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Memory Databook
Introduction

National Semiconductor’'s Memory Databook is a compre-
hensive collection of information on advanced memory prod-
ucts intended to meet the needs of virtually every electronic
system being designed today. National Semiconductor is
committed to designing and supplying high performance
memory products ranging from state-of-the-art static RAMs
to programmable non-volatile EPROMs and EEPROMs.

National Semiconductor has an array of advanced technolo-
gy processes to apply to memory design and development.
These range from our unparalleled BiCMOS process used for
the industry’s most advanced line of high density ECL 1/0
SRAMs, to our small geometry, silicon gate, oxide isolated
CMOS technology which is now producing unsurpassed, high
performance EPROM and EEPROM non-volatile memory de-
vices.

National Semiconductor is committed to excellence in de-
sign, manufacturing, reliability, and service to our customers
through the continuing development of new products and
technologies. As new information and devices become avail-
able, individual new data sheets will be issued. For the most
current information, please contact your local National Semi-
conductor sales office or Distributor.
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Data Sheet Identification Product Status Definition
L ‘Advance Information | Formative or This data sheet contains the design specifications for product
i : < In Design development. Specifications may change in any manner without notice.
. \Preliﬂjli.nary ‘ o . First This data sheet contains preliminary data, and supplementary data will
oo : Production be published at a later date. National Semiconductor Corporation

reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

'No » : Full This data sheet contains final specifications. National Semiconductor
‘Identification - Production Corporation reserves the right to make changes at any time without
" ‘Noted o ’ notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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No. of Access Prog. PS Temp. 3
Part No. Org. Size Pins Time Volt. Tol. Range 3
NMC27C16Q 2kx 8 16k 24 300, 350, 450, 550 25 5% 0°Cto +70°C [7,)
NMC27C16QE 2k x 8 16k 24 450 25 5% —40°C to +85°C %
9
NMC27C32Q 4k x 8 32k 24 300, 350, 450, 550 25 5% 0°Cto +70°C g
NMC27C32QE 4k x 8 32k 24 450 25 5% —40°C to +85°C o
o
£
NMC27C32BQ 4k x 8 32k 24 150, 200, 250 13 5%, 10% 0°Cto +70°C (]
NMC27C32BQE 4k x 8 32k 24 200, 250 13 10% —40°C to +85°C
NMC27C64Q 8kx 8 64k 28 150 13 5% 0°Cto +70°C
NMC27C64Q/N 8kx8 64k 28 150, 200, 250 13 10% 0°Cto +70°C
NMC27C64QE 8kx8 64k 28 150, 200 13 10% —40°C to +85°C
NMC27C64QM 8kx 8 64k 28 200, 250 13 10% —55°Cto +125°C
NMC27C128BQ/BN 16kx 8 128k 28 150, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C128BQE 16k x 8 128k 28 150, 200 13 10% —40°Cto +85°C
NMC27C128QM 16k x 8 128k 28 150, 200 138 10% —55°Cto +125°C
NMC27C256Q 32kx 8 256k 28 170, 200, 250 13 5% 0°Cto +70°C
NMC27C256Q 32kx 8 256k 28 200, 250, 300 13 10% 0°Cto +70°C
NMC27C256QE 32k x 8 256k 28 200, 250 13 10% —40°Cto +85°C
NMC27C256QM 32k x8 256k 28 250, 350 13 10% —55°Cto +125°C
NMC27C256BQ/BN 32k x 8 256k 28 150, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C256BQE 32kx 8 256k 28 150, 200 13 10% —40°Cto +85°C
NMC27C256BQM 32kx 8 256k 28 150, 200 13 10% —55°Cto +125°C
NMC27C512AQ/AN 64k x 8 512k 28 150, 170, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C512AQE 64k x 8 512k 28 150, 170, 200, 250 13 10% —40°Cto +85°C
NMC27C512ANE 64k x 8 512k 28 150, 170, 200, 250 13 10% —40°Cto +85°C
NMC27C512AQM 64k x 8 512k 28 150, 170, 200, 250 13 10% —55°C to +125°C
NMC27C010Q 128k x 8 1024k 32 150, 170, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C010QE 128k x 8 1024k 32 150, 170, 200, 250 13 10% —40°C to +85°C
NMC27C010QM 128k x 8 1024k 32 170, 200, 250 13 10% —55°Cto +125°C
NMC27C1024Q 64k x 16 1024k 40 120, 150, 170, 200, 250 13 5%, 10% 0°Cto +70°C
NMC27C1024QE 64k x 16 1024k 40 150, 170, 200 13 10% —40°Cto +85°C
NMC27C1024QM 64k x 16 1024k 40 170, 200 13 10% —55°Cto +125°C




One Time Programmable EPROMs

National
Semiconductor

ONE TIME PROGRAMMABLE EPROMs

One Time Programmable is the term coined for EPROMs encapsulated in packages without a quartz window. The absence of
the quartz window prevents erasure as the EPROM die is no longer capable of being exposed to any source of UV light. Thus
the user can program the device only once, thereby giving rise to the term One Time Programmable or OTP.

One Time Programmable EPROMSs are frequently packaged in Dual-In-Line Packages (DIP) or surface mount Plastic Leaded
Chip Carriers (PLCC).

Dual-In-Line Package

The plastic DIP has lead spacing of 0.100 inch and is particularly advantageous for users of EPROMSs that are in high volume
production. Plastic being less brittle than ceramic, the PDIPs can be used with auto insertion equipment, thereby offering an
additional advantage to high volume users by reducing manufacturing throughput time.

Density Product Nomenclature
64 kbit NMC27C64N

128 kbit NMC27C128BN
256 kbit NMC27C256BN
512 kbit NMC27C512AN

Surface Mount Package

Plastic Leaded Chip Carriers (PLCC) allow for a three to one improvement in surface mounting density over the plastic DIP, due
to the tighter lead spacings of 0.050 inch. As the leads bond to the surface of the board (vs. through hole mounting for DIPs),
system design engineers can optimize their PC board density by placing components on both sides of the PC board.

These packages are advantageous for cost sensitive, high volume users that are board space constrained and want to increase
their manufacturing throughput with the aid of auto insertion equipment.

National Semiconductor's scheduled introduction of a broad range of high density EPROMs in PLCC through early 1990 include:

Density Product Nomenclature
128 kbit NMC27C128BV
256 kbit NMC27C256BV
512 kbit NMC27C512AV
1 Mbit (X 8) NMC27C010V
1 Mbit (X 16) NMC27C1024V

National Semiconductor has had many years of experience building surface mount packages. The company has an excellent
reputation in the industry for product reliability. EPROMSs in both the Plastic Dual-In-Line Package and the Plastic Leaded Chip
Carrier will be built with the same stringent reliability standards as other National products.
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NMC27C16
16,384-Bit (2048 x 8) UV Erasable CMOS PROM

General Description Features

The NMC27C16 is a high speed 16k UV erasable and elec- W Access time down to 300 ns
trically reprogrammable CMOS EPROM, ideally suited for ~m Low CMOS power consumption

910/2JNN

applications where fast turnaround, pattern experimentation — Active Power: 26.25 mW max

and low power consumption are important requirements. — Standby Power: 0.53 mW max (98% savings)
The NMC27C16 is packaged in a 24-pin dual-in-line pack- W Performance compatible to NSC800™ CMOS
age with transparent lid. The transparent lid allows the user microprocessor

to expose the chip to ultraviolet light to erase the bit pattern.  m Single 5V power supply
A new pattern can then be written into the device by follow-  m Extended temperature range available

ing the programming procedure. (NMC27C16E-45), —40°C to +85°C, 450 ns £5%
This EPROM is fabricated with the reliable, high volume, power supply
time proven, P2CMOS™ silicon gate technology. | Pin compatible to MM2716 and higher density EPROMs

m Static—no clocks required
W TTL compatible inputs/outputs
m TRI-STATE® output

Block Diagram
Voo O—> DATA OUTPUTS 0g-07
GND O— ~- —
Vep O— TTTTTTTT Pin Names
OE —p oumur ENABLE —> A0-A10 Addresses
CHIP ENABLE . OUTPUT & .
CE/PGM —b AND PROG LOGIC —> BUFFERS C_E Chip Enable
OE Output Enable
[(— > Oo-07 Outputs
-_—-; uec;nsn . Y GATING PGM Program
- " NC No Connect
AD-A1D R
adoRess { >
iputs | > —>
—> X o 16,384-BIT
—> DECODER . CELL MATRIX
—p] .
Y .
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NMC27C16

Connection Diagram

27C256 | 27C128 | 27C64 | 27C32
27256 | 27128 | 2764 | 2732

Vpp Vep Vep Dual-In-Line Package
A2 | A2 | Af2 NMC27G16
A7 A7 A7 A7 ar—1 24— vee
A6 A6 A6 A6 A6—12 23— a8
A5 A5 A5 A5 A5—3 22— A3
A4 A4 A4 A4 AM—4 21— Vep
A3 A3 A3 A3 A3—]5 20— 0F
A2 A2 A2 A2 A2 —16 19 }— A10
A1 A1l A1 A1 M —7 18—TE
A0 AO A0 AO A0 —i8 17|07
Oo Oo Oo Oo 0 —]s 16— 05
04 04 04 04 0 —]10 15 =05
02 02 02 0z 0 —{n =0

GND GND GND | GND GND —] 12 13b—0s

TL/D/5275-2
Top View
Note: Socket ible EPROM pin configuratiot
Order Number NMC27C16

See NS Package Number J24AQ

27C32 | 27C64 | 27C128 | 27C256
2732 2764 | 27128 | 27256
Vee | Vec Vee
PGM | PGM Al4
Vee NC A13 A13
A8 A8 A8 A8
A9 A9 A9 A9
A1 A1 A1l Al1
OE/Vpp| OE OE OE
A10 A10 A10 A10
CE CE CE CE
07 07 O7 Oy7
Os Os fo Os
Os Os Os Os
O4 Oy Oy O4
O3 O3 O3 O3

Commercial Temp Range (0°C to +70°C) Vgc = 5V +5%

Parameter/Order Number Access Time (ns)
NMC27C16-30 300
NMC27C16-35 350
NMC27C16-45 450
NMC27C16-55 550

ns are shown in the blocks adjacent to the NMC27C16 pins.




Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Temperature Under Bias —10°Cto +80°C

1.0W
300°C

Power Dissipation
Lead Temperature (Soldering, 10 seconds)

Operating Conditions (Note 9)

Storage Temperature —65°Cto +125°C Temperature Range
All Input Voltages with NMC27C16-30, -35, -45, -55 0°Cto +70°C
Respect to Ground +6.5V to —0.3V NMC27C16E-45 —40°Cto +85°C
All- Output Voltages with V¢ Power Supply (Notes 2 and 3) 5V £5%
Respect to Ground (Note 11)  Vgc+0.3V to GND—0.3V Vpp Power Supply (Note 3) Vee
Vpp Supply Voltage with
Respect to Ground
During Programming +26.5V to —0.3V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ (Note 4) Max Units
I Input Load Current ViN = Vgg or GND 10 HA
ILo Output Leakage Current | Voyt = Vgg or GND, CE = Viy 10 rA
lcct Ve Current (Active) OE=CE =V, f=1MHz 5 10 mA
(Note 3) | TTL Inputs Inputs = Vi or V., 1/0 = 0 mA
Icca Vcc Current (Active) OE = CE = V|, f = 1MHz 1 5 mA
(Note 3) | CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccsB1 V¢ Current (Standby) CE =V 04 1 mA
TTL Inputs
lccss2 V¢ Current (Standby) CE = Voo
CMOS Inputs 0.01 0.1 mA
ViL Input Low Voltage -0.1 0.8 "
ViH Input High Voltage 2.0 Vee + 1 \
VoL1 Output Low Voltage loL = 2.1 mA 0.45 \
VoH1 Output High Voltage loy = —400 nA 24 \"
VoL2 Output Low Voltage loL =0 pA 0.1 \
VoH2 Output High Voltage lon = 0 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C16
Symbol Parameter Conditions -30 -35 E-45, -45 -55 Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E=V) 300 350 450 550 ns
tce CE to Output Delay OE = V. 300 350 450 550 ns
toe OE to Output Delay CE =V 120 120 120 160 ns
tpE OE High to Output Float CE=V) 0 100 | O 100 0 100 | © 100 ns
toH Output Hold from Addresses, | CE = OE = V)_
(Note 5) | CE or OE, Whichever 0 0 0 0 ns
Occurred First

913/20WN




NMC27C16

Capacitance 1, = +25°C, f = 1 MHz (Note 5)

Symbol Parameter Conditions Typ Max Units

Cin Input Capacitance ViN = OV 4 6 pF

Cout Output Capacitance | Vouyrt = OV 8 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level a

CL = 100 pF Inputs 1V and 2V

Input Rise and Fall Times <20ns Outputs 0.8Vand 2v
Input Pulse Levels 0.8Vto 2.2V

AC Waveforms (Notes 2, 8, 9, 10)

Vi ADDRESSES
ADDRESSES VALID 9
— jp——
e M /
Vi
teg——
— Vn ]t
E oy,
tog (NOTE 6)—>] tor (NOTE 7)
Vo Hi-Z Hi-Z
QUTPUT s VALID QUTPUT A\
Vor /£
fe———tacc (NOTE 6)—— ton —| [—

TL/D/5275-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi d in the operational ions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

Note 3: Vpp may be connected to Ve except during programming. Igg1 < the sum of the Igg active and Ipp read currents.
Note 4: Typical values are for Ty = +25°C and nominal supply voltages.

Note 5: This parameter is only sampled and is not 100% tested.

Note 6: OE may be delayed up to tacc — toE after the falling edge of CE without impact on tacc.

Note 7: The tpr compare level is determined as follows:
High to TRI-STATE, the measured VonH1 (DC) — 0.10V
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V

Ngte 8: TRI-STATE may be attained using OE or CE.

Note 9: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 pF ceramic capaéitor be used on every
device between V¢ and GND.

Note 10: The NMC27C16 requires one address transition after initial power-up to reset the outputs.
Note 11: The outputs must be restricted to Vgg + 0.3V to avoid latch-up and device damage.




PROGRAMMING CHARACTERISTICS (Note 1)

DC Programming Characteristics (notes23)
(Tao = +25°C £5°C, Voo = 5V +£5%, Vpp = 25V £1V)

910Z¢ONN

Symbol Parameter Conditions Min Typ Max Units
I Input Current (for Any Input) ViN = Voc or GND 10 pA
Ipp Vpp Supply Current During CE/PGM = Vi

4 30 mA

Programming Pulse

lcc Vce Supply Current 10 mA
ViL Input Low Level -0.1 0.8 Y
VIH Input High Level 2.0 Veo + 1 \

AC Programming Characteristics (Notes2&3)
(TA = +25°C £5°C, Vgg = 5V +5%, Vpp = 25V +1V)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 ns
toES OE Setup Time 2 us
tps Data Setup Time 2 us
tAH Address Hold Time 2 ns
toEH OE Hold Time 2 us
toH Data Hold Time 2 us
tor Output Enable to Output Float Delay CE/PGM = V,_ 0 160 ns
toe Output Enable to Output Delay CE/PGM = V. 160 ns
trw Program Pulse Width 45 50 55 ms
tPRT Program Pulse Rise Time 5 ns
tPFT Program Pulse Fall Time 5 ns

AC Test Conditions

Vee 5V +5% Timing Measurement Reference Level

Vpp 25V +1V Inputs 1Vand 2V

Input Rise and Fall Times <20ns Outputs 0.8Vand2v

Input Pulse Levels 0.8Vto 2.2V

1-9



NMC27C16

Programming Waveforms (Note 3) Vpp = 25V £ 1V, Vg = 5V 5%

PROGRAM — e
ADDRESS ‘,’,‘" ﬂ ADDRESS N ADDRESS N+m
I tan |
(2) (2) |
Vi A [oataNsTABLE Hi-Z Vouf DATA OUT DATA IN STABLE
DATA v F\ ADD N Vor X, VALID ADD N ADD N+m
tor toE tor
(0.16 MAX)"‘I I~ (0.16 MAX) ~ ™~ (0.16 MAX)
v
3 H
Vi tos tow
@ (45 0R ton
T g ms) @™
Vin toes to
— y EH
Gerrem | o —4 -— @) —’I ,
toRT—>] |— e—toFT
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Note: All times shown in parentheses are minimum and in us unless otherwise specified.
Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C16 must not be inserted into or removed from a

board with Vpp at 25V +1V to prevent damage to the device.

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply to
prevent overshoot exceeding this 26V maximum specification. A 0.1 wF capacitor is required across Vpp, Vcc to GND to suppress spurious voltage transients

which may damage the device.

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C16 are listed in
Table 1. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are a 5V Vg
and a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other

- three modes.

Read Mode

The NMC27C16 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc—toe. The
NMC27C16 requires one address transition after initial pow-
er-up to reset the outputs.

Standby Mode

The NMC27C16 has a standby mode which reduces the
active power dissipation by 98%, from 26.25 mW to
0.53 mW. The NMC27C16 is placed in the standby mode by
applying a TTL high signal to the CE input. When in standby
mode, the outputs are in a high impedance state, indepen-
dent of the OE input.

Output OR-Tying
Because NMC27C16s are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the pri-
mary device selecting function, while OE (pin 20) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 26.5V on pin 21 (Vpp) will damage the
NMC27C16.

Initially, and after each erasure, all bits of the NMC27C16
are in the “1” state. Data is introduced by selectively pro-
gramming ““0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” can be pre-
sented in the data word. The only way to change a “0” to a
“1” is by ultraviolet light erasure.

The NMC27C16 is in the programming mode when the Vpp
power supply is at 25V and OE is at V}. It is required that a
0.1 uF capacitor be placed across Vpp, Vgc to ground to
suppress spurious voltage transients which may damage
the device. The data to be programmed is applied 8 bits in
parallel to the data output pins. The levels required for the
address and data inputs are TTL.

When the address and data are stable, a 50 ms, active high,
TTL program pulse is applied to the CE/PGM input. A pro-
gram pulse must be applied at each address location to be
programmed. You can program any location at any time—
either individually, sequentially, or at random. The program
pulse has a maximum width of 55 ms. The NMC27C16 must
not be programmed with a DC signal applied to the CE/
PGM input.




Functional Description (continued)

Programming multiple NMC27C16s in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirements. Like inputs of the paralleled
NMC27C16s may be connected together when they are
programmed with the same data. A high level TTL pulse
applied to the CE/PGM input programs the paralleled
NMC27C16s.

Program Inhibit

Programming multiple NMC27C16s in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel NMC27C16s may
be common. A TTL level program pulse applied to an
NMC27C16’s CE/PGM input with Vpp at 25V will program
that NMC27C16. A low level CE/PGM input inhibits the oth-
er NMG27C16 from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 25V. Vpp must be at
Vce, except during programming and program verify.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C16 are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000A—~4000A range.
Opagque labels should be placed over the NMC27C16 win-
dow to prevent unintentional erasure. Covering the window
will also prevent temporary functional failure due to the gen-
eration of photo currents.

The recommended erasure procedure for the NMC27C16 is
exposure to short wave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity X exposure time) for erasure should be a minimum
of 15W-sec/cm?2. The erasure time with this dosage is ap-
proximately 21 minutes using an ultraviolet lamp with a

12,000 pW/cm?2 power rating. The NMC27C16 should be
placed within 1 inch of the lamp tubes during erasure. Some
lamps have a filter on their tubes which should be removed
before erasure.

Note: The NMC27C16-55 may take up to 60 minutes for complete erasure

to occur.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed, or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced on the
falling and rising edges of chip enable. The magnitude of
these transient current peaks is dependent on the output
capacitance loading of the device. The associated transient
voltage peaks can be suppressed by properly selected de-
coupling capacitors. It is recommended that a 0.1 pF ce-
ramic capacitor be used on every device between V¢ and
GND. This should be a high frequency capacitor of low in-
herent inductance. In addition, a 4.7 pF bulk electrolytic ca-
pacitor should be used between Vcc and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE 1. Mode Selection

Pins CE/PGM OE Vp Vee Outputs

Mode (18) (20) (21) (29) (9-11,13-17)
Read Vi Vi Vee 5 Dout
Standby VIH Don't Care Vee 5 Hi-Z
Program Pulsed Vj_to Viy ViH 25 5 DN
Program Verify ViL ViL 25 5 Dout
Program Inhibit ViL ViH 25 5 Hi-Z
Output Disable X ViH Veo 5 Hi-Z
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NMC27C32

32,768-Bit (4096 x 8) UV Erasable CMOS PROM

General Description

The NMC27C32 is a high speed 32k UV erasable and elec-
trically reprogrammable CMOS EPROM, ideally suited for
applications where fast turnaround, pattern experimentation
and low power consumption are important requirements.
The NMC27C32 is packaged in a 24-pin dual-in-line pack-
age with 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 by follow-
ing the programming procedure.

This EPROM is fabricated with the reliable, high volume,
time proven, p2CMOSTM silicon gate technology.

Features

® Access time down to 300 ns

® Low CMOS power consumption

Active power: 26.25 mW max
Standby power: 0.53 mW max (98% savings)

m Extended temperature range available (NMC27C32E-45
and NMC27C32HE-45), —40°C to +85°C, 450 ns
+5% power supply

® 10 ms programming available (NMC27C32H), an 80%
time savings

B Pin compatible to NMC2732 and higher density
EPROMs

W Static-no clocks required

W TTL compatible inputs/ outputs

m Two-line control

B TRI-STATE® output

Block Diagram

DATA OUTPUTS 0p-07

Vee O—> —
GND O—p
mo—s [ERRRAN
6E OUTPUT ENABLE AND R
g.é :: CHIP ENABLE i oUTPUT
LOGIC > BUFFERS Pin Names
- —» . A0-A11 Addresses
—p] Y . == hi
—> DECODER . Y GATING E Chip Enable
— > OE Output Enable
A0-A11 | =P . -
ADDRESS { — > O0-07 Outputs
INPUTS | — >
v — X . 32,768-817
— DECODER . CELL MATRIX
—’ L]
—)p .
{ —) »>
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Connection Diagram

¢€JLCONN

27C256 | 27C128 | 27C64 | 27C16 27C216 | 27C64 | 27C128 | 27C256

27256 | 27128 | 2764 | 2716 27216 | 2764 | 27128 | 27256
Vpp Vep | Vep NMC27C32 Vec | Voo | Vee
Al2 Al2 Al2 Dual-In-Line Package PGM | PGM Al4d
A7 A7 A7 A7 AT —1 28— Ve Vee NC A13 A13
A6 A6 A6 A8 A6 —]2 23— n8 A8 A8 A8 A8
A5 A5 A5 A5 A5—13 22— n9 A9 A9 A9 A9
A4 A4 A4 A4 Ad—is 21— A1t Vpp A1 A1l A1
A3 A3 A3 A3 B—s 20— 0E/vee OE | OE | OE OE
A2 A2 A2 A2 A2 —6 19— At0 A10 A10 A10 A10
Al Al Al Al a—7 18— CE CE CE CE CE
A0 A0 AO AO —s =0 07 0y 07 07
Oo Oo Oo | Oo 00 —{9 16— 05 Os Os Os Os
O4 04 04 04 0 —]10 15— 05 Os Os Os Os
02 Oz Oz 02 02 —411 1al— 04 O4 Oy Oy Oy4

GND | GND | GND | GND P wl— o O3 | 03 | 03 | 03

TL/D/5274-2
Top View
Order Number NMC27C32

See NS Package Number J24AQ
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C32 pins.

Commercial Temp Range (0°C to +70°C) Vgc = 5V 5%

Parameter/Order Number Access Time (ns)
NMC27C32-30, NMC27C32H-30 300
NMC27C32-35, NMC27C32H-35 350
NMC27C32-45, NMC27C32H-45 450
NMC27C32-55, NMC27C32H-55 550

Extended Temp Range (—40°C to +85°C) Vgc = 5V +5%
Parameter/Order Number Access Time (ns)
NMC27C32E-45, NMC27C32EH-45 450




NMC27C32

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Temperature under Bias —10°C to +80°C
Storage Temperature —65°Cto +125°C
All Input Voltages with
Respect to Ground
All Output Voltages with
Respect to Ground Vcg + 0.3Vto GND —0.3V
Vpp Supply Voltage with Respect

+6.5Vto —0.3V

1.0W
300°C

Power Dissipation
Lead Temperature (Soldering, 10 seconds)

Operating Conditions (ote 7)
Temperature Range
NMC27C32-30, NMC27C32-35,
NMC27C32-45, NMC27C32-55,
NMC27C32H-30, NMC27C32H-35,
NMC27C32H-45, NMC27C32H-55
NMC27C32HE-45, NMC27C32E-45

0°Cto +70°C
—40°Cto +85°C

to Ground during Programming +26.5V to —0.3V Vce Power Supply 5V £5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ (the 2) Max Units
I Input Load Current Vi4 = Vgg or GND 10 pA
ILo Output Leakage Current | Voyt = Vgo or GND, CE = Viy 10 pA
lcct Vg Current (Active) OE=CE=V|
TTL Inputs Inputs = Viqor V., f = 1 MHz 2 10 mA
. 1/0 = 0mA
lcc2 Vg Current (Active) OE=CE=V|
CMOS Inputs Inputs = Vg or GND, f = 1 MHz 1 5 mA
1/0 = 0 mA
lcose1 Ve Current (Standby) CE = V|’H 0.4 1 mA
TTL Inputs
lccsa2 g‘f?nco C;ulrr:z:: S(Standby) E = Voo 0.01 0.1 mA
ViL Input Low Voltage —0.1 0.8 \
ViH Input High Voltage 20 Ve + 1 \"
Vor1 Output Low Voltage loL =2.1mA 0.45 "
VOoH1 Output High Voltage loq = —400 uA 2.4 \
VoL2 Output Low Voltage loL=0pA 0.1 \
VoH2 Output High Voltage loH = 0 pA Vgc — 0.1 \'
AC Electrical Characteristics
‘ NMC27C32
Symbol Parameter Condltlon§ -30, H-30 | -35, H-35 E:::: :—Etljs -65,H-55 | Units
Min | Max | Min | Max | Min Max | Min | Max
tacc Address to Output Delay CE=0E=V, 300 350 450 550 ns
tce CE to Output Delay OE = V. 300 350 450 550 ns
toe OE to Output Delay CE =V 150 150 150 150 ns
toF OE High to Output Float CE =V 0 130 0 130 0 130 0 130 ns
toH Output Hold from Addresses, CE=0E=V|
(Note 3) | CE or OE, Whichever 0 0 0 0 ns
Ocecurred First




Capacitance T, = +25°C,f = 1 MHz (Note 3)

Symbol Parameter Conditions Typ Max Units
Cint Input Capacitance ViN = 0V
Except OE/Vpp 4 6 PF
Cin2 OE/VF?p Input ViN = 0V 20 oF
Capacitance
Cout Output Capacitance VouTt = 0V 8 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
Cp = 100 pF Inputs 1V and 2V
Input Rise and Fall Times <20ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes 6 & 8)

LG

ADDRESSES v* X ADDRESSES VALID ot X
3
CE zIH LC /
IL P— 3
o — e ——
OE ‘\;m \ ( /
L t, ’ t
OF DF
v . ~ (NoTE4) [T . ~ (notes) [
OH | Hi-z 45 <y Hi-Z
OUTPUT —— VALID OUTPUT o
oL 3)
tace
=T (NOTE 4) — ~Homh-

TL/D/5274-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: Typical values are for T = +25°C and nominal supply voltages.
Note 3: This parameter is only sampled and is not 100% tested.
Note 4: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 5: The tpr compare level is determined as follows:
High to TRI-STATE, the measured Voy¢ (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 6: TRI-STATE may be attained using OE or CE.

Note 7: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that a 0.1 wF ceramic capacitor be used on every
device between Vgg and GND.

Note 8: The outputs must be restricted to Vgc + 0.3V to avoid latch-up and device damage.

1-15
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PROGRAMMING (Note 1)

DC Programming Characteristics
Ta = +25°C +5°C, Voo = 5V + 5%, Vpp = 25V +1V (Notes 2 and 3)

Symbol Parameter Conditions Min Typ Max Units
I Input Current (All Inputs) VIN = Voo or GND 10 pA
VoL Output Low Voltage During Verify loL = 2.1 mA 0.45 \
VoH Output High Voltage During Verify loH = — 400 pA 2.4 Vv
lcc Vcc Supply Current 2 10 mA
ViL Input Low Level (All Inputs) —-0.1 0.8 v
Vi Input High Level (All Inputs except OE/Vpp) 2.0 Ve + 1 \'
Ipp Vpp Supply Current CE = V), OE = Vpp 30 mA
AC Programming Characteristics 1, = +25°C +5°C, Veg = 5V + 5%, Vpp = 25V 1V
Symbol Parameter Conditions NMC27C32 NMC27C32H Units
Min | Typ | Max | Min | Typ | Max
tas Address Setup Time 2 2 s
toES OE Setup Time 2 2 ps
tps Data Setup Time 2 2 us
tAH Address Hold Time 0 0 ns
toEH OE Hold Time 2 2 ns
tbH Data Hold Time 2 2 us
tor Chip Enable to Output Float Delay 0 . 130 0 130 ns
tpv Data Valid from CE CE = V),OE = v|_ 1 1 ns
tpw CE Pulse Width during Programming 45 50 55 9 10 11 ms
tPRT OE Pulse Rise Time during Programming 50 50 ns
tvr Vpp Recovery Time 2 2 us




AC Test Conditions
Vee 5V £ 5% Timing Measurement Reference Level
Vpp 25V + 1V Inputs 1Vand 2V
Input Rise and Fall Times <20ns Outputs 0.8Vand2v
Input Pulse Levels 0.45V to 2.4V
Programming Waveforms (note 3)
- PROGRAM
y VERIFY
ApOREssEs '™ X‘ ADDRESS N >(
Vi N —
tas
&)}
oAt Vin { DATA IN STABLE Y Hi-z__ | Vou DATA uumu_\
_gv“ o aoon Y VoL ADD N
10.13)
‘st) — e :g,“ —- —— :?,V —| f—— :FIEX
Vep { "(‘6} | |—
OF/vpp
Vi Q€S tow
(2) (45 0R 9 ms) t0EH N
[~=—tPRT @ | tyR
(0.05) (2)
Vin ) 7F
e Vu SL Z ~————

TL/D/5274-4

Note: All times shown in parentheses are minimum and in ps unless otherwise specified..

The input timing reference level is 1V for a V) and 2V for a V).

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vo must not be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C32 must not be inserted into or removed

from a board with Vpp at 25V + 1V to prevent damage to the device.

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply to
prevent overshoot exceeding this 26V maximum specification. A 0.1 uF capacitor is required across Vgg to GND to suppress spurious voltage transients which

may damage the device.

Functional Description (continued)

DEVICE OPERATION

The 6 modes of operation of the NMC27C32 are listed in
Table I. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL level to 25V.

Read Mode

The NMC27C32 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs after
the falling edge of OE, assuming that CE has been low and
addresses have been stable for at least tacc-toE.

Standby Mode

The NMC27C32 has a standby mode which reduces the
active power dissipation by 98%, from 26.25 mW to
0.53 mW. The NMC27C32 is placed in the standby mode by
applying a TTL high signal to the CE input. When in standby
mode, the outputs are in a high impedance state, indepen-
dent of the OE input.

Output OR-Tying

Because EPROMS are usually used in larger memory ar-
rays, National has provided a 2-line control function that
accommodates this use of multiple memory connection.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the pri-
mary device selecting function, while OE (pin 20) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 26.5V on pin 20 (Vpp) will damage the
NMC27C32.

Initially, and after each erasure, all bits of the NMC27C32
are in the “1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” can be pre-
sented in the data word. The only way to change a “0” to a
“1"” is by ultraviolet light erasure.

C¢EJLZONN
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Functional Description (continued)

The NMC27C32 is in the programming mode when the OE/
Vpp input is at 25V. It is required that a 0.1 uF capacitor be
placed across OE/Vpp, Voo, and ground to suppress spuri-
ous voltage transients which may damage the device. The
data to be programmed is applied 8 bits in parallel to the
data output pins. The levels required for the address and
data inputs are TTL.

When the address and data are stable, a 50 ms (10 ms for
the NMC27C32H devices) active low TTL program pulse is
applied to the CE input. A program pulse must be applied at
each address location to be programmed. You can program
any location at any time—either individually, sequentially, or
at random. The program pulse has a maximum width of
55 ms (11 ms for the NMC27C32H devices). The
NMC27C32 must not be programmed with a DC signal ap-
plied to the CE input.

Programming of multiple NMC27C32s in parallel with the
same data can easily be accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C32s may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the CE input programs the paralleled
NMC27C32s.

Program Inhibit

Programming multiple NMC27C32s in parallel with different
data is also easily accomplished. Except for CE, all like in-
puts (including OE) of the parallel NMC27C32s may be
common. A TTL level program pulse applied to an
NMC27C32’s CE input with OE/Vpp at 25V will program
that NMC27C32. A high level CE input inhibits the other
NMC27C32s from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify is accomplished with OE/Vpp and CE at V|_. Data
should be verified tpy after the falling edge of CE.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C32 are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000A-4000A range.
After programming, opaque labels should be placed over

the NMC27C32 window to prevent unintentional erasure.
Covering the window will also prevent temporary functional
failure due to the generation of photo currents.

The recommended erasure procedure for the NMC27C32 is
exprosure to shortwave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity x exposure time) for erasure should be a minimum
of 15W-sec/cm?2. The erasure time with this dosage is ap-
proximately 21 minutes using an ultraviolet lamp with a
12,000 pW/cm2 power rating. The NMC27C32 should be
placed within 1 inch of the lamp tubes during erasure. Some
lamps have a filter on their tubes which should be removed
before erasure.

Note: The NMC27C32-55 and NMC27C32H-55 may take up to 60 minutes

for complete erasure to occur.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed or the lamp has aged,
the system should be checked to make certain full erasure
is occuring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced on the
falling and rising edges of chip enable. The magnitude of
these transient current peaks is dependent on the output
capacitance loading of the device. The associated transient
voltage peaks can be suppressed by properly selected de-
coupling capacitors. It is recommended that a 0.1 pF ce-
ramic capacitor be used on every device between V¢ and
GND. This should be a high frequency capacitor of low in-
herent inductance. In addition, a 4.7 uF bulk electrolytic ca-
pacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE I. Mode Selection

Pins CE OE/Vpp Vee Outputs

Mode (18) (20) (24) (9-11, 13-17)
Read Vi Vi 5 Dout
Standby ViH Don’t Care 5 Hi-Z
Output Disable Don't Care ViH 5 Hi-Z
Program ViL Vpp 5 DN
Program Verify ViL ViL 5 Dout
Program Inhibit VIH Vpp 5 Hi-Z
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National
Semiconductor

PRELIMINARY

NMC27C32B 32,768-Bit (4k x 8)
High Speed Version UV Erasable CMOS PROM

General Description

The NMC27C32B is a high-speed 32k UV erasable and
electrically reprogrammable CMOS EPROM, ideally suited
for applications where fast turnaround, pattern experimenta-
tion and low power consumption are important require-
ments.

The NMC27C32B is designed to operate with a single +5V
power supply with 10% tolerance. The CMOS design al-
lows the part to operate over the Extended Temperature
Range.

The NMC27C32B is packaged in a 24-pin dual-in-line pack-
age with 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 electrically into the device
by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features
m Clocked sense amps for fast access time down to
150 ns
m Low CMOS power consumption
— Active Power
— Standby Power
m Optimal EPROM for total CMOS systems
m Single 5V power supply
Extended temperature range (NMC27C32BQE), —40°C
to +85°C, available
Pin compatible with NMOS 32k EPROMs
Fast and reliable prograniming—1 00 ps typical/byte
Static operation—no clocks required
TTL, CMOS compatible inputs/outputs
TRI-STATE® output
Manufacturer’s identification code for automatic pro-
gramming control
m High current CMOS level output drivers

55 mW Max
0.55 mW Max

Block Diagram

DATA OUTPUTS 0g-07

Vg O——p p —_
GND O——> Pin Names
no— [rrreee
] AO-A11 Addresses
OE —>{ OUTPUT ENABLE > CE i
- AND CHIP > ouTRUT CE Chip Enable
CE—p] ENABLE LOGIC v BUFFERS OE/Vpp Output Enable/
Programming
([ —p . Voltage
. DECODER . Y GATING 0p-07 Outputs
—] >
A-A1Y —
ADDRESS { —> >
WPUTS | — X N 32,768 BIT
—4 DECODER ° CELL MATRIX
—> :
—’ .
— >
L —>

TL/D/8827-1
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Connection Diagram

27C256 | 27C128 | 27C64 | 27C16 27C16 | 27C64 | 27C128 | 27C256

27256 | 27128 | 2764 | 2716 2716 2764 27128 | 27256
Ver Vep Vee Dualt‘lr-flzr?: ::?kage E E Voo
A12 A12 A2 PGM PGM A14
A7 A7 A7 A7 A7 {1 o 24V Vg | NC A13 A13
A6 A6 A6 A6 A6 =12 23— A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 =13 22 = A9 A9 A9 A9 A9
A4 A4 A4 A4 Ad—{4 21 A1 Vpp A1 A AN
A3 A3 A3 A3 A3—15 20 |-0E/ Vpp OE OE OE OE
A2 A2 A2 A2 A2 16 19 —A10 A10 A10 A10 A10
Al A1 A1 A1 A7 18=CE CE CE CE CE
A0 AO A0 AO A0 -+ 8 170, 07 O7 07 O7
Oo Op Oo Op 0p—1° 16— 0g Og Og Og Og
04 (X 04 04 04—410 1505 Os5 Os Os Os
Oz Og 02 (o7} 0, =111 141—0, Oy Oy Oy Oy4
GND GND | GND | GND GND—112 13f—03 O3 O3 O3 O3

TL/D/8827-2

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMCZ7CQZB pins.

Order Number NMC27C32BQ
See NS Package Number J24AQ

Commercial Temp Range (0°C to +70°C) Vgc = 5V 5%

Parameter/Order Number

Access Time (ns)

NMC27C32BQ15

150

Commercial Temp Range (0°C to

+70°C) Vge = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C32BQ150 150
NMC27C32BQ200 200
NMC27C32BQ250 250

Extended Temp Range (—40°C to

+85°C) Veg = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C32BQE200 200
NMGC27C32BQE250 250
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=
COMMERCIAL TEMPERATURE RANGE §
Absolute Maximum Ratings (ote 1 9
If Military/Aerospace specified devices are required, OE Vpp Supply and A9 Voltage with N
please contact the National Semiconductor Sales Respect to Ground +14.0Vto —0.6V w
Office/Distributors for availability and specifications. Power Dissipation 1.0W
Temperature Under Bias —10°Cto +80°C Lead Temperature (Soldering, 10 sec.) 300°C
Extended Temp Parts Operating Temp ESD Rating ‘
Storage Temperature —65°C to +150°C (Mil Spec 883C, Method 3015.2) 2000V
VCF?;:ZEK: gl:gg:dwnh +7.0Vto —0.6V Operating Conditions (Note 6)
All Input Voltages except A9 Temperature Range
and OE/Vpp with NMC27C32BQ150, 200, 250 0°Cto +70°C
Respect to Ground (Note 9) +6.5Vto —0.6V NMC27C32BQE200, 250 —40°Cto +85°C
All Output Voltages with Vcc Power Supply +5V £10%
Respect to Ground (Note 9) Vg + 1.0V to GND—0.6V except NMC27C32BQ15 +5V £5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
M Input Load Current VIN = Vgo or GND 0.01 1 RA
Ipp OE/Vpp Load Current OE/Vpp = Vgg or GND 10 RA
o Output Leakage Current | Vout = Vog or GND, CE = Vi 0.01 1 pA
lcci Ve Current (Active) CE =V f=1MHz 8 20 mA
TTL Inputs Inputs = Vjyor V), 1/0 = 0 mA
lccz Vcc Current (Active) CE = GND, f = 1 MHz 3 10 mA
CMOS Inputs Inputs = Vggor GND, I/0 = 0 mA
lccsB1 Ve Current (Standby) CE=Vjy 04 1 mA
TTL Inputs
lccsb2 g\;ﬁ% %ulrr:z:: éStandby) CE = V¢ 05 100 pA
ViL Input Low Voltage —-0.2 0.8 \
ViH Input High Voltage 2.0 Voo + 1 v
VoLt Output Low Voltage loL = 21 mA 0.45 \
VOH1 Output High Voltage loH = —400 pA 2.4 \
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage lon = —10 pA Veg — 0.1 \
AC Electrical Characteristics
NMC27C32B
Symbol Parameter Conditions Q15, Q150 Q200, QE200 Q250, QE250 Units
Min | Max Min Max Min Max
tacc Address to Output Delay CE=0E =V 150 200 250 ns
tce CE to Output Delay OE = VL 150 200 250 ns
toe OE to Output Delay CE=V_ 60 60 70 ns
toF OE High to Output Float CE = V. 0 50 0 60 0 60 ns
top CE High to Output Float OE = V). 0 50 0 60 0 60 ns
toH Output Hold from Addresses, | GE = OE = V_
CE or OE, Whichever 0 0 0 ns
Occurred First
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Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions | Typ | Max | Units
CiNt Input Capacitance except OE/Vpp | Viy = OV 6 8 | pF
Cinzg OE/Vpp Input Capacitance ViN = OV 25 | 28 | pF
Cout | Output Capacitance VouTr=0V| 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
C = 100 pF (Note 8) - Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8Vand 2v
Input Pulse Levels 0.45V to 2.4V )
AC Waveforms (Note 7)
[} £ C L
ADDRESSES 3V ADDRESSES VALID ‘ X
2.0V
CE Gav i ety —»
tee (NOTES 4,5)
OE/Vep 28V \, t :: /| \
OF DF
~ (NoTE3) [© o T votes 4,5) [~
2.0V Hi=Z 37 A\ \\\\ Hi=Z
OUTPUT  =—— VALID OUTPUT )
tacc - —toule-
(NOTE 3) toH

TL/D/8827-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — toE after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vpon4 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 wF ceramic capacitor be used on
every device between V¢ and GND.

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch-up and device damage. '

Note 8:1 TTL Gate: g = 1.6 mA, oy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Inputs and outputs can undershoot to —2.0V for 20 ns Max, except for OE/Vpp which cannot exceed —0.2V.
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Programming Characteristics (Notes 1,2,384)

g¢€0LCONN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 us
tps Data Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
tpH Data Hold Time 1 us
tcF Chip Enable to Output Float Delay OE = V)L 0 60 ns
tpw Program Pulse Width 95 100 105 us
toEH OE Hold Time 1 ns
tov Data Valid from CE OE = V). 250 ns
t OE Pulse Ri i

PRT Duril:l: Pro?faem.rrlnni]neg 50 ns
tvR Vpp Recovery Time 1 us
Ipp Vpp Supply Current During C—_E =ViL, 30 mA

Programming Pulse OE = Vpp

lcc Vce Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ) ns
ViL Input Low Voltage ! 0.0 0.45 \
Vin Input High Voltage 2.4 4.0 \']
tin Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \']

Programming Waveforms
PROGRAM "52,?.;"#’1
ADDRESSES 27 ADDRESS N o
-
DATA w DATA N STABLE Hi-z 0.28vV DATA OUT vu.;f ADON
Tos o | K Y
— . 125V RN
OF Ve 0.8v L /_
e tors |\ tow toew typ—
& T \ vy
tyes— S/
Ve 6.0V ’l;
v TL/D/8827-4

Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vcg.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 uF capacitor is required across Vcc to GND to suppress spurious
voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.
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NMC27C32B

Fast Programming Algorithm Flow Chart (ote 4)

( ADDR = FIRST LOCATION )

1
( ve=ssv )

N
>

PROGRAM ONE 100 s PULSE
>\ WITH Vpp= 1275V )

¢ INCRED;ENT x )
C = )

FALL DEVICE
FALLED
 pass
INCREMENT ADDR LAST ADDR?
YES
Voo =5.0V

DEVICE
FAILED

DEVICE PASSED

TL/D/8827-5
FIGURE 1
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Interactive Programming Algorithm Flow Chart (ot 4)

START

( ADDR = FIRST LOCATION )

]
¢ vcc=sov )

INCREMENT ADDR

PROGRAM ONE 0.5ms | PULSE
WITH Vpp= 12.5

( INCREMENT X )
I

( Vop = ViL )

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/8827-6
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NMC27C32B

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C32B are listed in
Table I. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL low level to 12.75V.

Read Mode

The NMC27C32B has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,

independent of device selection. Assuming that addresses

are stable, address access time (tacc) is equal to the delay
from CE to output (tgg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc—toe.

The sense amps are clocked for fast access time. Vg
should therefore the maintained at operating voltage during
read and verify. If Voo temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to ensure proper output data.

Standby Mode

The NMC27C32B has a standby mode which reduces the
active power dissipation by 99%, from 55 mW to 0.55 mW.
The NMC27C32B is placed in the standby mode by applying
a CMOS high signal to the CE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying

Because EPROMs are usually used in larger memory ar-

rays, National has provided a 2-line control function that

accommodates this use of multiple memory connection.

The 2-line control function allows for:

a. The lowest possible memory power dissipation, and

b. complete assurance that output bus contention will not
occeur.

To most efﬁcie_ntly use these two control lines, it is recom-

mended that CE (pin 18) be decoded and used as the pri-

mary device selecting function, while OE (pin 20) be made a

common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 20 OE/Vpp will damage
the NMC27C32B.

Initially, and after each erasure, all bits of the NMC27C32B
are in the “1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” can be pre-
sented in the data word. The only way to change a ““0” to a
1" is by ultraviolet light erasure.

The NMC27C32B is in the programming mode when OE/
Vpp is at 12.75V. It is required that at least a 0.1 uF capaci-
tor be placed across Vg and ground to suppress spurious
voltage transients which may damage the device. The data
to be programmed is applied 8 bits in parallel to the data
output pins. The levels required for the address and data
inputs are TTL.

When the address and data are stable, an active low, TTL
program pulse is applied to the CE input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C32B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
Program with a single 100 us pulse.

Note: Some prog if; due to equi t limitation may of-

fer interactive program Algorithm (Shown in Figure 2).

The NMC27C32B must not be programmed with a DC signal
applied to the CE input.

Programming multiple NMC27C32Bs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C32B may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the CE input programs the paralleled
NMC27C32B.

TABLE I. Mode Selection

Pins CE OE/Vpp Vee Outputs

Mode (18) (20) (24) (9-11, 13-17)
Read ViL ViL 5V Dout
Standby Vi Don’t Care 5V Hi-Z
Program ViL 12.75V 6.25V Din
Program Verify ViL ViL 6.25V DouTt

" Program Inhibit ViH 12.75V 6.25V Hi-Z
Output Disable Don't Care VIH 5V Hi-Z
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C32B in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE) of the parallel NMC27C32B may be
common. A TTL low level program pulse applied to an
NMG27C32B’s CE input with OE/Vpp at 12.75V will pro-
gram that NMC27C32B. A TTL high level CE input inhibits
the other NMC27C32B from being programmed.

Program Verify

A verify should be performed on the programmed bit to de-
termine whether they were correctly programmed. The veri-
fy is accomplished with OE/Vpp and CE at V). Data should
be verified tpy after the falling edge of CE.

MANUFACTURER’S IDENTIFICATION CODE

The NMC27C32B has a manufacturer's identification code
to aide in programming. The code, shown in Table II, is two
bytes wide and is stored in a ROM configuration on the chip.
It identifies the manufacturer and the device type. The code
for the NMC27C32B is, “8F01”", where “8F” designates that
it is made by National Semiconductor, and “01” designates
a 32k part.

The code is accessed by applying 12.0V +0.5V to address
pin A9. Addresses A1-A8, A10-A11, CE, and OE are held
at V). Address AO is held at V|_ for the manufacturer’s
code, and at V| for the device code. The code is read out
on the 8 data pins. Proper code access is only guaranteed
at 25°C +5°C.

The primary purpose of the manufacturer’s identification
code is automatic programming control. When the device is
inserted in an EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C32B are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range. After programming, opaque labels should be placed
over the NMC27C32B’s window to prevent unintentional

erasure. Covering the window will also prevent temporary
functional failure due to the generation of photo currents.

The recommended erasure procedure for the NMC27C32B
is exposure to short wave ultraviolet light which has a wave-
length of 2537A. The integrated dose (i.e., UV intensity X
exposure time) for erasure should be a minimum of
15 W-sec/cm2,

The NMC27C32B should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table il
shows the minimum NMC27C32B erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 wF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE ll. Manufacturer’s Identification Code

Pins A0 [o]3 Og Os O4 O3 02 04 O Hex

(8) 17) (16) (15) (14) (13) (11) (10) (9) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code VIH (o] 0 0 0 0 0 0 1 01

TABLE Ill. Minimum NMC27C32B Erasure Time

Light Intensity
(nW/cm2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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NMC27C64

National
Semiconductor

NMC27C64 65,536-Bit (8k x 8) UV Erasable CMOS PROM

General Description

The NMC27C64 is a high-speed 64k UV erasable and elec-
trically reprogrammable CMOS EPROM, ideally suited for
applications where fast turnaround, pattern experimentation
and low power consumption are important requirements.

The NMC27C64 is designed to operate with a single +5V
power supply with £5% or 10% tolerance. The CMOS
design allows the part to operate over extended and military
temperature ranges.

The NMC27C64 is packaged in a 28-pin dual-in-line pack-
age with 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 electrically into the device
by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features

m Clocked sense amps for fast access time down to
150 ns

| Low CMOS power consumption
— Active Power: 55 mW max
— Standby Power: 0.55 mW max

®m Performance compatible to NSC800™ CMOS micro-
. processor

m Single 5V power supply

Extended temperature range (NMC27C64QE), —40°C

to +85°C, and military temperature range

(NMC27C64QM), —55°C to +125°C, available

Pin compatible with NMOS 64k EPROMs

Fast and reliable programming

Static operation—no clocks required

TTL, CMOS compatible inputs/outputs

TRI-STATE® output

Optimum EPROM for total CMOS systems

Manufacturer’s identification code for automatic pro-

gramming control

Block Diagram
DATA OUTPUTS 0g-07
Vo O=—b , ~
GND O=ep>
mo—> [NRRNAEN
OFE —>] OUTPUT ENABLE >
PGM =] AND CHIP | QUTPUT Pin Names
E —p|  ENABLE LOGIC >
o BUFFERS A0-A12 Addresses
CE Chip Enable
() > i
—] Y . ¥ GATING OE Output Enable
—>) DECODER . R 00-O7 Outputs
> PGM Program
—
A‘:;’D—R:g { —>] > NC No Connect
WRUTS | = X N §5,536-BIT
—> DECODER : CELL MATRIX
—’ o
-—’ hd >
{ —|

TL/D/8634-1
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Connection Diagram

932N

|z7cs1227czss 27C128 27cazz7c1s| NMC27C64Q 27C16 | 27C32 |27C128| 27C256 |27C512)

27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 27128 | 27256 | 27512
A15 | Vpp | Vpp Vee —11 2= Ve Voo | Voo | Vee
A12 | A12 | A12 12 —12 27 fn M PGM | A14 | Al4
A7 A7 A7 | A7 | A7 AT —13 26— ne Vee | Vec | A13 | A13 | A13
A6 | A6 | A6 | A6 | A6 A6 —4 25— 8 A8 A8 A8 A8 A8
A5 | A5 | A5 | A5 | A5 A5 —{5 24— g A9 A9 A9 A9 A9
Ad | A4 | A4 | A4 | A4 A4 —16 23— At Vep | A11 | A1t | A11 | Al1

A3 A3 A3 | A3 | A3 A3 —7 22— OF OE |OE/Vpp| OE OE |[OE/Vpp
A2 | A2 | A2 | A2 | A2 A2 —18 21— A0 A10 | A10 | A10 [ A10 | A10
A1 A1 Al | A1 | AT A =19 20— TE CE/PGM| CE | CE [CE/PGM| CE
A0 A0 A0 | A0 | AO AQ =10 8 =—0 07 0y 07 07 07
Oo Op Og O | Oo O — 1 18 = 0; Os Og Og Og Os
04 04 04 01 | Oy 0 — 12 17—0s Os Os Os Os Os
Oz (o7} (o7} Oo | O2 0 — " 16 =04 O4 Oy O4 Oy O4
GND | GND | GND | GND | GND GND—14 15— 03 O3 O3 O3 O3 O3

TL/D/8634-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C64 pins.

Order Number NMC27C64Q
See NS Package Number J28AQ

Commercial Temp Range (0°C to +70°C)
Vee = 5Y £5%

Parameter/Order Number Access Time (ns)
NMC27C64Q15 150

Ve = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C64Q150 150
NMC27C64Q200 200
NMC27C64Q250 250
NMC27C64Q300 300

Extended Temp Range (—40°C to +85°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C64QE150 150
NMC27C64QE200 200

Military Temp Range (—55°C to + 125°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C64QM200 200
NMC27C64QM250 250

NOTE: For plastic DIP requirements please refer to NMC27C64N data sheet.
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NMC27C64

Absolute Maximum Ratings qote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Temperature Under Bias

Commercial —10°Cto +80°C
Military and Extended Operating Temp. Range
Storage Temperature —65°Cto +150°C

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with
Respect to Ground (Note 10)

Vpp Supply Voltage and A9

+6.5Vto —0.6V

Vce+1.0Vto GND—0.6V

Vcc Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range
NMC27C64Q15, Q150, 200, 250
NMC27C64QE150, 200
NMC27C64QM200, M250

0°Cto +70°C
—40°Cto +85°C
—55°Cto +125°C

with Respect to Ground Vce Power Supply +5V +10%
During Programming +14.0Vto —0.6V except NMC27C64Q15 +5V +5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
] Input Load Current ViN = Vgc or GND 10 pA
Lo Output Leakage Current Vout = Vegor GND, CE = Vi 10 A
loct Vg Current (Active) CE = V|, f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = Vi or V., 170 = 0 mA
lcce V¢ Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vggor GND, I/0 = 0 mA
lccsB1 Ve Current (Standby) CE =V 0.4 1 mA
TTL Inputs
lccsB2 é&% Céulrr:zrl:: s(S'(andby) E = Vco 05 100 A
lpp Vpp Load Current Vpp = Vco 10 nA
ViL Input Low Voltage -0.1 0.8 \
Vi Input High Voltage 2.0 Veg + 1 \
VoLt Output Low Voltage loL =2.1mA 0.45 \"
VoH1 Output High Voltage loq = —400 pA 24 Vv
VoL2 Output Low Voltage loL =0 pA 0.1 \
VoH2 Output High Voltage loq = O pA Veg — 0.1 \
AC Electrical Characteristics
NMC27C64Q
Symbol Parameter Conditions 15, 150, E150 200, E200, M200 250, M250 Units
Min Max Min Max Min Max
tacc  |Address to Output Delay 1=£)—E =V 150 200 250 ns
PGM = V|y
tce CE to Output Delay OE = V), PGM = V| 150 200 250 ns
toe OE to Output Delay CE = V|LPGM = Vi 60 60 70 ns
toF OE High to Output Float CE = V|.,PGM = V| 0 60 0 60 0 60 ns
top CE High to Output Float OE = V), PGM = V| 0 60 0 60 0 60 ns
toH Output Hold from Addresses, | CE = OE = V|
CE or OE, Whichever PGM = V|y 0 0 0 ns
Occurred First
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Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 6 8 pF

Cout Output Capacitance Vourt = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes6 &9)

| {C
ADDRESSES 0V )ﬂr ADDRESSES VALID > X
osv A (c
)
— Zov \ —
CE o.av cc /
; ) L to .
CE (NOTES 4, 5)
— 7oV \
OE ogv ce /
1 JJ) %
oF L tr |
(NOTE 3) ‘e (NOTES 4,5)
2.0V Hi-2 eh LTRSSy Hi=Z
ouTPUT 57 VALID OUTPUT TIIr ]
JJ
tace
— 'o" -
(NOTE 3)

TL/D/8634-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcp compare level is determined as follows:
High to TRI-STATE, the measured Von1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vg and GND.

Note 7: The outputs must be restricted to Ve + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: g = 1.6 mA, lopy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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NMC27C64

Programming Characteristics (Notes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toES OE Setup Time 2 us
tces CE Setup Time 2 us
tos Data Setup Time 2 s
tvps Vpp Setup Time 2 ns
tvcs Vg Setup Time 2 s
tAH Address Hold Time 0 s
toH Data Hold Time 2 us
toF Output Enable to Output Float Delay CE=V, 0 130 ns
tpw Program Pulse Width 0.45 0.5 0.55 ms
toe Data Valid from OE CE=V 150 ns
Ipp Vpp Supply Current During 1—— ViL 30 mA
Programming Pulse PGM = V|,

lcc Ve Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 5.75 6.0 6.25 Vv
Vpp Programming Supply Voltage 12.2 13.0 13.3 v
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 Vv
VIH Input High Voltage 2.4 4.0 v
N Input Timing Reference Voltage 0.8 1.5 2.0 Vv
tout Output Timing Reference Voltage 0.8 1.5 2.0 V.
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Programming Waveforms (note 3)

r___ PROGRAM ————»| PROGRAM
ADDRESSES 2%, ADDRESS N
Ys
il DATA IN STABLE Hi-Z
DATA 2 Ao
L tos | IR

6.0V [
\/
cc _/ tvcs

Voo ! 3.ov i
PP tvps

[l
&
2
X
2

I‘_chs_. 3y

PoM %.BV

I+ toes—] (+—tor—

_ e ———
e %ng si—.;y—/
Note 1: National's standard product warranty applies to devices programmed to specifications described herein.

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vgc.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from ding this 14V i specification. At least a 0.1 uF capacitor is required across Vpp, Vg to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the interactive Program Algorithm, at typical power supply voltages and timings.

TL/D/8634-6
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NMC27C64

Interactive Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

DEVICE
FAILED -

INCREMENT ADDR

DEVICE
FAILED

DEVICE PASSED

TL/D/8634-5
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Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C64 are listed in
Table I. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vgc and
Vpp. The Vpp power supply must be at 13.0V during the
three programming modes, and must be at 5V in the other
three modes. The Vgc power supply must be at 6V during
the three programming modes, and at 5V in the other three
modes.

Read Mode

The NMC27C64 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. The programming pin
(PGM) should be at V| except during programming. Assum-
ing that addresses are stable, address access time (taocc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog after the falling edge of OE, assuming
that CE has been low and addresses have been stable for
at least tacc-toE-

The sense amps are clocked for fast access time. Vcg
should therefore be maintained at operating voltage during
read and verify. If Vgc temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C64 has a standby mode which reduces the
active power dissipation by 99%, from 556 mW to 0.55 mW.
The NMC27C64 is placed in the standby mode by applying
a CMOS high signal to the CE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying
Because NMC27C64s are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occeur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the pri-
mary device selecting function, while OE (pin 22) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC27C64.

Initially, all bits of the NMC27C64 are in the “1” state. Data
is introduced by selectively programming *“0s” into the de-
sired bit locations. Although only “Os’ will be programmed,
both ““1s” and “0s” can be presented in the data word. A
“0” cannot be changed to a “1” once the bit has been
programmed.

The NMC27C64 is in the programming mode when the Vpp
power supply is at 13.0V and OE is at V. It is required that
at least a 0.1 pF capacitor be placed across Vpp, Vgc to
ground to suppress spurious voltage transients which may
damage the device. The data to be programmed is applied 8
bits in parallel to the data output pins. The levels required
for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vpp is kept at 13.0V.

When the address and data are stable, an active low, TTL
program pulse is applied to the PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C64 is designed to be programmed
with interactive programming, where each address is pro-
grammed with a series of 0.5 ms pulses until it verifies (up to
a maximum of 20 pulses or 10 ms). The NMC27C64 must
not be programmed with a DC signal applied to the PGM
input.

Programming multiple NMC27C64s in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirements. Like inputs of the paralleled
NMC27C64s may be connected together when they are
programmed with the same data. A low level TTL pulse ap-
plied to the PGM input programs the paralleled
NMC27C64s.

TABLE |. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) (27) (4] (28) (11-13, 15-19)
Read Vi ViL ViH 5V 5V Dout
Standby ViH Don’t Care Don’t Care 5V 5V Hi-Z
Output Disable Don't Care ViH Vi 5V 5V Hi-Z
Program ViL ViH 13V [\ Din
Program Verify ViL ViL ViH 13V 6V Dout
Program Inhibit VIH Don’t Care Don’t Care 13V 6V Hi-Z
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NMC27C64

Functional Description (continued)

Program Inhibit

Programming multiple NMC27C64s in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE and PGM) of the parallel NMC27C64
may be common. A TTL low level program pulse applied to
an NMC27C64’s PGM input with CE at V|_and Vpp at 13.0V
will program that NMC27C84. A TTL high level CE input
inhibits the other NMC27C64s from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 13.0V. Vpp must be at
Ve, except during programming and program verify.

MANUFACTURER'S IDENTIFICATION CODE

The NMC27C64 has a manufacturer’s identification code to
aid in programming. The code, shown in Table Il, is two
bytes wide and is stored in a ROM configuration on the chip.
It identifies the manufacturer and the device type. The code
for the NMC27C64 is “8FC2", where “8F" designates that it
is made by National Semiconductor, and “C2" designates a
64k part.

The code is accessed by applying 12V + 0.5V to address
pin A9. Addresses A1-A8, A10-A12, CE, and OE are held
at V). Address A0 is held at V)_ for the manufacturer's
code, and at V) for the device code. The code is read out
on the 8 data pins. Proper code access is only guaranteed
at 25°C * 5°C.

The primary purpose of the manufacturer’s identification
code is automatic programming control. When the device is
inserted in a EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C64 are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000A-4000A range.

After programming, opaque labels should be placed over
the NMC27C64’s window to prevent unintentional erasure.
Covering the window will also prevent temporary functional
failure due to the generation of photo currents.

The recommended erasure procedure for the NMC27C64 is
exposure to short wave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity x exposure time) for erasure should be a minimum
of 15W-sec/cm2,

The NMC27C64 should be placed within 1 inch of the lamp
tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table IlI
shows the minimum NMC27C64 erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icg,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 pF ceramic
capacitor be used on every device between Vo and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE II. Manufacturer’s Identification Code

Pins Ag 07 Og [e]3 O4 O3 02 04 Op Hex

(10) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code VIH 1 1 0 0 0 0 1 0 C2

TABLE Iil. Minimum NMC27C64 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm?2) (Minutes)
15,000 20
10,000 25
5,000 50
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A7) National
A4 Semiconductor

NMC27C64N 65,536-Bit (8k x 8)
One-Time Programmable CMOS PROM

N¥93.20NN

General Description Features

The NMC27C64N is a high-speed 64k one-time programma- B Clocked sense amps for fast access time down to
ble CMOS PROM. It is ideally suited for high volume produc- 150 ns, CMOS technology

tion applications where low cost, fast turnaround, and low ® Low CMOS power consumption

power consumption are important factors and reprogram- — Active Power: 55 mW max

ming is not required. — Standby Power: 0.55 mW max

Pin compatible with all 64k EPROMs

Fast and reliable programming

Static operation—no clocks required

TTL, CMOS compatible inputs/outputs

TRI-STATE® output

Optimum PROM for total CMOS systems

Manufacture’s identification code for automatic pro-
gramming control

The NMC27C64N is designed to operate with a single + 5V
power supply with £10% tolerance. The NMC27C64N is
packaged in a 28-pin dual-in-line plastic molded package
without a transparent lid. This part is ideally suited for high
volume production applications where cost is an important
factor and programming only needs to be done once. Also
the plastic molded package works well in auto insertion
equipment used in automated assembly lines.

This device is fabricated with National's proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Block Diagram

DATA OUTPUTS 0g-0y

Ve O—p p -

GND O—

mo— [NERNAEN

OF ~——] OUTPUT ENABLE >
PGM =i AND CHIP _ OUTPUT
GE —| ENABLE LOGIC > BUFFERS Pin Names
A0-A12 Addresses
((—p R CE Chip Enable
— Y ° J—
— DECODER ° Y GATING OE Output Enable
—b| > 0g-07 Outputs
> PGM Program
A0-p12 | =P 9
ADDRESS { =P > NC No Connect
NPUTS | —p X ° 65,536-BIT
— DECODER ° CELL MATRIX
— .
L)
—p] >
{ —

TL/D/9686~1
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Connection Diagram

Note: Socket

‘270512270256[270128 27C32 27014 NMC27C64N 27C16 | 27C32 [27C128| 27C256 |27C512)
27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 27128 | 27256 | 27512
A15 | Vpp | Vpp vpp — 1 28— Vg Vec | Vec | Vec
A12 | A12 | A12 a1z —2 27 |— Fom PGM | A14 | A14
A7 A7 A7 A7 | A7 A7 —43 26 |— ne Voo Vec | A18 A13 A13
A6 | A6 | A6 | A6 | A6 a6 —f4 25— ng A8 A8 A8 A8 A8
A5 | A5 A5 | A5 | A5 a5 —{s 24— ng A9 A9 A9 A9 A9
A4 A4 A4 | A4 | A4 M —6 2}— an Vep | A1 | A1 | A1 | ANM
A3 A3 A3 | A3 | A3 A3 —17 22 |— oF OE [OE/vpp| OE OE |[OE/Vpp
A2 | A2 | A2 | A2 | A2 "2 —{s 21— a1 A10 | A10 | A10 [ A10 | A10
Al Al A1 Al | A a1 —{9 20}—tE ICE/PGM| CE CE |[CE/PGM| CE
A0 A0 A0 | A0 | AO a0 —{10 19 f—o; 07 07 07 07 07
Oo Oo Op | Oo | Oo 0 —" 18— 05 Os Os Os Os Os
04 Oy 04 01 | O4 0, — 12 17— 105 Os Os Os Os Os
02 02 O2 | O2 | O2 0, — 13 16 =0, 04 Oy Oy O4 O4

GND | GND | GND | GND | GND GND — 14 15— 03 O3 O3 O3 O3 O3

ible EPROM pin c¢

TL/D/9686-2

Order Number NMC27C64N
See NS Package Number N28B

Commercial Temp Range (0°C to + 70°C)

Vge = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C64N150 150
NMC27C64N200 200
NMC27C64N250 250

(For Non Commercial Temp. Range Parts, Call Factory)

ions are shown in the blocks adjacent to the NMC27C64N pins.
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. . =
Absolute Maximum Ratings (ote 1) o
If Military/Aerospace specified devices are required, Vcc Supply Voltage with '81
please contact the National Semiconductor Sales Respect to Ground +7.0Vto —0.6V g
Office/Distributors for availability and specifications. Power Dissipation 1.0W 2
Temperature Under Bias —10°Cto +80°C Lead Temperature (Soldering, 10 sec.) 300°C
Storage Temperature —65°Cto +150°C ESD Rating
All Input Voltages except A9 with (Mil Spec 883C, Method 3015.2) 2000V
Respect to Ground (Note 10) +6.5Vto —0.6V .
All Output Voltages with Operatlng Conditions (ote7)
Respect to Ground (Note 10) VCC+ 1.0V to GND—0.6V Temperature Range 0°Cto +70°C
Vpp. Supply Voltage and A9 Vcc Power Supply
with Respect to Ground NMC27C64N150, 200, 250 +5V £10%
During Programming +14.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
M Input Load Current ViN = Vg or GND 10 HA
ILo Output Leakage Current VouT = Vecor GND, CE = Viy 10 HA
Icct Ve Current (Active) CE =V, f=5MHz 6 20 mA
(Note 9) TTL inputs ' Inputs = Vjyor V|, I/0 = 0 mA
lcce V¢ Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vggor GND, I/0 = 0 mA
lccsBi Vcc Current (Standby) CE = V| 01 1 mA
TTL Inputs
lccse2 Vg Current (Standby) CE = Vg
CMOS Inputs 05 100 rA
Ipp Vpp Load Current Vpp = Vo 10 rA
ViL Input Low Voltage —0.1 0.8 \
ViH Input High Voltage 2.0 Voo + 1 \"
VoL1 Output Low Voltage loL=2.1mA 0.45 \
VoH1 Output High Voltage lo = —400 mA 24 . Vv
VoL2 Output Low Voltage loL = 0pA 0.1 \"
VoH2 Output High Voltage loq = O pA Ve — 0.1 \"
AC Electrical Characteristics
NMC27C64N
Symbol Parameter Conditions 150 200 250 Units
Min Max | Min | Max | Min Max
tace Address to Output Delay CE=0E=V|
BGM = Vi 150 200 250 ns
tce CE to Output Delay OE = V|,PGM = V|y 150 200 250 ns
toe OE to Output Delay CE = V), PGM = Vjy 60 60 70 ns
toF OE High to Output Float CE = V), PGM = Vi 0 60 0 60 0 60 ns
tce CE High to Output Float OE = V);,PGM = V|y 0 60 0 60 0 60 ns
toH Output Hold from Addresses, | CE = OE = V.
CE or OE, Whichever PGM = Viy4 0 0 0 ns
Occurred First
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Capacitance T, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 5 10 pF

Cout Output Capacitance Vout = 0V 8 10 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs ) 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes 6,7 &9)

-k C 1
ADDRESSES 2 ADDRESSES VALID o
17
—_— — —
2V
CE oav | Y 55 /
. ter
CE NOTES 4, 5
— T :
OE d.8v Y 5 /
4 ‘ t
,.l OE : OF
Hiez (NOTE3) [ e “lnotes 4,5
2V - 37
OUTPUT = ) VALID OUTPUT
ACC ~ 1
(NOTE 3) ORI~

TL/D/9686-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcp compare level is determined as follows:
High to TRI-STATE, the measured Vpon1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 wF ceramic capacitor be used on
every device between V¢ and GND.

Note 7: The outputs must be restricted to Vgg + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: o, = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —0.2V for 20 ns Max.
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Programming Characteristics (otes 1,2,38 4)

N¥9J.2ONN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tces CE Setup Time 2 us
tps Data Setup Time 2 us
tvps Vpp Setup Time 2 s
tvcs Ve Setup Time 2 us
tAH Address Hold Time 0 s
toH Data Hold Time 2 us
toF Output Enable to Output Float Delay CE=VL 0 130 ns
trw Program Pulse Width 0.45 0.5 0.55 ms
toe Data Valid from OE CE=vV, 150 ns
Ipp Vpp Supply Current During 6—i= ViL 30 mA
Programming Pulse PGM = V)
lcc Ve Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 5.75 6.0 6.25 \
Vpp Programming Supply Voltage 12.2 13.0 13.3 Vv
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
ViH Input High Voltage 2.4 4.0 \"
tin Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 Vv
Note 1: National’s standard product warranty applies to devices prog d to sp ions described herein.

Note 2: V¢ must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vgc.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least 0.1 pF capacitor is required across Vpp, Vcc to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the Interactive Program Algorithm, at typical power supply voltages and timings.
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Programming Waveforms (Note 3)

PRO
f+——— PROGRAM 5;.%%”
ADDRESSES 2%, ADDRESS N - X
Ys
DATA <2 DATA IN STABLE Hi-Z £ 5Somaoorvam
0.8v ADDN | Sl
t
tos ton OF
5.75v 55
Voo /| [tues
12.2v 55
Vep / typs
CE oav \ .
fe—tees ]
FOM oy
fow <-‘ot:s*’l —tog—=
0 v \‘ s /

TL/D/9686-4
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Interactive Programming Algorithm Flow Chart

START

(ADDR = FIRST LOCATION)

Vo = 6.0V
vPP =13.0V

PROGRAM ONE 0.5 ms PULSE ’

INCREMENT X

INCREMENT ADDR

DEVICE PASSED

DEVICE

FAILED

DEVICE
FAILED

TL/D/9686-5
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NMC27C64N

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C64N are listed in
Table . It should be noted that all iniputs for the six modes
are at TTL levels. The power supplies required are Vgc and
Vpp. The Vpp power supply must be at 13.0V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6V during
the three programming modes, and at 5V in the other three
modes.

Read Mode

The NMC27C64N has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. The programming pin
(PGM) should be at V| except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog after the falling edge of OE, assuming
that CE has been low and addresses have been stable for
at least tacc—-toE.

The sense amps are clocked for fast access time. Vg
should therefore be maintained at operating voltage during
read and verify. If Voc temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C64N has a standby mode which reduces the
active power dissipation by 99%, from 55 mW to 0.55 mW.
The NMC27C64N is placed in the standby mode by applying
a CMOS high signal to the CE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying

Because NMC27C64Ns are usually used in larger memory
arrays, National has provided a 2-line control function that
accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-

mended that CE (pin 20) be decoded and used as the pri-

mary device selecting function, while OE (pin 22) be made a

common connection to all devices in the array and connect-

ed to the READ line from the system control bus. This as-

sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

‘CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the

NMC27C64N.

Initially, all bits of the NMC27C64N are in the ‘1" state.
Data is introduced by selectively programming *“0s” into the
desired bit locations. Although only “0s” will be pro-
grammed, both “1s” and ““0s” can be presented in the data
word. A “0" cannot be changed to a “1” once the bit has
been programmed. Due to package constraints programma-
bility of the device is only tested in wafer form.

The NMC27C64N is in the programming mode when the
Vpp power supply is at 13.0V and OE is at V}u. It is required
that at least a 0.1 uF capacitor be placed across Vpp, Voo
to ground to suppress spurious voltage transients which
may damage the device. The data to be programmed is
applied 8 bits in parallel to the data outputs pins. The levels
required for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vpp is kept at 13.0V.

When the address and data are stable, an active low, TTL
program pulse is applied to the PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C64N is designed to be programmed
with interactive programming, where each address is pro-
grammed with a series of 0.5 ms pulses until it verifies (up to
a maximum of 20 pulses or 10 ms). The NMC27C64N must
not be programmed with a DC signal applied to the PGM
input.

Programming multiple NMC27C64Ns in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C64Ns may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the PGM input programs the paralleled
NMGC27C64Ns.

The NMC27C64N is packaged in a plastic molded package
which does not have a transparent lid. Therefore the memo-
ry cannot be erased. This means that after a user has pro-
grammed a memory cell to a “0” it cannot be changed back
toa“1”.

If an application requires erasing and reprogramming, the
NMC27C64Q UV erasable PROM in a windowed package
should be used.

TABLE I. Mode Select

Pins CE OE PGM Vpp Vece Outputs

Mode (20) (22 (27) (1) (28) (11-13, 15-19)
Read ViL ViL 5V 5V Dout
v | B ] e ] W |
Program ViL ViH 13.0V 6V DN
Program Verify ViL ViL VIH 13.0V 6V Dout
Program Inhibit Vi %(;r:;t ?:c;?'et 13.0V &V Hi-Z
Output Disable Don’t .

put i Care ViH ViH 5V 5V Hi-Z
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C64Ns in parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE and PGM) of the parallel NMC27C64N
may be common. A TTL low level program pulse applied to
an NMC27C64Ns PGM input with CE at V|_ and Vpp at
13.0V will program that NMC27C64N. A TTL high level CE
input inhibits the other NMC27C64Ns from being pro-
grammed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 13.0V. Vpp must be at
Vce, except during programming and program verify.

MANUFACTURER'’S INDENTIFICATION CODE

The NMC27C64N has a manufacturer’s identification code
to aid in programming. The code, shown in Table Il is two
bytes wide and is stored in a ROM configuration on the chip.
It identifies the manufacturer and the device type. The code
for the NMC27C64N is ““8FC2", where “8F” designates that
itis made by National Semiconductor, and “C2" designates
a 64k part.

The code is accessed by applying 12V +0.5V to address
pin A9. Addresses A1-A8, A10-A12, CE and OE are held
at V|L. Address AO is held at V|_ for the manufacturer’s
code, and at V| for the device code. The code is read out
on the 8 data pins. Proper code access is only guaranteed
at 25°C +5°C.

The primary purpose of the manufacturer’s identification
code is automatic programming control. When the device is
inserted in an EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

SYSTEM CONSIDERATION

The power switching characteristics of this device require
careful decoupling. The supply current, Icc, has three seg-
ments that are of interest to the system designer—the
standby current level, the active current level, and the tran-
sient current peaks that are produced by voltage transitions
on input pins. The magnitude of these transient current
peaks is dependent on the output capacitance loading of
the device. The associated V¢ transient voltage peaks can
be suppressed by properly selected decoupling capacitors.
It is recommended that at least a 0.1 uF ceramic capacitor
be used on every device between Vgc and GND. This
should be a high frequency capacitor of low inherent induc-
tance. In addition, at least a 4.7 uF bulk electrolytic capaci-
tor should be used between Vg and GND for each eight
devices. The bulk capacitor should be located near where
the power supply is connected to the array. The purpose of
the bulk capacitor is to overcome the voltage drop caused
by the inductive effects of the PC board traces.

TABLE Il. Manufacturer’s Identification Code

Pins Ag 07 Og Osg 04 O3 0z 04 Op Hex

(10) (19) (18) (17) (16) (15) (13) (12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 1 0 0 0 0 1 0 G2
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NMC27C128B

National
Semiconductor

PRELIMINARY

NMC27C128B High Speed Version
131,072-Bit (16k x 8) UV Erasable CMOS PROM

General Description

The NMC27C128B is a high-speed 128k UV erasable and
electrically reprogrammable CMOS EPROM, ideally suited
for applications where fast turnaround, pattern experimenta-
tion and low power consumption are important require-
ments.

The NMC27C128B is designed to operate with a single
+5V power supply with £5% or £10% tolerance. The
CMOS design allows the part to operate over extended and
military temperature ranges.

The NMC27C128B is packaged in a 28-pin dual-in-line
package with transparent lid. The transparent lid allows the
user to expose the chip to uitraviolet light to erase the bit
pattern. A new pattern can then be written electrically into
the device by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features
B Clock sense amps for fast access time down to 150 ns
m Low CMOS power consumption

— Active Power: 110 mW max

— Standby Power: 0.55 mW max
m Extended temperature range (NMC27C128BQE),
—40°C to +85°C, and military temperature range
(NMC27C128BQM), —55°C to + 125°C available
Pin compatible with NMOS 128k EPROMs
Fast and reliable programming—100 ps typical/byte
Static operation—no clocks required
TTL, CMOS compatible inputs/outputs
TRI-STATE® output
Optimum EPROM for total CMOS systems
Manufacturer’s identification code for automatic pro-
gramming control
m High current CMOS level output drivers

Block Diagram

NMC27C128B

DATA OUTPUTS 0g-07

Ve¢ O—> , N —
GND O——b
mo—> Ittt
OE —»] OUTPUT ENABLE > Pin Names
o B |00 > ouTPUT AO-A13 Addresses
E—p| ENABLE LOGIC > BUFFERS A
CE Chip Enable
([ —>] > OE Output Enable
— Y . B ot
—»]  DECODER . Y GATING 0p-07 Outputs
— > PGM Program
NC No Connect
a—a13 | =
ADDRESS { = >
WA | — X : 65,536-BIT
— DECODER : CELL MATRIX
—’ .
# .
] >
\

TL/D/9689-1
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Connection Diagrams
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27C512|27C256/27C64(27C32(27C 16 Dua,’fmiﬁzﬂfaﬁage 27C16 | 27C32 [27C64| 27C256 |27C512
27512 | 27256 | 2764 | 2732 | 2716 2716 | 2732 | 2764 | 27256 | 27512
A15 | Vpp | Vep Ve ! 281=Vee Veo | Veo | Vec
A12 | A2 | A12 A12=12 27— PGM PGM | A14 |-Al4

A7 | a7 | a7 | A7 | A7 A7—3 26[—A13 Voo | Voo | NG| A1z [T 13

A6 | A6 | A6 | A8 | A6 A6—14 25[—As8 A8 A8 | As | A8 A8

A5 | A5 | A5 | A5 | A5 AS—5 241=A9 A9 A9 | A9 | Ao A9

At | A4 | A4 | A4 | A4 A4—16 3 [=At Vep | A1 [ A1 | A11 | A1

A3 | A3 | A3 | A3 | A3 A7 22[—0OE OE |[OE/Vepp| OE | OFE |OE/Vpp

A2 | A2 | A2 | A2 | A2 A2—8 21[=At0 A10 | A10 | AtO | A10 | Al0

Al | AL | At | A1 | A1 A1—19 20—CE CE/PGM| CE | CE [CE/PGM| CE

A0 | A0 | A0 | Ao | A0 AD—10 1910, 07 o; | o7 | o 0y

O Op Op | Op O Op—111 18[—0g Og Og Og Og Og

04 04 04 04 04 01—]12 17p=05 Os Os5 Os Os Os

0 | 0o 0o | 0s| 0o 0,113 161—=04 04 O4 | 04| 04 04

GND | GND | GND | GND | GND GND—114 15103 03 O3 | O3 | O3 O3
TL/D/9689-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C128B pins.
Order Number NMC27C128BQ
See NS Package Number J28AQ
Commercial Temp Range (0°C to +70°C) Commercial Temp Range (0°C to +70°C)
Vee = 5V £10% Vee = 5V 5%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C128BQ150 150 NMC27C128BQ15 150
NMC27C128BQ200 200 NMC27C128BQ20 200
NMC27C128BQ250 250 NMC27C128BQ25 250

Extended Temp Range (—40°C to +85°C)
Vee = 5V £10%

Military Temp Range (—55°C to + 125°C)
Vee = 5V £10%

Parameter/Order Number

Access Time (ns)

Parameter/Order Number

Access Time (ns)

NMC27C128BQE150

150

NMGC27C128BQM150

150

NMC27C128BQE200

200

NMC27C128BQM200

200

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C128BN datasheet.
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NMC27C128B

COMMERCIAL TEMPERATURE RANGE
Absolute Maximum Ratings (Note 1)

Temperature Under Bias —10°Cto +80°C Power Dissipation 1.0W
Storage Temperature —65°G to +150°C Lead Temperature (Soldering, 10 sec.) 300°C
All Input Voltages except A9 with ESD Rating
Respect to Ground (Note 10) +6.5Vto —0.6V (Mil Spec 883C, Method 3015.2) 2000V
All Output Voltages with . aan
Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V Operating Conditions (Note 7)
Vpp Supply Voltage and A9 Temperature Range 0°Cto +70°C
with Respect to Ground Vcc Power Supply
During Programming +14.0Vto —0.6V NMC27C128BQ150, 200, 250 +5V £10%
Ve Supply Voltage with NMC27C128BQ15, 20, 25 +5V £5%
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current ViN = Vg or GND 0.01 1 pA
Lo Output Leakage Current VouT = Ve or GND, CE = Vi 0.01 1 pA
lcct Vg Current (Active) CE=V,f=5MHz 10 30 mA
(Note 9) TTL Inputs Inputs = Vi or Vi, I/0 = 0 mA
lcce Vg Current (Active) CE = GND,f = 5 MHz 8 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, 170 = 0 mA
lccsBi1 Vg Current (Standby) CE = V|4 04 1 mA
TTL Inputs
lccsee Vcc Current (Standby) CE = V¢
CMOS Inputs 0.5 100 A
Ipp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.2 0.8 v
ViH Input High Voltage 2.0 Vec + 1 v
Vo1 Output Low Voltage loL = 2.1mA 0.40 \"
VOoH1 Output High Voltage loH = —2.5mA 3.5 \'
VoL2 Output Low Voltage loL = 10 pA 0.1 Vv
Vouz | OutputHigh Voltage lon = —10 pA Vgg — 0.1 v
AC Electrical Characteristics
NMC27C128B
Symbol Parameter Conditions Q15, Q150 Q20, Q200 Q25, Q250 Units
Min Max Min Max Min Max
tacc Address to Output Delay E=O0E =V, 150 200 250 ns
PGM = V|4
tce CE to Output Delay OE = V), PGM = Vy 150 200 250 ns
toE OE to Output Delay CE = V|, PGM = Vi 60 75 100 ns
tpF OE High to Output Float CE = V||, PGM = Viy 50 0 55 0 60 ns
tcr CE High to Output Float OE = V|, PGM = V) 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V),
CE or OE, Whichever PGM = Vi 0 0 0 ns
Occurred First
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Temperature Under Bias

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10) Vgg+ 1.0V to GND 0.6V
Vpp Supply Voltage and A9
with Respect to Ground

Operating Temp. Range
—65°C to +150°C

+6.5Vto —0.6V

Ve Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range
NMC27C128BQE150, 200
NMC27C128BQM150, 200

—40°Cto +85°C
—55°Cto +125°C

During Programming +14.0Vto —0.6V Vcc Power Supply +5V +10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current VIN = Vec or GND 10 PA
Lo Output Leakage Current Vout = Veccor GND, CE = Vi 10 pA
lcct Ve Current (Active) CE =V, f=5MHz 10 30 mA
(Note 9) TTL Inputs Inputs = Vjyor V), I/0 = 0 mA
lcc2 Ve Current (Active) CE = GND, f = 5 MHz 8 20 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA .
lccsB1 Vg Current (Standby) CE=VjH 04 1 mA

TTL Inputs
lccsB2 g(h:dco (éull"::’:: S(Standby) CE = V¢c 05 100 pA
Ipp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage —0.2 0.8 \
Vi Input High Voltage 2.0 Voo + 1 v
Voui Output Low Voltage loL = 2.1 mA 0.40 "
VoH1 Output High Voltage loH = —1.6mA 35 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \"
VoH2 Output High Voltage loH = —10pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C128BQ
Symbol Parameter Conditions E150, M150 E200, M200 Units
Min Max Min Max
tacc Address to Output Delay CE=0E =V 150 200 ns
PGM = V|y
tcE CE to Output Delay OE = V|, PGM = V| 150 200 ns
toE OE to Output Delay CE = V|, PGM = V| 60 75 ns
toF OE High to Output Float CE = V)., PGM = Vi 0 50 0 55 ns
tcr CE High to Output Float OE = V|, PGM = Vi 0 50 0 55 ns
toH Output Hold from Addresses, CE=0E =V)_
CE or OE, Whichever PGM = Vi 0 0 ns
Occurred First
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NMC27C128B

Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiNn Input Capacitance ViN = 0V 6 12 pF

Cout Output Capacitance Vout = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V-t0 2.4V

AC Waveforms (Notes6,7&9)

ADDRESSES  3:9¥ ADDRESSES VALID o X
47
. — _
CE 2.0V \ )
0.8V 55 / et
tee NOTES 4,5
OE 2.0v \
OF 0.8v £ 5 ¢
- _
OE DF
2.0V |Hi-Z _.I(NOT“’) R 45 o ‘-Hl Z
. = i AW\ =
OUTPUT === VALID OUTPUT Iy
tacc ton
(NOTE 3)

TL/D/9689-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — to after the falling edge of CE without impacting tacc.
Note 4: The tpr and tcr compare level is determined as follows: '
High to TRI-STATE, the measured Vo1 (DC) —0.10V;
Low to TRI-STATE, the measured Vo1 (DC) +0.10V.
Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vgc and GND.

Note 7: The outputs must be restricted to Voc + 1.0V to avoid latch-up and device damage.
Note 8: 1 TTL Gate: lo. = 1.6 mA, oy = —400 pA.
Cy: 100 pF includes fixture capacitance.
Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.




Programming Characteristics (Notes1,2,384)

88¢13.20NN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 us
tces CE Setup Time OE = Viy 1 ps
tps Data Setup Time 1 s
tvps Vpp Setup Time 1 mus
tvcs Ve Setup Time 1 s
taAH Address Hold Time 0 us
tpH Data Hold Time 1 ns
tor Output Enable to Output Float Delay CE=vV 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE = V_ 100 ns
Ipp Vpp Supply Current During 9_—E_= ViL 30 mA
Programming Pulse PGM = Vj_

Icc Ve Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 "
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \"
ViH Input High Voltage 2.4 4.0 \"
N Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \Y

Programming Waveforms (note 3)

RO
PROGRAM P
ADDRESSES (2, ADDRESS N ~

] I
Hi=Z 7
N\

kil DATA IN ST DATA OUT VALD
DATA ——io,gv o o ADDN >
tos ton o

v 6.0v
(9
—4:__ tves
12.5v
Vep __/ tves

“‘ots"l toe
N
_.gy_/ TL/D/9689-4

Note 1: National’s standard product warranty applies to devices programmed to specifications described herein.

Note 2: Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vce.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from ding this 14V i specification. At least a 0.1 pF capacitor is required across Vpp, Vg to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.
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NMC27C128B

Fast Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )

Ve =6.25V
Vo= 12,75V

>
»

—b(PROGRAM ONE 100 ps PULSE)
INCREMENT X

INCREMENT ADDR

LAST ADDR ?

Vee=Vpp=5.0V

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9689-5
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Interactive Programming Algorithm Flow Chart (ot 4)

START

( ADDR = FIRST LOCATION )
Ve = 6.0V
Vep= 125V

PROGRAM ONE 0.5 ms PULSE)

INCREMENT X

INCREMENT ADDR

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/9689-6
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NMC27C128B

Functional Description
DEVICE OPERATION

The six modes of operation of the NMC27C128B are listed
in Table |. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vgc and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at Vg in the other
three modes. The Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C128B has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. The programming pin
(PGM) should be at V) except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog after the falling edge of OE, assuming
that CE has been low and addresses have been stable for
at least tacc-toE.

The sense amps are clocked for fast access time. Vg
should therefore be maintained at operating voltage during
read and verify. If Vog temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C128B has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C128B is placed in the standby mode
by applying a CMOS high signal to the CE input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output OR-Tying
Because NMC27C128Bs are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficie_ntly use these two control lines, it is recom-

mended that CE (pin 20) be decoded and used as the pri-

mary device selecting function, while OE (pin 22) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC27C128B.

Initially, and after each erasure, all bits of the NMC27C128B
are in the “1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and *“0s” can be pre-
sented in the data word. The only way to change a “0” to a
“1” is by ultraviolet light erasure.

The NMC27GC128B is in the programming mode when the
Vpp power supply is at 12.75V and OE is at Vjy. It is re-
quired that at least a 0.1 pF capacitor be placed across
Vpp, Vg to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in parallel to the data output pins. The levels
required for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vpp is kept at 12.75V

When the address and data are stable, an active low, TTL
program pulse is applied to the PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C128B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 us pulse.

Note: Some programmer manufacturers due to equipment limitation may

offer interactive program Algorithm (shown in Figure 2).

The NMC27C128B must not be programmed with a DC sig-
nal applied to the PGM input.

Programming multiple NMC27C128Bs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C128Bs may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the PGM input programs the paralleled
NMGC27G128Bs.

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) (27) (1) (28) (11-13, 15-19)

Read Vi Vi Vi Vce 5V Dout

Standby VIH Don't Don't Veo 5V Hi-z
Care Care

Output Disable Don’t ViH ViH Vee 5V Hi-Z

Care

Program ViL ViH Vi 12.75V 6.25V DN

Program Verify ViL ViL ViH 12.75V 6.25V Dout

Program Inhibit ViH Don’t Don’t 12.75V 6.25V Hi-Z
Care Care




Functional Description (Continued)
Program Inhibit

Programming multiple NMC27C128s in parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE and PGM) of the parallel
NMC27C128Bs may be common. A TTL low level program
pulse applied to an NMC27C128B’s PGM input with CE at
V)L and Vpp at 12.75V will program that NMC27C128B. A
TTL high level CE input inhibits the other NMC27C128Bs
from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 12.75V. Vpp must be at
Ve except during programming and program verify.

MANUFACTURER’S IDENTIFICATION CODE

The NMC27C128B has a manufacturer’s identification code
to aid in programming. The code, shown in Table Il is two
bytes wide and is stored in a ROM configuration on the chip.
It identifies the manufacturer and the device type. The code
for the NMC27C128B is “8F83", where “8F" designates
that it is made by National Semiconductor, and “83" desig-
nates a 128k part.

The code is accessed by applying 12.0V +0.5V to address
pin A9. Addresses A1-A8, A10-A13, CE, and OE are held
at V). Address A0 is held at V|_ for the manufacturer’s
code, and at V|4 for the device code. The code is read out
on the 8 data pins. Proper code access is only guaranteed
at 25°C £5°C.

The primary purpose of the manufacturer's identification
code is automatic programming control. When the device is
inserted in an EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C128B are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range.

After programming opaque labels should be placed over the
NMC27C128B’s window to prevent unintentional erasure.
Covering the window will also prevent temporary functional
failure due to the generation of photo currents.

The recommended erasure procedure for the
NMC27C128B is exposure to short wave ultraviolet light
which has a wavelength of 2537 Angstroms (A). The inte-
grated dose (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15W-sec/cm2.

The NMC27C128B should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table IlI
shows the minimum NMC27C128B erasure time for various
light intensities.

An erasure system should be cailbrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of this device require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. Itis recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vgc and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE Il. Manufacturer’s Identification Code

Pins A0 | 07 | Og | O5 | 04 | O3 | O2 [ O4 | Op | Hex
(10) | (19) | (18) | (17) | (16) | (15) | (13) | (12) [ (11) | Data
Manufacturer Code | V. | 1 0 0 0 1 1 1 1 8F
Device Code Vig| 1 0 0 0 0 0 1 1 83
TABLE lll. Minimum NMC27C128B Erasure Time
Light Intensity Erasure Time
(LW/cm?) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C128BN

National
Semiconductor

NMC27C128BN

PRELIMINARY

High Speed Version 131,072-Bit (16k x 8)
One Time Programmable CMOS PROM

General Description

The, NMC27C128BN is a high-speed 128k one time pro-
grammable CMOS PROM, ideally suited for applications
where fast turnaround and low power consumption are im-
portant requirements.

The NMC27C128BN is designed to operate with a single
+5V power supply with £5% or +10% tolerance.

The NMC27C128BN is packaged in a 28-pin dual-in-line
plastic molded package without a transparent lid. This part
is ideally suited for high volume production applications
where cost is an important factor and programming only
needs to be done once. Also the plastic molded package
works well in auto insertion equipment used in automated
assembly lines.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features

m Clocked sense amps for fast access time down
to 150'ns .

m Low CMOS power consumption

— Active Power: 11.0 mW max

— Standby Power: 0.55 mW max

Optimum EPROM for total CMOS systems

Pin compatible with NMOS 128k EPROMs

Fast and reliable programming—100 us typical/byte

Static operation—no clocks required

TTL, CMOS compatible inputs/outputs

TRI-STATE® output

Manufacturer’s identification code for automatic

programming control

m High current CMOS level output drivers

Block Diagram

DATA OUTPUTS 0g-07
Vgg O p N
GND O——b
mo—> [ERRREN
0E —p outlmr :::;m.s > P Pin Names
GE =] ENABLE LOGIC > BUFFERS A0-A13 Addresses
. CE Chip Enable
:: vy . OE - Output Enable
Y GATING
—p] DECODER L 0p-07 Outputs
—p v
PGM Program
A0-A13, AR | =
Anngl:% — >
W —> X : 13,0728
— DECODER . CELL MATRIX
—p .
=) R
=

TL/D/9690-1




Connection Diagram

Ng8¢I 320NN

27C512|27C256(27C64|27C32|27C 16| 27C16 | 27C32 |27C64| 27C256 |27C512

27512 | 27256 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27256 | 27512
A15 | Vpp | Vpp Vep —{ 1 28— v Vec | Vec | Vec
A12 | A12 | A12 A12—1 2 27 b— em PGM| A14 Al4
A7 A7 A7 | A7 | A7 AT =3 26— a3 Vee Vec | NC A13 A13
A6 A6 A6 | A6 | A6 A6 —1 4 25— ag A8 A8 A8 A8 A8
A5 A5 A5 | A5 | A5 a5 —s 22— ag A9 A9 A9 A9 A9
Ad | A4 | A4 | A4 | A4 a—s . Vep | A1 | A1t | A11 | A1

A3 A3 A3 | A3 | A3 A3 —q7 22— oF OE |OE/Vpp| OE OE |[OE/Vpp|
A2 A2 A2 | A2 | A2 A2 —{8 21— at0 A10 A10 | A10 | A10 A10
Al Al Al | A1 | A1 ar—{s wl—e ICE/PGM| CE | CE [CE/PGM| CE
A0 A0 A0 A0 A0 AD—q 10 19}—o0; 07 07 07 07 O7
Op Op Og | Oo Oo Op— 1 18 = 05 Og Og Og Og Og
04 04 (o] 04 04 0y = 12 17 =05 Os Os Os Os Os
Oa (o7} o)} (o7} Oz 0, —413 16 =0, Oy O4 O4 O4 Oy
GND | GND | GND | GND | GND GND =4 14 15 = 03 O3 O3 O3 O3 O3

TL/D/9690-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C128BN pins.

Order Number NMC27C128BN
See NS Package Number N28B

Commercial Temp Range (0°C to +70°C)
Vecc = 5V 5%

Parameter/Order Number Access Time (ns)
NMC27C128BN15 150
NMC27C128BN20 200
NMC27C128BN25 250

Commercial Temp Range (0°C to +70°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C128BN150 150
NMC27C128BN200 200
NMC27C128BN250 250

For non-commercial temperature range parts, call the factory.




NMC27C128BN

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Temperature Under Bias —10°Cto +80°C
Storage Temperature —65°C to +150°C
All Input Voltages except A9 with
Respect to Ground (Note 10)
‘All Output Voltages with
Respect to Ground (Note 10) Vgg+ 1.0V to GND—0.6V
Vpp Supply Voltage and A9

+6.5Vto —0.6V

Vcc Supply Voltage with
Respect to Ground
Power Dissipation

Lead Temperature (Soldering, 10 sec.)

ESD Rating
(Mil Spec 883C, Method 3015.2)

+7.0Vto —6.0V
1.0W
300°C

2000V

Operating Conditions (note 7)

Temperature Range
Ve Power Supply

0°Cto +70°C

with Respect to Ground NMC27C128BN150, 200, 250 +5V £10%
During Programming +14.0Vto —0.6V NMC27C128BN15, 20, 25 +5V £5%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
b - Input Load Current ViN = Vccor GND 0.01 1 pA
ILo Output Leakage Current Vout = Ve or GND, CE = V|4 0.01 1 BA
lcct Vg Current (Active) CE =V, f=5MHz 10 30 mA
(Note 9) TTL Inputs Inputs = Vg orVy, 1/0 = 0 mA
lccz Ve Current (Active) CE = GND, f = 5 MHz 8 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, 170 = 0 mA
lccsB1 Ve Current (Standby) CE =VH 04 1 mA
TTL Inputs
lccsB2 \C/(l\;d% C;u;'e):: s(Standby) CE = Vco 05 100 BA
Ipp Vpp Load Current Vpp = Vco 10 pA
ViL Input Low Voltage -0.2 0.8 \
VIH Input High Voltage 2.0 Ve + 1 \"
VoL Output Low Voltage loL=21mA 0.40 \
VoH1 Output High Voltage loH = —2.5mA 35 \"
VoL2 Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loy = —10 pA Vce — 0.1 \"
AC Electrical Characteristics
NMC27C128B
Symbol Parameter Conditions N15, N150 N20, N200 N25, N250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E=Vy 150 200 250 ns
PGM = V|y
tce CE to Output Delay OE = V||,PGM = Vi 150 200 250 ns
toe OE to Output Delay CE = V),PGM = Viy 60 75 100 ns
toF OE High to Output Float CE = V,,PGM = V|4 0 50 0 55 0 60 ns
o CE High to Output Float OE = V., PGM = Vi 0 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V),
GE or OE, Whichever PGM = V|y 0 0 0 ns
Occurred First
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Capacitance T, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance ViN = 0V 5 10 pF
Cout Output Capacitance Vout = 0V 8 10 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
CL = 100 pF (Note 8) Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V
AC Waveforms (Notess,7 &9)
[} {C
ADDRESSES 2.0v ADDRESSES VALID 7
0.8V £C
JJ
= 2.0V
CE oy \ N /|
) L ter
toE (NOTES 4,_5ﬂ
—= 2.0V
OF o8y \ ‘c /
% P} %
OE e DF __,|
(NOTE 3) e (NOTES 4,5)
2.0V Hi-Z 37 FANNNS Y Hi=Z
OUTPUT ooy ] VALID OUTPUT cc 277773
¢ pD e L__
ACC .
(NOTE 3) fon

TL/D/9690-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — toE after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Von1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 wF ceramic capacitor be used on
every device between V¢ and GND.

Note 7: The outputs must be restricted to Voo + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: lg. = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns max.
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NMC27C128BN

Programming Characteristics (otes1,2,3&4)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 s
toES OE Setup Time 1 us
tces CE Setup Time OE = V4 1 us
tbs Data Setup Time 1 s
tvps Vpp Setup Time 1 s
tvcs Ve Setup Time 1 s
taH Address Hold Time 0 us
toH Data Hold Time 1 ns
toF Output Enable to Output Float Delay CE=V, 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=V| 100 ns
Ipp Vpp Supply Current During CE=Vi 30 mA
Programming Pulse PGM = V|
lcc Vce Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 125 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 Vv
VIH Input High Voltage 24 4.0 \"
tiN Input Timing Reference Voltage 0.8 1.5 2.0 Vv
tout Output Timing Reference Voltage 0.8 1.5 2.0 \"

1-60




Programming Waveforms (Note 3)

NE821J.20NN

PROGRAM PROCRAM
ADDRESSES (2, ADDRESS N -
‘tA_S.I L |
"’V_g DATA IN STABLE Hi=Z 50w oorvae
DATA TV ADD N ) Pt
4 st
tos DH OF
6.0V 55
Ve _/ tyes
12,5V 55
Vep / typs

CE oav X 5
e—tces — .

LG

FOM clay -
e “'ozs‘l -~ tog—
_ —
o 2 N
0.8v X "

TL/D/9690-4

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voitage applied to Vpp or Vcg.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from ding this 14V i specification. At least a 0.1 uF capacitor is required across Vpp, Vcc to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.
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NMC27C128BN

Fast Programming Algorithm Flow Chart (vote 4)

START

( ADDR = FIRST LOCATION )

Vg =625V
v,,P-1275v

PROGRAM ONE 100 s PULSE)

INCREMENT X

FAIL

N

INCREMENT ADDR LAST ADDR ?

Vcc =VPP =5V

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/9690-5
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Interactive Programming Algorithm Flow Chart (ote 4)

START

( ADDR = FIRST LOCATION)

Vcc =6.0v
VPP =12.5V

PROGRAM ONE 0.5 ms PULSE)

INCREMENT X

LAST ADDR?

INCREMENT ADDR

Vo =VYpp =50V £ 5%

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/9690-6
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NMC27C128BN

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C128BN are listed
in Table . It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vg and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at Vgg in the other
three modes. The V¢ power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C128BN has two control functions, both of
which must be logically active in order to obtain data at the
outputs. Chip Enable (CE) is the power control and should
be used for device selection. Output Enable (OE) is the out-
put control and should be used to gate data to the output
pins, independent of device selection. The programming pin
(PGM) should be at V| except during programming. Assum-
ing that addresses are stable, address access time (tacc) is
equal to the delay from CE to output (tcg). Data is available
at the outputs tog after the falling edge of OE, assuming
that CE has been low and addresses have been stable for
at least tacc-toE.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Vog temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C128BN has a standby mode which reduces
the active power dissipation over 99%, from 110 mW to
0.55 mW. The NMC27C128BN is placed in the standby
mode by applying a CMOS high signal to the CE input.
When in standby mode, the outputs are in a high impedance
state, independent of the OE input.

Output OR-Tying
Because NMC27C128BNs are usually used in larger memo-
ry arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the pri-
mary device selecting function, while OE (pin 22) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC27C128BN.

Initially, and after each erasure, all bits of the
NMC27C128BN are in the “1” state. Data is introduced by
selectively programming “0s” into the desired bit locations.
Although only “0s” will be programmed, both “1s” and “0s”
can be presented in the data word.

The NMC27C128BN is in the programming mode when the
'Vpp power supply is at 12.75V and OE is at Vjy. It is re-
quired that at least a 0.1 nF capacitor be placed across
Vpp, Vg to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in parallel to the data output pins. The levels
required for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vpp is kept at 12.75V.

When the address and data are stable, an active low TTL
program pulse is applied to the PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C128BN is programmed with the
Fast Programming Algorithm shown in Figure 1. Each Ad-
dress is programmed with a series of 100 us pulses until it
verifies good, up to a maximum of 25 pulses. Most memory
cells will Program with a single 100 s pulse.

Note: Some programmer manufacturers due to equipment limitation may

offer interactive program Algorithm (Shown in Figure 2).

The NMC27C128BN must not be programmed with a DC
signal applied to the PGM input.

Programming multiple NMC27C128BNs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C128BNs may be connected together when
they are programmed with the same data. A low level TTL
pulse applied to the PGM input programs the paralleled
NMC27C128BNs.

TABLE |. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) (27) (1) (28) (11-13, 15-19)
Read Vi ViL ViH Vee 5v Doyt
Standby ViH Don’t Care Don’t Care Vee 5V Hi-Z
Output Disable Don’t Care ViH ViH Vce 5V Hi-Z
Program ViL ViH ViL 12.75V 6.25V Din
Program Verify ViL ViL VIH 12.75V 6.25V Dout
Program Inhibit ViH Don’t Care Don’t Care 12.75V 6.25V Hi-Z
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Functional Description (continued)

The NMC27C128BN is packaged in a plastic molded pack-
age which does not have a transparent lid. Therefore the
memory cannot be erased. This means that after a user has
programmed a memory cell to a “0” it cannot be changed
back to a “1”.

If an application requires erasing and reprogramming, the
NMC27G128BQ UV Erasable PROM in a windowed pack-
age should be used.

Program Inhibit

Programming multiple NMC27C128BNs in parallel with dif-
ferent data is also easily accomplished. Except for CE all
like inputs (including OE and PGM) of the parallel
NMC27C128BNs may be common. A TTL low level program
pulse applied to an NMC27C128BNs PGM input with CE at
V|L and Vpp at 12.75V will program that NMC27C128BN. A
TTL high level CE input inhibits the other NMC27C128BNs
from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 12.75V (Vpp must be at
Vcc) except during programming and program verify.

MANUFACTURER’S IDENTIFICATION CODE

The NMC27C128BN has a manufacturer’s identification
code to aid in programming. The code, shown in Table Il is
two bytes wide and is stored in a ROM configuration on the
chip. It identifies the manufacturer and the device type. The
code for the NMC27C128BN is “8F83", where “8F” desig-
nates that it is made by National Semiconductor, and “83"
designates a 128k part.

The code is accessed by applying 12.0V *+0.5V to address
pin A9. Addresses A1-A8, A10-A13, CE, and OE are held
at V|_. Address A0 is held at Vj_ for the manufacturer's
code, and at V4 for the device code. The code is read out
on the 8 data pins. Proper code access is only guaranteed
at 25°C +5°C.

The primary purpose of the manufacturer’s identification
code is automatic programming control. When the device is
inserted in a EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE Il. Manufacturer’s Identification Code

Pins Ag 07 06 05 04 03 02 04 0o Hex

(10) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 0 0 0 0 0 1 1 83
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NMC27C128BN

Package Information

6 SPACES AT
0.050 -
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TL/D/9690-7
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National
Semiconductor

NMC27C256
262,144-Bit (32k x 8) UV Erasable CMOS PROM

General Description Features

The NMC27C256 is a high-speed 256k UV erasable and M Clocked sense amps for fast access time down to
electrically reprogrammable CMOS EPROM, ideally suited 170 ns

for applications where fast turnaround, pattern experimenta- ® Low CMOS power consumption

95¢J.¢ONN

tion and low power consumption are important require- — Active power: 55 mW max

ments. — Standby power: 0.55 mW max

The NMC27C256 is designed to operate with a single +5V W Performance compatible to NSC800™ CMOS micro-
power supply with £5% or +10% tolerance. The CMOS processor

design allows the part to operate over extended and military ~ m Single 5V power supply

temperature ranges. m Extended temperature range (NMC27C256QE),

The NMC27C256 is packaged in a 28-pin dual in-line pack- —40°C to +85°C, and military temperature range

age with transparent lid. The transparent lid allows the user (NMC27C256QM), —55°C to +125°C, available

to expose the chip to ultraviolet light to erase the bit pattern. ~ ® Pin compatible with NMOS 256k EPROMs

A new pattern can then be written electrically into the device  m Fast and reliable programming (0.5 ms for most bytes)
by following the programming procedure. m Static operation—no clocks required

This EPROM is fabricated with National’s proprietary, time @ TTL, CMOS compatible inputs/outputs

proven CMOS double-poly silicon gate technology which  w TRI-STATE® output

combines high performance and high density with low pow- g Optimum EPROM for total CMOS systems
er consumption and excellent reliability.

Block Diagram

DATA QUTPUTS 09-07

Veg O——bp p -
GND O—>
no—s [ERNANRE|
OE —>{ OUTPUT ENABLE g ) ) )
AND CHIP 4 OUTPUT Pin Names
CE—p{ ENABLE LOGIC e BUFFERS AO-A14 Addresses
( > —
CE Chip Enable
E Y > OE Output Enable
Y GATING
—> DECODER b 0p-07 Outputs
—p >
PGM Program
A0-A14 | —
ADDRESS { —» R NC No Connect
INPUTS | —bi X . 262,144-81T
—> DECODER . CELL MATRIX
—’ N
= :,
=

TL/D/7512-1
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NMC27C256

Connection Diagram

27C512|27C128/|27C64(27C32|27C 16| NMC27C256Q 27C16 | 27C32 |27C64|27C128|27C512
27512 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 2732 | 2764 | 27128 | 27512
A15 | Vpp | Vpp Ve =11 28— Vg Vee | Voo | Voo
A12 | A12 | A12 A12 —q2 27— A PGM | PGM | A14
A7 A7 A7 A7 A7 AT —43 26— A13 Vee Vee NC A13 A13
A6 A6 A6 A6 A6 A6 —J4 25 = A8 A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 A5 = § 24 b A9 A9 A9 A9 A9 A9
A4 A4 A4 A4 A4 A4 = & 23 f- Af1 Vpp A1 | A1 A1 Al
A3 A3 A3 A3 A3 A3 —q? 22 p— OF OE |OE/Vpp| OE OE |OE/Vpp
A2 A2 A2 A2 A2 A2 =438 21 p— A10 A10 A10 | A10 | A10 A10
A1 Al | AL AL A1 A —f9 wj—cepem [CE/PGM| CE | CE | CE | CE
A0 A0 A0 | AO A0 AQ = 10 19 =0, 07 O7 07 Oy Oy
Oo O O | Og Oo 0p —4 11 18 b— 0 Os Og Oe Os Og
04 04 04 04 04 0y —f 12 17 =05 - Os Os Os Os Os
(o7 Og Oz Oz | O2 0, —4 13 16 =0, 04 O4 O4 O4 O4
GND | GND |GND|GND|GND|  ano—{u 15 =0 O3 O3 | O3 | O3 | Og
TL/D/7512-2
Note: Socket cc ible EPROM pin ig )ns are shown in the blocks adjacent to the NMC27C256 pins.

Order Number NMC27C256Q
See NS Package Number J28AQ

Commercial Temp Range (0°C to +70°C) Commercial Temp Range (0°C to +70°C)
Vee = 5V 5% Vge = 5V £10%
Parameter/Order Number Access Time Parameter/Order Number Access Time

NMC27C256Q17 170 NMC27C256Q200 200
NMC27C256Q20 200 NMC27C256Q250 250
NMC27C256Q25 250 NMC27C256Q300 300
Extended Temp Range (—40°C to +85°C) Military Temp Range (—55°C to + 125°C)
Vce = 5V £10% Vee = 5V £10%
Parameter/Order Number Access Time Parameter/Order Number Access Time
NMC27C256QE200 200 NMC27C256QM250 250
NMC27C256QE250 250 NMC27C256QM350 350

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C256BN data sheet.
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=
COMMERCIAL TEMPERATURE RANGE E
Absolute Maximum Ratings (ote 1) | Q
Temperature Under Bias —10°Cto +80°C Power Dissipation 1.0W g
Storage Temperature ~65°C to +150°C Lead Temperature (Soldering, 10 sec.) 300°C
All Input Voltages with Vcc Supply Voltage with
Respect to Ground (Note 10) +6.5V to —0.6V Respect to Ground +7.0Vto —0.6V
All Output Voltages with . .
Respect to Ground (Note 10)  V¢g+ 1.0V to GND—0.6V Operatlng Conditions (Note 7)
Vpp Supply Voltage with Respect Temperature Range 0°Cto +70°C
to Ground During Programming +14.0Vto —0.6V Vcc Power Supply
NMC27C256Q17, 20, 25 5V £5%
NMC27C256Q200, 250, 300 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
It Input Load Current ViN = Vg or GND 10 RA
ILo Output Leakage Current Vout = Vegor GND, CE = Viy 10 nA
lcct Vg Current (Active) CE = V), f = 5MHz 6 20 mA
(Note 9) TTL Inputs Inputs = Vi orV,1/0 = 0 mA
lccz Vg Current (Active) CE = GND,f = 5MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA
lccsBi1 Vg Current (Standby) CE =V 01 1 mA
TTL Inputs
lccsB2 \é&% %u|:ZE:S(Stande) CE = Vo 05 100 WA
lpp Vpp Load Current Vep = Voo 10 wA
ViL Input Low Voltage —0.1 0.8 \
VIH Input High Voltage 2.0 Voo + 1 Vv
Vou1 Output Low Voltage loL = 2.1 mA 0.45 \"
VoH1 Output High Voltage loq = —400 pA 2.4 \
VoL2 Output Low Voltage loL=0pA 0.1 v
VoH2 Output High Voltage loH = 0 pA Ve — 0.1 v
AC Electrical Characteristics
NMC27C256
Symbol Parameter Conditions Q17 Q20,Q200 | Q25,Q250 Q300 Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E =V 170 200 250 300 ns
tce CE to Output Delay OE = V. 170 200 250 300 ns
toe OE to Output Delay CE =V 75 75 100 120 ns
tor OE High to Output Float CE=vV|_ 0 60 0 60 0 60 105 ns
toF CE High to Output Float OE = V), 0 60 0 60 0 60 105 ns
toH Output Hold from Addresses, | CE = OE = V_
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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NMC27C256

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Temperature Under Bias Operating Temp Range
Storage Temperature —65°Cto +150°C
All Input Voltages with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10)
Vpp Supply Voltage with
Respect to Ground

+6.5Vto —0.6V

Vcc+ 1.0V to GND—0.6V

Power Dissipation

Lead Temperature (Soldering, 10 sec.)

Vcc Supply Voltage with
Respect to Ground

1.0W
300°C

+7.0Vto —0.6V

Operating Conditions (Note7)

Temperature Range
NMC27G256QE200, 250

—40°Cto +85°C

During Programming +14.0Vto —0.6V NMC27C256QM250, M350 —55°Cto +125°C
Ve Power Supply 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current VIN = Vgc or GND 10 pA
ILo Output Leakage Current Vout = Vecor GND, CE = Viy 10 RA
Icct Vg Current (Active) CE = V|, f=5MHz 6 20 mA
(Note 9) TTL Inputs Inputs = VjyorVy, I/0 = 0 mA
lcc2 Vg Current (Active) CE = GND, f = 5 MHz 3 10 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccsB1 Vg Current (Standby) CE=VjH 0.4 1 mA
TTL Inputs
lccs2 \é(hgﬂcocsulr:;:'; sfStandby) CE = Vco 05 100 pA
Ipp Vpp Load Current Vpp = Vce 10 pA
ViL Input Low Voltage -0.1 0.8 \"
ViH Input High Voltage 2.0 Vgo + 1 \"
VoL1 Output Low Voltage loL = 2.1mA 0.45 \
VOoH1 Output High Voltage loq = —400 pA 2.4 Vv
VoL2 Output Low Voltage lon = O pA 0.1 v
VoH2 Output High Voltage lon = 0 pA Veg — 0.1 \
AC Electrical Characteristics
NMC27C256Q
Symbol Parameter Conditions E200 E250 M350 Units
M250
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E = V). 200 250 350 ns
toE CE to Output Delay OE = VL 200 250 350 ns
toe OE to Output Delay CE=V) 75 100 120 ns
tpE OE High to Output Float CE =V 0 60 0 60 0 105 ns
toH Output Hold from Addresses, | CE = OE = V|_
CE or OE Whichever 0 0 0 ns
Occurred First
o CE High to Output Float OE = V)L 0 60 0 60 0 105 ns
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Capacitance 7, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max | Units

CiNn Input Capacitance ViN = 0V 6 12 pF

Cout Output Capacitance | Voyt = 0V 9 12 pF
AC Test Conditions v
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes 6,7 & 9)

£ C L
ADDRESSES 20v ADDRESSES VALID ot
23
pa— v —am [ —————
2.0v \
CE 0.8v g %
t ER) [-— cF—.
I.__ CE — NOTES 4,5
OE 2.0V ’ /
OF 0.8V X !’
tor tor
2.0V |Hi-z » Gt N 45 _ 'Nms"s)‘;‘ z
. i- )7 AN, Ll
OUTPUT TR VALID OUTPUT I
tacc v f
(NOTE 3) O

TL/D/7512-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcg compare level is determined as follows:
High to TRI-STATE, the measured Vo3 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 p.F ceramic capacitor be used on
every device between Vgc and GND.

Note 7: The outputs must be restricted to Vg + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: o = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vcc except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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NMC27C256

Programming Characteristics (Notes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 1S
toes OE Setup Time 2 us
tvps Vpp Setup Time 2 pns
tvcs Ve Setup Time 2 pns
tbs Data Setup Time 2 pns
tAH Address Hold Time 0 s
tDH Data Hold Time 2 s
toF Output Enable to Output Float Delay CE= VL 0 130 ns
tpw Program Pulse Width 0.5 0.5 10 ms
toe Data Valid from OE CE=vV 150 ns
Ipp Vpp Supply Current During 6_5: ViL 30 mA
Programming Pulse PGM = VL
lcc Vcc Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 5.75 6.0 6.25 \
Vpp Programming Supply Voltage 12.2 13.0 13.3 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \%
ViH Input High Voltage 24 4.0 \"
tiN Input Timing Reference Voltage 0.8 1.5 2.0 Vv
tout Output Timing Reference Voltage 0.8 1.5 2.0 Y

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a

board with voltage applied to Vpp or Ve,

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 nF capacitor is required across Vpp, Vcc to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the Interactive Program Algorithm, at typical power supply voitages and timings.

Programming Waveforms (Note 3)

ADDRESSES

DATA

Veo 5.75v 1‘

Vep

CE

PROGRAM VERIFY
3
2V
s ADDRESS N ss K
2V DATA IN STABLE Hi=Z F555x 00T VLD
08V ADD N - ADD N
tos ton o
55
| tves
g rs 55
. 55
0.8v
“'ocs"' la—top —|
o N o/

TL/D/7512-4
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Interactive Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

PROGRAM ONE .5 ms PULSE )

INCREMENT X

DEVICE
FAILED

INCREMENT ADDR 4

< LAST ADDR?
YES

Voo=Vpp=5.0V £ 5%

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/7512-5
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NMC27C256

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C256 are listed in
Table I. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vgc and
Vpp. The Vpp power supply must be at 13.0V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6V during
the three programming modes, and at 5V in the other three
modes.

Read Mode

The NMC27C256 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc — tog.

The sense amps are clocked for fast access time. Vgg
should therefore be maintained at operating voltage during
read and verify. If Voo temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to ensure proper output data.

Standby Mode

The NMC27C256 has a standby mode which reduces the
active power dissipation by 99%, from 55 mW to 0.55 mW.
The NMC27C256 is placed in the standby mode by applying
a CMOS high signal to the CE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying
Because NMC27C256s are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occeur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the pri-
mary device selecting function, while OE (pin 22) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC27C256.

Initially, and after each erasure, all bits of the NMC27C256
are in the ““1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” can be pre-
sented in the data word. The only way to change a “0” to a
“1” is by ultraviolet light erasure.

The NMC27C256 is in the programming mode when the Vpp
power supply is at 13.0V and OE is at V. It is required that
at least a 0.1 uF capacitor be placed across Vpp, Vcc to
ground to suppress spurious voltage transients which may
damage the device. The data to be programmed is applied 8
bits in parallel to the data output pins. The levels required
for the address and data inputs are TTL.

When the address and data are stable, an active low TTL
program pulse is applied to the CE/PGM input. A program
pulse must be applied at each address location to be pro-
grammed. Any location may be programmed at any time—
either individually, sequentially, or at random. The
NMC27C256 is designed to be programmed with interactive
programming, where each address is programmed with a
series of 0.5 ms pulses until it verifies (up to a maximum of
20 pulses or 10 ms). The NMC27C256 must not be pro-
grammed with a DC signal applied to the CE/PGM input.

Programming multiple NMC27C256s in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C256s may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the CE/PGM input programs the paralleled
NMC27C256s.

TABLE I. Mode Selection

Pins CE/PGM OE Vpp Vee Outputs

Mode (20) (22) (1) (28) (11-13, 15-19)
Read ViL ViL 5V 5v Dout
Standby ViH Don’t Care 5V 5V Hi-Z
Program ViL ViH 13.0V 6V DiN
Program Verify ViH ViL 13.0V 6V Dout
Program Inhibit ViH ViH 13.0V 6V Hi-Z
Output Disable Don’t Care ViH 5\ 5V Hi-Z
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Functional Description (continueq)

Program Inhibit

Programming multiple NMC27C256s in parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE) of the parallel NMC27C256s may be
common. A TTL low level program pulse applied to an
NMC27C256’s CE/PGM input with Vpp at 13.0V will pro-
gram that NMC27C256. A TTL high level CE input inhibits
the other NMC27C2565s from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 13.0V. Vpp must be at
Ve, except during programming and program verify.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C256 are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range.

After programming, opaque labels should be placed over
the NMC27C256's window to prevent unintentional erasure.
Covering the window will also prevent temporary functional
failure due to the generation of photo currents.

The recommended erasure procedure for the NMC27C256
is exposure to short wave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity X exposure time) for erasure should be a minimum
of 15W-sec/cmz2.

The NMC27C256 should be placed within 1 inch of the lamp
tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table I

shows the minimum NMC27C256 erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vcg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE Il. Minimum NMC27C256 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm?2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C256B

National
Semiconductor

PRELIMINARY

NMC27C256B High Speed Version
262,144-Bit (32k x 8) UV Erasable CMOS PROM

General Description

The NMC27C256B is a high-speed 256k UV erasable and
electrically reprogrammable CMOS EPROM, ideally suited
for applications where fast turnaround, pattern experimenta-
tion and low power consumption are important require-
ments.

The NMC27C256B is designed to operate with a single
+5V power supply with £5% or £10% tolerance. The
CMOS design allows the part to operate over extended and
military temperature ranges.

The NMC27C256B is packaged in a 28-pin dual-in-line
package with 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 electrically into
the device by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features

B Clocked sense amps for fast access time down to
150 ns

m Low CMOS power consumption
— Active power: 110 mW max
— Standby power: 0.55 mW max

m Optimal EPROM for total CMOS systems

m Extended temperature range (NMC27C256BQE),
—40°C to +85°C, and military temperature range
(NMC27C256BQM), —55°C to +125°C available

m Pin compatible with NMOS 256k EPROMs

® Fast and reliable programming—100 us typical/byte

B Static operation—no clocks required

m TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

m Manufacturer’s identification code for automatic pro-
gramming control

m High current CMOS level output drivers

Block Diagram

DATA QUTPUTS 0y-07
Voo O——bp , .
GND O——b
o—> [ERNAREA
OF —>] OUTPUT ENABLE >
AND GHIP . OUTPUT Pin Names
T ——p] ENABLE LOBIC > BUFFERS
( AO0-A14 Addresses
CE Chip Enable
= v > —
3 ocoomm . ¥ CATING OE Output Enable
—] > 0p-07 Outputs
PGM Program
AD-A14 | =]
ADDRESS 1 = > NC No Connect
INPUTS | —p! X . -
—b DECODER : CELL MATRIX
ﬁ .
—’1 . -
L

TL/D/9125-1
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Connection Diagram

27C512 | 27C128 | 27C64 | 27C32 | 27C16 NMC27C256BQ 27C16 | 27C32 | 27C64 | 27C128 | 27C512

27512 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 | 27512
A15 Vep | Vep Vep =1 28— vic Vec | Vee Vee
A2 | A12 | A2 w2 —2 a1l ae PGM | PGM | A14
A7 A7 A7 | A7 | A7 a—s 25— at3 Vee Voo | NC | A13 [ A13
A6 A6 A6 | A6 | Ae w6—ds P - A8 A8 A8 A8 A8
A5 A5 A5 | As | As s —ls P9 A9 A9 A9 A9 A9
A4 A4 A | A4 | A4 a—s P - Vpp A | oAt | An | A

A3 A3 A3 A3 A3 e 2}— o OE |OE/Vpp| OE OE |OE/Vpp
A2 A2 A2 | A2 | A2 x2—1s a1b— a0 A10 A0 | A10 | A10 | A10
A1 Al Al Al Al At —]s wf—1 CE/PGM| CE CE CE CE
A0 A0 AO A0 A0 A0 —410 19 f=—10; 07 O7 07 Oy 07
Oo Qo Oo Op Qo on—{n 1f—o O¢ Os Os Og Og
04 04 04 (o} 04 0y —{ 12 17— o0 Os Os Os Os Os
Oz 0z (¢ [¢7} 02 0 —{1 16 =0, O4 [N 04 04 04
GND | GND | GND | GND | GND aND— 14 N 03 O3 03 O3 O3

TL/D/9125-2

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256B pins.

Order Number NMC27C256BQ
See NS Package Number J28AQ

Commercial Temp Range (0°C to +70°C)

Commercial Temp Range (0°C to +70°C)

Vec = 5V 5% Vee = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C256BQ15 150 NMC27C256BQ150 150
NMC27C256BQ20 200 NMC27C256BQ200 200
NMC27C256BQ25 250 NMC27C256BQ250 250

Extended Temp Range (—40°C to +85°C)

Military Temp Range (—55°C to + 125°C)

Vee = 5V £10% Vee = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C256BQE150 150 NMC27C256BQM150 150
NMC27C256BQE200 200 NMC27C256BQM200 200

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C256BN data sheet.
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NMC27C256B

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

COMMERCIAL TEMPERATURE RANGE
Absolute Maximum Ratings (Note 1)

Temperature Under Bias
Storage Temperature

Vcc Supply Voltages with
Respect to Ground

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

Vpp Supply Voltage and A9
with Respect to Ground
Power Dissipation

—10°Cto +80°C
—65°Cto +150°C ESD Rating
(Mil Spec 883C, Method 3015.2)

+7.0Vto —0.6V

+14.0Vto —0.6V

Lead Temperature (Soldering, 10 sec.)

Operating Conditions (Note 6)

+6.5Vto —0.6V Temperature Range

Vg Power Supply

1.0W
300°C

2000V

0°Cto +70°C

Respect to Ground (Note 10) Vgg+ 1.0V to GND—0.6V NMC 27C256BQ15, 20, 25 +5V +5%
NMC 27C256BQ150, 200, 250 +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vg or GND 1.0 nA
Lo Output Leakage Current | Voyt = Vggor GND, CE = Viy 1.0 pA
lcct Ve Current (Active) CE =V, f =5MHz 15 30 mA
(Note 9) TTL Inputs All Inputs = V| orV, 1/0 = 0 mA
lcc2 Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs All Inputs = Vg or GND, 170 = 0 mA
lccsB1 Vg Current (Standby) CE=VH 0.4 ’ mA
TTL Inputs
lccse2 \é(’_:,/lco (;u;;:z:: SfStandby) E = Vcc 05 100 LA
Ipp Vpp Load Current Vpp = Ve 10 pA
ViL Input Low Voltage —-0.2 0.8 \
VIH Input High Voltage 2.0 Vee + 1 \
VoL1 Output Low Voltage loL=21mA 0.40 Vv
VoH1 Output High Voltage loH = —2.5mA 3.5 \
VoL2 Output Low Voltage loL =10 pA 0.1 v
VoH2 Output High Voltage loH = —10 pA Ve — 0.1 \"
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions Q15, Q150 Q20, Q200 Q25, Q250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE =0E =V 150 200 250 ns
tcE CE to Output Delay OE = V), 150 200 250 ns
toE OE to Output Delay CE=V, 60 75 100 ns
toF OE High to Output Float CE = VL (Y] 50 0 55 60 ns
tcr CE High to Output Float OE = VL 0 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = Vi
CE or OE, Whichever 0 0 0 ns
Occurred First
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MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Temperature Under Bias Operating Temp. Range
Storage Temperature —65°Cto +150°C
Vcc Supply Voltages with
Respect to Ground
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10)

+7.0Vto —0.6V
+6.5Vto —0.6V

Vo + 1.0V to GND—0.6V

Vpp Supply Voltage and A9

with Respect to Ground +14.0Vto —0.6V

Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V
Operating Conditions (Note 6)
Ve Power Supply 5V £10%

Temperature Range
NMC27C256BQE150, 200
NMC27C256BQM 150, 200

—40°C to +85°C
—55°Cto +125°C

READ OPERATION

DC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Units
M Input Load Current ViN = Vg or GND 10 HA
ILo Output Leakage Current Vout = Vccor GND, CE = Vi 10 BA
lcci Ve Current (Active) CE = Vi, f = 5MHz 15 30 mA
(Note 9) TTL Inputs All Inputs = V| or V|, 1/0 = 0mA

lcce Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMQOS Inputs All Inputs = Vg or GND, I/0 = 0 mA

lccsB1 Ve Current (Standby) CE = VjH 01 1 mA

TTL Inputs
lccsB2 g&% C;uln:i:: s(Standby) CE = Vgo 0.5 100 pA
Ipp Vpp Load Current Vpp = Vo 10 pA
ViL Input Low Voltage . —0.2 0.8 '
VIH Input High Voltage 2.0 Voo + 1 \
VoL1 Output Low Voltage loL=21mA 0.40 \
VoH1 Output High Voltage loH = —1.6 MA 3.5 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \
Vonz Output High Voltage loy = —10 pA Vee — 0.1 \"
AC Electrical Characteristics
NMC27C256B
Symbol Parameter Conditions 251155% gz‘;%% Units
Min Max Min Max
tace Address to Output Delay CE =0E =V, 150 200 ns
tce CE to Output Delay OE =vV|_ 150 200 ns
toE OE to Output Delay CE =V 60 75 ns
toF OE High to Output Float CE=V) 50 55 ns
tcE CE High to Output Float OE = V_ 50 55 ns
toH Output Hold from Addresses, CE=0E =V
CE or OE, Whichever 0 0 ns
Occurred First
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NMC27C256B

Capacitance 1, = +25°C, 1 = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = OV 6 12 pF

Cout Output Capacitance Vout = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

CL = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes 6,7 &9)

[} (C
AbDREsses 2:90Y ADDRESSES VALID i )g
0.8V (C
JrJ)
—— —
= T\
CE pav cc /
JJ
t, g ta —]
ce (NOTES 4, 5)

& Gy \, . /
), 4
top oF __,]

-

(NOTE 3) cc (NOTES 4,5)
2.0V Hi-Z I EANANY, alad

OUTPUT ooy VALID OUTPUT cc 22777,

JJ
tacc
— ft—
(NOTE 3) ‘o

TL/D/9125-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — toE after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Von1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vo1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 pF ceramic capacitor be used on
every device between Vcc and GND.

Note 7: The outputs must be restricted to Vog + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: g = 1.6 mA, lon = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 ns
toEs OE Setup Time 1 us
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 s
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 s
tor Output Enable to Output Float Delay 0 60 ns
tpw Program Pulse Width 95 100 105 s
toe Data Valid from OE OE=vV|_ 100 ns
Ipp Vpp Supply Current During CE=V| 30 mA
Programming Pulse E = V|4

lcc Ve Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \Y
Vpp Programming Supply Voltage 12.5 12.75 13.0 \"
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \'
VIH Input High Voltage 2.4 4.0 \"
N Input Timing Reference Voltage 0.8 1.5 2.0 \
touT Output Timing Reference Voltage 0.8 1.5 2.0 \Y

Programming Waveforms

PROGRAM
i PROGRAM VERIFY
o
ADDRESSES (2, ADDRESS N . X
45
.tL.l j tan| b
DATA =i DATA IN STABLE Hi=Z ¥ by
o8V ADD N Y soon
[
tos ton —>{toF
I C
6.0V 35
Vee _/ tves
. LC
12,5V b
Vep typs
ena— [C
2v 37
CE oav
4
‘-‘o:s*l = toe—=1
— - F
% &y \‘ /

TL/D/9125-5
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Ve must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vgc.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any hoot from g this 14V d specification. At least a 0.1 pF capacitor is required across Vpp, Vcc to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.
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NMC27C256B

Fast Programming Algorithm Flow Chart (Note 4)

START

(ADDR = FIRST LOCATION )

Vo =6.25V
Vpp =12.75V

>
Ld

‘—D(PROGRAM ONE 100 us PULSE)

INCREMENT X

YES

FAIL

A

NO ‘
LAST ADDR?

INCREMENT ADDR
, YES
Vcc = VPP =5.0V
VERIFY
ALL BYTES

PASS

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED
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Interactive Programming Flow Chart (vote 4)

START

( ADDR = FIRST LOCATION )
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DEVICE PASSED
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NMC27C256B

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C256B are listed
in Table I. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vg and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C256B has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc — toE.
The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Voc temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C256B has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C256B is placed in the standby mode
by applying a CMOS high signal to the CE input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output OR-Tying
Because NMC27C256Bs are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the pri-
mary device selecting function, while OE (pin 22) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC27C256B.

Initially, and after each erasure, all bits of the NMC27C256B
are in the “1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
*0s” will be programmed, both “1s” and ““0s’ can be pres-
entin the data word. The only way to change a “0” to a 1"
is by ultraviolet light erasure.

The NMC27C2568B is in the programming mode when the
Vpp power supply is at 12.75V and OE is at Viy. It is re-
quired that at least a 0.1 uF capacitor be placed across
Vpp, Ve to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in parallel to the data output pins. The levels
required for the address and data inputs are TTL.

When the address and data are stable, an active low, TTL
program pulse is applied to the CE input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C256B is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 ps pulse. The NMC27C256B
must not be programmed with a DC signal applied to the CE
input.

Note: Some programmer manufactures due to equipment limitation may of-

fer interactive program Algorithm (shown in Figure 2).

TABLE I. Mode Selection

Pins CE OE Vp Vee Outputs

Mode (20) (22) (1 (28) (11-13,15-19)
Read ViL ViL 5V 5V Dout
Standby ' ViH Don't Care 5V 5V Hi-Z
Output Disable Don’t Care VIH 5V 5V Hi-Z
Program ViL ViH 12.75V 6.25V Din
Program Verify VIH ViL 12.75V 6.25V Dout
Program Inhibit VIH ViH 12.75V 6.25V Hi-Z
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Functional Description (continued)

Programming multiple NMC27C256Bs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C256B may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the CE input programs the paralleled
NMC27C2568B.

Program Inhibit

Programming multiple NMC27C256Bs in parallel with differ-
ent data is also easily accomplished. Except CE, all like
inputs (including OE) of the parallel NMC27C256Bs may be
common. A TTL low level program pulse applied to an
NMC27C2568B CE input with Vpp at 12.75V will program that
NMC27C256B. A TTL high level CE input inhibits the other
NMC27C256Bs from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 12.75V. Vpp must be at
Ve except during programming and program verify.

Manufacturer’s Identification Code

The NMC27C256B has a manufacturer’s identification code
to aid in programming. When the device is inserted in an
EPROM programmer socket, the programmer reads the
code and then automatically calls up the specific program-
ming algorithm for the part. This automatic programming
control is only possible with programmers which have the
capability of reading the code.

The Manufacturer’s Identification code, shown in Table Il
specifically identifies the manufacturer and the device type.
The code for NMC27C2568B is “8F04", where “8F” desig-
nates that it is made by National Semiconductor, and “04”
designates a 256k part.

The code is accessed by applying 12.0V +0.5V to address
pin A9. Addresses A1-A8, A10-A14, and all control pins
are held at V). Address pin A0 is held at V_ for the manu-
facturer's code, and held at V| for the device code. The
code is read on the eight data pins, Og-0O5. Proper code
access is only guaranteed at 25°C +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C2568B are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms

(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range. After programming, opaque labels should be placed
over the NMC27C256B window to prevent unintentional
erasure. Covering the window will also prevent temporary
functional failure due to the generation of photo currents.

The recommended erasure procedure for the
NMC27C256B is exposure to short wave ultraviolet light
which has a wavelength of 2537 Angstroms (A). The inte-
grated dose (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15W-sec/cm2.

The NMC27C256B should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table IlI
shows the minimum NMC27C256B erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed, or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE Il. Manufacturer’s Identification Code

Pins A0 07 0g 05 04 03 02 01 0o Hex

(10) (19) (18) 17) (16) (15) (13) (12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code VIH 0 0 0 0 0 1 0 0 04

TABLE Ill. Minimum NMC27C256B Erasure Time

Light Intensity
(Micro-Watts/cm?2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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NMC27C256BN

National
Semiconductor

NMC27C256BN

PRELIMINARY

High Speed Version 262,144-Bit (32k x 8)
One-Time Programmable CMOS PROM

General Description

The NMC27C256BN is a high-speed 256k one-time pro-
grammable CMOS PROM, ideally suited for applications
where fast turnaround and low power consumption are im-
portant requirements.

The NMC27C256BN is designed to operate with a single
+ 5V power supply with +5% or +10% tolerance.

The NMC27C256BN is packaged in a 28-pin dual-in-line
plastic molded package without a transparent lid. This part
is ideally suited for high volume production applications
where cost is an important factor and programming only
needs to be done once. Also the plastic molded package
works well in auto insertion equipment used in automated
assembly lines.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features

m Clocked sense amps for fast access time down to
150 ns

m Low CMOS power consumption

— Active power: 110 mW max

— Standby power: 0.55 mW max

Pin compatible with NMOS 256k EPROMs

Fast and reliable programming—100 us typical/byte

Static operation—no clocks required

TTL, CMOS compatible inputs/outputs

TRI-STATE® output

Optimum EPROM for total CMOS systems

Manufacturer’s identification code for automatic pro-

gramming control

m High current CMOS level output drivers

Block Diagram
DATA QUTPUTS 0g-0,

Vet O p -

GND O=——p>

mo—s [RERNARN

(13 OUTPUT ENABLE >
AND CHIP _ OUTPUT Pin Names
TE ——p] ENABLE LOGIC > BUFFERS
., AO-A14 Addresses
— CE Chip Enable
— v > —
—] DECODER : Y GATING OE Output Enable
— —) 0p-07 Outputs
PGM Program
AD-Al4 | =]
ADDRESS { = > NC No Connect
INPUTS | — X . 262,144-817
—b DECODER . CELL MATRIX
—” .
—pd .
\
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Connection Diagram

27C512|27C128|27C64/27C32(27C16 NMC27C256BN 27C16 | 27C32 [27C64/27C128) 27C512

27512 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 | 27512
A15 | Vpp | Vpp Voo =1 28— vee Vec | Voo | Veo
At2 | A12 | A12 e i PGM| PGM | A14
A7 A7 A7 A7 | A7 a—{3 26 |— A1 Vee Vcc | NC | A13 A13
A6 | A6 | A6 | A6 | A6 s P A8 A8 | A8 | A8 A8
A5 | A5 | A5 | A5 | A5 s —ls uf—n A9 A9 | A9 | A9 A9
Ad | A4 | A4 | A4 | A4 m—]s n t.“ Vep | A11 | A11| A11 A1
A3 A3 | A3 | A3 | A3 n—]7 z|-o OE |[OE/Vpp| OE | OE | OE/Vpp
A2 A2 | A2 | A2 | A2 2 —s 21— a0 A10 | A10 | A10| AT0 | A10
Al Al Al A1 Al A —]9 wl—a ICE/PGM| CE CE CE CE
AO AO AO | AO A0 A —{10 19 p—o, Oy 07 07 O7 Oy
Op Og Oo | Op | Og 0 —{n 18 =05 Og Og Og Og Og
04 04 04 04 04 0y = 12 17 =05 Os Os Os Os Os
(o7} (o7} O | O | O o —{u 16 f=o, O4 O4 Oy Oy Oy

GND [ GND | GND [ GND | GND GND —f 14 15 f—o0, O3 O3 O3 O3 O3

TL/D/9691-2

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256BN pins.

Order Number NMC27C256BN
See NS Package Number N28B

Commercial Temp Range (0°C to +70°C)
Vee = 5V 5%

Parameter/Order Number

Access Time (ns)

NMC27C256BN15 150 |
NMC27C256BN20 200
NMC27C256BN25 250

Commercial Temp Range (0°C to +70°C)

Vee = 5V £10%
Parameter/Order Number Access Time (ns)
NMC27C256BN150 150
NMC27C256BN200 200
NMC27C256BN250 250

Note: For non-commercial temperature range parts, call factory.

Extended Temp. Range (

—40°C to +85°C)

Ve = 5V 5%

Parameter/Order Number

Access Time (ns)

NMC27C256BNE15 150
NMC27C256BNE20 200
NMC27C256BNE25 250

Extended Temp Range (—40°C to +85°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C256BNE150 150
NMC27C256BNE200 200
NMC27C256BNE250 250
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NMC27C256BN

Absolute Maximum Ratings note 1)

Temperature Under Bias —-10°Cto +80°C Vcc Supply Voltage

Storage Temperature —65°C to +150°C with Respect to Ground +7.0Vto —0.6V -

All Input Voltages except A9 with Lead Temperature (Soldering, 10 sec.) 300°C
Respect to Ground (Note 10) +6.5Vto —0.6V ESD Rating

All Output Voltages with (Mil Spec 883C, Method 3015.2) 2000V

Respect to Ground (Note 10)
Vpp Supply Voltage and A9 with

Vg + 1.0V to GND—0.6V

Operating Conditions (Note6)

Respect to Ground +14.0Vto —0.6V Temperature Range 0°Cto +70°C
Power Dissipation 1.0W Vcc Power Supply
NMC27G256BN15, 20, 25 +5V 5%
NMC27C256BN150, 200, 250 +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Voo or GND 1 MA
o Output Leakage Current VouT = Vecc or GND, CE = Viy 1 rA
lcct Vg Current (Active) CE = Vi, f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = V)qor V), 1/0 = O mA
lccz Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vggor GND, I/0 = 0 mA
lccsBi1 Vg Current (Standby) CE=VjH 0.4 1 mA
TTL inputs
lccsB2 \C/:?ACOZUII:::: s(Standby) CE = Vgo 05 100 pA
Ipp Vpp Load Current Vpp = Vee 10 pA
ViL Input Low Voltage -0.2 0.8 "
VIH Input High Voltage 2.0 Voo + 1 Vv
VoL1 Output Low Voltage loL = 2.1mA 0.40 \'
VoH1 Output High Voltage lon = —2.5mA 3.5 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \
Vorz Output High Voltage loq = —10 nA Vec — 0.1 \';
AC Electrical Characteristics
) NMC27C2568
Symbol Parameter Conditions N15, N150 N20, N200 N25, N250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E=V 150 200 250 ns
tce CE to Output Delay OE =V, 150 200 250 ns
toE OE to Output Delay CE=V, 60 75 100 ns
tor OE High to Output Float CE =V 0 50 0 55 0 60 ns
tce CE High to Output Float OE = VL 0 50 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V|
CE or OE, Whichever 0 0 0 ns
Occurred First
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EXTENDED TEMPERATURE RANGE
Absolute Maximum Ratings (Note 1)

Temperature Under Bias

Storage Temperature

Vcc Supply Voltages
with Respect to Ground

All Input Voltages except A9 with
Respect to Ground (Note 10)

All Output Voltages with

Operating Temp. Range

—65°Cto +150°C ESD Rating

(Mil Spec 883C, Method 3015.2)

+7.0Vto —0.6V

Lead Temperature (Soldering, 10 sec.)

Operating Conditions (ote 6)
—40°Cto +85°C

+6.5Vto —0.6V

Temperature Range

Ve Power Supply

300°C

2000V

Respect to Ground (Note 10) Vgg+ 1.0V to GND—0.6V NMC27C256BNE15, 20, 25 +5V £5%
Vpp Supply Voltage and A9 with NMC27C256BNE 150, 200, 250 +5V +10%
Respect to Ground +14.0Vto —0.6V
Power Dissipation 1.0W
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
] Input Load Current ViN = Vg or GND 10 pA
Lo Output Leakage Current Vout = Vec or GND, CE = Viy 10 RA
lcct Ve Current (Active) CE=V|,f=5MHz 15 30 mA
(Note 9) TTL Inputs All inputs = V| or Vi, I/0 = 0 mA
lcc2 Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs All Inputs = Vg or GND, I/0 = 0 mA
lccsBi Ve Current (Standby) CE=Vj
TTL Inputs 01 1 mA
lccss2 Ve Current (Standby) CE = Vo
CMOS Inputs 05 100 A
lpp Vpp Load Current Vpp = Voo 10 pA
ViL Input Low Voltage -0.2 0.8 Vv
VIH Input High Voltage 2.0 Voo + 1 \"
Vou1 Output Low Voltage loL = 2.1 mA 0.40 \"
VOH1 Output High Voltage loH= —1.6mA 3.5 \"
VoL2 Output Low Voltage loL = 10 pA 0.1 \"
VoH2 Output High Voltage lon = —10 pA Vec — 0.1 \"
AC Electrical Characteristics
NMC27C256B
NE15, NE20, NE25, .
Symbol Parameter Conditions NE150 NE200 NE250 Units
Min Max Min Max Min Max
tacc Address to Output Delay CE=0E =V, 150 200 250 ns
tce CE to Output Delay OE = V). 150 200 250 ns
toe OE to Output Delay CE=V| 60 75 100 ns
toF OE High to Output Float CE=V| 0 50 0 55 0 60 ns
e CE High to Output Float OE =V 0 50 0 55 0 60 ns
toH Output Hold from Addresses, CE=0E =V
CE or OE, Whichever 0 0 0 ns
Occurred First
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NMC27C256BN

Capacitance 1, = +25°C, 1 = 1 MHz (Noté 2)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = OV 5 10 pF

Cout Output Capacitance | Voyt = 0V 8 10 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

Cp = 100 pF (Note 8) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notes6, 7 &9)

ADDRESSES v ADDRESSES VALID ot X
3
- ‘ ey - —
CE g'g¥ N £C /
) le—top —
L—icg J— (NOTES 4,5)
oF o\
OF 0.8V 0 /
o e L ” o tor |
Hiez (NOTE 3) e (NOTES 4,5) i Z
2.0v i=. e XLy Hi= N
OUTPUT o VALID OUTPUT M
tacc v 4
(NOTE 3) R

TL/D/9691-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Von1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vo 1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vgg and GND.

Note 7: The outputs must be restricted to Vgc + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: Io|. = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes 1,2,34 4)

NE9520.¢ONN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 Ks
toes OE Setup Time 1 us
tps Data Setup Time 1 s
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 s
tpr Output Enable to Output Float Delay 0 60 ns
trw Program Pulse Width 95 100 105 us
toe Data Valid from OE OE = V. 100 ns
Ipp Vpp Supply Current During CE =V 30 mA
Programming Pulse OE = V|y

Icc Vcc Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 Vv
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 v
ViH Input High Voltage 2.4 4.0 \
tin Input Timing Reference Voltage 0.8 1.5 2.0 ns
tout Output Timing Reference Voltage 0.8 1.5 2.0 ns

Programming Waveforms

0GRAM
PROGRAM P\'}ERIFY
ADDRESSES 2, ADDRESS N -
tas ta | fe—
2V DATA IN STABLE Hi=Z S omm orT VD
AT G ADD N p P A E]_
4 4 Lt
bs DH o
6.0V 55
Vee —A‘ tves
|
1257 55
Vep /| typs
<
= 55
CE o.av
e e
A N /

TL/D/9691-4
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vgc.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 uF capacitor is required across Vpp, Vcc to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.
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NMC27C256BN

Fast Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )
Voo = 6.25V
Vpp = 12.75V

—’Q’ROGRAM ONE 100 us PULSE)

LAST ADDR?

INCREMENT ADDR

Voc =VPP =5V

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9691-5
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Interactive Programming Algorithm Flow Chart (ote 4)

START

( ADDR = FIRST LOCATION )

PROGRAM ONE 0.5 ms PULSE)

INCREMENT X

INCREMENT ADDR

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2
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NMC27C256BN

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C256BN are listed
in Table I. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are V¢ and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C256BN has two control functions, both of
which must be logically active in order to obtain data at the
outputs. Chip Enable (CE) is the power control and should
be used for device selection. Output Enable (OE) is the out-
put control and should be used to gate data to the output
pins, independent of device selection. Assuming that ad-
dresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available at the
outputs tog after the falling edge of OE, assuming that CE
has been low and addresses have been stable for at least
tacc — toe-

The sense amps are clocked for fast access time. Vgg
should therefore be maintained at operating voltage during
read and verify. If Vg temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C256BN has a standby mode which reduces
the active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C256BN is placed in the standby
mode by applying a CMOS high signal to the CE input.
When in standby mode, the outputs are in a high impedance
state, independent of the OE input.

Output OR-Tying
Because NMC27C256BN are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occeur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the pri-
mary device selecting function, while OE (pin 22) be made a
common connection to all devices in the array and connect-
ed to the READ line from the system control bus. This as-
sures that all deselected memory devices are in their low
power standby modes and that the output pins are active
only when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMGC27C256BN.

Initially, and after each erasure, all bits of the
NMC27C256BN are in the *“1” state. Data is introduced by
selectively programming “0s” into the desired bit locations.
Although only “0s” will be programmed, both “1s” and ““0s”
can be presented in the data word. The only way to change
a “0” to a “1” is by ultraviolet light erasure.

The NMC27C256BN is in the programming mode when the
Vpp power supply is at 12.75V and OE is at Vjy. It is re-
quired that at least a 0.1 pF capacitor be placed across
Vpp, Ve to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in parallel to the data output pins. The levels
required for the address and data inputs are TTL.

When the address and data are stable, an active low TTL
program pulse is applied to the CE input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C256BN is programmed with the
Fast Programming Algorithm shown in Figure 7. Each Ad-
dress is programmed with a series of 100 s pulses until it
verifies good, up to a maximum of 25 pulses. Most memory
cells will program with a single 100 ps pulse. The
NMGC27C256BN must not be programmed with a DC signal
applied to the CE input.

Note: Some program manufacturers due to equipment limitation may offer

interactive program Algorithm (shown in Figure 2).

Programming multiple NMC27C256BNs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C256BNs may be connected together when
they are programmed with the same data. A low level

TABLE I. Mode Selection

Pins CE OE Vp Vee Outputs

Mode (20) (22) (1) (28) (11-13, 15-19)
Read ViL ViL 5V 5V Dout
Standby ViH Don’t Care 5V 5v Hi-Z
Output Disable Don’t Care VIH 5V 5V Hi-Z
Program ViL VIH 12.75V 6.25V Din
Program Verify Vi ViL 12.75V 6.25V Dout
Program Inhibit Vig ViH 12,75V 6.25V A




Functional Description (continued)

TTL pulse applied to the CE input programs the paralleled
NMC27C256BNs.

The NMC27C256BN is packaged in a plastic molded pack-
age which does not have a transparent lid. Therefore the
memory cannot be erased. This means that after a user has
programmed a memory cell to a “0” it cannot be changed
back to a “1".

If an application requires erasing and reprogramming, the
NMC27C256BQ UV erasable PROM in a windowed pack-
age should be used.

Program Inhibit

Programming multiple NMC27C256BNs in parallel with dif-
ferent data is also easily accomplished. Except CE, all like
inputs (including OE) of the parallel NMC27C256BNs may
be common. A TTL low level program pulse applied to an
NMC27C256BNs CE input with Vpp at 12.75V will program
that NMC27C256BN. A TTL high level CE input inhibits the
other NMC27C256BNs from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 12.75V. Vpp must be at
Ve except during programming and program verify.

Manufacturer’s Identification Code

The NMC27C256BN has a manufacturer’s identification
code to aid in programming. When the device is inserted in
an EPROM programmer socket, the programmer reads the
code and then automatically calls up the specific program-
ming algorithm for the part. This automatic programming
control is only possible with programmers which have the
capability of reading the code.

The Manufacturer’s Identification code, shown in Table Ii,
specifically identifies the manufacturer and the device type.
The code for NMC27C256BN is “8F04", where “8F” desig-
nates that it is made by National Semiconductor, and 04"
designates a 256k part.

The code is accessed by applying 12.0V +0.5V to address
pin AS. Addresses A1-A8, A10-A14, and all control pins
are held at V). Address pin A0 is held at V)_ for the manu-
facturer’s code, and held at V| for the device code. The
code is read on the eight data pins, Og—-O7. Proper code
access is only guaranteed at 25°C +5°C.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icg,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. Itis recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE II. Manufacturer’s Identification Code

Pins Apg 07 17 05 04 03 02 04 0o Hex

(10) (19) (18) 17) (16) - (15) (13) (12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 0 0 0 0 0 1 0 0 04
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NMC27C256BN

Packaging Information
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National
Semiconductor

NMC27C512A

PRELIMINARY

524,288-Bit (64k x 8) UV Erasable CMOS PROM

General Description

The NMC27C512A is a high-speed 512k UV erasable and
electrically reprogrammable CMOS EPROM, ideally suited
for applications where fast turnaround, pattern experimenta-
tion and low power consumption are important require-
ments.

The NMC27C512A is designed to operate with a single
+ 5V power supply with £5% or £10% tolerance. The
CMOS design allows the part to operate over extended and
military temperature ranges.

The NMC27C512A is packaged in a 28-pin dual in-line pack-
age with 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 electrically into the device
by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features
m Clocked sense amps for fast access time down to
150 ns
® Low CMOS power consumption
— Active Power: 110 mW max
— Standby Power: 0.55 mW max
m Optimum EPROM for total CMOS system
Extended temperature range (NMC27C512AQE),
—40°C to 85°C, and military temperature range
(NMC27C512AQM), —55°C to 125°C, available
Pin compatible with NMOS 512k EPROM
Fast and reliable programming—100 us typical/byte
Static operation—no clocks required
TTL, CMOS compatible inputs/outputs
TRI-STATE® output
Manufacturer’s identification code for automatic pro-
gramming control.
m High current CMOS level output drivers

Block Diagram

DATA OUTPUTS 0g-07
Vg b p -
GND O===b-
no—> [rereeet
OF == OUTPUT ENABLE > )
AND CHIP i OUTPUT
TE ENABLE LOGIC > BUFFERS Pin Names
( = AO0-A15 Addresses
—__: v - CE Chip Enable
L]
—a|  DECODER . ¥ GATiNG OE/Vpp | Output Enable/Pro-
— ' > gramming Voltage
Av-Ats | —> 0Op-07 Qutputs
ADDRESS { —bpi a JE——
> PGM Program
INPUTS | —p X . 524,288-81T
— DECODER . CELL MATRIX
— o
=) R
=
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NMC27C512A

-Connection Diagram

27C256(27C128)27C64(27C32(27C16) NNC27C512AQ 27C16 | 2732 [27C64[27C128/27C256)

27256 | 27128 | 2764 | 2732 | 2716 Duak-In-Line Package 2716 | 2732 | 2764 | 27128 | 27256
Vep | Vep | Vep a5 =] P} S Voc | Voo | Veo
A12 A12 | A12 a2 —{2 2] Syt PGM | PGM | A14
A7 | a7 | A7 | A7 | A7 s M - Voo | Voo | NC | A13 | A13
A6 A6 . A6 A6 s —4 25— ag A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 As =45 ul— o A9 A9 A9 A9 A9
A4 A4 A4 A4 A4 M—{s 23— At Vpp A1 A1l | A1 A1
A3 A3 | A3 | A3 | A3 a7 22} OEsvpp OE |OE/Vpp| OE | OE | OE
A2 A2 A2 A2 A2 A2 —s 21— an0 A10 A10 | A10 | A10 A10
A1 Al Al | A1 | A1 n—fs afp—rt ICE/Vpp| CE | CE | CE CE
AO AO A0 AO | AO a0 —f10 19 f—0, 07 O7 07 O7 O7
Oo O Oo O | Oo 0n—{n 18 f— o5 Os Og Og Og Og
04 04 04 04 04 0, —{12 1h—os Os Os Os Os Os
Oz o)} Oz | O | O2 0 —{1 16 }— o, O4 O4 04 O4 Og4

GND | GND | GND | GND | GND oND—{ 14 ] =r'% O3 O3 O3 O3 O3

TL/D/9181-2

Order Part Number NMC27C512AQ

See NS Package Number J28AQ
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C512A pins.

Commercial Temp Range (0°C to +70°C)
Vec = 5V £5%

Commercial Temp Range (0°C to +70°C)
' © Vgg = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C512AQ15 150 NMC27C512AQ150 150
NMC27C512AQ17 170 NMC27C512AQ170 170
NMC27C512AQ20 200 NMC27C512AQ200 200
NMC27C512AQ25 250 NMC27C512AQ250 250

Extended Temp Range (—40°C to +85°C)
Vee = 5V £10%

Military Temp Range (—55°C to + 125°C)
Vece = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C512AQE150 150 NMC27C512AQM150 150
NMC27C512AQE170 170 NMC27C512AQM170 170
NMC27C512AQE200 200 NMC27C512AQM200 200
NMC27C512AQE250 250 NMC27C512AQM250 250

NOTE: For plastic DIP and surface mount PLCC package requirements please refer to NMC27C512AN data sheet.




COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (note 1)
Temperature Under Bias —10°Cto +80°C
Storage Temperature —65°C to +150°C

All Input Voltages except A9 & OE/Vpp
with Respect to Ground (Note 9)

Vcc Supply Voltage with

+6.5Vto —0.6V

Respect to Ground +7.0Vto —0.6V
ESD Rating
(Mil. Std. 883C, Method 3015.2) 2000V

OE/Vpp Supply Voltage & A9
with Respect to Ground

Power Dissipation

Lead Temperature (Soldering, 10 sec.)

+14.0Vto —0.6V
1.0W
300°C

Operating Conditions (Note 6)

Temperature Range
Vg Power Supply

0°Cto +70°C

All Output Voltages with NMC27C512AQ15, 17, 20, 25 5V £5%
Respect to Ground (Note9) Vg + 1.0V to GND—0.6V NMC27C512AQ150, 170, 200, 250 5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current Vin = Vgc or GND 0.01 1 pA
Lo Output Leakage Current Vout = Vog or GND, CE = Vi 0.01 1 pA
Ipp Vpp Load Current OE/Vpp = Vg or GND 10 pA
lcct Ve Current (Active) CE =V, f=5MHz 15 30 mA
TTL Inputs Inputs = VjgorV, /0 = 0 mA
lcce Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA
lccse1 Ve Current (Standby) CE = V4 04 1 mA
TTL Inputs
lccse2 X&% CSuIrr:z::sfStandby) E = Vce 05 100 A
ViL Input Low Voltage —-0.2 0.8 \
VIH Input High Voltage 2.0 Vee + 1 \"
VoL1 Output Low Voltage loL = 2.1mA 0.40 \
VOH1 Output High Voltage loy = —2.5mA 3.5 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loy = —10 pA Ve — 0.1 \
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions Q15,150 Q17,Q170 Q20, Q200 Q25,Q250 | Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E = V_ 150 170 200 250 ns
tce CE to Output Delay OE = VL 150 170 200 250 ns
toE OE to Output Delay CE = V)L 60 75 75 100 ns
tor OE High to Output Float CE = V). 50 0 55 0 55 0 60 ns
tor CE High to Output Float OE = VL 50 0 55 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE =V,
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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NMC27C512A

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.

Temperature Under Bias Operating Temp. Range

Storage Temperature —65°C to +150°C

Al Input Voltages except A9 & OE/Vpp
with Respect to Ground (Note 9)

All Output Voltages with
Respect to Ground (Note 9)

OE/Vpp Supply Voltage & A9

+6.5Vto —0.6V

Vgo+1.0V to GND—0.6V

Lead Temperature (Soldering, 10 sec.) 300°C
Ve Supply Voltage with

Respect to Ground +7.0Vto —0.6V
ESD Rating

(Mil. Std. 883C, Method 3015.2) 2000V

Operating Conditions (Note 6)

Temperature Range
NMC27C256BQE150, 170, 200, 250
NMGC27C256BQM150, 170, 200, 250

—40°Cto +85°C
—55°Cto +125°C

with Respect to Ground +14.0Vto —0.6V Vcc Power Supply +5V £10%
Power Dissipation 1.0W
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current Vin = Vgc or GND 10 RA
Lo Output Leakage Current | Voyt = Vg or GND,CE = Vi 10 pA
lcc Ve Current (Active) CE=Vf=5MHz ‘ ' 15 30 A
TTL Inputs Inputs = V|gor V), 1/0 = 0mA
lcc2 Vg Current (Active) CE = GND,f = 5MHz 10 20 mA
CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA
lccsB1 Vg Current (Standby) CE = V4 0.1 1 mA
: TTL Inputs
lccsB2 g\:nco (;ulrr:zlr]: s(Standby) CE = V¢ 05 100 A
Ipp Vpp Load Current OE/Vpp = Vg or GND 10 pA
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 2.0 Ve + 1 \"
VoL1 Output Low Voltage loL = 2.1mA 0.4 \
VoH1 Output High Voltage loy = —1.6 mA 35 \
VoL2 Output Low Voltage loL = 10 pA 0.1 \)
VoH2 Output High Voltage lon = —10 pA Veg — 0.1 \
AC Electrical Characteristics
NMC27C512A
Symbol Parameter Conditions | QE150, QM150 | QE170, QM170 | QE200, QM200 | QE250, QM250 |Units
Min Max Min Max Min Max Min Max
tacc  |Address to Output Delay CE = OE = V. 150 170 200 250 ns
tce CE to Output Delay OE = V. 150 170 200 250 | ns
toe  |OE to Output Delay CE = V), 60 75 75 100 | ns
toE IOE High to Output Float CE = VL 0 50 0 55 0 55 0 60 ns
toF CE High to Output Float OE = V). 0 50 0 55 0 55 0 60 ns
ton  [Output Hold from Addresses,|CE = OE = V_
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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Capacitance T, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiNt Input Capacitance ViN = 0V
except OE/Vpp 6 12 PF
Cout Output Capacitance | Voyt = OV 9 12 pF
CiNn2 OE/VF:p Input Vin = 0V 20 25 oF
Capacitance
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
CL = 100 pF (Note 8) Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notess, 7)

[ C 1
ADDRESSES 29V ADDRESSES VALID o
PRl
pp— I
2.0V
CE Gav N e ¢
. oY = ter
CE —’1 (NOTE 4,5)
OF 2.0V
OE/Vep  Gav N\ Py /|
o e [ > o o [
20V | Wz o) 1 oo, Hi-Z
OUTPUT e VALID OUTPUT ))) -
0.8V ) 5
. AcC . 4
(NOTE 3) ORI

TL/D/9181-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — tog after the falling edge of CE without impacting tacc.

Note 4: The tpF and tcr compare level is determined as follows:
High to TRI-STATE, the measured Von4 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vgc and GND.

Note 7: The outputs must be restricted to Vg + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: o = 1.6 mA, loy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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NMC27C512A

Programming Characteristics (Notes 1,2,3and 4)

Symbol Parameter Conditions Min Typ - Max Units
tAs Address Setup Time 1 us
toEs OE Setup Time 1 us
tbs Data Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
tof Chip Enable to Output Float Delay OE =V 0 60 ns
tpw Program Pulse Width 95 100 105 us
toEH OE Hold Time 1 us
tov Data Valid from CE OE =V 250 ns
tPRT OE -Pulse Rise Tir.ne 50 ns
During Programming
tvr Vpp Recovery Time 1 us
Ipp Vpp Supply Current During C__E =V 30 mA
Programming Pulse OE = Vpp

lcc Ve Supply Current 10 mA
TR Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6 6.25 6.5 \"
Vpp Programming Supply Voltage 12.5 12.75 13 \
Ter Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0 0.45 \"
VIH Input High Voltage 2.4 \"
N Input Timing Reference Voltage 0.8 1.5 2 Vv
tout Output Timing Reference Voltage 0.8 15 2 v

Note 1: National's standard product warranty applies to devices programmed to specifications described herein.

Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vcc.

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least 0.1 wF capacitor is required across Vg to GND to suppress spurious
voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.

Programming Waveforms

PROGRAM Psggﬁ""r
2V 3
ADDRESSES 5y ADDRESS N >
5
tas
pana & B W STABLE Hi=Z 2V e e
0.8V 400 N o s
<—t£> q‘i"—» 2V, | ter
tan
1275V L AH | /_
OE/Vpp 0.8V 5
toes | | tew toem o
tpRT typ—=]
CE 1 —
v
ce o8v N\ ‘/

tyes—=
Ve 6.25V

TL/D/9181-5

1-102




Fast Programming Algorithm Flow Chart (note 4)

START

@R = FIRST LocmoD
|
( ve=ssv )

PROGRAM ONE 100 s PULSE
WITH Vpp = 12.75V
C INCREMENT X )

INCREMENT ADDR

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9181-7
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NMC27C512A

Interactive Programming Algorithm Flow Chart (Note 4)

START

( ADDR = FIRST LOCATION )
]
( voc=s ov )

==

PROGRAM ONE 0.5ms PULSE

’_' TH Vpp = 12.5V
|
C woeewenx )
|

DEVICE
FAILED

INCREMENT ADDR

DEVICE
FAILED

DEVICE PASSED

FIGURE 2
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Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C512A are listed
in Table I. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL low level to 12.75V.

Read Mode

The NMC27C512A has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tg). Data is available at the outputs after
the falling edge of OE, assuming that CE has been low and
addresses have been stable for at least tacc—-toE.

The sense amps are clocked for fast access time. Vgo
should therefore be maintained at operating voltage during
read and verify. If Vo temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C512A has a standby mode which reduces the

active power dissipation by over 99%, from 110 mW to

0.55 mW. The NMC27C512A is placed in the standby mode

by applying a CMOS high signal to the CE input. When in

standby mode, the outputs are in a high impedance state,

independent of the OE input.

Output OR-Tying

Because NMC27C512A are usually used in larger memory

arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.

The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efﬁcie_ntly use these two control lines, it is recom-

mended that CE (pin 20) be decoded and used as the pri-

mary device selecting function, while OE/Vpp (pin 22) be

made a common connection to all devices in the array and

connected to the READ line from the system control bus.

This assures that all deselected memory devices are in their
low power standby modes and that the output pins are ac-
tive only when data is desired from a particular memory de-
vice.

Programming

CAUTION: Exceeding 14V on pin 22 (OE/Vpp) will damage
the NMC27C512A.

Initially, and after each erasure, all bits of the NMC27C512A
are in the “1” state. Data is introduced by selectively pro-
gramming “0s” into the desired bit locations. Although only
“0s” will be programmed, both “1s” and “0s” can be pre-
sented in the data word. The only way to change a “0” to a
“1" is by ultraviolet light erasure.

The NMC27C512A is in the programming mode when the
OE/Vpp is at 12.75V. It is required that at least a 0.1 uF
capacitor be placed across Vgc and ground to suppress
spurious voltage transients which may damage the device.
The data to be programmed is applied 8 bits in parallel to
the data output pins. The levels required for the address
and data inputs are TTL.

When the address and data are stable, an active low, TTL
program pulse is applied to the CE input. A program pulse
must be applied at each address location to be pro-
grammed.

The NMC27C512A is programmed with the Fast Program-
ming Algorithm shown in Figure 1. Each Address is pro-
grammed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
Program with a single 100 us pulse.

The NMC27C512A must not be programmed with a DC sig-
nal applied to the CE input.

Programming multiple NMC27C512AS in parallel with the
same data can be easily acccomplished due to the simplici-
ty of the programming requirements. Like inputs of the par-
alleled NMC27C512A may be connected together when
they are programmed with the same data. A low level TTL
pulse applied to the CE input programs the paralleled
NMC27C512A.

Note: Some programmer manufacturers due to equipment limitation may
offer interactive program Algorithm (Shown in Figure 2).

TABLE I. Mode Selection

Pins CE OE/Vpp Vee Outputs

Mode (20) (22) (28) (11-13, 15-19)
Read ViL ViL 5.0v Dout
Standby ViH Don’t Care 5.0V Hi-Z
Program ViL 12.75V 6.25V Din
Program Verify ViL ViL 6.25V Dout
Program Inhibit ViH 12.75V 6.25V Hi-Z
Output Disable Don't Care ViH 5.0V Hi-Z
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NMC27C512A

Functional Description (continued)

Program Inhibit

Programming multiple NMC27C512A in parallel with differ-
ent data is also easily accomplished. Except CE all like in-
puts (including OF) of the parallel NMC27C512A may be
common. A TTL low level program pulse applied to an
NMGC27C512A’s CE input with OE/Vpp at 12.75V will pro-
gram that NMC27C512A. A TTL high level CE input inhibits
the other NMC27C512A from being programmed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify is accomplished with OE/Vpp and CE at V.. data
should be verified tpy after the falling edge of CE.

Manufacturer’s Identification Code

The NMC27C512A has a manufacturer’s identification code
to aid in programming. The code, shown in Table I, is two
bytes wide and is stored in a ROM configuration on the chip.
It identifies the manufacturer and the device type. The code
for the NMC27C512A is, “8F 85", where “8F” designates
that it is made by National Semiconductor, and 85" desig-
nates a 512k part.

The code is accessed by applying 12V +0.5V to address
pin A9. Addresses A1-A8, A10-A15, CE, and OE are held
at V). Address AO is held at V|_ for the manufacturer’s
code, and at V|4 for the device code. The code is read on
the 8 data pins. Proper code access is only guaranteed at
25°C +5°C. ,

The primary purpose of the manufacturer’s identification
code is automatic programming control. When the device is
inserted in an EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C512A are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). 1t should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range.

After programming opaque labels should be placed over the
NMC27C512A’s window to prevent unintentional erasure.
Covering the window will also prevent temporary functional
failure due to the generation of photo currents.

The recommended erasure procedure for the
NMC27C512A is exposure to short wave ultraviolet light
which has a wavelength of 2537 Angstroms (A). The inte-
grated dose (i.e., UV intensity x exposure time) for erasure
should be a minimum of 15W-sec/cm2.

The NMC27C512A should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table IlI
shows the minimum NMC27C512A erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed, or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem. )

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated V¢¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 pF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk, capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC bqard traces.

TABLE ll. Manufacturer’s Identification Code

Pins Ag 07 0Og 05 04 03 02 04 0o Hex

(10) (19) (18) (17) (16) (15) (13) (12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 0 0 0 0 1 0 1 85

TABLE llI. Minimum NMC27C512A Erasure Time

Light Intensity
(Micro-Watts/cm2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50
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National PRELIMINARY
Semiconductor

NMC27C512AN 524,288-Bit (64k x 8)
One Time Programmable CMOS PROM

General Description Features

The NMC27C512AN is a high-speed 512k UV one time pro-  ® Clocked sense amps for fast access time down to
grammable CMOS EPROM, ideally suited for applications 150 ns

where fast turnaround and low power consumption are im- = Low CMOS power consumption

portant requirements. — Active Power: 110 mW max

The NMC27C512AN is designed to operate with a single — Standby Power: 0.55 mW max

+5V power supply with £5% or +10% tolerance. The Optimum EPROM for total CMOS systems

CMOS design allows the part to operate over extended and Pin compatible with NMOS 512k EPROMs

military temperature ranges. Fast and reliable programming —100 ps typical/byte
The NMC27C512AN is packaged in a 28-pin dual-in-line Static operation—no clocks required

plastic molded package without a transparent lid. This part TTL, CMOS compatible inputs/outputs

is ideally suited for high volume production applications TRI-STATE® output

where cost is an important factor and programming only Manufacturer’s identification code for automatic pro-
needs to be done once. Also the plastic molded package gramming control

works welll in auto insertion equipment used in automated m High current CMOS level output drivers

assembly lines.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

NVZ1GO.2ONN

Block Diagram

DATA OUTPUTS 0p-07
Vec O— ~

=g R

OF —b] OUTPUT ENABLE -
AND CHIP - OUTPUT
CE—p] ENABLE LOGIC »> BUFFERS
Pin Names
[ —> AO-A15 Addresses
—pt > —
—> Y . CE Chip Enable
—»|  Decooer . ¥ GATING —
—> —b E/Vpp Output Enable/Pro-
—] .
0 — gramming Voltage
~A15 | —— _
ADDRESS { —) R 0p-07 Outputs
INeuTS | —) X . 524,288-81T PGM Program
DECODER CELL MATRIX
—> J NC No Connect
i} .
—’ °
E
—

TL/D/8754-1
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NMC27C512AN

Connection Diagram

27c256]27c128 27C64/|27C32(27C16| NMC27C512AN 27C16 | 27C32 |27C64(27C128 2702;6’
27256 | 27128 | 2764 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 2764 | 27128 | 27256
Vep | Vpp | Vpp a1 —J1 28 yge Vec | Vec | Veo
A12 | A12 | A12 a2z —]2 ] PGM | PGM | A14
A7 A7 A7 A7 A7 . A7 43 26— a1 Vee Vec | NC | A13 | A13
A6 A6 A6 | A6 | A6 2 —q4 5] Sy A8 A8 A8 A8 A8
A5 A5 A5 A5 A5 A5 =45 2} as A9 A9 A9 A9 A9
A4 A4 A4 | Ad | A4 M =6 2 E an Vpp A1l | A11 | A1 A1
A3 A3 | A3 | A3 | A3 w7 2} v OE |OE/Vpp| OE | OE | OE
A2 A2 A2 | A2 | A2 A2 =18 21— a1 A10 A10 | A10 | A10 | A10
Al Al Al | A1 | A1 mM—]s o= CE/Vpp| CE | CE | CE CE
A0 A0 AO AO AO A0 —{10 19f—0; 07 07 Oy 07 07
O Op Op O | O | 0~ 11 18 |~ 05 Og . Os Og Og Os
04 04 04 04 04 0, =1 17—05 Os Os Os Os Os
02 Oz | O | O2 | O2 o—{® L { Oy Os | O4 | O4 O4
GND | GND | GND [ GND | GND GND — 14 15f—0y O3 O3 O3 O3 O3

TL/D/8754-2
Order Number NMC27C512AN
See NS Package Number N28B
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C512AN pins.
Commercial Temp Range (0°C to +70°C)

Vee = 5V 5% Vee = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C512AN15 150 NMC27C512AN150 150
NMGC27C512AN17 170 NMC27C512AN170 170
NMC27C512AN20 200 NMC27C512AN200 200
NMC27C512AN25 250 NMC27C512AN250 250

Vee = 5V £5%

Extended Temp Range (—40°C to +85°C)

Vee = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C512ANE15 150 NMC27C512ANE150 150
NMC27C512ANE17 170 NMC27C512ANE170 170
NMC27C512ANE20 200 NMC27C512ANE200 200
NMC27C512ANE25 250 NMC27C512ANE250 250
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Temperature Under Bias —10°C to +80°C
Storage Temperature —65°Cto +150°C
All Input Voltages except A9 and

OE/Vpp with Respect
to Ground (Note 9)

Vcc Supply Voltage with

Al

with Respect to Ground

| Output Voltages with
Respect to Ground (Note 9)

+6.5Vto —0.6V

+7.0Vto —0.6V

Vce +1to GND —0.6V

Power Dissipation » 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Std. 883C, Method 3015.2) 2000V

Operating Conditions (Note 6)
Temperature Range

Ve Power Supply
NMC27C512AN15, 17, 20, 25
NMC27C512AN150, 170, 200, 250

Temperature Range
Ve Power Supply

0°Cto +70°C

+5V £5%
+5V £10%

—40°Cto +85°C

OE/Vpp Supply Voltage and A9 NMC27C512ANE15, 17, 20, 25 +5V £5%
with Respect to Ground +14.0Vto —0.6V NMC27C512ANE150, 170, 200, 250 +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
[T Input Load Current ViN = Vg or GND 0.01 1 nA
Lo Output Leakage Current VouT = Vecor GNDCE = Viy 0.01 1 MA
lcot Ve Current (Active) CE = V), f = 5MHz
TTL Inputs Inputs = V| orVy, 10 30 mA
1/0 = 0mA
lcca Ve Current (Active) CE = GND, f = 5 MHz
CMOS Inputs Inputs = Vg or GND, 8 20 mA
1/0 = 0 mA
lccsBi ¥$E lCr:‘L'::’rL:tesnt (Standby) CE = V|4 0.1 1 mA
lccsez X&% (;ull;:'e):: s(Standby) E = Vcc 0.5 100 A
pp Vpp Load Current Vpp = Voo 10 MA
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 2.0 Veoe +1 Vv
VoL Output Low Voltage loL = 2.1 mA 0.4 \
VoH1 Output High Voltage loy = —2.5mA 3.5 Vv
VoL2 Output Low Voltage loL = 10 pA 0.1 \)
VoH2 Output High Voltage lon = —10 pA Vee —0.1 \%
AC Electrical Characteristics
NMC27C512AN/ANE
Symbol Parameter Conditions 15, 150 17,170 20, 200 25, 250 Units
Min | Max | Min | Max | Min | Max | Min | Max
tAGC Address to Output Delay CE=0E =V 150 170 200 250 ns
tce CE to Output Delay OE = V). 150 170 200 250 ns
toE OE to Output Delay CE=V, 60 75 75 100 ns
o OE High to Output Float CE=V) 0 50 0 55 0 55 0 60 ns
tcr CE High to Output Float OE = V), 0 50 0 55 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V|
CE or OE, Whichever 0 0 0 0 ns
Occurred First
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NMC27C512AN

Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance VIN = 0V
Except OE/Vpp 5 10 PF
Cout Output Capacitance Vout = 0V 8 10 pF
Cing OE/Vp.p Input ViN = OV 16 20 pF
Capacitance
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
Cp = 100 pF (Note 8) Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8Vand 2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notess, 7)

£C L

ADDRESSES 29V ADDRESSES VALID o
37
. p— _
700
CE 0.8v LG /
3 e—top —
tee (NOTES 4,5)
OENer o \ {5
tor > tor
2.0V | Hi-z > ) ‘———;g (L) : z
OUTPUT et VALID OUTPUT . AN
0.8v ) 3
Acc ¢
(NOTE 3) —i'oH

TL/D/8754-3

Note 1: Stresses above those listed under “Absolute Maxi Ratings” may cause p 1t d to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc~tog after the falling edge of CE without impacting tacc.
Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vg4 (DC) —0.10V.
Low to TRI-STATE, the measured Vg 1 (DC) +0.10V.
Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vg and GND.

Note 7: The outputs must be restricted to Vgg + 1.0V to avoid latch-up and device damage.
Note 8: 1 TTL Gate: o = 1.6 mA, loy = —400 pA.

CL: 100 pF includes fixture capacitance.
Note 9: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes 1,2,3and 4) o
N
Symbol Parameter Conditions Min Typ Max Units a‘
tas Address Setup Time 1 ns ]
— - N
toEs OE Setup Time 1 us >
tps Data Setup Time 1 us =
tAH Address Hold Time 0 ns
tDH Data Hold Time 1 us
tcp Chip Enable to Output Float Delay OE = VL 0 60 ns
tpw Program Pulse Width 95 100 105 us
toEH OE Hold Time 1 us
tpv Data Valid from CE OE = V). 250 ns
tPRT OE .Pulse Rise Tlrpe 50 ns
During Programming
tvr Vpp Recovery Time 1 us
Ipp Vpp Supply Current During CE=v 30 mA
Programming Pulse OE = Vpp
lcc Ve Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 \']
Vpp Programming Supply Voltage 12.5 12.75 13.0 \'
tER Input Rise, Fall Time 5 ns
Vi Input Low Voltage 0.0 0.45 \'
ViH Input High Voltage 2.4 4.0 \'
N Input Timing Reference Voltage 0.8 1.5 2.0 \']
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
tvcs Vcc Setup Time 1 us
Programming Waveforms
PROGRAM Psggg'#“
LC
ADDRESSES 3%, ADDRESS N .
23
| s
2v AW stee . Hi=Z 2v 4 35 N
DATA Y] ADD N ooy DATA OUT VAL:;DS ADD N
ton tov ter
tan /—
55
tow topm P
VR
— - e
& T \ ",
tycs—=
Vee 6.0V
TL/D/8754-4
Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.
Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Vg,
Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 uF capacitor is required across Vg to GND to suppress spurious
voltage transients which may damage the device.
Note 4: Programming and program verify are tested with the fast Program Algorithm at typical power supply voltages and timings.
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NMC27C512AN

Fast Programming Algorithm Flow Chart (note 4)

START

( ADDR = FIRST LOCATION )

Ve =625V )

=

PROGRAM ONE 100 us PULS
| WITH Vpp = 12.75V

\/

( INCREMENT X

DEVICE
FAILED

INCREMENT ADDR

DEVICE
FAILED

DEVICE PASSED

TL/D/8754-5
FIGURE 1
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Interactive Programming Algorithm Flow Chart (ote 4)

START

ADDR = FIRST LOCATION )

¢ vcc=sov )

INCREMENT ADDR

o

PROGRAM ONE 0.5 ms PULSD

WITH Vpp = 12.5V

|
( INCREMENT X )
I

DEVICE
FAILED

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/8754-6
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NMC27C512AN

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C512AN are listed
in Table I. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL low level to 12.75V.

Read Mode

The NMC27C512AN has two control functions, both of
which must be logically active in order to obtain data at the
outputs. Chip Enable (CE) is the power control and should
be used for device selection. Output Enable (OE) is the out-
put control and should be used to gate data to the output
pins, independent of device selection. Assuming that ad-
dresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available at the
outputs after the falling edge of OE, assuming that CE has
been low and addresses have been stable for at least tacc-
toe-

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Vg temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to ensure proper output data.

Standby Mode

The NMC27C512AN has a standby mode which reduces
the active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C512AN is placed in the standby
mode by applying a CMOS high signal to the CE input.
When in standby mode, the outputs are in a high impedance
state, independent of the OE input.

Output OR-Tying
Because EPROMs are usually used in larger memory ar-
rays, National has provided a 2-line control function that

accommodates this use of multiple memory connection.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not -

occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the pri-
mary device selecting function, while OE/Vpp (pin 22) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby modes and that the output pins are ac-
tive only when data is desired from a particular memory de-
vice.

Programming

CAUTION: Exceeding 14V on pin 22 (OE/Vpp) will damage
the NMC27C512AN.

Initially, and after each erasure, all bits of the
NMC27C512AN are in the “1” state. Data is introduced by
selectively programming “0s” into the desired bit locations.
Although only “0s” will be programmed, both “1s” and “'0s”
can be presented in the data word. The only way to change
a “0” to a “1” is by ultraviolet light erasure.

The NMC27C512AN is in the programming mode when OE/
Vpp is at 12.75V. It is required that at least a 0.1 uF capaci-
tor be placed across Vg and ground to suppress spurious
voltage transients which may damage the device. The data
to be programmed is applied 8 bits in parallel to the data
output pins. The levels required for the address and data
inputs are TTL.

When the address and data are stable, an active low, TTL
program pulse is applied to the CE input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC is programmed with the Fast Program-
ming Algorithm shown in Figure 1. Each Address is pro-
grammed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 p. pulse.

Note: Some programmer manufacturers due to equipment limitation may

offer interactive program Algorithm (shown in Figure 2).

The NMC27C512AN must not be programmed with a DC
signal applied to the CE input.

Programming multiple NMC27C512As in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C512AN may be connected together when
they are programmed with the same data. A low level TTL
pulse applied to the CE input programs the paralleled
NMC27C512AN.

The NMC27C512AN is packaged in a plastic molded pack-
age which does not have a transparent lid. Therefore the
memory cannot be erased. This means that after a user has
programmed a memory cell to a “0” it cannot be changed
back to a “1".

If an application requires erasing and reprogramming, the
NMC27C512AQ UV Erasable PROM in a windowed pack-
age should be used.

PROGRAM INHIBIT

Programming multiple NMC27C512ANs in parallel with dif-
ferent data is also easily accomplished. Except for CE all
like inputs (including OE) of the parallel NMC27C512AN
may be common. A TTL low level program pulse applied to

TABLE 1. Mode Selection

Pins CE OE/Vpp Vee Outputs

Mode (20) (22) (28) (11-13, 15-19)
Read ViL ViL 5.0V Dout
Standby ViH Don’t Care 5.0V Hi-Z
Output Disable Don’t Care VIH 5.0V Hi-Z
Program ViL 12.75V 6.25V Din
Program Verify ViL ViL 6.25V Dout
Program Inhibit VIH 12.75V 6.25V Hi-Z
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Functional Description (continued)

an NMC27C512A’s CE input with OE/Vpp at 12.75V will
program that NMC27C512AN. A TTL high level CE input
inhibits the other NMC27C512A from being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify is accomplished with OE/Vpp and CE at V). Data
should be verified tpy after the falling edge of CE.

MANUFACTURER’S IDENTIFICATION CODE

The NMC27C512AN has a manufacturer's identification
code to aid in programming. The code, shown in Table Il, is
two bytes wide and is stored in a ROM configuration on the
chip. It identifies the manufacturer and the device type. The
code for NMC27C512AN is ““8F 85", where “8F” desig-
nates that it is made by National Semiconductor, and “85"
designates a 512k part.

The code is accessed by applying 12V +0.5V to address
pin A9. Addresses A1-A8, A10-A15, CE and OE are held
at V). Address AO is held at V)_ for the manufacturer's
code, and at V| for the device code. The code is read out
on the eight data pins. Proper code access is only guaran-
teed at 25°C +5°C.

The primary purpose of the manufacturer’s identification
code is automatic programming control. When the device is

inserted in an EPROM programmer socket, the programmer
reads the code and then automatically calls up the specific
programming algorithm for the part. This automatic pro-
gramming control is only possible with programmers which
have the capability of reading the code.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated Vg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vcc and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 pF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE Il. Manufacturer’s Identification Code

Pins Ag 07 Og 05 04 03 02 04 0o Hex
(10) (19) (18) 17 (16) (15) (13) 12) (11) Data
Manufacturer Code ViL 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 0 0 0 0 1 0 1 85
Package Information
iyl
*I [
P L
3
3 0551:£0.002
lSl;AgsEnS AT ] (14.00£0.051)
2 9 :15 0.490-0.530 0.590£0.005 VIEW A-A
EA ot |0
A
. 0.045
(?.?3)"' bam2v (1.1431"1 -
x45° x45°
0.390-0.430
(9.906-10.92)
(CONTACT DIMENSION)
ososw  WEN - D0 0100-0.140
{0.813-1.06) MIN —ol fats® v {2.540-3.55)
'_L' =18 /:ﬂ Va ——u
(Y
T 0.005-0.015
{0127-0.381) ano.1 4 s 0.026-0.032 f 0.060-0.095
1DENT SR -T573) 5=z
0ags-0455 |

12.32-1251)

TL/D/8754-7
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32-Lead PLCC Package
Order Number NMC27C512AV
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NMC27C010

National
Semiconductor

PRELIMINARY

NMC27C010 (Former NMC27C1023)*
1,048,576-Bit (128k x 8) UV Erasable CMOS PROM

General Description

The NMGC27C010 is a high-speed 1024k UV erasable and
electrically reprogrammable CMOS EPROM, ideally suited
for applications where fast turnaround, pattern experimenta-
tion and low power consumption are important require-
ments.

The NMC27C010 is designed to operate with a single +5V
power supply with +£5% or £10% tolerance. The CMOS
design allows the part to operate over extended and military
temperature ranges.

The NMC27C010 is packaged in a 32-pin dual-in-line pack-
age with 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 electrically into the device
by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

.

Features
m Clocked sense amps for fast access time down to
150 ns
m Low CMOS power consumption
— Active power: 110 mW max
— Standby power: 0.55 mW max
m Extended temperature range (NMC27C010QE), —40°C
to +85°C and military temperature range
(NMC27C010QM), —55°C to +125°C, available
Pin compatible with NMOS bytewide 1024k EPROMs
Fast and reliable programming—100 us typical/byte
Static operation—no clocks required
TTL, CMOS compatible inputs/outputs
TRI-STATE® output
Optimum EPROM for total CMOS systems
Manufacturer’s identification code for automatic pro-
gramming control
m High current CMOS level output drivers

Block Diagram
DATA OUTPUTS 0q-0;
Ve O——b P T —
GND O—b
mo—s [RRNRRN|
OF —epf  ouTPUT ENABLE, 7 )
L - c;:vo E::!l!. AND _ c:'l::t;m Pin Names
GRAM LOGIC v B RS
t: = AO0-A16 Addresses
=3 . CE Chip Enable
Y v —
:: DECODER : Y GATING OE Output Enable
—] > 0p-07 Outputs
e | = P __ | Pogan
INPUTS | e . v B NC No Connect
—> X . CELL MATRIX
—»]  DECODER .
= :
—
L —
—>

*Some programmer manufacturers will call this device NMC27C1023.

TL/D/9182-1
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Connection Diagram

0L0JLCONN

NMC27C010Q
Dual-In-Line Package

4 Mbit 2 Mbit 2 Mbit 4 Mbit
Vpp Vpp Vpp—{ 1 32=Vee Vee Vee
A16 A16 Al6—{2 31}—PGM PGM A18
A15 A15 A15—13 30 }—NC A7 A17
A12 A12 Al2—4 29 f—A14 A4 A14
A7 A7 A7—15 28 —A13 A13 A13
A6 A6 A6—{6 2748 A8 A8
A5 A5 AS—7 26 }—A9 A9 A9
A4 A4 Ad—8 25 = At1 Al A1
A3 A3 A3—{9 24 }-0E OE OE
A2 A2 A2—{10 23 —A10 A10 A10
A1 A1 A=t 22|—-CE CE CE
A0 AO Ag—]12 210y O7 07
Op Og 0g—113 20 f—0g Og Og
O4 04 0y—{14 19f—0g Os Os
Oz (o]} 0, =415 18 ~0, (o} Oy4
GND GND GND—{16 17 |-05 O3 Og

TL/D/9182-2
Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C010 pins.

Order Number NMC27C010Q
See NS Package Number J32AQ

Commercial Temperature Range (0°C to +70°C) Commercial Temperature Range (0°C to +70°C)
Vee = 5V £5% Vge = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)

NMC27C010Q15 150 NMC27C010Q150 150
NMC27C010Q17 170 NMC27C010Q170 170
NMC27C010Q20 200 NMC27C010Q200 200
NMC27C010Q25 250 NMC27C010Q250 250
Extended Temperature Range (—40°C to +85°C) Military Temperature Range (—55°C to + 125°C)

Vce = 5V £10% Vgc = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C010QE170 170 NMC27C010QM170 170
NMC27C010QE200 200 NMC27C010QM200 200
NMC27C010QE250 250 NMC27C010QM250 250

NOTE: Surface mount PLCC package available for commercial and extended temperature ranges only.
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NMC27C010

COMMERCIAL TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)

Temperature Under Bias —10°C to +80°C Power Dissipation 1.0W
Storage Temperature —65°C to +150°C Lead Temperature (Soldering, 10 sec.) 300°C
All Input Voltages except A9 with ESD Rating
Respect to Ground (Note 10) +6.5Vto —0.6V (Mil Spec 883C, Method 3015.2) 2000V
All Output Voltages with . re
Respect to Ground (Note 10) Vg + 1.0V to GND—0.6V Operating Conditions (Note 7)
Vpp Supply Voltage and A9 Temperature Range 0°Cto +70°C
with Respect to Ground Vcc Power Supply
During Programming +14.0Vio —0.6V NMC27C010Q15, 17, 20, 25 +5V 5%
Vcc Supply Voltage with . NMGC27C010Q150, 170, 200, 250 +5V £10%
Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vggor GND 1 RA
ILo Output Leakage Current Vout = Voc or GND, CE = Viy 1 HA
Icct Ve Current (Active) CE = V)., f = 5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi or V., I7/0 = 0 mA
lccz Ve Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vgg or GND, I/0 = 0 mA
lccsB1 Ve Current (Standby) CE =V 04 3 mA
TTL inputs
lccsa2 Vg Current (Standby) CE = Vo
CMOS Inputs 05 100 KA
lpp Vpp Load Current Vpp = Vo 10 pA
ViL Input Low Voltage —-0.2 0.8 \"
VIH Input High Voltage 2.0 Voo + 1 v
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \
VoH1 Output High Voltage loH= —2.5mA 3.5 \"
Vorz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loy= —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C010
Symbol Parameter Conditions Q15,Q150 | Q17,Q170 { Q20,Q200 | Q25,Q250 | Units
Min | Max | Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E =V 150 170 200 260 | ns
PGM = V|
tcE CE to Output Delay OE = V)i, PGM = Viy 150 170 200 250 | ns
toe OE to Output Delay CE = V), PGM = V4 60 75 75 100 | ns
tpE OE High to Output Float CE=V,,PGM=Vy| 0 50 55 0 55 60 ns
tcF CE High to Output Float OE=V,PGM=Vy| 0 50 55 55 60 ns
toH Output Hold from Addresses, | CE = OE = V|
CE or OE, Whichever PGM = Vi 0 0 0 0 ns
Occurred First
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Temperature Under Bias

Storage

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Temperature

All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10) Vgg+ 1.0V to GND—0.6V
Vpp Supply Voltage and A9
with Respect to Ground
During Programming

Operating Temp. Range
—65°Cto +150°C

+6.5Vto —0.6V

+14.0Vto —0.6V

Vcc Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range
NMC27C010QE150, 170, 200, 250
NMC27C010QM170, 200, 250

—40°Cto +85°C
—55°Cto +125°C

Vcc Power Supply +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
Iy Input Load Current Vin = Vgc or GND 10 pA
Lo Output Leakage Current Vout = Ve or GND, CE = Viy 10 RA
lcct Vg Current (Active) CE=V|,f=5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = V| or Vi, I/0 = 0 mA
lccz Vg Current (Active) CE = GND, f = 5 MHz 10 20 mA
(Note 9) CMOS Inputs Inputs = Vg or GND, I70 = 0 mA
lccsBi Ve Current (Standby) CE=VH 0.1 1 mA
TTL Inputs
lccsee \é&cogull:z:: S(Standby) E = Vce 05 100 pA
Ipp Vpp Load Current Vpp = Vo 10 MA
ViL Input Low Voltage —0.2 0.8 \"
ViH Input High Voltage 2.0 Vee + 1 \
VoLi Output Low Voltage loL = 2.1mA 0.40 \%
VoH1 Output High Voltage lon = —1.6mA 3.5 v
VoL2 Output Low Voltage loL = 10 pA 0.1 Vv
VoH2 Output High Voltage loH = —10pA Vce — 0.1 \"
AC Electrical Characteristics
NMC27C010Q
Symbol Parameter Conditions E150 E170,M170 | E200,M200 | E250,M250 | Units
Min [Max| Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE = —ﬁ =V 150 170 200 250 | ns
. M= ViH
tce CE to Output Delay OE = V|, PGM = V| 150 170 200 250 | ns
to OE to Output Delay CE = V., PGM = V| 60 75 75 100 | ns
toF OE High to Output Float CE=V,,PGM=Vy| 0 | 50 0 55 0 55 0 60 ns
toE CE High to Output Float OE =V,PGM = V|| 0 | 50 0 55 0 55 0 60 ns
toH Output Hold from Addresses, | CE = OE = V.
CE or OE, Whichever GM = Vi 0 0 0 0 ns
Occurred First
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NMC27C010

Capacitance 1, = +25°C,t = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance ViN = 0V 9 15 pF
Cout Output Capacitance Vout = 0V 12 15 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level
Cp = 100 pF (Note 8) Inputs 0.8V and 2V
Input Rise and Fall Times <5ns Outputs 0.8Vand 2V
Input Pulse Levels 0.45V to 2.4V ,
AC Waveforms (Notes6,7,&9)
) S S )
2,0v
ADDRESSES 0.8V x ADDRESSES VALID cc X
rJ
aam— ———
= 2.0V
CE 0.8v s /
3J
tc v QCF —
£ (NOTES 4, 5)
= 2.0V
OF gy \ e /
)
tOE le— iDF —
(NOTE 3) cc (NOTES 4,5)
2.0V Hi-Z ) NNNRY, Hi=Z
OUTPUT &= VALID OUTPUT 77
2J
tace
(NOTE 3) o

TL/D/9182-3
Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc — toE after the falling edge of CE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vo1 (DC) — 0.10V;
Low to TRI-STATE, the measured Vg 1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 wF ceramic capacitor be used on
every device between Vg and GND.

Note 7: The outputs must be restricted to Vcc + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: o = 1.6 mA, Ioy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
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Programming Characteristics (Notes1,2,384)

0L0DLZONN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 us
tcES CE Setup Time OE =V 1 us
tps Data Setup Time 1 ns
tvps Vpp Setup Time 1 s
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
tbH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE =V 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=V 100 ns
Ipp Vpp Supply Current During C_i= ViL 30 mA
Programming Pulse PGM = V).

lcc Vcc Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 "
Vpp Programming Supply Voltage 125 12.75 13.0 )
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
ViH Input High Voltage 2.4 4.0 \"
N Input Timing Reference Voltage 0.8 15 2.0 \
touT Output Timing Reference Voltage 0.8 1.5 2.0 \
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NMC27C010

Programming Waveforms (Note 3)

|<———— PROGRAM "523.'}#"
w 55
ADDRESSES 3%, ADDRESS N .
17
ts |
DATA il DATA IN STABLE Hi=Z S DATA OUT YALD
0.8 ADD N ‘q%
{
tos ton OF
6.0V 45
A 37
Vee _/ tves
C
12,5V h
Vep typs
CE osv 03
17
IG—{CES -
£C
— )7
PoM D /
oW ‘-‘ozs*l —tog—
- I
=
OE (v \‘ S5 /

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Vg must be applied simultaneously or before Vpp and removed simuitaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Ve,

Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp

supply to prevent any overshoot from

ding this 14V

spurious voltage transients which may damage the device.
Note 4: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.

TL/D/9182-5

specification. At least a 0.1 uF capacitor is required across Vpp, Vcc to GND to suppress
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Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

Vo= 6.25V
Vpp= 1275V

>
L g

—>( PROGRAM ONE 100 us PULSE)
INCREMENT X

INCREMENT ADDR

LAST ADDR?
YES

Vo= Vpp=5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/9182-6
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NMC27C010

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C010 are listed in
Table 1. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Vgc and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C010 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tocc-toE.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Vo temporarily drops below the specified
voltage (but not to ground) an address transition must be
performed after the drop to insure proper output data.

Standby Mode

The NMC27C010 has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C010 is placed in the standby mode
by applying a CMOS high signal to the CE input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output OR-Tying

Because the NMC27C010 is usually used in larger memory
arrays, National has provided a 2-line control function that
accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-
mended that CE be decoded and used as the primary de-
vice selecting function, while OE be made a common con-
nection to all devices in the array and connected to the
READ line from the system control bus. This assures that all
deselected memory devices are in their low power standby
modes and that the output pins are active only when data is
desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on the Vpp or A9 pin will damage
the NMC27C010.

Initially, and after each erasure, all bits of the NMC27C010
are in the *“1” state. Data is introduced by selectively pro-

gramming “0’s” into the desired bit locations. Although only
“0’s” will be programmed, both “1’s” and *‘0’s” can be pre-
sented in the data word. The only way to change a “0” to a
“1” is by ultraviolet light erasure.

The NMC27C010 is in the programming mode when the Vpp
power supply is at 12.75V and OE is at V|. It is required
that at least a 0.1 uF capacitor be placed across Vpp, Voo
to ground to suppress spurious voltage transients which
may damage the device. The data to be programmed is
applied 8 bits in parallel to the data output pins. The levels
required for the address and data inputs are TTL.

When the address and data are stable, an active low, TTL
program pulse is applied to the PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C010 is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 us pulse. The NMC27C010 must
not be programmed with a DG signal applied to the PGM
input.

Programming multiple NMC27C010 in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirements. Like inputs of the parallel
NMC27C010 may be connected together when they are
programmed with the same data. A low level TTL pulse ap-
plied to the PGM input programs the paralleled
NMC27C010.

Program Inhibit

Programming multiple NMC27C010’s in parallel with differ-
ent data is also easily accomplished. Except for CE all like
inputs (including OE and PGM) of the parallel NMC27C010
may be common. A TTL low level program pulse applied to
an NMC27C010’s PGM input with CE at V)_ and Vpp at
12.75V will program that NMC27C010. A TTL high level CE
input inhibits the other NMC27C010’s from being pro-
grammed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 12.75V. Vpp must be at
Vce, except during programming and program verify.

Manufacturer’s Identification Code

The NMC27C010 has a manufacturer’s identification code
to aid in programming. When the device is inserted in an
EPROM programmer socket, the programmer reads the
code and then automatically calls up the specific program-
ming algorithm for the part. This automatic programming
control is only possible with programmers which have the
capability of reading the code.

The Manufacturer’s Identification code, shown in Table II,
specifically identifies the manufacturer and the device type.
The code for the NMC27C010 is ““8F86”, where “8F” desig-
nates that it is made by National Semiconductor, and “86”
designates a 1Megabit byte-wide part.
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Functional Description (continued)

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs
Mode (22) (24) (31) (1) (32) (13-15, 17-21)
Read Vi Vi VIH Vce 5v Dout
Standby ViH Don’t Care Don’t Care Vee 5V Hi-Z
Output Disable Don't Care ViH VIH Vee 5V Hi-Z
Program ViL ViH ViL 12.75V 6.25V Din
Program Verify ViL ViL VIH 12.75V 6.25V Dout
Program Inhibit VIH Don’t Care Don’t Care 12.75V 6.25V Hi-Z
TABLE Il. Manufacturer’s Identificatiion Code
Pins Ap | O7 | Og | O5 | O4 | O3 | O2 | O1 [ Op | Hex
(12) | (21) | (20) | (19) | (18) | (17) | (15) | (14) | (13) | Data
Manufacturer Code | Vi 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 0 0 0 0 1 1 0 86

The code is accessed by applying 12V £0.5V to address
pin A9. Addresses A1-A8, A10-A16, and all control pins
are held at V). Address pin AO is held at V;_for the manu-
facturer’s code, and held at V|4 for the device code. The
code is read on the eight data pins, Og-0O7. Proper code
access is only guaranteed at 25°C +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C010 are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). 1t should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range.

AFTER PROGRAMMING

Opagque labels should be placed over the NMC27C010 win-
dow to prevent unintentional erasure. Covering the window
will also prevent temporary functional failure due to the gen-
eration of photo currents.

The recommended erasure procedure for the NMC27C010
is exposure to short wave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity X exposure time) for erasure should be a minimum
of 15 W-sec/cm2.

The NMC27C010 should be placed within 1 inch of the lamp
tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table IlI
shows the minimum NMC27C010 erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is

changed, the distance has changed, or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
sign)—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading the device. The associated Vgg transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 pF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vgg-and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE lil. NMC27C010
Minimum Erasure Time

Light Intensity Erasure Time
(nWatts/cm?2) (Minutes)
15,000 20
10,000 25
5,000 50
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NMC27C010

Package Information

6 SPACES AT

0.551:+0.002
8 SPACES AT {14.00Z0.051)
N 25 0.490-0.530 0.590+0.005
{12.45-13.46) (1498 £0.127)
{CONTACT DIMENSION)
A
0.045 _J I 2132
(1143)
x45°
0.390-0.430
™ @e6-1092)
(CONTACT DIMENSION)
0.015 0.013-0.021
0.032-0.040  (0.381) [ 030=053 0.100-0.140
{0.813-1.016) MIN _j 15° TYP (2.540 —3.556)
1 I
o i3
0.005-0.015 ]|
[T PINNO. 1 _f I ooms-ome } oo oo

[

IDENT - {0.660—0.813)
0.450 e
W4

(1.524-2.413)

0.485—0.495
(12.32-12.57)

32-Lead PLCC Package
Order Number NMC27C010V

VIEW A-A

0.045

(1.143)

x45°

TL/D/9182-10
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National
Semiconductor

NMC27C1024

PRELIMINARY

1,048,576-Bit (64k x 16) UV Erasable CMOS PROM

General Description

The NMC27C1024 is a high-speed 1024k UV erasable and
electrically reprogrammable CMOS EPROM, ideally suited
for applications where fast turnaround, pattern experimenta-
tion and low power consumption are important require-
ments.

The NMC27C1024 is designed to operate with a single +5V
power supply with +5% or +10% tolerance. The CMOS
design allows the part to operate over extended and military
temperature ranges.

The NMC27C1024 is packaged in a 40-pin dual in-line pack-
age with 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 electrically into the device
by following the programming procedure.

This EPROM is fabricated with National’s proprietary, time
proven CMOS double-poly silicon gate technology which
combines high performance and high density with low pow-
er consumption and excellent reliability.

Features
m Clocked sense amps for fast access time down
to 120 ns
m Low CMOS power consumption
— Active Power: 110 mW max
— Standby Power: 550 uW max
m Performance compatible to 16-bit and 32-bit
microprocessors
m Extended temperature range (NMC27C1024QE), —40°C
to +85°C, and military temperature range
(NMC27C1024QM), —55°C to + 125°C, available
Pin compatible with NMOS wordwide 1024k EPROMs
Fast and reliable programming—100 us typical/byte
Static operation—no clocks required
TTL, CMOS compatible inputs/outputs
TRI-STATE® output
Optimum EPROM for total CMOS systems
Manufacturer's Identification Code for automatic pro-
gramming control
m High current CMOS level output drivers

Block Diagram

Vec O—> DATA OUTPUTS 0g-0y5
GND O P \
Vpp Oty
1‘“‘1‘1‘1‘1“"1“""‘1‘1‘1‘1“" Pin Names
E?;E :: OUTPUT ENABLE, > AO0-A15 Addresses
CHIP ENABLE AND - OUTPUT — I
tt —>| PROGRAMLOGIC BUFFERS CE Chip Enable
( — OE Output Enable
— ‘ - > 00-0O15 Outputs
___: DECODER . Y GATING PGM Program
3 o NC No Connect
a-ms | =
ADDRESS { =
weuts | 3] X - 1,048.576.81T
—) DECODER . CELL MATRIX
— .
L — .o

TL/D/8806-1
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NMC27C1024

Connection Diagram

Note: National’s socket compatible EPROM pin configurations are shown in

NMC27C1024Q
1] Dual-In-Line Package —
27C2048 27C2048
./
Vpp Vep— 1 40—V Vce
CE -2 39 |- Pch PGM
(V273 04513 38=NC Ate
014 044 3-Ais Ats
013 0,315 36f—A4 Ag
012 0,16 35A3 Aq3
011 017 344y Aq2
010 040—18 33p=Ayq Aqq
09 09 324 - Aqo
Og 0g =110 A Ag
GND GND—{ 11 30}-cnp GND
07 0,12 29f=4g Ag
Og 0513 28[—4; A7
05 05— 14 27}=4Ag Ag
04 0,—15 26|~ A5 As
03 05— 16 254, A4
02 0,17 24— Ay A3
04 0,~{18 23=4, Az
0o 0p—{19 22|=A, Aq
OE OF {20 21f-a, Ao
TL/D/8806-2

Order Number NMC27C1024Q
See NS Package Number J40AQ

the blocks adjacent to the NMC27C1024 pins.

Commercial Temperature Range (0°C to +70°C)

NMC27C1024V
Plastic Chip Carrier

M <t a >3 n <

235w fe SBeg3

I R T N N T T I |

6 5 4 3 2 1 44 43 42 41 40
0127 39f=A13
01148 38— A12
010—49 37 A1
09 =110 36— A10
08 —11 35)—A9

- 44 pin L

GND —12 PLCC 34— GND
NC—{13 33—NC
07—{14 32— A8
06 —{15 31f-a7
05—{16 30 |- A6
04—{17 29— AS

18 19 20 21 22 23 24 25 26 27 28

F1rrrrrrrribi

88 58lsge <223

TL/D/8806-11

Order Number NMC27C 1024V
See NS Package Number V44A

Commercial Temperature Range (0°C to + 70°C)

Vee = 5V +5% Vee = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C1024Q12 120 NMC27C1024Q120 120
NMC27C1024Q15 150 NMC27C1024Q150 150
NMC27C1024Q17 170 NMC27C1024Q170 170
NMC27C1024Q20 200 NMC27C1024Q200 200
NMC27C1024Q25 250 NMC27C1024Q250 250

Extended Temperature (—40°C to +85°C)
Vee = 5V £10%

Military Temperature Range (—55°C to + 125°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NMC27C1024QE150 150 NMC27C1024QM170 170
NMC27C1024QE170 170 NMC27C1024QM200 200
NMC27C1024QE200 200

Note: Surface mount PLCC for and ded temp ranges only.
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COMMERCIAL TEMPERATURE RANGE
Absolute Maximum Ratings (ote 1)

¥20L3.2ONN

Temperature Under Bias —10°Cto +80°C Power Dissipation 1.0W
Storage Temperature —65°Cto +150°C Lead Temperature (Soldering, 10 sec.) 300°C
All Input Voltages except A9 with ESD rating '

Respect to Ground (Note 10) +6.5Vto —0.6V (MiL Spec 883C Method 3015.2) 2000V

All Output Voltages with . e
Respect to Ground (Note 10) Vg + 1.0 to GND—0.6V Operating Conditions (ote7)

Vpp Supply Voitage and A9 with Temperature Range 0°Cto +70°C

Respect to Grouqd Vce Power Supply

During Programming +14.0Vto —0.6V NMC27C1024Q12, 15, 17, 20, 25 +5V £5%
Ve Supply Voltage with NMC27C1024Q120, 150, 170, 200, 250 +5V £10%

Respect to Ground +7.0Vto —0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
] Input Load Current VIN = Ve or GND 1 pA
ILo Output Leakage Current Vout = Vcc or GND, CE = Vi 1 pA
lcct Ve Current (Active) CE =V, f = 5MHz
(Note 9) TTL Inputs Inputs = V) or VL 15 30 mA

1/0=0mA
lcc2 Vg Current (Active) CE = GND, f = 5 MHz
(Note 9) CMOS Inputs Inputs = Vg or GND, 13 20 mA
1/0 = 0mA
lccssi Ve Current (Standby) CE=Vy
TTL Inputs 0.1 1 mA
Ilcosez Vg Current (Standby) CE = Voo
CMOS Inputs 05 100 KA

Ipp Vpp Load Current Vpp = Vee 10 pA
ViL Input Low Voltage —-0.2 0.8 \"
ViH Input High Voltage 20 Ve + 1 \'
VoL1 QOutput Low Voltage loL = 2.1 mA 0.40 \
VoH1 Output High Voltage loH = —25mA 3.5 \
VoLz Output Low Voltage loL = 10 nA 0.1 v
VoH2 Output High Voltage loH = —10 pA Vce —0.1 \

AC Electrical Characteristics

Symbol Parameter Conditions Q12,Q120 Q15,Q150 Q17,Q170 Q20, Q200 Q25, Q250 Units

. Min | Max | Min { Max | Min | Max | Min | Max | Min | Max
tacc |Addressto CE=0E =V

Output Delay PGM = Vi 120 150 170 200 250 | ns
tce CE to Output OE = Vi,

Delay PGM = Vi 120 150 170 200 250 | ns
toe OE to Output CE = VL

Delay PGM = Vi 50 60 75 75 100 | ns
toF OE High to Output|CE = V)_

Float PGM = Vi 0 40 0 50 0 55 0 55 0 60 ns
tcr CE High to OE =V,

Output Float PGM = Vi (] 40 o] 50 0 55 0 55 0 60 ns
toH Output Hold from (CE = OE = V.

Addresses, CE or |PGM = V|4

OE, Whichever 0 0 0 0 0 ns

Occurred First
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NMC27C1024

MILITARY AND EXTENDED TEMPERATURE RANGE

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Temperature Under Bias Operating Temp. Range
Storage Temperature —65°C to +150°C
All Input Voltages except A9 with
Respect to Ground (Note 10)
All Output Voltages with
Respect to Ground (Note 10) Vgg+ 1.0V to GND—0.6V

Vpp Supply Voltage and A9
with Respect to Ground

+6.5Vto —0.6V

Vcc Supply Voltage with

Respect to Ground +7.0Vto —0.6V
Power Dissipation 1.0W
Lead Temperature (Soldering, 10 sec.) 300°C
ESD Rating

(Mil Spec 883C, Method 3015.2) 2000V

Operating Conditions (Note 7)

Temperature Range
NMC27C1024QE150, 170, 200
NMC27C1024QM170, 200

—40°Cto +85°C
—55°Cto +125°C

During Programming +14.0Vto —0.6V Ve Power Supply +5V +10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Voo or GND 10 pA
Lo Output Leakage Current Vout = Ve or GND, CE = Viy 10 HA
lcct Vg Current (Active) CE = V), f = 5MHz 15 30 mA
(Note 9) TTL Inputs Inputs = Vi orV, 1/0 = 0 mA
lcc2 Vg Current (Active) CE = GND, f = 5 MHz 13 20 mA
(Note 9) CMOS Inputs Inputs = Vgc or GND, I/0 = 0 mA
lccsB1 Ve Current (Standby) CE = Viy 04 1 mA
TTL Inputs
lccse2 g&% (;ull’r:zrl]: S(Standby) E = Voo 05 100 A
lpp Vpp Load Current Vpp = Vco 10 RA
ViL Input Low Voltage -0.2 0.8 \"
ViH Input High Voltage 2.0 Ve + 1 \
VoL1 Output Low Voltage loL = 2.1 mA 0.40 \
VoH1 Output High Voltage loH = —1.6mA 3.5 \
VoLz Output Low Voltage loL = 10 pA 0.1 \"
VoH2 Output High Voltage lon = —10 pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C1024Q
Symbol Parameter Conditions E150 E170, M170 E200, M200 Units
Min | Max | Min | Max | Min | Max
tacc Address to Output Delay CE=0E=VyL 150 170 \ 200 ns
PGM = V|
tce CE to Output Delay OE = V;,,PGM = V| 150 170 200 ns
toE OE to Output Delay CE =V, PGM = Vi 60 75 75 ns
tor OE High to Output Float CE =V, PGM = Vi 50 55 55 ns
toF CE High to Output Float OE = Vy,PGM = V| 50 55 55 ns
ton Output Hold from Addresses, | CE = OE = V_
CE or OE, Whichever PGM = V|4 0 0 0 ns
Occurred First
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Capacitance 1, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
Cin Input Capacitance ViN = OV 12 20 pF
Cout Output Capacitance Vout = 0V 13 20 pF
AC Test Conditions
Output Load 1 TTL Gate and C_ = 100 pF (Note 8) Timing Measurement Reference Level
Input Rise and Fall Times <5ns Inputs 0.8V and 2V
Input Pulse Levels 0.45V to 2.4V Outputs 0.8V and 2V

AC Waveforms (Notess, 7, & 9)

\ LG |

2.0V L4
ADDRESSES 20 ADDRESSES VALID ot X
P D A
— —
CE 2.0V
0.8V 3} / le—top —
tee (NOTES 4, 5)
OF 2.0V \
OE 0.8V {5 /
,I tog tor
vz pNOTES) " r | (votEs .5) ‘;‘ ;
2.0V i= el ANNNY,
OUTPUT T VALID OUTPUT - I
tace . i _
T (NOTE3) tonke-

TL/D/8806-3

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: This parameter is only sampled and is not 100% tested.
Note 3: OE may be delayed up to tacc-toE after the falling edge of CE without impacting tacc.
Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vpon¢ (DC) — 0.10V
Low to TRI-STATE, the measured Vg 1 (DC) + 0.10V
Note 5: TRI-STATE may be attained using OE or CE.

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 F ceramic capacitor be used on
every device between Vgg and GND.

Note 7: The outputs must be restricted to Vgg + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: lo. = 1.6 mA, loy = —400 pA.
CL: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vg except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns max.
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NMC27C1024

Programming Characteristics motes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tAs Address Set-Up Time 1 us
toEs OE Set-Up Time 1 us
tces CE Set-Up Time 1 ps
tbs Data Set-Up Time 1 us
tvps Vpp Set-Up Time 1 us
tvcs V¢ Set-Up Time 1 s
tAH Address Hold Time 0 us
toH Data Hold Time 1 ns
tor Output Enable to Output Float Delay CE=V 0 60 ns
tpw Program Pulse Width 95 100 105 us
toe Data Valid From OE CE = V. 100 ns
lpp Vpp Supply Current during E_= ViL 0 mA
Programming Pulse PGM = V.
Icc Ve Supply Current 10 mA
tr Temp Ambient 20 25 30 °C
Vco Power Supply Voltage 6.0 6.25 6.5 \
Vpp Programming Supply Voltage 12.5 12.75 13.0 \
Tcr Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
ViH Input High Voltage 2.4 4.0 \
N Input Timing Reference Voltage 0.8 1.5 2.0 \
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
Programming Waveforms (note )
PROGRAM PROCRAM
ADDRESSES 2, ADDRESS N 4?
s - LN |
DATA %,—{:JW i F;W;r _
= et
s for
Ve m‘—(ﬁ» 55
Ve ‘:L/ tves
fe—tess
o =
! |-l
& 2 N /

Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein.

Note 2: Vo must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a
board with voltage applied to Vpp or Ve,
Note 3: The maximum absolute allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp
supply to prevent any overshoot from exceeding this 14V maximum specification. At least a 0.1 uF capacitor is required across Vpp, Vcc to GND to suppress
spurious voltage transients which may damage the device.

Note 4: Programming and program verify are tested with the Fast Program Algorithm, at typical power supply voltages and timings.

TL/D/8806-10
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Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

Vcc =6.25V
VFP =12.75V

—>{(_PROGRAM ONE 100 s PULSE )
INCREMENT X

INCREMENT ADDR

LAST ADDR ?

Vo =Vpp=5.0V

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/8806-5
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NMC27C1024

Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C1024 are listed
in Table I. It should be noted that all inputs for the six modes
are at TTL levels. The power supplies required are Voc and
Vpp. The Vpp power supply must be at 12.75V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6.25V dur-
ing the three programming modes, and at 5V in the other
three modes.

Read Mode

The NMC27C1024 has two control functions, both of which
must be logically active in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should be
used for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output pins,
independent of device selection. Assuming that addresses
are stable, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least tacc—toe.

The sense amps are clocked for fast access time. Voo
should therefore be maintained at operating voltage during
read and verify. If Voo temporarily drops below the spec.
voltage (but not to ground) an address transition must be
performed after the drop to ensure proper output data.

Standby Mode

The NMC27C1024 has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC27C1024 is placed in the standby mode
by applying a CMOS high signal to the CE input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output OR-Tying
Because NMC27C1024s are usually used in larger memory
arrays, National has provided a 2-line control function that

accommodates this use of multiple memory connections.
The 2-line control function allows for:

a) the lowest possible memory power dissipation, and

b) complete assurance that output bus contention will not
occeur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 2) be decoded and used as the primary
device selecting function, while OE (pin 20) be made a com-
mon connection to all devices in the array and connected to
the READ line from the system control bus. This assures
that all deselected memory devices are in their low power
standby modes and that the output pins are active only
when data is desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on the Vpp or A9 pin will damage
the NMC27C1024.

Initially, and after each erasure, all bits of the NMC27C1024
are in the “1” state. Data is introduced by selectively pro-
gramming “0’s” into the desired bit locations. Although only
“0’s” will be programmed, both “1’s” and “0’s” can be pre-
sented in the data word. The only way to change a “0” to a
“1" is by ultraviolet light erasure.

The NMC27C1024 is in the programming mode when the
Vpp power supply is at 12.75V and OE is at V|u. It is re-
quired that at least a 0.1 uF capacitor be placed across
Vpp, Ve to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 16 bits in parallel to the data output pins. The
levels required for the address and data inputs are TTL.

When the address and data are stable, an active low, TTL
program pulse is applied to the PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC27C1024 is programmed with the Fast
Programming Algorithm shown in Figure 1. Each Address is
programmed with a series of 100 ps pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cells will
program with a single 100 ps pulse. The NMC27C1024
must not be programmed with a DC signal applied to the
PGM input.

Programming multiple NMC27C1024s in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the parallel
NMC27C1024s may be connected together when they are
programmed with the same data. A low level TTL pulse ap-
plied to the PGM input programs the paralleled
NMC27C1024s.

TABLE l. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode ) (20) (39) (¢)] (40) (3-10, 12-19)
Read ViL Vi ViH Vee 5V Dout
Standby ViH Don’t Care Don’t Care Vce 5V Hi-Z
Output Disable Don’t Care ViH ViH Veo 5V Hi-Z
Program ViL VIH ViL 12.75V 6.25V Din
Program Verify ViL ViL ViH 12.75V 6.25V Dout
Program Inhibit VIH Don’t Care Don’t Care 12.75V 6.25V Hi-Z
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Functional Description (continued)

Program Inhibit

Programming multiple NMC27C1024s in parallel with differ-
ent data is also easily accomplished. Except for CE, all like
inputs (including OE and PGM) of the parallel NMC27C1024
may be common. A TTL low level program pulse applied to
an NMC27C1024 PGM input with CE at V)_ and Vpp at
12.5V will program that NMC27C1024. A TTL high level CE
input inhibits the other NMC27C1024s from being pro-
grammed.

Program Verify

A verify should be performed on the programmed bits to
determine whether they were correctly programmed. The
verify may be performed with Vpp at 12.5V. Vpp must be at
Ve except during programming and program verify.

Manufacturer’s Identification Code

The NMC27C1024 has a manufacturer’s identification code
to aid in programming. When the device is inserted in an
EPROM programmer socket, the programmer reads the
code and then automatically calls up the specific program-
ming algorithm for the part. This automatic programming
control is only possible with programmers which have the
capability of reading the code.

The Manufacturer’s Identification code, shown in Table II,
specifically identifies the manufacturer and the device type.
The code for the NMC27C1024 is “8FD6”, where “8F” des-
ignates that it is made by National Semiconductor, and
“D6” designates a 1 Meg part.

The code is accessed by applying 12 +0.5V to address pin
A9. Addresses A1-A8, A10-A15, and all control pins are
held at V;_. Address pin AO is held at V;_ for the manufactur-
er's code, and held at V|4 for the device code. The code is
read on the lower eight data pins, Og-O7. Proper code ac-
cess is only guaranteed at 25°C +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC27C1024 are such
that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A-4000A
range. After programming opaque labels should be placed

over the NMC27C1024 window to prevent unintentional era-
sure. Covering the window will also prevent temporary func-
tional failure due to the generation of photo currents.

The recommended erasure procedure for the NMC27C1024
is exposure to short wave ultraviolet light which has a wave-
length of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity x exposure time) for erasure should be a minimum
of 15W-sec/cm2.

The NMC27C1024 should be placed within 1 inch of the
lamp tubes during erasure. Some lamps have a filter on their
tubes which should be removed before erasure. Table Il
shows the minimum NMC27C1024 erasure time for various
light intensities.

An erasure system should be calibrated periodically. The
distance from lamp to unit should be maintained at one inch.
The erasure time increases as the square of the distance. (If
distance is doubled the erasure time increases by a factor of
4.) Lamps lose intensity as they age. When a lamp is
changed, the distance has changed, or the lamp has aged,
the system should be checked to make certain full erasure
is occurring. Incomplete erasure will cause symptoms that
can be misleading. Programmers, components, and even
system designs have been erroneously suspected when in-
complete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Icc,
has three segments that are of interest to the system de-
signer—the standby current level, the active current level,
and the transient current peaks that are produced by volt-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent on the output capacitance
loading of the device. The associated V¢ transient voltage
peaks can be suppressed by properly selected decoupling
capacitors. It is recommended that at least a 0.1 uF ceramic
capacitor be used on every device between Vg and GND.
This should be a high frequency capacitor of low inherent
inductance. In addition, at least a 4.7 uF bulk electrolytic
capacitor should be used between Vg and GND for each
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage drop
caused by the inductive effects of the PC board traces.

TABLE Il. Manufacturer’s Identification Code

Pins Ap 07 0 05 04 03 02 04 0o Hex

(21) | (12) | (13) | (14) | (15) | (16) | (17) | (18) | (19) | Data
Manufacturer Code | V)L 1 0 0 0 1 1 1 1 8F
Device Code ViH 1 1 0 1 0 1 1 0 D6

TABLE Ill. Minimum NMC27C 1024 Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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Part Access Cycle Power Power Dissipation Packaging Operating
Capacity Organization Number 'I;:’r:;e 1(':':;3 Su(;‘)ly))ly Active Standby oIP o Temperature
(mA) (pA)
CMOS EEPROM % nz,
256-Bit 16x 16 NMC93C06
Serial NMC93CS06* 500 500 +5 2 50 8 14 g. 8:
1024-Bit 64x 16 NMC93C46 O :
Serial NMCoacsas* | °° 500 5 2 %0 8 1 oD
L
2048-Bit 128x 16 NMC93C56 :
Serial NMC93CS56* 500 500 +5 2 50 8 14 8-
4096-Bit 256 x 16 NMC93C66
Serial NMC93CS66* 500 500 +5 2 50 8 14 %
NMOS EEPROM =
256-Bit NMC9306 2 4 10 3 8 14,8 C.EM
16x16 NMC9307 2 4 +5 10 3 8
NMC9313B 2 5 15 5 8 C
1024-Bit 64x16 NMC9346 2 4 +5 12 3 8 14,8 C,EM
NMC9314B 2 5 17 5 8 (o}

*On chip write protection circuitry

Temperature Ranges

C = 0°Cto +70°C

E = —40°C to +85°C
M = —55°Cto +125°C

apIny uol}d9IdS NOHdIT

9pInY uold3I8S WOHd33



NMC9306

National
Semiconductor

NMC9306 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC9306 is a 256-bit non-volatile sequential access
memory fabricated using advanced floating gate N-channel
E2PROM technology. It is accessed via the simple
MICROWIRE™ serial interface and is designed for data
storage and/or timing applications. The device contains 256
bits of read/write memory divided into 16 registers of 16 bits
each. Each register can be serially read or written by a
COP400 series controller. Written information is stored in a
floating gate cell with at least 10 years data retention and
can be updated by an erase-write cycle. The NMC9306 has
been designed to meet applications requiring up to 4104
erase/write cycles per register. A power down mode reduc-
es power consumption by 70 percent.

Features

m Low cost

m Single supply operation (5V = 10%)
B TTL compatible

m 16X 16 serial read/write memory

® MICROWIRE compatible serial 1/0
m Compatible with COP400 processors
m Low standby power

® Non-volatile erase and write

m Reliable floating gate technology

m Designed for 40,000 erase/write cycles

Block Diagram

VPP [4—VCC
5| GENERATOR <

VPP

A 4

E2PROM
256 BITS
(16x 16)

1

ADORESS
LATCHES R/WAMPS |

"} DECODER
1/16

Pin Names

r'
4 I1s

DATA <

‘cs Chip Select

SK Serial Data Clock

o]} Serial Data Input

DO Serial Data Output

REGISTER
(17 BITS) CLK ]«

INSTRUCTION
REGISTER gLK
(9 BITS)

1]

INSTRUCTION
DECODE,

[ 3¢ 1

Veo Power Supply

GND Ground

CONTROL
AND

CLOCK

GENERATORS

Iy

TL/D/5029-1,




Connection Diagram

90E€6JNN

8-Pin
Dual-In-Line Package (N) SO Package (M8)
st Y e s=1 N sl=ve
sK—12 7—ne SK=—12 7=NC
DI=—{3 6= NC
DI—3 6 p—NC
D0=—{4 5= GND
00—t 4 § p——GND TL/D/5029-11
. Top View
/D/5029-10
Top View See NS Package Number MOSA

See NS Package Number NOSE
Ordering Information

Commercial Temperature Range (0°C to + 70°C)
Vee = 5V = 10%

Order Number Device Marking
NMC9306N NMC9306N
NMC9306M8 9306

Extended Temperature Range (—40°C to +85°C)
Vece = 5V £ 10%

Order Number Device Marking
NMC9306EN NMC9306EN
NMC9306EM8 9306E
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NMC9306

Absolute Maximum Ratings

Voltage Relative to GND

Ambient Storage Temperature

Lead Temperature
(Soldering, 10 seconds)

ESD rating

+6Vto —0.3V
—65°Cto +125°C

300°C
2000V

Operating Conditions

Ambient Operating Temperature

NMC9306/COP494 0°Cto +70°C
NMC9306E —40°Cto +85°C
Positive Supply Voltage 4.5V to 5.5V

Note: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indicat-
ed in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

Electrical Characteristics vc; = 5v +10% unless otherwise specified

Parameter Part Number Conditions Min Typ Max Units
Operating Voltage (Vcg) NMC9306, NMC9306E 4.5 5.5 \"
Operating Current (Icc1) NMC9306 Voo = 5.5V,CS =1 10 mA

NMC9306E Voe = 6.5V,CS = 1 12 mA
Standby Current (Icco) NMC9306 Vog = 5.5V,CS =0 3 mA
NMC9306E Ve = 56.5V,C8 =0 4 mA
Input Voltage Levels
Vi NMC9306 —0.1 0.8 \'
Vi 2.0 Voe + 1 \"
ViL NMC9306E —0.1 0.8 \'
ViH 2.0 Ve + 1 \
Output Voltage Levels NMC9306, NMC9306E
VoL loL=2.1mA 0.4 v
VoH loq = —400 pA 24 Vv
Input Leakage Current NMC9306, NMC9306E ViN = 5.5V 10 BA
Output Leakage Current NMC9306, NMC9306E Vouyt = 5.5V,CS =0 10 HA
SK Frequency NMC9306 0 250 kHz
SK HIGH TIME tgky (Note 2) 1 us
SK LOW TIME tgk (Note 2) 1 us
SK Frequency NMC9306E 0 kHz
SKHIGH TIME tgky (Note 2) 1 250 us
SK LOW TIME tgky (Note 2) 1 s
Input Set-up and Hold Times NMC9306, NMC9306E
CS ftcss 0.2 ns
tcsH 0 us
DI tois 0.4 us
toiH 0.4 us
Output Delay NMC9306, NMC9306E CL = 100 pF
DO  tppq VoL = 0.8V, Vo = 2.0V 2 s
trDo ViL = 045V, V|y = 2.4V 2 us
Erase/Write Pulse Width NMC9306, NMC9306E
(te/w) (Note 1) 10 % ms
CS Low Time NMC9306, NMC9306E 1 s
(tcs) (Note 3) r

Note 1: tz/w measured to rising edge of SK or CS, whichever occurs last.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 ps, therefore in an SK clock cycle, tgky + tgk must be greater than or equal to 4 ps.
e.g. if tsk = 1 us then the minimum tgkq = 3 ps in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 ps (ics) between consecutive instruction cycles.
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Functional Description

The NMC9306 is a small peripheral memory intended for
use with COPS™ controllers and other non-volatile memory
applications. Its organization is sixteen registers and each
register is sixteen bits wide. The input and output pins are
controlled by separate serial formats. Seven 10-bit instruc-
tions can be executed. The instruction format has a logical 0
as a start bit, followed by a logical 1, four bits as an op code,
and four bits of address. An SK clock cycle is necessary
after CS equals logical 0 followed by a logical 1 before the
instruction can be loaded. The on-chip programming-volt-
age generator allows the user to use a single power supply
(Vco)- Only during the read mode is the serial output (DO)
pin valid. During all other modes the DO pin is in
TRI-STATE®, eliminating bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a READ instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0’) precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains enabled
until a programming disable (EWDS) instruction is executed.
The programming enable instruction (EWEN) is needed to
keep the part in the enable state if the power supply (Vcc)
noise falls below operating range. The programming disable
instruction is provided to protect against accidental data dis-
turb. Execution of a READ instruction is independent of both
EWEN and EWDS instructions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to 1’s) before the register can be written (certain bits

Instruction Set

set to 0's). After an ERASE instruction is input, CS is
dropped low. This falling edge of CS determines the start of
programming. The register at the address specified in the
instruction is then set entirely to 1’s. When the erase/write
programming time (tg/w) constraint has been satisfied, CS
is brought up for at least one SK period. A new instruction
may then be input, or a low-power standby state may be
achieved by dropping CS low.

WRITE (Note 4)

The WRITE instruction is followed by 16 bits of data which
are written into the specified address. This register must
have been previously erased. Like any programming mode,
erase/write time is determined by the low state of CS fol-
lowing the instruction. The on-chip high voltage section only
generates high voltage during these programming modes,
which prevents spurious programming during other modes.
When CS rises to V|, the programming cycle ends. All pro-
gramming modes should be ended with CS high for one SK
period, or followed by another instruction.

CHIP ERASE (Note 4)

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar-
ray have each bit set to a 1. Each register is then ready for a
WRITE instruction.

CHIP WRITE (Note 4)

All registers must be erased before a chip write operation.

The chip write cycle is identical to the write cycle, except for

the different op code. All registers are simultaneously writ-

ten with the data pattern specified in the instruction.

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op
code, address and data, is being input. It can remain deactivated
during the Erase/Write pulse width (tg/w).

Instruction | SB | Op Code Address Data Comments

READ 01 10xx A3A2A1A0 Read Register ABA2A1A0
WRITE 01 01xx A3A2A1A0 | D15—DO | Write Register ABA2A1AQ
ERASE 01 11xx A3A2A1A0 Erase Register ABA2A1A0
EWEN 01 0011 XXXX Erase/Write Enable
EWDS 01 0000 XXXX Erase/Write Disable
ERAL 01 0010 XXXX Erase All Registers
WRAL 01~ 0001 XXXX D15—D0 | Write All Registers

NMC9306 has 7 instructions as shown. Note that MSB of any given instruction is a *“1” and is viewed as a start bit in
the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers.

X is a don't care state.
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NMC9306
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Instruction Timing
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National
Semiconductor

NMC93C06/C46 256-Bit/1024-Bit Serial
Electrically Erasable Programmable Memory

General Description

The NMC93C06/NMC93C46 are 256/1024 bits of CMOS
electrically erasable memory divided into 16-bit registers.
They are fabricated using National Semiconductor’s float-
ing-gate CMOS process for high speed and low power. They
operate from a single 5V supply since Vpp is generated on-
board. The serial organization allows the NMC93&06/
NMC93C46 to be packaged in an 8-pin DIP or 8-pin SO
package to save board space.

The memories feature a serial interface with the instruction,
address, and write data, input on the Data-In (DI) pin. All
read data and device status is output on the Data-Out (DO)
pin. A low-to-high transition of shift clock (SK) shifts all data
in and out. This serial interface is MICROWIRE™ compati-
ble for simple interface to standard microcontrollers and mi-
croprocessors. There are 7 instructions: Read, Erase/Write
Enable, Erase, Erase All, Write, Write All, Erase/Write Dis-
able. The NMC93C06/NMC93C46 do not require an erase
cycle prior to the Write and Write All instructions. The Erase
and Erase All instructions are available to maintain com-
plete read and programming compatibility with the NMOS
NMC9346. All programming cycles are completely self-
timed for simplified operation. The busy status is available
on the DO pin to indicate the completion of a programming
cycle. EEPROMSs are shipped in the erased state where all
bits are logical 1’s.

Compatibility with Other Devices
These memories are pin compatible to National Semicon-
ductor's NMOS EEPROMs, NMC9306 and NMC9346. The
NMC93C06/NMC93C46 are both pin and function compati-
ble with the NMC93C56 2048-bit EEPROM and the
NMC93C66 4096-bit EEPROM with the one exception that
both of these larger devices require two additional address
bits.

Features

m Typical active current 400 pA; Typical standby current
25 pA

m Reliable CMOS floating gate technology

W 5V only operation in all modes

® MICROWIRE compatible serial 1/0

m Self-timed programming cycle

m Device status signal during programming mode

® Over 40 years data retention

B Designed for 100,000 write cycles

Block Diagram

cs ] smuction Vg
sK DECODER,
| instRuction CONTROL LOGIC,
o1—g—»] NSTRUCTC AND CLOCK
GENERATORS.
6 y
L 2 HIGH VOLTAGE
ADDRESS GENERATOR
REGISTER AND
PROGRAM
TMER
1 Vep
EEPROM ARRAY
Jecooen »| 256/512/1024 BITS
(16x16/64x16)
-« Vg
JToara v/ ou RecisteR DUMMY
q 16 BT BIT
P DATA OUT

bo< BUFFER

TL/D/8790-3
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NMC93C06/NMC93C46

Connection Diagrams

Dual-In-Line Package (N)

cs—1 8=V,
. [~ Ve
SK-J 2 7=NC
DI—3 6—NC
D0—j4 Sf—GND
TL/D/8790-1
Top View

See NS Package Number NOSE

Ordering Information

Pin Names
CS Chip Select
SK  Serial Data Clock
DI Serial Data Input
DO Serial Data Output
GND Ground
Vcc Power Supply

<

Commercial Temp. Range (0°C to + 70°C)
Vee = 5V £10%

Order Number

NMC93C06N/NMC93C46N
NMC93C06M8/NMC93C46M8

Extended Temp. Range (—40°C to +85°C)
Vee = 5V £10%

Order Number

NMC93CO06EN/NMC93C46EN
NMC93C06EM8/NMC93C46EM8

Military Temp. Range (—55°C to + 125°C)

Order Number

NMC93C06MN/NMC93C46MN
NMC93C06MM8/NMC93C46MM8

SO Package (M8)
-/

cs—q1
Sk=—2

D=3
D0—4

—Vee
—NC
—=NC
—GND

L e ]

TL/D/8790-2
Top View

See NS Package Number MOSA
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=
Absolute Maximum Ratings (Note 1) Operating Conditions %
If Military/Aerospace specified devices are required, Ambient Operating Temperature 8
please contact the National Semiconductor Sales NMC93C06/46 0°Cto +70°C 8
Office/Distributors for availability and specifications. NMC93C06/46E —40°C to +85°C Q
All Input or Output Voltages +6.5V to —0.3V NMC93C06/46M —55°Cto +125°C =2
with Respect to Ground Positive Supply Voltage 4.5V to 5.5V =
Ambient Storage Temperature —65°Cto +150°C 8
[
Lead Temperature le)
(Soldering, 10 seconds) +300°C s
ESD rating 2000V
DC and AC Electrical Characteristics vcc = 5V +10% unless otherwise specified
Symbol Parameter Part Number Conditions Min Max Units
lcct Operating Current NMC93C06/46 CS = V), SK = 1MHz 2
CMOS Input Levels NMC93C06/46E SK = 0.5 MHz 2 mA
NMC93C06/46M* SK = 0.5 MHz 2
lcce Operating Current NMC93C06/46 CS = V|, SK =1 MHz 3
TTL Input Levels NMC93C06/46E SK = 0.5 MHz 3 mA
NMC93C06/46M SK = 0.5 MHz 4
lcca Standby Current NMC93C06/46 CS =0V 50
NMC93C06/46E 100 pA
NMC93C06/46M 100
i Input Leakage NMC93C06/46 ViN = OV to Ve —25 2.5
NMC93C06/46E -10 10 pA
NMC93C06/46M -10 10
loL Output Leakage NMC93C06/46 Vout = 0VtoVee —-25 25
NMC93C06/46E -10 10 pA
NMC93C06/46M —10 10
ViL Input Low Voltage -0.1 0.8 v
ViH Input High Voltage 2 Voo + 1
VoL1 Output Low Voltage NMC93C06/46 loL = 2.1 mA 0.4
NMC93C06/46E loL = 2.1mA 0.4 \
NMC93C06/46M loL = 1.8mA 0.4
VOH1 Output High Voltage loq = —400 pA 2.4
VoL2 Output Low Voltage loL = 10 pA 0.2 v
VoH2 Output High Voltage loH = —10 pA Vg — 0.2
fsk SK Clock Frequency NMC93C06/46 0 1
NMC93C06/46E 0 0.5 MHz
NMC93C06/46M 0 0.5
tsKH SK High Time NMC93C06/46 (Note 2) 250
NMC93C06/46E (Note 3) 500 ns
NMC93C06/46M (Note 3) 500
tskL SK Low Time NMC93C06/46 (Note 2) 250
NMC93C06/46E (Note 3) 500 ns
NMC93C06/46M (Note 3) 500
tcs Minimum CS NMC93C06/46 (Note 4) 250
Low Time NMC93C06/46E (Note 5) 500 ns
NMC93C06/46M (Note 5) 500
tcss CS Setup Time NMC93C06/46 Relative to SK 50
NMC93C06/46E 100 ns
NMC93C06/46M 100
*Note: Thruout this table “M" refers to temperature range (—55°C to +125°C), not package.
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NMC93C06/NMC93C46

DC and AC Electrical Characteristics vcc = 5v +10% (Continued)

Symbol Parameter Part Number Conditions Min Max Units

tpis DI Setup Time NMC93C06/46 Relative to SK 100
NMC93C06/46E 200 ns
NMC93C06/46M 200

tcsH CS Hold Time Relative to SK 0 ns

toiH DI Hold Time NMC93C06/46 Relative to SK 100
NMC93C06/46E 200 ns
NMC93C06/46M 200

tPD1 Output Delay to “1” NMC93C06/46 AC Test 500
NMC93C06/46E 1000 ns
NMC93C06/46M 1000

teDo Output Delay to “0” NMC93C06/46 AC Test 500
NMGC93C06/46E 1000 ns
NMC93C06/46M 1000

tsv CS to Status Valid NMC93C06/46 AC Test 500
NMC93C06/46E 1000 ns
NMC93C06/46M 1000

tor CStoDOin NMC93C06/46 CS =V 100

TRI-STATE® NMC93C06/46E AC Test 200 ns

NMC93C06/46M 200

twp Write Cycle Time 10 ms

Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in operational sections of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 ps, therefore in an SK clock cycle tgskH + tgkL must be

greater than or equal to 1 ps. For example if tgk;. = 250 ns then the minimum tgky = 750 ns in order to meet the SK frequency specification.

Note 3: The SK frequency specification for Extended Temperature and Military parts specifies a minimum SK clock period of 2 s, therefore in an SK clock cycle
tskH + tskL must be greater than or equal to 2 ps. For example, if tgk,. = 500 ns then the minimum tgky = 1.5 ps in order to meet the SK frequency specification.

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcs) between consecutive instruction cycles.
Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcs) between consecutive instruction cycles.
Note 6: This parameter is periodically sampled and not 100% tested.

Capacitance (Notc6)
Ta = 25°C, f = 1 MHz

Symbol Test Typ | Max | Units
Cout Output Capacitance 5 pF
Cin Input Capacitance 5 pF

AC Test Conditions
1 TTL Gate and C_ = 100 pF

Output Load
Input Pulse Levels

Timing Measurement Reference Level

Input
Output

0.4Vto 2.4V

1Vand 2V
0.8V and 2V
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Functional Description

The NMC93C06/NMC93C46 has 7 instructions as de-
. scribed below. Note that the MSB of any instruction is a “1”
and is viewed as a start bit in the interface sequence. The
next 8 bits carry the op code and the 6-bit address for selec-
tion of 1 of 16 or 64 16-bit registers.

Read (READ):

The Read (READ) instruction outputs serial data on the DO
pin. After a READ instruction is received, the instruction and
address are decoded, followed by data transfer from the
selected memory register into a 16-bit serial-out shift regis-
ter. A dummy bit (logical “0") precedes the 16-bit data out-
put string. Output data changes are initiated by a low-to-high
transition of the SK clock.

Erase/Write Enable (EWEN):

When Vg is applied to the part, it “powers up” in the
Erase/Write Disable (EWDS) state. Therefore, all program-
ming modes must be preceded by an Erase/Write Enable
(EWEN) instruction. Once an Erase/Write Enable instruc-
tion is executed, programming remains enabled until an
Erase/Write Disable (EWDS) instruction is executed or Voo
is removed from the part.

Erase (ERASE):

The ERASE instruction will program all bits in the specified
register to the logical “1” state. CS is brought low following
the loading of the last address bit. This falling edge of the
CS pin initiates the self-timed programming cycle.

The DO pin indicates the READY/BUSY status of the chip if
CS is brought high after a minimum of 250 ns (tcg)-
DO = logical “0” indicates that programming is still in prog-
ress. DO = logical “1” indicates that the register, at the
address specified in the instruction, has been erased, and
the part is ready for another instruction.

Instruction Set foi' the NMC93C06/46

Write (WRITE)

The Write (WRITE) instruction is followed by 16 bits of data
to be written into the specified address. After the last bit of
data is clocked in on the data-in (DI) pin, CS must be
brought low before the next rising edge of the SK clock.
This falling edge of the CS initiates the self-timed program-
ming cycle. The DO pin indicates the READY/BUSY status
of the chip if CS is brought high after a minimum of 250 ns
(tcs). DO = logical “0" indicates that programming is still in
progress. DO = logical “1” indicates that the register at the
address specified in the instruction has been written with
the data pattern specified in the instruction and the part is
ready for another instruction.

Erase All (ERAL)

The ERAL instruction will simultaneously program all regis-
ters in the memory array and set each bit to the logical “1”
state. The Erase All cycle is identical to the ERASE cycle
except for the different op-code.

As in the ERASE mode, the DO pin indicates the READY/
BUSY status of the chip if CS is brought high after a mini-
mum of 250 ns (tcg).

Write All (WRAL):

The WRAL instruction will simultaneously program all regis-
ters with the data pattern specified in the instruction. As in
the WRITE mode, the DO pin indicates the READY/BUSY
status of the chip if CS is brought high after a minimum of 50

ns (tcs)-

Erase/Write Disable (EWDS):

To protect against accidental data disturb, the Erase/Write
Disable (EWDS) instruction disables all programming modes
and should follow all programming operations. Execution of
a READ instruction is independent of both the EWEN and
EWDS instructions.

Instruction SB Op Code Address Comments

READ 1 l 10 A5-A0 Reads data stored in memory.

EWEN 1 00 11XXXX Write enable must precede all programming modes.
ERASE 1 11 A5-A0 Erase register ASA4A3A2A1AQ.

WRITE 1 01 A5-A0 D15-D0 Writes register.

ERAL 1 00 10XXXX Erase all registers.

WRAL 1 00 01XXXX D15-D0 Writes all registers.

EWDS 1 00 00XXXX Disables all programming instructions.
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NMC93C06/NMC93C46

Timing Diagrams

Synchronous Data Timing

Vin
cs \
V"_ ] HS‘ ‘——
tessl tskn i tskL = tosy
« Vi ’
ViL ] L_.._.

Vi
Di
Vi X X
tppo tept tor
DO (READ You
( )VOL

tsy le—s| toF

k STATUS VALID

*This is the minimum SK period (Note 2). TL/D/8790-4

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 s, therefore in an SK clock cycle tsky + tskL must be
greater than or equal to 1 ps. For example if tgk;. = 250 ns then the minimum tgky = 750 ns in order to meet the SK frequency specification.

Vo
DO (PROGRAM),,
oL

READ:

I I I I

A0

Ik by
¢ 1Ly

: XOOEEOE-
TL/D/8790-5
*Address bits A5 and A4 become “don’t care” for NMC93C06.
WEN:
DO = TRI-STATE

cs_l tes

ol /T\o 0 / 1 1\<ZX oo xz>\
TL/D/8790-6
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Timing Diagrams (Continued)

EWDS:
DO = TRI-STATE

cs —J tes

9vOE6INN/900E6DNN

DI /T\o 0 0 0 X oo X

WRITE:

‘] - i

TL/D/8790-7

AN E 00,

DO READY

fe———— th

TL/D/8790-8
*Address bits A5 and A4 become “don’t care” for NMC93C06.

WRAL:

cs J tes

VAN 0.0 ¢

00 ‘ BUSY [/ peany

TL/D/8790-9
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NMC93C06/NMC93C46

Timing Diagrams (continued)
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National
Semiconductor

NMC93CS06/CS46 256-Bit/1024-Bit Serial
Electrically Erasable Programmable Memories

General Description

The NMC93CS06/NMC93CS46 are 256/1024 bits of
read/write memory divided into 16/64 registers of 16 bits
each. N registers (N < 16 or N < 64) can be protected
against data modification by programming into a special on-
chip register called the memory protect register the address
of the first register to be protected. This address can be
locked into the device, so that these registers can be per-
manently protected. Thereafter, all attempts to alter data in
a register whose address is equal to or greater than the
address stored in the protect register will be aborted.

The read instruction loads the address of the first register to
be read into a 6-bit address pointer. Then the data is
clocked out serially on the DO pin and automatically cycles
to the next register to produce a serial data stream. In this
way the entire memory can be read in one continuous data
stream or as registers of varying length from 16 to
256/1024 bits. Thus, the NMC93CS06/NMC93CS46 can be
viewed as a non-volatile shift register.

The write cycle is completely self-timed. No separate erase
cycle is required before write. The write cycle is only en-
abled when pin 6 (program enable) is held high. If the ad-
dress of the register to be written is less than the address

in the protect register then the data is written 16 bits at a
time into one of the 16/64 data registers. If CS is brought
high following the initiation of a write cycle the DO pin indi-
cates the ready/busy status of the chip.

National Semiconductor's EEPROMs are designed and
tested for applications requiring extended endurance. Refer
to device operation for further endurance information. Data
retention is specified to be greater than 40 years.

Features

m Write protection in user defined section of memory
B Typical active current 400 pA; Typical standby current
25 nA

Reliable CMOS floating gate technology

5 volt only operation in all modes

Microwire compatible serial 170

Self-timed programming cycle

Device status signal during programming mode
Sequential register read

Over 40 years data retention

Designed for 100,000 write cycles

Block Diagram

cs »  INSTRUCTION < Vo
sK DECODER, l¢———————PRE
Di—ep] INSTRUCTION CoNTROL LS. e PE
. "] REGISTER e
GENERATORS.
8 l "'| ADDRESS COMPARE 4 A4
. HIGH VOLTAGE
ADDRESS PROTECT WRITE ENABLE GENERATOR
REGISTER REGISTER e EN AND
PROGRAM
TIMER
l Vep
A 4
DECODER EEPROM ARRAY
1 OF 16/64 P 256/ 1024 BITS
(16/64 x 16)
<+— Vg5
DATA IN/ OUT REGISTER DUMMY
16 BITS "l e ‘
< DATA OUT |
00 < BUFFER |

TL/D/9208-3
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NMC93CS06/CS46

Connection Diagrams

PIN OUT:
Dual-In-Line Package (N)
N\
cs—{1 8f—Vee
Sk—{2 7f—=PRE
DI—3 6—PE
DO—14 S5p=GND
TL/D/9208-1
Top View

See NS Package Number NOSE

Ordering Information

Pin Names PIN OUT:

CS Chip Select

SK  Serial Data Clock

DI  Serial Data Input

DO Serial Data Output
GND Ground

PE  Program Enable
PRE Protect Register Enable
Vcc Power Supply

Commercial Temp. Range (0°C to +70°C)
Vee = 5V + 10%

Order Number

NMC93CS06N/NMC93CS46N
NMC93CS06M/NMC93CS46M

Extended Temp. Range (—40°C to +85°C)
Vee = 5V £ 10%

Order Number

NMGC93CSO6EN/NMCI3CS46EN
NMC93CS06EM/NMC93CS46EM

Military Temp. Range (—55°C to + 125°C)

Order Number

NMC93CS06MN/NMC93CS46MN
NMC93CS06MM/NMC93CS46MM

SO Package (M)

N\

NC—
CS—
SK=—
NC—
DI—
D0 —
NC =

N o s N

14f—-NC
13}-Vec
12}—PRE
11f-nc
10}—PE
9j—GND
8J—NC

Top View

TL/D/9208-2

See NS Package Number M14A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Operating Conditions

Ambient Operating Temperature
NMC93CS06/NMC93CS46
NMC93CS06E/NMC93CS46E

0°Cto +70°C
—40°Cto +85°C

Ambient Storage Temperature —65°Cto +150°C NMC%CSOGM/ NMC93CS46M —55°Cto +125°C
All Input or Output Voltages +6.5Vto —0.3V (M"" Temp.)
with Respect to Ground Positive Power Supply 4.5Vto0 5.5V
Lead Temperature (Soldering, 10 sec.) +300°C
ESD rating 2000V
DC and AC Electrical Characteristics vec = 5v +10% unless otherwise specified
Symbol Parameter Part Number Conditions Min Max Units
lcct Operating Current NMC93CS06/NMC93CS46 CS = V|, SK = 1 MHz 2
CMOS Input Levels | NMC93CS06E/NMC93CS46E SK = 0.5 MHz 2 mA
NMC93CS06M/NMC93CS46M* | SK = 0.5 MHz 2
lcce Operating Current NMC93CS06/NMC93CS46 CS = V|, SK = 1 MHz 3
TTL Input Levels NMC93CS06E/NMC93CS46E SK = 0.5MHz 3 mA
NMC93CS06M/NMC93CS46M | SK = 0.5 MHz 4
lccs Standby Current NMC93CS06/NMC93CS46 CS =0V 50
NMC93CS06E/NMC93CS46E 100 BA
NMC93CS06M/NMC93CS46M 100
IR Input Leakage NMC93CS06/NMC93CS46 ViN = OV to Ve —-2.5 2.5
NMC93CS06E/NMCO3CS46E -10 10 pA
NMC93CS06M/NMC93CS46M -10 10
loL Output Leakage NMC93CS06/NMC93CS46 VouTt = 0Vto Ve —-25 25
NMC93CS06E/NMC93CS46E -10 10 nA
NMC93CS06M/NMC93CS46M -10 10
ViL Input Low Voltage —0.1 0.8 v
VIH Input High Voltage 2 Ve + 1
VoL1 Output Low Voltage | NMC93CS06/NMC93CS46 loL = 2.1mA 0.4
NMC93CS06E/NMC93CS46E loL = 2.1 mA 0.4 \
NMC93CS06M/NMC93CS46M loL = 1.8mA 0.4
VOH1 Output High Voltage lon = —400 pA 2.4
VoLz Output Low Voltage loL = 10 pA 0.2 v
Vouz Output High Voltage lon = —10 pA Voo — 0.2
fsk SK Clock Frequency | NMC93CS06/NMC93CS46 0 1
NMC93CS06E/NMC93CS46E 0 0.5 MHz
NMC93CS06M/NMC93CS46M 0 0.5
tskH SK High Time NMC93CS06/NMC93CS46 (Note 2) 250
NMC93CS06E/NMC93CS46E (Note 3) 500 ns
NMC93CS06M/NMC93CS46M (Note 3) 500
tskL SK Low Time NMC93CS06/NMC93CS46 (Note 2) 250
NMC93CS06E/NMC93CS46E (Note 3) 500 ns
NMC93CS06M/NMC93CS46M (Note 3) 500
tcs Minimum CS NMC93CS06/NMC93CS46 (Note 4) 250
Low Time NMC93CS06E/NMC93CS46E (Note 5) 500 ns
NMC93CS06M/NMC93CS46M (Note 5) 500
tcss CS Setup Time NMC93CS06/NMC93CS46 Relative to SK 50
NMC93CS06E/NMC93CS46E 100 ns
NMC93CS06M/NMC93CS46M 100
tPRES PRE Setup Time NMC93CS06/NMC93CS46 Relative to SK 50
NMC93CS06E/NMC93CS46E 100 ns
NMC93CS06M/NMC93CS46M 100

*Throughout this table “M” refers to temperature range (—55°C to + 125°C), not package.
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NMC93CS06/CS46

DC and AC Electrical Characteristics v = 5V +10% unless otherwise specified (Continued)

Symbol Parameter Part Number ' Conditions Min Max Units
tPES PE Setup Time NMC93CS06/NMC93CS46 Relative to SK 50
NMC93CS06E/NMC93CS46E 100 ns
NMC93CS06M/NMC93CS46M 100
tbis DI Setup Time NMC93CS06/NMC93CS46 Relative to SK 100
NMC93CS06E/NMC93CS46E 200 ns
NMC93CS06M/NMC93CS46M 200
tcsH CS Hold Time Relative to SK 0 ns
- tPEH PE Hold Time NMC93CS06/NMC93CS46 Relative to CS 250
NMC93CS06E/NMC9I3CS46E Relative to CS 500 ns
NMC93CS06M/NMC93CS46M Relative to CS 500
tPREH PRE Hold Time Relative to SK 0 ns
tDIH DI Hold Time NMC93CS06/NMC93CS46 Relative to SK 100
NMC93CS06E/NMC93CS46E 200 ns
NMC93CS06M/NMC93CS46M 200
tpp1 Output Delay to “1” NMC93CS06/NMC93CS46 500
NMC93CS06E/NMC93CS46E AC Test 1000 ns
NMC93CS06M/NMC93CS46M 1000
trpo Output Delay to “‘0” NMC93CS06/NMC93CS46 500
NMC93CS06E/NMC93CS46E AC Test 1000 ns
NMC93CS06M/NMC93CS46M 1000
tsv CS to Status Valid NMC93CS06/NMC93CS46 500
NMC93CS06E/NMC93CS46E AC Test 1000 ns
NMC93CS06M/NMC93CS46M 1000
tor CStoDOin NMC93CS06/NMC93CS46 CS = VL 100
TRI-STATE® NMC93CS06E/NMC9I3CS46E AC Test 200 ns
NMC93CS06M/NMC93CS46M ’ 200
twp Write Cycle Time 10 ms

Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 microsecond, therefore in an SK clock cycle tgkn + tski
must be greater than or equal to 1 microsecond. For example if tgk|. = 250 ns then the minimum tgky = 750 ns in order to meet the SK frequency specification.

Note 3: The SK frequency specification for Extended Temperature and Military parts specifies a minimum SK clock period of 2 microseconds, therefore in an SK
clock cycle tgskH + tskL must be greater than or equal to 2 microseconds. For example, if tgk. = 500 ns then the minimum tgky = 1.5 microseconds in order to
meet the SK frequency specification.

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcg) between consecutive instruction cycles.
Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcg) between consecutive instruction cycles.
Note 6: This parameter is periodically sampled and not 100% tested.

Capacitance (Notc6) AC Test Conditions
Ta = 26°C,f = 1MHz Output Load 1 TTL Gate and C_ = 100 pF
Symbol Test Typ | Max | Units Input Pulse Levels 0.4V to 2.4V
N Timing Measurement Reference Level
Cout Output Capacitance 5 pF Input 1V and 2V
Cin Input Capacitance 5 pF Output 0.8V and 2V
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Functional Description

The NMC93CS06 and NMC93CS46 have 10 instructions as
described below. Note that the MSB of any instruction is a
“1"” and is viewed as a start bit in the interface sequence.
The next 8-bits carry the op code and the 6-bit address for
selection of 1 of 16 or 64 16-bit registers.

Read (READ):

The Read (READ) instruction outputs serial data on the DO
pin. After a READ instruction is received, the instruction and
address are decoded, followed by data transfer from the
selected memory register into a 16-bit serial-out shift regis-
ter. A dummy bit (logical 0) precedes the 16-bit data output
string. Output data changes are initiated by a low to high
transition of the SK clock. In the NONVOLATILE SHIFT-
REGISTER mode of operation, the memory automatically
cycles to the next register after each 16 data bits are
clocked out. The dummy-bit is suppressed in this mode and
a continuous string of data is obtained.

Write Enable (WEN):

When V¢ is applied to the part, it “powers up” in the Write
Disable (WDS) state. Therefore, all programming modes
must be preceded by a Write Enable (WEN) instruction.
Once a Write Enable instruction is executed programming
remains enabled until a Write Disable (WDS) instruction is
executed or Vg is removed from the part.

Write (WRITE):

The Write (WRITE) instruction is followed by 16 bits of data
to be written into the specified address. After the last bit of
data (DO) is put on the data-in (DI) pin, CS must be brought
low before the next rising edge of the SK clock. This falling
edge of the CS initiates the self-timed programming cycle.
The PE pin MUST be held high while loading the WRITE
instruction, however, after loading the WRITE instruction the
PE pin becomes a “don’t care”. The DO pin indicates the
READY/BUSY status of the chip if CS is brought high after
a minimum of 250 ns (tcg). DO = logical 0 indicates that
programming is still in progress. DO = logical 1 indicates

that the register at the address specified in the instruction
has been written with the data pattern specified in the in-
struction and the part is ready for another instruction.

Write All (WRALL):

The Write All (WRALL) instruction is valid only when the
Protect Register has been cleared by executing a
PRCLEAR instruction. The WRALL instruction will simulta-
neously program all registers with the data pattern specified
in the instruction. Like the WRITE instruction, the PE pin
MUST be held high while loading the WRALL instruction,
however, after loading the WRITE instruction the PE pin be-
comes a ‘“‘don’t care”. As in the WRITE mode, the DO pin
indicates the READY/BUSY status of the chip if CS is
brought high after a minimum of 250 ns (tcs).

Write Disable (WDS):

To protect against accidental data disturb, the Write Disable
(WDS) instruction disables all programming modes and
should follow all programming operations. Execution of a
READ instruction is independent of both the WEN and WDS
instructions.

Protect Register Read (PRREAD):

The Protect Register Read (PRREAD) instruction outputs
the address stored in the Protect Register on the DO pin.
The PRE pin MUST be held high while loading the instruc-
tion. Following the PRREAD instruction the 6-bit address
stored in the memory protect register is transferred to the
serial out shift register. As in the READ mode, a dummy bit
(logical 0) precedes the 6-bit address string.

Protect Register Enable (PREN):

The Protect Register Enable (PREN) instruction is used to
enable the PRCLEAR, PRWRITE, and PRDS modes. Before
the PREN mode can be entered, the part must be in the
Write Enable (WEN) mode. Both the PRE and PE pins
MUST be held high while loading the instruction.

Note that a PREN instruction must immediately precede a
PRCLEAR, PRWRITE, or PRDS instruction.

Instruction Set for the NMC93CS06 and NMC93CS46

Instruction | SB | Op Code | Address Data PRE | PE Comments

READ 1 10 A5-A0 o] X | Reads data stored in memory, starting at specified address.

WEN 1 00 TIXXXX 0 1 | Write enable must precede all programming modes.

WRITE 1 01 A5-A0 | D15-DO 0 1 | Writes register if address is unprotected.

WRALL 1 00 01XXXX | D15-D0 0 1 | Writes all registers. Valid only when Protect Register is
cleared.

WDS 00 00XXXX 0 Disables all programming instructions.

PRREAD 1 10 XXXXXX X | Reads address stored in Protect Register.

PREN 1 00 T1IXXXX 1 Must immediately precede PRCLEAR, PRWRITE, and
PRDS instructions.

PRCLEAR 1 11 1111141 1 1 | Clears the Protect Register so that no registers are
protected from WRITE.

PRWRITE 1 01 A5-AO0 1 1 | Programs address into Protect Register. Thereafter,
memory addresses = the address in Protect Register are
protected from WRITE.

PRDS 1 00 000000 1 1 One time only instruction after which the address in the
Protect Register cannot be altered.
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NMC93CS06/CS46

Functional Description (continued)

Protect Register Clear (PRCLEARY):

The Protect Register Clear (PRCLEAR) instruction clears
the address stored in the Protect Register and, therefore,
enables all registers for the WRITE and WRALL instruction.
The PRE and PE pins must be held high while loading the
instruction, however, after loading the PRCLEAR instruction
the PRE and PE pins become ‘“don't care”. Note that a
PREN instruction must immediately precede a PRCLEAR
instruction.

Protect Register Write (PRWRITE):

The Protect Register Write (PRWRITE) instruction is used to
write into the Protect Register the address of the first regis-
ter to be protected. After the PRWRITE instruction is exe-
cuted, all memory registers whose addresses are greater
than or equal to the address specified in the Protect Regis-
ter are protected from the WRITE operation. Note that be-
fore executing a PRWRITE instruction the Protect Regis-

Timing Diagrams

ter must first be cleared by executing a PRCLEAR operation
and that the PRE and PE pins must be held high while
loading the instruction, however, after loading the PRWRITE
instruction the PRE and PE pins become ‘don’t care’. Note
that a PREN instruction must immediately precede a
PRWRITE instruction.

Protect Register Disable (PRDS):

The Protect Register Disable (PRDS) instruction is a one
time only instruction which renders the Protect Register un-
alterable in the future. Therefore, the specified registers be-
come PERMANENTLY protected against data changes. As
in the PRWRITE instruction the PRE and PE pins must be
held high while loading the instruction, and after loading the
PRDS instruction the PRE and PE pins become “don’t
care”.

Note that a PREN instruction must immediately precede a
PRDS instruction.

Synchronous Data Timing

Vi

PRE
ViL

X

teres
Vi

tpREn

PE
ViL

tpes
Vi

s \p—

1 ys'

tess
Vi

sK
ViL

tskH

|

tois

— L |

N
tom
ViL

ik

kL

tppo
Vo
D0 (READ)VOL

S

tsy

<—>th

0o (PROGRAM)VOH
VoL

S

STATUS VALID

*This is the minimum SK period (See Note 2).

TL/D/9208-4
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Timing Diagrams (continued)

READ:
PRE = 0, PE = X

I I I by
g

cs_l |*cs|

«_ U LU

9¥SJ3/90SOE6INN

” i)
*Address bits A5 and A4 become “don’t cares” for NMC93CS06 TL/D/9208-5

tThe memory automatically cycles to the next register.

WEN:
PRE = 0, D0 = TRI-STATE

PE

cs tes

<UL UL
N\ /TR

TL/D/9208-6
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NMC93CS06/CS46

Timing Diagrams (Continued)

WDSs:
PRE = 0, PE = X, DO = TRI-STATE

| .

TL/D/9208-7

§ AN
o "cs L

SAVAO SO ODC

00 BUSY READY

[———— ‘WP

. TL/D/9208-8
® Address bits A5 and A4 become “don’t cares” for NMC93CS06
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Timing Diagrams (Continued)

WRALL*:
PRE =0

PE_ E E E E }\
cs tes
Dl_/T\o o o 1/ «x 0“@0 00

5 ‘ BUSY READY
L twp

*Protect Register MUST be cleared.

PRREAD:
PE = X

PRE

g o [ RKRER)

eAddress bits A5 and A4 become “don’t cares” for NMC93CS06

TL/D/9208-9

TL/D/9208-10
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NMC93CS06/CS46

Timing Diagrams (continued)

PREN*:
DO = TRI-STATE
PRE
PE
cs tes

N\ TR

*A WEN cycle must precede a PREN cycle.

TL/D/9208-11

. B ARARNRRNNN
. IARRRRARN

Do

BUSY READY

*A PREN cycle must immediately precede a PRCLEAR cycle.

~—twp

TL/D/9208-12
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Timlng Dlag rams (Continued)
PRWRITET:

AN
. A ANNY
UL Uy
o /o /NEXXx

0 BUSY READY

9¥SJ/90SIOE6INN

—— twp

TL/D/9208-13
*Address bits A5 and A4 become “don't cares” for NMC93CS06

TProtect Register MUST be cleared before a PRWRITE cycle. A PREN cycle must immediately precede a PRWRITE cycle.

PRDS*:

" AMAMMNY
" AV

cs tes

DI /T\O 0 0 eee 0 0 0 0

00 BUSY READY

le—typ

TL/D/9208-14
*ONE TIME ONLY instruction. A PREN cycle must immediately precede a PRDS cycle.
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NMC9307

National
Semiconductor

NMC9307 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC9307 is a 256-bit non-volatile sequential access
memory fabricated using advanced floating gate N-channel
E2PROM technology. It is a peripheral memory designed for
data storage and/or timing and is accessed via the simple
MICROWIRE™ serial interface. The device contains 256
bits of read/write memory divided into 16 registers of 16 bits
each. Each register can be serially read or written by a
COP400 series controller. Bulk programming instructions
(chip erase, chip write) can be enabled or disabled by the
user for enhanced data protection. Written information is
stored in a floating gate cell with at least 10 years data
retention and can be updated by an erase-write cycle. The
NMC9307 has been designed to meet applications requiring
up to 40,000 erase/write cycles per register. A power down
mode reduces power consumption by 70 percent.

Features

W 40,000 erase/write cycles
W 10 year data retention

m Low cost

m Single supply operation (5V
H TTL compatible

Low standby power

+10%)

16 X 16 serial read/write memory
MICROWIRE compatible serial I/0
Compatible with COP400 processors

Non-volatile erase and write
Reliable floating gate technology

Block and Connection Diagrams

VPP j¢—VeCe

Dual-In-Line Package (N)

VPP

y

2 E2PROM
DECOMER | 256N
—»] V6 (16 16)

T 3

ADDRESS
LATCHES

R/W AMPS

cs—q1 U 8 p—=viC
SK—i 2 7 p—nc
Ol=—13 6 p—BPE
D0y d S —GND
TL/D/9204-2
Top View

A“ $5

DATA <
—> REGISTER

(178ITS)  CLK J €=

INSTRUCTION
REGISTER (LK
(9 BITS)

L

INSTRUCTION
DECODE,
CONTROL

!

AND

CLOCK

.

See NS Package Number NOSE

SO Package (M)

}— e
P Ve
—NC
= NC
P~ BPE
= GND
= NC

Top View

Pin Names

Cs Chip Select

TL/D/9204-3

See NS Package Number M14B
Note: Contact factory for SO8 availability.

TL/D/9204-1 QK Serial Data Clock
DI Serial Data Input
DO Serial Data Output
Vce Power Supply
GND  Ground
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Absolute Maximum Ratings

LOE6JNN

If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 300°C
please contact the National Semiconductor Sales ESD Rating 2000V
Offlce/DlstriPutors for availability and specifications. Note: Stresses above those listed under “Absolute Maxi-
Voltage Relative to GND +6Vto —0.3V mum Ratings” may cause permanent damage to the device.
Ambient Operating Temperature This is a stress rating only and functional operation of the

NMC9307 0°Cto +70°C device at these or any other conditions above those indicat-

NMC9307E —~40°Cto +85°C ed in the operational sections of this specification is not
Ambient Storage Temperature —65°C to +125°C implied. Exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

Electrical Characteristics

Parameter Conditions Part No Min Max Units
Operating Voltage (Vo) 4.5 5.5 Vv
Operating Current (Icc1) Veg=5.5V,CS=1 9307 10 mA
9307E 12
Standby Current (Iccz) Vecc=5.5V,CS=0 9307 3 mA
9307E 4
Input Voltage Levels
ViL -0.1 0.8 1%
VIH 2.0 Vect+1 \"
Output Voltage Levels
VoL loL=2.1mA 0.4 \
VoH loq= —400 pA 24 \
Input Leakage Current ViN=5.5V 10 pA
Input Leakage Current ViN=0to 5.5V .
PINS 1, 2,3 +10 pA
PIN6 +50 pA
Output Leakage Current Voyr=5.5V,CS=0 10 rA
SK Frequency 0 250 kHz
SK HIGH TIME tgky (Note 2) 1 . ps
SK LOW TIME tgk;_ (Note 2) . 1 us
Input Set-Up and Hold Times
CS tcss 0.2 s
tcsh 0 ps
DI tois 0.4 us
' toiH 0.4 us
Output Delay CL=100 pF
DO tPD1 VoL=0.8V, Voy=2.0V 2 us
tppo V)L=0.45V, V|p=2.40V 2 us
Erase/Write Pulse Width (tg,w) (Note 1) 10 30 ms
CS Low Time (tcs) (Note 3) 1 us
Endurance Number of Data )
, 0 C
Changes per Bit 40,000 Typical

Note 1: tg,w measured to rising edge of SK or CS, whichever occurs last.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 ps, therefore in an SK clock cycle, tskH + tskL must be greater than or equal to 4 ps.
e.g. if tsk. = 1us then the minimum tgky = 3 ps in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles.
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NMC9307

Instruction Set

Instruction | SB | Op Code Address Data Comments

READ 0,1 10xx A3A2A1A0 Read register A3BA2A1A0
WRITE 0,1 01xx A3A2A1A0 | D15—DO0 | Write register ABA2A1A0
ERASE 0,1 11xx ABA2A1A0 Erase register ABA2A1A0
EWEN 0,1 0011 XXXX Erase/write enable
EWDS 0,1 0000 XXXX Erase/write disable
ERAL 0,1 0010 XXXX Erase all registers

WRAL 0,1 0001 XXXX D15—D0 | Write all registers

The NMC9307 has 7 instructions as shown. Note that MSB of any given instruction is a ““1”” and is viewed as a start bit
in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers.

X is a don’t care state.

Functional Description

The NMC9307 is a small peripheral memory intended for
use with COPS™™ controllers and other non-volatile memory
applications. The NMC9307 is organized as sixteen regis-
ters and each register is sixteen bits wide. The input and
output pins are controlled by separate serial formats. Seven
9-bit instructions can be executed. The instruction format
has a logical ‘1’ as a start bit, four bits as an op code, and
four bits of address. SK clock cycle is necessary after CS
equals logical “1” before the instruction can be loaded. The
on-chip programming-voltage generator allows the user to
use a single power supply (Vgg). Only during the read mode
is the serial output (DO) pin valid. During all other modes the
DO pin is in TRI-STATE®, eliminating bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a READ instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0’) precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains enabled
until a programming disable (EWDS) instruction is executed.
The programming disable instruction is provided to protect
against accidental data disturb. Execution of a READ in-
struction is independent of both EWEN and EWDS instruc-
tions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to 1s) before the register can be written (certain bits
set to 0s). After an ERASE instruction is input, CS is
dropped low. This falling edge of CS determines the start of
programming. The register at the address specified in the

instruction is then set entirely to 1s. When the erase/write
programming time (tg,w) constraint has been satisfied, CS
is brought up for at least one SK period. A new instruction
may then be input, or a low-power standby state may be
achieved by dropping CS low.

WRITE (Note 4)

The WRITE instruction is followed by 16 bits of data which
are written into the specified address. This register must
have been previously erased. Like any programming mode,
erase/write time is determined by the low state of CS fol-
lowing the instruction. The on-chip high voltage section only
generates high voltage during these programming modes,
which prevents spurious programming during other modes.
When CS rises to V|, the programming cycle ends. All pro-
gramming modes should be ended with CS high for one SK
period, or followed by another instruction.

CHIP ERASE (Note 4)

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar-
ray have each bit set to a 1. Each register is then ready for a
WRITE instruction. The chip erase (ERAL) instruction is ig-
nored if the BPE pin is at V|, i.e., data is not changed.

CHIP WRITE (Note 4)

All registers must be erased before a chip write operation.
The chip write cycle is identical to the write cycle, except for
the different op code. All registers are simultaneously writ-
ten with the data pattern specified in the instruction.

The chip write (WRAL) instruction is ignored if the BPE pin is
at V|, i.e,, the array data is not changed.

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op code,
address and data, is being input. It can remain deactivated during the Erase/
Write pulse width (tg/w). .
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Timing Diagrams

LZO0E6DINN

Synchronous Data Timing

4 pus*
SK | toxn text
—— S —
[ 0.4 s
tois tom
(1] VALID
A
0.2us tesu
tcss 0.0 us
cs
28 2ps
tro0 toy
VOH
00
VOL

TL/D/9204-4
*This is the minimum SK period
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NMC9307
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Instruction Timing :|
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TL/D/9204-6

Vs ~_ 7/

v [ XX =\ /N XXX

TL/D/9204-7

*tg/w measured to rising edge of SK or CS, whichever occurs last.
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Instruction Timing (Continued)
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NMC9313B

National
Semiconductor

NMC9313B 256-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC9313B is a 256-bit non-volatile sequential access
memory fabricated using advanced floating gate N-channel
E2PROM technology. It is a peripheral memory designed for
data storage and/or timing and is accessed via the simple
MICROWIRE™ serial interface. The device contains 256
bits of read/write memory divided into 16 registers of 16 bits
each. Each register can be serially read or written by a
COP400 series controller. Written information is stored in a
floating gate cell with at least 10 years data retention and
can be updated by an erase-write cycle. The NMC9313B
has been designed to meet applications requiring up to
1 X 104 erase/write cycles per register. A power down
mode reduces power consumption by 67 percent.

Features

m Low cost

m Single supply operation (5V +10%)
m TTL compatible

W 16X 16 serial read/write memory

m MICROWIRE compatible serial 1/0
® Compatible with COP400 processors
m Low standby power

m Non-volatile erase and write

| Reliable floating gate technology

Block and Connection Diagrams

vp  [€VCC
| cenerator |

VPP

A

EPROM
g g 256 BITS
—»{ 116 (16 16)

T T

ADDRESS
LATCHES R/W AMPS

Dual-In-Line Package (N)
cs—1 N\ 8 —vce
SK =] 2 7—ne
D=3 6 p=—NC
D0~ 4 5 —GND
TL/D/9145-2
Top View
Order Number NMC9313B

‘“ $5

DATA

A

REGISTER

Pin Names
CS Chip Select
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o

(17BITS) CLK

INSTRUCTION
REGISTER (LK
(9BITS)

I

INSTRUCTION
DECODE,

i

CONTROL
AND

Vee Power Supply
GND  Ground

CLOCK
GENERATORS

v 1‘ v

TL/D/9145-1

See NS Package Number NOSE

SK Serial Data Clock

AI\’ 00 DI Serial Data Input
M DO Serial Data Output
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature
NMC9313B/COP494 0°Cto +70°C

Ambient Storage Temperature

Lead Temperature (Soldering, 10 seconds) 300°C
ESD Rating 2000V
Note: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indicat-
ed in the operational sections of this specification is not

ae1E60NN

implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

with Data Retention —65°Cto +125°C

Electrical Characteristics o°c <1a< 70°C, Vog=5V +10% unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Voltage (Vcg) 4.5 5.5 \"
Operating Current (Igc1) Voc=5.5V,CS=1 15 mA
Standby Current (Icca) Vec=5.5V,CS=0 5 mA
Input Voltage Levels
ViL —0.1 0.8 \
ViH 2.0 Vg + 05 \
Output Voltage Levels
VoL lo,=2.1 mA 04 Vv
VoH loq= —400 pA 2.4 \
Input Leakage Current ViN=5.5V 10 pA
Output Leakage Current Vouytr=5.5V,CS=0 10 pA
SK Frequency 0 200 kHz
SK HIGH TIME tgky (Note 2) 3 us
SK LOW TIME tgk (Note 2) 2 us
Input Set-Up and Hold Times
Cs tcss 0.2 us
tosH 0 us
DI tois 0.4 us
toH 0.4 us
Output Delay CL=100 pF
DO tpD1 VoL=0.8V, Voy=2.0V 2 us
tpDo V)L=0.45V, Vjy=2.40V 2 us
Erase/Write Pulse Width (tg,w) (Note 1) 10 30 ms
CS Low Time (tcg) (Note 3) 1 s

Note 1: tz/\w measured to rising edge of SK or CS, whichever occurs last.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 5 ps, therefore in an SK clock cycle, tskn + tskL must be greater than or equal to 5 ps.
e.g. if tgk. = 2 ps then the minimum tgky = 3 s in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles.

Instruction Set

Instruction | SB | Op Code Address Data Comments

READ 01 10xx A3A2A1A0 Read register ABA2A1AQ
WRITE 01 01xx A3A2A1A0 | D15—D0 | Write register ABA2A1AQ
ERASE 01 11xx A3A2A1A0 Erase register ABA2A1AQ
EWEN 01 0011 XXXX Erase/write enable
EWDS 01 0000 XXXX Erase/write disable
ERAL 01 0010 XXXX Erase all registers

WRAL 01 0001 XXXX D15—D0 | Write all registers

NMC9313B has 7 instructions as shown. Note that MSB of any given instruction is a 1" and is viewed as a start bit in
the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers.

X is a don’t care state.
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NMC9313B

Functional Description

The NMC9313B is a small peripheral memory intended for
use with COPST™ controllers and other non-volatile memory
applications. Its organization is sixteen registers and each
register is sixteen bits wide. The input and output pins are
controlled by separate serial formats. Seven 10-bit instruc-
tions can be executed. The instruction format has a logical
0, 1 as start bits, four bits as an op code, and four bits of
address. The on-chip programming-voltage generator al-
lows the user to use a single power supply (Vcg). Only dur-
ing the read mode is the serial output (DO) pin valid. During
all other modes the DO pin is in TRI-STATE®, eliminating
bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a READ instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0’) precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

Programming must be preceded once by a programming
enable (EWEN) instruction. Programming remains enabled
until a programming disable (EWDS) instruction is executed.
The programming disable instruction is provided to protect
against accidental data disturb. Execution of a READ in-
struction is independent of both EWEN and EWDS instruc-
tions.

ERASE (Note 4)

Like most E2PROMS, the register must first be erased (all
bits set to 1s) before the register can be written (certain bits

Timing Diagrams

set to 0s). After an ERASE instruction is input, CS is
dropped low. This falling edge of CS determines the start of
programming. The register at the address specified in the
instruction is then set entirely to 1s. When the erase/write
programming time (tg,w) constraint has been satisfied, CS
is brought up for at least one SK period. A new instruction
may then be input, or a low-power standby state may be
achieved by dropping CS low.

WRITE (Note 4)

The WRITE instruction is followed by 16 bits of data which
are written into the specified address. This register must
have been previously erased. Like any programming mode,
erase/write time is determined by the low state of CS fol-
lowing the instruction. The on-chip high voltage section only
generates high voltage during these programming modes,
which prevents spurious programming during other modes.
When CS rises to V), the programming cycle ends. All pro-
gramming modes should be ended with CS high for one SK
period, or followed by another instruction.

CHIP ERASE (Note 4)

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar-
ray have each bit set to a 1. Each register is then ready for a
WRITE instruction.

CHIP WRITE (Note 4)

All registers must be erased before a chip write operation.
The chip write cycle is identical to the write cycle, except for
the different op code. All registers are simultaneously writ-
ten with the data pattern specified in the instruction.

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op code,
address and data, is being input. It can remain deactivated during the Erase/
Write pulse width (tg/w).

§ ps*
SK 1 tsku skt
- 0.4 us
tom
A
0.2us tesu
tess 0.0 us
cs
2us 2us
P00 101
VOH
0o VOL

*This is the minimum SK period
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National
Semiconductor

NMC9346 1024-Bit Serial Eiectrically Erasabie

Programmable Memory

General Description

The NMC9346 is a 1024-bit non-volatile, sequential
E2PROM, fabricated using advanced N-channel E2PROM
technology. It is an external memory with the 1024 bits of
read/write memory divided into 64 registers of 16 bits each.
Each register can be serially read or written by a COP400
controller, or a standard microprocessor. Written informa-
tion is stored in a floating gate cell until updated by an erase
and write cycle. The NMC9346 has been designed for appli-
cations requiring up to 4 x 104 erase/write cycles per regis-
ter. A power-down mode is provided by CS to reduce power
consumption by 75 percent.

Features

@ Designed for 40,000 erase/write cycles

@ 10 year data retention
m Low cost

@ Single supply read/write/erase operations (5V+10%)

® TTL compatible

W 64 x 16 serial read/write memory
m MICROWIRE™ compatible serial 1/0

Simple interfacing
Low standby power

Reliable floating gate technology

]
]

® Non-volatile erase and write
]

@ Self-timed programming cycle
H

Device status signal during programming

Block Diagram
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T (5] Chip Select
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r’ (17 BITS) (3 '1'}_ oo Vee Power Supply
o 2 GND  Ground
| NC No Connection
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REGISTER >
(9 BITS)
¥
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DECODE,
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AND CLOCK
s GENERATOR
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NMC9346

Connection Diagrams

Dual-In-Line Package (N)

cs—q1 U 8 r-vcc
SK == 2 7 p—NC
DI—i3 6 [—NC
00— 4 5 |—GND
TL/D/9205-2
Top View

See NS Package Number NOSE

Ordering Information

Commercial Temp. Range
(0°C to +70°C)

Order Number

NMC9346N
NMC9346M8

8-Pin
SO Package (M8)

\I 8= VCC

CS= 1
SK =t 2 7p=NC
Di=— 3 6= NC

DO=14 S = GND

Top View

See NS Package Number MOSA
Device Marking: 9346, 9346E

Extended Temp. Range
(—40°C to +85°C)

Order Number

TL/D/9205-7

NMC9346EN

NMC9346EM8

Absolute Maximum Ratings

Operating Conditions

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Voltage Relative to GND +6Vto —0.3V
Ambient Storage Temperature —65°Cto +125°C

Lead Temperature
(Soldering, 10 seconds) . 300°C

ESD rating. 2000V

Ambient Storage Temperatures
NMC9346
NMC9346E

Positive Supply Voltage

0°Cto +70°C
—40°Cto +85°C
4.5Vto 5.5V

DC and AC Electrical Characteristics vcc = 5V +10% unless otherwise specified

Symbol Parameter Part Number Conditions Min Max Units

Vee Operating Voltage NMC9346, NMC9346E 4.5 5.5 Vv

| Operating Current NMC9346 Voc=5.5V,CS=1, SK=1 12 mA

ca Erase/Write Operating Current Vcc=5.5V 12 mA
Operating Current NMC9346E Vec=5.5V,CS=1, SK=1 14 mA
Erase/Write Operating Current Vec=5.5V 14 mA




DC and AC Electrical Characteristics vcc = 5v +10% unless otherwise specified (Continued)

Symbol Parameter Part Number Conditions Min Max Units
lcce Standby Current NMC9346 Voc=5.5V,CS=0 3 mA
Standby Current NMC9346E Voc=5.5V,CS=0 4 mA
Input Voltage Levels NMC9346, NMC9346E
ViL —0.1 0.8 \"
VIH 20 | Vecot1 \"
Output Voltage Levels NMC9346, NMC9346E
VoL loL=2.1mA 0.4 \
VoH loH= —400 pA 24 v
[} Input Leakage Current NMC9346, NMC9346E | V|N=5.5V 10 HA
ILo Output Leakage Current NMC9346, NMC9346E | Voytr=5.5V,CS=0 10 MA
SK Frequency MMC9346 0 250 kHz
tskH SK High Time (Note 2) 1 us
tskL SK Low Time (Note 2) 1 us
SK Frequency MMC9346E 0 kHz
SK High Time (Note 2) 1 250 us
SK Low Time (Note 2) 1 us
Inputs NMC9346, NMC9346E
tcss CS 0.2 us
tesH 0 us
tois DI 0.4 us
toiH 0.4 us
Output NMC9346, NMC9346E | C| =100 pF
tpat DO VoL=0.8V, Voy=2.0V 2 us
tpd0
te/w Self-Timed Program Cycle NMC9346 10 ms
Self-Timed Program Cycle NMC9346E 10 ms
tcs Min CS Low Time (Note 3) NMC9346, NMC9346E 1 us
tsv Rising Edge of CS to Status Valid NMC9346, NMC9346E | C| =100 pF 1 ns
ton, i | Falling Edge of CS to DO TRI-STATE® | NMC9346, NMC9346E 0.4 us

Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 4 ps, therefore in an SK clock cycle tgky + tsk must be greater than or equal to 4 ps.
e.g., if tsk. = 1 ps then the minimum tsky = 3 ps in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 us (tcs) between consecutive instruction cycles.
*Thruout this table “M" refers to temperature range (—55°C to + 125°C), not package.
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NMC9346

Functional Description

The NMC9346 is a small peripheral memory intended for
use with COPS™™ controllers and other nonvolatile memory
applications. The NMC9346 is organized as sixty-four regis-
ters and each register is sixteen bits wide. The input and
output pins are controlled by separate serial formats. Seven
9-bit instructions can be executed. The instruction format
has a logical ‘1’ as a start bit, two bits as an op code, and six
bits of address. The programming cycle is self-timed, with
the data out (DO) pin indicating the ready/busy status of the
chip. The on-chip programming voltage generator allows the
user to use a single power supply (Vcg). It only generates
high voltage during the programming modes (write, erase,
chip erase, chip write) to prevent spurious programming dur-
ing other modes. The DO pin is valid as data out during the
read mode, and if initiated, as a ready/busy status indicator
during a programming cycle. During all other modes the DO
pin is in TRI-STATE, eliminating bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a read instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0’) precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

When Vg is applied to the part it powers up in the program-
ming disable (EWDS) state, programming must be preceded
by a programming enable (EWEN) instruction. Programming
remains enabled until a programming disable (EWDS) in-
struction is executed or V¢g is removed from the part. The
programming enable instruction (EWEN) is needed to keep
the part in the enable state if the power supply (Vcc) noise
falls below operating range. The programming disable in-
struction is provided to protect against accidental data dis-
turb. Execution of a read instruction is independent of both
EWEN and EWDS instructions.

ERASE (Note 4)

Like most E2PROMs, the register must first be erased (all
bits set to logical ‘1°) before the register can be written (cer-

Instruction Set for NMC9346

tain bits set to logical ‘0’). After an erase instruction is input,
CS is dropped low. This falling edge of CS determines the
start of the self-timed programming cycle. If CS is brought
high subsequently (after observing the tcg specification),
the DO pin will indicate the ready/busy status of the chip.
The DO pin will go low if the chip is still programming. The
DO pin will go high when all bits of the register at the ad-
dress specified in the instruction have been set to a logical
‘1. The part is now ready for the next instruction sequence.

WRITE (Note 4)

The write instruction is followed by 16 bits of data to be
written into the specified address. After the last bit of data
(DO) is put on the data in (DI) pin CS must be brought low
before the next rising edge of the SK clock. This falling edge
of CS initiates the self-timed programming cycle. Like all
programming modes, DO indicates the ready/busy status of
the chip if CS is brought high after a minimum of 1 uS (tcg).
DO=logical ‘0’ indicates that programming is still in prog-
ress. DO=logical ‘1’ indicates that the register at the ad-
dress specified in the instruction has been written with the
data pattern specified in the instruction and the part is ready
for another instruction. The register to be written into must
have been previously erased.

CHIP ERASE (Note 4)

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar-
ray have each bit set to a logical ‘1’. Each register is then
ready for a write instruction. The chip erase cycle is identical
to the erase cycle except for the different op code.

CHIP WRITE (Note 4)

All registers must be erased before a chip write operation.

The chip write cycle is identical to the write cycle except for

the different op code. All registers are simultaneously writ-

ten with the data pattern specified in the instruction.

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only.needed while the actual instruction, i.e., start bit, op
code, address and data, is being input. It can remain deactivated
during the self-timed programming cycle and status check.

Instruction | SB | Op Code Address Data Comments

READ 1 10 A5A4A3A2A1A0 Read Register ASA4A3A2A1A0
WRITE 1 01 A5A4A3A2A1A0 | D15-DO0 | Write Register ASA4A3A2A1A0
ERASE 1 11 A5A4A3A2A1A0 Erase Register AGA4A3A2A1A0
EWEN 1 00 11XxXX Erase/Write Enable

EWDS 1 00 00xxxx Erase/Write Disable

ERAL 1 00 10xxxX Erase All Registers

WRAL 1 00 01xxxx D15-D0 | Write All Registers

NMC9346 has 7 instructions as shown. Note that the MSB of any given instruction is a ‘1" and is viewed as a start bit in the
interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bit registers.
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Timing Diagrams

Synchronous Data Timing
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Instruction Timing
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NMC9314B

National
Semiconductor

NMC9314B 1024-Bit Serial Electrically Erasable

Programmable Memory

General Description

The NMC9314B is a 1024-bit non-volatile, sequential
E2PROM, fabricated using advanced N-channel E2PROM
technology. It is an external memory with the 1024 bits of
read/write memory divided into 64 registers of 16 bits each.
Each register can be serially read or written by a COP400
controller, or a standard microprocessor. Written informa-
tion is stored in a floating gate cell until updated by an erase
and write cycle. The NMC9314B has been designed for ap-
plications requiring up to 104 erase/write cycles per regis-
ter. A power-down mode is provided by CS to reduce power
consumption by 75 percent.

Features

m 10,000 erase/write cycles

m 10 year data retention

m Low cost '

| Single supply read/write/erase operations (5V+10%)
m TTL compatible

W 64 x 16 serial read/write memory

m MICROWIRET™ compatible serial 1/0

m Simple interfacing

m Low standby power

m Non-volatile erase and write

m Reliable floating gate technology

m Self-timed programming cycle

m Device status signal during programming

Block and Connection Diagrams

Dual-In-Line Package (N)

cs—]1 (9 8 f—vcc
Vrp
o] =1 GeNERATOR sk—]2 7h—ne
Vie Vep
l r n—3 6 —NC
> DecOER e s0—]4 5 [—aNp
—> (6416)
TL/D/9144-2
T I,, Top View
12 Order Number NMC9314N
ADD See NS Package NOSE
BUFFERS B/W AMPS
M Pin Names
‘g CS Chip Select
i SK  Serial Data Clock
N DI Serial Data Input
DATA REGISTER [ > DO Serial Data Output
N 00
r (78mS) :zﬂﬁ_ W Vee Power Supply
o GND  Ground
L sTRUCTION | 0 NC Not Connected
REGISTER =
(9 BITS)
B C
INSTRUCTION
DECODE,
CONTROL,
AND CLOCK
cs »]  GENERATOR
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Absolute Maximum Ratings (ote 1)

avI€60NN

If Military/Aerospace specified devices are required, Ambient Storage Temp. —65°Cto +125°C
please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 seconds) 300°C
Office/Distributors for availability and specifications. ESD Rating >2000V
Voltage Relative to GND +6Vto —0.3V
Ambient Operating Temperature 0°Cto +70°C

DC and AC Electrical Characteristics 0:c<T,<70°C, Vcg=5V+10% unless specified

Symbol Parameter Conditions Min Max Units
Vee Operating Voltage : 4.5 5.5 \"
| Operating Current Vcc=5.5V,CS=1,SK=1 17 mA
Ccc1 Erase/Write Operating Current Vec=5.5V 17 mA
lcca Standby Current Vcc=5.5V,CS=0 5 mA
Input Voltage Levels
ViL ; —0.1 0.8 v
ViH 2.0 Vec+0.5 \Y
Output Voltage Levels
VoL . lo,=2.1 mA 0.4 \
VoH loy= —400 pA 2.4 \
1Ll Input Leakage Current ViN=5.5V 10 MA
ILo Output Leakage Current Vouyt=5.5V,CS=0 10 pA
SK Frequency 0 200 kHz
tskH SK High Time (Note 2) 3 ns
tskL SK Low Time (Note 2) 2 s
Inputs
tcss cs 0.2 ns
tosH 0 us
tpis [»]] 0.4 us
toiH 0.4 ns
Output CL=100 pF
tpal DO VoL=0.8V, Voy=2.0V 2 ns
tpd0 ; ViL=0.45V, Viy=2.40V 2 us
te/w Self-Timed Program Cycle 15 ms
tcs Min CS Low Time (Note 3) 1 ‘ ps
tsv Rising Edge of CS to Status Valid CL=100 pF 1 us
tons tiH Falling Edge of CS to DO TRI-STATE® 0.4 ps

Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: The SK frequency spec. specifies a minimum SK clock period of 5 s, therefore in an SK clock cycle tgky + tskL must be greater than or equal to 5 ps.
e.g., if tgk. = 2 ps then the minimum tgky = 3 ps in order to meet the SK frequency specification.

Note 3: CS must be brought low for a minimum of 1 ps (tcg) between consecutive instruction cycles.

Instruction Set for NMC9314B

Instruction | SB | Op Code Address Data Comments

READ 1 10 A5A4A3A2A1A0 Read register ASA4A3A2A1A0
WRITE 1 01 A5A4A3A2A1A0 | D15-DO0 | Write register ASA4A3A2A1A0
ERASE 1 11 A5A4A3A2A1A0 Erase register ASA4A3A2A1A0
EWEN 1 00 11xxxx Erase/write enable

EWDS 1 00 00xxxX Erase/write disable

ERAL 1 00 10xxxx Erase all registers

WRAL 1 00 01xxxx D15-DO0 | Write all registers

NMC9314B has 7 instructions as shown. Note that the MSB of any given instruction is a “1” and is viewed as a start bit in
the interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bit registers.
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NMC9314B

Functional Description

The NMC9314B is a small peripheral memory intended for
use with COPS™ controllers and other nonvolatile memory
applications. Its organization is sixty-four registers and each
register is sixteen bits wide. The input and output pins are
controlled by separate serial formats. Seven 9-bit instruc-
tions can be executed. The instruction format has a logical
‘1’ as a start bit, two bits as an op code, and six bits of
address. The programming cycle is self-timed, with the data
out (DO) pin indicating the ready/busy status of the chip.
The on-chip programming voltage generator allows the user
to use a single power supply (Vcg). It only generates high
voltage during the programming modes (write, erase, chip
erase, chip write). The DO pin is valid as data out during the
read mode, and if initiated, as a ready/busy status indicator
during a programming cycle. During all other modes the DO
pin is in TRI-STATE, eliminating bus contention.

READ

The read instruction is the only instruction which outputs
serial data on the DO pin. After a read instruction is re-
ceived, the instruction and address are decoded, followed
by data transfer from the memory register into a 16-bit seri-
al-out shift register. A dummy bit (logical ‘0’) precedes the
16-bit data output string. Output data changes are initiated
by a low to high transition of the SK clock.

ERASE/WRITE ENABLE AND DISABLE

When Vg is applied to the part it powers up in the program-
ming disable (EWDS) state, programming must be preceded
by a programming enable (EWEN) instruction. Programming
remains enabled until a programming disable (EWDS) in-
struction is executed or Vg is removed from the part. The
programming disable instruction is provided to protect
against accidental data disturb. Execution of a read instruc-
tion is independent of both EWEN and EWDS instructions.

ERASE (Note 4)

Like most E2PROMs, the register must first be erased (all
bits set to logical ‘1°) before the register can be written (cer-
tain bits set to logical ‘0’). After an erase instruction is input,
CS is dropped low. This falling edge of CS determines

Timing Diagrams

the start of the self-timed programming cycle. If CS is
brought high subsequently (after observing the tcg specifi-
cation), the DO pin will indicate the ready/busy status of the
chip. The DO pin will go low if the chip is still programming.
The DO pin will go high when all bits of the register at the
address specified in the instruction have been set to a logi-
cal ‘1°. The part is now ready for the next instruction se-
quence.

WRITE (Note 4)

The write instruction is followed by 16 bits of data to be
written into the specified address. After the last bit of data
(DO) is put on the data in (DI) pin CS must be brought low
before the next rising edge of the SK clock. This falling edge
of CS initiates the self-timed programming cycle. Like all
programming modes, DO indicates the ready/busy status of
the chip if CS is brought high after a minimum of 1 uS (tcs).
DO=logical ‘0’ indicates that programming is still in prog-
ress. DO=logical ‘1’ indicates that the register at the ad-
dress specified in the instruction has been written with the
data pattern specified in the instruction and the part is ready
for another instruction. The register to be written into must
have been previously erased.

CHIP ERASE (Note 4)

Entire chip erasing is provided for ease of programming.
Erasing the chip means that all registers in the memory ar-
ray have each bit set to a logical ‘1’. Each register is then
ready for a write instruction. The chip erase cycle is identical
to the erase cycle except for the different op code.

CHIP WRITE (Note 4)

All registers must be erased before a chip write operation.
The chip write cycle is identical to the write cycle except for
the different op code. All registers are simultaneously writ-
ten with the data pattern specified in the instruction.

Note 4: During a programming mode (write, erase, chip erase, chip write),
SK clock is only needed while the actual instruction, i.e., start bit, op code,
address and data, is being input. It can remain deactivated during the self-
timed programming cycle and status check.

Synchronous Data Timing
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NMC9314B

ERASE

ERAL

WRAL

Instruction Timing
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National
Semiconductor

NMC93C56/C66 2048-Bit/4096-Bit Serial
Electrically Erasable Programmable Memories

General Description

The NMC93C56/NMC93C66 are 2048/4096 bits of CMOS
electrically erasable memory divided into 128/256 16-bit
registers. They are fabricated using National Semiconduc-
tor’'s floating-gate CMOS process for high speed and low
power. They operate from a single 5V supply since Vpp is
generated on-board. The serial organization allow the
NMC93C56/66 to be packaged in an 8-pin DIP or 14-pin SO
package to save board space.

The memories feature a serial interface with the instruction,
address, and write data, input on the Data-In (DI) pin. All
read data and device status come out on the Data-Out (DO)
pin. A low-to-high transition of shift clock (SK) shifts all data
in and out. This serial interface is MICROWIRE™ compati-
ble for simple interface to standard microcontrollers and mi-
croprocessors. There are 7 instructions: Read, Erase/Write
Enable, Erase, Erase All, Write, Write All, and Erase/Write
Disable. The NMC93C56/66 do not require an erase cycle
prior to the Write and Write All instructions. The Erase and
Erase All instructions are available to maintain complete
read and programming capability with the NMOS NMC9346.
All programming cycles are completely self-timed for simpli-
fied operation. The busy status is available on the DO pin to
indicate the completion of a programming cycle. EEPROMs
are shipped in the erased state where all bits are logical 1's.

Compatibility with Other Devices
These memories are pin compatible to National Semicon-
ductor's NMOS EEPROMs, NMC9306 and NMC9346 and
CMOS EEPROMs NMC93C06/46. The NMC93C56/66 are
both pin and function compatible with the NMC93C06/46,
256/1024-bit EEPROM with the one exception that the
NMC93C56/66 require 2 additional address bits.

Features

m Typical active current 400 pA; Typical standby current
25 pA

m Reliable CMOS floating gate technology

B 5V only operation in all modes

m MICROWIRE compatible serial 170

m Self-timed programming cycle

m Device status signal during programming mode

m Sequential register read

m Over 40 years data retention

m Designed for 100,000 write cycles

Block Diagram

s »  INSTRUCTION <+ Ve¢
sk »  DECODER,
INSTRUCTION CONTROL LOGIC,
ol REISTER AND CLOCK
GENERATORS.
8
A A 4
ADDRESS HIGH VOLTAGE
REGISTER GENERATOR
AND
. PROGRAM
Vep TIMER
A 4 A 4
EEPROM ARRAY
1 onrzﬁgg%“ »  2048/4096 BITS
(128/256 x 16)
Vs
5| DATA IN/ oUT ReGISTER DUMMY
> 16 BITS " er |
< DATA OUT
Do < BUFFER

TL/D/9617-1
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NMC93C56/NMC93C66

Connection Diagrams

Dual-In-Line Package (N)

-
e | 8f=Vee
Sk=—2 7=NC
Di=—43 6=NC
DO—14 5p=GND
TL/D/9617-2
Top View

See NS Package Number NOSE

Ordering Information

Pin Names
Cs Chip Select
SK Serial Data Clock
Di Serial Data Input
DO Serial Data Output
GND Ground
"Vee Power Supply

Commercial Temp. Range (0°C to +70°C)

Order Number

NMC93C56N/NMC93C66N

NMC93C56M/NMC93C66M

Extended Temp. Range (—40°C to +85°C)

Order Number

NMC93C56EN/NMC93C66EN

NMC93C56EM/NMC93C66EM

Military Temp. Range (—55°C to + 125°C)

Order Number

NMC93C56MN/NMC93C66MN

NMC93C56MM/NMC93C66MM

SO Package (M)

TL/D/9617-3
Top View

See NS Package Number M14A
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=
. . . . =
Absolute Maximum Ratings (ote 1) Operating Conditions o
If Military/Aerospace specified devices are required, Ambient Operating Temperature 8
please contact the National Semiconductor Sales NMC93C56/NMC93C66 0°Cto +10°C g
Office/Distributors for availability and specifications. NMC93C56E/NMC93C66E —40°Cto +85°C Q
Ambient Storage Temperature —65°C to +150°C NMC93C56M/NMC93C66M § . =
All Input or Output Voltages +6.5Vto —0.3V .(.M'I' Temp.) —55°Cto +125°C %
with Respect to Ground Positive Power Supply 4.5V to 5.5V 8
Lead Temp. (Soldering, 10 sec.) +300°C ’e)
ESD Rating 2000V P4
DC and AC Electrical Characteristics vcc = 5v £10% (unless otherwise specified)
Symbol Parameter Part Number Conditions Min Max Units
lcot Operating Current NMC93C56/NMC93C66 CS = V|4, SK = 1 MHz 2
CMOS Input Levels NMC93C56E/NMC93C66E SK = 0.5 MHz 2 mA
NMC93C56M/NMC93C66M* SK = 0.5 MHz 2
lcc2 Operating Current NMC93C56/NMC93C66 CS = V|, SK = 1 MHz 3
TTL Input Levels NMC93C56E/NMC93C66E SK = 0.5 MHz 3 mA
NMC93C56M/NMC93C66M SK = 0.5 MHz 4
lcca Standby Current NMC93C56/NMC93C66 CS = oV 50
NMC93C56E/NMC93C66E 100 pA
NMC93C56M/NMC93C66M 100
i Input Leakage NMC93C56/NMC93C66 Vin = 0Vto Ve —-25 25 A
NMC93C56E/NMC93C66E -10 10 B A
NMC93C56M/NMC93C66M -10 10 B
loL Output Leakage NMC93C56/NMC93C66 VIN = OV to Voo —-25 25 A
NMC93C56E/NMC93C66E -10 10 B A
NMC93C56M/NMC93C66M -10 10 b
ViL Input Low Voltage —0.1 0.8 '
ViH Input High Voltage 2 Ve + 1 "
Vou1 Output Low NMC93CS56/NMC93C566 loL = 2.1 mA 0.4
Voltage NMC93CS56E/NMC93C566E | lp. = 2.1 mA 0.4 \"
NMC93CS56M/NMC93C566M | oL = 1.8 mA 0.4
VoH1 Output High loH = 400 pA
2.4 \
Voltage
VoL2 Output Low Voltage loL = 10 pA 0.2 \
VoH2 Output High Voltage lon = —10 pA Ve — 0.2 \
fsk SK Clock Frequency | NMC93C56/NMC93C66 0 1
NMC93C56E/NMC93C66E 0 0.5 MHz
NMC93C56M/NMC93C66M 0 0.5
tSKH SK High Time NMC93C56/NMC93C66 (Note 2) 250
NMC93C56E/NMC93C66E (Note 3) 500 ns
NMC93C56M/NMC93C66M (Note 3) 500
tskL SK Low Time NMC93C56/NMC93C66 (Note 2) 250
NMC93C56E/NMC93C66E (Note 3) 500 ns
NMC93C56M/NMC93C66M (Note 3) 500
tcs Minimum CS NMC93C56/NMC93C66 (Note 4) 250
Low Time NMC93C56E/NMC93C66E (Note 5) 500 ns
NMC93C56M/NMC93C66M (Note 5) 500
tcss CS Setup Time NMC93C56/NMC93C66 Relative to SK 50
NMC93C56E/NMC93C66E 100 ns
NMC93C56M/NMC93C66M 100
*Note: Throughout this table “M” refers to temperature range (—55°C to +125°C), not package type.
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NMC93C56/NMC93C66

DC and AC Electrical Characteristics vg; = 5V +10% (unless otherwise specified) (Continued)

Symbol Parameter ' Part Number Conditions Min Max Units
tois DI Setup Time NMC93C56/NMC93C66 Relative to SK 100
: NMC93C56E/NMC93C66E 200 ns
NMC93C56M/NMC93C66M 200
tcsH CS Hold Time Relative to SK 0 ns
toiH DI Hold Time NMC93C56/NMC93C66 Relative to SK 100
NMC93C56E/NMC93C66E 200 ns
NMC93C56M/NMC93C66M 200
tpp1 Output Delay to “1” NMC93C56/NMC93C66 AC Test ‘ 500
NMC93C56E/NMC93C66E 1000 ns
NMC93C56M/NMC93C66M 1000
trDo Output Delay to “0” NMC93C56/NMC93C66 AC Test ‘ 500
NMC93C56E/NMC93C66E 1000 ns
NMC93C56M/NMC93C66M 1000
tsv CS to Status Valid NMC93C56/NMC93C66 AC Test 500
NMC93C56E/NMC93C66E 1000 ns
NMC93C56M/NMC93C66M 1000
toF CStoDOin NMC93C56/NMC93C66 AC Test 100
TRI-STATE® NMC93C56E/NMC93C66E CS =V, 200 ns
NMC93C56M/NMC93C66M 200
twe Write Cycle Time ) 10 ms

Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 ps, therefore in'an SK clock cycle tskn + tsii must be
greater than or equal to 1 ps. For example if tsk|. = 250 ns then the minimum tgky = 750 ns in order to meet the SK frequency specification.

Note 3: The SK frequency specification for Extended Temperature and Military parts specifies a minimum SK clock period of 2 ps, therefore in an SK clock cycle
tskH + tskL must be greater than or equal to 2 ps. For example, if the tgk = 500 ns then the minimum tgky = 1.5 ws in order to meet the SK frequency
specification. A

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcg) between consecutive instruction cycles.
Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcs) between consecutive instruction cycles.
Note 6: This parameter is periodically sampled and not 100% tested.

Capacitance (Note 6) AC Test Conditions
Ta=25°Cf=1MHz Output Load 1 TTL Gate and C_ = 100 pF
Symbol Test Typ | Max | Units Input Pulse Levels 0.4Vto 2.4V
N Timing Measurement Reference Level
Cout Output Capacitance 5 pF Inpgt 1V and 2V
CIN Input Capacitance 5 pF Output 0.8V and 2V
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Functional Description

The NMC93C56 and NMC93C66 have 7 instructions as de-
scribed below. Note that the MSB of any instructionis a *“1”
and is viewed as a start bit in the interface sequence. The
next 10-bits carry the op code and the 8-bit address for
register selection.

Read (READ):

The Read (READ) instruction outputs serial data on the DO
pin. After a READ instruction is received, the instruction and
address are decoded, followed by data transfer from the
selected memory register into a 16-bit serial-out shift regis-
ter. A dummy bit (logical 0) precedes the 16-bit data output
string. Output data changes are initiated by a low to high
transition of the SK clock.

Erase/Write Enable (EWEN):

When Vg is applied to the part, it powers up in the Erase/
Write Disable (EWDS) state. Therefore, all programming
modes must be preceded by an Erase/Write Enable
(EWEN) instruction. Once an Erase/Write Enable instruc-
tion is executed, programming remains enabled until an
Erase/Write Disable (EWDS) instruction is executed or Vg
is removed from the part.

Erase (ERASE):

The ERASE instruction will program all bits in the specified
register to the logical ‘1’ state. CS is brought low following
the loading of the last address bit. This falling edge of the
CS pin initiates the self-timed programming cycle.

The DO pin indicates the READY/BUSY status of the chip if
CS is brought high after a minimum of 250 ns (icg).
DO = logical ‘0’ indicates that programming is still in prog-
ress. DO = logical ‘1’ indicates that the register, at the
address specified in the instruction, has been erased, and
the part is ready for another instruction.

Write (WRITE):

The Write (WRITE) instruction is followed by 16 bits of data
to be written into the specified address. After the last bit of
data is put on the data-in (DI) pin, CS must be brought low
before the next rising edge of the SK clock. This falling edge
of CS initiates the self-timed programming cycle. The DO
pin indicates the READY/BUSY status of the chip if CS is
brought high after a minimum of 250 ns (icg). DO = logical
0 indicates that programming is still in progress. DO = logi-
cal 1 indicates that the register at the address specified in
the instruction has been written with the data pattern speci-
fied in the instruction and the part is ready for another in-
struction.

Erase All (ERAL):

The ERAL instruction will simultaneously program all regis-
ters in the memory array and set each bit to the logical ‘1’
state. The Erase All cycle is identical to the ERASE cycle
except for the different op-code. As in the ERASE mode,
the DO pin indicates the READY/BUSY status of the chip if
CS is brought high after a minimum of 250 ns (tcs).

Write All (WRAL):

The (WRAL) instruction will simultaneously program all reg-
isters with the data pattern specified in the instruction. As in
the WRITE mode, the DO pin indicates the READY/BUSY
status of the chip if CS is brought high after a minimum of
250 ns (tcg).

Erase/Write Disable (EWDS):

To protect against accidental data disturb, the Erase/Write
Disable (EWDS) instruction disables all programming modes
and should follow all programming operations. Execution of
a READ instruction is independent of both the EWEN and
EWDS instructions.

Instruction Set for the NMC93C56 and NMC93C66

Instruction SB Op Code Address Data Comments

READ 1 10 A7-A0 Reads data stored in memory.

EWEN 1 00 11XXXXXX Write enable must precede all programming modes.

ERASE 1 11 A7-A0 Erase register A7A6A5A4A3A2A1A0.

ERAL 1 00 TOXXXXXX Erases all registers.

WRITE 1 01 A7-A0 D15-DO Writes register if address is unprotected.

WRAL 1 00 01XXXXXX D15-D0 Writes all registers. Valid only when Protect Register
is cleared.

EWDS 1 00 00XXXXXX Disables all programming instructions.
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NMC93C56/NMC93C66

Timing Diagrams
Synchronous Data Timing ‘
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Timing Diagrams (continued)
EWDS:
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NMC93C56/NMC93C66

Timing Diagrams (continued)
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National
Semiconductor

NMC93CS56/CS66 2048-Bit/4096-Bit Serial
Electrically Erasable Programmable Memories

General Description

The NMC93CS56/NMC93CS66 are 2048/4096 bits of
read/write memory divided into 128/256 registers of 16 bits
each. N registers (N < 128 or N < 256) can be protected
against data modification by programming into a special on-
chip register, called the memory “protect register”, the ad-
dress of the first register to be protected. This address can
be “locked” into the device, so that these registers can be
permanently protected. Thereafter, all attempts to alter data
in a register whose address is equal to or greater than the
address stored in the “protect register” will be aborted.

The “read” instruction loads the address of the first register
to be read into an 8-bit address pointer. Then the data is
clocked out serially on the “DO” pin and automatically cy-
cles to the next register to produce a serial data stream. In
this way the entire memory can be read in one continuous
data stream or as registers of varying length from 16 to
2048/4096 bits. Thus, the NMC93CS56/NMC93CS66 can
be viewed as a non-volatile shift register.

The “write” cycle is completely self-timed. No separate
erase cycle is required before write. The “write” cycle is
only enabled when pin 6 (program enable) is held “high”. If
the address of the register to be written is less than the ad-

dress in the “protect register” then the data is written 16
bits at a time into one of the 128/256 data registers. If “CS”
is brought “high” following the initiation of a “write” cycle,
the “DO” pin indicates the ready/busy status of the chip.
National Semiconductor's EEPROMs are designed and
tested for applications requiring extended endurance. Refer
to device operation for further endurance information. Data
retention is specified to be greater than 40 years.

Features

m Write protection in user defined section of memory

B Typical active current 400 pA; Typical standby current
25 nA

@ Reliable CMOS floating gate technology

m 5 volt only operation in all modes

B MICROWIRE compatible serial 1/0

@ Self-timed programming cycle

@ Device status signal during programming mode

@ Sequential register read

B Over 40 years data retention

@ Designed for 100,000 write cycles

Block Diagram

cs »|  INSTRUCTION <+ Ve
sK > DECODER, | ¢———————————— PRE
| ivstRucTion CONTROL LOGIC, PE
ol g [t p|  AND CLOCK
GENERATORS.
8 I "'| ADDRESS COMPARE \'4
4 AND HIGH VOLTAGE
ADDRESS PROTECT o WRITE ENABLE GENERATOR
REGISTER REGISTER EN AND
PROGRAM
TIMER
l Vep
V.
EEPROM ARRAY
" 025222%56 M 2048/ 4096 BITS
(128/256 x 16)
READ/ WRITE AMPS |
< Vg5
DATA IN/ OUT REGISTER | oumMMY
16 BITS i S —I
< DATA OUT |,
00 < BUFFER [

TL/D/9208-3
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NMC93CS56/NMC93CS66

Connection Diagrams

PIN OUT: Pin Names PIN OUT: .
Dual-In-Line Package (N) cs Chip Select SO Package (M<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>