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FEATURES GENERAL DESCRIPTION
« Performance range: The National Semiconductor NMD1024X1 is a high speed CMOS
NSC Part Number | taxc | teac tac 1,048,576 x 1 Dynamic Random Accaess Memory. lt's design is
NMD1024X1-60 6ons| 15ns 110ns optimized for high performance applications such as minicom-
NMD1024X1-70 70ns| 20ns 130ns puters, graphics and high performance microprocessor computers.
NMD1024X1-80 80ns! 20ns 150ns |

- Fast Page Mode operation
» CAS-before-RAS refresh capability
« RAS-only and Hidden Refresh capability
« TTL compatible input and output
+ Single +5V110% power supply
» Low powaer dissipation
- lccsZ 2°°|J.A
) - lgcy: 200pA (Battery Backup Mode)
< « 5§12 cycles/64ms refresh
« 256Kx4 fast test mode
« JEDEC standard pinout
« Available in Plastic SOJ package
» Consult Marketing for availability of the

DiP, ZIP and TSOP packages

The NMD1024X1 features Fast Page Mode operation which
allows high speed random access of memory cells within the
same row. CAS-before-RAS refresh capability provides on-chip
auto refresh as an alternative to RAS-only Refresh. Allinputs and
output are fully TTL compatible.

The NMD1024X1 is fabricated using an advanced CMOS pro-
cess.
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Figure 1. 1TMX1 DRAM Block Diagram
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NMD1024X1 1MX1 CMOS Dynamic RAM

PIN CONFIGURATIONS (Top Views)
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Figure 1. DIP Package Figure 2. SOJ Package Figure 3. ZIP Package
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Figure 4. TSOP Il (Forward) Figure 5. TSOP il (Reverse)
PIN DESCRIPTION
Pin Name| Pin Function
As-Ag Address Inputs
\ D Data In
oQho 2003 Vs Vs [ 20 oi1{dp
w2 wha adw O 2pw Q. Data Out
ras O3 8] a3 Case 30 RAS W _ReadMArite Input
T g 7] NC nc(w 43 TF — L
nc Os 163 A Al s NC RAS . | Bow Address Strobe
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N o I N b 8~ TF Test Function
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NMD1024X1 ) 1MX1 CMOS Dynamic RAM

ABSOLUTE MAXIMUM RATINGS'

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vin, Vout -1to+7.0 Y
Voltage on Vcc Supply Relative to Vss Vee -1t0o+7.0 Y
Storage Temperature Tsig -5510 +150 °C
Power Dissipation Pp 600 mw
Short Circuit Output Current los 50 mA
RECOMMENDED OPERATING CONDITIONS (Vvottage reference to Vss, TA=0 to 70 °C)
Parameter Symbol Min Type Max Unit
Supply Voltage Vece 45 5.0 55 E \
Ground Vss 0 0 0 Vv
Input High Voltage VK 2.4 - Veet! \'
input Low Voltage Vi -1.0 - 08 \
DC AND OPERATING CHARACTERTISTICS (°C<Ta<70 °C, VCC=5.0V * 10%)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max |Unit
2 NMD1024X1-60 - 70 mA
Operating Current NMD1024X1-70 | . 65 | mA
(RAS, CAS, Address Cycling @ t,=min.) NMD1024X1.80 cet ) 60 | ma
| Standby Turrent | > | ma
(RAS=CAS=Vjy) cc2 )
- - 7! mA
RAS-Only Refresh Current ¢ RNWVD1024X1-60 0
{ —_— —_— . . NMD1024X1-70 leca - 65 mA
2 NMD1024X7-60 - 55 mA
Fast Page Mode Current
(RAS-V. . GAS, Adress Cycling @, =min)| NMD1024X1-70 et i A
=V VRS ycling @ tpc=min.}  NMD1024X1-80 - 45 | mA
Standby Current
(RAS=CAS=Vcc-0.2V) lecs - 200 | uA
—_— —_— 2 NMD1024X1-60 - 70 mA
CAS-Before-RAS Refresh Current NMD1024X1-70 lecs . 65 | ma
(RAS and CAS Cycling @ te=min.) NMD1024X1-80 ) 60 mA
Baltery Back Up Current
Average Power Supply Current, Battery Back
Up Mode (CAS=CAS-Before-RAS Cyclingor | NMD1024X1-60
0.2V, W= Vcc-0.2Vor0.2V, Ag-Ag = NMD1024X1-70 lccy - 200 HA
Vee-0.2V or 0.2V, Dy =V c-0.2, 0.2V or NMD1024X1-80
OPEN: tgc = 12548, tgag = tRag Min. -1uS)
Input Ceakage Curreni
(Any input 0sVin<6.5V, I -10 10 HA
all other pins not under test=0 volts)
Output Leakage Curmrent
(Data out is disabled, 0<Vour<5.5V) oL -10 10 HA
Output High Voltage Level (lon=-5mA) Vou 2.4 - Y
Output Low Voltage Level (lop=4.2mA) Voo - 04 Vv

NOTES: 1. Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS® are exceeded. Functional Operation should be restricted
to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximurmn rating conditions for extended
periods may affect device reliability.

2l loea: lecs @nd oo are dependenton outputioading and cycle rates. Specified value are obtained with the outputopen. lccis specified
as average cumrent. lee,, lcc; Address can be changed maximum two times while RAS=V,, I, Address can be changed maximum
once while CAS=V,,,.
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NMD1024X1 ) 1MX1 CMOS Dynamic RAM

CAPACITANCE (Tp=25 °C)

Parameter Symbol Min Max Unit
Input Capacitance (D) Cini - 5 pF
input Capacitance (An-Ag) Cino - 6 pF
Input Capacitance (RAS, CAS,W,) Cina - 7 pF
Output Capacitance (Q) Cout - 7 pF

AC CHARACTERISTICS (0°C<Tas<70°C, Vee=5.0V £ 10%, See notes 3,4)

NMD1024X1-60 | NMD1024X1-70; NMD1024X1-80
Standard Operation Symbol Unit Notes
Min | Max |Min | Max | Min| Max
Random read or write cycle time tec 110 130 150 ns
Read-modify write cycle time tawel 130 150 170 ns
Access time from RAS tRAC 60 70 80 | ns 5.6,13
Access time from CAS tcAC 15 20 20 | ns 5,6,7
Access time from column address tan 30 35 40 | ns 5.12
CAS to output in Low-Z o7 0 0 0 ns 5
Output buffer turn-off delay toFF 0 15 0 20 0 20 | ns 9
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 4
RAS precharge time tgp 40 50 60 ns (
RAS pulse width tpag| 60{10,000 70 110,000 80|10,000 | ns :
RAS hold time teey| 15 20 20 ns
CAS hold time tcgyl 60 70 80 ns
CAS pulse width tcas| 15(10,000 20 {10,000 20{10,000 | ns
RAS to CAS delay time tacp| 20 45 20 50 20 60 | ns 6
RAS to column address delay time trAD 15 30 15 35 15 40 | ns 13
‘CAS to RAS precharge time tcpp 5 5 5 ns
Row address set-up time tasR 0 0 0 ns
Row address hold time trayl 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcan| 15 15 15 ns
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to
CAS trRcH 0 0 0 ns 11
Read command hold referenced to '
"RAS tapy!l O 0 0 ns 11
Write command hold time twe 10 10 10 ns
Write command hold referenced to
‘RAS twer! 45 50 55 ns 8
Write command pulse width twp 10 10 10 ns
Write command to RAS lead time tgwy| 15 15 15 ns
Write command to CAS lead time tewL! 15 15 15 ns
Data-in set-up time tps 0 0 0 ns 12
Data Sheet National Semiconductor Page 4
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NMD1024X1

1MX1 CMOS Dynamic RAM

AC CHARACTERISTICS (Continued)

NMD1024X1-60 | NMD1024X1-70 NMD1024X1-80
Standard Operation Symbol Unit Notes
Min | Max | Min Max | Min Max
Data-in hold time oy 15 15 15 ns 12
Data-in hold referenced to RAS {DHR 50 55 60 ns 8
Refresh period (512 cycles) {\REF 64 64 64 ms
Write command set-up time twes 0 0 0 ns 10
CAS to W delay " tcwp 15 20 20 ns 10
| RAS to W delay tawn |60 70 80 ns | 10
Column address to W delay time tawp | 30 35 40 ns 10
CAS setup time (C-B-R refresh) tcsh 5 5 5 ns
CAS hold time (C-B-R retresh) tchr | 15 15 15 ns
RAS precharge 1o CAS hold time tepc 5 5 5 ns
CAS precharge (C-B-R counter Test) tcpT 20 25 30 ns
Access time from CAS precharge tcPa 35 35 40 ns 5
Fast Page mode cycle time tpc 40 45 50 ns
|__Fast page mode read-modify-write tepwg 60 60 65 ns
RAS pulse width (Fast page mode) trasp| 60 | 100K{ 70 | 100K| 80 |100K| ns
"RAS hold time from CAS precharge taucp| 40 45 50 ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns

NOTES:

hw

o o

2veN

1.
12
13.

14.
15.

16.

An initial pause of 200ys is required after powerup followed by any 8 RAS cydes before proper device operation is achieved.

ViH{min) @nd Vi (may) are reference levels for measuring timing of input signals. Transition times are measured between ViH(min) "9 Vg (may).
and are assumed to be 5ns for all inputs. .
Measured with a load equivalent to 2 TTL loads and 100pF.

Operation within the tacD(max) limit insures that lRAC(max) €an be met. laenimay) is specified as a reference point only. it taep is greater than
the specified trcp(may) limit, then access time is controlled exclusively by tcac.

Assumes that lRCDZ ‘RCD max):

YweR: lpHR are referenced to tRAD{ma'éA'
This parameter defines the time at which the output achieves the open circuit condition and is not referenced to Vo of Vo -

twes: trwp. tcwp 8nd tawp are non restrictive operating parameters. They are included in the data sheet as electrical characteristics only. if
wes2lwes(min) the cycle is an early write cycle and the data output will remain open circuit throughout the entire cycle. It tewpRlcwD(min) 80
lawD2lRWD(min) @nd tawD2iAWD(min). then the cycle is a read-write cycle and the data output will contain the data read from the selecteJ cell.
In either of the above conditions are satisfied, the condition of the data out is indeterminate.

Either tpey Of tppyy Must be satisfied for a read cycle.

These parametars are referenced to the CAS leading edge in early write cycles and to the W leading edge in read-write cycles.

Operation within the tAp(may) limit insures that trac(mayx) Can be met. tgapimay) is sPecified as a reference point

only. !t taap is greater than the specified tpapymayx) limit, then access time is controlled by ta,.

Normal operation requires the “T.F" pin 1o be connecte "to Vgg or TTL logic low level or left unconnected on the printed wiring board.

When the “T.F" pin is connected to a defined positive voltage, the intemal test function may be activated. Contact National Semiconductor for
specific operational details of the “test tunction.”

In a test mode read cycle, the value of tpac. \cac. taa is delayed for 3ns.
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NMD1024X1

1MX1 CMOS Dynamic RAM

TIMING DIAGRAMS

READ CYCLE
RC
i_ tRAS
T Vil— X f X
RAS V:L - S — . \
tcswm - 1ap
trCO tAsH po—— tCRP =
tcas
Vin-— p \
Cas ViL-— e tRA D——‘J \ \ Z /
1cam tRat
ROW COLUMN
A ADDRES ADDRESS :
i-——llnn—'
™ RCH
Vie— .
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tRAC - r— o 10FF
L2
}-—— Femrrresra
o oven———K  wair
Vou- k_———"
WRITE CYCLE (EARLY WRITE)
RC “{
. tRas 5
— Vim—
RAS Vi — \ j{ N
i —— e R C G § — tae
b taco rcs 1A~ j *——lcno—-—
— Viee— - tcas
CAs Vi - ' m \ / \
:-—— 1RAD ; tRaL 1
A
w .%’o’ofo’o’.o’o’.’o‘o’&’o ;
Vie - 0'0'0'0'0'0"0'0'0' XX VALID 9 00000000000000 0900000000600
° o7 XRRURURXVXXXXKKIIN,  oara RIS
1pwa
o :g'_' OPEN
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NMD1024X1 ’ 1MX1 CMOS Dynamic RAM

TIMING DIAGRAMS (Continued)

READ-WRITE/READ-MODIFY-WRITE CYCLE

tanc
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NMD1024X1

1MX1 CMOS Dynamic RAM ’

TIMING DIAGRAMS (Continued)

FAST PAGE MODE READ CYCLE

- 1
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Ras Vi ’\r ?f—ﬁ
Vie— 1. tRe \
tcsw . tRSH
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penn{ 0t [
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&5 Vme—
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Vin— o .v v v.
o Vig— FOPEN X X X/
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t tRZ
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s
< <
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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Vin— — - . _— taasp
FAS AS
A Vie— R
4
45
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tace L ~

P

Vin—
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tcas ice
1
1
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:
: 1
' tcas h . 1cas
T z f * —_— f -3 ———
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= | . - Cood
! i : vt
Vie=— -
ROW : COL ; CoL AAAAA XX
A Vi— m ADD m ADD ono 1coL OO0
w : el : ) : ADD QQAQAQA”Q
X tRaD ——. i i l ' ' :
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. 1 H . : H l I '
Vin— : : ! : ) 1 !
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! : ' ) ] H 1
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> v QXX KRR, oo or e D
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NMD1024X1 : 1MX1 CMOS Dynamic RAM

TIMING DIAGRAMS (Continued)

FAST PAGE MODE READ-MODIFY-WRITE

| imtap
: tRasP b 1AP
. Vin - | ‘—l
RAS . W/
Vie - | ) l
]
s | 1RSH ! |
teawc !
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R} 1 H t cL A t ' 1aSC | tcan '
tase . RAn . _A_SF N | Cam i i 'SC 1 tCaw i i
i H : H R ‘ '

Vi - y \ ¢ | ‘v’v’v N Y X
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A BB o a0 R o KRR

1
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—
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R
>4
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I .
¥ ! i o |1
! B ey ! tacs | ! fiwe tacs ey
tawo : H ' ' | :
' . H H (] . ]
| | tos—— b—l'i"; 'os'-—-if—i—i-'onl ; tos; l' haly
o Von Y KB N A 0K RN R
Vi - m‘”" '&OIM&" @ ‘0!'2”0&"0‘0?0’ DATA oztoA’A.A’A.A.A‘ﬁ
s i . [ i Do } ' .
! i = —te l —! o S i P —heab— i
: |CACi . ——L—lc;c-—'— v —.—ICAc—Q— !
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. tRAC : . L + . —{
VoH - \
Q
Voo -
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NMD1024X1 : 1MX1 CMOS Dynamic RAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE17

J tRC
r tRAS {
L ) X
: Vie- | l
—tran ! trp
tasr l—— —-1
A Vim- ROW ADDRESS
Vig— 1
o Vou- OPEN
vVo. -
HIDDEN REFRESH CYCLE B — - ta L
tRas ! b 1RO el ;L: taas — 120 e
Pt .
Vine b ' |
Ras L ,\ ,2 \
Vi~ . | ' | :
! — g | cas
i taco _—! T tcas - <
. =\ | | tesm
I 222 KX l ' 4 AN
“we— A . )
lASﬁ_ 1 U oicac l | .
! tasc X  tRaL— I :
Vi ROW corumn AAAL XX XX RAAXIIX XX T XTXX XXX X)
. V.. ACDRESS anbress KAXXXXXOEABORAREXPOPXXRRINXKK)
i 1 H
—-{ lnc‘s L—]- l :
. .

Vi X
Vi~ oy
1
. a
: i
v - t
o O CLZW VAULID DAT:2 )——.
Voi - J

CAS-BEFORE-RAS REFRESH CYCLE

tpe

s Vi - tRas f N
Vi - ‘}L \

9]

Note: _
17. CAS = V. W, D, Ag = Don't Care
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NMD1024X1 ’ 1MX1 CMOS Dynamic RAM

TIMING DIAGRAMS (Continued)

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

R

tRas
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NMD1024X1

1MX1 CMOS Dynamic RAM

DEVICE OPERATION
Device Operation

The NMD1024X1 contains 1,048,576 memory locations. Twenty
address bits are required to address a particular memory location.
Since the NMD1024X1 has only 10 address input pins, time
multiplexed addressing is used to input 10 row and 10 column
addresses. The multiplexing is controlied by the timing relation-
ship between the row address strobe (RAS), the column address
strobe (CAS) and the valid row and column address inputs.

Operating of the the NMD1024X1 begins by strobing in a valid row
addrass with RAS while CAS remains high. Then the address on
the 10 address input pins is changed from a row address to a
column address and is strobed in by CAS. This is the beginning
of any NMD1024X1 cycle in which a memory location is accessed.
The specific type of cycle is determined by the state of the write
enable pin and various tlmmg relationships. - The cycle is termi-
nated whan both RAS and CAS have returned to the high state.
Anothercycle ) can be initiated after RAS remains high long enough
to satisfy the RAS precharge time (tgp),requirement.

RAS and CAS AS Timing

The minimum RAS and CAS pulse widths are specified by1gag(min)
and tcag(min) respectively. These minimum pulse widths must
be satisfied for proper device ) operation and data integrity. Once
acycle is initiated by bringing RAS low, it must not be aborted prior
to satisfying the minimum RAS and CAS pulse widths. in addition
a new cycle must not begin until satisfying the minimum RAS
pracharge time, tgp, has been satisfied. Once a cycle begins,
internal clocks and other circuits within the NMD1024X1 begin a
complex sequence of events. If the sequence is broken by
violating minimum timing requirements, loss of data integrity can
occur.

Read

Areadcycleis achieved by maintaining the write enable input (W)
high during a ‘RAS/CAS cycle. The access time is normally
specified with respect to the faliing edge of RAS. But the access
time also depends on the falling edge of CAS and on the valid
column address transition.

if CAS goes low before tgp(max), and if the column address is
valid before {RAD(max) thenthe access timetovalid datais specified
bY \RAC(min) However, if CAS goes low after 'RCD(max) O if the
column address becomes valid after ‘RAD(max) access is speci-
fied by tcac Ortas. Inorderto achieve the minimum access time,

tRAC(min) it is necessary to meet both 1RCD(max) and tRAD(max)-

Write

The NMD1024X1 can perform early write, late write and read-
-modify-write cycles. The difference between these cycles is in the
state of data-out and is determined by the timing relationship
between W and CAS. In any type of write cycle, Date-in must be
valid at or before the falling edge of Wor CAS, whichever is later.

Early Write: An early write cycle is performed by bringing
W low before CAS. The data at the data input pin (D) is written
the addressed memory cell. Throughout the early write cycle the
output remains in the Hi-Z state. This cycle is good for common

VO applications because the data-in and data-out pins may be tied
together without bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the time that
data is being written into the same cell location. This cycle is
achieved by bringing W low after CAS and meeting the data sheet
read-modify-write cycie timing requirements. This cycle requires
using a separate VO to avoid bus contention.

Late White: HWis brought low after CAS, a late write cycle
will occur. The late write cycle is very similar to the read-modify-
write cycle except that the timing parameters, tawp andtawp. are
not necessarily met. The state of date-out is indeterminate since
the output can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate V'O to avoid bus
contention.

Data Output

The NMD1024X1 has a three-state output buffer which is con- (
trolied by CAS. Whenever CAS is a high (Vi) the outputis in the
high impedance (Hi-Z) state. In any cycle in which valid data
appears at the output, the output goes into the low impedance
state in a time specified by tc > after the falling edge of CAS.
Invalid datamay be present at the output during the time after torz
and before the valid data appears at the output. The timing
parameters tca c. tnac @nd ty 4 specify when the valid data will be
present at the output. The valid data remains ins at the output until
CAS returns high. This is true evenif a new RAS cycle occurs (as
in hidden refresh). Each of the NMD1024X1 operating cycles is
listed below after the corresponding output state produced by the

cycle.

Valid Output Data: Read, Read-Modily-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-Modify-
Wirite.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only cycle.

Indeterminate Output State: Delayed Write

Refresh

The data in the NMD1024X1 is stored on a tiny capacitor within
each memory cell. Due to leakage the data may leak off after a
period of time. To maintain data integrity it is necessary to refresh
each of the rows every 64 ms. There are several ways to

accomplish this.

Data Sheet
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NMD1024X1

1MX1 CMOS Dynamic RAM

DEVICE OPERATION (Continued)

RAS-Only Refresh: This is the most common method of
performing refresh. I is performed by strobing in a row address
with RAS while TAS remains high. This cycle must be repeated
for each 512 row addresses, (Ag-Ag). The state of address A9 is
ignored during refresh.

CTAS-before-RAS: The NMD1024X1 has CAS-before-
RAS on-chip refreshing capability that eliminates the need for
external refresh addresses. if CAS is held low for the specified set
up time (1cgR) before RAS goes low, the on-chip refresh circuitry
is enabled. An internal refresh operation automatically occurs.
The refresh address is supplied by the on-chip refresh address
counter which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the output by
extending the CAS active time and cycling RAS. The NMD1024X1
hidden refresh cycle is actually a CAS-before-RAS refresh cycle
within an extended read cycle. The refresh row address is
provided by the on-chip refresh counter.

Other Refresh Methods: It is also possible to refresh the
NMD1024X1 by using read, write or read-modify-write cycles.
Whenever a row is accessed, all the cells in that row are automati-
cally refreshed. There are certain applications in which it might be
advantageous to perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the perferred method.

CAS-Betfore-RAS Refresh Counter Test Cycle

A special timing seqence using the 'CAS-before-RAS counter test
cycle provides a convenient method of verifying the functionality of
the CAS before-RAS refresh activated circuitry. The cycle begins
as a CAS-before-RAS refresh operation. Then, if CAS is brought
high and then low again while RAS is held low, the read and write
operations are enabled. In this mode, the row address bits A0
through A8 are supplied by the on-chip refresh counter. The ASis
sot low internally.

Fast Page Mode

The NM1024X1 has Fast Page mode capability which provides
high speed read, write or read-modity-write access to all memory
cells within a selected row. These cycles may be mixed in any
order. A{astpage mode cycle begns with a normal cycle. Then,
while RAS is kept low to maintain the row address, CAS is cycled
to strobe in additional column addresses. This eliminates the time
required to set up and strobe sequential row address~s for the
same page.

Power-up

H RAS=Vgg during power-up, the NMD1024X1 could begin an
active cycle. This condition results in higher than necessary

" current demands from the power supply during power-up. It is

recommended that RAS and CAS track with Vg during power-up
or be held at a valid V,, in order to minimize the power-up current

An initial pause of 200us is required after power-up followed by 8
initialization cycles before proper device operaion is assured.
Eight initialization cycles are also required after any 8 msec period
in which there are no RAS cycles. An initialization cycle is any
cycle in which RAS is cycled.

Termination .

Thae lines fromthe TTL driver circuits to the NMD 1024 X1 inputs act
like unterminated transmission lines resulting in significant over-
shoot and undershoot at the inputs. To minimize overshoot it is
advisabie to terminate the input lines and to keepthem as short as
possible. Although either series or paralie! termination may be
used, series termination is generally recommended since it is
simple and draws no additional power. it consists of a resistor in
series with the input line placed close to the NMD 1024 X1 input pin.
The optimum value depends on the board layout. It must be
determined experimentally and is usually in the range of 20 to 40
ohms.

Board Layout

it is important to lay out the power and ground lines on memory
boards in such a way that switching transient effects are minimized.
The recommended methods are gridded power and ground lines
or separate power and ground planes. The power and ground
lines act like transmission lines to the high frequency transients
generated by DRAMS. The impedance is minimized i all the
power supply traces to all the DRAMS run both horizontally and
vertiCally and are connected at each intersection or better yet i
power and ground planes are used.

Decoupling

The importance of proper decoupling can not be over emphasized.
Excessive transient noise or voltage droop on the V¢ line can
cause loss of data integrity (soft arrors). {tis recommendedthatthe
total combined vottage changes over time in the Vo to Vgg
voltage {measured at the device pins) should not exceed S00mV.

A high frequency 0.1uF ceramic decoupling capacitor should be
connected between the Vge and ground pins of each
NMD1024X1using the shortest possible traces. These capacitors
act as a low impedance shunt for the high frequency switching
transients generated by the NMD1024X1 and they supply much of
the current used by the NMD1024X1 during cycling.

in addition, a large tantalum capacitor with a value of 47uF to
100pF should be used for bulk decoupling to recharge the 0.1uF
capacitors between cycles, thereby reducing power line drop. The
bulk decoupling cdpacitor should be placed near the point where
the powaer traces meet the power grid or power plane. Even better
results may be achieved by distributing more than one tantalum
capacitor around the memory array.
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NMD1024X1

1MX1 CMOS Dynamic RAM

PACKAGE DIMENSIONS (Continued)

18-LEAD PLASTIC DUAL IN-LINE PACKAGE

Units: inches (Millimeters)
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NMD1024X1 1MX1 CMOS Dynamic RAM

PACKAGE DIMENSIONS (Continued)

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
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NMD1024X1 1MX1 CMOS Dynamic RAM

PACKAGE DIMENSIONS (Continued)

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)

Units: Inches (millimeters)
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NMD1024X1 ' 1MX1 CMOS Dynamic RAM

ORDERING INFORMATION

NMD1024x1 X U .2
Device Type Package Speed

60
{70 Access Time (ns)
80

N 300-mil Plastic DIP
M 300-mil Plastic SOJ
Z 330-mil Plastic ZIP

CMOS 1MX1 Dynamic RAM

Example: NMD1024XN60 (CMOS 1MX1 Dynamic RAM, 60ns, 300-mil Plastic DIP)

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As we herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support

which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be reason-
or (b) support or sustain life, and whose failure to perform, ably expected to cause the failure of the life support device
when properly used in accordance with instructions for or system, or 1o affect its safety or effectiveness.

use provided in the tabeling, can be reasonably expected
to result in a significant injury to the user.
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