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Appendix A

IEEE 488 (GPIB)

The basic concept of IEE 88 or General Purpose Interface
' hanical interfacing standard

ctungd wﬂp&ny can be interconnected
. y conforming to the same

The GPIB \ hecified in 1ts electrical

mechanical and ‘_ a' \\‘ s standard bus and its
interconnecting cab]l dé, v “\the mini- or microcomputer
user to interconn iouter control Ter h a variety of instruments
and equipment and to" pgbgram ine " system for optimum operation.

whereby an instrumen
with any other in
electrical interfa

The GPIB consists-o6f 3 of l1ines (see Fig.A-1). One
group (a) consi .-'-—'ﬁ_,.".’.'é :a-:a-==;;;:5:=.' “ l"‘j"‘|l'|9 one bit of data.
The other group™“¢b) | ; “" ant 1ines. The eight
bidirection GPIB. ‘ data nes Carr r! 1&1. simultaneous bits
transferred between ﬂEcontru'ller and a u1actad device on the GPIB, or

e oo B B 1 L e e
Yot i) (R
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(a) GPIB data lines (B bits)

¢
o G
“ P
+ |1
R |® | |
0 Devictlaa
2 . :
L g -
E
O b4
troj/
Fig.A-1 e opff 3t.e0
(@) :
(bafP! 1/ mvens
L (Fisgr, |
nd o
The Types of GPIB Mjff;
i .I'-’-;':":‘l

The types of GRIB & X ces,

and the controller. (Kano ane
--",..-"_':.-_, V(I

Talker -
has many talkers,

To other
Device3 devices
—
ines (8 bits)

o of lines.

B 3

\)

st of the talker, the listener

gyetch 1987: 1: 216)

tion. In system that

Listener - IF? function is to rucnivaigka information. In system

K NSRS

Controfler - Its function is to cnntrn1 all si als on the bus,

N ’“ﬁﬁﬁmﬂMEﬂmﬁ e

information.

The GPIB devices can_be provided by the following function:

(1) Talker
(2) Listener

- Hu'lt‘lmtﬂl'. LN ] ﬂtc.
= PI""I"ItEI'. fﬂcﬂr‘ﬂﬂr, R ]
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etc.
(3) Talker and Listener - computer, ..., etc.
(4) Talker, Listener and Controller - computer, ..., etc.

Electrical properties of GPIB

Electrical propert ation of the communication of

GPIB. (Kanok Janejira

(1) The numbe “Halices \ ener and controller) in

GPIE bus must not more \\‘
/¥ ' _
IR S

-'-_ e two, adjacent devices must not

(2) The GPIB

more than 4 meters 2 {&e‘ GtH of the total bus lines in the system
must not more than 20" mgte ﬁ_
iﬁ'ﬁ';‘ . |
(3) The rate g e E;ia/" " data must not more than 1 Mb/sec.
T = o
(4) If the number Bi_—Sevice: sre than half of the system then
IR
they must turn on. g S

Y

Note : If all deyjces not more the j@vicas | then the length of the
total bus lines {meaﬁ ars, ﬁt there are the fo‘l1uu1ng

UL INERIHEINT
n 6 total dewices in the ®ystem.
{RIAVIBRIANG R . . o

DAV line must be active at least ti1 (see Fig.A-2) as data is on
DIO;-DIOs lines. )
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01 -t 08

This time (ts
communication by

f the maximum rate of the

‘,\ collector driver,t1 is much
has standard loads, the maximum
. less than 250 Kb/sec.

(1) In case the
more than 2 us and if ev@l
rate of the communicatio

(2) In case < s ta driver and has the
standard loads ;“-f“” RS eFe—ti—15—500. d the maximum rate of
communication in ’ fsac.

(3) In case m uses the 3— tate driver, t1 is 350 ns and has

o e A T«
Mﬂﬂfﬁ%@ﬂ‘im UAIAINYAY

1) Do not extend the bus between the connectors, Because it
occur the crosstalk effect and increase capacitance in the bus.

(2) Do connect the end of the shield lines (pin #12 in Fig.A-3)
to the frame that nears the connector.
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(3) Do connect carefully the devices with the cables not have

loop. Since the devices which use the switching power supply may
generate the noise signal in the bus.

" (4) Do not take the noise signal to outside of the bus, by
connecting the shield line O f) to the shielded connectors with

The bus structure

1982: 10-13), IEEE 488
tional data bus is along

The basic
is illustrated in : {
the bottom. To proc jnformation| (datd flow) on the bidirectional
41s are required, they form
11ed "Interface Management

data bus, up to e
two groups of line

DAV (Data Valid) The Data Val > is asserted low (true)

NRFD (Hcrt.r Tha Not Ready For Data 1line, when
asserted 1 yﬂ ﬂﬁﬂﬁwmﬁ ces on the GPIB are
ready to time, releases this
1ine. Wﬁﬁlﬂ:ﬁﬁﬂ,@j return toSits hﬂh (irfaétive) state until
the o1 = 1 IVBIa L

NDAC (Not Data Accepted) The Not Data Accepted 1line is
controlled by the device or devices receiving the data. This line is

held low (true) until all the receiving devices (listeners) capture the
particular address or data byte; then the line is set high.
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(2) Interface Management lines

ATN (Attention) The ATN 1line is asserted only by the
controller during the addressing or command sequence. It can be
activated low (true) only by the controller-in-charge to get (as the
name implies) the attention f cas residing on the bus. Before
‘ gs to peripheral devices, the

) activates this ATN line

avels present (both true and

sending command on the &

computer (acting as t
——

low (true) to tell all dai

false) on the data b control messages for them
When t only the talker and
listeners previousl in the subsequent data
exchange
IFC (Interféicel Clear) Thédnterface Clear line transports a
Pl s i . =
reset signal that ca 3 Jatedsg by the system controller.

When this ‘Iina_' 7 low (true), all bus devices are

y End f}‘a; 1ine can be activated
only by the system € y11er. Bus=residing c@'lmas will then respond to
the controller commands to those f another talker. If this REN Tline

were a‘l]ouoﬂtm ﬂaﬁﬂﬂ%ﬁﬁrﬂ ﬂ1 bus devices would

return to 1oql

2 Y58 Gy BRI 9 B e e o e o
interrupt line, and it can activate by any device

residing on the bus and needing service from the cnntrnller Such needs
for service can, for example, be initiated by a digital nat.ar having a
voltage reading available, or a bus device having an internal error that
has been detected.
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E0I (End Or Identify) The End Or Identify 1line can be
asserted by the controller-in-charge or a bus compatible talker. This
line may be pulled low (true) by a talker during the transfer of its
last .data byte in a multiple-byte message to signal the END of the
message. A talker has the optidn jof using EOI. However, EOI is always
pulled low (true) by the,talker 'JuFifgethe transfer of its last data

byte onto the DIO 1iness, BY USing he_edmc _EOI signal 1ine together with
the ATN message, conwrolle -charge initiates a parallel poll
sequence. . \\

The GPIB 11 - .in Table A-1 and the GPIB
connector is shown i ’ , \

(3) Data Bus P ,

re similar to microproces-
ry 8-bit parallel data to or

The GPIB data
sor input and output
from the computer.

Y ]

g §
AULINENINYINS
RINNTUUNININY
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Table A-1 Functions of the GPIB lines (Fisher and Jensen 1982: 14)

Name of Description
line
ATN Attention. Issued only by controller to gain attention of
bus drives befora jheginning handshake sequence and to
denote address/contré’ ormation on the data bus.
DAV Data Valic ?-‘f to notify listener that data

has bean.g hb___‘ ™ ines.

DI0s-DIOs |Data InpUt/Oul

Wansf‘er lines. Also called

data buUS.

EOI End O 'f’/ » to notify listener that
the da : ‘DIO lines is the last one.
Issuet -] ith ATN to initiate a
paralle Bquer ",i

IFC Interfe afip. (ss * 11y by controller to bring all
active Pusfdgvices £ a known state.

NDAC Not Data /Acgept ¢ listener while fetching data
NRFD Not F sta. Issued by all listeners. Released by
each 11stanai‘r::=;1¥r es ready to accept data.

REN Remote MW /18 : controller to control all

devi ocal ' &
SRQ ar ¥ avice needing service

;@y y

PO

ﬂuﬂqﬁ BINHINT

8|

21 BT 40 4301

\

*. anng SHDL RN L Di07] Dios

Y

LOGIC BED  GND  ONMD OB DNDe
CHD

Fig.A-3 The GPIB connector showing pin designations
(Fisher, Jensen 1982 : 48)
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The GPIB commands

The controller can send the commands to set parameters on all
devices in GPIB system. As the ATN line is low the codes on the data bus
lines is the command. Similarly, as the ATN line is high the codes on
the data bus lines is the data. The GPIB standard commands have 128

\\

commands in Table A-2,
1987: 2: 199-201) :

/rnups (Kanok Janejirapongvetch
4
E—

(1) The add | _coteand g ands in this group will
be send to the spe eddevica. These commands are

GTL (Go" o o\c 01 the specified device go
to clear the specified

PPC (Paralldl PGIT Conf g : used to check the status of
the specified device by paratlet pollifsee service request and polling
section). nV " |

device to execute.~

[ ]

-dﬂﬂce to "*Thﬂf"w‘ 5%12'5%%:?1 ﬁ ?ﬂ'ﬁthﬂ specified talker
be Sﬂnﬂtﬂﬁ Qjﬁf} n? m.m“wﬁﬁm group will

LLO (Local Lockout) : used to lockout all devices to state
that controlled by manual (Jocal mode).

DCL (Device Clear) : used to clear all devices to the initial
state.
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PPU (Parallel Poll Unconfigure) : used to cancel the checking
of the status of all devices.

SPE (Serial Poll Enah'ln] : used to check the status of all
devices by serial poll (see \\ / uest and polling section).

aner address commands in this group used
(3) The Tis ! 2. group
stener, which has 0 to 30

to assign the speci

addresses and used the o cancel.

/// \\N‘
(4) The talk \ jands in this group used to
specified device to th€ x “u w 30 address, and used the

UNT (untalk) commas

and group which is the
in the secondary command

A1l commands” abg
exact meaning, but
group.

(5) The sec ] a_commands in this group used
to set the paramgbers _of each GevVics OR tHe— ;_;«_‘ to function along the
objective of ﬁ( e button on the front
panel of that dw:. The command group is. lised after assigning the
initial state to allddeyices.

ﬂ‘lJEJ’J'VlEJVIiWEJ’]ﬂ‘i
QW’mﬂﬂiﬂJ AN Y
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Table A-2 ASCII-1EEE 4BB messages (commands and addresses) hex
codes. (Flsher and Jensen |982: 275)
MsD 2 3 4 g & 7
Lsn Ascl MsG | ascllmsc| ascll MsG|ascl MsGlasciiMse | asor Msc | ASCI MSG]ASCI MSG
0 NUL DLE sp | 00 16 | @ Joo | P f181) " * P "_
] soH eTe|ocy Lo ¢ ; 7| Aot o fi17] a 1
2 STX DC2 3 B Joz | B |isfle |&]:r ]| @&
3 ETX pea | : ‘ ' 03 | s 19l ¢ a1 g a
4 |£oT |soc [pcs Pl 0t | 4 4 o¢ | Tl20]a | B8]c] 2
5 ENG | PPC [ HAK 5 s slulale] ~Tu b
& ACK SYM : s [ls ) v |22t @ |y | @
7 |BEL ETE 7 wilzls § v | &
8 Bs ICET|C 8 x la4ln LG lxl g
g HT | TeT! Em g r J2s 1 1 alyl a
A L¥ ‘ 0 1%; 1826 } AEFTREN - S ]
B VT ESC 4 e 27 1 L |27 | x = | { =
c FF P 12 24 T A - -
) cR 5 | WERE 3 1l lm | =1y | =1
E 50 RS 1 oY R ~ |30 ] n * - F
F 5l . T UKL J§ C _ |unT] o DEL
ANDRESSED UNIVEREA &, ‘ TALK SECONDARY
COMMAND COMMAN - fE58 DRESS COMMANRD
CRRUF GROUF 717 7 AROUF, GROUP GROUP
77 J D GROUP (PCG)
Notes: . it
1. Device Addrecs megs )
2. Megcage codec are A,
DCL-Device Clear /., LLo-Lecal Loc ‘; scted Device Clear
GET-Dervice Trigger PC-P FI-Serial Poll Digable
GTL-Go To Local mrru-ru SPE+Serial Poll Enable
3. ATN off. Bus data I1s ASCI; ATH on. l!ﬂ data 1: al ll‘.tt MSG=

mmﬂuEJ’J‘VlEm‘ﬁWEHﬂ‘ﬁ
ancto) Wamm“” SIAA YT B hovice et 12

controlled by manual (the front panel key operation become valid) is
called "Local state". The Remote/Local in the GPIB system I-glava 4 types

(Kanok Janejirapongvetch 1987: 2: 200-201) :

(1) LocS (Local State) is the state that the front panel key
operation become valid. This state occur when they is turned on, the REN
lines is high or there is the GTL (go to local) command for the

specified device.
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(2) REMS (Remote State) is the state that can not be controlled
by manual, but by the another device. This state occur when the REN
lines is low, but except the local switch on that device indicate the

local state.

(3) RWLS (Remote With L ) is the state that the same
as REMS, but cannot ' switch. This state can be

cancelled by the LLO

(4) LWLS (L&C : ockp v the state that the same
as LOCS, but diff S facgi _.J‘ A "“‘\X T\’ . that assign the listener
device, 1t will chaap@e £o/R 5 immediate his state occur when the

device 1s in the LOCS/ tifeq receivedithe LLQ (Tocal lockout) command or
when the device is. R ; an reseived the GTL (go to local)
command. |

ad states, which are the same as

In Fig.A-4, 111dst/&te 511 cH

the description above.
- e
Yoo X

(BN 15 ofd] state
he device. s |

A e
L

ocal switch REMS : Remote state
LWLS : Local with lockout state

LOCS. REN -‘ 1) Y f ﬂ'ﬁﬁ%ﬁ;&ﬁ%}: state
ANINY

Turn on

is turn on.

The command assign
the listener.

Fig.A-4 All types of Remote/Local and the state changing
diagram. (Kanok Janejirapongvetch 1987: 2: 201)
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Simplified handshake procedure for data transfer

The entire bus can be visualized as a single communication like
between one talker and (at least) one listener. (Fisher and Jensen 1982:

17-19) V/
ke the listener know when data

r must recognize that fact.
vice - talker or listener

To communicate, 1
is available on the
Also, there must be
- will activate wh

jon handshaking between
V (Data valid), NRFD (Not
). A simplified handshake
n in Fig.A-6 and the
ion 1s shown in Fig.A-5.

The three
the controller (tal
Ready For Data), an
timing diagram fo
analogous picture fo

/

Fig.A-5 The analogous picture for handshake procedure.
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The DAV 1line belongs to the talker; it identifies valid data.
The two remaining lines, NRFD and NDAC, belong to the listener. The
listener uses NRFD to indicate when it has received and accepted the
data.

= gww =
h ‘ --‘-

NRFD

HDAC
Data

EQI

. MHote : The timim

Fig.A—-6 SimplThied—
(Fisher, Jonsgii ]

=
ﬁ '—H— e e W
y

Fig.A-6 i}lustrates ti

Fake timing dlagram

fardshake as follows:

.tssuming tﬂt the addressing 1nfumatinn has already been
transferred the’bus to a listemer, the talker knows it is talking,

the listene E% wiﬁg ﬂi wgqﬂtﬁ listener raises its

NRFD line l:1ﬂul Thus, the 11st ner says that it is now ready to accept

e mmamm*ﬁmmﬁ

for the data to settle on the line, the talker drops its DAV lines (2)
to a low (true) state, saying that the data is now available for the
listener. '

Upon sensing DAV low Itrqa}, the listener answers by lowering
its NRFD line (3) when it is ready to accept data. After the listener
has strobed the data into its internal buffers, it raises its NDAC 1ine
(4) saying that it has accepted the input data from the bus.
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The talker sensing that the NDAC line has been pulled high
(false), raises its DAV line (5) to indicate to the listener that the
data on the bus is no longer valid. When the listener detects the DAV
lines high (false) again,it C low (6), acknowledging that data
is being removed from the B i tener the raises NRFD high (false)

(7), saying it is ready e ébyte to be sent down the bus.
D
plete. The, listener is waiting for the

E >
r.‘h- he talker is processing the

\T\\\ by either talker or
\ the GPIB and the EOI line is

1igh send on the GPIB. In case of
\‘ﬁ- rallel GPIB data lines as
g is low (true) until end of

The sequenc
next data byte to
next data byte bef
propagation delays an
listener. If the n J
high, saying that it As
command that ‘has 8
the same as sending
command sending, that

bus:; 1t allows for signal

F" -
NP o—————
Yo

i

Mote : The timimg shown Is relative.

Fig.A-7 The GPIB handshake timing diagram
for command sending.
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Service Request and polling

When the device occurs error, problem or finishing process, it
will .send the service request signal (SRQ) to the controller (Kanok

1_ In case of the printer, for
yl send the SRQ signal to the
will it with

"' | —

thre are many devices in

Janejirapongvetch 1987: 3:
example, when paper is |
controller, then the ¢

1) Whose the
the GPIB system)

This checking ) ;. gy controller which 1is the
type ser 11 and parallel poll.

When the contrglleri is race the interruption from the
requesting device - the SRG = Iow, it will send the SPE (Serial
Poll Enable) command to devicel Baeh device receives this command
will send its woekifia yte return-to“the/controller. The format

Bit No.

Meaning

In case of the bus has one device that can request the service.
When 1t request the service, of which the controller 1is known the
objective, the controller not necessary to poll it, except there are the
objectives of services requests or devices are more than one.

The following process of the serial poll.
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1) The ATN line is pulled low after receiving the SRQ signal.
2) The controller sends the UNL (Unlisten) command on the bus.

dress of themselves and address of

ys , respectively.

jal Poll Enable) command on

3) The controller send
the device that will be WK

4) The control
the bus and then pullaé : nigh and received the working
status byte from thg g polled. The bit 7 of the
working status ha 58 _Lhe this polled device is (or not)
requesting. If thefe afe #né /dev \ich Pequests the service, the SRQ
line will change tg nere
the service and somal re st -_ ges ara a ad:f received the service
then the SRQ line r

(Unlisten) command/on the bus, e ~

If the ERQJina is low, the cnntm'l'lsa will poll to the another

e B ETNGRRIA Y
nﬁmﬂiﬂ‘?ﬂﬁmﬁﬂmﬁfﬁ”ﬁ::

each davica, so that the controller can poll the eight device in time,
if these devices have the function which responds the parallel poll.
Typically, the parallel poll is not popular used.

GPIB for NMR imaging

In NMR imaging system used the GPIB system to communicate data
between computer and the programmable pulse generator with GPIB card
that is inserted in computer IBM AT and controlled by GPIB software
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package that is also given. This software 1s written with assembly
language which is called under BASICA. Since NMR 1imaging used pascal
language which is the main language so GPIB software for pascal language
is created. To call assembly language directly from pascal language,

instead of from BASICA. In this Bppendix, it will only describe GPIB
software package which is me f sca] language.
a resident program, so

| ascl'l V.5.0 by type the

where thi "'"“'" s the following files; GPIB.EXE,

1) Using the GPIE

A) Preparsi

Since
you must execute i

GPIB

B) Using al v.5.0.

hfnrﬂming nsmrou must use GPIB.TPU by
typing the fn1'|wing‘mand at the tnp of the program file :

ﬂﬂﬂ@ﬂﬂﬂiWHWﬂﬁ
3 w’i‘aa“ﬂ"‘fﬁrﬂwﬁ“ﬁm aY

2) The GPIB statement description.

(1) Gpsys procedure (Gpib system controller)

Declaration Gpsys(adr : word; var successful : boolean)
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Remarks adr is a decimal number between 0 to 30 - used to
assign the controller to 1tself, and successful returns
true if statement calls successfully, otherwise return

false.

Function Ik he controller, and assign address

Example
(2) Gpnsys procadurd (Gpik stem controller)
Declaration ; g,f““' adr : word; :";,I : boolean)
Remarks admis a decimal number bemun 0 to 30 - used to

assignet listeners to the talker to itself, and

ﬂ Tobdedssfu wng 38| ¥ Satpnent calls successful-

4 1y, ntherwisn.ratum fa1sa

ronctial 117 Bhdiaias o BBV B YEHR st

assign address of IBM PC.

Example uses gpib;-
var
IBM_adr 2 word;
successful : boolean;
begin

IBM_adr := 0;
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Gpnsys(IBM_adr,successful);

end.

(3) Gpifc procedu clear) Gpsys

Declaration Gpifc

Remarks tatement calls successful-
Function er or the listener, and
Communication rg Tepim—si the instruments.

(4) Gpsclr profedu (Gotbls ' Gpsys

Declaration Gpsclr(l sn | _successful : boolean)

perl ..-ff
‘e /(decimal number between
"" true if statement call

Remarks

qf essful, othe Se re 1se.

e Y ?ﬂwr%‘wmw

’qul_] Meaning | UNT U%.ﬁﬁrLsﬁ qygli

Hex $5F | $3F $217 $04 | $3F

Dec 95 63 39 4 63 |°

{1istener address = T}

Function set the specified 1listener 1in the 1nitial state
peculiar to the instrument.

Communication the controller -——> the specified instrument.
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Example uses gpib;

lhd.

(5) Gpaclr pri

}: “r‘«sr

Declaration Gpaclr(va __,_HjéL hoolean)

LTWIN T

Wt

ament calls successful-

b Vi

1v. otherwise return faise.
'y_' ) _
Physical result Bﬁil the following Commands. |

fl R S NN 3
R TETTRNINYINY

Remarks

Communication the cnntro1iar ——=> all devices.
(6) Gpllo procedure (Gpib local lockout) Gpsys

Declaration Gpllo(var successful : boolean)
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Remarks successful returns true if statement calls successful-
1y, otherwise return false.

Physical result send the following commands.

Function a GPIB bus to return to
key operation becomes
Communication
(1) Gpren prbcdiure, (Goib ramote ehable) Gpsys
Declaration
Remarks ul returns S ent calls successful-

R

Physical result tom':hanga state o 2 REN mim. If the REN line is
highy At will change, to lTow and if it is Tow, it will

ﬂw@mmwmm

Funct.1a1 W'] Nﬁ %:a Eﬂjuﬁﬁoﬁs? ﬁhil tif]ma@gl to the remote

cmumcntinn the controller ---> all devices.

y;_ ICNe]

(8) Gpsloc procedure (Gpib specified local) Gpsys

Declaration Gpsloc(lsn : word; var successful : boolean)



Remarks

Physical result send the fo11ru

Function
Communication

Example

118

1sn is a listener address value (decimal number between
0 to 30) and successful returns true if statement calls

successfully, otherwise return false.

l.s ‘ aquanaa commands.

%,
b Y

*-."""-u\ £l
“lln...h H"

Meaning ner| GTL

'ﬁ“?ﬁ

$3F

IS R

63

{1156
to s

77/5 5\
e A\

WV iftdeis. %
uses gpib; :
SIS

ar Y

T | -_—,—“*'—5.»‘

the of

yuccassfu : Doolean; iﬂ
begin &,

ﬂUWWﬁWEﬂ’]ﬂ‘i

olile aw‘rﬂ“ﬁmwﬂ% Y18 Y

Gpsloc(1sn_adr,successful);

end.

(9) Gpaloc procedure (Gpib all local)

Declaration

Gpaloc(var successful : boolean)

s6ified device.

“ to the local mode.



Remarks successful returns true if statement calls successful-

1y, otherwise return false.

Physical result to change state on the REN Tine. If the REN line is
o low and then change to high

Function cés in the GFIB bus to the local mode.
Communication
(10) Gpt
Declaration
Remarks
|

id successful

Physical result : e Tollowing E:? ands.

om

: boolean)

ess value (decimal
returns true if
11y, otherwise return false.

11stanﬁr GTL
AVAA b e )

UNL

21 || 's08

$3F

ammm

{listener address =

ndade]

Function causes the specified listener to start nper;t1un.

Communication the controller --——» the specified device.

Example uses gpib;
Var
IBM_adr : word;




1sn_adr + word;

successful : boolean;
begin
IBM_adr := 0;

Remarks Lotriste
_bat.uaun v -'%;A ‘
.u :

Physical result send the followingcsequence ¢

(1AW

dress value
is a text255-type expression
that not more than 255
7 .‘:' rns true if statement
eraturn false.

»)

; var successful

ommands.

Gpsys

(decimal

120

-
-

number

Dec 63 39 64 ‘
{1istener address = 7 and talker address = 0}
Function to transmit data (keep 1in wrt parameter) to the

specified listener.

Communication the controller —-» the specified listener.



Timeout value

Example

(12) G

Declaration

Remarks

121

& seconds.

uses gpib;
var

; {send wrt to

d procedure ( ) Gpsys

{t'lk word; wvar red mutziﬁ* var successful

ﬂu’ﬂﬁw NINEAN

tlk is a ta kar ress value (decimal number between

AN  ah S AT A

Physical result

characters), it should be assigned arbitrary literal
string to a maximum length user want to receive (as :
red = space255). After statement call, user can type
red, which contains the data received from the talker.
Successful returns true if statement calls successful-
1y, otherwise return false.

send the following sequence commands.




Function

Communication
Timeout value

Example

receive
data

Meaning | UNL |listener| talker
address | address
Hex $2 1] $47
Dec T
{1is

pecified device.

ker address = 0}

ﬂudﬁma%§WH1ﬂi

red := spgsazﬁs*

quﬂﬂﬁﬁ‘ﬁwm’?“i”l&ﬂﬁﬂ

Gpred(t1k_adr,red,successful);

is
end.

(13) Gptlk procedure (Gpib talk)

Declaration

Gptlk(wrt : text255; var successful :

{receive red from
t1k_adr

the controller}

: boolean)

122

ed parameter) from the

IBM
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Remarks wrt is a text255-type expression (text255 type is a
string type that not more than 255 characters), it
contains the transmit data and successful returns true
if statement calls successfully, otherwise return
false.

mn 3
Physical result It dess ‘met send ﬁm GPIE bus 1lines, but it
rece al fr 'istener (or the controller)
beforg sision ntﬂ 5 seconds, then it

Function a talker, and transmits

Communication the 1listener or the

Timeout value

Example

ﬂumwmﬂmm
ammﬁwmmwmaﬂ

Gpnsys(IBM_adr,successful);
Ty
;i;;]k(rnd,sucmsfu‘t 33
un;;:l 't keypressed or successful;
end.
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(14) Gplsn procedure (Gpib 1isten) Gpnsys
Declaration Gplsn(var red : text255; var successful : boolean)
Remarks red is a textzﬁﬁ-typa parameter (text255 type is a

string typ - more than 255 characters), it

should j bitrary literal string to a
max imum. ‘ ngt h PEGid es to receive (as : red =
space255) 'ta ste "“-’-“F" calls, user can type red,

which \\\\\ &Wad from the talker and
\\

atement calls successful-

GPIB bus 1lines, but it
talker (or the controller)
i1, 5 seconds, then it fails.

Physical result

Function be a talker, and receives

Communication "tha talker or the

Timeout value

cranpe ﬂummﬂmwmm

var

QRSB0 I N8 Y

successful : boolean;
begin

IBM_adr := 0;

red := space255;

Gpnsys(IBM_adr,successful);

- . &

repeat
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Gplsn(red,successful);

until keypres

Y, o

sed or successful;

end.

(15) Gpspol

Declaration : word: var successful

value (decimal number
ns valid status byte if
uﬁ\\ﬂnd successful returns true

»kar-fu11y. otherwise return

Remarks

Physical result

receive| § u u
status N
D T L
ﬂu - 1 s18.1 ATN is|$19] ¢5F | $3F
U
Q ,.] 63 | | .2 | 25| 95863
W = 1sn = T}
q {

Function Executes serial poll for specified listener.
Communication the controller <-—- the specified device.

Note see service request and polling section.
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(16) Gppct procedure (Gpib pass control to) ﬂpais

Declaration Gppct(1sn : word; var successful : boolean)

Remarks address value (decimal number

_successful returns true if

-3 : ;. otherwise return false.
Physical result sendc “

\\:x

/ ad m\&
llﬂﬂ 47 | %00
T ESE AN

Function o]l to the specified listener
A',‘:‘J:F—;-;;‘:'- = onRLroi1el --,-‘:}!l -
Vi ')

Communication ﬂg e -=clﬂied device.

mﬁmﬁwﬁ R SE T T e

for Turbo Pus 1 v.4.0-V.5. n

proorshlabA e SHRAIBENA Y

unit gp1b
interface
type
text255 = string[255];
var
space255 : text255;
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procedure gpsys(address:word;var state:boolean);

procedure gpnsys(address:word;var state:boolean);

procedure gpspol(1sn:word;var rec:word;var state:boolean);
pro&adura gpwrt(1sn:word; text:text255;var state:boolean);
procedure gpred(tlk:word;var textteéxt255;var state:boolean);

procedure gplsn(var te : £
procedure gptlk(var LE3 axt256; boolean);
procedure gpsclr(ls ‘

" procedure gpsloc
procedure gptrg(lsi
procedure gppct(is
procedure gpifc
procedure gpaclr(y, 001€
procedure gpllo(var Stafesboolean)s
procedure gpren(var state:bodieaf
procedure gpaloc(var ‘state:booiea
A= —'f?" Z/ .
“implementation A
type
text3 = string[3¥
e const
ofs_gpsys : wordfze$
e WEINUNTNYINT
ofs _gpifc 9t word = 124;
W'La‘:ﬂn‘ﬁm UA1AINYAY
ofs g | £ S = 305;
ofs_gpren : unrd = alt; .
ofs_gpsloc : word = 437;
ofs_gpaloc : word = 486;
ofs_gptrg : word = 552;
ofs_gpwrt : word = 601;
L ofs_gpred : word = 800;
ofs_gptlk : word = 686;
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ofs_gplsn : word =IEBE:
ofs_gpspol : word = 995;
ofs_gppct : word = 1049;

var
Adr
Lsn

Ll

L

sta £
Red
Tik
wWrt
Rec .
Segment 3
NewDs :
dummy
route_addr
i
successful : bg

procedure set_ro ueh_addr; AY )
begin J] . ]
Segment := 0;

Hﬁg;;ﬂﬂ[ﬁmm:mﬂaalmmm 12671)}
we: AN ININIUNANINYI1AY

procedure gpib1(NewDs,0ffset:word;var sta:word);

inline($55/ {push bp}
$8b/sec/ ' {mov bp,sp}
$50/ {push ax}
$53/ {push bx}
$51/ {push cx}
$52/ {push dx}

$56/ {push di}



$51/

$te/
$8b/$76/$02/
$56/
$8e/$5e/$04/
$ff/$5e/806/
$89/$76/$02

$5f/
$5e/
$5a/
$59/
$5b/
$58/
$5d);

$53/

IEE

¢

{push si}
{push ds}
{mov si,[bp+21}
{push si}
s, [bpt+4]}
r [bp+6]}

$1f/ 7 | (pok

{push bx}

muﬂqwﬂwﬂmmwni

{push 1}

QRNRINTANLI NN

$8b/$76/%04/
$56/
$8b/$76/$02/
$56/
$8e/$5e/$06/
$f/$5e/$08/
$89/$76/%02/
$1f/

{mov si,[bp+4]}

{push si}

{mov si,[bp+2]}

{push si}

{mov ds,[bp+6]}

{call far [bp+8]}
{mov [bp+2],si}

{pop ds}
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$5¢/ {pop di}
$5¢/ {pop sil}
$5a/ {pop dx}
$59/
$5b/
$58/
$5d);

procedure gpib2B( *s_adr_text,ofs_sta:word);

ﬁ‘xg<igﬁx\\\

inline($55/
$8b/sec/
$50/ 5
$53/ jﬁt
$51/ *;ngi
$52/ Piore
$56/ a4
$57/ ;'béﬁ;ig
$1e/ i

$8b/$76 ?f e 4041}

$46/ lm'

$56/ {push si}
]
ﬂwmﬂmmﬂ
tauﬂﬁaﬂﬂﬁf ¢ {mov ds,[bpt06]} 4,
QAR T wwnmaa
9 $89/$76/%02/ 02],si}
$1f/ {pop ds}
$5f/ {pop di}
$5e/ ' {pop si}
$5a/ {pop dx}
$59/ {pop cx}
$5b/ {pop bx}
$58/ {pop ax}

$5d); {pop bp}
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procedure gpib3A(NewDs,0f fset,data_segment,ofs_adr,ofs_adr_text,
ofs_sta:word);

inline($55/ {push bp}
$8b/sec/ {mov bp,sp}
$50/

$53/
$51/
$52/
$56/
$57/
$ie/

$8b/$76/$02/ ~= " fmev "si,[bp+02]}
$56/ | S A pushe
$8e/$5e/sD8/  {mov ds,[bptda)}

sFf/s50/508 okon])
$89/$76/$02/ mov [bp+02]}s1}

$1f/ pgp, ds} |

;mummmﬂwy'm
aﬁﬁaﬂﬂﬁmuﬁwﬂmaa

9 $50/ {pop bx}
$58/ {pop ax} h
$5d); * {pop bp}

procedure gpib3B(NewDs,0ffset ,data_segment,ofs_lsn,ofs_rec,
ofs_sta:word);
inline($55/ {push bp}
$8b/sec/ {mov bp,sp}



$50/ {push ax}
$53/ {push bx}
$51/ {push cx}
$52/ {push dx}
$56/ oy
$57/

$1e/

tahﬂfﬁﬁi}7 )

$89/876/802/ | = {mov Aopt02],si)
$1F/ |
$5f/
$5e/
$5a/ » —
$59/ {pu cx}

U8 ANV INT
) mmmﬂmmam;

var sta:word;
data_segment : word;
ofs_1sn,ofs_sta,ofs_rec : word;
begin
sta := 0;
data_segment := dseg;
ofs_1sn := (Seg(1sn)*16+0fs(1sn)) - data_segment#*16;
ofs_sta := (Seg(sta)*16+0fs(sta)) - data_segment*16;



ofs_rec := = (seg(rec)*16+0fs(rec)+1) - data_segment*16;
gpib3B(segment,ofs_gpspol ,data_segment,ofs_lsn ,ofs_rec,ofs_sta);
if sta = 1 then state := true else state := false;

end;

procedure gpred(tlk:word;
var sta:word;

adr_text : taxV ,
ofs_text : wor

strilen : b

ar state:boolean);

data_segment
ofs_t1k,ofs_s
sta = 0;
data_segment := dséE
ofs_t1k := (Seg(tl data_segment*16;
ofs_sta := (Seg(sta)* data_segment*16;
ofs_text := *W 'f' ext)+1) = ldafa, segment*16;
ofs_adr_text 'z (Seg(adr_text)*
adr_text := cthtr : text) J#chr(hi(ofs_text));
gpib3A(segment, ofs _gpred, dut.a_samant ofs_t1k,ofs_adr_text,

e BRI NANEIN S

if sta = 1 then state := £rue else state := falsey,

enc; ammn‘im AN1INETAE

prncedure gplsn(var text:text255;var state: boolean);
var sta:word;

adr_text : text3;

ofs_text : word;

strien : byte absolute text;

data_segment : word;

ofs_sta,ofs_adr_text : word;
begin

133

"feoxt)) - data_segment#16;
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sta := 0;

data_segment := dseg;

ofs_sta := (Seg(sta)*16+0fs(sta)) - data_segment*16;
ofs_text :=(Seg(text)*16+0Ofs(text)+1) - data_segment*16;

gpib2B(segment ,ofs_gp1sn;data sedmenttBfs_adr_text,ofs_sta);
strien := Mem[daie

if sta = 1 the
end;

procedure gptlk(var ¥ . 5\ ‘? 8: boblean);
var sta:word;
adr_text :
ofs_text :
strlen :
data_segment :
ofs_sta,ofs_ag
begin =
sta := 0;
data_segment := dseg;

(Sv@) *16+0Fs( taﬂ) - data_segment*16;
::: :::ﬂ {*ﬂ%t 4 tWH}ﬂ_;imnt:w.

ofs_adr_ fext := (Seg(adr_ nxt}ﬂﬁmfs{adr text)) - data_segment$16;

&mw:mm:ﬁmmﬁwzzz:

if sta = 1 then state := true else state := false;
end; .

procedure gpnsys(address:word;var state:boolean);
var sta:word;

data_segment : word;

ofs_address,ofs_sta : word;
begin



sta := 0;
data_segment := dseg;

ofs_sta := (Seg(sta)*16+0fs(sta)) - data_segment*16;

ofs_address := (Seg(address)*16+0fs(address)) - data_segment*16;
egment ,ofs_address,ofs_sta);

gpib2A(segment ,ofs_gpnsys
if sta = 1 then state
end;

procedure gpsys{ady :
var sta:word;

data_segment :
ofs_address,ofs_

begin & %
sta := 0; ﬁ
data_segment := dsB: ,ﬁ, 1 = )

ofs_sta := (Seg(Sta)*16401% (8
ofs_address := (Sed ""?' *1
gp1h2h(sagnant. of's_gpsysdai

if sta = 1 then

ar;d; V

Ce

procedure gpsclr{lm :word;var stata bnnuan]m

var sta:word

r
Ll
e

- data_segment#16;
,ofs_address,ofs_sta);
false;

7]

d,,..uaﬁumw ElVl‘ﬁWEJ"]ﬂ‘i

ofs_ Isn. s_sta : word;

AR AINIUURIINEAE

data_sagnant := dseg;

ofs_sta := (Seg(sta)*16+0fs(sta)) - data_segment*16; .
ofs_lsn := (Seg(1sn)*16+0fs(1sn)) - data_segment*16;
gpib2A(segment,ofs_gpscir,data_segment,ofs_lsn,ofs_sta);

if sta =
end;

1 then state := true else state :=

false;

address)) - data_segment*16;

135
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procedure gpsloc(lsn:word;var state:boolean);
var sta:word;

data_segment : word;

ofs_1sn,ofs_sta : word;

begin
sta := 0; ,
data_segment := dseg;
ofs_sta := a3 fs( ‘"'Hmr*g‘ segment*16;
ofs_lsn := Sh¥*lo¥0T s segment*16;
gpib2A(segment,ofs W _lsn,ofs_sta);
if sta = 1 then"stat _ \\\\ = false;

end;

ofs_1sn,ofs_sta : wordj
begin

sta := D;

dat.a_sagmnnt‘ .

ofs_sta := (Seglsta)*10+0Fs ! nta@mntﬂs-

ofs_1sn := (Sangn}ﬂ!H-ﬂfs(lsn ) - data_segment#*16;

?i“:ii‘?j“ﬁﬂ'ﬁﬂﬁﬁ?ﬂﬂ”ﬂi” e
., 1AS0IMRNENAY

var sta.uurd;
data_segment : word;
ofs_1sn,ofs_sta : word;
begin '
. sta := 0;
data_segment := dseg;
ofs_sta := (Seg(sta)*16+0fs(sta)) - data_segment*16;
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ofs_1sn := (Seg(1sn)*16+0fs(1sn)) - data_segment*16;

gpib2A(segment ,ofs_gppct,data_segment,ofs _1sn,ofs_sta);

if sta = 1 then state := true else state := false;
end;

procedure gpifc(var state L
var sta : word;
begin

sta := 0;

var sta : word; i
begin e
sta := 0; JIaidiois < 4

gpib1(segment ,0fs_gpacir, i )5/
if sta = 1 then s := true
'Eﬂd; y_

;_5,- 1se;
\_ F

prncadurn gpl 'lu{vﬂ state:boolean);
ar sta : word;

vegin ﬂuEI’JVIEWlﬁWEﬂﬂ‘i

sta := 0;4

amwmm BIANIAAY

procedure gpren(var state:boolean);
var sta : word;
begin

sta := 0;
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gpib1(segment,0fs_gpren,sta);
if sta = 1 then state := true else state := false;
end;

procedure gpaloc(var state:
var sta : word;
begin

sta := 0;

end;

procedure gpwrt(1s
var sta:word;
adr_text : text3;
ofs_text : word;
strien : byte abs
data_segment : 'unr"i T
ofs_1sn,ofs lstafofs_adr_text
begin :

data_segment := dseg;
F-N
o A e
ufs_stnq s )= t*16;
ofs_text :=(Seg(text)*1 6+0fs(text)+1d, - data_segment*16;
oRLGR b1 (B Y B s
adritext := chr(strlen)+chr(lo(ofs_text))+chr(hi(ofs_text));
gpib3A(segment ,ofs_gpwrt,data_segment,ofs_lsn ,nfs_sdr_tag:t,
ofs_sta);
if sta = 1 then state := true else state := false;

{gp11o(successful); This command is used to correct gpwrt
command, that has bug.}

end;




begin
set_route_addr;

[}
'

AULINYNINYINT
ARIAATUIMININY
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Appendix B

The tools that used In building the programmable pulse generator
for NMR imaging.

It is very difficuit In bu lt/ programmable pulse generator,
' ' the system programs and

the instruments th tud “to check the GPIB system.
These instruments=#€an gfovidad wo sets. The first is the
software developmept” sgf, LaNsSists C \t : memory and the memory
interface card usingffto/ig face- Wit plell computer. Since the
system software 1§ wrigten., by the 8048, bly language and the

Applell computer hae g \ the software development
is based on the Applél! feampliter. THe Second is the GPIB investigation
set, consists of : di=p 5522 interface card using to
interface with the App aIf tar as'the same as the memory Interface
card. This set uses the mjﬂi to investigate the GPIB card of

This section i’ eonsists of 2-way memory and the memory

interface caﬂ. %EJI%%E{%? 3864 fodefiery This section will tel

how they ardlbuilt and how user uses tham

’Q-W;Iﬁ-ﬂm URIINYAY

Thls instrument is bullt for software development. In this thesis,
it can keep the assembled program writing with 8048 nssamb'ly language
on the Applell computer. This Instrument has 2 bus. The first bus Is
connected with the Apple II computer by passing the memory Interface
card. The second Is connected with the 8035 microcomputer in MCS-48
series (as the same as 8048 microcomputer). The user can control the
direction of the data transfer and control the write enable for writing
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process. Typically, this instrument is connected with the computer - for
example, single board or ET board (Somyot Lohavittayavigran and
Junrachai Rungvichaviwatt 1986: 122-128). The circuit of this instrument
uses 6116 RAM IC to keep the program and has the battery backup to

prevent the program lose, /ﬂ/ms it off.

The working deseilp 9 =
This tnstrum( \ ‘m to select the 6116 RAM IC
connect with the e - uter) or the second bus
(MCS-48). Since eas ;glsu? f bus lines, 11-bit address
bus lines and 3-bjf of ; as TF. OF and R/W (see
Fig.B-1). 2 (A4
Sl
D0-D7 : .
SK1 Fi \_:;1:;_1:;_-,;
R/W - =
OF s
Cs
2716 =1 &l16
6116 , : |
S @ 0-A10
ol -
SKz
- ¢ o /
Q0| - AR R
q J — o— Rrv
ho— oF
R/W — &k,
of
cs -
bl
Fig.B-1 The working diagram of the 2-way memory (Su;yﬂ
Lohavittayavigran and Junrachai Rungvichaviwatt 1986: 123).
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Since the address bus lines and control lines are one-directional,
so they are designed by using the 74LS257, 2-line-to-1 data
selector/multiplexer with 3-state output. The data bus lines are
bidirectional and tri-state logic. They are designed together with the
R/W lines for control direction  Agdy the TF lines for control 3-state

output whether the 6116 RA

The real circ 1ow f Inﬂ:ha address bus selector
part of the circuit is ; 1Cs = ICE 7). The data bus selector
part of the circ y \IC \ (74LS245 - octal bus

transceiver with control ICy and IC: are

the TF line and SE
are used to control tje -c; the data bus lines by the R/ line.
The truth table of ICz1s shown in ‘table B-1.

3 e e

_ s, or the second bus). They
" L]

Table B-1 The table €3, and ICz (Somyot Lohavittayavigran
‘Rurigvichayviwatt 1986: 126)

Input
cs | SEL Note
1 X X ot connect with the 6116
RAM.
0 0 ) d | ] | The first instrument can
write data.
e L < —
0 QW | AN TPIEU A W) 3 V) BPETGReRpetrument can
‘ | read data.
o] 1 0 1 0 X 1 Th_a second Instrument
can write data.
4] 1 1 1 0 X 0 The second instrument
can read data.
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layout of this PCB.
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From table B-2, the appropriate IC that decodes the signal for
this table Is the 74LS139 (IC7), dual 2-line-to-4-line decoder/demulti-
plexer. It connects to some lines as In Fig.B-2. The printed circuit board
of this circuit is shown in Fig.B-3 and Fig.B-4 Iillustrates component

|

Fig.B-3 The printed circuit board of the 2-way memory, not
include power supply (Somyot Lohavittayavigran and Junrachai
Rungvichaviwatt 1986: 127).
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Q\wr}:ﬂ@ﬂﬁjﬁm%q%wﬂﬁ]ﬁlﬁw operation is

shown fn F
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RAM 2 Kbytes

@ 2 waye @

QN

- 9 Q.o @ T

@ read/write / OFF @

HME LAB -~ q
Fig.B-5 Tk 3 nél /i ape L =Way memory.
/) \\\:\\’ |
In this thesis vh‘ nstrument connects to the
memory interface gdrd HiTbe | \\\ in the next section. The
porti connects to s 80 '.‘.,”' p : single board which controls

TPEFT

the GPIB system of the ,«Q usa generator (the pulse
programmer and the pulSe sjﬂﬁ’j “1 It].a To insert the memory interface

card Iin a slot of the Applglfi‘compt @n transfer the 8048 assembled

program to the 2-way m%m ig.the memory interface card. When
"4 J

it is set the fropts - | ifi, Fig.B-5, but power is

turned on. This vill keep in ' M. Then user turns the

left switch to “r anly h@ch to “"porti” - the 8035
microcomputer single board can only raa.d this program on the 6116 RAM.

mmmnﬁﬁﬁr
the 2-way sogram is not correct
then the sin e board will ugar'k mlstakanty So usa can improve this

pmgra“m ﬁgapﬁqu?ﬂﬂfrﬂ ﬂ error. This is

the so velopment p
2) The memory Interface card .

This instrument is bullt to connect the 2-way memory with the
Applell computer for software development. Its circuit Is shown in
Fig.B-6 (Boonleart Elamtudsana 1984: 192).
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9| (Boonleart Eiamtudsana 1984: 192).

Since the Applell computer provides the 2 Kbytes memory from
address $C800 to address $CFFF for all slots (8 slots). As user calls this
interval address, the [70 STROBE line of all slots will be active. Yet the
Applell computer provides the 256 address memory from address $C000

& to address $COFF by the first half is used for soft switch and the other
half Is provided to 16 addresses for each slots. As user calls these 16




148

addresses of one particular slot, the DEVICE SELECT line of that slots will
be active. From providing memory of the Applell computer, the memory
interface card is designed as shown In Fig.B-6. The printed circuit
board is shown in Fig.B-7 and the component layout is shown in Fig.B-8.

] 1
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Fig.B-7 The printed circuit board of the memory
interface card. (a) The mirror of solder side.

(b) The component side.
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Fig.B-8 The'cofipoudent

ulent the memory
interface cardli’ Jicsa -

AL

To conuée “ith the 2-way memory by

instead of the B116 R this g -ﬂ interface, then type the
following mmmund"-

1cALL—15ﬂuEl’JMr¥Ii§quﬁnum for 8048 Macro

Assemblep).

o] AT AN Tldiidded! BAANEI R Y e 10 o cur

will be turn on (when the memory interface card must
insert in slot #4). 1

*CB800<0800.0FFFM ; mova'tha data from address $0800-$0FFF to address
$C800-$CFFF.
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*CB00<0800.0FFFV ; verify the data between address $0800-$0FFF with
address $CB0O0-$CFFF.

*C0CO ;. disable the memory Interface card, the LED on card

8048 Macro Assembler).
—

In this thesis, ansfe -u’ﬁT am_is written with 8048 Macro
o the ng address $0800 by command
\7"-- 7.1 or program 7.2,
for example).

The GPIB Investigatiog

This section hae S, such as the GPIB display and
the 6522 interface ‘Cagt i Instruments are used together. This

section will tell how t d how user can be used them.
1) The cpIp display g
This instrdment is b ) “. the GPIB system. It Is

e 1B " Dus 1Iﬁs and to connect between

the 6522 interface c,r and the GU bus lines. Its circuit is shown In

Fig.B-9. Th ﬁlﬁﬂﬁn?slgmﬂ on this line is

high. Slmiﬂﬂﬂ?mm is low. This circuit

uses the ﬁ 60A 1Cs (driver buffer). It connectes it the 74LS05 ICs
it

(inve a\aﬂma&WQWanﬂ

2) The 6522 Interface card

This instrument Is the two 8-bit bidirectional input/output ports
with or without 4 handshake lines. It has many applications to use it. In
this thesis it is used as the GPIB card for the Applell computer, but It
is not perfect because of no longer time and difficulty to write the




control program. This clrcult, the printed circuit board and the
component layout of this Instrument are shown In Fig.B-10, Fig.B-11 and
Fig.B-12, respectively.
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Fig.B-10 The circuit of the 6522 interface card. |
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interface card. (a) The solder side.
(b) The mirror of the component side.

Fig.B-11 The printed circuit board of the 6522
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SHON PINS LAYOUT OF
SOCKET.
1)-12y 13)P3E3
2y+12V 14)PB2
3)GND : 15)PB1
yycal 16)PB0
sy ca2 S 17)PAT
63 +3U 19)PAS
7>C32 123PaS3
8>Cc3B1 20)PAY
9)PB7? 21)PA3
12)P36 22)PA2
| 11)PE5 233Pal
| 12)P3Y4 24)PAC
7
Fig.B- 125]19 mirror of the component layout
of the 652. terface c

Iﬂuﬂ ﬂ:{l EJ njﬂﬂ;l»n iith Turbo Pascnl v.2.0

Innauafﬁ program on the Applell computer.
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Appendix C

Frequency divider

Since the pulse prog nel /afla the pulse shaping unit must use
the time bases for synchre Ith~toa&ther. So the frequency divider
is used for this sysie his equen i ider consists of 4 channels.
' ‘ frequency output that
frequency is dividedgBy I Aera N is the arbitrary number between
1 and 9999. This ‘ S e clock from the external
clock source - | 5. square wave or oscillate
‘ 3 wave or oscillate between
-10V and 10V. The fréaubney<thatlisl divided is oscillating between OV

From Fig.g21, it illustrates the workingidiagram of the frequency
divider for one chi

A henne
Y 9]

f(in BUFFER-IN [—#

set
BCD COUNTER

-
=ik
-
=
=
—
S
=

f (out) O<@—— BUFFER-OUT [*®—— DIVIDER BY Tw*ﬂ—
(FF)

-

Fig.C-1 The working diagram of frequency divider for one
channel.
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Buffer-in will be clipped on the input frequency to be not over
TTL level - OV and 5V, and adjust waveform to square wave. this square
wave is used for clock of BCD counter. The dip switch on the front
panel key ls used to set value N. If the output of BCD counter is equal

to value N then the outpu or (normally high) will reset the
BCD counter to zero an il sen flop. This flipfiop will divides
the signal by two ,~ cycle ’ the other word, the BCD

counter will resta rnquancy on buffer-out is

fin/2N.

used for the buffer-in.

‘.; and R2-R18 are used for

unter. IC10, IC12 are used
for divider by two ively. The supply for this
circuit is the same | printed circuit board and the
component layout of this ciFcuit & rated in Fig.C-3 and Fig.C-4,
respectively.

From Fig.
IC1-IC4 are used
setting value N. IC5-

- » )
}u‘ i

9
ﬂUEl’JVlEWI‘ﬁWEﬂ’]ﬂ‘i

quﬁﬂﬂim UAAINYA Y
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Fig.C-3(a) The mirror of the solder side of the
printed circuit board for the frequency divider.
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Fig.C-3(b) The component side of the printed
circuit board for the frequency divider.
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Fig.C-4 The cnmpnhent layout of the frequnecy




Fig.C-5 The front panel kev operation of the frequency divider.
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