,b,r7,r6
Description: Read EEPROM at
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selected address and return data
standing at that address.

bit ee_write (byte address, word
data);

Input: address(0..255)
word(0..65556)
Output: bit

Affected: psw,acc,b,r7,r5,r4 carry

Description: Write word at selected
address. If bitis set, then write cycle
was not completed.

void ee_erase (byte address);
Input: address(0..255)
Oulput: none

Affected: psw,acc,b,r7

Description; Erase word at selected
address.

4.4 UNIT RS232.A51

For various purposes, an RS232
port is included on the evaluation
board. On startup of the board, the
RS232 port is configured with the
function ser_init. This unit uses tim-
er 1 of the controller 80C32. In this
routine, functions can be found to
read or write the serial port.

void ser_init (void);
Input:  none
Output: none

Affected: none
Description: Configuration of
RS232 with baudrate 9600 and no

parity used. The dataformat is 8
data bits and 1 stop bit.

byte ser_rd (void);
Input: none
Output: byte
Affected: dptr.acc.r7

Description: Get serial data from
buffer.

void ser_wr (byte txdata);
Input: byte
Culput: none
Affected: dptr,acc,r7 '

Description: Put serial data in
buffer,

void ser_wr_text (word address);

Input: word
Output: none ’
Affected: dptr,acc,r7 /6

Description: Put string terminated
by nuil.

void ser_wr_hex (byte txdata);
Input: byte
Output: none
Affected: dptr,acc,r7,10

Description: Convert byte into 2
bytes ASCIl Hex,

void ser_wr_hexword (word txdata);
input: byte

Output: none

Affected: dptr,acc,r7,r0

Description: Convert word into 2
bytes ASCIl Hex.

void ser_wr_bcd (byte txdata);
Input: byte '
Output: none

Affected: dptr,acc 17,0

Description: Convert BCD into 2
bytes ASCII.

byte ser_wait_key (void);
Input: none
Output: byte
Affected: dptr,acc,r7

Description: Wait until data is
received.

void ser_{lush (void);

Input: none

Output: none
Affected: none

Description: Flush serial buffers and
resel flags.

4.5 UNIT RTLAS51

To realize a connection between the
operating system and the applica-
tion software, a real time interrupt is
used. This interrupt is generated
every 1 millisecond and uses timer
2 of the controller 80C32. The fea-
tures of this real time interrupt are:

1. General: read status tone
detector;

2. Extensions: read ofthook, pulse
receive;

3. Trunks: read call detection and
envelope status; transmit a
telephone number.

The offhook status of every exten-
sion is reported by the interrupt rou-
tine. With this status the pulses,
appearing at an offhook line, are
counted. The result of this count is
written into a buffer. Every exten-
sion has an rxd_buffer with a length
of 22 bytes. If a pulse telephone is
connected to the evaluation board,
the telephone number is written into
this buffer. If a DTMF telephone is
connected to the evaluation board,
the application can detect the tele-
phone number with the functions
DTMFr1_status or DTMFr2_status
from unit SC11390.

Call detection is reported for avery
trunk. With the envelope detector of
the SC11390, the call progress
detect bits are read. Every trunk has
a txd_buffer with a length of 22
bytes available. The application
software can fill these buffers with
digits which will be sent to the trunk
by the real time interrupt. The appli-
cation has o enable this process.

The minimum execution time need-
ed for the real time interrupt is about

SC11390 PABX



240 pseconds. If transmission of
digits to a trunk is enabled, execu-
tion time goes up to 280 pseconds.

The memory map of these variables
can be found in Appendix A. The
variables used by the interrupt are
described in Appendix C.

N

Software Manual

ENTRY 8Y TIMER
2 INTERRUPT

PICA_READ &
UPDATE FLAG

REALSTIME INTERRUPT (1ms-interrupt)

SHEET2

SHEET 3

SHEETS

v

TRUNK=2

—
4

SHEET 6
TXD-PROCEDURE

INTERRUPT

RETURN FROM
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ONHOOK WAS ONHOOK (SHEET 2)

410

ENTRY 8Y REAL
TIME INTERRUPT

PULSE_CNT+e

PULSE_CNTes
RXD_MAX_FLASH
?

OFFHOOKPHASE=|
FALSE
STARTPHASE~
FALSE

RETURN
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OFFHOOK WAS ONHOOK (SHEET 3)

ENTRY BY REAL
TIME INTERRUPT

OFFHOOK PHASE
IS TRUE

PULSE_CNT
= PULSE_MAKE

A 4

DIGIT_CNT4e
PULSE DIALLING
1S TRUE DTMF
OIALLING IS
FALSE

PULSE_CNT
am FLASH ?

Y

FLASH DIALLING
IS TRUE

PULSE_CNT=0
OFFHOOK_CNT«0

TR
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OFFHOOK WAS OFFHOOK (SHEET 4)

4-12

ENTRY BY REAL
TIME INTERRUPT

PULSE_CNTse

PULSE_CNT
MOD 100 ==
07

OFFHOOK_CNTa++

PULSE_CNT

=a QFFHOOK

_DELAY
?

PHASE START «
TRUE
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ONHOOK WAS OFFHOOK (SHEET 5)

ENTRY BY REAL
TIME INTERRUPTY

PULSE_CNT

== PULSE

_BREAK
2

PULSE_CNT - NO LI
INTERDIGITAL
PAUSE ?

YES +
a0 aUF( START = FALSE
_BUF(EXT) OFFHOOK_CNT=0 s
) DIGIT_CNT++ = DIGIT_CNT PULSE_DIALLING
« FALSE

DIGIT_CNT = 0

—

PULSE_CNT =0

RETURN .

,
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TXD PROCEDURE (SHEET 6)

ENTRY Y REAL
TIME INTERRUPT

TXD_BUSY
«= TRUE ?

TXD_MODE
o= PULSE ?

TXD_PHASE NO
TXO_PHASE =07
)
YES
YES
€ PULSE = = PULSE+s
XD _GETss TXD_PHASE=2 ™0 1 TXD_PHASE=0 DG T=TXO BUF TXD_PHASE=2 L
X0 FASEet OEACTIVATE ACTIVATE ACTIVATE R SRON DEACTVATE TXD_PHASE-0
PULSE PULSE PULSE ACTI7ATE OTMF DTMF
Lot B |
A
NO
END OF
DIGIT? .
1
TXD_PHASE=3 .
< Y
A
AETURN

414

SC11380 PABX



.

]

TIMING DIAGRAM REAL TIME INTERRUPT

>MAX _FLASH

>OFFHOOK_DELAY

STAAT SCANTRUE

PHASE_START.FALSE

1L

PHASE_STARTSTRUE

IF LOW>200MS THEN.
END OF DIGITS COUNT

MIN_PULSE_BREAK « 2 < MAX_PULSE_BREAK

MIN_FLASH <13 < MAX_FLASH
MIN_PULSE_MAXE <11 < MAX_PULSE_MAKE

o IF HIGH=G THEN FLASH_DIALLINGaTRUE
I ON HOOK
>MAX_FLASH OFF HOOK .
827807 ¢
10
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5.1 SERIAL INTERFACE

The RS232 port accepts and trans-
mits data only at 9600bps with 8
data bits, no parity and one stop bit.
The following explains the format of
the commands available.

5.2 DEBUGGING INFORMATION

For diagnostic purposes and
debugging, the application program
can send information on states and

" actions of the evaluation board to

the RS232 port. This information
can be used for test purposes as
well as 1o check the program pro-
ceeding.

Two types of information can be
selected to be sent to the RS232
port. Some information can be sent
constantly and other information
can be sent after certain actions.
The information sent constantly can
be used to form a status line at the
top of the screen. This status line
gives the following information:

STATE: The stals lor the exlansions and
trunks is printed. The first two

. digits represent the state of ex-
tension 1 and the last two digits |
the state of trunk 2. State is the ©
number determined in the func-
tion delermine_state().
Gives for all extensions and
runks its connections.

Gives the devices on hold to that
extenrsion,

Shows the extension assigned
as master.

All the information on devices is
defined by the byte:

CONN:
HOLD:

MASTER:

(D7..D0) = (n.u, conference line, tr2,
tr1, ext4, ext3, ext2, ext1).

Therefore extension 1 is reprasent-
ed by 0x01 and the conference line
by 0x40. Note: information is printed
in the hexadecimal format by two
digits.

The occasional information is sent
after certain actions. This informa-
tion can be used to check on the
program flow, Action information is
printed below the status line.

Section 5

5.3. "AT>" OPERATION
COMMANDS

The SC11390 evaluation board has
an RS232 interface through which
all of the features that can be oper-
ated from the telephone keypad can
also be effected from a PC. Com-
mands are issued in the ‘AT’ style
like a modem only a delimiter ‘>’ is
used between the ‘AT’ and the com-
mand letter.

5.3.1 AT> command format:

Each command has the same for-
mat which identifies the extension
requesting the action, the command
and the data for the command

AT>{Address}{Command}{Data}<CR><LF>
Where:

Address= (E/T}{xx}

(E = extension, T = trunk)
xx =01,02,11,12,13,14
truni/extension number i«
xx=w00=ALL trunks, extensions . "’
Command: see table 5-1°

Data: see table 5-1

Command Data 2ction
D = Dial T Tone dialling ' -
P Pulse dialling
! Hookflash
0.9,°# Digits
. 2 Sec pause
@ § Sec pause
F = Fax 1 Set fax detection on if address is trunk or set default fax
location if address Is extension.
0 Reset fax
O = Operator 1 Set operator to address
0 | Reset operator to address
S = Set Ragister {{reg. address}{reg. data}} - |
| 00,.., FF Register address: 2 digits HEX ASC!I format
00,.., FF Register data: 2 digits HEX ASCII format
R = Read Register(s) {reg. address}
00..., FF 2 Digits HEX ASCII format
? ? Retumns status of all registers

€ Copyright 1993 Sierra Semiconductor
N

Table 5-1 AT> Commands
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format is:

AT>{address}{status}{mastar}{connaction}{connect_req}{hold}OK<CR><LF>

ADDRESS: as above
STATUS: format HEX ASCII

for extensions
00 Onhook
01 Oftfhook
for trunks
00 No Ring
01 Ring

MASTER: format HEX ASCII

01 Extension 11
02 Extension 12
04 Extension 13
08 Extension 14

CONNECTION: format HEX ASCII

01 Extension 11
02 Extension 12
04 Extension 13
08 Extension 14
10 Trunk 01

20 Trunk 02

40 Conferencgline

CON_REQUEST: format HEX ASCI|

01 Extension 11
02 Extension 12
04 Extension 13
08 Extension 14
10 Trunk 01
20 Trunk 02

HOLD: See connection

Register read AT>00R?
Response

AT>{data R16}....(data R31JOK<CR><LF>
AT>{data R32}....{data R47)OK<CR><LF>
AT>{data R48}....{data R63)JOK<CR><LF>
AT>{data R64}....(data R79}OK<CR><LF>
AT>{data R80}....(data RO5}OK<CR><LF>
AT>({data R96}....[data R111}OK<CR><LF>
AT>{data R112}...(data R127}OK<CR><LF>
OK<CR><LF>

If request data = {Reg. n}
AT>{data Rn}JOK<CR><LF>
Data Rn =2 digits HEX ASCI 00,..,FF

NOTE: If register does not exist or cannot be read, invalid data is returned.

—

5-2

In the normal way, each AT> command hasa set of responses. The response 5.4 COMMAND SEQUENCE

EXAMPLES.

Return status of all extensions and
trunks.

AT>E007<CR><LF>

Response. |
AT>E1101000000000K<CR><LF>
AT>E1201000000000K<CR><LF>
AT>E1301000000000K<CR><LF>
AT>E1401000000000K<CR><LF>
AT>E0100000000000K<CR><LF>
AT>E0200000000000K<CR><LF>
Return status of extension 12
AT>E127<CR><LF>

Responsa.
AT>E12010000000K<CR><LF>
Fax select on extension 11
AT>E11F1<CR><LF>

Fax detection adde,q; Sntmnk 1
AT>TOTF1<CRo<LF> "

Fax detection added on trunk 2
AT>TO02F1<CR><LF>

Now fax detection is on both trunks
Operator on extension 12
AT>E1201<CR><LF>

Extension 14 dials extension 13
AT>E14D13<CR><LF>

Connect extension 11 to DTMFT1
AT>E11S0B03<CR><LF>

Return data of extension11 transmit
register

AT>E11R01<CR><LF>
Response
AT>020K<CR><LF>

SC11390 PABX
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