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READ-ONLY MEMORY PROGRAMMER/VERIFIER

J. Ray Hallman

Technological achievement has provided us with the programmable/erasable
read-only memory! A programmer for this type of memory has been built and is

shown in the picture.

The ROM (Read Only Memory) operates by means of the stored charge principle

and will retain data for up to ten years. Or, the ROM may be erased with intense
ultra-violet light which discharges the small gate capacitance of the memory cell

field effect transistors.



The ROM provides an easy and compact means for code conversion. Any com-
bination and number (up to eight for a single ROM) of binary input lines may be
translated to any other combination and number (up to eight for a single ROM) of

output binary lines:

Al —— 3> D1
Ay il -— D,
A3 =3 INTEL ——— D3
Ay ——— TYPE 1702 ——3 Dy
A5 ey ROM ———3 D5
Ap ————3m ————3» Dg
A7 e t——3» D7
Ag ————p» |- Dg

Thus, the Intel ROM Type 1702 is an 8 x 8 array of memory cells which is
2048 bits in size. It is anticipated that the ROM system will find many uses in
many areas of digital design where complex combinatorial logic comprising multi-
gate trees are employed. The advantages are a saving in electronic P.C. board
real estate, cost and offer the ability to reconfigure an electronic system by
simply unplugging a ROM and plugging in a new one. The 1702 ROM may then be
erased for reuse in about 5 minutes with the model UVS-11 ultra-violet light source

manufactured by Ultra Light Products, Inc.

Operation

1. Turn off power switch.

2. Plug in ROM in verify socket (pin - 1 key in upper left corner).
3. Turn on power.

4. Move mode selector toggle to "Verify".

5. Advance through all 256 addresses and verify clear memory (all

zeros) by using the thumbwheels and address entering push-button.



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Turn off power.

Transfer ROM to program socket.

To copy a ROM go to step 18, otherwise go to next step.

Turn on power.

Move mode selector toggle to '"'manual program".

Set thumbwheels to desired starting address.

Push "enter address" and verify that correct address has been
entered into the display. (Thumbwheels are notorious mechanical
beasts and hence sometimes a little shaking is necessary to get

the correct address entered.)

Set up the data with the "data entry'" switches according to your
truth table.

Push the '"program sequence'" push-button. (Verify that faint flicker-
ing of the selected address and data bits VGG, Prog, and VDD occurs.
Vpp is rather bright.)

After about 5 seconds the machine will stop with the next address
displayed.

When 256 is reached, turn off power and go to step 27.

Repeat back to step 13 if the next memory address is to be pro-
grammed. If not, repeat back to step 11.

Move mode selector toggle to '

'copy program'.

Insert master ROM in verify socket.

Turn on power.

Set thumbwheels to 000.

Push "program sequence' push-button.

Do step 14 and then step 24.

In about 20 minutes the machine will stop with 256 displayed in the

address display.



25.

26.

27.

28.

29.

30.

31.

Turn off power.

Remove master ROM from verify socket.

Transfer programmed ROM to verify socket.

Move mode switch to "verify".

Turn on power,

Advance through all 256 addresses and verify data according to your

truth table.

End.

Circuit Description

The ROM programmer comprises address sequence control, program data handling,

high voltage program power supply control, and various displays and switches to

interface with humans.

Circuit card 1 contains a 3-decade address counter-latch

(chips K, L, and M) with inputs connected to the thumbwheels (see schematic).
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The "enter address'" push-button grounds pin F-9 when pushed which "latches in"

the thumbwheel preset address to the counters. The counter outputs drive the
displays (card output pins P-Z) and '"BCD" to binary code converter chips A, B,

C, D, E, and J. The céde converter provides binary sequence outputs to inverters
F and H and "verify" ROM ad&ress inputs. The inverters drive the address (verify)
LED's and are also‘connected to card C-2 high voltage driver inputs (chips H and
J). See schematic for card C-2. The driver outputs are connected to the
"programmed" ROM address inputs. This ROM "sits up" at +50 volts so that the
driver outputs provide negative pulses to the ROM. The 10 ms pulses occur in
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groups of ten with a 27 duty factor so that 5 seconds of time is required for
each address. This sequence is controlled by the rest of the logic on card C-2.
The oscillator (chip D) sets the speed. Decade dividers (chips C and B) provide
timing to gate K-12 which provides a 2% duty factor waveform (EIEE) which enables
ultimately the address and data high voltage drivers. Gate K-8 delays the trail-
ing edge of ‘time whereas gate E-10 delays the leading edge of time. These gates
operate in such a way that the program pulse occurs fully inside the time span
between set-up and release time of all other logic and signals applied to the pro-
grammed ROM. This precludes the possibility of spikes occurring internal to the
ROM due to race conditions yielding erroneous results. Flip-flops (F) maintain
the run status of the machine. Divider (chip A) counts the sequence of ten pro-
gram pulses and stops and/or advances the address accordingly. The outputs of
this counter also drive the serializer comprising chips H and C on card C-3 which
provide serial data to a chart recorder for recording. See card schematic C-3.
Data entry switch data and "verify" ROM data are both connected to chips M and N
which provide program data to the high voltage drivers (chips A and B) providing
appropriate negative voltage pulses to the programmed ROM. Chips K and L drive
the verify data LED's for display purposes. The "program" address and data dis-
play LED's are serigs connected with the appropriate programmed ROM terminals
which provides a monitor of current flow from the ROM. If the ROM is shorted the
corresponding LED will light brightly; if open, it will not light at all.
Normally during program sequence the LED's flicker dimly according to logic status
of the high voltage signals driving the 'programmed'" ROM. Diodes 1N914 and 470
ohm resistors provide a clamping to =45 V action to the hiéh voltage drivers,
thus limiting the negative amplitude according to Intel specification. The error
gate J-8 checks the status of the data entry switches and provides a logical

zero signal to gate L-11 on card C-2 when all data toggles are set to 1. This

is a necessary condition to operate the programmer in the "copy" mode. When the
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mode toggle is placed in the '"copy ROM' position, gate L-11 is enabled which
drives the error indicator accordingly.
The following schematic presents the various interface, display, and power

supply circuits.
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The next three pages provide specifications for the Intel series ROM's.
Some specifications vary in the data (i.e., program time of 2 minutes instead of
20) since some older, low serial number ROM's required more relaxed variables.
The programmer should remain timed to provide 20 minute programming tixﬁe to
accommodate the older ROM's. The last pages provide pictures and wire lists of

the equipment.

ROM F’ROGRAMER/ VERIFIER
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