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National
Semiconductor

PRELIMINARY

NM100492/NM4492 2k x 9 Advanced Self-Timed SRAM

Features

B Extremely fast access time

— 5 ns Max (NM4492)

— 7 ns Max (NM100492)

Power supply: —5.2V + 5% (NM4492)

Power supply: —4.2V to —4.8V (NM100492)
Completely self-timed read and write cycle

On-chip input and output registers

Modest power consumption—2W at 7 ns, <1.5W at
100 MHz

On-chip parity checking—with odd address parity mode
pin

Clock enable input simplifies pipeline control

Scan diagnostics supported by on-chip scan registers
High speed ceramic flatpak

High speed TapePak™ package under development
1/0 compatible with F100k standard

General Description

The NM100492/NM4492 is an extremely high performance
2k x 9 SRAM. It is the first of a family of similar 9-bit wide
SRAMs designed specifically for very high speed ECL com-
puter applications such as register files, writable control
stores, cache RAMSs, cache tag RAMSs, and address transia-
tion lookaside buffers. The NM100492/NM4492 offers sev-
eral features which are very desirable in such applications.

ADVANCED SELF-TIMED ARCHITECTURE

This advanced self-timed RAM simplifies the system design
of extremely fast memory arrays by minimizing the impact of
timing skews on the cycle time of the memory array. All
input signals (address, data and control signals) are regis-
tered on-chip by a transition of the clock. By registering all
inputs with minimal setup and hold times (setup + hold =
2 ns) the troublesome skews inherent with traditional static
RAM timing requirements are significantly reduced. With
skew problems minimized, very short cycle times become
practical. Output registers (self-timed on-chip) hold output
data valid for an extended portion of the cycle easing sys-
tem read timing requirements.

HIDDEN WRITE CYCLE MODE

The hidden write cycle timing allows relaxed data bus tim-
ing. This will often ease system setup and hold require-
ments for the data output bus. Hidden write timing is essen-
tially a technique for interleaving reads and writes. This ad-
vanced self-timed SRAM supports hidden write timing more
conveniently in the system than first generation self-timed
SRAM's, due to the unique controi signal functions defined
for write enable (W) and chip select (S). By keeping the
output register active (with the last read data) during a write
cycle, this device greatly simplifies the timing of interleaved
memory architectures. This mode may be very useful in
cache and register file applications, where multiple sources
and/or destinations may be interleaved within each ma-
chine cycle.

PARITY CHECKING

The device also offers several convenient features which
may be useful in specific applications. One such feature is
the on-chip parity checking function. For systems where
parity checking is desirable this device will check for odd
parity on the 9-bit data input field, and will check for either
even or odd parity (depending on the polarity of the parity
mode pin —PM) on the 11-bit address field combined with
the address parity input. Odd parity is met when the number
of highs in the field is odd. Address parity checking can be
conveniently disabled if desired, allowing data field only par-
ity checking. If either the data or address demonstrates a
parity error, then the parity error output flag is set. The polar-
ity of the error output flag facilitates emitter dot ORing sev-
eral error outputs for minimal delay. The parity checking fea-
ture is benign in the sense that if parity checking is not
desired, the output can simply be ignored without detrimen-
tal effects to normal operation.

SERIAL SCAN DIAGNOSTICS REGISTERS

Another convenient feature provided on-chip is the scan di-
agnostics register. For system designs where scan diagnos-
tics are included, this device allows observing the state of
the input registers (scan out) and forcing the state of the
input and output registers (scan in). For writabie control
store applications the control store can be loaded via the
serial channel (scan in), simplifying circuit board layout by
eliminating the wide parallel data input bus structure. For
systems where scan diagnostics are not desired, the scan
enable input can simply be left open allowing the on-chip
pulldown device to disable scan functions and provide nor-
mal SRAM functionality.

PIPELINE CONTROL

Yet a third convenient feature is the clock enable input. This
control simplifies starting and stopping pipeline operations
in pipelined systems. It reduces, and may eliminate, the
need to gate the clock signal external to the RAM. This
feature is also benign since the on-chip pulldown device will
ensure normal operation if the clock enable is not used.

MODEST POWER CONSUMPTION

Modest power consumption is achieved without compromis-
ing device speed through very unique and innovative circuit
design techniques (patents applied for). Power consumption
is predominately dependent on clock frequency (1/cycle
time) allowing a reduction in power at lower operating fre-
quency.

F100K COMPATIBLE I/0

The device is I/O compatible with standard temperature
compensated F100K ECL logic, allowing trouble free inter-
facing in high performance ECL systems.
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Functional Block Diagram

Scan Functions Excluded
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Functional Biock Diagram (continued)

Complete Functional Diagram
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Advanced Self-Timed RAM Pin Descriptions

INPUTS

All input signals are registered by the rising edge of the
clock, and the falling edge of the clock bar. Address, data
in, and control lines are all registered in exactly the same
manner, and are all specified for exactly the same input
setup and hold requirements.

Pin Description

A0-A10 Address Inputs: Used to select the memory lo-
cation for storing or retrieving data.

Address Parity Input: Should be set/reset to en-
sure parity when combined with AO-10. May also
be tied to VEg to disable parity checking of the
address field. An internal pulldown is included to
disable address parity checking when this input is
not connected.

Data Inputs: During a write operation the data
inputs are stored in the specified address loca-
tion.

Clock Enable Input: When active (low), this input
allows the device to function normally with each
rising edge of the clock. When inactive, this input
will force the device to do nothing on each rising
clock edge, thereby providing a convenient
means for controlling the clock input to the de-
vice. Although this input functions as if it gates
the clock on an off, this input actually is regis-
tered by the clock exactly as all other inputs and
as such has the same input setup and hold re-
quirements as all other inputs. A natural assump-
tion is that gating off the clock with the clock en-
able control will reduce the device power con-
sumption substantially; but this assumption is in
fact false. The state: of the clock enable pin has
very little effect o'r?i:ower consumption. An inter-
nal pulldown device is included to permit normal
operation even when not connected.

Chip Select Input: Can be used to inhibit a write
operation or to force the device outputs to a de-
selected (low) state when not writing. When ac-
tive (low), each rising clock edge allows a write or
read operation to occur. When inactive, a write
operation is precluded. When inactive, and when
Write Enable is also inactive, a deselect read op-
eration will force the outputs to the inactive (low)
state. An internal pulldown device is included to
permit normal operation even when not connect-
ed.

Write Enable Input: When active (low), each ris-
ing clock edge allows a write operation to occur,
but when active the write function has no effect
on the state of the data output pins. When inac-
tive, each rising clock edge allows either a read
operation or a deselect read operation to occur.
Parity Mode Input: When tied to Vgg device will
check for Odd parity on the address field. When
tied to Vg device will check for Even parity on
the address field.
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Pin Description

CK Differential Clock Input: The “‘true” side of the
differential clock input.

CK Differential Clock Input: The “complement”

side of the differential clock input.
Note: Halting the clock does substantially reduce power consumption.

SE Scan Enable Input: Enables the serial scan diag-
nostics mode. With Scan Enable active (high), the
contents of the scan shift register is shifted one
position on each rising clock edge. The bit shifted
out will appear on the QS pin and the bit shifted in
will come from the DS pin. Information serially
scanned into the device can be loaded into either
the input register or the output register. An inter-
nal pulldown device is included to permit normal
operation even when not connected.

Serial Data Input: When in scan diagnostics
mode this input allows serial shifting external data
into the scan shift register.

OUTPUTS

Qs Serial Data Output: When in scan diagnostics
mode this output aliows reading internal data di-
rectly from the scan shift register. In normal
mode, QS will output the same logic level as the
last registered value of D8.

Data Qutputs: These represent the contents of
the addressed memory location during a read cy-
cle. The outputs will not change unless another
read cycle occurs, or unless #e outputs are
forced inactive (low) by a deselect read opera-
tion.

Parity Error Output: Normally low, it goes high
when the registered inputs have a parity error.
For a read cycle it indicates the address input has
a parity error, since data input parity is only
checked during write cycles. The parity error out-
put delay approximates access time, appearing
close to the time the data word appears in a read
cycle. The parity error output signal will remain
active (high) for a duration of the one cycle time,
after which it may change back to inactive (low) if
the next set of inputs contains no parity errors.

POWER SUPPLIES

VEE Negative Supply

Vee Positive Supply (Ground)

Veca  Positive Supply (Ground) for
output buffers only

SHIELD

Used to shield the input pins that are adjacent to Vg and
Vee power pins from mutually coupled inductive noise.
These pins should be connected to a DC power level or left
floating dependent on board layout convenience. Note that
the pin marked PM is actually a shield pin but must be con-
nected to the appropiate level to facilitate parity.

VccREF Ve Reference: Positive supply reference for in-
put buffers.

DS

Q0-Q8

QEP
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Truth Tables

Recall that all inputs are registered by a rising clock edge. The following truth tables illustrate device operation if the inputs
shown are registered; the outputs shown will appear at access time.

NORMAL OPERATIONS
Normal operations are defined by SE = low for prior and current cycle.

C6VPINN/Z6¥001 NN

Inputs Outputs
N — — Type of Operation
KE 5 A AP PM D Data Q QEP ypeorop
Parity
H X X X X X X X) NC NC No Operation
L L H v (o} L X Xx) \Y L Read
L L H \" E H X (X) \ L Read
L H H X X X X X) L L Deselect
L L H v E L X (X) \ H Read, A Parity Error
L L H \ @] H X (X) \Y H Read, A Parity Error
L L L Vv (¢] L \" O) NC L Write
L L L v E H A O) NC L Write
L H L X X X X X) NC L Write Inhibit
L L L Vv E L \ ©O) NC H Write, A Parity Error
L L L v (0] H A (0) NC H Wirite, A Parity Error
L L L \" (0] L Vv (E) NC H Write, D Parity Error
L L L \" E H \ (E) NC H Write, D Parity Error

Special Characters: O = Odd, E = Even, NC = No Change

SCAN MODE OPERATION

Scan operation depends on current and prior states of SE (as registered by the rising edge of the clock), and on the state of the
CKE bit after scan is completed (as scanned in serially):

Inputs Outputs
Prior Current Scanned Type of Operation
SE SE CKE DS Qs Q QEP
L L X X D8 X X Normal Operation
L H X X D7 NC NC Enter scan mode and do first
shift
H H X v \ NC NC Serial shift on each clock
H L L X v V/NC V/NC Exit scan mode; do last shift
and then execute instruction
scanned into input register; if
read or deselect Q and QEP will
update, else no change
H L H X \ \ \' Exit scan mode; do last shift
and then copy scan register into
Q and QEP; do not execute
input instruction
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Connection Diagram

Pin Out
-4
3 q % E Blx 2 g g g
E8FLE8B8PFIITLLIILELE
| I 1 S T N T N T N T O Y
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
D8 —1 48— SE
D7 —2 47100
Q73 46 1—Q0
Veea =4 451 Vee
Q6 =15 44— Q1
D6 —{6 43Dt
SHIELD —{ 7 42 |~ SHIELD
Vo8 AtV
Ve 19 40 v
SHIELD =410 39 = SHIELD
s —{11 38|02
Q5—412 37 Q2
Veea 113 361 Veea
Q4 —14 I5F—Q3
QEP 415 34=D3
04|15 33 |- CLKBAR
17 18 18 20 21 22 23 24 25 26 27 28 29 30 31 32
T 1P rrr1r1rrrtr1rirnd
%ﬁ:%ggﬁﬁﬁiﬂgﬁ'ﬁ:?é
83 &
Top View

Note: Pin 26 is reserved for (A11),

Pin 57 is reserved for {A12).

TL/D/9748-4
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Absolute Maximum Ratings Acove which the usetul life may be impaired

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Storage Temperature —65°Cto +150°C

Junction Temperature +150°C Max
Case Temperature under Bias 0°Cto +75°C
Vgg Potential (to Ground) —7.0Vto +0.5V

DC Characteristics 1c = o°cto +75°C

Input Voltage (DC) Vgg — 0.5Vto +0.5V
Output Current (DC, High) —50 mA Max
Power consumption of the device is primarily a function of
the clock frequency. Linear derating of the operating current
specified less the quiescent current specified by 1.25 mA/
MHz will result in a reasonable approximation at the fre-
quency of interest (lower frequency results in lower power).

Operating Voltage
Device Voltage
NM4492 VEg = —5.2V £5%
NM100492 VEE = —4.2V10 —4.8V

Symbol Parameter Conditions Min Max Units
Iego Operating Current (—5) TcHeH = 6 ns —500 mA
leeo Operating Current (—7) TeHeH = 7 ns —400 mA
leeo Operating Current (—10) ToHcH = 10ns -330 mA
leeq Quiescent Current Clock = V|L/V|4 -120 mA
he Input Low Current -50 +170 pA
hH Input High Current +220 pA
VoH Output HIGH Voltage 500 to —2V ~1025 —880 mv
VoL Output LOW Voltage 500 to —2V -1810 —1620 - mV
VoHe Output HIGH Corner V 500 to —2V —1025 mV
VoLe Output LOW Corner V 500 to —2Vv —1620 mv
ViH Input HIGH Voltage —1165 -880 mV
ViL Input LOW Voltage —1810 —~1475 mvV

4-39
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Read Cycle

DESCRIPTION

A read cycle is performed when the following conditions are
present at the time the clock rising edge registers the in-
puts: CKE = Low, S = Low, W = High, SE = Low and was
low for the previous cycle also. At access time the outputs
become valid, making a single glitch free transition from the
previous state to the new state. A deselect read cycle is
very similar to a read cycle except that S = High, and the
outputs all go inactive (low) at access time. The minimum

AC Characteristics

read cycle time realized in an application is largely a func-
tion of the system skews between inputs, and of setup and
hold requirements of the device to which the RAM provides
data. If the address field and address parity bit combine to
parity then the parity error output will not assert, remaining
low. The parity error output timing closely approximates ac-
cess time and meets the same specifications.

T = 0°C to +75°C. Input levels are —0.9V and —1.7V. Timing References are —1.3V (Note 1).

Symbol Parameter 5 ns (Prelim) 7 ns Device 10 ns Device Units
Min Max Min Max Min Max
tcHCH Cycle Time 5 7 10 ns
tcHav Access Time (Note 2) 25 5 25 7 25 10 ns
tcHaL Disable Time 2.5 25 7 25 10 ns
tiveH Input Setup Time 0 0 ns
tcHIX Input Hold Time 25 3 ns
tcHoL Clock High Pulse Width 1.5 1.5 2 ns
toLcH Clock Low Pulse Width 1.5 1.5 2 ns
tCHQEPY Parity Access (Note 2) 25 5 2.5 7 25 10 ns

Output Load: 3.0 pF and 500 to —2.0V

Note 1: All maximum timing specs are referenced to the latter of CLK and CLK, whichever occurs later. All minimum timing specs are referenced to the earlier of
CLK and CLK. CLK and CLK must cross each other between 10% and 90% of AC input levels.

Note 2: Maximum access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.

| DESELECT ‘ READ1 |

1 READ 2 l READ 3 ‘

CK

L

CKE

wi

N/ \ f{ ‘h__/ \_/ }
*— tcHcH toLoH™] =~ teweL

5L

—  towey
t=— tchaL —

o XXX

tven [+

OO XXX XXX

—| tewHov

Q PREVIOUS DATA \

READ 1

READ 3

READ 2 X

F— tenoL —
= tewoy —

QEP \
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Write Cycle g
DESCRIPTION not cause a change in any output except the parity error g
A write cycle is performed when the following conditions are output; data outputs remain unchanged in any case. During 8
present at the time the clock rising edge registers the in- writes parity is checked on both the address field (combined ~
puts: CKE = Low, S = Low, W = Low, SE = Low and was with the address parity input) and the data field. The parity E
low for the previous cycle also. The minimum write cycle error output will not assert if both fields show parity. The | 3
time realized in an application is largely a function of the parity error output timing closely approximates access time 3
system skews on the inputs. Notice that a write cycle will and meets the same access time specifications. N

AC Characteristics
Tc = 0°C to +75°C. Input levels are —0.9V and —1.7V. Timing References are — 1.3V (Note 1).

Symbol Parameter 5 ns (Prelim) 7 ns Device 10 ns Device Units
Min Max Min Max Min Max
tcHCH Cycle Time 5 7 10 ns
tivcH Input Setup Time 0 0 0 ns
tCHIX Input Hold Time 2 25 3 ns
tcHoL Clock High Pulse Width 1.5 1.5 2 ns
tcLeH Clock Low Pulse Width 1.5 15 2 ns
tcHav Parity Access Time 25 5 25 7 25 10 ns
tcHaL Disable Time 25 5 25 7 25 10 ns

Output Load: 3.0 pF and 50§ to —2.0V

Note 1: All maximum tlmlng specs are referenced to the latter of CLK and CLK, whichever occurs later. All minimum timing specs are referenced to the earlier of
CLK and CLK. CLK and CLK must cross each other between 10% and 90% of AC input levels.

Note 2: Maximum access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.

’ NO OP | WRITE WRITE INHIBIT NO OP i DESELECT ‘ WRITE ‘ WRITE 1

c«_/\/\,}/\/ S A\ |
toneL —~ tenon teron

E
J
!

=l

fe— tenix

» XOOOOKXXX OTOTOOTOTOTOTTTOTOTO0 X XXX
> XOOXXXXXK) XN — X XXX

—  tonal
[ PREVIOUS DATA

le— tonav ’-— temaL

QEP

TL/D/9748-6
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Hidden Write Cycle

The hidden write cycle allows the SRAM to be operated at
twice the bandwidth of the data output bus. With relaxed
data bus timing (relative to the SRAM address & control
input timing) system constraints of setup and hold times
may be much more easily met. Hidden write is a technique
for interleaving read and write cyles in such a way that the
write cycle timing has no effect on the data output bus (read
timing). To allow hidden write operation the definition of the
functions performed by select (S) and write (W) are subtly
but importantly different than implemented on common
SRAMs,

With hidden write timing there are no unusual restrictions.
Consecutive read and write cycles may be at different or at
the same address location. If a read is not desired at any
given moment a read deselect or a no op may be executed
instead. Similarly, if a write is unnecessary a write inhibit or
no op may be substituted.

l READ 1 ‘ WRITE 1 1

Hidden write can provide throughput enhancement in cer-
tain cases. If, for example, the RAM is utilized as a register
file, and provides data to a pipelined ALU implemented in a
gate array. If the ALU data input register requires 3 ns setup
and 3 ns hold, the total data input window required is 4 ns
wide. The SRAM maximum access is 7 ns, and the minimum
access time is 2.5 ns; the difference is the guaranteed data
output valid window. In this example the SRAM must be
operated at greater than 9 ns cycle time to allow room for
data and clock skews. Depending on system details maybe
10 or 11 ns cycle could be practical. In contrast, using hid-
den write timing the memory could be run at 7 ns cycles with
the data output bus cycle times of 14 ns, easing the ALU
setup and hold times while allowing a store and a fetch
every 14 ns.

|
/

*« __/ \_/ \/ \ /| \ ) \ /| \

=N ™ Vo
7 XK
w_ X[mor X wme X reee X wme X mos  XOOOOQQRRX_ e+ XXKXXXX
> XX v 1 XXXRKOK__ e 2 XXX XXX
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READ 2 READ 4

1 READ 3 X
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Scan Mode

DESCRIPTION

The scan mode allows serial input and output for diagnos-

tics or for loading RAM (e.g., in a writable control store ap-

plication). In overview:

1. The first clock cycle with scan active (SE = High) causes
the device to enter scan mode and serially shift.

2. Succeeding clock cycles with scan active cause serial
shifting, and

3. The first clock cycle with scan inactive (SE = Low) caus-
es the device to shift and then execute (conditionally)
either the scanned in instruction or to force the outputs to
a scanned in test vector (see truth table).

Several devices can be linked serially in a scan chain. A
detailed description follows:

1. Scan bits are transferred from the input register to the
scan serial register at the end of every regular read or
write cycle. The device also transfers a fixed scan signa-
ture into the remaining bits of the serial scan register in
preparation to also shift this data out (the remaining bits
are those bits of the serial shift register which correspond
with the output register).

2. On the first and each succeeding clock rising edge with
scan active (SE = High) the device will shift the serial
shift register one bit.

A. The state of DS is shifted into the chain.

B. The last bit of the chain is shifted out on QS.

C. The other outputs remain unchanged. The rest of the
RAM executes a no operation. It will not write regard-
less of the state of the bit in the WE location of the
input register.

D. Any number of shifts can occur in scan mode; two to
infinite shifts are possible.

3. The first rising clock edge with scan inactive (SE = Low)
causes the device to shift the scan chain and exit scan
mode and to conditionally either:

A. Execute the scanned in instruction (e.g., read, write,
deselect) with normal timing response (access, cycle)
only if the scanned in bit in the CKE focation of the
input register is active (CKE = Low). The output may
be affected, according to the instruction executed. The
contents of the scan register bits corresponding to the
output register are ignored.

Or:

B. Transfer the contents of the scan register into the out-
put buffer, and ignore the contents of the input regis-
ter, only if the scanned in bit in the CKE location of the
input register is inactive (CKE = High).

4. The second and succeeding clock cycles after scan is
inactive (SE = Low) are defined as normal mode opera-
tions and do not cause any scan functions.

The scan sequence is:
Input DS
to QO, Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, QEP,
to AP, A2, A1, AO, AB, A5, A4, A3, A10, A9, AB, A7,
to WE, CS, CKE,
to DO, D1, D2, D3, D4, D5, D6, D7, D8,
to QS Output
The scan logic is designed to output a sequence of bits
recognizable as a scan signature, intended as an aid in fault
detection in those cases where the fault causes a malfunc-
tion in the serial scan chain. This bit sequence can be easily
recognized by the scan diagnostics processor as it is shifted
out, providing a reasonably sure method of determining
where and/or if the serial scan chain is defective. The scan
signature bit sequence corresponds to the outputs:

Q Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 QEP
H L L H L H L H H L

4-43
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NM100492/NM4492

AC Characteristics
Tc = 0°Cto +75°C. Input levels are —0.9V and —1.7V. Timing References are — 1.3V (Note 1).

Symbol Parameter 5 ns (Prelim) 7 ns Device 10 ns Device Units
Min Max Min Max Min Max

tCHCH Serial Scan Mode Cycle Time 5 7 10 ns

tpsvcH Serial Data Setup Time 0 0 0 ns

tcHDSX Serial Data Hold Time 2.0 25 3 ns

tcHasv Serial Output Delay Time (Note 2) 2.5 5 25 7 25 10 ns

Output Load: 3.0 pF and 50 to —2.0V

Note 1: All maximum timing specs are referenced to the latter of CLK and CLK, whichever occurs later. All minimum timing specs are referenced to the earlier
of GLK and TLK. CLK and CLK must cross each other between 10% and 90% of AC input levels.

Note 2: Maximum access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.
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