WC uPD4168
8,192 x 8-BIT
NEC Electronics Inc. NMOS XRAM
Revision 1
Description N Pin Configuration
The NEC uPD4168 is anB E?Qword by 8-bit NMOS XRAM -
designed to operate trqm/a single +5V power supply. RFSH [ Vee
The NEC xPD4168'is térmed an XRAM because it incor- :E C‘”:
porates some ofj ﬁ;ﬂa5 jest features of both SRAMs (Non- N d N
multiplexe Qr%ses, simple interface requirements) N N
and DRAMs one-transistor core cell provides high a, O A,
density at\v?cost ). The negative voltage substrate bias a, O oF
is mlelmQMy generated and provides automatic and A, O Ao
tra sparent operation. A g cE
A, O vo,
qh@ ncorporation of aninternal refresh address counter 10, O 105
and refresh multiplexer allows the user to select one of vo, g V05
three refresh modes. The self-refresh mode provides (;’:DE :jg
transparent refresh without system overhead. Internal ?
latches for address, data, and chip select allow for use 53 qoszaeh
in systems incorporating multiplexed address/data
buses. Pin Identification
No. Symbol Function
Features 1 RFSH Internal refresh
0O 8,192 words by 8-bit organization 2-10, 21, Ag-Atp Address inputs
O Single +5V £10% power supply 23-25
[0 On-chip substrate bias generator 1113, 15-19  1/0g-1/07 Data in /out
O Fast accesstimes
14
O Low power dissipation: ﬂm G"?u"d
28 mW max—Standby 20 CE ChID enable
19 mW max-Self refresh 22 OF Output enable
0 TTlL-compatible % cs Chip select
O 28-pin SRAM/ROM/EPROM compatible package == -
) Built-in refresh multiplexer and refresh address a W Wrie enable
counter 28 Vee +5V power supply
O Power-down self-refresh mode o\
0 Automatic precharge allows cycle time to be inde- Pin Functions \ )
pendent of system skews @
[0 Latched address, CS, and OE functions allow use RFSH (Refresh Input) C
on multiplexed address/data bus A built-in refresh control circuit enables this ﬁqpug Two
O Read, early write, late write, external refresh, pulse refresh modes are available: pulse refre MUSIng the
refresh, and self-refresh cycles RFSH input as a clock input, and pow erddown self-
refresh, using the RFSH input as Ioglcﬁ nput. RFSH
Performance Ranges is high (inactive) during normal read a d'write cycles.
Device toea toEa ic leet Ve
LPD4168C_12 120ns  45ns  220ns  65mA Ag-A12 (Address Inputs) \ ’
uPDAIBEC-15 150 ns 55ns 260 s 60 mA The uPD4168 requires 13 address inputs to select a word
PD1BEC-20 200ms 10 30 Py of data. Because these? address inputs are internally.

read onto the chlp\at /ths falling edge of a CE clock
pulse, the CE clatk detérmlnes their address setup and
hold times. Inputs 4-Ag perform external refresh.
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1/0g-1/07 (Data Inputs/Outputs)

Common 1/0 pins_r_equireVV—E and OE to control data.
The CE clock and WE determine the data setup and hold
times (tpsc, tDHG, tDsw: toHwW) for these pins during a
memory write cycle; OF determines the access time
{(toga) during a read cycle.

GND (Ground)
All voltages are referenced to GND.

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-1/07 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

CE (Chip Enable) write.
ip enabl initiates rite cycles an

Z:{Z;ZF erraeg: ;I/gfeks. Itt :I E)wsezcéme;:es? CS, 2ng Vce (Power Supply)

{during an early write cycle) data inputs to be internally +5V power supply.

read onto the chip.

OE (Output Enable)

OE controls the output timing for 1/0g-1/07. Access

time (tcEA, tOEA) is determined by the CE clock or by the

OE input, according to OE input timing.

uPD4168 Functional Modes

Mods RFSH  CE cs WE OF 110 Comments

Read cycle H c’ H H L Data out OE: low logic leve! or clock pulse

Early write H c’ H L H Datain

Late Write H ¢’ H c’ H Datain

External refresh H ¢ H H H High-Z
H ¢’ L X X High-Z Standby

Pulse refresh c’ H X X X High-Z
c’ ¢ H H H High-Z After external refresh cycle
c’ ¢ H H L (Note 1) After read cycle
c’ o4 H L H Datain After early write cycie
c ¢’ H c’ H Data in After late write cycle

Power down self-refresh L H X X X High-Z

Standby H H X X X High-Z

H=Vyy, L=V, C’ =negative edge of clock pulse, X =V or Vy

Note:

(1) Depends on previous cycle
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Block Diagram
AFSH ce cs WE O
Reiresh Internal
Adaress GonlBior [  Oscitor Conmeer Gomrator
Aq ——A|l> ofo 64 x 256 Memary Array _ ] aumer [~ "%
- | |
d fow 0 Bus Lo
[ Address R Vo,
‘ Bulters | ) Column Decoder
N [ Frr— ]
1O Bus —— I [
A | - $ D,m,, 64 x 256 Memory Array o,
A — B [
Ay — lumn
N E::'::s $ e 64 x 256 Memory Array o,
Ay —
A L 10 Bus = ] J~
) Column Decoder 10,
[ 256 Sense Amps [
i — fo————
140 Bus —— o
) s 64 x 256 Memory Array o,
83-003223B
Absolute Maximum Ratings DC Characteristics
- - — 0,
Voltage on any pin relative to GND —1.010 +7.0V Ta=0to +70°C; Voo =5V 2 10%
Operating temperature, Topr Oto +70°C Limits Tost
P i Ma) Conditions
Storage temperature, Tgrg —55t0 +125°C Symbol Min__ Typ x__Unit
I V 45 50 5.5 V' Referenced to GND
Short circuit output current, lgg 50mA Supply votage Vec
itage, V| -1.0 0.8 V. Referenced to GND
Power dissipation, Py 1w ::xut voitage IL
Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is :;p;ut voltage, Vi 24 5.5 V' Referenced to GND
not meant to be operated under conditions outside the limits de- 9
scribed in the operational sections of the specification. Exposure to Output voltage, Vpi V] 0.4 vV lgr=2mA
absolute maximum rating conditions for extended periods may affect low

device reliability.
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DC Characteristics [cont) Capacitance
Tt - Ta =010 +70°C, Vg =5.0V x10%
Parameter Symbol m Unit Conditions Limits Tost
Output voliage, Vor 24 Voo U lon=—1mA Parameter Symbol Min  Typ Max Unit Conditions
high Input Gy 10 pF f=1MHz
Average Voo ot 65 mA tg=220ms capacitance
:gmlay current, 50 mA  tg=2601s E::)Zti:i{;ce Ci/o 10 pF f=1MHz
55 mA  tc=330ns

Standby current lgg2 5  mA CE2Vjmin,

RFSH 2 V|4 min
Self-refresh g3 3.5 mA RFSH<Vy max
average current
Inputleakage 1) -10 10 uA  Viy=0t05.5V,
current others=0V
Output leakage lo(L) -10 10 whA  Vour=01t05.5V,
current Dgyr = High-Z
AC Characteristics
Tp =010 +70°C, Vgg =5V +10%

Limits

4PD4188-12 4PD4168-15 4PD4168-20 Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Average Vg supply current, active g1 65 60 55 mA te=tg (min)
Read, write, or refresh cycle time ¢ 220 260 330 ns
Access time from CE CEA 120 150 200 ns (Note 5)
Data off time from CE tcez 30 35 45 ns {Note 6)
Access time fram OE toEA 45 55 70 ns {Note 5)
Data off time from OF toez 30 35 45 ns {Note 6)
CE pulse width tce 120 10000 150 10000 200 10000 ns
CE precharge time tp 90 100 120 ns
Address setup time to CF tasc 0 0 0 ns
Address hold time from CE taHe 35 45 55 ns
CS setup time fo CE tosc 0 0 0 ns
CS hold time from CE teHE 35 45 55 ns
Data setup time to CE, early write tose -10 -10 -10 ns
Data hoid time from GE, early write toHe 90 100 120 ns
Data setup time to WE, late write Tosw 0 ] 0 ns
Data hold time from WE, late write toHw 50 60 70 ns
'WE setup time to CE, early write twsc -30 ~30 -30 ns {Note 7)
WE hold time from CE, early write twhe 90 100 125 ns
WE pulse duration two 60 70 90 ns
CE hold time from WE, late write toHw 90 105 135 ns
WE setup time to CE, read cycle tres 0 0 0 ns
WE hold time from CE, read cycle tAcH 0 0 0 ns
TE hold time from OE, read cycle teHo 45 55 70 ns
E setup time to CE, write cycle toes 0 0 0 ns
OF hold time from CE, write cycle toeH 0 0 0 ns

6-4



NEC

uPD4168
AC Characteristics (cont)
Ta=0to +70°C, Vo =5V +10%
Limits
4PD4168-12 4PD4168-15 1PD4168-20 Test
Paramater Symbol Min Max Min Max Min Max Unit Conditions
CE delay to RFSH, pulse refresh tcRD 50 65 80 ns
RFSH pulse width, pulse refresh tRop 50 4000 65 4000 80 4000 ns
RFSH recovery time, pulse refresh tRpR 90 100 120 ns
RFSH pulse width, self refresh tRoS 40 40 40 us {Note 8)
RFSH recovery time, self refresh tRsR 2 2 2 us
CE hold time from RFSH, self refresh  tosy 40 40 40 us
CE setup time to RFSH, self refresh tcss 35 40 50 ns
Transition time, rise and fall tr 3 50 3 50 3 50 ns {Note 4}
Refresh period tREF 2 2 2 ms
RFSH precharge time trp 90 100 120 ns
O lead time to refresh cycle foEL 170 210 260 ns
WE lead time to refresh cycle WEL 170 210 260 ns
RFSH setup time to GE tRe 280 320 40 ns
Note:

(1) All voltages referenced to GND {0 V).

(2} Aninitial pause of 2ms is required after power up, followed by any 8 CE cycles and 64 RFSH cycles before proper device operation is achieved.
Read, write, a_ng external refresh cycles may be used as CE dummy cycles for initialization. The 64 refresh dummy cycles can be parfarmed before
or after the 8 CE dummy cycles. Both dummy cycles must be within AC parameters. See figure 1, below.

(3) AC measurements assume ty=5ns.

{4) V4 (min) and V) (max) are reference lavels for measuring input signal timing. Transition times are measured between Vi and V).

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

) tcez (max) and togz (max) define the time at which the output achieves the apen circuit condition and are not referenced to VoH Of VoL.

(7} twsc< twsc (min), the cycle is a late write cycle.
{8) A power down self-refrash cycle is initiated when the RFSH input Is active low for a period of 40us. The refresh interval is about 15.6 us.

Figure1. Power-up Dummy Cycles
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Timing Waveforms

Read Cycle Early Write Cycle
: e
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83-0032254 83-003226A
Late Write Cycle External Refresh Cycle
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Pulse Refresh Cycle after Read Cycle Complete

tesc
cs
tres [e—wf
WE
toes i
OE /
o

sa-ocazzu]

Pulse Refresh Cycle after Early Write Cycle Complete
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Early
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Timing Waveforms (cont)

Pulse Refresh Cycle after Late Write Cycle Complete

Late
(= Write Cycle ’t:Flelvesh Cycle—uy
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Power-down Self Refresh
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Pulse Refresh Cycle after External
Refresh Cycle Complete
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