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STK14C68

CMOS nvSRAM
High Performance
SIMTEK 8K x 8 Nonvolatile Static RAM

PRELIMINARY
FEATURES DESCRIPTION
+ 25, 30, 35 and 45ns Access Times The Simtek STK14C68 is a fast static RAM (25, 30, 35,
+ 12, 15, 20 and 25ns Output Enable Access and 45ns), with anonvolatile electrically-erasable PROM
« Unlimited Read and Wrlte to SRAM (EEPROM) elementincorporated in each static memory
« Hardware STORE Inkiation cell. The SRAM can be read and written an unlimited
. Automatlc STORE Timing number of times, while independent nonvolatile data

resides In EEPROM. Data may easily be transferred

» 104 or 108 STORE cycles to EEPROM from the SRAM to the EEPROM (STORE), o from the
» 10 year data retention In EEPROM EEPROM to the SRAM (RECALL) using the NE pin. It
+ Automatic RECALL on Power Up combines the high performance and ease of use of a
« Hardware RECALL Initiation fast SRAM with nonvolatile data integrity.
+ Unlimited RECALL cycles from EEPROM
« Single 5V+10% Operation The STK14C68 features industry standard pinout for
« Commercial and Industrial Temperatures nonvolatile RAMSs in a 28-pin 300 mil plastic or ceramic
+ Avallable in muttiple standard packages DIP, and 28-pin SOIC.
« Chip Select and Chlip Enable Pins
LOGIC BLOCK DIAGRAM PIN CONFIGURATIONS
EQ i afd vee
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ol e ‘ AL PIN NAMES
DAz > 2 COLUMN DECODER
pos IE Ag-Aqs Address Inputs
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D04 1 5 DO, -DQ; | Data InfOut
0as Camik: Ay Ay A, Ay Ay, . E Chip Enable
Das- ?—— 32 G Oulput Enable
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e S Chip Select
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ABSOLUTE MAXIMUM RATINGS*®

Voltage on typical input relative to Vgg............. 0.6V to 7.0V
Voltageon DQo.7and G. ..o eovevnnnneanen —0.5V to (Vcc+0.5V)

Note a: Stresses greater than those listed under "Absclute Maximum
Ratings" may cause permanent damage to the device. This is astress

Temperature underbias. ....covovuivierenanns -55°C to 125°C  rating only, and functional operation of the device at conditions above
Storage temperature. . . .......iiiin i -65°C to 150°C  those indicated in the operational sections of this specification is not
Power dissipation, . ....ccovveeiin it i 1W  implied. Exposure to absolute maximum rating conditions forextended
DCOUPULCUITENE . ... iiiieniiieinieiasnennenes 15mA  periods may affect reliability.
{One output at a time, one second duration)
DC CHARACTERISTICS (Vog = 5.0V + 10%)
COMMERCIAL INDUSTRIAL
SYMBOL PARAMETER win | wax | N | wax | UNTS NOTES
le "’ Average Vg Cument 85 95 mA tavay = 25n8
80 85 mA tavav = 30ns
75 80 mA tavay = 35n8
65 75 mA tavay = 45n8
lec,® Average Vg Current 50 50 mA E2 (Voo —0.2V) or S < (Vgg +0.2V)
durlng STORE cycle all others Viy 0.2V or 2 (Vg — 0.2V)
lsg,° Average Vg Current 30 34 mA tavay = 26ns
(Standby, Cycling TTL input Levels) 27 30 mA tavav = 30ns
23 27 mA tavay = 3508
20 23 mA tavay = 45n8
E2 V), 0r 8 <V, ; all others cycling
lgg,° Average Vg Current 1 1 mA E 2 (Voo —0.2V) or S < (Vgg +0.2V)
{Standby, Stable CMOS Input Levels) all others V) 0.2V or 2 (Vg ~ 0.2V)
lix Input Leakage Current (Any input) +1 1 KA Veg = max
Vin=VastoVee
lowk Off State Output Leakage Current 5 15 pA Ve = max
Vin=Vsgto Ve
Vin Input Logic "1 Voltage 22 | Vge+b| 22 |Vgo+b v All Inputs
Vi Input Logic “0* Voltage Vgg~5| 08 | Vgg-6| 08 v All Inputs
Vou Output Logkc *1" Volage 24 24 v loyr =—4mA
VoL Output Loglc "0" Voltage 0.4 0.4 v loyy = 8MA
Ta Operating Temperature 0 70 - 40 85 °C

Note b: leg, ks dependsnt on output loading and cycle rate. The specified values are obtained with outputs unloaded.
Note ¢; Bringing E 2 Vi or S s Vi will not produce standby current levels untll any nonvolatlie cycle in progress has timed out. See MODE SELECTION table.
Note d: lcc, 6 the average current required for the duration of the store cycle (1storg) after the sequence (twc) that Initlates the cycle.

AC TEST CONDITIONS
Input PulseLevels. ................ Cererae e Ve 103V
Input Rise and Fall Times. ......ovvvveiiiiiinane < 5ns
input and Output Timing Reference Levels. .. ... e . 1.5V
[0 171V I T I See Figure 1
CAPACITANCE (T,=25°C, {=1.0MHz)®
SYMBOL PARAMETER MAX | UNITS | CONDITIONS
Cn Input Capacttance 5 pF AV=0t03V
Cour Output Capacitance 7 pF AV=0103V

Note e;: These parameters are guaranteed but not tested.

480 Ohms

Output

30pF
INCLlfDING

255 Ohms SCOPE
I AND FIXTURE

Figure 1: AC Qutput Loading
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STK14C68
READ CYCLES #1 & #2 (Vec = 5.0V £ 10%)
SYMBOLS STK14C68-25 STK14C68-30 STK14C68-35 STK14C68-45

NO. , 2 Al PARAMETER MIN MAX MIN MAX | MIN MAX MIN MAX uNITS
1 teowelsiov | tacs | Chip Enable Access Time 25 30 35 45 | ns
2 tavavR? tae | Read Cycle Time 25 30 35 45 ns
3 tavav® taa | Address Access Time 25 30 35 45 ns
4 tsrav tog | Oulput Enable to Data Vaiid 12 16 20 25 ns
5 taxox o4 | Output Hold After Address Change| & 5 5 § ns
6 teLox- tsHax t,z | Chip Enable to Output Active 5 5 5 5 ns
7 tenoz tera? tyz | Chip Disable 1o Output Inactive 13 15 17 20 | ns
8 taLox oLz | Output Enable to Output Active 0 0 0 0 ns
9 oot tonz | Output Disable to Output inactive 13 15 17 20 | ns
10 | tencen® tsiicon® | tea | Chio Enable to Power Active 0 0 (i o ns
11 | tericel™® tsucel™®| tes | Chip Disable to Power Standby 25 25 25 25 ns
11A twHov twa | Write Recovery Time 30 35 45 65 ns

Note c: Bringing E high or S low will not produce standby currents until any nonvolatile cycle in progress has timed out. See MODE SELECTION table,
Note o: Parameter guaranteed but not tested.

Notef: NE must be high during entire cycle.

Note g: For READ CYCLE #1 and #2, W and NE must be high for entire cycle.

Note h: Device ls continuously selected with E low, S high, and G low.

Notei: Measured & 200mV from steady state output voltage.

READ CYCLE #1 f.gh
2 |
favavR |
ADDRESS ) ¢ )l(
5
taxox
DQ (Data Out) DATA VALID
_w— '_"f 11A
] twhav
READ CYCLE #2 9
f 2 |
I tavavR '
ADDRESS ¥ ¥
'Ech-1‘SHcv e 1"
g -, 8 —_— tenicer: tsLicoL
\ ELox: SHox WL ATA AN 4
g — 4 AR
4 ™t .715 ar]
a \\ tGLQV EHQZ:! 1.QZ
8 L A
taLox tanoz
DQ (Data Owt) K DATA VALID
lee 10
L= .
ACTVE LICCH 'smc;ﬂ
oo STANDBY e N
w —/t; 11A
fwhav
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STK14C68
WRITE CYCLES #1 & #2; G high (this table is effective 3/31/94) (Voo = 5.0V £ 10%)
NO. SYMBOLS PARAMETER STK14C68-25 STK14C68-30 STK14C68-35 STK14C68-45 UNITS
#1 #2 Alt. MIN MAX MIN | MAX MIN MAX | MIN MAX
12 [tayavw | tavavw, twist| twe [Write Cycle Time 25 30 35 45 ns
13 [ twiwn | twien, twist | twe [Write Pulse Width 20 25 30 35 ns
14 | teown | tewen, tshse | tow [Chip Enable to End of Write 20 25 30 35 ng
15 [towwe | toven, 'ovsL | low [Data Set-up to End of Write 12 15 18 20 ns
16 | twhox | tenox, tswox | tow |Data Hold After End of Write 0 0 0 0 ns
17 | tavwn | taven,tavse | taw [Address Set-up to End of Write | 20 25 30 35 ns
18 | taywr | taveL tavs | tas |Address Set-up to Startof Wrte | 0 0 0 0 ns
19 | twhax | tenax.tsiax | twr |Address Hoki After End of Write | O 0 0 0 ns
WRITE CYCLES #1 & #2; G low
SYMBOLS STK14C68-25 STK14C68-30 STK14C68-35 STK14C68-45
NO. # #2 Alt. PARAMETER MIN MAX | MIN | MAX MIN MAX MIN | MAX UNITS
12 | tavaww | tavaw | twe |Wrtte Cycle Time 45 45 45 45 ns
13 | twiwn [twien, twise | twe | Write Pulse Width 35 35 35 35 ns
14 | teywn | tewen, tenst | tow [ Chip Enable to End of Write 35 35 35 35 ns
15 | tovwh |toven, tover | tow | Data Set-up to End of Wrlte 30 30 30 30 ns
16 | twhpx |tenox, tewox | tow |Data Hold After End of Write 0 0 0 0 ns
17 | tavwu {taven, tavse | taw [Address Set-upto Endof Write [ 35 35 35 35 ns
18 | tavwi |lavewL tavsn | tas |Address Set-upto Start of Write) 0 0 0 0 ns
19 | twhax |tenax tstax | twr | Address Hold After End of Writg 0 0 0 0 ns
20 |twioZ™ twz | Wrtte Enable to Output Disable 35 35 35 35 ns
21 | twHox tow | Oulput Active After End of Writed & 5 6 5 ns

Note f:  NE must be 2V, during entire cycle.

Notei:  Measured £ 200mV from steady state output voltage.

Note i: E or W must be 2 V;, during address transitions.

Note m: If W is low when E goes low, the outputs remain In the high impedance state.
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STK14C68

WRITE CYCLE #1: W CONTROLLEDk

12,20 |

favavw
ADDRESS ) 4

i4 19 j

YeLwn YwHAX
RN NS Z 73

"
Va

S L EERRNERIRERRNNRNNNNRNNNNNY

17

e . 18 tavwH 13
— tavwi i

w \ WH L

RSN A

e 15 e 16
tovwi 'wuox_'l
DATAIN DATA VALID
le—— , 20 ]
twioz

HIGH IMPEDANCE

DATA OQUT PREVIOUS DATA D,

WRITE CYCLE #2: E CONTROLLED"k

12 |
tavavw: twist j
ADDRESS xX
‘AVEI:?AVSH ‘ELEH“-"SHSL 'EHA):-O‘SMX
E N /r
s / N\
17
taveH: tavsL
E NN tWiEn: fwist 7T

15 —— e 16
fover ovsL teHpx: tsLD
DATA IN DATA VALID X

DATA OUT HIGH IMPEDANCE
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STK14C68
MODE SELECTION
S E w G NE MODE POWER
L X X X X Not Selected Standby
H H X X X Not Selected Standby
H L H L H Read RAM Active
H L L X H Write RAM Active
H L H L L Nonvolatile RECALL" Active
H L L H L Nonvolatlle STORE lce,
H L L L L No operation Active
H L H H X
STORE CYCLES #1 & #2 (Vee = 5.0V + 10%)
SYMBOLS
NO. PARAMETER MIN MAX | UNITS
#1 #2 Alt
22 twiox® | teroxs: fshaxs tsToRE STORE Cycle Time 10 ms
23 twinn? | tewnns: tannks twe STORE Initiation Cycle Time 25 ns
24 tGHNL Output Disable Set-up to NE Fall 5 ns
25 taneL taHsH Output Disable Set-up to E Fall 5 ns
2 INLwL NLEL INLSH NE Set-up 5 ns
27 | teuwi tonwi Chip Enable Set-up 5 ns
28 twieL WisH Write Enable Set-up 5 s

Note n: An automatlc RECALL also takes place at power up, starting when Vgc exceeds 4.1V, and taking tgegar from the time at which Vg exceeds 4.5V,
Vo must not drop below 4.1V once it has exceeded it for the RECALL to function properly.

Note o: If E Is low and S Is high for any period of time in which W s high while G and NE are low, then a RECALL cycle may be Inltiated.

Notep: Measured with W and NE both returned high, and G returned kw. Note that STORE cycles are Inhiblted/aborted by Vg < 4.1V (STORE Inhlbit).

Note q: Once twg has been satlsfied by NE, G, W, S and E, the STORE cycle Is completed automatically. Any of NE, G, W, S or E may be used to terminate the
STORE Initiation cycle.

STORE CYCLE #1: W CONTROLLED®

NE \
E 'G2H4NL 'Nf\SNL tw":.am-l
w N
27 . .r
NN e Tt
s 7777
XXX ITIITR HIGH IMPEDANCE 'Wﬁx V/a
DQ (Data Out) RRERRIRRES /4
STORE CYCLE #2: E or S CONTROLLED®
- J— -
R x\\\\\\\\\\\\\\\\\\\\\\\lt_ et s / >/

25
taHEL 'aHsH

I 4 ) L_—
R s
o —
teLNHs: IsHNSH /

N 4

s // A" /

H teLoxs. IsHoxs pZ
DQ (Data Out) IGH [MPEDANCE a

[~]}

Zl

m
/
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STK14C68
RECALL CYCLES #1, #2 & #3 (Vee = 5.0V + 10%)
SYMBOLS
NO, Ph - o PARAMETER MIN MAX | UNITS

29 toX | teLoxm shoxm taLoxr RECALL Cycle Time 20 us
30 tani® | tener tsHNHR taLnH RECALL Initlation Cycle Time 25 ng
3 e tNLsH taieL NE Set-up o -~
2 teLnL toLeL loLsH Output Enable Set-up 0 ns
a3 YWHNL twHEL: twHSH twhaL Write Enable Set-up 0 ns
34 | tenwe tsHaL teraL tsHaL | Chip Enable Set-up 0 s
35 Loz 25 ns

Noter: Measured with S, W and NE high, and G and E low. _ ~
Note s: Once tyny has been salisfied by NE, G, W, S and E, the RECALL cycle Is completed automatically. Any of NE, G, S or E may be used to terminate the
RECALL Initiation cycle.

Notet: If W is low at any point in which both E and NE are low and G and S are high, then a STORE cycle will be Inftiated Instead of a RECALL.

RECALL CYCLE #1: NE CONTROLLED®

NE N INLNH
32
2 ImmmmiehhisS>y GLNL
W L a3
twHNL
E e
s 7 7
————— M4 35
tELNL: tsHAL theox
DQ (Data Out) R 405 HIGH IMPEDANCE

RECALL CYCLE #2: E, S CONTROLLED®

31
\ INLEL: INLBH

T
e [ —
\N\m\l toreL tash
-— 33 S—
YL bwasH

L7770

Al

o

m %

h———— 30
N ELNHR: ISHNHR
N

V

s /)

e ———— 20 »l

DQ (Data Oun) HIGH IMPEDANCE ‘ELaXA: ISHOXR //// ’m

RECALL CYCLE #3: G CONTROLLED®!

31
taL

FE  ANUNNNNMNIINNNNINNINRNY
G

30
N taLnH

33
twheL

g
E
N

34
N \ teLGLs tsHGL

DQ (Data Out) HIGH IMPEDANCE
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DEVICE OPERATION

The STK14C68 has two modes of operation: SRAM
mode and nonvolatile mode, determined by the state of
the NE pin. Whenin SRAMmode, the memory operates
as an ordinary static RAM. While in nonvolatile mode,
datais transferred in parallel from SRAMto EEPROM or
from EEPROM to SRAM.

SRAM READ

The STK14C68 performs a READ cycle whenever E
and G are LOW and S, NE and W are HIGH. The
address specified on pins Ag.12 determines which of the
8192 data bytes will be accessed. When the READ is
initiated by an address transition, the outputs will be
valid after a delay of tayqy (READ CYCLE #1). If the
READ is initiated by S, E or G, the outputs will be valid
at tsnay, teLov Of taLav Whichever is later (READ CYCLE
#2). The data outputs will repeatedly respond to
address changes within the tayqy access time without
the need for transitions on any control input pins, and
will remain valid until another address change or until
E or G is brought HIGH or S, W or NE is brought LOW,

SRAM WRITE .

A write cycle Is performed whenever Eand Ware LOW
and NE and S are HIGH. The address inputs must be
stable prior to entering the WRITE cycle and must
remain stable until either E or Wgo HIGH or S goes LOW
at the end of the cycle. The data on pins DQg.7 will be
written into the memory if it is valid tpywy before the
end of a W controlled WRITE or tpyey (tovs,) before the
end of an E (S) controlled WRITE.

Itis recommended that G be kept HIGH during the entire
WRITE cycle to avoid data bus contention on common
VO lines. If G is left LOW, internal circuitry will turn off
the output buffers ty,qz after W goes LOW.

NONVOLATILE STORE

A STORE cycle is performed when NE, E and W are
LOW and G and S are HIGH. While any sequence to
achieve this state will initiate a STORE, only Wiinitiation
(STORE CYCLE #1) and E (or S) initiation (STORE
CYCLE #2) are practical without risking an unintentional
SRAM WRITE that would disturb SRAM data. During a
STORE cycle, previous nonvolatile data Is erased and
the SRAM contents are then programmed into nonvola-
tile elements. Once a STORE cycle is initiated, further

input and output are disabled and the DQ,,.; pins are tri-
stated until the cycle is completed.

If € and G are LOW and S, W and NE are HIGH at the
end of the cycle, a READ will be performed and the
outputs will go active, signaling the end of the STORE.

HARDWARE PROTECT

The STK14C68 offers two levels of protection to sup-
press inadvertent STORE cycles. If the control signals
(E, S, G, W, and NE) remain in the STORE condition at
the end of a STORE cycle, a second STORE cycle will
not be started. The STORE(or RECALL) willbe inltiated
only after atransition on any one of these signals tothe
required state. In addition to multi-trigger protection,
the STK14C68 offers hardware protectionthrough Ve
Sense. A STOREcycle will not be initiated, and one in
progress will discontinue if Vo goes below 4.1V. 4.1V
is a typical, characterized value.

NONVOLATILE RECALL

A RECALL cycle is performed when E, G, and NE are
LOW and S and W are HIGH. Like the STORE cycle,
RECALL is initiated when the last of the five clock
signals goes to the RECALL state. Once initiated, the
RECALL cycle will take ty ox to complete, during which
all inputs are ignored. When the RECALL completes,
any READ or WRITE state on the input pins will take
effect.

Internally, RECALL is a two step procedure. First, the
SRAM data is cleared and second, the nonvolatile
information is transferred into the SRAM cells. The
RECALL operation in no way alters the data In the
nonvolatile cells. The nonvolatile data can be recalled
an unlimited number of times.

Like the STORE cycle, atransition must occur on some
control pin to cause a recall, preventing inadvertent
multi-triggering. On power-up, once V¢ exceeds the
V¢e Sense voltage of 4.1V, a RECALL cycle is auto-
matically initiated. The voltage onthe V¢ pin must not
drop below 4.1V once it has risen above it in order for
the RECALL to operate properly. Due to this automatic
RECALL, SRAMoperation cannot commence untilty qx
after Ve exceeds 4.1V. 4.1V is a typical, character-
ized value.
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ORDERING INFORMATION

STK14C68 - 5 C 30 1

[—— Temperature Range
blank = Commercial (0 to 70 degrees C)
| = Industrial (— 40 to 85 degrees C)

——— Access Time
25 =25ns
30 =30ns
35 =35ns
45 = 45ns

Package
P = Plastic 28 pin 300 mil DIP
S = Plastic 28 pin SOIC
C = Ceramic 28 pin 300 mil DIP

Retention / Endurance
blank =10 years / 10,000 cycles
§ = 10 years / 100,000 cycles




