NEC
512 x 8-Bit

NEC Electronics Inc. CMOS EEPROM

Description Pin Configuration

The uPD28C04 is a 4,096-bit electrically erasable and  24.pin Plastic DIP or Miniflat
programmable read-only memory (EEPROM) orga-
nized as 512 x 8 bits and fabricated with an advanced

CMOS process for high performance and low power 2; ;

consumption. asa

The device operates from a single + 5-volt power sup- Aslqs

ply and provides a DATA polling function to indicate the AslS 3
precise end of write cycles. Additional features include :2 j &
chip erase, auto erase and programming cycles. The A; ds g
uPD28C04 is available in standard 24-pin plastic DIP or 100 OJo

miniflat packaging. vo, dro

10, 11 27a

Features GND 012

831H-6280A

O Fast access times of 200 and 250 ns maximum

O Single + 5-volt power supply .

o Chip erase feature Pin ldentification

T Auto erase and programming at 10 ms maximum Symbol Function

o EATA polling.vell'ific‘ation Ag-Ag Address inputs

o r dissi

f‘goprgr\vemax (agta“tlleo)n I/Og - 1/O7 Data inputs/outputs
— 100 uA max (standby) CE Chip enable

B Endurance: 100,000 erase/write cycles per byte OE Output enable

= I:]’L-compatible inputs and outputs WE Write enable

O Three-state outputs

o Advanced CMOS technology GND Ground

B 24-pin plastic DIP or miniflat packaging Vee +5-volt power supply
NC No connection

Ordering Information

Part Number Access Time (max) Package

uPD28C04C-20 200 ns 24-pin plastic DIP

c-25 250 ns
HPD28C04G-20 200 ns 24-pin plastic miniflat
G-25 250 ns
60052-1 27A -— 1
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pPD28C04 N E C

Absolute Maximum Ratings Capacitance
Supply voltage, Voo -06t0o+70V Ta=25Ci f= 1 MHz; Vi and Vour = OV
Input voltage, Vi 0610 +70V Parameter Symbol Min Typ Max Unit
Input voltage, V3 (OF) “06to +165v  IMPut capacitance G 7 12 PF
Output voltage, Vo -06to +7.0V Output capacitance Co 0 i
Operating temperature, Topt - 10 to +85°C
Storage temperature, Tg1g - 6510 +125°C Truth Tab|e_ —
Function CE OE WE 1/0 Ice
Exposure to Absolute Maximum Ratings for extended periods may -
affect device reliability; exceeding the ratings could cause perma- Read Vi Vi Vin Dout Active
nent damage. The device should be operated within the limits Standby and  V|y X X High-Z Standby
specified under DC and AC Characteristics. write inhibit
R ded O ; Conditi Write ViL VH VL DN Active
ecommende perating Conditions Chip erase Vi Vi Vi Om = Vin Active
Parameter Symbol  Min Typ Max Unit Write inhibit X Vil X — —
Supply voltage Vee 4.5 5.0 55 \' X X Vi
Input voltage, high ViH 2.0 Vee + 03 v
Notes:
Input voltage, low ViL -03 0.8 v
- (1) X can be either Vy or V).
Ambient temperature Ty 0 70 °C
(@ VIHH = +15 *05V.
Block Diagram
Voo —a VO /04 VO VO3 V04 LOs UOg LO7
oo = N O
WE —» Control Logic >
OE — and
—_— Timing Circuits VO Buffers
CE — Data Latch
Ag —
Ay —
Ao 5/ Y-Decoder 5’ Y-Gating
Ag —»
Ag—» 2o
£
Sa
3]
Ag —» é_g
Ae =, 4 4,096-Bit
74 a 74 o Bl
Az X-Decoder 7 Memory Cell Array
Ag —*™
831H--62818
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NEC

HPD28C04

DC Characteristics
Ta = 0 to +70°C; VOC = +50V *10%

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

VoH2 Veoc -07 v loy = —-100 uA
Output voltage, low VoL 0.45 \ lop = 21 mA
Cutput leakage current Lo 10 HA Vour = 0to Vg
Input leakage current Iy 10 HA VIN= OtoVge
Ve current (active) lccat 20 mA CE= Vi ViN = Vi

Iccaz 50 mA f = 5 MHz; loyT = 0mA
Ve current (standby) leest 1 mA CE = vy

lccs2 100 A CE= Vggi VN = 0V toVge
AC Characteristics 27a
Ta = 0to +70°C; Vgc = +5.0V * 10%

nPD28C04-20 #PD28C043-25
Parameter Symbol Min Max Min Max Unit Test Conditions
Read Operation
Address to output delay tacc 200 250 ns CE = OE = V; WE = ViH
CE to output delay tce 200 250 ns OE = V|, WE = V)y
CE high to output float torc 60 i} 80 ns OFE = Vi, WE = viy
OE high to output float toro 60 ) 80 ns CE = V), WE = Vi
OE to output delay toe 10 75 10 100 ns CE = Vi, WE = Vi
Output hotd time from toHA 0 (] ns CE = OF = v ;
address change WE = V| (Note 2)
Output hold time from rising  tonc 0 0 ns OE = Vy.; WE = Vjy (Note 2)
edge of CE
Qutput hold time from rising  tono 0 0 ns CE = V|, WE = VIH
edge of OE
WE hold time from rising twHo 10 10 ns OE = Vi
edge of OE
WE setup time to CE twsc 10 10 ns CE = Vjy
WE setup time to OE twso 10 10 ns OE = V|
Write Operation
Address hold time tAH 200 200 ns
Address setup time tas 10 10 ns
CE high after CE-controlled  tcgy 9.9 9.9 ms
write cycle
Write hold time tcH ns
Write setup time tcs ns
27A -3
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uPD28C04 N E C

AC Characteristics (cont)

uPD28C04-20 #PD28C04-25

Parameter Symbol Min Max Min Max Unit Test Conditions
Write Operation (cont)
CE pulse width tew 150 150 ns
Data hold time tpH 20 20 ns
Data setup time tps 100 100 ns
Data valid time toy 300 300 ns
OE high hold time toEH 10 10 ns
OE high setup time toes 10 10 ns
Write cycle time twe 10 10 ms
WE high after WE-controlled  twgn 9.9 9.9 ms
write cycle
WE pulse width twp 150 150 ns
WE high hold time twPH 50 50 ns
Chip Erase Operation
CE hold time tecH 5 5 us
CE setup time tecs 500 500 ns
Data hold time teDH 100 100 ns
Data setup time teps 500 500 ns
OE hold time tEoER tecH + 3 tecH + 3 us
OE setup time teoES 500 500 ns
WE pulse width tewp 10 10 ms
Notes:
(1) See figure 1 for the output load. Input rise and falltime < 20 ns; (2) Outputhold time is specified from address, OE or CE, whichever

input pulse fevels = 0.45 and 2.4 V; timing measurement refer- goes invalid first.

ence levels = 0.8 and 2.0V for both inputs and outputs.

Figure 1. Output Load

3.3kQ

Dour ouT

I—{F——a—P}—o
3

B83IH-60668
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uPD28C04

Timing Waveforms

Read Cycle

SO,
CUARIRIRRX

= ,\\\\\\\\\\\\\j\r

T"/////////////////A

% AN Y
[
e—— twsc ———‘
twso - twHo
_ 7 4 3 N
= (/] AN
l—tOE —
tCE tDFC —
tacc tIDFo
vo High Impedance [/ F 3%\\1‘ High Impedance
AN} /7 1‘
L—— tOHA
la—tOHC —o
toHo
Notes:
[1] Use tprc if CE transltions to V4 before OE transitions to V.
{2} Use tppoif OF transitions to V4 before CE transltions 1o V iy
{3] OE may be delayed for read operation up 10 tacc - tog after
the falling edge of CE without impacting tacc-
831H-63088
27A- 5
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pPD28C04 N E C

Timing Waveforms (cont)

WE-Controlled Write Cycle

1 twe |
wC

Address W Address Valid
N

tAS tAH

'——
= 7777777/ ‘\\\\\\\\\"\\\\\\\Y

lte——— twp——— IWEH
[Note 3]

e \ b \

IDH

| ————tDS———

s
V°—<ggggggggg& Data Input Valid
DiN P

High impedance "

Notes:

[1] The address inputs are latched at the falling edge of CE or ﬁ,
whichever occurs later.

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

[3] Write operation requires both CE and WE to be at V)i .
Parameter typ is defined only for the period when both
CE and WE are atvy .

B83IH-62238
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N E C pPD28C04

Timing Waveforms (cont)

CE-Controlled Write Cycle

|

p
Address @ Address Valid
2

r———— tA G ———— L—XAH—-—

] | e ) {
R sy 27a

<—tcr«j
S | BN

Data Input Valid

10 High impedance

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 earlier.

[8] Write operation requires both CE and WE to be at Vy .
Parameter towis defined only for the period when both
CEand WE are at V.

831H-62248

27A~ 7

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



uPD28C04

NEC

Timing Waveforms (cont)

Chip Erase Cycle

CE

/

tEcL

1ECH

'EOES

I‘-IEDS'H

EWP

Fe— tEOEH }

- ‘EDH*I

{e]

\

83I1H-60238
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NEC

uPD28C04

Read Cycle

Both CE and OE must be at Vy, in order to read stored
data. While the device is executing read cycles, bring-
ing either of these inputs to Vi will place the outputs in
a state of high impedance. This two-line output control
allows bus contention to be eliminated in the system
application.

Byte Write Cycle

Low levels on CE and WE and a high level on OE place
the uPD28C04 in write operation. The write address
inputs are latched by the falling edge of either CE or
WE, whichever occurs later, The data inputs are latched
by the rising edge of either CE or WE, whichever occurs
earlier. Once byte write cycles begin executing, inter-
nal circuits assume all timing control and the byte
being addressed is automatically erased and then
programmed. The operation is completed within a
write cycle time (tywg) of 10 ms.

Chip Erase Cycle

All bytes of the uPD28C04 can be erased simulta-
neously by making CE and WE fall to V;,_ after OE has
been increased to Viyy (15+0.5 V). The address inputs
are “don’t care,” but the data inputs must all be driven
to V)4 before the chip erase cycle begins.

DATA Polling Feature

This feature supports system software by indicating
the precise end of byte write cycles. DATA polling can
be used to reduce the total programming time of the
HPD28CO04 to a minimum value, which varies with the
system environment.

While internal automatic write cycles are in progress,
any attempt to read data at the last externally supplied
address location will result in inverted data on pin /Oy
(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/O5.

Write Protection Features

The uPD28C04 provides three features to prevent in-
valid write cycles:

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

— Supply voltage-level detection, where write oper-
ation is inhibited when V¢ is 2.5 volts or less.

— Write protection logic, where write operation is
inhibited if OE is held low or CE or WE is held high
during power-on or -off of the V¢ supply voltage.

27A-9
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