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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.
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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 ——» —3 D,
A3 —~—eem INTEL e D3
Ay ——= TYPE 1702 ——> Dy
A5 ——— ROM ———3» Ds
Ag ——3» }——» D¢
A7 ————gan r—» D7
Ag ———p» ———3 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.
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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.
VDD 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 1l.

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. Turn off power.

26. Remove master ROM from verify socket.

27. Transfer programmed ROM to verify socket.

28. Move mode switch to "verify".

29. Turn on power.

30. Advance through all 256 addresses and verify data according to your
truth table.

31. 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 code converter provides binary sequence outputs to inverters
F and H and "verify" ROM address 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 2% 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 (time) 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 series 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 high 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
ry
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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 time 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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Silicon Gate MOS 1602A/1702A

2048 BIT ELECTRICALLY PROGRAMMABLE
READ ONLY MEMORY

1602A - ELECTRICALLY PROGRAMMABLE
1702A-ERASABLE & ELECTRICALLY REPROGRAMMABLE

= Fast Programming--2 minutes = Inputs and Outputs DTL and

for all 2048 bits TTL compatible
= All 2048 bits guaranteed * » Three-state Output--
programmable --100% factory tested OR-tie Capability

= Fully Decoded, 256x8 organization

= Simple Memory Expansion --

» Static MOS -- No Clocks Required Chip select input lead

The 1602A and 1702A are 256 word by 8 bit electrically programmable ROMs ideally suited for uses where fast turn-around and
pattern experimentation are important. The 1602A and 1702A underg lete progi ing and fi | testing on each
bit position prior to shipment, thus insuring 100% programmability.

The 1602A and 1702A use identical chips. The 1702A is packaged in a 24 pin dual in-line package with a transparent quartz lid.
The transparent quartz lid allows the user to expose the chip to ultraviolet light to erase the bit pattern, A new pattern can then
be written into the device. This procedure can be repeated as many times as required. The 1602A is packaged in a 24 pin dual
in-line package with a metal lid and is not erasable.

The circuitry of the 1602A/1702A is entirely static; no clocks are required.

A pin-for-pin metal mask programmed ROM, the Intel 1302, is ideal for large volume production runs of systems initially using
the 1602A or 1702A.

The 1602A/1702A is fabricated with silicon gate technology. This low threshoid technology allows the design and production of
higher performance MOS circuits and provides a higher functional density on a lithic chip than { MOS technologi

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
DATA OUT 1 DATAOUT 8
MK ol g AgA, Address Inputs
" : : F :"‘ =3 Chip Select Input
b vee
sara ooy :-1 FTPp Doyty—Doutg | Dats Outputs
oarnourads ol a
DATAGUT 348 whoag
oatmour 7 wh 2
~DatAOUT 8- 8 v} A
amovre]s w} vea
wamorrrdn  whve
DATAGUTO-{ 11w W} &
s I e
— s

See page 3-8 for operational connection,

As Ay Ay
NOTE: In the read mode a logic 1 at the address inputs
and data outputs is a high and logic O is a low.

*Intel’s liability shall be limited to replacing

any unit which fails to program as desired. U.S. Patent No. 3660819

3-7

intel’

Silicon Gate MOS 1602A/1702A

PIN CONNECTIONS

The external lead connections to the 1602A/1702A differ, depending on whether the device is being prognmmcd‘” or used in
read mode. (See following table)

PIN 12 13 14 16 ] 22 23
MODE (Vee ) | (Program) (CS) | (Vgg) | (Vgg) Vge ) | (Vee)
Read Vec | Vec GND | Vec | Voo Vec | Vec
Programming GND | Program Pulse | GND | Vgg Pulsed Vg (Vi qp ) | GND | GND

Absolute Maximum Ratings *

Ambient Temperature Under Bias . ....... 0°C to +70°C
Storage Temperature ............. —85°C to +125°C

*COMMENT
Stresses above those listed under **Absolute Maximum Rat-

Soldering Temperature of Leads (10 sec)
Power Dissipation

Read Operation: Input Voltages and Supply
Voltages with respectto Vg .. ... ..
Program Operation: input Voltages and Supply

Vémges with respect to Vo

+0.5V to —20V

ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in
the operational sections of this specification is not implied.
Exposure to Absolute Maxi Rating diti for ex-
tended periods may affect device reliability.

READ OPERATION

D.C. and Operating Characteristics

Ta = 0°C to 70°C, Ve = +5V:£5%, Vpp= —OV6%, Vo= —9V+5%, unless otherwise noted.
SYMBOL TEST MIN.  TYPIS) Max. |[unIT CONDITIONS

I Address and Chip Select 1 A | V) =00V
Input Load Current

o Output Leakage Current 1 BA | Voyr =0.0V, CS = Vg -2
Ippo | Power Supply Current 5 10 mA | Vgg=Vcc. C82Vc-2
lo = 0.0mA, T, = 25°C
Ipp1 | Power Supply Current 35 50 mA | C8=V¢e -2
lgL =0.0mA, T, = 25°C
Ippz | Power Supply Current 32 46 mA | CS=0.0
lo =0.0mA, T, =25°C A
| Power Supply Current 385 60 mA | CS=V.. -2
003 o =g%m AT, =00 Operation
|0F| Output Clamp Current 8 14 mA Vout = —1.0V, T, =0°C
lcpa | Output Clamp Current 13 mA | Vour=-10V,T, = 26°C
lsg Gate Supply Current 1 HA
ViLt Input Low Voltage for -1.0 0.65 v
TTL Interface
ViL2 Input Low Voitage for Voo Vec -6 v
MOS Interface
Viy Address and Chip Select Vee—2 Vect03 | V
Input High Voltage
loL Output Sink Current 1.6 4 mA | Vg7 =045V
lon Output Source Current -2.0 mA | Vgour =00V
VoL Output Low Voltage -7 0.45 \' loL = 1.6mA
Von | Output High Voltage 35 45 v loy = =100 pA

Note 1 In the programming mode, the data inputs 1—8 are pins 411 respectively. CS = GNO.
Note 2: VG may be clocked to reduce power dissipation In this mode average Ipp increases in proportion to VGG-duty cycle (See p. 5)
Note 3°  Typical values are at nominal voltages and Tp = 259C
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intel‘__ Silicon Gate MOS 1602A/1702A

intel' Silicon Gate MOS 1602A/1702A m

A.C. Characteristics Typical Characteristics

T, =0°Ct0+70°C, Voo = +5V 15%, Vpp =—9V 5%, Vgq =—8V £5% unless otherwise noted

OUTPUT CURRENT V8. QUTPUT CURRENT V8.
Ipp CURRENT V8, TEMPERATURE Vpp SUPPLY VOLTAGE TEMPERATURE
SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT » i i .
| HEN e
Freq. Repetition Rate 1 MHz N PR £ Lol ].,,I..l
ton Previous reed data valid 100 "' AN e I =Y g N Mol
tacc Address to output delay .700 1 us i : \C vy i HS [ . N ::.:'
tovgg Clocked Vgg_set up 0 s - OUTPUTR Ane ortn g - - N
tes Chip select delay 100 ns g » _LJ Ooweoa horwe — L g d'"ﬁ\\l
teo Output delay from &S 900 ns 3 2 B ‘ I 3,
(hm. B ° ¥ T
too t dessloct 300 n » ooV i o 1) | -, i ‘ L ERXENXIERE X ]
tone Data out hold in clocked Vg mode (Note 1) 3 us L] i B o[ Voo s vourace _r.
L2 —0 ,, .
Nots 1. The autput will remain valid for toC ae long ss clocked Vgg leat Voc. An address change may 0CCUr 88 500N 88 the autput le sensed I s :ec -'_:vv g Vou = 8V
(clocked Vgg may still be at Vo). Date becomes Invalld for the old address when clocked Vgg I returned to Vgqa. o " m W % ®w w v: .oV n Voo -
. AMBIENT TRMPERATURE 15C) g Ta % g -:::z
Capacitance*’ 1, = 25°c E — LA
g ¥
SYMBOL TEST MINIMUM | TYPICAL | MAXIMUM UNIT CONDITIONS i, '
Cin input Capacitance 8 15 pF = Vec All
Cour Output Capachtance 10 1 oF = Vec unused ping
Voutr = Ve[ areatAC.
(29N Vgg Capacitance K oF Vog "Voc | eround OUTPUT SINK CURRENT
(Clocked Vg Mode) V8, OUTPUT VOLTAGE
*Thie parameter is periodicelly sampled and is not 100% tested. l , , I A::::: :::2::2::: ‘:::Y
B} Clocked V,; Operation 11
Switching Characteristics Vg e e ek et Tael—yee e “ RERRE
AvORESS " X im__ Vag - - [ Veg =4 =
e a .
Conditions of Test: ) = h "‘ - i» N _::{‘c
Input pulse amplitudes: 0 to 4V; t,, t; <50 ns e ! H i - oo £ =
Output load is 1 TTL gate; measursments made oo™ ) 1 . ' !
st output of TTL gete (t,, < 15 ns) a S N S -
Voot »
A) Constant V, Operation - toy,, ' /-’ -
o CYCLE TIME - VFREQ —-: CLOCKED \' : ’| \ I o
Voo | | - -3 -3 -1 N . » » » - E » » ) » )
u:'m I"“ h Yo N - “:.':: " OUTPUT VOLTAOE (VOLTS) ouUTY CYOLE R
- X ey Rl el
i \ OATA DATA OUT \ W oataour, -
> ey e | out . INvALID T % INVALID
Vi ! | r'-'ov--'. Vou T 2
a o\ ! I | DESELECTION OF DATA OUTPUT IN OR TIE OPERATION
W o Vi ACCESS TIME V8. ACCESS TIME V8,
Voo ADORESS LOAD CAPACITANCE TEMPERATURE
OATA DATA OUT Vi . 0
our B , INvaLio ! ’ ' NOTE 3 _::' —20m -
| — DATA auUT a e -\ s / ) o =
INVALID / O
DESELECTION OF OATA OUTPUT IN OR TIE OPERATION LN o 1 1w
Vi P = - toveg too | k- ! fm
AODRESS Ve : P
N CLOCKED I N ! 1TTLLoAD T 00 177L LOAD w20 ot —
Vo ¢ Voo t \ ! Vec =wv 1| . Vec =V -]
. .
o —v2—\ ! ; Y i el Voo - v 11 Voo« v
. \Jr - ‘ : e - Joa v,
- | 5 / A1 [T 1]
S ' prmour t—tace e E R R T EE ) * EEEREIE]

1 1 .
Vom ==, e Vou LOAD CAPACITANCE (s#) SNT TMPERATURS C)
™ ! ' NGTE 1 The output will remain valid for 1opc 88 fong # clocked Vg g
DATA 1 J is 8t Voe. An address changs may OCCUr a8 500N 88 the OUTDUL is sensed
o ! {clocked Vag mev st!ll be a1 Voel. Dats becomes Invelld for the old
Vou ! addres when clocked Vgg is returned to Vag.

hall Nl NOTE 2 11 &8 makas & transition trem ViL t Vi whileslocked Vag
is @1 Vgq, then deselection of OUtpUL BCCUrs 1 tgp 88 shown In seatl
operation with constam Vgq.
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Silicon Gate MOS 1602A/1702A

gl

PROGRAMMING OPERATION

D.C. and Operating Characteristics for Programming Operation
To=25°C, Ve =0V, Vgg =+12V £ 10%, TS = OV unless otherwise npted

SYMBOL TEST MIN. TYP. MAX. | UNIT CONDITIONS
lne Address and Data Input 10 mA Viy = —48V
Load Current
ILi2p Program and Vg 10 mA Vin =—48V
Load Current
lsg Vgg Supply Load Current .05 mA
Ippp'!! | Peak Iy Supply 200 mA Vpp = Vpeog = —48V
Load Current Vog = =35
Viup Input High Voltage 0.3 \J
Vi.;p | Pulsed Data Input —46 —-48 \
Low Voltage
Viop | AddressInput Low -40 —48 v
Voltage
ViLap Pulsed Input Low Vp, | —46 —-48 v
and Program Vbpltage
Vi Pulsed Input Low -35 -40 Vv
Vg Voltage

Note 1:  Ippp flows only during Vpp, VGG ©on time, Ippp should not be allowed to exceed 300mA for greater then 100usec. Averege power
supply current Ippp s typically 40mA at 20% duty cycle.

A.C. Characteristics for Programming Operation
Tameient = 25°C. Vee = OV, Vgg = + 12V + 10%, CS = OV unless ptherwise npted

SYMBOL TEST MIN, | TYP. MAX. | UNIT CONDITIONS
Duty Cycle (Vpp . Veg ! 20 %
topw Program Pulse Width 3 ms Vee = —35V, Vpp =
Vorog = —48V
tow Data Set Up Time 25 us
tDH Data Hold Time 10 us
tyw Vop . Vg Set Up 100 us
tvp VDD , VGG Hold 10 100 us
tacw @ | Address Complement 25 us
Set Up
tacH 2 | Address Complement 25 us
Hold
tATW Address True Set Up 10 us
tATH Address True Hold 10 us

Note 2, All 8 address bits must be In the complement state when pulsed Vpp and Vgg move to thelr negative levels, The addresses (0 through
255) must be programmed as shown In the timing diagram for 8 minimum of 32 times,

Silicon Gate MOS 1602A/1702A

ntel’

Switching Characteristics for Programming Operation
PROGRAM OPERATION

Conditions of Test:
Input pulse rise and fall times < lusec
CS= ov

PROGRAM WAVEFORMS

ACW 1

!
0 L
‘1
| BINARY CDMPLEMENT
ADDRESS ADDRESS DF WDRD : |
TD BE PRDGRAMMED !
» |

—401t0 —48 !

BINARY ADDRESS
OF WDRD TD BE )
PRDGRAMMED

o

PULSED Vpp
POWER SUPPLY

—46 to —48

PULSED Vgq
POWER SUPPLY

-35t0 —40

o

PROGRAMMING
PULSE

Programming Operation of the 1602A/1702A

ADDRESS
When the Dats Input for | Then the Data Output WORD A7 Ag As Aq A3 A2 Ay Ag
the Program Mode Is: | during the Read Mode is:
[} [} [} o [} o [} o [}
VILIp = ~~48V pulsed | Logic 1 = Vi = P on tape 1 6 o o o o o o0 ¢
| | I I I I R
- 1 | A R IS I R
ViHp =~ OV Loglc 0 = V) =N’ on tape 2866 1 1 1 1 1 1 1 1

Address Logic Level During Read Mode: Logic 0= V) {~.3V) Logic 1 = V) (~3V)
Address Logic Level During Program Mode:  Logic 0 = Vjp2p ( ~—40V)  Logic 1 = Vjpp (~OV)
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From

B

RDO
RD1
RD2
RD3
RD4
RD5
RD6
RD7

10
11
12

ROM VERIFY
To From
4 13
3 14
2 ~r-15
B 16
c 17
D 18
E 19
F 20
H 21
J ¢—22
K o*—23
24

'

1

(+5)

[

(4

A
(-10)

1N914

1N914

A7

A6

A4

DO
D1
D2

D3

D5
D6

b

10
11
12

LSB

MSB

13
12
11

<

ROM PROGRAM

13
—»14
15
16
17
18
19
20
21
p— 22

—23

24

22

18
17
16
15
14

20

Program

Vg + 12

A7

A6

A4

A3



CARD SLOT WIRING LIST

CARD

BNC Connectors:

FOR: BOX _ROM Programmer/Verifier
From _______To
Slot __1 —/A Gnd
( B +5
Y Buss
X Ruu/ c 1 - TW
1K
D —_—2T
Address E 4 - TW
Select -
Thumb- F s-m
wheels H 10 - T™W
J 20 = TW
K 40 - TW
L 80 ~ W
L M 100 - W
N 200 - TW
P
R
8 —
T —
v e
v -
w ——
X e
Y
z
Abbreviations:
Ex: §25-22

Slot 25, Pin 22

J9-MM
Elco J9, Pin MM

Elco Comnnectors:

Slot Connectors:

PinNo.’s

wmqau‘uuug

& P o= o - [
S 8858 aRE8DS

CARD SLOT WIRING LIST

c-1 FOR: BOX _ROM Programmer/Verifier CARD c-2
—To From _____ _To From _____To
] Slot_2__ — A Gnd 1 omd -
+5 B +5 2 +5
S2-C C 3
§2-D D 4 O —
S2-F E 5 ——
S2-F F 8
S2-H H 7
$2-J J 8
S2-K K 9
S52-L L 10
502 M I 11 S3-M
§0-3 N 12
S0-4 P 13 $3-X
50-5 R NC 14 NC
S0-6 s 15 S0=20
SO T NC 18 SO-X
SO-8 u +50 V DC 17 NC
$0-9 v NC 18
S2-W w 19 NC
S$2-X X 20 NC
—_— Y 82 21 $3-¥
$2-2 z 8322 22 $3-2
Bl, B2, B3, etc. Abbreviationg: BNC Connectors: B1, B2, B3, etc.
J1. J2, J3. ete. Ex: 825-22 Elco Connectors: J1, J2, J3, etc.
S1, s2, 53, ete. Slot 25, Pin 22 Slot Connectors:  §1, S2, 83, ete.
-X. B, -22, etc. J9-MM Pin No.'s =3, X, -B, 22, etc.

-3.

USE BUSS WIRE WHENEVER POSSIBLE TO NAME CONNECTIONS TO ADJACENT CARDS.

Elco J9, Pin MM

CARD SLOT WIRING LIST

FOR:  BOX _ROM Programmer/Verifier CARD C=3
From ____ To From ______To
Slot _3 - A Gnd 1 Gnd
B +5 2 +5
c S0-B 3
D §0-C 4
E 50-D 5
F SO-E 6
H S0-F 7
J SO-H 8
K 50-J 9
L SO-K 10
M 1 +50 V_DC
N 12
P 13
R 14
s 15
T 18
v 17
v 18
w 19
X 20
Y 21
z 22
Abbreviations: BNC Cornectors: Bl, B2, B3, etc.
Ex: S25-22 Eleo Connectors: J1, J2, J3, etc.
Slot 25, Pin 22 Slot Connectors:  S1, 82, 83, ete.
J9-MM Pin No.’s -3, =X, -B, -22, etc.

Elco J9, Pin MM
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