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TECHNICAL DATA

Advance Information
1Mx4 CMOS Dynamic RAM

Static Column

The MCM514402A is a 0.7u CMOS high-speed, dynamic random access
memory. It is organized as 1,048,576 four-bit words and fabricated with
CMOS silicon-gate process technology. Advanced circuit design and fine line
processing provide high performance, improved reliability, and low cost. The
static column mode feature allows column data to be accessed upon the
column address transition when RAS and CS are held low, similar to static
RAM operation.

The MCM514402A requires only 10 address lines; row and column
address inputs are multiplexed. The device is packaged in standard 300 mil
and 350 mil J-lead small outline packages, and a 100 mil zig-zag in-line
package (ZIP).

Three-State Data Output
Static Column Mode
Test Mode
TTL-Compatible Inputs and Outputs
RAS Only Refresh
CS Before RAS Refresh
Hidden Refresh
1024 Cycle Refresh: MCM514402A = 16 ms
Fast Access Time (tRAC):
MCM514402A-60 = 60 ns (Max)
MCM514402A-70 = 70 ns (Max)
MCM514402A-80 = 80 ns (Max)
MCM514402A-10 = 100 ns (Max)
¢ Low Active Power Dissipation:
MCM514402A-60 = 660 mW (Max)
MCM514402A-70 = 550 mW (Max)
MCM514402A-80 = 468 mW (Max)
MCM514402A-10 = 413 mW (Max)
o Low Standby Power Dissipation:
MCM514402A = 11 mW (Max, TTL Levels)
MCM514402A = 5.5 mW (Max, CMOS Levels)

MCM514402A

NJ PACKAGE
300 MIL SOJ
CASE 822

J PACKAGE
350 MIL SOJ
CASE 822A

Z PACKAGE
PLASTIC

ZIG-ZAG IN-LINE

CASE 836

300 AND 350 MIL SOJ
DQo [ 1 26 {1 Vgg
patfj2 25 [1 DQ3
PIN NAMES w[3 24 [ DQ2
AD-A9 .............. ... Address Input RAS []4 23 [1 TS
DQO-DQ3 ............ Data Input/Output A =
G .o Output Enable 90s 2 8
W Read/Write Input
RAS ... Row Address Strobe
CS Chip Select
VeG oo Power Supply (+5 V) rolo 18 [ A8
VGG - eeeee e Ground At( 10 17 [ A7
A2 11 16 [l A6
A3 [} 12 15 [] A5
vee [ 13 14 1 p
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BLOCK DIAGRAM

(9]

DQO-DQ3
W 9 N\ DATA IN ) T4
/ BUFFER >
&5 NO.2CLOCK [ DATA OUT
— ™| GENERATOR [* BUFFER
COLUMN COLUMN
ADDRESS DECODER
AD —>——_—J‘> BUFFERS (10)
iy 192:1 x.4 ‘
ﬁg ™ REFRESH =
10) | CONTROLLER/ SENS AMP
Ad COUNTER (10) IO GATING
A5 — W
AG —>
A7 —™ ROW 1024 x 4
A8 —>] ADDRESS [ tte
A9 —»;") BUFFERS (10) o« . MEMORY
=al ¢ ARRAY
T 08 1024 1024 x 1024 x 4
oo
RS NO. 1 CLOCK e
GENERATOR - SUBSTRATE BIAS e— VcC
GENERATOR  ja— Vss
ABSOLUTE MAXIMUM RATING (See Note) ) ) N
Rati Symbol Val Unit This device contains circuitry to protect
ating ymbo alue ni the inputs against damage due to high
Power Supply Voltage Vee -1t0+7 \ static voltages or electric fields; however,
. . i _ it is advised that normal precautions be
Voltage Relative to Vgg for Any Pin Except Vo Vin» Vout 1to +7 \ taken to avoid application of any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to
Power Dissipation PD 700 mw this high-impedance circuit.
Operating Temperature Range Ta 0to +70 °C
Storage Temperature Range Tsig -55t0 +150 | °C

NOTE: Permanentdevice damage may occurif ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.
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DC OPERATING CONDITIONS AND CHARACTERISTICS
(Voc =5.0 V£10%, Tpa = 0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Vee 45 5.0 5.5 \ 1
Vss 0 0 0
Logic High Voltage, All Inputs ViH 2.4 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \ 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current Icct mA 2,3
MCM514402A-60, tyc = 110 ns — 120
MCM514402A-70, tgc = 130 ns — 100
MCM514402A-80, trc = 150 ns — 85
MCM514402A-10, trc = 180 ns — 75
V¢ Power Supply Current (Standby) (RAS = CS = Vi) Icce — 2.0 mA
V¢ Power Supply Current During RAS Only Refresh Cycles (CS = Vi) lcca mA 2,3
MCM514402A-60, tc = 110 ns : — 120
MCM514402A-70, trc = 130 ns — 100
MCM514402A-80, tc = 150 ns — 85
MCM514402A-10,tgc = 180 ns — 75
Vi Power Supply Current During Static Column Mode Cycle (RAS = CS = V)| Icca mA 2,3
MCM514402A-60, tgc = 35 ns — 95
MCM514402A-70, tgc = 40 ns —_ 85
MCM514402A-80, tgc =45 ns — 75
MCM514402A-10, tgc =55 ns — 65
V¢ Power Supply Current (Standby) (RAS = CS-= Vee-0.2V) lccs — 1.0 mA
Vi Power Supply Current During CS Before RAS Refresh Cycle lcce mA 2
MCM514402A-60, tgc = 110 ns — 120
MCM514402A-70, tgc = 130 ns — 100
MCM514402A-80, tc = 150 ns — 85
MCM514402A-10, tgc = 180 ns — 75
Input Leakage Current (0 V < Vi, <6.5V) lkg(h) -10 10 uA
Output Leakage Current (CS = V|4, 0 V< Vgt 5.5 V) kg(O) -10 10 UA
Output High Voltage (IoH = -5 mA) VoH 2.4 — \
Output Low Voltage (lo| = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, V¢ = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit | Notes
Input Capacitance A0-A9 Cin 5 pF 4
G,RAS,CS, W
IO Capacitance (CS = V| to Disable Output) DQO-DQ3 Cro 7 pF 4

NOTES:
1. All voltage referenced to Vgg.
2. Current is a function of cycle rate and output loading; maximum currents are specified cycle time (minimumy) with the output open.
3. Column address can be changed once or less while RAS = V_and CS = V.
4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAVAV.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
(Voe =5.0V £10%, Ta =0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 514402A-60 514402A-70 514402A-80 514402A-10
Parameter Std. Alt. Min | Max [ Min | Max | Min | Max | Min [ Max | Unit | Notes
Random Read or Write Cycle tRELREL | 'RC 110 — 130 — 150 — 180 — ns 5
Time
Read-Write Cycle Time tRELREL | tRwC 165 — 185 — 205 — 245 — ns 5
Static Column Mode Cycle Time tavav tsc 35 — 40 — 45 — 55 — ns
Static Column Mode Read-Write tavav  |tsrwc | 90 — 100 — 110 — 135 — ns
Cycle Time
Access Time from RAS treLqv | tRAC — 60 — 70 - 80 — 100 | ns | 6,7
Access Time from CS tCELQV | CAC — 20 — 20 — 20 — 25 | ns | 6,8
Access Time from Column tavQv taa — 30 — 35 — 40 — 50 ns 6,9
Address
Access Time from Last Write twLQv taLw — 55 — 65 — 75 — 95 ns | 6,10
CS to Output in Low-Z tCELQX tcLz 0 — 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay | {cEHQZ | tOFF 0 20 0 20 0 20 0 20 ns 1
Data Out Hold from Address tAXQX tAOH 5 — 5 — 5 — 5 — ns
Change
Data Out Enable from Write twHQV tow - 20 — 20 — 20 — 25 ns
Transition Time (Rise and Fall) tT tr 3 50 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL | tRP 40 — 50 — 60 — 70 - ns
RAS Pulse Width tRELREH | tRAS 60 10k 70 10k 80 10k 100 10k ns
RAS Pulse Width (Static Column | tRELREH | tRASC 60 | 200k | 70 |[200k | 80 | 200k | 100 | 200k | ns
Mode)
RAS Hold Time tcELREH | tRSH | 20 — 20 — 20 — 25 — | ns
CS Hold Time tRELCEH | tCSH 60 _ 70 — 80 —_ 100 — ns
CS Pulse Width tcELCEH | tes 20 | 10k | 20 | 10k | 20 | 10k | 25 | 10k | ns
TS Pulse Width (Static Column | togLcEH | tosc | 20 | 200k | 20 [200k | 20 | 200k | 25 |[200k | ns
Mode)
RAS to CS Delay Time tReELCEL | 'RCD 20 40 20 50 20 60 25 75 ns 12
RAS to Column Address Delay tRELAV tRAD 15 30 15 35 15 40 20 50 ns 13
Time
| CS to RAS Precharge Time tcEHREL | tcRP 5 — 5 — 5 — 10 — | ns
(continued)
NOTES:

1. V|y min and V| max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V).
2. Aninitial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must
transition between V| and V_ (or between V||_and V|y) in a monotonic manner.
4. AC measurements tT = 5.0 ns.
5. The specifications for tgg (min) and trywc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < Tp <70°C) is ensured.
6. Measured with a current load equivalent to 2 TTL (=200 pA, +4 mA) loads and 100 pF with the data output trip points set at Vo =2.0 V
and VoL =0.8 V.
Assumes that tgcp < tRcD (Max).
Assumes that tgcp = tReD (Max).
Assumes that tRap = tRaD (Max).
Assumes that t waD = tLwap (max).
toFF (max) and/or tgz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the tgcp (max) limit ensures that tgac (max) can be met. trgp (Max) is specified as a reference point only; if tRcp is
greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcaC-
13. Operation within the tgap (Max) limit ensures that trac (max) can be met. trap (Max) is specified as a reference point only; if tgRap is
greater than the specified tgap (max), then access time is controlled exclusively by taa.
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READ, WRITE, AND READ-WRITE CYCLES (Continued)

Symbol 514402A-60 | 514402A-70 | 514402A-80 | 514402A-10
Parameter Std. Alt. Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
CS Precharge Time {CEHCEL | tcP 10 — 10 — 10 — 10 — | ns
Row Address Setup Time tAVREL tASR 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRELAX | tRAH 10 — 10 — 10 — 15 — ns
Column Address Setup Time tAVCEL tasc 0 — 0 — 0 - 0 - ns
Column Address Hold Time tCELAX tCAH 15 — 15 — 15 — 20 — ns
Column Address Hold Time tRELAX tAR 70 — 80 — 90 — 115 — ns
Referenced to RAS
(Read Cycle)
Column Address to RAS Lead tAVREH tRAL 30 — 35 — 40 — 50 — ns
Time
Column Address Hold Time tREHAX tAH 5 — 5 — 5 — 10 — ns 14
Reference to RAS High
Last Write to Column Address twLAV | ILWAD 20 25 20 30 20 35 25 45 ns 15
Delay Time
Last Write to Column Address twLax | tAaHLw | 55 — 65 — 75 — 95 — ns
Hold Time
Read Command Setup Time tWHCEL | 'RCS 0 — 0 — 0 — 0 — ns
Read Command Hold Time tcEHWX | tRCH 0 — 0 — 0 — 0 — ns 16
Referenced to CS
Read Command Hold Time tREHWX | RRH 0 — 0 — 0 - 0 - ns 16
Referenced to RAS
Write Command Hold Time tCELWH | 'WCH 10 — 15 — 15 — 20 — ns
Referenced to CS
Write Command Pulse Width tWLWH twp 10 — 15 — 15 — 20 — ns
Write Command Inactive Time WHWL wi 10 — 10 — 10 — 10 —_ ns
Write Command to RAS Lead WLREH | tRWL 20 — 20 — 20 — 25 — ns
Time
Write Command to CS Lead WLCEH | tcwL | 20 — 20 — 20 - 25 — ns
Time
Data in Setup Time tDVCEL tps 0 — 0 — 0 — 0 — ns 17
Data in Hold Time {CELDX tDH 15 — 15 — 15 — 20 — ns 17
Refresh Period tRVRV tRFESH — 16 — 16 — 16 — 16 ms
Write Command Setup Time tWLCEL | twecs 0 — 0 — 0 — 0 — ns 18
CS to Write Delay tceLwL | tcwp | 50 — 50 — 50 — 60 — ns 18
RAS to Write Delay tRELWL | tRWD 90 — 100 — 110 — 135 — ns 18
Column Address to Write Delay tAVWL tAWD 60 — 65 — 70 — 85 — ns 18
Time
CS Setup Time for CS Before RELCEL | lCSR 5 — 5 — 5 — 5 — ns
RAS Refresh
CS Hold Time for CS Before tRELCEH | tCHR 15 — 15 — 15 — 20 — ns
RAS Refresh

(continued)
NOTES:

14. tay must be met for a read cycle.

15.  Operation within the t wap (max) limit ensures that to| w (max) can be met. t\wap (max) is specified as a reference point only; if t waD
is greater than the specified t wap (max) limit, then access time is controlled exclusively by taa.

16. Either tgrH or trcH must be staisfied for a read cycle.

17. These parameters are referecnced to CS leading edge in early write cycles and to W leading edge in read-write cycles.

18. twes: tRwD- icwD- tawD. andtopwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if twc s 2 twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if tcwp = tcwp (Min), tRwD = tRwD (Min), tawD = tawp (min), and topwp = tcpwp (Min) (page mode), the cycle is
aread-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition
of the data out (at access time) is indeterminate.
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READ, WRITE, AND READ-WRITE CYCLES (Concluded)

Symbol 514402A-60 | 514402A-70 | 514402A-80 | 514402A-10
Parameter Std. Alt. Min | Max | Min | Max | Min | Max | Min | Max | Unit [ Notes

RAS Precharge to CS Active tREHCEL | tRPC 0 — 0 — 0 — 0 — | ns

Time
CS Precharge Time for CS tCEHCEL | tcpT | 30 — 40 — 40 — 50 — | ns

Before RAS Counter Test
RAS Hold Time Referencedto G | tgLReH | tRoH | 10 — 10 — 10 — 20 — | ns
G Access Time tgLQv 1GA — 20 — 20 — 20 — 25 | ns
G to Data Delay taLHDX | tGD 20 — 20 — 20 — 25 — ns
Output Buffer Turn-Off Delay t{GHQZ tcz 0 20 0 20 0 20 0 20 ns 1

Time from G
G Command Hold Time tWLGL tGH 20 — 20 — 20 - 25 — | ns
Write Command Setup Time twLREL | twTs 10 — 10 — 10 — 10 — ns

(Test Mode)
Write Command Hold Time tRELWH | tWTH 10 — 10 — 10 — 10 — ns

(Test Mode)
Write to RAS Precharge Time tWHREL | tWRP 10 — 10 — 10 — 10 — ns

(CS Before RAS Refresh)
Write to RAS Hold Time tRELWL | 'WRH 10 — 10 — 10 — 10 — ns

(CS Before RAS Refresh)
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READ CYCLE
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EARLY WRITE CYCLE
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READ-WRITE CYCLE
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RAS
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=l
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STATIC COLUMN MODE EARLY WRITE CYCLE (A)
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STATIC COLUMN MODE READ-WRITE CYCLE
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE
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RAS ONLY REFRESH CYCLE
{W and G are Don’t Care)
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HIDDEN REFRESH CYCLE (READ)
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EVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is re-
quired for the internal substrate generator to establish the cor-
rect bias voltage. This must be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize all
dynamic nodes within the RAM. During an extended inactive
state (greater than 16 milliseconds with the device powered
up), a wake up sequence of eight active cycles is necessary to
ensure proper operation.

ADDRESSING THE RAM

The ten address pins on the device are time multiplexed at
the beginning of a memory cycle by the row address strobe
(RAS) clock, into two separate 10-bit address fields. A total of
twenty address bits, ten rows and ten columns, will decode
one of the 1,048,576 bit locations in the device. RAS active
transition latches the row address field. Column addresses are
not latched, hence the “static column” designation of this de-
vice. Chip select (CS) active transition (active = V), tRcD
minimum) follows RAS on all read, write, or read-write cycles
and is independent of column address. The static column fea-
ture allows greater flexibility in setting up the external column
addresses into the RAM.

There are three other variations in addressing the 1Mx4
RAM: RAS only refresh cycle, CS before RAS refresh
cycle, and Static Column mode. All three are discussed in
separate sections that follow.

READ CYCLE

The DRAM may be read with four different cycles: “normal”
random read cycle, static column mode read cycle, read-write
cycle, and static column mode read-write cycle. The normal
read cycle is outlined here, while the other cycles are dis-
cussed in separate sections.

The normal read cycle begins as described in ADDRESS-
ING THE RAM, with RAS active transition latching the desired
row. The write (W) input level must be high (V|H), trgs (mini-
mum) before the CS active transition, to enable read mode. A
valid column address can be provided at any time (tgap mini-
mumy), independent of the CS active transition.

Both the RAS and CS clocks trigger a sequence of events
which are controlled by several delayed internal clocks. The
internal clocks are linked in such a manner that the read ac-
cess time of the device is independent of the address multiplex
window. Both CS and output enable (G) control read access
time; CS and G must be active (and column address must be
valid) by tgcp maximum, and tgac—tga minimum, respec-
tively, to guarantee valid data out (Q) at tgac (access time
from RAS active transition). If the tRcp maximumis exceeded
and/or G active transition does not occur in time, read access
time is determined by either the CS or G clock active transition
(fcacoriga).

The RAS and CS clocks must remain active for a minimum
time of tyag and tc g respectively, to complete the read cycle.
The column address must remain valid for toH after RAS
inactive transition to complete the read cycle. W must remain
high throughout the cycle, and for time tgrH or trcH after
RAS or CS inactive transition, respectively, to maintain the
data at that bit location. Once RAS transitions to inactive, it
must remain inactive for a minimum time of tgp to precharge
the internal device circuitry for the next active cycle. Qis valid,
but not latched, as long as the CS and G clocks are active.
When either the CS or G clock transitions to inactive, the
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output will switch to High Z (three-state) toFf or tgz after the
inactive transition.
WRITE CYCLE

The user can write to the DRAM with any of four cycles: early
write, late write, static column mode early write, and static col-
umn mode read-write. Early and late write modes are dis-
cussed here, while static column mode write operations are
covered in another section.

A write cycle begins as described in ADDRESSING THE
RAM. Write mode is enabled by the transition of W to active
(V)L). Early and late write modes are distinguished by the ac-
tive transition of W, with respect to CS leading edge. Minimum
active time tgag and tcg, and precharge time tgp apply to
write mode, as in the read mode.

An early write cycle is characterized by W active transition at
minimum time tycs before CS active transition. Column ad-
dress set up and hold times (taosc, tcAH), and datain (D) set
up and hold times (tpg, tpR) are referenced to CS in an early
write cycle. RAS and CS clocks must stay active for tgyy|_and
tcwlL, respectively, after the start of the early write operation to
complete the cycle.

Q remains in three-state condition throughout an early write
cycle because W active transition precedes or coincides with
CS active transition, keeping data-out buffers and G disabled.

A late write cycle (referred to G-controlled write) occurs
when W active transition is made after CS active transition. W
active transition could be delayed for almost 10 microseconds
after CS active transition, ({RcpD + tcwD + tRWL + 2t7) <
tRAS, if other timing minimums (tRcp, IRwL, and tT) are
maintained. Column address and D timing parameters are ref-
erenced to W active transition in a late write cycle. Output buff-
ers are enabled by CS active transition but Q may be indeter-
minate—see note 18 of ac operating conditions table.
Parameters tgyy and towy also apply to late write cycles.

READ-WRITE CYCLE

A read-write cycle performs a read and then a write at the
same address, during the same cycle. This cycle is basically a
late write cycle, as discussed in the WRITE CYCLE section,
except W must remain high for towp and/or tawp minimum,
to guarantee valid Q before writing the bit.

STATIC COLUMN MODE CYCLES

Static column mode refers to multiple successive data oper-
ations performed at any or all 1024 column locations on the se-
lected row of the 1M x 4 dynamic RAM during one RAS cycle.
Read access time of multiple operations (taa ortcac) is con-
siderably faster than the regular RAS clock access time tRaC.
Multiple operations can be performed simply by keeping RAS
active. CS may be toggled between active and inactive states
at any time within the RAS cycle.

Once the timing requirements for the initial read, write, or
read-write cycle are met and RAS remains low, the device is
ready for the next operation. Operations can be intermixed in
any order, at any column address, subject to normal operating
conditions previously described. Every write operation must
be clocked with either CS or W, as indicated in static column
mode early write cycle timing diagrams A and B. Column ad-
dress and D timing parameters are referenced to the signal
clocking the write operation. CS must be toggled inactive (tcp)
to perform a read operation after an early write operation (to
turn output on), as indicated in static column mode read/
write mixed cycle timing diagram. The maximum number of
consecutive operations is limited to tgagc- The cycle ends
when RAS transitions to inactive.
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REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to de-
grade with time and temperature. Each bit must be periodically
refreshed (recharged) to maintain the correct bit state. Bits in
the MCM514402A require refresh every 16 milliseconds.

This is accomplished by cycling through the 1024 row ad-
dresses in sequence within the specified refresh time. All the
bits on a row are refreshed simultaneously when the row is ad-
dressed. Distributed refresh implies a row refresh every 15.6
microseconds for the MCM514402A. Burst refresh, a refresh
of all 1024 rows consecutively, must be performed every 16
milliseconds on the MCM514402A.

A normal read, write, or read-write operation to the RAM will
refresh all the bits (4096) associated with the particular row de-
coded. Three other mehtods of refresh, RAS-only refresh,
CS before RAS refresh, and hidden refresh are available on
this device for greater system flexibility.

RAS-Only Refresh

RAS-only refresh consists of RAS transition to active, latch-
ing the row address to be refreshed, while CS remains high
(V|H) throughout the cycle. An external counter is employed to
ensure all rows are refreshed within the specified limit.

CS Before RAS Refresh

CS before RAS refresh is enabled by bringing CS active be-
fore RAS. This clock order activates an internal refresh count-
erthatgenerates the row address to be refreshed. External ad-
dress lines are ignored during the automatic refresh cycle.

The output buffer remains at the same state it was in during
the previous cycle (hidden refresh). W must be inactive for
time tyyRp before and time ty g after RAS active transition to
prevent switching the device into a test mode cycle.

MEMORY CYCLE

CS BEFORE RAS
REFRESH CYCLE

Hidden Refresh

Hidden refresh allows refresh cycles to occur while main-
taining valid data at the output pin. Holding CS active the end of
a read or write cycle, while RAS cycles inactive for trp and
back to active, starts the hidden refresh. This is essentially the
execution of a CS before RAS refresh from a cycle in progress
(see Figure 1). W is subject to the same conditions with re-
spect to RAS active transition (to prevent test mode cycle) as
in CS before RAS refresh.

CS BEFORE RAS REFRESH COUNTER TEST

The internal refresh counter of this device can be tested with
aCSbefore RAS refresh counter test. This testis performed
with a read-write operation. During the test, the internal refresh
counter generates the row address, while the external address
supplies the column address. The entire array is refreshed af-
ter 1024 cycles, as indicated by the check data written in each
row. See CS before RAS refresh counter test cycle timing
diagram.

The test can be performed after a minimum of 8 CS before
RAS initialization cycles. Test procedure:

1. Write "0”s into all memory cells with normal write mode.

2. Select a column address, read “0” out and write “1” into
the cell by performing the CS before RAS refresh
counter test, read-write cycle. Repeat this operation
1024 times.

3. Readthe “1"s which were writtenin step 2 in normal read
mode.

4. Using the same starting column address as in step 2,
read “1” out and write “0” into the cell by performing the
CS before RAS refresh counter test, read-write
cycle. Repeat this operation 1024 times.

5. Read “0” which were written in step 4 in normal read
mode.

6. Repeat steps 1 to 5 using complement data.

CS BEFORE RAS
REFRESH CYCLE

—

Q —HIGH Z—

= N/ V/ /|
N\
—

VALID DATA QUT

Figure 1. Hidden Refresh Cycle
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TEST MODE

The internal organization of this device (512 x 8) allows it to
be tested as if it were a 512Kx4 DRAM. Nineteen of the twenty
addresses are used when operating the device in test mode.
Column address AO is ignored by the device in test mode. A
testmode cycle reads and/or writes data to a bitin each of eight
512K blocks (B0-B7) in parailel. External data out is

determined by the internal test mode logic of the device. See
following truth table and test mode block diagram.

W, TS before RAS timing puts the device in “Test Mode”,
as shown in the test mode timing diagram. A “CS before
RAS” refresh cycle or A “RAS only” refresh cycie puts the
device back in normal mode. Refresh is performed in test
mode by using a “W, CS before RAS” refresh cycle which
uses the internal refresh address counter.

TEST MODE TRUTH TABLE
B0, B1 B2, B3 B4, BS B6, B7 Q
0 0 0 0 0 1
1 1 1 1 1 1
— Any Other 0
TEST MODE

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vce =5.0V+10%, Ta =0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4)

Symbol 514402A-60 | 514402A-70 | 514402A-80 | 514402A-10
Parameter Std. Alt. Min Max | Min | Max | Min Max | Min Max | Unit | Notes
Random Read or Write Cycle tRELREL | tRC 115 — 135 — 155 — 185 — ns 5
Time
Static Column Mode Cycle Time tavav tsc 40 — 45 — 50 — 60 — ns
Access Time from RAS tRELQV | 'RAC — 65 — 75 — 85 — 105 ns 6,7
Access Time from CS tceLav | tcac — 25 — 25 - 25 — 30 ns | 68
Access Time from Column tavav tAA — 35 — 40 — 45 — 55 ns 6,9
Address
RAS Pulse Width RELREH | 'RAS 65 10k 75 10k 85 10k | 105 10k | ns
RAS Pulse Width (Static Column | tReLREH | tRASC | 65 | 200k | 75 | 200k | 85 |[200k | 105 [200k | ns
Mode)
RAS Hold Time tCELREH | RSH 25 — 25 — 25 —_ 30 —-— ns
CS Hold Time tRELCEH | tcsH 65 — 75 - 85 — 105 | — ns
CS Pulse Width tCELCEH | tcs 25 | 10k | 25 { 10k | 25 | 10k { 30 | 10k | ns
CS Pulse Width (Static Column tCELCEH | tcsc 25 200 k 25 200 k 25 200 k 30 200k | ns
Mode)
Column Address to RAS Lead tAVREH tRAL 35 — 40 — 45 — 55 —_ ns
Time
NOTES:

1. V|q min and Vi max are reference levels for measuring timing of input signals. Transition times are measured between V| and V).

2.
3.

An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must

transition between V|4 and V|_(or between V)_and V|y) in a monotonic manner.

4.
5.

AC measurements tT = 5.0 ns.

is ensured.

and VoL =08 V.

Assumes that trcp < tRrcp (max).

Assumes that tgcp 2 tRcD (max).
Assumes that tRaD 2 tRAD (max).
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The specification for tr (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Tp <70°C)

Measured with a current load equivalent to 2 TTL (—200 uA, +4 mA) loads and 100 pF with the data output trip points set at Vo =2.0 V
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W, CS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)
(G and A0-A9 are Don’t Care)
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thsR——> tRAL <1 tH —>
tRAH—™ |€—
Vih — ROW
ADDRESSES | ' A XXX COLUMN ADDRESS OO
-«
tRCS < tRRHRCH
7 Q00000 QUUINXR
ViL —
[e———— tROH—————>
— taA >
1GA
— ViH—
5w — KRROIXKOOAN AIXOOIIAIIIKIXKINAN
IL—
< tcac > L—'— 1OFF
< tRAC € (74 >
VoH — N
DQO-DQ3 HIGH Z VALID DATA OUT -
VoL — icLz 1€«

MCM514402A MOTOROlig



TEST MODE - EARLY WRITE CYCLE
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RAS

ADDRESSES

=

(9]

DQ0-DQ3

TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (A)
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TEST MODE BLOCK DIAGRAM
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 514402A X XX XX

T— Shipping Method (R2 = Tape & Reel, Blank = Rails)

Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns, 10 = 100 ns)

Motorola Memory Prefix

Part Number

Package (NJ = 300 mil SOJ, J = 350 mil SOJ
Z = 100 mil Plastic ZIP)

Full Part Numbers— MCM514402ANJ60 MCM514402ANJ60R2 MCM514402AZ60
MCM514402ANJ70 MCM514402ANJ70R2 MCM514402AZ70
MCM514402ANJ80 MCM514402ANJ80OR2 MCM514402AZ80
MCM514402ANJ10 MCM514402ANJ10R2 MCM514402AZ10
‘ MCM514402AJ60 MCM514402AJ60R2
| MCM514402AJ70 MCM514402AJ70R2
MCM514402AJ80 MCM514402AJ80R2
MCM514402AJ10 MCM514402AJ10R2
PACKAGE DIMENSIONS
NJ PACKAGE
300 MIL SOJ
~ CASE 822-03
pnons ——pooas ‘T r F PE%ME@?QE'E‘& Agg TOLERANCING
1 L 2. CONTROLLING DIMENSION: INCH.
| 1 N g DETAIL Z 3. DIMENSION A & B DO NOT INGLUDE
| <SR A RGBS g U™
| SEoTe e eeeo DL_ D 20 PL PER SIDE.
4. DIM R TO BE DETERMINED AT
. H BREAK 21 0.18(0.007\0/ T/ AS) DAFgH LETAD IDENTIF!CAT!ON PURPOSES
1—A~ CORNER PiN POSITIONS 6,7,8,19,20, & 2 '
; e e —%1 AﬁD -02 OBSOLETE
1 L "-‘FG ¢l 0.18(0.00N\®[T[BE] NEW STANDARD 822-03.
ST N Ce it
- ; M |
[ EC [MILLIMETERS. __INCHES |
[ 0.10(0.004 Y @W DIM [ MIN | MAX| MIN | MAX
I - 17.02 | 17.27 | 0.670 | 0.680
K DETAIL Z SEATING =R— - SRAD 750 | 7.74 1 0.295] 0.305

PLANE

3.26 | 3.75 | 0.128]0.148
0.39 | 0.50 | 0.015] 0.020
224 | 248 | 0,088 0.098
0.67 | 0.81 | 0.026 | 0.032
1.27 BSC 0.050 BSC
] — 10.020
0.89 | 1.14 | 0.035[0.045
2.54 BSC 0.100 BSC
0° [ 10° [ ¢ [ 10°
0.89 | 1.14 | 0.035] 0.045
8.39 | 8.63 | 0.330 0.340
6.61 | 6.98 | 0.260 | 0.275
0.77 | 1.01 | 0.030 | 0.040

@] 0.25(0.010)@[TIB®)

0D (Z T R(X(GO (Dm0 >
o
2
=]
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conon nooon

26 22 18 14

PACKAGE DIMENSIONS

J PACKAGE
350 MIL SOJ
CASE 822A-01

TrE
i

(@] 0.18(0.007)Y®[ T BE[AG)

DIMENSIONING AND TOLERANCING
PER ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.
3. DIMENSION A & B DO NOT INCLUDE

1 N DETAIL 2

@) 5 9 13
FoTeT——CTTos ?__| D 20 PL
€] 0.18{0.007)®[ T BETAG)

MOLD PROTRUS

SHALL NOT EXCEED 0.15(0.006)
PER SIDE.

4. DIMENSION A & B INCLUDE MOLD
MISMATCH AND ARE DETERMINED
AT THE PARTING LINE.

{ON. MOLD PROTRUSION

5. DIM R TO BE DETERMINED AT
DATUM -T—.

6. FOR LEAD IDENTIFICATION PURPOSES
PIN POSITLIJOSNS 6,7,8,19,21

P
(4] 0.18(0.007)OITIACIBE) ARE NOT

AT I { NCHES

jE&

| MILLIMETERS| _#

L DIM | MIN [ MAX] MIN | MAX]
Y E A | 1702]17.27] 0670} 0.680 ]

'] 0.10(0.004) B | 877 ] 901 |0.345] 0.355
DETAIL Z [—T— | seATiNG o C | 326 37510128 0148]
T PLANE R S RAD D | 041 | 050 | 0.016] 0.020
] 0.25(0.010)6[T[ACIBE) E [ 2.54 | 245 | 0.088] 0.008

F_| 067 | 0.81 | 0.026] 0,032

G [ 1.27BSC | 0.050BSC

K | 064 ] — [0025] —

L 254B5C | 0.100BSC

N | 0.89 [ 1.14 | 0.035] 0.045

P | 966 | 9.80 | 0.380] 0.390

R | 7.88 | 8.5 | 0310 0925

S 1077 | 1.01 [0030] 0,040

Z PACKAGE
ZIG-ZAG IN-LINE
CASE 836-02

1. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.
3. DIMENSION H TO CENTER OF
LEAD WHEN FORMED PARALLEL.

4. DIMENSIONS A, B, AND S DO
NOT INCLUDE MOLD PROTRUSION.
5. MOLD FLASH OR PROTRUSION
SHALL NOT EXCEED 0.25(0.010).

6. 836-01 OBSOLETE, NEW
STANDARD 836-02.

i
il A TE
Lo

D20 PL

(¢ 0.25(0.010) ®[T[CH[AG) K
T
SR R S
e e R H ! —
— -
- M

o) ——

1

MILLIMETERS INCHES
MIN MAX | MIN MAX
2653 | 2590 | 1.005 | 1.020
8.59 | 8.89 | 0.338 | 0.350
275 | 294 | 0108 | 0.116
045 | 055 | 0.018 | 0.022
1.27 8SC 0.050 BSC
244 264 | 0.097 | 0.103
Q.23 0.33 | 0.009 ; 0.013
3.18 355 | 0.125 { 0.140
0.64 BSC 0.025 BSC
Q° 4° Q° 4°
0.89 1.39 | 0.035 | 0.055
8.66 | 10.16 | 0.380 | 0.400
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=
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Motorola reserves the right to make changes without further notice to any products herein to improve reliability, function or design. Motorola
does not assume any liability arising out of the application or use of any product or circuit described herein; neither does it convey any license
under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems
intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the
failure of the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola
products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees,
subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out
of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges
that Motorola was negligent regarding the design or manufacture of the part. Motorola and 3 are registered trademarks of Motorola, Inc.
Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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PACKAGE DIMENSIONS (TOSHIBA ASSEMBLED)
IDENTIFIED BY TOPSIDE DATE CODE “2222....”

cnmas  oncoo F NJ PACKAGE
% 22 18 14 [‘ ~ 300 MIL SOJ HES
; i DETAIL Z DIM [ MIN | MAX| MIN_| MAX]
5 o 1 i A | 17.03] 17.27] 0.670 | 0.680
SN T - B | 7.70TYP | 0.303 TYP
D20pL C | 345 ] 3.75 | 0.136] 0.148
H sneax B Fosi o oo ot
-A- CORNER F | 066 [ 081 | 0.026 [ 0.032
L P I P g R
AT e o <o — o —
L M L1 Ml— | — [— [ —
T — ‘ N T T —
| I T— EC P_| 633 | 860 ]0330]0.339
, R eaolﬂe
K DETAIL Z SEATING § |l— — 1 —1—
PLANE R S Rap
%18 1d F J PACKAGE
e 350 MIL SOJ
1 DETAIL Z
S s 9 13 NA p g MILLIMETERS| _INCHES
eerea———Serere OIM | MIN | MAX| MIN | MAX
PL DM | | MIN |
D20 A [ 17031 17.27] 0.670] 0.680
B RRATYP 0350 TYP
‘—E—’ [od 345 | 375 | 0.136| 0.148
D | 0.41 ] 0.50 | 0.016] 0.020
E R JR— JR— R
L G F | 066 | 0.81 ] 0026 0.032
F—J: G | 1.27BSC | 0.050BSC
I ES i K080 [ — [ 508T] —
- — ==
g E P | 966 | 950 | 0.380 | 0.390
R | 806TYP |0.317 TYP
K DETAIL Z SEATING s [— [ —]= 1=
PLANE R ™ Srao

MILLIMETERS INCHES

Z PACKAGE

f -A- | DIM [ MIN [ MAX | MIN | MAX
‘ 2560 | 26.00 | 1.008 | 1.024
\ T ZIG-ZAG IN-LINE 8.60 | 9.00 | 0.339 | 0.354
| 3.05 0.120
i O B 040 | 060 [ 0016 | 0.024

, 1.27 BSC 0.050 BSC

o ) 254 TYP 0.100 TYP

0.20 0.35 | 0.008 | 0.014
3.20 380 | 0.126 | 0.150

1 — | — | =

0.80 120 | 0.031 | 0.047
— 10.16 | — 0.400
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NOTE: Package width and length do not include mold protrusion, maximum allowable mold protrusion is 0.15 mm per side.
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