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Features

W Military, Extonded and Commercial Temperature
Range

+=55°C to +125°C Operatlon (Milltary)

+—~40°C to +85°C Operation (Extended)

« 0°C to +70°C Operation {(Commercial)

High Speed

« 70 nsec Maximum Access Time

Low Power CMOS Technology

» 80 mA Active Current

» 300 A Standby Current

Fast Write Cycle Times

= 32 Byte Page Write Operation

« 1 ms Typical Byte/Page Write Time

» 30 usac Average Byte Write Time

« 1 ms Byte/Page Write Time Option Available

W On-Chip Timer
« Automatic Erase before Write
B End of Write Detection

« DATA Polling
» Toggle Bit

B Software Accessible Control Register
« Enable/Disabie Software Protection Mode
+ 5V Chip Erase

Block Diagram

COLUMN
ADDRESS
LATCHES

YO BUFFERY
DATA POLLING
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28HC64/28HC64H
64K High Speed EEPROM

September 1992

B Data Protection

» Hardware: Power Up/Down Protection Clrcuitry
« JEDEC Approved Software Write Protection

B High Endurance

- 10,000 Cycles/Byte
« 10 Year Data Retention

B 5V +/- 10% Power Supply
B CMOS & TTL Compatible I/0O

Pin Configuration

DUAL-IN-LINE, LEADLESS CHIP CARRIER
FLAT PACK TOP VIEW
TOP VIEW
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NOTE: The PLCC has the same pin configuration as the
LCC except pin 1 and pin 17 are don't connects

Pin Names
AjA, ADDRESSES - COLUMN
AcA, ADDRESSES — ROW
CE CHIP ENABLE
CE QUTPUT ENABLE
WE WRITE ENABLE
o, DATA INPUT (WRITE)YDATA
OUTPUT (READ)
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Description

The SEEQ 28HC64 is a high performance 5V only, 8Kx8
Elsctrically Erasable Programmable Read Only Memory
(EEPROM,). It is manufactured using SEEQ's advanced
1.0 micron CMOS process and is available in most popular
thru hole and surface mount package options as listad
under “Ordering Information". The 28HC64 isideal for high
speed applications which require low powsr consumption,
non-volatility, and in-system reprograromability. The en-
durance, the number of times which a byte may be written,
is spacified at 10,000 cycles per byte minimum.

The 70 ns maximum access lime meets or exceeds the
requirements of most of today’s high performance micro-
processors. To allow the system designer maximum
flexibility, the following features have been added to the
device. The 28HC64 has aninternal timer which automati-
cally times out the write time. The on-chip timer, along with
the high speed input latches, frees the microprocessor for
other tasks during the write time, The 28HC64's write
cycle time is § msec typical. An automatic erase is per-
formed before each write. The DATA Polling/Toggle Bit
feature can be used to determine the end of a write cycle.
A built-in control register allows a software controiled chip
erase foature. This permits the user to effectively shorten
the write time by half. Once the write cycle has beencom-
Pleted, data can be read in a maximum of 70 nsec. All
inputs are CMOS/TTL for both write andread modes. Data
retention is specified to be greater than 10 years. ~

Device Operation

Operational Modes

There are five operational modes (see Table 1) and,
exceptfor the hardware chip erase modsa, only CMOS/TTL
inputs are required. A write cycle can only be initiated
under the conditions shown. Any other conditions for CE,
OE, and WE will inhibit writing and the VO lines will sither

Table 1 Mode Selection
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be in a high impedance state or have data, depending on
the state of the aforemantioned three input lines.

Reads

Areadis accomplished by presenting the addresses of the
desired byte to the address inputs. Once the address is
stable, CE is broughtto a CMOS/TTL lowin orderto enable
the chip. The WE pin must be at a CMOS/TTL high during
the entire read cycle. The ouput drivers are made active
by bringing output enable, OE, to a CMOS/TTL low.
During read, the addresses, CE, OF, and VO latches are
fransparent.

Writes

To write into a particular location, addresses must be valid
and a CMOS/TTL low is applied to the write enable, WE,
pin of a selected (CE low) device, This combinad with the
output enable, OE, being high, initiates a write cycle.
During a byte write cycle, allinputs except data are latched
on the falling edge of WE or CE, whichever cne occurred
last. Write enable needs to be ata CMOS/TTL lowonly for
the specified t,_ time. Data js latched on the rising edge
of WE or CE, whichever one occurred first. An automatic
erase is performed before data is written.

The 28HCE4 can write both bytes or blocks of up to 32
bytes. The write mode is discussed below.

Write Cycle Control Pins

For system design simplification, the 28HC64 is designed
such that either the CE or WE pin can be used to initiate a
write cycle. The davice uses the latest high-to-low transi-
tion of either CE or WE signal to latch addresses and the
earliest low-to-high transition to latch the data. Address
and OF set up and hold are with respect to the later of CE
or WE; data set up and hold is with respect to the earlier of
WE or CE.

To simplify the following discussion, the WE pin is used as

Mode CE OFE | WE o the control pin throughout the rest of this document.
Read Vi Vi Vi Dour Write Mode
Standby Viu X X High Z One to 32 bytes of data can be loaded randomly into the
Write Vv Vv Vv D 28HC64. Addresses A5-A12 select the page address and
. - - ~ ——— must remain the same throughout the page load cycle.
Write X X Vi | High 2D, These addresses are laiched on the falling edge of the WE
Inhibit Vi X X High Z signal (assuming WE controlied write cycle).
X |-V X High ZD,;
V. V. V,. | No Operation The column addresses, A0-A4, which are usedto writeinto
(High 2) different locations of the page, are latched every time ea
hio E new write is initiated. These addresses along with OE
ChipBrase | Vu [ Yu | Vu X state (high) are laiched on the falling edge of WE signal.
X: Any CMOS/TTL level For proper write initiation and latching, the WE pin has to
V,: 12V £ 10%
— SEEQ
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stay low for a minimum of t,, ns. Data is latched on the
rising edge of WE, allowing easy microprocessor inter-
face,

Upon a low to high WE transition, the 28HC64 latches data
and starts the internal page load timer. The timer is reset
on the falling edge of WE signal if another write is initiated
before the timer has timed out. The timer stays reset while
the WE pin is kept low. If no additional write cycles have
been initiated in (t,,.) after the iast WE low to high
transition, the part terminates the page load cycle and
starts the internal write. During this time, which takes a
maximum of t,. the device ignores any additional load
atternpts. The part can now be read to determine the end
of write cycle (DATA Polling/Toggie Bit). A 160 us average
byte write time can be achieved if the page is fully utilized.

Extended Page Load

In order to take advantage of the page mode's faster
average byte write time, data must be loaded within the
page load cycle time (t,,. ). Since some applications
may not be able to sustain transfers at this minimum rate,
the 28HC64 permits an extended page load cycle. To do
this, the write cycle must be “stretched” by maintaining WE
low, assuming a write enable controlled cycle and leaving
all other control inputs (CE, OE)) in the proper page load
cycle state. Since the page load timeris reseton the falling
edge of WE, keeping this signal low will prevent the page

load cycle timer from beginning. In a CE controlled write. .

the same is true, with CE holding the timer reset instead of
WE.

DATA Polling

07 DATA Polling

The 28HC64 has a maximum write cycle time of t,,.
However, awrite will typically be completediniess thanthe
specified maximum cycle time, DATA poliing is a method
of minimizing write times by determining the actual end
pointof awrite cycle. Ifareadis performed to any address
while the 28HC64 is still writing, the device will present the
ones-complement of data bit YO7. When the 28HC64 has
completed its write cycle, a read from the last address
written will result in valid data. Thus, software can simply
read from the part until the last data byte written is read
correctly. A DATA polling read should not be initiated until
a minimum of t,, nanoseconds after the last byte is written.
DATA polling attempted during the middle of a page load
cycle will present a ones-complement of the most recent
data bit lI/O7 loaded into the page. Timing for a DATA
polling read is the same as a normal read once the t,,
specification has been met.

NOTE:

28HC64/28HC64H
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/06 Toggle Bit Poliing

in addition to the polling method described above, the
28HC#64 provides V'O Toggle Bit to determine the end of
the internal write cycle. While the internal write cycle isin
progress, VYOG toggles from 1 to 0 and 0o 1 on sequential
pollingreads. Whentheinternal write cycle is complete the
toggling stops and the 28HC64 is ready for additional read
or write operations. This feature is particularly usefulwhen
writing to multiple devices simultanecusly.

Hardware Chip Erasel'l

Certain applications may require all bytes to be erased
simultaneously. This can be achieved by clearing cne
byte ata time, however, this would require a clock cycle for
each byte or page clear. The high voltage chip erase
function completes this task with a single clock cycle, thus
reducing the total erase time considerably. Please refer to
the Hardware Chip Erase waveforms for timing specifics.

Write Data Protection

Hardware Feature

There is internal circuitry to minimize a false write during
Vee power up or down. This circuitry prevents writing
under any one of the foliowing conditions:

1) V. isless than V. o
2) A high to low Write Enable (WE) transition has not
occurred when theV,. supply is between V., and

V.. with CE low and OE high.

Writing will aiso be inhibited when WE, CE, or OFE are in
logical states other than that specifiedfor a byte write in the
Mode Selection Table.

Software Write Protect (SWP)

The 28HC64 has the ability to enable and disable write
operations under software control by accessing aninternal
control register. Software control of write operations can
reduce the probability of inadvertant writes resulting from
power up, power down, or momentary power distur-
bances. The 28HC64 is shipped with the software write
protect mode deactivated (default power-up mode) to
provide compatibiiity with parts nothaving this mode. The
software write protection mode is set by performing a page
write operation (using page mode write timing) using
specific addresses and data.

Set Software Write Protect

A three step write sequance shown below in TABLE 2 is
used to set the protect mode. Page mode write timing is
to be used. A violation of this sequence or the time-out of

1. Hardware chip clear is an optional feature guaranteed with SMD product only.
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the page timer (t,, . ) will abort the set protection mode (see
note). Reads attempted during the access sequence will
be assumed to be a DATA polling read and result in the
device presenting a ones complement of the last data bit
VO7 written.

Protected Write Operation

Once the software protect mode is set, the software
algorithm shown in TABLE 3 must be used for every byte
write or page write cycle. The write operation uses the
same three sequential steps shown in TABLE 2 to unlock
the write protection for each byte/page write. The first
thrae bytes unlock write protection while the fourth and
successive bytes if any are written into the device.

Only single byte or page loads can be performed. After
completion of internal write cycle, the device returns to the
protacted mode. The access sequence shown in TABLE
3 must be repeated to write an additional byts or page.

Disable Software Write Protection

The software protection can be disabled by following the
six step sequence shown in TABLE 4. The device will be
reconfigured to hardware protect mode only after this
sequence. Page mode write timing is to be used. A
violation of this sequence or the time-out of the page timer
{ts.c) will abort the reset protection mode. Reads at-
tempted during the access sequence will be assumed to
be DATA polling read. .-

28HC64/28HC64H
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SOFTWARE CONTROLLED SPECIAL FUNCTIONS
The 5 V chip erase function is accessed using the six step
sequence shown in TABLE 5. The six step access
sequence need not be followed by a non-volatile write
cycle. Thefealureis available for use both in the protected
and unprotected (standard) modes. Page mode write
timing is to be used. A violation of this sequance or the
time-out of the page timer (1, .) will abort the access
sequence and undesired writes could occur if the part is
not software protected. Reads attempted during the
access sequence will be assumed to be DATA polling
read,

Software Chlp Erase!'l

5 Vonly software chip erase is performed by executing the
six step access sequence shownin TABLE 5. Control data
word 10 hex should be written to the secondary control
register. DATA polling can ba done during chip erase to
determine the completion of chip erase. The six step write
need not be folfowed by a byte or page data load. Atthe
end of the six step access sequence, the device begins
and completes chip erase internally. Chip erase command
canonly be issued with the autoerase before write function
enabled.

TABLE 2 Set Software Write Protect Operation Sequence

Step | Mode | Address A12-A0 Data I/0 7-0 Comment
1 Write 1555 Hex AA Hex Dummy write.
2 Wirite 0AAA Hex 55 Hex Dummy write.
3 Wirite 1555 Hex A0 Hex Dummy write.
SWP state activated.
4-35 Write Address Data Write data to address.
Byte or Page write.

NOTE: SWP protected state will be activated at the end of write even if a byte or page data load is NOT
attempted after the three step access sequence. In such a case, after the three step access sequence
AND t . timeout, SWP bitis set by performing a non-volatile write cycle. The SWP non-volatile bit
is set for protected mode operation during the first access sequence to the part. Once the SWP non-
volatile bit is set, subsequent writes require the 3 step sequence to enable byte or page writes,
Undesired writes could occur as a result of first access sequence violation while attempting to set SWP.

NOTE:
1. Software chip clear is an optional feature.
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TABLE 3 Protected Mode Write Operation Sequence

Step | Mode | Address A14-A0 Data 110 7-0 Comment
1 Write 1555 Hex AA Hex Dummy write.
2 Write O0AAA Hex 55 Hex Dummy write.
3 Write 1555 Hex AQ Hex Dummy write.

Enable byte/page writes.
4-35 Write Address Data Wirite data to address.

Byte or page write.

TABLE 4 Disable Protected Mode Operation Sequence

Step | Mode | Address A14-A0 Data /0 7-0 Comment

1 Write 1555 Hex AA Hex Dummy write.

2 Write O0AAA Hex 55 Hex Dummy write.

3 Write 1555 Hex 80 Hex Dummy write.

4 Write 1555 Hex AA Hex Dummy write.

5 Write 0AAA Hex 55 Hex Dummy write.

6 Wirite 1555 Hex 20 Hex SWP state deactivated.

7-38 Write Address Data Wirite data to address.
Byte or Page Write.

NOTE: The SWP protected mode will be reset at the end of the write even if the six step access sequence
is not followed by a byte or page data load. An internal non-volatile write cycle is performed to
reset SWP bit after the six step access sequence AND t, . timeoul.

TABLE 5 Chip Erase Operation Sequence

Step | Mode | Address A14-A0 Data I/O 7-0 Comment

1 Write 1555 Hex AA Hex Dummy write.

2 Write 0AAA Hex 55 Hex BDummy write.

3 Write 1555 Hex 80 Hex Dummy write register.

4 Write 1555 Hex AA Hex Dummy write. -
5 Write OAAA Hex 55 Hex Dummy write.

6 Write 1555 Hex 10 Hex Chip Erase

— SEEQ
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Absolute Maximum Stress Range*

Temnperature
SIOrAGO .....ceveereevrecvreresressssasins =65°C to +150°C
Under Bias
Military/Extended Temperature.....-65°C to +135°C
Commercial Temperature................~10°C lo +80°C
D.C. Voltage applied to all Inputs or Outputs
with respect to ground........................ +7.0Vto-30V

Recommended Operating Conditions

28HC64/28HC64H
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“COMMENT: Stresses above those listed under “Absolute

Maximum Ratings™ may cause permanent damage to the
device. Thisis a stressrating only and functional operation
of the davice at these or any other conditions above those
indicated in the operational sections of this specification is
notimplied. Exposure to absolute maximum tating condi-
tions for extended periods may affect device reliability.

28HCB4 - 70 28HC64 - 80 28HC64 - 120 28HC64 - 150
Temperature Commercial 0°Cto + 70°C 0°C to + 70°C 0°Cto + 70°C 0°Cto + 70°C
Range Extended —40°C 10 +85°C | —40°C 10 +85°C | —40°C 1o +85°C | —40°C to +85°C
Military —55°C to +125°C | -55°C to +125°C | -55°C to +125°C | —55°C to +125°C
Vee Supply Voltage 5V+10% 5V +10% 5V £ 10% 5V +10%
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Ton Data Retention >10 Years MIL-STD 883 Test
Method 1008

DC Characteristics (Over operating temperatJre and V_ range, unless otherwise specified)

2. inputs only. Does not inciude VO,
3. For {70 only.

Limits
Symbol Parametor Min, Max. Units Test Condition
lee Active V. Current 80 mA CE = OE =V, : Ali /O open;
Other Inputs = V. Max.
Min. read or write cycle time
lggs Standby V. Current 3 mA | CE=V,, OE = V,; All VO Open;
(TTL inputs) Other Inputs = V, to V,,
lgs, Standby V. Current 250 HA CE=V,-03
{CMOS Inputs) Other Inputs =V, to V,,
All YO Open
M@ Input Leakage Current 1 HA Vin = Vo Max.
o™ Cutput Leakage Current 10 pA Vour = Ve Max.
V. Input Low Voltage -1.0 0.8 v
VI Input High Voltage 20 Ve +1.5 v
Vo Output Low Voltage 0.4 \' lo =21 mA
Vou Output High Voltage 24 Vv lon = —400 pA
Vi Write Inhibit Voltage 3.8 v
NOTES:

1. This parameter is measured only for the initial qualification and after process or design changes which may affect it.
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Capacitance ' T, = 25°C, { = 1 MHz A.C. Test Conditions
Symbol | Parameter Max . | Conditions Output Load: 1 TTL gate and C, = 100 pF
c Inout C it 6oF | V=0V Input Rise and Fall Times: < 10 ns
IN nput “-apacifiance P = Input Pulse Levels: 0.0 V1o 3.0 V
Cour Data (/O) Capacitance {12pF | V,, = OV Timing Measurement Reference Level: 1.5V
AC Characteristics
Read Operation (Over operating temperature and V,, range, unless otherwise specified)
Limits
28HC64-70 | 28HCG64-90 | 28HC64-120 | 28HC64-150 Test
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min.| Max.|Units| Conditions
tec Read Cycle Time 70 90 120 150 ns | CE = OE =V,
tee Chip Enable Access Time 70 90 120 150| ns | OE =V,
1 Address Access Time 70 90 120 150 | ns |CE=OE =V,
toe Output Enable Access Time 35 35 35 35 | ns |[CE=V,
tor Output or Chip Enable High to 0|3 | 0| 35 0 35 0 {3 | ns [CE=V,
output in Hi-Z
ton Output Hold from Address 0 0 0 0 ns | CE=OE=V,
Change, Chip Enable, or Output
Enabie, whichever occurs first

Read /DATA Poliing Cycle

et} tnc

4
ADDRESSES >< ADDRESSES A y x NEXT ADDRESS X

taa
CE
teg——

OF \ toF
t
L tope] OH \ .
HIGH 2 Ve
DATA << DATA VALID ><‘ DATA VALID
taa
NOTES:

1.This parameter is measured only for the initial qualification and after process or design changes which may affect it.
2. Military compliant product tested per applicable military specification.
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AC Characteristics
Write Operation (Over the operating temperature and V.. range, unless otherwise specified)
Limits
28HC64-70 | 28HC64-90 | 28HC64-120 | 28HC64-150

Symbol | Parameter Min. | Max.{ Min. | Max.| MIn. | Max. | Min. | Max. | Units
tuc Write Cycle Time  28HC64 2 2 2 2 ms

28HC64H 1 1 1 1 ms
ts Address Set-up Time 0 0 0 0 ns
t Addrass Hold Time (see note 1) 50 50 50 50 ns
tes Write Set-up Time 0 0 0 0 ns
ten Write Hold Time 0 0 0 0 ns
tow CE Pulse Width (note 2) 50 50 50 50 ns
toes OE High Set-up Time 0 0 0 ns
toen OE High Hold Time 0 0 0 ns
twe WE Pulse Width (note 2) 50 50 50 50 ns
ths Data Set-up Time 40 40 40 40 ns
ton Data Hold Time 10 10 10 10 ns
tac Byte Load Timer Cycle 02 | 150 | 0.2 150 | 02 | 150 | 0.2 | 150 | pus

{Page Mode Only) (note 3)
te Last Byte Loaded 70 90 120 150 { ns
to DATA Polling Output

Byte Write Timing

intenal write cycle.
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Touhmoiagy, Rasrperated
MD400108/A

WE CONTROLLED WRITE CYCLE
. om
BYTE WRITE }
oF /1. N
CES o uu
omesses X wie W7 o 777K
tag - [t -
& N
tos i = we yr !
wE N " *
—twe
0 pe e tLp
‘m—ﬁ
DATA Hanz < oATAN «@
NOTES:

CE CONTROLLED WRITE CYCLE

DATA

HIGH 2

]

pg |

1. Address hold time is with respect o the falling edge of the control signal WE or CE.
2. WE and TE are noise protecied. Less than a 10 nsec write pulse will not activale a write cycle.
3. t, . Min. is the minimum time before the next byte can be loaded. k. max. is the minimum time the byte load timer waits before initiating
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Page Write Timing/WE Controlled

- L DATA
_/ PAGE LOAD —— / > POLLING7 e

e ) R N

et
ADDRESSES § VALID X VALID X o4 @ /// DON'T CARE
LT T -
r—1aH

= W awaNID/, W aaNl

%--" l/

t r=—18LC I we !
WF, | AR 55
WE S
Samb

e
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...... __< DATA
O D

OE

A E

YN\

los—b

DATA HIGH Z <

of
g}
>
-
nN
>
"
4
e
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Hardware Chip Erase

ViH .

CE N\ Vi / \
tewe | WHEH
Vi « VOHEL

— 4 \
OE

ViH _ TovHwL T WHOH \

ViH twiwH
WE \ Vi /

woresses _ )L/ aomense S )
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Hardware Chip Erase

Parameter Description Min. Max. Units
te wL Chip Enable Setup Time 5 us
tovnwe Output Enable Setup Time 5 us
| S Wirite Enable Pulse Width 10 ms
I Chip Enable Hold Time 5 us
toon Output Enable Hold Time 5 us
tonEL Erase Recovery Time 50 ms
v, High Voltage 10.8 13.2 Vv
Ordering Information

M 28HCS4 H -70 /B

D
T 1T T

PACKAGE TEMPERATURE PART TYPE EEPROM BYTE ACCESSTIME  SCREENING OPTION
TYPE RANGE WRITE TIME

D = CERAMIC DIP M= -55°C 1o + 125°C 8K x 8 EEPROM (Blank) — Standard Write Time 70=70ns MiL 883 CLASS B

L=LCC (MILITARY) H — Fast Write Time 90 =90 ns SCREENED

F = FALATPACK E = —40°C to +85°C 120=120ns

T=PGA {EXTENDED} 150 = 150 ns

N=PLCC Q= 0°Cio +70°C

P = PLASTIC DIP {COMMERCIAL)

UX = UNENCAPSULATED DIE
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