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ABSTRACT
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N N .
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sl Umevunaly Toufawd 12 gn wdeidv 4 Rows wax 3 Colums
whingaudutdde 16 gy Yawidu Colum # 4 fundn wametAiegud 1,11

s sdiftduda: Row ume COlUm seanseradiiu i 4 Rows (Suninngu
pndous:  #v 3 wia 4 Colums z%”un'hﬂiqumfnnﬁm. (Honmuss e ufioanin 2
pand i (fermean 5 tdanad 770 Hz wax 1336 Hz fiudu

'FI’NN?JVMN’I slwadiAntdanndumsndomnsl 1.5 % .

gaudumsiuiaunnny 2.0 %

A
o,
v



avisd DIME fesrwantd aseduaintiae Bell Telephone System i

8 m.dt. 1950 anudineg fadaruftiied

1 2 > A 697

4 5 6 B 770

7| 8| 9| C 852  nuemndon

¥ O # D | 9

nque Nl gy 1209 1336 1477 1633 pnndl (Hz)

Uit 1,11 wihauuunmiuaz e uifing

bo1foyihuyyny sy fuzzyunaty

~ruu pulse tHiamtumiswgsnn  uasvees mmsaguitazain  (digit) fosmrefiv
atretion 0.5 And (ilatdiguimudsngosunues i atd
seuu 10 pos wua &1 1 pulse foeadiiaan 0.1 Awdt (duine 2 2diaan 0.2 s
seuu 20 pps wuadn &1 1 pulse favadiiaan 0.2 Awdt duiay 1 2diaan 0.2
~ruu  tonetdiamtumsnadutisunds seoe cvmmisnaktazwiin (digit) szadiamnaing
fouvvenm 0.25 Awnd  srozammsfuesazafin fasminndn 0.2570.5 A
Baobry feemshene fumneiay 7843742  festdiamnainsdaninity tuszuu 10 ppsS
uaesrvy DIMF

1.24 pulse szuu 10 pps

(aitd = camnesdusar digit + vruemiesewine digit  (Hviddmdnvasvdeiia)
(0.740.8+0.440.3+0. 740.440.2)+(6%0.5) = 6.5 Awn#
2.24 DTMF (Touch Tone)

(it = (amumsusm: digit + seuemesewine digit  (HetdResmencuaaniia)

(7 x 0.25)+(6 x 0.25) = 3,25 Al
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ﬁwaaqﬁqtﬂmgmvﬂuﬁﬁﬂﬁiuszuu DIMF wzLﬁuéwnnmdquﬁaQ?uéﬁumqwuﬁtﬁuq'uaz
vusrnad IN-BAND #amn sl B tunufinamin 2 4tuszuutnséwd Aadinsnds tumuany
Ty dwhtid Yowfims gy dusion Aatudaw 300 Hz-3.4 kHz

vaneniizuy DTMF fydrmsaunturdiumsmueui i 9916 (dn suum il
sumatnawd  sruudesdamotnsdwh aan tuenzfszuy pulse witd Hruyuwiatn (Ba

15 breck vaswih dudidudy dos gy widatea: vl aful

1.5 dsmnwinséwhneszavw (subscriber signalling)

For wing fw # i Andutu (g s Tosdwiudm ae i 1A qe ifnyme 99 g1 wimnm 9
B uae (WD T B tudsn sat e ud adiv b ﬁoﬂﬂﬂsﬁmuqmsgnuﬁu 0w v antd
navg i Beativeee o1 (Funtdi subscriber signal ﬁatﬁuﬁmmwuﬁquﬁquin?ﬁwﬁ aeude
g Bang1un mqswzuﬁﬁﬁaéqeis&ﬁa1ﬁ§uﬁmw1u5u

Toefiat Ut Snwme S wi G aatuil

- LL.J . LU . LL.J ; LU

sediu DC

H LL J__J LL H LL H L.

400 Hz 50 Hz

zuﬁ 1.12 wamsdqmru Dial Tone
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1. wihwyy (DT:Dial Tone) wdadymnwinansy CCITTrﬂﬁnumﬁﬁﬁﬂumzﬁmmwutﬁutaue
hodiosi  (continuous) emsfl 400 v 450 Hz wanuennad 50 HZ wwy AM sz (fu
msveniffiFun (calling) wsaun um:ﬁquawuimiﬁwﬁﬁu grnsowdanfiesdudms wyian
wny (BaiSunoentduda sunsadenaudage aentd (aanilunyawguinedy  dial tonetd
(aanfioundn 1 Al wasyguatoerds  dial tone tiiduiamn 5 Awnd frifuaantl Line
subscriber ssamwifiuv 1ine-lockout ﬁﬂumzuaaﬁmmﬂuﬁﬁoiuﬁ 1.12 #evam register
uae code receiver twAfiwdy line subscriber siudwiaty wsizluddazquiny
register usz code receiver Hawwmaniin sacficsr8e iy funaentd  §rae
(Junoandieansy (hook-on) wazwny (hook-off) feztéi  dial tone wi

2. 5amnutiny (BT:Busy Tong) fnunsvesdymny sxfis-wya-fe-uyn (Sudaen \Wavantd
A 9 im T aiiadaiuyaien ﬁtsnnqunﬂku1u3u1& aafiu twsrednanfdunn
o winifadadastumsbode  (91dieenyieuudnniug (2140w Dial tone 3Fehmuane
Tns 1000 ﬁnﬁmzuaﬁﬁmmiuﬁacﬁumvﬁnﬁ 400 Hz (iwilowfiu Dial Tone) usds 0.4 Awn#l

wym 0.4 Awndl Fouanetuguit 1,13

1425 Hz

e A, Y S

-—-o.us——WL——o,‘as--J[——o.us——J[t—o.us——f—o.us—-{

iuﬁ 1.13 udms dqeaw Busy Tone

3. #amnys3onnky (RBT:Ring Back Tone) (flois19m017 (Funeonuda yuaridaadi ot
(uwadfs  guanscddygwiu§uonsgiy (called) Aot dind s tnsdwduasfduedu
w%auqﬁuﬁu m B8 (Sunean qzﬁﬁmwwut%unnﬁuﬁcwdzw%auqﬁu#mmnunﬁzﬁo 1o Fueil
seflesd 400 Hz fsww 1 %nd wyouSou 4 Awndt “ﬂzquﬁﬂﬂﬂzﬁﬂlﬂéﬂﬁlﬁﬂ busy &

ot 1.5 wfl 1ifaudu



Ui 1.14 udmediggu Ring Back Tone

4.1‘3&@1:&77:3'74 (RGT:Ringing Tone) «fufyswiwih ftutfing e etuiadae Tay dwhie (ot d
yiruAn Senns i Saenins Suligundivtdnshese Sefioetdussfugewaduaifa of
Iwdas 90-150 Vpp (fin1d 100 V) msfiuszaine 20-60 Hz (iintd 25 Hz 3o 16 Hz,
100 HZauw19use onet) §emaemiske—wym szwiangfiv Ring Back Tone uacﬁﬁiwsﬁwﬁnﬁnuw
Aoky 1 Awnd wygmiSeu 4 Awnd A1 gawas (eTae Tnsdwh 24 Ringing mmerutéitd
(Au 3 #n (ilesauin C series bell 3 fnudadestiifiv 2.6 UF Fothuin C iz AT

foafldn v 1 uF 8 ﬂgﬁ%uﬂ (Ring trip) 150 ms daufarafingsfannenu

. se6iv DC— o -
100 V
15— 4 Jrl —t 4 -15--1

iuﬁ 1.15 wdesdomu Ringing Tone

- g

et g

Y
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1.6 ussduumdar o tnvéwituganazin g

o dinunr  vavunvrasTsuntnsdwiude e udasdow nuasissiu
st st unngamasdion wlrisresdrn e ety MuTeToed fauuavusynatd
smtdainenseenny  degtiufiguntutduss tesitdinnng wenainn PABX uka  feifdun
(i Fruuny L Bonfion e tnsdwh suuudewasoum s tnsdwd sruudeerucados il uasils
Gosiitunnugaetasdwl  udy caztatgntwdl ssmenaddaedl wndada

" d o tfinn T2 e wIng dwhEmTulin

(il fug Fundy

v LNy moatd  —HSuuny
B
5 -
-5 |
'=-Uﬂﬁ—~+h—DT— —DTMF~+=—RBT-H“=ﬂunuw-’*ﬁ%q-- Y-

MY e
Vo (defugfune -
100 |
nyzzhadi
48
- 5_
0
R ~Uad (n9y )=~ %=aunu1‘*=—qgu—~ -4y
MY

1uﬁ 1.16 uaovussdimumgany vasdgununieeg




18

uBum 99 (Hadasd augay Unhezfdn ot

(Honsyingdwl  acfugedu DC uvzana 48 V

nﬁaunginﬁﬁwﬁ ey ediu DC Ysenaw 5-10 V esedggnw DT, BT,RBT

90-150 V wnedggaw  RGT
MAX LOOP RESISTANCE = amudnumuiafasinsdwh + avudruniuaude
fn 1w 1800 Yasty

-t tnydwhdmiattd Sygnuciu BT
—hinsdwidonatd  wntilffvare (s1defayay vvsnm 90 Awnd dged RBT e Sy i
BT wunu
—nvdihis1 1 Funduaen kﬁﬁﬂﬁ%ﬁﬂﬂﬂﬂéﬂ@ﬂﬂé df¥umeyion wnsguiross gy BT

wivangiursgastiuugy 10 il unuursguarose i Joutyiang

1.7 e astiufinnns s dingdw

(9091 (4118 uasddndnunr oy FEnuuassuutesdud  uazuud unyAwttsungng
amazuin ez soasasfulignuiiatdurs ot Fauuasuvsgnitdeas thethammny
(919 ad192997 s 15N iflaus e naut 89 wiivtns dwd ﬁﬁaam?qwﬁuﬁmmwutwﬁwa wdmnty
ATz UUENY s umaidaens

(urumTum a¥ 92 as tiufinnn s 2wt ns dwdidin aBurutdkegui 1,14

pBUBA TN UTH Imuaiuﬁqﬁa1uﬁ
1.avsses iy (Detector) fuligmunenddte avaedufgnunieg wussidagiugy
vy Bidmen
2.955hwiond e sefuligwitnamssusstwdaniauda i ilodenetiurasiiamed
1oz {4 oty witfusn mvdtfmoniainet  Bovsnninasde i drmoniaiaatuda
i oy Suligun waueusn neoxia L oes fian
3. monfa e s sanauasnandy  ensilosn Buutusunsad i ov1sea i Fuitly
PIUAN9)  vassruutnsdwh  waztdiufinnis et itdituududiad wioondediad wae s fudes
wodeomania et th Yaufigaderu et dufasfmmndmefiveasiiviond wiavsuutnyiwd §

VLTI PYR ROy 2IY L PRY
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110y fwd
Subscriber
LR L] WY Camputer
Detecter Interface— "
‘”éﬁ°w”ﬁ*"=~-printer—-;] { |
“qui 1.17 (a¥ e tiufinms 2 e wing dwd)

X

seaduinsiuae (Buauadunas §w AviAe
dmunsaas Detector Uit 2

dwwpenes Interface  tuundl 3

4w Software (tusunsn) twunft 4
sruibos Auadas qumTeanKUYAN ATUaEMINAEY (AR D tufinnts e utng dwd

v o . 1’3
fouum  GUe iRy aatult

-

1.47 Software (tusuavs) dowtsuidmw® wieidu 2 Snwseanwih i @e
-Yusunsuudmsdanue  (Status Program) wutn e dme 8 e M T3 89 UM 19089 (AT Y Rz

yo9Tnsdwh Touszudnspanumennasiained fpnaudrnsasuidacdtefiui
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~fusunsumvanszuy (Control Program) ﬂﬁuﬁwﬁmququﬂﬁﬁwﬁ¢1uuaatm?ao TonF v
w1 siness Detector fnwasey Interface wia dmeafon  Tusumdiesdud  ues
ey 3R iufindndneg 1% wiondodsadadastuimontd  nelifidoamy futiufined
UUNT LAY

2.4 Hardware vszaaudia

—yesmandudigmu (Detecter) msﬁﬁﬁuamwwuq1ﬂqaﬂutnsﬁwﬁ 2 fidn pBNNT INANYNE YD

fsnuddonn Admaninmaddnsadug s
- Interface xﬁauﬁaﬁmmwuﬁmsqﬂﬁuuwuﬁq (4 Bumaniia (oad Taunntulinuas ndmiSoy

SuaBom 29ssUTENRURRY aadniaaRtdniuadwadn tWived waxtad 8255 PIO

sopickkkokkkoRioRcklcokoRRRRokKk



un# 2

dmuaysingasdy (DETECTOR)

wdail ax i udia detect dynum g vavdmasm s uinsiwd fafes i
1949914009 Tnydwd l%@ﬁl?ﬂﬁﬂﬁﬂﬁﬂ?? detect dymnunanu (i#m3didrnsa 1ink Suma
Wmettd amasfiisunn detect e damaemsunyuaz ey Insdwt (Jundn Hook-off
Detector  amaziiimsnaguinsdwh (itofiorTnsmeen (Fundn DIMF Detector dmasiif
m¥Funidinesasaedufie  Ringing Detector tﬁﬂﬁﬂ??ﬁﬂﬁﬂﬁﬂ?ﬁ az(Ramsnfudasu
Y GA1Y wesiinsradulignull  (fundn  Reverse Line Detector w¥» Polarity
Detector

wn19duined (Watumandacomdiiv 8 8255 e ifu 1/0 PORT Bousns tikogud
2.1 tmuofumsasanduligunneg fadatsudatuund 1 mdiu PORT  wassoniaioad 9
%uﬁmwwuﬁ?ﬂwﬁﬂ77U$xuvﬂwﬂ atufindoty Towman®a (aedaraaugnm sSuliguiu 910 port

yd
8255 dunis port vaseauivined ioe

gt 2.1 v (fwdn dnsaga s fuTnsdw wdanfumauggany feddu
adfiuin 919z eenuuutdTUTunTnees (9119 1uat1 915 wazdoandie wanvinagitusuny suda
ﬁqﬁuagﬁum71ut§quaoﬂauW7Lmaé WwmsUssnawation dvaraBunednedetuund 4 dvdutu
Uit 2.1 fiu Insdwhugazgarn <=8 Detector #nmisavassu (Detect) dmasineg wae

awuiwsﬁwﬁﬂaquﬁuq Sy wiltfezgniden  tawdau port %@ﬂﬂ%nﬁaﬂqzmququimu Wi

RMaraKR i aed 19 8255PI0 fatannenu
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Tngdwhipd et 1

nsdwhiadaed 2

Detector 1

1nsdwhiedasd 3

Detector 2

s pdasd 4

Detector 3

tnidwhiadasd 5

IC1L

8255P10

Detector 4

tnsdtwhadad 6

Detector 5

nsdwh i pSoed M2

Detector 6.

TnvdiwhaSaedt m-1

IC2

8255P10

Detector m-2

nsdwhiadas® m

Detector m-1

zuﬁ 2.1 wamnnvoe Detector (drgmaniiained (Homs 2eudann wtng fiwd

Detector m

ICN

8255P1I0

r>» 2 0 uv m§TT

T mH4CTXOO0
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girutavdwii__
Hook-off
: it 1 (KK)
| Detector
{
!
| Ringing
| dn#t 7 (Rt)
| NO[Contact | Detector
| ombem OF ICx
L RELAY]
it 2 (StD)——— 8255
DTMF it 3 (D) -
Detector Wit 4 (C) ——— PIO
it 5 (B)
i 6 (A)
Polarity
dnit 8 (LR)
Detector

Ui 2.2 uten1yne1ves Detector aanifu Block Diagram sauméiiimsnaetu
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R 2.2 wdmsmsnnerumetn  Detector whazéa Bt ansnsaudennndu
WaTRT R Suig U918 Fenatyll
7R99m993un sy Inséwh (Hook-off Detector)
vasasaeiudinunsefs (Ringing Detector)
-70%?m??@ﬁﬂUﬂﬂiﬂﬁU57090@ﬁ1U (Polarity Detector)

—193ny oy Touch Tone wia DIMF (DTMF Detector)

Wvingeiun1y Ny insdwh (Hook-off Detector)

AaTuan g 2.3

MSN9 1089195610 Lﬁ@ﬁﬂﬂ?@1¢gﬂﬂﬁag Q1 selnzuanntuda (wsrsusviu
mnedand1uinsdwiozge mid RELAY] timsnsanmoiutd iitosein @ vfumstusandy

afimyunyadetn sxnidus sivmnedondmonnasiud  (uuatdusodiud ZDg
daeann uasnseudtfivowaiiesnnid Qp wth Fodi Q flaznouiiufl RELAYy
forameruidutin - deuaddfindh dndaundioda  (NO) Devves watfineas DIME Detector wax

Polarity Detector #vmsamsaafuifgmivarngaieth

wasmiasduimnunszdy (Ringing Detector)

AaTuans I ugUd 2.4

(ol (undudn Fuenuns i (Ringing tone) éﬁﬁuﬁoﬁuQ4 (fotinu Ry
wae Do Eelluseduiiluswe fardurdtaton i vdsuds (LED) mwtu ICy wmewwtd Homau
saz e s o Susagg tﬁaﬁﬁmmwuuwLﬁuuseﬁugaméowﬁo aentil ICy thfulyyw

nveh
zﬁumgowﬁo (ICo «fu Monostable Multivibrator) unzezwine i1 tftoy vl RC
i

ng
il 511 T U U VRy uny ﬂwsnﬁonutﬁuﬁt?qqz1ﬁﬁmmwuw1aLawﬁwwtﬁu1Umﬂu Ringing

Tone fwdo 2% "1' (fwiaan 43R waetd 0" w1 taandund
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a9evedsduiiggny Touch Tone wia DIMF (DTMF Detector)

Aasiane irugui 2,5

(loisrunytnvéwd  RELAY wssaees Hook-off Detector azvmsu wihdsdia
NO sewes  Sggusindretnséwd  (drsamvduynuasasay DTMF Detector tﬂatswﬂmQN
wnEutn]  uwtingdwdiuungu foordyn s:fdweenidu BCD dawwn Strobe wia StD
sz (iudans e e fimsnagy  IC (wadtezasavdovligvilifu DIMF vy dtsndee
dure (Hutadan Seguitonnuuimn it diue il tan e

fHedtumsansrutovas (Bun vaetie® MIBB70 giéernmanwn A (Appendix A)

A esesvasumsnavtinvasdans (Polarity Detector)

2agians iUt 2.6

(HeflmyunyTnsdwd wazdinsadndaiuid sefimsnduds YBIUT I AHUHARY fudte
winavifuuan aza1nuanduay vnddafimyuny e dyn s five fuandn du ‘l'\yﬂzlﬁaﬁ
ﬁ17ﬁmﬁaﬁu1ﬁ Hottomsndufs  werdousenaudan wevidiend Q@ uax Gy etk

ugedniodyn sxfvedvandnidu 0"

weshanysh (owimnysznaufuam 152gh 2.7
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me19 3.2 udmematfiuey 1/0 wadmuavams®aimed IBM
Address Description
1F0-1F8 FIXED DISK
200-20F GAME ADAPTER
210-217 EXPANSION UNIT
278-27F 2'd PARALLEL PRINTER PORT
2B0-2DF ALTERNATE EGA
2F1 GPIB (0)
2E2-2E3 DATA ACQUISITION
300-31F PROTOTYPE CARD
300-32F FIXED DISK
378-36F PC NETWORK
380-37F 1St PARALLEL PRINTER PORT
380-38F SDLC / 2'd BITSYNCHRONOUS
390393 CLUSTER (0)
3A0-3AF 1St BITSYNCHRONOUS
3B0-3BF MONOCHROME DISPLAY/PRINTER
300-3CF EGA
3D0-3DF CGA
3F0-3F7 FLOPPY DISK
3F8-3FF 15t SERIAL PORT

maduiond cwdshuwadn Tawdnidafadne coeliv desrdivadwadniinviifigunidaony wiadh

gernms1y aavtdwadnivad 300-31F
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Block C CO000-CFFFF BIOS extention (eg. EGA)
Block D DOO0O-DFFFF Other use
Block E EOQOO-EFFFF Other use
Block F FOOOO-FFFFF BIOS EPROM
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fuliANg  GND B1 |—| At -1/0 CH CK ﬁwugﬂniﬁ
+RESET DRV B2 |—| a2 +D7
+5V B3 |——| A3 +D6
+1RQ2 B4 |——| A4~ +4D5
-5V B5 |——| A5 +D4
+DRQ2 B6 |—| A4 +D3
-12V B7 |——| A7 +D2
RESERVED B8 |—| A8 +D1
+12V B9 |——| A9 +D0
GND B10 |——| A10  +1/0 CH RDY
~MEMW B SN 4 +AEN
~MEMR B12 |—| A12  +SA19
-10W B13 |——| A13 +S5A18
~10R Bl4 |—| a4 +sa17
-DACK3 B15 |——| Al5  +SA16
+DRQ3 B16 |—| A16  +SA15
-DACK1 R a5 +SA14
+DRQ1 B18 |—| A1l8 +5A13
~DACKO B19 |—| A19  +sA12
CLK B20 |——| A20  +SAll
+1RQ7 B21 |—| A21 +SA10
+IRQ6 B22 |—| A22  +SA9
+IRQ5 B23 |—| A23 +SA8
+1RQ4 B24 |—| A24  +SA7
+1RQ3 B25 |—[ A25 +SA6
~DACK2 B26 |——| A26  +SA5
+T/C B27 |——| A27  +SA4
+BALE B28 |—| A28  +SA3
+5V B29 |—| A29  +5A2
0sC B30 |——| A30  +5Al
GND B31 |——| A31 +SA0
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wome my dtisuas St 19 Aoadns

SAO-SA1O (fwuamipsddnd O & 19 tauit SAO ﬁﬁnaﬁﬁmﬁﬁﬁQm scuoniv Hour dygnu

I BALE «fiu "1' wazesgnuandtSnawvauviasussdiny BALE wamiasany 20 dn
§ snsodramnoenustdde 1 Moyte -

AEN (Address Enable) u1ﬁqmnu5wzuam%w tﬂaﬁwnququ DMA thnmssugniiagneg vy

.0 sruuida madswadnuasqunsd 1/0 sxfostfiigmudl twmsitbnbon (Hatind
(amsBadassninseuy fugunsd 1/0 fadu unciudafinndenns DMA oy

BALE (Address Latch Enable)uréiasw BALE of UM TUERINNT LI NBUIBIBUAUIT AT 99

0 i sdadatumiosaanuen  tauszuoriwitodnuenias s Byfesm sdahaduay

v ~
vwianiag atidiToudouudy woumns DMA dgenuilesfisnive iiu 1" omem

dpnuduinaddwa

IRG2-1RQ7 (Interrupt Request) ifuvfgmnuvatindent: 1es IRQ2 Ravdusnuandigun

I ga  savqastude  IRG3,4,5,6,7 Uﬂﬁﬁmmquﬁwzﬁﬁnquztﬁu 1 &rkeasanydu
toaddwh tdfauviadandn ~11#fuiin Tawtien Subasamflefemuiaan

~1/0 CHOX (1/0 Channel Check)tfiwun fqmpufvanasnsfawaimiumsfu-dedayas 1oumsae

I dauanawn30n drwn3Ronfidueaminsennen Suwnditfiadaste aineuwms
Fu-dedaya B timfiv wdssdn (amsRawarmiumsSudedaya Hopn ez
(innsBuiaeddwt  CPU wuy NMI «iavantét CPU wsnuin «Am Parity Error

Su CPU szuamedomn wuanaarslowan i Al wazszugmmsnneu (Halt)

Hon it diseuauns DMA

DRQ1-DRQ3 (DMA Request) w1ifgmnszdtumisvaviouamms DMA 1wl DROO Ranfiumany

I adigtiondgn uaz DRO3 fankuenuavdgnaiign  msvant DMA widtay vntd
uqﬁwwnuﬁ famue w1 wdisewnseiiviffumsmovawasnisan DMA saa CPU
twms wdoudigauw DACK fide a0

-DACK 0-3 (DMA Acknoledge) fiu#umnumaudussnisnn DMA vavquasd 1/0 tﬁa?ﬁqﬂn%ﬁ
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0 I/0 ws1vinmsvaniuuawn1s DMA Sutdfumsnovsvaseda tdv Snguan DMA
dums DR e CPUfududn sxadifiqu DACK2 waniv
T/C (Terminal Count) «fuurdmnufivanguasd 1/0 finn DMA  dsrudnemau

ﬂagmﬁ%udo oumms DMA Sasuvsanada Tmuqzﬁwﬁmmquﬁtﬂuﬁmﬁ?ﬁﬁuqﬁn?ﬁ 1/0

HapnusuANR 49

“MEMR(*1/0) (Memory Read) w#ussidte (Susnuentidminumanan dedayasanuniion dn tia
MEMN(X1/0) (Memory Write)wn iumvittes (fuiauantdnsinm e fudayafioansnan dn i
-IOR (*1/0) (I/0 Read)  wnifomsfiss (dusauanidqunsd 1/0  #edoymoamniiondniis
~IOW (*1/0) (1/0 Write) w1l iduiavenidaunsd 1/0 fubayafiasnenon i
RESET DRV (Reset Driver):fiuw g wiianfiwmaudasfiisn (3 udretwidfivssoy (fondtu-

0 9% viin CPU wazquavdinsquussuumaniainad 77uﬁoqﬂn7ﬁ 1/0 e

dmmnvidadre Wait States

1/0 CHRDY (I/0 Channel Ready)w:dmnufissgrnandarivinugunsd 1/0 wiawiowau-

I st san i diiufussuy ﬁﬁ%ﬁ?ﬁﬂﬁ?ﬂﬁ@ﬂﬂ?%ﬂﬁﬂé oy Wait
States 1munw7wﬁ?ﬁ§mw1uﬁuamﬁw ?uﬁ74%~ I/0 165ufganw snomsRtdeuan-
(o d, A u-MEMR, dqanu ~-MRMW, damnu ~IOR, dumnw ~IOW

CLK (System clock)awiu XT v dygnuiiesfmmnadussina 4.77 Mz wfam e gennfiih

0 dmwmduiuing  wazdnwiy AT seflmufiusenia 6 Miz wiouiuingg a1eesll
amufigefis 15 MHZ towtndor denull Bndinde 50% smdy CPU 80286 #n
A dadggsndnn  idewtdesfaonsdoiv 2 (hessansdit CPU wm9u wden
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3.4 PROTOTYPE ADAPTER CARD

winfiada 3.2 gmyrssewud madsuencsaitirdamiovedn fossagrudae
100-3FFH uﬂzwaémﬁnﬁnumuw?ﬁ?ﬁﬁunwémﬁtﬁUUﬂQUQaﬁam fiufiv  Prototype Card 14
(uad 300-31FH

10993 Ui 3.3 uax 3.4 BTN A e A B
~Sdneile vasgudl 3.3 Fafvitey Buufiuafansoniia med vasmdaiisradedu
~ICq i s haurBwn asensaad  dedudy Active agmaamiam
-1Cz 4u data +1n slot 1w 41 data vas 8255PI0 (ICy, ICs, ICe)
~1C3,ICq «fdutiwiwaduuy tristate fnma 1wt ks den) srwedan s tauasdniter 1 (DIR)
-1IC NOf GATE uaz NAND GATE dmtfiunsavonsiisiundwadmdnditbhaua 300-31FH &1 1w
wodmiuaddu o1 EN sxifu T1' dewatdl IC3 (74L.S245) qunﬁewu(Tgﬁﬂwﬁﬂaﬁagﬂ?mq)
-OUTPUT wasquit 3.3 da e tugull 3.4 (e duss oo nviifkeens i port &
wenwdussvoanciv 2 wiv ﬁcn170u1USzUUtﬁyquﬁtﬁu IC 8255 (f1tudnimiu  was
w1 OUTPUT 74LS138 wwidrwn CS(Chip Select) way 8255 fatmitiiii doke 8255 14
fowum 7 %2 3ok port sam 7 X 3 = 21 port
e output vay port Aefuitszwndgnuitdisanses Detect tdmandiaimadussana
watv) asdmidrinbwinived wiordmauiumiond
-8255PI0 sevmeawsaniy 74LS138 fulmnu address wavemuiaieed wenumuns (dan

A19¢%% IC8255 #atm uncsetfwadm A,B wia C neu
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3.5 m3hu 825 P10

(fuwadaduyn/(ordwnuvveny  (Parallel Input/Output port) wisawid 3
Tnum Fedatud
Tanm O wadmynia  Suwad wduyn /i o1 shyifugau
tum 1 wadm A wae B idu wadaduyn/iondwyn wade C (fiu handshake
(iu A «fu wododuwn  C uw (du Acknowledge
B ifu wadninafyn C a19idu. Strobe
Tunm 2 wtficawizwadm A K iduwededuyn/ioddyn  (dulidaasfiene waed
hondshake §44 (weda C ofiv handshoke) (Hatusunsawadn A ufia

wodn B vherudave (fiu wadoduyn/io1dyn twum 1 w32 tuum O fed

dgaiuzun m\s')'luﬂ'wquumw'mu

-fpem3dsrdoyn 01 RD favidu 0
s 12¥ Todoys o1 WR dsidu 0
-~y 17979 01 CS favifiu "0
-m%:8m v1 RESET wamivfinadn "1°
-m honyaswata nibtaumuenien Ag ua: Ay
00 (dan wadm A
0l «dan wadm B
10 (@an wedn B

11 2idousfidmugn (Ranamnuiawize WR )
y16az (Suaduguey 8255PI0 gihern mmwwanhiuchu

119 Juws kdmauey

9xdiny (Juuasuwer Dg-Dy o fudnzwadonten Tauunas Onfie unsn o hatuil
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(Fanwadm C @19

0
(Forwadm B nqn B
]
(FaNTuNm
Dy
(Hanwasm C uu
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(Haawadn A
Dy
ngn A
Ds
L (Fanivue
Dg
T Bouwan 1’ = womiiv
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(0)0 = tyum O
(1)0 = twum 1

IX = fwum 2

< danwadn

0 = OUTPUT
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1. Polling Loop

2. Interrupt

3. Mail Box

BotuunnzAd  fdoidafumefiu a2 Twandn 289U 08z (BUR WATHITHIRY (51
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CALLING

( INPORT 1....N )

CALLED

Check
H/70, Rt+R/L

Check
H/70,Rt+R/L

Check
H/70, Rt+R/L

Hook-0ff

Telephone
Ringing

Check NO

Conversastion
Channel
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REC.START ING TIME

End of Con-
versation

YES

Y

REC.CONVERSATION TIME

{Hook~0ff) Check

SAVE ON DBISK

YES Check
et
Hook-0n
NO Check
el
REC.DPTMF DPIAL HNUMBER
Convaersation
Channel
NO Check
g
YES
INPORT 1....8
End of Conversation
NO
eif—
BET . CONVERSATION TINE
Fig. 4.3

Flowchart of Telephone Using Recorder
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X SUSUNSY P-AUX.C %
x (Thtusunsagwdurriusunssdey (Subroutine) %
* OIS I 2344 300 TG0 SIS vn *

g R ey P e e TP T T e T3
# include <stdio.h>
¢ include <graphics.h>

extern x,y,key_code,sub_code,FLAG,PROMPT;

/* - in keys — —-—m—memmmmmemmmeee o %/
inkey()
{
int x1=NULL;
if(kbhit())
{
x1=getch();

}

return(x1);

/x%/
/*GPRINTF: Used Tike PRINTF except the output is sent to thex/
/¥screen in graphics mode at the specified co-ordinate.*/
/¥%/
int gprintf( int *xloc, int *yloc, char *fmt, ... )
{
va_list argptr;/* Argument list pointerx/
char str[140];/% Buffer to build sting intox/
int cnt;/* Result of SPRINTF for return */

va_start( argptr, format );/* Initialize va_ functionsx/
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¢ni = vsprintf( str, fmt, argptr );/* prints string to bufferx/
outtextxy( *xloc, *yloc, str );/* Send string in graphics mode */
/¥ *yloc += textheight( "H" ) + 2; ¥ Advance to next line
va_end( argptr );/* Close va_ functionsx/

return( cnt ):/% Return the conversion count*/

check_key(unsigned int present_key)

{

if(key_code > 0 && key_code <= T && present_key == 80)
{

if(key_code < 7) key_code ++; /* - down key ¥/

else key_code = 1;
}

if(key_code 0 && key_code <= 7 && present_key == T2)
{ .

if(key_code > 1) key_code -—; /¥ — up Kkey - ¥,

else key_code = 7;

}

if(key_code > 0 && key_code <= T && present_key == 27)

1

key_code = 0; /% - esc main fun. - %/
}

ifkey_code > 20 && present_key == 27)
{

key_code = -2; /*%/

[}

if(key_code > 0 && key_code <= 7 && present_key == 13)

X/



67

key_code += 20; /% - enter - %/
}

if((key_code == 23 |, key_code == 24) && present_key == 80)

if(sub_code < 12) sub_code ++; /* - down key - %/
else sub_code = 1; /¥ - 1in sub menu - %/

}

if((key_code == 23 |} key_codé == 24) && present_key == 72)
{

if(sub_code > 1) sub_code —-; /* - up key - x/
else sub_code = 12; /* - in sub menu - %/

}

if(key_code == 22 && FLAG == 0 && present_key <= 8
&& present_key »>= 1)

{

PROMPT = present_key;

}
if(key_code == (23)}124) && FLAG == 0 && present_key <= 8
&& present_key >= 1 )

{

PROMPT = present_key;
}

if(key_code == 26 && FLAG == 0 && present_key <= 4

&& present_key >= 1 )

{
PROMPT = present_key;
}
if(key_code == 26 && present_key == 13 )

PROMPT = -3; }

)RR RRRRR Rk RokCokk R okokkcokkockokkkok ok kR kR kR Rk kR kR Rk kR kkkokkkokk k
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*

SYSUNSY P-HELP.C  + TuSusunssi@msuesngug@nos1gm susaemy

Vi lin Fmive ey sdzaaniiati ety
OONNUVT S840 1364 300 BB S I IS 194

b3

*

X

kRpRkRkRkkkRokkkkkfokkkkkkkkockk Rk kockkkkkkkkkkkkkiokk Rk kR kk kR Rk Rk kx

help()

{

# include <graphics.h>
# include <stdio.h>

# define X getmaxx

# define Y getmaxy

extern key_code;

int i,vert,hor;
struct viewporttype vp;
setviewport(X()/2+22,Y()/4-20,X()-25,3%xY()/4,1);

getviewsettings(&vp);

vp.right - vp.left;

vert = vp.bottom - vp.top

if(key_code == 0) /¥ —-—-——- main help —----- x/

setfillstyle(SOLID_FILL,WHITE);
bar(0,0,hor,vert);
setcolor(BLACK);

rectangle(5,5,hor-5,vert-5);

outthai("@ond ee9I¥ 10", hor/2-90,vert/10,0,0);
outthai("sniugs Tuioustosny” , hor/2-90, 2%vert/10,0,0);
outthai("mvwﬁﬁ7unﬁébﬂﬁ@gﬁ“,hor/2—90,3*vert/1o,o,0);



outthai(”
outthai("msWinsdml 0K?",hor/2-90,5%vert/10,0,0);
outthai("hsflowe s nenfy” ,hor/2-90,6%vert/10,0,0);
outthai("-(§eNsI1¥MS F10",hor/2-90,7*vert/10,0,0);

outthai("-¢nt@NsI1YMS ESC",hor/2-90,8%vert/10,0,0);

}

if(key_code
{

outthai (" 22§19ie9omsnsIv”, hor/2-90,vert/10,0,0);
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key_code = 0; /¥ -—— clear help -~--- %/

setviewport(0,0,X(),Y(),1);

setfillstyle(SOLID_FILL,WHITE);
bar(0,0,hor,vert);
setcolor(BLACK);

rectangle(5,5,hor-5,vert-5);

(Dbt 0d00hFn i gan ", hor/2-90, 4%vert/10,0,0)

outthai("gr! sémmenNy (6¥", hor/2-90,2%vert/10,0,0);

outthai ("Wwihediieeyiupdee ", hor/2-90,3%vert/10,0,0);

outthai("tﬂé@@ﬁ%ﬁﬂ(ﬂ?@eﬁ@g",hor/2—90,4*vert/10,o,0);

outthai("v@¢OWNI. .neYN" , hor/2-90, 5xvert/10,0,0);

outthai("ENTER (17 % tﬁvﬁu",hor/2~9o,6*vert/1o,o,0)

outthai (“udaeynetroerasedms”, hor/2-90, 7xvert/10,0,0);

outthai("4A@mYMYEINK 111" hor/2-90,8%vert/10,0,0);

}
if(key_code

{

key_code = 1; /¥ -——- clear help --— %/

setviewport(0,0,X(),Y0),1);
== 2) /*¥ —— change file help —- ¥/

setfillstyle(SOLID_FILL,WHITE);

bar(0,0,hor,vert);
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setcolor(BLACK);
rectangle(5,5,hor-5,vert-5);
outthai ("msvdusdoudiv fu-", hor/2-90,vert/10,0,0);
outthai("ﬂ@y@ﬁ @gnﬁﬁ%ﬁ$ﬁﬁ",hor/2-90,2*vert/10,0,0);
outthai ("#m 3 Ulsesg@Y ", hor/2-90, 3*vert/10,0,0);
outthaik"ﬁ?@ nﬁﬂ7$®w§bg@hy",hor/2—90,4*vert/10,0,0);
outtha1("7n$§w%tﬂ7ﬂ%£;ﬁ7§ﬂ",hor/2—90,5*vert/1o,o,0);
outthai("guil PesUTRGI8E" , hor/2-90, 6%vert/10,0,0);
outthai("(FueMuiateel  (Bu",hor/2-90, T*vert/10,0,0);
outthai("§nsen @ngd. ... ue1", hor/2-90,8%vert/10,0,0);
key_code = 2; /¥ —— clear help —~—- x/
setviewport(0,0,X(),Y(),1);
}
if(key_code == 3) /¥ —————- type list help -—~——- x/
{
setfillstyle(SOLID_FILL,WHITE);
bar(0,0,hor,vert);
setcolor(BLACK);
rectang1e(5,5,hor—5,vert—5?;
outthai ("efleyesee Mrdintde”,hor/2-90,vert/10,0,0);
outthai("@xugn fusm amany(@¥",hor/2-90,2xvert/10,0,0);
outthai (" IsEmieeNseY  #Te9 ", hor/2-90, 3%vert/10,0,0);
outthai ("M%, .80 (3ngs", hor/2-90, 4*vert/10,0,0);
outthai("figenshe ey wexher " ,hor/2-90,5%xvert/10,0,0);
outthai(" (6% nvargleyevee ", hor/2-90,6%vert/10,0,0);
outthai (" ferer T1dusiplies” , hor/2-90,7*vert/10,0,0);
outthai("n@o sl o U “,hor/2-90,8%vert/10,0,0);
key_code = 3; /¥ =-— clear help -—— %/

setviewport(0,0,X(),Y(),1);
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if(key_code == 4) /¥ ————— type list help -——~-- x/

{

setfillstyle(SOLID_FILL,WHITE);

bar(0,0,hor,vert);

setcolor(BLACK);

rectangle(5,5,hor-5,vert-5);
outthai (“fmflioye. . . .. FAFNE" , hor/2-90,vert/10,0,0);
outthai (“eenga¥eeml vewhu” ,hor/2-90,2%vert/10,0,0);
outthai("¢miuaipipeRasfinies”  hor/2-90,3%vert/10,0,0);
outthai("iFondloge Midiesms", hor/2-90,4%vert/10,0,0);
outthai("(§ONWsNY (@Y «@xiFeN" ,hor/2-90,5%vert/10,0,0);
outthai("tfe% @snsaRilioye”,hor/2-90,6xvert/10,0,0);
outthai (" (Fexen 7§ nadhifiy”, hor/2-90, T*vert/10,0,0);
outthai ("Yeye1d ki fudloge” ,hor/2-90,8%vert/10,0,0);

key_code = 4; /¥ ——— clear help —=-= %/

se%viewport(0,0,X(),Y(),1);
}

jf(key_code == 5) /¥ —————- type list help -——-=- x/

{

setfillstyle(SOLID_FILL,WHITE);

bar(0,0,hor,vert);

setcolor(BLACK);

rectangle(5,5,hor-5,vert-5);
outthai("xx( Tysnsrwednsadors«x" . hor/2-110,vert/10,0,0);
outthai ("@)nflogeiihdn 1 vudivlieye” , hor/2-110,2%vert/10,0,0);
outthai("u@edmsImsuiinsdml ve9",hor/2-110,3%vert/10,0,0);
outtha1("pnvt@ﬂnwvamvu#ﬁvué@vnvs",hor/2-110,4*vert/1o,o,0);

outthai (“efWigureons wgii fusry-",hor/2-110,5%vert/10,0,0);
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outthai("hey Sungllege:Hexier " hor/2-110,6%vert/10,0,0);

outthai (" o Tiflousyigmi”, hor/2-110, Txvert/10,0,0);

outthai("WmMREISen VSUUF9SEM”, hor/2-110,8%vert/10,0,0);
key_code = 5; /¥ —— clear help -———— %/

setviewport(0,0,X(),Y(),1);

if(key_code == 6) /% —————- type list help —————- x/

{

setfillstyle(SOLID_FILL,WHITE);

bar(0,0,hor,vert);

setcolor(BLACK);

rectangle(5,5,hor-5,vert-5);
outthai("cuéyuﬁ@ocﬁuuﬁﬁf@y@",hor/2—11o,vert/1o,o,o);
outthai("+@enihdindege (dhg-",hor/2-110,2%vert/10,0,0);
outthai(“utisfudleye (DISK)",hor/2-110,3%vert/10,0,0);
outthai("n§ah (§en Disk Drive”,hor/2-110,4%vert/10,0,0);
outthai (“maHdieyms. ... " hor/2-110,5%vert/10,0,0);
outthai ("¢ fousted « Gengndies ™, hor/2-110,6%vert/10,0,0);
outthai("nm <ENTER> ¢flgduéu" ,hor/2-110,7%vert/10,0,0);
outthai ("¢ fulleyen 1o aende ", hor/2-110,8%vert/10,0,0);

key_code = 6; /¥ —— clear help -——— %/

setviewport(0,0,X(),Y(),1);

if(key_code == 7) /¥ —————- type list help —--—-—- x/

{
setfillstyle(SOLID_FILL,WHITE);
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bar(0,0,hor,vert);

setcolor(BLACK);

rectangle(5,5,hor-5,vert-5);
outthai("...##1g DOS ##...",hor/2-110,vert/10,0,0);

outthai("M1YG SeUWGBms",hor/2-110,2%vert/10,0,0);

outthai (" (Tumsmgaseuuing: 1
outthai (“Fogrmyom sihehnns-
outthai (" §miiuberdolbansees
outthai("Hg)5ansQUAQY Furiew
outthai("Q@zﬁ%ﬁvu@vaeztéyﬂ@

", hor/2-110,3%vert/10,0,0);
", hor/2-110, 4xvert/10,0,0);
",hor/2-110,5%vert/10,0,0);
",hor/2-110,6xvert/10,0,0);

", hor/2-110,7*vert/10,0,0);

outthai("ﬁ@%%ﬂﬁbﬂ@ﬁ?%@$..?.“,hor/2—110,8*vert/10,0,0);
Y/ dates
setviewport(0,0,X(),Y(),1);

key_code = T7; clear help ---—- x/

}
/% ——— clear help --—— ¥/
setviewport(0,0,X(),Y(),1);
}
setviewport(0,0,X(),Y(),1);
}

RRRRRRRK Rk R Rk Rk R Rk Rk Rk R Rk Rk kkkkkkkkkkkkkkkk kb kR Kk kk kX
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* SUNTH P-MENU.C zﬁu7v$un$w@v%%ﬂu@aesvgn7su%@@nvw *
X o ComBnuer (Mydoy MY HaYR ) YEvRanUiRT e *
* QOMUUT ISV III 364 9500 DI S DSBS T *

kdckdckkokokkokokkkokkkokkkokkokkkokkkokkk kR Rkkkkokk ok kkkkkokkkkkkkkk kR kkkkkkkk Kk

include <dos.h>
include <graphics.h>
include <stdio.h>
define X getmaxx

define Y getmaxy

extern sub_code, key_code, FLAG,
KEEP, /* use for point to each name telephone %/
PROMPT, /* use by read_num_name */
X,Y;
int cursor = Oxff;
menu_status(8] = { 7,7,7,7,7,7,7,7 };
int m_statusfts} = { 7,7,7,7,7,7,7,7,7,7,7,7,7,7 };
char dri[4] = "c:";
char dir[450]1[90];
char num_name[9][12] = { “","","","","","","","" };

char ns[101[4] = { "0","1.","2.7,"3.","4.","5.","6.","7.","8." };

char aal91[24] = { “directory", "wftsfeudlsdoye” , “ploge(1ist)",
“fook. . oo™, "nseIMSAY ", " (UK DRIVE",
"exit to dos" };
char path[10][7]1={ "0","num_1","num_2", "num_3", "num_4",

"num_5","num_6", "num_7", "num_8" };

char file[14][6]={ "",".JAN",".FEB"," .MAC"," . ALP"," . MAY",",JUN",
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tLJLY", "L AUG”, "L SEP”,".OCT",".NOV",".DEC" };

char mo[131[18] ={ "(Hexams a8, " (FespummMe”, " oo,
"(RHINYH”, " Bosymen” "  BoxRphYu”
"L RUNSNIIAN", " L FEUBIMI AN, " (oYY
"LeGEI AN, " GRMIEENIYN” " LSRN };
char num_all[120} = "";

char drive_name[15] = "c:num_1.MAC";

int pos = 0,no = 0;

int u=0,j=0,k=0;

sub_menu(int present_key)

{

int i,vert,hor;

struct viewporttype vp;
setviewport(12,46,X()-12,Y()-46,1);
getviewsettings(&vp);
hor = vp.right - vp.left;
vert = vp.bottom - vp.top;

if(present_key != (27 && NULL))

{
if(key_code == 21)
{
setfillstyle(SOLID_FILL,DARKGRAY); /¥————- DARKGRAY

bar(0,0,hor,vert);
setfillstyle(SOLID_FILL,BLACK): [¥——— BLACK
bar(hor/4-20,20,3%hor/4+20,vert-20);

setcolor(WHITE);
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rectangle(hor/4-20,20,3%hor/4+20,vert-20);
outthai ("feudlsdeyesu" , hor/2-160,2% (vert-40)/15,1,15);
/*- —%/
settextstyle(0,0,2);
for(i=4;1i<=11;i++)
{
outtextxy(hor/4+90, ix(vert-40)/14,num_namel[i-41);
outtextxy(hor/4+20,ix(vert-40)/14,ns[1-31);
}
outthai("nm ESC NEUGIMY" ,hor/4,vert-50,1,15);

setviewport(0,0,X(),Y(),1);

}
if(key_code == 22)
{
if(FLAG == 0)
{
setfillstyle(SOLID_FILL,DARKGRAY); /¥——-—- DARKGRAY —----- X/

bar(0,0,hor,vert);
setfillstyle(SOLID_FILL,BLACK); [ ¥ BLACK —————- x/
bar(30,20,hor/2-30,vert-20);
outthai("ﬁ@“ﬁ%ﬁ@g@tﬁu",hor/4~70,2*(vert—40)/15;0,15);
[¥- %/
settextstyle(1,0,1);
setcolor(WHITE);
for(i=8;1i<=10;i++)
{
outtextxy(hor/4-10, i*(vert~40)/13+35,num_name[i-3]);
outtextxy(hor/4-60,i*(vert-40)/13+35,ns{i-2]);

}
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rectangle(hor/2-10,20,hor-20,vert-20);

rectangle(hor/2,vert/2+20,hor-30,vert-30);

rectangle(30,20,hor/2-30,vert-20);

outthai("NgaNNemINYi@Y o A9  \nimsshdesmsmms\nufity. .. ",

3%hor/4-15-100,vert/2+60,0,15);

} /e -/

if((present_key <= '8’ && present_key >= ’1’) && FLAG == 0 )

{

PROMPT = present_key; FLAG = 1; KEEP

...1;

outthai("n§anedH 8¢/ 8 #e",350,130,0,15);

'}
1f((FLAG == 1))
{
FILE *fp;
char re;
if( present_key != NULL )

{

setfillstyle(SOLID_FILL,RED);

bar(x-5,y-5,x+10,y+10);
setcolor(WHITE);

settextstyle(0,0,1);

gprintf(&x, &y, "%c"”,present_key);

x+215;

if(KEEP =z -1)y+=20;
if(KEEP > 8) KEEP = 9;
switch(PROMPT)

{

case '1’: if(KEEP != -1)num_name[0][KEEP] = present_key;

if(num_name[O][KEEP-1]=="\r")

KEEP++;
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{.
num_name[0][KEEP-1]="\0";
KEEP = 0; }

break;

case ’'27: if(KEEP !'= —~1)num_name[1][KEEP] = present_key; KEEP++;

if(num_name[ 1] [KEEP-1]1=="\r")

{
num_name[1] [KEEP-1]="\0";
KEEP = 0; }
break;
case ’37: if(KEEP !'= —1)num_name[2][KEEP] = present_key; KEEP++;

if(num_name[2][KEEP-1]=="\r")

{
num_name[2][KEEP-1]="\0";
KEEP = 0; }
break;
case '4’: if(KEEP !z ~1)num_name[3][KEEP] = present_key; KEEP++;

if(num_name[3][KEEP-1]=="\r")

{
num_name[3][KEEP-1]1="\0";
KEEP = 0; }
break;
case '5’: “if(KEEP != -1)num_name[4][KEEP] = present_key; KEEP++;

if(num_name[4]1[KEEP-1]=="\r")
{
num_name[4][KEEP-1]="\0";
KEEP = 0; }

break;
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case '6’: if(KEEP != -1)num_name[5][KEEP] = present_key; KEEP++;

if(num_name[5] [KEEP-1]=="\r")

{
num_name[5] [KEEP-1]="\0";
KEEP = 0; }

break;

case '7’: if(KEEP != -1)num_name[6]1[KEEP] = present_key; KEEP++;

if(num_name[6][KEEP-1]=="\r")

{
num_name[6][KEEP-1]="\0";
KEEP = 0; }
break;
case ’8’: if(KEEP != —-1)num_name[7][KEEP] = present_key; KEEP++;

if(num_name[7][KEEP-1]=="\r’)

{
num_name[7][KEEP~1]="\0";
KEEP = 0; }
break;
}
if(present_key == 13)
{
strepy(num_all, num_name[0]);
strcat(num_all,"\n");
for(i=1;i<=T;i++)
{

strcat(num_all,num_name[i]);.
strcat(num_all,"\n");

}
FLAG = 0; PROMPT = 0; x = 350; y = 100;
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if((fp=fopen(“"don","w+"))==NULL)
{
setfillstyle(SOLID_FILL,YELLOW);
bar(hor/2-100,vert/2-30,hor/2+100,vert/2+30);
setcolor(RED); .
x=hor/2-80;y=vert/2;
gprintf("error in open file3 for write\n");
exit(0);
}
rewind(fp);
fputs(num_all,fp);
fclose(fp);

}
cursor "= 0Oxff;
if(cursor == 0)
{
setfillstyle(SOLID_FILL,15);
bar(x-5,y-5,x+10,y+10); }
else
{
setfillstyle(SOLID_FILL,BLUE);
bar(x-5,y-5,x+10,y+10); }
}

setviewport(0,0,X(),Y(),1);

if(key_code == 23 || key_code == 24)

{
if(FLAG == 0)
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setfillstyle(SOLID_FILL,DARKGRAY); /¥————- DARKGRAY

bar(0,0,hor,vert);

setfillstyle(SOLID_FILL,BLACK); /¥~ BLACK -

bar(30,20,hor/2-10,vert-20);
outthai("ﬁbuﬁwﬂ@y@tﬁﬂ",hor/4—80,2*(vert—40)/15,0,15);

settextstyle(0,0,1);

outthai("nemsnyi@y o Mo \nenadeudiiieyeihnniigemsy”

hor/4-90,12%(vert-40)/15,0,15);
bar(hor/2+10,20,hor-20,vert-20);
setcolor(WHITE);
for(i=3;1¢=10; i++)
{
outtextxy(hor/4-20, ix(vert-40)/14+15,num_name[i-3]
outtextxy(hor/4~-60, i*(vert-40)/14+15,ns[i-2]);
}
rectangle(hor/2+10,20,hor-20,vert-20);

rectangie(30,20,hor/2~10,vert-20);

/%= =%/

if((present_key <= ’8’ && present_key >= "1’)&&(FLAG == 0)

&& present_key != NULL)

{

strepy(drive_name,dri);
strcat(drive_name,"\\");
strcat(drive_name,path[present_key-0x30]);

FLAG = 10;no = present_key - 0x31;present_key = 220;

b}



82

}
if((FLAG == 10 && present_key != NULL))
{
for(i=2;1i<=13;i++)
outthai(mo[i-2],3%hor/4-80, i*x(vert-40)/15,0,15);

outthai("...nMYugnes...",3*hor/4-80, (vert-50),0,15);

setcolor(WHITE);
for(i=2;i¢=13;1++)
{
rectangle(3*hor/4-111, i*(vert-40)/15-1,3*xhor/4~-89, 16+ix(vert-40)/15);
m_status{i-1] = 7;
}
m_status[sub_code] = RED;
for(i=2;1i<=13;i++)
{
setfillstyle(SOLID_FILL,m_status[i~1]);
bar(3*hor/4~110, i*(vert-40)/15,3*%hor/4-90, 15+i*(vert-40)/15);
}
if(present_key == 13)
{

FILE xinfile;

1
o

char ch
pos = 0,u = 0,) = 0,k = 0;

strcat(drive_name,file[sub_codel};

infile = fopen(drive_name,"rb");

if (finfile)
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setfillstyle(SOLID_FILL,YELLOW);
bar(hor/2-200,vert/2-60,hor/2+200,vert/2+60);
setcolor(15);
rectangle(hor/2-200,vert/2-60,hor/2+200,vert/2+60);
setcolor(RED);settextstyle(0,0,1);
x=hor/2-110;y=vert/2;
outtextxy(hor/2-60,vert/2-30, "PRESS ANY KEY");
gprintf(&x,&y, " "error in FILE %s",drive_name);
sound(500) ;delay(60);sound(350);delay(80);nosound();

FLAG = 12;/% - error - %/

else{
rewind(infile);
while (ch != EOF)
{
ch = getc(infile);
dirful[pos] = ch;
if(ch == "\t’)
dirfu][pos] = * 7;
if(ch == "\n’)
{

dirfu][pos-1] = ’\0’; u++;pos=-1;

pos+t;

fclose(infile);



if(FLAG == 12 && present_key != NULL)
FLAG = 0;
if(FLAG == 11 && key_code == 23)
{
if(pos <= u/((vert-50)/20))
{
pos++;
setcolor(15);
settextstyle(2,0,5);
setfillstyle(SOLID_FILL,BLACK);
bar(0,0,hor,vert);
outtextxy(20, 10, "TELEPHONE No.");
outtextxy (150,10, num_name[no]);

outtextxy(hor/2,10,"PRESS ANY KEY TO CONTINOUS");

for(j=0;J <= (vert-50)/20;j++)
{
settextstyle(0,0,0);
setcolor(15);
outtextxyChor/4,40+20%j,dirlk++]);
}
if(present_key == 27 !} pos > u/(getmaxy()/25))
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FLAG = 0;

if(FLAG == 11 && key_code == 24)
{
struct date d;
struct time t;
getdate(&d);

gettime(&t);

/* set printer - x/
fprintf(stdprn, "\t%c%s\n\n", 15,

" 696956 53696 % % 95 %6 96 % 26 5 % 26 % %6 6 5 %6 6 % K6 6 6 F6 B K F6 B K KX H K K K% X% B K% B %K K% %% %%%%%%" ) ;
fprintf(stdprn, "\t\t%c%c%s",27,71," TELEPHONE NO. ");
fprintf(stdprn, "%c%c%s%s"”,27,52,num_name[no],"” date ");
fprintf(stdprn, "%c%c%d/%d/%d",27,72,d.da_day,d.da_mon,d.da_year);
fprintf(stdprn,"%c%c%s",27,52," time ");
fprintf(stdprn, "%c%c%d: %d: %d\n\n\t",27,72,t.ti_hour,t.ti_min,t.ti_sec);
fprintf(stdprn, "\t%c%s\n\n\t", 15,

0 08 0 I8 0 TR e e T8 T T e Th I ek s 0k 6 Tl 0 Sk Sl e e e SE e B e e e K KNS UK UK UK AN%L LK% ) ;
for(k=0;k<=u; k++)
fprintf(stdprn, "\t\t%c%s\n",18,dir[k]);
fprintf(stdprn, "\f");

FLAG=0;

setviewport(0,0,X(),Y(),1);

if(key_code == 25)
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{

setfillstyle(SOLID_FILL,DARKGRAY); /¥--——- DARKGRAY -————- x/
bar(0,0,hor,vert);

setfillstyle(SOLID_FILL,BLACK); /¥ BLACK —-———— x/
bar(30,20,hor-30,vert-20);

outthai("n¥Imkgmom ¥ insimt (Senytéfie (Fex (o - ow)",
hor/3-90, (vert-40)/15,0,15);

setcolor(WHITE);

rectangle(30,20,hor-30,vert-20);

f¥= =%/
setviewport(0,0,X(),Y(),1);
}
if(key_code == 26)
{
setfillstyle(SOLID_FILL,DARKGRAY); /*——--- DARKGRAY —-—--- x/
bar(0,0,hor,vert);
setfillstyle(SOLID_FILL,BLACK); (¥ BLACK -—-——- */

bar(30,20,hor-30,vert-20);

outthai("nyan«den 1,2,3 w3@ 4",hor/4-80,2%(vert-40)/15,2,15);
setcolor(WHITE);

settextstyle(0,0,3);

outtextxy(hor/3-40,2%(vert-40)/7,"[ 11 ... A:");

outtextxy(hor/3-40,3%(vert-40)/7,"[ 2 1 ... B:");
outtextxy(hor/3-40,4%(vert-40)/7,"[ 3 1 ... C:");
outtextxy(hor/3-40,5%(vert-40)/7,"[ 4 1 ... D:");

outtextxy(hor/3-120,6%(vert-40)/7,"Present Drive is");
outtextxy(hor/3+300,6%(vert-40)/7,dri);
rectangle(30,20,hor-30,vert-20);

if((present_key <= 74’ && present_key >= '1’) && FLAG == 0 )
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{
FILE *fp;

PROMPT = present_key; FLAG = 1;

switch(PROMPT)

{
case '1’ : strcpy(dri,“a:"); break;
case '2’ : strcpy(dri,”"b:"); break;
case '3’ : strcpy(dri,“c:"); break;
case '4’ : strcpy(dri,"d:"); break;

}

if((fp=fopen("drive", "w+"))==NULL)

{
setfillstyle(SOLID_FILL,YELLOW);
bar(hor/2-100,vert/2-30,hor/2+100,vert/2+30);
setcolor(RED);
x=hor/2-80;y=vert/2;
gprintf("error in open file DRIVE for write\n"):
exit(0);

}
rewind(fp);
fputs(dri,fp);
fclose(fp);

}

/¥~ -x/
setviewport(0,0,X(),Y(),1):
}
if(key_code == 27 && present_key != NULL)
{
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setfillstyle(SOLID_FILL,DARKGRAY); /¥———— DARKGRAY ——=——m x/
bar(0,0,hor,vert);
setfi11style(SOLID_FILL,CYAN); /¥ BLACK —----- X/

bar(hor/4-30,vert/2-50,3%hor/4+30,vert/2+50);

outthai("...ﬂ??@@ﬂ@ DOS 73UU@$”qwnﬁ07%...",hor/4—20,vert/2-25,0,0);
outthai("ENTER...0N@% %3@  ESC...Ynt@dn",hor/4-20,vert/2+10,0,0);
sound(700) ;delay(80);sound(900);delay(60);nosound();
setcolor(WHITE);

rectangle(30,20,hor-30,vert-20);
rectangle(hor/4-30,vert/2-50,3%hor/4+30,vert/2+50);

/= ~x/

if(present_key == 13 && PROMPT == ~3)
{ PROMPT = 1; closegrap(); exit(1); }
if(present_key == 13 && PROMPT == 0)
PROMPT = -3;
setviewport(0,0,X(),Y(),1);
}

menu{int present_key)
{
int i;
if(key_code <= 7 && key_code != 0 && present_key != (27 && NULL))
{
for(i=1;1¢=7;1++)

menu_status{i] = 7;
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setcolor(WHITE);
for(i=0;1i¢=6;1i++)
rectangie(40,Y()/4+i%Y()/14,70,Y()/4+20+i*xY()/14);
menu_status[key_code] = YELLOW;
for(i=0;1i¢=6;i++)
{
setfillstyle(SOLID_FILL,menu_status[1+i]);
bar(41,Y()/4+ixY()/14+1,69,Y()/4+19+ixY()/14);
}
for(i=0;1i<=6;i++)
{
outthai(aali],80,Y()/4+ixY()/14,0,15);

}

read_drive()
{
int ¢h = 0;
FILE *fp;
char re=0;
if((fp=fopen("drive”,"r+"))==NULL){
setfillstyle(SOLID_FILL,YELLOW);
bar(X()/2-150,Y()/2~40,X()/2+150,Y()/2+40);
setcolor(0);
x=X()/2-80;y=Y()/2;
gprintf(&x,&y, "NOT FOUND FILE %s","DRIVE");
sound(600) ;delay(80);sound(400);delay(100);nosound();

getch();
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exit(0);
}
rewind(fp);
while(re != EOF)
{
re = getc(fp);
drifch]l = re;
if(re == EOF)drilch] = ’\0’;

ch++;

}
read_name(void)
{
int ¢ch = 0,1 = 0,pos = 0;
FILE *fp;
char re;
if((fp=fopen("don","r+"))==NULL)
{
setfillstyle(SOLID_FILL,YELLOW);
bar(X()/2-100,Y()/2-20,X()/2+100,Y()/2+20);
setcolor(0);
x=X()/2-80;y=Y()/2;
gprintf(&x,&y, "NOT FOUND FILE %s","DON");
sound(600) ;delay(80);sound(400);delay(100);nosound();
getch();
exit(0);
}
rewind(fp);

while (i < 8)



91

{
ch = getc(fp);
num_name[i][pos] = ch;
if(ch == ’\n’)
{
num_name[1]l[pos] = ’\0’; i++;pos=-1;
}
pos++;
}
fclose(fp);

}
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% TUSUNTY YAA-THAL. C ¢ TuTusunss@m¥us Tusimr myuieemw x
x W Graphics Mode  $f@0iM§ NORMAL.FON 799 CW USeNeV *
X ONMUYT WS ITI40 7344 w200 s 1 ST TSNS ) x
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#include<stdio.h>
#include<stdarg.h>
#include<stdlib.h>
#include<dos.h>
#include<conio.h>
#include<graphics.h>
#include<ctype.h>

int  byte_font[51201];

/* open graphics —-—--——=-———————- x/
void open_graph(void)
{
int mode=0,device=DETECT;

initgraph(&device,&mode,"");

/¥ ~—mmmm e outthai ---—-——--—-—-——————m x/

void outthai(char s[],int x,int y,int size,int color)
{
int 1i,3,k,1=0;
i=j=0;
while(s[i] = "\0")
{
k = s[i]+256;
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if(k>256)
k=toascii(s[1]1);

1f((k==209) 1, (k>=212 && k<=219)},(k>=231 && k<=238))

{ 1=31
else
{ J+=10; }
if(s[1]=="\n")
{
J=0;1+=20;
}

if( size == 0 )
font(x+j,y+1,k,color);

else if( size == 1)
bigfont(x+j*2,y+1,k,color);
else if( size == 2 )

superfont (x+2%j,y+2%x1,k,color);
else
sixagfont(x+2%xj,y+2*1,k,color);

i++;

14

/¥ — . made thai font

font(x,y,e,color)

int x,vy,e,color;

{
int a[9] = { 128,64,32,16,8,4,2,1,0 };
int m=1,1,k,n;

while(m<=20)

*/



k=m+ex20;
for(i=0;1<=7;i++)
{
n=( afi] & byte_font[k] );
if(n 1= 0)
{ putpixel(x+i,y+m,color); }
/*else
{ putpixel(x+i,y+m,LIGHTBLUE); }*/

}

mt+

bigfont(x,vy,e,color)
int x,y,e;
{
int a[9] = { 128,64,32,16,8,4,2,1,0 };
int m=1,1,k,n;
while(m<=20)
{
k=m+e*x20;
for(i=0;i<=7;i++)
{
n = ( a[i] & byte_font[k] );
if(n t= 0)
{ putpixel(x+2xi-1,y+m,color);
putpixel(x+2%i,y+m,color); }

/*else
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{ putpixel(x+i*2-1,y+m,LIGHTBLUE);

putpixel(x+i*2,y+m,LIGHTBLUE); }*/

m++

superfont(x,y,e,color)
int x,y,e;
{
int a[9] = { 128,64,32,16,8,4,2,1,0 };
int m=1,1,k,n;
while(m<=20)
{
K=m+e*20;
for(i=0;1i<=7;1i++)
{
n= (ali] & byte_font[k] );
if(n 1= 0)

{ /*putpixel(x+2%i-1,y+m*¥2-1,color);
putpixel(x+2*1i,y+m*2,color);
putpixel(x+i*2-1,y+m*2-1,color);
putpixel(x+i*x2,y+m¥2 ,color); }x/
setfillstyle(SOLID_FILL,color);

bar(x+2%i-2,y+m¥2-2,x+2%1i,y+m¥2); }

mH+;
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int x,v,e;

int a[9] = { 128,64,32,16,8,4,2,1,0 };
int m=1,1,k,n;
while(m<=20)
{
K=m+e*20;
for(i=0;1<=T;i++)
{
n= ( ali] & byte_font[k] );
if(n != 0)
{ putpixel(x+2*i-1,y+m*¥2-1,color);
putpixel(x+2%1i,y+m*2,color);
putpixel(x+ix2-1,y+m*¥2-1,color);

putpixel(x+i%2,y+m*2 ,color); }

m+;

/% ——— - read any file x/

open_file(char 1inebfr[10])

{
FILE xinfile;
int pos = 0;

int ch;

infile = fopen(linebfr,“rb");
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if (tinfile)

{
printf(“Can’t Open Font File! %s\n",linebfr);
exit(1);
}
rewind(infile);

while (pos++ <=5120)

{
ch = getc(infile);
byte_font[pos] = ch;
}
fcloseall();
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x Wwsunsy P-WIN.C ¢ Tuiusunssgmuar ontheh owieenmy *
X  fouamonem sdnum s TSI IR x
X CONNYYT WS90 7360 53003880 ) S TSRS I *

RkRkkkRKRRKRKRKRRRKRRRRRRRXkkkkkk )k kR 0k kkdokkkokkkkkkkkkkkkkkkkkRkkRkkk

# include <graphics.h>
# include <dos.h>
# include <stdio.h>
# define X getmaxx
# define Y getmaxy
image_screen()
{
int i=0;
JREERREXREREREERRKKRRERERRKKRKRERRREERRRERRERRRRRRRRR K/
setfillstyle(SOLID_FILL,CYAN);
bar(0,0,X(),Y());
5etcolor (LIGHTCYAN); /#=mm—mm—mn LIGHT CYAN  --—------ */
for(i=0;1i<=2;i++)
{
line(i,1,1,X()-1);
Tine(i,1,X()-1,1);
}
1ine(10,11,X()-10,11);
Tine(X()-10,10,X()~10,45);
line(11,11,11,45);
1ine(0,46,X(),46);
1ine(X()-10,45,X()-10,Y()~11);

Tine(X()-11,46,X()-11,Y()-11);
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1ine (10, getmaxy O-11,X()=10,Y()=11);
Tine(11,getmaxy()-12,X()-10,Y()-12);
line(41,2,41,10);
Tine(X()-40,2,X()-40,10);
1ine(41,2,41,10);
1ine(X()-40,2,X()-40,10);
Tine(41,12,41,Y()/4-21);
1ine(X()-40,12,X()-40,Y()/4-21);
1ine(43,Y()-11,43,Y()-2);
Tine(X()-43,Y()-11,X()-43,Y()-2);
Tine(1,3%Y()/4+20,10,3%Y()/4+20);
1ine(X()-2,3%Y()/4+20,X()~11,3%Y()/4+20);
1ine(1,Y()-45,10,Y()-45);
1ine(X()-2,Y()-45,X()-11,Y()-45);
Tine(1,Y()/4-40,11,Y()/4-40);
Tine(X()-2,Y()/4-40,X()-12,Y()/4-40);
rectangle(18,20,32,35);
rectangie(X()-32,26,X()-20,30);
Tine(12,Y()-45,X()-12,Y()-45);
1ine(43,Y()-45,43,Y()-13);
1ine(X()-43,Y()-44,X()-43,Y()-13);
rectangle(23,Y()-30,30,Y()-25);
setcolor(BLACK);  /¥—————=—————— BLACK
1ine(30,Y()-30,30,Y()-25);
1ine(23,Y()-25,30,Y()-25);

Tine(X()-44,Y()-44,X()-44,X()-13);

1ine(42,Y()-45,42,Y()-13);

1ine(12,Y()-46,X()-12,Y()-46);
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for(i=0;1¢=2;1++)
{
Tine(X()-1,1,XO)-1,Y()~1);
Tine(i,YO)-1,X0)-1,Y()-1);
}
1ine(10,10,X()-10,10);
1ine(10,10,10,45);
Tine(X()-11,12,X()-11,45);
Tine(2,45,X(),45);
1ine(10,45,10,Y()-11);
Tine(11,46,11,Y()-12);
1ine(40,2,40,10);
1ine(X()-41,2,X()-41,10);
1ine(40,12,40,Y()/4-21);
Tine(X()-41,12,X()-41,Y()/4-21);
Tine(42,Y()-11,42,Y()-2);
Tine(X()-44,Y()-11,X()-44,Y()-2);
Tine(2,3%Y()/4+19,10,3%Y()/4+19);
Tine(X()-2,3%Y()/4+19,X()~11,3%Y()/4+19);
line(2,Y()-46,10,Y()-46);
Tine(X()-2,Y()~46,X()-11,Y()-46);
1ine(18,35,32,35);
1ine(32,20,32,35);
Tine(X()-32,30,X()-20,30);
Tine(X()-20,30,X()-20,26);
Tine(1,Y()/4-41,11,Y()/4-41);
Tine(X()-2,Y()/4-41,X()-12,Y()/4-41);
setfill1style(SOLID_FILL,DARKGRAY); /¥-———- DARKGRAY —-—---- x/

bar(12,46,X()-12,Y()-46);
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setfillstyle(SOLID_FILL,BLACK); [¥mmmmmm BLACK ———————-
bar(25,Y()/4-20,X()/2-22,3%Y()/4);
bar(X()/2+22,Y()/4-20,X()-25,3%Y()/4);
setcolor(LIGHTGRAY); [k LIGHTGRAY -----
1ine(26,3%xY()/4-1,X()/2-22,3%Y()/4-1);
1ine(25,3xY()/4,X()/2~22,3xY()/4);
Tine(X()/2+23,3%Y()/4-1,X()-25,3%Y()/4-1);
line(X()/2+22,3%xY()/4,X()-25,3%Y()/4);
Tine(X()/2-21,Y()/4-19,X()/2-21,3%Y()/4);
Tine(X()/2-20,Y()/4-20,X()/2-20,3%Y()/4);
Tine(X()-25,Y()/4-19,X()~25,3%Y()/4);
Tine(X()-24,Y()/4-20,X()-24,3%Y()/4);
setcolor(BLACK);

Tine(12,Y()/4-41,X()-12,Y()/4-41);
1ine(12,3%Y()/4+19,X()~-12,3%Y()/4+19);
1ine(X()/2,Y()/4-39,X()/2,3%Y()/4+19);
setcolor(LIGHTGRAY);
Tine(X()/2+1,Y()/4-39,X()/2+1,3%Y()/4+18);
setfillstyle(SOLID_FILL,LIGHTGRAY);
Tine(12,Y()/4-40,X()-12,Y()/4-40);
bar(X()/4-50,Y()/4-50,X()/4+50,Y()/4-30);
bar(3*X()/4-50,Y()/4-50,3%X()/4+50,Y()/4-30);
setcolor(WHITE);
rectangle(X()/4-50,Y()/4-50,X()/4+50,Y()/4-30);
rectangle(X()/4-51,Y()/4-51,X()/4+50,Y()/4-30);
rectangle(3*X()/4-50,Y()/4~-50,3%X()/4+50,Y()/4-30);
rectangle(3%xX()/4-51,Y()/4-51,3%X()/4+50,Y()/4~-30);
setcolor(BLACK);

moveto(X()/4-50,Y()/4-30);
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Tineto(X()/4+50,Y()/4-30);
Tineto(X()/4+50,Y()/4-50);
moveto(X()/4+51,Y()/4-51);
Tineto(X()/4+51,Y()/4-29);
Tineto(X()/4-51,Y()/4-29);
moveto(3*X()/4-50,Y()/4-30);
1ineto(3%X()/4+50,Y()/4-30);
Tineto(3*X()/4+50,Y()/4-50);
moveto(3*X()/4+51,Y()/4-51);
Tineto(3%X()/4+51,Y()/4-29);
Tineto(3*X()/4-51,Y()/4~29);
settextstyle(0,0,1);
outtextxy(X()/4-35,Y()/4-42,"F10 MENU");
outtextxy(3*X()/4-38,Y()/4-42,"ESC CANCEL");
setfillstyle(SOLID_FILL,RED);
bar(X()/4,20,3%X()/4,40);

outthai ("¢ a3eeihdnm st nsemiSnisd® , x()/2-135,20,0,15);

/% - */

door_open()

{

int i,vert,hor;

struct viewporttype vp;
setviewport(26,Y()/4-20,X()/2~22,3%Y()/4-2,1);
getviewsettings(&vp);

hor ='vp.right - vp.left;

vert = vp.bottom - vp.top;
for(i=0;i<=vert+10;i+=10)

{
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g4 R R s
setfillstyle(SOLID_FILL,CYAN);
bar(0,1i,hor,vert);

setcolor(LIGHTCYAN);
1ine(10,11+1,hor-10,11+1);

1ine(0, 1+1i,hor,1+1);

line(1,1,1,vert);

1ine(11,10+i,11,vert);

1ine(hor-10, 10+1i,hor-10,vert);
rectangle(20,20+1,25,25+1);
rectangle(20,40+1,25,45+1);
rectangle(20,60+1,25,65+1);
rectangle(20,80+1,25,85+1);
rectangie(20,100+1,25,105+1i);
rectangle(hor-20,20+1,hor-25,25+1i);
rectangle(hor-20,40+1,hor-25,45+1i);
rectangle(hor-20,60+1i,hor-25,65+1);
rectangle(hor~20,80+1,hor-25,85+1);
rectanglie(hor-20,100+1,hor-25, 105+1);
setcolor(BLACK);

1ine(10,10+1i,hor-10,10+1);
1ine(10,10+1i,10,vert);
lineChor-11,12+1i,hor-11,vert);
lineChor,i,hor,vert);
line(20,25+1,25,25+1);1ine(25,20+1,25,25+1);
1ine(20,45+1,25,45+1);1ine(25,40+1,25,45+1);
1ine(20,65+1,25,65+1);1ine(25,60+1,25,65+1);
1ine(20,85+1,25,85+1);1ine(25,80+1,25,85+1);

1ine(20,105+1,25,105+1); 1ine(25,100+1,25,105+1);



line(hor-20,25+1,hor-25,25+1); 1ine(hor-20,20+i,hor-20,25+1);
Tine(hor-20,45+1,hor-25,45+1); 1ine(hor-20,40+1,hor-20,45+1);
11n¢(hor—20,65+1,hor—25,65+1);11ne(hor-20,60+1,hor—20,65+1);
line(hor-20,85+1,hor-25,85+1); 1ine(hor-20,80+1,hor-20,85+1);
11ne(hor—20,105+1,hor—25,105+1);11ne(hor—20,100+1,hor—20,105+1);
sound(300) ;delay(10);nosound();delay(50);
setfillstyle(SOLID_FILL,BLACK);

bar(0,0,hor,i);

setviewport(0,0,X(),Y(),0);

door_close()

{

int i=0,vert,hor;

struct viewporttype vp;
setviewport(26,Y()/4-20,X()/2-22,3*%Y()/4-2,1);
getviewsettings(&vp);

hor = vp.right - vp.left;

vert = vp.bottom - vp.top;
setfilistyle(SOLID_FILL,BLACK);
bar(0,0,hor,1);

J R T e AR et
setfillstyle(SOLID_FILL,CYAN);
bar(0,1i,hor,vert);
setcolor(LIGHTCYAN);
1ine(10,11+1,hor-10,11+1);
1ine(0,1+1i,hor,1+i);

line(1,1i,1,vert);
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line(11,10+1,11,vert);

line(hor-10,10+1,hor-10,vert);

rectangle(20,20+1,25,25+1);

rectangle(20,40+17,25,45+1);

rectangie(20,60+1,25,65+1);

rectangle(20,80+1,25,85+1);

rectangle(20,100+1,25,105+1);
rectangte(hor-20,20+1,hor-25,25+1);
rectangle(hor-20,40+i,hor-25,45+1);
rectangle(hor-20,60+1i,hor-25,65+1);
rectangle(hor-20,80+1,hor-25,85+1):
rectangle(hor-20,100+1i,hor-25,105+1);

setcolor(BLACK);

1ine(10,10+1,hor-10,10+1);

1ine(10,10+1,10,vert);

line(hor-11,12+1,hor-11,vert);

tine(hor,i,hor,vert);
1ine(20,25+7,25,25+1);1ine(25,20+1,25,25+1);
1ine(20,45+1,25,45+1);1ine(25,40+1,25,45+1);
1ine(20,65+i,25,65+i);1ine(25,60+1,25,65+1);
1ine(20,85+1,25,85+1);1ine(25,80+1,25,85+1);
1ine(20,105+1,25,105+1);1ine(25,100+1,25,105+1);
line(hor-20,25+1i,hor-25,25+1); 1ine(hor-20,20+1,hor-20,25+1i);
1ine(hor-20,45+1,hor-25,45+1);1ine(hor-20,40+1,hor-20,45+1);
line(hor-20,65+1,hor-25,65+1);1ine(hor-20,60+1,hor-20,65+1);
1ine(hor-20,85+1,hor-25,85+1i);1ine(hor-20,80+1,hor-20,85+1);
1ine(hor-20,105+1i,hor-25,105+1); 1ine(hor-20,100+1,hor-20,105+1);

setviewport(0,0,X(),Y(),0);
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/% thai clock
thai_clock(int x,int y,int bk_color,int foreg_color)

{

char *digit[]={ "00","0 ","0 ","0 ","0 ","0 ","0 ","on","0 "

[T a n noon LU (LT a u " 0 ﬂ" " w oo "

o ’ ] b ] 7 I H b 3 2

" O"l "," "’" 'l" ' 3 ' 1‘ "!" ‘)", "’ ",

! o.’ 2 "’“ ’. "Jl ’“ "1 ﬂ’ .’" ]
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o"," S4 , ) = / =T AN

struct time rd_ti;

gettime(&rd_ti);

if(rd_ti.ti_sec == 1 && rd_ti.ti_hund > 80)

{

setfillstyle(SOLID_FILL,bk_color);
bar(x,y,x+X()/4,y+20);
outthai(digit{rd_ti.ti_hour],x+X()/32-10,y-2,1,foreg_color);
outthai(":",x+X()/16+15,y-2,1,foreg_color);

outthai(digitlrd_ti.ti_minl,x+X()/8,y-2,1,foreg_color);

else

if((rd_ti.ti_hund % 10) == 0)
outthai(":",x+X()/16+15,y-2,1,bk_color);
else

outthai(":",x+X()/16+15,y-2,1,foreg_color);
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thai_date(int x,int y,int bk_color,int fore_color)

{
int buf_c[4],buf_d[2],1;

Char *Converse[] - { "O"," u’n u,u u,n n,n u’u u,"@n,u n’" "

char *monfh[] = { "","M.W.","ﬂ.W.",“ﬁ.ﬂ.","&N.ﬂ.",
"W.e., N9, ..,
TR R I TS O B S T &

struct date rd;

getdate(&rd);

buf_d[0] = rd.da_day%10:

buf_d[1] = (rd.da_day-buf_d[0])/10;

buf_c[0] = (rd.da_year+543)%10;

buf_c[1] = ((rd.da_year+543-buf_c[0]1)/10)%10;

buf_c[2] = ((rd.da_year+543-(buf_c[0]+buf_c[1]%10))/100)%10;

buf_c[3] = ((rd.da_year+543-(buf_c[0l+buf_c[11*10+buf_c[2]%100)))/1000;

setfillstyle(SOLID_FILL,bk _color);
bar(x,y,x+getmaxx()/4,y+20);

for(i=0;i<=1;i++)
outthai(converse[buf_d[i]],x+X()/8~60-10%1,y-2,0,fore_color);
outthai(month[rd.da_mon],x+X()/8-40,y-2,0,fore_color);
for(i=0;i<=3;i++)

outthai(converse[buf_c[i1],x+X()/8+40-10%1,y-2,0,fore_color);
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.KOW . FHIGH NO TOE Q‘ ‘Ql Ql Ql
697 1209 1 H 0 0 0 I
697 1336 2 H 0 0 1 0

. 697 1477 3 H 0 0 1 1
770 1209 4 H 0 ! 0 0
770 1336 5 H 0 1 0 1
710 1477 6 H 0 1 1 0
852 1209 7 H 0 1 1 1.
852 1336 8 H 1 0 0 0
852 1477 9 H 1 0 0 1
941 1336 H I 0 1 0
941 1209 . H 1 0 1 o,
941 1477 " H 1 1 0 0
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Ry 697 5,120 699.13 +0.3

R, 770 4,672 766.17 -0.5

R3 852 : 4,224 847.43 -0.5

Ry 941 3,776 947.97 +0.74

Cy 1,209 2,944 1,215.88 +0.57

Cy 1,336 2,688 1,331.68 -0.32

C3 1,477 2,432 1,471.85 -0.35

Cyq 1,633 2,176 1,645.01 +0.74
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KT3170 CMOS INTEGRATED CIRCUIT

LOW POWER DTMF RECEIVER

The KT3170 is a compiete Dual Tone Multiple Fraquency
(DTMF) receiver that is fabricated by low power
-CMQS and the Switched-Capacitor Filter technology. .
This LSI consists of band split filters, which separates
the high and low group tones, followsd by a digitat
counting section which verifies the frequency and
duration of the received tones before passing the cor-
responding code to the output bus. it decodes all 16
DTMF tone pairs Into a 4bits digital code.

The extemaily required components are minimized by
on chip provision of a differential input AMP, clock
osclllator and latched three state Interface. The on chip
clock generator requires only a low cost TV crystal as
an external component.

18 0P

FEATURES

¢ Detects all 16 standard tones.

o Low power consumpﬂon: 15mwW (Typ) ORDERING IN Fo RMATION .

* Single power supply: 5V

* Uses Inexpensive 3.58MHz crystal Device Package | Operating Temperature

* Three state outputs for microprocessor Interface KT3170N Plastic W

"¢ Good quality and performance for using In ~40 ~ +85°C
exchange system KT31704 | Ceramic

* Package options Include standard plastic and
ceramic 300 mil DIPs
* Power down modefinput inhibit

APPLICATIONS PIN CONFIGURATION

* PABX

* Central Oftice w+[i] @ 18§ Voo

* Paging Systems ] IN- E ’ E SVaTo

¢ Remote Control s o

¢ Credit Card Systems (2] 75]

* Key Phone System : Vrer [4] d 5] 0so

* Answering Phone . 0 a4

* Home Automation System " E K317 o

* Mobile Radio PoN [g] 13] @3

* Remote Data Entry osct [7] [12] a2
oscz (8] [11]at
ano (e [10]oe

§ SAMSUNG &

MT8870 DATA SHEET
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KT3170

CMOS INTEGRATED CIRCUIT

BLOCK DIAGRAM

0sc1 oscz
7 )
7
DIVIDER TO ALL
Leaic CHIP CLOCK
Ri
DIGITAL SECTION
ANALOG SECTION
( HIGH

GROUP ]

as (?) FILTER
ANTI DIAL 2ERO ]
N+ TONE DIGITAL ouTPUT E
ALIASING{H nNOTCH CROSSING DETECTION DECODER

mn-(2 FILTER FILTER DETECTORS ALGORITHM AND LATCH -?

Low

GROUP - 2

FILTER

CHIP POWER CHIP BIAS
STEERING
LOGIC
BIAS CIRCUIT
' i
4 1716} 15)= Am\
Voo GND Vaer SWGTO ESO DSO oE

1) a1
(a2
(19) @z

14)Q4

ABSOLUTE MAXIMUM RATINGS

Characteristics Symbol Value Unit
Power Supply Voltage Voo 6 v
Analog Input Voitage Range Vina ~0.3~Vpp+0.3 A
Digital Input Voltage Range Vino -=0.3~Vpp+0.3 \
Output Voltage Range Vo ~03~Vpp+0.3 \
Current On Any Pin In 10 mA
Operating Temperature Ta -40 ~ +85 °C
Storage Temperature Tag -60 ~+150 ‘C

* Absoiute Maximum Ratings are these values beyond which
are stress ratings only and functional operation of the

to these conditions may affect device reliability.

permanent damage to the device may occur. These
device at or beyond them is not implied. Long exposure

@msume
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KT3170 CMOS INTEG ﬁATED CIRCUIT

ELECTRICAL CHARACTERISTICS (voo=5v. Ta=25°C, unless otherwise noted)

¢ SAMSUNG

Electronics

Characteristics Symbol Test Condition Min Typ Max Unit
Operating Supply Voltage Voo 475 5.25 \"
Operating Supply Current Ioo . 3.0 9.0 mA
Power Dissipation Po .15 45 mwW
input Voltage Low Vi - 1.5 \
Input Voltage High Viu 35 -V
input Leakage Current Tmfly, Vin=GND or Vpo 0.1 nA
Pull Up Current On OE Pin lpoy OE=GND 7.5 15 | A
Analog Input Impedance R fin = 1KHz 8 10 M
Steering Input Threshold Voltage Vis 2.2 25 v
Output Voltage Low Vou No Load 0.03 v
Output Voitage High Vom No Load 4.97 \
QOutput Current Laink Vo, = 0.4V 1 2.5 mA
Output Current ' lsource Vou = 4.6V 0.4 0.8 mA
Ve Output Voitage Vet 2.4 28 v
Ve Outpuit Resistance Rrat 10 KQ
Analog Input Offset Voltage Vos 25 mw

Gain Setting Amp

Power Supply Rejection Ratio , PSRR at 1KHz 60 dB

Common Mode Re]'ection Ratio CMRR ~3.0V<Viy<3.0v 60 d8

Open Loop Voltage Gain i Av | Gain Setting Amp at 1KHz 65 a8

Open Loop Unit Gain Bandwidth | BwW | 1.5 MHz

Analog Output Voitage Swing © Vo Ry = 100K 45 Voo

Acceptable Capacitive Load i G GS 100 pF _

Acceptable Resistive Load Ry GS 50 Ka

Analog Input Common Mode

Voltage Range Veu No Load P Voo
222
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KT3170 CMOS INTEGRATED CIRCUIT

AC ELECTRICAL CHARACTERISTICS (v =5V, Ta=25°C, f = 3.579545MH2)

Characteristics Symbol Test Condition : Min Typ i Max Unit
Valid Input Signal Range
(each tone of composite signal) Vina 2 R 10 dBm
Dual Tone Twist Accept ™ =10 dB
. ' +15%
Acceptable Frequency Deviation FDA +9H;
Frequency Deviation Reject FDR +3.5%
Third Tone Tolerance T3 -25 - 18 d8
Noise Tolerance NT -12 d8
Dial Tone Tolerance DT 18 22 dB
Crystal Clock Frequency fe 3.5759 | 3.5795 3.5831 MHz
Maximum Clotk Input Rise Time i External Clock 110 nS
Maximum Clock Input Fall Time t External Clock 110 nS
Acceptable Clock Input Duty Cycle DC External Clock f 40 50 60 %
Acceptable Capacitive Load CcLO 0OSC2 PIN . 7 30 pF
Tone Present Detect Time TDP ! 5 11 ; 14 mS
Tone Absent Detect Time TDA ., 05 4 | 85 mS
Minimum Tone Duration Accept TUA User Adjustable | i 40 mS
Maximum Tone Duration Reject TUR User Adjustable | 20 mS
Acceptable Interdigit Pause TAID User Adjustable | : 40 mS
Rejegtable Interdigit Pause i TRID User Adjustable 20 i mS
Propagation Delay Time Sf to Q i TPSQ OE =High 8 il #S
Propagation Delay Time Sl to DSO T ool &l OE =High 4 ; 12 | uS
Output Data Setup Q to DSO . Tsu OE = High 34 1S
; § i i
Propagation Delay Time OE to Q TPEQ A = 10K, C, = 50pF 50 ' 60 nS
(Enable) .
Propagation Delay Time OE to Q _ \> i
(Disable) ! TPDQ Ry = 10K, C_ = 50pF 300 j n§
Notes: 1. Digit sequence consists of all 16 DTMF tones.

2. Tone duration = 40mS, Tone pause = 40mS.

3. Nominal DTMF frequencies are used.

4, Both tones in the composite signai have an equal amplitude.

5. Tone pair is deviated by =1.5% =2Hz. .

6. Bandwidth limited (3KHz) Gaussian Noise.

7. The precise dial tone frequencies are (350Hz and 440Hz) + 2%.

8. For an error rate of better than 1 in 10000.

9. Referenced to lowest level frequency component in DTMF signal.

10. Minimum signal acceptance level is measured with specified maximum frequency deviation.

11. This item also applies to a third tone injected onto the power supply.

12. Referenced to Fig. 1 Input DTMF tone level at —28dBm. A

223
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KT3170

CMOS INTEGRATED CIRCUIT

PIN DESCRIPTION

Pin

Name

Description

IN+

Non inverting Input of the op amp.

IN ~

Inverting Input of the op amp.

GS

Gain Select. The output used for gain adjustment of analog input
signal with a feedback resistor.

Vul

Reference Voltage output (Vpo/2, T;E{ car-\ be I—J;ed to bias the op amp
input of Veo/2.

w

input inhibit. High Input states inhibits the detection of tones. This
pin is pulled down internally. >

Pon

Control input for the stand-by power down mode. Power down occurs
when the signal on this input is in high states. This pin is pulled down
internally.

0SC1
0osc2

Clock input/output. A inexpensive 3.579545MHz crystal connected
between these pins completes internal oscillator: Also, external clock
can be used.

GND

Ground pin.

OE

Output Enable input. Outputs G*-Q4 are CMOS push pull when OF is
High and open circuited (High impedence) when disabled by pulling
OE low. Internal pull up resistor built in.

11-14

Q1.Q4

Three state data output. When enabled by OE, these digital outputs
provide the hexadecimal code corresponding to the last valid tone
pair received.

bSO

Delayed Steering Output. Indicates that valid frequencies have been
present for the required guard time. thus constituting -a valid signal.
Presents a logic high when a received tone pair has been registered
and the output latch is updated. Returns to logic low when the
voltage on SI/GTO falls below Vrs.

16

ESO

Early Steering Outputs. indicates detection of valid tone outputs a
logic high immediately when the digital algorithm detects a
recognizable tone pair. Any momentary loss of signal condition will
cause ESO to return to low.

SIIGTO

Steering Input/Guard Time Output. A volitage greater than Vrg
detected at Sl causes the device to register the detected tone pair
and update the output latch. A voltage less than Vig frees the device
to accept a new tone pair. The GTO output acts to reset the external
steering time constant, and its state is a function of ESO and the
voltage on Si.

Power Supply (+ 5V, Typ)

=§§E§cﬁkl!nsume
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KT3170 CMOS INTEGRATED CIRCUIT

APPLICATION-INFORMATION

The KT73170 is complete Touch-Tone detection system. It combines high precision active filter with analog circuits
and digital control logic on a monolithic CMOS chip. This application information describes device operation of
each block, performance and typically application circuit.

ANALOG INPUT CONFIGURATION

The KT3170 is designed to accept sinusoidal input waveforms but will operate satisfactorily with any input that
has the correct fundamental frequency. The input arrangement provides a differential input op amp, bias source
(reference voltage Vger) which Is used to bias the inputs at mid-rail. Conneclion of a feedback resistor to the op
amp output (GS) makes gain of op amp adjust. The signal level at the input must be operated in power supply
range on the data sheet. In a single ended configuration, the Input pins are connected as shown in application
circuit with unity gain and Vaee biasing. In a differential ended configuration the input pins are connected as shown
in Fig. 2 with voitage gain (R5/R1).

hY

10nF 100K
0.1uF
Rt
100K |
U
10n|F 100K
AAA
‘Rz R3S R2}
37.5K j: 6ox $
VREF n KT3170
A3 = A2AS/(R2 + R5), VOLTAGE GAIN = RS/R1
* INPUT IMPEDANCE: 2vR:7+ (TWC)
Iy
All resistors are 1% lolerance All resistors are 1% tolerance
All capacitors are 5% tolerance All capaclors are 5% lolarance
Fig. 1 Single Ended input Configuration Fig. 2 Ditferential Ended Input Configuration

& SAMSUNG

Electronics

MT8870 DATA SHEET

sapplendix A-15x«



125

KT3170 CMOS INTEGRATED CIRCUIT

FILTER SECTION

After analog signal is passed op amp, separation of the low group and high group tones Is achiev._d by applying
the DTMF signal to the inputs of two Sth-order switched capacitor band pass filter, the pandwldths of which
correspond to the low and high group frequencies. The band split filters are actually rejecting all frequencies except
the 16 DTMF tone pairs. The filter section also incorporates notches at 350 and 440Hz for exceptional dial tone
rejection as shown below. Each filter output is followed by a single order switched capacitor section which smoothes
the signals prior to limiting. Limiting is performed by high-gain comparator which are provided with hysteresis to
prevent detection of unwanted low level signals. The outputs of the comparators provide full-rail logic swing at

the frequencies of the incoming DTMF signals.

) / A

/ /

30

ATTENUATION (d8)

\ 7N\

E = 1209H2
F =1336fz
G =1477Hz

50
° R W B LD Y by
i
X A B C LS E
FREQUENCY (Hz)
PRECISE DIAL TONES DTMF TONES
X =350Hz A =6§97Hz
Y = 440H2z B8 =7704z
C=852Hz
D=941Hz

H = 1833Hz

Fig. 3 Typica! Filter Characteristics

2R
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KT3170 ’ CMOS INTEGRATED CIRCUIT

DECODER SECTION

Foliowing the filter section is a decoder employing digital counting techniques to determine the frequencies
of the incoming tones and to verify that they correspond to standard DTMF frequencies. A complex averaging
algorithm protects against tone simulation by extraneous signals such as voice while providing tolerance to small
frequency deviations and variations.

The averaging algorithm has been developed to ensure an optimum combination of immunity t6 “talk-off" and
tolerance to the prasence of interferring nsignals (third tones) and noise. When the detector recognizes ths simul-
taneous presence of two valid tones (known as *signal condition™), it raises the “Early Steering" flag (ESO). Any
loss of signal conditlon will cause the ESO to fall.

OSCILLATOR SECTION

The KT3170 contains an on chip inverter with sufficient gain a feedback resistor Rt to provide oscillation when
connected to a low cost television “color-burst” crystal. The oscillator circuit is connected as shown in application
circuit. It is possible to operate several KT3170 devices employing only a single crystal oscillator. The oscillator
output of the first devices in the chain is coupled through a 30pF capacitor to the oscillator input (OSC1) of the
next device; subsequent devices are connected in a similar fashion as shown Fig. 4. The problems for unbalanced
loading are not a concern with the arrangement shown, i.e., balancing capacitors are not required.

KT3170 KT3170
300F
OSCt _.L { } 0SsC1
3 3.579545MHz
] osc2
osc2b——— .

e
——

TO OSC1 of next KT3170
-

Fig. 4 Oscillator Connection

¢ SAMISUNG
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KT3170 CMOS INTEG RATED CIRCUIT

STEERING CIRCUIT

Before registration of a decoded tone pair, the receiver checks for a valid signal duration. This check Is per-
formed by an external RC time constant driven by the ESO. A logic high on the ESO causes V¢ (see Fig. 5) to rise
as the capacitor discharges. Providing signal condition is maintained (ESO remains high) for the validation period
(tars), V¢ reaches the threshold (Vrer) of the steering logic to register the tone pair, thus datching its correspond-
Ing 4 bits code (see Table 1) into the output latch. At this point, the GTO output is activated and drives Ve to Vo
GTO continues to drive high as long as the ESO remains high, finally after a short delay to allow the output latch
to settle, the “delayed steering” output flag (STO) goes high, signalling that a received tone pair has been registered.
The contents of the output latch are made available on the 4-bit output bus by raising the three-state contro! input
(OE) to a logic high. The steering circuit works In reverse to validate the interdigit pause between signals. Thus
as well as rejecting signals too short to be considered valid, the receiver will tolerate signal Interruption (drop outs)
too short to be considered avalid pause. This capabliity, together with the capability of selecting the steering time
constants externally, allows the designer to tailor performance to meet a wide variety of system requirements,

A

1 —-C Voo
Voo tgta=RC IN (Vrs\"
SUGTO Ve
R \Z
€SO AAA- tate=(RC) IN ‘%:7%5’
oso pb—m—m———————

Fig. 5 Basic Steering Circuit
DIGITAL OUTPUT

Outputs Q1-Q4 are CMOS push pull when enabled (EO = High) and open circuited (high impedance) when disabled
by pulling EO = Low. These digital outputs provide the hexadecimal code corresponding to the DTMF signals. The
table below describes the hexadecimal.

NO Fnegzgkcv N AN O& v v ¢ i a
1 697 i 1209 H 0 0 0 1 |
2 697 1336 H 0 0 1 o |
s Y 697 1477 H 0 0 1 1
4 770 1209 H 0 1 0 0
5 770 1336 H 0 1 0 1
6 ! 770 i 1477 H 0 1 1 0
7 852 1209 H 0 1 1 1
8 i 852 ; 1336 H 1 0 0 0
9 i 852 ! 1477 H 1 0 0 1
0 : 941 | 1336 H 1 0 1 0
: , 941 1209 ' H 1 0 1 1
# ! 941 } 1477 H 1 1 0 0
A 697 : 1633 H 1 1 0 1
8 . 770 i 1633 H 1 1 1 0
c i 852 ; 1633 H 1 1 1 1
D 941 | 1633 H 0 0 o - 0
ANY - - L z z z z

Z: High Impedance
H: High Logic Level
L: Low Logic Level

¢ SAMISUNG
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KT3170 CMOS INTEGRATED CIRCUIT

GUARD TIME ADJUSTMENT

In a situations which do not require independent selection of receive and pause, the simple steering of Fig.5
is applicable. Component values are chosen according to the following formula:

trec = tor + tare, tare = 0.63RC

The value of lpp is a parameter of the device and lagc is the minimum signal duration to be recognized by the
receiver. A value for C of 0.14F is recommended for most applications, leaving R to be selected by the designer.
For example, a suitable value of R for a taec 0f 40 miliseconds would be 300K. A typical circuit using this steering
configuration is shown in Figure 1. The timing requirements for most telecommunication applications are satisfled
with this circuits. Different steering arrangements may be used to select independently the guard times for tone-
present (tgrs) and tone-absent (ta:a). This may be necessary to meet system spacifications which place both tone
duration and interdigit pause. Guard time adjustment also allows the designer to tailor system parameters such
as talk-off and noise immunity. Increasing taec improves talk-off performance since it reduces the probability that
tones simulated by speech will maintain signal condition for long enough to be registered. On the other hand,
a relatively short taec With a long too would be appropriate for extremely noisy environments where fast acquisition
time and immunity to drop-outs would be requirements. Design information for guard time adjustments is shown
in Figure 6.

Vop O— 0————1
—=c c
SHGTO y SIGTO
R1 R1 I
. R2 A2
ESO ESO
tgTp = {R1CIN(Vpp/Vpp — VrsT) tgTp = (RoCYIn(Vpo/Vob — VrsT)
tg1a = (RpCiln(Vop/VrsT) tara = (R1CHN(Vop/Vrst)
Ap = R1R2/(R1 + R2) Rp = R1R2{R1 + RQ)
{a) Decreasing tgrallgTe>tgTA) (a) Decreasing tgTritgrr<taTa)

Figure 6. Guard Time Adjustment

¢ SAMSUNG
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OPTOELECTRONICS

General Information

Motorola Optoelectronic products include gallium arsenide infrared-emitting diodes,
silicon photodetectors, optocouplers/isolators, and slotted coupler/interrupters. Fiber
Optic components are presented in Sections 6 through 8. Motorola is a leader in high
technology optocouplers as demonstrated in the 400 volt, zero-crossing triac drivers,
the Schmitt trigger optocouplers, the 400 volt transistor optocouplers, and the iso-
lation voltage of 7500 Vac peak, the highest available.

The broad optocoupler line includes nearly all the transistor, Darlington, SCR, triac
driver, Schmitt trigger, high voltage transistor and linear output devices now available
in the industry. All Motorola optocouplers are in the standard 6-pin DIP package. Each
device is presented in the easy-to-use Selector Guide and is included in a detailed
data sheet in a succeeding section.

4N25 DATA SHEET

xappendix B-1x




130

The Motorola Spectrum

INFRARED-LIGHT-EMITTING DIODES

The infrared-light-emitting diode emits radiation in the near
infrared region when forward bias current (I) flows through
the PN junction. The light output power (PQ) is a function of
the drive current (Ig) and is measured in milliwatts.

Infrared-light-emitting diodes are used together with
photosensors.

FIGURE 1

b
b //Po

FIGURE 2 — Constant Enargy Spectral Response
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PHOTOSENSORS

Silicon photosensors respond to the entire visible radiation
range as well as to the near infrared radiation range. The ra-
diation response of a photosensor is a function of the materjal
and the diffusion depth of the light-sensitive PN junction. All
silicon photosensors (diodes, transistors, darlingtons, triacs)
show the same basic radiation frequency response which peaks
in the near infrared radiation range. Therefore, the sensitivity
range of Motorola silicon sensors is ideally suited to Motorola
infrared-emitting diodes.

i

of

OPTOELECTRONICS

Photodiodes

Radiation falling at the PN junction will generate hole elec-
tron pairs which cause the carriers to move, thas causing a
current flow (I ). The power density of the radistion H (mea.
sured in mW/cm?) determines the current flow, IL. At zero
radiation, a small leakage current, called dark chrrent (Ip) will
remnain.

FIGURE 3

N .,

v

Phototransistors

The phototransistor is aTight radiation controlled traiistor.
The collector base junction is enlarged and works as a reversed
biased photodiode controlling the transistor. The collector cur-
rent, I, depends on the radiation density (H) and the de current
gain of the transistor. Under dark condition, the transistor is
switched off; the remaining leakage current, ICEQ, is called
collector dark current,

FIGURE 4

Emitter

Coltector
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Photodarlingtons

The photodarlington works on the same principle as a photo-
transistor. The collector base junction of the driver transistor
is radiation sensitive and controls the driver transistor. The
driver transistor controls the following transistor. The darling-
ton configuration yields a high current gain which results in a
phetodetector with very high light sensitivity.

Phototriacs

The gate of the phototriac is radiation sensitive and triggers
the triac at a certain specified radiation density (H). At dark
condition, the triac is not triggered. The remaining leakage
current is called peak blocking current (Ipgp). The device is
bilateral and designed to switch ac signals.

FIGURES FIGURE 8

i "

A\

Optocouplers/Isolators

ISOLATORS

An optoelectronic isolator contains both an IRED and a
photodetector in the same package, arranged so that energy
radiated from the IRED is efficiently-coupled to the detector
through a clear, isolating dielectric. An opaque material sur-
rounds the dielectric and provides ambient light protection.

Since there is no electrical connection between input and
output. and since gallium-arsenide emitters and silicon detec-
tors cannot reverse their roles. a signal js able to pass through
the isolator in one direction only. To a degree determined by
the package input-output capacitance and dielectric character-
istics, the device is unresponsive to common mode input signals
and provides input circuitry protection from the output circuit
environment. Ground loop prevention, dc level shifting, and
logic control of high voltage power circuitry are therefore typ-
ical areas where isolators are very useful.

The measure of an isolator’s ability to efficiently pass a
desired signal is most commonly referred to as Current Transfer
Ratio (CTR). It is depéndent upon the radiative efficiency of
the IRED, the spacing between the IRED and the detector, the
area and sensitivity of the detector, and the amplifying gain of
the detector. It is subject to the nonlinearities (current, voltage,
temperature) of both chips, causing a rather complex transfer
function which should be evaluated closely when used at non-
specified conditions.

The ability of an isolator to provide standoff protection is
usually expressed as an Isolation Surge Voltage and is essen-
tially 2 measure of the integrity of the package and the dielectric
strength of the insulating materials.

FIGURE 7 — BASIC OPTO ISOLATOR (COUPLER)

o— IRED 1
A 4 /\/ Photodetector
O
/// ‘i
ISOLATING
DIELECTRIC
(LIGHT PIPE}
ISOLATION VOLTAGE

The primary function of an optoelectronic isolator is to pro-
vide electrical separation between input and output, especially
inthe p of high voltages. The of stress that an
isolator can safely withstand and the stability of this protection
varies considerably with package construction techniques used.

Figure 8 shows an older isolation technique, where the light
transmission medium is a small amount of a clear, silicone-
rubber type of material. Surrounding it is usually a bluck epoxy
or phenolic compound. It has been found that the weakest point
in this approach is the interface between the *‘light-pipe’* and
the overmold. It is a relatively short path between lead frames
along this interface, and the two materials are dissimilar enough
that the integrity of the interface is usually poor. This technique
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ISOLATION VOLTAGE

FIGURE 8 — Standard

initially gives marginal standoff protection and stability under
voltage stress is very poor.

Figure 9 shows Motorola's improved construction technique.
The clear dielectric used here is a transfer-molded epoxy that
encompasses a large volume of the interior of the package. The
overmold is a transfer-molded opaque epoxy. The result is a
much longer interface (typically ten times longer) between two
very similar, electrically stable compounds. Minimum speci-
fied isolation voltage capability is 7500 volts ac peak on all

.Motorola isolators, and typical units provide in excess of
“12,000 volts ac peak pro on 2 reliable, repeatable basis
(in 2 clean and low humidity environment). External ambient
conditions (humidity, cleanliness, etc.) tend to, be the limiting
factors when using Motorola isolators. Representative test data
at typical applied voltages are shown below:

Test | No, of Units | Applied Voltage| Failure @ 1000
i I Hrs
A 100 1500 Vac peak 0
B 100 5000 Vdc peak 0

Isolation voltage has been specified in terms of both dc and
ac conditions, sometimes with no associated test duration. In
general, ac conditions are more severe than dc. Any imper-
fections or discontinuities in the isolating dielectric tend to have
a lower dielectric constant than the surrounding areas and as-
sume & disproportionate share of the total ac applied field, in
the same manner that the smallest capacitance in a series string
assumes the highest voltage drop under ac conditions. Micro-
scopic ruptures can occur at these points, causing localized
degradation and propagation of the weakened areas until large-
scale puncture occurs. De fields tend to distribute more linearly.
Additionally, ac fields are more effective in causing mobile
impurities to align themselves and produce leakage paths.

Continuous ratings are therefore difficult to guarantee reli-
ably as the result of individual unit testing or sorting. Instead,
surge isolation voltage ratings should be specified with an as-
sociated test duration, while continuous ratings must be the

result of a well-contiolied, well-characterized assembly tech-
nique and realistic generic data. Since ac conditions are usually
the most severe, it has become common to give them the most
attention.

OPTOCOUPLER RELIABILITY

Motorola has demonstrated the reliability and quality of its
optocouplers in the 6-pin DIP package. Details of an extensive
evaluation are presented in ‘*‘Reliability Report, Optocou-
plers,” May 1981, and are summarized below.

IRED Life

The effectiveness of Motorola’s approach to rélisble and
long-lived IREDs is monitored continuously by both routine
weekly audits and long-term stress testing. Figure 10 shows
the results of almost 1,500,000 device hours of accelerated
testing. CTR lifetime projection exceeds 1 million hours based
upon degradation of lower décile to 50% of initial value.

FIGURE 10 — Current Transfer Ratio versus Time
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B W] 7 STRESS CURRENT = 50 mA T
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E~ | TA = 25°C
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PRy
1
0
1 100 10k
STRESS TIME, HOURS

Optocoupler Environmental Stability

Stress tests have been performed on over 4000 optocouplers
to characterize package performance under various environ-
mental and mechanical conditions.

ENVIRONMENTAL TEST AND RESULTS

: No. of No. of

Test Units Rejects
Temperature Cycling Air-Air 1701 0
Thermal Shock Liquid 1400 0
Pressure Cooker 850 0
Impact Shock 130 0
Vibration Variable Frequency 130 0
Constant Acceleration 65 0
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UNDERWRITERS’ LABORATORIES RECOGNIZED

Most Motorola isolators are available under the Under-
writers’ Laboratories Component Recognition Program. It
should be noted that applicable Motorola isolators are recog-
nized for use in applications up to 240 Vac. Under the U.L.
criteria, these devices must have passed isolation voltage tests
at approximately 5000 volts ac peak for one second. In addition,

Motoroia tests every coupler to 7500 Vac peak for S seconds.

VYDE APPROVED OPTOCOUPLERS

The Motorola MOCGO00A series of optocouplers has been
approved by VDE per Test Centificate NR22762. They have
passed the stringent safety requirement tests of the German
VDEO0883, an optocoupler standard which is accepted in most
European countries. VDE guarantees the safety of this opto-
coupler family for applications up to 500 volts RMS line volt-
age. This family may be used in equipments per IEC380-
VDE0806, IEC6S-VDES60, IEC435-VDEOS05 and per many
other VDE equipment standards.

COUPLER PROCESS FLOW/QUALITY CHECK
POINTS

Every optocoupler manufactured by Motorola undergoes
“eextensive in-process checks for quality. After each process step
(for example. die bond. encapsulation, electrical test, etc.) the
product is randomly sampled. If the sample does not pass high-
quality standards, the product flow is halted and corrective
action is taken. In this manner, quality is built in at Motorola,

SLOTTED COUPLERS/INTERRUPTERS

A slotted coupler consists of a gallium arsenide infrared
emitting diode facing a silicon photodetector in a molded plastic
housing. A slot in the housing between the emitter and the
detector provides a means of interrupting the signal. Motorola
offers several popular standard housings and has the capability

FIGURE 11 — Coupler Process Flow/Quahity Check Points
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Screen

Final Test Q.A,
Electrical snd Visual

to respond quickly to requirements for larger quantities of cus-
tom housings. These slotted couplers utilize emitters and de-
tectors in the miniature, low profile Case 349, The combination
of the wide selection of emitters and detectors and the number
of different housings available presents 2 line of standard, off-
the-shelf devices broad enough to meet most applications.
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CTR

dv/dt

Iceo

D

L

SCR

¢

ty

Current Transfeér Ratio — The ratio of
outputcurrent toinput current, at a speci-
fied bias, of an opto coupler.

Commutating dv/dt — A measure of the
ability of a triac to block a rapidly rising
voltage immediately after conduction of
the opposite polarity.

Coupled dv/dt — A measure of the ability
of an opto thyristor coupler to block when
the coupler is subjected to rapidly
changing isolation voltage.

Luminous Flux Density (Iluminance)
[lumens/ft:2 = ft, candles]) — The radia-
tion flux density of wavelength within the
band of visible light.

Radiation Flux Density(lrradiance)
[rnW/cmzl — The total incident radiation
energy measured in power per unit area.
Collector Dark Current — The maximum
current through the collector terminal of
the device measured under dark condi-
tions, (H = 0), with a stated collector
voltage, load resistance, and ambient
temperature. (Base open)

Dark Current — The maximum reverse
leakage current through the device mea-
sured under dark conditions, (H = 0), with
a stated reverse voltage, load resistance,
and ambient temperature.

Input Trigger Current — Emitter current
necessary to trigger the coupled thyristor.
Collector Light Current — The device
collector current measured under defined
conditions of irradiance, collector voltage,
load resistance, and ambient temper-
ature,

Series Resistance — The maximum

‘dynamic series resistance measured at

stated forward current and ambient tem-
perature.

Silicon Controlled Rectifier — A reverse
blocking thyristor which can block or
conduct in forward bias, conduction
between the anode and cathode being
initiated by forward bias of the gate
cathode junction. )

Photo Current Fall Time — The response
time for the photo-induced current to fall
from the 90% point to the 10% point after
removal of the GaAs (gallium-arsenide)
source pulse under stated conditions of
collector voltage, load resistance and
ambient temperature.

Photo Current Rise Time — The response
time for the photo-induced current to rise

Triac

Tstg
V(BR)R

V(BR)CBO

V(BR)CEO

V(BRJECO

Vcso

Vceo

VECO

VF

Viso

VR

Aglum)

OPTOELECTRONIC DEFINITIONS, CHARACTERISTICS, AND RATINGS

from the 10% point to the 90% point when
pulsed with the stated GaAs (gallium-
arsenide} source under stated conditions
of collector voltage, load resistance, and
ambient temperature.

A thyristor which can biock or conduct in
either polarity. Conduction is initiated by
forward bias of a gate-MTI junction.

Storage Temperature

Reverse Breakdown Voltage — The
minimum dc reverse breakdown voltage
at stated diode current and ambient tem-
perature.

Collector-Base Breakdown Vditage —
The minimum dc breakdown voltage, col-
lector to base, at stated collector current
and ambient temperature. (Emitter open
and H=0)

Collector-Emitter Breakdown Voltage —
The minimum dc breakdown voltage,
collector to emitter, at stated collector
current and ambient temperature. (Base
open and H = Q)

Emitter-Collector Breakdown Voitage —
The minimum dc breakdown voltage,
emitter to collector, at stated emitter
current and ambient temperature. (Base
open and H == Q)

Collector-Base Voltage — The maximum
allowable value of the collector-base
voltage which can be applied to the device
at the rated temperature. (Base open)

Collector-Emitter Voltage — The maxi-
mum allowable value of collector-emitter
voltage which can be applied to the device
at the rated temperature. (Base open)

Emitter-Collector Voltage — The maxi-
mum allowable value of emitter-collector
voltage which can be applied to the device
at the rated temperature. (Base opén)

Forward Voltage — The maximum for-
ward voltage drop across the diode at
stated diode current and ambient tem-
peratura.

Isolation Surge Voltage — The dielectric
withstanding voltage capability of an
optocoupler under defined conditions
and time.

Reverse Voltage — The maximum allow-
able value of dc reverse voltage which can
be applied to the device at the rated tem-
perature. .
Wavelength of maximum sensitivity in
micrometers.
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4N25, 4N25A

MOTOROLA 4N26
4N27

4N28

NPN PHOTOTRANSISTORS AND

PN INFRARED EMITTING DIODES

... gallium arsenide LED optically coupled to silican phototran-
sistors designed for applications requiring electrical isolation, OPTO
high-current transfer ratios, smali package size and low cost; such .

asinterfacing and coupling systems, phase and feedback controls, COUPLER/ISOLATOR
solid-state relays and general-purpose switching clreuits.

® High Isolation Voltage — ® Excellent Freq y Resp - TRANSISTOR OUTPUT
ViSO = 7500 V (Min) 300 kNz {Typ)

® High Collsctor Output Current ® Fast Switching Times @ Ig = 10 mA

@ Ig = 10 mA— ton = 0.87 ps (Typ) — 4N25,A ¢N26

h Y
Ic = 5.0 mA (Typ) — 4N25.4,4N26 2.1 s [Typl — AN27,4N78
2.0 mA (Typ) — aNz7,an28  ‘off = 11 us (Typ) — dN25,A,4N26
p 5.0 us (Typ) — 4N27,4N28
® Economical, Compact, Dysh-in-Line & 4N25A is UL Recognized
Package File Number E54315

*MAXIMUM RATINGS (Tp = 25°9C unless otherwisa noted).

L Rating [ Svembol [ Value | Unit |

INFRARE D-EMITTING DIODE MAXIMUM RATINGS

Reverte Voltage Vg 3.0 Vaits ¥
Forward Current — Continuous g 80 mA [¢] (8] [4)

Forward Current ~ Peak 'E 3.0 Amp
Pulse Width = 300 us, 2.0% Outy Cycle

‘8
Total Power Dissiation @ T4 = 25°C Po 150 mw O l

Neghgible Power in Transistor (9RFIME)

Derate above 25°C 2.0 mw/oC Ale
PHC')TOTRANSISTOR MAXIMUM RATINGS A ¢ L ‘——l
Cotlector-E mitter Voitage Veeo 30 Volts i —
Emitter-Collector Voltage Veco 1.9 Volts 3 P
Collector-Base Voitage . Veao 70 Voits e NP

K
Tatal Device Oussipation @ Ty = 259C Pp 150 mw
INegtigible Power in oDoodo __l ¢ l;_-l 0 l J

Derate above 25°C 2.0 mw/C 4
TOTAL DEVICE RATINGS STYLE |
Total Device Dissipation @ T4 = 25°C Pp 250 mw Py ; :ﬂgggoe
Equat Power Dissipation in Each Element 3: NC

Detate above 25°C 33 mWw/Ac 4 EMITTER
Juncticn Temperature Range T -55 to +100 oc :‘ gg;EECTOR
Storage Temparature Range Tstg -55 to +160 o¢ w )

Soldering Temperature {10 ) 260 °c

. DIMENSIONS A AND 8 ARE DATUMS.

1) 1S SEATING PLANE.

., POSITIONAL TOLERANCES FOR LEADS:
&IQ 0.13 lﬂ.ﬂﬂg&ll | A(?@]

FIGURE 1 — MAXIMUM POVWER DISSIPATION DIMENSION L TO CENTER OF LEADS

Figure 1 i1 based upon using limit WHEN FORMED PARALLEL

values in the squation, DIMENSIONING ANO TOLERANCING PER

~

*indicates JEDEC Registered Data.

-

Ll o

1w, T 1
§ 1 T -Ta=Rea Po1 * Ko Po2) ANSI Y145, 1973,
g ; w H i where. ’ TMiLUIMETERS] * INCHES
LI ! L1 1y ian Temperature (100°C) oM MIN_| MAX | MIN | MAX
] ! \ Ta Amoient Temperature Al 813 | 889 10320 0350
g 10 e 8] 5.10 1 650 {0.240 | 0.760
4 L\W:: * \ Aaya Junct.on to Ambient Thermal = o8 1151 0.200
§ 0 : : f ‘ Resstance (500°C/W) X 51 401 020 |
g i ' :\ \i_ ' Ppy Power Ousipation in One Chip F ] .78 0.040 [ 0070 |
g " . 150¢ \ . Pp2 Powr Disupation in Other Chip 7 uéﬁ,!nig_ﬂ_ 9,300 8
i ——* 1IN N 20 oy oo
& t 9 Thermat Coupling Coeflicient K] 254 | 381 01007 6 50 |
< ! \ i \| , 120% [ i6285¢C 030 BSC
e’ i \ i \ ; \ | Exampre M| 08 [ 150 | 0o 1 50 |

o . 1 : AW va ‘ N1 038 | 15 | 00154 0.100 |

W4 w0 8 m . m am s w;h:o‘ 50;2 "::: """::'“:'Eo p Ty |20 | 00s [ o6 ]
THOK 1= A - *
732 AVERAGE POWER DISSIPTION i~ Fo (Poaimust be ass than 50 miv CASE 730A-01
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4N25, 4N25A, 4N26, 4N27, 4N28

LED CHARACTERISTICS (T4 * 25°C uniess otherwise noted)

Characteristic Symbol Min Typ Max Unit

*Reverse Leakage Current In - 0.005 100 HA
(VR = 3.0V, R = 1.0 M ohms)

*Férward Voltage Vg - 1.2 ‘1.5 Volts
{IF = 10 mA) N

Capacitance o] - 40 - pF
(VR=0V,1=10MHz)

PHOTOTRANSISTOR CHARACTERISTICS (Ta = 25°C and Ig = 0 untess otherwise noted)

“Collector-Emitter Dark Current 4N25, A, 4N26, 4N27 Iceo - 3.5 50 nA
(Ve = 10V, Base Open) 4N28 - - 100 .
“Collector-Base Dark Current lcso - - 20 nA

[Veg = 10V, Emitter Open) 2
*Collector-Base Breakdown Voltage ViBricBO 70 - - Volts
(Ic=100 LA, Ig = 0)
“Coltector-Emitter 8reakdown Voltage Vi{BR)CEO 30 - - Volts
{lc=1.0mA, g = 0)
°Emitter-Collector Breakdown Voltage V(BRIECO 7.0 8.0 - Volts
{lg = 100 uA, Ig =0}
OC Current Gain heg - 325 - -
(Vcg * 5.0 V. 1¢ = 500 uA)
COUPLED CHARACTERISTICS (T = 25°C yaless otherwive noted)
*Collactor Qutput Current (1) 4N25, A, 4N26 Ic 20 50 - mA
VCE =10V, Ig = 10 mA, g =0l 4N27,4N28 - 1.0 2.0 -
1sotation Surge Voltage (2, 5) Viso Volts
(60 Hz Peok ac, 5 Seconds) 7500 - -
~J {60 Hz Peak) *4AN2S, A 2500 - F
*4N26, aN27 1500 - -
“4N28 500 - =
60 Hz RMS for 1 Second) {3) *4N25A 1775 - -
1solation Resistance (2} - - 1011 -~ Ohms
{V = 500 v)
*Collector-Emitter Saturation VCElsat) - 0.2 0.5 Volts
{lc = 20 mA, Ig =50 mA)
Isolation Capacitance (2) - - 0.5 - oF
(V=0,f=10MHZ)
Bandwidth (4) - - 300 - kHz
{Ic» 20mA, R = 100 ohms, Figure 11 (2)
SWITCHING CHARACTERISTICS
Oelay Time 4AN25, A, 4N26 tg - 0.07 - us
lc=10mA, vee = 10V 2N27, 4N28 - 0.10 -
Rise Time Figures 6 and 8} 4N25, A, aN26 te - 0.8 - us
4N27, 428 ~ 2.0 -
Storage Time 4N25, A, aN26 tg - 4.0 - us
{lg=10mA, Ve = 10V 4N27,4N28 - 2.0 -
Fall Time Figures 7 and 8) 4N25, A, AN26 tf - 8.0 - us
4N27, 4N28 - 8.0 -
“!ndicates JEDEC Registered Data
(1) Pulse Test: Putse Width = 300 us, Duty Cycle € 2.0%.
(2) For this test LED pins 1 and 2 are common and ohototransistor pins 4.5, and 6 are common,
{3) RMS Vores, 60 He, For this test. oins 1, 2, and 3 are common and pins 4, 8, and 6 are common.
14} 1g adjusted to yield 'c ® 20 mA and ic*2.0mA p-p at 10 kH2,
{5) Isolation Surge Voltage, VISO' is an interng! device dielectric breakdown rating.
DC CURRENT TRANSFER CHARACTERISTICS
FIGURE 2 — 4N25,A,4N26 FIGURE 3 — 4N27,aN28 s
. 50 .
* R el "FE T :
2 il veesnov Ly 2o+t vee - 10v 1 t i
. - < s
f t ) S==3 < = £
£ s e =
z g so = S '
i £ ot ras
3 3 2op L7 teene A :
H S ol | 100°C
& § B :
E 3 s z
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o1 # s =t :
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4N25, 4N25A, 4N26, 4N27, 4N28

FIGURE 11 - FREQUENCY RESPONSE TEST CIRCUIT FIGURE 10 — FREQUENCY RESPONSE
- [H]
pess -
2 20—Tar28
H O CONSTANT Ic
z | 100F AT TopRent == VCEC - 10VOLTS
2 i MODULATION O}l —AAA—4 ~ iNPUT
= 19 INPUT }‘ 1
z Ay + 1000 -
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TYPICAL APPLICATIONS
FIGURE 12 - ISOLATED MTTL FIGURE 13 —~ COMPUTER/PERIPHERAL INTERCONNECT
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intal”  Siicon Gate MOs 8255

PROGRAMMABLE PERIPHERAL INTERFACE

® 24 Programmable 1/0 Pins ® Direct Bit Set/Reset Capabil;

® Completely TTL Compatible Easing Control Application Interface

® Fully Compatibie with MCS™-8and  ® 40 Pin Dual In-Line Package
MCS™-80 Microprocessor Families ® Reduces System Package Count

The 8255 is a general purpose programmable 1/0 device designed for use with both the 8008’ and 8080
microprocessors. It has 24 |/0O pins which may be individually programmed in two groups’of twelve and
used in three major modes of operation. In the first mode (Mode 0), each group of twelve 1/0 pins may be
programmed in sets of 4 to be input or output. In Mode 1, the second mode, each group may be programmed
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt
control signals. The third mode of operation (Mode 2) is-a Bidirectional Bus mode which uses 8 lines for g
bidirectional bus, and five lines, borrowing one from the other group, for handshaking.

Other features of the 8255 include bit set and reset capability and the ability to source TmA of current st
1.5 volts. This allows darlington transistors to be directly driven for applications such as printers and high
voltage displays.

- &
PIN CONFIGURATION 8255 BLOCK DIAGRAM
ras(] 1 NS wi)ras
raz(]2 n(]ras
rar (]2 (] ras , r
vao (e [ rar rowen [ 2] arove
s n{)wR e [P N @ A C::::; oo,
sl »[Jneser r ;?::l C: H ~
swo (7 #[lo, -
s B[]0,
Ao]e n{o, | j
rcr (o n{Jo, GRoue
res 8255  w[yo, C: g F)'“
res (12 »(] o, .:Ev.’: - o
rce (13 #(]o, B OMECTIONSL DATA Bus oara
rco s (] o, 0,0, m s :>
scr s 2{] Ve e rtanac arour
rc2 (s (] rm? 0aTasus : : X :-: T
[ Im [} 247 res t ".g.:.': E o
reo {1 0[] res
1 1e 220 Pose f
re2(] 20 1] rea .
———
L Y :f"""" Groue GAQYr.
POp—— - :n-n:-m <: m'n‘v C::O Vet
3 [t <:———> lathtl
PIN NAMES " ‘J M
0;-0y DATA BUS {B1-DIRECTIONAL} ha
RESET RESET INPUT
S CHIP SELECT ‘ -
RO READ INPUT = m_?
| WA WRITE INPUT

AD, A1 PORT ADDRESS
PATPAD PORT A (BIT)
Pa7-,80 PORT B [8IT)
PC7-PCO PORT C (BIT)
Vee +5 VOLTS

GND $VOLTS
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CONTROL wORD

9 |0 [0 |0 [Dy{0, |0 |0,

‘ 81T SET/RESET
x x x 1= SEY
0= RESET
DON'T
CARE
BIT SELECT
0[17213]{4]8]6{7,
o} 1[o[1]o]1]o[ 18y
o[o|t1j1[o[o[1]1]s,
0lojofoj1f1{1]1]s.

BIT SET/RESEY FLAG
0= ACTIVE

Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports,

Interrupt Control Functions

When the 8255 is programmed to operate in Mode 1 or
Mode 2, control sigrials are provided that can be used as
interrupt tequest inputs to the CPU. The interrupt request
signals, generated from Port C, can be inhibited or enabled
by setting or resetting the associated INTE flip-flop, using
the Bit set/reset function of Port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without effecting
any other device in the interrupt structure.

INTE flip-flop definition:

{BIT-SET) — INTE is SET ~ Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes

Mode 0 (Basic Input/Output)

This functional configuration provides simple Input and
Output operations for each of the three ports. No ‘‘hand-

shaking” is required, data is simply written to or read from
a specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports,

® Any port can be input or output.

® OQutputs are latched.

® Inputs are not Jatched.

® 16 different Input/Qutput configurations are possible
in this Mode.

BASIC INPUT
TIMING {Dy-Dg

FOLLOWS INPUT

NO LATCHING)

[ S —— - - — o
0,0,
—— e g ......_Lvn_";_...__.
t DELAY Timg tDELA
FROM RD FROM INPUT DATA

- Q__;W
BASIC OUTPUT ——— —— e /—SET-W VIOLATT-——— -

TIMING (OUTPUTS 0,0, ) 7( X:X
LATCHED) _—— —_——————— ——————

ouTruT
tOATA ] L [—oam
SET.UP HO!
OUTPUT DATA
— oL e
Mode 0 Timing
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SILICON GATE MOS 8255

8255 BASIC FUNCTIONAL DESCRIPTION

General

The B255 is a Programmable Peripheral Interface (PP1) de-
vice deéigned for use in 8080 Microcomputer Systems. Its
function is that of a general purpose 1/0 component to inter-
face peripheral equipment to the 8080 system bus. The
functiona! configuration of the 8255 is programmed by the
system software so that normally no external logic is nec-
essary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to inter-
face the 8255 to the 8080 system data bus. Data is trans-
mitted or received by the buffer upon execution of INput
or OUTput instructions by the 8080 CPU. Control Words
and Status information are also transferred through the Data
Bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the 8080 CPU Address and
Control busses and in turn, issues commands to both of the
Control Groups.

(CS)
Chip Select: A “low” on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

(RD)
Read: A “low" on this input pin enables the 8255 to send
the Data or Status information to the 8080 CPU on the

DataBus. In essence, it allows the 8080 CPU to “read from"
the 8255.

(WR)

Write: A “low” on this input pin enables the 8080 CPU to
write Data or Control words into the 8255,

(Ag and Aq)

Port Select 0 and Port Select 1: These input signals, in con-
junction with the AD and WR inputs, control Yhe selection of
one of the three ports or the Control Word Register. They
are normally connected to the least significant bits of the
Address Bus (Aq and A;).

8255 BASIC OPERATION
A1 | Ag | RD| WR | & | INPUT OPERATION (READ)
0 0 0 1 9 | PORT A= DATA BUS
0 1 0 1 0_| PORT B =~ DATA BUS
1 0 0 [ 0 | PORTC= DATA BUS
OUTPUT OPERATION
(WRITE)
0 [} 1 0 0 | DATABUS=PORT A
0 1 1 0 0 | DATA BUS = PORT 8
[ 0 1 0 0 | DATABUS=PORT C
1 1 1 0 0 | DATABUS = CONTROL
DISABLE FUNCTION
X X X X 1 | DATABUS= 3-STATE
1 1 0 1 0 | ILLEGAL CONDITION

|

“av
sonrn aaoue
g ‘ Bin { A o = N o
Aaoue I C 2 B & ‘)"-"s
2
cuntaoy [ g R
-
“nme
“. s AL N m
oy
N S— e f—
. RN S
AL TCNAL DATE B -
oo /;..? - e
N FEIITIE Mo samme
amt
eruna; i
Darang _— . A _l\’ ro
(‘— ure K
L g —y] R T e
VT
SMCAP Jo—— cange J
w K N
comtmn . ST Sty S
e V) . ey,
w
meery -~

8255 Block Diagram
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(RESET)

Reset: A “high" on this input clears all internal registers in.
cluding the Control Register and all ports (A, B8, C) are set
to the input mode.

Group A and Group B Controls

The functional configuration of each port is programmed
by the systems software. In essence, the 8080 CPU "out-
puts” a control word to the 8255. The contro! word con-
tains inforration such as “mode”, "bit set”, ““bit reset’
etc. that initializes the functional configuration of the 8255,
Each of the Control blocks (Group A and Group 8) accepts
“commands” from the Read/Write Control Logic, receives
“contrcl words” from the internal data bus and issues the
proper commands to its associated ports.

Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower {C3-C0}

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

8255 BLOCK DIAGRAM

Ports A, B, and C

The 8255 contains three 8-bit ports (A, B,
be configured in a wide variety of functionat characteristics
by the system software but each has its own specia| Teatures
or “personality” to further enhance the power and flexj.
bility of the 8255. : :

and C). All can

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch,

Port B: One 8-bit data input/output latch/bt;ffer and one
8-bit data input buffer.

Port C: One 8-bit data output latch/butfer and one 8-bijt
data input buffer {no latch for input). This port can be dj-
vided into two 4-bit ports under the mode control, Each 4-
bit port contains a 4-bit latch and it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B.

PIN CONFIGURATION

(2% Tm £ ~~—r’ 40 b ras
ra2(]2 »(Jras
rat (]2 n{Jras
) —3 ra0 (e 37{7) rar
Ao(]s w)wa
vomt & ! 3w — aSds 3 meser
EL NS . 1y GNO (] r 4o
—— v —n] .. R X0 1
~ ol G, = N K,—%) ra, 0, ardde 1o,
r [ M | e a0l n{lo,
“\ scr (o n{Jjo,
[ sce(Jur 8255 247 o,
scs (12 n{]o,
rcalfn3 n{Jo,
rco e 7],
J rcr (s 2607 Vee
W OMECTIONAL DAta BuS sezi e Mkl
oara N .
o™ a’m m;‘ﬁ. ’V_“—*v PC)C 7 EL) :J s
ity B se0J1e (] res
UATA iy [
mare (“:D'::" R rer e 2[] ree
tarn =]
t m Y : ’ ro2 {20 nJee
e ° - PIN NAMES
.
f | B S TN - KD i, 0,-0 DATA BUS (BI-DIRECTIONAL)
. . RESET | RESET INPUT
L — (=] CHiP SELECT
o RO READ INFPUT
WR WRITE INPUT
AQ, AT PORT ADDRESS

PA7-PAD | PORT A (BIT)
PB?.PBO PORT 8 (BIT)
PC7-PCO PORT C (81T}
Vee +5 VOLTS
GND JVOLTS
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8255 DETAILED OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 - Basic Input/Output
Mode 1 — Strobed Input/Qutput
Mode 2 — Bi-Directional Bus

When the RESET input goes "high all ports will be set to
the Input mode (i.e., all 24 lines will be in the high im-
pedance state). After the RESET is removed the 82565 can
remain in the Input mode with no additional initialization
required. During the execution of the system program any
of the other modes may be selected using a single OUTput
instruction. This allows a single 8255 to service a variety of
peripheral devices with a simple software maintenance rou-
tine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored” to almost any 1/0
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

[ ADDRESS BUS 1
1T
f_ CONTROL BUS
1 L1
OATA BUS
AD, Wh 0,0, AgA
#]

uooso——I 8 i A .[

1o : o 10 Vo
PP PCyPC,  PCPC,  payPA,

MODE 1 —T B ¢

=001 ] 35

e e
wooez L ~— S5 AT
‘ I [ l ’ I l ' isias.omscnoma
Eiar=n revy

Basic Mode Definitions and Bus Interface

CONTROL WORD

By | Oy [ O5 [ O | Oy |0, |0 0D,

T

GROUP B

PORT ¢ (LOWER)
1= INPUT
0= ouTPUT

N

PORT 8

1= iNPUT
0= 0UTPUT

MODE SELECTION
0=MODED
1=MODE 1

GROUP A

PORT C (UPPER)
1 = INPUT
0+ QuUTPUT

PORT A
1= INPUT
0=0uTPUT

MOOE SELECTION
00 = MODE 0
01 « MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

Mode Definition Format

The Mode definitions and possible Mode combinations may
seem confusing at first but after a cursory review of the
complete device operation a simple, logical 1/0 approach
will surface. The design of the 8255 has taken into account
things such as efficient PC board layout, control signal defi-
nition vs PC layout and complete functional flexibility to
support almost any peripheral device with no external logic.
Such design represents the maximum use of the available
pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.

8255 DATA SHEET
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MODE 0 PORT DEFINITION CHART

A 8 GROUP A GROUPB
PORT C PORTC
. P4 | D3 | D1 | Do | PORTA | e | * [ PORTB |\ owen)
] 0 0 0 QUTPUT QUTPUT 0 QUTPUT QUTPUT
0 0 0 1 OUTPUT { OUTPUT 1 OQUTPUT INPUT
0 0 1 0 QUTPUT OUTPUT 2 INPUT QUTPUT
0 +] 1 1 OUTPUT ouUTPUT 3 INPUT INPUT
0 1 [} 0 OUTPUT INPUT 4 OUTPUT QUTPUT
0 1 1] 1 QUTPUT INPUT 5 OUTPUT" | INPUT .
0 1 1 0 QUTPUT INPYUT 6 INPUT OUTPUT
Q 1 1 1 QUTPUT INPUT 7 INPUT INPUT
1 oo [0 | mneur ouTpuT | 8 | outpPuT | outPuT N
1 0 [} 1 INPUT QUTPUT 9 OUTPUT INPUT
1 0 1 [} INPUT QUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPYT § 11 INPUT INPUT
1 1 o ] INPUT INPYT 12 ouTPUT QUTPUT
1 1 0 -1 INPUT INPYTY 13 ouUTPUT INPUT
1 1 1 ] INPUT INPYT 14 INPUT OuUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 CONFIGURATIONS
CONTROL WORD #0 CONTROL WORD #2
O O Os 0 0y D, 0, D, % 0O 0 0o O, 0, 0 D
Llefelefefe]e]] Lol fefedals|e]
Py SR LSy A,
e o
__/‘_.. PC,2C, __._/‘_. e, re,
aa, { s {
—,L‘_. C, #C, .—/‘_. 7Cy2C,
-, 8 [t re,0e,
CONTROL WORD #1 CONTROL WORD o8 .
© Oy Dy O, Dy Dy D, D0 O, 04 O D, D, D, D, D,
Clefelefe]efe]] Llefefefe]e[]]
o e e ) . ) S L VN
os o
—-.__,L‘.—. e, e, +. e,
o { o {
A — rey 2, [t rey ¢,
] e e ¥ st mu,
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CONTROL WORD =4
O, Oy Oy O, O3 0O O, D,
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CONTROL WOAD #12 CONTROL WORD #14
O Dy Oy O, Dy D; Dy 0 0 Dy O D, 0, O, D, D,
Llefelfefe]e] ] Llelel [T 1]
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2% w2
bt ey, e,
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