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EPROMs

68040 Compatible EPROM

Brief Description: This device can interface directly with
Motorola’s 68040 Microprocessor to allow for speed maxi-
mization while reducing the number of glue logic devices,
thus reducing system cost.

Low Voltage EPROMs

Brief Description: These devices operate at 3V for low
power consumption, and have JEDEC standard pinouts.
These devices are ideal for handheld applications.

2 Megabyte EPROM

Brief Description: This device is a high performance de-
vice that possesses two megabytes of NV memory, and has
JEDEC standard pinout.

EEPROMs

16K MICROWIRE™ EEPROM

Brief Description: The NM93C86A can be configured ei-
ther x8 or x16 and offers 16K of NV memory. This device
will be offered in an 8-pin small-outline (SO) package for
minimal space usage.

16K MICROWIRE EEPROM

Brief Description: The NM59C16 can be configured either
x8 or x16, can be monitored for programming status by
monitoring the RDY/BUSY pin and offers 16K of NV memo-
ry. This device will be offered in an 8-pin small-outline (SO)
package for minimal space usage.

2K/4K Extended Low Voltage i2C EEPROM

Brief Description: These devices operate on an 12C 2-wire
bus and operate in an extended voltage range of 2.5V to
5.5V.

4K SPI™ EEPROM

Brief Description: These devices are designed for data
storage in applications requiring both non-volatile memory
and in-system data updates.

Note: For device status and availability, contact your local sales office.
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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. We are committed to designing and providing state-
of-the-art non-volatile EPROM and EEPROM solutions. Na-
tional's EPROM families—Standard Products, Processor Ori-
ented 6PROMSs, 5V Low Current and Low Voltage (3V), along
with our EEPROM families—MICROWIRET™ and 12C, are de-
signed to do just that.

National Semiconductor's EPROM families are suited to

‘meet a variety of customer needs. The Standard Product

EPROMSs are industry compliant JEDEC parts. Yet, a stan-
dard EPROM does not mest the needs of every electronic
system. To meet these needs, National provides other fami-

- lies such as the Low Current 5V family which has low Igg for

power sensitive applications, Low Voltage EPROMs for new-
ly emerging portable hand-held markets, and Processor Ori-
ented ePROMs (POP™) which are designed to fully utilize
microprocessor features which increase data throughput.

National Semiconductor's EEPROM families are also suited

to provide any solution in serial EEPROM. Different micro-
controllers provide various serial interfaces. National, the in-

.dustry leader, is setting the standard again! The MICRO-

WIRE interface is the industry standard. We have expanded
our offering to also include the 12C interface for consumer
electronics, and SPI™ for automotive and telecommunica-
tion.

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 datasheets will be issued. For the most
current information, please contact your local National Semi-
conductor sales office or distributor.

Look to National for long term support for your memory
needs! ’
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Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status Definition
‘Advance Information | Formative or This data sheet contains the design specifications for product

In Design development. Specifications may change in any manner without notice.

First This data sheet contains preliminary data, and supplementary data will

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.

Futl This data shest contains final specifications. National Semiconductor

Production Corporation reserves the right to make changes at any time without

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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Standard Products
General Description Features
National Semiconductor’s family of high performance ® High performance CMOS
CMOS EPROMs offer the following shared features: pin — 100 ns access time
compatibility with byte-wide JEDEC EPROMs; “Don’t Care” | Fast programming
feature during read operations; high speed operation with m EPI processing
high performance CPUs such as the 80186, 68020, 80386; — Latch-up immunity to 200 mA
single chip solutions for the code storage requirements of — ESD protection exceeds 2000V
100% firmware based equipment. ® Compatible with JEDEC EPROM configurations
A feature not shared by all family members is found in the m Simplified upgrade path
NMCB87C257—address latches for direct interfacing with — Vpp and PGM are “Don’t Care” during normal read
address/data multiplexed microprocessors. Other differenc- operation
es are memory size, speed, packaging and operating tem- ® Single 5V power supply
perature range.
Available Product
Packages Temperature Ranges Spesd
NMC27C16B Q C,E 150 ns, 200 ns
NMC27C32B Q C.E 200 ns
NMC27C64 Q,N C,E, M* 150 ns, 200 ns
NM27C128 Q,N C.E 200 ns, 250 ns
NM27C256 Q,V,N CE 100 ns, 120 ns, 150 ns, 200 ns
NM27C512 Q,V,N CE 120 ns, 150 ns, 200 ns
NM27C010 QV,N C E 120 ns, 150 ns, 200 ns
NM27C210 Qv CE 120 ns, 150 ns, 200 ns
NM27C040 Q CE 150 ns, 170 ns, 200 ns

*N package available only in commercial temperature range (0°C to +70°C).
Note: All products will operate at speeds slower than those listed.

Ordering Information

N
~
(2}
jon
N

NM Q E 120
National Memory ———_r —L Access Vime

120 = 120ns

Operating Yemperalire Range
CMOS ) No Entry = 0°C to +70°C
E = —40°Cto +85°C

Packages
Q = Ceramic DIP
N = OTPDIP
V = PLCC

Size
512 = 512k

EPROM




NMC27C16B

National

Semiconductor

NMC27C16B 16,384-Bit (2048 x 8) CMOS EPROM

General Description

The NMC27C16B is a high performance 16K UV erasable
and electrically reprogrammable CMOS EPROM, ideally
suited for applications where fast turnaround, pattern exper-
imentation and low power consumption are important re-
quirements.

The NMC27C16B is packaged in a 24-pin dual-in-line pack-
age with a quartz window. The quartz window allows the
user to expose the chip to ultraviolet light to erase the bit
pattern. A new pattern can then be written into the device by
following the programming procedure.

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 Low CMOS power consumption
Active power: 55 mW max
Standby power: 0.55 mW max (99% savings)
m Optimal EPROM for total CMOS systems
m Extended temperature range available,
—40°C to +85°C
m Fast and reliable programming (100 us for most bytes)
m TTL compatible inputs/outputs
m TRI-STATE® output
m Manufacturer's identification code for automatic pro-
gramming equipment
m High current CMOS level output drivers
m Upgrade for NMOS 2716

Block Diagram

Vm H
GND O—> DATA OUTPUTS 0= 0,
" tttttttt
OFE =] QUTPUT ENABLE; CHIP ENABLE ouTPUT
CE/PGM —p AND PROG LOGIC BuUrTrERs Pin Names
A0-A10 Addresses
> > CE Chip Enable
—p Y [ Y —
) DECODER ° GATING OE Output Enable
—_ —) 0p-07 Outputs
a0 | — —p] PGM Program
ADDRESS { ——P» o NC No Connect
INPUTS > .
X 16,384 - BIT
— DECODER * CELL MATRIX
JEY °
—] °
[ —>| —|
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Connection Diagram

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C16B pins.

Order Number NMC27C16BQ
See NS Package Number J24AQ

Commerclal Temp. Range (0°C to 70°C) Vgc = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C16BQ150

150

NMC27C16BQ200

200

Extended Temp. Range (—40°C to

+85°C) Vge = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C16BQE150

150

NMC27C16BQE200

200

27C256 | 27C128 | 27C64 | 27C32 27C32 | 27C64 | 27C128 | 27C256

27256 | 27128 | 2764 | 2732 NMC27C16B 2732 | 2764 | 27128 | 27256
Vpp Vpp Vpp Dual-In-Line Package XE XE Vee
A12 A12 A12 \w PGM PGM A14
A7 A7 A7 A7 ATt 24 =Vee Vco NC A13 A13
A6 A6 A6 A6 As—2 23 }—A8 A8 A8 A8 A8
A5 A5 A5 A5 AS—3 22 —A9 A9 A9 A9 A9
A4 A4 A4 A4 M—4 21|=Vpp A1 A1 A1 A1
A3 A3 A3 A3 ss al-o OE/Vpp | OE OE OE
A2 A2 A2 A2 A2={6 19—=A10 A10 A10 A10 A10
A1 At Al Al N 18 1—CE/PoM CE CE CE CE
A0 A0 A0 A0 A0=—8 17 —07 07 07 07 07
Oo Oo Oo Op (= E 16 }-0g Os Os Os Os
0, 04 0, 0, 0,10 15|05 Os Os Os Os
02 Oz 02 02 0,11 14}~o0, O4 04 04 04
GND GND GND | GND oND— 12 13f~04 O3 O3 O3 O3

TL/D/9180-2
Top View
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NMC27C16B

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
Commercial Parts
Extended Temp. Parts

Storage Temperature

Vcc Supply with

—10°Cto +80°C
—40°Cto +85°C

—65°Cto +150°C

All Output Voltages with
Respect to Ground (Note 10)

Vpp Supply and A9 Voltage
with Respect to Ground

Power Dissipation
Lead Temp. (Soldering, 10 sec.)

Veo+ 1.0V to GND—0.6V

+14.0Vto —0.6V
1.0W
300°C

Operating Conditions (Note 8)

Respect to Ground +7.0Vto —0.6V Temperature Range
All Input Voltages except A9 with NMC27C16BQ150, 200 0°Cto +70°C

Respect to Ground (Note 10) +6.5Vto —0.6V NMC27C16BQE150, 200 —40°C to +85°C

Ve Power Supply +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min (N;1p1 1 Max Units
Ipt Input Load Current VIN = Vg or GND 0.1 1 nA
ILo Output Leakage Current | Vout = Vg or GND, CE = Vi 0.1 1 A
Icct Ve Current (Active) CE=vV),f=5MHz
(Note 3) TTL Inputs Inputs = Vi or Vi 5 20 mA
1/0 = O0mA
lccz Vg Current (Active) CE = GND, f = 5 MHz
(Note 3) CMOS Inputs Inputs = Vg or GND, 3 10 mA
1/0 = 0mA
lccssi Vg Current (Standby) CE = V4 0.1 1 mA
TTL Inputs
IccsB2 \écl\:ﬁcogulr;,ea:: sfStﬂnde) CE = Vco 05 100 uA
lpp Vpp Load Current Vpp = 5.5V 10 pA
ViL Input Low Voltage —-0.2 0.8 v
ViH Input High Voltage 2.0 Vee + 1 \
VoL1 Output Low Voltage loL = 2.1mA 0.45 \
VoHi Output High Voltage loy = —400 mA 2.4 \
VoLz Output Low Voltage loL = 10 pA 0.1 \
VoH2 Output High Voltage loy = =10 pA Vg —0.1 \
AC Electrical Characteristics
NMC27C16BQ
Symbol . Parameter Conditions Q150, QE150 Q200, QE200 Units
Min Max Min Max
tace Address to Output Delay CE=0E =V 150 200 ns
tce CE to Output Delay OE = VL 150 200 ns
toe OE to Output Delay CE=V| 60 60 ns
toF OE High to Output Float CE=V 50 0 60 ns
ter CE High to Output Float OE =V 50 0 60 ns
toH Output Hold from Addresses, OE=0E=V) 0 0 ns
CE or OE, Whichever Occurred First
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Capacitance 1, = +25°C,f = 1 MHz (Note 4)

Symbol Parameter Conditions | Typ | Max | Units
Cin Input Capacitance ViN = OV 6 12 pF
Cout Output Capacitance | Vouyt = OV 9 12 pF
AC Test Conditions
Output Load (Note 12) 1 TTL Gate and C__ = 100 pF Timing Measurement Reference Level
Input Rise and Fall Times <5ns Inputs 0.8V and 2V
Input Pulse Levels 0.45Vt0 2.4V Outputs 0.8V and 2V

AC Waveforms (Notes24&9)

2V
appREssEs 2%, X ADDRESSES VALID

| ]
® T, |\
L— g —f
— T ——

0E %y \_

[p—————

L~ Y

N N
L
¥ ¥

N-QCF-M

[ top >](NoTE 6,7)

_.‘ e e e |
2y -1 (NOTE 5) , NOTE 8,7) -z
/7771111 WS Ll
OUTPUT == LK VALID OUTPUT | )
- tace . ’
(NOTE 5) fonl=-

TL/D/9180-3

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: Vg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

Note 3: Vpp may be connected to Vg except during programming. Iccy < the sum of the Icc active and Ipp read currents.
Note 4: This parameter is only sampled and is not 100% tested.

Note 5: OE may be delayed up to tacc — tog after the falling edge of CE without impact on tacc.

Note 6: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vonq (DC) — 0.10V;
Low to TRI-STATE, the measured Vo 1 (DC) + 0.10V.

Note 7: TRI-STATE may be attained using OE or CE.

Note 8: The power switching characteristics of EPROMs require careful device decoupling. It is recommended thata 0.1 pF ceramic capacitor be used on every
device between Vgc and GND.

Note 9: The outputs must be restricted to Ve + 1.0V to avoid latch-up and device damage.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns maximum.
Note 11: Typical values are for To = 25°C and nominal supply voltages.

Note 12: 1 TTL Gate: Ip;. = 1.6 MA, loy = 400 pA.
Cy: 100 pF inlcudes fixture capacitance.
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NMC27C16B

Programming Characteristics (notes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tbs Data Setup Time 1 us
tvcs Ve Setup Time 1 us
tvps Vpp Setup Time 1 s
taH Address Hold Time 0 us
toH Data Hold Time 1 1S
toF Output Enable to Output Fioat Delay CE/PGM = V) 0 60 ns
tpw Program Pulse Width 95 100 105 us
tog Data Valid from OE CE/PGM = V| 150 ns
Ipp Vpp Supply Current During CE=Vn 30 mA
Programming Pulse OE = V|4
lcc Vec Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Vece Power Supply Voltage 6.0 6.25 6.5 \"
Vpp Programming Supply Voltage 12.5 12.75 13.0 v
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \
ViH Input High Voltage 3.0 4.0 \
tin Input Timing Reference Voltage 0.8 2.0 \
touT Output Timing Reference Voltage 0.8 20 Vv

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 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, Vo 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. The Min and Max Limit
Parameters are Design parameters, not Tested or guaranteed.

Programming Waveforms

ROGRAM
PROGRAM PVERFFY
ADDRESSES 3V, ADDRESS STABLE :'r K
15
tas 4—-, Le—tan
v : - HIGH 2 Jl_._.;:l_l
DATA o BV_——G DATA IN STABLE [ ! DATA OLLT' VALID ?————
- p 2
el bF
os You
T 3v
CE/PGM 2.8V ..
toy “
""ozs‘l [+ tog —>
o KL——_“./
4
Io— ves —»]
6.0V ),
o 37
Vee

L

37T

TL/D/9180-4




Fast Programming Algorithm Flow Chart (ote 4)

START
(( A0DR = FIRST LOCATION )

Vo= 6.25V
vpc,,c_ 12.75V

PROGRAM ONE 100 us PULSE)

INCREMENT X

INCREMENT ADDR LAST ADDR?

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/9180-5
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NMC27C16B

Interactive Programming Algorithm Flow Chart (vote 4)

START
C ADDR = FIRST LOCATION)

Vee=6.0V
v,,,,= 13.0V

PROGRAM ONE 0.5ms PULSE)

INCREMENT X

INCREMENT ADDR

LAST ADDR ?

Vo= Vpp=5.0V 5%

DEVICE
FAILED

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 2
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Functional Description

DEVICE OPERATION

The six modes of operation of the NMC27C16B are listed in
Table I. 1t 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
modes. The Vg power supply must be at 6.25V during the
three programming modes, and at 5V in the other modes.

Read Mode

The NMC27C16B 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 O, 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 NMC27C16B has a standby mode which reduces the
active power dissipation by 99%, from 55 mW to 0.55 mW.
The NMC27C16B 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 NMG27C16Bs 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 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 21 (Vpp) will damage the
NMC27C16B.

Initially, and after each erasure, all bits of the NMC27C168
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 NMC27C16B 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 pF capacitor be placed across
Vpp, Vo to ground to suppress spurious voltage transients
which may damage the device. The data to be programmed
is applied 8 bits in paralle! to the data output pins.

When the address and data are stable, an active high, TTL
program pulse is applied to the CE/PGM input. A program
pulse must be applied at each address location to be pro-
grammed. The NMC27C16B 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 NMC27C16B must not be programmed with a DC signal
applied to the CE/PGM input.

Programming multiple NMC27C16Bs in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC27C16Bs 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
NMC27C16Bs.

TABLE 1. Mode Selection

Pins CE/PGM OE Vpp Ve Outputs

Mode (18) (20) (21) (24) (9-11), (13-17)
Read Vi Vi Vee 5 Dout
Standby ViH Don’t Care Ve 5 Hi-Z
Output Disable Don’t Care VIH Vee 5 Hi-Z
Program ViH VIH 12.75V 6.25 Din
Program Verify ViL ViL 12.75V 6.25 Dout
Program Inhibit ViL VIH 12.75V 6.25 Hi-Z
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NMC27C16B

Functional Description (continued)

Program Inhibit

Programming multiple NMC27C16Bs in parallel with differ-
ent data is also easily accomplished. Except for CE/PGM all
like inputs (including OE) of the parallel NMC27C16Bs may
be common. A TTL high level program pulse applied to an
NMC27C16B’s CE/PGM input with Vpp at 12.75V will pro-
gram that NMC27C16B. A TTL low level CE/PGM input in-
hibits the other NMC27C16Bs 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. Except during
programming and program verify, Vpp must be at Vgc.

MANUFACTURER'S IDENTIFICATION CODE

The NMC27C16B 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 NMC27C16B is, “8F80", where “8F" designates that
it is made by National Semiconductor, and “‘80" designates
a 16k part.

The code is accessed by applying 12.0V £0.5V to address
pin A9. Addresses A1-A8, A10, 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 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 NMC27C16B 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 NMC27C16B 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 NMC27C16B
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 mimimum of
15 W-sec/cm2.

The NMC27C16B 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 NMC27C16B 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 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 Voo 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 NMC27C16B Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50

TABLE 1ll. Manufacturer’s Identification Code

Pins Ag O7 Og [e]3 O4 O3 03 04 Op 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 1 0 0 0 0 0 0 0 80




@National

Semiconductor

NMC27C32B
32,768-Bit (4096 x 8)
CMOS EPROM

General Description

The NMC27C32B is a 32k UV erasable and electrically re-
programmable CMOS EPROM, ideally suited for applica-
tions where fast turnaround, pattern experimentation and
low power consumption are important requirements.

The NMC27C32B is designed to operate with a single +5V
power supply with +10% tolerance.

The NMC27C32B is packaged in a 24-pin dual-in-line pack-
age with a quartz window. The quartz window 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 Low CMOS power consumption
— Active Power 55 mW Max
— Standby Power 0.55 mW Max

m Extended temperature range, —40°C to +85°C,
available

m Fast and reliable programming

m TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

B Manufacturer’s identification code for automatic
programming control

m High current CMOS level output drivers

m Compatible with NMOS 2732

Block Diagram
DATA QUTPUTS 0g-0;
Voo O——> , ~
GND O———p Pin Names
o RERRANA
] ] AO-A11 Addresses
OE —»{ 0UTPUT ENABLE > i
AND CHIP ¢ QUTPUT CE L
Gt —p| ENABLE LOGIC > BUFFERS OE Output Enable
Vpp Programming Voitage
( >
—> » 0p-07 Qutputs
] oecooen . ¥ GATING v Power Suppl
Wi
. cC PRl
— GND Ground
AsAIL | P
ADDRESS § — -
INPUTS | ety X * 32,768 BIT
—p] DECODER : CELL MATRIX
L]
—’ .
— -

TL/D/8827-1
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NMC27C32B

Connection Diagram

27C256 | 27C128 | 27C64 | 27C16 27C16 | 27C64 | 27C128 | 27C256
27256 | 27128 | 2764 | 2716 2716 | 2764 | 27128 | 27256
Vep Vep Vee Dualﬁxfﬁ;cg:?kage vﬁ EC_ Vee
A12 A12 | A2 PGM PGM A4
A7 A7 A7 A7 A7~41 — 24} Ve Vec | NC A13 A13
A6 A6 A6 A6 A6 =2 231—2A8 A8 A8 A8 A8
AS A5 A5 A5 A5 ~13 22}—A9 A9 A9 A9 A9
A4 A4 A4 A4 AM—4 21 f=A11 Vpp A11 A1 A1
A3 A3 A3 A3 A3] 5 20}—0E/ Vpp OE OE OE OE
A2 A2 A2 A2 A2—16 19}—A10 A10 A10 A10 A10
At A1 Al | A1 At {7 184—CE CE CE CE CE
A0 A0 AO A0 A0—8 17}-0, 07 07 o7 07
Op O Op Qo 0p—19 16— 0g Og Og Og O¢
04 o} 04 0, 0,~110 1505 Os Os Os Os
0s 0» 0, 0> 0,—{ 11 141-0, 04 O4 O4 04
GND | GND | GND | GND | GND—{12 1305 O3 O3 O3 O3

Note: Socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C328B pins.

TL/D/8827-2

Order Number NMC27C32BQ
See NS Package Number J24AQ

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

Parameter/Order Number

Access Time (ns)

NMC27C32BQ150 150
NMC27C32BQ200 200
NMC27C32BQ250 250

Extended Temp Range (—40°C to

+85°C) Vee = 5V £10%

Parameter/Order Number

Access Time (ns)

NMC27C32BQE200

200




=
Absolute Maximum Ratings (ot 1) 3
If Military/Aerospace specified devices are required, OE Vpp Supply and A9 Voltage with 3
please contact the National Semiconductor Sales Respect to Ground +14.0Vto —-0.6V 8
Office/Distributors for availability and specifications. Power Dissipation 1.0W '&I’
Temperature Under Bias —40°Cto +85°C Lead Temperature (Soldering, 10 sec.) 300°C
Storage Temperature —65°Cto +150°C .
Ve Supply Voltage with Operating Conditions (note 6)
Respect to Ground +7.0Vto —0.6V Temperature Range
All Input Voltages except A9 NMC27C32BQ150, 200, 250 0°Cto +70°C
and OE/Vpp with NMC27C32BQE200 ~40°Cto +85°C
Respect to Ground (Note 9) +6.5Vto —0.6V Vcc Power Supply +5V +10%
All Output Voltages with
Respect to Ground (Note8) Vg + 1.0V to GND—0.6V
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
L Input Load Current VIN = Vge or GND 0.0t 1 RA
Ipp OE/Vpp Load Current OE/Vpp = V¢g or GND 10 pA
Lo Output Leakage Current | Voyt = Vg or GND, CE = Vi 0.01 1 pA
lcct Vg Current (Active) CE=V),f=5MHz 5 20 mA
TTL Inputs Inputs = Vjyor V), 1/0 = 0 mA
lcca Vg Current (Active) CE = GND, f = 5 MHz 3 10 mA
CMOS Inputs Inputs = Vg or GND, 170 = 0 mA
lccsB1 Vg Current (Standby) CE = V|4 01 1 mA
TTL Inputs
lccsa2 Vg Current (Standby) CE = Vo
CMOS Inputs 0.5 100 rA
ViL Input Low Voltage -0.2 0.8 \
VIH Input High Voltage 2.0 Ve + 1 \
Vo1 Output Low Voltage loL = 2.1mA 0.45 \
VoH1 Output High Voltage loq = —400 pA 2.4 "
VoLz Output Low Voltage loL = 10 nA 0.1 \
VoH2 Output High Voltage loH = —10 pA Ve — 0.1 v
AC Electrical Characteristics
NMC27C32B
Symbol Parameter Conditions Q150 Q200, QE200 Q250 Units
Min | Max Min Max Min Max
tace 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 60 70 ns
toF OE High to Qutput Float CE =V 0 50 0 60 0 70 ns
tcg CE High to Output Float CE=Vy 0 50 0 60 0 60 ns
toH Output Hold from Addresses, | CE = OE = V.
CE or OE, Whichever 0 0 0 ns
Occurred First




NMC27C32B

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

Symbol Parameter Conditions | Typ | Max | Units

Cind Input Capacitance except OE/Vpp | Viy = OV 6 | 12 | pF

Cing OE/Vpp Input Capacitance ViN = 0V 16 | 20 | pF

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

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

Input Rise and Fall Times <5ns Outputs . 0.8Vand 2V
Input Pulse Levels 0.45Vto0 2.4V

AC Waveforms (Note 7)

ADDRESSES  2-9Y ADDRESSES VALID o
8V e
14
Je— R
2.0V N
cE 0.8V re /
e P [—tor —
tCE _"1 (NOTES 4, 5)
OF 2.0V \l
OE/VI’P 0.8V re }
el
—>I Yo e - Yor e
2.0V . (NOTE 3) e (NOTES 4, 5) hinz
: LWt /7777717 27 AN\, Wil
OUTPUT L VALID QUTPUT )
0.8V ) {
ACC
" (NOTE 3) ioute

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 — 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 VoHy (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 EPROMSs require careful device decoupling. It is recommended that at least a 0.1 p.F 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: Ig. = 1.6 mA, gy = —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.
Note 10: Typical values are for Ty = 25°C and nominal supply voltages.




Programming Characteristics (otes 1,2,384)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 s
toes OE Setup Time 1 us
tps Data Setup Time 1 us
tvcs Vcc Setup Time 1 us
taH Address Hold Time 0 1S
tDH Data Hold Time 1 us
tor Chip Enable to Output Float Delay OE =vV|_ 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
tpRT OE Pulse Rise Time 50 ns
During Programming
tvr Vpp Recovery Time 1 Ms
Ipp Vpp Supply Current During CE=v, 30 mA
Programming Pulse OE = Vpp
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 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 24 4.0 \Y
tin Input Timing Reference Voltage 0.8 2.0 \Y
touTt Output Timing Reference Voltage 0.8 2.0 \'/
Programming Waveforms
PROGRAM P e
ADDRESSES 2V, ADDRESS N EE
s “
DATA z DATA B STABLE Hiz2 ozsvv DATA OUT VALEI:E ADD N
0.8v oo - _'o_V,j 55 =y
— 125V RN
OE/VER | gy - /-
tors | | tew toen - ”
toRr | f— ' VR
& T i \ S

tyes—
Vg 6.0V
ov

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 simultansously 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 exceeding this 14V maximum specification. At least a 0.1 wF capacitor is required across Vgg 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/8827-4
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NMC27C32B

Fast Programming Algorithm Flow Chart (ot 4)

START

(ADDR = FIRST LOCATION)

|
( ve=s2sv )

PROGRAM ONE 100 s PULSE
—’( WITH Vpp = 12.75V )

( INCREMENT X

\/

FAIL

VERIFY
BYTE

INCREMENT ADDR

LAST ADDR?

Voo = 5.0V

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

FAIL

DEVICE
FAILED

TL/D/8827-5
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Interactive Programming Algorithm Flow Chart (Note 4)

(" #00R = FiRsT LocaTion )
|
( vemsov )

N|

PROGRAM ONE 0.5 ms PULSE
> WITH Vpp = 13.0V
( wereewrx )

( Vop = i )

LAST ADDR ?

INCREMENT ADDR

Vee =5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

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 (tocc) 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 Vog 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 OFE 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
oceur,

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 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/
Vppis at 12.75V. It is required that at least a 0.1 uF capaci-
tor be placed across Vcg 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 ps pulse.

Note: Some programmer manufactures due to equipment 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 VIH Don’t Care 5V 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 5V Hi-Z




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
NMC27C32B'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 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 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). 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 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 NMC27C328B
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 lli
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, Igg,
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 nF 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 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 II. Manufacturer’s Identification Code

Pins A0 07 Og Os 04 O3 02 04 Op 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 0 0 0 0 0 0 0 1 01

TABLE Ill. Minimum NMC27C32B Erasure Time

Light Intensity
(nW/cm?2)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50

1-21
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NMC27C64

@National

Semiconductor

NMC27C64

65,536-Bit (8192 x 8) CMOS EPROM

General Description

The NMC27C64 is a 64K UV erasable, electrically repro-
grammable and one-time programmable (OTP) CMOS
EPROM ideally suited for applications where fast turn-
around, pattern experimentation and low power consump-
tion 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 NMC27C864Q is packaged in a 28-pin dual-in-line pack-
age with a quartz window. The quartz window 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.

The NMC27C64N is packaged in a 28-pin dual-in-line plastic
molded package without a transparent lid. This part is ideal-
ly suited for high volume production applications where cost
is an important factor and programming only needs to be
one once.

This family of EPROMs are fabricated with National’s propri-
etary, time proven CMOS double-poly silicon gate technolo-
gy which combines high performance and high density with
low power consumption and excellent reliability.

Features
m High performance CMOS
— 120 ns access time

m High reliability with EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V

m JEDEC standard pin configuration

— 28-pin DIP package
— 32-pin chip carrier

® Drop-in replacement for 27C64 or 2764

# Manufacturers identification code

Block Diagram

DATA OUTPUTS 0g-07

Veg O—> P -
GND O——b
mo—> [ERRREA
OE —>] OUTPUT ENABLE >
PGM =] ¢ ?‘l;lzicr&zm L OUTPUT Pin Names
GE—>p| EN > BUFFERS
¢t AD-A12 Addresses
. CE Chip Enable
—] Y o " OE Output Enable
—»]  DECODER . ¥ GATIN
—p) - 0p-07 Outputs
> PGM Program
po-a12 | =
ADORESS { ==} N NC No Connect
Rl X v gs.538-a1t Vpp Programming
—> DECODER : CELL MATRIX Voltage
—’ .
> . Vee Power Supply
—p >
L GND Ground

TL/D/8634-1
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Connection Diagram

$90.20NN

27C512/27C256|27C128|27C32/27C 16 NMC27C64Q/N 27C16 | 27C32 [27C128| 27C256 [27C512

27512 | 27256 | 27128 | 2732 | 2716 Dual-In-Line Package 2716 | 2732 | 27128 27256 | 27512
A15 | Vpp | Vpp vee —{1 28— Voo Vee | Voo | Vec
A12 | A12 | A12 A1z —12 27— PGM PGM | A14 Al4
A7 A7 A7 | A7 | A7 AT —3 26— g Voo | Voo | A13 | A13 | A13
A6 A6 A6 | AB | AB A5 —4 25— a8 A8 A8 A8 A8 | s
A5 A5 A5 | A5 | A5 As —15 22— A9 A9 A9 A9 A9 A9
A4 A4 A4 | A4 | A4 M —16 B an Vep | A11 | A11 | AN A1

A3 A3 A3 | A3 | A3 A3 —17 21— 0 OE |[OE/Vpe| OE OE [OE/Vpp
A2 A2 A2 | A2 | A2 A2 —18 21— A1 A10 | A10 | A10 | At10 [ A10
Al Al Al | A1 | A1 A1 —19 20— CE ICE/PGM| CE CE |CE/PGM| CE
A0 A0 A0 | A0 [ AO A0 —110 =0 Oy Oy 07 07 Oy
Op Qo Og Op-| Oo G —" 18— 05 Og Og Og Og Og
01 | Oy | Oy | O1 | Oy 0, — 2 =0 Os Os | Os Os Os
02 02 02 02 02 0, —1 1 16 =10, 04 04 04 04 04
GND | GND | GND | GND | GND GND —3 14 15— 0; 03 O3 O3 o} O3

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

Commercial Temperature Range
Vee = 5V £10%

Parameter/Order Number Access Time (ns)
NMC27C64Q, N150 150
NMC27C64Q, N200 200
NMC27C64Q, N250 250

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

Parameter/Order Number Access Time (ns)
NMC27C64QE 150 150
NMC27C64QE200 200

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

Parameter/Order Number Access Time (ns)
NMC27C64QM200 200
NMC27C64QM250 250
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NMC27C64

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 —55°Cto +125°C
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)  Vgo+ 1.0V to GND—0.6V
Vpp Supply Voltage and A9
with Respect to Ground
During Programming

+6.5Vto —0.6V

+14.0Vto —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 —0.6V
1.0W
300°C

2000V

Operating Conditions (Note 7)

Temperature Range
NMC27C64Q15, Q150, 200, 250
NMC27C64N150, 200, 250
NMC27C64QE150, 200
NMC27C64QM200, M250

0°Cto +70°C

—40°Cto +85°C
—55°Cto +125°C

Vg Power Supply +5V £10%
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
I Input Load Current ViN = Vgc or GND 10 RA
Lo Output Leakage Current VouT = Ve or GND, CE = V)4 10 pA
lccs Ve Current (Active) CE =V, f=5MHz 5 20 mA
(Note 9) TTL Inputs Inputs = Vi or V|, I/0 = 0 mA
lcc2 Vg Current (Active) CE = GND, f = 5 MHz 3 10 mA
{Note 9) CMOS Inputs Inputs = Vg or GND, I70 = 0 mA
lccsBt ¥$E ICurrent (Standby) CE=VH 0.1 1 mA
nputs
lccsa2 é&co (;ulr;g:: s(Standby) CE = Vg 05 100 LA
lpp Vpp Load Current Vpp = Veo 10 HA
ViL Input Low Voltage -0.1 0.8 \
ViH Input High Voltage 2.0 Voo + 1 "
VoLt Output Low Voltage loL = 2.1 mA 0.45 \
VOH1 Output High Voltage loH = —400 nA 2.4 \)
VoLz2 Output Low Voltage loL =0 pA 0.1 \
VoHz Output High Voltage lon = 0O pA Vee — 0.1 \
AC Electrical Characteristics
NMC27C64Q/N
Symbol Parameter Conditions 15, 150, E150 200, E200, M200 250, M250 Units
Min Max Min Max Min Max
tacc | Address to Output Delay PCLEFNTE_V,; ViL 150 200 250 ns
tce CE to Output Delay OE = V., PGM = Vi 150 200 250 ns
toe OE to Output Delay CE = V),PGM = Vi 60 60 70 ns
toE OE High to Output Float CE =V, PGM = Vi 60 0 60 60 ns
toF CE High to Output Float OE = V|,PGM = V| 60 0 60 0 60 ns
toH Output Hold from Addresses, | CE = OE = Vj_
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) NMC27C64Q

Symbol Parameter Conditions Typ Max Units
CIN . Input Capacitance ViN = 0V 6 8 pF
Cour Output Capacitance Vourt = 0V 9 12 pF
Capacitance 1, = +25:, t = 1 MHz (Note 2) NMC27C64N
Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance VIN = 0V 5 10 pF
Cout Output Capacitance Vourt = 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 & 9)
| 5
aboResses 20 )I ADDRESSES VALID . )§
J)J
= 2.0V \
Ct 0.8V (C /
JJ
€ ‘ (NOTES 4, 5)
= 2.0V
OF oav \ e /
3
toe . tor |
(NOTE 3) cc (NOTES 4, 5)
Hi=Z pB; b Hi=Z
QUTPUT %‘)I— VALID OUTPUT cc ;)))) >
JJ
tace to =
(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 — to after the falling edge of CE without impacting tacc.

Note 4: The tpr and tor compare level is determined as follows:
High to TRI-STATE, the measured Von¢ (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 Vgg and GND.

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

Note 8: 1 TTL Gate: Iop = 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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NMC27C64

Programming Characteristics (Notes 1,2,38 4)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tces CE Setup Time 2 ps
tbs Data Setup Time 2 us
tvps Vpp Setup Time 2 us
tvcs Vce Setup Time 2 us
tAH Address Hold Time 0 us
toH Data Hold Time 2 us
toF Output Enable to Output Fioat Delay CE=vV 0 130 ns
tew Program Pulse Width 0.45 0.5 0.55 ms
tog Data Valid from OE CE=VL 150 ns
Ipp Vpp Supply Current During CE=vVL 30 m A.‘
Programming Pulse PGM = vV_
lec 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 13.0 133
tFr Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 v
VIH Input High Voltage ‘24 4.0 \')
tiN Input Timing Reference Voltage 0.8 1.5 20 v
tout Output Timing Reference Voltage 0.8 1.5 2.0 Vv
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Programming Waveforms (note 3)
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PROGRAM
PROGRAM ——————] VEREY
™ 3
ADDRESSES 2%, ADDRESS N o
7]
Ys
,_.‘ tap | bae
il DATA IN STABLE Hi-Z P by
DATA —<o,3v ADD N Yoo
tps ton =—1tpF
6.0V 45
)
iqa
13.0v el
Vep / typs
CE o.8v cc
7
Je—tees -]
g4
e— 7
FOM By \_/
fow *’ozs“' r—tog—
= 2V e
OE .8y \‘ ( /

TL/D/8634-6
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 exceeding this 14V maximum 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 interactive Program Algorithm, at typical power supply voltages and timings.
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Interactive Programming Algorithm Flow Chart

START

( ADOR = FIRST LOCATION )

Vo= 6.0V
vPP= 13.0V

INCREMENT ADDR

PROGRAM ONE .5 ms PULSE)

INCREMENT X

LAST ADDR ?
YES

Vee=Vpp=50V £5%

VERIFY
ALL BYTES

PASS

DEVICE PASSED

DEVICE
FAILED

DEVICE
FAILED

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 Vg 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 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 (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 NMC27C64 has a standby mode which reduces the
active power dissipation by 99%, from 55 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
oceur.

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 “0s” 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 uF 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 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. If an application requires erasing and repro-
gramming, the NMC27C64Q UV erasable PROM in a win-
dowed package should be used.

TABLE I. Mode Selection

Pins CE OE PGM Vpp Vee Outputs

Mode (20) (22) (27) (1) (28) (11-13, 15-19)
Read ViL ViL ViH 5V 5V Dout
Standby ViH Don’t Care Don’t Care 5V 5V Hi-Z
Output Disable Don’t Care VIH VIH 5V 5V Hi-Z
Program ViL ViH 13V (2% DiN
Program Verify ViL ViL ViH 13V ev Dout
Program Inhibit ViH Don't Care Don’t Care 13V 6V Hi-Z
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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 NMC27C64. 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
V¢, 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 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 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 AO 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 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 i
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, 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. Itis recommended that at least a 0.1 u.F 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 wF bulk electrolytic
capacitor should be used between Ve 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 Ao 07 Og 05 04 03 (o] 01 00 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 1 0 0 0 0 1 0 c2
TABLE lIl. Minimum NMC27C64 Erasure Time
Light Intensity Erasure Time
(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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@National

Semiconductor

NM27C128

131,072-Bit (16K x 8) High Performance CMOS EPROM

General Description

The NM27C128 is a high performance 128K UV Erasable
Electrically Programmable Read Only Memory. It is manu-
factured with National's latest CMOS split gate EPROM
technology which enables it to operate at speeds as fast as
100 ns access time over the full operating range. (If faster
speeds are required, contact your National sales represent-
ative.)

The NM27C128 provides microprocessor-based systems
extensive storage capacity for large portions of operating
system and application software. its 100ns access time pro-
vides high speed operation with high-performance CPUs.
The NM27C128 offers a single chip solution for the code
storage requirements of 100% firmware-based equipment.
Frequently-used software routines are quickly executed
from EPROM storage, greatly enhancing system utility.

The NM27C128, is configured in the standard EPROM pin-
out which provides an easy upgrade path for systems which
are currently using standard EPROMs.

The NM27C128 is one member of a high density EPROM
Family which range in densities up to 4 Mb.

Features
| High performance CMOS
— 100 ns access time
a Fast turn-off for microprocessor compatibility
m EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V
m JEDEC standard pin configuration
— 28-pin DIP package
— 32-pin chip carrier
B Drop-in replacement for 27C128 or 27128

Block Diagram

Voo O—>
GND O—> DATA OUTPUTS 0 -0,
e ttttetts
__OE_ QUTPUT ENABLE
PGM ~——> AND CHIP OUTPUT
T > ENABLE LOGIC > BUFFERS
[ —] —>
Y [ J
—
—) DECODER ° Y GATING
—> >
—>
AO-A14 | =P —>
ADDRESS { =—p] o
INPUTS | = °
-—"
— X Y 131,072 -8BIT
> DECODER ° CELL MATRIX
——"
—_— [ ]
| —] —

TL/D/11329-1
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NM27C128

Connection Diagrams

27€080| 27C0401 27C020| 27C010| 27C512| 27C256 DIP 27C258] 27C512 |27C010|27C020| 27C040 | 27C080
A19 | Vep | Ve | Vep NM27C128 Voo | Vec | Veo | Vee
A16 | A16 | Al6 | A16 \\ PGM { PGM | At8 A18
A15 | A15 | A15 | A15 | At5 Vpp = Vet 28 :IVc_c - Ve | Vec XX | A17 | A17 A17
a2 | a1z | a2 | a2 | a2 | a2z | —A1202 27 3PGM — A4 | A4 | A4 | A4 | A14 | A14
A7 A7 A7 A7 A7 A7 — A7]3 26113 — A13 | A13 | A13 | A13 | A13 A13
A6 A6 A6 A6 A6 A6 — As]4 25148 — A8 A8 A8 A8 A8 A8
AS A5 AS A5 A5 A5 — Asl]s 24049 — A9 A9 A9 A9 A9 A9
A4 A4 A4 Ad A4 Ad — s 230311 — A1l | A1l | A1 | A1 | Al A1
A3 A3 A3 A3 A3 A3 — asqQ7 2210 — OFE |OE/Vep| OE | OE | OE |OE/vep
A2 A2 A2 A2 A2 A2 — A28 O 21JA10 — A10 | A10 | A10 | A10 [ A10 A10
Al Al Al Al Al Al — A1Qe 20ICE — CE |CE/PGM| CE | CE |CE/PGM|CE/PGM|
AO A0 A0 A0 A0 A0 - A0CJ 10 19 F|o7 — o7 o7 o7 o7 o7 o7
00 00 00 00 00 00 — oo 11 18306 — 06 06 o6 | o6 06 06
o1 o1 o1 o1 o1 o1 — o112 17305 — 05 05 05 | 05 05 05
02 02 02 02 02 02 — 02313 16304 ~— 04 04 04 04 04 04
GND | GND | GND | GND | GND | GND | — GNDLJ 14 15303 — 03 03 03 | o3 03 03

TL/D/11329-2
Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27C128 pins.

Commercial Temp. Range (0°C to +70°C) Extended Temp. Range (—40°C to +85°C)
Vge = 5V £10% Voc = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27C128 Q, N, V 100 100 NM27C128 QE, NE, VE 120 120
NM27C128 Q, N,V 120 120 NM27C128 QE, NE, VE 150 150
NM27C128 Q, N, V 150 150 NM27C128 QE, NE, VE 200 200
NM27C128 Q, N, V 200 200 Note: Surface mount PLCC package available for cc cial and ded
temperature ranges only.
Military Temp. Range (—55°C to + 125°C) .
Vec = 5V £10% Package Types: NM27C128 Q, N, V XXX
Q = Quartz-Windowed Ceramic DIP
Parameter/Order Number Access Time (ns) N = Plastic OTP DIP
NM27C128 QM 120 120 V = Surface-Mount PLCC
NM27C128 QM 150 150 e All packages conform to the JEDEC standard.
® All versions are guaranteed to function for slower
speeds.
PLCC
~ o [S NP3 bl
riEg BB 2
Pin Names | I I I T
Svymbol b " (4321325130
ymbol escription a5 20]= 5
A0-A13 Addresses AS -5 28— Ag
CE Chip Enable A7 27} 4,
OE Output Enable A; =18 26 "ﬁ:
00-07 Outputs e b 25108
A =110 24— Ao
PGM Program a1t P
NC No Connect Ne =12 22}~0,
0,—13 21}~ 05
14 15 16 17 18 19 20

Trrririrr

N O LI e}
S S2 e FSS
(L3

TL/D/11329-3
Top
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Operating Range

Office/Distributors for availability and specifications. Range Temperature Vee
Storage Temperature —65°Cto +150°C Comm’l 0°Cto +70°C +EV £10%
All Input Voltages except A9 with
Respect to Ground —0.6Vio +7V Industrial —40°Cto +85°C +5V £10%
Vpp and A9 with Respect Military —55°Cto +125°C +5V £10%
to Ground —0.7Vio +14V
Vcc Supply Voltage with
Respect to Ground —0.6Vto +7V
ESD Protection > 2000V
All Output Voltages with
Respect to Ground Ve + 1.0Vto GND —0.6V
Read Operation
DC Electrical Characteristics over Operating Range with Vpp = Ve
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level -05 0.8 \"
ViH Input High Level 2.0 Vee + 1 v
VoL Output Low Voltage loL = 2.1 mA 0.4 \"
VoH Output High Voltage loy = —2.5mA 3.5 \
1ccSB1 Vcc Standby Current CE = Vgg £0.3V 100 A
. (CMOS) V)L = GND + 0.3V, V|y = Vg £0.3V s
lccSB2 Vec Standby Current (T2L) CE =Viy 1 mA
lcct Vg Active Current, T2L Inputs CE=0E =V, f=5MHz
40 mA
1/0 = 0mA
lcc2 Vcc Active Current CE = GND, f = 5 MHz
CMOS Inputs Inputs = Vg or GND, I/0 = 0 mA 35 mA
C,| Temp. Range
Ipp Vpp Supply Current Vpp = Vee 10 pA
Vpp Vpp Read Voltage Vec — 0.7 " Veo \'
Iy Input Load Current ViN = 5.5V or GND -1 1 pA
Lo Output Leakage Current Vout = 5.5V or GND -10 10 pA
AC Electrical Characteristics over operating Range with Vep = Ve
Symbol Parameter 120 150 200 Units
Min Max Min Max Min Max
tacc Address to Output Delay 120 150 200 ns
tce CE to Output Delay 120 150 200 ns
toe OE to Output Delay 50 50 50 ns
tcr CE High to Output Float 30 45 55 ns
(Note 2)
tor OE High to Output Float 35 45 55 ns
(Note 2)
toH Output Hold from Addresses,
(Note 2) CE or OE, 0 0 0 ns
Whichever Occurred First
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NM27C128

Capacitance 15 = +25°,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
CiN Input Capacitance ViN =0V 6 12 pF
Cout Output Capacitance Vout = OV 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Input Pulse Levels 0.45t0 2.4V
CL = 100 pF (Note 8) Timing Measurement Reference Level (Note 10)
Input Rise and Fall Times <5ns Inputs 0.8V and 2.0V
Qutputs 0.8V and 2.0V

AC Waveforms (Notese, 7 and 9)

re L
ADDRESSES 2.9 ADDRESSES VALID -
PR
B — —
2.0V -
cE 0.8V 4§
e} et top —
e (NOTES 4, 5)
OF 2.0V \I
OE 0.8V {§ /
toe ‘or
I -’l (NoTE3) [ N g N01:s4.5)<'m -
: i- == TRSTY Hi-
OUTPUT o VALID OUTPUT i )
. tace
(NOTE3) itonle

TL/D/11329-4

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is 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: OF 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 Vgop1 (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 betwsen Ve and GND.

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

Note 8: 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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Programming Characteristics (Notes1,2,3,4and5)

821L0LCHN

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 us
tvps Vpp Setup Time 1 us
tvcs Vce Setup Time 1 us
tbs Data Setup Time 1 us
tAH Address Hold Time 0 us
tDH Data Hold Time 1 LS
o ggtaptué EIZ?:ble to Output CE=vV, 0 60 ns
tpw Program Pulse Width 95 100 105 ps
toe Data Valid from OE CE = VL 100 ns
Ipp Vep Supply Current CE=vV 30 mA
during Programming Pulse

Icc Vcc Supply Current 50 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 \
ViH Input High Voltage 2.4 4.0 \'
tin Input Timing Reference Voltage 0.8 2.0 \)
tout Output Timing Reference Voltage 0.8 2.0 \

Programming Waveforms (Note 3)

PROCRAM
PROGRAM VERIFY
4
ADDRESSES  2¥, ADDRESS N —
: i
bs ta o=
2y TATA IN STABLE Hi-Z BT |
DATA v '{ ADD N S
s Yo el
v 5.25v 55
ce -—/l tves
I
v, 1275 4 55
PP tves
cE 08 .
tces e
__. 55
P glay } r
|tew_|
"‘or.s*l = toe —1
OF iy N
- e )

TL/D/11329-5
Note 1: National's standard product warranty applies to devices programmed to specifications described hersin.

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 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 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.
Note 5: During power up the PGM pin must be brought high (= V)) either coincident with or before power is applied to Vpp.
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Fast Programming Algorithm Flow Chart (ote 4)

START
( ADDR = FIRST LOCATION)

Ve = 6.25V
cc
Vop = 12,75V

—P(PROGRAM ONE 100 us PULSE ’
INCREMENT X

DEVICE
FAILED

INCREMENT ADDR |

LAST ADDR?

Ve = Vpp = 5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1
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Interactive Programming Algorithm Flow Chart (vote 4)

START
‘ ADDR = FIRST LOCATION)

Vg = 6.0V
Vop = 13.0V

INCREMENT ADDR LAST ADDR?

Voo =Vpp = 5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 2

TL/D/11329-7
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble 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 EPROM 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 output con-
trol 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 (icg). 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.

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from 220 mW to 0.55 mW.
The EPROM 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 Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Typing

Because the EPROM is usually used in larger memory ar-
rays, 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 pin 1 (Vpp) will damage the
EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the “1’s” state. Data is introduced by selectively program-
ming “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 EPROM is in the programming mode when the Vpp
power supply is at 12.75V, CE is A7 V)., and OE is at V). It
is required 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 PGM input. A program pulse
must be applied at each address location to be pro-
grammed. The EPROM is programmed with the Fast Pro-

" gramming Algorithm shown in Figure 7. Each Address is

programmed with a series of 100 us pulses until it verifies
good, up to a maximum of 25 pulses. Most memory cslls will
program with a single 100 us pulse.

The EPROM must not be programmed with a DC signal ap-
plied to the PGM input.

Programming multiple EPROM in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirments. Like inputs of the parallel EP-

‘"ROM may be connected together when they are pro-

grammed with the same data. A low level TTL pulse applied
to the PGM input programs the paralleled EFROM.

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

Program Inhibit

Programming multiple EPROMs in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE) of the parallel EPROMs may be com-
mon. A TTL low level program pulse applied to an EPROM’s
CE input with Vpp at 12.75V will program that EPROM. A
TTL high level CE input inhibits the other EPROMs from
being programmed.
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Functional Description (continued)

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.

AFTER PROGRAMMING

Opagque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 I,
specifically identifies the manufacture and device type. The
code for NM27C128 is “8F83”, where “8F" designates that
it is made by National Semiconductor, and “83" designates
a 128K part.

The code is accessed by applying 12V +0.5V to address
pin A9. Addresses A1-A8, A10-A13, and all control pins
are held at V| .. Address pin AQ is held at Vj_ for the manu-
facturer’s code, and held at V| for the device code. The
code is read on the eight data pins, Og-0O7. Proper code
access is only guaranteed at 25°C to +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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
15W-sec/cm2.

The EPROM 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 EPROM erasure time for various light
intensities.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increases as the square of the dis-
tance from the lamp (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Igg,
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 of 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.
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NM27C128

Mode Selection

The modes of operation of NM27C128 listed in Table |. A single 5V power supply is required in the read mode. All inputs are TTL
levels except for Vpp and A9 for device signature.

" TABLE I. Modes Selection

Mode Pins CE OF PGM Vep Vee Outputs
Read ViL ViL VIH Veo 5.0V Dout
Output Disable X VIH ViH Vee 5.0v High-Z
Standby ViH X X Vee 5.0V High-Z
Programming ViL VIH ViL 12.75V 6.25V Din
Program Verify ViL ViL ViH 12.75V 6.25V Dout
Program Inhibit VIH X X 12.75V 6.25V High-Z2
Note 1: X can be Vj_or V|. )
TABLE II. Manufacturer’s Identification Code
Pins A0 [ A9 | O7 | O6 | O5 | O4 | O3 [ 02 | O1 00 | Hex
(10) | (24) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
ManufacturerCode | V). | 12V 1 0 0 0 1 1 1 1 8F
Device Code ViH | 12V 1 0 0 0 0 0 1 1. 83
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@National

Semiconductor

NM27C256

262,144-Bit (32K x 8) High Performance CMOS EPROM

General Description

The NM27C256 is a 256K Electrically Programmable Read
Only Memory. It is manufactured in National’s latest CMOS
split gate EPROM technology which enables it to operate at
speeds as fast as 120 ns access time over the full operating
range.

The NM27C256 provides microprocessor-based systems
extensive storage capacity for large portions of operating
system and application software. Its 120 ns access time
provides high speed operation with high-performance CPUs.
The NM27C256 offers a single chip solution for the code
storage requirements of 100% firmware-based equipment.
Frequently-used software routines are quickly executed
from EPROM storage, greatly enhancing system utility.
The NM27C256, is configured in the standard EPROM pin-
out which provides an easy upgrade path for systems which
are currently using standard EPROMSs.

The NM27C256 is one member of a high density EPROM
Family which range in densities up to 4 Mb.

Features
m High performance CMOS
— 100 ns access time
m High reliability with EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V
m JEDEC standard pin configuration
— 28-pin DIP package
— 32-pin chip carrier
® Drop-in replacement for 27C256 or 27256
B Manufacturer’s identification code

Block Diagram

Vee O—>
GND O—> DATA OUTPUTS 0g =05
e ftttttd
OE =" outPUT ENABLE ’
AND CHIP QUTPUT
% —p] PBELGC | BUFFERS
—]
) Y .
—-’
—) DECODER ° Y GATING
—]
—> >
AO-A14 | —>
ADDRESS { —pp .
INPUTS | ——p .
’ X 262,144 = BIT
—p] [ ) ' =
] oecooer . CELL MATRIX
—>
— .
L —> >

TL/D/10833-1
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NM27C256

Connection Diagrams

27C080| 27C040| 27C020| 27C010{ 27C512 DIP 27C512 | 27C010| 27C020 | 27C040 | 27C080
A19 | XX/Vpp| XX/Vpp| XX/Vpp NM27C256 Vec | Voo | Voo | Voo
A16 | A16 | A16 | A16 —~ XX/PGMXX/PGM| . A18 A18
A5 | A15 | A15 | A15 | A5 — Vet 28V, — Vee XX A17 | A17 | A17
A12 | A12 | A12 | A12 | A12 - Alzé 2 27 A4 —— A4 | A14 | A4 | A14 | A4
A7 A7 A7 A7 A7 —a7g3 26[A13 —— A13 | A13 | A13 | A13 | A3
A6 A6 A6 A6 A6 — Asd 4 25048 — A8 A8 A8 AB A8
A5 A5 A5 A5 A5 — a5 24|49 —— A9 A9 A9 A9 A9
A4 A4 A4 A4 A4 — a4[]s 23IA1 —— AN ANl A1 A1 ANl
A3 A3 A3 A3 A3 — a30]7 O 22[10F —— OFE/vpp| OE | OE | OFE |OE/vpp
A2 A2 A2 A2 A2 — a2r]s 213410 — A10 | At0o | At0 [ At0 [ At0
Al Al Al A1 Al — a9 20 A CE/Fow - CE/PGM| CE CE [CE/PGMCE/PGM
AOD AO A0 A0 A0 — aorJ10 19307 —— 07 o7 o7 o7 o7
00 00 00 0o 00 — o011 18206 —— 06 06 06 06 06
[} o1 o1 o1 o1 — 0112 17305 —— 05 05 o]} 05 05
02 02 02 02 02 — 02013 16304 — 04 04 04 04 04
GND | GND | GND | GND | GND -_— cnng 14 151303 —— 03 03 03 03 03

TL/D/10833-2

Note: Compatible EPROM pin configurations are shown in the biocks adjacent to the NM27C256 pins.

Commercial Temp. Range (0°C to +70°C)

Extended Temp. Range (—40°C to +85°C)

Vee = 5V £10% Vee = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27C256 Q, N, V 120 120 NM27C256 QE, NE, VE 120 120
NM27C256 Q, N, V 150 150 NM27C256 QE, NE, VE 150 150
NM27C256 Q, N, V 200 200 NM27C256 QE, NE, VE 200 200

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

Note: Surface mount PLCC package available for commercial and extended

temperature ranges only.

Vee = 5V £10%
Parameter/Order Number Access Time (ns) Package Types: NM27C256 Q, N, V XXX
Q = Quartz-Windowed Ceramic DIP
NM27C256 QM 150 150 N = Plastic OTP DIP
NM27C256 QM 250 250 V = Surface-Mount PLCC
* All packages conform to the JEDEC standard.
e All versions are guaranteed to function for slower
speeds.
PLCC
a Q "
s ST
Pin Names | I O I I |
4 3 2 1 323130
Symbol Description e E 29f g
A0-A14 Addresses Ag=—16 28— Aq
CE Chip Enable A7 27}~ A
OE Output Enable A8 26 [~ NC
00-07 p A—0 25} 0E
0- utputs a =10 24} 4y
PGM Program AOJ 11 23}—CE
XX Don't Care (during Read) NC =12 220,
0p—113 210
14 15 16 17 18 19 20
UL
s o“‘g 2 &L

Top

TL/D/10833-3
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Absolute Maximum Ratings (ote 1)

952J.CN

If Military/Aerospace specified devices are required, ESD Protection > 2000V
please contact the National Semiconductor Sales All Output Voltages with
Office/Distributors for availability and specifications. Respect to Ground Ve + 1.0V to GND —0.6V
Storage Temperature —65°Cto +150°C .
All Input Voltages except A9 with Operating Range

Respect to Ground —0.6Vto +7V Range Temperature v
Vpp and A9 with Respect 9 £e

to Ground —-0.7Vto +14V Comm’l 0°Cto +70°C +5V £10%
Vcc Supply Voltage with Industrial —40°Cto +85°C +5V £10%

Respect to Ground —0.6Vto +7V —

Military —55°Cto +125°C +5V £10%

Read Operation
DC Electrical Characteristics over operating Range with Vpp = Vg

Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level -05 0.8 \'
VIH Input High Level 2.0 Vee + 1 \
VoL Output Low Voltage loL = 2.1 mA 0.4 v
VoH Output High Voltage lon = —400 pA 3.5 v
IsB1 Vge Standby Current CE = Vgg 0.3V 100 uA
(Note 11) (CMOS)
Isg2 Ve Standby Current CE = Vi 1 mA
lcot Ve Active Current CE=0E=V),f=5MHz 40 mA
TTL Inputs Inputs = Vi or V).
loc2 Ve Active Current CE = GND, f = 5 MHz,
CMOS Inputs Inputs = Vg or GND, 170 = 0 mA 35 mA
C, | Temperature Ranges
Ipp Vpp Supply Current Vpp = Veo 10 nA
Vpp Vpp Read Voltage Vce — 0.7 Vee \"
I} Input Load Current ViN = 5.5V or GND -1 1 MA
ILo Output Leakage Current Vourt = 5.5V or GND -~10 10 BA

AC Electrical Characteristics over Operating Range with Vep = Vg

Symbol Parameter 100 120 150 200 Units
Min Max Min Max Min Max Min Max

tacc Address to Output Delay 100 120 150 200

tee CE to Output Delay 100 120 150 200

toe OE to Output Delay 50 50 50 50

toF Output Disable to ns

(Note 2) Output Float 30 35 45 55

toH Output Hold from Addresses,

(Note2) | CEorOE, ] 0 0 0

Whichever Occurred First
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Capacitance 1, = +25°,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
Cin Input Capacitance Vin = 0V 6 12 pF
Cout Output Capacitance Vout = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Input Pulse Levels 0.45t0 2.4V
CL = 100 pF (Note 8) Timing Measurement Reference Level (Note 10)
Input Rise and Fall Times <5ns Inputs 0.8V and 2.0V
Outputs 0.8V and 2.0V

AC Waveforms (notess, 7 and 9)

LC L

ADDRESSES 3"’;3)] ADDRESSES VALID ot
27
— — e ——
& 2o\ " /
e} le—tor —
L—icg — NOTES 4,5
o fav \ N
toE tor.
_4 (NOTE3) |[© “KnotES 4,5)
2.0V |Hi-Z d e XY Hi-2Z
OUTPUT TR VALID OUTPUT [ )
tace t
(NOTE 3) THOH

TL/D/10833-4

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is 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: OF 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 Vg1 (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. Itis recommended that at least a 0.1 wF ceramic capacitor be used on
every device between Vgc and GND.

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

Note 8: TTL Gate: lo, = 1.6 mA, oy = —400 pA.
Ci = 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.
Note 11: CMOS inputs: V) = GND £0.3V, V|y = Vgc £0.3V.
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Programming Characteristics (otes1,2,3,4 and5)

9520.2NN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 ns
toes OE Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 s
tps Data Setup Time 1 s
tAH Address Hold Time 0 s
toH Data Hold Time 1 us
tDF ;C:)It;;ptultjslr;zble to Output CE = VL 0 60 ns
tpw Program Pulse Width 95 100 105 s
toe Data Valid from OE CE=V 100 ns
Ipp Vep Supply Current CE=vV| 30 mA
during Programming Pulse

lcc Vce Supply Current 50 mA
TA Temperature Ambient 20 25 30 °C
Ve 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 \
N Input Timing Reference Voltage 0.8 2.0 Vv
touT Output Timing Reference Voltage 0.8 2.0 \'

Programming Waveforms (note 3)

ROGR
PROGRAM e
ADDRESSES  (2Y, ADDRESS N - X
,QA_S,‘ tag| f—
oara 2 TGS Hi-Z 555 our VAo
o ADD N PV
{ 4
os ton =—=tor
5.75v 55
Vee _/ tycs
122v 5
Vep / typs
_ 55
CE gav 1 (
o "tOES"| =—tog—
O Ry N 5 /

TL/D/10833-5
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 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 Vpp, Ve 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.
Note 5: During power up the PGM pin must be brought high (> V) either coincident with or before power is applied to Vpp.
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Fast Programming Algorithm Flow Chart (same as Nmc27c2s6B)

START

( ADDR = FIRST LOCATION) :

Ve =6.25V
Vop = 12.75V

>
>

—(PROGRAM ONE 100 ps PULSE)

INCREMENT X

INCREMENT ADDR LAST ADDR ?

Vee = Vpp = 5.0V £ 5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

TL/D/10833-6
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Interactive Programming Algorithm Flow Chart (note 4)

START
‘ ADDR = FIRST LOCATION ’

PROGRAM ONE 0.5ms PULSE)

INCREMENT X

INCREMENT ADDR LAST ADDR?

Ve =Vpp =5.0V £5%

DEVICE
FAILED

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 2

TL/D/10833-9
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble I. It should be noted that all inputs for the six modes are
at TTL levels. The power supplies required are Vgg 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 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 EPROM has two control functions, both of which must
be logically active in order to obtain data at the outputs.
Chip Enable (CE/PGM) 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 (icg). Data is available at the outputs tog
after the falling edge of OE, assuming that CE/PGM has
been low and addresses have been stable for at least tacc—
toe.

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from 385 mW to 0.55 mW.
The EPROM is placed in the standby mode by applying a
CMOS high signal to the CE/PGM input. When in standby
mode, the outputs are in a high impedance state, indepen-
dent of the OE input.

Output Disable : .

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Typing

Because the EPROM is usually used in larger memory ar-
rays, 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/PGM be decoded and used as the primary

device selecting function, while OE 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 active only when data is
desired from a particular memory device.

Programming

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

Initially, and after each erasure, all bits of the EPROM are in
the “1’s” state. Data is introduced by selectively program-
ming “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 EPROM is in the programming mode when the Vpp
power supply is at 12.75V and OE is at Vjy. It is required
that at least a 0.1 uF capacitor be placed across Vep, 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 CE/PGM input. A program
pulse must be applied at each address location to be pro-
grammed. The EPROM is programmed with the Fast Pro-
gramming Algorithm shown in Figure 1. Each Address 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 us pulse.

The EPROM must not be programmed with a DC signal ap-
plied to the CE/PGM input.

Programming multiple EPROM in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirments. Like inputs of the parallel EP-
ROM may be connected together when they are pro-
grammed with the same data. A low level TTL pulse applied
to the CE/PGM input programs the paralleled EPROM.

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

Program Inhibit

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




Functional Description (continued)

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.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 device type. The
code for NM27C256 is “8F04”, where “8F designates that
it is made by National Semiconductor, and “04" designates
a 256K part.

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 V4 for the device code. The
code is read on the eight data pins, Og—0O7. Proper code
access is only guaranteed at 25°C to +5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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
15W-sec/cm2.

The EPROM 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 EPROM erasure time for various light
intensities.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increases as the square of the dis-
tance from the lamp (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete 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 of 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 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 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.
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Mode Selection

The modes of operation of NM27C256 listed in Table I. A single 5V power supply is required in the read mode. All inputs are TTL

levels except for Vpp and A9 for device signature.
TABLE . Modes Selection

Mode Pins CE/PGM OE Vpp Vee Outputs
Read ViL ViL Vee 5.0V Dout
Output Disable (No)t(e ) Vin Voo 5.0V High-Z
Standby VIH X Vee 5.0V High-Z
Programming ViL ViHX 12.75V 6.25V Din
Program Verify X ViL 12,75V 12.75V Dout
Program Inhibit ViH VIH 12.75V 6.25V High-Z
Note 1: X can be Vy_or V|y.
TABLE Il. Manufacturer’s ldentification Code
Pins A0O | A9 | O7 [ O6 | O5 | 04 | O3 | 02 | O1 00 | Hex
(10) | (24) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code | -V | 12V 0 0 0 1 1 8F
Device Code Vi | 12V o] 0 0 0 0 1 0 0 04
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@National

Semiconductor

NM27C512

524,288-Bit (64K x 8) High Performance CMOS EPROM

General Description

The NM27C512 is a high performance 512K UV Erasable
Electrically Programmable Read Only Memory. It is manu-
factured in National’s latest CMOS split gate EPROM tech-
nology, which enables it to operate at speeds as fast as
120 ns access time over the full operating range.

The NM27C512 provides microprocessor-based systems
storage capacity for portions of operating system and appli-
cation software. Its 120 ns access time provides no-
wait-state operation with high-performance CPUs. The
NM27C512 offers a single chip solution for the code storage
requirements of 100% firmware-based equipment. Fre-
quently-used software routines are quickly executed from
EPROM storags, greatly enhancing system utility.

The NM27C512 is configured in the standard JEDEC
EPROM pinout which provides an easy upgrade path for
systems which are currently using standard EPROMs.

The NM27C512 is one member of a high density EPROM
Family which range in densities up to 4 Megabit.

Features
B High performance CMOS
— 120 ns access time
m Fast turn-off for microprocessor compatibility
m High reliability with EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V
m JEDEC standard pin configuration
— 28-pin DIP package
— 32-pin chip carrier
B Manufacturers identification code

Block Diagram

DATA QUTPUTS 0g-07
Vec O—> p ~
GO O——b
OF —>] ourPuT ENABLE |
AND CHIP ) oUTPUT
TF —p] ENABLE LOGIC > BUFFERS
.
—] A e«
> DECODER . Y GATING
—p —
AD-Als | —
ADDRESS { —b >
INPUTS — M : 524,208 817
—»]  DECODER : CELL MATRIX
[ ]
—pd °
L — >
—>

TL/D/10834-1
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NM27C512

Connection Diagrams

27C080|27C040|27C020{27C010) 270256' DIP 27C256 | 27C010 | 27C020 | 27C040 | 27C080
Atg |XX/Vpp|XX/Vpp|XX/Vpp) NM27C512 Vee Veo Vee Vee
Ag Ats Asg As - XX/PGM|XX/PGM| Aqg Aqg
Ais | Ais | As | A5 | Vep — a5 28 Ve — Vee XX A7 A7 At7
Atz | Az | Az | Az | A2 — 4202 70A— A1a4 A14 A4 A14 A4
Az A7 A7 A7 A7 — &3 260 A3 — Az | Ag A3 A3 A13
Ag Ag Ag Ag As 1= O 25 Ay —— Ag Ag Ag Ag Ag
As Ag As As As — A5 24 Ay — Ag Ag Ag Ag Ag
Ay Ay Ay Ay Ay — A6 230A — m Aqq ﬁl “Aqq _A11

Ag As A3 Aa Az — A7 O 20 OF Npp — OE OE OE OE . | OE/vpp
Az Ao Ao Az Az — A8 20 A — Ao /m_) /_5_\_1_0 Ato Ay

A Aq A1 Aq A1 — e np&/fw~ |CE/PGM| CTE CE |CE/PGM|CE/PGM
Ao Ag Ao Ao Ao — a0 190, — 0, 07 o7 07 07
Oo Oo Op Op Op — 0,11 1830, — Og Og Os Os Os
04 04 04 01 04 — o,z 1705 — Os Os Os Os Os
O3 02 02 02 02 —o,3 16[30, —— Oy 04 04 O4 04
GND | GND {.GND | GND | GND —ono]is 15[ 305 — O3 O3 O3 O3 O3

TL/D/10834-2

Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27C512 pins.

Commercial Temp hange, (0°C to +70°C)

Extended Temp Range (—40°C to +85°C)

Parameter/Order Number Access Time (ns)* Parameter/Order Number Access Time (ns)*
NM27C512Q, N,V 120 120 : NM27C512 QE, NE, VE 120 120
NM27C512 Q, N, V 150 150 NM27C512 QE, NE, VE 150 150
NM27C512Q, N, V 200 200 NM27C512 QE, NE, VE 200 200

Military Temp Range (—55°C to +125°C)

Parameter/Order Number Access Time (ns)*
NM27C512 QM 200 200
Pin Names

AO-A15 Addresses

CE Chip Enable

OE Output Enable

00-07 Outputs

PGM Program

XX Don’t Care (During Read)

Note: Surface mount PLCC package available for commercial and extended

temperature ranges only.

*All versions are guaranteed to function for slower speeds.

Package Types: NM27C512 Q, N, V XXX
Q = Quartz-Windowed Ceramic DIP Package

N =
VvV =

Plastic OTP DIP Package
PLCC Package

All packages conform to the JEDEC standard.

PLCC

r&fe 877

| T Y T O |

4 3 2 1 32 3130
A~ 29 1=,
a5—6 28 = A
a7 2714y,
a8 26 = NC
e 25 1= 0E/Vpp
A =110 24— A
ro—f11 23 |- CE/Feu
Ne—{12 22|~0,
0o =13 21 =05

14 15 16 17 18 19 20

LI

g S g 2SS

TL/D/10834-3
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Absolute Maximum Ratings (Note 1)

21SO/ZZNN

If Military/Aerospace specified devices are required, Vce Supply Voltage with
please contact the National Semiconductor Sales Respect to Ground —0.6Vto +7V
Office/Distributors for availability and specifications. ESD Protection
Storage Temperature —65°Cto +150°C (MIL Std. 883, Method 3015.2) >2000V
All Input Voltages Except A9 with All Output Voltages with
Respect to Ground —0.6Vto +7V Respect to Ground Veg + 1.0V to GND —0.6V
Vpp and A9 with Respect to Ground —0.7Vto + 14V
Operating Range
Range Temperature Vee Tolerance

Comm'l 0°Cto +70°C +5V +10%

Industrial —40°Cto +85°C +5V +10%

Military —55°Cto +125°C +5V +10%

Read Operation
DC Electrical Characteristics

Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level -0.5 08 \']
ViH Input High Leve! 2.0 Voo + 1 Vv
VoL Output Low Voltage loL = 2.1 mA 0.4 \
Vou Output High Voltage loH = —400 pA 3.5 \'
IsB1 Vg Standby Current (CMOS) CE = Vgg £0.3V 100 pA
Isg2 Vg Standby Current CE =V 1 mA
lcct Vg Active Current CE=0E=V| f = 5 MHz 40 mA
lcce Vg Active Current CE = GND, f = 5 MHz

CMOS Inputs Inputs = Vggor GND, I/0 = 0 mA 35 mA

C, | Temp Ranges

Ipp Vpp Supply Current Vpp = Voo 10 pA
Vpp Vpp Read Voltage Vg — 0.7 Vee Vv
1L Input Load Current ViN = 5.5V or GND -1 1 pA
ILo Output Leakage Current Vout = 5.5V or GND -10 10 HA

AC Electrical Characteristics

Symbol Parameter 120 150 200 Units
Min Max Min Max Min Max
tacc Address to Output 120 150 200
Delay
tce CE to Output Delay 120 150 200
toe OE to Output Delay 50 50 50
tor Output Disable to ns
Output Float 25 45 %5
toH Output Hold from
Addresses, CE or OF, 0 0 0
Whichever Occurred First
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Capacitance 1, = +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 | Vpoyrt = 0V 9 12 pF
Cinz OE/Vp.p Input VIN = OV 20 25 oF
Capacitance
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level (Note 9)
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)

g4 )
2.0V L4
ADDRESSES 23V ADDRESSES VALID e X
27
—_— e — *
2.0V \
Ce 0.8V £C /
. )Y - tCF -]
l—— cE ——»] (NOTE 4,5)
OF/Vep Gy \, « /|
top ” tor
- (NOTE3) [ S notE4s) [
2.0V | Hi-z 45 <Xy, Hi=Z
OUTPUT e VALID QUTPUT )
0.8V \ 45
AcC . 4
*T (NOTE3) ==

TL/D/10834-4

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: OF 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 Vg (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 EPROMSs 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: g = 1.6 mA, loy = —400 pA.
C: 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 1and2)
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Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toES OE Setup Time 1 s
tos Data Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
tcr 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
tpv Data Valid from CE OE = V. 250 ns
tpRT ﬁ.Pulse Rise Time 50 ns
during Programming
tvR Vpp Recovery Time 1 us
Ipp Vpp Supply Current during CE =V 30 mA
Programming Pulse E = Vpp
lcc Ve Supply Current 50 mA
Tr Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6 6.25 6.5 \')
Vpp Programming Supply Voltage 125 12.75 13 \'
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0 0.45 \
ViH Input High Voltage 2.4 \
tiN Input Timing Reference Voltage 0.8 2 \
tout Output Timing Reference Voltage 0.8 2 \
Programming Waveforms
PROGRAM "583{}#"‘{
sooResses 20 W ADDRESS N - X
| tas -
DATA ol LI v VMT‘
0.8V 3 s
tov T
|t |
‘vn——]

tyes——+
Ve 6.25V

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 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 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.

TL/D/10834-5
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Fast Programming Algorithm Flow Chart (same as Nmc27¢5124)

START

(ADDR = FIRST LOCATION)

|
( ve=sav )

N

»

PROGRAM ONE 100 us PULSE
WITH Vpp = 1275V
( INCREMENT X )

FAIL FAIL

VERIFY
BYTE

DEVICE
FAILED

INCREMENT ADDR

LAST ADDR ?

YES
Vee = 5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

TL/D/10834-6
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Interactive Programming Algorithm Flow Chart

START
(" apoR = FiRsT LocaTion )
( vee=sov )
N
>

PROGRAM ONE 0.5 ms PULSE
—’< WITH Vpp = 12.5V >
< INCREMENT X J

Il
( Vop = VL )

VERIFY
BYTE

INCREMENT ADDR

LAST ADDR?

Vec=5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 2

FAIL

DEVICE
FAILED

TL/D/10834-8
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NM27C512

Functional Description

DEVICE OPERATION

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

Read Mode

The EPROM has two control functions, both of which must
be logically active in order to obtain data at the outputs.
Chip Enable (CE/PGM) is the power control and should be
used for device selection. Output Enable (OE/Vpp) is the
output 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-

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from 385 mW to 0.55 mW.
The EPROM is placed in the standby mode by applying a
CMOS high signal to the CE/PGM input. When in standby
mode, the outputs are in a high impedance state, indepen-
dent of the OE input.

Output Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Typing

Because the EPROM is usually used in larger memory ar-

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

accommodates this use of multiple memory connections.

The 2-line contro! 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/PGM be decoded and used as the primary

device selecting function, while OE/Vpp 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 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 EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the “1's” state. Data is introduced by selectively program-

* ming “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 uitraviolet light erasure.

The EPROM is in the programming mode when the OE/Vpp
is at 12.75V. Itis required that at least 2 0.1 uF capacitor be
placed across V¢g 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.

The EPROM is programmed with the Fast Programming Al-
gorithm 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 us pulse.

The EPROM must not be programmed with a DC signal ap-
plied to the CE/PGM input.

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

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

Program Inhibit

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

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.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 device type. The
code for NM27C512 is “8F85”, where “8F" designates 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-A16, and all control pins
are held at Vy_. Address pin A0 is held at V) for the manu-
facturer’s code, and held at V|y for the device code. The
code is read on the eight data pins, Og-07. Proper code
access is only guaranteed at 25°C £5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms A). 1t
should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000A-4000A range.

The recommended erasure procedure for the EPROM is ex-
posure 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 minimum of
15W-sec/cm2,

The EPROM 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 EPROM erasure time for various light
intensities.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increase as the square of the dis-
tance from the lamp (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete 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 of 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 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.
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Mode Selection

The modes of operation of the NM27C512 are listed in Table |. A single 5V power supply is required in the read mode. All inputs
are TTL levels excepts for Vpp and A9 for device signature.

TABLE I. Mode Selection

Mode Pins CE/PGM OE/Vpp Vee Outputs °
Read ViL ViL 5.0V Dout
Output Disable (No)t(e ) Vi 5.0V High Z
Standby ViH X 5.0V High Z
Programming ViL Vpp(2) 6.25V Din
Program Verify ViL ViL 6.25V Dourt
Program Inhibit Vi Vppl2) 6.25V High Z
Note 1: X can be V|_or Vjy.
TABLE Il. Manufacturer’s Identification Code
Pins A0 | A9 07 06 05 04 03 02 01 00 Hex
(10) | (24) | (19) | (18) | (17) | (16) | (15) | (13) | (12).| (11) | Data
Manufacturer Code v | 12v 1 0 0 0 1 1 1 1 8F
Device Code ViH | 12V 1 0 0 0 0 1 0 1 85
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MNational

Semiconductor

NM27C010

1,048,576-Bit (128K x 8) High Performance CMOS EPROM

General Description

The NM27C010 is a high performance, 1,048,576-bit Electri-
cally Programmable UV Erasable Read Only Memory. It is
organized as 128K-words of 8 bits each. Its pin-compatibility
with byte-wide JEDEC EPROMSs enables upgrades through
8 Mbit EPROMSs. The “Don’t Care" feature during read op-
erations allows memory expansions from 1M to 8M bits with
no printed circuit board changes.

The NM27C010 can directly replace lower density 28-pin
EPROMSs by adding an A16 address line and Vgg jumper.
During the normal read operation PGM and Vpp are in a
“Don’t Care” state which allows higher order addresses,
such as A17, A18, and A19 to be connected without affect-
ing the normal read operation. This allows memory up-
grades to 8M bits without hardware changes. The
NM27C010 is also offered in a 32-pin plastic DIP with the
same upgrade path.

The NM27C010 provides microprocessor-based systems
extensive storage capacity for large portions of operating
system and application software. Its 100 ns access time
provides no-wait-state operation with high-performance
CPUs. The NM27C010 offers a single chip solution for the
code storage requirements of 100% firmware-based equip-
ment. Frequently-used software routines are quickly execut-
ed from EPROM storage, greatly enhancing system utility.

The NM27C010 is manufactured using National’s advanced
CMOS SVG EPROM technology.

The NM27C010 is one member of a high density EPROM
Family which range in densities up to 4 Megabit.

Features
® High performance CMOS
— 100 ns access time
m Fast turn-off for microprocessor compatibility
m High reliability with EPI processing
— Latch-up immunity
— ESD protection
m Simplified upgrade path
— Vpp and PGM are *“Don’t Care” during normal read
operation
m Compatible with 27010 and 27C010 EPROMs
m JEDEC standard pin configurations
— 32-pin DIP package
— 32-pin chip carrier
® Manufacturers identification code
m Fast programming

Block Diagram

OATA QUTPUTS 0g-07

Veg O - -
GND Omee=pp
OF —p]  ouTPUTENABLE, —
PGM —=ppf  CHIP ENABLE, AND R ouTPUT
o —p] PROGRAMLOGIC v BUFFERS
_
—]
— Y >
— .
’ DECODER . Y GATING
—-ﬂ o
AO-A16 | ]
ADDRESS { = -
INPUTS | ] ® 1,048,576-81T
—>] X . CELL MATRIX
—|  oEcoDER .
hd .
— g

TL/D/10798-1
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NM27C010

Connection Diagrams

DIP PIN CONFIGURATIONS

DIP

27C080| 27C040[27C020] 27C512] 27C256 NM27C010 27C256 | 27C512 | 27C020 | 27C040 | 27C080
A19 | XX/Vpp|XX/Vpp oNep—t N 32fvee Vee Vee Vee
A16 A16 A16 A16—2 31 f=xx/PGM XX/PGM| A18 A18
A15 | A15 | A15 | A5 Vpp A5—3 30 f-xx Veo Vee A17 A17 A17
A12 | A12 | A12 | A12 | A12 a2={4 29|-A14 A14 Al4 A14 A14 A4
A7 A7 A7 A7 A7 s 28[~a13 A13 A13 A13 A13 A13
A6 A6 A6 A6 A6 A6~ 6 27[=A8 A8 A8 A8 A8 A8
A5 A5 AS A5 A5 a7 269 A9 A9 A9 A9 A9
A4 A4 A4 A4 A4 A8 25=Atl1 A1 A1 A1l ANl A1

A3 A3 A3 A3 A3 A9 O 24|=0EF OE |(OE/vpp| OE OE |OE/Vpp
A2 A2 A2 A2 A2 a1 23110 A10 A10 A10 A10 A10

Al A1 A1 A1 A1 a1 24~ CE/PGM{CE/PGM| CE - |CE/PGM|CE/PGM
A0 | A0 A0 A0 A0 Ao 12 21f-0, 07 07 07 O7 07
Oo Oo Oo Oo Oo 013 20}=05 Os Os o8 Os Os
Oy 01 O4 Oy Oy oy —f14 19}-05 Os Os Os Os Os
0y 0> 0> 3 0> 0,15 180, Oq4 O4 O4 O4 O4
GND | GND | GND | GND | GND ono=d16 7o, 03 O3 O3 O3 O3

Note: Compatible EPROM pin configurations are shown in

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

TL/D/10798-2

the blocks adjacent to the NM27C010 pins.

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

Parameter/Order Number

Access Time (ns)

NM27C010Q, V, N 100 100
NM27C010Q, V, N 120 120
NM27C010Q, V, N 150 150
NM27C010Q, V, N 200 200

Extended Temperature Range (—40°C to +85°C)

Vee = 5V £10%

Parameter/Order Number

Access Time (ns)

NM27C010 QE, VE, NE 120 120
NM27C010 QE, VE, NE 150 150
NM27C010 QE, VE, NE 200 200

Pin Names
AO0-A16 | Addresses
CE Chip Enable
OE Output Enable
00-07 | Outputs
PGM Program
XX Don’t Care (During Read)

Parameter/Order Number

Access Time (ns)

NM27C010 QM 200

200

Note: Surface mount PLCC package available for commercial and extended

temperature ranges only.

Package Types: NM27C010 Q, N, V XXX
Q = Quartz-Windowed Ceramic DIP package

V = PLCC package

® All packages conform to JEDEC standard.
® All versions are guaranteed to function at slower speeds.

PLCC Pin Configuration

XX/Vep
XX/PGH

o 0o o
T T TR FEX

/4 3 2 1 323130 |

TL/D/10798-3

=t 20}=,
A6—{6 28f— A3
As=47 27— Ag
e L 26f—4
Ik 25f- Ay,
A =410 24}=0F
M=t 23}~ A
=412 22f=~TCE
ooﬂu 21f~o,

14 15 16 17 18 19 20

L L L

s

Top View
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Absolute Maximum Ratings note 1)

Operating Range

Office/Distributors for availability and specifications. Commercial { 0°Cto +70°C +5V +10%
Storage Temperature —65°Cto + 150°C Industrial —40°Cto +85°C +5V +10%
All Input Voltages Except Ag with Military —55°Cto +125°C | +5V | £10%

Respect to Ground (Note 10) —0.6Vto +7V
Vpp and Ag with Respect to Ground —0.6Vto +14V
Vcc Supply Voltage with

Respect to Ground —0.6Vto +7V
ESD Protection >2000V
All Output Voltages with

Respect to Ground (Note 10) Vgc + 1.0V to GND —0.6V
DC Read Characteristics over Operating Range with Vep = Ve
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level —0.5 0.8 \"
VIH Input High Level 2.0 Voo + 1 \
VoL Output Low Voltage loL = 2.1 mA 0.4 \
VoH Output High Voltage loqn = —400 pA 35 Vv
Is1 zlcch(j OS;e;ndby Current CE = V¢g £0.3V 100 A
IsB2 Ve Standby Current CE = V4 1 mA
Icc Ve Active Current CE=0E =V f=5MHz 50 mA
Ipp Vpp Supply Current Vpp = Voo 10 HA
Vpp Vpp Read Voltage Vee — 0.7 Vee \
I Input Load Current Viy = 5.5 or GND —1 1 pA
Lo Output Leakage Current Vour = 5.5V or GND —-10 10 rA
AC Read Characteristics over Operating Range with Vep = Vco
Symbol Parameter 100 120 150 200 Units

Min Max Min Max Min Max Min Max
tacc Address to Output Delay 100 120 150 200
tce CE to Output Delay 100 120 150 200
toe OE to Output Delay 45 50 50 50
toF Output Disable to Output Float 35 35 45 55 ns
(Note 2)
ton Output Hold from Addresses,
(Note 2) CE or OE, Whichever 0 0 0 0
Occurred First
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NM27C010

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

Symbol Parameter Conditions Typ Max Units

Cin Input Capacitance Viny =0V 9 15 pF

Cout Output Capacitance Vour = 0V 12 15 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

C = 100 pF (Note 8) Inputs 0.8Vand 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notess, 7, &9)

[} {C
aooresses 2ov X ADDRESSES VALID il X
0.8v {c
PR
S —
= 20V \
CE 0.8v (C /
PR N tC
Lt
tee (NOTES 4, 5)
— v “\
OE o.8v ‘c /
tor v o tor ]
(NOTE 3) ce (NOTES 4,5)
2.0 Hi-2 bR NV Hi=Z
OUTPUT 55 VALID OUTPUT 27777
JJ
tuce — oy |=—
(NOTE 3)

. TL/D/10798-4
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 tpg and tcg compare level is determined as follows:
High to TRI-STATE®, the measured Vopq (DC) — 0.10V;
Low to TRI-STATE, the measured Vg 1 (DC) + 0.10V.

Note 5: TRI-STATE may be attained using O 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 Ve and GND.

Note 7: The outputs must be restricted to V¢ + 1.0V to avoid latch-up and device damage.
Note 8: 1 TTL Gate: Ig. = 1.6 mA, lgy = —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.

1-64




Programming Characteristics (otes 1, 2,3, 4,8 5)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tces CE Setup Time OE = V|4 1 ps
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Vce Setup Time 1 us
tAH Address Hold Time 0 us
tDH 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 CE =V 20 mA
Programming Pulse PGM = V|
lcc Ve Supply Current 50 mA
Ta Temperature Ambient 20 25 30 °C
Vce Power Supply Voltage 6.0 6.25 6.5 v
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 \)
tin Input Timing Reference Voltage 0.8 2.0 \
tout Output Timing Reference Voltage 0.8 2.0 \
Programming Waveforms (Note 3)
PROGRAM Ps%g:‘i‘v“
ADDRESSES 3%y ADDRESS N ff
Ys " [ |
oaTh S—eq PSR HiZ :ww’ —
‘os on | Yor
VPP 12.75V tvps 4‘;;
CE o.8v L6
] o
oM ?uv #
o b
— ~—
% Sl Ws"———ﬂ-—/ TL/D/10798-5

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

Note 2: Voo must be applied simultanecusly 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 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 fast Program Algorithm, at typical power supply voltages and timings.
Note 5: During power up the PGM pin must be brought high (2 V) either coincident with or before power is applied to Vpp.
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Fast Programming Algorithm Flow Chart (same as Nmc27co10)

START
(* Ao0R = FiRsT LocTion )

Voe= 6.25V
VPP= 12,75V

INCREMENT ADDR

LAST ADDR?
YES

Vee=Vpp=5.0V £5%

VERIFY )
ALL BYTES

PASS

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

TL/D/10798-6
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble I. it should be noted that all inputs for the six modes are
at TTL levels. The power supplies required are Vo 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 EPROM 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 output con-
trol and should be used to gate data to the output pins,
independent of device selection. Assuming that the 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 OF, assuming that CE
has been low and addresses have been stable for at least
tacc-toE-

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from 275 mW to 0.55 mW.
The EPROM 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 Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Tying

Because the EPROM is usually used in larger memory ar-
rays, 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 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 EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the “1's” state. Data is introduced by selectively program-
ming “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 EPROM is in the programming mode when the Vpp
power supply is at 12.75V and OE is at V|p. 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 paralle! 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 EPROM is programmed with the Fast Pro-
gramming 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 EPROM must not be programmed with a DC signal ap-
plied to the PGM input.

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

Program Inhibit

Programming multiple EPROM’s in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE and PGM) of the parallel EPROM may be
common. A TTL low level program pulse applied to an
EPROM'’s PGM input with CE at V}_and Vpp at 12.75V will
program that EPROM. A TTL high level CE input inhibits the
other EPROM's 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
V¢, except during programming and program verify.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM has a manufacturer’s indentification 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 device type. The
code for the NM27C010 is “8F86", where “8F" designates
that it is made by National Semiconductor, and *“86" desig-
nates a 1 Megabit (128K X 8) part.

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 Vj_. Address pin A0 is held at V|_ for the manu-
facturer’s code, and held at V|y for the device code. The
code is read on the eight data pins, O0-07. Proper code
access is only guaranteed at 25°C + 5°C.
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Functional Description (continued)
ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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 15W-
sec/cm2,

The EPROM 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.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increases as the square of the dis-
tance from the lamp. (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause

MODE SELECTION

symptoms that can be misleading. Programmers, compo-
nents and even system designs have been erroneously sus-
pected when incomplete 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 V¢ 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.

The modes of operation of the NM27C210 are listed in Table I. A single 5V power supply is required in the read mode. All inputs

are TTL levels except for Vpp and A9 for device signature.

TABLE I. Modes Selection
Pins CE OE PGM Vpp Vee Outputs
Mode
Read ViL ViL (No)t(e 1) 5.0V Dout
Output Disable X Vin X 5.0V High Z
Standby ViH X X 5.0V High 2
Programming ViL Vi ViL 12.75V 6.25V Din
Program Verify ViL ViL VIH 12.75V 6.25V Dout
Program Inhibit VIH X X 12.75V 6.25V High Z
Note 1: X can be Vj_or Vj.
TABLE [I. Manufacturer’s Identification Code
Pins AD| A9 | O7 (O | O5(O4| O3 | O2 | O1 { Op | Hex
(12) | (26) | (21) | (20) | (19) | (18) | (17) | (15) | (14) | (13) | Data
Manufacturer Code | V| | 12V | 1 0 0 0 1 1 1 1 8F
Device Code Vl{tavf 1 ol ojof{oj{1]1]| 0] 86




@National

Semiconductor

NM27C210

1,048,576-Bit (64K x 16) High Performance CMOS EPROM

General Description

The NM27C210 is a high performance Electrically Program-
mable UV erasable ROM (EPROM). It contains 1,048,576
bits configured as 64K x 16 bit. It is offered in both erasable
versions for prototyping and early production applications
as well as non-erasable, plastic packaged versions that are
ideal for high volume and automated assembly applications.

The NM27C210 operates from a single 5 volt +10% supply
in the read mode.

The NM27C210 is offered in both DIP and surface mount
packages. The DIP package is a 40-pin dual-in-line ceramic
with a quartz window to allow erasing. The surface mount
package is a 44-pin PLCC that is offered in OTP.

This EPROM is manufactured using National’s proprietary
1.2 micron CMOS SVG EPROM technology for an excellent
combination of speed and economy while providing excel-
lent reliability.

Features
® High performance CMOS
— 120 ns access time
MW Fast turn-off for microprocessor compatibility
m High reliability with EPI processing
— Latch-up immunity
— ESD protection exceeds 2000V
m Simplified upgrade path
— Vpp and PGM are “Don't Care” during normal read
operation
m Compatible with 27210 and 27C210 EPROMs
m JEDEC standard pin configuration
— 40-pin DIP package
— 44-pin PLCC package
| Manufacturer’s identification code
MW Fast programming

Block Diagram

Veg O—b DATA QUTPUTS 0g - 045
B N
GND O———>pr e \
OE = ourput enasLe, >
P ) CRocha Loc ourpuT
& —> > BUFFERS
r—>]
_* R
~—P Y ° e
—>|  DECODER . Y GATING
_"
——"
A=Ms | )
ADDRESS ¢ ‘ >
INPUTS | P .
.‘ ° 1,048,576=BIT
‘ X ° CELL MATRIX
— DECODER .
——"
—p| L4 R
—) 4
L~

TL/D/11083-1
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NM27C210

Connection Diagrams

DIP PIN CONFIGURATIONS DIP
27C280 27240 27C220 NM27C210 27€220 27C240 27C280
Atg XX/Vpp XX/Vpp —XXNpp Ot ~ PV — Ve Vee Vee
cEew | cE/PGW o e s - XX/PEH A A
O1s Oss Ois — %3 SRINe — At Ats Ate
O14 044 O1a — 0 g¢ 5"g"s— Ass A1s Ass
O3 Oy3 O13 — s 3684y —— Atq Atq Aty
012 012 O12 — mgs ssfaus — A1g A1z A3
O14 014 O3 —oygr B, — A1 A1z A1z
O10 O1o O10 — s 304y — Aqq Aq Ayq
Og Og Og ———0,Qs 2P Ap — A1 A1o Ato
Og Og Osg — 0z Q10 P —— Ag Ag Ag
GND GND GND — ono {11 Q SN0 —— GND GND GND
07 07 O7 —_— o,g 12 29[ Ay —— Ag Ag Ag
Og Og Og —o0s Q13 2804 — A7 A7 A7
Os Os o —— o5 7P — As Ag Ag
04 04 04 ——o,dts 26345 — As As As
O3 (o} O3 ——os 16 A — As Ag A4
0, 0y o7 —0,g Pk — A3 Az As
0, (o)) (o)) —o, s 23804 — Az A Az
_Op O Op —0, 19 234 — Aq Aq Ay
OE/Vpp OE OE — g2 2104 — Ao Ao Ao

TL/D/11093-2

Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27C210 pins.

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

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

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27C210N, Q, V 120 120 NM27C210 NE, QE, VE 120 120
NM27C210 N, Q, V 150 150 NM27C210 NE, QE, VE 150 150
NM27C210 N, Q, V 200 200 NM27C210 NE, QE, VE 200 200

Note: Surface mount PLCC p g ilable for cor ial and extended

Military Temperature Range

{—55°C to +125°C)

Vec = 5V £10%

Parameter/Order Number Access Time (ns)
NM27C210 QM 200 200
Pin Names
AO-A15 | Addresses
CE Chip Enable
OE Output Enable
00-015 | Outputs
PGM Program
XX Don't Care (During Read)
NC No Connect

temperature ranges only.

Package Types: NM27C210 Q, N, V XXX

Q = Quartz-Windowed Ceramic DIP package
V = PLCC package

¢ All packages conform to JEDEC standard.

¢ All versions are guaranteed to function in slower applica-
tions.

PLCC Pin Configuration

222 s

TL/D/11093-3
Top View
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Absolute Maximum Ratings (Note 1) Operating Range §
o e s oo Senees v tarees [ angs | Tomporatwre | Voo | Tolrames | |
Office/Distributors for availability and specifications. Commercial { 0°Cto +70°C +5V +10% o
Storage Temperature —65°Cto +150°C Industrial —40°Cto +85°C +5V +10%
All Input Voltages except A9 with Military —55°Cto +125°C | +5V £10%

Respect to Ground (Note 10) —-0.6Vto +7V
Vpp and A9 with Respect to Ground —0.6Vto -+14V
Vce Supply Voltage with

Respect to Ground —0.6Vto +7V
ESD Protection >2000V

All Output Voitages with
Respect to Ground (Note 10)

Vee + 1.0Vto GND — 0.6V

DC Read Characteristics over Operating Range with Vpp = Voo

Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level —-0.5 0.8 v
ViH Input High Level : 20 Voo + 1 \"
VoL Output Low Voltage loL = 2.1 mA 0.4 \
VoH Output High Voltage loH = —400 pA 3.5 \
IsB1 I/C(;ﬁg;a)ndby Current CE = Vg £0.3V 100 WA
Isg2 Ve Standby Current CE = V4 1 mA
lcc Ve Active Current CE=0E =V t = 5MHz 50 mA
Ipp Vpp Supply Current Vpp = Vcg 10 nA
Iy Input Load Current ViN = 5.5 or GND -1 1 pA
Lo Output Leakage Current Vout = 5.5V or GND —10 10 pA

AC Read Characteristics over operating Range with Vep = Voo

Symbol Parameter 120 150 200 Units
Min Max Min Max Min Max

tacc Address to Output Delay 120 150 200

tce CE to Output Delay 120 150 200

tog OE to Output Delay 50 50 50

tDE Output Disable to Output Float as 45 55 ns

(Note 2)

toH Output Hold from Addresses,

(Note 2) CE or OE, Whichever 0 0 0

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

Symbol Parameter Conditions Typ Max Units

Cin Input Capacitance ViN = 0V 12 20 pF

Cout Output Capacitance Vout = 0V 13 20 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

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

Input Rise and Fall Times <5ns Outputs 0.8Vand2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (notess, 7, &9)

[} {C
aporesses 20Y ADDRESSES VALID > X
0.8V ¢
PR
2.0V \ e
CE gy cc /
1) t
CE (NOTES 4, 5)
— 2.0V
OF o8y \ cc /|
t i t
OF | OF __,|
(NOTE 3) cc (NOTES 4, 5)
2.0V Hi-Z )Y TR Hi-Z
OUTPUT &8y VALID OUTPUT " 7777
J
tace o] oy o
(NOTE 3)

TL/D/11093-4

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: OF 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 Vopy (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 Vog + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: gL = 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 (votes1,2,3,4 &5)
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Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 ©s
toes OE Setup Time 1 s
tces CE Setup Time OE = Vi 1 ns
tos Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Vce Setup Time 1 us
tAH Address Hold Time 0 ps
toH Data Hold Time 1 1S
toF Output Enable to Output Float Delay CE=vV, 0 60 ns
trw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE=vV 100 ns
Ipp Vpp Supply Current during CE=Vy 40 mA
Programming Pulse PGM = V|,

lcc Ve Supply Current ' 50 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 24 4.0 \
tiN Input Timing Reference Voltage 0.8 2.0 \
tout Output Timing Reference Voltage 0.8 2.0 \

Programming Waveforms (Note 3)

PROGRAM — i
45
)
ADDRESSES 2%y ADDRESS N ol
s "
<__.l ot [ fom
oaTA 2% DATA N STBLE Hi=Z {'_‘ DATA OUT VAL z_
0.8v ) A——
4 t le—sd 4
DS H OF
’Q—b
fc
v 625 3y
oo s
|
eim
1275
Vep tvps

T oosv X n

55
fetees I
o

__ 45
Lz

Y

W "*ots"] [ toe—=1
_ I
FE Py N ; /

N TL/D/11093-5

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

Note 2: Voo 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 pF capacitor is required across Vpp, Vcg 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.
Note 5: During power up the PGM pin must be brought high (= V) either coincident with or before power is applied to Vpp.

1-73



NM27C210

Fast Programming Algorithm Flow Chart

START
( ADDR = FIRST LOCATION )

Vcc= 6.25V
v,,,,= 12.75V

—>{( PROGRAM ONE 100 us PULSE

INCREMENT X

INCREMENT ADDR

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED
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Functional Description
DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble 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 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 EPROM has two contro! 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 output con-
trol and should be used to gate data to the output pins,
independent of device selection. Assuming that the 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.

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from 275 mW to 0.55 mW.
The EPROM 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 Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Tying

Because the EPROM is usually used in larger memory ar-
rays, 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 EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the “1's” state. Data is introduced by selectively program-
ming “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 EPROM is in the programming mode when the Vpp
power supply is at 12.75V and OE is at V|4. It is required
that at least a 0.1 uF capacitor be placed across Vpp, Ve
to ground to suppress spurious voitage transients which
may damage the device. The data to be programmed is
applied 16 bits in paralle! 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 EPROM is programmed with the Fast Pro-
gramming 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 us pulse.

The EPROM must not be programmed with a DC signal ap-
plied to the PGM input.

Programming multiple EPROM in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirements. Like inputs of the parallel EP-
ROM may be connected together when they are pro-
grammed with the same data. A low level TTL pulse applied
to the PGM input programs the paralleled EPROM.
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Functional Description (continueq)

Program Inhibit

Programming multiple EPROM'’s in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE and PGM) of the parallel EPROM may be
common. A TTL low level program pulse applied to an EP-
ROM's PGM input with CE at V;_ and Vpp at 12.75V will
program that EPROM. A TTL high level CE input inhibits the
other EPROM's 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.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'’S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 I,
specifically identifies the manufacturer and device type. The
code for the NM27C210 is “‘8FD6", where “8F” designates
that it is made by National Semiconductor, and “D6” desig-
nates a 1 Megabit (64K x 16) part.

The code is accessed by applying 12V +0.5V to address
pin Ag. Addresses A1—Ag, A1p—A45, and all control pins are
held at V| . Address pin AQ is held at V|_ for the manufactur-
er's code, and held at V| for the device code. The code is
read on the lower eight data pins, Oyp-07. Proper code ac-
cess is only guaranteed at 25°C + 5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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 15W-
sec/cm?2.

The EPROM 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.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increases as the square of the dis-
tance from the lamp (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete 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.
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MODE SELECTION

The modes of operation of the NM27C210 are listed in Table I. A single 5V power supply is required in the read mode. All inputs
are TTL levels except for Vpp and A9 for device signature.

0L2JLZINN

TABLE I. Modes Selection

Pins CE OE PGM Vpp Vece Outputs

Mode

Read ViL ViL (No)t(e 1) X 5.0V Dourt
Output Disable X ViH X X 5.0V High Z
Standby Vin X X X 5.0V High Z
Programming ViL ViH ViL 12.75V 6.25V Din
Program Verify ViL ViL ViH 12.75V 6.25V Dout
Program Inhibit Vi X X 12.75V 6.25V High Z

Note 1: X can be V| or Vi,

TABLE II. Manufacturer’s Identification Code

AD | A9 | O7 1 Og| O504) 03| Oz 049 O | Hex
(21) ] (31) | (12) | (13) ] (14) | (15) | (16) | (17) | (18) | (19) | Data
Manufacturer Code | Vi | 12V| 1 0 0 0 1 1 1 1 8F

Device Code ViHitav( 1 1 0 1 0 1 1 0 D6

Pins
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@National

Semiconductor

NM27C040

4,194,304-Bit (512K x 8) High Performance CMOS EPROM

General Description

The NM27C040 is a high performance, 4,194,304-bit Electri-
cally Programmable UV Erasable Read Only Memory. It is
organized as 512K words of 8 bits each. Its pin-compatibility
with byte-wide JEDEC EPROMSs enables upgrades through
8 Mbit EPROMs. The “Don’t Care” feature on Vpp during
read operations allows memory expansions from 1M to
8 Mbits with no printed circuit board changes.

The NM27C040 provides microprocessor-based systems
extensive storage capacity for large portions of operating
system and application software. Its 150 ns access time
provides high speed operation with high-performance CPUs.
The NM27C040 offers a single chip solution for the code
storage requirements of 100% firmware-based equipment.
Frequently used software routines are quickly executed
from EPROM storage, greatly enhancing system utility.

The NM27C040 is manufactured using National’s advanced
CMOS SVG EPROM technology.

Features
m High performance CMOS
— 150 ns access time
m High reliability with EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V
= Simplified upgrade path
— Vpp is a “Don’t Care” during normal read operation
m JEDEC standard pin configuration
— 32-pin DIP package
m Manufacturer’s identification code

Block and Connection Diagrams

GND O——
Vep O—>

DATA OUTPUTS 00 - 07

[TTTST

OE =31 GuTPUT ENABLE,
PG ———>] CHIP ENABLE, AND
o —— | PROGRAM LOGIC

A OUTPUT

—_— Y
DECODER

BUFFERS

Y GATING

A0-A18
ADDRESS {
INPUTS

X
DECODER

4,194,304-BIT
CELL MATRIX

TL/D/10836-1
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Block and Connection Diagrams (Continued)

0v0J.2N

DIP
27C080 27C020 27C010 NM27C040 27C010 27C020 27C080
A19 XX/Vpp | XX/Vpp et 7 shve — Ve | Vee | Veo
A16 A16 A16 — a6 ]2 31fIA8 —— XX/PGM | XX/PGM A18
A15 A15 A15 — A15C]3 M7 — XX A17 A17
A12 A12 A12 — a2+ 29 (A4 —— A14 A4 A14
A7 A7 A7 — w75 2813 — A13 A13 A13
A6 A6 A6 — 66 27 A8 —— A8 A8 A8
A5 A5 A5 — 57 26[1A9 —— A9 A9 A9
A4 A4 A4 — s O 253A1) — At1 Alt _ A1
A3 A3 A3 — A3r]e 24108 —— OE OE OE/Vpp
A2 A2 A2 — 210 23[A10 — A10 A10 __A10
Al A1 Al — a1 2| /Fon — CE CE CE/PGM
AO A0 AO — a2 210, — 07 07 Oy
Oo Op Op — 0,13 200, — Og Og Og
Oy 04 04 — o, 19|05 —— Os Os Os
Oz 0> Oz — 0,5 180, —— O4 O4 O4
GND GND GND — ovoc]ts 170y — O3 O3 O3

TL/D/10836-2

Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27C040 pin.

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

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

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27C040 Q 150 150 NM27C040 QE 150 150
NM27C040 Q170 170 NM27C040 QE 170 170
NM27C040 Q 200 200 NM27C040 QE 200 200

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

Package Types: NM27C040 Q,VXXX
Q = Quartz-Windowed Ceramic DIP

Parameter/Order Number Access Time (ns) ® All packages conform to the JEDEC standard.
NM27C040 QM 200 200 e All versions are guaranteed to function for slower
speeds.
Pin Names

AO-A16 Addresses

CE Chip Enable

OE Output Enable

00-07 Outputs

PGM Program

XX Don't Care (During Read)




NM27C040

Absolute Maximum Ratings (Note 1) Operating Range
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Range Temperature Ve | Tolerance
Office/Distributors for availability and specifications. Commercial { 0°Cto +70°C +5V +10%
Storage Temperature —65°C to +150°C Industrial —40°Cto +85°C +5V +10%
All Input Voltages except A9 with Military —55'Cto +125°C | £5V £10%

Respect to Ground —-0.6Vto +7V
Vpp and A9 with Respect to Ground —-0.6Vto +14V
Ve Supply Voltage with

Respect to Ground -~0.6Vto +7V
ESD Protection >2000V
All Output Voltages with

Respect to Ground Ve +10V to GND —0.6V
Read Operation
DC Electrical Characteristics over operating range with Vpp = Vo
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level —-0.5 0.8 \
VIH Input High Level 2.0 Voo + 1 \
VoL Output Low Voltage loL = 2.1mA 0.4 \
VoH Output High Voltage lon = —400 pA 35 \'
IsB1 Vge Standby Current (CMOS) CE = Vg £ 0.3V 100 nA
Isga V¢c Standby Current CE=VjH 1 mA
oo Vg Active Current TE=OE=Vy | f=5MHz 60 mA
Ipp Vpp Supply Current Vpp = Vo 10 HA
Vpep Vpp Read Voltage Vcc — 04 Vee "
I Input Load Current ViN = 5.5V or GND -1 1 pA
Lo Output Leakage Current Vout = 5.5V or GND —-10 10 HA
AC Electrical Characteristics over operating range with Vpp = Vg

150 170 200
Symbol Parameter Units
Min Max Min Max Min Max
tacc Address to Output Delay 150 170 200
tce CE to Output Delay 150 170 200
toe OE to Output Delay 50 50 50
toF Output Disable to ns
(Note 2) Output Float 35 45 55
toH Output Hold from Addresses,
(Note 2) CE or OE, Whichever 0 0 0
Occurred First
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Capacitance 1, = +25°C, 1 = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

Cin Input Capacitance ViN = 0V 9 15 pF

Cout Output Capacitance Vout = OV 12 15 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level (Note 10)

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, and 9)

LC )
ADDRESSES g_fs\,)] ADDRESSES VALID o

£C
2]

_ et
Vo1 \ SEEE—
CE 0.8v (c /
ER ) ' —-]
N

c
L_tcg_. OTES 4,5)
aOF 2V
OE 0.8v \ f— /
toe tor
2.0V Hi-z —'l (NOTE3) [© e ) NOTESJ.s)‘;‘. 5
OUTPUT © et VALID OUTPUT I —
0.8V ) ]
ACC f
(NOTE 3) ~HOH==

TL/D/10836-4
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 Vop¢ (DC) — 0.10V;
Low to TRI-STATE, the measured Vg4 (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 Vgc + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: o = 1.6 mA, loq = —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 Waveform (note 3)

. PROGRAM
[« PROGRAM VERIFY
2V =
ADDRESSES 2%, ADDRESS N -
47
QQA—S’I ta | fe—
2v DATA IN STABLE Hi-Z o
DATA TV ADD N -y ADD N —
oo | o] —nltor
Lt
6.25v 45
v,
12,75V b
Vor / tves
CE .8y o
LR
I-—'CES -
e
oW 3y
o ""ozs"l = tor —
= 2V —
Ot
0.8v * (s /

TL/D/10836-5
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Programming Characteristics (Notes 1,2,384)

0v0J.ZCNN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toES OE Setup Time 1 us
tps Data Setup Time 1 s
tvps Vpp Setup Time 1 s
tvcs Ve Setup Time 1 ns
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE/PGM = X 0 60 ns
tpw Program Pulse Width 95 100 105 1S
toe Data Valid from OE CE/PGM = X 100 ns
lpp Vpp Suppl).( Current during CE/PGM = v, 30 mA
Programming Pulse

lcc Vcc Supply Current 50 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 \
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage —-0.1 0.0 0.45 \
ViH Input High Voltage 2.4 4.0 \
tin Input Timing Reference Voltage 0.8 20 \
tout Output Timing Reference Voltage 0.8 2.0 v

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 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 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 fast Progam Algorithm, at typical power supply voltages and timings.
Note 5: During power up the PGM pin must be brought high (= V) either coincident with or before power is applied to Vpp.
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Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

Ve = 6.25V
Vo= 12.75V

DEVICE
FAILED

INCREMENT ADDR

LAST ADDR?
YES

Voo =Vpp =5.0V £5%

VERIFY
ALL BYTES

PASS

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/10836-6
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble 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 EPROM has two control functions, both of which must
be logically active in order to obtain data at the outputs.
Chip Enable (CE/PGM) 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/PGM has
been low and addresses have been stable for at least tacc-
toe.

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from of 385 mW to
0.55 mW. The EPROM is placed in the standby mode by
applying a CMOS high signal to the CE/PGM input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in'a high imped-
ance state (TRI-STATE).

Output OR-Typing

Because the EPROM is usually used in larger memory ar-
rays, 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
oceur.

To most efficiently use these two control lines, it is recom-
mended that CE/PGM be decoded and used as the primary
device selecting function, while OE 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 active only when data is
desired from a particular memory device.

Programming

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

Initially, and after each erasure, all bits of the EPROM are in
the *“1’s” state. Data is introduced by selectively program-
ming “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 EPROM is in the programming mode when the Vpp
power supply is at 12.75V and OE is at V|n. It is required
that at least a 0.1 nF 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/PGM input. A program
pulse must be applied at each address location to be pro-
grammed. The EPROM is programmed with the Fast Pro-
gramming Algorithm shown in Figure 1. Each Address 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 us pulse.

The EPROM must not be programmed with a DC signal ap-
plied to the CE/PGM input. :

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

Note: Some programmer manufacturers, due to equipment limitation, may
offer interactive program Algorithm (shown in Figure 2).
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Functional Description (continued)

Program Inhibit

Programming multiple EPROMs in parallel with different
data is also easily accomplished. Except for CE/PGM all
like inputs (including OE) of the parallel EPROMs may be
common. A TTL low level program pulse applied to an
EPROM’s CE/PGM input with Vpp at 12.75V will program
that EPROM. A TTL high level CE/PGM input inhibits the
other EPROMs 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
Vce, except during programming and program verify.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 device type. The
code for NM27C040 is “8F08", where “8F” designates that
itis made by National Semiconductor, and ““08” designates
a 4 Megabit (512K x 8) part.

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 Vy_ 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.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

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

The EPROM 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.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increase as the square of the dis-
tance from the lamp. (If distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs require
careful decoupling of the devices. The supply current, Igc,
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 of 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 pF bulk electrolytic
capacitor should be used between Ve 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.
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Mode Selection

The modes of operation of the NM27C040 are listed in Table I. A single 5V power supply is required in the read mode. All inputs
are TTL levels except for Vpp and A9 for device signature.

0v0J.ZINN

TABLE |. Modes Selection

Pins CE/PGM OE Vep Vee Outputs

Mode

Read ViL vViL X 5.0V Dout

{Note 1)

Output Disable X VIH X 5.0V High Z
Standby ViH X X 5.0V High Z
Programming ViL ViH 12.75V 6.25V Din
Program Verify X ViL 12.75V 6.25V Dout
Program Inhibit ViH VIH 12.75V 6.25V High Z

Note 1: X can be V|_or Vy

TABLE ll. Manufacturer’s Identification Code

AD | A9 | O7 | 06| O5| 04| O3 | O2 | O1 | OO0 | Hex
(12) [ (26) | (21) | (20) | (19) | (18) | (17) | (15) [ (14) | (13) | Data

Manufacturer Code | V) | 12V | 1 0 0 0 1 1 1 1 8F
Device Code Viu|12v] o 0 0 0 1 0 0 0 08

Pins
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Processor Oriented EPROM Selection Guide

@National

Semiconductor

Processor Oriented EPROM Selection Guide

General Description

National Semiconductor’'s family of Processor Oriented
EPROMs are devices with features or functions to enhance
their operation with various microprocessors and microcon-
trollers. There are 3 devices with specification improve-
ments to help eliminate wait states and glue logic. These

are the NM27P512, NM27P210, and NM27P040. There is
one device that has address latches to facilitate multiplexed
data/address busses without the use of external address
latches, the NMC87C257.

Available Product

Packages Temperature Ranges* Improved tpr/ton Latches
NM27P512 Q,N,V C,E,M Y
NM27P210 Q,N,V C,E,M Y
NM27P040 Q, N,V C EM Y
NMC87C257 Qv C,E,M Y

*Contact your National Semiconductor sales representative for military operating temperature range devices.

Ordering Information

NM 27 P

National Memory ——,— T

EPROM
Processor Oriented

512

Memory Configuration
257 = 32k x 8 w/Latches

512 = 64kx 8
210 = 64k x 16
040 = 512k x 8

Q E 120

' —r— Speed
Operating Temperature Range

No Entry = 0°C to +70°C
E = —40°Cto +85°C
M = —55°Cto +125°C

Package
Q = Quartz Window Ceramic
N = Plastic DIP (OTP)
V = PLCC (OTP)
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%National

Semiconductor

NM27P512

524,288-Bit (64K x 8) Processor Oriented

CMOS EPROM

General Description

The NM27P512 is a 512K Processor Oriented EPROM con-
figured as 64k x 8. It's designed to simplify microprocessor
interfacing while remaining compatible with standard
EPROMSs. It can reduce both wait states and glue logic
when the specification improvements are taken advantage
of in the system design. The NM27P512 is implemented in
National’s advanced CMOS EPROM process to provide a
reliable solution and access times as fast as 120 ns.

The interface improvements address two areas to eliminate
the need for additional devices to adapt the EPROM to the
microprocessor and to eliminate wait states at the termina-
tion of the access cycle. Even with these improvements, the
NM27P512 remains compatible with industry standard
JEDEC pinout EPROMSs. The time from CE or OE being neg-
ated until the outputs are guaranteed to be in the high im-
pedance state has been reduced to eliminate the need for
wait states at the termination of the memory cycle and the
data-out hold time has been extended to eliminate the need
to provide data hold time for the microprocessor by delaying
control signals or latching and holding the data in external
latches.

Features
B Fast output turn off to eliminate wait states
m Extended data hold time for microprocessor
compatibility
m High performance CMOS
— 120 ns access time
m High reliability with EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V
m JEDEC standard pin configuration
m Manufacturer’s identification code

Block Diagram

GND Omeamedp
Vpp Ombp

DATA QUTPUTS 0y-0;

1L

OF —=p] OUTPUT ENABLE >
AND CHIP _ OUTPUT
& —»] ENABLE LOGIC > BUFFERS
.
—i
—b] v >
—] 3
> DECODER . Y GATING
—] >
AD-A15 | —P]
ADDRESS { =—b >
INPUTS | —p X : 524288817
—> DECODER N CELL MATRIX
— *
L]
— >
\ —P

TL/D/11365-1
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NM27P512

Connection Diagrams

27C080/27C040]27C020/27C010[27C258) DIP 27C256 | 27C010 | 27C020 | 27C040 | 27C080
A1g  |XX/Vpp[XX/Vpp|XX/Vpp| NM27P512 Vee Voo Vee Vee
Atg As Ase Ate \ XX/PGM | XX/PGM| Aqg Ats
As | A5 | A5 | Ais | Vep — asq 28 Vee —— Vee XX A7 A7 A7
Az | Az | Az | Az | A2 — M2 R4y = Aqg Aq A1q A1a Aqg
A7 | A7 | AP | A A7 —&0s 26045 — A3 A1z A3 A3 A3
Ag As Ag As Ag — 04 2504 —— Ag Ag Ag Ag Ag
As | As | Aas | A5 | As — s upa, — Ag Ag Ag Ag Ag
Ay Aq A4 Ay Aq —Ags ] e A1q A14 A14 A1 Aqq

Ag As A3 A3 Az — 07 O 221 0F/Vpp — OE OE OE OE OE/ypp
Az Az Az Az Az —‘25 8 218 A — Ao Ao At A1 A10

Aq Aq Aq Aq Aq — &40 203 CE/PGN — CE/PGM CE CE CE/PGM| CE/PGM
Ao Ao Ao Ao Ag — Ot 1930, — O7 07 07 [e72 07
Op Op Op Op Op — o1 18005 —— Og Og Og O¢ Og¢
(o} 04 04 04 04 — o2 170 —— Os Os Os Os Os
(o7} [o7] (o2} Oy Oz — o3 1630, — O4 Oy O4 O4 04
GND | GND | GND | GND | GND —GND [ 14 1510y —— O3 O3 O3 O3 O3

TL/D/11365-2

Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27P512 pins.

Commercial Temp Range (0°C to +70°C)

Extended Temp Range (—40°C to +85°C)

Parameter/Order Number Access Time (ns)* Parameter/Order Number Access Time (ns)*
NM27P512Q, N, V 120 120 NM27P512 QE, NE, VE 120 120
NM27P512Q, N, V 150 150 NM27P512 QE, NE, VE 150 150
Military Temp Range (—55°C to + 125°C) Note: Surface mount PLCC package available for ¢ ial and extended
p e ranges only.
Parameter/Order Number Access Time (ns)* *All versions are guaranteed to function for slower speeds.
NM27P512 QM 200 200
Package Types: NM27P512 Q, N, V XXX
Q = Quartz-Windowed Ceramic DIP Package
N = Plastic OTP DIP Package
V = PLCC Package
® All packages conform to the JEDEC standard.
Pin Names PLCC
Nw, 8 oem
A0-A15 Addresses TiFE871{7
CE Chip Enable s 4 3 2 13231 30Zg L,
OE Output Enable As—16 28—
” a—7 27 = Ay
00-07 Outputs a8 26— ne
PGM Program A9 25 1= 08/ ¥ep
A=110 24 =4,
XX Don’t Care (During Read) A1t 23|-cE
NC =12 2=0,
013 2 r—os
14 15 16 17 18 19 20

TL/D/11365~3
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Absolute Maximum Ratings (Note 1) §
If Military/Aerospace specified devices are required, Vce Supply Voltage with el
please contact the National Semiconductor Sales Respect to Ground —0.6Vto +7V ‘_".
Office/Distributors for availability and specifications. ESD Protection N
Storage Temperature —-65°Cto +150°C (MIL Std. 883, Method 3015.2) > 2000V
All Input Voltages Except A9 with All Output Voltages with
Respect to Ground —0.6Vto +7V Respect to Ground Vce + 1.0Vto GND —0.6V
Vpp and A9 with Respect to Ground —0.7Vto +14V
Operating Range
Range Temperature Vee Tolerance
Comm’| 0°Cto +70°C +5V +10%
Industrial —40°Cto +85°C +5V +10%
Military —55°Cto +125°C +5V +10%
Read Operation
DC Electrical Characteristics
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level -0.5 08 v
VIH Input High Level 2.0 Vee + 1 \
VoL Output Low Voltage loL = 2.1 mA 0.4 \
VoH Output High Voltage lon = —400 pA 35 v
1sg1(10) Vcc Standby Current (CMOS) CE = Vgg £0.3V 100 nA
Isg2 Ve Standby Current CE = V4 1 mA
lcc Ve Active Current CE=0E=vV| f = 5MHz 40 mA
Ipp Vpp Supply Current Vpp = Vee 10 pA
Vpp Vpp Read Voltage Vg 0.7 Vee v
[ Input Load Current VIN = 5.5V or GND -1 1 pA
ILo Output Leakage Current Vout = 5.5V or GND -10 10 pA
AC Electrical Characteristics
Symbol Parameter 120 150 200 Units
Min Max Min Max Min Max
tacc Address to Output Delay 120 150 200
tce CE to Output Delay 120 150 200
toE OE to Output Delay 50 50 50 ns
tpe(@) Output Disable to Output Float 25 25 25 |
ton@ Output Hold from Addresses, CE 7 7 7
or OE, Whichever Occurred First
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NM27P512

Capacitance 7, = +25°C, f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ “Max Units
CiN1 Input Capacitance ViN = 0V
except OE/Vpp 6 12 PF
Cout Output Capacitance Vourt = 0V 9 12 pF
CiN2 OE/Vp.p Input ViN = 0V 20 25 pE
Capacitance
AC Test Conditions A ‘
Output Load 1 TTL Gate and Timing Measurement Reference Level (Note 9)
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 (notess, 7)

LG

ADDRESSES ~ 2:Y ADDRESSES VALID > X
a7
— —
2.0V \
cE 0.8V Iys '
) Y
Iq— top —] (NOTE 4,5)

0E/Vep

™\

/

0.8V ;;
toe F
v | "I (NOTE3) [© . | (note 4,5) ‘; .
OUTPUT VALID OUTPUT °° '
0.8V ‘5

tace .
(NOTE 3)

e toy -]

TL/D/11365-4

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 Vg4 (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 Vgg + 1.0V to avoid latch-up and device damage.

Note 8: 1 TTL Gate: g, = 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.
Note 10: CMOS inputs; V). = GND +0.3V, Vjy = Vgg £0.3V.
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Programming Characteristics (Notes 1 and 2) N
Symbol Parameter Conditions Min Typ Max Units 3
—
tas Address Setup Time 1 ps N
toes OE Setup Time 1 ps
tps Data Setup Time 1 s
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
ter 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 Time
. . 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 50 mA
TR Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6 6.25 6.5 \
Vpp Programming Supply Voltage 125 12.75 13 \
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0 0.45 Vv
VIH Input High Voltage 2.4 )
tin Input Timing Reference Voltage 0.8 2 \
tout Output Timing Reference Voitage 0.8 2 v
Programming Waveforms
PROGRAM PGQGRF;AYM
37
ADDRESSES %Yev ADDRESS N e
tAs 37
DATA ZYBV DATA I8 STABLE Hi-Z 0.2;,\" DATA OUT VAUID ADD N [
s ton tov ter
tan
12,75V
OE/Vpp T /—
tow toen N v
YRt VR—>|
_ . e
CE Sng 1 Nn ”_/
tves—
Vee e.zsv;
TL/D/11365-5
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 spacification. At least a 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.
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Fast Programming Algorithm Flow Chart

START
( ADDR = FIRST Locmovu)
( Veo = 6.25V )
N
>

INCREMENT ADDR

PROGRAM ONE 100 ps PULSE
WITH Vpp = 12,75V
( INCREMENT X )

LAST ADDR?

Ve = 5.0V $5%

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/11365-6
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Interactive Programming Algorithm Flow Chart

( ADDR = FIRST LOCATION)
( vcc =6.0V

PROGRAM ONE 0.5ms PULSE
_’C WITH Vpp = 12,5V )
( INCREMENT X )

CLGdLZN

DEVICE
FAILED

INCREMENT ADDR LAST ADDR?

Ve =5.0V £5%

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

TL/D/11365-7
FIGURE 2




NM27P512

Functional Description

DEVICE OPERATION

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

Read Mode

The EPROM has two contro! functions, both of which must
be logically active in order to obtain data at the outputs.
Chip Enable (CE/PGM) is the power control and should be
used for device selection. Output Enable (OE/Vpp) is the
output 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-

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from 385 mW to 0.55 mW.
The EPROM is placed in the standby mode by applying a
CMOS high signal to the CE/PGM input. When in standby
mode, the outputs are in a high impedance state, indepen-
dent of the OE input.

Output Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Typing

Because the EPROM is usually used in larger memory ar-
rays, 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

oceur.

To most efficiently use these two control lines, it is recom-
mended that CE/PGM be decoded and used as the primary
device selecting function, while OE/Vpp 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 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 EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the ““1’s” state. Data is introduced by selectively program-
ming “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 EPROM 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 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.

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.

The EPROM is programmed with the Fast Programming Al-
gorithm 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 EPROM must not be programmed with a DC signal ap-
plied to the CE/PGM input.

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

Note: Some programmer facturers, due to equipment limitation, may
offer interactive program Algorithm (shown in Figure 2).

Program Inhibit

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

1-96




Functional Description (continued)

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.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'’S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 I,
specifically identifies the manufacturer and device type. The
code for NM27P512 is “'8F85”, where “8F” designates 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-A16, 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.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.
The recommended erasure procedure for the EPROM is ex-
posure to short wave ultraviolet light which has a wave-

length of 2537A. The integrated dose (.., UV intensity X
exposure time) for erasure should be minimum of
15W-sec/cm2.

The EPROM 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 EPROM erasure time for various light
intensities.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increase as the square of the dis-
tance from the lamp (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete 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 of the output capacitance
loading of 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 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.
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NM27P512

Mode Selection

The modes of operation of the NM27P512 are listed in Table I. A single 5V power supply is required in the read mode. All inputs
are TTL levels excepts for Vpp and A9 for device signature.

TABLE I. Mode Selection

Mode Pins CE/PGN OE/Vpp Vee Outputs
Read ViL ViL 5.0v Dout
Output Disable (No)((e . Vil 5.0V High Z
Standby VIH X 5.0V High Z
Programming viL Vpp(@) 6.25V Din
Program Verify ViL ViL 6.25V DouTt
Program Inhibit ViH Vpp(@) 6.25V High Z
Note 1: X can be V. or Vjy.
TABLE II. Manufacturer's ldentification Code
Pins A0 | A9 07 06 05 04 03 02 01 00 | Hex
: (10) | (24) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | Data
Manufacturer Code | V). | 12v 1 0 0 0 1 1 1 1 8F
Device Code Vi | 12V 1 0 0| O 0 1 0 1 85
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@National

Semiconductor

NM27P210

1,048,576-Bit (64K x 16) Processor Oriented

CMOS EPROM

General Description

The NM27P210 is a 1024K Processor Oriented EPROM
configured as 64K x 16. It's designed to simplify microproc-
essor interfacing while remaining compatible with standard
EPROMSs. 1t can reduce both wait states and glue logic
when the specification improvements are taken advantage
of in the system design. The NM27P210 is implemented in
National's advanced CMOS EPROM process to provide a
reliable solution and access times as fast as 120 ns.

The interface improvements address two areas to eliminate
the need for additional devices to adapt the EPROM to the
microprocessor and to eliminate wait states at the termina-
tion of the access cycle. Even with these improvements, the
NM27P210 remains compatible with industry standard
JEDEC pinout EPROMSs. The time from CE or OE being neg-
ated until the outputs are guaranteed to be in the high im-
pedance state has been reduced to eliminate the need for
wait states at the termination of the memory cycle and the

data-out hold time has been extended to eliminate the need
to provide data hold time for the microprocessor by delaying
control signals or latching and holding the data in external
latches.

Features
u Fast output turn-off to eliminate wait states
m Extended data hold time for microprocessor
compatibility
| High performance CMOS
— 120 ns access time
m High reliability with EPI processing
— Latch-up immunity to 200 mA
— ESD protection exceeds 2000V
m JEDEC standard pin configuration
m Manufacturer’s identification code

Block Diagram

Veg O—> DATA OUTPUTS 0 - Org
GND O—> r N
et
OE == GurPuT ENABLE, >
o[
TE ~—p BUFFERS
( —
—— R
— Y * |
~|  DEcoDEr . Y GATING
—p '.
—
—
Ao - ks | )
ADDRESS R
iputs | P
> ° 1,048,576-8IT
* L =
X ° CELL MATRIX
=  Decooer o
—]
—] L] .
— i
L —

TL/D/11366-1
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NM27P210

Connection Diagrams

DIP PIN CONFIGURATIONS DIP
27C280 27C240 27C220 NM27P210

Atg XX/Vp XXLYPP — xx/Vpp Ct sy, —
CE/PGM CE/PGM CE _§E 2 9 /7o -
O15 O1s O15 — osC]s s8EINe ——
O14 Oq4 Oy — a,gs slan, —
O1a 013 O13 —0.,55 ssfaa, —
012 012 012 —o,]s sy —
Oy1 Oy1 Oy —o,g7 s, —
O1o O1o O1o — o,ds 3P, —
09 Og Og — s 324, —
Os Os % —— 010 s —
GND GND GND — N ] 11 30360 ——

07 07 07 — 0,12 =
Os Oe Os o518 2[4 ——
Os Os Os —o]ns P = p—
Os 04 04 —o,C]15 26145 ——
O3 O3 O3 — o, s, —
%2 Oz 02 — 0,17 ' z4gA,__
81 81 8‘ ——o s JEY] = 7 pu—
0 0 9 —— 19 22 —_—
OF/Vee Ot OE — ;E 20 21 ;z —

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

27C220 27C240 27C280
Veo Vee Vee
XX/PGM Agz A7
Atp Asg Atg
A1s At Ats
A4 A A1g
A3 A3 A13
A1z A2 Az
A1 A1t A1
Ao A1 Ao
Ag Ag Ag
GND GND GND
Ag Ag As
Az Az Ay
Ag Ag As
As As As
As A4 A4
Az Ag Az
As As Az
Aq Ay Ay
Ao Ao Ao

TL/D/11366-2
Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27P210 pins.

Extended Temp:

Veoec = 5V £10%

erature Range (—40°C to +85°C)

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27P210Q, V 120 120 NM27P210 QE, VE 120 120
NM27P210Q, V 150 150 NM27P210 QE, VE 150 150

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

Note: Surface mount PLCC package available for commercial and extended
temperature ranges only.

Package Types: NM27P210 Q, V XXX

Parameter/Order Number

Access Time (ns)

NM27P210 QM 200 150

Pin Names

A0-A15 | Addresses

CE Chip Enable

OE Output Enable

00-015 | Outputs

PGM Program

XX Don’t Care (During Read)

NC No Connect

Q = Quartz-Windowed Ceramic DIP package
V = PLCC package
 All packages conform to JEDEC standard.

® All versions are guaranteed to function in slower applica-

tions.

PLCC Pin Configuration
£ B
FSFBRe i’-g 227

211819 20 21 22 2324 2526 272815
U :". i :"-E‘- :’Z-’? IR

ST LIl

Top View

TL/D/11366-3
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Absolute Maximum Ratings (Note 1) Operating Range
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Range Temperature Vec | Tolerance
Office/Distributors for availability and specifications. Commercial { 0°Cto +70°C +5V +10%
Storage Temperature —65°C to +150°C Industrial —40°C to +85°C +5V +10%
All Input Voltages except A9 with Military —55°Cto +125°C | +5V £10%
Respect to Ground (Note 10) —-0.6Vto +7V
Vpp and A9 with Respect to Ground —-0.6Vto +14V
Ve Supply Voltage with
Respect to Ground —0.6Vto +7V
ESD Protection >2000V
All Output Voltages with
Respect to Ground (Note 10)
Vee + 1.0Vto GND — 0.6V
DC Read Characteristics over Operating Range with Vpp = Ve
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level —-0.5 0.8 v
ViH Input High Level 2.0 Ve + 1 \"
VoL Output Low Voltage CloL=21mA 0.4 v
VoH Qutput High Voltage loy = —400 pA 3.5 \
IsB1 Ve Standby Current CE = Vgg 0.3V 100 A
(Note 11) (CMOS) s
Isg2 Ve Standby Current CE = Vi 1 mA
loc Ve Active Current CE=DE=Vy | f=5MHz 50 mA
Ipp Vpp Supply Current Vpp = Vcc 10 pA
I} Input Load Current Vin = 6.5 0or GND -1 1 HA
ILo Output Leakage Current Vout = 5.5V or GND -10 10 RA
AC Read Characteristics over Operating Range with Vpp = Voo
Symbol Parameter 120 150 Units
Min Max Min Max
tacc Address to Output Delay 120 150
tce CE to Output Delay 120 150
tog OE to Output Delay 50 50
tor/tcF Output Disable to Output Float 25 25 ns
(Note 2) .
ton Output Hold from Addresses,
(Note 2) CE or OE, Whichever 7 7
Occurred First
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NM27P210

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

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance Vin = 0V 12 20 pF

Cout Output Capacitance Vout = 0V 13 20 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level

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

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

AC Waveforms (Notess, 7,&9)

| £ C 1
ADDRESSES 2.0v X ADDRESSES VALID 7
0.8V N [C
)J
2.0V 2
CE g.8v \ e /
PR ‘C
r<—- F —}
fee (NOTES 4, 5)
2.0V
O g.8v \ e /
)J
‘og ‘ | — ’ﬁf ——
(NOTE 3) e (NOTES 4, 5)
Hi~Z 37T Hi-Z
OUTPUT 200 VALID OUTPUT -
0.8V e
. )Y "
ACC -t _
(NOTE 3)

TL/D/11366-4

Note 1: Stresses above those listed under “Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress rating only and functionat
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: OF 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 Vg1 (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 iF ceramic capacitor be used on
every device between V¢ 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: ig. = 1.6 mA, Ioq = —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.
Note 11: CMOS inputs; V). = GND +0.3V, Viy = Vgg +0.3V.
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Programming Characteristics (Notes 1,2,3,4 &5)

Symbot Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tces CE Setup Time OE = Viy 1 ps
tbs Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Ve Setup Time 1 us
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 ns
toe Data Valid from OE CE = V. 100 ns
lpp Vpp Supply Current during CE = V|_ 40 mA
Programming Pulse PGM = V),
Icc Vce Supply Current 50 mA
TA Temperature Ambient 20 25 30 °C
Vee Power Supply Voltage 6.0 6.25 6.5 v
Vpp Programming Supply Voltage 12,5 12,76 13.0 \
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \'
Vin Input High Voltage 24 4.0 \
N Input Timing Reference Voltage 0.8 2.0 \"
tout Output Timing Reference Voltage 0.8 2.0 \
Programming Waveforms (Note 3)
PROGRAM P@%ﬁm"
ADDRESSES 2%, ADDRESS N ::
.."L.I i [y |
o 3 st e —
tos _’ﬂ_ Yor
Vee sﬁ% tves N
Vo 2T A s =
53 0.8v res
fe-toes -] -
i T i
Al I toes ‘-I [ tor —=1
— pr—
% S ’S‘_“_/ TL/D/11366-5

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

Note 2: Voo 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 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.
Note 5: During power up the PGM pin must be brought high (2 V|y) either coincident with or before power is applied to Vpp.
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NM27P210

Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION)

Vec=6.25V
Vop= 1275V

INCREMENT ADDR

—’(PROGRAM ONE 100 us FULSE)
INCREMENT X

LAST ADDR?

Vee= Vpp= 5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 1

TL/D/11366-6
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Functional Description
DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble I. It should be noted that all inputs for the six modes are
at TTL levels. The power supplies required are Vgg .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 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 EPROM 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 output con-
trol and should be used to gate data to the output pins,
independent of device selection. Assuming that the ad-
dresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available at the
outputs toE 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 EPROM has a standby mode which reduces the active
power dissipation by over 39%, from 275 mW to 0.55 mW.
The EPROM 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 Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable alil cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Tying

Because the EPROM is usually used in larger memory ar-
rays, National has provided a 2-line control function that
accommodates this use of multiple memory connections.
The 2-line contro! function allows for:

a) the lowest possible memory power dissipation, and

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

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 EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the “1's” state. Data is introduced by selectively program-
ming “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 EPROM 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 wF 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 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 EPROM is programmed with the Fast Pro-
gramming 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 EPROM must not be programmed with a DC signal ap-
plied to the PGM input.

Programming multiple EPROM in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirements. Like inputs of the parallel EP-
ROM may be connected together when they are pro-
grammed with the same data. A low level TTL pulse applied
to the PGM input programs the paralleled EPROM.
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NM27P210

Functional Description (continued)
Program Inhibit

Programming multiple EPROM’s in parallel with different
data is also easily accomplished. Except for CE all like in-
puts (including OE and PGM) of the parallel EPROM may be
common. A TTL low level program pulse applied to an EP-
ROM's PGM input with CE at V)_ and Vpp at 12.75V will
program that EPROM. A TTL high level CE input inhibits the
other EPROM’s 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
Vce, except during programming and program verify.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 I,
specifically identifies the manufacturer and device type. The
code for the NM27P210 is “8FD6", where “8F” designates
that it is made by National Semiconductor, and “D6” desig-
nates a 1 Megabit (64K x 16) part.

The code is accessed by applying 12V +£0.5V to address
pin Ag. Addresses A1—Ag, A1p—A1s, and all control pins are
held at V). Address pin A0 is held at V| _for the manufactur-
er's code, and held at V| for the device code. The code is
read on the lower eight data pins, Og~07. Proper code ac-
cess is only guaranteed at 25°C + 5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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 15W-
sec/cm?2.

The EPROM 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.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increases as the square of the dis-
tance from the lamp (if distance is doubled the erasure time
increases by 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 cer-
tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete 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. Itis 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 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.
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MODE SELECTION

The modes of operation of the NM27P210 are listed in Table I. A single 5V power supply is required in the read mode. All inputs
are TTL levels except for Vpp and A9 for device signature.

0lLedZChN

TABLE |. Modes Selection

Pins CE OE PGM Vpp Vee Outputs

Mode
Read X

ViL ViL (Note 1) X 5.0V Dout
Output Disable X Vin X X 5.0V . High Z
Standby ViH X X X 5.0V High Z
Programming ViL ViH ViL 12.75V 6.25V DN
Program Verify ViL ViL VIH 12.75V 6.25V Dout
Program Inhibit Vin X X 12,75V 6.25V High Z

Note 1: X can be Vi _or V4.

TABLE II. Manufacturer’s ldentification Code

A0 | A9 [ O7 | O | O5| 04| O3 | O2 | O1 | Op | Hex
(21) [ (31) [ (12) | (13) [ (14) | (15) | (16) | (17) | (18) | (19) [ Data
Manufacturer Code | V) | 12V| 1 0 0 0 1 1 1 1 8F

Device Code Vig|12v| 1 1 0 1 0 1 1 0 | D6

Pins
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%National

Semiconductor

NM27P040

4,194,304-Bit (512K x 8) Processor Oriented

CMOS EPROM

General Description

The NM27P040 is a 4096K Processor Oriented EPROM
configured as 512K x 8. It's designed to simplify microproc-
essor interfacing while remaining compatible with standard
EPROMSs. It can reduce both wait states and glue logic
when the specification improvements are taken advantage
of in the system design. The NM27P040 is implemented in
National’s advanced CMOS EPROM process to provide a
reliable solution and access times as fast as 150 ns.

The interface improvements address two areas to eliminate
the need for additional devices to adapt the EPROM to the
microprocessor and to eliminate wait states at the termina-
tion of the access cycle. Even with these improvements, the
NM27P040 remains compatible with industry standard
JEDEC pinout EPROMs. The time from CE or OE being
negated until the outputs are guaranteed to be in the high
impedance state has been reduced to eliminate the need
for wait states at the termination of the memory cycle and

the data-out hold time has been extended to eliminate the
need to provide data hold time for the microprocessor by
delaying contro! signals or latching and holding the data in
external latches. :

Features

m Fast output turn off to eliminate wait states

B Extended data hold time for microprocessor
compatibility

m High performance CMOS
— 150 ns access time

m High reliability with EPI processing

— Latch-up immunity to 200 mA

— ESD protection exceeds 2000V

JEDEC standard pin configuration

m Manufacturer's identification code

Block Diagram

DATA OUTPUTS 00 - 07

11111111

> OUTPUT ENABLE,
PGM ——>{ CHIP ENABLE, AND
PROGRAM LOGIC

OUTPUT

—p] Y
DECODER

v BUFFERS

Y GATING

AO-A18
ADDRESS <
INPUTS

X
DECODER

4,194,304-BIT
CELL MATRIX

TL/D/11367-1
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Connection Diagrams N
DIP §
27C080 27C020 27C010 NM27P040 27C010 27C020 27C080 o
A19 XX/Vpp XX/Vpp - xx/vep 1 32 Ve —— Voo Vee Vce
A16 A16 A16 — at6]2 31118 — XX/PGM XX/PGM A18
A15 A15 A15 — at5C]3 30F1A17 — XX A17 A17
A12 Al12 Al12 — a4 29?“14— A4 Al4 A4
A7 A7 A7 — A5 280A13 —— A13 A13 A13
A6 A6 A8 — 2] 2748 —— A8 A8 A8
A5 A5 A5 — sl 261 A9 —— A9 A9 A9
A4 A4 A4 = O 5B — A1t AT AT
A3 A3 A3 — uds 26 —— OE OE OE/Vpp
A2 A2 A2 — a2g10 230 A10 —— '9‘19 A_19 __A10
Al A1l Al — g 22/ — CE CE CE/PGM
A0 A0 A0 — nd2 210, 07 07 07
OO 00 OO — 0 (13 2030 —— OG OG OG
04 04 04 — o gu 1ohao, Os Os Os
02 02 02 — 0,15 18 Eo‘ —_ o 04 Oa4
GND GND GND — ook 17he, O3 O3 O3
TL/D/11367-2
Note: Compatible EPROM pin configurations are shown in the blocks adjacent to the NM27P040 pin.
Commercial Temperature Range (0°C to +70°C) Extended Temperature Range (—40°C to + 85°C)
Vee = 5V £10% Vee = 5V £10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27P040 Q 150 150 NM27P040 QE 150 150
NM27P040 Q 170 170 NM27P040 QE 170 170
Military Temperature Range (—55°C to + 125°C) Package Types: NM27P040 QXXX
Vee = 5V £10% Q = Quartz-Windowed Ceramic DIP
Parameter/Order Number Access Time (ns) ® All packages conform to the JEDEC standard.
NM27P040 QM 200 250 ® All versions are guaranteed to function for slower
speeds.
Pin Names
A0-A16 Addresses
CE Chip Enable
OE Output Enable
00-07 Outputs
PGM Program
XX Don’t Care (During Read)
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Absolute Maximum Ratings (ote 1)

Operating Range

If Military/Aerospace specified devices are required, Ran Temperature Vv Tolerance
please contact the National Semiconductor Sales ge empera cc
Office/Distributors for avallability and specifications. Commercial | 0°Cto +70°C +5V +10%
Storage Temperature ] —65°Cto +150°C Industrial —40°Cto +85°C +5V +10%
All Input Voltages except A9 with Military —55°Cto +125°C | +5V +10%
Respect to Ground —-0.6Vto +7V
Vpp and A9 with Respect to Ground —0.6Vto +14V
Vcc Supply Voltage with
Respect to Ground —0.6Vto +7V
ESD Protection > 2000V
All Output Voltages with .
Respect to Ground Vec +10V to GND —0.6V
Read Operation
DC Electrical Characteristics over operating range with Vep = Vg
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level —0.5 0.8 v
VIH Input High Level 20 Voo + 1 Vv
VoL Output Low Voltage loL = 2.1 mA 0.4 \
VoH Output High Voltage loq = —400 pA 3.5 \"
181 Vec Standby Current (CMOS) CE = Vgg £ 0.3V }
100 pA
(Note 11)
Isg2 Ve Standby Current CE = V4 1 mA
lcc Ve Active Current CE=0E =V, f=5MHz 60 mA
Ipp - Vpp Supply Current Vpp = Voo 10 pA
Vpp " Vpp Read Voltage ' Voo — 0.4 Vee Y
Iu Input Load Current ViN = 5.5V or GND -1 1 pA
ILo Output Leakage Current Vout = 5.5V or GND -10 10 pA
AC Electrical Characteristics over operating range with Vpp = Vg
1 1 50
Symbol Parameter 50 70 2 Units
Min Max Min Max Min Max
tacc Address to Output Delay 150 170 250
tce CE to Output Delay 150 170 250
toe OE to Output Delay 50 50 50
tor/tcr Output Disable to ns
(Note 2) Output Float 25 2 2
toH Output Hold from Addresses, CE or OE, 2 7
(Note 2) Whichever Occurred First
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Capacitance 1, = +25°C,f = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units

CiNn Input Capacitance Vin = 0V 9 15 pF

Cout Output Capacitance Vourt = 0V 12 15 pF
AC Test Conditions
Output Load 1 TTL Gate and Timing Measurement Reference Level (Note 10)

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

Input Rise and Fall Times <5ns Outputs 0.8Vand2v
Input Pulse Levels 0.45Vto 2.4V

AC Waveforms (Notes 6, 7, and 9)

& Gy

ADDRESSES o, ADDRESSES VALID o X
ER]
_ — —
2v
CE 0.8v % { o /
{5 e
I-— top —] (NOTES 4, 5)

0 v \, w7
_.l tog )] v
(NoTE3) [ o Jvores 4, 5[

2.0V Hi-Z Hi-Z
outpuT | —— ; VALID OUTPUT °. a—

) £5
acc ] e ton >

(NOTE 3)

TL/D/11367-3

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 Vop1 (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 pF ceramic capacitor be used on
every device between Vgc 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: lop. = 1.6 mA, Ipy = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 9: Vpp may be connected to Vo except during programming.
Note 10: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
Note 11: CMOS input: V) = GND +0.3V, V| = Vg 0.3V,
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Programming Waveform (Note 3)

ADDRESSES

DATA

6
Vee

Ve

PGM

PROGRAM
PROGRAM VERIFY
L C
2V 27
0.8V ADDRESS N
tas |
L< DATA IN STABLE N__Hi-Z
0.8V ADD N
"DS %H
£ C
.25V {!
— tves
‘5
12,75V f
P / typs

0.8V N
LR
L—‘c:s -
fc
2V k )7
0.8V \
t
PW e QOES_>I l— QOE —]
2V
0.8v N 7

TL/D/11367-4
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Programming Characteristics (Notes 1,2,384)

0v0dZZWN

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
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
tDH Data Hold Time 1 us
tor Output Enable to Output Float Delay CE/PGM = X 0 60 ns
trw Program Pulse Width 95 100 105 1S
toE Data Valid from OE CE/PGM = X 100 ns
Ipp Vep Supply Current during CE/PGM = V), 30 mA
Programming Pulse
lcc Ve Supply Current 50 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 -=0.1 . 0.0 0.45 \
Vi Input High Voltage 2.4 4.0 v
N Input Timing Reference Voltage 0.8 2.0 v
tout Output Timing Reference Voltage 0.8 2.0 \

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

Note 2: Vi 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 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 Progam Algorithm, at typical power supply voltages and timings.

Note 5: During power up the PGM pin must be brought high (= V)y) either coincident with or before power is applied to Vpp.
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Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION)

Vee = 6.25V
Vop = 12,75V

>
»

—P(PROGRAM ONE 100 us PULSE)
INCREMENT X

INCREMENT ADDR LAST ADDR?

Vo = Vpp = 5.0V £5%

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 1

DEVICE
FAILED

DEVICE
FAILED

TL/D/11367-5
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble I. It should be noted that all inputs for the six modes are
at TTL levels. The power supplies required are Voo 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 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 EPROM has two control functions, both of which must
be logically active in order to obtain data at the outputs.
Chip Enable (CE/PGM) 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/PGM has
been low and addresses have been stable for at least taocc-
toe.

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 99%, from of 385 mW to
0.55 mW. The EPROM is placed in the standby mode by
applying a CMOS high signal to the CE/PGM input. When in
standby mode, the outputs are in a high impedance state,
independent of the OE input.

Output Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Typing

Because the EPROM is usually used in larger memory ar-
rays, 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/PGM be decoded and used as the primary
device selecting function, while OE be made a common
connection to all devices in the array and connected to the
READ line from the system contro! 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 pin 1 (Vpp) will damage the
EPROM.

Initially, and after each erasure, all bits of the EPROM are in
the “1’s” state. Data is introduced by selectively program-
ming “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 EPROM is in the programming mode when the Vpp
power supply is at 12.75V and OE is at Viy. It is required
that at least a 0.1 nF 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 CE/PGM input. A program
pulse must be applied at each address location to be pro-
grammed. The EPROM is programmed with the Fast Pro-
gramming 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 EPROM must not be programmed with a DC signal ap-
plied to the CE/PGM input.

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

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

Program Inhibit

Programming multiple EPROMs in parallel with different
data is also easily accomplished. Except for CE/PGM all
like inputs (including OE) of the parallel EPROMs may be
common. A TTL low level program pulse applied to an
EPROM’s CE/PGM input with Vpp at 12.75V will program
that EPROM. A TTL high level CE/PGM input inhibits the
other EPROMs 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
Vce, except during programming and program verify.

AFTER PROGRAMMING

Opagque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER’S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm 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 I,
specifically identifies the manufacturer and device type. The
code for NM27P040 is ““8F08", where “8F"' designates that
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NM27P040

Functional Description (continued)

it is made by National Semiconductor, and ‘08" designates
a 4 Megabit (612K x 8) part.

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 device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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 minimum of
15W-sec/cm?2.

The EPROM 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.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increase as the square of the dis-
tance from the lamp. (If distance is doubled the erasure time
increases by 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 cer-

tain full erasure is occurring. Incomplete erasure will cause
symptoms that can be misleading. Programmers, compo-
nents, and even system designs have been erroneously
suspected when incomplete 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 voit-
age transitions on input pins. The magnitude of these tran-
sient current peaks is dependent of 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 nF 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.

Mode Selection

The modes of operation of the NM27P040 are listed in Ta-
ble I. A single 5V power supply is required in the read mode.
All inputs are TTL levels except for Vpp and A9 for device
signature.

TABLE I. Modes Selection

Pins CE/PGM OE Vpp Vee Outputs

Mode

Read ViL ViL X 5.0V Dout

(Note 1)

Output Disable X : ViH X 5.0V High Z
Standby ViH X X 5.0V High Z
Programming VL ViH 12,75V 6.25V Din
Program Verify X VL 12,75V 6.25V Dout
Program Inhibit Vin ViH 12.75V 6.25V High Z

Note 1: X can be Vi _or Vy

TABLE Il. Manufacturer’s Identification Code

Pins

A0 | A9 | O7 | O6
(12) | (26) | (21) | (20)

05| 04| 03| 02| 01| 00| Hex
(19) | (18) | (17 | (18) | (19) | (13) | Pata

Manufacturer Code | V) | 12V | 1 0

0 0 1 1 1 1 8F

Device Code Vi |12v]| 0 0

0 0 1 0 0 0 08
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@National

Semiconductor

NMC87C257

262,144-Bit (32K x 8) CMOS EPROM
with On-Chip Address Latches

General Description

The NMC87C257 is a CMOS EPROM, ideally suited for ap-
plications where fast turnaround, pattern experimentation
and low power consumption are important requirements.

The NMC87C257 has latched addresses for direct interfac-
ing with address/data multiplexed microprocessors and mi-
crocontrollers. The AO-A7 pins can be tied to the respec-
tive 00-07 pins and then bused to the microprocessor or
microcontroller directly. No latch device is needed for inter-
facing.

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

The part is packaged in a 28-pin dual-in-line package with a
quartz window or PLCC. The quartz window 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. The PLCC is not
erasable.

This EPROM is fabricated with National’s proprietary CMOS
double-poly silicon gate technology.

Features

M Address latches for direct interfacing with address/data
multiplexed microprocessors

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

B Pin compatible with standard 256K EPROM

m Fast and reliable programming

| TTL, CMOS compatible inputs/outputs

m TRI-STATE® output

B Manufacturer’s identification code for automatic pro-
gramming control use NMC27C256B PGM Algorithm

m High current CMOS level output drivers

Block Diagram

DATA QUTPUTS 00 =7

T

OUTPUT ENABLE
AND CHIP ENABLE LOGIC

—>|

QUTPUT
BUFFERS

I

—T

Y
DECODER

Y GATING

A0=A14
ADDRESS
INPUTS

S3HOLYT SS3Yaay

X
DECODER

. 262,144=BIT
CELL MATRIX

TL/D/11012-1
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NMC87C257

Connection Diagram

27C256 NMC87C257Q
-/

Vpp Vpp/ALE—{1 28 [~Vec
A12 At2—2 27}-a14
A7 A7—{3 26—A13
A6 A6=—]4 25 [A&
A5 A5 5 24 A9
Ad A—{6 23 A1
A3 A3=—17 22 |—0E
A2 A28 21410
Al A1={9 20 |—CE/PGN
A0 a0—{10 19 =07
00 oo—{11 18 }~06
01 01412 17f~05
02 02113 16 |~04

GND oND—J 14 15}-03

Pin Names
Symbol Description
AO-A14 Addresses
CE Chip Enable
OE Output Enable
00-07 Outputs
PGM Program
ALE Address Latch Enable
Vpp Programming Supply
Vee Power Supply
GND Ground
NC No Connection
Commercial Temperature Range (0°C to +70°C)
Vee = 5V + 10%
Parameter/Order Access
Number Time (ns)
NMC87C257Q150, V150 150
NMC87C257Q200, V200 200

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

Parameter/Order Access
Number Time (ns)

NMC87C257QE150 150

NMC87C257QE200 200

TL/D/11012-2
Note: Socket compatible 27C256 EPROM pin configuration is shown in the block adjacent to the NMC87C257 pins.

27C256

PLCC Pin Configuration
3
<
o o <
I RCEIRES
| T T A |
/ 4 3 2 132330
A6—1 5 29}—as8
A5 —16 28— A9
A4 7 27 Al
A3—8 26 |- NC
A2—19 25— 0E
A1 =10 24— A10
A0 —{t1 23 |~ CE/PCM
NC =112 22 =07
00—113 21— 06
14 15 16 17 18 19 20 Note: Leadless or
LU Leaded, Plastic or
P> % 3838 Ceramic Package
TL/D/11012-8
Top
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. . =
Absolute Maximum Ratings Note 1) o
If Military/Aerospace specified devices are required, Vpp Supply Voltage and A9 E’.
please contact the National Semiconductor Sales with Respect to Ground +14.0Vto —0.6V 8
Office/Distributors for availability and specifications. Power Dissipation 1.0W (\‘n
Temperature under Bias —65°Cto +150°C Lead Temperature
Storage Temperature —65°Cto +150°C (Soldering, 10 Seconds) 300°C
Vcc Supply Voltages ESD Rating
with Respect to Ground +7.0Vto —0.6V (Mil Spec 883C, Method 3015.2) 1700V
All Input Voltages except A9 . re
with Respect to Ground (Note 2) +6.5V to —0.6V Operating Conditions (note 3)
All Output Voltages with Respect Ve Power Supply 5V +£10%
to Ground (Note 2) Vce + 1.0Vto GND —0.6V Temperature Range
Commercial 0°Cto +70°C
Extended —40°Cto +85°C
READ OPERATION
DC Electrical Characteristics
Symbol Parameter Conditions Min Typ Max Units
] Input Load Current Vin = Vg or GND 0.01 1.0 pA
Lo Output Leakage Current VouTt = Ve or GND, CE = Viy 0.01 1.0 pA
et Ve Current (Active) ALE = V|y,f = 5MHz 15 30 mA
(Note 4) | TTL Inputs All Inputs = Vi or Vi, I1/0 = 0 mA
lcce Ve Current (Active) ALE = Vgg, f = 5MHz 10 20 mA
(Note 4) | CMOS Inputs All Inputs = Vgg or GND, 1/0 = 0 mA
lccse1 | Voc Current (Standby) | Switching | CE = Vi, ALE = V| 10 12 mA
TTL Inputs Stable | CE = Vi, ALE = Vj_ 0.3 1 mA
lccsB2 | Vo Current (Standby) | Switching | CE = Vg, ALE = Ve 8 10 mA
CMOS Inputs Stable | CE = Vg, ALE = GND 05| 100 | pA
Ipp Vpp Load Current Vpp = Vce 10 HA
ViL Input Low Voltage -0.2 0.8 \
VIH Input High Voltage 2.0 Vce + 1 \
VoLt Output Low Voltage loL = 2.1mA 0.40 Vv
VOH1 Output High Voltage loy = —2.5mA 35 \"
VolL2 Output Low Voltage loL = 10 pA 0.1 \"
VoH2 Output High Voltage loH = —10pA Vec — 0.1 \)
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 section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
Note 2: Inputs and outputs can undershoot to —2.0V for 20 ns Max.
Note 3: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at least a 0.1 uF ceramic capacitor be used on
every device between Vcg and GND.
Note 4: Vpp may be connected to Vo except during programming.
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AC Electrical Characteristics

NMC87C257

NMC87C257
Symbol Parameter Conditions 150 200 Units
Min Max Min Max

tacc Address Access Time CE=0OE=V 150 200 ns
tce Chip Enable Access Time OE =V 150 200 ns
L Chip Deselect Width 30 50 ) ns
taL Address to ALE Latch Set-Up 5 15 ns
tLa Address Hold from ALE Latch 20 30 ns
toe Output Enable to Output Valid CE=VL 50 75 ns
tLoE ALE to Output Enable 20 30 ns
:ﬁz o) ﬁh;ﬁg?qlszable to Output OE =V 0 50 0 55 ns
ey | oomupses Fw J ol w]o =] w
toH gtpuﬂold from Addresses,

CE or OE, whichever 0 0 ns

occurred first

Note 1: This parameter is only sampled and is not 100% tested.
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Capacitance 1, = +25°C,f = 1 MHz (Note 1)

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance ViN = 0V 6 12 pF

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

C = 100 pF (Note 7) Inputs 0.8V and 2V

Input Rise and Fall Times <5ns Outputs 0.8Vand2v
Input Pulse Levels 0.45V to 2.4V

AC Waveforms (Notes 5,6 and 8)

Viu | < S o
ADDRESSES X ADDRESS IN STABLE 7§<X>O<XXXXXXX)§XZXE<
vlL J
k—QAL—>\4-——QLA—>
Vi
ME Vi _—/ \ JJ s /-
- Y le—
. LTS tee (NOTES 3, 4)
—'H .
CE V"_ \ \ 55
!* YoE top — - bor -
" (NOTE2) (NOTES 3, 4)
* Vi ) 45
tace . ‘ou——, e
Vi HGHZ 3§ T~
OuTPUT {_  DATA OUT VALID ,E}J\  —
Vi » —¢

TL/D/11012-3
Note 1: This parameter is only sampled and is not 100% tested.
Note 2: OF may be delayed up to tacc — toE after the falling edge of TE without impacting tacc.

Note 3: The tpr and tcr compare level is determined as follows:
High to TRI-STATE, the measured Vony (OC) — 0.10V;
Low to TRI-STATE, the measured Vo1 (DC) + 0.10V.

Note 4: TRI-STATE may be attained using OE or CE.

Note 5: The power switching characteristics of EPROMSs require careful device decoupling. Itis recommended that at least a 0.1 pF ceramic capacitor be used on
every device between Vg and GND.

Note 6: The outputs must be restricted to Vgg + 1.0V to avoid latch-up and device damage.

Note 7: 1 TTL Gate: Ig. = 1.6 mA, Ioq = —400 pA.
Cy: 100 pF includes fixture capacitance.

Note 8: Vpp may be connected to V¢ except during programming.
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NMC87C257

Programming Characteristics (Notes1,2,3and 4)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 us
toes OE Setup Time 1 ps
tps Data Setup Time 1 ns
tvps Vpp Setup Time 1 1S
tvcs Vcc Setup Time 1 us
tAH Address Hold Time 0 1S
iDH Data Hold Time 1 us
tor Output Enable to Output Float Delay 0 60 ns
tpw Program Pulse Width 95 100 105 us
toE Data Valid from OE OE = V) 100 ns
Ipp Vpp Supply Current CE =V 30 mA
during Programming Pulse : OE = Vi
lcc Vg Supply Current 10 mA
Ta Temperature Ambient 20 25 30 °C
Voo Power Supply Voltage 6.0 6.25 6.5 \
Vep . Programming Supply Voltage 12.5 12.75 13.0 \
R Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \'J
ViH Input High Voltage 24 4.0 \
tiN Input Timing Reference Voltage 0.8 1.5 2.0 v
tout Output Timing Reference Voltage 0.8 1.5 2.0 \
Programming Waveforms
fe————— PROGRAM it
ADDRESSES (¥, ADDRESS N -
‘“_S.I | f—
2v Hi-Z —~
DATA — DATAAIil:l) S';IABLE i-s DATAA%LI;TNVALID
tos ton [e—=top
6.0V :‘
Yee —-/ tyes
VPP 12.5V ivps
— o
C_é o?gv
[
£y L"‘ozs“l [+ tor =
T N ” /
TL/D/11012-4
Note 1: National’s standard product warranty applies only to devices prog: d to sp ions 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 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 exceeding this 14V maximum specification. At least a 0.1 uF capacitor is required across Vpp, Voc 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.

1-122




Fast Programming Algorithm Flow Chart (note 1) (same as NMC27C2568)

ADDR = FIRST LOCATION

Voo =625V
Vpp=12.75V

>
P

—>{((_PROGRAM ONE 100 s PULSE )
INCREMENT X

DEVICE
FAILED

INCREMENT ADDR

LAST ADDR ?
YES

Ve =Vpp =5.0V

DEVICE
FAILED

DEVICE PASSED

FIGURE 1
Note 1: Programming and program verify are tested with the fast Program Algorithm, at typical power supply voltages and timings.

TL/D/11012-5
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NMC87C257

Functional Description

DEVICE OPERATION

The seven modes of operation of the NMC87C257 are list-
ed in Table I. It should be noted that all inputs for the seven
modes are at TTL levels. The power supplies required are
Vec and Vpp. The Vpp power supply must be at 12.75V
during the three programming modes, and must be at 5V in
the other modes. The V¢ power supply must be at 6.25V
during the three programming modes, and at 5V in the other
modes.

Read Mode

The NMC87C257 has a chip enable (CE) and an outputb

enable (OE), 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 En-
able (OE) is the output contro! 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. Vg
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.

Address Latch Operation

The NMC87C257 has an Address Latch Enable (ALE) pin
which latches the address inputs on a negative transition.
Addresses must be stable for the address setup time (ta1)
before the ALE transition, and they must hold for the ad-
dress hold time (t_a) after the transition. After the hold time
has transpired the address drive can be removed from the
address input pins and the bus can be used for other sig-
nals. The ALE pin is a feed-through latch and the part will
operate as a normal unlatched device when the ALE pin is
held high.

An important application for the NMC87C257 is memory in
an address/data multiplexed microprocessor system. In an
8 bit system the low order memory address pins, AO-A7,
can be tied to the respective memory output pins, 00-07
and run on an 8-bit bus to the ADO-AD7 pins of the micro-
processor. This reduces the bus width and it can be done
without adding an address latch interface device. In this ap-
plication the Output Enable (OF) pin should be held high
until after the address hold time (t_a) has transpired, to
avoid bus contention.

Standby Mode

The NMC87C257 has a standby mode which reduces the
active power dissipation by over 99%, from 110 mW to
0.55 mW. The NMC87C257 is placed in the standby mode
by applying a CMOS high signal to the CE input and a
CMOS low signal to the ALE input. When in standby mode,
the outputs are in a high impedance state, independent of
the OE input.

Output OR-Tying

Because NMC87C257s are usually used in larger memory
arrays, National has provided a 3-line control function that
accommodates this use of multiple memory connections.
The 3-line control function allows for:

a. the lowest possible memory power dissipation, and

b. complete assurance that output bus contention will not
oceur.,

To most efficiently use these control lines, it is recommend-
ed that CE and ALE be decoded and used as the primary
device selecting functions while OE 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 active only when data is
desired from a particular memory device.

Programming

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the
NMC87C257.

Initially, and after each erasure, all bits of the NMC87C257
are in the ““1” state. Data is introduced by selectively pro-
grammings “0s” into the desired bit locations. Although only
*‘0s” will be programmed, both “1s” and “0s” can be pres-
ent in the data word. The only way to change a “0” to a ““1”
is by untraviolet light erasure.

The NMC87C257 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 pF 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 CE input. A program pulse
must be applied at each address location to be pro-
grammed. The NMC87C257 is programmed with the Fast
Programming Aigorithm 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 NMC87C257 must
not be programmed with a DC signal applied to the CE in-
put.
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Functional Description (continued)
TABLE I. Mode Selection

Pins CE OE Vpp/ALE Vee Outputs

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

Programming multiple NMC87C257s in parallel with the
same data can be easily accomplished due to the simplicity
of the programming requirements. Like inputs of the paral-
leled NMC87C257 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
NMC87C257.

Program Inhibit

Programming multiple NMC87C257s in parallel with differ-
ent data is also easily accomplished. Except CE, all like
inputs (including OE) of the parallel NMC87C257s may be
common. A TTL low level program pulse applied to an
NMC87C257 CE input with Vpp at 12.75V will program that
NMC87C257. A TTL high leve! CE input inhibits the other
NMCB87C257 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
Vcg except during programming and program verify.

Manufacturer’s Identification Code

The NMC87C257 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 I,
specifically identifies the manufacturer and the device type.
The code for NMC87C257 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;_and Vpp/ALE is held at Viy. Address pin A0
is held at V|_ for the manufacturer’s code, and held at V|4
for the device code. The code is read on the eight data pins,
00-07. Proper code access is only guaranteed at 25°C +
5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the NMC87C257 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 NMC87C257 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 NMC87C257
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 NMC87C257 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 NMC87C257 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 Vcg 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.
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NMC87C257

Functional Description (continued)
TABLE Il. Manufacturer’s Identification Code

Pins A0 07 06 05 04 03 02 01 oo 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 o] 0 0 1 0 0 04

TABLE Ill. Minimum NMC87C257 Erasure Time

Light Intensity

Erasure Time

(Micro-Watts/cm2) (Minutes)
15,000 20
10,000 25
5,000 50
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NM27LC256

262,144-Bit (32k x 8) Low Current CMOS EPROM

General Description

The NM27LC256 is a 32k x 8 EPROM manufactured on a
proven, manufacturable CMOS process, consuming ex-
tremely low current in both the active and standby modes.
The NM27LC256 consumes a mere 17.5 mW, (typical) mak-
ing it ideal for battery powered portable and hand held sys-
tems, and for systems using “in-line” power.

The NM27LC256 is one among a family of Power Miser
products from National Semiconductor catering to the in-
creasing low current demands of the market.

Offered in the JEDEC Pinout, the NM27LC256 offers a via-
ble alternative to the user as a replacement for existing high
power devices, while also providing an upgrade path to
higher densities.

Features
m Low power consumption
— 5V operation
— 4.5 mA (max) active
— 100 pA (max) standby
m 170 ns access time
m Latch-up immunity to 200 mA
m ESD protection exceeds 2000V
m JEDEC standard pinout
m Manufacturer’s identification code

Block Diagram

Veg O—>
GND O——P DATA OUTPUTS 0p -0y
T trtttett
OF = oureur enasLE ’ )
ENABLE LOGIC oureut Pin Names
¢t — BUFFERS AO-A14 Addresses
- CE Chip Enable
> y ° OE Output Enable
Y GATING
—> DECODER ° 0p-07 Outputs
— —
— PGM Program
AD-A14 | ——p —> | -
ADDRESS { ——p] ° XX Don.t Care
INPUTS | ——pi ° (During Read)
—>
—_ X ° 262,144 - BIT
> DECODER . CELL MATRIX
—}
— °
L —> —>

TL/D/11405-1
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NM27LC256

Connection Diagrams

27LC010 | 27LC512 | 27LC64 DIP

XX/Vpp NM27LC256
A16 -
A15 A15 Vpp — Vpp —{1 28 Ve
A12 A12 A12 — A12=12 27~ A14 ——
A7 A7 A7 — A7 -3 26f=A13 ——
A6 A6 AB — A =14 25 = A8 ——
A5 A5 A5 — A5—5 24 = A9
Ad Ad Ad — A4 =6 23 = A1 ——
A3 A3 A3 — A3=17 22 = 0F ——
A2 A2 A2 — A28 21LA10——
Al At A1 — a1 20T ——
A0 A0 A0 — A0—10 19f=07 ——
0o 00 00 — 0011 18}—-06 ——
o1 o1 o1 — 0112 17 =05 ——
02 o2 02 — 0213 16— 04 ——
GND GND GND — GND —]14 15f=o03

TL/D/11405-2

Note: Compatible EPROM plan configurations are shown in the blocks adjacent to the NM27LC256 plan

Commercial Temperature Range

(0°Cto +70°C)

Vee = 5V £10%

27LC64 | 27LC512 | 27LCO10
Vee
XX/PGM
Vce Vee XX
PGM A14 A4
NC A13 A13
- A8 A8 A8
A9 A9 A9
A1 A1 A1l
OE OE/Vpp OE
A10 A10 A10
CE CE CE
o7 o7 o7
06 06 06
05 05 05
04 04 04
03 ek} 03

Extended Temperature Range

(—40°C to +85°C)
Vee = 5V £10%

Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27LC256 Q, N, 170 170 NM27LC256 QE, NE, 170 170
NM27LC256 Q, N, 200 200 NM27LC256 QE, NE, 200 200
NM27LC256 Q, N, 250 250 NM27LC256 QE, NE, 250 250
Ordering Information
NM 27 LC 25 Q E 170
National Memory Access Time
170 = 170 ns
EPROM 200 = 200 ns
Low Current 250 = 250 ns

Operating Temperature Range
E = Extended Temperature

Blank—Commercial Temperature

Q = Ceramic DIP

N = Plastic DIP, OTP

Package Size
64 = 64k

256 = 256k

512 = 512k
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Absolute Maximum Ratings (ote 1)

9520122NN

Storage Temperature —65°Cto +150°C ESD Protection > 2000V
All Input Voltages Except A9 with All Output Voltages with
Respect to Ground —0.6Vto +7V Respect to Ground Vce + 1.0V to GND — 0.6V
Vpp and A9 with .
Respect to Ground —0.6Vto +14V Operatmg Range
Vcc Supply Voltage with
Respect to Ground —0.6Vto +7V Range Temperature Vec
Commercial 0°Cto +70°C 5V £10% '
Industrial —40°Cto +85°C 5V £10%

Read Operation
DC Electrical Characteristics over operating Range with Vep = Vg

Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Level —0.1 0.8 \"
ViH Input High Level 2.0 Vee + 1 v
VoL Output Low Voltage loL = 2.1 mA 0.4 \
VoH Output High Voltage lon = —400 pA 24 \
Is1 Vg Standby Current (CMOS) | CE = Vgg £0.3V 0.5 100 nA
Isp2 Vg Standby Current CE =V 0.1 1.0 mA
lccy Ve Active Current CE=O0EV|,F=3MHz | Com! 7.0 9.0
TTL Inputs Inputs V|4 or Vi mA
IHOPVIL Ind’l 7.0 10.0
lcce Ve Active Current CE = GND, F = 3 MHz Com’l a5 45
CMOS Inputs Inputs = Vg or GND, ) )
mA
1/0 = 0 mA Ind'l
(See Figures 1, 2) 3.5 5.0
Ipp Vpp Supply Current Vpp = Vco 10
Vpp Vpp Read Voltage Vec—0.7 Vee + 0.7
1L Input Load Current VIN = 5.5V or GND -1 1
ILo Output Leakage Current Vout = 5.5V or GND -10 10

AC Electrical Characteristics over Operating Range with Vpp = Voo

Symbol Parameter 170 200 250 Units
Min Max Min Max Min Max

tacc Address to Output Delay 170 200 250

tce CE to Output Delay 170 200 250

toe OE to Output Delay 75 75 100 ns

tor Output Disable to

(Note 2) Output Float 60 60 60

ton Output Hold from Addresses,

(Note 2) CE or OE, whichever 0 ] 0

Occurred First
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NM27LC256

i

lec ACTIVE CMOS (mA)
(TYPICAL)
o~

0 TTTTI Ty Ty T T eyTrrrT

=50 =30 -10 10 30 50
TEMPERATURE (C)

70

T

90

TL/D/11405-3

FIGURE 1. Icc—.ACTIVE__CMOS vs Temperature Ve = Vp = 5.0V, Frequency 1 MHz

8
-
E 6
85 /’
= <
0%4 .
B = /
— -
Q
<
* 2/
.‘
0
0 1 2 3 4 5

FREQUENCY (MHz)

TL/D/11405-4

FIGURE 2. IccACTIVE_CMOS vs Temperature vs Frequency Vcc = Vpp = 5.0V, Temperature = 25°C
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Capacitance 1, = +25°C, 1 = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
Cin Input Capacitance ViN = 0V 6 12 pF
Cout Output Capacitance Vout = OV 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Input Pulse Level 0.45Vto 2.4V
Cr = 100 pF (Note 8) Timing Measurement Level (Note 10) (Note 10)
<5ns Inputs 0.8Vto2v
Input Pulse Levels Outputs 0.8V to 2V

AC Waveforms (Notess, 7, and 9)

LG L

7.0V t}
ADDRESSES 2.0 ADDRESS VALID >
k21
—d
CE 2.0V |\ —
CE 0.8V " / top
e mrzs 4,5)

OE 2.0V \
OF 0.8V ‘e

N

_,l Yo ” F
20V |Hi-z (NOTE3) [ o livotes 4, 5)‘;. .
o - 3y \\J -
ouTPUT e VALID OUTPUT . )
tacc ”
(NOTE 3) ~H'onie-

TL/D/11405-5

Note 1: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operations 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 — ice after the falling edge of TE without impacting tacc.

Note 4: The Tpr and Tcr compare level is determined as follows:
High to TRI-STATE®, the measure Vg1 (DC) — 0.10V;
Low to TRI-STATE, the measure Vor¢ (DC) + 0.10V.

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

Note 6: The power switching characteristics of EPROMSs require careful device decoupling. It is recommended that at last a 0.2 uF ceramic capacitor be used on
every device between Vg 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: I = 1.6 mA, lopq = —400 pA, C(: 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.

Note 11: CMOS inputs Vi = GND +0.3V, V|q = Vgg % 0.3V.
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NM27LC256

Programming Characteristics (Notes 1,2,3,4and 5)

Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tps Data Setup Time 2 us
tvps Vpp Setup Time 2 us
tvcs Vec Setup Time 2 us
taH Address Hold Time 0 us
tbH Data Hold Time 2 us
tor Output Enable to Output CE/PGM = V).

Float Delay 0 130 ns
tpw Program Pulse Width 0.45 0.5 0.55 ms
toE Data Valid from OE CE/PGM = V) 150 ns
Ipp Vpp Supply Current CE/PGM = V|_

. . 30 mA
during Programming Pulse
lcc Vce Supply Current 10 mA
TA Temperature Ambient 20 25 30 °C
Voo Power Supply Voltage 5.75 6.0 6.25 \'/
Vpp Programming Supply Voltage 12.2 13.0 13.3 \
trR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0.0 0.45 \'/
ViH Input High Voltage 2.4 4.0 \'/
tN Input Timing Reference Voltage 0.8 2.0 \'/
tout Output Timing Reference Voltage 0.8 2.0 \"
Programming Waveforms (note 3)
PROGRAM P5‘é§.’}‘y"
ADDRESSES  (2)y ADDRESS N >
s L
«—1 AH | [+
2v Hi-Z s
DATA ﬁ'\/—-{ DATAAIDND SNYABLE DATAAODLIJ)TNVALID
s tou [e—-1tor
5.75v 5=
Vee tyes
12.2v 55
Vep / typs
G i
to
U = Yoes ‘1 = tor—
P
o x
0.8v X /

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 Vge.

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 spurious
Vpp 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.
Note 5: During power up the PGM pin must be brought high (= Vy) either coincident with or before power is applied to Vpp.

TL/D/11405-6
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Interactive Programming Algorithm Flow Chart

START
( ADDR = FIRST LOCATIOD

PROGRAM ONE 0.5ms PULSE)

INCREMENT X

INCREMENT ADDR LAST ADDR?

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE
FAILED

DEVICE PASSED

FIGURE 3

TL/D/11405-7
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NM27LC256

Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM are listed in Ta-
ble 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 13.0V during the
three programming modes, and must be at 5V in the other
three modes. The Vg power supply must be at 6.0V during
the three programming modes, and at 5V in the other three
modes.

Read Mode

The EPROM 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 output con-
trol 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 (tge). 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 ensure proper output data.

Standby Mode

The EPROM has a standby mode which reduces the active
power dissipation by over 97 %, from 24.75 mW to 0.55 mW.
The EPROM 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 Disable

The EPROM is placed in output disable by applying a TTL
high signal to the OE input. When in output disable all cir-
cuitry is enabled, except the outputs are in a high imped-
ance state (TRI-STATE).

Output OR-Tying
Because the EPROM is usually used in larger memory ar-
rays, 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; Interactive Algorithm

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

Initially, and after each erasure, all bits of the EPROM are in
the “1's” state. Data is introduced by selectively program-
ming “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 EPROM 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, Vcg 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 EPROM is programmed with the Interactive
Programming Algorithm shown in Figure 3. Each Address is
programmed with a series of 500 us pulses until it verifies
good, up to a maximum of 20 pulses. Most memory cells will
program with a single 500 us pulse.

The EPROM must not be programmed with a DC signal ap-
plied to the CE input.

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

Program Inhibit

Programming multiple EPROMs in parallel with different
data is also easily accomplished. Except for CE, all like in-
puts (including OF) of the parallel EPROMs may be com-
mon. A TTL low level program pulse applied to an EPROMs
CE input with Vpp at 13.0V will program that EPROM. A TTL
high level CE/PGM input inhibits the other EPROM from
being programmed.

TABLE I. Modes Selection

Pins CE/PGM OE Vpp Vee Outputs

Mode
Read ViL ViL Vee 5.0V Dourt
Output Disable (No)t<e Y Vin Voo 5.0V High Z
Standby ViH X Vee 5.0V High Z
Programming ViL X 12.75V 6.25V DiN
Program Verify X ViL 12.75V 12.75V Dout
Program Inhibit ViH ViH 12.75V 6.25V High Z

Note 1: X can be V| or V|q.

1-134




Functional Description (continued)

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.

AFTER PROGRAMMING

Opaque labels should be placed over the EPROM window
to prevent unintentional erasure. Covering the window will
also prevent temporary functional failure due to the genera-
tion of photo currents.

MANUFACTURER'’S IDENTIFICATION CODE

The EPROM 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 programming algo-
rithm for the part. This automatic programming control is
only possible with programmers which have the capability of
reading the code.

The Manufacturer's |dentification code, shown in Table I,
specifically identifies the manufacturer and device type. The
code for NM27LC256 is “8FC4", where “8F” designates
that it is made by National Semiconductor, and “C4" desig-
nates a 256k (32k8) part.

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, Op-0O7. Proper code
access is only guaranteed at 25°C to £5°C.

ERASURE CHARACTERISTICS

The erasure characteristics of the device are such that era-
sure 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.

The recommended erasure procedure for the EPROM is ex-
posure 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
15W-sec/cm2,

The EPROM 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.

An erasure system should be calibrated periodically. The
distance from lamp to device should be maintained at one
inch. The erasure time increases as the square of the dis-
tance from the lamp. (If distance is doubled the erasure time
increases by factor of 4.) Lamps lose intensity as they age.
When a 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 errone-
ously suspected when incomplete erasure was the problem.

SYSTEM CONSIDERATION

The power switching characteristic 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 of 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 p.F 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 Il. Manufacturer’s Identification Code

A0 | A9 | O7 | O6

Pins 0 | @4 | a9 | (18)

05 04 | O3 | 02 | Of 00 | Hex
(17) | (16) | (15) | (13) | (12) | (11) | Data

Manufacturer Code | V). | 12V 1 0

0 0 1 1 1 1 8F

Device Code ViH | 12V 0 o]

0 0 0 1 0 0 C4
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NM27LC512

@National.

Semiconductor

NM27LC512

PRELIMINARY

524,288-Bit (64k x 8) Low Current CMOS EPROM

General Description

The NM27LC512 is a 64k x 8 EPROM manufactured on a
proven, manufacturable CMOS process, consuming ex-
tremely low current in both the active and standby modes.
The NM27LC512 consumes a mere 30 mW, making it ideal
for portable and hand held computers, data acquisition and
medical equipment, and for systems using in-line power.
The NM27LC512 is one among a family of Power Miser
products from National Semiconductor catering to the in-
creasing low current demands of the market.

Offered in a JEDEC Standard Pinout, the NM27LC512 of-
fers a viable alternative to the user as a replacement for

existing high power devices, while also providing an up-

grade path from lower densities.

Features
m Low CMOS power consumption
— 5V operation
— 8.0 mA (Max) active
— 100 pA (Max) standby
m 150 ns access time
m Latch-up immunity to 200 mA
m ESD protection exceeds 2000V
m JEDEC standard pinout
m Manufacturer's identification code

Biock Diagram

DATA OUTPUTS 0y = 0y

(2]

<< <
= =z g

| ° OO

t1111t11

OE =1 ourpuT ENABLE ’
EN‘;:EEC{‘(I]Z'C OUTPUT Pin Names
CE —P . BUFFERS
Ce A0-A15 Addresses
[ —p) CE Chip Enable
> Y ° OE/Vpp Output Enable
—> DECODER ° Y GATING 0p-07 Outputs
-——’ —
— — PGM Program
0-A15 | w—mp -
AADDRESZ —_— ° XX Don’t Care
INPUTS | e ° (During Read)
X 524,288 - BIT
——’ [ ] s -
—p DECODER ° CELL MATRIX
—]
—_ )
L —p] —}

TL/D/11406-1
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Connection Diagram

C¢LSOT1LZNN

27LCO10 27LC256 DIP 27LC256 27LC010
XX/Vpp NM27LC512 Vee

A16 XX/PGM
A15 Vpp —A15 =41 ~ 28 | Voo ~——— Vco XX
A12 A12 —A12—2 27 [~ A4 —— Al4 Al4
A7 A7 —_— A7 3 26— A13 —— A13 A13
A6 AB — A6 —]4 25 = A8 =—m— A8 A8
A5 A5 — A5 =5 24~ A9 A9 A9
A4 A4 — A 16 23 = A1 —— Al1 A1
A3 A3 — a7 22 | OF/Vpp — OE OE
A2 A2 — A28 21 = A10 —— A10 A10
Al Al —ar—{s 20f=CE CE CE
AO AO — A0 =110 19f~07 o7 o7
oo (o4] — 00 =11 18— 06 06 086
o1 (o]} — 01 =112 17 = 05 =—— 05 05
02 02 — 02 —{13 16 f— 04 04 04
GND GND — GND —{14 15 = 03 =———e 03 03

TL/D/11406-2

Note: Compatible EPROM plan configurations are shown in the blocks adjacent to the NM27LC256 plan.

Commercial Temperature Range Extended Temperature Range
(0°C to +70°C) (—40°C to +85°C)

Vee = 5V £10% Vee = 5V + 10%
Parameter/Order Number Access Time (ns) Parameter/Order Number Access Time (ns)
NM27LC256 Q, N 150 150 NM27LC256 QE, NE 150 150
NM27LC256 Q, N 200 200 NM27LC256 QE, NE 200 200
NM27LC256 Q, N 250 250 NM27L.C256 QE, NE 250 250

Ordering Information

NM 27 LC 512 Q E 200

1 Access Time

200 = 200 ns

National Memory
EPROM

L
|

Operating Temperature Range
Low Current No Entry = 0°C to +70°C
= —40°Cto +85°C

Package
Q = Ceramic DIP

Density in kbits
512 = 512 kbits

1-137



NM27LC512

Absolute Maximum Ratings (Note 1)

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

ESD Protection

All Output Voltages with
Respect to Ground

>2000V

Vce + 1.0V to GND — 0.6V

Storage Temperature —65°Cto +150°C
Al input Voltages Except A9 with Operating Range
Respect to Ground —-0.6Vto +7V R T : v
Vpp and A9 with ange emperature cc
Respect to Ground —0.7Vio +14V Commercial 0°Cto +70°C 5V + 10%
Ve Supply Voltage with Industrial —40°Cto +85°C 5V + 10%
. Respect to Ground —0.6Vto +7V
Read Operation
DC Electrical Characteristics over operating Range with Vpp = Vo
Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Level —-0.2 0.8 \
VIH Input High Level 2.0 Vee + 1 v
VoL Output Low Voltage loL = 2.1 mA 0.4 v
VoH Output High Voltage loH = —2.5mA 3.5 \
IsB1 Vg Standby Current CE = Vgg £ 0.3V
CMOS Inputs 0.5 0.5 100 pA
IsB2 Ve Standby Current CE =V 0.1 0.1 1.0 mA
TTL Inputs
locs Ve Active Current CE = OFE = V., f = 3MHz
TTL Inputs Inputs = Vjy or Vi 16.0 125 mA
lcc2 Vce Active Current CE = GND, f = 3 MHz
CMOS Inputs Inputs = Vgc or GND, I/0 = 0 mA 5.0 6.0 8.0 mA
(Refer to Figures 1, 2)
Ipp Vpp Supply Current Vpp = Voo 10 nA
Iu Input Load Current ViN = 5.5V or GND -1 1 pA
o Output Leakage Current Vout = 5.5V orGND ~-10 10 nA
AC Electrical Characteristics over Operating Range with Vpp = V¢
Symbol Parameter 150 200 250 Units
Min Max Min Max Min Max
tacc Address to Output Delay 150 200 250
tce CE to Output Delay 150 200 250
toe OE to Output Delay 60 75 100
tor Output Disable to ns
(Note 2) Output Float 50 55 60
toH Output Hold from Addresses,
(Note 2) CE or O, whichever 0 0 0
Occurred First
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lcc ACTIVE CMOS (mA)
TYPICAL
o
1

4 //
2
0 1 T T T T
0 1 2 3 4 s

FREQUENCY (MHz)
TL/D/11406-3

FIGURE 1. Icc—ACTIVE_CMOS vs Frequency
Vee = Vp = 5.0V, Temperature = 25°C

TYPICAL

Iec ACTIVE CMOS (mA)

0 VAT TTT rTT T T T TT T T i i T e T T e T TorerTT

=50 -30 -10 10 30 50 70 90
TEMPERATURE (C)

FIGURE 2. Icc_ACTIVE_CMOS vs Temperature
Vcec = Vpp = 5.0V, Frequency = 1 MHz

TL/D/11406-4
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Capacitance 1, = +25C, 1 = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
Cin Input Capacitance ViN = 0V 6 12 pF
Cout Output Capacitance Vout = 0V 9 12 pF
AC Test Conditions
Output Load 1 TTL Gate and Input Pulse Levels 0.45V t0 2.4V
CL = 100 pF (Note 8) Timing Measurement Reference Level (Note 9)
Input Rise and Fall Times <5ns Inputs 0.8V 1o 2V
Outputs 0.8Vto2Vv

AC Waveforms (notes s, 7, and 9)

) LG L

ADDRESSES 2.0v ADDRESSES VALID > X
J
— | —
2.0v
CE 0.8V . /
M "_QCF_"
tee (NOTES 4, 5)
wee TR ) )
toe > tor
20v |n _4 (NoTE3) [+ . "(MoTEsA,s)‘;I s
. i-Z 27 A\A\\ i=
ouTPUT — VALID OUTPUT AN
LR
tacc iy

(NOTE 3)
TL/D/11406-5

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operations 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: OF may be delayed up to tacc — ice after the falling edge of TE without impacting tacc.

Note 4: The Tpr and Tcr compare level is determined as follows:
High to TRI-STATE®, the measure Vg1 (DC) — 0.10V,
Low to TRI-STATE, the measure 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 wF ceramic capacitor be used on
every device between Vcc 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: 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.

Note 10: CMOS inputs V| = GND 0.3V, Vg = Vgg + 0.3V.
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Programming Characteristics (Notes 1,2,3and 4)
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Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 s
toes OE Setup Time 1 us
tps Data Setup Time 1 us
tvcs Ve Setup Time 1 us
tAH Address Hold Time 0 1S
tDH Data Hold Time 1 us
tes gltggt?;l;:{e to Output OE = V|L 0 60 ns
tpw Program Pulse Width 95 100 105 1S
toEH OE Hold Time 1 us
tov Data Valid from CE OE = V), 250 ns
tpRT ﬁ.PuIse Rise Time 50 ns
During Programming
tvR Vpp Recovery Time 1 s
Ipp Vpp Supply Current CE=vV| 20 mA
During Programming Pulse E = Vpp

Icc Ve Supply Current 10 mA
TR Temperature Ambient 20 25 30 °C
Veco Power Supply Voltage 6 6.25 6.5 \'J
Vpp Programming Supply Voltage 12.5 12,75 13 \
tFR Input Rise, Fall Time 5 ns
ViL Input Low Voltage 0 0.45 \']
ViH Input High Voltage 24 4 \
tin Input Timing Reference Voltage 0.8 15 2 \
touT Output Timing Reference Voltage 0.8 1.5 2 \

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

Note 2: Voo 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 0.1 wF capacitor is required across Vgg 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
PROGRAM VERIFY
I
2V 27
ADDRESSES v ADDRESS N > K
R
s
2v DATA IN STABLE Hi-Z 2V 35 X
DATA ﬁv—< A0D N v DATA OUT VAL{IDr ADD N )
33
tos ton tov 'fr
AH
12.75V /_
OE/Vpp 0.8V .
d
toes tw topy .
torT > = s VR—”
. - ——
2v
ce 0.8V \K 5 i_/

tyes —
Vee 6.25Y,

TL/D/11406-6

1-141



NM27LC512

Interactive Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION )

Voo = 6.0V
vPP =12.5V

PROGRAM ONE 0.5 ms PULSE '

INCREMENT X

LAST ADDR?

INCREMENT ADDR

Vec=Vpp =5.0V £5%

DEVICE
FAILED

VERIFY
ALL BYTES

DEVICE

FAILED

DEVICE PASSED

FIGURE 3

TL/D/11406-8
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Fast Programming Algorithm Flow Chart

START

( ADDR = FIRST LOCATION)

[
( Vog = 6.25V )

PROGRAM ONE 100 us PULSE
WITH Vpp = 12,75V
( INCREMENT X )

( Ve = iL )

INCREMENT ADDR

LAST ADDR?

Ve = 5.0V

VERIFY
ALL BYTES

DEVICE PASSED

FIGURE 4

DEVICE
FAILED

DEVICE
FAILED

TL/D/11406-7
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Functional Description

DEVICE OPERATION

The six modes of operation of the NM27LC512 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 NM27LC512 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—tog.

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 ensure proper output data.

Standby Mode

The NM27LC512 has a standby mode which reduces the
active power dissipation by over 99%, from 44 mW to
0.55 mW. The NM27LC512 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-Typing

Because the NM27LC512 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 GE (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 NM27LC512.

Initially, and after each erasure, all bits of the NM27LC512
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 NM27L.C512 is in the programming mode when the
OE/Vpp is at 12.75V. It is required that at least a 0.1 pF
capacitor be placed across Vgg 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 NM27LC512 is programmed with the Fast Program-
ming Algorithm shown in Figure 4. Each Address is pro-
grammed 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 us pulse.

The NM27LC512 must not be programmed with a DC signal
applied to the CE input.

Programming multiple NM27LC512 in parallel with the same
data can be easily accomplished due to the simplicity of the
programming requirements. Like inputs of the paralleled
NM27LC512 may be connected together when they are pro-
grammed with the same data. A low level TTL pulse applied
to the CE input programs the paralleled NM27LC512.

Note: Some programmer manufacturers due to equipment limitation may
offer interactive program Algorithm (Shown in Figure 3).

Mode Selection
The modes of operation of the NM27LC512 are listed in
Table I. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for Vpp and A9 for
device signature.

TABLE I. Modes Selection

Pins CE/PGM OE Vpp Vee Outputs

Mode

Read ViL ViL Vee 5.0V Dout
Output Disable (No)t(e N Vin Voo 5.0V High Z
Standby ViH X Vee 5.0V High Z
Programming ViL X 12.75V 6.25V Din
Program Verify X ViL 12.75V 12.75V Dout
Program Inhibit ViH Viy 12.75V 6.25V High Z

Note 1: X can be V;_ or Vi,
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Functional Description (continued)

Program Inhibit

Programming multiple NM27LC512 in parallel with different
data is also easily accomplished. Except for CE, all like in-
puts (including OE) of the parallel NM27LC512 may be com-
mon. A TTL low level program pulse applied to an
NM27LC512's CE input with OE/Vpp at 12.75V will program
that NM27LC512. A TTL high level CE input inhibits the oth-
er NM27L.C512 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 NM27LC512 has a manufacturer’s identification code
to aid in programming. The code, shown in Table ll, 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 NM27LC512 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 AQ is held at V|_ for the manufacturer's
code, and at V| 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 NM27LC512 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
NM27LC512 window to prevent unintentional erasure. Cov-
ering the window will also prevent temporary functional fail-
ure due to the generation of photo currents.

The recommended erasure procedure for the NM27LC512
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
15W-sec/cmz2,

The NM27LC512 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 NM27LC512 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 system should be checked to make certain full
erasure is occurring. Incomplete erasure will cause symp-
toms that can be misleading. Programmers, components,
and even system designs have been erroneously suspected
when incomplete 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 leve), 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 pF 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 uF butk 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 A9 O7 | O6 | O5 | 04 | 03 ( 02 | O1 00 | Hex

(10) | (24) | (19) [ (18) | (17) | (16) [ (15) | (13) | (12) | (11) | Data
Manufacturer Code | Vi | 12V 1 0 0 0 1 1 1 1 8F
Device Code Vin | 12v 0 0 0 o] 0 1 0 0 04

TABLE IIl. Minimum NM27LC512 Erasure Time

Light Intensity
(Micro-Watts/cm?)

Erasure Time
(Minutes)

15,000

20

10,000

25

5,000

50

1-145

CISOT1LCNN




NM27LV512

@National

Semiconductor
NM27LV512

ADVANCE INFORMATION

524,288-Bit (64k x 8) Low Voltage EPROM

General Description

The NM27LV512 is a high performance Low Voltage
Electrical Programmable Read Only Memory. It is manufac-
tured using National's latest 1.2u CMOS split gate SVG EP-
ROM technology. This technology allows the part to operate
at speeds as fast as 200 ns over commercial temperature
(0°C to 70°C), and 250 ns over industrial temperatures
(—40°C to +85°C).

This Low Voltage and Low Power EPROM is designed with
power sensitive handheld and portable battery products in
mind. This allows for code storage of firmware for
applications like notebook computers, palm top computers,
cellular phones, and HDD.

National still maintains its’ commitment to high quality and
reliability with EP1 processing on the NM27LV512. Latch-up
immunity is guaranteed for stresses up to 200 mA on ad-
dress and data pins from —1V to Vgc + 0.3V. ESD
protection is guaranteed 2000V.

Small outline packages are just as critical to portable appli-
cations as Low Voltage and Low Power. National
Semiconductor has forseen this need and provides win-

dowed LCC for prototyping and software development,
PLCC for production runs, and TSOP for PC board sensitive
users.

The NM27LV512 is one member of National’s growing Low
Voltage product family.

Features
W 3.0V to 5.5V operation
W 200 ns access time
m Low current operation
— 12 mA Igc Active Current @ 5 MHz
— 20 pA Igc Standby Current @ 5 MHz
m Ultra Low Power operation
— 50 uW Standby Power @ 3.3V
— 50 mW Active Power @ 3.3V
m High reliability EPI processing
— Latch up immunity up to 200 mA
— 2000V ESD protection
m Surface mount package options

— 28-pin CERPACK
— 28-pin PLCC
— 28-pin TSOP
Block Diagram
DATA OUTPUTS Oy-0;
Voo O—b ’ o
GND O=—p
wo—s [EANEEA
OF —»] OUTPUT ENABLE > )
AND CHIP - oUTPUT
T —p] ENABLE LOBIC -» BUFFERS
.
—
—pt Y >
—] .
— DECODER . Y GATING
—] >
A0-A15 | =P
ADDRESS { —b »
IWPUTS | —p X : 524,288.817
~—»{  DEcoDer : CELL MATRIX
—. .
i s,
e

TL/D/11375-1
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NM27LV010

PRELIMINARY

1,048,576-Bit (128k x 8) Low Voltage EPROM

General Description

The NM27LV010 is a high performance Low Voltage Electri-
cally Programmable Read Only Memory. It is manufactured
using National's latest 1.2p CMOS split gate SVG EPROM
technology. This technology allows the part to operate at
speeds as fast as 200 ns over Industrial temperatures
(—40°C to +85°C).

This Low Voltage and Low Power EPROM is designed with
power sensitive hand held and portable battery products in
mind. This allows for code storage of firmware for applica-
tions like notebook computers, palm top computers, cellular
phones, and HDD.

National still maintains its commitment to high quality and
reliability with EPI processing on the NM27LV010. Latch-up
immunity is guaranteed for stresses up to 200 mA on ad-
dress and data pins from —1V to Vgg + 0.3V. ESD protec-
tion is guaranteed for 2000V.

Small outiine packages are just as critical to portable appli-
cations as Low Voltage and Low Power. National Semicon-
ductor has foreseen this need and provides windowed LCC
for prototyping and software development, PLCC for pro-
duction runs, and TSOP for PC board sensitive applications.

The NM27C010 is one member of National's growing Low
Voltage product Family.

Features
H 3.0V to 5.5V operation
B 200 ns access time
B Low current operation
— 15 mA Icc active current @ 5 MHz
— 20 pA Igg standby current @ 5 MHz
m Ultra low power operation
— 33 uW standby power @ 3.3V
— 50 mW active power @ 3.3V
m High reliability EPI processing
— Latch-up immunity up to 200 mA
— 2000V ESD protection
B Surface mount package options
— TSOP package
— 32-pin PLCC

Block Diagram

DATA OUTPUTS 0g-07

Voo O—p / -~ ~
GND O——>
OF —p)  outruTENABIE L,
PGM —=—ip CHIP ENABLE, AND o OuTPUT
o —p|  PROCRAM1LOGIC g BUFFERS
—l
—p]
— v >
e 3
> DECODER . Y GATING
——p v
A0-A16 ) —>
ADDRESS { ==/ >
INPUTS | —p * LB ST6-8IT
—» M ° CELL MATRIX
L]
—»]  DECODER .
—p] .
—p >
—]
—p]
\

TL/D/11377-1
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Connection Diagram

PLCC and CLCC Pin Configuration

o
=
N D 0N Q
B - o3
T A O Y Y|
/4 3 2 1 323130
A =15 29— Ay,
A6—]6 28]= A3
As~7 27— Ag
Ay—]8 26} Ag
As—9 25k 4y,
=10 24— OE
A =1 23— Ap
Ay—112 22p=CE
0p—113 21f~0,
14 15 16 17 18 19 20
| L L
s & % SS S
© TL/D/11377-6
Top View

Commercial Temperature Range (0°C to + 70°C)
Vec =33 103

Parameter/Order Number

Access Time (ns)

NM27LVO10L, V, T 200 200
NM27LVO10 L, V, T 250 250
NM27LVO10L,V, T 300 300

Pin Names
A0-A16 Addresses
CE Chip Enable
OE Output Enable
00-07 Outputs
PGM Program
XX Don’t Care (During Read)
Vpp Programming Voltage

Extended Temperature Range (—40°C to +85°C)

Ve =33 03

Parameter/Order Number

Access Time (ns)

NM27LVO010 LE, VE, TE

250

NM27LV010 LE, VE, TE

300

Note: Surface mount PLCC available for commercial and extended tempera-

ture ranges only.

Package Types: NM27LVO10 L, V, T
L = Quartz-Windowed LCC Package

T = TSOP
V = PLCC

* All packages conform to the JEDEC standard.
® All versions are guaranteed to function for slower speeds.

TSOP Pin Configuration

{ = _
INRE | 32k—5¢
A9 —12 31— A10
e H ot
A13—4 29 F—o7
A4=45 28 Q6
NC~—]6 27 ’—-05
PoM—{7 26 —Q4
Voo ™ 8 8 x20 MM 25 [03
Vpp =19 TSoP 24 Vg
A16=—110 23—q2
A15=—111 22F=—Q1
AIZ-T 12 21—Q0
A7 =413 20 A0
A6 =114 19 1= A1
A5 =415 18 =A2
A4 —116 . 17 p=A3

PR)

Top View

TL/D/11377-2
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Absolute Maximum Ratings (Note 1) Operating Range
Office/Distributors for availability and specifications. Commercial | 0°Cto +70°C 3.3V +0.3
Storage Temperature —65°Cto +150°C Industrial —40°Cto +85°C | 3.3V +0.3
All Input Voltages except A9 with
Respect to Ground (Note 10) —0.6Vto +7V
Vpp and A9 with Respect to Ground —0.6Vto +14V
Vec Supply Voltage with
Respect to Ground —0.6Vto +7V
ESD Protection >2000V
All Output Voltages with Voo + 1.0V
Respect to Ground (Note 10) to GND — 0.6V
DC Electrical Characteristics over Operating Range with Vpp = Voo
Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level -0.3 0.8 \
VIH Input High Level 2.0 Vge + 0.3 \
VoL1 Output Low Voltage (TTL) loL = 20 mA 0.4 \
VoH1 Output High Voltage (TTL) loy = —2.0mA 2.4 \
VoL2 Output Low Voltage loL = 100 pA 0.2 v
VoH2 Output High Voltage (CMOS) loy = —100 pA Vee — 0.3
= +
IsB1 zlgh(ﬂ; c?;a)ndby Current CE = Vgg 0.3V 20 A
Isg2 Vg Standby Current(TTL) CE =VjH 100 pA
lcc Ve Active Current CE+OE =V f=5MHz 15 mA
Ipp Vpp Supply Current Vep = Vco 10 pA
Vpp Vpp Read Voltage Vee — 0.7 Vee \
I Input Load Current Vin = 3.0Vor GND 1 MA
ILo " Output Leakage Current Vout = 3.0V or GND -1 1 pA
AC Electrical Characteristics over Operating Range with Vpp = Veo
Symbol Parameter 200 250 300 Units
Min Max Min Max Min Max
tacc Address to Output Delay 200 120 150
tce CE to Output Delay 200 120 150
toe OE to Qutput Delay 70 70 75
t(%,; 02) Output Disable to Output Float 50 50 60 ns
toH Output Hold from Addresses,
(Note 2) CE or OE, Whichever 0 0 0
Occurred First
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NM27LV010

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

Symbol Parameter Conditions Typ Max Units

CiN Input Capacitance VIN = 0V 9 15 pF

Cout Output Capacitance | Vour = OV 12 15" 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 0.8Vand2v
Input Pulse Levels 0.45Vto 2.4V

AC Waveforms (Notess,7,and 9)

2.0V )
ADDRESS ADDRESS VALID
0.8V fo
R
R — I
2.0V
€ v 54 ] .
e top —»]
fee (NOTE 2,4,5)
OF 2.0V \ | 7
0.8V 46
’ tor —> . i — top —»1
(NOTE 3) . (NOTE 2,4,5)
‘e
2.0v )7 3 HI-Z
OUTPUT e VALID QUTPUT —
0.8V < 2
7
tace 'J Yo I
(NOTE 3)

TL/D/11377-3

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 operations 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 — tce after the falling edge of TE without impacting tacc.

Note 4: The tpr and tcr compare level is determined as follows:
High to TRI-STATE®, the measured Vo (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 0.2 uF ceramic capacitor be used on
every device between V¢ 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: lop. = 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, 2,3, 4and 5)
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Symbol Parameter Conditions Min Typ Max Units
tas Address Setup Time 1 s
toes OE Setup Time 1 ps
tps Data Setup Time 1 us
tvps Vpp Setup Time 1 us
tvcs Vgc Setup Time 1 us
tAH Address Hold Time 0 us
toH Data Hold Time 1 us
tpF Output Enable to Output CE/PGM = V) 0 60 ns
Float Delay
tpw Program Pulse Width 95 100 105 us
toe Data Valid from OE CE/PGM =V 100 ns
lpp Vpp Supply Current CE/PGM = V), 30 mA
during Programming Pulse

Icc Ve Supply Current 50 mA
TA Temperature Ambient 20 25 30 °C
Veo 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 2.0 \
tout Output Timing Reference Voltage 0.8 2.0 \

Programming Waveform (Note 3)
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Note 1: National’s standard product warranty applies to devices programmed to specifications described herein.

Note 2: Voc 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 