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Outline
0. Introduction

1. Signal conditioning
- Op-amp circuits
- Wheatstone bridge
- Noise
- Lock-In amplifier
- Cables (coaxial, twisted pair, optical fiber, etc.)

2. Signal generation (Sensors)
- Actuators: Relais, solid-state switch
- Temperature: Thermo-couple, PT100, diode, LM35DZ, bimetal
- Optical: LDR and optodiode.
- Movement: RPM and Doppler
- Length
- Bending (extensiometers)
- Acceleration
- Angle (Gray code)
- Magnetic field: Hall and NMR
- Humidity
- Pressure: Membrane, Piranni, Penning
- (Sound) pressure sensors (microphone) and actuators (speakers)
- Stepper motors
- MEMs
- Mass: QCM
- Gravity

3. Signal acquisition
- Analog-digital converters (ADC/DAC)
- Interfacing
- Parallel port
- Serial port (null modem, DTE/DXE, handshaking)
-USB
- GPIB
- Programming (LabVIEW, MatLab, Python, PASCAL)

4. Signal processing
- Simple digital filter (MA, etc.)
- Feedback (PID control)

5. A scientific laboratory
- Vacuum pumps
- Cryogenic equipment
- Monochromator
- Measurements.
o Hall
0 4-Point
o Admittance
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offert) . Thise ADCs  how  Haree wpordant
Poru umebers

— imput voltege range = Vea, ~AVi.,

— cesolution s V  (number of biti) =

- rc$olu"-f0m v +iwee ( $pr'o'ug qu) — 4t

Av«aly?c;\g e 'e-'fs+ two |, tle fesolution in

v ol -‘aa,g Hrus IS

AV - Vmu‘ - VM;v\

2”1

For exawmple = aw ADC with 0 do SV

rema_g

Wit & bits  tuus hes @ resoludinn of AV
sV/25b = 19.4 wV.

The Siwplst ADPC  is luus a l-bit  ADC tuat
only  ole beruaines if the  Siguul IS pertive or
neqative . The wost accurale ADCs  buve obout

24 \its oand hawe tuug H’Solu-l-ioug i '“q orely

Av = = ob yv

r\ncrfas‘.mg 'ha.p V’tuws'aer (}-F b""s hus no use



becuuse twue resolution will  drop be low fle

vnoise level.
The other |'w~pof{ ant peora wuter 1S e Samp/)ug

rq"c, T R wo use Sawp'.'v«a fas-\er "L-an (,4wo
tiwes) the Weoaximum 'ff')'w"':y of ivforweation,

as A will OM'}’ InwCceace tle Cost of the 92.;,?-

went .

‘cSawplo - 2 'Fl\-ox ( Slnumo-n - N\/zu-;")

T waogt popu\vr (wwst sold) Apc s proloa“y

a b bit | 441 kM2  sowpler that 5 uted f,,

avdio Saw\p‘er; (up-!o 22.05 kH2 Souwd )

T‘{pcs of ADE

(J Flash dype ADC . This  hos 2" courparators

) n )
1hat (ownpo re i S|3Mn| to 21 referen ce Svguqh_

Eac.la Cown parod-or ll\o,\ « loo' na-r), Ouipu{-

9;%“.,\ Hu\‘h"s of tle Cighﬁ' 15 larg,er (1) or

(o) thon tue refertnee  ciqual of Juad

Swara Ner



(awnpora.-‘or - For €x01w'9(_c o 2-bit  Clagh ADC

\ij\a" | oole Som’rl«ivg lilee  Showen  iw He {fguae
\u\ou)

VNee
S loT‘t.‘ bit 1
‘> — oy | bit ¢

Tle Cownversrown aua,oﬂ — dl.a.'*ql is  (nearty )
ivela nfaueous . Tl price to Poy is a4  Very (oua-
P\ical-c d Circurt ong grows rap.'d)), [~ 2" )
wilh e vumber of bits . Floth  touversders ope
novwally livwided 4o 8 bitr, but go easily wp

{o GH= Sawp'-‘ua rales.

(@ § della ewcoded ADC A digital counter

' S ‘Eec\ into @ DAC awd (owmpored Ltk a

Slhjh Cown pml‘q"or to tle Sigunl . Tle (Ounle



5"0[’5 U)lﬂ(m {LC DA,C SléMQI I‘S [Qfgpr '“na”
the input Sigwal . The value of He Counder
is  tken coped to e ADC  opulput | cee  for

exaw ple {Le 2-bit ADC  (« Ly {-9urc below

Y bit 1
[ ( s bitg
Oum - mc VA
Auck ber
V" 2'5;‘\' ADC
vt
) V:
Va :
n-%% Ao 3\3hq,j'
¢t —

The electromics  of duig Yee of Ab( are

Swapler |, bud it s alte  waucl, Slo wer T
. L)

tle wors-l otk ‘“AP Comple ¢ Nady o"'/
a“-fr 2" clock Cyc'es, There fxu‘s"s lw-pﬁ)vrd

Vrrsu;)v. _ v which ?w wid auce e (asd value



5 Wept and used a5 a Storlig point {or
e wecd  countiv g (te coumber How can Comt

uwp awd dDuM) .

Avotuer lwnprovfwur( (P;F-tll.w qpc ) Lovst  cleter-
maiwes the  MSB ([ wrost S‘lauifu'cau"’ biy ) aud

thew  subtrocts  duis  coarse vollage wth a DA
ovd o difecmbial  awplifer frow e ivpur sigeal.
Tw e second step T Nwaiu{ug bits ore  foumed
(LsB).

@ Aval 09 - fawp ADC . Tl s ;2lear o Jle

della ADC  but  ingteod of a DAL, aw aualeg

Slaua\ 5 used {o cowmpanre
— L b1
tOwnn 2
,_.’:: Fl—0utg

Shert

Ha

2 b”’ Qha,aﬂ - rawp ADC



The resolution of anw ADC Can be increated
by cddieg  nose at the iuput aud  esieg  Over-
Sawpling  (Sewpling wore than ouce for every
desird  Saweple ).

fmﬂjt;{ an AoC  wih 1 vold reso lution {hal

N+l ————— 3 V 10% ->— i
Vv, .eaVv —> DR (3
n 2v 99%% n

receivets a Sa‘jnql A 21 V wihout noise Th's

would retsult j»u an  ADc value of w . tpresenting

2V.  For 100 Swuples this  cesulds 1op  Hupg
o e sgual = g v, A»clde noiss o oy
mpnt Wik A qupliduce  lar ger dban Y

d\‘3 Falizabion 52 (1V) or resolution wil)
cautyr tae ADC o Somulines return Ny [3V).
For @ lara,e facter of over qupliug , fhe ovress
of tuis  will give 21 V . Tn g R T

Cegoludion IS Intreused l:oy a tactor N ?70'0!'



‘)»o 'H;q Wrsawpl;ug rate. Av-rrag a‘hg Caw be

dOM d.g.-,a “7 .
Av =

VMﬂﬂ - VUM,‘ "

(2 "—!)'N‘—

DAC s
A DAc  (digquial- avalog Converter ) s dbl‘vg Yl

Oﬂbt'\k , ConverSion 4o aualog, avel  works Sow-e“q.;a

lile  given = +le {’.-am below

R
nse —wWh—
R¢

—WWe—
e el

"

LS8 m—,

AlSO ‘[Or bAC < overSa wip l.'MS Can Be used .

Iwoﬂiu_g we have an n bt DAC frowr 0 o
!

10V Tle r‘9$olw,-iom it Fhus —-%, and we

have a Value X be fween o wd 2" Tl

>

—

O,,Jfr_w& \loHagz, & n , Con 'O-E gihfm -kd b,



qﬂac-‘ug x twmes a (ogftq| { (Z wov) at e

UU\‘\pw\' aud Z"—-X tives a ,05.‘0:-1 0 ("5 OV)
awd  then taking  tle  avemge I, olher wonds

wit cawn wnse Q 1~ lOI"" DAC M

° —— - LPF l—o V,

Tn wore ocdvavded DAC s e bit patiern at
thwe entranc 'S rawdouwized to opti mize tle

Siav\od quali \‘7

L] ..‘ = M- . a\fffos.g_
o
{ —
[ )

x 2™ x
1 Sawple U Sawple
Tw wnany (ages | ADc ¢ avd DAC  wre port

o-c e PZM-'PMV\*’ ( ?Or & a“,plf a WUH‘l‘W-\-er
ot  oscill of cope ) awnd W J'usl- hove {0

Cowrtmuns cake with it



|Rs 232

RS 232 'S {lee olc\ S" ownderd of C ourwaALn callon

bel urten clu'ﬂil-ﬂl eZ“fPW‘”“ owd g “:or n'us"cmq

e bace of wwodern USR (omwrmuunication |

The firgd Versionn  Wes W“S'Md '(\"" ""‘""'-a

o typeweriter to @ wodem (wrodulator - dewrocu-

|q-\of). orf iw Q.Pmerul a DTe (data 1eruinal

e'j,w'pvw“") to a DCE (data COwanmiuwncat on ey -

uipww\" ) o The on‘s;,\a\ COvnector P~ USSn'jvs -

Vel ' S 33wv\ v e ‘?"aun on i’w wext Ppa_e_
T wwsisds of o 2¢ pi» (vges ) ‘Cew-ale Covuector

cor IV Dce awvd (- rig P;M WG".( €0 Wine C""r .fa'_

le Dre . Leater virgiows uced On‘r '“‘f ottt

impor-‘awl- connections awnd tle (omnector uog

feduced 10 9 pin (DRg). The older wersions

vie " \l\ﬂhd shha \au‘th“ Pro-‘o colg which WAtQung tleet

twa data 'S @ (o wpe wied \Dy Sn"juql; ow oh,._,,..

piws  kelling b stadus  of due DE wd DTE



for inskyawnce whe bher data 3 ICady to Le

‘h’auswn"\'ka ot Y S 'S received u)-e" T‘MSQ

hawd shatee  lLines  cowe  Tw  poirs bor  tu; tauee
RTS / ¢T$ (feguest to cend / clear 4o sevd )
The DTE cwds o rf,wrf‘ Yo cend Wl it

is  Ceady but waits until {e Oce r‘ead/

{ crs chuql) bLe{ove ac‘-ua“)o Qud.’uj tbe  date .

TABLE 10.4. RS-232 SIGNALS

Pin number

——————— Direction
Name 25-pin 9-pin (DTE~DCE) Function (as seen by DTE)
114 2 3 - transmitted data } d .
RD 3 2 - received data ata pair
RTS 4 7 - request to send (= DTE ready)
cTS 5 8 « clear to send (= DCE ready) } handshake pair
DTR 20 4 - data terminal ready .
DSR 6 6 « data set ready } handshake pair
DCD 8 1 - data carrier detect .
Ri 2 9 - ting indicator } enable DTE input
FG 1 - frame ground (= chassis)
SG 7 5 signal ground

“Note dhat b Si gual hawes Make Sente  ouly

as viewed by tu DYE : For justawce, pin 2 s

called TD ("}ravsuHed data ") by both Sieb;. eVen

thovgh  te DTE  asserts it awd Yo OCE  receiver



(t - Thus , e wnaue of a Pre et euooojh
o tell you i s an iwput or oulput — you
also weed to Umow whetler o dbvice thinks |+ te

a DTE or DCf " ( Horourdz 4 Hill , Twe Art of Eloc -

',-ﬂ?u;csl 3v~c|udm7 iwoafJ SLWW“ L‘"‘e)

DTE ' DCE DTE DCE
Gl 1)G c(h Do
(2 = —(2) 10 (@) > 2) 1D
Ro (3 : —t— 3)RD RD(3 — 3) RD
RS {2 — - 2)RTS ATS ATS
crs(s -t 5)CTS CTS dms
osk (B - 6) DSR osR (8)—— —©) psR

6@ 76 s @ —
DCD@ - 8)DCD pco .DCD
orn@ - 200 DTR DTR DTR
A 8

OTE DTE DTE DTE
a1 1)G (X €) 16

05R (E)r ——{8) DSR osR (B —— OSR
a(@ 76 c(@ G
oco DCD DCo (8) oco
TR 20 20 oTR DTR '_.——_:x DTR
c D
25-pin T T
protec. GND (1)

g
®
©POEEAQOO I §




W han tovo DTES (or DCE;) are Conuected +

QOC‘AO"’L-P" (‘(of ivstanece +{wo Cow-pul-ors) Jle
!

To (rawswitked data) of ou, hes 1o

be (ounected
to te RO (received data) of W i, . awd
Vice verse TS (fOSr.'ug ot Cfauqls IS called
A null- waodewa

cable , see iy a‘aurf ow e

Pfeviows pouYe . Note  tuat  all Tguals feclueliv g

Wond Shalegs cifte  €rosSec.

O("-eh , OSF-equ“y in  wapder, eZu.‘pW“-ﬁ , "L\e

\Auwds\..al/.e siauq“ ore ijuoNd . I‘.. +h35 coSe

’

hard shaleing is dous by Sofdwere  aud s €ucock d

i e data . Tu duis cese ouly  turee  wireg

art weeded RO, TD avd ground. To wuralke sure

‘l"nq"’ Whord ware . bhaud g'»au.'..g

ezw'pwu\"' Can (omumrnun, -

cale win  Soldwere - Laudg\cak.‘ug epuipment | U

becd o autp - *erw\iuop\.e te haud sl Lu'ucé Pins , See
e r;ﬁh-l Sides of ta 4~‘3uv~c ou e Previovs pege .



Finally , f.'ﬁung chows e pin number
assi quwent for a PBZS  (ommecor. Tle §-piv
DBg  travsludion fable is Givew iw te last part
oF e #igurc.

Cowclusion = To coumect two  pieces of eguipuent

it is wveeded o kinow whait 'lyp-e of egui purent o+
s (DCE or DTE) and whal kind of haud slerleing

is used. Most wiodern equiputut  utes DTE -DOTE
witn  sofd were  Lavd sbaulein g where Only turee pivs are
Conmected awd He resd iq wored (rotl  even wicely
beruainated )

RS232 i« a Serial connection = which

weawns '“/'ﬂ" iM‘FD(wU"fOV\ ) Sent 1 g,-’ Q-{ a

Line Cou-}rashug this  are Peralle |

Connect fomg
(p(‘w\-\er port | Parane' pw-’» avd GPIB) why re

data is Sent One Ly*e at o "'ime. The diﬁﬁﬂcnq

s ‘:)a&td Ow te O\G'{#thg N bhore wave . RS2322

l/\us Owna Olﬂ‘lq l.‘me Gwd a P.r.[\*_l PM..'. ,‘qg 8.



Qtaua\s at e dataliuwes have e ‘fo”owu‘.«a

proper ties

* covsSist  of "o": aud " wlhere a logo‘ml
O is a volege wore then +2 V. 2aud a logical
{ 3 a voHoca,g beloww -3 v, (mex ¥ 25Vv)

¥ Stark wh a startbit , a logreal ‘0"

% followed by a ‘characler”  that comtaing flg
inforwation (ke "data" bei..& transwitted ) aud
tonsisis of 7 or 8  bits

% T. Cose He characler i3 3 biks | e seguewce
is follo wed by a par\4)v bit tuad verifies
wlegriby of the dutda bits.

¥ Tus it followed by a Stop bt of arbitrary
lengtn  (wrinimuun 4 bt ) | nawel, a logical "1

3¢ Twe iwforwedion Can be St at various gpeeds
tais is called  dhe bt rate | or "baud"  closerbs,
e number of bils per secord trarSuatled (in-

tluding  perly bit ) . Standerds art 300, 1200,

’

24v0, 4loo |, 3(900 and 19,200 baud with  fle



Liest owr  bar )7 aokyuq-\( for “-rf-e welers aud

the \losk ome baﬂV ade gua te for transuaitling

‘fi\ts (row- Owne cownpuh-r do Le  OYhwer.
The (o wmunicalion type awd speed i<
tlew Sw wAavnar: zed 1A a QD‘V\%['? word , ‘fo,-
st an e Sboo N&1
P
O O6®

@ Speed (baud)
@ pecity , "N": no "E" = even - "0"=z odd

(Cowﬂ'\‘ha e wvumber of "M"e dw Yue Chorocle r

301" Seat , evewn Of 0dd ’ Wil tee Por\‘y bt

that value weeded Vo walke it odd or evev §

ekawp‘{ ewwn poniy ,

bit wll ke 1

' M" = wark

ClI0I100 — poril)

: I Space [nlwe,; 1

of al=-
way 0o )
(D number of databts (# or &)
®  uwber of stop bids (1 or 2)
A L/pn‘cv\l RS232 bt pu'H-frh 'S 9"Wh tn e

wext -(»’.9 urd



o ."SWE”

seaar | d¢ | d2 a3z | dyq |ac¢ 46 | P stopP N\
Lsg

1 “Mark” Msg

¢t —

(‘3"" toSeding of  charocler 110 ) 001
(AscIx "c'", dec. 105 , lux bq ) via protecel
E31 - Note tuet e bits ore Cend in  rewrce

order, first e LSB and ot e od o MSB

Decimal Octal Hex Binary Value 063 077 03F 00111111 ? (question mark)
———————————— - —————- - 064 100 040 01000000 @ (AT symbol}
000 000 000 00000000 NUL (Null char.) 065 101 041 01000001 A
001 001 001 00000001 SOH (Start of Header) 066 102 042 01000010 B
002 002 002 00000010 STX (Start of Text) 067 103 043 01000011 c
003 003 003 00000011 ETX (End of Text) 068 104 044 01000100 D
004 004 004 00000100 EOT (End of Transmission) 069 105 045 01000101 E
005 005 005 00000101 ENQ (Enquiry) 070 106 046 01000110 F
006 006 Q06 00000110 ACK {Acknowledgment) 071 107 047 01000111 G
007 007 007 00000111 BEL (Bell) 072 110 048 01001000 H
008 010 008 00001000 BS [Backspace) 073 111 049 01001001 b
009 011 009 00001001 HT {Horizontal Tab) 074 112 04A 01001010 J
010 012 00A 00001010 LF (Line Feed) 075 113 04B 01001011 K
011 013 00B 00001011 vT (Vertical Tab) 076 114 04C 01001100 L
012 014 00C 00001100 FF (Form Feed) a77 115 04D 01001101 M
013 015 00D 00001101 CR (Carriage Return) 078 116 04E 01001110 N
014 016 00E 00001110 50 (Shift Out) 079 117 04F 01001111 o]
015 017 00F 00001111 sI (Shift In) 080 120 050 01010000 P
016 020 010 00610000 DLE (Data Link Escape) 081 121 051 01010001 Q
017 021 011 00010001 DC1 (XON) (Device Control 1) 082 122 052 01010010 R
018 022 012 00010010 jsle] (Device Control 2} 083 123 053 01010011 s
019 023 013 00010011 DC3 (XOFF) (Device Control 3) 084 124 054 01010100 T
020 024 014 00010100 DC4 (Device Control 4} 085 125 055 01010101 U
021 025 015 00010101 NAK (Negative Acknowledgement) 086 126 056 01010110 v
0z2 026 0l6 00010110 SYN (Synchronous Idle) 087 127 057 01010111 W
023 027 017 00010111 ETB (End of Trans. Block) 088 130 058 01011000 X
024 030 018 00011000 CAN (Cancel) 089 131 059 01011001 Y
025 031 019 00011001 EM (End of Medium) 090 132 05A 01011010 z
026 032 01A 00011010 sSuUB (Substitute) 091 133 058 01011011 [ (left/opening bracket)
027 033 01B 00011011 ESC (Escape) 092 134 05C 01011100 \ (back slash)
028 034 01C 00011100 FS (File Separator) 093 135 05D 01011101 ) (right/closing bracket)
029 035 01D 00011101 GS (Group Separator) 094 136 0SE 01011110 ~ (caret/circumflex)
030 036 01E 00011110 RS (Request to Send) (Record Separatorj 095 137 O5F 01011111 (underscore)
031 037 0lF 00011111 us (Unit Separator) 096 140 060 01100000 <
032 040 020 00100000 sp (Space) 097 141 061 01100001 a
033 041 021 00100001 ! {exclamation mark} 098 142 062 01100010 b
034 042 022 00100010 " (double gquote) 099 143 063 01100011 c
035 043 023 00100011 # (number sign) 100 144 064 01100100 q
036 044 024 00100100 ] (dollar sign) 101 145 065 01100101 e
037 045 025 00100101 (percent) 102 146 066 01100110 £
038 046 026 00100110 & (ampersand) 103 147 067 01100111 g
039 047 027 00100111 ' (single quote} 104 150 068 01101000 h
040 050 028 00101000 { (left/opening parenthesis) 105 151 069 01101001 i
041 051 029 00101001 ) (right/closing parenthesis) 106 152 06A 01101010 3
042 052 02A 00101010 * (asterisk) 107 153 068 01101011 X
043 053 02B 00101011 + (plus) 108 154 06C 01101100 1
044 054 02c 00101100 . {comma) 109 155 06D 01101101 m
045 055 02p 00101101 - (minus or dash) 110 156 06E 01101110 n
046 056 Q2E 00101110 . (dot) 111 157 06F 01101111 o
047 057 02F 00101111 / (forward slash) 112 160 070  ©1110000 D
048 060 030 00110000 0 113 161 071 01110001 q
049 061 631 00110001 1 114 162 072 01110010 r
050 062 032 00110010 2 115 163 073 01110011 s
051 063 033 00110011 3 116 164 074 01110100 t
052 064 034 00110100 4 117 165 075 01110101 u
053 065 035 00110101 5 118 166 076 01110110 v
054 066 036 00110110 [ 119 167 077 01110111 w
085 067 037 00110111 7 120 170 078 01111000 x
056 070 038 00111000 g 121 171 079 01111001 y
057 071 039 00111001 9 122 172 07A 01111010 z
058 072 03A 00111010 : {colon) 123 173 078 01111011 { (left/opening brace}
059 073 03B 00111011 i (semi-colon) 124 174 07C 01111100 | (vertical bar)
060 074 03C 00111100 < (less than) 125 175 07D  0l11l101 } (right/closing brace)
061 075 03D 00111101 = (equal signm) 126 176 07E 01111110 ~ (tilde)
062 076 03E 00111110 > (greater than) B7 177 07F 01111111 DEL (delete)




The  table bv te  previous  poge  Show

tle  convendional  Jravslation of bt patlerns
to text , ASCIT | Note alco tue charoders
017 (xon) owd o9 (XOFF) used dor soffware
hovdslalcivg,  as cles Cn“neo' before .

Ta chra lecl Circuris (Tcs ) have lkeen

Aeve |l oped to deal wih RS232  comwmunmi -
Cadion. Thege are called UART o USART
hickh Stawds for  Universal Synchrovous asyn-~
chro nous Receiver / Transwad for | Al o cle rm

eguwipwent wilth RS2 ports  incorpormie  Owe
8530 1. L SERIAL \ o-r '“MSP ‘[Df' ins "‘A nee
8 AxD }—a—_J DATA \
( pac L RTS po—
laes: AN ] omg K- tLe Zilog 8¢30 i Pc s
£ -dce 27 0O p—e i
[T7) T =
£ © RxC 2
R ng ;TxC D:-— CLOCKS, £ Noh ce {f"\l i l iV\
a SYNCA pe- [ ETC S 3"‘“ S
§ —a—C} INT LWIREQA D—— é
£ - INTACK :
ey m r xD p=—t— .

LR gl mp B [ hguee (o ek

24 111

2]
cock—pex 2L 1} J ‘

Zilog 8530 “serial communica-
tions controller” (UART) signals.
. . a CV‘“ cher ac‘f ¢ (J" g



biks Comainy feown tue  proce ssor of  diy
Covaputer ( Oy D.‘,l) avd ow tlhe (‘.‘ah-} siele
tle cherocter IS Eransuardle d Seria "7 to
awotwer UART (TeD oned RxD) . The Z.’og ®<Czo0

Wes Ywo serial por')s, “chanuwel A7 aad “claunel

Q" (‘cpﬂku-\'igg Wy o Serial Cov\»/\ec)»tou_‘

COMY ad CoM2 of o Pc.

The wWey the TC g euwbedded iuto tle
cousputer is  described  awd  trraded otle
disci plines " Bubedded Systems ") . T por baut
for uws 4o kwrow 5 ouly how to Set i+ oup
( wirrocle le\lc.) and how to Place cbhoro clers
st de UART  avd bow to  veed o Jrom  Hle
LLART .

Te iwformalion a5 to where He v forwalin
about COM  port  comtrol  resvoles s wo:\l#p.\

vt Bros of tue €O wapuler (W'Mc-e oy tae



W ART Cown be 1A oy acddregs of e

waLuavry fla BToS a)wars Stores e ""“ﬂ""’“*“fovs

05 Jo where ta UART  dals s ))laceaf at e

S0 e addrese | howely (exadecianl  §)
" Start Address Function
;5 0000:0400,, COM1's Base Address
S 0000:0402,  COMZ2's Base Address
0000:0404 COM3's Base Address A
A 0000:0406 . COM4's Base Address
g -COM Port Addresses in the BIOS Data Area;

0(.)4“ .bu\ wot a'wu\/_s , HMy are Poim-’-o‘hg +o

A Name Address IRQ
; ; COM 1 3F8 1, 4 B
« & COM 2 2F8 ), 3
33 COM 3 3E8 4
s S COM 4 2E8 ), 3
_fa b g ' Standard Port Addresses
8 [, —

Tlhese values ave Yo \C‘m’c addrcses  of a
)

block of & "\'ch‘sl-rrsn (se calld lboge addwgg)

t

At tlece addresses ave tle ‘.u‘raru—-a 10w

Weeded Yo Conivrol tle UART  see wex + fable



Base Address fDLAB IRead/W rite [Abr f Register Name
! =0 f Write f I Transmitter Holding Buffer
+0 | =0 [ Read | - | Receiver Buffer
f =1 |Read/Write f | Divisor Latch Low Byte
t1 | =0 |Read/Write | IER | Interrupt Enable Register
I =] fRead/erte f [ Divisor Latch High Byte
+9 { - f Read f IR fInterrupt Identification Register
| | | _Write  [FCR| FIFO Control Register
1 +3 | I Read/Write j LCR | Line Control Register
Y | Read/Write IMCR| Modem Control Register
f +5 | - | Read |LSR | Line Status Register C
[ +6 | - | Read IMSR | Modem Status Register
| +7 | - fRead/erte b Scratch Register

DLAB  means the MSB (64 2} of tip L.
Comtrol  requter (LCR) a4 bace address + 2
TE bwis  bit s oset o o4 g, £ +wo
bytes have o different weanimg  as Showwn in
tve table above . They then Prograuw, tiue
Lbitcale via tee Divisor latch,

The WART hes awn nlerval clock OSCt‘”aJ-a'hcq

at arouwd \.8432 MHz . Per bit ,at leegt
th cleclk c7clc; are neecled ’\’L.("fw.t' Lo

\/\.‘3‘4:3 V' speed of coum uaicadion  via  RE23)



RS L®4q2 MHe /b = DNS-200 Kbps . For

lower speeds we lhoave Yo prograw the  divisiom
fac-‘or . IUV\O"ﬂiM we wont Jo St‘_ vp 'h'f UAQ"—
for gboo lbps . We then have to dividh  przep bps

by 12. T foclor 5 Stored 1w e “Divisor

Latew ™ i two lbyls {base cddress 40 awd bose

oddress 41 with Lt 7 of LR Se+ 40 1) |

Speed (BPS) Divisor {Dec) Divisor Latch High Byte Divisor Latch Low Byte

50 2304 0%h 00h
300 384 01h 80h
600 192 00h COh
2400 48 00h 30h
4800 24 0Ch 18h
9600 12 00h 0Ch
19200 6 00h 06h
38400 3 00h 03h
57600 2 0Ch 02h I:)
115200 1 00h 01h

Table of Commonly Used Baudrate Divisors

Tle Ootler Pore ne terg ( Pahky Chee ko‘n—a ceke)

anre progra wmivwred via  tle Live  Comteol Rpj Sdhr
(LCfl) o boge oddress + 3 . See table C aud E
No te a 30.!' w te MSE (b4 7 ) of s rrs ,:g ‘l‘r"'

whiclh iS used ‘I‘o C"‘““‘}? ‘l'Le Put«c"w‘tw\ op ‘}L,
L‘f}’r two HCS!‘S'I'C",S_ Ty Otler ?Mpor-\-a-«'f



Bit7 1 Divisor Latch Access Bit

Access to Receiver buffer, Transmitter buffer &
Interrupt Enable Register

Bit6 Set Break Enable
Bits 3,4 Bit5 Bit4 Bit 3 Parity Select
And5S  x X 0 NoPariy

0 0 1 Odd Parity

0 1 1 Even Parity

1 0 1 High Parity (Sticky)
1 1 1 Low Parity (Sticky)

Bit2 Length of Stop Bit
0 One Stop Bit

2 Stop bits for words of length 6,7 or 8 bits or 1.5 Stop
Bits for Word lengths of 5 bits.

Bits0 Bit1 Bit 0 Word Length
And1 o o 5Bits
0 1 6 Bits
1 0 7Bits F
1 1 8Bits -
... Line Control Register

1

bl are 3,4y avd § (parn‘);) , bt 2 (Sdup bie)

awq bils ©Oawd ¢ (word lfna-l-k). For ins-l-a...q'
to Setd  wp tue device 'ror "36019 N&l“ we dp

e followiny

® set bit 3 of LR o 1
port [BA+3] : = port [BA+3] Or 128
® waie  Glivisor latch bytes
port [BA] = 12,
port [RA41) = O,

® er‘\'c LCR

port [B8A+3] := 3

’



|x]=x|=2]>]0 o\ﬂlj

L— : eeed
w0¥h00\" \-' 8 6.-“
O‘ch'l' 1 Stop
1Y} Pﬂn’-y

® Set bit 3 of LCR boclk 0 J (i orcer to

Love access o data transwnibhed )

port LeA+3) := port [8A3]) AND 122 ;

——
Note tuat here WE used PAScAL Cvde . Tw Oy

\auavu?; tle (owumahd} ant Snvu'\nr
PDV“ [ x7) wwans  byte at oaddmss A ol

MVV\ott/

___f—-—-

Now we or Pead\/ to Sewnd or receiye data

W‘l\(v\ S&V\dlhg a C'AOf‘GCkr ' we {.‘rs-‘» 'AAN +o

clheck i'( tle last  charocler wes et . Tw Ny

Bit Notes
Bit7 Errorin Received FIFO
Bit6 Empty Data Holding Registers

Bit5 Empty Transmitter Holding Register
Bit4 Break Interrupt
Bit3 Framing Error
Bit 2 Parity Error
Bit1 Overrun Error F
Bit 0 Data Ready
’ Line Status Register




wovds . 4 tle Oulp wi bufler vy cw-p{y.
Tl/u‘s \'3 h i{' 6 0( {’l‘\-? L\lﬂe S"'QJ-VJ R,a t;#f

(LSR ) . see +table F . Wlen r‘?ad)/ | W (e

Plaq a Cluaraclkr in e Travswa, e Hold.‘h#

Bufler  (bax oddrss + 0 cee table C)

& Cepeat
Un bl <P°H LB +5) AND 6‘1) =6y ;

port [Br) = Ord Cc);

(¢ s chorockr v smnd)

R.Qadl;na s a S‘lkvn’af‘ process . We Lawve 1o

undil a by&e 3 Nﬂdy (bt # of LSR) :

wal‘\’

@ Cfepea t
unhil  (pord [84+5) Avo 1) = 1;

C := Che ( Por-l [8A));

For cowplebeness  Sale | te  wext page Showe

SOWE  WADRt tcg:‘skrs of ke UART



Bit Notes
Bit 7  Carrier Detect

Bité  Ring Indicator

Bit 5 Data Set Ready

Bit4 Clear To Send

Bit 3  Delta Data Carrier Detect

Bit2 Trailing Edge Ring Indicator

Bit1  Delta Data Set Ready

Bit O Delta Clear to Send
' Modem Status Register

Bit Notes
Bit7 Reserved
Bit6 Reserved
Bit 5 Autoflow Control Enabled (16750 only)
Bit4 LoopBack Mode
Bit3 Aux Output 2
Bit2 Aux Qutput 1
Bit 1 Force Request to Send

Bit0 Force Data Terminal Ready
' Modem Control Register

Bit Notes
Bit 7 Reserved
Bit6 Reserved
Bit 5 Enables Low Power Mode (16750)
Bit4 Enables Sleep Mode (16750)
Bit 3 Enable Modem Status Interrupt
Bit 2 Enable Receiver Line Status Interrupt
Bit 1 Enable Transmitter Holding Register Empty Interrupt

Bit 0 Enable Received Data Available Interrupt
Interrupt Enable Register

Al Hables lateen  from w\)ffwc'l-pag,s al

hilp: 77 www. beyondlogic .org /sennl Jserial .Ul



O'l'la-(r S‘.ef\‘q' ;M#f‘rﬁnuﬂ S"qu dbrds N

Uwiversal

u'SB Serial

Res

[V RY J S‘cwn'lar to

the RS232  Standerd U3 legs o

we it 2 wires [ oo ]

(TO,RD e GAD) ST A UTEE one bens
The connector 5 a § -piw as Showw abowe

Tie (ow- -h,‘ p;n iy uSed -(-o Shppv POWP" +n

tLe tonwnected clvices

rpih Furelion

\ powrr lvvs'v%
2 D-
3 D+
9 GND

Tie D-/D+ pair (e “dato paic*) s o set of
twisted poir  cables in whiclh twe dota Ou tle
Sawe ling i5 Qomg i botl directiows |, fuug
difleriiq froun 4 P23 shanderd  where o pin

i3 alwayg of Sewdivg or Ncp,'v.i..ra data .



O tier features of USB

% up +o l27 clevices can be Couwnected
fo a Lost

* usg 20 wp Yo 4o Mbiis /s

Conmectidn S p-sed
Lo .S Mbats/s
Eull 12 MLis /s
s Gso  Mbig /
Sinee moce than 2 D{lvfus anre tuderconnee fed

awd te Sawe data line (0-/0+) s used for
S&\»dius uud NCPivfuﬂ , Qa Mmuch WAL CO\MP“C«%J

\31"0* o¢C o\ COT (Ouam U wy Catiow 3! M?CLPJ .

This ' C avo\' Levr ,S‘er'\a\ lhkr&it;ﬁa

l Tice wi re l /,o‘

Slanderd

also kwowwn 03 ¢. Link (Sbh’)
Ficewire logo

of TEEE 394 ovd originakes frow Apple .

I+ is Sewar lar o USR | but Lhas Sowe

o\i(lfﬂuus



¥ up to 63 clevice S ([Z:Z:Z:l

Connected +o Lust e
b pv  and &-pin

Erwire counect ors,

¥ up fo Gbo Mbils/s
¥ Power  up Yo US watts (b ping)
* peer- to -peer (vo (PU  eecled for Covrvuaun oyt o

betwen  Jwo  deviws , Say . a (ewvra awnd a

Ph‘n ber )

Batn VSR  awd Fire Wire Can wralee tonnee tons

Wuile bhe egupucnt s switcued ow.

4321
cos;pei:tor cog;z::tor Signal Color Description
1 VCC white +30V unregulated DC
2 GND  blocw Ground
1 3 TPB- orewge  Twisted pair B
2 4 TPB+ ‘elue Twisted pair B
3 5 TPA-  Ted  Tuisted pair A
4 6 TPA+ gm-. Twisted pair A

¥ dwe data lLiweg (two Hwiskd poirs)

Compared Jo owe in USSR,



Para lle | rhlffr“““"g
T this ‘l'yp-c of o mAmwmny cations wmore than
T bt s sent al o tiwe | NWW‘"“] (ouplete
8-bit cheraclrs are  Sent .
\?arauel Por{ \ ,13 : — 1
0000000 OBBDED
S ® 000000800000
i 25 14
— As seen at beacl,
datalines (1 byte) o opder tenale)
| STROBE 1 mm% S
tuat cown Ou‘\p wt oo z| . @Eigp_JUTG
ST 1% . ERROR
bz 4| S L |
dalte [ tee Df.. Dy) . 05T [T SELECY
. pd 8] > 18
The olwer pms  are os T 19
D6 8 z o ;’3
used for  grouwd (GnO) o7_3]_ B3l enD
ACK 10 b3
Gwd Woand shey L&mg gzsv"““'j};—ﬁ ° 24
tnpat hewnedghobe « GﬂL[NE‘*L a:: = 25
Acle Achuowledg_g .,»/
RUS\/ Printer "“‘y Olﬂpu* 'A.kd]‘uhkf
PE paper ewd SELIV  Select 1
SeEL Select LT Tedialae
Ecror Ercer Auto Auto feed
Thy e TTL Syear (0% o, e Loy



A bar over G S-gmnl weans ' 5 ‘viver bed
("o0/ealse = SV, "1"/teue o V).

T. wiodern  verSions . Yl peca e ! port can
also e uted (0(‘ inpu'\’ . T au), Cote {'L‘

pocallel  port | like te Sorial  port hor +, ke

cw('.‘gurtd , Cee  tables  on  wext Page

Nord wore Luyou# of Address MSB, T LSB
Bitt 7 6 514 3 21 0
porallel  port : —» Base Pin:9 |8 7.6 5 4 3 2
Base+1 Pin: ~11 10 12 13 15 .
Base+2 Pin: ~17:16 ~14 :~1
e —

76 5437210
Control port: base_addr + 2 | [ | i isHEE

irg enabie -—/)

;6 343210

Status port: base_addr + 1 wLHEBHSI 1] > -1

}
Data port: base_addr +0 (of8f7jefsf4f3[2]

|
™~
Nall I
NGl
|
NS TII
KEY I‘M.L'/ TEY
l—
— lnput five [ il
Ot!fpﬂﬂk’!e hl.;" FiLl
g i
3 2 8rg L~

irverted

ot |I
naninverted é




Fovr Prawp‘f. {—o See i‘ Yie pr.‘nlcr at

LPTA4 } bw\/ , we heowe to reed pin of
{-Lu" Pdf{ . T 3 (ownnec 3 e d +0 b'." 7 0“ '“n.e
.Syk at oaddregs bage.oddr +9  of LPTT |, whick is

279 (\egacleci wq')

Relevant tables @ ( beyowdlogic . com )

(D-P'I'I;pr:o25) (CeF:wltr:'or::i)cs) SPP Signal Dlll;le/(c:)tl.:?n Register l]':;z::;e ‘
1 1 nStrobe InfOut . Control Yes k4 -
2 2 Data 0 Out®  Data ¢ ?{
3 3 Data 1 Out* Data 3
4 4 Data 2 Out* Data E 3
5 5 Data 3 Out* Data % y
6 6 Data 4 Out® Data s *
7 7 Data5 Out*  Data -
8 8 Data6 Out® Data Tss 1
9 9 Data 7 Out* Data ° =
10 10 nAck In  Status -
11 11 Busy ~ In  Status  Yes f_s 3
12 12 22%2’;%;;’ In  Status 3 'g‘_
13 13 Select ~ In  Status »
14 14 ‘ _ nAuto-Linefeed  In/Out  Control Yes §
15 32 nError / nFault In  Status },_
16 31 nhitalize  InJOut  Control <
17 36 nSelectPinter/ yout  Control  Yes * 3
18- 25 19-30 Ground Gnd -+

. Pin Assignments of the D-Type 25 pin Parallel Port Connector.

Start Address Function
0000:0408 'LPT1's Base Address
0000:040A LPT2's Base Address
0000:040C LPT3's Base Address
0000:040E LPT4's Base Address (Note 1)

- LPT Addresses in the BIOS Data Area;




Address

Notes:

3BCh - 3BFh Used for Parallel Ports which were incorporated on to Video
Cards - Doesn't support ECP addresses
378h - 37Fh Usual Address For LPT 1
278h - 27Fh Usual Address For LPT 2
. o . Port Addresses
Offset Name Read/Write Bit No. Properties
r . Base+0 = Data Port Write Bit7 Data 7
(Note-1) Bit 6 Data 6
. Bit 5 Data 5
<< Bit 4  Data4
; Bit 3 Data 3
fa) Bit 2 Data 2
Bit 1 Data 1
Bit 0 Data 0
— - Data Port
Note : if port s bidirectional | read awd wrbk ar possible
Offset Name  Read/Write Bit No. Properties
[ BASE +1  STATUS Pwl READ ' Busy
Bit6 “Ack
. Bit 5 Paper Out
“ Bit 4 Select In
a Bit 3 Error
< Bit 2 IRQ (Not)
5 Bit 1 Reserved
Bit 0 Reserved
- S Status Port
Offset Name Read/Write Bit No. Properties
F Base +2 Control Port 'Read/Write Bit7 Unused
Bit6 Unused
. Bit 5 Enable Bi-Directional
3 Port
o Bit 4 Enable IRQ Via Ack Line
E Bit 3 Select Printer
2 Bit 2 Initialize Printer (Reset)
o Bit 1 Auto Linefeed
-/ Bit0 Strobe
b Control Port

¥ Tie (Porallel port,
1-40-1 Communi calion , wi it
dirrctly  conmwected to ow otwr

like Yte CLerval

Port s a

Owe pl‘w U'F e’ulkhoh’

Piece



T ke pare “e\ Pof'l' ha; A ‘revd L\OhdSL\alq_

lines fuat  coudeol bl floww of daia

Centronics Handshake

P g Non-t nStroﬂ\—/
1 v Strobe Busy ﬂ
10 n Ack nAck e/

11 Busy J Data [

D) When tlLe tecunival (wwpu-"er) 'S ﬁ.’ady fo  Seud
dala to tue P"“"'\'"‘ R tle {erwminal puh ‘hw da"‘ﬂ

on tLe data lines (For exawaple whte iw addrss $378)

and  tlew g}wraks o STROBE pulse to il Priakr

(bit ¢ of boce _addrssa2 )
@® when tue prinder sos  te skoke it respowds wilb
o BUly Sigual (bit 7 of bese_addresstr)
® Whew prinker Loy reod e dala it puls tle
AckNLe  Siguwal (bt 6 of boge. addess +1) . We cau
conlinug  Sewding  datq
@ TE due prinker bulfer 5 full tle printer
Weeps fue Qusy Sigual  atser fed.

L.\n‘ WAL ang ‘W\wr-\-eJ los-‘c . OV = "'raue")



|6eTe

Gcez g Stavds {vr 60voprq\ P“fpo.Se Iu‘)'ﬂ"far-e eus
owd 1S awno tuer woawh e ﬁp,— I HPTR ' Newed b,

e iuvemdors . Hewledt - Pageard . T4 kes alse  bern

wiode a Slawderd | TEEE 432 by [ Tesiidule

of Electrical awed Electronics g lEEE

Euai weer S .
TEEE shnderd  Desceiphiom ©
o2 VS invent
ey Porallel Port
29 4y usg
| 39w Fite Wire

Tle GPIR s o Stoudord of porallel W\""fac.'ua

which di‘”frs ‘rww » pora”—o' Po"’ v et

¥ 0OPT8 can counect up to 1S deviees 1o
e lhost

» A hNByle /second

x  twited  pair 95».«\;

L "3 SP-Pci{\‘C l‘hS“ﬂA IAMV\"' l""“‘d Sl"ﬁ‘(l"'é \l‘ke
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o SRQA lserviee fequect) whith nwoug that

Ow  iwitrunent weeds adientiow (o be S'rv.‘ud)

SOM LOW ' {o‘ :V‘;“’“Q k?cauu l"" 'A’j 'p.‘v\ |“,“°'

a wao SVHMW‘ .

GPIR d,pg,‘awd with  Scien dific  1usirumen talion

‘e waind . Most Sc.‘owli\(c‘c ezun'pwn"' (Mu”iwl-pr;)el‘)
COwap eguifwd with @ GPIR ,ulerfoce , QHLOQSL
wa) de v ezw‘qu-l 1S Wofe \;\‘4‘)/ ts Leve USE

wleefaces

L]
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| Dasice B
| Dorico B [chl @
ways do towneck  GPIB devies
R b) \iv\e




PIN ] Signal 3! Description
1 |Datal/O1 |
2 [Datal/lO2 |
3 Daal03 |
4 |Datal/O4 | | -
|End Or Indentify has two uses. EOI is asserted on the last byte of
5 |[EOI a data transfer. This signals all devices that no more data should
|be expected on the transfer.
Data Valid is a handshake line indicating that the active talker has
6 |DAV .
placed data on the data lines.
Not Ready For Data is a handshake line indicating that one or
7 |INRFD more active listeners is not ready for more data. Note the active
talker should then wait before sending any more data on the bus.
Not Data Accepted is a handshake line indocating that one or
8 INDAC more active listeners has not accepted the current data byte. Note
the active talker should leave the current byte asserted on the data
~ |lines until it has been accepted ot timed out. -
Interface Clear is under the exclusive control of the system
9 |[IFC controller. When it is active high all devices on the bus are
returned to an idle state and the bus is cleared
Service Request can be set by a devive on the interface to indicate
10 |SRQ [it is in need of service. SRQ could be set at the completion of a
ftask. E.g. finished doing a measurement, or when an error as
occurred.
Attention is used primarily to differentiate between command
11 |ATN mode and data mode. When ATN is TRUE (L.E. Active high)
{information on the bus is a command and when ATN is FALSE
|(Active LOW) the information on the bus is data.
12 [SHIELD |(Earth) ]
GROUND |
13 Datal/O5 |
14 Datal/O6 |
15 Datal/lO7 |
16 |[Datal/O 8 N }
17 IREN [Remote Enable may be set by the system controller to allow other
1 ~ |devices to operate in remote mode.
18 P/O Twisted
pair with 6
19 P/O Twisted
pair with 7
ho |P/O Twisted
pair with 8
1 P/O Twisted
pair with9
79 P/O Twisted
pair with 10
23 P/O Twisted
pair with 11
SIGNAL

24

GROUND |

12

\ Gooooosssond/

13

2y
IEEE 488 24 PIN MALE CONNECTOR

TOR

IEEE 488 24 PIN FEMALE CONNEC



Standard Cowpulers (PCs) do wot come
e%u:peb‘ with o G6PTR \ulerface and Such
wmlerfaas  lLave 1o be LouJH Spr:prq-‘-e');‘ For
this  (eason wo  Stauwderd Programm.ug of dLe
CGPTR  awderdsce cx‘c&-l-&,‘ evrry interfoce Lo §
widh  ds oww  wethod  of Coutrolling .

To wiake life eusier | o wanufocdurer norwa -
ly Supplies q "driver ' with it (...‘,,,..;.,,(3 Jle

SOH'W&N -~ Q ’0W~'?\ftl \‘”‘3"‘}9 ‘l‘o cop\\.ml ;-})

’

of Yewn ~‘-oa.e‘h-ﬂ‘ with g \nish-\eve\ Suppor'l'

foudines v & wodirnn  louguoge |, such o4 C,
PASCAL | of  pytnow ek, An  erawple of swh
a "Lbraey" is given o He  wext Pege  tie
descriplion of PASCAL  roudiwey 100!‘ a specific

Gere ;ukr-(’ar-c. Via  Hege utives 4 g.rqul

Pascal Prograna  hes accecs o e code of +u



UNIT ieeepas;

{
Turbo Pascal UNIT to interface IEEE-488 subroutines

Copyright (C) 1989 Capital Equipment Corp.

PROCEDURE IEEEInitialize (addr,level : integer):;

PROCEDURE IEEEtransmit (cmd : string; var status : integer);

PROCEDURE IEEEreceive (var s : string; maxlen : word; var len : word;

var status : integer):;

PROCEDURE IEEEsend (addr : integer; s : string; var status : integer});

PROCEDURE IEEEenter (var s : string; maxlen : word; var len : word;
addr : integer; var status : integer);

PROCEDURE IEEEspcll (addr : integer; var poll : byte; var status : integer):

PROCEDURE IEEEppoll (var poll : byte);

PROCEDURE IEEEtarray (var d; count : word; eoi : boolean; var status :

integer) ;

PROCEDURE IEEErarray (var d; count : word; var len : word; var status :

integer);

FUNCTION IEEEsrq : boolean;

PROCEDURE IEEEsetport (bocardnum : integer; iocaddr : woxrd);
PROCEDURE IEEEboardselect (boardnum : integer):;

PROCEDURE IEERdmachannel (¢ : integer):;

PROCEDURE IEEEsettimeout (t : word):;

PROCEDURE IEEEsetoutputEOCS (eosl,e0s2 : byte):

PROCEDURE IEEEsetinputEOS (eos : byte):

PROCEDURE IEEEcommands (var cmds; count : word;var status : integer):;
PROCEDURE IEEEatn (atn : boolean; var status : integer);

PROCEDURE IEEEren (ren : boolean):

PROCEDURE IEEEoutp (reg : word;value : byte);

FUNCTION IEEEinp (reg : word) : byte;

PROCEDURE Enable488ex (enable : boolean):;

PROCEDURE Enable488sd (enable : boolean; timing : integer):

FUNCTION IEEElistenerPresent (addr : integer) : boolean;

FUNCTION GPIBBoardPresent : byte;

The wost mportaul  Oues  ant TEEE snd  oung
TEEE enler ‘for &udt;g and WH’I'W;Q aseyy
S\r;v-as to avd {rown o Specific olevice . Ev"'y
TEEE odeviee Loz s oww  uuny gue  "addregg "
(addr ) 5o luat On\y owne odevie wll €xecule

e (0 winand sevd  (S) o ouly  oue clevie
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\ “manx L' IS

and "\CV\ 5 te actual ‘bh”"'ﬁ of  Jie S‘-ln&a

\)os\ sewnit.
TEEE sr1 : 8 et a 0L¢vu:¢ Jat  wneeds ‘l‘)')"ﬂq'“ﬂu?
TEEE rev P« } d-cvacc I‘Vﬁ "ﬂ‘wok " ( often ‘“«\'S‘
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present  iw dwe cowpaler 7 unful ad il

start 0of @ programa,

Otter  OPIB nterfoce cards t+ driver  wil heve

oher nstruckions . Reed te wstcuctions !



Example program based on the IEEE driver of the previous pages

PROGRAM TestIEEE;

{ Include the library with routines: }
Uses ieeepas;

Var s: string;
status: integer;
len: word;

Const addr=13;

begin
{ check if the GPIB board is present: }
if (GPIBBoardPresent<>0) then
begin
writeln ('No GPIB interface found. Program halted’);
halt;
end;
{ the IFcard also has an IEEE address. }
{ make the IFcard a controler at addr. 21: }
IEEEInitialize (21, 0);
{ send a command to device at addr 13: }
{ (ask for its identity) }
IEEEsend (13, ‘*IDN?'’, status);
{ receive a reply to that question: }
IEEEenter (s, 255, len, 13, status);
{ show reply on screen: }
writeln (‘Equipment at IEEE address 13:7);
writeln (s);
end.

The output of the program might be something like

Equipment at IEEE address 13:
Oxford ITCo601l, rev. 5.01
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