National ADVANCED INFORMATION mufprmzffir
Semiconductor A
Corporation _
microCMOS
NMC6164AN/6164AN-L 8192 x 8-Bit Static RAM March 1967
General Description Features

The NMC6164A/6164AN-L is an 8192 by 8-bit, new genera- @ Single power supply: 5V +10%

tion, static RAM. It is fabricated with National’s proprietary B Fast access time 45 ns/55 ns/70 ns max
microCMOS double-polysilicon technology which combines  m Equal access and cycle times

high performance and high density with low power con-  w Completely static RAM: no clock or timing strobe

sumption and excellent reliability. required

The NMC6164A/6164AN-L operates with a single 5V power m Low standby power and low power operation
supply with +10% tolerance. Additional battery back-up op- Standby: 10 uW, typical

eration is available (L version) for data retention down to 2V, Operation: 10 mW/MHz, typical

with low standby current. m Battery back-up operation available (L version) with
Packaging is available in standard 28-pin plastic DIP. data retention supply voltage: 2V-5.5V

In addition to the inputs and outputs being TTL compatible, ~® Common data input and output, TRI-STATE® output
the outputs are also CMOS compatible, in that capacitive @ TTL compatible: all inputs and outputs
loads are driven to Vog or Vss. @ CMOS compatible: outputs drive capacitive loads to
Vce or Vss
B Standard 28-pin package configuration
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TL/D/8808-1 See NS Package Number N28B
Order Number | 16 164AN-45L | NMC6164AN-45| NMCE 164AN-55L | NMC6164AN-55 | NMC6164AN-70L | NMC6164AN-70
Parameter
Access 45 45 55 55 70 70
Time (ns)
Icc Standby,
100 pA 2mA 100 pA 2mA
CMOS 100 A 2mA in m, “ m,
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Z | Absolute Maximum Ratings Recommended DC Operating
P8 If Military/Aerospace specified devices are required, Conditions
© contact the National Semiconductor Sales Office/ Min Max Units
E Distributors for availability and specifications. Ve Supply Voltage 4.5 5.5 \
< Voltage on Any Pin Relative to Vgg —-0.6Vto +7V Vgg Supply Voltage 0 0 v
§ Storage Temperature, TsTg —55°Cto +125°C Vin, Input High Voltage
@ Temperature Under Bias, Tgias —10°Cto +85°C (Logic 1)
g Power Dissipation, Pp 1.0W TTL 22 6.0 v
Z | Current Through Any Pin 100 mA v CI:/IOSt Low Vot Vec — 0.2 Vec + 02 v
! . \L» Input Low Voltage
ESD rating to be determined. (Logic 0)
TTL -0.3 0.8 \
CMOS -0.3 0.2 v
Topr, Operating Temp 0 70 °C
DC Electrical Characteristics atrecommended operating conditions
Symbol Parameter Conditions Min Max Units
[T Input Leakage Current VIN = Vgs to Voo —2 2 pA
CS1 = VjjorCS2 = V)_or OE = Viy
| Output Leakage Current -2 2 A
Lo p g Viyo = Vss to Vee 2
lcc Active Quiescent Current, TTL All inputs at TTL Levels 25 mA
lcc | Std | Active Quiescent Current, CMOS All Inputs at CMOS Levels 2 mA
L 100 pA
lcct Average Operating Current, TTL trc = trc Min
CS1 =V TTLandCS2 = Vi TTL
/o = O mA 50 mA
All Inputs at TTL Levels
Average Operating Current, CMOS | tgrc = trc Min
C_ST_= ViL CMOS and CS2 = V|y CMOS 30 mA
liyo = 0mA
All Inputs at CMOS Levels
s Std | Standby Power Supply Current CS1 =V)yTTLorCS2 = V| TTL 4 mA
L 2 mA
Isg1 | Std | Standby Power Supply Current CS1 = V|4 CMOS or CS2 = V| CMOS 2 mA
L 100 uA
VoL Output Low Voltage, TTL loL = 8mA 0.4 \'4
Output Low Voltage, CMOS loL = 10 pA —-0.2 0.2 \'4
VoH Qutput High Voltage, TTL lon = —4.0mA 2.4 \'
Output High Voltage, CMOS loH = 10 uA Voc — 0.2 | Voo + 0.2 \
Capacitance
Symbol Parameter Conditions Max Units
CiNn Input Capacitance ViN = OV (Note 5) 8 pF
Cio Input/Output Capacitance V);0 = OV (Note 5) 10 pF
Truth Table
Mode WE CS1 Cs2 OE 1/0 Current
Not Selected * H * * Hi-Z 1sB. isB1
(Power Down) * . L . Hi-Z Isg. lsB1
Output Disabled H L H H Hi-Z Icc lcct
Read H L H L DouT e, Icct
Write L L H * DiN lce. Icct
*Don’t Care (H or L) H = Logic HIGH Level L = Logic LOW Level
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AC Electrical Characteristics™ (ote 1)
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Symbot Parameter -45 -55 -70 Units ;

Min | Max | Min | Max | Min [ Max =

READ CYCLE (Note 4) td

tRc Read Cycle Time 45 55 70 ns Y

tAA Address Access Time 45 55 70 ns ;

tcos Chip Selection (CST) to Output Valid 45 55 70 ns -
tcoz Chip Selection (CS2) to Output Valid a5 55 70 ns
toe Output Enable (OE) to Output Valid 20 25 30 ns
tLze Chip Selection (C51) to Output Active (Note 12) 15 15 15 ns
t 22 Chip Selection (CS2) to Output Active (Note 12) 15 15 15 ns
torLz Output Enable (OE) to Output Active (Note 12) 5 5 5 ns
tHz1 Chip Deselection (CS1) to Output in Hi-Z (Notes 2 and 3) 0 20 0 25 0 30 ns
thzo Chip Deselection (CS2) to Output in Hi-Z (Notes 2 and 3) 0 20 0 25 0 30 ns
toHz Output Disable (OE) to Output in Hi-Z (Notes 2 and 3) 0 15 0 20 0 25 ns
toHA Output Hold from Address Change 5 5 5 ns

WRITE CYCLE

twe Write Cycle Time 45 55 70 ns
towi Chip Selection (CS7) to End of Write (Note 10) 40 50 60 ns
towe Chip Selection (CS2) to End of Write 40 50 60 ns
tas Address Setup Time (Note 7) 0 0 0 ns
taw Address Valid to End of Write 40 50 60 ns
twp Write Pulse Width (Note 6) 35 40 50 ns
twR1 Write Recovery Time from CST (Note 8) 0 0 0 ns
twr2 Write Recovery Time from CS2 (Note 8) 0 0 0 ns
twHZ Beginning of Write to Output in Hi-Z (Note 9) 0 15 0 20 0 25 ns
tow Data Valid to Write Time Overlap 20 25 35 ns
toH Data Hold from End of Write 0 0 0 ns
toHz Output Disable (OE) to Output in Hi-Z 0 15 0 20 0 25 ns
tow Output Active from End of Write 0 0 0 ns

*Applies to Standard and L Versions.

Note 1: AC test conditions Tp = 0°C to +70°C, Voo = 5V £10%.

Note 2: ty7 and topz are defined as the time at which the outputs achieve the open circuit condition and are determined as:
High to TRI-STATE, measured Von (DC) —0.10V
Low to TRI-STATE, measured Vg (DC) +0.10V

Note 3: At any given temperature and voltage condition, tHz max is less than t z min, both for a given device and from device to device (guaranteed, not tested).
Note 4: WE is high for read cycle.

Note 5: Ty = 25°C, f = 1.0 MHz. This parameter is sampled and not 100% tested.

Note 6: A write occurs during the overlap (twp) of a low TST and a high CS2 and a low WE.

Note 7: tag is measured from the address changes to the beginning of the write.

Note 8: twg is measured from the earliest of CS1 or WE going high or CS2 going fow to the end of the write cycle.

Note 9: If CS1 is low and CS2 is high during this period, 1/0 pins are in the output state. At this time, the data input signals of opposite phase to the outputs must
not be applied.

Note 10: If the TS1 low transition occurs simultaneously with the WE low transition or after the WE transition, the outputs will remain in a Hi-Z state.

Note 11: CS2 controls the address butfers, WE buffer, CS1 buffer, Dy buffer and OF buffer. When CS2 controls the data retention mode, all inputs (address, 1/0,
WE, T51, OE) can be in the high impedance state. When C31 controls the data retention mode, CS2 must be at V|4, CMOS. All other input levels (address, OE,
WE, 1/0) can be in the high impedance state.

Note 12: Output active level is defined as steady state TRI-STATE level +0.1V.

AC Test Conditions AC Test Load
Input pulse levels Vig = 3.0V, V) = 0.0V 5V £ 10% 58V
Input rise and fall times 5ns Voo 4800 ncludi
All Input timing reference levels 1.5V ucvieaan/ | 1% f,i':; o
Output timing reference levels Vou = 2.0V, VoL = 0.8V Vs 2550 20pF Capacitance)
- = TL/D/8808-3
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NMC6164AN/6164AN-L
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Timing Waveforms (Continued)
Read Cycle (WE = V)
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TL/D/8808-6
Low V¢ Data Retention (L version)
Symbol Parameter Conditions Min Max Units
VDR1 V¢ for Data Retention CS1 > Vjy, CMOS (Note 11) 2.0 5.5 v
CS2 > Vi, CMOS ’ i
VDR2 Ve for Data Retention C82 < V., CMOS (Note 11) 2.0 5.5 v
lccDR1 Data Retention Current Voo = 2V
C81 > V), CMOS 40 nA
Cs2 > Vi, CMOS
lccpr2 Data Retention Current Voo = 2V 40 A
CS2 < V), CMOS »
tcDR Chip Deselect to Data Retention Time See Retention Waveform 0 ns
tR Operation Recovery Time See Retention Waveform tRc ns
Low V¢c Data Retention Waveforms
No. 1 (CS1 Controlled)
—=| teon | DATA RETENTION MODE fa—tn
Vee —J |
4.5V
2.2v
Vomt ‘\ II
¢si €81 = Wi, CMOS
ov
TL/D/8808-7
No. 2 (CS2 Controlled)
Vo ] tcoR DATA RETENTION MODE | 13 jo—
4.5V —
& <~
o 3 £52=Vi,, CMOS
ov
TL/D/8808-8
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