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National
Semiconductor

PRELIMINARY

NMC41257 262,144 x 1-Bit Dynamic RAM

General Description

The NMC41257 is a 262,144 words by 1-bit new generation
dynamic RAM. It is fabricated with National’s proprietary
N-channel triple-polysilicon technology which combines
high performance and high density with improved reliability
and excellent alpha radiation tolerance.

The NMC41257 is designed to operate with a single +5V
power supply with + 10% tolerance. The use of a single
transistor memory celi and advanced dynamic circuitry
enable it to achieve high speeds with fow power
consumption. :

Multiplexed address inputs with separate row and column
strobes allow the NMC41257 to be packaged in a standard
16-pin DIP. It is available in both plastic and cerdip pack-
ages.

The NMC41257 must be refreshed every 4 ms. This is
accomplished by performing any cycle which brings the row
address strobe (RAS) active at_each of the 256 row
addresses. Thus any read, write, RAS-only refresh or hid-
den refresh cycle refreshes all cells at the selected row
address. The RAS-only refresh mode permits the RAS to be
cycled while the column address strobe (CAS) is heid high,
i.e., inactive. In this mode, addresses AQ0-A7 select the row
that is refreshed. in addition, a CAS before RAS automatic
refresh is provided. When RAS goes iow after CAS has

been low (by tcsr), the internal refresh counter is activated
to generate the addresses to be refreshed. In this mode all
address inputs are ignored by the device. A nibble mode is
also provided allowing the serial access of 4 bits of data ata
very high data rate. Nibble mode address s controlled by
the addresses supplied to pin 1 (A8 — Row and Column).

Features

High performance: 100, 120, 150 ns access time
Single power supply: 5V + 10%
Low power: 22 mW (max) standby

412 mW (max) active
Wide RAS to CAS delay windows
Read, Write and Read-Modify-Write cycles
Common I/O capability using Early Write cycle
RAS-only Refresh and Hidden Refresh capability
Automatic CAS before RAS refresh mode
256 cycle, 4 ms refresh
TTL compatible: all inputs and output
Industry standard 16-pin configuration
TRI-STATE® output
Fast nibble mode on either read or write cycles
— 20 ns access {41257-10)
— 40 ns cycle (41257-10)
B MST™ screen available*
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Connection Diagram
Dual-In-Line Package

S

1 16 Pin Names
A —= = Vss — e
2 5 RAS (RE) Row Address Strobe
o= o8 CAS (CE) Column Address Strobe
WE -4 LW WE (W) Write Enable
— 4 13 Ag—Ag Address Inputs
RS = — A D1 (D) Data Input
a2 2 o DO (Q) Data Output
_S 1, Ve Power {(5V)
b M Vgg Ground
a4 L s
Vee - 2 Ay
TOP VIEW TUDI7510-2
NS Package Number N16A
NMC NMC NMC
Absolute Maximum Ratmgs (Note 1) Device 4125710 | 4125712 | 41257-15
Operating Temperature Range 0°C to +70°C trag (ns, Max) i 100 120 150
Storage Temperature -65°C to +150°C tcac (ns, Max) 50 60 75
Power Dissipation 1 Watt "
Voltage on Any Pin Relative to Vgg -1.0Vto +7V tre (nS, Min) 200 230 280
Lead Temperature (Soldering, 10 seconds) 300°C Icc1 (MA, Max) 75 75 75
lcca (MA, Max) 4 4 4
Recommended DC Operating Conditions
Symbol Parameter Min Max Units
Ta Ambient Temperature 0 70 °C
Vee Supply Voltages (Notes 2 and 3) 4.5 5.5 v
Vss Supply Voltages (Notes 2 and 3) 0 0 \'
ViH Input High Voltage, All inputs (Note 2) 24 Voo + 1.0 "
Vi Input Low Voltage, All Inputs (Note 2) -1.0 0.8 Vv
DC Electrical Characteristics (at recommended operating conditions)
Symbol Parameter Min Max Units
Operating Current
lcct Average Power Supply Operating Current (Note 4) 75 mA
(RAS, CAS Cycling, tac =tac min)
Standby Current .
lec2 Power Supply Standby Current (RAS =CAS =V, 4 mA
DO = High Impedance)
Refresh Current (RAS only)
lccs Average Power Supply Current, Refresh Mode (Note 4) 50 mA
(RAS Cycling, CAS =V}, tre = tac min)
Refresh Current (automatic CAS before RAS)
loca Average Power Supply Current, Refresh Mode (Note 4) 50 mA
CAS =V, RAS Cycling, trc =trc min)
Input Leakage
I Input Leakage Current, Any Input -10 10 A
(0V < Vjy < Vg, Alt Other Pins not Under Test = 0V)
Qutput Leakage
loz Qutput Leakage Current (Dy is Disabled, -10 10 rA
0V < Vourt < Vee)
Cutput Levels
VOH Output High Voltage ('OUT = -5 mA) 24 VCC \
Vou Output Low Voltage (loytr = 4.2 mA) o] 0.4 "
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NMC41257

AC Testing Conditions 2. Input Levels
. V“_ (Max) 0.8v
1. Data Out Load Vi (Min) P
}’,f,‘;,'g: DATA o Vigr =131V 3. Output Levels
L R Im o VoL 0.4V loL = 42 mA
I Vo 2.4V loL = -5.0 mA
= TUDTE03
4. Transition times are measured between 0.8V (V) Max)
and 2.4V (V|y Min). Rise and fall times are 5 ns.
Capacitance
Symbol Parameter Max Units
Ci ' Input Capacitance, AO-A8, DI {(Note 5) 5 pF
cc input Capacitance, RAS, CAS, WE (Note 5) 10 pF
co Output Capacitance, DO (Note 5) 7 pF

AC Electrical Characteristics (at reccommended operating conditions) (Notes 2, 8, 7, and 8)

NMC41257-10| NMC41257-12| NMC41257-15
Symbol Parameter Units
Min l Max | Min J Max | Min l Max
READ, WRITE CYCLES
taac Access Tima from RAS (Notes 11, 12) 100 120 150 ns
teac Access Time from CAS (Notes 11, 13) 50 60 75 ns
tap RAS Precharge Time 90 100 120 ns
taas RAS Pulse Width 100 | 10k | 120 { 10k | 150 | 10k ns
tcas CAS Pulse Width 50 60 75 ns
tae Random Read or Write Cycle Time 200 230 280 ns
tRep RAS to CAS Delay Time {Note 9) 20 | 50 | 25 | 60 | 25 | 75 ns
tcap CAS to RAS Precharge Time 10 10 10 ns
thsH RAS Hold Time | s0 60 75 ns
tosH CAS Hold Time 100 120 150 ns
tasm Row Address Set-Up Time 0 0 0 ns
tRaH Row Address Hold Time 15 20 20 ns
tasc Column Address Set-Up Time 4] 0 0 ns
toaH Column Address Hold Time 25 30 30 ns
tan Column Address Hold Time Referenced to RAS 75 90 105 | ns
" tres Read Command Set-Up Time 0 0 [ ns
tacH Read Command Hold Time (Note 10) 0 0 0 ns
torr Output Buffer Turn-Off Delay (Note 14) 20 25 25 ns
twp Write Command Pulse Width 20 25 30 ns
twes WE to CAS Set-Up Time (Note 15) ] 0 0 ns
tweH Write Command Hold Time 20 25 30 ns
twer Write Command Hold Time Referenced to RAS 85 100 120 ns
tRwL Write Command to RAS Lead Time 40 45 45 ns
towt Write Command to CAS Lead Time 40 45 45 ns
tos Data-In Set-Up Time 0 0 0 ns
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AC Electrical Characteristics (continued)

NMC41257-10 | NMC41257-12 | NMC41257-15 .
Symbol Parameter Min | Max | Min | Max | Min | Max | UM®
ton Data-In Hold Time 20 25 30 ns
tonR Data-In Hold Time Referenced to RAS 85 100 120 ns
tr Transition Time (Rise and Fall) (Note 7) 3 50 3 50 3 50 ns
ther Refresh Period 4 4 4 ms
READ-MODIFY-WRITE CYCLES
trwn RAS to WE Delay 100 120 150 ns
tewn CAS to WE Detay (Note 15) 50 6C 75 ns
trwe Read-Write-Cycle Time 245 280 330 ns
tRRwW RMW Cycle RAS Pulse Width 145 | 10k 170 | 10k | 205 | 10k ns
teaw RMW Cycle CAS Pulse Width 95 10 130 ns
REFRESH CYCLE
tcsh Column Address Strobe Setup Time for Auto Refresh 10 10 10 ns
toHR Column Address Strobe Hold Time for Auto Refresh 30 30 30 ns
tRPC Precharge to CAS Active Time 0 0 0 ns
NIBBLE MODE CYCLE
tNC Nibble Mode Cycle Time 40 50 60 ns
tnac Nibble Mode Access Time 20 25 30 ns
tnas Nibble Mode Setup Time 20 25 30 ns
tnp Nibble Mode Precharge Time .10 15 20 ns
tNRSH Nibble Mode RAS Hold Time 20 25 30 ns
tnewD Nibble Mode CAS to WRITE Delay 20 25 30 ns
tNCRW Nibble Mode RMW CAS Pulse Width 45 55 65 ns
tnewL Nibble Mode WRITE to CAS Lead Time 20 25 30 ns
AUTO REFRESH COUNTER TEST MODE '
tare Refresh Counter Test Cycle Time (Note 16) 360 410 500
trras Refresh Counter Test RAS Pulse and Width {Note 16) 260 10k 300 10k | 360 10k
teptT Refresh Counter Test CAS Precharge Time (Note 16) 50 60 70

Note 1: “Absolute Maximum Ratings” are those vaiues beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” they
are not meant fo imply that the device should be operated at these limits. The table of “Recommended DC Operating Conditions” provides conditions for actual device
operation.

Note 2: All voitages referenced to Vgs-

Note 3: When applying voltages to the device. Ve should never be 1.0V more negative than Vsg-

Note 4: 1., loes, and lecs depend on cycle rate measured with output open.

Note 5: Capacitance measured with Boonton Meter or effective capacitance calculated from the eguation C = | AVAV with the recommended DC operating conditions
applied 10 the device. Capacitance is guaranteed by periodic testing.

Note 6: Any 8 cycles that perform refresh must be applied following either powsr on or periods of no row address strobe activity exceeding 4 ms.

Note 7: Transition times are assumed tobe 5 ns.

Note 8: Timing reference points are V,, (min) and V). (max}.

Note 9: if tacp (Min) < taop < tacp (Max) the access time is ty, (Fow timing limited). if the tRcp €XCe8US lep (Max) the access time is they, PIUS tae (column timing
limited). If —10 ns < taey < taep (Min) the cycle is indeterminate.

Note 10: tp,, is referenced to the first rising edge of RAS or CAS.

Note 11: See AC Testing Conditions for output load.

Note 12: Assumes taep, < tgep (Max) (row limited timing).

Note 13: Assumes tac, > tacp (max) (column limited timing).

Note 14: to-x max defines the time at which the output achieves the open circuit condition and is not referenced to output voltage leveis.

Note 15: The piacement of the negative going edgﬂ)f WE with respect to the negative edge of CAS determines the type of write cycle. If ty.g is greater than 0 ns
(negative edge of WE before the negative adge of CAS) the memory is in an early write cycle and data outis TRI-STATE. If ty, is greater than towp (Min) the memory is
in a read-write or read-modify-write cycle and data out is the original contents of the selected cell. If WE goes low between these twa times the cycle is a write cycle and
data out is indeterminate.

Note 16: Read-modify-write cycle only.
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Switching Time Waveforms (continued)

Hidden Refresh Cycle
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Switching Time Waveforms (continueq)
Nibble Mode Write Cycle (Early Write)
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Switching Time Waveforms (Continued)

Auto Refresh Counter Test Cycle

farc
1A
- Yy, ——
RAS Vi s
tesp—+]| fe——1tcsn—| topr ” thsu l tap———|
——— tppw———+]
o Vin-
CAS Vi S
—| tase [4—
Vin-
ADDRESSES v COL ADDRESS
-
-
— Vin-
WE (READ) Vi
— o |‘_
Vin-
D0 (@) VALID DATA
Vi !
— Vin-
WE (WRITE) Vi
Vin- TEENIIIEREYINYY
D (D) mn ‘;‘.‘.’.‘.‘.‘.‘;’.‘.‘o‘.’.‘.‘.

bt NNHHHINHIN

Functional Description

Device Initialization: The 256K dynamic RAM requires a
single +5V supply. After power up an initial 100 microsec-
ond pause is required to aliow an internal substrate pump to
establish the correct substrate bias. After this pause a mini-
mum of 8 cycles of Row Address Strobe (RAS) clock must
be given to the part to allow the internal dynamic circuitry to
reach proper levels. Upon completion of the initiatization
sequence the part will be ready to operate in accordance
with these specifications.

Address Inputs: Eighteen binary address inputs are
required to address any one of 262,144 bits in this DRAM.
These addresses are multiplexed and strobed into the part
in two groups of 9 addresses by the negative going edge of
the Row Address Strobe (RAS) and Column Address Strobe
(CAS) clocks. The delay interval between these two clocks
{tacp) describes the minimum time at which the column
addresses may follow the row addresses for good device
performance and the maximum time at which the column
addresses may follow the row addresses before the Access
Time (trac) will begin to increase beyond the specification.

Reading Data: A read cycle begins by presenting a valid
row address to the address inputs and bringing the RAS
input from V) to Vy_. This causes the row addresses to be
latched into the part. This is followed by presenting a valid
column address to the address inputs and bringing the CAS
input from Vi to V|L_aLWhICh time the column addresses
are latched in. If the CAS input transition is made before the
tacp Maximum time then valid data will appear on data out

TUDI?51013

in time to meet the tpac specification. If the CAS input tran-
sition is made after the trgp maximum time data out will be
valid in time to mest the tcac specification. The external
CAS signal may become active as soon as the row address
hold time (tgap) Specification has been met and defines the
tpcp Minimum specification. The time difference between
trep Minimum and trgp Maximum can be used to absorb
skew delays in switching the address bus from row to
column addresses and in generating the CAS clock.

Once the clocks have become active, they must stay active
for the minimum (taag) period for the RAS clock and the
minimum (tcas) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgp) time. The former is
for the completion of the cycle in progress, and the latter is
tor the device internal circuitry to be precharged for the next
active cycle.

Data out is not latched and is valid as long as the CAS clock
is active; the output will switch to the TRI-STATE mode when
the CAS clock goes inactive. To perform a read cycle, the
write (WE) input must be heid at the V level from the time
the CAS clock makes its active transition (tgcs) to the time
when it transitions into the inactive {tgcn) mode.

Writing Data: The write cycle is similar to the read cycle
except the Write Enable (WE) clock must be at V)_ during
the time CAS is active. if the WE transition is done befare
the minimum tywcs time, the cycle will be an early write cycle
{data out remains in TRI-STATE). if WE makes a transition
after towp minimum time, the cycle will be a read-modify-
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Functional Description (continueq)

write cycle. If WE makes a fransition between twes and
tcwp time, then the type of cycle is indeterminate.

Data is supplied to the data in input and is iatched in with
Write Enable (WE)_in the same manner as the addresses
are with RAS and CAS pravided the WE transition is made
after the CAS transition. If the WE transition is made before
the CAS transition, then the data is latched by the CAS tran-
sition.

The Read-Modify-Write Cycle: This type of cycle allows
the user to both read and write a single bit in memory during
the same cycle.

For the read-modify-write cycle a normal read cycle is initi-
ated with the write (WE) clock at the Vyy level until atter the
towp time has elapsed. At this time the write (WE) clock is
asserted. The data in is set up and held with respect to the
active edge of the write clock. The cycle described assumes
a zero modify time between read and write.

Refreshing the DRAM: The dynamic RAM design is based
on capacitor charge storage for each bit in the array. This
charge will tend to degrade with time and temperature.
Therefore, to retain the correct information, the bits need to
be refreshed at least once every 4 ms. This is accomplished
by sequentially cycling through the 256 row address loca-
tions every 4 ms. These row addresses are controlied by
address inputs A0 through A7. A normal read or write opera-
tion to the RAM will serve to refresh all the bits (1024) asso-
ciated with that particular row decoded.

For RAS-Only Retresh type cycle the memory component is
in standby. In this refresh method, the user must perform a
RAS-only cycle on all 256 row addresses avery 4 ms. The
row addresses (AO-A7) are latched with the RAS clock, and
the associated internal row locations are refreshed. As the
heading implies, the CAS clock is not required and should
be inactive or at a V level to conserve power.

For a CAS before RAS refresh (auto refresh) type cycle AAS
falls after CAS has been low by togn. This activates the
internal refresh counter which generates the address to be
refreshed. Externally applied addresses are ignored during
the automatic refresh cycle. If the output buffer was off
before the automatic refresh cycle, the output will stay in the
high impedance state. If the cutput was enabled by CAS in
the previous cycle, the data out will be maintained during
the automatic refresh cycle as long as CAS is held active
(hidden refresh).

The Nibble Mode Cycle: Nibble Made Operation allows
faster successive data operation on 4 bits. The first bit is
accessed in the usual manner with read data coming out at
tcac time. By keeping RAS low, TAS can be cycled up and
then down, to read or write the next three bits at a high data
rate (iyac). Row and column addresses need only be sup-
plied for the first access of the cycle. From then on, the fali-
ing edge of CAS will activate the next bit. After four bits have
been accessed, the next bit will be the same as the first bit
accessed (wrap-around method).

r:[o,ol—»[on J-[1,0]—[1 ,11—>|

Pin one (A8) determines the starting point of the circular 4-
bit nibble. Row A8 and Column A8 provide the two binary
bits needed to select one of four bits. From then on, succes-
sive bits come out in a binary fashion; 00—01—m10—11
with A8 row being the least significant address.

A nibble cycle can be a read, write, or late write cycle. Any
combinations of reads and writes or late writes will be
allowed. In addition, the circular wrap-around will continue
for as long as RAS is kept low.
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