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ABSTRACT

This project presents a 16 lines automatic telephone recorder and control. This device provides
a data record of all incoming and outgoing calls. When there is an incoming call, the device will record
data that consist of day, month, year, start time, stop time and duration time. In the case of an outgoing
call, the device will record similar to incoming call and additionally will memory the destination
number. Furthermore, the device can area code control outgoing calls to only different branches of
company. All data can be monitored on LCD or computer monitor. The database recorded by Personal
Computer (PC) through to serial port (RS-232). This project using micro-controller MCS-51 with serial

connection to control.
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043 234 YOULAU
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2.5 RS-232-C
A 1 (<] A A 9
JAsgINMsousouuLoynIy RS-232 1Humasgugammnssuieaniuunite 151y
v *
My dateyaoyns Doz lasia 2 firnia Taeuasgiu RS- 232 TuefmiugnoonuuUL D
oy A N g A (2o 0 Y e BN g A4 '
asdadudeyannaeuitames lud Tuduilvseiuduaiionzihdeyann luauiidomsiu
o InsdmliSinouiiumessnyanilssegriienadu Tavaszassumsiisend dnaugaai
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g y 7 & o v a
232 nasgdilugasnoz ldnoumamesiilunuy DB-25 Tasfnuannueagaga 13n 50 wa 1
v
v o @ v U 1 g i
sefudyaasas -3 59-12 V naashiideya (Mark) uag +3 83 +12V uaae uilugeans(Space)
Yo Aa (4%‘ A a ad a d o
1ATTIM RS-232-C ddaiuivuiiel) a.a1969 TauanaugaannIIuomaAnsound i
U 1 1 < 1 @ dy <
41 RS 8931917 Recommended Standard aau 232 ({umvmnetavenveanasgiuddil ¢ ilhuav
v
v A

LY @ ::J J g A 4 1 U a1
NUVBINTUFANIBUBINATTINAD] palszasnveaasIudinewoAnTzn g nseid

EA

¥ % % J A Y I~
doyai/a1wn1a (DTE : Data Terminal Equipment) gilnsalmariildun TuiAy, TA Adapter a9

[

S A ] : 3 ; & A a S o
ﬂUQﬂﬂ‘imﬁﬂmi"Uﬂga (DCE : Data Communication Equipment) #3019 ADNWIUADIUUIDI

2.5.1 MAIF1HVON RS-232C
] a9 A a 9 a Y 1 =4
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$1adeya (Mark ) n3ea0Tn 1 Aveliusasiueglugie-3 vae-25 v
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- usaeulugg =3 vV 81 +3 v dedutluriemsasuaniuy

nsagu luvazitlaisasdoatian ldmu 25 v

AszLavnESon19a5 A TRU 500 mA
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szuzvaniiqaszrine DTE uag DCE fio 50 v wieyszina 15 a3 uataneflgfiavina
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A ' ] 4 o Y A o 9 &
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G20 36R 90090, 0,00,
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%5 %59 %995

(A) AOUNLAIADS 1LY DB-25
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o sy o

(B) ADUILANDS LU DB-9

31l 2.3 ApULAMES LY DB-25 LAY DB-9

ABMIUAIADS DB-9 AOMIUAIADS DB-25 Fovesmudaynns LN QUL T TA Y
1 8 Data Carrier Detect : DCD UNA
2 3 Received Data : RxD 51116!451
3 2 Transmitted Data : TxD Lméfwﬂ
4 20 Data Terminal Ready : 11ANA

DTR
S 7 Signal Ground : GND 5
6 6 Data Set Ready : DSR DUNA
7 4 Request To Send : RTS Lmﬁwm
8 5 Clear To Send : CTS UNA
9 22 Ring Indicator : RI UNA

v 9
a151an 2.3 MIMruAvIve9UIAe RS-232-C
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- Recevive Data
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A 2 iy a o ot A ya »y
RD %30 RxD w1iliiveiy igfgm’auns3JnJ1msaﬂamwama‘siﬂﬂuwayammu"lﬂmu"h

q
E4

w [ =1 s a 1<
TS amostiivles e it oy anasudu vitleglianinniaan du 1>
- Request to Send
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25U “muﬂunm"lﬂwsam mnndonfieduidsdaanuoenliiins CTs Tunsdiiildmaidoudenuy
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- Clear to Send

[

4 . 1
TS Nizassiudyanuenn RTS wesudyymld doyaiivr TxD wzgndeen

o 9

[ 31’ dyzﬂ Y A d 1 1 9 a ) A 1
muummmgﬂlmwam’mﬁauQllﬂimﬂawaamwsanmzimanama‘ln
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- Data Set Ready

Y 1o 4 4 1w ' a J o d
DSR ilozldgivun DTR [oasrvaeumsITeudeiusz nitanou Ao fuginsol

a

5 ::?’ I~ ) @ o : v y o
Jarome E91 DSR Tlagdundmsusudeyaninnieuen degnaawnanyt DTR iodyn 1My
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B4
1 uenl® luTnsnouiameshde Tnsdni IaduTaud?
- Signal Ground

o A g @ @ a o @ [ = v o 4
G fmthisluseauns g ddmsunng movesdyanal aziiuseduilu <0 1o
o A

Meunudyyindou

- Carrier Detect

L4 Y

c? a A A 1 o d A 1 < o @ Y
oD Witazieniinidesimsdiduanumniningynsaldomsdoyaimu Tuaw RVESILRbAL

qualn@ nitlae 1 1dgnldaumnain
- Data Terminal Ready
I o A a ¢ A 9 4 v Y1 Y a ]
DTR iuvdanaiidoonanaeuiuneiiiieligUsailainmeiugn Avimsnano
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& o Taeu1 DTR flazdeufondafiuyl DSR vodgunsait/awmi nazv1 DTR ypaginisivaroma
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Saifie 3 1du 940ed0U1 DTR 1Az DSR vesiaiunadidoiunazdedoiuu DCD dulunsal
ATUsunsudearsildimsasniudagam

- Ring Indicator
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A 9 1 ;’,' A'l a a’dy 9 a " oW T 9
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14 3 A () d a A 9y
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v '
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NC [} 1 8 [vce

xt 02 7 P sCLK

Xx20s 6] IO
GND [ 4 5[1RST

DS1202 8 - Pin DIP

NC VCC
NC < NC
X1 9 SCLK
NC 5 NC
X2 o 110
NC 5 NC
NC o NC

GND S RST

DS1202 16 - Pin DIP

ci @ 1 uﬂ/I =1 J
sun 24 uﬁmaﬂyngﬂsNmamuumaﬂammﬁ DS1202

561 510az138A V0331 RTC 103 DS1202
1 RTC 1we3 DS1202 fi8valnindon/miauines (Real Time Clock/Calendar) HazELAan
15y ( Static RAM ) viia 24 gt Idfenandios 3 mu“lumsmamaﬂu"lﬂmﬂauimammmmum
manammﬂunm mammﬂ RTC DS1202 1% Usznoudae i wii F9Tua Suf Su dou 3
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siheunedy RTC DS1202 hfiuszuy AR MAzAINUIN fiagnnldsmaneoiies 3
i mszms aadonuueynsuriagalasiia ( Synchronous Serial Communication ) ifi
Zoaldlumssudadoyansa fo
- 971 RTS (Reset )
- 91 1/0 (Data line)
- 91 SCLK ( Serial Clock )
iiieeanludi) RTC DS1202 Sunvionamidustanoanal squalimieanuimau
wity gaiulunisandedl RTC DSI1202 N“lcvmmaam'e)ﬂ"lmm'aqmﬁmagamﬂmwmmamﬂ
nueanusnelugy ( Clock/Ram ) miiumma:Jammmﬂswﬁw”lﬁ‘ﬁaLmﬁmz"lm‘fw%%udaﬁu
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262 Tnseadravesdal RTC wes DS1202

32,758 KHz,
2 r‘ { 3
X1 X2

real time clock | oscillator &
S (RTC) driver
S!'ﬁft DATA BUS
register
g
o
1)
0
w
o4
[a}
SCLK 2 L'\
RST command & [—
> control logic 24 X 8 RAM

sUf 2.5 Taseadranmeluves RTC DS1202

U

o o

i o @ =) <
TasaaZaemeluves RTC DS1202 Ysznovllfedmiiddyaduwanasluglii 2.5 ssmiu
E4 ' E4
31 51 RTC wesiilsznenlwdmiidiiyadsiife
a da 4 ¢ %
- F1/53ame5 ( Shift Register )
- apuInyaasdn ( Control Logic )
a J
- poawalanes ( Oscillator )
P =] q
- Sva'lnunden (Real Time Clock )
- M29A21481 (Ram )
o 1 1 J 4
Tunissuniodadoyalan ¥uA RTC DS1202 luTnsneuTnsamesnio luTas lusamiaos
Ay a1 9 9 1.9 A d B, o a 1 & a g e A v
Fdosnsandesas vzdoadedoyaniilumidimongunsadedaliving 8 daderou TaviTuan
I~ 1 ] a 1 ;’f 1 o a a
ZrumsIiun RTC Saamedh 1 (eyluzamsfado ) nfudadeyasou s Sadly 13105
a J a 9 0o W a o 1
Smanduns RTC Jeyauing 8 finezlszneudiefmidalunsaiuguil RTC uazdumiaves
' k4
WA Ui fidean1siano (Addressicommand Byte) lunaaznss dmsumssuteyasinlulng
Jd 1 a ol A 3 @ A .
T aesunas invznszinfizasvouviVudaygaiivt SCLK ( Serial Clock )
a 4 v ' o 4 aa 7 o 9
aoludal RTC wod DS1202 Uszneudiemissnanudving 24 luduagsvmaesnimi
g a o o o aa ¢ e Y R yy A g '
FiEunmesiilluvazilogiudnau 8 @ FTmmefite 8 dil aunsaiiflfaiiowtumiog
) ] 4 [ le; 1 a Jd’l ] ° lel QSI o ]
amusd i duiude'laFl RTC wesiiimiearmsisaunisdu 32 duniis Tavlsznou
S
aa J o 1 1 o 3 '
Fuan3dames 8 AumuaaznIANUTI 24 AWNU
Foyauua 8 Gausn (Address/Command Byte) wrszyfumianionnuiindeanisiasie
3,’ o 1 ' 0o o ! aa J o v 1 g
Wadnumsvesmionnuiniall  uazdumiseddSmaesdmimnunan)  uazvoniuilums
1 | o o | na: 2,' ' o 1 o 3
WeurIoeudoyanniisnNUTIHNUU 9 saaszyhdmssudadoyailunmunaiay 1

Zo A ¢
lud nsensaaznaien lud
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o

Fd k4
WaINT Ty IMUIENIAAYY 8 AT (Fayayia SCLK) Tuseremsdoudoya 8 dausn

Jd o

9 a da a 1 A ¥ ° a o o
B uF3smnes dyananniimae liwfetusziiumaieyaeenaindyl RTC dmsuns
' 9 o v a o o a ° o a & A
grudoyansorhdoyadnldsml RTC dmsums@oudoya S1IUVITYRIUNEMNIMUAN
a ,f;' a 1 :;‘ & = 1w [ " 9 :/I 4 " A

Bt lumsaadensaniianiuiiiy s+8 Tumssudedeyansaaz 1 1ud ( Single Byte Mode ) 130

' k4
g 1anuInfiga 192 (8x24 ) dmsumsasdoyaneaznaionlud

2.6.3 Tn39a$19U09nNINHA 1UA ( Command Byte)

I o {
Tnsearevesnoumnus ludiidaeaslugii 2.6

7 6 5 4 3 2 1 0

1 [RAMZN aa | A3 | A2 | At [ A0 |RD
CK WH

seu [ TUUULITTTUUTUUUL

RST

—_—

012 34 567012345 67

10 o[ mfeafas[maRe 1] [ [ T [ [ | Ry

command byte data I/O byte

7/

RST | 2\ & 7 [P TaNE 54 W

L(fﬁ41|1l1l1|1lf*ﬂ1| | ILLI s 6
command byte datal/O *’ data l/O
byte 0 byte n

‘]J‘ﬁ 2.6 LlﬁﬂQTﬂ‘NﬁiN"lJ@ﬂﬂi]mJ'luﬂﬂlUW
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a I 19 a 1w a d o v 3 2
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naaznteanuiall) fdoamstnae litndumseumsodoudoya ¥ mmuqumam 0
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a0 vzszysufumatouniesudoya duili o ninedamsoudeyans lUuzyd mn
I =< 1 9 a
a1 wnedamseudoyannay

Tumsasnoinuslud luieFl RTC vziSudndlsiia 0 neutaue (LSB first)
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a o o 1 3 J a 1 1
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BURST DATA ( BYTES) SCLK
FUNCTION
CLOCK 8 72
RAM 24 200
3197 2.4 nanamsIfideilvue
35 | #lendu |COMMAND |ifiou = W|RANGE FamosAmnua
CLH ADDRESS | 811 =R | DATA
7 seilieabilies e, et e
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24 W3, 4 10 | .
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3 M 86 Y 00-23| 0 10 U
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4 1AoU 88 s\ (PO 12/50 0|10 1AOU
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5 o)l 8A W 01-07| O & | A U
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6 El ge w | 00-99 107 3
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7 | WRITE SE w | 00-80 | WP 1t 0 Hanwe
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'3 o Y A
U1 yanyw | 3Tl HUIMN

4 RS H/L |1Aen3daimas (Rejister Select)
H : DataInput L : Introduction Input
5 R/W H/L |H:DataRead L :Data Write
6 E H o |Suwndia Gouva (L B

7 DB 0 H/L |Data Bus Bit 0

8 DB 1 H/L |Data Bus Bit 1

9 DB2 H/L |Data Bus Bit2

10 DB 3 H/L |Data Bus Bit 3

11 DB 4 H/L |Data Bus Bit4

12 DBS5 H/L |Data Bus Bit5
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14 DB 7 H/L |Data Bus Bit 7
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s = o
sou1l InsnouTnsamosaunsonsvaen ldandSunan ( Busy Flag : BF ) nazdiSouiooidd
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gudeyatiounduld szunlulasaeulnsameinazdelatimizwanmnu
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VFaodanadoyaiios 4 1du fiv DB4-DB7 ( g msuszunlulasaeuInsamosuuy 4 dande
4 9 o a oy S Al a A 19 Y S A
iiadeamstsendade ) maweudeyaseasziunilouny 8 da oA lniou 2 A5e o DB4-
DB7 Aou ndwmudis DBO-DB3 uazvzdesimuagquaniAnmua1 DL lufideilaiduide
(Function set) @e
' A ' o o A A Qo ¢
4. DDRAM ( Display Data Ram ) Ao ntidunamsinmeludaueada lugafiiulivivles
.y ' o A Y v w A
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INSTRUCTION RS [R/W DATA BIT EXE
7 6 4 3 2 1 0 TIME
CLEARDISPLAY | 0 0 0 0 0 0 0 0 1 1640
CURSOR ATHOME| 0 0 0 0 0 0 0 1 i 1640
ENTRY MODE SET| 0 0 0 0 0 0 1 /D | S 40
DISPLAY ON/OFF | 0 0 0 0 0 1 D C B 40
DISPLAY SHIFT 0 0 0 0 1 SIC |IRIE |- * x 40
FUNCTION SET 0 0 0 0 DL | N F o i 40
SET CGRAM ADD.| 0 0 0 1 CGRAM ADDRESS 40
SET DDRAM ADD.| 0 0 1 DDRAM ADDRESS 40
BUSY, ADD. READ| 0 1 BF ADDRESS 0
CGRAM, DDRAM | 1 0 WRITE DATA 40
WR
CGRAM, DDRAM | 1 1 READ DATA 40
RD

i 2.7 mesmuagamnialums ldnuveueadfaugafideniugu

2) T1wazPEAvBAazAIT

1. inAesaaimad ( Clear Display ) fanaaaluaiingi 2.8

RS R/W

DB7

DB6

DBS5

DB4 | DB3 | DB2

DBI

DBO0

d' a Jda J
M1319N 2.8 LAAINTIAAVIATINAY

Vv
Fmsumandviaamad Tasazimaioudasnysmaly ( Space ) aaldlu DDRAM 9ia

o o ' 9 d Y > 7 o A o VY
HUALAZNINMINHUAAT DDRAM Llﬂﬂlﬂ‘if’fi‘l’ilﬂu 0 ‘Wi@ll‘l/]\ilﬂf]t“ﬁ’é]ii]$ﬂﬂ‘lJ"lﬂV]ﬂHmu\1”ﬁ1t’J‘Uu

YAVDIVVNIN

o o A
5 edied o Tau ( Cursor At Home ) aduanalumsnei 2.9

RS R/W

DB7

DB6

DB5

DB4 | DB3 | DB2

DBI1

DBO0

a s 2
A1919N 2.9 LFAAINITIADILYDT LIBN Iall
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o @ o 1 Y g 9 3 4 J 1A o [
AMIUMUANT DDRAM Llﬂﬂlﬂiﬁﬁlﬂlﬂu 0 Wiﬁ]l’ﬂ\‘ilﬂ@il"ﬁ@ﬁﬂgulﬂ@gﬂﬁﬂluﬁu\TGHWU

yugavesonm Tasideyalu DDRAM hilimsiaoui/as

3. Buns Trua 18N (Entry Mode Set ) faaaalians1eh 2.10

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO0
0 0 0 0 0 0 0 1 /D S
A R <
A15197 2.10 LEAAINITHUNT Tnua 15N
D=0  fmuadieniavenosiwesiaz DDRAM fiilunuuanad ( Decrement )
v Fa
/D=1 S MuUaTANIUB AR DTy DDRAM Ififluuuuinudiu ( Increment )
A A 9 9 o J o A a 1
S =0 ile@oudoyauda dunesivesvzgniaou lawiianiwesn VD
S=1 ile@oudoyauda dunesives wrogiun iazssnyTzgnau lauie

N199D9A1 /D

° 3 Yo ' 4 o
M3fmua VD uag S i fmuateuns@uudoyalu DDRAM nazillofmuanding

1 o u'/ Ia o
&oa'lildmrdundesaamadon

4. fcmadosw/sov ( Display On/Off) fandaslumsneh 2.11

RS | "W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 0 0 0 I D C B
3190 2.11 naasmsaadmadeew/Sel

D=0 Sualiidendmwad (Off display )

D=1 Sun ldoeudmnad (On display)

C=0 Smualisoninesisas (Off cursor)

Cc=1 Smualioounosiasos (On cursor) Tnsinasiasazifluduiala,

oNYI
B=0 SivualdlitasasenSufidumiunesivos

o Y a Ao ' ¢ ¢ a d A A
ﬂTHuﬂﬁl'ﬁnmiﬂiz‘Wi‘lJ‘VlmLmuQLﬂE)WIf@‘S ( ﬂi::Wi‘lJL“JJu‘g‘lJﬁmanJ )



5. amwadF1 ( Display Shift) dauaaaluaisian 2.12

RS | YW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 0 0 1 S/C R/L * *
M 212 anensadmaiTl
sc=0 fnualdideunedimesmuiiama R 1 1 §umi
sc =1 fmualdidoudonnuuuumananmiuiana RL 11 1 Aol (Aeu
NIUITNA )
RL =0 muualitfamallniedie
RIL =1  fAmualiiifanieldnemn

Jd v < & @ A
6. Wanduira ( Function Set ) ﬂﬂllﬁﬂ\?ﬂluﬂ1i1\w\ 2413

RS | rw | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 0 1 DL N F * y
.:'; of do
M990 2.13 AN THINTUEe
o Y a (38 £ ad I~ a
DL=0  finualimsasseiuteasa lugailuuny 4 Ia
o Y a 1w aa I a o 1
DE-1 dmualimsaanenuioasa lugaitluyy 8 Ua 9dunn11ns
Y ' = o W) Y & 9 a o v
fMuadl DL Saunsoanszsi1 1én DB4-DB7 Faaiimsfnua 1
1] a ;’,' 1 cf;l [ 1 dw < o 9 A
Hunu 4 Dagamaswsnvaaninoeliides nezi Iueadains
o 9 a v A
VUBYA 4 UANUN
9 4
N=0 AIHUATIUINUITTNAUUD 1/8 A7 (Duty ) ag 1/11 A
N MUUATIUINYITTHAUVY 1/16 AIA
o Yo @ I~ <
F=0 fmualiaionysiduuuy 5+7 aen
o Yo o I~ < A aa g 1
F=1 frrualiaonustuuuy 5%10 Aen (AsENUEATATIUIDY 547 oY

udafez lutinaezls )

75 L‘-Tﬁﬂ CGRAM uoaasa ( Set CGRAM Address ) fanaaeluaisen 2.14

RS R/'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBI DB0
0 0 0 1 CGRAM
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3) mseazloudoyadt DDRAM 130 CGRAM
1. m3Poudoyalniy DDRAM 30 CGRAM (Write Data To DDRAM or CGRAM)
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2.8.7.3 SulaiWo3u (Form Window )
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interface
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private
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end;
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1so2.cmos MT8870D/MT8870D-1
Integrated DTMF Receiver

MITEL

ISSUE 5 March 1997

Features
+  Complete DTMF Receiver
+ Low power consumption

Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

« Internal gain setting amplifier
« Adjustable guard time

« Central office quality

«  Power-down mode

« Inhibit mode

+ Backward compatible with
MT8870C/MT8870C-1

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus

Applications

« Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

« Paging systems

+ Repeater systems/mobile radio
« Credit card systems

« Remote control

+ Personal computers jiRfere,
« Telephone answering machine
VDD VSS VRef INH
A
J
54 Bias
PWDN 7l Circuit VRef
Buffer
- g-——’ Q1
Chip Chip .
Power Bias High Group J:I' Digital Code
Filter Detection Converter BS
Algorithm and Latch Q2
IN + i
%gé Zero Crossing
IN - Filter Detectors > Q3
GS — Low Group —
Filter J:r $—-> Q4
DC > g‘)h?g 3 St Steering 4&
Clocks € GT Logic 3
VVN—
v v
0OSsC1 0SC2 St/IGT ESt STD TOE

Figure 1 - Functional Block Driagram
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Figure 2 - Pin Connections

Pin Description

Pin #
18 | 20 Name Description
(i | IN+ Non-Inverting Op-Amp (Input).

20 |2 IN- Inverting Op-Amp (Input).

GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

41| 4 Vget |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

545 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

718 OSC1 |Clock (Input).

8|9 OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 |10 Vgs |Ground (Input). 0V typical.

10 | 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-|12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15117 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 VTSt'

16| 18 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|19 | SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18| 20 Vpb Positive power supply (Input). +5V typical.

4 NC No Connection.
16
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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
prior 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 frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

MT8870D/
MT8870D-1 tera=(RO)In(Vpp/Vrsy)

teP=(RC)In[Vpp/(Vpp-Vrsy]

Figure 4 - Basic Steering Circuit

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 “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 recognition 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

PRECISE
DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz
B=770 Hz

(dB)

b

C=852 Hz

D=941 Hz
E=1209 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz

1

X,

i

1

1kHz

AB C D
FREQUENCY (Hz)

Figure 3 - Filter Response

4-13



MT8870D/MT8870D-1

ISO2-CMOS

condition is maintained (ESt remains high) for the
validation period (tgTp), V¢ reaches the threshold
(Vg of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
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 settle, 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=topttcTP

tip=tpa*lcTa
The value of tpp is a device parameter (see Figure
11) and tggc is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is

tep=(ReC1)In[Vp/(Vpp-Vrsy]

\Y
DD 0_1 IGTA:(R1C1)IH(VDD/VT3f)
Ci

Rp=(RiRM(R1+Ry)

stGTO

a) decreasing tatp; (taTp<taTa)

tatp=(R1C1)In[Vpp/(Vpp-Vrsd]
Voo tera=(RpC1)In(Vpp/V1sy)

©
. Rp=(R1RMR1+R2)
st/GT(QO)

Digit

—
o
m
=
X
m
@
0

ES
2
&)
i8]
N
2

>
Z
=<

»|olo|lo|N|o|lo|lbh|wW|IN]| =

o|lalalalalalala]l=a]|o|lo|lo|lo|lolo]lo|N

o|l=-|-|=-|~-|lo|lo|lo|lo|=|=-|=|=]|O|O|O]|N
ola|lalolola]l=a|lolo|l=]|=]|o|lo|-=|-2|Oo|N
o|l-|lo|la]lo]la]|lo|=|o|=]o|a]|o|=]|Oo|~|N

undetected, the output code
will remain the same as the
previous detected code

PSHCART T I | T | TP T | I|T| T ||| XT|T|ZT|T|X

| | T el ThEd e Lt E| T | E|EE | T ||| ) T|Z]|T]E|
Tl ||| XX X]IX]|X|X]|X]|X|X]|X]|X]|X]|X

O|0o|m|>»|0O|0|w|>|*

4

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 (tgTp) and tone absent (tgya). 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 trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec with
a long tpp 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 5.
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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 oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (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 Table 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 Vget
biasing the input at '/,Vpp. Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

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 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-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 (OSCH1) 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.

MT8870D/
MT8870D-1

Differential Input Amplifier
C4=C,=10nF
R1=R =R5=100 kQ
Ry=60kQ, Ry=37.5 kQ

RoRs

R2+R5

All resistors are 1% tolerance.
All capacitors are +5% tolerance.

Ra=
< Ry
VOLTAGE GAIN (A, diff)= ==
1

INPUT IMPEDANCE

1 2
(Zinoire) =2/ R+ (ﬁ)

Figure 6 - Differential Input Configuration

__I |_ﬁ To OSC1 of next
c T8870D/MT8870D-1
A\

0SC2

E
—I-y—

C=30 pF
X-tal=3.579545 MHz

igure onnection
Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[1fR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing a suitable values of Ry and R, to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

terp=(RpC)IN[Vpp/(Vop-Vrs)]

tera=(R1C1)In(Vpp/Vrsy

Rp=(R1R2/(R1*R2)

Notes:

R1=368K Q£ 1%
Ry=2.2M Q + 1%
C4=100nF £ 5%

Figure 8 - Non-Symmetric Guard Time Circuit

MT8870D-1

IN+ Do
IN- St/IGT
GS ESt
VRef StD
INH Q4
PWDN Q3
0OSC 1 Q2
0sC 2 Q1
Vss

ingle-E

Figure 9 -

L E

NOTES:

Ry =102KQ + 1%

Ry =715KQ+ 1%

Ry = 390KQ +1 %

C4.C, =100 nF £ 5%
X1=3.579545 MHz £ 0.1%
Vpp = 5.0V £5%
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Absolute Maximum Ratings’

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 \Y,
2 | Voltage on any pin Y Vgg-0.3 Vpp*0.3 \Y
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature TsT6 -65 +150 °C
5 | Package power dissipation Pp 500 mwW

+ Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °C at 16 mW / °C. All leads soldered to board.

Recommended Operating Conditions - voitages are with respect to ground (Vgg) unless otherwise stated.

Parameter Sym Min Typt Max | Units Test Conditions
1 | DC Power Supply Voltage Vbbb 4.75 5.0 525 Vv
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc 10.1 %
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vyp=5.0vE 5%, Vsg=0V, -40°C < Ty < +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions
S | Standby supply current Ibpa 10 25 pA  |PWDN=Vpp
lli Operating supply current Ibp 3.0 9.0 mA
E Power consumption Po 15 mW | fc=3.579545 MHz
Y
4 High level input ViH 3.5 V  |Vpp=5.0V
5 Low level input voltage \n 1.5 V | Vpp=5.0V
6 | | [Input leakage current /i 0.1 PA  |V|N=Vssor Vpp
7 '; Pull up (source) current Iso 7.5 20 pA | TOE (pin 10)=0,
1 Vpp=5.0V
8 ; Pull down (sink) current Ig| 15 45 pA | INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ (@ 1kHz
10 Steering threshold voltage Vst 2.2 24 25 V.  |Vpp=5.0V
11 Low level output voltage VoL Vgst0.03 V  |No load
12 8 High level output voltage Vou | Vpp-0.03 V  |No load
13| T | Output low (sink) current loL 1.0 2.5 mA |Vout=0.4V
14 S Output high (source) current lon 0.4 0.8 mA |Vout=4.6 V
15 ; VRefOUtpUt voltage VRef 2.3 2.5 2.7 V  |Noload, Vpp = 5.0V
16 Vet OUtpUt resistance Ror 1 kQ

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

Characteristics Sym Min | Typt | Max | Units Test Conditions
1 | Input leakage current IIN 100 nA | Ves<Vin<Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75 V< Vy<4.25V biased
at Ve =2.5V
6 | DC open loop voltage gain AyoL 32 dB
7 | Unity gain bandwidth fo 0.30 MHz
8 | Output voltage swing Vo 4.0 Vpp | Load 2100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) C. 100 pF
10 | Resistive load (GS) R 50 kQ
11 | Common mode range Vewm 2.5 V,, | No Load

MT8870D AC Electrical Characteristics - Vvpp=5.0v £5%, Vgg=0V, -40°C < Tp < +85°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ* | Max Units Notes*

Valid input signal levels (each -29 +1 dBm 1,2¥8:5,6,9
1 | tone of composite signal) 275 869 | mVeys | 12.3.5.6.9
2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 dB 2,3,6,9,12
4 | Frequency deviation accept +1.5% + 2 Hz 2,3,5,9
5 | Frequency deviation reject +3.5% 28.5,9
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

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

*NOTES

1. dBm= 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 tones in composite signal have an equal amplitude.

6. Tone pair is deviated by 1.5 %% 2 Hz.

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 valid accept level.

12. Guaranteed by design and characterization.

4-18
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MT8870D-1 AC Electrical Characteristics - vpp=5.0v+5%, Vsg=0V, -40°C < T < +85°C , using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typt | Max Units Notes*
4 | Valid input signal levels (each -31 +1 dBm ;Fezstgcéast XDD=5-0V
tone of composite signal) 21.8 869 | MVgrus €199, 0y
! : -37 dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 123569
10.9 mVRMS Nty
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+2 Hz 2,3,5,9
6 | Frequency deviation reject +3.5% 2,3,5,9
7 | Third zone tolerance -18.5 dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= 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 tones in composite signal have an equal amplitude.
6. Tone pair is deviated by +1.5 %+ 2 Hz.
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 valid accept level.
12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.
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AC Electrical Characteristics - vpp=5.0v+5%, Vgg=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym Min Typ* Max | Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time toa 0.5 4 8.5 ms |Note 1
3 hIA Tone duration accept trec 40 ms |Note 2
4 'L Tone duration reject tREC 20 ms |Note 2
5 | G |Interdigit pause accept to 40 ms |Note 2
6 Interdigit pause reject tbo 20 ms |Note 2
7 Propagation delay (St to Q) tpq 8 1 us |[TOE=Vpp
8 | o |Propagation delay (St to StD) tpstp 12 16 us |[TOE=Vpp
9 $ Output data set up (Q to StD) tasto 3.4 us |TOE=Vpp
10 5 Propagation delay (TOE to Q ENABLE) | tpTg 50 ns |load of 10 kQ,
= 50 pF
11 - Propagation delay (TOE to Q DISABLE)| tprp 300 ns |load of 10 k<,
50 pF
12 | P |Power-up time tpy 30 ms |Note 3
13 \zv Power-down time tpp 20 ms
14 Crystal/clock frequency fc | 3.5759 | 3.5795| 3.5831| MHz
15 E Clock input rise time t HeL 110 ns |[Ext. clock
16 | O [Clockinput fall time thicL 110 ns |[Ext. clock
17 E Clock input duty cycle DCqL 40 50 60 % |Ext. clock
18 Capacitive load (OSC2) CLo 30 pF
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES:
L o e paramaters Fare ot device specifications. The adjustable settings of these minimums and maximums

are recommendations based upon network requirements.
3. With valid tone present at input, tpy equals time from PDWN going low until ESt going high.

MT8870D/MT8870D-1

i Voo
SYGT

GS ESt
StD

Q4

Q3

Q2

Q1

NOTES:

R1,Rp=100KQ £ 1%
R3=300KQ + 1%
C4,C,=100 nF £5%
X-tal=3.579545 MHz + 0.1%

THE G Al

Figure 10 - Single-Ended Input Configuration
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l Biiien]
EVENTS A | B |l E | F | ¢
i | I | | | I
tRec—y — trec [— e tp — — tho &
| | TONE TONE
Vi | | fohEan #n + 1 #n +1

Est Bl = ] t' ] ] =
— GTP_’.T e [ \I Ve

T
SUGT Pz :/| [ 7
tra—s| 'e—
le— tasp
; HIGH IMPEDANCE
Q-Q, DECODED TONE # (n-1) IX ! #n )I—@
|
tsp—sl  le— | |
78N ) |
S | ) W
s — —\K PTE

TOE PTD |
EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID

TONE.
D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY

HIGH IMPEDANCE).
F) 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 UNTIL NEXT

VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
St/GT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Qq-Q4 4-BIT DECODED TONE OUTPUT.

Stb 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). A LOW LEVEL SHIFTS Q4-Q4 TO ITS HIGH IMPEDANCE STATE.
tRec MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
treC MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

tip MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

tbo MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

teTp GUARD TIME, TONE PRESENT.
teTa GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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Notes:
1) Not toscale
2) Dimensions

aMfmrn

1w
j_s

Eq

oo v

D

n-2n-1 n

D4

in inches

3) (Dimensions in millimeters)

|
AT

st

;2 c Ft
je—2=a _31 ec
| €8 |

Plastic Dual-In-Line Packages (PDIP) - E Suffix

8-Pin 16-Pin 18-Pin 20-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0.210 (5.33) 0.210 (5.33) 0.210 (5.33)
A, 0.115 (2.92) | 0.195 (4.95) | 0.115(2.92) | 0.195 (4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 0.195 (4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045 (1.14) | 0.070 (1.77) | 0.045 (1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77)
c 0.008 0.014 (0.356) | 0.008 (0.203) | 0.014(0.356) | 0.008 (0.203) | 0.014 (0.356) | 0.008 (0.203) | 0.014 (0.356)
(0.203)
D 0.355 (9.02) | 0.400 (10.16) | 0.780 (19.81) | 0.800 (20.32) | 0.880 (22.35) | 0.920 (23.37) | 0.980 (24.89) | 1.060 (26.9)
D4 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.300 (7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 0.300 (7.62) | 0.325(8.26)
Eq 0.240 (6.10) | 0.280(7.11) | 0.240 (6.10) | 0.280 (7.11) | 0.240(6.10) | 0.280(7.11) | 0.240 (6.10) | 0.280 (7.11)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)
ea 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
L 0.115 (2.92) | 0.150(3.81) | 0.115(2.92) | 0.150(3.81) | 0.115(2.92) [ 0.150(3.81) | 0.115(2.92) | 0.150 (3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430(10.92) 0.430 (10.92)
ec 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52)

NOTE: Controlling dimensions in parenthesis () are in millimeters.
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Package Outlines
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Notes: D, &
1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)
Plastic Dual-In-Line Packages (PDIP) - E Suffix
22-Pin 24-Pin 28-Pin 40-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0.250 (6.35) 0.250 (6.35) 0.250 (6.35)
A, 0125 (3.18) | 0.195 (4.95) | 0.125(3.18) | 0.195 (4.95) | 0.125(3.18) 0.195 (4.95) | 0.125(3.18) | 0.195 (4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045 (1.15) | 0.070 (1.77) | 0.030 (0.77) | 0.070 (1.77) | 0.030(0.77) 0.070 (1.77) | 0.030(0.77) | 0.070 (1.77)
(03 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) [ 0.015 (0.381) | 0.008 (0.204) 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381)
D 1.050 (26.67) | 1.120 (28.44) | 1.150(29.3) | 1.290(32.7) | 1.380(35.1) 1.565 (39.7) | 1.980 (50.3) | 2.095 (53.2)
D4 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.390 (9.91) | 0.430 (10.92) | 0.600 (15.24) [ 0.670 (17.02) 0.600 (15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02)

0.330 (8.39)

0.380 (9.65)

0.485 (12.32)

0.580 (14.73)

0.485 (12.32)

0.580 (14.73)

0.485 (12.32)

0.580 (14.73)

Eq 0.246 (6.25) | 0.254 (6.45)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)
ea 0.400 BSC (10.16) 0.600 BSC (15.24) 0.600 BSC (15.24) 0.600 BSC (15.24)
ea 0.300 BSC (7.62)
eg 0.430 (10.92)
L 0115 (2.93) | 0.160 (4.06) | 0.115 (2.93) | 0.200 (5.08) | 0.115 (293) | 0.200 (5.08) | 0.115(2.93) | 0.200(5.08)
o 150 15° 15° 150

Shaded areas for 300 Mil Body Width 24 PDIP only



Package Outlines
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Notes:

1) Not to scale

2) Dimensions ininches

3) (Dimensions in millimeters)

4) Ref. JEDEC Standard MO0-150/M0118 for 48 Pin

5) A & B Maximum dimensions include allowable mold flash

20-Pin 24-Pin 28-Pin 48-Pin
Dim

Min Max Min Max Min Max Min Max

A 0.079 s 0.079 0.079 | 0.095 | 0.110
(2) (2) (2) (241) | (2.79)

A, | 0.002 0.002 0.002 0.008 | 0.016
(0.05) (0.05) (0.05) (0.2) | (0.406)
B | 00087 | 0013 | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.008 0.0135
(0.22) | (0.33) | (022) | (0.33) | (0.22) (0.33) (0.2) | (0.342)

c 0.008 0.008 0.008 0.010
(0.21) (0.21) (0.21) (0.25)

D 0.27 0.295 0.31 0.33 0.39 0.42 0.62 0.63
(6.9) (7.5) (7.9) (8.5) (9.9) (10.5) | (15.75) | (16.00)

E 0.2 0.22 0.2 022 0.2 0.22 0.291 | 0.299
(5.0) (5.6) (5.0) (5.8) (5.0) (5.6) (7.39) | (7.59)
e 0.025 BSC 0.025 BSC 0.025 BSC 0.025 BSC
(0.635 BSC) (0.635 BSC) (0.635 BSC) (0.635 BSC)

A, | 0065 | 0073 [ 0085 | 0073 0.065 | 0073 | 0.089 | 0.099
(1.65) | (1.85) | (165) | (1.85) | (1.65) | (1.85) (2.26) | (2.52)

H 0.29 0.32 029 0.32 0.29 0.32 0.395 0.42
(7.4) (8.2) (7.4) (8.2) (7.4) (8.2) | (10.03) | (10.67)

L 0022 | 0037 | 0022 | 0037 | 0022 | 0.037 0.02 0.04
055) | (095) | (055) | (0.95) | (0.55) | (0.95) (0.51) | (1.02)

Small Shrink Outline Package (SSOP) - N Suffix
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Package Outlines

Pin 1
HHBHHHHHH
E
O o \
A
P
e
L
H
I I
r : i |
D L
F \ T 4 mils (lead coplanarity)
Notes:
:I: 1) Not to scale
Aq 2) Dimensions in inches
3) (Dimensions in millimeters)
T —>| |<—- 4) A &B Maximum dimensions include allowable mold flash
B
16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
DIM
Min Max Min Max Min Max Min Max Min Max

A 0.093 0.104 0.093 0.104 0.093 0.104 0.093 0.104 0.093 0.104
(2.35) (2.65) (2.35) (2.65) (2.35) (2.65) (2.35) (2.65) (2.35) (2.65)
A 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30)
B 0.013 0.020 0.013 0.030 0.013 0.020 0.013 0.020 0.013 0.020
(0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51)
Cc 0.009 0.013 0.009 0.013 0.009 0.013 0.009 0.013 0.009 0.013
(0.231) (0.318) (0.231) (0.318) (0.231) (0.318) (0.231) (0.318) (0.231) (0.318)
D 0.398 0.413 0.447 0.4625 0.496 0.512 0.5985 0.614 0.697 0.7125
(10.1) (10.5) (11.35) (11.75) (12.60) (13.00) (15.2) (15.6) (17.7) (18.1)
E 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299
(7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40)

e 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC

(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC)
H 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419
(10.00) (10.65) (10.00) (10.85) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65)
L 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050
(0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (1.27)

NOTES: 1. Controlling di
2. Converted inc

Lead SOIC Package - S Suffix

mensions in parenthesis () are in millimeters.
h dimensions are not necessarily exact.
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Microprocessor Supervisory Circuits

General Description

The MAX691A/MAX693A/MAXB00L/MAX800M micro-
processor (UP) supervisory circuits are pin-compatible
upgrades to the MAX691, MAX693, and MAXE95. They
improve performance with 30pA supply current, 200ms
typ reset active delay on power-up, and 6ns chip-
enable propagation delay. Features include write pro-
tection of CMOS RAM or EEPROM, separate watchdog
outputs, backup-battery switchover, and a RESET out-
put that is valid with Voo down to 1V. The MAXG91A/
MAXB800L have a 4.65V typical reset-threshold voltage,
and the MAX693A/MAXB00MSs' reset threshold is 4.4V
typical. The MAX800L/MAX800M guarantee power-fail
accuracies to £2%.

Applications

Computers

Controllers

Intelligent Instruments
Automotive Systems

Critical pP Power Monitoring

Typical Operating Circuit

Features

4 200ms Power-OK/Reset Timeout Period
4 1pA Standby Current, 30pA Operating Current

4 On-Board Gating of Chip-Enable Signals,
10ns max Delay

4 MaxCap™ or SuperCap™ Compatible
¢ Guaranteed RESET Assertion to Voo = +1V
4 Voltage Monitor for Power-Fail or Low-Battery

Warning

¢ Power-Fail Accuracy Guaranteed to +2%
(MAX800L/M)

¢ Available in 16-Pin Narrow SO, Plastic
DIP, and TSSOP Packages

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX691ACUE 0°Cto +70°C 16 TSSOP
MAXE91ACSE 0°C to +70°C 16 Narrow SO
MAXE91ACWE 0°C to +70°C 16 Wide SO
MAXE91ACPE 0°C to +70°C 16 Plastic DIP
MAX691AC/D 0°C to +70°C Dice”
MAXE91AEUE 0°Cto +70°C 16 TSSOP
MAXE91AESE -40°C to +85°C 16 Narrow SO
MAXE91AEWE -40°C to +85°C 16 Wide SO
MAXE91AEPE -40°C to +85°C 16 Plastic DIP
MAXB91AEJE -40°C to +85°C 16 CERDIP
MAXE691AMJE -55°C to +125°C 16 CERDIP

Ordering Information continued on last page.
*Dice are specified at Ty, = +25 °C, DC parameters only.

Pin Configuration

5y
gy _ PESILATOR \\ 2
3 5§
1N4148 Voo BATTON
1 out
VBATT
= GEouT
§ i | maxim
= MAX691A
9 MAX693A ==
PFI waxsooL CEM
s MAX800M
[ en - AO-ATS
= Wi [ o
= —oscm 10 uP
COMECTION PFO > NMI
— 8 ogc gL
S TP S o ppCETy (10 »{ RESET
TOWLINE WDO
} ALARM
“MaCap SYSTEM STATUS INDICATORS

TOP VIEW <~
vaarr [1] [16] RESET
Vour [Z E RESET
e 5] _amann [1] 10
oD [o| MAxeorA i8] TEN
sitoN[E] WA |2 Eour
[OWINE E MAX800M E WOl
OSCIN [7] [ 10] PFO
0SCSEL [8] 9| PFI
DIP/SO/TSSOP

SuperCap is a registered trademark of Baknor Industries. MaxCap is a registered trademark of The Carborundum Corp.

MAXIM

Maxim Integrated Products 1

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.

WO008XYVIN/T008XVIN/VEGIXVIN/V L69XVIN



MAX691A/MAX693A/MAX800L/MAX800M

Microprocessor Supervisory Circuits

ABSOLUTE MAXIMUM RATINGS
Terminal Voltage (with respect to GND)

Input Current

Vec Peakivi il
Vc Continuous..
VBATT PeaK.....cccoeeveinnnns

VBATT Continuous.
GND, BATT ON......

All Other Outputs ................

..-0.3V to +6V
............ -0.3V to +6V

.................. -0.3V to (VOUT ki 03\/)

.............................................. 1.0A

.250mA
.250mA

Continuous Power Dissipation (Ta = +70°C)
TSSOP (derate 6.70mW/°C above +70°C) .......cccceenenee
Narrow SO (derate 8.70mW/°C above +70°C)
Wide SO (derate 9.52mW/°C above +70°C)...............
Plastic DIP (derate 10.53mW/°C above +70°C)
CERDIP (derate 10.00mW/°C above +70°C)..............
Operating Temperature Ranges
MAXB9_AC_ _/MAXBOO_C_ _ .coovvererrrerriniraninens 0°C to +70°C
MAX69_AE_ _/MAX800_E_ _ ..-40°C to +85°C
MAXB9_AMUE ... ...-56°C to +125°C
Storage Temperature Range........ ....-65°C to +160°C
Lead Temperature (soldering, 10s

+
w
o
o
°
(@]

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(MAX691A, MAXB00L: Vg = +4.75V 1o +5.5V; MAX693A, MAX80OM: Voc = +4.6V 1o +56.5V; VBATT = 2.8V, Tp = Tyin 10 Tiaxs

unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Voltage Range, 0 55 v
Vce, VBATT (Note 1) ]

louT = 25mA Vec - 0.02  Vee - 0.05
MAX69_AC Vcc-02  Vee-03
MAX69_AE
| = 250mA Ay Vec-0.2 Vcc-0.35
Vourt Output Vee = 4.5V QUT = oMM MAX800.C/E cc ce v
MAX69_A/M Vce - 0.40
E MAX69_AC/AE,
louT = 210mA MAX800_C/E Ve - 0.17 Ve - 0.3V
MAXE9_AC, MAX800_C 0.8 1.2
Veo-to-V -Resi Voo = 4.5V
g oSl catialy, %, MAX69_AE, MAX800_E 0.8 1.4 ¢
MAX69_A/M 0.8 1.6
Vi B Horcle VBATT = 4.5V, lout = 20mA VBATT - 0.3
yout In Battery-BaciuP | VBATT = 2.6 VMauT=~gmA VBATT - 0.25 v
VBATT = 2.0V, lout = 5mA VBATT - 0.15
VBATTy VBATT = 4.5V 15
-to-Vout =
O Hositance VBATT = 2.8V 25 Q
VBATT = 2.0V 30
Supply Current in
Normal Operating Mode Vce > VBATT - 1V 30 100 pA
(excludes louT)
Supply Current in Ta = +25°C 0.04 1
Battery-Backup Mode x%%;TV—BQE/— e2Y, pA
(excludes louT) (Note 2) b Ta =TMIN + TMIN 5
VBATT Standby Current Ta = +25°C -0.1 0.02
VBATT + 0.2V <V,
(Note 3) a3 CC [Ta =T + TMIN 10 0.02 i
Battery Switchover Power-up VBATT + 0.3 v
Threshold Power-down VBATT - 0.3
2 MAXI /M




Microprocessor Supervisory Circuits

ELECTRICAL CHARACTERISTICS (continued)
(MAXE91A, MAXBOOL: VoG = +4.76V 0 +5.5V; MAXBI3A, MAXBOOM: Vg = +4.5V to +5.6V; VBATT = 2.8V, Ta = Thn 10 Tuax.

unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Battery S_witchover 60 iy
Hysteresis
BATT ON Output ISINK = 3.2mA 0.1 0.4 v
Low Voltage ISINK = 25mA 0.7 1.6
BATT ON Output Sink current 60 mA
Short-Circuit Current Source current 1 15 100 HA
RESET AND WATCHDOG TIMER

MAX691A, MAX800L 4.50 4.65 4.75
MAX6B93A, MAX800M 4.25 4.40 4.50
Reset Threshold Voltage Vv
s e 408 VAXB00L, Ta = +25°C, Vco falling 455 470
MAX800M, Ta = +25°C, V¢ falling 4.30 4.45
Reset Threshold Hysteresis L5 mV
Vce to RESET Delay Power-down 80 us
LOW LINE-to-RESET Delay 800 ns
Reset Actlvg Timeout Period, Power-up 140 200 280 e
Internal Oscillator
Reset Active Timeout Period, e 2048 Clock
External Clock (Note 4) 2 Cycles
Watchdog Timeout Period, | Long period 1.0 1.6 2.25 sec
Internal Oscillator Short period 70 100 140 ms
Watchdog Timeout Period, | Long period 4096 Clock
External Clock (Note 4) Short period 1024 Cycles
Minimum Watchdog Input D 4
Pulse Width ViL = 0.8V, Vi =0.75 x Vce 100 ns
ISINK = 50pA, Voe = 1V, VBATT =0V, Vcc falling 0.004 0.3
RESET Output Voltage IsINK = 3.2mA, Vcc = 4.25V 0.1 0.4 v
Isource = 1.6mA, Vcc = 5V 8.5
RESET Output Short-Circuit Output source current 7 20 mA
Current
RESET Output Voltage Low A
(Note 5) IsINK = 3.2mA 0.1 0.4 V
S IsiINK = 3.2mA, Ve = 4.25V 0.4
LOW LINE Output Voltage \Y
; 9¢ Tsource = 1WA, Ve = 5V 35
LOW LINE Output
Short-Circutt Current Output source current 1 15 100 HA
ey IsiINK = 3.2mA 0.4
WD It
O Output Voltage ISOURCE = 500WA, VoG = 6V 35 \Y
WDO Output
Shert-Circuit Gurrent Output source current 3 10 mA
WDI Threshold Voltage ViH 0.75x Vce v
(Note 6) ViL 0.8
WDI = 0V -50 -10
WDI Input t A
nput Curren WDl = Vour 20 5 H
NI 3

WO008XVW/T008XVIN/VEGIXVIN/V E69XVIN



MAX691A/MAX693A/MAX800L/MAX800M

Microprocessor Supervisory Circuits

ELECTRICAL CHARACTERISTICS (continued)

(MAX691A, MAX800L: Vg = +4.75V to +5.5V; MAXGI3A, MAXB800M: Vg = +4.5V to +5.5V; VBATT = 2.8V, Ty = Tuin 10 Tyaxs
unless otherwise noted.)

PARAMETER l CONDITIONS MIN TYP MAX UNITS
POWER-FAIL COMPARATOR

Pl Ihput Threshold MAX69_AC/AE/AM, Vcc = 5V 122 1.25 1.3 v
n resho
i 8 MAX800_C/E, VGe = 6V 1.225 1.25 1275
PFI Leakage Current +0.01 +25 nA
=SS ISINK = 3.2mA 0.4
PFO Output Voltage \
i . IsoURCE = 1pA, Vce = 5V 35
PFO Output Short-Ciroit Output source current 1 15 100 HA
Current
VIN = -20mV, Vop = 156mV 25
PF1-to-PFO Delay us
ViN = 20mV, Vop = 16mV 60
CHIP-ENABLE GATING
CE IN Leakage Current Disable mode +0.005 +1 LA
CE IN-to-CE OUT Resistance e T 75 150 Q
(Note 7)
CE OUT Short-Cireuit Cument | pisap1e mode, TE OUT = OV 0.1 0.75 20 mA
(Reset Active)
CE IN-to-CE OUT Propagation ; \ (
Delay (Note 8) 50Q source impedance driver, CLoAD = 50pF 6 10 ns
TE OUT Output Voltage High | Vcc = 5V, lout = -100pA 35 v
(Reset Active) Vce =0V, VBATT = 2.8V, lout = 1HA 237
RESET-to-CE OUT Delay Power-down 12 s
INTERNAL OSCILLATOR
OSC IN Leakage Current OSC SEL =0V 0.10 5 pA
OSC IN Input Pull-Up Current OSC SEL = Vour or floating, OSC IN = QV 10 100 pA
0OSC SEL Input Pull-Up Current | OSC SEL = 0V 10 100 pA
OSC IN Frequency Range OSC SEL = 0V 50 kHz
0OSC IN External Oscillator ViH VouT-0.3 VouTt-0.6 i
Threshold Voltage ViL 3.65 2.00
OSC IN Frequency with _ =
External Capacitor OSC SEL =0V, COSC = 47pF 100 kHz

Note1: Either Vcc or VBATT can go to QV, if the other is greater than 2.0V.

Note2: The supply current drawn by the MAX691A/MAX800L/MAX800M from the battery excluding louT typically goes to 10pA
when (VBATT - 1V) < Vcc < VBATT. In most applications, this is a brief period as Vcc falls through this region.

Note3: “+" = battery-discharging current, “--" = battery-charging current.

Note4: Although presented as typical values, the number of clock cycles for the reset and watchdog timeout periods are fixed and
do not vary with process or temperature.

Note5: RESET is an open-drain output and sinks current only.

Note6: WDI s internally connected to a voltage divider between Vout and GND. If unconnected, WDI is driven to 1.6V (typ),
disabling the watchdog function.

Note7: The chip-enable resistance is tested with Vcc = +4.75V for the MAX691A/MAX800L and Vcc = +4.5V for the
MAX693A/MAX800M. CE IN = CE OUT = Vce /2.

Note 8: The chip-enable propagation delay is measured from the 50% point at CE INto the 50% point at CE OUT.

4 MAXIMN




Microprocessor Supervisory Circuits

(Ta = +25°C, unless otherwise noted.)

Typical Operating Characteristics

Vicc SUPPLY CURRENT BATTERY SUPPLY GURRENT
vs. TEMPERATURE vs. TEMPERATURE CHIP-ENABLE ON-RESISTANCE
(NORMAL OPERATING MODE) (BATTERY-BACKUP MODE) vs. TEMPERATURE
s 120
36 Veoosv 5 EN ey 5 Voo o475V ?
VBAIT = 2.8V =Eie VBATT = 2.8V g VBATT = 2.8V z
= 34 |PRLCEN=OV ) NO LOAD 3 Ve iy = Vo2 E
E 515 g 100
e = = /
2 = o
c 32 =] = /
(& =
E I~ S— 2 &0
5 R z 2
T 30 L =) £ L
@ = B
8 Y05 © 60
> 28 E
26 0 40
60 -30 0 30 60 90 120 150 60 30 0 30 60 90 120 150 60 -30 0 30 60 90 120 150 180
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
VBATT to Vout ON-RESISTANCE Ve to Vour ON-RESISTANCE PFI THRESHOLD
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
b} 1.50 3
20 £ & 1.2 T i
a LT |5~ |veAtT-ov ‘
2 e | é S 11 ] 1.25 3
=) VBATT =20V~ w > 41
& 15 = = 10 % = 1.00
% 70 =
z VBATT =28V~ £ 09 w O
5 _ = / o
Z 10 = 208 £ 050
o V3
& L ay 2 /
= VBATT =45V >S 07 0.25 Voo =45V, —
g : VBATT = 0V
Voo =0V 5 NO LDAD ON PFO
5 06
60 -30 0 30 60 90 120 150 580 2230 0 30 60 90 120 150 60 -30 0 30 60 90 120 150
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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Typical Operating Characteristics (continued)

(Ta = +25°C, unless otherwise noted.)
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Pin Description

PIN NAME FUNCTION
1 VBATT Battery-Backup Input. Connect to external battery or capacitor and charging circuit. If backup battery is not
used, connect to GND.
Output Supply Voltage. When Vcc is greater than VBATT and above the reset threshold, VouT connects to
2 Vout Vce. When Ve falls below VBATT and is below the reset threshold, VouT connects to VBATT. Connect a 0.1pF
capacitor from Vout to GND. Connect Vour to Ve if no backup battery is used.
3 Vce Input Supply Voltage, 5V input.
GND Ground. 0V reference for all signals.
Battery On Output. When Vout switches to VBATT, BATT ON goes high. When VouT switches to Vcc, BATT ON
5 | BATTON | goes low. Connect the base of a PNP through a current-limiting resistor to BATT ON for Vour current require-
ments greater than 260mA. ;
6 | TOWLNE LOW LINE output goes low when V¢ falls below the reset threshold. It returns high as soon as Ve rises above
the reset threshold.
External Oscillator Input. When OSC SEL is unconnected or driven high, a 10pA pull-up connects from Vour to
7 0SC IN OSC IN, the internal oscillator sets the reset and watchdog timeout periods, and OSC IN selects between fast
and slow watchdog timeout periods. When OSC SEL is driven low, the reset and watchdog timeout periods may
be set either by a capacitor from OSC IN to ground or by an external clock at OSC IN (Figure 3).
Oscillator Select. When OSC SEL is unconnected or driven high, the internal oscillator sets the reset delay and
8 | OSC SEL | watchdog timeout period. When OSC SEL is low, the external oscillator input (OSC IN) is enabled (Table 1).
OSC SEL has a 10pA internal pull-up.
9 PEI Power-Fail Input. This is the noninverting input to the power-fail comparator. When PFlis less than 1.25V, PFO
goes low. When PFl is not used, connect PFl to GND or Vour .
10 PFO Power-Fail Output. This is the output of the power-fail comparator. PFO goes low when PFl is less than 1.25V.
This is an uncommitted comparator, and has no effect on any other intermal circuitry.
Watchdog Input. WD is a three-level input. If WDI remains either high or low for longer than the watchdog time-
11 WDI out period, WDO goes low and reset is asserted for the reset timeout period. WDO remains low until the next tran-
sition at WDI. Leaving WDI unconnected disables the watchdog function. WDI connects to an internal voltage
divider between Vout and GND, which sets it to mid-supply when left unconnected.
12 | TEouT | Chip-Enable Output. CE OUT goes low only when CE IN is low and Vcc is above the reset threshold. If CE IN'is
low when reset is asserted, CE OUT will stay low for 15us or until CE IN goes high, whichever occurs first.
13 CEIN | Chip-Enable Input. The input to chip-enable gating circuit. If CE INis not used, connect CE IN to GND or Vour.
Watchdog Output. If WDI remains high or low longer than the watchdog timeout period, WDO goes low and reset
14 WDO is asserted for the reset timeout period. WDQO returns high on the next transition at WDI. WDO remains high if
WDI is unconnected.
15 RESET | RESET Output goes low whenever Vg falls below the reset threshold. RESET will remain low typically for
200ms after Vo crosses the reset threshold on power-up.
16 RESET | RESET is an active-high output. It is open drain, and the inverse of RESET.

Detailed Description

RESET and RESET Outputs
The MAX691A/MAX693A/MAX800L/MAXB00M's RESET
and RESET outputs ensure that the pP (with reset
inputs asserted either high or low) powers up in a
known state, and prevents code-execution errors dur-
ing power-down or brownout conditions.

The RESET output is active low, and typically sinks
3.2mA at 0.1V saturation voltage in its active state.
When deasserted, RESET sources 1.6mA at typically
Vout - 0.5V. RESET output is open drain, active high,
and typically sinks 3.2mA with a saturation voltage of
0.1V. When no backup battery is used, RESET output is

MAXI

guaranteed to be valid down to Vgg = 1V, and an
external 10kQ pull-down resistor on RESET insures
that it will be valid with Vg down to GND (Figure 1).
As Ve goes below 1V, the gate drive to the RESET
output switch reduces accordingly, increasing the
Rps(ony and the saturation voltage. The 10kQ pull-
down resistor insures the parallel combination of switch
plus resistor is around 10kQ and the output saturation
voltage is below 0.4V while sinking 40pA. When using
a 10kQ external pull-down resistor, the high state for
RESET output with Voo = 4.75V will be 4.5V typical.
For battery voltages = 2V connected to VBATT, RESET
and RESET remain valid for Vg from OV to 5.5V.
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Figure 1. Adding an external pull-down resistor ensures
RESET is valid with Vcc down to GND.

RESET and RESET are asserted when Vg falls below
the reset threshold (4.65V for the MAX691A/MAX800L,
4.4V for the MAX693A/MAX800M) and remain asserted
for 200ms typ after Vg rises above the reset threshold
on power-up (Figure 5). The devices' battery-
switchover comparator does not affect reset assertion.
However, both reset outputs are asserted in battery-
backup mode since Vgc must be below the reset
threshold to enter this mode.

Watchdog Function
The watchdog monitors pP activity via the Watchdog
Input (WDI). If the uP becomes inactive, RESET and
RESET are asserted. To use the watchdog function,
connect WDI to a bus line or pP I/O line. If WDI
remains high or low for longer than the watchdog time-
out period (1.6sec nominal), WDO, RESET, and RESET
are asserted (see RESET and RESET Outputs section,
and the Watchdog Output discussion on this page).

Watchdog Input
A change of state (high to low, low to high, or a mini-
mum 100ns pulse) at the WDI during the watchdog
period resets the watchdog timer. The watchdog
default timeout is 1.6sec.

To disable the watchdog function, leave WDI floating.
An internal resistor network (100kQ equivalent imped-
ance at WDI) biases WDI to approximately 1.6V.
Internal comparators detect this level and disable the
watchdog timer. When Vg is below the reset thresh-
old, the watchdog function is disabled and WDI is dis-
connected from its internal resistor network, thus
becoming high impedance.

Figure 2. Watchdog Timeout Period and Reset Active Time

Watchdog Output
The Watchdog Output (WDO) remains high if there is a
transition or pulse at WDI during the watchdog timeout
period. The watchdog function is disabled and WDO is
a logic high when V¢ is below the reset threshold, bat-
tery-backup mode is enabled, or WD is an open circuit.
In watchdog mode, if no transition occurs at WDI during
the watchdog timeout period, RESET and RESET are
asserted for the reset timeout period (200ms typical).
WDO goes low and remains low until the next transition
at WDI (Figure 2). If WDI is held high or low indefinitely,
RESET and RESET will generate 200ms pulses every
1.6sec. WDO has a 2 x TTL output characteristic.

Selecting an Alternative
Watchdog and Reset Timeout Period
The OSC SEL and OSC IN inputs control the watchdog
and reset timeout periods. Floating OSC SEL and OSC
IN or tying them both to Vot selects the nominal 1.6sec
watchdog timeout period and 200ms reset timeout peri-
od. Connecting OSC IN to GND and floating or connect-
ing OSC SEL to Vgyr selects the 100ms normal
watchdog timeout delay and 1.6sec delay immediately
after reset. The reset timeout delay remains 200ms
(Figure 2). Select alternative timeout periods by con-
necting OSC SEL to GND and connecting a capacitor
between OSC IN and GND, or by externally driving OSC
IN (Table 1 and Figure 3). OSC IN is internally connect-
ed to a £100nA (typ) current source that charges and
discharges the timing capacitor to create the oscillator
frequency, which sets the reset and watchdog timeout
periods (see Connecting a Timing Capacitor at OSC IN
in the Applications Information section).

MAXIMN




Microprocessor Supervisory Circuits

Table 1. Reset Pulse Width and Watchdog Timeout Selections

Figure 3. Oscillator Circuits

Chip-Enable Signal Gating
The MAX691A/MAX693A/MAXB00L/MAXB00M provide
internal gating of chip-enable (CE) signals to prevent
erroneous data from being written to CMOS RAM in the
event of a power failure. During normal operation, the
CE gate is enabled and passes all CE transitions. When
reset is asserted, this path becomes disabled, prevent-
ing erroneous data from corrupting the CMOS RAM. Al
these parts use a series transmission gate from CEINto
CE OUT (Figure 4).

The 10ns max CE propagation delay from CE IN to CE
OUT enables the parts to be used with most pPs.

Chip-Enable Input
The Chip-Enable Input (CE IN) is high impedance (dis-
abled mode) while RESET and RESET are asserted.

During a power-down sequence where VCC falls below
the reset threshold or a watchdog fault, CE IN assumes
a high-impedance state when the voltage at CE IN
goes high or 15us after reset is asserted, whichever
occurs first (Figure 5).

During a power-up sequence, CE IN remains high
impedance, regardless of CE IN activity, until reset is
deasserted following the reset timeout period.

SMAXIMN

0SC SEL 0SCIN Wetehdog Timeoyt Rafoc Reset Timeout Period
Normal Immediately After Reset
Low External Clock Input 1024 clks 4096 clks 2048 clks
Low External Capacitor (600/47pF x C)ms (2.4/47pF x C)sec (1200/47pF x C)ms
Floating Low 100ms 1.6sec 200ms
Floating Floating 1.6sec 1.6sec 200ms
In the high-impedance mode, the leakage currents into
JN/XXAM EXTERNAL EXTERNAL this terminal are +1pA max over temperature. In the
MAXG91A CLOCK OSCILLATOR low-impedance mode, the impedance of CE IN appears
MAX693A 8[ osc siL 8 osc sl as a 75Q resistor in series with the load at CE OUT.
MAX800L : GEF
MAXBOOM = = The propagation delay through the CE transmission
7l osc N _E_l 0SCIN gate depends on both the source impedance of the
50Ktz - drive to CE IN and the capacitive loading on the Chip-
= — Enable Output (CE OUT) (see Chip-Enable Propagation
Delay vs. CE OUT Load Capacitance in the Typical
INTERNAL OSCILLATOR INTERNAL OSCILLATOR Operating Characteristics). The CE propagation delay
1.6sec WATCHDOG 100ms WATCHDOG is production tested from the 50% point of CE IN to the
ne —3 oscseL n e —21 osc seL 50% point Qf CE OUT using a 50Q Qriver and SOpE of
load capacitance (Figure 6). For minimum propagation
7 7 delay, minimize the capacitive load at CE OUT, and
N.C.—— OSCIN 5 N use a low output-impedance driver.
W Chip-Enable Output

In the enabled mode, the impedance of CE OUT is
equivalent to 75Q in series with the source driving CE
IN. In the disabled mode, the 75Q transmission gate is
off and CE OUT is actively pulled to Voyr. This source
turns off when the transmission gate is enabled.

LOW LINE Output

LOW LINE is the buffered output of the reset threshold

comparator. LOW LINE typically sinks 3.2mA at 0.1V.
For normal operation (Vgc above the LOW LINE thresh-
old), LOW LINE is pulled to Voyr-

Power-Fail Comparator
The power-fail comparator is an uncommitted comparator
that has no effect on the other functions of the IC.
Common uses include low-battery indication (Figure 7),
and early power-fail warning (see Typical Operating
Circuit).

Power-Fail Input
Power Fail Input (PF1) is the input to the power-fail com-
parator. It has a guaranteed input leakage of +25nA
max over temperature. The typical comparator delay is
25ps from VIL to Vg (power failing), and 60ps from Viy
to Vou (power being restored). If PFI is not used, con-
nect it to ground.
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Figure 6. CE Propagation Delay Test Circuit

Table 2. Input and Output Status in Battery-Backup
Mode

PIN NAME STATUS
1 VBATT Supply current is 1uA max.
Vourt is connected to VBATT through an
e Vout internal PMOS switch.
3 N Battery switchover comparator monitors
o Ve for active switchover.
4 GND GND 0V, 0V reference for all signals.
5 BATT ON Logic high. The open-circuit output is
equal to VouT-
LOWLINE | Logic low*
7 OSCIN | OSC IN is ignored.
8 OSC SEL | OSC SEL is ignored.
The power-fail comparator remains
9 PFI active in the battery-backup mode for
Vce = VBATT - 1.2V typ.
The power-fail comparator remains
10 =<0} active in the battery-backup mode for
Vee = VBATT - 1.2V typ. Below this volt-
age, PFO is forced low.
11| WDI Watchdog is ignored.
== Logic high. The open-circuit voltage is
1e EOUT equal to VouT.
13 CEIN High impedance
14 Woo Logic high. The open-circuit voltage is
equal to Vour.
15 RESET Logic low*
16 RESET High impedance”

* Voo must be below the reset threshold to enter battery-backup
mode.

/MAXIMN

Figure 7. Low-Battery Indicator

Power-Fail Output
The Power-Fail Output (PFO) goes low when PFl goes
below 1.25V. It typically sinks 3.2mA with a saturation
voltage of 0.1V. With PFI above 1.25V, PFO is actively
pulled to VOUT'

Battery-Backup Mode
Two conditions are required to switch to battery-back-
up mode: 1) Vcc must be below the reset threshold,
and 2) Ve must be below VBATT. Table 2 lists the sta-
tus of the inputs and outputs in battery-backup mode.

Battery On Output
The Battery On (BATT ON) output indicates the status
of the internal Vgg/battery-switchover comparator,
which controls the internal Vg and VBATT switches.
For Vg greater than VBATT (ignoring the small hys-
teresis effect), BATT ON typically sinks 3.2mA at 0.1V
saturation voltage. In battery-backup mode, this termi-
nal sources approximately 10pA from Vout. Use BATT
ON to indicate battery-switchover status or to supply
base drive to an external pass transistor for higher-cur-
rent applications (see Typical Operating Circuit).

Input Supply Voltage
The Input Supply Voltage (Vcc) should be a regulated
5V. Vg connects to Voyr Via a parallel diode and a
large PMOS switch. The switch carries the entire cur-
rent load for currents less than 250mA. The parallel
diode carries any current in excess of 250mA. Both the
switch and the diode have impedances less than 1Q
each. The maximum continuous current is 250mA, but
power-on transients may reach a maximum of 1A.

11
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Battery-Backup Input
The Battery-Backup Input (VBATT) is similar to the Vg
input except the PMOS switch and parallel diode are
much smaller. Accordingly, the on-resistances of the
diode and the switch are each approximately 10Q.
Continuous current should be limited to 26mA and
peak currents (only during power-up) limited to 250mA.
The reverse leakage of this input is less than 1pA over
temperature and supply voltage (Figure 8).

Output Supply Voltage
The Qutput Supply Voltage (Voyr) pin is internally con-
nected to the substrate of the IC and supplies current
to the external system and internal circuitry. All open-
circuit outputs will, for example, assume the Vgy Volt-
age in their high states rather than the V¢ voltage. At
the maximum source current of 250mA, Voyt will typi-
cally be 200mV below V. Decouple this terminal with
a0.1yF capacitor.

Applications Information

The MAX691A/MAX693A/MAXB00L/MAXB00M are not
short-circuit protected. Shorting Vour to ground, other
than power-up transients such as charging a decou-
pling capacitor, destroys the device.

All open-circuit outputs swing between Vgoyr and GND
rather than Vg and GND.

If long leads connect to the chip inputs, insure that
these leads are free from ringing and other conditions
that would forward bias the chip'’s protection diodes.

There are three distinct modes of operation:

1) Normal operating mode with all circuitry powered
up. Typical supply current from V¢ is 35pA while
only leakage currents flow from the battery.

2) Battery-backup mode where V¢ is typically within
0.7V below VBATT. All circuitry is powered up
and the supply current from the battery is typically
less than 60pA.

3) Battery-backup mode where V¢ is less than
VBATT by at least 0.7V. VBATT supply current is
1pA max.

Using SuperCap or MaxCap with the
MAX691A/MAX693A/MAX800L/MAX800M
VBATT has the same operating voltage range as Vg,
and the battery switchover threshold voltages are typi-
cally +30mV centered at VBATT, allowing use of a
SuperCap and a simple charging circuit as a backup
source (Figure 9).

If Voc is above the reset threshold and VBATT is 0.5V
above Vg, current flows to Voyr and Vg from VBATT
until the voltage at VBATT is less than 0.5V above Vcc.
For example, with a SuperCap connected to VBATT and
through a diode to Vg, if Vo quickly changes from 5.4V
to 4.9V, the capacitor discharges through Vour and Vee
until VBATT reaches 5.1V typ. Leakage current through
the SuperCap charging diode and the internal power
diode eventually discharges the SuperCap to V. Also, if
Ve and VBATT start from 0.1V above the reset threshold
and power is lost at Vg, the SuperCap on VBATT dis-
charges through Ve until VBATT reaches the reset
threshold; then the battery-backup mode is initiated and
the current through V¢ goes to zero.

O__
VBATT —] »

MAXIMN
MAX691A
MAX693A g
MAX800L s
MAX800M e

P B i

+5V

N4148 Vee

VBATT Yorb——"™
/MNAXIN
MAX691A
I MAXE93A
= MAX800L
MAX800M
GND

i
* MaxCap

Figure 8. Vcc and VBATT to Vout Switch
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Figure 9. SuperCap or MaxCap on VBATT
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Figure 10. Alternate CE Gating

Using Separate Power Supplies

for VBATT and Vge

If using separate power supplies for Voo and VBATT,

VBATT must be less than 0.3V above Vgc when Veg is

above the reset threshold. As described in the previ-

ous section, if VBATT exceeds this limit and power is

lost at Vgg, current flows continuously from VBATT to

Voe via the VBATT-to-Vor diode and the Vour-to-Vee
switch until the circuit is broken (Figure 8).

Alternate Chip-Enable Gating
Using memory devices with both CE and CE inputs
allows the CE loop to be bypassed. To do this, con-
nect CE IN to ground, pull up CE OUT to Vour, and
connect CE OUT to the CE input of each memory
device (Figure 10). The CE input of each part then
connects directly to the chip-select logic, which does
not have to be gated.

Adding Hysteresis to the

Power-Fail Comparator

Hysteresis adds a noise margin to the power-fail com-
parator and prevents repeated triggering of PFO when
Vi is near the power-fail comparator trip point. Figure
11 shows how to add hysteresis to the power-fail com-

SN AKX/

Figure 11. Adding Hysteresis to the Power-Fail Comparator
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Figure 12. Monitoring a Negative Voltage

13

WO008XVIN/TO08XVIN/VEGIXVIN/V L69XVIN



MAX691A/MAX693A/MAX800L/MAX800M

Microprocessor Supervisory Circuits

100 TTTTT T !
= Veo=sv T [[[lle
= Ta=425°C z
2 80 0.1uF CAPACITOR Hi
= \ FROM Vour T0 GND!

[s =4

5 N

2 60

] h

w

=

= 40 \\

=

= \\

2 I

5 20

= N

0
10 100 1000 10000

RESET COMPARATOR OVERDRIVE,
(Reset Threshold Voltage - Vcc) (mV)

Figure 13. Maximum Transient Duration without Causing a
Reset Pulse vs. Reset Comparator Overdrive

parator. Select the ratio of R1 and R2 such that PFl sees
125V when V) falls to the desired trip point (V1RIP)-
Resistor R3 adds hysteresis. It will typically be an order
of magnitude greater than R1 or R2. The current
through R1 and R2 should be at least 1pA to ensure that
the 25nA (max) PFl input current does not shift the trip
point. R3 should be larger than 10kQ to prevent it from
loading down the PFO pin. Capacitor C1 adds noise
rejection.

Monitoring a Negative Voltage
The power-fail comparator can be used to monitor a
negative supply voltage using Figure 12's circuit. When
the negative supply is valid, PFO is low. When the neg-
ative supply voltage drops, PFO goes high. This cir-
cuit's accuracy is affected by the PFI threshold
tolerance, the V¢ voltage, and resistors R1 and R2.

14

Backup-Battery Replacement
The backup battery may be disconnected while Vgc is
above the reset threshold. No precautions are neces-
sary to avoid spurious reset pulses.

Negative-Going Vcc Transients
While issuing resets to the pP during power-up, power-
down, and brownout conditions, these supervisors are
relatively immune to short-duration, negative-going Vec
transients (glitches). It is usually undesirable to reset
the PP when Vg experiences only small glitches.

Figure 13 shows maximum transient duration vs. reset-
comparator overdrive, for which reset pulses are not
generated. The graph was produced using negative-
going Vcc pulses, starting at 5V and ending below the
reset threshold by the magnitude indicated (reset com-
parator overdrive). The graph shows the maximum
pulse width a negative-going Vcc transient may typical-
ly have without causing a reset pulse to be issued. As
the amplitude of the transient increases (i.e., goes far-
ther below the reset threshold), the maximum allowable
pulse width decreases. Typically, a V¢ transient that
goes 100mV below the reset threshold and lasts for
40ps or less will not cause a reset pulse to be issued.

A 100nF bypass capacitor mounted close to the Ve
pin provides additional transient immunity.

Connecting a Timing Capacitor at OSC IN
When OSC SEL is connected to ground, OSC IN dis-
connects from its internal 10pA (typ) pull-up and is
internally connected to a =100nA current source.
When a capacitor is connected from OSC IN to ground
(to select alternative reset and watchdog timeout peri-
ods), the current source charges and discharges the
timing capacitor to create the oscillator that controls the
reset and watchdog timeout period. To prevent timing
errors or oscillator start-up problems, minimize external
current leakage sources at this pin, and locate the
capacitor as close to OSC IN as possible. The sum of
PC-board leakage plus OSC capacitor leakage must be
small compared to £100nA.
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Maximum Vcc Fall Time
The Vg fall time is limited by the propagation delay of
the battery switchover comparator and should not
exceed 0.03V/ps. A standard rule of thumb for filter
capacitance on most regulators is on the order of 100pF
per amp of current. When the power supply is shut off or
the main battery is disconnected, the associated initial
Vg fall rate is just the inverse or 1A/100pF = 0.01V/ps.
The Vg fall rate decreases with time as V¢ falls expo-
nentially, which more than satisfies the maximum fall-time
requirement.

Watchdog Software Considerations
A way to help the watchdog timer keep a closer watch
on software execution involves setting and resetting the
watchdog input at different points in the program,
rather than “pulsing” the watchdog input high-low-high
or low-high-low. This technique avoids a “stuck” loop
where the watchdog timer continues to be reset within
the loop, keeping the watchdog from timing out. Figure
14 shows an example flow diagram where the I/O dri-
ving the watchdog input is set high at the beginning of
the program, set low at the beginning of every subrou-
tine or loop, then set high again when the program
returns to the beginning. If the program should “hang”
in any subroutine, the 1/O is continually set low and the
watchdog timer is allowed to time out, causing a reset
or interrupt to be issued.

MAXI

( START )

SET
WDl
LOW

SUBROUTINE
OR PROGRAM LOOP
SETWDI
HIGH

RETURN

END

Figure 14. Watchdog Flow Diagram
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Chip Topography

__Ordering Information (continued)

MAX691A/MAX693A/MAX800L/MAX800M

*Dice are specified at Ty, = +25°C, DC parameters only.

16

PART TEMP.RANGE  PIN-PACKAGE Vour  VBATT RESET RESET
MAX693ACUE 0°C to +70°C 16 TSSOP
MAXB93ACSE 0°C to +70°C 16 Narrow SO
MAXE93ACWE 0°C to +70°C 16 Wide SO
MAXB93ACPE 0°C to +70°C 16 Plastic DIP Ve
MAX693AC/D 0°C to +70°C Dice* Woo
MAXG93AEUE  -40°C to +85°C 16 TSSOP TN
MAX693AESE -40°C to +85°C 16 Narrow SO GND CEOUT g qq»
MAX693AEWE  -40°C to +85°C 16 Wide SO (2.794mm)
MAXGO3AEPE  -40°C to +85°C 16 Plastic SO
MAX693AEJE  -40°C to +85°C 16 CERDIP
MAX693AMJE -55°C to +125°C 16 CERDIP BATT ON
MAX800LCUE 0°C to +70°C 16 TSSOP LOW LINE
MAX800LCSE 0°C to +70°C 16 Narrow SO
MAX800LCPE 0°C to +70°C 16 Plastic DIP G
MAX800LEUE -40°C to +85°C 16 TSSOP PFl PFO
MAXBOOLESE  -40°C to +85°C 16 Narrow SO OSCAEL;
MAXBOOLEPE  -40°C to +85°C 16 Plastic DIP = gf;ﬂ:m)
MAX800MCUE 0°C to +70°C 16 TSSOP
MAXB0OMCSE 0°C to +70°C 16 Narrow SO TRANSISTOR COUNT: 729
MAX80OMCPE 0°C to +70°C 16 Plastic DIP SUBSTRATE CONNECTED TO Vout
MAX80OMEUE  -40°C to +85°C 16 TSSOP
MAX8OOMESE  -40°C to +85°C 16 Narrow SO
MAX80OMEPE  -40°C to +85°C 16 Plastic DIP

M AXIMN
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Package Information

[2]
o
100 3 COMMON_DIMENSTONS o
r" j 100 X % [MILLIMETERS INCHES o)
o MIN. MAX. | MIN. MAX. ]
£ = A sii—=" .10 .043 (=
[ ﬂ ﬂ ﬂ H Al 005 15 | 002 | .06
A 085 55 | .033 037
1 H b| 019 30 007 012
[ bl 019 .25 007 .010
1.00 c| 0.0%0 20 0035 [ .008
Y i 0.090 | 0135 | .0035 [ .0053
] D[SEE VARIATIONS [SEE VARIATIONS
E 430 | 450 169 177
—/, e 0.65 BSC .026 BSC
) H| 625 550 | 246 | .296
SrEasED L 050 | 070 | .020 | .028
N[SEE_VARIATIONS [SEE_VARIATIONS
Y| 28 3150 124
I0P VIEW BOTTOM VIEW | 0° g8° Q° 8"
JEDEC VARIATIONS
MO-153 | N MILLIMETERS INCHES
B A MIN. MAX. MIN. MAX.
&
Az AB 7 290 510 | .193 .20
= Y \ s AC 3 4.90 S.10 193 20
il i e \ { AC=tp |16 450 | 510 53 .20
7 —_f X | 285 315 | .12 124
A 20| D | 6.40 6.60 252 | 060
d SEATING SEE € an-fp 20| D 6.40 660 252 260
D PLANE DETAIL °A* g 4.00 434 157 17
AL 24| D | 770 7.90_ | .303 | .31
SIDE VIEW END VIEW af 281D 560 r 378 386G
AF-CP D | 940 378 386
3 X | 535 S65 | .en 222
023 bl
g PARTING I
J_ TING - WITH PLAHNG—\
1 & LEAD TIP DETAIL
% L. petan BT
. BASE METAL —1
NOTES: »,
|. DIMENSIONS D AND E DO NOT INCLUDE FLASH. /VI /J K I /VI
2. MOLD FLASH DR PROTRUSIONS NOT TO EXCEED .S mm PER SIDE. AT e o
3. CONTROLLING DIMENSION: MILLIMETER. Tine
4. MEETS JEDEC OUTLINE MD-153 VARIATIONS AB, AC, AD, AE, AF.
5. DIMENSIONS X AND Y APPLY TO EXPOSED PAD CEP) VERSIONS ONLY. PACKAGE OUTLINE, TSSOP, 4.40nn BODY, 065 PITCH
6. EXPOSED PAD FLUSH WITH BOTTOM OF PACKAGE WITHIN .0027. AL DOCRCHEONPLL 10. 8 1/
21-0066 e 1
/M AXI s/ 17
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Package Information (continued)

R e
R i
EH
o/ | ;
W O - i
B ! 0°-8°
jﬁfﬁﬁ&ﬁjﬁ N s (I
e Y el L e Y
INCHES  MILLIMETERS INCHES  |MILLIMETERS
MIN MAX | MIN | MAX MIN | MAX | MIN | MAX | N [MS012
A10.053[0.069|1.35|1.75 D[0.1890.197| 4.80(5.00 |8 | A
A1/ 0,004 |0.010 | 0.10 |0.25 D|0.337|0.344| 855|8.75]14| B
B|0.014 |0.019 | 0.35]0.49 D0.386|0.394| 9.80/10.00]16| C
c (0,007 |0.010 | 0.1G,[[ 025
e 0.050 L2 NOTES:
El0.150 |0.157 | 3.80| 4.00 1. D&E DO NOT INCLUDE MOLD FLASH
H10.228[0244580[620]  * Y0 Excecd gomm coves
h10.010 {0,020 | 0.25]0.50 3. 'I%SDS (TEMBE COPLANAR WITHIN
L [0.016 [0.050 | 0.40|1.27 4, tDN?EULLING DIMENSION: MILLIMETER
5, MEETS JEDEC MS012-XX AS SHOWN
IN ABOVE TABLE
6. N = NUMBER OF PINS
M AKXI VI LPACKAGE FAMILY OUTLINE: SOIC .150”} L/ 121-0041 A
«_____ PROPRIETARY INFORMATION TITLE DOCUMENT CONTROL NUNBER _REV
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Package Information (continued)
):

p

0°-g°
e B..IL:{TT %c L%LT%

INCHES _ [MILLIMETERS| INCHES __[MILLIMETERS
MIN _|MAX [MIN | MAX MIN [MAX [MIN |MAX |N [MS013

A[0.093]0.104 [ 2.35] 2.65 D (0398 10,413 11010 10.50116 | AA

A1]0.004]0.0 0.10 | 0.30 D [0.44710463111.3911.7518 | AB

B[0.014 |0.0 0.35[0.49 D [0.496 ]0.512 112.60113.00/20 | A

c[0.009]0.013]0.23]|0.32 D 10.598 10,614 115.20/115.60/24
.050 . D l0.69710.713 117.70118.10 1281 AE

E[0291]0.299|7.40|7.60

H[0.394]0.419110.00] 10.63 {OTEeE DO NOT INCLUDE MOLD FLASH

h|0.010 [0.030]025[0.75 2. MOLD FLASH OR PROTRUSIONS NOT

L [0016[0.050]0.40[1.27 R e e ViThi

J102mn €004°)
4. CONTROLLING DIMENSION: MILLIMETER
S. MEETS JEDEC MS013-XX AS SHOWN
IN ABOVE TABLE
6. N = NUMBER OF PINS

|
ZVAAXLAVE |PACKAGE. FAHILY DUTLINE: SOIC 300" | l/1121—0042 Q]

MAXIMN 19
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