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Advance Information
4Mx1 CMOS Dynamic RAM

Static Column

The MCM514102A is a 0.7u CMOS high-speed, dynamic random access
memory. It is organized as 4,194,304 one-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 MCM514102A requires only 11 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: MCM514102A = 16 ms
Fast Access Time (tRAC):
MCM514102A-60 = 60 ns (Max)
MCM514102A-70 = 70 ns (Max)
MCM514102A-80 = 80 ns (Max)
MCM514102A-10 = 100 ns (Max)
e Low Active Power Dissipation:
MCM514102A-60 = 660 mW (Max
MCM514102A-70 = 550 mW (Max
MCM514102A-80 = 468 mW (Max
MCM514102A-10 = 413 mW (Max
e | ow Standby Power Dissipation:
MCM514102A = 11 mW (Max, TTL Levels)
MCM514102A = 5.5 mW (Max, CMOS Levels)

)
)
)
)

Order this document
by MCM514102A/D

MCM514102A

NJ PACKAGE
300 MIL SOJ
CASE 822

J PACKAGE
350 MIL SOJ
CASE 822A

Z PACKAGE
PLASTIC
ZIG-ZAG IN-LINE
CASE 836

S

300 AND 350 MIL SOJ
D1 26 [1 Vss
Wiz 25 JQ
PIN NAMES RAS[]3 24 1CS
AO-AT0 ... Address Input NC []4 23 [INC
Do Data Input
At 22 [J A9
Q. Data Output 0s
W Read/Write Enable
@S ............... Row Address Strobe
CS Chip Select
A oo B Power Supply (+5 V) Aollo 18 A8
VGG vt an e Ground a1l 10 17 1 A7
NC ... No Connection A2 11 16 1 A6
A3f] 12 15 [1 A5
vee [ 13 14 1 A4
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BLOCK DIAGRAM

W q
— DATAIN
Cs -0 BUFFER  [*— D
DATAQUT
NO. 2 CLOCK BUFFER — Q
GENERATOR je—
COLUMN
ADDRESS
2(1) ] BUFFERS (11) DCE%%J!;“ENR
A2 — | i REFRESH |
A3 — CONTROLLER
Ad [ SENS AMP
A5 —— REFRESH I/0 GATING
AB — COUNTER (10)
A7 —— [
A3 —— .40.96.
AQ — ROW
o —L ) gz, P o T o
L]
‘ _I DECODER| 1024 ARRAY
BAS NO.1CLOCK |—- A
GENERATOR SUBSTRATE BIAS [e— VcC
GENERATOR  fa— Vss
ABSOLUTE MAXIMUM RATING (See Note) ) . L
Rati Symbol val Uni This device contains circuitry to protect
ating ymbo alue nit the inputs against damage due to high
Power Supply Voltage Voo -1to+7 \ static voltages or electric fields; however,
: - it is advised that normal precautions be
Voltage Relative to Vgg for Any Pin Except Voo Vin: Vout -1t0+7 v taken 1o avoid applicationpof any voltage
Data Out Current lout 50 mA higher than maximum rated voltages to
Power Dissipation Pp 700 mw this high-impedance circuit.
Operating Temperature Range TaA 0to +70 °C
Storage Temperature Range Tstg -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
(Voe =5.0 V+£10%, Tp = 0 to 70°C, Unless Otherwise Noted)

-~ RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit | Notes
Supply Voltage (Operating Voltage Range) Voo 45 5.0 55 \ 1
Vgs 0 0 0
Logic High Voltage, All Inputs ViH 24 — 6.5 \ 1
Logic Low Voltage, All Inputs ViL -1.0 — 0.8 \i 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit | Notes
Ve Power Supply Current lcer mA 2,3
MCM514102A-60, trc = 110 ns — 120
MCM514102A-70, tgg = 130 ns — 100
MCM514102A-80, tgc = 150 ns — 85
MCM514102A-10,tRc = 180 ns — 75
Ve Power Supply Current (Standby) (RAS = CS = V) Icco — 20 mA
Vg Power Supply Current During RAS Only Refresh Cycles (CS=Vip) Iccs mA 2,3
MCM514102A-60, trc = 110 ns — 120
MCM514102A-70, tyc = 130 ns — 100
MCM514102A-80, tyc = 150 ns — 85
MCM514102A-10,tgc = 180 ns — 75
V¢ Power Supply Current During Static Column Mode Cycle (RAS = CS= Viv lcca mA 2,3
1 MCM514102A-60, tgc = 35 ns — 85
| MCM514102A-70, tgc = 40 ns — 75
i MCM514102A-80, tgc =45 ns — 65
1 MCM514102A-10, tgc = 55 ns — 55
- Vi Power Supply Current (Standby) (RAS = CS=Vgo-02V) Iccs — 1.0 mA
Ve Power Supply Current During CS Before RAS Refresh Cycle lcce mA 2
MCM514102A-60, tgc = 110 ns — 120
MCM514102A-70, tgc = 130 ns — 100
MCM514102A-80, tgc = 150 ns — 85
MCM514102A-10, tgc = 180 ns — 75
Input Leakage Current (0 V < Vjp <6.5V) likg(1) -10 10 HA
Output Leakage Current (CS = Vi, 0V < Vg1 5.5 V) lka(O) -10 10 pA
Output High Voltage (IoH = -5 mA) VoH 24 — \
Output Low Voltage (Ip| = 4.2 mA) VoL — 0.4 \
CAPACITANCE (f = 1.0 MHz, Tp = 25°C, Vg = 5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symboi Max Unit | Notes
Input Capacitance A0-A10,D Cin 5 pF 4
RAS,CS, W
Output Capacitance (CS = V) to Disable Output) Q Cout 7 pF 4

NOTES:
1. All voltage referenced to Vgs.
2. Currentis a function of cycle rate and output loading; maximum currents are specified cycle time (minimum) 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
(Veog =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 514102A-60 | 514102A-70 | 514102A-80 | 514102A-10
Parameter Std. Alt. Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes

Random Read or Write Cycle t{RELREL tRc 110 — 130 — 150 — 180 — ns 5

Time
Read-Write Cycle Time tRELREL | tRwe | 135 | — | 158 | — | 175 | — | 210 | — | ns 5
Static Column Mode Cycle Time tAVAV tsc 35 — 40 - 45 — 55 — ns
Static Column Mode Read-Write tavaAv | tsewc | 60 — 70 — 80 — 100 — 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 tavav 1AA — 30 — 35 — 40 — 50 ns 6,9
Address
Access Time from Last Write twLav tALW - 55 — 65 — 75 — 95 ns { 6,10
CS to Output in Low-Z tcELQX | fcLz 0 — 0 — 0 — 0 — ns 6
Output Buffer and Turn-Off Delay | tceHQz | tOFF 0 20 0 20 0 20 0 20 ns 11
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
Data Out Hold from Write twHax | twoH 0 — 0 — 0 — 0 — ns
Transition Time (Rise and Fall) tr tt 3 50 3 50 3 50 3 50 ns
RAS Precharge Time tREHREL | RP 40 — 50 — 60 — 70 — ns
RAS Pulse Width tRELREH | tRAS 60 10k 70 10k 80 10k | 100 | 10k | ns
RAS Pulse Width (Static Column | tREL REH | tRASC 60 200 k 70 200k | 80 200k | 100 | 200k | ns

Mode)
RAS Hold Time t{CELREH | 'RSH 20 — 20 — 20 — 25 — ns
CS Hold Time tRELCEH | CSH 60 — 70 — 80 — 100 — ns
CS Pulse Width tCELCEH | 1cs 20 10k 20 10k 20 10k 25 10k | ns
CS Pulse Width (Static Column tCELCEH | tcsc 20 200 k 20 200 k 20 200k | 25 200k | ns

Mode)
RAS to CS Delay Time tRELCEL | tRCD 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 {CEHREL | 'CRP 5 — 5 — 5 — 10 — ns

(continued)
NOTES:

1. Vi min and V|_ max are reference levels for measuring timing of input signals. Transition times are measured between V| 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 Vj 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 trwe (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 uA, +4 mA) loads and 100 pF with the data output trip points setat Vo =2.0 V
and Vo =08V.
7. Assumes that tgcp <tRcD (max).
8. Assumes that tgcp = trep (Max).
9. Assumes that tgaD = tRaD (Max).
10. Assumes that tywWAD 2 tLWAD (max).
11. tofFF (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. trcp (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. tgap (Max) is specified as a reference point only; if tRAD 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 514102A-60 | 514102A-70 | 514102A-80 | 514102A-10
N Parameter Std. Alt. Min | Max | Min | Max | Min | Max [ Min | Max | Unit | Notes
CS Precharge Time (Static tcEHCEL | toP 10 — 10 — 10 — 10 — ns
Column Mode)
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 taAsc 0 — 0 — 0 — 0 — ns
Coiumn Address Hold Time tCELAX | 'CAH 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 {RAL 30 — 35 — 40 — 50 — ns
Time
Column Address Hold Time tREHAX tAH 5 — 5 — 5 — 10 — ns 14
Reference 1o RAS High
Write Command to CS Lead Time | twiceH | tcwL | 20 — 20 — 20 — 25 — | ns
Last Write to Column Address twrav | (LwAD 20 25 20 30 20 35 25 45 ns 15
Delay Time
Last Write to Column Address tweax | taHww | 55 — 65 — 75 — 95 — ns
Hold Time
Read Command Setup Time WHCEL | tRCS 0 — 0 — 0 — 0 — ns
Read Command Hold Time ICEHWX | 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 twiwH twp 10 — 15 — 15 — 20 — ns
Write Command Inactive Time tWHWL twi 10 — 10 — 10 — 10 — ns
Write Command to RAS Lead tWLREH | tRWL 20 — 20 — 20 — 25 — ns
Time
Data in Setup Time tDvCEL ipDs 0 — 0 — 0 — 0 — ns 17
Data in Hold Time {CELDX tpH 15 — 15 — 15 — 20 — ns 17
Refresh Period tRvRvV | IRFSH — 16 — 16 — 16 — 16 ms
Write Command Setup Time twLCEL | twecs 0 — 0 - 0 — 0 — ns 18
CS to Write Delay tceLwL | tcwp | 20 — 20 — 20 — 25 — ns 18
RAS to Write Delay tRELWL | RWD 60 — 70 — 80 — 100 — ns 18
Column Address to Write Delay tAvVWL tawD 30 — 35 — 40 — 50 — ns 18
Time
(continued)
NOTES:

14.  tanq must be met for a read cycle.

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

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. twcs. IRwWD: tcwD, tawD. andtcpwp are notrestrictive operating parameters. They are included in the data sheet as electrical character-
istics only; if twcs = 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 = towp (min), tRwD = trwp (Min), tawD = tawp (min), and tcpwp = 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 514102A-60 | 514102A-70 | 514102A-80 | 514121A-10
Parameter Std. Alt. Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes

CS Setup Time for CS Before tReLCEL | tcsmr 5 — 5 — 5 — 5 — | ns
RAS Refresh

CS Hold Time for CS Before tRELCEH | 'CHR 15 — 15 — 15 — 20 — ns
RAS Refresh

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

Write Command Setup Time WLREL | WTs 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 | 'WRP 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-WRITE CYCLE
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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
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DEVICE 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), awake up sequence of eight active cycles is necessary to
ensure proper operation.

ADDRESSING THE RAM

The eleven 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 11-bit address fields. A total of
twenty two address bits, eleven rows and eleven columns, will
decode one of the 4,194,304 bit locations in the device. RAS
active transition latches the row address field. Column ad-
dresses are not latched, hence the “static column” designa-
tion of this device. Chip select (CS) active transition (active =
V|L, tReD minimum) follows RAS on all read, write, or read-
write cycles and is independent of column address. The static
column feature allows greater flexibility in setting up the exter-
nal column addresses into the RAM.

There are three other variations in addressing the 4M RAM:
RAS only refresh cycle, CS betore 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|), trcs (mini-
mum) before the CS active transition, to enable read mode. A
valid column address can be provided at any time (tgap mini-
mum), 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. However, CS must be active and column address
must be valid by tgcp and tgap maximums, respectively, to
guarantee valid data out (Q) at tRac (access time from RAS
active transition). If either trcp or tRAD maximum is exceed-
ed, read access time is determined by the CS clock active
transition (tcac) and/or valid column address (taa).

The RAS and CS clocks must remain active for a minimum
time of tgag and to g respectively, to complete the read cycle.
The column address must remain valid for ta after RAS inac-
tive transition to complete the read cycle. W must remain high
throughout the cycle, and for time tgRH of tRcH after RAS or
CSinacitive transition, respectively, to maintain the data at that
bit location. Once RAS transitions to inactive, it must remain
inactive for a minimum time of tRp to precharge the internal
device circuitry for the next active cycle. Q is valid, but not
latched, as long as the CS clock is active. When the CS clock
transitions to inactive, the output will switch to High Z (three-
state).

MCM514102A

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
(ViL)- 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 trp apply to
write mode, as in the read mode.

An early write cycle is characterized by W active transition at
minimum time tycg before CS active transition. Column ad-
dress set up and hold times (taogc, tcAH). and data in (D) set
up and hold times (tpg, tpH) are referenced to CSinan early
write cycle. RAS and CS clocks must stay active for tgyy and
tcwL, 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 disabled. This
feature can be utilized on systems with a common /O bus, pro-
vided all writes are performed with early write cycles, to pre-
vent bus contention.

A late write cycle occurs when W active transition is made
after CS active transition. W active transition could be delayed
for aimost 10 microseconds after CS active transition, (trgp +
tcwD + tRWL + 2tT) StRAS, if other timing minimums (tRcD.
trwL and t1) are maintained. Column address and D timing
parameters are referenced to W active transition in a late write
cycle. Output buffers are enabled by CS active transition but Q
may be indeterminate—see note 18 of ac operating conditions
table. Parameters trw and tow 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 toywp 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 2048 column locations on the se-
lected row of the 4M dynamic RAM during one RAS cycle.
Read access time of multiple operations (tpo or tcac) 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.

MOTOROLA
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CS must be toggled inactive (tcp) to perform a read opera-
tion after an early write operation (to turn output on), as indi-
cated in static column mode read/write mixed cycle timing
diagram. The maximum number of consecutive operations is
limited to tras . The cycle ends when RAS transitions to in-
active.

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 MCM514102A 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 MCM514102A. Burst refresh, a refresh
of all 1024 rows consecutively, must be performed every 16
milliseconds on the MCM514102A.

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

CSbefore 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.

CS BEFORE RAS
REFRESH CYCLE

MEMORY CYCLE

The output buffer remains at the same state it was in during
the previous cycle (hidden refresh). W must be inactive for
time tyRp before and time tyRH after RAS active transition to
prevent switching the device into a test mode 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 tgp and
back to active, starts the hidden refresh. This is essentially the
execution of a CS before RAS refresh froma 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 test is performed
with aread-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 written in step 2in 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 —HIGHZ—

VALID DATA OUT

e U e e
—\ s
- >

Figure 1. Hidden Refresh Cycle

MOTOROLA
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TEST MODE

The internal organization of this device (512 x 8) allows itto
be tested as if it were a 512Kx1 DRAM. Nineteen of the twenty
two addresses are used when operating the device in test
mode. Row address A10, and column addresses A0 and A10
are ignored by the device in test mode. A test mode cycle
reads and/or writes data to a bit in each of eight 512K blocks
(BO-B7) in parallel. External data out is determined by the in-

ternal test mode logic of the device. See following truth table
and test mode block diagram.

W, CS 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 cycle 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
BO B1 B2 B3 B4 B5 B6 B7 Q
0 0 0 0 0 0 0 0 0 1
1 1 1 1 1
— Any Other 0
TEST MODE
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 514102A-60 514102A-70 514102A-80 514102A-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 tcELQV | tcac | — 25 — 25 — 25 — 30 | ns | 68
Access Time from Column tavQv tAA — 35 — 40 — 45 — 55 ns 6,9
Address
RAS Pulse Width tRELREH | tRAS 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 {CELREH | '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 CELCEH | tcsc 25 | 200k | 25 | 200k | 25 |200k | 30 |200k | ns
Mode)
Column Address to RAS Lead tavREH | tRAL 35 — 40 — 45 — 55 — ns
Time
NOTES:

1.
2.
3.

ViH min and V| max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V).
An initial pause of 200 pus 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) in a monotonic manner.

4.
5.

AC measurements tT = 5.0 ns.
is ensured.

and Vo =0.8 V.

Assumes that tycp < treD (Max).
Assumes that tgcp 2 trep (Max).
Assumes that tRap = tRAD (Max).

©w

MCM514102A

The specification for tg (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 pA, +4 mA) loads and 100 pF with the data output trip points setat Vo = 2.0 V
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W, CS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY)
(D and A0—-A10 are Don’t Care)

tRC
e—— 1IRaAS fe——tpgp — ™
— VH— F
RAS V'H \ Z \
IL—
'RPC < tcHR —>
- tcp tcsR
_ Viy—
IL—
WS ety
T QOO LXK
ViL— .

|t tOFF

V, _ p
Q(DATAOUT) M

HIGH Z
oL— ___—_...Jl

TEST MODE - READ CYCLE

tRec
tRAS e tpp ™
— 2
NN \ J \
ViL— N 7
: tCSH >

Vig— ROW b COLUMN
ADDRESSES vy ADDRESS ADDRESS
< g™ o ————— {
| RSH -—

tcrp - tRcD CRP
- \ - ics gl
S /

ViL— \‘L /

<—»— RCH

\

tRcs >

¢ 'RRH

w e~ OO0 NAXX

< tcac —™
7Y —— >+ 1OFF
y - tRaC |
OH—
Q (DATA OUT) HIGH Z VALID DATA OUT >—
VoL~ S 7

tcLz
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TEST MODE - EARLY WRITE CYCLE
tRC
g tRP——’
tRAS p
——VH—
w T\ / \
ViL— ~ -
) W 'CSH
ASR—™ [*L T
ViH— - ROW ) COLUMN 3
ADDRESSES v — Xx ADDRESS ADDRESS |
‘ S < tcan ™!
<— {RAD - 1, -
‘ | RSH frRp—
tcRP tASC > CRP
V- 2 s S ™
s /
ViL— B t S
- RCD
c totw———>!
RWL——™
wes
V- twp ———— >
OO [ o XX
V|L — X
ips -
%— toH—
V —_
IL—
Vv —
a(pATAQuT) OH HIGH Z
VoL—
TEST MODE - STATIC COLUMN MODE READ CYCLE
RASC — tpp—™
— VH— a 3\
RAS
ViL— - 1Z \_
< 1ASR 1AH
4—(RAH E I E— tSC ™ tRAL_.
Vig— ROW ) F column %/~ COLUMN 4 COLUMN
ADDRESSES  * ADDRESS | ADDRESS 1 4& ADDRESS2 /N ADDRESSN
I 7. ) E—— ICRP —>‘
AR *tcp—ﬂ =— tpsH
. { -t
— VI4— CSC la CSC s
s M i /
IL tRcs ] > RRH
¢ > tRCH -
RCD »- tRCH
IcsH —> ™ tRCS
ViL— tAQH— ’*‘
t - taAA ™
CAC tan M —1oFF—
= tOFF 1< >t 1CAC
y o RAC >
OH— v VALID
Q (DATA OUT) HIGH Z — >—
( VoL— DATAOUT
ioLz—™ tolz—™
VALID DATAOUT  VALID DATA OUT
MCM514102A
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tASR —™

TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (A)

tRASC

RAH

Vig—

ADDRESSES
ViL—

K

’X><><><‘ CcoLy
| ADDRESS | ADDRE

ASC
— RAD ™

lcp T—
tasc >

o fRAL—™>

tRP

N

" COLUMN - COLUMN
DDRESS 2 | ADDRESS N

o ' A—

/

Isc—™
_ Vy— B R
cs \ j
ViL—
: 'WCH
<— tReD
—™ % twes
tWes —! | twi L
—ViH— \ twp m
ViL— k 1 k-
IDH [
tDb Ll tDS
Vi —  VALID VALID VALID
oo XK o XXX omin

o XXX OO

= COLUMN
 ADDRESS N

G ——

VoH—
Q (DATA OUT) HIGH Z
VoL—
TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (B)
RASC
— Vi~
7S /
ViL— . =
RAH t
- fnA ——
tASR — > L CAH RAL
Vig— ZXL ROW AW COLUMN XXX
ADDRESSES
Vi — ADDRESS | ADDRESS 1
tASC —t—a
<—— IRAD ™
—_ Viy— 3
s UH \
V|L — '
o -
tRCD - ™ AsC wi > WL
wes twi s ]
Vi tWP [ twp " RWL
IH \ \ - A
V|L — N E
pH—> e ™ ~— foH
IDS - > tps
Vig— VALD | f vauD VALID
oommnm XX O omm XXX o XOOX ot

VoH—

Q (DATA OUT)
VoL—
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TEST MODE BLOCK DIAGRAM

ADDRESSES
O00000O0
A Vee
512KBLOCK [ £
B0 )—J
NORMAL © e
—e
B TEST MODE
512K BB1LOCK 5 \
/
e
C \
512K I;32LOCK - o/ L
ADDRESSES [
O.—
o— b j
O
512K BsaLooK 5
o__—
o_
0 ¢—Dout
NORMAL :
DIN 12K BLOCK |—
—Q 5 8 oc = Jﬂ
O
TEST MODE
‘ —e
512K BLOCK [ A
B5 F ]
] >
\
)
512K BLOCK [~
B6
l_
ADDRESSES TEST MODE 0‘ j-—
}—0
BO A10R, A10C, AOC H
B1 A10R, A10C, AOC 512K BLOCK fi NORMAL ¢
B2 A10R, A10C, AOC 87 4
83 A10R, A10C, AOC <L
B4 A10R, A10C, AOC 60664648
B5 A10R, A10C, AOC
B6 AI10R, A10C, AOC
B7 A10R, A10C, AOC

ADDRESSES
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ORDERING INFORMATION
(Order by Full Part Number)

MCM 514102A X XX XX

Motorola Memory Prefix —m— Shipping Method (R2 = Tape & Reel, Blank = Rails)

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

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

Full Part Numbers— MCM514102ANJ60 MCM514102ANJ60R2 MCM514102AZ60
MCM514102ANJ70 MCM514102ANJ70R2 MCM514102AZ70
MCM514102ANJ80 MCMS514102ANJ80R2 MCM514102AZ80
MCM514102ANJ10 MCM514102ANJ10R2 MCM514102AZ10

MCMS514102AJ60 MCM514102AJ60R2
MCM514102AJ70 MCM514102AJ70R2
MCM514102AJ80 MCM514102AJ80R2
MCM514102AJ10 MCM514102AJ10R2

PACKAGE DIMENSIONS

NJ PACKAGE
300 MIL SOJ
CASE 822-03
Mocno  soooo »1 r« E 1. DIMENSIONING AND TOLERANCING
26 22 18 14) PER ANSI Y14.5M, 1982.
L 2. CONTROLLING DIMENSION: INCH.
; . N DETAIL Z 3. DIMENSION A & B DO NOT INCLUDE
i 3 MOLD PROTRUSION. MOLD PROTRUSION
| Y 5 9 13 NOALL NOT EXGERD 0 15(0.006)
| ~l~— par PER SIDE
4. DIM R TO BE DETERMINED AT
| A H BREAK ©1 0180.007)T.T AL 5? FTon LETAD IDENTIFICATION PURPOSES
‘ -A- CORNER PIN posmows 6,7,8,1
1 p ARE NOT
L r 6. 82201 AND —02 OBSOLETE,
*}__FG [¢] 0.18(0.007)®[ T B &) NEW STANDARD 82203
]
| I
! M ;
| MILLIMETERS| __INCHES
_ MIN | MAX| MIN | MAX
| o]
K DETAIL Z 0 sgA(')ngg 17.02 | 17.27 | 0.670 | 0.680
T PLANE L S RAD " 750 | 7.74 | 0.295 | 0.305

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
— ] 050 | — ]0.020
089 | 1.14 | 0.035]0045
2.54 BSC 0.100 BSC
0° | 10° | 0° | 10°
0.89 | 1.14 | 0,035 0.045
8.39 | 8.63 | 0.330] 0.340
6.61 | 6.98 | 0260 0.275
0.77 | 1.01 | 0.030 [ 0.040

& 0.25(0.010)@ TIB &)

ooz iz x Tl mmolow» g
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PACKAGE DIMENSIONS

J PACKAGE
350 MIL SOJ
CASE 822A-01
R DIMENSIONING AND TOLERANCING
2% 22 18 14 ~ [ F PEglOANTsF:gmsg G
2, CONTROLLING DIMENSION: INGH.
[¢] 0.18(0.007)®] T BEI AG) 3. DIMENSION A & B DO NOT INCLUDE
MOLD PROTRUSION. MOLD PROTRUSION
1 N DETAIL 2 SHALL NOT EXCEED 0.15{0.006)
O 5 9 13 PER SIDE.
ST D ~ DaopL 4. DIMENSION A & B INCLUDE MOLD
T TIEEIAT
R .007
—— 0.18(0.007)®I TIBO A® 5 DIM R TO BE DETERMINED AT
[-A-] ATUM —T-.
§,FOR LEAD IDENTIFICATION PURPOSES,
P = N POSITIONS 6,7.8,16.20, 8.2
,"]._FG @[ 0.18(0007OITTACIBS) ARE NOT USE
N MILLIMETERS] _INCHES
1 DIM | MIN | MAX] MIN | MAX

Cc

7.88 | 825 | 0.310] 0.325
0.77 | 1.01 | 0.030 | 0.040

" E A | 17.02 17.27] 0.670] 0.680
2] 0.10(0.004) B | 877 | 901 | 0.345] 0.355
DETAIL Z —T— SEATING L C | 326 375 [0128] 0148
PLANE R S RAD D | 0.41 | 0.50 | 0.016] 0.020
[#] 0.25(0.010)&[TIASBS) E | 2.04 | 248 [ 0.088]0.008
F | 067 | 0.81 | 0.026] 0.032
G 7.27BSC_|_ 0.050 BSC
K | 064 ] — |0025] —
L 254BSC | 0.100B5C
N | 0.89 | 1.14 | 0.035]| 0.045
P | 9.66 | 9.90 | 0.380] 0.390
R
S

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

n DIMENSIONING AND TOLERANCING
—-l PER ANSI Y14.5M, 1982.
‘ 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION H TO CENTER OF

O ? LEAD WHEN FORMED PARALLEL.
B 4. DIMENSIONS A, B, AND S DO

| NOT INCLUDE MOLD PROTRUSION.
O | ‘ 5. MOLD FLASH OR PROTRUSION

SHALL NOT EXCEED 0.25(0.010).
UU HﬁUU@UmmUUDUUUUUa SEATING STANDARD 36ce.
PLANE STANDARD 836—02.
1 20 R
Lj
G

D 20 PL

(@] 0.25(0.010) W[ TIC®[AE] K
e
)

MILLIMETERS INCHES
MIN MAX | MIN MAX
2553 | 25.90 | 1.005 | 1.020
859 | 8839 | 0.338 | 0.350
275 | 294 | 0108 | 0.116
045 | 0.55 | 0.018 | 0.022
1.27 BSC 0.050 BSC
244 | 264 | 0.097 | 0.103
023 | 0.33 | 0.009 | 0.013
318 | 355 | 0.125 | 0.140
0.64 BSC 0.025 BSC
0° 4° 0° 4°
0.89 1.3 | 0.035 | 0.055
9.66 | 10.16 | 0.380 | 0.400

=4
=

w:nerL::moom>

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 () 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 “Z2ZZZ....”

sacas sonan *] l-‘ F NJ PACKAGE
L 300 MIL SOJ . HES
1 N D DETAIL Z DIM | MIN | MAX| MIN | MAX
@) 5 9 13 A | 17.03]17.27| 0670 | 0.680
uuuuu EEEEL P ~ DaorL B | 7707TYP | 0303TYP
C | 345 [ 375 | 0.136] 0.148
H BREAK D | 041 | 050 | 0.016] 0.020
[—A-] E | — | == = —
CORNER F | 066 | 081 | 002610032
G 1.27 BSC 0.050 BSC
L Hl— T — | — ] —
}‘”F G K | 080 | — |0031] —
— = :
w1 * ===
) M Il M |[— | — -_
1 w E R E—
- b— ¢ P 538 55
P_| 838 | 86003300330
R 6.80 TYP 0.268 TYP
K DETAIL Z SEATING ] S | — |— 1 —=1—=
PLANE ~R S RaD
% 22 18 19 F J PACKAGE
E = 350 MIL SOJ
1 N DETAIL Z
© 5 9 13 MILLIMETERS|  INCHES
TOTES S UeeS f»ll—— D 20 pL DIM | MIN | MAX| MIN | MAX
A | 17.03] 17.27] 0670 0.680
B 889 TYP 0.350 TYP
-A- C | 345 | 3750136/ 0.148
L= D | 041 | 050 | 0.016| 0.020
L E T — [ — | — | —
‘-].}"FG F | 066 081 | 0026] 0.032
G 1.27 BSC 0.050 BSC
P ! K | 080 — [0031] —
T T % L - | | ___
| E C N === —
P_| 966 | 990 | 0.380] 0390
K R 8.06 TYP | 0317 TYP
DETAIL Z SEATING . s | — 1 —[— 1—
PLANE S RaD
A= "1
B ‘ | Z PACKAGE
r ZIG-ZAG IN-LINE
B
| _ MILLIMETERS| _ INCHES
O , DIM | MIN | MAX | MIN | MAX
A | 2560 26.00 | 1.008 | 1.024
A 5 LR
. R [ 3.05 0.120
Lj D | 040 | 060 | 0016 | 0.024
G G 1.27 BSC 0.050 BSC
H 254 TYP 0.100 TYP
D20 PL J 020 | 035 | 0.008 [ 0.014
K | 320 | 380 | 0126 | 0.150
L I S S — —
LM | — T — T —
R 080 ;. 120 | 0031 | 0047
S — 11018 — | 0400

IR

NOTE: Package width and length do not include mold protrusion, maximum allowable mold protrusion is 0.15 mm per side.

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Miiton Keynes, MK14 5BP, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawaku, Tokyo 141, Japan.

ASIA PACIFIC: Motorola Semiconductors (H.K.) Ltd.; Silicon Harbour Center, No. 2, Dai King Street, Tai Po industrial Estate,
Tai Po, N.T., Hong Kong.
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