NEC
32,768 x 8-Bit

NEC Electronics Inc. CMOS EEPROM

Description Pin Configuration

The uPD28C256 is a 262,144-bit electrically erasable  2g_pin Plastic DIP
and programmable read-only memory (EEPROM) orga-

nized as 32,768 x 8 bits and fabricated with an ad- PO o W s
vanced CMOS process for high performance and low AM g 28 P vee
tion. 1202 273 WE
power consumption. Ay Oa 26 A
Operating from a single + 5-volt power supply, the As 4 251 Ag
HPD28C256 provides DATA polling and toggle bit func- ™ E : - g "~
tions to indicate the precise end of write cycles. Addi- A; d- £ 2»h 0-151
tional features include software data protection, soft- Ap Os § 21 A
ware chip erase, auto erase and programming, and AiO9 % 20pcE
64-byte page write operation using automatic write Ao 10 19 0 Vo7
timing and internal address and data latches. 0o g 11 18 P voe
Vo4 [} 12 17 B vos
The uPD28C256 is available in standard 28-pin plastic vo, (13 16 [ V04
DIP packaging. GND 14 15 3 vog 27d
83IH-6891A
Features
O Single + 5-voit power supply Pin dentitication
O Fast access time of 200 ns (max) Symbol Function
O Software chip erase cycles Ag-Aqa Address inputs
O Auto erase and programming at 10 ms (max) /On - Data inouts and outout
O 64-byte page programming cycles /_° Vo, a.° bbbt drad
O End of write detection CE Chip enable
— DATA polling OE Output enable
— Toggle bit . WE Write enable
O Software datg p_rotepuon GND Ground
O Low power dissipation
— 50 mA max (active) Vee + 5-volt power supply
— 100 A max (standby)
O 10,000 erase/write cycles per byte
O Silicon signature included
0 Advanced CMOS technology
0O 28-pin plastic DIP packaging
Ordering Information
Part Number Access Time (max) Package
puPD28C256C2Z-20 200 ns 28-pin plastic DIP
CZ-25 250 ns
60073 2 7 D - ]
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HPD28C256 N E C

Absolute Maximum Ratings Capacitance
Supply voltage, Voo —06to +70V A= 25Cit= 1MHz Vi and Vour = OV
Input voltage, Viy -06toVgg + 0.3V Par Symbol Min  Typ Max  Unit
input voltage (Ag) —06to +135y  |nput capacitance S 12 PF
Output voltage, Vout —06to +70v  Qutputcapacitance Co 10 PF
Operating temperature, Topp -10 to +85°C
Storage temperature, Tstg o510 +125c  Truth Table
Function CE ©OE WE |
Exposure to Absolute Maximum Ratings for extended periods may npuvOutput lee
affect device reliability; exceeding the ratings could cause perma-  Read ViL Vi  Viy Dout Active
nent damage. The device should be operated within the limits Standb: d Vi R
specified under DC and AC Characteristics. wiits inmibit mo X X High-Z Standby
Recommended Operating Conditions Write Vi, Vin Vi O Active
Parameter Symbol Min Typ Max Unip  WVritenhibit - X Vie X - -
Supply voltage Veo 45 50 55 v X X Vi
Input voltage, high ViH 2.0 Veg+ 03 V Notes:
Input voltage, low viL -0.3 0.8 v (1) X can be either Vy_or Viy.
Operating temperature Ty o] 70 °C
Block Diagram
vee —» VOp VOt VO3 VO3 VO4 VOg VOg VO7
oo —= R R
@ > Contro! Logic >
OE — and >
CE » Timing Circuits > VO Buffers/
Data Latch
Ag —>» >
Ay — é >
Ap —> §¢§ T
> B »] YD -
A3z § .&U’ acoder Y-Gating
Ay —>» ] >
A5 — - —
Ag —» >
. . o
. ® 3 3
. g . .
. “a s . .
. o . .
£ g : 262,144-Bit
. § .g : X-Decoder . Memory Cell Array
Ayy —> e > >
-
831H-68928
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N E C pPD28C256

DC Characteristics
Ta= 0to +70°C; Vo = +5.0V *+ 10%

Parameter Symbol Min Typ Max Unit Test Conditions
Output voltage, high VoH1 24 v lon = —400 uA

VoH2 Vec-07 v fon = -100 LA
Output voltage, low VoL 0.45 v loL = 21 mA
Output leakage current ho -10 10 HA VouT = 0Vto Vg

or OE = VIH

Input leakage current Iy -10 10 HA ViN=0VtoVge
Vg current (active) IcCA1 20 mA CE=Vi;Vn= Vg

lccaz 50 mA f= 5MHz; loyT = OmA
Vg current {standby) lccs1 1 mA CE =V

Iccs2 100 MA CE= Vgg;Vn=0Vto Vee
AC Characteristics
Ta= 0to +70°C; Vge = +5.0V * 10%

pPD28C256-20 nPD28C256-25 27d

Parameter Symbol Min Max Min Max Unit Test Conditions
Read Operation
Address to output delay tacc 200 250 ns CE=0E = V),
CE to output delay tee 200 250 ne OE = V),
OE to output delay tog 10 75 10 100 ns CE= v
OE or CE high to output float toF [V} 60 [¢] 80 ns CE = V) orOE = V)_
Output hold from address, tox o [} ns CE=OE = V.
OE or CE, whichever
transition occurs first
Write Operation
Write cycle time twe 10 10 ms
Address setup time tas 10 10 ns
Address hold time Ak 200 200 ns
Write setup time tcs 0 o ns
Write hold time tcH (] 0 ns
CE pulse width tew 150 150 ns
OE high setup time toes 10 10 ns
OF high ‘hold time toEH 50 50 ns
WE pulse width twp 150 150 ns
WE high puise width tweH 2 2 s
WE high hold time WEH 9.9 9.9 ms
CE high hold time tcEH 2.9 9.9 ms
Data setup time tps 100 100 ns
Data hold time toH 50 S0 ns
Byte load cycle time tsic 3 100 3 100 Hs

27b-3
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uPD28C256 N E C

AC Characteristics (cont)

nPD28C256-20 nPD28C256-25
Parameter Symbol Min Max Min Max Unit Test Conditions
Software Chip Erase Operation
CE setup time tecs 500 500 ns
WE pulse width tewp 10 10 ms
CE hold time tecH 20 20 us

Notes:

(1) See figure 1 for the output load. Input rise and fall times < 20 ns;
input pulse levels = 0.45 and 2.4 V; timing measurement refer-
ence levels = 0.8 and 2.0 V for both inputs and outputs.

Figure 1. Output Load

33kQ
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C= 100 pF
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>

831H-60668
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NEC

uPD28C256

Read Cycles

Both CE and OE must be at V;, to enable stored datato
be read. While the device is executing read cycles,
bringing either of these inputs to Vi will place the
outputs in high impedance. This two-line output con-
trol allows bus contention to be eliminated in the
system application.

Byte Write Cycles

Low levels on CE and WE and a high level on OE place
the uPD28C256 in write operation. Write address inputs
are latched by the falling edge of either CE or WE,
whichever occurs later. Data inputs are latched by the
rising edge of either CE or WE, whichever occurs
earlier. Once byte write operation has begun, the inter-
nal circuits assume all timing control and the byte
being addressed is automatically erased and then
programmed within the write cycle time (twc) of 10 ms.

Page Write Cycles

This option allows the uPD28C256 to be completely
programmed in a much shorter time than is required by
byte write cycles. Page write cycles can program up to
64 bytes simultaneously, enabling the uPD28C256 to be
completely written within a maximum of 5.2 seconds.
The page address is specified by the inputs Ag through
Aq4; once set, this address cannot be changed. Within
the page, address inputs Ag through As can be used
sequentially or in random order to specify individual
bytes.

The beginning of a page write cycle is the same as a
WE-controlled byte write cycle. If the next falling edge
of WE occurs within a byte load cycle time of 100 s, the
internal byte register will be loaded with another byte of
input data. This cycle can be repeated to load a maxi-
mum of 64 bytes of data. At any point in the sequence,
if WE does not have a new falling edge within the cycle
time of 100 us, byte loading will terminate and auto-
matic erasing and programming operations will begin.

DATA Polling Feature

This feature supports system software by indicating the
precise end of byte write and page write cycles. DATA
poiling can be used to reduce total programming time
of the uPD28C256 to a minimum value, which varies
with the system environment.

While internal automatic write operation is in progress,
any attempt to read data at the last externally supplied
address location will result in inverted data on pin /07
(for example, if write data = 1xxx xxxx, then read data
= Oxxx xxxx). Once the write cycle is complete, a read
cycle will result in true data being output on i/05.

Toggle Bit Feature

The feature provides another method for indicating the
end of write cycles. During the internal automatic write
operation, 1/Og will toggle from 0 to 1 and back on
successive attempts to read data. When the write cycle
is compiete, the toggling stops; a read cycle resuits in
true data being output on I/Og (figure 2).

Hardware Data Protection

The uPD28C256 provides three features to prevent
invalid write cycles:

® Noise immunity, where write operation is inhibited
when the WE pulse width is 20 ns or less.

e Supply voltage level detection, where write opera-
tion is inhibited when Vg is 25 V or less.

e Write protection logic, where wnteﬂgeratnon is in-
hibited if OE is held low or CE or WE is held high
during power on or off of the V¢ supply voltage.

27D~ 5
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uPD28C256 N E C

Figure 2. Data Polling and Toggle Bit Operation
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Notes:

[1] The dashed portions of the output waveforms indicate high impedance.
{2] Address n is the address supplied in the last extemal write cycie.

BIVG-67528
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NEC

Software Data Protection

Additional protection of data is available using soft-
ware control. Standard, unprotected write cycles are
illustrated in the timing waveforms. Additional
software-controlled protection is enabled or reset with
two special sequences of write cycles. To enable soft-
ware data protection, or to execute additional write
cycles after the uPD28C256 is in a protected state, use
the address and data sequence shown in table 1. All
three byte write cycles must be issued in sequence and
must meet the timing illustrated in figure 3.

Figure 3.

pPD28C256
Table 1. Sequence to Enable Software Data
Protection
Address input (Hex) Write Data (Hex)
5555H AAH
2AAAH 55H
5555H AOH

Under software protection, no write cycles will be
executed unless preceded by the above sequence. The
protection circuit is nonvolatile and continues to pro-
tect the data during power-down and power-up.

Sequence to Initiate or Continue Software Data Protection

CE

tBLC—»

Al

A A A WA
_ﬂf\_ﬂ}ﬂi

vo AAH

X = X=X

s X X XXX

x Valld Write
Address :X 5555H X 2AAAH X 5555H Address

X X

|<——— Page Write Cycles J

XXX

'software
Notes: Protection
[1] The software sequence is complete at the end of the first t g following Enabled
all of the page write data inputs (from one 1o 64 bytes).
[2) OE is held ata high level.
B83vG-67538
21D -7
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HPD28C256

NEC

To disable software protection for ease in testing or
reprogramming of the uPD28C256, the byte reset se-
quence shown in table 2 must be issued. The timing is
illustrated in figure 4.

Table 2. Sequence to Disable Software Data

Protection
Address Input (Hex)

Write Data (Hex)

At the end of this sequence, and after a minimum delay
of twc to reset the nonvolatile protection circuit, the
uPD28C256 is in an unprotected state. Any standard
write cycle can be executed as desired. In this state,
the hardware features provide all data protection.

5555H AAH
2AAAH 55H
5555H 80H
5555H AAH
2AAAH 55H
5555H 20H
Figure 4. Reset Sequence for Software Data Protection

=/ O\

tBLC—> twe»

N\

K

vo AAH XSSH X 80H X ArR X SSHXZOH )<_$T>C»,:>C

— (N
Address :X 5555H X 2AAAH X 5555H X 5555H X 2AAAH x 5555H x x

Notes:

all of the page write data inputs (from one to 64 bytes).
[2] OE Is held at a high level.

[1] The software sequence is complete at the end of the first t g following

Page Write Software

Cycles Protection
Inactive

B83vG-6754B
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N E C HPD28C256

Software Chip Erase Feature Table 3. gequence to Set Up Software Chip
rase

All bytes of the uPD28C256 can be erased simulta-

neou);ly by makin‘; CE and then WE fallto Vj,_ using the Address Input (Hex) Write Data (Hex)

address and data sequence shown in table 3. The 3555H AAH

required timing is illustrated in figure 5. 2AAAH 55H
5555H 80H
5555H AAH
2AAAH 55H
5555H 10H

Figure 5. Sequence for Software Chip Erase

o Ko X X X X o XOXXRR,

Address :X 5555H X 2AAAH X 5555H X

Notes:

[1] The software sequence is complete at the end of tgcH following the
special address and data sequence and the erase pulse on WE.

[2] O must be held at a high level.

AL

83YL-7314B
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pPD28C256 N E C

Timing Waveforms

Read Cycle

Address W Address Valid
7

f€————tCE ————
— 4
Ot

4
1OE —>
[Note 1] le—1IDF
tAcC [Note 2]
[Note 1) -t OH—>
High Impedance /////F \ High Impedance
Vo Data Valid
Y LT

Notes:

[4}] OE may be delayed for read operation up to tocc - tOE. after the falling
edge of CE, without impact on taocc-

[2] tpE Is specified from OF or CE, whichever occurs first,

[3) WE = V|IH.

831H-64648
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NEC

uPD28C256

Timing Waveforms (cont)

WE-Controlled Write Cycle

Al

Vo
DiN

[Te)
Dour

Address
K

\W@R\[ — j/////////;ﬂ////)x {
'(—Iogs —> LOEH )
W AL Y
_\( [Note 3] JZL . jk—

DH

tps >

p|
2

Data Input Valid

High Impedance

Notes:

[1] The address Inputs are latched at the falling edge of CE or WE,

whichever occurs later.

[2] The data inputs are latched at the rising edge of CE or WE,

whichever occurs earlier.

{3] Write operation requires both CE and WE to be at V.
Parameters tyyp and tcyy are defined only for the period when both

CEand WE areatV .

£4
ed

83IH-6893B

27p-1
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uPD28C256

Timing Waveforms (cont)

CE-Controlled Write Cycle

- -

]
B i A A A" " A A A ’I
aaaannssssanamamnnann 0 9.0.0.0 0000000000006 000600006.

tas >

le——1tAH —rJ
low 1CEH >
{Note 3]
Z( 45
N V|

‘\\\\\\\\\\”\\\\\\\V

«T —

oo —| beron

Notes:
whichever occurs later.

whichever occurs earlier.

CE and WE are at V-

2% e X,
vo High Impedance e
DOLJT e

[t] The address inputs are latched at the falling edge of CEor VE,
[2] The data inputs are latched at the rising edge of CE or WE,

(3] Write operation requires both CE and WE to be at ViL.
Parameters tyyp and tcyy are defined only for the period when both

83IH-68948
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HPD28C256

Timing Waveforms (cont)

Page Write Cycle

OE

Address

vo

/4

& \MM/@MMW%‘

2

TWPH

§§g8K[qu>( X

i_
IWC——>

X X o DR

Valid Valid
ZXRRRTR oo X s X

XX

Valid
[Last Byte]

)

Notes:

[1] The address inputs are latched at the falling edge of CEor WE,
whichever occurs later,

[2) The data inputs are latched at the rising edge of CE or WE,
whichever occurs earfier.

[3] Write operation requires both CE and WE to be at Vi

Parameters tyyp and tcw are defined only for the period when both
CE and WE are at Vg .

[4] The page cannot be changed in the middle of a page
write cycle. Address inputs Ag— A 14 must be supplied for
every byte load cycle and must remain the same throughout
the page write cycle to prevent writing to an unknown
address location. Address inputs Ag — A are altered for each
byte load cycle and determine the individual byte to be
written within the page.

[5] A maximum of 64 bytes may be loaded in a single page
write cycle.

83IH--68958
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