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ABSTRACT

This special project presents the design and development of physical instrumentation.
The physical instrument is used for physical sensing by data processing on the realtime mode ,
digital representation. The system consists of 8255 card , digital to analog converter , analog to
digital converter , controller, relay and data transform system , which is controlled by the internet

network. For more application, the physical sensors module can use as the remote control sensing.
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T¥pe or part number
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'
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4. u59AUBONIHMN ( Offset) ﬁxmﬁuw
a g A ¢ a d%’ o 9 a £ a A o
useueavignieiyniadunnnszud ludamuduynds lumegaundiions sdu
a ' o S [ o A 4 A ;’] ' o o .§j
duynszrIndismeslauniy  ussduiemiynaastauilu o ualaeiialudn ludl
S A A o 1 23 o 4 Aa ;’J & Y Y
wuiuAelusummilalsng e mynvazivuyniu o Funaunsoud lvld  Tasms
@ 3 ia o J
Houussiunsonszuaoavhin fduyn udrsu v, =0 1ad
3 da
5.A5zaiENNBUNN
o o 3 o Yt 1 a 9 < ~ '
Tumssunssdusoidnioiyniiauilu o nszuaduynisaesdinisiinum
a l a o 1 9 1 Yo A 3 d! = :/I 4! :‘1
fuug Tumaliid sznudundestiensza ifvouyndaniiannnidndviluay e
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i ldussfuevivmiinuilugud Fanseuaeoridniionaiiailszunes 20 iaduowni
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6. useuaoIFNISuy Iz UId Adoilonssdusendaunilauiugud ua
Tumal§id e liauganislnsssind ldisdedeuussdunmiiwnsuynlaqeaue

A o 9y o @ 2
i Idus s iynidugud
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2.7 M3 YoyaUDUBYNIY
st 4 & : ]
molulyTnsneuInsame siszuun1sdeasiuufe Seral Peripheral Interface (SPI)
FutuszuunmsdomsnlFnsdemsuuudelnnia  uazdnszuuvilafioszuy Asychronous
. : 2 el YRS ) 41 .
Receiver and Transmitter (UART) Faiiuszuumsdosnsh1¥msdeasuuvezFalnsiie

a 14 o A o
Serial Peripheral Interface (SPI) ﬁ‘lumiaumaitﬂa’c’rﬂgﬂgmxmuauﬂiuuﬂmaﬂmuz
dyd
Wiifio
4 a A @ 1
- umsBeensinnfagmand Niaodayga 3 dulumsawiodoya
3 9 3 o = 9 v o Y
- emnsashauidli Idisddeyauazdasudea
- annsaiden laez1videiia MSB w50 LSB danfiou
- §i Flag uetasanuzmsdidoyaduge
Asychronous Receiver and Transmitter (UART) vﬂums dumas Mﬁﬁ'ﬂgﬂymsmu
a o A (3 o dyd
a5 Insialinaudnyauzaiine
- ansonlasuuias Baud rate ¥ 01 580a15 IdVa1u Baud rate
- aunIndems 18 1uda s Baud ratehgai luvaizanudnsanoad

l v
- Aom1stoyaldi 8 Tauaz 9fin
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- A uveINIMIndy I UNIU (Noise filtering)
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nnmisdsdeya duaesiwitifianinmssudeyatazdunedswififannmsh lifidoyalu
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2.7.1 Com Port

msfginsal 2 Mezdemsiulaiiy dosinswoudouudsladsnils  eld
dgnaliihiigndalastheniimnsagniuTasdathonilsannsosuduana lvihiidan
nndnrhowniiald

< o o 4 ' o 1% A a ]

Fonnadn sumsfeudemoduansudinugdnssloynsulioginninoraioyiia ua
Howldvada D-Type ¥iin 9 1 uae 259 (114ASUT0NI1 DB-9 4z DB-25)  Auun
A Aﬂyw A o 9 [=) ts' d' 9 o 1 s 1 -:i E% = s
Ngauonnntivii e sHaauRldiY wu Waneuuu DIN Alslumidanouiiune?
(APPLE COMPUTER)

@ 1 ~ 3& :iy T A % Y. @ 1 ~ 1 Y

Wasie D-type (gagaFenULHma Iz diovesnndiumivesiareeziisilsndie
#1D) dszneudivn niegdunils wuulivudiwizsedd nuuniigfwidedauiioinz

- ~ = o a My

nnIegaziinmeauda Taoi hlsrgaiini 13dheq

1ASFIU RS-232

A A o § ¥ o YA 1 woe ey A 2 | Yo

ez Idginsaimndnaamanuihausauduldinasgrmatosiiade 1d5ums

b4 [ '

PoAUULTY  asigIuildiuedisnunsiigedo RS-232 gailszaimliudl 1969 Taw
Electronic Industries Association 1915§11 RS-232 Ms139u lumswSuusndmsudmuams
4 ' 1 a =] o '
1¥OUADIENIIUNDS ULOA(Terminal) — uag luauszyaadnyauzme lihversesszn g
ginsel 2 @ uasfvuade tazminomuamoniududmumsFoudentss Faeesaw

1AIFIU RS-232 (AA.AB 1Tudu) $11dmnTumal i 3el95edauny
Ay Modudl 2 15 BA ualdnunalidl TXD (Transmitted Data ) @111
P ° a [ < 4 o
WINTIU RS-232 modud 2 ddeyaninmesiiuea lugludw rie Wasihanigndea
A : = A =] o .=' o
mesiiveadosduniyaeaniienodud 2 uaz Tududefudoyamemodud 2 msizasii

9 °
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wieflosiuliliquasaidsdoyauumoduiondy gunsalfagnutisoondu 2 ¥ia
ginsafodugumesiuen Faldmududi 2 dmsueiyn Sun31 DTE (Data Terminal
Equipment) gilnsalogiuyy Tududaldmedudi 2 MMSudUNA  58n31 DCE ( Data
Communication Equipment)

WosAeYNs U ( Serial Port)

NASTILM T IRoNLY RS-232 vz 1¥Aeutinuuy DB-25 faduse DB
Aouinine sy DB-25 wiinde 1Fnudios 9 dusudurdunsutinmesuuy DB-9
iosninuitun faoldluoda feqiiufiors o linainiagnondn lugdhaassumis

VIeAIReg1a 3

= <
77 10 Aoutinmeive SnoyNTUMNINASE N RS-232 111/1 DB-9

Pin Signal Type of Signal
1 Data Carrier Detect : DCD Input

2 Received Data : RxD Input

3 Transmitted Data : TxD Qutput

4 Data Terminal Ready : DTR Output

3 Signal Ground : GND -

6 Data Set Ready : DSR Input

7 Request to Send : RTS Output

8 Clearto Send : CTS Input

9 Ring Indicator : RI Input

A o 3
AINN 1 ﬂ1‘5Eﬂﬂ‘iﬂ‘ﬂﬂiﬂi’]usuﬂm@gWﬂ%ﬂ@Hﬂi‘JJﬂTiJZJW]ﬁgTu RS-232 uyy DB-9
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a T é
2.8 MIAAABNIUNDIRUHIHU U Slot ISA

GND g1 - ~ Nl ~I/0 CHCK
RESET DRY B2 = fl=pnz s07
+5 Udco B3 13 SD6
IRQS B4 — sie 14 sSDS
-5 Udc BE s s pme 5 DA
DRQAZ B& —s aé sD3
~12 Ude BZ - n7z spa2
aus B8 —=f ] R e il:] SD1

+12 Vdec BQ - wieie (3O $00
GHO B16) — == 10 -T/0 CH RDY

-~ SHEMU B1l1l =8 o= 111 AEN
-SHEMR Q12 = wim 312 SALQ
-~ TOW B13 « =g - 3313 SAHLB
~-TOR B14 «pf fosim 114 SAYI7
~-DACK3 Bl Bee= 115 8016
DRA3 816 —=¢ [ B~~~ 116 SAlL
~DACK1L B17Z »a B (117 SAYG
DRO1 H18 —=f flerse (313 5A1L7
~“Refresh D19 <o e A1 QSAYLE
CLK B20 ~—§ o 20 SA11
IRG?7 Bz floo—m 21 SAYO
IRGSG B2 floeim- 3222 5AQ
IRGS 0.2 d== 123 SNA8
IRG4 B24 — o~ 24 SAT
IRAQ3 B2E e e 3205 SAG
~DACK?2 R G ~<——F wiie A6 SAB
T/C Ba 2 - & w—im 27 GASG
BALE 828 = - 328 SA3Z
+5 Ydeo et R g 29 SBA2
asc 838 == , B~ 38 GAL
GHD B8 X = 331 85A08

~HEM CS16D1
-I/70 €S16D2

Rl 645 8 SBHE
e O 2 Laz23a

~DACKZ D14
DRGAZ D15
+SVde D16
-HMASTER D17
GHND D18

<3014 SD11
=015 SBLZ
e C 36 SD13
=17 SD1g
~-=C18 8D1S

L]
| - B
IRGA1O D3 = C3 LAzZ2
IRQG1: D4 | B 0 G LA21
IRGY2Z DS el cs LAZ28
IRG1S D6 | _Beste C6 LAalo
IRG14 D7 el O LALS
~DACKSO Dg B eom C Q2 L1z
DRQAG b | Ce ~MEMNR
~DACKE Dig L B~~~ C10 ~MEMWY
DRAS 211 L =11 SpO8
~“DACKSE D18 = g ==C12 SDOY
DRAG 13 [ fre—= (132 SD16
| ]
|
[ ]
- o
L)

8bit slot

16bit slot
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Tumsdadoyaoon (output data) trazaiifoyait (input data) §1131 1BM PC 7
sufludesinssiannseiindiFouserdiiu IBMPC  Fufudeudusedowhnamdin Siot
1M IBM PC Fsfiszun 10 Slot dagal 11

moly BMre  RTimsesnuuuldinsofiesfiu@nasesduae fiendh a1y
monda 18 Taorumg Slot fioguuimuuesa (Main Board) @31 Slot vunuesaiiazil
§119% 5 Slot (F111511 IBM PCY/XT 924 8 Slo) Faudiaz Slot 1xfidmauniedy 62 11t
poniilu 2 9199 ag 31 MdumsiSondwmiisnvea Slot mdﬂyﬂzﬁuagﬁudmwfuatﬂm1@1
GomToun) vosslor  Iasuifiogmiedmdioree Siot vmi3un Iaudenys <~ simivuay
Sumiavet 151 B16 AfeTimisdudnoves Slof 117 16 (Hueipmediuiie ) dauandi
oI UINUD4 Slot azi3en lagldonws “A” shmilimvd e v A24 A
M TuIYe4 Slot 117 24 (HuMANIIRIU IV URSDY) siazu1vea Siot Iafiandouse
fududyananeuusueia flvnsasenesduwee ey IBM/PC | @nsoinld
Tavazan Sududanaiaeidesuvives Slot el szlsznevludas | dudaanas
yoiialAR SE(Address Bus) , 1AY0Y@ (Data Bus) ,fadniugudmiumsiten/eudoyanin
Mwanudh wiewesn 10 , duduanadmiunisveduaes sniivonasdune e,
Budanadiniunisves DMA , dyaeiguiaal ( Timing Signal ) A1907 1 uszun | du
dyanouaainsasanagna i) tazdyanadmiumsasisaaunnuianaln (10
CHCK) wonmnidudyanaunaiids Sl vunmede duondefutmasiovdnnd
1l uszuudnde fim +5Vde ; -5Vde , +12Vdc uag -12Vde

SwnzBuaRoIt IR 199

RESET DRV (v1B2)

ndaiifueiyn Sazieaiiv- (aosn <) Tudaaisisuie Il iuszoy
wazdanaendiv llvundszasegmely IBMPC sxnderfinsianddnniudaa o
awnldeunduiiuasin <0~ wonnniilusznemsiiauees BMEC d1szduussuve
unasiioliianas duanarfifezgriWueniivisudy Tavit lidadaanaiiesgninlo1d
lunsaidiniesdume iansegUnsalmaniugnufuldegluamazfiivey  roufie:
B lussun @aziifuannziisms uazdosms Iasesiauluvaeiiszuy
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A0 —A19 (Address Bus ; 41 A31 -A12)

mé’f'tyﬂgmmzq 20 mfzflmmﬁwm Felddmsudmuaueansauesmiasanuivie
atlnsal VO 8088 Aeamisannodas Tnofidaam A0 vxiifodiiasiga (Least Significant
Bit) 1oz A19 =i 1ANgIeA ( Most Significant Bit)  dnSunueansauiiauoaase
A0-A19 szgnimunlag 8088  lTusznanviumseudsudoyaniniisennud wie
ginsel 10 ualugrwweswnaums DMA 11 DMA-Controller wiludsmuamuemasauu
Teoamsaiea ( lusznadi 80ss 12QNARDBNIINTTU )

s ldhimuduenmsatieziioy 20 du Srmunsafiszdrueamsavomiy
anui1&de 1 Mbyte - tmetialsfiamezdeamsaiignlfnu - Ty IBM/PC adrouuds Ao
HBAIATHVBINUIBANUT RAM uumuua%ﬁgﬂ%’%ﬂszuuﬁmm 64 Kbyte ({11351 IBM
PC/XT i1 256 Kbyte ) HAZLOAMTHTIMI U UIBAIUT1 ROM B 48 Kbyte G}’;qgﬂ
dalugrsvoomsauugaly 1 Mbyte fio OFCOOH 9104 OFFFFFH ( ém31 IBM PC/XT
iU 64 Kbyte )

SmsunsdluennTaeda 10 th exdiduueamsaifios 16 idu fle A- ALS
Fezhlidruenmsavomodald 64K woda Tavkiumegadide IN uaz OUT  dawdu
wemnsafmanne Al6— A19sTuey lignldametielsinmiu BMEC  azlfiduionnse
Tunsdrauonnsa vosnesaius 10y Ao A0-A9 tazA e AT 1F31urzdoagluda
0200H 914 03FFH fyimi

DO - D7 ( Data Bus ; A9-A2)

b4 1 ] 1
ndayanatfiauiui Bi-Directional Fewoagiutadeyavesszuy evhmihiily

.
] 9/ 1 o o o

mMsdeIuTayasEnI1INesa /O 1Y IBM/PC - lasiia DO sziitd Ay igauaziin D7 9gd)
HudAygIga
v Qg
o i o a oy A oy & o !
dwsulutia lmfavesmswsudoyaiad 19y las 8088 11y Toyaszgndsoanuivu
o Y P A ady L9 Yo 4 A =
ardoya neuiidgyanuow (lunstindesmsadoyalinunesa) nio MEMW  (lunsdl
v ' k4 1
fidvamsdadoyaliiunisonimsy) szlavunnasia o~ iHuasdn “1” (VoY) Fa
o 3 o s Y 4 o o .
T llvevntiuwesdya e OW nSe MEMW i szgnlfiiedalvwesa /0 wSoniiw
o Ad @ 1 Y 3 o 9 < 9/
anuhinfiueamsanssuaweansauntiteamsaiuiudoya linu 13
' ¥ kd
dmfuialmAavosmsaudoyaiiadiatulag 8088 11y wosn /0 3o

ninNuiingnd1eizdosddoyaenmuuiiadeyanoniidyyia TOR( Tunsdld
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Aoamserudoyaniavein) wie MEMR ( lunsdiideamsaiudeyannnusonnudl ) oz
dl ~ ~ 4?,
nlasusinaedn «0” iiluaedn 17 (Vo)
IOR (I/O Read ;91 14)
o g o ad A - 1 &
ndaanaditueiynenfiviiaetn <0 Ta$193ulay 8288 Bus Controller  (ii®
1w a da g dy o a J s 3
M lumsuaasinialofaiifaduil duiialufaveiniseuveswasa 10 e Mwein 10
Htloamsanssfuieamsauimeansaiuddoyasennuutiadeyn  Inedoyaizdos

o5 [ .
anaseenuufateyane et Tuvesdayane: TOR Yszues 30ns i 1¥iule 1891 8088

g 9

ansasudoyaldgndes dmsuluvpanms DMA 8237A -5 DMA Controller  9zW1Ms

ad1edaanalTOR o4 Tﬂﬂﬂ'umﬂm3aﬁa§juuﬁﬁxzaﬂzﬂﬁmzﬁmuaﬂmsmawﬁaﬁfmm"1
unuiizihuernsdvemeia 10 ) finesn /0 fves DMA doanisaziifoyaliify ms
'ﬁ‘wa%ﬂ‘lﬂﬂqu%gaumuﬁaﬁagmfmzﬁ]ﬁﬂﬁwﬂm DACK 110 DMA Controller 11352
Smun 19 n3Eifdae DACK] uwonfivfvziansd wesa 10 Hazdesdoyanoninuu
Jadoyaffowein L0 fives DMA Wiumaauai 1 (DRQ) 1§id

IOW (I/0 Write ; U1 B13)

ndyanaiifhusiiynieniviiaesn =0 c’f}qgﬂﬂ%ﬁ;ﬂﬂﬂ 8288 Bus Controller
e l3iaaai i lmfavesmsdvudoyaasumneia 1o rielinein 10 fiTliean sanse
funenmsaiuudeyaiiedutadoyaliifin's oordlsiaunilesnintugas nmidaane:
TOW flueniivl (aotn o) inudoyauntiaersezdehinuysel dafulumsesnuuy Sems
Hveuiuvesdyaia: TOW unuvevuiaslumsviildwesn 170" fiRvdessudeoyall
3o doyauuiade yaauyselidodeudm S luwuiunis DMA 1111 DMA-Controller
swhmsadeduge OWes  lasfinueamsdoniumusamnsavosmizsnnuiiiinesa
10 fives DMA foamsazenidoya

AEN ( Address Enable ; 91 All)

ﬁtymﬁmﬁyﬁlum1ﬁuwﬁGl%MmssLaﬂaﬁﬁa“lmﬁaﬁgﬁﬂi’iyu’luahmmﬁﬁaujmum AEN
wenivl (@e3n<1”) vaudhnialefiaveinszuaums DMA dmiuuiuesaves IBM/PC
v v lddFanesiilunisAaieria ( Disable) 8288 Bus Controller  tinzazl¥Aaioidanein
1/0 #1199 fRoaTeaiuuIums DMA AAeuiAs TR usuTigmz luvuaums
DMA 1hi8237A-5  vzdapamsavonmionuswonnuuiauenmsd  uazezi 1y
dya19i TOR %50 TOW toniiiaiu satugr livmsameidaneda 10 7 lufoadesly

< o At o ' o/ s o
fonagiliveia 10 Aluoansansadusweamsauuiiaueansa (Fuiluiapanse
wnansthluenasianulidwsunisldnuiensfnewitu lieygralihlUldussTevdsunisdn
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YomHIuAE ) i hinsewmSededoya senuuuiiadeyai ldifannuranainty
Y

18

favoumasaie lWveaszuy

+5Vde (W1 B3 tag B29)

VNl azaofuunaIne I DC +5V weszuy Tagaziinin1miowsa
(Regulated) + 5% foaglus1a +4.75 §1 +5.25 Vde

+12Vde (11 B9)

VNI V=ADA VN A W DC +12V v943211 1asaziimna1uNenss
(Regulated) +5% floaglugie +11.4 83 +12.6 Vde

-5Vdc (11 BS )
2 v .

VIN@DIHIADA U A1 I DC -5V 10452101 Tagaziinna1 R ans 9
(Regulated) +10% foodlu¥14:5.509-4.5 Vde

-12Vdc (v1 B7)

¥ 9 )

NMIADIHADA VUM A1 W DC -12V 48352111 Tng0z3iA1n1Nedns 3
(Regulated) +10% foagluga-13.2 61-10.8 Vde

GND (v1B1,B10 taz B31)

3 qy " o 14
VNI 2ADNINITIIA (Ground) UYOITSU
) o ¥ Y o ‘ﬂ Y A ‘ﬁ al aAd - ' P & A

msasdoyavsntazihdeyadisuiludeiiduma luniliszGenwasa (Port)  Falims
Taassh hidudoury Uiormsa (Address) Tiiuoy Mod1smsiaassilifadedugilnsel

AMBUBNUY IBM PC Hazad19n15a (Card ) 1ive 1150 1us0111 1/0 Slot

2.9 mIsreamsaa niunwesn 10 1 IBM/PC
ASAIVAVLALAITATIVADVAMINAITHINY samfqusém%agamﬂqﬂﬂsa‘iﬁgﬂu

M3aee q Ald5201 IBM/RC wwaseihmumanesn 10 vesszuy Taumsasdefiuweim

Ho 1B DARI YD IME N LOMET TABASIT4IZLONDBNIINLBARS I INHIIAIIL

Taudiauin (RAM)
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M15199 2 uareeiuRd e gilasel 10 @199

‘ﬁuﬁuammmmqﬂnmﬁ /0
ugIuFumn gulnsal /O
000-01F DMA Controller #1 (8237A-5)
020-03F Interupt Controller #1(8259A)
040-05F Timer (8254)
060-06F Keyboard (8042)
070-07F NMI — Non Maskeble Interupt & CMOS RAM
080-09F DMA page register (74 LS612)
0A0-O0BF Interupt Controller #2(8259A)
0C0-0DF DMA Controller #2 (8237A)
0F0-OFF 80287 Math Coprocessor
1F0-1F8 Hard Disk
200-20F Gzme Port Joystrick controller
258-25F Intel Above Board
278-27F Parallel Printer Port2
2E8-2EF COM4 : Serial Port
2F8-2FF COM2 : Serial Port
300-317 Prototype Card
378-37F Parallel Printer Port 1
380-387 SDLC or Bisynchronous Comm Port2
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d
3.2 Tugwvesmseuldsunsuvoriins (Software)
TudrvesmadouTdunsziniesnidhuaesdiulvaa fo

3.2.1 dauTdsunsuuudynd

A VoS
WLFUBYARY bis

i Pl 4 £aarj
I % Y

HERSHT

3101 20 umummttaasmsnudau T sunsuuudynd

' g 3 ' @ o [ a 1 %
Tlsunsuludamtivailudiu ) sunsundndmsumsaanoundynd  Fewiso
a ' @ 1 o 4 ~ [l Qs
Aaneni lulnsnou Insameskiuwasnoynsy Idnonugusmduazansodeduaia TIL
uazsudyana TTL namouenld uazansodeassy 1O woinvesneuiunes lnoruy

s Vv <% o - ]
ﬂ15ﬂ8255blﬂ %QﬂWiﬂSZSSu%ﬂ%ﬂ’JUﬂ‘U’N%S A/D 234999 D/A
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3.2.2 dau Tsunsuved luTasnou Insamos

A =L T WK

g8 V3. grd " g0 o Ly Y
b I Bl s A o B O ORUTHL
g F

I
§

37 30 uwunmuaaamsihaud ldsunsuvedlulnsaou Insamed

b4
' o o '
TuahwvesllsunsufazlFlumsmuSmdlumstanazmsitla  uazdaldlumsaa
e TTL wazfudyanai TTL  ninmouen lauadeii ldidhasuianefiume iy

DYNTY
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UNN 4

wamsnaaostazenlsawa

mMsnaaeIte lnssnudidioannlsznoudlvaiuaiematediy  yuniseomiu
2 dulngdai
o i s A a1 s A o
L. ginsaiiniugy Teswmunanasaoynsuiedaas lu Insnou Insamesifiodaa
lulnsnouInsamehnsmnguainsaludiuuowmiadsml  Suwn TTL uaz 1017w
I
PPN 4 1 o -~ o 9 4 ar
2. ginsalfifafemi 10 wesnvasneuiames — Taoldniia 8255 151167 Decode
Address U84 /O #o3A_n13a 8255 i1n15A2UQUMS INMYB92925 A/D Liaz D/A
a o dy 9 = o = L4 = 3/
mMsnaaesaselnsseniildszuulgiamsaynd iy Server - TasenunsaSonld
[ 3/
52UVUQUAMS. Linux, Unix ¥38 Windows ( 95,98,2000,XP) lag IP voun504i
4 [l o < a
fiD 161.246.13.150 tileld login Az Password 1{ufiSoussufssannsaionlsllsunsy

9
sAa o '

a é 5 o s A o A
uoiline iNARATHUY Server 1 Funthmdnvesda lsunsuedimosudndlddagalii 31

B CAWINNTSSystem3z'telnetexe

1.2> SWITCH RELAY

2.>> QUTPUT TTL

3.>> INPUT TTL

4.>> INPUT AND OUTPUT ANALOG

U7 31 whndnvesda lilsunsy

namanaaodlumsisonldlUsunsupefinesinsAnnoeaniihu 2 diuluan fe
L.HamMsneaod I uUDInN I SARADN LW S ABYATY

v 2.HANINeRRYluaIuYDY PI15A 8255 ARABNIN KO, WOSA . ... .. I E
wnanstiluenansnanuhidmsunistonumemsanwimid Woygabiihluldusslesdsunism
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4.1 minaans luauvensaaseruneinayns

msnaaedludiuvesmeineynsuil uismsinuesnilu 3 diuuaznamsnaana
uaag /el

4.1.1 WanMsNAaBIN IS Udyy I TTL

~ [ 4 A 9/ T ow a 4 o

smsaaadetuvesan i lumsadsdyanar TIL  indalulasaouInsamesives
AT89C52 18 &alunisnaassaninsasumduanal TTL suaasnaisoueiiine s Nidaao
9 d' ] o S 1 é o 4
Whinisesdaanalaiaziionuziuedils Fai Tsunsuazuansdwoaninlugilues

@UgIUAUNA A3 32

> SUITCH RELAY

OUTPUT TTL

~ INPUT TTL

INPUT AND OUTPUT nNnLOG

AB2 :
ENTER  MATNMENU<m) or EXIT{¢>

y

1.>> SUITCH RELAY
2.>> OUTPUT TTL
3 >> INPUT _TIT
.>> INPUT AND OUTPUT ANALOG

3
GET INPUT TTL
IENTER Uu

Aa28
EENTER  MAINMENUCm) op ERIT(gq>

5117 32 wamsnaaeS UdANY TTL

4.1.2 WaMINARBIAIA YY1 TTL
1w 9/ =& < 9/ a A o
msnaassaadaana TTL laold LED  lumsuaawadeszmiu ldninmsdansosy
A o P < ° - - o
494 LED fviniidasaiss High soniniiveiangi i LED A uasdiidayana Low
P s 3 ° Y Y ) a A W ° vy
pomnineianeei ¥ LED du #alumsdansoduvos LED annsafmuald lao

Tisunsufvovoiimef Iddagih 33

&z A ¥ o [y ¥ = =2 & 1 ¥ o 124 ¢ v 1%
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1.>> SUITCH RELAY

2.>> OUTPUT TIL

3.>> INPUT TIL

4.>> INPUT AND OUTPUT ANALOG

ET OUTPUT TTL HIC1> OR LOWC@A>
1T81

o/

717 33 wan1snaaesdaduaal TIL
4,13 MINITNARDIEIAT 3100
c&y 9 o o ~ o 3 1 as 1 r'd
Tilsunsuiilddmsvnugusiadnanun 8 yosdagiar  IAsnIugUHIUMINDS
o 4 ] 4 o
aynsy ndawese lulasreulnsamos ¥3lylnsnoulnsamessziinisaiugumsiaila
aadsad sl lunsladladinduogilnsal Idnfiusedugeldte 220 Traad  waznu
° o/ ~ o i é (]
aszua 1R 2 uewnls Tasmsfvuavindalalsunsuueiive Sdwaaslugilii 34 Fazmu18

Nenmnsafmuaan e 1d Ingiion ON #sa OFF

1.>> SUITCH RELAY

2.2> OUTPUT TITL

3.>> INPUT TTL

4.>> INPUT AND OUTPUT ANALOG

1
fSET SUITCH RELAY ONC1)> OR OFFCH)

OFF
iINTER = MAINMENUCmD oxr EXIT Cq)

~ o A da o
Eﬂ"\ﬂ 34 WAN1TNARDITINTUTAIANTIDY

&z A Y o [y ¥ = =2 & 1 ¥ o £ ¢ v 1%
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4.2 msneaosludiuroaniia 8255 W1y Slot ISA

Tumsneasssinisoaniu 2 da Tuda Tlsunsuesi idon Tvuamsnaaos fail

1. One step : 1a8l% Output 91124995 Digital to Analog Fugtrouswudiody

ginsaimouen udiiudeniynewaennndaginsainouensiod Ui mput

1949993 Analog to Digital afiaza

2. Scan : I5aAuAUAT 1= TBUNN LAZEIVIWN 1992995 Digital to Analog  HAZINNS

Analog to Digital 13W@ 0980 THYA One step  LAszARIMTiazmamTlow

111 Taeldanuazidoa’ld 255/mantstep)

Faiianisnenadah

4.2.1 wansnaaodlulie One Step

ﬂ1smaaﬂua’auﬁy‘azv‘imﬁdaﬁmﬁymﬁ%ﬂaaTﬂﬂﬂﬁﬁmuﬂmﬁﬁadmiﬂzz’haaﬂm
ﬂizaa:fhﬁqgﬂﬁ 35 lunstmuadoyaiiesdeonn Taomssmualugiveuavgudy ¥
2218 ownaenioiymesnin Swldsussgilnsdl idasesumieiwnd ldnnnngins i
195aA1i AD Comverter azmnisulasdamnaenaeniudasnfsaen udadsoya
iihiiwesavedled 8255 deufiazdedoyadigaouiaumeslassiu 10 wesn Ma Slot ISA
Fuzumsdsdoyaunueinn Tavssudamasoninluglvesdaay fiveweilinod nwa

o a A A
A1INAABIULALNTIIATUIUN A mﬂﬁTﬁﬂiqﬂﬂ1ﬂ@aﬂ llflﬂ%!ﬂfNﬂu

B CAWINNT\system32\tel

1.>> SUITCH RELAY

2.>> OUTPUT TTIL

3.5> INPUT TTL

4.>> INPUT AND OUTPUT ANALOG

4 -

ielect Mode One Step{i) Or Scan(2)>
set dsa =>>

e

output 0.0882000
EXIT <q> OR CONTINUE <c)>

C ;
set d/a =>>
10

output 8.1922000
ERIT <q> OR CONTINUE <c>
c

output B.9726000
EXIT (g> OR CONTINUE <(c)

q
ENTER ' MAINMENUCmD or EXIT(qd

3119 35 varaawamsnaaealu Tnum One Step

&z A Y o 1Y ¥ = =2 LY 1 ¥ o 124 59 1%
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4.2.2 wamsnaaelulnua SCAN
Y .
msneaodluInuailizihnisdsdayanamisea Taomsiinuamiidosnsezdionn
3 1 a A Y ~ 1 s A cg 3 o
nAsazrasamaagli 36 Tavdeyanezaseenniziiiuiniunsiaz 5 lavszmmualy
a = 9 o J Yo o 4 Y o 1 o

silvauaug Ay F99z 14 emaenemiynesnin Reldiudiglnsal  udiseiuaueniyn
| ¥ saq Yo 3 o o ﬂ o
#ldnnanginselilddanniu A/D Converter  azihimsuilasdyanaeumseniiludyaa
Aanoa udardwoyaidiiineinuedlod 8255  reudvzdsoyadngreniaumes Tk 1O
woin M4 ShotISA dermilumsdadoyauuuviy Taoszuaawasenutlugilve ey

A a o -~ o 1 4 )
Aroueilvos  NAKANSNAABMEZMISMTIMMsAdaraas lamneoninlndifoaiu
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SRR
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eSS
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Dee®

©
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OSSO ®
S®
HO®

v
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s
SSRGS

S
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511 36 lernanan1snaaed i T Scan

g o =4 1 ° ¢ A o [ @ 3
Tundi I8 vmsipummsiianureamsadiunesva 8255  Taomsousaaud
nawauin lidunauenees AD taznaaesdn1Ataoa 191 1UNBUNNUDI995 D/A U

° @ 1 3 ana v AaAa o A o a ~ o w
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M3 i 3 manisnanesmsulasdyanaeuiaen(Analog) dludyanafinea (Digital)

Voltage input Digital output | Voltage output | mANMAMIAINEDY

(Volt) Hex Dec (Volt) (%)
0.001 003 3 0.003 200.000
0.094 05F 95 0.095 1.064
0.193 0C2 194 0.194 0.518
0.292 125 293 0.293 0.342
0.392 189 393 0.393 0.255
0.490 1EF 495 0.495 1.020
0.591 24F 591 0.591 0.000
0.689 2B1 689 0.69 0.000
0.790 316 790 0.790 0.000
0.886 376 886 0.886 0.000
0.987 3DA 986 0.986 0.101
1.085 43D 1085 1.085 0.000
1.187 4A3 1187 1.187 0.000
1.288 508 1288 1.288 0.000
1.384 568 1384 1.384 0.000
1.482 5CA 1482 1.482 0.000
1.586 631 1585 1.585 0.063
1.681 690 1680 1.680 0.059
1.781 6F5 1781 1.781 0.000
1.882 75A 1882 1.882 0.000
1.982 7BC 1981 1.981 0.050
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q’ 1
BTN 3 (@0)

Voltage input Digital output Voltage output MANuAMAnEo
(Volt) Hex Dec (Volt) (%)
2.079 81F 2079 2.079 0.000
2.179 882 2178 21478 0.046
2.279 8EA 2277 2977 0.088
2.382 94C 2380 2.380 0.084
2.480 9AE 2478 2478 0.081
2.578 All 2577 2.577 0.039
2.675 A7l 2673 2,673 0.075
2.775 AD5 2773 2.773 0.072
2.874 B39 2873 2.873 0.035
2.972 BYA 2970 2.970 0.067
3.071 BFD 3069 3.069 0.065
3.176 C65 3173 3.173 0.094
3.270 cc4 3268 3.268 0.061
3.369 D28 3368 3.368 0.030
3.469 DSC 3468 3.468 0.029
3.570 E40 3648 3.648 2.185
3.669 E53 3667 3.667 0.055
3.771 EB9 3769 3.769 0.053
3.869 FIB 3867 3.867 0.052
3.970 F380 3968 3.968 0.050
4.067 FEI 4065 4.065 0.049

nansiifuenansfianulidmsumslinudonisinuwintdy lleugralvhluliuselonifunsdn
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M15197 4 wamsnaaesmstlasdua aRsnea(Digital) iudayaaeu1aon (Analog)

Digital Input Voltage output ( Volt ) A1NUAA 1ﬂlﬂéﬂ1«!

1954 A101NNSNAADY (%)

0 0.000 0.000 0.000
5 0.099 0.094 5.446
10 0.199 0.193 2.931
15 0.298 0.292 2.093
20 0.398 0.392 1.422
25 0.497 0.490 1.422
30 0.596 0.591 0.919
35 0.696 0.689 0.991
40 0.795 0.790 0.668
45 0.895 0.886 0.975
50 0.994 0.987 0.718
55 1.094 1.085 0.782
60 1.193 1.187 0.500
65 1.292 1.288 0.339
70 1.392 1.384 0.560
75 1.491 1.482 0.618
80 1.591 1.586 0.291
85 1.690 1.681 0.535
90 1.789 1.781 0.472
95 1.889 1.882 0.364
100 1.988 1.982 0.316
105 2.088 2.079 0.417
110 2.187 2.179 0.371
115 2.287 2.279 0.329
120 2.386 2.382 0.165
125 2.485 2.480 0.215

wnansiiuenarsnanubidmsunisinuienisAnyivinitiu ldeygaihlwuselevdaunisen
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A1519N 4 (6D )

Digital Input Voltage output ( Volt ) MR IANADY

A1954 A19INNITNARDY (%)
130 2.585 2.578 0.262
135 2.684 2.675 0.342
140 2.784 2.775 0.309
145 2.883 2.874 0.312
150 2.982 2.972 0.349
155 3.082 3.071 0.352
160 3.181 3.176 0.165
165 3.281 3.270 0,325
170 3.380 3.369 0.328
175 3.479 3.469 0.302
180 3.579 3.570 0.249
185 3.678 3.669 0.253
190 3.778 3.771 0.178
195 3.877 3.869 0.210
200 3.977% 3.970 0.165
205 4.076 4.067 0.220
210 4.175 4.170 0.129
215 4.275 4.270 0.112
220 4.374 4.370 0.096
225 4.474 4.470 0.081
230 4.573 4.570 0.067
235 4.672 4.670 0.053
240 4.772 4.770 0.039
245 4.871 4.870 0.026
250 4.971 4.970 0.014
255 5.070 5.070 0.000

== = o [ 9/ =] = [P [ 2 o 23 4 1%
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IﬂiNWMﬁiﬁHﬁy‘ﬁ'ﬂﬁ1§u!ﬁﬂﬂ§lwqﬂﬂiﬂiﬂ1'5’3/ﬂ1’11~iﬂ1tlﬂ1w Fafdamsznoy Al
1. INPUT A/D 1 CHANNEL
2. OUTPUT A/D 1 CHANNEL
3. INPUT TTL 8 CHANNEL
4. OUTPUT TTL 8 CHANNEL
5. SWITCH RELAY 8§ CHANNEL

Tagiinshauasil
AWAUNISH UL INPUT A/D , OUTPUT D/A WIun1g4 SLOTISA  HazAauqy
75919 Yes INPUT TTL , OUTPUT TTL tag SWITCHRELAY  Taus 11y SERIAL
PORT Taolumsaruguaninsansugu la lavldszuuilgimmsaynd
£ ) =g o & A o ¥
FalassnunrpiamsohlllFlumsmugundediofamenonin: - Tagns1s
dawasaiadaatiduiatiadaginsal I hifiusedugs (220 Tead, 2uomald) - a1y
) ¥ b4
dauvesnia 82551 HudasumduyannnsesiioFuii Tnoda2493 Digital to Analog v2iifu

o @ o T

« k4 9
fseladinuie ¥ lumsTugUnselauiy o Analog to Digital 9iiUf25uR1B UMY
9 < Y
Wunull
4
ailnselfinmserililsaaimeidndlaimuiiliia Photodetector I8~ Tawiinaans
wilasdyanaminen udaanaewaon  lildeduuvasdudiaas wazieesulas
daanamuseniluduananinea SuaA1i photodetector - ABUNUDIABIE HATAINITO
y ¥ o - g ady P £ g9 1o 1:51 v ]
auguldnnszozlaa  dntulumsnumfidedlsmannuswineasshisuiludowdn
y & o A g :uly Hq dyy ¥
Howneaoaiupasanal lasannsaiumsowannualdenilan’ld Taon1s Telnet 1€

@ A Ao o
HIGAUATDINNINITIA
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FOIEAUDIUUAZUUINIIM THAIU
1. Tudauwod Input A/D uaz Output /A A1# lddalinnunaimndeuegiinies
P o ' o 9 A o 3 o [l A =3 '
Hiounnnmssmuamvesidumuniedufulszy faliassnumininsiunSodime
v
noui uaz ovziaumginnindyanaisunau (Noise) Mameuonuazaioly
v v . b4
2. lumsdfuyeligunsalsuil Wil szAn amannBadu e19vzdosd i jaludm
o a o 4 4 ° !
Tdsunsulgiianuannse lumsiaulu Tnuadume i sui Wiensinu ldnatsnnuiie
~ 9/ a o o g 9
NSV TOUND TS WLTI
3. lumsSutzaluduvesmsuaaama I9iimsuanswasaninlugivenswlin
pai a LU Y A A o
uaz nsfiEnysadinszd 18 io uaslimiuaaawaiilud s
4. lumsyuluaanasa nput A/D uaz Out put rvitlagmalauihniriariiaduy
a A ' v @ a £ v A Y
@y 5u WaialSinamuduvedded dudu
1 v o dy ) 9 . A o w w a‘. ~
5. mummﬁnﬂumsfﬂzmzﬂuﬁxuuVlsmﬂ (Wireless) Wesinsnisanaoui Iy
Tuamudidien I8 1o ams1zideya ld luium

' @ a ' 1 <
6. ludumeawans JauazHams Az ve yadea nsauaasmuuaUme 14

gz A Y o 1Y ¥ P =2 ety 1 ¥ o £ 59 1%
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#1nclude <gosireg.h>
#1nclude <gos110.h>

#define SWITCH P1
#define OUTPUT TTL P2
#define INPUT _TTL Po

register char input,a,ai;

main()

§
&

serinit(9600);
ch();

ch()

input = getchr();
if(nput =='1")
{

p10;

}

if(input == 2
{

p20);

}

if(input =='3")
{

p30;

}

p1O

char1;
a=o,
for(1=0;1<8;1++)

;
1

al = getchr();
if(a1='q")
& <4 vo oo o o = AR o y ¢ v py
wnasthluenasidnulidwiunisldnuiensfnewintu leygralihlUldussTevdsunisdn
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chQ;

p20)

char 1;
A=
for(1=0;1<8;1++)
{
al=getchr();
if(al ='q")

ch();

p30

char noom;
unsigned char n;
noom = getchr();
n= Po,
puthex(n);
Po = oxff;
putstr("\n");
chQ;

H

set_bit()

{
//char at;
//al = getchr();
switch(a)

§
it

case O:

& 5 v o Y v - = Y 1 v o v %% 1
wnanstiluenasignulidwiunisldnuiensfnewintu lieygralihlUldussTevdsunisdn
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&z A
LONESUIULDNANTN

if(a1 ="
{

asm'” ¢lr P1.o™

else
asm" setb P1.0";

i
break;

case 1:

i
if(a1=="1"

f
L

asm" CiR1":

1
f

else
asm" setb P1.1";

H
break;

case 2:

{

iare- 95
{

asm" clr P1.2%;

b

else
asm" setb P1.2",

¥
break;

case 3:

{
if(al="1)

f
T

asm” el P1a%
¥
else

asm" setb P1.3";
¥
break:

case 4.

{
if(a1 =1 |
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asm" clr P1.4",
}
else

asm" setb P1.4";

i
break;

case s:

{
(gl=="1"

§
L

asm" clr P1.5";

asm' setb P1.5";

i
break;

case 6:

{
if(a1="1"
{

asm" clr P1.6"

}

else
asm" setb P1.6";

h
break;

case 7:

{
if(a1=="1")
{

asm" clr P1.7;

h
else
asm" setb P1.7";
§
break;
case 8:

i
L

ifal =1

§
T
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asm" setb P2.0";

}

else
asm” ¢lr P2.0";

H
break;

case 9:

1

ifa1 —="1
{

asm" setb P2.1";

b

else
asm-clr KT8

'
break;

case 10:

{
if(ar=="1")
{

asm" setb P2.2";

}

else
asm" clrP2.2";

3
break;

case 11:

{

if(a1 ="1"
{

asm" setb P2.3";

b

else
asm" clr P2.3;

b
break;

case 12:

{
if(al ="1")

{
y ; asm1’ selb Paa >
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h

else
asm" clr P2.4";

H
break;

case 13:

{
if(a1=="1"
{

asm" setb P2.5";

else
asm'~cly Pa3v;

b
break;

case 14:

{

WE =
{

asm" setb P2.6";

3

else
asm" clr P2.6™;

3
break;

case 15:

d
if(ahgN)
{

asm" setb P2.7";

else
asm" clr P2.7;
;
break;
;

att:

Y :
)
exit_program()
5
It
putstr("\nGOOD LUCK");
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newl()

1
putstr("\n");
}
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i‘ijiuﬂiu Terminal on Linux
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#mclude <stdio.h> /* Standard input/output definitions */
#include <stdlib.h>

#include <string.h> /* String function definitions */

#include <unistd.h> /* UNIX standard function definitions */
#include <fentl.h> /* File control definitions */

#include <errno.h> /* Error number definitions */

#include <termios.h> /* POSIX terminal control definitions */
#include <asm/io.h>

static struct termios orig, new;
static int peek = -1;

mt mainfd,fw;
struct termios options;
struct 18255 _struct A,

/%
*'open_port()' - Open serial port 1.
*

* Returns the file descriptor on success or -1 on error.
*/

int open_port(void)
{
// it fd;,  /* File descriptor for theport */
mainfd = open("/dev/ttyS0", O_.RDWR |O NOCTTY { O_NDELAY);,
if (mainfd == -1)

{ /* Could not open the port */
fprintf(stderr, "open_port: Unable to open /dev/ttySO - %s\n",
strerror(errno));
}
return (mainfd);
G
mit_rs232()
{

mainfd = open_port();

fentl(mainfd, F_ SETFLFNDELAY); /* Configure port reading */
/* Get the current options for the port */

tcgetattr(mainfd,&options);

cfsetispeed(&options, B9600);  /* Set the baud ratest 9600 */

cfsetospeed(&options, B9600);

/* Enable the receiver and set local mode */
options.c_cflag |= (CREAD | CLOCAL);

options,c_cflag &= ~PARENB; /* Mask the character size to 8 bits, no parity */
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options.c_cflag &= ~CSTOPB;

options.c_cflag &= ~CSIZE;

options.c_cflag |= CS8; /* Select 8 data bits */
options.c_cflag &= ~CRTSCTS; /* Disable hardware flow control */

/* Enable data to be processed as raw input */
options.c_lflag &= ~ECHOK | ECHO | ISIG);
/* Set the new options for the port */
tesetattr(mainfd, TCSANOW, &options);

;

end rs232()
{
close(mainfd);

b

write_to(char input)
{
write(mainfd,&input, 1);
usleep(100000);
¥

read_to(void)

{
FILE *f
char output[1024],b[1000],ch;
nit_rs232();
read(mainfd,&output,sizeof(output));
usleep(100000);,
fprintf(stdout,output);
f= fopen("out.txt","w+"),
fprintf(f,"%x" ,output);
fclose(f);
f = fopen("out.txt","r");
while(fgets(b,1000,)!=NULL)

/1 printf("%s",b);
fclose(f);
end rs232();

h

main_menu(void)
{
printf( "
1. >>SWITCHRELAY
2.2 0OUTPUT TTL
3.>>INPUT TTL
4.>>INPUT AND OUTPUT ANALOG \n");

I3
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op_menu(char 1)

{
if=='1")
printf("SET SWITCH RELAY ON(1) OR OFF(0)\n");
1f(1=="2"

printf("SET OUTPUT TTL HI(1) OR LOW(0)\n");
1f(G=="3")

printf("GET INPUT TTL\n"),
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/* serial.h %y

int open_port(void);
void init_rs232(void);
void end_rs232(void);

void write_to(char input);
void read_to(void);

void read_one(void);
void main_menu(void);
void op_menu(char 1);
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#include <stdio.h>
#include <string.h>
#include <fentl.h>
#include <termios.h>
#include <curses.h>
#include <unistd.h>
#include <asm/io.h>
#include <stdlib.h>
#include "serial.h"

extern mainfd;

FILE *fad:

mnt lohi;

float result;

void main()

{
char a,1,in,exit,ch;
while(exit I='q")

{

mit_rs232();
main_menu();
scanf("%s",&ch);
op_menu(ch);
write_to(ch);

if(ch=="1"

{
for(1=0;1<8;1++)
{

printf("SWITCH%d" 1),
scanf("%s",&a);

write to(a)
if(a=="
printf(" N\n");
else
printf(" OFF\n");
}

;

if(ch =="2")

s
1L
for(1=0;1<8:1++)
f
L

printf("BIT%d" i);
scanf("%os".&a);
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write_to(a);
if(a=="1"
printf(" HI\n");
else

printf(" LOW\n");

if(ch =="'3"
{

printf("ENTER U");

scanf("%s",&1n);

write_to(in),
read_to();

b
if(ch =="4")
{
mnit_82550);
scl();
end 8255();
b
end rs232();
printf("ENTER MAINMENU(m) or EXIT(q)\n");
scanf("%s",&exit);
h
¥

wr(int bit, int a)
{

outb(bit,a);
¥

mit_8255()
{
1f(1operm(0x200,8,1))
{
printf(" Couldn,t open 8255 port\n");
exit(1);
h

1
s

end 82550

{
1operm(0x200,8,0);

v

4]

scl()
s
t
mt 11 chl bnb
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float n;
wr(0x99,0x203);

usleep(100000);
wr(0x82,0x207);
usleep(100000),

printf("Select Mode One Step(1) Or Scan(2)\n");
scanf("%s",&chl);
if(chl =="'1")
{
while(chl !='q")
{
1
printf("set d/a =>>\n");
scanf("%d",&chl);
wr(ch1,0x204),
usleep(100000);

wr(0x08,0x201);
usleep(1000);
while(11 1= 0xfe)
{
11=1nb(0x203);
b
pr_num();
printf"EXIT (q) OR CONTINUE (c)\n");
scanf("%s",&chl);

b
}
if(chl ==12))
{
fad = fopen("output","w+");
nb=0;

printf("ENTER NUMBER <255/NUMBER>\n"),
scanf("%d",&b);
while(nb < 255)
{
wr(nb,0x204);
wr(0x08,0x201),
usleep(1000);
while(il = Oxfe)
{
11= mb(0x203);

i
pr_num();
nb +=b;
n =nb*195;
printf(" %d VOLT INPUT %f ",nb,n/10000);
fprintf(fad,"%d VOLT INPUT %f output %f\n",nb,n/10000,result/1000);
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printf("EXIT (q) OR CONTINUE (c)\n");
scanf("%s",&chl);
fclose(fad);,

}

pr_num()

wr(0x00,0x201);
lo = inb(0x200),
usleep(1000);
hi = inb(0x205);
usleep(1000);
hi &= 0x0f;
hi <<=8§;
hi|=1o;
result = hi;
printf("output %of\n",result/1000);
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inters 82C55A

CMOS Programmable

June 1998 Peripheral interface
Features Description
¢ Pin Compatible with NMOS 8255A The Intersil 82C55A is a high performance CMOS version of
N the industry standard 8255A and is manufactured using a
23 Frograinabie 10 Vins self-aligned silicon gate CMOS process (Scaled SAJI V). It
¢ Fully TTL Compatible is a general purpose programmable I/O device which may be

: s ” 4 E used with many different microprocessors. There are 24 1/0
* High Speed, No “Wait State” Operation with 5SMHzand ;g \which may be individually programmed in 2 groups of

8MHz 80C86 and 80C88 12 and used in 3 major modes of operation. The high
« Direct Bit Set/Reset Capability performance and industry standard configuration of the
82C55A make it compatible with the 80C86, 80C88 and
¢ Enhanced Control Word Read Capability other microprocessors.
* L7 Process Static CMOS circuit design insures low operating power. TTL
« 2.5mA Drive Capability on All /O Ports compatibility over the full military temperature range and bus
hold circuitry eliminate the need for pull-up resistors. The
* Low Standby Power (ICCSB) ..............«.. 10pUA  intersil advanced SAJI process results in performance equal
. . to or greater than existing functionally equivalent products at
Ordering Information afrac%ion of the power. i N .
PART NUMBERS TEMPERATURE| PKG.
5MHz 8MHz PACKAGE RANGE NO.
CP82C55A-5  |CPB2C55A 0°C to 70°C E40.6
40 Ld PDIP
1P82C55A-5 1P82C55A 40°Ct085°C ~ |E40.6
CSB82C55A-5 [CS82C55A f s 0°Cto 70°C N44.65
1S82C55A5  |ISB2C55A 240°Ct085°C  |N44.65
CD82C55A-5 CD82C55A 0°Cto 70°C F40.6
ID82Cs5A5  |IDE2CsA | oLd A0°C1085°C  [F406
CERDIP
MDB82C55A-5/B |MD82C55A/B -550C t0 125°C  |F40.6
8406601QA 8406602QA SMD# F40.6
MR82C55A-5/B8 |MR82C55A/B ggzd -55°C10125°C  [J44.A
8406601XA 8406602XA SMD# J44.A
Pinouts
82C55A (DIP) 82C55A (CLCC) 82C55A (PLCC)
TOP VIEW TOP VIEW TOP VIEW

=¥ (] w r~
e §xF33FZFE |

18

He RN EHES TS H
Sed il Ao dacd | Jbmd G Bd Bt B

anZao

(-3~ Qlﬂ(bl\m
SEid9FFE5E
54

3 2 14443424140
° ] RESET

I1q I'1q 120 121 122 23123 129 128 122 128
M QO T N @~ 00
SEREBREER 82

CAUTION: These devices are sensitive !q electrostatic discharge; follow proper IC Handling Procedures. File Number 2969 _2
http://www.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999 1
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82C55A

Pin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
Vce 26 Vce: The +5V power supply pin. A 0.1uF capacitor between pins 26 and 7 is
recommended for decoupling.
GND 7 GROUND

DO-D7 27-34 110 DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the
system data bus.

RESET 35 l RESET: A high on this input clears the control register and all ports (A, B, C) are set
to the input mode with the “Bus Hold” circuitry tumed on.

Cs 6 i CHIP SELECT: Chip selectis an active low input used to enable the 82C55A onto the
Data Bus for CPU communications.

RD 5 I READ: Read is an active low input control signal used by the CPU to read status
information or data via the data bus.

WR 36 | WRITE: Write is an active low input control signal used by the CPU to load control
words and data into the 82C55A.

AO-A1 8,9 | ADDRESS: These input signals, in conjunction with the RD and WR inputs, control
the selection of one of the three ports or the control word register. AO and A1 are
nommally connected to the least significant bits of the Address Bus AQ, A1.

PAO-PA7 14, 3740 Vo PORT A: 8-bitinput and output port. Both bus hold high and bus hold low circuitry are
present on this port.
PBO-PB7 18-25 l{e] PORT B: 8-bitinput and output port. Bus hold high circuitry is present on this port.
PCO-PC7 10-17 /o] PORT C: 8-bit input and output port. Bus hold circuitry is present on this port.
Functional Diagram
-
POWER | — *5V ﬁ GROUP A /l\‘:—-l\_y 1o
SUPPLIES PORT A PA7-PAOD
———e—p GND GROUP A (8)
[} conTROL ‘
l
v
GROUP A o
PORTC
BI-DIRECTIONAL <:> UPPER : : ECT-PCA
DATA BUS (4) <
DATA BUS /l
Brbog X BUFFER e >
8-BIT GROUP B
INTERNAL porTc K sy
DATA BUS LOWER | N
(4) <
i)
Bl |
BE > ReaD
WR ———0  WRITE | crOUPB <—
CONTROL CONTROL GROUP B 1[e]
Al *l Locic <;—1> PORT B <::> PB7-PBO
AD ———» (8) =
RESET ——»
&
4

2.
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82C55A

Functional Description

Data Bus Buffer

This three-state bi-directional 8-bit buffer is used to interface
the 82C55A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status informa-
tion are also transferred through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal and
external transfers of both Data and Control or Status words.
It accepts inputs from the CPU Address and Control busses
and in turn, issues commands to both of the Control Groups.

(CS) Chip Select. A “low” on this input pin enables the
communcation between the 82C55A and the CPU.

(RD) Read. A “low” on this input pin enables 82C55A to send
the data or status information to the CPU on the data bus. In
essence, it allows the CPU to “read from” the 82C55A.

(WR) Write. A “low” on this input pin enables the CPU to
write data or control words into the 82C55A.

(A0 and A1) Port Select 0 and Port Select 1. These input
signals, in conjunction with the RD and WR inputs, control
the selection of one of the three ports or the control word
register. They are normally connected to the least significant
bits of the address bus (A0 and A1).

82C55A BASIC OPERATION

INPUT OPERATION
A1 | A0 | RD | WR | CS (READ)
0 0 ] 1 0 |PortA — DataBus
0 1 [¢] 1 0 | PortB — Data Bus
1 0 0 1 0 | PortC — DataBus
1 1 0 1 0 | Control Word — Data Bus
QUTPUT OPERATION
(WRITE)
0 0 1 0 0 | Data Bus — PortA
0 1 1 0 0 | DataBus —PortB
1 0 1 0 0 | DataBus — PortC
1 1 1 0 0 | Data Bus — Control
DISABLE FUNCTION
X X X X 1 | Data Bus — Three-State
X X 1 1 0 | Data Bus — Three-State

¥ Le]
PAT7-
POWER C’J GROUP A PA0
SUPPLIES {::: PO(%')I’ A @
110
x4 PCT-
BI-DIRECTIONAL <:>
UPPER
DATA BUS @) =
W
D7-DO — GROUP B |, PCO
C———b BUFFE| &-BIT <:> PORT C
INTERNAL LOWER
DATA BUS (4)
= 110
RD —»d 2
Wi xsﬁ% > goRr?%goB GROUP B 7’%
A1 —L:ONTROL s g | e LIS Cb
A0 —>} LoGIC 8 e
RESET —» R
4
o
T

FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER,
READ/WRITE, GROUP A & B CONTROL LOGIC
FUNCTIONS

{RESET) Reset. A “high” on this input initializes the control
register to 9Bh and all ports (A, B, C) are set to the input
mode. “Bus hold” devices internal to the 82C55A will hold
the I/O port inputs to a logic “1” state with a maximum hold
current of 400pA.

Group A and Group B Controls

The functional configuration of each port is programmed by
the systems software. In essence, the CPU “outputs” a con-
trol word to the 82C55A. The control word contains
information such as “mode”, “bit set”, “bit reset’, etc., that ini-
tiglizes the functional configuration of the 82C55A.

Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Write Control logic, receives
“control words” from the internal data bus and issues the
proper commands to its associated ports.

Control Group A - Port A and Port C upper (C7 - C4)
Control Group B - Port B and Port C lower (C3 - C0)

The control word register can be both written and read as
shown in the “Basic Operation” table. Figure 4 shows the
control word format for both Read and Write operations.
When the control word is read, bit D7 will always be a logic
“4"_as this implies control word mode information.

3

&z A Y o [y £%4 = =2 & 1 ¥ o v
nansiiluenarstanulidwsunmsidnumenisfinyivintu leygrelmhlulduselesimunis

lidnsdilag vivdu Snvaiuilvidaulasdonuasdord1ddadneenarsnnasifinisiluly




82C55A

Ports A,B,and C

The 82C55A contains three 8-bit ports (A, B, and C). All can
be configured to a wide variety of functional characteristics
by the system software but each has its own special features
or “personality” to further enhance the power and flexibility of
the 82C55A.

Port A One 8-bit data output latch/buffer and one 8-bit data
input latch. Both “pull-up” and “pull-down” bus-hold devices
are present on Port A. See Figure 2A.

Port B One 8-bit data input/output latch/buffer and one 8-bit
data input buffer. See Figure 2B.

Port C One 8-bit data output latch/buffer and one 8-bit data
input buffer (no latch for input). This port can be divided into
two 4-bit ports under the mode control. Each 4-bit port con-
tains a 4-bit latch and it can be used for the control signal
output and status signal inputs in conjunction with ports A
and B. See Figure 2B.

INPUT MODE
MASTER
RESET
OR MODE
CHANGE

INTERNAL
DATA IN

INTERNAL
DATA OUT
(LATCHED)

EXTERNAL
" PORT A PIN

N
o

OUTPUT MODE

FIGURE 2A. PORT A BUS-HOLD CONFIGURATION

v,
RESET €C

OR MODE
CHANGE P

EXTERNAL
PORTB, C
PIN

NTERNAL
DATA IN

INTERNAL
DATA OUT
(LATCHED)

N
2@

OUTPUT MODE

FIGURE 2B. PORT B AND C BUS-HOLD CONFIGURATION

FIGURE 2. BUS-HOLD CONFIGURATION

Operational Description
Mode Selection

There are three basic modes of operation than can be
selected by the system software:

Mode 0 - Basic Input/Output

Mode 1 - Strobed Input/Output

Mode 2 - Bi-directional Bus

When the reset input goes “high”, all ports will be set to the
input mode with all 24 port lines held at a logic “one” level by
internal bus hold_devices. After

ualuzatuorire;quwed/.d is eliminates the nged to pullup or pull-;,
down re

the rgsoet isv removeg, the o
82C55A) B4l Femai i the ipQETiode withino additional inis o

isfors) 36 ACMOS I desighs/i T | vontrol Usond 911118261

register will contain 9Bh. During the execution of the system
program, any of the other modes may be selected using a
single output instruction. This allows a single 82C55A to
service a variety of peripheral devices with a simple software
maintenance routine. Any port programmed as an output
port is initialized to all zeros when the control word is written.

N ADDRESS BUS Q
I

Q CONTROL BUS B
1_1[ | 65|

2 DATA BUS D}
RD, WR D7-DO AO-A1
cs

82C55A 4

3w qobw 10 Qb

PB7-PB0 PC3-PCO0 PC7-PC4  PA7-PAO
MODE 1 (o4

B —_—— A T

eeel ]l 1] 33+

PB7-PB0  CONTROL CONTROL PA7-PAO

MODEiJ e ,..___2.__—. y 'r
P TTILIT 3 B

FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE

CONTROL WORD

Imlnslns
\—\

mlnslnzlm Do

GROUP B

PORT C (LOWER)
»l 1=INPUT
0 = OUTPUT

PORT B
1=INPUT
0 = OUTPUT

MODE SELECTION
0=MODEO0
1=MODE 1

v

v

GROUP A

PORT C (UPPER)
>l 1=InPUT
0= OUTPUT

PORT A

1=INPUT

0 = OUTPUT
MODE SELECTION
00 = MODE 0

01 =MODE 1
1X = MODE 2

ﬂ‘&’%&ﬁﬁ%ﬁ'ﬂ‘ﬁﬂ}immi ]

BIGURE 41 MODE DEFINITION FORMAT 111115107 LU 1

v

v
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82C55A

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers,
including the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored” to almost any /O
structure. For instance: Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1 to
monitor a keyboard or tape reader on an interrupt-driven
basis.

The mode definitions and possible mode combinations may
seem confusing at first, but after a cursory review of the
complete device operation a simple, logical /0O approach will
surface. The design of the 82C55A has taken into account
things such as efficient PC board layout, control signal defi-
nition vs. PC layout and complete functional flexibility to sup-
port almost any peripheral device with no extemal logic.
Such design represents the maximum use of the available
pins.

Single Bit Set/Reset Feature (Figure 5)

Any of the eight bits of Port C can be Set or Reset using a
single Output instruction. This feature reduces software
requirements in control-based applications.

When Port C is being used as status/control for Port A or B,

This function allows the programmer to enable or disable a
CPU interrupt by a specific I/O device without affecting any
other device in the interrupt structure.

INTE Flip-Flop Definition

(BIT-SET)-INTE is SET - Interrupt Enable
(BIT-RESET)-INTE is Reset - Interrupt Disable

NOTE: All Mask flip-flops are automatically reset during mode se-
lection and device Reset.

Operating Modes

Mode 0 (Basic Input/Output). This functional configuration
provides simple input and output operations for each of the
three ports. No handshaking is required, data is simply writ-
ten to or read from a specific port.

Mode 0 Basic Functional Definitions:
 Two 8-bit ports and two 4-bit ports
« Any Port can be input or output

* Outputs are latched

¢ Input are not latched

« 16 different Input/Output configurations possible

these bits can be set or reset by using the Bit Set/Reset MODE 0 PORT DEFINITION
operation just as if they were output ports. A B GROUP A GROUP B
PORTC PORTC
SONIRGE WoRn D4 | D3| D1 | DO |PORTA|(Upper)| # |PORTB|(Lower)
{o7|os] 5| D4 D3| D2 [ D1 DO 01 0] 0| 0 |Ouput]Ouput| 0| Output | Output
X %X X - gy iy 0] 0] 0| 1 |Ouput|Output]| 1 | Output | Input
DON'T 0= RSl 0] 0] 1| 0 |Output|Ouput| 2 | input | Output
BIT SELECT ol o] 1] 1 |ouput]ouput| 3| imput | nput
o[1]2]3[4]5]6]7
»oTiTolilol1lol180 0 1 0 0 Output | Input 4 | Output | Output
${0§0}1}1{0}0|1}1|B1 0 1 (0] 1 Output | Input | 5 | Output | Input
»[ofojofo[1]7]1[1[B2
0 1 1 0 Qutput | Input 6 Input | Output
[ e senreser FLac 0 1 1 1 | Output} Input | 7 | Input | Input
»] 0=ACTIVE 1 ]0] 0] o] input |Output| 8 | output | Output
FIGURE 5. BIT SET/RESET FORMAT JbPIew | ™ LU Output | 9 | Output | Input
] 1 0 1 0 Input | Output | 10 | Input | Output
Interrupt Control Functions
1 0 il 1 Input | Output | 11 | Input Input
When the 82C55A is programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as 11 1| 0| O | Input | Input | 12| Output | Output
interrupt request inputs to the CPU. The interrupt request 1 1 0 1 tnput | Input | 13 | Output | 1nput
signals, generated from port C, can be inhibited or enabled = T
by setting or resetting the associated INTE flip-flop, using the L input | dnput i S
bit set/reset function of port C. 1 1 1 1 Input | Input | 15| Input | Input
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82C55A

Absolute Maximum Ratings T, =25°C Thermal Information
SupplyVoltage -« « .« .o oot s e +8.0V  Thermal Resistance (Typical, Note 1) 37N [:XTe}
Input, Output or /O Voltage . .. ......... GND-0.5V to Ve +0.5V CERDIPPackage ................ 50°C/W 10°C/W
ESD Classification . ............................... Class 1 CLCCPackage .................. 65°C/W 14°CwW
PDIPPackage . .................. 50°C/wW N/A
Operating Conditions PLCCPackage .................. 46°C/W N/A
. O,
Voltage Range .. .. ...................__ +4.5V t05.5V Ma)qmum Stora_ge TemperatureRange .......... -65°C to 150°C
Operating Temperature Range Maximum Junction Temperature D
CB2CHaAN- S I S s oo S e Ooc to 700C CDIP Package ................................... 1750C
IB2C55A . .o 40°C to 85°C PDIP/PACKAGE .« - tuere & = pmnies s omenrs § 15505 25 505 £ o im0 5o 150°C
M82C55A -55°C to 1259C Maximum Lead Temperature (Soldering 10s). ... ......... 300°C
............................... (PLCC Lead Tips Only)
Die Characteristics
Gate Gount =l i R s e 1000 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. 6Ja is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications V¢ =5.0V £10%; Ta = 0°C to +70°C (C82C55A);
Ta = -40°C to +85°C (182C55A);
Ta = -55°C to +125°C (M82C55A)

LIMITS
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
ViH Logical One Input Voltage 2.0 - Vv 182C55A, C82C55A,
2.2 M82C55A
ViL Logical Zero Input Voltage - 0.8
VoH Logical One Output Voltage 3.0 - A% loy = -2.5mA,
Vec 04 loH = ~100uA
VoL Logical Zero Output Voltage 4 0.4 V loL +2.5mA
I Input Leakage Current -1.0 +1.0 HA Vin = Ve or GND,
DIP Pins: 5, 6, 8, 9, 35, 36
10 I/0 Pin Leakage Current -10 +10 HA VO = Vg or GND DIP Pins: 27 - 34
IBHH Bus Hold High Current -50 -400 A VO =3.0V. Ports A, B, C
IBHL Bus Hold Low Current 50 400 A VO =1.0V. Port A ONLY
IDAR Darlington Drive Current 2.5 Note 2, 4 mA Ports A, B, C. Test Condition 3
ICCSB Standby Power Supply Current - 10 HA Vee =5.5V, Vi = Ve or GND. Output Open
ICCOP | Operating Power Supply Current - 1 mA/MHz | Tp =+25°C, V¢ = 5.0V, Typical (See Note 3)

NOTES:
2. No internal current limiting exists on Port Outputs. A resistor must be added extemnally to limit the current.
3. ICCOP = 1mA/MHz of Peripheral Read/Write cycle time. (Example: 1.0us I/O Read/Write cydle time = 1mA).
4. Tested as Vpop at -2.5mA.

Capacitance T, =25°C

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS
CIN Input Capacitance 10 pF FREQ = 1MHz, All Measurements are
referenced to device GND
Cl/o I/O Capacitance 20 pF
17
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82C55A

AC Electrical Specifications Vee = +5V+ 10%, GND = 0V; T = -55°C to +125°C (M82C55A) (M82C55A-5);
Ta = -40°C to +85°C (I82C55A) (I82C55A-5);
Ta = 0°C to +70°C (C82C55A) (C82C55A-5)
82C55A-5 82C55A e
SYMBOL PARAMETER MIN MAX MIN MAX UNITS | CONDITIONS
READ TIMING
(1) tAR Address Stable Before RD 0 - 0 - ns
(2) tRA Address Stable After RD 0 - 0 - ns
(3) tRR RD Pulse Width 250 = 150 - ns
(4) tRD Data Valid From RD - 200 - 120 ns 1
(5) tDF Data Float After RD 10 75 10 75 ns 2
(6) tRV Time Between RDs and/or WRs 300 = 300 = ns
WRITE TIMING
(7) tAW Address Stable Before WR 0 L 0 3 ns
(8) tWA Address Stable After WR 20 H 20 . ns
(9) tww WR Pulse Width 100 - 100 - ns
(10) tDW Data Valid to WR High 100 2 100 7 ns
(11) twD Data Valid After WR High 30 ! 30 - ns
OTHER TIMING
(12) twB WR = 1 to Qutput L 350 7 350 ns 1
(13) tiR Peripheral Data Before RD 0 = 0 = ns
(14) tHR Peripheral Data After RD 0 - 0 - . ns
(15) tAK ACK Pulse Width 200 A 200 v ns
(16)tsT STB Pulse Width 100 = 100 1 ns
(17 tPS Peripheral Data Before STB High 20 - 20 % ns
(18) tPH Peripheral Data After STB High 50 - 50 - ns
(19) tAD ACK =0 to Output ) 175 a 175 ns 1
(20) tkD ACK = 1 to Output Float 20 250 20 250 ns 2
(21) twoB WR=1t0 OBF =0 = 150 - 150 ns 1
(22) tAOB ACK =0 to OBF =1 > 150 1 150 ns 1
(23)tsIB STB=0toIBF =1 = 150 - 150 ns 1
(24) tRIB RD=1t0IBF=0 = 150 - 150 ns 1
(25) tRIT RD=0t0INTR=0 E 200 - 200 ns 1
(26) tSIT STB=1toINTR=1 . 150 - 150 ns 1
(27) tAIT ACK=1toINTR=1 - 150 2 150 ns 1
(28) twiT WR=0toINTR=0 = 200 = 200 ns 1
(29) tRES Reset Pulse Width 500 - 500 - ns 1, (Note)
NOTE: Period of initial Reset pulse after power-on must be at least SO0usec. Subsequent Reset pulses may be 500ns minimum.

18
whanstluenansianulidwiumsldnuienisfinvimintu leygralimiluldusslemisiunisen

a

lidnsdlleg viadu BnnsihadlidauUaniionuasiedsdsdiadivetenarsynasaminisinluly



82C55A

Timing Waveforms

tRR (3)
Ne 7/
T

—.I tiR (13) —{ tHR (14)
INPUT X‘

[.—tpinm—. P tRAI(Z)—-.I
CS, A1, A0 X— y

D7-D0 , @@ e e == = P S ___( Xj- (R ——

le—— tRD (4) —.| — tDF (5) —— |

FIGURE 25. MODE 0 (BASIC INPUT)

3
N

D7-DO x K
) 1

I tAW (7) I

o R Y K

le— tWS (12) ——»

FIGURE 26. MODE 0 (BASIC OUTPUT)

Q.
STB [
IBF \
___tRIB(24)
INTR \
RD y Y
INPUT FROM
PERIPHERAL " === "= g --------- - memem m o owmow
< tPS (17) >

FIGURE 27. MODE 1 (STROBED INPUT)

1
&z = ¥ o Y 14 941‘ =2 ) 1 ¥ o £ ¢ v 1%
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82C55A

Timing Waveforms (continued)

l— twoB (21) e
WR N J
) tAOB (22) i S
OBF
INTR wir T
5 | b
ACK S
«— tAK (15) tAIT (27)
ouTPUT
— tWB (12)
FIGURE 28. MODE 1 (STROBED OUTPUT)
DATA FROM
CPU TO 82C55A
b N
WR
(NOTE)
—— tAOB =
OBF ) NG b
twoB!
(21)
INTR /' \
STB
IBF
[e——— tPS (17) ———» —onf—
PERIPHERAL o o mmmm e = = = = o D [
BUS
/' tPH (18) —»| fe— tRIB (24) —»|
RD / 7.
DATA FROM DATA FROM
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL
DATA FROM
82C55A TO CPU

L. FIGURE 29. MODE 2 (BI-DIRECTIONAL)
NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = IBF e MASK ¢ STB « RD « OBF o
MASK e ACK « WR)

20 d S ¥ ¢ v 1 4
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82C55A

Timing Waveforms (continued)

& X X X

—— taw (1) — —4 —twage) —— tAR(1) — ) — k—twRa@
L -
DATA s tRR (3) e
BUS X' ! x RD
) :tDW(10) ~.:.MD (1) (4) tRD T j—tF (5)
Wi DATA e ? s
Wa j& ZF BUS
tWW (9)
FIGURE 30. WRITE TIMING FIGURE 31. READ TIMING
AC Test Circuit AC Testing Input, Output Waveforms
V1 INPUT OUTPUT
VIH + 0.4V VOH
R1 > 1.5V 15V €
OUTPUT FROM TEST VIL - 0.4V VoL
DEVICE UNDER 0— +—" pomnT _
TEST l AC Testing: All AC Parameters tested as per test circuits. Input RISE and
R2

?3155 NOTE) FALL times are driven at 1ns/V.
g TEST CONDITION DEFINITION TABLE

TEST CONDITION A4 R1 R2 C1
NOTE: Includes STRAY and JIG Capacitance
1 1.7v 523Q Open 150pF
2 Vee 2kQ 1.7kQ 50pF
3 1.5V 750Q Open 50pF
Burn-In Circuits
MD82C55A CERDIP MR82C55A CLCC
- N 0 <
FG—Wv—E \J T Fi1 EIEEEEIIEIE
F7 Z 35— — F12
F8 _MN_E 38| F13
F9 —'VW_E E—WV‘— F14
F4 —w\—5 36 —Ww— F2 141131120144 A3 A2 RG]
F3 6 E—M_ E5 GND =
F5
GND —]7] 34— Fis =
F1 F1 —MW19] F11
_‘VVV—E 32 F12 u
F10 — AT} F12
E10 _‘M_@ EW_ F13 F6 AAA— F13
F6 11 301 A F14
F7 —AAV— F14
12 2 5o
F7 —aa—]{12] 29— AAA— Fi15 F8 — AWt it
F8 —s—13) 28— F11 Fo — At o
Fo —w—{14] 27— y— F12 i F10 —AAA—T6] F12
F10 —AA—]T5] 2 3= F6 —AN—Ti
F6 —mA—{TS 2w F13 e N8, 1% 26 20 12 3 2 12,
F7 —ww—17] 24— wy— F14 Q}
F8 —\—{T8] 23— F1s 1
e A 22— F11 ;901
F10 20 21 A 12 N O o OoN = 10T @
j_'M\— F w owow e s e = >8
NOTES: NOTES:
1. Ve = 5.5V £ 0.5V 1. C1 = 0.01uF minimum
2. VIH =45V =10% 2. Allresistors are 47kQ + 5%
3. VIL=-0.2Vto 0.4V 3. fO = 100kHz + 10%
4. GND = 0V 4. M1=0+2,2=1+2;,...;f15=f4+2

¥ o vo o v 214 = AN v o v v p
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SN74LS68E!

2, S
SN74L8588

aN Semicanductor

The SN74LS682, 684, 688 are 8-bit magnitude comparators. These

device types are designed to perform comparisons between two

eight-bit binary or BCD words. All device types provide P = Q outputs
and the LS682 and LS684 have P>0Q outputs also.

hittp://onsemi.com

L ow
The L8682, L8684 and LS68R are totem pole devices. The L8682 b _:_
has a 20 k& pullup resistor on the Q inputs for analog or switch data. POWER
T SCHOTTKY
OUTPUT OQUTPUT :
TYPE P= P>Q | ENABLE | CONFIGURATION | PULLUP
L5682 MARKING
ves yes no totem-pole yes DIAGRAMS
LS684 ves | ves no totem-pote no
LS688 es | n yes em-po!
yes | no ye: totem-pole no SN74LS68xN
{ o AWLYYWW
GUARANTEED OPERATING RANGES
1
Symbol Parameter Min Typ Max Unit 1
! PDiP-20
Ve Supply Voltage 475 5.0 525 v N SUFFIX
Ta Operating Ambient ¢ o 70 °C CASE 738
Temperature Range
loH Output Current — High -04 mA AAARARAARN
loL Output Current — Low | 24 mA LS68x
2 AWLYYWW
Fi
1 HobHHHOogd
1
SOIC-20
DW SUFFIX
CASE 751D
X =2;4,0r8
A = Assembly Location
WL =Wafer Lot
YY = Year
WW = Wark Week
ORDERING INFORMATION
Device Package Shipping
SN74L5682N POIP-20 1440 Units/Box
SN74LS682DW | SOIC-20 2500/Tape & Reel
SN74LS684N PDIP-20 1444 Units/Box
SN74LS6840W | SOIC-20 250G/Tape & Reel
SN74LS688N PDIP-20 1440 Units/Box
SN74LS688DW | SOIC-20 2500/Tape & Reel
© Semiconductor Components Industries, LLC, 2000 1 Publication Order Number:

AUgUst 2000 Ray: 7/ 50 S0 sl ot & BIGEa S 00 257 S (R R B P ATEE SRR R T Sl SIS 2 S P nasas s ensins
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SN74LS682, SN74L.S684, SN74LS688

CONNECTION DIAGRAMS (TOP VIEW)

Vec P=Q Q7 P7 Q5 P§ Q5 P5 Q4 P4

> SN74LS682/684

Lidlefls]lels Jlo Lz e JTs JLuo]

P>Q PO Q0 PI Q1 P2 Q2 P3 Q3 GND

VCC m Q p7 c Dn r\ 21 =3
|20|mml '7|‘1—|mr14—l 13 @ iy
D SN74LS685
l_IL_Il__ll_ll_lL_H_ll_JL_llﬂ_l

POLEE0 PLY QB / G2 P8 Al GND

FUNCTION TABLE

INPUTS OUTPUTS
DATA ENABLES

P Q G, GT G2 P=Q | P>Q

P=Q L5 N L. H

P>Q L L H L

P<Q L L L) H

X H H H H

H=HIGH Level, L = LOW Level, X = Irrelevant

http://lonsemi.com
2
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SN74LS682, SN74LS684, SN74LS688

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symboal Parameter Min Typ Max | unit Test Conditions
i Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage for
Al lnputs
Vit Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage for
All inputs
Vik Input Clamp Diode Voltage -0.65 | -1.5 Vv Vee = MIN, iy = =18 mA
VOH Output HIGH Voltage 2.7 3.5 \Y VCC = MIN, IOH = MAX, VIN = VIH
or Vy_ per Truth Tabie
0.25 04 \% lo\_ =12 mA VCC = VCC MIN,
VoL Output LOW Voltage Vin = VL or Viy
035 ¢ 05 v fo =24 mA per Truth Table
20 HA Vee = MAX, ViN=2.7 V
lin lnput HIGH Curcent | LS682-Q Inputs 01 mA Voo = MAX, V=55V
Others a.1 mA Ve = MAX, Vi = 7.0V
LSE82-Q Inputs -0.4 mA
'lL anut LOW Current VCC = MAX, VIN =04V
Others -0.2 l mA
los Short Circuit Current (Note 1.) -30 -130 mA Vee = MAX
13632 70 mA
Power Supply
lcc Ciivant LS684 &5 mA Ve = MAX
LS688 65 mA

1. Not more than one output should be shorted at a time, nor for more than 1 second.

http://onsemi.com
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SN740L.S682, SN74LS684, SN74L.5688

LOGIC DIAGRAMS

&z = ¥ o 1Y 14 = =2 i flia) 1 ¥ o £ ¢ v 1%
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SN74LS682, SN74L5684, SN74L.5688

AC CHARACTERISTICS (T, = 25°C)

SN74LS682
Limits i
Symbaol Parameter Min Typ Max Unit Test Conditions
teLH : — 13 25
Propz =
gy ropagation Deiay, P to P = Q 15 25 ns
tpLu b e 14 25
in P =
it ropagation Delay, Qto P = Q 15 25 ns Vee =50V
g e o= C_L=45pF
PLH . B R =667 Q
e Propagation Delay, P to P > Q 15 a9 ns L
tpLH . 21 30
P Q
i ropagation Delay, Q to P > 19 30 ns
SN74LS684
Limits
Symbal Parameter Min | Typ Max Unit Test Conditions
toLH A R T 15 25
tor Propagation Deiay, Pto P = Q 17 25 ns
teLH ; 5= 18 Z5
<y Propagation Delay, Q to P=Q 15 25 ns Vee =50V
: 4 Z C, = 45pF
PLH . 5—= pats & R =667 Q
il Propagation Delay, P to P > Q 47 20 ns L
tpLH h T 24 30
) Prapagation Delay, O.to P> Q 20 30 as
SN74L5688
Limits
Symbal Parameter Min Typ Max Unit Test Canditions
oo . 12 18 d
P i =
By ropagation Delay, P io P = Q 17 23 ns
Vee =5.0V
t cC
1;'::2 Propagation Delay, Qto P = Q 1-2{ ;g ns C, =45 pF
R =667 Q
et e Y -
s Propagation Delay, G ,G1to P=Q N2 < ns
tor 13 20

http://onsemi.com
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SN74L5682, SN74L5684, SN74LS688
PACKAGE DIMENSIONS
N SUFFIX

PLASTIC PACKAGE
CASE 738-03

ISSUE E
. 1 ;
| ‘—*""_ i
| NOTES:
TNy N iy Yy | 1. DIMENSIONING AND TOLERANCING PER ANSI
20 Ti Y14.5M, 1982,
l T_‘ 2. CONTROLLING DIMENSION: INCH,
r o) B 3. DIMENSION L TO CENTER OF LEAD WHEN
14 10 ¥ FORMED PARALLEL
T T T o T T T T 4, mg:suonenoss NOT INCLUDE MOLD
[ L g
B [G_ INCHES | MILUMETERS
% o[ MIN | MAX | MIN | MAX
A [ 1010 [1070 [ 2566 | 2717
—i ,,,:7}1\ 5 02 [ 020 | 610 680
-T-] K b C | 0150 | 0180 | 381 ] 457
SEATING i Y D} uos o2 | 0| 05
PLANE E | 0050BSC 127 BSC
r Ty,
i| \4/ Flopso [ooro 127 [ 177
‘ E ~»| {61 oto0BSC 254 BSC
G | I J | 0008 | 0015 | 02i | 038
& & |I —jr— | 20PL X {ottofors0] 280 355
L | 03008SC 762 BSC
L— 0 2090 {&025 po10®7]e N TR I TR T
,$'0.25 0.010)®IT}A @J N 0020 [ om0 051 ] 101

http://onsemi.com
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TC7109/A

Package Type
44-Pin PQFP 44-Pin PLCC
ot A
= =4 < 2 LW owow . 4 < 2 Low wow
aoehES s HLLY h O LhaS s HY WY
44 3| [42] [41] [40 o] [38] [37] [36] [35 34 [61[5][4][3][2] [T] P4 [¢3 [42 1] {400
Bri[1] ® \E INHI B11 [7] ¥ BIIN HI
B1o[2] 33 INLO Bio [8] 38 IN LO
Bg [3] 31) COMMON By [9] 37 COMMON
Bs [4] 30 INT Bg [10 36 INT
B [5] TC7109ACKW 29 Az B7 11 TC7109ACLW o8 AZ
NC (6] TC7109CKW 28 NC NC [12 TC7109CLW 34NC
Bs [7] 27) BUFF - Be [13 33 BUFF
Bs [8] 26 REF OUT Bs [14) 32 REF OUT
Bs [9] 28] V- Bs 15 1 v-
Bs [10 24] SEND Bs [16 30/ SEND
B2 [11] 23] RUN/HOLD Bz [17] 29 RUN/HOLD
E@@M@hﬂhﬂ@hﬁ@@@ 18] 19l o [21] o2l o3 4] s fog 27 g
e Z Z2 10 O W Z - Juw = = 2N D w Zz = - Wk
"EBBR55 3853 "EERE35385
@ °23 @ 3 g2 g
40-Pin PDIP/CERDIP
GND [ 1] 140] v+
STATUS [ 2| 139] REF IN-
POL (3] |38] REF CAP-
OR [4] |37] REF CAP+
B2 [5] 36] REF IN+
By [6] 135] IN HI
Big [7] [34]INLO
Bg [8] TC7109A ' [33] COMMON
Bg (0] TC7109  |sp)iny
Bz [10] 131] AZ
Bs [11] [30] BUFF
Bs [12] [29] REF OUT
By [13] 28] v-
B; [14] |27] SEND
By [15] |26] RUN/HOLD
By [16] |25] BUFF OSC OUT
TEST [17] |24] OSC SEL
LBEN [18] [23] OsC ouT
HBEN [19] [22] OSCIN
CE/LOAD @ |21] MODE
NC = No internal connection
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TC7109/A

Typical Application

TC7109A EﬁghIOrder Low Order |
yte Inputs Byte Inputs
REF |REF CREF Rer | Ay BiE e S e
CAP+| IN+ IN- | B Codddddddddd dd
ol T o] Y@ dtPUEAZ T 1] __ s el 7 '(F'?LOTU%%TJQLFL‘T@T"G R
[}
| AZ Az Buffer - 18 o oTBEN
| S 16 Three-State Outputs - +19 o HBEN
i - 20 CE/LOAD
i) I o i Y O i
1
Jll;‘ul'au;helslll ;
zl AZ - [ |
{ 12-Bit Counter 1 d
1
Latch !
Clock ] !
’ ]
Comp Out 5 * T ; * y H
1
104A To;:cau!ﬁ IS%’ Conversion Oscillator and Handshake |
] DE (2) = Control Logic Clock Circuitry Loge [ 1
Zl <+—] :
b
1
1
1
1
1
____________________________________________________ o
) 6| 2| b el 2 27 11
Status ~ RUN/ _OSC OSC OSC BUFF Mode Send  GND
HOLD - IN OuT SEL 0SC
out
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TC7109/A

1.0 ELECTRICAL

CHARACTERISTICS
Absolute Maximum Ratings*
Positive Supply Voltage (GND to V) e 462V
Negative Supply Voltage (GNDto V) ............ -9V

Analog Input Voltage (Low to High) (Note 1).... V+to V-
Reference Input Voltage:

(Low to High) (Note L ) V+to V-
Digital Input Voltage:

(Pins 2-27) (Note 2) ..................._ GND -0.3v
Power Dissipation, TA<70°C (Note 3)

Plete TP e e ) 1.23W

oS e N RS S LS 1.23W

i e e T T 1.00wW
Operating Temperature Range

Plastic Package (C) ...................._ 0°Cto +70°C

Ceramic Package (e ...=25°C to +85°C
Storage Temperature Range.............. -65°C to +150°C

TC7109/TC7109A ELECTRICAL SPECIFICATIONS

*Stresses above those listed under "Absolute  Maximum
Ratings" may cause permanent damage to the device. These
are stress ratings only and functional operation of the device
at these or any other conditions above those indicated in the
operation sections of the specifications is not irnplied.
Exposure to Absolute Maximum Rating conditions for
extended periods may affect device reliability.

Electrical Characteristics: All parameters with V+ = +5V, \/

=-5V, GND = 0V, T, = +25°C, unless otherwise indicated.

Vemr | Common Mode Voltage Range

Ve, 5 — V+-15 \

Symbol Parameter l Min ’ Typ ’ Max , Unit Test Conditions
Analog
Overload Recovery Time (TC7109A) — 1 Measurement
Cycle
Zero Input Reading -00005 | +00005 | +00005 | Octal Reading | Viy = 0V; Full Scale = 409,6mv
Ratio Metric Reading 3777g 4000g | Octal Reading ViN = Vrer
VREF = 204.8mV
NL Non-Linearity (Max Deviation -1 +1 Count Full Scale = 409.6mV to 2.048V
from Best Straight Line Fit) Over Full Operating
Temperature Range
Rollover Error (Difference in Reading for -1 gt Count Full Scale = 409.6mV to
Equal Positive and Inputs near 2.048V Over Full Operating
(Full Scale) Temperature Range
CMRR | Input Common Mode & — nvv Vem 21V, Viy = 0v
Rejection Ratio Full Scale = 409.6mv

Input High, input Low and
Common Pins

eN Noise (P-P Value Not — nv Vin =0V, Full Scale = 409.6mV
Exceeded 95% of Time)
In Leakage Current at Input 10 pA Vin, All Packages: +25°C
100 PA C Device: 0°C < T, < +70°C
250 pPA | Device: -25°C < Ta < +85°C —’
TCyg Zero Reading Drift 1 uvrec ViN =0V
TCrg Scale Factor Temperature Coefficient 5 uvre Vin =408.9mV = >7770,

Reading, Ext Ref = Oppm/°C

Note 1: Input voltages may exceed supply voltages if input current is limited to +100pA.
2: Connecting any digital inputs or outputs to voltages greater than V+ or less than GND may cause destructive device
latchup. Therefore, it is recommended that inputs from sources other than the same power supply should not be applied
to the TC7109A before its power supply is established. In multiple supply systems, the supply to the device should be

activated first.

3:  This limit refers to that of the package and will not occur during normal operation.

DS21456B-page 4

¥ i Y o U k4 d‘ = ! éJ/ 1 Y o ¥ g ¢ v ié’{,\l
wnanstluenansianulidwiunmsldnuienisfinvimintu luesygralmilulduszlemisiun

[ Y 7 ¥
o

lansallag Medu 9nm

© 2002 Microchip Technology Inc.

fonudlidaudaniomuardosdrdeiadmenenamnaaitnnir g



TC7109/A

TC7109/TC7109A ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: All parameters with V+ = +5V, V- = -5V, GND = 0V, T, = +25°C, unless otherwise indicated.
Symbol Parameter Min Typ Max Unit Test Conditions
I+ Supply Current (V+ to GND) — 700 1500 pA VN =0V, Crystal Oscillator
3.58MHz Test Circuit
Ig Supply Current (V+ to V-) — 700 1500 pA Pins 2-21, 25, 26, 27, 29 Open
VRer Reference Out Voltage 24 2.8 3.2 \Y Referenced to V+, 25kQ
Between V+ and Ref Out
TCrer | Ref Out Temperature Coefficient — 80 — ppmv°C 25kQ Between V+ and Ref Out
0°C<Tp<+70°C
Digital
Von Output High Voltage 35 4.3 — \ TC7109: gyt = 100pA
lout = 700pA Pins 3-16, 18, 19, 20
TC7109A: Iout = 700uA
VoL Output Low Voltage — 0.2 0.4 A loyT=1.6mA
Output Leakage Current — +0.01 =] HA Pins 3 -16 High Impedance
Control I/O Pull-up Current — 5 — pF Pins 18, 19, 20 Voyt =V+-3V
Mode Input at GND
Control I/O Loading — — 50 pF HBEN, Pin 19; LBEN, Pin 18
Vin Input High Voltage 25 == s \% Pins 18 -21, 26, 27
Referenced to GND
Vi Input Low Voltage — — 1 \'% Pins 18-21, 26, 27
Referenced to GND
Input Pull-up Current — 5 — pA Pins 26, 27; Vgut = V+—3V
— 25 — pA Pins 17, 24; Vot =V+— 3V
Input Pull-down Current — 1 — HA Pins 21, Voyt = GND = +3V
Oscillator Output Current, High — 1 — mA Vour—2.5V
Oscillator OQutput Current, Low — 1.3 — mA Voutr—2.5V
Buffered Oscillator Output Current High — 2 — mA VouT— 2.5V
Buffered Oscillator Output Current Low — 5 — mA Voutr—2.5V
tw Mode Input Pulse Width 60 — — nsec
Note 1: Input voltages may exceed supply voltages if input current is limited to +100pA.
2: Connecting any digital inputs or outputs to voltages greater than V+ or less than GND may cause destructive device

latchup. Therefore, it is recommended that inputs from sources other than the same power supply should not be applied
to the TC7109A before its power supply is established. In multiple supply systems, the supply to the device should be

activated first.

3: This limit refers to that of the package and will not occur during normal operation.

HANDLING PRECAUTIONS: These devices are CMOS and must be handled correctly to prevent damage. Package
and store only in conductive foam, antistatic tubes, or.other conducting material. Use proper antistatic handling pro-
cedures. Do not connect in circuits under "power-on" conditions, as high transients:may cause permanent damage.

© 2002 Microchip Technology Inc. DS21456B-page 5
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TC7109/A

2.0 PIN DESCRIPTIONS
The descriptions of the pins are listed in Table 2-1.
TABLE 2-1: PIN FUNCTION TABLE

Pin Number

(40-Pin PDIP) Symbol Description

1 GND Digital ground, 0V, ground return for all digital logic.

2 STATUS Output HIGH during integrate and de-integrate until data is latched. Output LOW when
analog section is in auto-zero or zero integrator configuration.

3 POL Polarity - High for positive input.

4 OR Over Range - High if over ranged (Three-State Data bit).

5 Bio Bit 12 (Most Significant bit) (Three-State Data bit).

6 Bqq Bit 11 (Three-State Data bit).

7 B1o Bit 10 (Three-State Data bit).

8 By Bit 9 (Three-State Data bit).

9 Bg Bit 8 (Three-State Data bit).

10 B, Bit 7 (Three-State Data bit).

1" Bg Bit 6 (Three-State Data bit).

12 Bs Bit 5 (Three-State Data bit).

13 By Bit 4 (Three-State Data bit).

14 B3 Bit 3 (Three-State Data bit).

15 B, Bit 2 (Three-State Data bit).

16 B, Bit 1 (Least Significant bit) (Three-State Data bit).

17 TEST Input High - Normal operation. Input LOW - Forces all bit outputs HIGH.
Note: This input is used for test purposes only.

18 LBEN Low Byte Enable - with MODE (Pin 21) LOW, and CE/LOAD (Pin 20) LOW. taking this pin

LOW activates low order byte outputs, B,—Bg. With MODE (Pin 21) HIGH, this pin serves as
low byte flag output used in Handshake mode. (See Figure 3-7, Figure 3-8, and Figure 3-9.)
19 HBEN High Byte Enable - with MODE (Pin 21) LOW, and CELOAD (Pin 20) LOW, taking this pin
LOW activates high order byte outputs, Bg—B1,, POL, OR. With MODE (Pin 21) HIGH, this
pin serves as high byte flag output used in Handshake mode. See Figures 3-7, 3-8, and 3-9.
20 CE/LOAD Chip Enable/Load - with MODE (Pin 21) LOW, CE/LOAD serves as a master output enable.
When HIGH, B1—B4,, POL, OR outputs are disabled. When MODE (Pin 21) is HIGH, a load
strobe is used in handshake mode. (See Figure 3-7, Figure 3-8, and Figure 3-9.)

21 MODE Input LOW - Direct Output mode where CE/LOAD (Pin 20), HBEN (Pin 19), and LBEN (Pin
18) act as inputs directly controlling byte outputs. Input Pulsed HIGH - Causes immediate
entry into Handshake mode and output of data as in Figure 3-9.

Input HIGH - enables CE/LOAD (Pin 20), HBEN (Pin 19), and LBEN (Pin 18) as outputs,
Handshake mode will be entered and data output as in Figure 3-7 and Figure 3-9
at conversions completion.

22 OSCIN Oscillator Input.
23 OSC ouT Oscillator Output.
24 OSC SEL Oscillator Select - Input HIGH configures OSC IN, OSC OUT, BUFF OSC OUT as RC

oscillator - clock will be same phase and duty cycle as BUFF OSC OUT. Input LOW
configures OSC IN, OSC OUT for crystal osdillator - clock frequency will be 1/58 of frequency

at BUFF OSC OUT.
25 BUFF OSC OUT | Buffered Oscillator Output.
26 RUN/HOLD Input HIGH - Conversions continuously performed every 8192 clock pulses.

Input LOW - Conversion in progress completed; converter will stop in auto-zero seven counts
before integrate.

27 SEND Input - Used in Handshake mode to indicate ability of an extemal device to accept data.
Connect to V+ if not used.
i 28 V- Analog Negative Supply - Nominally -5V with respect to GND (Pin 1).
29 REF OUT Reference Voltage Output - Nominally 2.8V down from V+ (Pin 40).
DS21456B-page 6 ©® 2002 Microchip Technology Inc.
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TC7109/A

TABLE 2-1: PIN FUNCTION TABLE (CONTINUED)
(Z")'_'P'::rggle;) Symbol Description
30 BUFF Buffer Amplifier Output.
31 AZ Auto-Zero Node - Inside foil of Cp.
32 INT Integrator Output - Qutside foil of C\nr-
33 COMMON Analog Common - System is auto-zeroed to COMMON.
34 INLO Differential Input Low Side.
35 IN HI Differential Input High Side.
36 REF IN+ Differential Reference Input Positive.
37 REF CAP+ Reference Capacitor Positive.
38 REF CAP- Reference Capacitor Negative.
39 REF IN- Differential Reference Input Negative.
40 V+ Positive Supply Voltage - Nominally +5V with respect to GND (Pin 1).
Note: All Digital levels are positive true.

3.0 DETAILED DESCRIPTION
(All Pin Designations Refer to 40-Pin DIP.)

3.1 Analog Section

The Typical Application diagram on page 3 shows a
block diagram of the analog section of the TC7109A.
The circuit will perform conversions at a rate deter-
mined by the clock frequency (8192 clock periods per
cycle), when the RUN/HOLD input is left open or con-
nected to V+. Each measurement cycle is divided into
four phases, as shown in Figure 3-1. They are:
(1) Auto-Zero (AZ), (2) Signal Integrate (INT), (3) Ref-
erence De-integrate (DE), and (4) Zero Integrator (Z1).

3.1.1 AUTO-ZERO PHASE

The buffer and the integrator inputs are disconnected
from input high and input low and connected to analog
common. The reference capagitoris charged to the ref-
erence voltage. A feedback loop is closed around the
system to charge the auto-zero capacitor, Caz, to com-
pensate for offset voltage in the buffer amplifier, inte-
grator, and comparator. Since the comparator is
included in the loop, the AZ accuracy is limited only by
the noise of the system. The offset referred to the input
is less than 10uV.

3.1.2 SIGNAL INTEGRATE PHASE

The buffer and integrator inputs are removed from com-
mon and connected to input high and input low. The
auto-zero loop is opened. The auto-zero capacitor is
placed in series in the loop to provide an equal and
opposite compensating offset voltage. The differential
voltage between input high and input low is integrated
for a fixed time of 2048 clock periods. At the end of this
phase, the polarity of the integrated signal is deter-
mined. If the input signal has no retum to the con-
verter's power supply, input low can be tied to analog
common to establish the comect Common mode
voltage.

3.1.3 DE-INTEGRATE PHASE

Input high is connected across the previously charged
reference capacitor and input low is intemally con-
nected to analog common. Circuitry within the chip
ensures the capacitor will be connected with the correct
polarity to cause the integrator output to retum to the
zero crossing (established by auto-zero), with a fixed
slope. The time, represented by the number of clock
periods counted for the output to retum to zero, is
proportional to the input signal.

© 2002 Microchip Technology Inc.
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TC7109/A

3.14 ZERO INTEGRATOR PHASE

The ZI phase only occurs when an input over range
condition exists. The function of the ZI phase is to elim-
inate residual charge on the integrator capacitor after an
over range measurement. Unless removed, the residual
charge will be transferred to the auto-zero capacitor and
cause an error in the succeeding conversion.

The ZI phase virtually eliminates hysteresis, or "cross-
talk" in multiplexed systems. An over range input on
one channel will not cause an error on the next channel
measured. This feature is especially useful in thermo-
couple measurements, where unused (or broken ther-
mocouple) inputs are pulled to the positive supply rail.

During ZI, the reference capacitor is charged to the ref-
erence voltage. The signal inputs are disconnected
from the buffer and integrator. The comparator outputis
connected to the buffer input, causing the integrator
output to be driven rapidly to OV (Figure 3-1). The ZI
phase only occurs following an over range and lasts for
a maximum of 1024 clock periods.

3.1.5 DIFFERENTIAL INPUT

The TC7109A has been optimized for operation with
analog common near digital ground. With +5V and -5V
power supplies, a full 4V full scale integrator swing
maximizes the analog section's performance.

A typical CMRR of 86dB is achieved for input differen-
tial voltages anywhere within the typical Common
mode range of 1V below the positive supply, to 1.5V
above the negative supply. However, for optimum per-
formance, the IN HI and IN LO inputs should not come
within 2V of either supply rail. Since the integrator also
swings with the Common mode voltage, care must be
exercised to ensure the integrator output does not sat-
urate. A worst case condition is near a full scale nega-
tive differential input voltage with a large positive
Common mode voliage. The negative input signal
drives the integrator positive when most of its swing
has been used up by the positive Common mode volt-
age. In such cases, the integrator swing can be
reduced to less than the recommended 4V full scale
value, with some loss of accuracy. The integrator out-
put can swing to within 0.3V of either supply without
loss of linearity.

3.1.6 DIFFERENTIAL REFERENCE

The reference voltage can be generated anywhere
within the power supply voltage of the converter. Roll-
over voltage is the main source of Common mode
error, caused by the reference capacitor losing or gain-
ing charge, due to stray capacity on its nodes. With a
large Common mode voltage, the reference capadcitor
can gain charge (increase voltage) when called upon to
de-integrate a positive signal and lose charge
(decrease voltage) when called upon to de-integrate a
negative input signal. This difference in reference for
(+) or () input voltages will cause a rollover error. This
error can be held to less than 0.5 count, worst case, by
using a large reference capacitor in comparison to the
stray capacitance. To minimize rollover error from
these sources, keep the reference Common mode
voltage near or at analog common.

3.2 Digital Section

The digital section is shown in Figure 3-2 and includes
the clock oscillator and scaling circuit, a 12-bit binary
counter with output latches and TTL compatible three-
state output drivers, UART handshake logic, polarity,
over range, and control logic. Logic levels are referred
to as LOW or HIGH.

Inputs driven from TTL gates should have 3kQ to 5kQ
pull-up resistors added for maximum noise immunity.
For minimum power consumption, all inputs should
swing from GND (LOW) to V+ (HIGH).

3.2:1 STATUS OUTPUT

During a conversion cycle, the STATUS output goes
high at the beginning of signal integrate and goes low
one-half clock period after new data from the conver-
sion has been stored in the output latches (see
Figure 3-1). The signal may be used as a "data valid"
flag to drive interrupts, or for monitoring the status of
the converter. (Data will not change while status is low.)

3.2.2 MODE INPUT

The Output mode of the converter is controlled by the
MODE input. The converter is in its "Direct" Output
mode, when the MODE input is LOW or left open. The
output data is directly accessible under the control of
the chip and byte enable inputs (this input is provided
with a pull-down resistor to ensure a LOW level when
the pin is left open). When the MODE input is pulsed
high, the converter enters the UART Handshake mode
and outputs the data in 2 bytes, then retums to "Direct"
mode. When the MODE input is kept HIGH, the con-
verter will output data in the Handshake mode at the
end of every conversion cycle. With MODE = O (direct
bus transfer), the send input should be tied to V+. (See
"Handshake Mode".)

DS21456B-page 8
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TC7109/A

FIGURE 3-2: DIGITAL SECTION
'@ High Order LowOrder — |
Byte Qutputs Byte Outputs

B B B B|B B B B B B B B
TEST |POLOR 12 11 10 9 321

——————— A EELLLECOCECLCOy

7
-< »O [BEN
14 Three-State Outputs < 19;¢ HBEN
- 20y ¢, CE/LOAD
‘ R T T R 0 e T e ,
=y : 14 Latches ‘ ’
S 01 i ) [ 5 |
o 12-Bit Counter ‘ ’
Latch l
Clock - !
Y AR . !
COMP OUT ———» |
To AZ t— Conversion Oscillator and Handshake :
Analog INT €— Control Logic Clock Circuitry Logic |
Section ] DE (+) t—— |
Z] t— i
|
}} 2§I 22133 241 25 21 l . \
________ )~—v - \-
STATUS RUN/ OSC OSC OSC BUFF MODE SEND GND
HOLD -~ N OUT SEL OSC
OouT
FIGURE 3-3: TC7109A RUN/HOLD OPERATION
Auto-Zero Phase |
. Min 1790 Counts L
Determinated at Static in
Zero Crossing RS Hold State
Detection ul INT
“‘ W Phase Il "
Integrat ) T2
grator Output - 2 7 FCounts
|ntema|C|ock7ﬁm,ﬂﬂﬂmﬂH) e 1 TS < A2T LIt
Internal Latch L] ' @s
Status Output S l I
RUN/HOLD Input T 1 INT i * P [T
*Note: RUN/HOLD input is ignored until end of auto-zero phase.
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DAC0830/DAC0832
8-Bit
General Description

The DAC0830 is an advanced CMOS/Si-Cr 8-bit muftiplying
DAC designed 1o interface directly with the 8080, 8048,
8085, Z809, and other popular microprocessors. A deposited
silicon-chromium R-2R resistor ladder network divides the
reference current and provides the circuit with excellent
temperature tracking characteristics (0.05% of Full Scale
Range maximum linearity error over temperature). The cir-
cuit uses CMOS current swilches and control fagic to
achieve low pawer consumption and law autput leakage
current errors. Special circuitry provides TTL logic inpul volt-
age ievel compatibility.

Double buffering allows these DACs to output a voltage
corresponding to one digital word while holding the next
digital word. This permits the simultaneous updating ot any
number of DACs.

The DACO330 series are ihe 8-pit members of a family of
microprocessor-compatible DACs {MICRO-DAC™).

iP Compatible, Double-Buffered

March 2002

to A Conveiters

Features

® Oouble-buffered, single-buffered or flow-through digital
data inputs

B Easy interchange and pin-compatible with 12-bit
DAC1230 series

® Direct interface to all popular microprocessors

B Linearity specified with zero and full scale adjust

only —NOT BEST STRAIGHT LINE FIT.

Works with £10V reference-full 4-quadrant multiplication

Can be used in the voltage switching mode

Logic inputs which meet TTL volfage fevel specs (1.4v

togic threshold)

Operates "STAND ALONE" (without pP} if desired

# Available in 20-pin small-outline ar malded chip carrier
package

Key Specifications
& Current settling time: 1 ps

Resolution: - 8 bits

Linearity: 8, 9, or 10 bits (guaranteed over temp.)
Gain Tempco:  0.0002% FS/°C

Low power dissipation: 20 mW

Single power supply: 5 1015 Ve

Typical Application
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DAC0830/DAC0832

e

Connecti

ion Diagrams (Top Views)
Dual-In-Line and
Small-Outline Packages
cs iI’ 20 p—— Ve
WR; ; 19 r==—=~ I (BYTEV/BYTEZ) T
GND 3 18— Wh
Di3 a 17— YR
otz —-’5 15— o1,
oLy, —*s 15— Di5
Dip (LSB} ; 14— Dig
VYRer 8 13— Di7 (MSB)
[ g i+ r"- lourz
GND l‘.@ VI lyun
£0566821
Moided Chip Carrier Package
WR,XFER DI, Dig Dig
R J
sy 8\ 17 16 15, 14
LE(BYTE / BYTE2) T =210 131D (MSB)
Cﬂ—}zo 12 f )i
ce J <5 0uTZ
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o
- & 7 >
Absolute Maximum Ratings (Notes 1, Dual-In-Line Package (plastic) 260°C )
2) Dual-In-Line Package (ceramic) 300°C 8
=
If Military/Aerospace specified devices are required, Surface Mount Package =
please contact the National Semiconductor Sales Office/ Vapor Phase (60 sec.) 215°C >
Distributors for avaiiabiiity and specifications. Infrared (15 sec.) 220°C g
Supply Voltage (V) 17 Vpe @
Voltage at Any Digital lnput Vee to GND Operati ng Conditions
Voltage at Vg Input +25Vv
T ture Ran TnSTAST
Storage Temperature Range -85'C to +150'C ik s qe ; i A
e Part numbers with “LCN" suffix 0°'Cto +70°C
e Part by ith “LCWM" suffi 0°C to +70°C
o
at T,=25'C {Note 3) 500 MW e el , ,
: Part numbers with “LCV" suffix 0°C to +70°C
DC Voltage Applied fo . s .
Part numbers with “LCJ" suffix -40°C to +85°C
loutt OF lour2 (Note 4) =100 mV to V¢ ;
i Part numbers with “LJ" suffix -55°C to +125°C
ESD Susceptability (Note 4) 800V -
Voltage at Any Digital Input Vee to GND

Lead Temperatiure (Soldering, 10 sec.)

Electrical Characteristics

Vrer=10.000 V¢ unless otherwise nated. Baldface limits apply over temperature, Ty <Ta<Twax- Far all ather limits
T,=25C.

Vee = 5 Ve £5% |
Vec= 475 Vae Voe = 12 %)
| p Vee = 155 Voe £5% ey
Parameter Conditions e to 15 Vpe 5% Units
' Te-st?d De‘si?n
(Note 12) Limit Limit
(Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Resolution 8 g g bits
Linearity Error Max Zerg and full scale adjusted 4,8
—ADV Vg <+ DV
DACO0830LJ & LCJ 0.05 0.05 % FSR
DAC0832LJ & LCJ 0.2 0:2 % FSR
DACO830LCN, LCWM & 0.05 0.05 % FSR
LCV
DACO831LCN 0.1 0.1 % FSR
DACO0832LCN, LCWM & 0.2 0.2 % FSR
LCV
Differentiai Nonlinearity | Zero and full scale adjusted 4,8
Max ~10VEVRer<H+10V
DACO0830LJ & LCJ 0.1 0.1 % FSR
DACO0832LJ & LCJ 0.4 0.4 % FSR
DACO830LCN, LCWM & 0.1 0.1 } % FSR
Lev | [
DACO831LCN 02 | 0.2 | % Fsr
DACO832LCN, LOWM &, 04 | 04 | % Fsr
Lcv I | |
Monotonicity l4ovavae: Lo aicy [ 4 ! TS
|f <+10V LCN, LCWM & II 8 J } bits
| Loy l {
Gain Error Max Using Internai R, [ 0.2 1 ! 1 [ %Fs
—1OVLV <+ DV E [; ‘I
Gain Error Tempco Max | Using internal Ry, | [ o.0002 [ 0.0008 =i

w
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DAC0830/DAC0832

Electrical Characteristics (continued)
Vrer=10.000 V¢ unless otherwise noted. Boldface limits apply over temperature, TynSTa<Tuax. For all other limits
TA=25'C.
Vee = 5 Vpe £5%
Vee = 475 Vpe Vee = 12 Ve
Vee = 158.75 Ve £5% i
Parameter Conditions s to 18 Vy ¥5% Lur.ut
Note . Units
Typ Te.stz_ed De.SIg.;n
(Note 12) Limit Limit
{Note 5) {Note 6)
CONVERTER CHARACTERISTICS
Fsi'C
Power Supply Rejection | All digital inpuis iaiched high
Vee=14.5V to 15.5V 0.0002 0.0025 %
11.5V to 12.5V 0.0006 FSR/NV
|I 4.5V to 5.5V 0.013 0.015
Reference Max | 15 20 20 kQ
Input Min | 15 10 10 kQ
Output Feedthrough Vrer=20 Vp-p, =100 kHz A o
Errar All data inputs latched low 7 LY
Output loutt Al data inputs L) & LCJ 10 100 100 nA
Leakage taiched low LCN, LCWM & 50 100
Current Max LCV
YouTe All data inputs LI & LCJ 100 100 nA
fatched high  LCN, LCWM & 50 100
LCV
Output lout All data inputs 45 pF
Capacitance lout2 latched low 115
louti All data inputs 130 pF
loutz laiched 30
high
DIGITAL AND DC CHARACTERISTICS
Digital Input Max Logic Low LJ: 4.75v 0.6
Voltages LJ: 15.75V 0.8
LCJ: 475V 0.7 Vo
LCJ: 131575V 0.8
LCN, LCWM, LGV aes Q.8
Min Logic High L&Ley 2.0 2.0 Voe
LCHN, LCWM, LCV 19 2.0
Digital Input fax Digital inputs. <0.8V
Currents L3 &LC) -50 -200 -200 uA
’ ' LCN, BeM, @\, -160 | -200 HA
{ | Digital inputs>2.0V
{ IJ LJ &LCY 0.1 +10 +10 HA
| | LCN, LCWM, LCV +8 | +10
Supply Current ILMax 1 LJ & LCJ 1.2 3.5 3.5 mA
Drain | J LCN, LCWM, LCV J HE 2.0
www.naticnal.com 4
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Electrical Characteristics
Vrer=10.000 Ve unless otherwise noted. Boldface fimits apply over temperature, Tyn<Ta<Tmax. For all other fimits
TA=25C.

Vee=12 osa
Vee=15.75 Vpe | Vpct5% to 15 | Vee=4.75 Vpe vc,zi-s% .
Symbol|  Parameter Caonditions Sle:e Voc £5% . Li".“t
nats Typ Tes{?d Design Limit Typ Te.sic'ed De.5|§;n Hnlis
5 (Note 12) Limit (Note 6) (Note 12) Limit Limit
{Note 5) {(Note 5) | {Note 6)
AC CHARACTERISTICS
ts Current Setting }‘V',L=(3V, J o I J 10 iis
|' Vin=5V
Time | | |
i Write and XFER |V, =0V, |I 11 [ 100 250 375 600
V=5V
Pulse Width Min ( 9 320 320 l 900 900
tos Data Setup Time |V, =0V, ( A 100 250 375 600
V=5V
Min J 320 320 900 900
e Data Hold Time I\, =QV, - 30 50 )
Vi, =5V 9 ns
Min 30 50
T Contrat Setup Vi =0V, ! 110 250 600 960
Time V=5V
Min 326 320 1166 1100
ten Control Hold Time |V, =0V, 0 0
V=5 9 0 10 0
Min o] a

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to GND, unless otherwise specified.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T, Jmax. B4, and the ambient temperature, T,. The maximum
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/84 or the number given in the Absolute Maximum Ratings, whichever is lower. For this device,
Timax = 125°C (plastic) or 150°C (ceramic), and the typical junction-to-ambient thermal resistance of the J package when board mounted is 80"C/W. For the N
package, this number increases to 100" C/W and ior the V package this number is 120" CIW.

Note 4: For current switching applications, both loyt1 and oy mustgo to graund or the “Virtual Ground” of an operational amplifier. The linearity emor is degraded
by approximately Vg + Vggr. For example, if Vger = 10V then a 1 mV offset, Vqg, on loyt1 of loyta will introduce an additional 0.01% linearity error.

Note 5: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels.

Note 7: Guaranteed at Vrer=110 Vp¢ and Vgep=11 Vpc.

Note 8: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a
particular Vrer value and ta indicate the true perfarmance of the part. The “Linearity Errar” spedification of the DACOR30 is “0.05% of FSR (MAX)Y". This guarantees
that after performing a zero and full scale adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within 0.05%xVgeg of a
straight line which passes through zero and fuli scale.

Note 8: Boldtace tested limits apply to the L) and LCJ sutfix parts anly.

Note 10: A 100nA leakage current with Ry,=20k and Vrge=10V corresponds to a zero error of ( 100x 10~ %x20x10%)x100/10 which is 0.02% of FS.

Nate 11: The entire write puise must ocowr within the valid data interval for the specified twy, tos. ton. and ts to apply.

Note 12: Typicals are at 25°C and represent most likely parametric norm.

Note 13: Human body model, 100 pF discharged through a 1.5 ke resistor.
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DAC0830/DAC0832

Switching Waveform

——Aﬁ—\m
ILE. {5, ’ 0%
[ —bl}
i
WA 50%
_ 7;
1
—>J oy |—
Y 5
DATA BITS VALID DAC DATA ik
f
foutt lourz j SE‘TTLED 10
+%LS8

0560802

www.national.com 6

&z A Y o [y 14 = =2 R 1 ¥ o £ 59 1%
nansiiluenarsanulidwiunisidnunenisfinyivintu ey alihlldusylesiaunism

Laidnsdilas edu Snviaihudlvidaudasilomuazdosdnddiadivaaenarsynasandnisluly



Definition of Package Pinouts

Controtl Signals

{Ali control signals leve! actuated)

CS:  Chip Select (aclive low). The TS in combination
with [LE will enable WR,.

ILE:  Input Latch Enable (active high). The ILE in com-
bination with CS enables WR,.

WR;: Write 1. Tne active low WR, is used 1o load the
digital input dala bits (DI} into the input laich. The
data in the input latch is latched when WR, is high.
To update the input latch—CS and WR, must be low
while ILE is high.

WR,:  Write 2 (aclive low). This signal, in combination with
XFER, causes the 8-bit data which is available in the
input laich to transfer 1o the DAC register.

XFER: Transfer controf signaf (active fow). The XFER wili
enable WR,,.

Other Pin Functions

Dl,-Dl;: Digital Inputs. Dl is the least significant bit (LSB)
and Di; is the most significant bit (MSB).

louti:  DAC Current Qutput 1. louTs IS @ maximum for a
digital code of all 1's in the DAC register, and is
zero for alt U's in DAC register.

lour2:  DAC Current Output 2, {ouTs is aconstan minus
boutt, ©F baur * loute = constent (1 full scale for a
fixed reference voliage).

Ryt Feedback Resistor. The feedback resistar is pra-
vided on the IC chip for use as the shunt feedback

Linearity Error

ACTUAL

Y% LS8 ERROR

ANALOG ouTPUT
ANALOG QuTPUT

WDEAL RESPONSE

ACTUAL

IDEAL RESPONSE

resistor for the external op amp which is used to
provide an output voltage for the DAC. This on-chip
resistor should always be used (not an external
resistor) since it matches the resistars which are
used in the on-chip R-2R ladder and tracks these
resistors over temperature.

Vrer:  Reference Voltage Input. This input connects an
external precision voltage source to the internal
R-2R ladder. Ve can be selected over the range
of +10 to ~10V. This is also the analog voltage input
for a 4-quadrant multiplying DAC application.

Vee: Digital Supply Voltage. This is the power supply
pin for the part. V. can be from +5 to +15Vq.
Operation is optimum for +15V

GND:  The pin 10 voltage must be at the same ground
potential as loyry and loyr, for current switching
applications. Any difference of potential (V¢ pin
10) will result in a finearity change of

£€800va/ocgoovd

Yos pin 10
SVREr

For example, if Ve = 10V and pin 10 is SmV offset from
lour: @nd lours the Yinearity change witl be 0.03%.

Pin 3 can be offsel £100mV with no linearity change, but the
logic input threshold will shift.

+ Y2 LSB ERROR BAND

1LSB ERROR [eria

ANALQG OUTPUT

DIGITAL INPUT
WERRLS
a) End point test afterzero and fs
adj.

Definition of Terms

Resolution: Resolution is direclly related to the number of
switches ar bits within the DAC. For example, the DACO830
has 28 ar 258 steps and therefare has 8-bit resalution.

Linearity Error: Linearity Error is the maximum deviation
from a straight fine passing through the endpoints of the
DAC transfer characteristic. It is measured after adjusting for
zero and full-scale. Linearity error is a parameter intrinsic to
the device and cannot be externally adjusted.

National's finearily “end point test” {a) and the “best straight
line” test {b.c) used by other suppliers are usirated above.
The “end point lest" greally simplifies the adjustment proce-
dure by eliminating the need for multiple iterations of check-
ing the linearity and then adjusting full scale until the linearity

ppetll

e Mo by o . el Py oy iRssriiv e rras
is met. The "end poind test” guarantees that linearity is met

DIGIHAL INPUT

b) Best straight line 00560825

00560824 DIGITAL INPUT

<) Shifting fs adj. to pass
best straight line test

after a single full scale adjust. {One adjustment vs. multiple
iterations of the adjustment.) The “end point test” uses a
standard zero and F.S. adjustment pracedure and is a much
more stringent test for DAC linearity.

Power Supply Sensitivity: Power supply sensitivity is a
measure of the effect of power supply changes on the DAC
full-scale output.

Settling Time: Settling tirme is the time required from a code
transition untif the DAC output reaches within +14LSB of the
final output value. Full-scale settling time requires a zero to
full-scale or full-scale to zero output change.

Full Scale Error: Full scale error is a measure of the output
error between an ideal DAC and the actual device output.

www.national.com
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DAC0830/DAC0832

Definition of Terms (Continued) Monotonie: if the output of a DAC increases for increasing
digital input code, then the DAC is monotonic. An 8-bit DAC

Ideally, for the DAC0830 series, full scale is Viee —1LSB. which is monotonic to 8 bits simply means that increasing

For Vger = 10V and unipolar operation, Ve . SCALE = digital input codes will produce an increasing analog output.

10,0000V—-39mV 9.961V. Full-scale error is adjuslable to

zero.

Differential Nonlinearity: The difference between any two
consecuftive codes n the transfer curve from the theoretical
1 LSB lo differential nonlinearity.

13' IB
{MSB} Biy O—f— Ji] 0 ) 0 I—'—o Vrer
id
Dig 0—1—1 )] Q 0 Q |
15 12
DIs O t D (] ] ] ———0lun
o h , 8-B1T i
o= o 0 bl A MULTIPLYING W
v e /A & '
83 & 55 ~ D REGISTER O SReGisTER @ CONBERTER TL—GIGUH
01 0—d g 0 {0 Y S— Al
o ] -
By 1 U D] ~-1 0 vl Fifa
7} J
(LS8) Big O 2 2 »{0D a >
I [
i , T Tr E* {
{ {3

20
f—0
e 13’ =
Wr, I
TFER Qe FREoTE
A / 10
{ *NOTE: WHEN [E = 1", 0 DUTPUTS FOLLOW D INPUTS; f——0 GaD
= WHEN LE =0} DATA AT D IS LATCHED.
D0560804
FIGURE 1. DAC0830 Functional Diagram
Typical Performance
Characteristics
Digital Input Threshold Digital input Threshold Gain and Linearity Error
] P ]
vs. Temperature vs. Ve Variation vs. Temperature
2.4 (X I ’ .
6.075 ] ] }
2.0 , { uwmn ERROR
s = 088 - - 4MN ERR[OK
S 15 =) = I ‘ | J |
5] =] g 0025 t t + >4
g % z EEEEEEE
%‘ 12 4’ % = L] == I T
H | ‘(r sip | | k 8 _goes{ | | | ,J ! !
x 08— | \ < =z |
£ r 1 1 2 £ [ ] ] =
=] ; | Vo ‘1 { ] La" 5 00— t——t—t
Sl e L] =l (ol |
O e e N l -0.075 o Ve 18 Voo
e L T R
~55-35-15 5 25 45 65 85 105 125 ~55-35-15 5 25 45 65 85 105125
T4, AMBIENT TEMPERATURE (°C) Vigg. SUPPLY VOLTAGE (V) Tz, AMBIENT TEMPERATURE {°C)
& COSSGB2Z7 VUDBLBZY
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Typical Perfermance Characteristics (continued)

Gain and Linearity Error
Variation vs. Supply Voltage

Write Pulse Width

Data Hold Time

+0.025

500 ——

FaAREREED
250L ’ﬁ

| ALINEARITY ERROR | } T BR .
0.000 |- B i ey £ | £
= | ! ! z m——*~Vc,c=5le I| &
£ _pos = ViH=5V =
el o g lf : T o w0 ] ]
g _ups | & 30— e 2 o |
wiles 1 {ee=sv = o plee=SV | vecswy, |
Z {ViH=3V | 2.1 = il 4
=z 0.075 | E f =3V | = VIR=3V l !vlu-avvn:“
- | i | e [ T Z o Yee=sv 4 gy ey
£ o g =g 2 T e =3y \ T vy =5V
2 £ Hest =] z ;
—0.125 ! = T : 50
{ Vee =12V, Vi=3v H

e E__ﬁ:fzw

| ]VCC=15V, V|§=3V or 3

EEERER

Vee. SUPPLY VOLTAGE (Vpg)

00560829

DAC0830 Series Application Hints

These DAC's are the industry's first microprocessor compat-
ible, double-buffered 8-bit mulliplying D to A converiers.
Double-buffering allows the utmost application flexibility from
a digital control point of view. This 20-pin device is also pin
for pin compatible (with one exception) with the DAC1230, a
12-bit MICRO-DAC. In the event that a system’s analog
output resofutiont and accuracy must be upgraded, substitut-
ing the DAC1230 can be casily accomplished. By tying
address bit A, to the ILE pin, a two-byte uP write instruction
(double precision) which automatically increments the ad-
dress for the second byle write (slarting with Ay=“1") can be
used. This alfows either an 8-bit or the 12-bit part to be used
with no hardware or software changes. For ihe simplest 8-bit
application, this pin should be tied 1o Veg {also see other
uses in section 1.1).

Analog signal control versatility is provided by a precision
R-2R ladder network which allows full 4-quadrant multiplica-
lion of a wide range bipolar reference voltage by an applied
digital word.

1.0 DIGITAL CONSIDERATIONS

A most unique characteristic of these DAC's is that the 8-bit
digital input byte is double-buffered. This means that the
data must transfer through two independently controlled 8-bit
latching registers before being applied to the R-2R ladder
network to change the anafog output. The addifion of a
second regisier alfows two useful control features. First, any
DAC in a system can simultaneously hold the current DAC
data in one register (DAC register) and the next data word in
the second register (input register) to allow fast updating of
the DAC output on demand. Second, and probably more
important, double-buifering allows any number of DAC's in 2
system to be updated ta their new anatog output levels
simultaneausly via a comman strohe signal.

~55-35-15 5 25 45 65 65 165175
Ta. AMBIENT TEMPERATURE ( °C)

-585-35-15 5 25 45 55 85 105125
Ta. AMBIENT TEMPERATURE (°C)

00560830 00560831

The timing requirements and logic level convention of the
register control signals have been designed to minimize or
eliminate external interfacing logic when applied to most
popular microprocessors-and development systems. It is
easy lo think of these converiers as 8-bil “write-only”
memory locations that provide an analog output quantity. All
inputs to these OAC's meet TTL voltage level specs and can
also be driven directly with high voltage CMOS logic in
non-microprocessor based systems. To prevent damage to
the chip from static discharge, all unused digital inputs
should be lied to Ve or ground. If any of the digital inputs
are inadvertantly left floating, the DAC interprets the pinas a
logic “47.

1.1 Double-Buffered Operation

Updating the analog output of these DAC's in a
double-buffered manner is basically a two step or double
write operation. In a microprocessor system two unique
system addresses must be decoded, one for the input latch
controlied by the CS pin and a second for the DAC latch
which is controlled by the XFER line. If more than one DAC
is being driven, Figure 2, the CS line of each DAC would
typically be decoded individually, but all of the converters
could share a common XFER address 1o allow simultaneous
updating of any number of DAC’s. The liming for this opera-
tion is shown, Figure 3.

Wisimporiant to nole that the analog outputs that wilt change
after a simultaneous Ytransfer are those from the DAC's
whose input register had been madified prior to the XFER
command.
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National Semiconduct

The LM124 series consists of four independent, high gain,
internaily frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power Sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and ali the conventional Oop amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly oper-
ated off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

& In the linear mode the input common-mode voltage
range includes ground and the oufpuf voftage can afso
swing to ground, even though operated from only a
single power supply voltage

B The unity gain cross frequency is temperature
compensated

® The input bias current is also temperature compensated

or

B Eliminates need for dual supplies

& Four internally compensated op amps in a singie
package

= Allows direclly sensing near GND and Vour also goes
to GND

= Compatible with all forms of logic

® Power drain suitable for battery operation

Features
B lnternally frequency compensated for unity gain
® Large DC voltage gain 100 dB
® Wide bandwidth (unity gain) 1 MHz
(temperaiure compensaied)
Wide power supply range:
Single supply 3V to 32V
or dual supplies +1.5V to 16y
Very fow supply current drain {700 pA) —essentially
independent of supply voltage
Low input biasing current 45 nA
(temperature compensated)
Low input offset voitage 2 mv
and offset current: 5 nA
Input common-mode voltage range includes ground
Differential input voltage range equal to the power
supply voltage
Large oulput voltage swing OV to V* - 1.5V

Connection Diagram

Dual-In-Line

OUTPUT A INPUTS™  INPUTA'  GAD

14 13 12 17

Package
INPUT3" INFUT 2™ QuUTPUT 3

12 g 13

B

+
1

J
R o)
R

QUTPUT t INPUT 1™

3 4

INPUT 3T v

Order Number LM124J, LM124A4,

Top View
LM1244/883 (Note 2), LM124AJ/883 (Note 1), LM224J,

|
{

INPUIT 27

5 {s 7

INPUT 27 QUTPUT 2
DS009299-1

LM224Ad, LMi324d, LM324M, LM324MX, L3

LM324MT, LM324MTX or LM2S02N LM 124AJRQML and LM124AJRQMLV(Note 3)

24AM, LM324AMX, LMVi2902#i, LM2902MX, LM324N, Li324AN,

WIVZLINT

LM124/LM224/1L.Mi324/L1i2902 B
Low Power Quad Operational Amplifiers N
General Description Advantages E

.
’

Hidwy jeuonesado penp 19MOd MO Z206ZINT/IEs

Sl

See NS Package Number J144, RM14A or NT4A

Note 1: LM i24A avaiiabie per JM38510/ 11005
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LM124/L.M224/LLM324/LM2902

L
Connection Diagram (continued)

Note 3: See STD Mil DWG 5862R99504 for Radiation Tolerant Device

14

QUTPUT ¢ ] OUTPUT 4
13
INPUT 1=

— INPUT 4-
12
INPUT 14 [ INPUT 4+

I

) o

nw—] LMi2aw :U: N
INPUT 24 [ INPUT 3+
INPUT 2~ < 9: INPUT 3=~
TP 2 g 5: QUTPLT 3

DS009299-33

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Note 3)
See NS Package Number W148
LM124AWGRQML and LM124 AWGRQMLV(Note 3)
See NS Package Number WG 144

Schematic Diagram (Each Amplifier)

]
6A aA (¥ 10004
(? . (P ’/.l {
s 4

y H a2 23 o] a1
O—l— 23 4> " o <
= L

INPUTS A 3

>

asg i a9
> DSU0YZY0-2
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Absolute Maximum Ratings

(Note 12)

If Military/Aerospace specified devices are required,
piease contact the National Semiconductor Sales Office/

Distributors for availabifity and specifications.

Supply Voltage, V*
Differential Input Voltage
Input Voitage
input Current
(Vin < -0.3V) (Note 6)
Power Dissipation (Note 4)
Molded DIP
Cavity DIP

Small Qutline Package
Output Short-Circuit o GND

(One Amplifier) {Note 5)

Vi< 18V and T, = 25°C
Operating Temperature Range

(M324/(M324A

LM224/L M224A

LM124/LM124A

LM124/L M224/L./1324
LM124A/1 M224AJ) M324A
32v

32

-0.3V to +32v

50 mA

1130 mw

1260 mW
800 mW

Continuous

0'C to +70°C

—25°C to +85°C
-55°C to +125°C

LM2902

26V
26V
-0.3V to +26V

50 mA

1130 mwW

1260 mW
800 mW

Continuous
-40°C 10 +85°C

Storage Temperature Range -65'C to +150°C -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 260°C 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C 260°C
Small Quiline Package
Vapor Phase (60 seconds) 215 6 215°C
Infrared (15 seconds) 220°C 220°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Retiability” for other methads of soldering surface mount
devices.
ESD Tolerance (Nate 13) 250V 250V
Electrical Characteristics
V" = +5.0V, (Note 7), unless otherwise stated
Parameter ( Conditlons N ¥ o Units
Min Typ Max {Min Typ Max [Min Typ Max
Input Offset Voltage 'I {Note 8) T = 25°C 1 2 1 3 2 3 1\
Input Bias Current Iiney OF Ty, Vny, = OV, 2% 50 ho & P 100 2y
(Note 9) T,=25°C
Input Offset Current Iingy OF ling—y, Vg = 0V, 2 10 2 15 5 30 nA
s Ta = 25°C
Input Common-Mode ,l V' = 30v, (LM2902, V' = 26V), 0 V*-1.5 0 V'-1.5 0 V*-1.5 \Y
Voltage Range (Note 10) Ta = 25°C
Supply Current Over Full Temperature Range
R =« On All Op Amps mA
V' =30V (LM2902 V' = 28V) 1.5 3 1:5 3 1.5 3
vl =5v 0.7 12 07 1.2 0.7 1.2
Large Signal V' =15y, Ry = 2ke, 50 100 50 100 25 100 v/imvV
Voitage Gain (Vo = 1V 10 11V), T, = 25C
Common-Mode DC, Veu = 0V to V' - 1.5V, 70 85 70 85 65 85 dB
Rejection Ratio Ta=25C |
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LM124/LM224/LM324/LM2902

Electrical Characteristics (Continued

V' = +5.0V, (Note 7), unless otherwise stated

LM124A LM224A LM324A =
Parameter Conditions = Units
Min Typ Max [Min Typ Max [Min Typ Max
Power Supply V' =5V to 30V
Rejection Ratio (LM2902, V* = 5V to 28V), 65 100 65 100 65 100 dB
Ta =25°C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T, = 25°C -120 =120 -120 dB
Coupling (Note 11) ({Input Referred)
Output Current | Source | Viy' = 1V, Vi = OV, 20 40 20 40 20 40
V' =15V, Vg =2V, T, = 25°C mA
Sink Vin® =1V, V' = 0V, 10 20 10 20 10 20
V" =15V, Vg =2V, T, = 25°C
Vin™ =1V, Vit = 0V, 12 50 12, .50 12 50 pA
V' =15V, Vg = 200 mV, T, = 25°C
Short Circuit to Ground (Note 5) V* = 15V, Ta=25C 40 80 40 60 40 60 mA
Input Offset Voitage (Note 8) 4 4 mvV
Vos Driit Rs = 0Q 7 20 7 20 4 30 [pv/C
input Offset Current IING ~ TNy, Vem = 0V 30 30 73 nA
log Drift Rg = 0Q 10 200 10 200 10 300 |pA/C
Input Bias Current lingey ©f dingy 40 100 40 160 40 200 nA
Input Common-Mode V= 430V 0 V=2 0 vi=2 0 V-2 \%
Voltage Range {Note 10 (LM2902, V' = 26V}
Large Signal V' = +15V (VoSwing = 1V to 11Vv)
Voltage Gain R 22kQ 25 25 15 VimV
Output Voltage Vou V' = 30V R =2k 26 28 26 M
Swing (LM2902, V' = 26V) R =10kQ 27 28 27 28 27 28
Vor vi=isy, R =10kQ e 20 5 20 5 20 mV
Output Current Source | Vo =2V Vit = +1v, 10 20 10 20 10 20
v asy ma
Sink Vi = +1V, 10 15 5 8 ) 8
Vy' =0V,
V= 15v
Electrical Characteristics
V' = +50V, (Nate 7), unless otherwise stated
Batarator R onditians LM124/LM224 LM324 LM2902 Unkts
Min  Typ  Max |Min  Typ Max Imin Typ Max
Input Offset Voltage {Note 8) T, = 25°C 2 5 2 7 2 7 mV
Input Bias Current bty OF bng—y, Nom = QV, 45 150 45 550 45 250 1
(Note 9) Ta=25¢C
Input Offset Current vy OF Loy, Vg = QV, 3 30 5 50 5 50 nA
14i=25'C
Input Common-iaode ', V' =30V, (LM2902, V' = 28V), 0 V=15 0 V'-15 o} V*-1.5 \'%
Voltage Range (Note 10) J Ta =25C
Supply Current '] Over Full Temperature Range
R = == On All Op Amps mA
( V' = 30V (LM2902 v* = 28V) 1:5 3 1.5 3 1.5 3
| vt =sv 072012 07, at2 07 1.2
Large Signal l V' = 15V, Rz 2kQ, 50 100 25 100 25 100 VimV
Voltage Gain J (Vo = 1V 1o 11V), T, = 25°C
Common-Mode [, DC, Ve = OV to V' - 1.5V, 70 85 65 85 50 70 dB
Rejection Ratio ] Ta=25C
Power Supply 1 V' = 5V to 30V
Rejection Ratio | (LM2S02, V' = 5V to 26V}, 65 100 65 100 50 100 dB
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Electrical Characteristics (continued)

V* = +5.0V, (Note 7), unless otherwise stated

LM124/LM224 LM324 LM2902
Parameter Conditions Units
Min ~ Typ Max [Min Typ Max [Min Typ Max
Ta =25C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T, = 25'C =120 -120 -120 dB
Coupling (Note 11) (Input Referred)
Output Current Source | Viy' =1V, V™ =0V, 20 40 20 40 20 40
V' =15V, Vg = 2V, Tp = 25°C mA
Sink Vin' =1V, V' = 0v, 10 20 10 20 10 20
J;V* =15V, Vg = 2V, T, = 25°C
ViN' =1V, V' =0V, 12 50 12 50 12 50 HA
V" =15V, Vg = 200 mV, T4 = 25'C
Short Circuit to Ground (Note 5) V' = 15V, T, = 25'C 40 60 40 60 | 40 60 mA
Input Offset Voltage (Note 8) 7 9 10 mv
Vos Drift Rs = 0Q 7 7 7 pv/iic
Input Offset Current NG = Tiney, Ve = 0V 100 150 45 200 nA
los Drit | Rs=00Q 10 10 10 pA/"C
Input Bias Current I IINg) ©F gy 40 300 40 500 40 500 nA
Input Common-Mode V' o= +30V ol V-2 0 V-2 e} vt-2 \
Voltage Range (Note 10) (LM2602, V' = 26V)
Large Signal V' = +15V (VpSwing = 1V t0. 11V)
Voltage Gain R =2kQ 25 15 15 VimV
Output Voltage Vou ARV R =2k2 26 26 22 Vv
Swing (LM2902, V' = 26V) R = 10kQ 25 28 27 28 23 24
VoL V' =8V, R. =10 kQ [ 20 E 20 L} 100 mv
Qutput Current Source | Vg =2V Vi = +1v, 10 20 10 20 10 20
VRt mA
- Sink Vin° = +1V, 5 8 5 8 5 8
V‘)N“ =0V,
V=5V

Note 4: For operating at high temperatures, the LM324/LM324A/LM2902 must be derated based on a +125°C maximum junction temperature and a thermai resis-
tance of 88'C/W which applies for the device solderedin a printed circuit board, operating in a still air ambient. The LM2Z4/LM223A and LM124/LM124A can be de-
rated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers —use external resistors, where possible, to allow the am-
plifier to saturate of to reduce the power which is dissipated in the integrated circuit.

Note 5: Shor circuils from (he oulput (o V* can cause excessive healing and eventual deslruction. When considering shorl cireuils to ground, the maximum outpul
current is approximately 40 mA independent of the magnitude of ¥*. At values of supply voltage in excess of 15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 6: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the
IC chip. This transistor action can cause the output votages of the op amps togo te the V'voltage level (or te ground for a large overdrive) for the time duration that
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value
greater than -0.3V (at 25°C).

Note 7: These specifications are limited to -55°C < Ta =+125°C forthe LM124/LM124A. With the LM224/L M224A, all temperature specifications are limited to -25°C

S Ta < +85°C, the LM324/LM324A temperature specifications are Imited to O°C < T4 < +70°C, and the LM2902 specifications are limited to —40°C < T4 < +85°C.

Note 8: Vg = 1.4V, Rg, = 0Q with V* from 5V ta 30V- and aver the full input cemmen-mode range (OV to V' = 1.5V) for LM2902, V* from 5V to 26V.

Note 9: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so

no loading change exisls on lhe npul lines.

Note 10: The input common-mede voltage of either input signal voltage should not be allowed to Go negative by more than 0.3V (at 25°C). The upper end of the
"

common-made voltage range is V' - 1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2902), independent of the magnitude of
v

Note 11: Due to proximity of external companents, insure that coupling is not originating via stray capacitance between these external parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 12: Refer to RETS1244% for LM124A military specifications and refer to RETS124X for LM124 military specifications.
Note 13: Human bady model, 1.5 k&2 in series with 100 oF
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 4N25/D

SNE OO0 ®® 4N25*

: 4N25A*
6-Pin DIP Optoisolators

Transistor Output 4N26*

[CTR = 20% Min]

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide 4"27
infrared emitting diode optically coupled to a monolithic silicon phototransistor

detector. 4 N 2 8

¢ Most Economical Optoisolator Choice for Medium Speed, Switching Applications [CTR = 10% Min]
e Meets or Exceeds All JEDEC Registered Specifications

e To order devices that are tested and marked per VDE 0884 requirements, the
suffix “V” must be included at end of part number. VDE 0884 is a test option.

Applications
¢ General Purpose Switching Circuits

e Interfacing and coupling systems of different potentials and impedances
¢ /O Interfacing
* Solid State Relays

*Motorola Preferred Devices

STYLE 1 PLASTIC

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) STANDARD THRU HOLE
EE: Rating | symbol | vaiue | unit = LAY oa-04
INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous I 60 mA SCHEMATIC
LED Power Dissipation @ Ta =25°C Pp 120 mw
with Negligible Power in Output Detector

Derate above 25°C 1.41 mwW/eC ! } ]
OUTPUT TRANSISTOR 2 E 5
Collector—Emitter \oltage VCEO 30 Volts x> 4

Emitter—Collector Voltage VECco v Volts
Collector—Base Voltage NC8D 70 Volts Y 4 = i
Collector Current — Continuous Ic 150 mA 3. N.C.
4. EMITTER
Detector Power Dissipation @Ta=25C Pp 150 mw 5. COLLECTOR
with Negligible Power in Input LED 6 BASE
Derate above 25°C 1.76 mw/reC 3
TOTAL DEVICE
Isolation Surge Voitage(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mw/°C
Ambient Operating Temperature Range(2) TA —-55to +100 °C
Storage Temperature Range(2) Tstg —55to +150 °C
Soldering Temperature (10 sec, 1/16” from case) T 260 °C

1. Isolation surge voltage is an intemal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.

Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisolator is a trademark of Motorola, Inc.

REV 5
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4N25 4N25A 4N26 4N27 4N28

TYPICAL CHARACTERISTICS
2 T T 7 E 10 i e
| — —— PULSE ONLY 717 2 =
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IF, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current
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Figure 3. Collector Current versus

Collector—Emitter Voltage
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Figure 5. Dark Current versus Ambient Temperature

IF, LED INPUT CURRENT (mA)

Figure 2. Output Current versus Input Current
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Figure 4. Output Current versus Ambient Temperature
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Figure 6. Rise and Fall Times
(Typical Values)

Motorola Optoelectronics Device Data
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4N25 4N25A 4N26 4N27 4N28
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Figure 7. Turn—On Switching Times Figure 8. Turn—Off Switching Times
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Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage
TEST CIRCUIT WAVEFORMS
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Figure 11. Switching Time Test Circuit and Waveforms
4 Motorola Optoelectronics Device Data
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4N25 4N25A 4N26 4N27 4N28
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)(1)

i Characteristic symbol [ Min | 1y [ Max | unit |
INPUT LED
Forward Voltage (Ig = 10 ma) Tp=25C VF — 1.15 1.5 Volts
Ta=-65C = 13 -
Ta = 100°C = 1.05 —
Reverse Leakage Current (VR=3V) IR — — 100 pA
Capacitance (V = 0V, f = 1 MHz) Cy = 18 = pF
OUTPUT TRANSISTOR
Collector—Emitter Dark Current 4N25,25A, 26,27 IcEO — 1 50 nA
(VCE =10V, Tp = 25°C 4N28 — 1 100
(VCE =10V, Ta = 100°C) All Devices ICEO — 1 — pA
Collector—Base Dark Current (Mcg=10V) IcBO — 0.2 — nA
Collector—Emitter Breakdown Voltage (I = 1 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 70 100 — Volts
Emitter—Collector Breakdown Voltage (I = 100 pA) V(BR)ECO 7 7.8 — Volts
DC Current Gain (Ic =2 mA, VCe=5V) hre — 500 — —
Collector-Emitter Capacitance (f=1MHz, Vg = 0) Cce — 7 — pF
Collector-Base Capacitance (f=1MHz, Vcg =0) Cc = 19 — pF
Emitter—Base Capacitance (f=1MHz, Veg = 0) CeB — 9 — pF
COUPLED
Output Collector Current (IF = 10 mA, Ve = 10 V) Ic (CTR)() mA (%)
4N25,25A 26 2(20) 7.(70) .
4N27,28 1(10) 5 (50) 2
Collector—Emitter Saturation Voltage (Ic =2 mA, Ig = 50 mA) VCE(sat) — 0.15 0.5 Volts
Tum-On Time (IF = 10 mA, Vo= 10V, R =100 Q)(3) 1) pry 238 — us
Turn-Off Time (IF = 10 mA, Vo =10V, R =100 ©)(3) toff — 45 — us
Rise Time (I = 10 mA, Voo =10V, R = 100 Q)3) £ 4 2 — us
Fall Time (IF = 10 mA, Vo =10V, R, = 100 Q)13) tr — 1.3 — us
Isolation Voltage (f = 60 Hz, t = 1 sec)4) Viso 7500 - y 5 Vac(pk)
Isolation Resistance (V = 500 v)(4) RSO 1011 — ~ Q
Isolation Capacitance (V=0 V, f = 1 MHz)(4) Ciso = 0.2 - pF

1. Always design to the spedified minimunvymaximum electrical limits (where applicable).
2. Cument Transfer Ratio (CTR) = Ic/IE x 100%.

3. For test circuit setup and waveforms, refer to Figure 11.

4. For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

2 Motorola Optoelectronics Device Data
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