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Mucking around in memory? Seeking space? Look no further,

\RD)

hs—:-re"s a bounty (no connection with those distracting TV ads) of
bits, rapacious in real-estate, for your 6502 of 6800 system to
gorge itself on. Design and development by Bob Campbell.

ost microcoemputer users
Mﬁnd out fairly quickly that

there is no such thing as too
much memory. But even today with
memory as cheap as it is, many
systems are on sale with less, often
considerably less than the 64K that
most eight-bit microprocessors are
capabte of addressing.

The independent suppliers are
usually very quick to provide units
to fill this gap, but one system not
well covered in this respect is the
Tangerine Micron/Microtan 65. Un-
til recently, there was only the
TANRAM, but now there is the
CMOS alternative. However, despite
advantages in power consumption
and battery back-up, the CMOS
unit, like the TANRAM, is large and
fairly expensive. More than one
board is required to provide the
maximum possible memory.

The approach here is to use the
highest density dynamic RAM chips
readily available and allow the user
to access all of it except where it
would clash with essential EPROM,
{/O or CPU board RAM. This leads
to an extremely flexible and cost ef-
fective system. Although specifically
designed for the Microtan 65 com-
puter together with either a disc
system of TUG's Eprom Storage
Card (the MOS Disc conce t} the
design retains enough flexibility to
accommodate almost any desired
configuration of computer and
. operating system, the only prere-
quisite is a 6502 or 6800 CPU.

Design

The board uses the latest 64K
by 1 bit dynamic RAM chips, TMS
4164-15. These are decaded into 64
1K blocks, with ali but four of the
blocks used in its standard con-
figuration. Making almost 61% of
the RAM effectively redundant may
at first sight seem a little ex-
travagant, however even allowing
for this the cost per K is less than
£1.00. If one adds the other savings
on hardware, sockets, power supply
requirements board space etc., the

64

64K chip route stands out above all absence of a charge on that

the other alternatives. capacitor. Because all capacitors
The heart of the system is the have a finite leakage, the charge on
7415608 memory cycle controller the capacitors must be periodically

(MCC). This chip generates all the topped up. This procedure is calle
signals the RAM requires to perform refreshing and is accomplished by

the two types of cycles necessary performing what is known as a RAS
for proper operation. The MCC only refresh cycle.
generates these signals from the This RAS only refresh cycle con-
CPU's clocks ¢1 and ¢2 together cists of first setting up an eight bit
with the decoded signal RE, RAM address at the input latches and
enable. it is important not to con- strobing RAS jow, while mainiaining
fuse this signal with the Tanbus CAS high. The complete chip is
signal RAME. The only signals used refreshed when all 256 row ad-
from the bus are the address and dresses have been treated similarly.
data lines together with RIW, o1 Data retention is assured if all these
and ¢2, and because of this and the 256 cycles are completed at least
use of a PROM address decoder, once every 4 msec.
this board is very flexible in design Apart from the necessity 10
and easily adapted to suit other refresh every 4 msec there is one
systems. other penalty to pa for the 16 pin
. packing density an that is the
Dynamic RAMs multiplexed address bus. Figure 1
The two great advantages of shows the internal architecture of
dynamic RAM are its extremely low the 4164. '
power consumption and its packing To address every memory ele-
density. This is achieved by the ment within the 1C, 16 address bits
design of the actual memory ele- must be applied. These are
ment which is in fact a very small separated into the row address and
capacitor. The logic level stored the column address, each latched
being defined by the presence-Of onto the multiplexed address bus
RASO—— —
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Fig.1 Internal architecture of the TMS4164 DRAMs used in the project.
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Fig. 2 Processor and memory cycle coniroller timing.

upon the appropriate signal RAS or

in full, the memory cycle con-
ts of five stages. Firstly the row
~dress is set up on the eight ad-
dress pins and RAS pulled low.
Then the address multiplexers are
switched placing the other eight
bits, the column address, onto the
address pins and CAS pulsed low.
This last operation enables the chip
and, depending upon status of the
RAW line, enables the input or out-
put buffers, thus completing a read
or write cycle. ‘

There are two other possible
types of cycle, the page mode
read/write and the read modify
write cycles. However since neither
of these apply to the 6502 or 6800
type of processor it is nol necessary
1o consider them further here.

It is important to note that the
6502 operates in what is known as__
the early write cycle where the RIW
line is set up long before CAS goes

v. This enables the data in (D)
add data out {Q) pins to be con-
nected together and thus have a
common data bus. Obviously the
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sequence and timing of the two
cycles, refresh and memory, is €x-
tremely important. The AS only
refresh cycle is particularly signifi-
cant for two reasons: firstly, it is
necessary to perform it regularly
(256 times every 4 msec), an
secondly, it is effectively a dead cy-
cle, when the CPU cannot access
memory.

Refresh cycles can be carried
out in either burst mode or hidden
transparent mode. Burst refresh is a
technigque where all the memory
elements are refreshed consecutive-
ly whilst the processo is held in a
wait or halted state. This dead time
is called the refresh overhead,
which, more accurately, is defined
as the ratio of the time taken to
refresh all the memory elements
and the maximum refresh interval.
in well-designed systems with the
4 msec 64K rams this overhead can
be as low as 2%. As the circuitry
needed to maintain this type of
refresh system is complex it is not
commonly used outside the realms
of very fast microcomputors, minis
and mainframe systems.

The other technique, hidderi
refresh, is the more commonly us-
ed. This techniqué relies upan the
fact that the CPU will always have a
period within any instruction or
machine cycle when it will not ac-
cess the system bus, and one
refresh cycle can be accomplished
during this period. Thus after a max-
imum of 256'instruction cycles all
the memory elements will have
been serviced. This technique has
the great advantage of a zero
refresh overhead rate and is totall
transparent to the CPU and thus the
user.

In this design the two cycles,
refresh and memary, are sequenced
by the main CPU ¢ ocks ¢1 and ¢2.
While 61 is high, the CPU sets up
the R/W and address lines, the ris-
ing edge of ¢2 signifying a valid
memory address. This edge of ¢2 is
normally used to enable the address
and data buffers. Thus while ¢1 is
high, the CPU is normalgz isclated
from the sl;stem bus, and the refresh
cycle can be accomplished during
this period. In addition by using @1
to clock the eight bit refresh row
address counter all 256 row ad-
dresses can be refreshed sequential-
ly. Figure 3 shows exactly the rela-
tionship and timing of these events.

PROM Program Design

The memory map of the RAM
board is controfled directly by the
TBP24510 PROM, which acts as a
complex address decoder. Before
programming the PROM, the
desired memory map must be
established. The minimum require-
ment for most systems will be the
system monitor, the 1O area and
unless there is a serial VDU as the
screen, some screen memory. Some
systems use a relocatable area of
memory for the screen RAM, the
video controller accessing the
system bus directly. If the target
system is of this type then no provi-
sion should be made for the screen
RAM in the PROM program.
Remember the overriding factor
when designing the memory map is
that there must not be two com-

onents within the system which

ave the same address. Taking the
standard configuration of the
Microtan as our worked example,
the minimum memory map is as
shown in Fig4.

Once you've determined the
memory map(s} required, the upper
six address lines should be writteni
out bit fashion (bit by bit . . ). Each
bit corresponds to a PROM address
bit; however because of the PCB
board layout, the one-to-one cor-
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Fig. 3 Memory timing for various operations and approximate timing round the

MCC
] TMS 416415 65,536 BIT DYNAMIC RAM READ CYCLE TIMING
' te CYCLE TIME N
PRECHARGE [ R
100ns min
RAS \ \
CAS aH
——] R Lt — 2003 min —
- CASLO 1 10084 min
ROW COLUMN
-« »| ACCESS TIME
HI-Z f
{b) TMS 4164 -16 EARLY WRITE CYCLE TIMING
RAS \ / \
CAS
A07 OLUMN
F—5ns min
/
VALID DATA
a HI-Z
wifH}
) TMS £164—15 KBS ONLY REFRESH TIMING oo min | T RECE
RAS \
' 20ns
a HI-Z
{d) APFROXIMATE TiMING AROUND 1G17
81 ’ —\ ’
BZ(VIA
IC1Ba & b) / \ .
RCS g R2,c2 k /
MCS L / A3.03 \
| ™
|
STAAT I
JUNTION
A1/C1 W‘ '\
| Ll
66 |
AFSH l I I

respondance is not in numerical
order,

in addition, by using the two extra
PROM address lines A7 and A8,
there is the facility to have up to
four programs and therefore four
memory maps resident on the board
at one time, selectable by means of
the DIL switch SW1. Using the two
tables 1 and 2 it is possible to
calculate all the PROM addresses
which are required to be ‘blown’.

Remember that PROMs are not

‘erasable, once a memory location is

altered from the ““all 1’s"” condition,
it cannot be reversed. There is
however an escape route if a
mistake is made during programm-
ing. The program is created by
blowing only the operative bits
within the data word from a.1to a
0. In this design, only one of the
four bits available is used (bit 4). If
an error is made during!programm-
ing, then it is possible to use an
alternative bit by breaking the PCB
track at pin 9 IC15, instalﬁng a link
to either pin 10, 11 or 12 (bits 1-3
inc.) and reprogramming the PROM
using the appropriate data word.
(Alternatively, this would make it
possible to hold a total of 16
memory maps in the PROM}.

it is beyond the scope of this ar-
ticte to describe the methods for ac-
tually programming the PROM, suf-
fice it to say that the amount of pro-
gramming by the nature of it's use,
is stnall, 56 it would be feasible to
use the switchbox type of program-
mer. ) ‘
Construction and Setting

Up

The construction of the board is
very straightforward, particularly if
the PCB design presented here is
followed exactly: there are, after ali,
only 18 ICs, The PCB is a double-
sided design but to keep costs down
it doesn’t use plated-through holes.
To make the necessary interconnec-
tions, track pins or short lengths of
wire must be soldered between the
two in the positions marked on the
overlay diagram with a black dot.
These pins must be soldered in first,

AREA HEX ADD. SIZE
A) TANBUG FFFF 2K
F800
RAM F7FF 14K
Co00
B) /1O BFFF 1K
BCOO
RAM BBFF 46K
0400
C) CPUBOARD O03FF 1K
RAM 0000 J :

Fig. 4 Minimum memory map for the
Microtan.
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prior to any other components, as
there are some beneath the DIL
sockets; | advise checking the con-
tinuity of each one thoroughly, as
mistakes are difficult to rectify later.
The remainder of the soldered com-
ponents can be assembled in almost
any order, but I've found that it
pays to be systematic and to follow
a list, checking off each component
as it is soldered in.

All the usual.checks should be
carried out before the ICs are in-
serted into their sockets. Particular
attention should be given o
avoiding solder bridges in the daisy-
chained RAM area of the board.

It is usefu! to insert the chips in
three stages and perform some func-
tional checks on the system at each
stage. The first of these stages is to
insert the PROM and all the TTL,
with the exception of the 741.5608

63

(1C16) and the 7415245 data bus

‘buffer (IC14). Now powering up the

board on the bus can be performed
with all the Tanex RAM and EPROM
still resident without the risk of any -
memory conflict occurring, This .
procedure will allow you to check

- the following items with the system

running. .
- A dual beam oscilloscope is
really desirable particularly if you

Fig. 5 Circuit diagram of the complete
project.

have deviated from the timing com-
ponent values for any reason.’ ‘
However it should be possible if
you don't have access to a ‘scope
to use a good logic probe to check
that all. the apropriate signals are

- present.

The most relevant signals to
check first are ¢1, ¢2 and their
complements T, ¢2. RE and DBE
should be active only when a valid
address within your programmed
memory map is accessed. Next
check that the two address buffers,
[C2 and IC11, are switching correct-

SYSTEM ADDRESS

Als Al4 Al3 AlZ A

—

1

iy

OO0 — =
OO m =

1
1
1
1
0"
Q

OO0 — = -
o0 OQ ——

HEX ADD. ' COMMENTS

A0

1 FFFE TANBUG

0 F800 :

1 BFEF HO

1 BCOD _

0 J03FF CPUBOARDRAM . |
0’ 0000 ~

~ Table 1 Revised system memaory map.
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Table 2 Programming sheet for the PROM.

SW1 5w2 11

7

SYSTEM ADDRESS
PROM ADDRESS

cCooco =
cooco
———O o

64K DYNAMIC RAM BOARD PROM PROGRAMMING SHEET ., . OF. .. 4
10

—~O=0 W

13 14 15 12 HEX PROM ADD.
4 3 2 1 BLOW TO 07
6 0 0 0 00

1 1 1 1 3F

1 1 i 1 2F

T 0 1 38

HOW IT WORKS

As so much detail has been given in the
general section, this ‘How It Works’ is
going fo be fairly brief. During ¢1 high
the main bus huffers IC11 and 1C13 are
disabled, removing the RAM from the
system bus. The refresh row address
counter 1C1 is connected direcily to the
RAM ICs (1C3-10) via the enabled buffer
IC2. The rising edge of ¢1 is first buf-
fered by two OR gates and then, via the

ulse generator network D1, CI, R1,
C17, it applies a pulse to the REFRESH
ENABLE pin (14} of the memory cycle
controller IC16. The same rising edge is
delayed by D2, C2, R2, IC17, before
reaching the CYCLE START pin 13 of
IC16. This delay is necessary to satisfy
the refresh hold time of the memory cy-
cle controller, and must be maintained
at 20 ns minimem. The MCC then
responds by pulsing RAS low for a
period of time determined by the RC
network at pin 12, the row address hold
time. The rising edge of RAS is the end of
the refresh cycle.

The memory cycle starts with the ris-
ing edge of ¢2 (falling edge of ¢1) at
which point the address bus buffer is
enableci)direclly by ¢2 and assuming the
address is within the memory map, the
PROM output D4 is already high. This
output combined with $2 produces via
IC18 two signals DBE and RE.

DRE enables the data buffer IC13; RE
delayed via D3, C3, R3, IC17 is fed to the
CYCLE START input of 1C16 the memory
cycle controller. This last event causes
the MCC to start the actual memory ac-
cess cycle. The RAS output (pin 7) goes
low then, after the programmed RAH
time, the line is allowed to pass
through and the MUX output then goes
low switching oaver the address
multiplexers 1C12 and 1C14 to the col-
umn address. CAS then goes low for a
period of time CAS LO. All three cutputs
RAS, CAS, MUX then go high. This point
should coincide with the falling edge of
2 when the data from or to the RAM is
latched by either the CPU or the
memory depending on the status of the
R/Wline.

The next refresh cycle then occurs on
the rising edge of ¢1 and so the system
carries on uniil the power is removed.

ly, ie exactly 180° out of phase with
each other, and that the refresh ad-
dress counter IC1 is functioning cor-
rectly as an eight-bit counter.

The final check at this stage is
to measure the pulse delay and
shaper circuits formed by the
diodefresistor networks and IC17.
The three signals RAS cycle start
(RCS), memory cycle start (MCS)
and refresh (RFSH) should all corres-
pond to the timing diagram in
Figure 3. Any deviation should be
adjusted by altering the value of the
capacitor and/or resistor within the
relevant RC network. However if
the stated tolerances of the com-
~onents are adhered to there should

2 no problems.

Having completed all the
checks and adjustments so far the
next stage is to insert the 74L5608

ETI SEPTEMBER 1983

remory cycle controller, which
should produce the necessary __
signals RAS, CAS, MUX and R/W.
These four main signals should be
checked against the timing diagrams
in Figures 2 and 3. The important
factors are the relationships bet-
ween cycle start, CS, and RAS,
MUX, TAS sequence and the RAS
refresh cycle. The row address hold
time RAH, CAS low and the
precharge time are the major con-
trolling times and are all program-
mable via the three RC networks on
the 7415608, Under standard condi-
tions with the 750KHz Microtan
system clock these times have quite
a large latitude. However with ?aster
clock rates the times become pro-
portionally more critical. All these
times can be calculated from the
memory data sheets.

One fault which may occur at
this point has the symptoms RAS
permanently low, CAS, MUX and
RIW permanently high. If this situa-
tion exists try shorting very briefly
pin 12 to ground. If the controller
then starts to function correctly then
the 74LS608 is at fault. | understand
from Texas that on a number of the
older batches of chips there is a
fault with the power-on-reset circuit,
newer batches, | am assured, are all
O.K.

Having checked that all the
relevant sighals are present at the
RAM chip sockets, the RAM chips
themselves can now be inserted.
Power down first. These are very
static sensitive so take all the usual
precautions, they are also upside
down in relation to the other ICs on
the board. Be warned that if they
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are inserted with pin 1 to the upper
edge of the board they will be ir-
revocably damaged, and at £4 each
a mistake could be very expensive.
Finally insert the data buffer IC13.
With construction and testing
completed there s still one task to
finish before the board is inserted
back into the rack and powered up.
Remove all Tanex RAM and
EPROM, and all other memory map
conflicts, for example the hires
graphics board, failure to do this
will probably destroy ALL the
memory components in the system.
After powering up the board in
the now “minimised’’ system,
unless you've chosen to create a
memory map option which retains
the Tanex EPROM, your system will
be running in Tanbug or TUG bug.
The quickest way to check the RAM
from here is to boot up Basic and
XBUG from disc or ESC and let it do
the check. 47103 BYTES FREE
should appear as the message
header. Note some difficulties may
be experienced because the F7F7
error jump will not exist immediate-
ly. This will show up only if an error
occurs during the boot up pro-
cedure e.g. miss keying; simply

RESET and start again to recover.
Assuming this initial check appears
to be OK then a more comprehen-

" sive memory test routine should be

performed; the one published in the

November 1981 issue of Computing .

Today is most suitable, However it
should be noted that these types of
test do not pick out the periodic bit
drop out and only extensive usage
in BASIC or similar will show up this
problem,

Other Systems

The board relies only upon
signals derived directly from the
CPU i.e. 91, ¢2, RAW and the ad-

dress and dafa buses, Since all these

signals will be present in any
6502-6800 system, conversion is
relatively simple. The anly compo-
nent that needs to be altered in any
way is the PROM which does all the
decoding, The essential considera-
tions are those concerning the
design of the memory map and, in
particular, possible address conflicts.
Remember no two components, be
they RAM or /O should have the

“same address! A suggestion for

those with a Microtan but no discs
or ESC is to leave the XBUG

EPROM resident (FOOO-F7FF) and
use the tape routines instead.

Those who design their own
PCB should take care to heed the
memory manufacturer’s recommen-
dations on decoupling and PCB
layout around those chips. Par-
ticular attention should be given to
the ground and power supply lines,
which effectively surround each
chip; the arrangement of interlock-
ed fingers on the typical bread-
board is definitely out.

Similarly the decoupling of the
TTL chips should be comprehensive
enough to avoid too much power
supply noise, a major culprit of
periodic bit drop out. Lastly, the
7415608 MCC gets hot, but since
the lead-frame is directly coupled
with both the substrate and the ,
ground pin, a large area of copper
around pin 8 should alleviate the
problem and improve reliability.

With regards to systems employ-
ing faster clock rates than 1MHz, as
long as the RAH, PRECHARGE CAS
low times and the refresh hold time
for the MCC are satisfied
(calculating them from the manufac-
turer's data sheets), no significant
problems should occur. ETI

Do you think that designing and
understanding electronic circuits is beyond you?

The summer edition of Electronics Digest, Gateway To Cir-
cuit Design, provides a step-by-step introduction for the
newcomer to the art of circuit design. Firstly, you'll be in-
troduced to the commoner electronic components — but
not in a passive way. Electronics is a practical subject, so
Gateway To Circuit Design will enable you to build simple
circuits for yourself, and take measurements on them
(along the way learning how to use a multimeter). Once
these introductions are over, Gateway To Circuit Design
shows you what goes into the design of a wide range of
electronic equipment — for audio, computing and elec-
tronic music, forinstance.

Gateway To Efectronics is an occasional popular series in
Electronics Digest, published by Argus Specialist Publica-
tions. Previous issues in the series have concentrated on
projects; now we'dlike you to design your own!

At all good newsagents now or available by post from
Electronics Digest, 513 London Road, Thornton Heath,

Surrey.

We“d like Y
to show you
that you're wrong
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Dictionary);
Dictionary).
year award.

he ETI GNOS-EX is the ex- .
T pandable, flexible dynamic

memory system for the keen
experimenter. Using the 4416
16K X4 dynamic memory devices,

‘the system can be populated and

configured for from 16 K to 64K
blocks with the capability of delet-
ing or including memory in 1K
blocks.

Last time we ﬁublished a
DRAM card for the 6502, we used
the 74LS608 memory controlier,
Since then, we' ve discovered
there are problems with this
device (don't worry if you're trying
to get that board goin%]— we're
working on a fix!). So this system
was designed to do without any
very special control devices and
rely, so far as possible, on abso-
lutely standard [Cs which will be
{we hope!} readily available for
some time to come and cheap. in
the final design the most unusual
devices are the 4416 memories

- and the PROM. This latter device
is not actually absolutely essential
for the operation of the project
and could be replaced by suitable
logic. '

The layout of the PCB is
intended to be such that it will
plug into a Microtan system bus,
although at the time of writing this
it has not been tested. The original
development work was carried out
on the author's Ohio Superboard,
somewhat modified with the pro-
cessor running at 1.25MHz

The Circuit

The basic ideas behind this
project are much the same as any
other which makes use of dynamic
memories, There are two distinct
phases of operation; the first, and
most important as far as the user is
concerned, is the reading or

. writing data, fe actually using the
memory. The second is the

periodical refreshing of the stored

data to make sure that it is remem-

ETIDECEMBER 1984

Gnos-ex: expan

Gnosis: knowledge of spiritual mysteries (onciSe _
dable memory system (ETI
Phil Walker tries again for the obscure pun of the

* bered correctly. Ideally, the ref-

resh operation should not be
apparant to the user, and so it
must take place when the pro-
cessor is not using the memory.

In the case of the 6502 microp-
rocessor, for which this project is
designed, the processor is con-
cerned with accessing the memory
for only half the time. The re-
maining time can be used for ref-
reshing the memory with no effect
on the processor. With the 6502
running at 1MHz there is about
500ns in which the processor will
read or write data as necessary,
followed by 500ns or so in which
the processor is doing internal
operations and not interested in
the outside world; this is the time
we use to do a refresh operation.

The 4416 specification requires
that the whole memory be ref-
reshed at least every4ms. To do
this, 256 different addresses must
be put on the address lines and
the RAS input pulsed low for a cer

PROJECT

Oxford

tain time for each one. All this
must be done within the 4ms
allowed. [n this design it wili be
done every 256us witha1MHz
processor clock

The circuit consists of several
elements. First, there is an address
multiplexer which takes the 16
address lines from the processor
and switches them to tﬁe eight
address lines of the memories dur--
ing the processor access cycle.
Only 14 of the address lines are
used, eight are latched into the
memory ICs by the RAS signal and
six by the CAS signal.

Second, and allied to the
above, there is the refresh address
counter and buffer. The eight-bit
counter is incremented at the end
of each refresh cycle and provides
the 256 addresses necessary for
the complete operation. The tri-
state bus buffer puts the output
from the counter on the memory
address pins starting mid-way
through the previous processor

REFRESH
ADDRESS
GEM

[

16:8
MULTIPLEX

CUTPUT
SELECT TeorrRoy [ PROCESSORS
#]  aEFAEsH

DATA
BUFFER

ADDRESS
FOMER
OM RESET

SELECT
G P

RAS
GENERATOR

DELAY

CAS ™ neany

»  GEN-
ERATOR LogIc

RAF

Fig. 1 Block diagran;n ofthe card
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_PROJECT : Memory Card

be pulsing low with approximalgl_y |

N all excess wire and repeat until all )
' 1] sndhad the links are made. the same signal as that on the CAS
2 t5p—2 : Step threeis to #it all the 1C testpoint, Pulling Al4 or A15 In-
3 ur—a o | sockets. Note that 1C5 to 12 are uts low should alter the pin num-
e o [ |- the opposite way round to the ers but not the signal.
L o o [o | ihers Then fit the DIN 41612 if you have got this far
SR 8 11 e 3PN} edge connector and the other SUFCGSSfU“Y there 1s only one more
. b mrgma L assive components except R9. thing to do before inserting the
. sr’__(_mwm ake sure that the diodes an memory devices. Thigis to che_ck
: electrolytic capacitors are the right the power-orrreset circuit, Inck
o « qonareo 1BV TOSCLETT way round. dentally if this does not work cor-
GTHERSE COMECT TO 15 ‘At this stage itis advisable 1O rectly it could have given you
Fig 7 Use of 74 L5151 check that there is not short circuit roblems earlier. Temporarily
on the power supply lines. 1§ this short-circuit C3 and monito! the
the locations are available, SW1 test is OK then R9 can be fitted. output of IC17D. This should be
and SW2 can be used to gain Check also thatOV and 15V . low, Remove the short from C3
access to three others sets of 64 sup lies are connected to each iC -and check that the output of
locations. Also, only one o the socket. Examine the PCB tracks 1C17b stays low forat least 200ms
four output bits of the PROM is carefully, especiai[y around the (Efobab[‘/ nea}Le_r_SOO mg). During
used — selected by LK1 —soa . edge-connector socket, for breaks this time the RAS and CAS signals
total of 16 different memory maps  of Solder bridges, as these will be will be high. Note that @ signal
can be held by each PROM. Note very difficult and possibly experr should be present as ear yas__
that unlike a previous design fora sive to find later. P_OSS‘b,le to ensure that the CAS ‘
memory board using this device, Step four is to insert 1IC15 16 signal is forced high, although the
the output of the PROM must be 17 and 18. Appty power to the p, line being low will also
programme LOW to enable the poard and check that it does not atcomplish this .
appropriate part of the memory draw more than 100mA or 0. _ The last thing to do now s t0
map. Note also that the address Now connecta 1MHZz TTL com- insert the 4416 memory devices
lines are not used in order. patible square wave signal to the and |C1. The memory (Csare
1t desired it should be easy to test point. Withan oscilloscope accessed in ‘)alrs, 50 if you are not
wire one or two chips to a16 pin Egér otherwise, as equi ment using the ful complement you
DIL plug for use in place of the allows) monitor the RAS test point must insert 1C8/9, 7/10, 6/11 and
PROM. A juist RV1 such that the high 5/12 in pairs. This s also the order
Construction timg s about 150ns. If this cannot Qg"’rg;h ?;g\é:p[fsr?g\?et?ﬁe S
This stage of the project 5 ot be o check your P 280les  link et S TBP24S10 suitably
difficult bu just seems exceed- ¥ p osrammed i he |C4 sock
; : : of RV1, R5 and CA. Also check that  PF grammed into t IC4 socket
ingl tedious, Step oneis to cbeck there e WO pulsés or il ps— and link X to A, B, CorDas
that all the components will fit ek C1, 2 and R3 “P ot CAS appropriate. Alternatively, plug 2
their holes, Note that the DIN iy : 16-pin header int 1C4 ket
testpoint should be continuously 5-pin heaaer it 0 SOCKE
mg}zhg?gsn%gt% Fg;g;igsngggs high. with, for example, 27418151 COT
7. All the other components if you have got this far success- g?(cglad ﬁp tﬁ select the mden}ory n
Y, fully, remove power from the PCB  &F1 ocks. However you do the
except RV1 and 2 which need 1.2 an(},’link A B, Reapply power o4 SEL signal at X must be Jow to rea
to 1.5 mm holes, will fit into 0.8mm £ Reappty b a ; ¢ he board ,
o A K RAS signal again e o write to or from the board.
O ; check that the CAS testpoint has a ‘A feature of this design is that
Step two is to take all the COM™ — low pulse Chile the o, signal is the SEL signal needs to be oW l
onents off the PCB (you didn't high. Adjust RV2 if nelcesgsary to only a short time before the CAS
solder them on — did you) and cee this. If this signal does not signal is generated in order to
make all the through-board links. e A ar check RV2, R7 52 and C5 activate the memor control but
The easiest way we know of doing ppear chec , R7, D2 an st be held until 'J:.e end of the
hi : and the signals at 1C17¢ and ntl ndott
this cheaply is to take 8 length of - g, cyclefora read operation or the

1f all is correct, adjust RV2 such thd of the RAS signal fora write

22 swg tinned copper wire, stretc $ COTTE
that the CAS signal g0€s lowabout  cycle in order for valid data to be

‘t a little to make it straight and

stiff, squeeze the ver end with 100ns after the RAS signal goes ;

liers %o fiatten it outyso that it will low, This should set the main tim- rc?aigoorr '\F"/P:gt;?owdar?gtogep; ([.))-TO-'
not fall through the holes in the ing to about the right area for blem for any normal address

PCB and then cut off about % inch normal operation. decoder logic. ETH

(6mm). Repeat this process until switch off the powet againand

you have enou h pieces to 80 insert 1C2,3,13, 14 and 19. Switch

through all the%inﬁ holes. on again and check that all eight

Support the pCB clear of the outputs of iC14 are counting

table top with the component side Check that the outputs of IC18a

uppermost. Working from one end are switching on the rising edge of . Lced s readily available
of the board, put about a dozen of the RAS signal. Check also that Watford, Cricklewood
the links in the propet holes and 1C19 pind is permanently low and all of the semiconduc
solder them in place. Turn the all other outputs from IC19 are tors (but nole e TBP24510 is
board over and put it flaton the high. Now connect the R/W input ususlly Lﬂﬁiﬁﬂﬂﬁ%ﬁ%g&oégﬁge
table with a piece of kitchen tissue to the board to 0V and check that )

for protection, and solder all the ali outputs from 1C119 except pin 9 '
links on this side as well, Clip off are permanently high. Pin9 shoul
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Ahh! Doesn't it take you back to the balmy days of September
1983 when ETI first published its 64K DRAM board? The sheer
technical excellence of the design, the excitement as you

completed your very own memory card, the horror when you

found it didn’t work. Never mind, says P

e-made like this....

/

design for a 64K DRAM board to

connect to the Microtan 65 '
system or indeed any 6502
processor system. Although the
original worked satisfactorily we
received a number of letters from
readers who could not get theirs to
work. At first it looked as though
there was a faulty batch of the
7415608 controller chig around
which the design was based but
after a while it became apparent
that it was “a problem device”.

To overcome the shortcomings
of the original design and to
simuitaneous!i/ incorporate some
1ew features, last month’s
cxperimenter’s DRAM Card was
Jesigned. This removed the need
for special 1Cs by using standard
components, The only unusual
items were the 4416 16K x 4 bit
dynamic RAMs which were used

. because they allowed the PCB to be
only partially populated when a
signiticant proportion of the
address space was not required.

Once this board was working on
the author’s 6502 system — which
runs at 1.25MHz, a little faster than
the tangerine — it seemed
reasonable that we should go back
and do somethinE for all those
people who had built the 1983
project. To this end we have
designed a small PCB which
contains all the necessary control
logic to replace both the 7415608
and two other devices on the
original board., _

This PCB is mounted ‘piggy-
back’ fashion on the PCB once all
the original control ICs and timing
components have been removed.

28

E_ n September 1983 we ran a

All the original features refating to
address space allocation are
retained and the same PROM can
be used. One thing which may be
of interest to non-Tangerine users
is that there is no longer any need
for the @1 signal to be provided as
all timing is taken from the edges of
the 2 signal.

HOW.IT WORKS.

hil Walker, memories are

The Circuit

This is identical in most respecis
to the control logic in [ast month’s
project. One significant difference
is that the incoming select signal
from the PROM is high to enable
rather than low. However, since

This is very much the same as for last

project but we shall go through it
hriefly in relation to the original design.

All timing is performed relative to
the rising and falling edges of the ¢2
signal from the 6502 processor 02 is
buffered by IC22a and by means of the
delays in 1C22b, C21 and 22, IC23 is
triggered on both edges of 02 to
produce the RAS pulse, The width of
this pulse is controlled by RV21 in
conjunction with C23 and R23,

A delayed version of the RAS signal
is used as the MUX signal fo operate
the row/column address multiplexers,
shortly after this [C24a is dlocked, and if
@2 is curcently high and the inverted SEL
line is low, the CAS output will go fow
and stay low until 92 goes low at the
end of the processor access period. This
keeps the data at the outputs available
for longer when a read cycle is
required. 1f @2 was low then the CAS
output will stay high and a refresh
operation wilt occur, '

If al other conditions for a
processor access cycle have been
satisfied, to write data to memory the
R/W line will be low, This condition s
gated with the state of the inverted 2
signal in 1€22c and with the MUX signal
in 1C22d. This ensures that the WE low
condition is only asserted at the

month’s Experimenter's DRAM Card .

requisite time. :

Al the end of each RAS pulse 1C24h
{s clocked to sample the state of the2
signal. The outputs of IC24b are used to
enable and disable the address buifers
and allow the processor or refresh
addresses onto the memory chip
address pins at the appropriate times, .
Doing it this way rather than with the 1
and @2 clock signals allows more
settling time for the buffers and the
refresh address counter before the RAS
sirobe occurs fo start the next
operation,

The last piece of circuitty to
describe is the power-on-reset. This is
produced by IC1h and c together with
C25 and R21, D21 allows C25 to
discharge rapidly when the power is
turned off. By means of this circult,

- 1C23 and 24D are held in a defined state
for a short while after power is applied,
This allows the internal circuitry of the
memories to become operational. This
operation is required when power is
applied, not when the processor is
reset, Note also that eight RAS enly
cycles should by performed after the
power-on-reset before the memories
are fully operational. However this will
usuafly be ftaken up by the system
initialisation routines reading from
ROM.

ETI JANUARY 1885
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SKBPIN 11
DEE <
SKAPING
O NN Zp R gfs O3 CAS
: (FROM PAOKY}  TPSEL 3 4 1c24
X i ic21a 3p e
c21d
| £ o
23 gy BV21 [
! 27p 57 10k ica1f
+BY
11 s Dz . .
1 SKB PINS 45,12 s 2L } '
92 B
Tegz  Bjlc2zs ™ 3 8 1218
) !_“_:2_298- 4 ez A24 o2
> Rz2 sva2
”J” o aom 1 g7 ATOR "T" 1000
P g SKAPINT
cz2 it Oo—R
Tr RAS
/ B 1BV
R2E
72
12 sw g SKBPIN A
3 o a —- QE {"82"}
r PROGCESOR
Ic240 ADDRESS
1 apl 3 SKBPING
F . sxorine
EF) REFRESH
ADDRESS
SKAPIN 14 » g ¢ g
026 ; SKAP]NWD-——I
O T e26 ¥ 67 L, c20 P 14
P = 5
TROV 1632 = 74L532 v T 1600 == 100n e
(C23 = 74L 5922
[C24 = 74L574 :
D21= 1N4148 SKA PIN 7 e : ‘ ¢
D22 = 0A81 |
SKAPINS

Fig. 1 Circuit diagram of the new control logic.

there is no G pin on the 4164
devices, the inverter which
previously provided this signal can
now be used to invert the SEL line
and enable the data buffer at the
appropriate time.

o)

" "The other difference is in the

WE circuitry. The lack of the G pin

n the 4164 means that, if we want

to connect the data - in and data -
out pins of the memory chips to the
same data bus as in the original

92

W

|

1621 PIN & J L l
;e PN | |
1C23 PIN 2 f \ /
R {RV1+R23) 1023 [ |
{10005 MIN)
TAV22 + R24)/C24
1G24 PIN 1 | j———\___ /
8- {Rv22) | |
MUX | [ II l
iifiC2dayicazh) | I
CAS i {IF SEL 1S HiGH) l E I
= eatd
WE _ |
We . g (IF RATIS Low)J
|
PROCESSOR’ !
ADDAESS (cazpiNg |
ENABLE
REFAESH
ADDRESS IC22PINB \ ,
ENABLE ;
R
REFRAESH

COUNTER I
QUTPUTS

Fig. 2 Timing diagram for the control logic showing how all of the signals are

derived from ¢2.
ETi JANUARY 1985

design, the write cycle must be the
so-called ‘early write’ detailed in
the data sheet. This requires that
the WE signal go low before the
CAS signal goes low. If this is not
done the data outputs of the
memory chips will become active
and may try to drive the data bus
into a state opposite to that of the
bus buffer.

Construction

Construction of the PCB itself is

uite straightforward, Remember
that there are four wire links to be
inserted as this is a single sided
board. If height is likely to be a
problem then solder the ICs
directly into the PCB but otherwise
use sockets. The other components
are simple to install but the usual
care should be taken to get
polarities correct.

Assembly onto the main board
should be postponed until the add-
on board has been tested. You will
need access to a signal generator
giving a TMHz TTL compatible
square wave signal and an
~oscilloscope with which to see the
results, :

Connect a suitable +5V supply
to the board and check that the
current drawn is not more than

b
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.PROJECT

: DRAM Update

TP OV-<f—1

Fig. 3 Component
overlay of the PCB,

CUT AND LIWK HERE
JF NECESSARY

100mA or so. Connect the SEL
testpoint to 0V and a TMHz square
wave TTL compatible signal to the
?2 test point and monitor the
signals on the RAS, CAS and WE
test points. Only RAS should show
any activity at this stage and its low
time should be set to about 300ns
by means of RV21 (one half to
three-quarters clockwise rotation).
Both the CAS and WE signals
should be high. A worthwhile
check at this stage is to see that SKB
pins 6 and 9 are switching at the
same rate as the 02 signal but phase
shifted from it Also check that the
MUX signal at SKA pin 11 is similar
to the RAS signal but slight!
delayed from it (RV22 should be set
to approximately one quarter of its-
clockwise rotation). Note that the
RAS and MUX signals are at twice
the 2 frequency.

So far we have checked that
IC21e, 22a & b, 23 and 24b are
working. Now set the SEL test point
to +5V, or just open circuit the link

“you previously inserted, and check
that the CAS test ;Eloint shows Jow
pulses but only while 92 is high. The
RAS to CAS delay time can be
adjusted by means of RV22 if

. required but will only be critical if
you have a slow processor.

There are only two other sec-
tions to check. Monitor the WE out-
put and check that, with the R/W'

input open circuit or logic high, this
output is also permanently high.
Applying a logic low or OV signal to
the input should cause the WE
output to produce a series of low
pulses, at the same rate as @2 but
with the same width as the MUX
low signal. The WE pulses should
only occur when®2 is high.

The last thing to check is the
power-on-reset, If possible,
monitor the RES test point and the
voltage across C25. Temporarily
short circuit C25 and check that the
test point stays high for a few
milliseconds after the short is
removed.

By now you should have a fully
tested board and will be ready to
connect it to the original DRAM.
First disconnect alf the wires you
used in the testing phase and
connect 22 SWG tinned copper
wires to the SKA and B positions.
Cut these off flush with the tog side
of the board but leave them about
25dn'1m (1 inch) long on the wiring-
side.

Next remove 1C16, 17 and 18
from the original PCB together with
their sockets and R1to 6, Cl1to 6
and D1 to 3. If you have not
corrected the original PCBs you
should now connect IC1 pins 2.
and 12 to 0V, IC3 pin 9to IC4 pin 9
and the tracks going to EC2a and 2b
to EC3a and 3b respectively instead.

LI N

______PARTS LIST
RESISTORS (V4 wait 5% carbon film)
R21 10k
R22, 24 470R
R23 5k6
R25, 26 2k2
RV21 10k miniature horizontal
preset

RV22 4k7 miniature horizontfal
preset

CAPACITORS

C21,22,24  100p silver mica or
polyestyrene

C23 27p silver mica or
polystyrene

Cc25 10u 16V tantalum bead

C26 100u 6V tantalum bead

C27,28 100n ceramic disc

SEMICONDUCTORS

1C21 741514

1c22 741532

1C23 7418122

1€24 741574

D21 1N4148

D22 0A91

MISCELLANEOUS

PCB; 4 off 14 pin DIL Sockets if

required; thin sheet of insulating

material.

In order to fit the PCB into the
Microtan rack we found it
necessary to remove C7 and trim
the throtgh-board link near IC1
pin 14. :
Having done all necessary
corrections, the time has come to
put the two PCBs together. First
remove all of the ICs from both
boards and put some thin insulating
sheet under the new PCB to ‘
prevent shorts to tracks on the top
of the old board. Now carefully .
feed the wires from SKA through
the holes vacated by IC16 and the
wires from SKB through those left
by IC18, Make sure that none of the
wires are misplaced or strained and
carefully ease the two PCBs as close
as possible to each other. Solder
the wires on the underside of the
old PCB and clip off excess length.
Insert all ICs {except 16, 17 and
18) and the assembly should be
ready for use. If necessary, some
adjustment may be made to RV21
and RV22 but tKis will usually not
be necessary if the other stages
have been carried out.

BUYLINES ETI.

Absolutely everything here is readily
available from any number of different!
suppliers and the PCB is available from
our PCB service.

ETI JANUARY 1985




Just what is involved in obtaining a working design? Phil Walker
uses the example of the 64 K DRAM card and the DRAM fix (ETI Dec
'84 and Jan 85 respectively) as an example to show how it's

done.

he design of electronic projects can, like most
T human undertakings, be longorshortterm, easy or

difficult, with allshades of grey in between. [nboth
the hobby world and professional life, it s unusual
0 %o straight from original concept to final hardware
Jith no deviations or modifications along the way. So in
the long winter eveningsasyousitbythefire working out
the defails of your next piece of electronic wizardry,
don't beintoo muchofahurryto commitpento cheque-
book or soldertoiron. -

Thefirststep isto design whatyou want: write itdown
inas much detail as possible. Now try to come up withas
many differentways of gettingthereas possible, Choose
two or three of these to consider in detail, and examine
their good and bad points. '

At this stage you will need information on the various
devices and components you may want to use. The
catalogues of the larger distributors can be very helpful,
but obviously, they do not have the detail that you will
find in manufacturers” data books. (One point though,
those readers who have access to RS Components will
probably already have found thatthey do produce some
very useful data sheets for the semiconductors they
distribute,) - - . _

“When you have all the information, choose a design

-approach that satisfies yourrequirements easily,inother
words, an approach which 3035 not require you to
“perate close to the limits of the devices, In particular,
e careful that power dissipation, gain and bandwidthat
the lower end of the specified (on the device data) range
will not lead to trouible in analogue circuits; on digital cir-
cuits, look out for propagation delays and over-critical

-timing, at either the fast or slow limits (or a combination
of both), = . o ,

After this, you should be in a position to draw circuit
diagrams and even outline physical dimensions to your
project if they are important. Make sure that, at least on

aper, Kour design will do what you want every timeand
as no hidden modes of operation, especially at power-
on and power-off, Examine what you have and check
that it is what you want. Look back to.your original
requirements and see if it fulfils them (it probably

won't). ‘ L

Now is the time to build something. If itisa large pro-
ject, then it is wise to build the essential part or parts of
the circuitry and test.them on some sort of breadboard
system. Make sure that these bits do what your theory
Eredicts. {f not, find out why! If you don’t do this you will

ave really wasted your time. You will fearn more from
understanding why thing’s don’t work (first time) than
om a series of first-time successes, Naturally it is very
ifustrating to have your brain-child fail miserably at the
first hurdle, but with perseverence your success rate will

18

improve or the complexity of project will increase, With
any Juck both will occur,

Having chased allthe gremlins out of the wirework so
faritistimetotake the plunge and make the whole thing.
Two things are likely to trip you up now, apart from the
sillies such as wrong wiring or PCB error, The first is that
your original idea had a flaw which has been overtooked
orwas notapparent until the whole thing came together.
The second is that some external equipment or system
does notinteract with it as planned. In either case some
careful thought will be needed to find the appropriate
action. This part is often the most frustrating and expen-
sive and leads to red faces, lost tempers and much burn-
ing of midnight oil in industry.

A good designer is one who by experience, imagina-
tion or both can avoid most of the likely problems in a
project by the most suitable choice of method ahd com-

‘OE PROCESSOR ADDRESS

—@o————» DE REFRESH ADDRESS

74L814
74L8126 |
745132

RAN O——

#1 (paper design)
For: Timing derived from processor clocks.
All timing periods controllable.
Only three active packages.

Timing affected by temperature,

Timing for RAS determined by differences
helween networks. '

Too many passive components.

Long time delay @1 and ¢2 to RAS.

Address buffer controls too near RAS timing.
Uses g1 and @2 signals,

Against:

ETI FEBRUARY 1985
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‘ponents. Often he orshe will use well-tried circuit ele-
ments and configurations as building blocks for the new
design. New concepts or components will be tested
both in theory and practice before being relied upon. In
this wayitis made likely that problems arising at the pro-
totype stage will be trivial for the most part {wiring error,
etc.} orrelatively easyteisolate. The unfortunate thing is
thatmostdesigners operate undera“wanted yesterday”
regime and cannot take all the time needed for such
deliberation. This is true possibly to an extreme degree
amongst hobbyists.

The alternative to designing -projects yourself is, of
course, to let someone else do if. In this case you must
either pay someone to design what you want (or think
you want) or get it from a book or magazine (ETI of
coursel). In this latter case you are restricted to what is
published but must still make the effort to understand
fully the circuitry you are making. If you do not under-
stand what you have made, you are going to be in big
trouble if anything goes wrong. You may get a little help
by writingin but publishers usually have neitherthetime
nor money to employ clairvoyant faultfinders.

To illustrate the design process [ have included a
section on the recent GNOS-EX memory expansion
card. Notthatthisis necessarily ashiningexampleof per-
fection but it serves to illustrate some of the fore-
going comments,

GNOS-EX Development

. This started in earnest about six- months ago, For
some time we had been aware that all was not well with
our original 64K DRAM card for the Microtan system,
especiallyin the control logicarea, Since this was mostly
invested in the 74LS608 memory control device there
was not a great deal we could do about it.

Inthe meanwhile, we had published a DRAM card for
Z80-based systems using the TM4500 memory con-
troller, ltwould have beenrelatively simple to adapt this
to 6502 use, but we did not think this the most useful or
illuminating approach, Alternatively, we decided to
design the project using the simplest standard TTL
devices possible for the control section, along with the
lesserknown 4416 DRAMs. The4416isa16K x 4 variant
on the 64Kx 1 devices used in the earlier designs.
Although it's slightly more expensive than the latter, it
Jffersthe considerable advantagethattheuserneednot

‘populate the memory fully to obtain a workable system,
as memory devices need beusedinjust pairsso 16,32 or
48 Kbyte options are available, besides the full 64K,

The requirements for this project can be

summarised as:

1. To provide up to 64K of dynamic memory;

2 To operate from the signals from a 6502 micro-
processor; ,

3. To use standard TTL devices, preferably 55| and
MS] types,

Other factors were considered but were deemed
subsidiary to these for this purpose,

Design Approaches

#1 The first ideas on the possible control iogic design
tended to follow the original circuitry. Both ¢1 and @2
were used to obtain the requisite timing signals, in the
6502 data sheet these two signals are supposed to be
non-overlapping, ie one falls to zero before the other
rises. Looking atthese on an oscilloscope showed that if
thiswasthe case, andit certainly did notappearso, itwas
of little practical use as a little stray capacitance or varia-
tion in gate propagation delay would nullify any benefits
it gave.
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#2 (breadboarded) _?77/
For: Timing for RAS provided by edges of ¢1 and
@2,

Common control of RAS in processor and ref-
resh periods. .
Address buffers switched at end of RAS cycle,
not near 1 or 2.

Timing depemfenf on terperature — made
wc_)Erse by Schmitt threshol[c}is being near 0V
rail.

No provision for start-up reset sequence,
Quite a lot of passive timing components,

Against:

Did not work due to differentiator capacitors being too small
ito trigger NAND Schmitt. Increasing capacitors did not help
as they could not discharge sufficiently in the time available
to be ready for the next cycle.

The first p_aggarﬁgign used the ¢ and ¢z signals to -
generatethe RAS, CAS and MUX signals with theaid of R-
C delay networks and Schmitt input gates and inverters,
This in fact used only three IC packages —- one less than
the final design. However it was felt that the number of
passive components was excessive and that the timing
they would give would be rather critical and tempera-
ture dependent.

#2 The next serious attempt used a D-trlpe latch con-
nected as a monostable to generate the RAS pulse
triggered br‘two differentiator networks from the g1 and
@:1nputs. The other half of the latch package was usedto
control the processor and refresh address buffer out-
puts. This was clocked on the rising edge of the RAS
siinal and sampled the state of the g1 Inputto determine
whether the next operation would be a refresh or pro-
cessor operation. This was felt to have great merit as it
ensured that the address presented to the memoties
was stable well before ancfafter the active RAS falling
edge. The idea persisted into the final design.

The MUXand CAS signals were stiil generated by R-C
delays. In spite of this the circuit was felt to have some
merit and was breadboarded. Unfortunately the dif-
ferentiator networks did not function as plannedand the
monostable was not triggered reliably. The fault was
found to be that the capacitors were too small to over-
come the capacitance at the inputs to the gate, and
increasing them did not help since then they were too‘
large to recharge before the next cycle.
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#3 A deliberate attempt was made in this design to
eliminate as many of the R-C delays as possible. This led
totheuse ofthe 7415122 monostable, asitis claimed to
operate quite reliably at these time periods. Also with
the multiplicity of triggerinputs, it was found possible to
make the'122 triggeron both therisingand falling edges
of the same input signal. This made it possible to
dispense with the 1 signal and refer all timing to the @2
input. This also suited the designer quite nicely, as the g1
signal s not available on the system expansion bus
connector, .

With the critical timing taken care of by the mono-
stable, the only other timing delays needed were
between RAS and and non-critical delay to make
the monostable trigger on both edges, The former was
very simply accomplished by an R-C network and,
although vital, this was found to be stable enough for
this project.

The data sheet on the 4416 states that the column
addresses must bestable by thetime the CAS signal goes
fow. In this d(é%gsn there is one extra device propagation
delay in the signal path more than in the address
multiplexer path. In practice, this was found to give
about 20ns separation in the right direction. In going
fromthe D-type latch monostable circuittothe 7415122
and retainingthe buffer control part there was aspare D-
type latch available, This was quickly put to use to
sample the select signal at an appropriate time and pro-

-videa CAS signal which couid remain low untilthe end of
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#3 (prototyped)
For: RAS timing set by one control and not tem-
erature dependent,
-CAS delay set by one neiwork.
Only two main timing nefworks.
Adcllress buffers switched half-way through
cycle,
Once CAS triggered stays low to end of cycle
. - makes data remain on outputs.
Against; Stopped working when processor warmed up
. |Refer to data sheets for 6502 and 4416 to get probable -
reason that 6502 guarantees data out valid for 200ns after g2
goes high. 4416 requires data valid whenever the later of
or CAS goes low for a write cycle.

20

a processor access cycle, This configuration not only-
removed a lot of constraints on the select decoding logic

but also keeps data available at the memory devices

until the 6502 has captured it. It also makes sure that

there are no short or erroneous CAS outputs which

would lead to mis-operation of the memory chips.

The essential control logic as designéed together with
the various address multiplexers, refresh counter and
16K of memory were constructed on a small PCB, This
was connected via a simple interface to the designer’s
Ohio Superboard. Thisisaratherold 6502 system,which
has been much modified, and now runsata clock speed
of 1.25MHz Aftersorting outall the usual bugs and mak-
ing the necessary adjustments, the project seemed to
work well .., for 10 minutes. No reason for the latch-up
was apparent, so freezer spray was applied to various
Earts to see if there was a thermal problem. Lo and

ehold, it was the 6502 processor! However, since this
had been working satisfactorily for some years, and still
did so when not connected to the new memory, it was
felt that the fault must be a little more obscure,

The next thing was to dig outall the data on the 6502
andthe 4416, A combined timing diagram was drawn t¢
illustrate the interaction between the two devices ant
the effect of the control logic. It had been noticed that
although the data read from alocation was not the same
as that written to it each read operation was consistent
with the lfast. This pointed to the possibility that there
was a problem in the write operation. In fact the
specification of the 6502 states that data in a write cycle
is only guaranteed stable 200ns after the g2 rising edge.
The 4416, however, requires that the data be stable
whenever the later of CAS or WE goes low. In the design
at this time it was the CAS which was critical. [t was easy
to adjust the delay to get round this problem, but this
immediately raised another in the read cycle.

Here, the 6502 requires that data from the memories
be stable 100ns before the ¢:falling edge. The 4416 is
guaranteed tosupply this data 120ns afterthe CAS signal
goes low, Being really pessimistic this would require a
minimim ¢z high time of 420ns, which fooks a little adrift
fromthe observed 360ns, To getaround this, atleast par-
tly, the WE signal was gated with the CAS and ¢2 signals
suchthatitoccurred afterthe CAS signal, This meantthat
there was a little more leeway in the timing and the CAS
signal could occur earlfier. This was even better in thi
final design where there was an extra delay through the
‘L8139 decoder. ‘ '

#4 Having got the prototype working satisfactorily, the
timearrivedtoiayoutaPCB forthefinal design. This took
about four days for the double-sided artwork and a
further three days to have it photographically reduced
and a board etched, drilled and populated. A new inter;
face to the Superboard was constructed and the design
tested, This brought to light one or two things like the
RAS and WE being swapped on the memories and the
desirability of more test points on essential signal paths.
These items were corrected on the PCB artwork to yield
the final PCB pattern,__

Once the RAS and WE problem had been solved the
project worked as required although it was not possible
to check operation with the slower 4416-20 devices as
only 4416-15 were available from the suppliers,

One extra feature had beenadded tothe deségn bet-
ween the #3 and #4 versions and that was the G signal
derived by an inverter from the R/W line, This is
necessary because during an active processor access
cycle, allthe memory devices will performa read opera:
tion except for a pair selected to have data written if the
processor wants a write cycle, The G signal is routed by
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#4 (final)
For: All advantages of previous design.
Uses quad NOR package instead of buffers —
one less resistor. R
WE signal slightly after CAS instead of before
it,
G signal available to disable memory data out-
put in WRITE mode.
Works on a 1.25 MHz 6502 system, ___
All edge triggered from 2 —samples SEL
. signal, CAS cannot be aborted once started.
Against: Requires adjustment to be made for best
operation,
Relies on short time delays around inputs of
monostables. .
Memories must not be accessed for eight
cycles atter power-up,
As it stands, is not usable for 4164 devices
with data in and data out pins commoned,

the 'LS139 to the pair of memories to be accessed only
during a read operation, At all other times the G pins of
the memories will be high thus preventing their data bus
drivers fighting for control of the bus. This does notaffect
the internal operation of the memories,

As a bonus and a service to readers who had built the
1983 DRAM design the control logic was re-configured
to fitasmall PCB suchthatit could be used toreplace the
control logic of the earlier design. Some small changes
were necessary because of the select logic polarity dif-
ference and the use of 4164 memory devices, This was
built onto the original projectand tested underthe same
conditions and worked perfectly, as far as could be
ascertained,

This concludes the description of how this Eroject
was designed. Although it cannot cover all the thought
processes, prejudices, scribblings on odd bits of(j)aper
and strange flights of fancy which make up the design
process, it serves as an illustration of how one starts with
cne set of ideas and fprogresses to the final solution
discarding mostorall of the original concepts onthe way.
Thisis probably quite commonindesigning electronicor
other hardware (and software?) and is probably more
useful than doggedly trying to get the first idea to
work, ETI
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