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ABSTRACT
The telephone exchanging & telephoie recorder consist of
exchanging Lhe Lelephone line section and recordinyg telephone number
section
First,the telephone exchanding can expand 2 external lines to
ﬁ internal lines flor communicaution in the compary,small factory,housa
or office automal ion. -
For Lhw telephone recorder ;it can record the telephone using
when the external line is used and print data to the standard printers.
The data shows date,start and stop time which using the telephone and

number of telaphone.
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v s a (Mo (o0 &
1.2 nwﬁTauﬂﬂﬂﬂagaTﬂﬂ1ﬁuaﬂﬂ1§uaLmaf unM1¥9 XCH, XCHD,MOVX Uar MOVC

1.3 n17Tauéﬂﬂﬁa§aﬁnuuﬂﬁ1unﬁeiagafﬁﬂ 1dune18e MoV DPTR, #DATA

z.géuﬂﬁmﬂﬂamé oty 4 ﬂéuﬁa
2.1 fden1sinniu 1&un INC,ADD, ADDC uar DA
2.2 dden1Tauin  1éuA DEC uar suee
2.3 ﬁﬂéunﬂigmﬁu Toiun MuL

2.4 a1dsnisusiy léun piv
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3.1 ardeamsiemlacasusuanialudduiae  léun cLr,SETB, CPL,RL,RLC,
RR,RRC WAy SWAP
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3.2 AmdsniTiiaemlailaduTuasinsening 2 Taasusud 1dun ANL,ORL uae

XRL

4.Qéudwﬁen1uqunw7Tauénﬂﬂaga wiiale ity 3 pUSHICH
a.1 SenTsunsuganTan lida oo taud wéndudusilusunsamsn 1eur ACALL,
LCALL,RET,AJMP,LJMP U@t JMP @ A+DPTR
4.2 manTe Iasuuulidaudt 16un Jz,INZ, JC, INC, JB, JNB, JBC, CINZ LA DJINZ
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Section 1 8051 Family Programmer’s Guide and Instruction Set

8051 FAMILY INSTRUCTION SET

Interrupt Response Time: Refer to Hardware De- Maemonic Description  Byte Oscittator
scription Chapter. ) : i Period
y ARITHMETIC OPERATIONS
instructions that Affect Flag Settings(?) ADD  ARn Add recieter to ' 12
instruction .  Flag Instruction Flag Accumulator .
C ov AC . Cova ADD Adect Adddirectbytsto 2 12
ADD X X X QRC o Accumiator
ADOGC X X X CPLC X ADD A®Rl  AddindrectRAM 1 12
sues X X X ANLCBH X . 10 Accusnulator
MUL o X ANLC./bit X ADD A ¢daia ‘Addimmediate 2 12
Div o X OALCHt X dats to ‘
DA X ORLC/bit X  Accumulator
RRC X MOVCh X ADDC Afu ~ Addregisterto 1 12
RLC X CINE X Accurmulator
SETBC 1 with Carry
()Note that operations on SFR byte address 208 or ADDC Adivect Adddrectbyteto 2 12
bit addresses 209-215 (i.e,, the PSW or bits in the Accumulator
PSW) will also affect flag settings. . with Carry
: ADDC A®RI  Add indiect 1 12
Note on instructioa set and addresaing modes: AAM to
Rn — Register R7~R0O of the currently se- Accumulator
lected Register Bank. with Carry
direct  — 8-bit internal data location’s address. - |ADDC A, #data Add immediate a 12
This could be an Internal Data RAM data to Acc’
location (0-127) or a SFR [ic, 170 |- . - with Canty
port, control register, -status register, - SYBB ARn Subtract Register 1 12
etc. (128-255)]. from AcG with
- | @Ri — 8-bit internal data RAM location (0- borrow
255) addressed indircctly through reg- |° | SUBB Adiect Subtact direct 2 12
ister R! or RO, byte from Acc
. #data  — 8-bit cunstaut iacluded in instruction, with borrow
¢#data 16 — 16-bit constant included in instruction. SUBB AR Sublract indirect 1 12
addr 16 — 16-bit destination address. Used by RAM fromACC -
LCALL & LJMP. A branch can be with borrow
anywhere within the 64K-byte Pro- SUBB A, #data Sublract 2 12
) gram Memory address space. immediate data
addr 11— 1-bit destination sddress. Used by from Acc with
ACALL & AJMP. The branch will be borrow
within the same 2K-byte page of pro- INC A Incremant 1 12
gram memory as the first byte of the ' Accumulator
following instruction. INC  An increment register 1 12
rel ~— Signed (two's complement) 8-bit offset INC  direct Increment diréct 2 12
byte. Used by STMP and all condition- . byte
al jumpe. Range is ~128 w0 +127 INC GRi Increment indirect 1 12
bytes relative 1o first byce of the fol- RAM
) lowing instruction. |oec A Decrement 1 12
bit ~  — Dircct Addressed bit in Internal Data Accumulutor
RAM or Special Function Register. DEC  Rn Decrement 1 12
Register
DEC  direct Decrement direct 2 12
byte
DEC @RI Decrement 1 12
indirect RAM




ORI

Mnemonic Description Byte 0;:‘::::” Mnemonic Description Byte O:c:lrl::;or
DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION
MOV  ®Ridirect Move direct 2 24 CLR Cc Clear Camry 1 12
byte lo CLR bit Ciear direct bit 2 12
indiract RAM SETRE C Set Carry v 12
1OV @Ri,sdata Move 2 12 SETB it Set direct bit 2 12
immediate cePL Cc Complement 1 12
data fo Carry
indiract RAM CPL bit Complement 2 12
MOV DPTR,edatal8 Load Dats 3 24 direct bit
Pointer with a ANL C,bit .AND direct bit 2 24
J 16-bit constant to CARRY
MOVC A&A+DPTR Move Code 1 24 ANL C,/blt  AND complement 2 24
byte relative 10 . of direct bit
) ’ DPTR 10 Acc to Carry
MOVC A@A+PC Move Code 1 24 ORL C.bit OR direct bit 2 24.
byte'relatve to : ’ 1o Camy '
PC o Acc ) ORL C./bit  OR complement 2 24
MOVX AGRi’ ‘Move 1 24 of direct bit
External to Carry
RAM (8-bit MOV C.bit Move direct bit 2 12
. addr) 10 Acc to Cary
MOVX A,@DPTR Move 1 24 IMOV'  bitC  Move Canyto- 2 24
External direct bit
RAM (16-bit JC - el Jump i Cary . 2 24
adar) o Acc isset
MOVX @®RiA .  MoveAccto 1 24 JNC el Jump if Cenry 2 24
External RAM not set .
(8-bit eddn) JB bitrel  Jump if direct 3 24
MOVX @DPTR.A Move Acc to 1 24 Bitis set
. External RAM JNB bitrel  Jump if direct 3 24
(18-bit addr) Bitis Not set
PUSH direct Push direct 2 24 JBC bitrel  Jump if direct 3 ‘24
byte onto Bitls sot &
stack : cloar bit
POP  direct Pop direct 2 24 PROGRAM BRANCHING
byte from | ACALL addrit Absolute 2 24
stack - Subroutine
XCH ARn Exchange 1 12 Call
: register with LCALL addr16 Long 3 24
Accumulator Subroutine .
XCH  Adirett Exchange 2 12 Call
direct byte RET RAetumn from 1 24
with Subroutine
: v Accumulator RET] Retumn from 1 24
XCH A@RI Exchange 1 12 interrupt :
: indirect RAM AJMP  addr11  Absohute 2 24
with : Jump '
Accumulator LNi*  pddri6 Long Jump K] 24
XCHD A @Ri Exchange tow- 1 12 SIMP el Short Jump 2 24
order Digit {relative addr)
indirect RAM
with Acc
Oscillator . Oscillator
Mnemonic Description  Byte "0 4 Mnemonic Description Byte ~ - -
PROGRAM BRANCHING (Continuad) PROGRAM BRANCHING (Continued)
JMP  @A+DPTR  Jump indirect 1 - 24 CINE Rn,#datarel Compare 3 24
relative 1o the : immediate to
DPTR register and
J2 wl Jump i 2 24 Jump # Not
Accumulator Equal
is 20 CJNE @Ri ¢datarel Compare K] 24
JNZ el Jump it 2 24 immediate to
Accumulator indirect and
ia Not Zero Jump H Not
CGINE Adirectrei  Compare 3 24’ Equal
direct byte to OJNZ Rn,rel Decrement 2 24
Acc and Jump register and
" if Not Equal _ Jump if Not
CJRE A edalssel Compare 3 24 -Zero
immediate to DJINZ  direct,rel Decrement 3 24
Acc and Jump direct byte
if Not Equal and Jump #f
{ Not Zero
NOP No Operation 1 12




1-13

Mnemonic Description  Byte. Om? Mnemonic. Description °‘°“"P ol
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC OPTR Increment Data 1 24 AL A Rotate 12
’ Pointer Accumutator Left
MUL AB Multiply A& B 1 48 RLC A Rotate 12
OV A8 Divide A by B 1 48 Accumulator Left
DA A Decimal Adjust 1 12 through the Carnry
.. Accumulator ‘RR A Rotate 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Register to 1 12 Right :
Accumulator RRC A Rotate 12
ANL  Adirect ANDdirectbyte = 2 12 Accumulstor
. 1o Accumulator . Right through
ANL AQRi AND indirect 1 12 the Cany
RAM to0 SWAP A - Swap nibbles 12
-Accumutator within the
ANL A, esdata AND immediate 2 12 . Accumulator
* datato DATA TRANSFER
‘Accumulator MOV ARn Move 12
ANL directA AND Accumulator 2 12 register to
to direct byte ’ -Accumulator
.JANL direct, #data AND immediate 3 24 MOV Adirect Move direct 12
. data to direct byte bytato
OAL ARn OR registerto 1 12 Acounugatde
Accumuiator MOV  A@RI Move induect 12
ORL Adiroct ORdirectbytato 2 12 AAM 1o
. ] Accuquiator Accumulator
ORAL A@Ri OR indirect RAM 1 12 MOV  A,vdala Move 12
to Accumulator ' immediate
OAL Aedata  QRimmediate 2 12 data to
data to Accumuiator
Accumuilator MOV  RnA Move 12
-|ORL  direct,A OR Accumulator 2 12 : Accumulator
to direct byte 10 register
ORL direct, #data OR immediate 3 24 -{MOV  Rndirect  Mova direct 24
data to direct byte - byteto
XAL ARA Exclusive-OR Rl 12 register
' register to MOV Rn,#data Move 12
Accuimulator immediiate data
XRL A direct Exclusive-OR 2 12 1o register
direct byte 10 MOV  directA Move : 12
R Accumulator Accumiylator
XRL "ARi Exclusive-OR 1 12 ] 1o direct byte
* indirect RAM to MOV  direct,Rn Move register 24
Accumuiator . to direct byte
XAL A, e¢data Exclusive-OR 2 12 MOV  directdifect Move direct 24
immediate data to byte to direct
Accuimulator MOV  direct,@Ri  Move inditect 24
XRL direct,A’ Exclusive-OR 2 12 ARAM v
' Accumulator to diract byte
_ directbyte MOV  direct, #duta Move 24
XAL direct,#data Exclusive-OR’ 3 24 " immediate dats
immodiate data ) 1o direct byte
to direct byte MOV’ @RLA Move 12
CLR A Clear 1 12 Accumulator to
Accumulator indirect RAM
CPL A Complement 1 12
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200Gt 060%
000902 60T
000003 0020
000004 0000
000305 0000
030005 00C7
030007 00CE
060008 00C¢
€00089 00C3
£00010 69C2
200011 0300
090012 €091
000013 0007
0014 6001
000015 0002
#0015 0004
200017 9605
000018 0005

000019 0007

000029 0002
000021 0003
800022 0000
0638023 6601
600324 6002
039025 0003
030026 0304
090027 0005
000028 6006
800029 007
690030 0000
000031 0004
030032 GOEF
600073 GOFF
030034 000D
000535 00CA
036336 0003
000037 0020
000038 0000
600739 6000
000043 0000
06a041 000D
630042 0000
000043 0002
000044 0007
Q00045 0009

£
£
JE00
Q0

0

PB255_PORT, GACH
DINF1_PGRT, 20H
DTXF2_PORT, 00H
KTC_PORT, 0C0H
WOSTE, RTC_PORT47
BAT,XTC_PORT+§
BUTR, KTC_POLTH
XISUTE, KTC_PORTH
SEC, RTC_PORT42

POZSS_INIT, 91X
SEAL_SEBIT,T
BEST_BIT, §
RRL_NTI
RETLBIT,A
RO0X2_RIT, S
BETZBIT,6
SuIT,7
STOLBIT,2
STRZ_BIT,3
TETY_FLIE,0
FIRSTI_FLIG, 1
FAI1_FUIG,2
FARIZ_FUE,3
KET2 FLGA
FIRSTZ_FLUG,S
FARZI_FLUG, S
FiR22_FUE,T
LUK FLIG,0
LI FLIG, 4
ST8_LOV,05H
STB_BIGH, GFFY
EETGRN_COBE, 008
FEED_COPE, 048
$T0°_COD4, 038
SPACE_COBE, 208

RECORD PO IXTER, 60007
KECORE_OFFSET, 004
AT, 00K

EBBER, 020

START TINE,070
$T0_TIIE, 094

B

2

000246 00GB

000047 000C
004048 0043
606049 006D
000050 G00R
000951 000G
050052 B000
000053 E002
030054 E010
830055 1012
000856 E0t4
000057 015
060858 €016
000359 Bo17
000360 E018

" eso06! DO

08062 £050
00353 £600

06005¢ 5030
000065 €080

200065 §940

200067 6060

008052 0018
200063 0530

002070 6000

000071 0060
000072 600 C34500
200072 6003

000074 0003

000075 0038

400075 0038 F3
000077 0033 CBET03
B00078 003 210080
$0079 8037 78
000080 0040 FEQ3
000081 042 CA4800
£90082 05 2660
000083 0047 23
100084 G048 C33F00
000085 0043 FB
000085 004C £D4D
£00067 004E

£00068 004

i)
LEQ0
i)
.Ed
EQ0

&

EXT_NiRBER, 08R
$38, NGNBEE , OCH
END_EECORD, 0A3H
RECORD_SE,004
REC_S11E, 058

TPOIXT_BOFF, 0E000E
GPOIKT _SOFF 050024
POINT_BEFF, 050168
€T 9601
FTORTI_JOFF SEDLAE
NTCNT?_B9FF 805
STATS_DOFT, ST0160
¥TOP_5UFF  e08178
VIEL_JOFT 850180
EETI_JUFT 23400
REV2_JeFT  Samstd
GETI T, 0Bt
T2 BT, bt
EITEL SO GR0408
ASCH_BAFY, 0608

BwR_Lux, 158
KINUTE_ALARR, 361

1RITIAL

(ERIISELSE TINER PRINTING ESESRSESEHENS

CLi_EEC:

SToP_CLEs

016
L
CALL
u
i
e

00aga

m_RIK
1, 610008
w )
STOP_COBE
1,5707_C18
a0

n
CLR_BEC



000089 004E
060396 004E
000091 O04E AF
000032 004F 30
000093 6050 207D
000034 0952 321659
000095 0055 31GOFF
600095 0058 21000
000037 0053 221080
600098 00E 3691
000859 0050 5342
800100 0052 JEFF
00101 6064 33a1
00102 0065 JEIF
030107 0368 B2
000104 8054 600
00185 00T 321680
€86106"606T 21880
5107 6072 53
€00108 €073 KBS
009169 0075 3601
090110 80T B3B6
200111 G079 BBAD
060112 0GTB E607
009113 072 FEO7
€00114 SO7F CAS100
00115 e0R2 07
00116 0883 5F
90117 0084 1600
118 6086 208405
000119 0083 19
000120 0084 TE
000121 6088 BaCC
003122 0040 23
000123 0081 T2
Q00124 008F D3CE
000125 0031 3809
600126 0092 D306
000127 0435 £39900
002128 6099
000128 0098

00120 0098

696131 0098
900132 0098

200133 0098

SHHIHUT RITIAL 3255 Mty

1RI7T14Ls

X0

1

FONER _DELAT: DEC &

TiNgR:

TIEERL:

CARCEL_TING:

S§CE5CHF3ECEEEEESYERQE =

" ECEgEREEEEEEEG &

-

KL POVER_OELAY
(STATS_RUFF), A
SF,GFFO0

AL, RECORE_POIKTER
(PGIRT_BUFF), BL

8, P255_iy
(PE2S5_PERTHN) A
4,078
(PR255_PORT41) 4
A, 158
(PR255_MATeD) 4
&0

(STATS_BOFD) 4
(WoRL_BOT) 4

180
(RTC_PORTHISN) &
4, (PE2SS_M0IT)
an

o

1, CRCTL,_TINER
i

Ed

2,008

B, ALAR_T4SLE
B BE

8,81
(RTC_PORTHOCH) A
0

§,(8)
(NTC_PORTHOH) .6
4,008
(RTC_PORT+1gH) A
i

[t ]
(EIR) A
4,080
(RIKDTE) (&

009134 0098

€a0135 0638
000136 0038 F3
000137 6039

£00134 0099

003139 0039

000140 6093

090141 0099

000142 0093

000143 0039

000144 0599

800145 0039
000145 003
200147 6059 BR2L4aED
800148 0830 215080
sedies sast &F
090150 942 121460
000151 8845 221580
00152 808 de10
LY
80154 €04 C4200

" 000155 00sF 241060

000155 Q952 €47
050157 9084 C25801
003158 9637 2U16E0
2901539 0634 COAG
00160 G0BC €23001
00161 008F CBISOZ
600162 00C2 CB55
00163 00C4 CCET02
000164 90CT CBS02
000165 0OCK &F
G0016§ 0GCH B3
0017 60T CA501
600168 GBCF CM4E
060163 6301 2010
B0D1TY 0053 3804
000171 005 29
000172 0036 2008
000173 0008 CBCE
000174 00DA CADS
000175 000C £OI0000
000175 OCED 38801
©00177 0OE) CBS6
QoOITE O0ES 287E

as a4 wn ae -

it

Beex{_Cuecx:

Fix1_{:

106
i)
bi
4]

§F8E8¢5 5§

CEEESSGEHEEG

SEEEREsIC ey

SET
SET
1]
JF
BIT

A
(SEC3 A

4,048

(XTC_PORTH1E) 3
4,0Fk
(RTC_PORTHISH) (4
4,03

(RONTE) 4

&1

30,4

11, KETI_SOFF
11,0872 BGFF

:
QTCKTI_BFT) A
(BTCXT2_BFT) &
4, (P8255_PERT)
EEAL ST BIT A
UL XUBAL_PRINT
4, (VERE_WPT)
LIEL_FLAS 4
LWL
BL,STATS_BAFF

" NEYLFLS, ()

L, TELL ST
STAT_CHECE
001 _B1T,3
1,TELL C18
BRI

i

<

7,400K2_CHRCT
FIRSTY_FLIG, (BL)
KZ,FRL_1

510

¢

KL,FARLD
FIRSTI_fLIG, (L)
FAR1_FLAS, (BL)
(nm,0
RO0KZ_CHECK
FARLT_FLAG, (HL)
1,80011_FiR



000179 00€7 JECZ
£09180 €023 9
000181 CJEX 200C
G00182 022 CB%6
060123 O3E 0YTICH
200184 03F1 23570
200185 0I5 C38901
B09186 O0F8 CBSE
B0G187 0OFE 2008
30168 6OFC 107101
230103 OUFF CELE
00190 0101 C31801
038191 0104 DETLC2
04152 0107 C296
000193 6109 2601
omLs4 4109 321480
Q03155 0168 BU3R304
008196 0112 C38801
Q08197 0115 BN
896198 0107 B9
€001%9 6119 2002
€26209 €114 0500
060201 011€ 307163
o0 11F WH
00203 G121 ZUI4ED
oIz 0124
Q00205 6125 38U
0206 0127 B
00207 0128 €29801
00208 0123 211680
200285 9128 CBC6
000210 010

0211 01%
200212 0130 C30502
200213 0132 CE58
200214 0125 COS702
090215 6174 CBB0
000215 0134 C8L
830217 0136

€00218 0138 95C7
£20219 013F 320050
080220 0142 38C5
030221 6144 3281E0
£080222 0147 214020
000223 0144 220080

ARt 2

FIRL_3:

0811 _FaR:

TOR12 FiB:

TEL1 B3T3

A2

¢

¥,F1 2
FARLFLAG, (EL)
e
(1042),048
H00F2._CEECK
FAR1Z_FLAG, (1)
K,FIRL3
(11n,¢

FARIZ UG, (NL)
0T BT
an.¢
FAR11_FLIG, (BL)
I
(BTONTI_JWFF) A
(19,08
00 CHCY -
L

c

K182 Fi3
€0

e

I

L, BTCHTY_BFF
mw

i1

(&

1, 20002_CBETR
BL,STATS_BUFF
YET1_FLIE, (B

STAT_CRECK
okt _BIT,8
1,TELT_CLR
BT BIT,B
X1, 500K2_CEECK

£, (X0XTH)
(GET1_BUFF) (4

8, (3D
(GTLIVFFD
HL FEY1_BUFF
(KPOIAT_BYFF) 5L

3
Is

700224 014 219260
006225 9150 220260
#0226 0153 600203
00227 01565 D3CA
200228 (158 329760
£00229 0158 D33
000230 0158 3288€0
000231 0160 31260
TOT232 0163 CBC7
200233 0165 321650
£00234 0168 CEB502
€00235 016D CPSE
G236 0160 C28601
000237 €170 BEC
80073 0172 $203E0
s 017s WoY
00248 OITT 28450
U021 0174 301
060242 817 224880
66242 OLIF 228080
020244 G182 2190950
£00245 0195 COFI02
B0 0103 C6TE2

* 000247 0188

000248 9198 241850
800205 0192 C367
000250 0190 C24402
030251 6153 211680
000752 0156 (866
$00257 0198 C20002
200254 0198 CEBS02-
000255 0195 CB68
000256 0LAY OCEED2
000257 0143 CICE02
000758 0146 4F
200759 047 B3
£00250 0148 CAABCD
000261 0148 TBE
000252 0148 2010
000253 QLAF 304
£00264 0191 B9
000285 0182 2008
0266 0184 CBEE
200257 0185 CIFG
000260 0198 FR36000

SET

1

WH_LIE: CALL
L

BIT

P

BT

CALL
BT

CilL
CALL

ST

4]

SET
SET

s a9y

WL, CETL_BYFFe2
(GPCINT_BUFF), L

L OR_TRAKS

A, (ROTE)
(GETY_BOFFeT) A
A, (RIRFTE)
(GET!_BUFF48),4
1, (VGRK_BOFF?
LIREL_FLIG, 4
(WORE_BWF), 4
STAT_CRECK
$O0E1_BIT,B
IZ.I;OIZ_CIII
4,00%)
(GETI_FFF49),4
1, (XINTE)
(GETI_SFFIG4E) A
o
(GET1_BUFFI0BI) & -
(GET1_BOFRO0) 4
51,6271 _OFF
IRC_SAYE

TELL CLe

£, (0I8_$5FF)
LIEE2 FLAG,A

X WL
B, STATS_RUFF
Y2 FLIS, (1)
XL, TEL2_ 1T
STAY_CHECR
§0002 17,3
1M ae
IF2_IR

i

¢
1,800K1_CHECK
FIRST2_FLS, (A1)
P2t

4,10

¢

n,F
FIRST2_FLAG, (BL)
FARY_FLAG, (BL)
(ane g



000269 9180 C34800
€00270 O1BF CB76
800271 OICY 2628
000272 0163 3802
000273 01C5 B9
000274 015 200C
000275 01C3 CB8S
020275 01CA FUTIOL
006277 Q10D FOJG020
060278 0101 C34B00
290279 0184 CITE
£00280 0185 2000
000281 9184 FOT101
000222 6183 CBFL
09287 G150 CALEN0
650284 0120 FOT162
00285 913 CB6
00286 0LE5 2601
000247 Q17 22150
€00208 QLKA FDI50904
00289 S1T5 C24850
£00250 GUFL 3604
000291 61F3 B
900252 G1F¢ 2002
00U257 O1FE 600
800234 8172 FITIOY
008255 GLFD 323
000256 0170 211580
000257 0239 4
0201 3807
000293 €203 BE
000300 0204 C24800
000361 €207 21160
00302 0204 CBEG

© QU033 020
630304 020C CP9502
000205 0207 CB6t
000306 G211 CCER0Z
000207 6214 COT0
000308 0215 C24800
000309 0219
000310 0219 1BCT
600311 6218 325050
000312 621K DBCE
000313 0220 381K

FaR2_1:

FiR2 2

Fir 3:

ROKZ1_FaR:

Xz2 FiR:

TEL2 HT:

4 6%9C FEREECNVIEIEEERFENYERZTSESERSI

- e om e
S 5 235
=

]

(&)

HOGKY _CHECK
FAR2L_FLAG, (L)
1,K0021_FAg2
a2

)

R2,FAR2.2
FARZI_FLAG, (6L}
ann,¢
(1742) 048
HO0K1_CRECE
FARZ2_FUIE, (L)
87T ]
ann,c

FARD2 FLLG, (8L)
00K1_CEECX
(nL
FAR21_FLIS, (5L)
i
(STONT2_B9FF) o4
(19 08
051 _CVECL
IR

¢

I, 50022 FAR
e

anc

I\

HL,BTCXT2, B6FF
an

4,7

(8]

X2, B00K1_CRECT
BL,STATS_BEFF
XET2_FLG, (AL)

STAT_CESCK
£00K2 BIT,B
1,72 Cl8
B BIT,E
X1, HOOK_CHEC

4, 00TR)
(GIT2 80P 8
&, (040
(GETZ_BUFF41) 8

H0U31 0223 215050
250315 0225 220060
000316 0229 219260
002317 022C 220260
200318 622F CBO20)
100319 0232 GACH
000320 0234 325TE0
000321 9237 BOC3
000322 0239 329860
000323 023 SR
006324 0L3F COK7
030325 0241 21880
000325 0244 DRSO
290327 6247 68
000320 6209 C24800
000229 024 BC
00330 €248
000331 €251 B6C)
290232 €253 329480
00333 0256 2002
050334 0258 329260
000335 0258 329080
100336 625K 215080
0337 G261 COFIO2
000938 0264 CDEEM2
00329 0267
100240 0267 AF
€001 0260 221480
§00342 0260 BO2140E0
00043 C26F 304
20034 CZ71 RTT00
000345 0274 BOTTOL
160345 0277 BOTTO2
000367 0Z7h 21180
20248 0270 TE
000343 027X EGRD
030350 0260 77
000351 6281 3A16R0
800352 0284 CB47
120253 0266 321650
000354 6249 216801
000355 028€ E3
000356 0260 €3
000357 028€

2 LI

TELL LR

-,

i
w
1%
w

S K CREY_BUT)
ST
]

W FLKETLSUFF
W (AR
W ALGET IR
W (GPOIKT_BOFF) AL
O RTINS
L, (E0R)
(GET2_BWFFAT) 4
L, OUTE
(GET2_ BUFFB1 6

LINED FLAG
(WORE_BUFF) A

CALL STAT_CHECX

BT MELMTE
17, B00K1_CRECY
4, (o)
(ET2AOFF49) 4
1,008
(GET2_BFF+L) 4
N
{GIT2_BUTF+GEE), &
(GIT2_BOFF+60)
WL GET2_BUFF

1 REC_SAVE

1 T2 IR

CRGCEECEGRERS

1
(OTCUTE_BWF) (A
11, KEV1_SUFF
&,00

(I140),4
(34
(114204
HL,STATS_BYFF
4,08

OF0E

(8L), A

A, (VORE_EFF)
LIEL_FLIS, &
(VORE_BOYF) 4
10 BL,BO0K2 CHECK
(P}, 8L

S EGEFEEEEEEEEGE Y

=]



000358 G28E AF TELZ CLE:
000359 0267 321560
000350 0252 FD21S0E0

200351 0235 3504

000262 0258 FET700
000363 0299 FT701
0034 029 FETTO
000365 6241 211680

000366 6244 78

906267 €5 ERF

08360 67 77

009265 628 341800

00STT0 8244 CBAT

@SIT1 CUR N2U6E
96972 0200 20500

06571 621 3

00374 0234 09

900375 €225 1
00376 8235 BBAQ
€T enT @
000378 €238 (3
€379 019 H
200350 67289 €F00 ik
0090%6] 0289 BOA2
06342 €298 €857
90367 425F 2000
90784 €21 1620
006245 020 E60F
€003% 025 &
007 0205 BeR2
600789 6208 CI57
000389 0204 2074
2903%0 02C 03
000291 0200 i
000382 62CB 000 IRF2_ I
090383 02F 182

080234 0201 CaSF

090395 0203 2812

000396 $255 5800

200297 €207 &7

00234 0208 CROF

080793 0284 CMF

005400 026C CBOF

0E0431 028K CBOF

90402 0280 &

§ne_Loy:

STAT_Coccn

IFL_QUIT:

0

BN EEfEEEELEECSSES S

BE =

nr

]

n
BT

EERBRE=®

i
{DTCHT_BUFF) A
1Y, KEY2_BUFF
1,00

ar,d
(M0,
an
FL,STATS_BEFF
8,00

]

md )
& CVO2L_BFF)
LI FUG A
(RORY_BSFF) 4
. 50081_CHCK
ML

1,(P8255_pOITY
14

£.0
4,(P§255_PORTE2)
STHIBITA
LT

1, (OF1_PORT)
o

i

- &, (PE2S5_pORTID)

STOLBITA
K2 STRFL_LOW

C0

K (P8255_M0XT12)
STO2 BIT&
1,BT0F2_QOIT
&(BTIF2_PORT)

— s e e

000493, 0251 BEAZ
000404 02E3 CO5F
000405 OZES ZGFA
000405 0267 C9
000407 0268

000408 0258 210030
000409 0265 28
060410 628C 7C
000411 626D B5
000412 G2SE 2673
00413 02°0 C9
030414 02F1

000415 0ZF1
29416 021

U417 0271

0418 0281

600419 GZF1 IBSRLOM
08420 0255 010900
000421 02 5000
290422 64 343
900423 6T 12
€00424 €240 IS3L6RD
000425 0301 (9
020426 €302
000427 6302

00428 0262
000429 6302 E5
900430 0303 FOE5
000431 0305 FI2400R0
00432 0209 240280
000433 020C 0605
800434 0305 FITEDO
000435 0311 827
600436 0313 (327
000437 0315 (B2
000438 0317 CB27
§00433 0319 FOBSO!
000480 03IC 77
000441 0318 FO23
000442 31F FI23
000443 0321 23
000444 0322 10K
000445 0324 FIEL
003445 0326 Kt
C30447 €327 €3

DWFLLON 13 K (PB2SS_PORTZ)
T STOZ T,
RN

02 QUIT: EEY

I
1

WBEUT: L §L,30008

XIDEWY:  BEC WL
48
o1
&KL BELT
1]

H 4

i# fenclion seve racord
8 in poniter adress = (POINT BT}
i ot address “ref B
i ]
WCSIE: L0 BE,(POINT_SFT)
& BC,REC SIIE
23
19 4,EM _FECORR
B (B
10 (POINT_PUFF),BE
RET
i*
{# foncticn tensfer Lelephome mamber
it
WN_TRARS:  POSE SL
1 I
B (T, (KPOINT_BOFF)
. 0 BL,(CPOIET_30FF)
n Bs
RO _TRARS: 1D & (IT40)
s &
su 3
S &
su i
(gt
(@L),d

o
Lo

)

I

"

NI ER1TRANS
PO

"

1]



100288 0228
000449 9328
000450 03238
000451 0729 F3
000452 0325’ 6609
000453 0328 3607
£00454 0328 30
080455 032 207D
000456 030 103
000457 0332 BAAD
000458 0334 CSTF
000453 0336 26F1
00450 0338 C36763
000451 0338 CISH2
00462 033 £SO
- 00463 8340 (338
* 800664 6342
000465 0344 30 -
000456 8345 CO5F
UB4ST 6347 2072
000468 6349 2UA800
000469 634 3
00470 0240 FO
000471 0ME 3
000472 034F
0004T3 02F
200474 O34T
00075 G34F F3
00T 0350 (D703
Q00477 0353 C3B502
€00478 Q356 E60S
000479 6358 G338
000490 €354 (338
080481 635C B0
080482 0359 CBSF
000483 035F 202
000434 0361 210800
000485 0354 £3
000486 0365 FO
000457 0366 €9
000489 6267
000489 0367
200490 0367
006491 0367
000492 0367 B3A2

-

?

4 function print mamsal

H |
KARDAL_PRIXT:D!
10
NABALLL DLY:1D
NAXDAL(2 BLYZBEC
&
[ 3 1]
WAIT MmAL: (X
BIT
R
caLL
QI mITT au
mw

9,08
50

i

O, ML 12 TLY
NAKDALY_BLY
1,(Pez55_poeT)
TEAL S¥ BIT,4
XL, UL
L
STAT_CB0X
200010000

)

3

]

21 RIT4
z.amar
£, B001_COECT
sn,a

¥ fasction prist alera

H ]
PRIXT_sLakxs 81

Q@UT2 MIT:

8B EE

St

8T

WL _8IT,4
itz WiT
L, 80001_CHRCX
(SP),HL

13 feaction prist record
¥ iz record boffer = 0000H

H ]
EEC_PRINT: IR

&, {PNZ55_PORT+2)

-7

060493 0359 COAF
100434 0368 CBF?
000435 0350 5340
000435 036F (504
£00437 0371 CIF304
200498 0374 160D
£00499 0375 COF304
000500 0379
800501 0379 0632
200502 0478 1620
000503 6378 CDF304
Ba0se4 0380 1073
200505 €362
€00505 0362 1604
808507 G384 CRF34
05059 G387 150
000509 8329 CHF304
830518 03¢
S00511 30C 215805
800512 036F S6
900513 €290 2E03
£oaste 0292 B
000515 0293 2605
00516 €335 COF304

 o00517 628 23
200518 0299 124

- 008513 6299
£00520 €338 1605
009521 0298 CHFIM
000522 0340 1600
000521 0342 COF30H
800524 0345
090525 0315 0632
000526 €347 1620
000527 Q349 COFNM
000528 O34C (0FD
000528 G345
200530 03T 1603
(00531 8300 CBF304
000532 0383 1600
000573 0385 COFION
000524 0388
080535 0386 BB210080
£00536 038C
000537 038C FI214050

-

L1l

REC_PRELS

-

REC_PRE2:

LiNE2:

REC_LO0P:

RES
SET
oot
4
CALY
4]
=183

CAlL

E.BEE

2 9 EEE

CiLL

Ciil

o

caLt

CilL

ot

1}

5,4
6,k
(PR2SS_PORT) 4
1, FEED_0O08
BITE_RINT

9, RETIRX_CODE
BITE_PRINT

3,5

.' ..
STIE_MINT
LMt

8, FED_080T
NH-Rar

B, SETOIN_CUBL
RN

L, BEAD_SER8
[ 18}
4,5TP_CUDE

1,R8C M2
STTE_RinT

REC_FRul

8, 7580_000K
RN
2, ETRR_CO05
BRI

1350
13-

BT RIT
11r)

10, ¥5E8_OUEE
Pl g i
2, RSTORX_COBE
TR

1X,RECORD_POIRTER

17,45CH1_BOFF



09538 0300 207500
020539 03C3 FEAD
000540 2305 CATS04
00G5¢L 08 CD3405
000542 03CE FIT20
C0I543 030K FITIOL
£OUS44 0301 FO360220
020545 0305 B07EC1
060545 0308 CB3405
000547 0329 FET203
808548 G3BE FOTI0A
200543 D351

009550 6321 380520
£20551 6325 75360620
000552 8389 FI0T20
000553 6263 FR3O0R20
S0U554 03F1 FBIG3520
000555 B3FS

800556 035 TN
000557 0378 CB3405
000558 03¢0 PIT20K
800559 0T FBT203
000550 €401 BOTER
000561 0434 CB3405
000562 0407 FYTZOC
600553 0404 FE360N20
008564 040 FITE
200555 0411 1O7EM4
0566 0414 CO3U05
000567 0417 FET2OF
000568 Q414 FUT30
080569 0411 FR36IL
000570 0421 BOTEDS
09051 Q424 CD2405
06572 0427 FOT22
000573 G424 FBT313
£00574 0428 BOTEOG
BODSTS 0430 CB3405
00056 0433 FOT2A
ST 0435 FUTaLS
wSTS 0439

000ST9 0439 FEI61620
000500 0438 FU361720
000531 G441 FUI51520
500582 QA5 FD361520

P

CalL

GEEESEE

EEEEELE

EEGGEEEEBEEEGEE

E &85 EBE 8

1, CIXATE)
£X0_RECORD
1,R6C_EXD
B55_T0_45C11
(11103,
GHD,E
(1y2),*-
£, UTTED
BCB_TO_4SCI1
(1,8
(1YH),&

(1745) SPACK_COBE
(ITH6) (SPUCE_CORE |
(IT47),SPACE_COBE
(T148),,SPACE_Co0E
(1143}, SPACT_ComT

&, (THRINBER)
8C0_T8_45C11
(ITuE) 0
(18D X

4, (I ERGER 1)
BCB_T0_4SCH!
(114000,3
(174028} ,SPACE_COBE
il N

A, ([IBEERD)
5C_R_SC1T -
(IT+0R),D
C17+108),E
(nm, -

4, (ITHRIER42)
BCB_T0_ASCH
(v, p
(THISD) &

4, (ITHERGERH)
$08_T0_45C11
THen) 0
(Tsh), £

(ITH168)SPACE_COUE
(11+178)  SPACE_CO0E
CITH8R) SPACE_CODE
(17+138), SPACE_CO2E

003583 0443 FO351A20
000584 044D
030595 0440 BD7E07

000586 045C CD3A95 .

000587 0452 FOT218
000588 0455 FOT3(C
000589 0459 FDIFIB20
020590 945 BOTECS
000531 0450 CBIADS
60052 G463 FOT21E
000593 0468 FETMF
000534 0663

000535 0489 F1362020
90595 G460 FB362120
600557 G471 FRIG220
000538 0475 FR362320
006539 0479 FU362028
000680 €47

001 047D BETEGS
000F02 8420 CB2A0S
800503 8483 FBTZS
609604 8465 FITIZS
099605 0439 FR3ZT2Y
900606 041D BUTENR
000807 0430 CBIADS
00508 0493 FUT228
800503 0495 FET329
802616 0495

000511 499 FDYG2420
850612 0498 FR362820
000613 0441 FEI2C20
00514 0ALS FB362020
200615 04A9 FBIEZE20
000616 04K

000617 0410

000618 044D DOTECS
000513 8430 CB3405
000620 0483 FITSZF
000521 0486

000622 0435 0530
000622 0438 214050
080524 0489 55
000625 04BC CBF304
000626 04EF 23
000527 0400 10F9

-

P

SERDI_PRIXT:

&

CALL

1

]

CALL

EEBEEEG

w
CiLl
u

i
]
]
CALL
1w
:2: 1)

(IT+1AE),SPACE_COOE

4, UTSTRT THE)
KO_TO_ASCH1
(ITHED B
(1D &
(T, -

1, IHSTRRT_TINE 1)
B0 _TO_ASCI
Y1,
(T 1

{1T4200), SPACE,_CUBS
(TV4215),SPACE_COB
(1Y4220), SPACE_OONE
(IT4230) (SPRCT_CO0g
(I74248), SPACT,_CUnE

4, (1145TP_TINE)
B_T0_g5CH1
TSm0
(nzs0 K
v, -

4, UTSSTOP_TE+1)
Xo_Te_gsct
(D, B
(114280, K

(1T4288),SPACE_COE
(I7428H) , SPACE_COBE
(IT4203),, SPACE_COSE
(174268, SPACE_COOE
(174258),SPACE_CONE

4, IHEXT_KORED)
BOB_T0_g5C11
Tz 8

3,300
BL,85C11_BOFF
2,480
BYTE_RINT

n
SEXDL_PRINT



200628 04C2
000629 04C2 1604
000630 0ACH COF34
£00631 04C7 1600
200632 04C9 COF304
000633 04CC
000634 O4CC 110300
" 00635 04CF BUES
eats35 01 1
260537 0472 19
000638 0413 K5
29069 0434 EDIL
000640 0486 C28003
09511 0489
800642 09 6532
800613 0406 1628
000645 54T8 CBF204
000645 0480 10F1
080646 G2
Q00647 G482 0504
860613 0454 0504
00649 BIES 1504
0050 0428 CIFIN
000651 0GB 1600
000652 0428 COF304
000653 2470 10F4¢
000554 04F2 €3
800655 0473
200555 0453
800657 04F3
000558 06F3
000559 04F3
000860 04F3 CBOBOS
000861 057 74
000662 0457 B4t
200663 06F9 CUIN05
000664 O4FC 35EF
000665 Q4FT B2
200666 0500 CO7E05
009667 0503 JEFF
000858 €505 D32
000563 0507 COIACS
T00670 0504 €3
030671 0508
000672 0508

AL

CaLL

PUsH

Por
ADD

kgﬂ

B
EEGB

LIgE_SPACK:

BE:ES

al

B}

3¢ privt ome byte’

4 in P =ascil

H i

BYTE_PRIRT: CALL
i}
(119
Gl

5, FEED_CO0€
BE_PRIST
5, RETG2R_COBE
BITE_MRIKT

GERECCRD_SWX

8,50

9,

ST RUT
LINE3

¥
¥

B, FED_CO0E
STE_RI

9, RETIRR_CO%E
BTTE_RINT
LI ST

BUSY_CHECY
4D
(PR255_POET41) 4
LTS
A,STE_LOY
(PR2S5_PORTZ) 4
TELIY_10
1,ST3_RIGE
{PB255_PERTA2), 4
BELAY S

it wait for basy sigmsl

-9

000573 0508
200574 0508

00575 Q508 E5
000576 05CC 219090
000577 O50F BaAZ
000578 0511 CG4F
C00679 0513 2815
080690 0515 28
000581 0515 7€
000682 0517 85
090683 0518 201
000684 0510 D142
000835 051C CBEF
000686 CSLE CBET
090607 €520 0250
090728 0522 33
09529 0523 33
000684 0524 219960
00631 9527 19
00832 054 11
000633 529 ©9
800534 0524 O30S
000635 0528 C9
00596 052
800637 0528
003538 0528
000529 0525 3804
000700 0530 B
000701 €531 2078
000702 0533 €9
000703 053¢

090764 6534

000755 0524
80005 853¢ 3504
000707 0536 20
000708 0537 207D
009709 0539 €9
000710 0534

000711 0534
000712 0534
000713 0534

000714 0534

000715 0534 112020
000716 0530 F5
000717 0SIE CB3F

]
BOSY_CHECR: PUsi &t

13 HL,06000
BUSY!_CHECK: IN 4, (PEZSS_PORT2}
BT BISYBIT,A
& 1,001
NHCHL
0 AE
® L
&KLY CER
I §,(P8255_PORT4D)
SETOS,
1 osd
OFT  (PE2SS_FORD),A
1w s
x s
15 LT
1 sm
n '’
(3]
CilL BELATS
xET

O%_SUSTs

It
1k delay 1 usec
Hi
BELAT_10: LD 4,0M
81012 BC 4
& K601
RET
i¥
+F delay 0.5 zsec
H3
DELEY S: LD a0

g51: DEC &
& KDL
(1)

it '

9 §CD 0 ASCI! FURC

¢ in 4 =B

it out DE - ascii

i3

1

BCD_TC_ASCi!: LD  BE,20208
PUSK AF
SIL &



9
000718 0549 CBIF SR 4 BGUST_BIT-0001  KANUAL_P<0328 HOOK2_CR-OISE  STRZ_BIT=0003
200715 0542 CE3F SEL A BOST_CHE-0508 NINOTE =00C3 R 000K STOP_CL2~C0%
000720 6544 CBF L4 BYTE_FRI=0F  NINGTE_A-0030 EOSE_KL4-0016  STOP_CUD<0003
€00T21 0545 FEOA o om CARCEL_T-0031 MONTH  =06C7 IRITIAL 00¢E STOP_TIN=0009
000722 0548 2607 & 7BCOLTOSPCL . CLR REC <0035 ORIL_FAOLLS LETI_BUF=E0S0  S0_YIWB=000C
200723 0548 F5%0 o MOI S0 KOMIZFASONIC T1_FLI=008 TELI_CLR0267
009724 0542 &7 18 04 51 0536 GR2_FADIFL {ETL_BOFE0S0 TELLKET-0120
000725 0540 FI §CB1_TO_SPCL: POP AF BT 0000 MO FA-OIFS FET_FLI=0004  TEL_CLR-G28E
080725 054 E60F R WT 0006 MX_TLA0%E TPOIRT B=6000 TEL2_MAT=070C
008727 Q550 FEGA o o BELIT_10°052 NINBER =002 UB! am TER 002
00728 0552 2003 R 1,K0.T0SP2 BELAT_S <0534 NEWTEL $=K040 LI K000 TIMER! <6079
000729 0554 F5N0 ® §TO0 M- TR0 U2 U KEITURRIR
000730 €556 TR STCHTI =014 9F_BEST =05 LINE2 FL-00M WOIK1_L1-0160
460731 8557 C3 #C02_T0_Spe2: Y FICHT2_B-E01S  PG255_{1=0091 LIND =008 woRIZ Li=0244
000732 6554 i - YIF1_IN-0289 PR2SS_PO0040
00723 058 4MIS44520202020 WEAD JEOND:. 8D “BATE NOGR STHT STW EXT*  OTIILUOSOXS POINT_KSSDI0
* 6560 2020202020485 STF1 PO-0020  POSER_PE-EO4F
58 Q550020 TWFL_Q0-020C PRINT_AL=0MF
570 2SS ETH2_INF02 BITI O3
O5TE 2020202028285254 OTIFZ_00ZE1 GRIT2 W05
580 182020204550 FINF2 P6-0000 JETI_BIT-0004
o528 54 G2 Q=077 R3T2 DIT-0006
B00TILESHS 83 B SToP_CONE 00 ROB-00A3 HSAL ¥ ~6007
000735 9584 €0 ALDCTIBLE: B8 oo KXT_MAG-0008 ECUIS_0-0608
000736 0561 12 ® FARIL_FL0002 ESCOR5_P3000
090737 45 80 Mo FIRIZ FL-0303 SECORS_S-0000
090736 058D 15 15 FIRLI =00E3 EECGND <04B9
000739 0588 00 B8 o0 FARIZ 00FS EEC_LOGP=03OC
000748 0SHF 15 : RN FARL3 <0104 REC_PRIN-037
900741 0530 60 oo FARZI FL=0006 REC_PRRIGEF
0002081 17 - B om FARZ2_FL=0007 EC_PRNZ0398
600743 6532 00 " om FAR21 =018F REC_SAYEG2FL
000744 053 18 NI FAZZ2 <04 REC_S1ZE-0000
200765 0354 00 28 oo FAE3 <O1E0 RETERX_C-000G
000746 0595 20 _ B FEED_COR-0004  RSW_BIT =0007
600747 0556 00 B oo FIRSTI_F-0091  ITC_PORT=00C0
200748 6597 22 g FIBSTZF-0005 SEC  =0oc2
600749 0590 .0 GETI_BIF=E080 SEXS1_PR-O4ER
EET2_MFSEI90  SPACE_CO-0020
ALARX TA-0S68 LING_SPA<OCES WORK_ BOF-E018 T _BPPE012 START_Yi=0007
ASCIS =000 X_BELAY =288 OINT_BE002 STATS_BU=E016
BCL_TO_=0560 N1_BELAT02ED READ JER0S50 STAT, CRE-0285
KDY 557 ;i =09 BOOK1_31=0003 ST _RIGE-00SF
£C0_Y0_4=C52  NANGALI1-0328 BOOKI_CE00AB STB_LOR =00EF

BUSTI_CH=050F WARBAL 120328 (BOOKZ B1=0005 STBI_BIT=0002



6000
0000

000 -
00K =
uogo =
00pg =
0080 =
0048 =
1060 =
0095 =
0096 =
003 =
008D =
008C 2
00gg =
006A ¢
869

ggy =
087 =
g8y -
008z =
00gt =
080 =

ot =
1ag6 =
0ags =
oundg =
0oLy =
0oyl ¢
0dgo -
008C =
oash =
0aBa =
0049 =
0088 =

ER
t

n-11

e - ‘
Tilsu (AW RS2 ]JG'IJJﬂ AIMIIIN 'll.'lillﬂ"l ‘EIT'I'ITF‘NTI

im o0
cry 805t TaL*
H0F e

l
IHUBAEHSHBHBI IR

1
1MCS-51 INTERMAL RKGISTERS

B 1] CFOK 19 BEGISTER

i<} EQ (001 ACCUNuLATOR

pse [ 0008 {PROGRAX STATUS %0RD
1] 01 e { INTERRUPT PRIORITY
P EQU 0804 {PORT 3

1EC polt uast § (TERRUPT ENAOLE
U [l 0408 iPORT 2

SBUFY [v1] 994 $SEKD BUFFER

SC0m £Qy 48l {SKR1AL CoNTROL

P13 ] 908 1PORT L

T LUl 60U {TINER 1 HiGH

THO: L0l BCH jTINGR 0 HIGH

T QY 1] JTINER 1 LOB

10 L[] 1] TIER 0 LoW ¢
iou; £ 9 $TINER MODE

TC0%: EQu 11
PCoN; QU [
CPB: KU B3R
bels EQU s
P 0] L]
[¢H [l 80K

TIKER CONTEOL

POREE COKTROL REGISTER
04TA POIXTER HicH
$0ATA POIXTER (0¥
$1STACY POINTER

jPORT 0

iNCS-51 {MTRRMAL UIT ADDKESSES

4] fQu 0574
1=} QU 0068
FOs QU 005y
[+1H] Lol 0044t
£50: QU 0034
m: §QU 0024
P kay ouoH
L] ay 03CH
PTL K0 oBay
[2 48] i 0BAX
mo: EQU 0898
P10 [V 0BeY

{CARRY FLAG
{AUTILIAEY CARRY FLAG
$USER FLAG 0
{REGISTER SELECT NS
JREGISTER SELYCT LSD
{OVERFLOW FLIG
{PARITY FLAD
{PRIGRITT SERIAL PORT
iPRIORITY TINGK 1
iPRIGRITY EXTERMAL 1
sPRIOKITY TINER 0
{PRIORITY EXTERMAL O

wr ¢
a0 »
oous =
0w =
m‘g T
008 *
o09F =
009t =
o090 +
m T
0% *

T
0099 =

0038 =
a0eF =
000E *
008D
008C =
088 =
0084 »
0089 «
0038 *

002 =
0020 =
oozl =
0022 -
0023 =
0024 =
0025 =
0026 =
w7 =
oozg *

0023 =

o024 =
0024 »
002C =
0020 =
002 =

0y =
0070 ~

i [}
5 [
il [
[3¢H] [/
31 N (1]
10 Ky
SNt sov
i {8 EQU
b v} (]
REK: [e]]
882 Ky
10g: il
I EQU
[{H ]
j(JH ol
(H L0
TH: £Qu
T80: £QU
[11H] K
I i
1£0: 11
I L]

INTRRNAL_RAX: EQU
SPEECH_STATUS:EQU
KIRING_STATVS: QU
DTSTATUS: Ky
CALL_STATUS:  EQU
DIAL_STATUS:  Ew0
LEAUY_STATUS: GuU
BUSY_STATUS:  JQp
PULSE STATUS: EQU
HoLo STaTUs:  kau

1XE1¥G_STATUS:EQU

DIALDATA CTLt EQU
ROTUATACTLY QU
BUSYOATA_CTL: EQU
SELAY_DATA:  BQU
OPENCTL DATAs EQU

SUB_NUY: s
PATH_COBAND: EQU

‘

O EMBLE ALL LITEERUPT
OCR  {EMBLE SIRIAL |NTEZRUPT
OB EWABLE TUNGR | IXTERSUPT
OMA  EMBLE EXTERGL | INTERR
049  ENSLE TINER O INTERRUPT
G CUBLE EXTERAL O INTEGR
UAjSERIAL NODE 0
0904 {SERIAL NODG 8
00 gSERLAL X005 2
GCE  JSENIAL RECEPTION ENABLE
BN TRAKSKITT BIT §
Ol RECEIN BIT S
0398 STRAASKIT JNTEKRUPY FLAS
W8 AECKIVE (NTERRUPT LG
GBFd  {TIUER | OVEAFLON FLAG
0BE8  jTLER | Rus CONTRCGL BIT
0NN GTINER O OVERFLOY FLAG
OICE  TIXER O RVR CONTIOL BIT
GBE EXT JNTERR, ! EDGE PLIG
OB GEXT (NTERR, 1 TYPE FUG
GSM EXT INTERR. O KUGE FLAG
QB JEXT JATERR, O TYPE FLig
2

XTERUAL BN

INTEREAL_RAMOIH
IATERNAL_RANt024
TKTERMAL_RANH0H
INTERRAL_RANHO4Y
SNTERAL_RANIOLY
INTERYAL _RANYSGH
IXTEZRAL_RA+O7H
INTERIAL_RAN 081

[KTERMAL_RaXHOSH

INTERMAL RAX QI
INTEKILL _KaN1OAY
IATERRAL_RANYOCH
TNTERRAL_RAXHODN
IRTERAAL_RAX+OER

INTERRAL_RANIQYY
INTERRAL_RAKY 10K



003t =
0032 ¢
0033 =
0034 =
0035 »
003 =
0037 =
003 =

Wk
0034 »
0038 =
L
0030
003K *
0iF =
o0 «

ooy -
0042 =
04 =
[ L
0015 =
0045 =
0047 =
0048 =

0049 =
0080 =
0T =

0004 =

oest =

0089 = 7

0080 =

5000 =
E0ol -
2002 =
090 =
¥021 #
102§ »
5022 =
it =

STBL_CALL:
$UB2_CaLLs
SUR_CALLs
SUM_CALLy
SU85_Catls
SUB6_CaLLe
SUBY_Calls
SURR_CaLLs

o
ETT2 MRt
OTI_Nx:
TIT4_JX:
BITS_Kon:
EXT6_Kux:
KXT7_XON:
£XTe_a:

BUFFL_CALLS
10FF2_CALLs
BUFF3_ChLLs
SOPF_CALLs
BUPFS_CALLS
BUFYS_CALL:
BIFFT_CALLY
B0FFA_CALL:

NARK_SUB:

0N_SPRECH:
OFF _SPEECH:
1ER0_NUNDER:

R CT
L2 CTLs
NORD3_CTL

HOOX_PORT:
SPECR_PORT:

e
I

1)
Ko
1]
]

L]

£Q0

m
EQU
L0
ay

Lol
EQ0
K

10
I
50

o)
o

IXY_RING_PORT1EQU
BUSTCTL_PORT: EQU
BALCTL_PORT: £QU

“asren_pors
o _poer:

QY
i

RIRGCTL_PORT: 20U

INTERNAL_RAN+ 11K
INTIRIAL_BAN+128
INTIRNAL_RAN+130
INTERNAL_RAR+HAE
INTERISL_LAXH1SH
IRTERNAL_RANH6E
IRTRRNAL_LAN+ 178
IXTIRNAL_1AN: 148

INTRENAL_RAX+98
[ATEDAL_RAN+LAN
JXTERRAL_RAN4 18R
IXTERNAL_RA+LCH
INTERNAL AN+ DR
INTERRAL RN+ 10U
INTERNAL RAN+2FE
JXTTIRAL_RAX+20R

ITERNAL_RANS21
INTERRAL_BANF2ZR
IRTERNAL_RAX1 230
1NTRRRAL_RAN248
INTERKAL_TMN+25H
|STERRAL_RAN426R
(XTERAAL_RANS27H
INTERNAL_RAXY28E

IKTERNAL_RAN+291

100000002
LIy
10

1M
L]
L)

0E000N
080018
0E0028
OE020%
OE021%
OBO2!H
080224
os04n

0004 D8FE POVERD_DELAY: BIKI

000C DM uR
0008 DSFOFS Dt
0011 75F030 o

0ote 7020 oy

0015 7660 CLR_IRAN: XY

2018 08 1

0019 OSFOFA T
001 908003 L]

001F 491 Koy

0021 §0 N
0022 908023 X

0025 7489 oy

0027 Fo 1
0028 90804 oy

0028 7480 ny

0020 F0 nv
0020 90020 ]}

0031 T4FY ]

0033 F0 ni
0034 305021 xov

0037 FO ni
0038 752007 nov

0038 752500 v

0038 TS2AFF oy

0041 752CFF v

00M XATR_LOOP:

0044 €3 cie

B = OPENDTNF_PORT:EQU  OKO42H

1003 = WORDCTLI_PORT:RQU  OKOO3H

102) » WORDCTLZ_PORT:5QD  0PO20H

1043 * WOROCTLI PORTARQV  OKOUIH

000§ = NARKEITI_DATAIEQD 000000013

0002 = XARIETTZ DATAIRQE 000000108

™

0080 = BUFF BIT: KW ONOR BIT D0 OF &
e — T ——

4000 758150 LU T

=

0003 TSFO01 XY B, 801R

0006 T940 POWER! DELAY: NOV  R1,840H

0008 7860 PONERZ_DELATY ¥OY  R0,990R

10, OWERD_DELAY
11, PONER2_DELAY
8, FOVERL_DELAY

B, R30H

K0, $20%
€80, 3004

%0
B,CLR_IRRAX

9PTR, SNORDCTL I_PORT

£, N0RNE_CTL

OPTR A

DPTR, SORDCTLZ FORT

4, m0RD2 CTL

QOPTR, &

OPTR, MORDCTLY_PORT
4,1%0R09_CTL

aPTR,A :

DPTR, 4RUSTCTL _PORT

Ay HOFFN

S0PTR, 4

UPTR, $D1ALCTL_PORT
@,

SPEECH_STATLS, 1000C0111B
BOSY_STATUS, 100000008
DIALOATA_CTL, 2111111118
BUSYOATACTL, 8161111118




\-A"\'» w
0045 902002 b
0040 50

5048 TN
G 1

004C TZED
004E 5000
0050 SoRodL
0050 1528
0055 F¢

0056 F52
0058 7400
0054 70

0058 7400
0050 F52F
005F COED
0061 120060
0064 BOS0
0066 €4
0067 ROBF3
0054 020044

%0_EXT_RING:
L00P8:

0y
LA
v

V18

L
wt
4}

oY
Lt

L)
PUSH
LCALL
pap
K
cixx
e

DTR, $EXT_R1RG_PORT
10T

1, 1000000118

'

CBOPTNIT

0.1 K

DPTR, RIRCCTL _PORT
1, JOST_STATTS

A

EXT_STATOS, 4

A0

o 08 OT MBS
R
ST, 4
e
10K
fro

]

4, 4088, L00P8
MIN_L00P

150B1-5088

{STEEHEINISY IAND FURCTION 4S8938230008003

WO ES/ | WFUR: WOV ASTEEW
BO6F 0039t YO EPTR, JSUBSARR_TAD
0072 93 WIC  A,4HDPT
o073 F59 WY R SUE
0075 90E000 NOT  DPTE, BHOOK_PORT
%7 5 N 4,0
9073 5549 ML ANRKSE
0078 7002 oo
007D 020188 LIXP  HOOK_0
0260 ESZ6  ROWOORs WOV 4,BUST_STATIS
0082 5549 MU A ARESUR
0084 G003 a4 s
5085 020064 LIP PUT!_CHECK
o0y 22 xacist RsT

i
00N Ei22  PUTICHECR: KOV 4, EXTSTATUS
008C 5549 ML A NARR_STH
008z 035 - B PUT2_CHRCK
0090 7439 X7 A, BERTL_NW
0092 252 D 4,SVBKN
0094 F? ROY R0,

0035 B6F0
0097 ABF0
0039 05F0
0038 4R
0050 23
0058 DSFOFC
001 5220
00A) 5422
0085 522
0047 90E042
00A% FO
00AB 900399
0048 EB
004F 93
0080 FSFO
0082 900391
0085 X527
0087 93
0080 45F0
0084 5471
008C S0£001
008F 70
00C0 120381
0083 2174

00cs 523
00C7 9549
0009 6020
00C8 743t
00C 252F
00CF FO
0000 B6F0
* 0002 ABFO
0004 TTF
0006 23
0007 DSFOFC
00DA 5220
000C 900398
000F EB
00E0 (¢
att 9
0082 FSF0
00E4 900298
0057 §52F
0089 92

PUTLL00P:

PUT2_CHECK:

PUT2L00P:

v
L))
IR
oy
{8
uR
ML
m
oY
Ll
Lid}
Lil)
v
Ll
oy
Koy
xy
X0¥C
0RL
AL
oy
nn
£ 1)
NE?

oy
AR
i
oy
A0D
v
x0v
’

oy
i}
13
0JRL
AL
xy
Xy
EC
0¥
ny
vy
Xy
Ve

2,880

12,0

B

TR

A

8, PUTILOOP
SPEECH_STATLS, A
A, 80PERCTL DATA
OPEXCTL_DATS A
DPTR, OPEXDTXF_PORT

@,

0PTR, AEXTS_TAD

e 1P0P EXTS NI
Lanmen {FIXD KXTS TABLE
B {PUSH EXTS TABLE
BPTR, 15085 _TaB

§,SU8_X

1 8HDPTR

I}

8, 10FF_SPESCH

IPTR, BSPEECH PORT

P

SPRSCHS_SEND

PUTS_ CUECK

§PUSH EXTS UK

B, CALL_STATYS
AJARESUB
PUTA_CAECK
1,300 CaLL
1,5U8_AUK
0,4

3,80

|1
Prdly

IR LR

\

9, PUT2LO0P
SPERCI_STAYUS, A
OPTR, 1GXTS_TAD
4,1

\

A, 8H0PTE

T4

UPTR, JSU0S_TAS
4,508_X0X
A,810PTR




00EA 45F0
00KC S47F
00KE 908001
00Ft FO
00F2 120381
00FS 374
00F7 22

00FB 1527
00FA 5549
00rc 7038
QOFE 7031
0100 252F
o rn
0103 K6
0104 FSF0
0106 78
0107 1440
0
010h 23
2108 DSFOFE
010E 4520
0110 528
0112 90802t
015 FO
0116 &3 R 540
0118 Fi

o119 224

0t18 900343
QEm

r

0120 9

012t F5r0

0123 300390

0126 ESTF

0128 93

129 G

0128 SeTF

0125 90¥00!

0130 ¥0

4131 12008t

0134 2174 o

PUT4_CBECK:

PUTALOOPs

0136 744t
0136 252F

PUTS_CTECK:

ORL
m
oy
wn
LCALL
ACaLL
Litg

nr
i
au
L

xor
L}
L
»wY
oY
|8
148
0]
ot
Ny
L)
L1
xor
crt
AL
Ll
nv
DiC
il
Wy
xoY
xav
x%C
orL
AL
oy
wovx
LCALL
A

X0y
[

I

4, 10FF_SPEECH
1PTR, ISPEECH_PORT
@,
SPHICHS_STD
PUT3_CHRCK

4,POLSK_STATDS
BT
PUTS_CHECT
13,0508 _CALL
4,57_10

10,4

1,80

Ll

B,
4,4010000008

|

|

3, POTLO0P

A, DIALDATACTL
BIALDATA CTL,A
0PTR, IDJALCTL_PORT
a0,

A, JARR_SUB

A
DIAL_STATYS, A
DPTR, APATHS _TAD
LR

A

A,800em

B

0PTR, 15UBS_TAR
A, SUB_KUN

5, 800PTR

A8

A, 80FF _SPERCR
OPTR, ASPEECH_PORT
i
SPEECHS_SEXD
PUT3_CHECT

A, 8BUFF1_CALL
A,SUB_Bx

0134 F8

0128 15

01 F

0130 5520

0L3F F520

0141 906041

M4 FO

ous 7431 .
047 352
o149 Fe
0l 16
0143 FO
014 T5F0
ONE B0
0150 23
0151 DSFOFC
0154 1524
0156 F524
0158 905021
0158 10
015 90043
o15F 14
0160 93
0161 FSFO
9162 900338
0166 ES2F
0168 93
YR PR
016D SE7F

0160 905001

0170 10

a7t 12001

POTSLOOPL

01 £549
0176 ¥
0177 5225
0179 5224
017e S22
0170 5226
017TF 5223
ole! 5222
0163 906020
0186 £549
0188 4520
0184 7520

PUT3_CHECK:

v
Wy
oL
ML
nov
w
nn
v
ADD
X0V
Ll
Y
v
L}
L
i8).44
ol
xv
oY
LM
xov
DEC
L1
Ll
L}
Y
%090
b 43
ML
v
LE1
LCALL

il

M
ARL
ML
L1
AL
AKL
L
xor
02l
L

R0,4

1,80

'

A RELAY_DATA
IELAT_DATA A
OPTR, SRIRGCTL_PORT
@R

A, ISUB1_CALL

A, SUB_KOX

104

4,880

i

B4

1,100000008

A

8, PUTSLO0P
LEETATACTL
RETOATA CTL A
DPTR, 10 RLCTE_PORT
i Y

UPTR, PATHS_TAS

A

]

1A

TPTR, 45005 74D
A,5U3_KeX

A, 8410PTR

A

4, 00FF _SPEECH
OPTR, ESPEECR PORT
TR

SPEECIHS SR

A, RARK_SUD

)

SEADY STATUS, A
DYAL_STATUS, A
PULSE_STATUS 4
DUSY STATUS 4

i{CLEAR RADY FLAG
JCLEAR DIAL FLAG
{CLEAR PULSE FLAC
1CLRAR BUSY FLAG
CALL_STATUS,A  ;CLEAR CALL FLAG
EXT_STATUS A 1CLEAR EXT FLAG
0PTR, AGUSYCTL _PORT

A,XARK U8

A BUSYOATA CTL

BOSTOATACTL, 4




018C FO
olep 22

010F 543
0190 4226
0192 §525
0194 5549
013 5001
019 2

0199 £522
015§ 5509
0199 6047

019F S0E041
o2 I
01A3 FO
0144 8521
0146 S40¢
018 TO04
01AA 521
0TAC 5402
ouE
OIAF FA
01R3 75K010
183 04
0184 &d
0185 4220
bel B
0198 T439
0134 282r
1} ]

-t
QIS0 R ¢

01gg 5
0I5F BA

fi-15

xon
1y

&0PTR, A {STOP BUSY SIGNAL

i

i

(EHESHESASEE HOOKIND OR PROCESS MstItHR

i

BOROR: MOV 4,MARE_STY
0L BUST_STAYSS,A
MY A4, JEADY_STATOS
ML LT
a N0
]

1SET BUSY FLAG

{CHECR REAOY FLAC

|
JISIISRASE FIIST HOOKING PROCESS pussisin

20_ERADY:  -MOY  A,KXT_STATUS /
ML AXARESUS
a4 B $CHECK EXT REV

E81812% EITERIAL RECIEVE PROCESS #1Misisl

KY  DPTR,RIMGCTL_PORT

{1 S

ROYX  @PTR,A {5TOP RINGINO
Y 4,DXNIR0_STATUS

AL 4,4000000018

M TAKE IR

MOV A, EXRING_STATUS
ML §,3000000108
TARE_EXRING: 05C &

R {PUSK EXT AU
Yo . B,06

m i

noM

0RL  SPEECA_STATVS,A 1800 EXT PATH
woon {PUSH EXT XARX
v SENTIRN

A0 4,SE0_IX

o0

LR

MY 0 1SME EIT NONGER
wooLR 1POP EXT KN

010 900399
01C3 93
otce F5R0
01C8 15%F
01CF 300298
013 92
01CC 45F0
01CT 4480
0100 S0E001
0103 FO
0104 716t
0106 £
0107 4528
0109 P52
0108 308042
0LIE FO
0LDF 549
0181 4225
0163 222
0Ey 22

Wy
L4
Xy
L)
L
L
0xl
ozl
v
L}
icaLL
oy
4}
v
v
o
NOY
(148
0zl
RET

DPTR, 4EXTS_TAD

ABAYDPTR (FIXD EXTS TABLE
B4 $PUSK KXTS TABLE
4,5UB_R0X

DPTR, BSUBS_TAR

5,00 JJIRD SUBS TABLE
R

A,R0R_SPEECK
DPTR, $SPEECH_PORT

€0PTR, A {08 EXT PATR
SPEBCHS_SEXD  ¢SEND STROZX
[N 4 {POP EXT WARK

3, 0PERCTL_DATA
QPENCTL_DATA,A $SET EATS BELAT
1PTR, NOPERDTNF _PORT

arm, 0UT £XTS RSLAT
A, ARK_SUD
READY _STATES, A
HXT STATUS

{SET READY FLAG
{SET EXTS FLAG

171212018 ROT EXTERMAL RECIEVE PROCESS f1311n

0185 §523
atee 5569
015K 6041

A0_EXT_REV:

l
1IIHINN
|

O1EC £549
O1E8 F4
OIEF 5520
O1Ft FS20
O1F) 90E04!
0176 FO
0tF7 T8
01F9 252F
0tFB B
01FC 25
01FD ¥5F0
OIFF 7450
0201 23
0202 23

HBREAKRST:

oy
L1
i

A,CALL_STATYS
£, MARR_SUD
NOR_CALLING

IKTERMAL RECIEVE PIOCESS HEHHLItINS

Ll
oL
[} 13
0
ny
xovx
L)
AOD
Ll
ny
XY
noy
{8
kL

8, JARK,_5UD

)

8, RELAY_DATE

RELAY DATAA

OPTR, IRYRGCTL_PORT
Q0PTR, 4 {5TOP RISGING
A, BSUBL_CALL
A,SUB_XX

R0.A

1,80

B,A

£,1100000308

1)

|



0203 DEFOFB
0206 4524
0208 7524
020k 4oEu2!
0200 ¥0
020 £6
C20F 14
0210 500343
0213 93
1214 FSFO
0216 K52
0z13 900398
oth 93
021C 45¥0
021F 4480
0220 90EG01
0223 FO
o224 118t
0226 549
0228 4225
024 2

0228 A16n

TARES_DTXF:

DIKL
oRL
L)
XY

wovx

ny
DiC
xr
L
L4
0y
it}
KOYC
ORL
ORL
wy
L1}
ACALL
Ny
ORL
1Y)

Aanp

8, SREAKRBT

§,83T0ATA_CTL

RITOATA CTL, A

0PTR, BRBTCTL_PORT

o,

1,810

s

IPTR, APATES_TAD

1,80400T2

Bi

1, 50_a

0PTR, SUBS_TAD

A 80PTE

1

A, JOR_SPRECH

DPTR, SPEECH_PORT

0PI, A

SPUECHS_SEXD

FRT g

READY_STATUS, 4
T

TAKE_ONG

(HIILELRILAS CALLING PROCKSS 1asststsast

w2y E5
022F 5549
0231 70F8
0233 5524
0235 5549
0237 7082
0239 7400
0238 15F001
W BR g SFO

U240 9520 PATR_Logb:
G242 6508
0244 N
a2t ELF0
our 2
3248 F5H0
0240 4143
024 £50
g2ag 4720
6250 406343

OF_PATR:

KOX_CALLING:

oy
.13
tiH)
Lil)
KL
n
ny
oy
ny
L
il
I
nov
{8
xov
A
X
118
X0y

1, PULSE_STATUS
A\ MARE_SUB
THIE T
ADIAL_STATUS
1,JURR_STB
DIALOR_THKE
”u
8,1000000013
5

A, SPRECH_STATUS
OK_PATH

n

A8

A

1

PATH_L00P
Mo
SPEECR_STATYS 4
DPTR, APATHS_TAB

JLAST EDITISEH

=16

0250 T P )

0256 93 KU 48HDPTE
0255 F50 ooobe

0257 900398 KOV OMTR 85005_TAS
9251 I3 WU 1St

0256 93 KIC 10D
0250 450 WL 4B

025F U ORL  A,40R_SPERCH
0261 908001 WY DPTR,ISPRSCH_POIT
0264 10 mr oo,

9265 120381 ICALL SPEECHS_SEAD
0260 0 K n

0269 BAFD oo

0268 TABF W KOs
R 1T TR TR

02 23 Lo

0267 DEFOFD WEL 8, REDIAL
0272 FS0 oo

ozt 1431 XU A 5081 _CALL
06 W 9. 0 4,500
wp s

029 KA woan

0 1 oo e

0270 S0E024 N0V OPTR, BDIALCTL PORY
0278 15 Y]

0280 5528 L ADILATACTL
o2 5 MY DIALDATACTL
0204 F330 oo

0285 0 W1 et

0 109 WU 4 NRESUS
2289 4224 L DHLSTATIS,A

0288 908022
0288 7431
0290 2528
0232 78
0293,E6
0234 Tk
0295 F5F0
0297 7400
0293 22
0234 DSFOFC
0290 Fsko
029r £0
0240 55F0

DIALOX_TAKE: XOV  DPTR,NOTNF_PORT
XY A, 05UB1_OALL
AU 4,508 KX

YR,
MY 80
KV R,
woop

X7 4,8000010008
PREOTHF CHECR:XL A
DJXL B, PREOTHF CHECK
n o
XOVX A, 80PTR
[T



A=-17

e -
oAz t01s 3 qiose 087 %0802 W OPIY,10TAY_PORT
0241 8850 mooaR Qnn NI e
0246 7480 Y &, §010000008 0218 540F XL 4,00
0248 23 BREAKDIAL:  BL i 0200 757004 L/ . N U}
0243 29 o 0260 DSPOPD GETD.DELATY VK D,CETZ_OELAT
020 GSFOPD BT BRI 02F3 Bé0un CIML 1, 11ER0_WUNUER, TAKES_BTOF
0240 4524 WL 4T CTL 02rs 520 M A, SPEECH STATTS
oF P M DULMTACIL 0278 5410 ML 30000100000
w2t soeont WY 5PTI,I00ALCTL_PORT ann ooy
0284 70 0 e ‘ 02 70 & Ty
0785 549 MY 4 sn 0 15w nro B0
027 421 0L PULSESTATS, ) Y 0N TAINSONG WO OPTR, HEXTS_TAD
nm n QIS Jarr oz 9 799 M J,auom
0303 1570 w1
; 0305 w528 05U
; 0307 S00298 T 0T, ESUS_Ta0
JULILIEE READ OTAF KXY PROCESS t11sasas 0208 9 T Lan
Toor 0308 450 0L 4B
084 M3 TKESDOT KO 405080 _CALL 0300 4430 01L&, 808 SPEXCH
028C 252F ADD 4,508 oM 030F S0E001 XOY  DPTR, SPEECH_pOkT
0Bk £ NY 20,4 0312 Fo nn am,
oRBr ks ‘ Ro¥ 4,080 0318 Tt ACALL  SPEBCHS_SKFRD
@200 5o 1] B ] s nr o AR
021 Fif0 noob 0316 4528 DR A,OPENCTL ATA
N ots s WY OPECTLDATALA
SEITHY KOV 4, M000010008 0344 908042 W OMTR4OPENDTHF_PORT
s 29 MELINE: B 01 50 N erm,
0206 USKIN WKL B, TAXELDTHF 03It 154 T T
029 580 mo 0920 4225 OAL  READI_STATUS,A
023 908022 VO, nE_pr 02 1 ORL  KIV_STATIS, A
020 0 w1 e 032 22 ]
02CF 55F0 [ I | .
; € T 0%5 050 TAUCAOTAT ROY 4, SPEECH STATUS
; I 027 54 ML 1,9001000008
] oo
0701 BAFO TAXEZ UTWF:  XOY  B,R2 . 034 7401 | o W (] ]
0713 4R WY 1100000008 032¢ 6ot a IS
05 23 TAREI_ONNT: gL [}
0206 USFUKC o B, TAREY_DTNF 0328 £549 SERD_BUSY: oY AMARK_SUB
o239 H0E0E2 WY GTRKPELTON  jLIST IDIT 0 N LT
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MCS®e-51
8-BIT CONTROL-ORIENTED MICROCOMPUTERS
8031/8051

8031AH/8051AH

8032AH/8052AH

8751H/8751H-12
a High Performance HMOS Process s Boolean Processor
u Internal Timers/Event Counters ® Bit-Addressable RAM
a 2-Level Interrupt Priority Structure & Programmante Full Duplex Serial Channel
a 32 I/O Lines (Four 8-Bit Ports) = 111 Instructions (64 Singie-Cycle)
u 64K Program Memory Space = 64K Data Memory Space

s Security¥gatire RIOIECHERROM fdrls Against Software Piracy

The MCS*-51 products are optimized for control applications. Byte-processing and numerical operations on
small data structures are facilitated by a variety of fast addressing modes for accessing the intemal RAM. The
instruction set provides a convenient menu of 8-bit arithmetic instructions. including multiply and divide in
structions.-Extensive on-chip support is provided for one-bit variables as a separate data type, allowing direct
bit manipulation and testing in control and logic systems that require Boolean processing.

Internal Memory

Timers/

Device Program Data Event Counters interrupts
8052AH 8K x 8 ROM 256 x 8 RAM 3 x 16-Bit 6
8051AH 4K x 8 ROM _ 128 x 8.RAM 2 x 16-Bit 5

8051 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit s
8032AH none 256 x 8 RAM 3 x 16-Bit 6
8031AH none 128 x 8 RAM 2 x 16-Bit s

8031 none 128 x 8 RAM 2 x 16-Bit 5 .
8751H | 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5
8751H-12 - 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5

The 8751H is an EPROM version of the 8051AH; that is, the on-chip Program Memory can be electricaily
programmed, and can be erased by exposure 1o ultraviolet fight. it is fully compatible with its predecessor, the
8751-8, but.incorporates two new features~a Program Memory Security bit that can be used to protect the * .
EPROM against unauthorized read-out, and a programmabie baud rate modification bit (SMOD). SMOD is not

present in the 8751H-12. N

PIN DESCRIPTIONS

vCC -+ 7 Port 0 also receives the code bytes during program-
. ming of the EPROM parts, and outputs the code bytes
Supply voitage. during program verification of the ROM and EPROM
. SR parts. External pullups are required during program
VvSS - ) .verification.
Circuit ground. 7 Portt
Port 0 Port 1 is an 8-bit bidirectional O port with internal

) ) pultups. The Port 1 output buffers can sink/source 4
Port 0 is an 8-bit open drain bidirectional 'O port. As LS TTL inputs. Port 1 pins that have 18 written to
an output port each pin can sink 8 LS TTL inputs. them are puiled high by the intemal pulups, and in
Port 0 pins that have 1s written to them ioat, and in that state can be used as inputs. As inputs, Port 1
that state can be used as high-impedance inputs. pins that are extermnally being putied low will source
. - current (liL, on the data sheet) because of the intemal
Port 0 is also the multiplexed low-order address and pullups. ’
data bus during.accesses to extemal Program and
Data Memory. In this application it uses strong inter- Port 1 also receives the low-order address bytes dur-
nal puliups when emitting 1s, and can source and ing programming of the EPROM parts and during
sink 8 LS TTL inputs. - program verification of the ROM and EPROM parts.
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Figure 2. MCS*-51 Pin Connections



In the 8032AH and 8052AH, Port 1 pins P1.0 and
P1.1.also serve the T2 and T2EX functions, fespec-
tively. )

Port 2 . .
Ponz‘lsena-bnbidim;:uonalvomnwimimemai

‘pullups. The Port 2 output buffers can sink/source 4

inputs. Port 2 pins that have 1s written to

LS TTL
them are pulled high by the intemal pullups, and in-

be used as inputs. As inputs, Port 2

being pulled low will source

current (L, on the data sheet) because of the-intemal
putlups.

Port 2 also receives the high-order address bits dur-

ing programming of the EPROM parts and during
program verification of the ROM and EPROM parts.

RST ‘

Reset input. A high on this pin for two machine cycles
while the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output puise for latching the
iow byte of the address during accesses to extemal
memory. ALE can drive 8 LS TTL inputs. This pin is
also the program pulse input ( ) during pro-
gramming of the EPROM parts.

in normal operation ALE is emitted at a constant rate
of & the oscillator frequency, and may be used for
extarnal timing or clocking purposes. Note, however,
that one ALE pulse is skipped during each access to
external Data Memory.

PSEN

Program Store Enable is the read strobe to external
Program Memory. PSEN can drive 8 LS TTL inputs.

When the deyice is executing code from external Pro-
gram Memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped
during each access to external Data Memory.

EAVPP

External Access enable EA must be externally held
low in order to enable any MCS-51 device to fetch
code from external Program Memory locations Q to
OFFFH (0 to 1FFFH, in the 8032AH and B052AH).

Port 3

Port 3 is an 8-bit bidirectional O port with internal

pullups. The Port 3 output buffers can sink/source 4

LS TTL inputs. Port 3 pins that have 18 written to

them are pulled high by the internal pullups, and in

that state can be used as inputs. As inputs, Port 3

pins that are extemnally being pulled low will source
. current (lIL, on the data sheet) becausa of the pullups.

. /
Port 3 also serves the functions of various special
features of the MCS-51 Family, as listed below:

Port Pin Alternative Function

P30 RXD (serial input port)

P3.1 TXD (serial output port)

P32 |INTO (extemal interrupt 0)

P33 |INTT (external interrupt 1)

P34 TO (Timer 0 external Input)

r P35 T1 er 1 extemal input)

P3.6 (external data memory write
strobe) ’

P3.7 |RD (extemal data memory read
Strobe)

ly

Note, however, that if the Security Bit in the EPROM
devices i3 programmed, the device will not fetch code
from any location in extemal Program Memory.

This pin also receives the 21V programming supply
voltage (VPP) during programming of the EPROM
parts.

XTAL1
Input to the inverting oscillator ampfifier.

XTAL2

-

Output from the inverting oscillator amplifier.
OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be confi-
gured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in
Application Note AP-155, “Oscillators for Micro-
controfiers.” .

To drive the device from an extermal clock source,
XTAL1 should be grounded, while XTAL2 is driven,
as shown in Figure 4. There are no requirements on
the duty cycle of the external clock signal, since the
input to the intemal clocking circuitry is through a
divide_-by-two flip-flop, but minimum and maximum
high and low times specified on the Data Sheet must
be observed.



ABSOLUTE MAXIMUM RATINGS*

[

*NOTICE: Stresses above those listed under *“Ab-
solute Maximum Ratings” may cause permanent

Ambient Temperature Under Bias . . .0 °C to 70 °C damage fto the device. This is a stress rating only
Storage Temperature . . ... —-65°Cto +150°C and functional operation of the device at these or any
v EANPP Pin t 'VSS 05V to +21.5V other conditions above those indicated in the oper-
oftage on nto -—0.5Vito +2i. ational sections of this specification is not implied.
Voitage on Any Other Pin to VSS . -0.5Vto +7V Exposure to absolute maximum rating conditions for
Power Dissipation ................ 1.5W extended periods may affect device reliability.
D.C. CHARACTERISTICS (TA=0°Cto 70 °C; VCC = 5V =10%; VSS = 0V)
Symbol Parameter Min Max Unit Test Conditions
VIL Input Low Voitage (Except EA Pin of -05 0.8 v
8751H, 8751H-12) .
viL1 Input Low Voltage to EA Pin of 0 0.7 \
8751H, 8751H-12 .
Vid Input High Voitage (Except XTAL2, 20 jVCC+05 v
RST) .
ViIH1 Input High Voltage to XTAL2, RST 25 JVCC+05 v XTAL1 = VSS
VOL = .| Output Low Vottage (Ports 1, 2, 3)* 0.45 \ IOL = 1.6 mA
) Low Voltage (Port 0, ALE,
voL1 N)*
0.60 v IOL = 3.2mA
B751H, 8751H4-12 0.45 v IOL = 24 mA
All Others 0.45 v 0L = 3.2mA
VOH Output High Voltage (Ports 1, 2, 3) 2.4 v IOH = ~80 uA
VOH1 Output High Voitage (Port 0 in 24 v IOH = —~400 pA
] External Bus Mode, ALE, PSEN) .
e Logical 0 Input Current (Ports 1,2, 3)
B8032AH, 8052AH _ —-800 uA Vin = 045V
All Others . - —-500 #A | Vin = 045V
(R Logical 0 Input Current to EA Pin of - 15 mA
8751H, 8751H-12 Only
in2 Logical 0 Input Current (XTAL2) . -3.2 mA Vin = 045V
[/ input Leakage Current (Port 0)
8751H, 8751H-12 ~ =100 HA 0.45 < Vin < VCC
All Others - =10 HA 0.45 < Vin < VCC
IiH Logical 1 Input Current to EA Pin of 500 HA
8751H, 8751H-12
IH1 Input Current to RST to Activate Reset 500 HA Vin < (VCC - 1.5V)
1ICC Power Supply Current: 8031/8051 160 mA All Outputs Discon-
8031AH/8051AH 125 mA nected; EA = VCC
- 8032AH/8052AH 175 mA .
8751H/8751H-12 250 mA T
clo Pin Capacitance 10 pF test freq = 1MHz

*Note: Capacitive loading on Ports 0 and 2 may cause spurious noise puises to be superimposed on the VOLs of ALE and
Ports 1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make
1-t0-0 transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line
may exceed 0.8V. In such cases it may be desirable to quality ALE with a Schmitt Trigger. or use an address latch with a

Schmitt Trigger STROBE input.
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A.C. CHARACTERISTICS: (TpA = 0°Cto +70°C, VCC = §V =10%, VSS = 0V,
Load Capacitance for Port O, ALE, and PSEN = 100 pF,
Load Capacitance for All Other Outputs = 80 pF)

12MHz Osc Variable Osciliator
Symbol Parameter . Min | Max Min Max Units
1/TCLCL |Oscillator Frequency 3.5 12, MHz
TLHLL ALE Pulse Width 127 2TCLCL-40 ns
- TAVLL Address Valid to ALE Low 43 TCLCL-40 ns
TLLAX | Address Hold After ALE Low 48 TCLCL-35 ns
TLLIV ALE Low to Valid Instr In ns
8751H, 8751H-12 183 4TCLCL-150
All Cthers 233 4TCLCL-100
TLLPL |ALE Low to PSEN Low 58 . TCLCL-25 ns
TPLPH | PSEN Pulse Width e .
8751H, 8751H-12 190 3TCLCL-60 ns
All Others  ~ 215 3TCLCL-35 ns
TPLIV PFSEN Low to Valid Instr In B
.B751H, 8751H-12 100 . 3TCLCL-150 ns
All Others 125 3TCLCL-125 ns
TPXIX | Input Instr Hold After PSEN 0 0 ns
- TPXIZ |Input Instr Float Atter PSEN | e3 TCLCL-20 ns
TPXAV | PSEN to Address Valid 75 TCLCL-8 " ns
TAVIV Address to Valid Instr In
8751H, 8751H-12 267 STCLCL-150 ns
All Others 302 STCLCL-115 ns
TPLAZ |PSEN Low to Address Float i T8D T8D ns
TRLRH |RD Pulse Width 400 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 6TCLCL-100 ns
TRLOV |AD Low to Valid Data In 252 STCLCL-165 ns
TRHDX | Data Hold After RD 0 o . ns
TRHDZ |Data Float After RD 97 2TCLCL-70 ns
TLLDV ] ALE Low to Valid Data In 517 8TCLCL-150 ns
TAVDV' | Address to Valid Data In 585 9TCLCL-165 ns
TLLWL |ALE Low to RD or WR Low 200 | 300 { 3TCLCL-50 | 3TCLCL+50 | ns
TAVWL | Address to RD or WR Low 203 4TCLCL-130 ns
TQVWX | Data Vatid to WR Transition '
. 8751H, 8751H-12 13 TCLCL-70 ns
All Others 23 TCLCL-60 ns
TQVWH | Data Valid to WR High 433 7TCLCL-150 ns
TWHQX | Data Held After WR 33 TCLCL-50
TRLAZ |RAD Low to Address Float TBD T8D
TWHLH | D or WA High to ALE High
8751H, 8751H-12 33 133 TCLCL-50 TCLCL +50 ns
All Others 43 123 TCLCL-40 TCLCL+40 ns
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EXTERNAL DATA MEMORY READ CYCLE
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e TAVWL
TAVOV
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SERIAL PORT TIMING — SHIFT REGISTER MODE
Test Conditions: Ta = 0 °C to 70 °C; VCC = §V =10%; VSS = 0V, Load Capacitance = 80 pF

12MHz Osc Variabie Osclilator
Symbol Parameter Min | Max Min : Max Units
TXLXL |Seriai Port Clock Cycle Time - 1.0 12TCLCL us
TQVXH (E)gtput Data Setup to Clock Rising | 700 10TCLCL-133 ns
ge . .
TXHQX | Output Data Hold After Clock 50 2TCLCL-117 ns
Rising Edge . I
TXHDX | Input Data Hoid After Clock Rising | 0 0 | ns
Edge . .
TXHDV 3&7'3( Rising Edge to Input Data | 700 ) 10TCLCL-133 | ns
al

SHIFT REGISTER TIMING WAVEFORMS

e

- e r
'1«-—11~-|

S e ) D D G GNP GEED GEED GEDY 4

X -l—-|.||~- - -

naala Q-Q-Q-Q-Q-Q-@-@

L
EXTERNAL CLOCK DRIVE ]

Symbol Parameter Min Max Units
TCLCL Oscillator Frequency 35 12 : MHz
TCHCX High Time 1 - 2 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns

- TCHCL Fall Time 20 ns
EXTERNAL CLOCK DRIVE WAVEFORMS
mx TCLCM — fet— TCHCL
28 25 2s
,( \ 08 os /
le—— TCLCX —o-




ADVANCE DATA

N-CHANNEL 12x8 CROSSPOINT SWITCH WITH CONTROL MEMORY

e LOW ON RESISTANCE: 75 @ AT Vpp=12V
INTERNAL CONTROL LATCHES

2 Vpp ANALOG SIGNAL CAPABILITY

LESS THAN 1% .TOTAL DISTORTION AT 0 dbm
LESS THAN -95 db CROSS-TALK AT 1 kHZ 1Vpp

The SGS MO0S3 contains a 12 x 8 array of crosspoint together with a 7 to 96 line decoder and latch circuits.
Anyone of the 96 switches can be addressed by selecting the appropriate 7 input bits.

The selected switch can be turned on or off by appliing a logical one or zero to the data in.

A reset signal can be used to turn off all the switches together.

The MO093 is available in a 40 lead duat in-line plastic and ceramic packages.

ABSOLUTE MAXIMUM RATINGS

VoD DC Supply voltage -05t018 V
ViN Input voitage range -0.5t0 Vpp+0.5 V
Iin DC input current (analog input) . +10mA
Piot Power dissipation 1w
Top Operating temperature range 0to 70 °C
Tstg Storage temperature range -50 to 125 °C

Stresses above those listed under “Absolute Maximum Ratings”” may cause permanent damage to the dewvice. This is
a stress rating only and functional operation of the device at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliabjlity.

ORDERING NUMBERS: M09381 for dual in-line plastic package
MO33F1 for dual in-line ceramic package, frit seal.

MECHANICAL DATA Dimensions in mm
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STATIC ELECTRICAL CHARACTERISTICS (Tamp 0 to 70°C), Vpp =14V

Parameter Test condition Min. Typ. Max Unit

CROSSPOINT

iop 20 mA

On resistance . 75

R on between any 2 switch 20 Q

Off leakage All switches off + 100* nA
CONTROLS:

ViL 0.8 v

VIN . M 2.4 Y

Input leakage Vpp = 14V 100" nA

* This value is determined by the minimum measurement feasible with automatic test equipment.

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamp=25°C)

Paramater Test condition Min. Typ. Max Unit
CROSSPOINTS
tPHL, tPLH Propaéation Delay Time Vpp=14V Vpc= SV 30 ns
switch on
Frequency Response Vpp=14V Vpc= 5V MHz
{20 log Vout/Vin= -3db) sine wave input
Sine Wave Response (distorsion) Vpp=14V Vpc= 5V Odbm 1 %
Feedthrough {all switches off) Vpp=14V Vpc= 5V -80 db
X, Capacitance | Vop=14 20 pF
Y, Capacitance = l.vpp=14 30 pF
CONTROLS
tpzH, tPZL VDD= 14v CL=5ODF 160 ns
Strobe to Qutput Delay
tpzi. tpzL Vpp=14V C_ =50pF 200 ns
Data In to Qut Delay
tpzn, (turn on) Vpp=14V Cy =50pF 180 ns
Address to Out Delay
tpnz, (turn off) Vpp=14V C =50pf 320 ns
Address to Out Delay
Set-up time (Data In to Strobe, Address) Vpp =14V C_ =50pF 30 30 ns
Hold fime {Data in to strobe, address) Vpp=14V C_=50pF 70 ns
Minimum strobe pulse width 200 . ns
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Fig. 1 - Address stable: Propagation delay from strobe

t¢
v 4
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Fig. 3 - Propagation delay from data in
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6-Pin DIP Optoisolators
Transistor Output

These devices consist of a gailium arsenide infrared emitting diode optically coupled

CNY1741
CNY17-2
CNY17-3

to a monolithic silicon phototransistor detector. 6-PIN DIP
e Convenient Plastic Dual-in-Lirie Package OPTOISOLATORS
e Guaranteed 70 Volt V(gRr)jCEQ Minimum TRANSISTOR OUTPUT
@ High Input-Output Isolation Guaranteed — 7500 Voits Peak
e UL Recognized. File Number E54915 Q)
e VDE approved per standard 08836.80 (Certificate number 41853}, with additional
approval to DIN IEC280/VDE0806, IECA35/VDE0805, IECE5/VDEOBEO, VDEO0110b,
covering all other standards with equal or less stringent requirements, including .
1EC204/VDED113, VDEQ160, VDEDB32, VDEOS33, etc. —gs3 N
e Speciaf lead form available (add suffix “T" to part number) which satisfies VOE0883/
6.80 requirement for 8 mm minimum creepage distance between input end output
solder pads. .
® Various iead form options available. Consult “Optoisolator Lead Form Options” data
sheet for details. .
CASE 730A-02
PLASTIC
MAXIMUM RATINGS (T4 = 25°C untess otherwise notad)
L Rating [ symbot | vaive | Unt | SCHEMATIC
INPUT LED
Reverse Voitage . VR 6 Votts
Forward Current — Continuous” ~ | I 60 mA
Forward Current — Pk (PW = 1 us. 330 pps} 1rtpk) 1.5 A 1 6
LED Power Dissipation @ T4 = 25C Pp 120 mw )
with Negligible Power in Qutput Detector 2 N
Derate above 25°C ~ 141 mwWrC H
OUTPUT TRANSISTOR 4
jo—
Collector-Emitter Vottage VCceo 70 Volts
Emitter-Base Voltage VEBO 7 Votits
Collector-Base Voltage vecso 70 Volts
Collector Current — Continuous ic 100 mA
Detector Power Dissipation @ Ta = 25°C Po 150 mw
with Negligible Power in Input LED
Derate above 25'C 1.76 mwre
TOTAL DEVICE ] )
Isolation Surge Voltage (1) Viso 7500 Vac
{Peak ac Voltags, 60 Hz. 1 sec Duration)
Total Device Power Dissipation @ T4 = 25°C Po 250 mw 1. LED ANODE
Derate above 25°C 294 mWrC 71- t‘fg CATHODE
Ambient Operating Temperatire Range Ta -55t0 +100 Cc " Em
Storage Temparature Range Tstg ~§§to +150 c :?I(A,SELLECM
Soldering Temperature (10 sec. 1.16” from case) Tsol 260 *c

rating. For this test, Pins 1 and 2 are

( surge voitage is an i device di i
commaon, and Pins 4, 5 and 6 are common.




ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted)

[ Chersctaristic | symbot | win | T | Max | unr |
INPUT LED
Forward Voltage {lp = 60 mA) TA = 25°C \'[3 — 135 1.65 Volts
TA = —-55°C - 1.5 -
Ta = 100°C — 1.25 -
Reversa Leakage Current (Vg = 6 V) iR - —_ 10 HA
Capacitance (V = 0, f = 1 MHz) Cy —_ 18 —_ pF
OUTPUT TRANSISTOR
Coltector-Emitter Dark Current CNY17-1.2 tceo - 5 50 nA
(VCE = 10V, Tp = 25°C) CNY17-3 - 5 100
(VCE = 10V, T = 100°C) All devices iceo — 1.6 -~ BA
Cotactor-Base Dark Current (Vcg = 10 V) iceo - 0s - nA .
Colt -Emitter Breakd Voltage (i = 1 mA} V(BRICEO 0 120 - Voits
Coftector-Base Breakdown Voltage (i = 100 pA) V(8RICBO 70 120 - Vohts
Emitter-Base Breakdown Voitage {ig = 100 xA) . V(BRIEBO . 7 78 - Volts
DC Current Gain {ilc = 2mA,Vcg = 5V) hre — 400 - -
Coltector-Emitter Capeci (f = 1 MHz Vg = 0) Cce - 8 - oF
Collactor-Base Capacitance (f = 1 MHz. Vcg = 0) Cc —_ 21 — pF
Eminer-Base Capacitance {f = 1 MHz, Vgg = 0) Ceg — [} - pF
COUPLED s
Output Cotllector Current CNY17-1 ic 4 8 8 mA
{lg = 10mMA,VCg = 5V) CNY17-2 63 10 125
CNY17-3 10 15 20
[¥ Emitter S ion Voltage (Ic = 2.5 MA, I = 10 mA) VCE(sat) - 0.18 04 Votts
Delay Time (Ig = 10 mA, Voe = 5 V. R = 75 2, Figure 11) t4 —_ 16 56 us
Rise Time (If = 10 mA, Voe = 5V, R = 75 1), Figure 11) t -— 18 4 us
Storage Time (Ig = 10 mA, Vo = 5 V. Ry = 75 1, Figure 11) ty - 0.7 4.1 ns
Falt Time (Ig = 10 mA, Vo = 5V, R = 75 0, Figure 11) t¢ - 23 s us
Delay Time td Hs
(g = 20mA, Vce = 5V, R = 1k, Figure 11)  CNY17-1 - 1.2 6.5
(i = 10 mA, Voc = 5V, R = 1 k), Figure 11}  CNY17-23 —_ 18 8
Rise Time t us
(If = 20mA, Vo = 5V, R = 1 K2, Figure 11)  CNY17-1 ' - a3 4
(Ig » 10mMA, Vo = 5V, R = 1 Kk, Figure 11) CNY17-23 -— 5
Storage Time ty L us
(I = 20 mA, Voe = SV. Ry = 1K, Fgure 1) CNY17-1 — 44 3
(ig = 10 mA, Voo = 5 VR = 1 k1), Figure 11} CNY17-23 ~ —_ 2 39
Fall Time % "" us
(I = 20mA, Voe-= 5V, R = 1 kM), Figure 11) CNY17-1 — 9.7 20
(i = 10 mA, Voo = 5V. Ry = 1 K1), Figure 11) CNY17-23 — 9.4 24
isolation Voitage (f = 60 Hz, t = 1 sec) viso 7500 —_ —_ Vacipk)
Isofation Resistance (V = 500 V) Riso 101 - - n
isolation Capacitance (V = 0, f = 1 MHz) Ciso - 0.2 05 pF




iceo COLLECTOR-EMITTER DARK CURRENT {NORMALIZED)

TYPICAL CHARACTERISTICS
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MC34012-1
MC34012-2
MC34012-3

-

Advance Information

External Components

TELEPHONE TONE RINGER

@ Complete Telephone Bell Replacement Circurt with Mimimum

'® On-Chip Diode Bridge and Transient Protection
® Direct Drive for Prezoelectric Transducers
® Base Frequency Optrons—MC34012-1: 1.0kHz

TELEPHONE
TONE RINGER

BIPOLAR LINEAR/I2L

Element

'MC34012-1: C = 1000 pf
MC34012-2: C» 500 pF
MC34012-3: C = 2000 of

: N SUFRX
MC34012-2: 2.0kHz PLASTIC PACKAGE.
MC34012-3; SO0 Hz CASE 626-04
. 8
® input iImpedance Signature Meats Bell and EIA Standacds '
'® Rejects Rotary Diat Transients 0 SUFFIX
PLASTIC PACKAGE, ‘
CASE 751-01 bl M
. s08 !
APPLICATION CIRCUIT
1ok T°C
LR PP U RC
Tio 47k '~?’nF 2 L 50.F
- v A RF T
11y Cq 1.0 uF + 25V
v T owov
- 31ac, RS
Ring <
218k
—I l—‘ RO at
Piezo Sound

This document containg fOrMalion on & New roduct. Specifications and information herein

are subject (10 change wnhout notice.




—_Ti
R

N
s i

MC34012-1, MC34012-2, MC34012-3

CIRCU!IT DESCRIPTION

The MC34012 Tone Ringer derives its power supply by
rectifying the ac ringing signal. It uses this power to
activate a tone generator and drive a pnezo’-cerlmic
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 requency. The relaxation oscillator fre-
quency fo is set by resistor R2 and capacitor C2
connected to pin RC. The osciliator will operate with fg
from 1.0 kHz to 10 kHz with the proper choice of external
components (See Figure 1).

The {requency of the tone ringer output signal at pin
RO afternates between (5/4 to {o/5. The warble rate at
which the frequency changes is f5/320 for the
MC34012-1, f,/640 for the MC34012-2, or o/ 160:for
the MC34012-3. With a 4.0 kHz oscillator frequency, the
MC34012-1 produces 800 Hz and 1000 Hz tones with 2
12.5 Hz warble rate. The MC34012-2 generates 1600 Hz
and 2000 Hz tones with a similar 12.5 Hz warble
fraquency from an 8.0 Hz oscillator frequency. The
MC34012-3 will produce 400 Hz and 500 Hz tones with
a 12.5 Hz warble rate from a 2.0 kHz osciltator frequency.
The tone ringer output circuit can source or sink 20 mA
with an output voltage 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
ringer output when the ac line voltage exceeds
programmed threshold 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 b;ld\q-e. The rectufied input signal

"
FIGURE 1 — OSCILLATOR PERIOD (1/1g) 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
C3 st the input to the threshotd circuit. When the voltage
on capacitor C3 exceeds 1.7 volts, the threshoid com-
parator enables the tone ringer output. Line transients
produced by pulse dialing telephones do not charge
capacitor C3 sufficiently to activate the tons nnger
output.

Capacitors C1 and C4 and resistor A1 determine the
10 volt, 24 Hz signature 1est impedance. C4 also provid
tittering for the output stage power supply to prevent
droop tn the square wave oulput signai. Six diodes in
series with the rectifying bridge provide the necessary
non-lineanty for the 2.5 voit, 24 Hz signature tests.

An internal shunt voltage regulator between the Rl
and RG terminals provides dc voltage to power output
stage, oscillator, and frequency dividers. The dc voitage
at Al is limited to approximately 22 volts in regulation. To
protect the [C from telephone iine transients, an SCR is
triggered when the regut current 50 mA.
The SCR diverts current from the shunt reguiator and
reduces the power dissipation within the IC.

EXTERNAL COMPONENTS

R1 Linae input resistor. R1 controis the tone
fnger iInput d: 1t aiso i

ringing threshold voitage and limas current
from line transients.

{Range: 2.0 kil 10 10 k(}).

o8] Line input capacitor. C1 ac couples the tone
rmger to the telephone ine and controls

nnger input dance at low freq o3

{Range: 0.4 uF 10.2.0 4F}.

R2 Oscillator resistor.
{Range: 150 k{} to 300 ki1i).

\

1/1g {us®

]

150k A2 < 300k
400 o 1 G2~ 2000 oF

:Ei]

400 500

g

100 00
R2C2 tus)

c2 Osclister capacnior.
(Range: 400 pF to 2000 pF).

R3 Input current sense resistor. R3 controls the
ringing threshold voitage. Increasing R3
decreases the ring-start voltage.

{Range: 0.8 kil to 2.0 k11).

c3 Ringing threshoid filler capacsior. CJ filters the
ac voltage across R3 at the input of the nnging
threshotd comparator. it aiso provides diater
transient rejection.

{Range: 0.5 uf 105.0 uF).

(o) Ringer supply capacitor. C4 filters supply
voitage for the tone generating arcuits. it also
provides an ac current path for the 10 Vemg
ringer signature impedance,

(Range: 1.0 uF to 10 uF).
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FIGURE 2 — TEST ONE

/], e b3
1 8
ARG RC 3
vy REY 2 7
A ACy RF R 1-0:,"
ouT L 001 .f +25
3 6
e RS P MC34012-1; C = 1000 pF*
;son" B MC34012:2: C= 500 pF*
5 A= .
w—} RO at MC34012-3: C = 1000 oF
0.047 uf
Vo
-$1 a. incresse Vy from +30 voits white montoring
{Normally openl V0. V§tand*) squats V; when Vo commencas
Voo switching.
0.F uF b. Dacreese V) from ~30 voits while monhoring
VO. VStarti-} equals Vi when Vo commences
tox S1e switching.
c Decresse Vi from +40 volts while monitoring
VG- Vstop equsis V) when V(o coases
L switching.
= . d SetV|to +50 volts. Close S1. Measure
10k frequencires fy, fi. and fyy.
= = voo
R
0.01 uF "2 5
M > ./ $ 200k
| 161—eo
= —2 15
1
Voo 3 14
4 1C2 13— =% 0.01 uF
5 12
] 14— L
7 10 -
—18 9o
12 1 -
1C1—MC140118 9 - 10 -
1C2—MC145388 174 ‘
vpop = 12V 8 1ic2 P —@> L
MC34012-1: R=110kf1"
“Inchcates 1% tolerance b @ w MC34012-2: R» 56 k1*
(5% otherwise! MC34012-3: R=110kN°*
v ~
FIGURE 3 —- TESTTWO
180x°3 k¢ .
1 s 2.0%
RG RC o—ovw]
s1 L ]
= 2{ACy 7 Vac With Vg = 3.5 volts, close S1. Measure the
RF current st P 4 {ig1). Repaatedly switch Ve
out l__ 001 uF = betwesn 3.5 voits and O voits untl Pun 4 current
3 AC 6 1.1, 2v changas polanty. Messure this opposne polarity
I 2 RS h4 'l"' 1 current ig2)
= i SR AN = Catculate:
ol PP i p bt oy 19 4 1
-— | mil 1 0+ 101 * 102
i =
sov

i—iif;

MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF*
MC34012-3 C=1000 pF*

“Indicates 1% tolerance (5% otherwisal
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FIGURE 4 — TEST THREE

3
4l

RC

RF

iL

L- 0.01 uF

RS

4

<

>
218k

s 3

voo [ ~. 1 RG

i .

ACy
3

~ o

1.0 mA =

1., 4

324 —ro
0.047 uf

MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF°
MC34012-3: C = 1000 pF*

Measure voltage at Pin 2.

*indicates 1% tolerance (5% otherwise}

ELECTRICAL CHARACTERISTICS (Tp = 25C)

Charscteristic Test Symbol Min Tvp Max | Units
Ringing Start Voltage Voo
{VStart 2 Vi @ Ring Stant) M
v|>0 1a Vgeani+} 31 3458 38
vi<0 1t Vsiart(-} -31 345 -38
Ringing Stop Voltage 1c VSi0p : Vdc
*(V§1op = Vi @ Ring Stop)
MC34012-1 16 20 25
MCI4012-2 13 18 22 .
MC34012-3 16 20 25
Qutput Frequencies (Vi = 50 V) id Hz
MC34012-1 High Tone tH 967 1040 113
Low Tone f 774 932 830
Wardie Tone fw 12 13 14
MC34012-2 High Tone W 1934 2080 2226
Low Tone [} 1548 1664 1780
Warbie Tone fw 12 13 14
MC34012-3 High Tone fn 967 1040 113
Low Tone fr 774 832 890
Warble Tone fw 24 26 28
Qutput Voltage (V) = 50 V) 6 vo 19 20 23 Vo-p
Qutput Shon-Circunt Current 2 lo 35 50 80 mAg.o
input D1008 Voltage 3 Vo 46 5.1 [X) Vde
(= 1.0 mA)
input Voitage—-SCR Off 43 Voft 37 42 47 Voo
= 30 mA}
1nput Voltege—SCR On 40 Von 3.2 42 6.0 Vde
(4 = 100 mA} -
Threshold Fiirer Resistance s RRF 30 50 80 k(2
Rpfg = 20 V/ige
BLOCK DIAGRAM
c3
i@
LY
a3 ce
i
r ——————————— —0—-—-—()——-—-——0—-1——--——‘
a1 C1 Diode Bridge RS L} RF
Tio — % %AC| ; d :
! S-S ‘e |
! ri ; LoR ol oB B o o . {;v : —g— |
Ring >—— s OV |
| A2 sea Y 1 Threshold :
res! .
| Transient !_q v J Comgparstor :
| Clamp Bias
+ |
! a | !
| = -~
| Tone | -~ !
{ Oscillator Frequoncy H "
i rRe Oivider RO 1
I T Y TT * T
i —_— 3 QOutput Buffer ! Piezo
c2 R2 . | Sound
! ! Etement
v | w-rb!o_ . |
Lo Frequency Divider |RG = _ _ _ _ J




APPLICATION CIRCUIT PERFORMANCE

Characteristic Typical Value Units
Output Tone Frequencies
MC34012-1 83271040 Hz
MC34012-2 ‘1664/2080
MC34012-3 416/520
Warbie Frequency 13
Qutput Voltage 20 Vo-p
(V) 3 60 Vymg. 20 Hz)
Qutput Duty Cycle 50 %
Ringing Start Input Voltage {20 Hz) 36 Vems
Ringing Stop Input Voitage (20 Hz) ' 28 Vrms
Maximum ac input Vohage (< 68 Hz} 150 Vims
tmpedance When Ringing k0
V| =40 Vyms 15 Hz 20
Vi=130Vems 23 Hz 10
impedance When Not Ringing
V)13 10Vymg 24 Hz 28 &l
Vi =25 Vimg 24 Hz >1.0 Mn
Vi=10Vems. 5.0 Hz 55 . k1
Vi = 3.0 Vg, 200-3200 Hz >1.0 MO
Maximum Transient Input Voltage 1500 v
(TS 2.0 ms)

PIN DESCRIPTIONS

Name Description
ACy AC2 The input terminals to the full-wave diode bridge. The ac ringing signal from the tslephone line
gizes the ringer through this bridge.

RS The positive output of diode bridge to which sn external current sense resistor is connected.

N The positive supply terminal for the oscitistor, lrequency divider and output buffer circuits.

RF The termingi for the filter or used in of ringing input signals.

RO The tone ringer output terminal through which the sound element is driven.

AG The negative autput of the dicde bridge and the negative supply terminal of the tone generating
circurtry.

fAC The oscitiator terminal {ar the external resistor snd capscitor which control the tone ringer
frequencies.

FIGURES — TEST FOUR

180k 2 k¢
p:
J 8
RG RC
7 a. Setij 10 30 mA. Measure voitage at Pin 2
ACy RF Voff).
our b. Setl; to 100 mA. Measure volt fPin2
22001 uF ! vohege
6 Vanh
AC2 RS
S .
s 218k
RO Rt

MC34012-1: C = 1000 pF*
MC34012-2: C = 500 pF*
MC34012-3: C = 1000 pF*

‘Indicates 1% tolerance (5% otherwise)
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ULN2801
ULN2802
ULN2803
ULN2804

OCTAL HIGH VOLTAGE, HIGH CURRENT
DARLINGTON TRANSISTOR ARRAYS

The eight NPN Darlington connected transistors in this family of
arrays are ideslly suited for interfacing between low logic level
digital circuitry (such as TTL, CMOS or PMOS/NMOS) and the
highar current/voitage requirements of lamps. relays, printer
h s or other itar loads for a broad range of computer,
industrial, and consumer applications. All devices feature open-
collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2801 is a general purpose device for use with CMOS,
PMOS or TTL logic. The ULN2802 contains a zener diode and resistor
in serles with the input to fimut input currents and assure compati-

OCTAL
PERIPHERAL
DRIVER ARRAYS

SILICON MONOUITHIC
INTEGRATED CIRCUITS

bility with 14 to 25 volit PMOS logic. The ULN2803 is designedto be
with dard TTL families white the ULN2804 is opti-
mized for 6 to 15 voit high level CMOS or PMOS.

package uniess otherwise noted.)

MAXIMUM RATINGS (Ta = 25°C and rating apply to any one davice in the

A SUFFRX
PLASTIC PACKAGE
CASE 707-02

Rating M Symbol Value Unit
Output Voltage Vo 50° \!
1nput Voltage (Except ULN2BOT) \ 0 v
C Current — C ic 500 mA
- PIN CONNECTIONS
Bese Current — Continuous i 26 mA
Operating Ambiemt Temperature Range Ta Oto +70 *c U
Storage Tempersture Rangs an =55 to +150 eC E {>c E
Junction Tempersture Ty 125 C l ¥
Reua = SSCW E {>c { M E
Do not exceed maximum current limit per driver.
“Migher voltage selsction svailabie. See your focal representative. E >C E
Ao
Do
E {>° L* ‘—_5]
ORDERING INFORMATION
- ] Do 1
CHARACTERISTICS L*"
INPUT 8 {>c E]
DEVICE COMPATIBILITY VCE(MAX)/ICIMAX) Ta ij
ULN2801A | General Purpose CMOS, PMOS SO V/500 mA 010 +70°C 9 ] —E
ULN2802A | 14-25 Volt PMOS 50 v/500 mA 010+70°C =
ULN2803A | TTL 5.0 VCMOS S0 V/500 mA 010 +70°C
ULN2804A | 6-15V CMOS. PMOS 50 V/500 mA Oto +70°C

e e ——— s e e e e e




ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characteristic Fig. Symbol Min Typ Max Unit
Ouiput Leakage Current 1 IcEX uA
(*VQ =50 V. Ta = +70°C) All Types — - 100
(*VO =50V, Ty = +25°C) All Types — — 50
{*VO =50V, Ta = +70°C, V; = 6.0 V) ULN2802 - — 500
{(*VQ =50V, Ta¢70°C, Viz1.0V) ULN2804 - - 500
Coltector-Emitter Saturation Voitage 2 VCE(san) v
{lc = 350 mA; ig = 500 yA) Ali Types - 1.1 1.6
{ic = 200 mA, 1g = 350 uA) All Types - 0.95 1.3
{ilc =100 mA. 1g = 250 uA} Alt Types - 0.85 11
input Current — On Condition 4 Iiton} mA
Vi=17v) ULN2802 - 0.82 125
(Vi=385V) ULN2803 - 0.93 1.35
Vyz50V) ULN2804 - 0.35 0.5
V=12V ULN2804 - 1.0 | 145
input Voltage — On Condition 5 Vijom) v
{(Vce=2.0V. Ic = 300 mA) ULN2802 -~ - 13
{(Veg = 2.0 V. Ic = 200 mA) ULN2803 - — 24
(VCE =20 V. Ic = 250 mA) ULN2803 - - 2.7
(Veg 2 2.0V, ic 7 300 mA} ULN2803 — - 3.0
(VCE * 20 V. ic = 125 mA} ULN2804 - - 50 .
(VCE=20V. Ic = 200 mA} ULN2804 - - 6.0
(Veg 2.0 V. 1¢c = 275 mA} ULN2804 - - 70
(VCE*2.0V.Ic 2 350 mA) ULN2804 - - 8.0
input Curremt — Off Condition Al Types 3 Ixotty 50 100 - nA
(1¢ = S00 uA, Tg = +70°C)
DC Current Gamn ULN2801 2 heg 1000 { — - -
(VCE® 2.0 V. Ic = 350 mA}
Input Capacrtance C - 15 25 pF
Turn-On Deiay Time ton -— 0.25 1.0 us
(50% € to S0% Eg)
Turn-Off Delay Time toft - 0.25 1.0 us
(50% E{ 10 50% Eg}
Clamp Oiode Lezkage Currem TA = #25°C 6 n - - 50 .
(Vvg=50W} Ta=+70°C 100
Clamp Diode Forward Voltage 7 Vg — 1.5 20 v
{IF = 350 mA}
“Hwgher voitage setections avarladle. contact your local representative.
-
. TEST FIGURES
(SEE FIGURE NUMBERS IN ELECTRICAL CHARACTERISTICS TABLES)
FIGURE 2

FIGURE 1
Open Vcg
A
Open Icex
our
Open Vg
FIGURE 1 7 9

FIGURE 4

Open




FEATURES

« WIDE FREQUENCY RANGE (.01Hz TO 500kHz)

« HIGH STABILITY OF CENTER FREQUENCY

« INDEPENDENTLY CONTROLLABLE BANDWIDTH (0 TO 14 PER-
CENT)

o HIGH OUT-BAND SIGNAL AND NOISE REJECTION

o LOGIC-COMPATIBLE OUTPUT WITH 100mA CURRENT SINKING

CAPABILITY

INHERENT IMMUNITY TO FALSE SIGNALS

.. FREQUENCY ADJUSTMENT OVER A 20 TO 1 RANGE WITH AN

EXTERNAL RESISTOR

APPLICATIONS

|

——

TOUCH TONE® DECODING )

CARRIER CURRENT REMOTE CONTROLS
ULTRASONIC CONTROLS (REMOTE TV, ETC.)
COMMUNICATIONS PAGING

FREQUENCY MONITORING AND CONTROL
WIRELESS INTERCOM

PRECISION OSCILLATOR

ABSOLUTE MAXIMUM RATINGS

Operating Temperature 0°C to 70°C NE567

-55°C to 125°C SES567

Operating Voitage 10V
Positive Voitage at input | 0.5V above Supply Vgnage
’ (Pin 4)
Negative Voltage at Input -10 VOC
Output Voltage (collector of output transistor) 15 VOC
Storage Temperature -65°C to 150°C
Power Dissipation 300mwW
BLOCK DIAGRAM
R2
pE 3
. o3 officion —t
s |t33'
M CONTROLLED R oaz
L] OSCILLATOR L I"CL:“
“I n =
Ld BE.J
e -
-~
? t
L 9T

PIN CONFIGURATION
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ELECTRICAL CHARACTERISTICS (V+=5.0 Volts. T=25°C unless noted)

PARAMETER JEST Seser N UNITS
CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX
, | CENTER FREQUENCY (NOTE 1) '
! Highest Center Frequency (fo) 100 500 100 500 kHz
l Center Frequency Stability (Note 2) =55 to 125°C 35+140 35140 pprv°C
o Oto 70°C 3560 35260 ppv°C
Ceqter- Frequency Shift with Supply Voltage | {5=100KHz 0.5 1 0.7 2 %V
DETECTION BANDWIDTH
Largest Detection Bandwidth fo=100KHz 12 14 16 10 14 18 % of fo
Largest Detection Bandwidth Skew 1 2 2 3 % of fo
Largest Detection Bandwidth— Vj=300mVrms =0.1 =0.1 “%/°C
Variation with Temperature
Largest Detection Bandwidth— Vj=300mVms =2 =2 %V
Varigation with Supply Voltage
INPUT
Input Resistance b 20 20 KQ
Smallest Detectable input Voltage(V;) I =100mA, fi=t, 20 25 20 25 mV ms
Largest No-Output Input Voltage I =100mA, fi=t, 10 15 10 15 mV rms
Greatest Simultaneous Qutband +6 -6 das
Si to Inband Signal Ratio
b Input Signal to Wideband Bn=140KHz -6 -6 dB
| Noise Ratio .
ouTPuUT
Fastest On-Off Cycﬂanme fo/20 fo/20
~1" Qutput Leakage Current 0.01 25 0.01 25 A
"0" Qutput Voitage I =30mA 0.2 0.4 0.2 0.4 v
I_=100mA 0.6 1.0 0.6 1.0 v
Output Fall Time (Note 3) R =500 30 30 ns
Output Rise Time (Note 3) R =50Q 150 150 ns
GENERAL
Operating Voftage Range 4.75 9.0 - 4.75 9.0 v
Supply Current Quiescent 6 8 7 10 mA
Supply Current—Activated he R =20K0 11 13 12 15 mA
Quiescent Power Dissipation as mw
!
+ NOTES:
i 1. Frequency determimng resistor Ry shouid be between t and 20K
{ 2 Aoptcatie over 4.75 o §.75 vots. See graphs lor more detailed informaton.
3L PnBtoPin 1 Ry o puising dunng tum-on and tum-ofl.
! TYPICAL CHARACTERISTIC CURVES
BANDWIDTH VERSUS INPUT LARGEST DETECTION DETECTION BANDWIDTH AS A
! .SIGNAL AMPLITUDE BANDWIOTH VERSUS FUNCTION OF C AND C3
OPERATING FREQUENCY
» A " L4
. | ! :
‘ TN
b " 5 — N\,
3| 3} 3| 3 2| 2 3: . 5 \
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TYPICAL CHARACTERISTIC CURVES (CONT'D)
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DESIGN FORMULAS

1.1

o= R4Cq
Bw = 1079/ Vi z

oC2 in % of fp, Vi< 200mV (RMS)
Where

Vi=Input Voitage (Voits RMS)
Ca=Low-Pass Filter Capacttor (uF)

PHASE LOCKED LOOP TERMINOLOGY

CENTER FREQUENCY (fg)

The free-running frequency of the current controlled oscillator (CCO} in
the absence of an input signal.

DETECTION BANDWIDTH (BW)

The requency range, centered about fg, within which an input signat

above the threshold voltage (typically 20mV rms) will cause a logical zero
Stale on the output. The detection bandwidth corresponds to the loop
Capture range.

LARGEST DETECTION BANDWIDTH

{ The largest frequency range within which an input signal above the

threshold voltage will cause a logical zero state on the output. The
maximum detection bandwidth corresponas 1o the loop lock range.
DETECTION BAND SKEW

_A measure of how well the largest detection band is centered about the
Center frequency. fp. The skew is cefined as (fmax ~ 'min —2f0)fp
where fmax and tmin are the frequencies corresponding to the edges of

the detection band. The skew can be recuced to zero if necessary by
Means ot an optional centering adjustment.

i
'

Response to 100mV RMS tone burst.
Ry = 100 ohms.

1

i
i

input

Qutput

Response to same input tone burst with wideband noise.

%= ~6db Ry = 100 ohms

Noise Bandwidth = 140 Hz
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OPERATING INSTRUCTIONS

Figure 1 shows a lypical ccnnection diagram for the 567. For most
applications, the following tnree-step procedure will be sufficient for
choosing the external components R4, Cq, C2 and C3.

1. Select Ry and C for the cesired center frequency. For best tempera-
ture stability, R should be cetween 2K and 20K ohm, and the R1Cq
product should have sufficient stabity, over the projected temperature
range to meet the necessary requirements.

2. Select the low pass capacitor. C2, by referring to the Bandwidth versus
Input Signal Amplitudé grapn. if the input amplitude variation is known,
the appropniate vaiue of foCo necessary to give the desired bandwidth
may be found. Conversely, an area of operation may be selected on this
graph ana the input ievel ane Cy may pe adjusted accordingly. For
exampie, constant bandwidth coeration requires that input amplitude be
above 200m Vrms. The bandwicth. as noted on the graph, is then control-
led solely by the fgCa product (Fg (Hz), C2 (nfd). ).

3. The value of C3 is generally non-critical. C3 sets the band edge of a
low pass filter which attenuates frequencies outside the detection band to
eliminate spurtous outputs. if C3 1s 100 small, frequencies just outside the
detection band wifl switch the cutput stage on and oft at the beat fre-
quency, or the cutput may putse on and off dunng the turn-on transient. If
Caistootarge, turn-on and turn-c#f of the output stage will be delayed until
the voltage on C3 passes the :nreshold voltage. (Such delay may be
desirable to avoid spurious cutbuts due 1o transient frequencies.) A
typical muinimum value for C3 ‘s 2Cop.

-V W
P 1
4
, Ut O }—rt AL
i Jlre s
! .7 8
i ' < R
Lt 7T
W o 2 7 1
C2
2=cy :'t ';f; ==c3
ouTPUT
4 JAPTERl _Laivea
FIGURE 1

AVAILABLE OUTPUTS tFigure 2)

The primary output is the uncommitted output transistor collector, pin 8.
When an in-band input signat s present. this transistor saturates; its
collector voltage being less than 1.0 volt (typically 0.6V) at full output
current (100mA). The voltage at pin 2 is the phase detector output, a linear
function of frequency, over the range of 0.95 to 1.05 f0, with a slope of
about 20mV/% frequency deviaton. The average voltage at pin 1 is,
during lock, a function of the inpand input amplitude in accordance with
the transfer characteristic given. 2in 5 is the controiled oscillator square
wave output of magnitude (V+ —2Vbe)=~(V+—1.4V) having a dc average
of V+/2. A 1Kl load may be driven from pin 5. Pin 6 is an exponential
traingle of 1 voit peak-to-peak with an average dc levet ot V+/2. Only h(i?h
impedance loads may be connected to pin 6 without atfecting the CCO
duty cycle or temperature stabiiity.

v+

PN
VOLTAGE !
wva o l
, s THAESHOLD VOLTAGE '*' 1
i as
i i
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; 30 {
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28
. e 100 200m Vs S
i IN-BAND +
INPUT 4
f VOLTAGE
i N
1 FIGURE 2 2
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OPERATING PRECAUTIONS ‘
A brief review ot the following precautions wilt help the user attain the high ,
level of performance of which the 567 is capable. |
1. Operation in the high input level mode (above 200mV) will free the user
from banadwidth variations due to changes in the in-band signal . |
The input stage is now limiting, however, so that out-band signals or high |
noise levels can cause an apparent bandwidth reduction as the in band
signal is suppressed. Also, the limiting action will create in-band compo-
nents from suo-harmonic signals, so the 567 becames sensitive lo signals
at f/3, fo/5. etc. H
2. The 567 willlock onto signals near (2n+ 1) fo, and wil give an outputfor |
signals near (4n~1) fo where n=0, 1, 2, etc. Thus, signals at5 foand9to
can cause an unwanted output. If -such signals are anticipated, they
snould be attenuated before reaching the 567 input.
3. Maximum immunity from noise and out-band signais is atforded inthe
low input level (Below 200mVrms) and reduced ban
mode. However. decreased loop damping causes the worse-case lock-
up time to increase, as shown by the Greatest Number of Cycles Before |
Output vs. Bandwidth graph. !
4. Due to the high switching speeds {20ns) assoclated with 567 operd- l'
tion, care should be taken in lead routing. Lead fengths should bekept i
minimum. The power supply should be adequately bypassed closeto !
567 f‘vlvith an 0.01uF or greater capacitor; grounding paths i
carefully chosen to avoid ground l0ops and unwanted voltage
!
{
i

CF 33

Another factor which must be considered is the effect of load
on the power supply. For example, an incandescent lamp
10 times rated current at turn-on. This can cause supply voitage
tions which could, for exampte, shift the detection band of n
systems sufficiently to cause momentary loss of lock, The &
low-frequericy oscillation into and out of lock. Such effects can
vented by supplying heavy load currents from a separate §
increasing the supply filter capacitor.

Wi
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SPEED OF OPERATION

Minimum lock-up time is related to the natural frequency of the ioop. The
lower it is, the longer becomes the turn-on transient. Thus, maximum
operating speed is obtained when C3 is at a minimum. When the signal is
first applied. the phase may be such as to initially drive the controlled
oscillator away from the incoming frequency rather than toward it. Under
this condition, which is of course unpreaictable, the lock-up is transient is
at its worst and the theoretical minimum lock-up time is not achievable.
We must simply wait for the transient to die out.

The following expressions give the values of C2 and Cg3 which allow
highest operating speeds for various band center frequencies. The
minimum rate at which digitai information may be detected without infor-
mation ioss due to the turn-on transient or output chatter is about 10
cycles per bit, corresponding to an information transfer rate of f /10
baud.

—. uF .

<%0 F

in cases where turn-off time can be sacrificed to achieve fast turn-on, the
optional sensitivity adjustment circuit can be used to move the quiescent
C3 voltage lower (closer to the threshold voitage). However, sensitivity to

beat frequencies, noise and extraneous signals wili be increased.

OPTIONAL CONTROLS

The 567 has been designed so that, for most applications, no external
adjustments are required. Certain appfications, however, will be greatly
facilitated if full advantage is taken of the added contro! possibilities
available through the use of additional external components. In the dia-
grams given, typical values are suggested where applicable. For best
results resistors used, except where noted, shouid have the same temp-
erature coetficient. (deally, silicon diodes wouid be low-resistivity types.
such as forward-biased transistor base-emitter junctions. However, ordi-
nary low-voitage diodes should be adequate for most appiications.

SENSITIVITY ADJUSTMENT

When operated as a very narow band detector (less than 8 percent), both
C2 and C3 are made quite iarge in order to improve noise and outband
signal rejection. This will inevitably slow the response time. If, however,
the output stage is biased closer 10 thie threshold level, the turn-on time
can be improved. This is accomolished by drawing additional current to
terminal 1. Under this condition. the 567 will also give an output for
lower-ievel signals (10m or lower).

By adding current to terminal 1. the output stage is biased further away
from the threshold voitage. This is most useful when, to obtain maximum
Operating speed, C2 and C3 are made very small. Normally, frequencies
just outside the detection band could cause false outputs under this
condition. By desensitizing the output stage. the outband beat notes do
not feed through to the output stage. Since the input level must be
Somewhat greater when the output stage is made fess sensitive, rejection

; of third harmonics or in-band harmonics (of lower frequency signals) is

&go improved.

CHATTER PREVENTION

Chatter ocrurs in the output stage when C3 is relatively small, so that the
lock transient and the AC components at the quadrature phase detector

detector) output cause the output stage to move through its
threshold more than once. Many loads. for example tamps and relays, will
"™ respond to the chatter. However, logic may recognize the chatter as a
Series of outputs. By feeding the outout stage output back to its input, (pin

Ve
R
567 1 &7 1
C3
:l:% R
OECREASE INCREASE
SENSITIVITY SENSITIVITY
v+
DECREASE
Ra rg $SENSITIVITY
se7 1 2.5K|
§0K INCREASE
b: SENSITIVITY
! ) Rc
| 1.0K
' -
. SILICON
i DIODES FOR
i TEMPERATURE
. COMPENSATION
{OFTIONAL)
.y -V
e f
567 8 87 8
1 6 1 Ry
! 10K
g v; ;: T~C3
[ —_— ¢
i TC; 10K
: = SRy
*OPTIONAL - PERMITS 200 TO
{ LOWER VALUE OF Cq 1K

1) the chatter can be eliminated. Three schemes for doing this are given
above. All operate by feeding the first output step (either on or off) back to
the input, pushing the input past the threshold until the transient condi-
tions are over. It is only necessary to assure that the feedback time
constant is not so large as to prevent operation at the highest anticipated
speed. Although chatter can always be eiiminated by making Cg large,
the feedback circuit will enable taster operation of the 567 by allowing C3
to be kept small. Note that if the feedback time constant is made quite
large, a short burst at the input frequency can be stretched into a long
output puise. This may be useful to drive, for example, stepping re!ays.



TYPICAL APPLICATIONS (Conta)

CARRIER-CURRENT REMOTE CONTROL
OR INTERCOM .

+5tw 15V
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1. Ressstor and capacitor vaiues chosen for Cesired ‘requencies and banawidth,
2. 11 C3 13 maas large so as (o deiay wrn-on of the too 367, decoding of sequential
(14, 12) lones is possible.
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TYPICAL APPLICATIONS (Conrd.)

OSCILLATOR WITH ) OSCILLATOR WITH PRECISION OSCILLATOR
QUADRATURE DOUBLE FREQUENCY WITH 20ns SWITCHING
OUTPUT OUTPUT
L R 567
3 s7 8 LITL se7 8 .ﬂﬂ.ﬂr'z'o N 2 6 8
‘__4 —d o —
= 2 6 5 F
- 1 ’LI"L. ¥§2MINAL m
CONNECT PN 3 of 1 M’ (6% . R
TO 28V T0 1 Ay > 10005
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1 < Ay 10000 lOK ‘
%* %‘:1
- i IT
g = II = = =
PULSE GENERATOR PRECISION OSCILLATOR TO PULSE GENERATOR
WITH 25% SWITCH 100ma LOADS
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Features
e Complete DTMF Receiver

® Low Power Consumption

e Internal Gain Setting Amplifier U

o Adjustable Guard Time ::: E ; :: :3];321—

e Central Office Quality Gs [J 3 16{]eEse

e Power-down Mode VI':".: Ew ; :3 H :)'P

o Inhibit Mode pwON [] ¢ 172 501
osai [(Jr nila

Applications osaz fes 11 Q1

® Receiver System for British Telecom (BT) or - vss & ’ to [ ot

CEPT Spec (MT8870C-1)

Paging Systems

Repeater Systems/Mobile Radio
Credit Card Systems :
Remote Control

Personal Computers

Telephone Answering Machine

Description

The MT8870C/MT8870C-1 is a complete DTMF
receiver integrating both the bandsplit filter and

1Iso2-cmos MT8870C/MT8870C-1
Integrated DTMF Receiver

November 1987

1SSUE 1

9161.002.094-NA

Pin Connections

Prdering Informiation
MTB870CE/MTBB70CE-1 Plaftic DIP
MT8870CC/MT8870CC-1 _Gerllip
MT8870CS/MT8870CS-1 . SOIC

—~40°Cto +85°C

high angd, low group filters; the decoder uses
digital ddunting techniques to detect and decode
all 16 DTMF tone-pairs into a 4-bit code. External
component count is minimized by on chip provision

digital decoder functions, fabricated in Mitel's
double poly 1SO2.CMOS technology. The filter
section uses switched capacitor techniques for

of a differential input amplifier, clock oscillatog and
{atched three-state bus interface.

vDD  V$$ VRe! INH T
]
4
—
pwon f—s  BIAS
cmQutT - VRel
- - BUFFER
- Q
CHIP '~ CHIP .| HIGRGROUP )
POWER  BIAS mrer [ _[r DIGITAL CODE o
1 DETECTION'] | CONVERTER "
WeR— DAt 2ERO CROSSING ALGORITHM | | AND LATCH .
- TONE DETECTORS “1 1. { B—» Q)
p FILTER . . )
G$ LOW GROUP . 4. .
FLTER .[f ] .- . Q4
l ~ 7
'|>'c > ap = st steernG Z& '
cLoCKS «—1Gr LoGIC .
= k1 L
L - T L §
osCt 0sc2 SUGT €st $T0 Tot

Figure 1 - Functional Block Diagram



Is02-cMos MT8870C/MT8870C-1

AC Electrical Characteristics . vyo=50vE5%, v, =0v,.40°C 5 Té 5 +85°C, using Test Circuit shown in Figure 2.
Characteristics Sym | Min | Typt | Max | Units Conditions
1 Tone present detect time tor 5 tt 14 ms |Note12 °
2 : Tone absent detect time toa 0.5 4 8.5 ms {Note 12
3 «'n Tone duration accept trec 40 ms | User adjustable
4]} | Tone duration reject tRec | 20 ms | User adjustable
S] G |Interdigit pause accept tio 40 ms | User adjustable
6 Interdigit pause reject too 20 ms | User adjustable
7 Propagation delay (St to Q) toq 8 L) ns | TOE=Vpp
8| o | Propagation delay (St to StD) tesio 12 16 us {TOE=Vpp
v

L4 : Outputdatasetup(Qto StD) tqsio 34 #s 1 TOE=Vpp

10{ ¥ | Propagation delay (TOE to Q ENABLE) | tere 50 ns 's%'dFOf 10kq,

b o [+]
F o
1 Propagation delay (TOE to Q DISABLE) | tP10 300 ns jloadof 10kQ,
”SdlpF

12 Crystal /clock frequency fc |3.5759|3.5795(3.5831| MHY

13 f Clock input rise time tLneL 110 ns | Ext. clock

14| o | Clock input fall time tuee | . g " 110 | ns |Ext.clock

15] £ [Clockinput duty cycle OCc | @0 | 50 | 60 | % |Ext clock

16 Capacitive load {0OSC2) Co:l!' 30 pF

* Typical figures are at 25°C and are for design aid only: not guaranteed and not sullject to production testing.

b

= Voo o
-

. I
ptme O—1 c
Input B M18870C/MTBB70C-1 !

e " —{] IN+ U Voo 11—

N~ SuGT [— a

H{] s tst P— '
T & KV swo p———O
Q——————] N o« p———O
O—— ] rown Q3 p——0O
03C 1 a p——O
x-m'Em}—c osc2 o p———O0

,j;_—'( Vg 108 P—

NOTES:

R, R;=100k0 £19%
R,=300k0 £1%
€€ =100nF £5% -

X-tal=3 $7954SMH2 201 %
1

Figure 2 - Single-Ended Input Configuration
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shown in Figure 2.

BN

(AN

MTB870C-1 AC Electrical Characteristics' . vp,=5.0v't 5%, vy« 0v, 405 = T4 < 4 85°C , using Test Circuit

Characteristics Sym Min Typ' | Max | Units Notes*
Valid input signal levels -3 +1 dBm |Vpp=S.0v
—: - iiega::';one of composite 718 869 | mVams 1,2.3,5.6,9
-37 d8m |Vpp=5.0v
2 Input Signal Level Reject 109 mVams 12,3569
3] Negative twist accept . 3 d8 {2,3,6,9
4 Positive twist accept ] 6 dB [2,3,6,9
s Frequency deviation accept +15%+ 2Hz 2,3,5,9
6 Frequency deviation reject +35% 2,3, 5.9
7 Third tone tolerance - 18.5 dB  12,3,4,5, 9,13
8 Noise tolerance =2 ] - JedB ]2,3,4,57.9,10
9 Dial tone tolerance T +22 g8 12,3,4,5,8,9,11
'!ypm-i figures are a1 25 "C and are for design aid only: not guarenteed and not subject to production teymg
NO‘I[$ - "
1.d8m = decibels above or below a reference power of 1 mW into 8 600 ohm load. -
2.Digit sequence contists of all DTMF tones,
3. Tone duration = 40 ms, tone pause = 40 ms. o

4 Signalcondition consists of nomina! DTMF frequencies.
S Both tones in compotite signal have an equal amplitude.
6.Tone paitis deviated by +1.5% £ 2 Mz,

7. 8andwidth limited (3 kHz ) Gaussian noise.

8.The precite dial tone frequencies sre (350 Hz and 440 Hr). & 2 %. "
9.For an error tate of better than 1in 10,000.

10 Referenced to lowest level hequenq component in DTMF signal.

11. Referenced to the minimum valid accept fevel,

12 For guard time calculation putposes.

13. Referenced 10 f1g 10 input DTMS tone fevel at-25d8m (-28d8:m 8t GS Pin) ln1'¢dbunc3 frequency range between 480-3400Hz.
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MT8870C/MT8870C-1 1502.CMOS

* Pin Description

Pin# Name Description S §
1 IN+ Non-inverting Op-Amp (Input).
2 IN - Inverting Op- Amp (Input). .
3 GS Gain Select. Gives access to output of front end differential amplifier for connection
of feedback resistor.
4 Viet | Reference Voltage (Output), Nominally Vpp/2 is used to bias inputs at mid-rail (see 3
fig.2).
s INH Inhibit (Input). Logic high inhibits the detection-of tones representing characters A, 8,
Cand D. This pin input is internally pulled down. .
6 PWDN Power Down (Input). Active high. Powers down the device and inhibits the oscillator.
This pin input is internally pulled down,
7 0SC1 | Clock (Input).
8 0SC2 | Clock (Output). A 3.579545 MH2 crystal connected between pins OSC1 and OSC2
. completes the internaloscillator circuit.
9 Vs Negative Power Supply (Input).
10 1Ot Three State Output Enable (Input). Logic high enables the putputs Q1-Q4. This pinis
A pulled up internally. o~ !
1114 Q1-Q4 | Three State Data (Output). When enabled by TOE, provide the {ode corresponding to
: the last valid tone-pait received (see Table 1). When TOE is lqgillow. the data outputs
| are high impedance. o
15 StD Delayed Steering (Output).Presents s logic high when a received tone.pair has been
registered and the output tatch updated; réturnsto logic low when the voltage on
St/GT falls betow Vyg, Rl
16 €St Early Steering (Output). Presents a logic high once the digital algorithm has detected
a valid tone pair (signal condition). Any momentary loss of signal condition will cause
ESt to return to @ logic low. 3t
17 SU/GT | Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg,
detected at St causes the device to register the detected tone pair and update the
output Iatch. A voltage less than Vi, frees the device to accept a new tone pair. The
GT output acts to reset the external steering time:Constant; its state is a function of
ESt and the voltage on St.
18 Vpp | Positive power supply (Input).
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MT8870C/MT8870C-1 1502-cMOS

Absolute Maximum Ratings'

Parameter Symbol Min Max Units
1] DCPower Supply Voltage Voo 6 v
2| Voltage on any pin Vi Vgs— 0.3 Vpp+0.3 A
3] Cutrent at any pin (other than supply) 4 10 mA
“a Storage temperature Ts16 -6S +150 °C
5 | Package power dissipation o 1000 mw

"Exceeding these values may cause permanent damage Functional operation under these conditions is not implied.
Derate sbove 75 "Cat 16 mW 1 “C Allleads soldered to board

Recommended Operating Conditions - Voltages are with respect to ground (V) unless otherwise stated.

Parameter Sym | Min | Typ' | Max { Units:} +* Test Conditions
1 DC Potver Supply Voltage Vop | 475 | 50 1525 | v L.
2 Operating Temperature To -40 + 85 °C o7
3 Crystal/Clock Frequency fc 3.579545 MHz | T
4 Crystal/Clock Freq.Tolerance Afc +0.1 %

* Yypicatfigures are 81 25 T and are for design 81d only: not guaranteed ond_qm subject to production testing
v

. . . ‘.
DC Electrical Characteristics - vo=50v+ 5%.v,ye 0V, -40°C < Ty 5 + 85°C, untess otherwise stated
L

Characteristics sym| Min | Typ | Max [Units Test Conditions
1} 5 [|Standby supply current Iboq 100 uA | PWON=Vpp
"2 l,’ Operating supply current lpo 30 9.0,.-| mA
3 : Power consumption Po 15 S0 mW | fc=3.579545 MH2
Y .
4 High level input Vi s V {Vpp=5.0V
S Low level inpyt voltage Vi 1.5 Vv [Vpp=5.0v |
6 ," Input leaksge current hgg/ly 0.1 A | Vin=Vss0rVpp
71 * [Pullup (source) current 5o 1.5 20 pA | TOE (pin 10)=0,
M et Vpp=5.0V
8] s JPull down (sink) current Igy 15 45 pA | INH=50V, PWDN =50V,
Vop=5.0V
9 Input impedance (IN+,IN-)] R,y 10 MO | @ 1kHz
10 Steering threshold voltage | Vi | 2.2 ' 2s vV |Vpp=5.0V
1" Low leve!l output voltage Vou V554 0.03] V  [Noload
412 f, High level output voltage VoH [Vpp-0.03 V |Noload
13 : Output low (sink) current oy 1.0 25 mA {Voyr=04V
1a] v {Output high {source) current]| 1oy 04 0.8 mA |Voyr=4.6V .
15 ; ) Vet OULPUL voltage Viet 24 27 V  |Noload, Vpp = 5.0V -
16 Vpet OUtpUt resistance Ror 10 kQ

! Typicatfigures are 81 25°C and are for design aid only: not guarsntéed snd not subject to production testing




1502.cM0s MT8870C/MT8870C-1

Operating Characteristics -vyo=50v45%, Vg =0V, -40°C 5 To  +85°C unless otherwise stated.
Gain Setting Amplifier

Characteristics sym | min | 1yp' | Max | units Test Conditions
1 | Input leakage current fin 100 nA | Vses Vin SVpo
2 | Input resistance Rin 10 . R MQ
3 jiInputoffset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 d8 | 1kH2
S | Common mode réjection CMRR 40 d8 | -30Vs vys3ov
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fc 0.30 MH:z
8 | Qutput voltade swing Vo 40 ’ . | Vpp |Load 2100kQ toVss
9 { Maximum capacitive load (GS) C 100 pF
10 | Maximum resistive load (GS) L S0 | k0
11 | Common mode range Vem 25 Vpp | Noload
-z PArE
MT8870C AC Electrical Characteristics’ . vyo=35.0v $5%,Vy =0V, -40°C 5 T < 4+ 8$°C, using TQ:(‘EE,;uiuhown n
figure 2. .
Characteristics . | Sym Min Typ' | Max { Units | - Notes®
i o1 level -29 . 4 d8m [1,2,3589
||t tevts ELCINN Il N L [
signal) ) v +1 dém |1,2,35.6,9
' 869 | mVams ] 1.2,3,5.6,9
2] Negative twist accept 6 dé |2,3,6,9
E) Positive twist accept 6 d8 |2,3,6,9
E frequency devistion accept +1.5% % 2Hz - ]43,59
S Frequency deviation reject t35% ) - 2,359
6] [Third tone tolerance T d8 [2,3.4,5,9,10
—7 Noise tolerance -~ -12 de 2,3,4,5,7,9,10
8] Dial tone tolerance | +22 ds |2,3,4,58,9, 11

‘Typica! figures are 8t 25 °C and are for design aid only: not guaranteed and not subject to production testing.
NOTES

1.d8m = decibels above or helow a reference power of 1 mW into 2 600 ohm load.

/. Digit sequence consists of all DTMF toned. J
3. Tone duration = 40 ms, tone psuse = 40 ms.

4 Signal condition consists of nominal DTMF frequencies.

S Bothtonesin compotite signat have an equal amplitude.

6. Tone pairisdevisted by £15% & 2 Hz:

1 Bandwidth limited {3 kHz ) Gaussian noise.

8 The precise diaf tone frequencies are (350 Hz and 440 Hz) t 2%.
+ 9.Foranerror rate of better than tin 10,000.
10 Referenced to lowest level frequency component in DTMF signal.
11. Relerenced to the minimum valid accept tevel.
12.For dLigrd ke cattulation purposes. .
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OTMF COMPOSITE INPUT SIGNAL . b

EARLY STEERING OUTPUT. INDICANS DETECTION OF VALID TONE FREQUENCIES.

STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

4.81T DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT, INDICATES THAT VALID FREQUENCIES HAVE 0EEN PRESENT/ABSENT FOR THE REQUIRED
GUARD TIME THYS (ONSHIU"NG A VALID SIGNAL.

TONE OUTPYT ENA![! le'U" ALOW LEVEL SHIFTS Q,-Q4 TO ITS KIGH IMPEDANMCE STATE.

MAXIMUM D TME smNAL DURATION NOT DETECTED AS VALID
MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION,
MINIMUM TIME SETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWASLE DROP OUT DURING VALID DTME sacméa

TIME TO DETECT THE PRESENCE OF VAUIO DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD T1ME, TONE PRESENT,

OUARD TIME, TONE ASSENT.

, Figure 3- Timing Diagram :
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Functional Description

The MT8870C/MT8870C-1 monolithic DTMF receiver
offers small size, low power consumption and high
performance. Its architecture consists of a bandsplit
filter section, which separates the high and low
group tones, followed by a digital counting section
which verifies the frequency and duration of the
teceived tones before passing the corresponding
code to the output bus.

filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the
low and high group frequencies. The filter section
also incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure &). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prioe to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals.
The outputs of the comparators provide full rail
logic swings st the frequencies of the incoming
DTMF signals.

1.

Decoder Section

Following the fi'ter section is 8 decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

. . L & F
simulation by extraneous signals such as voice w,.hu"iég ci

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence
of interfering frequencies (thitd tones) and noise.
When the detector recognizes the presence of two
valid tones (this is referred to #s the “signal
condition” in some industry specifications) the
“Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state (see “Steering
Circuit”™).

Steering Circuit

Before registration of a3 decoded tone pair, the
receiver checks for & valid signal duration (referred
1o as character recognitipp condition). This check is
perfosmhed by an external RC time constant driven by
ESt. Alogic high on ESt causesa, (see Figure §) to rise
es the capacitor dischargés. Provided signal
condition is maintained. (ESt remains high) for the
validation period (tgre). v¢ reaches the threshold
(Visy) of the steering logic to register the tone pair,
I3fthing its corresponding 4-bit code (see Table 1)
nfo the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
shoct'delay to allow the output (atch to settle, the
delayed steering output flag (StD) goes high,
signalling that & received tone pair has been
registered. The contents df the output latch are
made available_en the 4-bit output bus by raising
the three state control input (TOE) to a8 logic high.
The steering circuit works in réverse to validate

‘\
0
—w— PRECISE
/ X 2 . ~ DIAL TONES
4
10 I \.' N o) X=350H2
e l “ v-awH:
] 7 N\ DTMF TONES
20 I 1 - A=697 Hz,
ATTENUATION -] 8=710R2
(ds) l C=052Hz
30 D=941Hz
l £=1209 Hy
F=1336 Hz
I G 1477 He
a0 A | . H= 1633 H2
e FLRLES I \.4 / S,
$0 q y L | A \J .
1 ]
IR
f X v ABCO E ¢ G H
FREQUENCY (Hz) .

Figure 4. Filter Response
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s)decrensing torp: (torr <tora)

. .
Voo o I wmmeroo
o A w4 MT8370C-1
—o—44 ¥
4 c _
Voo
$t1GY v, o
] 4
£S5t 1
R
s {1
M18870C/ to1a ™ (RCHIn (Vpn  Vag,)
MT8870C-1
tore = (RO In (Vo / (Vo Vg )]
DIFFERENTIAL INPUT AMPLIFIER
Figure 5- Basic Steering Circuit Ci=Cy=10nf
Ry=Re=Ry = 100&0 Allresistors are £ 1 % tolerance. \{
‘ R, =60k0 R, =325k “% Allzapacitors are 23 & tolerance.
tore = (MeCy) In [Vpp / (Vpp-Viy)) ne M2
Ny R
tgra = R 10 (Vo / Vag)) VOLTAGE GAIN (A, diff)= %’1‘ '
]
Ko = (R R, 7 (R4 Ry INPUT tMPEDANCE
Cworn =2/ ate ()
=2 —
: INDIFF R0+ ( mc)

Figure 7- Differential input Configuration
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through 8 30 pF tapacitor to the oscillator
input (OSC1) b1 the-next device. Subséquent devices

tore = (R G In [V 1 {Vpp Vigl)

Lo1a = (ReCyd IN (Vo / Vi)

R, = (R,R,) 1 (R, 4 R,)

Voo
e
SHGT
Ry b)decreasing !G“:_(!e".}!c")
€5t

are connected in a similar fashion. Refer to Figure 8
for details. The problems associated with
unbalanced loading 8re not 8 concern with the
arrangement shown, ie; precision balancing
capacitors are not required.,

To OSCY of next
MT8870C/ MT8870C-1

el

+t o= . Figure 6. Guard Time Adjustment

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 2 (Single c=30pt
Ended Input Configuration). However, it is possible
to configure several MTB870C/MT8870C-1 devices

4 X-tal
osct [ osc2
O
osc2 _T—.I —~] osc1
|,
c

X-taf =3 579545 MHz

Figure 8- Oscillator Connection
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APPLICATION

?:gfwsn SYSTEM FOR BRITISH TELECOM SPEC POR to1r =€) 10 Voo f (Voo Vgl
The circuit shown in Fig. 10 illustrates the use of tora = (R CiHin(Vpn I Vyy)
MTB870C-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and Ry

Voo O ]
to provide 3 dB attenuation, such that -34 dBm input ¢
signal will cortespond to -37 dB8m at the gain setting StGT ! Notes:
pin GS of MTBB70C-1. As shown in the diagram, the
Ry L
Est

Ro=(R,R;} (R, +R,)

component values of Ry and C; are the guard time R, =368KD + 1%
requirements when the total component tolerance
'is 6%. For better performance, it is recommended to

' mer Ry =22M0 1%
use the non-symmetric quard time circuit in Fig. 9.

€, =100nF $5%

Figure 9 - Non-Symmetric Guard Time Circuit

Voo N
DTMF O—"
. C
Input ”, mrssroc1 | 2
gy
—{] N+ D-voo b—4
Tgm stet J7— n
—(] 63 est P '
k2 v, so P O
O——— I H D e
Q~———— ] PwON P O
0sC 1 q —1—0 NOTES:
X 0o osc2 o p—+—0 R = 102%0 £ 1%
Vs roe p—1 Rp=71.5K00 1%
R, =290K0 1%
: €. Cy=1000F £5%
X, =3.579545 MHz £0.1%
Voo = 5.0V t!%
L i

Figure 10 - Single-Ended Input Configuration for BT or CEPT Spec
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