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ABSTRACT

Fertilizer Packing Machine is a coordinate device machinery. Consist of toad cell, instrument

amp and A/D converter equipment. Mechanical movernent in process, evaluate and determine in

microcontroller then transmit into final control element device. Convert electric signal by using Relay.

The coordinate of several equipment arnong the electrical transmit have to perform in suitable device

and standard signal for the stability and correctively system., Specially the cooperating device with

load cell. Because of the electrical signal value from load cell is scant and sensitivity, So there is an

opportunity for error-value occur.
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2.2.6 590 WINTUNIAY (Special Function Register)
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d‘ = 'd P 3 = @ ' ' ] ]
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YUY Accumulator (%1 81 Accumulator Dei 1)y 10101101B 1@ P 9zidlu 17

J
2.2.6.2 3901703 B (B Register)
P=r-1 o e [ 1 e 9 Pty P
S3mned B vzagAumis FoH veamionimdoyanioln {Thiilmeeid
o o e s y o a1 J ' o
awsolfounai1a Taoi S Ymmesie 1dquusonsduiiaimes Accumulator 113w

[
o o @

o & & & o ' '
179 MUL AB ms‘flumsgmuuu 8 UAYA FMSuMInIs laun1svifaa DIV AB Tauarlu A 2

© o

o da d e 4 g ) ' = P
QOM5A20 B waawsh 1avz1hy Ty S3aimes AB Tu B szinud 8 Tadwaz A vzifium 8 Taga5d

o .:'lv P 2 W @ o ' ] - ] =
a3 B Hawisodhisdeyasyauiald laudumuavesdafionunis FOH 09 FTH

2.2.6.3 evanAn (Stack Pointer)

[]
1e4 o L]

Stack Pointer (SP) 13 3aumansvuia 8 im agiammia 81l misi@euawinlyly
. » » v »
fumiiad SP Foyil iSuni1 “Pushing” dM5uUMse A SP ¥0g (50031 “Popping” A1UDI SP 92
a J :& T = = » A A ] 3 3
MuTunilanounsz@oudeyanall  wazezanamitadesmdeyavonuiudl mnTusunsui
o o o ’d "o [ ] i o 1
fde cALL 91953 mme Sauaatithuaidumiaduves Idsunsy (PC) neunezviilisunsudey
8 5 1 =3 o = - ° W o
sievi TdsunsugeoaTawdrezAua luauanlidy pc amdn  Tavinfat PC vzfimualdegly

v [} »
RAM ol 1803013145 SP STA WA 60H 3ABATVUAIFIN
MOV SP#5FH

- o & o [~ 1 1 o
nmsiRsusddauud1diumes 8031 7 8051 szifiumiauanld 32 byte msiznaoAL$IVDS
a = 1 o W - Ve ] a LY oo '
RAM muluszdugafl 77H uAs b muald sp iidwviid SFH devzduldaufidunia 6ol 6
) ] o & o roar e .
10 MCS - 51 gn3twa 1 SP vzgafmmusmaihi 07H Faszifudniudy Register Bank 1 #2003

fMuan SP 1donoU
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2.2.6.4 39aAdS Data Pointer (DPTR)

s

7 ¥ o ’o v - + ° [y
Hamo it lddmSuTsumissvalilsunsumSedoyalumizonims Tanihiss

4 F=9 A o a o [ : = e'
AR0TUUIR 16 D9 F)senoudruisanes 2 ¢ fie DPL duntiaf 82H Tavszidudlu 8 dad

o ] { o [ F-9 '3 ::' ™ H o
uag DPH duwiish 83H Tavezifiua 8 iage Seamefisassdifiszsoufunaiaihiimans 16
= [ d ' o o ] ¥ o o oA
in Swmindesmauat 5sH Tddwmiweamisanuiideyaniouendumiisn 1000H 92
¥ .
RouTsunsuldaail
MOV A#55H
MOX DPTR, #1000H
MOVX @DPTR,A
o o ' . N & d et o
Tupssnausnezdunis$1sdumuauuy Immediate Addressing F39z101A1 55H aeluTidaeT A
[ - 1 v o Y A ﬂ’ A e ' [] @ « A
@y msinua1 1000H a9luSSmao 16 in DPTR od TUndwvue vionus ussnen 3 oy
° ' . . 4 . ) . ¢ A ¥ o
HIun13 8198 MUY Indirect Addressing Favzifiuailu A n5o 55H asludwuniish DPTR 30y

ADAUNUY 1000H

as d ¢ .
2.2.6.5 3985103 N (Port Registers)
[] '3 r ] 0 3 1
Tu MSC - 51 A1UInDinIznuIenf1voInulon1uidie HINARBINIT A
3 P o d a (=] - ] s o v o L 3 [ 9
doyasen liinesn Ninvauadoudeyaluimizsaruidumusinesmiuey uagdIMIn
9

1 o o (3 t » 1A ' PP o ..’: L]
ﬂﬂ\iﬂ'li‘ilzﬂ'luﬁﬂllqﬁﬂ'lﬂ‘ﬁﬂiﬂ ﬂlﬁﬂﬂllﬂt’ﬂﬂﬂ191ﬂHTIlHU\11’IHu’JUﬂ')'IN‘i]'I‘ﬁWE)‘i‘l"l‘H‘Hi’Jg Tu

v ]
1 o ' L= 1

o o 1o ) o
MCS —51 WOIN 0 9ZOgNAWNUI 80H, WBiN I 9oyNAWHMUI 90H, WO 2 woygnawmu
L4 = ] I3 o q ¥y = = 1
AOH  UagnDIN 3 9zoyNfmunia BOH ©oin 0, 2 uag 3 Taona Tudree WS wmniinsAnae
s ] ° - 9 S o ] . o9
funtoa s imouounnie 1l unwe NNy (194 Interrupts, Serial Port, 484) Tanlnauadee

a 1w o 4 v o
13wein 1 lumsAndeduginssinousnnesmaneinannsededoyalussAuiala

2.2.6.6 S9amedan {Timer Registers)

4 o] ot as at =) o =
1‘” MCS - 51 1197 8051 il%il‘.iﬂﬁlﬁlﬂiﬂi‘i’uuuﬂzﬁﬂnﬁﬂ]u 1R 16 U 2 ARD

. 1A g 1 {5 ' < ¢ o
Timer 0 O4AI@ WIa SAH oz 8CH Tauidwmia 8AH muufia TLO Feeziilu 8udd uas scH
o - o t Qo ’ °
nuois 8 Tudge THO S3aunesBnd Ao Timer 1 Taouvadin TL1 ogidwmia 8BH iluTudd
3o ' o o = o
uag TH1 agndwmis sDH Wuludgs msld Timer szdoafmuamsiemiuiiames TMOD

. . &4 14 o 1 a A [ '
(Timer / Counter Mode Control Register) &sogiiaunia 88H dofou vz lananluunde’ly
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2.2.6.7 3na1neINDINGYNTN (Serial Port Registers)
= 4 L = A o
MCS - 51 szfineindoasaynsu (Serial Port) agnelnin Feenuisasziunse

a 1t A o . 4 s o ' ¥
a¥oyn 18 TaumsAnnarniiTminas SBUF (Serial Data Buffer)  ¥segidumia 9o  Tavd

L

\ i ¢ o ) w
aamsdadeyaneynsulfidoudoyalynivamotil A1 Serial Port amrsallsunsuld

=

1901118 4 Tvua TaoTalsunsur3samos SCON (Serial Port Control Register) 14114 98H

2.2.6.8 Sanedduma I TN (Interrupt Port Registers)
¥
MCS — 51 e13150 Interrupt 114 5 dwntls  Taofl 2 - Priority ) Interrupt H9zgn
. w a o A a ¥ A o A o '
Disable ##19105£0UgN31a@ uazay Enable  ndannfidonudoyn’lilfiziemnesd IE Hiodums

o W o o Aetey o o ' & 1 1 Hl
A8H $rauanudifganioma |AN3 vomes 1P wIodur4 BSH Favznande lilneni

2.2.6.9 Power Control Registers (PCON)
S3mnod PCON ogfidumuia 870 1dmyamsviinuves MCs - 51 Tagaznygaig

a = ¥ 3 ¥ ¥ 4 =Y = c:‘r.v
woannim fszuy dlideyadieq meluMes-51 - hiimsalasunlasuennniiding

s Wi neeld Mcs - 51 a3doe

2.2.7 WHaA NS IMEMen (External Memory)

MCS - 51 enusadhaniiennuideyaniouenld 64K wazdramiaoaiuiillsunsy

Vly 3 o 3 o 1 o o 1 £ o ﬂ
mouon’ld 64K MCS - 51 9:1dwoin 0 lunsdresdwmisnawdi 8 dean  uazlawein 01l

- L3

woindoya (DATA) &0 Tagldw ALE il Lach feyawaino  wazldwedn 2:dundn
o ’ £ [] 1 e}
Sumia 8 Tavu (Gawn1dedumiia 16 1 3181214 64K)

A L4 3/ W Py - (") 1 Q RAacl . 1

ieaninnesn o 92 1% 2 nihfi lumsaadenumitenud 131975 Multiplex 5811119

a - v ¥ & v w ] o A g ¥ = o 3
Address fiU Data Ao1sanaingy Srdeamsaaaedumizeanusitiudeya 8 da uazuld 64K
ol ¥modnm 24 idu e v Address 1618y uazndeyn 8 1du uA 1998

14
Multiplex o131 A0 — A7 dlundoyadawe flo Do - D7 sz 1Feudygnoudios 16 idumniu

2.2.8 Reset Operation
a A 24 ¥ . . Y ¥ . o
M5sanIaisuAuiaulnves MCs -51 do9lfaetn “1” fivn RST Wunai2
3
Machine Cycles (1 Machine Cycles 1111 10 Clock)  m1miu1dnduiiuasin “o” msiwneisi
18 Tauldadndng dagil 3.18 u30143% Power - up Taeldda R-C Amilluaees

y L= =) a1 o ] ! a
[ip MCS -51 gn3 59 ASITABIAT 7 92QNMIHUARIAINAII Tao PC 9% 11lagh

o Ay 4 @ a e A ]
AT UUIUAU ﬁi’] 0000H !ﬁﬂ‘lﬂ RST ﬂﬂﬂl‘ﬂu “0” MCS -51 i]%l'illﬂ'liﬂﬂtﬂ'jﬂﬂﬁ'lllﬁuQlt'jﬂ



ci 1 ] =; n 4 =
AN 2.4 UTAIATANG NENAWDINTTTIEA

Register(s) Counter
Program 0000H
Accomulator 00H
B Register 00H
PSW 00H
SP 07H
DPTR 0000H
Ports 0-3 FFH
IP (8031 / 8051) XXX00000B
IP (8032 / 8052) - XXOOOOOOB
IE (8031 / 8051) 0XX00000B
IE (8031 / 8051) 0X000000B
Timer Registers 00H
SCON 00H
SBUF 00H
PCON (HMOS) OXXXXXXXB
PCON (CMOS) 02(X0000B
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2.3 STUVHIUAD
2.3.1 dszinuazanmilumn
r.ly ar a : = J = 5 [] 5 =
a1s Mdaugalumsiianiu avuuuuuds uaziinmgl¥eg1andnenanisudalu
-1 ﬂyf 1 q. ar -t -% d' o o
Pogiiu nelugaaimnssuaieq TeumwisAduszuusalutga  lesnndlumsydsendandsay
=1 o - = o ° A ar = vy 9 1
uaziinnulasasuge msizliguugllumsdiinud wiesdnsnldni lnseaddeg uazsim
] A o ar ] 1 ] ar o v
gAndszuuaug Smsthsednyuaznivguae  wazdhdemsdautdas  Ianusiganin ua

a2 o day a N Ao o Ve o g °
VUSAUINUNUYVDLTBAD UITTUIRAN llﬂ&’iﬁﬂ'lﬂx‘ilﬂﬂ'l‘i‘l'ﬂﬂuﬂ'l

232 sgisaduvesszuuiiamiin

2.3.2.1 ANHAY

arusuussemalusasur e tan TANANAAUATUAN THVDITLAY
AU UASTNINNDINTF uidndd lgenudifssduimemdunuduussome ms
mfA LALLM 1denn3 esilen atsyiia (u inedaanudy ui lsiines

wiwianudulaoia ufe Kpem®  usmidoanuduiiion1dluszuy s1d
mitodei} '

1 Pa=IN/m’ = 10" bar
Lﬁ"ﬂqmnmmqwaﬁxﬁm{u‘Iaﬂ'luuazﬁmﬁflfh‘lﬂwhﬁ'u Audufidng

} 4 =

STALAMNAUDISHINA  IZSONTIANUAUTTYYINA unzdumitonnuduussnmaan e
(Fon71 AAWIND

ARUFUYTBE = ATWAUUTIEIMH + ANAAUING

ATUATIOIMA Ao s ianssAuimea DR 1,013 bar (SD) = 1,033

¥
o o ] = = o ¢ o Y a 1
AlandunsedomsaeuAns (uasn) ag 14.7 deudrearsieiiaGruudings) 1¥dde p,,

5
2.3.2.2 ANUEY
4 a o s o ' 4 4o s
Ay fio S Tehiinavegluomemesannsofvaduduiiunoairld

J " ar d, s o ol
Tavusgiunnusuduins lue1ne
g R4 . g o a o ] 4 LY 1
AUFUFUIWUT (relative humidity) D ANUFURUTIEHINAMVFUTUYS O Ao

a A w y a P
Yhinumssudrvealetilusinms inuandiunlesidud

L ¥
o oA [} ar

3 o L4 Y =1 ]
AALFUYs ol (absolute humidity) A9 UTina Terimilaguaziiu Tnianily

nSwgmnatiuuas nieniu/gauiaiiums
v » ¥
1S11nudNR U2 10111 (saturation quantity) fiw $1uu ToviHoImA @0

sul3lAsudagadudn
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g/m3

500
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UWEAWI
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o

NTINEUGH

05

0.4

0.3

0.2

0.1

-40
233

[] [ »
2T 2.16 nimnaas)Tuiumsdudivesletihtuema

-30

-20
253

~-10

o
273

Z oo o
ANUTUTURUT 100 %

10

20
293

30

40
313

]
=

NYUUYNAIT W 9ADUAD

50

60
333

YPUNNH ———me—

70

80
363

30

100 C
373 K
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2.3.2.3 paveannuioumazanuduniineeima

ImevzunoaInwldnavesndimdou vinnmi 2.17 NINAGDUNTDINIATIDY

= 1 W ﬂy [ u” 4 J
Tunmruznu W inenasudmennmsuznu i lldwdnh weownalumeusnu W Zouiy

o = ] 9 = o o’ Y
vzutwAmazvilesnumiavenasaut wadludesomaldiiuluh vanidee Mesnuda
J 1Y Y o c»’ v ¥ J ' = 3 J ,;':
Yasuldimyuzioudins sz luvevassuhigaiu  mszihlusasinrusfouiniy
' 8 o o v A 4 o o
21U W ITINMITHEsA I mMsusianudusnussenme @etudlasily
o %’ Ad ar 9: J A q' d'l as u’: P

anuAus soimmd Tdunuivesruliihgesiundon q sungails  earudulumrusiuiia

MIALANUAUITIIN A
disaimnangasa 13vnedlsen hitnzdlunisnuna (ngngu) niensgeiely

ar [ 4 o W = ar
11—1']J'J'5u1ﬂ'lﬁ UHWHAY WQW?Q%’]HﬂUﬂ']'i DA INITIZINARNITU %’ﬂu f,l"lﬂ'lﬂ'lﬁﬁﬂ'l'iillﬂﬂﬂ IUIN

o = o g' [~ 1 a c‘av " 4
isane vz Idgamgiiasaunnwmuisafathniudsiivioududuvsuniemanssld

MNN 2.17 HavednnudounazaNuAUnIAD 1IN A

o ar - J 5 * & J ar 4 ﬂ'
wlumsseomeilionafoudu  eimafigndadlzfouiulaundsnunai lduvinnios
o ad 4 X Fg 4 o = 4 &4 W & o
gany guupdnminiuiifiiownsnmsi luanaveseimeiimsinasuisuiurniu  wazns
- - o o [ o W A'l L) ] @ (tlyu LY
wasuives lwanaveseimeludunvausasuduiovas iedumumwasnusmiiniumiswes

ar ar [ Aol o J ' r o
funvausa Middudvavdadouiundinwmardeugussnnmasoy q a9
o 4 A J
dullandavesdatuan  MidTuensvesemmamsamiennalduni

o u’: o ¥ o ar ar o = J
$uupssvensvuiusznin lwanadumis nselumnaduluanganasas  szeznwhuaas
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: g e £ ; . .
luagaaunsamdeun 8 Tashivuudlinnuenmnriy - demssuduiidessufiumani i
uuglianng

233 unsaiil¥luszuuiiuuin

awlompdhumendh s wipehavusew sy (Alr tryer)
(v 120 1)

¥ nmbmuneru® (ow contrl valve)
1t_)m§':muqu?mm«nﬁum¢m {Diractional comral valvwe)
9gumsuifiuidn (Ar stience)

2iniprmnunTy B Mukanbifmasiy (Air kivicaor)
Trionmeum i (Alr regulator)
e.Fninean (Alr fiter)
1ﬁ§|.ﬂjunn {Air tank)
1 nvinRy (Al Comprassar)
NILVONYU — - L.
q ———
_ — )
Fig ]I g JI e TR AN FUNUATIVT 2
TR IUNUAM N \L_' - TIHINIVAUIANTI

gy /<1——~/

==1INAN A =S A%
v

A - A 4 -
IBIBREINIA  winaszuiondioy nTonie At

=M
\ ¥RATVAUUAS

Uiuljanunmavda

veowes Idh o ?
dafiuouda
P v -
inTeansnitluviondn

d' o oy o
amidi 218 gunial lussuusiuan

A LY i @ - & Bt
- 1nT0I8AAN (air compressor) A gUnsalntAvundsr i diluauda mieliiinny

AUTINNUTTOINA
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d‘ o 4 ar o biad
- 1A39952U0ANUTBUANTA (heat exchanger) 1Hoangndain sz liiBannudougs

L] oy A L3 '
msthayllid sz Aesanguugiias ifedlesiulils syuidony

L

A i J a0y o oo o
INT09N5 DINDLUU(main air filter) NTOIUAZDDI Al uazrihiiidethonfuay

w2oA

A o » ¥ . & a
lFI‘J'EN'ﬂ'I.lH?IUHHQ {air dryer) ARANUFUDDNTINAUDA

. o ¥ » A v
A503aN(air filter) 3zMARd WA MAT BT DIaN TuMBILY

s ar ar o o ] ] s
NAAAAUAU(pressure reducing valve) ANuAU lutainezliargandnnuduldny
@mfou NdrannnuAuszarsIANNAUAY

s ] o ° i ] Iy A =
- MamlAuunanisay(air flow change valve) MmhAnlaourirmiamsinaounves
4 - Y o o - ) 4 A
gunseinmsmauveszuvilumin  NamguRamamudowiiundnidnvus Taseerdi
a A a v 7 o A 2 o & & w
svludugnguindoulmnwtuSounds ndmvguismauudeuiimunzdimivnaia
] ar o o . - 1 A [ o o o d
mgiddosidavsahhivdvauvemndlufinennn  wdiel¥audadiuianieslduaudn
=4 ar o : 1T 0 & = ﬂ:
ez ousali Iau Ingiau FuilumsaavumvesnduazanyI viuvesaunesi
< o A Py ’ a Y 1 A
Wndvhaou narruguiiamannideuiieghufunaioriin @4 uUUNTUE@IY LU
L A 1
gngunazuFWAY tyuuHUMyU udu
- NdTIRUANUE Aspeed control vaive) Wavavusalfinaeundmiod  Tavmssy
- . 2o 4 d
Wmasausalifldmnmiosmindeants dalinamh Igngundoufils miedn
, o o 3 o
- TzUBNgUGircylinder)  iflugunsiimshanduszvuiiwwdnuuunis  olasy
wisnuandalfidundsnuna nszuengueiiathauRama@ul (single acting air cylinder) fiD
PN - A g w o - ) A a qul ﬁ;
gunsaiimriianilafilfus s lunuaduasaiseinudinmades weawdad manugnguee
@ £ A 4 o A a - -~ £y @ o or A
aulignguindouneen vazfignguindounisennssdulimiTwegmelunssuenguyuaiie
» [ » '
asvanfiamadugngy mSefigudegiinezaawdoe numdsuiudu dgnguosunduiioy
Tudhumiady nszuengustiai i@z iiyreamfivagoiegmeiugngu daudng

d L] r : J { 12 - ' ¥
fagmadufuguezdiugszvvanminiu sunz13 Taoi hifindvrdmivladedoan

YV VT

mwni 219 Fydnveinszuonguiinmuds)
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ar 4
31 ﬂTSﬂlﬂ1ﬂﬁ€U"ﬂJ1mﬂ1ﬂiﬂﬂﬂlﬂﬂﬂﬁ
A o' ¥ or o o [] & o ar =
iissnnInanwad szdudyanueomiyasonn ¥290-16 mv - sufluszdudgyopai
ol or Q'J S 9 = Y i = ar = o L ] '
1 AU 'iNf”IEIQllﬂTJ"Ul’ﬂUﬁiyﬂg1mﬂ')ﬂ1ﬂ‘ﬂ'ljﬂ1ﬂﬁiy€y'lﬂlllll‘]JEl‘Llﬁﬂﬁm‘L!FI AD624 1‘}13@114‘]1'.]\1

0-5 v eutasdaanuvineznaoniludinoa Tavnisiseureiu 1o% ADC0804  (reference i

5V)
5011
~NFUT AAA-
O =100
2530
Q=200 b 3ass570
$i2n
G =500
‘,so.zn
AG,
AGy
500
HNPUT Ay
d. o ar
/AN 3.1 Hansuuaon 1Roziunsuves AD624
= o A o - ¥ o ] ' a
leFvedygInuuuyduan guuaseMMminvood g uunna19sen e 2 dognu
UNA
1G]

Yo = G(Vi, _'vrl)

o « 1

1 ld
o dygneuetrina imiudluliad (v)

i

vo

G A0 A18RTINOIUTYYINUANAIITENTIL 2 DUHA

ar

aauduwa 1 fndedlulad (v)

3h

vfl

< =1

ar v o
o doygruduna 2 imiwdiulan (v)

Db

VIz

&g ' aa
Faludruveed 6 msadonlFidoinismsidonvilu datasheet voa'lod AD624
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N/
—INPUT [1] e
+INPUT [E
RG, E
INPUT NULL [ 3] ADs24
_ TOP VIEW
INPUT NULL [ 5] miot to Scele}
REF [ ¢
Vg E
+V¥sa E

16] BG4

15| OUTPUT MULL

E CUTPUT NULL

[13] G=1007Y swonTTO
] 0~ PO2E01
[11] G=6o0 )} GaN

10] sense

9] OUTPUT

FOR GAINS OF 1000 SHORT RGt TO PIM 12

AHNHD PINS 11 AND 12 TO RG

MAA 3.2 pouundu lnezunsuvoy AD624

MmN 33 nstlszgnd 19 AD624 1 loadcell

»
o

o & v
ﬂTUuTﬂq@Tﬂ!ﬁ]’]ﬂTHﬁﬂl’ﬁﬁﬂuu

o o oW '
wiiFadiiluTanzdniuoy

NSRBI WANUAD

o r] ° a o v ° o i a
instrument amp #331! imsthaedas wimesamluses ihldmusoandygrasunumiauy

ar L 4
awdnaula

:; = ot o
PINT 3.4 FoanawIvanian
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3.2 A/D converter
v H »
nsfivzidamat input 7114010 nasmad TnszvilululnsneuInsamesiiu §uilu

3
o =

S o ] 1 ar o 4 o 1
wdnslddgyananegluglvesdygradiaen e ldsudumnasuasniiia 0-5 Taad 9n

o
a aa,

. L] ﬂ' = d 1
instrument amp. 3393 A/D converter ﬂ$W1ﬂ1§L1JaUuﬁlﬁL‘ﬂuﬂﬂliU1ﬂ.lﬂi]ﬂ'ﬂfl YU 8 UA Faluuang

oo

STAVTIWIIANIAULTIAU TADIN

_ -n
Qv=V,2
lé A T g ' u‘:
(¥0)3] Ov Ao Autsaduluudazdy

V., fio Aumsadudneba
n 9 9Iuin
o & & [ Y] o : o ] Qs @
=5.26 1704 waz S1uaudaniny 8 duiu usedu A waazszdy szmldnn

Ov=526x2"

e ¥,

é L d. v ) d' r ar = 2 I'd o 8 v
FulusmduTiagluudazgrafiviiedu 1 Ia uazde1¥ 1c wes ADcogo! i liamsmieh

asapamiang Thiieudluus iy niohusedun 14 Tdoniluadiaea Tdasmisieh 3.1

10k£)

.._I.,p.-..o 5.120%
10pF
/ TANTALUM

Ms8

= ' &
HIAN 3.5 UFEAINTTADINT A/D INDNATOD
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FRACTIONAL BINARY VALUE FOR

OQUTPUT VOLTACGE
CENTER VALUES

.
el

) PYRNY VI Y
MITAULTIAUDII0D

HEX BINARY
VREF/2=2.560 VDC
MS GROUP LS GROUP VMS VLS
CROUP GROUP
(Note 15) (Notc 15)

F 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 78 7128 4.480 0.280
D 1 1 0 13/16 13/256 4.160 0.260
C 1 1 0 3/4 3/64 3.840 0.240
B ) 0 1 11/16 117256 3.520 0.220
A } 0 1 518 5/128 3.200 0,200
9 1 0 o 916 97256 2.880 0.180
8 1 0 0 112 1/32 2.560 0.160
7 0 1 1 76 11256 2.240 0.140
6 0 1 1 38 3/128 1.920 0.120
5 0 1 0 5/16 27256 1.600 0.100
4 0 1 0 1/4 1/64 1.280 0.080
3 a 0 1 3/16 3/256 0.960 0.060
2 0 0 1 18 17128 0.640 0.040
1 0 0 0 1116 1/256 0.320 0.020
0 0 0 0 0 0

1 o 8 n’: ¥ o ' 4 1 ¥ g =
naumsunwﬂﬂhuu 'BSG'IEN'YI1ﬂ'l‘iﬁ'l’)‘)\'l‘ﬂ'iLWﬂﬂﬁﬁﬂUﬂBuIﬁUﬂﬁﬁ'ﬂ‘Nﬁ]'iﬂx‘lﬂ'm‘n 35
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#include <at89c51ed2.h> //include Preprcessor Directive

unsigned char
display[]={0xc0,0xf9,0xa4,0xb0,0x99,0x92,0x82,0x{8,0x80,0x98,0xbf,0xbf,0xbf,0xbf,0xbf,0xbf};
HTable 7-segment Anode display

unsigned char display_dot[]={0x40,0x79,0x24,0x30,0x19,0x12,0x02,0x78,0x00,0x18}; //Table 7-
segment Anode with dot disply
unsigned int W[10]; //Weight Data

unsigned int D[10]; /Number Data

int F[10]; //Buffer Data

unsigned char DISBUF[3]; //Digit Data

JEEERERE R AR AR R R AR R R DR R AR
/tlltttt*tt*l*l___t*t#*t#t**_-_l*#t*t**tttl#i/
/****““"*"**““|—Function"Delay-i“‘ EEEREERER KRR
/t*t*tttt**t*tl___t***tt*!tt___lttttlttttltt*/

/t*t*t#tt**tt*ttt#ttttt#t*t**t*t**t**#t***t**/

void delay(int time)

{

do

{

time—;

} while(time>0);
}

/ttt*t*t##l**!t**#***t******tt*#ttt!#tttttt#*/
/**lttttt#t’ttl___tttttittti,_-lttt.tltt*t*tt/
/t**#*lt#*tt**'_-_MOVE‘DIGIT,,_I**#!#ttltttt!/
/***#**t***t*#‘___*t***t*#t*-__[*#tttl!**tttt/

/*#****#***it***#****t**#**t*#***tt‘*tt’t**t*/

void MOV_DIGI)

{
DISBUF[0]=DISBUF[1];



DISBUF[1]=DISBUF|2];

}

/#*t****tt**t**t*******t*****t***t‘tt***t**ttt‘/

/F*!t‘tttt*t!tI___ttttt*******___l*tt*t***‘l***tl

/*tt*#tt#ttt*tI_FunctiontSCANKEY_I*ttltt!t!tttt/

/**ll¥¥¥t*¥“t‘i___t#!‘tttt‘*tt-,_l***ttt**tt*t*/

It*** t*tt“*t*tttt‘*******‘t*‘t‘*l*t#i!!*tii*i*/

unsigned char scankey(void)

{

unsigned char ret;

ret = Oxff;

P2 0=0;

if(P2_4 ==0)

{
delay(30000);
ret=7;

}

if(P2_5==0)

{
delay(30000);
ret=8§;

}

if(P2_6 ==0)

{
delay{30000);
ret=29;

}

if(P2_7==0)

{
delay(30000);
ret = 10;

}

P2 0=1;

TN
/100000//00000//00000//00000//
O £*O//O** *Q//O***Q//O***O//-----
HO* X O/[0* **Q//Q***0//0***Qy/
HO0000/OO000/00000/00000//
I
/100000//00000/00000//00000//
JIO* **O/fO* **Q//O***+O//O* ** O/ /-
HO***QJjO***Q//Q***O//0***O//
//00000/O0000/00000//00000//
TR
//00000//00000/00000//00000/
1O***O//O** *Q//O* **Q//O* ** O/ /-----
H1O***Q/Q* **0//0***Q//Q***O//
/1O0000/00000//00000/00000//
T
/100000//00000/00000//00000//
HO***Q//O* **O//Q***O//Q***Of/-----
HO**¥*O//Q***Q//Q***O//O*** O/
/100000//00000//QG0000//O0000/!
HITTHIHITH I
o T N T



P2 1=0;

if(P2_4 ==0)

{
delay(30000);
ret =4,

}

if(P2_5==0)

{
delay(30000);
ret=3;

}

ifiP2_6 ==0)

{
delay(30000);
ret=6;

}

if(P2_7 == 0)

{
delay(30000);
ret=11;

}

P2 1=1;

P2 2=0;

if(P2_4==0)

{
delay(30000);
ret=1;

}

if(P2_5 == 0)

{
delay(30000);

ret=2;



}

if(P2_6 ==10)

{
delay(30000);
ret=3;

}

if(P2_7==0)

{
delay(30000);
ret=12;

}

P2 2=1;

P2 3=0

if(P2_4==0)

{
delay(30000);
ret = 13;

}

if(P2_5==0)

{
delay{30000);
ret=20;

}

if(P2_6==0)

{
delay(30000);
ret=14;

}

if(P2_7==0)

{
delay(30000);
ret=15;



P2 3=1;
return(ret);

}

JRERERR R AR AR AR R R R R KRR AR AR AR R RN
JERRRAAARRA R R AR RS R SRR R AR
jresexsxseres e Eunction*Cleardigit-|** * ¥+ #4++ *xk |
REREERRR R AR K[ R RR R RRR | KRR R AR AR ]

/**1*****1*********t**t***********t*‘t‘**t‘*‘ttttt/

void clear_dis()

{
DISBUF[0]=0;
DISBUF[1]=0;
DISBUF[2]=0;

}

e e L L L e Ly L]
f***t*****t*t*l_-_****l:*****t*t**t_,_l*t*tttttttt**/
[rxxxekxxrrrnx.Function* Showdisplay-| ¥ ¥+ ¥ s+ *sxex s/
JEEER R Rk R R R RE AR

/t‘tt‘*ttt*tt*tt*tt**‘t****t**t********t****1*#****/

void SHOW3()
{

P1 0=0;
Pl 1=1;
Pl 2=1;

PO = display[DISBUF[0]];

delay(300);
Pl O=1;
Pl 1=0;
Pl 2-1;

PO = display_dot[DISBUF[1]];
delay(300);

P1 0=1;

P11-=1;



P1 2=0;
PO = display[ DISBUF[2]];
delay(300);

Pl 2=1;

}

/t***tt*t******t*****t****t#**l#t##tttt#t##*t*t***t/
/t*t#t#*t*l#l*kn**t*tt****t*****“%*tttt***i****/
/**t*t*t*****t|__Functi0n*Keepvalue__|tttt#l#*t**t*/
/***!******‘tlk“**t**#*t*t*t****“4********$****I

n .
/*#t*ll#tt#*#***********t**t******ti****ttlt*tlttt*/

void keep3()
{
unsigned char x,i;
1=0;
do
{
do
{
SHOW3();
x = scankey();
}while(x==0xff);
if(i==0)
{
while(x>=3)
{
SHOW3();
x = scankey();
}
3
iflx<10)
{
MOV _DIGI(;
DISBUF|2}=x;



s
Hf(x==14)
{
clear dis();
i=0;
}
SHOW3();
ywhile(i<3);

}

JEREEEAERERR R R R R R RERR TR R AR h R kR

/***ltt***ttltl_-_tt*tt**********t_-_'*******t*t**t/

/**** *********I‘leCliﬂﬂ*ShowdisplaY'l*“‘*“***‘**f

/**t#t*t*tt**tl-_-t****t**********_-_f***t*t*******/

/*tt******t**t*****#****t****t******t**t*****‘-*‘-***/

void SHOW2()
{

P1 0=0;
Pl 1=1;
Pl 2=1;

PO = display[ DISBUF[0]];

delay(300);
Pl 0=1,
Pl 1=0;
Pl 2=1;

PO = display[ DISBUF[1]];

delay(300);
P1 0=1;
P1 1=1;
P1 2=0;

PO = display[ DISBUF[2]];
delay(300);

P12=1;



I

/**************************************************/
/t******t*****l___i*********tl*l*l___ltt********!**/
/*************i_..Functlon*Keepvalue__l************t/
/*ttl**t*tttttl_-_**tl*tttt*lttt*t___ltt*ttttt*llt*/

/******l*******il********************1****1***1****/

void keep2()

{

unsigned char x,i;
1=0;

do

do

{

SHOW?2(),

x = scankey();

Ywhile(x==0xff);

if(x<10)

{

MOV DIGI();

DISBUF|[2]=x;

it+;
yif(x==14)
{
clear_dis();

" i=0;

}
SHOW2();

}while(i<2);

}

AR AR AR EE IR E RN
/**t****t*****l__._*t*************t_-_i*t*t#t*ttt*t*/

/******t**t*t*|___FunctiontKeepALL___|ttttt*I-*ttttt/

/***t***t**tt*l___******ttt*tttt**_--ltttt***ttttt*/



JRREERR R R PR R R AR AR SRR Rk kR kX

int keep_all {void)

{

unsigned int x,y,z,NUM,;
x=0;

y=0,

z=0;

NUM=0;
x=DISBUF[0]*100;
y=DISBUF[1]*10;
z=DISBUF[2]*1;
NUM=x+y+z;
return(NUM);

}

/***ttk*t*t**‘ti*tit*tt*t****t**tt**t**sit!t**itttt/
jtttttitttttttknjtttttik*ti*t‘tt*t***-qttti***t*/
/t*t*ttt*ttiilt|__FunctionlA/D*CONV'ERTER_,Iitt*ttt*l’/
/t**tttt****l*P-,***t*t**********t*t**_**i**t*t**/

fl!***i*ttt***t***tt***t*t*ttttttttttt*tttt*t*ttttt*/

int atoddata(void)
{
int x,y;

unsigned char i;

1=0;

x=0;

do

{

Pl 4=1;
Pl 3=1
P1_3=0;
SHOW2();

}while(P1_5 ==1);

P1 4=0;



x=P3;
Y =X
return(y);

}

SRR AR RN E TR R KRR EE R AR RER AR
/tt****t*ttt**l___**t*ttt**tt*tt*i_-_l*t**tt*t*****’f
/“*****“*****|~—Function SHOW_NUM'"P'**'******"/
/:utttttttttt*[___t*tttt*tt**tt*tt_-_l**t*:::t:*:**/

/*******************l’********l****‘******tt**tttttt/

void SHOW_NUM(int NUM)
{
unsigned int buf;
DISBUF[0] = NUM/100;
buf=NUM % 100;
DISBUF[1] = buf/10;
DISBUF[2] = buf % 10;
}
void main()
{
unsigned int n,m;
int AD,AD2;
unsigned char ij k h g b.aloop,d H3 H4;
Pl = 0xff;
P2 = 0xff;
P3 = Oxff;
clear dis();
while(t)
{

a=(;
n=0;
m=0;

i=0;



=0;

b=0,

d=0;

H3=0;

H4=0;

loop=0;

AD2=0;

P1 0=0;

P1 1=0;

P12=0;

Pl 6=0;

PO = display[0];

clear dis();

do

{

do

{

clear_dis();

SHOW2():

n = scankey();

}while((n!=10)&&(n!=11)&&(n!=15)}; //check key to use function weight or

number

clear_dis();

h=0; -

g=0;

ifln==10}

{
keep3();
WIi] =keep_all();
if((W{il<5HI(WIi]>5))
{
FliJ=W[i]+32;
Yelse iffW[il==5)



{
Flil=W[il-5;
}

i++:

3

while(h!=15)

{
SHOW3();
h=scankey();
}

}

ifln==11)

{
keep2();
Dfj] =keep_all();
i
while(g!=15)
{
SHOW2();
g=scankey();
}

}

}while(n!=15);

i(i>=j)

{

k=33

telse k=i;

for(loop=0;loop<=k;loop++)
{
do
{
m = scankey();
SHOW_NUM(D][loop]);
SHOW20);



iflm==12)

{

do

{

m = scankey();
SHOW_NUM(W/[loop]);
SHOW3();
}while(m!=12);

}

Jywhile(m!=13);
SHOW_NUM(D[lcop]);
SHOW2();

do

{

P1 5=0;

Pl 6=I;
AD = atoddata();
if{(AD>=F[loop]))
{
P1_6=0;
delay(30000);

)

Pl 5=0;
for(d=0;d<10;d++)
{
AD = atoddata();
AD2+= AD;
}
H3=AD2/10;
H4=AD2 % 10;
if(H4<5)



{
AD2= H3;
lelse AD2 = H3+1;

}while(AD2<F[loop]);
D[loop]--;

do

{

P1_6=0;

SHOW_NUM(D[loop));
SHOW2();
m = scankey();
}while(m!=13);
}while(D[loop)!=0);

}

for(b=0;b<loop;b++)

{

D[b}=0;

W[b}=0;

}



Features

+ Compatible with MCS-51" Products

* 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

* Fully Statlc Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

+ 128 x 8-bit Internal RAM

* 32 Programmabte 1/O Lines

+ Two 16-bit Timer/Counters

¢ Six Interrupt Sources

* Programmable Serlal Channel

* Low-power Idle and Power-down Modes

Description

The ATBICS1 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (FEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel ATB9C51 is a powerful microcomputer which provides

Y )

8-bit
Microcontroller
with 4K Bytes
Flash

a highly-flexible and cost-effective solution to many embedded control applications.
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Block Diagram

POO - PO P20 - P27
PORT 0 DRIVERS PORT 2 DRIVERS
GND - A T T ¥
J_—_ y 4
= RAM ADDR. PORT 0 PORT 2
REGISTER P RAM LATCH LATCH FLASH
y h 4 v y
A
y y
PROGRAM
B STACK
REGISTER ACC POINTER ﬁNEngRsETISEg
y
4 BUFFER g
T™MPZ ™P
PC
ALU INCREMENTER
INTERRUPT, SERIAL PORT,
AND TIMER BLOCKS
h A PROGRAM -
PSW COUNTER g
F5EN 44— .
ALEPROE «——| MG | strucTion 4 y . 4 o oemr
EA ! Ve, —»| CONTROL | REGISTER
RST ———P
y y y
PORT 1 PORT 3
LATGH LATCH
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The ATBIC51 provides the following standard features; 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the ATB9C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The |dle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vCccC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the rnuitiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internat
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an B-bit bi-directional IO port with intemal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are extemally being pulled low will source
current (I, ) because of the intemal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current {|, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current {1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBI9CS51 as listed below:

Port Pin Alternate Functions

P30 RXD {serial input port)

P31 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INT1 (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 {timer 1 external input)

P3.6 WR (external data memory write strobe)
paz RD (external data memery read strobe)

Port 3 also receives some control signals for Fltash pro-
gramming and verification.

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

ALE/PROG

Address Latch Epable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for extemal tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in extemal execution mode.

PSEN

Program Store Enable is the read strobe to extemal pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to extemnal data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if tock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to V. for internal program
executions.

This pin aiso receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the extemal
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
cbserved,

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
—-JI——I—— XTAL2
C1
*—] XTAL1
_I. GND
Note: Ct,C2 = 30pF +10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internal 1 1 Data Data Data Data
tdle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

4 . AT 8O C 51 0000000
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Figure 2. Extemal Clock Drive Configuration

NC ———— XTAL2

EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

~

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V.
is restored to its normal operating level and must be held
active long enough to allow the oscitlator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P} to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to

function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 u u U No program lock features

2 P U u MOVG instructions exacuted from external program memaory are disabled from
fetching code bytes from internat memory, EA is sampled and lafiched on reset,
and further programming of the Flash is disabled

3 P P U Same as mode 2, also verify is disabled

4 P Same as mode 3, also extemal execution is disabled

AIMEL
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Programming the Flash

The AT89CS51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
ATB9C51 inside the user’s systemn, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage of
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vep= 12V Vpp =5V
Top-side Mark ATBICHT ATBICS51

XXXX XXXX-5

Yyww yyww
Signature {030H) = 1EH (030H) = 1EH

(031H) =51H {031H) =51H

{032H) =F FH {032H) = 05H

The ATB9CS51 code memory array is programmed byte-by-
byte in either pregramming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Before programming the
ATBIC51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.
1. input the desired memory location on the address
lines.
input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
4. Raise EA/Vpe to 12V for the high-voltage program-
ming mode.
5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

W N

and data for the entire array or until the end of the

object file is reached.
Data Polling: The ATBIC51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Poliing may begin any time
after a write cycle has been initiated.
Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY,

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code amray is written
with all “17s. The chip erase operation must be executed
before the code memory can be re-programmed.
Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values retumed are
as follows.

{030H) = 1EH indicates manufactured by Atmel

{031H) = 51H indicates B9C51

{032H) = FFH indicates 12V programming

{032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash aray can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microconiroller series. Please contact your local
programming vendor for the appropriate software revision.
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Flash Programming Modes

Mode RST PSEN ALE/PROG EAV,, | P26 | P27 | P36 | P37
Write Code Data H L H/12v L H H H
N
Read Code Data L H H L L H
Write Lock Bit - 1 H H/12v H H
—~_
Bit-2 H L HM2v H H L L
N
Bit- 3 H L H/2v H L H L
N
Chip Erase H L ) HI12v H L L L
—~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Fiash
+5v +5V
AT89C51 T AT89C51 ?
apDR. A2 -AT oy Vec aDDR. 20 - ALt by Vee —PIGM -
OOOCHIFFFH
OOQOHIOFFFH P20 - P23 PO |&—— EET‘"; P20 - P23 PO | (USE 10K
AB - A1 A8 - A11 PULLUPS)
—» P26 ——» P26
SEE FLASH —» P27 ALE |e——— PROG SEE FLASH —» P27 ALE
PROGRAMMING PROGRAMMING —|
MODES TABLE { —»| P36 MODES TABLE |:~—'- P36 y
H
— Ml p3z7 —w P37 I
~g——— XTAL2 EA j¢—— VVep —e——| XTAL2 EA je—
XTAL1 RST |4—— Vv, XTAL1 RST le— Vi
GND PSEN ] GND PSEN —j
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

PROGRAMMING : VERIFICATION
P1.0 - P1.7
P2.0 - P2.3 ‘ ADDRESS 4/“—4‘ ADDRESS
—» ¢ tavav
PORT. 0 DATA IN D ( DATA OUT p———
— tovar  tonox [+
taveL * - = bapax
ALEPROG A
tshal [+ — o tomse
_ N .- I NLOGIC 1
EANee I T waeco________ 1 __~ T __
— ) —
P27 - ‘—1 EHSH tELQV il EHOZ
(ENABLE) /’
tenm —* fe—
P3.4
(RDY/BSY) BUSY READY
o by

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P1.0 - P1.7 PROGRAMMING enen] VERIFICATION
P20 - P23 ADDRESS /’—j ADDRESS P
ol i+ tavov
PORT O : DATA IN ™ —~ DATA OUT pe-——
“—* tove  lorox r‘*J
tvaL [ *  * tghax
ALE/PROG A
fsmat [ Mt g
L LOGIC 1
EANpp ] weco|. .. _____ 1 ______._
p2.7 e terav —*! — +— lenaz
{ENABLE) ;
toHeL — |‘ -
P34 ;
(RDY/BSY) BUSY READY
= lwe
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Flash Programming and Verification Characteristics
To=0°C to 70°C, V¢ = 5.0 £10%

Symbol Parameter Min Max Units
Vel Proegramming Enable Voltage 11.5 12.5 Vv
(L) Programming Enable Cument 1.0 ‘mA
Weio Oscillator Frequency 3 24 MHz
. Address Setup to PROG Low 48t o

forax Address Hold after PROG 4Bt oy

toveL Data Setup to PROG Low 48tc o,

[ p— Data Hold after PROG 48te o

bensi P2.7 (ENABLE) High to Vee 48t o

tshaL Vep Setup to PROG Low 10 us
tane ! Vpp Hold after PROG 10 ps
toLan PROG Width 1 110 ps
tavay Address to Data Valid 4BleraL

terov ENABLE Low to Data Valid 4Bte o

Lpaz Data Float after ENABLE 0 48te oL

tenaL PROG High to BUSY Low 1.0 HS
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Absolute Maximum Ratings*

ATMEL

Operating Temperature.......................
Storage Temperature............coo.........

Voltage on Any Pin
with Respect to Ground .........................

ceeeenenn. »55°C t0 +125°C

cerrereenn B8°C to +150°C

v = 1.0V to +7.0V
Maximum Operating VORAGe ..........c..ccoorviecevivesiee e

DC Output Cument..............ccoovvvvveeesree e, 15.0 MA

‘NOTICE:

6.6V

DC Characteristics

Tp =-40°C to B5°C, Vo = 5.0V +20% (unless otherwise noted)

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

Symbol Parameter Condition Min Max Units
Va tnput Low-voltage (Except EA) -05 0.2 V- 0.1 v
Vi Input Low-volags (EA) 0.5 0.2 V- 03 v
Vin Input High-voltage (Except XTAL1, RST) 0.2V c+09 Vet 0.5 v
Vint Input High-woltage {XTAL1, RST) 0.7 V¢c Vee+ 05 v
Voo Output Low-woltage'” {Ports 1,2,3) lo = 1.6 mA 0.45 v
Vour g‘;ﬁ”g"f:g‘_’“%g; J lop = 3.2 mA 0.45 v
lgn = 60 PA, Ve =5V 110% 24 v
Vou g}:ﬁ:‘ 1&;?;‘:1’?.9%) Tow = 25 PA 075 Ve v
lon = -10 A 0.9 Ve v
lgy = 800 pA, Vo = 5V $10% 24 v
Vom giﬁ!g mjgét;}:::?;us Mode) lon = -300 pA 0.75 Vec v
lon = 80 pA 0.9 Ve v
n Logical O tnput Current (Ports 1,2,3) V) = 045V -50 BA
e I(..F?gr‘;c:; :Izl'g)o Transition Current Vi = 2V, VCC = 5V £ 10% 650 A
Iy Input Leakage Current (Port 0, EA) 0.45 <V, < Vg 10 uA
RRST Reset Pull-down Resistor 50 300 Ki2
Cio Pin Capacllance Tast Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current Idle Mode, 12 MHz 5 mA
lec ] Voo = 6V 100 pA
Power-down Mode™!
Veo = 3V 40 HA
Notes: 1. Under steady state (non-transtent) conditions, lg, must be externally limited as follows:

Maximum lg, per port pin: 10 mA

Maximum g, per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all oulput pins: 71 mA )
If 1, exceeds the test condition, Vg, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V.. for Power-down is 2V.
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

AIMNEL

12 MHz Osclllator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
MeLa Oscillator Frequency 0 24 MHz
L ALE Pulse Width 127 2t 40 ns
taviL Address Valid to ALE Low 43 teror-13 ns
fiax Address Hold after ALE Low 48 to 20 . ns
i ALE Low to Valid Instruction In 233 Aty 69 ns
tip ALE Low to PSEN Low 43 toie-13 ns
teern PSEN Pulse Width 205 3t 20 ns
teLry PSEN Low to Valid Instruction In 145 3t o 45 ns
toxix Input Instruction Hold atter PSEN 0 0 ns
oz Input Instruction Float after FSEN 59 toc-10 ns
toxay PSEN to Address Valid 75 te B ns
tavry Address {o Valid Instruction In 312 Bte o 55 ns
toiaz PSEN Low to Address Float 10 10 ns
taLRH RD Pulse Width 400 Bto o100 ns
town WR Pulse Width 400 Bt - 100 ns
taLov RD Low to Valid Data In 252 Ste o, -90 ns
- Data Hold after RD 0 0 ns
trHpz Data Float after RD 97 2ty c1-28 ns
tov ALE Low to Valid Data in 517 8t o -150 ns
tawov Address to Valid Data In 585 e -165 ns
fowe ALE Low to RD or WR Low 200 300 3tg o -50 3tg o +50 ns
e Address to RD or WR Low 203 Ay 75 ns
I~ Data Valid to WR Transition 23 teLc-20 ns
tovwn Data Valid to WR High 433 Ttoyc-120 ns
tomiox Data Hold after WR 33 teL o120 ns
teraz RD Low to Address Fioat 0 0 ns
tymin RD or WR High to ALE High 43 123 te 20 too*25 ns
1
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External Program Memory Read Cycle

tIL.HLL *"
]
ALE \‘ Y
t « ';l= t - tpLen
AVLL o LV
PSEN / ! . Mty K‘_
| t
| —* [ tpiaz e | PXRAY
tax :‘_’ Pxi:‘:Jq—ﬂ
foxx st e
PORT 0 St A0-A7T D K INSTRIN »
NST ;
e tayy —————»]
PORT 2 X AB-A15 X AB-A15

External Data Memory Read Cycle

tep —
ALE

|
AT e

co s —taygn

PSEN tLov
- lLLM —
RD et — ]

o— tRigH ——

_

taeov 4——'1 tenpz

le— by | —

triaz 1>
PORT 0 __>(AD - A7 FROM Rl OR DPLY(>

- g

— teHDX
' DATA IN /A0 - A7 FROM PCL INSTR N
N i

PORT 2 b P2.0 - P27 OR A8 - A15 FROM DPH " A8 - A15 FROM PCH

12 /A T8O /C 51 000000000000




AT89C51

External Data Memory Write Cycle

f— tLHLL_‘M*
ALE _/F/“—\ ,
’i b
PSEN -t ’
— tLLWI. —sle—ta vt - -
WR “-'tLLAx —
"*tAVLL_. fovwx [+ - }‘— barax
_ tQVWH ety
PORT 0 > AG - A7 FROM RI OR DPL DATA OUT_ I A0 - A7. FROM PCLO>-INSTR IN
L s mrre——s tAVWL e Pt
PORT 2. ¢ P20 - P27 OR A8 - A15 FROM DPH = X AB - A15 FROM PCH
External Clock Drive Waveforms
’ Na— teorex
temex — teren —™ +— lonar
Voo - 0.5V —————— |
A% 0.7 Vo ﬁ“\— -
J X < \
A 0.2 Vg - 0.1V — - .
0.45v — ' —
— tgox —*
M - oo — ™
External Clock Drive
Symbol Parameter Min Max Units
1Rocl Oscillator Frequency 0 24 MHz
toer Clock Period ' 416 ns
ICHCX ngh Time 15 ns
torex Low Time 15 ns
| P Rise Tima 20 ns
- Fall Time 20 ns

AlMEL
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Serial Port Timing: Shift Register Mode Test Conditions

{Vcc = 5.0 V +20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
el Serial Port Clock Cycle Time 1.0 12t o s
tovan Qutput Data Setup to Clock Rising Edge 700 10tc o -133 ns
beax Output Data Hold after Clock Rising Edge 50 2t 0 117 ns
txHox Input Datla Hold after Clock Rising Edge 0 o] ns
tmov Clock Rising Edge to Input Data Valid 700 10t - 133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION 0 1 i 2 4 5 B8 7 8
ae ittt i e rdrondrende
* * bax
CLOCK [ ] FE R S e N B IO A
tQVXH
— }'— tm«dlzux
WRITE TO SBUF, OO I A 3 T3 a4 s e X7
¢ —] t.
OUTPUT DATA | <—.| I XHDX SETT
. CLEARRI | PTG T G D T DL T D T S O T
v
INPUT DATA seral

AC Testing Input/Output Waveforms("

Vo~ 08V 202 Vg + 0V >
TEST POINTS > \
0.2 V.. - 0.1V .
0.45v —— ce ——
Note: 1. AC Inputs during testing are driven at V. - 0.5V for a
logic 1 and 0.45V for a logic 0. Timing measurements
are made at Vg, min. for a logic 1 and V, max. for a
logic 0.
14

Float Waveforms'"

Nota:

LOAD

1.

Y -0V
VL + 0.1V = VOL Q
I Timing Referance — 1

Points
0.1V v

Vioao & L ¥ 0V

o]

For timing purposes, a port pin is no longer floating
when a 100 mV change from foad voltage occurs. A
port pin begins to fioat when 100 mV change from

the loaded VgV level occurs.

AT 80 C 51 10000000000
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Ordering Information

Speed Power
{(MHz) Supply Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12)C 44) (0°C to 70°C)
ATB9C51-12PC 40P6
ATB9C51-12QC 440
ATBICS51-12A1 44A Industrial
AT89C51-12J1 44) (40°C to 85°C})
AT89C51-12F1 40P6
AT89C51-12Q1 44Q
16 5V +20% AT8SC51-16AC 44A Commercial
ATB9C51-16JC 44) (0°C 1o 70°C)
ATB9C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J A44) {-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Q 440
20 5V +20% ATBSC51-20AC 44A Commercial
ATB9C51-20JC 44) (0°C to 70°C)
ATBIC51-20PC 40P6
ATB9C51-20QC 44Q
ATBICS51-20Al 44A Industrial
ATB9CS51-20J] 44J {-40°C to 85°C)
ATBOC51-20P! 40P6
ATB9C51-20Q1 44Q
24 5V $20% ATBOC51-24AC T 44A Commercial
ATB9C51-24JC 44 {0°C to 70°C)
ATB9C51-24PC 40P6
ATB9C51-24QC 44Q
ATBSC51-24Al 44A industrial
ATB9CS51-24JI 44) {-40°C 10 85°C)
ATBICS51-24PI 40P6
AT89C51-24Q1 44Q
. Package Type
44A 44-lead, Thin Plastic Gull wing Quad Flatpack (TQFP)
4449 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600” Wide, Plastic Dual Inline Package (PDIP}
44Q 44-lead, Plastic Gutl Wing Quad Flatpack {PQFP)}

AIMEL
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Packaging Information

44A, 44-lead, Thin (1.0 mm} Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

PIN1ID —.

1221(0 478! S0

10.10(0. 394
©.80(0.386)

] fﬁﬁﬂMﬂEﬁi@ﬂlA‘
_Il_ov 030y 0.1 oos)J

045(0 078} D.05(0.002)

50
— 1.20{0.047) MAX

0.20(.(.‘05)

Controlling dimension: millimeters

44.J, 44-lead, Plastic Jleaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD M3-018 AC

045(1.14) X 30° - 45°

O45{1.14) X 45 PINNO.4 012(.305)
_f_ IDENTIFY 008(203)
RE 1 oot
i B5616.7) 630{16.0)

50{16.5) —T 590{15.0)

o32081) §- 024,523
T0Z6{ 660} J‘g B30T DIN30)
BT
) D N
OSHEZT TYR —CroTriD oD 043{1.09)

|co———o| 500(12.7) REF SQ ! 020( 508)

12043.05)
ga% gy
%m m% 022{.550) X 45" MAX {3X}

,iB0{4.57)
165{48.19)

40P8, 40-lead, 0.600" Wide, Plastic Dual Inline
Package {PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.8)
Z.04(51 8} PIN

566(14.9)
BBH{135)

_L

090(129)
1900(43 76) REF -—-! I__
220(5 5a) 08¢ 127)
—ir MIN
semns dﬁ-F—r
PLANE o8511.65)
61T BI5(38)
%53.18) ‘ uzz(.sss)
.065{1.85) TTa{3%6)
.110(2 79) oA1008)
C50(2.29} 630(160)
I"‘ 550{15. a)'-i
9 Rer
D12(.305) i
505(Z0)

| £%0075)
.810{15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and {Inches})*
JEDEC STANDARD MS-022 AB

13.45 (0.525} s o
12.86 (0.506}

0.50 {0.020

.35 (0.014)

10.10 {0.384) sa
580 (0.3586)

J_ 2.45 {D.096) MAX

--I I- }.}'%Jﬂ;%; Euzsm.mo)mx

Controlling dimension: millimeters

01?0
.13 (0.00: )—'l

16 AT89C51




ATMEL

Y 5
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San Jose, CA 95131
TEL (408) 441-0311
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Europe
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ANALOG
DEVICES

Precision
Instrumentation Amplifier

AD624

FEATURES

Low Noise: 0.2 pV p-p 0.1 Hz to 10 Hz

Low Gain TC:5 ppm max {G = 1}

Low Noniinearity: 0.001% max [G = 1 to 200}
High CMRR: 130 dB min [G = 500 to 1000}

Low Input Offset Voltage: 25 pV, max

Low Input Offset Voltage Drift: 0.25 pV/°C max
Gain Bandwidth Product: 25 MHz

Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required

internally Compensated

PRODUCT DESCRIPTION

The AD624 is a high precision, low noise, insorumentation
amplifier designed primarily for use with low level transducers,
including load cells, strain gauges and pressure transducers. An
outstanding combinaton of low noise, high gain accuracy, low
gain temperature coeflicient and high linearity make the AD624
ideal for use in high resolution data acquisition systems.

The AD624C has an input offset voltage drift of less than
0.25 uV/°C, output offset voltage drift of less than 10 pV/°C,
CMRR above B0 dB at unity gain (130 dB at G = 500) and a
maximum nonlinearity of 0.001% at G = 1. In addition to these
outstanding dc specifications, the AD624 exhibits superior ac
performance as well. A 25 MHz gain bandwidth product, 5 Vips
slew rate and 15 ps settling time permit the use of the AD624 in
high speed data acquisirion applications,

The AD624 does not need any external components for pre-
trimmed gains of 1, 100, 200, 500 and 1000. Additonal gains
such as 250 and 333 can be programmed within one percent
accuracy with external jumpers. A single external resistor cap
also be used to set the 624’s gain to any value in the range of 1
to 10,000.

REV.C

Information furnished by Analog Devices is believed to be accurate and
raliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may resuft from is use. No licenss is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

00
4NPUT (0 =
N
G =100 (i3 +
 ezssn ADE24
G=200 (I T4usTO
31240
G =500 (1 EEI beold (3d) SENSE
/G, G - 2060 1 10k0
" ) 2ones iorn |, - ouTuT
RG; (3 > A
T 10k
"
s051 - (¢} REF
HHPUT {2 -
PRODUCT HIGHLIGHTS

1. The AD624 offers outstanding noise performance. Input
noise is typically less than 4 nVAHz at 1 kHz.

2. The AD624 is a functionally complete instrumentation am-
plifier. Pin programmable gains of 1, 100, 200, 500 and 1000
are provided on the chip. Other gains arc achieved through
the use of a single external resistor.

3. The offset voltage, offset voltage drift, gain accuracy and gain
temperature coefficients are guaranteed for all pretrimmed
gains.

4. The AD624 provides torally independent input and output

offset nulling terminals for high precision applications. -
This minimizes the effect of offset voltage in gain renging

applications.

5. A sense terminal is provided to enable the user to minimize
the errors induced through long leads. A reference terminal is
also provided to permit level shifting at the output.

Onae Technology Way, P.0. Box 3106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/323-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



T

IONS {@Vs==x15V, R =2k} and T, = +25°C, unless otherwise noted)

AD624-SPECIFICA

Mo, AD624A AD624B ADS2C AD624S
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
GAIN
Gain Equadon
{External Resisror Gain .
Programming 40, 000 40,000 40,000 40,000
+1|+20% +1|z20% +1|£20% +1]£20%
R; R; Rs Ro
Gain Range (Pin Programmebie) 1 o 1000 1 to 1000 1 to 1000 1 ro 1000
Gain Emor
G=1 to.05 10.03 10.02 to.05 %
G =100 10.25 10.15 10.1 10.25 | %
G =200, 500 10.5 10.35 10.28 0.5 %
Nonlineanty
G=1 10.005 10,003 10.001 10.005 | %
G =100, 200 10.005 $0.003 40.001 10.005 | %
G = 5300 10.005 +0.005 +0.005 +0.005 | %
Gain vs. Temperarure
G=1 5 5 5 5 pp/®C
G = 100, 200 10 10 10 10 ppC
G = 500 25 15 15 15 ppm”C
VOLTAGE OFFSET (May be Nulted)
Input Offser Volmge 200 75 25 75 i
vi. Temperature 2 0.5 .25 2.0 T/l o
Ourpur Offser Voltage 5 3 2 3 mY
vy, Temperamre 50 25 10 50 pvre
OFEEt Referred ta the Input ve. Supply
G=1l 70 15 B0 75 dB
G = 1060, 200 95 105 110 105 dB
G =500 100 110 115 110 dB
INPUT CURRENT
Inpur Bias Correny 150 125 115 1sn nA
ve, Temperaure +50 30 150 +50 pAFC
Input Offses Current 135 115 110 135 ni
w1, Temperatare 120 t20 120 +20 pAFC
INPUT
Input Impedance
Differential Resistance io® 10* 10* 10* Q
Differential Capacitahce o 10 1o 10 pF
Common-Mode Resistance 10* 10° 1o 10* 2]
Common-Mode Capacitance 10 10 10 10 pF
Ioput Voltage Range!
Max Differ. Input Linear (Vo) 110 G 10 G 110 G 210 G v
Max Common-Mode Linear (Vo) 12 V—('-Z—XVD) 12 V—[TX\’D) 12V- ?x Vo 12 ¥V — TXVD v
Common-Mode Rejection dc
to 60 Hz with 1 X Source Imbalance
G=1 70 75 o] 70 dB
G =100, 200 100 105 110 100 dB
G = 500 110 120 130 110 dB
OUTFUT RATING
¥V R =2k 110 110 110 110 v
DYNAMIC RESPONSE
Smell Si -3dB
G= ]ngml 1 1 1 1 MHz
G=100 150 150 150 150 kHx
G =200 100 100 100 100 kHz
G = 500 50 50 30 50 kHz
G = 1000 25 25 25 25 . kHz
Slew Rate 5.0 3.0 5.0 5.0 Vi
Serding Time © 0,05%, 20 ¥ Siep
G=110200 15 15 15 15 |
G =500 35 - 35 35 i
G = 1000 75 ] 75 75 ]
NOISE
Val loise, 1 kHz .
R:'B.EI.N ] 4 4 4 nVAHz
R.T.C. 75 75 75 75 nvNHz
R.T.L,0.1 Hzto 10 Hz
G=1 10 10 10 10 Wpp
G=100 0.3 0.3 03 0.3 HV pp
G = 200, 500, 1000 0.2 0.2 0.2 0.2 W pp
Current Noise
0.1 Hito 10 Hz &0 60 60 60 pApp
SENSE INFUT
R 8 10 12 8 10 12 8 10 12 8 10 12 ka
Ipe 30 10 30 30 pA
Voltage Range $10 110 10 410 v
Gain to Qutput 1 1 1 ] %
REV.C



Modc? AD624A AD624B AD624C ADS245
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
REFERENCE INPUT
R 16 20 24 16 20 2 16 20 24 16 20 24 k0
In 30 30 30 30 pA
Volage Range +10¢ $10 *14 t10 v
Gain to Qupuat 1 1 1 1 %
TEMPERATURE RANGE
Specified Performance -25 +85 -2% +85 =25 +85 -55 +125 {°C
Storage -53% +150 ~£5 +150 65 +150 | -65 +150 | °C
POWER SUPPLY
Power Supply Range +6 *15 *18 +6 *15 =18 *6 *15 *18 | =6 *1§ i3 [V
Quiescent Current 35 5 3.5 3 3.5 5 35 5 mA
NOTES

"Wp is the maximum differensial input voltage a1 G = | for specified nonlinearity, Vi &t other gains = 10 V/G. V5 = actual differential input voltage,

Brmmple: G= 10, Vp =0.50. Vou = 12V - (10/2x 050 V) = 9.5 V.
Specifications subject 10 change without notice.

Specifications shown in boldface are tested on 2l] production unit at final efectrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS*

Supply Voltage ... ... it I8V
Internal Power Dissipation . .................... 420 mW
Imput Voltage ...ttt ii i iieeneanan s +Vs
Differential Input Voltage ............. .. ... Vs
Output Short Circuit Duration ................ Indefinite

Storage Temperature Range
Operating Temperature Range

ADO24A/BIC ... .. i -25°C 10 +85°C
AD624S .. .. -55°C to +125°C
Lead Temperature (Soldering, 60 secs} ............ +300°C

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage vo the device. This 18 u stress rating only; fanctional ope ration of the
device at these or any other conditions above those indicated in the operational
sections of rhis specification is not implied. Exposure to absolute maximum mting

INPUT NULL E
MPUT NLALL E

CONNECTION DIAGRAM
A
—INPUT E . 16] RGy
+HNPUT [2] 78] OUTPUT NULL

mel AD624

TOP VIEW
{Nat to Scale)

1__3|G-1oo
Ec-zoo

nEF['_e"‘_ Ec-m

¥y E [10] sEnsE
+wWg 8 3] ourPuT.

FOR GAINS OF 1000 GHORT RG, TC PIN 12

AND PINS 11 AND 13 TO RG;

conditions for extended periods may affect device reliability.

ORDERING GUIDE

Temperature Package Package

Model Range Description Option
AD624AD -25°C 1o +85°C | 16-Lead Ceramic DIP {D-16
AD624BD -25°C to +85°C  [16-Lead Ceramic DIP | D-16
AD624CD -25°C 1o +85°C | 16-Lead Ceramic DIP | D-16
AD624SD —-55°C to +125°C | 16-Lead Ceramic DIP | D-16
AD6245D/883B* | -55°C to +125°C | 16-Lead Ceramic DIP | D-16
AD624AChips | -25°C 10 +85°C |Die

AD624SChips | -25°C 10 +85°C |Die

*See Analog Devices' military data sheer for 883B specifications.

REV.C
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Contact factory for latest dimensions
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AD624-Typical Characteristics
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Figure 1. Input Voltage Range vs.
Supply Voitage, G =1
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Figure 4. Quiescent Current vs.
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Figure 7. Input Bias Current vs. CMV
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Supply Voltage

|
-

AY0S FROM FINAL YALUE — p¥
w

T
¢ JD0 2D 30 40 3.0 40 TO 8D
WARM-UP TREE - Minutes

Figure 8. Offset Voitage, RTI, Turn
On Drift

—4-

30
-3
Iy ||
>
1
[}
z I
: f
[
w
2
5
]
> 0 /J
5
S
2
o

'l
[}
10 100 1K 10k

LOAD HRESISTANCE-N

Figure 3. Output Voltage Swing vs.
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Figure 6. Input Bias Current vs.
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" AD624
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Figure 10. CMRAR vs. Frequency RTI, Figure 11. Large Signal Frequency Figure 12. Positive PSRR vs.
Zero to Tk Source imbalance Response Frequency
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Figure 13. Negative PSRR vs. Figure 14. RTI Noise Spectral Figure 15. Input Current Noise
Frequency Density vs. Gain
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Figure 18. Settling Time, Gain « 1

Figure 16. Low Frequency Voltage Figure 17. Low Frequency Voltage
Noise G = 1 (System Gain = 1000) Noise, G = 1000 (System Gain =
100,000)
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Figure 25. Settling Time Tast Circuit

THEORY OF OPERATION ‘

The AD624 is a monolithic instrumentation amplifier based on
a modification of the classic three-op-amp instrumentation
amplifier. Mopolithic construction and laser-wafer-trimming
allow the tight matching and tracking of circuit components and
the high level of performance that this circuit architecture s ca-
pable of.

A preamp section (Q1-Q4) develops the programmed gain by
the use of feedback concepts. Feedback from the outpurs of Al
and A2 forces the collector currents of Q1-Q4 to be constant
thereby impressing the input voltage across Rg.

The gain is Zet by choosing the value of R from the equation,

4
Gain = ‘T:: + 1. The value of R also sets the ransconduct-
ance of the input preamp stage increasing it asymptotically to
the transconductance of the inpur transistors as Rg is reduced
for larger gains. This has three important advantages. First, this
approach zllows the circuit to achieve a very high open loop gain
of 3 x 10% at a programmed gain of 1000 thus reducing gain
related errors to a negligible 3 ppm. Second, the gain bandwidth
product which is determined by C3 or C4 and the input trans-
conductance, reaches 25 MHz. Third, the input voltage noise
reduces to a value determined by the collector current of the
input transistors for an RTI noise of 4 nVAHz at G 2 500.

Figure 26. Noise Test Circuit

INPUT CONSIDERATIONS

Under input overload conditions the user will see Rg + 1000
and two diode drops (~1.2 V) between the plus and minus
inputs, in either direction. If safe overfoad current under all
conditdons is assumed to be 10 mA, the maximum overload
voltage is ~ 2.5 V. While the AD624 can withstand this con-
tnupusly, momentary overloads of £ 10 V will not harm the
device. On the other hand the inputs should never exceed the
supply voltage.

REV.C
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The AD524 should be considered in applications that require
protection from severe input overload. IF this is not possible,
external prorection resistors can be put in series with the inputs
of the AD624 to augment the internal (50 1) protection resis-
tors. This will most seriously degrade the noise performance.
For this reason the value of these resistors should be chosen to
be as low as possible and still provide 10 mA of current limiting
under maximum continuous overload conditiens. In setecting
the value of these resistors, the internal gain seting resistor and
the 1.2 volt drop need to be considered. For example, to pro-
tect the device from a continuous differential overload of 20V
at a gain of 100, 1.9 k2 of resistance is required. The internal
gain resistor is 404 £2; the internal protect resistor is 100 L.
There is a 1.2 V drop across D1 or D2 and the base-emitter
juncton of either Q1 and Q3 or Q2 and Q4 as show:: in Figure
27, 1400 £2 of external resistance would be required (700 L in
series with each input). The RTI noise in this case would be

{4 KTR . +(anV | /H2)? =6.2aV (Hz

¥
Wy
n
200
a1 RS6 Q2 | RSd
e RG, RG, 20x00 Q4 10k1} RSS
" 80.201 EE 10ks}
50..3* — 500 M*
12403 S0pA
lasasnz §- 200 5082 "~
b 4 WD)
225303
100
M
g

Figure 27, Simplified Circuit of Amplifier: Gain Is Defined
as (R56 + R57)/(Rg) + 1. For a Gain of 1, Rg Is an Open
Circuit, .

INPUT OFFSET AND OUTPUT OFFSET

Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiecs. While initial offset may
be adjusted to zero, shifts in offset voltage due to temperarure
varations will cause errors. Intelligent systems can often correct
for this factor with an autozero cycle, but there are many small-
signal high-gain applications that don’t have this capability.
Voltage offset and offset drift each have two components; input
and output. Input offset is that component of offset that is




AD624

directly proportional to gain i.e., input offser as measured at

the outpur at G = 100 is 100 tmes greater than 21 G = 1.
Qutput offset is independent of gain. At low gzins, output offset
drift is dominant, while at high gains inpur offset drift domi-
nates. Therefore, the output offset voltage drift is normaliy
specified as drift at G = 1 (where input effects are insignificant),
while input offset voltage drift is given by drift specification at a
high gain (where output offset effects are negligible). Al input-
related numbers are referred to the input {RTT) which is to say
that the effect on the output is “G” times larger. Voltage offset
vs. power supply is also specified at one or more gain settings
and is also RTI.

By separating these etrors, one can evaluate the total error inde-
pendent of the gain setting used. In a given gain configura-

tion both errors can be combined to give a tota! error referred to
the input (R.T.1.) or output {R.T.0.)} by the following formula:

Total Error RT.I. = input error + (output erroc/gain)
Total Error R.T.Q. = (Gain x input error) + output error

As an illustration, a typical AI}624 might have a +250 uV our-
put offset and a —50 UV input offset. In a unity gain configura-
rion, the toral output offset would be 200 pV or the sum of the
wo. At a gain of 100, the ourput offset would be -4.75mV
or: +250 uV + 100 (-50 uV) = 4.75 mV.

The AD624 provides for both input and output offset adjust-
ment. This optimizes nulling in very high precision applications
and minimizes offset voltage effects in switched gain applica-
dons. In such applications the input offset is adjusted first at the
highest programmed gain, then the outpur offset is adjusted at
G=1.

GAIN

The AD624 includes high accuracy pretrimmed intemnal

gain resistors. These allow for single connection program-
ming of gains of 1, 100, 200 and 500. Additionally, a variety
of gains including a pretrimmed gain of 1000 can be achieved
through series and parailel combinations of the intemal resis-
tors. Table I shows the available gains and the azpprapriate
pin connections and gain temperature coefficients.

The gain values achieved via the combination of internal
resistors are extremely useful. The temperature coeflicient of the
gain is dependent primarily on the mismatch of the temperature
coefficients of the various internat resistors. Tracking of these
resistors is extremely right resulring in the low gain TCs shown
in Table I.

If the desired value of gain is not attainable using the inter-

nat resistors, a single external resistor can be used to achieve
any gain between 1 and 10,000. This resistor connected between

Figure 28. Operating Connections for G = 200

Table L.
Temperature
Gain Caefficient Pin 3
(Nominal) | {Nominal) to Pin | Coanect Pins
1 -0 ppm/°C - -
100 ~1.5 ppm°C 13 -
125 -5 ppm/*C 13 ilw 16
137 ~5.5 ppm/°C 13 11012
186.5 —6.5 ppm/°C 13 11to 210 16
200 -3.5 ppm”C 12 -
250 -5.5 ppm/°C 12 1113
333 -15 ppm/C 12 1l to 16
375 ~0.5 ppm/°C 12 1316
500 -10 ppm/”C i1 -
624 -5 ppm/°C 11 13w lé
688 —~1.5 ppmC 11 11w012; 1310 16
831 +4 ppm/°C 11 16 to 12
1000 0 ppm”C 11 1610 12; i3 w1l
Pins 3 and 16 programs the gain according ro the formula
40k
Re=G61

(see Figure 29). For best results R should be a precision resis-
tor with a low temperature coefficient. An external R affects both
gain accuracy and gain dnft due to the mismatch between it and
the internal thin-film resistors R56 and R57. Gain accuracy is
determined by the tolerance of the external Rg and the absolute
accuracy of the internal resistors (+20%). Gain driftis determined
by the mismatch of the temperature coefficient of Ry and the tem-
perature coefficient of the internal resistors (-15 ppm/°C typ),
and the temperature coeflicient of the internal interconnections.

Wy

=INPUT O
—
150

Your
E-ikn OR
. O REFERENCE
+HNPUT O

G= %H-m:m

_vs

Figure 29. Operating Connections for G = 20

The AD624 may also be configured to provide gain in the out-
put stage. Figure 30 shows an H pad anenuator connected to
the reference and sense lines of the AD624. The values of R1,
R2 and R3 should be selected to be as low as possible to mini-
mize the gain variation and reduction of CMRR. Varying R2
will precisely set the gain without affecting CMRR. CMRR is
determined by the match of R1 and R3.

Wy R1
~INPUT O k0
2+R2
F 3K
-0 Voust
é;\.
2R3
HNPUT O i Fexn
v

{Ryl| 20%42} + Ry + Ry)
{Rzl(20x01)

Figure 30. Gain of 2500

(Re s Rz + Ry}l R = 260

REV.C’



NOISE
The AD624 is. designed to provide noise performance near the
theoretical noise floor. This is an extremely important design
criteria as the front end noise of an instrumentation amptifier is
the ulimate limitation on the resolution of the data acquisition
system it is being used in. There are two sources of noise in an
instrument amplifier, the input noise, predominantly generated
by the differential inpur stage, and the cutput noise, generated
by the output amplifier. Both of these components are present
at the input (and output) of the instrumentation amplifier. At
the input, the input noise will appear unaltered; the output
noise will be attenuated by the closed loop gain {at the ocutput,
the output noise will be unaltered; the input noise will be ampli-
fied by the closed loop gain). Those two noise sources must be
root sum squared to determine the total noise level expected at-
the input (or output).
The low frequency (0.1 Hz to 10 Hz) voltage noise due to the
output stage is 10 pV p-p, the conmributdon of the input stage is
0.2 pV p-p. At a gain of 10, the RTT voltage noise would be
——
oY 2 .
1 pV p-p, \:(E—) +(0‘2) . The RTO voltage noise would be

10.2 uV p-p, \,::102 +(t’)_2(G))2 . These calculations hold for
applications using either internal or external gain resistors.

INPUT BIAS CURRENTS .

Input bias currents are those currents necessary to bias the inpurt
transistors of a de amplifier. Bias currents are an additional
source of input error and must be considered in a total error
budget. The bias currents when muldplied by the source resis-
tance imbalance appear as an additional offset voltage. (What is
of concem in calculating bias current errors is the change in bias
current with respect to signal voltage and temperature.) Input
offset current is the difference between the two input bias cur-
rents. The effect of offset current is an input offset voltage whose
magnitude is the offset current times the source resistance.
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Figure 31. Indirect Ground Returns for Bias Currents

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge smay capacitances, causing
the output to drift unconroliably or to saturate. Therefore,
when amplifying “floating” input sources such ds transformers
and thermocouples, as well as ac-coupled sources, there must
still be a dc path from each inpur to ground, (see Figure 31).

COMMON-MODE REJECTION

Common-mode rejection is a measure of the change in output
voltage when both inpurs are changed by equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode
Rejection Rado” (CMRR) is a ratio expression while “Common-
Mode Rejection” {CMR) is the logarithm of that ratio. For
example, a CMRR of 10,000 corresponds to a CMR of 80dB.

In an insrumentation amplifier, ac common-mode rejection is
only as good as the differendal phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across
differing track resistances and a differendal phase shift due to
varied stray capacitances or cable capacitances. In many appli-
cations shielded cables are used to minimize noise. This tech-
nique can create common-mode rejection errors unless the
shield is propedy driven. Figures 32 and 33 shows active data
guards which are configured to improve ac common-mode
rejection by “bootstrapping”™ the capacitances of the input
cabling, thus minimizing differental phase shift.

Figure 33. Differential Shield Driver
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GROUNDING

Many data-acquisiton components have two or more ground
pins which are not connected together within the device. These
grounds must be tied together at one point, usually at the sys-
tem power supply ground. Ideally, a single solid ground would
be desirable. However, since current flows through the ground
wires and etch stripes of the circuit cards, and since these paths
have resistance and inductance, hundreds of millivolts can be
geoerated between the system ground point and the data acqui-
sidon components. Separate ground returns should be provided
to minimize the current flow in the path from the most sensidve
points to the system ground point. In this way supply currents
and logic-gate returmn currents are not summed into the same
return path as analog signals where they would cause measure-
ment errors {see Figure 34).

ANALOG PS. DIGITAL P.S.
+5V C 15V c +5v
010y o.1f01
uF | uF wF | pF 1pp|1pF]  fiur
-t {4
O Dis
DM E COM +
10 ADSE) T L 11 {15 1 DIGITAL
ADG24 fe
SAMPLE =1 ADST4A DATA
N AND HOLD OUTPUT
ANALDG
o GROUND" SIGNAL
REFERENCE GROUND

*iF INDEPENDENT, OTHERWISE RETURN AMPLIFIER REFERENCE
TO MECCA AT ANALOG P.S. COMMON

Figure 34. Basic Grounding Practice

Since the output voltage is developed with respect to the poten-
tial on the reference terminal an instrumentation amplifier can
solve many grounding problems.

SENSE TERMINAL

The sense terminal is the feedback point for the instrument
amplifier’s output amplifier. Normally it is connected to the
insrument amplifier output. If heavy load currents are to be
drawn through long leads, voltage drops due to currcnt flowing
through lead resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load thus puming the
IxR drops “inside the loop” and virtually eliminating this error
source.

Figure 35. AD624 Instrumentation Amplifier with Output
Current Booster

Typically, IC instrumentation amplifiers are rated for a full
+ 10 volt output swing into 2 k€. In some applications, how-
ever, the need exists to drive more current into heavier loads.
Figure 35 shows how a current booster may be connected

~10-

“inside the loop” of an instrumenuation amplifier to provide the
required current without significantly degrading overall perfor-
mance. The effeces of nonlinearities, offset and gain inaccuracies
of the buffer are reduced by the loop gain of the IA output
amplifier. Offset drift of the buffer is similarly reduced.

REFERENCE TERMINAL

The reference terminal may be used to offset the output by up
to £10 V. This is useful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remem-
bered that the total output swing is £ 10 volts, from ground, to
be shared berween signal and reference offset.

Figure 36. Use of Reference Terminal to Provide Output
Offset

When the IA is of the three-amplifier configuration ir is neces-
sary that nearly zero impedance be presented to the reference
terminal. Any significant resismnce, including those caused by
PC layours or other connection techniques, which appears
between the reference pin and ground will increase the gain of
the noninverting signa! path, thereby upsetting the common-
mode rejection of the IA. Inadvertent thermocouple connections
created in the sense and reference lines should also be avoided
as they will directly affect the output offset voltage and output
offset volrage drift.

In the AD624 a reference source resistance will unbalance the
CMR trim by the ratio of 10 k{¥/Ragp. For example, if the refer-
ence source impedance is 1 2, CMR will be reduced to 80 dB
{10 k{1 ©2 = 80 dB). An operational amplifier may be used to
provide that low impedance reference point as shown in Figure
36. The input offset voltage characterisdcs of thar amplifier will
add directly to the output offset voltage performance of the
instrurmnentation amplifier. )

An instrumentation amplifier can be turned into a voltage-to-
current converter by taking advantage of the sense and reference
terminals as shown in Figure 37.

Ry

W= j'l-

LOAD

Figure 37. Voltage-to-Current Converter
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Figure 38. Gain Programmable Amplifier

By establishing a reference at the “low” side of a current setting
resistor, an output current may be defined as a function of input
voltage, gain and the value of that resistor. Since only a small
current is demanded ar the input of the buffer amplifier A2, the
forced current Iy, will largely flow through the load. Offset and
drift specifications of AZ must be added to the output offset and
drift specifications of the IA.

PROGRAMMABLE GAIN

Figure 38 shows the AD624 being used as a software program-
mable gain amplifier. Gain switching can be accomplished with
mechanical switches such as DIP switches or reed retays. It
should be noted thart the “on” resistance of the switch in series
with the internal gain resistor becomes part of the gain equation
and will have an effect on gain accuracy.

A significant advantage in using the internal gain resistors in a
programmable gain configuration is the minimization of thermo-
couple signals which are often present in multiplexed data
acquisiion systems.

If the full performance of the AD624 is to be achieved, the user
must be extremnely carefu! in designing and laying out his circuit
to minimize the remaining thermocouple signals.

The AD624 can also be connected for gain in the ourput stage.
Figure 39 shows an AD547 used as an active atenuator in the

output amplifier's feedback loop. The active attenuation pre-
sents a vety low impedance to the feedback resistors therefore

minimizing the common-mode rejection rato degradation.

Another method for developing the switching scheme is to use a
DAC. The AD7528 dual DAC which acts essentially as a pair of
switched resistive attenuarors having high analog lineanty and
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symmetrical bipelar transmission is ideal in this application. The
multiplying DAC’s advantage is that it can handle inputs of
either polarity or zere without affecting the programmed gain.
The circuit shown uses an AD7528 to set the gain (DAC A) and
to perform a fine adjustment (DAC B).
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anot 2P 151 $80.20 HuLL
L L 3 o TO -V
3] ] 4] 1060
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OFSEH 1 32000\ +/2nnd T
Va F { 225303
toen 2 F10k01 10k He
2 3 124003
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Figure 39. Programmable Output Gain

~11=




p—0 Vour

0 DAC A
DATA QLY
INPUTS os7r L
109 ADT528 v
WE — 18
DACEOAC 8 ——»(s ¥ 12
% [oaca @ AD71Z

Figure 40. Programmablie Output Gain Using a DAC

AUTOZERO CIRCUITS

In many applications it is necessary to provide very accurate
data in high gain configurations. At room temperarure the offset
effects can be nulled by the use of offser mimpots. Over the
operating temperature range, however, offset nulling becomes a
problem. The circuit of Figure 41 shows a CMOS DAC operat-
ing in the bipolar mode and connected to the reference terminal
to provide sofrware controliable offset adjustments.

+Vg

GND

Figure 41. Software Controllable Offset

—12—

In many applications complex software algorithms for autozero
applications are not available. For these applicatons Figure 42
provides a hardware soludon.

ADTS10DIKD

e A |

ZERO PULSE

Figure 42. Autozero Circuit

The microprocessor controlied data acquisition systemn shown in
Figure 43 includes includes both autozero and autogain capabil-
ity. By dedicating two of the diffecential inputs, one to ground
and one to the A/D reference, the proper program calibration
cycles can eliminate both inital accuracy errors and accuracy
errors over temperature. The autozero cycle, in this application,
converts a number that appears to be ground and then writes
that same number (8 bit) to the AD624 which eliminates the
zero error since its output has an inverted scale. The autogain
cycle converts the A/D reference and zompares it with ful scale.
A multiplicative correcdon factor is then computed and applied
to subsequent readings.

!
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Figure 43. Microprocessor Controlled Data Acquisition
System
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WEIGH SCALE

Figure 44 shows an example of how an ADD624 can be used to
condition the differential output voltage from 4 load cell. The
10% reference veltage adjustment range is required to accom-
modate the 10% transducer sensitivity tolerance. The high
linearity and low noise of the AD624 make it ideal for use in
applications of this type particularly where it is desirable to
measure small changes in weight as opposed to the absolute

value. The additon of an autogain/autotare cycle will enable the

system to remove offsets, gain errors, and drifts making possible
true 14-bit performance.

+15V
NOTE 2
10V +10% h ?gg
R1 AD707 IN2219
30k _
SCALE
3 2000y ERROR
1 ADJUST
IR
7 10k02
£ +10V FULL
SCALE
ouTPUT

GAIN = 500

™ TRANSDUCER
| SEE NOTE 1
R
100k0
ZERCQ ADJUST
{COARSE)
NOTES v

1. LOAD CELL TEDEA MODEL 1010 10kG. CUTPUT 2mVA10%.
2 Ri, R2 AND RJ SELECTED FOR ADS84. OUTPUT 10V x10%.

Figure 44. AD624 Weigh Scale Application

AC BRIDGE :

Bridge circuits which use dc excitation are often plagued by
errors caused by thermocouple cffects, I/f noise, de drifts in the
electronics, and line noise pickup. One way to get around these
problems is to-excite the bridge with an ac waveform, amplify
the bridge output with an ac amplifier, and synchronously
demodulate the resulting signal. The ac phase and amplinude
infermation from the badge is recovered as a dc signal at the
output of the synchronous demodulator. The low frequency
system noise, de drfts, and demodulator noise all get mixed to
the carrier frequency and can be removed by means of a low-
pass filter. Dynamic response of the bridge must be traded off
against the amount of attenuation required to adequately sup-
press these residual carrier components in the selection of the
filter.
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Figure 45 is an example of an ac bridge system with the AD630
used as a synchronous demodulator. The oscilloscope photo-
graph shows the results of a 0.05% bridge imbalance caused by
the 1 Meg resistor in parallel with one leg of the bridge. The top
trace represents the bridge excitation, the upper middle trace is
the amplified bridge cutput, the lower-middle trace is the out-
put of the synchronous demodulator and the bottom wace is the
filtered dc system output.

This system can easily resolve a 0.5 ppm change in bridge
irnpedance. Such a change will produce a 6.3 mV change in the
low-pass filtered de output, well above the RTO drifts and noise.

The AC-CMRR of the AD624 decreases with the frequency of
the input signal. This is due mainly to the package-pin capaci-
tance associated with the AD624’s internal gain resistors. I
AC-CMRR is not sufficient for a given application, it can be
wimmed by using a vanable capacitor connected to the amplifier’s
RG; pin as shown in Figure 45.
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Figure 46. AC Bridge Waveforms
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ERROR BUDGET ANALYSIS

To illustrate how instrumentation amplifier specifications are
applied, we will now examine a typical case where an AD624 is
required to amplify the output of an unbalanced transducer.
Figure 47 shows a differential rransducer, unbalanced by =5 Q,
supplying a 0 to 20 mV signal to an AD624C. The ourpur of the
IA feeds a 14-bit A to D converter with a 0 to 2 volt input volt-
age range. The operating temperature range is ~25°C to +85°C.
Therefore, the largest change in temperature AT within the
operaring range is from ambient te +85°C (85°C - 25°C =
60°C.)

In many applications, differential linearity and resolution are of
prime importance. This would be 50 in cases where the absolute
value of a variable is less important than changes in value. In
these applications, only the irreducible errors (20 ppm =
0.002%) are significant. Furthermeore, if a system has an intelli-
gent processor monitoring the A to D output, the addition of an
autogain/autozero cycle will remove all reducible errors and may
eliminate the requirement for initial calibration. This will also
reduce errors to 0.002%.

Figure 47. Typical Bridge Application

Table II. Error Budget Analysis of AD624CD in Bridge Application

Effect on Effect on
Absolute Absolute Effect
AD624C Accuracy Accuracy on
Error Source Specifications | Calculation at Ty = +25°C | at T, = +85°C | Resolution
Gain Error +0.1% +0.1% = 1000 ppm 1000 ppm 1000 ppm -
Gain Insmbility 10 ppm (10 ppm/°,C) (60°C) = 600 ppm | _ 600 ppm -
Gain Nonlinearity 10.001% +0.001% = 10 ppm - - 10 ppm
[nput Offset Volmge 125 pv, RTI +25 uV/20 mV = 11250 ppm 1250 ppm 1250 ppm -
[nput Offset Voltage Drift 10.25 uvrC (£0.25 WrC)y (60°C)= 15 uV
15 uv/20 mV = 750 ppm - 750 ppm -
Ourtput Offset Voltage! 12.0 mV +2.0mV/20 mV = 1000 ppm 1000 ppm 1000 ppm -
Output Offset Voltage Drfd | 110 uv/°C (£ 10 pV/°C) (60°C) = 600 uv
600 pV/20 mV = 300 ppm - 300 ppm -
Bias Current-Source +150A (15 nA)(5 Q) =0.075 1V
[mbalance Error 0.075 pV/20mV = 3.75 ppm 3.75 ppm 3.75 ppm -
Offset Curmrent-Source 10 nA (10 nA)Y{5 Q) = 0.050 pV
Imbalance Error 0.050 pV/20 mV = 2.5 ppm 2.5 ppm 2.5 ppm -
Offser Current-Source +10nA (10 nA) (1750) = .75 uV ]
Resistance Error 1.75 yV/20 mV = 87.5 ppm 87.5 ppm 87.5 ppm -
Offset Current-Source 1100 pAr,C (100 pA”C) (175 £) (60°C) = 1 WV
Resistance-Drift 1 uv/20 mV = 50 ppm - 50 ppm -
Common-Mode Rejection 115dB 115dB= 1.8ppmx5V =9V
5V de 9 uV/20 mV = 444 ppm 450 ppm 450 ppm -
Noise, RTT .
(0.1 Hz-10 Hz) 0.22 BV p-p 0.22 iV p-p/20 mV = 10 ppm _ - 10 ppm
Total Error 3793.75 ppm | 5493.75ppm { 20 ppm
NOTE
YQOurput ofset volage and outpur offset voliage drift are given as RTI figures.
For a comprehensive study of insmumenmation amplifier design
and applications, refer to the Instrumentation Amplifier Application
Guide, available free from Analog Devices.
REV.C

~14-



AD624

REV.C

OUTLINE DIMENSIONS
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SEATING 0.015 (0.38)
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0.014 (0.38) %sc' 0.030 0.76)
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CMOS 8-bit A/D converters ADC0803/0804

DESCRIPTION

The ADCOB03 family is a series of three CMOS 8-bit successive
approdimation A/O converters using a resistive ladder and
capaditive armay together with an auto-zero comparator. Thesa
convarters are designed to operate with microprocessor-controlied
buses using a minimum of extemnal dreuitry. The 3-State output data
fines can be connected directly to the data bus.

The differential analog voitage input allows for increased
common-mode rejection and provides a means to adjust the
zoro-scale offset. Additionally, the voltage reference input provides a
means of encoding small analog valiages to the full 8 bits of
resciution.

FEATURES

® Compatible with most microprocessors

# Diffarential inputs

* 3-State outputs

® Logic levels TTL and MOS compatible

® Can be used with internal or extemnal clock
® Analog input range 0V to Ve

¢ Single 5 V supply

® Guaranteed specification with 1 MHz clock

ORDERING INFORMATION

PiN CONFIGURATION

D, N PACKAGES
C'SE * ~ 2] v

RD{ 2] 9] ck r
wr[3 18} oo
CLK IN E 17] D1
= i o
vine[E ] 15] 03
vine= {7 _1_1_] D4
acno[8] 13] 03
vrerr[9] 17_] De
o Gno [19] [11] 07

TOF VIEW

Sio0Gi8

Figure 1. Pin configuration

APPLICATIONS

¢ Transducer-to-microprocessor interface
¢ Digital thermomater
® Digitally-controlled thermaosiat

# Microprocessor-based monitoring and control systems

DESCRIPTION harvimins ORDER CODE TOPSIDE MARKING DWG #
20-pin plastic small outline {SO) package Ote70°C ADCO0803CD, ADCO804CD ADCO0803-1CD, ADC0804-1CD | SOT163-1
20-pin plastic small outiine (SO) package | —401a 85°C | ADCOBO3LCD, ADCOS04LCD | ADC0803-1LCD, ADCO804-1 LCD | SOT163-1
20-pin plastic dual in-line package {DIP) 0to70°C ADCO803CN, ADCOS04CN ADCO0803-1CN, ADC0804-1CN | SOT146-1
20-pin plastic dual in-line package (DIP) | —40to +85°C | ADCOBO3LCN, ADCOB04LCN | ADCO803-1LCN, ADCO0804-1LCN { SOT146-1

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER CONDITIONS RATING UNIT
Vee Supply voftage 6.5 v
Logic control input voltages -0.3t0+16 v
All other input voltages —0.3 to (Vg +0.3) v
Tams OCperating temperature range
ADCO0803LCD/ADCO804LCD -40 to +85 °C
ADCO80ILCN/ADCO804MLCN —40 to +85 °C
_ADCOBOSCDI’ADCOSMCD Oto +70 °C
ADCOB03ICN/ADCO804CN Oto +70 “C
Tatg Storage temperature —65 to +150 *C
Tsd Lead soldering temperature (10 seconds) 230 %
Pp Maximum power dissipation' Tamb = 25 *C (still air)
N package 1690 mw
D package 1390 mw
NOTE:

1. Derate above 25 °C. at the follawing rates: N package at 13.5 mW/*C; D package at 11.1 mW/°C.
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BLOCK DIAGRAM

ViN (4 Vin (-}
-] Q7
+ -
. —@
vRer? ©
LADDER ANO AUTO ZERD
B DEGODER COMPARATO!
AGND © l -
‘-‘ccOzﬁ 1.0 D7 (MsB) (M)
[~ > —1-c D6 {12}
o D5 (13)
QUTPUT |—o0 D4 a4
LATGHES | 1o D2 {15}
—-o o2 {16}
SAR —0 D1 {17
-0 oo (Ls8) (18}
10 . _
oG © T | ey foe
[P0 |
WR 2 }
o
8BIT e e
SHIFT REGISTER cLock
1 -
TS 0
s
INTR
FF
D " 9
2
RS 0—
S 5 5 Fe) 19
TR CLK IN GLKR SLaoor?

Flgure 2. Block diagram
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DC ELECTRICAL CHARACTERISTICS
Vee = 50 Vi fouk = 1MHZ, T, S Tamn S Tnax, nless atherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
ADCOBO3 relative accuracy error (adjusted) Fuk-Scale adjusted 0.50 LSB
ADC0B04 relative accuracy ermor (unadjusted) Vrer/2 = 2.500 Vpe 1 LSB
Rin VReF2 input resistance? Voo = 0V2 400 680 o
Analog input voltage range? -0.05 Vect005 1 V
DC common-mode error Over analog input voitage range 116 18 LS8
Power supply sensitivity Vee = 5V £10%! 1116 LSB
Contro! inputs
Vin Logical “17 input voltage Vee 25.25Vpg 20 15 Ve
ViL Logieal *0” input voltage Vee=475Vpe 08 Voo
It Logical “1” input current ViN=5Vpe 0.005 1 HAne
hL Loglca! °0” input current Vin=0Vpe -1 —0.005 HETY
Clock in and clock R
Vi Clock in positive-going threshold voltage 27 31 35 Vpe
V- Clock in negative-going threshold voltage 15 18 21 Voc
Vi Clock in hysteresis (VT+{V1—) 0.6 13 20 Voc
VoL Legical *0” clock R output vottage lox = 360 pA, Ve =4.75 Vpe 04 Vpe
VoH Logical "1” clock R output voltage fon = =360 pA, Voo =4.75 Vpe 24 Voc
Data output and INTR ’
VoL Logical “0” output voltage
Data outputs loL = 1.6 mA, Ve =4.75 Vpg 04 Vpe
INTR cutputs loL = 1.0 mA, Vo =4.75 Vpe 04 Vpe
Vo Logical 1 oufput voliage loH = ~360 pA, Ve = 4.75 Vpe 24 Voo
lon = ~10 pA, Voo = 4.75 Vpe 45
lozL 3.State output leakage Vour = 0 Ve, TS = logical *1” -3 BAsG
loz 3-State autput leakage Vour = 5 Vpe. TS = logical *1* 3 BALC
Isc +0utput short-circuit current Vour =0V, Tamp=25°C 45 12 mApG
Isc —QOutput short-circuit cumrent Vour = Vee, Tamb =25 °C 9.0 30 MAGC
lce Paower supply current %K:LL;:;ZI'.\;?ETZinOz:% 30 35 mA
NOTES:

1. Analog inputs must remain within the range: -0.05 s V|y sV + 0.05 V.
2. See typical performance characieristics for input resistance at Vgg = 5 V.
3. Virer/2 and Vjy must be applied after the Ve has been ftumed on to prevent the possibility of latching.
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AC ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER TO FROM TEST CONDITIONS LiMTS UNIT
Min Typ Max

. | Conversion time fer = 1 MHZ? 66 73 us

fek Clock frequency! 0.1 10 a0 MHZz
Ciock duty cycle! 40 60 %

CR Free-tunning conversion rate ISN:O.R ‘;ce"g ; %HZ 13690 | conv/s
IW(WR)L Start pulse width C5=0 30 ns
tace Access time Output RD TS =0,C =100 pF 75 100 ns

= F =
ti. oM 3-State control ouput | RD g;e ;BS?at;a Tle-:st ;gc';f: 70 | 100 | ns
WO
w1, Ry INTH delay NTR or KD 100 150 ns
Civ Logic input=capacitance 5 75 pF
Cour 3-State output capacitance 5 7.5 pF
NOTE:

1. Accuracy is guaranteed at fc) k = 1 MHz. Accuracy may degrade at higher clock frequencies.

FUNCTIONAL DESCRIPTION

These devices operate on the Successive Approximation principie.
Analog switches -are closed sequentially by successive
approximafion logic until the input to the auto-zero comparator

[ Vin{+)}-Vin(=} ) matches the voltage from the decoder. After all bits
are tested and detarmined, the 8-bit binary code corresponding to
the input voltage is transferred to an output latch. Conversion begins
with the armival of a pulse at the WR input if the CS iput is low. On
the High-to-Low transition of the signal at the WR or the CS input,
the SAR is initialized, the shift register is reset, and the INTR output
is set high, The A/D will remain in the reset state as long as the TS
and WR inputs remain low. Conversion will start from one to eight
clock periods after one or both of these inputs makes a Low-to-High
transition. After the conversion is complete, the INTR pin will make a
High-to-Low transition. This can be used lo interrupt a processar, or
otherwise signal the availability of a new conversion result. A read
(RD) operation (with TS low) will clear the TNTR line and enable the
output latches. The device may be run in the free-running mode as
described later, A conversion in progress can be interrupted by
issuing another start command.

Digital Controt Inputs

The digital control inputs (€S, WR, RI3) are compatible with
standard TTL togic voltage levels. The required signals at these
inputs correspond to Chip Select, START Conversion, and Qutput
Enable contral signals, respectively. They are active-Low for easy
interfaca to microprocassor and microcontroller control buses. Far
applications not using microprocessors, the TS tnput (Pin 1) can be
grounded and the A/D START function is achieved by a
negative-going pulse to the WR input (Pin 3). The Oulput Enable
function is achieved by a fogic low signal at the RD input {Fin 2),
which may be grounded to constantly have the latest conversion
present at the output.
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ANALOG OPERATION

Analog Input Current

The analog comparisons are performed by a capacitive charge
summing circuit. The input capacitor is switched between V(. 4
and V)n¢y, while reference capacilars are switched between taps on
the reference voltage divider string. The net charge comresponds to
the weighted difference between the input and the most recent total
value set by the successive approximation register.

The intemal switching action causes displacement currents to flow
at the analog inputs. The voltage on the on-chip capacitance is
switched through the analog differential input voltage, resulting in
proportional currents entering the Vin(+) input and leaving the Vin
input, These fransient currents occur at the leading edge of the
internal clock pulses. They decay rapidly so do not inherently cause
errors as the on-chip comparator is strobed at the end of the clock
period.

lnput Bypass Capacitors and Source Resistance
Bypass capacitors at the input will average the charges mentioned
above, causing a DC and an AC curren! to flaw through the autput
resistance of the analog signal sources. This charge pumping action
is worse for continuous conversions with the Vi input at ful
scake. This curent can be a few microamps, so bypass capacitors
shauld NOT be used at the analog inputs of the Vreg/2 input for
high resistance sources (> 1 k). If input bypass capacitors are
desired for noise filtering and a high source resistance is desired to
minimize capacitor size, detrimental effects of the voitage drop
across the input resistance can be eliminated by adjusting the full
scake with both the input resistance and the input bypass capacitor
in place. This is possible because the magnitude of the input current
is a precise linear function of the differential voltage.
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Large values of source resistance where an input bypass capacitor
is not used will not cause errors as the input currents settle out prior
to the comparison time. if a low pass filter is required in the system,
use a low valued series resistor (< 1 kQ) for a passive RC section or
add an op amp active filter (low pass). For applications with source
resistances at or below 1 k€3, a 0.1 uF bypass capacitor at the inputs
will prevent pickup due to series tead inductancs or a long wire. A
100 1 series resistor can be used to isolate this capacitor (both the
resistor and capacitor should be placed out of the feedback loop)
fram the output of the op amp, if used.

Analog Differential Voltage inputs and

Common-Mode Rejection

These A/D converters have additional flexibility due to the analog
differential voltage input, The Vi input (Pin 7) can be used to
subtract a fixed voltage from the input reading {tare corection). This
is also useful in a 4/20 mA current loop conversion. Common-mode
noise can also be reduced by the use of the differential input.

The time interval between sampling Vi) and Vin.) is 4.5 dock
periods. The maximum emar due to this lime difference is given by:

Vi{max) = (Vp) (2 (451w,

where:
V = ermor voltage dlie to sampling delay
Vp = peak value of comman-mode voliage
fom = common mode frequency

Faor example, with a 60 Hz common-mode frequency, fo,, and a
1 MHz A/D dock, foy k. keeping this ermor to 1/4 LSB (about 5 mV)
would allow a common-mode voliage, Ve, which is given by:

[V{max) (fs )

Ve T TEiaNa5)
or
Vp - {5x 10“‘3) {104) = 285V

{6.28) (60) (4.5)

The allowed range of analog input vollages usually places more
severe restrictions an input common-mode voltage levels than this,

however,

An analog input span less than the full 5 V capability of the device,
together with a relatively large zero offset, can be easily handled by
use of the diferential input. (See Reference Voltage Span Adijust).

Noise and Stray Pickup

Tha leads of the analog inputs (Pins 6 and 7) shouid be kept as
short as possible to minimize input noise coupling and stray signal
pick-up. Both EM! and undesired digita! signal coupling to these
tnputs can cause system emors. The source resistance for these
inputs shoud generally be below 5 k& to help avoid undesired noise
pickup. input bypass capacitors at the analog inputs can create
ermors as described previously. Full scale adjustment with any input
bypass capacitors in place will eliminate these errars.

Reference Voltage

For application flexibility, these A/D converters have been designed
to accommodate fixed reference voltages of SVic Pin 20 or 25 V to
Pin 8. or an adjusted reference voltage at Pin 9. The raference can
be set by forcing it et Vrep/2 input, or can be determined by the
supply voltage (Pin 20). Figure 6 indicates how this is accompiished.
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Reference Voltage Span Adjust

Note that the Pin 9 (Vgege/2) vollage is either 1/2 the voltage applied
to the V¢ supply pin, or is equal to the voltage which is extemally
forced at the Vgee/2 pin. In addition to allowing for flexible
references and full span voliages, this also allows for a ratiometric
voltage reference. The internat gain of the Vree/2 input is 2, making
the full-scale differential input vollage twice the vollage at Pin 9.

For example, a dynamic voltage range of the anaiog input voliage
that extends from 0 to 4 V gives a span of 4 V (4-0), so the Vggg/2
woltage can be made equal to 2 V (half of the 4 V span) and full
scala output would correspond to 4 V at the input,

On the other hand, if the dynamic input vollage had a range of

0.5 to 3.5 V, the span or dynamic input range is 3 V (3.5-0.5). To
encode this 3 V span with 0.5 V yielding a code of zero, the
minimum expected input (0.5 V, in this case} is applied to the Viy(-)
pin to account for the offset, and the Vrep/2 pints set to 1/2 the 3 V
span, or 1.5 V. The A/D converter will now encode the Viy(+) signal
between 0.5 and 3.5 V with 0.5 V at the input comesponding to a
code of zero and 3.5 V at the input producing a full scale output
code, The full 8 bits of resolution are thus applied over this reduced
input voltage range. The required connections are shown in

Figure 7.

Operating Mode

These converters can be operated in two modes:
1) absolute mode
2) ratiometric mode

In absoiute mode applications, both the initial accuracy and the
temperature stability of the reference voltage are important faclors in
the accuracy of the conversion. For Vger/2 voltages of 2.5V, initial
emors of 10 mV will cause conversion errors of £1LSB due fo the
gain of 2 at the Vree/2 input. In reduced span applications, the initial
value ang stability of the Vrep/2 input voltage become evan more
important as the same error is a larger percentage of the VRer/2
nominal value, See Figure B.

in ratiomatric converter applications, the magnitude of the reference
voltage is a factor in both the output of the source transducer and
the output of the A/D converter, and, therefore, cancels out in the
final digital code. See Figure 9.

Genenally, the reference voltage will require an initial adjustment.
Errors due to an improper reference voltage value appear as
full-scale emors in the A/D transfer function.

ERRORS AND INPUT SPAN ADJUSTMENTS

There are many sources of ermorin any data converter, some of
which can be adjusted out. Inherent erors, such as relative
accuracy, cannot be eliminated, but such ermors as full-scale and
zero scala offset errors can be eliminated quite easily. See Figure 7.

Zero Scale Error

Zero scale error of an A/D is the difference of potential between the
ideal 1/2 L.SB value (9.8 mV for Vree/2=2.500 V) and that input
voltage which just causes an output transition from code 0000 0000
to a cade of 0000 0001.

If the minimuem input value is not ground potential, a zero offset can
be made. The converter can be made to output a digital code of
0000 0000 for the minimum expected input voltage by biasing the
Vin(-) input to that minimum value expected at the Vin(-) input to
that minimum value expected at the Vyy(+) input. This uses the
differential mode of the converter. Any offset adjustment should be
done prior to full scale adjustment.
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Full Scale Adjustment

Fuli scale gain is adjusted by applying any desired offset voltage to
Vin(-), then applying the Vin(+) a voltage that is 1-1/; LSB iess than
the desired analog full-scale voitage range and then adjusting the
magnitude of Vpeef2 input voltage (or the Ve supply if there is no
VRer/2 input connection) for a digital output code which just
changes from 1111 1110 to 111 1111, The ideal V,(+) voltage for
this full-scale adjusiment is given by:

VMAX - VMIN
Vi(+) = Vp{-) = 1.5 x Ml

where:
Vmax = high epd of analog input range {ground referenced)
Vmin = low end (zero offset) of analog input (ground referenced)

CLOCKING OPTION

The clock signal for these A/Ds can be derived from extemal
sources, such as a system clock, or self-clocking can be
accornplished by adding an extemal resistor and capaditor, as
shown in Figure 11.

Heavy capacitive or DC loading of the CLK R pin shouid be avoided
as this will disturb normal converter operation. Loads less than 50pF
are allowed. This permits driving up to seven A/D converter CLK IN
pins of this family from a single CLK R pint of one converter. For
larger loading of the clock line, a CMOS or low power TTL buffer or
PNP input logic should be used to minimize the lbading on the CLK
R pin.

Restart During a Conversion

A conversion in process can be halted and a new conversion bagan
by bringing the TS and WR inputs low and allowing at least one of
themn to go high again. The output data latch is not updated if the
conversion in progress s not completed; the data from the
praviously completed conversion will remain in the output data
latches until a subsequent conversion i completed,

Continuous Conversion

To provide continuous conversion of input data, the TS and RO
inputs are grounded and TNTR output is tied to the WR input. This
NTRAWR connection should be momentarily forced to a logic low
upon power-up [0 insure circuit operation. See Figure 10 for one

way to accomplish this.
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DRIVING THE DATA BUS

This CMOS A/D converter, like MOS microprocessors and
memories, will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry tied to the data bus will add to
the total capacitive loading, even in the high impedance mode.

There are altemnatives in handling this problem. The capacitive
loading of the data bus slows down the response time, although DC
spedifications are stil met. For systems with a relatively low CPU
dock frequency, more time is available in which to establish proper
logic levels on the bus, allowing higher capacitive loads to be driven
(see Typical Performance Characteristics).

At higher CPU clock frequendies, time can be extended for IO
reads (and/or writes) by inserting wait states (8880) or using
clock-extending circuits (6800, 8035).

Finally, if time is critical and capacitive loading is high, external bus
drivers must be used. These can be 3-State buffers (low power
Schottky is recommended, such as the N74L5240 series} or special
higher current drive products designed as bus drivers. High current
bipolar bus drivers with PNP inputs are recommended as the PNP
input offers low loading of the A/D outpul, allowing better response
time.

POWER SUPPLIES

Noise spikes on the Vg line can cause conversion emors as the
intemal comparator will respond to them. A low inductance filter
capacitor shoutd be used close 1o the converter Vg pin and values
of 1 pF or greater are recommanded. A separate 5 V regulator for
the converter {and other 5 V finear drcuitry) will greatly reduce
digital noise on the Vgc supply and the attendant problems.

WIRING AND LAYOUT PRECAUTIONS

Dhgital wire-wrap sockets and connections are not satisfactory for
troadboarding this {or any) A/D converter. Sockets on PC boards
can be used. All logic signal wires and leads should be grouped or
kept as far as possible from Lhe analog signal leads. Single wire
analog input leads may pick up undesired hum and noise, requinng
the use of shielded leads io the analog inputs in many applications.

A single-point analog ground separate from the logic or digital
ground points should be used. The powaer supply bypass capacitor
and tha self-clocking capacitor, if used, should be returned to digital
ground. Any VRes/2 bypass capacitor, analog input filter capacitors,
and any input shielding should be retumed to the analog ground
point. Proper grounding will minimize zero-scale errors which are
present in every code. Zero-scale emors can usually be traced to
improper board layout and wiring.
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APPLICATIONS

Microprocessor Interfacing

This family of A'D converters was designed for easy microprocessor
interfacing. These converters can be memory mapped with
appropriate memory address decoding for TS (read) input. The
active-Low write pulse from the processor is then connected to the
WR input of the A/D converter, while the processor active-Low read
pulse is fed to the convearter RD input to read the converted data. If
the clock signal is derived from the microprocessor system clock,
the designer/programmer should be sure that there is no attempt to
read the converier until 74 converter clock pulses after the start
puisa goes high. Alternatively, the TNTR pin may be used to interrupt
the processor {o cause reading of the converted data, Of course, the
convarter can be connected and addressed as a peripheral (in /O
space), as shown in Figure 12. A bus driver should be used as a
buffer ta the A/D output in large microprocessor systems where the
data leaves the PC board and/or must drive capacitive loads in
excess of 100 pF. Ses Figure 14,

Interfacing the SCIN8048 microcomputer farmily is pretty simple, as
shown in Figure 13. Since the SCNB048 family has 24 /O lines, one
of these (shown here as bit 0 or port 1) can be usaed as the chip
select signal to the converter, eliminating the need for an address
decoder. The RD and WR signals are generated by reading from
and writing to a2 dummy address.

Digitizing a Transducer Interface Qutput

Circuit Description

Figure 15 shows an example of digitizing transducer interface output
voltage. in this case, the transducer interface is the NE5521, an
LVDT (Linear Variable Differential Transformer) Signal Conditioner,
The diode at the A/D inpu! is used to insure that the input to the AD
does not go excessively beyond the supply voltage of the A/D. See

2002 Oct 17

the NE5521 data sheet for a complete description of the operation of
that part.

Circuit Adjustment

To adjust the full scale and zero scafe of the AD, determine the range
of voltages that the transducer interface output will Lake on. Set the
LVDT core for null and set the Zero Scale Scale Adjust Potentiometer
for a digital output from the A/D of 1000 000. Set the LVDT core for
maximum voltage from the interface and set the Full Scale Adjust
potentiometer so the A/D output is just barely 1111 1111.

A Digital Thermostat

Circuit Description

The schematic of a Digital Thermostat is shown in Figure 16. The
AJD digitizes the output of the L M35, a temperature transducer IC
with an cutput of 10 mV per °C. With VReg/2 set for 2.56 V, this

10 mV corresponds to 1/2 LSB and the dircuit resolution is 2 °C.
Reducing Veer/2 to 1.28 yields a resolution of 1 °C. Of course, the
lower Vrer/2 15, the mare sensitive the A/D wilf be to naise.

The desired temperature is set by hafding either of the set butlons
dosed. The SCCB0C451 programming could cause the desired
(set) temperature to be displayed while either button is depressed
and for a short time after it is released. At other times the ambient
temperature could be displayed.

The set temperature is stored in an SCN8051 internal register. The
AJD conversion is started by writing anything at afl to the A/D with
port pin P10 set high. The desired tempereture is compared with the
digitized actual temperature, and the heater is tumed on or off by
clsaring setling port pin P12. if desired, anather port pin could be
used to tum on or off an air conditioner.

The display drivers are NES87s if common anode LED displays are
used. Of course, it is possible to interface to LCD displays as well.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 3. Typical Performance Characteristics
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3-STATE TEST CIRCUITS AND WAVEFORMS (ADC0801-1)

20n5
¥, ¥
y y— 'cc 'cc Y
e —— |- Voo —— |
RO S0% AD g
f_ S0%
GND IW‘* 10 kD GND ;10%
— t. i
Vou M o o5 OATA “ —i ton
0% QUTPUT oH
DATA DATA J
OUTPUT gnp C'-I 10 pF OUTPUF gy %
[
tH - -
toH SLooo1S

Figure 4. 3-State Test Circuits and Waveforms (ADC0801-1)
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Figure 5. Timing Diagrams
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Figure 7. Offsetting the Zero Scale and Adjusting the input
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Figure 12. Interfacing to B080A Microprocessor
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Figure 13. SCN8G51 Interfacing

Figure 14. Buffering the A/D Output to Drive High Capacitance
Loads and for Driving Off-Board Loads
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Figure 15. DigHizing a Transducer Interface Output
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DIP20: plastic dual in-line package; 20 teads (300 mil) S50T146-1
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Data sheet status

Product Definitions

1
Level |Data sheet statusill status 21 (3]
| QObjective data Development This data sheet contains data fom the objective specification for product development.

Philips Semiconductors reserves the right o change the specification in any manner without natice.

it Preliminary data Qualification This data sheet comtains data from Lhe pretiminary specification. Supplementary data will be published
at a later date. Philips Semiconductors reserves the right to ¢chanpga the spaecification without ralice, in
order to im prove the design and supply the best possibla product.

nl Produci data Production This data sheet contains data from the product spedcficakon. Philips Semiconductors reserves the
right o makae changes at any time in order to improve the design, manufacturing and supply. Relevant
changes wik be communicated via a Customer Product/Process Change Naotification (CPCH).

[1] Piease cansut the most recensy Fsued data shest pefore ntising or complating 8 design.
[2] Tho product staius of the davica(s) describad i this data sheat may have chengad simce this data shed! wae pudlished. The tatesl [sformation is evallable oa the IMtemet at URL
hitp:/wwaw.samiconductars. phifps.com.

{3] For data sheots describing mutliple typa numbers, the highasiHaval product siatus dalermines the dete sheat stetus.

Definitions
Shaort-form speciication— Ths data in a shorl-form specification is extracted from a full data sheet with the same type number and tile. Far detailed information see

the relevant data sheet or data handbook.

Limiting values deffnition — Limiting values given are in accordance wilh lhe Absolute Maximum Rating Systemn (IEC 60134). Stress abave ane or more of the imiting
values may cause parmanent damage to lhe device. These are stress rafings only and operation of the device at these or at any other conditions above those given
in the Characteristics sections of the specification is not implied. Exposure bo limiting values for extended periods may affect device reliability.

Application information — Appiications that are described herain for any of thase products are for illustrative purposes enly. Philips Semiconductors make no
repressntation or warranty that such applications wilt be suitable for the specfied use without further testing or medification,

Disclaimers

Life support — Thase preducts ara not designad for use in life suppart appliances, devices, or systems where matfunction of these products can reasonably be
expected to result in personal injury. Philips Semiconductors customers wsing or sefting these products for use in such applications do so at their own risk and agree
to fully indeminify Philips Semiconductors for any damages resufting from such application.

Rightio make changes — Phikps Sermiconductors resarves the right to make changes in the products—ncluding gircuits, standard calls, andfor software—described
or contained harein in arder to improva design and/or performance. When the product fs in full producton (status ‘Production’), relevant changas wilt be communicated
via a Custemer Product/Process Changa Notification (CPCN). Philips Semiconduciors assumas no respansibility or liability for the use of anyof Lhesa products, conveys
no license or tle underany patent, copyright, ormask work right o these products, and makes no represantations or warranties that these products are frea frompatant,
copyright, or mask work right infringement, uniess otherwise specified,
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