FEATURES

O Utilizes two industry standard MK 4116 devices in
an 18-pin package configuration

200ns access time, 375ns cycle (MK 4116-3)
Separate RAS, CAS Clocks
+10% tolerance on all power supplies (+12V,£5V)

Low power: 482mW active, 40mW standby (max)

O0ooo

Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

The MK 4332 is a new generation MOS dynamic
random access memory circuit organized as 32,768
words by 1 bit. As a state-of-the-art MOS memory
device, the MK4332 (32K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user

The technology used to fabricate the MK 4332 is
MOSTEK's double-poly, N-channel silicon gate,
POLY 11 0 process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and

reliability, while maintaining high performance
capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power

FUNCTIONAL DIAGRAM
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MOSTEK

32,768 x1-BIT DYNAMIC RAM
MK4332(D)-3

O Common I/0 capability using "early write"
operation

0 Read-Modify-Write, RAS-only refresh, and Page-
mode capability

O All inputs TTL compatiblejow capacitance, and
protected against static charge

0 128 refresh cycles for each MK 4116 device in the
dual density configuration

0 Pin compatible to MK 4116 and MK 4164

dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the MK 4332 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4332
to be packaged in a standard 18-pin DIP. This
standard package configuration, is compatible with
widely available automated testing and insertion
equipment, and it provides the highest possible sys-
tem bit densities and simplifies system upgrade
from 16K to 64K RAMs for new generation appli-
cations. Non-critical clock timing requirements allow
use of the multiplexing technique while maintain-
ing high performance.

PIN CONNECTIONS r

VB3 1 18 Vss
dn 2Q 17 casi
WRITE 2 Q 16 "OUT
RAS1 4 Q 15 Ae
Ao 51 11 14 a3
A2 6 ‘Q_ 13 as
A 12 a5
VDD 8Q ] v
RAS2 9 Q 10 CAS 2
PIN NAMES
Ap-Afi  ADDRESS INPUTS
CAS COLUMN ADDRESS STROBE
Din data in

data out

RAS ROW ADDRESS STROBE
Write read/Avrite input
VbB POWER (-5V)

Vee POWER (+5V)

Vad POWER (+12V)

Vss GROUND

pout
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ABSOLUTE MAXIMUM RATINGS*

Voltage on anv pin relative t0 VPB.....ccoouviiiriiiiiiiiiiiieeeeeeee

Voltage on Vd D/ Vcc supplies relative to Vss.
vbb-vss (Vdd=-vsSs>0V) .coeeerirrrrrunnenens

—0.5V to +20V
.—1.0V to +15.0V

-Stresses greater than those listed under

"Absolute Maximum Ratings" may cause

permanent damage to the device. This is a
OV stress rating only and functional operatior
----------------- of the device at these or any other condi

Operating temperature, Ta (Ambient)........cccoceiiiiiiiiiiiinennennn, 0°C to + 7013 tions above those indicated in the opera
H tional sections of this specification is not
Storage temperature (Ambient). ... —65°Cto +150°C implied. Exposure to absolute maximum

Short circuit output current

Power diSSIPatiON . . .....iiiiiiiiie e e 1Watt

RECOMMENDED DC OPERATING CONDITIONS6
(0°C< Ta < 70°C)

affect reliability.

B50OmMA rating conditions for extended periods may

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage VDD 10.8 12.0 132 Volts 2
\Vce 45 5.0 55 Volts 2,3
\/ss (0] 0 0 Volts 2
vbb -4.5 -5.0 -5.7 Volts 2
Input High (Logic 1) Voltage, VIHC 24 - 7.0 Volts 2
RAS, CAS, WRITE
Input High (Logic 1) Voltage, VIH 22 — 7.0 Volts 2
all inputs except RAS, CAS
WRITE
Input Low (Logic 0) Voltage, VL -1.0 - .8 Volts 2
all inputs
DC ELECTRICAL CHARACTERISTICS
(0°C < Ta < 70°C) (VDD =12.0V*10%; Vcc =5.0V £10%;-5.7V < Vbb <-4.5V; Vss =0V)
PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT 'DD1 365 mA 419
Average power supply operating current «(C1 5
(RAS, CAS cycling; tRQ =tRQ Min) *BB1 300 MA 19
STANDBY CURRENT 'DD2 3.0 mA
Power supply standby current (Ra S =V|HC* 'cc2 -20 20 ma
CJOUT =High Impedance) IBB2 200 MA
REFRESH CURRENT <3 26.5 mA 4, 19
Average power supply current, refresh mode 'cc3 -20 20 MA
(RAS cycling, CAS =V]hc;tRC - tRQ Min) 1BB3 300 MA 19
PAGE MODE CURRENT 'DD4 285 mA 4,19
Average power supply current, page-mode 'cca 5
operation (RAS =V|i_,CAS cycling; «BB4 300 ma 19
tPC=tPC Min)
. i
INPUT LEAKAGE L) -20 20 MA
Input leakage current, any input
(VBB =-5V, 0V< V|n < +7.0V, al other
pins not under test =0 volts)
OUTPUT LEAKAGE <0(L) -20 20 MA
Output leakage current (DouT =sdisabled,
0V< VouT<+5.5V)
OUTPUT LEVELS
Output high (Logic 1) voltage (IOUT =-5mA) VOH 24 Volts 3
Output low (Logic 0) voltage (Iqg UT =4-2 mA) VOL 04 Volts
NOTES:

T~ is specified here for operation at frequencies to tpc "fRC
(min). Operation at higher cycle rates with reduced ambient
temperatures and higher power dissipation is permissible, how-
ever, provided AC operating parameters are met. See figure 1
for derating curve.

2. All voltages referenced to V53.

3 Output voltage will swing from Vgs to VCC when activated with
no current loading. For purposes of maintaining data in standby
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mode, Vgq may be reduced to Vgs without affecting refresh
operations or data retention. However, the Vgh (min) specifica-

tion is not guaranteed in this mode.

IDD 1<!d D3. and *DD4 depend on cycle rate.
4 for IpD limits at other cycle rates.

*CC1 and IQC4 depend upon output loading.

See figures 2,3, and

During readout

of nigh levef data V qq is connected through a low impedance
(135 u typ) to data out. At all other times Iqq consists of

leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0OC«Ta<70°C)L(Vdd =12.0V+ 10%; Vcc =5.0V £10%, Vss =0V, -5.7V< Vbb < -4.5V)

PARAMETER
Random read or write cycle time

Read-write cycle time

Read modify write cycle time

Page mode cycle time
Access time from RAS

Access time from CA$

Output buffer turn-off delay

Transition time (rise and fall)

RAS precharge time

RAS pulse width

RAS hold time

CAS hold time

CAS pulse width

RAS to CAS delay time
CAS to RAS precharge time

Row Address set-up time

Row Address hold time

Column Address set-up time
Column Address hold time
Column Address hold time referenced to RAS

Read command set-up time

Read command hold time

Write command hold time

Write command hold time referenced to RAS

Write command pulse width

Write command to RAS lead time
Write command to CAS lead time
Data-in set-up time

Data-in hold time

Data-in hold time referenced to RAS

CAS precharge time (for page-mode cycle only)
Refresh period

WRITE command set-up time

CAS to WRITE delay

RAS to WRITE delay

NOTES (Continued)

6.

11

12,

Several cycles are required after power-up before proper device operation is achieved. Any
8 cycles which perform refresh are adequate for this purpose.

AC measurements assume tj =5ns.

Vihe (min) or VI(-| (min) and V||_ (max) are reference levels for measuring timing of in-

put signals. Also, transition times are measured between Vjhg or Vjh and V| (m

The specifications for tpc (min) tRMW (min) add tpiwC *m’'n=>are used only to indicate
cycle time at which proper operation over the full temperature range (0 C*5 T~ ~ 70 C)
is assured

Assumes that tpcp ~ IRCD (max). If tRCD is Oreater than the maximum recommended
value shown in this table, tR AC will increase by the amount that tRCD exceeds the value
shown.

Assumes that tpjCD  tRCD (max)-

Measured with a load equivalent to 2 TTL loads and 100pF.

tQFF (max) defines the time at which the output achieves the open circuit condition and
is not referenced to output voltage levels.

MK 4332

SYMBOL MIN MAX UNITS NOTES
tRC 375 ns 9
tRWC 375 ns 9
tRMW' 405 ns 9
tpc 225 ns 9
tRAC 200 s 10,12
tCAC 135 ns 11,12
tOFF 0 50 s 13
tT 3 50 ns 8
tRP 120 s

tRAS 200 10,000 s

tRSH 135 ns

tCSH 200 ns

tCAS 135 10,000 ns

tRCD 25 65 s 14
tCRP -20 ns

tASR 0 s

tRAH 25 ns

tASC -10 ns

tCAH 55 ns

tAR 120 s

tRCS (0] s

tRCH 0 ns

tWCH 55 ns

tWCR 120 23]

twpP 55 s

tRWL 70 ]

tCWL 70 ns

tDS (] ns 15
tDH 55 s 15
tDHR 120 s

tCP 80 s

tREF 2 ms

twces -20 ns 16
tCWD 80 s 16
tRWD 145 ns 16
14.  Operation within the tRCD (max) limit insures that tRac (max) can be met. tpiCD (max)

15.

16.

17
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is specified as a reference point only; if tRQQ is greater than the specified tRQQ (max)
limit, then access time is controlled exclusively by t"AC-

These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge in delayed write or read-modify-write cycles.

tWCS- ICWD and (RWD are restrictive operating parameters in read write and read mod-
ify write cycles only. If tyycs *WCS (min), the cycle isan early write cycle and the data
out pin will remain open circuit (high impedance) throughout the entire cycle; If tcWD
A tcwD (min) and tRyyQ 5stp(WD (min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell; If neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

Effective capacitance calculated from the equation C =IAt with AV =3 volts and power
supplies at nominal levels. Av

CAS =V|HC to disable Dq jjT-

One 16K RAM is active while the other is in standby mode.



AC ELECTRICAL CHARACTERISTICS

(0°C«Ta <70°C) (Vdd=12.0V£10%;VsS =0V; -5.7V < Vbb < -4.5V)

PARAMETER SYMBOL
Input Capacitance (Ao-A6), D||\| cl1
Input Capacitance RAS, CAS, C|2
Output Capacitance (DoUT) co
Input Capacitance WRITE c|3

AC Characteristics and Timing Diagrams of MK4116-3.

CYCLE TIME tRC (ns)

Fig. 1 Maximum ambient temperature versus cycle rate for extended
frequency operation. TA (max) for operation at cycling rates greater
than 2.66 MHz (tQYC~~ns) is determined by TA (max)° C = 70—
9.0 x (cycle rate MHz —2.66) for -3.

CYCLE TIME tRC(ns)

Fig, 3 Maximum Iqq3 versus cycle rate for device operation at

extended frequencies. 1gq3 (max) curve is defined by the equation:

IDD3*max) mA =10 +6.5 x cycle rate [MHz] for -3

TYP MAX UNITS NOTES
8 10 PF 17
8 10 PF 17
10 14 PF 17, 18
16 20 PF 17
CYCLE Til  ¢gc (ns)
375
1000 5() 400 300 250
50mA

~  40mA -

H /
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-1
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X
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10mA sf
e
O+J- - +4L 1t HZEM - -1
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CYCLE RATE (MHz)= 103/t R c (ns)
IDD1 versus cycle rate for device operation at

IpDI

Fig. 2 Maximum

extended frequencies. (max) curve is defined by the equation:

IpD1 (max) mA =10 + 9.4 x cycle rate [MHz] for -3

Fig. 4 Maximum Iqgqg4 versus cycle rate for device operation in page

mode. IpD4 (max) curve is defined by the equation:

*DD4 (max) mA =10 +3.75 x cycle rate [MHz] for -3
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READ CYCLE

WRITE CYCLE (EARLY WRITE)

R AS

CAS

ADDRESSES

WRITE

OPEN
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READ-WRITE/READ-MODIFY-WRITE CYCLE

RAS

CAS

ADDRESSES

WRITE

DQUT

d IN

"RAS-ONLY"REFRESH CYCLE
NOTE: CAS =V|HC. WRITE =Don't Care

OH
OPEN

oL
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PAGE MODE READ CYCLE

PAGE MODE WRITE CYCLE
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DESCRIPTION (continued)

System oriented features include +10% tolerance on
all power supplies, direct interfacing capability with
high performance logic families such as Schottky
TTL, maximum input noise immunity to minimize
"false triggering" of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods. The MK 4332 also incorporates
several flexible timing/operating modes. In addition
to the wusual read, write, and read-modify-write
cycles, the MK 4332 is capable of delayed write
cycles, page-mode operation and RAS-only refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common 1I/0 capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

ADDRESSING

User access of a uniqgue memory location is accom-
plished by multiplexing 14 address bits onto 7 ad-
dress inputs and by proper control of the RAS and
CAS clocks in a manner identical to operation of the
IVIK 4116 in a memory array board. The 14 address
bits required to decode 1 of the 16,384 cell locations
within each MK 4116 are multiplexed onto the 7
address inputs and latched into the on-chip address
latches by externally applying two negative going
TTL-level clocks. The first clock, the Row Address
Strobe (RAS), latches-the 7 row address bits into the
chip. The second clock, the Column Address Strobe
(CAS), subsequently latches the 7 column address
bits into the chip. Each of these signals, RAS and
CAS, triggers a sequence of events which are con-
trolled by different delayed internal clocks. The two
clock chains are linked together logically in such a
way that the address multiplexing operation is done
outside of the critical path timing sequence for read
data access. The later events in the CAS clock se-
quence are inhibited until the occurence of a delayed
signal derived from the RAS clock chain. This "gated
CAS" feature allows the CAS clock to be externally
activated as soon as the Row Address Hold Time
specification (tRAH) has been satisfied and the ad-
dress inputs have been changed from Row address to
Column address information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) UP to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called tRQD (min) and tRCD (max). No data
storage or reading errors will result if CAS is applied
to the MK 4332 at a point in time beyond the tRCD
(max) limit. However, access time will then be de-
termined exclusively by the access time from CAS
(tCAC) rather than from RAS (tRACK and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRCD (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D]|\]) register. This permits

several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)

prior to CAS, the Din is strobed by CAS, and the
set-up and hold times are referenced to CAS. If the
input data is not available at CAS time or if it is
desired that the cycle be a read-write cycle, the
WRITE signal will be delayed until after CAS has
made its negative transition. In this "delayed write
cycle" the data input set-up and hold times are re-
ferenced to the negative edge of WRITE rather than
CAS. (To illustrate this feature, D] |§ is referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the "early
write" cycle diagram shows DJ||\| referenced to CAS).
Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS is active (low). Data read from the selected cell
will be available at the output within the specified
access time.

DATA OUTPUT CONTROL

The normal condition of the Data Output (DoUT)
of the MK 4332 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DoUT P'n w" boating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. DoUT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

Since the outputs to both 16K devices are tied to-
gether, care must be taken with the timing relation-
ships'of the two devices. Both devices cannot be acti-
vated at the same time as a data output conflict can
occur.

If the memory cycle in progress is a read, read-modify
write, or a delayed write cycle, then the data output
will go from the high impedance state to the active
condition, and at access time will contain the dat<
read from the selected cell. This output data is th(
same polarity (not inverted) as the input data. Once
having gone active, the output will remain valid until
CAS is taken to the precharge (logic 1) state,whether
or not RAS goes into precharge.

If the cycle in progress is an "early-write" cycle
(WRITE active before CAS goes active),then the
output pin will maintain the high impedance state
throughout the entire cycle. Note that with this
type of output configuration, the user is given full
control of the DnUT pin simply by controlling the
placement of WRITE: command during a write cycle,
and the pulse width of the Column Address Strobe
during read operations. Note also that even though
data is not latched at the output, data can remain
valid from access time until the beginning of a sub-
sequent cycle without paying any penalty in overall
memory cycle time (stretching the cycle).

This type of output operation results in some very
significant system implications.

Common 1/0 Operation — If all write operations are
handled in the "early write" mode,then D||\|] can be
connected directly to DoUT for a common 1/0 data
bus.

Data Output Control — DoUT will remain valid
during a read cycle from tQAC until CAS goes back
to a high level (precharge), allowing data to be valid
from one cycle up until a new memory cycle begins
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with no penalty in cycle time. This also makes the

RAS/CAS clock timing relationship very flexible.

Two Methods of Chip Selection — Since DoUT
is not latched, CAS is not required to turn off the
outputs of unselected memory devices in a matrix.
This means that both CAS and/or RAS can be decod-
ed for chip selection. If both RAS and CAS are
decoded, then a two dimensional (X,Y) chip select
array can be realized.

Extended Page Boundary — Page-mode operation
allows for successive memory cycles at multiple
column locations of the same row address. By de-
coding CAS as a page cycle select signal, the page
boundary can be extended beyond the 128 column
locations in a single chip. (See page-mode operation).

OUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data
output pin with a low impedance to Vcc for a logic
1 and a low impedance to Vss for a logic 0. The
effective resistance to Vcc (logic 1 state) is
420 £ maximum and 135£2 typically. The resistance
to Vss (logic O state) is 95 £ maximum and 35 £
typically. The separate Vqgc pin allows the output
buffer to be powered from the supply voltage of the
logic to which the chip is interfaced. During battery
standby operation, the Vgqc P>n may have power
removed without affecting the MK 4332 refresh
operation. This allows all system logic except the
RAS timing circuitry and the refresh address logic to
be turned off during battery standby to conserve
power.

PAGE MODE OPERATION

The "Page Mode" feature of the MK 4332 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing the row address into the chip and maintain-
ing the RAS signal at a logic O throughout all success-
ive memory cycles in which the row address is com-
mon. This "page-mode" of operation will not dissi-
pate the power associated with the negative going
edge of RAS. Also, the time required for strobing
in a new row address is eliminated, thereby decreas-
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to
the 128 column locations determined by all combi-
nations of the 7 column address bits. However, the

Page boundary of the MK4332 can be extended by
using CAS rather than RAS as the chip select signal.
RAS is applied to all devices to latch the row address
into each device and then CAS is decoded and serves
as a page cycle select signal. Only those devices which
receive both RAS and CAS signals will execute a read
or write cycle.

REFRESH

Refresh of the MK4116 is accomplished by perform-
ing a memory cycle at each of the 128 row addresses
within each 2 millisecond time interval. Each
MK4116 in the MK4332 Assembly must receive all
128 refresh cycles within the 2ms time interval in
order to completely refresh all 32,768 memory cells.

Although any normal memory cycle will perform the
refresh operation, this function is most easily
accomplished with "RAS-only" cycles. RAS-only re-
fresh resuls in a substantial reduction in operating
power. This reduction in power is reflected in the
IDD3 specification.

POWER CONSIDERATIONS

Most of the circuitry used in the MK 4332 is dynamic
and most of the power drawn is the result of an
address strobe edge. Consequently, the dynamic
power is primarily a function of operating frequency
rather than active duty cycle (refer to the MK 4116
current waveforms in figure 5). This current char-
acteristic of the MK 4332 precludes inadvertent
burn out of the device in the event that the clock
inputs become shorted to ground due to system
malfunction.

Although no particular power supply noise restriction
exists other than the supply voltages remain within
the specified tolerance limits, adequate decoupling
should be provided to suppress high frequency
noise resulting from the transient current of the
device. This insures optimum system performance
and reliability. Bulk capacitance requirements are
minimal since the MK 4332 draws very little steady
state (DC) current.

In system applications requiring lower power dissi-
pation ,the operating frequency (cycle rate) of the
MK 4332 can be reduced and the (guaranteed maxi-
mum) average power dissipation of the device will be
lowered in accordance with the IDD1 (max) spec
limit curve illustrated in figure 2 . NOTE: The
MK 4332 family is guaranteed to have a maximum
IDD 1 requirement of 36.5mA @ 375ns cycle with an
ambient temperature range from 0° to 70°C. A lower
operating frequency, for example 1 microsecond
cycle, results in a reduced maximum IDD1 require-
ment of under 20mA with an ambient temperature
range from 0° to 70°C.

NOTE: Additional power supply tolerance has been included on the
Vgg supply to allow direct interface capability with both —5V systems
—5.2V ECL systems.

Fig. 5 Typical Current Waveforms for the MK 4116

50 NANOSECONDS / DIVISION
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Although RAS and/or CAS can be decoded and used
as a chip select signal for the MK 4116,overall system
power is minimized if the Row Address Strobe
(RAS) is used for this purpose. All unselected de-
vices (those which do not receive a RAS) will remain
in a low power (standby) mode regardless of the
state of CAS.

POWER UP

The MK 4332 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies

such that Vbb is applied first and removed last.
Vbb should never be more positive than Vss when

power is applied to VdD-

Under system failure conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic device failure may
be achieved by forcing RAS and CAS to the inactive
state (high level).

After power is applied to the device, the MK 4332
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose. Each MK 4116 device
must receive the 8 initialization cycles.
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TYPICAL CHARACTERISTICS OF THE MK 4116

TYPICAL ACCESS TIME (NORMALIZED) vs. VqD TYPICAL 1dD1 vs. VQD TYPICAL Ippi vs. JUNCTION TEMPERATURE
Vdd =13.2V
tRC =375ns
tRC =500ns
tRC =750ns
-10 20 50 80 110

Tj, JUNCTION TEMPERATURE (°C)

TYPICAL ACCESS TIME (NORMALIZED) vs. Vbb TYPICAL 1qD2 vs.Vqd TYPICAL 1dD2 vs JUNCTION TEMPERATURE
Tj =50C
-4.0 -4.5 -5.0 -5.5 -6.0

Vbb supply voltage (volts) Tj, JUNCTION TEMPERATURE (°C)

TYPICAL ACCESS TIME (NORMALIZED) vs. VcC TYPICAL IDD3 vs JUNCTION TEMPERATURE
Tj=50t
4.0 45 5. i 6.0
Vce SUPPLY VOLTAGE (VOLTS)
TYPICAL ACCESS TIME (NORMALIZED) TYPICAL 1dD4 vsVd D TYPICAL IDD4 vs. JUNCTION TEMPERATURE
-10 20 50 80 110
Tj, JUNCTION TEMPERATURE (°C) Vdd SUPPLY VOLTAGE (VOLTS)
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INPUT LEVEL (VOLTS)

INPUT LEVEL (VOLTS)

TYPICAL CLOCK INPUT LEVELS vs. Vad TYPICAL CLOCK INPUT LEVELS vs. VbB TYPICAL CLOCK INPUT LEVELS vs. Tj

30
Tj =50°C Ti =5§C vdd =i2.0v
o5 Vbb =-5.0v vda =i2.0v vbb =5.0v
VIHC (MIN)
VIHC (MIN)
20 020
>
V[HC (MIN)
15
VILC (MAX) VILC (MAX) VILC (MAX)
10
05 051
10 1 12 13 14 -4.0 -4.5 -5.0 -5.5 -6.0
Vdd SUPPLY VOLTAGE (VOLTS) Vbb SUPPLY VOLTAGE (VOLTS) Tj. JUNCTION TEMPERATURE (°C)
?::'CAL ADDRESS AND DATA INPUT LEVELS 5. VaD TYPICAL ADDRESS AND DATA INPUT LEVELS \s. VfiB TYPICAL ADDRESS AND DATA INPUT LEVELS vs. Tj
. Vdd -12.0V
Tj =5013 Tj =50
o5 Vb ="5.0V VDD =12.0V vbb =-5.0v
2.0
TVIH (N Vin (MIN) VIH (MIN)
15
"VIL (MAX
1L (MAX) VIL (MAX) VIL (MAX)
10
05
b n 12 3 u -45 -5.0 55 -10 20 50 80
vdd supply voltage (volts) vbb supply voltage (volts) Tj, JUNCTION TEMPERATURE (°C)
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