NEC

NEC Electronics Inc.

Description

The NEC uPD4168is an 8,192 word by 8-bit NMOS XRAM
designed to operate from a single +5V power supply.
The NEC uPD4168 is termed an XRAM because it incor-
porates some of the best features of both SRAMs (Non-
multiplexed addresses, simple interface requirements)
and DRAMSs (the one-transistor core cell provides high
density at low cost). The negative voltage substrate bias
is internally generated and provides automatic and
transparent operation.

Theincorporation of anintemal refresh address counter
and refresh multiplexer allows the user to select one of
three refresh modes. The self-refresh mode provides
transparent refresh without system overhead. Intemal
latches for address, data, and chip select allow for use
in systems incorporating multiplexed address/data
buses.

Features

8,192 words by 8-bit organization

Single +5V £10% power supply

On-chip substrate bias generator

Fast access times

Low power dissipation:

28 mW max~-Standby

19 mW max-Self refresh

J TTL.compatible

28-pin SRAM/ROM/EPROM compatible package
Buiit-in refresh multiplexer and refresh address
counter

Power-down self-refresh mode

Automatic precharge aliows cycle time to be inde-
pendent of system skews
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[J Latched address, CS, and OE functions allow use
on multiplexed address/data bus

] Read, early write, late write, external refresh, pulse
refresh, and self-refresh cycles

Performance Ranges

Device tema toza t Iece

1 PDAICSC-12 120 ns aSns  220n 65mA

WPDAIESC-15 150 ns 55ns 260 ns 60 mut

WPDABSC-20 200 ns 70ns 330ns 55 mA

uPD4168
8,192 x 8-BIT
NMOS XRAM
Revision 1
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Pin identification
No. Symbol Function
1 RFSH Internat refresh
2-10, 21, Ag-fyz Address inputs
2325
1-13, 1518 1/ 0/ 0y Dztain /out
14 GND Grownd
20 Tt Chip enabls
22 OE Output enabie
26 CS Chip salect
—
27 WE Write enable
28 Vee +5V power supply

Pin Functions
RFSH (Refresh Input)

A built-in refresh control circuit enables this input. Two
refresh modes are avallable: puise refresh, using the
RFSH input as a clock input, and power-down self-
refresh, using the RFSH input as logic level input. RFSH
is high (inactive) during normal read and write cycles.

Ag-A12 (Address Inputs)

The uPD4168 requires 13 address inputs to select a word
of data. Because these address inputs are internally.
read onto the chip at the falling edge of a CE clock
pulse, the CE clock determines their address setup and
hold times. Inputs Ag-Ag perform external refresh.
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1/0g~-1/07 (Data Inputs/Outputs)

Common 1/O pins require WE and OE to control data.
The CE clock and WE determine the data setup and hold

times (tpsc, toHC, tDsw. tDHw) for these pins during a
memory write cycle; OE determines the access time

itoea) during a read cycle.

GND (Ground)
All voltages are referenced to GND.

CE (Chip Enable)
The chip enable clock initiates read/write cycles and

CS (Chip Select)

When CS is high (active) while the CE clock is enabled,
the uPD4168 can perform read/write operations. If CS is
latched low (inactive) while the CE clock is enabled,

1/0g-1/O7 remain in _the high-impedance state, regard-
less of the status of WE and OE.

WE (Write Enable)

WE controls read/ write operations. WE input timing de-
termines whether a write cycle is an early write or a late
write.

extemal refresh cycles. It allows addresses, CS, ang  YCC (POWer Supply)
{during an eariy write cycle) data inputs to be internally +5V power supply.
read onto the chip.
OE (Output Enable)
OE controis the output timing for 1/Og-1/07. Access
time (tcea. tOEA) Is determined by the TE clock or by the
OE input, according to OE input timing.
uPD4168 Functional Modes
Mode RPN CE cs WE OF 0 Comments -
Read cycle 4 % H P L fata out OF: low logic evel or clack pulse
Early write H ¢’ H L T H Data in
Late Write H ¢ H ¢ H Data in
External refresh H ¢’ H_ K H High-Z o
H ¢ L X X High-Z Sundby
Pulse refresh ¢ H X < X High-2
c ¢ H H H high-2 After xternal refresh cyce
% ¢ H o L (Note 1) After read cycle T
c ¢ H L W Data in Aftor sarly write cycle
c’ ¢’ H (9 H Datain Afler late write Cycle
dower down self-retresh L H X X X High-2
Standby H H X X X High-2 o o
MV, Lo Vi, O = 1031ve 0030 of ch0ck pulsa, X = Vige 0 Viy
Note:

(1) Depends on previous Cycle
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Absolute Maximum Ratings DC Characteristics
Valtage on any pin relative 1o GND 100470 Ta=010+70°%GVge =3V 10%
Umits
Operatng temperature, T 0o +70*C Tost
i — —— Parameber Symbol Min Typ Max Unit Conditions
Storage temperature, Terg - 5510 +125°C
. - — Supply voltage Vee 45 50 55 V  Referencad to GND
Short circuit output current, g S0 mA —
input voitage, V. -1.0 0.8 V  Referenced to GND
Power dissipation, Pp W oW
Comment: Exposing the device to stresses above those listed in Abso- p
lute Maximum Ratings could cause permanent damage. The device Is :i‘::llm Viu e 5.5 'V Referenced b GND
not meant o be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure 1o Output voitage, Ve ¢ 0.4 V  lop=2mA
absolute maximum rating conditions for extended periods may alfect ow
device reliability.
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DC Characteristics {cont) Capacitance
Limdts — Ta=01t0 +70°C, Voo =50V 1%
Parsmeter  Symbel Min  Typ Max Ush  Conditions Limits Tost
Outputvoliage, Vou 2.4 Vo V¥ lg=~1mA Porseter  Symbol Mia  Typ Max  Usk  Conditions
high Input Cy 10 pF f=1MH2
AverageVos oot 65 MA 1om220ns Capactance — -
ﬁm, 80 MA lom260ns Data1/0 Ciso 10 pF wi1MH2
5 mA te=330ns

Standby current lges 5 T 2V min,

RFSH > Vi min
Sefl-refresh locs 3.5 mA RFSH& Vi max
average current
input leakage  ly -1 10 uA  Viy=0w3.5V,
current ohars=0V
Outpul leakage gy —¥ 10 ph  Vpyr=0%35.5V,
current Doy = High-Z
AC Characteristics
Ta=010 +70°C, Vo =5V = 0%

Limits

PDA10S-12 PD4168-15 LPD4168-20 oot
Parsmetsr $ymbol Mir Maz Win Max  Mia  Max Unit Conditions
Average Ve supply current, active lect 5 60 55 mA lo=1p (Min}
Read, write, or refresh cycle ime k 220 260 330 ns
Access time from CE CEA 120 150 200  ns (Note 5)
Oata oft time from CE ez 30 35 45 ns (Nose §)
Aocass time from OF Loea 25 55 70 s (Nete5)
Data off time from OE 1062 30 35 45 ns {Note B}
CE pulse width s 120 10000 150 10000 200 0000 ns
CE pracharge time tp ac 100 120 ns o
Address setup time to OF tasc 0 0 0 T s S
Address hoid time from CE take s 45 56 ns
C$ setup time to CE T se 0 -0 0 T s -
CS hald time from GE teHe 3 45 55 T ns
Data setup time to TF, eany write 1pSe -9 -10 - ns
Data hoid time from TE, earty write  tpwe a0 100 w0 ______ ns T
Data setup ime 1o WE. late wriie Tosw 0 0 0 s S
Data hoid bime from WE, il write  Ipwyy 50 60 70 0s
TWE setup tme 1o CE, early wrie lwse -30 - =% s (Nete7)
TWE hoi time from CE. early wiite — 20 00 125 s
ﬁ_pulse duration two 60 70 80 ns
TEholotime from WE, e wrie  loww %0 W05 5 s
WE setup time to CE. read cycle RS 0 0 o 0 s T
TE hokd time from CF, read cycie R 0 0 0 s
TE hoid time trom OF, read cycie Yo 4 56 70 T ns
OF setup %me to CE, write cycle loes { 0 — 0 ns o
OF hold time from CE. write cyce Toes 0 0 0 0
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AC Characteristics (cont)
Ta=010 470°C, Voo = 5V £ 10%
Limits
T PDA188-12 PO4188-18 PD4188-20 ot
Parameter $ymbol Max  Min Mx Min M Untt Condtiens
CE delay to AFSH, pulse siresh terp 50 85 80 ns
RFSA pulse wickh, pulse refresh tape 50 4000 65 4000 80 4000 ns
RFSH recovery tima, pulse refresh tapa 90 100 120 ns
RFSH pulse width, seif refresh T a0 40 40 us {Note 8)
RFSH recovery time, self refresh tRSA 2 2 2 us
CE hotd time trem RFSH, self reresh  tosy 40 &0 {0 us
OF setup teme to AFON, self refresh  toss % W 50 s
Fansition time, rise ang ) fr 3 3 50 3 50 as  (Noted)
i esh pe o tagF 2 2 2 ms
AESH precharge time o @ 100 10 ns
OF lead time 1o redresh cycle losy 170 210 %0 ns
TVE lead fima to retresh cycle e 170 R 260 ns
RFSH sutup time 10 tac 280 320 410 ns
Note

() All voltages referenced to GND{O V).

@) Aninitial pause of 2ms is requirad after power up, followed by any 8 CE cycies and B84 RFSH cycles before proper device operation is achigved.
Read, write, and extermnal refresh cycles may be used as CE dummy cycles for initialization. The 64 refresh dummy cycles can be performed before
or after the 8 CE dummy cycles. Both dummy cycles must be within AC parameters. See ligure 1, below.

(3 AC measuremants assume ty=5ns,

(&) Vis imin) and Vy {max) are reference lovels for measuring input signal timing. Transition times are measured between Vi, anc Vi

(5) Load =2 TTL loads and 50 pF.

B} tcez (Max) and togz imax) define the time at which the output achieves the open circult condition and are not relerenced o Vo of VoL.
{7} tame s twse (Min), the cycle is a late write cycla,

i8) A power down seif-mefrash cycle is initiated when the BFSH input ks active iow for 8 pariod of 40;s. The refresh interval is about 15.6 8.

Figure1l Power-up Dummy Cycles
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Timing Waveforms
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Timing Waveforms {cont)
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