The Accu-Nemory

BY JAMES M, GARRETT,* WB4VVFE AND
D. A. CONTINL®* W4YUU

HE RESPONSE to the Accu-Keyer' has really

been enthusiastic, There have been over 4000
teady-made keyer boards shipped, and no way of
telling how many additional boards have been
made from published etching patterns, so someotte
nust still be interested in cw. Many enthusiasts
have requested an add-on memory system. The
systemy described below permits storage of up to
200 letters of text® organized in ong, two, three,
or four messages. A digital display provides un
indication of the message being sent or loaded {No.
1, 2, 3, or 4) and the message bit being addressed
(0 to 517). Any number of pauses may be
programmed info a messzge to allow manual
insertion of changeable text (such as RST or
contest serial number). After manual insertion 4
touch of the RUN button allows the remainder of
the programmed message to continue, The message
heing sent may be aborted by pressing the STOP
button (the “'{ didn't mean fo press the button!™
button). Unlike some programmable keyers, the
use of a free-running (asynchionous) ciock in the
load mode has been avoided, greatly stmplifying
the loading pracess. All features of the original
Accu-Keyer have heen retained. The dot and dash
memaries of the Accu-Keyer and its automatic
character-space feature are used to good advantage
in the Avcu-Memory along with an added feature, 2
tong oscillator and speaker.

[n addition to the Accu-Keyer board, threc
printed circuit boards make up the Accu-Memory:

' Bor this and all subsequent references, see the
listing at the end of this article.

% 196 W. Buchanon Ave,, (rlando, FL 32809,
#% 4620 Middlebrook Ln., Orlando, FL 32806,
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a memory board, a display board, and a display-
driver hoard., A hettier power supply than used in
the Accu-Keyer provides 5 volts at 0.8 ampere (o
power afl the circuitry,

The circuitry has been arranged so that those
not wishing to tackle the entire project may omit
the bit-display feature (fwo pe boards including the
tone oscillator)., The memory board may be con-
structed with but one memorey 1C (1024 bits of
memory) and the sevond memory IC added at a
later date, Since the message indicator display is
located ont the memory board, the message display
feature can be retained even if the bit display is not
included. At a minirmm, an existing Accu-Keyer
can be upgraded to an Avcu-Memory by the
construction of one additional pc board (13 1Cs)
and a huskier power supply,

The Aceu-Memory has been “battle tested” in
three contests and has becn found to be very
effective in reducing operator fatigue, It is of use
whenever there is a requirement for repeatedly
sending the same ¢w sequences such as in contests,
DX pileups, and net-control operations. Experience
has shown that the digital displays are far more
usetul than originally anticipated.

Operation of the
Random-Access Memory 1€

The storage capability of the Accu-Memory is
provided by use of a static randomraccess memory
(RAM). Two type 2102 or 2602 MOS ICs, vach 2
[024-word by one-bit Jevice, are employed fo
provide 2048 total bits of storage capacity. The
2602 1Cs are available from guite a few manu-
facturers including Intel, Mostek, Ti (TMS 4035
NL), and Signetics, Inijtial prices were about 3215
sach but they are now starting to appear in the
“discount” ads at about $135 and the price trend is
downward, Dynamic RAMs cannot be used in the
Accu-Memory. A static type of RAM will store
data tor as long as power is applied and does not
need to be “refreshed,” us is the case with a
dynamic RAM. The main advantage that 1 RAM
offers over a shift register is the instant access to
any memory location that the RAM allows,

The front view of the Accu-Memaory
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paTA ING 4 Fig. 1 — Bloek diagram of the Accu-Memory.
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Ten of the 16 ping of the 2602 are “address™
inputs {pins) 1, 2, 4, 5, &, 7, &, 14, 15, 15}, The
possible Jifferent binary combinations of these fen
inputs total 1024, The first memory location is
addressed by applying 0000000000 to these lines,
the second by 0000000001, and the 1024th by
1111111111, The RAM has two modes of opera-
tion, read and write, a3 selected by the read/write
input (pin 3). When pin 3 is low (write), the data
{high or low) being applied to the data input (pin
11} are loaded into the memory position selected
by the address inputs. When pin 3 is high the
stored data in the memeory locations cannot be
changed, In the read mode (pin 3 high} the “data
out™ line {pin 12) presents the data stored in the
locations being addressed. in the Accu-Memory the
output lines of a binary counter are vonnected to
the address inputs of the RAM. The counter input
is connected to the keyer clock. 1n operation, the
clock is started and the counter “counts™ the keyer
clock puises and the counter outputs sequentially
step the RAM through all its addresses, In the
LOAD mode the ¢w chamacters from the Accu-
Keyer are written into the memory positions as
ones and zeros. in the SEND mode the stored ones
and zeros forming those cw characters are read
from the memory and fed into the output stage of
the keyer, As the counter counts the clock pulses
and steps the memory through its addresses, cw
<haracters are produced at the keyer at the speed
to which the kever is set.

Pin 3 i normally held high and in the write
mode js pulsed low after the address inputs have
reached the intended binary number and the data
input is stable, If pin 3 were held low continuously
in the write mode rather than pulsed, the data
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Fig. 2 — Timing diagram.

would be “smeared”™ - written into more than one
location is memory.

An important function is provided hy the
chip-select (pin 13) input. Unless CF is low, na
data i produced at fhe data oufput pin and no
data can be loaded into the input pin. Thus several
memory [Cs can be combined into a latger memory
by connecting all corresponding leads of the §Us in
purallel and addressing the Jesired IC through the
use of the chip-select pin, In the Accu-Memory two
124-bit RAMs are connected io act like a single
2048-bit RAM in which the chipselect input
behaves like an eleventh address input,

A word is in order about the vrganization of
RAMs. The 2602 is organized as a 1024 x | RAM.

This means that there are 1024 bits of memory

addressable, one bit at a time. A 512 % 2 RAM hay
the same total bits, 1024, but they are addressable
only in pairs. Likewise, a 256 % 4 would have 1024
bits addressable four at 2 time. In these RAMs, two
or four input and output lines are provided instead
of vne.

Theory of Operation

A detailed cireuit description would be lengthy
and difficult to follow, so a functional description
will be given that will enable interested readers o
trace through the logic, Fig. 1 is a block diagram of
the memory and reference will be made to the
functional names in this description.

The RAMs, UT and U2, are described in the
previous section. in both $END and LOAD modes
they are addressed by a binary counter consisting
of U8, U10, Ul1 and USB, The initial start count
tor the address is determined by presets, gencrated
by U6 and U113, and controlled by the push
buttons for message selection, Jumpers are used to
vary the preset depending on whether one or two
memozies are installed,

Fig. 3 — A look at the inside of the Accu-
Memory. The power supply components may
be seen at the left, and the three “stacked’
circuit boards to their right, The fourth circuit
board, c¢ontaining the readout, is mounted
behind the sioping portion of the front panei.
The board at the bottom of the “'stack” is that
of the original Accu-Keyer {see reference 1}.



In the SEND mode, the output of the memories
is connected to the Accu-Keyer manual key input
and the memory addressed sequentially by the
Leyer clock. U7 is used as a start-stop counter, 1t
will gate off the clock and thus prevent the
memoty from advancing if nine sequential zero bits
are detected in the output data, These nine zeros

are placed at the end of each message in the LOAD
mode as a stop signal,

fn the LOAD mode US and Ul4 are used to
generate load commands to the memaries. To toad
them correctly, it s necessary for the proper
seyuence of commands to oceur. One-shot multi-
vibrators [)5 and U14 generate this sequence.

WIRE NUMBER

Kever-ta-memory interconnections.

0l g bt

4
5

Memory-to-eontrol switches

bk 05 G ] O

0
1

Mesmory to readout -

- d? b)_ C, d: E,'_f, g

" Memory fo driver

Driver 10 readout
27-33 (a-g, LSB)
34-4{) (a-g, CSB}
© 4147 (a-§, MSB)
4849
- 50
Memory interconnections

_For one memory IC connect:

For two memory ICs connect:

TABLE [ — INTERCONNECTIONS =

" Send1

-Reset 2
. Reset 4

* Readout count

“Speaker.

" AtoH,BtoG,CtoL DioF,J toground,
Kito+5V,LtoN,andMioD, -

A0],Btol,CtoK,Dto H, EtoF,
Gilot+t5V,LiocQandMto P

Connect DP (decimal point) on readout board to wire 13.

FUNCTION. .

Clock ~ connect to R6

Anode CR1 -~

Cathode CR1 (Remove CR
and connect as showr} )

Diata in (Connect to U7B in keyer and

" tone oscillator on driver board.)

Data out (Connect to manual key inpu

pin 5 in keyer.)

1in keyer

t, U7B.

Send 2
Load -
Load 2
Common 1
Common 2

Dpdt switch

Insest
Insest return
Reset 1 o
Reset 3 " Push buttons
Reset common -

Stop

Quadrant readout

Readout reset _ S
Readount quadeant reset {use with one 2601)
Readout quadrant reset (use with two 2602s)
NOR 1 o . o
NOR 2 .

NOR out

Least—signiﬁcant'digit :
Center-significant digit
Most-significant digit - . :
Pitch control (short if no control desired)
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F1g. 4 —~ Diagram of memory circuitry of the Accu-Memory. See Table §)
letters in trtangles identity inter-connections 10 other parts of the Accy
Letters in circles indicate terminals for jumpers to be wired for either on

information is alsa listed in Tahle I.
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for list of parts, Numbers and
-Memory, zs listed in Table 1.
e or two RAM [Cs. This wiring
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Fig, 5 — Dlagram of driver and display. See Table [| for iist of parts, Numbers inside triangles identify
interconnections to other parts of the Accu-Memaory, as listed in Table |,

When a inessage button is depressed i the
LOAD mode, the memory it presef to the correct
message start point and the address counter fo
zera, U7, a decade counter, will allow the kever
viack te run unless it is at a count of nine. Inside
U7 an AND function takes place from inputs on

ping 2 and 3, and results in U7 being reset to zero,
if data are present from the keyer and a clock pulse

vecurs (as it will when the puddle is closed). U3B
and Cand U4A and B are used to keep the clock in
the keyer running until the stop signal (pine
sequential zeros) occurs. (peration of U7 is identi-
cal in the SEND mode except the data output of
the memory is AND gated with the clock pulse.

Bach clock pulse generated by the keyer ini-
fiates the series of pulses shown in the timing
diagram, Fig. 2. The data (1 or 03 from the keyer
output are stored in flip-tlop UBA on the ieading
edge of the clock pulse, The cutput of URA is the
input to the memories, From Fig. 2 it can be seen
that u load command is sent to the memory twice
fram U14A. In between these commands the
memory address is changed by USA pin 5, and
UBA is reset by USB pin 4, This resulis in loading
the imputl data in one location. incrementing the
address by ane, and then loading a zero in the next
address. This zero is changed by the next clock
pulse vscept in the casge where UTA stops the
viock, In this case the zero is not cleared and nine
ronsecutive zeros are written into the memory, At
the end of cach ward of message, therefore, 4 series
ol nine zeros is put in. The uinth wero will be
changed to 4 one by the next word, except at the
end of the message. in the SEND mode, this will
cause U7 to stop the clock.
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U3A is used to black the clock to the ope-shots
except when U7 is reset. The keyer can therefore
be used manually withont advancing the memory
address when U7 times out ar is stopped with the
STOP button. U3D blocks load commands to the
memory in the SEND mode,

As a manual input, the STOP hutton witl force
U7 to a nine count, stopping the memory. The
RUN button, in the LOAD mode, manually trig-
gers one-shot USA which cuuses UTA to count
from 9 to 0, und thus causes the clock te run until
U7 again reaches a count of nine. This action loads
eight additional zeros into the memory at the end
of the nine already there at the end of the previous
word, A second part of the message is then loaded.
In the SEND mode, the message will stop at the
end of the first nine spaces, allowing nanual
insertron, |t the RUN button is then depressed, U7
will resef and attempt to count to nine, but on the
count of nine new data will appear, reset U7, and
keep the memory running,

A seveprsegment decoder, 1112, decodes the
memory message location and drives 2 message
readout, 1t is connected to count from one to four
(4 Zero count on pins 1 and 7 iy changed to a four
count by a NOR gate, U21, an the driver board).

The bit rcadout is driven by a threestage BCD
counter/decoder consisting of ULS-U20, The reset
line #nd count line from the memory address
counter are used to start the bit count at zero and
advance it in step with the memory advance, Also,
cach time the message number changes during
SEND or 1,OAD the bit count is reset,

‘Ihe tone oseillator 8 quite vonventional and

QST for



uses an NES35 timer. It is contained on the

readout driver board,

Counstruction

As shown in Fig. 3, the Accu-Memory is
constructed in an aluminum box made by cutting
and bending sheet aluminum. The front-panel
dimensions are deliberately made small because
depth in most ham shacks is more abundant than
frontal-area space. This method also gives a neat,
streamiined appearance. The overall outside dimen-
sions are 4-1/4 % 3-1j4 % 10-1/2 with the iength
dimension measured across the bottom plate, less
knobs and heat sink. The heat sink for the LM309
is attached to the rear panel,® along with the key
jack, the ouiput jack, and a fuse holder (Safety
First!). Power supply components are located on
the bottom plate near the rear. Two terminal strips
are used to mount the power supply diodes and
filter capacitor. All the other electronic parts are
mounted on four printed-cireuit cards.

Three of these cards are “stacked” on top of
each other while ome, the readout board, is
attached to the front panel. The bottom board is
the basic Accu-Keyer board, followed by the
memory board, and the driver board on top, These
boards are mounted using No. 4 screws with
spacers for separation, The interconnecting wiring
was routed around the front of the boards so that,
with screws temoved, they could be lifted easily
for service (not required as yet). The readout board
is attached to the back of the front panel after the
panel has been drilled. All the rectangular holes can
be mude with a 1/2-inch square chassis punch. The
miniature switches and speed control are mounted
along the bottom edge of the panel.

A small speaker is mounted in the box lid, using
1/2-inch square holes and a piece of cloth fabric
for grille cloth. Holes drilled along the edges of the
box lid are used to attach it by means of
sheet-metal screws to flanges bent along the box
edges. Rubber feet pressed into the bottom holes
keep the unit in placé,

The push buttons are sold by Solid State
Systems (see reference 3). One word of caution; do
not increase the value of the filter capacitor in the
power supply. It has been chosen for minimum
dissipation by the LM309 regulator,

Fig. 4 is a schematic diagram of the vircuitry on
the memory board and Fig 5 shows the circuitry
on the driver and display board. Figs. 6, 7, and 8
show the pe-board layout and parts placement for
the three boards, Wirgs that interconmect the
boards are shown as numbers or lower case letters
in triangles on the figures. Selectable jumpers allow
the use of one or two RAM ICs, The jumper points
are showp as capital letters in circles in Figs. 4 and
&, Table 1 is 2 list of interconnecting wires, Table I
gives a parts list for each board. Fig. 9 is a diagram
of the power supply.

Operation

The memory is designed so that the basic
Accu-Keyer retains all its features when the
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memory function is not in use. Operation of the
memory is divided into two modes, the LOAD
mode and the SEND mode.

To load a imessage, place the LOAD/SEND
switch in the LOAD position, press the bution for
the number of the message that it is desired to
load, and key in the message, For proper [oading,
the message should be keyed one word at a time
with the automatic character space on. After each
word is inserted, the memory counter will auto-
matically provide an eight-bit pause for a word-
space interval, and then stop.,

To send, place the LOAD/SEND switch in the
SEND position and press the proper message
button, The STOP buiton will kait sending, but
the message cun be continued from the halted
point if the RUN button is depressed.

If it is desired to use the insert feature, load the
first part of the message as described above. Then
after the memory stops advancing, press the RUN
button once, wait until the count stops, and then

TABLE If — Accu-Memory Parts List

Mewmory Board
7474 ICs us, Uil
7493 1Cs us, U1o
T408 1C Us
74123 1Cs Us, Ul4
1400 1C 3
7490 1C u7
7402 IC U4
7420 1C U13
7447 IC U12 (optional)

2102 or 2602 108

IN22224 transistor
1N4148 silicon diodes or equivalent

1500-82 %W resistors

10-k$1 Y-W resistors

330-0 resistors

470052 vesistor

.(H-pF disk ceramic capacitors
-uF disk ceramic capacitors
50-ub 15-V electrolytic capacitor

— e bGP Sn L DD e e e e g S D

Diriver Board

7490 1Cs

7447 1Cs

7402 1C

NESSS I

330-£2 resistors

E600-52 resistors

2200-8 resistor

4700-52 resistor {33k 0 with no pitch contral}
27-£2 resistor

001-gF disk ceramic capacitor
.032-uF disk ceramic capacitor

.} uF disk ceramic capacitors
50-uF 15-V electrolyfic capacitors

Bud D o e et )t e 400
¥

Readout Board

SL A-] readouts
Push buttons (see fext)
33{-52 resistors

O O b
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U1, U2 (U2 optional)



COMPONENT SIDE Up

42 TRk
g 7474fC‘

Fig. 8 — Etching pattern and component layout for memory board of the Accu-Memory as seen from
component side of board. Ready-made circuit boards are available {see reference 4}, Letters and numbers
in circles indicate points for connection to other parts of the device, as listed in Table [. W = wire jumpers.

load the second half of the message. In the SEND
mode the memory will send the first part, stop and
allow insertion of manual input such as signal
reports, and then, when the RUN button s
depressed, continue with the second haif. This
procedurs ay be repeated as many times as
necessary,

If a message is too [ong for one of the four
message locations it will automatically continue
into the next message location in Hne. Using this
feature, messages of any desited length may he
loaded, up to the full 2048-bit capacity.

‘The readout indicates the message number and
the location within the message starting at 000 and
continuing through either 256 or 512, depending
on whether one ot fwo memories are installed. A
decimal point lights when the keyer is sending
either manually or automatically,

Helpful Advice

Some additional information that has been
gleaned from appearance of the earlier article’ is
pethaps in order. After a lot of correspondence
with amateurs who built the Accu-Keyer, it is
apparent that some Jo not know that there is 2
difference between 2 7400, a 74H00, 2 74 L00, and
& 74C00, These are wll members of a family of
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gquad two-input gates that are different internally
and are not interchangeable {in almost a1l cases)
with each other, Some IC distributors tend to be
haphazard about which type they send.

R shielding is essential and quite often totaily
neglected. Fach side of the ac lne, in particuiar,
should bhe bypassed to the chassis with .01-4F
E000-V cupacitors.

Logic is particularly difficult to troubleshoot
by mail, because in almosi all cases any number of
failures can cause the same problem. Substitution
of 108 is the best troubleshosting procedure,
Sockets or Molex pins are therefore very helptul.
Besides bad (s, two common problems are im-
proper substitution of parts and solder hridpes,
Some of the boards that have been repaired looked
like they were built by dripping solder on the
board from a blowtorch! A ymall-tipped iron is
cssentiol, A Polaroid picture taken of the hoard
befare assembly will permit easy lacation of solder
bridges later,

As with the Accu-Keyer, ready-made boards are
available for the memory through Garrett.* A
husiness-size self-addressed stamped envelope i3
mandatory to reduce addressing time fo &
minimum, Experience has shown that addressing
envelopes is a real problem, Now we know what a

QST for




COMPONENT SIDE U
ALL 330 )
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Fig. 7 — Etching pattern and component layout for driver board as seen from component side. W = wire
jumpers. See Table | for wiring connections to other parts of the circuit,

COMPONENT SIDE UP

TO MEMORY BOARD TO DRIVER BD
A

Fig, 8 — Etching pattern and component tayout for readout board, shown from component side, W = wire
jumpers. See Tabie 1 for wiring connections to other paris of the circuit.
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QSL manager must go through. If any problems
develop or changes occur in the circuit, a data
sheet showing corrections will be included.

References

! Garrett, “The WB4VVF Accu-Keyer,” (ST,
August, 1973, Also see Qarrett, “Move on the
Accu-Keyer,” Technical Correspondence, Q8T
May, 1974, p. 58. Infoxmation also appears in /e
Radio Amareur’s Handbao&{c. 1974, and later edi-
tions.

*The memory has a total of 2048 bits of
storage capacity, A dot occupies one hit, a space

BOTTOM VIEW
LM30aK
T,

OUT -
>
(\‘3‘ >
m')@ COM. (CASE)

Fig. 9 -- Power supply for Accy-
Memory and keyer, See text.

one bit, a dash three bits, « letter space three pits,
and 4 woxrd space eight bits,

*The heat sink for the LM-309 is available from
Solid State Systems, Inc., Box 773, Columbia, MO
65201,

*As a service to those who wish o avail
themselves, ready-made cireuit boards may be
obtained through Garrett. All boards are glass
epoxy and drilled. At the time of this printing, the
Aceu-Kever board (see reference 1) is $3.50, The
memory, keadout, and readout-driver boards are
512 as a set, ‘The memory board, if ordered alone,
is $6.

W-Straysgs

Stolen Equipment

Stolen May 12, 1975, stereo translator station
{F.M.} with serial number 740516. (Station operat-
ed under F.C.C. license W-213-AA to rebroadcast
signal of WFCR Public Radio in Amberst, MA)
Any information concerning whereabouis or pre-
sent use should be forwarded to tadio station
WFCR at the University of Mass,, Amherst, MA, or
to the F.B.L ur the F.C.C,

Stolen May 15, Clegg FM-278B, serial number
2T7053-1854, Please notify W4PIG or Ft. Myers FL
Palice Department,

icom model 1C-230 stolen May 29, serial

number 1276. Contact Roy A. Cartier, K4AC, 800
Nationtal Avenue, Winchester, VA 22601,

Recent Silent Key KBKI leaves a radio legacy going
kack to 1915, his station, pictured above, would be
termed “immaculate” aven by today’s standards.
TNX to K&QI for the picture.

20

Transatlantic Sporadic-£ Propagation

In June and July, 1974, there were several
instances of transatlantic work wn 28 MHz, pre-
sumably via multihop sporadic- propagation. {See
“World Above 50 Mc.” in August and September,
1974, QST.) It started happening again in fune,
1978, which is of special signiticance in view of the
very tow state of solar activity and absence of
high-latitude Flayer propagation above about 20
MHz,

ARRL is interested in details of any reception
ur two-way work with Hurope on 21, 28, or 50
MHz during summer, 1975, Several instances on 21
and 28 MHz have already been observed, and
F88H, sporadic-& coordinator for tARU, has un-
confirmed reports of reception of American and
Canadian 50-MHz stations. The undersigned heard
the German beacon, DLGIGI, 28,198 MHz, around
L8500 UT, June 21. No S5t-MHz uperation is
presently authorized in Europe, but cross-band
tests, 5028, might bring results, as they did so
successfully in the period of high F.layer muf 15
years ago. The S0-MHz region is full of video in
Europe, and the familiar buzz should be a tip-off
for a-meter listeners in this hemisphere, The [ARD
beacon stations hetween 28.16 and 28.2 provide
good 10-meter indicators. Most likely times are
1200 to 1500 and 2008 to 2300 UT. WEHDQ

QST Congratulates

Bernard Ostrofsky, WOHTF, named 2 Fellow in the
American  Society for Nondestructive Testin '8
Ogirofsky i8  technical aditor nf “Materials

Evatuation,” as well as being a member of the

American Chemical Baciety, the American Crystal-
lographic Assec., the Electron Probe Analvsis of
America, the American Society for Testing and
Materials, and the ARRL.

Anthony F. Knoll, WAZTRK, who won five awards
for his “Radio KEmissions from jupiter® project at
the Greater Trenton Science Fair.

James F, Bartram, W1PDL, cx-president of NCRC,

who was made a Fellow of the Acoustical Society
of America,
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