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Abstract . |

BEqualizer has importances for sound system. Because it uses for changing sound on
purpose. Thus it is suitable to devolop into automatic system for convenient uses. By interface
it with controller ( computer ) and use the instruments that can control by computer with IEEE
- 488 ( GPIB ). By use them to send the sound signal in different frequency and receive to
process data. Then computer controls the automatic equalizer to calibrate sound for suitable

use.
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ASCIl — IEEE 488 BUS MESSAGES (COMMANDS AND ADDRESSES) HEX CODES

PRIMARY COMMAND GROUP (PCG)
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28.1. nq'umé'«mzmqﬂnum (Addressed Command Group) 1fluddafisTuda
unsalftifufdanfesasuiitmuaidamiuds ddaiftszneuda

GTL (Got To Local) daI¥gunsafnduganmmsniuquinidaeile

SDC (Selected Device Clear) #41¥gunssiindos@unslfeguaniinuduln

PPC (Paralled Poll Configure) lﬂumf?qthﬂ's"ummﬁﬁmvﬁ'q;qnmaqmnhmiﬁa
assmodygruvesmyhnszuunsansaeuanimgUnisTasitvm Tavldfungueds
504

GET (Group Excute Trigger) Wdusudumsmhuuvesgunisifinznawd

L4 1 A o~
TCT (Take Control) (Humsdmunldgunssidrdahmbhiiiusniugy

2.8.2 nq'uf‘hé'qmemgu (Universal Command Group) li‘luﬁﬁqﬁf{ﬂﬂﬁmﬂmﬁ
nnffdesgluie szneuda

LLO (Local Lockouy) ihumsseldgqunsaifenagiiannizaugu Tavtjurlsuiini
inimuind

DCL (Device Clear) 61 qunsainndansuliganizsudu

PPU (Parallel Poll Unconfigure) IR 1RUNMTATIA B AN IMLLLV LT S
MU

SPE (Serial Poll Ensble) uJﬁuuTHuﬂ'uﬂqmmswaauammﬂuuuuauniu Tu
Twuai‘fﬁuﬂumsrfmn1u:1lauﬂ§aumunnd4ﬁ'aun

SPD (Serial Poll Disable) 8Niiin THUANITAIIVTOLNVYBYNTY

2.8.3. nquiifaimungUniaifa¥y (Listener Address Group) 11udidadiniy
fnualdgunsaifudisy musWanuioiaunn 0-30 uasiifids UNT untaiker) dansvon

an

2.8.4. ngufdsimuagunicifads (Talker Address Group) dinsudimualy
gunsaliflusads mwsiavueauen 0-30 uasifds UNL (untistener) damsuonidnigu
nu ‘

nquddadt 1 @ 4 1w Faffunquirdandn Aanumuomod Silingudidadn

o

vodd ’ v o a ' <o
nquRvuegiuMs Mvuanionds ufenguiidases
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2.8.5. nq'uéﬁ'qsm (Secondary Command Group) Huhdaiitmuasoazion
deguosgunsalisnsdiipeaglussuy  Wimohawednls  mugelszaedidaues
indoafiotfu wuRoatumsdiuusn q dwiletuies ddasesfiozmundshdindn Ae
o 1mdanngnseisn q gndmusmedluszuuSoudeouds

fidede q fnanl) daldmstmusanzmehauesgnsdd udnzand

4 . 4 v 1w d
Amualihiufluednls uarilymlszasdiions 15 fusio il

Device Clear / Interface Clear
J . » v o ’ .. o 1]
Device Clear 14lumyildgunsainassglnianduldganasudu dililims
‘.’ .‘ J . o L : .
nuaiaisula 9 annzSuduilszuananiuldudauangilnseiiussnuuullednls
3 Py . o A a ¢ o (] o a4 ¢ ¢ o
Device Clear 318g 2 fnuaz Ao infdusnuanndaniaesy (DCL) funduiinzeigingsisila
o
fmila (SDO)
3 ’ ¥ i
uanlunsiades gunsaldegluannzsuduin hildvwanoaud Interface
Function V89 GPIB vzgnindosgunsel i leglumnzSududiousednile  Interface

4‘ /o [
Function A NIMNY Interface 71 18fnualussuulssnsudwiaidusia q

Remote / Local
/d [] 4 [ 9 (]
Remote (Humsdmualdgunsdiioglussuuru  wiesiie nldeglumsniugu
o A J U o 1 ‘ - i U
veagunssivesguniaimduumu Farjuliudn q vunihilndiniesss hitwadenitau
' 4 (9 U o -
#7U Local (Fumsaiuqumarhninvsuniesile YadrotjurSuuunihilndmuilng
Py 2 lc‘ A o ] - ¢ o = [

M351¥ Remote M5z TomiTuuinvasnAImsaruge 194 asunuaeshdiAans
gunsaldanTueg winlifimsdansaaugulavijulSuuundilniesn diilasumlsuusd
s IdmishauAanaialy1d msthauees GPIB T Remote and Local 3 4 GnymzAs
&
iU

da o A a ] ‘!
1. LOCS Nf® Local futes iWuanmmsniuguitjumuing szegluaniniineu
4 4 o >
(Urinos nie REN 1y HY nioiiis145udds GTL
a o v . Y ¢ a 4 4
2. REMS i Remote Muwiimsaamsatugulavijuninilniesn esifetuile
" - 4 d o 3 = ]

REN {u Low unazergnienld duusnedag Local fidagunsdiezgnidaoulddumis

Local
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3. RWLS ifuanin Remote fignfionliisudioatu udiesdamsaivquasaing
Local ifagunsafeenTyl mnim Remote Ta RWLS Safianudiygendt REMs eehalsh
awdagnonian1ddoids LLo

4. LWLS Sammsuidoany Local idozimnsafiunsafanm Local Tay LWLS
mn'lé’mfhmrhnuﬁqﬂmmmsm:xﬂnuu1ﬂaq'luﬂmmmunan 3o LWLS ¥uilums#
senfianim LwLs 31873 2 nyaide wnaunamn Local 535m1 (LOCS) 182 183udda

LLO #380g1u RWLS uf2185udds GTL

2.9 MIVUINMIUAENNINTINABY (Service Request and Polling)

A o N ’

tiofnngulfsy srQ W Low s: Wginsaldideyaumasaniuzmshandad
f

A

By 2 3% A

2.9.1. MIATWABVIVVEYNTY Feidunouss

1.1 ATN gnaaitfu Low 18190101851 Low minmiodyn i SRQ

1.2 fads UNL gndls g agunsed

13 fanuguezidesvasiiuvesau unshrusivasidivegunsalies
asavereuluilya

1.4 mudodda SPE unzmw ATN neoihu i JaqinsdliigniSonseda
ﬂaqmmﬂmmuwonm 1 ud Troiidai 7 mﬂumnmﬂnsmu{mﬂumuammi dly

ouflu Low eaufindu q n'l%'uan‘uagnau q Sl 1M sz
1.5 110 ATN gnAutiu Low Bnit inedsddswniinmansisasufie sPD
16 nmfudids UNT fyndaludsqunsalifeonidnnsiiiusad s sdinn

o ’ d > ‘ ' :« -~
iy srQ denailu Low oy ferlimsnsanasulufqunsalfidu q fe lmusuneuidy

o ¢ d .
2.9.2. MIATIVABUVUVVYUIY fmnsnﬂﬂﬁx?dnmmuaqnwmumﬂ:mmsnmu

. Yoya msrmusasudoymifios luddoraunso 18 hgdnselladudveusnig
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2.10 pluynyesvoya

Taovia lueyaningunsal (Device Message) uris18eenidi 3 dau s l&unduita
HR) Favzegiumbige Wudwensiladoyn damvszneu HR wxlszneudaeddnys
nnsangudafun Ing) Fremediduduassa () dnfesdsnysdszum 13 &

dauﬁﬁmﬁan’f&m%qn ONR) #14uanamsuay 6y 3 Uy A NR 1, NR 2
oz NR 3 Taofidautioves NR Sierelidasnusuaamiaomuan

daufiy fAedygnounisdeyausiazya SR) Tau sk 1 Wiamimsdeiilosvea
doya (foyndailde) SR 2 uns SR 3 uﬁmnﬁéuqmwﬁnqn U SR 3 Wumsusnms

2 2 g .
wdedudoyananuan ldoinnsin.

ARERXBRRRBRARERERRNS



unfi 8

2 Ly e av 4
Tﬂﬂnuwu'lﬁ'lfqﬂnsufﬂawwn National Instrument Corporation. Fuily Interface
[ < 4 4'
Card dWMFuNMIAIUAY IEEE488 Truiam: $agunyolves Interface Card #l Vsznoudae
H P ) 1 [ 4 o
87U Hardware L8z Software duilufiugmdmsumsiloulysunsudimivnuny IBEE-

4 y 2
488 $1Iavenuiior 14n 1w ¢ Tums@ouTdsunsunanua

3.1 IEEE-488 Interface Board
e
GPIB-PCII/IIA (i)W IEEE488 interface board HIM3UIATEY IBM PC ,PC/XT,PC AT
- -~ cd o ’ P -~ o g J 4 o
n38 ABURAABSF UYL FIUSHN National Instrument Corp. lRerd1adwiie 19dmsy

A7UAY IEEE-488 Tauiamiz

8.2 IEEE-488 Program
a & a o
NI-488.2 1D Software 44930 ums®ouTilsunsudmsunluny IREE488 Tasianie
4 o 4 -~ o -~ A
a3 Routines hnsumsi¥ouTasinsy $3u5%n National Instrument Corp. Wamife 191y
o J
ns¥ouTUsunsuAIuAY Interface Board dm$y IEEE488 $ailszneudioTusunsuly

N1¥ C Hae QuickBasic IaulddwmiumsilouTisunsuuu DOS

3.3 YuneumsiouliunsudmyunIvgu EEE-488

nmsouTisunsudimipaiunu 1BEE488 Tauld N1-488.2 routines fiuneuss 9
frazeTunoso I Taveznanftanm: TsunsufiidouTavamn ¢ minfu TaoTsunsudtes
Fouiie:1¥n1ugugUnseiTAcky  GPIB-PCIVIA Interface Board Farty NI14882 wny
GpPB-pCr/mA gnadnldunlfanusuiu

1T'u¢munm%ou’[ﬂsusuﬁms"mmqu IEEE488 ffare Ui

1. muasoundeudmTulUsunsy (Preparation)

SumeuusndinsumsiSouTasunsufemsien N1488.2 routines sinufudoyn 3s

WumsUsemaluufudoynein N1488.2 C Language Interface fanana lufeg1



#include <stdio.h>

#include "decl.h”

néwmiuidmmlmedunsdmsumsidou T sunsude

dmfuufludoyn DECLH iy Header File $91szmA Function dwmfumsiGonldife
w10 lunsdouTsunsudmiuniugy IEEE-488 Havzndnaiialunond

2. msiududmums@euTsunsy (Initialization)

msFudu IEEE488 Bus une GPIB-PCI/IA Wldnunaunu ginsel 1BEE48s 1évy
92409 Maris Interface Clear Tudtgunsaiouynass faumniludaodis

SendIFC(Board);

HariHu SendiFC W mumsds Interface Clear 492081308 WazBuATNN GH S

8. ﬂméuﬁ'ui'mfuqﬂnmfn'n 9 (Initialize the Instrument)

mmfuﬁzﬂunm?qmﬁu*fqﬂnmfdw 9 UM IEEE-488 Bus 11‘!91}3’1171tjﬁnn:m‘§uunfau
TruSnista Device Clear TWSaguinsaiunaneu

DevClear(Board,Dev_address);

Haridu DevCoar 19 m3UN15H4 Device Clear #19:n81000B0RMONES

4. M3 ﬁ"qqllmof (Configure the Instrument)

ﬂﬁwmm?uumww?amm:l?uﬁuqﬂnmﬁfqnuﬂuﬁ'aﬁs):t'ﬂumsﬁaqﬂnsafﬂﬂﬁﬁmu
anudesms Teudlumsdsidsfunudazgunsel Taoddaiias Tl Wunudas gunsalazumns
sglugfevesurnsqinyal A lusedi

Send(Board,Dev_address,"<command>",counter,end);

#ari%u Send 'H’?hns”umifhm&'lﬂﬁqqﬂnm&hq q #195NE12061ALBURNUN A

6. ni3uveya0nglnsal (Read the Instrument)

nﬁd1u1’;'aunmnmm’mfui;:xﬁm'funn"mmﬁ1&4#1#«#01%%5&#4%qaﬁm%mms
Tugr Tavez1ddady

Recieve(Board,Dev_address,Data,counter,end);

; J A U ) o 4
Hafdusn q AgniSonldecnaneduaziBoaluidodaly
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3.4 NI-488.2 Routine
Tuiadeilosnaniafedsusa q Tu N1488.2 TavozeFuiammisHadsui iy o

(TroSoaddumudadnesnndingy) éqﬁqﬁfulndwi{aﬂ'luuﬂu%qn DECLH (amzlu
N1 C)

DevClear

Fagusenn

14dmTunduigUnssifiaz

iuumsld

void Devclear (short board,unsigned short address)

fie5u

board Miwfanuwiavlsz$rwodavey GPB-PCTMA F1lauindboard vtiilu 0
address 2B8 (145U GPIB-PCIT) 674 address MU0 address ¥039UnTalae q vuiler

#1001

unsigned short address=12;

DevClear(0,address);

MU WTIMsda Device Clear TUlSagunsaiuueda o faft 12 1huiea

EnableLocal

Yeqlseean

dmsumstusenIimsdfiamsonnuwandhilndvesqunsaludassa 18

qUuuums ¥

void EnableLocal (short board,unsign short address)

fefue

[ ¥uREINUAEL DevClear

A0

unsigned short address=12;

Enablelocal(0,address);

EnableRemote
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Yaqulyzend

¥ msumsnruqugunselTaofm orB Tusunsy

uvuns 1§

void EnableRemote (short board,unsign short address)

frefue

1 uiRafuf e DevClear

FI001

unsigned short address=12;

EnableRemote(0,address);

Receive

Faqulszeed

e udeyannginyel GPIB

uuums 1

void Recieve (short board,unsigned short address,unsigned char data[],unsigned long
count,unsigned short termination)

f1ef1u10

board HuWHWuWInYsr$1wesA GPIB-PCOAIA U address MWD address vB3
gunsalne q v data vanodsdusd i sumiutoyafisuinl count ineiednu
onvsslumedeyn data 62U termination nuwﬁazﬂuunmséuqmoqﬂnqa

f8tN

unsigned char data[100];

Receive (0,12,data,100,STOPend);

arnfansdaldsudoyannuesa o gUnsal®ai 12 viiu1Aly daw uasdmsduge
voatoyaluiuy Stopend

Send

Taquszamd

daideludagunsel GPB



uuy

void Send (short board,unsigned short address,unsigned char data[],unsigned long
count,unsigned short eotmode)

GRLEATRL

board HWHIMMWInVSdUeiA GPIB-PCI/IA §7W address WUIORY address ¥4
qUnsaldne q vulie data nauef s lFdwmiuiumideftordaly) count waneRa$uay
snusslumodeyn data 82U eotmode Huwﬁqiﬂuuunm‘f’uqmnw'ﬂqnuu'wnmﬂu NLend
finas NL iU Ol ndsnndadoyn , DABend Aaatmiz Bl 1) , NULLend Ao luidans 151l
(Y

FI0UN

Send (0,12,"FRQ:?",5,NLend);

' ‘.' & :‘ o a‘
niefamsnadine FRQ2 Tifiuesed o gunsaldan 12

L 9 & A L} L 1) 1)
dmsuhidadu q erlunanlseesibuausiaas 13 lumsudnas
A ‘l -4 " o
Taon @159 3.1 9LUARIDY Routmes dMUAINY C

A o
Huas AT 3.2 \wuﬁmﬁq Functions 1MTUNINY C



Call Syntax

Description

AllSpolkboard,
address],resultl)

Serial poll all devices

DevClear(board, address)

Clear a single device

DevClearList Clear multiple devices
(board,addressl)

EnableLocal(board , Ensable operations from the front
addresslist) of devices

EnableRemote Enable remote GPIB programming
(board,addressl) of devices

FindLstn(board,ad Find all listeners

dresslresl lim)

FindR QS(board, Determine which device is
address] result) requesting geryice
GenerateREQF Cancel service request
(board,addr)

GenerateREQT Request service

(board,addr)

A19 1N 8.1 NI-488.2 Routines §1M3 UMY C
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Call Syntax

Description

GotoMultAddr(brd, type,addf,spolif)

Enable multiple primary or
secondary address support

PassControl (board,address)

Pass control another device with

Controller capability

Ppoli (board,result)

Perform a paraliel poll

PpollCoonfig(brd, add,dtline,sense)

Configer a device for parallel polls

PpollUnconfig (board,address!)

Unconfigure devices for parallel

polls

RcvRespMsg(board, data,termination)

Read data bytes from already

addressed device

ReadStatusByte  (brd,add,result)

Serial poll a single device to get

its status byte

Recieve(board,add count,terminate)

Read data bytes from a GPIB

device

RecieveSetup (board,address)

Prepare a particular device to send
data bytes and prepare GPIB to

read

AT 1N 8.1 NI-488.2 Routines E1M3umMu1 C




Call Syntax

Description

ResetSys (board,addressl)

Initialize a GPIB system on three

levels

Send(brd,address, data,eotmode)

Send data bytes to a single GPIB

device

SendCmds(board, commands,count)

Send GPIB command bytes

SendDataBytes(brd ,dat,cnt,eotmode)

Send data bytes to already

addressed devices

SendIFC(board)

Clear the GPIB interface functions

with IFC

SendList(brd,addl ,dat,cnt,eottnode)

Send data bytes to multiple GPIB

devices

SendL.L.O(board)

Send the local lockout messege to

all devices |

SendSenm(hoard,  addrecslist)

Prepare paticular devices to recieve

data byte

SetRWLS(board, addresslist)

Place particular devices in the

Remote with Lockout state

151971 8.1 NI-488.2 Routines fmfumu C



Call Syntax

Description

TestSRQ (board,result)

SRQ lne

Determine the current state of the

TestSys(board, addl resultlist)

Cause devices to conduct self-tests

Trigger (board,address)

Trigger a single device

Triggerlist(broad ,addresslist)

Trigger multiples devices

WaitSRQ (board,result)

L

Request

Wait until a device asserts Service

AT NA 8.1 NI-488.2 Routines miumu1 C
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Call Syntax

Description

ibbna (ud,bname[]) ' Change access ‘board device

ibcac (ud,v) Become Active Controller

ibclr (ud) Clear specified device

ibcmd (ud,cmd{],cnt) Send GPIB command messeges

ibcmda (ud,cmd|],cnt) Send commands asynchronously
from string

ibconfig (ud,option,cnt) Change the software configuration

parameters

ibdev(brdind,pad, sad,tmo,eot,e0s)

Open and intialize an unused

device when device name is

unknown
ibdma (ud,v) Enable or disable DMA
ibeos (ud,v) Change or disable End-of-String

termination mode

A1 NN 8.2 NI-488.2 Functions @miumul C




Call Syntax

Description

ibeot (ud,v) Enable/disable END messege on
write operations

ibevent (ud, *event) Return the next event

ibfind (udname([]) Open device and return umit
descriptor assceiated with given
name

ibgts (ud,v) Go from Active Controller to
Standby

ibist (ud,v) Set or clear individual status bit
for Paralle] Polls

iblines (ud, *clines) Return the status off the GPIB

control lines

ibin(ud,pad,sad, *listen)

Check for the presence of a device

on the bus
ibloc (ud) Go to local
tbonl (ud,v) Place the device or interface board

online or offline

AITNT 8.2 NI-488.2 Functions $1m¥ymuy C



Call Syntax Description
ibpad (ud,v) Change Primary Address
ibpct (ud) Pass Control
ibppc (ud,v) Parallel Poll Configure
ibrd (ud,rd(],cnt) Read data from a device to a

string

ibrda (us.rd(],cnt) Read data asynchronously to string
tbrdf (ud,flname[]) Read data from GPIB to file
ibrpp (ud, *ppr) Conduct a Parallel Poll
ibrsc (ud,v) Request or release system control
ibrsp (ud, *spr) Return serial poll byte

AT NN 8.2 NI-488.2 Functions Mfuaw C




Call Syntax

Description

ibrsy (ud,v) Request service and/or set or
change the serial poll status byte

ibsad (ud,v) Change or disable Secondary
Address

ibsic (ud) Send mterface clear for 100 usec

ibsre (ud,v) Set or clear the Remote Enable ling

ibsrq (*func)

Register an SRQ "interupt routine”

ibstop (ud) Abort asynchronous operation

ibtmo (ud,v) Change or disable time limit

ibtrap (mask,mode) Alter trap and display modes of the
Applications Minitor

ibtrg (ud) Trigger selected device

AT NN 8.2 NI-488.2 Functions tmfusvi C

n



Call Syntax Description
ibwait (ud,mask) Wait for selected event
ibwrt (ud,wrt[],cnt) Write data from string
ibwrta (ud, wrt{],cnt) Write data asynchronously from
string
ibwrtf (ud,flname(]) Write data from file

ATINN 8.2 NI-488.2 Functions hnfunyl C
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Haroueisines HM8130 Wuginsalounlsraeddmiudiumadndyanemn
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Yoya 1A Taorunfluntuqunisusn n3e 19nsi¥eusieiuy IERE488
1 4
o o “ .
dnsugunsaifimusoadudygaTaonisnnalumuanuiaa q Taudu
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RMN  fidadimsuadradoyaa Sawtooth LY Negative-going
ARB  didsdmiuathedyn il Arbitary
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CT™M dedmsu Cogtinuous mode
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uni 4
ar¥auhlsunsuaugy IEEE-488 yd Windows

Tuunilsznanfeiidimunlflunsnredugunyel GPIB H1UN1 Windows
TromaSouTulsunsauwiulsd
SinsAsrety GPB  TsomadouTsunsuriumniuladesl¥ DLL (Dynamic Link

Library) 8313208110 NI1488 Functions 1402 NI-488 Routines

DLL Direct Entry NI-488 FUntions and NI-488.2 Routines

nadouTsunsuniqy opB Mmmedulaadi s:lufludeyn cpmoLL dudl
Dynamic Link Library #aerusndoniéldnnnmmfemsTibunusin o i lend
3 lumsTusunsauwdulaadil 321 A Visual Basic 3.0 Faflunind ¥t mdumndon

TosunsuudiuTamd lasiane

#redranudavhlsuntuniugu IEEE-488 wy Windows 1adl¥ Visual Basic
Tuduiesondedumaion TsunsuuniuTaad Taol¥n1mn Visual Basic
‘Declaration
Declare Function DLLibfind Lib "gpib.dll" (ByVal udname$,ibsta% ,iberr%,ibentlsr) As Integer
Declare Sub DLLSendIFC Lib "gpib.dil” (ByVal board%,ibsta%,iberr%,ibcntl&)
Jee fimctions or subs in application
Boardud% = DLLibfind("GPTB0" ibstta%,iberr%, ibcntl&)
Call DLLSendIFC (0,ibsta%,iberr%,ibentls)

uAn31¢ 6P pLL Wukesideudh ufludeyniesdeseglulasanedd windows agim

Ett

swnrnliznmaves NI-488.2 Routines 16y NI-488 Functions dmfun1¥ Visual Basic

elumasiond 1.
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Trofeyniosdeedelulnruqy LMC 835 duifludapl s

DATA | (Band Selection)

D7 D6 | D5 | D4 | D3 D2 D1 Do
(Ch A: Band 1~7, Ch B: Band 8 ~ 14)
H- X L L L L L L
H X L L L L L H Ch A + 12 dB Range, Ch B + 12 dB Range, No Band Selection
H X L L L L H L Ch A + 12 dB Range, Ch B = 12 dB Range, Band 1
H X L L L L H H Ch A + 12 dB Range, Ch B = 12 dB Range, Band 2
H X L L L H L L Ch A *+ 12 dB Range, Ch B £ 12 dB Range, Band 3
H X L L L H L H Ch A £ 12 dB Range, Ch B * 12 dB Range, Band 4
H X L L L H H L Ch A = 12 dB Range, Ch B = 12 dB Range, Band 5
H X L L L H H H Ch A = 12 dB Range, Ch B £ 12 dB Range, Band 6
H X L L H L L L Ch A + 12 dB Range, Ch B * 12 dB Range, Band 7
H X L L H L L H Ch A + 12 dB Range, Ch B = 12 dB Range, Band 8
H y L L H | H L Ch A = 12 dB Range, Ch B £ 12 dB Range, Band 9
H X L L H L H H Ch A £ 12 dB Range, Ch B = 12 dB Rangse, Band 10
H X L L H H L L Ch A + 12 dB Range, Ch B = 12 dB Range, Band 11
H X L L H H L H Ch A = 12 dB Range, Ch B = 12 dB Range, Band 12
H X L L H H H L Ch A = 12 dB Range, Ch B = 12 dB Range, Band 13
H X L L H H H H Ch A = 12 dB Range, Ch B £ 12 dB Range, Band 14
Ch A + 12 dB Range, Ch B = 12 dB Range, No Band Selection
H X L H Valid 8inary Input
Ch A + 12 dB Range, Ch B * 6 dB Range, Band1~14
H X H L Valid Binary Input
Ch A = 6 dB Range, Ch B £ 12 dB Range, Band1~14
H X H H Valid Binary Input i
Ch A + 6 dB Range, Ch B + 6 dB Range, Band 1~ 14
T T T T <— BandCode —
0] @ () ©
© DATA1
® Don'tCare
® Ch A £6dB/x12 dB Range
® Ch B =6 dB/+12 dB Range
DATA ! (Gain Selection)
D7 D6 D5 D4 D3I D2 D1 DO
Flat L X L L L L | & L
( 1d3 Boost L H H L L L L L
2 dB Boost L H- L H L L L L
3 cB Boost L H L L H L L L
4 dB Boost L H L L L H L L
This is the gain if the £12 dB range is 5 dB Boost L H L L L L H L
selected by DATA I If the =6 dB 6 dB Bocest L H L H L L H L
range is selected, then the values < 743 Boost L H H L H L H L
shown must be approximately halved. 8 43 Boost L H L H L H H L
See the characteristics curves for 9 d3 Boost L H L L L L L H
rQre ‘SEast At & 10 ¢3 Boost L|H|H L W L L H
11 dB Boost L |- H H L H H L H
12 d8 Boost L H H L H H H H
\ 1d8~12¢8Cut | L L Valid Above Input
T T «— GainCode —>
® ®

® DATA Il
® Boost/Cut .
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TABLE 1 . CENTER FREGQUENCY OF BAND

BAKD
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CENTER FREGUENCY

BAND
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oo Hz
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S P
72 H
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16

Bail 2
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20 2.6 Kz
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| o e N NN ek
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N\ Fywmd\lie & 0.3 kit
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FITHN 5.1 Center Frequency of Band




cL i RO B.AJ\*D] Fo | co | cL | RL | RO

1] i 1
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T8se | soiK | 578 | 18 | ®30He | 0.018u |0.004T <

Todse | 4B2% 1 2 SRR | o015 N5

Olu wl.B KHz, 0.0lu | 0.0083u

P ks [000e2s Ga0aDu,

0,086 25 Kis | 0.0936u | 06316 |

0.047% 8.3 KHz | 0.00472 | 0.00154
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W% 62 wrunimiunisniea i durn o

Table 1

Symbdal Kame Address
*RC Accuualy O=0H
*E E Regster o0~
PSW PiogeT Statx Word ODOH
& Siz> Porver E1H

=R Detz Porier 2 Bytes
Del Low Byte E2H
oo Hh Epte 83H
°P0 Pon 0 BOH
1 Fort S0H
P2 Fon2 OO+
3 For 3 . 030+
F Fier sy Pnory Control 0O38H
3 h'er gy Enabe Control O4RH
T™D0 Teme Corde Mode Control E89H
“TCON Temes ourier Control E8H
*=T12CON Tre ICouer 2 Control 0C8H
TH) TrmeCorter C Hch Byte &CH
o TrreCorte: D Low Byte EAH
TH1 Trme ICourter 1 High Syte EDH
T Trne 7Counter 1 Low Byte 88+
-7 Tme Corxe 1 Hg' Byte 0COH
-T2 TrresCourner 2 Low Byte [iloe]]
~RZAT2H 1/C 2 Cazture Reg High Byte o084
-RZAPZL 1/C Caxtre Reg Low Byte 0CAH
°SCON Se-2' Control SBH
SBF Se-2’ Datz Bffer 99H
PCON Powe Contral 87H
“0CON (1) 10 Contral F&H

= 62CE2 2 B3C154 only ° N adyessebe
1) E32154 only N

zﬂ#ﬁssi;ocmmmwonkegim(sm)
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=
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S1

Port0  191un13871 Address 32010 Port 2 Aumieanusiniousn s

Portil

1. EEPROM 2864 111un1i20n 21613 Svu9 8 Kbytes ( EEPROM Hhumiizony
$nlyzunnnils udmusetimsaunTeduu1ddanlssq I Taollowynsld
awlszanw 10,000 afy /Byte ) Wun1s ¥ EEPROM feziniseendly 2 dau
fis
- 4 Kbytes 130 1§un31fy Program frddaves 8031 ( uaras 1 lugw Program

N1YT Assembly
- 4 Kbytes #is 111y Memory TummitudoyanmsSmisnndealsuusaudosd
RUA 9 voIANE band Samwisaii 1At 99 memory

2. 8255 (v 1C 414 Tumyusw Port 198114 Port 1RUTY 2 Ports WU Port A |
Port B , Port C Tauin13814 Port #1013 danhifinisyhaiuves Port #1a 98
eF1u8nAT it

MM 19IUY03 Port 0 AB ABUNTNIEMINIAG Address 32U Port 2 1 Address 7l

813 ezgn tateh Vi 1C wef 7410374 Farilu 8 bit atch Fredayn e inv ALE

nE19nT Y Port 0 9101331 Data 3 Program 9104 A NS InwUsndu

13813 Address ¥09 EEPROM 4 Kbytes 130 Satiurau Tabunvy srgneudn

A10dy g 1w¥1 PSEN 691 4 Kbytes 181 Suiludau Memory #30 Dat QNBIU

unziou Koy ra9INv1 RD 10 WR 64 8031

scimfiititanun 4 wihil dalimnhowiwy i PRGN

- Bit 7 1¥dwiudadygor srobe WU LMC 835 S3ufU Serial Port (Mlumsea
data 1102 clock )

- Bit 6 19 lumuifien Lmc 835 Taoduilu Low sehmmifien LMc 835 #aft 1 ¢
Band 1 - 14 ) unsfuiu High s2v1n151fen LMC 835 #27 2 ( Band 15 -28 )
ﬁﬁﬁ'a:'lﬂuﬁmmawamﬂé’a“; Band ( Decoder Display ) 33U Port C ¥4
8255 A |

- Bit 2 Wlumadmusii M SafimBen i lums scan Key iflofy Input N1INA
key A1 9 nie 19 lunmdeudsfus s udivn ( Handshake ) Y89 IEEE - 488

Bus Isustiimynariis uswasidonss 1y



52

Port2 12390 Port 0 Tuntshausamsaiumieanudinwusn Taoss 1907 4 Tums
AMuATII s U S ee 2864 ThmsandedaunsAerde fuTusunTy Hie
Shifinameér fai Wnenuuda wieerumad 1l

0000 H - OFFF H uuearsavesTusunsy

( §mMIRARBIVY Bxternal ROM )
1000 H - 1IFFF H Whanerrsavesduiinanué

( TN IRRABIVY Bxternal RAM )
0000 H - 0003 H (HunsAIRTEINGY 8255

¢ 1n13RRABILY Bxternal RAM )

Fori A (8255 )
4 -( - ' & [ g 4 P @
noIAtlesrINIFRFENY Seven Segment 2 ¥an thoidunuaamafiudxay 1€

un
. L) e
1. UAARUIBRIATTVON Device Yuszvu GriB éifﬂﬂﬁﬁﬁ#ﬁ?&lﬁﬁlﬁﬁﬂu1‘1&1:1‘1

4
mstainies
0 > o .
2. UAFIAIISAY Level ¥69 Band RMINTIABN Seven Segment Hesthimauasen
[ J
Ro3 2 ndnmniu Ae 0- 12 db #Iu Sign bit $:QnuARITY Port C
. e o > >
3, uaasaniuAna nudimhmstunne ( gaga 99 TuRnanu )
o a UK - @ 1o ® <} 4 o
nrssziienld  Seven Segment umIAMIRUMTUBYTUIWANTY 1rT8rAq

. o >
#i191uedh mode 013 Troh Port A szllnmmanssfegii 6

coas ooe] B

.|
|

ph‘rf 6.5 IC Segment Drive ( Part A )
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Port B (8255 )

¥ lunrssudeyndmiuntsfndefy GPIB ( IEEE - 488 ) Tnufiafl 0 1 6 sz
nsfudeyanint sl 0 B 6 mieuiu daubait 7 sshinsSudyga ATN (il
fygraiifuenioyaiegluimiy command #ie data ) wofativsdsahimanedy 1c

Buffer €111 GPIB Bus tu0d DS 75160 ( #8111/ Open Collector )

Port C (8255 )

uvinmsiiauesniu 2 dauldun

1. O, 0 14 D 3 dluduugamasuiy Or 6 ¥84 Port 1 Timmiien Band Iny
(0-14) %99 1C L1+7 835 ABITMIEY Decoder if27IMISUIANARIY LED Displiy Taofl -
T 6 484 Poct 1 sxinmdeninilu LMC 835 #3711 wio faf 2 Taossoumsoueauiiy

o o J
rrr 18R mInd 6.1 uasilnerfepli 66

b TABLE 2 : BAND DISPLAY
l[ —t Y= ' | : 3
b PORT | Wx | BARD PORT X | BARD
.‘i.ﬁ : c.3 c.2 ‘i C#l " Cc.0 ;&—EOD[ DISPLAY 1.6 C.3 c.2 “ c.1 c.0 _CODE DISPLAY
0 ) o U _J‘ O | 0 |NOUSE| 1 0 9_4 o 0 o | NOusE
o 1 o W\ o ICH Wy 1 NS AT X 1 15
i 0 o IN\N &5 | c—wl;' G 2)) ™ 1 o | o l K o 2 | 18
mr P I\ ) J L VA e S o s YA | s | 7]
S P ﬂ' o ";"7"';'"j —E-_ :r Ry & 4 8
BV I I Y J_“'f 5 | 1 sl | ! 5 10
RN R RS N R ST =2 P N A
R I O B e = == === 0 VI L L A .
e 11 1o s!lo £ 8 1 1 o | o o] 8 | 20
o t R o 1 Te || ¢ | o 1 o 23
Bl AT Pl 199 W S M= N —
G i_ v _?_ 1',;--1 ¢ A 10 1 1 _o— i 1 o] __i-q . 24
PR o | 1t Lvjos oo R A L 1 B 25
0 1 1 -}_'o_ o | ¢ 12 1 HERERK c 26
0 1 v | o _-';MJ D 13 1 1 1| ¢ 1 D 27
1 1 {— 1 | o _-,‘ T | e 1 1| 1 o E | =8
1 1—? 'R F Trouse] 1 | 1 | 1 1 1 F | NO USE
i i |

d
ATINN 6.1



C4

(ON |
Ci1
Cz2
Cc3

o —

¢ 300 Ohme ;l
—"_ P
]
2 e —— —
AN\
= I
G St
o T 5 i
= Py — —
Go 8
q p—— I
s~ |
LD BV LN ~ |
:g 300 Ohms ;;
w1 D
15—
74HC154
R g 300 Ohms ;/
B 1T l-——-H——Ih
c XE——5
D 3 B T i
7l !
G s
N2 T OG .
L Gy e —— !
sha—— !
L] () — 1
11 )
:g 300 Ohms f;
] —
5

o
7UN 6.6 2385 Decod s (Port C)

SFXIFRBHBEISFERUJIEERY
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unti 7
13 Interface fiY GPIB

GPIB 9:#B4flm3y Handshake Tumsflssdaunssudoyadsitl@naauuds it 7.1
Whugueneszuums Handshake unzAmILNN®N 9 lunsaseasy Fafureende
Tunsy  ssdevhaulfldanudganiimmunnlumsareaey  mazdminms
vhauaesnunmittmueuds G s:feiuin Bror Suluszunia

Unfimshauveandesezeglu mode tocal n3e Wunmliuussdofle Pod 1 9
B My scan key minfu ileiimadadesin GPIB dygm ATN exvhldifians
Interupt U 8031 fariu 8031 sefimsdonTulsunsy Interupt e ed g Tlsunsy
Interupt 88013891 Port 1 TudhRTun1s Handshake 4N scan key 6026 Port B 904
8255 Tumsudoyaidun sntfu 803t 9213 Handshake My GPIB 1RodBamsmsIIn
GPIB ABamIAnAnfy Device aln fmnm1 Address Timssfuveundeslfuudaios
8031 NezrhimyeenenTusunsy Interupt ieu 1311 mode local #8 1) urd N GPIB
KoansAndeduniesliundudes mieafexd g mode remote oARFeiL GPB #ioly
nuARdedy GPIB 9:ilmIMnus Da mumsifl 7.1 [ Daw ASCH ] m3seensin
Tolsunyy Interupt aunzonszlf 2 38 s

1. 1914 Goto Local

2. NALjY Local fifundes

#7Uv83 Hardware fIM5UMI Interface d8g 2 faudwiufis Port 1 18T Port B

v o
ves 8255 Auaalugeessau (i 6.4)
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! Secondary addre 5

NOTE:

Each device on the GPIB can change its own particular logic level at a different time the bus
logic level, however, changes in accordance with the festest responding devici,

tmes and @ , of the slowest responding device, imes

a.nd @

|
|

: Firstdata by e T

o
717 7.1 Handshske Timing Disgram
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-
| TARLE 3 : ASCIH - ICCE 288 BLIS WMESSACLES ( BAND AND LEVEL ) HEX CODES

ascir ouixoconr | misgRgl | Ascinh s cah T (RS At }r.r.(n “fx cove | s Ascn | nrx cont ‘ PAESSACT
S a0 HOUSE | P HD LSt y 60 LAY it 7O fONO S
bor ' e C fnayTT o = Q)2 )Y Ash Y\ ek 419 1 ¢ 71, -108B
Com sz gk v Py CBAKD 16 S b Y o BT ' P
e 43 BALD 3 =P Gz T-© coaD « 3au . 73 1 -308

; o KX § LUy , 84 paRp 18 b Doy ©oaap 1 7a i -aos
[T a5 | BaED b UL /| Phfienh S B/ ALl @ T A 75 | -sas
| F . a6 | BANDE MO TR N (T Lo/e8525201mae~"t~ vl 76 | -6ab_
{ 6 1 a7 | BANDT ooy Al Vo ess NE\Ved sonoon b TR AL | 2R L

i W48 | LAR S (= S © )] BARNREh Joesposaen L ox 76 -Gde
I R I ) R -, L 1 MO P A T yfJ e 1 -sas
Loy 4. 4A Ul BakD 10 74 |Iwny S ) QEEHEEIRERERER) | TAA | A0 =P R TA | -1008
; R 48 ,_4_55’“_’ 1IN e W HBRE 2 Co\ | /3608 A~ ¢) . 7B ; -31dB
[ L . _4C | BARD 1?2 Il SC WQBANU 2§ | (Vod Ol 1708 o} J§i  7C i -12dB
P om  av | BAKDAS )™ 80 SReAke Bl (At SOVGRT RO USE] Y . 7D 1! . WO USE
L aF BV ET () B0 RAKD2E | N el Y RODSE | - 0 7E  WOUSE
Vo 0 Tar D Twawst 57 KO USE o | of L nousl DEL | 7F i KWOoUSE

o «
B3N 7.1 ASCU - IEEE 488 Bus Messages ( Band and Level ) Hex Codes.
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un

a J
HNANIINAANY , ﬁgﬂﬂafﬂi‘ﬂﬂa@)ﬁ Hag 303U

NaNINAADY
Y o n " . Y
mnmInaasd ldinsnaaedli1ysinsy Automatic Equalizer U4 Windows 19wa
Y
aase 1l
1. 151054 Automatic Equalizer N300 1UHIUNITAIUAY [EEE - 488 ( GPIB )
Y A o 4 y . v
1@ ueehed Tavauisodagunsal Function Generater 1185 Oscilloscope 1@
2. T1/sunsy Automatic Equalizer MUIMHMIAINITADUAUDINNNDUDIANINILIA
doud 9 18 ( Frequency Response ) Wening Scanning
(] Vv
3. MsudanammsneuaueInmanaas lan lugliuudiavsssuan uaz Tugl
uuyveens
4. TUsunsy Automatic Equalizer @1913011A1015 U5 UUAIMRNNZ AUUA N INLIA
Y 1 a’j Y E% 3
douraniu1d tazuaaINauNNTNg Setting
[~ v =R @ 1 1 o 9 A 9 o Y a;
s. ensonuliunanumsUiuasas luntionnuild elvansniifoyai
1 @ 1 9 Blay Vs
o sliuuaadl i lddn laon
a o Y 1 4 a
6. annsaiuivoyanavesns ¥ sunsuiiknunseoafiuila
7. Tilsunsu Automatic Equalizer FMN5OAINT INTO Automatic Equalizer 1y
1 = [ 1 9 [ 1 d'
98198 Tasamsndiuuas Idmuamumsdiviasimang e
8. 1A504 Automatic Equalizer suninilfiidanldifiuednd Tavannsaifuuss

iwoaldandea

LY
4 N i o a ' Y o Y v 3 9 Y
9. 1n394 Automatic Equalizer #a15miaiumiayaia « 18 ouldun msinudoyal’
TumiaganuiimelunseuiioiinduinGen1dwiludnyuzvesguuilfnidunlsz s

1 b4 EY
Hae MIUTANNTANN 9 Vlﬂ‘Qﬂﬂ?N
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START

CHOICE

ABOUT

SCAN

SET

GPIB

HELP

EXIT

END




START
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SET INITIAL

CONDITION
0 CASE
CLEAR GPIB
BUS AND
DEVICE ERROR
END
SET INITIAL
FREQUENCY
RESPONSE
GET DATA
FROM
SCANNING OR
FILE
////;;SE
DISPLAY ScﬁﬁﬂfNG
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RESPONSE
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START

SET INITIAL
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CASE
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BUS AND
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ERROR
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SETTING
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EQUALIZER

CASE

SCAN

END

v

SAVE DATA
TO FILE

PRINT DATA
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BUS AND
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RECEIVE
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SEND
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DEVICE
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Appendix A DLL Direct Entry Functions and Routines

Note:  All of the routines listed in Table A-1 are of type
void _far _pascal.

Table A-1. Direct Entry NI-488.2 Style Routines

Routine
Syntax
(ordinal entry value) }
AllSpoll DLLAl11Spoll (short board,
(100) short addresslist[],
short resultlist [], sbhont*ibsta,

short *iberr, unsigned long *ibcnt 1)

DevClear DLLDevClear (short board,

(101) short address, short *ibsta,
short “jHerr—unsigneédlong *ibcntl).

DevClearList DLLDevClearList (short board,
short addresslist|], short®*ibsta,

(102)

short *iberr, unsignedlong *ibcnt])
EnablelLocal DLLEnableLocal (short board,
(103) short addresslist [], short*ibsta,

short *iberr, unsignedlong *ibcnt1)

EnableRemote DLLEnableRemote (short board,
short addresslist {], short*ibsta,

(104)
sbort *iberr, unsignedlong *ibcnt])
FindLstn DLLFindLstn (short board,
(105) short addresslist[], =
j short resultlist [], short Yimir,
short *ibsta, short®*iberr,
unsigned long *ibcntl)
FindRQS DLLFindRQS (short board,
(106) short addresslist [], short *result,

short *ibsta, short*iberr,
unsigned long *ibcnt])

Generat eREQF DLLGenerateREQF (short board,
(53) | shortaddr, short*ibsta,
short *iberr, unsignedlong *ibcntl)

GenerateREQT | DLLGenerateREQT (short board,
(52) short addr, short*ibsta, short *iberr,

unsigned long *ibcntl)

(continues)

© National Instruments Corp. A-3 Using NI-488.2 with Windows



DLL Direct Entry Functions and Routines

Table A-1. Direct Entry NI-488.2 Style Routines (continued)

Routine
(ordinal entry value)

Syntax

DLLGotoMultAddr (shortboard,

GotoMultAddr
(129) unsigned short type,

unsigned short

(_far loadds *addrfunc) (),

unsigned short

(_far _loadds *spoll func) (),

short *ibsta, short*iberr,

unsigned long *ibcnt1)
PassControl DLLPassControl (short board,
{107) short address, short *ibsta,

short *iberr, unsignedlong *ibcntl)
PPoll DLLPPoll (short board, short®result,
(108) short *ibsta, short*iberr,

unsigned long *ibcnt1)
PPollConfig DLLPPollConfig (short board,
(109) short address, shortdataline,

short sense, short*ibsta, short *iberr,

unsigned long *ibcntl)
PPollUnconfig | DLLPPollUnconfig (shortboard,
(110) shortaddresslist [], sbort*ibsta,

short *iberr, unsignedlong *ibcntl)

~UyResnMao
R';,‘.":\csymag

(111)

nr D4 2D o o 7y M
L}LJL:\CV’:"(CS}H';SQ

{short board,
chardata [], long count,

short termination, short*ibsta,
short *iberr, unsignedlong *ibcntl)

ReadStatusByte
(112)

DLLReadStatusByte (shortboard,

short address, short *result,
short *ibsta, short*iberr,
unsigned long *ibcnt1)

Receive
(113)

DLLReceive (short board, shortaddress,

chardata [], unsignedlong count,
short termination, short*ibsta,
short *iberr, unsignedlong *ibcntl)

Using NI-488.2 with Windows A-4

(continues)
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Appendix A

DLL Direct Entry Functions and Routines

Table A-1. Direct Entry NI-488.2 Style Routines (continucd)

Routine
ntax

(ordinal entry value) S

ReceiveSetup DLLReceiveSetup (short board,

(114) short address, short*ibsta,
short *iberr, unsigned long *ibcntl)

ResetSys DLLResetSys (shortboard,

(115) short addresslist[], sbort*ibsta,
short *iberr, unsignedlong *ibcntl)

Send DLLSend (short board, short address,

(116) char data[], long count, short eotmode,
short *ibsta, short®*iberr,
unsigned long *ibcntl)

SendCmds DLLSendCmds (short board,

(147) char commands [ ], unsignedlong count,
short eotmode, short *ibsta,
sbort *iberr, unsigned long *ibcntl)

SendDataBytes | DLLSendDataBytes (shortboard,

(118) char data [], long count, shorteotmode,
short *ibsta, sbort*iberr,
unsigned long *ibcntl)

SendIFC DLLSendIFC (short board, short*ibsta,

(119) short *iberr, unsignedlong *ibcntl)

SendList DLLSendList (short board,

(120) short addresslist [}, chardatal],
long count, shorteotmode, short *ibsta,
short *iberr, unsignedlong *ibcntl)

SendLLO DLLSendLLO (short board, short®*ibsta,

(121) short *iberr, unsignedlong *ibcntl)

SendSetup DLLSendSetup (short board,

(122) sbort addresslist[], short*ibsta,
short *iberr, unsignedlong *ibcntl)

SetRWLS DLLSetRWLS (short board,

(123) short addresslist[], short*ibsta,
short *iberr, unsignedlong *ibcntl)

© National Instruments Corp.

(continues)
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DLL Direct Entry Functions and Routines

Table A-1. Direct Entry NI-488.2 Style Routines (continued)

Routine
(ordInal entry value)

Syntax

TestSRQ
(124)

DLLTestSRQ (short board, short ®*result,
short ®*ibsta, short®*iberr,
unsigned long *ibcntl)

TestSys
(125)

DLLTestSys (shortboard,
short addresslist [],
short resultlist [ ], short®*ibsta,
short *iberr, unsignedlong *ibcntl)

Trigger
(126)

DLLTrigger (short board, shortaddress,
short ‘ibs_ta , short *iberr, =
unsigned long *ibcntl)

TriggerList
(127)

DLLTriggerList (short board,
short addresslist [], sbhort®*ibsta,
short *iberr, unsignedlong *ibcntl)

WaitSRQ
(128)

DLLWaitSRQ (shortboard, short*®*result,
short *ibsta, short*iberr,
unsigned long *ibcnt1)

Using NI-488.2 with Windows A-6 © National Instruments Corp.
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Appendix A

DLL Direct Entry Functions and Routines

Note: All of the functions listed in Table A-2 are of (ypc
short _far _pascal.

’ Table A-2. Dircct Entry NI-488 Style Functions

Functions
(ordinal entry value)

Syntax

ibbna
(10)

DLLibbna (shortud, char bname]],
short *ibsta, short*iberr, :
unsigned long *ibcntl)

ibcac
(11)

DLLibcac (shortud, shortv, short*ibsta,
short *iberr, unsignedlong *ibcntl)

iuClI‘
(12)

DLLibclr (shoriud, shori®*ibsta,
short *iberr, unsignedlong *ibcntl)

ibemd
(13)

DLLibcmd (short ud, charemd|],
long cnt, short*ibsta, short *iberr,

unsigned long *ibent1)

ibcmda
(14)

DLLibcmda (shortud, charcmd][],
long cnt, short®*ibsta, shont *iberr,

unsigned long *ibcntl)

ibconfig
(15)

DLLibconfig (shortud,
unsigned short option, unsigned short cnt,
short *ibsta, short*iberr,
unsigned long *ibcntl)

1bdev
(16)

DLLibdev (shortboardindex, shortpad,
short sad, short tmo, short eot,
short eos, sbort *ibsta, short*iberr,

unsigned long *ibcntl)

1bdma
(18)

DLLibdma (shortud, shortv, short*ibsta,
short *iberr, unsignedlong *ibcnt])

ibeos
(19)

DLLibeos (shortud, shortv, short*ibsta,
short *iberr, unsignedlong *ibcntl)

ibeot
(20)

DLLibeot (shortud, shortv, short*ibsta,
short *iberr, unsignedlong *ibcnt])

© National Instruments Corp.
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DLL Direct Entry Functions and Routines Appendix A

Table A-2. Direct Entry NI-488 Style Functions (continued)

Functions Syntax

(ordinal entry value)
ibevent DLLibevent (shortud, shortevent,
{213 short *ibsta, short®*iberr,

unsigned long *ibcntl)
ibfind DLLibfind (charudname[], sbort*ibsta,
(22) short *iberr, unsignedlong *ibcntl)
ibgts DLLibgts (shertud, shortv, short *ibsta,
(23) short *iberr, unsignedlong *ibcntl)
ibist DLLibist (shortud, shortv, short *ibsta,
(24) short *iberr, unsignedlong *ibcntl)
iblines DLLiblines (shortud, short®*clines,
(25) short *ibsta, short®*iberr,

unsigned long *ibcntl)
ibln DLLibln (shortud, shortpad, shortsad,
(26) short *1isten, short *ibsta,

short *iberr, unsignedlong ®*ibcntl)
iblo¢ DLLibloc (shortud, short®*ibsta,
(27) short *iberr, unsignedlong *ibcntl)
iborl DLLibonl (shortud, shortv, short*ibsta,
(28) short *iberr, unsignedlong *ibcntl)
ibpad DLLibpad (shortud, shortv, short®*ibsta,
(29) short *iberr, unsignedlong *ibcntl)
ibpct DLLibpct (shortud, short*ibsta,
(30) short *iberr, unsignedlong *ibcntl)
ibppc DLLibppc (shortud, shortv, short*ibsta,
(32) short *iberr, unsignedlong *ibcntl)
ibrd DLLibrd ({shortud, shortrd[],
(33) unsigned long cnt, short *ibsta,

short *iberr, unsignedlong *ibcntl)

(continues)
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Appendix A

DLL Direct Entry Functions and Routines

Table A-2. Direct Entry NI-488 Style Functions (continued)

Functions
(ordinal entry value)

Syntax

ibrda
(34)

DLLibrda (shortud, charrd|],
unsigned long cnt, short *ibsta,
short *iberr, unsignedlong *ibcntl)

ibrdf
(35)

DLLibrdf (shortud, char flname]|],
short *ibsta, short*iberr,
unsigned long *ibcntl)

ibrdkeyt
(36)

DLLibrdkey (shortud, cbarrd(],
unsigned short cnt, short *ibsta,
short *iberr, unsignedlong *ibcnt1)

ibrpp
(37)

DLLibrpp (shetud, char *ppr,
short *ibsta, sbort*iberr,
unsigned long *ibcntl)

ibydc
(38)

DLLibrsc (shortud, shortv, sbort*ibsta,
short *iberr, unsigned long *ibcntl)

ibrsp
(39)

DLLibrsp (shortud, char *spr,
short *ibsta, shbort*iberr,
unsigned long *ibcntl)

ibrsv
(40)

DLLibrsv (shortud, shortv, short*ibsta,
short *iberr, unsigned long *ibcntl)

ibsad
(41)

DLLibsad (shortud, shortv, short*ibsta,
short *iberr, unsigred long ®*ibcntl)

1bsic
(42)

DLLibsic (shortud, short*ibsta,
short*iberr, unsignedlong *ibcntl)

ibsre
(43)

DLLibsre (shortud, shortv, short*ibsta,
short *iberr, unsignedlong *ibcntl)

ibstop
(44)

DLLibstop (shortud, short®*ibsta,
short *iberr, unsignedlong *ibcntl)

ibtmo
(45)

DLLibtmo (shortud, shortv, short*ibsta,
short *iberr, unsignedlong *ibcntl)

© Nartional Instruments Corp. A-9 Using NI-488.2 with Windows
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DLL Direct Entry Functions and Routines Appendix A

Table A-2. Direct Entry NI-488 Style Functions (continued)

Functions Syntax
(ordinal entry value)
ibtrg DLLibtrg (shortud, short*ibsta,
(46) short *iberr, unsignedlong *ibcntl)
ibwait DLLibwait (shortud, shortmask,
(47) short *ibsta, short*iberr,
unsigned long *ibcntl)
ibwrt DLLibwrt (shortud, charwrt [],
(48) unsigned long cnt, short *ibsta,
short *iberr, unsignedlong *ibcntl)
ibwrta DLLibwrta (shortud, charwrt{j,
(49) unsigned long cnz, short *ibsta,
short *iberr, unsignedlong *ibcntl)
1bwrtf DLLibwrtf (shertud, char flname([],
(50) short *ibsta, short*iberr,
unsigned long *itcntl)
ibwrtkeyt DLLibwrtkey (shortud, charwrt|[],
(51) unsigned shortcnt, short *ibsta,

short *iberr, unsignedlong *ibcntl)

t ibrdkey and ibwrtkey are OEM functions. Refer to the
NI-488 Hardware Key Functions Reference Guide for a detailed
description of these functions.
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¥ I1f vyou are using the Microsoft C compiler version 5.1 or. later,
* the following two constants should be defined.
»/
#define MSC_FAR
¢define MSC_CDECL
/*
*
* If you are using the Microsoft C compiler version 5.0
* the following two constants should be defined.
¥
* NOTE: If you are going to use the function GotoMultAddr()
* vou MUST specify the "/Au" command-line option. The’
* Microsoft C compiler version 5.0 does not support the
* " loadds" keyword. The "/Au" option directs the compiler
* to set the Data Segment correctly for ALL functions in
* vour program. The data segment MUST be set by the compiler
* or you will .not be able to access you program’s global
* variables from within the GotoMultAddr() call-back functions.
*
# #define MSC_FAR far
¥ #define MSC_CDECL cdecl
*

$ifdef __ _cplusplus

extern "C" {

fendif '

/* C Declarations */

/ * X /]

iz 1

/% Status variables declared public by mcib.obj. [ %/

extern short ibsta; /% status word %/
extern short iberr; /% GPIB error code ¥/
extern unsigned short ibent; /% number of bytes sent %/
extern unsigned long ibecntl; /¥ (same) number of bytes sent %/
tifdef _ cplusplus

)

gendif

/¥ GPIB Commands e ¥/
#define UNL 0x3f /#* GPIB unlisten command * /
#define UNT 0x5{ /% GPIB wuntalk command x/
tdefine GTL 0x01 /% GPIB go to local */
#tdefine SDC 0x04 /% GPIB selected device clear %/
#define PPC 0x05 /4 GPIB parallel poll configure %/
#define GET 0x08 /% GPIB group execuie lrigger %/
#define TCT 0x09 /* GPIB take control x/
#define LLO Ox11 /% GPIB local lock out */
¢define DCL Ox14 /% GPIB device clear : */
#define PPU O0x15 /% GPIB parallel poll unconfigure */
trdefine SPE O0x18 /* GPIB serial poll enable %/
idefine SPD O0x19 /% GPIB serial poll disable %/
+define PPE 0x60 /% GPIB parallel poll enable %/
#define PPD  0Ox70 /* GPIB parallel poll disable */

/% GPIB status bit vector : %/

/% global variable ibsta and wait mask %/



#define ERR (1<<15) /* Error detected %/
¢#define TIMO (1<<14) /* Timeout x/
#define END (1<<13) /* EOl or EOS detected %/
#define SRQI (1<<12) /* SRQ detected by CIC %/
$#define RQS (1<<11) /* Device needs service %/
¢define SPOLL (1<<10) /* Board has been serially polled ¥/
#¢define EVENT (1<<9) /#* An event has occured =k
¢define CMPL (1<<8) /% 1/0 completed %/
¢define LOK (1<<7) /* Local lockout state */
$¢define REM (1<<6) /* Remote state */
#define CIC (1<<5) /* Controller-in-Charge */
#define ATN (1<<4) /% Attention asserted */
#define TACS (1<<3) /+% Talker active */
#define LACS (1<<2) /* Listener active */
#define DTAS (1<<1) /* Device trigger state %/
$#define DCAS (1<<0) /* Device clear state %/
/% Error messages returned in global variable iberr %/
#define EDVR 0 /% DOS error */
#define ECIC 1 /% Function requires GPIB board to be CIC */
#define ENOL 2 /% Write function detected no Listeners */
#define EADR 3 /#* Interface board not addressed correctly*/
¢define EARG 4 /% Invalid argument to functiion call ¥/
#¢define ESAC 5§ /% Function requires GPIB board to be SAC #*/
#define EABO 6 /% 1/0 operation aborted * /
¢#define ENEB 7 /% Non-existent interface board ¥/
#define EOIP 10 /% 1/0 operation started before previous */

/* operation completed */
#define ECAP 11 /# No capability for intended operation */
#define EFSO 12 /% File system operation €rror * /
#define EBUS 14 /% Command error during device call %/
#define ESTB 15 /% Serial poll status byte lost X/
#define ESRQ 16 /#* SRQ remains asserted ¥/
#define ETAB 20 /% The return buffer is full. ¥/
/% EOS mode bits */
t#¢define BIN (1i<<12) /* Eight bit compare */
#define XEOS (1<<11) /* Send END with EOS byte %/
#¢define REOS (1<<10) /* Terminate read on EOS */
/* Timeout values and meanings */
tdefine TNONE 0 /% Infinite timeout (disabled) * /
¢define T10us 1 /% Timecout of 10 us (ideal) %/
tdefine T30us 2 /* Timeout of 30 us (ideal) x /
#define T100us 3 /% Timeout of 100 us (ideal) %/
¢define T300us 4 /% Timeout of 300 us (ideal) %/
tdefine Tlms 5 /% Timeout of 1 ms (ideal) * /
#define T3ms 6 /% Timeout of 3 ms (ideal) %/
¢define T10ms 7 /% Timeout of 10 ms (ideal) %/
#deifine T30ms 8 /% Timeout of 30 ms {ideal) %/
#define TiOOms 9 /% Timeout of 100 ms {ideal) i
tdefine T300ms 10 /% Timeout of 300 ms (ideal) %/
¢define Tis 11 /% Timeout of 1 s (ideal) %/
#define T3s 12 /% Timeout of 3 s (ideal) %/
#define TI10s 13 /% Timeout of 10 s (ideal) X/
tdefine T30s 14 /% Timeout of 30 s (ideal) X/
sdefine T100s 15 /% Timeout of 100 s (ideal) %/
#define T300s 15 /% Timeout of 300 s (ideal) %/
tdefine T1000s 15 /% Timeout of 1000 s (ideal) x/
/* 1BLN Constants )



define NO_SAD

0

define ALL_SAD -1

" IBEVENT Constants

i 5%/

define EventDTAS 1 :

define EventDCAS 2

&

* GotoMultAddr flags

%/

:define MultAddrPrimary 0x00

:define MultAddrSecondary 0x01

:define MultAddrlisten 0x00

:define MultAddrTalk 0x01

:define MultAddrSerialPoll 0x81

/+ Miscellaneous £

rdefine S 0x08 /% parallel poll sense bit %/
:define LF 0x0A /% ASCI1 linefeed character ¥/
/% The following constants are used for the second parameter of the

* ibconfig function. They are-thes"option" selection codes.

+/
tdefine 1bcPAD 0x00071 /4 Primary Address ¥/
tdefine I1bcSAD 0x0002 /* Secondary Address x/
sdefine 1bcTMO 0x0003 /% Timeout Value o/
tdefine 1DbcEOT 0x0004 /* Send EOI with last data byte? X/
tdefine 1bcPPC 0x0005 /* Parallel Poll Configure x/
“define IbcREADDR 0x0006 /* Repeat Addressing x/
#define 1bcAUTOPOLL 0x0007 /% Disable Auto Serial Polling ¥/
tdefine 1bcCICPROT 0x0008 /* Use the CIC Protocol? ¥/
#define IbcIRQ 0x0009 /% Use PIO for 1/0 %/
#define IbcSC 0xQ00A /¥ Board 'is System Controller? %/
#define IDbcSRE 0x000B /* Assert SRE on device calls? %/
#define IbcEOSrd 0x000C /% Terminate rteads on EOS x/
#tdefine 1bcEOSwrt 0x000D /% Send EOI with EOS character %/
tdefine IbcEOScmp Ox000F /% Use 7 or-8-bhit EOS compare *if
#define IbcEOSchar 0x000F /* The EOS character. x/
#define 1bcPP2 0x0010 /* Use Parallel Poll Mode 2. x/
#define IbcTIMING 0x0011 /* NORMAL, HIGH, or VERY_HIGH timming. */
tdefine IbcDMA 0x0012 /*-Use DMA for 1/0 %/
#define IbcReadAdjust 0x0013 /* Swap bytes during an ibrd. %/
¢#define IbcWriteAdjust 0x014 /* Swap bytes during an ibwrt. %/
#define IbcEventQueue 0x0015 /* Enable/disable the event gqueue.
#define 1IbcSPollBit 0x0016 /* Enable/disable the visibility of SPOLL.
#define IbcSendLLO 0x0017 /% Enable/disable the sending of LLO.
#define 1IbcSPollTime 0x0018 /* Set the timeout value for serial polls.
#define IbcPPoliTime 0x0019 /* Set the parallel poli length period.
#define IbcNoEndBitOntOS Ox001A /* Remove EOS from END bit of IBSTA.
/* These are the values are used by the Send 488.2 command. * /
¢tdefine NULLend (unsigned short)0x00 /% Do nothing at the end of a transfer.
#define NLend (unsigned short)0x01 /#* Send NL with EOI after a transier.
tdefine DABend (unsigned short)Ox02 /% Send EOI with the last DAB.

/* This value is used by the 488.2 Receive command.

7

#define  STOPend (unsigned short)0x0100



This macro can be used to-easily create-an-entry in add;éss list

¥

# that is required by many of the 488.2 functions. An address’list=is

% just an array of unsigned integers. The primary addressigoes in the

¥ Jower 8-bits and the secondary address goes in the upper 8-bits.

*/ =
¢define MakeAddr(pad, sad) ((unsigned short)(((unsigned char)(pad)) | (((unsi
gned char)(sad))<<8))) Sed eha s '

/¥
* The following two macros are used to "break apart" an address list!
* entry. They take an unsigned integer and return either the primary
* or secondary address stored in the integer.
*/
¢define GetPAD(val) ((unsigned char)(val))
tdefine GetSAD(val) ((unsigned char)((val) >> 8))
/¥
* The following values are used by the iblines function. The unsigned
# integer returned by iblines contains:
* The lower byte will contain a "monitor" bit mask. If a bit is
* set (1) in this mask, then the corresponding line can be
* monitiored by the-driver. If the bit is clear (0),
¥ then the line cannot be monitored.
* The upper byte will contain the status of the bus lines.
i Each bit corresponds to a certain bus line., and has
* a correcponding "monitor" bit in the lower byte.
P
*/
¢#define ValidEOI (unsigned short)0x0080
¢#define ValidATN (unsigned short)0x0040
#define ValidSRQ (unsigned short)0x0020
$#define ValidREN (unsigned short)0x0010
#define ValidIFC (unsigned short)0x0008
#define ValidNRFD (unsigned short)0x0004
#define ValidNDAC (unsigned short)0x0002
#define ValidDAV (unsigned short)0x0001
#define BusEO! (unsigned short)0x8000
$#define BusATN {unsigned short)0x4000
#define BusSRQ (unsigned short)0x2000
#define BusREN (unsigned short)0x1000
#define BuslFC (unsigned short)0x0800
#define BusNRFD. (unsigned short)0x0400
#define BusNDAC (unsigned short)0x0200
#define BusDAV (unsigned short)0x0100
/%
¥ This value is used to terminate an address list. It should be
* assigned to the last entry.
* /
#define NOADDR OxFFFF
#ifdef _ _cplusplus
extern "C" {
tendif
extern short MSC FAR MSC._CDECL ibbna(short handle, char MSC_FAR *bdname};
extern short MSC_FAR MSC_CDECL ibcac(short handle, short v):
extern short MSC FAR MSC_CDECL ibclr(short handle);
extern short MSC_FAR MSC_CDECL ibcmd(short handle, char MSC_FAR sbuffer, unsigne
d long cnt);



extern short MSC_FAR MSC_CDECL ibcmda(short handle, char MSC_FAR #buffer, unsign

ed long cnt);
extern short MSC_FAR MSC_CDECL

igned short value);

extern short MSC_FAR MSC_CDECL
short eosval);

short tmoval,
extern short
extern short
extern short
extern short
ntds

extern
extern
extern
extern
es);

extern

short
short
short
short

short

short
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR

MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR

MSC_FAR

eotval,
MSC_CDECL
MSC_CDECL
MSC_CDECL
MSC_CDECL

MS€_CDECL
MSC_CDECL
MSC_CDECL
MSC_CDECL

MSC_CDECL

ort MSC_FAR #listenflag);

short
short
short
short

extern
extern
extern
extern
extern short
extern short
long cnt):
extern short
d long cnt);
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
extern short
cextern short
d.long cnt);
extern short
ed long cnt):
extern short

extern short
ned short val
extern short

ed long cnt);
extern short
ed long cnt);

extern short

MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR

MSC_FAR

MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC. FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR
MSC_FAR

MSC_FAR
MSC_FAR
MSC_FAR
ue);

MSC_FAR

MSC_FAR

MSC_FAR

gned short cnt);

extern short

MSC_FAR

ned short cnt);

extern void MSC_FAR

d long cnt);

extern woid MSC.FAR

ten);
extern
unsigned

void MSC_FAR
long cnt,

extern void MSC_FAR

MSC_CDECL
MSC_CDECL
MSC_CDECL
MSC_CDECL
MSC_CDECL
MSC_CDECL

MSC_CDECL

MSC_ CDECL
MSC_CDECL
MSC. GDECL
MSC. CDECL
MSC_CDECL
MSC CDECL
MSC_CDECL
MSC. CDECI.
MSC_CDECL
MSC_CDECL
MSC_CDECL
MSC_CDECL
MSC CDECL
MSC_CDECL
MSE _-CDECL

MSCLCDECL
MSC_CDECL
MSC _CDECL
MSC_CDECL

MSC_CDECL

MSC_CDECL

MSC_CDECL

ibconfig(short handle, unsigned short 6ption, uns
ibdev(short boardlID, short pad?éi;.éﬁbfl sadval,

ibdma(short handle,
ibeos{(short handle, short v);
ibeot (short handle, short v);
ibevent (short handle, unsigned short MSC_FAR *eve

short v);

ibfind(char MSC_FAR *bdname) ;

ibgts(short handle, short v);

ibist(short handle, short v); g

iblines(short handle, unsigned short MSC_FAR *1lin
ibln(short handle, short padval, short sadval, sh
handle);
handle,
handle,

ibloc(short
ibonl(short
ibpad(short
ibpct(short handle);
ibppc(short handle,
ibrd(short handle,

short v);
short v);

short v);

char MSC_FAR ¥buffer, unsigned

ibrda(short handle, char MSC_FAR #buffer. unsigne
ibrdf (short handle, char MSC_FAR *{lname);
ibrpp(short handle, char MSC_FAR *ppr):
ibrse(short handle, short v):

ibrsp(short handle, char MSC_FAR *spr);

ibrsv(short handle, short v);
ibsad(short handle, short v);
ibsic(short handle);

ibsre{short handle, short v);
ibstg(void (MSC_FAR *func)(void));
ibstop(short handle):

ibtmo(short handle, short v);:
ibtrap(short mask, short mode);
ibtrg(short handle);
ibwait(short handle,
ibwrt(short handle,

unsigned short mask);
char MSC FAR *buffer, unsigne

ibwrtatshort handle. char MSC_FAR #*buffer, unsigr

ibwrtf(short handle, char MSC_FAR #flname);

ibpoke(short handle, unsigned short option, unsig

ibdiag(short handle, char MSC_FAR tbuffer, unsigr

ibxtrc(short handle, char MSC_FAR *buffer, unsigr

ibwrtkey({short handle, char MSC_FAR #*buffer, uns:

ibrdkey(short handle, char MSC_FAR *buffer, unsig

MSC_CDECL SendCmds(short boardID, char MSC_FAR #*buf, unsigne

MSC. CDECL SendSetup(short boardlD, unsigned int MSC_FAR *1lis

MSC. CDECL 'SendDataBytes(short boardID, char MSC FAR*buffer.

unsigned

int eot_mode);
MSC_CDECL Send(short boardID, unsigned int listener,

M

chart



_FAR #databuf, unsigned long datacnt, unsigned int eotMode);

xtern void MSC_FAR MSC_CDECL SendList(short boardID, unsigned int MSC_FAR *list
ners, char MSC_FAR *databuf, unsigned long datacnt, unsigned int eotMode) ;
xtern void MSC_FAR MSC_CDECL ReceiveSetup(short boardID, unsigned int talker);
xtern void MSC_FAR MSC_CDECL RcvRespMsg(short boardID, char MSC_FAR *buffer, un
igned long cnt, unsigned int eotMode) ;

vtern void MSC_FAR MSC_CDECL Receive(short boardID, unsigned int talker, char M
c. FAR *buffer, unsigned long cnt, unsigned int eotMode); :
xtern void MSC_FAR MSC_CDECL SendIFC(short boardID);

xtern void MSC_FAR MSC_CDECL DevClear(short boardID, unsigned int address);
xtern void MSC_FAR MSC_CDECL DevClearList(short boardID, unsigned int MSC_FAR
ddrlist); :

xtern void MSC_FAR MSC_CDECL EnableLocal(short boardiD, unsigned int MSC_FAR #]
ddrs);

xtern void MSC_FAR MSC_CDECL EnableRemote(short boardlD, unsigned int MSC_FAR #*
addrs);

xtern void MSC_FAR MSC_CDECL SetRWLS(short boardID, unsigned int MSC_FAR #*laddr
)it

xtern void MSC_FAR MSC. CDECL SendLLO(short boardlD);

xtern void MSC_FAR MSC_CDECL PassControl{short boardID, unsigned int talker):
xtern void MSC_FAR MSC_CDECL ReadStatusByte(short boardlD, unsigned int talker,
unsigned int MSC_FAR %result); i

xtern void MSC_FAR MSC_CDECL Trigger(short boardID, unsigned int laddrs);

xtern void MSC_FAR MSC_CDECL TriggerList(short beardlD, unsigned int MSC_FAR 31
ddrs):

xtern void MSC_FAKR MSC_CDECL ProllConfig(short boardID, umnsigned int Jladdr, uns
ened int dataline, unsigned int lineSense);

xtern void MSC_FAR MSC_CDECL PPollUnconfig(short beardID, unsigned int MSC_FaR
laddrs); .

xtern void MSC_FAR MSC_CDECL PPoll(short boardlD, unsigned int MSC_FAR #res_pti

xtern void MSC FAR MSC._ CDECL TestSRQ(short boardlD, int MSC_FAR *result);
xtern void MSC_FAR MSC_CDECL WaitSRQ(short boardID, int MSC_FAR *result);
xtern void MSC_FAR MSC CDECL ResetSys(short boardlD, unsigned int MSC_FAR *ladd
5);
xtern void MSC_FAR MSC_CDECL FindRQS(short boardiD, wunsigned int MSC_FAR *taddr
. unsigned int MSC_FAR #*dev_stat);
xtern void MSC_FAR MSC CDECL-AllSpell(short-boardID, unsigned int MSC_FAR #*tadd
s, unsigned int MSC_FAR *res);
xtern void MSC_FAR MSC_CDECL FindlLstn(short boardID, unsigned int MSC_FAR *pads
unsigned int MSC_FAR *results, unsigned int limit):
xtcrn void MSC_FAR MSC_CDECL TestSys{short. boardlP, unsigned int MSC_TAR #*addrs
unsigned int MSC_FAR *result):
xtern void MSC_FAR MSC CDECL GotoMultAddr(short handlie. unsigned int type,
: unsigned int (MSC_FAR #*addrfunc) (),
unsigned int (MSC_FAR *spol lfunc)()):
xtern void MSC_FAR MSC_CDECL GenerateREQT(short handle., unsigned int addr ):
vtern void MSC_FAR MSC_CDECL GenerateREQF(short handle, unsigned int addr):

ifdef _ cplusplus

endif
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National
Semiconductlor

L MC835 Digital Controlled Graphic Equalizer

General Description ] Features
The LMC835 is a monolithic, digitally-controlled graphic No volume controls required
equalizer CMOS LSI for Hi-Fi audio. The LMCB835 consists Three-wire interface
of a Logic section and a Signal Path section made of analog 14 bands, 25 steps each
switches and thin-film silicon-chromium resistor networks. =12 dB or =6 dB gain ranges
The LMCB835 is used with external resonator circuits to Low noise and distortion
make a sterec equalizer with seven bands, +12 d8 or 6 ; .

’ M
dB gain range and 25 steps each. Only three digital inputs L, CHMDS lagte sampatibie
are needed to control the equalization. The LMC8Z5 makes . .
it easy to build a pP-controlled equalizer. Apphcatlons
The signal path is designed for very low noise anc distor-
tion, resulting in very high performance, compatible with
PCM audio.

Hi-Fi equalizer
Receiver

Car stereo

Musical instrument
Tape equzlization
“Mixer )
Volume controller

Connection Diagram

Dual-In-Line Package
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Absolute Maximum Ratings

it Milltary/Aerospace specified devices are required,
jease contact the National Semiconductor Sales
office/Distributors for avallabliity and specilfications.

Operating Ratings

Supply Voltage, Vpp—Vss

Digital Ground (Pin 13)

Digital Input (Pins 14, 15, 16)

Supply Voltage, Vpp—Vss
Allowable Input Voltage (Note 1)

Storage Temperaturs, ngg
Lead Temperature (Soldering, 10 sec), TL

Electrical Characteristics (Note 2) vpp=7.5V, Vg = - 7.5V, AGND=0V

LOGIC SECTION

18V

Vgs—0.3V
to Vpp+0.3V
—-60°Cto +150°C

+260°C

5Vto 16V
VsstoVpp
Vssto Vpo

Analog Input (Pins 1, 2, 3, 4, 25, 26, 27)

(Note 1)

Operating Temperature, Topr

VsstoVpo
—40°C to +85°C

Tested Design Unit

symbol Parameter Test Conditions Typ Limit Limit (Limit)
(Note 3) | (Note4)
looL Supply Current Pins 14, 15, 16 are OV 0.01 0.5 0.5 mA (Max)
losL Pins 14,15, 16 are OV 0.01 0.5 0.5 A (Max)
IooH Pins 14, 15, 16 are 5V g 5 5 mA (Max)
IsSH Pins 14, 15, 16 are 5V 0.9 5 5 mA (Max)
ViH High-Level Input Voltage @Pins 14, 15, 16 1.8 2.3 2.5 V (Min)
i Low-Level Input Voltage @Pins 14, 15, 16 0.9 0.6 0.4 V (Max)
fo Clock Frequency @Pin 14 2000 500 500 kHz (Max)
WSE) Width of STB Input See Figure 1 0.25 1 1 s (Min)
tsotup Data Setup Time See Figure 1 0.25 1 1 ws (Min)
thold Data Hold Time See Figure 1 0.25 1 1 us (Min)
les Delay from Rising Edge of CLOCK | See Figure 1 0.25 1 1 ps (Min)
to STB

N Input Current @Pins 14, 15, 16 OV <V|Ny<5V | £0.01 £1 pA (Max)
CiN Input Capacitance @Pins 14,15, 16 f=1 MHz 5 pF

Note 1: Pins 2, 3 anc 26 have a maximum input voltage range of =22V for the typical application shown in Figure 7.
Note 2: Bold numbers apply at temperature extremes. All cther numbers apply at T =25°C C.Vpp=7.5V,Vss= —7.5V.DGND=AGND= OV as shown in the test

crcult, Figures 3 and 4.

Note 3: Guaranteed and 100% production tested.

Note 4: Guaranteed (but not 100% production tested) over the operating temperature range. These limits are not used to calculate culgomg quaiity ieveis.

Timing Diagram

sV
CLOCK INPUT
ov

IsgTyr—

-

r=—1noL0

Ics

Sy oo

DATA INPUT

oV o em o=

SV

STROBE INPUT
oV

tw (STB)

- ey coms css ome eee Go s G=D oD O

TL8783-3
TL/H/6753-3

Note: To change the gain of the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time.
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glectrical Characteristics (Note 2) vop=7.5V, vsg= 7.5V, D.GND=A.GND=0V

SIGNAL PATH SECTION
Tested Design Unit
symbo! Parameter Test Conditions Typ Limit Limit (Limit)
(Note 3) (Note 4)
’E'A’" Gain Error Ay=0dB @ t+ 12 dB Range 0.1 0.5 0.5 dB (Max)
Ay=0dB @ + 6 dB Range 0.1 1 1 dB (Max)
Ay= t1dB @ * dB Range 0.1 0.5 0.6 dB (Max)
(Rsp or Rsc is ON)
Ay=12dB @t 12 dB Range 0.1 0.5 0.6 dB (Max)
(R4b or R4C is ON) :
Ay=13dB @z 12 dB Range 0.1 0.5 0.6 dB (Max)
(Rap or Racis ON)
Ay=*4dB @t 12 dB Range 0.1 0.5 0.7 dB (Max)
(Rop or Roe is ON)
Ay= *5dB @+ 12 dB Range 0.1 0.5 0.7 dB (Max)
(R1b or R1C is ON)
Ay= *9dB @+ 12 dB Range 0.2 1 1.3 dB (Max)
(ROb or ROC is ON) .
THD Total Harmonic Ay=0dB @ + 12 dB Range 0.0015 %
Distortion ViN=4Vims, =1 kHz
Ay=12dB @ * 12 dB Range
ViN=1Vims, =1 kHz 0.01 0.1 % (Max)
VIN=1Vims, =20 kHz 0.1 0.5 % (Max)
Ay=—-12dB @ =12 dB Range
ViN=4V,ms, f= 1 kHz 0.01 0.1 % (Max)
VIN=4V,me, {=20 kHz 0.1 0.5 % (Max)
Vo Max Maximum Output Voltage Ay=0dB @ +12dB Range 5.5 5\ 5 Vimg (Min)
THD <1%, f=1kHz
S/N Signal to Noise Ratio Ay=0dB @ =12 dB Range 114 dB
Viet=1Vims
Ay= 12dB @ + 12 dB Range 106 dB
Vret=1Vims
Ay=-12dB @ +12 dB Range 116 dB
Vriet=1Vims
ILEAK Leakage Current Ay=0dB @ *12dB Range
(All'internal switches are OFF)
Pin 2+ 3, Pin 26 500 nA (Max)
Pin 5~Pin 11, Pin 18 ~ Pin 24 50 nA (Max)

Note 2; Boldface numbers apply at temperature extremes. All other numbers apply at Ta=25°C, Vpp=7.5V, Vgg= —7.5V.D.GND = A.GND =0V as shown in the
test circuit, Figures 3 and 4.

Hote 3: Guaranteed and 100% production tested.
Note 4: Guaranteed (but not 100°%% prodth

Timing Diagrams

cLocx

“oam

DATA | (BAND SELECTION)

Uy UuuuuIy

tantad) over tha operating temperatirs rangs Thesa limits are not used to calculate outgoing guality feveis.

DATA SETS

DATA 1l (GAIN SELECTION)

! o\

--I\XLD.OJX 01 Y 02 ‘Y' 03 \'ﬂ—ns_‘x o6 Y 07 Y\:-Xoo XMX D2 X 03 :X\

i ,—‘{-.
D4 Xus Y 5 Y o7
J J\ J

STROBE

L]

Note: To change the gain pf the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time.

FIGURE 2
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Test Circuits

PRI |
100
Vg O—J*
A a7
LM833 D——AAA ~O VouTe
100k 100k LM833
S AN 9.4 +7.5V
100p 100p X
‘>—4 }——-{h——{ '—4\ ﬂj"
Lo oo e ~ 1 e
DATA . -:
580 O 680 & 680 ¢ 680 & 680 & 680 ¢ 680 ey
— wor |
e |21 e s faa fz3 Jez v Jeo 19 i f17 J16 1% ELOCK 4 GENERATOR |
= AGND Ans Awg Ay LC8 LCS LCI10 LC11 LC12 LC13 LC4 Vpp DATA STROBE
D.GND |
LMC835 L—--4d
Ams Amz Amy Awe 101 102 LCI 04 LCS LC6  LCT Vss DGND crock
‘1 2 !3 [l L5 3 7 8 19 0 |1 |2 |3 lu
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10n
+15V =15V
FIGURE 3. Test Circuit for AC Measurement
Vize Vize Wizz Vizz % Vo Vs Vi +7.5V
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FIGURE 4. Test Circult for Leakage Current Measurement
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Truth Tables

DATA | (Band Selection)

(Ch A: Band 1~7, Ch B: Band 8~ 14)

D7 D6 D5 D4 D3 D2 D1 Do
H X L L L L L I
H| x| L|fL]|L L L =w/| ChA
H|l x| tLo|L] L L W | Cha
H |l x| L|lL|L L H =~/ ChA
H| x| L|lL|L H L | Cha
H|l x| L] L|lL H L = | ChA
H | x| L|L|L H H .| ChA
H| x| L|lL|]L H H = Ch A
H|lx|L|L]H L L .| Cha
H| x| L|L|H L L =~ ChA
H| x| L|L|#H L H . | ChA
H|{ x| L|L|H L H =~ | ChA
Hi x| L|L|H H L o | CnA
I D T U T R 82 :
H X L L H H H -
H| x| L|L|H H H =~ | ChA
P ChA
H X L H Val.ld Bfnary Input Wik
H X H L Valfd Bfnary Input N
H X H H Valid Binary Input A
T T T 1, <«— BandCode —
® @ Q ®
© DATA 1
® Don't Care /
@ Ch A £6dB/*12 dB Range
® Ch B 6 dB/+12 dB Range
Flat
( 1dE Scost
d= Ecest
3'¢s.5cost
4 cf Soost
This 1s the gain if the +12 dB range is 5 ¢= Scost
selected by DATA I. If the +6 dB 6-6E Soost
range is selected, then the values < 7d= 3cost
shown must be approximately halved. 8 4= S=ost
See the characteristics curves for 9 dS Saost
more exact data. -
- 10 ¢E Socst
11 ¢E Zcost
12 d= Soost
\ 1dB~"2c¢BCut
® DATA:!

® Boost/C.:

* 12dB Range, Ch B t 12 dB Range, No Band Selectior

* 12dB Range, Ch B t+ 12 dB Range, Band 1

* 12dB Range, Ch B + 12 dB Range, Band 2

* 12dB Range, Ch B + 12 dB Range, Band 3

* 12dB Range, Ch B £ 12 dB Range, Band 4

* 12dB Range, Ch B * 12 dB Range, Band 5

* 12 dB Range, Ch B + 12 dB Range, Band 6

* 12dB Range, ChB + 12dB Range, Band 7

* 12 dB Range, Ch B + 12 dB Range, Band 8

* 12 dB Range, Ch B + 12 dB Range, Band 9

* 12 dB Range, Ch B + 12 dB Range, Band 10

+ 12.dB Range, Ch B £+ 12 dB Range, Band 11

* 12 dB Range, Ch B + 12 dB Range, Band 12

* 12 dB Range, Ch B + 12 dB Range, Band 13

* 12.dB Range, Ch B + 12 dB Range, Band 14

+ 12 dB Range, Ch B £ 12 dB Range, No Band Sslection

* 12 dB Range, Ch B + 6 dB Range, Band 1 ~14

& -6°dB Range, Ch B%%2 dB Rangs, Band 1 ~14

* 6 dB Range, Ch B + 6 dB Range, Band 1~ 14

DATA Il (Gain Selection)

D7 D6 D5 D4 D3 D2 D1 Do
L X L L L L L L
L H H L L L L I
L H L H L L L L
L H L ¢ H L L =
L H L L L H L Iz
L H £ L L L H z
L H L H L L H L
L H H L H L H I3
L H L H L H H L
L H L L L 1 L H
L H H L H L L H
L |- H H L H H L H
L H H L H H H H
L[ b Valid Above Input
T T «— GainCode —>
® ®




Test Circuits (Continued)

Viour=lux x 107

3 TL/H/6753-7
FIGURE 5.1to V Converter

v O—— 5 K
LDC’\ " 10 CLOCK
MMT4HCRO 7 MWT4HCOO
MMT4HCOO |, L 10
3 " -8 3 PR 5 1" PR 9 12
. K e K 0
CLK CLK e cL 0 ¢ ’F_DOL‘OD‘“
MM74KHC74 MMTAHC74 MMT74HCT7 4 i MM74KHC74 MM74HCOO
5 5 | - SR
S1LRY o 0 2y 4o iE pllo T - 7 of—
El i 'R
= cix RC A Ae< o
of
MM74HC163 UMT4HC163 CLK CLK MMT4HCT4
— |7
2 9 1 A s =
=0 LoAD LOAD . = g —o STOBE
A B C D A B C D E F G H
3 :_]5 6 go i1 1:&13 143 |4 |5 |6
S = y* 07 D6 DS D4 D3 D2 D! DO
V.
TL/H/6753-8
FIGURE 6. Simple Word Generator
Typical Performance Characteristics
Supply Current vs Supply Current vs Input Capacitance vs
Supply Voltage Temperature Input Voltage
20 1
S T | S TS g PINS 141516 |
1.8 | CEm DATA= §TD =SV ! 8 1Tk = DATA= STE =SV _ Vgm 275V, Ta=25°CT ]
z 1.6 1 D GND=AGND =0V l a;‘ﬁ DGND-AIGND'OV S E|DGND=AGKD=OV T
E i E 14 N f=1MH2
= 14 1 |/n,,| = ‘ —== g 7 s
z 12 z 12— z i
= P4l = ! , ’ = |
£ 10 ——A— € 00 . s : c s
o | e 3 . . ——— £
LAY o ]
T oo — 55— © 03 — z
B | 1A 05— ' e
£ 06 — g0 — : = 3
3 oa s 04 S
N L z 2
0.2 - 0.2 : : : 1
L ’ | i ; : o L i
0 123 45678910 -50-25 0 25 S0 75 100 125 01234 567 8810
SUPPLY VOLTAGE (=V) TEMPERATURE (°C) INPUT VOLTAGE (V)

TL/H/6753-9



Typical Performance Characteristics (continued)
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Typical Applications
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FIGURE 7. Stereo 7-Band Equalizer

TABLE I: Tuned Circuit Elements

PIN "LC PIN2. 30R 26
Qp=3.5,Qqy2¢4g=1.05 r Tow e 1 oS i

Z1 | fo(Hz) | Cqo(F) CL(F) | RL(9) | Ro () I b | g
z1| 63 m 01p | 100k | 680 | E o 1 2"/ﬁ
z2 | 180 47p | 0033u ] 100k | 5EC i fgr s Co=\gs
z3| 40 0154 | 0.015% | 100k | 680 i | o
Z4 1K 0.068p | 0.0068u | 82k 680 | I Q1208 =7-"T550
25| 2.5k | 0022 | 0.0033u | 82k 680 tMe33
Z6 | 63k | 001p | 00015n | 62k 680 | |
z7 | 16k | 0.0047n | 680p 47k 680 L E |

(15301 = 55k.7 16k k/8k /3 k)

TL/H/6753-12

FIGURE 8. Tuned Clircuit for Stereo
7-Band Equalizer (Figure 7)



Typical Applications (continued)
Performance Characteristics (Circult of Figure 7)
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FIGURE 9. 12-Band Equalizer



Typlcal Applications (Continved)

TABLE Il. Tuned Circuit Elements

——
Qp=4.7,Q124= 1.4
| —
fo(Hz) | Co(F) CL(F) | RL(9) | Ro(9)
71 16 3.3p 0.47p 100k 680
72 31.5 15p 0.22u 110k 680
73 63 im 0.1p 100k 680
74 125 0.39u 0.068n 91k 680
25 250 0.22u 0.033n 82k 680
26 500 0.1p 0.015u 100k 680
1 1k 0.047pn 0.01p 82k 680
z8 2K 0.022p | 0.0047p 91k 680
79 4k 0.01p 0.0022p 110k 680
Z10 8k 0.0068u | 0.001p 82k 680
211 16k 0.0033u 680p 62k 680
212 32k 0.0015u 470p 68k 510

PIN "LC"  PIN 26

F e | 77

Je, == Tone |
l Lo=C_LRL Ry

Ro | L

0
lcl ! fo m

-+

M
Qo=+ /——

I, k: | \Coﬂgz
| . I C1208=5 " Tse0
(199002 = 850 £ 16k ; 11k 7 8k /3 k1Y) p——

FIGURE 10. Tuned Circuit for
12-Band Equalizer (Figure 9)

Performance Characteristics (Circuit of Figure 9)

12 Band Equalizer Application

LMCB835 Gain vs Frequency
@ *=6 dB Range
(All Boost or Cut)
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Typical Applications (Continued)
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Typical Applications (Continued)
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FIGURE 12. Stereo 7-Input/1-Output Mixers
(THD is not as low as equalizer circuit)
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FIGURE 13. Stereo Volume Control, Very Low THD
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FIGURE 14. LMC835-COP404L CPU Interface
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Typical Applications (continued)

Sample Subroutine Program for Figure 74, LMC835-COP404L CPU Interface

HEX
CODE LABEL MNEMONICS
3F LNC835: LEBI 3F
05 SEND b
22 SC
335F 0GI
4F XAS
05 LD
07 XDS
05 1D
4F XAS
05 1D
07 XDS
3 EC
4F
335D 0GJ
335B 0GI I
4E CBA
43 AISC 3
48 REP
80 JP SEND
RAM
ADDRESS COMNENTS
3C DATA 1GAINDATA D4-D7
3D DATA ;GAINDATA DO-D3
3E DATA ;BEAND DATA D4-D7
3F DATA ;ZAND DATA DO-D3

Application Hints

SWITCHING NOISE

The LMCB35 uses CMOS analog switches that have small
ieakages (less than 50 nA). When a band is selected for flat
gain, all the switches in that banc are open and the resona-
tor circuit is not connected to the LMCB835 resistor network.
Itis only in the fiat mode that the small leakage currents can
ceuse problems. The input to the resonator circuit is usually
a capacitor and the leakage currents will slowly charge up
this capacitor to a izrge voltage if there is no resistive path
to limit it. When the 5and is set to any value other than flat,
the charge on the czpacitor will be discharged by the resis-
ter network and the-e will be a transient at the output. To
himit the size of this transient, R gak is necessary.

HOW TO AVOID SWITCHING NOISE DUE TO LEAKAGE
CURRENT (Refer to Figures 7 and 6)

To avoid switching noise due to leakage currents when
changing the gain, it is recommended to put R gax= 100
k! between Pin 3 21d Pin 5—11 each, Pin 26 and Pin 12—
24 each. The resistor limits the voltage that the capacitor
can charge to, with minimal effects on the equalization. The
frequency response change due to R gak are shown in Fig-
ure 15, The gain error is only 0.2 dB and Q error is only 5%
at 12 dB boost or cut.

COMMENTS
;POINT TO RAMADDRESS 3F
'RANDATATOA
: SET CARRY

+SETPORT G=1111, OPEN THE AND GATES

+SWAP A AND SI0, CLOCK START

+RAMDATA TO A, MAKE SURE A =DATA

;SWAP A AND RAMDATA, RANMADDRESS=RAMADDRESS-1
;RAMDATATO A

+SWAP A AND SIO

;RANDATA TO A, MAKE SURE A=NEWDATA

1SWAP A AND RAMDATA, RAMADDRESS=RANMADDRESS-1
;RESET'CARRY

;SWAP A AND SI0, CLOCK STOP-

7SETPORT G=1101, MAKE STROBE LOW

+SETPORI-G=2011, MAKENSTROBE HIGH, CLOSE THE

GATES

BDTO A
;RAMACDRESS<3C TEEN RETURN

SIMPLE WORD GENERATOR (Figure 6)

Circuit operation revolves around an MM74HC 165 parallel-
in/serial-out shift register. Data bits DO through D7 are ap-
plied to the parallel of the MM74HC165 from 8 toggle
swilches. The bits are shifted out to the DATA input of the
LMCB835 in sync with the clock. When all data bits have
been loacded, CLOCK is inhibited and a STROBE pulse is
generated: this sequence is initiated by a START pulse.

LMC835-COP404L CPU INTERFACE (Referto Figure 14)

The diagram shows AND gates between the COP and the
LMCB835. These permit G2 to inhibit the CLOCK and DATA
lines (SK and SO) during a STROBE (G1) pulse. This func
tion may also be implemented in software. As shown in Fig-
ure 2, the data groups are shifted in DO first. Data is loaded
on positive clock edges.

POWER SUPPLIES

These applications show LM317/337 regulators for ‘the
+7.5V supplies for the LMCB835. Since the latter draws only
5 mA max., 1k series dropping resistors from the = 15V op
amp supply and a pair of 7.5V zeners and bypass caps wi
also suftfice.



application Hints (Continued)

MODEL
LM833
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FIGURE 15. Etfect of RLgAK

REDUCING EXTERNAL COMPONENTS

1ne typical application shown in Figure 7 is switching noise
i-ee. The DC-coupled circuit in Figure 16 is also switching
~oise free, except at 12 dB/6 dB switch turn ON/OFF. This
wwitching noise is caused by the lxizs and Votiser of the op

AC COUPLING
Vin LMB833
Lonu :_
100k
p——-A- A4 —

b Rugax
2t

LMCElS

TL/H/E753-23

TL/H/6753-22

amps. Selecting a low lpias @8N0 Votiset OF aMp Can minimize
the switching noise due to the 12 dB/6 dB switch. The DC-
coupled application can also eliminate the Rg= 100k resis-
tors with only a 0.5 dB gain error at 12 dB boost or cut.

DC COUPLING

Vin LM833
— LM833 q
out
= b0
100k (Rf) (Rf)
S —AA—¢
100p 100p
A Rigag
. 100K
GERETE, Vb A &
_J i ju ju 5 juu
LMC835

FIGURE 16. Reducing External Components

TL/H/6753-24



% National

Semiconductor
DS75160A/DS75161A/DS75162A
IEEE-488 GPIB Transceivers

General Description Features

This family of high-speed-Schottky 8-channel bi-directional B 8-channe! ti-directional non-inverting transceivers
transceivers is designed to interface TTL/MOS logic to the ~ ® Bi-directic-zl control implemented with TRI-STATE®
|EEE Standard 488-1978 General Purpose Interface Bus output dec 2n

(GPIB). PNP inputs are used at all driver inputs for minimum g Meets 5555. Stzndard 488-1978
loading, and hysteresis is provided at all receiver inputs for g High-spe= Schottky design
added noise margin. The IEEE-488 required bus termination B Low power consumption
is provided internally with an active turn-off feature which 5 High r";__‘rc ONE | .
disccnnects the termination from the bus when V¢ is re- Ighimoszence nnput; {BrENRS]
N B 500 mV (z,z) input hysteresis (receivers)
The General Purpose Interface Bus is comprised of 16 sig- " On-chrp':_e rermllnators .
nal lines — 8 for data and 8 for interface management, The @ No bus iczZn¢ when Vee s removed
data lines are always implemented with DS75160A, and the ~ ® Pin.selecizz’s cpen collector mode on DS75160A criv-
management lines are either implemented with DS75161A Bl QUG

B Accom~Izzies multi-controller systems

in a single-controller system, or with DS75162A in a multi-
controller system.

Connection Diagrams

Dual-In-Line Package

1 20
16— U 4 i
( 2 18 )
B1 = —C
3 1
B2 i p— 1
4 J I
B3 — P 2
5
B4 i '—E:a—'
BUS < DS751604 TERMINAL
85— = -
7
BB e P
] 3
B7 =i ]
9 e
B8 —— e
~ )
10 o
GND — — 31

T. F feCe-1
Top View

Order Number DS75160AN or DS73 224 WM
See NS Package Number M20S c- N22A



Absolute Maximum Ratings (ote 1) Operating Conditions;;« ¢,1.:¢..

If Military/Aerospace specified devices are required, oo Units
please contact the National Semiconductor Sales Vcc. Supply Voltage > .. PE3 U
Oftfice/Distributors for availability and specifications. Ta, Ambient Temperature b ticns0idQin "0
Supply Voltage, Vcc 7.0V loL, Output Low Current Bl Mpllas .
Input Voltage 5.5V Bus Sohai & ‘:g mA
Storage Temperature Range —-65°Cto +150°C Termig! Seogs Teiry i
Lead Temperature (Soldering, 4 sec.) 260°C
Maximum Power Dissipation® at 25°C
Molded Package 1897 mW
“Derate molded package 15.2 mW/*C above 25°C.
Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Conditions Min Typ Max | Units
ViH High-Level Input Voltage 2 v
ViL Low-Level Input Voltage 0.8 | v
Vik Input Clamp Voltage = —18mA -08| -1.5 %
Vhys Input Hysteresis Bus 400 500 mv
Yow High-Level Terminal | Ton = = 800 LA 27 | 35 : .
Output Voltage Bus (Note 5) | o = = 5.2 mA 2.5 34 | '
" I 1 | I
VoL | Low-Level | Terminal | o0 = 16 mMA | | 03] 05 | i
Output Voltage & | -g5g sy = 28 mA | 04 | 05 |
| High-Level Yp="5 5V 0.2 | 100 |
I Ilg l&eve iTermmaland : | = - i pA
| nput Current ‘ 78 PEDG) | fuil-g/ | 01 | 20 f
I Low-Level P PR v, = 0.5V | |
-10 | -100! uhA
Input Current !
Vgias Terminator Bias : Driver ' A |
RIS = 0 (No Loacd .5 3.0 Bz il V.
Voltage at Bus Port | Disabled (Bl ( Q) | !
ILoAD Terminator E Vius) = = 1.5V 10 0.4V i —1.3 : f
Bus Loading | Vius) = 0.4V16 2 5V 0 | -3.2]
Current ‘ | |
Bus Driver 2:5:7
Y =25Vt037 ! {om#
Disabled libus) = 2.5V 10 3.7V | -3.2: b
Vipus) = 3.7V 105V | o hag s
Vibus) = 5V10 5.5V | 07 B
, I Wee = OV. Vypus) = OV'10 2.5V |40
lcs Snort-Circuit Terminal [ V=2V, Vg = 0V (Note 4) ) ! -15| -85 ! =75 , iy
i ‘ 1tlal
Output Current Bus (Note 5) | a5 | -75| —150!
} o ! = |
Icc Supply Current DS75160A  Transmit, TE = 2V, PE = 2V, V|, = 0.8V i 85 : 125 |
Receive, TE = 0.8V, PE = 2V, V, = 0.8V | 70 - 100 ) G
DS75161A TE = 0.8V,DC = 0.8V, V| = 0.8V 84 125 |
DS75162A TE = 0.8V, DC = 0.8V,SC = 2V, V| = 0.8V 85 1 i25 |
Cily Bus-Port Bus Vee = 5Vor0Vv, v, = OVito 2V, B
. 20 30 i F
Capacitance f=1MHz i
Note 1: “Absolule Maximum Ratings” are those values beycnc which the safety of the device cannot be guaranteed They are nct meant ic imply thal the gewst
should be operated at these mits. The table of “Electncal Charactenstics’™ provides conditions for aciuz! device operation

Note 2: Unless otherwise specified, min/max hmits apply across the 0°C 1o - T0°C temperature range and the 4 75V 10 5 25V power s.ooy range. A
values are for T = 25°C and Vgc = 50V
Note 3: All currents into device pins are shown as pesitive. &l currents out of device pins are shown as negative: all voltages are referenczc e grounc. v

- zst

otherwise specihed All values shown as max or min are sc c:zssified on absolute value basis.
Note 4: Only one output at a time sheuld be shorted.
Note 5: This charactenstic does not apply to outputs on DST2167A ang DST5162A that are cpen coliector



switching Characteristics vec = 5.0v 5%, Ta = 0°C 10 70°C (Note 1)
b

DS75160A DS75161A DS75162A
<ymbol Parameter From To Conditions Un
- Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
/‘ 1 s _
5 Propagat.non Delay Time, VL = 2.3V 10 | 20 10 | 20 10| 20 n
Low to High Level Output . RL = 38.30
] Terminal | Bus CL = 30 pF
; - - L=
e | FPropagationDelay Time, Figurs 1 14 | 20 14 | 20 14| 20 | n
High to Low Level Output
. L
5 Propagation Delay Time, VL = 5.0V 14 | 20 14 | 20 14| 20 e
‘ Low to High Level Output . |RL = 2400
Bus Terminal CL = 30 pF
. Propagation Delay Time, L= |
“ 10 | 20 10 | 20 10| 20 n
High to Low Level Output Figure 2
e Output Enable Time V) = 3.0V 19 | a2 23 | 40 23l 4 | n
to High Level VL =0V
. , RL = 4800
7 |QuiputDisableTime o e i 5 OF 15 | 22 15 | 25 15| 25 | n
From High Level -
or SC Figure 1
Output Enable Time (Note 2) | Bus vV, = 0V 24 | 35 o8 | 48 o8 | 48 &
| to Low Level (Note 3) Vi = 2.3V
1 . . R = 38.312
- . Output Disable Time L
: ) . = Vil 25 17 1 27 17 | 27 N
, From Low Level CLey 1599
Figure 1
oy Output Enable Time vV, = 3.0V 17 | 33 18 | 40 18 | 40 o
to High Level VL = 0V
- , RL = 3k
-z | Qutput Disgple Tigge TE, DG, QR 5 BF 15| 25 22 | 33 22| 33| n
From High Level ; ;
or SC Terminal | Figure 1
Output Enable Time (Note 2) V, = 0V 55 | 39 28 | 52 o8 | 52 =
i to Low Level (Note 3) VL = 5V
i . . R = 2800
; Output Disable Time
- = G gz 20 | 35 20 | 35 ne
From Low Level C_L . i
Figure 1
4 Cutput Pull-Up Enable Vp =3V 10l 17 NA NA -
| Time (DS75160A Only) - | PE V=0V
i Notr R Bt R, = 4800
-7 1 Output Pull-UP Disable
‘ i = 15 NA NA ne
| Time (DS75160A Only) CL = 15pF i I B
i : Figure 1 | | |
Note v: Typica! vaiues are for Voo = SCVand T, = 25°C and are meant for reference only.

Note Z: Refer to Funcuional Truth Tabies for contel input definition.
‘wte 3: Test contiguration should be ccnnected to oniy one transceiver at a time due 1o the high current stress causec by the V, voltage source when the cutput
"nected to tha: input becomes active.

Switching Load Configurations

TEST
DEVICE
v O— IN

ouv

V¢ O— CONTROL

=
T

Vi

L

6’

Vg logic high = 3.8V

V¢ logic lew = 0V

. inZliides pg and probe capacitance

FIGURE 1

TL/F/5804-8

TEST
DEVICE

V) O— IN
our

Ve O— CONTROL

3.0v
ov

V¢ logic high =
V¢ logic low =

Vi

*C_ inciudes jig and probe capacitance

FIGURE 2

TL/F:2804-9



Connection Diagrams (Continued)

Dual-in-Line Package

‘ 20
TE =t U ] 2
( 2 19 A
REF=— — REN
18
1FC = AL
4 1
NBAC™ — NDAC
5 16
NRFD— — NRFD
BUS 9 DS75161A Y TERMINAL
§ 15
Salmn — AV
! 14
— — E0!
s 13
ATN e L.
9 12
SRQ =g L1 cRa
) J
! 11
A 4] —=
Top View
Dual-In-Line Package
) 22
50— U pz=l
2
% L (NOT USED)
( & 20 h
REN et 1291 B n
at 19
15 ommeed g !
2 18
NDA(C sme==yg Y= nac
NRF D el DS75162A 117 aoed
BUS{ i TERMINAL
7 16
DAV —— ik, o
- 15
£01 — i ac -
4
ATN—B— _l. ATN
1
R0 1 JRERTT
¥ J
I 12
GAD —d 12
Top View

Order Number DS75161AN, DS75162AN or DS75161AWM
See NS Package Number M20B, N20A or N22A
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Functional Description

pS75160A

This device is an 8-channel bi-directional transceiver with
one common direction control input, denoted TE. When
used to implement the IEEE-488 bus, this device is connect-
2c to the eight data bus lines, designated DIO1-DIOg. The
cort connections to the bus lines have internal terminators,
n accordance with the IEEE-488 Standard, that are deacti-
vated when the device is powered down. This feature guar-
antees no bus loading when Ve = OV. The bus port out-
outs also have a control mode that either enables or dis-
ables the active upper stage of the totem-pole configura-
2on. V/hen this control input, denoted PE, is in the high
state, the bus outputs operate in the high-speed totem-pole
~ode. When PE is in the low state, the bus outputs operate
as open collector outputs which are necessary for parallel
oolling

DS75161A

This device is also an 8-channel bi-cirectional transceiver
which is specifically configured to implement the eight man-
agement signal lines of the IEEE-488 bus. This device,
sared with the DS75160A, forms the complete 16-line inter-
‘zce between the |IEEE-488 bus and a single controller in-
strumentation system. In compliance with the system orga-
n:zation of the management signal lines, the SRQ, NDAC,
and NRFD bus port outputs are open collector. In contrast
10 the DS75160A, these open collector cutputs are a fixed
cenfiguration. The direction control is divided into three
groups. The DAV, NDAC, and NRFD transceiver directions
are controlled by the TE input. The ATN, SRQ, REN, and
iFC transceiver directions are controlled by the DC input.
The EQI transceiver direction 1s a function of both the TE
and DC inputs, as well as the logic level present cn the ATN
" zhannel. The port connections to the bus lines have internal
terminators identical to the DS75160A.

DS75162A

This device is identical to the DS75161A, except that an
additional direction control input is provided, denoted SC.
“he SC input controls the direction of the REN and IFC
‘ransceivers that are normally controlied by the DC input on
‘re DS75161A. This additional control function is instrumen-
tal in impiementing multiple contreller systems.

__Table of Signal Line Abbreviations

Si i
Coesh | Mne- Definition Device
fication FanE
DC Direction Control DS75161A/
DS75162A
Centrol PE | Pull-Up Enzble DS75160A
Signals TE | Talk Enable Al
SC | System Controller | DS75162A
Data B1-B8 | Bus Side of Device
/OPorts [ p1-Dg | Terminal Side DS75160A
of Device
ATN | Attention
DAV | Data Valid
EO!l | Endorlider-ty
Management| IFC | Interface Clear DS75161A/
Signals NDAC ! Not Data Accepted | DS75162A
NRFD | Not Ready for Data
REN | Remote Enable
SRQ | Service Request

.Logic Diagrams

DS75160A
¢ ] 3
i 2=
I — D pee 81
Q
3
13 b
D2 4 [ ]
>
” r[ 4
0l 0 8
b
AL} r[ 5
0¢ ) L)
TERMINAL % Bus
1 r£ §
13 b 0 85
4
" 7
0§ ) BE
]
12 )
o7 h; ] [ 1)
b
17 1)
ot 0 p— B8
1
TE
i P
re __.‘/\____________
Note 1 —i:>—- Denotes oriver
Note 2: %— Denotes recerver
Note 3: Driver anc recerver outzuts are tctem-pole conligurations
Note 4: The oniver outputs of 2S75160A can have therr active pullups
CisadleC Dy swilching the PE input (pin 11) 1o the logic low state This

moce contigures the oulpuls as open coliector.
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Logic Diagrams (continued)
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TL/F £604-5

Note 1: —D— Denotes driver
Note 2: —q—— Denotes receiver

TERMINAL

Note 3: Symboi “OC" specities open collector output
Note 4: Driver ano receiver ou'puts that are not specified “OC™ are totem.pole

configurations
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switching Waveforms
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(NpuT) 15V 15v
w
) LN PHL
TERMINAL
(OUTPUT) 15¥ 15¥
TL/F/5804-11
‘-
Terminal Enable/Disable Times
LW
CONTROL
15V 1.5V
INPUT
v ——/‘I I\
_.;‘,uls—-— —{ P21
TERMINAL | |
ouTPUT | 10% i
——-’.\ WL

TL/F/5804-12

v
.
‘“";’:3% 185V 15V
ov !
—’J'nzt-— rzL
BUS I
ouTPUT 10% 0.8V
|
— 2 PIH ’—-—-
Bus } #% T S
ouTPUT J

TL/F/5804-13

“Inputsignal: t = 1.0 MHz, 50% duty cycle. ty = i /5 ns

Performance Characteristics

Bus Port Load Characteristics

4
[ 2
. 2 ! ""—"_"J
E 0 u ’/// 0 e
E  bier amion
3
g -2 577 ~LOAD REGION]
3 - .)//,/
w
U7
2 -5 ,/// -
& Y
< -8 :
- 8 /
7%
-12

-2 -1 8 1 2 3 & 5 6

Vy- BUSVOLTAGE (V)
TL/F/5804-14

Reter tc Slectncal Charactensics table



Functional Truth Tables ' Funetiona

DS75160A
ontrol |
contnel thput Data Transceivers
Level
TE PE Direction | Bus Port Configuration
H H T Totem-Pole Output
H L T Open Collector Output
L X R Input
DS75161A
Control Input Level Transceiver Signal Direction
TE DC ATN® |EOI|REN|IFC|SRQ|NRFD|NDAC DAV
H H R R R| T R R T
H L T T T| R R R T
L H R R R| T T T R
L L T T T| R T T R
H X H T
L X H R
X H L R
X L L T |
DS75162A
Control Input Level Transceiver Signal Direction
sC TE DC | ATN® } EOI | REN | IFC | SRQ | NRFD ! NDAC | DAV
H H H R T T . R R T
H H L i T T R R R 1
H L H R T T T T T R
H L L T T T R T T R
L H H R R R L R R T
L H L T R R R R R T
L L H R R R T T T R
L L L T R R R T T R
X H X H T
X L X H R
R b i L R
X X L L T

H = High level input

L = Low level input

X = Don't care

T = Transmit, i.e.. signal outputtec to bus

R = Receive, i.e., signal cutputted to terminal

*The ATN signal level is sensed for internal multiplex control of EO! transmission girection logic.



@ MOTOROLA MCM2833

Product Preview HMOS

(N-CHANNEL, SILICON GATE)

32K-BIT ELECTRICALLY ERASABLE PROM
4096 x 8-BIT
ThegMC?-.-':ZBES 1 i‘izciz%-bll Eiecr;c?a”\ rasable Programmatie ELECTRICALLY ERASABLE
Reao Only Memory (E<PRCMI designed tor handling cata in applica-
1ons requittng both nonvoletle memory and in-system reprogramming PROGRAMMABLE READ
“he MCM2E32 saves Lime an0 money because of the n-sysiem erase ONLY MEMORY
and reprogram capabiiity  The Jewice operates from a single -5V
nower supply in the read. wnite, and erase mode Word erase anc write
c.an be controlled entirely by T7L signal levels
To ease cystem design, the high voltage needed by the device ‘or
wrnite and erase cycies 1s generaied internally
Another ease-of-use *eature s ihe choice of erase modes itulk, tyvie,
row, or column) 1o opumize svstem erase wnle tme  for

mICIOPrOcessor compaubility, on-chip laiches—ae, previded 1032

cresses, data, anc cortrcls. aliowmng the microprocessor to perto'm P SUFFIX

ctner taske while the ACh rESING Of ProgTE™MIng fwritirgl FeaS R EE ST
= ILSETC

el

The MCMIE33 s ‘ebnceled Csing Motoroie's FETAMC S technoogy
‘Fioat.ng-gate Ciectron Tunneling MOS). which hes the aovartages of
i 200C Co's lention, gooC endu’ante, anC COnveniiona: Processing
! The device pinout s part ¢f Molcroia's inaustiry siercard Divle wice
! Nonvolatile Memory femilv, providing cosi-etfectne Jersity upgraces

PIN ASSICNMENT

® Single +5V Power Suppiy

® Organized es 2096 E,1es of € Bits

® Fast Access Time of 150 ns tMCMZES3-15) enc
200 ne tMCM2833-20

Z0)

@ [ow Power Dissipation
125 mA Maximum {Active)
35 mA Maximem i Stznabyl)

! ® In-System Automatic Erase Write Capabiity
® Date Frotectec Dunng Fower-Up anc Power-Down
® (000 Erase ‘Program Cveles per Byle
@ Date Integnty ct 10 Years
® 9 ms tor Byte Erase br Wnite
® Lziched Adaress, Data, anc Controls for Wwvnte Erese
® Cnip Enable and Output Eratie *or Twao Line E.s Zentrol
® 26.Fin JEDEC Stancarc Pinout
|
—
! FETMOS
(Floating-Gate Electron Tunneling MOS!
Fon Cace “rin Owige
TstFoh / . 2n2Poly
0\ _/,—\‘ q Y s PIN NAMES
/l / P A e
/ \ ~caress
A o B g
£leld - Felg ca Cazia tnput. Cuiput
Cuoe N N- Caice £ Chip Enatile
S Gurout Enauie
Vv Wrnite Enarie
= N Connae
F - Substate N/ C ~ NoCernzat
Vee -2\ Fower Suprly
Vge Grounc

[

Teas SICumEn CCTIaNS INITIMEN LS OF 3 NEV. LCCLT! Specicancns anC NI ManlT Rerer.
27e SLLIECT IC Char Qe with




MCM2833

MCM2833 BLOCK DIAGRAM

‘hemony Array
‘I8~ 2208

1ol 128

A5 A1l Bullers

Conurdl
| togre [

R ~W—!

(——— e =

<
=
o)
| —

MODE SELECTION

£:n Number and Function ]

2in

£1-13

15-18 Pin 20 Pin 22 Pia 27

Mode DQO-CC7 E G W Notes
Read i S 5e 4 i -
S1anaoy g Sl g0 - o 0T BT -
Output Csaule z R e V- = 2
Wnite 5 ) v ! o
Wiite AE" o 2 Sigeey Laved] wen't Davs -
Worg X g - ) e .
Worc - _ e -
Dage 2 N - -
?age - g Crias =
Bulk Erass - ¢ -
ViHH = Vo7 Vv
NOTES
TR o T e e - I 4 S e r

1 Row Page Erass “iode There are 128 rcus cortainng 37 e
care!

2 Column Page Erzse Mode There gre 30 zoumes comtaming “J8 = B i L
A1l are dont cz-=)

ry
@
A
"

)

‘
\
'
)

\
1
3
@
1

i




MCM2833

ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Value Unit This device CONtains Circuitry 1o cretect the

Temgperature Uncer 813s -1010 -80 eC inputs aganst damage due 10 highsialic
oltages of electric fieids, however, i1 1s ac-

ratng Te ture Ran + 71 3 v
S Wit o (i Oto a _C vised that normal precautions be taken !0
Steorage Temperature -651t0 +100 “C avoid apphication of any voltage higher tran

ngut or Ouicut Veltages with Respect 10 VS§ maumum  faied  voltages 0 e mgh-
impedance circuit

‘Except G. W) <610 -04 v L
Incut Voliages with Respect to Vg for G ana W 1810 -04 v
NQOTE. Permanent device damage may occur f ABSOLUTE MAXIMUM RATINGS are
evceeced Functional operation should be restricted 1o RECOMMENDED
QPERATING CONDITIONS Exposure to higher than recommended voltages
‘or extendec penods of ume could affect device rehat:hity

RECOMMENDED DC OPERATING CONDITIONS READ, WRITE, OR ERASE

Parameter Symbol Min Typ Max unit
Suecoiy Voltage MCM2833-15.-20 | -V¢cC 450 50 B v
VCM2832.15.5,-20-5 | V¢C 475 5% 8ic
rigui High Vollage Vi 2.0 - N
G Pn22ana W Pn 27 | Viap 10 - \
ingot Low Voltage® vig -0 - Js
* Tre gevice will withstanc undershoots 1o the - 0.4 V level for a maximum curation of 10 ns
DC OPERATING CHARACTERISTICS
Characteristic Condition Symbol Min Tvp Max Unit
i~z .t eakage Currert (AG-ATT, 4] Vin= Ve Max LAl — = Fa L&
ing.t Leacage Current (G, A Vin= 17V "2 4 < ) B
O.icut Leakage Current DQ0-DQ7) Vout=Vee Mar G=Vin Y 1 4 > |-
COutout Leawage Current 1DQO DQT) Vour =04 ¥ G=ViH Tk 1 | b i
sz Suoplv Currart. Stangbv £=vin C=vig 7 | - - 35 =<
-2 S.ogly Current, Active (Read) E;"'IL‘ Ga\.‘n_ W =i - Y -
Voo S.oply Current, Active See Moge Ceiection T3z CCH vi e
Zrace Write)
cut Low Voitage o = 21V mA VoL = = e
JLizut =igh v oltage HoE S0 uA y ok 24
CAPACITANCE - = 12 \mz Ty = 25°C, Penodicall, Samgied fiGLREY £ ac 1e8TA0AD
Ratner thar 100% Testec! :
Characteristic Symbol Typ Max unit B
~r .t Capacitance Cin 5 10 L ?
1 Capacitance Cout - !

Test Paint O- -I

100 oF

olo
1)

o

x

&y 2 R

m 2 "

0 '

. a L

Cy A

I
it —t

*ingiudes Sig Japacnarce



MCM2833

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range uriess otherwise ncted)

AC Test Conditions

Input Transition Times' S nsst, =110 ns Test Timing Measurement
Input Pulse Transition Levels 045 Volts (Vy ) 102 4 Volits (Vy) Reference Levels

Output Load. See Figure 1

Input1Vand2V
Quiput 08V and2 V

READ OPERATION W=V,

MCM2833- 15MCMZ833-20
Parameter Condition | Symbol | Min | Max | Min | Max | Unit |[Nctes
~ddress Vanhe to Qutput Vaie tAcdress Access ~ime E=G=Vy | tavov | - 150 | - | 200 | ns =
Output £ratie 0 Jutput Vaha (Output Enatle Access Time 1GLQV - 70 - 75 ns -
Zhip Eratie 2o Culput Vane .Chip Erable Accese ™ = e oy N 50 ~ 300 5 -
Cutput Cisatie to Quiput migh Z gegz | O 60 0 80 ns 3
Chip Disacte o Cutput High Z 07 0 & 3 = e 3
Address i~vaic "o Cutput imvaig LANOW Q - Q - ns -

NCTE

3. The paramaters 1GHQZ 3NC (EHQZ My CEHNE m¢ Tme 31.uMiCr the OLIpuls 2cneve the open o Figh Z state anc are not ref2renced 1o @

level

READ MODE TIMING DIAGRAM

— i
A (Accress! AZCress vaid
X ! — Vi
: | !
< S A Ld-CV T /— i —Vi
«Crip £-agiel \ t | -
y H—‘g—«w—»j, — Ny

(3 1
_<»—»T—~Ax(:x i
}

|
~ N ) A\ S G — 15 l —_— Vi
Ouzous Emace! X )(W ;\¥; i '
X X Y’(\(‘( 3 ] | Hellopgr 2| .
I

A X — VoH
G Data Cux Engr. { KAXKKKJ Data vano @(ZQ&)Q Higrz-
X X X % Ve

m)

ol




MCM2833

AC 'WRITE OR ERASE CHARACTERISTICS | G =V Durng Write or Word Erase (1]

Parameter Symbol Min Max Unit
Address Vaid 10 Chip Enable (Accress Setup Timel tAVEL 0 - ns
Write Enable 1o Chip Enable WLEL 0 - ns
Chip Enable 1o Aadress Don't Care tELAX 150 — ns
Write High to Data Don't Care WHDX 20 - ns
Data Vana to Write High IDVWH 100 - ns
Write Enadie Pulse-W:cth WWLWH 150 - ns
Write Enable Hoia Time TELWH 150 - ns
Chip Disacle to Chip Enatie Eradle L3cn Setup Time! tEHEL 30 - ns
Write or Erase Time tMCMZ833-15. IELEH 9 25 ms
1Chip Enadle Pulse Wiath! (NCM2833-15-5, -2C-3! | tELEH 25 0 ms
Data Latch Tim B X 20 o ne
Outpit Eratle to Chip Eratle o) - ns
Jutput £-anie Heid Time 150 _ ~s

WORD ERASE () OR WRITE WAVEFORMS

YAVELH

e—1ELAX

A iAccress)

S

RO = e
J‘?O(K/\x (Y (X —ViL

£ .Chig Erable)

we ;L—Q—-—P'

W Weie Snatiel ?[,/Q \/K{ \(Wm

xELEH’—W le——TEHEL —]
—ViH
\-—ViL

r(—'-E;.\- s >
‘VL'.‘\.‘H——"']

.
WVHAV)

IGHEL
T Cuicut 2natie W}(M

J».\m-—(————b- 5
((x(\)(x)\(((kx;%—' J(\)(X VAV
D Cata 1n) Y X XY ( Daia Vaha® {
/ ‘/( \< LA Y X X xkr{- =Y, W(/(Y\( Y X X\/K \\./}—J:L

¢ Zata n duning Wora Erase 11 DCQC-OCF =V




MCM2833

FUNCTIONAL DESCRIPTION

All inputs for the operating modes are TTL levels with the
exception of bulk and page erase.

READ MODE

The MCMI823 uses 2-line control architeciure for read
operation 1o avoid bus contenuon problems. Data s
available at the Data outputs of the selected device at tayQy
with Chip Erable (E), and Output Enable (G at Vy_ or, at
1GLQV with Chip Enabled (E), and acdress stable In the read
mode the device can be accessed simiar 10 a staic RAM
Trus zan oe cone by holding Chip Enable act:ve low and sup-
plving the next address locations in & riccle through fashion
with the next access determined by tay,Qy The outputs of
two or more EEPROMSs may be Or-tied to the same data bus
Cniy ore EEFRCM should have its outputs selected to pre-
vent 3&13 bus contention between twe Cevices in this con-
figuration  The outputs of other EESRCMs should be
desatected with the Qutput Enzble (&) or Chup Enahic () in
put at a igh TTL level.

STANDBY MODE

The S:ancby mode of the MCM2833 is achieved by apply-
ing a TTL high signal (Vi) ta Chip Enacle ‘5] input. When
the device is in the Standby mode. the outputs are in the
high impedance state, independent ot the Output Enadle (Gi
input When the MCMZ2833 is placec :n ‘he Standby mode,
the aclive power dissipation s reduced 2v 72%.

WRITE OR ERASE

(writing) “0s™ into the desired bit locations Aithough only
“0s” will be programmed {written), both 15 ang ""Cs” can
be presented :n the data word The only way 10 changea *0"
10 @ 1718 by elecincai erasure

Wiile o Siase Moge seiechion s controlied o apcis ~g the
required sequence of signals 1o the dewvice The
Enable (Gi. Wnite Erable Wi, and AC-A11 3o
are iatched on the ‘aling =dge of Chip Enacie E: D
are latched on the nising 2cge of ‘Nnte Enat e L
rew aadress, control iG and W', anc or 23ta
Enatie (Ei signal must De Clocked 10 Viw ‘of
TEHEL). Otherwise, the previous 3Cdress arc
latched and inhibi the entry ot the new rfcrm

WRITE OR ERASE INHIBIT
Programming {writing) or erasure cf muitic e

paraliei i scept for C ali -
like inputs of the parallel cevices may be = gh
=m
being programmec twritten) or erased
WRITE OR ERASE VERIFY
To determine that the werdisl was correct med

ns (temE |} and that Write Enable (%) s at 3 3 %
Erable (8) ata 0" wher Chip Enable (F! goss 1o v 0 30 "me
beginning of aread cvcle The data addressed «iii Dz .3 2 on

Alter each erasure, all bits of the seieciac oyte(s) are in the outputines at tgy oy dccess ime atter Chig Z-acle 2 zces
"1 state Data 1s introduced by selectively programming low.
AC CHARACTERISTICS, SPECIAL ERASE MODE
Mode Symbol Min Nax Unit
€ vanc 1o chip Enable tAcaress S='Lp Timei R EL g -~ i
Sutput Srseoie to Chip Enable J - &g
Data Vaia 1o Chip Enaple §] - s
Arite Eratie 10 Chip Enabdle Y - as |
Cnic £naoie to Acdress Don't Care 15¢ - s |
Chig Enatie 1o Output Enatie Don't Care iS5 = -<
Chig Enabie 10 Data in Don't Care 22X 120 - s
Chip Erazie to Write Enable Don't Care fe: vy 150 ~s
Chig Cisabie to Chip Enable Enable Latch S2'up Time 350 - ns |
Write or Erase Time MCMZ8353-18 - 2C 9 o s |
{Chic Enadie Pulse Wicth) ACM2233-155-2C 5. 25 B ~s |
Write Cisacle to Chig Enable C ns
Dats Lztch Time 50 = ns
Cet 'r migr 1o Write High (¢ - rs |
WWete =ugh to Cata Don't Care 20 - g |




MCM2833

SPECIAL MODE SECTION

SPECIAL MODE SELECTIONS Vipp=11 Vv 1017 V)

Pin Number and Function
11-13, 1519 Pin 20 Pin 22 Pin 27
Special Modes DQO-DQ7 E G w Notes
Word Erase {l1) Vipe ViL ViH Vien -
Page Erase (Row) i ViL ViHH Lo K]
Page Erase !Column) e Vi Vikn Vo 5
Bulk Erase ) - ViL Vipk ViL -

NOTES
4 Row Page Erase Mode. There are 128 rows containing 32 tu 2s 2ach incividual rows are select=a with accrasses 23-211 1AQ-Ad gre cen't
care)
5 Column Page Erase Mode There are 32 coiumns contanrs "18 0ytes 2ach Inde.Cud! collmrs are selectec wits actresses AC-Ad 1A
A1l are don't caral

o

WCRO.ERASE 1)
TAVELd— -4—'5;»1\—»4

A (Address! ‘Xcﬁcc“:ss || e K \A({(‘K(\ OQ\(\\. %_ .

<

bt YELEH ! EHE

E‘.Chlp Enablel X f{ \—“H

‘vktL-ﬂ—i 1—-—-

g AR T

IGHEL D

o R R

- '

o XX =B X \ ly\;\x\ CX KRR X X Ko -
T x’<- Yﬂ‘x‘& (1(;\(1( (/ (i f % {\‘.'(( X VY)( Sl
SULK ERASE

LAVES ;‘__,.' Tk
/ : = j(/ &xk\'\\\f\f{\/x*&( {Q—

A Agdress! 1"~ Caes s «ahd \ A P
o] >a e 1\,\\{ /xv\l/v.rvv(—

)

1

my
(@)
T

L}
m
]
[
~

WVLEL P

e TR T
e N
oo TR G

m
1

1
I

=




MCM2833

ROW PAGE ERASE
(AD-A4 =Don't Care)

TAVEL——>! —lELAX—]

: — ViH

- ez >l l——'E = —

s ‘ ‘ —ViH
£ (Chip Enabie) )
‘ ‘ k j——l—V>L

NAHEL e € E W — '

CXA XXX X«x.( u)( Y Ve

— R K
(L A (uxux({xu vy

) \<x‘;; X — XXX /f—“ -
SR % ' j\&(({ vy f\&x <><11</< K } Ao
Z—;;“’ . ‘(— XX X

R R

W iWnte Enablel

[a]]

D (Datainl
YL
COLUMN PAGE ZRASE
(A5-A11=Don't Care)
:A\,ng—lq——n: 1-<-—TE;_,\x—>-
L i fx(xxxxlixx — Vo
A (Acaress) Accress] - L ahe DO /( ¢ b 'O )( N
| i Yoy == v
]
W RS s 1
- | — N
E 'Chip Enable) i }
* = ; ‘.‘."-“K—>"
71 1 7 &y LK & vk oo —\
Co oo X 0o« KA KX Lxt X
Wil saxy { ¢ (UGS &, VY W Y=
ELGX—

—‘-xI;xx:(l\xK{xx(xx\(\‘(—""“

\

;‘ (x((lxxl(lxt\(lxx(\(
, / /

li x(rx:(((lxxxxnxnx\(_,L
|

g ; ] ‘ X‘\?’\( x X K—"~u

G Ciput Enaciel Y(x b ( ( <( { (‘

(]




@ MOTOROLA

MCM2864

Product Preview

SMART 64K-BiT ELECTRICALLY ERASABLE PROM

The MCM2864 is a £5,536-bit Smart Electrically Erasable Program-
mabie Read Cnly Memory (E2PROM) designed ‘or handling data in ap-
phcations requinnrg both nonvolatile memory and in-system reprogram-
mmg

The MCMI864 :mproves processor throughput by reducing the
system cverhead cue 10 11s in-System transparent erase-be‘ore-write
capability The device cperates from a single =5V power supply in the
read anc smart write mcce Word read and write can be controlled en-
urely by TTL signal leveis

To ease system design. the high voltage neeced by the device for the
smart write cycle is gererated internally. Another ease-of-use feature s
the choice of erase modes (bulk, byte, row, or column) to optimize
system erase/wrnte ume. For microprocessor compatibility, on-chip
latches are providec for addresses, dat3. and controls allowing the
microprocessor to perform other tasks while the MCM2864 1s program-
ming itself by the provision of a RDY/ BUSY ‘unction to indicate status.

The MCMZ2864 is ‘atnicated using Motorola's FETMOS technology
(Floating-gate Electron Tunneling MOS), which has the advantages of
good data retention, good endurance, anc conventional processing

The device pinout is fart of Motorola’s industry standard byte wide
Norveigtie Memory family, providing cost-effective density upgrages.

® Single =35 Volt Power Supply

@ Organ.zed as 8182 3ytes of 8 Bits

® Fast Access Time of 200 ns Maximum

® Low Power DCissipation .

® !n-System Automatc and Transparent Erase 3efore Write
® RDY 3TSY Furcuen o incicate Status

® Data Protected Curing Power Up and Pewer Down

® 10,00C Write Cycles “er Byte

® Catz integrity of ' Yzars

® Latched Address, Data, and Contre!s Duning VWnite

® Chip Enatle ang Outcut Enable for Two Line 8us Control
® 1C ms for Byte Write ancd Internally Timed

® 26-Pin JEDEC Stancard Pinout

® internal Actomatc Zrase Write Venfy

{N-CHANNEL, SitiCON GATE)

8192 x 8-BIT
ELECTRICALLY ERASABLE
PROGRAMMABLE READ
ONLY MEMORY

< 5 )
R “Zo RNt AR L
RN ‘[}BU““ P SUFFIX
28 "ﬁ A PLASTIC PACKAGE
CASE 710

L SUFFIX CERAMIC PACKAGE
ALSO AVAILABLE — CASE 719

FETMOS
(Floating-Gate Electron Tunneling MOS)
PciyOxide ~  Thin Oxide

151 Poiy \ / 2nc Poly

Al /
Fieid m Field

P — Substrate

e

PIN ASSIGNMENT

RDY :JL,‘S‘(C
a120

A3
Aao(]
pec(
cai(
0az(
vss(

® Fer normal operaticn, pin 26 can e tied to
VsserVee

PIN NAMES
A ) Acddress
DQ ) Data Input ' Qutput
E Chip Enable
G Output Enable
W Write Enable
RDY BUSY Ready Busy
N/ C No Connect
vVee + 5V Power Supply
vss Grounga

This documer .t CCN13ins \ntormaten or 3 product under deveiccmer: “ICicroid reserves the
£1Ght 10 change Cr Ciscontinue this procuct without netice
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79 MAR 1995

LIMP ORG ;ORG.
ORG 0013H
LIMP INTERFACE ; INTERFACE MODE
ORG 0023H
LIMP SERIAL_INT ; STROBE SIGNAL
ORG 0100H
; BAND EQU RO
;DPTR LOWER  EQU R1
;ADDRESS GPIB EQU R2
; TIMER EQU R3
; TRUE CH EQU R4
; SCANING EQU R5
;MEM EQU R7
;SAVE_ DIV EQU 21H
; LEVEL EQU 23H
; DECODER & SIGNBIT 24H
;HEX TO DEC EQU 25H
;SAVE_KEY EQU 26H
; CONTROL 8051
ORG: MOV TCON, #05H ;SET TCON
MOV 1E, #95H ;SET IE
MOV ID,#10H FEE TP
MOV 22H, #03H +SCAN_ KEY
MOV RO, #60H ;BAND
; CONTROL 8255
MOV DPTR, #03H
MOV A, #82H
MOVX @DPTR, A ;MOVE 82H TO CONTROL PORT
:GET ADDRESS FOR IEEE-488 (GPIB)
MOV R3, #0FFH
MOV P1, #03H
GPIB1: LCALL CHECK _KEY
%] GPIBS5
CINE A, #10H,GPIB2 ;CHECK PRESS KEY
INC R2 ; INCREASE ADDREASS
CINE R2, #1FH,GPIB3
MOV R2,#00H
LIMP GPIB3
GPIB2: DEC R2 ; DECREASE ADDREASS
CJINE R2,#0FFH,GPIB3 :
MOV R2, #1EH
GPIB3: MOV R3, #02H ; LOOP R3,#0FFH***
MOV A,R2
AT SEGMENT ; ; SEGMENT DISPLAY
MOV A, #02H ;DELAY 400mSEC. ***
GPIB4: DEC A
JINZ GPIB4
GPIBS: MOV A, #02H ;DELAY 10mSEC. ***
GPIB6: DEC A
JINZ GPIB6
DJINZ R3,GPIB1
MOV DPTR, #00H
MoV A, #0ABH
~ MovX @DPTR, A
MOV A, #02H ;DELAY 1 SEC.*%*
GPIB7: DEC A
JNZ GPIB7 :
MOVX  @DPTR,A ; CLEAR SEGMENT DISPLAY

;SCAN KEY SWITCH



LCALL
MoV
DEC
CJINE
LIMP
MOV
LCALL
Jz
; KEYPRESS

Mov
MOV
LCALL
XRL
JNZ ..
DJINZ
MoV
ORL
CJINE
LIMP
CJINE
LIMP
CJINE
LIMP
CJINE
LIMP
CINE
LIMP
CJINE
LIMP
CJINE
LIMP
LIMP

RUN:
SCANO:

SCAN1:

SCAN2:

SCAN3:
SCAN4:
SCANS5:
SCANG6:
SCAN7:
SCANS8:
SCAN9:

;CHECK KEY

CHECK_KEY: MOV
ORL
CPL

RET

;CHANNEL COUNT UP
CH_UP: CINE
INC
CINE
MOV
CINE
MOV
MOV
LCALL
LCALL
e
LIMP

CU1l:

CU2:

CU4:

; CHANNEL COUNT DOWN
CH_DOWN: CJINE
DEC
CINE
MOV
CINE
MOV
MOV
LCALL
LCALL

b dal

Jo

LIMP

CD1:

CD2:

CD4:

CLEAR
RS, #04H

RS

RS, #0FFH, SCAN1
RUN

P1,RS5
CHECK_KEY
SCANO

26H,A

R3, #02H
CHECK_KEY
A,26H

SCANC
R3,SCAN2
A,26H

A,RS

A, #13H,SCAN3
LV_UP

A, #23H,SCAN4
LV_DOWN

A, #12H,SCANS
CH UP

A, #22H,SCANG
CH_DOWN

A, #11H,SCAN7
READ
A,#21H,SCANS
WRITE

A, #10H, SCAN9
MEM1

SCANO

A, Pl
A, #0CFH
a

R7, #00H, CU4
RO

"RO, #6FH, CU1

RO, #71H

RO, $7FH, CU2
RO, #60H
23H, @RO
CH_LMC
TIMER
CH_UP

RUN

R7, #00H, CD4
RO

RO, #70H,CD1
RO, #6EH

RO, #5FH, CD2
RO, #7EH
23H, @RO
CH_LMC
TIMER
CH_DOWN

RUN

;CLEAR DEVICE

;SCAN LOOP

;NOT PRESS GOTO SCAN KEY

;SAVE KEY

;DELAY R3, #00AH* **

;GOTO SCAN KEY

;CHECK MEM. O

;CHECK MAX.

;GET LV. FROM CH.

;GOTO SCAN KEY

;CHECK MEM. O

;CHECK MIN.

;GET LV. FROM CH.

;GOTO SCAN KEY



; LEVEL COUNT UP
LV_UP:

LU5:

LUL:
LU2:

LU3:
LU4:

; LEVEL COUNT DOWN
LV_DOWN:

LD5:

LD1:
LD2:

LD3:
LD4:

; CONTROL LMC835
CH_LMC:

LV_LMC:

CINE
LIMP
MoV
JNB
CINE
CLR
LIMP
DEC
LIMP
CINE
LIMP
INC
MOV
LCALL
LCALL
Jc
LIMP

CINE
LIMP
MOV~
JB
JINZ
MOV
LIJMP
DEC
LIMP
CINE
LIMP
INC
MOV
LCALL
LCALL
JcC
LIMP

MOV
MoV
MOV
ANL
MOV
ADD
MOV
LCALL
MOV
MOV
MovC
MOV
LCALL
MOV
MOV
MOV
MOV
MOVX
MOV
ANL
MOV
DA
MOV
MOVX

RO, #00H, LU5
RUN

A,23H
ACC.4,LU2
A,#11H, LUl
A

LU4

A

LU4

A, #0CH,LU3
RUN

A

23H,A
LV_LMC
TIMER
LV_UP

RUN

RO, #00H, LD5
RUN

» -l Ly
:L, P
ACC.4,LD2
LD1

A, #11H

LD4

A

LD4

A, #1CH,LD3
RUN

A

23H,A
LV_LMC
TIMER

LV DOWN
RUN

A, RO
C,ACC. 4
P1.6,C

A, #0FH
24H,A

A, #80H
SBUF, A
DELAY
A,23H
DPTR, $TABLE
A, @A+DPTR
SBUF,A
DELAY
C,23H.4
24H.4,C
DPTR, #02H
A,24H
@DPTR, A
A,23H

A, #0FH
PSW, #00H
A

DPTR, #00H
@DPTR, A

;CHECK CH. 0
;GOTO SCAN KEY

;JUMP IF (BIT 1C)=0
;CHECK -1 dB

;CHECK 12 dB
;GOTO SCAN KEY

;GET LV.
;GOTO SCAN KEY
;CHECK CH. O

1GOTO SCAN KEY

;JUMP IF (BIT 1C)=1
;JUMP IF A<>0 (CHECK O dB)

;CHECK -12 dB
;GOTO SCAN KEY

7GET,\ LV.

iGOTO SCAN KEY

; CHOOSE IMC835
;SAVE DECODER

;SEND CH. TO SERIAL PORT

;SEND LV. TO SERIAL PORT
;SAVE SIGN BIT

;OUT DECODER & SIGN BIT
;CLEAR PSW

;OUT LV NO. TO PORTA



;i TIMER
TIMER:

TIMELl:
TIME2:

TIME3:

RET

MOV
CLR
MOV
DEC
JNZ
LCALL
XRL
JNZ
DJINZ
SETB
RET

;DELAY TIME FOR SERIAL INT.

DELAY:
DELAY1:

MOV
DINZ
RET

;SERIAL INT. FOR STROBE OF

SERIAL_INT:

;CLEAR DEVICE
CLEAR:
CLR1:

CLR2:

CLR3:

; TABLE LEVEL
TABLE:

;MEMORY COUNT UP
MEM1:

NOP
SETB
NOB
CIR
RETI

MOV
DEC
MOV
CJINE
MoV
MoV
CLR
MOVX
MOV
MOVX
SETB
MOV
DEC
MOV
LCALL
MOV
LCALL
CJINE
CLR
MOV
DEC
Mov
LCALL
MOV
LCALL
CJINE
RET

DB

DB

DB
DB

MoV

R3, #02H

e

A, #02H

A

TIME2
CHECK_KEY
‘A, 26H
TIME3
R3,TIMEl
c

R3, #04H
R3,DELAY1

LMC835

RO, #7FH

RO

@RO, #00H
RO, #60H, CLR1
23H, #00H
DPTR, #00H
A

@DPTR, A
DPTR, #02H
@DPTR, A
Pl.6

A, #8FH

A

SBUF, A
DELAY

SBUF, #00H
DELAY

A, #80H, CLR2
Pl1.6

A, #8FH

A

SBUF, A
DELAY

SBUF, #00H
DELAY

A, #80H, CLR2

;DELAY R3,#0FF=Z***500mSEC.

;DELAY A, #OFFH= **

;i COMPARE

;SET STROBE

;CLEAR STROBE

;CLEAR REGISTER
;CLEAR LV. REGISTER
#CLEAR 7 SEGMENT
;CLEAR DECODER

;CHOOSE LMC835, 2

;SEND CH. TGO SZXRIAL

e}
Q
Py
3

; CHOOSE LMC835, 1

;SEND CH. TO SZRIAL PORT

;CLEAR LV.

OOH, 60H,50H, 48H, 44H, 42H, 52H, 6A=
56H,41H,69H, 6DH, 6FH, 00H, 00H, 003
0OH,20H,10H,08H,04H, 02H, 12H, 2AH
16H,01H,29H, 2DH, 2FH, 00H, 00H, 00F

RO, #60H

;CLEAR BAND REGISTER



MOV DPTR, #02H

CIR A
MOVX @DPTR, A ;CLEAR BAND DISPLAY
LCALL M_COUNT
MOV R3, #0AH ;DELAY R3,#0FFH***1 .5 SEC.
MEM2: MOV A, #02H ;DELAY A, #0FFH***
MEM3: DEC A
JINZ MEM3
LCALL CHECK_KEY
XRL ;. A,26H ; COMPARE
JNZ MEM6
DJINZ R3,MEM2
MEM4 : . LCALL M_COUNT )
MOV R3, #02H ;DELAY R3, #0FH***80 mSEC.
MEMS5: LCALL CHECK_KEY
XRL A,26H ;s COMPARE
JNZ MEM6
DJINZ R3,MEM5
LIMP MEM4
MEMG6 : LIMP RUN ;GOTO SCAN KEY
M_COUNT: INC R7
CINE R7,#64H,M3 ;RUN
MOV R7, 4000
M3: MOV A, R7 ‘ ;HEX TO DEC
:SEVEN SEGMENT DISPLAY DECIMAL
SEGMENT: MOV B, #0AH
DIV AB
MOV 25H,B
MOV B, #10H
MUL AB
ADD A,25H
MOV DPTR, #00H
MOVX @DPTR,A ;OUT MEM. TO PORTA
RET
;READ
READ: MOV R1, #00H ;CLEAR R1
CJINE R7,#400H,RD1
LIMP RUN ;GOTO SCAN KEY
RD1: LCALL SET DPTR
RD2: INC RO
CINE RO, #6FH,RD3
MOV RO, #71H
RD3: CINE RO, #7FH,RD7 ;CHECK LOAD FINISH
RD4: DEC RO
CJINE RO, #70H,RD5
MOV RO, #6EH
RD5: CJINE RO, #60H,RD6
LIMP RUN ;GOTO SCAN KEY
RD6: MOV A,RO
MOV C,ACC.4
MOV Pl1.6,C ; CHOOSE LMC835
ANL A, #0FH
ADD A, #80H
MOV SBUF, A ;SEND CH. TO SERIAL PORT
LCALL DELAY
MOV DPTR, #TABLE
MOV A, @RO
MovC A, @A+DPTR
MOV SBUF,A ;SEND LV. TO SERIAL PORT
LCALL DELAY
LIMP RD4

RD7: INC R1



MOV DPL,R1 ;SEND MEM. TO DPTR(LOWER)

MOVX A, @DPTR
MoV @RrRO,A ;LOAD LV. FROM EX-RAM
LIMP RD2
;WRITE
WRITE: MOV R1, #00H ;CLEAR R1
CINE R7,#00H,WD1
LIMP RUN ;GOTO SCAN KEY
WD1: - LCALL SET_DPTR
WD2: INC RO
CINE RO, $6FH,WD3
MOV - RO, $71H
WD3: CINE RO, $7FH,WD4
MOV RO, #60H
LIMP RUN ;GOTO SCAN KEY
WD4 : INC R1
MoV DPL,R1 ;SEND MEM. TO DPTR(LOWER)
MoV A, @RO
MOVX @DPTR, A
LIMP WD2
:SET_DPTR
SET_DPTR: MOV A,R7
ANL A, %0FH
ORL A,#10H
MoV DPH, A ;SEND MEM. TO DPTR(UPPER)
MoV A,R7
RL A
ANL A, #0EOH
MOV R1,A {1553 =0 XXXXX
RET
; INTERFACE MODE
INTERFACE: MoV P1, #07H ;SET A,B,X/Y
MOV DPTR, #01H ;PORT B (DATA)
IEEE3: LCALL H SHAKE
JB ACC.Z,1EEE2 ; CHECK ATN-L
CLR P1.0
SETB P1.0 ; SET NRED-H
CLR P1.% : :CTEAR X/Y
RETI ;QUIT TO RUN
IEEEL: ANL A,3#7FH
CINE A,02H, IEEE2 ; COMPARE ADDREASS
MoV DPTR, #WAIT
MoV 09H, DPH
MoV 08H, DPL
MoV SP, #09H
MoV R7, #00H ; CLEAR MEM.
LCALL H_SHAKE
JNB ACC.7,CHAN ;JUMP IF ATN-H
ANL A, #7FH
;SELECT DEVICE CLEAR
CINE A, #04H,IEEES ; CHECK COMMAND SDC
CLR P1.0
' SETB P10 ; SET NRFD-H
LCALL CLEAR
RETI ;GOTO WAIT
;GOTO LOCAL ; ,
IEEES: CINE A, #01H,IEEE6 ; CHECK COMMAND GTL
MoV 22H, #04H ;CAN SCAN LV.
MoV DPTR, #RUN :
MoV 09H,DPH

MOV 08H,DPL



IEEE6:

IEEE2:

CHAN:

CHAN1:

CHAN2:

LEV:

LEV1:

LEV3:

LEV6:
LEV2:

LF:

H SHAKE:

SHAKE1:

SHAKE?Z2:

EXIT:

WAIT:
WAIT1:

MOV SP, #09H
CLR P1.0
SETB P1.0
RETI

;DEVICE CLEAR
CINE A, $14H,IEEE3
CLR P1.0
SETB P1.0
LCALL CLEAR
RETI '

; CHANNEL
ADD A, #20H
CINE A, #61H,CHAN1
JC EXIT
CJINE A, #7FH, CHAN2
JNC EXIT
MOV RO, A

; LEVEL
LCALL H SHAKE
CINE A, 460H,LEV
7 EXIT
CINE A, 4#6DH, LEV1
Je LEV2
CINE A, 471H,LEV3
Jc EXIT
CJINE A, 47DH,LEV6
JINC EXIT
ANL A, #1FH
MOV @RO,A
MOV 23H,A

; LINE FEED
LCALL H SHAKE
CINE A, #0AH,LF
CLR P1.0
SETB P1.0
LCALL CH LMC
RETI

; HANDSHAKE
CLR P1.0
SETB P1.0
JB P1.3,SHAKE1
MQVYX A, @DPTR
CPL A
CLR PN
SETB Py
JNB P1.3,SHAKE2
RET

; EXIT
CLR P1.0
SETB P1.0
RETI

;WAIT & SCAN LOCAL KEY
MoV P1, $00H
JB P1.5,WAIT1
MOV 22H, $04H
LIMP RUN

END

;SET NRFD-H
;QUIT TO RUN

;CHECK COMMAND DCL

;SET NRFD-H

;GOTO WAIT

;CHECK CH >=
;GOTO WAIT

-

oL

sCHACK CH < 7=

;GOTO WAIT
;GET CH.

;CHECK LV >=
;GOTO WAIT
;CHECK LV <=

I alsanfakhid T —
;CHECK LY <=

;GOTO WAIT
;CHECK LV >=
;GOTO WAIT

;GET LEVEL

s SET NRFD-H
;GOTO WAIT
;SET NRFD-H

;s CHECK DAV-L
:GET DATA

;SET NDAC-H
;7 CHECK DAV-H

;SET NRFD-H
;GOTO WAIT

1 SCAN GTL

{NRFD-L TOO)

(NDAC-L TOOQ)

;GET KEY PRESS (LOCAL)

;CAN SCAN LV.



AE MAK

AE FRM
C\WINDOWS\SYSTEM\GRID.VBX
CAWINDOWS\SYSTEM\MSOLE2 VBX
CAWINDOWS\SYSTEM\ANIBUTON VBX
CAWINDOWS\SYSTEM\CMDIALOG.VBX
CAWINDOWS\SYSTEM\CRYSTAL .VBX
C\WINDOWS\SYSTEM\GAUGE VBX
C\WINDOWS\SYSTEM\GRAPH .VBX
CAWINDOWS\SYSTEM\KEYSTAT VBX
C\WINDOWS\SYSTEM\MSCOMM VBX
C\WINDOWS\SYSTEM\MSMASKED VBX
C\WINDOWS\SYSTEM\MSOUTLIN VBX
C\WINDOWS\SYSTEM\PICCLIP.VBX
CA\WINDOWS\SYSTEM\SPIN .VBX
C\WINDOWS\SYSTEM\THREED VBX
FILEMSG BAS

CONSTANT TXT

ERROR.BAS

SCAN FRM

SET FRM

HELP FRM

ERROR FRM

SCANNING.FRM

SE'I‘TiN GFRM

SAVE.FRM

LOAD.FRM

ABOUT FRM

DISPLAY FRM
P1ojWinSize=45416,221,273
ProjWinShow=0

lconForm="Ae"

Title="Automatic Equalizer.”
ExeName="AE EXE"





