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NEC Electronics US.A. Inc. uPD2716-

Microcomputer Division

16,384 (2K X 8) BIT UV ERASABLE PROM

DESCRIPTION  The uPD2716 is a 16,384 bit (2048 x 8 bit) Ultraviotet Erasable and Electrically Pro-
grammable Read-Only Memory (EPROM). It operates from a single +5 volt supply,
making it jdeal for microprocessor applications. it offers a standby mode with an
attendant 75% savings in power consumption, and is compatible with the uPD2316E as
a ROM. This allows for economical change-over to a masked ROM for production
quantities, where desired.

The uPD2716 features fast, simple one pulse programming controlled by TTL level
signals. Total programming time for all 16,384 bits is only 100 seconds.

FEATURES e Ultraviolet Erasable and Electrically Programmable

® Access Time — 390 ns Max

e Single Location Programming

e Programmable with Single Pulise

e Low Power Dissipation Standby Mode

e |nput/Output TTL Compatible for Reading and Programming

e Pin Compatible to uPD2316E, uPD446 and uPD4016.

e Single +6V Power Supply

e 24 Pin Ceramic DIP

s  Three-State Outputs

PIN CONFIGURATION A S 2417 Vee (+5V)
Asd 2 23 Ag
as(3 22 [ Ag
A4 21 [ Vpp
A 5 20 [] O
3 E :l PiN NAMES

a2J6  wPD 19 ] Aq0 Ag-Arg Addresses
Aagv 2116 18 [ CE/PGM 0OF Output Enable
agC) 8 17 [J 07 0g-0 Data Qutputs
009 16 [ 0g CS/PGM Chip Enable/Program
oo 15[ 0

- o2 1404

{ov) GND [J12 13303

TABLE 1. MODE SELECTION

PINS
MODE CE/PGM OE ver | vec | outpuTs
Read ViL ViL +5 | 46 DouTt
Standby Vin Don’t Care +5 1 +5 High 2
Program Pulsed Vi to V|4 ViIH +25 45 DN
Program Verify viL ViL 425 | +5 Dout
Program Inhibit Vi VIH 425 | +5 High Z

ViH and V)_are TTL high level {''1"') and TTL low level
{"’0"") respectively.
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uPD2716
DATA OUTPUTS BLOCK DIAGRAM
(ol o) Dmm—— 0g-07

GNDO——

A 1t

_ OE —={ ouTPUT ENABLE
CE/PGM —| CHIF ENABLE OND OUTPUT BUFFERS
-
-4 Y
— . Y-GATING
—|  oecooer .
Ap-At0
ADDRESS ¢ .
INPUTS ] X . 16,384 BIT
—=] DECODER . CELL MATRIX
sefiine- | 'Y
D ———
L .
Operating TeMPerature. . . .. ..o v vt e et -10°C 10 +80°C ABSOLUTE MAXIMUM
Storage TEMPerature . . . . . ..o v ottt -65°C 1o +125°C RATINGS*
OutPUtVOIAge. . . . . o ottt -0.3 to +6 Volts
InputVoltage. . .. .. ... -0.3 to +6 Volts
Supply Voltage V. . - oo ov v i -0.3 to +6 Volts
Supply Voltage Vpp. . . .. ..o it -0.3 to +26.5 Volts
Ta=25°C

*COMMENT: Stress above those listed under **Absolute Maximum Ratings’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
Ta=25°C; f=1MHz CAPACITANCE
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX ] UNIT | CONDITIONS
Input Capacitance CiN 4 6 pF VIN=0V
Output Capacitance | CouT 8 12 pF Vout = 0V
READ MODE AND STANDBY MODE DC CHARACTERISTICS
Ta=0°C ~ 70°C; vgc @D = +5v + 5% vpp D@ = vec:0.6v @
LIMITS
PARAMETER SYMBOL | MIN. | TYP. | MAX. UNIT TEST CONDITIONS
Output High Voltage VoH 24 v oK = ~400 uA
Output Low Voitage VoL 0.45 v loL =21 mA
Input High Voltage ViN 2.0 Voo 41 v
input Low Voitage VL -0.1 08 v
Output Leskage Current o 10 HA VoyT = 5.25V
input Leakage Current I8 10 BA V)N =525V
Vpp Current Ippy 5 mA Vpp = 585V
Vecummt @ ‘cer 0w | 2 mA izlmu =Vin cE =V Standby Mode
‘ec2 s7 | 100 mA | CE/PGM = V) _OE = Vv, Resd Mode

Notes: @ Ve must be applied simuitaneously or before Vpp and removed after Vpp.

@ Vpp may be connected directly to V¢ (+5V) at read mode and standby mode.
The supply current would then be the sum of Ippq and i¢c (Icct or Icc2).

@ The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp
supply pin from +25V to +56V.
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uPD2716

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE

DC CHARACTERISTICS Ta =25°C + 6°C; Veg @D = +5v + 5% vpp @@ = +25v : 1v

(CONT.)
LIMITS
PARAMETER symeoL | miN. | TYP. | max. UNIT TEST CONDITIONS
Input High Voltage Vin 20 Ve 1 A
tnput Low Voltage ViL -0.1 08 v
Input Leakage Current m 10 uA V)N = 5.25V/0.45V
Program Verify
Vpp Current tep1 5 mA | TRieaM= vy Program Inhibit
\pp2 30 mA | TE/PGM = v, Program Mode
V¢ Current ‘cc 100 mA
AC CHARACTERISTICS READ MODE AND STANDBY MODE
T,=0°C10470°C: Ve D= 45v + Bxiivpp DD - v s 06v @
LIMITS
TEST
PARAMETER SYMBOL | MIN | TYP X | UNIT CONDITIONS
Address to Output Delay tACC ns CE/PGM = OE = ViL
CE/PGM to Output Detay | tcg ns | BE=viL
Output Enable == _
t 120 E/PGM = Vv
to Output Delay OE ns L
Qutput Enable High —_— _
t 0 100 ns CE/PGM =V
to Output Float OF L
Address to Qutput Hold tOH 0 ns CE/PGM = OE = ViL

Test Conditions

Output Load: 1 TTL gate and C_ = 100 pF Timing Measurement Reference Level:
input Rise and Fall Times: 20 ns inputs: 1.0V and 2.0V

Input Puise Levels: 0.8 to 2.2V Qutputs: 0.8V and 2.0V

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
T,=25°C+ 5°C: Voo D= 45v {3%; vpp DD s25v + 1y

LIMITS TEST
PARAMETER SYMBOL | MIN] TYP} MAX | UNITS | CONDITIONS
Address Setup Time 1AS 2 us
OE Setup Time tOES 2 us
Data Setup Time DS 2 us
Address Hold Time 1AH 2 us
OFE Hold Time 10EH 2 us
Data Hold Time 1DH 2 us
Output Enable to Output Float Delay [ tpfF 0 120 ns CE/PGM =V L
Output Enable to Output Delay tOE 120 ns CE/PGM = vy _
Program Pulse Width tPwW 45 | 50 55 ms
Program Puise Rise Time PRT 5 ns
Program Pulse Fall Time tPPFT 5 ns
Test Conditions:
Input Pulse Levels . . .. ... ... 0.8V t0 2.2V Output Timing Reference Level . .0.8V and 2V
Input Timing Reference Level. . . . . 1V and 2V

Notes: @ Ve must be applied simultaneously or before Vpp and removed after Vpp.
@ Vpp may be connected directly to V¢ {+5V) at read mode and standby mode.
The supply current would then be the sum of Ippy and icc (Icct or Icca).
@ The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp
supply pin from +25V to +5V.
@ During programming, program inhibit, and program verify, a maximum of +26V
should be spplied to the Vpp pin. Overshoot voltages to be generated by the Vpp
id be limited to tess than +26V.
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uPD2716

READ MODE
o, ﬁr —— TIMING WAVEFORMS
N -
P tOH
CE/PGM =] /—
1CE———y
OF ®© ]
tOE —ay
O]
tACC tDF—a
" S/ P —
a —
HIGH IMPEDANCE \ VALID OUTPUT X HIGH IMPEDANCE

PROGRAM MODE

PROGRAM PROGRAM VERIFY  —ui

Ao10 ADDRESS N X ADDRESS N+m
7
~—'As——| e tAH——

g

VALID INPUT VALID_ N VALID INPUT
%07 H ADDRESS N P 4 QUTPUT "\ ADDRESSN+m
IDF—am] feu tOE L— L-!DF

'Ds tDH
PW. peatne{
_ lea— tOES —ad Z e 10EH /
cerem _ 7 c
IPRT—o] [ p—tPFT

Notas: @ O€ may be delayed up to tAcC—tOE after the falling edge of CE/PGM for read
mode without impact on toCC

® tDF is specified from EE- or E—E/PGM, whichever occurs first.
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uPD2716

FUNCTIONAL The uPD2716 operates from a single +5V power supply and, accordingly, is ideal
DESCRIPTION for use with +6V microprocessors such as uPD8085 and uPD8048/8748.

OPERATION

READ MODE

STANDBY MODE

PROGRAMMING
MODE

Powered by ICminer.com Electronic-Library Service CopyRight 2003

Programming of the uPD2716 is achieved with a single 50 ms TTL pulse. Total pro-
gramming time for all 16,384 bits is only 100 sec. Due to the simplicity of the pro-
gramming requirements, devices on boards and in systems may be programmed easily
and without any special programmer.

The uPD2716 features a standby mode which reduces the power dissipation from a
maximum active power dissipation of 525 mW to a maximum standby power dissipa-
tion of 132 mW. This results in a 75% savings with no increase in access time.

Erasure of the uPD27 16 programmed data can be attained when exposed to light with
wavelengths shorter than approximately 4,000 Angstroms (A). It should be noted that
constant exposure to direct sunlight or room levet fluorescent lighting could erase the
uPD2716. Consequently, if the uPD2716 is to be exposed to these types of lighting
conditions for long periods of time, the uPD27 16 window should be masked to
prevent unintentional erasure.

The recommended erasure procedure fog the uPD2716 is exposure to ultraviolet light
with wavelengths of 2,637 Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than 15 W-sec/cm2. The erasure time is
approximately 15 to 20 minutes using an ultraviolet lamp of 12,000 uW/cm2 power
rating.

During erasure, the uPD2716 should be placed within 1 inch of the lamp tubes. If the
lamps have filters on the tubes, the filters should be removed before erasure.

The five operation modes of the uPD2716 are listed in Table 1. The power supplies
required are a +5V V¢ and a Vpp. The Vpp power supply should be at +25V during
programming, program verification and program inhibit, and it should be at +6V
during read and standby. FE/PGM, OF and Vpp select the operation mode as shown in
Table 1.

When CE/PGM and OF are at low {0) level with Vpp at +5V, the READ MODE is
set and the data is available at the outputs after tQg from the falling edge of OE and
tACC after setting the address.

The uPD2716 is placed in the standby mode with the application of a high (1) level
TTL signal to the CE/PGM and a Vpp of +5V. In this mode, the outputs are in a
high impedance state, independent of the OE input. The active power dissipation is
reduced by 75% from 525 mW to 132 mW.

Programming of the uPD2716 is commenced by erasing all data and consequently
having all bits in the high (1) level state. Data is then entered by programming a low
(0) level TTL signal into the chosen bit location.

The uPD2716 is placed in the programming mode by applying a high (1) level TTL
signal to the OE with Vpp at +25V. The data to be programmed is applied to the
output pins 8 bits in parallel at TTL levels.

Any location can be programmed at any time, either individually, sequentially or
at random.

When multiple uPD2716s are connected in parallel, except for CE/PGM, individual
MPD2716s can be programmed by applying a high (1) evel TTL pulse to the CE/PGM
input of the desired uPD2716 to be programmed.

Programming of multiple uPD2716s in parallel with the same data is easily accom-
plished. All the alike inputs are tied together and are programmed by applying a
high (1) level TTL pulse to the CE/PGM inputs.
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uPD2716

Programming of multiple uPD2716s in parallel with different data is rendered more
easily by the program inhibit mode. Except for CE/PGM, all alike inputs (including OE} |NHIBIT MODE
of the paraliel uPD2716s may be common. Programming is accomplished by applying
a TTL level program pulse to the uPD2716 CE/PGM input with Vpp at +25V. A low
level applied to the CE/PGM of the other uPD2716 will inhibit it from being

programmed.

A verify should be performed on the programmed bits to determine that the data was
correctly programmed on all bits of the uPD2716. The program verify can be per-
formed with Vpp at +25V and CE/PGM and OE at low (O} levels.

The data outputs of two or more uPD2716s may be wire-ored together to the same
data bus. In order to prevent bus contention problems between devices, all but the
selected uPD2716s should be deselected by raising the OE input to a TTL high.

Window Label

O

PROGRAMMING

PROGRAM VERIFY MODE

OUTPUT DESELECTION

PACKAGE OUTLINE
uPD2716D (CERDIP)

0.64R
gouoOoouoooguoy
1 12
A - o K ]
| R sl |
W 1 ]
= A ESN ”
' il G
o] c o —_,_J/_M
e~ o~ 15
Item Millimeters Inches
A 33.5 MAX. 1.32 MAX.
B 2.78 1.9
c 2.54 0.1
0 0.46 - 0.10 0.018 - 0.004
E 27.94 1.10
F 1.3 0.05
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. 0.620
1 5.0 MAX. 0.20
J 5.5 MAX. 0.216
K 15.24 0.60
L 14.66 0.58
[ 0.25 - 0.05 0.010 * 0.002

An amber-colored window label is provided unattached for the convenience of the
user. The window label filters ultra-violet light frequencies, thus preventing accidental
erasure or long-term degradation caused by ambient light or sunlight.
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NEC 1PD42518160, 4218160

Fast Page Mode Read Modify Write Cycle

trase trp

RAS Vin- \ AE %
Vie-
trAwc
tcap treo teas tcp tcas tee teas feen
_ .
UCAS Vi- { )\ Zl !S 2[ —\/ /
LCAS V- \ \
tRao traL
tasa| ltean  [tasd  [toan tasg| | tean tasc| |toan
Py i ey e ] —
Vin-
Address Vi
tow
tRwL
twp

—= Vmu- \

WEVIL— S;l“‘z

toen

A VH-

CE Vie- \ ;S A\
U0 Vou- el HZ
LI/O Vo-

tos toH
U WO V- VVVV
LWO V- n"“’

Remark In the fast page mode, read, write and read modify write cycles are available for each of the consecutive
CAS cycles within the same RAS cycle.

B L4e?525 0091571 193 M
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NEC 1PD42518160, 4218160

Fast Page Mode Byte Read Modify Write Cycle

trasp tap
=5 V- y
R.AS Vie- S -Z
t trAwe
IER_’; trco toas toas topn
——— Vi Y "4 " p
UCAS Vi )‘ \\‘ 72 S
tere tce teas tep RH
1CAs V ?! - N y
LCAS Vi ’
Vi- S; z !\.
tRaD tRaL
tasg| [tan, tasc toau tasc| | foan Rasc| |tcau
pet— [ [ {eEw|  at— [t
Vin- X 2 h
Address Vi * RowJEOi Col. X)gk Col. Col.
! tacp tac
tRwo tcpwo . Icpwo tow
tawo fowe tawo__|tow] tawp tawL,
‘ﬁf fowo e tacs| towo T fig towo twe
o= VH- A X \
we Vie- \- X S L { ! Z Z
trac
' taa taa ta
foxg = fes ey e ke
BE Vin- } ftoea \ L [toea \ toea
Vi~ 3 X
N tcz| | toeo N _((._z {oep o) toz| | toeo
toz tok: toz toez oz toez
T { T
Vou- Hi-Z — \ ji- — \ i-
u o VoL ' out Hiz out} HiZz -
Lo Vo Hi-Z Jgﬁ“’! Hi-Z
Vor- 3
os| | tou tPS ton,
Vi 1
uuo v, X n } 7070707 — O XXXXX
N
tos| | tou
Vin- 4 \
2 ¥, f K w,
o {XRRRY - X REXRIR

Remarks 1. In the fast page mode, read, write and read modify write cycles are available for each of the
consecutive CAS cycles within the same RAS cycle.
2. This cycle can be used to control either UCAS or LCAS only. Or, it can be used to control UCAS
or LCAS simultaneously, or at random.

764 B b427525 0091572 02T .
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NEC uPD42518160, 4218160

CAS Before RAS Self Refresh Cycle (Only for the uPD42518160)

trass | e trps

ViH- \

RAS N f N
Vi- X tcap
e |

teHs tcen

~A
~

tcsr

s v X ., L7 N\

Remark Address, WE, OE: Don'tcare L /O, U VO: Hi-Z

Cautions on Use of CAS Before RAS Self Refresh

CAS before RAS self refresh can be used independently when used in combination with distributed CAS
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or with
long RAS only refresh (both distributed and burst), the following cautions must be observed.

(1) Norma! Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh
When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please
perform CAS before RAS refresh as follows just before and after setting CAS before RAS self refresh.
#PD42518160: 1,024 times within a 16 ms interval

{2) Normal Combined Use of CAS Before RAS Self Refresh and Long RAS Only Refresh
When CAS before RAS self refresh and RAS only refresh are used in combination, please perform RAS only
refresh as follows just before and after setting CAS before RAS self refresh.
pPD42818160: 1,024 times within a 16 ms interval

{3) If trass miny is not satisfied at the beginning of CAS before RAS self refresh cycles (tras < 100 us), CAS before
RAS refresh cycles will be executed one time.

If 10 ps < tras < 100 us, RAS precharge time for CAS before RAS self refresh (tres) is applied.
And refresh cycles as follows should be met.

uPD42518160: 1,024 times within a 128 ms interval

For details, please refer to How to use DRAM User’s Manual.

B Lu2?525 0091573 Thk 1N 765
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NEC uPD42518160, 4218160

CAS Before RAS Refresh Cycle

L trc tre
trAS tre tras R trr
Sae Vm— / \ X
RAS Vie- K 11 SR 7 \____
tore
{csr {cHR tarc tosr teHr tRPG tcen
UCAS Vh- / Y\ !‘\ /l N
LCAS Vi- ] Z \ 1/ N
Remark Address, WE, OE: Dontcare L I/O, U I/O: Hi-Z
RAS Only Refresh Cycle
trc tre
) tras f tep tras . ter
— Vm- Y R .
RAS y,_ N 2| N J N
terp
[
tcae tarc 1 teen
UCAS V- f k X ' X
LCAS Vi-
tasr tRAH tasr traH

paress = XK ron JOCKXOOXKN__ e JOOOKKXXX

Remark WE, OE: Don'tcare L VO, U I/O: Hi-Z

766 BN L427525 0091574 9T2 M
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NEC

uPD42518160, 4218160

Hidden Refresh Cycle (Read)

UCAS
LCAS

Address

ul/o
Lo

Vin-
V-

ViH-
Vie-

Vin-
V-

Vin-
Vi

ViH-
V-

Vor-
VoL-

tre tre

tras L. trp tras tap

I
7

o
RS
VIR B LARARRRRNRNY
JARRRARRARAAY — [T
................. L o e S
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