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ELECTRICAL APPLIANCES CONTROLLING USING TELEPHONE

KHACHORNSAK SAENGSAMRAN

CHANYUT  PHRUKKUMWONG

SOPON AKKAPUSIT
ASSOCTATE PROFESSOR PRAKIT TANGTISANON ADVISOR

1991

ABSTRACT
This research projéct, which presents appliances controlling
=~ ““by telephone and automatic telephone answering back system , uses
N0.8031 microcontroller in MCS-51 series to control entire system.
In the part of appliances controlling , MTBB870 integrated circuit
i will decode DTMF(Dual Tone Multi-frequency) signal from telephone

. Iine and modulate the serial binary format control signal to be

-~ bl -
“~. ! S,
o) \- n‘\“)‘,\‘

the FSK TFrequency Shift Keying) signal and send it along the AC
line to-ékkwﬁénshue want to control and there is the MC14469 UART
IC at every destiattion to set each destination address.

In the part of telephone answering back system , the T6668
integrated circuit of Toshiba CO,LTD. is transfering voice signal
to be digital signal and storing it in RAMs which will be used to
answer the calling telephone. In addition , there is a.cassehte

recorder to record message of those who called in.
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2.5 DTMF DECODER MT8870

J v v
Tun11a T daudygrannan13Inaudia 1713:d MT 8870 Tu
P 3 £y Qv o v 4
n1TnaaTUE  Tas MT 8870 FawanTaguTEniina (MITEL) 1489871987740

4 v
(0scillator) sum 3..579 tunzidant TunrrdTredqqyrauilng ;

2.5.1 Qmﬁuﬁaaaq MT8870
ﬁ v o . 4
- HURAITUUASNBR THARYI NN (DTMF Decoder)
v
-nwtditas tWLaRTEduLAgaRy TTL
Y. = v
—dunTaRainT12a19nn8ui1latta

-~ 4 { Y v
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2.5.2 TATIET19089 MT8870
) 4 by d
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4w a a 4 . 15 { o ¢ )
18429310 T29R AT L NARAIAIE INA T LRATHALADT dwniuniadﬁvﬁiungq
: % - Vv Y - < J -« “ z “
uazan FUIIITARR TSI AAULANTTULUNNIRIRAR L WARTIIILUALDAA THE NG 18
-4 ﬂ a 4 d v '
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Pin Connections

N [ 1 Ui I3 voo
IN - (1 2 17 SUGT
GS L1 3 16 ESt
vRet (] 6 15 ] st0
N (s . 14 1] qs4
PWON [f 6 13 ] Qs
osct (] 2 12 1 q2
osc2 (] s 11 [ q1
vss (]9 10 [J roe

Ordering Infarntation

MTB8870CE/MT8870CE -1
MT8870CC/MT8870CC 1 Cprdip
MT8870CS/MT8870CS-1 . SOIC

—40°Cto +85°C

Plaftic DIP

zﬂ 2.16 udavdnpay MTBA70

VOO Vs VRef INH -
-«
owon §—>  BAS
aRcuIT VRef
. BUFFER
S+ GHG : B
CHIF CHIP o HI RQUP
POWER  BIAS FILTER _H- DIGITAL COO0¢E
DETECTION CONVERTER
e LI 2670 CROSSING ALGORITHM | | AND LATCH
- TONE DETECTOARS { &»
p FILTER
GS LOW GROUP - ]
FLTER i1 i{ 5-
‘f>‘f ot St STEEAING / \
CLOCKS -] GT LOGIC
e AAA——
osct osc2 SUGT €5t ST TOE

Figure 1 - Functional Block Diagram

T 2.17 udavTATIETI9N18U389 HTBBT0
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2.5.3 #enfun11i191un1ay NT8870

A8ty MT8870 Uirnauriadiudify 5 diuna

4 . .
- AanTadAun ( Filter section )

8 <4 ] 4
damssuanfagia DTYF  aaniile 2 d9uds LERCERPTVRTER
4!
4214R77408
- ATANTa9THA ¢ Decoder section »
¥ > d4d , R “
dquuaznaaﬁﬁaﬂ11unnn1aqu§9aantﬁuTuaaaﬂaaTaaTHLnﬂiﬂ
o aa 4 v = Qo ﬁu o
NTTUIMUUAYRER ANAEATAIINTURARIINGRIIT | uaazﬂn 2.18
- parsdaudaqyom (Steering circuity
d4d v "o 4. < '
ATAFaUTUUINAITNONL TINIIIHTE 8L LIRIRINNG AMULART 2 10
- AiatataduyIna 1 NuenAne (Differential input)
"iq" 5 A a ijé A v o
svuauqnnaq MT8870 LuatssggaaduardnguandTuaasn
v ] V o a
nsanaTasaavqainwsuansnwnuaugn
el 4 ;
- ArantLuanlun (O0scilator)
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T MT8870 asuqawsaaﬁ%a;ataaia§n1a1u LWENUARA

{ & o
ATARBRIUIA 3.579 tunzL 3Tt N w1 TalEanle RN
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N1 s L TNTaan 1 1T udngn  DTMF sﬁwuﬂnwdﬁuqn ERNIRNICE

.- -~ ¢ . . 5.»4 oo ia
drutiiniatadatnudaiaad  (Dial tone filter> uqnﬁﬁuﬁnﬂa@nu1u1n5m
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arantuldfagia DTYF  dawld  anniudganane1uails Qstnﬂgﬁﬁuﬂiadﬂ11Nﬂ

4 4 .~ “v [N} a " ~ 43
tWauan 2 A71HNaanNIINAU uazazLﬁﬂgdiunaaiﬁa ?qaznaainﬁﬁuwunnqdad
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5
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Q

Q

Q

Q

undetected, the outpuyt

code will remainthe same
asthe previous dgtegted

code

EST

L
L
L
L

INH

H*

Digit | roe

ANY

HIGH IMPEDANCE

L=LOGICLOW, H=LOGIC HIGH, 2

Table 1-Functional Decode Table

»~ ‘
1RINATRRR TUR T T nTdun

v d,v

An

TU 2.18 udady
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2.6 a117udedngyranana  (Data Communication)

- v + LR 4 1 . -~
n111u§a§mm1mna§a1zququua4na§adaauuaq ERVRERUERECL AT

v
o . - 4
Tanawuuuny (Parallel) WasuuuaunTN (Series) aqugaq1uzﬂﬂ 2.19

/

1 /X 1
g3 2 \ 2 JFu
3 ! 3 Y?8737;
4 l 4
5 / 5 TS
Su s / 6 /-3
7 7
¥
8 8
¥/
f,
PO
1 1
]9 2 2 Su
3 3 78727
¢ 4 —_—
5 5 DA T
U 8 3 -3
7 ¥ 7
\_ A /
8 i 8

4 X o v
ZHYI 2.19 Ta'Nﬁ"f'awuzmnaqmﬁud\waga
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g - v 5 ﬁ o v aa
axLnu11n111udQﬂagauuunu1u T uzuuuun111udana§aa1ﬁaa
v 1 v
i asﬁaq1§i1u1udwsdqxnwﬁuiwuauﬁnnaqiaga FerzidunaTduiuias Time
o~ < v = .
nun11nasdqna§a1u1uizszn1q1na d
w W Y 2 ) -~ q‘l
duunWTTUﬂeaagauuuagnﬁuuu Lﬂun11deaa§aaan1unax 1 Unka 9
-~ 3 . ko - v 4
Al TeasinmdTendadnaddtauin vanenazRatdluTeasnnetaa 9 dwaTn
wisaantatidu 2 Uteean A2 naTdewuueTRTEA (Synchronousd warn1Tdy
WUy a£INTATUA (Asynchronous)
[ - ar ﬁ [ 71 ﬁ L} . 1
MVTANBUYTITRTUT | un11ﬁ4na§aiﬂa uqa1um 1 Qquaazqaas
v s £ 1 's {4
Yivnaua18iaie 1 ANTUINLAAT (character) waruaazaITuInIAaTAdTENaY
v ) P J4¥ o v 3 ' v @ v
A781a1a 8 in Taznnqdﬂa1uuazdws§@az?ﬂ3mmwmﬁaaﬂ (clock) TINNW 9@

< . X o 3 v Ty E)
Uangdetuniuan 1 17w dmTud guusaaa aquEUuuunwideﬁaaa1ﬂu

STX STX Controlled Data 128 Character CRC EOF

-\ B (1) uuy Character Oriented

Start Field | Controlled | Data 128 Character CRC | Stop

(3) -wuu-Bit Oriented
4 -
zdn 2.20 gﬂuuunWquEagauuuaﬁTﬁiud

v
. y 4
Tujduuuzas Character Oriented ilu LHadenlananivuan

e

- - d a
71u333053§aaaﬂn11gnaz 8 Un (1 Character) d7uuuy  Bit Oriented

:e

- - w [y a M o 1) < £ s
'rsmzmnagaaaﬂm‘trmas 1 un UALNY 2 HUUUKL ICRANNATITUINLRBTURRY

- 4 { -~ .
A1TLINNTAY (STX- Start of Text) AITUTNLRBTUFAIANYNY '«nu'mqa
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PN [y { 'y P

ndniy uasﬂ1=Lnnnaqna§a (Controlled) ATTUINLRATATIIRAUAIINUR
é {
wawanaqiaga (CRC- Cyclic Redundancy Check) LALAITUTNLABTURANNT
aunwsdaﬁaga (EOF)

' - . ﬁ v 2] £ « 4
NITAINBYY IS YN TR Tidd L uﬂﬂidanagaaaﬂiﬂnaz 1 ATuINLAGT

41 o 4 v 4 o . <
TaandiaTunazdrade =1 dqnnaaaauaninniiu Aan1vdraarein dedggianaan

o D e LV -~ [ < ug
padRatad 3 tudTendadnadsTagruaaanta uzﬂuuunWquaau

Idle Line bit Data 5 — 8 bit Parity bit| Stop bit

4 T a8
1Un 2.21 zﬂuuunﬁsdqﬁagauuua5311ﬂ1ud

g 1 g [ > E
#an3Inny n11dﬁ§agauuuagnsyuu FI411T00IN1T FIn191Aa

. 4§ e o 4 4w v ..,2..’
(Simplex) #97Una¥n1y (Half Duplex) niadeTu wiaw q Nufe 2

-
n19 (Full Duplex) n'la

2.7 niTeaTiddoeiana (Data Encoding)
< . ¥ v Qo v a
n17n1zde§aga1uixsxan1na T Ui H9NFINA19N1 TR ATy
' { £ 5 o
natraussian gdwa?n1ﬁun 18181 a1n1d AL nan Lﬁuau Tin19nae
s [ £ 4 2 L
Hd§a§31ﬂ151885n141ﬂa uazﬁﬂ1z§nun1wuwnnqauu ITAAYLAANAIIN MR T
' 4 v o [ 1 ‘ { J I
TendalTE LAnaa g a3z A9nuEIna19Ina Lo 1u§ﬂanniﬁwn Fad wuuado
z . 4 -a ' E X 0
uaulin  dinnrsRunIzAITogqaun Inaa tWTIEdggRIRas UTenausaRogn
du <4 t o E Qe -4 . e s - <
au1aannu911ua§a§1utnwnuaqﬂunuaqimmnmaaaaauu 7 wduAuTITINNAN 3,5,7,

- . v -a f la v v ¥ 4 { -
9,... 1Ay AMINAQYIURIRAANUUURITAIINNIA ALY QdﬁﬂTﬂTﬁuniﬁlﬂuﬁs
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- da la o 43 ﬁu v o 4
fufageauiasnniuuuaisuavuazagluguaimdiday  (dudu  Seliu nrrhasds
. ¢ . o . <4
Eauaaaﬁaas§w1ﬂ1ugawain15un F9RTTATNTTILINTAA (Encoding) awnﬁagaqaz
k |

4 - - e [ q [} -~
F919 1 Judqqnan nasguiuinan L fenay ?qaquTnuuqnWTtEwiuaﬁa§a1§tﬁu

4 Uszian Ae /

Digital Data to Digital Signal

Digital Data to  Analog Signal

Analog Data to Analog Signal

[}

Analog Data to  Digital Signal .

2.7.1 nﬂiuuaoiagaaaaaatﬂuiﬁiaaaaa ( Digital Data to Digital
Signal )
LﬁunﬂsdwﬁaﬂaaaaaauwnEiiﬁaﬂﬁgﬁuzﬂuuunaqﬁmmwma3aaa Rqﬁaé
v (Y] v 0 e @ = N = -
aaanuﬁaﬁszﬂuuu Ta8684AU4RY  Tieing Information, Error Detection,
Error Correction, Reduced Bandwidth «az Spectrum Shaping JuTaa
s ' - <4 ] K] . :
Und  pTeinaRad utngas 1w 2 12Ru wiavTend1lumwnd (Binary) 39
A . /
TRANATAIALN  Non Return to Zero (NRZ), Return to Zero (RZ) uas

o 4
Diphase aquda@1u3Un 2.22

2.7.2 nw1uﬁav§aga§3aaa¢ﬁusﬁﬁiqmwaauwaan ( Digital Data to
Analog Signal »
a -~ 4. v - a 4 .
LﬂuﬂﬁTLﬂﬂTHdnuﬁLaﬁﬂagaﬁlﬁaauﬁtUaBuLauammeauﬁaaﬂ ?453ﬂ
WUUR1TLITHA tAun  Amplitude Shift Xeying (ASK), Frequency Shift
. . . 4
Keying (FSK), Phase Shift Keying (PSK> cudy TRandyimauiaan
4 . v - 3 v af 4 [ d v < Q
N3EUINIL B TRRUY A1TITRAIUATINATINTIAINATAVTALRAIARAUTEN I 4-5

. : . . ¥ 4
(i1 tusdetias a1asWQﬂ111H11u§d1zLnnuiﬁuaaq151uzun 2.23
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4 1
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2.7.3 n11udaaﬁa§aau1aanLﬁu1ﬁd§qq1aau1aan ( Analog Data to
Analog Signal )}
tﬁunWTdHLawHagaau1aanu1LEWTﬁaTHBTEﬁmmwmauwaan wavRoyna
au1aanﬁdiuﬁ1ﬁtﬂu§13131un11xEwsﬁdﬁux?sni1 aduwi (Carrier) 1wy
111 i TRA Ty LA LRun uauﬂﬁaauagtaéu (amplitude Modulation : AM)
N?Lﬁduéuagxaéu {Frequency Modulation : FM)» uaz Lﬂduaaxaéu {Phase
Modulation : PM} §qudaﬁ1uzuﬁ 2.24

v 4
fauan
<+ *

Aa4n1TaY

4
4 Hoyang

gantulate q

il
S

-

4 L v} .
i 2.24 n11x§11na§agaau1aanxﬁuinﬂﬁmmwmauwaan

I
g

2.7.4 ﬂ17uUaQEagaauwaanLﬁuiﬁaﬁqumaaaaa ( Analog Data to
Digital Signal )
ﬁ . v vvd\ an ﬁ
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| . { 't v
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Tugd 2.25
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~ 0 4 , o o
- PAM : ﬁkugqnaqwaﬁazLUasuuuaqaﬂuizauuiqau
' - ¢ < w
- PWM : atuutdnadWaT et dsauudada il 190
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] . w (da 4
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ORG
AJMP
ORG
RETI
ORG
AJMP
ORG
RET]
ORG
AJMP
ORG
RET]
ORG
CLR
CLR
SETB
ACALL
CLR
MOV~
MOV
MOV
MOV
MOV

MOV

0O0OOH

START

0003H

O0OO0BH
ISTFO

0013H

001EH
1STF1

0023H

0030H
P1.7

Pl.4

P1.6
DELAY1
P1.6
TMOD, #15H
TCON, #10H
THO, #0FFH
TLO, #0FFH
I'E, #8AH

36H, #00H



RING: MOV A,36H

CJNE A#00OH,TIM

SJMP RING

TIM: MOV TH1,#00H
MOV TL1,#00H
MOV DPTR, #0000H
}
SETB TR1
MOV R1,#00H
RNG8: CJNE R1,#00H,START
MOV A, 26H

CJNE A,#08H, RNGE

SETB Pl1.4

ACALL DELAY

CLR Pi.4
ADDR: MOV R3,#00H

MOV R4 ,#00H

MOV IE.#OFOH
SET: MOV TCON, #00H

ACALL CHKSTD

CODE1: MOV P1,#0AFH
MOV A,P1
ANL A #0FH

CJNE A,#OAH,ST

Z1: JNB P1.5,CB1



CB1:

CODEZ2:

PASS:

72

CB2:

" CODE3:

CC:

AJMP

INC

ACALL

MOV

MOV

ANL

CJNE

SETB

ACALL

CLR

-AJMP

CJNE
JNB
AJMP
INC
AJMP
AJMP
ACALL
MOV
MOV
ANL
CJINE
AJMP

CJUNE

Z1

R4

CHKSTD

P1,#0AFH

A.P1

A, #OFH

A,#0AH,PASS

P1.6

DELAYG6Q

e
[#})

START
Ay#01H,ST
Pi.S,CéZ
2

R4

HP

START
CHKSTD
‘23‘#OAFH .
AyP1

A, #0FH
A,#0BH,CC

HP

A,#0CH, CHKO



CHKO:

CDh3:

CODE4:

CHC:

CHO:

AJMP

CJNE

MOV

MOV

MOV

MUL

MOV

JNB

AJMP

INC

ACALL

MoV
MOV

ANL
CJINE

INC
CJNE

” MoV
AJMP

-~ CJNE
MOV
AJMP

CJNE

MOV

HP

A#0AH,CD3

A,#00H

B,A

A, #0AH

AB

34H,A

P1.5,CB3

23

R4

CHKSTD

P1,#0AFH

A,P1

A, #0FH

A,#0BH,CHC

R3

R3,#02H,RT

R4,#02H

HP

A,#0CH, CHO

R4,#02H

HP

A,#0AH,CD4

A, #00H



aan,

CD4:

243

CB4:
RC:

CODES5:

CHC3:

GBS
REP:
ROF:

CODEG6:

o

ADD

MOV

JNB

AJMP

INC

ACALL

MOV

Mov

ANL

CJNE

INC

CJNE

MOV

AJMP

CJNE

JNB

AJNP

INC

AJMP.

AJMP

ACALL

MOV

MOV

ANL

A, 34H
35H, A
P1.5,CB4
z4

R4
CHKSTD
P1,#0AFH
A,P1

A, #0FH

A,#0BH,CHCS

R3, #02H, RC
R4,#02H

HP

A, #0CH, REP
P1.5,CB5
z5

R4

ROF

HP

CHKSTD
P1,#0AFH
AP1

A, #OFH



CJNE A, #0BH, CKO

INC R3

CJNE R3,#02H, ROF

MOV R4 ,#02H
AJMP HP

CKC: -CJNE A, #OAH, CHK!
MoV R1,47EH

AJMP DATA

CHK1: CJINE A,#01H,REP2

MOV R1,#01H

AJMP DATA

REP2: AJMP  ROF
DATA: MOV PCON, #00H
MOV 1E, OFOH
MOV SCON.#0C2H
MOV TMOD.#20H
MOV TCON, #0D2H
- MOV . TH1,#OFBH
SETE  TRI \
.
MOV A, 35H
SETB  ACC.7

ACALL SEND
MOV A,R1

ACALL SEND



SEND:

CHKSTD:

COUNT:

MOV
SETB
ACALL
MOV
ACALL
MOV
ACALL
MOV
MOV
JNB
CLR
MOV
ACALL
SETB
RET
MOV
MOV

MOV

MOV

MOV

SEND

R4,#02H

CHKSTD

c,P

TB8,C

Ti,SEND

T1

SBUF, A

DELAY

T1

R5, #0FFH

R6,#0OFFH

R7,#%#3BH

P1.5,8TD

R5,COUNT

RS,#0FFH

R6,COUNT

R5,#0FFH

R6,#0FFH



e

STD:

CJdis

CJ2:

CJ3:

Cda:

DELA

DEL:

-<

.
.

DJNZ
JB

AJMP
MOV

CJNE
AJMP
CJINE
AJMP
CJINE
AJMP
CJNE
AJMP
CJNE
AJMP
CJNE
AJMP
AJMFP
RER _
MOV

MOV

MOV

DJNZ
MOV

DJNZ

R7,COUNT
PltS,STD
START

A,R4
A,#00H,CJd1
CODE1
A,#01H,CJ2
CODEZ2

A,#02H,CJ3

A,#03H,CJ4
CODEA4
A,#04H,CJ5
CODEG&

A,#08H,CJ6

R5,#0FFH
R6,#0FFH
R7,#01H
R5,DEL
R5.%0FFH

RE&,D

23}

L



DELAY1:

M

DELAYEBO:

DEL8&C:

MOV

DJINZ

MOV

DJINZ

MOV

MOV

MOV

MOV

DINZ

RS, #0FFH
R6,#0FFH
R7,DEL
R7,#3BH
‘R5, #0FFH

RE,#0FFH

R5.#0FFH
RG, #0FFH
R7,804H
RS,DEL1
RS, #0FFH
R6,DEL1
RS, #0FFH
R6, #0FFH
R7,DEL1
R7, #3BH
RS, #0FFH

RE . #0FFH

R5, #0FFH
RE,#0FFH~
R7,#0FFH

#5,DELBO



s

ISTFG:

OUT:

MOV

DJINZ

MOV

MOV

DINZ

MOV

MOV

MOV

RET

ORG

PUSH

CLR

INC

HOV

HOV

MOV

CJINE

ACALL

SETB

¥

CLR

AJMP

RS, #0FFH

R6,DELBOC

RS, #0FFH

R6,#0FFH

R7 .DELBG

RS, #0FFH

RE, #0FFH

R7,8#2RH

G200H

ACC

TRa

36H

THO,#0FFH

ouTz2

DELAY1

TRG

ACC



RETI
ISTF1: PUSH

HCV

BACK: POF

END

ACC
A,#01H
DPTR
A,DPH,BACK
A,#50H
A,DFL ,RACK
Ri,A

ACC
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Features .

e Complete DTMF Receiver
Low Power Consumption
Internal Gain Setting Amplifier
Adjustatle Guard Time
Central Office Quality
Power-down Mode
Inhibit Made

® © © .0 O

Applications

® Receiver System for British Telecom (8T) or
CEPT Spec (MT8870C- 1)

Paging Systems

Repeater Systems/Mobile Radio

Cradit Card Systems

Remote Control

Personal Computers

Telephone Answering Machine -

Description

The MT8870C/MT8870C-1 is a compiete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions, {abricated in Mitel’s
double poly 1S02.CMOS technology. The filter

§151.002 034.NA

1s02.cmos MT8870C/MT8870C-1
Integrated DTMF Receiver

November 1987

1ISSUE 1

Pin Connections

Ne ] Ly g voo
N- [ 17 [J suaGr
cs (3 16 1] eEse
vref [] &4 15 []swo
wu []s 14} ae
pwonN £] 6 a3
osct [} 7 n |3 a2
oscr [ls 1 [JqQ
vss ] 9 10 [J 10€

Ordering Intormation
MT8S70CE/MTB870CE-1 Plaftic DIP
MTB870CC/MT8870CC-1_Cerdip
MT8870CS/M18870CS-1. SOIC

—40°Cto $85°C

high and, low graup filters;  the decoder “uses
dignal édunting techniques to detect and decode ~
all 16 DTMF tone-pairs into a 4.bit code. External
companent count is minimized by on chip provision
of a differential input amplifier, clock oscillator and
latched three:state businterface.

section uses switched capacitor techniques for
vpo  VS$ VRet INH ’ -
Lo [
| !
pwon §—> BIAS
cRcurt VRef
BUFFER
y ] at
' | chm | mencerour
POWER  BIAS FILTER DIGITAL CODE
OETECTION | | CONVERTER @
N DIAL 2670 CROSSING ALGORITHM | | ANDIATCH
- TONE DETECTORS . _:&. a3
FILTER}
cs } LOW GROUP —
FILTER — Q4
{>°' -~ e 5¢  sTEERmNG Z& .
cLOCKS -1 GT LOGIC [}
f———— A e — ‘
-
osct 0sC2 Su.GY £t sto TO€E

Figure 1 - Functional Block Diagram
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MT8870C/MT8870C-1 1502.cMOS

Absolute Maximum Ratings' ~

Parameter Symbol Min Max Units
1] DC Power Supply Voltage Voo 6 v
2| Voltage onany pin |/ Vss—0.3 Vpp+0.3 \
3| Current at any pin (other than supply) 4 10 mA
‘4 Storage temperature Tsi6 - 65 +150 *C
5 | Package power dissipation Po 1000 mwW

“Erceedng these vatues May cause permanent damage Funct.onaloperation under these cond-tions is not imphed.
Derate above 7S "Cat 16 mW /1 C  Allleads soldered taboard

Recom mended Operating Conditions - voltages sre with respect to ground {Vy) unless otherwise stated

Parameter Sym { Min | Typr | Max | Units | +**Test Conditions
1 DC Power Supply Voltage Vpp | 475 | 50 | 5.25 v .
:z Operating Temperatutre To - 40 +85 °C RV
3 Crystal/Clock Frequency fc 3.579545 MHz | o7
2| [CrystaliClock Freg.Tolerance | Al +0.1 1 %
* Typeca! figuees are 31 25 C and are for design a.d only. notguaranteed ans'sfn subject to procuction testing -

. . . [
DC Electrical Characteristics - vop=50vE 5%, V;y= 0V, 40°C < Tg 5  85°C.unlest otherwise stated
1

Characteristics Sym| Min Typ: | Max |Units Test Conditions
1} $ [Standbysupply curient lopa 100 pA |PWDN=Vpp
2 ‘,’ Operating supply current oo 3.0 8.0,/ | MA
‘3— P [Power consumption Po 15 50 | mW | fc=3.5679545 MHz
\
| 4] [Hightevelinput “Tvul 35 V |Vpp=50V
S Low level input voltage Vi 1.5 V |{Vpp=5.0V
T ,', Input leakage current /My . 0.1 pA [ Vin=Vssor Voo ]
71 * [pullup (source) current ve. 75 | 20 | pA |10t (pin 10)=0,
| T Y Voo=50V
8] s ipull down (sink) current Igy 15 43 pA TINH=5.0V, PWDN = 5.0V,
VQQ= s.0v
T Input impedance (IN+,IN-}] Ry 10 MO @t kH2
0] [Steering threshold voltage | Vase | 22 - 25 | V |Vop =50V
111 {lowlevel output voltage Vot V¢+0.03] V [Noload
. E _3 High level output voltage Vou {vpp-0.03 Vv |Noload
Ji : Output low (sink) current oL 1.0 25 mA |Voyr=0.4V
_1_1 ¢ |Output high (source) current lon 0.4 0.8 | mA [Vour=46V o
15 : VperOutput voltage Vet 24 2.7 V [Notload,Vpp =50V -
}_IZ- Vgef OUtpUL resistance Ron 10 kQ

* Typical figures are a1 25 C and are for design aid only: not guaranteed and not subject to production testing

3.54




1s02-cMos MT8870C/MT8870C-1

Operating Characteristics .voo=50vEs%, v =0V, 40°C 5 Tg 5 +85°C,unless otherwise stated. R
Gain Setting Amplifier o
Characteristics Sym Min Typ' | Max | Units Test Conditions
1 | tnput leakage current hn 100 nA | Vsss VinSVpo
2 | Input resistance Rin 10 MQ
3| input offset voltags Vos 25 mvV
4 | Power supply rejection PSRR 50 d8 |1kHZ
75 [Common mode rejection CMRR| 40 d8 | -3.0Vs Vs3I0V
6 | DC openloop voltage gain Avor 32 ds
7 | Unity gain bandwidth . fc 0.30 MHz
B | Output voltade swing Vo ‘40 | Vpp |Load 2100kQ to Vss
9 | Maximum capacitive load (GS) Q 100 pF
10 | Maximum resistive load (GS) Ry S0 kQ
11| Common mode range Vem 2.5 Vpp {Noload
- -
-

MT8870C AC Electrical Characteristics’ . voo=5 0V £5%, V=0V, 40°C S To S +85°C_using Test <f;2u:' shawn in

4

Figure 2. e
Characteristics Sym Min Typ' | Max | Units - Notes®
Valid e @ .29 , -] dBm }1,2,3,5.8,9
1 alid input signal levels - v E
(each tone of composite LN e mVams | 1.23,5.6.9 )
signal) +4 d8m [1,2,3.56,9
. 869 | mVams 1.2,3,5,6.9
2 Megative twist accept 6 dg 123,69
3 Positive twist accept 6 d8 2,369
4 Frequency deviation accept +1.5%+ 2Hz b 2,3,5,9
5 Frequency deviation reject +35% &0 2,3, 5.9
6 Third tone tolerance - 16 ds 2,3,4,5,9,10
7 Noise tolerance - -12 dB  |2,3,4,5,7,9,10
8 Dial tone tolerance | +22 d8 |2,3,4,58,9 11
t7ypcal figures are at 25 Cand are for designa-donly: notguara~ieed and not subject to production testing.
*NotES

1 d8m = decibels above or below areference power of 4 mvsinto 8 600 chmload ,
,- Digit sequence corsists of 2% DTMF tonef

3. Tone duration = 40 ms, tone pause = 40 my

4 Signa’ condition consists of naminal DTMF frequencies.

§ 8cthtonesin composite signal have an equat amplitude

6 Tone pairisdeviatedby $ 1354 & 24y,

7 Bandwrdih limited (3 kH2) Gaussian noise.

8 The precise d.al tone frequencies are (350 Kz and 440 H2) £ 2%.

§.for an error rate of better than 1in 10,000.

10 Referenced to lowest leve! frequency tompenent in DTMF signal.

11, Aeferenced to the minimum vakd accent level.

12, f07 g‘.:hﬂﬁ?ulwhtion purposes. R
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- i
MT8870C/MT8870C-1 1s02.cm0s
AR
MTB870C-1 AC ElectricalCharacteristics’ . voo=5.0v5%. vy, =0V, 40°C £ To 5 4 85°C. uting Test Circunt
= shown in Figure 2.
Characteristics Sym Min Typ' | Max | Units Notes® -
Valid input signal levels -31 +1 d8m |Vpp=S5.0V
1 (gach tone of compaosite N8 569 | mVams 1,2,3,5.6,9
__J signal) 5
. . -37 dBm Voo:—‘- sS.ov .
_i Input Signal Level Reject Y00 ” Vams | 1:2:3.5:69
3 Negative twist aecept 6 d8  |2,3,6,9
4 Positive twist accept 6 dB 2,3,6,9
— —
5] frequency deviation accept +15% % 2Hz 12.3.59
L_?_a frequency deviation reject +35% 2.3,59
? Third tone tolerance - 18.5 dB |2,3,4,5 9,13
g Noise tolerance’ e — 12 L Eas d8 2,3,4,51,8, 10
9 Dial tone toterance T 422 dB [2,3,4,58,911
"Typeca! figures a-e a125°Cand a-e for designard only not guarsrieed and notsubjectto production n’}}?ng.
*notes i,

1 dBm = decibelsabove o below 2 refere~ze power of + mW/ into ¢ 600 ohm load
2 Digit sequence consists of all DTMT tones.

3 Tone duration= 40 ms, tone paute= 40 ms

4 Sgnalconditioncontists of nominal DTMF frequenties. ‘,':l:-' ..
$ Both tones in compotite signal have an equa! armplitude

€ Tone pairdesiated by 21.5% 2 2Hz -
7 Bandwidthlimied (3 kH2 ) Gavssisn noise.

8 The precise dia' tone frequencies are (350 Hz and 880 H2) * 2%, e

9 Foran error rate of better thar 1in 10,000,

10 Referenced to lowestleve! freguency component in DTMF yignal.

11 Relerenced to the mimmum vatd sccept teve!

12 for gusrd time caleutation pu-poses.

13 Referenced tafig 101tnput DTRF tone leve! at .2548m {-2828m a1 GS Pin}inteference frequency range b

etween 420 14004,
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1s0%-cMos MT8870C/MT8870C-1

AC Electrical Characteristics . vy =5.0v2 5%, V=0V, -40°C % To S +85°C, using Test Gircuit shown inFigure 2.

Characteristics = Sym | Min | Typ* | Max | Units Conditions
1 Tone presentdetecttime toe 5 1 14 ms | Note 12
2 . Tone absent detecttime toa 0.5 4 8.5 ms | Note 12
3| 1 |Toneduration accept tREC 40 ms | User adjustable
ot M -
4] | {Toneduration reject taee | 20 ms | Useradjustable
5| G |interdigit pause accept tio 40 ms | User adjustable
r—i
4 6 Interdigit pause reject too 20 ms | User adjustable
7 Propagation delay (St to Q) teq 8 H us | TOE=Vpp
8| o |Propagation delay (SttoStD) | tosio 12 16 ks | TOE=Vop
U =
9 : Qutputdatasetup(Qto StD) 1Qs:0 34 ks |TOE=Vpo
. 10 lr’ Propagation delay (TOE to Q ENABLE) | terg 50 ns 's%a::, 10kQ,
H] p A
11 Propagation delay (TOE to Q DISABLE) te10 300 P '°af’°' 10kQ,
SU):F
12 Crystal /clock frequency fc  [3.5759]3.5795]3.5831] MHZ'
13 f Clock inputrise time towee | 110 | ns [Extclock
14} o | Clock input fall time thicL A 110 ns | Ext clock
15| & {Clock input duty cycle DCc ] 40 | 50 | 60 | % [Ext.cock -
16 Capacitive load (05C2) Co | 30 pF

t Typreal figures are at 25°C and are for design aid only: notguaranteed and act subject to production testing.

- Voo -\
. ('
pime O— .
Input R MT8870C/MT8870C-1 !
. ——d IN+ U Voo Ej____‘_
—] ™ - SLGT o
Aar——1 Gs ESt 1 3
P vy sto Pp—1—0
OQ—[] nH o p—4—0
O———{] rowWN Q@ p———0O
r‘d 0%C1 Q2 D——-—-—-o NOTES:
x-tal 401 osc2 o p——0
F—C Vg yot | —

R, R, = 10082 21 %
Ry=300kf2 £1%

€, C,=100nF £5%
X-tal=3 579545 MHz 0.1 %

figure 2 - Single-Ended Input Configuration




MT8870C/MT8870C-1 1s0?-cMmos

Pin Description

Pin # Name Description S0t
IN+ |Non-Inverting Op-Amp (Input).
IN- Inverting Op Amp (Input).
GS Gain Sdtect. Gives access to output of front end differential amplifier for connection
of feedback resistor.
4 Vret | Reference Voltage {Output), Nominally Vpgoi2 is used to bias inputs at mid-rail (see
Fig.2).
S INH Inhibit (input). Logic high inhibits the detection of tones representing characters A, B,
Cand D. This pininput 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.
0sCt | CUock {tnput).
05C2 | Clock (Output) A 3.579545 MHz crystal connected between pins 0SCY and 05C2
completes the internal oscillator circuit.
9 Vs Negative Powser Supply (Input).
10 TOE | Three State Output Enable (Input). Logic high enables the putputs Q1-Q4 This pinis
pulled up internally. — o
11.14 Q1-Q4 | Three State Data {Output). When enatled by TOE, provide the’¢ode corresponding to
the last valid tone-pair received (see Tatle 1) When TOE is Jogi¢low, the data outputs
are high impedance. \7
15 S0 Delayed Steering (Output).Presents a logic high when a received tone-parr has been
registered and the output latch updated; réturns tologic low when the voitage on
SUGT falls below Vi, oMLY
16 £S5t tarly Steering (Output). Presents a logic high once the digital algorithm has detected
a valid tone pair {signal corfditién). Any momentary loss of signal condition will cause
ESt to return to 3 logic low. e
17 S1/GT | Steering InputiGuard time (Output) Bidirectional. A voltage greater than Vig,
detected at St causes the device to register the detected tone pair and update the
outputlatch. A voltage less than Vyg frees the device to accept 8 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 pgwer supply (Input).
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events | A | . | < | ¢ | ¢ |
BT g P4 - e 14- -4-%-}: -;E'ooz-c-
V: {1 tont
n 1OME #n LXY TS I
. for - 4 > toa
I3
tst l l l I
) 'gn
- , re-len
t )
[¥d —— N i I I N v
0 i)
A A 7! | P
= { t
':’1, $4=a0i0 HIGH IMPEDANCE
Q1.04 OECODED TONE ¢ (n-1) '@ on )______GE
tosio -"; \ E :
$to i ! e
! S
W -ty - v
TOE <1 o o
-~ - ..
s/
AN i
i 1
.t ‘ |
EXPLANATION OF EVENTS o
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OU!PUTS'ﬁbt UPDATED.
8) TONE #ADETECTED, TONE DURATION VALID, TONE 0ECOTED AND LATCHED IN OUTPUTS. -
9] €10 OF TONE #n DETECTED, TOME ABSENT DURATION VAUID, OUTAUTS REMAIN LATCHED UNTIL NEXT VALID TONE.~
D) OUTPUTS SWITCHED 1O HIGH tHAPEDANCE STATE, >
(3] TONE #a+ 1 DETECTED, TONE DURATION VALID, TONE DECOOED AND LATCHED N OUTPUTS (CURRENTLY HIGH
IAPEDANCE)
f) ACCEPTAOLL DROPOUT OF TONE 2 ¢ 1, TONE ABSENT DURATION INVALID, QUTPUTS AEMAIN LATCHED.
Gl tND OF TONE #n+ 1 DETECTED, TONE ASSENT DURATION VALID, OUTPUTS REMAINLATCHED UNTIL NEXT VALIO TONE.
tXPLANATION OF STMBOLS ’
Va DYMF COMPOSITE INFUT SIGNAL
33 gAY STEEAING OUTPUT, INDICAMEY DETECTION OF VALID T10%E FREQUENCIES.
.
SGt  STEERING tirUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
0,-Q, ¢ 811 DECODED TONE OUTPUT
$t0  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOM THE REQUIRED
, GUARD TIME THUS CQMSTITUTING A VALID SIGNAL, .
¢ TOE  TOMEQUTPUT ENABLE INFUT) A LOW LEVEL SHIF1S Q, D, TO TS HIGH HAPEDANCE STATE.
EY :
I nrz MAXIMUM DTAMF SIGNAL DURATION NOT DETECTED AS VALID
teye  MINIMUM DTMF SIGNAL DURATION REGUIRED FOR VALID RECOGNITION,
to KOBHPAUM TIFE BETWEEN VALID D TMF $IGNALS,
tag  MAXIMUM ALLOWABLE DROP OUT DURING VALID DIMF SIGNAL
tee THAE TODETECT THE PRESENCE OF VALIO DTMS SIGNALS
toa TMETO DETECT THE ABSENCE OF VAUD DTMF SIGNALS.
tats  GUARD TIME, TOHE PRESENT.
Sqed- > GUARD TIME, TONE ABSENT
. [}
figure 3- Timing Diagram "
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MT8870C/MT8870C-1 1502-CMOS

Functional Description

The MTBB70C/MTB870C-1 monglithic 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 digita! counting section
which verifies the frequency and duration of the
received tones belore 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
2150 incorporates notches at 350 and 440 Hz for
exceplional dial tone rejection (see Figure 4). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
priot 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 at the frequencies of the incoming

-

DTMF signals. .

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF {requendies. A
complex averaging a'gorithm protects against tone

simulation by extraneous signals such as voice w):’ﬂég
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 (third tones) and noise.
When the detector recognizes the presence of two
valid tones (this is referred to as the “signal
condition” in some industry specifications) the
“tarly Steering” (ESt) output will go to an active
state. Any subsequent loss of s'gnal condition will
cause ESt to assume an inactive state (see “Steering
Circuit™).

Steering Circuit

Before registration of 2 decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recggpitipp condition). This check is
perfosmed by an external RC time constant driven by
£5t. A logic high on ESt causeyw, (see Figure S) to rise
83 the capacitor dischargés. Provided signal
condition is maintained. (£S5t remains high) for the
validation period {tgre}, v reaches the threshold
(Vyse) of the steering logic to register the tone pair,
latthing its corresponding 4-bit code (see Table 1)
1n{o the output latch. At this point the GT output is
activated and drives v to Vpo- GT continues to drive
high as long as ESt remains high. Finally, after a
short'delay to allow the output latch to settle, the
delayed steering output flag (5tD) goes high,
signalling that 3 received tone pair has been
registered. The contents of the output latch are
made available on the 4.bit output bus by raising
the three state control input (TOE) to a togic high!
The steering circuit works in reverse to validate

‘\
0
| PRECISE
/ ‘\ 2 ~ DIAL TONES
P 4 .
10 \. N x=s0m
¥ v=420H:
- \
I [\ DTMF TONES
20 l 1 \ A=€37H2
A'ntm;n:on :=Z;g :z
d = 2
) l ’ \ D=941 H2
30 =1209 H2
F=1336 Hz
G=1477 He
a0 A { — H=163 Ha
j W) / N
so M __ 0 L _ _ \ .
PRI T
1kHz
. X Y- ABCD £ ¢ G H
TREQUENCY (Hz) L

- Figure &- Filter Response
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®* Joigitjroe | muJest| Q] Q] Q| @
ANY L X . 4 z 4 4
1 H L H [} 0 [/} 1
2 H L H 0 0 =t ]
3 H L H /] 0 ] 1
4 H L H 0 1 0 0
b H Lt H 0 1 0 1
[} H L H 0 1 ] 0
? H L H [+} 1 1 1
s H L H 1 0 o 0
ok B ) H 1 H 1 ° [} 1
0 H L H 1 ] 1 0
. H t H 1 [+] ] 1
s H L H 1 1 o ]
A H t H T 1 ] 1
| ] H L H 1 1 1 [}
[ 4 H L H t 1 1 1
2] H L M 0 o ] [+]
1 H H H 0 [} 0 1
2 H H H 0 1] 1 [¢]
3 H H H [ ] ] 1
4 |'H H H [ 1 0 0
} H H H Q 1 0 1
s H H H 0 1 1 0
? H H H 0 1 1 1
] H H H 1 o 0 0
] H H H 1 0 ] 1
0 H H H 1 [} ) 0
¢ H H H 1 [J 1 J
[ n H ] 1 ] 0 ]
A H H L | undeteced, the output
8 H H L code will cemainthe same
C H H L asthe presious d‘?eQ!d
) H ] ot code

L=LOGIC LOW, H =LOGIC HIGH, 2 = H1GH IMPEDANCE
Table 1. Functional Decode Table

e interdigit pause between signals. Thus, as well
-3¢ rejecting signals toa short fo Be considered va'id,
the receiver will tolerate signal interruptions
{dropout) too short to be considered a valid pause.
This facility, together with the capability of selecting
the steering time constants externally, allows the
designer to tailor performance to meet a wide
variety of system requirements.

. GYard-Time Adjusthent

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering

ciréuit shown in Figure S is applicable. Component
values are chosen according to the formula:

trec =tor +HtGre
tio=toat+tcra

The value of tpp is 3 device parameter (see Figure 3)
and tagc is the minimum signal duration to be
recognized by the receiver. Avalue forCof 0.1 ufis
recommended {or most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise Immunity. Increasing taec
improves talk-off performance since it reduces the
probability that tones siffulatéd by speech will
maintain signal condition fong epough to be
registered. Alternatively, 3 relatively short tagc with
along tpo would be appropriate | extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
informajian for guard time adjustment is shown in
Figure®i*” - -

power-down and Inhibit Mode

+ 2

A logic high applied to pin 6 (PWDN) will power
down the device to minimize the powert
consumption in a standby mode. It stops the
oscillator and the functions of the {ilters.

Inhibit mode is enabled by a logic high input to the
pin § (INH). 1t inhibits the detection of tones
representing characters A,8,C and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870C/MTB37GC 1
provides a differential-input operational amplifier
as well a5 a bias source{Vaes) which is used to bias the
inputs at mid-rail. Provision is made for connection
of a feedback resistor to the op-amp output (GS) for
adjustment of gain.In a single-ended configuration,
the input pins are connected as shown in Figure 2
with the op-amp connected for unity gain and Vgt
biasing the input 3t §Vpo. Figurd 7 shows the
ditferential configuration, which permits the
adjustment of gain with the feedback resistor Rg.

361

INriss
R ad
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MT8870C/MT8870C-1 150%.cMOS
" N o MT3870C/
G N N+ MT2870C-1
—O +
‘ ¢ -
Veo F . ——
$1'GT v, o~ N
e [N ¢ n,
[ .
" ' GS$
M18870C/ tora™ (RO N {Vh £ Vg ) » |
WVTes870C.t ., g
_'_—J .
tooe = (RC) I (Vg / (Vg-Vieg )] o—

Figure 5- Basic Steering Circuit

tor = (RyCy) In [V / (Vop-Vau)l

tera= (9,000 1A (Vog 1 Vag)

R, =(R,R,) /(R4 R,)

s} decreasing o (i <lra)

tore = (8,0} In [V 7 (Vg Vi)
-—
'Z'A =(R,C,) In (Vg5 ! Viyy)

Rp=(R,8,) (R, R,) |

b)decreasing torai {tor > tgra)

. figure 8- 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
Ended Input Configuration). However, it is possible
to configure several MTBB820C/MTB870C-1 devices

3-62

DIFFERENTIAL INPUT AMPLIFIER

C;=Cy = 10nF -
Ry=R,=R;=100k0 i\ registors are 21 % tolerance. \_
L so‘;n, n,=37.5k0 ‘e Allzapacitors are £ S & tolerance

[ FP s LI 7.

Raehs P /
VOLTAGE GAIN (A, dit)= _:.1
]

INPUT IMPEDANCE -

ot \/—,'——1— ? -
(Znowr) =2 R4 (-(.TC.)

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 3C pF tapacitor to the oscillator
input (0SC1) bf the-next device. Subséquent devices
are connected in a similar fashion. Refer to Figure 8
for details. The problems associated with
unbalanced loading are nct 8 concern with the
arrangement shown, ie; precision balancing
tapacitors are not required.

To O5C1 of next
MT8870C/ MT8570C-1

—

7 X-tsl
o 1 osc2
a
osc2 __'L“.__L osct
L]
c
C=30pf

X-tal=3 579545 MMz

Figure 8- Oscillator Connection
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::EENER SYSTEM FOR BRITISH TELECOM SPECPOR e Vo Voo Vel .
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The circuit shown in Fig. 10 illustrates the use of hﬁ(“scd‘"(voo"/w)
MT8870C-1 device in a typical receiver system. :11
spec defines the input signals less than =34 d8m as py= ) 1R+

the non-operate level.
attained by choosing

to provide 3 d8 attenuation, such that -34 dBminput
signal wilt correspond to -37 d8m at the gain setting

pin GS of M18870C-1. As
component vatues of Ry and

requirements when the total component tolerance

is67%. For better performance,

use the non-symmetric guard tim

uration for 8t-or CEPT Spec

figure 10 -

e circuitin fig. 9.

S

This condition can be v O_,_————l-
a2 suitable vatues of Ryand Ry %
Hiqd G
shown in the diagram. the
Cp are the guard time
R, L}
itis recommended to £5t

Notes:
r,=368x0 1%
Ry =22 MO £1%

€, = 1000F 3%

figure 9- Non-Symm

DTMF O—“
Input MT8870C-1 =
IN+ D :"/;o 11—
IN- stet P
G$ —~gs1 P
L veu o P—1—"90-
o—————4 Q4 h—+——0
O/—{ PWON Q H{+—O
osc 1 Q? ',}—“———"0
X Elﬂ%—ﬁ 052 Q! }*H —
rr”'{ Vi TOE ’IJ——
L

ing!eltndedlnput Config

etric Guard Time Circuit
»

NOTES:

R, =102KA £ 1%
Ry=71500 14
§,=390K0 £ 1%

C,.Cy= 100 nf 5%
x,=357954% MHZ $0 1%

Voo = 50V £5%

A e =
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XR-2206

Monolithic Function
GENERAL DESCRIPTION

“rz XR-2205 is 2 menolithic funation geas-ator inte-
:'21eC Circut cadabie of producing high g.ality sine,
ss.are. trizngle, ramg. and puise waveferms of high-
s.zt.ily 210 accurecy The outs.t wave‘orms can be
oottt amplitude and fraguency modllated ov an exter-
-z’ vorage Frequency of operzion car be selected
eri2ragllv over 2 range of 0 01 Hz 1o more than 1 MHz,

Tre ¢ reunt 1S i0eally suted for communications, instru-
.-"a‘ on, end func.-c' nennre <7 applications reguir-
siruscicz! tone, AN' FIM, or FSK generaton. It has a
al drift spec:ficetion of 2C pom/*C. The osciliztor
cuency can be Ineariy swept over & 20001 freguen-
ange, w. zh an exterr.al comirol voltage, having a
; small etfect on dstertior.,

LR -r’n
I"? l

FEATURES
C.5%.

tow-Sime Wave Distorion
txzeilznt Tenperature Siabity
\' ce Swees Range
Lea-Sopp'y Senstvity
!.'"52' Arpriude Modl.z: on
s 'r:,:—.‘ o2 FSK Cortros
Wwize Suspiy Range
~Z,.Siatie Duty Cycie

AFFLICATIONS

. Gzneraticn
: Ge""a «on
M Gemerzuon
vF Corvers o0

@ -I')

UsleR

zse-Locxe Loops (VIO

ABSOLUTE MAXIMUM RATINGS

Ceret Scogly

Swer Dissipeton
Derate Adove 25°C

Tote” Trr.sg Current

Sicrzge Jevoerature

F
g

Typicet
20 pomi=C, Typ.cal
200C.1, Typicai
0.01%V. Typ.cal

2tV

750 v/

5 mwisC

6 mAa

-6=°C 19 +182°C

Generator

w

W

FUNCTIONAL BLOCK DIAGRAM

N2La% 7
xND“:# E 16 SYMMETRY
SORLL 5]
SAULT OUT E T_E '.-'.'-;}/EFORM
L% 73]
leL_G E E e
CAPACITOR E So:'rrguT

RESISTORS

TIURG

CURRENT
SWITCHES

-

"DI o
"

au

u

c x

5

r_
ciniol

ORDERING INFORMATION

Part Number Package Operating Temperature
X=-220EM Cerzmic —-58%C 1z -125°C
XR-2203h Cerzmic 0°C 1z -7G°C
XR-2255F Piastic 0¢C iz -79°C
XR-22C6CN Ceramic 0°C:z = 70°C
XR-22082” Flasuc g°C e ~75°C
SYSTEM DESCRIFTION

SI0CKS: &
mMuitipiier
2nc & set

Tre XB-2222 s comprised of tour funciionz
vgliage-contoies os:-f:a!ar {VCO,. anara 3
&nd sne-shaser g unity gain putier amplle-
c! cyrre=t swiches

The VCQ aci.zlly produces ar o.tpat frecoency pro-
porterad iz inpat curert, whieh is proc.zed by & re-
s:stor 1o 1ne UM g terminais 16 grouna. The current
switches -o.te cne of the timing pins cL°-e~t 1o the
VCC coni-o'2< by an FSK input gi=, t¢ proc.ce an out-
potfreqeancy. Wit twe timing £ns. two € s27€te ouip.at
frecuenc.es ez be ind epnrder::) producsz for FSK
Generaticn Acplications.




XR-2206

ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V™ = 12V, TA = 25°,C = 0.01 uF, R; = 100 k2, Ro = 10 kN, R3 = 25 k0
uniess otherwise specitiec S+ ope- for triangle, cicsad for sine wave.

XR-220€M XR-2205C
PARAMETERS MIN TYP [ MAX | MIN ] TYp [ MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supoly Voltage 0 26 | 10 26 v !
Split-Supp'y Voltage =5 =13} =5 +13 v
Supply Current 12 17 ie 20 mA Ry 210k
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 05 1 MHz 1C = 100C pF. Ry =1k
Lowest Practica! Frequency 0.0% 0.01 Hz C=50uFRy=2M0
Frequency Accuracy =1 =4 =2 % olfy |5 = 1R4C
Temperatoce Stability 2°0; =80 =22 =m0 1 0%C < Ty s 70°C,
~ Ay = Rz = 20xO
Supply Sensitivity 0.81 | 0.1 0.0% %NV Viow = 10V, VyigH =
20V,
e Ry =Rz = 20k Q
Sweep Range 1000:1) 200011 20033 H=lL [tH@ R, = 1k
fL@R; =2mM0
Sweep Lingarity
10:1 Sweep 2 2 % fLo= 1 kHz, fy = 10 kHz
1000:1 Sweep & £ % f = 100 kHz, ty = 100
kHz
FM Diswortion 0.3 0.1 % =10% Deviztion
Recommended Timing
Components
Tirring Caoacitor: C 0.001 100 {0.001 100 uF See Figure 4.
Tim'ng Rasistors: 1 2000 1 2000 kQ
R. &Ry
Triangle S-ne Wave Output Ses Note 1, Figure 2,
Triangie Amphiuds 167 162 ~V% 0 JFigare 1, Sq Open
Sine Wave Ampitude 40 62 80 65 Vi Q | Figure 1, 8. Ciosed
Max O.iout Swing 6 € Vpp
Outpyt Irpedance 632 602 Q
Triangie Linearity 1 1 %
Ampiiiuzs Stabity 0t 0z ds Far 1000 1 Sweep
Sine Wave Ampliiude 4300 4807 £57/*C | See Note 2
Siak -ty
Sine Wave T stortlan
Withss: Adiusiment 2.5 2.5 7= Ry = 230kQ
With AZ sstmemt C¢ 1.0 cs 5 % See Figures 6 and 7
Ampiiiuce Modliztion
Input Imp=zance 30 103 50 160 xQ
! 07 162 e
Carnie- Soopression 22 &2 a5
Linearity 2 z % For 5% moduiation
Sguare-wWave Output
Ampi tuce 12 12 Vp-o |Keasurec ai Pin 11,
Rise Time 25C 252 nsec [Cp = 10pF
Fall Time sC 5G asec |Gy = 10 pF
Saturaton Voltage 0.2 0¢ 0.2 0.6 v I = 2mA
Leakzze Current .1 22 C.1 | 100 pA | Veq = 26V
FSK Key.ng Levet (Pin 9) 0.8 1.4 24 0.8 1.2 | 24 v See section on circuit
cerirols
Reference Evoass Vo'tege 29 31 3.3 2.5 3 35 Vv Measured & Pin 30,

Note 1: Ousizut amplitude is direcily prepo=.onet 10 ine res-siance, Sz o1 Pin 3. See Fig.-e 2.
Kote 2: For maximuT emplitude sizlilty, Rz should be a positive temoerziure coelticien: resisior.

1-184
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Figure 5. Normafized Output Ampitude versus DC Blas ot
AM Input (Pin 1).
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Figure 2. Output Amplitude as a Function of the Resistor, TmG B
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Harmonic Distortion. (R3 Determines Output
Swing—See Figurs 2.)



Fraquency-Shift Kgyina: .
“re XF-220€ can De operzied w it twz separzte liming
-esistors, Ry and Ry, connectec tc the timing Pin 7 and
& respectively, as snown in Figure 2. Depe~cng on
e colarily of the iogc s'gna' 61 Pir €, e ther 2ne or the
ciner of 1nese firing resisiars is actveted M Pingis
coen-creuitegd or cemnected o e b'as vellage 2 2V, only
S. is actveied S'miarly, ff the vetage levei a1 Fn9is
<1V, only Rp ls acivaied. Trus, the ouidut frecuency
s3r be keyed betwesn twe leve's, 1y 2na i, as

f1 = 1/R;Caxctz = 1/2:C

For spi t-supply operation, the keying vollage et Pin 9 is
relerenced oV,

Dutput DC Levei Control:

“-e de ieve’ &1 the puitut (Pin 2} is ecoreximare'y the
sarme 2s the de bas 8! Pin 3. In Figares 10, 11 and 12,
Fn 3 is Diesed midway between V= anZ gocund, 1o
g ve an output de level of mV /2,

APPLICATIONS INFORMATION
Sine Wave Generation
wihout Externsl Agjustment:

f gure 1C shows the circuit conrectic for generating a
s ~usoidat output from the XR-2206. Tne pote-tiometer,
F¢ at Pin 7, provides the desired frecaency tusing. The
meximam output swing Is grea:er theh V=/2 &nc the
tvdical aistortion (THD) is <2 5% !’ lower s ne wave
2 siortior: is desired, 202 tiona! adjust—ents ¢z be pro-
v Jed as Zescribed m tne follicwing section.

Tae sircuit of Figure 1C car be conveted e siit-supply
cceration. s'mply by repiacing el groond connections
v 1= V™. For splt-s.Dp'y opeaic, R3 ca= be girectly
¢annecsied 1o grosne.

with External Acjustment:

“1g harmonic content of sinuscica' outdbut ca- be re-
c.ted o m05% by esdonet 8C usimenis &5 shown
- Fgure 11 Tne poie-tiometer, Fa. adiusis the sine-
£-ening res'stor, ant Rg provices the fine az ustment
137 ine wavelform symmetlty. The 23 cstment procedare
§ g folowe:

Se: Pg at micpaint. 2ng adus: Fp for misimum
cistoricn.

¢ Vlan Ry set as ebove, ad ust Ag 10 funther reduce
g stort.on.

Trlangle Wave Generation

“ne creuits of Figures 10 a~d 11 ¢z~ be ce-vened to
“&ngle wave peneal.on, by o'y open-cire g Pin
*Zenc 14 (e, Sq oo} Ampiude € ihe trigngie is ap-

Stoxrately twice the S 7€ wave oottt
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Figure 12 shows ‘~e circult connection for sinusoigal
FSK sig~a! operaticn Mark and space {requencies can
be indesendently &g usted, by the choice of timi~g re-
s'sicrs, Ry and Az the oJtput Is phase-continuous dur-
Irg transitons The xeying signalis apptied e Pin &. The
ci'tut ca” be co~veried to spit-supdly operaticn by
s'npiy reg.ac’g grcd with V-,

FSK Generation

Pulse and Ramp Generation

Figare 13 shows the cirguit for puise ard ramp wave-
form generaton. In this mode of operation, the FSK kay-
ing terminai {(Pin 9) :s shorted to the sc.a‘e-wave 051put
(P:n 11). aac the c'roult actomatically frequency-shift
keys itseil betwee~ two separate fregquencies ouring
the positive-going a~d negative-going output wave-
forms. The puise w.215 ang 2oty oysle 2an ba adisctag
from 1% 15 98%, by ne chelze of 34 and Ry The val
ves of Ay and Ry shouid be in the ra~ge of 1 kQ o 2
MO

PRINCIPLES DF DPERATION
Description of Controls
Frequaney of Operaticn:

The frecuency of csciation, f,, is determined by the ex-
ternal timing capacnor, C, across Pin § and 6. a~d by
the timing resisior, R, connected to either Pin 7 or 8.
The frequency is g'ves as:

=
i
fo] T Hz
eng can be edjusies by vatying either B or C. The rec-
omerded values of R, for a given frecuency range, as
sow In Figure 4. Te—iperature siablity is optimam for
4 k) < R < 200 k0 Recommended values of C are
{rem 100G pF to 1237 4F.

Frequancy Swesp ant Yodulation:

Frezuency of osc..2: or is properticnal to the tota! b
ing carrent, Iy, draw= from Pin 7 or 8

32017 (mA) .
2 — e HZ
C (xF)

Tim.ng terminais (F.- 7 or B) are low-impedance pourts,
~Cereirienally & gcec at + 3V, with respect 1o Pir 12,
Frez.e~cy varies | rearly with |7, over 2 wide range of
<rrent velaes, fre— 5 pA to 3 mA. The freguency can
be contrciied by as2'virg & conirol voliage Vg, tc the
gcuvated timing £~ 2s shown in Figure 8. The freguen:
cy of osciilation Is re ated to V¢ as:

1= ;1‘;_’3.(1_!&){41
RAc Rc 3
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wrere VG is -~ velis. The voltagete-‘requency conver
sicn ga'n, K, is g'ven as:
0.

K= Ve = - 232
RC

Hov

CAUTION: Fo~ safety operation of the circuit, Ip
should be timiez to s3 mA.

Output Ampihude:

Meximy= ostser 2mplitude is inverse's propsnional to
the externalres'sior. Rg, connected 1o Fin 3 (see Figure
2). Fo* sine weve o.tput, emplituge is aopror Tately 8
mV peak pe <0 of Ry for tria-3ls, tne peek amplituge
is aoproximate'y 180 MV peak per kil ci Ry Thus, for
exemple, Ry = 5C kO would produce app-crimately
= 3V sinusoicz’ cutput amplitude

Ampiftude Moduiznen:

Outou: ampiit. 32 oz~ be modulated by apply:ng & dc bi.
2s21¢ 2 mod.'2: -2 signa! to Pin 1. The inte*na. imped.
a1ce a1 Pir 1 .g eooroximately 100 k), Outswe ampli.
tude varies linez* , with the applied voltage a: P:~ 1, for
values ' dc b.zs 2: t7is pin, within = 4 volts ' V= /2 g¢
shown in Figure £ As this bias lavel aporoactas v -1,
the phase ¢ t-e Siout signal is reversed, a4 toe am.
pitude goes th:o_3~ zero, This property fs s. tzole for
phase-sht key 2 20 suppressed-carrier AN c2nera-
ton. Teta! gynz— < range of amplitude mod.iz: o= is ap-
proxirmately S€ c= .

- e

T m

CAUTION: AWM. comtrol must be used in conj.nction
wit~ 2 we'l-reg iz1ez supply, since the output ampolitude
now becomes z function of V+,

EGUIVALENT SCHEMATIC DIASRAM

Yy

[+1]
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XR-2211

FSK Demodulator/Tone Decoder

GENERAL DESCRIPTION

The XR-2211 iz ¢ monolithic phese-lockec loop (PLL)
systemespecizly oesgred for datz communicaiions f
is periizutatly wei' suited for FSK modem zophiceions.
It ope-zies ove' & wide supply vo'izpe 1znge of €5 to
20V ang z wioz ‘reguency range of 0.07 Hz 1c 330 kH2
it cen accommoczie arzlog signa's betwess 2 m\ and
2V, and can inie~zze with conventiona! DTL, TTL, &g
ECL 1ozl formi ee The choult consets of & tast PLL
for tizciing ar inout signg! within the Szee band g
oued:lure phzse detector which provides cerngr oe-
tection. and a F&¥ volizge comparetor which prevides
FEX demodulatio- External COmPoEts &re LSEZIC in-
Jependently se: center freguency, baadwicih, ang out-
put de'zy. An inszenz! vollage reference proponticss’ to
the powe’ supp', provides rzlio mestic opzaretien o low
sysiem periormznce veriations with pows! supply
changes.

The XR-2251 i evaizble in 14 pir DTL cera=ic o' ples-
tic packages speces for commercie' of rkizny tem-
peraiure ranges

FEATURES

Wide Frequency Fange 0.C1 Hz 1o 300 kHz

Wide S_poly Violizze Rzage £S5V 20V
TUTTUECL Logic Compaz:ibility

FSK Demodulation, wih Cerrier De:ection

Wide Dyrzmic Famge 2mVi1o 3 Virme

Acjusiable Trecr =7 Fenge (219% to = 82%}

Excetient Temp Siasinty 20 ppm*C typ.

APPLICATIONS

FSX Demoduiation
Detz Synenronizztion
Tone Decoding

FN Detection

Carrier Detection

ABSOLUTE MAXIMUN RATINGS

Power Supoly 2oV
Input Sigat Leve! SV rms
Power Dissipziion
Cerarmuc Pezkage ’ 758 mw
Derste Above T = +25C € m\/C
Plaeuc F‘ackage :
Derzte Above Tz = +25°C E0mwC

[75]

FUNCTIONAL BLOCK DIAGRAM

oriEer 3 12| fmws
R RESISTOR

GRS E 2

REF
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o;?;‘:r‘r 7 & l ¢‘:s::~r~w1

ORDERING INFORMATION

Fart Number Patkape Operating Temperature
XR-2271M Ceramic ~£2*Cto = 125°C
XR-2231CN Ceramic 0°Cto - 70°C
XR-2211CP Plastic GCto +70°C
XR-2211N Ceramic -2¢3C 10 +85°C
XR-2211P Piastic -4J3°Cto +85°C

SYSTEM DESCRIFTION

The main PLL within the XF-2217 is consiructed from
an Input preamplifie:, enalog multiplier used as & phase
detector, and & precision vCiiege contro'ied osciliator
(VCO) The preemplifier is used s a limite* such that in-
put signe's above typically 2MV RMS are zplifiec 10 2
constant high ievel signal The multiplying-type phase
detecior acts es & digital exslusive or ceie s output
{unfiftered) pioguces sum &nc cterence freguencies of
the input anc the VCO outpr:, {input + 1 inout (21 input)
g1d finput - 1input (0 Hz) vwhen the phase detector out-
put 10 remove the “sum” frezuency componen: while
passing the giference (DT} component to drive the
VCO. The VCO is zctuelly & current contioiied oscillztor
vith its noming! input curren; (o) sei by & resistor (Rp)
10 groonC end Ite driving cutrent with & resistor (Ry)
from the phzse defector,

The other sections of the XR-2211 aci to: determine if
the VCO is criver above or beiow the cente- frequency
(FSK compa-ator). produces both active high and active
low outputs to inc.cate when the mzin PLL is in lock
(cuzdrature phese detector en2 lock Oelscior compara-
tor).
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ELECTRICAL CHARACTERISTICS
+est Conditions: Test Circuit of Figure 1, v+
Ry = 4.7 k0. Bmary Inpute

=V~ = 6V.Tp = +25°C.C = 5320 pF, Ry =
grounded. Sy a7 S closed. uniees otherwise specifies

R2=F.3=‘i;_=20kn,

XR-2211/2211M XR-2211C
PARAWETER MIN [TYP [MAX | MIN |TYP MAX | UNITS CONDITIONS

GENERAL

~oply Volaze 4.5 20 5 20 v
Supply Curremt 1 4 7 5 ] ™4 Rg 2 12 kQ. Ses Fig 4
OSCILLATDR SECTION
Frequency Accuracy 1 | =23 +1 % Deviztion from: fg, = 1/RgCq
Frequency S:zbitity 2 Ry = 112

emperziure +20 | +50 =20 poYC | See Fig. &

Power Supply 005 y 05 0.05% s V* = 32z 3V. See Fig. 7.

0.2 0.2 AV V+5 £ 0.5V. See Fig 7.

Upper Fregaency Limit 100 | 300 300 kHz Rp = B.2 k0, Cp = 400 pF
Lowest Przceticel

Operating Freguency 0.01 0.01 2z Rp = 2M0.Cr, = 50 uF
Timing Resistor, Ry See Fig 5

Operating Range S 2000 5 2000 e8]

Fecommended Range | 15 100 15 100 0 See Fige. 7 and E.
LODP PHASE DETECTOR SECTION
Peek Outp.nt Current =150( 2 200( + 300 =100] =200/ 2 300 ph Meesured at Fin 11.
Output Oftse: Current +1 +2 [
Ouiput Impedance 1 1 M2
Maximum Swing +4 x5 =24 [ 15 v Referencec tc P 10,
DUADRATURE PHASE DETECTOQR Mezsured a1 Pin 3.
Pezk Output Current 100 {150 150 A

Siput Impedence 1 1 Wo
Meximum Swing 71 11 Vipe /
INPUT PREAMP SECTION teasured &1 Pon 2.
Input Impecznce 20 20 (a4}
Input Signa!

Voltiage Rezuired to

Cause Limitng 2 10 2 1Y

rme
VOLTAGE COMPARATOR SECTIONS
Input Impecence 2 2 We Measuies a1 Fias 3 anc 8.
Ipat Bizs Current 100 100 né
Vot:zge Ga™n 55 70 52 70 ¢z Rl = 5. k0
Outount Vohzpe Low 300 300 in Ic=3mA
Outout Lezkzge Current 0.01 0.01 gA Vo = 2v
INTERNAL REFERENCE
Votizoe Level 4.8 5.3 57 1475 [ 53 {585 v Measures ai Pin 10.°
Output Impeznce 100 100 Q
1-24




Refsrence Vol:aus. VB {Pin 10): This pin is i~te-na'ly bizsed
&t the relesence vplape leve). V- Vg = V4J2 . 630
mV. The dt voliege ievel at thic pir. femms an internz
reterence for the votape levels 2: Pine £, 5, 11 a'r 12
Piri 1C mus: be bypassed to ¢roons w J g 0.% pF ce-
pacitor for prooer eperation of the ¢:rg ok,

L00P |-ThY)

FLIER FLYES Fon
ouUTRY
T HE s
FSn
COwr
¢ ——
veo
eyt -
.
PALAMP
- per LOCK DETECY
ouieuTs
+OCK DITECT LOCE DIVEDY
FRYER Cows

Figure 1. Functions! Block Diagram of ¢ Tone anc FSK
Decoding System Using XR-2211 2

Loop Phase Defector Dutput (Pin 11): Tric terming! provides
& high impedznce outpJt for the ooz ph.ese Jetector.
The PLL loop filter is formed by Ry 205 C- cornecied
10 Pir 11 (see Figure 2). With nc npu € znE’, 0T with N0
phiase error witsin the PLL. the ¢z leve! et Faa it s ve'\
nee-ly equel to VR The peak vo'xa:{- Sw g Eveuadie &
the phase Cetecior oJipul is eguz' 10 = Ve

(ST CH PO T

LOCe DEVECY
Oy

Figure 2. Generatizad Circuh Connection for ESK ang Tone
Detection

VCO Contro! Input (Pin 12): VCO tree-tumninz s frecoency is

Setermined by erterng’ n*ng res s:or F— coamester

from this term =z to grouna. The VCO frez -running fre-

Guency, fp, is: .

1
in= H2
0 RoCo

where CO is the timing capeciior ecross Foms 13 800 52
For optimum te"rpe glure siebiiy Fg —ost be ir tne
f2npe of 10 KO 1c 300 KO0 see Figoe E,

1.2
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This terning’ it 2 low impadance point, gnd is internally
biased gl 2 cc level esuel 10 VR The maximum timing
curren; Srewr from Pir ©Z miust be imites to <3 mA for
proper operetion 0* the circuit.

VCO Timing Capacho: (Pins 13 and 14): VCO freguency is
inverse!, prepcrtione! 1 the externa! timing capacitor,
Cr. connected across these terminzls (see Frgure 5).
C; must be nonpolar, and in the range of 200 pF 10 10
uF.

vCco Frvuer:y Adjustmemt: VCO cen be fine-tuned by
conneciing & poientiometer, Ry, in senes with Rp at Pin
12 (see Fn.s,re Q).

VL0 Free-Running Frequenty, 1g: XR-224 1 does not have &
seperele VCO ompui terminal. Ingsteed, the VCO out-

[ PR .
criccice to the phace detector

sections ¢f .'we circuit, However, for set-up or agiust-
men! purposes, VCO free-running frequewcy can be
meas2rel gt Pin 3 (with Cp d:sco*ne-!e*) with no in-
put &nd with Pin 2 shoned to Pir 10.

DESIGN EQUATIDNS
{See Figure 2 for definltion of components.)

1. VCO Cenier Frequency, ip:
fp = /RoCp Hz

2. Intemnz’ Reference Voliage, VR (measuied at Pin

0y
VR = V472650 mV

zss Filte” Time Constant, 7

w

. Loop Low-Pe
7 = FyCy

4. Loor Demping. ¢

/ o
= 148 —
¢ Ch

5 Loob Tracking Bandwidth, = Alitg:

Aty = F\Q/F!}
;; ﬁ

6. FSX Dzte FMEY Tl-*.e Cons F.
F = RpCr
. Loop Przse Detector Conversion Gein, Ke: (K is

the € *erentiat dc voliepe ecress Pins 50 and 11,
per unit of phiase error et phase detecio® input):

-~

Ke = C2Vg'r volislredian

8. VCC Conversion gein, Kp: (K is the emount of
cha-ge i~ VCC trecoency, per unit of oc voltape
chengeel Pin 1Y)

Kg = —3WVRToR4 H2/volt
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e. Tote! Locp Geln, K.
KT = Z5KaKg = 4CoRy radisecivon
10. Peex Prase Detector Current 1A

la = Vg (voits)25 ma

APPLICATIONS INFORMATION
F8K DECODING:

Figure & shows the basic clrcutt connection for FEK de-
coding. With refereace 1o Figotes 2 s1c 8, the func-
ticns of external components eve def.ne2 s follows Rp
&nd Cp s6t the PLL center frecusney, R4 sets tre sys-
tem bandwidth, ang C1 seis the loop filier time con-
Btz~t and the loop camping factor. Cr end Rg form a
One-pole post-getection fiter tor the FSK date ouiput,
The resisiot Rg (= 510 KO} from Pin 7 1 Pin 8 imtro-
duces positive feadback seross the FSK compe’eaicr to
facilitzte rapic transition betweer. oulpJt logic slztes

Recommended compoiient values for some of the mest
commonly uses FSK bands ere given i~ Table 1.

Design instructions:

The circuit of Figure § car be izliored for zny FSK ge.
cocing applicatior by the choice of five key circui com:
ponents: Ry, Ry, Cp. Cy and Cp For & given set of FSK
mark 27C space ‘requencies, fy ang 12, these pzrz—e-
ters czn be calcuiated es foliows:

a) Calculste PLL center frecoency, fo:
f2 + 1o
fo= 12
° 2

b) Choose value of timing resistor Rp 1o be in the
rznpe of 10 KD to 100 K. This choice is arbitrary.

> YO Peast
DETECTOR

10
R, ~ 20%

AT ITNTVIV VEPRE VI {

]: E mV
Eax) -

Flgure 3. Desernshizing input Stage

The recommended valoe Is Rp m 20 KO The fina!
veise o Ry Is normelly fine-tuned witr. the seies po-
tentcmeter, Ry,

c) Ce cotate valus of Cp from design ecuation (1) or
trom Figure 6

C;, = 9 /ﬁa?a

¢ Ceculgte Ry te give & &° equz’ 10 the merk space
oeviaton:

Ry = Rplipfits = 13))

e} Czicutate Cs to set loop demz'ng (See des’gn eque-
1o Ne. 2

Normally, = 1/2 Is recommended.
Then. Cy = Cpid for | = 172

f) Ceicleie Daia Fiher Capaclience, Cp:

=

For Rp = 10D KQ, Rz = 510 KD, the recommended
veise ¢! Cf is:

Cr = 3/(Baud Rate) uF

Note £ calzuleted component values except Ry can
be rcun3e3 10 she nezrest siecearc velue, enc Ry can
be ve-ied 10 fine-fune center fresuency, through a se-
ries poienticmeter, Ry. (See Figure €)

1" v

ngssan L

\
\ 1\
i

J
=\
\
\
\

1w AH " " " o® L L

BUT™LY YO TAGE, Y+ [VOLTS)

Figure 4. Typica! Supply Current vs V+ (Lopic Dutputs
) Open Circuhed)
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Desipn Example:
75 Beud FSK demodulator with mark space
treguencies of 11101170 Kz:

Step i: Calculate 1g:1n (3170 + 1170) (1/2) =
1140 Hz

Step 2. Choose Rg - 20 KD (18 KD fixeZ resisto: in
series with & KO potentiometer)

Step 3: Calcuiate Cg trom Figure 6: Cy = 0.042 4F

Step 4: Calculate Ry Ry = Rp (2242/60) = 385 KQ
tep 5: Caleulate C1: Cq = Cplé = 0.011 4F

Note: All values except Ry can be reanged tc nezres!
standard value.

Table 1. Recommended Compcnent Values for
Commonly Used FSK Bznds.
{See Circott of Figure 9.}

FSK BAND COMPONENT VALUES

300 Baud Co = 0.032 uF Cs = 0.025 uF
1= 107CHz |Gy = 001 ,F Rp = 16KD
Fo = 1270 Hz | Ry = 100 K@

300 Baud Co = 0.022 uF Cf = D.00S uF
f1 = 2025 Hz [ Cy = 0.0047 4F A = 18 KO

12 = 2225 Hz | Ry = 200 KO

1200 Baud Co = 0.027 yF Cf = 0.0022 uF
1= 1200 Hz {Cq = 097 uF  Fg = 1€ KD

to = 2200Hz |R; = 30 KD

FSK DECODING WITH CARRIER DETECT.

The lock detect section of XR-2211 can be vsed zs a
cerrier detect option, for FSK.decos'ng. The recom-
mended circyit connection for this epplication is shown
in Figure 10. The open coliector lock oetect outpJd, Pin
€, is shorisd o Gz1z output (Pin 7). Thus, datz oulput

£ ,.F Ye

I —— e

Terur 1 w veo
FaE TUNE

(113
[N, ’_—E ot LT3
L LS r33)
ny
tey

i
%_‘J in' AL 373 °
L A1 17

]
WA ]
Cr

f‘épure 10. Extérna) Connetiors for FSK Demodulstion with
Carrie: Detect Capabliny

Dava puUTRLT

hote: Detr Ouipyt bs Low™ When No Carmie: I Present.
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will be disablec at “low" stzte, uniil there is 2 carrier
within the getection bzrnd of the PPL, and the Pin 6 out-
put goes “high,” to enable the data outpul.

The minimu value o the lock detect filter capacitance
Cp ie inversely proponionat to the capture range, =
ale. This is the range of incoming frequencies over
which the loop can accuire iock and is always less than
the tracking range. It is further hmited by Cq. For most
applications, Ale > a2, For Rp = 470 KQ, the approx-
imate minimum velue o° Cp car, be determined by:

Cp (uF) = 16/capture renge in Hz.

With values of Cp the are too small, chatter can be ob-
served on the lock Setec! output as an incoming signal
frequency approaches the capiure bangwidth, Exces-
sively large values of Cp will slow the response time of
the lock detect output.

TONE DETECTION:

Figure 11 shows the generalized circuit connection for

“tone detection. The logic outputs, O and O a1 Pins 5 and
6 are nomzlly at “high” and “low" logic stztes, respec-
tively. When 2 tone is present within the detection bang
of the PLL, the fogic siate at these outputs become re-
versed for the duration of the input tone: Each logic out-
pul can sink 5 mA of load current.

Both logic outputs &t Ping 5 and € are open collector
type stages, and reguire externg! puli-up resistors Ry 4
ang Ry o, s shown in Figure 11.
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Figure 11. Circul Connection for Yone Detection

With reterence to Figures 2 and 71, the functions of the
exiernal circuit components can be explzines as fol-
lows: Rp ang Cg se1 VCO center recoency; Rq sets the
Oeiection bandwidih; C4 sets the low pass-loop filter
lime constzat end the loop camping fector, RL‘I eng
5&-2 are the respective pull-up resisiors for the O angd
O logic outputs.

Design Instructions:
The circult of Figure 11 can be optimized for any tone

detection appticetion by the choice of the 5 key circuit
components: Rg, Ry, Cg €+ &no Cp. For & given input,




==& 10ne frequency. 1g. these paremeters are celcu-
;20 as 1oiows:

z* Cnoose Ry 1o be in the range of 15 KQ 10 100 KA.
Tnis choice is arbirary.

- Celc.’z e Cp 1o se! center frequency, fg ecuzl to Ig
{see :zure 6) Cp = Mplg

: Celc.izie Ry 1o sel bandwidth = Al (see design
epuel.on No. B):

Ry

hole. Tre tcial detection bendwidih covers the fre-
quency range of ip £ Al :

c Cezlc'z e value of C,y for a piven foop damping
facic™

Cy = 03'16 &2

tomethy § = 1/2 is optimum for most tone delector ap-
¢ zations gwing Cq = 0.25Cyp.

Increzsing Cq improves the out-of-band signal rejec-
1.c0. bat mcreases the PLL caplure time.

€’ Calcu'zie value of fifier capacitor Cp. Tc avoid chat-
ter 2t ¢ logic output, with Rp = 470 K@, Cp must
ve.

Cpl(eFi 2 (16/cepiure range in Hz)

~2teasinz Cp slows down the logic output response

T e
Design Exzmples:

T e geiesio” with & detectior. band of 1 kHz + 20 Hz:

= Chooee Cp tor ig = 1 kHz (from Figare 6): Cp =

005 ,F

¢ Celeuizle RynRy = (Rp) (1000/20) = 1 MO,

¢ Celcasat Cyifor§ = 1/2,Cq = 0.25,Cp =
003z L5
€ Celeozie CpiCp = 16138 = 0.42 uF.

; Fing-iome center frequency with & KQ potentiometer,
Fx.

LINEAR FW DETECTION:

X=-221% ez% be used as a linear FM detector for & wide
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XR-2211

at Pin 11, Normzlly, & non-inve-iing unity gzin op emp
ca" be vsed as & butler ampl*ier, s shown in Figare
12

— ¥
C!-'l

ELE -2l

M.
Komi

Figure 12. Linea: FM Dstector Using XR-2211 and ar External
Op Amp. (Set Section on Design Equation tor Com-
ponent Valves.)

The FM detector gain, i.e., the oulpJt voliage chznge
per unii of FM devizlion can be given as:

Vout = R; VR/I00 Ry Volis/% deviztion

where Vg is the interna! reference voltage (Vg = V+ /2
- 650 mV). For the choice of exte'nal compcnenis Ry,
Rp Cp, Cq and Cg, see section on design eguztions.

PRINCIPLES DF OPERATION

Signal Input (Pin 2): Signal is a¢ coupled 1o this terminal.
The interna! impadance at Pin 2 is 20 KQ Recom-
mended inpJt signal level is in the range of 10 mV rms
to 3V rms.

Quadrature Phase Detector Dutput (Pin 3): This ic the hugh
impedznce output of quadralure phase detecio” and is
internally connecied fo the input of lock detect voliage
comperator. In tone-detection apphications, Pin = is con-
necled to ground through 8 paralie! combinziiom ¢ Rp
anc Cp (see Ficore 2) fo eliminate the chatier &1 lock
celect outputs. if the tone detect section is no! used,
Pin 3 can be leh open circuited.

Lock Detect Output, O (Pin 5): The output &: Pin 5 is &t
"high” siate when the PLL is out of lock and goes 1o
“low™ o1 congducting stzte when the PLL is locked. it is
&n open colleciof type output eand reguires a puli-up re-
sistor, Ry, to V+ fo1 proper operziion. At “low" s:ate, it
cen sink up 10 5 mA of load current,

Lock Detect Complement, T (Pin 6): The outpul et F.n b is
the iogic complement of the lock detect outpul & P 5.
This o.tput is alsc an open coliector type stage which
can sink 5 mA of 10a0 cutrent &t Iow or “on” sizte.




XR-2211

FSX Datz Dutput (Pin 7) THis outpet is an open coliecior
logie sizge which, 1eq.ives & pull-up resistor, RL.tov+
for proper operation. It ez~ sink & mA of lozd current.
Whe~ decodng FSK s'z-els, FSK dzts outout is at
“high™ or “off”" sizle 1o tow inpu freguency, enc &t
“low™ o1 “on" state for h.gh input fresuency. i1 no input
sicna' is present, the Iog ¢ sigle 2! Pin 7 is indeiermi-
nate. -

FSK Comparttor Input (Pin Bj: Trus is the Fig- impedance
inp.t 1o the FS¥ w2 t2ge comirarator Normg! y. &n FEK
posi-ceiection o caiz filter is connecsies beiwee this
lermnzt end the FUL phese Geiector ouinat (Fin 13)

y AF ENOCFp o' Figure 2 The
€’ ihe compztator ic set by the inter-
nel refsrence votege Vi z.zileble &t Fom 10
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LM3045/LM3046/LLM3086

Nabiona!
Semiconductor

Corporalion

LM3045/LM3046/LM3086 Transistor Arrays

General Description

The LM3045, LM304E and LMIDBE each consist of tve
gene-a! purpose sliicon NPN tramsistors on &8 common
monolthic substrate. Two of the transisiors sre internally
connezied 1o form a ditlerentally-connected par. The tran.
sisiors 8re woll sulted 15 8 wnde vanety of apphcations m low
powe: system in the DC through VHF range They may be
used s discrele transisiors in conventiona! crcuits howev:
o1, in a30ihon, they provide the very signifizan! inhe-en! inte-
prated citcull advaniapes of ciose electrical and therma!
maiching The LM304S is supphed in & 14-lead cavily dusl-
in-hno package rated for operation ove: the full militany tem-
porature range. The LM3046 and LM30BE e-e eletincally
identcs! to the LM3045 txst are suppied in & 16-ead mold-
o dusi-in-ine packape for apphcations reguring only 8 hm-
fted tempersture range.

Features
B Twd metche pirs of tensstorns
Vgp maiches = § mv
InpA oftse” carren 2 uA mar ptic = 1 mA
B Frve genwrs’ purpose monotthic t:ansistors
® Ope-ator. torm DC 10 120 MH?
B Wide ope-3irg CuTent range
2 Low nomse Rpore
8 Ful mikte-y
fenpe-sire range (LM3045)

Applications

B Geners' une in af types of signs! processing systems
operatmg syehere in the hegquency range from DC 1o
VHF

& Cusiom desigred orfferontal amplifiers

B Temperaise cormpensated ampliferg

32d3 typ st 1 kH2

-55°C to +125°C

Schematic and Connection Dlagram

Dusi-in-Line anc Small Outline Packagpes

SUISTRATL

1 ||J |¥7

e

1 Ir 3

Io lr

Tar= TP50- 4

Top View

Order Number LM3LA5S, LW3T46M LMIDESM LMISSEN or LMIDBEN
See NS Package Number J14A M 14& ox N14A

5-210




Absolute Maximum Ratings , - 25c)
M Miltary /Aerospece apecified devices are required, contact the Kationa' Semiconductor Seles Ottice /Distrxr o for

Svallabikty snc spechications. LM30es LM3046/LM3088
Each Total Each Total Unlts
Transistor Pathage Transistor Pachage
Power Drsspation:
Ta = 25°C N 300 750 300 750 ~w
Ta = 25°Cto55°C 300 750 mw
Ta > 55°C Deorate 81 € 67 ewrC
Ta= 25°C075°C 300 750 mw
Ta > 75C Derste 3t 8 e rC
Cotiector to Emitte Vohape. Ve o 15 15 v
Collector 10 Base Voltage, Vego 20 20 v
Cotiector to Substrate Volape, Vo (Note 1) 20 20 v
Emitier 10 Base Voliage, Vego 5 S v
Collector Current, I 50 50 mA
Operating Temperature Range -55C1o +125°C ~40°Cto 4 B5°C
Storage Temperatre Range - 65Cto 4 150°C - 65'Cto + 85'C
Soldering information
Dual-in-Line Package Soldering (10 Sec.) 260°C 260°C
Smal Outline Pachape
Vapor Phase (60 Seconds) 215°C
intrared {15 Seconds) 2200C

Seu AN-450 “Surtaze Mownting Methods and Thei Eftect on Pioduct Relability” for other methods of soldering surisce mount
devices

Electrical Characteristics (. - 25°C unfoss othe-wise speciod)

Limits Limits |
Parameter Conditions LM3045 LW3D4E LM3086 i Units
Min | Typ | Max | Min Typ | Max :
Coliscior tc Base Breshdown Volage (Vieaycso) [lc= 1W0puA k= 0 20 | &0 20 | 60 v
Cofiector 10 Emitier Breshdown Voliage Visa)ceo) jlc = TmAlg = O 15| 24 15| 24 PV
Collector to Substi:ate Breskdown Ic= 10uA I = 0 20| 60 20| 0 i v
Voltage ( V(BR)CI0)
Emittes 10 Base Bruskdown Vohage (V(ng)£ 50) e W0 pAlc= 0 5 7 5 7 \4
Coliecior Cutot! Curent (leg o) Veg = 10V, i = O 0002} 40 0.002 | 1€ nA
Coliecior Cutott Current {icg o Veg = 10V g+ 0 0.5 £ pA
Static Forwarg Current Transter Vee = 3V ic= 10mA 100 100
Ratio (Stanc Beta) (heg) { It~ 1mA | a0 | 100 «0 | 100
~ ic= 10uA e oe
Input Ottset Current for Matched Veg = 3V.ic s 1mA
0. A
Par 0,879 0 lips - hool A .
Base 10 Emntier Voltage Var) Veg = 3V g = 1TmA oNns 0715 v
g = 10mA €800 0800
Magmituge of Input Otise: Vorage for Vee = 3V.Ic = 1mA 045 5 -V
D:itferentis! Pair 'y ~ Vpgs!
Magnituge of input OYfse! Votiage ot Issiated Veg = 3Vl = 1 mA
Transisto’s Vges - Veed!. Mege - Vgrel, [ 3} 5 mv
Vaes - Vigal
Tempe-atre Coeiicient o! Base to Veg = 3V.ic = 1mA
Emitter Voitage (AVBE -18 -1.9 ~vrC
AT
Collector 1o Emtier Setration Vo'iape Vetisary) [lg= TmAlc = 10mA 0.23 0.23 \4
Tenpereture Coetticient of Veg = 3V.ic = 1mA
Input Otfset Voliage (3\'\0) 11 Ve
AT
ot 1. The oletio 0' 082 Faresi & the [ MITME [ V348 ane {M3IDBE m moaieg O™ the Bubstste b, 2> Mege 0000 The stnate (le—wg I = u!
DE LONTIC 12 The MOS! Regatee Iovnl ¢ Te #1l00ne’ CLor 1 Mamtsn BO10” Dete er” 8784103 87C Ir rovioe 10" R e’ 1a Mgty aTL0"

N 5.211

9BOCATI/9¥0LNT/SPOCN




LM3045/LM3046/LM3086

Electrical Characteristics contmuod)
Parameter Conditions Min Typ , My Un'ts
Low Frequency Nowe Figure (NF) = ThH2 Vg = 3V, 325 o5
ic = 100 LA Rg = 14l
LOW FREQUENCY, ENALL 5IGNAL EQUIVALENT CIRCUIT CHARACTERISTICS N
Forward Current Transfer Ratio (hy) t= ThHz, Vg = 3V. 110 (L M3545, LM3I0<6) '
ic= 1mA (L4£3086)
St Croutt Inprt Impednsce (h,) 35 (77
Open Crcult Output Impedance (hy,) 156 2
Open Creuit Reverse Volage Transfer Rato (hy,) 16210- 4 '
ADMITTANCE CHARACTERISTICS
Forwerd Transler Admittance (Yy,) f= 1MH Vg = 3V, 31-j15 .
It Admittance (V,) = 1mA 034004 i
Outonst Admitiance (Yo,) 00014 {0.03 ]
Revese Transie! Admitiance (Y,,) See Curve !
Guar: Bangwidth Product (iy) Voe = 3V, lc = 3mA 300 550 !
Emiter to Base Capacitance (Cry) Vig ® 3V, lg = 0O 06 of
Coliesior 10 Base Capacitance (Ccg) Veg® 3V.ic= 0O 0.58 of
Cotiector to Substrate Capacztisnce (Ccy) Veg = V.ic- O 2.8 of
Typlcal Performance Characteristics
Typica! Collector Yo Base Typlcs! Collector To Emltter Typ‘lcal Static Forwargd
Cutott Current ve Ambient Cutott Current vs Amblent Current-Transter Ratic and
Tempersiure for Esch Temperature for Each Bels Ratio for Transistore Q,
_ Transistor s .., Yransistor #n0 Q; vs Emitter Current
3 o Y} Mgy - o ; > O-8f-—-d - 3. 3 -} "
== e e e B
:’- N == y: o o b e is ’
: v - ey A=A =—=3 & RO S P ez s
I S K e R N s S e o o I :
. = u’, ==tT=] ¢ ER Y, = e ¢z
S w . . o ow' - v =
: = =1 E " s H ¢
= e S == S = =} g = Se
g = _'—.—-j ‘ B R B s e 3 '
F we -y i) 5 w? % ot ji—aa)
* ¢ n w n P n w n o
Yo awerim) Vperiasipmr i ) . LOICIS BRI S YATL TN 4] 1, 1N s
Moem o2
Typica! Static Base To Emitier
Voltage Characteristic anc Input
Typical Input Otfset Current Otfset Voltage for Ditterential
tor Matched Tiansistor Palr Palr ant Palred isolated
0, O, vs Collector Current Teansistors vs Emities Current
MR E R RO ' "‘""P' [0
=3 nent s Lenh 7
- - 13 ; «
3 1T ]1?' X S, e hin . s &
2 i 1[E l - TT] 10 e i
R i st £ BRI el &
i ~ =75 ] ° 3 1M 1 ’ 2 <
IR ] < ' T I ] e
£ L0100 DA % ] il £
s e frbd gy ey bt LTSI VB Vaty , =
5 — y 'lgii;u o A g
Tt F l > AR ] 1V A
o PR T{ TT R I .
”n ' 1 " ”n A A »
Kk - LLtRI30S dad) & - NI s
Tirrniiey.n
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Typlcal Performance Characteristics (Contued)

Typics! Base To Emitter
Voliage Characteristic for
Ench Transistior vs Ambient

Typical input Oftset Voltage
Characteristics for Ditferential
Pal and Pat-ed taoiated

Transisto=s ve Ambient Typica! Noise Figure v

, Tempersture Tempersture x Coliector Current
. v
LR A4 ‘ [ LS ‘
£ 0 g -4 - bt
. H hLetteas ¢ R Lent I
P IR TR H /
s 2o ! l —_— 13
= 3 3
- ] _J tes et -
St il i ——e——— L
4 i tas ]
L - L I - -
B ] . i Doy ,
SHM B N MR o MM -B ¢ n oM nowmn
Vo - BUBHNT Yimpnarem) 1oLy T, - emia) Yimr(sstpn) L) & - COLIICID? lmi)
LIS -0
Typica! Normalized Forward
Current Transfer Ratio, Short
Circult Input Impedanca,
Open Circult Output Impedance,
and Open Circutt Reverse
Typical Nolse Figure ve Typicat Noise Figurs vs Voltage Tranater Ratio va
Colisctor Current Collector Current Coliector Current
x x T fad 2
v v ] il weem T T = ER
O Py 31! e |l d T SIS § T
. newe |in ”]! newe »i' : /ﬁ}.; £
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- Admitisnce vs Frequency vs Frequency vs Frequency
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LM3045/LM3046/LM3086

Typical Performance Characteristics (contnues)
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Typics! Reverse Transter
Agmittance vs Frequency
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ADDRESSABLE ASYNCHRONOUS
P.ECEIVEH/TRANSMITTER
The MC14459 Addressable Asynchronous Recsiver Transmitter is

constructed with MOS P-channel and N-channe! enhancement devices
in a single monoiitnic structure {CMOS). The MC14463 receives
one or two eleven-bit words in a serial data stream, The first incoming
word contains the add-ess and when the address matches, the
MC14459 is enablec 10 wansmit two data words, Ezch of the trans-
mitted words conzains eign: data bits, even parity bit, star: and stép
bit, in UART compatible formas.

The received word centains seven address bizs and the address of

the MC14469 is set 0n seven pins. Thus 27 or 123 units can be
interconnected in simplex or full duplex data transmission, In
addition to the address received, seven commangd pits may cptionally
be received for dasa or conir xyse,

The MC14453 finds agplication in transmitting data from remote

A-to-D convertgrs, remots MPUs or remote digizai transducers to 3
master computer o- MPU.

Supply Voltage Range - 4.5 Vde to 18 Vec

Low Quiescent Curreni ~ 73 2AdC maximem @ 5 Ve
Dats Rates to 4800 8aud

Receive ~ Serial 1o Parallal

Transmit — Pasaltel to Se-ial

Transmiz and Receive Simu!xaheously in Fult Duslex
Crystal or Resoraror Operation for On-Chip Dsc'ilzeor

MC14469

—

fLowPowsR COMPLEMENTARY MOSs)

ADDRESSABLE ASYNCHRONOUS

CMOS LS|

RECEIVER/TRANSMITTER

3 P SUFFIX
.‘:{‘:4' P_a37.C2aCKagE
i CASE 711
k)

L SUFFIX
AN PACKAGE
C&58 715

CRLCIRING IN FORMATION

MCldxax ¢ Suftin Ce-3sres
E L Cora~ z Pacipge

P Piarec Pazkage

BLOCK DIAGRAMS

Transmit

ia0 as) (=3 -1 182 579
o.e Date Sietas

Aoaewas Comeeps
4m0 Ssts Camasrsio.

VW iming a8 Comr gy
Pty Cnece

Rots oo Dara

24024 Eacis
Seng foure
[ Y d roae

¥ 3 Asarem
Poseivan,

Clocks

Seca Rave Croen

Raceve Duis Srrons

Mozawe Dotp
Sewne Eaope

$-a-eSrrone

PIN ASSIGNMENTS

10 as vasian
n [ol-] Senc[_}30
12 (-3 S0 )29
33 o2 st{" )28

14 103 s2[327
15 e s3a{J26
16 cs s4i J25
17 s 24
18 23
15 )22
20 [ 21

7-307

R T T



T T

mIL A

t

TN W o

R R

g b

s LT L

MC14464

This device containg circurtry to protect

he input i to hgnh stati
MAXIMUM RATINGS (Voitages re‘e-ance 1a Vgs, Pin 20, s dguinst damage due 1o h g1 suatic
voitages or electric fie.ds; however it 's adviged
Symbo! Value Unit that normal precausions be taken 1 avord
DC Suzz'y Voltage ~ ) -0.510+18 Vze apchicas on of any voliage higher than mpxi-
Input Vo mage, All 1aparts Vin 0510 Vnp <05 Ve mum raied voitages to '"'" f"gh imzecance
OC Curt~¢ Drainpe- Pin ] 10 mAcs circvit. For proper operation it is recommendes
P — C that Vi and Vg be constrained to the range

Operati~g Temperatare Range Ta -40:5 485 V§s € 1V 0r Voud € Vpp.

S:orape Temperature Range T::g -€5 ta+150 oc Unused inputs must slweys be tied 1o an

200roz7iate logic voltage ftevel le.g.. either
Vssor Vpo).

ELECTRICAL CHARACTERISTICS

Voo ~a05% 2E°C ~85°C |
Chasacteristic Symbol Vde Min Max Min Ty: Max Min Max | Unit
Ouzon: Valage 0" Le.s VoL 50 - C.05 - 0 .05 - 0I5 | vee
Vin=vppord 10 - c.0s - 0 0.05 - 0ds
15 - 005 - 0 0.05 - 0.05
1T Lee Veu 50 495 — 235 s.0 - a0z - \S
Vin®=0crVpp 1 gos | - 9.95 10 - 995 -
1z 1492 14.35 15 - 1283 -
nELt Vo tage = 0 Lee ViL Vac

(Vo= 23¢er0.5 vacl 5.0 o 1.5 - 2.25 15 - 1.5

Vo =905r 1.0 Vae! 10 ~ 30 - 430 3.0 - 30

Vo= 1350r 1.5 Vo) 15 - 40 - 675 490 - 4.0

, 1 Lyt Vin Vze

Vo =C3cras e £0 25 - 35 278 - 35 -

Vo= 1.00r 90 Vdel 10 70 - 7.0 550 - 7.0 -

(Vo = 1.5 12,5 Vee) 15 110 - 11.0 8.2¢8 = 110 -

IOutpus Drig Surren: {ExzepiPin 2 tCH mAze

Vor = 2.5 Vae) Sourze 5.0 -1.0 - -0.8 -1.7 - -0¢ -

Vou = 4.6 Vae) 50 -0.2 - -016 -0.35 s 012 -

(Ve = 9,5 Ve) 10 -0.% - -0.4 -0.9 - -0.3 -

{Vos = 13.5 Vel 15 -14 - -1.2 -35 - -1.0 -

(VoL = 0.4 Vdc) Sink loy 50 0s2 - 044 0.88 - 6.36 - mAag]

Ve = 0.5 vee) 10 1.3 - 1.1 225 -~ {oX-] -

(VoL = 1.5 vde} 15 36 - 3.0 8.8 - 2.4 -

Outout Derve Currear (Pun 2 Only! ‘OH mace

(Vo = 2.5 vee Sourze 5.0 -018 - -0.16 | -0.32 - -0.13 -

(Vo * 4.6 Vae) 5.0 -0 04 £ -0.035; -0.07 - -0.63 -

(Vor = 9.5 véc) 10 -0.09 - ~0.08 -0 16 - ~0.06 -

(VoM = 135 ver) 15 €29] -~ | -027f -048 | - |.p2 -

(Vor = 0.4 Vde) Sink oL 5.0 0.1 - 0.0e5/ 0.17 r 007 | - [mace

(VoL = 0.5 vee) - 10 017 - 0.14 0.28 - 0.1 -

(VoL = 1.5 Vde) 15 0.50 - 0.42 03s - 03 -
Maximu= £ -egyency frax 4.5 450 - 365 550 -~ 310 - k2
input Curreat lin 15 - 20.3 — | =0.00001 0.2 - 1.0 |ulse
Pati-Ug Current (P15 4-18) tup 15 12 120 10 50 100 8.0 85 Y-
tnput Cazac®ance Cin - - - - 50 75 - - pF

V= 0;

Qurescent Current Iop 5.0 - 75 - 0.01Q 75 - 555 | waoe

(Per Paciage) 10 - 150 - 0.02¢ 150 - 1125

, + 15 - 200 - 0.030 300 - 2250
Bupoly Volsage Vsp - “35 1-189] +45 - *1B0 1 +35 14180 | Vee

Noise im=~nity sz acified for wWOrst-case input sombination.

Noise Ma-zir borh 17and 0" level = 1.0 Vee min @ Vpp = 5.0Vde
20 Ve: min®vpp * 16 Ve -
2.5 Vo min @ Vpp = 15 Vae
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FIGURE 1 ~ OSCILLATOR ciacuit
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RECEIVE DATA (RL; Pin 19)

,‘\A:c:nx\—y_i.“ f_';,""\c.‘:'nﬁand\—»-’
l‘TTTTTTﬁ I'-TT'TT'T'T"I PJ'.\
L)S"_i-LL.L LLJ\\LFJS’ “\'iL.L.;.L.L_L_x—LSL\'“

MCieasg Addreyy Commpng
Fin Numzer 4 5 8 2 8 g 4 190atiter icentifier
Pin Designarion A A1 A2 AJ Al a3 A8 3 38 37 36 35 34 R
Co c1 ¢c2 €3 c4 5 Ccs
MIz250 -
Alia Pin Numnber 22 21 29 19 18 17 4 2 2 2 19 18 17 48
Pin Designation 0o O p2 03 Da ps Do ©o 01 b2 C3 b2 o5 g
o -

TR:'\NSMIT DATA {TRD; Pin 2n

Input Daza \*-i—(-\_&atu: \__’

TTTTT’TTT:ISP__ TT 7T T T TTP—‘SD
1
\H.L.L.L.I_LJ..L.L L.L.L.L.L.L.LJ.J—‘\_\_
MCiazs
P~ Numbe-s 1112 13 g 15 16 17 13 29 28 27 26 25 24 23 27
P.o Designasion '00:D1Icz 03 104105106 157 SO0 St s2 §2 s S5 s6 s7
MCeeso
AC.A Pin Numper 22 21 29 19 18 17 1 15 22 21 20 19 18 17 16 15
P.~ Designarion Co D1 D3 03 ps ps 0§ b7 oc cy D2 D3 pa pe D& Dy
ST rStart B.r AL~ a5« Acdress Birs I0C ~1D7 = MCrea53 foentifization Coce
P=Pyrizy £ ¢ CC = L&~ Commang Bt S0—~S7« MC 12359 Saarus Code .
52 = 5:05 g OC—=D7=acis Bus Bits
CCRR\ESPONDING DATA POSITION AND PINS FOR MC14450 ANC MCs350 )

TYPICAL RECEIVE/SEND CYCcLE
LY M
Adgress s Commang §

e’
Voo_SCi123cc¢, PS01 234569 [

T IXTT, T Ty, TR T T T w\
vss—t_a&.".;&’&‘;’f‘&- E ’L’&x."‘-u’(.sx-ax-s_[’.a Receiver Inpuy (A))

Valic Aaoress Pu'se
(vas,

Internal vaiig .
Adaress Lateh
tvay)

internal Seng
Ensble Laten H
{Ss) '

1
I »
|

1
Commana Strope ” '
Quzuz (Cs)

!
I
I
[}
Senc Inpuq | .
tSeng) \.I\’l_—\\
I

]
!

v
Transmit Out D",slx‘x"xzx]x_}'xfx’eﬂf"
(TAD) TO1234867

10
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DEVICE OPERATION

OSCILLATOR {Osc1, Osc2; Pin's 1, 2} — These pins are
the oscillator input and output. (See Figure 1.)

RESET (Reset; Pin 3) — When this pin is pulled low, the
circuitis reset and ready for operation.

ADDRESS (A0-AB; Pin 4, 5, 6,7,8,9, 10) — These are
the address setting pins which conzain the address match
for the received signal.

INPUT DATA (ID0-1D7; Pins 11,12, 13, 14, 15, 18, 17,
18) — These pins contain the input data for the firs: eight
bits of data to be transmitzed.

RECEIVE INPUT (R1; Pin 19) — This is the receive inpus
pin.

NESATIVE POWER SUPPLY (Vss: Pin 20) — This pinis
the negilive power supply connsction, Normally this pin
is system ground.

TRANSMIT REGISTER OUTPUT SIGNAL (TRO; Pin
21j —~ This pin transmits the ouigoirg signal. Note that it
is inverted,from the incoming signal. It must go through
one stage of inversion if it is to drive ano-her MC14463.

SECOND or STATUS INPUT DATA (S0-87; Pins 22, 23,
24, 25, 26, 27, 28, 29) ~ These pins contain the irput
data for the second eight bits of data to be transmizted.

SEND (Send; Pin 30) — This pin accepts the send com-
mand after receipt of an address.

VALID ADDRESS PULSE (VAP Pin 31) — This is the
output for the valid address pulse upon receipt of a
matched incoming address.

COMMAND STROBE (CS; Pin 32) — This is the output
for the command strobe signifyirg 2 valid set of command
data on pins 33-39.

COMMAND WORD (C0-CS; Pins 33, 34, 35, 36, 37, 38,
39) — These pins are the readout of the command word
which is the second word of the received signal.

POSITIVE POWER SUPPLY {Vpp: Pin 40} ~ This pin is
the package positive power supply pin.

OPERATING CHARACTERISTICS

The recdipt of a start bit on the Receive tnput (R1) line
causes the receive clock to start at a frequency equal 1o
that of the oscillator divided by B4. Al received data is
strobed in at the center of a receive clock period. The
start bit is followed by eight data bits. Seven of the bits
are compared against states of the address of the particu-
lar circuit (AO-AB), while the eighth bit signifies an ad.
dress word 1", or 2 command word "0". Next, a parity
bit is received and checked by the internal logic for even
parity. Finally a stop bit is received. At the completion of
the cycle if the address compared, a Valid Address Pulse
(VAP} occurs. Immediately following the address word, a
command word is received. It also contains a start bit,
eight dats bits, even parity bit, and a stop bit. The eight
data bits are composed of a seven-bit command, and a

7-312

0" which indicates a command word. At the end of the
command word 2 Command Strobe Pulse (CS) occurs.

A negative transition on the Send input initiates the
transmit sequence. Again the transmitted data is made up
of two eleven-bit words. The data portion of the first
word is made up from Input Data inputs {1D0-1D7),
and the data for the second word from Second Input Data
(S0-57) inputs. This data is latched before the start of
transmit of the first of the two words. The transmitted
signal is the inversion of the standard UART TRO, which
allows the use of an inverting amplifier to drive the lines.

The oscillator can be crystal controlled or ceramic
resonator controlled for required accuracy, Pin 1 may be
driven from an external clock source. See Figure 1,
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FIGURE 6 — FLOW CHART OF MC14469 CPERATION
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1 Start Bir
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1 Stoo Bit



LM555/LM555C

National
Semiconguctor
Corporation

LM555/LM555C Timer

General Description

The LMSES it 8 hughly stable device for generatng atcurate
time delays of Dsckiation A0Siona' te'mnsls 8-¢ prowsded
for tnggenng or reseting if desved In the tme Selay mode
of operation, the Wene is precisely controled by one external
resisior pnd capacitor For astable operstion as an pscilia.
tor, the free running frequency and duty cycle 8-¢ sccurately
controliel with twd externs! ressios 8nd On CBPRCHOL.
The orcut may be thggered and rese! on faling wavelorms,
angd the oulpul crouil can sowce Or 8k up 1o 200" MA or
dive TTL circuits.

Features

® Duect replacement for SES55/NESSS

8 Timing from. microseconds through hours

® Ope-ates in both pstable ang monostable modes

Adprsiable duty eycle y

Output car sowrze of sink 200 mA

Outpert anc supply TTL compatible

Temperstire stabilty better than 0 DD5% pet *C
Normaly oo end normally off output

Applications

B Procmon brnng

&8 Pulse generation

8 Seguents’ tming

& Time dele; penetation

& Pulte wicth modulstion

8 Pulse poson modulation
8 Linea: rémg genotator

Schematic Diagram
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Absolute Maximum Ratings

$t Milltary/Asrospace specified Oevices are required,
contact the Nations! Semiconductor Ssles Office/
Distributors for availablliity and specificetions.

Supply Volage + 18V
Powe' Dssipation (Note 1) LM555H, LMSSSCH 760 mW

Operating Temperature Ranges
LMEESN, LMLESTN 1180 mW

Soldenng Information
Dust.In-Line Package

Solgering {10 Secongs) >C
Smalt Outhne Pachage

Vapot Prase (60 Seconds) 215C

intrared (15 Seconds) &2>C

Ses AN-450 “Scrfaze Mounting Methods and Thee Efect

(85131104 CClo+70C
LMEss -55Cto 4 125°C
Storage Temnpe-atire Range -€5°Cto 4+150°C

or. Proguct Relabiity” 10 0the! methods of soiderg 8-
1s2e Mmoun! devces i

Electrical Characteristics (, - 25:C.vee = +£V10 4 15V, uniess omewise spechiod)

Limits
Parameter Conditions LM5SS LMLS5C Units
Min Typ Max Min Typ Max
Supply Vollage 45 e 45 16 v
Supply Current Ve = SV.R, = e 3 L) 3 [} mA
Voo = SV.Ry = = 10 22 10 15 mA
(Low State) (Note 2)
Timing Enor, Monostable
Initia’ Accurscy 05 1 »
Dritt with Tempstature Ra.Rg = 1k 10100k, 30 50 porC
C = 0.1uF, {Note 3)
Accurety over Tempe-ature 1.5 15 ™
Dnft with, Supply 0.05 0.1 %Y
Tmung Enror, Astable
Initis! Accurecy 1.5 2.25 >
Dritt with Temperature [1¢] 150 ponC
Accuraty ove! Tempe-sture 2.5 30 >
Dritl with Supply 015 0.30 SV
Threshold Voltage 0 667 0667 3 Ver
Trgge: Voltage Voo = 15V 48 5 52 5 v
Voo = 5V 1.45 1.67 1.9 1.67 v
Trgger Curtent 00y 0% 0.5 0.8 [
Reso! Voltage 0.4 0.5 1 04 0.5 1 v
Reset Current 0.1 C4 01 04 A
Thieshold Cutreni (Note 4) 0.9 025 0.1 0.25 rA
Contro! Voltege Levol Vee = 15V 96 10 ica o 10 1 v
Voo » SV 2.9 3.33 38 26 3.33 4 \4
Pin 7 Leskage Output High 1 100 1 100 A
Pin 7 Spt (Note 5)
Output Low Vee * 15V.h = 15mA 150 180 v
Outpu' Low Vee = €8V 1y = 65mA 70 100 80 200 "V

JSSSMI/SSSNY



Electricatl Characte ristics Ta= 25°C, Voo = +5V10 4 15V, (uniess othewise specihes) (Continued)

LM555/LM555C

Limlits
Parameter Congltions LMmsss LMSS5C Unity
Min Typ Max Min Typ Max

Oupun Vorage Drop (Low) | Ve = 15V ’ 1
toivw, = 10mA 01 | 015 01 0.25 v
gy = SOmA 0.4 05 04 | 075 v
bk = 100 mA 2 22 2 28 v
Isink = 200 mA 25 25 v

Voo = 5V

Isink = 8mA o1 | 025 v
fsiux = 5 mA 0.25 0.35 v
Outout Votiage Drop (High) |- Isounce = 200 mA, Ve = 15V 125 125 v
tsoumce = 100mA Ve = 18V | 13 | 133 12275 | 133 v
i Vee = SV 3 3.3 275 | 33 v
Rise Trne o Output - 100 100 ns
F 8l Time of Output 100 100 ns

Bots 1 Fo 0peatng 8’ sweveted tempe-sirer e Oovice mus' be decated 8bove 25°C besel 00 8 % 1S maxemum PACUO” TOe'B1e BNE & Durma!

reeleace O 184°C/w (T0-8). 108°C Ao (DIP] s 1707t /' (S(-8) Mchon 12 8 miment
Note 2 Mwwwww.mb, Tt lous 8t Ve = BV,
Sote 3 Tertez 0t Vo = BV pre Voo = 15V,

Nots & Tha wuii Golermvne the marbmor valm o Ry ¢ Ry o 18V opr'a1ion The masimon. totst (R, - Rpld 2p w1
bote § N2 potertor aperu’ esceeeve P 7 Curent b reesasty provicng the Pachape Oaeipslion rabng will not be eacested

hote & Rete: 1o AETSLELY B rwwg o renacy LMSSSH 900 LIVSSL! versons o speciticetions

Connection Diagrams

Meta!Can Pockape Duakin-Line anc Smal Outline Packages
Sex 7
] 1]
[ ] JE pr oW
() sucmanct
AL Y148 _’ DiSImARgE
ALY )
) . I}
tontkDd} DUTPUT o R i A2 5211 )
voi1a81 ‘]b-’
13
[T} ] . 1Y conran
I PN 2 vOh.talt
Tof View
LIS AR )

Order Number LMS85H or LMSSSCH
See NS Package Number HOBC

See NS Packape Number JOEA MOEA or NDBB

Top View

Orde: Number LM5555 LMS555CY,
LM555CM or LWSSSCN
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Typical Performance Characteristics
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LMSS5/LM555¢C

Application information

ONDSTABLE OPERATION
In thes mode of operation, the tmet functions as & one-shot
(Fpure 1) The externs! capacitor nutislly hold discharged
by a tansisior inside the bmer Upon apphzation of 8 negs-
tve thppe’ puise Of less than 1/3 Ve to pin 2, the the-fop is
86! whuch bo™ releases the short circull across the capac-
17 anc Orives the output hph,

AL XL 1]

4 -0 ¥
l asey
<
&
<€ %
] | $
Ll
L
L Ll TINR ) O—? 2 batasact
‘oe soaz § N
N Twatyediy
i [LIt])
] LonIng|
svIeyL w0 vagt
’ T -J-"
LI TTTIREY §.‘ '
b LTANY TS
I 280

TL/mrrees-
FIGURE 1. Monostable

The voltage across the capecilor thon incroases exponen-
tsliy for 8 peod Of t » 1.1 R, C, 8! the end of which Sme
the vollage equsls 2/3 Vor, The comparator then resets
the flp-tiop which n turn discharges the capacilr and
Srives the outout to lts fow sialo Fpure 2 shows the weve-
torms generated in this mode of operation Since the charpe
810 the threshold level of the comparstor are both drecily
Proporonal 10 supply voltape, the timng interna! is inde-
pendunt of supply,

IR

i
—
- ;/1 .
.
TiimirTeLi-
Vo = v Tog Traze tnpar SV/Dwy
W - 01 mesDey Mode Tisze Output LV/Dw
Ba - BYAnL Bohom Trsze Cajncar Vohage 2V/Dw
C=-001,r

FIGURE 2 Monostable Waveforms
Duning the timing cycle when the output i high, the further
85phIation of 8 Ingger pulse wili ot effert the crcull How-
€VvEr INE Circud Can be 1esot dunng this tme by the apphzs.
kon o' 8 negatve pulse 10 the reso! tormmal (pin £). The
OJDUt will then remaim in the 1ow siate unty & ngger pulse is
85an 2DDhed

When the tese! tunchion is not in wse. £ 5 reconmencec
that R be connecled 1o Ve 1o svord sy posséxity of tatse
trogQering. o
Foore 3 8 nomop aph for easy Selemimalon o! R, C
values for various time delays.

ROTE ¥ moroelable cowatorn, tw 11900 Shoas be O, tust Diors e
0 U g oycle

ASTABLE OPERATION

H the circult is connected as shown in Fgurey € (pins 2 anc €
connected) R will tigper ftself and tee nn as o

NERN474
/

”

L - taragrrancy (o1

(1]
WAIKA Ton Wan¥0tom 1y 0, Wy

- Yl BLiaY
TLomrresr.y
FIGURE 3. Time Delay
multivibrator The erterns! capacitor cha-pes Troupgh Ry +
Rg and discherges thiough Ry Thus the 6.2y cycle may be
precisely sc! by the ratio of these two ressiors

r —Q v,
]
i
3
| &) 3
] [ ]
g L, :
} : S
: 1”50 1
74, 1
’ R

AAA,

Tl

A 1Y lnl?".!-‘

(

FIGURE 4_Astable
In thss mode of operation, the capacior ctacpet and ths-
charges between 1/3 Ve 8n0 2/3 Vee As r e tapge-ed
mode, the charge and Bischarge imes. 8~ Tw-efore the
frequenty ere independent of the supply vo'ape
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Applications Information (contnuen)
Figxe 5 shows the wavelorms generaled in this mode of
operaton,

1 I

1

!
NERE RN
(1T
A4 AT A
Y1 NA TN
7 .
]
|
TLrerasy g
Voo = SV Toap Trace Owrpnert SV/Dv
TME = 20,370V, Bonom Trace Capesno Volage 1V/Dry
Ry = 39an
Ry = 32
C =001 pf

FIGURE §. Astable Wavelorms
The charge time {output high) Is given by:
ty =~ D693 (R, 4 Rg)C
And the discharge time (output low) by:
1, = 0623 (Rg) C
Thus the total period is:
T= 1341~ 0633(Rs 4 2Rg)C
The trequency of osciliation is:
1.44
3T Ra1zRmC
Frpore 6 may be used for quich. Belermination of thase AG
values
Ag
RA - 2Ra

- NN

Thedutycytle is: D =

-

t - cavagitance i n

~ et
(2] t " " "W e

T IRET Busnml TRIDUINLY 1y)
NInITRYY. "0
FIGURE €. Free Running Frequency

FREOUENCY DIVIDER

The monosiable crcut of Fioure 1 can be used as 8 fre-
Quency Cwide: by adiusting the longth of the trming cycle.
Figure 7 shows the weveforms penested in a divide by
three circun

]
i
L
d
I ¥
——de
L

4 TirmrTesioay
Voo = BV Tor Trace past 4V/Diy.
TIME = 20 uo/DIV Shodw Trace Dutput 2V /Dw
LN REY) Bohom Trece Capechy 2V/Dw
C =001 ,F

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR
When the timer is connesied in the monostabls mode and
triggered with 8 continuous pulse train, the output pulse
width cen bt moduisted by.a signa! apphes to pin 5. Fapure
8 shows the crit, and In Fipure § are some wavelomm
esxpmples.

1
<
> N
. ’ T
Diszmangs
RLUS I X o £ 1]
T (LT
LY AL 13
meyr
orIP Ul O i— ._J_.‘
X
3 i

Wimiress- 17

FIGURE 8. Pulse Wigth Modulator

AT TN

~

IS )

Vee = 8V Tog Teaze Modudation 1V /D

TME = C7ma/DIV  Bonorr Traze Capasnor Vohage 2v/Dwy
R~ Rran .

C - 001,f

FIGURE . Pulse Width Modulator

PULSE POSITION MODULATOR

This spplication uses the timer connected for astable opers-
hon. s in Figure 10, with & modulating signa! agam apphed
10 the contio! volape terminal, The pulse posiion vanes
with the modulatng signal, since the threshold voltape ang
hence the time delay is vanet Fowe 11 shows the wave-
forms genaraied fox 8 tiangle wave modJtation signal,

5.43
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Applications Information {Continued)
¢ Ve
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WEDV; Atipw [ I 21sT3] b
ourenr o4y ‘}—o ¢
; L I [ 21N ] l
Trmsress-va Yirrsrab1. 98
FIGURE 10. Pulse Posltion Modulator FIGURE 12
. Fpre 15 shows wavelorms generaied by the hnear ramp.
' J f ] I The tme interval is gven by:
< 17 Y 1. 23V R Ry 4 RyC
A 1N Ry Voo = Vgt (R, + Ry)
) 7 R Vag = 0.6V
t { |
o :
4 .’ — - .. —
‘ Ul L
Thim resy- 08 l I
Voo = 8V Yor Traze Mod.deton bgns 1y /Doy T
VIME = © % mp/Diy Bonom Tisce Ouonst 2v/Dw ’__ —d. O —
Ry = 3ban
Ky ~ 341 — — — g —
C~ 001 ,f 1/_1 T)
FIGURL 11, Pulse Post'tion Modulstor ahd) ]
LINCAR RAMP Tirmcoresr. vy
Whon the puliup resstor, Ry, in the monostabie circult is Vel - 8V Top Yeaze bgnr 3V/Dey
replaced by s consiant current source, 8 knes: ramg 1 gen- ;"5 :”" r8/DIV Mode ’1'”' Outins S /Dvv ,
er8160 Ligure 12 shows » ercuil configuraton that will per. . I’ ‘x‘:'" Bonom Tiase Capacno Vonage 1v /0
form this function, B- 2700
C - Cl1yF
FIGURE 3. Linear Ramp
50% DUTY CYCLE OSCILLATOR
N For & 50% duty cycle, the resisiors R, ang Rg may be
Connes1e as in Fipure 14 The time period for the oul
i
i
|
t
— _

.



Applications information (continueg)
Pt high is the same ar previcwns, 8y = 0.682 R, C. For the
oUDAlow sty =

Ra - 2R
[(RA Rp)/(Rp + na)] Cin L’:A_-Rs]

Thas the frequency of oscitistion is { =

h+t
-$ *Vee

.A
N "m

»

N ' ™

? r A
(L1 . I
SUTPYY Oed 3 [} [4
L

a0
0.8 l

TL/m/TB%1. 18
FIGURE 14. 50% Duty Cycie Osciliator

1
| I
<

Note that this circult will no! csciltate ¥ Rp is greate’ than
172 Ry bezause the junttion of Ry and R cannot bring pin
2 SowT 10 1/3 Ve and trigge: the lower comperalor,

ADDITIONAL INFORMATION

Agequste powe: supply bypassing is necesssry tc protect :

8330Ciated circuitry, Minimum recommendes is 0 1 pF in
peratie’ with 1 u¥ electrotync,

Lower comparsior storage trme can be as bong as 10 s
when pin 2 is Oriven fully 10 ground for triggerng  This himits
the monostable pulse width 10 10 s minimum.

Dele) time tese! 10 output is 0 47 ps typical. Minimum rese:
pulse wigth must be 03 s, typical.

Pin 7 current switches within 30 ns of the ouput (pin 3)

voliago
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4013

DUAL D FLIP-FLOP

[
vy 418V

- £

YOP VIEW

Each flip-flop may be used independently. There ore two modes, clocked
1 ’ i

and direct. |

(n the clocked mode, the direct set and reset inputs must remain at ground.
The input to the D line decides what the flip-Rop is going to do. The actual
operotion doesn’t happen until the positive edge (ground-to-positive transi-

tion) of the clock. :

i
if D is positive, clocking makes the Q output positive and & grgunded. If D
Is grounded, clocking makes the Q output grounded and & positive.

In the direc! mode, a positive set input forces Q positive and @ to ground,
A positive reset Input forces @ to ground and &Q positive. Should both set
and reset be simultaneously positive, both Q and & will also go positive. This
Is vsually a disallowed state, The last direct input to go to ground will de-
termine the final state of the Q and @ outputs. The direct Inputs override
the clocked inputs. .

Boch fiip-flop may be made to binary-divide by cross coupling the Q out-
put to the D input.

The clock input must be noiseless and have only o tingle ground-to-positive
edge fransition per desired clocking. Clock rise and fall times should be
5 microseconds or faster.

Maximum clock frequency Is 10 megahertz ot 10 volts and 4 megohertz ot
5 volts. Total package current at o 1-MHzx clock frequency is 0.8 milli-
ampere at 5 volts and 1.6 milliamperes at 10 volts.
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; 4014

8-STAGE SHIFT REGISTE’R '
(Parallel-in/Serial-Out; Clocked Load)

*310+15V

TOP VIEW

This package moy be used as a 6-,7-, or B-stage shift-right register, either
as serial-in/serial-out or os parallel-in/serial-out. Stages may be coscaded
for longer lengths.

As g serial-in/serial-out register, the load input should be grounded. Datg
presented to the IN terminal gets shifted into the first stage on the ground-
to-positive transition (positive edge) of the clock input. In six successive clock-
ings, this dota appears ot output 06. Another clocking transfers to output
07 and yet another 1o 08. Additional clockings will lose this bit of data
unless stages are cascaded or data is recirculated.

To parallel-load data, apply an 8-bit word to the P1 through P8 terminals,
having the P1 bit nearest the Input of the register and the P8 bit nearest the
output. The load terminal is made positive. The high state of the load termi-
nal must overlop the ground-to-positive clock transition. The parailel word
gets synchronously foaded Into the register on the positive clock edge. The
load ‘terminal must then return, ond stay grounded for no¢mal register
operation.

The clock must be noiseless and have only a single ground-to-positive transi-
tion per desired shifting. Clock rise and fall times should preferably be faster
than 5 microseconds. -

Moximum clock frequency is 5 megahertz at 10 volts ond 2.5 mogahertz at
5 volts. Total package current at ¢ 1-megchertz clock rate Is 2 milliamperes
at 5 volts and 4 milliomperes at 10 vols.

The 4021 is a similar register with immediote load.
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Intel Corporation , nNES-51 Handbook”
Addison-Wesley Publishing Company (Asian Editiom) ,
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