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ABSTRACT

The automatic voice mail box has special function for recording the sound to announce whether
nobody answer and please leave your message. The stores message in RAM { Random Access Memory } by
using microcontroller to control operation,read and write the message and record in memory. This system has
a convérter circuit for converting analog signal to digital signal to read the data. The stored message in

. memory is converted to analog for recovery sound signal.
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A PRACTICAL LOWPASS
FILTER RESPONSE CURVE
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; 2.5 msudasdyyrusinsadludyyiuesuaan
1 Binary Wieght Resistor f
arng 247 Wumsulasmung 3 fn Aa B, B, B, v B, fwninanniign (MsB)
gouz 1 Wunussdtlaiias v uazantue 0 Mumsssubaios 0 assduharimadnani
aunm (1,0) ﬁﬂﬁ’tmﬁwwﬁn'mﬂﬁ;ﬂuuﬂmmu'&’nympmﬁuvgw nrTuad taruAEIMIUAaY
s dlag
L =VR |, =V/2R ;l, = V/4R |
Vo =-Re =R, /R(V+V/2 +V/4 ) '

snaumsuan Wiiuindanuesiaenilisenadasiudyoyiuduwm . Taaonuwiug |

r8an1sulasiusgiudnmsauanui i uEuwy

7Uf 2.47 uamsnsuasdtyaunaneaiiuazunaaniuy Binary Weight Resistor

2 Ladder Type (R/2R Network )
4 t_ e I = r&’:’ o - az al o o =] .
Angd 248 WaseduyidiriieBuneiivsifiansndanaity - Indnnisineuda M
AL 2R daruudy 2 Aaszwdea A fuga N gl R dinszua 21 Twaduga A ey

wisnszusesnidu 2 douviniulyad R wdazdh Ay R sewdnean A fuqe B

2 é. L3 =l L i ar + ar - A 1 s
NN ANNAMUIUEN R ATMHATUNTUIZUINAEA A nulm N winuy 2R 2uunuy 2R nnaay |

AU s azldnonasinumiuszwdng B fu N winiu R uaznszuafivadngnutiseaniiu 2 dowmnri)

!
!

S e U
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l
. 13/ Re ,
41 2R S M
ar o—1 ~
0 -
R§ ] + Vo
27 2R o
B & .
27 |
0
R§ 1
I 2R So §
A 4
! o—s
0 .
21?
N - H

J an
7UR 248 uamamsuwlasdyyraaineadludygaerunaanuuy Ladder Type

2.6 mawladdygruezumandudyyruiinaa
1 Counter ( Staircase or Single ramp )
angl 249 Tudtygesunaaniidan ﬁ'zyzmmﬁtmﬁv!w (Vp) axgnilaunauan
wieisuiudygnadunm (V,)  § v, 1nndn v, lewiysesnsasufaudeuasWaein 1
Tnszifu AND gate WiUlseadtyananninidingaaasi ﬁmnqqzéuﬁutﬂqﬁwwmﬂaomﬂImz
Wi 0 6 v, unnday, stz Fuidtygnaunitm B ,B, B, B, 'ﬂz‘lviszﬁu'mguﬁ:aﬂ',]w

nsvidyautlaunduunnndndiyguBuym AND  gate arllauazwgaiiu '
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1

Ck
Dk N
_}-— Counter ]
L 1

4 Y 1
— B
B Dig
~8, [ O/P
»83
Y ¥ 4 4
+ 2
Va— . DAC
Vo

7UR 2.49 uamansuwdasdtyyraesuiaandludanesuun Counter

2 Successive Approximation

‘angl 250 sunFdygIevidy 1101 fianmedufulinuen ( Ms8 )
1 uariindwdlu 0 wun deyounoutleunduastipandndiynnduny  dunannRnigndaun
nwuall B, =1 Widnygautleundlsnnndrdyyinduwn B, saxgradinliidy o wez
dyaunAnagninunseiua i B, =1 dyanutlaundulisendndyginbumm
dyannuninigndamndwuald 8, =1 §1 B, =1 asfiszaulaiimsagszwing 11116 - 1216

Va

r * Ck
t
+ Programmable
_ register
1
VD 4 4 Y r
1»———»30
— B, Dig
L
- rBz O/P
4 VB]
h 4 4 \r Y :
DAC |

JU% 250 uamanaulasdturynuazunaaniuAinasuwuy Successive Approximation !



42

3 Parallel Comparator ( Flash )

angl 251 avimagnuiisaanidu 8 dauwiniu firsziulaiananaus 18- 78
FohaiiausiazsziiasraiiaesBaufimuunduneiienih 7 i

anudl v szduhaviasegiswine 38 v uar 48v lanimresnsasnFauiiauss i
fuw C,c ¢ C CC,C o C, =0000111

v gd o 2 2 <
FGIZW GRS NL] :‘uﬂawmulmmmm

[

feidaifelinessfuden  munfiviesnns 8 fn Fedwunssiudyynnbaiasly

128  szavaraalfidnmiute 128 /i wazaeasulfoudiausn 127 5

Cy

+——— Bo

<
f

<
P M —AA—
R

Cs

Cs
R
HA C [+4
3 Ej - B,
o
Q
iV Cs
%R
iv C2
R
C, — 5

L —
X
oy + + | X { FR + i + 1

AMA—— S At
el

19 251 anamsulasdtynuezunaanidudineauuy Paralel Comparator

i
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4 Dual Ramp
aangl 252 saAdtynnduyidu 0 asniuandu 0 was Vv, duwanidlddygnu

v

al - a o 5 o ar  ar a A -
wrnileenuiainn  FedtynaussuilAlissdudnadouiudygnusunnies e innaesnas

1=

. 1 »
wWreufauarldaone 1 wellilla AND gate dtynaanRmasidngaanivuasas Gl
0000 T4 1111 uazazdundumn® 0000 anaR wezl¥ c, u 1 M Wadnilfussiudads |
vV, fyginusuilazansan Vg naunil 0V e iwnressssnlfauiieussilu 0 AND gate

Alauazuganiniy  sunssiddtyausidanii 2 dhandn

Ramp generator

Va {}- Ck
S
_\—W Comparator

-

« Counter

Bo B| Bz BJ

Ui 2,52 ansmsulaedtyyuesusaniiuAaneawuy Dual Ramp

Slope proportional
v to — Vg and therefore
()] S N constant

| Slope proportional to Va
s

U7 253 wamdtyayroueyimaadness Dual Ramp |
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NSATUITUURSNISAS

3.1 msmnuranasuladyyruiinaailuazuaan

anmamaaess i IC wef DAC 0832 anansafawsielntWidtyynmuezunaan
e ipnetnaseitesld Tecinamudygnfinesduyittiewdnnlaansien ¢S WR1, WR2
war XFER hiunsuduar ILE  sewdnilssaLusenugs daamesneluisaasiazee |y
Ayeyuianaadurneinulillsiuas DAC  vhmsulasandtyynianea Wudtyynezunaan

Tnamsadaqd 3.1

T ———=—
(MSBIDI, O——"L‘D q b Q 8 o
Dig O—A{__~ D q D q REF
Dig 1S ] q D Q |12
m.,ng 8-BIT g p 8-BIT g 8-BIT | O lour2
oI 4 p . INPUT pAC MULTIPLY
30—51— REGISTER @ D pEgisTER @ D/ 11 oy
Dlzo“r_— ) q ) q CONUERTER T1
plgo——6_____Ip Q Iy Q n!hl
(LsBIPIg O— T 1p Q p q 9 Rey
| . — s
ILE 19 LE LE |
| Pe—e—osn
cs 11
Why z l
—_ Loucc
Ry i8 I
XFER 17
L M—ocun

717 3.1 Haiuvdenlaezunsuees IC waf DAC 0832

DIP
¢S —1 28—vce
WR1I 2 191— I} p(BYTE1/BYTE2)
GND—3 18[—HR,
p1g—|4 17|—XFER
Dl,—5 16/—DI,
ply—16 15|—Dig
DIg(LSB)—{7 14 —Dlg
Ypgr— 8 13— DI,(HSB)
Rpg~—9 12—1lgyr2
6ND—{18 11— 1oyry

c, ° ] «
I‘LI‘V] 3.2 uAAIAMILUIMIIYN98d IC twas DAC 0832 uuu DIP
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as

mngﬂﬁ 32 Wiaza1was DAC 0832 Azfifarmmalums ol

IArYry1niAILAN

cs Chip Select . Y aTisE AL (Active Low ) CS Fuslamuy

ILE az@uuiia WR1

ILE - Input Latch Enable. ﬁﬂamﬁ?xﬁmmﬁuqq (Active High ) ILE itasauri

cs azAuuia WRI

WR1 : Write 1. WRT ‘ﬁ'Nmﬁrsﬁm&qumﬁhqn’li’mﬂwﬁq ( Load ) finaq

dnudayafanaaduyn (DI ) andiBuynraseasuandiaya fl
ﬁuwmqumﬂw‘i@anuawﬁﬁ‘ﬂ WR1 fiszatnflunsasiigs \lefiaz
Fufayaduynialud CS uaz  WR1 avdeadussauussdiusinlunne
i ILE Tszdusaisgs
WR2 : Write 2. Finafissiunsasiuin WR 2 filaraui XFER azihumni
yinlieyamin 8 fin fegiduymaamessuandinuinnd@tmmes
; XFER : Transfer Control Signal. YRS XFER azauiia WRZ
whflaaay o .
DIO - DI7 : Digital Input. DIO Lﬂumﬁﬁﬁﬂéﬂﬁ:yﬁhqm wag DI7 Lﬂufhﬁﬁﬁﬂﬁﬁﬁty
GG
IOUT 1 :DAC Current Output 1. 10UT 1 ifludngegadmiuniadiyganinea
. 1 Yanunlu DAC Taaumesuazaziiiu 0 A sy 0°s Mavunlu DAC
 Aaumaf

IOUT 2 : DAC Current Output 2. IOUT 2 AafnAaRauLl IOUT v3a IOUT1 uan

IOUT2 wiii Anaadi (ﬁﬂfi'msztmqaqme‘\’m?mmﬁué’qq%ﬁqnﬁmum
Wiai)

Rfb : Feedback Resister. onJﬁ'humuﬂaunﬁuﬁqnﬂa‘:nﬂuagjuuﬁw’lﬂﬁém?ﬂ'l'}f
Whusisinunmtleunauusediwainnli DAC onJEfmmuﬁmjuu%w'luﬁﬁq:qn’l'ﬁ’ (ebildArnasing
NUIINNUEN) Tmamaﬁfhﬁmﬂummﬁ'lumu'v"immmu fegnldegnslu uudw R2R Ladder
uammmwmﬁqﬁﬂumumd'\ﬁqxagimﬁﬂqnmqﬁ

VREF: Reference Voltage Input. %uwwﬁvian’hmmﬁazLﬂuu.udm"mtmﬁ'uﬁﬁ
Avatiuen snerudr W R2R Ladder nielu VREF 1 ansafazidandiaglutinuges
avunanauymd miun1s1dau DAC 4quadrant multiplying Aeiwilawriu

.. PRy Anvo o ) o o Qv
VCC . Digital Supply Voltage. Tuiitlaziiluannlddmsutlauunassnaniaal

1 24
ar ]

o’ . ‘J a A o a’
Augunsal v ansaldliiaus +6 fs +16 VDC Teazrinnulinanigadmiy +16 vDC
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GND : dwsinslfaunssussindia ( Curent Switching ) SZALLTIALTN
10 aedifiAfiiTunsmuiAeafef 10UT1 uaz 10UT2 Araansieln ) sesdndivith @a 10
VOS ) Q:Lﬁuua'lumﬂﬂﬁ'ﬂuu,ﬂmaﬂ"mmi'l’nm VOS pin 10 Wsdingl 3 VREF

Fastinautu d1 VREF winits 10 Taavt wazan 10 Sidnwindl 9 Taedi  mnsnzaziiums
gauatreansiasunlaeanniann I0UT1 uaz 10UT 2 axiid 0.03 ulasifusd

o’ A ] ) A 1 = S
21 3 @nsnareldiuanay 100 mv. Aumsuasuasetindlline? usiaednduym

o d .
avifhuanindazidngqangninil

NSAUINTUATBIRY Y HUBSURBNIAWINN
é s j
asomlilae VOUT = VREF ( DIGITAL CODE - 128 ) / 128 Fauananagilit 3.3 uax

ANFNIN 3.1 ‘

<=

(DIGITAL COCE ~ 128)
128

" Vout=Vgaer

—Q

TL/H/8208-10

A o L
gl_l‘Vl 33 WEMINITANITUMITUIAT DY E&UIU’]ML@’]WV!‘V]

Input Code ,[ IDEAL Vgour

MSB .......... Ls3 +Vaer -Vper
VE 1 1] VRge—1LSB | ~|Vpes|+ 1 LSE
11000000 Vagr/2 -IVRrerl/2
10000000 0 0

01 1 1 1 111 "—1Lss T 1LSB
00111111—N“TE"|—1L55 IV%F—I+1LSB
00000000O ~|Vaesi +|Vaerl

A © Ly
FNTNY 3.1 UAMINNTATIUNIRIATBRTY Y IBUDYINN
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3.2 nseanuuuNaTuladtyyuesunaenidudtynuranes

mMeinuraeasiunatias Mladulssduauasunsaniludyunusinasiies
ADC0804 suanlugifl 3.4 uazfiudeninazunsusauanalugy 3.5

FeflAtuantTRsna-Ral

- Resolution 8 bits
- Total error +1/4 LSB,%1/2 LSB uar +1 LSB
- Conversion time 100 1S '

Tmﬂﬁ'\ma‘ﬁimqqa‘ﬁqLLﬂm'lugLIﬁ' 3.6 Welihemilulusees UP interface for Free - Running
A/D %M’mmﬁmuﬁﬂmﬁdwsﬂﬁﬁu ADC0804 ﬁu@:’l'i'a’rytmmmﬁmmnmﬁuanimﬂ'l‘ff RC Al
nsasdagLl 3.7 lmansnsoiazduanmarid fou 1ilag
fowk = 1/1.1RC
R= 10KQ
“z’iqmmmﬂugﬂﬁ 3.6 a:14 R=10KQ. C =150 pF

Tnesdl timing diagram fauandlugii 3.8

Connection Diagrams

ADCO080X ADC080X
Duai-in-Line and Small Qutline (SO) Packages Molded Chlp Carrier (PCC) Package
— -/ 258233
&S~ 20 |=Vee (OR Vpey) T T T I T
Ro—2 19[—CLKR 18 17 16 15 14
WR—{3 18{—080 (LSB) -~ 08S
LLKIN= 4 17}—081 — 086
iINTR—{5 16 |—082 — 087 (MSB)
Viu(#)—16 15}-083 — DGNO
(=17 t4}-o84 — Yrer/2
AGHD—{8 13}—~085
Veer/2—9 12f—086 =g~ o
= - =
- M T e e &
DGRD—{10 11}—~087 (MSB) 5= E E &
- TU/H/SET1-30 TL/H/S67132

See Ordering Intormation

31l 3.4

Connection Diagrams
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START CORVERSICN
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)—-.bo_p—»cu

AO

Self-Clocking the A/D

gﬂﬁ 37

1
o] w = ———
CLR=I1RC
R=10 kN

Tlmlng Diagrams (ail timing is measured from the 50% voltage points)

START
COKYEASION

T\

/

ACTUAL INTEANAL

W} ot

-,/

———

— W(WAIL —

~gysy"

“NOT BUSY™

STATUS OF THt

‘N CATAISVALIOIN

; OUTPUT LATCHES

CONVEATER —
e 1 TO U Wl g INTERNAL Tp
(LAST OATA WAS READ)
(LAST OATA WAS NOT READ) 7]

DATA
SUTIYTS

Outpul Enable and Reset INTR

HTR AESET

\ — -

—

IXT ASSERTED

—at IACC jm—

TALSTATEY

et YK O

3.8

Timing Diagrams
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3.3 MSYNNULRINATNBATWE DTMF
A o’ J ) ar
Angl# 46 wasnansia DTMF iefimsnanunaaedtynasinenda C1
4o g d. X v oo o J .
wazC2 FvinmhwALasdynyadasd R1 wez R2 dwidianszuafiazidngaessudsuseiilng 14

d’ a’t a L 4 ) g ¢=I
R3, R4 uar R6 twaiduusaduaeaaliunan IN+ @1 1) uaz IN- @1 2) Tneiled MT8870 azulasu

' aa 4 ar «
Atyryras DTMF ludtyoyruidmeasaniimiesn Q1, Q2, Q3 uaz 04 FeasiiszAudtygonenyi

o = . o o 4o . YA
wmaensad 2.1 e Mvgs7o fiazliWadaanuniian STD (11 16) nilsiad ( « 17) pnaTaduiy
o ol , o Y x o .
Wadneanuazkitulaten D, nwhmsnsziunasiananiulugimdia IC, #i1 8 wax 12 (uns
vodeva g LY ao o He 4, X
nezspuia IMAinMTEauas FuAaaal 10 il Avadiiduadtaanaas €, uaz R, uanainil

1 4 ’:» n;d d' « o« o a
waanaisninsulasunlamaewiynaes I, warliiasraulnsawaiinanuanivnan 6 1es Ic,

- ar (s [} ar A a4’ o ar o =
- fnzliiadeanuuduii Wedl LED usmsanmzmsvinaunansia Q, uazyinli LED, nszwiusna

o da X . o b o v o emnue
mswlaeuulasiiatiugunal ¢, , Ry, . C, uaz R,y Whidugrionsnlui@m ity 1, wez Ic,
wndngindieusaiilliidngaasliFiem  meuanddeyaanmaewiynass Ic , gnadu
} 2 & o < =4 & L = Iy v ar
ANAZEIET 11 BNsRenuennsaFauiasudlidygueanliniveniyaes 1, wiautu Ic,
¥ lJ -4 - A o ‘:/ - < L
azdaimsaaniunean WR (21 16 ) daimsuanddayafinn 11 1ae Ic, AnfinawiynRazyiims

2 pa‘ o ¢=I ;Y < ¢=I o 2
mmmuz‘lqwmsmu F‘IN‘VI’N’ﬂ'LW!‘VWIFl’ﬂﬂﬂ’liﬂi"ﬂﬂn'luuﬂ10

3.4 MSIMNUIBINASIERWAINGS
) 3
Tudawreammmadudtygyndaneasldluge I wef MHSSs32 Auanslu

) pu| - vy o o
Fucntion Block Diagram g1/ 3.1  anngudtyanaanndausasaensdwissgnaiadwndanan TP

A o o’ ] .« < g
@ 1) uaze1 RING (91 2) mma‘wmwﬂmfuQa‘lﬁmﬁ@:‘lﬁmwvgmmm:‘ﬁmﬂﬁ”zyzyﬁmmmafﬂn

w11 36 (RV ) Gelusnazinfoniiaciinedn high uazarlilawiynesin low ilefidygndens
danuardiaaaninzaadn low agilwann 50 ms luanefiil Ring uazardiAIen1zaen low agan
60 ms mﬁmnﬁwumﬁzyzqu‘?‘aﬁquﬁq éqq1nmﬂﬂﬁ'ﬂuuﬂmmmf&yzmmmmm RV i anansof
ausinluda 8265 Buymvein Wald CPU msaadlassinaumutilsunsaly

RV = Ring Voltage Detect

3.5 2939ENYINTANT
Tudaurasasasanyinsdwiiiaylituga IC waf MHS8832 1w Taeasdiassiasan

ar a L ar IJ a a ) 2/ -~
Augunsainneuanfediad K, degd 3.1 Gd5iad K azifhfiadiunn v 2 Aeuwna sadniun 13

(LRD ) uazAauunAny 2¢uaddiad K As KIA uaz KIB azgnaadniuen 8 (XLA ) 21 4 ( XLB )

. S . . duve o v
WAza1 6 (XLC ), 216 (XLD ) mwnany  Inewsiad K | asvinnwdleléiuasin high St
21 16 ( LRC ) T9aaan high ey ¥ Loop Relay Drive Output { LRD ) %191 A LRD axlaadn

4 -
low alinsesudiad K,
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RING Tip VDD VEE  AGMO AV EL R AGTG
[y < e - 3 1 e
Status
Detection
XLA
X8
xLc Te"LnOOD
XL0 nabon
,J Receive RX
scelyi
l,'_R_C Loop Retay Gain ggi(‘)
LAD & Otrver |
2-¢ Wirs Hybnd ©
g8AC A B33 Ael L Transmit GTX1
B8R0 ¥ Gan GTX0
Ac o Ang'G
GRO N %"J::Jm Impedance Nerw~ork
Matching Balancs
VHLY KGND 21 22 2600 2900 NS 2 NA
| o 1 -
1% 3.10 Wandulrezunsuzes ICwef MH 88632
+5V -5V
10 39
TELEWTIP RU _&______7_ RING DETECT
—_——— 2 1R1NE RL |38 5 RING LOOP DETECT
{H4148 FL 132 N FORWARD LOOP DETECT
e 138 < Rinc LEAD GROUND DET
A 13! TrD e ﬁ—__—§. TIP LEAD GROUND DET
H
g _+__23 N1 z1 |23
—_— 211 N2
22 | z990 z6881-32
E— Y ns L33
28 29
—&———— 251 TX  npeee3z SR _L
— N 26| px L
+5U +& URLY GR,, |32 )
— 31! 1c 6T,y 27
il 34| TG
N
6T, |28
15
v RLc 1c |2 OPEM
E:o-"i“—-l XLA 1c |-2 OPEN
A) XLB BRD |14 _  opEN
ERC _16____\;_ g
oH1B 5{ xLc GRD |-8 _ oOPEN
L" XLD eRC 1"—<__._ vy

J_u
L enp

A = «
{1 311 2asFaimamaiuazasasunysAnid

Tuan12z219y (on-hook ) aaAN low Wwiauansdniaquituilu reverse loop battery ( loop
nauTthmanetnsdw ) @Mz forward loop battery ( loop NALNAMAGA IC )

‘luﬂn’mzilmg { off-hook ) @9aN low lﬂuﬁQlLﬂﬂﬁdﬂﬂﬁﬁﬁulﬂu reverse loop current ( loop
naulwanenedwd ) eniymszidlu forward loop current { loop NALNMGA IC )

flesianasn high Wi LRC (21 16 ),GRC (11 17 ) uazsaasdan low 1% BRC (11 16 ) Azl

mMemiTad K vnenuiessiadmen wihdudaresiad K v 2 aawumasstls
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o 1 a o o
3.6 m‘a‘aanu.uu'lu'ﬁwgmmnanuqﬂnsmauv!mmm!w
d’ :JJ =l a ' e « o d' o [ al E 2]
asanlulasaull CPU aziimsfinsieriugunsainteuensuaunnndalinousnilunas 14

waindurnuazia iy lumsfinslanituentes CPU axfinsiatiumnanaivauynuazieny

2
v e ol

Wmwed IC 8266 Adinseanuuui CPU Ansiailmisaaanadadausnelia
- lunnsiinsiariy RAM waz EPROM Tifimsaanuuunasiinsasoansin dwandlugl 3.2
4

- lunnsinstari IC 8266 ldfinnsaanuuunasnansiald famnma 3233 uavasasdeg
3.13

?FFF FFFF

EFFF - — — — — — — — — —
8255 address

EOBB-EBB3 , EBB4-EBO7
EBBD |- — — — - - - — — — ]

‘FREE

3FFF

RAM
EPROM

U7 312 nseenuuunesnsali CPU Ansaiuginsainauan
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8255 Decoder ( ﬁ?ﬂ 1 wamimsd E00O - E003 )

A0

A1

A2

A3

A4

Ab

A6

A7

A8

A9

A10

AN

A15 FA14 | A13 | A12

A9 3.2

v al

NT0ANTUALBAIATATDY B255 AN 1

v



8255 Decoder { #a¥l 2 WAALATA E004 - E007 )
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A5 | A14 | A13 | A12 | A11 [ A10| A9 | AB | A7 | A6 | AS | A4 | A3 | A2 | AT | AO
1 1] 1]o]lo]ololo|lofjolo|lof{o]|1]oO0]oO
1|1 ]1]lo0]o]lo]o|lo}o}o]o ol 1| o1
1|11 loflofofoflo]Jojofo|lo]of1]1]o0
1|1 1jlo]ololoflojolo|ofjo]|o| 1] 1]
SN T T T T O O OO
O T O T T T O Y A
SN T T T T O T A
1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0
1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1
1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0
1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1

A7 3.3

N1T0RATVALBALATATDY 8255 FT’Jﬁ 2
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1 v
3.7 N_@ITTILAzAULRIE NI AW

navinuzasnasludutiac dluaaled wed MHeses2 Fufiuladnvinutidu Central

Office Interface Circuit (COIC) Tnefiufanlanzunsiagii 3.10 uasfineasiaguf 3.11 Teluduilaz

UsznausanisinaundAty 2 daume

- navinnuiiiuneaslassan ( Hybrid )

- mafurnBuynasiunilifiunzaniuduiuauyiresas insdw  Line Impedance )

3.7.1. mavnanuiuneaslawied

vy
Tunisuengeas 2 arediunaas 4 ane (2-4 wire) 1eaasiitiu azitlunmsueniaelalduwde

v
wlas Tpunnsuanatinanna ( balance ) wuuyagwand ( Full duplex ) W &ynyamusin TIP uas

RING vestnsdwviaztinudinungdaunna receive uaz transmit Sadhudyqnaufigngnadatunsous 7

) v
11 Rx (Receive) Uax Tx (Transmit) 184 COIC. dalugruravavariiaziintioaiulaidtyyrouanan

1 1 1 v
Rx lsanghun Tx sive Fedtynyruiiaraaniiannn Tx wis Anynnfiasidnsnmann Rx th

[] v 1]
ansnissinaUiudnsnsueeresdygnmaniliilasansofiss i Widnsnisuewesflu

974 -12 dB.0N +6 dB. fauanlumsan 3.4

TnefiigneauauAussgUnsninieusniasiy

v
uasaniulasal
Transmit RTX Reslstor
Galn (dB) Value () Notes
+6.0 No Resislor
+4.0 38.3k Resulls in 0dB overall gain when used with Milel A-law codac (.. MTB96G5)
+3.7 32.4k Rosulls in 0dB ovaerall gain when'used wilh Mitel p-law codoc {i.o. MT8964)
0.0 GTX0 to GTX!1
-3.0 5.49K
-6.0 3.32k
-12.0 1.43k
Recelve Galn RRX Reslstor
(dB) Value (02) Notes
+6.0 No Resistor
0.0 GRX0 to GRX1
-3.0 5.49k
3.7 4.87k Resulls in 0dB overall gain when used with Mite! A-taw codoc (i.e. MT8965)
-4.0 4.64k Rasults in 0dB overall gain when used wilth Mitel p-law codec (i.0. MT8964)
-6.0 3.32k
-12.0 1.43k

AT 3.4
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MHB88632

TRANSMIT GAIN:
(Tip-Ring to Tx)

AVa -20l0g {0.5+5k0)
nrx

RTX RTX = 5k(2
D—% 101-AV20) g g
Example

RTX = 38kQ; AV = +408B

51
L]
— % 26
RX
- ;
GRx1 [ 30  RRX RECEIVE GAIN:
— @ (RX 1o Tip-Ring)
GRX0
29 AV= -20l0g (0.5 + 5k(2)
[ — : . RRX
RRX a!__ skN2
110AVR0) g 5
Example:
RRX = 4.6kQ2; AV = -4dB
o
7N 3.14

nsliudndnsnisuenasitegunsalnneuen

3.7.2 madfuddunnaniuauilivmnzaniuduiuayivesansnsdw

anufenlanzunsy gU7 3.10 LAz NAggLIT 3.11 SuvmBnAuaw ( Zin ) fan TIP uas RING
189 MH88632 Annsafiazyinnndnliilindu 600 Q vife 900 Q 1 ThgangLlit 3.11 Wavinnssie
11 Z1( 9123 ) Wiy 2600 (11 32) udrasyi Wi unmanRunuivas MH88632 SAnwinfiu 600 O
uaztiwnnsta 21 Wity 2900 (1 22 ) axl¥RunBnRumuviues MH88632 ANy 900 Q Fauansly

717 3.15 Talularseulias lBunmduumsires MH88632 winfu 600 Q



MHB88632
2

I

2900

2600

24

23

59

NC

22

NC

Input impedance (2,,) set to 60002

Note: Maks connoction batwoen Z1 and other points as short as possibio

7107 3.15

NsERAN AU BNRUALT

1HB8632
2

.2

2900

2600

24

23

NC

22

Input Impadancs (Z;,) set to S00Q

32

NC

3.8 MraanuuuNasiauladusy ( Dynamic Ram : DRAM ) tWedinsiaiu CPU

Tuaruraeastiazlflnuniadusy 1unm 4 MB 72 Pin WUy SIMM T9idnsous Ua=sin LY

28916I9LN 3.16 uasiiirituudenlaezunsusgLA 3.17

anwrusTaevialyl

- N787U ( Read ) weamadiau ( Write ) Tneluusiazsau (cycle) azlduamnsa 20 T ez

gnaelunsazafuiea1o On Tne RAS axl4lunng latch 10 Tausn uaz CAS &= latch 10 Tm siaun

J < <« [ — a o -~ . .
- NITU NTANIT (B8 ’Q:QHHWHUQTQU‘HW WE auwn Tog TEAUUTINUAN (logic high) 184

WE vanad agflulumaniegu uazssiunssiumii (logic low) vaneiieegluluunnms @ew Fafl

aneruznisguuszndied dauasslu timing diagrams g7 3.18

] + “ v
Angufi 3.17 Jaduierifuudeninezunsuues SIMM RAM 1ua 4 MB 32 Tin wilulasaul

1 v 1] 1
saanuuuiRe W launiadusutlanunsafasfinsaiu CPU 1um 8 Tn 16 Avdiaedinissinaeasiiely

lnundndusniifiyunn 8 Un dauaneluglii 3.19
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PiN ASSIGNMENT (Front View)

72-Pin SIMM
(DD-7) 1 Meg x 32
(DD-8) 2 Meg x 32

JO LU

PiN#| symeoL [PiNg]| SYMBOL | PIN 4] SymBoL [PiN4] SymsoL
1 Vss 19 NG 37 NC 55 DQ12
2 D01 20 D05 38 NG 56 D028
3 Das7 21 021 39 Vss §7 0013
4 002 2 Da6 40 CASO 58 D023
5 DQ18 23 DQ22 41 CASZ 59 Vee
6
7
8

203 24 D07 42 CASY | 60 0Q30

Do1g 25 D023 43 CAST | 61 DOi4
~ DY 26 003 4 RSST | 62 [[iK]]
9 DQ20 27 0024 45 | NGRAST | 63 0015
10 Ves 28 A7 46 NG 64 D032
11 NC 29 NG 47 WE 65 D016
12 Al 30 Vee an NC 66 NC
13 Al 31 A8 49 Dag 67 PRO1
14 A2 32 A9 S0 DQ25 68 PRD2
15 A3 33 | NCRAST| st DQ10 59 PRD3
16 Ad 34 NASY | &2 D026 70 PRD4

17 AS 35 NC 83 Dot 71 NG
L8 a6 T3] N [ sa| ooer | 72 ] Vs
*3MB versién only
qun 3.6
AUV BNTFIN"T

- M37idsa (Refresh) laundfiadisn azaanuuulinisFmsarinaululvum CBR refresh cycle
ﬁ«mm’luzﬂ‘?’i 3.20 ‘ﬂ'qq:ﬁmv‘hmi‘%‘Mmﬂimﬁaﬂﬁqm'luv;n'] 16 ms Fatflumssaaiuiamues
_ RAS LOAATA (A0-AZ) A 1024 (2 ) W axdasinmssinsanielum 16 ms AaY)N"
16ms/1024 = 15.625 us

ugnunayasiildemmommiu fuandlugl 3.21 TheazdasiinesMinmidhuduoumnn &
vinnnseenuu GAL anluvmunn  GAL Aldlunsasiiie GAL16vS Faiiilariduudentnazunsy uas
PIN CONFIGURATION #3gLif} 3.22 uazgLifl 3.23 sudndf Sefimsaanuuninelu GAL16v8

NNUMNANHTUZNAAIGUT 3.24
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DQ1 somsesemrm e eene 008 DCY =sesesweomsemoncens -=-DQ18
[l HH [ 1
CQt-4 OQ1-4 0Q1-4 oQt &
- wE wE wE we
ﬁs'&' 1 Cﬁ. us ey w == w m U
AASa ! Ris s ey Ras
- S e e
_Cm' - Codl - 5,. - ._ = @
" e S T e e
0Q17 weesemrrerencecaseae. 0024 i DQ25 eseven smwemmeseeree - 0Q32
o anE i iy
DQi-4 0Qr-s 0Qa1-4 oQt-¢
wE v we e % wE o e -
RASET ~———— T s ey [
TE Aoae =3 : CE o
CAS3 ‘1 H ’.%E . ug 110
> T N 2
aoa3 RS %?ﬁfﬁm%%ﬁ%ﬁ&' SR

1A 3.17

warduvuieninazunsu

READ CYCLE

IRc
'ras I tRp
M vz ) A X
fcsH
'R |' i IARH |
I, cRp \'RCO , as, T L] ’
el N_ /
taR
'RAD 'RAL
asR tRaH lasc lcan
roon W 77 R /) TR )
'Rcs acH
N R
L] \'M .
'AAC
tc. ‘oF
s -
oa VoM = oPEN Jm VALID OATA  J— oPEN

U7 3.18 timing diagram nsey



EARLY WRITE CYCLE

i B | / \
‘csu . ’
&= WD) ' I\ . / )
‘asr :::: : tasc E Ill ::: -
SLE/ S — W
e :
e W//m L A,
! ‘ps | | 'on
V8 R o X R
DONT CARE
&R unoerineD

71i#1 3.18 (si8) timing diagram NMaidau

2,3,49,58
g.gf 182 Eg
§.2.83.51 b2
29, 157,58 ng
i E
1 2%.84; 3
12 ape
13 “Dé
14 aD
i ap3
DRANM SIMN 15 gbg
8 A
i i
3 A58
48 Chse
3 5 CAsi
Z —— C
3 fas 0A%3
3 "E
_1?.39.67.68.72
= GND

717 3.19 maslalonniladusu



CBR REFRESH CYCLE
(Addresses = DON'T CARE)

‘RP 'RAS Rp RAS
— V(H - ‘ - 3 /__—
RAS V"_ - / t RN 4 E(
RPC
icp |, lcsR AcHn 'RPC . tcshA 'CHA
CAS vy - / E: /
oQ : “ OPEN ”
WRP | WAH ,wRe|| twRH,
lq——- g

- 5}5: | |

3107 3.20
CBR REFRESH CYCLE
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DIP
PLCC e 11~ 20 ] vee
: 1 1] 1] vora
7~ . ) VCLK vee vom H vora
. : . e N "' - : l
: - ! 15 —— 2 = A | GAL
- ; g r 1 {fs wf] vora L ) vora
P ' i
Sow iy i | d AL16VS } voa : 16V8
. wLT "'T‘c";'_;": Rl el o 7+ G & ]S ] vora
L e : |'_'¢ N 15[} vod
| =t . Gomaed Top View ' 15 r-l vora
Froe woewr W i voro .
- R Rt P r
- 547 toume] - oy e dy, wf) voo b 1 vora
L . I " 12
|~ - . -:{"t) . ! : T VR ) () (] vora
N i —_— | | GNO UOE YO0 VOO
LT AT L a |°L,’;°C—*L, S w00 0] ] vora
| " : - —_ . ~
+: - ta ’ Gup {| 10 11 [] voE
i ; ) PO g LOR
- ce @ -
o
717 3.22 Warfduudanlanzunsy 7L/ 3.23 PIN CONFIGURATION
@ 8D _|
G)_WR o1 (12
n®
)AL RAS  (13)
PSEN_
6) RRAS
- CASO 14
ot 2 = o
(SV_RCAS ;,ER &5 an
RRASOR (18)

U7 3.24 nmseenuuunielu GAL16V8
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- ANNTUATYRAUABANTDY GAL16V8

title
pattérn

Read write and refesh dram for mcsS1

revision A
somsak c.
company Century Telacom co,LTD
15.02.97

chip u24 GAL1l6VS

author

date

; pin 1 2 3 4 5 6 7 8 9 10
clk rd wr alS5 rcas rras pl5 plé il gnd
;i pin 11 12 13 14 15 16 17 18 19 20
/oe gl ras casO casl cas2 cas3 rrasor nc vce
equations
; assignment operator "=" are combination equations and
i outputs use the clocked assignment operator ":=" .
;
gl = rd * wr
ras = rrasor * als$s
+ rrasor * rd * wr
casO0 = rcas * pls5s
+ rcas * plé
+ rcas * 11
+ rcas * rd * wr
casl = rcas * /pl5
+ rcas * pl6
+ rcas * 11
+ rcas * rd * wr
cas2 = rcas * pls5
+ rcas * /plé
+ rcas * il
+ rcas * rd * wr
cas3 = rcas * /pls
+ rcas * /516
+ rcas * i
+ rcas * rd * wr

rrasor =

rras + rcas
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EQN2JED -- Boolean Logic to JEDEC. file assembler (Version 1.10)
Copyright (R) National Semiconductor Corpeoration 1990

Document file for dram.egn

Device: 16V8

Pin Label Type

1 clk unused

2 rd com input

3 wr com input

4 als com input

5 rcas com input

6 rras com input

7 pl5 com input

8 plé com input

9 11 com input

10 gnd ground pin

11 oe unused

12 ql pos, trst,com output
13 ras pos,trst,com output
14 casO pos, trst,com output
15 casl pos,trst,com output
16 cas?2 pos, trst,com output
17 cas3 pos,trst,com output
18 rrasor pos,trst,com feedback
19 nc unused

20 vce power pin

EQN2JED -- Boolean Lo?ic to JEDEC file assembler (Version 1.10)
Copyright (R) National Semiconductor Corporation 1990

Device Utilization:

No of dedicated inputs used : 8/10 (80.0%)
No of dedicated ocutputs used : 2/2 (100.0%)
No of feedbacks used as dedicated outputs : 4/6 (66.7%)
No of feedbacks used ¢ 1/6 (16.7%)

Pin Label Terms Usage

18 rrasor 2/8 (25.0%)

17 cas3 4/8 (50.0%)

16 cas2 4/8 (50.0%)

15 casl 4/8 (50.0%)

14 casO0 4/8 (50.0%)

13 ras 2/8 (25.0%)

12 ql 1/8 (12.5%)

Total 28/64 (43.8%)
EQN2JED -~ Boolean Lo?ic to JEDEC file assembler (Version 1.10)
Copyright (R) National Semiconductor Corporation 1990

Chip diagram (DIP)

\_/

clk 1 20 vcce

rd 2 19 nc

wr 3 18 rrasor
als 4 17 cas3
rcas 5 16 cas2
rras 6 15 casl
P15 7 14 casO0
plé 8 13 ras

Ll 9 12 1
and 10 11 7oe
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MSYIARDIURSNANISVIARD

4.1 mavraamsuladygraunanaadludygiuazuaan

v
© ar o

. ANNUAUNITRA[IDN
' o
. 1. ABNaTANgLi 4.1
+12Y 10K 5 l
u2
3_{ot7 vcc_j 2.5v VR1
14 _1pts vrei_ﬂ__? U1A
5lois  xresi7 2 \ R1 LM358
i Hh o, > L p os
-] 1
oz jout{ U ¢ '/MSSB % a4,
& Jon Rib { @
L4010 loutd )2 - uiB
dlez gnd|0 I
_Z_|'W 1 gnd |3 -

DAC0832 e

i an
7R 4.1 2anuladtygraiianeaiiudyyrezunaan

ar
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o’ o/ []

°© an = o J J A
2. inmistlaudtygrnianes Guwn 2a 8 Iin GefiAdsnatine Twsileng

Tum1919 4.1 1a 4.2 muaAL

D7 D6 D6 D4 D3 D2 D1 DO
0 0 0 0 0 1 1 1
0 0 0 0 1 1 1 0
0 0 0 1 1 1 0 0
0 0 1 1 1 0 0 0
0 1 1 1 0 0 0 0
1 1 1 0 0 0 0 0
1 1 1 0 0 0 0 0
0 0 0 0 0 0 0 0

D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 ] 0 0 0 1
0 0 0 0 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 1 0 0 0
0 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 1 0 0 0 0 0 0
1 0 0 0 0 0 0 0

& aa a
FINT9N 4.2 'Xq;ty’\mmmﬂaﬂuww
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o o . 4 v o
3. Mnedndtyyins azunsan iy aeld Tenaeenundagdi 4.2, 43 uay

o
jUn 44
2 Z//Eéhl: pkpk= 59.%mv ]
) [chld freq={-—-- Hz 1
ch2 ; 5
3 4

chil b 1

2.3 |p- R

oy ]
AP ,-WW——-IJMAMJ ]
¢ ]
[CH1 1 v= ]
.CHIZ 108 |—) 2 M"f I RN ) 1 MT (] .“30 mns. 101t 11 33 h?TF
Y/Div: Timebase: TRACE
1.00 V " 500ms chl
2.00V 500ms ch2
2.00 Vv 500ms m2.1 =COPY (ch1l)
2.00 V 500ms m2.2 =COPY (ch2)

< -
a‘lh’l 42 ﬁ'ty:y’ltwazu'manm'muwmmw? AD



m4.

chil

m4

m3.

ch2

chi

m3.

/i

71

L o 2 4

TiTT —~rTr

b ivtalegeyios. R
o Z
rMMVJ ]
] L
tena et vs | TR Sobms. Lol i
Y/Div: Timebase: TRACE
l1.00 V 500ms chl
,1.00 Vv 500ms m4.1 =COPY (chl)
2.00 Vv 500ms. m4.2 =COPY (ch2)
o
1UN 43 dyayniezinasnieiynanaas AD
[dn2{ phpk=|-——=1 V
ch)‘ freg=l——-t+ Hz
o4
. P
r: Ay
s *ﬂJ .
[ ]
[ ]
LCH1 1 v= ]
(CH2 | 2, Ve s e 4 MTR, 500ms. { o s chi1 s
YX/Div: Timebase: TRACE
2.00 Vv 500ms chl
2.00 Vv 500ms ch2
2.00 v 500ms m3.1 =COPY(chl)
2.00 V 500ms m3.2 =COPY(ch2)

;ﬂﬁ 4.4 feyry uatuaanieynaIInNgag AD
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m4 .

72
A A /
L% v v 3
4.2 mMsnaraINsnansnd DTMF
ANALAUNITNA[IDY Q
' o <
1. pieNaImNgUn 45 o .
@)
o \\\//
R6
N £
o j—:§41 F /LJ‘
8. 1uF « lu
s = N
c1 R1
8.81uF 188X
i M - , i s-r‘/wgé"
G ST o
LINE c2 R2 ugsr m—
8.81uF 188X —10 g-——-o
L —]EST
57 for B | i osgz‘-_ﬂ’——o
R3 { R4 ¢ RS uss os§ —1:§;xx
39x$ s6xS @8k || L FTae7s 3.579MH=

31l 45 n9asnansva DTMF /

L ¢ 1 (d A
2. Indygyros DTMF nanenazsing - 289insAwsi 1 waneiaa 3, 6, 7, 9 feay

o A o o’
Idanimaaasiegii 46, 4.7, 48 usr 49 mudAL

: freq=|1.3]1kHz

4 P I

/—‘-’-‘—"-)

-CHn-]! 1 01.1 C'l M"‘f [ 1 MT ﬂ...Q ms. IR 1.t 0 ¢ hl?"‘:
Y/Div: Timebase: TRACE
500mv 1.00ms m4.1l =COPY (chl)

o 4 o
1N 46 waneAunvesdiyny ol DTMF Ilanavaneias 3
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imd :1: freq=|1l.22kHz #

feut . 08 ¥l o MPRI0bms. Lol ht 8

Y/Div: Timebase: TRACE
500mV 1.00ms m4.1l  =COPY(chl)

o J -
JUN 4.7 wamsanufuesdtyyim DTMF flananunenat 6

m4.1: freg= 1.06kHz

f\ : I ) h A
\é/\ I

-CHnlx .D...c...\l‘f [ IMT .L.Q ms.. 18 31 1.0t ¢t thi"

Y/Div: Timebase: TRACE
500mV 1.00ms m4.l1 =COPY (chl)

o " o
iU 48 wansavudedtyy e DTMF flananunaias 7
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m4.1: fregq=[1.5 Hz ]
m4. [ q .k )

U .
[ ]
. -CHJI 1 Ol.l :-1 M"{ 11 4 2 MT 3:1).‘0 mns., 118 113 hlﬂ‘
Y/D;v: Timebase: TRACE
500mVv 1.00ms m4.1 =COPY (chl)

o J 4
U7 49 uamapunaadyy s DTMF ianavuneiag 9
3. nmrdndtyanamnsarzedsdwituuiad dwenFumAtuganuoe
1 o*r -« A A
AananAniusdwiiuning Jeasldnanmmaseanugi 4.10 uaz

4.11 ANAIAL
2 e | codo

m4. _m4cjr.o p]‘n.pk— 681 mv
' 4.1: freq=110.0 Hz

-—

T

[CHL L. 0.5, V=

coad MTB, AQ0ms . o | b

Y - o o A
qUn 410 dygamuneasresmesdwiwuuwad anavanena 7
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L S T rr LI T Lo o e § Ty LI | T Ty T T 7 T VY

m4.1: pkpk=| 667mV ]
md . ‘m4-{: fﬁeq=;10. Hz. ]
¢ 1.
n LA T :
- LJ [Wd ]
/]
feH |, 0.5, ¥t | MTB A00ms. |, B
Y/Div: Timebase: TRACE
500mV 100ms mi.1  =COPY(chl)

J - o & A
f 411 dyanomsnsaaeesinsdwiuuuiad Wanauanenas 3
' P
4. VARBINAVINELAT 1, 6, 8 Taazlduanimnassraaanivymiizn Q1, Q2, Q3

o’ A o o’
uaz 04 A3 4.12, 413 LAz 4.14 mNAIAL

m4.¢///:

m4.

m4.

m4'

chl

CH1 j vj

CHD Vel

CH3 5 V= . STPP ]

CHA 1, 8. Vi |, CHP, MT L Q0 s e adian . ché

Y/Div: Timebase: TRACE

5.00 V 1.00 s chi .

5.00 V 1.00 s m4.1  =COPY(chil)

5.00 V 1.00 s m4.2  =COPY(ch2)

5.00 V 1.00 s mé.3  =COPY(ch3)
W 5.00 V 1.00-s m4.4 =COPY (ch4)

‘d e o . o
qun 4.2 dryeyrnsaniyming, Q, Q, Q, Q, 284 [C uaf MT8870 HanNANIELAY 1
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ml.

ml.

76

pa DU LS SV D N

]

4
[CHI 5 V= ) ]
d E
[CH2 5 V= ]
[CH3 5 V= STOP ]
(CHA L. .5, U=, CHP, MTRI.. b, 5. s chd ]
Y/Div: Timebase: TRACE
5.00 V 1.00 s ml.1  =COPY(chl)
5.00 V 1.00 s ml.2  =COPY(ch2)
5.00 V 1.00 s ml.3  =COPY(ch3)
5.Q0 v 1.00 s ml.4  =COPY(ch4)

S . )
gﬂﬁ 413 dygaseniuniin Q, Q, Q, Q, 783 IC Wef MT8870 WanAMINELAY b

m3.4///5

n3.

,m3.

m3.

3
4
[CH1 5 V= [
[CH2 5 VU=
[CH3 g V= STOP ]
{CHA ....‘L..V.rr CHP: MTBL. Q0 s o Bhd o8
Y/Div: Timebase: TRACE
5.00 V 1.00 s m3.1 =COPY (chl)
5.00 V 1.00 s m3.2 =COPY (ch2)
5.00 V 1.00 s m3.3 =COPY (ch3)
5.00 V 1.00 s m3.4 =COPY (ch4)

. p 4
;ﬂﬁ 414 dygausmiyninen Q Q, Q, Q, 183 IC wai MT8870 (HaNAMNNELAT 8



£y
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1 aneasgl 3.1 damsdndygynninansinsdwiundafan TIP ua Ring (21 1
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4.3 NSNAABEINARSIIAMNARDES ( Ring Detecter )

waza 2 ) 1aalugaladiuai MH 88632

im16 1:pkpk=| 3138mV ' B A

ml F ' 1

641 m16 l:f[eq_= 51.3 Hz 1

L. 13

[ l/’ ]

- ‘-‘—yu" V\V\""a \ r)}‘ k

- Y i

[ '\M‘: FM"\F‘” ]

]

et 0.1 Ml | MTBS. 0Oms. MaN. |, . bhod
Y/Div: Timebase: TRACE

100mVv 2.50ms mlé6.1 =COPY(chl)

° o o oY 4 .. [ [ o P 3
2 Ynnedanan RV (11 36 ) aouedsbilidtyayans Ringing dhanazlinansgl 4.16 Teaziiiu

o .
11N 416 dyeyrausnnanangdnwi

dnflszauaaindu high

m4.

m5.

L

T L i | TT T 7T

T T Y

TTrvT

Lt i

o D I

1 110

ms..

101t

L 18

IilllMT

A o’ ] 2 23
7UM 4.16 Aty rouanesalbilidnyygias Ringing 1
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[ o o 3 ar A < 1]
3 \fladtynya Ringing visn Fmsiadtyeyindin RV azlitadagl 4.17 Teaziudntisy

Auasaniu low

LI e LR TTTT Ll B § Ty L300 B S B (LB But B} ™y T T

ms. ]

It

L.t

et 5. V=l I o MTB AQ0OMS 1 1 chds

irl

PR pa) v
it 417 dynynosmnsifidtyn Ringing 11w

- CE ; - A ) i 3 - o A
AW idanT RV anansofiassadngnaimBuymaes CPU viia 8266 (ftamsaa

aauuazdaulunianall



[§
4.4 MEVARRINATENYINSANA
2 « § o ] T« v IJ
1 an2easlugyl 3.1 Gel¥ Ic Tugawed MH 88632 iarmssaansinsdwiiidanian TIP

o o’ IJ 2 o’
uaz RING vinmsdndiygnofian TIP waz RING 1auawyaslinansgyl 4.18

T T T =T T°T

Em17*1:pﬁpk= 327mv
1:f

ml741 | |

req=150. Hz

MENEN RPN
bt/ | L W \“w’@

»V V

fena . 0.1, 8~0. ., |, MTRS.0Oms MGN. ... . bh2#
Y/Div: Timebase: TRACE
100mv 5.00ms ml7.1 =COPY(chl)

;ﬂﬁ 418 Ayghasnasinsdnianeaniyinednn
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2 diefidtysyns Ring L‘J’J"\uma:d'\wms?ﬁmﬂL'il"\dwmfw%uwmﬁa‘lﬁ CPU mmadauuazszing
na \iln CPU yinmsmsagaudtyey s Ring Iignstaamulilsunsy  CPU azdaandn high Wuma
nainaimaas 8265 anwdndinn 16 (LRC ) 7atleiuns MH 88632 Wadtyynouihuisziuaain
(s high azsinliaeasneluasled MH 8632 dedtynyrnunaiin low aanunfian 13 sinliiad

K1 thnszuguazwindudan 2 Afeetian 3.4 uaz 66 Tangas inlianansoanytnsdmils vians

. ‘J § = g o
afuyrufinn TIP waz RING dlafimsunydintudsgy 4.19

TTTT T T T T T T T T ™ rrTrTTTTT TTTT =TT T T U

'm13 1 [ml3.1:p$pk= 214mv ]
ml34l:freq= 49.J Hz :

1

R

114y

.
+
.
i
2
I’
-
Y

Al a1

' el 0.l ¥~l. ., | MTBRS. Qbms MGN. [ ... . bkh2d
Y/Div: Timebase:  TRACE '
l1o0mv 5.00ms ml3.1 =COPY(chil)

o p -
U 409 dygasnnanainsdnvianeanynsdnig
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4.6 MsnaaaInIsdIndzsuasAmhifarasinsAn
c’ A o ] L .24 «
1 aneasplit 3.1 davnmaraateinsdwiidiua TIP uazan RING 199 IC wai MH88632 ua
o s A o’ . . 1 % , 4
wmmsFantsdwiidan da CPU meaduidtyqms Ringing A9n17 RV 989 IC MH88632 Wiada I
= Gl o lﬁ’ -] ar -
Fwad K1 vienu iwavinmssauiusdne
o o J J 4
2 imsindyayrneiian Tx (21 26) TuaaifinsyaessdadFan daannismasssliiny 0 dB

4oy y .
waz 3 dB T linazesdygroudeeandediFun Aagy 420 (0 dB ) waz gul 421 (3dB)

chi rchly  rms l67mv ml
chly freqg=| 648 Hz :

I
STOP 5

(CHLI. 0.1 ¥~ 0, .MTgusovus..L......ch2¥
Y/Div: Timebase: TRACE
100mVv 500us chi

1Uh 420 dygroueminnassnasaintiuarAthlaeedinadAni 11 Tx 189 IC MHE8632 %1 0 dB
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TTTT T T T T T T LENLI B A R A B ™7 T T T TT T T

m1l
11

B
p

-
Hh 'O
,-8
=
i
N
L
<

milal req=! 4859 Hz

N
fent . aomu=l. .. | MTR. 500ns. lo L. oh
Y/Div: Timebase: TRACE
500mV . 500us mll.1l- =COPY(chl)

A a* - L=} ar g - A
1U 421 dyryrananiynrecesrainmawarAllferasinedni a1 Tx 28 IC MH 88632 1 3 dB

o o v o 4. o
- 3 inmadadtynyroadensasdiaggnEaniion TP uaz RING Hazidinsnnnean Rx (26 ) uazaanani

A ar ¥ L 2 2 as A
11 TIP sz RING weasnldajSundan aanmmasesldinu Rx 0dB AegLlfl 4.22 uay 4.23
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m19 {1:pkpk=| 802mV ]

ml9yl mi19j1:freq=1 547 Hz :

AN AT

e L o .Mi ool MTRS5.00ms. MGN. |, ... nn:
Y/Div: Timebase: TRACE
io00mv 1.00ms ml9.1 =COPY(chl)

o v o o
U 422 &ynyroudenaesdgnien (TaRien TIP uaz RING 289 IC MH88632 ) 7 0 dB

_ll" T I T TI1r1vr1 UIV.IIIII
m2041:pkpk=| 763mV
m2011:freq=i 709 Hz

: / . ]
Y NENES
A

m2041

V\/ﬁ
T
fen 0ol o | MTRS . QOms. MGN. | . ... ch2 4
Y/Div: Timebase: TRACE
100mvV 500us m20.1 =COPY(chl)

A b= L o )
1UN 423 dyygroudenaadgnizun (497191 TIP uaz RING 184 IC MH88632 ) 7 0 dB



84

4.6 NMsVAARBINTAINLATMSEIYMIEANN laundiauss
¢:I A .l ] ) . 4 v & o ¢=I 4 2/
1 ameasgi 321 Waldinnaasia DRAM i cPU udafiasvinmstnaatlsunsamidenaivald

nagaumsas madied waznisfsteaslaundiausy inmaneinaynsuseaiasraniamed

Wsunsunagaunisany mMadaw waznistnsrlauniiausy

#include \mc\microc\1libsi\80S1io.h
#include \mc\microc\1libs51\80S5ireg.h

main ()

{

unsigned int i;
char *dram, ch;

dram = (char *)0x0010;
Pl = 0x00;
for(i=0;i<26;i++)

*dram = 0x41 + i;

4 printf ("\naddress dram :0x%x = %c ",dram, *dram) ;
ram++;

ch = getch();

while (1)

dram = (char *)0x0010;
for(imo;i<26;i++)

. printf ("\naddress dram :0x%x = %c ",dram, *dram) ;
© dram++;

¢ ch = getch{();
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1 < o o & a0 [}
2 davmsiullsunsuudanglfi cpu awnsansuiivieyafidauas hifudaiumissine e

' o Wy
WU 14

b o A
nmaiudeyalilulauniausuiueansa 300

Pleased send Hex file

HEX FILE TRANSFER READY
ready
Pleased press g to run

address dram :0x300 = A
address dram :0x301 = B
address dram :0x302 = C
address dram :0x303 = D
address dram :0x304 = E
address dram :0x305 = F
address dram :0x306 = G
address dram :0x307 = H
address dram :0x308 = I
address dram :0x309 = J
address dram :0x30A = K
. address dram :0x30B = I,
address dram :0x30C = M
address dram :0x30D =

address dram :0x30E = O
address dram :0x30F = P
address dram :0x310 = Q
address dram :0x311 = R
address dram :0x312 = S
address dram :0x313 = T
address dram :0x314 = U
address dram :0x315 = _
address dram :0x316 = W
address dram :0x317 = X
address dram :0x318 = Y

adcdress dram :0x319
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< = A
nafivdayalilulmuniiausunueanss 10

address dram :0x10
address dram :0x11
address dram :0x12
+ address dram :0x13
address dram :0x14
address dram :0x15
address dram :0x16
address dram :0x17
address dram :0x18
address dram :0x19
address dram :0x1A
address dram :0x1B
address dram :0x1C
address dram :0x1D
address dram :0x1E
‘address dram :0x1F
address dram :0x20
address dram :0x21
address dram :0x22
address dram :0x23
' address dram :0x24
| address dram :0x25
address dram :0x26
. address dram :0x27
address dram :0x28
! address dram :0x29

Nr<:><2<2C1'—]UJFUD'UOZZL“?§C|HSL‘C)'UF]UQUJ:V

mowonnono

nowowonon

(U |

nonoun

non



87

1 =3 o ' A o H 1 H o o 1 L
3 uarlunasiasnfiaginmsaudeyaiiivlilusiumisineaeaniaauitdinaandumsn
&4 ] < . o 1
ieaenaseugiludauseindirsieye  aunsafissimdsrdeyaliligumeld eaon

1 ‘J r { o’ § 1 < ar ]
nmmnaesaziividayaidnnaumnidisnaindufidindiaugniases

1 1 o A
ﬂ’]?ﬂ’]ﬂ‘ffﬂlﬂﬂ'ﬂ’m“w)ﬂ AHIMILEALATA 300

address dram :0x300
address dram :0x301
address dram :0x302
address dram :0x303
address dram :0x304
address dram :0x305
address dram :0x306
address dram :0x307
address dram :0x308
address dram :0x3089
address dram :0xX30A
address dram :0x30B
address dram :0x30C
address dram :0x30D
address dram :0x30E
address dram :0x30F
address dram :0x310
address dram :0x311
address dram :0x312
address dram :0x313
address dram :0x314
address dram :0x315
address dram :0x316
address dram :0x317
address dram :0x318
address dram :0x318

o

A N TS { I I 1}

Hounn

[} I I

U TE I |

NKMNEAHNWO »Os 0 RGHITQEMETU QWP
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1 1 i ‘J
mﬁ‘mw}fmdamnumﬂmﬁmqmmmmm 10

address dram :0x10
address dram :0x11
address dram :0x12
address dram :0x13
address dram :0x14
address dram :0x15
address dram :0x16
address dram :0x17
address dram :0x18
address dram :0x19
address dram :0x1A
address dram :0X1B
address dram :0x1C
address dram :0x1D
address dram :0x1E
address dram :0x1F
address dram :0x20
address dram :0x21
address dram :0x22
address dram :0x23
address dram :0x24
address dram :0x25
address dram :0x26
address dram :0x27
address dram :0x28
address dram :0x29

N ETSOHNOON OZRTRGHIQOMEO QU P

Bonononowmomonomoon o
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4.7 maneaamasiladygrnezraemiludgygruinnes
a c‘ o -J d 1_ e =l
1 ameasli 36 Fafhuneaswlasdyanaeswaendudiyyrufineanidanstaiu CPU Tani
Auwn (Vin+ ) 116, Vief2 919, Vin- 117
4 o , 4 . o o <
2 dteviamstleu Vin (+) Sadudyonilnd aegil 415 dann 6 wazvinnnsinaalsunsuuasiu
¢§' = di o < p ) A
MdoUHeaNAGaLNMINNIUBEINAT Axiiulidnan Dats Output 2893 suLlRedTyuazUnaan
oo J 1] -« o ] o J ar
dudtygruRanaadeainnmmanesliradhgwaimauymaes 8266 wali CPU vinnnsdaAndayan
J [y -~ * A 1
nanaannIwaimeiymaes 8266 Tudaauana LED axififaasiayaulasunlacluniunnsgudd
ta3asudaedtyyraazunsandudygynnnnes
o ar & [ Y < [ X ] Y o
3 \fiasanmsuananaaanne LED axiufinuammaaasldtnn aslavinmssaddayamaaniyn
183 AD TthdgBunnaasnaas DA wazineinAEYIUBTINABNNIIAMUAMYNTBIAT D/A

d oo o . v 1d
FAUFenlnazunTULATHANTNARBIAIGLIN  4.24 uaL 4.25

analog i/p AD R D/A digital o/p

CPU

WsUnNTUNALBUNITNINLBINAT AD

ffinclude \mc\microc\1lib51\8051io.h
#idefine POI 0x7800

fidefine P1I 0x7801

fidefine P20 0x7802

#idefine PC 0x7803

#define INI 0x92

main{void)

poke (PC, INI) ;
read_p();

?ead_p()
' int var;
| while( (peek(P1lI) & 0x01) = 0) .
var = peek(P0I);
printf ("PORT 0 data : %d\n",var);
poke (P20, var) ;
delayS51{(}; :

)
read _p():

delay5i ()
( {

int i,3;
for{i=0;1<=100;i++)
for(j=0;j<=120;:j++) ;
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m4.1: pkpk= 4.9% \%
4.1: freg=l---- Hz

tfera oo m=1 o | MTh S0 hs el Bhos
Y/Div: Timebase: TRACE
2.00 V 500ms m4é.1  =COPY(chl)

gﬂﬁ 424 fyyrouaMynzednnas AD

mé.1: pkpk= 5.03 v

Az fyeqg=! 233mHZ

tera o2,y L Tk sebmsa L] ko

\
Y/Div: Timebase: TRACE
2.00 V 1.00 s mé6.1 =COPY (chl)

gﬂﬁ 4.25  frynnuaninynaednss AD
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mS .
m5_.

s rms ={7.00 V
freqg=150. Hz

e L 1 0mi~

o MRS 0ms. Ly L bho s
Y/Div: Timebase: TRACE
5.00 V 5.00ms m5.2  =COPY (ch2)

gﬂ'?'\ 4.26 ryeyrouBum
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unil 5
unisaiuazunasy
5.1 dsluanimaass
5.1.1 asduanimmassenisulasdyyrudaneaudtugrasunaen
aeanasasililummaasa salimnenludnuusidasdtygyruianea auwn iy
Atyry1nuezUNIRBNBWIWNYIR ( Flow Throuh ) ﬁlwztﬁwhLm'ﬁvg'nﬁﬁnumztﬂu?:ﬁumtt?qofusi'w]ﬁ
Lﬂh"uuuﬂaqmm?:ﬁuﬁ’rytyﬁmﬁﬁmﬂaﬁuvm
5.1.2 aguansmaassnansia DIMF
mnm?wmaﬂw:Lﬁwh?::o‘fué’tytyﬁmtmv?vmﬁ"lﬁtﬂué’:ytmmﬁ%m'aa-nmm 4 Iin Fafldmsenny
Ayoyrou DTMF ﬁuvm?{ﬁhm ttazﬁé’num:ﬁ:qnﬁmmmmquwﬁ
5.1.3 atluanimaasinsasiamamas
rmwmafa\:'lumm‘i'lﬂuqﬂ‘lﬁma'f MH88632 NMNN3ATIAABLATY YN ringing Falumsmaana
azuA AN TR Ay 0B el ifdygnnie Tnefitiunaresrnuuanssatnegn
1A vinli CPU anunsanmaaaudetingnsia
5.1.4 asunanmmaaeasenyinsdnwy
e CPU mseaeudynh i dGeutenuda Aenudgdtyuaedngs T lfdrureansas
anyMsdw Taadatugunsaimevanifisadniesianmasay saslumatinels
6.1.5 ﬂqﬂuam?wmamowmﬁmﬁqttﬁxﬁuﬂﬁvmﬂﬁmﬁwﬁ
ms‘wmam'lumﬂfﬁ*’ﬂuqﬂ‘lﬂﬁmm‘ MH88632 iflaviwiinudn 2 atihadie nasineadhinas
ladaslanldinsldudaulas uaznisfuduwnauiuawilimanzaniuanainsdwy ludauzes
29aslauFadniednu Tx uaz Rx ansavinnasdununistenssesduniuraduacaantd
5.1.6 asuanimaasenisauuaznndsumizsanuan laundadusy
anmananadlfldlauniadusuaing 32 On wselidulaunfiadusuauin 8 On el
aniiu CPU. Taefilaunfiadusuiacfasiimsdisaiie i liayagonaagnaeana feazdedlidn
N9 16.625 uS %amwmnﬂiwmaﬂmzLﬁudﬁ'il'ﬂ:ﬂamm?n?‘;q:qnLﬁu‘l’ﬂuuﬁoﬂﬂmuf-i'ma:ﬂ'ﬂui'ﬂ:ﬂa
ndanlfidanantinly
6.1.7 agduanimmaasanisulasdyyrussunaantiudtyqiunanas
'lumﬁ‘uﬂmﬁ'curmmmna:maanLﬂu'é’tytyﬂmﬁﬁmfaﬂﬁ‘lo’iﬁm?fafanuuuW.ﬁﬁﬁmuﬁ"'mﬁ'u CPU
e msduandtyannifidnamiedumm %ﬁf-ﬂﬂuama"nmamq:vﬁua’ﬂtm-ﬁww?i‘lﬁtﬁmmnm?dwh
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5.2 uniansnl
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Wi FauananamnuaaiATasa LU Anyiamn s

Start

h 4

Ring Checking

No

Ring=5

Off Hook

Check DTMF

No Yes

J DTMF=0%9

Answer
Read Data

No

Recording — On Hook

Yes




Wiminuananisnmagaudtyyrns DTMF

Start

\ 4

DTMF,STD
Y=0

»

<

) 4
/ Input STD

’ No
Input DTMF wait Ssec
Yes
N

o]
Yes
y
No Answer
DTMF=8
YES I
, END )
Yes "
Y=Y+1
No
. 4y
Input STD R Read Data

No




Wimfauananismmaaaudynnnia

Start

Ring A=O

<

Input Ring

A=AH

Yes

A=S

Off Hook

> L.

Input Ring

Ring="1"




/* A/D ,D/A & DRAM test program */

#include \temp\microc\ib51\8051i0.h
#include temp\microc\lib51\8051reg.h

#deﬁn? POl (*(char*)0xe000)
#define P1l (*(char*)0xe001)
#define P20 (*(char*)0xe002)
#define PC (*(char*)0xe003)
#define INI 0x92

main(void)

{

PC=INI;
if((peek(P1l) & 0x01) !=0)

read_p();
)
read_p()
{

inti;

char *dram,ch;
dram = (char*)0x0010;
P1=0;
for(i=0;i<1000;i++)
{
*dram = PO;

dram++;

) |
while(1)
{
dram = (char*)0x0010;
for(i=0;i<1000;i++)

{

printf("dram data : 0x%Xx = %x\n",dram,*dram),

P20 = *dram;

dram++;

}
ch=getch();



MH88632

.
.

Preliminary Information

TIP 1 N2 21
RING 2 2900 22
XLA 3 2 2 - !
XLB 4 22 24
XLC 5 TX 25
XLD 6 AX 26 ]
_Ic 7 GTX0 27
GRD 8 GTX1 28 -
IC 9 GRX0 29 .
IC 10 GRX1 30
AGNOD 11 IC 31
VALY 12 2600 32
LD 13 NS 33
BRO 14 16 34
LRC 15 RL 35
BRC 16 Av 36
GAC 17 T 37
AGND 18 RG 38
NATT 19 VEE 39
N1 ng____ vOO 40

Pin Description

Flgure 2 - Pln Conneclions

Pin # Name Description
1 TiP Tip Lead. Connecls to the “Tip" or “Ring" lead of Central Office.
RING | Ring Lead. Connecls to the "Ring” or "Tip" lead of the Central Oltfnce.
XLA |Loop Relay Conlact A, Connecls to XL8 through the loop relay (K1) contacts when the
relay is activaled. Activates internal aclive lermination circuilry.

4 XLB |Loop Relay Contact B. See XLA for description. b

5 XLC L'oop Relay Contact C. Connects to XLD through the loop relay (K1) conlacts when the
relay is activated. Activates inlernal active termination circuilry.

6 XLD |Loop Relay Contact D. See XLC for description

7 IC Internal Connection.This pin is internally connected and must be lelt open.

8 GRD | Ground Relay Lead Relay Drive {Output). Connects to the Grouf\d Ring Lead Relay Coil,
used for Ground Start applications. A logic low aclivates the relay;jAn internal clamp diode
from VRLY to GND is provided.

9 IC internal Connection. This pin Is Internally connected and must ba telt open.

10 IC Internal Connection. This pin is internally connected and must be lelt open.

k! RGND |[Relay Ground. Return path lor relay supply voitage.

12 VRLY |Relay Positlve Supply Voltage. Normally +5V. Connects o the relay coil and the relay
supply voilage '

13 LRD |Loop Relay Drive {Output). Connects lo the Bias Relay coil. A logic low actlivates the
relay. An internal clamp diode from VRLY to LRD is provided.

14 BRD Blas Relay Drive (Output). Connects to the Bias Relay coil, used for Ground start
applications only. A logic low activates the relay. An internal clamp diode from VRLY to BRD
is provided.

15 LRC |Loop Relay Control (input). A logic high aclivates the Loop Relay Dnve output (LRD). The
Loop Relay aclivales internal circuilry which provides a OC termination across Tip and
Ring. Used for line seizure and dial pulsing.
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Pin Description {Continued)

Pin# Name Description

16 BRC | Blas Relay Control (Input). A logic high activales the Loop Relay Drive output (BRD),
used for Ground start applications only. This input should be connecled to logic high when
not used.

17 GRGC | Ground Ring Lead Relay Controt (Input). A logic low activates the Ground Ring Lead
Relay Drive output (GRD), used for Ground Start applications only. This Input should be
connected to logic high when not used.

18 AGND | Analog Ground. 4-Wire ground. Normally connected to System Ground.

19 NATT Nétwork Balance AT+T Node. Connects to N1 for a network balance impedance of AT&T
compromise (3500 + 1kQ2 // 210nF); lhe device's input impedance must be set to 600K.
This node is active only when NS is at logic high. This node should be left open circuit when
not used. )

20 N1 Network Balance Node 1 (Input). 0.1 times the impedance baetween pins N1 and N2 musl
match the device's input impedance, while 0.1 times the impedance belween pins N1 and
AGND is the device's network balance impedance. This node is active only when NS is al
logic high. This node may be terminated when not used (i.e., NS at logic low).

21 N2 Network Balance Node 2 (Output). See N1 for description.

22 Z900 {Line Impedance 9002 Node. Connects to Z1 for a line impedance of 900Q. This node
should be left open circuil when nol used. -

23 Z1 Line Impedance Node 1 (Input). 0.1 times the times the impedance belween pins 21 and

) Z2'is the device's line impedance. This node must always be connected.

24 Z2 .|Line Impedance Node 2 (Qutput). 0.1 limes the times the impedance between pins Z1
and Z2 is the device's line impedance. This node should be left open circuil when nol used.

25 X Transmit {oulput). 4-Wire ground (AGND) relerenced audio oulput.

26 "RX | Recelve {Input). 4-Wire ground (AGND) referenced audio input.

27 GTX0 Transmi Galn Node 0. Connects to GTX1 for 0dB transmit gain.

28 GTX1 |Transmit Galn Node 1. Connects lo a resistor to AGND for transmit gain adjustment.

29 GRX0 |Recelve Galn Node 0. Connecls to GRX1 for 0dB gain. ’

30 GRX1 |Recalve Galn Node 1. Connects lo a resistor lo AGND for receive gain adjustment.

31 IC internal Connectlon. This pin is intgrnally connected and must be left open.

32 Z600 |Llne Impedance 6000 Node (OQutput). Connects to Z1 for aline impedance of 600Q2. This
pin.should be feft open circuil when not used.

a3 NS Nefwork Balance Setting (Input) The logic level at NS selecls-the network balance
impedance. A logic 0 enables an internal balance equivalent to the input Impedance (Zin).
While a logic 1 enables an exlernal balance 0.1 times the impedance between pins N1 and
AGND balanced to 0.1 limes the impedance between pins N1 and N2. The impedance
between N1 and N2 must be equivalent to 10 times the input impedance (Zin).

34 TG Tip Lead Ground Detect {Quiput). A logic low output indicates that the Tip lead is al
ground (AGND) potential.

35 AL Ring Loop Detect (Output). In he on-hook stale, a logic low output indicates that reverse
loop baltery is present. In the olf-hook state, a logic low outpul indicates that reverse loop
currenl is present. Reverse loop refers to the Tip lead negative with respect lo the Ring
lead. v ) :

~1

36 RV Ring Voltage Detect (Output).‘A logic on;{indicales thal ringing voltage is across the Tip
and Ring leads. Nole that this omés at the ringing cadence and nqt al the ringing
frequency. L

37 FL Forward Loop Detect (Output). In the on hook state, a logic low outpul indicates thal
| torward loop batlery is present. In the ol-hook state, a logic low oulput indicates that

forward loop current is present. Forward loop refers to the Ring Lead negalive with respect
10 the Tip lead. '

3s- ARG | RIng Lead Ground Detect (Output). A logic low indicates thal the Ring lead is at ground
.| (AGND) potential. :

39 _VEE Negatlve Supply Voitage. -5V dc. 18

40 VDD | Positive Supply Voltage. +5V dc.
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-MT8D132(S), MT16D232(S)

2 MEG x 32 DRAM MODULE

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5,6, 7, 10, 11, 16) (Vcc = +5V £10%)

AC CHARACTERISTICS -§ -7
PARAMETER SYM MiIN MAX MIN MAX YUNITS NOTES
Accass time from column-address 1AA 30 35 ns
Column-address hold tme (referenced to RAS) AR 45 50 ns
Column-address setup time IASC 0 0 ns
Row-address setup time '‘ASR 0 0 ns
Access time from CAS ICAC 15 20 ns 9
Column-address hold time ‘CAH 10 15 ns
CAS pulse vadth 'CAS 15 10,000 20 10,000 ns
RATS LOW to “don't care” during SELF REFRESH cycle 'CHD 10 10 ns 27
CAS hold ime (CBR REFRESH) ‘CHR 10 10 ns 19
CAS to output In Low-Z cLZ 0 0 ns
TAS precharge time 'cp 10 10 ns 18
Access time from CAS precharge ICPA 35 40 ns
CAS lo RAS precharge time ‘CRP 10 10 ns
CAS hold ume 'CSH 60 70 ns
CAS setup time (CBR REFRESH) 'CSR 10 10 ns 19
Write command o CAS lead time ‘cwL 15 20 ns
Data-in hold tims . 'OH 10 15 ns 15
Data-in hold time (referenced to RAS) 'DHR 45 55 ns
Data-in selup time DS 0 0 ns 15
Output butfer turn-off delay 'OFF 3 15 3 20 ns 12,25
FAST-PAGE-MQODE READ or WRITE cycle time ‘PC 35 40 ns
FAST-PAGE-MODE READ-WRITE cycle time tPRWC n/a n/a ns 21
Access time from RAS 'RAC 60 70 ns 8
RAS to column-address delay time 'RAD 15 30 15 35 ns 23
Row-address hold time 'RAH 10 10 ns
Column-address to RAS lead time RAL 30 35 ns
| BAS pulse widlh RAS 60 10,000 70 10,000 ns
"RAS pulse widih (FAST PAGE MODE) 'RASP 60 | 100,000| 70 |100.000] ns
RAS pulse width duning SELF REFRESH cycle 'RASS 100 100 ms 27
Random READ or WRITE cycle time ‘RC 110 130 ns
BAS to CAS delay time 'RCD 20 45 20 50 ns 13
Read command hold time (referenced to CAS) 'RCH 0 0 ns 14
Read command setup time 'RCS 0 0 ns
Relresh period (1,024 cycles) 'REF 16 16 ms
Refresh period (1,024 cycles) S version 'REF 128 128 ms
BAS precharge tme 'RP 40 50 ns
RAS to CAS precharge time 'RPC 0 "} ns
"RAS precharge lime during SELF REFRESH cycle 'RPS 110 130 ns 27
Read command hold time 'RRH 0 0 ns 14
| RAS hold time 'RSH 15 20 ns
READ WRITE cycle time ‘RWC n/a nfa ns 21
Wrile command to RAS lead time 'RWL 15 20 ns
Transition time (rise or fall) T 3 50 3 50 ns
Write command hold time WCH 10 15 ns
Write command hold time (referenced to RAS) 'WCR 45 55 ns
WE command setup time ‘WwCs 0 0 ns
Write command pulse width ‘WP 10 15 ns
WE hold time (CBR REFRESH) 'WRH 10 10 ns 28
WE setup time (CBR REFRESH) WRP 10 10 ns 28
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc Supply Relative to Vss ..., -1V to +7V
Operating Temperature, T, (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) .................... -55°C to +125°C
Power Dissipation ....uinimisienececessecssssnssnnanines 8w
Short Circuit OQutput CULTENt wureresereeenssenioniesens S0mA

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-'
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reli?bility.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

“(Notes: 1, 3, 8) (Vcc = +5V £10%)

PARAMETER/CONDITION

SYMBOL | MIN MAX | UNITS | NOTES
Supply Voitage Vee 4.5 5.5 \']
Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vec+d \'
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 \'
INPUT LEAKAGE CURRENT CAS0-CAS3 1}] -8 8 HA
Any Input OV S ViN € 6.5V A0-AS, WE hi2 -32 32 HA 29
(All other pins not under test = OV) for each package input | RASO-RAGA I3 -8 8 pA 29
OUTPUT LEAKAGE CURRENT DQ1-DQ32 loz -20 20 pA 29
(Q Is disabled; OV < Vour < 5.5V) for each package input
OUTPUTLEVELS VoH 24 \Y
Oulpul High Voltage (lout = -5mA)
{_Output Low Vollage (lout = 4.2mA) VoL 0.4 \
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1, 8, ) (Vcc = +5V +10%)

MAX
PARAMETER/CONDITION SYMBOL| SIZE -6 -7 [UNITS| NOTES
STANDBY CURRENT: (TTL) lect | aMB 16 16 mA
(RAS = TAS = Vi) 8MB [ 32 32
STANDBY CURRENT: (CMOS) lcc2 | 4MB 8 | 8 mA
(RAS = CAS = Other Inputs = Ve -0.2V) 8MB 16 16

lcc2 4MB 1.6 1.6 mA
(Sonly)| smB 3.2 3.2

OPERATING CURRENT: Random READ/WRITE
Average power supply current lcea
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

OPERATING CURRENT: FAST PAGE MODE
Average power supply current . lcca
(RAS = vy, TAS, Address Cycling: 'PC = 'PC [MIN])

REFRESH CURRENT: RAS ONLY

4MB 880 800 mA | 2,22,
amB 896 816 26

4MB 640 |- 560 mA | 2,22,
8MB 656 576 26

4MB | 880 800

Average power supply current lees mA | 22, 26
(RAS Cycling, CAS = Vin: 'RC = RC [MIN]) 8MB | 896 | 816
REFRESH CURRENT: CBR
Average power supply current lcce gmg ggg g?g mA | 18,22
(RAS, CAS, Address Cycling: 'RC = tRC [MIN))
REFRESH CURRENT:; Extended (S version only)
Average power supply current ~lecz | 4MB 2 2 mA | 19,22
CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN); WE = Vee <0.2V; | (Sonly)| smB 3.6 3.6 24
AQ-A9 and Din = Ve -0.2V or 0.2V {DIN may be Jeft open);
'RC = 125us (1,024 rows at 125ps = 128ms)
REFRESH CURRENT: SELF (S version only)
Average power supply current during SELF REFRESH lccs 4MB 2 2 mA | 19,27
CBR cycling with RAS 2 'RASS (MIN) and CAS held LOW; {Sonly)| smB 3.6 3.6
WE = Vce -0.2V; A0-A9 and Div = Ve -0.2V or 0.2v
L(DIN may be left open)
CAPACITANCE MAK
PARAMETER SYMBOL | 4MB 8MB | UNITS | NOTES
Input Capacitance: A0-AQ Cn 48 95 pF 17
Input Capacitance: WE Ci2 64 | 127 pF 17
input Capacitance: RASO-RAS3 Cu 32 | 32 pF 17
Input Capacitance: CAS0-CAS3 Cis 16 32 pF 17
Input/Output Capacitance: DQ1-DQ32 ’ Cio 10 18 pF 17
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4,5, 6,7, 10, 11, 16) (Vcc = +5V £10%)

AC CHARACTERISTICS

-6 -7
PARAMETER . SYM MIN MAX MIN MAX UNITS NOTES
Access ime from column-address 'AA 30 35 ns
Column-address hold time (referenced to RAS) ‘AR 45 50 , ns
Column-address setup ime 1ASC 0 0 ! ns
Row-address setup time 'ASR 0 0 N ns
Access time from CAS ICAC 15 20 ns 9
Column-address hold time 'CAH 10 15 ns
CAS pulse width ICAS 15 10,000 20 10,000 ns
Lm LOW 1o “don't care” during SELF REFRESH cycle 'CHD 10 10 ns 27
CAS hold time (CBR REFRESH) 'CHR 10 10 ns 19
[ CAS to output in Low-Z 'CLz 0 0 ns
| CAS precharge ime 'cp 10 10 ns 18
Access ime from CAS precharge 'CPA 35 40 ns
CAS to HAS precharge time 'CRP 10 10 ns
CAS hold time ICSH 60 70 ns
setup time (CBR REFRESH) 'CSR 10 10 ns 19
Write command to CAS lead time iCWL 15 20 ns
Data-in hold time 'OH 10 15 ns 15
Data-in hold lime (referenced to RAS) 'DHR 45 55 ns
Data-in setup time DS 0 0 ns 15
Output buffer turn-off delay 'OFF 3 15 3 20 ns 12,25
FAST-PAGE-MODE READ or WRITE cycle time, 'PC 35 40 ns
FAST-PAGE-MODE READ-WRITE cycle time 'PRWC n/a n/a ns 21
Access time from HAS 'RAC 60 70 ns 8
molumn-address delay time 'RAD 15 30 15 35 ns 23
Row-address hold time 'RAH 10 10 ns
Column-address to RAS lead time ‘RAL 30 as ns
RAS pulse widlh 'RAS 60 10,000 70 10,000 ns
RAS pulse width (FAST PAGE MODE) 'RASP 60 100,000 70 100,000 ns
| RAS pulse widih dunng SELF REFRESH cycle 'RASS 100 100 ms 27
| _Random READ or WRITE cycle time 'RC 110 130 ns
RAS to CAS delay time 'RCD 20 45 20 50 ns 13
Read command hold time (referenced to CAS) 'RCH 0 0 ns 14
Read command setup time 'RCS 0 0 . ns
Reiresh pertod (1,024 cycles) 'REF 16 16 ms
Refresh period (1,024 cycies) S version REF 128 128 ms
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vcc = +5V £10%)

AC CHARACTERISTICS -6 -7
PABAMETER SYM MIN MAX MIN MAX UNITS NOTES
pracharge time 'RP 40 50 ns
AAS to CAS precharge time ‘RPC 0 0 ns
[ FAS precharge time during SELF REFRESH cycle TRPS 110 130 ns 27
Read command holq time 'RRH 0 0 ns 14
| RAS hold time ‘RSH 15 20 ns
READ WRITE cycle time 'RWGC n/a n/a ns 21
Write command to RAS lead time ‘RWL 15 20 ns
Transition time (rise or fall) T 3 50 3 50 ns
Write command hold time ‘WCH 10 15 ns
Write command hold time (referenced to RAS) 'WCR 45 55 ns
WE command setup time WCSs 0 0 ns
Wrile command pulse widlh Y 'wp 10 15 ns
["WE hold lime (CBR REFRESH) "WRH 10 10 ns 28
[ “WE setup ime (CBR REFRESH) WRP 10 10 ns 28
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NOTES

1. Allvoltages referenced to Vss.

2. lccis dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

3. Aninitial pause of 100ys is required after power-up

followed by eight RAS refresh cycles (RAS ONLY or

CBR with WE HIGH) before proper device operation

is assured. The eight RAS cycle wake-ups should be

repeated any time the 'REF refresh requirement is
exceeded.

AC characteristics assume 'T = 5ns,

Vui (MIN) and Vit (MAX) are reference levels for

measuring timing of input signals. Transition times

are measured between ViH and Vi

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C £ T, £70°C) is assured.

7. Measured with a load equivalent to two TTL gates
and 100pF.

8. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that ‘RCD
exceeds the value shown.

9. Assumes that 'RCD 2 'RCD (MAX).

10. I{E/TS_= VIH, data output is Figh-Z.

v

11. If CAS = Vi, data output may contain data from the -

last valid READ cycle.

12.'OFF (MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or Vou.

13. Operation within the 'RCD (MAX) limit ensures that
'RAC (MAX) can be met 'RCD (MAX) is specified as a
reference point only; 1f 'RCD is greater than the
specified 'RCD (MAX) limit, then access time is
controlled exclusively by '\CAC.

14. Esther 'RCH or 'RRH must be satisfied for a READ
cycle. ‘

15. T}l,1ese parameters are referenced to CAS leading edge
in EARLY WRITE cycles.

16. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
Vn. (or between Vi and ViH) in a monotonic manner.

17. This parameter is sampled. Capacitance is measured
using MIL-STD-883C, Method 3012.1 (1 MHz AC,
Vece =5V, DC bias = 2.4V at 15mV RMS),

18.1f CAS is LOW at the falling edge of RAS, data-out
(Q) will be maintained from the previous cycle. To .
initiate a new cycle and clear the data-out buffer, CAS
must be pulsed HIGH for '‘CP.

19. On-chip refresh and address counters arq enabled.

20. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW.

21. LATE WRITE, READ WRITE or READ-MODIFY-
WRITE cycles are not available due to OF being
grounded on U1-U8yU16.

22.Icc is dependent on cycle rates.

23. Operation within the 'RAD (MAX) limnit ensures that
'RCD (MAX) can be met. 'RAD (MAX) is specified as a
reference point only; if tRAD is greater than the
speafied 'RAD (MAX) limit, then access time is
controlled exclusively by tAA.

24, Applies to S version only.

25. The 3ns minimum is a parameter guaranteed by
design.

26. Column-address changed once each cycle.

27. Refresh must be completed within the time of three
external refresh rate periods prior fo active use of the
DRAM (provided distributed CBR REFRESH is used
when in the active mode). Alternatively, a complete
set of row refreshes must be ékecuted when exiting
SELF REFRESH prior to active use of the DRAM if
anything other than distributed CBR REFRESH is
used in tht active mode.

28.'WTS and 'WTH are setup-and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of 'WRP and "WRH in the
CBR REFRESH cycle.

29. 4MB module values will be half of those shown.
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ADCO0801/ADC0802/ADG0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADCO0802, ADCO0803, ADC0804 and
ADCO0805 are CMOS 8-bil successive approximation A/D
converters, that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSCB00 and INS8080A

- derivative conlrol bus with TRI-STATE® oulput latches di-

rectlydriving the data hus, These A/Ds appear like memory
locations or 1/0 ports o the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offselting the analog zero Input
voltage value. In addition, the voltage reference Input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution,

m Differential analog voltage inputs

u Logic inputs and outputs meet both MOS and TTL volt-
age level spacifications

® Works with 2.5V (LM336) voltage reference

m On-chip clock generator i

™ 0V lo 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operales ratiomelrically or with 5 Vpg, 2.5 Vpe. or ana-

log span adjusted voltage reference

key Specifications

Features x Resolution 8 bits
w Compalible with 8080 P derivalives—no interfacing ¥ Total error +%LSB, £V, LSB and £1158
logic needed - access time - 135 ns ® Conversion time 100 ps
® Easy inlerface to all microprocessors, or operates
“*stand alone"
Typical Applications
3y
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< LA YV fl SPAN ADJ JL
-« 1 VRES O SESEETION T =
< ] A
+ 030 0 GNO '
VJ ;;7 TLIH/5671-1
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
+9 Full- _
Part Scale VREr/2=2.500 Vpc | VRer/2=No Connection
N No Adjustment
. K —————. Number Adjusted (No Adjustments) (No Adjustments)
L) e " ADC0801 | + 1/, LS8 5
e,
v (04— (TR ADC0802 £, 198
: ADC0803| £, LS8
DATA
! ADC0804 +1LS8
ADCO0805 +11LSB
TUL/HISET1-IN




Absolute Maximum Ratings (Notes 12 2)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales

Storage Temperalure Range —65'Cto +150'C

Package Dissipation at Tp = 25°C 875 mw
Office/Dlistributors for avallabllity and specifications. ESD Suscepibility (Note 10) 800V
Supply Voltage (Vec) (Note 3) 6.5V
Voltage 3 ]
Logic Control Inputs —=0.3Vio + 18V T_Oper?t l’;g Ratings (Notes 1 &12_) Tas<T
At Other Input and Outputs -0.3Vto (Vg +0.3V) emperaiure Range . TMINSTAS MAX
Lead Temp. (Soldering, 10 seconds) ADC0801/02LJ =55 C.:‘TA‘ + 125_C
Dual-In-Line Package (plastic) 260°C ﬁggggg: ;O:/ gg/ 04 Lg‘r{l - 40'55?‘ s+ es.g
Dual-In-Line Package (ceramic) 300°C ADGOB0A L(C):l\: /05L —48‘C§TA§ I 33-0
A
S”\'/‘:‘::r "F','ﬁ:;‘; ':s?';:ggn o) 2157 ADC0802/03/04LCV 0°C<Ta< +70°C
Intrared (15 seconds) 220°C ADC0802/03/04LCWM 0°'CsSTaAsS +70°C

Electrical Characteristics
The following specifications apply for Vee=5 Voo, TMINSTaS Tyax and fcLk = 640 kHz unless otherwise ‘specified.

Range of Vg

4.5Vpc106.3 Vpe

!

Parameter

Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 41 LSB
(Soe Section 2.5.2) Va
ADC0802: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpo + LS8
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adij. Y LSB
(See Section 2.5.2) -
ADCO0804: Total Unadjusted Error (Note 8) VREF/2=2.500 Vo 1 LSB
ADCO080S: Total Unadjusted Error (Note 8) VRrer/2-No Connectlon LSB
Vrer/2 Input Resislance (Pin 9) ADC0801/02/03/05 2.5 8.0 kn
ADC0804 (Note 9) 0.75 1.1 kN
Analog Input Voltage Range (Note 4) V(+) or V() Gnd-0.05 Veg+0.05 Voc
DC Common-Mode Error Over Analog Input Vollage +Ye E A LS8
Range
Power Supply Sensitivity Vee=5Vpe £ 10% Over * e Y, LSB
Allowed Vin(+) and Viy(~)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Veg=5 Voc and To=25°C unless otherwise specilied.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time fcLk =640 kHz (Nole 6) 103 114 us
Tc Conversion Time (Note 5, 6) 66 e 73 1/lcLk
foLk Clock Frequency Vee=5VY, (Note 5) 100 640 | 1480 kHz
Clock Duty Cycle (Note 5) 40 60 %
cA Conversion Rate in Free-Running INTR tied to WH with 8770 9708 conv/s
Modae €8 =0 Vpg, oLk = 640 kHz
R Width of WR Input (Start Pulse Width) TS =0 Vpg (Note 7) 100 ns
tace Accaess Time (Delay from Falling CL=100pF 135 200 ns
Edge of RD 1o Output Data Valid)
t4H, toH TRISTATE Control (Delay CL=10pF, R =10k 125 200 ns
) from Rising Edge of RD to (See TRI-STATE Test
Hi-Z Stale) Circuits)
twi. trr Dolay from Falling Edge 300 450 ns
of WR or BRD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cour TRI-STATE Outpul 5 7.5 pF
Capacitance (Dala Butfers)
CONTROL INPUTS [Note: CLK IN (Pin 4} Is the input of a Schmitt trigger clrcult and is therefore specified separately)
Vin (1) Logical “1" Input Voltage Vee=5.25Vpe 2.0 15 Voc
(Except Pin 4 CLK IN)




AC Electrical Characteristics (continueq) ‘
The following specifications apply for Vog = 5Vpc and Ty € Ta € Tuax. unless otherwise specified.

Symbol |

Parameter I Conditions l Min [ Typ I Max | Units
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separalely}
Vin (0) Loglcal *0" Input Voltage Vec=4.75 Voo R 0.8 Voc
(Excopt Pin 4 CLK IN)
i (1) Logical 1" Input Current VIN=5Vpg 0.005 1 p.ATDC
(All Inputs)
I (0) Logical “0" Input Current Vin=0Vpe -1 ~0.005 pADG
(All Inputs)
CLOCK IN AND CLOCKR
Vr+ CLKIN (Pin 4) Positive Going 27 3.1 3.5 Voc
Threshold Voltage : !
Vr— CLK N (Pin 4) Negative 1.5 1.8 2.1 Voe
Going Threshold Voltage )
VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
(V1 +) = (Vr=)
Vourt (0) .| Logical *“0" CLK R Output lo=360 pA 0.4 Voc
Voltage Vee=4.75Vpg*
Vourt (1) Logical *1'* CLK R Output lo= —360 pA 2.4 Voc
Voltage Voo =4.75 Vg
DATA OUTPUTS AND INTR
Vour (0) Logical 0" Output Voltage
Data Outputs lour=1.6 MA,Vcc=4.75Vpc 0.4 VYoo
TNTR Output loyr= 1.0 mA, Vec=4.75 Voo 0.4 Voc
Vour (1) Logical "*1* Output Voltage lo= —360 pA,Vgc=4.75 Vpe 2.4 Voc
Vour (1) Logical “1" Output Voltage lo=—10 pA, Voc=4.75 Vpc 4.5 Voc
lout TRI-STATE Disabled Output Voutr=0Vpc -3 rADC
Leakage (All Dala Bufters) Your=5Vpe 3 rApc
ISOURCE Vout Shortto Gnd, Tp=25°C 4.5 6 mAp¢
ISINK Vour Shortto Veg, TA=25°C 9.0 16 mApg
POWER SUPPLY
lce Supply Current (Includes foLk = 640 kHz,
Ladder Current) VRep/2=NC, Tp=25'C
and CS=5V
ADC0801/02/03/04L.CJ/05 ' 11 1.8 mA
ADCOB0O4LCN/LCV/LCWM 1.9 25 mA
Note 1: Absolute Maximum Ratings indicate limits beyond which damago lo tho devico may occur, DC and AC eloctrical spocifications do not apply when operating
the device beyond its specified oporaling conditions. 4

Note 2: Al voltagos are measurod with respect to Gnd, unless otherwise specified. The separale A Gnd polnt should always be wirod to the D Gnd,

Note 3: A zener diode exlsts, inlemally, from Vi to Gnd and has a typlical breakdown vollage of 7 Vpe.

Note 4: For Vin{—=)2 Vint +) the dignal output codo will ba 0000 0000, Two on-chip diodes are Ued 0 each analog Input (see block diagram) which will forward
conduct for analog input vollages one diode drop below ground or one diode drop greater than the Vog supply. Be careful, during tosting at low Vg levels {4.5V),
as high level analog inputs (5V) can cause this input diode 1o conduct-espacially at elovated temperatures, and cause errors lor analog inputs near full-scale. The
spec allows 50 mV lorward bias of eithor diode. This means that as fong as the analog Vi doos not excood the supply voltage by more than 50 mV, the oulput
code wil be correct, To achiove an absoluto 0 Vpe 10 § Vpe input voltage range will therefore require a minimum supply voltage of 4,950 Vpe over temperature
variations, inftial tolerance and loading.

Note 5: Accuracy Is guaranteed at Ioyx = 640 kHz At highor clock frequoncios accuracy cen degrade. For lower clock lraquencies, the duty cycle limits can be
extended 30 long as the minimum clock high time Intorval or minimum clock low timo intorval Is no less than 275 ns,

Note 8: With an asynchronous start pulso, up 1o 8 clock poriods may be required belore the intornal clock phases are proper to start the converslon process. The
start raquest is internally latched, see Figure 2 and Section 2.0,

Note 7: The TS Inpul is assumed to brackot tha W strobe inpurt and thersiore timing Is dopendont on the WH puise width, An arbitrarily wide pulse width will hold
the converter in a resot mode and the start of convorsion is infuatod by the iow 1o high transilion of the WH pulso (see timing diagrams).
Note 6: None of theso A/Ds requires a zero adjust (see section 2.5.1). To obtain 20ro code at other analog Input vollagas see section 2,5 and Figure 8,

Note 8: The \ing;/z pin is the cenler point ol a two-rosistor divider connectad from Ve to ground. In all varsions of tho ADC0801, ADC0802, ADC0803, and
ADCO0805, and in the ADCOB0O4LCU, each rosistor is typically 16 kfl. In all versions of the ADCOB04 except the ADCO804LCJ, each resislor is typically 2.2 kfl.

Note 10: Human body model, 100 pF dischargod through & 1.5 kN resistor.




%Naﬁona’l

Semiconductor

DAC0830/DAC0831/DAC0832 8-Bit P
Compatible, Double-Buffered_ D to A Converters

General Description

The DAC0830 Is an advanced CMOS/SI-Cr 8-bit multiplying
DAC designed to interface directly with the 8080, 8048,
808S, Z80®, and olher popular microprocessors. A deposit-
ed sllicon-chromlum R-2R resistor ladder network divides
the reference current and provides the clrcuit with excellent
temperature tracking characteristics (0.05% of Full Scale
Range maximum linearity error over tomparature). The cir-

. cull uses CMOS current switches and control logic to

achieve low power consumption and low output leakage

- eurrent errors. Special circuitry provides TTL logic input volt-

age level compatibility.

Double butfering allows these DACs to output a voltage cor-
rasponding to one digital word while holding the nex! digital
word. This permits the simultaneous updating of any num-
ber of DACs,

The DACOB30 series are the B-bit members of a family of
microprocessor-compatible DACs (MICRO-DACT™), For ap-
plications demanding highor resolution, the DAC1000 serios
(10-bits) and tho DAC1208 and DAC1230 (12-bits) are avail-
able alternatives.

Features .
& Double-butlered, single-buffered or flow-through digita!
data inputs

u Easy interchange and pin-compatible with 12.bit
DAC1230 series

u Direct intsrface to all popular microprogessors

® Linearity specified with zero and full scale adjust only—
NOT BEST STRAIGHT LINE FIT.

u Works with + 10V reference-full 4.quadrant
multiplication
® Can be used in the voltage swilching mode

& Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

m Operates "STAND ALONE" (without uP) if desired

® Available in 20-pin small-outline or molded chip carrier
package

Key Specifications

m Curront setlling time 1ps
& Resolution 8 bits
u Linearity 8, 9, or 10 bits

(guaranigod over temp.)
® Gain Tempco
u Low power dissipation
u Single power supply

0.0002% FS/*C
20 mW
5to 15 Vpe

Typical Application

oy CoKIoL aus.

‘Aflows easy upgrads 1o 12-bit DAC1230,
Soo application hints .
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Dual-In-Line and
Small-Outline Packages
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Molded Chip Carrler Package
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Absolute Maximum Ratings (Notes 1 & 2)

It Military/Aerospace specliled devices are required,
please contact the Natlonal Semiconductor Sales
Oftice/Distributors for avallabliity and specifications.

Supply Voltage (Vce) 17 Vpg
Voltage at Any Digital Input Vog to GND
Voltage at VRer Input +25Vv

Storage Temperature Ranga -65°Cto +150°C

Package Dissipation
&t To = 25°C (Note 3)
DC Voltage Applied to
louT1 of loyts (Note 4)

ESD Susceptability (Note 14)

Electrical Characteristics vagr=10.000 v
ture, Tyin < TA S Tax. For all other limits Tp = 25°C.

500 mW

—100mV to Ve
soov

Lead Temperatura (scldering, 10 sec,)
Dual-In-Line Package (plastic)
Dual-in-Line Package (ceramic)
Surface Mount Package

Vapor Phase (60 sec.)
Intrared (15 sec.)

Operating Conditions
Temperature Range
Part numbers with ‘LCN’ suffix
Part numbers with 'LCWM' suffix
Part numbers with 'LCV' suffix
Part numbers with 'LCJ' suffix |
Part numbers with *LJ* suffix
Voltage at Any Digital Input

260°C
300°C

215°C
220°C

TMINSTAS Tax
0'Cto +70°C
0°Cto +70°C
0‘Cto +70°C

-40°Cto +85°C

-5§5'Cto +125C

Vee to GND

pc unless otherwise noted. Boidface limits apply over tempera-

= . VCC -5 VDC 5%
. \)’ cc = 145;7755‘(/0‘: Vee = 12 Vpe £5%
See | 'C€ PT0C] 1015Vpe 5% | Limit
Parameter Conditions
Note Tested Units
Typ Limit Design Limit
(Note 12) (Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Rssolution 8 8 8 bits
Linearity Error Max Zero and {ull scale adjusted 4,8 #
~10VLVRer< + 10V .
DAC0830LJ & LCJ 0.08 0.05 % FSR
DAC0832LJ & LCJ 0.2 0.2 % FSR
DACO830LCN, LCWM & LCV 0.05 0.05 % FSR
DACO0831LCN 0.1 0.1 % FSR
DACO0832LCN, LCWM & LCV 0.2 0.2 % FSR
Differential Nonlinearity Zoro and lull scale adjusted 4,8
Max —10VZVRers + 10V
DACO0830LJ & LCJ . o.1 0.1 % FSR
DACO0832LJ & LCJ 0.4 0.4 % FSR
DACO0830LCN, LCWM & LCV 0.1 0.1 % FSR
DACO0831LCN 0.2 0.2 % FSR
DACO0832LCN, LCWM & LCV 0.4 0.4 % FSR
Monotonicity —~10VZVRer W&LCS 4 8 8 bits
<410V LCN, LCWM & LCV 8 8 bits
Gain Error Max Using Internal Ry, 7 + +1 %F
—10VSVRgr S + 10V 02 4 £ *FS
%
Gain Error Tempco Max Using internal Ry, 0.0002 0.0006 FS/°C
Power Supply Rejection All digital inpuls latched high
Vec = 14.5V 10 15.5V 0.0002 | 0.0025 %
11.5Vio 12,5V 0.0006 FSR/V
4.5V 1o 5.5V 0.013 0.015
Reference Input Max 18 20 20 kN
Min 15 10 10 kN
Qutput Feedthrough Error VRer =20 Vp-p, =100 kHz 3 mVp-p
All data inputs latched low




N

Electrical Characteristics v
ture, TN STa S Tyax. For all other limits T

REF = 10.000 Vpc unless otherwise noted. Boldface limits app{y over tempera-
A=25'C, (Continued)

Soe

Vee = 4.75 Vpe
Vece = 15.75 Vpe

Vee = 5Vpe 5%
Vee = 12 Vpe 5%

Parameter Conditions to 15 Vpc 6% Limit
Note Tested Unlits
Typ Design Limit |
(Note 12) |  Hmit (Note 8)
(Note 5)
CONVERTER CHARACTERISTICS (Continued)
Output Leakage | loyry | Alldatainputs LJ&LCJY 10 100 100 nA
Current Max latchedlow  LCN,LCWM & LCV 50 100
lourz | Alldatainputs LJ & LCY 100 100 nA
latched high LCN,LCWM & LCV 50 100 |
Output lours | Alldatainputs 45 £
Capacitance lout2 latched low 115 P
louT1 | All data inputs 130 F
lourz | latched high 30 P
DIGITAL AND DC CHARACTERISTICS
Digital input Max Logic Low LJ 4.75V 0.8
Voltages L 15.75V 0.8
Lcy 4.75V 0.7 Voc
Ly 15.75V 0.8
LCN, LCWM, LCV 0.95 0.8
Min Logi¢ High LJ& LSS 2,0 2.0 v
LCN, LCWM, LCV 1.9 2.0 oc
Digital Input Max Digital inputs <0.8Vv
Currents LaLcy —-50 -200 -200 pA
LCN, LCWM, LCV -160 -200 BA
Digital inputs> 2,0V
WaLey 0.1 +10 +10 HA
LCN, LCWM, LCV +8 +10
Supply Cune.m Max LwaLey 1.2 3.5 3.5 mA
Drain LCN, LCWM, LCV 1.7 2.0

2
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Electrical Characteristics Vger = 10.000 Vpe unless otherwisa noted. Boldlace imits apply over tempara-
ture, Ty STA < Tax. For all other limits T, = 25°C. (Continued)

_ Vee=12Vpet5% Vee™5 Vpe
) See Vee=15.75Vpe Yo 15 Vpe £5% Vec=4.75Vpe 5% it
Symbol Parameter. Conditions Note Typ Tested Design g 7 Tested| Design (Units
(Not‘; 12| LImit Limit (Noi‘ﬂ z| Limit | Limit
(Note 5) (Note 6) (Note 5){ (Note 6)
AC CHARACTERISTICS
Current Setling ViL=0V, Vjy=5v
Time 1.0 1.0 . ps
w Wriite and XFER  |V|( =0V, Viu=5V| 11 100 250 375 600
Pulse Wldlf} Min 9 320 320 2800 900
tos  [DataSetupTime |ViL=OV,Viy=5v| g | 100 250 a7s |l eoo0
Min 320 320 800 900
toH Data Hold Time ViL=0V, Vjy=5v 30 50
9 ns
Min 30 50
tcs  [Control Setup Time|ViL =0V, Vin=5V| ¢ 110 250 600 900
Min 320 320 1100 1100
{cH C?nlrol Hold Time [Vj_ =0V, Viy=5V 9 0 0 10 0 0
Min (o] (o]

Nots 1; Absolute Maximum Ratings indicate limits beyond which damage 1o the device may occur. DC and AC electrical specifications do not apply when operating
the device boyond Its specified operating conditions.

Note 2: A vollages sre measured with respect 1o GND, unless othorwise specified.
Note 3: The maximum power dissipation must be derated al elevated lemperalures and is dictaled by T yuax. 6 o, and the ambient tempersiure, T, The maximum
allowable power dissipsation at any temporature is Pp = (Tyuax = Ta)/6a of the number given in the Absolute Maximum Ralings, whichevaer Is lower. For this

device, T yuax = 125°C (plastc) or 150°C (ceramic), and the typical junction-to-amblent thermal resistance of the J package when board mounted is 80"C/W. For
the N package, this number increases 10 100°C/W and for the V package this number is 120°C/W.

Note 4: For current swilching epplicalions, both loyty and lgyta must go to ground or the “*Vidual Ground™ of an operational amplifier, The linearty error is
degraded by approximately Vos + VRer. For example, if Vrer = 10V then a | mV offset, Vs, on oyt of toytz will Introduce an addidonal 0.01% finearity evor.
Note 5: Tested Iimits are guaranteed 10 National's AOOL (Average Outgoing Quality Level),

Note 8: Guaranised, bul not 100% production tested. These limits are not used to calculale oulgoing quality levels,

Note 7: Guaranieed 8l Vpep= 2 10 Vpg and Vagr= 2§ Vpe.

Note B: The unit "FSR" stands for “Full Scale Rangs."” “Linearity Error* and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a
particular Vaer value and to indicate the true performance of the parl. The “Linearity Error™ specification of the DACQ830 Is “0.058% of FSR (MAX)". This

guarantees that after performing-a zero and lull scale adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will éach be within
0.05% X Vpger 0! 8 straight ne which passes through zero and full scale.

Note 9: Boldince tosted timits apply to the LJ and LCJ sullix parts only.

Note 10: A 100nA leakage cument with Ry, = 20k and Vger = 10V corresponds 10 a zeto error of (100« 10-98x 20 ¥ 103) X 100/ 10 which is 0.02% ol FS.
Note 11: The entire wtite pulse must occur within the valid data interval for the specified ty. tps, toH. and s 1o apply.

Note 12: Typicals are at 25'C and represent most likely parametric norm,

Note 13: Human body modet, 100 pF discharged through a 1.5 k{} resistor,




Switching Waveform
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Definition of Package Pinouts

Control S

Other Pin
Dlp-Diy:
loyrs:

loura!

Repp:

Ignals (All control signals level actuated)

Chlp Select (active low). The CS in combina-
tion with ILE will enable WH;.

Input Latch Enable (active high). The ILE in
combination with TS enables WRy.

Write 1. The active low WRy is used to load the
digltal input data bits (D1} into the input latch.
The data in the input latch is latched when WR;
Is high. To update the input latch—C3 and WR,
must be low while ILE is high.

Write 2 (active low). This signal, in combination
with . causes the 8-bil data which is avail-
able In the input lalch to transler o the DAC
register.

Transfer control signal (active low). The

XFER will enable WA,.

Functlions

Digital Inputs. Dlg is the least significant bit
{LSB) and DlI; is the most significant bil (MSB).
DAC Current Output 1. IgyTy is @ maximum
for a digital code of all 1's in the DAC register,
and Is zero for all 0's in DAG register.

DAC Current Output 2. loyt2 is a constant
minus loyT1. or oyt +loyT2 = constant (I full
scale for a fixed reference voltage).

Feedback Reslstor. The feedback resistor is
provided on the IC chip for use as the shunt

VRef:

Vee:

GND:

SETTLED 10
8 ]

TL/H/5608-2

feedback resistor for the external op amp which is
used to provide an output voltage for the DAC,
This on-chip resistor should always be used (not
an external resislor) since it matches the resistors
which are used in the on-chip R-2R ladder and
tracks these resistors over temperature.
Reference Voltage Input, This input connects an
external precision voltage source to the internal R-
2R ladder, Vager can be selecled over the range of
+10 lo —10V. This is also the analog voitage In-
put for a 4-quadrant multiplying DAC application.
Digltal Supply Vollage. This is the power supply
pin for the part. Ve can be from +5 to + 15Vpe.
Operation is optimum for + 15Vpe.

The pin 10 voltage must be at the same ground
potential as loyty and loyTs.for current switching
applicalions, Any ditference 't potential (Vos pin
10} will result in a linearity change of

Yos pin 10
IVRer
For example, If Vrgr = 10V and pin 10 is 9mV

offset from loyry and loyts the linearity change
will be 0.03%. .

Pin 3 can be ofiset *100mV with no linearity
change, but the loglc input threshold will shift.
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