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It is applied
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nunber) &2 "C" udaene 17a3fu (version) 1u3ﬂn 3.1 uﬁaenwitﬁaunanu
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Terminal Comnuter
DTE DTE
-— ~ Tl —

t Communication link T
RS-232-C RS-232.C
Interface . Interface

J d t w 1]
gﬂn 2.1 nr7eganaanuizn?1y DTE and DCE

o ad <4 X " o " v
HMAMNVRAIBIANTIINIY aﬂnuuuu1n151unuuw1ﬁd1n1un11dqn1anagaunuaqn1u

g ‘; 4 U - . L] 4 o
RS-232-C uulﬁuu'm‘:ﬁ'mwu\men'lﬁﬂg"(agwaﬂl’lmﬂ‘ﬂﬂ ue EIA TUd18190N38U9AL
W e w e ? v B v ' o -4+ ﬂ
n']@ﬂﬂ“ﬂ'\ﬂﬂgﬂaﬂ‘l“‘lﬁu"ﬂ"ﬁ']un""l auAaula  Lwing1I n"l'f.lﬁu']ﬂ?i']uuuu L Hisl 1
[ N 4 g 1 . [)
ANNURANATT LuadannTidanan (interface) @7uuvYy RS-232-C \luﬁ'ﬁ]"ﬁeﬂ

b4

~ o o 4 S s d o 4
nann uaﬂnmnu?nnw113q1untﬁu1ﬂ1ﬁ AWARLI9TI8 3T A AR AL SawlanTe

P a 1 [ Y2 o ' o oV
an1wtawwznaqguanunaz1wa agglInen  wwsguuntataIanTaTITId MTuIn
o . J é ) | Y Y w Y '
dnquataniy (terminal) uazqﬂn1mn11 mﬂ1sna§aﬁnu11ngnanLﬁﬁﬁ?ﬂnu1aTﬂsqwn
?aaéQQLﬁunwen17naq nﬂitﬂﬂuémuuu RS-232-C ﬁﬂ Interface Between Data
Terminal Equipment and Data Communication Equipment Employing Serial

© W g » Y] o B
Binary Data Interchange. n9uN11 RS-232-C uuasgn?ﬂmaquqquawc ]
o e ar V)
HABINATAINKBEL I
NMIgM  RS-232-C usTaaRAneNE L awy (characteristic) N19AIW
. . 4 . .
aa'ln (mechanical) AW (electrical) wasRMMuBANAITAINM (functional)
£
N1TiiaNRBNYY  RS-232-C ﬂwuwsngnﬂﬂiﬁﬁqﬁww%n aTiRliRn Ty full-duplex
uar half-duplex ﬁcd1w§u1suu§aﬁa3a (point-to-point system) nia LCREED)
H o . . <
(multipoint) F2uny n11§aﬂ11uuu?¢Taiuﬁ (synchronous communication) #“¥a
- LY v U ~ < 5 ’
wuuaz3sTaTidA (asynchronous) nlm AVUUNINTEIH RS-232-C WAV IMBANEY

] o o
un uasgn'ﬁnuammmm&man Lagn

3.1 anwaien19nain (Mechanics Characteristic)
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ANNTANRTIN IR IRBUAR - NIRTF I RS-232-C UL uﬂ'\ﬂss']uﬂ']‘lﬂ‘]d'wi'lug
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A, o 1Y) I'4 wen 4 . - ' 3
n1u1awsg111utdaiiu c" An gﬂniqﬁmgwunﬂqnqam (connector) aa19lInan
Y w -~ ¥ 4
amdnRuf RN nIs1fionauuy  DB-25 wnaaﬁuau1ﬁgnusiﬂwn131ut1a1ﬂu npe

v

4 o 1 «H s 9 - wr | . )
3"" 3.2 uﬂﬂqzﬂmmenmaaﬂuau naeauuLTUARIN AR plug type (DB-25P) 3s@Aaian

fiu DTE  faRauuutiinfiiile @a socket type (DB-25S) 3zRaldiiy DCE 3
4 [l ulg
N 3.2 UARSATWANUMEILALNITIAL TASMNTALATIASET (pin) BAVAIAANIABNEUR uAT
a ! ‘\H 4 %3 4 g
udaezﬂns«ﬁmswunawuaamﬂuau1uzﬂn 3.2(q) FMTuR1979n 3.1 udevinagansy
1 t or g X -~ e .,3 -
N1TRATAVRALE d1w1u1uu1a1§1uuqnﬂ R93¢01989fl0 DTE Fetindadmiunmuna
1A% 2 Aa Transmit Data ﬁugn1§ﬁ1w§ud¢§a§a (transmit data) 31n DTE ‘i
#4 DCE  ifufiu damFuamunaias 3 Aa  Receive Data ﬁugnﬂ?iaﬂ DTE amiu
Fufana’n DCE
L |
3 ° Qd 4 <« L
AINNIATIINEN  BRBIIAIINEIRANAELALTANAINER AR 50 YA (M7 15
d J ] 3  ur 2 v Y
LUAT) NTEN11Y DTE #az DCE af19tInem  wanaq uiEnidanataLianninanin
40 ' o de (-] H - [
TaaThvat dumitwala uaﬁaqﬂauanﬂwﬂanTWL11naeﬁngaawniwaa1wt11§qqa (20,000

] 4 L] . : 1
iinAaduaM) uaz/nia 1§dﬂatntﬁanﬁﬁ1911u31wﬁ1 (capacitance) A1N79

(a) 3 dimensional view
of 25 pin connectors

o 'y 2 w ¢ A
3#ﬂ 3.2 (m) 3ﬂa7unuvﬂavwvnaﬁuaw7§ (DB~25P)
(n) 3u§7unﬁ7ﬂﬂvﬁ7daﬁﬁaﬁolﬂﬂ (DB-258)

(R) zuivvﬂavﬁvdgﬁﬁa 25 11
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CCITT
Pin EIA V.24 Signal Description To |From
Number|circuit |Circuit DCE | DCE

1 AA 101 Protective ground (chassis)’

2 BA 103 Transmitted data X

3 BB 104 Received data ) X
4 CA 105 | Request-to-send X

5 CB 106 .Clear-to-send X
6 cc 107 DCE ready (also known as X

- Data Set Ready)
7 AB 102 Signal ground (common return) X X
8 CF 109 Received line signal detector X
9 - (Reserved for data set testing)
10 - (Reserved for data set testing)
11 Unassigned
12 SCF - 122 Secondary received line signal X
detector

13 5CB 121 Secondary Clear-to-Send X
14 SBA 118 Secondary transmitted data X

15 DB 114 Transmiﬁter signal element X

timing (DCE source)

*Not defined as part of the D version.

2 . . I
Unassigned in the C version.
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CCITT
Pin EIA V.24 Signal Description To |From
Number|eircuit |[Circuit DCE | DCE
16 SBB 119 Secondary received data X
17 )))] 115 Recei#er signal element timing X
(DCE source)
18 | LL 141 Local loopback” X
19 SCA 120 Secondary request-to-send X
20 | cp 108/2 | Data terminal ready X
21 RL/CG | 110 Remote loopback signal quality X
detectbr
22 CE 125 Ring calling indicator X
23 CH 111 Data signal rate selector X
(DTE source)
23 CI 112 Data signal rate selector X
(DCE source)
24 DA 113 Transmitter signal element X
timing (DTE)
25 | TH 142 Test mode” X

'Not defined as part of the D versioa.

2 . . .
Unassigned in the C version.
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3.2 anwaen19iudn (Electrical characteristic)

de 2 “ f
dqunnna1nunﬂaawu1ﬂﬁﬂnﬂvuwa151u RS-232-C ATBUAANANTIEAY L ABATAY
wTsAuIuWdY (voltage) maz nTzuRRMTUMARED" seduna T iWi 1 da gL iy
2
#uy TTL (Transsistor-Transistor Logic level) H1A7371 RS-232-C A TAL ]
a . o Ly 4 ' 4
anantiuay (negative logic) imfa anin "0" a=iindtuiia Suuanuanniriindiwiia
gmfuaadn "1"  duAsTeRudnaldWnavanin "1" asLﬂuausumLﬁaunuizauﬁna1wﬂw
o < < ) 't 4
289 AB30 "0"  AIURAITMAITISN 3.2 uasgUn 3.3 da98natWd1Tem919 +3 T0an
S lgﬂl r'4 - 1 . X d
09 -3 Tiam uut uawuuaqn11uﬁﬂtaa1uas1sau5mmwmas1ugnn1nua1uﬂ1cu gﬂn 3.3
4 4 . 4 w . <
udavdafnatWWnastaTia8T (driver) wiakaae (transmitter) wasgamaraniy
(terminator end) ®ia #23u (receiver) #n19¢ mark (mark condition :
A & [} { o {d o o ™ X
agan "1") a9N19AY A8 TEMI9 45 TIaR A9 -15 ToaR L naunuTzAudunInwi
-: ar ] ar 1J (
(ground) iwAn #aderzdeduginaain 1" avhasaanTeEwivd TEndte -5 T0aR
'4 ..uﬂ « d. Ve [ ' ' I's
9 -15 T8 #md2Tuiin pwTeawiddiniaTuiA19emI19 -3 Taam A9 -15 TIad
"du 3 3 - ﬁ
LA L NN R IBWY amm1muuasgnwa11mwt uin11¢ mark AN17% space (space
ey » { o d o e ﬂ
condition : aa3n "0") FaIN1TAY AR +5 TIaA B9  +15 TIaA L NALUN LR 10w
[ duuu 1 1 (4& (d - H
pmTaRwtwinR 2Ty FUlaNA1TERINS 43 TaaR v +15 TIan tias haufudggianunig
:;l .Y ﬂ - H Wy
immwmuuasgnwa11mwt ufn11¢ space AMITUNIRTEIH RS-232-C uagmwa1nuaau

- . 4 4 o [}
Lﬂaﬂﬂeﬁmmﬁmﬁun1u {noise margin) auraliing 2 7288 dwmTuuAasAas

J [4 o 24 s ws
RITINN 3.2 FIMTVaUTWW 10898 ITY

=15V ¢ v, ¢ -3V V<V, <15V
Logic state 1 ]
Signal nark space

Control off on
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Taaﬂn§u§1n11Léauéaasgnﬁugﬁi11§§1w§udq§a§aszwdwq DTE uas DCE
' -4 [ ] as
agq9tlInanu awaﬁmmwmaqu1umnszq1uuwaigﬂuasﬁﬁﬁwniuﬁmmﬂmt1aﬂuaz§mmﬁmaquﬁu
L] . 4 4 < ]
(timing and control signals) LwaﬂﬁmQWmazgﬂﬁﬁuuuuiaLUEU VLG A IRE
uasﬁﬁaimm1m91Uﬁuas1ﬁéwi1 "ON" uaz "OFF" unu "space” uas "mark"” aquaiqu

4 4 ‘ o
A1978N 3.2 Uaz zun 3.3 udasgrvzavdnatudrdmTuaniue ON uaz OFF

+15V +i5V
Space Space
Logic 0 2V Noise Logic 0
ON margan ON
condition | condition
+5V
+3V
______ 0 t e Transition
i 1S region
-3V
-5V T
Mark Mark
X oV R
. 2V Noise Logic 1
Logic 1 margin OFF
OFF conditicn
condition
-15V =15V
Driver Receiver

o ’ a 24
gﬂn 2.3 FarvusvRuluw ey RS-232-C

3.3 1ca1ﬁu£g (Equivalent Circuit)
4 ) . . .
aﬂngﬂn 3.4 uﬁﬁea¢a1ﬁuga (Equivalent Circuit) ﬁwwiun11tgauaauuu

RS-232-C 48249 (Drive) Aa DTE uas #1¥u (Terminator) Aa DCE wianaufiu

— [nterchange circuit —

Ro -~
A AYA% ’ ', T ] T
i [ L E
D ‘ L ‘ R
: IR “
M Vo Co Vi =c 1
N
E ] T : ! — A
R , ) =57
y & —— o H [
I ~_/

L Signal ground l R

fcircuit AB)

o 4 .
3'1/7) 2.4 llﬂﬂ\i')\i??’ﬁllglﬂﬂﬂ‘iﬂ?ﬂﬁﬂilﬂﬂ R5-232-C
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a - ¥
awngﬂﬁ1u11naﬁUﬁa15acu

¢ L3 I bl ar l
v, tluusedumasidaa937 (open circuit) naskadeifauRuniniug azhas
4 1 4
dauatuinu 25 T1an
- 4
R, tluaawiuntunTsudaTe (de resistance) a1alu aviade Tasmmen
. . < ' e 1 4
1842937 (short circuit) ATsuantuadIufInIunIuAaS LAY 0.5 wanuls
c, Lﬂué1ua71uﬂ1ﬁu11wﬁw (total effective capacitance) 7avi1d97y
L] ) o 1 -
ﬁa,ua11unaqn1a1wu§1wﬁﬂnaqqqa1naaeuasawnanu31uﬁ1naca1adqn1«3wua1dq
c. Lﬁuﬁ1ua11uﬁ11u11wﬁ1 avia¥y TeAa ua:uuaaqaquQYwﬁﬁnaaTuaaﬁu
éw921u31wﬁ1naqawadqnﬂaﬁwuﬁ1¥u Tag C, JzRavliLiin 2,500 pF
R, LiwAamR N WIHEINTEuARTY (de resistance) 7a¢InaaniveIuEIFy
3 1 1 3 4 &
?qnﬂuiwaaﬂuaqainwstﬂauaa HA1TENIY 3,000 AR 7,000 Tawn Taana1 R R
' ] I 4 o ' s ' '
tiagnit 3,000 Tauu tdaifauusedutudriiin 25 1988 uaz R 3sRacia iy
4 4 ' < ¢ )
7,000 Tawu iuatfaunTeawtudin1aludae 3 de 25 Taa8
ﬁ o - . o e 2 o1
E ¢ uuTsAwtudaue 1199937 C(open circuit) mavdaTy uaz IzAaA°

1« 4
Taitnw 2 17am

-~ 4 ¢
v, Lﬁuuiqau1wﬁﬁnansﬁauaa

AMNTNIATEM  RS-232-C 1sg13&u uaaqﬁqqca1an§aﬂﬁLaquﬁqﬁwunﬁu
ﬁnuﬁuﬂ1=3 uasunavinauTRwlih  fuilw passive components Lt ag141T
TR DUREEL RO Y LRI Eaanuuuﬁn1ﬁ1a?§cLﬁwﬁu1aﬁuu1a1§1u RS-232-C
uar EIA-232-D #nadneifu a3 HC1488 tiw line driver uaz ‘lad MC1489

Lﬂu line receiver Lﬁuau

. 4 . . .
3.4 ANWATNINUUINANTNIANIY (Funtional characteristie)

4 [ ' 4 ° 4 v s
#1974n 3.3 Qﬁuﬂﬂ?ﬂ?id?ﬂﬂ?#ﬂ 129 RS-232 ﬁﬂﬂﬂﬁWﬂﬂ1?ﬂ1¢1uﬂﬁa18ﬂu

w a [ o <4 N 1
ﬁ?ﬁﬂﬁiﬂQuiﬂizqﬁﬁﬂﬂﬁﬁﬁuﬂﬂﬂizlﬂﬂ Hay aqanﬁiﬂandaeunuqqail?auaaLawwsuaas

t 1 Iy dug
grunrafuuaaztizian ATI80ANUTS LANUANYE
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A - AT1UANAT AN IWMATI9A (Ground and common return)

- 1da1§a§a (Data circuits)
- 1dﬂiﬂ1uqu (Control circuits)
- 1439739M1%11987 (Tining circuits)

4 . .
- 243728¥ channel nda9 (secondary circuits)

o
817N 2.3 RS-232 Iipterchange circuits.
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Direction
Interchange circuit

DTE | DCE
CAA Protective ground (Does noﬁ exist in Version D) - -l -
AB Signal ground - |- -
BA Transmitted Data ——=]==>
BB Received Data Cee | ===
CA Request-to-send (RTS) —==)
CB Clear-to-send (CTS) (—|-——-
cC DCE ready (also know as Data Set Ready) (e j =
(#)] Data terminal ready (DTR) —_—=-->
CE Ring/calling Indicator {==}==-
CF Received Line Signal Detector {==]==-

(Data Carrier Detect)

RL/CG | Remote Loop Back/Signal Quality Detector (===
CH Data Signal Rate Selector (DTE source) ——===>
CI Data Signal Rate Selector (DCE source) (—=f===
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< :
877190 3.3 (88)

Dire|tion
Interchange circuit

DTE | DCE
DA Transmitter Signal Element Timing (DTE source) — )
DB Transmitter Signal Element Timing (DCE source) (===
DD Receiver Signal Element Timing (DCE source) {==]=~-
SBA Secondary Transmitted Data ' )
SBB Secondary Received Data . (== ===
sca Secondary Transmitted Data ——|=-
SCB Secondary CTS {==]==-
SCF Secondary Received Line Signal Detector {==]===
LL Local Loop back (D version only)
T™ Test mode (D version only)

. ' ve ¥
NN IURTAIUARS IR T ﬁzﬂ1aaqu

3.4.1 N717U (Ground)
137 AA : Protective Ground (31 1)
1unw11¥qwu1qa1gan1ﬁw1udaﬁuﬁaﬁcqﬂn1éL$a1ﬁtﬂudﬂaau nisanatlansaas
1Taalidn171¢9mnls  TuNIAT§% RS-232-C  asiwuade protective ground

Y o ' [N ) v 4 b .
w17 ualuw EIA-233-D 1u191sq11 Luaeaﬁnisqvau111u signal ground
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949399 AB = Signal Ground (31 7)
y. I Y a oA w ) Y] I A
1eaﬁuuﬂ1u1ﬁLﬂuaaawqaqnaqﬁwmwmn1ﬁ1uaea1awqq ILABNAATI L dHANINIY

11 I's
A4 DTE wa¥ DCE 1u11azﬁnw1ﬂ1s§naﬂ§¢1uuuu1a

3.4.2 14378848 (Data Circuits)
2937 BA : Transmitted Data (TxD, m1 2) DTE --> DCE
ﬁaa1§1ﬁ1unﬁ1ded1a§a§aa1n DTE ‘& DCE mavAuauias (local DCE)
Taa?unmz#§v1ﬁﬁnw7éqﬁaga DTE 31111937 BA ndniuzaainiiu "1" (mark)
ARAALIAN ﬁagaasgnée1ﬂ§¢ DCE 3éatﬂaqqainnuquaé1uﬂnwus ON (aadniiu "o"
wiadn1as space) ée%qaiﬁﬁuQuLM§1§1auﬁ Request-to-send (RTS), Clear-
to-send (CTS), Data Set Ready (DSR) uaz Data Terminal Ready (DTR)
7937 BB : Received Data (RxD, 81 3) DTE <-- DCE
- DTE 3sFuilauasn DCE (mavAmauLae) Taan191437 BB 3 gayaeandy
aWﬂﬂnwﬁﬁnﬁﬁu#aé1naaan1ﬂu1anﬁaqn11§aﬁﬂi (communication channel)  DCE
ﬁeaaz¥u5a§a13 4a289I% DTE TAENT192937 BB nT81v3vzasianduaraniants
?udeﬁagaazgﬂcﬁaﬁuﬁq DTE  Hetiu DIE azdeﬁaganwenw 2 uaz?uﬁaganﬂqnw 3
# DCE 3zdeiayaniemn 3 wasTuiawaniean 2 ﬁquﬁaaﬂuzuﬁ 3.5(m) aziiu
nwwéauuuéwaﬁqﬁdﬂm¥u§agngnﬁ (Full-Duplex) Taa%1dﬁqqa1u?aﬁﬂaﬁau§u 3u#
3.5(1) (dun198a DTE 131fiy DTE TesaTeiastidl DCE n1iéauuu§§5nﬁu1uuﬂu

4:;’ 1 [ ] 4 ] =
Null Modem ‘Iugnuuuﬂmmma null moden i]ﬂ'l*i\ﬂﬂﬂ'a‘):ﬂ qetnmn qz&'awmﬂn’f

APV TENII9DY 2 BAvE 3

s Transmined Data
2C 2 20 02
- Received Data _\C/
3 03 30 o3
Si ground
76 gl 07 7 07
DTE DCE DTE - DTE

<n) (u)

4 4 i J 3 as ) d '
gﬂn 2.5 (m) n7swauuvv7ﬂn?9ﬂ7n7uyaglwanﬂ () Null Modem
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3.4.3 193788 (control circuits)
19397 CA : Request to send (RTS, 11 4) DTE --> DCE
7435 RTS Qn1§?unw7ﬁq§mq1mawn DTE 1l#s DCE ﬁmmﬂmanauqu local
DCE 1un11d¢uaz?u§agaawnﬂaqn11§aﬁ11 dm¥uduiwand (Sinplex) uazgagtwgnﬁ
(Full-Duplex) fin Andqmm RTS tiudniue ON munady  DCE azaé1u1uuan1idq
(transmit mode) 34 DCE ?uﬁagaﬂwn DTE uazizded wluniedasniidadns  n
RTS idu OFF uis DCE aza§1u1nua1ﬁﬁn11d4 (nontransmit mode) wu1afiy DCE
az1ﬁ£qd1u§aga1ﬂ§qﬂaqﬂ11§aaq1
dww%uﬂwéﬂgtugnf (Half-Duplex) WA? #n ue ON 3=n11W DCE aguTnua
n1784 (transmit mode) uasaz1ﬁ?uﬁagaaﬁnﬂaqnw1§aﬁw7 #udnue OFF 3eh1th
DCE agTuTwuan17¥u (receive mode) Aa DCE az%uﬁagaawnﬂa«n11§aaw1u515qd1u
1189 DTE uA DCE az1ﬁdq§a§a§q¥ua1n DTE luEedasniriadns ﬁqﬂgﬂtﬂuaﬁswq

.’g
Y EEED

o .
87177190 2.4 agﬂammvw RTS

2 ¢ e 4 s 2 4
g0 iutwanﬂuaswggswanﬁ ﬂﬂawgtuanﬁ
ON transmit mode transmit mode
OFF nontransmit mode receive node

9437 CB : Clear to Send (CTS, #1 5) DTE <-- DCE

DCE 35d31e3qmuia8193 900394918y DTE  #aws ON Liun11uanun DTE
iﬁﬁagaﬁdquwﬁe DCE ﬁuasgnéq1ﬂnw4ﬂaqn17§aaﬁ1 1udnqus¢0FF fiu DTE azlida
§a§a1uiq local DCE  #gqa CTS asa§1uanwuz ON R@aiiadqya RTS uas DSR
3wABvaETuAD WL ON %oé Tami CTS 3zidnIus ON wi9aan RTS Aantus ON Tuuds
1iuiam1 8 - 50 RaRdwrfTasiatl wiaat3tFiaacmawie 200 RaAIwIANTA

1437 CC : DCE Ready (Data Set Ready : DSR , 21 6) DTE <-- DCE

] 1) s 4 v
#074e ON UAAY2 DCE 1§gnaaLﬁwnuﬂaqn1133&11u§1uazw¥annaz1ﬁ1unﬁ1
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48817 wav#eudasin  local DCE 13;a§a§uu§1%n1aﬁwuanuguuﬁwﬁnw«%qqut191
(timing functions) wA2A1A fmFugnue OFF  (dun17uandh DTE Ininsuda
daimmwmgu?a ANL Y immwmudaqné« (Ring Indicator (RI) : 21937 CF) 1u
NARTEIU RS-232-C i 1«11§§5nﬁuﬂuuwu Data Set Ready (DSR)  #7uluniag
37 EIA-232-D 1«31§§5nﬁu1uu1u DCE Ready

9937 CD : Data Terminal Ready (DTR, 81 20) DTE --> DCE

1@31§1§1u1=uu switched (dial-up) system immﬂmnadaea1aaquaan
370 DTE 1U#e DCE  dnue ON  Liun19uanti DCE HiaTeudacasnaiiudaenisida
#1718 3981336 Tan 1suuuqu1niﬁwﬁaqaﬁa (manual dial) n3aszias TsunRauiy
SaTuii (automatic answer) ml# 1ita$3n DIE ﬁaz?uu?aée?agauﬁa \ila DIR
LJAsu#n UL ON 1w OFF  local DCE 3sdan17tdandaiiy remote DCE

7937 CE ¢ Ring Indicator (RI, 71 22) DTE <¢-~ DCE

19310 w50 switched (dial-up) network Fa@mma$193THAdNEAN
370 DCE ‘1UH¢ DCE Tasnduana DTR masidameidn oN  tilasess CE -z oN
u#A931 DCE fielasudgmraidaends (Ringing Signal) MMi3iwn  iiladniue OFF
UXA991 DCE 1&155uimwﬂmtiﬂonéq 9937 CE #1981 DCE  #1u11nRauiunanis

\FanTaadaTulin (Automatic Answer)

Ringing
signal

ON
RI
signal
DTE -=— DCE

QFF T 4t | S

‘J w Jg oy w2 e 4 Q’
zﬂn 3.8 wagavayyw RBI nﬂuagnﬂﬂmmvazﬁﬂvnfv

1937 CF : Received Line Signal Detector wia
Data Carrier Detect (DCD, 37 8) DTE (-- DCE

d 1 Veas . .
487937 CF N&NUuz ON udAvI1 DCE 1aFudgeIuwine (Carrier Signal)
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4 as < o @ 4"
ntuuwzdudwniunﬁsauaagtan (Demodulate) #1370 DCE 139anAUWUS (remote
. - v dv .
DTE) 4a1  #n1u¢ OFF U®A421 DCE tulaTufggratlaq 13w wiadggrant a5y
. ) ¥y,
u11ﬁluawnw1nnﬂn11§uaagLan15 An1uE OFF 72474937 CF 1 n11Wd18 Received

s 4
Data (29437 BB) W&N17¢ mark aquﬂaq1u3ﬂn 3.7

Camer ! Modulazed )

t
Signals |ooosignal data l
i | i
| : |
Received : f Il
Line Signal  ON 4 7
Detector !
DTE ~— DCE :
OFF | |
f |
i |
. I |
Received  Space :— -l—-—l—-'—a,s-‘—— T -; ’
Data
i i { I | | I |
DTE = DCE [ N D R T R
Mark N SR RS NI I AN SN S

o <f g ¢
3ﬂn 2.7 4ARvAnIUERAY DCD ?uniwﬂavgagtuanﬂ

M7 CG : Signal Quality Deteetor (m1 21) DTE <-- DCE
Yo ) Vas b} ndﬂl Py d
293TRUNTNAA AT IAULRITUNITAANUULTLUY LA L U IUWBSTBINIRATE N LWa
a 4 1 3 1 1 d 2"

sasfussuuNaanuuuninaunien  Sagnanlfudasin daaauduiutaes v nnaasiina
a - 2 o . 3#- vl - a
LnaaINHANA1aIBA2TUR18 Received Data @071z ON UUIIVINHAIIUHAWRIALAA
F74 v v
nuw?a1uu1Lﬁa1191wu§nwa1aiﬁtnaiua?c A0 ue OFF uu§11§91wutﬁu1u1ﬁgq

U

1 < < g b2 7 . 3 @ ] b 74
TR LNAAIINNAWAIATUULA D Tun177d994u19a814  gaue OFF uastﬁuaauan1ﬂ1u
da?agau11ﬁ1ni1aain1uﬁ§
1437 CH : Data Signal Rate Selector (11 23) DTE --> DCE nia
1437 CI : Data Signal Rate Selector (11 23) DTE <(-- DCE
4 £’ 1] L] v [} ¥ <
Lﬂuwﬂmﬁan'lﬂmuuwa\wm (source) Tman1 DTE Lﬂuunawnaaznmam
§ W [] 1 o g 4 ]
2439 CH wian1 DCE Lﬁuuﬂaﬁﬂﬂaﬂsﬂuﬂﬂﬂﬂ1Q?7 CI 14937814 Tun1 7L A8NTENIS

ar Y 41 W s o qa v )
ﬂﬂiqﬂ']‘id‘iﬁagaﬂﬁ']\!ﬂudq“'rﬂ DCE llUUQQTﬂ‘iua‘ (Synchronous) Wiﬂqﬂagisuqq\iﬁaﬁ

1 as s ' < o 4 o '
taadaga1d Ty DCE wuuieTATid  TuuAasnin #n7usz ON aztaanaasﬁtiqngenaﬂ
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3.4.4 I93TAIMILL1a1 (Timing Circuits)

d_u o
Lﬁu1¢a1n1ﬁ1un1Tgaaﬂiuuu%qTﬁiuﬁ (synchronous) 13 2939 An
7937 DA : Transmitting Signal Element Timing (31 24)
DTE --> DCE
-4 u 4 v . o .
1qaiugn1ﬁ1aa DTE me1ﬁnaganaqaquqssaa1 (timing) ﬁwniun11ﬁﬂnaga
] 4 ﬁ 4 < a
Tan9937 BA (TxD) fograulazLlagudnus3an ON i OFF nganona1qnaqunna§a
nasaany aqudaa1uzﬂn 3.8 aaxannag1u1ﬂnavLUa1Lﬁunuaaqﬁaganaqa11ueaﬁa

4 o 4, <4 v a ¥ v '
LAaauny Wﬂﬂqﬂnﬂau1“l ﬂﬂﬂu\lﬁa‘iuﬂaza'luﬂa"afﬂm']m

L ]

i 100% 1
0.5% Max
\!/ L Soe 0% |
ON ' l 3 [ I - ]
1{l Iy
I ]
0 & 1|y 1
i T
1] (N
) 11 t]
OFF L t |
! ]
! <n) i
! !
' .
Sampling .,
interval
25% 5%
Min Min
Space ——— : "
i |
! ]
| |
0 . -
| ]
i4 l l
Mark —— = — __

(u)

< <« v
3’1/?) 2.8 (n) gz/ﬁaunamw'/m 8710 avIVIT DA

Y
(f) ﬂagangﬂﬂvTayavaf BA

7935 DB : Transeitting Signal Element Timing (21 15)

DTE <-- DCE

g” s [} e 3

9939UARNAAUIYIT DA U@l DCE as;ﬂuaadqﬁmmwmunu Ta8 DTE 3Isdy
v 4 4

immﬁmna§a1ﬂnﬂaa¢a1 BA (TxD) ‘laiNadn1ue1a$2437 DB (Uaau3n  OFF Lﬁu ON

v d
QQZUn 3.9
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| . i
[ .(X)‘;'r —l
05% Max
/ 50% * 10%
Duty cycle
ON ifi 1 [r———
] 1{!
i !
0 1! 1!
i 1T
Hi 1!
11 1t
OFF ————li! (B B
<nl
25% Saropling 25%
Max | interval . Max
Space —— - L e ——
! ! | i
' ! ! l
0 ! ! ' L
' T I |
| |
] i |
! ] |
Mark S I : H

< : w
Z'I/ﬂ 3.9 (n) FYIMIVHIZLIAWANINIT DB

o pe) i
(p} ﬂagangﬂﬂvTﬁﬂvvv7 BA

1937 DD : Receiver Signal Element Timing (11 17) DTE <(-- DCE
7937 DD gn?idwn?u1ﬁﬁmqwm5¢uqst1a1 (timing signal) ‘1U#9 DTE
4 ﬁ 4 a v 4
dnMueazlUagusn  ON 1iuu OFF njanqnaﬂonaqunnagangndqu1n1¢1¢af BB (RxD)
ar d g v - 1 4
aqzﬂn 3.10 1eaiugn1§Taa DCE 3= Tuaaniaimizt1an agaaaat1a1n1417 CF

< ﬂ o < .- 3 ¥
(DCD) udnWELUW ON B1 DCD N&n1ue OFF Agmislsmizilainasiigiing
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L 100% i
5% Max
‘\"/ Duv ovele
1"t NS +
ON = r ! . 0% £ 10% | ‘
] T
a1l AN
0 4 [
T
f } | |
. . Rk
OFF _ g1 L
{n)
Sampling
interval
5% | 5%
Min | Min
Space ——— ; - —
| | N
: ' -
|
Q | ] :
i | :
] ! )

o s ar
;H/ﬂ 2.10 (R) FYYMWWINAILLIRMMAVINIT DD

) oA v
(n) yagaﬂqunn7v7v?1 BB

4
3.4.5 1937189 Channel ndas (Secondary Circuits)

W93/ ANAIINARaumiL Tun1 738715889 channel winuia channel
ﬂnﬁe (pCrimary channel) ualu RS-232-C B4l channel 7awia channel #ﬂﬂﬁ
(secondary channel) n1¥lunt1dad1éaa  Tamar33s1iiiudniwand (Simplex)
awéﬂgtwgnf (Half-duplex) Wia gagtwsn% (Full-duplex) 315 URABATINITAY
fmganaq Channel ﬁdaeasﬁaaniwﬁaiwnﬂiﬁqﬁaganaq Channel fiwiis  Channmel 7
ﬁaig uﬁﬁsﬂu 2 Uszian Aa Backward Channel uax Auxiliary Channel

Backward Channel 3zii#n19n1748#17ATeRuTmAURAN19229 Channel 7
Wiy L Au8 ﬁquﬁaeTugﬂﬁ 3.11 &4im BackWard Channel 3vi¥mndndain Reverse
Channel #1971 channel W&n uas channel 784 mu1AR9Iv3TIuNNTLHandaTenIng
DTE iy DCE  1uu19ssun Backward Channel az1ﬁ1ﬁ1unw1dqiagaud1ﬁﬁww¥un11
aauqunwsia%quqs (interrupt control) Taaﬁmmﬂma1uqunﬁiiaiﬁuqzasgné¢a1n

. . 4 y v 4
dﬂaiuﬁaga1ﬂaqd1ade§a§a cwa1ﬁqﬁn11ﬁqnagan1q channel ndaq
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DTE DCE Direction of data DCE DTE
Primary N
Frimary channel » - Prnmary channe: 4
Cummunication channel i
K Secemdary channel Secondarv channe: |
Secondary
n)
DTE DCE  Dirctionofdita  DCE i DTE

‘ Pri
K Prrman cnannel oy K Primary channe! |

- Ccmmunication channel
Secon=> channel

Secondary channel }

Secondary

(u)

4 J Jd
77 3.11 AANINEBVATITAIAI1TIEY channel NAaV

Taﬂﬁud/u Backward Channel

Auxiliary Channel 3eiA#NIA1TAaA1TIHGUALAAN1928Y channel Awiie
Ra HifdAn19LAaafin niandn1emTeiuiniuien19aas channel Amitants

#m¥u1437289 Channel A#ay (Secondary Channel) # 5 243534

1937 BBA : Secondary Transmitted Data (m1 14) DTE --> DCE

N171¥18979994AR1ARUI9IT BA (TxD) 91FAy chanmel iy U937
1¥dwTu channel Mdas §a§aazgndqa1n DTE 1l DCE  143713sii#A12s mark Lia
ilizauadnmazt 19 TEni i ing

14397 SBB : Secondary Received Data (31 16) DTE (-~ DCE

193700 L MAaUI93T BB (RxD) fuiay WAI¥dmFy channel Adas  unan
channel ﬁ#ae gn??ﬁwn%uﬁutna%?wﬁa1uqunﬁ11uanaq§aga1u channeltwﬁnu51ﬁu
7437 SBB #n3ax1Nlf uA's1¥1937 SCF uny

2937 SCA : Secondary RTS (21 19) DTE --> DCE

193 TUAS8FU299T CA (RTS) ul¥dmiy channel ndas  Twnianiienu
channel haaviiuuuy Backvard Channel u¥2 #n usmay RTS ﬂz1§ﬁ1UQﬂ1Q31 sca
118 nTald1d1s 1428 Teadniuz ON 7249937 CA (RTS) 3sdM170 Adialiia
(disable) 7937 SCA Uasdniur OFF 7247437 CA (RTS) 3#1# auriia (enable)

v S H 4 v ' d 2 < val )
74939 SCA a4 neuLtwalmuuda21 channel nuud uaz channel nday ILANUNITA

° LY <4 o
naga?unﬁnﬂataaanu
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e 4 " - @ ar
1unTal channel n#a gnTﬁ;ﬁaaswaﬁuauw?anaaeuqzn111nanaq§a§a1u
4491 du 1V 4
channel nWuduan 2939 S5CA azﬂanﬁuimmnmwﬂnznaq1u1auaagLaanac channel n
2V
ga4  &N7u¥ ON 22974937 SCA azudauaﬂqqaiﬂﬂqwuuﬂuﬂaﬁa (1L NRAINRANAIATI)
wiandn12enmiaienas (Noninterrupt Condition) uaz#nius OFF 897437 SCA
FLUAAGIN 1@31LBan11u§auawau?aaé?uﬁn1asiaﬁquz13 (Interrupt Conditiom)
137 SCB = Secondary CTS (31 13) DTE <-- DCE
¥ a Y] . 4 o .
799 TULNNARINIT CB (CTS) uAl1ddmiu channel ndas  Tunga channel
4 <4 d 4 o . . L] -~ e
naaegn1§tuaetwa N178UARINIT (circuit assurance) WIA  AILANNITEAIMIL
. y .
(interrupt control) Ua2943%7 SCB uﬂz1ugn1ﬁ
3T SCF : Secondary Recieved Line Signal Detector (31 12)
DTE <-- DCE
g - . - - 4
MITUILUAAINTTTY Ay wwine (Carrier Signal) Ty channel ndav
§ 4 1 w 4'
F9LAMUINARII93T CF (DCD) F91EAMTu channel nwiiy A01UE ON 8292437
] . L od, o de ¥ . 4
SCF % 3=uda97113gg1awIns1as channel NAAINTUNIBUNA I LN EN (ag?uﬁ1qn1§
1R
4 4 (7] a a -~ e
uATAN channel ndaﬁgn1§§wn1u N TaRERIITHTad MTUN1TIRT InIENA )
4 .
9437 SCF asuaacﬁn1uznaq#nwﬁ5ndwznag1naaan1d (remote station) Tan
A0z ON  A8919vaTia11uaL dana w?aaéﬁudnwusﬁwuia%quqs (noninterrupt
i 74
condition) 011 OFF azaqw 1«31Lﬁa911uuawa1aiuu?aag?uﬁanziaaqu1z1ﬁ

(interrupt condition)

3.5 ggz;ﬂaudaTanﬁ11uuaziqq1un1qu

<
3.5.1 7=uuiaﬂtuan{ﬂ1ﬂa1q (Full-Duplex Leased Line Sysitem)
' 4 . 4 ¢
n1T6a : EUn 3.12 uﬂaqnﬁTRaizuugagLwaﬂﬁﬁﬂaai¢§ﬁ1a (Full Duplex

Leased Four-¥ire System)
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Originator Answer
DTE DCE DCE DTE
5 TxDaa | Sl TxDaa |
3 Rx Daa 1 Tx carrier 3 Rx Daua 3
. Signal ground ; —— .| Signai ground | _
h ! [
DCE Read;
6 — Y 6 6 DCE Ready 6
3le 3 3 DCD 8
JLETS RTS |,
| cTS ) Rx carrier ( CTs }
Terminal FDX FDX ’ Compr=zr
modem modem

< & ¢ o
;II/YI 3.12 Tzﬂﬂyﬂgl WANTA 149 TIAT 18

@ - 4 H 4
NTAAREABATT : 1in 3.13 LRAVTUABUANTASNALAT ISR URgy IaA19 Ty

1] (3] ‘ I
nﬁsﬁaaagaaﬂinuzaq1suugagLuanﬁﬂﬁaﬂiegdﬁﬂ

Originator Answer
Step  Terminal Modem Modem Computer
L . Signal ground ' Signa! ground
2. DCE DCE .
Ready : Ready
3. RTS : RTS
4, CTs CTS
s X
carrier
turned-on
RX
6 “———DCD " carrier
signal
tumed-on
7. TxDag—> Modulated Rx ———»
“om =
8 Rx
Data Modulated <«———— Tx Data
r——
Dawna

o [] s d 4 o
;ﬂ/ﬂ 3.13 7777?7\7“3327??391’371”@711139\7732/1!?35l WANTA19RTIAT 18

& ¢ '
3.5.2 Trundaaiwantd18Tnidun (Full-Duplex Dial-Up System)
' <4 ' 2 ¢ ¢
INEGER zﬂn 3.14 uaaqnﬂiaa1zuugagswanﬂ uuunquTniﬁwnﬁqaﬁauasﬁau
FuaaTuda (Full-Duplex Manual Dial-Up and Auto

Answer System)
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Originator
DTE DCE DCE DTE

3 Tx Daa R . Tx Daa R

<R3 Daa R A R< Data -

3 B] 3 3

s CTs s p CTS 5

6 DCE Ready 6 5 DCE Ready 6

; | Simal ground | e ﬁ\% | Signal ground |

i i

3 bCD 3 Telephone 8 DCD g
DTR switched DTR i
20 20 network 20 20 7
2 Rl 2 '
|
Terminai FDX modem - i
d !
ha:xndsex FDX modem Computer - |
with ‘|

auto answer

‘J ] & ¢ ) w ¢ o wr
3”0 2. 14 n77w373yﬂyagzwaﬂzavyugufﬂfﬂwngaﬂﬂayazﬂaufﬂﬂﬁfuuﬁ

A1TRARaAaF T

Terrunal

Signal ground
e e el

4 H ; .
3Un 3.15 UAAYIURDUNITAILASATIARAUFPYIMAIN] 0

1 v 2 4 fw <3
nﬁiﬁanaéad11nunaq7=uu§agLwanﬂ uuunquTn13wna1aua

Crizinator

DTR

——

Tx Data
—_——

Rx Data

Medem

Manual
Jdial
number

Camer
signat

Camer
signal

Answer

Modem

————————————

Answer
" one

\1ndulaxgg

\Modulated
-ohuiee

Comouter

Signal ground
et el

;

W]
&
C

Rx Data
——

Tx Data
lfr———

< 4 ' "
3'1/7) 3.15 BURRUNVTANUALRTIIFIUANY B AV

d ¢ e OV <
'zyugagzwaﬂzayynyuTnfﬂwnsaﬂua
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' <
3.5.3 1zuuﬂ1aﬂaswaﬂiﬁ1nTn13uﬁ (Half-Duplex Dial-Up System)

s e ¢ a M
3.5.3.1 1suu§1aigLuanﬁuuuaauiuaunﬁa (Half-Duplex Manual Answer
System)
] "] 1 I 2 { v
A19Ra Eﬂn 3.16 uﬂaenﬂiaassuuﬂﬁawgtuanﬁ uuunquTniﬁunaaaumuas

RaufuRaxa (Half-Duplex Manual Dial-Up Manual Answer

.

Systenm)
Originator Answer
DTE DCE DCE DTE
Tx Data
2 2 2 Tx Data 2
Rx Data Rx Data
3 - 3 3 3
Signal ground 7 7 | Signal ground | _
DTT ’
20 DCET: 20‘.‘ j/'\ o 20 DR 20
cady | DCE
T
! CTS * 2ﬁﬁ:: M s 4
5 s network 5 c1s 5
DCD DCD
8 8 3
Teamunai HDX modem HDX modem Com:u:c:‘
and and
handset handset

< ’ ¢ g ¢ w v A
zﬂﬂ 3.16 ﬂ??ﬂﬂ?ﬂﬂﬂﬂ?ﬂwgtWﬁﬂﬂﬂﬂﬂ”{”fﬂ7ﬁﬂﬂﬂ?ﬂﬂﬂ

v ¥ A
UavaailTia 1gua

- ¥ 4 3 1 ]
ﬂ?TﬂﬁﬂBgﬂﬁﬁi : zﬂﬂ 3.17 uﬂaqnunaunﬂ1dvuasn1aaﬁauiqm1ma1qﬂ T4

nﬂ1§aaa§aaw7numaq1suuﬁwawgLwanﬂ uuuwguTniﬁwnaqa

a4 v v
dauvazaauiuvalaua
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Originator - Answer
Step Terminal Modem Modem Computer
1. Signal ground Signal ground
s e e
2. DTR DTR ‘
kR DCE DCE
——e ——
Ready Ready
4, RTS
——i
5. camer DCD
signal
6. CTS
7. Tx Data Modulated - Rx Daws
T dam -
8. Lastcharacter TxData Modulated Rx Data
. — —_— —
10 transmit data . -
9. RTS
————
off
10. Carrier DCD
signal off off
11. CTS -
————n.
off
I2. RTS
13. DCD Carmnier
s
signal .
14 ' CcTs”™
et ———
18. Rx Data Mo::lmcd Tx Data i
3 -
" ) Last .
. Rx Data Modulated TxData _ haracrer
n data to transmit
b, RTS
-—t
off
18. DCD Carrier
of{ signal off
. 15
off

J ] - r'd 8 ¢
gyn 2.17 n77ﬁwuasﬂ77?ﬁauamq7wnaw73uuﬂ7a#gtwanﬂ

w & ar
i ﬂﬂ”l;’ UTnTAYNU AR 71/; 737/3

3.5.3.1 7suu5ﬂ5ﬂgLugn{uuuaau?uiaTuﬁa (Half-Duplex Auto Answer

System)

' ) ' 4 & ¢ '
fivTAa ¢ Eﬂn 3.18 uaaqnﬂiaaizuuﬂwawgsuanﬁ uuunguTniﬁunﬁaaﬁauas
RAUTUBATUNA (Half-Duplex Manual Dial-Up and Auto Amswver

System)
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Onginator Answer
DTE DCE DCE DTE

2 Tx Data 2 , Tx Data )

Rx Data Rx Data
3 3 3 3

RTS RTS
4 4 4 4

. CTS CTS

5 5 N\ s 5
6 b OCE Ready 6@ @Y. DCE Ready |
R \_/ 6 6
7 &@dpm@g7 Tﬂqhmc - ﬁnﬂpumd7

DCD switched DCD
& DIR 8 petwork 8 > 8
20 120 20 DR 20
2 L —t=t 22

Terminal HDX modem
and
handset HDXymﬂm Computer
with
aulo answer

P ] ¢ e ¢ v dw 4
gﬂﬂ 3.18 n75&afzyu5vaﬂgzwaﬂﬂuuunyuTﬂiﬁWﬂa7ﬂya

UASRAUTUBATUIE

. 4 z . .

A1TRaRaNagaT ¢ TR 3.19 LHaeBuRaRN1TTSuAsATIIFaUA A9 U
. . 4 4 .

N7 aRag1TiunavIEIY 1un1&ndwat?an1ﬂxﬂu§nazaq

v 1 4 4 Y] )
ﬁﬂgﬁﬂﬂu nae Zﬂﬂ 3.20 Lﬁuﬂiaﬂdqﬂﬂﬂﬂ7H38LﬂUEﬁﬁ

e ¥
naganau
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On2inator
Trm:nal

Signal ground
-—p

DTR

——

Tx Data
——

Last
character
to transmit

Tx Data
——l

Rx Dat
f—————

Rx Data
A ————

orf

\Modem Madem

Manual
dial
number

——

Answer

* tune

Carrier
signal

“odul;neg

data

“odul:neg

data

Cagrier
vignat off

Carrier
signal

\odulated
Jata

Modulated
i
data

Carrier
signal off

Ansaer
Cumruter

Signal ground

Rl

DTR

Ready

DCD

Ry Dana
———————li

Rx Daa
e ——

Last
character
*0 transmit

Tx Dara
D ——

RTS
otf

<4 1 ) “
74N 3.19 BAGNIUKBURITANEREATIITRUANWY BB B TEUT
b4

» d wad " o ’
Tunsaml 195 Tan il z/ugnvzwn BYANAY



Originator Answer

Step Terminal Modem Modem Computer
1. Signal ground Signal ground
-— - —
2 _ DR , DTk
Mznual
kN diai ————
number

Ri

|

- ome Keady

6. RTS

' signal
5 DCD s
9
10. Rx Dala Modulated . Tx Data
data
Last
. Rx Data Modulated Tx Data chm:ler.
data 1o transmit
12. RTS
oft
13 DCD Carrier
off signa! off
13 CT. S
3 off
15 RTS
2 )
ie. Carrier DCD
signal
17 CT3
————
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#7171 4.1 ajunvwifvuTthﬂ V-Series pav CCITT

wasgmbadnae CcCITT
FOX

Series Line Channel of Modulation  Switch Leased
Number Speed  Separation HDX Technique Lines Lines
V.21 300 FD FDX FSK Yes 0
v.22 1200 FD FDX TSK Yes PP2w
V.22 600 FD FDX PSK Yes PP2W
V.22 bis 2400 FD FDX QAM Yes PP2W
V.22 bis 1200 FD FOX QAM Yes PP2W
v.23 600 NA HDX FMK Yes 0
v.23 1200 NA HDX FMK Yes 0
V.26 2400 4-Wire FDX PSK No PP MP4W
V.26 bis 2400 NA HOX PSK Yes No
V.26 bis 1200 NA HDX PSK Yes No
V.26 ter 2400 EC Either PSK Yes PP 2W
V.26 ter 1200 EC Either PSK Yes PP 2W
v.az 4800 ND Either PSK No Yes
V.27 bis 4800 4-Wire Either PSK No 2w 4w
V.27 bis 2400 4-Wire Either PSK No 2W 4W
V.27 ter 4800 None HDX PSK Yes No
V.27 ter 2400 None HDX PSK Yes No
V.29 9600 4-Wire Either QAM No PP 4W
V.29 7200 4-Wire Either PSK No PP 4W
V.29 4800 4-Wire Either PSK No PP 4aW
V.32 9600 EC FOX QAM Yes PP 2W
V.32 8600 EC FDX TCM Yes PP 2w
V.32 4800 EC FDX QAM Yes PP 2W
V.32 14,400 4-Wire FDX TCM FS PP aw
Also in preparation are:

V.34 a 14,400/19,200 hait duplex asymmetrical duplex highspeed Modem

for FAX applications. Unlikely to appear before 1992.
V.32 bis a 14,400 tull duplex PSTN modem; under study but not being formally
discussed.
ND = not defined NA = not applicable EC  =echocancellation
FD = frequency division FDX < full duplex HOX = half duplex

PP = point to point MP = multipoint FS = for further study
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3 Hdcke ook ookl TERMINALLASH kbbb bbbk ook
H

3 FILENANME TERMINAL

3 DESCRIPTION TERHINAL ENBEDING CONTROL PROGRAM
s HARDWARE Magnetic Login Terminal

s ASSEMBLER SXA51.EXE

s PRODUCE BY MR NIPON JANTRI SCIENCE’S APPLY PHYSIC 33504016

3 fokdeoko oo o ol ok o e o o o e oo e ek
s #t The following section is reserved for ALL VARIABLE which involve this
; system and constant

3 ik ok oo ok ke R e e e o

shikkickiikikkkkdd  Magnetic Read VARIABLE  #kkkkikikikikbkibhidbikkk

S_BUF EQU  8500H s sapple buffer

S_LfH EQU 50 s sample limit

D_BUF EQU 8550 3 decode buffer

PASSWD EQU  8600H s password buffer

RESULT_I EQU 308 ; result buffer in data area
RESULT_E EQU 8610A ; result buffer in code area

PHONE_NUMBER EQU 86300 s telephone nunber buffer

s INPUT PORT DEFINE

cP EQU  90H s card present bit -) Port 1.0
] EQU 91H s clock bit -) Port 1.1
CLX EQU  92H ; data bit =) Port 1.2

s CODE FOR TRACK 2
M_SS EQU  1011B s start sentinel OBh
H_ES EQU 11118 : oend sentinel OFh

sk bk LCD  VARIABLE bbbk kkckik bk bk

LCDWRC EQU OFF80H ; LCD Write Control
L.CDRDC EQU OFFB1H ; LCD Read Control
LCDWRD EQU OFF82H 3 LCD ¥rite Data
LCDRDD EQU OFFB83H 3 LCD Read Data

LCDBUF RQU 8000 "5 LCD RAM Buffer



sk kiddkdk  Port Configuration for Terminal kkkikkidekiikickkk
; 81 Port Configuration is the designation of each pin for each port.

H It is designed esspecially to support HLS hardware which is the

3 heart of this system
sk ek ke o e e e

shkkkk 8031 Port Configuration kikkk

-e

1

1
1
|

for Answer back
for not ready
for not request
for not detect

for transeit mode

for OFFHOOK

for connect to MC145450
for not detect carrier

for not in tranmit

s PO ‘

s P > reserve for pagnetic card

H P1.2 !

;3  PL3 ~Sd DATA send data if Mode is in transeit mode
P1.4 AnBk 0 for not Answer back

H P1.5 -DTE 0 for IBH ready

;s P18 ~RTS IN 0 for IBM request to send

s PLT ~CAR DET 0 for Detect Carrier

H

skikidkk 8255 Port Configuration #fkidkk

H

;s PAD Mode 0 for initial mode 1

H PA.1 on 0 for ONHOOK 1

H PA.2 Audio En 0 for speaker ON 1

;  PA3 -CD %0 for detect carrier 1

H PA.4 -RTS out 0 for set MC145450 ready 1

;3 PAS -DSR %0 for tell IBM that Data Set Ready

H PA.8 -

H PA.T -

H

H PB.0 DTHF A

; P DTHF B

H PB.Z_ DTHF C

H FB.3 DTHF D

;5 PB.A - PB.5 - Available

*
’

s koo ook

PORT VARIABLE ok ok



sWARNING 111t 8255 Port start at FFOO

PORTBASE EQU  OFFOOh o

PORTA EQU  PORTBASE + 0 s Port A

PORTH EQU  PORTBASE + 1 s Port B

PORTC EQU  PORTBASE ¢+ 2 ; Port. C

CONP EQU  PORTBASE + 3 ; 8255 Control Port

CONW EQU 100010008 : Control Word: all port set to mode 0
3 Port A: out,
H Port € high nibble: in

;  Port B: out,

H Port C low nibble: out
s% renark: see port configuration above

s Port Pin Constant

MODE EQU  00000001b s Mode

OH EQU  00000010b ;3 On Hook

AUD_EN EQU  00000100b ; Audio Ensble

CD_L EQU  00001000b 3 - Carrier Detect
RTS_O_L  EQU  00010000b ; - Request To Sent OUT
DSR_L EQU  00100000b ; - Data Set Ready

Sd_p EQU  P1.3 ; Send Data

AnBk EQU P1.4 3 Ansver Back

DTE_L EQU P1.5 3 - Data Ternminal Equipment
RYS_I_L EQU P1.8 ; - Request To Send IN
CAR_D EQU  PL.7T 3 - Carrier Detect

s end of Port Constant
sk kb kkkickkkdkd - END OF VARIABLE Flodo o RO

skhidd ik Hain Main Main Main Main Main sokiddodeekikiiibihbiiek
H " 81 Main Progran Start Here
’

RO



org Oh

pov R2, #0ffh
lcall delay
nrov R2, R0ffh
leall delay

s for EPROM or EPROM Emulator

;+ this area reserve for all interrupt which is used in the future

sk oo

3 1. Initial All System Port which are 8031 port, serial port,
H 8255 port and LCD

.
’

s kb R o e R oo o

start:

-e -e

-e

s Initialize All Port

nov A, #11101111b  ; Card Present bit input port latch "1"

‘"

Clock Bit "-
; Data Bit

Sd Data 1 for mark state

AnBk 0 for not answer

-DTE input port lateh "1"

s -RISIN " "
s -CARDE " "
nov P1, A

0oy A,

novx @DPTR, A

pov DPTR, BCONP
$CONW

nov DPTR, RPORTA

snov A, $00001111b

nov A, $00111100b sinitial state, wait for ring signal

Mode 0 TInitial
s OR

; Set All poit to output except C High

0 ON-BOOK




s Audio En 1 Comnect to HC145450

s -CD 1 not detect carrier
3 -RTS Out 1 not in transmit
s -DSR 1 Modep not ready

novx @DPTR, A
nov DPTR, #PORTB
pov A, #11111111b 5 set A1l DTMF control bit to 1
novx @DPTR, A

init_serial:
nov  SCON, #01010010b  ;Set SCON (Serial Port Control Register)
sHode 1
sREN 1 (Enable)
sTi = 1
nov THOD, #00100010b  ;Set TMOD (Timer)
sHode 2 (Auto Reload 8 bit)
ooy TH1, #11101000b ;3 Set Baud RATE = 1200
shov  TH1, 201000000b ; 150
smov THi, #11111101h 9600
nov THZ, 201000000b 5 set Timer 2 to Baud Rate 150

setb TR1 4 s set timer 1

leall initled

Initialize Complete >

-e

sdkkkddokkkik Check RS232 Condition dkdkkkickkidedokddbkiibhk
;3 2. Handshake condition. check if IBM available

5  V¥ait Until DTE f{rom IBH is "ON"

s If In¥ DTE is "ON" send information

’

RIS I S e R it i i i i iitas tigt it tige ttatitist ettty

o



rs232_check:
pov DPTR, #PORTA
novx A, @DPTR

orl A, #DSR_L s nake sure that DSR is “OFF"
novx @DPTR, A s until DTE is "ON" and systen is access
vait_DTE:

inb DTE_L, tell_info ; if DTE "ON" jop to tell information
nov DPTR, #NOTREADY

lcall LCDLDP

pov R2, 30ffh

Icall delay ' | ,
Jnp vait_DTE s vait until DTE is "ON"

s #k compent: timing check may be used bere

tell_info:

nov DPTR, Rinfori stell user that moden ready
1call tword
nov DPTR, tinfor2 sand how to access this system

1call tword
pov DPTR, Rinfor3
leall tword

IBM ready now . )

-e

shckickickkkkdbbkkdokickkk MAGNETIC ROUTINE  kkkkickikihikkkiibiickibikk

3. Magnetic Reading Subroutine.

3 This subroutine is used for supporting the magnetic reader hardware
; that read your ID number from magnetic carq , Ssending this

3 ID nunber to computer(see routine 4 below) and showing this ID

nunber on LCD and monitor.

.
b4

s O R R R e ok



MAG_ROUTINE:

pov DPTR, #STRIPE
lcall LCDLDP

START_READ:

-e -e we -e -e -e

.
14
.
’
.
1

.
’

LooP

LCALL MAQ_SAMPLE
JZ  START_READ

LCALL MAG_DECODE
JZ PRINT_ERROR

LCALL CLRLCD

HOV DPTR, $TEST.READ

LCALL LCDLDP
MOV R2,0FFH
LCALL DELAY
MOV R2, OFFH
LCALL DELAY

MOV RO, #20

MOV DPTR, %D_BUF

: MOVX A, @DPTR
LCALL RYTE_TO_LCD

INC DPTR

DINZ RO, LOOP

lcall clrled
nov DPTR, #read_ok

lcall LCDLDP

LIAP get_passwd

PRINT_ERROR:

READ_OK: DB "Card Read OK.",0h

LCALL CLRLCD

CLR A

MOV DPTR, BERROR_HMESSAGE
LCALL LCDLDP

SJMP START_READ



STRIPE: DB "4k MLS 1.0 Ready kkiPlease Stripe CARD", Oh
NOTREADY: DB "ikdkk HLS 1.0 dkkkik IBH is not ready &", Oh
ERROR_MESSAGE: DB  "Card Read Error!t!! Stripe AGAIN ", Oh

Infori: db ’¥Welcome to MLS 1.0°,0ah,0dh,00h
Infor2: db ’'This message send from Terninal to your IBM’,0ab,0dh,00
Infor3: db 'You must stripe the card to access this syten.’,0ah,0dh,00

sk o
H

34. Tell Information and get password

s then Send ID and password to IBM

s ek R o

get_passwd:

nov DPTR, #Messagel ;ask for password
lcall tword

nov DPTR, #PASSWD
passwd_loop:

leall rx

cine A, #0dh, passwd_cont
iop passwd_exit
passud_cont :

novx @DPTR, A

nov A, 1'¥’

lcall tx

inc DPTR

Jjnp passud_loop

passwd_exit:
nov A, #0h sNull Terpinate
novx @DPIR, A
pov A, #0dh
leall tx
nov A, $0ah
lcall tx



send_ID:
nov DPTR, #Message? ssend ID to IBM
lcall tword

MOV RO, $10

KOV DPTR, #D_BUF
Send_ID_loop:

MOVX A, @DPTR

LCALL send_byte

INC DPTR

DJINZ RO, Send_ID_loop

pov DPTR, #PASSWD ssend password to IBH
Send_Passwd:

novx A, @DPTR

leall tx

inc DPTR

cine A, #0h, Send_Passwd

pnov DPTR, RRESULT_E

pov RO, ¥RESULT_I
get_answer: ; receive processing result from IBM
lcall rx

nov @QRO, A

novx @DPTR, A

inc RO

inc DPTR

cine A, #0h, get_answer

nov R2, $0ffh

1call delay swait until IBH ok
leall CLRLCD

nov DPTR, #RESULT_E

lcall LEDLDD

pov R2,80ffh



Jeall delay
nov R2,40ffh
lcall delay

nov RO, RRESULT.I
pov DPTR, #logok

check_ansver:

clr A

pnove A, @A+DPTR
cine A, #0h, ch7as

cine @RO, #0h, ch?7as
Jnp checlhsns_ok s OK. two string match

ch?as: subb A, @RO
inz check_ans_exit
inc DPTR
inc RO

sjnp check_ansver

check_ans_exit: 3 two string not watch

loop_again®
nov DPTR, Ilogerr‘ stell user that moden resdy

leall tword
1jup MAG_ROUTINE

check_sans_ok:

set_DSR: lcall clrled

nov DPTR, RPORTA

novx A, QDPTR

pov Ri, A ; OK, DTE is "ON"
pov A, #DSR_L

epl A



anl A, Rt s set DSR "ON" respond to DTE

novx @DPTR, A

nov DPTR, #msg_dsr
lcall LCDLDP

nov DPTR, #nsg_get_num
lcall tword
clr A s Null Terminate
leall tx

nov DPTR, #Phone_Nunber
Get_Number:

leall rx

novx @DPTR,A

inc DPTR

cine A, #0h, Get_Number

l1call clrled
pov DPTR, #Phone_Number
lcall LCDLDD
nov R2, toffh
lcall delay
nov R2, t0ffh
1call delay
pov R2, #0ffh
lcall delay

stRiREes TEST ONLY
;1inp wait_to_send

Jop on_hook

nsg_dsr: db 'Send DSR’,0h

Messagel: db 'Please type your password’,Oah,0dh,00h

Message2: db 'OK. send your password and ID to IBK’, 0ah, 0dh, 00h

tablet db 'Moden Ready’,0ah,0dh,00h
tablei: db 'Transfer All Control to IBM’,0ah,0dh,00b

logok: db ’Login OK.’,00h



logerr: db ’Login Error. Please stripe card and type password again.’,0ah,0dh,00h
psg_get_num:
db 'Please enter host telephone number.’,0dh,0ah,00h

3 ki ok ek ok |
H
$OFF HOOK Telephone Line and Dial

SR

on_hook: mov DPTR, #PORTA
pOVX A, @GDPTR
orl A, %01 3 OFF HOOK telephone line
xrl A, 3AUD_EN s set speaker ON
novx @DPTR, A

nov dptr, #Phone_Number

dial:  movx A, @DPTR
cine a,#00h, cont_dial
inp nexti

cont_dial:
cjne a,t’,’, chi_asei
nov R2, #0cOh
lcall delay
pov R2, #0cOh
Icall delay
Jjup dial_loop

chk_asci:  subb a,#30h
push dph
push dpl

push ace

nov dptr, #phone_table
pove a, @atdpir
lcall SET_PORTB



nov R2,135h
lcall delay

nov a, $0ffh
1call SET_PORTB
pav R2,%25
Icall delay

pop acc
pop dpl
pop dph
dial_loop:
inc dptr
jop dial

SET_PORTB: push dph .
push dpl

nov DPTR, RPORTH
novx @DPTR, A

pop dpl
pop dph
ret

phone_table: db 0Dh,00d,01h,02h,04h,05h,06h, 08h, 09h, 0Ah

" NEXT1: nov R2, B0ffh s+ wait for telephone line ready
lcall delay
nov R2, 30ffh
leall delay
pov R2, ¥0ffh
lcall delay
nov  DPTR, RPORTA
povx A, GDPTR
orl A, BAUD_EN ; connect input from line to MC145450

novx @DPTR, A
n?lp: Jb CAR_D, n?7lp swait for answer back Lone



carier_back:
povx A, QDPTR
xrl A, ¥RTS.O_L H
novx @DPTR, A
pov R2, ¥0ffh
lcall delay

nov R2, 0ffh
leall delay

exite

sdkkidok ook o O ok

H

wait for RTS from IBM if "ON" send CTS "ON" back

; then set speaker off and set MC145450 to receive carrier

e

s ik o

wait_to_send:
lcall clrled
nov DPTR, #test?2
lcall LCDLDP
pov R2, 20{fh
lcall delay

nov DFTR, #PORTA
povx A, @DPTR

vait_rts:

jnb RTS_I_L, set_RTS ; if RTS "ON", jmp to set CTS
orl A, BRTS_O_L ; set CTS "OFF"

jnp wait_rts ; vait and wait

TEST2: DB "Wait for RTS",0h

set,_RTS:

nov Ri, A ; Now RTS is "ON"
pov A, $RTS_O_L
cpl A



anl A, R} 3 then set CTS "ON" back
novx @DPTR, A

lcall elrled
pov DPTR, #test3
lcall LCDLDP
mov R2, $0ffh
lcall delay
nov R2, R0ffh
1call delay

carrier._DE:
nov DPTR, ¥PORTA
novx A, @DPTR
nov R1, A
nov A, #CD_L
cpl A

anl A, Ri ; and set -CD to "0" for detecting carrier in

novx @DPTR, A

§mmm e Host Ready to send data - )

;ik******#*ii*#*#**#*##t**ii****ii?#iti*****#i*##*****
H
s “"~“5. send data to IBM

s 5.1 change node

send_data:
sseth TRI sEnable Timer 2
ssetb ETO 3 set Timerl Int

leall elrled
nov DPTR, #msg_txrx
leall LCDLDP

stest_tx:



nov DPTR, #PORTA

povx A, @DPTR

orl A, EMODE

povx @DPTR, A ; change node to Transfer mode

-e -e -e

-e

st leall rx
Icall tx

cine A,#0dh,st
nov A, #0ah
Icall tx

nov A, $0dh
leall tx

sjmp st

test3s db ’Send CTS',0h

psg_txrx: db ’Transceive mode.’,0h

3 AR R

31 \
H) SUBROUTINE OR MODULE AREA \
3/ \

§ 1k O

s e
H \
31. serial communication subroutine \
3 \

\

[3
1 4

sk b kk koo kkkkk# SEND BYTE Flik e o
;send 1 Byte Data to IBM with ascii character
sInput: A -} Byte Data

sReturn: -

sRegister used: R2, , R4

SEND_BYTE:
MOV R4, A
LCALL HTOA



MOV A, R2
LCALL tx
MOV A, R3
LCALL tx
MOV A, R4
RET

sk O R ook ek

3 Sub Program Send Data 1 word to RS-232
;

3 REG DPTR = table 1 word

s DESTROY DPTR, A

\
\

\
\

HItiiSitR IRt i g Tnassatse tat it St taasisstsd it sdisil il iiy

tword: clr A
nove A, @A+DPTR

twe leall tx s send data
inc DPTR ; Table = Table +1
clr A
pove A, QA+DPTR
cjne A, #00h, tw sIf end vord, end program
ret ;and not send Null terminate
H
3 Sub Program Send Data from RS-232
s A -) Data to receive
rx: inb BRI, $ sCheck RI = §
elr RI ;Clear RI
rov a, SBUF sInput Data From SBUF
ret
H
s Sub Progran Send Data 1 Byte To RS-232
; A -) Data to Send
tx: inb TI, ¢ . sCheck TI = 1
elr TI sClear TI
pov SBUF, a ;Send Data to SBUF

ret



sikidckkidekikkkikkk End of Subroutine fedikkiibiddckikb kil

s kkkkddcck kb kkkkkik LCD AND MAGNETIC READER MODULE dckfkkkikiik

-e

-e

sh e O e e ok
3 General purpose magnetic sampling routine

3 INPUT: -

s OUTPUT: ACC contains sample count

s USAGE REG.

H DPTR: point to sampled bit storage area
H RO: 8 bit counter -
H Ri: total bit counter

At St iRttt it ittt iildet et ittt igiitstisit]

MAG_SAMPLE: MOV DPTR, #S_BUF

MOV R1, 10 ; sample counter

L7MS1: MOV RO, 18 3 bit counter

L74S2: JB CP, L7HS4 ; card not present, quit
JB  CLE, L7HS2 ; vaiting for zero bit
MoV €, Dq s get bit data

L7Ms3: JB CP,L7M54 ; card not present, quit

' JNB CLK, 1.7M83 ; waiting for one bit

CrL €
RRC A

DJINZ RO, L7HS2
HOVX @DPTR,A
INC DPTR
INC R1
CINE R1, RS_LIM, L7MS1
L7MS4s KOV AR
RET

;*k#*ti*t****##tt*ti*#*#**i*****t****i*#*#*#i**t*#******#*****#*#*ii*#

s Bidirectional magnetic track 2 decode routine



s INPUT: sample count in ACC
s OUTPUT: ACC contains character count
; DPTR points to decoded data buffer : b

; USAGE REQ.: for this rontine (include subroutine) as follow

; R5: Direction flag, 0 = forward
; R4: Cunulative LRC register

3 R3: Decoded character counter

H R2: Nondecrementing sample count
H R1: Decrementing sample count

H RO: bit synchronizing counter

e o

MAG_DECODE: ;1st pass, setup for forward decode attempt

KOV R5, 10 ; indicate forward decode
HOV DPTR, #S_BUF 3 point to start of buffer
MOV RI, A s sapple counter

MOV R2, A s sanple count
JUP  L7MD1

L7MDO: +2 nd pass setup for reserve decode attermpt

MOV R5, #1 s indicate reverse decode
MOV DPTR, #S_BUF
HOV A, R2 s sanple count
DEC A
ADD A, DPL :
MOV DPL, A
CLR A

ADDC A, DPH
MOV DPH, A s point to end of buffer

MoV R1, 2 s sanple counter

L7MD1¢ sdecode initialization

HOV R3, #0 ; character comt
HOV R4, RO ; initial LRC.
KOV RO, #0 s bit synchronizer
CALL FIND_START s nain decode loop

JNC L7MD5 ; start bit error

CALL GET_CHAR s Start Sentinel



JB  ACC.7, L7MD5 s format error

CINE A, #M_SS, L7MD6 5 Start Sentinel error
L7MD2: ; data byte or End Sentinel
CALL GET_CHAR
JB  ACC.T7, L7HD5 s forpat error
HOV RG, A
CINE A, #M_ES, L7TEMP1 ; End Sentinel not found
JHP L7HDA
L7TEMP1: CALL GET_CHAR
JB  ACC.T, L7HDS ;3 forpat error ,
CINE A, #M_ES, L7MD3 ; End Sentinel not found '
JHP 1.7MD4 s get LRC
L7MD3: RL A
RL A
RL A
RL A
ORL A, R6
SVAP A
CALL STORE_CHAR ; data character
JHP L7HD2
L7MD4: s LRC
CALL GET_CHAR
JB  ACC.7, L7MDS s format .error
HOV A, P4
JNZ L7MD5 3 LRC error
MOV DPTR, #D_BUF ; good return
KOV A, R3 ; final character count
RET
L7MD5¢ s decode error, check if 1st pass
CINE R5, #1, L7MDO s check direction
CLR A 3 bad return
RET

; Get the next bit from the sample buffer

H Ontput:' C contain data bit

GET_BIT:

CINE RO, R0, L7GB1 s bit synchronizer
MOV RO, 18



PUSH ACC

HOVX A, @DPTR
CALL INDEX_PTR

HOV B,A

POP  ACC

DEC R1 ; sanple counter .

L7GB1: XCH A, B
CALL POSITION_BIT
XCH A, B

DEC RO s bit synchronizer

RET

-e

output: c=1 if bit is found
FIND_START:
L7FS1:

L 1)

Find the firsy 1’ bit in the sample buffer

CIJNE RO, 80, L7FS2 s check bit synchronizer

HOV RO, 88
HOVE A, @DPTR
CALL [INDEX_PTR

DINZ R1, LIFS2 ;
JNP  L7FS4 ;
LIFS2: CALL LOCATE_BIT :
i L7FS3
CALL POSITION_BIT
DEC RO ;
JHP  L7FS1
LIFS3: 5
WOV B, A ;
SETB C
RET
LIPS CIR ¢
RET

Get the next 5 bit(4 data + 1 odd parity)
s Output: ACC contain data element

H ACC.7: error flag
GET_CHAR:

sanple counter

out of samples

test for a "1’ bit

bit synchronizer

good return

save copy in B

p !

elenent from sample buffer



Hov A, Ri
Jz  L7ac2
HOV R7, #5
CLR A

L74c1: CALL GET_BIT

RRC A
DJNZ -R7, L?70C1
RR A
RR A
RR A
JNB P, L7GC2
ANL A, 10FH
PUSH ACC
XRL 4, R4
MOV R4, A
POP ACC
RET

Lraca: SETH ACC.7

’

RET

s sanple counter o
s out of sample

s bit counter

s next bit

s odd parity error

s discard parity
;s calculate LRC

3 good return

s+ bad return

Translate and store the data character

Input: ACC contain data character

STORE_CHAR:

PUSH DPL

PUSH DPH

PUSH ACC

HOV  DPTR, RD_BUF

MOV A, R3

ADD A, DPL

MoV  DPL, A
CLR A

ADDC A, DPH

HOV  DPH, A
POP  ACC

MOVX @DPIR, A
POP  DPH

POP  DPL

INC R3

RET

s character counter

generate displacement

; store

; character counter



3 Index the sample pointer either forward or backvord
INDEX_PTR:
CINE R5, 80, L?7IP1 3 check direction
[INC DPTR 3 forward
RET
L7IP1: PUSH ACC s backward
DEC DPL
CINE A, #-1, L7IP2
DEC DPH
L71P2: POP  ACC
RET

s Position bitlis in ACC into C in either a right or left shift
POSITION_BIT:

CJNE R5, $0, L7PBi 3 check direction
RRC A 3 forward
RET
L7PB1: RLC A
RET

; Locate a bit, either msb or lsh; output: C=1 if bit is a one
LOCATE_BIT:

CINE R5, 20, L7LB1 ;3 check direction
MOV €, ACC.D s foruard
RET
L7LB1: MOV C, ACC.T 3 backward
RET

skkkkkkkdkkkkikrkbkd  END OF MAGNETIC ROUTINE #dkkdidikbkibkhhbikhhbikk

it TRttt E R Rt R ittt ea T s ettt eistselistitisely
H

s #41 LCD display subroutine

;  shov you varities of display

s Bk ko oo oo o R oo

3 koo NI T & CLEAR LCD#iokbbikkkokidokdk ik



INITLCD: MOV A, $#00111000R s Fonction set
LCALL LCDWI

Hov A, 3000011108 s Display ON/OFF
LCALL LCDWI
CLRLCD: MOV A, #01H 3 Clear
LCALL LCDWI
RET

sk K LCDWT  SUBKkkkdicklokbdddob i ek
sL.CD WRITE INSTRUCTION (RS=0)
sInput: A

LCDWI:  PUSH DPH
PUSH  DPL
MOV DPTR, $LCDWRC
HOVX  @DPTR, A
HOV  DPIR, #LCDRDC

LCDWI1: MOVX A, QDPTR s Wait for BF=0
JB ACC.7, LCDWI1
POP  DIL
POP  DPR
RET

sk LCDWD  SUBK ik bbbk ikkk
sLDC WRITE DATA (RS=1)
sinput A

LCD¥D: PUSH DPH
PUSH DPL
MOV  DPTR, 3LCDWRD
MOVX @DPIR, A
MOV  DPTR, BLCDRDC

LCDWD1:  HOVK A, QDPTR ;Wait for BF=0
JB  ACC.7, LCDWDI
POP DPL
POP DPMH

RET



skkkkbkiddkk LCDLDP SUBdkkikkibikidiokbkikik

s LOAD PMEM TO LCD-MODULE
s Input ¢ DPTR START BLOCK

.
’

LCDLDP: MOV A, #80H
LCALL LCDLDPS
MOV A, %0COH
LCALL LCDLDPS

RET
LCDLDPS:  LCALL LCDWI
KOV R2, %20
LCDLDPS1: CLR A

HOVC A, @QA+DPTR
CJINE A, #0h, LCDP_CONT
SJHP LCDP_EXIT
LCDP_CONT:
LCALL LCDWD
INC DPTR
DINZ R2, LCDLDPS1
LCDP_EXIT:
RET

s Set address Line 1

Set, Address Line 2

s Load one line

20 characters

-e

PMEH = HOVC

-e

s Write data

s K LCDLDD  SUB kb ke kikik

3 LOAD DMEM TO LCD-MODULE
; Input: DPTR START BLOCK
LCDLDD: KOV A, #80H
LCALL LCDLDDS
_Hov A, %ocoH
LCALL LCDLDDS

RET

LCDLDDS:  LCALL LCDWI
HOV R2, %20
LCDLDDS1: HOVX A, @DPTR

Set, address Line 1

Set, Address Line 2

s Load one line
s 20 characters
s PHEM = MOVC

CJNE A, #0h, LCDD_CONT



SJMP LCDD_EXIT
LCDD_CONT:
LCALL LCDWD 3 Write data
INC DPTR
DJINZ R2, LCDLDDS1
LCDD_EXIT:
RET

shikikkfkioibkk  DELAY SUB  ddekikikkiihdhdokiokk
; Input: R2

DELAY: MOV R3, #B0H
DELAY1: MOV A, 18
DELAY2: DEC A
JNZ DELAY2
DJINZ R3, DELAY1
DJNZ R2, DELAY .
RET

skl ke IEX TO ASCIT dbbkiddbbhbbhb ki
s Input: A -~) hex number

s output: R2 -) High byte

; R3 -) Lov byte

HTOA: PUSH ACC
SWAP A
LCALL HTOAS
MOV R2Z, A
POP ACC
LCALL HTOAS
MOV R3, A
RET
HTOAS: ANL A, ROFH
CINE A, 30AH, $43
JNC HTOAS1
ORL A, #30H
RET
HTOAS1: SUBB A, 19
ORL A, #40H



RET

sk bk BYTE TO LCD dkhkikkdkkddh kb kbbb kde bk
sPrint 1 Byte Data to LCD

sinputt A -)> Byte Data

sReturn: -

sRegister used: R2, , R4

BYTE_TO_LCD:
HOV R4, A
LCALL HTOA
MOV A, R2

LCALL LCD¥D
MOV A, R3
LCALL LCDWD
MOV A, R4
RET

skkkkkkkkikikikk  END OF LCD SUBROUTINE kdkdddickdddiohibdhdbiokhk

end



stk ek HOST.ASH kbbb

we -e

L]
H

sPort Configuration for Host MLS

skkkkk 8031 Port Configuration ¥k

:

p1.0
P1.4
p1.2
P1.3
P1.4
P1.5
P1.6
P1.7

we  we -e “e -e

-e -e

-e

.
’

-DTE 0 for IBM ready 1 for not ready
-RTS IN 0 for IBM request to send 1 for ;Bt request
-RI 0 for Ring Input 1 for no ring input
-8d DATA send data if Mode is in transbit mode

AnBk 0 for not Ansver back 1 for Answer back
-DCD 0 for carrier detect 1 for no carrier detect

s¥kkikkk 8255 Port Configuration #dekickik

s PALO Mode 0 for initial mode 1 for transnit mode
s PA1 OB 0 for ONHOOK #1 for OFFHOOK
H PA.2 Audio En 0 for contact to speaker 1 for contact to MC145450
$ PA3 -CD %0 for detect carrier 1 for not detect carrier
s PAA -RTS out 40 for set MC145450 ready 1 for not in traneit
H PA.S -DSR #0 for tell IBM that Data Set Ready
PA.8 -
s PALT -
;
PORTBASE EQU OH
PORTA FQU PORTBASE + 0
PORTR EQU  PORTBASE + 1
PORTC EQU  PORTBASE + 2
CONP EQU  PORTBASE + 3
CONW EQU 80h ; 100 00 O 0O
MODE EQU  00000001b 1 ‘
ol EQU  00000010b ’
AUD_EN EQU  00000100b



CD_L
RTS_O_L
DSR_L

DTE_L
RTS_I_L
RI_L
sd_p
AnBk
DCD_L

P_BUF

start:

EQU  00001000b
EQU  00010000b
EQU  00100000b

EQU P1.0
EQU P1.1
EQU  P1.2
EQU  P1L.3
EQU P14
EQU P15

EQU  30h

org 0Oh

pov r2, R0ffh
leall delay
nov r2, ¥0ffh
Icall delay
nov r2, §0ffh
leall delay
Jop init_port

org 3h
reti

org OBh
reti

org 013h

reti

org 01Bh

ret.i

org 023h
reti

s IEO

3 TFO

s[EL

3TF1

SRI&TI



SRR R

s 1. Initial A1l output and input port in 8255 PORT A and 8031

org 30h
init_port:
nov A, #11101111b

pov P1, A

nov DPTR, ¥CONP
nov A, RCONW
novx @DPTR, A

pov DPTR, $PORTA
nov A, 100111000b

novx @DPTR, A

init_serial:

mov SCON, #01010010b

pov THOD, #00100010b

nov TH1, #11101000b

snov TH1,

-e -a -e -e

sinitial state, wait for ring signal

.
?
[}
’

-e -e

-e

$01000000b ;

latch "1"

-DTE
-RTS IN
~RI

sd pata 1 for mark state
AnBk
P1.5 - P1.7 avaiable

input port

0 for not answer

Set All port to Output

Hode 0 Initial

Ol 0 ON-HOOK

Audio En 0 connect line to Speaker
-Ch . 1 not detect carrier

-RTS Out 1 not in transmit

-DSR 1 Hoden not ready

sSet, SCON (Serial Port Control Register)

sMode 1
sREN = 1 (Enable)
sTi = 1

sSet. THOD (Timer)

sMode 2 (Auto Reload 8 bit)
3 Set Baud RATE = 1200

150



smov  TH1, #11111101b 9600
pov TH2, #01000000b  ; set Timer 2 to Baud Rate 150

Initialize Complete >

-e

;***ﬁt#i*ﬁit##* Check RS232 Condition dkkkidekikdidkihiiihkinkk
’
$ 2. Wait Until DTE from IBM is "ON" and then send DSR "ON"

ALt SRRt LRt iRt itttz eigeidtltigeistitisidtil)

rs232_check:
nov DPTR, ¥PORTA
novx A, GDPTR

vait_DTE:
inb DTE_L, set_DSR
orl A, #DSRL
Jnp wait_DTE

if DTE "ON" jop to set DSR
if not , set DSR "OFF"
wvait until DTE is "ON"

we -e

-e

set._DSR: mov R1, A 3 OK, DTE is "ON"
nov A, BDSR_L
cpl A
anl A, R1 ; set DSR "ON" respond to DTE

novx @DPTR, A

; IBH ready
s e e o ok
s 3. wait for ring signal to begin linking

H RS Ei Tt a Rttt dttsitititeititd it i it gsiiittiisl]

vait_ring: . .
inb p1.2, ring_in 3 wait for Ring signal

Jop wait_ring ; wait and wait



ring_in:

novx A, @DPTR s Hey, ring come in

orl A, 80H 3 OFF-BOOK telephone quickly

novx QDPTR, A

seth AnBk s Anver to Terminal that here is HOST
wait_car:

jb DCD_L, wait_car ; Terninal must send Carrier back
s so, wait until DCD is "ON"

clr AnBk 3 if DCD "ON", release AnBk
e Now, Connection is complefed >
e and it is ready to send data frop --------c-ee-- >
e Host to Terminal )

s ko e e o ok
;4. wait for RTS from IBH if "ON" send CTS "ON" back
3 then set speaker off and set MC145450 to receive carrier

.
14

s FR R R O R ok

routine_4:

pnov DPTR, #PORTA
novx A, @DPTR

walt_rtse
jnb RTS_I_L, set_RTS s if RTS "ON", jmp to set CTS .:
orl A, RRTS_O_L ; set CTS "OFF"
Jmp vait_rts 3 wait and wait
set_RTS: mov R1, A ;s Now RTS is "ON"
pov A, #RTS_O_L
cpl A
anl A, R1 3 then set CTS "ON" back

novx @DPTR, A



carrier_DE:
nov DPTR, ¥PORTA
povx A, QDPTR

orl A, #AUD_EN ; set line to MC145450 and OFF speaker

nov R1, A

pov A, ICD_L

cpl A

anl A, Ri ; and set -CD to "0" for detecting carrier in

novx @DPTR, A

R et Host Ready to send data >

sk e e
H

; 5. send data to IBM

s 5.1 change node

send_data:
setb TR1 sEnable Timer 2 L
seth ETO ;3 set Timer!i Int

pov DPTR, #table
lecall tword
nov DPTR, #tablel
lcall tword

stest_tx:
3 pov DPTR, #PORTA
H rovx A, @DPTR
H orl A, $MODE
3 novx @DPTR, A s change node to Transfer mode
st: Icall rx
leall tx

cine A,20dh,st
nov A, #0ah



table:

leall tx

nov A, #0dh
loall tx
“simp st

db ' HModem Ready’,0ah

tablei: db 'Transfer All Control to [BH’. 0ah

sl R e

3 Sub Program Send Data 1 word to RS-232

s REG DPTR = table 1 word

3 DESTROY DPTR, A
5 e O O

tvord

tu:

: elr A

nove A, @QA+DPTR

leall tx
inc DPTR
clr A

nove A, GA+DPTR
cine A, #0ah, tw

nov A, #0ab
lIeall tx
nov A,10dh
lcall tx
ret

; Sub Program Send Data from RS-232

A

rxs

-) Data to receive

jnb RI, $
elr RI
nov a, SBUF

ret

.
’

send data
Table = Table +1

sIf end word, end prograe
sLineFeed

sNewline

sCheck RI = 1
sClear RI
s Input Data From SBUF



3 Sub Progran Send Data 1 Dyte To RS-232
s A -) Data to Send

tx: jnb TI, § sCheck TI = 1
elr TI ;Clear TI
pov SBUF, a sSend Data to SBUF
ret,

shklkkikebddkik  DELAY SUD  #kdbokbdedchdedodhiobick
s Input: R2

DELAY:  HOV R3, %800
DELAY1: HOV A, 38
DELAY2: DEC A
JNZ DELAYZ
DJINZ R3, DELAY1
DJINZ R2, DELAY
RET

s kodekddkkkiciokkkk End of Subroutine kkdiikickiicokickidikiokickk

end



ANMAPULIN 3.
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Hhickkikkk  ASCIT.H  kkbhihkik/

tdefine SOH 0x01
tdefine STX 0x02
tdefine EOT 0x04
#define ACK Ox06
$define BS 0x08
tdefine LF 0Ox0a
#define CR Ox0d
tdefine XON Ox11
tdefine XOFF 0x13
$define NAK Ox15
tdefine CAN Ox18
$define CTLZ Ox1a
tdefine ESC Ox1b
tdefine DEI Ox7f



Jeddddeidiok PCLAC. T ddiokiokkdokk/

$define PROTOTYPES 1

#if PROTOTYPES ol
/% External Library Function Prototypes /

extern int SioPaud(int, int);
extern int SioBrkKeyO;

extern int SioBrkSig(int, char);
extern int SioCrt¥rite(char);
extern int SioCTS(int);

extern int SiodCD(int)s

extern int SioDSR(int);

extern int SioDTR(int, char)s.
extern int SioDelay(int);

extern int SioDone(int);

extern int SioError(int);

extern int SioFIFO(int, int);
extern int Sioﬁlov(int. int)s
extern int SioGetc(int, int);
extern int SioInfo(char);

extern int SioIRQ(int, int);
extern int SioKeyPress();

extern int SioKeyReadO;

extern int SioLinetint);

extern int SioLoopBacktint);
extern int SioModem(int, char);
extern int SioParms(int, int, int, int);
extern int SioPutc(int, char);
extern int SioRead(int, int);
extern int SioReset(int, int);
extern int SioRICint);

extern int SioRTS(int, char);
extern int SioRxBuf(int, char ¥, int);
extern int SioRxFlush(int);
extern int SioRxque(int);

extern long SioTimer();



extern int SioUART(int, int)s;
extern int SioUnGetc(int, char);

telse
/% External Library Functions %/

extern int SioBaud();
extern int SioBrkKey();
extern int SioBrkSigO);
extern int SioCrt¥riteOs
extern int SioCTSO
extern int SioﬁCD():
extern int SioDSRO);
extern int SioDTRO;
extern int SioDelay();
extern int SioDone();
extern int SioError();
extern int SioFIFO();
extern int SioFlow(O);
extern int SioGetc()s
extern int SiolnfoQ);
extern int SioIRQO);
extern int SioKeyPress();
extern int SioKeyReadO)s
extern int SiolLine()s
extern int Siol,oopBack();
extern int SioModen();
extern int SioParms();
extern int SioPutc();
extern int SioReadO);
extern int SioReset();
extern int SioRIO;
extern int SioRTS();
extern int SioRxBuf O3
extern int SioRxFlush(O);
extern int SioRxQue();
extern long SioTimer();
extern int SioUARTO);



extern int SioUnGetc();
tendif
/% Port Codes %/

$define COM1 O
fdef ine COM2 1
tdefine COM3 2
tdefine coM4 3

/% Baud Rate Codes ¥/

tdefine Beud300 0
$define Baud600 1
$define Baud1200 2
define Band2400 3
tdefine Baud4800 4
define Baud9600 5
tdefine Baud19200 6
tdefine Baud38400 7
tdefine Baud57600 8
$define Baud115200 9

#define NORESET -1
/% Parity Codes %/

tdefine NoParity 0
tdefine OddParity 1
#defina EvenParity 3
tdefine MarkParity 5
#define SpaceParity 7

1% Stop Bit Codes ¥/

tdefine OneStopBit 0
tdefine Tuostopﬂits i



7% Word Length Codes #/

tdefine WordLength5
¥define WordLengths
3define WordLength?
#define WordLength8

W N = O

/% Buffer Size Codes ¥/

tdefine Sizes8 0
tdefine Sizel6 1
fdefine Size32 2
$define Size64 -3
tdefine Sizel128 4
tdefine Size256 5
tdefine Size512 6
tdefine Size1024 7
#define Size2048 8
§define Size4096 9
fdefine Size8192 10
#define Size16384 11
#define Size32768 12
tdefine Sizelk 7
$define Size2k 8
tdefine Sizedk 9
tdefine Size8K 10
tdefine Sizel6K 11
fdefine Size32K 12

/% Line Status Masks &/

fdefine TransBufferEmpty 0x20
$define BreakDetect 0x10
tdefine FramingError 0x08
tdefine ParityFrror 0x04
$define OverrunError 0x02
tdefine DataReady  0x01

/% Moden Status Masks #/



tdefine DCD 0x80
$define RI 0Ox40
tdefine DSR 0x20
#define CTS 0x10
tdefine DeltaDCD 0x08
tdefine DeltaRI 0x04
#define DeltaDSR 0x02
tdefine DeltaCTs Ox01 -

/% Break Signal Commands #/

#define ASSERT ’A’
tdefine CANCEL 'C’
tdefine DETECT °'D’

/% SioDTR & SioRTS Commands %/

tdefine SET 'S’
tdefine CLEAR 'C’
tdefine READ 'R’

/% FIFO level codes %/
¥define FIFO_OFF -1
tdefine LEVEL_1 0
fdefine LEVEL_4 1
fdefine LEVEL.8 2
fdefine LEVEL_14 3

1% Prinary / Secondary IRQ codes &/
$define PRIMARY O
tdefine SECONDARY 1

/% SioInfo Commands %/

tdefine VERSION 'V’
tdefine M_MODEL 'M’



HHeokikklk TERMLR dddekiokikdk/

1%
F1
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¥
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)]

Sel AT_COMMAND_SET to 1 if you are using a BAYES AT command sel

compat.ible wodem, else set to 0.

Set RTS_CTS_CONTROL to 1 if talking to a modem that requires flow
control.
If yon are using a null podem cable for a direct PC to PC link, don’t

set, RTS_CTS_CONTROL to 1 unless you are absolutely sure that RTS and
CTS are svitched in the null modem cable.

Don’t reduce any of the tinming constants.

tdefine AT_COMMAND_SET 0
tdefine RTS_CTS_CONTROL 0

tdefine ONE_SECOND 18
tdefine SHORT_WAIT 3
tdefine LONG_WAIT 10



/¥l CRC.C  kkkkkib/

$include ¢stdio.hy
#define POLY 0x1021

unsigned short CRCtablef25613

/¥ initialize CRC table &/

void InitCRCO)
{
int i;
unsigned short CaleTable();

for (i=03 i¢256; i++) CRCtableCi] = CalcTable(i,POLY,0);

/% calculate CRC tahle entry %/

unsigned short CalcTable(data,genpoly,accun)
unsigned short data;
unsigned short genpolys

unsigned short accum;

statie int i3

data <¢(= 8;

for (i=8; 103 i--)

{
if tt(data“accun) & 0x8000) accum = (accum << 1) * genpoly;
else accun ¢(= 13
data (= 13

1
return(accun) 3

/% conpute updated CRC %/



unsigned short UpdakeCRC(cre,byte)
unsigned short cre;
unsigned char byte;
{
return( (crc (¢ 8) “ CRCtablel (crc > 8) ° byte 1 );



/**?#**###* DIR.C dekikkiihin/

tinclude ¢stdio.h)
tinclode <dos.h)

$define FALSE 0
#define TRUE !FALSE
tdefine WORD unsigned int

void setDTA(BufPtr)
WORD BufPtr;

{

union REGS reg;
reg.x.dx = (WORD) BufPtr;
reg.h.abh = Ox1A;
intB6(0x21, &reg, &reg);

int FindFirst(FilePtr)
int FilePtr; /7% file spec #/

{

union REGS reg;

FilePtrs

Oxdes

reg.x.cx = 03

int86(0x21, treg, &reg);

if (reg.x.cflag) return(FALSE);
else return(TRUE);

reg.x.dx

reg.h.ah

"

int FindNext ()

{

union REGS reg;

reg.h.ah = Ox4f;

intBB(Ox21, %reg, %reg);

if (reg.x.cflag) return(FALSE);
else return(TRUE);



int ChangeDir(DirPtr)
int DirPtr; 7% directory #/

{

union REGS reg;

reg.h.ah = 0x3b;

reg.x.dx = DirPtr;

int88(0x21, treg, treg);

if (reg.x.cflag) return(FALSE);
else return(TRUE);

int CurrentbDir(DirPtr)
int Dirptr; /7% directory %/

{

union REGS reg;

reg.h.ah = 0x47;

reg.x.si = DirPtr;

reg.h.dl = 0;

int86(0x21, &reg, kreg);

if (reg.x.cflag) return(FALSE);
else return(TRUE);



Jhikkdddkkk  D0S.C  kkkikkikikk/
tdefine BYTE unsigned char

tinclude (stdio.h)
tinclude <dos.h>

static BYTE cur_row = 0; /% current rov ¥/
static BYTE cur_col = 03 /¥ current col %/

/% write character & attribute without advancing cursor %/
void Attr¥rite(ch,attr)
BYTE ch;
BYTE attrs
{
union REGS reg;
reg.h.ah = 95

reg.h.bh = 03 /% current, text page &/
reg.h.al = ch; /% character &/
red.h.bl = attr;

reg.x.cx = 13

int88(0x10, &reg, treg);

/% position cursor at desired rov & column ¥/
void Position(row, col)
BYTE rov, col;
{
union REGS reg;
reg.h.ah = 23
reg.h.bh = 03
reg.h.dh
reg.h.dl
int88(0x10, &reg, &reg);

rov;

cols

CUr_rov = rows

cur_col = col;



/¥ returns the current row of the cursor %/
int GetRow()

{
union REGS reg;
reg.h.ah = 3;
reg.h.bh = 0;
intB6(0x10, &reg, &reg);
return(reg.h.db);

}

/% returns the current column of the cursor #/
int GetCol()
{

union REGS reg;

reg.h.ah = 3;

reg.h.bh = 03

int86(0x10, Rreg, &reg);

return(reg.h.dD;

/% scrolls area specified ¥ rows &/

void Scroll(urow, leol, lrow, rcol, nrows, attr)
unsigned wrow; /% upper row of area ¥/
unsigned lcol; 7 left column of area #/
unsigned 1lrow; /% lover rov of area ¥/

unsigned rcol; /¥ right column of area ¥/

int nrows; /% § rows to scroll ¥/
int attr; /% attribute to use for blank lines %/
{

union REGS reg;
reg.h.ah = 83

reg.h.ch = urow;
reg.bh.cl = leols
reg.h.al = nrows;
reg.h.bh = attr;
reg.b.dh = 1row;
reg.h.dl = reol;
int86(0x10, &reg, &reg);



/¥ikkkbikik MODEH_10.C  dkikkkkidk/

tinclude ¢stdio.h)
tinclude "pcldc.h”
tinclude "ascii.h”

fdefine FALSE 0
tdefine TRUE !FALSE
#define SECONDS 18

/¥ send string to noden & get echo kk/

int SendTo(port,String)
int Port; /% port to talk to #/
char #String; /% string to send to ndoer #/
{
int i3
char c3
int Codes

SioRxFlush(Port)s
SioDelay (SECONDS/4);
for (i=0; i(strlen(String); it+)
{
/% User BREAK 7 #/
if (BreakTest()) return(FALSE);
/% fetch character %/
¢ = toupper( Stringlil );
switchle)
{
case 1’:
/% replace ! with carriage return &/
c = CR
breaks
case '"'s
/% delay 1/2 second ¥/
SioDelay(SECONDS/2);
c="";

break;



}

case ' !¢
/% delay 1/4 second %/
SioDelay(SECONDS/A) s

break;
} /7% end switch ¥/
/¥ transnit as 7 bit character #/
Put Char (Port, (char) (0x7f & ¢));
/% delay 3/18th of a second #/
SioDelay(3);
% vait up to 1 second for the echo /
Code = GetChar (Port,SECONDS)$
if (Code>0) SioCrt¥rite((char)Code);

return(TRUE) ;
} /7% end SendTo %/

/4&k wait for incoming string from modem #kk/

int WaitFor(Port,String)
int Port; /% Port to tallt to %/
char #String; /% string to vait for #/

{

int i, ks
char c;
int code;

sioCrtWrite(LF);
/% flush leading LFs and CRs %/
vhile (1)

{

/4 User BREAK 7 &/

if (BreakTest()) return(FALSE);

/% get next incoming characte; ¥/

Code = GetChar(Port,24SECONDS) 3

/% printf ("{\n%x}",Code); 4/

if (Code==-1) break;

/% skip any leading CR or LF &/

if (((char)Code!=LF)&&((char)Code!=CR))
{



1% stuff character back & break out of loop #/
SioUnGete(Port, (char)Code) s
break;
}
SioDelay (SECONDS/5) 3
}
/% wait for string %/
for (i=0; i¢strlen(String); it++)
( .
/% User BREAR 7 %/
if (BreakTest()) return(FALSE);
¢ = Stringlil;
/% wait up to 1 second for next character ¥/
Code = GetChar(Port,SECONDS);
/% printf (" (\n¥x)",Code) ; &/
if (Code==-1) return(FALSE);
SioCrtWrite( (char)Code);
if ((char)Code != ¢)
{
printf ("\nExpecting %xH not #xH\n",c,Code);
return(FALSE);

}
/¥ another character 7 %/
Code = GetChar (Port,SECONDS) s
if (code)0) SioCrtWritet(char)Code);
return(TRUE) 3
} /% end WaitFor &/

int BreakTest ()
{
/% User BREAK 7 /
if (SioBrkKey())
X
printf("User BREAK\n");
return(TRUE) 3
} ‘
else return(FALSE);



Hkkikikkkk  TERM_I0.C  kkkkkkkikk/

$include ¢stdio.h)
tinclude "peldc.h”
tinclude "tern.h"
tinclude "aseii.h”

74kk Display status line kk/

#define INVERSE 0x70
tdefine RIGHTMOST 40

void DisplayLine(HsgPtr,UserPtr,UserLength)
char #MsgPtr;
char #UserPtr;
int UserlLength;
{
static int right = RIGHTHOST;
int row;
int cols
int 13
char c;
int MsgLength;

rov = GetRov();
col = GetColO)s
Position(24,0)3
/% display message /
HsgLength = strlen(MsgPtr);
for (i=0; i(MsgLength; i++)
{
Attririte(¥MsgPtr++, INVERSE) ;
Position(24,i+1);
}
/% blank rest of menu bar %/
for (i=Msglength; iCrights it++)
{
Attrwrite(’ ’,INVERSE);
Position(24,it1);



}

right = MsglLength;
/% want response from user 7 &/
if (UserPtr!=NULL)

{

right = RIGHTMOST;
/% input text from user #/

i=0;
while (D)
{

Position(24,MsgLengthti);
¢ = SioKeyRead();
if ({c==ESC) !} {c==CAN))
{
UserPtr[03 = "\0’;
breaks
}
if ((e=="\r")!!(HsgLength+i==RIGHTHOST))
{
UserPtrril = "\0';
breaks;
}
if ((e==BS)&&(1>0))
{
i--3
Position(24,HsglLength+i);
Attr¥rite(’ ’,INVERSE);
} .
else
{
/% save character & display on status line ¥/
UserPtelitd] = c;
Attr¥rite(c, INVERSE);
if (i==UserLength)
{
/% user string done &/
UserPtrfil = "\0';

break;



}
} /% end -~ while ¥/
} 7 end -- if 4/

Position(row,col);

/4kk output character to serial port kk¥/

int PutcChar(Port,ch)
int Port;
char ch;
{
int re;

/¥ transmit character /
re = SioPute(Port,ch)s

if (reco)
{
printf ("SioPutc Error: COMid: ", 1+Port);
SioError(re)s
SioDone(Port);
exit(1);
}
return(re);

/4% receive character from serial pqrt ok /
int GetcChar(Port,Tineout)
int Port;
int Tipeout;
{
int res

r¢ = SioGetc(Port,Tineout);
if (re¢-1)
{
printf ("SioGetc Error: COM¥d: ",1+Port);

SioError(re);



exit(1);
}

return(re);

Hkk display the error text #kk/

void SayError(Port,ptr)
int Port;
char #ptr;
{
char tenpl811;

sprintf(tenp, "ERROR! COMXd : ¥s",1+Port,ptr);
DisplayLine(tenp,NULL,0);
printf ("\nkéx %s\n",temp);
/% cancel remote %/
PutChar (Port,CAN) 5
PutChar(Port,CAN) 3
~ PutChar(Port,CAN);
} 7% end SayError /



Jikkkbkkdkd  XYMODEM.C  dkkddikik/

tinclude (stdio.h>
tinclude ¢fentl.h)
tinclude ¢sys\types.h)
tinclude ¢sys\stat.h)

tinchide "pcldc.h”
tinclude "aseii.h"”

gdefine FALSE 0
tdefine TRUER !FALSE

extern int GetChar();
extern int PutChar();

int TxyModen(Port,Filenane,Buffer,Onekflag,BatchFlag)

int Ports /% COM port [0..31 %/
char Filenamel1; /% filenane buffer ¥/
char Buffer[]1; /% 1024 byte data buffer #/
int Onekflag; /¥ if TRUE, use 1K blocks when possible ¥/
int BatchFlag; /% if TRUE, send filenane.in packet 0 %/
{

int i, ks

int Code;

int Handle; /% file Handle %/

char c;

int p;

char PacketType;

char PacketNbr;

int PacketSize;

int FirstPacket;
unsigned short CheckSun;

long filelength()s
int Numberik = 0; /% total & 1K packets ¥/

int Number128 = 0; /% total # 128 byte packets ¥/
char NCOchar = NAK;

long FileSize;

char temp[811;



int BoptyFlag = FALSE;

/% begin ¥/
if (BatchFlag) if (Filename[01=="\0") EmptyFlag = TRUE;
if (!EoptyFlag)
{
/¥ Filename is not emply #/
EnptyFlag = FALSE;
Handle = open(Filenane,0_RDONLY!O._BINARY,S_IREAD);
if (Handle<0)
{
strepy (Lenp, "Cannot, open ");
streat (tenp,Filenane);
DisplayLine(tenp,NULL,0);
return(FALSE) ;

}

DisplayLine("XYMODEM send: waiting for Receiver ",NULL,0)3

while (SioReyPress()) SioKeyRead();

/% conpute § blocks &/

if (!EmptyFlag)

{
FileSize = filelength(Handle)s
if (Onekflag) Numberik = (int) (FileSize / 1024L);
Number128 = 1 + (int) ((FileSize -1024L#(long)Numberik -1L) /7 128L)}
sprintf (Lemp,"¢d 1024 & %d 128 byte packets”,Number1K,Nunber128)}
DisplayLine(tenp,NULL,0);

else

1% enpty file #/
Number128 = 03
NumberiK = 03
/¥DisplayLine("Eopty File",NULL,0) ¥/
}
/% clear conp port ( there may be several NAKs queved up ) &/
SioRxFlush(Port);
/% get receivers start up NAK, 'C’, or 'G’ ¥/
if (1TxStartup(Port,uNCGehar)) return(FALSE)$



/¥ loop over all packets ¥/
if (BatchFlag) FirstPachet = 0;
else FirstPacket = 1;

for (p=FirstPacket; p<¢=Number1K+Number128; p++)

{

/% user aborts 7 &/
if (SioKeyPress()) if{{char)SioKeyRead()==CAN)

{

}

TXCAN(Port) s
DisplayLine("&i¥ Canceled by USER ##%",NULL,0);
return(FALSE) ;

/¥ issue message ¥/

sprintf (temp, "Packet %d",p)s
DisplayLine(tenp,NULL,0);

/4 load up Buffer #/

if (p==0)

{

}

/% Filenape packet ! %/

PacketSize = 128;

k = 03

for (i=0; i¢strlen(Filename); i++) Buffer[k++] = Filenamelil;
BufferCkt+1 = *\0";

sprintf (temp,"%1d",FileSize);

for (i=0; i¢strien(temp); i++) BufferChks+] = templil;
vhile (k(128) BufferClk++l = "\0';

P!

else /¥ p > 0 ¥/

{

/% DATA Packet: use 1K or 128 byte block 7 /
if (p(=NumberiK) PacketSize = 1024;
else PacketSize = 1283
/% read next block from disk #/
Code = read(Handle,Buffer,PacketSize);
if (Code¢=0)
{
SayError (Port, "Error on disk read™;

return(FALSE) ;



for (i=Code; i¢PachetSize; i++) BufferCil = Oxlaj
}
/% send this packet #/
if (!TxPacket (Port,p,PacketSize,Buf fer,NCAchar)) return(FALSE);
SioDelay(5)}
/% pust 'restart’ after non null packet 0 &/
if (!EnptyFlagtt(p==0)) TxStartup(Port,&NCGchar);
} 7% end -~ for(p) ¥/
/¥ done if empty packet 0 &/
if (EmptyFlag)
( .
DisplayLine("Batch transfer conplete",NULL,d):
return(TRUE) §
}
/% all done. send EOT up to 10 times %/
close(Handle);
if (!TXEOT(Port))
{
SayError(Port, "EOT not.acknouledged");
return(FALSE)
}
DisplayLine("Transfer Complete®,NULL,0);
return (TRUE) 3
} /% end -- TxyModen #/

int RxyModen(Port,Filename,Buffer,NCGchar,BatchFlag)

int Port; /% COM port [0..31 %/
char Filenanel]1; /% filename buffer #/
char Buffer(1; /% 1024 byte data buffer &/ '
char NCGchar; /% NAK, 'C’, or Q" &/
int BatchFlags /% if TRUE, get filename from packet 0 %/
{
int i3
int Handle; /% file Handle &/
int ps /% packet index ¥/
int Code; /% return code ¥/

int FirstPackets
char PacketNbr;
int PachketSize; /¥ 128 or 1024 ¥/



long atolO;

long FileSize;

char tenpl811;

int EOTflag = FALSE:

/% begin &/
EOTf1ag = FALSE;
DisplayLine{"XYHODEM Receive: Waitihg for Sender ",NULL,0);
while (SioKeyPress()) SioKeyRead()s;
7% clear comp port #/
SioRxFlush(Port)s
/% Send NAKs, 'C’s, or 'G’s &/
if ('Rxstartup(Port,&NCGchar)) return(FALSE);
/% open file unless RatchFlag is on ¥/
if (BatchFlag) FirstPacket = 03
else
t
/% start with packet 1 %/
FirstPacket = 13
/% open file passed in Filenamel[] for write /
Nandle = open(Filenane,0_CREAT!O_TRUNC!O0_WRONLY!O_BINARY,S_IWRITE)$
if (Handle<0)
{
strepy (tenp, "Cannot. open ")
streat (tenp,Filenane) s
DisplayLine(temp,NULL,0)3
return(FALSE);

}
/% get each packet in turn &/
for (p=FirstPackets ;p+#)
{
/% user aborts 7 ¥/
if (SioKeyPress()) if ((char)SioKeyRead()==CAN)
{
TxCAN(Port);
return(FALSE)
}
/4 issue nessage ¥/



sprintf (temp, "Packet #d",p);
DisplayLine(temnp,NULL,0) s
/% get next packet %/ §
if (1RxPacket (Port,p,tPacketSize,Buffer,NCGchar, EOTf 1ag)) return(FALSE);{
if (p==0)
{
/% copy Filename #/
strcpy(Fileﬁane.Buffer):
/% done if null packet 0 %/
if (Filename[01=="\0")
{
DisplayLine("Batch Transfer Complete”,NULL,0)$
return(TRUE) ;

}
/% all done if EOT was received &/
if (E0Tf1ag)
{
close(Handle);
pisplayLine("Transfer Complete”,NULL,0);
return(TRUE)
}
/4 process packet ¥/
if (p==0)
{
/% open file using filenawe in packet 0 %/
Handle = open(Filenane,0_CREAT!O_TRUNC!O_WRONLY!O_BINARY,S_IWRITR);
if (Handle<0)
{
strcat (Buffer,” -- open failed");
DisplayLine(Buffer,NULL,0)3
return(FALSE);
}
7% get file length ¥/
FileSize = atol(&BufferCit+strlen(Buffer));
/% nust 'restart’ after packet 0 &/
RxStartup(Port,&NCGchar);
}
else /% DATA packet #/



/% write Buffer #/

if (BatchFlag)

{
if (FileSize((long)PacketSize) i = (int) FileSize;
else i = PacketSize;
i = write(Bandle,Buffer,i);
FileSize -= (long)i;

}

else vrite(Wandle,Buffer,PacketSize);

} 7% end -- else ¥/
} /7% end -- for(p) &/
} /% end - RxyModen &/

int TxCAN(Port)
int Port;
{

int i;

for(i=0;i¢8;i++) PutChar(Port,CAN);

return(0);



Jkkkkkkkkk  XYPACEET.c  #ikickickiokd/

tinclude ¢stdio.h)
$include <fentl.h)
#include ¢sys\types.h>
tinclude (sys\stat.h)
tinclude "pcldc.h”
tinclude "ters.h"

tinclude "ascii.h”

gdef ine DEBUG 0
tdefine FALSE 0
fdefine TRUE !FALSE

tdefine MAXTRY 5
fdefine LIMIT 20

extern GetChar();
extern PutChar();
extern SayError();
extern DisplayLine();

int TxPacket (Port,PacketNbr,PacketSize,Buffer,NCdchar)

int Port; /% COM port [0..3] %/
int PacketNbr; /% Packet % to send %/
int PacketSize; /% Packet size ( must be 128 or 1024 ) #/
char Buffer(]; /% Data buffer &/
char NCGchar; /% NAK, 'C’, or ’G’ &/
{
it i
int Code;

unsigned short CheckSum;
int Attempt;

int PacketType;

char templ813;

/% begin ¥/
$if DEBUG
printf("[TxP: COM#d PacketNbr=xd PacketSize=#d NCGchar=%cl"



1+Port , Packet Nbr, Packet Size, NCGehar) 3
tendif
/% better be 128 or 1024 packet length %/
if (PacketSize==1024) PacketType = STX;
else PacketType = SOH;
PacketNbr &= 0x00ff;
/% nake up to MAXTRY attempts to send this packet #/
for (Attempt=1; Attempt(=MAXTRY; Attempt+t)
{
/% send SOH/STX #/
Code = PutChar(Port,PacketType)s
/¥ send pachet & ¥/
Code = PutChar(Port,PacketNbr);
/% send 1’s corplement of packel ¥/
Code = PutChar(Port, 255-PacketNbr);
/% send data ¥/
CheckSun = 03
for (i=0s i(PacketSize; it++)
{
Code = PutChar(Port,Bufferlil);
if (NCGcbar==NAK) CheckSun += Buffer[il;
else CheckSum = UpdateCRC(CheckSum, Buffer[il);
}
/% send checksun ¥/
if (NCGchar==NAK) »
{
Code = PutChar(Port,CheckSun & 0x00ff );
}
else
{
Code = PutChar(Port, (CheckSumd>)8) & Ox00ff );
code = PutChar(Port, CheckSum & Ox00ff )3
}
/% no ACK to vait for if 'G’ %/
'if (NCGchar=="@")
{
if (PacketNbr==0) SioDelay(SHORT_WALIT#ONE_SECOND/2)3
return(TRUE) 3



/% wait for.receivers ACK &/
Code = Get.Char (Port,,LONG_NAITXONE_SECOND) ;
if ((char)Code==CAN) °
{
Displayline("&¥% Canceled by REMOTE #&¥" NULL,0);
return(FALSE) ;
}
if ((char)Code==ACK) return(TRUE);
if ((char)Code!=NAK)
{
PacketError (Port, PacketNbr, Attempt, "Out of sync");
return(FALSE) ;
}
/% Attempt again %/
} 7% end ~- for(Attenpt) &/
/% can’t send packet ! %/
SayError(Port, "packet timeout");
return(FALSE) ;
} /% end -- TxPacket %/

int RxPacket (Port,PacketNbr,PacketSizePtr,Buffer,NCGchar,EOTptr)

int Port; /% COM port [0..3] ¥/
int PacketNbr; 7% Packet 8 expected %/
int, *PacketSizePtr; /% Pointer to PacketSize received ( 128 or 1024) ¥/
char Bufferil; /% 1024 byte data buffer %/
char NCGchars 7% NARK, C, or G %/
int EOTptr; /% Pointer to EOT flag ¥/ "
{
int i;

int Codes;

int Attempt;

int RxPacketNbr;

int RxPacketNbrComp;

unsigned short CheckSum;

unsigned short RxCheckSum;

unsigned short RxCheckSumi, RxCheckSum2;
{¥char PacketTypes¥/

char tenpl[811;



/¥ begin %/
$if DERUG
printf("[RxP: COM%d PacketNbr=d NCGehar=%c EOTflag=%d1",
1+Port,, PacketNbr,NCGchar, ¥EOTptr) ;
fendif
PacketNbr &= Ox00ff;
for (Attempt=1; Attempt(=MAXTRY;:Attempttt)
{
/% vait for SOH / STX ¥/
Code = GetChar(Port,SHORT_WAIT*ONE_SECOND) ;
if (Code==-1)
{
PacketError (Port, PacketNbr, Attempt, "timed out waiting for SOB/STX");
return(FALSE) 5
}
switch ((char)Code)
{
case SOH:
/% 128 byte buffer incoming #/
/¥PacketType = SOH;%/
#PacketSizePtr = 128;
break;
case STX:
/% 1024 byte buffer incoming %/
/¥PacketType = STX;&/
*PacketSizePtr = 10243
break;
case CAN:
/% sender has canceled ! #/
DisplayLine("# Canceled by REMOTE k" NULL,0);
return(FALSE) ;
case EOT:
)# all packets have been sent %/
Code = PutChar(Port,ACK);
EOTptr = TRUE;

relurn(TRUE) ;
default:
/% error ! ¥/

sprintf (tenp, "Expecting SOB/STR/EOT/CAN not #xH",(char)Code);



PacketError (Port,, PacketNbr, Attenpt, tenp);
return(FALSE) ;
}
/% receive pachet ¥ ¥/
Code = GelChar(Port,SHORT _WAIT*ONE_SECOND);
if (Code==-1)
{
PacketError (Port,PacketNbr, Attempt, "tined out waiting for packet number”);
return(FALSE) ;
}
RxPacketNbr = 0x00ff & Code;
/¥ receive 1's complement ¥/
Code = GetChar(Port,, SHORT_WAIT*ONE_SECOND) ;
if (Code==-1)
{
PacketError (Port,PacketNbr, Attempt, "t ined out waiting for complement of pachet &");
return(FALSE) ;
}
RxPacketNbrConp = 0x00ff & Code;
/% verify packet number ¥/
if (RxPacketNbri+RxPacketNbrComp!=255)
{
PacketError (Port,PacketNbr, AtLenpt, "Bad packet number");
return(FALSE) ;
}
/¥ receive data ¥/
CheckSun = 03
for (i=0; i(¥PacketSizePtr; it+)
{
Code = GetcChar(Port,LONG_WAITONE_SECOND);
if (Code==-1)
{
PacketError(Port,, PacketNbr,Attenpt, "tined out waiting for data for packet W H
return(FALSE) ;
}
Bufferlil = Code; ; ' .
/% compute CRC or checksum ¥/
if (NCGchar!=NAK) CheckSun = UpdateCRC(CheckSum,Code);
else CheckSum = (CheckSum + Code) & Ox00ff;



}

/¥ receive CRC/checksun ¥/
if (Ncdchar!=NAK)

{

/% receive 2 byte CRC %/

Code = Get.Char(Port,SHORT_WAIT#ONE_SECOND) ;

if (Code==-1)

{
PacketError (Port, PacketNbr, Attenpt, "tined out waiting for 1st CRC byte™);
return(FALSE) ;

}

RxCheckSumi = Code & 0x00ff;

Code = GetChar(Port, SHORT _WAIT#ONE_SECOND);

if (Code==-1)

{
packetError (Port, PacketNbr, Attenpt, "tined out waiting for 2nd CRC byte");
return(FALSE) ; '

}

RxCheckSun2 = Code & 0x00ff;

RxCheckSum = (RxCheckSum1(¢8) ! RxCheckSumn2;

else

}

/¥ receive one byte checksum ¥/

Code = GetChar(Fort, SHORT_WAIT¥ONE_SECOND) ;

if (Code==-1)

{
PacketError (Port, PacketNbr, Attempt, "timed out waiting for checksun™);
return (FALSE) ;

}

RxCheckSun = Code & 0x00ff;

7% don’t send ACK if G’ #/

if (Ncachar=="G") retirn(TRUE);

7% packet % and checksum OK 7 %/

if ((RxCheckSum==CheckSun)&& (RxPacketNbr==PacketNbr)) .

{

7% ACK the packet /
Put.Char (Port, ACK) 5



return(TRUE) ;
}
/7% bad packet ¥/
DisplayLine("Bad Packet",NULL,0);
Code = PutChar(Port,NAK);
} /% end -- for(Attempt) #/
/% can’t receive packet #/
SayError (Part, "RX packet timeout”);
reburn(FALSE) ;
} 7% end -- RxPacket #/

PacketError (Port,Packet, At Lenpt, HsgPtr)
int Port;
int Packet;
int Attempt;
char ¥MsgPtr;
{
char tenpl811;

sprintf (tenp, "Packet %d : Attempt #d : %s",Packet,Attempt,MsgPtr);

return( SayError(Port,tenp) );

int. TxStartup(Port,NCGcharPtr)
int Port;
char #NCGcharPtr;
{
int i;

int Codes

§if DEBUG
printf ("834 TxStartup™);
tendif
/% clear Rx buffer &/
SioRxFlush(Port);
/% wait for receivers start up NAEK, ’C’, or G’ &/
for (i=1; i(LIMIT; i++)
{
if (SioKeyPress())



SayError(Port, "Aborted by user™);
return(FALSE) ;
}
Code = QetChar(Port,, SHORT .WAIT#ONE_SECOND);
if (Code==-1) continue;
/% received a byte ¥/
if (tchar)Code==NAR)
{
#NCGcharPtr = NAK;
$if DEBUG
printf("(CS) OR\R");
tendif
return(TRUE) ;
}
if ((char)Code=="C")
{
¥NCGeharPtr = 'C’;
%if DEBUG
printf ("(CRC) OK\n");
tendif
return(TRUE) ;
}
if ((char)Code=="@")

{
#NCGcharPtr = @73
¥if DEBUG
printf("(@) OK\n");
tendif
return(TRUE) ;
}

} 7% end -~ for(i) ¥/
/% no response ¥/
SayError (Port,"No response from receiver”);
return(FALSE) ;
} /% end -- TxStartup %/

int RxStartup(pPort,NCGcharPtr)
int Port;



char #NCGcharPir;
{ .

int i3

int Code;

$if DEBUG
printf ("s8% RxStartup”);
printf (" tcC¥xH1",*NCGcharPtr,¥NCGcharPtr)s
tendif
/% clear Rx buffer ¥/
SioRxFlush(Port);
/% Send NAKs, 'C’s, or 'G's ¥/
for (i=1; i(LIMIT; it+)
{
if (SioKeyPress())
{
DiéplayLine("i** Canceled by USER #4¥",NULL,0);
return(FALSE) ;
}
/% stop attempting CRC/’G’ after 1st 4 tries ¥/
if ((«NCGcharPtr!=NAK)&&(i==5)) #NCGcharPtr = NAK;
/% tell sender that I am ready to receive #/
Code = PutChar(Port, ¥NCGcharPtr);
Code = GetChar(Port, SHORT_WAIT#ONE_SECOND) ;
if (Code==-1) continue;
/¥ no error -- must be inconingvbyte -- push byte back onto queue ! ¥/
‘SioUnGetc(Port,(char)Code):
§if DEBUG
printf ("0K\n");
tendif
return(TRUE) ;
}
/¥ no response ¥/
SayError (Port, "No response from sender”);
return(FALSE);
} 7% end -- RxStartup %/

int TXEOT(Port)

int Port;



int i;
int Codes;
for (i=0; i€10; i++)
{
Code = PutChar(Port,E0T);
/¥ await response ¥/
Code = GetChar (Port, SHORT_WAITKONE_SECOND) ;
if ((char)Code==ACK) retnrn(fRUE);
}
return (FALSE) ;
)} /% end -- TXEOT &/



Jkkkkikkk  TERMINAL.C  defdoldekobk /
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EXAMPLE CODE: Terminal emulator. Can transfer files using
XMODEM, YMODEM, and YMODEH-G protocols. ‘

See TERM.H for configuration parameters.

Link with TERM_IO, MODEM_IO, DIR, CRC, DOS, XYMODEM, and XYPACKET.
See TERM pakefiles.

Do NOT select YMODEM-G when using a null modem cable unless you are

certain that RTS & CTS are reversed ( this is usually not true ).

This exanple program (not the PCLAC library) is donated to
the Public Domain by MarshallSeft Computing, Inc. It is
provided as an example of the use of the PCLAC.

J¥kkkk  TERMINAL.C was adapted for the Magnetic Login System. dkikk/

tinclude (stdio.h)

tinclude (process.h)
tinclude ¢stdlib.h)
tinclude <fentl.hd
tinclude (sys\types.h)
tinclude (sys\stat.h)
tinclude "pcléc.h”

tinclude "ascii.h”
$include "tern.h”

fdefine FALSE 0
tdefine TRUE !FALSE
tdefine NORHAL 0x07
tdefine INVERSE 0x70
¥define MESSAGE_POS 48

void MyCrt¥rite();
void MyStartO;

void ProcessESC();

void ShowProtocolO);



void ShowMessage();
void HyExit O

void SayFilename();
void ErrorCheck();

struct, dbase
{
char name[301;
char code[217;
char pass[10]1;
};

/#¥k (lobal variables #ik/

int Port; /% current, COM port [0..3] %/
char Filenane[15]; /% file name buffer ¥/

char Buffer[10241; /% block buffer %/

char RxBuf[20481; /¥ receive buffer ¥/

char ¥BandRatef101 = ("300","600","1200","2400","4800","9600",
"19200", "38400", "57600", "115200"} ; )

int BaudCode; /% baud rate code ( index into BaudRatel] ) #/

char ¥ModelText[41 = ("Small","Compact”,"Hediun","Large"};

char DTAbuffer{1281;

char NCGchar = NAK;
int OnekKflag = FALSE;
int BatchFlag = FALSE;
char Protocol = 'X';

int numuser;
struct dbase dataf101;

/¥¥% pain program kkk/

nain(arge,argv)

int arge;

char %argvl1;

{
int DataFlag = FALSE;
char c;
int i, ks



int n, re;

int Delta; /% delta pqrtkstatus ¥/
int Status; /% port status %/
char Version;

char tenp[811;

int slens

FILE #user;

int ctemp,J;

char codeinl201;

char passwdC[101;

char buffer(501;

int pbuf =0;

int passcount=0;

/¥ right nunber of parameters 7 %/

if (arge!=3)

{ o
printf("Usage: 'TERM port baud’ -- example *TERH 1 9800°\n");
exit(1);

}

/% get port number from command line ¥/

Port. = atoi(argvl1l) - 13

if ((Port<o) i} (Port>3))

{
printf ("Port nust be 1 to 4\n");
exit(1);

}

/% get baud rate from comnand line ¥/

BaudCode = BaudMatch(argvi21);

if (BaudCode<0)

{
printf("Cannot recognize baud rate = %s\n",argv[21);
exit. (1);

}

/% setup transmit & receive buffer ¥/

BrrorCheck( SioRxBuf (Port,RxBuf,Size2048) );

/¥ set parms & reset (initialize) COM port #/

ErrorCheck( SioParms(Port,NoParity,OneStopBit,WordLength8) );

MyStart (Port,,BaudCode) ;



/4 init CRC table %/

InitCRCO) 3

/4 initialize screen ¥/

Scroll0,0,24,79,0,NORMAL) 3

/% display status message ¥/

sprintf(tenp,” COM%d %s #c ’ESC for menu’ ", 1+Port,BaudRatelBaudCodel,Protocol);
ShowMessage(0,tenp);

Position(1,0);

/% display some info #/ .

Puts (kb e )

put.s (" Magnetic Login System v1.0 ") »
put.s{ "kk Apply Physic#9 #");
put.s("kk ")
puts("#k Nipon Jantri 33504016  #");

puts("kk Thawatchai Iemmanassakul 33504012 ") ;
puts("****#*i*t*#**##********i*##i***i*##**#*****#\n");

if (1(LoadDbase(data))) MyExit(0,"error!! user.dat not found.");
puts("Database 0K.");
for (i=03 i(50; i++) bufferil = 0; /% clear buffer %/
/% send DTR to Terminal #/
puts("Sending DTR");
SioDTR(Port,’S");
/% check for 3 tines get password ¥/
do
{
while (strstr(buffer,”ID to IBM\R\r") == NULL)
{
/% Control-BREAK 7 %/
if (SioBrkKey()) MyExit(0,"User pressed Ctrl-BREAK");
/% was key pressed 7 ¥/
if (SioKeyPress())
{
/% read key press ¥/
i = SioKeyRead(); h ‘
if ((char)i==ESC) i
{
/% process user’s request ¥/
ProcessESC() 3



ShovHessage(strlen(Bauante[BandCode])+9,”'ﬁéc for Hemu’ ");
continue;
}
else PutChar(Port,i);
}
/% vas break detected 7 ¥/
if (SioBrkSig(Port,’D’)) DisplayLine("BREAR detected ",NULL,0);
/% any inconing over serial port 7 ¥/
i = GetChar(Port,0);
if (H-1)
{

/% good character %/
if (DataFlag&((i¢0x20)!!(i>0x7e)))

{
HyCrtWrite(’"");
MyCrtWrite(’d’+i);
}
else
{
buf ferCpbuf ++1 = i;
HyCrtWrite(i);
if (pbuf »= 49)
{
for (i=0; i¢505 i+t
bufferCi) = 03 /% clear buffer ¥/
pbuf = 03 /% point to siart of buffer %/

}
} /% end -- vhile ¥/
for (i=0; i(50; it+)
bufferlil = 03 /% clear buffer %/
i=0;
do
if ((ctemp = GetChar(Port,0)) > -1)
{
codeinl[i] = (char)ctenp;
ites
} while(i<20); o



codeinlil = Ox0;
i=0;
do
if ((ctemp = GetChar(Port,0)) > -1)
{
passwd[il = (char)ctenp; -
it4;
} while(ctenp 1= 0);
passcbunt++;
if (passcount >= 3)
MyExit(0,"It’s more time to Login™;
} 7% end ~- for ¥/
while (!(checkIDpass(data,codein,passwd)));
printf ("Waiting for Modem DSR.");
while (tSioDSR(Port))
{
if (SioKeyPress()!!SioBrkKey()) HyExit(o,”Aborted by user™;
SioDelay(18);
}
puts(" O0K.\n");
/% Woden is ready now ¥/
do
if ((ctemp = GetChar(Port,0)) > -1) putchar(ctenp);
vhile (ctenp != 0)3
vhile ((ctemp = getch()) != '\r’")
{
PutChar(Port,ctenp);
putch(ctenp);
}
puts("");
Put.Char (Port, 0x0) 5
puts("Sending RTS™);
SioRTS(Port,’S");
printf("Waiting for Modem CTS.");
while (!SioCTS(Port))
{
if (SioKeyPress()!!SioBrkKey()) HyExit(0,"Aborted by user");
SioDelay(18);



puts(" OK.\n");
/% see TERM.H for definition of AT_COMMAND_SET #/
$if AT_COMMAND_SET
/% wait for Moden to say its ready %/
printf("¥aiting for Modem DSR.");
while (!SioDSR(Port))
{
if (SioKeyPress()!!SioBrkKey()) MyExit(0,"Aborted by user");
putchar(’.’);
SioDelay(18);
}
putchar(’\n’);
/% initialize (Hayes compatible) modem ¥/
SendTo(Port,"tAT1!™");
SendTo(Port, "tAT E1 S7=60 S11=60 V1 X1 Q0 SD=11");
if (WaitFor(Port,"OK™) printf("\nMODEM READY\n");
else printf("\n¥ARNING: Expected OK not received\n");
fendif
/¥ enter terninal loop ¥/
SioRxFlush(Port);
while (D)
{
/% Control-BREAR 7 ¥/
if (SioBrkKey()) MyExit(0,"User pressed Ctrl1-BREAR™);
/% vas key pressed 7 ¥/
if (SioReyPress(})
{
/¥ read key press ¥/
i = SioKeyReadO;
if ((char)i==ESC)
{
/% process user’s request ¥/
ProcessESC();
Shovﬂessage(strlen(BaudRate[BaudCode])+9,"’E$c for Memu’ ")
cont.inue;
}
else PutChar(Port,i)s
}
/% was break detected 7 ¥/



if (SioBrkSig(Port,’D’)) DisplayLine("BREAK detected ",NULL,0);
/% any inconing over serial port 7 #/
i = GetChar(Port,0);
if (-1
{
/% good character ¥/
if (DataFlagk((i<0x20)!} (1>0x7e)))
{
MyCrtWrite(’"");
HyCrtwrite(’a’+1);
}
else MyCrt¥rite(i);
}
/% any change in DCD or DSR ? #/
Delta = SioModem(Port,DeltaDCD!DeltaDSR);
if (Delta) '
{
/% display nev status ¥/
Status = SioModem(Port, (char) (DCDIDSR));
if (1StatuskDeltaDCD) MyExit(0,"Dropped DCD");
if (tstatustDeltabsR) MyExit (0, "Dropped DSR");
}
} /% end -- key pressed ¥/

int LoadDbase(struot dbase ¥pdata)
{
FILE ¥user;

int ctemp, i3

/% tell user to wait for reading database %/ .
puts("Please Waiting.. reading User Database.”);
if ((user = fopen("USER.DAT", "rt")) == NULL) return 0;
/% Fill database from file to memory ¥/
for (numuser=1; ((EOF != fgetc(user)) &t numuser (= 10); numusertt)
{

fseek(user, (long)(ftelltuser) - 1), SEEK_SET);

for (j=0; ((ctemp = fgete(user)) != 0x20); j++)

pdataCnunuser-11.nane(j] = ctemp;



while ((ctemp = fgetcluser)) == 0x20);
fseel(user, (long)(ftell(user) - 1), SEEK_SET);
pdatalnunuser-13.nameL j++1 = 0x%20; A
for ( ;((ctemp = fgetctuser)) != 0x20); j++)
pdatalnunuser-11.namefj1 = ctenp;
pdatalnunuser-11.name(j++1 = 0x0;
while ((ctemp = fgete(user)) == 0x20)3
fseek(user, (long)(ftell(user) - 1), SEEK_SET):
for (j=0; ((ctemp = fgetc(user)) != 0x20); j++)
pdatalmmuser-11.codel 1 = ctenp;
pdatalnunuser-13.codel j++1 = 0x03
vhile ((ctenp = fgetcluser)) == 0x20);
fseek(user, (long)(ftell(user) - 1), SEEK_SET);
for(j=0; ((ctemp != Oxa) & (ctemp = fgetc(user)) != 0x20)3 j++)
pdatalnumuser-11.passCj1 = ctenp;

pdatalnumuser-11.passi--j] = 0x0;
fseek(user, (long)(ftell(user) - 1), SEEK_SED);
while ((ctemp = fgetc(user)) == 0x20);
fseek(user, (long) (ftell(user) - 1), SEEK_SET);
vhile ({ctemp = fgelc(user)) 1= Oxa);

} /% end -- for ¥/

fclose(nser)s

return 1;

} /% end -- LoadDbase %/

int checkIDpass(struct dbase #pdata,char ¥codein,char ¥passud)
{

int i;

/% check if ID and password match #/
i=0;
wvhile ({i¢numuser) && ((strcmp(pdatalil.code,codein) != 0)))
it4s
if (i ¢ numuser)
{
if (! (strcop(pdatalil.pass,passd)))
{
char result{10] = "Login OK.";

int is



for (j=0; (j<(strlen(result)+1)); j++)
PutChar (Port, resultlil);
printf("¥s can access to this system\n", pdatalil.name);
return 13
}
/% password error ¥/
else
{

char resulti16] = "Password Error.";

for (i=0; (i¢(strlen(result)+1)); i)
PutChar (Port, result[il);

return 0;

}
else
{
char resultf141 = "ID not found.";

for (i=0; (iC(strlen(result)+1)); i++)
Put.Char (Port, resultiil);
return 0;
}
} /% end -- checkIDpass ¥/

J¥kk write to screen except for bhottonm line'#*#/

void MyCrt¥Writefch)
char chs
{
/% write character ¥/
SioCrtWrite(ch)s
/% scroll all but botton line /
-if (GetRow () ==24)
{
Seroll(o,0,23,79,1,NORHAL) ;
Position(23,0);



/%% make multiple atiempts to reset port #kx/

void MyStart (Port,BaudCode)

int Port;

int BaudCode; .
{

int i, re;

/% try wp to 3 times to reset COM port %/
for (i=03 i¢(3; it4)
{
printf ("Resetting COM%d at #s baud\n”,Port+1,BaudRatelBaudCodel);
if ((rc = SioReset(Port,BaudCode})==0) return;
if (re<o) MyExit(re,"Error resetting port™;
SioDone(Port);
/% display errors ¥/
if (rckOverrunError) puts("Overrun Error”);
" if (rctParityError) puts{"Parity Error™;
if (rc&FramingError) puts("Framing Error™);
if (rctBreakDetect) puts("Break Detect”);
}
exit (D)

7¥k% find baud rate string in table %kk/

int BaudMatch(ptr)
char #ptr;
{

int i;
/% find baud rate in table ¥/

for (i=0; i¢10; i+H) if (strcmp(RaudRateli],ptr)==0) return(i);

return(-1);

/¥kk user pressed Escape %/



void ProcessESCO)
{
int i;
int re;
int c1, c2;
char Answer[2]; /% array for 1 char answer %/

int row, col;

/¥ user pressed (ESC) %/

1?’;

Answer[1] = *\0’;

DisplayLine("Q)uit P)rotocol S)end R)eceive: ",Answer,1);

Ansverf0]

1

if (strlentAnsver)) switeh (toupper(Answer(01))
{
case 'P’:

$if RTS_CTS_CONTROL
DisplayLine("X) xmoden Y) ymodem @) ymodem-g: ",Answer,1);

felse
DisplayLine("X) xmoden Y) ynodem: ",Answer,1);

tendif

if (strlen(Answer)) switch (toupper(Answer[01))
{

case 'X’:
Protocol = 'X’;
ShowProtocol ()

Onekflag = FALSE;

BatchFlag = FALSE;

NCGchar = NAK;

DisplayLine("Protocol = XMODEM",NULL,1);

breaks;

case 'Y':
Protocol = 'Y';
ShowProtocol();

Onekflag = TRUE;

BatchFlag = TRUE;

NCGchar = 'C’;

DisplayLine("Protocol = YHODEH",NULL,1);

break;



$if RTS_CTS_CONTROL

case 'Q":
Protocol = 'G’;
ShowProtocol ()3

onekflag = TRUE;
BatchFlag = TRUE;
NCGchar = 'a’;
DisplayLine("Protocol = YMODEM-G",NULL,1);
break;
tendif
default:
DisplayLine("Must answer X, Y, or G",NULL,1);
break;
}
break; /¥ end of case P’ ¥/
case 'Q’:
HyExit (0, "User pressed ESC™);
break;

case ’R':

ShowMessage (st rlen(BaudRate[BaudCode)+9, " CTRL-X aborts’");

/% XMODEM / YMODEM receive &/
if (BatchFlag)

{
do
{
/% receive files till get_enpty filename ¥/
RxyModen(Port,Filenane,Buf fer,NCGchar, BatchFlag) 5
if (SioKeyPress()) break;
} while (Filenane[01!="\0");
}

else /¥ not Batch %/
{
DisplayLine("Enter filepame:",Filename,15); '’
if (strlen(Filenane)==0) break;
RxyModen(Port,,Filenane, Buf fer,NCGchar, BatchFlag) 3
}
break;

case '§':

ShowMessage (strlen(BaudRatelBaudCodel) +9,"CTRL-X aborts’™);



DisplayLine("Enter filename:",Filenane,15);
if (strlen(Filename)==0) break;
if (BatchFlag)
{
/% YHODEM send %/
set DTA(DTAbuffer);
if (FindFirst(Filenawe))
{
SayFilenane (&DTAbuffer(301); ,
TxyModen(Port,&DTAbuf fer( 301, Buf fer,Onekf lag, BatchFlag) ;
while (FindNext())
{
SioDelay(4);
SayFilename (&DTAbuffer(301);
TxyModen (Port,&DTAbuf ferC 301, Buffer,Onekf 1ag, Bat.chFlag);
}
/% send enpty filename ¥/
Filename[01 = *\0";
SioDelay(5);
TxyModen(Port,Filenane,Buffer,0nekf 1ag, BatchFlag);

}
else
{
/% XMODEM send &/
TxyModen (Port,Filenane,Buffer,Onekf lag, BatchFlag);
} 7% end -~ if (BatchFlag) %/
breaks;
default:
DishlayLine(”Hust answer @, P, S, or R",NULL,0);
break;

} /% end svitch %/

/¥ shov protocol choosen kkk/ .

yoid ShowProtocol()

{



int SaveRow;

int SaveCols;

GetRow();

SaveCol = GetCol();
Position(24,MESSAGE_POS+strlen(DaudRatel[BaudCodeN+7);
Attr¥rite(Protocol, INVERSE);

SaveRow

Position(SaveRow,SaveCol);

/4% show chosen message ¥kk/

void ShowMessage(Pos,Msg)

int Pos;

char #Hsg;

{

int i;
int. SaveRowv;

int SaveCol;

int Col;
SaveRow = GetRow();
SaveCol = GetColQ);

Col = MESSAGE_POSt+Pas;
for (i=0; i(strlen(Msg); it+)
{
Position(24,Colt4);
Attririte(Msglil, INVERSE);
}

Position(SaveRow,SaveCol);

/¥k¥ exit program $kk/

void MyExit (code,msg)

int code;

char #msg;

{

int re;
if (code(D) SioFError(code);



/% Assert UART break & sign off &/ v
SioBrkSig(Port,’A’)s

printf ("\nTERMINATING: %s\n",mnsg);

SioDelay (ONE_SECOND/2) ;

SioDone(Port);

exit(0);

/%¢¥ display file name in status area #¥/

void SayFilename(Text)

char #Text;

{
char Tenp(401;
strepy (Temp, "Sending ") ;
streat (Tenp,Text) s
DisplayLine(Tenp,NULL,0);
SioDelay (ONE_SECOND/2);

f¥kk chech for error ¥/

void ErrorCheck(Code)
int Code;
{
/% trap PCL error codes ¥/
if (Code<0)
{
SioError(Code);
exit(1);
}
} 7% end ErrorCheck #/
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EXAMPLE CODE: Terninal emulator. Can transfer files vsing
XMODEM, YMODEM, and YMODEM-G protocols.

See TERM.H for configuration parameters.

Link with TERM_IO, MODEM_IO, DIR, CRC, DOS, XYMODEM, and XYPACKET.
See TERM makefiles.

Do NOT select YMODEM-G when using a null modem cable unless you are
certain that RTS & CTS are reversed ( this is usually not true ).

This example progran (not the PCLAC library) is donated to
the Public Domain by MarshallSoft Computing, Inc. It is
provided as an example of the use of the PCLAC.

/¥kkdk  HOST.C was adapted for the Magnetic Login System. o/

tinclude (stdio.hd
$include <fentl.hy
finclude (sys\types.h)
#include (sys\stat.h)
#include "pclde.h”

ginclude "asecii.h”

tinclude "tern.h"

tdefine FALSE 0
tdefine TRUE !FALSE
tdefine NORMAL 0x07
tdefine INVERSE 0x70
#define MESSAGE_POS 48

void MyCrt¥rite();
void MyStartO;
void ProcessESCO)s

void ShowProtocol();

yoid ShowMessage();
void HyBxit ()



void SayFilename();

void ErrorCheck();

/¥kk Qlobal variables #kk/

int Port; /% current COM port [0..3] &/
char Filename[15); /% file nane buffer ¥/

char Bufferf10241; /% block buffer /

char RxBuf[20481; /% receive buffer ¥/

char *BaudRatef101 = {"300","600","1200","2400","4800", "9600",
"19200","38400",#57600","115200"}3

int BaudCode; /% baud rate code ( index into BaudRate[l ) */

char #ModelText[4]

char DTAbuffer[12683;

char NCGchar = NAK;

{"Small", "Conpact”, "Mediun", "Large"};

int Onekflag = FALSE;
int BatchFlag = FALSE;
char Protocol = 'X’;

/%kk main progran kkk/

pain(argc,argv)
int. arge;
char kargv[1;
{
int DataFlag = FALSE;
char c¢;
int i, ks
int n, re;
int Delta; /¥ delta port status ¥/
int Status; /% port status %/
char Version;
char templ811;
int dsr_c = 13
int cts_c = 13

char Welcom[1000) = {"Welcome to Magnetic Login System. \n\
Here is host that fill with pany and many information. \n \

You can select some information you want to receive. \n\



and pay back once in times.\nPlease select\n \

1. Data Bank \n\
2. Stock Analysis  \m\
3. News AV
4. quit \n\

Select? "};

int slen;

/% right number of parameters 7 #/
if (arge!=3)
{
printf("Usage: 'TERM port baud’ -- example ’TERM 1 9800'\n");
exit (1);
}
/% get port number from command line ¥/
Port = atoitargvl[11) - 13
if ((Port<o) ¥ (Port)3n)
{
printf("Port must be 1 to 4\n");
exit(1);
}
/% pet baud rate from command line %/
BandCode = BandMatch(argvi2D;
if (BaudCode<0)
{
printf("Cannot recognize baud rate = #s\n",argvi21);
exit (1);
}
/% setup transmit & receive buffer ¥/
ErrorCheck( SioRxBuf (Port,RxBuf,Size2048) )3
/% sot parms & reset (initialize) COM port ¥/
ErrorCheck( SioParms(Port,NoParity,OneStopBit,WordLength8) );
MyStart (Port,BaudCode)
# init CRC table ¥/
InitCRCO 3
/4 initialize screen ¥/
Seroll(0,0,24,79,0,NORMAL);



/¥ display status message ¥/

sprintf(temp,” COM%d %#s %c ’ESC for menu’ ",1t+Port,BaudRatelBaudCodel,Protocol);
ShowMessage(0,tenp);

Position(1,0); |

/¥ display some info %/

puts "ok e e ) 5

pubs ("kx Magnetic Login System ¥");
puts ("kk Apply Physic#9 #");
pubs("#k ") s
puts(™¢ Nipon Jantri 33504016  ¥")3

puts("#k Thawatchai Iemmanassakul 33504012  #¥");
put s (kiR ) 5
/% set DTR and RTS %/
puts("Sending DTR");
SioDTR(Port,’s’);
/% wait for Hodem to say its ready %/
printf ("Waiting for Modem DSR.");
vhile (1SioDSR(Port))
{
if (SioKeyPress()!!SioBrkKey()) MyExit(0,"Aborted by user”);
putchar(’.”);
SioDelay(18);
}
puts(" OK.\n");
/% puts("vaiting for DSR. "3
while tdsr_c)
{
if (SioKeyPress()!!SioBrkRey()) MyExit(0,"Aborted by user”);
if (SioDSR(Port))
{
puts("0K.\n");
dsr_c = 0;
}
L ¥
puts("Sending RTS"™);
SioRTS(Port,’s’); .
puts("vaiting for CTS. ");
while (cts_c)
{



if (SioKeyPress()!:SioBrkKey()) MyExit(0,"Aborted by user");
if (SioCTS(Port))
{

puts("0K.\n");

cts_c = 03

}
/% see TERM.H for definition of AT_COMMAND.SET %/
3if AT_COMMAND_SET
/% wait for Modem to say its ready %/
printf ("Waiting for Modem DSR.");
while ( !SioDSR(Port) )
{
if (SiokeyPress()!!SioBrkKey()) MyExit(0,"Aborted by user™);
putchar(’.”);
SioDelay(18);
}
putchar(’\n’);
/% initialize (Hayes compatible) modem %/
SendTo(Port,"1AT!1™");
SendTo(Port,"!AT E1 S7=80 §11=60 V1 X1 Q0 S0=1!"); o
if (waitFor(Port,"0K™) printf ("\nMODEM READY\n");
else printf("\nWARNING: Expected OK not received\n");
fendif
for (i=0; i¢=100; i++) PutChar(Port,’0’+i);
for (i=0; i¢24; i++) PutChar(Port,’a’+i);
for (i=0; i¢24; i++) PutChar(Port,’A’+i);
slen = strlen(Welcon);
for (i=0; i¢=slen; i++)
{
PutChar (Port,Welcon[i1);
putchar (WelconCil)s
}
/% enter terminal loop */
SioRxFlush(Port);
while (D
{
/% Control-BREAR 7 #/
if (SioBrkKey()) MyExit(0,"User pressed Ctr1-BREAK");



/% vas key pressed 7 %/
if (SioKeyPress())
{
/% read key press ¥/
i = SioReyRead();
if ((char)i==ESC)
{
/% process user’s request ¥/
ProcessESC();
ShowMessage (strlen(BaudRate[BaudCodel) +9,""ESC for Memu’ ");
continue;
}
else PutChar(Port,i);
}
/% vas break detected 7 /
if (sioBrkSig(Port,’D’)) DisplayLine("BREAK detected ",NULL,0);
/% any incoming over serial port 7 &/
i = GetChar(Port,0);
if (-
{
1% good character %/
if (DataFlag&((i¢0x20)}!(i>0xTe)))
{
MyCrtwrite('"");
MyCrt¥Write(’@’+i);
}
else MyCrtWrite(i);
}
/% any change in DCD or DSR 7 %/
Delta = SioModen(Port,DeltaDcD}DeltaDsR)s
if (Delta)
{
/% display nevw status ¥/ .
status = SioModem(Port, (char) (DCD!DSR));
if (1StatuskDeltaDCD) MyExit(0,"Dropped DCD");
if (1StatustDeltaDSR) MyExit(0,"Dropped DSR");
}
} /% end -- key pressed #/



/4&k write to screen except for bottom line ¥/

void MyCrtWrite(ch)

char ch;

{
/% write character #/
SioCrtWrite(ch);

/% scroll all but bottom line %/
if (GetRow()==24)
{
Scroll(0,0,23,79,1,NORMAL) ;
Position(23,0);

/%% nake multiple attempts to reset port ¥k¥/

void HyStart(Port,BaudCode)
int Port;

int BaudCode;

{

int 1, res

/% try up to 3 times to reset COM port %/

for (i=0;i¢35i++)

{
printf ("Resetting COMd at #s baud\n",Port+1,BaudRate(BaudCodel);
if ((rc = SioReset (Port,BaudCode))==0) return;
if (rc¢0) MyBxit(re,"Error resetting port™);
SioDone(Port);
/% display errors ¥/
if (rctOverrunError) puts(”Ovérrun Error");
if (rckParityError) puts("Parity Error™);
if (rctFramingError) puts("Framing Error™);
if (rcBreakDetect) puts("Break Detect™;

}

exit(1);



J¥¢¥ find baud rate string in table ¥4/

int BaudHatch(ptr)
char #ptr;
{

int i;

/% find baud rate in table &/
for (i=0; i¢10; i++) if (strcmp(BaudRateli],ptr)==0) return(i);

return(-1);

/%% user pressed Escape ¥/

void ProcessESC()
{
int i;
int re;
int e1, c2;
char Answer[21; /% array for 1 char answer /

int row, col;

/¥ user pressed (ESC> ¥/

97’;

Ansver{1] = "\0’;

DisplayLine("Q)uit P)rotocol S)end R)eceive: ",Answer,1);

"

Ansver([0]

if (strlen(Answer)) switch (toupper(Ansver[01))
{
case 'P’:
tif RTS_CTS_CONTROL
DisplayLine("X) xmoden Y) ymodem @) ymodem-g: ",Answer,1);
telse
DisplayLine("X) xmodem Y) ynoden: " Answer,1);
tendif
if (strlen(Answer)) switch( toupper(Answer[01) )
{

!

case 'X’:

Prolocol = 'X’;



ShowProtocol O3
OneKflag = FALSE;
BatchFlag = FALSE;
NCGcbar = NAK;
DisplayLine("Protocol = XMODEM",NULL,1);
break;
case 'Y':
Protocol = ’Y’;
ShowProtocol )3
Onekflag = TRUE;
BahchFlpg = TRUE;
NCGchar = 'C’;
DisplayLine("Protocol = YHODEX",NULL,1);
break;
$if RTS_CTS_CONTROL
case 'G’:
Protocel = 'G’;
ShowProtocol();
OneKflag = TRUE; -
BatchFlag = TRUE;
NCGchar = 'a’;
DisplayLine("Protocol = YMODEM-G",NULL,1);
breal;
$endif
default,:
pisplayLine("Hust answer X, Y, or G",NULL,1);
break;
}
break; /% end of case 'P’ ¥/
case 'Q":
MyExit (0,"User pressed ESC");
break;
case 'R’:
ShowMessage (strlen(BaudRate[BaudCodel) +9, " "CIRL-X aborts’™);
/% XMODEM / YMODEM receive %/
if (BatchFlag)
{
do
{



7% receive files till get empty filename %/
RxyHoden(Port,Filenane, Buffer,NCGchar, BatchFlag) ;
if (SioKeyPress()) break;
} while(Filename[01!="\0"); v
}
else /¥ not Batch %/
{
DisplayLine("Enter filename:",Filenase,15);
if (strlen(Filename)==0) break;
RxyModen (Port,Filenane, Buf fer,NCGchar, BatchFlag) ;
}
break;
case 'S’:
ShowHessage (st.rlen (BaudRate[BaudCode]) +3, " *CTRL-X aborts'");
DisplayLine("Enter filename:",Filenane,15);
if (strlen(Filename)==0) break;
if (BatchFlag)
{
/% YHODEM send /
setDTA(DTAbuf fer);
if (FindFirst(Filenane))
{
SayFilenane(&DTAbuf fer(301);
TxyModen (Port ,&DTAbuf ferf301,Buffer,Onekf lag, BatchFlag);
vhile (FindNext())
{
SioDelay(4);
SayFilenane (&DTAbuffer[301);
TxyHoden (Part,&DTAbuf ferr 301, Buf fer,OneKf lag, BatchFlag) 3
}
/% send enpty filename %/
Filename[01 = ’\0’;
SioDelay(5);
TxyHoden (Port,, Filenane, Buf fer,Onekf lag, BatchFlag);

} .
else
{

/% XHODEM send &/



TxyModen(Port, Filenane, Buf fer, Onekf 1ag, BatchFlag) 3
} /% end -- if (BatchFlag) /
break;
default:
DisplayLine("Must answer q, P, S, or R",NULL,0);
break;
} /% end switch #/ ;

¥k shou protocol choosen kkk/

void ShouProtocol )
{
int SaveRow;
int SaveCol;

SaveRow = GetRow();

SaveCol = GetColO);
Position(24,MESSAGE_POS+strlen(BaudRate(BaudCodel) +7);
Attrérite(Protocol, INVERSE);
Position(SaveRow,SaveCol)

/4% show chosen message #kk/

void ShowMessage(Pos,Nsg)
int Pos;
char #Msg;
{
int 1; i
int SaveRow;
int SaveCols
int Cols

SaveRov = GetRow();

SaveCol = GetCol();

Col = HESSAGQE_PQStPos;

for (i=0; i(strlen(Msg); it+)
{



Position(24,Col44);
Attr¥rite(Msglil, INVERSE) ;
}

Position(SaveRow,SaveCol);

/%%k exil program #kk/

void HyExit (code,nsg)

int code;

char ¥msg;

{

int re;

if (code¢0) SioError(code);

/% Assert UART break & sipn off #/
SioBrkSig(Port,’A’);

printf ("\nTERMINATING: %s\n",msg);
SioDelay(ONE.SECOND/2);
SioDone(Port);

exit (0);

/%% display file name in status area #&k/

void SayFilenane(Text)
char #Text;

{

char Templ401;

strepy (Temp, "Sending "3
strcat (Temp, Text) s
DisplayLine(Tenp,NULL,0);
SioDelay (ONE_SECOND/2) ;

/& check for error ¥&k/

void ErrorCheck(Code)



int Code;
{
/% trap PCL error codes ¥/
if (Code<0)
{
SioError{Code);
exit(1);
}
} /% end ErrorCheck ¥/
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The identification card shall conform to the specifications given
in 180 7310.

WARNING — The attention of card issuers is drawn to
the fact that information held on the magnetic stripe may
-be rendered ineffective through contamination by con-

tact with dirt and certain commonly used chemicals in- == ———— -~ - .

cluding plasticizers. Further, exposure of the card to an
“intense-magnetic- fueld us likely to. destroy the recorded

"5 hysucal‘chaf tensﬂcs of the magnetlc

material - ; T

5. 1-‘—Thlcknes:’~‘.’ff~;»—-" LT T

"The helght of 1he readmg surface above the back surface of the-  —-

card,- when profiled with a stylus of between 0,38 mm

-10. 015 in} and 2,54 mm (0.100 in) radius, shall be R

0 mm min. (0 in min.)

0,028 mm max.: {0.001 5 in max.}

5.2 Surface roughness

The average surface hregularity of the magnetic surface shall
not exceed 0,404 pm {15.9 pin) CLA (centreline average) in
4 the longitudinal and transverse directions, when using a
€ {f wavelength of 0,25 mm (0.01 in} or 0,76 mm (0.03 in)
NP3 stylus of radius 2.54 um max. (100 uin max.}

5.3 Surface profile

The average profile of the minimum magnetic stripe width {see
figures 1 and 2) when measured parallel to the height of the
card with a probe having a radius of 0,38 mm (0.015 in} to
2.54 mm (0.100 in} shall not show a vertical deviation from a
straight line connectipgithe minimum strip width of more than

3.8 um (150 yin} for every 2,54 mm (0.10Q in} of stripe width .

(see figure 3).

During the measurement the back (magnetic stripe side} of the
card snall be held paratle! to the surtace by means of a 2,2 N
{0.51 !nt) load evenly distributed over the back of the measure-

ment arag

F)TEY

1 Spiking in the prolile caused by maierial *’squirt-out™ in hot stamp-
inG 's nat part of the sirpe It should nat extend above the projected
stnpe surface (see fiquee 4).

o utme the aanaewe maipeat on ton of printing is not recom-
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;_"*6——Pen‘ormance characteristics_of the

_The stripe shall not separate from the card under normal use

method of measunng the surincy
or 0 of As ity. Methods of measurement are

being evaivated and an ag eod procedwe will be adced in this Intar
Fa.5o3t Sremdard a1 vha aarfagt opportunity.

5.4 Adhesion of stripe to card

-magnetic “material for newiy manufactured“
- identification cards °

This method uses a certified reference card whose magnaue

- "matefial is"traceable to 2:primary standard magnetic tape..

“The 135t does not guarantée any minimum or maximum valuc
of intrinsic coercivity &, The specification of this parameter i:
requirac) is left to the individual card purchasers.” In generat,
higher coercivities provide greater resistanca to erasure at In.
creased cost,, ' o

6.2 Track 1, 2 and 3 {read only or read/write)}

All mezsurements shalt be made using 2 same device and
under the same conditions.

6.2.1 Signal amplitude

When the magnetic material with any protective coatings 1
place is recorded with the test recording currents (see 3.5} a: §
ftpmm (200 fipi) the signal amplitude shal! be within 80 % ¢
130 % of the reference signal amplitude {see figure 5}

The signal amplitude obtained at this density, after recordirg

with a test recording current of 500 % /. shall not exceed the .

signal amplitude obtained at the same density with a recording
current of 350 % of /3. The slope of the saturation curve shall
never be positive between these two points.

When recorded with the same test recording currents (sec 3.5
at 20 hpmm (500 ftpi) and with all other parameters identical.
the signal amplitude shall be not less than 70 %, of that nhtaun

ed at 8 fromm {200 ftoi) i.e.

amplitude 20 fipmm (500 fipil

NSNS [ | LT

smphitucle 8 finmm (200 ftpi

NCTE — The resolution 0! the read head sub-system thead ampifia
sngaed be in the range of 0 % 1o 100 % when defined as e

amphitude 23 fipymm «<oo fintl

tnce b Hnmer oG
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¢ . Lo S Ay Ia
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N dpabesi st
= 10,28 mm 10.405 in) for tracks 1 2 and 3 poHd

Figure 3 — Surface profile

Permirteq Not cermitted

Figure 4 — Projected stripe surface
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Figure 5 — Saturation curve of reference card 2nd tolerance arez at 8 fipmm (200 ftpi

NOTE — The corrected reference curwe £2mcted above ma, not meet tha saec f:catons defined n 6 2 The curve defines the mzcter sine
response {on a card) The window faramaesass are clalined 1¢ zeoduce a card 1h31 v be funciional in 1ne machune readable envie ~~ o
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6.2.2 Erasure The data comprise €ata and clacking bits togetner A

sition occurring betwaen clocks elgnnhes a “cne o
of a flux transition signifies a "zero’". 2y
1Y

abemo b

The magnetic material shall be capable of being erased by a DC
W CulTent 8QuUal 10 32U Y0 Oi ig w w wwvl 0 3 T5 w0 o

the reference signal amplitude. - The data shall be recarded as a synchrongus w.

N . N DALY ITTA NPT
characters without intervening gaps.

6.3 Testing and operating environment : Recording shall be i a saturation mode with magnens=
_ _ . —— [ - parallel to a fine in the plare of the track. The dma'-v-(n;s, Aot s
- -—-——The testmg “environment for sagnal amphtude measurements mined. by the f&‘COfdi‘"G?"qh RS
- - 1523 +3°C (73 % 5°F) and 40 % to 60 % relanve, homidity.” "~ 7T 7T T : -
.~ ~_ZWhentested .under otherwise identical conditions, the signal 8 Encoding specification, general
— ... _amplitude from_the_magnetic stripe_shall_not deviate_fromits_____ _ ) .

= ““velue in the-above test-environment by more- than.15 S=after. 2. -8 1“Angle of-reccrdmg—“-- ;‘_'_,_
Y g, moam 5 min of card eXposure ¢ 0ver the follownng operatmg envuron- ;_ TR

oot oy o

4@’ e i

~ the. card parallel .to the magnenc smpe :
' @ :.-‘-';V:—-..--. s e_.'__z_._._ s T T o tolerences o ) [Ep L
relative humidity: 5 % to 95 % with @ maximum wet bulb T T

lemperature of 25 °C (77 oF) Read only track v.r'rth 8, 3 bomm (210 boi (Trecb " -2z

T f Read On|v track- with 3 b bpmm (75 bpi) (T'ar'k~ = ~0

= 6 4 Testlng specxf’catlons'—::'—

=T Read~wme1rackw'rh8 3 bpmm {210 bpr) (1ra"v 3 LR By JU

T —The read head used shall have 3 gap OfO 025 mm (0.001 il or_ " - The angle of recorcing ia} is determined Dy measuiing i
- less- e e e~ ... angle of the head gap when the readu q arrphmde is rrax ime

— oL DS L - m=ez .. .. (see f,gure7, - - - .

.When making the above measurements_ xhe stgnal amplutude
shall be measured after the encoding has stabilized. The 8.2 Bit configuration
stabilization criteria will be met if all measurements are taken
urder the same experimental conditions (i.e.- taken after the . . .
" ‘same number of passages before magnetic head gap). — — T - In the bit conf'.g"fam' k’fr 2ach characler ‘rh eEnT
. area, the least significant bit {b,) shail be encoded {'rst and 1

parity bit last.

7 Encoding techniqhe
. 8.3 Direction of recording

,) The encoding technigue is known as two-frequency coherent-

phase recording, This method allows for serial recording of self- The encoding shalt begn fram the right-hand sige vewed fron
clocking data {on each track) (see fi igure 6}. : the side with the magnesic stripe and with the sitipe 22 the fon
t t =} t t I
i
- . ... . ua, - - r - [
a,_'] ' R =1 - o=0%:2 i
1} ..
! ‘ i
i 0 0 0 _ l 0 [ ! f Top of card —
’ o ! lr ! Back of card N\
' .l [ ' 1
: \ :
o] L L L ) g
! ! 5 i
1 ! L SR | \ ' ! :
- — ! ' . 1} :
—— - - = F [y H
i Yof L l
c) \ i e p— :
1 9 1, 0 0 i
- .t indicates seif-clocking (timing) intervals X B ) I e
~  Figure 6 — Example of two-frequency coherent phase . . Figure7 — Angle of rec'ord'mg‘- -

encoding

— oz - . e




Clocking bits

"he l2ad-in up to the first data bit shall be recorded with clock-
ing bits [zeros) and the space from the last data bit 10 the end of
the recording shall also be recorded with clocking bits (sea the
notel

WATE - 115 recogn.zed that reros pror10 2.9 mm (0 112 in) or after
82 85 mm 13 250 ini team tha ~3"t edge of the card when viewes from
e bact may not meef the specitications g.ven herein: howavar, only
reevs <hag!ld be encoded in this area

8 Encoding specification for read-only
tracks

In addition to the refevant part of clause 8 the following
2eciﬁcations apply for read-only tracks.
2

8.1 Alphanumeric track, Track 1

3.1.1 B8it density

The nominal bit de-sily of the recorded Signa!l shz Cu H 4.ty

LR RS [ AR PPY ok Kt ST . - . )
= - - - R L S I A . 'l‘.‘.’

the ling parallet 10 -2 longitutinal centreline of 1he talh Tne
spacing  betweer. adjacent flux ransiticns 1., he
0.121 + 0,006 mmr 2762 = 238 Hinl = 5 % for & rern .ng
0056 £ 0,00¢mm 2387 = 7 [ink = 7 % torg sme koo
sequence of recorZz3 “ones” the density cotre:Lonas 1
nominal 16,5 fipmm 220 ftpi).

9.1.2 Coded charzcter set

The following charzzzar coce;,rwﬂich are alphar.. nzne o
have 8 bit character sa:s with(@rity, shalt be _sex:




IS0 731 2 1=l

r-'f , Xaa =~ £
o ; WANNNAYINT 5
b ~gleglulasvaugnm
L
1avic 1 — Cgodad character ent for Yrack 1
b 0 0 1 1
bs 0 1 0 1
by | by | b, | by ’?oi""fo,,, 0 1 2 .| 3 )
o {ofolol o sp 0 ©) p ]
0 0 0 1 1 @ 1 A Q
o] o 1 0 2 @ 2 8 R
0 IL 0o ! 1 3 © 3 c s
o j 1 {00 4 s 4 0 T
) 0 1 0 1 5 % (9 5 E U
0 {1 10 6 G 6 F v
0 1 1 1 7 OB K G w
1 0 0 0 8 | " 8 H X
1 o] ol 9 ) 9 i v
1o | 1] o 10 @ ©) J z
1o 1 1 1 ©) ©) K (®
1| 1v o] o 12 ©) ©) L (®
1 1 0 1 13 - ©O) M ®
1 1 1 0 14 . ©) N 30
1 | 1 1 15 AN RXO) 0 O

These character positions are available for hardware conito! parocses oniy and
cannot contain information characters.

These character positions are reserved for additional nationa! charécters when
required. They are not to be used internatianally

This character position is reserved for optiona: addrticnal gragh'c symbols

OO @ ®

These characters shall have the {oilowing meanings for thie annlic=t.nn-
Position 0/5 % represents ‘"start sontinei”,
1415 7 represents “‘end sentinet’”

3:14 ~ represents "‘separator

9.1.3 Maximum number of characters for 1D-1 type card A .
. o~

The data characters, the contro! characters and the longitudinal redundancv check charazter shall together r<: e:cev@marw

including start and end sentinels,




o £
Zas =
{:_‘ﬂ{’."ffu n;:%?:nﬁ
d 3R
. 3 eyl aihsyaud
) RSV .r-.f?-;U'Tﬂ&'IL[ _._,_n——‘—‘
Numeric track, Track 2 10 Encoding, specifications for read-write
track, track 3
30 danainy In addition to the reevant parts of clause 8. tnhe 2 ~oeng
The nominal bit density of th2 recorded signat shall be 3 bits per Siec iicEinuits apydy 10 Tt write track track 3.
millimetre {75 bits per inchi = 3 % when measured along the
“hne parallel 10 the longitudnal centreline of the track. The 10.1 Bit density
spacing  between adjacent flux transiions shall  be ) o o hali ee T A e
0.333 = 0.010 mm {13333 = 200 pinl i.e. = 3 % for a "zero” The nominai bit density of the reco: d:d signal shali o= 2 3 5+
and 0.1589 + 0.007 mm (6 667 + 267 piniie. £ 4 % for a per millimetre (210 bits per inch} £ 8 % when measw <2ty
“one”. For a sequence cf recorded “ones” the density the line parallel to the lonquudmal centreline of the trzce. Th=
“corresponds to a nominal 6.0 fipmm (150 fipil. spacing between' adjacent flux wansitions  smzt oo
0,121 £ 0,010 mm (4 762 = 281 uinjie. = 8 % for = ' cerc
29 ) and 0,060 £ 0,006 mm (2381 = 238 uinl ie. & 10 7. for
3 Coded character set . “one”. For a sequence of recorded “'ones” the de-siy s
TaBEhacacter.code, which is numeric only, shall be a BCD 4 bit responds to a nominal 16,5 fipmm (420 ftpi).
S wit@ parity (P} as shown in table 2.
i 10.2 Coded character set
*  Table 2 — Coded character set The numeric codad character set in 9.2.2 shall be us=2
for track 2and 3
10.3 Maximum number of characters for
Bits : ID-1-type card
> 5, 5 5 B Row Character Yp
'l ej o046 0 o 10.3.1 ID-1-type card
0 ] o] 0 t 1 1 , N
The data characters, the control characters and the 9ng tLGina
a 0 0 ! 9 2 2 redundancy check character shall together not exceed\107,
1 0 0 1 1 3 3 characters, including start and end sentinels. V
0 ] 1 a 0 4 4 .
1 0 1 0 1 5 5 .
11 Error detection
1 0 1 1 0 6 6
0 o 1 3 1 7 7 Two techriques of error detection, as aescribed be!ow, shai' ne
encoded. In both techniques, the clocking bits -ecordag -
0 ! 0 8 8 used for synchronization and shall not he rega-32z as a.-'n
1 ) 0 1 9 9 characters.
1 v o 1] o 10 ° . .
@ N 11.1  Parity
0 1 0 1 1 11 ‘thﬁ A parity bit for each encodad character shall be used. The vatae
; ’ of the parity bit is defined such that the total guantity of une
1 1 1 0 0 12 @ bits recorded, for a character, including the parity bit, shal he
odd.
e |1 T T 13 ® doe s
11.2 Longitudinal redundancy check (LRC]
o ! ! ! ° 14 @ A longitudinal redundancy check (LRC) character shall appes:
c , for each data message. The LRC character shsil bs encodaa sc
! ! ! ! ! 15 F () Fod  that it immediately follows the 2nd sentinel when the carc is
read in a direction giving the start sentinel first, followed by

These character pasitions are available for hardware control data and the end sentinel. The bit configuration of the L3C
purposes only and cannot contain infarmation characters {data character shall be idertical to the bit configuration of the gzl
content) characters.

O)

The LAC character sk.all be calculated using the following orc
cedure:

Start sentinel {start character?

Separator

The value of each bit 1n the LRC character, exc'ucing the 5

b))  End sentinel Istop character) bit, is defined such nzt the totat count of one 75 | encn"°" L
the correspondmg bu location of all characiars of the gzt

- message mciudnng the start semmel data, end sentinel. and

— L .o

LRC characters, sha'l be even. -
- characlers, sha | D€ even..

®® ©

9.2.3 Maximum number of characters for 1D-1 type card

. The LARC characters parity bit is not a parity bit for the incivicua!
parity bits of the cdata message, but is only the parity bit for the
LARC character encoded as described in 11.1.

The data characters, the control characters and the longitudinal
redundancy check character shall together not exceed
{48 characters. including start and end sentinels

€
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National
Semiconductor

LM124/LM224/LM324, LM124A/ LM224A/LM324A,
LM2902 Low Power Quad Operational Amplifiers

General Description

e LM124 series consists of four independent, high gain,
~warnally frequency compensated operational amplifiers
which were designed specifically to operate from a single
~ower supply over a wide range of voltages. Operation from
soit power supplies is also possible and the iow power sup-
sty current drain is independent of the magnitude of the
cower supply voltage.

Acplication areas include transducer amplifiers, DC gain
ntocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly operat-
ed off of the standard +5 Vpg power supply voltage which
is used in digital systerns and will easily provide the required
nterface electronics without requiring the additional
=15 Vpg power supplies.

Unique Characteristics

s In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from anly a sin-
gle power supply voltage. >

& The unity gain cross frequency is temperature
compensated.

a The input bias current is also temperature
compensated.

Advantages

m Eliminates need for dual supplies

m Four intemally compensated op amps in a single
package

& Allows directly sensing near GND and Voyr also goes
to GND

n Compatible with all forms of logic
m Power drain suitable for battery operation

Features
u intemnally frequency campansated for unity gain
& Large DC voltage gain 100 dB
® Wide bandwidth {unity gain) 1 MHz
(temperature compensated)
& Wide power supply range:
Single supply 3 Vpg o 32 Vo
or dual suppliss +1.5 Vpg to £16 Vpg

M Very low supply current drain (700 uA)—essentially in-
dependent of supply voltage

B Low input biasing current 45 nApc
(temperature compensated)

® Low input offsét vaitage 2 mVoc
and offset current 5 nApg

® Input common-mede voltage range includes ground
m Differential input vaitage range equal to the power sup-
ply voltage

m Large output voltage swing 0 Vpgto V* — 1.5 Vpg

Connection Diagram

Dual-in-Line Package
CJTPUT G IRMUTE  INPUT4* GND INPUT J° INPUTT™ QUTPUTI

W A2 12 1 10 L) .

! b4 3 4 ] (] 7

SURTY Ut npuT 1 v* WAUT2® IMNUTT OUTPUT2
TUM/8298-1

Top View

Order Number LM124J, LM124AJ, LM2244,
LM224AJ, LM324J, LM324AJ, LM324M, LM324AM,
LM2902M, L M324N, LM324AN or LM2302N
See NS Package Number J14A, M14A or N14A

Schematic Diagram (gach Ampiifier)

$u
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LM124/LM224/LM324/LM124A/LM224A/LM324A/LM2902

Absolute Maximum Ratings
If Military/Aerospace specliled devices are required, please contact the National Semiconductor Sales Office/Distributors for avallabllity and speclfications.
(Note 9)
LM124/1LM224/L.M324 LM124/LM224/1L.M324
LM124A/LM224A/LM324A " LM124A/LM224A/LM324A LMas02
Supply Voltage, V' 32 Vpgor 216 Vpg 26 Vpgor £13 Vpg Storage Temperature Range ~65°Cto +150°C ~685'Cto +150°C
Differential Input Voltage 32 Vpg 26 Vpg Lead Temperature (Soldering, 10 seconds) 260°C 260°C
Input Voltage -0.3 Vpgto +32 Vpe —0.3Vpglo +26 Vpg Soldering Information
Input Current Dual-In-Line Package
(Vin < —0.3 Vpe) (Note 3) 50 mA 50 mA Soldering (10 seconds) 260°C 260°C
p Dissipation (Note 1 Small Outline Package
ohvﬁvolrd 'ds‘gﬁ’g ion (Note 1) 1130 mW 1130 mW Vapor Phase (60 seconds) 215°C 215°C
olgel m Infrared (15 seconds) 220°C 220°C
Cavity DIP 1260 mW 1260 mW . o o
Small Outline Package 800 mW 800 mW See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” for
il other methods of soldering surface mount devices.
Output Short-Circuit to GND
(One Amplifier) (Note 2) ESD Tolerance (Note 10) 250V 250V
vt < 15Vpcand Ta = 25°C Continuous Continuous
Operating Temperature Range —40°Cto +85°C
LM324/LM324A 0°Cto +70°C
LM224/LM224A -25°Clo +85°C
LM124/LM124A -55°Cto +125°C
Electrical Characteristics v = 450 Vpc. (Note 4), unless otherwise stated
w
é Parameter Condltlond LM124A LM224A LM324A LM124/LM224 LM324 LM2902 lunits
Min Typ Max [Min Typ Max |Min Typ Max |Min Typ Max [Min Typ Max [Min Typ Max
_Il'\pul Offset Voltage (Note 5) Ta = 25°C 1 £2 1 +3 +2 +3 12 +6 +2 &7 +2 17 |mVpc
Input Bias Current ling4) of hing-). Vem = 0V, . )
(Noto 6) Tp = 25°C 20 50 40 80 45 100 45 150 45 250 45 250 |nApc
gt Offsel Gumrent 'T'N( ¢ ’;5,'(';“(' ) Vom = OV, 2 £10 12 115 15 130 13 £30 +5 150 5 +50 |nApc
A=
+ + -
Input Common-Mode V™ = 30Vpc, (LM2002,V™ =26Vpc)| 4 y+_y5l 0  v*-15l0  v'-1s{o v'-15l0  v*'-1s/o0  v*-15lvye
Voltage Range (Note 7) |Ta = 25°C
Supply Current Over Full Temperature Range
Ry = o On All Op Amps
mA
V!‘ = 30V (LM2902 V' = 26V) 1,5 3 1.5 3 1.5 3 1.5 3 1.5 3 15 3 DG
vt =sv 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 0.7 12 0.7 1.2
Large Signal vt = 15Vps RL 2 2k, i
50 100 50 100 25 100 50 100 25 100 25 100 V/mV
Voltage Gain (Vo = 1Vpc1o11Vpg), Ta = 25°C
s + — .
Common-Mode DC,Vom = 0V to V 1.5 Vpc, 70 85 70 85 65 85 ‘ 50 70 48
Rejection Ratlo  * - |Ta = 25°C . . 5 ! : i 2 o e fmee
A\ P owrbe Bupph ks did LOG VLY, = B Voo 16 30 Voo 75 il S8 bgipgigorn TR T EUT S L 5'} s
&l uwl'\q..l..-:‘fmu'«» TSNS W Ahchachn | R R ) f -‘”;ﬁ;z;;;: Lot SBIRT P [ 0% 1160 H Lad “,} "’ .;_ ’ L i gl
. 2 v i : persvagromme.g Rty B P (o i Wy & 0%

53 Mt
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pia- [ | |}
B R . s o ' .
es 1”‘7.\‘-.“45‘,;“' 65 100 :--:- | 85 100 Iw 100 jso 100 ! o8 f
Electrical Characteristics v 150 Vi, (Muota 4] Lntoeas ofhierwise atated (£.00Umsm)
Parametor y' Conditions [ imizaa LM224A —] LM324A [ LM124/LM224 \ LM324 LM2902 \ u.m:
Min Typ Max Min Typ Max [Min Typ Max (Min Typ Max (Min Tyg Max (Min Typ Max
Amplifier-to-Amplifier [t = 1 kHzto 20 kHz, Tp = 25°C _ _ _ _ _ _
Coupling (Note 8) (Input Referred) 120 120 120 120 120 120 a8
Output Current Source V'E =1Voc,ViN~ =0Vpoo, 20 40 20 40 20 40 20 40 20 40 20 40
) = 15Vpc, Vo = 2Vpe, Ta = 25°C
Sink  [Viy~ = 1Vpc, Vint = 0Vpe, : e
V™ = 15Vpo Vo = 2Vpe Ta = 26 |10 20 10 20 10 20 10 20 10 20 10 20
Vin~ = 1Vpc, Vin* = 0 Vg,
V™ = 15 Vpo, Vo = 200 mVpe, Ta = 26°C| 12 50 12 50 12 50 12 50 12 50 12 50 pApc
Short Circuit to Ground |(Note 2) V¥ = 15 Vpg, Ta = 25°C 40 60 40 60 40 60 40 60 40 60 40 60 | mApc
Input Offset Voltage (Note 5) ' +4 t4 5 +7 +9 +10 | mVpg
Input Ofiset Rs = 0N} .
Voltage Drift +7 +20 +7 20 +7 +30 +7 +7 17 pv/°c
Input Offset Current IINg+) — 'IN(-;)- Vom = 0V 130 +30 75 +100 +150 +45 1200| nApc
input Offset Rs = 00} ors
Current Drift +10 +200 +10 1200 +10 1200 10 +10 +10 pApC/°(
Input Bias Current g+ ©F linyg—) 40 100 40 100 40 200 40 300 40 500 40 500 | nApc
Input Common-Mode [Vt = +30Vpg _ +_ +_ +_ +_ +_
Voltage Range (Note 7) [(LM2802, V* = 26 Vpc) 0 vVi-30 vi-g40 vi-30 V-0 vi-g0 V*-2 Voo
Large Signal vt = +15Vpg
Voltage Galn (Vo Swing = 1 Vpgto 11 Vpg) 25 25 15 25 15 15 v/mv
A 2 2k
Output Vottage Vo [V = +30Vpe. R = 2k 26 26 26 26 26 22
Swing R v,
L2 10kQ (+1e]
(LM2902.V+ = 28Vpo) 27 28 27 28 27 28 27 28 27 28 23 24
oL * = 5Vpc, AL 2 10kQ 5 20 5§ 20 5 20 5 20 5 20 5 100 | mvpg

C06CWT/VIZENT/VIZZNT/VIZENTY/VZENT/YZENT/VZINT
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LM124/1L.M224/1L.M324/LM124A/LM224A/LM324A/LM2902

Electrical Characteristics v+ = +5.0 vp (Note 4) unless otherwise stated (Continued)

Parameter Conditions LM124A LM224A LM324A LM124/LM224 LM324 LM2602 Units
Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Max
= + =
Output Current } Source | Vo = 2Vpg | VN = +1 Ve, 10 20 10 20 10 20 10 20 10 20 10 20
ViNT =0Vpc, V' =16Vpe
- mApG
Sink VN~ = +1Vpg,
Vet = 0Vpo,V* = 18vpg| 10 15 5 8 5 8 5 8 5 8 5 8
Noto 1: For oporating at high tomp , the LM324/LM324A, 1M2502 musst be deraled basad on a + 125°C junct P and a thermal rasistance of 88°C/W which applies for the davice soldered in a printed
circut board, opersting in a still air ambiant. Tho LM224/LM224A and LM124/LM124A can be derated based on a -+ 150°C maximim functi p The dissipation I3 the total of all four amplifiers—use extornal reaistors,
wheore possible, loallowmampﬂwmwwntedmmnnmmﬂchbdhupaledhmehwmwm
Note 2; Short circuits rom the output to V¥ can cause d When t snondvudlswgmmd memasdmm'noulpmanmua_" 40 mA Ind: denl of the itude of

v, Alva!uesolwpp!yvollagelnemol+15Vpc.nmﬂmmdm—cbumsmowoedeowudlsswummhgau\dum p ennm&muomahmnammﬂwmananampnm

Note 3: This input current will only exist when the voitage al any of the input leads ia driven nogative. i Is due o the collector-base kmction of the inpul PNP transistors becaming lorward blased and thereby acting as input diade

clampa. In addition to this diods action, there Is also lateral NPN parasitic transistor action on the IC chip. This transistor action can causa the output voliages of the op amps to go to the V¥ voltage level (or Lo ground for o large
drive) for the time lon that an input is driven jve. This Is not tiva and normal oulput slates will re-establish when the input voltage, which was negative, again retums 10 @ value greater than oavpc(nlzs‘m

Note 4: Thess specifications are limited to ~85°C < Ty £ +125°C for the LM124/LM124A. With the LM224/LM224A, &ll lemperatwre specificatlons are mited to —26°C < Ty £ +85°C. the LM324/LM324A temperatura

spocifications are {limited to (°C < Tp s +70°C, and the LM2902 spacifications are mited to —40°C < Tp < +85°C.

Note 5: Vg = 1.4 Vpg, Ag = on with v* Imm5V°cl_oaovm;;ar\doveftheluuIﬂp\neoﬂunon-moderange(OVgclaVf ~ 1.5 Vpc) al 25°C; for LM2002, V* trom 5 Vpg lo 26 Vpe.

Note 6: The direction of tha Input current Is oul of the IC due to the PNP Input stage. This curront is ly Ind dant of the state of the output 8o no loading change exista on the inpul lines.

Note ?7: The Input common- modevoitageotalthwlnp\nslqna!volmgeshaddmlboa!bwedlogomgal(wbyme"mno:wqu Thouppevendotmemmmuudavolwgermehv* ~ 1.8V (at 25'C), bul either or both

inputs can go to +:!2vpcwmmdamage(+zevocfotm2902). P 1 of the magnitude of V*

Note 8: Dua to proximity of Insure that ling is not originating via stray capacit b these | parts. This typlcally can be delected as this type of capacit at higher fi

P P

" Note 9: Refer to RETS124AX for LM124A military spedﬂcauons and refer to RETS124X for LM124 military specifications.
Note 10; Human body model, 1.5 kf} In series with 100 pF.

Gan, hmt. ég Wi,
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Typical Performance Characteristics

s Input Voitage Range

/|

wme 7 A
) e
4

%

8¥p ~ NPUT YOLTAGL (8Vpe)

g = INPUT CURRENT (nApc)

0588883388

Input Current

TtV

V* = +30Vpe

T
¥ = 18V
! I

v = o8y,
L1

11

~SB.W =155 253 43 &S & 103125

1 = SUPPLY CURRENT DRAN (mAnc)

V’GV' mmvwm:(tvx) /__________,,W‘

Voltage Gain /
1680 L
11
T LD
1 AT
g » R =2u0
H
} ©
0 1 -} 0 ]
¥* - SUPPLY VOLTAGE (Vo)

Voitage Follower Pulse’ ™~
Response

RS20
V=15V, |

L T

Output Characteristics
Current Sourcing
: Ii

, vl

-

'~.«

Ao, = VOLTAGE GAN (dB)

o = OUTPUT YOLTAGE (mV)

B 8 B 8 8§ §

Yo = OUTPUT YOLTAGE (Vpo)

8 8 3

o B 8 B 8

Open Loop Frequency
Response

T oy |

‘\-m.solm

=100 uvm\

-ssqzsr‘snm

AN

NN

10 10 100 1.0k 10k 100k 1.0M 10M

= FRECUENCY (Hz)

Voltage Foflower Pulse
Response (Smali Signal)

-k

L =

NPUT

Tyo425C

Paoome |

1 2 35 4 8 8 7 8
t= TME (us)

T

Output Characteristics
Currerrt Sinking
v' = $5¥pe

FY* *13 Ve

T
i1

v‘-omvx : ;i

4]

o ar v B

ll—-a ol

Ty =028 <
100
p = OUTPUT SINK CURRENT (utpe)

CMRR = COMMON-MODE REJCTION RATIO (dB)

b

lo* ~ OUTPUT CURRENT (mipe)

Vo ~ OUTPUT SWING (Vpp)
-

>

[

[

-

e

Supply Current

‘b

v
|7, = 0°C TO 125%C

T ]
10 2 o
¥* = SUPPLY VOLTAGE (Yoo)

Common Mode Re]eetlon
Ratio

10k 100K b}
1 = FREQUENCY (Hz)
Large Signal Frequency
Response
2

i

[

AR

|
bl |

N
Jﬂﬂ | I
10k

[]
1 100K ™
1 = FREQUENCY (Mz)
Current Limiting
90— -
20— | r
1 i [ TT
n 2.
) :
I A
o \ —
I —
% | o
2
l [}
10—
0 b

S5~ -155 25 & 6 3510513

s ~ TOPRARSRE (°C)
TUH/6288-2
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LM124/LM224/LM324/LM124A/LM224A/LM324A/1LM2902

Typical Performance Characteristics (.m2902 onty)

Input Current
100
f 75
=
= [
- -
=] | | |
1 - - ;
o ]
= /
= T 1T T 1]
+ ! | | |
LT 1]
0 10 20 0

v*= SUPPLY YOLTAGE (Vo)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voitage, have true-differential inputs,
and remain in the iinear mode with an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide
range of paower supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voitage of 2.3 Vpc.

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs
for all of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents resuit from large differ-
ential input voitages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the ampiifier to ground to increase the class A
bias current and prevent crossover distortion.

Voltage Gain

160 - v
L]

; | R =20k

120 f—1— —
‘ o
R =20kd__|

IR

AyoL~ VOLTAGE GAIN (dB)
g

Where the load is directly coupied, as in dc app(m
there is no crossover distortion. § i
Capacitive loads which are applied directly to the outpity |
the amplifier reduce the loop stability margin. Values g
50 pF can be accommodated using the worst-case nong

!

verting unity gain connection. Large closed loop game

resistive isolation should be used if larger load capacitans
must be driven by the amplifier. g
The bias network of the LM124 establishes a drain cuses
which is independent of the magnitude of the power spgy
voltage over the range of from 3 Vpc to 30 Vpe. 5
Output short circuits either to ground or to the positive pos
er supply should be of short time duration. Units can bs
destroyed, not as a resuit of the short circuit current cacssg
metal fusing, but rather due to the large increase in IC cg
dissipation which will cause eventual failure due to axms
sive junction temperatures. Putting direct short-circuits &
more than one amplifier at a time will increase the to €
power dissipation to destructive levels, if not properly pe
tected with external dissipation limiting resistors in sefs
with the output leads of the amplifiers. The larger vake &
output source current which is available at 25°C providssi
larger output current capability at elevated tempersass
(see typical performance characteristics) than a starw
op amp. ,,3;
The circuits presented in the section on typical applicsioR
emphasize operation on only a single power supply volsss
If complementary power suppiles are available, ail of 8
standard op amp circuits can be used. In general, introds
ing a pseudo-ground (a bias voitage reference of v*mi
allow operation above and below this value in singlé ﬂ
supply systems. Many application circuits are shown ‘
take advantage of the wide input common-mode YOR&#
range which includes ground. In most cases, input biaskg®
not required and input voitages which range to grotl(’
easily be accommodated.
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Typical Single-Supply Applications v+ = s0vy,

Non-inverting DC Gain (OV Input = 0V Output)

R1

10k
8 *R not needed due to temperature

r— independent iy

DC Summing Amplifier
(Vin's 2 0 Vpg and Vg 2 Vpg)

oY ———— —
2]
3
>
B
GAIN= 1+ 1
ape =
R1
= 101 (AS SHOWN)
0 Vin (mV)
TL/H/9299-5
Power Ampilifier
R1
310k
A~
v

RZ
100k
—EJWv

1/4 LM124A
Rl
v
31k =
Vi +
RI.
Vo = 0 Vpgfor Vi = 0 Vpe
Ay = 10 =
TL/H/9280-7
TUH/9299-6
Where: Vg = V4 + Vo — V3 — Vg
(V1 + V2) 2 (V3 + Va) tokeep Vg > 0 Vpg
LED Driver “BIFQUAD" RC Active Bandpass Filter
R1
100k
1
330 pF
1/4 LM124A | L
A2 11 RS
47
TUH/8299-8 100 v
w \r-
R4
10M
MA 1/4 LM124A
A1< €2
100k < 130 5F
l I RE
470k
/ A ot
1/4 LM124A
A7
100k
o . AAA—O V*
=
RS —r
fo = 1 kHz 1008 0.F
Q=50
Ay = 100 (40 d8) - =
TL/H/9298-8

3411
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Typical Single-Supply Applications v = 5.0 vp) (Continued)

Fixed Current Sources Lamp Driver %

LM124/LM224/LM324/LM124A/LM224A/LM324A/LM2902

1mA
- Ip = (ﬁl) Iy TUM/9298-10 D
R2 oy E
e AR
Current Monitor Driving TTL /-ée_’
R1* I 5 ;@
11 ——
wO
L
A2
100 -
Vo
1V
A3 Vo=
L VsVt —2v
*(Increase R1 for I small)
- TUH/9298-12
Yoltage Follower Puise Generator
A1
™ INS14
O Yo
Ve O Vo = Vin
TUH/8298-14




S
3 Typical Single-Supply Applications (v* = 5.0 vpc) (Continued)
: Squarewave Oscillator Pulse Generator
oy ;; IN9TA
C A

Sh-n

L/H/9299-16
TUH/8299-17
~ 8 High Compliance Current Sink Low Drift Peak Detector
: ! i
2 l | ——
Vaigy {to
]
)
¥V O
Re Zat - (POLYCARBONATE OR
1 POLYETHYLENE)
298-9
' amp/voit Viy )
- nrease Re for |, small) TL/H/9299-18
HIGH Ziy
5 LOW Zoyt
s AUX AMP
= R la INPUT CURRENT
z ™ COMPENSATION
= TU/H/9299-19
-+ )
Comparator with Hysteresis Ground Referencing a Differential Input Signal
<
::‘: I
- Y O |
- R1
™
O Vo
R1
10k
- Yaer O . O Vo
Va
TUH/9299-20
+Vem

Vo = Vg

TU/H/9209-21
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LM124/LM224/LM324/LM124A/LM224A/LM324A/LM2902

Typical Single-Supply Applications v* = 5.0 vpc) (Continued)
Voltage Controlled Oscillator Circuit

0.05uF

“We*' O

10k

B
£

*Wide control vottage range: 0 Vpc < Vg < 2 (V* —1.5Vpg)

Photo Voltaic-Cell Amplifier

YW

leewe

(CELL HAS OV
ACROSS IT)

AC Coupled Inverting Amplifier

Ry
100k

O 0UTPUT2

TUH/9299-23

sl

i

-

”&_’,

i

N
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Typical Single-Supply Applications v* = 5.0 Vpe) (Continued)

AC Coupled Non-inverting Amplifier

R1 R2
100k ™
|
Co 0 ‘A%; 3 Vpp
e T
|
Ry .
10k

A 1 E
Ay = 11 (As shown)

fo = 1kHz R4 9 fo
Q=1 100k
Ay =2

High Input Z, DC Differentiai Amplifier

R2
100k

For R1 R
R2 R

4
3 (CMRR depends on this resistor ratio match)

V. 1+m(v V)
fo] A3 2 1

As shown: Vo = 2(V2 — Vq)

TL/H/9299-25

TL/H/2288--26

TL/H/9299-27

3-415
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LM124/LM224/1LM324/LM124A/LM224A/LM324A/LM2902

Typical Single-Supply Applications (v* = 5.0 vp) (Continued) :
High Input Z Adjustable-Gain -
DC Instrumentation Amplifier

R1
100%

GAIN ADJUST

A1 = AS& R3 = R4 = A6 = A7 (CMAR depsends on match)
Vo=1+22v,- vy
o A2 e 0

As shown Vg = 101 (V3 = V4)

Using Symmetrical Amplifiers to Bridge Current Amplifier
Reduce input Current (General Concept)

1/4 LM124A *Vo

*hNBATS0sA

1/4 LM124A

AUX AMP

INPUT CURRENT
COMPENSATION

1.5M

TL/H/9299-28




typical Single-Supply Applications v* = 5.0 voc) (Continued)

Vi

g

Bandpass Active Fiiter
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LM386

National
Semiconductor

LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applications. The gain is internally
set to 20 to keep external part count low, but the
addition of an external resistor and capacitor between
pins 1 and 8 will increase the gain to any vaiue up
to 200. )

The inputs are ground referenced while the output is
automatically biased to one half the supply voltage. The
quiescent power drain is only 24 miiliwatts when oper-
ating from a 6 volt supply, making the LM386 ideal
for battery operation.

Features

® Battery operation

®  Minimum externai parts
= Wide supply voitage range 4V-12V or 5V-—-18V
s | ow quiescent current drain 4 mA

Low distortion

Applications

Intercoms

TV sound systems
Line drivers
Ultrasonic drivers
Small seo drivers
Power converters

Voltage gains from 20 to 200
Ground referenced input
Self-centering output quiescent volitage

Eight pin dual-in-line package

AM-FM radio amplifiers
Portable tape player amplifiers

i Ely

Equivalent Schematic and Connection Diagrams

Typical Applications

Amplifier with Gain = 20
Minimum Parts

.

Dual-in-Line Package

N
GAIN =y L cain
2 7
—INPYT et p——e BYPASS
[)
“ANPUT =l — Vg
4
GND —— R Your
- TUNITS
TOP VIEW R 2

Order Number LM386N-,
LM386N-3 or LM386N-4
See NS Package NOSE

YA ',3)"0, _1‘.",»:,




— GAIN

~— BYPASS

—_ Vg

A

psolute Maximum Ratings '

_oply Voltage (LM386N) 15V Storage Temperature —65°C 10 +150°C
# _oply Voltage (LM386N-4) 22v Operating Temperature 0°C to +70°C
:xkage Dissipation (Note 1) (LM386N 4) 1.25W Junction Temperature +150°C
:xkage Dissipation (Note 2) (LM386) 660 mwW Lead Temperature (Soldering, 10 seconds) +300°C
-put Voltage 0.4V :
{ziectrical Characteristics 7. - 25°c
PARAMETER CONDITIONS MIN TYP MAX UNITS
Lrating Supply Voltage (Vg)
LM386 4 12 v
1M386N-4 5 18 \Y
Lescent Current (Ig) Vg =6V, V=0 4 8 mA
“put Power (Poyr) :
L M386N-1 Vg =6V, R, =82, THD = 10% 250 325 mwW
LM386N-3 Vg =9V, R_=8Q,THD = 10% 500 700 mwW
LM386N-4 Vg = 16V, R, =32Q, THD = 10% 700 1000 mwW
sitage Gain (Ay) b Vg =6V, f=1kHz 26 dB
10uF from Pin 1t0 8 46 ' dB
smawidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
-:ai Harmonic Distortion (THD) Vs =6V, R =8Q,Poyr=125mW 0.2 %
f=1 kHz, Pins 1 and 8 Open
_wer Supply Rejection Ratio (PSRR) Vg =6V, f=1kHz, Cgypass = 10uF 50 d8
Pins 1 and 8 Open, Referred to Qutput
sut Resistance (R ) 50 kQ
ot Bias Current (lg)ag) Vs =6V, Pins 2 and 3 Open 250 nA

vote 1:

For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a
~ermal resistance of 100°C/W junction to ambient.

vote 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150° C maximum |unctvon temperature and a

-ermal resistance of 187°C junction to ambient.

Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins
(1 and 8) are provided for gain control. With pins 1 and
8 open the 1.35 k{2 resistor sets the gain at 20 (26 dB).
If a capacitor is put from pin 1 to 8, bypassing the

1.35 k€2 resistor, the gain will go up to 200 (46 dB). If

a resistor is placed in series with the capacitor, the gain
can be set to any value from 20 to 200. Gain control can
also be done by capacitively coupling a resnstor (or FET)
from pin' 1 to ground

Additional externai components can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For ex-
ample, we can compensate poor speaker bass response
by frequency shaping the feedback path. This is done
with a series RC from pin 1 to 5 (paralleling the internal

15k resistor). For 6 dB effective bass boost: R = 15k{2,

the lowest value for good stable operation is R = 10 kQ
if pin 8 is open. If pins 1 and 8 are bypassed then R as
low as 2 k{2 can be used. This restriction is because the
amplifier is only compensated for closed-loop gains

greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to
ground with a 50 kQ resistors The base current of the
input transistors is about 250 nA, so the inputs are at
about 12.5 mV when left open. If the dc source re-
sistance driving the LM386 is higher than 250 k£ it will
contribute very little additional offset (about 2.5 mV at
the input, 50 mV at the output). If the dc source
resistance is less than 10 k2, then shorting thé unused
input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For dc source
resistances between these values we can eliminate excess
offset by putting 2 resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is
capacitively coupled.

When using the LM386 with higher gains (bypassing
the 1.35 k{2 resistor between pins 1 and 8) it is necessary
to bypass the unused input, preventing degradation of
gain and possible instabilities. This is done with a 0.1uF
capacitor or a short to ground depending on the dc
source ‘resistance on the driven input.




LM386

Typical Performance Characteristics

Power Supply Rejection Ratio

.
Quiescent Supply Current {Referrad to the Output)
vs Supply Voltage vs Frequency _ Swing vs Supply Voltage $anis
, 8 0 T Z w0 —
i ol R T g .k
g o8t |1 TE0 s // %
aQ Hi :” W'E'rmﬁ 0 v
a : | 5| LAl pAre z 1
el = a4 : / & (262 S
s E | e 5 - AN £, //
4] = - AR - / -
H ”r‘ z H % B e
g s z = V7 i
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f. - S ! o 7 b
[y} g =3 ; = /f‘
J 2 F i b i § = ]
3 ! 3 PASS CAPACITOR T~ - y
g . . Do 11t % 9 -
3 a.’ ¢ 5 § 7 § 3 wWon o2 LL L 1°5 6 17 8 8 1 M-q
-~ SUPPLY VOLTAGE (VOLTS) FREQUENCY {Hz) SUPPLY VOLTAGE IVOLTS) © ™*
i : . hhaticil
R
iR
“it
i * Tt =
1
S8 ; ~
g Voltage Gain vs Frequency Distortion vs Frequency Distortion vs Output Power
“e 20 — 10—y
g 18 | Vg =6V T ] } j g 3 | Vg * 6V m l
z Ryede | | i z Ry = B2 |1 T j
i S 1B Fogesizsew T 2. ¢ r«-nux 1
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g a8 i [ a [ A
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100 * 10k 100k " 20 50 100200 500 Yk 2k Sk 10k 20k 0.om 0.0 01 T ]
FREGUENCY {Ha) FREQUENCY (H2) POWER OUT (WATTS)
- . ~ e ,,."7
it .
- Davice Dissipation vs Output Device Dissipation vs Output Davice Dissipation vs Qutput: |
Power—4Q Load | Power— 802 Load Power—1651 Load |
~ 20 28 1
18 13 ; . V=18V
g 15 18 08
z E'” Vg = 18V a) § : N
g 14 Vg = i2v g Lt™ 0 s
2 12 - r z 1 FR -
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.
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Typical Applications cortnuea . =
: . 2
. Low Distortion Powar Wienbridge Oscillator - T . m
Amplifier with Gain = 50 : : ' : (=]
LA N
— ]
i -
won v'nA Amplifier with Bass Boost
ars e - -
0.5
Vo
I
. o s@LE e LN
ower I 1% I _I'_w_ . Square Wave Oscillator
;| % L
B <4 g 1
! [
T § v
i Frequency Response with Ry
| Bass Boost
i t b 21 — - =
T ! R
% - : :
9 % s
- i i
3 o N
ER \— —
e N AN %
g JTHIREAY L
= ny N T
I ! ‘\E !
® \ [
I . L
: ; L
”
0 50 160 200 500 1 Zh 5 10N 20% . o -
FREQUENCY (Hz} ’ '
AM Radio Powar Amplifier
— G
LEVEL . FRON
o:nc-mno"l
Vou FERRITE
_ o nor
3 o
+ SPTAKER
L ™ '
Yote 1: Twist suppiy lead and supply ground very tightly. Note 4: © 1C1 band fimits input signatls, ,
Yate 2: Twist speaker lead and ground very tigntly. Note 5: All components must be spaced very close to IC.
Yte3: Ferrite bead is Ferroxcube K5-001-001/38 with 3
ity of wire, . TUrEs "S5
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National
Semiconductor

LM567/LM567C Tone Decoder

® Bandwidth adjustable from 0 ta 14%
® High rejection of out of band signals and noise

& Immunity to false signals

General Description

The LM567 and LM567C are ganera! purpose tone decod-
ers desighed to provide a saturated transistor switch to
ground when an input signal is present within the passband.
The circuit consists of an | and Q detector driven by a voit-
age controlled oscillator which determines the center fre-
quency of the decoder. External components are used to
independently set center frequency, bandwidth and output
delay.

Features o

| 20 to 1 frequency range with an external resistor

® Logic compatible output-with 100 mA current sinking
capability .

= Highly stable center frequency -
u Center frequency adjustable from 0.01 Hz to 500

Applications

u Touch tone decoding

B8 Precision oscillator

8 Frequency monitoring and control . —

& Wide band FSK demodulation

kHz:

B Ultrasenic controls - i

s Carrier current remote cantrols
8 Communications paging decoders .

Connection Diagrams

- Metaf Can Package

TLAM:6628-1
Top View

Order Number LM567H or LMS67CH
See NS Package Number HGBC

output !
FILTER — |

oo 2
FILTER

INPYUT

v’-i

Top View

Order Number LM567CM
See NS Package Number MDBA
Order Number LMS67CN
See NS Package Number NOBE

576
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/ . .
absolute Maximum Ratings

wiltary/Aerospace specified devices are required,
iy contact the National Semiconductor Sales
on,ce/olstributors for availability and specifications.

cpply Voltage Pin av
Powe! Dissipation (Note 1) o 1100 mW
Ya 15V
vy —-10V
va V4 + 0.5V
q@qe Temperature Range —65°C to + 150°C
;gmrm;tnng Temperature Range

LMS67H —55°Cto +125°C

LM567CH, LM567CM, LM567CN 0°Cto +70°C

glectrical Characteristics AC Test Circuit, Ty = 25°C, v+ = 5V

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soidering sur-
face mount devices.

Parameters Conditions Laiey LMo0IG/LMOGICN Units
- = Min Typ Max| Min Typ Max
~ree Supply Voltage Range 475| 50 |90l 475 | -s0 9.0 v
sower Supply Current Ry = 20k 5 8 7 10 A
duescent
ower Supply Current Ry =2 1|13 12 15 | mA
actvated <
reut Resistance 18 20 15 20 kO
smaiiest Detectable input Voltage I = 100mA, f; = fo 20 25 20 25 mVrms
.rgest No Output Input Voltage Ic =100 mA, f; = f, 10 15 10 15 mVrms
wrpest S_imu!tanepus Outband Signal to o : 5 5 4B
roand Signal Ratio - .
weemum Input Signal to Wideband Bp = 140 kHz —6 _& a8
. om0 Ratio
.gest Detection Bandwidth 12 14~ 167 10 14 18 % of fy
Lrpest Detection Bandwidth Skew 1 2 2 3 % of fo
:xpest Detection Bandwidth Vanation with £0.9 +0.4 %/°C
lemperature
Largost Detection Bandwidth Variation with | 4.75 — 6.75V o +2 . +1 ! = %V
swoply Voltage B - " P
nphest Center Frequency 100 500 100 500 kHz
wnter Frequency Stability (4.75-5.75V) 0<TaA<70 35 + 60 35 +60 ppm/°C
—55 < Tp < +125 35 + 140 35 + 140 ppm/°C
Lenter Frequency Shift with Supply Voltage | 4.75V — 6.75V 0.5 1.0 0.4 2.0 % /V
4.75V — 9V 2.0 2.0 %/V
‘asiest ON-OFF Cycling Rate fo/20 fo/20
Aot Leakage Current Vg = 15V 0.01 25 0.01 25- uA
Qput Saturation Voltage € = 25mV,lg = 30 mA 0.2 0.4 0.2 0.4 v
e = 25mV, lg = 100 mA 0.6 1.0 0.6 1.0
>/t Fall Time 30 30 ns
X0ut Rise Time 150 150 ns

Kote 1: The maximum junction temperature of the LM567 and LMS67C is 150°C. For operating at elevated temperatures, devices in the TO-5 package must be
% ated based on a thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal
™matance of 110°C/W, junction to ambient. For the Small Outine package, the device must be derated based on a thermal resistance of 160°C/W, junction to
mment.

Kote 2 Refer 1o RETSS67X drawing for specticabons of military LM567H version.
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typical Performance Characteristics

Typical Frequency Drift Typléal Bandwidth Variation
FERL N e 1s "
» VLBV
‘5 19 ; 12s |,
] 1 e
g as s 1 jwe
e = .
H g g 15}
H 1 g s
: s H s -~
g s —
£ 0 - L
g “ | ' o | pangmoTHATIEC
I s s0-m 0 25 50 25 100 128 75 .50 <25 O 2% 83 18 100 138
TEMPERATURE ("C) TEMPERATURE 0}
Bandwidth vs input Signal
n Typical Frequency Drift Amplitude
§ s R ARE D] 00 af & 3 2 3| 2
-1 . me —:;—:,—‘:‘—:l—-—'—-:l——l
§ . E 3] = =] = s
I} z 0
L TN i
H g =
‘., g o LIV X LAE
A s y 7L
IRV
g -1 . . .;—-—l--nwn'ﬁ'i—::
S nwame s ow oo 0 2 & 6 8 W 2.
THRRARREFD) BANDWIOTH {%0F &) .
Detection Bandwidth as a Typical Supply Current va
FunctionofC2and C3 Supply Voitage
L
' T i HEXES
\ ‘ | Voo = 5V 20 | WOL0AD "ON" CURRENT,
. \ | i H
;‘:‘ " \ c . S /
z &,
“:._lz - \ § " '//
EX R ( ‘:\tm g . L~ QUIESCERT CURRENT
P iy
18 — ]
Bz ¢ 6 8 10 12 W 18 « 5 s 71 1 s w®
BANDWIDTH (% OF ¢} SUPPLY VOLTAGE (Vi
. Typical Output Voitage vs
- Temperature
19—
08 [ veen SV
Z
z 07 f—g
< 0 I, = 10mA
Q
S o
2 o4
e T
S n 1
. 1T
75 -60 25 0 26 M 73 100 128
TEMPERATURE (")

BANOWIDTH (% OF (g}

CHANGE 1N FREE RUNNING FREQUINCY (%)

CYCLES

Typical Frequency Drift
X ] —T
‘o ¥4 TEV
s
[}
s
-18
-5

BN EE L
TEMPERATURE £C)

Largest Detection Bandwidth

i
0
s
Ta=25C
Voo = 8
o .
100 ™ 108 1004 N
CENTER FREQUENCY (y)
Greatest Number of Cycles
Before Output
1000
[ | [ Voo =5V
0o Tt rTa BT
00 [N\ BANDWIDTH LIMITED BY C, ]
e N
X sanowinTh Lerten oy
100 EITERIAI RESISTOR
. L \;m-m{w:g
€
ot EEAN
NEIIRN
10

3§ w 203 W 1N
BANOWIDTH (% OF 1)

TL/N/E875-4

5-79

QLISWT/L9SIN



FLASPRN

LM567/LM567C

Typical Applications

Touch-Tone Decoder
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: Typical Applicatioﬁs {Continued) |

Oscillator with Quadrature Output

+

r__ 3 LMEE7 'y
— 2 § 5

Connect Pin 3 to 2.8V to invert Outpat

- Precision Osciilator Drive 100 mA Loads

Oscillator with Double Frequency Output

L

TU/H/EI75-7

+

cz,-rrl:n

AC Test Circuit

¢, SIGNAL +5¥
INPUT

ddd 1
TTTI™:

t; = 100 kHz + 5V
“Note: Adjust tor t, = 100 kHz.

TL/H/8975-8

Applications Information
The center frequency of the tone decoder is squal to the
free running frequency of the VCO. This is given by
1
1 ettt
o = T3 RCy
The bandwidth of the filter may be found from the approxi-

mation .
i
BW = 10 J—‘ % of f,
70 2 in o
Where:

V; = Input voltage (voits rms), V; < 200 mV
C, = Capacitance at Pin 2 (uF)

QL9SWT/L9SHT




/IOTOROLA
SEMICONDUCTOR S

TECHNICAL DATA

MC145412
MC145413
MC145512

Advarice Information

Pulse/Tone Repertory Dialer
Low Power Silicon-Gate CMO0S

The MC145412/13 and MC145512 are silicon gate, monolithic CMOS integrated circuits
which convert keyboard inputs into either pulse or DTMF outputs. They are packaged in a
standard 18 pin (0.3” wide) plastic DIP.
® 3x4 or 4x4 Keyboard Compatibility Which Allows the Use of 2-of-7, 2-0f-8, or

Form A Type Keyboards .
® MC145413 Adds Keyboard Selectable Pause Switch Function Ordering Information
@, Single Pin Switchable Between OTMF, 10 pps and 20 pps MCIE X X X X
® 300 Hz Tone Signal Output in the Puise Dialing Mode P Plasui
@ Memory Storage for Ten 18 Digit Numbers, Inciuding Last Number Redial lastic
& Uses 3.579545 MHz Colorburst Crystal p—m—- 4 40/60 M/B Ratio
@ Telephons Line Powared ———— 5 32/68 M/8 Ratio
® Silicon Gate CMOS Technology for 1.7-6.5 V Low Power Operation
¢ Stand Alone DTMF Dizler/Stand Alons Pulsa Dialer
® Mute Qutput Used to isolate Receiver from Dialing Output
& Memory Programming Qptions by Keyboard Configuration PIN ASSIGNMENT
voplj1 @ 18 {JOTHE OUT
totalz 17 (18R
ey s 8 [JROW T
ToL iq 4 15 (JROW 2
tawags 14 17OW3
Vssil 8 13 [IR0W 4
1500 7 12{1o4
0SCi, [l 8 - 1 (1
BLOCK DIAGRAM 90l 8 10 [ms
7 TONE TEd TILEMN
TS0 < SIGNAL l—_—c@%‘— TONE GEN
b oA A 807w our
s 2 CONVERSION ] =
& MIXING =
2 ROW
EOL3 L T0NE GEN 17—
T Sd Ry —r
e 4 DATA a
EI‘L—Z_ KEYBGARD LATCH { ) <'_1 1 HILSE =
COLY -l INTERFACE — 1 1 AND MUTE -
mow -‘-;-1 . :cN:ns oUTRUT Ngg
ROW 2 ——] L0GIC —_
~ 1 RAM
fow T el I CONTRGL '] ——l :%_-
=13 ADORESS =
ROW 4 == L08E LATCH
wi__t 1
READIWRITE Vg=PIN 1
. COURTER Ygg-FN §

Thia documettt contains information on a new product. Specifications and information hersin are subject 1o change without natica.
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MC1456412, MC145413, MC145512

ABSOLUTE MAXIMUM RATINGS (Vsg=0V)

Parameter Symbol Rating Unit
DC Supply Voitage Voo ~0.510 8.0 v
Operating Temperature TA ~30to +60 °C
Storage Temperature Ts,g ~65t0 +150 °C
DC Current Drain Per Pin i 10 mA
Maximum Voitage v
On Any Pin Relative to Vgg Vint -05
On Any Pin Relative to Vpp Vin2 +0.5

ELECTRICAL CHARACTERISTICS (T4 = - 30 to 60°C, Vpp=2.5 V, Vgg=0 V, Unless Otherwisa Notad)

Characteristics Symbel Min Typ Max Unit
DC Supply Voltage Pulss Mode Voo 20 - 55 v
OTMF Mode 25 - 5.5
Operating Current Pulse Mode (MS =Vpp) ipp - 0.25 0.7 mA
DTMF Moda iMS =Vgg) - 1.0 2.0
Mamory Retention Voltage VL@L 1.7 - - A
Memory Ratention Cusrent (Vpp=17V} lsthy - 1.0 20 A
{(Vpp=25V) - 1.2 25
Input Vohage, Row/Column/OH 0" Lavel viL - - 0.2 Vpp v
“1” Level ViH 0.8 Vpp - -
Row/Column Input impedanca To VDD Zin - 100 - k3
To Vsg -~ 2 -
OH Pull-Up Resistance R - 50 - «Q
Input Capacitanca (All Inputs) Cin - 10 - pF
MS Pin input Impedance Zin 50 200 - kQ
Output Sink Current {(Vpp=2.5 VI TSQ Pin ot 0.5 0.7 - mA
Pin 1.0 20 -
GPL Pin 1.0 2.0 -
(Vpp =4.0 VI M3 Pin 3.0 - -
OPL Pin 45 - —
TSO Qutput Source Current (Vg =2.0 V) loH 0.5 0.7 - mA
Output Leakage Current MO, OPL Pins kg _ - P 1.0 wA
DTMF Qutput Lavel Referenced to Vpp/2 Row Tone Vout 260 310 370 - | mv RMS
(Vpp=2.5t0 4.0 V, RC=600Qt0 Vpp!) Column Tone 330 390 450
DTMF Output Tone Leakage (Vpp =3.5, AL =600 8, 300 to 4000 Hz) - Nl -80 d8m
DTMF Qutput Tona Distortion (Vpp =3.5, RL =600 Q, 300 to 4000 Hz) - - 5 %
Pra-Emphasis . 1 2 25 dB
DTMF Output Leakage Current While Not Dialing Tones (Vpp =2.5 V) -~ - 1.0 uA
DTMEF Output Sink Current Whila Dialing Tones 20 - - #A
L I TR o
—— = -

MQTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC145412, MC145413, MC145512

SWITCHING CHARACTERISTICS (T4 =25°C, Vpp =2.5 V, Osc, Freq. =3.579545 MHz, Uness Otherwise Noted)

‘Characteristics Symbel Min Typ Max Unit
Row/Column Scan Fraquency f - 250 - Hz
Key Debounce Time * tpg 16 - 20 ms
DTMF Tone Duration for Kaypad Dialing twi 60 78 - ms
DTMF Tore Duration for Mamary Dialing w2 20 102 110 ms
Inter-Digit Pause Time DTMF {Memory Dialing} up 90 - 33 110 ms
Pulse 10 pps 0.8 1.0 1.2 s
20 pps " 0.4 0.5 0.6
MS.Pin Scan Rats trms - 1 - kHz
Maka/Break Ratio MC145412/13 MBR - 40/60 - %
{MS = Open or Vpp! MC145512 - 32/63 -
Outpuising Rate MS = Open fopL - 10 - pps
. MS=Vpp - 20 -
MUTE Output (MD) Overiap Time ™Mo - 2 - ms
TSO Qutput Frequancy frso - 500 - Hz
TSO Qutput Duration trso B - ) ms
DTMF Cycle Time {Memory Dialing} - 5 - tones/s
{Keypad Dialing) - 10 -
DTMF Frequency Deviation - - +1.0 %
Predigit Mute MC145412/13 Pulse 10 pps td - 40 - ms
20 pps - 2 -
MC145512 Puise 10 pps - 2 -
20 pps - 18 -
OTMF - 1 -
PIN DESCRIPTIONS TSO—-TONE SIGNAL OUTPUT (PIN 7}
Vop 45y L Yy 3 oV TSO amits'SW Hz tone signais atter valid key inputs are
accepted providing audio feedback for key depressions, except
Vop. Vss—POWER SUPPLY (PIN 1, PIN &) when DTMF tones are generated This pin also outputs a tone
DC power is supplied to the part on thess two pins, with during on-hook prog g
::Ds?sbs,m e most =P loranges are oM 17 DTMF OUT—DUAL TONE MULTIFREQUENCY
—~ OUTPUT (PIN 18)
MS—MODE SELECT (PIN 10) When the MS pin is set to Vgg the DTMF OUT pin outputs
The MS pin is a three state input for switching between tones comesponding to the row and column of the key de-
DTMF, 10 pps, and 20 pps dialing modes. Mode selection is pressed. Simuhtaneously di ing two of more keys in a
done during the first key entry debounce period after the dialer single row {or column) will generate the comresponding row
has completed a dialing sequence or has just come off hook. {or column) tane on 4 x 4 keypad mode only,
When this pin is not scanned it is high impedance. In puise diating mode (MS =Vpp or float) and during on-

T

This pin is a combination input and weak output. The input hook programming this pin is high impedance. While output-
circuitry has the capability to determine each of these three ting tones, this pin has a dc bias at (Vpp—-Vgs)/2. DTMF
states. When the pin is open the weak driver will be able to OUT is an open drain output requiring an external puil-up to
clock the pin at 1 kHz. The mlaﬂonéhip batween pin input VpD. This pull-up resistor must satisfy the instantaneous cur-
voitage and operating mode is shown in Table 1 below. rent requirements of the intarnal feedback network in addition

to the load appiied to the pin.

Table 1. Mode Select Options >« OPL—OUTPULSING (PIN 17}

~oV [us Diating Mode This pin outputs pulses at 10 pps (MS is open) or 20 pps
. {MS =Vpp). The MC145412/13 have a make/break ratio of

Vi lse Dial
00 | 2 pes Rulss OB%9 40/60, while the MC145612 has a make/braak ratio of 32/63.

3 j',) 5

Open | 10 pps Pulsa Diafing In the DTMF dialing mode (MS =Vgg), this output is high
Vss | DTMF Dialing impedance. During on-hook programming this pin will not
s outpulise. This pin is an open drain N-channel output which

- .ux..maof‘ pulls low to break the loop current.

OH-ON-HOOK (PIN 121 iV, @ orF ool

Connecting the OH pin to Vpp, or allowing it to float sets “/MO—MUTE OUTPUT {PIN 11)

the device in the on-hook moda. Connecting this pin to Vsg The Mute Output is an open drain N-channel cutpyt that
selects the off-hook mode. When in the on-hook mode, rep- pullstoVss during OPL cutpuising and during off-hook key
ertory memory can be programmed without a diafing outp dep! and memory dialing in DTMF mode.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC145412, MC145413, MC145512

KEYBOARD INPUTS—(PINS 2, 3, 4. 5, 13, 14, 15, 16)

The keyboard inputs aliow either a single contact (Class A)
keyboard, or a standard 2-of-8 or 2-of-7 keyboard with Vgsg
tied to common. A valid key entry occurs when either a single
Tow is tied to a single column,,qm‘smgle row and columam
snmultaneousty connacted thss,‘ Connecting pin 2, COL 4,
to VDD sets the part to 3 x 4 keyboard mode. Keyboard mode
selection is performed during application of power.

Typical keyboard configurations are shown in Figure 1.

0OSCjn, OSCqye (PIN 8, PIN 9)

A 3.579545 MHz crystal is required as the frequency ref-
erence for the on-chip oscillator. Crystal biasing is accom-
plished by an intemal resistor and capacitors.

CLASS A (SPST) STANDARD 2.0F-7 (DPST)
1 -
0L ——O0 O—-ROW ves
O———ROW

STANDARD 2-0f-7 ©PST) Yoo -—I—J———'CUL'
Vg - — — —_—
o——<co
L] ROW
O———ROW l I
Vgg ~ — — -—

Figure 1. Keyboard Configurations

GENERAL DEVICE DESCRIPTION

The MC145412/MC145512 and the MC145413 provide users
with switchable pulse and DTMF dialing functions. The
MC145412/MC145512 change dialing modes via the MS pin.
The MC145413 allows usars to switch dialing modes via the
keyboard in addition to the MS pin. All devices have 10 mem-
ories, LNR (last number redial) inclusive, each 18 digits long.

On application of power, there is a 64 ms initialization period
during which the oscillator is enabled and the keyboard inputs
are disabled. During ‘initialization COL 4 is scanned to sat the
keyboard mode. If the COL 4 input is high {Vpp) the dialer is
sat 10 the 3 x 4 keypad mode, otherwise the 4 x 4 keypad mode
is selected. Changing modes is not possibie after this initiali-
zation period.

During normal dialing, the oscillator starts when a key is
depressed. The key input is debounced for 32 ms. During this
debounce period the RAM and dialing circuits dre disabled,
the mode select pin is scanned to determine the dialing mode

(either 10 pps, 20 pps, or DTMF). After debounce, the keypad
entry is checked and the input is latched into LNR memaory
followed by a stop code. This process continues until 18 digits
have been entared. If a 19th digit is entered, it will over-write
the first digit and will be followed by a stop code. When dialing,
the device fetches data from memory until a stop code is
encountered or 18 digits have been dialed.

During manual DTMF dialing, a minimum tone duration of
60 ms DTMF is output and will continuously output in 32 ms
increments as long as the key is depressed. The DTMF OUT
pin is designed to drive an external PNP transistor which can
be used to modulate tip and ring voitage at the DTMF
frequencies.

If the first key is for redial or recall, the dev:ce will respond
accordingly, either redialing the last number entered, or re-
calling and dialing the number salected by a subsequent key
depression. Responses to diaiing sequences for 4x4 key-
boards are shown in Figure 2, and 3 x 4 keyboard responses
are shown in Figure 3.

The MC145412 series can be configured with an external
battery to provide memory retention power and allow on-hook
programming of the repertory memory. if the part is in the
on-hock mode and a key is depressed, the osclilator will start
and the key entry will be stored in the last number redial
memory. Dialing outputs will not be activated while the device
is in the on-hook condition. Dialing inputs will ba stored in
last number redial memory, as during off-hook aperation. After
the number has been entered in the on-hook mode, it can be
stored in repertory memory. For the 4 x4 keyboard, pressing .
the STORE key (* for 3x 4 keyboard), followed by a digit (1
through 9) will store the number in the repertory memory
location specified by the digit.

The RECALL key for the 4 x 4 keypad is used to recall and
dial numbers stored in the repertory memory. The digit im-~
maediately foliowing the RECALL key designates the memory
location of the number to be suto-dialed. For the 4x4
keyboard, a last number redial can be accomplished if the
RED/P key (COL 4, ROW 1) is the first key depressed after
an on-hook to off-hook tansition. Otherwise the
RED/P key will effect a 4 second pause. If the pulss mode is
selected, redial can be accomplished if the first key depressed
on a transition to off-hook is #. For the 3 x 4 keyboard, redial
occurs if the first key depressed is *,0.

The PAUSE key (COL 4, ROW 3} for the MC145412/
MC145512 will cause a 4 second pause. The PAUSE/S key
(COL 4, ROW 2) is a feature offered on the MC145413. De-
pressing this key will cause a 4 second delay, and will switch
dialing modes. PAUSE (and PAUSE/S) is stored in memory
for pauses (and mode switching) during auto-dialing.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC145412, MC145413, MC145512

1. MANUAL DIALING-OFRHOOK  (PULSE GF TP MADE}

Lo J{o J{m jr{on ]

ALL DIGITS ENTERED WILL 8E STORED D% THE LAST MUMBER REDIAL REGISTER. PRESSING ® OR # WILL OIAL GUT THE OTMF SIGNAL IR TONE MODE GNLY.

2. MANUAL DIALING WITH AUTO ACCESS PRUSE-OFFHOOK . (PULSE OR OTMF MODB)

(o[ (=] (- (]
[or fe-eee {on | | ouuse) [T] ----- oY MC145412MC145512 ONLY
o Joe o ][ ) [ ] st wane o

THE AUTQ ACCESS PAUSE WiLL KOT OCCUS DURING MANUAL DIAUNG IN DTMF MODE. [T IS RETRIEVED DURING RECALL OR REDIAL

3. STORING NUMBERS INTO MEMORY-ONSOONOFRHOOK  PULSE OR DTMF MODE)

ot Joeees { nn]EsE“ A ] A=1-3 wewoAr agoRess

THIS OPERATION TRANSFERS THE INGITS 81 YO ON FROM THE LAST NUMBER REDIAL REBISTER TO AN ADORESS SPACE SPECIFIED BY “A”. DIALING OUTPUTS ARE
NOT ACTIVATED DURING ON-HOCK PROGRAMMING. .

4. MEMORY REDIAL-OFF-HOOK  (PULSE Of QVAF MGDE)

[E A=1-3 MEMUAY ADORESS

S. LAST NUMBER REDIAL-OFF-HOOX (PELSE A OTMF MOOE}

Ll i

R
(7] s e
REDIALS THE NUMBER THAT WAS PREVIDHSLY ENTERED INTO THE LAST NUMBER REDIAL REGISTER.

8. PULSE-TO-TONE MOOE SWITCH-OFFHOOX  (PULSE OR OTMF MODE)

[o Jeeees { o | fawses| | ox |---- (o ] wcresars oy

7. CASCADED CIAUNG—OFF-HOOK  PULSE 08 OTMF MODE) .
Cor oo Do pomafimmn] [5] 00 emer memeo
["‘—“I' La Jmmmfmn] | a2 | m:?mm%em
E‘E’;]’/””{“EJM ﬁfﬁm%mtmmvm

Y7747/, WAIT UNTIL PREVIOUS REGIA OB RECALL SIGNALS HAVE BEEN SENT BEFGRE SUBSEQUENT ENTRIES ARE MAGE.
8. SIGNALING ® AND # TONES-OFFNOOK  (DTMF MODE ONLY)

E GUTPUTS * TORE
(7] oomms o

434 KEY MATHIX
CoL1  f0L2  C®3 meé
l\HZHJI]mf ROW |
EE[I] ROW2  MC145413 PAUSE/S KEY FOR PAUSE &
m, E_]' ,—-—lg ,rsr_m-} o 3 SWITCHING DIALING MODES
CIGI0] o s

Figure 2. 4x 4 Keyboard Dlaling Sequences



MC145412, MC145413, MC145512

1. MANUAL DIALING—OFF-HOOK  (PULSE OF DTMF MODE)

EN| RS

ALL KEY ENTRIES, EXCEPT ® AND #, WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WiLl NOT DIAL QUT THE OTMF SIGNAL IN TONE
MODE. FOR SIGNALING, * OR # SHOULD BE PRESSED TWICE.

(o) [ ) L - L]
BN EIIREES PULSE MODE ONLY

THE AUTO ACCESS PAUSE WILL NOT OCCUR ON MANUAL OIALING IN OTMF MOOE. [T CAN ONLY SE RETRIEVED DURING RECALL OR REDIAL.

3. STORING NUMBERS INTO MEMORY—ON-HOOK  (PULSE OR DTMF MODE)

[0t oeeeefon || @ ] 2] a=1-9 wmemoar avoress

THIS QPERATION TRANSFERS THE OIGITS 01 TO ON FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY “A™.

4, MEMORY REDIAL-OFF-HOOK  {PULSE OR DTMF MODE}

E E A=1-9  MEMORY ADDRESS

S. LAST NUMBER REDIAL—OFF-HODK  {PULSE OR OTMF MODE)
THIS OPERATION REDIALS THE LAST NUMBER ENTERED OFF-HOOK AND RETRIEVES DATA FROM MEMORY ADDRESS 0.
8. PULSE-TO-TONE AND YONE-TO-PULSE SWITCHING~OFF-HODK  {PULSE OR DTMF MODE)

MODE SELECT (MS) PIN HAS TO 8F MANUALLY SWITCHED TO OETERMINE THE DIALING MODE. DIALING MODE SELECTION WITH MAKUAL SWITCH IS NOT PROGRAMMED
INTO THE LAST NUMBER REDIAL MEMORY.

7. CASCADED DIALING-OFF-HOOK  (PULSE OR DTMF MODE)
0 weres| oN CASCADE MANUAL DIAUNG WITH RECALL
l l ( l A I A=1-8 MEMORY AGORESS
. CASCADE MEMORY RECALLS
Eﬂ [E ””"[:] E A1, A2 = 1-8 MEMORY ADDRESSES
CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL
E] E:]”””’E E . A=1-9 MEMORY AGORESS

7///77/. WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.

4. SIGNALING ® AND # TONES—OFF-HOOK  (DTMF MODE ONLY}

E E QUTPUTS * TONE
(717 onmseme

3x 4 KEY MATRIX
coL 1 caL 2 coL3

G -
E] ROW 2

7 s || J ROW 3
BIIIEI o

Figure 3. 3x 4 Keyboard Dialing Sequences

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-448



2145412, MC145413, MC145512

HOK SWITCH | OFFHOOK [ onoox |

KEY NPUTS | IDIEIT'T'I | OIGIT M1* I I REDIAL I

o — | -
{PULSE DIAL) JI""" 500 Hr I““l gmmm |
o T = | | |
ooy | 1 TS0 | | | JWLM
{

P !

3.579545 Miz H OSCRIATION H

|
WEGT | 1] —l-§ l ] L __._j l___.l
oTwF wooe | b 1pg | [ ] 180 ma Imm!
OTMF OUT ‘ OTMF
ey | | ] *‘m’l
e 0UT [ l | 1 1

g
-—-d___lr__—._——_—_—.
2

Figure 4. Timing Diagram
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MC145412, MC145413, MC145512

HOOK SWITCH | OFFHOOK

I ON-HOOX l

|
xevweurs | | ot 2 | } mer - | REDIAL

o ||

| | |

| 500w MM

I b

putse oy
0
owroay | 1 ™0
I
3578545 Mz g

PULSE MODE

|
|
| - u |
miseoor | || l M r-nﬁLF]l_j
| [1wom] | e tip) |
!

l
|
|
|
|
i
|
: |
R L | |

1
wieanrw | | | ! l | l
OTMF MODE  —wf fu— ] | | [ 106 ms 100 ms
DTMF OUT %" oTHE )~ + orvr ¥ OTMF OTMF
= T R e
MUTE GUT

Figure 4. Timing Diagram
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I3

MOTOROLA 3

ER SEMICONDUCTOR I
TECHNICAL DATA

MC145450 ¢

l Advance Information

CMOS 3

1200 BAUD -
1200 BAUD FSK MODEM ESK MODEM :;ﬂ
A

The MC145480 is a silicon-gate CMOS frequency shift keying (FSK)
modem intended for use in Beil 202 and CCITT V.23 applications.

Features of the device include: T:;_:
® Bell 202 Compatible 0 to 1800 Baud Main Channel l L 3
® 0 10 150 Baud Reverse Channel ) CERAMIC PACKAGE
® CCITT V.23 Mode 2 Compatible 0 to 1800 Main Channel "N CASETE
® CCITT V.23 0 to 75 Baud Compatible Reverse Channel 22

® TTL Compatible -1 -

@ Eight Setectable RTS-CTS Delay Options
® Soft Turn-Off Capability X
_. ® Answer 2ack Tzna Genciatsr (US and CCITT Tones) L
@ Carrisr st Input ’ -1“' o2
® 22 Fin Package

Tx Dsta 22
An Bk 12
15'
oy
{ ) l 115.2 kHz
- 288k
57.6 k
SEA
€D | Config
SEC
DT
ROM
oA
Clk DT &
= D1 4
Dt
D2} negsers

This documens comaing RICAMZLON ON 8 NEw product, Specstcations and miorManon herem are SUDIECT 10 Cange WIThOUT NOTce.
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€
ABSOLUTE MAXIMUM RATINGS
Reting Symbol Velo Unit
DC Supply Voitage vpD 10 | v
input Voltages, All inputs Vin | VS5-05t Vpp+0.5] Vv
DC Current Drain per Pin l;;, mA
Pin 3-8, 9, 15, 16, 18, 19, 20 10
Pins 2, 8 3B
Operating Temperature Renge Ta O +70 °C
Storage Temperature Range Tstg -35 10 + 160 °C
RECOMMENDED OPERATING CONDITIONS
Paramerer Symbol Min Typ Max Unit
DC Supply Voitage vVpp—-vss | 4.5 5.0 8.5 v

DC ELECTRICAL CHARACTERISTICS (Vpp=5.0 V 5%, Vg5=0, To=0 to 70°C!

Charactaristics Symbol | Min Typ Max Unit
input High Voltage ViH v
Pins 3-7, 9, 15, 16,.18, 19, 20 - 28 - -
Pin 13, 11 - 4.0 - -
Input Low Voltage ViL v ..
Pins 3-7. 9, 15, 16, 18, 19, 20 - - 05
Pin 13, 11 - - 06 .
Input Current lin A
All inputs (V. O V) M - - -5.0
All Inputs Except Pins 11, 13, (V)4 >2.8 V) (Note 1} - - 600
Output High Curremt (VO =2.4 V} I0H mA
Pins 2, 8 (Test Load A) 0.75 - -
Ping 10, 21 {Test Load B) 0.75 - — -
Output Low Current (Vo =0.4 V) oL mA
Pins 2, 8 {Test Load A} 12 - -~
Pins 10, 21 (Test Load B} 0.6 - -
Operating Current Ipp -~ 25 6 mA
tnput Capacitance. Cin oF
All Except Pin 13 - - 12
. Pin 13 (Xin) - 8 -
Output Capacitance Cout ] of
All Except Pin 14 - - 12
Pin 184Xgyq) - 13 -
Transmit Audio Signal Level (Pin 1 R{_= 10k (Note 2) - 0.428 05 0578 | Vop
Total Harmonic Distoruon {2nd to 14th} {Note 2 . THD - -50 -40 dB
AC ELECTRICAL CHARACTERISTICS (Vpp=5.0V +5%, V53=0, To=0 t0 70°C}
Characteristics Symbo! Min Typ ~| Max Unit
Quzput Rise Time (Test Load Al {Pins 2, 8] - - 2 100 ns.
Output Rise Time ITest Load B {Pins 10, 14, 21} T - 2 100 ns
Output Fall Time (Test Load Al (Pins 2, 8} v T - 0 100 ns
Output Fall Time (Test Load B) iPins 10, 14, 21) 1 - 2 100 ns
input Rise and Fall Times (Except Pin 13} [ - ~ 1000 as
Oetay From RT3 10 CT5 . STO=tlow | UWilow | - 1 - #3
Deley From RTS 10 &1 STO= Hign dirigh! | 18:3 = "21.7-] ms~

NOTES:

1. Acvvamu-uudavmsareuwdonmesemputstoauomeaunngTLdewas Thelmsoeufadnsaua:mload(m:mml
which is drawn when the input is brought up to 2.8 V untd the intemal pul-up devece has raised the signal to the Vpp level.

2. Measured in any mode using HP-35558 dB meter (or equivaient) with 3 kHz fiat filtenng.
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PIN DESCRIPTIONS

Vpp. POSITIVE POWER SUPPLY (PIN 22)
This is nominally 5.0 V.

Vgs, NEGATIVE POWER SUPPLY (PIN 12)
This is usually 0 voits.

Tx Car, TRANSMIT CARRIER {PIN 1)

The transmit camer output is 2 16 step _digitally-
synthesized sine wave with an amplitude of 0.1 Vpp (p-p)
(£10%) and offset by a dc bias of 0.5 Vpp (£ 10%). The
output load shouid be 10 kilohms or greater.

CTS, CLEAR TO SEND (PIN 2)

The ciear to send output goes low in response to a high-
to-low transiation of RTS foliowing a selected delay (see
CTA, CTB, CTC pin description). This output goes high im-
mediately after loss of ATS. During the time >_following ac-
tivation of RTS and before the activation of C13, Tx Cata
should be heid in the mark conaition.

CTA, CLEAR TO SEND SELECT A (PIN 5)
CTB, CLEAR TO SEND SELECT B (PIN 4)
CTC, CLEAR TO SEND SELECT C (PIN 3)

For delay times for clear to send delay seiect inputs, see
Table 1.

RTS, REQUEST TO SEND (PIN 6)

The request to send input controls data transrussion from
the modulator. A low levei enables the modulator output and
a high level wiil disable the modulator. See Figure 1.

STO, SOFT TURN OFF INPUT (PIN 7)

Activation of STO causes a 900 Hz tone to be transmitted
and CTS to remain active for 20 ms following the loss of
ATS. See Figure 5.

Rx Data, RECEIVE DATA (PIN 8)

The receve data output is the senal data output from the
demodulator. Rx Data is clamped high wnen CD is not ac-
tive.

CD, CARRIER DETECT (PIN 9)

When carrier detect input is high (1), the Rx Data output
will be clamped 1o a high state. When carrier detect is low
(0, Rx Data output demodulates the Rx carner input signal.

DMO, DEMODULATOR QUTPUT (PIN 10) .

The demoduiator outpLt s the output of the differential
delay detector. It 1s used for producton tesung of the
demodulator. In_normal operation, this pin should be left
open.

Rx Car, RECEIVER CARRIER (PIN 11) o

The recerver camer input is the FSK input to the
demodulator. This signal should be the hard-limited output
of the recerve filter, nominally 50% .

‘-

Xin, OSCILLATIOR INPUT (PIN 13)

- Xout. OSCILLATOR OUTPUT (PIN 14)
Xin shouid be driven from -either an AT-cut crystal ora

digital signal source at 3.6864 MHz +0.01%. When driven

by a crystal, a 15 megohm resisitor shouid be connecwd

from Xin to Xgyut In paraliet with the crystal.

MODE (PIN 15) -
The mode pin selects the pair of frequencies used dﬁ""ﬁ—
moduiation and demodulation: A “’0" on this pin selects fos-— . -
ward channel operation; i.e. high-speed transmit and low
speed receive. A “1” on this pin selects reverse channel
operation; 1.e. low-speed transmit and high-speed recewe. - -
b
ST, SELF TEST (PIN 16K = 2
When a high levei is placea on this pin, the demodulatoris - .
switched to the modulator frequencies and baud rate {as -
determined by Mode and Type pins). The modulator should - -
beloooedbacktnrmghmefeceavehnertomm
for seif test {echo back).

-N.C. NO CONNECTION (PIN 17) . =
Ths pin is not bonded interally and shouid be Ieﬂ openin
normal operation.

TYPE (PIN 18)

This pin is used to select Bell 202 type operation and
CCITT V.23 operation. When the type input pin isa “1”, Belt
operation is selected. When the type input pin is a “0”, the
CCITT standard is selected. s Yo

An Bk, ANSWER BACK (PIN 19)

The answer back input causes the answer back tone tobe - -
transmitted. The answer back tone is 2025 Hz for the Bell
mode and 2100 Hz for the CCITT modes. When a high level
is placed on the An 8k input pin, the Tx Car pin will output
an answer buck tone and T 5 will go to a high state, regard-
less of the state of ATS (see Figure 1).

Tx Data, TRANSMIT DATA (PIN 20)

The transmit data input -is the seral input to the
modulator. A high level causes a mark frequency o be
transimutted, 3 low level causes a space frequency to be

transmitted. o
- P

Tx Test, TRANSMn’ TEST-(PIN 21)
The transrm test output is 3 square wave m‘

of the modulator transmit frequency. It is used for tast

poses and shouid be left open in normal operation. -
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.

FIGURE 1 — An Bk AND ATS-CTS TIMING

-
An 8k ) ;¢ N\
re——— e —
TS 5\ ]{1
" l— e — g o
- Table 1
TS - Y‘ /
- No Signat -~ -An 8k Signal No Signat Data < ]
-
Tx Car
U
TABLE 1 — RTS-CTS DELAY TIMES
cTc CT8 CTA Delay®
0 [] 0 O mg
0 0 1 28.7 ms
0 1 Y] 40.0 ms
0 1 1 €0.0ms -
1 0 0 133 ms
1 0 1 213.3ms
1 1 0 %8.7ms
1 1 1 426.8 ms
* All delays are 1.7 ms.
TABLE 2 — OPERATING MODES
Transmit Answer
Transmit Frequency Back
Type Mode Data Spec | Actual Tone Appiication
0 2100 | 2099.32 CCITT v.23 75 Baud Receive
[ 0 2100 1200 Baud Transmut
1 1300 | 1299.86 Forward Channel
Q 450 450 CCITT v.23 1200 Baud Receive
1 o 1 2100 75 Baud Transmit
1 30 3%0.5 Reverse Channa!
o 200 | 2198.52 U.S.. 150 Baud Recewe e .
1 0 2008 1200 Baud Transmit {3ell 202}
. 1 1200 | 1200 Forward Channel
- [+] 510 S09.73 U.S. 1200 Beud Recasve (Bell 202)
1 LI - - 390 |-———-450 Baud Transmit --
1 30 390.5 Reverse Channel
Data=0=Space - - - - * Crystt Frequency = 3.6864 MHz
_=1=Mark

e, o+ r—r—
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FIGURE 2 - STO TIMING

SsTO - . /

—\
ATs { \ v
t§ > e RTS-CTS > -
. " ) L e tSTO—y
CTs v d . -/ b
Tx Car Data No Signal Data Data Data . /900 Hz > No Signat
FAGURE 3 — OUTPUT TEST LOAD A FIGURE 4 — QUTPUT TESTLOAD B
r-—"—=-- - . -
| Vee —l :_ vVee 1
.
| mmpsiso -3 A1=31 40 f wmperso 3 "1=6 040
| vi ar Equiv. . l Vi or Equiv.
c ' ' c A i
- l A J- - I
[} | . - [ h R
32k 3R Cy i L cr
£1% MMD700? § 3.2kQ MMD7000
| ; of Equiv. l +1% or Equiv
| = = = I l, = = =
Lfimulated TTL Load _l L_Su'nulamd TTL Load _l ___;_:-_i;
Cr=20 pF=total i which i 4 Cr =20 pF = total paresit ) which i -
probe, wiring, and load capacitances. probe, winng, and load capacitances.
FIGURE 5 ~ TYPICAL MEDIUM-SPEED MODEM APPLICATION
Transmit Data ’
—
Parallel Format Data Flow
g T - =
| |
Termina! Tx Data I s I TxCar |-
T ot I \ l : Buffer Duplewer |
| ! : !
| . meusso | 4 o Fsk
I | Fommat
Toromai~ | mdwal | o] | gwcer | Bees )i
| l and Limiter R
v '
N |
Recerve Data
Pavalie! Format
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FIGURE 6 — TYPICAL 1200 BAUD 4 WIRE MODEM APPLICATION

Receive

=

3jc1c
[o}:]
CTA
A1S
STO

il =

5 Volts )—T—P vce

10

Ground P—T:L

1
10k t
0.1
- l 22k
o Tx Levet
Adjust vee e e 1
Hvac Voofd{— 1 \
A;\\ij’ll 4 N v 1.1 Txloop :
0.1 =01 Bin 13 ] : ( 1
2.2k Bout :‘ T " < |
Loop i § r [}
8 CLK 1 v < 1
Vss ] l
| =
MCI146416 -: — . Rxloop =
- =l
LM339A
P | ]
3l17 o1 3k H 1
6 N~ | 1 i
12 20 J ) I = |
4 — k 0.01 1 b LineIntatlace~ __ ___
- To Carrier u Vo {Internal) -
i Detect (L GND Vce :
v MCB4/74HC74 | (Option)
MCB4/7aH < esel VCCl
Raset cC Data
Clock  Rigpleli®]_op8 [3]ciock +
1P0 . Cemry 4]Set1
Pt out U
[¢] ap
P3 7]GND
Enable P Enable T]! o1 [ A
GND Load]' D | ©

163.6 kHz Clock Qenerator | -+ 24)

osvaylOn
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TECHNICAL DATA

MC34012-1
. " . -
MC34012-2
MC34012-3
[ Advance Information |
: ) TELEPHONE
TELEPHONE TONE RINGER TONE RINGER
® Complete Teiephone Bell Replacement Circuit with Minimum
External Components BIPOLAR LINEAR/I2L
® On-Chip Diode Bridge and Transient Protection
@ Direct Drive for Piezoelectric Transducers
® Base Frequency Options—MC34012-1: 1.0kHz
MC34012-2: 2.0kHz
MC34012-3: 500 Hz
@ Input Impedance Signature Meets Bell and ElA Standards
® Rejects Rotary Dial Transients
PLASTIC PACKAGE
CASE 628
APPLICATION CIRCUIT
180k :E =~C
!irG / actd
Tip 47k 1.0uF 2 JL 504F
————if ACy Ar T asv
. L 1.0 uf
Vi Q T T 10V
- 3 iacy rs|8
Ring <
;: 1.8k
——l]—‘fno RipS
Piezo Sound
Element
MC34012-1: C=100Q pF
MC34012-2: C= 500 pF
MC34012-3: C = 2000 pF

Thus documsnt contains information on a new product. Specifications and information heruin
are subject to change without notice.
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MC34012-1, MC34012-2, MC34012-3

APPLICATION CIRCUIT PERFORMANCE

Characteristic Typical Value Units
Output Tone Frequencies
MC34012-1 832/1040 Hz
MC34012-2 1664/2080
MC34012-3 416/520
Warble Frequency 13
Output Voltage 20 Vp-p
(V12 60 Vrmg. 20 Hz)
Output Duty Cycle 50 %
Ringing Start input Voitage (20 Hz) 36 Vrms
Ringing Stop Input Voitage (20 Hz) 28 Vrms
Maximum ac input Voltage (< 68 Hz) 150 Vrmg
impedance When Ringing k2
V=40 Vems, 16 Hz 20
V) = 130 Vpmg, 23 Hz 10
impedance When Not Ringing
V| =10 Vyms. 24 Hz 28 k0
V1= 2.5 Vrmg 24 Hz >1.0 MN
Vi =10 Vemg, 5.0 Hz 55 k3
Vi = 3.0 Vrmsg, 200-3200 Hz >1.0 M0
Maximum Transient input Voltage - 1500 v
(T< 2.0 ms)

PIN DESCRIPTIONS

Name Description

ACq,AC2 The input terminals to the full-wave diode bridge. The ac ringing signat {from the telephone line
energizes the ringer through this bridge.

RS The positive output of dioda bridge to which an external current sense resistor is connected.

R! ‘The positive supply terminal for the osciilator. frequency divider and output buffer circuits.

RF The terminai for the filter capacitor used in dstection of ringing input signals.

/0 The tone ringer output terminai through which the saund element is driven.

RG The negative output of the diode bridge and the negative supply terminal of the tone generating
circuitry.

RC The oscillator terminal for the external resistor and capacitor which controi the tone ringer
frequencies.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC34012-1, MC34012-2, MC34012-3

ELECTRICAL CHARACTERISTICS (T = 25°C}

Characteristic Test Symbol Min Typ Max. Units-
Ringing Start Voitage vde
{Vstart = Vi @ Ring Start)
vi>0 1a Vstarti+ a1 345 38
vi<o 1b Vstantl-) -31 -34.5 -38
Ringing Stop Veitage 1¢c Vstop Vde
{VStop = Vi @ Ring Stop)
MC34012-1 16 20 25
MC34012-2 13 18 2
MC34012-3 18 20 25
Output Frequencies (V = 50 V) 1d Hz
MC34012-1 High Tone 7] 267 1040 m3
Low Tone L 774 832 830
Warble Tone w 12 13 14
MC34012-2 High Tone T 1934 2080 2226
Low Tone L 1548 1664 1780
Warble Tone tw 12 13 12
MC34012-3 High Tone \7] 967 1040 113
LowTone I 774 832 890
Warble Tone w 24 26 28
Output Voitage (V} = 50 V) [} Vo 19 20 23 Vp-p
Output Shent-Circuit Current 2 o 35 50 80 mAp-p
tnput Diode Voitage 3 Vo 4.6 5.1 5.6 vde
= 1.0 mA) i
Input Voitage—SCR Off 4a Vot 37 42 47 Vde
(i} = 30 mA)
Input Voitage—SCR On 4b Von 3.2 4.2 6.0 Vde
{i = 100 mA)
Threshold Filter Resistance 5 Raf 30 50 80 ki
RRF =20 V/Re
’ ) . o BLOCK DIAGRAM
. - c3
- - :( -
- . R3 ca
- It
. LAY v
-= s e ————— e el e e e Ve e —
L roiods Bridge _ _ RS Ri RF 11
P > 16
{Ac‘ . 4 II
- : SDDi-i-pipt ‘e
o i Iy £ sov T [
ng ) v |
AC2 T
! SCR Ay Threshold |
| Transient L Comparator ]
1 Clamp ;—‘ Bias I
] =
| = ':L :
| Tone ;- |
} Oscillator Frequency i
Divider
° A RC N . - \ Ro 4
T T !
I Output Butfer | Piezo
c2 R2 | - f < | Sound
i | Warble | Element
L Frequency Divider | RG = 1
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MC34012-1, MC34012-2, M(C34012-3

CIRCUIT DESCRIPTION

The MC34012 Tone Ringer derives its power supply by
rectifying the ac ringing signal. It uses this power 1o
activate a tone generator and crive a piezg-ceramic
transducer. The tone generation circuitry includes a
relaxation oscillator and frequency dividers which
produce high and low frequency tones as well as the
tone warble frequency. The relaxation oscillator fre-
quency fg is set by resistor R2 and capacitor C2
connected to pin RC. The osciitator will operate with fg
from 1.0 kiHz to 10 kHz with the proper choice of external
components (See Figure 1}.

The frequency of the tone ringer output signal at pin
RO aiternates between fy/4 to fq 5. The warbie rate at
which the frequency changes is fq/320 for the
MC34012-1, £5/6840 for the MC34012-2, or fo/ 160 for
the MC34012-3. With a 4.0 kHz oscillator frequency. the
MC34012-1 preduces BOO Hz and 1000 Hz tones with a
12.5 Hz warble rate. The MC34012-2 generates 1600 Hz
and 2000 Hz tones with a similar 12.5 Hz warble
frequency from an 8.0 Hz ostiilator frequency. The
MC34012-3 wiil produce 400 Hz and 500 Hz tones with
a 12.5 Hz warble rate from a 2.0 kHz oscillator frequency.
The tone ringer output circuit can source or sink 20 mA
with an output voitage swing of 20 volts peak-to-peak.
Volume control is readily implemented by adding a
variable resistance in series with the piezo transducer.

Input signal detection circuitry activates the tone
rninger output when the ac line voltage exceeds
programmed threshoid level. Resistor R3 determines the
ringing signal amplitude at which an output signal will
be generated at RO. The ac ringing signal is rectified by
the internal diode bridge. The rectified input signat

FIGURE 1 — OSCILLATOR PERIOD (1/{5) versus
OSCILLATOR R2 C2 PRODUCT

produces a current through R3 which is input at terminal
RI. The voltage across resistor R3 is filtered by capacitor
€3 at the input to the threshold circuit. When the voltage
on capacitor C3 exceeds 1.7 voits, the threshold com-
parator enables the tone ringer output. Line transients
produced by pulse dialing telephones do not charge
capacitor C3 sufficiently to activate the tone ringer
output.

Capacitors C1 and C4 and resistor R1 determine the
10 voit, 24 Hz signature test imped C4 also provid
filtaring for the output stage power supply to prevent
droop in the square wave output signal. Six diodes in
series with the rectifying bridge provide the necessary
non-linearity for the 2.5 voit, 24 Hz signature tests.

An internal shunt voltage regulator between the RI
and RG terminals provides dc voltage to power output
stage, oscitlator, and frequency dividers. The de¢ voitage
atRlis li ly 22 volts in regulation. To
protect the IC from teiephone line transients, an SCR is
triggered when the regulator current ds 50 mA.
The SCR diverts current from the shunt regulator and
reduces the power dissipation within the IC.

d to appr

EXTERNAL COMPONENTS

R1 Line input resistor. R1 controis the tone
ringer input imp it 2iso infl

ringing threshoid voitage and limits current
trom line transients. ’

(Range: 2.0 kNl to 10 kN).

c1 Line input capacitor. C1 ac coupies the tone
ringer to the telephone line and controls
ringer input i !

'ce ot low freq

(Range: 0.4 uF to 2.0 uF).

R2 Oscillator resistor.
{Range: 150 kNl to 300 kN).

saut
W sunL ]
2 /
:a L
= age

~ (/
200 150k < R2 < 300k
L~ 400 pF < C2 < 2000 pF
100 200 300 400 500
R2C2 {us)

c2 Oscillator capacitor.
{Range: 400 pF to 2000 pF).

R3" Input current sensa resistor. R3 controls the
ringing threshold voltage. Increasing R3
decreases the ring-start voitage.

{Range: 0.8 kil to 2.0 k02).

c3 Ringing threshold filter capacitor. C3 fiiters the
2c voltage across R3 at the input of the ringing
threshold ator. It aiso p dialer
transient rejection.

{Range: 0.5 uF to 5.0 uF).

ca Ringer supply capacitor. C4 filters supply
voitage for the tone generating circuits. It also
provides an ac current path for the 10 Vrmg
ringer signature impedance.

(Range: 1.0 uF 10 10 uF).

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2273



MC34012-1, MC34012-2, MC34012-3

FIGURE 2 — TEST ONE

] kl L -
. \/ g 02 ¢
3
RG RC H
v 4.7k 2 7
o——ann A o FF L ‘;:f
o 0014F |
3 AC RS §
I | C34012-1: C=1 F*
. = 8% MCsd012.2: G n ggg:F'
30N [3 ) o '3
\AA——)|—¢g— RO Al MC34012-3: C=1000 p!
0.047 uF
- vﬂ
Sy ) .
a (screz=e V) from +30 voits while monitoring
(Normally cpen) Vo YSioni®) equals V| when Vg commences
Voo switching.
0.1 uF b Oecrsase V; from -30 voits while monitoring
10k S1k V@ VSeend~) equals V) when Vg commences
A
c Decrease V} from +40 volts while monitoring
Vo- Vgiop equals V) when Vg ceases
A
d. Set¥;tp +50 voits. Close S1. Measure
10k fregremcies fy, i, and fywy.
= = VEE
R
0.01 uF 7% s
\_/ > 200k
1 16—¢
= L2 15
voo} 3 14
4 L2 139 <001
—15 . 12
[ 11— L
7 10 =
J—— 8 9
IC1—-MC140118
IC2—MC145388
Vpp =12V
MC34012-1: R=110kN*
*Indicates 1% tolerance @ for MC34012-2: R= §5k0°*
{5% otherwisa) MC34012-3: R=110k0*

MOTOROLA TELECOMMUNICATIONS DEVICE DATA



MC34012-1, MC34012-2, MC34012-3

FIGURE 3 — TESTTWO

MC34012-1: C = 1000 pF*
MC34012-2: C= 500pF*
MC34012-3: C = 1000 pF*

b
180%* g ~ C
1 8 20k
RG ~— RC :Y'o—«mj
L. st = WithVpe =35 Si. i
= 7 b ith Ve = 3.5 voits, close S1. Mesuue v,
- 2} At AF vre T cutrent at Pin 4 g ). Repestedly Lot v,
buT N 0.01 uF = between 3.5 voits and O volts umsi &4,
3 AC [ r y.q, 12V changes polarity. Measure this otzrane . .
_E— 2 RS 4 +} i , ¢ _L current (Ig2)-
= s 5 31.8k* 1ov = Calculate:
s = i+l
RO RI ’|||, 1 o=11g1i +1 g2l
io =
+
= 5ov MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF*
MC34012-3: C = 1000 pF*
“Indicates 1% tolerance (5% orrery, ., |
FIGURE 4 — TEST THREE -
1wk § k¢
1 \ ) ]
Voo RG RC
I 2 7
ACq RF Maessure voltage at Pin 2.
s 0.01 uF
3 AC RS s )
| 2 4 _L
1.0 mA = 31.8k* =
3s0f1, 4 5 3 =
vwA— RO Al
0.047 uF

“indicates 1% tolerance (% ctre. ..,
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MC34012-1, MC34012-2, MC34012-3

FIGURE 5 — TEST FOUR

180 k ==C
N
RG RC
7 a. Setl) to 30 mA. Measure voitage at Pin 2
Act RF SM”{L 100 mA. M voltage st Pin 2
ouTr b. Setijto easure st
P =2 0.01 4F Venl
|AC2 RS
5 g8k
RO RI

MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF*
MC34012-3: C = 1000 pF*

*Indicates 1% tolerance (5% otharwiss)

FIGURE 6 — TEST FIVE

>

| ks L

1 \ ) 8

RG RC
5 InF
21 AC s
1 ke A Maeasure current into Pin 7 (If).
s put s =2 0.01 uF Y 20V Calculate:
| Al
— C2 RS ) g jl‘i—] RRF = 2 volts + Igf
= 1. . -
3300, 4 s 30 v
“—)— RO Al fif— ~
0.047 uF =

MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF*
MC34012-3: C = 1000 pF*

*Indicates 1% tolerance (5% otherwise)
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FIGURE 7 — TEST SIX

o
* &
L A With VRe = 3.5 voits, close S1. Set V| t0 50
1 _U—‘j 8 O} 2k voits. Measure dc voltage at Pin 4 (Vo 1).
RG RC O-Wvl R b ge VR b 3.5 voits and
S1 + 0 voits until Pin 4 chenges state. Measure the
= 7 5 new voltage at Pin 4 (Vg 2).
47k , RF VRe l Calculate the peak-to-paak output voltage:
O—anv——— ACq =
v ouT ¢ OO Vous =1 Vo2 - Vo1l
3iac, RS P
= S .
10k 31.8k
3 lra L
Vo
*
= 10V MC34012-1: € = 1000 pF*
MC34012-2: C= 500 pF*
MC34012-3: C = 1000 pF* *Indicates 1% tolerance (5% otherwise)
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