SIMTEH

STK12C68-IM

CMOS nvSRAM
8K x 8 AutoStore™
Nonvolatile Static RAM

Industrial Temperature/Military Screen

FEATURES

+ Industrial Temperature with Military Screening

« 25, 35 and 45ns Access Times

+ 15 mA Icc at 200ns Access Speed

- Automatic STORE to EEPROM on Power Down

- Hardware or Software initiated STORE to
EEPROM

« Automatic STORE Timing

- 100,000 STORE cycles to EEPROM

- 10 year data retention in EEPROM

- Automatic RECALL on Power Up

» Software initiated RECALL from EEPROM

« Unlimited RECALL cycles from EEPROM

 Single 5V+10% Operation

« Commercial and Industrial Temperatures

- Available in multiple standard packages

DESCRIPTION

The Simtek STK12C68-IM is a fast static RAM (25, 35
and 45ns), with a nonvolatile EEPROM element incor-
porated in each static memory cell. The SRAM can be
read and written an unlimited number of times, while
independent nonvolatile data residesin EEPROM. Data
transfers from the SRAM to the EEPROM (the STORE
operation) take place automatically upon power down
using charge stored in an external 100 pF capacitor.
Transfers from the EEPROM to the SRAM (the RECALL
operation) take place automatically on power up. Soft-
ware sequences may also be used to initiate both
STORE and RECALL operations. A STORE can also be
initiated via a single pin.

The STK12C68-IM is available in the following
packages: a 28-pin 300 mil ceramic DIP and a 28-pad
LCC. MIL-STD-883 and Standard Military Drawing
(SMD 5962-94599) devices are also available.
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STK12C68-IM

ABSOLUTE MAXIMUM RATINGS?

Voltage on typical input relative to Vgg. . .. .... .. ... —0.6V1o 7.0V Note a: Stresses greater than those listed under "Absolute Maximum
Voltageon DQg7and G. ... ............... —0.5V to (Voc+0.5V)  Ratings” may cause permanent damage to the device. This is a stress
Temperature underbias . .. ................... -55°C to 125°C  rating only, and functional operation of the device at conditions above
Storage temperature. . .......... ... —65°C to 150°C  those indicated in the operational sections of this specification is not
Power dissipation. .. ......... .. ... ... L 1W  implied. Exposure to absolute maximum rating conditions for extended
DCoutputcurrent ... ... ... . .. .. . .. ... .. ... 15mA  periods may affect reliability.
(One output at a time, one second duration)
DC CHARACTERISTICS (Voo = 5.0V £ 10%)8
INDUSTRIAL
SYMBOL PARAMETER UNITS NOTES
MIN MAX
ICC1b Average Vo Current 95 mA tayay = 25ns
85 mA tayay = 36ns
80 mA tayay = 46ns
I002 Average Vo Current During STORE 7 mA Allinputs < 0.2V or > (V¢ - 0.2V)
ICC?’b Average V¢ Current 15 mA E<0.2V, W2 (Voo —0.2V)
attayay = 200ns others <0.2V or = (Vg - 0.2V)
I004 Average V current during AutoStore™ Cycle 4 mA Allinputs < 0.2V or > (V¢ - 0.2V)
ISB1C Average Vo Current 39 mA tayay = 25ns
(Standby, Cycling TTL Input Levels) 35 mA tayay = 36ns
32 mA tayay = 46ns
Ez V| all others cycling
Isp’ Average V¢ Current 3 mA E2 (Voo —0.2V)
(Standby, Stable CMOS Input Levels) all others V| < 0.2V or 2 (Vg — 0.2V)
I”—Ks Input Leakage Current (Any Input) +1 nA Vo = max
Vin=Vssto Voo
loLk Off State Output Leakage Current 15 nA Vo = max
Vour = VsstoVeo
Vi Input Logic "1" Voltage 2.2 Voetb \ All Inputs
Vi Input Logic "0" Voltage Vgg—5 0.8 \ All Inputs
Vou Output Logic "1" Voltage 24 \ loyTt = —4mA except HSB
VoL Output Logic "0" Voltage 04 \ loyt = 8mA except HSB
Ta Operating Temperature -40 85 °C

Note b: Icc1 and Igc gare dependent on output loading and cycle rate. The specified values are obtained with outputs unloaded.
Note ¢: Bringing E =V will not produce standby current levels until any nonvolatile cycle in progress has timed out. See MODE SELECTION table.

Note d: V¢ reference levels throughout this datasheet refer to Vg if that is where the power supply connection is made, or Vgap if Voex is connected to ground.

AC TEST CONDITIONS
Input Pulse Levels. . ............. ... .. .. ..... V1o 3V
Input Rise and Fall Times. . .. ...................... <5ns
Input and Output Timing Reference Levels. .. ........ ... 1.5V
Outputload......... ... .. .. ... .. .. ... ... See Figure 1

CAPACITANCE® (T,=25°C, f=1.0MHz)

SYMBOL PARAMETER MAX | UNITS CONDITIONS
Ciy Input Capacitance 8 pF AV =0to 3V
Cout Output Capacitance 7 pF AV =0to 3V

Note e: These parameters are guaranteed but not tested.

Output

255 Ohms

ND FIXTURE

% 480 Chms
INCLUDING

Figure 1: AC Output Loading
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SRAM MEMORY OPERATION

READ CYCLES #1 & #2 (Vog = 5.0V + 10%)d
SYMBOLS STK12C68-25-IM | STK12C68-35-IM | STK12C68-45-1M
NO- #1, #2 Alt. PARAMETER MIN MAX MIN MAX MIN MAX UNITS
1 te Qv tacs Chip Enable Access Time 25 35 45 ns
2 tavav tre Read Cycle Time 25 35 45 ns
3 tavav® tan Address Access Time 25 35 45 ns
4 taLav tog Output Enable to Data Valid 10 20 25 ns
5 taxax ton Output Hold After Address Change 5 5 5 ns
6 te ax tz Chip Enable to Output Active 5 5 5 ns
7 tEHQZh thz Chip Disable to Output Inactive 10 17 20 ns
8 taLax toLz Output Enable to Output Active 0 0 0 ns
9 tGHQZh tonz Output Disable to Output Inactive 10 17 20 ns
10 telicon® tea Chip Enable to Power Active 0 0 0 ns
11 tenicel & tpg Chip Disable to Power Standby 25 35 45 ns

Note ¢: Bringing Ex V) will not produce standby currents until any nonvolatile cycle in progress has timed out. See MODE SELECTION table.
Note e: Parameter guaranteed but not tested.

Note f: For READ CYCLE #1 and #2, W is high for entire cycle.

Note g: Device is continuously selected with E low and G low.

Note h: Measured £ 200mV from steady state output voltage.

READ CYCLE #1 f9

- 2 >
tavav
ADDRESS X
3
e 5 tavav
taxax
DQ (Data Out) DATA VALID
READ CYCLE #2f
2 >
tavav
ADDRESS
et 1 gl
teLav R | I
= - . 6 - teHiceL
FLax Y,
e 7
B 4 - tenaz
G taLav
8 9 >
taLax teHaz
DQ (Data Out) DATA VALID
<« 10
teLiceH
ACTIVE
lec STANDBY 4/ N
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WRITE CYCLES #1 & #2 (Vo = 5.0V + 10%)d
SYMBOLS STK12C68-25-IM | STK12C68-35-IM | STK12C68-45-IM
NO. PARAMETER UNITS
#1 #2 Alt. MIN MAX MIN MAX MIN MAX
12 tavav tavav twe Write Cycle Time 25 35 45 ns
13 twLwH twLEH twe Write Pulse Width 20 30 35 ns
14 teLwH teLEn tow Chip Enable to End of Write 20 30 35 ns
15 tovwH tovEH tow Data Set-up to End of Write 10 18 20 ns
16 twHDX teHDX toH Data Hold After End of Write 0 0 0 ns
17 tAvwH tAvEH taw Address Set-up to End of Write 20 30 35 ns
18 tavwiL tavEL tas Address Set-up to Start of Write 0 0 0 ns
19 twHAX tenax twr Address Hold After End of Write 0 0 0 ns
20 twLaz™ twz Write Enable to Output Disable 10 17 20 ns
21 twHax tow Output Active After End of Write 5 5 5 ns

Note h: Measured £200mV from steady state output voltage.
Note i: E or W must be V| during address transitions.
Note j: If W is low when E goes low, the outputs remain in the high impedance state.

WRITE CYCLE #1: W CONTROLLED

- 12 .
tavay
ADDRESS
14 ole 19
tELwH twHax
[N A
- 17 .
« t13 R B tavwH 13 -
W AVWL N b wH L
DO
e 15 e 16,
tovwH twHDx
DATA IN DATA VALID
» 20 . - 21
twiaz twhax
DATA OUT PREVIOUS DATA RIGH IMPEDANCE
WRITE CYCLE #2: E CONTROLLED''
12 .
tavav
ADDRESS X
- 18 14 ol 19
tavEL teLEH tEHAX
E
- 17
taven
- ‘ 13 >
W DUDIIIIIIIIIONONNNNN WLEH L
- R DT
toven teHDX
DATA IN DATA VALID
DATA OUT HIGH IMPEDANGCE
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NONVOLATILE MEMORY OPERATION

MODE SELECTION

E W HSB Ay, - Ag(hex) MODE Vo POWER NOTES

H X H X Not Selected Output High Z Standby

L H H X Read SRAM Output Data Active |

L L H X Write SRAM Input Data Active

L H H 0000 Read SRAM Output Data Active k|l
1555 Read SRAM Output Data k|l
0AAA Read SRAM Output Data k|l
1FFF Read SRAM Output Data K,
10F0 Read SRAM Output Data k|l
OFOF Nonvolatile STORE Output High Z k

L H H 0000 Read SRAM Output Data Active k|l
1555 Read SRAM Output Data k|l
0AAA Read SRAM Output Data k|l
1FFF Read SRAM Output Data K,
10F0 Read SRAM Output Data k|l
OFOE Nonvolatile RECALL Output High Z k

X X L X STORE/Inhibit Output High Z lcco/Standby m

Note k: The six consecutive addresses must be in order listed - (0000, 1555, 0AAA, 1FFF, 10F0, OFOF) for a STORE cycle or (0000, 1555, 0AAA, 1FFF, 10F0,
OFOE) for a RECALL cycle. W must be high during all six consecutive cycles. See STORE cycle and RECALL cycle tables and diagrams for further details.

Note |:  I/O state assumes that G < V. Activation of nonvolatile cycles does not depend on the state of G.

Note m: HSB initiated STORE operation actually occurs only if a WRITE has been done since last STORE operation. After the STORE (if any) completes, the
part will go into standby mode inhibiting all operation until HSB rises.

HARDWARE STORE /RECALL

SYMBOLS

NO. PARAMETER MIN MAX | UNITS NOTES

22 trecaLt RECALL Cycle Duration 20 us Note o

23 tstore tHLHH STORE Cycle Duration 10 ms Voo 24.5V

24 | togay thqz | HSB Low to Inhibit On 1 us

25 trecoven tyuax | HSB High to Inhibit Off 700 ns Note e

26 tASSERT tHLHX External STORE Pulse Width 250 ns Note e
VswiTcH Low Voltage Trigger Level 4.0 45 Vv
I5sB oL HSB Output Low Current 3 mA HSB = VoL, Notee, n
IisB_oH 'HSB Output High Current 5 60 nA HSB =V, Notee, n

Note e: These parameters guaranteed but not tested.
Note n: HSB is an I/O that has a weak internal pullup; it is basically an open drain output. It is meant to allow up to 32 STK12C68-IMs to be ganged together for
simultaneous storing. Do not use HSB to pullup any external circuitry other than other STK12C68 HSB pins.

Note o: A RECALL cycle is initiated automatically at power up when Vg exceeds VswircH. tResTORE is measured from the point at which V¢ exceeds 4.5V.
HARDWARE STORE /RECALL

VSWITCH

Veap J |<7 26 4—{
™ tASSERT

toELAY

HsB [ | [
m | |
L 22, LU 24 $‘ < 25
tRECALL ’$ bELAY tRECOVER

RECALL |
STORE | | | —
| S e 2
tsToRe tsToRe tsToRE
SRAM
Inhibit N z
Power Up RECALL  Brown Out RECALL Power Down STORE HSB Initiated STORE Software STORE
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SOFTWARE STORE/RECALL CYCLE
(Voe = 5.0V + 10%)d

SYMBOLS STK12C68-25-IM | STK12C68-35-IM | STK12C68-45-IM
NO- Std. Alt. PARAMETER MIN MAX MIN MAX MIN MAX UNITS
27 tavav tre Store/Recall Initiation Cycle Time 25 35 45 ns
28 teLa® Chip Enable to Output Inactive 650 650 650 ns
29 tAvELN tae Address Set-up to Chip Enable 0 0 0 ns
30 terenn®? | tep Chip Enable Pulse Width 20 25 35 ns
31 teEHAXN tea Chip Disable to Address Change 0 0 0 ns
32 tReSTORE Power-up Recall Duration 550 550 550 us

Note p:  Once the software STORE or RECALL cycle is initiated, it completes automatically, ignoring all inputs.
Note g: Noise on the E pin may trigger multiple read cycles from the same address and abort the address sequence.
Note r: If the Chip Enable Pulse Width is less than tg qy (see READ CYCLE #2) but greater than or equal to tg) gy, then the data may not be valid at the end
of the low pulse, however the STORE or RECALL will still be initiated.
Note s: W must be HIGH when E is LOW during the address sequence in order to initiate a nonvolatile cycle. G may be either HIGH or LOW throughout.
Addresses #1 through #6 are found in the MODE SELECTION table. Address #6 determines whether the STK12C68-IM performs a STORE or RECALL.
Notet: E must be used to clock in the address sequence for the Software STORE and RECALL cycles.

SOFTWARE STORE/RECALL CYCLE 9"t

28 28
tavay tavav
ADDRESS ADDRESS #1 ADDRESS #2 D( ADDRESS #6 WW@W

30 ) 31 32
tavELN tELEHN tEHAXN

J

LK

- 23 22 .
tstore / RECALL

le—— .29
Loz

DQ(Data Oty ————————&ZD vap > X O X v yHCHMPEDNGE [ (T
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DEVICE OPERATION

The STK12C68-IM has two separate modes of opera-
tion: SRAM mode and nonvolatile mode. In SRAM
mode, the memory operates as a standard fast static
RAM. In nonvolatile mode, data is transferred from
SRAM to EEPROM (the STORE operation) or from
EEPROMto SRAM (the RECALL operation). Inthis mode
SRAM functions are disabled.

STORE cycles may be initiated under user control via a
software sequence or HSB assertion and are also
automatically initiated when the power supply voltage
level of the chip falls below VgwTcH. RECALL opera-
tions are automatically initiated upon power-up and
whenever the power supply voltage level rises above
VswiTcH- RECALL cycles may also be initiated by a
software sequence.

SRAM READ

The STK12C68-IM performs a READ cycle whenever E
and G are LOW and HSB and W are HIGH. The address
specified on pins Ag.12 determines which of the 8192
databyteswillbe accessed. When the READ is initiated
by an address transition, the outputs will be valid after
adelay of tayqy- Ifthe READ is initiated by E or G, the
outputs will be valid at tg| qv or at gL qv, whichever is
later. 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 W or HSB is brought LOW.

SRAM WRITE

A write cycle is performed whenever E and W are LOW
and HSBis high. The address inputs mustbe stable prior
to entering the WRITE cycle and must remain stable
until either E or W go HIGH at the end of the cycle. The
data on pins DQgq_7 will be written into the memory if it
is valid tpywn before the end of a W controlled WRITE
or tpyeH before the end of an E controlled WRITE.

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

SOFTWARE STORE
The STK12C68-IM software STORE cycle is initiated by
executing sequential READ cycles from six specific

address locations. By relying on READ cycles only, the
STK12C68-IM implements nonvolatile operation while
remaining compatible with standard 8Kx8 SRAMs.
During the STORE cycle, an erase of the previous
nonvolatile data is first performed, followed by a pro-
gram of the nonvolatile elements. The program opera-
tion copies the SRAM data into the nonvolatile ele-
ments. Once a STORE cycle is initiated, further input
and output are disabled until the cycle is completed.

Because a sequence of addresses is used for STORE
initiation, it is critical that no other read or write ac-
cesses intervene in the sequence or the sequence will
be aborted.

To initiate the STORE cycle the following READ se-
quence must be performed:

1. Read address 0000 (hex) Valid READ
2. Read address 1555 (hex) Valid READ
3. Read address 0AAA (hex) Valid READ
4. Read address 1FFF (hex) Valid READ
5. Read address 10F0 (hex) Valid READ
6. Read address OFOF (hex) Initiate STORE Cycle

Once the sixth address in the sequence has been
entered, the STORE cycle will commence and the chip
will be disabled. It is important that READ cycles and
not WRITE cycles be used in the sequence, although it
is not necessary that G be LOW for the sequence to be
valid. Afterthe tsTore cycle time has been fulfilled, the
SRAM will again be activated for READ and WRITE
operation.

SOFTWARE RECALL
A RECALL cycle of the EEPROM data into the SRAM is
initiated with a sequence of READ operations in a
manner similar to the STORE initiation. To initiate the
RECALL cycle the following sequence of READ opera-
tions must be performed:

1. Read address  0000(hex) Valid READ
2. Readaddress 1555 (hex) Valid READ
3. Readaddress  OAAA (hex) Valid READ
4. Readaddress  1FFF (hex) Valid READ
5. Readaddress  10FO (hex) Valid READ
6. Read address  OFOE (hex) Initiate RECALL Cycle

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
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EEPROMcells. The nonvolatile datacanberecalled an
unlimited number of times.

AUTOMATIC RECALL

During power-up, or after any low power condition
(Vcap < VswiTcH), when Vgoap exceeds the sense
voltage of VswiTcH, @ RECALL cycle will automatically
be initiated.

If the STK12C68-IM is in a WRITE state at the end of
power-up RECALL , the SRAM data will be corrupted.
To help avoid this situation, a 10K Ohm resistor should
be connected between W and system Vgc.

HARDWARE PROTECT

The STK12C68-IM offers hardware protection against
inadvertent STORE operation during low voltage
conditions. When Vcap < VgwitcH, all externally
initiated STORE operations will be inhibited.

HSB OPERATION -

The Hardware Store Busy pin (HSB) is an open drain
circuit acting as both input and output to perform two
different functions. When driven low by the internal
chip circuitry it indicates that a STORE operation (initi-
ated via any means) is in progress within the chip.
When driven low by external circuitry for longer than
tasserT, the chip will conditionally initiate a STORE
operation after tpg ay.

READ and WRITE operations that are in progress when
HSB is driven low (either by internal or external cir-
cuitry) will be allowed to complete before the STORE
operation is performed, in the following manner. After
HSB goes low, the part will continue normal SRAM
operations for tpg ay.- During tpgLay, a transition on
any address or control signal will terminate SRAM
operation and cause the STORE to commence. Note
thatif an SRAM write is attempted after HSB has been
forced low, the write will not occur and the STORE
operation will begin immediately.

HARDWARE-STORE-BUSY (HSB) is a high speed,
low drive capability bi-directional control line. In order
to allow a bank of STK12C68-IMs to perform synchro-
nized STORE functions, the HSB pin from a number of
chips may be connected together. Each chip contains
a small internal current source to pull HSB HIGH when
it is not being driven low. To decrease the sensitivity
of this signal to noise generated on the PC board, it

may optionally be pulled to Vgox via an external
resistor with a value such that the combined load of the
resistor and all parallel chip connections does not
exceed Igsg oL at VoL. Do not connect this or any
other pull-up to the Vgap node.

If HSB is to be connected to external circuits other than
other STK12C68-IMs, an external pull-up resistor
should be used.

During any STORE operation, regardless of how it was
initiated, the STK12C68-IM will continue to drive the
HSB pin low, releasing it only when the STORE is
complete. Upon completion of a STORE operation, the
part will be disabled until HSB actually goes HIGH.

AUTOMATIC STORE OPERATION

During normal operation, the STK12C68-IM will draw
current from Vgeox to charge up a capacitor connected
tothe Vgap pin. This stored charge will be used by the
chip to perform a single STORE operation. After power
up, when the voltage on the Vgap pin drops below
VswiTcH, the part will automatically disconnect the
Veap pin from Voex and initiate a STORE operation.

Figure 1shows the proper connection of capacitors for
automatic store operation. The charge storage capaci-
tor should have a capacity of atleast 100uF (+ 20%) at
6V. Each STK12C68-IM must have its own 100uF
capacitor. Each STK12C68-IM must have a high
quality, high frequency bypass capacitor of 0.1uF
connected between Vgap and Vgg, using leads and
traces that are as short as possible.

If the AutoStore™ function is not required, then Veap
should be tied directly to the power supply and Vgex
should be tied to ground. In this mode, STORE opera-
tions may be triggered through software control or the
HSB pin. In either event, Vcap (Pin 1) must always
have a proper bypass capacitor connected to it.

In order to prevent unneeded STORE operations, auto-
matic STOREs as well as those initiated by externally
driving HSB LOW will be ignored unless at least one
WRITE operation has taken place since the mostrecent
STOREcycle. Note thatif HSBis driven low via external
circuitry and no WRITEs have taken place, the part will
still be disabled until HSB is allowed to return HIGH.
Software initiated STORE cycles are performed regard-
less of whether or not a WRITE operation has taken
place.
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PREVENTING AUTOMATIC STORES

The AutoStore™function can be disabled on the fly by
holding HSB HIGH with a driver capable of sourcing
15mA at a VOH of at least 2.2V as it will have to
overpower the internal pull-down device that drives
HSB low for 20us at the onset of an AutoStore™.
When the STK12C68-IM is connected for
AutoStore™operation (system Vg connected to Voox
and a 100uF capacitor on Vgap) and Vgg crosses
VswitcH on the way down, the STK12C68-IM will
attempt to pull HSB low; if HSB doesn't actually get
below V., the part will stop trying to pull HSB LOW and
abort the AutoStore™attempt.

LOW AVERAGE ACTIVE POWER

The STK12C68-IM has been designed to draw signifi-
cantly less power when E is LOW (chip enabled) butthe
access cycle time is longer than 55ns. Figure 2below
shows the relationship between lcc and access times
for READ cycles. All remaining inputs are assumed to
cycle, and current consumption is given for all inputs at
CMOSorTTL levels. Figure 3showsthe same relation-
ship for WRITE cycles. When E is HIGH, the chip

consumes only standby currents, and these plots do
not apply.

The cycle time used in Figure 2 corresponds to the
length of time from the later of the last address transi-
tion or E going LOW to the earlier of E going HIGH or the
next address transition. W is assumed to be HIGH,
while the state of G does not matter. Additional current
is consumed when the address lines change state
while E is asserted. The cycle time used in Figure 3
corresponds to the length of time from the later of W or
E going LOW to the earlier of W or E going HIGH.

The overall average current drawn by the part depends
on the following items: 1) CMOS or TTL input levels; 2)
the time during which the chip is disabled (E HIGH); 3)
the cycle time for accesses (E LOW); 4) the ratio of
reads to writes; 5) the operating temperature; 6) the
Ve level; and 7) output load.

VCAP:— 1 N\ o8 Voex Power 100 100
L= Supply
O | % ’g ’g . . . .
. B T o R SRS S SR = 80 [ S ARTTR RN R
§ 0 3 g ' ' ' '
oot 0 u 8 60 |-\ 3
u 4
+20% B == E nvSRAM % :a_’_ -_2
0 5 < 40 |- NN\ <
[] ' []
g H g ' ' g
O u & 20 |- R o — 5
0 0 2 ! - ) ; I
0 5 ‘CMOS:
Vs o 0 : - : - 0 : - : -
T 14 50 100 150 200 50 100 150 200
Cycle Time (ns) Cycle Time (ns)
Figure 1 Figure 2 Figure 3

Schematic Diagram

lcc (Max) Reads lcc (Max) Writes

Note: Typical at 25° C
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ORDERING INFORMATION

STK12C68 - C 35 IM

L Temperature Range
IM = Industrial (-40 to +85°C) with Military Screening

Access Time
25 =25ns
35 =35ns
45 = 45ns

Package
C = Ceramic 28 pin 300 mil DIP with Gold Lead Finish
K = Ceramic 28 pin 300 mil DIP with Solder DIP
L = Ceramic 28 pin LCC
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