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-. 1. INTRODUCTION

• A circuit, with associated control software for use with a
“PACE” microprocessor (National Semiconductor Corp) is described which
progra l.s NM5204Q ~~pe memories. The NM5204Q package is a Progr~~~ah1e
Bead Only Memory (PROM) with a storage capacity of 512 words each of
8 bits and i~ erasable by exposure to a high intensity ultra violet
light source.

Stor ag. is non—volitile, in that the memory content is
unchanged by power switch-off. Being reusable, the devices are very
useful for reliable stora ge of control programs in microprocessor
applications particularly where requirements could change and
necessitate a modification to the control program.

To program (write into) the PRO M req uires a switching sequence
of positive end negative voltag e of specified asplitudes, pulse widths
and duty cycles.

Control of the PROIl progra .r circuit is thro ugh a 16 bit
• microprocessor in which the software also automatically checks the PROM

for errors and provides the option to list the PRO M content and to Copy
th. contents of a prograsm~sd PROM into another )I~52O4Q packa ge.

2. PROM DETAILS

2.1 Package

The *1S204Q is a 24 pin quarts lid packa ge (Fig . 1) with a
memory capacity of 4096 bits arranged as 512 by 8 bit words . Positive
true logic notation applies except for the data lines which are negative

- ~~~~~ true (i.e. inverted ) during a program made.
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V BB - I 24 — — V LL

Powersaver (PS) 
~— - 2 23 — — V DD

Chipselect (~~
) - - 3 22 — — b,

program ~.s— - 4 21 — — b6
- 

A0 ~‘ “ 5  
_ _ _ _ _ _ _  

2 0 —  b5

A 1 ‘ Quartz I 19 — b4
window I Dat~ Ines

A1 p — - 7  1 15 — ——- b3

• A3 -.--- -~~ 
17- — b2Address lines

— - 16— — b1

A, — -1, 15— — b0

A6 -11 14- — A, 
~~ 

Address
V~~ -12 13- — A, J lines

1-.

~

• FIG. 1. PIN IDENTIFICATION OF MM52040 PROM PACKAGE
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2.2 ~~~~~~~~~~~~

To program a Me5204Q requires that a sequence of specified
voltage waveforms b applied to the P~~~ package . During the

• sequsnce the ~~~~~, V~~ 6 PROGRAM (PRO G) lines are pul ed to store
the states of the 8 bit data word, then existing on the data lines,
as charges in addressable cells of the —~~~ry.

The specified ranges (Bef. 1) in the prog ram aode for the
switched input voltage levels with V~~ • • PS - V~~ - 0 volts

HIGH

ADDRESS LINES: +0.3 to 2V 6 —11 tO SOV
- DATA LINES: +0.3 to -2V 6 -11 to -iSV

LINE: 11.4 to l2.6V & 0 to +4V
I PROGRAM LINES: +0.5 to —2V 6 -48 to -SOy

The switch circuits, described in Section 3, prod uce voltage
levels as shown in Table 1.

• Specified maximum duty cycle for V~~ ii 25% with the program
puls. width specified to be between 0.5 and 5 milliseconds and V~oset-np time between 40 and 100 microseconds. The pulse characteris-

- tics of the PROM progr*~~er circuit are discussed in Section 4.

PIN INDENT. VOLTAGH LEVELS (VOVf S CURRENT

ADDRESS LINES AO — A~ 0 and —14 10 ailliamp. /bit

F DATA b0 - b7 0 and —14 10 milliasps/bit
PONER SAVER (PS) 0 -

cui~ sziscr (~&) 0 -

V55 0 —

V~~ 0 -

• VES +12 SO aiiIiasps
0 and -48 200 millienpe

- ~~~
-
, PROG 0 and —48 10 .illianps

• TABLE 1. VOIIIYAGR LEVELS USED TO PROGRAM P~~~ .

• 1. Memory Data Book , January 1976, National Semiconductork. . corporation .
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2.3 Read Mode

To read the stored content of a ~BI5204Q requires that
specific voltag , levels be appl ied to the PROM packa ge and for

• the states of the 8 data lines to be r.~~rded for each change of
state of the address lines.

Except for the data and address lines all other lines to
the PROM are held at predetermined voltages throughout the read
mode. These voltages, except for pins V~~, ~~ I PS which are
earthed, are different f row those required in the programee mode.

The voitag. levels produced by the switching circuits
• (Section 3) in the read mode are shown in Table 2. The Transistor

Transistor Logic (DrL) voltages for the address and data lines
• are switchable between 0 to 0.8 volts for “Low” or “0” state and

+3.5 to 5.3 volts for “High” or “1” state.

PIN INDENT. VOLTAGE LEVELS

ADDRESS LINES A0 - A9 ?I’L

DATA LINES b0 - TTL

PcssER SAVER (PS) 0

QIIP SELRO’P (
~~

) 0

V95 +5

VLL 0

+5

VDD -12

PROG +5

•
~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE 2 VOLTAGE LEVELS USED TO READ PR~ 4

2.4 Erase

The stored content of the PRON is erased by esposur. of
the package to an ultra violet light source pieced to il1~~IMt.
the transparent quarts window.
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A sliding tray, built into the PROM progr~~~er, positions
the PROM package within 15 millimetres of an enclosed horizontally
mounted 240 volt ultra violet lamp (Philips Type IVY 6W) .

with this arrangement the charges stored in th. individual
cells of the memory chip are allowed to decay such that all data
bits read “LOW” within 10 minutes of exposure to the ultra violet
source .

A satisfactory exposure time is therefore iv a n  hour using
an overexposure factor of 2.

3. CI~~ JIT DESCRIPTION

3.1 Mdress Lines

Fro m Tables 1 & 2 the address lines need to be switched
between 0 and -14 volts during the program (write ) mode and between
TTh levels (say 0 and +4 volts) during the read mode .

The change in level and polarity is conveniently provided 
•

by an operationa l amplifier with I’1~L signals applied , as appropriate ,
to the inverti ng or non-inverting inputs of the amplifier . By
arranging the amplifier to have fixed but different voltage gains,r referred to the ocemon output, for the inverting and non-inverting
inputs then the output signal ii predetermined in both polarity and
amplitude for ‘i’lL input voltage levels.

A simplified circuit i* shown in Fig . 2 for one address
line . Waveforms show the voltage levels and logic states . Fr om
R~~. 2 the output voltage (I) is related to the two input voltages
El mnd E2 by: —

R21 1~~~ 4 1F i+ R f lL ~~ E s—u i — I +~ i ii
: ‘ -~~~

-
~~~ LR3._J + R4J ~~~Rl _J

Where Al , R2 , R3 and R4 are idsntified in Fig. 2 and have
the values R l — R 4 — 3 k o h e

~, 
•~~:~~ R2 — R3 — i8 k ohe

-

~~~~~~ • 

• 

Substituting in equation 1 gives

E — — 6 .El + E 2
• -

REF . 2. Evolution From Operati onal Amplifier To Data ~~plifi.r,
• 

- by Robert D row. Analogue Devices, Inc BOlO-40-9/68.

— - • - • ~~~~~ • . - ~~~~~~~~~ ~~~~~~ -~~~- •
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Considerz

(a) The standby case where both AND gates Al & A2 are
disabled , by the low logic states of the read and write lines,
then El~~~12~~~O and hence E~~~0.

(b) The read case where MID gate Al is disabled and
therefore 11 - 0 and 12 follows the logic state of the addres s bit
fxcm the microprocessor , then I 12. The output therefore swings
between TTL voltage levels.

(c) The write case where AND gate A2 is disabled and
therefore 12 a 0 and El follows the TTL states of the address
bit from the microprocessor. However, as the amplifier clip at
an output level of about ±14 volts, the addres, lines are not
subjected, in practice, to six times the ‘i’lL high level state as
expected with I -611.

Although +0.8 volts is the accepted upper limit for a
• rrL logic low state the actual value i~ usually aich less and -6

times the TTL low state voltage has been measured as typically
less than -0.5 volts. From Section 2.2 the address lines for this
state are permitted to reach -2 volts during the program (Write)
mode.

3.2 Data Lines

A similar technique to that used for the address lines
applies but with important differences because the address lines
are unidirectional and the data lines are bidirectional . A
simplified data line circuit is shown in Fig. 3 • The output
voltage (1) is related to the two input voltage s El & 12 by

H :  r R l + R f l
1— —E]. I — I + 12 I I

LR 1~J L Al ~~J I -

~

Where Al & R2 are identified in Fig . 3 , and have th. values
R l .3 k o h e s a n d R2 - i 3 k o I ~~s.

Substituting in equation 2 givest

E — 4.E1 + 5.u2

As before , in the standby case , both El and 12 are at
low stat e logic level end I • 0 volts. Also, during the program

- 
~~~~ mode 12 remains at a low state logic level while 11 follows the

~~
- 

~~~ • logic stats of the data line from the microprocessor . Tb.
operational amp lifier clips when the logic high value of I. 411 -

~~~
- - xos,ds —14 volts.

4
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FIG. 3. SIMPLIFIED DATA LINE CIRCUIT



1-~T~~~~~~
However, in the read mode El is held at a low state logic

level while ~~ is held at a high state logic level and the
operational as4~lifier output limits at the level of +14 volts
without reaching the value given by I ~ 5.12 . Thus in the read
mode the diode Dl (Pig . 3) is reverse biased to isolate the ‘I’lL
levels of data bit s)originating from the PRaI package) frost
the low output impeaancs of the operational amplifier. The invert
of the date bit , orig inating from the PRa4, is read during the
read mode at the collector of the buffer transistor by the micro-
processor .

Diode D2 remains reverse biased during the read mode but
conducts during the program mode to protect the transistor from
the -14 volt levels that then exist on the bidirectional data line.

3.3 V85 Line

This line is required to be at 0 volta during the program
mode and +5 volta during the read mode . This is achieved with a
simple transistor switch Q13 in Pig . 4.

3.4 V~~ Line

The VBB line is controlled by an operational amplifier
circuit (Fig. 5) which is similar to those used for’ controlling
the address and data lines except that two Tl’L level input signals
are suitined at the non-inverting input of the amplifier. Because
of the impracticability of simultaneous operation in both read and
program modes the a~~~ting action is always with El and/or 12 at a
logic low state .

Hence, again from REF • 2 , the output voltage I of the
operational amplifier may be expressed in terms of the two input
‘rrL level signals El and 12 as:

~~~~~ R 2 1E R 4  -

•

I — El Il + — II 1+ 12 I 1 + — I
L. Al_J L13 + i~J 1__ Al _J +

Substituting resistor value s of

R1 3 . 9k oh e
1 2 — 1 3  k o ha
R3 — 2 • 2 k oha
R 4 — 6 . S k o h a

gives I 1.1.11 + 3.4.12
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• Thus in the read mode when 12 ~ 0 the V~~ line is approximate-
ly +5 volts and in the program mode when El a 0 the line is able
to switch to ncminally +12 volts provided control bit bO from the
microprocessor is at a TTL logic high level.

3.5 V~~ Line

Pr os Tables 1 and 2 the voltage level of V~~ is requ ired to
pulse from 0 to -50 volts during the program mode and to maintain a
level of -12 volts throughout the read mode .

At specific time. during the program mode , the control bit
(b4) from the microproce ssor produce s a ‘I’lL logic high level at
package x pin 6 (Fi g. 4) - This results in a negative voltage at the
output of the operational amplifier which causes transistor Q16 to
conduct and switch on transistor QlS which pulls the VDD line to
—50 volts.

Whenever K pin 6 is at a high logic level Q14 is biased
off to avoid a short circuit to ground on the VDD line. The
switching action of Q14 i. controlled by the logic state of .7 pin 4.
When .7 pin 4 is at a logic high level the diode, (D4), associated

• with the three resistor voltage divider network, is reverse biased .
In this state the network connects between +5 and -15 volts and Q14

1 is biased off. When J pin 4 i. a t a l og ic low level djode D4 js
forward biased and the network is effectively modified to two

• resistors connected between ground and -15 volta which results in
Ql4 becoming biased on. This condition clamps the Vnj~ line to ground

Ii during the remainder of the program mode cycle when K pin 6 is at
a logic low level and the -5 volts is removed from the VDD line .

In the read mode K pin 6 remains at a low logic level with
a 

.7 pin 4 at a high logic level to turn off transistor Q14. This
- 
- 

allows the VDD line to be pulled to -12 volts throug h the 300 ohm
• resistor and forward conducting diode D5. Diode D5 is reverse

biased whenever the VDD line is at -SO volts to ensure that current
flow is through the P~~N package. Diode D6 protects the Vbo line

- T~-. from positive transitions .

3.6 P~~G Line

A simplified version of the circuit is ussd to switch
- -, 

~~ • the P~~G line between 0 and -50 volta dering the writ. mods cycle
and to maintain +5 volts on the P~~G line throughout the reed sods.

At specific t imes during the prOgram aode cycle th. control
bit bi from the microprocessor change s to a logic high state and K

- 
‘
i’, • 

pin 11 (Fig . 4) also changes to a logic high which causes tr ansistors
Qil and Ql0 to conduct . The P~~G line switches to -50 volts and
diode D3 , in th . collector of transistor Q9, becomes reverse biased

.
~~~~. ~~~~ . to prevent the PROG line from shorting to ground through Q9.

7 .

V
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After a predetermined time the software controlling program
causes K pin 11 to switch to a logic low level and thus bias-off
transistors QlO and Qil to remove the -50 volt from the P~~G line.
The P~~G line would he pulled to the +SV supply , through the collector
resistor of QlO, except that Q9 is able to conduct and clamp the P~~G
line.

When a read mode occurs the write control line (bit b2) from
th. microprocessor goes to a logic low 5t.t. and transistor Q9 is
turned-off to allow the P~~G line to be pulled to the +5 volt level.

3.7 V ,~~ Power Saver and C3tip Select Lines

In the P~~t4 progra er circuit (Fig . 4) these three lines
are permanently connected to ground .

3.8 Page Address Line

The most significant address line (A8 ) in Fig. 1 is treated
as a page line which enabl es the P~~M memory to be considered as two
sections each with a capacity of 256 X 8 bit words. The page address
circuit (Fig. 6) is identical to that described in Section 3.1 except
that the AS line is controlled by the state of bits b5 and b6 of the

• microprocessor generated control word .

• 4.~~~t1T1~ L

4.1 General

In the program mode the circuits described in Section 3 change
the voltage levels to the P~~N package in re sponse to a combined data
and address word and a control word. Both words are generated by the
microprocessor and individually latched as inputs to the circuits .

In the read mode a similar action occurs except that in the
combin.d word all the data bits ar. held to a logic low level and the
8 bit date word , add ressed from the PRC N packag e, is latched and
accepted by the microprocessor as an output from the progr~~~~r circuits .

The digital word . are latched by input/output interface
circuits associated with the 16 bit microprocessor. The combined address
and data word provides address information (excluding the page address )
in the lower byte (b0 - b7) and the data word , to be written into the
P~~N, in the upper byte (b8 - b15) .  The control word determ ines the
sequence and timing of the voltage level changes to the PW*4 packag. for
both the read and program modes and also provide s the required page
address information. ~~ly the seven lower order bits (b0 - b6) of the
16 bit control word are needed. The bit allocat ion is shown in TabLe 3.
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BIT LINE CONT~~L

b0 VBB

PROC

b2 WRITE

b3 READ

b4 VDD
V b5 PAGE ADDRESS

b6 PAGE A1~ORESS

TABlE 3. CONTROL WORD-BIT ALLOCATION.

— • PAGE PAGE VDD READ WRITE PROC V~~ HEXADECIMA~ M~~IORY

b6 b~ 1 4 b3 b2 b1 b0 NUMBER MODE RMIGE (P~~N)

1 0 0 0 1 0 1 045 PROGRAM ( 0T 0 255

1 0 1 0 1 0 1 055

1 0 1 0 1 1 1 057 “ “
1 0 1 0 1. 0 1 055 N

1 0 0 0 1 0 1. 045 N ”

1 0 0 1 0 0 0 048 READ “ “  “
0 1 0 0 3. 0 1 025 PROGRAII( 256—512
0 1 1 0 1 0 1 035 “ “
0 1 1 0 1 3. 1 037 VI

0 1 1 0 3. 0 1 035 W

o 1 0 0 1 0 1 025 “ “
0 1 0 1 0 0 0 028 READ

TABLE 4. CONTROL WOE) BIT STATES .

- — --
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The states of the s ven bits of the control word chang. to
switch the necessary voltag, levels at the PROM package. Depending
upon the selected memory address span of the PROM, five (or ten)
sequential control words are used in the program mode and one (or
two ) control words used in the read mode .

The bit changes of the control words, with hexadecimal
identification , are listed in Table 4. Voltage waveforms on the lines
switched by the control words are shown in Figs. 4 and 6 for rogram
and read modes respect ively.

4.2 Timing

The time lapse between var ious bit changes in the control
words is determined from the specification provided by the PROM
manufacturer. However , in designing both the hardware and software
for the PROM programeer, constraints were introduced by the instruction
cycle t ime of the microprocessor and the rise and fall times of the
switching circuits.

Only one of the microprocessor ’ s four accumulators is able
to outp ut. to a peripheral address. This requires that either the
accumulator be reloaded , from a m~~~ry address, or a register exchange

• instruction be used to change a control word. To output the control
word to the PI~ M progra~~~r circuits also requires an indirect addres s
store instruction . Either combination of instructions require s about
20 microseconds to perform and this sets the ainia ti.. between
sequentia l control words.

Because of the step response time of the Quad operat ional
asplifier s (124324) the rise and fall times of the address and data
lines approx imates 60 microseconds. However other lines, as.ociat.d
with transistor switch circuits, hay, rise and fall times of less tha n
one microsecond .

~•; • The V~~ line is specified to switch 40 to 100 microseconds
before the PROG line and it is during this period that the add ress

- - 
-
~ and data lines ar. lat ched and the volta ge l,~~l. able to settle at

the PROM package.

The PROG line is held at -48 volts for 2.8 milliseconds which 
- - 

-

- - approximates the middle of the specified puls. width range of 0.5 to - -

5 milliseconds. 
~;

_ _
- _ 

-

The maximum specified duty cycle for the V~~ pul se is 25% and
a software del*y allows the pragram sods cycle to repeat every - ; -
15 milliseconds resulting in a duty cycle of ju st under 20% .

In the read mode the ainla set-up times specified for the
~~~~~~~~ _.. PROM are easily met by the microprocessor thstructj og~ time and adequate

- ~~~~~~~~~

• delays are prOvided to allow th . address and data thes to settle .
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5. SOF’L~JARE

5.1 User ~~tions

The software is arranged to allow the user to input the
necessary information through a keyboard in response to messages.
Imesdiately the program is run it responds by displaying

ENTER
P FOR PROG , L FOR LIST , B FOR BOTH , C FOR COPY

The user , in choosing one of the four possib ilities
determines the subsequent action .

(a) Typing P for program indicates that a data file
held in the microproce ssor memory is to be
written into the PROM packag e. The start and
finish addresses of the file, the start address
of the PROM and whether the low or high byte of
the file is to be stored are provided by the
user in response to aut omatical ly generated
messages (Fig. 7) .  In the following message
examples those characters underlined were entered
by the user and all values are in hexidecimal cods.

ENTER
P FOR PROC, L FOR LIST , B FOR BOTH , C FOR COPY P

FILE STARTS $$29 END —

PROM STARTS %LJJ
BYTE; L FOR 1~JOW, H FOR HIGH L
DATA ADDRESS —

PROM PROM DATA
ERRORS $9~~

FIG. 7. MESSAGE IN RESPONSE TO “P”

(b) Typing L for list indicates that the content of
the PROM mory range as specified by the user
is to be displayed . The start and finish addres s
is provided in response to the message (Fig . 8)

- • which is followed by a heading and col*me~ listing
- I - of the PROM memory . See Section 5.3.

ENTER
P FOR PROC. L FOR LIST , B FOR BOTH, C FOR COPY L

PBOM STARTS 
~ 

END ~~~~LIST PROM
DATA ADDRESS
$9$D 919$ $999 $194 p999 $198

- 
-
~ $926 9191 9994 9195 99,9 9199999k 9192 9999 9196 1IØ~ 911k

9926 9193 9191 1197

FIG. 8. P~~SSAGE MD LISTING IN RESPONSE
TO NLN
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(C) Typing B for both indicates that data words from
a f ile are to be written into the PROM , (as for
P) then the PROM memory is to be read and listed
(as for L).

ENTER
P FOR PROG, L FOR LIST , B FOR BOTH , C FOR COPY B

FILE STARTS 11 END ~~~~~ 
—

PROM STARTS
B Y T E ; L F O R  , H FOR HIGH H
DATA ADDRESS —

PROM PROM DATA
ERRORS $999
LIST , PROM
DATA ADDRESS
$9A9 911$
$ØF1 91].1
$919 $112
99F1 9113
9919 9114
$918 9115
$$E5 $116
996k $117
$9AD 9118
9919 9119
$989 911k

FIG. 9. MESSAGE IN RESPONSE TO U BN

(d) Typing C for copy indicates that the content of
the P~~~ is to be read and then stored in the

• microp rocessor ~s.ory . The start and finish
addresses of the PROM a~~~ry rang, and the start
address of the microprocessor memory for storing -. -

~

the 8 bit data words is provided by the user in
re sponse to the message (Fig . 10) . See Sect ion 5.4. —

ENTER
P FOR PRO C . L FOR LIST , B FOR BOTH, C FOR COPY C

PROM STARTS ~~~~~~~~ END ~~~~~~~~~ COPY FILE STARTS !~~ 
EN~

FIG. 10. MESSAGE IN RESPONSE TO NC N

5.2 ~~ror Check

With ~r and “B” response the software auto seticelly rsrsed s
each data byte word from the exirce file and ooep.res it with that
word that was prev iously stored in the PROM . Should the bit o~~~ima-
tion of the two word s not be identicel then an error is r.co~~i.

I
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The actual data word read from the PROM is displayed alongside the
PROM and source file corresponding addresses, fr-cm which the data
word comparison was made , as shown in Fig. 11.

ENTER
P FOR PROC. L FOR LIST , B FOR BOTH, C FOR COPY P

FILE STARTS 919$ END $134
PROM STARTS $999
BYTE; L FOR LOW, H FOR HIGH L
DATA ADDRESS
PRO M PROM DATA
999$ 9999 913$
9999 9991 9131

• 000 902 9132
9990 9193 9133
9911 9004 9134
ERRORS 9995

FIG. 11. MESSAGE CONTAINING ERROR LIST

The error tabulation concludes with the total n~~~er of byte
errors recorded .

5.3 PROM Mssory-List

Following the error check, if in “B” operation , or i ediately 
- 

-

• after the message block in “L” operation, is displayed the PROM m~~~ry
- - content in sequential add ress order (Fig. 8) .

5.4 P~~N Memory-Copy

Zn “C” operation the contents of the PROM are copied into the
random access memory of the microprocessor. No direct listing is
provided (Fig . 10) other than the end address of the copy f il. which

• is automatically appended to the “C” message block .

Normally the PROM pack age would then be removed from the zero
force insertion socket of the ~~~~ PROGRNQ rR and replaced by an
erased PROM. Following a “B” or “P” operation the cleared PROM
conta ins a duplicat e copy of the original PRO M content.

Should a listing be desired then the “L” operation could be
used or alternative ly the executive read only memory (RO N) of the
microprocessor used to list the contents of the specified m~~~ry
addresses. In the latt er case an advanta ge may be that the listing ~~more useful in an assembly cods than in hexidecimal. 4
5.5 Proa ram Cycle

During a write operation the PROM address and data byte wards
are latched and th. control word bits chang ed during a program cycl.
to switch the various lines described in Section 2.2. The progr

‘~ 4 -- L
L~ —
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cycle, as specified by the PROM manufacturer, should be repeated
until the data byte, being written into th. specified PROM address
reads tx-u. and then repeated five times that number of cycles.
Thus if the PROM reads true after two program cycles then a total
of twelve program cycles are called for before advancing to store
the next data byte.

In practice however, the P~~*i data was found to consistently
read true after only one program cycle . Therefore to sia~ 1ify the
operation and to avoid repeatedly switching between the read and
write modes, each data byte is written into the game PROM address
10 times. When all memory addre sses specified by the user have been
accessed and programed, the PROM content over the specified
memory range is checked for errors, a~ described in Section 5.2.

This approach also overcomes the potential “no stop”
situation should a fault occur that prevents the data from reading
true and allows an accu rate time estimate for writing into a PROM .

Based on a 2.8 millisec. pulse for the PROG line and a 20%
duty cycle results in a write rate of about 7 data bytes/second or
about 75 seconds to fully program 512 memory location s of a MM 5204Q.

5.6 Flow Di~.gram

The controlling software requires lees than 500 RAN locations
• and could easily be modified for RON operation in conjunction with a

email scratch pad of RAN . At present the allocated memory range is
020 to 01FF which preclu des a source file , which is intended to be
wr itten into a PROM, from overlapping this addr ess range.

A simplified flow diagram for all user options is shown in
• Fig. 12.

5.7 Binary File Loader —

The binary file which is to be temporarily stored in RAM 5
- 

- before being written into PROM may be entered manually from a k.yboard.
However, the file will normally be dumped from the DEC-10 system

- - having first been produced as an OBJECT file by a PACEX cross
- -~ — assembler from a SCUECE file.

Such a dump requires a loader program at the microproces sor 
- - 

-to accept and store the bytes as these are received via conventional
cc~~~ate r lines from the DEC-10 system.

An off-set loader program has been provided for this pox-pose - 
-

-

- ~~~~~~~~~~ 
. 

and occupies the memory block between 04FD and 0609.
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If no off-set is required the loader starting address is

0500. Th. binary file i. than stored in the specific memory addresses
required for the program to run. However, such a choice of memory
storage is not always practical since the binary file, which is the
version that will be written into PROM, may require a memory block
which is not duplicated by RAN of the PI~~4 PROGRA)UWR. Also, ~~~~ry
areas used by the prom programeer and loader programs are not
available for storage of files which are to be written into P~~ 1.

• If an off-set is required the loader starting add ress is
0503 and a memory off-set value is deposited into 04FD. This
enables the binary file to be stored in any available RAN block .

Th off-set loader is not a relocatab le loader thee the file
cannot normally be run while resig ing in the off-set ~~~ory locations.
This is uni~~ortant for the pox-pose of writing a previously proven
file onto a PROM.

• The use of the off—set loader is shown in Figs . 13 and 14.

PACE 2
• )LD L

T I — W A D E R
L O —~~ 4FD
EI — $6~ 9
S T- $ 5 ~~~~~~ -

- 

-

>RE~~~5%3
DEPOSIT LOAD OFFSET IN ADDRESS ~ 4FD
ULT $$5$A

)-ST ~ 4FD, ~~~~

READY - -
-

ENTER ADDRESS P525
ID ADDRESS - 48J~ +78~~HI ADDRESS - 48~~ + ~~fl

PIG. 13. OFF-SET LOADER RESPONSE .

In Pig. 13 detai ls are shown wher. the off-set loader has £ -
- 

-

been entered into the microprocessor a ory from a paper tape reader. -

- -Th. title (TI) is LOAE~~ with a high (HI ) memory address of 0609 and
a L~~ (10) memory add ress of O4FD. For no off-set the program start s - -

(ST) at 0500.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - - - ~ .rr~ - ~~~ 
- - 

- ,_
_
~~~~ - -  p
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For the e~~~p’le given below an off-set value of 04800 has - 

-

been set (ST) into address O4FD and the program rerun (RN) starting
at 0503.

Assume that the binary file as produced by the PACEX cross
assembler requires a memory block 0F800 to OFCOO , which is the
address range needed for the PECK version to run , and that micro-
processor RAM exists starting at 04000. This is illustrated in
Pig. 14.

Memory block required Avail abl. memory block
tor pRON ve~iIon to run 

- for dump of bina,y file

___________________________________  

~~~~~~~~~OF000 OFCOO OFFFF 00000 04000

s-FIIe liength-4 I
Ri Srjl. R2

Off—s.t v&ve

FIG. 14. MEMORY BLOCKS SHOWN FOR EXAMPLE 
-

~‘Tt

~

-~~~~~~~~
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TI - PROM
cR5 $174,12 I
REL BIN
L O - $%
H1 $1FF
ST — ØØ

-. 

>RN Ø16B
- ENTER
- 

P FOR PROG, L FOR LIST , B FOR BOTH , C FOR COPY P
- FILE STARTS 4~~~$$ END 41??

PROM STARTS Ø~$
BYTE ; L FOR LOW, H FOR HIGH L
DATA ADDRESS
PROM PROM DATA- ERRORS ~~Ø

- BLT~~~~~cE

>

I

PAcE 2

>RN~~~l6B JENTER - 1
P FOR PROG, L FOR LIST , B FOR BOTH , C FOR COPY P

FILE STARTS 4ØØ~ END 41??
PROM STARTS Ø~~BYTE ; L FOR LCXI, H FOR HIGH H
DATA ADDRESS 

—

• - PROM PROM DATA
:-
~~~

• 
- 

- ERRORS $P$$-• 
- . 

- HLT ØØIcE

>

PACE 2

>RN ~l6D
~~rr~R

__ P FOR PROG, L FOR LIST , B FOR BOTH, C FOR COPY P
FILE STARTS 42J ~ END 43FF
PROM STARTS Ø~~BYTE ; L ~OR LOW , H FOR HIGH L
DATA ADDRESS
PROM PROM DATA -

ERRORS $010
• HLT $$$cE

4 -
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t 
. 

>

PACE 2

>RN $16B
ENTER

P FOR PROG., L FOR LIST, B FOR BOTH, C FOR COPY P
FILE STARTS 420 END 43FF
PROM STARTS $$$Ø
BYTE ; L FOR LOW, H FOR HIGH L
DATA ADDRESS
PROM PRO)1 DATA
ERRORS Ø$Ø$
HLT $$$CE

FIG. 15. CONTROL PROGRAM RESPONSE FOR GIVEN EXAMPLE.

Two calculations are required;

(a) The length of the file to check that sufficient RAN
is available to handle a single dump.

(b) The off-set value needed to dump the file into the
• RM1

Calculations may be done directly, using the hexadecim al values ,
or hexadecimal to decimal conversion Tables used .

PILE LENGTh — OFCOO - P800 0400 (hexadecimal)
- - or 64512 - 63480 1024 (decimal)

(I’F-SET VAWE — Ri + R2

00000 - 0F800 + 04000 — 04800 (hex )
or 9FFFF + 1 - 0F800 + 04000

65535 + 1 — 63488 + 16384 — 18432 (decimal) .

- 4,  
-
- The control program applicable to the example is shown in

Fig. 15.

:

1P— 
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6. OPERATING INSTROCTICIIS

(a) Store binary file, which is to be written into P~~~,
in a select ed memory block (exclude 020-01??) . See
Section 6 if loader is to be used .

(b) Load control program “P~~W from paper tape or from
cassette recorder.

• If a PROM is to be copied , allocate a memory address block
for this purpose.

(C) Insert a PROM package in the zero insert ion force
socket.

(d) Run control software starting at 0168 and enter from
keyboard informati on in response to messages.

(a) For- a write operation press, and hold pressed , the
SUPPLY switch just prior to entering H or L in
response to BYTE message. Release switch only at
completion of the write sequence , as signalled by the
error message, to avoid errors .

This ensures that the -50 volt supply is only available to
the PEON socket during the duration of a wr ite operation.
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