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National
Semiconductor
Corporation

Products

Facilities
and
Offices

National Semiconductor Corporation was
founded in 1959 in Danbury, Connecticut as an
electronic component supplier. With corporate
offices now in Santa Clara, California and under
the leadership of one of the industry’s strong-
est management teams, National has grown
from a component and custom circuit supplier
with sales of $5.3 million in 1965 to a diversified
company with sales of $325 million in 1976

Now the second-largest semiconductor supplier
in the world. National produces a large volume
of standard and custom integrated circuits and
a broad line of electronic products for the con
sumer. commercial, industrial and OEM marke!s
In addition to the memory systems described 1
this brochure, National produces supermarket
electronic cash register systems, consumer
electronic products, microcomputers, and |IBM-
software-compatible CPU replacements for
370 computer systems

Including 350.000 square feet in the Santa Clara
world headquarters, additional facilities in Dan-
bury, Connecticut, and West Jordon, Utah, and
off-shure production plants in eight foreign coun-
tries, National has assembly and test facilities
totaling 700,000 square feet. National products
are represented by a world-wide sales network
with offices in the United States, Canada,
Europe, Australia and the Orient




Ordering
Information

All products may be ordered through a
franchised National distributor or through
an National sales representative. (See

page)

New Products

“New products’’ listed in this book are de-
vices which National plans to introduce in
the first half of 1978. The devices are not
available from stock. Status information
can be obtained upon request.

Programming
Input Forinats

National can programm your PROM or
ROM from any of the following inputs:
thruth table, paper tapes, and punched
cards.
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National Bipolar PROMs
Semiconductor

® Titanium-Tungsten (Ti-W) Fuses

® Schottky-Clamped for High Speed

©® PNP Inputs for Reduced Input Loading

® All Parameters Guaranteed over Temperature
® Low Voltage Tri-Safe® Programming PT “Barcr
® Generic Card Programming

Ti-W “Buffer”
Aluminum

The use of titanium-tungsten (Ti-W) as a ‘buffer’ mater-
ial between the aluminum interconnect and the
platinume-silicide ‘barrier’ is a standard of the Schottky
Bipolar process metalization system. (Refer to Figure 1)

Utilizing titanium-tungsten as a fuse metal therefore
‘uncomplicates’ the metallic structure of these Bipolar PSubstrate
PROMS.

Figure 1

(r Titanium-tungsten has many desireable properties
which make it a preferable fuse material. It is extremely
stable metal which does not oxidize readily and is very
‘processable’. Thus, fuses of uniform size (NOM:
2u x IKA) and resistivity are readily produced. The one
drawback of Ti-W as a fuse material is its extremely high
melting temperature (3300 ° C). A very high energy pulse
is required to open the fuse.

To Word
Decod

. | Darlington

~

N To insure reliable programming, National's Ti-W

) TiW Fuse PROMS incorporate the Darlington programming cir-
cuit shown in ‘Figure 2. This circuit ‘pulse shapes’ the
input from the programmer and provides a high energy
very fast current pulse to the selected fuse. Because of
the speed of this on-the-chip approach localized heat-
ing is minimized. This results in a wide gap free of re-
sidual material, and as demonstrated by the data here-

4 Zener in, excellent reliability.

To Bit 4——d
Decode

Darlington

Output

To Output
Buffer

To Enable
Circuit

TRI-STATE OUTPUT VS. OPEN COLLECTOR OUTPUT

The TRI-STATE output offers two advantages over resistor is required. When the chip enable is active
Open Collector types. The first advantage is that a low either Q1 or Q2 is on, depending upon the data in the
impedance driver, Qz, is available for driving capaci- memory array. When the chip enable is not active Q1 and
' tance on the memory output, resulting in faster low to Q2 are off, permitting wire ORing of memory outputs.
high transition. The second advantage is that no pullup This condition is called the high impedance TRI-STATE.
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Typical TRI-STATE Output

Vee

In a system environment, up to 21 outputs of the com-
mercial device or 10 outputs of the military device can
be connected to a common bus. All of the devices ex-
cept one are placed in the high impedance state and
selected device is enabled and has the cha~racteristics
of a TTL totem pole output. The user should avoid hav-
ing more than onedevice enabled onthe bus at onetime
since the enabled device will deliver its short ci rcuit cur-

Typical Open-Collector Output

OUTPUT

Q, rent into the other enabled device(s). While physical -
damage to the device under these circumstances is un-
likely, system noise problems could result.
p—O ouTPUT
n Q,
3
Ra
BIPOLAR PROM/ROM SELECTION GUIDE
Pack Prom. Max Max | Max| Max | Interchangeable
Organ. Size Pins Part No. Outp. Temp. Taa Tea Ter lec Rom
n sec
256 32x8 J16 545188 oC C 40 30 30 110 DM5488
(high J 545288 TS 40 30 30 110 DM5498
speed) | N, N 745188 ocC 30 20 20 110 DM7488
N, J 745288 TS 30 20 20 110 DM7498
1024 | 256 x 4 J16 545387 oC 60 30 30 130 DM54S5187
(high J 545287 TS 60 30 30 130 DM75897
speed) | N, J 748387 oC 50 25 25 130 DM74S5187
MN,J 745287 TS 50 25 25 130 DM85S97
4096 512x 8 J20 545473 oC 80 55 55 165
(high) J 545472 TS 80 55 55 165
J 745473 oC 65 40 40 165
N
J 745472 TS 65 40 40 165
2048 | 512x 4 J 16 545570 oC 65 35 35 130 DM545270
(high J 548571 TS 65 35 35 130 DM54S370
speed) J 745570 (o] 55 30 30 130 DM74S270
N
J 748571 TS 55 30 30 130 DM74S370
4096 1K x 4 J18 548572 oC 75 45 45 140
(high J 5458573 TS 75 45 45 140
speed) J 748572 oC 40 25 25 140
N
J 745573 TS 40 25 25 140
4096 1K x 4 J18 548574
J 745574
4096 512 x 8 J24 545475 ocC 75 40 40 170 DM77S95
(high J 545474 TS 75 40 40 170 DM77S96
speed) J 745475 oC 65 35 35 170 DM87S95
N
J 745475 TS 65 35 35 170 DM87596
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DM54S188/DM745188, DM54S288/DM745288

National
Semiconductor

Bipolar PROMs

DM54S188/ DM74S188 open-collector 256-bit PROM
DM545288/DM74S288 TRI-STATE® 256-bit PROM

general description

These Schottky PROM memories are organized in the
popular 32 words by 8 bits configuration. A memory
enable input is provided to control the output states.
When the enable input is in the low state, the outputs
present the contents of the selected word.

If the enable input is raised to a high level, it causes all
8 outputs to go to the “OFF” or high impedance state.
The memories are available in both open-collector and
TRI-STATE® versions and are available as ROM’s as
well as PROM’s.

PROM'’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.

Once programmed, it is impossible to go back to a low.

features

® Advanced titanium-tungsten (Ti-W) fuses

® Schottky-clamped for high speed
Address access—30 ns max
Enable access—20 ns max

® PNP inputs reduce input loading

® All dc and ac parameters guaranteed over temperature
™ .

® Low voltage TRI-SAFE programming

® Board level programming

Military | Commercial Open- TRI-STATE | Package
Collector
DM745188 X X N, J
DM74S288 X X N, J
DM54S188 X X J
DM54S288 X X J
block diagram connection diagram
Dual-In-Line Package
01 U L Ve
024 11 13l
03 —] L A4
- > 04 =
O . 256-8IT ARRAY
: o— ““!g‘:"‘ . uzmag;v'r‘:rrmx 054 -
A9 O—1 . 06 —E- L Al
a 07 -L -‘l A0
1 I ’ l GND—" !— o8
1 O—f ENABLE || OUTPUT ouTPUT ouTPUT QuUTPUT OUTPUT ouTPUT ouTPUT OUTPUT
GATE BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER TOP VIEW
) 4 & 3 3
08 07 06 05 04 03 02 o1

logic symbol

A0

Az
A3
As

L1l

2
ITTTTTTT

-y
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absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Vcc)
Input Voltage (Note 2) —1.2V to +5.5V DM54S188, DM545288 4.5 5.5 A\
Output Voltage (Note 2) —0.5V to +5.5V DM745188, DM745288 4.75 5.25 \"
Storage Temperature —65°C to +150°C .
X A Ambient Temperature (Ta)
Lead Temperature (Soldering, 10 seconds) 300°C DM545188, DM545288 _85 +125 °c
DM745188, DM745288 0 +70 °c
Logical ‘0" Input Voltage (Low) 0 08 \Y
Logical ““1”" Input Voltage (High) 2.0 5.5 A\
dc electrical characteristics (Note 3)
DM54S5188, 545288 DM74S188, 745288
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
[ITR input Load Current, All Inputs Vce = Max, VN = 045V -80 -250 -80 —250 HA
hH Input Leakage Current, All Inputs| VcC = Max, VN = 2.7V 25 25 uA
Iy Input Leakage Current, All Inputs| Vcc = Max, VIN = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Vce = Min, gL = 16 mA 0.35 0.45 0.35 0.45
ViL Low Level Input Voltage 0.80 0.80
ViH High Level Input Voltage 20 20
ICEX | Output Leakage Current Ve = Max, VCex = 24V 50 50 uA
(Open-Collector Only) (Note 5) Vce = Max, VCex = 5.5V 100 100 uA
V¢ Input Clamp Voltage Vce = Min, Iy =—18 mA -0.8 -1.2 -0.8 -1.2 \Y
CiN Input Capacitance Ve =5V, VIN=2V,TA= 25°C, 4.0 40 pF
1 MHz
Co Output Capacitance Veec =5V, Vo =2V, Ta= 25°C, 6.0 6.0 pF
1 MHz, Output "OFF"’
Icc Power Supply Current VG = Max, All Inputs Grounded, 70 110 70 110 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo = 0V, V¢c = Max, (Note 4) —20 | 45 -70 -20 —45 =70 mA
(Note 5)
IHZ Output Leakage (TRI-STATE) Vce = Max, Vg =045 t0 2.4V, +50 +50 HA
Chip Disabled
VOH Output Voltage High, (Note 5) loH="2mA 24 3.2 \
IoH = 6.5 mA 24 3.2 \Y
ac electrical characteristics (With standard load)
DM54S188, 545288 DM74S188, 745288
PARAMETER CONDITIONS 5V +10%: -56°C to +125°C | 5V 5%; 0°C to +70°C UNITS
MIN TYP | MAX | MIN TYP | MAX
tAA Address Access Time 22 40 22 30 ns
tEA Enable Access Time 15 30 15 20 ns
tER Enable Recovery Time 15 30 15 20 ns
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.
Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.

Note 3: These limits apply over the entire operating range unless sta

Note 4: During lgc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.

Note 5: To measure VoH, ICEX OF Isc onan unprogrammed part, apply 1

0.5V to either AO (pin 10) or A4 (pin 14).

ted otherwise. All typical values are for Voc = 5V and Ta = 25°C.

1-5
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DM54S287/DM745287, DM54S387/DM74S387

National
Semiconductor

Bipolar PROMs

DM54S287/DM74S287 TRI-STATE® 1024-bit PROM
DM54S387/DM74S387 open-collector 1024 -bit PROM

general description

These Schottky memories are organized in the popular
256 words by 4 bits configuration. Two memory enable
inputs are provided to control the output states. When
both enable inputs are in the low state, the outputs
present the contents of the selected word.

If either or both of the enable inputs is raised to a high
state, it causes all four outputs to go to the “OFF" or
high impedance state. The memories are available in
both open-collector and TRI-STATE versions and are
available as ROM'’s as well as PROM'’s.

PROM’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.

features
®  Advanced titanium-tungsten (Ti-W) fuses

= Schottky-clamped for high speed
Address access—50 ns max
Enable access—25 ns max
® PNP inputs reduce input loading
® All dc and ac parameters guaranteed over temperature
® | ow voltage TRI-SAFETM programming

® Board level programming

® ROM mates are DM74S187 and DM85S97

Military | Commercial Open- TRI-STATE | Package
Collector
DM74S387 X X N,
DM74S287 X X N, J
DM54S387 X X J
DM54S287 X X J

block diagram

connection diagram

Dual-In-Line Package

1 U 16
AG =t [— Vcc
1
MOST SIGNIFICANT A5 =2 LI,
ADDRESS BIT
pypi 1Y &
0
13
A7 O— > a3 — 12 &
AGO—] BUFFERS | 1024817 CELL 2
A5 O~ e | 32X 32.8IT A0—
MEMORY MATRIX 6 "
A4 O=={ DECODE al A1 — — 02
A3
10
a2 = ' 03
0 7 0 7 0 7 0 7
- - - - 8 9
A2 O—
(I == BT I = BT TOP VIEW
ATO—] BUFFERS oecooe P~ oecoce DEcoDE =] DECODE
— - -
AQ —] ] - .
| T T T logic symbol
E1 O — AD
ENABLE ouTPUT - ouTePUT | OuTPuT ouTPUT
GATE [T BUFFER BUFFER BUFFER BUFFER —A 01—
£2 O— — a2 02 p—
MOST SIGNIFICAI !, A é I .
F NT
DATABIT o " o LU 04 f—
) 02 o1 s
— A6
A7
Bl B2
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absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage (Note 2) —0.5V to +7V Supply Voltage (Vcc)
Input Voltage (Note 2) —1.2V to +5.5V DM54S387, DM545287 45 55 A\
Output Voltage (Note 2) —0.5V to +5.5V DM74S387, DM74S5287 475 5.25 \
Storage Temperature ) ~-65°C to +1 50o [ Ambient Temperature (TA)
Lead Temperature (Soldering, 10 seconds) 300°C DM545387, DM54S287 55 +125 °c
DM74S387, DM745287 0 +70 °Cc
Logical ‘0"’ Input Voltage (Low) 0 0.8 \Y
Logical 1" Input Voltage (High) 20 55 \Y
dc electrical characteristics (Note3)
DM548387/287 DM74S8387/287
PARAMETER CONDITiONS UNITS
MIN TYP MAX MIN TYP MAX
IF Input Load Current, All Inputs Ve = Max, VE = 0.45V -80 —250 —80 —250 uA
IR Input Leakage Current, All Inputs | Vcc = Max, VR = 2.7V 25 25 HA
IRB Input Leakage Current, All Inputs | Vcg = Max, VRg = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Vee = Min, gL = 16 mA 0.35 05 0.35 0.5
ViL Low Level Input Voltage 0.80 0.80 \%
VIH High Level Input Voltage 2.0 20
Icex | Output Leakage Current Vee = Max, Veex = 24V 50 50 HA
(Open-Collector Only) (Note 5) Ve = Max, VCex = 5.5V 100 100 uA
\Zel Input Clamp Voltage Vee = Min, Iy = —18 mA -0.8 -1.2 -0.8 -1.2 \%
CiN Input Capacitance Vee =5V, VN =2V, TA = 25°C, 4.0 4.0 pF
1 MHz
Co Output Capacitance Ve =5V, Vo =2V, Ta =25°C, 6.0 6.0 pF
1 MHz, Output “OFF"”
Icc Power Supply Current Ve = Max, All Inputs Grounded, 80 130 80 130 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, Ve = Max, (Note 4) -30 —60 -100 | -30 —60 -100 mA
IHZ Output Leakage (TRI-STATE) Vce = Max, Vo =0.451t0 2.4V, +50 +50 uA
Chip Disabled
VOH | Output Voltage High, (Note 5) IogH =—2mA 24 3.2 \
IoH = 6.5 mA 24 3.2 \'
ac electrical characteristics (With standard load)
DM545387/287 DM748387/287
PARAMETER CONDITIONS 5V +10%;—55°C to +125°C | 5V +5%; 0°C to +70°C UNITS
MIN TYP | MAX | MIN TYP | MAX
tAA | Address Access Time (Figure 1) 10 35 60 10 35 50 ns
teA | Enable Access Time (Figure 2) 5 15 30 5 15 25 ns
tER Enable Recovery Time (Figure 2) 5 15 30 5 15 25 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.

Note 3:
Note 4:
Note 5:

These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc =5V and Tp = 25°C.
During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
To measure VoH or ICEX on an unprogrammed part, apply 10.5V to both A7 and A2 (pin 15 and pin 7).
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DM545287/DM74S287, DM54S387/DM74S387

standard test load

Vee

Ry =300
MEMORY
OUTPUT
UNDER
TEST
Cp = 30 pF*

WI

*CL includes probe and jig capacitance.

switching time waveforms

v
ADDRESS INPUT " 15V 15V
ov

0UTPUT

15V 15v
[=—1taA Yy
FIGURE 1. Address Access Time
typical performance characteristics
Typical Switching Characteristics

as a Function of Temperature
(Ve = 5V, Standard Load)

50 I
< i
40 - - taA
zw
w
H
=
20 A -
T
10 e
0
-55 2 125

Tpa AMBIENT TEMPERATURE (°C)
equivalent circuits

Equivalent of Each input
Vee

INPUT

Typical TRI-STATE Output

® Input waveforms are supplied by a pulse generator
having the following characteristics: PRR = 1 MHz,
ZouT = 502, ty < 2.5 ns and tf < 2.5 ns (between
1.0V and 2.0V).

® tAA is measured with both enable inputs at a steady
low level.

® tgaA and tgr are measured from the 1.5V on in-
puts and outputs with all address inputs at a steady
level and with the unused enable input at a steady
low level.

v —\
ENABLE INPUT 15V 1.5V
o L -

ouTPUT 15V 15v

‘_‘E“"I I&—lsn

FIGURE 2. Enable Access Time and Recovery Time

Typical Switching Characteristics
as a Function of Vg (Ta = 25°C,
Standard Load)

40
\_——_—
A
30
E
w20
=
£ 1EA
tER
10
0
45 5.0 55
SUPPLY VOLTAGE (V)
Typical Open-Collector Output
Vee ouTPUT
<
>
T
ouTPUT
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National
Semiconductor

Bipolar PROMs

DM54S473/DM74S473 open-collector 4096-bit PROM
DM54S472/DM74S472 TRI-STATE® 4096-bit PROM

general description

These Schottky PROM memories are organized in the
popular 512 words by 8 bits configuration. A memory
enable input is provided to control the output states.
When the enable input is in the low state, the outputs
present the contents of the selected word.

If the enable input is raised to a high level, it causes all
8 outputs to go to the “OFF” or high impedance state.
The memories are available in both open-coliector and
TRI-STATE versions.

PROM'’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.

features

® Advanced titanium-tungsten (Ti-W) fuses

8 Schottky-clamped for high speed
Address access—65 ns max
Enable access—40 ns max

8 PNP inputs reduce input loading

® All dc and ac parameters guaranteed over temperature

Low voltage TRI-SAFE™ programming
® Board level programming

® High density 20-pin package

Military | Commercial Cf))l'l:.eecr‘tor TRI-STATE | Package
DM74S473 X X N, J
DM74S472 X X N, J
DM54S473 X X J
DM54S472 X X J

block diagram

connection diagram

Dual-In-Line Package

20
a0 U ) = vee
A1 -—14 i A8
A2 —31 ‘—! A7
A= AL
a8 O—d
A7
o— A4 — LS a5
80— e 4096817 ARRAY
R X 64 8IT
A5 O— DECODE MEMORY MATRIX o1 =4 LS
At O
A310—1 7 1
02 =4 12 08
> > > e . > > S Prpt AERYY
220} ] - | - L -
w Lyt ow L]l e 18 18 w1l ow Ll s 9 12
A1O—] BUFFERS peconer [ | oeconer I occooen[J oecoven | occoven [ oeconen [ oeconen 04 — — 06
A0 O— b - - — -
1 11
T I T — 1 T I I wol 0 P
TOP VIEW
6 o—0| EMABLE outeut || oureur |} oureur |} oureur |_J oureur |} oureur |} oureur |_J outeur
GATE BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER
os o7 06 05 04 03 02 o1 g c y

01
a2

04
05

07
08

HEEEEREE
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DM545473/DM74S473, DM54S472/DM74S472

absolute maximum ratings (Note 1) operating conditions
MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Vcc)
Input Voltage (Note 2) -1.2V to +5.5V DM545473, DM54S472 45 5.5 \"
Output Voltage (Note 2) —0.5V to +5.5V DM74S473, DM74S472 4.75 5.25 \%
‘Sf:':?re Tempetratu:; idering. 10 as) —65°Cro +;§g°§ Ambient Temperature (Ta)
ac Temperature {Soldering, 10 seconds DM545473, DM545472 -85 +125 °c
DM74S473, DM745472 0 +70 °c
Logical 0" Input Voltage {Low) 0 0.8 \"
Logical 1" Input Voltage (High) 20 55 \%
dc electrical characteristics (Note 3)
DM548473, 545472 DM74S8473, 745472
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
e Input Load Current, All Inputs Vce = Max, VN = 0.45V -80 -250 -80 -250 UA
H Input Leakage Current, All Inputs| Vg = Max, VN = 2.7V 25 25 uA
I Input Leakage Current, All Inputs| Vg = Max, V| = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage Vee = Min, Ig = 16 mA 0.35 05 0.35 05
ViL Low Level Input Voltage 0.80 0.80
ViH High Level Input Voltage 20 2.0
ICEX | Output Leakage Current Ve = Max, VCex - 2.4V 50 50 HA
(Open-Collector Only) (Note 5) Ve = Max, Veex = 5.5V 100 100 uA
Ve Input Clamp Voltage Vee = Min, Iy = 18 mA -0.8 -1.2 -0.8 -1.2 \
CIN Input Capacitance Vee =5V, VN =2V, Ta = 25°C, 4.0 4.0 pF
1 MHz
Co Output Capacitance Vee = 5V, Vo =2V, Ta = 25°C, 6.0 6.0 pF
1 MHz, Output “OFF"’
lcc Power Supply Current Vce = Max, All Inputs Grounded, 135 165 135 165 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo = 0V, Vi = Max, (Note 4) —20 | 45 -70 —20 —45 -70 mA
(Note 5)
IHZ Output Leakage (TRI-STATE) Ve = Max, Vo = 0.45t0 2.4V, +50 +50 HA
Chip Disabled
VoH Output Voltage High, (Note 5) IOH = "2 mA 24 32 \
IoH = 6.5 mA 24 3.2 \
ac electrical characteristics (With standard load)
DM54S473, 545472 DM745473, 745472
PARAMETER CONDITIONS 5V +10%;-55°C to +125°C | 5V +5%;0°C to +70°C UNITS

MIN TYP MAX MIN TYP MAX
tAA Address Access Time 45 80 45 65 ns
tEA Enable Access Time 28 55 28 40 ns
tER Enable Recovery Time 28 55 28 40 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vec=5Vand Tpa = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.

Note 5: To measure Von, Icgx or Igc on an unprogrammed part, apply 10.5V.
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National
Semiconductor

Bipolar PROMs

DM54S570/DM74S570 open-collector 2048-bit PROM

DM54S571/DM74S571 TRI-STATE® 2048-bit PROM

general description

These Schottky memories are organized in the popular
512 words by 4 bits configuration. A memory enable
input is provided to control the output states. When
the enable input is in the low state, the outputs present
the contents of the selected word.

if the enable input is raised to a high level, it causes all
4 outputs to go to the “OFF"” or high impedance state.
The memories are available in both open-collector and
TRI-STATE versions and are available as ROM's as well
as PROM’s.

PROM'’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to alow.

features

®m Advanced titanium-tungsten (Ti-W) fuses

® Schottky-clamped for high speed
Address access—55 ns max
Enable access—30 ns max

® PNP inputs reduce input ioading

® All dc and ac parameters guaranteed over temperature

= Low voltage TRI-SAFE™ programming

= Board level programming

® ROM mates are DM745270 and DM74S370

Military | Commercial Cc?l?:c';;)r TRI-STATE | Package
DM74S570 X X N, J
DM74S571 X N, J
DM54S570 X X J
DM5b4S571 X J

block diagram

connection diagram

Dual-In-Line Package

1 U 16
A6 — — Vcc
15
A5 — — a7
MOST SIGNIFICANT 3 1
ADDRESS BIT At — — A8
13
. A3 — — &
A8 A0 2 o
A7 O~ — —
a6 BURFERS | 2048817 CELLS s n
O e , 64 X 32.BIT A1 — l— o2
A5 O— DECODE MEMORY MATRIX 10
A4 O— 3l A2 = — 03
A3 O— s 9
GND — 04
A2 O— - TOP VIEW
18 - 1/8 118 8
— - —
ATO—] BUFFERS oecooe [ oecooe DECODE =] DECODE logic symbol
A0 O— [ ogiC sy
l — AD
& ENABLE QUTPUT OUTPUT ouTPUT OUTPUT —A 01 p—
O] Tcame BUFFER BUFFER BUFFER BUFFER —n2 02 p—
MOST SIGNIFICANT é (L g A b 04—
DATABIT gy 03 02 o1 —14s
—1ns
—a7
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DM545570/DM74S570, DM54S571/DM74S57

absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Vcc)
Input Voltage (Note 2) —1.2V to +5.5V DM54S570, DM54S571 45 55 \%
Output Voltage (Note 2) —0.5V to +5.5vV DM745570, DM74S571 475 5.25 v
Storage Temperature ) —65°C to +1 50° (o] Ambient Temperature (Ta)
Lead Temperature (Soidering, 10 seconds) 300°C DM54S570, DM54S571 55 125 °c
DM74S570, DM74S571 0 +70 °c
Logical 0" Input Voltage (Low) 0 0.8 \"
Logical 1"’ Input Voltage (High) 20 5.5 v
dc electrical characteristics (Note 3)
DM548570, 545571 DM748570, 748571
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
TR Input Load Current, All Inputs Ve = Max, VN = 0.45V -80 —250 -80 —250 HA
IiH Input Leakage Current, All Inputs | Vcc = Max, VN = 2.7V 25 25 uA
I Input Leakage Current, All Inputs | Vgg = Max, V| = 5.5V 1.0 1.0 mA
VoL Low Level Output Voltage Vee = Min, Ig = 16 mA 0.35 05 035| 05
ViL Low Level Input Voltage 0.80 0.80
ViH High Level Input Voltage 20 20
IceEx | Output Leakage Current Vce = Max, Voex - 2.4V 50 50 HA
(Open-Collector Only) (Note 5) Ve = Max, VCgx = 5.5V 100 100 HA
V¢ Input Clamp Voltage Ve = Min, Iiy =-18 mA —0.8 -1.2 -0.8 -1.2 \2
Cin Input Capacitance Vce =5V, VIN =2V, Ta = 25°C, 4.0 4.0 pF
1 MHz
Co Output Capacitance Vee =5V, Vo = 2V, Ta = 25°C, 6.0 6.0 pF
1 MHz, Output “OFF "’
Icc Power Supply Current Vce = Max, All Inputs Grounded, 90 130 20 130 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, V¢ = Max, (Note 4) -30 —60 -100 |-30 —60 -100 mA
(Note 5) .
IHZ Output Leakage (TRI-STATE) Ve =Max, Vo =0.45t0 2.4V, +50 +50 UA
Chip Disabled
VOH Output Voltage High, (Note 5) IQH = 2 mA 24 3.2 \
IoH = 6.5 mA 24 3.2 \
ac electrical characteristics (with standard load)
DM54S570, 548571 DM748570, 748571
PARAMETER CONDITIONS 5V £10%;-55°C to +125°C | 5V +5%; 0°C t0 +70°C | UNITS
MIN TYP MAX MIN TYP MAX
tAA Address Access Time (Figure 1) 40 65 40 55 ns
tEA Enable Access Time (Figure 2) 20 35 20 30 ns
tER Enable Recovery Time (Figure 2) 20 35 20 30 ns

Note 1:' Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Ve =5V and Tp = 25°C.
Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
Note 5: To measure Vgy, Icex or Isc on an unprogrammed part, apply 10.5V to both A8 and A2 (pin 14 and pin 7).
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standard test load

Vee
R =300
MEMORY
oUTPUT
UNDER
TEST
600 Cp =30 pF*

1

*CL includes probe and jig capacitance.

switching time waveforms

|

B

v

ADDRESS INPUT )(.SV
ov

QUTPUT 15V

15v

~—taA

FIGURE 1. Address Access Time

typical performance characteristics

Typical Switching Characteristics
as a Function of Temperature
(Vg = 5V, Standard Load)

7
60
50
_ 1 AA
E a0
H
R
tEA
20 =
10 ‘EIR
0 I
55 2 125

Ta - AMBIENT TEMPERATURE (°C)
equivalent circuits

Equivalent of Each Input
Vee

INPUT

vV

Typical TRI-STATE Output

Vee

= |nput waveforms are supplied by a pulse generator
having the following characteristics: PRR = 1 MHz,
ZouT = 502, t < 2.5 ns and tf < 2.5 ns (between
1.0V and 2.0V).

m tpp is measured with both enable inputs at a steady
low level.

® tga and tER are measured from the 1.5V on in-
puts and outputs with all address inputs at a steady
level and with the unused enable input at a steady

low level.
v
ENABLE INPUT 15V £ sV
o ————+ i
— |
ouTPUT *st t £ 1sv
!
T |
[~ tea—| f— e —|

FIGURE 2. Enable Access Time and Recovery Time

Typical Switching Characteristics
as a Function of Vgg (Ta = 25°C,
Standard Load)
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DM54S572/DM74S572, DM54S573/DM74S573

National Bipolar PROMs
Semiconductor

DM548572/DM74S572 open-collector 4096-bit PROM
DM54S573/DM74S573 TRI-STATE® 4096-bit PROM

general description features

These Schottky PROM memories are organized in the ® Advanced titanium-tungsten (Ti-W) fuses
popular 1024 words by 4 bits configuration. Two

memory enable inputs are provided to control the ® Schottky-clamped for high speed
output states. When the enable inputs are in the low Address access—60 ns max

state, the outputs present the contents of the selected Enable access—35 ns max

word.

X X X X . ® PNP inputs reduce input loading
If either or both of the enable inputs is raised to a high

level, it causes all 4 outputs to go to the “OFF" or high
impedance state. The memories are available in both
open-collector and TRI-STATE® versions.

® All dc and ac parameters guaranteed over temperature

® Low voltage TRI-SAFE™ programming
PROM’s are shipped from the factory with lows in all

locations. A high may be programmed into any selected ® Board level programming
location by following the programming instructions.
Once programmed, it is impossible to go back to a low. ® High density 18-pin package
Military | Commercial | OP®™ | TRISTATE | Package
Collector
DM74S572 X X N, J
DM74S573 X X N, J
DM54S572 X . X J
DM54S573 X X J
block diagram connection diagram
Dual-In-Line Package
o U e
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absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Vcg)
Input Voltage (Note 2) -1.2V to +5.5V DM54S572, DM54S8573 4.5 5.5 A\
Output Voltage (Note 2) —0.5V to +5.5V DM74S572, DM74S573 4.75 5.25 v
Storage Temperature —65°C to +150°C .
. A Ambient Temperature (Tp)
Lead Temperature (Soldering, 10 seconds) 300°C DM54S572, DM54S573 55 +125 °c
DM74S572, DM74S573 0 +70 °C
Logical 0"’ Input Voltage (Low) 0 0.8 \Y
Logical *“1”* Input Voltage (High) 20 5.5 \Y
dc electrical characteristics (Note3)
DM548572, 545573 DM748572, 748573
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
hL Input Load Current, All inputs Vge = Max, Vi = 0.45V -80 -250 —-80 —250 uA
IH Input Leakage Current, All Inputs| VcC = Max, VN = 2.7V 25 25 HA
1] Input Leakage Current, All Inputs| Vcc = Max, ViN = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Vge = Min, gL = 16 mA 0.35 0.45 0.35 0.45
ViL Low Level Input Voltage 0.80 0.80
ViH High Level Input Voltage 20 20
Icex | Output Leakage Current Ve = Max, Vegx = 2.4V 50 50 uA
(Open-Collector Only) (Note 5) Ve = Max, Vegx = 5.5V 100 100 uA
Ve Input Clamp Voltage Vee = Min, Iy =-18 mA -0.8 -1.2 -0.8 -1.2 \"
CiIN Input Capacitance Vee =5V, VIN=2V, Ta = 25°C, 4.0 4.0 pF
1 MHz
Co Output Capacitance Vee =5V, Vp=2V,Ta = 25°C, 6.0 6.0 pF
1 MHz, Output “OFF”
Icc Power Supply Current Ve = Max, All Inputs Grounded, 125 140 125 140 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, Vcc = Max, (Note 4) -20 —-45 =70 -20 —45 =70 mA
(Note 5)
IHZ Output Leakage (TRI-STATE) Vce = Max, Vo =0.451t0 24V, +50 +50 uA
Chip Disabled
VOH | Output Voltage High, (Note 5) IoH = 2mA 24 3.2 \
IoH = 6.5 mA 24 3.2 \%
ac electrical characteristics (with standard load)
DM54S572, 548573 DM748572, 748573
PARAMETER CONDITIONS 5V +10%; -55°C t0 +125°C | 5V +5%; 0°C to +70°C UNITS
MIN TYP MAX MIN TYP MAX
tAA Address Access Time 40 75 40 60 ns
tEA Enable Access Time 25 45 25 35 ns
tER Enable Recovery Time 25 45 25 35 ns
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vo =5V and Ta = 25°C.

Note 4: During lgc measurement, only one output ata time should be grounded. Permanent damage may otherwise result.

Note 5: To measure VoH. IcEX or Isc on an unprogrammed part, apply 10.5V to both A5 and A2 (pin 2 and pin 7).
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DM54S574/DM74S574

National
Semiconductor

DM54S574/DM74S574 TRI-STATE®

general description

This Schottky Prom is organized in the 1024 words by 4
bit configuration. It has the same characteristics as our
MM54/74S573 Prom and of course is part of Nationals
Generic Prom family. The MM54/74S574 has E, (pin 10)
high active and therefore needs E, high and E, low for
selection. This pin is the R/W pin on the MM2114. This
allows development of a program using our MM2114
RAM and then replacing it with this Prom.

Proms are shipped from the factory with lows in all loca-
tions. A high may be programmed into any selected lo-
cation by following the programming instructions.
Once programmed, it is impossible to go back to a low.

Bipolar PROMs

4096-bit PROM

features

® Advanced titanum-tungsten (Ti-W) fuses
® MM2114 pin compatible
8 Schottky clamped for high speed
Address access-60ns max
Enable access-35ns max

® PNP inputs reduce input loading

8 All dc and ac parameters guaranteed over
temperature

® Low voltage TRI-SAFE™ programming
® Board level programming

® High density 18-pin package

block diagram

connection diagram
Dual-In-Line Package
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absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage (Note 2) 0.5V to +7V Supply Voltage (Vce)
Input Voltage (Note 2) -1.2V to +5.5V DM54S574 45 5.5 \}
Qutput Voltage (Note 2) ~0.5V to +56.5V DM74S574 4.75 5.25 \"
o o
ito;ag: Tempera(u;z \dering. 10 sec ) 65°C to +1 50°C Ambient Temperature (Ta)
ead Temperature {Soldering, seconds 300°C DM54S574, 55 +125 °c
DM74S574. 0 +70 °c
Logical 0" Input Voltage (Low) o] 08 \}
Logical 1" Input Voltage (High) 2.0 5.5 v
dc electrical characteristics (Note 3)
DM54S574, DM74s8574
PARAMETER CONDITIONS UNITS
MIN TYP | MAX MIN TYP MAX
e input Load Current, All Inputs Ve = Max, VN = 0.45V -80 -250 -80 -250 uA
IWH Input Leakage Current, All Inputs| VgC = Max, VN = 2.7V 25 25 HA
1y Input Leakage Current, All Inputs| Vcg = Max, VN = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Vee = Min, 1oL = 16 mA 0.35 0.45 0.35 0.45 \
ViL Low Level Input Voltage 0.80 0.80 Y
ViH High Level Input Voltage 20 20 \
ve Input Clamp Voitage Ve = Min, Ly = ~18 mA 08 =12 -0.8 -12 \Y%
CIN Input Capacitance Vee =5V, VIN =2V, Ta = 25°C, 4.0 40 pF
1 MHz
Co Output Capacitance Vee' T 5V. Vo =2V, Ta=25°C, 6.0 6.0 pF
1 MHz, Qutput “OFF""
Icc Power Supply Current Ve - Max, All Inputs Grounded, 125 140 125 140 mA
All Qutputs Onen
TRI-STATE PARAMETERS
sc Qutput Short Circuit Cutrent Vo - 0V, Ve - Max. (Note 4) -20 45 -70 -20 —45 -70 mA
(Note 5)
IHZ Cutput Leakage (TRI STATE) Vee - Max, Vo - 0451024V, 50 +50 MA
Chip Disabled
VOH QOutput Voitage High, (Note 5) loH = 2mA 24 3.2 \%
IoH = 6.5mA 24 3.2 \%
ac electrical characteristics (with standard load)
DM54S574 DM74S574
PARAMETER CONDITIONS 5V *10%; -65"Cto +125°C |5V *5%; 0°C to +70°C UNITS
MIN TYP MAX MIN TYP MAX
TAA Address Access Time 40 75 40 60 ns
tEA Enable Access Time 25 45 25 35 ns
1ER Enable Recovery Time 25 45 25 35 ns
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device
may be operated at these values.
Note 2: These limits do not apply during programming. For the programming ratings, refer ta the programming instructions.
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee=5Vand Tp = 25°C.
Note 4: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.
Noie 5: To measure Vou. Icgx of g on an unprogrammed part, apply 10.5V to both A5 and A2 (pin 2 and pin 7).
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DM54S475/DM74S475, DM54S474, DM74S474

National
Semiconductor

Bipolar PROMs

DM54S475/DM74S475 open-collector 4096-bit PROM
DM54S474/DM74S474 TRI-STATE® 4096-bit PROM

general description

These Schottky memories are organized in the popular
512 words by 8 bits configuration. Four memory enable
inputs are provided to control the output states. When
E1 and E2 are low and E3 and E4 are high, the output
presents the contents of the selected word.

If E1 or E2 are high, or E3 or E4 are low, it causes all
8 outputs to go to the “OFF" or high impedance state.
The memories are available in both open-collector and
TRI-STATE versions and are available as ROM’s as
well as PROM’s.

PROM’s are shipped from the factory with lows in all
locations. A high may be programmed into any selected
location by following the programming instructions.
Once programmed, it is impossible to go back to a low.

features

® Advanced titanium-tungsten (Ti-W) fuses
® Schottky-clamped for high speed
Address access—65 ns
Enable access—35 ns
= PNP inputs reduce input loading
® All dc and ac parameters guaranteed over temperature
® | ow voltage TRI-SAFE™™ programming

® Board level programming

® ROM mates are DM87S95 and DM87S96

connection diagram

Dual-In-Line Package

1 24
- . - AT — = vee
Military | Commercial Open TRI-STATE | Package U
Collector prymd 123 28
DM7458475 X X N, J s =4 122 ne
DM74S474 X X N, J Pl 2 g
DM545475 X X J a3 =4 120 ¢,
DM545474 X X J 8 ",
18
Al — p— 4
8 17
AQ —— o8
3 16
01— — 07
. 10 15
block diagram 02— - o6
1 14
03 — — 05
A8 ono =4 2 0s
A7 ——
A8 = 10F5a $ 4096 BIT CELL TOP VIEW
A5 —] DFCODER MERMORY MATRIX
Al ——e
A3 ——
B E ) S I E o E ) N 41 JIT logic symbol
A2 —— - -
10F8 10F8 10F8 10F8 10F8 10F8 10F8 10F8 1 E
A DECODER DECODER - DECODER DECODER m DECODER m OECODER OECODER| | DECODER E1 E2 E3 B4
a0 — - -
1 e——O
£2 el

B
B—
08 07

AD
3]
A2
A3
A4
AS
A6
A7

NN

A8
01 02 03 04 05 06 07 08

TTTTTT




absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage (Note 2) -0.5V to +7V Supply Voltage (Vec)
Input Voltage (Note 2) -1.2V to +5.5V DM545475, 474 4.5 5.5 \
Output Voltage (Note 2) ~0.5V to +5.5V DM74S475, 474 4.75 5.25 v
Storage Temperature ) —65°C to +150°C Ambient Temperature (Tp)
Lead Temperature (Soldering, 10 seconds) 300°C DM545475, 474 55 +125 °c
DM74S475, 474 0 +70 °c
Logical 0" Input Voltage (Low) )] 08 \"
Logical “1" Input Voltage (High) 2.0 55 A"
dc electrical characteristics (Note 3)
DM548475, 474 DM748475, 474
PARAMETER CONDITIONS UNITS
. MIN TYP | MAX | MIN TYP MAX
h Input Load Current, All Inputs Ve = Max, VN = 0.45V -80 -250 -80 —250 uh
hH Input Leakage Current, All Inputs] Vgg =Max, VN = 2.7V 25 25 LA
1] Input Leakage Current, All Inputs| Vcc = Max, VN = 5.5V 1.0 1.0 mA
VoL | Low Level Output Voltage Vee = Min, Ig = 16 mA 0.35 05 0.35 05 \
ViL Low Level Input Voltage 0.80 . 0.80
ViIH High Level Input Voltage 20 20 \
ICEX | Output Leakage Current Ve = Max, VCex = 24V 50 50 HA
(Open-Collector Only) (Note 5) Vee = Max, Vegx = 5.5V 100 100 HA
Ve Input Clamp Voltage Ve = Min, Ijy =—-18 mA -08 -1.2 08 -1.2 Vv
CiN Input Capacitance Ve =5V.VIN=2V,Ta= 25°C, 40 40 pF
1 MHz
Co Output Capacitance Vee =5V, Vo =2V, Ta = 25°C, 6.0 6.0 pF
1 MHz, Output “OFF"
Icc Power Supply Current Ve = Max, All Inputs Grounded, 115 170 115 170 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short Circuit Current Vo =0V, Vcc = Max, (Note 4) -30 —60 -100 |-30 —60 -100 mA
(Note 5)
IHZ Output Leakage (TRI-STATE) Vee = Max, Vg =0.45t0 2.4V, +50 +50 HA
Chip Disabled
VOH | Output Voltage High, (Note 5) IoH=—2mA 24 3.2 Vv
IoH = —6.5mA 24 3.2 \
ac electrical characteristics (With standard load)
DM548475, 474 DM748475, 474
PARAMETER CONDITIONS 5V +10%; —55°C to +125°C | 5V +5%; 0°C to +70°C UNITS
MIN TYP | MAX | MIN TYP MAX
taA | Address Access Time (Figure 1) 40 75 40 65 ns
tEA Enable Access Time (Figure 2) 20 40 20 35 ns
tER Enable Recovery Time (Figure 2) 20 40 20 35 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not

may be operated at these values.
: These limits do not apply during programming. For the programming ratings, refer to the programming instructions.
: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vec=5Vand Tp = 25°C.

Note 2
Note 3

Note 4:

Note 5

: To measure VoH, IcEX OF ISC on an unprogrammed part, apply 10.5V to both A7 and A2 (pin 1 and pin 6).

During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result.

mean that the device
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DM5458475/DM74S475. DM54S475/DM74S474

standard test load

8 |nput waveforms are supplied by a pulse generator

v
3 having the following characteristics: PRR = 1 MHz,
ZouT = 5092, ty < 2.5 ns and tf < 2.5 ns (between
MEMORY Ry =300 1.0V ‘and 2.0V). A )
UTPUT ® taA is measured with both enable inputs at a steady
“"T‘:‘; low level. .
600 L -30pF" ® tga and tgR are measured from the 1.5V on in-

I

*CL includes probe and jig capacitance.

switching time waveforms

puts and outputs with all address inputs at a steady
level and with the unused enable input at a steady
low level.

v
ADDRESS INPUT )6,5‘/ 15V

k%
ENABLE INPUT X| sV

OUTPUT

* 15V I 15V
L‘ taA

m——

FIGURE 1. Address Access Time

OUTPUT

xlm

L’— R

ov |
| *lBV
| ]

] "‘“EA a{r

FIGURE 2. Enable Access Time and Recovery Time

typical performance characteristics

Typical Switching Characteris
as a Function of Temperature
(Vce = 5V, Standard Load)

tics Typical Switching Characteristics
as a Function of Vo (Ta = 25°C,
Standard Load)

70 70

60 60

50 50
3 2 R e —
z 4@ - £ a0
w w
= H
I Z

tEA ‘€A
20 =TT 20 '
10 A 10 R-
0 1 0 L
-55 25 125 45 5.0 55
Ta — AMBIENT TEMPERATURE ( C) ’ SUPPLY VOLTAGE (V)
equivalent circuits
Equivalent of Each Input Typical TRI-STATE Output Typical Open-Collector Output
v
ce Vee ouTPUT
INPUT =
- p—O ourrut

T
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National
Semiconductor

Programming

Commercial Programmers

Several companies make commercial programmers which will properly program National Semiconductor
Proms. National Semiconductor makes it a practice to review these commercial programmers and works closely
with the manufacturers to maintain a high programming yield and high reliability of programmed parts.

For those customers not using an approved programmer, the programming instructions must be followed.

Bipolar PROMs

PROM programming procedure

These parts are shipped from the factory with all fuses
intact. As a result, the outputs will be low (logical "‘0”)
for all addresses. In order to generate a high level on the
outputs, the part must be programmed. Information on
available programming equipment may be obtained from
National. However, if it is desired to build your own
programmer, the following conditions must be observed.

1.

2.

Programming should be attempted only at tempera-
tures between 15°C and 30°C.

Addresses and chip enable pins must be driven from
normal TTL logic levels during both programming
and verification.

. Programming will occur at a selected address when

Ve is held at 10.5V, the appropriate output is held
at 10.5V and the chip is subsequently enabled. To
achieve these conditions in the appropriate sequence,
the following procedure must be followed:

a) Select the desired word by applying a high or low
level to the appropriate address inputs. Disable the
chip by applying a high level to one or both enable
inputs.

Increase Vgc to 10.5V *0.5V with the rate of
increase being between 1.0 and 10.0V/us. Since
Vcc supplies the current to program the fuse as
well as the Icc of the device at programming
voltage, it must be capable of supplying 400 mA
at 11.0V.

Select the output where a high level is desired by
raising that output voltage to 10.5V *0.5V. Limit

b

c

open or tied to a high impedance source of at least
20 k2. (Remember that the outputs of the device
are still disabled at this time because the chip
enables are high.)

d) Enable the device by taking both chip enables to a

low level. This is done with a pulse of 10us. The

10us duration refers to the time that the circuit is
enabled. Normal input levels are used and rise and
fall times are not critical.

Verify that the bit has been programmed by first

removing the programming voltage from the

output and then reducing Vcc to 4.0V 0.2V,

Verification at a VC( level of 4.0V will guarantee

proper output states over the VcC and tempera-

ture range of the programmed part. The chip
must be enabled to sense the state of the outputs.

During verification, the loading of the output

must be within specified IQL and IQH limits.

Steps b, ¢ and d must be repeated 10 times or

until verification that the bit has programmed.

f) Following verification, apply five additional pro-
gramming pulses to the bit being programmed.
The programming procedure is now complete for
the selected bit.

g) Repeat steps a through f for each bit to be pro-
grammed to a high level. If the procedure is
performed on an automatic programmer, the duty
cycle of Vcc at programming voltage must be
limited to a maximum of 25%. This is necessary to

ainpaosoud buiwwesbord NWOH

minimize chip junction temperatures. After all
selected bits are programmed, the entire contents
of the memory should be verified.

the rate of increase to a value between 1.0 and
10.0V/us. This voltage change may occur simul-
taneously with the increase in VcC but must not
precede it. It is critical that only one output at a
time be programmed since the internal circuits can
only supply programming current to one bit at a
time. Outputs not being programmed must be left

Note: Since only an enabled chip is programmed, it is
possible to program these parts at the board level if all
programming parameters are complied with.

Programming Parameters Do not test or you may program the device.

PARAMETERS CONDITIONS MIN RECOMMENDED MAX UNITS
VALUE

Veep | Required Vg for Programming 10.0 105 1.0 v
Icce | Icc During Programming vee - 11V 600 750 mA
Vop | Required Output Voltage for Programming 100 105 1.0 v
Iop | Output Current while Programming VouT = 11V 20 mA
tRR | Rate of Voltage Changeof V¢ or Output 1.0 100 Vips
PWE | Programming Pulse Width (Enabled) 9 10 1 us
Veey | Required Ve for Verification 38 a0 42 v
Mpc | Maximum Duty Cycle for Vg at Veep 25 25 %

Programming Waveforms

Veee
vee v

Veew

T1 =100 ns min
T2 = 5us min (T2 may be > 0 if Vocp rises at the same rate or faster than Vop)
T3 =100 ns min
T4 =100 ns min
—_—2 - T5 =100 ns min

Vo 1

- - -
24VT055V

ENABTE /
ovVTo0SV

- - -5 -

*PWE is repeated for 5 additional pulses after veritfication of Vgp indicates

a bit has programmed

R
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National
Semiconductor

EPROM SELECTION GUIDE

ORGANIZATION | SIZE PINS EPROM PART =+ OUTPUT Tacc Teco
max max
256 x 8 2048 24 MM1702A TS 1us 900ns
1K x8 8192 24 MM2708 TS 450ns 120ns
256 x 8 MM4203 TS 1us 500ns
or 2048 24
512 x4 MM5203 TS 1us 500ns
512x8 4096 24 MM4204 TS 1us 500ns
MM5204 TS 1.25us 600ns
MM5204-1 TS 700ns 500ns
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Semiconductor

MOS EPROMs

MM1702A 2048-bit electrically programmable ROM

general description

The MM1702A is a 256 word by 8-bit electrically
programmable ROM ideally suited for uses where fast
turn-around and pattern experimentation are important.
The MM1702A undergoes complete programming and
functional testing on each bit position prior to shipment,
thus insuring 100% programmability.

The MM1702AQ is packaged in a 24-pin dual-in-line
package with a transparent lid. The transparent 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. The MM1702AD is packaged in a 24-pin
dual-in-line package with a metal lid and is not erasable.

The circuitry of the MM1702A is entirely static; no
clocks are required.

A pin-for-pin metal mask programmed ROM, the
MM1302 is ideal for large volume production runs of
systems initially using the MM1702A.

The MM1702A is fabricated with silicon gate technology.
This low threshold technology allows the design and
production of higher performance MOS circuits and
provides a higher functional density on a monolithic
chip than conventional MOS technologies.

features
® Fast programming—30 seconds for all 2048 bits
® All 2048 bits guaranteed programmable—100%

factory tested

Fully decoded, 256 x 8 organization

Static MOS—no clocks required

Inputs and outputs DTL and TTL compatible
TRI-STATE® output—OR-tie capability

Simple memory expansion—chip select input lead
Direct replacement for the Intel 1702A

block and connection diagrams

Dual-In-Line Package

Voo Vec Vec A3 A4 A5 A6 A7 Vgg Vgs C3 GRAM

24 23 22 21 20 J13 [18 17 16 15 14 1

PROGRAM f
AQ =i DATA
A 2048.81T || > out1
== input DE- ROM 0uTPUT
"\ omvers >} cooen [P mataix [~ sussegs |
| (256 x 8) [
a1y > ous
Note: In the resd mods s logic
“1" st the address inputs and data
outputs is a high and logic 0" is
8 low.
T 12 |3 s |5 |8 |7 |8 |® [w [0 |u
Az Al AD B, Ve
Lse “DATA OUT wsa
TOP VIEW
*This pin is the date input lead during programming.
Pin Names Order Number MM1702AD
See Package 6
AD-A7 Address Inputs Order Number MM1702AQ
cs Chip Select Input See Package 21
Dout 1 ~ DouTt g | Data Outputs
Pin Connections*
12 13 14 15 16 22 23
MODE/PIN —
(Vee) (PROGRAM) (cs) (Vgg) (Vgg) (Vee) (Vee)
Read Vee Vee GND Vee Vee Vee Vee
Programming GND Program Pulse GND Vgs Pulsed Vgg (ViLgp) GND GND

*The external lead connections to the MM1702A differ, depending on whether the device is being programmed or used in
read mode. (See following table.) In the programming mode, the data inputs 1—8 are pins 4—11 respectively.
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MM1702A

absolute maximum ratings (Note 1)

Ambient Temperature
Storage Temperature

0°C to +70°C
—65°C to +125°C

Power Dissipation 2w
Read Operation
Input Voltages and Supply Voltages with +0.5V to —20V
Respect to Ve
Program Operation
Input Voltages and Supply Voltages with —48V
Respect to Ve
Lead Temperature (Soldering, 10 seconds) 300°C

read operation dc characteristics

Ta =0°Cto +70°C, Vee = +5V 26%, Vpp = —9V 6%, Vgg = —9V *5%, unless otherwise noted. Typical values are at nominal
voltages and T, = 25°C. (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
I Address and Chip Select | V| = 0.0V 1 uA
Input Load Current
lLo Output Leakage Current | Vo = 0.0V, CS = Vee —2 1 MA
lppo  Power Supply Current Vae = Vee, CS = Vee =2 5 10 mA
loL = 0.0 mA, T, = 25°C,
(Note 2)
lop1  Power Supply Current | CS = Ve =2, 1o, = 0.0 mA, 35 50 mA
Ta =25°C
lopz  Power Supply Current | CS=0.0, Io_ =0.0mA, T, = 25°C 32 46 mA
lops  Power Supply Current | CS = Ve —2, Io, = 0.0 mA, 38.5 60 mA
Ta =0°C
Ice1 Output Clamp Current | Voyr =-1.0V, T, =0°C 8 14 mA
Ice2  Output Clamp Current | Vour =—1.0, T = 25°C 13 mA
lgs Gate Supply Current 1 MA
Vit Input Low Voltage for -1.0 Vee—4.1 \%
TTL Interface
B ;\\
ViLz  Input Low Voltage for Voo | T—— Vee—6 \%
MOS Interface ;
Vin Address and Chip Vee—2 Vect+0.3 \
Select Input High
Voltage
loL Output Sink Current Vourt =0.45V 1.6 4 mA
lon Output Source Current | Voyut = 0.0V -2.0 mA
VoL Output Low Voltage loL = 1.6 mA -0.7 0.45 \
Von Output High Voltage lon = —100uA 3.5 4.5

Note 1: Stresses above those listed under “’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specificationis

not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.

Note 2: Power-Down Option: VGG may be clocked to reduce power dissipation. The average Ipp will vary between Ippg and IDD1 depending
on the VG duty cycle (see typica! characteristics). For this option, please specify MM1702AL.




read operation ac characteristics
Ta =0°Cto +70°C, Ve = +5V 5%, Vpp = —9V 5%, Vg = ~9V 5%, unless otherwise noted.

PARAMETER MIN TYP MAX UNITS

Freq. Repetftion Rate 1 MHz
ton Previous Read Data Valid 100 ns
tace Address to Output Delay 0.7 1 us
tovae Clocked Vgg Set-Up (Note 1) 1 us
tes Chip Select Delay 100 ns
tco Output Delay From CS 900 ns
top Output Deselect 300 ns
toHc Data Out Hold in Clocked Vgg Mode (Note 1) 5 us

capacitance characteristics T, =25°C (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Cin Input Capacitance All Unused  Vy = V¢ 8 15 pF
Cout Output Capacitance | Pins Are CS = Vee 10 15 pF
Cvae Ve Capacitance At ac Vout = Vee 30 pF

(Note 1) Ground Vge = Vee

Note 3: This parameter is periodically sampled and is not 100% tested.

read operation switching time waveforms

(a) Constant Vgg Operation

‘n—rcvcl:nm :|/F'7~’i

10% X
{ 90%
tes

ADDRESS

Vu
e
cs
Vi
"un
DATA DATA OUT DATA OUT
our INVALID . INVALID

Vou
tace ———=

DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION

Vin
ADDRESS x

out
Yo ..' o l-‘_

Conditions of Test
Input puise amplitudes: 04V, t,, t — 50 ns. Output load is 1 TTL gate; measure-
ments made at output of TTL gate (tpp - 15 ns), €, = 15 pF.

(b) Power-Down Option (Note 1)

*.‘_._‘ CYCLE TIME = 1/ —~l

Vim 23
ADDRESS x X
Vi 0
’R ‘-nsﬁ_}

(NOTE 1)
tomc

Vou
DATA DATA OUT
our INVALID
Vou

DATA OUT
INVALID

DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION

i

ADDRESS

DATA QuUT

b tace—]

Note 1: The output will remain valid for tonc as long as clocked Vg is at Vec. An
address change may occur as soon as the output is sensed (clocked Vg may stillbe at
Vcc). Data becomes invalid for the ofd address when clocked Vg is returned to Vg

Note 2: 1f € makes a transition from Vi, o Vyy, while clocked Vg 15 at Vgg. then
deselection of output occurs at top as shown in static operation with constant VG-
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MM1702A

programming operation dc characteristics

Ta =25°C, Ve = 0V, Vgg = 12V +10%, CS = OV unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
IL11p Address and Data Input Vn = —48V 10 mA
Load Current
li2p Program and Vg Load Vin =48V 10 mA
Current
Igg Vgg Supply Load Current (Note 5) 10 100 mA
lppp  Peak Ipp Supply Load Vop = Vprog = 48V 200 300 mA
Current Vg = —35V (Note 4)
Viue Input High Volitage 0.3
ViL1p  Pulsed Data Input Low —46 —48
Voltage
ViL2p Address Input Low Voltage -40 -48 \Y%
ViLsp Pulsed Input Low Vpp and —46 —48
Program Voltage
ViLap Pulsed Input Low Vgg -35 -40 \

Voltage

Note 4: Ippp flows only during Vpp, VGG on time. Ippp should not be allowed to exceed 300 mA for greater than 100us. Average
power supply current Ippp is typically 40 mA at 20% duty cycle.

Note 5: The Vgpg supply must be limited to 100 mA max current to prevent damage to the device.

programming operation ac characteristics

Ta =25°C, Ve = 0V, Vgg = 12V £10%, CS = OV unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Duty Cycle (Vpp, Vgg) 20 %
topw Program Pulse Width Vgg =35V, Vpp = 3 ms
Verog = 748V
tow Data Set-Up Time 25 us
ton Data Hold Time 10 us
tyw Vpp. Vgg Set-Up 100 us
tvo Vpb. Vag Hold 10 100 us
tacw Address Complement (Note 6) 25 Ms
Set-Up
tach  Address Complement (Note 6) 25 us
Hold
tatw  Address True Set-Up 10 us
tatn  Address True Hold 10 us

Note 6: All 8 address bits must be in the complement state when pulsed Vpp and VGG move to their negative levels. The addresses
(0—255) must be programmed as shown in the timing diagram until data reads true, then over-programmed 4 times that amount.
(Symbolized by x + 4x.)
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programming

ADDRESS

PULSED Voo
POWER SUPPLY

PULSED Vi,
POWER SUPPLY

PROGRAMMING

DATA INPUT
(DEVICE
ouTPUT

LINES)

0
=t
£ {5
4670
a8

operation switching time waveforms

- tao

|
~ tacw -1

0 .

BINARY COMPLEMENT |

ADDRESS OF WOROD |

w0 0 8F i
a8

0

BINARY ADDRESS OF
WORD T0 BE

- =t

4670
a8

0

Ll

/10
a0

tarm -

[ = = gy

typical performance characteristics

Ipp CURRENT (mA)

OUTPUT SINK CURRENT (mA)

38
38
37
36
35
34
33
2
kil
30
29
28
21

16
14
12
1

o N B @ ® o

Ipp Current vs Temperature

1T UL
Vee - +5V J H
N Vpp = -8V B 2
Ny Vog = 9V . g
\C INPUTS = Ve E 3
N QUTPUTS ARE OPEN|
"
ERE
CS = Ve =]
E
R o
L L es- oo @
H :
&
< [T 1 3
0 20 40 60 80 100 120
AMBIENT TEMPERATURE ( C)
Output Sink Current vs
Output Voltage
T
Ve = +5V
Vpp = 9V
Voo = OV |
Ta=+25C

€5 =00V,
yd
Vv

7

4 -3 -2 -1 0 1 2 3 &
OUTPUT VOLTAGE (V)

o
DATA CAN DATA STABLE DATA CAN
CHANGE TIME CHANGE
4670
48
Output Current vs Vpp
Supply Voltage
_ 5
<
£ 4 x<
£ o3 Va z:
7 =
w E=2
= 2 SPECIFIED 2 w
3, OPERATING Sa
=1
RANGE °o
8 fv.. -5 A
S Vee =V T = .
z -3 F Vo= 9V ez
E Voo = +0.45V SE
= R 2c
2 A" — =
E -35 5o
£ £t
3 EH
-4 e
-5 -6 -7 -8 -8 -10
SUPPLY VOLTAGE (V)
Average Current vs Duty
Cycle for Clocked Vgg
(Note 1)
BT T
40 | CLOCKED Vg = 8V
Voo = 9V
B €S =V
“E 30 Ta =425C pa z
8 25 A/ 5
= - =
3 20 g
£ 0n % g
= 0 L1
V
5
(] 10 20 30 40 50 60 70 80 90 100
DUTY CYCLE (%)
Access Time vs Temperature
1000
900
800
z 00 —
£
E 600
~ 500
a
& 400
2 30 1TTLLOAD ~ 20 pF |
Vee = +5V
200 Vpp = -9V T
100 Vge = 9V R
[ |

0 10 20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (°C)

Condutsons of Test
Toput pulse rise and fal tmes 15
s ov

Program Waveforms

5
Ve = +5V
N Vop = 8V
. Vgg = 9V
5 - 0.0V ]
<
0L r
Ve = +5V
Vpp = 9V
3 Vee= ov
Vou = 0.0V
Y |
0 10.20 30 40 50 60 70
AMBIENT TEMPERATURE ( C)
Access Time vs Load
Capacitance
1000
900
800
700
600
500
400 1TTL LOAD ]
300 Vee = +5V |
Vpp = 9V
200 Voo = 9V
100 Ta=+25C
L1 i

0 10 20 30 40 50 60 70 80 90 100
LOAD CAPACITANCE (pF)
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MM1702A

operation of the MM1702A in program mode

Initially, all 2048 bits of the ROM are in the 0"
state (output low). Infprmation is introduced by selec-
tively programming "’1°s’" (output high) in the proper bit
locations.

Word address selection is done by the same decoding
circuitry used in the READ mode (see table for logic
levels). Aill 8 address bits must be in the binary comple-
ment state when pulsed Vpp and Vgg move to their
negative levels. The addresses must be held in their binary
complement state for a minimum of 25us after Vpp and
Vgg have moved to their negative levels. The addresses
must then make the transition to their true state a

MM1702A erasing procedure

The MM1702A may be erased by exposure to high
intensity short-wave ultraviolet light at a wavelength of
2537A. The recommended integrated dose (i.e., UV
intensity x exposure time) is 6W sec/cm?. Examples of
ultraviolet sources which can erase the MM1702A in 10
to 20 minutes are the Model UVS-54 and Model S-52
short-wave ultraviolet lamps manufactured by Ultra-
Violet Products, Inc. (5114 Walnut Grove Avenue,
San Gabriel, California). The lamps should be used with-

minimum of 10us before the program pulse is applied.
The addresses should be programmed in the sequence
0-255 for a minimum of 32 times. The eight output
terminals are used as data inputs to determine the
information pattern in the eight bits of each word. A low
data input level (—48V) will program a "“1’" and a high
data input level (ground) will leave a 0" (see table on
page 4-4). All eight bits of one word are programmed
simultaneously be setting the desired bit information
patterns on the data input terminals.

During the programming, Vgg, Vpp and the Program
Pulse are pulsed signals.

out short-wave filters, and the MM1702A to be erased
should be placed about one inch away from the lamp
tubes. There exists no absolute rule for erase time.
Establish a worst case time required with the equipment.
Then over-erase by a factor of 2, i.e., if the device
appears erased after 8 minutes, continue exposure for
an additional 16 minutes for a total of 24 minutes.
(May be expressed as x + 2x.)
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MM2708, 8k UV Erasable PROM

General Description Features

The MM2708 is a high speed 8192-bit ® 1024 x 8 organization {MM2708)
UV erasable and electrically reprogrammable EPROM
ideally suited for applications where fast turn-around

and pattern experimentation are important requirements. s 800 mW max
The MM2708 is packaged in a 24-pin dual-in- ® Low power during programming
line package with transparent lid. The transparent lid ® Access time—450 ns max

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 by following the programming procedure. ® Static—no clocks required

® Standard power supplies: 12V, 5V, -5V

The MM2708 is fabricated with the reliable,  © rous and outputs TTL compatible during both

high volume, time proven, N-channel silicon gate read and program modes

technology. = TRI-STATE® output

Block and Connection Diagrams
Dual-in-Line Package

= Vpp + 12V ar U lvc:
G Veet 5V “‘_z- E A
4— Vgg N0
VeV as— 12 wore 1
DATA QUTPUTS (PROGRAM INPUTS)
01-08 ™ A 21 vas
m%"s[l(c‘ AND WRITE ENABLE LG‘IL‘ 1 t T T T T I u_§‘ gw
¥ H sl Ly
] ! QUTPUTBUFFERS Lo g — PROGRAM o0
L m— ==  (NPUTRUFFERS) T “ruse ) "
‘ 1 Al — — PROGRAM
\ : [} =Y LLEPW
A-A3 avoress [ ¢ voecooe |16 Y GATING \
SUFFER
ADDRESS | oY 1S o)
eyt " o= 1
E> T o IEE N C HHE S ol 2 o6
t L : 0314 1e o
L------L----—--_-_--_J vss 2 LI
TOP VIEW
Pin Connection During Read or Program MM2708: Pin 22 = A9
PIN NUMBER
MODE
9-11,13-17| 12 18 19 20 21 24 ) -
Pin Description
Read Dout vss | Vss | VoD | ViL |Ves | Vce AO—A9 Address inputs
01-08 Data outputs
Program DIN Vgs | Pulsed | VDD ViHw | VBB | VcC CS/WE  Chip select/write enable input
ViHp

© 1977 National Semiconductor 2.9 Printed in Germany
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Absolute Maximum Ratings (note 1)

Temperature Under Bias ~25°C to +85°C CS/WE Input with Respect to Vgg

Storage Temperature —65°C to +125°C During Programming 20V to 0.3V

VDD with Respect to Vgg 20V to 0.3V Program Input with Respect to Vgg 35V to 0.3V

Vce and Vgg with Respect to Vgg 15V to 0.3V Power Dissipation 15w

All Input or Output Voltages with Lead Temperature (Soldering, 10 seconds) 300°C
Respect to Vgg During Read 15V to 0.3V

Read Operation

DC Operating Characteristics

TA =0°C 10 +70°C, Vee = 5V 5%, Vpp = 12V 6%, Vgg = —5V 5%, Vss = 0V, unless otherwise noted, (Note 3)

PARAMETER CONDITIONS MIN TYP | MAX UNITS
IR Address and Chip Select Input VIN=56.25Vor VN = V)L 1 10 HA
Sink Current
Lo Output Leakage Current VouT = 5.25V, CS/WE = 5V 1 10 HA
IpD VDD Supply Current Worst-Case Supply Currents, All Inputs 44 65 mA
High, CS/WE = 5V, T = 0°C
icc Ve Supply Current Worst-Case Supply Currents, All Inputs 7 10 mA
High, CS/WE = 6V, Ta = 0°C
5:1:} Vgg Supnly Current Worst-Case Supply Currents, All Inputs 34 45 mA
High, CS/WE = 5V, Ta = 0°C
ViL Input Low Voltage Vss 0.65 \
Vi Input High Voltage 3.0 Vceett v
VOH1 | Output High Voltage IoH = —100 A 3.7 \
VOH2 | Output High Voltage IoH=—-1mA 24 v
VoL | Output Low Votlage oL =1.6mA 0.45 Vv
Pp Power Dissipation 800 mW
AC Electrical Characteristics
TA =0°C to +70°C, Ve = 5V 5%, Vpp = 12V £5%, Vgg = —5V +5%, Vss = 0V, unless otherwise noted
PARAMETER CONDITIONS MIN TYP | MAX UNITS
tACC | Address to Output Delay Output Load: 1 TTL Gate and C|_ = 100 pF 280 450 ns
tco Chip Select to Output Delay Input Rise and Fall Times < 20 ns: Timing 60 120 ns
Chio Desel o o Measurement Reference Levels: 0.8V o 120
'DF 'p Deselect to Output Delay | . d 2.8V for Inputs; 0.8V and 2.4V for ns
tOH Address to Output Hold Outputs, Input Pulse Levels: 0.65V to 3V 0 ns
CAPACITANCE, (Note 2)
CIN Input Capacitance VIN=0V,Ta =25°C, f = 1 MHz 4 6 pF
CouT | Output Capacitance VouT =0V, Ta = 25°C, f = 1 MHz 8 12 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of ‘’Electrical Characteristics’’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing. TA = 25°C, f = 1 MHz

Note 3: Typical conditions are for operation at: T = 25°C, Vce =5V, Vpp =12V, Vgg = -5V, and Vgg = OV.
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Switching Time Waveforms

ADDRESS

TSme

t— t0H

e —

tacC

‘oF

DATA
outT DATA OUT INVALID %

DATA OUT
FLOATING \

Programming Instructions

Initially, and after each erasure, all bits of the
MM2708 are in the 1" state (output high). information
is introduced by selectively programming “0"" into the
desired bit locations. A programmed ‘0’’ can only be
changed to a “1” by UV erasure.

The circuit _is set up for programming operation by
raising the CE/WE input (pin 20) to +12V. The word
address is selected in the same manner as in the read
mode. Data to be programmed are presented, 8 bits in
parallel, to the data output lines (01-08). Logic levels
for address and data lines and the supply voltages are
the same as for the read mode. After address and data
set up, one program pulse per address is applied to the
program input (pin 18). One pass through all addresses
is- defined as a program loop. The number of loops (N)

Programming Characteristics

required is a function of the program puise width {tpw)
according to N x tpy > 100 ms.

The width of the program pulse is from 0.1 to 1 ms. The
number of loops (N) is from a minimum of 100 (tpw =
1 ms) to greater than 1000 (tpw = 0.1 ms). There must
be N successive loops through all 1024 addresses. It is
not permitted to apply N program pulses to an address
and then change to the next address to be programmed.
Caution should be observed regarding the end of a pro-
gram sequence. The CS/WE falling edge transition must
occur before the first address transition when changing
from a program to a read cycle. The program pin should
also be pulled down to V{p with an active instead of a
passive device. This pin will source a small amount of
current (1jpL) when CS/WE is at ViHw (12V) and the
program pulse is at V|LP.

Ta =25°C, Vcg = 5V 5%, VpD = 12V 5%, Vpg = —5V 5%, Vss = OV, unless otherwise noted
C

DC Programming Characteristics

PARAMETER CONDITIONS MIN TYP | MAX UNITS
[IN] Address and CS/WE Input VN = 5.25V 10 uA
Sink Current
heL Program Pulse Source Current 3 mA
WPH Program Pulse Sink Current 20 mA
IpD VpD Supply Current Worst-Case Supply Currents, All Inputs High, 44 65 mA
CS/WE =5V, Ta = 0°C
lcc Ve Supply Current Worst-Case Supply Currents, All Inputs High, 7 10 mA
CS/WE =5V, Ta=0°C
I:T:) Vvgg Supply Current Worst-Case Supply Currents, All Inputs High, 34 45 mA
CS/WE =5V, Ta=0°C
ViL Input Low Level (Except Vss 0.65 \%
Program)
ViH Input High Level, All 3.0 veett v
Addresses and Data
ViHw | CS/WE Input High Level Referenced to VsS 1.4 126 \
ViHp | Program Pulse High Level Referenced to V§S 25 27 \%
ViLp | Program Pulse Low Level VIHP — ViLP = 25V Min Vss 1 \%
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AC Programming Characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
tAS Address Set-Up Time 10 Hs
tcss CS/WE Set-Up Time 10 us
tps Data Set-Up Time 10 us
tAH Address Hold Time 1 us
tCH CS/WE Hold Time 05 us
tOH Data Hold Time 1 us
tDF Chip Deselect to Output Float Delay 0 120 s
tDPR Program to Read Delay 10 us
tPW Program Pulse Width 0.1 1.0 ms
tPR Program Pulse Rise Time 0.5 20 us
tPF Program Pulse Fall Time 0.5 20 us
Programming Waveforms

READ
10F N Loors (AFTER N PROG —
Visw — Loors)
TSwe
in
= tesst1e) — temtes) | =
— |=t+ more)
Vin e
ADORESS x ADDRESS 0 ADDRESS 1 ADDRESS 1823 x ADDRESS 8
i L
|e ] ] 11 T tan
tas(10) = an() ] tacc 450 mMAX
Yin x x . DATA OU DATA OUT /
DATA
" — INVALID VALID Z
= tosie) ~ el T -
(0.1 ms MIN)
PR(e.5) —] r—— w m——' = trr(0.5) DPR(18 MAX)
Vine
PROGRAM
PULSE

‘——

Note 1: The CS/WE transition must occur after the program pulse transition and before the address transition.

Note 2: Numb

in par

imum timing in microseconds unless otherwise specified.




Typical DC Performance Characteristics

Maximum Junction
Temperature vs Ambient Range of Supply Currents
Temperature vs Temperature
™ » | ALL POSSIBLE
o OPERATING CONDITIONS
w Vee = 5.28V
2 // i ” Vpp = 125V
=™ - r v.. - 525V
§ £ b
- [ 3
= 3
g = i
H 8;8= 8°CW
2 Veg = 525V 2 »
v Vpp = 128V
- Vg =5.25V
L] . ]
[] 2 “ on ] n & ® [ ]
~ Ta - AMBIENT TEMPERATURE (] Ta — AMBIENT TEMPERATURE c)
Output Sink Current vs
Output Voitage
]
Vo= 478V
i //
£ Ta- rc/ /
=
§ . Y./
»®
g I Tp=28°C
- 4
: Ta=10C
2
° 2
s
[]
] 2 . [] ] "

Vgy - OUTPUT VOLTAGE (V)

Typical AC Performance Characteristics

Access Time vs Temperature
500 T T
1TTL LOAD + 100 pF
T
% 20 P
8 -
? =
8
= 1
[ ]
-2 [ ] 2 L] [ ]

Ta - AMBIENT TEMPERATURE (°C)

tACC - ACCESS TIME (ns)

Access Time vs Load

Capecitance
A e
-1
L1
-
[ ] 1N 20 08 A8 50

Cy - LOAD CAPACITANCE (pF)

2-18




MM4203/MM5203

National
Semiconductor

MOS EPROMs

MM4203/MM5203 electrically programmable
2048-bit read only memory (pPROM)

general description

The MM4203/MM5203 is a 2048-bit static read-
only memory which is electrically programmable
and uses silicon gate technology to achieve bipolar
compatibility. The device is a non-volatile memory
organized as a 256-8-bit words or 512-4-bit words.
Programming of the memory: contents is accom-
plished by storing a charge in a cell location by
programming that location with a 50 volt pulse.
Separate output supply lead is provided to reduce
internal power dissipation in the output stage
[\ARE

features

® Field programmable
® Bipolar compatibility
® High speed operation

+5V, —12V operation
Tus max access time

® Pin compatible with MM5213, MM5231 mask
programmable ROMs
Static operation — no clocks required

® Common data busing (TRI-STATE® output)

® Q" quartz lid version erasable with short wave
ultra-violet light (i.e. 253.7 n.m.)

® Chip select output control
® 256 x 8 or 512 x 4 organization

applications

® Code conversion
Random logic synthesis
Table look-up
Character generator

[]
[
[
® Micro-programming

block and connection diagrams

ot 7]
& CONTROL ouTPyUT
CIRCUIT BUFFERS

2088817
M ROM
o oy
256x8
A A A "
DECODER

A A Ay A Ay

typical applications
256 x 8 PROM Showing TTL Interface

v

4 a v T
[0 2
T e —‘ o—
seeer 1" %
5 o
T Moot
CONTROL
1% 9
Voo [~
o [ oL Loce
a—f1 s
I ™ e
A
- 4 s
A
D n afs
PROGRAM
TTUGATES z sba
e n 2fn
i
2 iy

Note: For programming information see AN-100.

= "See operating mode aote.

Dual-In-Line Package

A 1 = v,
A 2 — = 2 Vee
1584, 3 =t }— 22 PROGRAM
5, 4 —d b 21 A
8, 5 = 20 2,
8 5 —f — 19 A
5 7 — — 18 a,
ourPur
8, 8 —f b— 17 &
8 9 —f = 16 Voo
o — L oo,
8y 11— S
Vs 12 = 13 A, mss

TOP ViEw
Order Number MM4203D or MM5203D
See Package 6
Order Number MM4203Q or MM5203Q
See Package 21

Operating Modes

256 x 8 ROM connection (shown)

Mode Control - HIGH (Vgg)

Ag - LOW

512 x 4 ROM connections

Mode Control ~ LOW (GND or Vpp!

Ag Logic HIGH enables the odd (B1. B3..B;) outputs
- Logic LOW enables the even (B, B4 Bg) outputs

The outputs are enabled when a logic LOW is applied to
the Chip Select line.

Programming is accomplished in 256 x 8 mode only.
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absolute maximum ratings

All Input or Output Voltages with

Storage Temperature Range

-65°C to 125°C

Respect to Vgg Except During Programming +.3V to 20V Lead Temperature (Soldering, 10 sec) 300°C
Power Dissipation 1w
Operating Temperature Range MM4203 -55°C 10-85°C
MM5203 0°Cto 70°C
electrical characte ristiCS T, within operating temperature range,
Vgs = +6V 5%, Vpp = VL = -12V, 6%, Vgg = PROGRAM = Vgs unless otherwise noted.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Current, | Vin =0V 1 MA
Output Leakage, |, o Vour =0V TS = Vg - 2.0 1 uA
Power Supply Current, lgg Ta=25°C CS=Vss-20 35 55 mA
input LOW Voltage, V,_ Vgs - 10 Vgs - 4.0 v
Input HIGH Voltage, V Vgs -2.0 Vgs +.3 \"
Output LOW Voltage, Vo 1.6 mAsink -12.6V <V <-3V .40 v
oupuncamp Gurenter | Vet T30 T T e < 2o | o | ma
Output HIGH Voltage, Von 0.8 mA source 24 A\
Data Hold Time, Ton (Min Access Time) Figures 1 & 2 100 ns
Access Time, Tacc Ta= 25°C Figures 1 & 2 (Note 6) .700 1 s
Chip Select Time, Tco Figures 1 & 3 500 ns
Chip Deselect Time, Top Figures 1 & 3 500 ns
Allowable Chip Select Delay, tcs | Figures 1 & 2 100 ns
Allowable delay in selecting chip after change
of address without affecting access time.
Input Capacitance, C Vin =V 8 15 F
O:tput Cpapacitance, ‘gour V_:‘u’r =S\Zs } £= 1.0 MHz (Note 2) 8 15 zF
CS = Vgs - 2.0
programming chara cteristics (see Figure 4)
Ta =25°C, Vg =0V, Vgg = +12V £10%, CS = 0V unless otherwise noted
PARAMETER CONDITIONS MIN TYP | MAX UNITS
Address and Data Input Load Current, I p VN =50V 10 mA
Program Load Current, I p VN =50V 10 mA
Vgg Supply Load Current, I g 10 mA
Peak Ipp Supply Load Current | pp (Note 3) Voo = Vorogram = ~50V 650 mA
Input High Voltage, Vinp -2 +.3 \
Address and Data Input Low Voltage, V, ¢ -50 -40 v
Pulsed Input Low Voltage:
Vpp. and Program, Vpp -50 —48 \"
Vio (Note 5) -50 0 v
Vpp Pulse Duty Cycle 2 %
Program Pulse Width, tey (Note 4) Voo = Vprogram = ~50V 20 ms
Data and Address Set Up Time, tow 1 us
Data and Address Hold Time, ton 0 us
Pulsed Vpp Supply Overlap, tss 1 100 us
Pulsed Vpp Supply Overlap, tsy =1 3 ms
Voo, Program, Address, and Input Rise 1 us
and Fall Times

Note 1: During programming, data is always applied in the 256 x 8 mode, regardless of the logic state of Ag and MODE

CONTROL.

Note 2: Capacitances are not tested on a production basis but are periodically sampled.

Note 3: 1 ppp flows only during program period tpyp. Average power supply current [L DD s typically 15 mA at 2% duty cycle.
Note 4: Maximum duty cycle of tpy should not be greater than 2% of cycle time 5o that power dissipation is minimized. The
program cycle should be repeated until the data reads true, then over-program three times that number of cycles (symbolized

a5 X+3X programming.

Note 5: V[ | 15 not needed during programming but may be tied to Vpp for convenience
Note 6: Tacc - 1000 ns + 26(N-1) where N 15 the number of chips wired-OR together

Note 7: Measured under continuous 0peration
Note 8: I flows out the VL pin, 1t does not fiow out the Vpp pin

€0ZSWIN/E0CTYWIN



MM4203/MM5203

access time diagrams

+5.0V +5%
OUTPUT
INPUT ouT DATA OUT
L DM7400
Voo
—12V +5%
Figure 1
H
ADDRESS j
L
— TCS
CHIP SELECT Ves - 2.0V

L

Ton }*

L | Ves - 4.0V
M ] .
7 BATAGUT T DATAOUT M/ DATAOUT
1ot vaue? VALID 4 IyNOT VALID
e
DATA OUT I
Tacc =
Figure 2
" Vs - 2.0V
CHIP SELECT /
L Ves - 4.0V
H :
/ 77 DATA 0UT DATAOUT . .
DATA ou://// NOT VAL DATA VALID 2 NOTVALID
Figure 3
program waveforms
ADDRESS & 7 O NG E INPUT STABLE MAY CHANGE 7~
DATA INPUTS 7
—{ tow fe— &1 l‘— ton
Yoo \ m
. o
Verog /
tow
Figure 4

VIHP

vlLP

Vine

Vo

Vive

Vorr

2-16




operation of the MM4203/MM5203 in program mode

Initially, all 2048 bits of the MM4203/MM5203
are in the HIGH state. Information is introduced
by selectively programming LOWS in the proper
bit locations. (Note 1)

Word address selection is done by the same decod-
ing circuitry used in the Read mode. The eight
output terminals are used as data inputs to deter-
mine the information pattern in the eight bits of
each word. A LOW data input level (-50V) will
leave a HIGH and a HIGH data input level will
allow programming of a LOW. All eight bits of one
word are programmed simultaneously by setting
the desired bit information patterns on the data
input terminals. The duty cycle of the Vpp pulse
(amplitude and width as specified on page 4)
should be limited to 2%. The address should be
applied for at least 1 us before application of the
Program pulse. In programming mode, data inputs

1-8 are pins 4—11 respectively regardless of the
logic state of Ag and mode control. Chip select
should be disabled (HIGH).

Positive logic is used during the read mode for
addresses and data out. Address O corresponds to
all address inputs at V;_ and address 255, cor-
responds to all address inputs at V. A 1" or a
P at a data output corresponds to Vou. A 'O or
an N at a data output corresponds to Vg . Posi-
tive logic is also used during the programming mode
for addresses. Address O corresponds to all address
inputs at V,_p and address 255, corresponds to
all address inputs at Ve

Negative logic is used during the programming mode
for data in. A 1" or a P at a data input corres-
ponds to V, p. A “0” or an N at a data input
corresponds to V yp.

DATA AND ADDRESS LINES _
MODE Vss Ve Voo PROGRAM cs Vi
HIGH LowW
Read Vgs - 2.0 Vgs - 4.0 +5 Vss -12 Vss Vs - 4V -3V to -12V
Program Vss -2.0 Vss - 40 GND  +12 -48 -a8 GND GND to -50V
(Pulse) (Pulse)

erasing procedure

The MM4203Q/MM5203Q may be erased by
exposure to short-wave ultraviolet light—253.7 nm.
There exists no absolute rule for erasing time or
distance from source. The erasing equipment
output capability should be calibrated. Establish a
worst-case time required with the equipment.
Then over-erase by a factor of 2, i.e., if the device
appears erased after 8 minutes, continue exposure
for an additional 16 minutes for a total of 24

preferred tape format

The custom patterns may be sent in on a Telex or
submitted as a paper tape in a 7 bit ASCII code

minutes. Examples of UV sources include the
Model UVS-54 and Model S-2 manufactured by
Ultra-Violet Products, Inc. (5114 Walnut Grove
Avenue, San Gabriel, California). The lamps
should be used without short-wave filters. The
MM4203/MM5203 should be placed about one
inch away from the lamp for about 20-30
minutes.

from model 33 teletype or TWX. The paper tape
should be as the following example:

Carriage return line feed

allowed between F and B.

Data Field*

Start Character j Stop Character
or

Leader: Rubout f
TWX or letter Key
for telex (at least

MSB (Pin 11)  LSB (Pin 4)

Trailer: Rubout for

BPPPNPPNNFBNNPPNNPPF.. .BNPNPNNNNF TWXorietwer Key

for telex (at least

5 frames.)
Word 0

All Address Inputs LOW

Word 1

25 frames.)
Word 255

e e
All Address Inputs HIGH

*Data Field: Must have only P’s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start
character. |f an error is made in preparing a tape the entire word including the B and F start and stop characters must
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0.

2-17
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MM4203/MM5203

alternate format [Punched Tape (Note 1) or Cards]

MM4203
Positive Logic

annn ' annnonnn® o

ANOT NANNNNNN O

2 Spaces

A3 N10101NL 4
AMN4G  0N11111) 6
ADNS  nont1I0N 3§
A6 0NNINNNN N
AT NNTITI00 4
AN 0NANINNG A
AS11 0101N101 4

TET 150
186 50
THS 4nn
T34 010
TH3 100
TE2 299

T51t197

ann2  0annnnnn ‘n\

TER 140 |

I

bg, MSB (Pin 11)

by, LSB (Pin 4)

3

Nete Note 1: The code is a 7-bit ASCII code on 8 punch tape. The tape
should begin and end with 25 or more “RUBOUT"* punches.

1 Space Note 2: The ROM input address is expressed in decimal form and is
preceded by the letter A.
Note 3: The total number of “’1”* bits in the output word.
Note 4: The total number of “'1' bits in each output column or bit
position.

Note 4

1 Space

typical performance characteristics

Maximum Supply Current Igg
as a Function of Temperature

90
%0 (Note 7)
0 +5% SUPPLY
0 NS r:lomsumv‘
~
ES) NS -y
v; a0 TN
= -5% SUPPLY T
30
20
10
0
60 25 0 25 50 75 100 125

Ta(°C)

Maximum Access Time (Tacc)
as a Function of Vpp Supply

Voitage
1700 ——r
Vgs = +4.75V ]
1600 Vie=Voo
1500
1400
8
= 1300
1200
85°C
1100 o
=J0°C
1000 .
[ 25°C
-9 -10 -1 -12 -13

Vpp (Voits)
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MM4204/MM5204

MOS EPROMs

electrically programmable 4096-bit read only memory (EPROM)

general description

The MM4204/MM5204 is a 4096-bit static Read Only
Memory which is electrically programmable and uses
silicon gate technology to achieve bipolar compatiblity.
The device is a non-volatile memory organized as 512
words by 8 bits per word. Programming of the memory
is accomplished by storing a charge in a cell location by
applying a —50V pulse. A logic input, “Power Saver,” is
provided which gives a 5:1 decrease in power when the
memory is not being accessed.

features

Field programmable
Fast program time: ten seconds typical for 4096-bits
= Fast access time

MM4204 1.25us
MM5204 Tus

® DTL/TTL compatibility

= Standard power supplies 5.0V, —-12V

m Static operation—no clock required

= Easy memory_e_xpansion—TRI-STATE® output Chip
Select input (CS)

m Q" quartz lid version erasable with short wave ultra-
violet light (i.e., 2563.7 nm)

= | ow power dissipation

m “Power Saver’’ control for low power applications

applications

Code conversion
Random logic synthesis
Table look-up
Character generator
Microprogramming

Electronic keyboards

block and connection diagrams

Dual-In-Line Package

5 2
Ag +—Vie 3 2
R » Voo~ L2 v,
m Yoo 2 23
L 006 BIT LI POWER SAVER — L Voo
A2 weuT -y x :> EROM ¢ e ,
MATRI 12 [ 2
s 8 BUFFERS DECGDER ;ZTEX Vs CHIP SELECT — —38;
--—>9 *—4 4 21
Re PROGRAM PROGRAM — s,
10
JYpRUEN 5 20
B v Ag—ti L 5,
5 19
11 Ay —t —B.
le— A
2 INPUT 13 Ay 18,
POWER SAVER —— ¥ DECODER K= s [E—~
1 3 17
lea. Ayt L' 6,
CONTROL
CIRCUITS {} Ay L6
10 '
, As— — 8,
€5 —— > QUTPUT BUFFERS ,
' a4
Ay — 18 Ag
T8 |16 1
l‘sl.hlukalmlmlzvlzz Vas 224 3,
B0 B By By Be 85 85 By
TOP VIEW
Order Number MM4204D
or MM5204D

See Package 6
Order Number MM4204Q
or MM5204Q
See Package 21
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MM4204/MM5204

absolute maximum ratings (Note 1)

All Input or Output Voltages with

Respect to Vgg Except During Programming +0.3V to =20V
Power Dissipation 750 mwW
Operating Temperature Range
MM5204 0°C to +70°C
MM4204 —55°C to +85°C
Storage Temperature Range —65°C to +125°C
Lead Temperature (Soldering, 10 seconds) 300°C

dc electrical characteristics Ta within operating temperature range, V(| =0V, Vgg = PROGRAM = Vg,

MM4204: Vgg = 5.0V £10%, Vpp =-12V £10%, MM5204: Vss = 5.0V £5%, Vpp = —12V 5%, unless otherwise noted.

TYP
PARAMETER CONDITIONS MIN MAX UNITS
(Note 7)

Vi Input Low Voltage Vgs—14 Vss—4.2

Viy  Input High Voltage Vss-1.5 Vsst0.3

Iy Input Current Viy =0V 1.0 MA

VoL  Output Low Voltage loL = 1.6 mA Vi 04

Von  Output High Voltage lon = 0.8 mA 24 Vss

llo  Output Leakage Current | Vgyr =0V, CS = V,,, 1.0 HA

Ioo  Power Supply Current MM5204 T, =0°C, CS = V,,, Power Saver = ViL 28 40.0 mA
MM4204 T, =0°C,CS =V, Power Saver = V/,, 50.0 mA
MM5204 T, =0°C, CS = V,,,, Power Saver =V, 6.0 8.0 mA
MM4204 T, =0°C, CS = V,,y, Power Saver = V,,, 10.0 mA

Iss MM5204 T, =0°C, CS = V,,,, Power Saver = V/,,_ 42 mA
MM4204 Ta =0°C,CS = V,,, Power Saver = V,_ 52 mA
MM5204 T, =0°C, CS = V,, Power Saver = V,, 10 mA
MM4204 T, =0°C, CS = V,,y, Power Saver = V,,, 12 mA

ac electrical characteristics Ta within operating temperature range, V| =0V, Vgg
MM4204: Vgg = 5.0V +10%, Vop =12V £10%, MM5204: Vgg = 5.0V +5%, Vpp = =12V £5%, unless otherwise noted.

= PROGRAM = Vg,

TYP

PARAMETER CONDITIONS MIN MAX UNITS
(Note 7)

tacce Access Time

MM5204 Ta = 70°C.(Figure 1), (Note 4) 0.75 1.0 s

MM4204 Tn =85°C, (Figure 1), (Note 4) 1.25 s
teo Power Saver Set-Up Time

MM5204 (Figure 1) 1.8 us

MM4204 (Figure 1) 2.0 us
tco Chip Select Delay

MM5204 (Figure 1) 500 ns

MM4204 (Figure 1) 600 ns
ton Data Hold Time (Figure 1) 30 50 ns
topc  Chip Select Deselect Time

MM5204 (Figure 1) 30 300 500 ns

MM4204 (Figure 1) 30 300 600 ns
tope Power Saver Deselect Time

MM5204 (Figure 1) 30 300 500 ns

MM4204 (Figure 1) 30 300 600 ns
Cin Input Capacitance (All Inputs) Vin = Vgg, f = 1.0 MHz, (Note 2) 5.0 8.0 pF
Cout Output Capacitance Vour = Vss, CS =V, f= 1.0 MHz, 8.0 15 pF

(All Qutputs) {Note 2)
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programmer electrical characteristics T, = 25°C, Vss = CS = Power Saver =0V, V| =0V to —14V,
unless otherwise specified, (see Figure 2), (Note 5).

PARAMETER CONDITIONS MIN (N?::” MAX UNITS

Iio Data Input Load Current Vin = 18V -10 mA
laLo Address Input Load Current Vin = -50V -10 mA
I Program Load Current VN = 50V -10 mA
I es Vgg Load Current 50 mA
liop Vpop Load Current Vpp = PROGRAM = -50V —200 mA
Vine Address Data and Power Saver -2.0 0.3 \

Input High Voltage
Vie Address Input Low Voltage ’ 50 -1 \

Data Input Low Voltage -18 -1 \%
Voue Vpp and Program High Voitage 2.0 0.5 )
Voip Voo and Program Low Voltage -50 -48 \%
Vgiep Vgg Low Voltage 0 04 \%
Vgup  Vgg High Voltage 11.4 12.6 \Y
Voo Pulse Duty Cycle 25 %
tew Program Pulse Width 0.5 5.0 ms
tos Data and Address Set-Up Time 40 us
toH Data and Address Hold Time 0 us
tss Pulsed Vpp Set-Up Time 40 100 us
tgH Pulsed Vp Hold Time 1.0 us
tgs Pulsed Vgg Set-Up Time 1.0 us
tay Pulsed Vgg Hold Time 1.0 us
tpss Power Saver Set-Up Time 1.0 Us
tpsH Power Saver Hold Time 1.0 us
ta. te  Vpp, Program, Address and Data 1.0 s

Rise and Fall Time

Note 1: ""Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics”
provides conditions for actual device operation.
Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used except on data inputs during programming

Logic 1" = most positive voltage level

Logic “’0"” = most negative voltage level
Note 4: tacc = 1000 ns + 25 (N-1) where N is the number of devices wire—OR'd together.
Note 5: The program cycle should be repeated until the data reads true, then over-programmed 5 times that number of cycles. (Symbolized as
X + 5X programming).
Note 6: The EROM is initially programmed with all “’0’s.”” A Vjyp on any data input BO—B7 will leave the stored “0’s” undisturbed, and a Vj p
on any data input BO—B7 will write a logic 1" into that location.
Note 7: Typical values are for nominal voltages and Ta= 25°C, unless otherwise specified.

erase specification
The recornmended dosage of ultraviolet light exposure is W sec/cm?2.

programming

The MM4204/MM5204 is normally shipped in the un- address inputs AO—A8. Data inputs are BO—B7 and
programmed state. All 4096-bits are at logic ‘0" state. write operation is controlled by pulsing the Program
The table of electrical programming characteristics and input. Since the EROM is initially shipped with all *‘0’s,”
Figure 2 give the conditions for programming of the a V,yp on any data input BO—B7 will leave the stored
device. In the program mode the device effectively “0’s" undisturbed and a V,_p on any data input BO—B7
becomes a RAM with the 512 word locations selected by will write a logic “1” into that location.
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MM4204/MM5204

programming (cont.)

National offers programmer options with both the
IMP16-P and the PACE IPC-16P Microprocessor Devel-
opment Systems.

Contact the local sales office for further information.
There are also several commercial programmers available
such as the Data I/0O Model V.

Most National distributors have programming capabili-
ties available. Those distributors should be contacted
directly to determine which data entry formats are
available.

Microprocessor System  Programmer Part Number

IMP16-P
IPC-16P

IMP-16P/805

IPC-16P/805 In addition, data may be submitted to National Semi-

conductor for factory programming. One of the follow-
ing formats should be observed:

preferred format

The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCII code from model 33 tele-
type or TWX. The paper tape should be as the following example:

Carriage return line feed
allowed between F and B

Start Character Stop Character Data Field* MSB (Pin 11) LSB (Pin 4)

Leader: Rubout for
TWX or letter Key
for telex (at least
25 frames).

BPPPNPPNNFBNNPPNNPPF.. BNPNPNNNNF
[ —

J\\ J [ J

v g v

Trailer: Rubout for
TWX or letter Key
for telex (at least
25 frames)

Word 0 Word 1 Word 511

All Address Inputs LOW All Address Inputs HIGH

*Data Field: Must have only P’'s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre-
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be
entered beginning with word 0.

alternate format [Punched Tape (Note 1) or Cards]

b,, MSB (Pin 22)
MM5204 .
Positive Logic bo, LSB (Pin 15)
Spaces ———————;
annn T atinnnngn®n Note 3
AN AaNNaNNn N
I = ATATA LA TAYATARE BNA) . .
1:2_: .{”_/,, ”\‘:l \\ Note 1: The code is a 7-bit ASCII code on 8 punch tape. The
ANGa AT 6 1 Space tape should begin and end with 25 or more “RUBOUT"’ punches.
ASaen1 AN s Note 2: The ROM input address is expressed in decimal form
DRSS and is preceded by the latter A.
\ 0o
Vs 00000 Note 3: The total number of “1” bits in the output word.
- T Note 4: The total number of “1* bits in each output column or
bit position.
ASIL O1n101 4
8/ 14n e Note 4
TBG 150
8 250
T84 4ann
183 010
182 100
1B1 299
180 4197
t 1 Space

erasing procedure
The MM4204Q/MM5204Q may be erased by exposure

exposure for an additional 16 minutes for a total of 24
minutes. Examples of UV sources include the Model

to short-wave ultraviolet light—253.7 nm. There exists
no absolute rule for erasing time or distance from
source. The erasing equipment output capability should
be calibrated. Establish a worse case time required with
the equipment. Then over-erase by a factor of 2,i.e., if
the device appears erased after 8 minutes, continue

UVS-54 and Model S-52 manufactured by Ultra-Violet
Products, Inc. (5114 Walnut Grove Avenue, San Gabriel,
California). The lamps should be used without short-
wave filters. The MM4204/MM5204 should be placed
about one inch away from the lamp for about 20—30
minutes.
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ac test circuit

5.0V +5%
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INPUT Ao-As
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OUTPUT
B0-87
0M7400
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*"tacc. Ton. tco. and top measured at output of MMA4204/MM5204.

switching time waveforms
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MMS5204-1 Electrically Programmable 4096-Bit Read Only Memory (EPROM)

Naﬁo_nal DECEMBER 1977
Semiconductor

MM5204-1 Electrically Programmable
4096-Bit Read Only Memory (EPROM)

General Description

The MM5204-1 is a 4096-bit static Read Only Memory ®  Static operation—no clock required

which is electrically programmable and uses silicon gate ® Easy memory expansion—TRI-STATE® output Chip
technology to achieve bipolar compatibility. The device Select input (CS)
is a non-volatile memory organized as 512 words by 8 ® Q" quartz lid version erasable with short wave ultra-

bits per word. Programming of the memory is accom-
plished by storing a charge in a cell location by applying
a —50V pulse. A logic input, ’Power Saver”, is provided

violet light (i.e., 263.7 nm)
® | ow power dissipation

which gives a 5:1 decrease in power when the memory is = “Power Saver” control for low power applications
not being accessed. ® Compatible with SC/MP 1| N-channel microprocessor
Features Applications

Field programmable & Code conversion
® Fast program time: ten seconds typical for 4096 bits ® Random logic synthesis

Fast access time ® Table look-up

MM5204-1 700 ns ® Character generator

DTL/TTL compatibility ® Microprogramming

® Standard power supplies 5V, —-12Vv ® Electronic keyboards

Block and Connection Diagrams

Dual-In-Line Package

2
All—s—é Vv 1 24
- Vgg — — Vi,
23
Al ——p +——Vpp 2 23
) , POWER SAVER —] — Voo
a2 —p 409681 «——v
8 theens = oeco :> n o 12 ” CHIP SELECT — )
BUFFERS DECODER MATRIX = 122
A3 ——p] 512x8 Vs A 2
1
4
A=y <« —ProGRAM PROGRAM — — 86
5 20
as L A —] — 85
6 19
T U a1 — SLW
11
[— A6 7 18
2 " A2 — ALY
POWER SAVER ——] —> Y DECODER K= iR [¢— A . "
A3 — — 82
e ne
CONTROL A LY
CIRCUITS
15
- i s <Y — 8o
—_ 3 1 I L
65— 1 ouTpuT BUFFERS s |— ae
12 13
Vss = — a7
lisl‘slnlulwlznlzvlzz
80 B1 B2 B3 B4 85 B B7 TOP VIEW
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Absolute Maximum Ratings Note 1)

All Input or Output Voltages with

Respect to Vg Except During Programming +0.3V to —20V
Power Dissipation 750 mW
Operating Temperature Range

MM5204-1 0°C to +70°C
Storage Temperature Range -65°C to +125°C
Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics

T A within operating temperature range, V| | = 0V, Vgg = PROGRAM = Vsg, Vsg = 5
otherwise noted.

V t6%, Vpp = —12V £5%, unless

TYP
PARAMETER CONDITIONS MIN MAX UNITS
(Note 7)
ViL Input Low Voltage Vgs 14 Vgs 4.2
VIH Input High Voltage Vss 1.5 Vgg+0.3 \
(TN Input Current VIN ~ OV 1.0 uA
VoL Output Low Voltage loL = 1.6 mA ViL 04
VOH Output High Voltage loH = -0.8 mA 24 Vss
Lo Output Leakage Current VouT - 0V, CS=ViH 1.0 uA
DD Power Supply Current Ta-0'C,CS = VIH,
Power Saver = Vi 28 40.0 mA
Power Saver - V|H 6.0 8.0 mA
Igs . Vss Current TA=0C,CS=ViH
Power Saver = VL 42 mA
Power Saver ~ V|H 10 mA

AC Electrical Characteristics

T A within operating temperature range, V| | = 0V, Vgg = PROGRAM = Vgg, Vss = 5V +5%, Vpp = —12V £5%, unless

otherwise noted.

PARAMETER CONDITIONS MIN (N:::” MAX UNITS
taACC  Access Time Ta = 70 C. (Figure 1), (Note 4) 700 ns
tPO Power Saver Set-Up Time (Figure 1) 1.4 us
tco Chip Select Delay (Figure 1) 250 ns
tOH Data Hold Time (Figure 1) 30 50 ns
topc  Chip Select Deselect Time (Figure 1) 30 200 500 ns
topp  Power Saver Deselect Time (Figure 1) 30 200 500 ns
CIN Input Capacitance (All Inputs) | VN = Vss, f = 1.0 MHz, (Note 2) 5.0 8.0 pF
CouT Output Capacitance VouT = Vss. CS = Vin. f = 1.0 MHz, 8.0 15 pF

(Al Qutputs) (Note 2)
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Programmer Electrical Characteristics
TA =257C, Vgg = CS = Power Saver = 0V, V(| = OV to —14V, unless otherwise specified, (Figure 2), (Note 5).

PARAMETER CONDITIONS MIN (NLT:” MAX UNITS
It Data Input Load Current ViN= 18V -10 mA
IALD  Address Input Load Current ViN= 50V -10 mA
I p Program Load Current VIN = -50V -10 mA
lLBB VBB Load Current 50 mA
ILDD VpD Load Current VpD - PROGRAM = - 50V -200 mA
ViHP  Address Data and Power 20 03 v
Saver Input High Voitage
ViLP  Address Input Low Voitage 50 1"
Data Input Low Voltage 18 1 v
VDHP VpD and Program High 20 6.5 \
Voltage
VDLP VDD and Program Low 50 -48 \
Voltage
VBLP VBB Low Voltage 0 0.4 v
VBHP VBB High Voltage 114 126 \
VDD  Pulse Duty Cycle 25
tPw Program Pulse Width 05 5.0 ms
tpDsS Data and Address Set-Up 40 us
Time
tDH Data and Address Hold Time 0 us
tss Pulsed Vpp Set-Up Time 40 100 Hs
tSH Pulsed Vpp Hold Time 1.0 Hs
tBS Pulsed Vgg Set-Up Time 1.0 us
tBH Pulsed Vgg Hold Time 1.0 MS
tpss Power Saver Set-Up Time 1.0 Hs
tPSH Power Saver Hold Time 1.0 us
tr, ty VpD. Program, Address and 1.0 Hs
Data Rise and Fall Time

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “'Electrical Characteristics”
provides conditions for actual device operation
Note 2: Capacitance is guaranteed by periodic testing
Note 3: Positive true logic notation is used except on data inputs during programming

Logic "1 = most positive voltage level

Logic “0" = maost negative voltage level
Note 4: tacc =700 ns + 26 (N-1) where N is the number of devices wire—OR’d together.
Note 5: The program cycle should be repeated until the data r2ads true, then over-programmed 5 times that number of cycles. (Symbolized as
X + 5X programming).
Note 6: The EPROM is initially programmed with all “0’s.” A VIHP on any data input BO—B7 will leave the stored ‘0
on any data input BO—B7 will write a fogic 1" into that location.

s undisturbed, and a V| p

Note 7: Typical values are for nominal voltages and T o = 25”C, unless otherwise specified.

Erase Specification

The recommended dosage of ultraviolet light 2xposure is BW sec/cm2.

Programming

The MM5204-1is normally shipped in the unprogrammed
state. All 4096 bits are at logic *‘0"" state. The table of
electrical programming characteristics and Figure 2 give
the conditions for programming of the device. In the
program mode the device effectively becomes a RAM
with the 512 word locations selected by address inputs

A0—A8. Data inputs are BO—B7 and write operation is
controlled by pulsing the Program input. Since the
EPROM is initially shipped with all “0's"”", a V|HP on any
data input BO-B7 will leave the stored “*0's” undis-
turbed and a V| _p on any data input BO—B7 will write a
logic “1”" into that location.
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Programming (Continued)

National offers a programming option with the SC/MP
Low Cost Development System (LCDS).

See application note AN-189 for a description, or contact
the local sales office for further information. There are

also several commercial programmers available.

Most National distributors have programming capabili-
ties available. Those distributors should be contacted

Preferred Format

directly to determine which data entry formats are
available.

In addition, data may be submitted to National Semi-
conductor for factory programming. One of the follow-
ing formats should be observed:

The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCI1I code from model 33 tele-
type or TWX. The paper tape should be as the following example:

Carriage return line feed
atlowed between F and B

Start Character Stop Character

Leader Rubout for
TWX or fetter Key
for telex (at least

Data Field*

1

BPPPNPPNNFBNNPPNNPPF

MSB (Pin 111 LSB (Pin 4}

Trailer: Rubout for
TWX or letter Key
for telex (at least

BNPNPNNNNF
— \ -

25 trames) - v — \ ~
Word 0 Word 1

All Address Inputs LOW

25 frames}

v

Word 511

P
All Address Inputs HIGH

“Data Field: Must have only P’s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre-
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be

entered beginning with word 0.

Alternate Format (punched Tape (Note 1) or Cards]

MM5204-1
Positive Logic __bo. 188 (Pin 15)
2 Spaces ———gp——"" /
/
I  now3
) o T 1 Space
. [RRNEN
A 1
. — Notw 4
o
A
1
Vo
e
e Vo
- ———t—— 1 Space

Erasing Procedure

The MM5204-1 may be erased by exposure to short-
wave ultravioletlight—253.7 nm. There exists no absolute
rule for erasing time or distance from source. The erasing
equipment output capability should be calibrated.
Establish a worst-case time required with the equipment.
Then over-erase by a factor of 2, i.e., if the device appears
erased after 8 minutes, continue exposure for an addi-

b,, MSB (Pin 22)

Note 1: The code is a 7-bit ASCII code on 8 punch tape. The
tape should begin and end with 25 or more "RUBOUT'’ punches.

Note 2: The ROM input address is expressed in decimal form
and is preceded by the latter A.

Note 3: The total number of "1” bits in the output word.
Note 4: The total number of **1"" bits in each output column or
bit position.

tional 16 minutes for a total of 24 minutes. Examples of
UV sources include the Model UVS-54 and Model S-52
manufactured by Ultra-Violet Products, Inc. (5114
Walnut Grove Avenue, San Gabriel, California). The
lamps should be used without short-wave filters. The
MM5204-1 should be placed about one inch away from
the lamp for about 20—30 minutes.
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AC Test Circuit

Typical Application
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FIGURE 1. Read Operation

Programming Waveforms
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INTRODUCTION

This technical guide describes National’s family of semiconductor EPROMs —
erasable programmable read only memories. It is written to help the digital
system designer select and apply National EPROMs to yield the most efficient
systems possible.

Three National EPROMs are described:

M1702A, a 2K memory and direct replacement for the Intel 1702A.
MM5203, a 2K memory.

MM5204, a 4K memory.
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SECTION |
INTRODUCTION TO NATIONAL EPROMS

Each major step in the evolution of read only
memories (ROMs) has given the user more flexibilty
and choice in designing digital systems. Early ad-
vances in ROM technology made fixed-program stor-
age more economical and gave the designer more
latitude in memory size and organization. They also
made possible memories of smaller dimensions.

Programmable ROMs (PROMs) went a step further by
enabling the designer to dictate the pattern of the pro-
grammed data, which the memory is to store, entered
in the device either at the factory before shipment or by
the user after shipment.

Erasable PROMs (EPROMs) represent the next logical
step. National EPROMs put erase and reprogram
capabilities into the designer’s hands. Using EPROMSs,
the designer is free to make changes, and can create
the best possible system for the particular purpose
because EPROMs can be erased and reprogrammed as
often as needed to accommodate those changes, up to
the time of final design, if neccessary.

EPROMSs permit design flexibility increased bit density,
low inventory cost, and easy system assembly and
test. But they must be programmed, erased, and used
in the system correctly if they are to provide these
benefits in addition to low reject rates and high field
reliability.

1. General advantages to the designer.

Besides the ability to program, erase, and reprogram
as many times as desired, the user of National EPROMs
can also take advantage of these other features:

® MOS silicon-gate technology, which permits bipolar
compatibility, higher-performance MOS circuits,
and higher functional density per chip than conven-
tional MOS technologies.

o Fast programming and access

® Design flexibility, with bipolar, DTL and TTL com-
patibility, simple memory expansion, and pin com-
patibility with National’s mask-programmable
ROMs.

e Input protection against static charge.

e Non-volatile storage. (National’s tests indicate data
retention for at least 20 years under proper condi-
tions.)

@ Quick turnaround from order to shipment.

The most distinguishing feature of the EPROM is the
erasability of data by ultraviolet light. That process is

understood more quickly and easily if we first view the
basic EPROM storage cell and how the cell is pro-
grammed.

2. The FAMOS storage cell.

The basic EPROM cell is a Floating-gate, Avalanche-
injection, MOS (FAMOS) field-effect transistor. It is a
P-channel device with a floating polysilicon gate. The
gate is insulated from the silicon substrate by an SiO,
layer of ~ 1000 A and from the top surface by ~ 1 um of
vapox-deposited oxide.

There is no electrical access to the gate electrode; thus
no electrical contact is made with the gate. (See Figure
1)

o How it is programmed.

To program the cell, a charge of electrons must reach
the floating gate. This is achieved by applying a junc-
tion voltage of greater than -30 volts to the P-channel
drain which in turn causes an injection of high-energy
electrons from the avalanche region of the device,
through the 1000 Z Si0, layer and onto the floating
gate.

The charge of electrons accumulates on the floating
gate and stays there even after the junction voltage is
discontinued. The charge (program data) is thus
stored, since the eletrical field is not strong enough to
transport the electrons over the “wall” formed by the
floating gate’s thermal-oxide insulation. (See Figure
34, Appendix.)

After 10 years, 70 percent of the originai charge will still
be present in the cell if the operating temperature has
been limited to 125°C. This was determined by plotting
diminishing charge (charge decay) as a function of
time at 125°C and 300°C, and extrapolating the 300°C
data.

o How it is erased.

Removing the charge (erasing the data) requires
energy of a form other than electrical, because the
charges stored at the floating gate cannot be accessed
electrically.

Therefore the FAMOS cell is exposed to uitraviolet
light of the proper intensity and wavelength. This
photon energy (or photocurrent) excites the stored
electrons “‘over the wall” of thermal-oxide insulation,
away from the floating gate, back to the avalanche
region where it orginated, and finally to the drain.

The floating gate is thus discharged; the FAMOS cellis
empty of data and ready to be reprogrammed. (See
Figure 35, Appendix.)
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e Erase procedure for the user.

Each National EPROM designated “Q"is packaged with a
transparent quartz lid. Through the lid, the user may ex-
pose the device to ultraviolent light in order to erase the bit
pattern. The procedure includes these steps:

1.) Use a source (lamp) that emits high-intensity, short-
wave, ultraviolet light. Examples of lamps that can
erase a bit pattern in 10 to 20 minutes are listed in Table
M (Appendix); National has evaluated and approved
these for use with the company’s EPROMs.

2.) Placethe memory to be erased aboutone inch fromthe
lamp tubes. Do not use short-wave filters. o

3.) Expose the memory to light at a wavelength of 2537A.
The recommended mtegrated dose (UV intensity x ex-
posure time) is 6W-sec/cm?.

Since there is no absolute rule regarding erase time, estab-
lish the worst-case exposure time required by the equip-
ment. Then over-erase exposure by a factor of 2. For
example, if the device appears to erased after 8 minutes of
exposure, continue the exposure for an additional 16 mi-
nutes for a total of 24 minutes. This over-erasing may be
expressed as x + 2x.

Calibrate the UV lamp monthly, since UV output varies
during the lifetime of the lamp.
3. Program/erase considerations: key to EPROM per-

formance.

The programming and erasing of EPROMs are so strongly
interrelated that this primary rule is to be followed:

In the event of any programming problem.‘ first check the
erase function. In the event of any erase problem, first
check the programming function.

For best results in programming EPROMs, National re-
commends that designers not build their own pro-
grammers but use, instead, any of the commercially avail-
able programmers listed in Table L (Appendix) which have
been approved by National for use with the company’s
EPROMs.

Figure 1. FAMOS storage cell of a National Eprom.

Cross section of the cell at equilibrium (zero charge). The
presence or absence of charge in the FAMOS cell can
easily be detected at any time by measuring the conduc-
tance between the source and the drain.

Figure 2. Floating-gate programming characteristics.

This diagram, which plots floating-gate charge vs. pro-
gramming time, is applicable to all National EPROMs; only
the value of “A” varies: for the

MM1702, A = 4; for the
MM5203, A = 3; and for the

MM5204, A = 5. In all cases, x min = 1 ms and x max = 200
ms.

Figure 3. Floating-gate erase characteristics.

This diagram, which plots floating-gate charge vs erase
time, illustrates the over-erasing method (x + 2x) discus-
sed in the text. National's erase procedure is based on a
recalibration of the erase system every three months and
calibration for three time-constants.

PHYSICAL CONSTRUCTION OF FLOATING GATE

POLY SILICON GATE

METALLIZATION

SOURCE
(P-TYPE)

GATE OXIDE

DRAIN
(P-TYPE)

FLOATING GATE IN PROGRAMMING MODE

-Veroo

\

SOURCE

Y

SUBSTRATE

—

FIGURE 1. FAMOS Storage Cell
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FLOATING-GATE CHARGE —

X+ AX
1702AA =4
Xpin =1 ms
Xmax =200 ms

TOTAL CHARGE

TRIP POINT

j-=—0VER-PROGRAM CHARGE

X PROGRAMMING TIME —=

X+6X

FIGURE 2. Floating-Gate Characteristics
Interactive Programming

Recalibrate Erase System Every
Three Months; Calibrate for Three
Time-Constants

TRIP POINT

FLOATING-GATE CHARGE —

ERASE TIME

x" ERASE TIME —=

X+2X

FIGURE 3. Floating-Gate Erase Characteristic

Figure 4. UV Intensity (in Voltage) as a Function of
Time (in seconds).

The UV output to photon energy of 4.9#eV (2537 f\), while
the built-in field surrounded by oxide is 4.3#eV. Because
the photon energy is greater, it moves the electrons and
transports the charge from the floating gate.

L ULTRAVIOLET ERASER
A=2537 R pW/em?
1=4500

16 |— e

Avg'(voLT)
=
I

ORGINAL Vy

] | | ] | ] |

20 4 60 80 100 120 140 160
TIME (SEC)

FIGURE 4. UV Intensity Vs. Time

When programming, the user must be alert to many and
varied considerations such as those that follow:

© Out-of-specification voltages — usually in the pro-
gramming mode and detectable with an oscilloscope

@ Older instruments — may need modifications such as
filters to eliminate transients

© Socket performance — sockets are expensive, and even
a replacement may malfunction. Since most pro-
grammers do not have continuity-test features, socketing
problems usually appear to be device-oriented

® Wide swings in voltage — be sure driver circuits cover
these contingencies

e Timing — critical, and must be correctly maintained

® A satisfactory program algorithm — fixed time vs. interac-
tive . . . — must be determined before programming

® The effect of heat on programming performance — see
figures of temperature-sensing circuits in Appendix

Calibrate the programmer weekly, and always refer to the
data sheet or technical description accompanying the in-
strument.

Calibrate the erase system monthly. The recommended
procedure for such calibration is found in Table N (Appen-
dix). This procedure is applicable to all erase systems listed
in Table M.




4. Basic similarities.

The three EPROMSs described here are erasable, electri-

cally programmable, MOS read-only memories with the

following features in common:

® Silicon gate technology — for higher-performance MOS
circuits and higher functional density on a monolithic
chip.

® Static MOS circuitry — no clocks required

® TRI-STATE output — Or-tie capability and common data
busing

® Non-volatile storage — data retention despite power in-
terruptions

® Fast programming and access — exact figures differ
among the EPROMSs and are provided in Section il

® Compatilibity — Bipblar, DTL, TTL; pin-compatibiity with
National mask programmable ROMs

@ 24-pin dual-in-line organization

® Simple memory expansion — chip-select input pin and
output control

® Guaranteed all-bit programmability — 100-percent fac-
tory testing; all bits are also fully decoded

© Standard power supplies

® Common applications of the EPROMs include code
conversion, random logic synthesis, pattern ex-
perimentation, table look-up, character generation,
microprogramming and, with the MM5204, elec-
tronic keyboards.

® Each of the EPROMs will drive MOS circuitry. All can
be shipped unprogrammed. All may be programmed
by yse of a -60 volt pulse to store a charge in a cell
location, as explained in Section I. Further pro-
gramming details are explained in the individual
EPROM descriptions in Section Ill.
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SECTION 1l
THE MM1702AQ, MM5203P, AND MM5204Q

1. The MM1702A EPROM

The National MM1702A is a 256-word by 8-bit ROM thatis
electrically programmable and is erasable by ultraviolet
light. It is a direct replacement for the Intel 1702A and is
ideally suited to uses where fast turn-around and pattern
experimentation are important.

The MM1702A may be used to design prototype or initial-
run systems, which then can be produced in large volume
using the even more economical MM1302, a pin-for-pin
compatible mask-programmed National ROM.

The following figures illustrate the structure, operating
chatacteristics and programming chatacteristics of the Na-
tional MM1702A.

Structure

Figure 5. Logic and Pin Configuration.
Logic Symbol.

Pin Assignment.

Pin Names.

Figure 6 Block Diagram.

Operating Characteristics

Figure 7. Typical Performance Characteristics.
Table A. Electrical Characteristics . . dc.

Table B. Capacitance Characteristics.

Figure 8. Input Characteristics.

8. Input buffer. (Input protection.)

b. Input levels. High and low voltage (logic)
levels. They are TTL-compatible and will
function with normal MOS levels.

Figure 8. Output Characteristics.

a. Output buffer. This circuit diagram indi-
cates how the chip select control (with
Tri-State output) turns off both transis-
tors and places the buffer in a high-
impedance state.

b. Output levels. Like the input levels, they
are TTL-compatible and will function with
normal MOS levels.

Table C. Electrical Characteristics . . ac.
Figure 10. Read Operation Timing.
Figure 11. Power-Down Timing.
Programming Characteristics
Figure 12. Program Waveforms.
Table D. Program Operation Characteristics.
a. dc.
b. ac.
Table E. Read/Program Voltage.

Dual-In-Line Package

Voo Vec Vec A3 A As Ag A Voo Ves cs GRAM

2 2 ja2 |

19 {19

17 16 [15 |1a |n

PROGRAM
CHIP SELECT ——1 b D1 PIN NAMES
— b D
Ay — _ni Ag-Az Address Inputs
n e2a [ [ Chip Select Input
~— 0 1702A D -D Data Outputs
Ag — }—0¢ out 1" “out8
Ay — 0y
Ag— p—0s
A —
R EED 6 [7 Jo |9 o [n In
Logic Symbol A A A vee
138 *DATA QUT L)
Top View

Pin Assignment
*The pin in the data input lead during programming

FIGURE 5. Logic and Pin Configuration — 1702A
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1o CURRENT (ma)

OUTPUT SINK CURRENT (mA)

|

I

ADDRESS XADORESS | X DECODE MEMORY ARRAY
u«;u:n —1 et v I TR 256218
“"F,",," S SECTIONS PARALLEL
ADDRESS ACH
INVERTER | ¥ o 20080 ] Voo surren Vag
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Y DECODE 1-0F-8 (3) I
CHIP SELECT
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FIGURE 6. Block Diagram — 1702A
typical performance characteristics
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FIGURE 7. Typical Performance Characteristics — 1702A
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TABLE A — 1702A

read operation dc characteristics
Ta =0°Cto +70°C, Ve = +5V $5%, Vpp = ~9V 6%, Vgg = ~9V *5%, unless otherwise noted. Typical values are at nominal

voltages and T4 = 25°C. (Note 2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
L) Address and Chip Select | V,y = 0.0V 1 uA
Input Load Current
o Output Leakage Current | Vouy = 0.0V, €S =Vee -2 1 uA
1000 | Power Supply Current | Vg = Ve, €S = Ve -2 5 10 mA
loy = 0.0mA, T, =25°C,
{Note 2)
lppy | Power Supply Current CS = Vce ~2. 1oL =0.0mA, 35 50 mA
Ta =25°C
1op2 | Power Supply Current | CS=0.0, Io_ =0.0mA, T4 = 25°C 32 46 mA
lops | Power Supply Current CS =Vce 2, 1o, =0.0mA, 38.5 60 mA
Ta=0°C
lcer | Output Clamp Current | Vour =-1.0V, T4 =0°C 8 14 mA
lce2 | Output Clamp Current | Vour =-1.0, Ta = 25°C 13 mA
lsa Gate Supply Current 1 uA
Vier Input Low Voltage for -1.0 Vee—4.1 \"
TTL Interface
ViL2 | Input Low Voltage for Voo Vee 6 \
MOS Interface
Vin Address and Chip Vee—2 Vec+0.3 \4
Select Input High
Voltage
oL Output Sink Current Vour = 0.45V 1.6 4 mA
lon Output Source Current | Voyr = 0.0V -2.0 mA
VoL Output Low Voltage foL = 1.6 mA -0.7 0.45 v
Vou Output High Voltage low = 100pA 35 45 v

Note 1: Stresses above those histed under **Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specificationis
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device rehability.

Note 2: Power-Down Option. VGG may be clocked to reduce power dissipation. The average Ipp will vary between Ippg and Ipp1 depending
on the VGG duty cycle (see typical characteristics). For this option, please specifty MM1702AL.
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capacitance characteristics T, =25C (Note 3)

TABLE B — 1702A

‘SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Cin fnput Capacitance All Unused  V,n = Ve 8 15 pF
Cout | Output Capacitance | Pins Are CS = Vee 10 15 pF
Cuvoo | Voo Capacitance At ac Vour = Vee 30 pF

{Note 1) Ground Vgo = Vee
Note 3: This parameter is periodhically sampled and i1s not 100° tested.
a. INPUT BUFFER b. INPUT LEVELS
Voo vss | —— ——— 45V
Vsg-2.0V —_————— v
T0 BOOTSTRAP
CIRCUIT
Vgg 4.0V — — — +HvV
% s
A

ViL

Vgs—10V e e — -5V
Vee
FIGURE 8. Input Characteristics — 1702A
8. OUTPUT BUFFER b. OUTPUT LEVELS
Voo r Vee —_——— e —
Voo
30e \ 35V —_—_——
___‘,__.I
045V — — — 0.45V
0;
S Vou
es Vpp — — — -av

Vee

FIGURE 9. Output Characteristics — 1702A
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TABLE C. Electrical Characteristics —AC — 1702A

read operation ac characteristics

Ta =0°C 10 470°C, V¢ = +5V #5%, Vpp = 9V 5%, Vg = -9V $5%, unless otherwise noted.

SYMBOL PARAMETER MIN TYP MAX UNITS
Freq. Repetition Rate 1 MHz
ton Previous Read Data Valid 100 ns
tace Address to Output Delay 0.7 1 us
toveg| Clocked Vg Set-Up (Note 2) 1 us
tcs Chip Seiect Deiay 100 ns
tco Output Delay From cs 900 ns
too QOutput Deselect 300 ns
tonc Data Out Hold in Clocked Vgg Mode (Note 1) 5 Hs

{a) Constant Vgg Operation (b) Power-Down Option (Note 1)
‘-’—— CYCLE TIME =< 1/f -———-1 -
Vi 10%
ADDRESS g X
20%
‘-————CVCLE TIME = \/F Vi
Vo 0% Vae
ADDRESS | _ 2tm
Voo L 90% cs
_.4 s Yu |
_ Y tow Ve
s CLOCKED
Vo Voo Voo .l (NOTE 1)
[pp— tace o
e r— v .
n::l: nl:’v‘lgl‘:l‘ ul:“’l“':l‘g DATA o DATA OUT DATA OUT
Vou S ourt INVALID INVALID
e e Vou
DESELECTION OF DATA OUTPUT IN OR TIE OPERATION
DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION ™
Ym = ADDRESS
ADDRESS
v X
w -
V1 % s v..—\
=" &
Vo 0% ‘-‘ A
n | too v
DATA Yo ) CLOCKED “-il
out Voo
v“ GG
o f— vor—]
Conditions of Test: OATA OUT
Input puise ampitudes: 8-4V. 1, 1 - 50 ns. Outputlosd 13 1 TTL gate; memure- Vou
ments made ot output of TTL gate (top - 15ms), €y = 15 pF "‘c_“

FIGURE 10. Read Operation Timing — 1702A

Note 1: The output will remarn valid for (onc 35 1ong as clocked Vg ot Ve An
addres] change may oceur as 3000 as the output 1 sensed (clocked Vg may stlibeat
Vcc). Data becomes invahd for the old address when clocked Vg 1 returned 18 Vg

Note 2: 11 €8 makss 2 transition from V,, 1o Ve while clocked Vg 113t Vgg. then
deselection of sutput Oceurs ot oo 43 shown @ static operation with constaat Vag.

FIGURE 11. Power-Down Timing — 1702A
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FIG 12 PROGRAM-1702A
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TABLE D. Programming Characteristics — 17702A

a.dc. programming operation dc characteristics
Ta =25°C, Ve = OV, Vgg = 12V $10%, CS = OV unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Iuine | Address and Data Input VN = —48V 10 mA
Load Current

I ize | Program and Vg Load V\n = 48V 10 mA
Current

lgs Vgg Supply Load Current (Note 5) 10 100 mA

loor | Peak Ipp Supply Load Voo = Verog = "48V 200 300 mA
Current Vgg = 35V (Note 4)

Viue Input High Voltage 03

Vi ip | Pulsed Data Input Low 46 48
Voltage

V, 2¢ | Address input Low Voltage 40 48

V, 3 | Pulsed Input Low Vg and 46 48

Program Volitage

ViLap | Pulsed Input Low Vgg 35 40 \
Voltage

Note 4: Ippp flows only during Vpp. VGG on time. Ippp should not be allowed to exceed 300 mA for greater than 100us Average
power supply current Ippp 1s typically 40 mA at 20° duty cycle
Note 5: The Vgg supply must be hmited to 100 mA max current to prevent damage to the device.

b.ac.. programming operation ac characteristics
Ta =25°C. Vce = OV. Vgg = 12V 110%, CS = OV unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Duty Cycle (Vpp, Vgg! 20 %

topw Program Pulse Width Vgg = 35V. Vpp 3 ms

Verog = 48V

tow Data Set-Up Time 25 us

ton Data Hold Time 10 us

tyw Voo. Vg Set-Up 100 us

tvo Voo. Vgg Hold 10 100 Hs

tacw | Address Complement (Note 6} 25 us
Set-Up

tacu | Address Complement (Note 6) 25 Hs
Hold

tatw | Address True Set-Up 0 Hs

tarm | Address True Hold 10 us

Note 8: All 8 address bits must be in the complement state when pulsed VDD and VGG move 10 their neg; tevels The

{0-255) must be programmed as shown in the timing diagram unul data reads true, then over-programmed 4 times that amount.
{Symbolized by x + 4x.)
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Programming the MM1702A

All 2048 bits of the MM1702A are in the “0" state (output
low). Information is introduced by selectively programming
“1"s (output high) in the proper bit locations.

Word addresses are selected by the same decoding cir-
cuitry used in the Read mode. When the pulsed Vpp and
Vg move to their negative levels, all eight address bits
must be in the binary complement state, and the addresses
must be held there for at least 25 us after Vpp and Vgg
have moved. The addresses must then make the transition
to their true state at least 10 us before the program pulse is
applied.

Program the addresses in the sequence 0-255 at least 32
times. Use the eight output terminals as data inputs to
determine the information pattern in the eight bits of each
word. A low data input level (-48V) will program a “1"; a
high data input level (ground) will leave a “O" (See Table
E).

Setting the desired bit information patterns on the data
input terminals programs all eight bits of a word simultane-
ously.

During the programming, Vg, Vpp and the Program Pulse
are pulsed signals.

TABLE E. Read/Program Voltages — 1702A

READ PROGRAM

PIN Hi LO Hi Lo MAX |
ADD Vec-2to Vee | Vop to Veo-41| 0 | —40 to —48| 10mA
DATA
(Outputs) 3.5to Vo Vpp to 0.45 0 | —461to -48| 10mA
cs Vcc-2toVee | Vppto Vecg-4.1| 0 - -
PROG 5 - 0 | -46to -48 -
P22, P23 5 _ 0 _ _
Vec
Vgg 5 - 12 - 100mA
Voo -9 - 0 | -46 to —48| 300mA
Vea -9 - -35to -40| 10mA

2) The MM5203 EPROM

(Military MM4203)

The National MM5203 is a 2048-bit ROM that is electri-
cally programmable and is erasable by ultraviolet
light. The programmable memory is organized as 256
words of 8-bits each or organized as 512 by 4 bits. 5203
is electrically selectable between the two modes.

The MM5203 is pin-compatible with National’'s
MM5213 and MM5231 mask-programmable ROM:s.

The following figures and tables illustrate the struc-
ture, operating characteristics, and programming
characteristics of the National MM5203.

Structure

Figure 13. Logic and Pin Configuration.
Logic symbol.
Pin Assignment.

Pin Names.

Figure 14. Block Diagram.

Operating Characteristics

Figure 15. a. Typical performance characteristics.

b. Access time vs Vpp and temperature.

Figure 16. Input Characteristics.
a. Input buffer.
b. Input levels.
Figure 17. Output Characteristics

a. Outputbuffer. Note thatin the case of the
MM5203, the V| provides independent
control on the output Vg,.

b. Output levels.

Figure 18. Read Operation Timing.
Table G. Read Conditions.

Figure 19. Program waveforms.
Table H. Program Conditions.

Figure 20. Output structure, unique to MM5203. V, is
used for output Vg only , and can be any
voltage from -3 to -14 for a desired output
swing.

Figure 21. Typical Application. 512 x 12 MM5203
memory.
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Programming the MM5203

The MM5203 normally is shipped unprogrammed, with all
2048 bits initially in the *1" state (output high). Information
is Introduced by selectively programming “O"'s (output low)
in the proper bit locations.

Word addresses are selected by the same decoding cir-
cuitry used in the Read mode. Addresses must be present
at least 1 us before the program pulse is applied. Use the
eight output terminals as data inputs to determine the in-
formation pattern in the eight bits of each word. A low
data-input level (-50V) will program a “1"; a high data-input
level will leave a “O".

Setting the desired bit information patterns on the data
input terminals programs all eight bits of a word simuitane-
ously. The duty cycle of the Vpp pulse (amplitude and
width as shown in Figure 19) should be limited to 2%.
National recommends putting a fan on the part for faster
and better programming.”

In program mode, data inputs 1-8 are pins 4-11 réspec-
tively, regardless of the logic state of Ag and mode control.
Chip Select should be disabled (high).

Positive logic is used during the read mode for addresses
and data out. Address O corresponds to all address inputs
atV,_and address 255, corresponds to all address inputs
atVyy. A "1" or a P at a data output corresponds to Vgy. A
“0" or an N at a data output corresponds to Vg, . Positive
logic is also used during the programming mode for ad-
dresses. Address O corresponds to ail address inputs at
V\p and address 2554 corresponds to all address inputs
at Viup.

Negative logic is used during the programming mode
for datain. A 1"’ at a data input correspondsto Vy p A
“0” at a data input corresponds to Vi yup.

DATA AND ADDRESS LINES _
MODE Vss  Vas Voo PROGRAM cs Vi
HIGH Low
Read Vss-20 Vss -4.0 +5 Vss -12 Vss Vss - 4V -3Vto -12V
Program Vss -2.0 Vss - 40 GND 412 -48 -48 GND GND to -50V
(Pulse) (Pulse)

Erasing Procedure

The MM4203Q/MM5203Q may be erased by exposure
to short-wave ultraviolet light-253.7 nm. There exists
no absolute rule for erasing time or distance from
source. The erasing equipment output capability
should be calibrated. Establish a worst-case time re-
quired with the equipment. Then over-erase by a factor
of 2 i.e., if the device appears erased after 8 minutes,
continue exposure for an additonal 16 minutes for a

Preferred Tape Format

The custom patterns may be sent in on a Telex or submit-
ted as a paper tape in a 7 bit ASCII code from model 33

total of 24 minutes. Examples of UV sources include
the Model UVS-54 and Mode! S-2 manufactured by
Ultra-Violet Products, Inc. (5114 Walnut Grove Avenue,
San Gabriel, California). The lamps should be used
without short-wave filters. The MM4203/MM5203
should be placed about one inch away from the lamp
for about 20-30 minutes.

teletype or TWX. The paper tape should be as the following
example:

Carriage return line feed
allowed between F and B.

Leader: Rubout f
TWX or letter Key
for telex (at least

Start Character ——; Stop Character
jor

Data Field®

MsB (Pin 11)  LSB (Pin 4)

Trailer: Rubout for

1
BPPPNPPNNFBNNPPNNPPF. . BNPNPNNNNF JWXorletter Key

for teiex (at least

25 frames.)
Word 0

All Address Inputs LOW

Word 1

25 fremes.)
Worll 255
— e

All Address Inputs HIGH

*Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and F may be typed between the F stop character and the B start
character. |f an error is made in preparing a tape the entire word including the B and F start and stop characters must
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0.

*Critical voltages for the MM5203 are Vgg = +12and Vppog = —49V =1V.

2-43




Dual-In-Line Package

MoA A A A

FIGURE 14. Block Diagram — 5203

MODE At \J v
CONTROL — & 3 % u
Ts . Ay 2 23 p— Ve
PROGRAM 2 LSBA; —f 3 22 }—— rPrOGRAM
A — B, By —os 21— a,
Ay By —5 20 }—— Ag
h—— B
A3 4 B3 cd 19 p—— Ag
5203/4203 5203/4203
Ay T pe—— 18— A;
. — B OUTPUT
Ag . — ' 17 fe Ag
Ag —— Bg Bg ——q 9 16 f— Vpp
Ay By ——f 10 15 f MODE
—— 8, CONTROL
Ag Bg — 11 L] S—
Ag — By Vss 12 13 f—— AgMsB
Logic Symbol Pin Assignment
Al - A9 Address Inputs
[0} Chip Select Input
Bout! — Bout8 Data Outputs
FIGURE 13. Légic and Pin Configuration — 5203
Vo, oy
A e
3 —] CONTROL _— ouTPUT
CIRCUIT BYFFERS
CONT e 1700
Vgs = +4.75V ]
' 1600 Vi =Voo —
1500
2048817
PROGRAM oecooer 1 wATRIX 1400
88 8
l l [ = 1300 NG
I
A M oA l 1200 A \\\ N ssec
1100 N .
; g ‘\7 c
DECODER 1000 P —25°c
I l l I I -9 -10 -1 -12 -13
Voo (Volts)

FIGURE 15. Maximum Access Time (Tacc)

as a Function of Vpp Supply

Voltage — 5203

2-44




TABLE F. Electrical Characteristics —5203

a. dc.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
|1} Input Current Vin = OV 1 nA
ho Output Leakage Vourt = OV, CS = Vgg = 2.0 1 A
Iss Power Supply Current Ta = 25°C,CS = Vgg = 2.0 35 55 mA
Vi Input LOW Voltage Vss - 10 Vss - 4.0 v
Vin Input HIGH Voltage Vss - 20 Vss + 3 v
Vou Output LOW Voitage 1.6mA sink - 126V a Vo -3V .40 \

. Vi = -30V, Voyr = - 1.0V, T = 0°C 35 6.0 mA
ler Output Clamp Current Vi = -126V, Vout = -1.0V, T, = 0°C 80 15.0 mA
Vou Output HIGH Voltage 0.8mA source 24 v
b. ac.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Tou Data Hold Time (Min. Access Time) Figure 8 100 ns
Tacc Access Time Ta = 25°C Figure 8 700 1 us
Tco Chip Select Time Figure 8 500 ns
Too Chip Deselect Time Figure 8 500 ns
Tcs Allowable Chip Select Delay | Figure 8 — Allowable delay in 100 ns

selecting chip after change of
address without affecting access time.
c. capacitance

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNITS

C Input Capacitance Vin=V 8 15 F

IN P! pacitan vm svs }F=1.0MH1 pl
i ouT = Vss

Cout Output Capacitance CS = Vg - 2.0 8 15 pF
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2K

8. INPUT BUFFER

a. Output Buffer

A[13

4000

—

cs

TO INTERNAL
CIRCUITRY

Vin

viL

b INPUT LEVELS

r\lss—tl)v ——

Vgg-10V

FIGURE 16. Input Characteristics — 5203

Vss

Note: Vpp/Vgg must be 17V t 5% across thesa pins in order to set a consistent level.
Vi output low voitage may be set for any desired intarface.

Vou

VoL

F vs%,

—— e — 45V

—_—— e 43V

+Hy

-5V

b. OUTPUT LEVELS

r—

04V — — —

ip ———

FIGURE 17. Output Characteristics — 5203

Vss
Vgg-2.6V %
L

| ——— 5V

04v

12v
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Vg -2.0V

Vgs 4.0V

H

ADDRESS X
L

Tcs _’! Tou
JE———— b Vg -2.0V
CHIP SELECT /_
[ S
|=—Tco { Too

winowr 77777111111ITITTA.

n | o c—

X

) | s c—
DATA OUT DATA OUT DATA OUT
NOT VALID VALID NOT VALID
FIGURE 18. Read Operation Timing — 5203
TABLE G. Read Conditions — 5203
Pin HI Lo COMMENTS
_ _ _ Address 0 is Address 2554¢ is
ADD Vgg to Vgg -2V Vgs —4V to Vgg —10V all Add @ Vy, all Add @ Vi
DATA
Outputs Vgs to Vgg -2V Vi to 4V
_ Vgs —4V to Vgg —10V
s Vss to Vss -2V fEnable Outputs]
PROG Vss =
Voo - -12V %= 5% 55mA Max.
—5V = 5%
Vss (Reference) - 55mA Max.
Vss +5V = 5% -
_ _ Effects Output Voltage
Vu Vio —12v on LOW ONLY
MODE Vss GND or Vpp
CTL 256 X 8 mode 512 X 4 mode
A9 Vss GND or Vpp
612 X 4 mode | Odd Outputs ‘ON’ Even Outputs ‘ON’
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PROGRAM i nenn—-—l
LYV — j-—_—
Vss \
ov i §
+12v { f
5V —————
v )’y ADD VALID
oV Y
Ago
-50v
-12v ’—-—_
Voo \
-50v
|
DATA VALID
o
DATA DATA STABLE I
-50v = lus tacc
1msTO
sV 20ms MAX | r——
PROG
ov
-50v
1 MIN —o=] 170 100us MAX 1 70 3ms MAX
;°£m=bmi;-nm TmeRosd 2% Duy Oye
cycle, max : = = Moms — le.)
Rise and Foll Times: < 1us
FIGURE 19. Program Waveforms — 5203
TABLE H. Program Conditions — 5203
Pin HI Lo MAX | COMMENTS
ADD Vss to Vgg =2V | Vgg —40V to Vgg —50V 10mA
HIGH - Leaves Unprogrammed
DATA VSS to Vss -2V Vss —-40V to Vss -50V 10mA LOW - Allows Programming
cs oV (Vgg) - - MUST be LOW
PROG oV (Vgs) -48V to -50V 10mA | *
Voo OV (Vgs) —48V to -50V 1000mA | 2% duty cycle MAX.
Vss OV (Ref) - 1000mA
Vgs +12v - 100mA
Vi 0=<Vy <-50 - Not used during programming
MODE CTL Vgs -2.0 or Vgg -4.0 - Not used during programming
A9 Vgs ~2.0 or Vgg —4.0 - Not used during programming

‘Program time is the amount of time the program pin is low (-49V + 1V).
Fixed-time program is 200ms, or X + AX where A = 3 and X = Vprog Pulse width.
(Pulse width may be 20ms maximum.)
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LEVEL DETECTOR
Voo

m

m oo
_l TO MEMORY LOCATION

ves = vgs =
DESIRED OUTPUT SWING SUPPLY VOLTAGES OUTPUT SWING
CMOS
W Vss -8, Vgp = —12.Vy( ~GND Vou = Vss*+§
Vop = Vi = GND
(Never Mave Neg)
v Vss = +10, Vg = -7, Vi = GND Vo= *15
Vo * GND T0 GND +2V
(Never Move Neg)
W Vgg = +15, Vgp * -2 Vi " GND Vou = 415
% Vgs* +5.Vpp = 12V -7 VoH* b
voL -7

FIGURE 20. Output Structure — 5203

= 1) U

Ve

E PROC. # #2 #
Vss
Voo —I:

5203 20 5203
"—T—‘“nv 02 03 D4 D5 05 07 Og TS0, 0, 03 04 D5 05 D7 s J—Bm 0, 03 Dy D5 Dg Dy Og
oUTPUT 1 2 3 4 1] ] 7 L} L] 10 " 12
*MINIMUM PART SYSTEM 512 WORDS BY 12 BITS **Note: Propamming it done 1 758 x § mods only 1e..
! T e on o 87,54 . 85
LOW (GNO 0R V) Aza- Agiz 1 on ouipus By 8. Bg. 8,

NORMAL ADDRESSING USING 8 ADDRESSES

3PARTS FOR 512 x 12 OPERATION
1 PART FOR 512 x 4 OPERATION

- e———eug— N0 EXTERNAL PARTS REQUIRED

FIGURE 21. Typical Applications
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3. The MM5204 EPROM
(Military specification version: MM4204)

The National MM5204 is a 4096-bit ROM that is electrically
programmable and is erasable by ultraviolet light. It is
organized as 512 words of 8 bits each.

In addition to the features shared by the MM1702 and
MM5203, the MM5204 includes a logic input called “Power
Saver,” which provides a 5-to-1 decrease in power when
the memory is not being accessed. “Power Saver” is also
well suited for low-power applications. .

The following figures and tables illustrate the structure,
operating characteristics and programming characteristics
of the National MM5204.

Structure
Figure 22. Logic and Pin Configuration.

Figure 23. Block Diagram.
Logic Symbol.
Pin Assignment.
Pin Names.

Operating Characteristics

Table I. Electrical Characteristics.
a. dc.
b. ac.
€. capacitance.

Figure 24. Input Characteristics.

a. Input buffer. PS is Pwr Svr . . unique to the
MM5204.

b. Input levels.

Figure 25. Output Characteristics.
a. Output buffer.
b. Output levels.

In the case of the MM5204, V,, must equal Vgs-5V+5%.
This differs from the MM1702, which has no Vi, number,
and from the MM5203, which has a V,, range.

This may also be expressed:

ViL=(Vss-4.75) to (Vss-5.25). It is essential for proper
access times.

Figure 26. Read Operating Timing. Vssg to Vi, read vol-
tage is the most critical of all supplies. See
information with Figure

Figure 27. Access Time vs. Vpp and Temperature.
Table J. Read Conditions.

Figure 28. Power Saver Timing.

Additional notes about the MM5204 Power Saver.

P.S. high will put the part in question into Tri-State
regardless of current-supply voltage. Supply current
will then move from 40 mA maximum (O°C in the
MM5204) to 8 mA maximum.

Timing from Power Saver low to outputs valid is specified at
1.8 us maximum.

Typically, if addresses are changed after the Power Saver.
is low, then the time to outputs valid is the same as the 1-us
access time of the part (or t,.. as indicated in Figure 28).
When addresses are not changed after the Power Saver is
low, then the time to outputs valid will be the same as the
1.8us setup time (or as indicated in Figure 28).

Power Saver must be at Vss during programming. Power
saving concept valid during read/standby only (not prog-
ramming).

Figure 29. Program waveforms.

Table K. Program conditions.

Programming the MM5204

The MM5204 normally is shipped unprogrammed with all
4096 bits in the “O" logic state. (Refer to the tables of
programming characteristic and program conditions.) in
the program mode the MM5204 effectively becomes a
RAM, with the 512 word locations selected by address
inputs AO-A8. Write operation for data inputis controlled by
pulsing the program input. Since the MM5204 is shipped
unprogrammed, a V|yp on any data input will leave the
stored “0"s undisturbed, and a V. p on any data input will
write a logic “1" into that location.

If the customer prefers the EPROM preprogrammed,
data may be submitted to National Semiconductor for
factory programming.

One of the following formats should be used:

Figure 30. A typical application.
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preferred format

The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCII code from model 33 tele-
type or TWX. The paper tape should be as the following example:

Carrisge return line feed
altowed between F and B.

Start Character Stop Character Data Field® MSB (Pin 11) LS8 (Pin 4)

Leader: Rubout for | l Trailer: Rubout for
TWX or fetter Key TWX or letter Key
for telex (at least BFPPNPPNBENNPPNNPPF“'fNPNPNNNNF for telex (at least
26 frames). v v — ~ -’ 25 frames).

Word 0 Word 1 Word 511
Al Address Inputs LOW All Address Inputs HIGH

*Data Field: Must have only P’s or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre-
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be
entered beginning with word 0.

alternate format [Punched Tape (Note 1) or Cards]

b, MSB (Pin 22)

MM5204
Positive Logic

Spaces——-—————j
annn ' nnnannnn”a

bo. LSB (Pin 15)

—— Note 3
ANNL NNnnonnn 0
‘:2:3 2?2?2??\’: 2 b~ Note 1: The code is a 7-bit ASCII code on 8 punch tape. The
A 00111111 6 1 Space tape should begin and end with 25 or more “RUBOUT"" punches.

anns  Aen1iinn 3 Note 2: The ROM input address is expressed in decimal form
ANNG  NNNANNND N N
B and is preceded by the latter A.

a707  NANLiIon a
ADNK%  ONDNANNN N Note 3: The total number of *“1” bits in the output word.

Note 4: The total number of “*1* bits in each output column or

bit position.
ASIT NIDINI0L 4

187 140 <—————t——Note 4
T86 150
185 230
T84 ann
183 010
182 100
181 299
130‘191

1 Space
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Dual-In-Line Package

[ L2 v
POWER SAVER -] 12y,
POWER SAVER sl Bo CHIFSETEET 22,
HIP SELECT e . »
— By PROGRAM — l—s,
PROGRAM et »
. Ag o b
[T pe— 5, o b
Ay — a4 28,
L 6204/4204
A memene . 3 AL 2.,
5204/4204
[ Py— ——y ot v,
M Ay ot .i.
] e B !
A‘ A 10 15
AG — 6 = _.ﬂ
] 1 1
Ay — Ag =i b2,
A ] —5; Vs 22 |12.,,
Logic Symbol Pin Assignment
Pin Names
A0 - A8 Address Inputs
Cs Chip Select Input
Bout0 — Boyt? Data Outputs
FIGURE 22. Logic and Pin Configuration — 5204
[}
AQ e 2
5 — VL
Af e 2
7 ~——— Vpp
Ay o] 4096-BIT .
INPUT X E ROM v
A, 8 ] suFens DECODER MATRIX —-— s
3 512x8 12
[] o Vg
A‘ —— ‘
10 ~=—— PROGRAM
Ag
2 1
- Ag
INP 13
POWER SAVER Y DECODER BUFFLRS ~ A7
|- Ag
CONTROL
CIRCUITS
. 3
[ OUTPUT BUFFERS

[FTTTFFT

8 8 B, By By By B; B

FIGURE 23. Block Diagram — 5204
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a. dc.

MM4204: Vss = 5.0V £10%, Vpp = =12V £10%, MM5204: Vs = 5.0V 5%, Voo

TABLE I. Electrical Characteristics — 5204/4204

T within operating temperature range, V ( =0V, Vgg = PROGRAM = Vgg,

= —12V £5%, unless otherwise noted.

TYP
SYMBOL | PARAMETER CONDITIONS MIN (Note 7) MAX UNITS

Vi, | tnput Low Voltage Vss—14 Vss—4.2

Vi | Input High Voltage Vgs-1.5 Vsst0.3

') Input Current Vin =0V 1.0 uA

VoL | Output Low Voltage lop =1.6mA Vo 04 v

Vown | Output High Voltage low = —0.8mA 24 Vss v

ILo | Output Leakage Current | Vour = oV,CS=Vu 1.0 MA

lop | Power Supply Current MMS5204 T, =0°C, CS = V 4. Power Saver = V 28 40.0 mA
MM4204 T, =0°C, CS =V, Power Saver =V, 50.0 mA
MM5204 T, =0°C, CS = V,,4, Power Saver =V, 6.0 8.0 mA
MM4204 T, =0°C, CS = V., Power Saver = Vy, 100 mA

lss MM5204 T, =0°C, CS = V4, Power Saver =V, 42 mA
MM4204 T, =0°C, CS = V., Power Saver =V, 52 mA
MM5204 T, =0°C, CS = V,,y, Power Saver =V, 10 mA
MM4204 T, =0°C, CS = V,,,, Power Saver =V, 12 mA

b. ac.

MM4204: Vs = 5.0V £10%, Voo

T, within operating temperature range, V| = 0V, Vgg = PROGRAM = Vgs,

=—12V £10%, MM5204: Vgg = 5.0V 5%, Vpp = —12V 5%, unless otherwise noted.

TYP
SYMBOL PARAMETER CONDITIONS Miio MAX UNITS
(Note 7)
tacc | Access Time
MM5204 T4 = 70°C.(Figure 1), (Note 4) 0.75 1.0 ps
MM4204 Ta =85°C, (Figure 1), (Note 4) 1.25 us
teo Power Saver Set-Up Time
MM5204 (Figure 1) 1.8 us
MM4204 (Figure 1) 20 us
tco Chip Select Delay
MM5204 (Figure 1) 500 ns
MM4204 (Figure 1) 600 ns
ton Data Hold Time (Figure 1) 30 50 ns
tooc | Chip Select Deselect Time
MM5204 (Figure 1) 30 300 500 ns
MM4204 (Figure 1) 30 300 600 ns
tope | Power Saver Deselect Time
MM5204 (Figure 1) 30 300 500 ns
MM4204 (Figure 1) 30 300 600 ns
¢. capacitance
SYMBOL PARAMETER CONDITIONS MiIN. TYP. MAX. UNITS
Cin Input Capacitance (All Inputs) Vin = Vgs. 1 = 1.0 MHz, (Note 2) 5.0 80 pF
Cour Output Capacitance Vour = Vss. €S = Vi, f = 1.OMHg, 80 15 pF

(All Outputs)

(Note 2)
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. INPUT BUFFER

Voo

b. INPUT LEVELS

r Vss Y
vl" %
Vgs—-15V

I_Vss—{zv —— —

viL

Vss-14V
—

FIGURE 24. Input Characteristics — 5204

l__ 5
TO INTERNAL
* CIRCUITRY
A
Vss
2. OUTPUT BUFFER
SENSE AMPLIFIER
Voo
- Py v
TRIP L
LEVEL
SET
s
B;
FROM
CELL
i
Vss
cs

By —— Y}

—_————— 3V

osv

b. OUTPUT LEVELS

04V — — —

Vif — ——
(0R -8v)

FIGURE 25. Output Characteristics — 5204

—_———— 50V

0.4v

o

2-54




ADDRESS i ADDRESS STABLE
tACC — toH }4—
POWER SAVER :m ¢
* e——— 1P ———= 'onr.l
ViH
CHIP SELECT e *
Vin o
DATA OUT DATA OUT DATA OUT
NOT VALID VALID NOT VALID

FIGURE 26. Read Operation Timing — 5204

100 — \
\
1000 — \
\ w0°¢c
00 |- \\ N~
N S~
N ~
00 ~
% \\\ 25°C ~
2 SN
R S~ S~
~ 0°C ~
~
600 |- \\\ =~
FIG.9 Tegvs Vppand T ~o
Vg = 5:25V S
500 I— VL =ov
1 | 1 1 1 | | |

40 5.0 6.0 10 8.0 10 9.0 10.0
Vpp (-VOLTS)

FIGURE 27. Access Time Vs. Vpp and Temperature — 5204

2-55




TABLE J. Read Conditions — 5204

PIN HIGH Low COMMENTS

ADD Vgs —1.5V to Vss Vss —4.2V to Vgg -14V
DATA
Outputs 2.4V to Vgg ViL to 4V
cs Vss to Vg - 1.5V Vss —4.2V to Vgg - 1.4V

Outputs TRI-STATE | [Outputs ENABLED]

Vgs to Vgg — 1.5V _ B P.S.LOW - Ipp = 8BmA
P.S. Outputs TRI-STATE|  Vss ~4.2V to Vgg —14v ~ TRI-STATE Outputs
Vo OV (Vgg -5V) - VL to Vgs Voltage
Vss +5V 5% - Very CRITICAL
Voo - -12V + 6% Ipp MAX = IgsMAX = 40mA
Vs +5V * 5% -

POWER SAVER \ ’
tpg ' topp _—'

ADDRESS VALID l

tacc

(| p—

t10H ——

t00C —=f

s T

.

DD MAX. = 8mA

tpo = Power Saver setup time:
tacc = Access time:

tco = Chip select delay:

ton = Data hold time:

toop = Power Saver deselect time:
topc = Chip select deselect time:

10D MAX = 40mA

1.8 us maximum.

1.0 us maximum.

0.5 us maximum.

30 ns min.

30 ns min. (500 ns maximum)
30 ns min. (500 ns maximum)

Ta within operating temperature range. V| = OV.
VBB = Vss. MM4204: Vg = 5.0V + 10%, Vpp = —12V +5%.
MMS5204: Vgg = 5.0V = 5%, Vpp = —12V + 5%,

'0D MAX = 8.0mA

SYMBOL PARAMETER MIN. MAX.  UNITS
teo Power Saver Set-up Time 18 us
tace Access Time 1.0 us
tco Chip Select Delay 0.5 us
ton Data Hold Time 30 ns
toop Power Saver Deselect Time 30 500 ns
tooc Chip Select Deselect Time 30 500 ns

FIGURE 28. Power Saver Timing — 5204
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1
45V r }____-
Vss \
ov — foer
. — | w
~2v °
45V f_—
5V W—_—
ADD VALID
w | g 7
App
AND POWER SAVER
-50V
Vop \ f
-50V
DATA VALID
o
DATA DATA STABLE |
-18v lee— 1us tace
s p
PROG T: \
-50V
4us
1us MIN —o~ 1us
Ipp MAX. = Igg MAX. = 200mA
25% Duty Cycle, Max. {Example: Program = 12ms/Read = 50ms —>25% Duty Cycle.)
Rise and Fall Times: < 1us
FIGURE 29. Program Waveforms — 5204
TABLE K. Program Conditions — 5204
PROGRAM CONDITIONS
PIN Hi Lo MAX | COMMENTS
ADD Vgsto Vgg -2V | Vss ~11V to Vgg —50V 10mA
_ _ _ HI — Will Leave Unprogrammed
DATA Vssto Vgs —2V | Vss —11Vto Vsg 18v 10mA LOW - Will Program
cs Vss - - Outputs must be unenabled
_ _ Power Saver must be @ Vgs or
P.S. Vss Current Flow will be Very Great
PROG Vss Vgs —48V to Vgg —50V 10mA *
Vi oV to - 14V - 100mA
Vss 0V (Ref) - 200mA
Voo Vss Vss -48V to Vgg -50V 200mA | 25% duty cycle — MAX
Vgs +12 =5% - 100mA

*Program time is the amo
Fixed-time program is 10

(Pulse width may be ;.5ms or 5.0ms maximum.)

unt of time the program pin is low (—49V = 1V).
Oms or X + AX where A= § and X= Vprog Pulse width.
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24MM5204s
4 HEX TRISTATE®

11.0F 8
Ay — Ag ADDRESS BUS 2 GATES TWO 4K PAGES OF 12.81T WORDS —
Ato A1 Ap2
l l | os #1
s #2
s #3
cs#4
1-0F8
cs #5
s #6
Cs #7
ROW SELECT
cs#8
& 1 o l
o 4
LI -
A4 = 2GATE — L i L
TsA (] s )
L —
PAGE A PAGE B

FIGURE 30. A Typical Application (without all connection lines)
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24 MM5204s
4 HEX TRI-STATE®
11-0F8

Aq - Ag ADDRESS BUS 2GATES

A2
Ay cS#1

Ao ——l

CS#2

COLUMNS, 8 ROW:
24 PARTS
MM5204Q ARRAY

I

1-0F-8
3THRU7

} T0 ROW

CS #8

ROW SELECT ____]J _-_U l—[T &

Aty — HEX HEX HEX l_ HEX
< TRISTATE |s5a| TRISTATE |gsg] TRISTATE |gsg| TRISTATE
Aa —J 2care | E5A sa ts8 tss

A5 — Jl

HUH ——

12 BIT DATA BUS

FIGURE 30. A Typical Application (with Details)
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SECTION il
APPLICATION OF NATIONAL EPROMs.

1. System requirements.

To design EPROMs into systems successfully requires
special considerations. For example:

Ambient Light.

Cover the transparent EPROM lid with an opaque material
during program and read operations.

Normal ambient lighting does not contain enough ul-
traviolet light to discharge the floating gate in the FAMOS
cell and erase data. But there may be enough UV-
generated photocurrent to upset the finely balanced sense
amplifier and even the decode circuits.

This could cause problems that are often difficult to diag-

nose. Such problems may include changes in access times °

and in output states, programming of extra bits, and false
reading of the programmed state. The last item can lead to
insufficient programming of the parts.

EPROMs are sensitive to temperature. In designing EP-
ROMs into systems, it is important to know how much
higher the chip temperature is than the ambient system
temperature, often called the chip-temperature overage.
Figure 36 in the Appendix presents a formula for determin-
ing the true chip-temperature overage to use in de-rating
calculations of minimum data retention time.

Voltage

~ Keep the voltage lines as short as possible and well
filtered. —

EPROMSs have plus and minus voltages, yet no ground is
supplied. Therefore, one of the voltages becomes the re-
ference, and the regulation and distritibution of the voltages
becomes critical.

It must be remembered that MOS devices are voltage-
sensitive. Also, the voltage thresholds of p-channel
devices (such as National EPROMs) are relative to Vgg.
When shared with the V¢ of a bipolar system, the Vg is
subject to large current swings, which cause voltage noise.

2. Interfacing EPROMs with Other Logic Families.

When using EPROMs in mixed logic families, considera-
tions arise in the areas of interfacing and (as a consequ-
ence) speed.

Such matters as input currents and output capability
are covered clearly in National data sheets, and adher-
ing to the values given in the data sheets will generally
prevent errors in current loading.

One potential problem is capacitive overloading, which
reduces the speed of the system.

The MOS output structure has a much higher im-pedance
than does the current source/sink of a bipolar device. Be-
cause of this, the driven capacitance determines the prop-
agation delay. More importantly, the capacitance plays a
greater role in determining rise and fall times in a MOS
device that it does in a bipolar device.

The use of Tri-State outputs makes the building of memory
arrays easier, because the unselected devices are allowed
a state of high impedance. This is made possible by simply
turning off both source and sink transistors of each output.

Even in a state of high impedance, of course, the output
does add a capacitance to the bus line.

This illustrates the overall rule that capacitive loading of
“off” devices, along with other parasitic loads, must always
be considered when timing becomes critical.

It must be remembered that different logic families have
different thresholds and voltage restrictions. For example,
some fast devices, such as some bipolar circuits are prone
to oscillate with slow rise and fall times. At times, achieving
compatibility may require additional interface elements.

Figures 31,32 and 33. Three interfacing examples, using
EPROMs, in system design. These are applicable to all
National EPROMSs.

Figure 31. CMOS;single supply interfacing.
Figure 32. Dual supply interfacing.

Figure 33. Dual supply interfacing of bipolar/MOS
system.

3. Production environment requirements.

Considerations unique to the use of EPROMs in a produc-
tion environment arise from the program and erase func-
tions of the devices. These functions are interdependent,
so always check both functions, not just one, when inves-
tigating EPROM performance.

Production considerations include:

1.) Special Handling.

MOS devices with quartz lids are fragile and subject to
static charge damage as well as mechanical damage. They
are to be stored in boxes with the leads embedded in
conductive foam or in non-static rails, with foam rubber at
the ends to protect them from mechanical shock.
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2.) Calibrate Programmers Weekly and Ultraviolet
Lamps Monthly.

Poor data retention may be due to a programmer thatis out
of specification in voltage or timing. it may also be due to
incomplete erasure by a UV lamp previous to the present
programming.

If the programmer is operating properly, and if erasure is
complete (x + 2x, as explained in Section 1), then program
yields greater than 99 percent are to be expected. Yields
less than 96 percent are a sure indication of a malfunction.

3.) Maintain Records of Parts Problems.
A good bookkeeping routine, provides histories of parts

problems, is necessary for successful troubleshooting of
any system. Continued program rejects, for example, may
be due simply to a worn-out socket. Part failure may also be
responsible when an output appears to be continually pro-
grammed yet will neither provide complete data nor erase.

4.) Place an Opaque label in the Quartz Lid.

This protects the EPROM from accidental UV erasure and
from disturbing photocurrents in ambient light. It also pro-
vides a convenient place to record pattern identification
and programming data.

Vee
|+
15V MAX T- chos
GND

Vss Vee
PMOS
EPROM cmos
R
Voo GND

SINGLE SUPPLY < 15V

Vss Vee
PMOS
EPROM £MoS
R
Vop |eno

Vee
B
= cmos
GND
T CEILTER

SINGLE SUPPLY = [Vpp| + [Vss|

FIGURE 31




Vee Vee Vee
WV — PMOS
cMos EPROM cMos
R
GND Vpp GND

FIGURE 32. Dual Supply Interfacing — CMOS

Vee

CMOS
L

Vee

Vss Vee
Vee
PMOS tMag
| EPROM ‘—|:>‘ f_a
GND

MM54/74C907

OPEN DRAIN INVERTER

-J:_Vno

MM54/74C903 INV.
MMS54/74C904 NONINV.

FIGURE 33. Dual Supply Interfacing of Bipolar/MOS System
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APPENDIX

Figure 34.
Floating gate of a FAMOS cell in three conditions:

a.) Equilibrium. Charge on floating gate is very near
zero; no conductance from source to drain is pos-
sible except at high voltage.

b.

Programming. Very high negative voltage is
applicd to drain. Clectrons are being avalanche-
injected to the tlosting gate.

C.

Data retention. Vcliage is discontinued. But be-
cause the floating gate is surrounded by oxide, the
charge stays on the gate. Accordingly, conduc-
tance may be detccied between the source and the
drain. .

Figure 35. Erasing data from a FAMOS cell.

High-intensity ultraviclet light strikes near the polysili-
con floating gate. The resultant photocurrent energizes
the stored electrons and excites them over the silicon
dioxide “wall”, thus discharging the floating gate.

2 EQUILIBRIUM {7/“/5/,//; /p{{/’
7 s,oy//// Z
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b, PROGRAMMING v
[2

7
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T
50057
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FIGURE 34. FAMOS Cell in Threz Conditions.
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FIGURE 5. Erasing Data from a FAMOS Cell

Table L. Programmers for use with National EPROMs.

These ready-to use instruments have been evaluated
and approved by National. They range from single-
device, single-unit models through multi-unit copiers,
to versatile multi-device programmers.

NARE EPRONs VERIFIED
Data 11O All

Prolog All

PRORM Prpgrammers All

Spectrum Dynamic 1702A Only

SC/MP LCDS 5204 Programmer 5204 Only

Table M. Ultraviolet lamps for use with National EP-
ROMs.

Ultraviolet products S-52

Turner products UV erase lamp

GE germicidal bulbs 4 inch to 6 inch

Table 4. Recommended procedure for calibrating ul-
trviolet systems.

The steps for calibrating uitraviolet erase systems are:

1. Configure the system (type of bulb, distance etc.) as
it will be used.

2. Select asample of the device type (a minimum of 10
parts)

3. Fully pregram the parts

4. Eraseltest, Eraseltest, until testing indicates erasure

is just barely complete and record the total erase time

of each pait.

5. Average the erase times and use 3 times that aver-

age time &s standard crase time for that device type.

Calibration monthly is recommended because bulbs

lose intensity as they age. Calibrate for cach part type.

Calibrate whenever something is changed (bulb, dis-

tance etc.)

Figure 36. Determining the true chip-temperature
overage to use in de-rating calculations of minimum
data-retention time.

The thermal resistance of the system package is sym-
bolized by $jA.

It is expressed in the degrees by which the chip temp-
eraturc is higher than that of the still air surrounding
the package per watt of power corsumed in the circuit.

As an example:

$jA =-40°Ciwatt, Vgg = 5 volts, Vpp = -10 volts,
lop = 25 mA,

8 inputs, and 8 outputs. (clamp current)

Each output is sinking 8 mA from Vs to Vdd 50 percent of
the time, and sourcing 0,1 mA from Vssto 2,5 voits the rest
of the time.

The calculations:

Idd x (Vss-Vdd) = 25 x 15.0 = 375 mW
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+60% | sinkx V load (internal) = %8« 10V.x 8 mA =
320 mwW

+ 50% | source x V load (internal) = 48025V, x0.1
mA = 1mW

The total power consumed in the circuit is 696 mW.

Chip temperature overage = 40°Clwatt ¢ 0.696 = 28°C.

Figure 37. Sense amplifier in a 5204 EPROM. lllustrat-
ing trip point at which a "“1”" or “0" is dctected. Note
that the trip pointis set hy the V| (Vgg)to Vgg voltage.
Figures 38 and 39. Temperature sense circuits for
minimum program time.

Temperature sense circuits are used to allow a pro-
grammer to operate at much higher duty cycles than
specified in the data sheets. The specified duty cycles

guaranices that the device temperature will not rise
due to power dissipation to a point that prevents cor-
rect programming. A programmer that senses the de-
vice temperature can operate at maximum duty cycle
and then pause to allow the unitto cool when it heats to
a definzd termperature limit.

Temperiature is senscd by measuring the voltage drop
across the Vgg to Vg diode (Fig.38 & 39) at room
temperature and in the middle of the program sequ-
ence.

When the voltage is <350 mV (measured at 1 mA),
institute a pause in the program sequence, allowing
the die to cool. Continuing to program at too high a
ternperature will lessen programming and thus data
retention of the device.

Vss

L _— MEMORY CELL
e e

Y

Voo

[I.__;__{_g.: e o)

I OUIPUT SENSE

FIGURE 37. Sense Amp in an EPROM Memory Array

“T00 HET' —.

COMPARATAR

“T00 HOT SIENAL

5K
]\/I«—«W\-—O«Q«— 1imess

DEVICE SUKSTRATE

FIGURE 33. Temperature Sense Circuit
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DM86

National
Semiconductor

DM8678 bipolar character generator

general description

The DM8678 is a 64-character bipolar character generator
with serial output designed primarily for the CRT dis-
play marketplace, and packaged in a standard 16-pin DIP.
The DM8678 incorporates several CRT system level
functions, as well as a 7 x 9 or 5 x 7 row scan character

Bipolar ROMs

the character addresses ‘‘fall through’’ the latch. And
when the address latch control signal goes low, the
character addresses are latched.

features

font. The DM8678 performs the system functions of ® B4-character—row scan
parallel to ser'ial shifting, characte_r addres§ !at<1:'hhing, ®m 5x7or7x9 font
character spacing and char.acter linespacing. - ese ®m Shifted lower case descending characters
system functions have required extra packages in the X
past. ® Serial output
® 16-pin package
Shifted characters can be generated by the on-chip ® 20 MHz clock rate
subtractor. ® On-chip input latches
The clear input and the load enable input are active low. - On-ch_pp shift reglsFer
Load enable is synchronous with the dot clock. Both = On-chip dot blanking
the line clock and the dot clock are positive edge- ® On-chip row blanking
triggered. When the address latch control signal is high, = TRI-STATE® output
ROW SCAN 7x9 5x7 FONT PACKAGE
DM8678BWF X X Upper Case Block Letters N, J
DM8678CAE X X Shifted Lower Case Block N, J
DM8678CAB X X Upper Case Block Letters N, J
DM8678CAH X X Shifted Lower Case Block N, J
DM8678CAD X X Kata Kana N, J
DM8678BTK X X Upper Case Script Letters N, J
DM8678CAS X X IBM 3741 Selectric N,J
block diagram connection diagram
Dual-In-Line Package
a3 U PE v
ADDRESS LATCH
a2 = = na
LATCH f—p A - ns
A8 o ADDRESS LATCH _4 ] LERg
LATCH f—f ° CONTROL
AS CTEAR —- 8 QUTPUT ENABLE
a LATCH > C’A‘:‘;:CE;:“ . EH:OGJTB'T LINE cLoCK — L outeur
LaTeH b DE‘:%?IER MATRIX CLOCK CONTROL —— Y Lono enABLE
A3 onD — I~ oo crock
LATCH =i
A2 .
. LATCH ,&’ TOP VIEW
TAG BIT “l _____ JD |Ogic Symbol
ADDRESS LATCH __ | ouTPUT
cLock aBTUNE b ] conTROL ] ENABLE
comnm_—l_D csuN\::;;::/ 9701 MULTIPLEXER :;: p— ouTPUT
LINE EDGE Aq——i — DOTCLOCK
cLock T imtaeaa , l l l ‘ i i ::_ b— Loao.
CLEAR QUTPUT SHIFT REGISTER |t i |— SERIAL ?
BUFFER ouTPuT creR

EDGE-TRIGGERED
CLOCK GEN

LINE CLOCK
CLoCk CONTROL




absolute maximum ratings (Note 1)

operating conditions

MIN MAX UNITS
Supply Voltage —0.5V to +7V Supply Voltage (Vcc) 4.75 5.25 \"
Input Voltage —1.5V to +5.5V Ambient Temperature (Ta) 4] +70 °Cc
(S)tumu‘ Yroltage " —G_g"gvt m+:§05°\(/: Logical “0"" Input Voltage (Low) 0 0.8 Y
orage Temperature o . g N
Lead Temperature (Soldering, 10 seconds) 300°C Logical “1"* Input Voltage (High) 20 55 v
dc electrical characteristics (Note2)

PARAMETER CONDITIONS MIN TYP | MAX UNITS
he Input Load Current, All Inputs Vee = Max, VN = 0.45V —0.8 -1.6 mA
HH Input Leakage Current, All Inputs | Vcc = Max, VN = 2.4V 40 uA
] Input Leakage Current, All Inputs | Voc = Max, VN = 5.5V 1 mA
VoL Low Level Output Voltage Vee = Min, lgL = 16 mA 0.35 0.45
ViL Low Level Input Voltage Vce = Min 0.80
ViH High Level Input Voltage Vce =Min 2.0
\Z¢} Input Clamp Voltage Vee = Min, N = —12 mA 0.8 -15 \Y
CiN Input Capacitance Vee =5V, VIN=2V,Ta= 25°C, 4.0 pF

1 MHz
Cco Output Capacitance Vee =5V, Vo =2V, Ta = 25°C, 6.0 pF
1 MHz, Output “OFF”
Icc Power Supply Current Ve = Max, All Inputs Grounded, 115 145 mA
All Outputs Open
TRI-STATE PARAMETERS
Isc Output Short-Circuit Current Vo =0V, Vg = Max -15 -50 mA
IHZ Output Leakage Ve = Max, Vo = 0.45t0 2.4V, +40 HA
Chip Disabled
VOH | Output Voltage High IoH =2 mA 24 3.2 \
ac electrical characteristics (With standard load) (Note 2)
PARAMETER CONDITIONS MIN TYP | MAX UNITS
Access Time
Tpo Dot Clock to Output 35 55 ns
TEA Output Enable 20 45 ns
TER Output Disable 20 45 ns
Set-Up Time
Ts1 Load to Dot Clock 40 25 ns
Ts2 Address to Load 350 200 ns
Ts3 Clear to Load See Switching Time Waveforms 350 ns
Ts4 Control to Line Clock 40 ns
Tss Line Clock to Load 950 ns
Tse Address to Address Latch 40 ns
Hold Time
TH1 Load from Dot Clock 0 ns
TH2 Address from Load 0 ns
TH3 Control from Line Clock 100 ns
THa Address from Address Latch 40 ns
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DM8678

ac electrical characteristics (Continued) (With standard load) (Note 2)

PARAMETER CONDITIONS MIN TYP | MAX UNITS
Minimum Pulse Width

Twi1 Line Clock 40 ns
Tw2 Clear 40 ns
Tw3 Dot Clock See Switching Time Waveforms 30 ns
Twa Load 60 ns
Tws Address Latch 40 ns
fmax Maximum Clock Frequency 16 20 MHz

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device

may be operated at these values.

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee =5V and T = 25°C.

standard test load

DEVICE o~

ouTPUT

L.
T

switching time waveforms

® Input waveforms are supplied by a pulse generator
having the following characteristics: PRR = 1 MHz,
ZouT = 50 @, t < 5 ns and tf < 5 ns (between
1.0V and 2.0V).

® TpQ is measured with output enable at a steady low
level.

THa

) Tse
v
ADDRESS INPUT 15V
ov

Ts2
ADDRESS
LATCH CONTROL \
Tw Tws =

TH2

1
LINE CLOCK I ;/

Tgq —=
CLOCK CONTROL y

Twz + n
e _U

LOAD ENABLE

DOT CLOCK

w3

OUTPUT ENABLE

 TER

ouTPUT
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truth tables

a) Address Latch

ADDRESS LATCH FUNCTION
CONTROL PERFORMED
0 Latched
1 Fall Through

b) Output
OUTPUT STATE OF
ENABLE THE OUTPUT
1 Qutput Hi-Z
0 Data Out

c) 4-Bit Line Counter

CLOCK CONTROL LINE CLOCK CLEAR LINE COUNTER
H _r H Increment line counter
X X L Asynchronous clear
resets counter
L X H Clock inhibited
H - H No change on high-to-
low clock edge

X = Don’t care

definitions

A1-A6: Character address. A 6-bit code which selects
1 of the 64 characters in the font.

Clear: Active low clear for mod 16 row counter, (can be
used to truncate mod 16 counter).

Line Clock: Clock that advances the line counter.
Advances counter on the low-to-high transition.

Clock Control: Enables line clock when high and
disables line clock when low.

functional description

To select a character, a 6-bit binary word must be
present at the address inputs A1—AB6 when the address
latch control is high. This address can be latched by
bringing the address latch control signal low after a
40 ns set-up time. When the ‘clear input receives a low
pulse, the counter is reset to zero. The shift register can
be loaded (Tg2 ns) after the character is addressed.
Data, representing one horizontal line of the addressed
character, is available at the output when the load
enable input is brought low. As shown in Figure 1,
valid data arrives serially at the output. Dot clock
pulses beyond that required to shift out one line of the
character will add lows to the end of character. This
provides a horizontal spacing between characters.

Figure 2 shows how the counter sequences through the
rows of addressed lines with the application of clock

Load Enable: Active low load command which routes
data from the character ROM to the “D” inputs of the
7-bit shift register.

Dot Clock: A low-to-high transition of the dot clock
loads the shift register if load enable is low or shifts
data if load enable is high.

Output Enable: An active low output enable. When high
the output is‘in the Hi-Z state.

Output: A TTL TRI-STATE output buffer.

pulses at the line clock input. Any additional line
clocks beyond that required to display the character
will put a vertical space between characters. This spacing
can be truncated by bringing the clear input low.
Detailed system application infomation is contained in
application note AN-167 available from National.

A two character display example is shown in Figure 3
and a typical system timing waveform is shown in
Figure 4.

A chip select input is provided for expansion of the
character font. The various standard fonts are shown in
Figures 5,6, 7,8, 9 and 10.
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DM8678

functional description (continued)

Character Cycle — ROM data corresponding to one
line of characters is loaded into the shift register Tg2
after the ROM is addressed. When load enable goes low,
ROM data is allowed to be present at the D input of
the shift register via the MUX. The first bit of the ROM
data is transferred to the output at the next low-to-high
transition of the dot clock. After load enable goes back
high, the second to seventh clock pulses shift out the
rest of the selected row of the addressed character.
Additional clock pulses will shift out low data used
for spacing.

Line Cycle — The line counter is a mod 16 counter.
A low-to-high transition of the line clock advances the
line counter to the next count. If, for any reason, the
counts need to be truncated, a low signal at the clear
input resets the counter to zero. The clock control may
be used as a line clock disable. A high signal at the line
clock control terminal enables the counter and a low
signal disables the line clock.

£
J
LINE
cLock

CHARACTER
ADDRESS
INPUT

LOAD \ / \ ,

DOT CLOCK 1

/\_

~
w
R
o

ouTPuT

ouTPUT

Low
(SEE NOTE)

!—~ VALID DATA OUT

|

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data

is loaded into the shift register.

FIGURE 1.

Character Cycle

S
CHARACTER g
ADDRESS CH1 CH2 CHN N 1
INPUT -
LINE / / /
CcLOCK
CLOCK
CONTROL
DISPLAY DISPLAY DISPLAY
EaEEEE— FIRST LINE —————|=————  SECOND LINE -—f=— THIRD LINE

OF N CHARACTERS

OF N CHARACTERS OF N CHARACTERS

FIGURE 2. Line Cycle




functional description (Continued)

-

ASCii A3
CODED
ADDRESS
INPUTS A4

TWO CHARACTER CYCLE ——™

|

L L

CLOCK  LINE

ADDITIONAL
LINE COUNTS
FOR VERTICAL
SPACE

FIGURE 3. Example of Two Characters Display Timing

<

QUTPUT

CONTROL CLOCK CLEAR ENABLE
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functional description (Continued)

A3 A2 A1
000 001 oo on 100 101 1" m

AB A5 A4

000

001

010

ot

100

101

LTI
.

: .

10 [

ssssass
m

FIGURE 5. DM8678BWF

A3 A2 At

000 001 010 o 100 101 110 m

AB A5 A4

000

0o sszsans

100

101

10

m

¥ Shifted characters (see Figure 12)
FIGURE 6. DM8678CAE

Note. A “’filled in”’ dot represents a high memory output.
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functional description (continued)

¥ Shifted characters (see Figure 13)

FIGURE 8. DM8678CAH
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functional description (Continued)

Kata Kana Font will be Available in October 1977
FIGURE 9. DM8678CAD
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FIGURE 10. DM8678BTK
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FIGURE 11. DM8678CAS
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DM8678

functional description (continued)

LINE 1 ooooooo 0oooooo 0ooooooo
2 0oooooo 0000000 0000cdo
3 0000000 00ooooo gooooog
-4 __00o0g0o0g_ _0000000__000000g_
5 sl 1 1 Js[ Iu] [s]slals] T ]s] [1s] 1 | [sfs]
6 s0008m0 oogooomo ER000m0
7 8000080 0ooooeo BO000OmO
8 8000880 ooooomn IIEEEID
-9__QOEsmOms0__00000E0__ =0 QgQ__
10 DDDDD=D [s]u]s]s]a] Ju] 8000000
n ooocoeo ooooomo BO00000
12 8000080 [s][s]s[a]"]s] ®|000000
13 Ossms00 OOmEm00 []s]s]alslals]
LINE 1 0ooooog ooooooo
2 ooooooo oogoooo
3 0000000 0000000
-4 __0000000__gao0oog_ _
5 OmEs0s0 ~e0000s0
] B000ESC ®O0000OWO0
7 [ Js[s[s]s]"Ta) 8000080
8 [ ]s[sls] T Tal |000sw0
-8 __DEEE0E0__OSss0s0
10 cocoomo caoocaec
1" J00008M0 0OODOOmO
12 ooo00Os0 w0000m0
13 [s[s]s]s[s[{a] S 1 1 [alal

FIGURE 12. Shifted Characters for CAE

LINE 1 ggaooo ogooa goooaa
-2__0goog 00000 . 00000
3 s} 11 1] oooeo sl 1111
) |0008 0ooocoo |000e
5 |0008 ooosag |a000.
6 80008 ooomeo 8000.
7 of 1 1J] wjuin] il | ] | BN
a E0080 aooow
a =] | |als] 0o0oaooes
LINE 1 gooao [sinials]s]
~2__00000 00000
3 [ 1 1 1 Js] 80008
4 |0008 8000.
5 8000. 8000.
6 |000e 80008
-1 __SEEE0 2 (OnE8s_
8 80000 ju]als] |
9 ®0000 mlu] | Jui

FIGURE 13. Shifted Characters for CAH

ordering information (For special character font for device DM8678).

CUSTOMER CARD INPUT FORMAT

Column 1-3
2-digit character address, from 0—63 preceded by
a letter “C"".

Column 4
Blank

Column 5—6
1-digit line address, from 0-8, preceded by a let-
ter ““L".

Column 7
Blank

Column 8-14
Row data which represents one horizontal row of
dots at the specified line address and character
address, with first dot at Column 8 and seventh dot
at Column 14. Character for TTL high level is 1,
for low level is 0.

Column 15
Blank

Column 16
Tag bit—0 for normal character and 1 for shifted
character only.

Column 17
Blank

Column 18
Row SUM-Total number of “1's” presents in row
data and tag bit expressed in decimal.

“TB” CARD FORMAT (total of eight cards)

Immediately following the data cards, there should be
“TB" cards to indicate the column sum.

Column 1-2
The character “TB".

Column 3
1-digit corresponding to Dot number. Use number 8
for tag bit.

Column 4
Blank

Column 5-7
Column SUM-—Total number of ““1's” in column
expressed in decimal.




truth table input format

CHARACTER
ADDRESS

LINE
ADDRESS

DOT DATA
D1, D2, D3, D4, D5, D6, D7

TAG BIT

SUum

MNMMMNMNN—'—‘ﬂ—‘—'—‘ﬂ—-“‘OOOOOOOOO

PN HEWN=00NNINBRWN=00NDDUH»WN=0

.TB
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AN-167 DM8678 Bipolar Character Generator

National
Semiconductor

DM8678 BIPOLAR CHARACTER GENERATOR

The DM8678 is a 64 character bipolar character generator
with serial output, and packaged in a standard 16-pin
DIP designed primarily for the CRT display marketplace.
The DMB8678 incorporates several CRT system level
functions, as well as a 7 x 9 row scan character, font.
The DM8678 performs the system functions of parallel
to serial shifting, character address latching, character
spacing, and character line spacing which are normally
done with extra packages. Figure 1 is a block diagram of
the DM8678.

App Notes/Briefs

Address Latch

The address latches are “Fall Through’” or ‘‘Feed
Through” latches. The address latches are illustrated in
Figure 2. When the address latch control signal is high,
the character addresses ““Fall Through’’ the latch. And
when the address latch control signal goes low, the
character addresses are latched. A 40 ns address set-up
time is required.

ADDRESS
LATCH
CONTROL
LATCH >
Ab
'@ LATCH >
A5
*— R
LATCH | CHARACTER |,
A4 ! ADDRESS > 64 X 63
[ - DECODER v ROM
LATCH > 1/64
A3
[
LATCH >
A2
LATCH —
Al
7 7 7 7 7 7 7 7
CLOCK LINE LINE LINE LINE LINE LINE LINE LINE LINE
CONTROL 1 2 3 4 5 6 7 8 9
4.BIT
COUNTER Mux
LINE ____| EDGE-TRIGGER
cLOCK GENERATOR T 7
CLEAR
78IT SHIFT REGISTER
OUTPUT
DoT LOAD
cLOCK ENABLE
OUTPUT
ENABLE
FIGURE 1. Block Diagram
Alsl z
ojlof o
ADDRESS
> o]l1] o
A 1]of o
(NN K
AlB] z
ADDRESS “ERa W
LATCH 011y o
CONTROL ilof o
111§ o

FIGURE 2. Address Latch
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Logic operation is as follows: When the address latch
control signal is high, “AND"" Gate A1 is enabled and
“AND” gate A2 is disabled. In this mode, data “falls
through”’ the latch. When the address latches control
signal goes low, Gate A1 is disabled, blocking any new
address inputs. Gate A2 is enabled by a high on input
“A" which allows the feedback to determine the output
of gate A2. If the feedback is low, the output of A2 will
be low. If the feedback is high, the output of gate A2
will be high. Note that there are two inversions from the
output of gate A2 (O1 and I1) to the feedback loop.
Thus the feedback maintains the level that was present
on inverter 11 when the address latch control goes low.

ROM

The ROM is 64 x 7 x 9 = 4032 bits. The ROM comes
with a standard upper case character set. And, it is possi-
ble to have custom fonts. A coding sheet is included
with the data sheet. Obviously it is possible to make
smaller characters by not using all of the ROM. For
example, a 5 x 7 character set could be made. Also, it is
possible to use two chips to obtain a larger character set.

Line Counter

The line counter consists of a 4-bit ripple counter with
an asynchronous clear input. The input clock is shaped
by an edge-triggered clock generator. The clock genera-
tor’s output clock pulse is enabled by the clock control
signal. The output pulse from the clock generator goes
to one input of a two input /AND" gate and the clock
control signal goes to the other input of the “AND"’
gate. When the clock control signal is low the clock pulse
is blocked by the “AND’ gate. The line counter is
illustrated in Figure 3.

The line counter is a mod 16 counter and its count can
be shortened by clear, which resets the counter to its
first state, when it goes to low state.

7-Bit Shift Register

A 7-bit parallel-in serial-out shift register is used to
serialize the output data. Seven “D” flip-flops and
seven 2-line-to-1-line multiplexers are used to perform
the parallel to serial conversion. (Figure 4)

Operation of the parallel to serial converter is as follows:
the cycle begins with load enable going low. This routes
data from the ROM via the MUX to the “D’’ inputs of
the 7 flip-flops. The data at the “D" inputs is clocked
into the flip-flops on the next iow-to-high transition of
the dot clock. Next, the load enable, goes high switching
the mux. Now data at the ‘D" input comes from the
Q" output of the preceding flip-flop stage.

The first stage in the shift register is an exception and
the mux routes a low to its “D’ input, with the first
stages “D” input low. After 7 clocks, all stages are low
and any additional clocks will produce a low output.
This feature is used for horizontal spacing between
characters.

Output Buffer

The output buffer is a standard TTL TRI—STATE® out-
put circuit. The output enable is the TRI-STATE control
and when the enable is high, the output is in the Hi-Z
state. The output can sink 16 mA at 0.45V for a low
signal out, and, will source 2 mA at 2.4V for a high
signal out. '

£

Q Q ﬂj

cp cp cp

EDGE TRIGGERED
LINE CP CLOCK GEN
CLOCK
CONTROL

i T

CLEAR

FIGURE 3. Line Counter

ROM
SERIAL
DATA
out
A B C D E F G
MUX MUX MUx
1] a a Q 1] a a
—- ) [ ¢ ] D 0 ¢ ] Q D
43 o cP cP P cP cp
LOAD
ENABLE
_Sf oot N
cLOCK V"

FIGURE 4. 7-Bit Parallel-In Serial-Out Shift Register with Synchronous Load
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AN-167 DM8678 Bipolar Character Generator

OPERATION OF THE DM8678 CHARACTER
GENERATOR

To illustrate operation of the DM8678, an example is
given tracing the sequence of events involved in
generating a character. The character ‘N’’ is used in this
example. (Figures 1 and 5).

Generation of the character “N’ begins with the appro-
priate 6-bit character address becoming valid on the
address inputs A1 to A6. This address can be latched by
bringing the address latch control signal low. There are
address set-up and hold times of 50 ns and 40 ns
respectively .

The output of the address latch is decoded in the
character address decoder. This is a 1/64 active high
decoder. The word line which contains the code would
go high.

The ROM contains the code required for generating the
64 7 x 9 characters. The ROM is organized 64 words
each, 63 bits long (7 x 9 = 63). In the ROM, the first
7 bits of 63 are line 1 of the character, the next 7 bits
store line 2 of the character and so on. Note that 1 bit =
1 dot. The lines and dots for our example “N” are
illustrated in Figure 5. The code for “N’* would be:

1000001 1000001 1100001 -----
Line 1 Line 2 Line 3
1000011 1000001 1000001
Line 7 Line 8 Line 9

After the access time has elapsed (tasl = 350 ns), the out-
put of the ROM for Line 1 of the character (N for this
example) can be loaded into the shift register. When
load enable is brought low, the shift register is loaded

COLUMNS
3 4 5

~
o

000000000 -

LINES

[ R . T

[HOH]

s =

SPACE {13
14

16

FIGURE 5. Character Example

r CH1  CH2 )
ROW 1 —= D D e o o o D
]
O
° DISPLAY CAN BE UP TO
80 CHARACTERS/ROW
° AND 24 ROWS
.
L1y
VERTICAL SPACE
ROW "M” — DTD r__l e o o o D
d |=— HorizonTaL srace J

on the next low-to-high transition of the dot clock
with Line 1 of the character “N.” The next 6 dot clocks
will shift out the rest of the first line of character “N,"’
If only a single character in a row was generated, the
line clock would go from low-to-high advancing the line
counter which in turn switches the multiplexer to Line 2
of the character. Line 2 contains the next 7 bits required
for generating “N.” This would continue until the 9th
line has been clocked out. Any additional line clocks
will put a vertical space between characters. This is
illustrated in Figure 5.

In a typical application, more than one character is
displayed in a row. (Figure 6) The sequence is as follows:
Line 1 of the first character is clocked out. Note that
7 dot clocks are required to shift out one line in a char-
acter. Additional dot clocks will add lows to the end of
the line. This provides a horizontal space between
characters. There is no limit to the number of clocks
which can be used to generate horizontal spacing. The
address is changed to select the second character. Then
the first line of the second character is clocked out,
next, the first line of the third character is clocked out,
continuing until the first line of the last character in the
row has been clocked out. At this time, the line counter
of the DM8678 is clocked, advancing the line counter
to Line 2. The first character is addressed again, and the
process of the scanning continues until the 9th line of
the last character in the first row has been shifted out.

Then the line clock is again clocked, incrementing the
line counter to Line 10. All characters in the row are
scanned. (Figure 6) The output of the character genera-
tor for lines 10 to 16 is all lows. This provides a vertical
space between rows. The number of lines used to space
can be controlled by clear going low after the desired
number of lines of vertical space have been generated.

L COLUMN 1 COLUMN “N” J

FIGURE 6. Display Example




Next, the first line of the first character of the second
row is addressed and scanned.This continues until the 9th
line plus lines for vertical spacing of the last character
in the last row has been scanned. At this time the
display field has been written. For a CRT Display, itis
necessary to refresh the display. Displays are typically
refreshed 30 to 60 times each second.Memory is required
to store the character address so that they may be called
up when required for refresh.

Figure 7 is the connection diagram and logic symbol.

DEFINITIONS

A1—AB: Character address. A 6-bit code which selects
1 of the 64 characters in the font.

Clear: Active low clear for mod 16 row counter, (can
be used to truncate mod 16 counter).

Line Clock: Clock that advances the line counter.
Advances counter on the low-to-high transition.
Clock Control: Enables line clock when high and
disables line clock when low.

Load Enable: Active low load command which routes
data from the character ROM to the ““D’’ inputs of the
7-bit shift register.

Dot Clock: A low-to-high transition of the dot clock
loads the shift register if ioad is low or shifts data if load
is high.

Output Enable: An active low output enable. When high
the output is in the Hi-Z state.

Output: A TTL TRI-STATE output buffer.

Dual-In-Line Package

ADDRESS LATCH
CONTROL

CLEAR

 C O N O

LINE CLOCK
7
CLOCK CONTROL =

8
GND =

U 16

— Vvee
LA

14
b A5

13

b— A

12

b— 0UTPUT ENABLE
1
— OUTPUT
10

}— LOAD ENABLE
9

DOT CLOCK

TOP VIEW

FIGURE 7(a). Connection Diagram

ADDRESS LATCH
CONTROL
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A3~
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b QUTPUT
ENABLE

po— QUTPUT

p— DOT CLOCK
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EDGE-TRIGGERED

CLOCK GEN
LINE CLOCK
CLock CONTROL

FIGURE 7(b). Logic Symbol DM8678
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ircuits

AN-171 PROM Power-Down C

National
Semiconductor

PROM Power-Down Circuits

description

Inexpensive bipolar PROMs can be used in high perfor-
mance, low power applications if powered down when
they are not being accessed. Since the access time of the
circuit of Figure 1 is less than 80 nanoseconds, the
power saving can be greater than 10 to 1 if cycled every
microsecond. Longer cycle times, or decoding of the
power switching to multiple packages, can yield even
more impressive ratios.

Bipolar PROMs with on-chip power-down have power-up
to power-down ratios of 3:1. Using the PROM power-
down technique illustrated in Figure 1, ratios consider-
ably higher than 3:1 can be obtained. National’s PROMs
perform well in this application. With power removed,
the Tri-State® parts revert quickly to the third (open
high Z) state. Because there are no clamp diodes from
the outputs to Vg, the powered down device presents
only leakage to the output bus.

PROMs do not need to be continuously powered in
many applications. Often data is required from a PROM
on system power up or for a small percentage of a

+5

L 0.2,F
Ssma I
<

PASS TRANSISTOR
PNA313 or 2N3467

4
vee + 0UTPUT

DM74S287
100 pF 256x4

n[w TTL LEVEL PROM
INPUT SIGNAL B £

D-J—' 8
[~ ADDRESS

1/3 741504

11—

Figure 1. PROM Power Down Circuit

App Notes/Briefs

system cycle. Turning the PROM off when it is not
needed saves power and the access time is increased
by only the delay of the power down circuit.

The basic power down circuit is illustrated in Figure 2.
A TTL level input signal drives the TTL logic input of
the power down circuit. The logic input is drawn as a
noninverting buffer; however, circuit operation is not
limited to noninverting buffers. Logic Table 1 illustrates
several logic implementations of both inverting and
noninverting inputs with different speed-power tradeoffs.

Circuit operation is as follows. When the logic input to
R, goes low, base drive is supplied to the PNP switch,
turning the switch on. Cq is a speed-up capacitor which
decreases the switching time of the PNP switch. In
applications where high speed is not important Cqis
not necessary. When the PNP saturating switch is on
Vce (#6V) is applied to the PROM. The time delay
from power up command to power up on the PROM
ranges from about 10 ns to 100 ns, depending upon the
PNP switch and the TTL logic driving the switch.

—'h”‘[z»!
TTL LEVEL
INPUT SIGNAL
(ACTIVE LOW)

5v

SEETTL
0GIC
TABLE 1

16 115 14 |13 liz lﬁ |W Is
vee A7 E2 Eq 01 02 03 04

DM745287

Ag As Ag A3 Ag A1 A2 GND
[FITFTTE

Figure 2. PROM Power Down Circuit




logic table

o Fast
- =D—
79500 e Active High Selects
741500 74S00 Speed
741500 Speed and Low Power

o Fast

s —P>o—>o— |,
e Active Low Selects
Tatsoa 74504 Speed Only

741504 Speed and Low Power

e Very Low Power

e Active Low Selects
Buffers can be connected in
parallel for additional current

MM74C902

e Very Low Power

) 110 o Memory Expansion
o
OECODER o No Resistors Required
4 10 A
MM74C42 R4 and Ry, Figure 2, not
required

design example

Design a minimum power memory that has a 200 ns
access time, a 1000 ns cycle time, and a 256x8 memory.

Two DM74S287 PROMs will be used for the 256x8
memory. DM745287s have a £5% power supply toler-
ance. Since there will be about a 0.2 V drop across the
PNP switch we need to ensure that the V¢ requirement
of the PROM is met.

Since speed is not of prime importance in this application
we will select “slow’” low power parts in the power
down circuit. The 74C902 noninverting buffer will be
used as the logic input device. This device is selected for
its low power. 2N3467 PNP switch will be used as the
pass transistor.

From the data sheets:
2N3467 PNP Saturating Switch

VCE(SAT) Ic=150mA typ=0.165 max = 0.3
hte Ic=150 mA typ =120 min = 40
VBE(SAT) lC =150 mA typ= 0.8 max = 1V

DM74S287 PROM

lcc = 80 mA typ, 130 mA max
74C902 Buffer

lcc = 15 MA max

We are now ready to calculate the value of resistor Ro.
Resistor Rp is used to limit the base drive current of
the PNP 2N3467 transistor. The value of Ry is calculated
from the voltage across Rp and the base current required
to supply the l¢c current required for the PROM.

Resistor calculation:

vee

vee

2N3467
vge SAT=1VMAX

FOR PROM

I
!
|
|
|
|
I
|
|
|
! LHBMAMAX
I

|

TTL OUTPUT

OF LOGIC CIRCUIT
DRIVING THE

PNP SWITCH

130 mA = ICC

=3.25 mA

hfe =40
min
Base current calculation:

_Vee - (VeesaT) + VoLmax))

R2
VBE(SAT)
B R =820
5-(1+05)V
Rg= ————
(3.25 + 1.0) mA
Rz:_ii.v_c 823 Q
4.25 mA

Rp =820 %2, rounding to the nearest standard value.

R is chosen to be equal to the Ry to simplify the parts
list and this allows resistor packs (8 identical resistors
in a 16-pin package) to be used when appropriate.

Figure 3A is the final circuit for the 256 x 8 memory.
Performance of the 256 x 8 power down memory is:

Power when selected 1345 mW max

Power when deselected 0 mW with 74C902 buffer
Access time 180 ns max

Average power is a function of duty cycle, and for
our 256x8 power down example average power is:

p _ on time Power max = 200 ns (665) (2)
ave(max) off time. 1000 ns’

Pave(max) = 15'(1330) =265 mW max

The 265 mW assumes that all parts are maximum at
the same time. The more likely situation is that parts
will be at or near their typical value.

For our example:

Paveltyp) =-;‘(830) =166 mW avey
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AN-171 PROM Power-Down Circuits

Ry <

p g7 :

4 2N3467

1/3 74€802 1/3 74€802
< >
:: :220 Q | :; 8 zu
< vee £ 8200 vee
745287 748287

SELECT - =

,
_’|ml<_ 800 ———‘
l 200 ns

R -
MEMORY
ENABLE
SIGNAL
TTL L

Figure 3A. 256 x8 Power Down Memory
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performance table

Typ Max

Access Time Max
74C902 Buffer 54 ns 90 ns
2N3467 PNP Switch 20 ns 40 ns
745287 PROM 35ns 50 ns
109 ns 180 ns

Power Selected

Ig 2N3467 15 mW
74C902 —
745287 at 5V, 6.65 mW each 1330 mW
1345 mW

Power Unselected
lg 2N3467 0 (leakage)
74C902 0 (75 uW)
745287 0
omw

resistor
RA08
16 |15 e 113 J12 fi1 10 |9
J O O O O O O O
BT
€ ¢ ¢ € < € € 9
1 2 3 4 H 6 7 8
TOP VIEW
buffer
MM54C902/MM74C902
MM54C804/MM74C904
vee

14 |13 q12_ J11 110 9 8

AR

|1 lz IJ la ls ls I1

TOP VIEW GND
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128 Characters with the
DM8678

The purpose of this brief is to describe the control logic
necessary to generate 128 characters and attributes.
The example used is for the upper and lower case set of
characters from the DM8678BWF and DM8678CAE
with cursor (underline) and blanking .

There are 2 important factors to consider when using
2 DM8678's. First, the character set of each ROM pat-
tern is based on a 6-bit ASCIl format. A seventh bit
must be added for selection of upper or lower case.

National Semiconductor
Memory Brief 1

W. Johnston

C. Mitchell

July 1977

47

Second, the standard ASCIl format requires that bits
6 and 7 be exclusive-ORed to select upper and lower
case characters. Pipelining this altered most significant
bit (bit 6 and bit 7) synchronizes the signal to control
the OUTPUT ENABLE of the appropriate character
generator. This either enables or TRI-STATES® the
DM8678 outputs. Figure 1 shows an implementation
using the DM7486—exclusive-OR gate and the DM8511—
gated D flip-flop.

1/2 DM7486 -:l__- T OMB511 ]
ASCH BIT?7 CLR CLR
ASCII BIT § ——g 0 \ a o a
— [
I > STRE
D> —1> a
61 62 Gl G2
IT ] T
ADDRESS
3%2322 O— | 0UTPUT ENABLE (UPPER CASE)
A6
COMBINED SERIAL QUTPUTS
ASCILIT S As DM8678 (UPPER AND LOWER CASE)
ASCII BIT 4 A4
BWF
ASCII BIT 3 A3 4
ASCII BIT 2 A2
ASCH BIT 1 a1 © LOAD ENABLE
7
] a5 o— OUTPUT ENABLE (LOWER CASE)
AS
DM8678

A eag

A3 < DOT CLOCK

A2

Al o

7T
TiEAR LINE cLocK

CLOCK CONTROL

FIGURE 1. Upper and Lower Case Character Generator
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128 Characters with the DM8678

Memory
Brief 1

The selection bit is latched into the first flip-flop on the
trailing edge of the address latch strobe. If the strobe of
the DM8678 is not in use (as in low character rate
systems), then this first flip-flop (A) may be eliminated.
The second flip-flop (B) is gated on by the same signal
that drives LOAD ENABLE on the character generator.
Clocking of both the DM8678’s and flip-flop (B) occurs
on the positive edge of the dot clock. Q and Q drive the
OUTPUT ENABLE inputs of the lower and upper case
generators, respectively.

Figure 2 indicates how attribute bits can be inserted
into the combined serial output of Figure 1 to produce

character blanking or underlining.. Here the attribute
bits are pipelined using DM8511’s and DM7474's.

In Figure 2, a cursor (which occurs on the video display
as an underline) is gated on only during the eleventh
scan line of a character. Apart from this gating the
attributes _are pipelined in the same manner as the
OUTPUT ENABLE's in Figure 1, except that the out-
puts of the DM8511’s are logically combined with the
video.

1/2 DM7474 1/2 DM8511
CURSOR 8IT ——— D a 0 a
§TRB D>
6 62
LINE 11 J | }VCUEU
DOT CLOCK +
1/2 DM7474 1/2 DM8511
CHARACTER
BLANK BIT 0 a 0 a
L—->
Po o

LOAD ENABLE

COMBINED SERIAL OUTPUT

(FROM FIGURE 1)

FIGURE 2. Pipelining Attribute Bits

Manufactured under one or more of the following U S _patents: 3083262, 3189758, 3231797, 3303356, 3317671, 3323071, 3381071, 3408542, 3421025, 3426423, 3440498, 3518750, 3519897, 3557431, 356076S.
3566218, 3571630 35:5609. 3579059, 1591069, 3597640, 3607469. 617859, 631312, 3633052, 3638131, 3648071, 365155, 3633248
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National
Semiconductor

TITANIUM-TUNGSTEN
SCHOTTKY
BIPOLAR
PROMS

Abstract

National’s Reliability Assurance Department maintains
an active program of product reliability evaluation on all
products and processes.

This report summarizes the work specifically under-
taken on the Schottky Bipolar 1024-bit PROM utilizing
titanium-tungsten (Ti-W) fuses in Epoxy B molded dip
(N-package), cerdip (J-package), and hermetic dip (D-
package).

Prepared by:

Approved by:

Preliminary Issue
August 1977

To date, in excess of 1000 devices have been subjected
to various accelerated tests including dynamic high
temperature operation life, temperature-humidity life,
temperature cycling and thermal shock. Device perfor-
mance in all package configurations is excellent.

Peter J. Naumchik
Mgr, MOS Reliability Engineering

G ——

R. A. Kramer
Manager, Reliability Assurance




PRODUCT DESCRIPTION

National’'s DM74S287 TRI-STATE® 1024-bit PROM and
DM74S387 the open collector version, are the first of a
series of Schottky Bipolar field programmable memory
products utilizing titanium-tungsten fuse technology.
2048-bit and 4096-bit devices are currently under
evaluation and will be discussed in detail in later issues
of this report.

The use of titanium-tungsten (Ti-W) as a ‘buffer’ mater-
jal between the aluminum interconnect and the
platinum-silicide ‘barrier’ is a standard of the Schottky
Bipolar process metalization system. (Refer to Figure 1)

Utilizing titanium-tungsten as a fuse metal therefore
‘uncomplicates’ the metallic structure of these Bipolar
PROMS.

Vee

To Word
Decode

To Bit
Decode

Zener

Darlington

To Output
Buffer

To Enable
Circuit

PT-Si "Barrier”

Ti-W “Buffer”
Aluminum

P—Substrate

Figure 1

Titanium-tungsten has many desireable properties
which make it a preferable fuse material. It is extremely
stable metal which does not oxidize readily and is very
‘processable’. Thus, fuses of uniform size (NOM:
2u x IKA) and resistivity are readily produced. The one
drawback of Ti-W as a fuse material is its extremely high
melting temperature (3300 °C). A very high energy pulse
is required to open the fuse.

To insure reliable programming, National's Ti-W
PROMS incorporate the Darlington programming cir-
cuit shown in Figure 2. This circuit ‘pulse shapes’ the
input from the programmer and provides a high energy
very fast current pulse to the selected fuse. Because of
the speed of this on-the-chip approach localized heat-
ing is minimized. This results in a wide gap free of re-
sidual material, and as demonstrated by the data here-
in, excellent reliability.

—O Output
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TESTS PERFORMED

Accelerated testing methods are utilized by two operat-
ing groups within the Reliability Assurance Department
to establish and monitor product reliability. These two
groups are: Reliability Engineering, and the Reliability
Audit Group. Data from both of those sources is in-
cluded in this report.

The Engineering Group has the primary responsibility
of evaluation and qualification of new or changed pro-
ducts and processes, while the Audit Groups responsi-
bility is to periodically monitor product already qualified
and released to production.

The tests utilized in the Reliability Audit program for
molded products are as follows:

1. High temperature life test — TA = 125°C, dynamic
operation (refer to burn-in circuit 1305RE) 1000
hours.

2. Temperature/humidity life — TA = 85 °C/85% RH sta-
tic bias, minimum power, 1000 hours.

3. Temperature cycling, 0°C to 125 °C, 2000 cycles.
Tests included in the hermetic product audit program
are:

1. High temperature life test — TA = 125°C, dynamic
operation (refer to burn-in circuit 1305RE), 1000
hours.

TEST SAMPLE DESCRIPTION

2. Thermal shock—55 °C to 125 °C, 15 cycles, hermetic-
ity fine leak and gross leak endpoints.

3. Solderability/MIL-STD-883A
4. Lead integrity/MIL-STD-883A.

The test methods utilized by Reliability Engineering are
for the most part the same as those utilized in the audit
program, however, temperature extremes and dura-
tions are often extended, applied voltages worst-cased,
and step stress and mean life-time programs employed.

These two programs combined with field failure data
fed back through our failure analysis organization pro-
vide National Reliability Assurance with excellent visi-
bility into our product’s reliability.

Note: All entries in this report are identified by file
number. These reliability files are COMPANY PRIVATE,
however, they can be made available for inplant review
upon request.

The following data describes the samples subjected to Reliability Assurance evaluations on our current Ti-W

Schottky Bipolar PROM process. (By date code).

FILE NO. PART NO. PACKAGE DATE CODE QTY. TYPE OF EVALUATION
AMB-16152 DM745287 N 7633 115 Audit

AMB-16187 DM745287 N 7639 115 Audit
RMB-76214a DM74S287 N 7647 28 Engineering Eval.
RMB-76214b DM74S287 N 7647 33 Engineering Eval.
RMB-76214c DM74S5287 J 7648 14 Engineering Eval.
RBM-76219 DM745287 J 7648 40 Engineering Eval.
AMB-17045 DM74S5287 N 7702 115 Audit

RMB-77035 DM74S387 D 7707 27 Engineering Eval.
AMB-17096 DM745287 N 7709 115 Audit
RMB-77038a DM74S287 D 7709 90 Engineering Eval.
RMB-77038b DM74S287 J 7709 60 Engineering Eval.
RMB-77038C DM745287 N 7709 90 Engineering Eval.
RMB-77039a DM74S287 N 7709 150 Engineering Eval.
RMB-77039b DM74S5287 J 7709 90 Engineering Eval.

Note: All reliability tests are performed on partially programmed devices so that both programmed and unprogram-

med fuses may be studied.
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SEMICONDUCTOR DEVICE RELIABILITY & THE ARRHENIUS MODEL

Anyone who has dealt with the reliability problem will
instantly recognize the curve of Figure A. This is the
famous “bathtub’’curve which plots failure rate against
time. This idealized curve applies to all hardware —
mechanical, electrical, or electronic. There are three vi-
tal statistics associated with this curve.

INFANT MORTALITY

These are the devices that fial during the early-life
period from to to t1. This number is represented by the
shaded area under the curve. Since the failure rate (A) is
decreasing rapidly during the early-life period, failure
rate is a meaningless statistic during this period. Infant
mortality is expressed as an absolute percentage. Gen-
erally speaking, the early-life period extends from a few
weeks to afew months. The infant mortality is greatly in-
fluenced by system stress conditions other than tem-
perature and can vary widely from one application to
another with the same device.

FAILURE RATE

The useful failure rate is the average failure rate that can
be expected from a device population after the early life
period has passed and before wearout failures begin.

This is represented by the flat portion of the curve from
t to t2. This statistic is usually expressed as percent fail-
ures per 1000 hours. Other units such as failures per
million hours are also used. Another way of stating this
statistic is mean-time-between-failures (MTBF). The
MTBF is expressed in hours and is simply the reciprocal
of the failure rate. The useful-lifetime period may be
only a matter of a few months but it usually extends for
decades if proper design margins are applied. The
primary stress which influences the useful failure rate is
temperature.

USEFUL LIFETIME

This is the period which extends from the end of early-
life to the beginning of the wearout region. This is rep-
ressented by the tail of the curve beyond t2. At this point,
true wearout failures begin to occur in significant num-
bers. This statistic is normally expressed in hours. In
most cases, there is insufficient data available to define
the true, useful lifetime of a device. However, a
minimum useful lifetime figure will usually suffice as a
basis for assuring adequate design margins. Tempera-
ture plays a major role in determining the onset of wear-
out mechanisms but other stresses such as pressure,
mechanical stress, thermal cycling, and electrical load
conditions play first-order roles as well.

- FIGURE A
RELIABILITY LIFE CURVE

(SHADED AREA)

FAILURE RATE (A)

INFANT MORTALITY

tg EARLY LIFE

t1 USEFUL LIFE

ty WEAROUT

TIME

The only practical way to estimate failure rate and useful
lifetime figures is through the use of accelerated life
testing of sample guantities of devices which are known
to represent the device ‘“‘population’’. There are numer-
ous accelerated life tests which can be performed on
devices but the most common test is the high tempera-
ture operating life test. It is a well-established fact that
the vast majority of long-term failure mechanisms (i. e.
other than infant mortality mechanisms) are time and
temperature dependant. Their frequency and distribu-
tion in time usually follows a log-normal distribution
and the effect of temperature on this distribution can be
predicted by the use of the Arrhenius Model. This model
permits the estimation of failure rates at junction temp-
erature conditions different from the junction tempera-
ture condition during an accelerated test. The Ar-
rhenius Model was developed in the 1880’s as the law
which describes the reaction rates of chemical proces-

ses. Its adoption as an aid in solcing accelerated life
testing problems came about because of very logical
reasons. The researchers in the field of accelerated life
testing methods experimented by performing tests and
then attempted to explain these empirical results in
physical terms. The need for a physical explanation of
empirical results is of paramount importance in the
complete validation of an accelerated life testing
method. In many of the simple electronic parts, it is easy
to theorize that the mechanisms leading to degradation
and failure are chemical processes and elevated temp-
erature is frequently selected as an accelerating stress.
Hence it seemed a natural course of eventsto attemptto
apply this as a useful adjunct to the state of the art of ac-
celerated life testing. The Arrhenius Model as applied to
accelerated life testing methodology assumes that the
degradation of some performeter is linear with time with
the rate of degradation depending on the severity of the
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accelerating stress. It further assumes that the
logarithm of the degradation rate varies linearly with the
reciprocal of the absolute temperature. Therefore, the
following formula is used to relate equivalent failure
rate at accelerated stress levels to calculated failure rate
at use stress levels.

TABLE |

COMMON WEAROUT FAILURE MECHANISMS

FAILURE MECHANISM ACTIVATION ENERGY

Electromigration in aluminum 1.2eV
conductors(glassed,largegrain)
Intermetallic growth in .99-1.04eV

gold/aluminum bond systems
Wire and wire bond failures
during thermal cycling

Slow trapping—chargeinjection
Chargeaccumulation-mobileions

A fatigue mechanism

1.0-1.3eV
1.0-1.35eV

TTT

-
s
NI

0.4eV

1 1 | | I | | | | |

60 60 70 80 90 100 120 140 160 180 200

TTT

FAILURE RATE (NORMALIZED TO 30°C)

JUNCTION TEMPERATURE °C

FIGURE B
FAILURE RATE AS A FUNCTION OF JUNCTION TEMPERATURE

. -E
t=t exp . (Tkj“__

Where: t= MTBF at junction temperature Tj
t' = MTBF at junction temperature Tj’

Tj = junction temperature in °K

Table | lists some of the more common long term failure
mechanisms together with their activation energies. All
of these mechanisms are discussed at length in the lit-
erature. They are essentially all wearout mechanisms.
The dramatic acceleration effect of temperature on th-
ese failure mechanisms is illustrated in Figure B. This
family of curves shows MTBF versus junction tempera-
ture for various of activation energy. As can be readily
seen from these curves, a mechanism with an activation
energy of .99eV is accelerated more than 800 times
when the junction temperature is increased from 50 °C
to 125 °C. This means that a 1000 hour life test at a junc-
tion temperature of 125 °C is the equivalent of 800,000
hours of device operation at a junction temperature of
50 °C. Assuming theat the 1000 hour test at 125 ° C fails
to reveal an increasing failure rate (i.e. onset of wear-
out), a 1000 hour test would substantiate a minimum
useful lifetime in excess of 90 years.

At this point, we are faced with a dilemma. Since each
failure mechanism has a unique activation energy it is
obvious that there is no such thing as a “‘universal’ ac-
celeration curve which is good for all mechanisms un-
der all conditions. Furthermore, treating each failure
mechanism independently becomes a superhuman
task best suited to the dedicated researcher with unli-
mited time and resources. One practical approach
therefore would be to use the lowest known value of ac-
tivation energy (consistent with common sense) so that
all failure rate estimates are ‘“‘pessimistic’’. This is the
approach used in MIL-HDBK-217B. An activation
energy of 0.7eV was used for the iy factors applicable to
Bipolar deviees. While the rationale for selecting this
value of activation energy is not discussed in
MIL-HDBK-217B, it would appear likely that the authors
of this document has access to some fata which has not
been heretofore published. However, for the sake of
consistency, National basis its published estimated
failure rate figures on the activation energy figures used
in MIL-HDBK-217B.

E = thermal activation energy in electron volts (eV)

K = Boltzmann's constant (8.617 x 107° eV/°K)
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LIFE TEST RESULTS

As can be observed in Table |, to dare only three failures
have occurred as a result of high temperature acceler-
ated life testing. Analysis of these failures has indicated
the following:

TEST

AMB-16152

STATIC BIAS, HIGH TEMPERATURE
LIFE TEST. 1 Failure © 504 hrs.

RMB-76214B

DYNAMIC OPERATION, HIGH
TEMPERATURE LIFE TEST
S/N 06 FAILURE © 168 hrs.

RMB-77038C

DYNAMIC OPERATION, HIGH
TEMPERATURE LIFE TEST
S/N 01 FAILURE © 168 hrs.

It is important to note that none of the failures observed
during the first 1,000,000 device hours are fuse related,
substantiating the excellent reliability of the titanium-
tungsten system.

FAILURE RATE EXTRAPOLATION

Based on the failure data supplied herein, a more ap-
propriate activation energy might be applied to calcu-
late a failure rate for this product, however, because of
the limited number of failures observed and to be com-
patible with MIL-HDBK-217B, an activation energy of
0.4e.v. is utilized in the following calculation:

TEST CONDITIONS

Vcec = NOMINAL 5,0 Volts

lcc = 75mA (Avg. 3 Temperature, 50% Duty Cycle)
PD = 375mw

BjA = 65 °C/Watt (Still Air) D or J package

©jA = 115 °C/Watt (Still Air) Molded Dip (N)

Air Flow = 300 Lin.Ft/Min (Approximately 75% of Still
Air Value)

Tj (Test) for D or J package = Ambient + 18°C

Tj (Test) for N package = Ambient + 32°C

Life test data given includes all package types therefore,
for the purpose of this calculation an average Tj of am-
bient + 25°C is used.

TA =125°C +25°C =Tj (Test) = 150°C

ANALYSIS

FUNCTIONAL FAILURE,

LOW BREAKDOWN E2
INPUT GATE, OXIDE DEFECT

PARAMETRIC FAILURE

OUTPUT 04 LEAKAGE EXCEEDS
SPECIFICATION

JUNCTION LEAKAGE

FUNCTIONAL FAILURE
MARGINAL ADDRESS ACCESS TIME.
OXIDE LEAKAGE.

ASSUMED USE CONDITIONS

Vce = NOMINAL 5,0 voits
lcc = Typical 80mA
TA = 30 °C AIRFLOW 300 Lin. ft/Min.’

©j Averaged for above conditions
All package types = TA + 25°C.

Tj (use) = 55°C

Applying the Arrhenius relationship we find:

Tj (Test) 150 + 273 = 423°K
Tj (Use) 55+ 273 = 328°K

0.4
8.617164044 x 10%e.v./°K = 4641,89

4641.89 - . Tj — Tj = 24x
Thus 1, 131, 636 = 2.72 x 107 Equivalent hours.

0.0245%/1000 hrs.
at 90% confidence.

3 Failures _

2.72 x 107 hrs.
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1.0 INTRODUCTION
This report has been written to furnish reliability infor-
mation  concerning  National Semiconductor's

MM1702AQ 2048-bit electrically programmable (UV
erasable) read only memory (EPROM). The MM1702AQ

Prepared By:

Approved By:

Approved By:

2. Basic Cell Structure

As previously indicated, the basic FAMOS cell structure
is fabricated using National Semiconductor’ well-es-
tablished P-channel Silicon gate process. Figure 1

is manufactured using National Semiconductor’s
proven P-channel Silicon-gate technology, utilizing the
floating gate avalanche injection Metal-Oxide-
Semiconductor (FAMOS) cell structure.

x’ .
Russ Childs <\A

MOS Reliability Engineer

P. Naumchik
Mgr. MOS Reliability Engineering

R. A. Kramer
Manager, Reliability Assurance

shows the main physical features involved in the
FAMOS structure.

METALLIZATION
POLY SILICON GATE
a Oxide
Oxide Oxide
4
Source Drain
( P-type ) Gate oxide ( P-type)

Figure 1 Physical Construction of Floating Gate

Substrate (N-type)
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3. Mode of Operation
3.1 Programming

Figure 2 shows the cell structure under bias.

-Vprog

\ Source

Substrate
Figure 2 Floating Gate in Programming Mode.

Ontheapplication of a programming voltage, -Vprog, to
the drain, avalanching occurs in the region of the
gate/drain overlap and “hot electrons” are injected
onto the gate. When sufficient charge is injected onto
the gate, the substrate region between source and drain
then becomes inverted. In this condition, the cell is
programmed “ON” while the state of the cell is deter-
mined by sensing source-drain conductivity.

Gate
Charge

Vprog l

- Upper Trip Point

Bit Fail

Lower Trip Point

Programming Time

Figure 3 Floating Gate Charging Characteristics with
Respect to Programming Voltage & Prog-
ramming Time

The amount of charge injected onto the gate is a func-
tion of the magnitude and duration of the programming
charge as indicated in Figure 3 above. Additionally, the
time to charge each bit varies from address to address
due to basic processing characteristics. Through
characterization and reliability testing, the amount of
charge required on the gate to guarantee operation and
long term data retention has been established.

brain /

3.2 Erasure

The programmed ““OFF" state exists when there is no
charge on the floating gate. Gate discharge (erasure) is
accomplished by illuminating the chip with short-
wavelength (253,7nm) ultraviolet light at 6W-sec/cm?.
The previously injected electrons on the gate are
energetically excited such that a photocurrent flows
from the gate back to the drain. Now that the gate has
been discharget, the substrate surface between source
and drain is no longer inverted and the sense amplifier
detects the conductivity change.

Gate
Charge

Upper Trip Point

Lower Trip Point

|
|
I
1
] Erase Time

X

Figure 4 Charged floating gate characteristics with

respect to erase time.

Theactual time required for erase depends on such var-
iables as the amount of charge stored, UV transmissivity
of the quartz lid, distance from the source, etc. From the
users point of view, the main variables of concern are
distance from the source and the light source itself. It is
recommended that the lamp be placed '/2—1 inch from
the chip. Each lamp should be calibrated, a worse case
erase time (X) established then overerase by a factor of
two, as indicated in Figure 4 above.
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4. Test Philosophy

4.1 Production Testing

In addition to ensuring all guaranteed parameters are
met, each MM1702AQ cell undergoes programing and
erase at least twice during its standard production test
flow. Furthermore, before being given final approval,
each unit is subjected to a high temperature screen
bake at 225°C, and retested in order to guarantee its
data retention properties.

4.2 Box Stock Quality Audit

As a further quality monitor, routine sampling of Box
Stock is carried out, both with respect to full data sheet
specifications and data retention.

5. Reliability

Regular extended life testing of MM1702AQ’s carried
out by means of the following industry standard accel-
erated stresses:

(1) High temperature (+ 125 °C ambient) reverse bias
(HTRB)

(2) Dynamic high temperature
operating life (DHTL)

(+125°C ambient)

(3) High temperature (+ 125 °C ambient) data retention
bake.

The combination of all three stress modes allows
analysis of any failure mechanism evident in terms of
process and/or product stability. It is required that con-
tinued satisfactory performance to the above acceler-
ated life tests be the basis on which the production test
flow and AQ monitors are justified.

5.1 High Temperature Reverse Bias (HTRB)

Figure 5 shows the DC biasing arrangement employed
for an accelerating ambient temperature of + 125°C.

Table 1 shows typical results obtained when units are
subjected to HTRB. The data from Table 1 is again
shown in summarized form in Table 2 to give the failure
rates at 55°C and 70°C.

1 Ay
2 A
3 A
[o]
4 1=
5 2 D
A
6 3 T
A
7 4
o]
8 5 U
T
9 6
10 7
11 8
12

Sample Size Device Hours TA(°C) No. Fails
30 120,000 125 0
42 63,504 125 0
66 133,980 125 1
24 24,000 125 1
Table 1 HTRB Results
24
D
vce 23
Vece 22
A3 21
A4 20
AS 19
A6 18
t‘s_/, 17
v
foe 16
VBB 15
cs 14 ;;7'
PGM 13

Figure 5 1) -15v

Equivalent Failure Rate (%/1000 Hrs)
Total Device Hrs Device-Hours No. at 60% Upper at 90% Upper
at 125°C (0.7eV) Fails Confidence Level Confidence Level
341,848 4,44 x 107 (65°C) 0.005 0.009
8.54 x 108 (70°C) 0.025 0.048

Table 2 HTRB Failure Rate Calculations
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? -9V
1 A v 24 .
— 2 DD Resistors: all 10k, 1/4W
2 A Vcc 273
- 1 Addresses:
3 AO Vcc 22
-— 50% duty cycle, 0 to +5V
) AMA 4 |1 D M3 21
s 2 A A 20 timings:
F—MWV—ro 4
T A Sus
6 3 A -
- AMA——— Ag 19 AT - lous
7 4 O A6 18 Az - 20us
W VY'Y W———
A3 - 40us
e NI T
9 6 T v 16 5 _
—ve—2 = R
L A—2] 7 Ve 15 o5 - l44ous
T B cs 14
12 PGM 13
o
ov
Figure 6 DHTL Schematic v
Figure 6 shows the operating conditions under which - - c )
dynamic stress is carried out at the accelerating temp- Sample Size Device Hours  T.(°C) No. Fails
erature of + 125°C ambient. Typical data obtained is
shown in Table 3 and in summarized form in Table 4 to 23 46.690 125
give failure rates at 55°C and 70 °C. 179 363370 125 1
20 40,600 125 0

Table 3 DHTL Data

EquivalentFailure Rate {%/1000 Hrs)

Total Device Hrs  Device-Hours No. © 60% Upper © 90%Upper
at 125°C (0.7eV) Fails Confidence Level Confidence Level
450.660 59 x 107 1 0.0036 0.0065
(55°C)
1.1x 107 1 0.02 0.04
(70°C)

Table 4 DHTL Failure Rates

5.3 Data Retention

In this test, units are stored programmed at high temp-
erature (225 °C) to accelerate charge leakage from the
floation gates. Characterization of the leakage rates
(Figure 6) at various storage temperatures shows two
mechanisms causing charge decay. The datain Figure7
has been re-plotted in Figure 8 to more clearly show the

existence of the two different activation energies for the
lower and opper portions of Figure 7 (indicated as A& B
respectively). As shown. these curves correspond to ac-
tivation energies of 0.7eV and 1.5eV, characteristic of
surface state trapping (Qss) & ionic drift (Qxa) respec-
tively.
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175°C

225°C
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STORAGE 250°C
TIME
(HRS)
/ .
/ /// /
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v
/
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2 1 2 3 4 6 10 2

—= % CUMULATIVE FAIL

Figure 7 Data Retention Characteristics with Bake Temperature
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5
1000 J
/ Epl=1.48V
5 /
STORAGE
TIME B
(HRS)
100 - /
s J
/ E‘] =0.7eV
A
10 /
5
— == BAKE TEMP.(°C)
1 s — 1
300 250 225 175
Figure 8

From the users point of view, data retention perfor-
mance on the lower portion of the curves is of particular
importance as representing worst case data retention
lifetime. The data on the lower portion of the 225°C
Storage temperature is shown in Table 5 and the resul-
tant calculated failure rate is given in Table 6.

Asis evident from Table 6, the worst case failure rate for
data retention is those for dynamic and static operation.

5.4 Packaging

A further routine monitor that MM1702AQ’s undergo is
cycled thermo-mechanical stressing to determine
hermeticity lifetime of the quartz lidded ceramic pack-
age. Again industry standard tehcniques are employed
consisting of:

Sample Size Device Hours  Ta(°C) No. Fails
(1)-65°C to +150°C, air-air & liquid-liquid
255 35,178 225 9 (2)-55°C to +125°C, air-air-, & liquid-liquid
(3)0°C to +125°C, air-air.
Table 5 Worst Case Data Retention Fail In each of the above cases, typically, no failures are ob-
Data at 225°C Storage served for 3,500 unit cycles.
Equivalent Failure Rate (%/1000 Hrs)
Total Device Hrs  Device-Hours No. at 60% Upper at 90% Upper
at225°C (0,7eV) Fails Confidence Level Confidence Level

35,178 4,38 x 108 (55°C) 9 0,003 0,004
8,75 x 107 (70 °C) 9 0,013 0,018

Table6 Worst Case Data Retention Falure Rate
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1. INTRODUCTION

The ‘High Performance 8192-bit Erasable PROM' has
been developed and currently manufactured at ‘Nation-
al’ in response to the increasing requirements of sec-
ond generation microprocessors. The design goals of
density and speed have been achieved through the de-
velopment of an N-channel stacked-gate cell concept
combined with novel peripheral circuits. The small cell

Prepared by:

Approved by

Approved by:

2. DEVICE DESCRIPTION

National’s 2708 is packaged in an industry standard
24-pin package as shown in Figure 1.

size and fast memory access extend this new 'EPROM’
performance beyond the levels established by the well
known P-channel approach.

This report furnishes the device description and the re-
liability information concerning National Semiconduc-
tor's MM2708Q, 8192-bit ‘EPROM’.

Sena Reddy
Si-Gate MOS Product Reliability

P. Naumchik
Mgr. MOS Reliability Engineering

-

R. A kramer
Manager, Reliability Assurance

AOQ — A8 Address Inputs
01 — 08 Data Outputs
CS/WE CHIP Select/Write Enable

A7 — 1 24 — Vcc
A8 — 2 23— A8
A5 — 3 22 }— A9
A4 — 4 21 — vgg
A3 — b5 20 — CS/WE
A2 —1 6 19— vpp
[A1 — 7 18 }—— Program
.AO —1 8 17 |— 08

01 — 9 16 — 07

02 ——10 15 — 06

03 —11 14 —— 05
vgg —12 13 |— o4
Figure 1. MM2708 PIN CONFIGURATION.




The program pin (18) receives 26V pulses during prog-
ramming and must be held at Vss (GND) or below V.
during read operations. The cs/WE pin (20), serves the
following three functions:

(i) When at V. (OV), the device is selected for normal
read operation.

(ii) When at V3 (3.0V, Min), the device is deselected and
the outputs are placed in the high impedance state.

(iii) When at Viuw (11.4V, Min), the device is write ena-
bled and ready to receive program pulses.

The low-order address bits (AO—A3) perform column (or
Y) selection, while the high-order address bits (A4—A9)
perform the row (or X) selection.

2.1 BASIC CELL

The storage medium of the National 2708 is a single
transistor stacked-gate cell, implemented with two
layers of polycrystalline silicon. The cell consists of a
blottom floating gate and a top select gate, as shown in
Figure 2. The top gate is connected to the row decoder,
while the floating gate is used for charge storage. Both
the first and second gate oxides are of standard produc-
tion thickness, and the channel doping level is adjusted
via ion implantation. The cell is programmed by injec-
tion of high energy electrons through the oxide, onto
the floating gate. Once trapped- the charge remains
there, as there are no electrical connections to the float-
ing gate. The presence of charge on the floating gate
causes a shift of the cell threshold voltage as shown in
Figure 3.

—— SELECT GATE

floating gate

S|02
SOURCE N+ J k N+ DRAIN
— P-IMPLANT N\
o o~
P—TYPE SI—SUBSTRATE
(a) CROSS SECTION
DRAIN
]
SELECT |
GATE l : SUBSTRATE
FLOATING
GATE SOURCE
(b) SCHEMATIC SYMBOL

FIGURE 2. MM2708 STORAGE CELL

FIGURE 2. MM2708 STORAGE CELL




NOT
PROGRAMMED PROGRAMMED
CURRENT
THROUGH
TRANSISTOR
(CELL)
V7{NOT PROGRAMMED)  V1p(PROGRAMMED)
VOLTAGE ON GATE OF  ——=
CELL

FIGURE 3. STORAGE CELL THRESHOLD SHIFT

In the initial state, when there is no charge on the float-
ing gate, the cell has a low threshold and selection of
the cell, by applying voltage on top select gate turns it
on. Butwhen programmed, the cell stores charge on the
floating gate, and its threshold shifts to a higher level so
that it will not turn on when selected.

2.2 ERASURE

As there are no electrical connections tl the floating
gate, therefore stored charge in the cell must be re-
moved by non-electrical means. lllumination of the cell

with ultraviolet light of the correct wave length (2537 A°)
and energy (10 watt seconds/cm?) will impart sufficient
photon energy to the trapped electrons to allow the
floating gate to be fully discharged.

3. RELIABILITY

This section describes the tests conducted to establish
the device reliability and as well as failure mechanisms
involved. The following tests focus on charge loss
characteristics and long term degradation.

(i) High temperature data rentention bake.
(ii) Dynamic high temperature life test.

In addition, several other tests such as activation energy
experiments, programming margin, voltage SHMOO,
prolonged erasure and multiple program/erase tests
are currently in progress. This report will be updated
with results from those tests as they become available.

3.1 DATA RETENTION

Data retention in the MM2708 was evaluated using high
temperature bakes. A bit pattern was selected to prog-
ram ‘EPROM’ cells and stored at high temperature
(300 °C) to accelerate charge leakage from the floating
gates. The cumulative percent failures then plotted with
time for given bake temperature. Figure 4 shows the
data retention characteristics of National 2708 at 300 ° C
in comparison with familiar P-channel EPROM, 1702A.

/
/
/
/
/
/
/
Vi
/
/
/
/
= 4
] 7
£ yid
© 7
* s
s
s
s

MM2708
MM1702A
TA = 300°C

10

STORAGE TIME IN HOURS

FIGURE 4 DATA RETENTION CHARACTERISTICS
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3.2 LIFE TEST

This is a high temperature (125 °C) dynamic operating  are detailed in drawing No. 1310RE and the data ob-
life test to stress the device in order to accelerate its  tained is summarized in Table 1. The failure rate predic-
failure mechanisms. The timing and voltage conditions  tions at 50 °C are given in Table 2.

SAMPLE SIZE DEVICE HOURS TA(°C)  NO.OF FAIL FAILURE MODE

24 48,384 125 2 CHARGE LOSS
24 36,288 125 0
48 72,576 125 0

TABLE 1. DYNAMIC LIFE TEST DATA

TOTAL DEVICE HOURS EQUIVALENT DEVICE NO.OF FAILURE RATE

AT 125°C HOURS FAIL ©60% ©90%
(0.7ev) Conf. Conf.
level level
157,248 1.792 x 107 2 .017%/khr .029%/khr
(50°C)

TABLE 2. DYNAMIC LIFE TEST FAILURE RATES.
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ELECTRICALLY PROGRAMMABLE

SUMMARY

READ-ONLY MEMORY
IN 24 LEAD QUARTZ LID
PACKAGE

Samples of MM5203Q with quartz lids have been prog- There were no failures. Based on the Arrhenius model
rammed with a customers program and have passed (attached report G-11), the calculated failure rate at
1000 hours of High Temperature Operating Life Testing. 70°C is 0.029%/1000 hours with a 60% confidence

level.

D. Tovar
MOS Reliability

Y/

R. Kramer
Mgr. Reliability Assurance
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ABSTRACT

M5203Q are at an acceptable reliability level of
0.029%/1000 hours at 70°C (60% confidence level),
with respect to HTOpL testing.

PURPOSE OF TEST

The purpose of this test was to use a customers prog-
ram on Approved Box Stock drawn MM5203Q devices
subject to HTOpL testing and electrically test for data
retention.

SAMPLE DESCRIPTION

The MM5203Q is a 2048-Bit static read- only memory
which is electrically programmable and uses solicon
gate technology to achieve bipolar compatibility. The
device is a non-volatile memory organized as a
256 x 8-Bitwords or 512 x 4-Bit words. Programming of
the memory contents is accomplished by storing a
charge in a cell location by programming that location
with a 50 volt pulse. Separate output supply lead is pro-
vided to reduce internal power dissipation in the output
stage (Vi)

Twenty-eight (28 devices), MM5203Q, 24 lead, quartz lid
version (which is erasable with short ultra-violet light,
i.e., 2563.7 n.m.) d/c 445, drawn from Approved Box
Stock.

TEST DESCRIPTION

. Test on Data 1/0 programmer, Model 1, for all “O’’s.
. Program all “1”’s on Data 1/0 Programmer at 25°C.
. Test for all “1"'s.

Erase for 20 minutes with ultra-violet light (253.7

m.).

. Test for all “O’’s.

. Program all parts with “ATV"" on Data 1/0 Program-
mer and verify.

- High Temp Reverse Bias, Ta=+ 125°C, Vpp=+ 18V
on pins 12, 16, 23, 24. All other pins are set to*Vss per
attached diagram.

. Test on DAta 1/0 for “ATV" program retention at

0,168, 500 & 1000 hours data point.

Initially, all 2048 bits of the MM5203Q are in the HIGH
state. Information is introduced by selectively prog-
ramming LOWS in the proper bit locations. Negative
logic is used during the programming mode for data in.
A1" ora P’ atadatainput corresponds to V, p A “O”
or an N at a data input corresponds to Vyp.

OIS AN =

~

s )

Word address selection is done by the same decoding
circuitry used in the READ mode. The eight output ter-
minals are used as data inputs to determine the infor-
mation patern in the eight bits of each word. A LOW data
input level (—-50V) will leave a HIGH and a HIGH data in-
put level will allow programming of a LOW. All eight bits
of one word are programmed simultaneously by setting
the desired bit information patterns on the data input
terminals.

Positive logic is used during the read mode for adresses
and data out. Address O corresponds to all address in-
puts at V. and address 255, corresponds to all address
inputs at Vi A “I” or a P at data output corresponds to
Vou. A "0’ or an N at a data putput corresponds to Vo,.
Positive logic is also used during the programming
mode for addresses. Address O corresponds to all ad-
dress inputs at Vi p and address 255,, corresponds to
all address inputs at V,yp.

A custom program has been chosen which randomly
programs “O"sand "'1"s into each word. In this manner,
any programming interference of adjacent cells may be
detected. The chosen program is pattern “ATV"".

TEST RESULTS

. All 28 pcs passed all “O''s testing.

. All 28 pcs programmed with all *“1"'s.

. All 28 pcs passed all “1''s.

All 28 pcs erased within 20 minutes.

All 28 pcs passed all “O’’s testing.

All 28 pcs programmed with “ATV"" and verified.
Test Device Qty 0 168 500 1000
HTOpLMM5203Q 28 0/28 0/28 0/28 0/28

Nooswn

There were no failures after 1000 hrs of HTOpL testing.
Total unit-hours at T, + 125°C = 28,000, + 70°C to
+ 125 °C acceleration factor (Figure A, Pg 4, G11) =
125X.

Total unit-hours at T, =70 °C = 3,500,000
Calculated failure rate at 70 °C with a 60% confidence
level = 0.029%/1000 hrs.

CONCLUSION

Programmed MM5203Q are at an acceptable reliability
level.
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