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ABSTRACT
Inside this thesis , we presented out the interested topic as Private Automatic Branch
Bxchliange particularly concerning on Branch Bxchange that have 3 C.O. line and was
expanded to be 16 subscribers lines. We fixed microprocesser 8031 as Micro
Controller to process all the operations. Included to the connection among those
subscribers lines. Moreover it still provide the ordinary special functions as general
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Fiow Feaan NO TO Q, Q, Q, Q
697 1209 1 H 0 0 0 1
697 1336 2 H 0 0 1 0
697 1477 3 H 0 0 1 1
770 1209 4 H 0 1 0 0
770 1336 5 H 0 1 0 1
770 1477 6 H 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
. 941 1209 X H 1 0 1 1
941 1477 i# 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 C H 1 1 1 1
941 1633 D H 0 0
- - ANY L zZ Z z Z
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DIFFERENTIAL INPUT AMPLIFIER

Cl =C2 = 10nF

R1 = R4 = RS = 100 ko
All resisters are + 1% tolerance
R2=60k0, R3 =375k

Al capacitors are + 5% tolerance
VOLTAGE GAIN (Av,diff) = R5/R1
INPUT IMPEDANCE

@indiff) =2 Y R1 R1K1/Dc)
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3‘51 Y o mvi

neswdndyaneunlénesesmniia fodluusined (ASTABLE MULTIVIBRA-
[
@ o - o/ o a L3 ! 4
TOR) 5201l AND GATE usmdndggpanianuadnysizvesdgopudnagdaiivien

Taozunsy lumsespuuunsadedygraudssInsdmi lussunpaeInsdmiomn

salutanigl 3.4

FATAMRAT on/off > WITHRAA DN G )

it 3.4 daundadggneinisluTnsdwin Fanua

3.5.18gapnandeulAuyu (Dial Tone)

fedyauiadspumeTnsfmiudeltuid ¥ Insdwinswiuadesqumondey
uaites WM Insdminamueay Insdwiiiidesmsansedaudnuuzvesdygouiiy
Fyyraitdanudtssue 400 He Faeiitesiunasn

ugmamsianduesadudygna laoc TiMERa$Tlussadiamesihmua

- & < P 4 Y o
doyguniianud 400 Hz Trefianubvesdggudnasein

tl = 0.369*Ra+Rb)*Ct
2 = 0.369*Rb*Ct
F = 1At1+R2)

352 dgguliin (BUSY TONE)
5 4 A w o o d
Aedyapeminiesguan InsimindlF Insdmindinn mananuwavi
-~ . ) ¢{ oY [ [ <t 9 -~ [ .
deamsesinde uanwoiaviigniFon iindeusumanFendh Tnvguaisesinnoesds
dygnauthudygnanianuilssine 400 Hz Awazduadudu yoq 1 Juit
3.5.3 dygnauienndl (RINGING BACK TONE)
ﬂaﬂmﬂpmmﬂ'sawumﬂw‘mwmtﬁa;ﬂﬁmwwmmnmsnﬂnmmnwﬁmms
szfndonay s uhannsofedegoe Insdnifidesmsande I8dnuaisvesdyaoni

o At o o o 'Y - o«
dygou Nisnud dszine 400 Hz Aadszanm 1w ues Andszanm 3 3w
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’JW‘SNSﬂﬁQ}qu Dial Tone , Busy Tone I8¢ Ringing Tone wldf 1c 555 $mam 2
i el 55512 eswindyapadidanudtssina 400 Hz Sudomes Dial Tone
oz 555 12 seadndognuiiisns Ton 4 Swiil uosda Toff 2 i dygaild
9z NOT GATE tendy il Ton 2 Swiil uos Tott 4 Jundt ﬂ1ﬁ'q;tmmﬁ"mm
11 AND fuvz18dayg1at Busy Tone 555 osndndayaiaidiies Ton 1 3t Toff 1 Junil
’Iﬁamefq;q;mi’:'lﬂm fudgygne 400 Hz Wudyhym Ringing Back Tone Wl

¥

3.5.4 fygnousen (Ringing Tone) H3® doyayinl Nz

fle ﬁq;immﬁm?mquma'[mﬁ'wﬁmu‘lu Mlnszas Insdwisuiteuds nsm
il Reamsandedednuuzvesdyamiiludogandlsnififivng usnddge
tlyzanns 90 Volts Hanuitlssane 50 Hz dassing 1 Sl s RINGING TONE
GENERATOR: CIRCUIT ‘N93 RINGING "u‘fxﬂuﬁaa%aﬁtytymm:e‘iammﬁﬂszmm 50
Hz fmuanmsda - deadygrouiludases 1:3 vnmes Ic 555 fit 12 wih
wihiadernuissne 5o Hz day 555 Wil 22 ssedndyans PULSE Wil
dnuaizveana ON/OFF veadgygalusandau 3:1 Tavezgnflewdh Not GaTE
wendubiifiu 1:3 nozmhly flewdh AND GATE fudgyget 50 Hz 910 Output
ves 555 @i 1 ferlRdygu RINGING tessihliflewldfuma sLic

- \J
3.6 Internal_call nifiasamaly PABX
A N (K. o
-1ile SUB A (OFF HOOK) LC Nezvmsdasdggna il cpu, cpussi
L] -~ A L ' L]
nmsasavapuiuihuauninoesly wileezls iiensae quérigndes ceu Mesmsasasun
1 r A - ) A [}
sv 1ande luie WuSomavnuoas 1 Wensisasuiasusoudsouda cpu fezee BS
Wy sv
A ] 9 o 4 ) 9 o
- ipvimsae ES 19100 SV ud CPU 92dads SPEECH PATH 19111 LC
Ld " A ] A
udaWdynra BUSY TONE n3dl sV 1i3unTeld DIAL TONE 1iensdi sv Taiiie suB
L L “ ' - ] L]
A édynna DIAL TONE udagingel sv srssfununueiissimsAnnesin SUB Ah

(humssBul ORIGINATE CALL w38l INTERNAL CALL a4l cPu msnsied
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desmsedudamiumsiSonuuy INTERNAL CALL CPU ssyhmsasaoseuiuasning
figmion (SUB B) anfely

- iile cPU ayaedrouguah SUB B 4w CPU esdald SV o4 RINGING TONE
#u SUB B udada W sV dedyaia RINGING BACK TONE fudifun (SUB A) 1
dsuB A {iwm:i‘:ﬁﬁqﬁaﬁuunwmvﬁﬁﬁﬁaagjtﬁa SUB B #nY] (OFF HOOK) CPU 9%
doninmsdedygra RINGING 18y SUB B uassniinmynadyn s RINGING
BACK TONE iy SUB A udniimsse SPEECH PATH 1y SUB A 1z SUB B uda

) ¥
AWNUANMTARAB SV ﬁm%ﬂumsmna MINNIULBITSUL

3.7 VOICE RECORDER /PLAYBACK DEVICE

Hhusdeniufinideaves Tenlefimmesiutityadonrmiituiin 13ty sus ves
ToT et Tnoveyadeanuiidhudoeh sevviliihrzunenTuia NIOINAIAY
nuwitindesnsasidt”

VOICE RECORDER /PLAYBACK DEVICE 14/ IC SINGLE CHIP 1167 ISD 4120
Faemnso uiinides 14 20 Tnit Tae 1D 1420 dgneenmuunTnema TuTad fifumda
gunsahandesiues Tay lidesilgunel 1c mousnindesay i cHIP weddu Tay
melulszneudis EEPROM , Wes1f3ueni] , 2997 SAMPLING “av egnielu CHIP W
Huﬁ'[nmﬁmﬁ'ﬁuﬁmm:xﬁuné’naanmﬁqmmmﬁmﬁﬁmn gunrafiudeynidesiituin
¢ 100 3 SnvarhanluTvan STAND BY 18870 hldfuddenudunn

1SD 1420 19 SAMPLING RATE Y19 6.4Hz lagii UPPER BAND YW1R 2.7 KHz
dumnzauiienihunaulussuy PABX ednbe Taowr A0-A7 dumsdmunTnuams
YAIUANY YBIIC B3 PLAYL ihmda PLAY BACK dosiitiuiin P ifenun n
PLAYE ifhumsda PLAY BACK iifesnmutniveadggne: PLAYE dauv1 REC ifhumsda
Thifimduensty 1c 18¥eanmmm Ty 20 Sud Taon PLAYL sxgndaanudeiimg

Foadhumiugeevessn Insini 4 1 TOT LIC
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gamvedlsunsumaugy sy PABX

ORG 0000
H PORT 1
CONTP1 EQU OF803H
PORTALl EQU OF800H
PORTB1 EQU OF801H
PORTC1 EQU  (OF802H
; PORT 2
CONTP2 EQU OFCO3H
PORTA2 EQU ORCOOH
PORTB2 EQU OFCOIH
PORTC2 EQU OFCO2H
H PORT 3
CONTP3 EQU OFE03H
PORTA3 EQU  OFEOOH
PORTB3 EQU (OFEOIH
PORTC3 EQU OFEO02H
5 MAIN
MAIN:

B ktrpkkkdhkrks chik hook sw

MOV  DPTR#CONTP1 ;port 1 ABC=ofp
MOV A #080H
MOVX @DPTR,A

MOV  DPTRACONTP2 ;port2 AB=Ofp C=I/P

MOV A #089H
MOVX @DPTR,A

MOV  DPTR#CONTP3 ;port3 ABC=Ifp
MOV  A#09BH

%)
n



CHK4:

CHKS6:

CHKT:

CHKS:

H kkhksbRdieer connet DTMEF

HOOK1:

HOOK2:

MOV  DPTR#PORTA3

MOVX A@DPTR ;in portA3 TO Reg A
CPL A

CINE A#0001H,CHK2 ;hoéakl on comnet DTMF
SIMP  HOOK1

CINE A#0002H,CHK3 ;hook2 on connet DTMF
SIMP HOOK2

CINE A #0004H,CHK4 ;hook3 on connet DTMP
SIMP HOOK3

CINE A#0008H,CHKS ;hook4 on connet DTMF
SIMP HOOK4

CINE A#0010H,CHK6 ;hookS on connet DTMF
SIMP HOOKS i
CINE A#0020H,CHK7 ;book6 on connet DTMF
SIMP HOOK6

CINE A#0040H,CHK8 ;hook7 on connet DTMF
SIMP  HOOK7

CINE AMO0080H,LL1 ;hook8 on connect DTMF
SIMP HOOKS

MOV
MOV
MOVX

MOV
MOVX
MOV

MOVX

MOV

MOV

MOVX

SIMP

MOV

MOV
MOVX

DPIR#PORTALl ;outport connet DTMF
A #00008H
@DPTR,A ;out port control 8816/2

DPTRA#PORTC3 ;IN PORT <- 8870

A@DPTR ;IN PUT KEY 4 BIT/1+STROBEL
RO,A ;DATA 4 BIT/1 -> RO

A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
ROA ;DATA 4 BIT/2 > RO

DPTRSPORTA3 ;IN PORT HOOK1

A@DPTR ;chk hookl on user
A#O00IHLLL ;HOOKI OFF CALL MAIN
CHKKEY ;HOOK1 ON CALL CHKKEY

DPTRA#PORTA1 ;outport connet DTMF
A #O00C4H
@DPTR,A ;out port control 8816/2



HOOK3:

HOOK4:

MOV
MOVX
MOV

MOVX
MOV

MOV
MOVX

SIMP

MOV
MOV
MOVX

MOV
MOVX
MOV

MOVX
MOV

MOV
MOVX

MOV
MOV
MOVX

MOV
MOVX
MOV

MOVX
Mov

DPTR#PORTC3 ;IN PORT <- 8870
A@DPTR ;IN PUT KEY 4 BIT/1+STROBE1
ROA ;DATA 4 BIT/1 > RO

A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
ROA ;DATA 4 BIT/2 > RO

DPTR#PORTA3 ;IN PORT HOOK2
A@DPTR ;chk hook2 on user

A#0002H,LL1 ;HOOK2 OFF CALL MAIN

CHKKEY ;HOOK2 ON CALL CHKKEY

DPTR#PORTAl ;outport connet DTMF
A #000A2H
@DPTRA ;out port control 8816/2

DPTR#PORTC3  ;IN PORT <- 8870
A@DPIR :IN PUT KEY 4 BIT/L+STROBE1
RO,A :DATA 4 BIT/1 -> RO

A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
ROA ;DATA 4 BIT/2 -> RO

DPTR#PORTA3 ;IN PORT HOOK3
A@DPIR ;chk hook3 on nser

A#0004H,LL1 ;HOOK3 OFF CALL MAIN

CHKKEY ;HOOK3 ON CALL CHKKEY

DPTR#PORTA1 ;outport connet DTMF
A #000E6H
@DPTR,A sout port control 8816/2

DPTR#PORTA3 ;IN PORT <- 8870
A@DPTR ;IN PUT KEY 4 BIT/1+STROBE1
ROA ;DATA 4 BIT/1 > RO

A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
ROA ;DATA 4 BIT2 -> RO



HOOKS:

HOOKG6:

HOOK7:

MOV DPTRAPORTC3 ;IN PORT HOOK4

MOVX A@DPTR ;chk hook4 on user

CINE A#0008H,LL! ;HOOK4 OFF CALL MAIN
SIMP CHKKEY ;HOOK4 ON CALL CHKKEY

MOV  DPTRAPORTAL ;outport connet DTMP
MOV  A#00091H
MOVX @DPTRA ;out port control 8816/2

MOV  DPTRAPORTC3 ;IN PORT <- 8870
MOVX A@DPTR ;IN PUT KEY 4 BIT/1+STROBEL!

MOV ROA ;DATA 4 BIT/1 -> RO
MOVX A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
MOV  ROA ;DATA 4 BIT/2 > R0

MOV  DPTRAPORTA3 ;IN PORT HOOKS

MOVX A@DPIR :chk hook$ cn user

CINE A#O010HLL1 ;HOOKS OFF CALL MAIN
SIMP  CHKKEY ;HOOKS ON CALL CHKKEY

MOV DPTRAPORTAl ;outport connet DTMF
MOV A #000D3H
MOVX @DPTRA ;out port control 8816/2

MOV  DPTR#PORTC3 ;IN PORT <- 8870
MOVX A@DPIR ;IN PUT KEY 4 BIT/1+STROBE1

MOV ROA ;DATA 4 BIT/1 -> RO
MOVX A@DPIR ;IN PUT KEY 4 BIT2+STROBE2
MOV  ROA ;DATA 4 BIT/2 -> RO

MOV  DPTRAPORTA3 ;IN PORT HOOK6

MOVX A@DPIR ;chk hook6 on user
CINE AMO0020HLL1 ;HOOKG6 OFF CALL MAIN
SIMP CHKKEY ;HOOK6 ON CALL CHKKEY

MOV  DPTR#PORTA1 ;outport connct DTMF
MOV  A#0008BIH
MOVX @DPTR,A ;out port control 8816/2



HOOKS:

; sxederkidds bk number kcy

CHKKEY:

KEY2:

KEY3:

MOV
MOVX
MOV

MOVX

MOV

MOV
MOVX

MOV

MOV

MOVX

MOV

MOVX

MOV

MOVX
MoV

MOV
MOVX

MOV

SIMP

CINE

39

DPTR#PORTC3 ;IN PORT <- 8870

A@DPTR ;IN PUT KEY 4 BIT/1+STROBE1
ROA ;DATA 4 BIT/t > RO

A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
ROA ;DATA 4 BIT/2 <> RO

DPTR#PORTA3 ;IN PORT HOOK7

A,@DPTR ;cbk hook7 on user
ASM0040H,LL1 ;HOOK7 OFF CALL MAIN

CHKKEY ;HOOK7 ON CALL CHKKEY

DPTRH#PORTA1  ;outport connet DTMFP
A #000CFH
@DPTR,A ;out port control 8316/2

DPTR#PORTC3  ;IN PORT <- 8870
A@DPTR ;IN PUT KEY 4 BIT/1+STROBE1

ROA ;DATA 4 BIT/1 -> RO

A@DPTR ;IN PUT KEY 4 BIT/2+STROBE2
ROA ;DATA 4 BIT/2 -> RO

DPTR#PORTA3 ;IN PORT HOOKS

A@DPTR schk hook8 on user
A#0080H,LL1 ;HOOKS OFF CALL MAIN
CHKKEY ;HOOKS ON .CALL CHKKEY

RO,A
RO#0011HXEY2 ;NUMBER NOT=CALL HOOK]1 JMP KEY2
RING1 ;CALL SUB CONNET RING TO HOOK1

RO#0012H. KEY3 ;NUMBER NOT=CALL HOOK2 JMP KEY3
RING2 ;CALL SUB CONNET RING TO HOOK2

RO#0013H KEY4 ;NUMBER NOT=CALL HOOK3 JMP KEY4



KEY4:

KEYS:

KEY6:

SIMP RING3 ;CALL SUB CONNET RING TO HOOK3

CINE RO#0014HKEYS ;NUMBER NOT=CALL HOOK4 JMP KEY5
SIMP RING4 ;CALL SUB CONNET RING TO HOOK4

CINE RO#0015HKEY6 ;NUMBER NOT=CALL HOOKS JMP KEY6
SIMP RINGS ;CALL SUB CONNET RING TO HOOKS

CINE RO#0016HKEY7 ;NUMBER NOT=CALL HOOK6 JMP KEY7
SIMP RING6 ;CALL SUB CONNET RING TO HOOK6

CINE RO#0017HKEY8 ;NUMBER NOT=CALL HOOK7 JMP KEY8
SIMP RING7 ;CALL SUB CONNET RING TO HOOK?

CINE RO#0018,ERROR ;NUMBER ERROR
SIMP RINGS ;CALL SUB CONNET RING TO HOOK8

; #eassavessass CONNET RING TO PHON 3 4

RINGI:

CHKCALLI:

RING2:

CHKCALL2:

MOV  DPTR#PORTALl ;OUT CONTROL 8816 CONNET RINGHOOK
MOV A #00000H
MOVX @DPIR,A

MOV A #00004H ;OUT CONTROL 8816 CONNET RINGBACK
MOVX @DPIR,A

MOV  DPTR#PORTA3 ;LOOP CHK 1 ANS

MOVX A@DPIR

CINE A#0001H,CHKCALL1 ;BACK LOOP CHK 1 ANS
SIMP TALK

MOV  DPTRAPORTA1 ;OUT CONTROL 8816 CONNET RINGHOOK
MOV A#00040H
MOVX @DPTRA

MOV A #00044H ;OUT CONTROL. 8816 CONNET RINGBACK
MOVX @DPTRA

MOV  DPTR#PORTA3 ;LOOP CHK 2 ANS
MOVX A@DPTR

CINE A#0002H,CHKCALL2 ;BACK LOOP CHK'2 ANS

SIMP TALK



RING3:

CHKCALL3:

RING4:

CHKCALLA:

RINGS:

CHKCALLS:

RING6:

MOV  DPTR#PORTAl ;OUT CONTROL 8816 CONNET RINGHOOK
MOV A#00020H
MOVX @DPTR,A

MOV A#00024H ;OUT CONTROL 8816 CONNET RINGBACK
MOVX @DPIRA

MOV DPTR#PORTA3 ;LOOP CHK 3 ANS
MOVX A@DPTR
CINE A#0004H,CHKCALL3- ;BACK LOOP CHK 3 ANS

SIMP TALK

MOV  DPTR#PORTA1l ;OUT CONTROL 8816 CONNET RI.NGHOOK
MOV A#00060H

MOVX @DPTRA

MOV  A#000741 ;OUT CONTROL 8816 CONNET RINGBACK
MOVX @DPTRA

MOV  DPTR#PORTA3 ;LOOP CHK 4 ANS

MOVX A@DPTR

CINE  A#0008H,CHKCALL4 ;BACK LOOP CHK 4 ANS
SIMP TALK

MOV  DPTR#PORTAl ;OUT CONTROL 8816 CONNET RINGHOOK
MOV  A#00010H
MOVX @DPTRA

MOV  A#00014H ;OUT CONTROL 8816 CONNET RINGBACK
MOVX @DPIR.A

MOV  DPTR#PORTA3 ;LOOP CHK 5 ANS

MOVX A@DPIR

CINE A#0010H,CHKCALL5S ;BACK LOOP CHK 5 ANS
SIMP TALK

MOV  DPTR#PORTA]1 ;OUT CONTROL 8816 CONNET RINGHOOK
MOV A#00050H

MOVX @DPTR,A

MOV A#00054H ;OUT CONTROL 8816 CONNET RINGBACK

41



CHKCALLSG:

RING7:

CHKCALL?Z:

RINGS:

CHKCALLS:

; #sxsskenkdiis CONNET SPEECHPATH

TALK:

MOVX

MOV
MOVX
CINE
SIMP

MOV
MoV
MOVX

MOV
MOVX

MOV
MOVX

MOV
MOV
MOVX

MOV
MOVX

MOV
MOVX

MOV
MOV
MOVX
LIMP

@DPTR,A

DPTR#PORTA3 ;LOOP CHK 6 ANS
A@DPTR

A#0020H,CHKCALL6 ;BACK LOOP CHK 6 ANS

TALK

DPTR#PORTA1 ;OUT CONTROL 8816 CONNET RINGHOOK
A#00008H
@DPIR,A

A#0000CH :OUT CONTROL 8816 CONNET RINGBACK
@DPTR.A '

DPTRA#PORTA3 ;LOOP CHK 7 ANS
A@DPTR

A $#0040H,CHKCALL7 ;BACK LOOP CHK 7 ANS

TALK Koo dl

DPTR#PORTAL ;OUT CONTROL 8816 CONNET RINGHOOK
A #00048H
@DPIRA

A #0004CH ;OUT CONTROL 8816 CONNET RINGBACK
@DPTR,A

DPTRAPORTA3 ;LOOP CHK 8 ANS
A@DPTR

A#0080H,CHKCALLS ;BACK LOOP CHK 8 ANS

TALK

DPTR#PORTAL

A#00011H
@DPTR,A

LL1
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11]’7‘1 5.1 9Q)Qy18 Input 116S Output YO IC 7404
d2uilyn1ves Op-to couple A8 Op-to couple Adpuasuianda i lems
yuvesdatuiih Opto comple AesmyInitande’ly aouusniédaunidsad
fou uaf limunyothly Drive 1€ Transistor 18 (168 Outpnt sonIAfivT 4 ves
Op-to coupte) aned litlonlfginghildygussnuiemuninn Drive
Transistor - 18 TRUABULINIIIVZUONNIAABYBY Transistor YBIUADLALIROITIONB)

! v g
Output #188n91N¥1 Emitter 1115070 TAs Oupur 89 Q, uaT Q uﬁmm;ﬂ%qmad’

ov

< v - ¢
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5.2 Ringing Tone

Purseritndradyna Ringing Tone 400 Hz (14) Seozqghneridnnnn
auanlugy B Taumerld 1c wed sss dludadufiannud 400 He Fuwn uns
Fy970 Ringing Tone foenuezdl ussdusurdedufiussdoniumenite i
dyan Ringing Tone fianmusane ot lifudogalumsdeulfunInsdniig
menwly Taonesvereluneesiyeelild Transistor wuflusvereudanilowreess
fdgyn e Ringing Signal INT1591 F910 Ringing Tone fimlidesmansaduitge
1N udtseeld Op-amp wnuitersithinsssveneuaznyssa LYy Narow Band
e 114 nud 400 Hz
grlussaluntinm

mInet R, uay R, ffwsanngasssinldiunnilyld FfunSa i me
ffmhmuai Uy Not Gate 1w 1¥luasesesdiued 7404 huruiy 2vesadn
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11l 5.4 quvesdoyae Ringing Tone 910 IC 555

LT, 277 NAW LIS [ U U

] T fl NN ||

Uit 5.5 yldaye 181 Ringing Tone # H1M 2995 Op-Amp

5.8 Bugy Tone 400 Hz (0.5/0.5)

fludyya Busy Tone (dqanuidify 05 Secdzfl 05 Sec fodyaoid
venldnnuhmelihamienuunvildesnsindedims ¥geomoed) quheesesihulmy
51 B Tumanuandund %'4mmfuﬁ'q;tmmi‘:mﬁ'azé’qm'l'ﬁ IC twef 555 sgmiiou
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a—_— o : MH88510/11
MITEL Subscriber Line Interface Circuit (SLIC)

Preliminary Information

. ISSUE 1 Aprit 1995

Features Fang

= High Gain version MH88511 Ordering Information

« Compatibl@ with popular MH88500 MHB88510 20 Pin SIL Package

. Operates with a wide range of battery voltages MH88511 20 Pin SIL Package

- Constant current battery feed

. . 0°C to 70°C

.+ Dry line compatible

« Overvoltage and short circuit protection Description

= Ringing Feed )

+ Off-hook detection and LED indicator drive The Mitel MHB88510/11 Subscriber Line Interface
« . Dial pulse detection Circuit provides a complete interface between the
« _Ring trip filter with auto ring trip telephone line and a speech switch requiring only

Rel ) single Dbidirectional switch per crosspoint. The

+ Relay driver functions provided by the MH88510/11 include

« Transformeriess 2-2 wire conversion bidirectional differential to single ended conversion

- Low power consumption i in ;h? speecg gat? Iir;e bdattery 1eed1._hrin%in3‘ 1eeid

o ; : and loop and dial pulse detection. The device Is
Mute of incoming audio ] {abricated as a thick film hybrid which incorporates

+ Few external components _various technologies for optimum circult board and

very high reliability. i

Applications

« Linhe Interface for:

- PABX

« |Intercoms

« Key Systems

TF < Constant
Tip Current/Voltage
TP Drive 1N Control
2-2Wire |- MUTE
Hybrid JUNC
L_ Cusrent &
Voftage o] Ring Trip
| Sensing Filter
’ .
RING Aing Short Lins Relay
RF | Protection Supervision Driver
W . ;
VBAT AGND VDD VEE BAK- IED RRC RRDVALY RGND

Figure 1 - Functional Block Diagram
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P 1
VDD 2
AING 3
RF M
TF 6
VBAT 7
AGND 8
VEE *1’0
[ i
SHK 12
1Ic 13
VDD 14
AGND %
VBAT va
ol 17
MUTE 18
JUNCTOR 19
RAD 20

Pin Description

Figure 2 - Pin Connectiorns

Pin # Name Description

1 TIP Tip Lead. Connects to the “Tip” lead (A-wire) of the telephone line.

2 VDD Positive Power Supply Voltage. Normally +5V. This provides current for both internal
circuitry as well as the loop. Not internally connected to pin 12.

3 RING Ring Lead. Connects to the “Ring” lead (B-wire) of the telephone line.

4 RF Ring Feed. Connect to the Ring Relay contact. See Figure 5.

5 TF Leave open circuit [

6 VBAT Battery Voltage Supply. Normally -24V or -48V. Not internally connected to pin 14.

7 AGND Anslog Ground. Supply and battery ground. Internally connected to pin 13. For
optimum performance connect pin 7 to pin 13.

8 Ve Negative Power Supply Voltage. Normally -5V.

9 LED LED Drive (Output). Drives an LED directly. A logic low indicates an ofi-hook condition.

10 SHK Switch Hook Detect {Output). A logic low indicates an off-hook condition.

11 ic Internal Connection. This pin is connected internally

12 Voo Positive Power Supply Voltage. Normally +5V. This provides current for both internal
circuitry as well as the loop.

13 AGND Anslog Ground. Supply and battery ground. Internally co_nnecled to pin 13. For _
optimum performance connect pin 13 to pin 7.

14 Vear Battery Voltage Supply. Normatly -24V or -48V. Not interally connected to pin 6.

15 MUTE MUTE (Input). A logic low will mute signals coming from Tip-Ring to the JUNC.

16 JUNC Recelve/transmit audio speech path. (Referenced to OV GND).

17 RRD Rllng Relay Drive {Output). Connects to the ring relay coil. A logic low activates the
relay.

18 RGND Relay Ground. Return path for relay supply votlage. Normaily connected to AGND.

19 RRC Rlna Relay Control (input). A logic high activates the Ring Relay Drive (RRD) outputs.

20 " VRLY Relay Postitive Supply Voltage. Normally +5V. Connects to the retay coil and the relay

supply voltage. An internal clamp diode from VRLY to RGND is provided.
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Functional Description
The BORSH Functions

The MH88510/11 performs all of the Borsh functions
of Battery Feed, Overvoltage Protection, Ringing,
Supervision and Hybrid (2-2 Wire).

Battery Feed

The MH88510/11 powers the telephone set with
constant- DC loop current for shortiines and
. automatically reverts to constant voltage for long
lines. Since the Tip drive is powered down from the
Voo supply, loop current flows through both the Vgar

supply and the Vpp supply.
Overvoltage Protection

The MHB88510/11 is protected from short term (20ms)
transients. (+250V) between Tip and Ring, Tip and

- _ground, and Ring and Ground. However additional
protection circuitry may be nesded depending on the
requirements which must be met. Normally, simple
external shunt protection as shown in Figures 5 and
6 Is ait that is required.

Ringing

The ringing insertion circuitry has the capability to
provide ringing voltage to the telephone set by
simply adding an external relay, ring generatcr and a
200Q Hmiting resistor. The internal relay driver

switches ringing voltage on to the line via the
external ring relay. The SLIC provides two internal
300W battery feed resistors through which the
ringing current will flow. A clamp diode is included
which suppresses voltage transients during relay
switching caused by the relay coil. In addition, the
circuit prevents connection of the ringing source
during off-hook conditions. See figure 5 for typical
application.

Hybrid

The 2-2 Wire hybrid circuit converts the incoming
balanced signal at Tip and Ring of the telephone line
into & ground referenced output signal at JUNC of
the SLIC, and converts the ‘ground referenced input
signal at JUNC of the SLIC into a non-balanced
output signal at Tip and Ring of the telephone line.

Line Impedance

The MH88510/11's Tip-Ring(Zin) impedance is fixed
at 6000 For correct SLIC impedance, JUNC must
be appropriately terminated. See AC Electrical
Characteristics.

Supervision

The loop detection circuit determines whether a low
enough impedance is across Tip and Ring to be
recognised as an Off-Hook condition. When an off-
hook condition occurs, the SHK and LED outputs
toggle to a logic low level. These outputs also toggle
during incoming dial pulses.

MH88510/11
SLIC 1
. 750
4 TP ——————o TIP 16
] ) JUNC ‘ ®
’ RING 3 fana CROSSPOINT
; SWITCH
] MH88510/11
i SuLIC 2
3
! - 1 e 750
. : AL JAVA)
J
3 \VaVY)
RING RING
CROSSPOINT
. SWITCH

Figure 3 - SLIC Crosspoint Switch Connection
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The SHK output has low_drive capability while the
LED output can drive an LED directly. The detection
circuif engages a ringing filter during applied ringing.
Thé ringing filter ensures that the SHK output toggles
at the ringing cadence and not at the ringing
frequency. The fing trip detection circuit also
prevents false off-hook detection due to the current
associated with the AC ringing voltage as well as
current transients when the ringing votlage s
switcHed in and out.

Hybrid

The 2- wire hybrid circuit converts the incoming
balanced signal at Tip and Ring of the telephone line
into a ground referenced output signal at JUNC of
the SLIC, and converts the ground referenced input
signal at JUNC of the SLIC into a non-balanced
output signal at Tip and Fing of the tefephone line.

Return.Loss at Tip-Ring

To maximise return loss, the impedance at Tip-Ring
should match the SUC's impedance (600%Q).
However, the SLIC’s input impedance is dependent
on the JUNC termination resistance. For a 6000
SLIC Input impedance, the JUNC must be
terminated with 754Q.

Figure 2 illustrates a typical connection between two
SLICs through two crosspoint switches. Optimum
return loss occurs when JUNC is terminated with
754Q. Since the JUNC input/output is 604 and the
crosspoint switches resistance are 75Q + 750, this
configuration gives optimum return loss as shown In
Figure 3.

MUTE

A logic low at the MUTE input results on, muted
signals coming from Tip and Ring to the JUNC
termifial while allowing signals from the JUNC
terminal to Tip and Ring to be transmitted.

Tip-Ring Drive Circuit

The audio input ground referenced signal at JUNC is
converted to a differential output signal at Tip and

Ring. The outpug signal consists of the audio signal

superimposed on the DC battery feed cutrent. The
Tip-Ring drive circuit is optimsed for good 2-Wire
longitudinal balance.

2-56

In addition, the Tip-Ring Drive Circuit has the
capability to drive a dry line (a line with no DC
current flowing); the AC Electrical Characteristics
apply (except for longitudinal balance), even when
the loop current drops to zero. Therefore, the
MH88510 has the capability to drive a line much
longer than 2000Q providing the user is not
concerned with loop current; SHK detection or
ringing generator current.

Short Circuit Protection

The MH88510 is protected from long term (infinite)
short circuit conditions occurring between Tip and
Ring, Tip and AGND, and Ring and AGND.

Line Impedance

The MHB88510's Tip-Ring (Zin) impedance is fixed at
6000. For correct SLIC impedance, JUNC must be
appropriately temminated. See AC Electrical
Characteristics.

Transmit and Recelve Gain

Transmit Gain (JUNC to Tip-Ring) and Receive Gain
(Tip-Ring to JUNC) are fixed. For correct gain, the
SLIC inpul impedance must match the line
impedance and JUNC must be appropriately
terminated.
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1o SWITCH HOOK
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ct 6 c2 V
]

Figure 5 - Typical Appllcation Circult



%2

i Iglele o RAV/ AN

Preliminary Intormation

Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Supply Voltage Voo -0.3 15 v
) Vee 03 -15 v
2 | DC Battery Voltage Vear 0.3 60 v
3 | DC Relay Voltage Vawy -0.3 20 Y
4 | AC Ring Generator Voltage 160 Vams
5 | Storage Temperature Tg -55 125 °C
1 Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Characteristics Sym Min | Typ* | Max Unlts Test Conditions
1 | DC Supply Voltage Voo 4.75 5.0 7.35 \
Veg | 475 | -50 | -8.40 v
DC Batlery Voltage Vear 23 | --48- -56 Vv
DC Relay Voitage Vawy 5.0 15 Vv
AC Ring Generator Voltage g0 | 105 Vams
Ringing Generator Frequency 17 |- 33 Hz
5 | Operating Temperature Top 0 70 °C

3 Typicalunumdzs'CMMnovdmlgSVnwuummtovdosignddodrnocmmm.odmdnoiubhdtoproducﬂonleslm

DC Electrical Characteristics? -
Characteristics Sym { Min | Typ* | Max | Units Test Conditions
1 | Supply Current: Open Loop oo 15 mA | Rioop = Open
ke 15 mA
Taar 15 mA
Normal Loop ‘oo 43 mA | Rycop = 1000Q
l'EE 15 mA
oar 43 mA
Short Loop [ 2P 43 mA | Rioop =002
e
toar 15 mA
43 mA
2 | Power Consumption®: Open Loop PC 880 mW | Ryoop = Open
. Normal Loop | PC 2360 | mW | Ripop = 1000Q
Shortloop | PC 2360.{ mW | Rioop=0Q
3 | Low Level Output Voltage @ Vou 3.0 A log = 2pA
. | High Level Output Voltage Vou 3.0 \Y loy = 2pA
4 | Sink Current, LED to AGND @ lo 0.6 mA | Vo =-1.5V
Sink Current, LED to VDD lon 25 mA | Vo =3.25V
5. | Sink Current, Relay to VDD o | 100 mA | Vo =0.35V
Clamp Diode Current leo 150 mA
6 | High Level Input Voltage @ Vis 3.5 \ e = 1.0mA
7 | Low Levelinput Voltage @ Vi : 0.8 V .|t =0.5mA
OC Electrical over recommended ops mmwmmvmnmovmv&u-sv:sssmommm

t Gharacteristics are
S yptedmumuzs-cmmsvmmmmmudm
are over recommended operating

mamww Consumption'characteretics
flows through both the Vg1 and the Vpp supply.

and not subject to production testing.
mmvmumvag--smwvufum Note that

Joop current
osmmmmmaa1mmwrmmwm!n_op—mpwnmmmmwmomousxv
@ LED outputs consists of @ 2.5k02 resistor in series with SHK op-amp output.

RRC %

2-58

mmm.wwmwhsmmmlmmmo«mudaymmmm
input is internally pulied up. With no Input connection, thovolagolwolalmoMUTEhunbtyplultyu 1.5V.
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AC and-DC Loop Electrical Characteristics*

Characteristics Sym Min | Typ? | Max | Units Test Conditlons
1 | Maximum AC Ringing 44 mA '
Current Rejection @
Ring Trip Detect Time 125 ms
Operating Loop Current
Vpar = ~48V hp 18 23 28 | mA | Ryup<2000Q
Vgay = -23V 18 23 28 mA | Rigp <6000
4 | Maximum Operating Loop Rip
Resistance @  Vgay = -48V 2000 Q ligop = 18MA
VBAT = -23V 600 Q 'Loop = 18mA
5 | Loop Current at lsy 8 10 12 A | Vpp = 5.0V, Vgz = -5.0V
Off-Hook Detect Threshold 9 11 | 13 pA | Vpp = 7.0V, Vgg = -8.0V

"¢ ACsnd OC Loop Et
. ¢ Typical figures are at 25°C with

ical Characieristics are over

And

: the SLIC can drive a REN of 3.6 without generaling a false SHK output.
:O?uudononTnp—RingDﬁveCkaﬁtlordﬁvhgbnguM.

?AC Electrical Characteristics

parating conditions unless otheswiss stated.
nominal 3 5V suppliss gnd are for design aid only.
© The SLIC can be toaded with an AC impedance as low a8 22000} without generating a

false SHK outpua. Since each REN reprasents 8k,

Characteristics Sym Min | Typ* | Max Units | Test Conditions
1 | Return Loss at 2-Wire 20 | 30 @B | Reference 600Q
@ 1kHz
2 | impedance at Junctor 604 Q "
3 | Longitudinal to Metallic Balance 50 €60 dB 40Hz - 4kHz
4 | Longiudinal to Junctor Balance 50 €0 dB 40Hz - 4kHz
5 | Signal Output Overtoad Level % THD < 5%
at 2-Wire 35 dBm | Reference: 600Q
at Junctor 35 dBm | Reference: 754Q
6 | Total Harmonic Distortion THD Input 0.5V 1kHz
at 2-Wire 1.0 %
at Junctor 1.0 %
7 | Idle Channel Noise Nc
2. at 2-Wire 12 dBrnc | Reference: 6002
J at Junctor 12 dBrnc | Reference: 754Q
i| 8 | Power Supply Rejection Ratio at PSRR Ripple 0.1V 1kHz
2-Wire and Junctor ’ .
® VDD 25 dB
Vee 25 dB
Vaar 25 dB
9 | Mute Attenuation 30 dB Input 0.5V MUTE
= 0.0V @1kHz

;;3 Typical figures are at 25°C with nominal 2 5V supplies and are for design aid only.
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AC Gains Table - MH88510

(relative to gain at 1kHz)

Characteristics Sym Min | Typt | Max | Units Test Conditions
1 | Gain 2-Wire to Junctor 105 | 112 | 119 | VAN | Input 0.5V 1kHz
042 | 098 | 151 | dBV | input 0.5V 1kHz
42 Freauency Response Gain 0.3 0.3 dB ‘| 200Hz - 3400Hz .
(refative to gain at 1kHz) .
3 | Gain Junctor to 2-Wire' 096 | 1.00 1.04 viv Input 0.5V 1kHz
-0.35 0.0 0.35 dsv Input 0.5V 1kHz
4 | Frequency Response Gain 0.3 0.3 dB 200Hz - 3400Hz
(relative to gain at 1kHz)
$ Typical figures are at 25°C with nominal ¢ 5V suppfies and are for design aid only.
AC Gains Table - MH88511% ,
Characteristics sym | Min | Typ* | Max | Units | TestConditions '
1 | Gain 2-Wire to Junctor 115 | 119 | 122 | Vv | Input 0.5V 1kHz
0.21 1.50 1.72 daBv Input 0.5V 1kHz
2 | Frequency Response Gain 03 0.3 dB | 200Hz - 3400Hz
(relative to gain at 1kHz)
3 | Gain Junctor to 2-Wire 104 | 1.08 | 1.1 viv Input 0.5V 1kHz
034 | 0.67 | 091 dBV | input 0.5V 1kHz
4 | Frequency Response Gain -0.3 0.3 dB 200Hz - 3400Hz

¢ AC Electrical Characleristics are over recommended operating conditions uniess otherwise stated.

] Tyrw 88 are at 25°C with nominal
Note :M%abovohﬂoondﬁomm

otherwise stated.

supplies and are for

Note 2: Al of the above test conditions use 200Hz to 6400Hz unless otherwise stated.

5V 3 . .
%540 connected bemu\m :%%'a'o. and 600W connected between Tip and Ring unlmé .

Notes

V1,23 « 175VAC, 225VAC, 16J
GE V175LA2 or similar

PROTECTION CIRCUIT - MH88510/11
O O™
e
RV2 .
’ RVSH AING
RV1
RING
O AGND
7
Vgl
EARTH GROUND SYSTE
GRO

2-60

Figure 8 - Typical Protection Clrcuit
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P\ rwe
E .. ; o7 -
?owonems |
sz 4732 i 4
9,D4,05,08,071N4003 4 R3
| D8-IN4148 R3=122W,10%,500
Rd=1/4W,10%,6800 AING
RB=1/4W,10%, 100k
R7=14W,10%,1k0 - VAR3
R8,R9<1/2W,10%,100
Q1«MPSA90
Q2-ZN8716 =
Q3-BC238

" T1=FILTRAN TPF712 (or EQUIVALENT) 600Q:%

Figure 7 - MH88511 as a Trunk Interface Application
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Figure 8a - Line to Line !
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?
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i
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! - i I
1 108 | 208 1 0dB
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o -k 1 S >
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1) Not to scale . : } by
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Figure 9 - Mechanlcal Data ' ¢
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Features

o Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode
Inhibit mode
Backward compatible with _
MT8870C/MT8870C-1

1Iso2-cmos MT8870D/MT8870D-1

Integrated DTMF Receiver

July 1993

9161-002-162-NA ISSUE 2
Ordering Information
MT8870DE/DE-1 18 Pin Plastic Dip
MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC
—40°Cto +85°C

Description

The MT8370D0/MT8870D-1 is a complete DTMF

Applications . receiver integrating both the bandsplit filter and
iver system for British Telecom (8T) or digital decoder functions. The filter section uses
¢ g:c;r';er (M"l";87(rlo-‘1)s ' 4 switched capaditor techniques for high and low
X pec group filters; the decoder uses digital counting
e Paging systems : techniques to detect and decode all 16 DTMF tone-
e Repeater systems/mobile radio pairsinto a 4-bit code. External component count is
o Credit card systems minimized by on chip provision of a differential
e Remote control input amplifier, dock oscitlator and latched three-
e Personal computers state bus interface.
¢ Telephone answering machine
VDD  VsS VRef INH
CRCHT
wmn
cuvl lcmr HIGH GROUP
POWER  BIAS FILTER DIGITAL CODE
DETECTION CONVERTER
W+ DIAL ZEROCROSSING | ALGORITHM | | AND LATCH
N -TONE DETECTORS Q3
FETER LOW GROUP <
6 prosmmy
ALTER .[l' Qs
—-l' SO——— TOALL > st STEERWG. -
cHP . ]
© CLOCKS LoGic
Ml -—'—i l )
| — .
o0sCt osa2 SUGT STD TOE

Figure 1 - Functional Block Diagram
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O

N+ O 1 3 voo
N~ @2 17 P suGt
Gs 3 16 Est
VRe! ] & 15 P sto
WH s 1P Qs
PWDN d 6 ngqs
osci d7 wnpaQ
osa s 1npa
vss d9 10pP ToOE

18 PIN CERDIP/PLASTIC DIP/SOIC

Figure 2 - Pin Connections

Pin Description
Pin# Name Description
1 IN+ | Non-inverting Op-Amp (Input).
2 IN—~ |inverting Op-Amp (Input).
3° GS Gain Select. Gives access to output of front end differential amplifier for connection
of feedback resistor.
4 Veet | Reference Voltage (Output), Nominally Vpp/2 is used to bias inputs at mid-rail (see
Fig. 6 and Fig. 10).
s INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B,
-} Cand D. This pin input is internally pulled down. .
6 PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator.
+ | This pin input is internally pulled down.
7 0SCt | Clock (Input). )
8 0SC2 | Cock (Output). A 3.579545 MHz crystal connected between pins OSC1 and 0SC2
completes the internal oscillator circuit.
9 Vss | Ground (Input). OV typical.
10 TOE | Three State Output Enable (input). Logic high enables the outputs Q1-Q4. This pinis
. pulled up internally.

11-14 | Q1-Q4 | Three State Data (Output). When enabled by TOE, provide the code corresponding to
the last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs
are high impedance.

15 StD | Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on
St/GT falls below Vysg,.

16 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected
a valid tone pair (signal condition). Any momentary loss of signal condition will cause
ESt to return to a logic low.

17 St/GT | Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vys,
detected at St causes the device to register the detected tone pair and update the
output latch. A voltage less than Vrs, frees the device to accept a new tone pair. The
GT output acts to reset thé external steering time-constant; its state is a function of
ESt and the voltage on St. .

18- Vop | Positive power supply (input). +5V typical.

8-12
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Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high
and low group tones, followed by a digital counting
section which verifies the frequency and duration
of the received tones before passing the
corresponding code to the output bus.

Filter Section

Separation of the low-group and high group tones
is achieved by applying ‘the DTMF signal to the
inputs of two sixth-order switched capacitor
bandpass filters, the bandwidths of which
correspond to the low and high group frequencies.
The filter section also incorporates notches at 350
and 440 Hz for exceptional dial tone rejection (see
Figure 3). Each filter output is followed by a single
order switched capacitor filter section which
smooths the signals priér 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
frequendies of the incoming DTMF signals.

Decoder Section

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

Voo
—_— C
St/GT Ve
VA
€St
R
StD
MT8870D/
MT8870D-1 tera=(RC) n (Vo / Vrsd
terp=(RC) In [Vpp/ (Vpo- Vsl

Figure 4 - Basic Steering Circuit

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
“Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state (see “Steering
Circuit®).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recagnition condition). This check is
performed by an external RC time constant driven
by ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

/ \ 2 v SN Eff'%ues
o ~

10

‘P
<
#
&
&

(d8)

. i
ATTENUATION l 7
/

FREQUENCY (Hz)

Figure 3 - Filter Response
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condition is maintained (ESt remains high) for the
validation period (tgrp), V¢ reaches the threshold
(Vysd of the steering logic to register the tone pair,
latching its correspanding 4-bit code (see Table b}
into the output latch. At this point the GT output is
activated and drives v to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settie, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are
made available on the 4-bit output bus by raising
the three state control input (TOE) to a logic high.
The steering circuit works in reverse to validate
the interdigit pause between signals. Thus, as well
as rejecting signals too short to be considered valid,
the receiver will tolerate signal 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.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

trec=tpp +tcTP
4p=tpAa+iGTA
The value of tpp is a device parameter (see Figure

11) and tgec is the minimum signal duration to be
recognized by the receiver. A value for Cof 0.1 uF is

terp=(RyCy) In (Voo / Voo Vis)]
Vo G . L teramCIn (Voo/ Visd

Rp=(RRy)/(Ry+RY

a) decreasing topp: (terr <tera)

tem=(RCy) In Voo / (Voo Vrs]
vio O A L tea=@Ciin(Voo/ Vrs)
Rp=(RyRY)/ (Ry+R
svGT poe(RyRY) 7/ (Ry+Ry)
Ry .
Est
b) decreasing tgra; (tew>tata)

Figure 5 - Guard Time Adjustment
.8-14

Digit | TOE | N1 | ESt | Q¢ | Q3 | @2 | @
ANY | t x | H 3 z Z z
1 H{x]|H 0 0 ] 1
2 H | X | 0 0 1 0
3 H X | n 0 0 1-]1
4 H b H 0o} 1 o | o
H H X H 0 1 0. | 1
6 H x| n 0 1 1 °
7 H X H ] 1 1 1
8 H | x H 1 0 0 0
9 H ] x H 1 0§ o 1
) H X H 1 ) 1 0
. H X H 1 0 1 1
# H X H 1 1 0 0
A H L H 1 1.]0 1
] H L H 1 1 1 0
cfnfuvinl] 1 1 1
D H L H 0 0 0 0
A H | H | L }lundetected,the output
8 H H L { code will remain the same
P H H t | asthe previous detected

o | b | u | L |code

Table 1 - Functional Decode Table
L=LOGIC LOW, H=LOGIC HIGH, Z= HIGH IMPEDANCE
X = DON'T CARE

recommended for 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 (tgyp) 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 tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech’ will
maintain signal condition fong enough to be
registered. Alternatively, a relatively short tgec with
a long tpo would be appropriate for extremely
noisy environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure S.
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Power-down and Inhibit Mode

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

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

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-
1 provides a differential-input operational amplifier
as well as a bias source(Vges) 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 10 with the op-amp connected
for unity gain and Vg biasing the input at $Vpo.
Figure 6 shows the differential configuration, which
permits the adjustment of gain with the feedback
resistor Rs.

Crystal Oscillator

The internal dock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 {(Single-
Ended Input Configuration). However, it is possible
to configure several MT8870D/MTB870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent
devices are connected in a similar fashion. Refer to
Figure 7 for details. The problems associated with
. unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

o A
¢ R IN+

MT88700/
MT8870D-1

+

DIFFERENTIAL INPUT AMPLIFIER
Cy=Cy = 10nF

Ry =R,=Rg=100kQ All resistors are 11 % tolerance.
Ry =60%0, Ry=37.5kQ  Alicapadtorsare 15 % tolerance.
Rym R2fs
Rz2+Rs

VOLTAGE GAN (A diff) = .21
1

INPUT IMPEDANCE

o) =2/ n,'+(—-(‘:c)2

Figure 6 - Differential Input Configuration

To OSCH of next

|
cl! MT88700/MT8870D-
AV 4 X-tal A\ 4
Ry osQ2
0
os __T-"___ 0sC1
4

C=30pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF ) 4.984
co pF 37.915
Qm. ° N - 826.37
Af % +0.2%

Table 2 - Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, l.e, 12nfRICY.
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pplications

CEIVER SYSTEM FOR BRITISH TELECOM SPEC POR
51
1

e circuit shown in Fig. 9 illustrates the use of
[8870D-1 device in a typical receiver system. BT
ec defines the input signals less than -34 dBm as
2 non-operate level. This condition can be
ained by choosing a suitable values of R; and R;
provide 3 dB attenuation, such that -34 dBm
«ut signal will correspond to -37 dBm at the gain
ting pin GS of MTB870D-1. As shown in the
.gram, the component values of Ry and C; are the
ard time requirements when the total
mponent tolerance is 6%. For better
formance, it is recommended to use the non-
wmetric guard time circuitin Fig. 8.

ter=RpCy) In Voo / (Vop-Vrs)] -
tora=(RyCy) In (Vpo/ Vi)

Rp=(RR/(Ry+R))

ee— )—_l
c
SUGT S
R
S X 2 Notes:
\ Ry=368KQ +1%
Ry=2.2M0Q £ 1%
Cy=100nF +5%

Figure 8 - Non-Symmetric Guard Time Circuit

i M l
?\m: l R, MT88700-1 S
r—{] IN+ u Voo P
] N- St/GT 7}
] Gs st [ wand
R2 v, s f———o0
O————] v o —1—0O
O—————— (] rwon @ —1+—0
G—E 0sC1 Q2 0 NOTES:
Xy O] osc2 q p——-o0 Ry=102KQ +1%
Ves oe P— Ry=71.5kQ £1%
Ry=390KQ 1%
Cp Czs 100 nF +5%

X, =3.579545 MHz £0.1%,
Vpp = 5.0V £5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings’

» Parameter Symbol Min Max ‘ Units
1| DCPower Supply Voltage Voo 7 v
2| Voltage on any pin . " V5603 Vpp+0.3 v
3| Current at any pin (other than supply) ! 10 mA
4| Storage temperature Tsre . —6S +150 °C
5 Package power dissipation Po 500 mwW

*Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °Cat 16 mW / °C. Al leads soldered to board. '

Recommended Operating Conditions - voltages are with respect to ground (Vss) unless otherwise stated

Parameter Sym | Min | Typ* | Max | Units Test Conditions
1 DC Power Supply Voltage Voo | 475 | 5.0 | 5.25 v
2 Operating Temperature To | —40 +85 °C
3 Crystal/Clock Frequency fc 3.579545 MHz
4 Crystal/Clock Freg.Tolerance Afc +0.1 % .

* Typical figures are 2t 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vy =50Vt 5%, V=0V, 40°C < To S +85°C, unless otherwise stated.

. Characteristics Sym| Min | Typ* | Max |Units Test Conditions
1| § [Standby supply current Iboq 10 25 2A |PWDN=Vpp
2 2 Operating supply current loo 3.0 9.0 | mA
3 ) : Power consumption Po 1§ : mW | fc=3.579545 MHz
Y
4 High level input Viy 35 V |Vpp=5.0V
51 |Lowlevel inputvoltage Vi 15 VvV |Vpp=5.0v
6 ,', Input leakage current /. 0.1 BA. | Viy=Vssor Vpp
71 P {Pull up (source) current lso 75 20 HA | TOE (pin 10)=0,
: li-' Vpp=5.0V
8| s {Pull down (sink) current Iy 15 | 45 | pA [INH=5.0V,PWDN=50V,
Vpo=5.0V
9 Input impedance (IN+,IN-) | Ry 10 MQ { @ 1 kHz
10 Steering threshold voltage: | Vs, 22 24 25 V |Vpp = 5.0V
1 Low level output voltage Vou. Ves+0.03] V |Noload
12 8 High level output voltage | YoM {Vpp-0.03 Vv |Notoad
13 I Output law (sink) current o 10 2:s mA [Vour=0.4V
14] 'u |Output high (source) current] lon 04 0.8 mA |Voyr=4.6V
15| I [Vneroutput voltage Veet| 23 25 2.7 v |Noload, Vpp = 5.0V
16 Vet OUtpUt resistance Ronr 1 kQ

t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing. v
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. Operating Characteristics -vpo=5.0v£5%, Vs=0V, 40°C s To = +85'C unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min Typt | Max | Units Test Conditions
1{ Input leakage current I X 100 nA [VsssS Vin SVpo
2| Input resistance Rin 10 mMQ
3] input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 d8 | 1kHz
5 | Common mode rejection CMRR 40 dB |0.75V=< V) =4.25V biased
! 3t VRef =2.5V
6 | DC open loop voltage gain Avot 32 . -dB
7 { Unity gain bandwidth fc 030 MHz
8 | Output voltage swing Vo 4.0 Vpp |Load =100 kQ to Vss @ GS
9 | Maximum capacitiveload (GS) | G 100 pF
10 | Resistive load (GS) Ry 50 | k@
11 | Common mode range Vem 2.5 - | Vpp |Noload

MT8870D AC Electrical Characteristics - Voo=5.0V £5%, Ve =0V, -40°C 5 To S +85°C, using Test Gireult shown in

Figure 10.
Characteristics 1 Sym Min Typt | Max | Units Notes®

Valid input signal levels .29 +1 dBm ]1,2.3,5,6.9
1 {each tone of composite =

signal) 27.5- 869 | mVpums |1.2.3,5.6.9
2 Negative twist accept 8 d8 2,3,6,9,12
3 Positive twist accept ! dd |23,6,9,12
4 Frequency deviation accept t15%+ 2Hz 2,3,5,9
5 Frequency deviation reject +3.5% 2,3,59
6 Third tone tolerance -16 dB |2,3,4,59,10
7 Noise tolerance -12 dB |23,4,5,7,9,10
8 Dial tone tolerance +22 dB 2,3,4,5,8,9, 11

sTypicat figures are at 25 °C and are for design aid only: not gusranteed and not subject to production testing.
*NOTES ’
1. d8m = decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones. ‘
3. Tone duration = 40 ms, tone pause= 40 ms.
4:Signal condition consists of nominal DTMF frequencies.
5. Both tenes in composite signal have an equal amplitude.
6. Tonea pair isdeviated by £1.5% £ 2Hz.
7. 8andwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequendes are (350 Hz and 440 Hz) £ 2 %.
9. For an error rate of better than 1 in 10,000.
10. Referenced to lowest lavel frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpo=5.0vi5%, V=0V, -40°C < To  +85°C, using Test Circuit

shown in Figure 10.
Characteristics Sym Min Typt | Max | Units Notes'
] Valid input signal levels ; -3 +1 | dBm Testedsat
(each tone of composite T Vpp=5.0V
signal) 218 869 | mVams |1,23,5,6,9
-37 dBm | Tested at
2 input Signal Level Reject Vpp=5.0V
putSig el 109 - mVims |1,2,3,5,6,9
3 Negative twist accept 8 dB, |2,3,6,9,13
4 Positive twist accept 8 d3 12.3,6,9,13
S Frequency deviation accept +15%+2Hz 2,3,5,9
6 Frequency deviation reject +3.5%. { 2,3,59
7 Third tone tolerance -185 dB [23,4,5 9,12
8 Noise tolerance . -12 dB }2,3,4,5,7,9,10
9 Dial tone tolerance +22 dB 12,3,4,5,8,9,11

‘Typkd figures are at 25 °C and are for design aid only: not guuamed and not subject to production testing.
*NoTES

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

2. Digit sequence consists of all DTMF tones.

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

4. Signal condition consists of nominal DTMF frequendes.

S. Both tones in compasite signal have an equal amplitude.

6.Tone pairisdeviatedby £1.5% & 2Hz,

7. Bandwidth limited (3 kHz ) Gaussian noise.

8.The precise dial tone frequencies are (350 Hz and 440 Hz) £ 2%.

9. For an error rate of better than 1 in 10,000,

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

11. Referenced to the minimum vaiid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25d8m (-28d8m at GS Pin) interference frequency range between 480-3400Hz.

13. Guaranteed by design and characterization.
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AC Electrical Characteristics - Voo =5.0V5%, V=0V, -40°C < To = +85°C. using Test Circuit shown in Figure 10.

Characteristics sym | Min | Typ* | Max Units Conditions
11 Tone present’detect time top 5 1 14 ms |Note1
12 : Tone absent detect time toa | 0S5 4 85 | ms |[Notet
3 b Tone duration accept tReC 40 ms |Note2
4] ) |Tone duration reject tree | 20 ms |Note2
5] G |Interdigit pause accept tio 40 ms |Note2
6 {nterdigit pause reject tpo 20 ms | Note2
7 Propagation delay (St to Q) tpq 8 n ps | TOE=Vpp
8] o |Propagation delay (St to 5tD) tpsto 12 16 us | TOE=Vpp
L 9 -
9 ; Output data set up (Q to 5tD) tostp 34 us | TOE=Vpp
10| Y |Propagation delay (TOE to Q ENABLE) | tere 50 ns gas;’f 10k,
s { .
1 Propagation delay (TOEto Q DISABLE) | tPTD 300 ns ';:g:f 10kQ,
12 ; Power-up time tpy 30 ms |Note3
13 VMV Power-down time tp 20 ms
14 Crystal /clock frequency fc 13.5759]3.5795|3.5831| MHz
15 i Clock input rise time et 110 | ns |Ext clock
16| o {Clock input fall time tuict 110 ns | Ext clock
17 g Clock input duty cycle loCq | 40 50 60 % | Ext. clock
18}« | Capacitive load (OSC2) Go 30 pF

% Typical figures are at 25°Cand are for design aid only: not guaranteed and not subject to production testing.

*NOTES:

1. Used for guard-time cakulation purposes only.

2. These, user adjustable parameters, are not device specifications. The adjustable settings of these mini and maxi are
recommendations based upon network requirements. .

3. With valid tone present atinput, tay; equals time from PDWN going low until ESt going high.

9 Voo A
ptmr O— : c
input Ri  MT8870D/MT8870D-1 2
—] e+ u Voo 1
] w- su6T [ n
tg Gs gse {1 3
R, Vaut sw P—1t+——O
O W q¢ p——"0
O————] rown e p———0
El——c 0sCct p—+—0 NOTES:
x-tal L{[j}—] osc2 Qi :j,:]-——o Ry, Ry= 100k £1%
,;_———c Vss TOE Ry=300kQ 1%
Cys C,==100 nF 5%
_ X-tal=3.579545 MHz 0.1 %

Figure 10 - Single-Ended Input Configuration
8-20 :
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EVENTS | A | 8 l e | € | F | 6
W e ol e et bt
TONE TONE
Vin TONE #n 133} $aty [
Est [Tl T— [ LI 1
. tom ~ PEREZN

St/GT

. tasio
Q1.Qs DECODED TONE # (n-1) ) L )—-—-———@
(]

StD

TOE

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.

B8) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED JN OUTPUTS.

Q END OF TONE #n DETECTED, TONE ABSENT DURATION VAUD, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

.D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

£) TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH
IMPEDANCE).

5] ACCEPTABLE DROPOUT OF TONE #n -+ 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

G) END OF TONE #n+ 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTH. NEXT VALID TONE.

EXPLANATION OF SYMBOLS

Vi,  DTMFCOMPOSITE INPUT SIGNAL .

ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENQES.

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

Qy-Qs 4-BIT DECODED TONE OUTPUT.

StD ’ DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE REQUIRED.
GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE OUTPUT ENABLE (INPUT). ALOW LEVEL SHIFTS Q,-Q TO ITS HIGH IMPEDANCE STATE.

MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.
MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

toe  TIME TO DGTECT THE PRESENCE OF VALID DTMF SIGNALS.

toa . TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

ter  GUARD TIME, TONE PRESENT.

tora  GUARD TIME, TONE ABSENT.

§€F 4

Figure 11- Timing Diagram




| . | ISO-cM0Ss MT8816
@ MITEL 8 x 16 Analog Switch Array

9161-002-101-NA ISSUE 2 November 1988

‘Features - -
o Internal control latches and address decoder Ordering Information
o Short set-up and hold times . MT8816AC  40Pin CeramicDIP
.» Wide operating voltage: 4.5V to 13.2V MTBB16AE 40 Pin PlasticDIP
e 12Vpp analog signal capability MTB816AP 44 Pin PLCC
o Ron 650 max. @ Vpp=12V, 25°C ~40°to 85°C
o ARon =10Q @ Vpp=12V, 25°C
‘e Full CMOS switch for low distortion ‘
e Minimum feedthrough and crogstalk Description
e Separate analog and digital reference supplies 5 . . h ,
o Low power consumption ISO-CMOS technology The Mitel MT8816 is fabricated in MITEL's 1ISO-CMOS

technology providing low power dissipation and
high reliability. The device contains a 8 X 16 array of
crosspoint switches along with a 7 to 128 line

TP decoder and latch circuits. Any one of the 128
Ap;:(lncatx::ns ; switches can be addressed by selecting the
® Reysystems ) appropriate seven address bits. The selected switch
o PBXsystems . can be turned on or off by applying a logical one or
e Mobileradio . zero to the DATA input. Vs is the ground refer-
& Test equipment finstrumentation ence of the digital inputs. The range of the analog
e Analog/digital multiplexers signal is from Vpp to Vee. Chip Select {CS) allows the
e Audio/Video switching crosspoint array to be cascaded for matrix
expansion.
% STROBE DATA  RESET VDD VEE VS$
1
AX0 > .
AX1 ) .
pa 770 128 * xvo
AX3 DECODER LATCHES SWITCH : |a=o1m
AY0 :
A1 .
. C 128 128 s
. AY2 . F :
Yl ¥0(=0-7)

Figure 1- Functional Block Diagram
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NC AX3 AY2 VDD DATACS
vsvdr W awp vo AXO RST Y3 Y2 Y1
A2 2 Ip N
RESET (13 385 DATA 65432e 4443424140
ax3 'ge h n
pedi EES ST R { B
4 =
s H 34?; " x6 09 RST=RESET 3700 x0
X6 Cis 3P xo0 x7 10 360 x1
X7 ]9 12h x1 xs gdn 35 x2
xs c}ie 31pg x2 x9 012 340 X3 .
X9 11 00 x3 x10 [} 13 330 x4
X10 C}12 2917 X4 x11 O} 14 321 X5
X111 13 280 x5 NC (15 31 X12
NC C}14 7P X112 NC (316 ste=sTRose 30l X13
Y7 415 263 Xx13 y7 29 ] NC
Vs ¢ ZB an 1819202122232425262728
STROBE (]18 235 ax —erorererorororororoo—
vs c]19 2h ax vsS STB VEE AX1 AYO NC
veE C]20 2157 va Y6 Y5 Y4 AX2 AYY
40 PIN CERDIP/PLASTIC DIP 44 PINPLCC
Figure 2 - Pin Connections
Pin Description
Pin#* | Name Description
1 Y3 Y3 Analog (Input/Output): this is connected to the Y3 column of the switch array.
2 AY2 | Y2 AddressLine (Input).
3 RESET | Master RESET (Input): this is used to turn off all switches regardless of the condition
of CS. Active High.
4.5 AX3,AX0 | X3 and X0 Address Lines (Inputs).
6.7 X14, X15 | X14 and X15 Analog (Inputs/Outputs): these are connected to the X14 and X15 rows
of the switch array.
813 |.X6-X11 |X6-X11 Analog (Inputs/Outputs): these are connected to the X6-X11 rows of the
switch array.
14 NC No Connection
15 Y7 Y7 Analog (Input/Output): this is connected to the Y7 column of the switch array.
16- VvSS | Digital Ground Reference. 3
17 Y6 Y6 Analog (Input/Output): this is connected to the Y6 column of the switch array.
18 STROBE | STROBE (Input): enables function selected by address and data. Address must be
stable before STROBE goes high and DATA must be stable on the failing edge of the
STROBE. Active High. - .
19 Y5 Y5 Analog (input/Output): this is connected to the Y5 column of the switch array.
20 - VEE |Negative Power Supply. '
21 Y4 Y4 Analog (Input/Output): this is connected to the Y4 column of the switch array.
22,23 | AX1,AX2 | X1 and X2 Address Lines (inputs).
24,25 | AYO0,AY1 | YO and Y1 Address Lines (Inputs).
26,27 | X13,X12 | X13 and X12 Analog (Inputs/Outputs): these are connected to the X13 and X12 rows
" | of the switch array.
* plastic DIP and CERDIP only
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Pin Description (continued)

Pin#* | Name Description
28-33 | X5-XO |XS-XO0 Analog (Inputs/Outputs): these are connected to the X5-X0 rows of the switch
array.
34 NC No Connection.
35 YO Y0 Analog (Input/Output): this is connected to the YO column of the switch array.
36 cs Chip Select (input): this is used to select the device. Active High.
37 Y1 Y1 Analog (Input/Output): this is connected to the Y1 colgmn of the switch array.
33 DATA |DATA (Input): a logic high input will turn on the sefected switch and a logic low will
turn off the selected switch. Active High.
39 Y2 Y2 Analog (Input/Output): this is connected to the Y2 colymn of the switch array.
40 VDD |Positive Power Supply. g
* Plastic DIP and CERDIP only

* Functional Description

The MT8816 is an analog switch matrix with an
_array size of 8x16. The switch array is arranged
such that there are 8 columns by 16 rows. The
columns are referred to as the Y inputs/outputs and
the rows are the X inputs/outputs. The crosspoint
analog switch array will interconnect any X I/0 with
any Y 1/0 when turned on and provide a high
degree of isolation when turned off. The control
memory consists of a 128 bit write only RAM in
which the bits are selected by the address inputs
(AY0-AY2, AX0-AX3). Data is presented to the
memory on the DATA input. Data is asynchronously
written into memory whenever both-the CS (Chip
Select) and STROBE inputs are high and are latched
on the falling edge of STROBE. A logical “1°
written into a memory cell turns the corresponding
crosspoint switch on and a logical “0” turns the
crosspoint off. Only the crosspoint switches
corresponding to the addressed memory location
* are altered when data is written into memory. The
remaining switches retain their previous states. Any
combination of X and Y inputs/outputs can be
interconnected by establishing appropriate

patterns in the control memory. A logical “1% on" .
the RESET input will asynchronously return all.

memory locations to logical “0" turning off all
crosspoint  switches regardless of whether CS is
high or low. Two voltage reference pins (Vss and
Vge) “are provided focr the MT8816 to enable
switching of negative analog signals. The range for
digital signals is from Vpp to Vss while the range for
analog signals is.from Vpp to Vee. Vss and Vee pins
can be tied together if a single voltage reference is
needed.

. Address Decode

The seven address inputs along with the STROBE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches.
The DATA input is buffered and is used as the input
to all latches. To write to a location, RESET must be
low and CS must go high while the address and data
are set up. Then the STROBE input is set high and
then low causing the data to be latched. The data
can be changed white STROBE is high, however, the
corresponding switch. will turn on and off in
accordance with the DATA input. DATA must be

‘stable on the falling edge of STROBE in order for

correct data to be written to the fatch.
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Absolute Maximum Ratings*- voltages are with respect to Ve unless otherwise stated.
g

Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 15.0 v
] ' Vss -0.3 Vpp+0.3 A
2 | Analog Input Voltage ViNa -0.3 Vpp+0.3 \'/
3 | Digital Input Voltage Vin Vs5-0.3 Vpo+0.3 \4
4 | Currentonany /O Pin i 315 | mA
5 {Storage Temperature Ts -65 +150 *C
6 | Package Power Dissipation PLASTICDIP Pp 0.6 w
CERDIP Pp 1.0 w

*Exceeding these values may cause permanent damage. Functional operati
Recommended Operating Conditions - voltages are with respect 10 Veg untess otherwise stated.

on under these conditions is not implied.

Characteristics sym | Min | Typ | Max | Units Test Conditions
1 { Operating Temperature To -40 25 85 *C
2 | Supply Voltage Voo | 4.5 13.2 \'"
Vss Vee Vpp-4.5| V
3| Analog Input Voltage Vina | Vee | Voo v
4 | Digital Input Voltage V Vs Vpp v

DC Electrical Cha racteristicst Voltages are with respect to Veg =Vgs =0V,

Voo =12V unless otherwise stated.

Characteristics sym | Min | Typ* | Max | Units Test Conditions
1 | Quiescent Supply Current oo 1 100 | pA |All digitalinputs at Viy=Vssor
Voo !
0.4 15 mA [Alldigitalinputsat Viy=2.4 +
Vss ; Vss =7.0V
s 5 15 |' mA |All digital inputs at Viy=3.4V
2 | Off-state Leakage Current losr £1 | £500] pA |V Vyjl = Voo~Vee
(See G.9 in Appendix) —=  iSee Appendix, Fig. A.1
3 | Input Logic “0” level \% 08+Vgs] V  |Vgs =7.5V; Vg =0V
4 | input Logic “1° level Vi 204V T Vv [Vss =6.5V; Vgg=0V
5 | Input Logic “1” level Vin 3.3 \/
6 | Input Leakage (digital pins) Weak 0.1 10 pA  [All digitalinputs at Vi = Vss
- jorVpp

1 DC Electrical Characteristics are over recommended temperature rai
¢ Typical figures are 3t 25°C and are for design aid only; not guarant.

nge.
eed and not subject to production testing.

DC Electrical Characteristics- Switch Resistance -vocis the external 0C offset applied at the analog /0 pins.

Characteristics Sym 25°C 70°C 85°C | Units Test Conditions
Typ [Max| Typ [ Max| Typ Max

1 |On-state Voo=12V| Ron | 45 | 65 75 80 0 |Vss=Vege=0V.Vpc=Voo/2,

Resistance  Vpp=10V 55 | 75 85 90 | Q |WVxi-Vyp =04V
Vop= 5V 120 | 185 215 225 | Q [See Appendix, Fig,A.2

(SeeG.1,G.2,G.3in '
Appendix) :

2 | Difference inon-state | ARon{ 5 | 10 10° 10 Q |Vpp=12V, Vss=Vg =0,
resistance between - |Voc=Vpo/2,
two switches Vxi-Vyjl = 0.4V
(See G.4 in Appendix) See Appendix, fig. A.2
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AC Electrical Characteristicst - Crosspoint Performance-voitages are with raspect to Vo =5V, Vgs =0V,
Vgg ==7V, unless otherwise stated.

Chatacteristics Sym | Min | Typ* | Max | Units Test Conditions
1 |Switch /0O Capacitance Cs 1 20 pF |[f=1MHz
2 |Feedthrough Capacitance Ce 0.2 pF |f=1MHz .
3 |Frequency Response Fads 45 MHz |Switchis “ON“; Viya = 2Vpp
Channel “ON” sine wave; R, = 1kQ -
20L0G(Vout/Vxi) =-3dB See Appendix, Fig. A.3
4 |Total Harmonic Distortion THD 0.01 % [Switch is “ON"; Viya = 2Vpp
(See G.5, G.6 in Appendix) sine wave f= 1kHz; R = 1kQ
5 |Feedthrough FDT -95 dB |All Switches “OFF*; Viya =
Channel “OFF" 2Vpp sine wave f= 1kHz;
Feed.=20LOG (Vour/Vx) RL= 1kQ.
(See G.8 in Appendix) *  |See Appendix, Fig. A.4
6 {Crosctalk between any two Heaic -45 dB {Vina=2Vppsine wave
channels for switches Xi-Yi and f= 10MHz; Ry = 75Q.
Xj-Yj. -90 dB  {Vina=2Vppsine wave
f= 10kHz; R, = 600Q.
Xtalk=20LOG (Vyj/Vxi)- -85 dB  [Vina==2Vpp sine wave
. : f= 10kHz; Ry = 1kQ.
(See G.7 in Appendix). —-80 dB [Vina=2Vpp sine wave
= 1kHz; Ry = 10kQ.
Refer to Appendix, Fig. A.S for
test circuit.
2 Propagation delay through tps 30 ns Ry =1kQ; C =50pF
switch
18 over recommended temperature range. See Fig. 3 for control and I/0 timing details.

¢ Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
Crosstalk measurements are for Plastic DIPS only, crosstalk values for PLCC packages are spproximately Sd8 better.

AC Electrical Characteristicst - Control and I/0 Timings- voltages are with respect to Vop =5V, Ves=0V,

Neg=~7V, unless otherwise stated.
Characteristics Sym | Min | Typ* | Max [Units Test Conditions
1| Control Input crosstalk to Claik 30 mVpp|Viy=3V squarewave;
switch {for CS, DATA, STROBE, Rin=1kQ, R = 10kqQ2.
Address) See Appendix, Fig. A.6
2 | Digital Input Capacitance Co 10 pfotf=1MH2
3 | switching Frequency Fo 20 |{MMz|-
4| Setup Time DATA to STROBE tos | 10 ns |Re= 1kQ, C,=50pF ®
5 | Hold Time DATA to STROBE ton 10 ns [R = 1kQ, C; =50pFe®
6 | Setup Time Address to STROBE | tas 10 ns |R = 1kQ, C =50pFe
7 | Hold Time Address to STROBE tan 10 ns |Re= 1k}, C =50pFe
8 | Setup Time CS to STROBE tess 10 ns |Ry= 1kQ, C =50pFe
9 | Hold Time CS to STROBE tesh 10 ns " [Ry= 1kQ, € =50pFe
10 | STROBE Pulse Width . tspw | 20 ns |Ry= 1kQ, C =50pFe
11 | RESET Pulse Width trpw 40 ns [Ry= 1k}, C =50pF©®
12 | STROBE to Switch Status Delay ts 40 100 | ns [Ry=1kQ, C =50pFo
13 | DATA to Switch Status Delay tp 50 130 | ns [Ry=1kQ, C =50pFe
14 | RESET to Switch Status Delay ta 35 m ns {Ri=1kQ, C;=50pFe®
Timing is over recommended temperature range. See Fig. 3 for control and 1/QH g details.

Digital Input rise time (tr) and fall time (tf) = Sns.
s Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
O Refer to Appendix, Fig. A.7 for test circuit.
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AX3
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ure 3 - Control Memory Timing Diagram

Table 1 - Address Decode Truth Table

foum

tos
Fi

OO0 rrmrrrOROO e Db [Ompe (O mpre | O wbe= [ O == | O —de

AX2

OO RO rOOmr OO r @ v [O—pr= O == O~ O —pr | O =

AX1

m OrOrOrOrOrOrOrO = Ot OOt~ |O - © b | © b

RESET
STROBE
ADDRESS
DATA
SWITCH*

*See Appendix, Fig. A.7 for switching wave

*Switch connections are not in ascending order
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LINEAR
INTEGRATED
CIRCUITS

TYPES SE555, NE555
PRECISION TIMERS

BULLETIN NO. OL-8 12053, SEPTEMBER 1973—-REVISED OCTORER 1979

Timing from Microseconds to Hours

Astable or Monostable Operation
e Adjustable Duty Cycle

e TTL-Compatible Output Can Sink or
Source up to 200 mA

e Designed to be Interchangeable with
Signetics SES55/NES55

description

The SES55 and NESSS are monolithic timing circuits
capable of producing accurate time delays or oscilla-
tion. In the time-delay or monostable mode of opera-
tion, the timed interval is controtled by a single ex-
ternal resistor and capacitor network, In the astable
mode of operation, the frequency and duty cycle
may be independently controlied with two external
resistors and a single external capacitor.

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vg, Thess
levels con be altered by use of the control voltage
terminal, When the trigger input falls below the
trigger level, tha flip-flop is set and the output goes
high. When the threshold input rises above the
threshold level, the flip-flop is reset and the cutput
goes Jow. The reset input can override all other inputs
and can be used to initiate a new timing cycle. When

the reset input goes low, tha flip-flop is reset and the -

output goes low. When the output is low, a low-
impedance path is provided between the discharge
terminal and ground.

Tha output circuit is capable of sinkiig or sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15 volts. With a 5-volt supply,
output levels are compatible with TTL inputs.

JG OR P DUAL-IN-LINE PACKAGE
{TOP VIEW)

CONTROL
01S- THRES VOLY-
VCCCHARGEHOLD  AGE

Lal[7le][5]

1fzH3[a
GNO TRIG- OUT- RESET
GER PUT

i
functional block diagram - - l:

CONTROL
Veg  VOLRAGE nesey

[ ) -

"
o 1
[@—me
a

> R
** FLP FLOP

TRGER s

Copyright © 1979 by Texas Instrumests Incorporated
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PRECISION TIMERS

schematic
vee 8o . . . .
4Tk 3e0 47k 1k
. »{:'1 p '
>
) Sk 3:. K
4 19k
. ! .
\L B3
THRESHOLD —L_(_{ S0k &8 surrur
Ld
CONTROL _(S} . ¢
VOLTAGE = -
3 y 0—{
?:5 k i 1:,1:;—4» \
(2) L §
TF R 4 E
‘
RESET —————{ A 0—‘: ?.2.‘}{
DISCHARGE | . [ G {
'—0 i;!Ok %wou :;5:1 347
GROUND ,}7 - ¢ - + .
100
R values m sre insl arnd In ohena.
absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage, Ve (seeNote 1) . . . . . o can IAWAY A I TR 18V
Input volitage (control voitage, reset, threshoid, mgger) ........ N . .oy S .. . Ve
Outputcurrent . . . . . . v .t . e e e e e .. . 2225 mA
Continuous total dissipation at {or below) 26°C free-air temperature {see Note 2) e v o S - . 600 mwW
Operating free-air temperaturerange: SES55 . . . . . . . . ... « e+ ... =55°Ct0125°C
NESSSY/ . . . M \@ ) /L £ AR N § & .. 0°Cw1?0°C
StOrage temperature range . . . . . . = 4 e . w e e e e e e e ... ... =—65°Cto150°C
Lead temperature 1/18 inch (1,6 mm) from case for 60 seconds: JGpackage . . . . . . . . . . 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . A .. . 260°C
NOTES: 1. All voitage values are with respect to network ground terminel.
2. For operstion sbove 25°C freesir ature, refer to Dissipation Dersting Table. in the JG peckage, SESSS chips sre siloy-
mounted, NESSS chips sre glass-mounted,
recommended operating conditions
SESS5 NESS55+ !:)NIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.5 19 | 45 16§ V
Input voltage, V (control voitage, reset, threshold, trigger) vee veel V
Output Current, Ig 2200 2200| mA
Operating free-sic temp Ta -55 125 ) 7| °c

TEXAS INSTRUMENTS
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TYPES SEb55, NEBLS
PRECISION TIMERS

electrical characteristics at 25°C free-air temperature, VCC =5V to 15 V {unless otherwise noted)

SESSS NESSS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |MIN TYP MAX
Threshold voltage lsvel 23 2 8.2 6.7 %
percentage of supply voltage ) )
Threshold current {see Note 3) 0.1 0.25. 0.1 025 pA
Vo~ 15V 48 Y] 5
i 1 level v
Trigger voltage level Veg =5V 145 167 18 167
Trigger current [+ X 0.5 nA
Resat voitage level 0.4 0.7 1 04 0.7 1 v
RAaeset current . 0 0.1 mA
Contro! voltags . Veg= 15V 9.6 10 104 9 10 n v
{open-<ircuit) Vec26V 2.9 33 3.8 2.6 3.3 q
oL = 10mA 01 015 01 025
oL =50 04 0.5 N 04 O.
Vee= 15V oL 22 s
R oL, = 100 mA 2 22 225}
Lowd putvoltaog 100 = 200 mA 25 25
1oL = SmA N
Ve 5V oL = 5m ’ 025 035
1oL = 8 mA 0.1 025
ol = ~100mA 13 133 12.75 133
Vee= 15V
High-level output voltage IonH = ~200 mA 125 12.5 v
Vee=S5V oy = =100 mA 3 a3 23 33
Qutput low, Vee= 15V 10 12 10 18
| No tcad Vec® 5V 3 5 3 8] oa
Output high, vee= 15V 9 11 9 14
No toad Vee =5V 2- 4 2 5
NOTE 2: This p Int} the & value of the timing resistars A, and Ag in the circuit of Figure 13. For sasmple when
Vee @ § V the maximum value s R = Rptfg = 20 MO
operating characteristics, Vcc =5V and 15V i
PARAMETER TEST CONDITIONS? Se UL uNIT w *6’
MIN TYP MAX |MIN TYP MAX
Heitial a7cor of Ra=1 k210100 k| Tp = 25°C os 2 1 %
timing interval b
Temperature coeflicient Ta=MIN
Rg=0to xQ 30 100 /C
of tming inveval 8 100ka, © MAX R pom
Supply voliage sensitivity C=0.1,F Tp = 25°C 005 02 0.1 xv
of timing interval
Output pulse rise time . 100 100 ns
Cy_ = 15pF, Ta=25°C
Output puise {2l time b P A 100 100 ns
teor conditions shown as MIN or MAX, use the sppropriste velue specified und-r: ded operating

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG {Altoy-Mounted Chip) 600 mW 8.4 mw/C 719°C
JG (Gluss-Mounted Chiv) GO0 mW 6.6 mW/'C 59°C
P 600 mW , Bomwrc 15°C

Also sea Dissipation Derating Curves, Section 2.

FIGURE 1
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TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE LOWALEVEL OUTPUT VOLTAGE
L] il -
LOW-LEVEL OUTPUT CURRENT LOWLEVEL OUTPUT CURRENT LOWLEVEL OUTPUT CURRENT
10 pmmmnrr 0E EETTE= 10
1vec = 71Evee - 0VERELE E Ta e 115°C 1 Evec-8v
7 4 1 3 4 b 3
P o s B ool i
= 9 =
s o - > 3
> 1 Ta »-58'C 1) - t
4 ==L =g e == == 3 2 a7
3 = Ta - 25°C 74 va - 12s"c Y 3 e t pripl fow se g o4 ::;
] i
3 02 Ll t - % 02
3 32 :
0.1 L b=tk 1 8
P = 583 L EAN T TR } oo 35
== L AHE . #g_-
(<] > o
> e > o02 ‘
om oo uages ast .
1 2 4 T 0 0 4 10100 ] 2 . 7 0 n 40 7000 L, 2. 4 1 10 ™ 4 9.00- -
1 = Lovw-Level Oueput Current—mA, 1L ~Law-Levet Ouipant Curront-mA Loy ~Low-Level Outpun Curvemi—mA
FIGURE 1 FIGURE 2 FIGURE 3
MINIMUM PULSE WIDTH REQUIRED
) FOR TRIGGERING
DAOP SETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CURRers -
- - - LOWEST VOLTAGE LEVEL OF
MIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE TAIGGER PULSE
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R TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

monostable operation clem.s

vee (8 V w 1SV}

w | 181 AL Ra Tt

2
RESET  Vco ) §
(2) ouTPUT ouTPUT ~ —— — —— -
INPUT —= TRIGGER i
SESSS/NESSS | s
DISCHARGE X S
{5) {coNTROL QU YoLT
[-—vouucs nesfladf HE! Y, 7 IE 7
0.01sF GND e
I lm ] I / L / /

| |
Time—0.1 ms/div

FIGURE 10-CIRCUIT FOR MONOSTABLE OPERATION FIGURE 11~TYPICAL MONOSTABLE WAVEFORMS

For monostable operation, the SES.‘;S/NESSS may be connected as shown in Figure 10. If the output is low, applica-
tion of a negative-going pulss 1o the trigger input sats the flip-flop {Q goes low), drives the output high, and tums off
Q1. Capacitor C is then charged through R, untit the voltage across the capacitor reaches tha threshold voltage of the
threshold input. If the trigger input has returned to 3 high level, the output of the threshold comparator will reset the
flip-flop {Q goes high), drive the output low, and discharge C through Q1.

Monostable operation is initiated when the trigger input voltages falls below the trigger threshéld. Onca initiated, the se-
quence will completa only if the trigger input is high at tha end of the timing interval. Becausa of the threshold level and
saturation voltage of Q1, the output puise width is

spproximately ty = 1.1 RAC. Figure 12 is a plot of 10 (
the time constant for various values of R, and C. The
threshold levels and charge rates ars both directly 1 Q.
proportional to the supply voltage, VCC- Tha timing w \o"'
interval is therefore independent of the supply 1 ‘,_’
voltags, so long as tha supply voltage is constant 3 40 . )
during the time interval. % / /
3 o

Applying 3 negativegoing trigger pulse simul- ¢ 10~2 < i 50 f
taneously to the reszt and trigger terminals during the .E‘} / . X \‘y
timing interval will discharge C and re-initiate the 3 10-3 *
cycle, commencing on the positive edge of the reset I; : / / Ny
pulse. The output is held low as long as the reset i .
pulse is low. When the reset inpuf is not used, it 1074
should be connected to Vg to prevent false / /
triggering. .

1073

0.001 0.01 0.1 1 10 100

C--Capacitance—uf

FIGURE 12-OUTPUT PULSE WIDTH vs CAPACITANCE
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PRECISION TIMERS

astable operation

TYPICAL APPLICATION DATA

- (ﬂl rm

Vee (S V to 15 V)

Ry

2)

RESET  Vee

ouTPUT
TRIGGER

SE555/NESSS

DISCHARGE

OPEN _ {S) lcONTROL

(See Note A) VOLTAGE

THRESHOLO

3

Ra

OUTPUT

7}

(6}

GNO
1(1)

A

=

NOTE A: Decousilng the control vottage Input (pin 6) to

ground with s Itor may

This should be d for

e operstion.

..

FIGURE 13—CIRCUIT FOR ASTABLE OPERATIO

B5
o s 10
i
!
to % po oyt T.
AU ANLAN
VI Vv Y V. \
NN

FIGURE 14~TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rg, to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger
input to the threshold input will causa the SES55/NES5S ta self-trigger and run as a multivibrator, The capacitor C will
charge through R and R then discharge through Rg only. The duty cycle may be controiled, therefore, by the values

of Rpa and Rg.

This astable connection results in capacitor C charging and discharging between the threshold-voitage level
{=0.67-VC() and the trigger-voltage level (=0.33- V). As in the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle) are independent of the supply voltage.

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration ty and low-level
duration ty may be found by:

tH =0.693 (Ra+Rp) C

tL = 0.693 (Rg) C

Other useful retationships are shown below.

period =ty + t_ = 0.693 {(Ra + 2Rp) C

frequency =
Output driver duty cycle =
Output waveform duty cycle =

L
-to-hi o™
Low-to l#j r.atlo - ™

1.44

{Ra+2AgI C

L

Rp

tH

W+iL  Ra+2Rp

Ry

t

eI

Rg

B cn—
Ra + Rp

“Ra +2RB

100k

f—Free-Running Fréquency—~Hz

-
o
x

—s
b2

8

-
o

0.1
0001 001

C—Capacitance—uF

FIGURE 15—FREE-RUNNING FREQUENCY
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TYPES SE555, NES55
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector T
Aa= a0
FCo0tof
vec (S Ve 15V) San Pivee
3
4) I (8) RL RA
INPUT RESET  VcC @ § |
(2) ouTPUT QUTPUT > T vOLTAC
TRIGGER &
\
SESS55/NESSS P )
DISCHARGE £
>
{5) JCONTROL GUTPUT VOLTAGE
1 VOLTAGE  THResHoLO{E! ,
001 uF GNO _ a<c / /|
T I / 7
&
AST3644 vertact

Time—0.1 ma/div

FIGURE 16—~CIRCUIT FOR MISSINGPULSE DETECTOR FIGURE 17—-MISSINGPULSE DETECTOR WAVEFORMS

The circuit shown in Figure 16 may be utijlized to detecta missing pulse or abnormally fong spacing batween consecutive
pulses in 3 train of pulses. The timing intesval of the monostable circuit is continuously retriggered by the input pulse
wrain as long as the pulse spacing is less than the timirg interval. A longer pulse spacing, missing pulse, or terminated
pulsa train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 17.

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate asa frequency divider.
Figure 18 illustrates 3 divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing

cycle.

veg sV
Ra e QWM
|_Coomtef
R
4 oo Figuen 18
L ..] UG | QU | B
2
3 Wyl VOLTAGE
> s
(]
[}
©
-
]
=
]
>
OUTPUS VO TAGL
o Z 2
woLTAGE

Time—0.1 ms/div

FIGURE 18~DIVIOE-BY-THREE CIRCUIT WAVEFORMS
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PRECISION TIMERS

TYPICAL APPLICATION DATA
pulse-width modulation

-l"l'l ’ H
vee (5V o 15 V) Biadriy :
o Pigre 8
L~ T~
! L~ \\\
] ® ALE 3Ra . Zd T
“ESET V) T VoL Fact
cC Ut (@ .
crock _ 2 raigeeR out ouTPUY 3
mNrPUT S
SESS5/NESSS ~
OISCHARGE (N 18‘ CLOCK BT VOLTAGE :
"°°"L’I‘;;3§ 15) {CONTROL S i
(See Note A) VOLTAGE  tHREsHOLO [1&) il
GND h & i
‘L‘ 5 I -1 = OUTIVT VOLTAGS
- - L
NOTE A: The modulsting signal mey be direct or capech: ‘ A Alﬁd A
. tively couplsd to the control voltage terminal. For voufang ’

direct coupling, the effects of modulstion source
itage and & on the bias of tha
SESSB/NESSES should be considered,

FIGURE 18—CIRCUIT FOR PULSE-WIDTH MODULATION £IGURE 20—PULSE-WIDTH-MODULATION WAVEFORMS
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
sccomplished by applying an external voltage {or current) to the control voltage pin. Figure 19 is 2 circuit for
pulse-width modulation. The monostable circuit is triggered by a continuous input puise train and the tg\reshold voitage .
is modulated by a control signal. The resuftant effect is 3 modulation of the output pulse width, as shown in Figure 20.
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

Time—0.5 ms/div

pulse-position modulation

Vee 5V w0 15V) it
2RI
h.""
Ses Fopon 1T
w ] L3 IR | N
A S Z
RESET vee ~ ~J
outrut 2! ouTPUT > ~NJ 1
2 2
TRIGGER 2 A T10% T WOLY:
>
SESS5/NESS55 - o~
DISCHARGE i
Y
MODULATION _ISHCONTROL 6 " s m f
PUT IVOLTAGE
(See Note A) - THRESHOLD it I
GNO =<c GUTPUT VOLTAGE
(1) I :
It ! Aa | 144,
AL Y
NOTE A: The modulsting signel may be direct of capsci-
tively to the c 4 terminel, For ' I
direct ting, the eff of dulstion source hartnid el
ge and ped on the bles of the Time~0.1 ms/div
SESSS/NESSS should be considered.
FIGURE 21—~CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 22-PULSE POSITION-MODULATION WAVEFORMS

The SE555/NES55 may be used as a pulse-position modulator as shown in Figure 21. In this application, the threshoid
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such a circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape could be used.
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TYPES SE555, NEBS5S
PRECISION TIMERS

sequential timer

TYPICAL APPLICATION DATA

vee

| (O 4 w ] w3 w | w3
RA 330 3
RESET  VeC A neser v | $he 1a messT  vee | 2
(3} ! |
o——Blrnigaen outeut i Y rriceen 1 2 TRIGGER
$ SES55/NESSS 0.001 SES55/NESS55 0.001 SESSS5/NESSS |-
DISCHARGE [LlLe oF piscnarce g of DISCHARGE |—¢&
conNTROL © 15) |controL ts1 jconTROL “
IVOLTAGE THAES- THRES [(8 [VOLTAGE  THRES- [(6)
I oo O =1 ! vourace  TUAET Sy | o MO0 4
pu S
00 Ca | 0.0 S0 — ] —-ce
oF & T =T m T[T [ T
Ca=10uF 1 Ce=14.7,F
Ra = 100K0 = Ac = 100 %0
OUTPUTA Ca~a7uf ouUTPUT B outruTC
S closes momentarily et t = 0. Rg = 100k

%

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
#s test equipment require activation of test signals in sequerice. SESS5/NESS55 circuits may be connected to provide
such sequential control. The timers may be used in varicus combinations of astable or monostable circuit connections,
with or without modulation, for extremely tlexible waveform control. Figure 23 illustrates a sequencer circuit with

FIGURE 23—-SEQUENTIAL TIMER CIRCUIT

possible applications in many systems and Figure 24 shows the output waveforms.

Voltage—5 V/div

T
See Figure 24
OUTPUTA  fe-tya twA = 1.1 RACA
1wl T
QUTPUT 8 twg = 1.1 RgCg
QUTPUTC ot 1 — twC = 1.1 RcCe
1= 0

t—Time--1 s/div

FIGURE 24—SEQUENTIAL TIMER WAVEFORMS
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