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Introduction

The EEPROM has been available for several years
and performs the very useful function of storing data
or programs on a nonvolatile basis, while still allowing
alteration of that information in the system. Many
designers have wanted to use EEPROMs, but have
been limited by the support circuitry needed by
currently available products. With the announcement
of 'The World's Easiest-To-Use EEPROM’, Xicor has
removed these limitations. This new product family
operates with the simplicity of a standard static RAM.
Much has been said about the ease-of-use of
EEPROMs. Most EEPROMSs are indeed very easy to
use during the read operation but, when it comes to
the write operation, the term ‘easy-to-use’ applies only
loosely. All EEPROMs introduced prior to the Xicor
components described in this application note require
one or more of the following during the write operation:
1. One or more high voltage power supplies may be
required in addition to the + 5 volt power supply.
2. A specially shaped high voltage pulse may be
needed.

3. Addresses and data may be required for the entire
write time.

4.1t may be necessary for data stored in an address
location to be preconditioned before writing new
information.

5. Additional timing components such as capacitors
may be necessary.

The Xicor EEPROMSs require none of these for opera-

tion, and exhibit the following features:

1. Only a single + 5 volt power supply is required for
any operation including the write operation.

2. Only TTL level signals are required to control the
part.

3. The write operation requires that addresses and
data be stabie for less than 200nsec 1o initiate the
self controlled 10msec internal write cycle.

4. The write operation accepts random data to be
changed to random data with no preconditioning.

5. An optional mode is available that allows the Xicor
parts to plug into an existing socket for some of the
older EEPROMSs requiring shaped high voltage
pulses.

The Xicor EEPROM Family

The Xicor family of EEPROMs presently consists
of two pin-compatible members: the X2816A, which
is organized 2048 x 8 and the X2804A, which is orga-
nized 512 x 8. Figure 1 shows the pinouts of these
two companents.

S/ S
A [+ 24 bvcc A [ 24 [7] Vee
a2 23 [] A a2 23 [[] A
a3 2 [ A A []3 2 One
A ] s 21 WE a e 21 [] we
a]s 20%0_5 a]s 20 [] OF
nOs s spn Cle Xasan o Dre
aldr 18] CE a7 18[]CE
A[]8 17 7] vo, A []8 17 [ vo-
o, ] ¢ 16 | ] 10, o, [} e 16 { ] 10,
o, [} 10 15 E 1105 110, [} 10 15 [} 0.
1o, [ 11 14 [] vo, o, [+ 14 [ o,
Vss [ 12 13[7] vo, Ves [ ]12 13[7] vo,

Figure 1) Pinouts of the Xicor family of EEPROMS.

Parts conform to the JEDEC standard pinouts for
byte-wide memories. These two different chips use the
same design rutes. The smaller chip was designed in
response to many requests for a smaller, more cost
effective part for those applications requiring fewer
bytes of storage.

The X2816A and the X2804A are manufactured
using the same proven process used in Xicor's popular
5 volt programmable NOVRAM™ memories. The proc-
€ss is a reliable n-channel floating gate MOS technol-
ogy using triple polysilicon. The method of data
storage utilizes charge trapped on a floating gate,
similar to the popuiar 2716 UV-EPROM. The charge
is added and removed from the floating gate utilizing
Fowler-Nordheim tunneling, enhanced by textured
polysilicon surfaces. This enhancement allows
fabrication with thicker oxides than other EEPROMs
which don't employ textured emission surfaces. A
more thorough treatment of positive reliability and data
retention implications of textured surfaces is availabie
in Xicor Reliability Report RR501.

Operation of the Xicor
EEPROMs

The X2816A will be used to demonstrate the use
and features of the Xicor EEPROM family. The X2804A
works identically to the X2816A and fits all those appli-
cations that require smailer segments of memory. The
X2816A uses a three line control structure to ease
interface requirements. These three lines are:

CE: Chip Enable is activated (LOW) whenever it is
desired to access the part for a read or a write
operation. When CE is HIGH the power is
reduced to a standby level.

'WE: Write Enable is activated (LOW) whenever it is

desired to write new data into a byte. OE must
be HIGH to allow a write to start.
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OE: Output Enable is activated (LOW) whenever it is
desired to read data from a byte. This eliminates
all chances of data bus contention.

The mode selection chart in Figure 2 shows the
required setting of the control signals to select the
various modes of operation.

CE | OE | WE MODE 110 POWER
H X X Standby High Z | Standby
L L H Read Dour Active
L H Byte Write Din Active
L | n | p | ReadandWrte | vz | Active
L Inhibit

Figure 2) Mode selection chart for the Xicor EEPROM family.

The one possible state of the inputs not shown (all
three control lines LOW) is also an inhibit mode.

Read Cycle
The read cycle for the X2816A is shown in

Figure 3.
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Figure 3) Timing diagram for the Xicor EEPROM read cycle.
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This cycle is totally static. It is level sensitive and
requires no clocking. Addresses must be stable for
the entire read cycle. If CE and OE are both LOW, a
change of address produces new data on the output
buffers. The CE pin also controls the power level.
When CE is HIGH, the power dissipation is at a
standby level increasing to operating level only during
the time that the CE pin is LOW. Most EEPROMSs on
the market operate in a similar manner.

Write Cycle

The byte write cycle on the Xicor X2816A gives
new meaning to the term ‘easy-to-use’ regarding
EEPROMSs. A standard microprocessor write cycle, a
single + 5 volt power supply and TTL level signals are
the only requirements to write new data to a selected

L
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byte. No other hardware support is necessary. Most
systems will not require extra wait states for this cper-
ation, because times required are short. All timing can
be completed within 200nsec. The addresses, data
and controls can be removed entirely as the chip
latches addresses, data and the write command at the
end of the 200nsec. The X2816A takes 10msec to
complete the internal byte write cycle but, once initi-
ated, is totally self timed and does not use the data
bus. This latching feature allows the microprocessor to
use the bus for other purposes during these self timed
write cycles. During the internal write cycle, power
consumption is at the operating level.

All byte write cycle timing is referenced to an inter-
nal write pulse, which is generated by the simultane-
ous LOW of both CE and WE. Figure 4 shows the
internal write cycle timing for all possible combina-
tions of CE and WE.

ol 1 i i i
i 3 | § i i
e | L M | LT ] |
) i i b ] ¢ 1 i
P | i 1 1 | {
WE ] [ i HaE I e I
1 3 1 t i ] 1 t
INTERNAL ! ; ! : i . ) t
WRITE ] [ ] f ] [
3

PULSE h i h 1 h | h

Figure 4) The internal write pulse is generated by the simuitaneous LOW
of both CE and WE.

The internal write pulse is initiated by the last edge
of CE or WE to go LOW and is terminated by the first
of those two edges to go HIGH. The specific relation-
ship of each of the two symbols is not important.
Timing depends on the last edge down and the first
edge up.

Figure 5 shows the byte write cycle for the X2816A
with the internal write pulse used as the timing
rejerence.
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Figure 5) Timing diagram for the Xicor EEPROM byte write cycle

The addresses are latched by the falling edge of the
internal write pulse, while data is latched by the rising
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edge. Once the addresses and data are latched on-
chip, all further tasks are self timed. The internal byte
write cycle, averaging 4 to 6msec, takes a maximum
of 10msec to complete. Any attempt to read the
X2816A during the internal write cycle will result in
open state outputs. The last internal write cycle action
releases control of the output buffers to the three
control lines. It is necessary that the power supply
remain within specification during the entire internal
write cycle time. Once initiated, the internal byte write
cycle cannot be terminated by any signal and wili
complete under its own control. .

The write cycle is inhibited by holding either the OE
pin LOW or CE HIGH. Write protection can be
achieved during power-up and power-down by holding
OE pin LOW. If OF goes LOW after the write has
started, the write cycle will complete.

Unlike most other EEPROMSs, it is not necessary to
precondition the byte prior to writing new data. The
byte write cycle allows the change from random data
directly to random data. Separate byte erase and
program cycles are unnecessary. To change data, one
writes as in a static RAM.

It is necessary to refer to the data sheet for the
latest timings; however, Table 1 shows the byte write
cycle timing for the 300nsec part.

Limits
Symbol Parameter Min. | Max. Units
twe Write Cycle Time 10 ms
tas Address Set-Up Time 10 ns
tan Address Hold Time 120 ns
twe Write Pulse Width 150 ns
toes Output Enable Set-Up Time 10 ns
toen Output Enable Hold Time 10 ns
tov Data Valid Time 1 us
tos Data Set-Up Time 50 ns
ton Data Hold Time 10 ns

Table 1) Timing requirements for the 300 nsec X2816A

Optional High Voltage Write Cycle

Although high voltage power supplies and/or pulses
are not necessary for the X2816A, Xicor has added an
additional mode for customer convenience. This is the
optional high voltage write mode. The Xicor X2816A
option provides a plug-in replacement for the Intel
2816, NMC 2816, NMC 9716 and similar devices, with
no extra interfacing required. The Xicor X2816A
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eliminates complicated timing required by similar
devices as shown in Figure 6.

$
S

WE
PIN

INTEL 2816

XICOR X2816A

Figure 6) Comparison of timing and level requirements of the high voitage
pulse between the Intel 2816 and the Xicor X2816A. The shaded portion
indicates the operating range of each part

The X2816A uses no current fromt the high voltage
pulse. Bringing pin 21 above 12 volts is sufficient to trig-
ger the internal byte write cycle. All actual timing is
executed by the part itself. Since the X2816A can write
directly from random data to random data without an
intervening erase, the user can make software
changes to shorten the code by removing the preced-
ing byte erase cycle, although this is not necessary if
complete compatibility is desired.

Optional Chip Erase Cycle

Another mode available on the X2816A as a user
option is the chip erase cycle, during which all bytes
are simultaneously changed to 1's or HIGH. Since the
part does not require that data in the byte be precondi-
tioned, the only use for a chip erase is for setting the
unused bytes to a known HIGH state. This operation
requires that high voltage pulses be applied to OE and
WE. The high voltage provides a third state on the Ok
pin, enabling an extra function without adding pins.
This function is provided tc make the X2816A compati-
ble to all modes of operation on the high voltage 2816.
It is not a required mode for the majority of applica-
tions. No time is saved by using the chip erase mode.
It takes 20sec total to write every byte on the Xicor
X2816A, regardless of whether the chip is totally
erased or not. On the other hand, the Intel or simiiar
2816 requires 20 sec to completely write an erased
chip and up to 40 sec to overwrite a chip with
random data.

Implications of the
X2816A Improvements

In the introduction of this application note there
were five major features listed for the Xicor X2816A.
These were:

1. 5 voits only
2. TTL level signals
3. Short signais



4. Random data to random data

5. Optional high voltage mode

The implications of each one will be discussed in this
section. One of the major goals of Xicor is to design as
much support requirement into the chip as practical.

5 Volts Only

The only power supply requirement for the Xicor
X2816A is a single + 5 volt supply. No other power
supply Is required, either by the chip or any support
circuitry that may be used. This makes the board
design considerably easier and less costly. Many
EEPROMs require one or more high voltage supplies
to provide necessary signal levels for writing. This high
voltage Is applied either as dc voltage directly to the
chip or as the source of the levels for an external
pulse. Xicor has chosen to make the designer's task
easier by including the necessary high voltage levels
for tunneling on-chip. This high voltage, generated on
command during the internal byte write cycle, is totally
transparent to the user.

High voltage is present on the X2816A only during
the time of an actual internal byte write cycle. This
considerably reduces the quiescent field strengths,
thereby decreasing the stress on internal nodes and
oxides. Figure 7 shows a comparison of the on-chip
voltages using internai or externai high voltage pulses
as opposed to a high voltage power supply.

ON-CHIP VOLTAGE
ON-CHIP VOLTAGE

TIME TIME

a) USING HIGH VOLTAGE PIN
(STRESS IS FULL TIME)

b) USING ON-CHIP GENERATOR
OR OFF-CHIP PULSE
(STRESS 1S ONLY DURING WRITE)

Figure 7) Comparison of on-chip voltages between an EEPROM using
arhigh voltage power supplies and b) internal or external high voltage
pulses

Since constant high voltage on the chip has deleteri-
ous reliability implications, an EEPROM with a high
voltage pulse generator on-chip offers two benefits.
These being the elimination of boardspace and design
time for external components, and reduced stress-time
levels on the chip to avoid a potential reliability hazard.
In addition, parts requiring multiple power supplies can
lead to power supply sequencing problems. if the high
voltage supply is present without the lower voltage
supply the part may be destroyed.

TTL Level Signals
Some EEPROMSs require specially shaped high volt-
age pulses. These pulses usually last the entire period
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of the write cycle. The Xicor X2816A provides on-chip
all necessary high voltage functions totally transparent
to the user. When an external high voltage pulse is
required by an EEPROM, it may require controlled rise
and fall times (which may be different, as well as
requiring unusual signal levels). Taking this external
pulse reguirement away saves design complexity.
costs and reliability problems.
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Short Signals

Some EEPROMSs require that address and data be
held valid during the entire write cycle. This may
require the use of wait states or. more usually. external
latches to capture the addresses and data as well as
the control signals. The Xicor X2816A requires only a
200nsec signal to initiate the internal byte write cycle.
Once started it will complete by itself. Therelimination
of external latches saves considerable cost and
boardspace.

These first three feature advantages can be seen in
the evolution of EEPROMSs shown in Figure 8.

F- - ——-————"— 1
| PV N 1
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DATA
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PEretlen: 1w

Figure 8) Evolution of easy-to-use EEPROMS from the Inlei
{c the Xicor X28164

From requiring an external high voltage pulse and
latches, to a high voltage power supply, this evolution
shows finally, no external support requirement (otner
than possible optional buffering in layer systems).

Internal latches also allow tremendous write time
savings for large systems. Different data may be
programmed into multiple parts. Multiple parts may be
programmed in parallel instead of sequentially. In a
system using 100 parts without latches, 2000sec
would be required to write all locations, as opposed to
20sec for a system using the X2816A, because, while
the first part is on its internal write cycle, the other
parts may be written simultaneously.



Random Data To Random Data

Some EEPROMSs require that the byte be precondi-
tioned to a specific state before writing new data into
the byte. Again, this is not the case for the Xicor
X2816A. All byte erase requirements are performed
transparently as part of the internal byte write cycle.
When data must be preconditioned, a full write cycle
to the required starting data must be performed. This
feads to extra software to reduce as much time as
possible. An example of possible extra software is

shown in Figure 9.
NOT

ANY BITS
GO FROM
“0” TO 94"

WRITE ALL “1's”

}Q—TO SAVE TIME

Y A

WRITE NEW DATA WRITE NEW DATA

! l

b) RANDOM DATA BEFORE WRITE

a) PRECONDITIONED DATA BEFORE WRITE

Figure 9) Comparison of software requirements for minimum write time
systems between a) preconditioned data and b) random data prior to the
write cycle.

Optional High Voltage Mode

[n addition to all aforementioned benefits, the Xicor
X2816A can also substitute directly for the Intel or
similar 2816 as shown in Figure 10.

5 VOLTS ONLY

HIGH VOLTAGE
2816 SOCKET

2K x 8
RAM SOCKET

2K x 8
EEPROM SOCKET
Figure 10) The Xicor X2816A works equally well in three environments.

Designers have the option of using the Xicor X2816A in
a standard low voltage RAM socket, or a high voltage

EEPROM socket, designed for the high voltage 2816.
No other EEPROM offers such flexibility. It is important
to keep pin 21 above 2.4 volts in this mode. Otherwise,
a second false write can be triggered at the compie-
tion of the high voltage puise.

The X2816A Can Be Used
Like A RAM

The only EEPROM currently able to plug into a
standard 2K x 8 RAM socket is the Xicor X2816A. The
X2816A will operate with all signals provided by that
conventional socket. The device becomes fully func-
tional with a simple read or write operation. The only
restriction being to wait at least 10msec, or until the
internal byte write cycle is completed, whichever
comes first, before starting another EEPROM cycle.

It is possible, however, to use the bus for other tasks
during this wait.

Programming Optimization

Several methods can be used to determine when
one can command another EEPROM cycle. The
system designer can use either a software or hard-
ware time-out or use an interrogation scheme. The
time-out can be derived from a software loop, a
16.7msec AC marker or some other timed interrupt.

It is possible to speed up writing blocks of data into
the X2816A by using the interrogation method. Since
the average part completes its internal byte write cycle
in 4 to 6msec, it is quicker to initiate the next write
cycle as soon as control of the output buffers is turned
back to the CE and OE pins. The output buffers go to
the high impedance mode during write and can return
to the low impedance mode, under control of CE and
OE, only after the internal write cycle completes. In
this manner, the part can signal the system that a write
cycle has finished.
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Interfacing To
Microprocessors

Since the Xicor X2816A will operate in a 2K x 8
RAM socket, interface to a microprocessor is simple.
The connections to an 8085 microprocessor are
shown in Figure 11.

ADy-AD; K >1 1/Oy-1/0;
8 BIT
i_‘() o S— P
8085 X2816A
ALE 4 —
WR WE
RD Of
oOMpb———————f o—— | CE
« o
g [
Aq-Ass [}
Q
w
r_—(> 2
Ag-Ang M Ag-Ar

Figure 11) Interfacing the X2816A to the 8085 microprocessor.

The 8 bit latch captures the low order addresses from
the combined address/data bus. The latch and a
decoder are the only additional circuitry required for
this interface, normally found in any system using
standard RAM or ROM. These are the same connec-
tions required by a fully static RAM.
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Conclusion

Each improvement made in EEPROMSs provides
extended potential applications. By eliminating the
need for any hardware support, the Xicor family of
EEPROMs makes it as easy to alter nonvolatite data
as it is to write to a static RAM. Clearly, this unprece-
dented ease-of-use widens standard EEPROM applica-
tions through lower costs and reduced boardspace. A
5 volt power supply reguirement improves reliability
and lowers the damage risk to other components,
unlike EEPROMSs that require a fixed high voltage
power supply. In addition to download type applica-
tions, where a remote system is reprogrammed over
a phone line, these smarter EEPROMs will eventually
be used in machines that adjust themselves to their
particular environment. The Xicor EEPROM family
allows designers freedom from former limitations.
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Vol. 1, No. 1 July 8, 1983
NONVOLATILE DATA INTEGRITY: Inadvertent Write/Store Elimination
By Reggie Huff

Xicor's exciting nonvolatile memory products are backed up by designed-in

protectieon features which ensure data integrity. These include: _5
g
L =
®0nboard V¢c Sensor e0rderly Power Transition é%
All operations inhibited when The device will not self-generate
Vee<3.0V. inadvertent write/store operations.
@Noise Filter ehrite/Store Inhibited Control Pins
The EZPROM has an additional Multi-pin write/store command signal
feature which blocks noise requirements provide both data secu-
spikes on control lines. rity and design flexibility.

With Xicor nonvolatile memories:

Data i1s maintained through power-on, power-off, power-up, power-down, system
crash, and the entire range of system conditions when some simple design rules
are observed. Often nonvolatile system designers are frustrated by inadver-
tent system command signals during power-up and power-down operations. Being
generally nonperiodic in nature, these elusive culprits can lead the designers
to the false conclusion that the memory device is malfunctioning. This, how-
ever, is rarely the case. The system is more often sending an unintended
write/store command. This problem is easily resolved as shown in this appli-

cation brief.

1
GIGO Going to Sleep

Just as a person falling asleep at the wheel can inadvertently command his
vehicle into an undesirable situation, digital systems transitioning from
normal operation to a power-off state or vice versa can distribute random
data, addresses, and control signals along the way.

Since Xicor nonvolatile memories accurately and reliably store data as
instructed, garbage stored at power-down will be impeccably retained and
avallable upon power-up. (That's nonvolatile GIGO.)

16160 is an acronym popular in the computer world for "Garbarge In Garbage Out".
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Protection-Conscious Design

Data integrity is a major criterion with Xicor products and several superb
features were designed into Xicor's memories to ensure it.

®Vrc Sensor
An onboard sensor establishes a threshold supply voltage of 3.0V below which
the write operation on EZPROMs and the store operation on NOVRAMs are blocked.
Above this voltage, write and storage operations are available and therefore
must be protected from unplanned instructions.

eOrderly Supply Transitions
As a system powers up or down, the possiblility of unintentional, internally
generated control signals increases dramatically. The Xicor nonvolatile
memory family has designed-in protection to eliminate self-generated write/
store commands.

eNoise Filter
An additional feature designed into Xicor's EZPROM family is a noise filter
to prevent glitches on the WE line from initiating a write cycle. This
feature ignores pulses of less than 20ns duration so that noise spikes are
not misconstrued as write commands.

eWrite/Store Inhibition Control Pins
The entire Xicor nonvolatile memory line requires combinational control
pin conditions in order to execute a write/store command. The NOVRAM has
two essential pins and the EZPROM has three essential pins involved in the
store/write cycle initiation. By disallowing any one of the required pin
conditions, the user can prevent unplanned nonvolatile data changes so
that data integrity is maintained.

Write/Store Pin Conditions

- — 2 — -
ARRAY RECALL STORE CE OF WE
,H-__),("__v__ H S—Lore Operat ion Disabled . X X H (HE) Write Inhibit
L X Array Recall Blocks Store Initiation X L X (OE) Write Inhibit
See Note Bel =
I R | (See Note Below) # X X (CE) Write Inhibit
H L Store Operation Execuceds L H L Write Operation Executed®
NOVRAM Family E2PROM Family

2ARRAY RECALL blocks all control inputs but does not halt a store in process.
3These are the only conditions allowing nonvolatile data change.
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Two Simple Solutions to Prevent Unintentional Nonvolatile Data Changes

SolutionI- ""Hold-Low' Protection “Hold LOW” protection

Vee

The simplest solution is to pull the
OE (or ARRAY RECALL) to a logic "0"

VWA—

whenever the supply voltage is below | NOVRAMS

the (5.0-10%) system threshold. 1K 3 o E2PROMS

The Intersil® ICL 8211 programmable ’ ) 4025;@
ALL)

voltage reference is an inexpensive 30K
8-pin mini DIP which will sense a
selected voltage threshold and out-

I Xicar

HEAAA
v

put a logic "0" when the supply is up RESET —— >
below that threshold. Conversely, o
as the sensed voltage rises above (OR ARRAY RECALL) D c
the selected threshold, the ICL -.c:’,,,
8211 outputs a logic "1'" following _g.‘g
its supply voltage level. am
[ ] [ ]
“Hold High” Protection <
Solution II - '"Hold-High'" Protection Veo
The second method of data protection
during power supply t iti is t A 3R NOVRAMS
P upply transitions is_to S . 2 3 &
keep the NOVRAM STORE pin (or the WE 9tk 3 \cLB211 EZPROMS

and/or CE pins in the EZPROM family) ) . oc
near the power supply voltage. By —;E:>“_
preventing the low condition of these
pins which is necessary for a write or =
store operation, inadvertent stores

will be eliminated. CE OR WE (OR STORE) ———————

———Q) CE OR WE
(OR STORE)

Xicor

L
0K

I“— 23

The graph in Figure 1 shows the per-
formance of the Intersil ICL 8211. The

top plot is a sawtooth which is connected
to "5V supply" as shown in the Solution I
and Solution II schematic diagrams. The
bottom plot is the output of the ICL 8211.
Note that when the supply is above 4.50V,
the ICL 8211 output tracks it at logic "1".
When the supply sawtooth is below 1.56V,
the ICL 8211 output tracks the power supply.
However, since the Xicor memory family has
internal protection inhibiting writé/store
operations when Vcc is below 3V, no in-
advertent write/stores will occur in this
range. In the critical range between 3V,
where internal protection stops, and 4.5V,
where normal operation begins, the ICL 8211
insures a 0V output.

5.00V

cc

0.00v

5.00v

Vour (PIN 4y

0.00v \/I

INTERSIL ICL 8211 PROGRAMMABELE VOLTAGE REFERENCE
SUPPLY AND OUTPUT WAVEFORMS

N

Figure 1

“See Intersil ICL 8211, ICL 8212 Programmable voltage reference data sheet
in Intersil Data Book.
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As an alternate approach to the ICL 8211, SO e TN B
some designers may prefer to incorporate Vour :

the SGS L487. This device is a 500 mA . 7
precision 5V voltage regulator which j:: - 3 ) '
includes an open collector power-on, T #
power-off reset output pin, which can Veeser i

protect the nonvolatile memories just 0.00v -

as the ICL 8211 does. The timing diagram Atk

lntFlgzretz shows Ege voltTge O?tthls re- SGS Lu87 PRECISION VOLTAGE REGULATOR
set output pin as € supply voltage OUTPUT AND RESET WAVEFORMS
transitions through power-up and power- _

down Figure 2

Nonvolatile Data Integrity Intact

The potential problem of nonvolatile data changes during power up/down
operations is addressed in this application brief. The problem is easily
eliminated. A unique multiple-control-pin combination is required for

the initiation of nonvolatile data alterations in each Xicor EZPROM memory .
By ensuring that during periods when the operating supply voltage is below
the specified minimum, this unique control pin combination is not asserted,
and inadvertent nonvolatile data changes are eliminated. Two possible
solutions are described in the Solution I and Solution II sections using

two different parts (Intersil 8211 and SGS 1L487) to implement the solutions.

These solutions may not be appropriate in all applications and certainly do

not constitute an exhaustive list of effective solutions. The Xicor applications
engineers are happy to discuss your situation and to assist you with any
application questions you may have.
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AUTOMATIC PAGE WRITE *** DATA POLLING

Two New and Innovative Features on the 64K EZPROM
By Reggie Huff

Xicor, the industry leader in nonvolatile meinory technology, introduces two trend-setting
features  which are sure to establish the standards for future nonvolatile memory
products.  These evolutionary additions enhance the ease-of-use nature of Xicor's
EZPROM even beyond that of the industry standard X2816A (16K E2 PROM) introduced by
Xicor in 1982.

Automatic Page Write

Allows the user to write up to 16 bytes at a time using standard microprocessor write
cycles. After a 200us "write-window", the 1/O buffers go into a high impedance mode
so the bus is freed for other tasks. Assuming the typical write period of 5ms, the
effective write time is thereby reduced to (5ms/16 bytes =) 312.5u seconds per byte.
Clearly, a quantum leap in E2PROM write speed performance.

Data Polling
Provides a simple software technique for testing for the completion of a nonvolatile

write cycle. This method requires no extra pins and no external hardware which is
consistent with Xicor's user oriented design strategies. Data Polling allows the user
to take advantage of the typical write times without sacrificing compatability with
other byte-wide memories. This method also allows the last two unconnected pins in
the standard 28 pin package (pins 1 and 26) to be reserved for higher order address lines
in the next generation E4PROM.

The X2864A package shown in Figure 1 reveals

64K E2PROM the two unconnected pins on the 28 pin package.
vl Wb This allows for board designs which accommodate
NIGE 27 [ we the 64K E2PROM to upgrade to 256K with the
&0 2efne only change being the addition of high order
“'E j%:’ address signals. The same 28 pin footprint can
as af] A also house a lower-justified 16K E2PROM
N ETI =h - X2816A - with the simple addition of two
ads 0[] ce jumpers (connecting pins 23 to 27 and 26 to 28).
*E 0 K g o See Sales Brief, Vol.1, No. 1.
uo.é 12 7 [ w0,
o, [ ] 13 16 [ vou
Voo [ ve 15 [ w0,

8K x 8
Figure 1
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Automatic Page Write — Specifics

The Automatic Page Write feature designed into the X2864A brings the EZPROM to
yet another level in its rapid evolution. Xicor's popular on-board address and data
lateh has been expanded to an array of 16 bytes, so that the user may write up to a
full page (16 bytes) in each 5ms nonvolatile write-cyecle. No special signals are required
to set up the operation, and the procedure is executed using standard mieroprocessor
write-cycles.

G|
e LU LML L L L L IS
C S B A R LS e o O
ADDRESS —omni X X X X X — - —

BeTES BYTEr  BYTE®  BYTES  W/TES  RYTED  BYTIIC RuTEL. RYTED  RYTELS

PAGE ADDRESS AND DATA SETUP PERID r]| J
AUTOMATIC ERASE/PROGRAM CYCLE (Smsec) |

Figure 2

Figure 2 shows the timing diagram documenting this feature. The Automatic
Erase/Program Cyecle is initiated on the last falling edge of either CE or WE providing
that OE is high. At this time, the address bits are locked in defining the page to which
the subsequent 15 bytes may be written.

Note: A page is specified by the eight most significant address bits. Therefore, the
addresses of all bytes written in a single write-cycle may differ only in the four least
significant bits.

A 200us window is nested within the Automatic Erase/Program Cycle and is designated
as the page address and data set-up period in Figure 2. This window defines the time
during which the X2864A may be written and as many as 16 standard microprocessor
write cycles may be executed. Of course, between write cycles, the microprocessor
may access other devices in order to fetch the data to be stored in the E2PROM. The
use of this feature is optional. Any number of bytes between one and sixteen may be
written and those may be in any order.

At the end of this 200us window, the X2864A begins its internal write sequence by
freeing the busses for other system use. From this point until the completion of the
nonvolatile write cycle, the device will ignore control pin inputs. This allows the
system to continue task performance while the X2864 A busies itself internally performing
the Automatic Erase procedure and copying the data from the latehes into the appropriate
locations in the EZPROM array.

Several questions are naturally raised at this point:
1. What happens to the bytes not addressed on a page which is being written to?
2. What happens if the page address is changed during a Write Cyecle (i.e., bytes are
written to different pages)?
3. What if 200us is too short to feteh and page write all 16 bytes?
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Al:The bytes which are located on the page being written to and which are not actually
modified will contain the same data before and after the nonvolatile write cycle. The
user may write any number of bytes up to 16 in a given cycle, and the bytes need not
be sequential since within a given page, they may be written in any order. 1If a
particular location is written to more than once on the same page, then the last data
written to that location is the data which will be copied into the E2ZPROM.

A2:The requirement that all bytes be contained within the address variation of the four
least significant address bits is a strict one. If any of the higher order address bits
are changed during the page address and data set-up period, the resultant EZPROM
content is not predictable. That situation must simply be avoided in the software.

A3:The 200us (guaranteed minimum) timeframe was selected after careful consideration
of the wide variety of microprocessors available. This window was chosen as optimal
and allows the vast majority of microprocessors to utilize the Automatic Page Write
feature completely. Particularly slow microprocessor systems can enjoy the benefits of
this feature by minimizing machine cycle overhead in the E2PROM write routine or by
writing 4 or 8 bytes in each cycle instead of 16.

The Automatic Page Write feature provides the user with a simple method of increasing
the effective write speed by a factor of 16. In order to further utilize the write
speed potential of the X2864A, the user must have some way of sensing the actual
completion of the Nonvolatile Write Cycle. The sensing technique is the feature called
Data Polling.

Data Polling — Specifics

Due to the unparalleled convenience of on-chip address latches, on-chip data latches,
on-chip cycle timer, and the Automatic Page Write feature, the microprocessor writing
to Xicor's X2864A E2PROM is free to handle other tasks while the memory sequences
through its internal write cycle unattended. Upon completion of latehing (1 to 16)
byte(s), the microprocessor can direct its attention elsewhere until the maximum specified
write time has elapsed. At this point, the memory may be accessed for read or
subsequent write operations.

The X2864A devices normally complete the nonvolatile write cyecle substantially faster
than the maximum time specified on the data sheet. In order to take advantage of
this faster write potential, Xicor engineers created Data Polling.

Data Polling Operation

Data Polling uses the most significant bit (MSB) of the last byte written to indicate to
the microprocessor when the write operation is complete. During the nonvolatile write
cycle, I/O7 is the complement of the last D7 written. Thus, the microprocessor can
simply read the last byte written and compare the result with the actual data written
(which was retained in the accumulator). When the values are equal, the write cycle
is complete.
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The flowchart below shows the minimal software necessary to "Poll" for "Data", thereby
testing for nonvolatile write cycle completion.

—w v .09 *
DATA Polling
{ During write cycle
* {/0; is the complement of bit written
WRITE 1-16 BYTES
LEAVING LAST BYTE IN ¢ 11O, through 1/Q; are floating
ACCUMULATOR
¢ A compare with byte written fails

After write cycle is completed
¢ All bits are correct

NOT
COMPARE LAST
ADDRESS 7O
ACCUMULATOR

* A compare with byte written passes

WRITE
COMPLETE

Since, prior to nonvolatile write cycle completion, the MSB is inverted, the comparison
test will fail and the loop will continue. When the write cycle is complete, the
comparison test will succeed and control will fall out of the loop. The user may then
access the memory for the next read or write operation.

Data Polling Subroutine Examples

8080/8085 Microprocessor Instructions
Retain last byte written in the accumulator and the last
address written to in HL

XXX CHMP M COMPARE MEMORY TO ACCUMULATOR
IJNZ XXX JUMP IF NDO MATCH
RET RETURN FROM SUBRGOUTINE

["&s02 Microprocessor Instructions
Retain the last byte written in the eccumulator

XXX CMP (LAST), ¥ COMPARE MEMORY TO ACCUMULATOR
BNE XXX BRANCH IF NO MATCH
RTS RETURN FROM SUBROUTINE

Another Industry Breakthrough

The X2864A Automatic Page Write and Data Polling features provide the user with
versatile application options never before possible. Xicor steps out again with on-chip
features designed to meet the needs of pace-setting systems engineers. Effective
E2PROM byte-write times below 300us using no extra hardware, no extra pins, and only
two lines of code define the leading edge.
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X2443/X2444 NONVOLATILE RAMS
The Industry's First 5V-Only NOVRAM Family Branches
into Serial Interface Microcomputer Systems
By Reggie Huff
Vol.1,No.3 August 30, 1983

Xicor, the trend setting pioneer in nonvolatile memory technology, leaps ahead again
with the first NOVRAM designed for port-oriented, single chip microcontrollers and
microcomputers. The X2443/X2444 are highly cost-effective additions to the ever
expanding writable nonvolatile memory family created at Xicor.

Low Power

Fully Static

Compact 8-Pin Dip

10 Year Data Retention

High Security Data Protection

Low Cost

5 Volt Only

Three Pin Control

Unlimited RAM Data Changes

Minimal Support Circuitry Requirements

*® * W % n
L I I )

The X2443/X2444 are 256 bit (16x16) serial NOVRAMs providing both static RAM
accessability and E2ZPROM nonvolatility packaged in a cost-effective 8-pin DIP. The
devices use Xicor's proven NMOS triple-poly floating-gate thick-oxide technology to
provide long term reliability. Low power Standby and Sleep modes, provide the ideal
solution for remote and portable system needs. The memory can be completely controlled
through the use of as few as three control signals allowing conservation of single chip
microcomputer I/O lines.

The only control pins required for interface are CE, SK, DI, and DO. Three control
line operation can be realized by tying DI and DO together to create a single port
serial-data I/O line. The pin configuration on page 1 of the data sheet shows that all
required control pins are on the same side of the space saving package. This simplifies
board layout and minimizes real estate requirements.

Device operation is primarily controlled through instructions which are clocked into the
DI pin as eight bit words. The instruction register is initialized upon the rising edge of
CE and thereafter waits for a "marker bit' (which is simply a 'l' on DI upon the rising
edge of SK). The next four data bits clocked in are interpreted as address bits
identifying which of the 16 memory words will be operated upon. The last three bits
clocked in are the op-code specifying which operation the device is to perform. (Please
refer to diagrams 1-5 on the data sheet.)
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The following seven 8-bit instructions control all the features of the X2443 and X2444
memory systems.

Marker Address Instruction

Bit Bits Bits
RAM READ 1 AAAA 11X
RAM WRITE 1 AAAA 011
RECALL 1 XXXX 101
STORE 1 XXXX 001
SLEEP 1 XXXX 010
WRITE ENABLE 1 XXXX 100
WRITE DISABLE 1 XXXX 000

X2443/X2444 Instruction Set

Note: There are two types of instructions; instructions having a specific address field
and those with nonspecife address fields (XXXX). The former always preceed a RAM
data operation, the latter are array oriented operations affecting all address locations
simultaneously.

The SK pin is a static cloek input active on the rising edge. This static nature allows
the clock sequence to be interrupted at any point and to then be continued at the
user's convenience. If the SK pin stops toggling during an instruction sequence, the
device simply halts where it is and waits indefinitely. The user, therefore, is able to
clock out four or eight bits of a word, for instance, and then leave the NOVRAM
waiting, unattended, until more of the word is desired. While the SK pin is inactive
and CE is high, the output buffer will remain in a High-Z state. The only exception to
this is the output data phase of a RAM Read instruction. In this case, the output
buffer will maintain the last data bit clocked out until the subsequent rising edge of
SK. This statie nature allows the implementation of the serial interface with a software
routine which controls an I/O port. If desired, the SK pin may be controlled by a free
running clock at a rate up to 1MHz on the X2444 (0.9 VIHz on the X2443).

The CE pin must remain high for active operation. When CE is brought low, the
instruction register is reset and the low power standby mode is selected (see Igg on
data sheet). This allows early termination of instruections in progress which may be
useful, for example, in the event of a system crash. CE must be brought low before a
new instruction will be recognized. If CE remains high, RAM Read and Write operations
will continue with the clock by "wrapping around". That is to say that a word will
continue to be read (or written) again and again (bits 1-16, 1-16 ...) until CE is brought
low resetting the instruction register. When CE resets the instruction register, the
internal bit pointer is also reset. This means that any subsequent RAM access will
always start with D, of the word addressed independent of the preceding instruction.

The RAM Read instruction consists of two parts, instruction and data. The first eight
bits of the instruction specify the Read op-code and identify the word to be read with
the address field. The last bit of the op-code is a "Don't Care" in order to give the
controller a free cyele in which to change the port from an output to an input pin. This
1S sometimes necessary in combined I/O line applications. The next sixteen cloek pulses
each correspond to subsequent data bits. Note that the output buffer remains in a High-
Z state except when delivering data in response to a Read instruetion.
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The RAM Write instruction follows a similar pattern as the Read. The first high data
bit which is clocked in is taken to be the marker bit. The next four bits address the 16-
bit word to be written, and the last three bits are the instruction op code 0 1 1. The
next sixteen cloek cycles write sixteen bits into the RAM at the location addressed.

The Store instruction is clocked in starting with the marker bit and continuing through
four "Don't Care" bits as shown in the instruction set. Since the entire RAM array is
transferred to the E2ZPROM with this single command, the effect is global so the address
bits are nonspecific. The X2443 and X2444 are entirely self-timed devices eliminating
the need for any external timing apparatus. The on-board logic sequences through the
finite state machine, automatically generating the high voltage necessary for tunneling,
and places the output buffer in a High-Z state. The RAM data array is then copied to
the EZPROM and the device returned to a ready state . . . ALL WITHIN 10ms!

The Reecall instruction is clocked in just as the Store instruction is (with nonessential
address bits). The effect of this instruction is to copy the entire EZPROM array
contents to the static RAM in a single operation.

The Sleep instruction causes the static RAM to power down losing its data. The
quiescent current is substantially reduced from its normal 15mA range (see Ig;, on the
data sheet), and the EZPROM data, of course, remains secure. The only way to awaken
the X2444 from Sleep Mode is through the execution of a Recall procedure. This copies
the E2PROM into the RAM and returns the memory system to its normal Standby
condition.

Data Security Mechanisms

The integrity of NOVRAM memory data is essential, and Xicor engineers designed in
several features to ensure it. First, after each power up, the NOVRAM must execute
at least one Recall operation before it will respond to a Store command. This safety
mechanism guarantees that the device will not perform an inadvertent Store while V.,
is stabilizing. An internal write flag is another protection factor allowing the user to
lock both arrays of data against unintentional changes. The write-flag must be enabled
for a RAM Write or Store operation to be executed.

The Write Enable/Disable instructions set and reset the write-flag respectively. The
flag is automatically disabled upon power up, so that a Write Enable instruection is
required before the device will respond to Write or Store instructions. This feature
allows the user to lock and unlock the data change mechanism for added seecurity. For
maximum data protection, the flag should be set just prior to a RAM Write or Store
instruction and reset immediately thereafter. (Note: The Store procedure automatically
resets the flag.) Alternately, this safety feature may be bypassed to achieve software
minimization by simply setting the flag as an initialization after power up and immediately
after each Store operation.

Hardware Control -

The last data security feature involves the Store and Recall pins which allow hardware
initiation of the Store and Recall operations. The result of these operations is identical
whether initiated through hardware or software control. An internal Schmitt trigger
buffer on the Recall input pin makes its operation threshold level sensitive, ideal for
automating a Recall-upon-power up mechanism with a simple RC circuit (see Figures 1
and 2 under 'Typical Serial Interfaces' on the X2444 data sheet). The hardware Store
pin is protected with a noise filter which prevents glitches and noise spikes from
activating an unintentional Store cycle (see t3pp on data sheet). The Store and Recall

control pins initiate their respective operations independently of the CE, SK, DI, and
DO pin conditions.
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They can be used to automate the Store (for crash protection) and/or Recall (for Recall
upon power up) operations making them transparent to the software system (see Figures
1 and 2 under 'Typical Serial Interfaces'on the X2444 data sheet). They may otherwise
be tied to the supply rail effectively removing the hardware feature from consideration.

The potential conflict between hardware and software instructions is resolved by the
built-in priority system:

1. RECALL: Independent of all other pin conditions; will interrupt any operation

(except a Store) in progress initiating a Recall operation. While
Recall is low, all other input signals are ignored.
2. STORE: a. The Recall-since-power up and set-write flag conditions must

have been met in order to initiate this procedure.

b. The Reecall pin must be high.

e. The Store pin overrides everything except a RAM Write in
progress. In order to ensure the integrity of the captured data,
a RAM Write instruction will not be interrupted during its data
phase. Instead, the Store operation will be inhibited until the
RAM Write instruction is terminated by bringing CE low. If CE
is brought low during the data phase of the RAM Write, those
bits of the addressed word already overwritten will be stored as
new data and those bits not yet overwritten will be stored
without change. Please refer to Application Brief Vol.l, No.4
for further information.

This Store hierarchy allows for a quick and orderly Store operation upon the recognition
of a pending power failure (refer to Applications Note 102: Storing Data in NOVRAWM
Memories During Power Failure). Since the hardware Store control is level sensitive,
it may simply be held low through the completion (or termination) of the RAM Write
instruction in which case the Store cycle will begin when CE falls low. Since Store is
not latched, it may be returned high before CE falls and the Store procedure will not
be executed.

The last point of clarification is in the area of cycle-ability. The distinet advantage
of NOVRAMs over E2ZPROMs is the ability to change data as often as one wishes. The
RAM portion of the memory can be written to, and read from, indefinitely. The only
time it would be necessary to update the E2PROM portion of the NOVRAM is before
a power down. Storing upon the least frequent of either data changes or power down
will maximize the life of the device generally placing that far beyond the actual system
needs.

The combination of Xicor's renowned user oriented features with a little creative
engineering make the Serial NOVRAM family the most versatile memory devices available
to single chip microcomputer systems. A dual array memory system incorporating serial
synchronous operations coupled with fast acting hardware inputs, data security options,
low power operations, 5 volt nonvolatility, three pin control, and very low cost takes
the system designer to the industry's leading edge.
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X2816A Design Allows Upgrade to X2864A and Beyond
By Rick Orlando
Vol.1,No.5 August 23, 1983

Since the announcement of the X2864A, many customers have expressed a desire to
design an X2816A socket that can be upgraded to accept the X2864A. The 28-pin
footprint of the X2864A allows eventual migration up to the 256K bit level. If a board
design is done properly, the socket can accept the entire product family.
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Vss []12(19) (15) 13 t'l 1103
X2816A

First, let us look at the "universal" socket.

One can see that the socket will accept Xicor E2PROMs from the 16K level through

the 256K level with essentially two switches determining which footprint the socket is
to be.

The next queétion is how can one minimize the address decoding logic for a board
populated with the above "universal" sockets? We will assume that we have a board
with eight "universal" sockets. We would like to design the address decoding logic to

allow the eight X2816A's to be replaced by two X2864A's once they become cost
effective.
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First, we look at the addresses that each chip will be mapped into:

Chip # Address Range Chip # Address Range
X2816A (1) 0000 - O7FF X2864A (1) 0000 - 1FFF

(2) 0800 - OFFF (2) 2000 - 3FFF

(3) 1000 -~ 17FF

(4) 1800 - 1FFF

(5) 2000 - 27FF

(6) 2800 - 2FFF

(7) 3000 - 37FF

(8) 3800 - 3FFF

The breakdown of the decoding for such a scheme is listed as follows:

X2816A Chip Selects* X2864A Chip Selects*
A1s A1q4 A13 A9 Aqg 1 2 3 4 5 6 7 8 1 2
0 0 0 0 0 0 1 1 1 1 1 11 0 1
0 0 0 0 1 1 0 1.1 1 1 1 1 0 1
0 0 0 1 0 1 1.0 1 1 1 1 1 0 1
0 0 0 1 1 1 11 0 1 1 1 1 0 1
0 0 1 0 0 1 1 1 1 0 1 1 1 1 0
0 0 1 0 1 11 1 1 1 0 1 1 1 0
0 0 1 1 0 1 1 1 1 1 1 0 1 1 0
0 0 1 1 1 1 1 1 1 1 1 1 0 1 0

*Chip Select is active low.

One possible solution is to use two 74LS138's with one being wired for the X2816A and
one for the X2864A. If X2816A's are used in the board, LS138-A is installed and LS138-
B is omitted. Conversely, if X2864A's are being used, LS138-B is installed and LS138-A
is omitted.

1-OF-8 DECODER

VMA*—g Eq 0o
A1s E2 04
A ? AT
1 * E3 A 02
03
04
A3 Az 0s Ao-10D0-7
A2 A4
2 06
A1 Ag
LS138 071—e CE (0)|x2816A
—
X 80 CE (1)|x2816A
2
! CE (2)| x2816A
A4
“B” CE (3)]X2816A
Ao |
E1 . CE (4)|X2816A
E2 CE (5)|x2816A
1
Es CE (6)| X2816A/X2864A
= LS 138 [ 1

CE (7)| X2816A/X2864A
*VMA = VALID MEMORY ADDRESS.
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The two X2864A's are placed in sockets 6 and 7.

Another solution for the address mapping question is to use a 32x8 bipolar PROM for

address decoding.

A1s

A14

!

A13
A12

A11
VMA

CE (LOW)
12345678
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CS b,

A4 Ds
A3 32:?35;?:?)&« D4
A2 D3
A1 D2
D1

Ao Do

One simply changes the PROM for replacing the X2816A's with X2864A's.

Another related case is where the designer would like to increase the memory capacity
of the board as the X2864A becomes available,
eight X2816A's (128K bits/board) with eight X2864A's (512K bits/board).

Using the "universal" sockets, this is relatively easy.

again using a 32x8 bipolar PROM.

VMA

A1s
A1q

A13
A12
A11

o

CS p,

Ag De
A3 32:‘}53;2%5:1 Da
A2 D3
A1 D2
D1

Ao Do

In this case, we need to replace the

We use the following ecirecuit,

CE (LOW)
12345678

One simply changes the program in the PROM to go from using X2816A's to X2864A’'s.
The listing on the following page shows the PROM program for the X2816A's and the

X2864A's.
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16K Bytes 64K Bytes
X2816A Program X2864A Program
0000 - 3FFF 0000 - FFFF
A11 A12 A13 A14 A15 Do Dy Dg D3 Dy D5 Dg Dy Dy Dg D3 D4 D5 Dg Dg

S
(=]
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= - O OO OO - OO MM OO O =m0 OO
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bt e e e et b e b el e e et et ped i et e bt jd b et b ek bk e ek ek D b
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Pt b e b ek b ped b e et et pd ek e ek ok ek b ek (e ok bk et ek D b ek ek ek b ek
P e et e e e ek b e b et e e b e e ek et pd e ek ek D b bk et e ek e
o e e b e pe et b et P el b et b ek ek ek b ik bk fd Bk ek e e e e O OO O
bt e e ek e i b e b e et i e ek ek ek e ek ek ek et e pd ek D D D O b b ek et
e et e e b ek b e b e b e P e bk e e e © D O O e e b et b et e
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o e e e e e ek e e O OO O e e e b et b ped b et b et bt et b
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o = s OO 0O O o b e b e b e b e b e e e b e b ped e et b ek et e
O O OO I b e b b b e b e b e e et b e b e b ek b ek b et e e

The PROM decode method allows a mixed combination of X2816A's and X2864A's to
be used on the same board. It also allows different types of memory to be used such
as X2816A's and 64K CMOS RAMs on the board. If the board is to be used with
either 16K or larger devices, then only two jumpers are needed per board to configure
all of the "universal" sockets. Just insure that the Vo jumper will handle all of the
current required by the memories.

The address decoding can be extended even further to incorporate expansion to the
256K bit EZPROM. A larger PROM would be all that is required, but this topic is
beyond the scope of this brief.

One can see that through using foresight in design, a modern designer can implement
a memory socket that is truly universal in allowing the use of the most cost-effective
E2PROM densities available.
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Replacing DIP Switches with Nonvolatile Technology

By Riek Orlando

Vol.1,No.7

One of the most prevalent applications
for small nonvolatile memories is that of
replacing DIP switches. The advantages
of the nonvolatile memories is clear.
They take up less room, are easier to
use, and lend themselves to automated
board assembly. 256 bits of information,
or the equivalent of 32, 8-bit DIP
switches can be implemented in a single
package.

Xicor's  new X2443/X2444 Serial
NOVRAMs add yet another feature
-- low cost. When coupled with the
serial devices' minimal interface
requirements, the X2400 series takes on
DIP switches head on, and is obviously
the cost/performance leader. The
purpose of this brief is to deseribe how
easy it is to replace a DIP switeh with
an X2400 series NOVRAM.

DIP Switch Interface
There are two common types of DIP
switeh interfaces.

/0
PORT 1

|

September 26, 1983

10 Port

The first uses an I/O port with internal
pull-up resistors. Figure la shows a
typical circuit that could be used either
with a single chip microcomputer or with
an I/0 port on a microprocessor bus. In
either case, the internal pull-ups present
a logic "1" to the input as long as the
DIP switeh is open. To use an X2400
series Serial NOVRAM in the DIP switeh
socket, one only needs to tie pins 14, 15,
and 16 of the 16-pin socket to V.

One then plugs an X2400 series part in
the uppermost half of the socket, and the
circuit becomes that shown in Figure 1b.
Vce, STORE, and RECALL are tied hard
to 5 wvolts, so that all nonvolatile
operations are controlled through
software. The four interface lines from
the X2400 series are connected to the
four least significant I/0 lines of the port.

CE y o7 qaV.
x2443"
I/o ) [»10] Vs
PORT 1
Jre
b)

Figure 1. Microcomputer with Internal Pullups
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No Internal Pullups

The second type of interface uses ports from pin 13 of the 16-pin site to ground,
which do not have internal pullups. In for the Vgg on the serial part. Again,
this instance, the X2400 series part can Vce, STORE, and RECALL are tied to
be plugged into the top section of the +5V through the connections used for the
pullup resistor socket, with a jumper resistor pack. The DIP switeh socket

simply remains empty. See Figure 2.

il
j

F—AAA
AN
AN\
—AAN
AN
AN
AN
AA'A%
eV
STORE
Kx‘
oi BAcy]
Y
w
oo V

/o | /o
PORT 1 PORT 1
pc e

Figure 2. Microcomputer without Internal Pullups

Both of these implementations free up or "0" depending upon the state of the
four more I/0 lines to be used elsewhere. carry and toggles the clock. See Section
They also require the same software to 2 Procedure "SHIFT1" of X2444 Driver
drive the X2400 series parts. Program for further details.
Assume that the processor is a 6801 with The serial input is performed by a loop
the X2444 replacing a DIP switeh. The which examines the state of the serial
Procedure "INIT" initializes the port (see data in, (Data out for X2444) sets the
Section 1, "X2444 Driver Program for carry accordingly, shifts the carry into
6801™. the accumulator and toggles the clock.
See Section 3 Procedure "SHIFTIN" of
Serial output is accomplished by loading X2444 Driver Program for further details.
the data to be output into the A
Accumulator. A loop routine then shifts The complete software is as follows, and
a bit into the carry, sets the serial data it occupies about 100 bytes of code. As
out (Data in for X2444) to either a "1" one can see, the X2400 parts are indeed

a great replacement for DIP switches!!

48



20 K N KR K KK KKK KKK K KK K 0 3K K KK 3K K2 KKK 3K K0 K K KKK K KK K HOK K K K K K KK KK X K
6801 X/‘M‘i DRI

“Ee

le
00pn
0002

o
/70 1
70 2
/70 3

AD OF DON'T Cn

H
H
3
¥
3
3
3
¥
3
H
3
H
$
H
;
]
3
H
i
H
’
H
H
’
H
H
3

NON DATA L)I
KKK KK KK KKK K KK KK IR KK KKK KR K KKK KKK K KK KK KK K K KK KK K KK K 3K K K 3K K K KKK 3K K 20 5K MK K K K
§ 00.

02,

080H
08324
084H
086H
088H

)
©
=
m

c
]

-t

(]
2
al
Q.
<

DATA

H THIS FROCED THE X2444 INTERFACE
,xxxxxxxxxxxxx)«xxxxxx)kxxxxxxxxxxxxxxw«xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxwxxxx)«xm
INIT LDAA * 1011y X/70 01 AND 3 0O INFUY

> TAA 0] TONT
2]

Section 1

m DATA DIF
. AND S TO 0

(
§ FORT 1.
F
pXKKXKXXXXXKXXKX)KXXX)KXKXX)KXXXXX(**XX)K)K)‘(*)KX)K)K*XXI(XXXXX)K*XXXXXX(XXX)KXXXKX)‘()K)KW)()()KX)()K)K)
5 FTER ROUTINE- SHIFTL

3 TAK HE DATA TN THE » MOS1

3 SIGNIFTICANT EIT FIRST INTQ THE X2444, THE FLOW IS SHIFT A TOGG
’

’

THE SERTIAL OUTFUT(6801) ACCORDING TO STATE, AND TOGGLE SERIAL CLOCK
00 KKK KK 33K K 5K K2R 0 0 52K K K 5K K 0K KK 2 3 KK KK 5K K 3K 3 5 5K K S 0K 3K K K KK X

SHXFTOUT 083,
COUNT
GHIF T
#14H

TRENS

FORT
Ak

I)u’\lﬁ Ur\ y BUT SET L0 R
TN THE F(]

DN Y

||ll

FORT
L4

CDOUT TO 0 BUT O HEEE

M[]I\I.
TURN leJM SUIEROLN INI
3K 2K KK KK KK K K K KK KK KR KA KK K K K 3K K KK R KKK KK K K K R KKK K 3K K K K K K K K 3K 5K K K 3K K 4 5K KK K K K K

ANTYTON

l)r\lh 1NH] T
THLE

H
§OTHLS S FR T

X “VM .

(HOD LS TO BN .
INFUT DATAy AND SHLIFT 17 I.NIU
FOUTIENE LS EXTTED WITH VHE
CHIE DN THE A& ACCUMULATOR

H xxx)xm«xx)«xxxx)«xxxwxwxxxxxxmxxxxxxtxwxxxxmﬁxwxx*xx%xxwxxxxxxm«» KM, XK, KKK R XK K K

AT i I)I)NF
'Il Dy AND THE 1Y l\

0
’

SHIFTIN lI 250
COUNT .
I TR O T R T T P Y CHY F I IY C
D6 NOT P W e N O A E W
< NEXT H04 L0 2 Uk FORY
Section 3 FORCT A IFOXNFULT X8 @ DNE Ok 7RO

CLUCK "

2]
CLOCK 410 SO LU BITGH
QR [BIVRESN]

SHLET H14H Ko SELLCTET
FORT
OF ACCUMUL AT o
COUNT
NEXT NOT DONE » GET NEXT

AA/ \

49



KKK K KKK KK 5K K K G K KK 5 KK K 58K 5K 3K 3K 3K K KK 0K K 3K 3K K K 2K K K K 5K 0 3K K KK K K KK KK K K K KK 0K 0K

X2444 DRIVER hl)lJI'INF
IT IS ABSUMED THAT
ADDRESSy IF N 0y
DATA TO EBE READ OR WRITTEN WILL {3 .
,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

FHE A ACCUMULATOR, AN
¢ -22)

“r ey e e e

DRIVE CHMFA $0FBH R m) OFR WRYTH
EGE NONDATA
TSX BTER
ORAA 2yX
JER SHIFTOUT
ANDA $04H Iix A READ O WRITE
EINE RD L7 IS & READ

WRT LDAA THE FIRST EYTE

JBR

RD

NONDATA
DONE

EORT MAKING €5 0

9x(xxxxxxxxxxxxxxxxxxxxx)«xxxx)kxxxxx)«xxxxxxxxxxxxxxxxxxxxxxxxm«xx{x)«xxxxxxn«xrxxxx;«x»(m
H MAIN TNSTRUCTION ROUTINES- COULD BE Me :
,xxx»:xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx»xwxvx)«x»xwxxxxx»x*xxxxx*rx
,xxxx)kxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx)«*x«xxxxx)«xxm«xxm«xx{xxxxxxx)«xxxxx)«xxx.«
Al ROUTT
i ABSUMES THAT THE ADDR IS IN THE A ACCUMULATOR, Daln 1% LEFT IN X REGLSTER
KRN K KKK K KK K K K K K K K K 2K 0K K 83K K K K R KKK K K KKK K K0 3K KK K KKK KK KK 5 3K K A KK KR A OK
READ THE 3 0TI TOLINE L

WITH

THE  STatr
#0871 I § TION INTO A0 ACCUMULATOR

LN THE INDEX REGTS TR
THE S TALR

5AND RE URN
30K 0 R0 K KKK M K 3 0K K K 000 KK 3 25 I KK K K KKK K K 5 0 I K K K K KK I K K I R KK K K K K K K K A K K K K KK K K K K K

WELLTE ROUTINE
IN THE A AaCCUMULATORy Dafa TO WRITE IS IN TH

’
¥
>
H

ALSO CALL LATCH ROUTCINE (BWREN)  T0O ENAELE THE WRITE OFCKATIUN
xx*xxx*m*xx*K*Kxxﬂxxx)KK*Xﬁ(XX)K)KXX)(*XXX)K)K)K)K)KX)KX)K)K)K‘K)KX)(X)’)K)KX()!)K)\X)K)KX*)O()KWAMX*XX‘X(X()K»’
WRITE  ASLA FGHIFT THE ADDI 3 TIMES
ASLA
ASLA
FGHA
JHBR
1.DAA
HTX
JB
FUL.A
RTS
yXXKKXX*XXMKXXX)K)KX!(K)KXXX*XXKKXXXXKK**K*KKXK***XXXXX)K)K)K)KKXXXXXX*XXXXK*XW**XKX\(XK

L BTACK
LATCH

RWREN LDAA $LOAD T
JER 3 AND
RTS

H xaxmxxxxxxxxxxxxxxxxxxxxxxxm*xxxxxxxxxxxxxxxx»(xxxxxxxxxxxxxxxxmxxxxxxxxxm«xxxnx
STORE L.DAA #0FOH :

JEHR DRIVE

RTS
52000 0 0 0K K IS R KK K 0K K 3K KKK 3K 6 KK K 5K 35K KK 3 5K K 2K K 5K K K 3K 2K 3K 9K 3K K 0 3K K 5K K K K 2K K K KKK KK K KK K K
SLEEF L.DAA #0FAH FLOAD THE INSTRUCTION

50



N

~ Xicor -
| il ” c/
f I I L 4
I T I O i
READY/BUSY
A Solution or a Limitation ?
By Riek Orlando
Vol.1, No.l1 December 14, 1983

The Ready/Busy signal was introduced in 1982 by Intel on their 2817 EZPROM. It
provided a means of determining the completion of the E2PROM write eycle. Since
the Intel 2817 was one of the first self-timed E2PROMs, a method of determining when
the relatively long write cycle was completed was desired, both from the end users
point as well as the manufacturers. The problem was a simple one. Although the 2817
required only RAM write signals to initiate a write, the device took a relatively long
period of time to complete the write cycle to allow subsequent access to the chip.
Xicor, of course, has opted for the Data Polling approach which has been accepted by
the industry as the most versatile and universal approach. Even Intel has hinted that
the newer devices in the EZPROM area should support Data Polling.

The Intel 2817 had a serious handicap in the fact that its typical write cyele time was
listed as 10 msee, while its maximum was 75 msee. This represents a difference in chip
re-write time of over 130 seconds!! This presented a serious problem to the system
designer who wanted to design his system for "worst-case" operation, since he had to
assume the 75 msec maximum. This large delta was the major reason for the
implementation of some type of write completion notification mechanism.

It should be pointed out that if the variation in the typical write times for an E2PROM
are very close and if the actual times are close to the maxim specified value, the utility
of a write notification technique becomes minimal. As the maximum approaches the
typical interval, the increase in overall write speed for the chip which can be gained
from taking advantage of the typical value becomes smaller. This increase approaches
zero in the case of equivalent specifications. Even the newer Intel 2817A has a wide
difference between the specified typical and maximum write cycles. Write cycle time
is very precisely controlled, and therefore, there is not a large range of actual write
cycle values. This minimal variation allows the Xicor EZPROMs to be specified with
short maximum write cycles. Because of this, write ceycle termination notification is
not as important. Both devices do feature write cycle notification in the form of High-
Impedance Interrogation on the X2816A and Data Polling on the X2864A.

Ready/Busy is not an ideal method for write eyecle termination notification. It is a
hardware signal which resides on pin 1 of the 2817A's universal 28-pin socket.
Unfortunately, the faet that it is an output rather than the expected address input
immediately makes the socket non-standard in terms of inter-device type (RAM, EPROM,
etc.) interchangability. This was the whole purpose for the JEDEC 28-pin standard for
byte-wide memories. The presence of Ready/Busy also limits the expansion of the byte-
wide EZPROM socket to the 128K bit level, and will not allow compatability through
the 256K bit level. Xicor is currently sampling the 64K E2PROM. The 256K bit is
the next logical generation, and is well within the limits of the currently existing
technologies. Xicor is keeping pin 1 left open on all E2PROM devices with densities
lower than 256K bits to allow full expansion of the 28-pin universal byte-wide socket.
This, of course, leads one to a software oriented approach to write eyecle notification
such as Data Polling.

51

c
L
L
«
]
3
o
<

N
o
-]
=
m




Ready/Busy is also a hardware interface method. Aside from the fact that it occupies
a potential address line on the socket, it also requires some means of providing its
state back to the processor which is writing to the EZPROM. This can be accomplished
through either inputting the signal into a port on the processors bus, or using it to
generate an mterrupt While this method mlght seem attractive in systems which have
only one EZPROM in them, it becomes a serious problem in systems which have more
than one E2ZPROM. One could tie all of the Ready/Busy signals together, but that
would mean that each write cycle would have to wait for the previous cycle to complete,
even if it was on a different chip than the one currently needed. Use of multiple ports
or interrupt channels (one for each E2PROM) has been proposed, but unfortunately, this
increases the support circuitry requirements for the E2ZPROMs and makes them less and
less "RAM like". Since the overall user demands for E2PROMs have been to eliminate
the support circuitry and make the devices more "RAM like", it appears that Ready/Busy
is more of a step backwards in this respect rather than a step forward.

Another potential problem with Ready/Busy lies in the way it is used in the Intel
devices. The reason for the long maximum write cycle of the 2817 and 2817A is that
the devices will check to see if the particular byte written is programmed "hard" enough
to maintain its data. If the device determines that this is not the case, then it will try
to program the byte again and again until the byte is verified. If a particular byte
does not program due to its endurance limit being exceeded, the chip will continue to
try to write to the byte indefinitely, and Ready/Busy will never toggle. The chip will
then hang up the system until the power is turned off and then on again. In order to
design around this "feature", one must put in a default timing mechanism to determine
if the byte has taken too long to write. The system must then figure out a way to
"wake up" the E2PROM, an operational mode not documented in the literature.

The proponents of Ready/Busy say that it eases the implementation of an interrupt
driven method to write to the E2PROM, relieving the processor from keeping track of
the chip timing. In most applications, the processor does not really have much to do
during the time that the particular byte is being programmed, and a software timing loop
is more than adequate. This software timing method works best with those chips whose
typical write time are close to their maximum write times for the reasons described
earlier. The only exceptions to this scenarlo are those applications involving real-time
programs which are trying to load the E2PROM as fast as it will take the data, such as
in the downloadmg of a program. Unfortunately, even in this application, the designer
cannot improve the baud rate of the down-load based upon typical write times of the
EZPROMs.

In summary, the Ready/Busy approach has limited utility when one considers all of the
factors involved in its implementation. User preference has shown that if features are
to be added to memory devices, they should be implemented so that they are controlled
exclusively from software rather than hardware. It is towards this end that Xicor has
developed Data Polling on its new X2864A and expects that this method will become
the industry standard for write cycle completion notification. This standardization
process can already be seen in recent product announcements mcludlng those from Intel
and others which have stated that their next generation E2PROMs (the 64K in this
instance) will support the Data Polling approach.
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Using DATA POLLING in an Interrupt Driven Environment

By Rick Orlando

Vol.2, No.12

The use of interrupt driven system design
has become increasingly popular in many
applications. Interrupt driven systems
usually can achieve higher performance
and Improved user friendliness. An
interrupt driven system can perform a
variety of tasks while waiting for a
certain condition to occur, rather than
constantly looping and waiting for the
occurence. Writing to EZPROMs is no
exception. Since the devices take a
relatively long period to complete a
write cycle, the system could perform a
variety of tasks in the meantime.

Data Polling was introduced on the
X2864A to allow notification to the
processor of write cycle completion.
The manner in whieh it works is quite
simple. The processor first writes a byte
of data into the E2PROM. Any
subsequent reads to any location of the
chip will produce the complement of the
data last written (hence, the name Data
Polling) until the E2PROM's internal
write cycle is complete. At this point,
reads to any location in the E2PROM
will result in the valid data at that
location. It can be seen that one can
simply write a byte, and then perform
frequent compares of the data in the
location just written. The data will not
be correct until the chip has completed
its internal write cycle, and the Data
eircuitry is disabled.

In applications where the processor does
not have anything to do during the write
cyele, the software can simply perform
compare loops until the write cyecle is
complete, and then write the next byte.
In applications which are more process-

March 20, 1984

ing time limited, a test loop can be placed
in the main program loop, which will
check the status of a previous write cyele
on each pass through the main or
outermost software loop. Almost all
microprocessor applications software has
such a top level loop. Data Polling is
obviously adequate in these environments.

The interrupt intensive applications may
not have a main control loop nor can they
usually afford the processing time for the
processor to sit and loop until the write
eycle is complete. In these applications,
it would be ideal if the write cycle
completion notification could be interrupt
controlled. Although it is not obvious,
Data Polling can be wused in these
applications as well.

It should be noted that the whole reason
for write cyecle notification is because
the typical write times for the EZPROMs
are substantially shorter than the
specified maximums. The magnitude of
the delta between the typical and the
maximum values determines the
importance of the write cycle
notification. One can easily see that if
the maximum write cyecle time and the
typical were equal, one would only have
to time a fixed interval for each write
eycle, either from a software loop or a
hardware timer. The hardware timer
would generate an interrupt 10 msec after
the write cyecle was initiated, and the
next byte could be written. Keep in mind
that the discussion of write times for
EZPROMs are in terms of msec rather
than the usec in which the processor
executes instructions. A few usees here
or there are not important when compared
to the write cyele time of about 10 msec.
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Data Polling does not require any
additional hardware interface in order
to be used. It is an exclusively software
oriented method for determining write
eyele completion. Even in an interrupt
environment, no additional circuitry is
required, since all of the interface to
the chip occurs through the data and
address bus.

In order to use Data Polling in an
interrupt driven system one only needs
a time-based interrupt generator. This
could be a programmable timer or even
something as simple as an AC frequency
interrupt. The key is that the processor
does not check to see if the device has
completed the write cyecle until the
interrupt occurs. The interrupt routine
simply compares the data last written to
the E2ZPROM to the data coming from

the E2PROM. If the two match, the
device can be written again. If not, the
processor simply returns from the
interrupt routine to where it was and
continues processing until the next
interrupt. The interrupt source is

maskable which prevents the overhead
of servieing the periodic interrupt during
the intervals when a write has not been
performed.

A programmable timer or counter is the
most elegant solution. Figure 1 shows
the hardware configuration of a typical
system with the E2PROM and the
programmable timer on the bus. It should
be noted that no unusual circuitry is
needed from the E2ZPROM socket, which
preserves its usefulness as a truly
universal socket. The timer interrupt
output drives one of the processor's
interrupt lines. Many systems already
have such a timer on the bus, and as a
result require no additional hardware
changes to implement this method.

The software implementation is rather
simple. Figure 2 shows an example of
how it might be done using a 6800
microprocessor and a simple timer. The
timer control and data registers are

54

mapped into the memory locations
described in the initial header along with
the temporary RAM variables, which are
used to store the last data written and
its address.

The write routine (WEEPROM) initially
checks to see if the EZPROM is ready to
perform a write. If not, it simply exits
with an error code to show that the write
has not taken place. If the write is
performed, the timer is loaded with the
initial count for 4 msee, and the timer
interrupt is enabled. The processor then
goes off and performs its normal duties
until the interrupt takes place. At that
point, the interrupt routine (CKEEP) is
entered. It first checks for the proper
data that was written to see if the write
is complete, using Data Polling. If it is,
the ready flag is set, and the routine is
exited. If not, the counter is loaded with
a smaller increment, such as 500 usec
until the chip's write cycle is completed.
This essentially allows the majority of the
write time to pass (4 msec) before the
processor checks at the more frequent
interval of every 500 usec.

500 usec has been chosen in this example
for the interrupt granularity. The vslue
used for a particular application should
be chosen based upon the actual system
requirements.

One can see that this implementation is
rather easy and can be performed with
hardware that already may exist in the
system. By using the periodic interface
approach, the system has the advantage
of using an interrupt driven write
algorithm, while maintaining only a
software interface to the EZPROM. Most
of the "bookkeeping" sections of the
example code are the same as one would
use with any method of write termination
notification. The end result of using Data
Polling in an interrupt environment is
optimization of the write cycle period as
well as preservation of the pinout of the
universal 28-pin socket for expansion
through the 256K bit level for EZPROMs.
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5-volt-only EE-PROM
mimics static-RAM timing

On-chip charge pump, interface latches simplify designs;
textured polysilicon enhances tunneling through thick oxides

by George Landers, Xicor inc.. Milpitas, Calif.

(0 The approaching mastery in fabricating electrically
erasable programmable read-only memory conjures up
dramatically different system designs. On the most mun-
dane—but perhaps most immediately valuable—Ilevel,
alterable nonvolatile semiconductor memory will soon
banish routine service calls by allowing remote changing
of system software. Not far away, if still somewhat
tinged with the aura of science fiction, is the vision of
self-programmable systems that adapt themselves to a
changing operating environment. The catalyst for these
advances is an EE-PROM that is simple to incorporate in
microprocessor-based systems.

Now being launched by Xicor is a family of EE-PROMs
that is the first to do away completely with external
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supporting hardware (Fig. 1). The chips contain the
charge pump that generates a high programming voltage
from a 5-volt supply. Further, latches on chip hold the
data, address, and control signals during alteration of the
cells, which typically takes 5 milliseconds per byte and is
timed internally. The part marks the debut of an EE-
PROM that can simply be dropped into a standard 24-pin
static random-access-memory socket.

The S5-micrometer n-channel MOS technology applied
to produce the X2816A 2-K-by-8-bit EE-PROM and the
X2804A, a 512-by-8-bit version, is the same as that
being used to build the devices in the Novram line of
static RAMs with nonvolatile backup arrays [Electronics,
Oct. 11, 1979, p. 111]. Recently, however, theoretical
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1. All aboard. This 16-K electrically erasable programmable read-only memory integrates all its support circuits. A charge pump generates the
programming voltage from a 5-V supply; latches hold addresses and data during the internally timed write cycle.
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Shedding light on electron tunneling

The present generation of electrically erasable program-
mable read-only memories using floating-gate structures
draws on a reservoir of process development, circuit
design, and basic physics. The floating-gate process has
been in production for many years and forms the building
block of EE-PROMs. The next step toward a practical
5-volt programmable EE-PROM centers on removing the
high currents typically used to alter data by avalanche or
hot-electron injection. A high voltage can be generated on
chip as long as only minute currents are required, as with
the new circuit designs. ‘

As far as the underlying physics, the tunneling pro-
cesses found in most floating-gate EE-PROM devices are
described by a theory introduced in the 1920s by Fowler
and Nordheim.: As :shown in‘the ‘theory, if the emitting
surface is fiat, very thin oxides of around 100 angstroms
are necessary for significant tunneling currents at reason-
able voltages of 15 to 20 volts. To the continued puzzle-
ment-of researchers, experimental data has fit the theory
roughly, but not especially closely.

Xicor purposely fabricates textured emitting surfaces
that are covered with low-lying bumps or hills formed
during the oxidation of the polysilicon surface. Recently,
tunneling theory has been extended to describe this tex-
tured-surface geometry with the result that conventional
devices are now better understood as well.

The low-lying hills, which serve as the electron emitters,
are less than 150 A high and more than 500 A across their
base. The figure on the right shows the triple-polysilicon
tunneling strucfure in cross section, a scanning-electron-
microscope photograph of a typical textured tunneling
surface, and the geometry of a typical bump on the
polysilicon surface.

Because the oxidation is a well-controlled step, the
properties of the emitters are exceptionally regular. The

shape of the emitters tends to increase the electric field at
the crest of the hills, enhancing the emission of electrons
substantially, which allows the use of thick oxide layers of
approximately 800 A. As indicated in the figure, increasing
the voltage not only increases the emission, but enlarges
the area from which it occurs. This effect explains the
discrepancies between experiments and the earlier tunnel-
ing theory. The thick oxides have important practical
advantages: they are easier to manufacture and lead to
increased retention of data.

Until recently, the theoretical work on Fowler-Nordheim
tunneling had solved only the limited case of perfectly flat
piates. Roger Elilis and H. A. R. Wegener of Xicor recently
presented measurements and calculations that agree over
a range of eight orders of magnitude in the current. With
the aid of the methods of differential geometry, the tunnel-
ing characteristics of a textured surface were caiculated
for the first time. As the scale of the texturing is reduced,
the solution naturally reduces to the familiar flat-plate
case. The figure on the far right compares the tunneling
currents for flat and textured surfaces.

The two structures were designed for the same operat-
ing point—a current density of 10-4 amperes per square
centimeter at 17 V. At low fields, such as are applied to
read data, the thick oxide uséd with the textured surface

- has only about a thousandth the current of a fiat surface.

As a result, data retention would be expected to be far
longer.

The current from a flat emitter in fact can be modeled
much more closely by considering some texturing of its
surface. Even single-crystal polished silicon wafers have
surface features on the order of 5 A, and normally
processed polysilicon has even larger variations. Thus,
Xicor's tunneling structures accentuate features that are
always present in floating-gate devices.

work has significantly added to the understanding of the
tunneling of electrons from textured polysilicon, the
mechanism exploited in all these products (see “Shed-
ding light on electron tunneling,” above).

This work explains how a textured surface emits more
clectrons than a smooth one for a given voltage and oxide
thickness. (Scanning-electron-microscope studies of the
polysilicon surface show that the texturing consists of
low-lying bumps about 150 angstroms high and 500 A
across.) This enhanced emission allows the use of typi-
cally 800-A-thick oxides, instead of very thin, 100-A
layers that are much harder to produce reliably.

Besides being easier to manufacture, thicker oxides
lead to increased retention of data. What’s more, a 16-K
EE-PROM with 5-um linewidths.and 800-A-thick oxides
promises to be more readily scaled down for denser
memory arrays than one with, for example, 3-um lines
and 100-A-thick oxides.

Floating-gate technology along with the architectural
features making the parts simple to use present the state
of the art in EE-PROMs after a decade of development.

Aetal-nitride-oxide-semiconductor structures yielded
«he first nonvolatile memories that were electronically
alterable. These devices store data by trapping electrons
within the nitride and oxide dielectrics. Besides the prob-

lems these devices encounter —data disturbance during
the read operation and the loss of data over time—they
require multiple power supplies, one of which is often
negative, and signal swings beyond TTL levels. All this
complicates their incorporation within microprocessor-
based systems that work with a single 5-v power supply
and TTL levels.

Further complicating their use is the fact that the
addresses and data must be stable for the entire write
cycle, lasting up to 40 ms. It takes extra hardware to
capture these signals and to time the write interval in
order to free the processor for other tasks.

Comparing EE-PROMs

The second generation in EE-PROMs was ushered in by
the 2816 from Intel Corp. of Santa Clara, Calif. This
part stores data by trapping charge on floating polysili-
con gates, as is done in ultraviolet-light—erasable PROMs,
or E-PROMs, and improves the data integrity compared
with MNOS parts. Although the 2816 has a standard pin
configuration and uses TTL signal levels, it still requires
an externally generated high-voltage pulse for altering
data, riot to mention latches for holding the address and
data signals.

Measured against the 2816, recently introduced third-
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generation parts incorporate some or all of the required
supporting hardware on chip (see table). The 2817 from
Intel moves the external high-voltage pulse generator
onto the chip, so that a fixed 21-v supply is all the user
must provide. Though it does include the nécessary
interface latches, it still requires an external capacitor to

COMPARISON OF RECENT ELECTRICALLY ERASABLE

PROGRAMMABLE READ-ONLY MEMORIES

Part intel Intel Seeq Xicor
ar 2816 2817 5213 X2816A
On-chip charge
pump
Address and
data latches
Automatic
erase
Internal timing
of write cycie
Internal control of Qsigrsnal
write-pulse shape capacitor
Maximum erase-write
cycle time (ms) 20 75 20 10
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time the write cycle. More recently, the 5213 from Seeq
Technology Inc., San Jose, Calif., operates from a single
5-v power supply, but still needs latches and external
timing. Only the X2816A completely eliminates the
external components.

All the X2816A’s input and output signals are TTL-
compatible and the addresses and data are latched so
that they need be stable for only 200 nanoseconds to
initiate the 10-ms write cycle. Once the write cycle
starts, the part self-times the remainder of the operation,
freeing the microprocessor and the data bus for other
tasks. Freedom from an external timing capacitor or
other hardware leads to considerable savings in compo-
nent and assembly expense as well as in board space. In
addition, the cost of design is lower because the part is
far simpler to operate.

As can be seen in Fig. 2, the timing of a write cycle for
the X2816A is as simple as that for a static RAM. The
latches are active only during a write cycle, when they
hold the addresses and data to allow the microprocessor
to use the bus for other tasks. A write cycle is activated
by both chip-enable and write-enable lines going low
while output-enable is high. The addresses are latched on
the last low-going edge of either the chip-enable or
write-enable signal. The data inputs are latched by the



MINIMUM ADDRESS

SETUPTIME: 10 ns
L\\

WRITE-CYCLE TIME: 10 ms

—

MINIMUM ADDRESS
HOLD TIME: 100 ns

ADDRESS

CHIP ENABLE, CE

N\

OUTPUT ENABLE, OE

MINIMUM WRITE-PULSE
F—— WIDTH: 150 ns —

X
N
—

Ve

WRITE ENABLE, WE N\ / \_ N—
DATA QUT >
oaTAlN  —— DATA VALID

MINIMUM DATA
SETUP TIME: 50 ns

MINIMUM DATA
HOLD TIME: 20 s

2. Like a static RAM. The write-cycle timing for the X2816A EE-PROM looks much like that for a static random-access memory. Although the
write cycle takes a maximum of 10 ms, latches hold the address and data signals, freeing the processor for other tasks.

first of those two signals to return to the high level.

Unlike with most EE-PROMs, there is no nced to
precondition the data at the desired address before the
write cycle, for the X2816A automatically performs an
erase function immediately after the cycle starts. Both
the crase and write of the data occur during the 10-ms
write cycle. The condition requiring the output-cnable
signal to be high to initiate the write cycle ensures that
the part will not be mistakenly programmed when the
power is switched on or off.

A compatible part

Conveniently, a socket designed for one of the carlier
EE-PROMS can accept an X2816A as well. An internal
detector on the write-enable pin senses a signal above 12
v and imtiates the internal write cycle (and thus the part
may sccond-source the 2816). This high-voltage signal is
used only to detect the system’s request to write data —
otherwise, the part draws virtually no current from the
high-voltage supply.

Further, because of their internal control over the
write cycle, the Xicor EE-PROMS can plug into the stan-
dard sockets of 2-K-by-8-bit static RAMs. They will
operate with the signals normally applied to a RAM, with
the only restriction being the delay of 10 ms after
starting a write cycle before accessing data. As men-
tioned already, the X2816A is not on the bus and
requires no servicing or supervision during this 10-ms
wail. Since the parts time their own write cvcle, other
CL-PROMS may be updated while a write cycle is continu-
ing on the first unit.

Reprinted from ELECTRONICS, June 30 1982 copyright 1982 by McGraw-Hill. Inc
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The 10 ms quoted is the maximum delay for writing—
the typical delay is only half that. By polling the part
during its write cycle, a user can usually reducc the
waiting time. One method is to place a particular byte of
data at some address and then ask for data from that
address during the write cycle. If the data that is
retricved checks against the data written, the part has
finished its cycle.

With the cost of a singie service call to modify a
system in the field mounting toward $200, no doubt the
system that can be serviced from afar will be an early
development goal. With an EE-PROM plus a modem or
other communication method, a telephone call suflices to
download the program and configuration data pertaining
to all or some of the systems tied together in a network.

A prime application for this technique would be a
system of point-of-sale terminals for a market chain.
Pricing for items could be dumped to all terminals in the
system by calling cach store and modifying the price
look-up table in cach terminal. Similarly, gasolinc prices
at computer-controlled service-station pumps may be
remotely updated.

Indeed, from here 1t is only a simple step to imagine
writing programs that learn as they go. A terminal might
analyze the way it was being used and adjust itself for
optimum performance in a particular application. By the
same token, the next wave of automated manufacturing
systems may calibrate themselves, hold information
about the steps that have been completed, then interro-
gate themselves to determine their point in the manufac-
turing process. ]

with all rights reserved
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Publisher’s letter

hough nonvolatile semiconductor

memories have been commercially
available for a decade or so, the ear-
ly versions were no joy to work
with—multiple power supplies, high
voltages, and slow writing discour-
aged potential users. The push to
create a simpler part is yielding
noteworthy results, particularly the
16-K electrically erasable program-
mable read-only memory that Xicor
Inc. describes on page 2.

Solid state editor Rod Beresford
first heard about the company’s new
chip back in January. “At the time,”
he recalls, “we had just published
our annual markets forecast, in
which we were projecting that con-
sumption of EE-PROMs would nearly
quadruple by 1985, to over $330 mil-
lion. Many of those parts will be
going into microprocessor-based sys-
tems, where 5-voit power supplies
and TTL signal levels are the only
way of life.”

Xicor’s X2816A gets high marks
for ease of use. In fact, it’s not only
microprocessor-compatible, it's a
truly self-supporting EE-PROM that’s
as simple to use as a static random-
access memory. Beyond those fea-
tures, though, our editor was struck
by the research at Xicor on the elec-
tron tunneling that provides the stor-
age mechanism in EE-PROMs. “I
studied tunneling in school,” notes
Rod, “*and can appreciate what the
Xicor researchers were up against in.
trying to get a better fHit between
theory and experiments. 1 think they
succeed admirably.”

62



Xicor

Understand your application
in choosing NOVRAM, EEPROM

Richard Orlando, Xicor Inc., Milpitas, CA

n EDN Magazine
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Understand your application
in choosing NOVRAM, EEPROM

Examining how NOVRAMs and EEPROMs serve various applications illustrates
the memory devices’ capabilities and simplifies device selection.

Richard Orlando, Xicor Inc

If your system design calls for electrically erasable
nonvolatile data storage, you can simplify the selection
of semiconductor memory for that task by choosing
from among four basic types—NOVRAM, EEPROM,
EAROM and battery-backed CMOS RAM. Assuming
that you've examined the system-level tradeoffs among
these memory types (EDN, April 14, pg 135) and have
narrowed your choice to the first two, use the
information presented here to understand the detailed
tradeoffs and design considerations underlying
NOVRAM and EEPROM use. In some application
classes, either memory type functions adequately; in
others, you have a clearcut choice. And in still others,
consider taking advantage of both—an approach that
often results in cost reductions and enhanced features.

NOVRAMSs use multiple technologies

First, however, understand how each memory type
works. Nonvolatile static RAM (NOVRAM) combines
two memory technologies on one monolithic chip. In Fig
1, the NOVRAM shown contains 1k bits of static RAM
and 1k bits of electrically erasable PROM (EEPROM).
The device comprises cells that in turn each contain one
cell of each memory type, rather than housing two
separate memory arrays (see box, “Anatomy of a
NOVRAM cell”).

In this NOVRAM, data gets read and written exactly
as in a standard static RAM. In addition, the Store
signal transfers each RAM cell’s data into a shadow-
ing EEPROM cell; EEPROM-stored data gets reloaded
into the RAM via the Reecall signal. Note that the
EEPROM-cell portion is accessible only through the
RAM portion.

One of this device type’s most powerful features is its
ability to transfer the entire RAM contents into
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nonvolatile storage in one operation, initiated by
bringing the TTL-compatible Store LOW. The opera-
tion takes less than 10 msec, and once data is stored in
this manner, only another store operation can alter
it—even if the chip loses power.

Generating Store in the event of a power failure
therefore saves the RAM contents, subject only to
power remaining on the chip for the next 10 msec. RAM
data can also be changed without disturbing the
shadowing EEPROM, allowing the system to manipu-
late two separate groups of data.

EEPROMs offer greater density, fewer features

EEPROM, your other major memory choice, resem-
bles UV-erasable EPROM. Unlike EPROM, however, it
can be written electrically in circuit; it needs no prior
erasure by exposure to ultraviolet radiation.

First-generation EEPROMs are merely electrically

CONTROL

STATIC
RAM

ARRAY
RECALL

ARRAY
STORE

EEPROM
SHADOW
MEMORY

—— e — ——t— —

Fig 1—Nonvolatile static RAM (NOVRAM) is organized so
that each static-RAM bit is overlaid on a bit of nonvolatile
electrically erasable PROM (EEPROM).




Careful analysis simplifies
the EEPROM vs NOVRAM choice

alterable ROMs (EAROMs). They're reprogrammable
only after an entire memory array (or at least one page)
is electrically erased. Similarly, second-generation
devices require erasure of individual bytes before
programming. Third-generation EEPROMs, however,
automatically and internally erase a to-be-written byte
as part of the write cycle; they also contain much of the
required voltage-generating and pulse-shaping func-
tions on chip.

Two examples of third-generation EEPROMs cur-
rently in production are the Intel 2817 and the Seeq
5213. The 2817 latches the data to be written and
eliminates the need for prewrite erasure. However, it
requires an external high-voltage supply as well as a
timing capacitor for deriving internal timing signals.

TABLE 1—EEPROM/NOVRAM COMPARISONS

NOVRAM EEPROM
(X2212) (X2816A)
Density (bits) 1024 16,384
Price (1k level) $9.00 $23.00
Costibit $0.0088 $0.0014

The 5213 generates the high voltage on chip but

requires external latches that hold the data and address

valid during erase and write operations.
Fourth-generation EEPROMs are characterized by

Anatomy of a NOVRAM cell

NOVRAM-cell operation depends
on a phenomenon termed Fowler-
Nordheim tunneling. In the
NOVRAM, a layer of oxide iso-
lates a gate from an underiying
section of polysilicon. Applying a
large positive voltage to this float-
ing gate while holding the underly-
ing polysilicon near ground pro-
grams the gate.

Specifically, electrons attracted
to the floating gate's significantly
higher potential tunnel across the
separating oxide. As a result, the
floating gate acquires a net nega-
tive charge from the tunneled
electrons.

The cell is erased in a similar
manner: The floating gate is held
at a low potential while the poten-
tial of the top polysilicon layer is
raised; the electrons then tunnel
across the oxide from the floating
gate to the neighboring polysilicon
sandwich.

The EEPROM technology em-
ployed in Xicor's NOVRAM uses a
3-layer polysilicon sandwich that,
when coupled with a 6-transistor
static-RAM cell, results in the
NOVRAM circuit shown in Fig A.
The state of the static-RAM cell
determines whether the EEPROM

cell is programmed or erased
during a store cycle.

Capacitance ratios are the key
to the data transter from RAM to
EEPROM. If node N, is LOW, Q,
is turned off, allowing the junction
between capacitors C; and C, to

float. Because the combined ca-
pacitance of C; and C, is larger
than Cp, the floating gate follows
the Store-node voltage. When the
voltage on the floating gate is
sufficiently high, electrons tunnel
from POLY,; to POLY, and the

v
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WORD
LINE
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i B8IT
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Fig A—A NOVRAM cell consists of two sections: a 6-transistor RAM and a shadowing

2-transistor EEPROM.
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on-chip generation of all high-voltage and wave-shaping
functions in addition to their use of on-chip latches and
self-timing features. Their byte-write requirements are
identical to those of static RAM except that the
EEPROM write cycle, once initiated by normal static-
RAM timings, takes as long as 10 msec. Once a
byte-write operation begins, the EEPROM is self
supporting, freeing the processor and all external
circuitry for other tasks. Read timing to the EEPROM
is identical to that of a standard EPROM, RAM or
ROM.

An important feature of a fourth-generation
EEPROM is its compatibility with currently used
RAM, EPROM and ROM. An EPROM- or ROM-based
system needs only an additional Write Enable line to

each socket to provide retrofitting for EEPROM. This
control line allows the changing of data tables and
program store without removing the component from
the system, as required with EPROMs.

Choosing between NOVRAM and EEPROMs

Many application requirements can be satisfied by
either of the two memory types. However, note that
although NOVRAM is the most versatile in terms of
features and capabilities, the price you pay for its
greater intelligence is increased cell size.

Specifically, a fourth-generation EEPROM’s cell is
small and simple, allowing much higher density storage
than in a NOVRAM. The EEPROM is also more
efficient as memory-array area increases, thanks to the

gate becomes
charged.

If node N, is HIGH, Q; turns on,
grounding the junction between
C, and C,. GC;, larger than Cg,
holds the floating gate near

ground when the Store node gets

negatively

STORE

L.
a [ Q Toy | e

pulled HIGH. This action creates a -
sufficiently large field between ON-CHIP
POLY, and POLY; to tunnel elec-

v
GENERATOR

trons away from the floating gate,

¢, =RC, 31 2=Cap
LT

32:5TAGE CHARGE PUMP

NONOVERLAPPING
CLOCK
GENERATOR

leaving it with a positive charge.
The recall operation also de-

pends on capacitance ratios. C; is

larger than C,. When the cell

Fig B—A 32-stage charge pump internally generates a NOVRAM's high Store voltage,
allowing the device's NOVRAM and EEPROM sections to operate from 5V.

receives the external Recall com-
mand, the internal power supply
(Veen) first goes LOW to equalize
the voltages on N, and N,. When
Vcea is allowed to rise, the node
with the lighter capacitive load
rises more rapidly. The flip flop's
gain causes the lightly loaded
node to latch HIGH and the oppo-
site side to latch LOW. If the
floating gate has a positive
charge, C, is connected to N,
through Qg, and N; latches LOW.
If the floating gate has a negative
charge, Qg gets turned off and N,
experiences the heavier loading.
A major task in the development
of the NOVRAM was to reduce the

amplitude and simplify the wave-
form of external voltages needed
for programming or erasure. Earli-
er devices required carefully
shaped puises with amplitudes
exceeding 20V.

The first step in the cell design
was to reduce the internal voltage
level presented to the cell to
initiate electron tunneling. The
voltage magnitude required for
programming a floating gate is
related to the intensity of the
electric field generated at the
oxide-polysilicon interface by that
voltage.

Electric-field strength at the ox-
ide-polysilicon interface can be

increased by using an extremely
thin oxide, on the order of 100A. A
second technique uses textured
polysilicon to locally enhance the
field at the surface and achieve
Fowler-Nordheim tunneling. it
achieves better data retention.

Once the internal voitage-level
requirement was reduced, a key
achievement in device design was
the on-chip generation of the high-
voltage pulses needed to program
or erase an individual cell. A
Store-voltage generator (Fig B)
provides the solution; it uses a
32 - stage capacitor.transistor
charge pump.
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Each NOVRAM cell combines
RAM and EEPROM

TABLE 2— EEPROM/NOVRAM
DATA-CAPTURE SPEEDS

NOVRAM EEPROM
(X2212) (X2816A)
Byte-Write Time 256 x 1 psec 256 x 10 msec
Store Time 10 msec 0
Total Time 10.26 msec 2.56 sec

decrease in the relative proportion of support-circuitry
area required. Therefore, EEPROMs are more likely to
be the device of choice if your application needs large
amounts of memory.

The larger cell size and more extensive on-chip
support that gives NOVRAM its added capabilities also
results in a higher cost per bit, which might not be
justified in applications that don’t require all of a
NOVRAM’s features. Consider, for example, the
cost-per-bit comparison between the X2212 256 x4-bit
NOVRAM and the X2816A 2k x&-bit EEPROM (Table
1): NOVRAM cost per bit is more than six times
greater than that of EEPROM.

However, cost-per-bit ratios can be deceiving for
systems requiring a minimum amount of nonvolatile
memory. Lower density nonvolatile memories often are
more cost effective in a NOVRAM configuration. The
smallest NOVRAM currently available, the 64x4
X2210, is also the least expensive 5V device.

Another selection factor to consider is the required
write time. An EEPROM requires a relatively long
write time (10 msec/byte max), while NOVRAM write

time is that of a typical static RAM. Therefore,
NOVRAMs are more suited for applications requiring
frequent memory-data changes, while EEPROMs most
suit applications calling for infrequent memory writes.

A NOVRAM is also better suited to data-capture
applications. Table 2 compares two 256x4-bit
NOVRAMs organized in a byte-wide configuration with
a 2kx8 EEPROM in terms of the time needed to store
256 Dbytes of information. These times assume a
1-psec/byte max processor write-cycle time. You can
see that the NOVR AM’s single-store operation makes it
much faster. A NOVRAM system can update and store
10,000 bytes of data in the time needed to store two
bytes of EEPROM information.

Another important NOVRAM feature is the device’s
ability to initiate and complete a nonvolatile store of
data under external-signal control. This feature can be
a key decision criterion in real-time applications such as
power-fail re-entrant systems.

Both types serve power-fail-tolerant controllers

As noted, however, many applications can profitably
use either device type. One common application in this
class centers on retaining important system informa-
tion in the event of a power loss. In most systems,
power failures require reinitialization of the entire
system, necessitating the temporary loss of system
operation. In real-time control applications, this loss of
control can cause expensive and sometimes dangerous
failures of the process or equipment being controlled.

Such an application’s main requirement is therefore
some type of nonvolatile storage upon power failure. A
prime consideration in this type of environment is the
storage of a fixed amount of data upon receipt of an

— !
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Fig 2—In this controller, a NOVRAM retains the pP state in the event of a power failure.
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Fig 3—A power-failure-tolerant controlier's 6809-.P assembly-language routines handle both failure store and recovery.
NOVRAM handies the stack and other temporary storage.
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NOVRAM doubles as
bootstrap and global memory

external Power Fail signal. You can use an EEPROM
for this purpose if the processor has sufficient time to
recognize the power failure and respond by writing the
data into memory. Otherwise, a NOVRAM is the
device of choice because it captures data in one
nonvolatile store operation.

Fig 2 shows a simple controller that uses a NOVRAM
to retain the state of a uP in the event of a power
failure. The Power Fail signal generates a pP inter-
rupt, and the NOVRAM stores the contents of all RAM
including the pP stack.

Upon interrupt acknowledgement, the pP registers
are pushed onto the stack as program control branches
to the interrupt routine (Fig 3). The routine writes the
current stack pointer and a test byte to the NOVRAM,
signifying that a power failure has occurred, and then
generates a Store signal. The power supply is designed
to ensure that the V¢ level remains above 4.5V for 10
msec after it generates the Power Fail signal.

Once power is restored, the Power-On Reset signal
generates a Recall signal to the NOVRAM. The
power-on routine in the pP checks the state of the test
byte to see if a process was interrupted by a power
failure. If so, the stack pointer gets loaded with the
address of the saved processor state, a return from
interrupt is executed, and the process resumes.

NOVRAM stores terminal configurations

An application in which NOVRAM is the device of
choice lies in the storage of terminal-configuration
information, consisting of such parameters as baud
rate, data format and parity method. The conventional

approach to this task (Fig 4) stores data in DIP
switches on a pc board somewhere in the terminal; the
user must have a terminal manual handy for decoding
switch settings to change any of the preset features.

One alternative uses menu-driven configuration
modes to set the terminal and a NOVRAM to store the
terminal-configuration parameters. The user can easily
change the configuration information for specific tasks
and retain this data until the terminal loses power.

Upon power-up, a set of predefined default parame-
ters stored in the NOVRAM’s EEPROM section goes to
RAM, and the terminal is configured. The NOVRAM
also allows the user to change default parameters for
subsequent sessions by transferring the modified RAM
data to EEPROM—in either a general or privileged
user environment. The NOVRAM’s ability to manipu-
late two sets of data proves important here because the
terminal software operates on the data in the
NOVRAM's RAM section, regardless of whether the
terminal is in the default configuration or a user-
entered one.

In Fig 4’s conventional approach, an 8-section DIP
switch holds the configuration information. If a switch
position is open, the pull-up resistor causes a ONE to
appear at the buffer input; a closed switch denotes a
ZERO. Decoding the buffer’'s address and reading the
data provides the switch information. If the system
needs more than eight bits, the design requires
additional switches, resistors, buffers and logic.

If a block of memory addresses is reserved for
configuration information, the granularity of the ad-
dress decoding increases with the number of DIP

5v
SYSTEM
MEMORY
P
DIP
> 22 > SWITCH
DATA DATA "
- /8 4 " g
ADDRESS AT )
v A AN LETAL
™ conTrOL BUFFER -
e
RESET DECODE N
o
4
KEYBOARD -
ADDRES. AND
DECODE 110
POWER-ON RESET

Fig 4—A conventional terminal contiguration uses an 8-section DIP switch to program the terminal’'s operating parameters.
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In-system data modifications make

EEPROMs more versatile than EPROMs

switches required. And you can change the default data
only by altering individual switch positions.

The NOVRAM implementation of this system (Fig 5)
permits the storage of 1k bits of configuration informa-
tion in one 18-pin X2212. If you reserve an 8k
memory-address block for configuration storage, the
NOVRAM requires only a single chip-select decode.
The only restriction in this arrangement is that four
parameter bits get read simultaneously, rather than
eight. Note that storing the same amount of informa-
tion using the conventional approach calls for 128 DIP
switches and octal buffers, 1024 resistors and sufficient
address decoding to provide 128 separate locations
within the 8k field—an address granularity of 64.

A terminal user employs the keyboard to enter
operational parameters into the NOVRAM. The user
enters a configuration mode when the terminal is in the
off-line or local mode. A menu display shows the
current terminal configuration; the user moves the
cursor and/or strikes a control key to alter the current
values. Once the configuration is established, the user
exits the configuration mode, and the terminal operates
according to the new parameters. The user can also
change the default parameters by entering a control
signal that places the new configuration mode in the
NOVRAM's EEPROM section.

In this application, very few terminals would ever
require the NOVRAM’s full storage capacity for

configuration information. You could therefore employ
the unused portion to store other operational and
maintenance parameters.

NOVRAM loader provides reusable memory

A system that employs a bootstrap loader during
initialization is another prime NOVRAM application
candidate. Examples of such applications include sin-
gle-chip nCs operating in external-memory modes and
full-blown systems requiring the maximum allowable
memory space. A common approach to this require-
ment stores the bootstrap program in ROM or EPROM.
However, the program occupies memory space that
might be used for other purposes during system
operation. Because most initialization routines use a
relatively small amount of memory space, this approach
can be particularly wasteful in space-limited systems.

As an alternative, you can preprogram the bootstrap
into the EEPROM section of a NOVRAM. Upon reset,
the system generates a Recall signal to the NOVRAM,
loading the bootstrap into RAM. The bootstrap pro-
gram executes, and the NOVRAM RAM section then
becomes free for other uses. This design feature even
allows bootstrap-program alteration via external con-
trol for servicing or software updates.

Fig 6 shows a simple disk-oriented system that uses
NOVRAM as a bootstrap memory. After booting, the
NOVRAM becomes a global RAM. The device—and

SYSTEM
MEMORY
—™
DATA
ADDRESS ReFRESH
uP RAM AND
o] conTrROL
RESET DATA 4,
~ ADDRESS &, | 256x4
DECODE I NOVRAM
1
P —
PRIVELEGED 10 | st
: STORE
KEYBOARD| | RECALT
AND i
ADDRESS 1o |
DECODE I
]
— )
\
1

POWER-ON RESET

Fig 5—Replacing a DIP switch with a NOVRAM results in
greater versatility for programming terminal operating parameters.
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DMA
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AECALL ALL
256x 4 4 256 x4
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AND AND
RAM . RAM
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t
Fig 6—This disk-oriented system uses two NOVRAMSs as
bootstrap memory. Once loading is complete, the NOVRAM
functions as global RAM.

70




LR S 0 R (B R SR B 33 R 2 i 2B i o i S KR B 0 S R S NSt chy B oh R R o R R R R R TR R R R SRR S iR S R T R o s S
3 THIZ FROGRAM SEGMENT DEMIOHZ TFHTF~ THE CQFERATION OF A SYISTE IHICH
LIZES A BOOTESTRAR PROGREAM PRELOADEDR IHTO THE HOUREMTS ESFREROM. HFHH
FOMER--OH RESET . THIS BOOT IS RECALLED IHTO THE EEFROMTS EAM. THE
H PHWTTTRHP PORGRAM COMF IGURES THE SWSTEM. AHHLD THEM USEZ THE HOURAM T E
; F AT REGUILAR RAM. THE HOURAM Iz LOCATED AT THE EBOTTOM OF THE
MEMOERY MAF 20 THAT THE HIGHEZT LOCATIONS CAM COMTAIM THE
- EOR S IMTERRURT UECTORS. ACTUAL LORDIMG OF THE OFERATIHG
: ’”‘TCH THTO MAIH MEMORY I3 ACCOMPLIZHED BV A DMA COHTROLLER. WHICH
3 LmRDkE THE FROGRAM FROM THE [ISE
R S 3 S R S TR M8 KBS 255 cE8 o8 R R ot oHRRO N O SR B S R O HE A0 S 1 0 a3 oS B A B {

B BT K% TTU TR BT SR SRS BRY 3 ARY S0 ML A2 Se SR Y SR SR 28 o o 2R o o

LA T A LEod DA DATH RESTIZTER

T RL CEo sOMA COHTROL REGIZTER

FretnaRAM . B JISTART OF FROGERM MEMORY
< ORIG aF FoaH

THIZ PROGEEM ZECTION T2 LORDEDR INTO THE EEFROM SECTION OF THE

3OMOUREM. AND TS FECALLED UPCH FOWMER-LF.

=T [ HEFF! JLOAD THE 6 THDEX REGISTER WITH FF
PTRAMCFER TO STACK FPOIMTER AT GIFF

£ TR POTHIT CODE SECTTOM COMFIGURES THE LMA COMROLLER.
§OAMD SETS THE THITIAL LOAD LOCATION AT SZHGH. SO 02
3 THAT FROGESM DATA WILL MOT OQUERWFITE THE STACK. c £

TEEN 3 THIS £0DE SECTIOH TELLS THE DMA CONTROLLER WHAT tS
P LISE SECTION IT SHOULD GET THE FROGEAM FROM. AS <z
POWELL HE WO PICH DATA T LOAC,

G LA H#ial FoEl IM THE OMA CONTROL REGISTER

;O WI LL, THOICHTE DIZKE CGATH LORDIHG
=TH DMADAETH 2 STORE IW THE DA COMTROL REGISTER
RE HIHTH 3OMEITE TO TEST BVTE To ZIGHIFY EBQOT
=TH TE=T ; IF WE SEE A #98TH.WE ARE IH BLOOT

L THF L.CF FoLOuE DWTIL DMA COMTROLLER IMTERRUFTE

IR 0 S3F chs S8 S S RO 2 N S0 A0 S5 SR UHY G5 RS A0 SELHE CHUS S OF NP SR SR MR 52 20 U AR H SRS SN AR AR R0 LR SR SR 6 MG S SR S B O 0 OB R A R S R At B B

FoHD RO DR THVERRFURT WILL WECTOR HERE., THIS ROUTIME CHEC THE

FOETATUS FROM THE DI3K. SUBRSVSTEM AHD OME COMTROLLER TO IMSLUEE THRT

PO THE REQLESTED DRTA HATS BEER _OADED. OHCE A SUCCE=ZSFUL BOOT HAZ

POTHKEH FLA THE =Z427TEM CAM CHAMGE THE HMI O LDECTOR ZIMCE THE HOURAM

ooHCH FLIHCTIONS A% /A FEGUL AR FAM.

RRITEE IR S8 S0 A SRS REE R SEE JR0 SO SR AL SRR A8 SRR SRR T O S50 S SR 0 U0 SO SN0 VS 2SS SEURE TN S S SR LA S Of (Rt BT B S S SR L S SN SR B TR 3 R SR 2 5 SR R AH S ok

IMTERFURT DA TERCTL 5 CHECH TO ZEE IF THE DEZIRED FROGRAM
3 HAZ BEEW zUCCESSFULLY LORDEDR. IF =0,

FOALL WTLL BE ZJERQES EFCEFT DE WHICH

: WILL BE SET TO ZIGHIFY THHET AN

PO IMTERRUFT LRSS GIVEM.

I MF #ot AFE LiE LOAMDED ™
EHE BT IF MOT. WE HAUE AN ERREOR. RE-BOOT.
AT TE=T GET TEST EVTE TO ZEE IF IHW A EOOT.
e HOFSH I =0 TEST BEVTE WILL BE AHS HES.
SED FROGEAM & AWHC TOME TO PROGRAM BEGTHHIMG.
ERFORF SOTHERWIZE LWE HAVE AN ERROFR.
TEET SENTE S, ;oA ZERD IS STORED IM TEST IWITIAL
L OR CFFFAH
MM T o DR TMTERRUFT . HMT WILL 50 TG SYSTEM START ROITIME.
FETET o LdCif L BT ;o FOWER-OH REZET WILL CAUSE AUTO BOOT.

Fig 7—A 6502-uP assembly-language boot routine is /ocated temporarily in NOVRAM, which forms the highest 256 bytes of
memory in this system.
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Use EEPROM if data changes
are byte size and infrequent

hence the bootstrap routine—is in the highest memory
segment so it can hold all the interrupt vectors. pPs
such as the 6502 and 6800 use these locations for reset
and interrupt pointers.

In the bootstrap program (Fig 7), the reset vector
for the 6502 WP points to the boot routine. Fig 6’s two
NOVRAMs reside in the highest 256 bytes of the
address map. Upon power-up, the NOVRAM’s
EEPROM section gets loaded into the device’s RAM
section. The pP then initializes the stack pointer, and
the DMA controller begins a data transfer from the
disk. A test byte gets set to show that a boot process is
under way.

Once the DMA transfer begins, the wP loops until an
interrupt signifies that the operation is complete. The
pP vectors to the interrupt-handling routine, which
determines if a valid DMA has occurred. If an error has
occurred, the program causes a jump to location
Program, where the first byte of the loaded program
resides. The NOVRAM RAM is then free for general
use. Note that you must take care not to accidentally
overwrite the interrupt and reset vectors, located in
the highest memory locations.

EEPROM stores controller parameters

Turn now to some applications in which an EEPROM
is the device of choice. One such task is the storage of
coefficients in PID (proportional integral-differential)
controllers. _

Modern control applications such as the PID algo-
rithm are characterized by two basic gualities. First,
they are computationally intense. Second, their ability
to precisely control a set condition is based on their
knowledge of the effects of their outputs. This knowl-
edge results from deriving the various controller
coefficients via calculations: Each controller output
must be calculated with reference to the previously
defined term.

If a PID system loses power, it must resynthesize all
data before it approaches the level of performance
exhibited before the power loss. The data tables for
each control task are fairly large and require a
substantial amount of memory. Therefore, a controller
might use EEPROM for algorithm-coefficient storage.

Note also that most PID-controller deviations result
from the sensitivity of the system’s sensors as well as
the response time and accuracy of the control outputs.
These variables might change in a particular unit but
are usually the same when power returns to the
controller; they need only be updated occasionally as
the system runs. An EEPROM’s slow write time and
fast read time make it ideally suited for this infrequent-
write application.

Finally, note that parameters stored in EEPROM are

ADDRESS [

Fig 8—A self-learning video game uses EEPROM to
change difficulty levels after play is completed.

available to the system whenever it’s running—
whether programmed into the system during initializa-
tion or resulting from previous system operation. An
EEPROM implementation of such a system thus results
in shorter system-interrupt recovery time as well as
self-recalibration upon component replacement.

Self-learning video games use EEPROMs

Another potential EEPROM application centers on
the storage of self-teaching or self-modifying code,
through which a process or algorithm can tailor itself
based on the results of previous executions. Such
applications are characterized by updates to program
storage, which usually occur relatively infrequently.
This high read-to-write ratio of memory access, as well
as the densities required in the program store,
generally dictate an EEPROM implementation.

An example of this application category is a self-
learning video game (Fig 8). Such a game’s success
depends largely on its ability to keep a player
interested by continually increasing the level of chal-
lenge after repeated plays.

At the end of a certain period (Fig 9), the game
analyzes the scores and modifies its program (including
timing loops and difficulty factors) to present a more
complex play to the next group of players. The learning
algorithm also makes the game easier to play under
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certain conditions, preventing unwarranted increases make the game progressively more difficult to play.
in difficulty. These routines get bypassed in the initial program

The initial game code includes several routines that execution by always-executable branch instructions. At
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Fig 9—Written in 6809-uP assembly language, this self-learning video-game program changes branch instructions based on
previously obtained scores.
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EEPROM and NOVRAM
could team up in some cases

the end of each play, the system determines from the
score whether to make the algorithm more difficult. If
so, it eliminates some of the branches around difficult
parts of the game software. A simple table stores all of
these branches. Other features, including speed param-
eters and energy levels, can also be stored to make the
game more difficult as scores improve. Storing them in
EEPROM provides the additional advantage of easy
updates and changes in the basic table.

EEPROM and NOVRAM team up

As a final example, consider how you might combine
EEPROM and NOVRAM in an automobile navigational
system that could direct a driver to a location within a
specific city or area. Proponents of this approach
envision beacons located throughout an area, notifying
edch in-car computer of the car’s current location.
Provided with this information, a local electroniec map
and the desired destination, the computer would direct
the driver along the most efficient route.

Data-storage requirements would be extensive, im-
plying the use of EEPROM. After all, the system must
not only be programmed with a map of the area roads
but must also be able to select between many possible
alternatives based upon continuously changing factors
such as time of day and known construction areas.
Using EEPROM would allow the car’s driver to load the
navigational computer upon entering a location such as
a filling station.

A NOVRAM would also prove critical to this
application. It would contain rapidly changing current
information, which would get transferred to the
NOVRAM’s EEPROM section upon reaching a destina-
tion. The approach allows power removal from the
system while the car is parked, eliminating battery

drain. Restarting the vehicle would transfer the
current data from the NOVRAM’s EEPROM section
back to its RAM section.

Fig 10 shows how the hardware could be implement-
ed. Map information, stored in EEPROM, gets changed
as necessary via the map-download controller, a serial
interface over which the data is transmitted. The
transmission rate is low because the map data is
written into EEPROM, which specs a slow write cycle.

The system has two main interfaces—to the driver
and to the vehicle. The former consists of a keyboard
for input and a CRT for display of the map and other
information. The latter receives data such as mileage
and speed so that the system can monitor the driver’s
progress along a given route. EDN
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ELECTROMICS IN DESIGN

Non-volatile memories
keep appliances
out of the dark

Richard Orlando, Xicor Inc., Milpitas, CA

Appliance design has undergone a
revolution in recent years. The
advent of the low-cost, single-chip
microcomputer has opened many
applications for these small comput-
ers in the appliance market. Initial
applications were based upon new
types of appliances where digital
control was a necessity. Today one
sees even the venerable “white
goods” using single-chip microcom-
puters to add features and capabili-
ties to the end products. With this
migration to digital control, a need
for non-volatile memory has devel-
oped, and many new non-volatile
memory devices have been made
available to the designer.

Appliance control applications
have gone through an orderly
evolution. The design methods of
the past used electromechanical
devices, such as switches, relays,
mechanical timers and, of course,
wafer switches. The requirements of
older appliances could be easily
satisfied by these devices. Washing
machines, for example, using multi-
plane wafer switches driven by a
simple timer could initiate, time and
terminate the different cycles of the
laundry washing process. And the
electronic range allowed simple
electromechanical timing of a cook-
ing cycle.

Since the appliance industry has

been subject to the whims and
attitudes of the consumer, the
desired capabilities of appliances
have grown as a function of added
features. A simple example is the
evolution of the home stove control-
ler: first, accurate control over
cooking temperature, then the
ability to turn off the oven after a
programmed time, and, finally, the
complete programmable oven that
not only turns itself off after a
programmed time has elapsed, but
also initiates the cooking cycle at a
certain time of day.

The increased capabilities of the
appliances coupled with the availa-
bility of low-cost, single-chip micro-
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ELECTRONICS IN DESIGN

computers has led to the final step in
the evolution, that of full digital
control. The use of the microcom-
puter as a control mechanism allows
the designer increased flexibility,
reliability and precision in the
control process, not easily attainable
with the older design methods.
Decreased development costs are
also possible since a flexible digital
controller can be used in a variety of
different products, or models of the
same product.

Microcomputer designs were not
free of their own unique problems,
however. The microcomputer inter-
face required to perform the actual
control functions was somewhat
complex. New issues had to be
addressed in terms of product
reliability, since the semiconductor
devices introduced different failure
modes than those exhibited by
electromechanical devices. The mi-
crocomputer also had a major
disadvantage over prior design
techniques due to its inherent
volatile nature: when the power was
removed from the appliance, the
microcomputer not only stopped
functioning, it lost any data it had
maintained based upon the current
state of the system.

One advantage that the older
electromechanical timers possessed
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was that if the power went off to the
appliance, the control system would
maintain the state it was in when the
power was interrupted. When the
power was restored to the appliance,
it would continue from where it left
off. One can easily appreciate the
irritation of a homemaker who,
having left a roast in the oven,
returns from errands to find that it
had not resumed cooking after a
blackout.

Emergence of non-volatility

With many appliance designs,
there is a definite need to prevent
such untoward situations. Some type
of non-volatility is a necessity in
appliance design. Since the cost of
the appliance is a great concern, this
non-volatility must be cost-effective.
One of the earlier approaches was
that of battery backup on the
microcomputer itself, or on a
separate cM0s memory in the
system. The disadvantages of this
approach are based simply on the
limitations of batteries and the cost
of implementation. Unfortunately,
there were not many alternatives
until now.

The past five years have seen a
remarkable evolution in the emer-
gence of semiconductor non-volatile
memories. Unlike the battery back-
up of the data in either on-board or
external RAM, these devices were
able to retain data without the
external power, in a manner similar
to that of an EprROM. The main
difference between these devices and
the EPROM was their ability to be

“rewritter in-circuit, as opposed to
being removed from the circuit,
erased, and then “‘reprogrammed”
before they were put back into the
circuit,

Unfortunately, these early devices
were expensive and difficult to use.
They required mulitiple “‘program-
ming” voltages, extensive support
circuitry, and were quite unreliable.
These devices, for the most part,
were organized for microprocessor
“bus” applications, and as such
required too many ro lines for
efficient interfacing to single-chip
microcomputers, where /o lines are
a precious commodity.

The development of 5v floating-
gate, NMOS non-volatile memories
eliminated many of the disadvantag-
es of semiconductor non-volatile
devices. These devices not only
decreased the support circuitry
required for their use, but increased
the reliability of the devices.
Unfortunately, these devices were
also designed for “‘bus” applications
and were relatively expensive due to
their large densities (>1k bits). A
need was recognized in the appliance
and other industries for an inexpen-
sive and reliable non-volatile memo-
ry designed exclusively for interfac-
ing to single-chip microcomputers.

The Xicor X2444 answers this need.
The device is a low-cost 16 X 16
non-volatile static RAM (NovraM for
short) which features serial interface
designed for interfacing to a
single-chip microcomputer with a
minimum requirement for both vo

Fig. 3
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lines and software. Housed in an
eight-pin mini-DIP, the X2444 pro-
vides inexpensive non-volatile data
storage for both operational and
configuration parameters. Its low
cost (less than $4.00 in unit
quantities) makes it the least
expensive non-volatile storage on the
market, even rivalling the pip switch
in unit cost, while providing the
equivalent of 32 pIp switches in terms
of data capacity.

The NOVRAM concept

The NOvRAM idea is not new. Xicor
invented this type of memory more
than three years ago. The concept is
quite simple. Figure 1 shows a block
diagram of the X2444. It consists of a
256-bit (16 X 16) static RAM with a
256-bit 5v E’PrROM array overlaid bit
for bit in a “‘shadow” type manner.
Two signals, STORE and RECALL,
control the transfer of data between
the E’PROM array and the static RAM.
The store function replicates the
data which is currently in the raM
into the non-volatile E?PROM array. In
a similar manner, the RECALL
function transfers the non-volatile
data in the E’PROM array into the RaM.
One can see that by simply
performing a STORE during power
failure, the data is then retained in
the non-volatile E2PROM , and can be
restored to the RaM using the RECALL
once power is returned to the
system.

The X2444’s serial interface method
is ideal for microcomputer applica-
tions. Figure 2 shows the pinout and
signal designation for the X2444. The
four-line serial interface consists of a
Chip Select (cs), a Serial Clock (sc),
a Data In (p1) line, and a Data Out
(po) line. The Data In and Data Out
timings are designed to allow the
implementation of a single Sernal
Data line by typing both Data In and
Data Out to a single 1/o line from the
microcomputer, reducing the Vo
lines to three. All data transfer to
and from the X2444 are performed
over this serial interface by either
synchronous 8-bit instructions or
16-bit data operations. The X2444 has
two external pins, STORE and RECALL,
for performing the non-volatile

operations via hardware control in
the event of power failure. The X2444
also includes distinct STORE and
RECALL instructions over the serial
interface to allow only software
control over the non-volatile opera-
tions.

The serial interface is accom-
plished using discrete ‘‘bit-banging”
from the single-chip micro. An
instruction is performed by loading
an accumulator with the proper bit
pattern, and shifting it out through
an 1/o line while toggling the serial
clock low and then high again
between each bit,

The software for this interface is
simple. and an example of a 6801
implementation is shown in Figure 3.
The software assumes that the X2444
is connected to bits 0, 1, 2 and 3 of
the 6801 /o Port 1. The interconnect
between the 6801 and the X2444 is
shown in Figure 4. The three main
parts of the software segment are
three subroutines, SHIFTIN, SHIFTOUT
and prive. The SHIFTOUT routine
takes the eight bits of data in the A
accumulator, and shifts it out
through Bit 1 of Port 1. Between
each data bit output the clock is
toggled. This routine is used for
either instruction or data output to
the X2444.

The SHIFTIN subroutine gives the
X2444 eight clock cycles, and shifts
the data from the X2444 into the A
accumulator. This routine is used
only in the READ instruction. The
DRIVE subroutine actually provides
the driver to interpret the desired
operation and issue the proper
sequence of commands to the X2444.
It should be noted that this sample
interface uses the software-
controlled sTORE and RECALL com-
mands and leaves the X2444 STORE
and RECALL inputs tied to Vcc.

E.g. . . . microwave oven controller

One of the newest appliances in
the consumer environment is the
microwave oven. This also proves to
be an ideal example for the
application of a non-volatile memo-
Ty.

The microwave oven started with
a control mechanism which was no
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more than the simple electrome-
chanical timer borrowed from elec-
tric ranges. Since the microwave
oven cooks in times which are
orders-of-magnitude faster than a
conventional stove, it became appar-
ent that an accurate and precise
control mechanism was needed. The
microwave was one of the first
appliances to embrace full digital
control using a single-chip micro-
computer.

Figure 5 shows a typical micro-
wave oven control system based
upon the 6801 microcomputer. The
user interface includes a keyboard,
alarm and display, while the oven
interface includes the magnetron
control, door interlock, and an
optional temperature probe. Non-
volatile memory has been added to
the system design through the use of
an X2444. The interface method to
the 6801 and the driving software are
similar to that above. The key
difference to note is the addition of
an external signal to drive the STORE
input. This allows the controller to
automatically store the data in the
RAM into the E’’ROM upon Power-
Failure. The circuitry in the power
supply senses a loss of power by
monitoring either the ac or unregu-
lated dc levels. Once a power failure
has been detected, the power supply
circuitry pulls the STORE input low.
The power supply circuitry need only
ensure that Vcc is held valid to the
X2444 for 10 msec, and all of the data
in the raM will be stored into the
E’PROM array. Upon Power-on-
Reset, the 6801 issues a RECALL
command to the X2444, and all of the
data is restored.

The remainder of the microwave
control circuitry is fairly standard. A
4 x 4 keyboard provides an input
mechanism for the user, while the
status indicators and display provide
visual feedback. A two-line magne-
tron control allows the use of
variable power levels in the cooking
process. Timing is performed using
the 6801’s internal 16-bit timer which
is driven off the 60-Hz reference
from the power supply. Standard
features include a safety door
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interlock and alarm. Optional fea-
tures are provisions for a tempera-
ture probe for magnetron control or
temperature-based cooking algo-
rithms. The a-d converter used for
temperature sensing has a serial
interface similar to that of the X2444,
and is placed on the same serial bus.
Distinct chip selects enable the X2444
or the a-d converter to be accessed.
Many such devices are currently on
the market including the new
TLC540 from Texas Instruments.
The X2444’s non-volatile memory
serves many functions in this
application. Frequently used recipes
or cooking sequences can be stored
so that the microwave will sequence
through a complex cooking algo-
rithm automatically. The X2444’s
ability to store the data currently in
the rRaM into the E’PROM is very useful
here. As the cooking process takes

place, the 6801 keeps a copy ot the
preset time and power setting in the
X2444’s RAM. As cooking time
elapses, a location in the X2444 is
updated to show the elapsed time. In
the event of a power failure, the
current values of these variables are
automatically stored into the E*PROM
section of the X2444. Once power is
restored to the microwave, the data
in the E’PROM is loaded into the raM
section of the X2444, and cooking
continues from where it was
interrupted. Intelligence can be
added to the control algorithm to
compensate for the continued cook-
ing (due to retained heat) that occurs
after the power outage.

The X2444’s unique NOVRAM archi-
tecture makes such an application
feasible. Since current E’®rOM tech-
nology has limitations on the number
of times that the non-volatile data

Fig. 5
6801 MICROWA‘&E CONTROLLER

can ve changed, one woulid not want
to change the contents of the E°PROM
each time the timer was incre-
mented. If one were to use a typical
E’PROM with a write limitation of
10,000 writes, the device would be
worn out in a relatively short period
of time at a write rate of one per
second. Instead, the X2444 allows the
system to update the E’PROM section
of the chip only in the event of a
power failure while using the
unlimited rRaM write capability of the
X2444 every time the counter value
changes.

The X2444’s can also be used for a
variety of other purposes in micro-
wave design. As was mentioned
earlier, one can save development
time and money if a universal
controller is designed. Many differ-
ent models could use the same
controller simply by adding circuitry
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Fig. 4
PAGE ~ 1 x 2444 DRIVER PROGRAM FOR 6801
Filed X2444 CODE AS OF AUGUST 22, 1983 Minimal Driver for XZ2444, 6801 Version 3.0
[IVIVRVI o« TLTLE "X/‘Q‘Vi DRIVER FROGRAM FOR 6801"
0000 +ABSOLUTE =
2 blocks for procedure code 7440 words left
G000 +FROC X2444
Current memory availablet 799
[V CORG S 1000H
10001 0K S K K K K K 2 3K 2K K 9K S K S K KK 0K K KK 06 K KK KKK K 0K KKK K 0K K 0 K KKK K 0 8 8 K 30K K OK K K SKOK XKOK
1000} 3 6801 X24494 DRIVER : )
1000 7 ASSUME THAT FORTL IS USED AS THE 2944 INTERFACE
1000 s FORT1'S REGISTERS ARE LOCATED AS FOLLOWS
10001 H DATA DIRECTION HEX 0060
10003 3 FORT FIEX 0002
Loeo; H FORT1 X2444
1000} H I/0 © - SERTIAL. CLOCK N BERIAL CLOCK
1600} # I/0 1 SERIAL OUT SERYAL IN
1000 H I/ 2 - SERTAL IN SERIAL. QUT
10004 B 170 3 2444 SELECT CHIF SELECT
10001 H
10003 H COMMANDS ARE PASSED TO THE X2444 ROUTINE EY A FARAMETER IN THE
1000 H A ACCUMULATOR» WHILE THE ADDRESS IF NEEDED 1S PASSED ON THE STACK
1000 H SERIAL DATA IN OR OUT UBES THE TEMFORARY LOCATION TEMP1»
10001 H WHICH IS A SIXTEEN BET WORSD.: THE X24494 COMMANDS ARE ENCRYPTED A4S
10001 H FOLLOWS
1000 3 COMMAND CODE INSTRUCTION OFCODE
1000 3 0 READ 1AAAALLX
1000} H 1 WRITE - 1AAARADLL
1000 $ 2 RESET NRITE ENAELE 11111000
1000 H 3 2 < b il1dai00%
10001 3 4 LB 11111010
1000, H 5 SET WRITE ENAEBLE 11111100
10001 H & RECALL 11111101 wﬂ
1000} $ *1's ARE WSED INSTEAD OF DON'T CARE TO DISTINGUISH BETHEEN DATA ﬁND -GE
1000 3 'NON DATA OFPERATIONS. - E_
1000 .xxxuxxxuxxxnxxxxxx:xxxxxxxxxxxxxxxxxxxxxxxxxxxtnuxltxzxxxxxztxxzxxmxxxxxx :E [}
1000 0000 DIRKECTIONL CEQU 0o. o'y
10000 0002 FORT L SERU 02. .
16001 0080 TEMFL L EQU 980H FRAM BTORAGE FOR DATA
1000! 0082 COUNT JEQU ., ./082H  COUNTER VARIABLE
1000 0084 DATLM JEQU 7 0@4H ¢« $DATA BTORAGE
1000 0086 ADDRESS T JEQU . 08&H $ADDRESS STDRAGE
10007 o088 ERRORDATA JEQU 088H FERROR DATA
10001 3K KKK K K K KK KK I 5K KK K K 00K 0K K KK K KK A 3K KK K K K KK KK K5 K K K K K KK K K K K
1000 H FROCEDURE INIT
1000 ; THIS FROCEDURE INITIALIZES THE X29449 INTERFACE -
1000 H xxn(xmxxuxxxxxxmxxxxxxuxxxunuxxxxuuuuxxmuuunxmxx:x:xnxxﬂxxxxxxxxx
1000 86 1E INIT LDAA $1BH # B=1011» I/0 0s1 AND 3 QUTPUTS, 2 INFUT
10027 97 00 STAd DIRECTIONI + WRITE TO DATA DIRECTION REGISTER
1004 4¥ CLRA FEET CE 70 0C(INACTIVEY» DOUT AND 8K TO 0
100850 97 02 STAA FORTL FAND GTORE. IN DATA FORT
igo7: a9 RTS e -
1008:
1008¢ § 20K 200006 20 20 02000 206 26K 20C 36 20C 3 20C 200 300 2 28€ 20€ 20C 30C30C 20 20C 200 200 35300 205 30 206 20C 20C0C J0L30K 206 30 9 20€ 20€ 3K 0K 20K JC J0CI0E C0C 200 0K 0K 0 030K 30 0C 0 J0C0C I SCIC 20K 200 20620 000 0 0 K 0000
1008 3 SHIFTER ROUTINE- SHIFTL
1008: 3 THIS ROUTINE TAKES THE DATA IN THE A ACCUMULATOR aND CILLOCKS IT MOST
1008, 3 OSTGNIFTCANT BIT FIRST INTO THE X2444,. THE FLOW I8 SHIFT A BXT» TOGGLE
1008: i THE SERIAL QUTPUT(4801) ACCORDING TO STATE, AND TOGGLE SERIAL CLOCK
1008: .xxxxxxxxxxxxxxxxxxxttxx:xxxxtxxx::xnxxz:xxxlxxxxxxx:xxx:zxxxxxxx:xxxxxxxxxxxxx
FAGE - 2 X2444 X24944 DRIVER FROGRAM FOR 46801
Filel XZ24944 . CODE AS OF AUGUST 22y 1983 Minimal Driver for X2444y 46801 Version 3.0
Loug) Cé6 08 SHIFTOUT LDAE #08, FLOAD THE EIT COUNT WITH 8
100a! D7 82 STAE COUNT $STORE IN COUNTER
100C! 4% SHIFT1 ROLA - #SHIFT BIT INTO CARRY BIT
100D Cé 14 LDAE #1494 AWE BET DATA OQUY TO ZERO» WHILE SETTING CHIP
LOOF SENARLE.,  SERIAL CLOCK IS LOW.

LO0F T 24 xx TRANSG s 1 IS A ZERQ» THEN TRANSBMIT

101t) Ca 00 $02H FIF LT IS A ONE, THEN SET DATaA QUT

10131 D7 02 : TRANS FORT1 iSTORE THE DATA XINTO THE FORT

10151 CA 01 . $01H FAND SET THE CLOUK FOR A TRANSITION

10174 D7.02 PORT1 ';eBY WRITING A 1 T S8ERIAL CLOCK

10191 C4 1A F1LAH ’ SKEEF THE DATA VALID, BUT SET SK TO ZERO
Lores D7 02 FORTL FAND STORE IN THE FORT

t01DY €6 14 $14H s TOGGLE CLOCK DOWNy SET DOQUT TO 0, EUT KEEF
101F: D7 02 FORT1 $X2444 SELECTED

1021 7A 0082 COUNT # DECREMENT THE BIT COUNTER

1024} 26 €6 SHIFTL $IF COUNT IS:NOT ZER(O» TRANSMIT NEXT BIT
1026 49 ROLLA FONE MORE. ROTATE T0O PRESERVE INSTRUCTION
1927, 39 RTS FRETURN FROM SUBROUTINE

10281 ;xxxxxxxxx*xxx»(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx»:xxxxxxx:&xxxxxxxxxxxxxxxxxxxxxx
10283 SGHIFTIN ROUTINE

1028t - : TuTe QURROUTINE SHIFTS IN 8 EBITS OF DATA INTO TI-E R ACCUMULATOR FROM THE
1028} TTR TG ENTER WITH THE QLOCK (e =7

SUTEY TT TAMTS
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external to the 6801 microcomputer.
Configuration information can be
stored in the X2444 at time of
manufacture which the 6801 can then
determine upon Power-on-Reset to
control the features and functions of
its particular microwave. Additional
X2444s can be added on the serial bus
as user or model options. These
optional * X2444s require only an
additional chip select, and can be
used for such features as increased
recipe storage or operational modes.
The X2444’s non-volatile memory
also can be used for calibrating the
temperature probe and storing the
response time of the magnetron to
allow quick calibrations or more
complex and precise temperature-
control algorithms.

General applications

There are many other areas in the
appliance field which are natural
applications for the X2444. Since most
electronic appliance controllers uti-
lize the single-chip microcomputer,
the X2444’s serial bus is the ideal
solution their non-volatile storage
needs.

“User-programmable” parameters
such as favorite stations, cooking
algorithms or preset time-of-day
events all make the appliances more
“user-friendly” especially if these
parameters are retained in the event
of power loss. System configuration
parameters can be stored in the X2444
to allow the design of appliances in a
modular fashion, substantially re-
ducing development costs while

increasing the reliability of each new
product. System status saved in the
X2444 in the event of a power failure
is restored upon Power-On so that
the system can complete interrupted
tasks as well as ensure that the
appliance is left in a safe and stable
state.

The availability of the new 5V
non-volatile memories allows the
appliance designer to add more
features and capabilities for a
minimum cost. Whether it be used
for power-failure data storage, or as
user set-up information, the X2444
will make appliance designs less
complex, more cost-effective, more
fault-tolerant, and easier to use. [ ]

Reprinted from DESIGN NEWS, October 1983

© 1983 by CAHNERS PUBLISHING COMPANY
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"NOVRAM is Xicor's designation for its nonvolatile RAM memory
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This report is based on data collected through July, 1983.
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INTRODUCTION

This repart covers the Xicor X2210 and X2212

NOVRAM memories. In these memories, each
memory bitintegrates one bit of static RAM and one
hit of electrically erasable-programmable ROM
(E*PROM) into one cell. The controls STORE and
RECALL cause the data to be transferred in parallel
from all RAM bits into the associated E?PROM bits
and back again. These devices which exemplify
Kicor's innovative technology require only a 5V
power supply and TTL level signals for all opera-
iions, including STORE and RECALL. These two
‘tevices employ the same design and processes and
are organized 64 x 4 and 256 x 4 for the X2210 and
K2212, respectivety. Figure 1 shows the pinout for the
WO parts:

64 x4 256 x 4
o RN
e (LI [k 18] v
a7z 7] e a2 [ A
s ] wl la I (A

B s Tie Al s ]
X2210 T xez1z [
L Y S
A K] TR A6 13 Juo
A i o a3 v o
s oW s o we
&TSRE |9 voJ%’% sToREL | 'DD%
PIN NAMES
Ao— Ao VODRE S i T~
LU DATA DU ol T
W WRITE FNABLE
s CHIP SPLECT
NREAY @k At
! ~TORY
e R
\gg GROUTNTY
NG A CONNECT

Figure 1. X2210 and X2212 pin assignment drawings
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Figure 2 shows the functional diagram for the 2212
{256 x 4);

NONVOLATILE
E'PROM
MEMGRY [
ARRAY i
A e — & @
; 4 STORE
N > S— .
ROW 2 -
A_.$ ARRAY
SELECT \\ ‘ ? Jiecat
& |
™~
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Ba e m— ‘l};: MEMORY
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STORE e e
i -« Voo
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TS T ’P_ t/0 CIRCUITS
INPUT
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-
170 ? As A A 1
4&1
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Figure 2. Functional diagram of X2212 memory

O PIN NUMBER

Figure 3 shows the package dimensions for the
package which is common to both devices.
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7T sso zzasm 18-LEAD HERMETIC
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Figure 3. Package outline drawing for memories in cerdip
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The bit maps for the three devices shown in Figure 4
and 5 illustrate the physical location of the various
address bits.

D, D D D D, D D s} D D D D D D D D.A A A, D.0.D.0O,D,D,D,D,D,D,0,0,D0.D,.D,D,
- T TT M

o]
0
[0}
— 0
ST
1
i — 1
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1 0 1 0 1 0 1 0 A 0 0 1
1 1 0 0 1 1 0 0 A, 1 1 0 0 1
11 1t 1 0 0 0 0 A 1 1
2 1 4 3

0 0
1 0o 0
o ¢ 0 o0
coL2 1
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o, = ™" pata Line (1/0 Line)

Figure 4. X2210 physical address map
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Figure 5. X2212 physical address map

TECHNOLOGY

Xicor NOVRAM memories store their nonvolatile
data on electrically isolated polysilicon gates. These
gates are islands of polysilicon surrounded by about
800 A of Si0z, one of the best insulators known. This
is similar to the structure used in UV light erasable
EPROM's.

Electrons once trapped on the floating (isolated)
gates will remain there unless they receive a large
energy input from an outside source (e.g. the
ultraviolet photon in the case of UV erasable
EPROM’s), or until a sufficiently high electric field is
applied to distort the energy bands sufficiently to
allow Fowler-Nordheim tunneling to occur.’

Fowler-Nordheim tunneling, which will be discuss-
ed in more detail later in this report, is the mechanism
employed to charge and discharge the floating
storage gates of Xicor's NOVRAM memories. The
storage gates are formed in the second of three
layers of polysilicon as illustrated in Figure 6.

WORD Veea T WORD
LINE LINE
T o 7
N2 M
i | >< |
BIT Q |t 1L % BIT
LINE INTERNAL LINE
STORE VOLTAGE

POLV 3

POLV 1

b

v v

Figure 6, Schematic diagram of a NOVRAM memory cell showing how
a standard six-transistor static RAM cell is merged with a floating gate
E?PROM cell.

C.

Electrons move to the floating gate by tunneling
from POLY 1 to POLY 2. When the high fields which
are used to cause the desired tunneling are not
present, the electrons remain trapped on POLY 2.
As Figure 6 illustrates, the NOVRAM memory cell
is a conventional six transistor static RAM cell to
which a floating gate E2PROM cell containing two
transistors has been added. During the normal
READ/WRITE operations, Vcca is fixed at the positive
supply level (nominally 5V) and the Internal Store

‘Voltage is fixed at ground. Only the six transistors of

the static RAM cell are effective and the operation is
exactly that of a conventional six transistor static
RAM.
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The RECALL operation depends on capacitance
ratios. The value of C; in Figure 6 is larger than that
of Ci. When the external RECALL command is
received, the memory array power supply, Veca, is
initially pulled low to equalize the voltages on nodes
N, and Nz. These nodes equalize quickly to Vcca
through the depletion transistors, Q: and Q.. When
Veea i1s then allowed to rise, the node with the lighter
capacitive loading will rise more quickly and turn on
the pull down transistor on the opposing side, which
will keep the more slowly rising node clamped low. If
the floating gate is charged positively, Qg is turned
on, which connects Cz to Nz. Thus Ny, which is
loaded by the smaller capacitor Ci, rises more
rapidly, causing the latch to set with Ny high and Nz
low. If the floating gate is charged negatively, Qs is
turned off, which isolates C, from N. and allows N; to
rise more rapidly than Ny. Thus the latch is set with
N2 high and N, low. During the RECALL operation
the Internal Store Voltage remains at ground.

The STORE operation also utilizes capacitance
differences to transfer data from RAM to E°PROM.
When node N, is low, transistor Q; is turned off. This
allows the junction between capacitors CC, and CCs;
to float. Since the combined capacitance of CC; and
CCsis larger then that of C,. the capacitor between
POLY 1 and POLY 2, the floating gate follows the
potential of the Internal Store Voltage. Thus when
the Internal Store Voltage becomes high (several
times Vcce), a sufficient field exists between POLY 1
and POLY 2 to cause electron tunneling and the
floating gate is charged negatively.

When node N is high, transistor Qv is turned on
which grounds the junction between CC; and CCs.
Since the capacitance of CC: is larger than that of
Ce, the capacitor formed between POLY 2 and POLY
3. CCz holds the floating gate near ground when the
Internal Store Voltage goes high. In this case the
high field exists between POLY 2 and POLY 3 and
electrons tunnel from POLY 2 to POLY 3, which
discharges the floating gate.

This description shows that the Internal Store
Voltage is at ground except during the STORE
operation. Moreover, during the STORE operation
all bits are stored simultaneously. which is possible
because the RAM bit associated with each EPROM
bitacts as adata-latch. These two statements obviate
the possibility of any disturb conditions such as
those sometimes found in other nonvolatile memories
because external voltages are applied to the non-
volatile memory element only while it is being stored.
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TUNNELING PHYSICS

Because the innovative aspects of the NOVRAM
memory revolve around the nonvolatile storage
procedure, it seems appropriate to discuss the
storage phenomenon in more detail. As was mention-
ed above, the storage occurs via a tunneling mecha-
nism first described by Fowler and Nordheim in 1928
and subsequently named after them." The basic idea
is illustrated in Figure 7.

si sio, si sio,
3.25ev
CONDUCTION
BAND @@ ®© l seo00--
1ieV
VALENCE T T

BAND

a7ev

Figure 7. Energy band diagrams of the Si:Si0, system in the neutral
state (a), and during the store operation (b).

The energy difference between the conduction and
valence bands in Si is about 1.1 eV; the energy
difference between those bands in Si0z is approximate-
ly 9 eV. When the two materials are joined, the
conduction band in Si0: is 3.25 eV above that in Si.
The differences in valence band energies is even
larger(approximately 4eV). Since the thermal energy
ofan electron averages only 0.025 eV at room temper-
ature, the chances of an electron in silicon gaining
enough thermal energy to surmount the barrier and
enter the conduction band in Si0: is exceedingly
small. This case is illustrated in Figure 7.

Fowler and Nordheim pointed out that in the
presence of a high electric field, the energy bands
will be distorted as illustrated in Figure 7b. Under
these conditions there is a small but finite probability
that an electron inthe conduction band in the silicon
will tunnel through the energy barrierand emerge in
the conduction band of the Si0: as is illustrated in
Figure 7a.

Fowler-Nordheim emission was observed early in
this century for the case of electrons being emitted
from metals into vacuum, and in 1969 Lenzlinger and
Snow observed this phenomenon for the Si-Si0:
system.? The Fowler-Nordheim current increases
exponentially with applied field and becomes readily
observable (i.e. J~107° A/cm?) for the Si-Si0z system
for fields on the order of 10 MVW/cm for the case in
which the Si surface is smooth.
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It has been known for some time that “enhanced”
electron emission currents could be observed for
Si-Si0; sgstems for which the Si surface has a
texture. > (Texture in this context means that the Si
surtace has features of the order of a few hundred
angstroms.) These enhanced currents occur at ap-
plied fields with values smaller than one quarter of
those necessary for the same current from a smooth
surface. It has been thought that the enhanced
emission occurs because of locally enhanced fields
near the top regions of the features on the surface.

Lewis attempted to model Fowler-Nordheim tunnel-
ing from a textured surface by calculating current
from a number of hemispheres set in a plane.®
Attempts to quantitatively fit experimentally observ-
ed currents with this model have not been very
successful. Hu, et al, for example, found that to fit
their data to existing theory it was necessary to
assume an energy barrier of approximately leV
between conduction bands in Siand Si0..” Even with
this assumption, the fit was poor because the
measured current increased more rapidly than the
calculated values, as is illustrated in Figure 8.
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Figure 8. Current vs. applied voltage for current from textured poly
surface emitted through 1760 & of thermal Si0; compared with
calculations based on previously available theory.
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Because of the importance of tunneling to the
operation of its products. Xicor has felt it important
to adequately characterize and model tunnel emis-
sion from textured polycrystalline silicon (poly)
surfaces. One avenue of exploration was that of the
characterization of the physical topology of the
tunneling structure. Figure 9 is a scanning electron
micrograph of the top {emitting) surface of alayer of
polysilicon from which the oxide has been removed
for clarity.

Figure 8. Scanning electron microscope (S.E.M.) photograp!i of top
emitting textured poly surface with oxide removed. The 0.5 j;-lcng bar
gives the scale

As can be seen from the micrograph, this surface is
composed of a densely packed array of features
reminiscent of a cobblestone street. A count of these
features on SEM photos of material from several lots
determined that there is an average of about 50
features per square micron.



A transmission electron microscope (T.E.M.) cross-
section of a tunneling structure is shown in Figure 10.

Figure 10. Transmission electron microscope photograph of a cross-
section through a textured tunneling structure. The one micron-long
arrow shows the scale.

This photo demonstrates the conformal nature of
the structure. The top surface of the prior deposition
of palysiticon is formed into a series of hillocks 200-
300 A high and 1000-1500 & across the base. The free
surface of the oxide grown on this silicon replicates
the silicon surface. Thus, polysilicon deposit-
ed atop the prior polysilicon layer subsequent to
oxidation has dimples on its undersurface occurring
over the already existing hillocks.

The topology of the polysilicon surfaces causes
the electric field lines to no longer be paraliel as in
the case of parallel emitting and coliecting surfaces,
butrather to diverge and converge in response to the
local topology as is illustrated in Figure 11.
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Figure 11. Sketch illustrating the manner in which field lines converge
near convex feature and diverge near concave features.
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As is shown, the field lines converge near surfaces of
positive curvature (i.e.. bumps) and diverge near
surfaces of negative curvature (i.e., dimples). Since
Fowler-Nordheim tunneling depends exponentially
on the electric field at the surface of the polysilicon. a
good model of the electron emission requires an
accurate knowlege of the field over the complete
surface.

Until recently, this field problem was one of the
unsolved problems of mathematical physics. (It is
classically known as the “lighting rod problem™).
Roger Ellis, a member of the Xicor staff, has recently
solved this problem.® The technique used was to
transform by differential geometry from Euclidean
space into a space in which the field lines were
paraliel. The electrostatics problem was solved in
this space and the solution transformed back into
the original space. The tunnel current was found to
be described, in a spherical coordinate system. by
the equation

32 12, 32
q §-aem)’ 2 s »
|:Sl~ 8hoe expzw—sds} emitting

['.s ds] collecting

(1)

Jcollectmg =

where the electric field, E. is given by

2 12
c Va <d®> . 1} dé (2)
E(s2) — £(s)L\ dr r? doe
and
_ 1 de g
_d7 | d®
doe

is the curvature of the surface at which the field is
evaluated .’

This expression has several interesting properties.
One is that the field depends on the difference of the
curvatures of the emitting and collecting surfaces.
Another is that the electric field also depends on the
derivative of the curvature of the emitting surface.

To verify the accuracy of this expression. the
current-voltage characteristics of a textured polysili-
con tunnel structure were experimentally determined
and compared with those predicted by equation 1.
Because of the field enhancement on the bumps. a
higher currentis expected ata given app'ied voltage
polariaty which causes electronic emission from the
bumps than for that polarity which causes emission
from the dimples. Thus, by anaiogy which a diode.
the polarity with the bumps negative (higher current
emitted) is called the forward bias direction and the
other polarity is called the reverse bias direction.
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Figure 12. Forward tunneling characteristic comparing the measured
data with curves calculated for a concave and a planar collecting
surface.

Figure 12 shows the results of comparing experi-
ment and calculation for the forward bias condition.
As can be seen, theory and experiment agree within
about 20% over seven orders of magnitude in
current. The parameters used in calculating the
predicted currents were not arbitrarily chosen. The
value of the oxide/silicon conduction band barrier,
$g. was taken to be 315 eV as measured by
Weinberg.10 The feature density. 50/4°, and the bump
base and height are typical of those seen on SEM's
and TEM's such as Figures 9 and 10. The dashed
line in Figure 12 is the current which would be
predicted if the top (i.e., collecting) electrode were
flat rather than dimpled. This illustrates the effect of
curvature of the collecting surface on the field at the
emitting surface.

To further verify equation 1, the reverse bias
current was measured on the same device as was
used for the forward bias case. The results are
compared with the predicted current in Figure 13.
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Figure 13. Reverse tunneling characteristic comparing the measured
data with curves calculated for a concave and planar emitting surface.

This shows about 20% agreement over eight orders
of magnitude in current with the same parameters
used as in calculating the forward bias case. Clearly,
the model does an excellent job of predicting the
measured current.

Several points of interest can be observed in
Figure 14. One point is that at a voltage at which the
forward currentis saturating, 25V, the reverse current
is unobservable (extrapolation of the measured
current predicts ~ 107 A). Another point is that the
current emission predicted from a flat top surface is
greater than that predicted from a dimpled top
surface. Moreover, the current emitted from a flat top
surface decreases more slowly with decreasing
voltage than that from a dimpled flat surface. This
latter fact is important for data retention as will be
discussed below.

In summary, Xicor is able to accurately model the
tunnel current emitted from textured poly surfaces
through Si0: layers. The magnitude of the tunnel
current as well as its voltage dependence are depen-
dent upon the surface topology. Thus, we have the
means to optimize the emission characteristics.
Lastly. the asymmetric nature of the tunnel emission
makes possible cell designs which are better adapted
to particular requirements than is possible with
symmetric tunnel characteristics—just as a diode
offers more design possibilities than does a resistor.



DATA RETENTION

As was suggested above, textured poly tunneling
structures have a significant advantage in data
retention, in comparision with those employing flat
surfaces and thin oxides. One basis for this advantage
is illustrated in Figure 14.
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Figure 14. Comparison of calculated tunneling J-V curves for emission
from a planar and a textured structure. The devices were designed to
have the same emission in the high current regime where programming
takes place.

in ‘which the current voltage characteristics of a
tunneling device which employs a thin oxide between
planar surfaces and a tunneling device which
employs a thick oxide between textured silicon
surfaces are compared. For this comparison we
match the currents in the high current regime, a
reasonable criterion since most memories are de-
signed to program in about the same time period
(—~10msec.) As can be seen, the same current can be
obtained from a smooth surface with an 825 & thick
tunnel oxide. Note however, that at lower values of
applied voltage typical of read and storage condi-
tions, the current emitted from a textured surface is
approximately four orders of magnitude lower than
that from a smooth surface. This implies that a
memory which utlizes tunneling from a textured
surface should have better data retention and be less
susceptible to disturb conditions than one which
utilizes tunneling from a smooth surface.

These differences may become even more signifi-

89

cant as devices are scaled. it is clear that, in order to
scale the memory properly, lower programming
voltages are needed so that the isolation widths and
device channel lengths can be reduced both in the
memory array and in the peripheral circuitry. How-
ever, for a typical part which stores data in 3 msec.
and must retain it for 10 years, the tunneling current
under storage and reading conditions must be at
least 10" times smaller than under programming
conditions because the retention time is 10" times
longer than the storage time. Actually, for margin,
one would design for a difference in currents of 10"
-10'*. For planar surface tunneling structures. this
may be a difficult design constraint because the
slope of the J-V curve is fixed, which means that the
maximum allowed read voltage drops with the pro-
gramming voltage on a volt-for-volt basis, not propor-
tionately. On the other hand, textured surface
tunneling structures, in their current manifestation
have a steeper J-V characteristic than planar ones
and the J-V characteristic of a textured structure can
be tailored to yield a steeper curve if desired. This
means that for a given maximum read voltage, a
textured structure requires a lower programming
voltage which leads to better scaling.

To verity the excellent data retention expected to
Xicor NOVRAMSs, a study was carried out to measure
data loss as a function of temperature. Figure 15
shows log cumulative data loss vs. log time for
samples of 100 X2210’s at each of three temperatures.
Dataloss is defined as occurring when the first bitin
the array loses data. As is clear in Figure 15, quite
high temperatures were required to get appreciable
data loss in experimentaily useful times. Note that
even at 300° C, 2000 hours (—~3 months) are required
to begin to see data loss.
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Figure 15. Log cumulative data loss vs. log time for three storage
temperatures on samples of 100 X2210's. Data loss is defined to occur
when the first bit in an array loses data.
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Figure 16. Log data loss rate vs. inverse temperature for X2210's.

Figure 16 shows the result of calculating failure rates
based on these results and plotting vs. inverse
temperature. Since the rates fall on a straight line, we
can extract an activation energy and extrapolate to
lower temperatures (see the next section for a
discussion of activation energies). The result is that
the experimental value of the activation energy is 1.7
eV and the mean time for data loss for this mechanism
(which we believe to be the fundamental loss mech-
anism of this technology) is 3 million years for
retention at 125°C.
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BASIC RELIABILITY
CONCEPTS

There are a couple of simple concepts basic o
most reliabitity work. One is the long established
observation that failure rates follow the bathtub-
shaped curve illustrated in Figure 17

INFANT RANDOM
MORTALITY FAILURES WEAROUT
FAILURE ‘
RATE /
t/.
,
{»..«f'/(
LOG TIME

Figure 17. lllustration of bathtub curve of failure rates showing regions
in which infant mortality, random failures, and wearout mechanisms
dominate the failure rate.

There is an infant mortality region characterized by a
rapidly declining failure rate as the “weak” parts are
eliminated from the population, a random failure
characterized by an invariant or slowly declining
failure rate, and a wearout region characterized by
an increasing failure rate as the units reach the end
of life.

Each region of the failure rate curve has certain
specific failure modes which predominate. For exam-
ple, the infant mortality region is dominated by
failures which arise out of manufacturing defects.
Table | gives a summary of the common faiiure
mechanisms and stresses which may be used to
accelerate the failure rates of the various mechanisms
which have been culled from the literature." ™

The classic parameter which is used to accelerate
failure rates is temperature. It is known that a very
broad class of failure mechanisms have a ternperature
dependence proportional to exp (-E./kT) where Ea is
called the activation energy, k is Boltzmann’s con-
stant, and T is the absolute temperature. This is true
because a number of basic physical phenomena
such as diffusion rates and chemical reaction rates
have this dependence. The significance of this is that
if the activation energy is known for the failure
mechanisms in question, then the failure rates
arising from these mechanisms can be measured at
elevated temperature where they are high enough to



e conveniently measured and extrapolated back to
lower operating temperatures where the failure rates
may be so low as to require an inconveniently large
number of device hours to measure. The relationship
which allows one to translate failure rates from one
temperature to another is known as the Arrhenius
relation. Figure 18 illustrates this relation for a
nuimber of common values of activation energy.

ACCELERATION FACTOR

250 200 150 100 50 25
TEMPERATURE (°C)

Figure 18. Acceleration factor vs. temperature calcuiated for various
achvation energies from Arrhenius relation.

RELIABILITY TESTING

Four tvpes of tests weire conducted to establish
tne reliability of the parts:
1. High temperature dynamic lifetest
2 Data retention bake
3. High temperature reverse bias
4. Environmental
These tests will be discussed in turn.
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Failure ]

Activation Detection
! Mechanism i Type Energy Method
i 1
lonic infant/ 10eV High Temp
Contamination Random/ Bias
Wearout
Surface | Wearout 05-10eV |  High Temp i
Charge Bias
Polarization Wearout 10eV High Temp.
Bias
|
Electro- Wearout 10 eV High Termp !
migration Operating Life
Microcracks Random - Temperature
Cycling
Oxide infant/ , 03eV High Temp :
Rupture Random ‘ Operating Lite ’
Silicon Infant/ | 03eV High Temp |
Defects Random \ Bias
Oxide Defect Infant: 0.6eV High Temp
Leakage Random Operating Life ‘
Electron : Wearout ' --- Low Temp |
Trapping In | ‘ High Voltage |
Oxide : | Operating Life |

Table I. MOS Failure Mechanisms

High Temperature Dynamic
Lifetest

This is the usual data from which failure rate
predictions are made. For this to be a valid predictor
of failure rate. the parts must really function in the
manner in which they would in operation. Thus
overly elevated temperatures at which the unit does
not function internally are to be avoided, since this
may lead to overly optimistic predictions.

Xicor gathers this data at 125° C ambient which is
within the known operating range of the units under
test. The stimulus pattern consists of recalling a
known pattern, writing a checkboard pattern over
the recalled pattern bit by bit, reading the checkboard
pattern, writing its complement, reading the comple-
ment and then beginning over again.

The unitsin lifetest are tested at 168, 500, 1000, and
2000 hours to determine that they are still within
specification. The first step of the readout tests is to
recall the information stored in the nonvolatile
section of memory to determine if the previously
stored pattern is still retained. If so, the memory is
completely exercised over voltage including verifica-
tion of the STORE function. Finally, the predeter-
mined pattern is restored to memory for the next
lifetest period.
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Data Retention Bake

This test is sometimes referred to as a storage
bake, but we prefer the term “data retention bake”
because this better describes the principal function
it serves in the case of electrically programmable
nonvolatile memories.

In this test, a pattern is stored in the memories and
the memory is baked at 250° C with no bias applied.
At intervals the memory is removed from bake, and
the nonvolatile data recalled and checked for accu-
racy. The data is not restored at readouts in order to
ascertain the worst case retention. Since Xicor
warrants cycling endurance of various values, this
test was performed on parts specified for 1000 cycle
endurance which had performed 1000 complete
data alterations, as well as on parts which had not
received this treatment.

HTRB

HTRB stands for High Temperature Reverse Bias,
a term which originated with bipolar circuits, in
which case the test reverse biased the junctions of all
of the input stages. For MOS circuits, a better term
would be high temperature static bias. In this stress,
which Xicor carries out at 150°C, Vss is grounded
and a static positive voltage is applied to all of the
input and outputs as well as to Vcc. This has the
effect of applying a static bias equal to the power
supply across the gate oxides of the circuit transistors.
This stress is intended to expose failures which
might occur as a result of drift of mobile ionic
contaminants or latent defects in the gate oxides.

It is known that many defects are accelerated by
voltage as well as temperature. For example, it has
been shown by Crook that the failure rate of oxide
defects increases 107 times per MV/cm increase in
the electric field." For this reason, HTRB stresses
were conducted with both 5.5V and 7.5V bias applied
to the units under test.

Package Environmental Tests

The package environmental tests were done in
accordance with MIL STD 38510 and MIL STD
883/B Group C and D. Table Il lists the tests, the test
conditions and the acceptance criteria. The results
column represents the summary of data from 3 Iots.
All lots passed the 883/B qualification criteria.
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Accept
Test Method Conditions LTPD # Results
Temp. 1005 Test Condition C 15 1/25 0/80
Cycling (10 cycle
—65to 125°C)
Constant 2001 Test Condition E 0/80 |
Acceleration (30,000 g '
Y1 axis only)
Seal 1014 | Test Condition B \
—Fine (5 X 10 cc/min) 2/80
—Gross Test Condition C 0/78 |
Lead 2004 | Test Condition B2| 15 1/25 0/78
Integrity (Lead Fatigue)
Seal 1014
—Fine Test Condition B 0/78
—Gross Test Condition C 1/78
|
Thermal 1011 Test Condition B 15 1/25 0/76
Shock {15 cycles :
—55°C to 125°C) :
Temp. 1010 Test Condition C 0:76
Cycling (100 cycles)
Moisture 1004 /76
Resistance
Seal 1014
—Fine Test Condition B 1/76
—Gross Test Condition C 0/75
Internal 1018 5.000 ppm max. -—- 0/3 ‘ 0/17 ‘
Water water content at or
Vapor 100°C 15
Content
T
Mechanical 2002 Test Condition B 15 1725 | 075
Shock (1500 g peak
3 axis) | |
Vibration 2007 | Test Condition A 1725 | 0/75
Variable (20 g peak
Frequency 3 axis)
Constant 2001 Test Condition E 1/25 0/75
Acceleration
Seal 1014 |
—Fine Test Condition B 1725 275
—Gross Test Condition C 125 073
Salt 1008  Test Condition A 1 15 125 0.73
Atmosphere
Seal 1014
Fine Test Condition B 073
- Gross Test Condition C 0/73
Adhesion of 2025 15 1725 0/25
Lead Finish (# of
leads
from
3 de- !
vices) :
| Lid Torque | 2024 P15 125 025

Table ll. ENVIRONMENTAL TEST FOR 18 LEAD CERDIP PACKAGE
MIL—STD—8838B. Method 5005.7 Group D.



RESULTS

Table Il exhibits the results of dynamic life test on M asmr || 168Hr | 500Hr , 1000 Hr. | 2000 Hr ‘
2300 units of X2210 and X2212. The data show a total Hours
Of 4 failureS in over 17 X 106 device hOUrS. The #Fail | #In #Fail‘#ln ‘ #Fail | #In HM=a|l #in || #Fall ‘#ln | J
causes of the failures were determined through oz || o Tios] o Tiosll o0’ 0 Thas o Tuos 20d
failure analysis and are also listed in Table 1. o gz:; ] 2 ‘ 2:“ IR : o

Tables IVand V show the results of 150°Cstaticlife | | ., om | 0 125 0 | 21/ 0 | 18] o ‘ % ‘ | se32
test at 5.5V and 7.5V, respectively. No failures were | .5 2010 | o 25\ o 25| o | a5l o | 25H | 23800
seen out of 280 units tested with 5.5V applied bias, | cotss 2212 Lo o0 5.0 25 0 2 23800
whereas one unit failed out of the 175 units tested tots72zi00 ¢ 0 25 o 25, 0 25 0o 25 23800
W|th 75V app“ed biaS. Lot 88 (2210) 0 25 1‘ 0 24 O{ 24 ; 0 24 i ; 228487

Tables VI and VIl show the results of 250°C | roras 0 280!i o leraf| o 269. 0 |260 105 ‘37-10"7
retention bakes before and after putting 1000 '
program-erase cycles on units rated as being for use Table IV. STRESS 5.5V HTRB AT 150°C
in 1000-cycle applications. The data on uncycled
material shows the loss of 4 bits from 350 units baked
for 1000 hours. The data on cycled material shows
the loss of 4 bits from 175 units baked. These results oy earr | 500w 1 1000 br
are not statistically significantly different in overall - - - :
failure rate, but examination of the form of the data wrait Lotn | sran | win 1Larair | sim lapait | o | o
shows a tendency for the failures in the cycled
samples to be concentrated at early readouts, as |lot#2(2212) |} 0 |25/ 0 123 0 |23 O |23 2189
might be expected for latent defects which had been | Let#3(2212) || 1% |25 | 0 123 0 23 )| 0 23, 2189
accelerated by the high fields present during the |Lot#4(2212) || 0 125} 0 123} 0 231 0 |23 21696
store process. The data loss fraction through 1000 Lot#5(2212) || 0 |25 1] 0 |25 0 |25 0 |25/ 23800
hours at 250°C (which is equivalent to 1.08 X 10° |lot#6(2212) || 0 |25 | 0 125 ) 0 |25 0 |25/ 23800
hours at 70°C for the 0.6 eV failures observed) isseen | Lot#7(2212) || 0 125 )} 0 (24| 0 |24} 0 |24 ) 22848
to be in the range of 1-2% which Is about half that Lot#8(2210) || 0 25| 0 |25 )| 0 J24) O |24 22968
reported previously for EPROM's." Results reported TOTALS 1 l1soll o |1aall o J1azii o |1a3] 13 % 10°
for other EZPROM technologies would indicate that
the present results are greatly superior to retention 2 = single bit retention failure, leaky oxide -0.6 eV
observed on the other technologies."” Table V. STRESS 75V HTRB AT 150°C

168 Hr. 500 Hr. 1000 Hr. 2000 Hr.
Total
#Fail | #In || #Fail | #In || #Fail | #In || #Fail | #In Hours 48 Hr. 168 Hr. 500 Hr. 1000 Hr. 2000 Hr.
Lot #1 (2212) 2 |353] o | 93 0o |93 0o a3l 21=10° #Fail | #In || #Fail | #In || #Fail | #In || #Fail | #in || #Fail | #In
tot#2(2212) || 0 (385] 0 |98 | 0 [98| O |98 | 23~10° Lot#2(2212) || 0 |51 ] 0 |51 0 |5t 0 [51 | 0 st
Lot #3 (2212) 0 99 0 99 0 99 0 99 19 X 10° Lot #3 (2212) 0 49 0 49 0 49 2° | 49 0 47
Lot #4 (2212) 0 279 0 99 0 99 o] 99 || 21 x 10° Lot #4 (2212) 0 50 1% | 50 0 49 0 49
Lot #5 (2212) 0 |322 0 98 0 97 0 97 || 22x10° Lot #5 (2212) 0 50 0 50 0 50 1¢ | 50
Lot #6 (2212) 0 283 0 99 0 99 0 99 || 22 = 10° Lot #6 (2212) 0 50 0 50 0 50 0 50
Lot #7 (2210) 287 |99 | 0 |98 | 0 |98 21x10° Lot #7 (2212) 0 (S0 || 0 |47 0O |47 47
Lot #8 (2210) 0 | 292 0 99 0 99 0 99 || 22x 10° Lot #8 (2210) 0 50 0 50 0 50 50
TOTALS 3 |2300 1 785 0 782 0 782 || 1.7 10° TOTALS 0 |350 1 347 Q 346 3 346 0 98
a = 2units — single bit retention failure, oxide leakage. 0.6 eV a = 1failure — single bit oxide leakage, 0.6 eV
b = 1 unit — single bit oxide breakdown, 0.3 eV b = 2 failures — single bit oxide leakage, 0.6 eV
¢ = 1unit — single bit oxide breakdown, 0.3 eV ¢ = single bit oxide leakage, 0.6 eV

Table Ill. STRESS DYNAMIC LIFE TEST
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Table VI. STRESS 250°C BAKE "NO CYCLE"
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! 48 Hr. | 168 Hr. 500 Hr. 1000 Hr.

e { #Fail | #In #Fail | #In #Fail | #In #Fail | #In
Lot #2 (2212) 1° 25 1° 24 0 23 0 | 23

Lot 53 (2212) 0 25 0 25 0 25 0 25

Lot #4 (2212) 2 25 0 23 0 23 0 23

Lot #5 (2212) 0 25 0 25 0 25 0 25

Lot #6 (2212) 0 25 0 25 0 25 0 25

| Lot #7 (2210) 0 25 0 25 0 25 0 25
‘ Lol #8 (2210) o | 25| o | 25 0o |25 || o | 25
‘ TOTALS 3 175 1 172 0 171 0 171

a == single bit faiture oxide leakage, 0.6 eV
b = single bit failure oxide leakage, 0.6 eV
¢ — 2single bit failures oxide leakage, 0.6 eV

Table Vil. STRESS 1K CYCLES BAKE AT 250°C

CALCULATION
OF PREDICTED
FAILURE RATE

There is no simple, one-step formula for inferring
a predicted failure rate from the experimental data.
Instead, the failures of each individual activation
energy must be treated differently. The first step is to
calculate the equivalent device hours at the ambient
temperature of interest, utilizing the Arrhenius
retationship discussed earlier. This calculation
should be carried out for every mechanism observed
or expected. Thus, for example, the calculation for
the 0.3 eV activation energy oxide rupture mech-
anism shouid be carried out whether this failure
mechnaims is observed or not, since this mechanism

is always anticipated in MOS integrated circuits. The
extrapolation should be carried out utilizing the
junction temperature at the ambient temperature of
interest and not the ambient temperature itself. The
upper confidence limit is then calculated for the
failure rate for each activation energy. The upper
confidence limits for the various activation energies
are then summed for a total failure rate prediction.
{The meaning of the “upper confidence level” is that
with a certainty, or probability, of a certain level we
can say that the true value is less than the stated
value. Thus, the confidence ievel rate calculated is
non-zero even for the case where no failures are
observed, because we can't be sure that there will be
none.)

The results are tabulated in Table Vit based on the
data tabulated in Tables lII-V. As is seen. these data
lead to a predicted failure rate of 0.045%/1000 hours
at 70°C ambient with a 60% UCL and 0.028%/1000
hours at 55°C ambient with a 60% UCL. For com-
parison with other vendors who may use expected
values, the expected values of the failure rates are
calculated to be .030%/1000 hours (300 FIT) at 70°C
and 0.019%/1000 hours (190 FIT) at 55°C.

In reducing these data, we made the extremely
conservative assumption of applying no acceleration
forthe elevated voltage of the 75 VHTRB data. Had a
voltage acceleration been applied, the predicted
failure rates would have been lowered by another
two orders of magnitude. Although this technique of
data enhancement has been employed by some
companies, the more conservative estimate has
been used here. These results show that Xicor has
attained on its NOVRAM products failure rates
comparable to those reported by major suppliers on
standard volatile products.’®°

i Expected ‘ Expected
| ! Value of 60% UCL Value of 60°: UCL
Activation i | Equivalent Failure Rate Failure Equivalent Failure Rate Failure
Energy ' Hours at { Hours at ! Numberof | Hours at at70°C Rate Hours at at55°C Rate
leV! | 125°C } 150°C . Failures | 70°C [FIT] i [FLT) 55°C [FLT] (FLT,
i l I . ' -
03 171 « 10 | 543 - 10° 2 { 899 - 10° 220 340 | 135 10 150 230
—_ —+— 1 1 1 t A —— —— e - SR - =
06 171100 | 84300 3 373 - 10 80 | 10 | 842100 40 50
_ . ; ——— e I
| ' I “
10 171 - 10° 543 10° | 0 269 .- 10° — — o105 - 107 — |
TOTAL | “ 300 450 { 190 l 280

Table VIIi. RESULTS FOR TABLES {il-V
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SUMMARY

The data presented in this reliability report show
that the data retention of Xicor's NOVRAM tech-
nology is excellent. Even atas high atemperature as
300°C, only about 2% lose data in 1000 hours.
Theoretical grounds for expecting this result are
discussed. The predicted expected failure rate at
55°Cis 190 FIT (.019%/1000 hours) for a value of 280
FIT (.028%/1000 hours) at a 60% UCL. Finally, the
cerdip packaging employed is shown to be capable
of passing the Group D qualification requirements of
MIL-STD 883B, Method 5005.7.

REFERENCES

1. R. H. Fowler and L. Nordheim, Proceedings of
the Royal Society of London, A7179, 173-81
(1928).

2. M.Lenzlingerand E.H. Snow, Journal of Applied
Physics, 40, 278-83 (1969).

3. D. J. Di Maria and D. R. Kerr, Applied Physics
Letters, 27, 505-7 (1975).

4. R. M. Anderson and D. R. Kerr, Journal of
Applied Physics, 48, 4834-6 (1977).

5. H. R. Huff et al, Journal of the Electrochemical
Society, 127, 2483-8 (1980).

6. T.J.Lewis, Journal of Applied Physics, 26, 1405-
10 (1955).

7. C. Hu et al, Applied Phusics Letters, 35, 189-91
(1979).

95

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

R. K. Ellis, IEEE Electron Device Letters, EDL-13,
330-3 (1982).

R. K. Ellis, H. A. R. Wegener, & J. M. Caywood,
International Electron Devices Meeting Tech-
nical Digest, 749-52 (1982).

Z. Weinberg, Solid State Electronics, 20, 11-18
(1977).

G. L. Schnable and R. S. Keen, Jr., IEEE Trans.
on Electron Devices, ED16, 322-32 (1969).

S. R. Hofstein, Solid State Electronics, 10, 657
(1967).

J. R. Black, Proc. 6th Reliability Physics Sym-
posium, 148-53 (1967).

R. E. Shiner et al, Proc. 18th Reliability Physics
Symposium, 238-43 (1980).

Dwight L. Crook, 17th Annual Reliability Physics
Symposium, 1-7 (1979).

B. Euzent et al, Proc. 19th Annual Reliability
Physics Symposium, 11-16 (1981).

R. E. Shiner et al, Proc. 21st Annual Reliability
Physics Symposium, 248-56 (1983).

Bruce Euzent, Intel Reliability Report RR-14,
“2115/2125 N-Channel Silicon Gate MOS 1K
Static RAMs” (1976).

Chieh Lin Ping, National Semiconductor “Reli-
ability of N-Channel Metal Gate MOS/L.SI Micro-
circuits” (1982).

Bruce Euzent & Stuart Rosenberg, Intel Reli-
ability Report RR-18, "HMOS Reliability” (1978).

)
=t
£ 0
sg
©

mlz




96



RR-503 ml‘

100 F
&

]
(=
T

50% FAILURE POINT

N
(=]
1

FAILURE RATE (%/1000 HRS)
» 3
|

Ep=171 0teV

MTBF= 3,000,000 YEARS
AT 125°C

N
1

L 1 1 1
250° 300° 350° 400°
TEMPERATURE (°C)

X2816A/04A
PRELIMINARY
RELIABILITY
SUMMARY

By Bruce Prickett
& Dr. John Caywood

>
=
=
]
®
1o

Reports

97



Cover Photo: Figure 7 Data retention vs. temperature for memory arrays
fabricated with Xicor's technology.

This report is based on data collected through September, 1983.
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X2816A/04A PRELIMINARY RELTABILITY SUMMARY

by Bruce Prickett §&
John Caywood

Introduction

The X2804A and &§816A are 4K and 16K electrically erasable programmable
read only memories (E“PROMs) organized as 512 x 8 and 2K x 8. These memories
operate on a sing]e 5 volt power supply for all operations. Figures 1 and 2
show the pin configurations of the X2816A and X2804A and the functional
diagram of the X2816A. Figure 3 is the package outline drawing for these
parts. Figure 4 and 5 are bit maps which illustrate the physical location of
the memory bits of the X2804A and X2816A respectively.

A]though Xicor introduced its X2816A_and X2804A E2PROMS only recently,
Xicor is an experienced manufacturer of ESPROMs. This is because the family
of NOVRAMs _(X2201A,X2210 and Xx2212) which Xicor introduced earlier all
contained EZPROMs integrated together with static RAM on a bit-for-bit
basis. The process technology and the 5 volt design tec?niques which had been
deve]oped for the NOVRAMs were carried over to the E QM products. This
experience enabled Xicor to introduce these 5-Volt only ES PROMs with a self
timed write cycle that includes latched address and data buffers. By
producing parts with these_features in production quantities, Xicor has set
the industry standard for £2 PROMs.

Technology

These EZPROMs employ the same triple poly n-channel process which Xicor
developed previously for NOVRAMs. With this technology, data is stored as the
presence or absence of charge on a piece of second-level polysilicon which
acts as a gate for a readout transistor. This piece of polysilicon is
completely surrounded by ~ 1000 A of thermally grown SiQ,, one of the best
electrical 1insulators known. Charge 1is transferred onto and off of the
storage gate by means of a quantum mechanical phenomenon, called Fowler-
Nordheim tunneling. This phenomenon has been described in detail in recent
publications.*”

The operation of the cell can be explained in terms of the schematic
diagram shown in Figure 6. First consider the left-hand read section, When
the word select line (which is fabricated in third level polysilicon) is de-
selected (i.e., low), the READ transistor is off. When the word select line
is selected (i.e., high), conduction through the READ transistor depends on
the charge on the floating storage gate. If the floating gate is charged
negatively, the channel beneath it 1is in accumulation and no conduction
occurs, This is read as a "0", If the floating gate is charged positively,
the channel beneath it is in depletion and the channel conducts. This is read
as a "1". The floating gate is programmed (i.e., charged negatively) by
taking the Word Select line and source lines high while the poly 1 WRITE BIT
line is held low. The floating gate is erased (i.e., charged positively) by
taking the word select line high while holding both the source and WRITE BIT
Tines low.
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As was explained in an earlier publication, tunnel current emitted from a
textured surface inherently decreases more rapidly with decreasing ,voltage
than does emission through thin oxide grown on a planar surface. This
results in lower leakage currents from the floating gate during storage and
during the read operation of_the part., The excellent data retention which
users may expect from Xicor ESPROMs is shown in Figure 7 where the log of the
measured data loss rate is plotted vs. inverse temperature. The slope of a
straight line passing through these data gives the thermal activation energy
for intrinsic data loss in Xicor's technology: 1.7 eV. Extrapolation of this
1ine to lower temperatures suggests that the mean time before data loss should
be 3,000,000 years at 125°C. Such extrapolations cannot be taken literally
but clearly show that data will be retained as long as anyone cares for
temperatures within the specified storage conditions.

Xicor's textured poly technology also yields EZPROMS whose ability to be
re-programmed (usually called "endurance") is good. Figure 8 shows the
current conducted by a typical cell as a function of the number of times that
cell had been programmed to a "0" or erased to a "1". As can be seen, the
current conducted in the erased state begins declining noticeably at greater
than a million cycles of data change, but after ten million cycles, the cell
current in the erased state is still about 70 uA while the current in the
programmed state is zero. These values provide good margin to the 50 uA value
which is the nominal value at which the sense amplifier circuit distinguishes
between "1" and "0".

Reliability Study and Results

As was mentioned above, Xicor's E2PROMs use the same process technology
and design techniques as the Xicor family of NOVRAMs. Additionally, these
products are fabricated in the same wafer fab facility and assembled in the
same assembly area with the same fssemb1y technology and controls as the
NOVRAMs,  For these reasons, the E“PROMs should be expected to exhibit the
same excellent long term reliability already demonstrated by Xicor's
NOVRAMs, The reliability studies reported here were designed to corroborate
this assumption.

One further note is that the X2804A is a smaller version of the X2816A,
created by designing a mask set which is just like the X2816A except that 3/4
of the array and two address buffers are removed (i.e., the X2804A is not a
fallout die from the X2816A production). Thus, the reliability study focused
on the X2816A as the more sensitive reliability indicator since it has four
times as many memory bits and about twice the active silicon area.

Since the study illustrated in Figure 7 showed a strong acceleration in
data loss at elevated temperatures, data retention was measured at 250°C.
(For an gctivation energy of 1.7 eV, data loss at 250°C is accelerated
1.4 x 10° times with respect to 125°C.) Table 1 shows the results of data
retention testing on two lots of material which was not intentionally cycled
and on two lots after 10,000 program/erase cycles. Although the sample is
small, in neither case was any data loss observed, which corroborates the
results of Figure 7.

Two other types of stress tests which were conducted on the X2816A were
high temperature reverse bias (HTRB) at 150°C and dynamic life test at
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show, no failures were observed 1n these tests for HTRB and three units
failed in 890,000 device hours of 125°C dynamic life test.

The failure rate of the 2816 was estimated based on the data in Tables II
and III. The method used is that discussed in some detail in RR502. The
results, shown in Table IV, predict an expected failure rate of 15 F.I.T.
(.0015%/1000 hr.) at 70°C and 3 F.I.T. (.00032%/1000 hr.) at 55°C. The

extrapolated value for the 60% UCL of the failure rates are 260 F.I.T.
(.026%/1000 hr.) and 140 F.I.T. (.014%/1000 hr) at 70°C and 55°C ambient,
respectively. The large difference between expected failure rate and 60%
confidence level for the failure rate are an indication of the enormous number
of device hours necessary to confirm the low failure rates observed.

Summary

The technology wused 1in producing the Xicor X2816A and X2804A are
reviewed, The reasons for expecting excellent data retention and good
eadurance are discussed. Finally, data are shown which confirm that these

E4PROMs share the excellent long-term reliability already demonstrated by
Xxicor's NOVRAM family.
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Table 1

250°C RETENTION BAKE

43 HOUR |1 168 HAOUR || 500 HOUR || 1000 HOUR|] 2000 HOUR TOTAL

FFAILT ZIN[[#FATIL] #IN[[#FAIL| FIN[|#FATL| #IN|[#FAIL] ZIN HOURS
Lot #1 0o | 50 0o | 50 0o | 50 0 | s0 0o | 50 97600
Lot #2 0 | 24 0 | 22 0 | 24 0 | 24 0 | 24 46848
(Cycled)
Lot #3 0 | 20 0o | 20 0 | 20 0o | 20 0 | 20 39040
Lot #4 0 | 55 0o | 55 0 | 55 0 | s5 0 | 55 1.1 x 10°
(Cycled)
TOTALS o | 149]| o |149 0 (149 0 [149 0 [149 2.9 x 10°

Table 11

STRESS 5.5V HTRB AT 150°C

75 TIOUR || 168 WOUR |] 500 WOUR 1] 1000 HOUR|]  TOTAL .
FFAIC] FIN|[[#FAIL| FIN||[FFAIC] FIN[|#FAIL] #IN[| _ HOURS 2o
20
Lot #1 o | 25| o [25|| o |25 o |25 || 23800 13
@
Lot #2 o |25 o |25 o |25} o | 25| 23800
Lot #3 o {105 || o {105 || o 105 || o {104 || 99460
Lot #4 o |25 || o | 25| o 25| o |25]| 23800
TOTALS o | 180f| o |18 || o |80 || o |179 || 1.7 x 10°
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Table I1I

DYNAMIC LIFE TEST AT 125°C

168 HOUR 11500 HOUR |1 1000 HOUR|] 2000 HOUR TOTAL
FEATL] #IN|[#FATCT #IN|[#FATL] #IN|[#FAIL] ZIN HOURS

Lot #1 0 (159 0 | 84 0 | 84 o |84l 1.7 x 10°
Lot #2 0 |152 0o | 93 0o | 93 12 | 93 || 1.9 x 10°
Lot #3 o | 75 o | 75 o | 75 o | 75 || 1.5 x 10°
Lot #4 0 |388 0o | 99 1 | 99 o | 98 || 1.3 x 10°
Lot #5 1P |387 0 |126 0 |126 - |- 1.5 x 10°
TOTALS 1 |161|| o 477 1 |477 1 350 || 8.9 x 10°
a = column failure; ionic contamination;l eV
b = stuck row; ionic contamination; 1 eV
¢ = single bit retention failure; non-repeatable ionic contamination; 1 eV

Table 1V
- ] Txpected 60% UCL - Txpected | BO0sTuCL
Activation Equivalent| Vvalue of Failure tquivalent| value of Failure
Energy Hours at Hours at Nunber of | Hours at |Failure Rate Rate Hours at |[Failure Rate Rate
(ev) 125°C 150°C_ | Failures 70°C at_70°C at 70°¢C 55°C at 55°C at 55°C
.3 18.9 x 10° [1.7 x 10° 0 |4.78 x 10°] 0%/1000 |.0195%/1000 |7.60 x 10%| o0%/1000nr .012/1000hr
6 [8.9 x 10° 1.7 x 10° 0 |2.26 x 107| o0%/1000 .0041%/1000 [5.73 x 107|  0%/1000 .N016/1000hr
1.0 8.9 x 105 1.7 x 105 3 1.97 x 108 .0015%/1000 .0021%/1000 }9.29 x 108 .00032%/1000 |.00044/1000hr
TOTAL 3 .0915%/1000 |.0257%1000hr L00032%/1000 | .014%/1000n0r
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The arrangement of bits within

X2804A physical bit map.

Figure 4:
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The arrangement of bits within

X2816A physical bit map.
each byte are displayed for column P and suppressed for the other

Figure 5:
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Figure 6: £2 cell schematic
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Figure 7: Data retention vs. temperature for memory arrays
fabricated with XICOR's technology
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Figure 9: Dynamic 1life test set-up showing the circuit

configuration (a) and the timing (b). The clock frequencies of
higher order address signals are divided down in binary sequence

from AO'
a.
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Figure 10:

Static l1ife test bias diagram
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