STK14C88-M

32K x 8 AutoStore™ nvSRAM
High Performance CMOS

SIMTER

Nonvolatile Static RAM
MIL-STD-883

FEATURES
» 35ns and 45ns SRAM Access Times

» “Hands-off” Store with 100uF Capacitor on
Power Down

» Store to EEPROM Initiated by Hardware, Soft-
ware or AutoStore™ on Power Down

* Recall to SRAM Initiated by Software or Power
Restore

¢ 15mA I at 200ns Cycle Time

¢ Unlimited Recalls from EEPROM to SRAM

¢ 100,000 Store Cycles to EEPROM

¢ 10 Year Data Retention in EEPROM

« Single 5V + 10% Operation

* 32 Pad LCC and 32 Pin 300 mil CDIP Packages

PRELIMINARY
DESCRIPTION

The Simtek STK14C88-M is a fast static RAM with a
nonvolatile, electrically-erasable PROM element
incorporated in each static memory cell. The SRAM
can be read and written an unlimited number of
times, while independent, nonvolatile data resides in
EEPROM. Data transfers from the SRAM to the
EEPROM (the STORE operation) can take place
automatically on power down. Transfers from the
EEPROM to the SRAM (the RECALL operation)
take place automatically on restoration of power. Ini-
tiation of STORE and RECALL cycles can also be
software controlled by entering specific read
sequences. A Hardware STORE may be initiated
with a single pin.
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STK14C88-M

ABSOLUTE MAXIMUM RATINGS?

Voltage on input relativeto Vgg ... ....... -0.5Vto (Voo + 0.5V) Note a:  Stresses greater than those listed under “Absolute Maximum
Voltage onDQy70rHSB............... -0.5Vto (Voo +0.5V) Ratings” may cause permanent damage to the device. This a
Temperalure underbias. . .. .................. —55°C to 125°C stress rating only, and functional operation of the device at con-
ditions above those indicated in the operational sections of this
Storagetemperature . .................. .. ... —65°C to 150°C . N
Powe??i)ssb ation W specification is not implied. Exposure to absolute maximum rat-
""""""""""""""""""" ing conditions for extended periods may affect reliability.
DC output current (1 output at a time, 1sduration)........ 15mA 9 pe ay 4
DC CHARACTERISTICS (Vce = 5.0V + 10%)°
MILITARY
SYMBOL PARAMETER UNITS NOTES
MIN MAX
'cc,b Average V¢ Current 90 mA tavav = 35ns
85 mA tavav = 45ns
Ice,® Average Vo Current During STORE 6 mA All inputs Don’t Care
loca® Average Voc Current at tayay = 200ns 15 A W2 (Veo-0.2V
All others cycling, CMOS levels
lee, “’ Average Voap Current During AutoStore™ 4 mA All inputs Don’t Care
Cycle
Isy d Average Vo Current 30 mA tavav = 35ns, E 2V
{Standby, Cycling TTL Input Levels) 28 mA tavay =45ns, E2 Viy
Isa,? Ve Standby Current 3 mA E2(Vge—-0.2V)
{Standby, Stable CMOS Input Levels) All others Vi < 0.2V or 2 (Voo = 0.2V)
I Input Leakage Current +1 WA Voo = max
B ViN=Vss to Voo
loLk Off-State Output Leakage Current 45 A Ve = max _
ViN=VsstoVee, EorG2Viy
Vi Input Logic *1* Voltage 22 Voo +. v All inputs
ViL Input Logic 0" Voltage Vgs—.5 08 \" All inputs
Vou Qutput Logic “17 Voltage 24 v louT =—4mA except HSB
VoL Qutput Logic "0” Voltage 04 v loyt = 8mA except HSB
VeL Logic “0° Voltage on HSB Quiput 04 v loyT = 3mA
Ta Operating Temperature -55 125 °C
Note b:  lce and Igc, are dependent on output loading and cycle rate. The specified values are obtalned with outputs unioaded.

V¢ reference levels throughout this datasheet refer to V¢ if that is where the power supply connection is made, or Veap If Veex is connected

5.0V

480 Ohms

1 woer

INCLUDING SCOPE
AND FIXTURE

OUTPUT > g

255 Ohms

Notec: lee, and I . e the average currents required for the duration of the respective STORE cycles (lsrore) -
Note d: E >V will not produce standby current levels untll any nonvolatile cycle in progress has timed out.
Note e:
to ground.
AC TEST CONDITIONS
Inputpulselevels ................ ... ... . ... 0oV to 3V
Inputrise andfalltimes. ....................ooiiininn.., <5ns
Input and output timing reference levels. . ................ 15V
Outputload .. ...... ... .. ... .. . i, See Figure 1
CAPACITANCE' (T, =25°C, f = 1.0MHz)
SYMBOL PARAMETER MAX UNITS CONDITIONS
Cin Input capacitance 5 pF AV =0to 3V
Cout Output capacitance 7 pF AV =0to 3V
Note i: These parameters are guaranteed but not tested.

BN 4274887 0COOD91L7 571 WA

Figure 1: AC Output Loading
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STK14C88-M

SRAM READ CYCLES #1 & #2

(Voe = 5.0V £ 10%)

NO. SYMBOLS PARAMETER STK14C88-35M STK14C88-45M UNITS
#1, #2 Alt. — J_MIN MAX BIN _l!AX
1 teray tacs Chip Enable Access Time a5 45 | ns |
2 tavav® tre Read Cycle Time 35 45 ns
3 tavav® taa Address Access Time 35 45 ns
4 tarav tor Output Enable to Data Valid 15 20 ns
5 taxax’ ton Output Hold After Address Change 3 3 ns
] terax Wz Chip Enable to Output Active 5 5 ns
7 tenaz tyz Chip Disable to Cutput inactive 13 15 ns
8 taLax toLz Qutput Enable to Output Active 0 0 ns
9 taHaz® toHz Output Disable to Qutput Inactive 13 15 ns
10 teLiccH tpa Chip Enable to Power Active 0 0 ns
1 tericoL tes Chip Disable to Power Standby 35 45 ns
Noteg: W and HSB must be high during SRAM read cycles.
Note h: Device is continuously selected with E and G both low.
Notei: Measured + 200mV from steady state output voltage

SRAM READ CYCLE #1 (Address Controlled)d

2
tavav

ADDRESS D 4
s

taxax

DQ(Data Out) DATA VALID
SRAM READ CYCLE #2 (E controlled)?d
| t ﬁ!ﬁv f
ADDRESS * *
1

. teav temooL

£ N tELaX 7777
7
teHaz
G N ‘i o
4 tgHaz — ™|
5 talav

tatox

bQ@ataOw) e RRIATES TN, DATA VALID
- 10
teLiceH
ACTIVE

lec STANDBY ‘1_

I 3274887 0000918 4348 EE
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STK14C88-M

SRAM WRITE CYCLES #1 & #2 (Vce =5.0V £ 10%)
SYMBOLS STK14CB88-35M STK14C88-45M
NO. PARAMETER UNITS
#1 #2 Alt. MIN MAX MIN MAX
12 tavav tavav twe Write Cycle Time 35 45 ns
13 twiwn twieH twp | Write Pulse Width 25 30 ns
14 terwn teLEn tow Chip Enable to End of Write 25 30 ns
15 tovwH toveH tow Data Set-up to End of Write 12 15 ns
16 twHDX teHDX tpH Data Hold After End of Write 0 0 ns
17 tAVWH tAVEH taw Address Set-up to End of Write 25 30 ns
18 tavwi tavEL tas Address Set-up to Start of Write 0 0 ns
19 twHAX 1EHAX twR Address Hold After End of Write 0 0 ns
20 | twied™ twz | Write Enable to Output Disable 13 15
21 twHax tow Output Active After End of Write 5 5 ns

Note j: [W is low when E goes low the outputs remain in the high impedance state.
Note k: E or W must be 2 V), during address transitions.
Notel: HSB must be high during SRAM Wirite cycles.

SRAM WRITE CYCLE #1: W CONTROLLEDK |

2 |
tavav
ADDRESS ) 4
19 I
14 le—tpriax
- teLwH
E N py A
17
tAVWH
18
[ tavw
L 13
w } N\ ¥ twLwH -
15 16
TDVWH twHDX
DATA IN
20 DATA VALID
twioz
21 o
TWHGX
DATA OUT PREVIGUS DATA N HIGH IMPEDENCE !m

SRAM WRITE CYCLE #2: E CONTROLLEDK !

L 12
tavav

ADDRESS [ X X

8 14 19
[ {avEL tELEH TEHAX

mi
A
j

17

taven
| 13
o EH
w AT 4 Z
. 15 16 ol
tpveH tenpx
DATAIN I DATA VALID
DATA OUT HIGH MPEDENCE

T~ B 3274887
0ooos19 374 WA 5-26

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



STK14C88-M

HARDWARE MODE SELECTION

E W FSB Ay - Ag (hex) MODE vo POWER NOTES
H X Not selected Output high Z " Standby
Read SRAM i
L H H X Software Disabled Output data Active
L H X Write SRAM Input Data Active
X X X Nonvolatile STORE Output high Z loco m,j
0E38 Read SRAM Qutput data
31C7 Read SRAM Output data
L H H Q3E0 Read SRAM OQutput data Active
ac1F Read SAAM Output data "o P
303F Read SHAM Output data
OFCO Nonvolatile STORE Output high Z Ich
0E38 Read SHAM Qutput data
31C7 Read SHAM Output data
03E0 Read SHAM Qutput data . n,o,p
L H H 3ciF Rbad SRAM Output data Adtive
303F Read SRAM Output data
0ces Nonvolatile RECALL Output high Z

Note m: HSB store operation occurs only if an SRAM write has been done since the last nonvolatile cycle. After the store (if any) completes the part will
go into standby mode inhibiting all operations until HSB rises.

Note n:
Note o:
Note p:

HARDWARE STORE CYCLE (Ve = 5.0V + 10%)

The six consecutive addresses must be in order listed. W must be high during all six consecutive cycles to enable a nonvolatile cycle.
While there are 15 addresses on the STK14C88-M, only the lower 14 are used to control software modes.
11O state assumes G < V.. Activation of nonvolatile cycles does not depend on state of G.

SYMBOLS STK14C88-M
NOC. PARAMETER UNITS | NOTES
Standard Alternate MIN MAX
22 tsTORE thinz STORE Cycle Duration 10 ms i,q
23 tpELAY tHLQzZ Time aliowed to Complete SRAM Cycle 1 ns (N4
24 tReCOVER tHHGX Hardware Store High to Inhibit Off 700 ns q,s
25 tHLHX Hardware Store Pulse Width 20 ns
26 tHusL Hardware Store Low to Store Busy 300 ns
Noteq: E and G low for output behavior.
Noter: E and G low and high for output behavior.
Notes: tgecoven is only applicable after tgrope is complete.

HARDWARE STORE CYCLE

25
HLHX
HSB (N) \
24
tRecOvER |
2
tsTore
toe ‘i
- HLBL
HSB (oUT) -
¢ HIGH IMPEDENCE L // HIGH IMPEDENCE
2
DELAY
DQ (Data Out) DATA VALID /// QLRI DATA VALID
- Il 28274447 0000920 09: WA
5-27

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003




STK14C88-M

AutoStore™ / POWER-UP RECALL (Voo =5.0V £ 10%)
SYMBOLS STK14C88-M
NO. PARAMETER UNITS |NOTES
Standard Alternate MIN MAX
27 tRESTORE Power Up RECALL Duration 5§50 ns t
28 tsToRe’ ymz STORE Cycte Duration 10 ms q.u
29 tyseL Low Voltage Trigger (Vawrcn) to HSE Low 300 ns [
30 tDELAY taLaz Time Aliowed to Complete SRAM Cycle 1 us q
al VswircH Low Voltage Trigger Level 40 45 v
32 VRESET Low Voltage Reset Level 3.9
Notet: { starts from the time V¢ rises above Vgwiron.
Note u: HSB s asserted low for 1 s when Veap drops through Vewmey. If a0 SRAM Write has not taken place since the last nonvolatile cycle, ISE will

be released and no STORE will take place.

AutoStore™ | POWER-UP RECALL

Vee

AutoStore™ | | | |

POWER-UP RECALL L
— . 2 28
RESTORE tysBL STORE ",
—] -
HSB L | —
£
toELAY
—

C
C

DQ (Data Out) > < r— OO
POWER UP BROWN OUT BROWN OUT BROWN OUT
RECALL NO STORE AutoStore™ AutoStore™
(NO SRAM WRITES)
NO RECALL NO RECALL RECALL WHEN
(Voc DID NOT GO (Vcc DID NOT GO ABOVE VgwiTcH
BELOW VReseT) BELOW VReseT)

B 22748487 0000921 Tee WA
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SOFTWARE CONTROLLED STORE AND RECALL CYCLESY

STK14C88-M

(Vog = 5.0V + 10%)

SYMBOLS STK14C88-35M STK14C88-45M .
NO. PARAMETER UNITS NOTES
Standard Alternate MIN MAX MIN MAX

33 tavav [ STORE/RECALL initiation Cycle Time| 35 45 ns q
34 terqz End of Sequence to Outputs Inactive 650 650 ns q,v
a5 taveln s Address Set-up Time 0 0 ns v
38 teLERN tow Clock Pulse Width 25 30 ns v
37 {ELAXN Address Hold Time 20 25 ns v
38 tRECALL Recall Duration 20 20 us

Notev: The software sequence is clocked with E controlled reads.

Note w: The six consecutive addresses must be in the order listed in the SOFTWARE MODE SELECTION Table - {OE38, 31C7, 03E0, 3C1F, 303F,

L 33

tavav P

ADDRESS ADDRESS #1 X /4

35 38
taver teLen
- 2
E /4 AN
tELAx ’

DQ(Data Out) LoravaneD y/4

( ) {DATA VALID > ~/

OFCO) for a STORE cycle or (OE38, 31C7, 03E0, 3C1F, 303F, 0C83) for a RECALL cycle. W must be high during all six consecutive cycles.

SOFTWARE CYCLE: E CONTROLLEDY

T T LT Tttt
RS

XXX TR EERLT T
otelatateletetetete et et

B 4274887 0000922 969 WA
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STK14C88-M

DEVICE OPERATION

The STK14C88-M has two separate modes of oper-
ation: 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 EEPROM to SRAM (the RECALL operation).
In this mode SRAM functions are disabled.

NOISE CONSIDERATIONS

The STK14C88-M is a high speed memory and so
must have a high frequency bypass capacitor of
approximately 0.1uF connected between DUT V¢ ap
and Vgg, using leads and traces that are as short as
possible. As with all high speed CMOS ICs, normal
careful routing of power, ground and signals will help
prevent noise problems.

SRAM READ

The STK14C88-M performs a READ cycle whenever
E and G are low and W and HSB are high. The
address specified on pins Ag_14 determines which of
the 32,768 data bytes will be accessed. When the
READ is initiated by an address transition, the out-
puts will be valid after a delay of tayqy (READ CYCLE
#1). If the READ is initiated by E or G, the outputs
will be valid at tg oy or at tg gy, 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 W or HSB is
brought low.

SRAM WRITE

A WRITE cycle is performed whenever E and W are
low and HSB is high. The address inputs must be
stable prior to entering the WRITE cycle and must
remain stable until either E or W goes high at the
end of the cycle. The data on the common /O pins
DQg.; will be written into the memory if it is valid
tovwn before the end of a W controlled WRITE or
toven before the end of an E controlled WRITE.

It is recommended that G be kept high during the
entire WRITE cycle to avoid data bus contention on
common |/O lines. If G is left low, internal circuitry will
turn off the output buffers tyy gz after W goes low.

BB 4274847 0000923 ATS5 WA

POWER UP RECALL

During power up, or after any low power condition
{(Vcap < VReset).an internal recall request will be
latched. When Vg ap once again exceeds the sense
voltage of Vgwitcn, @ RECALL cycle will automati-
cally be initiated and will take tgegToRg to complete.

SOFTWARE NONVOLATILE STORE

The STK14C88-M software STORE cycle is initiated
by executing sequential E controlled READ cycles
from six specific address locations. During the
STORE cycle an erase of the previous nonvolatile
data is first performed, followed by a program of the
nonvolatile elements. The program operation copies
the SRAM data into nonvolatile memory. Once a
STORE cycle is initiated, further input and output are
disabled until the cycle is completed.

Because a sequence of reads from specific
addresses is used for STORE initiation, it is impor-
tant that no other READ or WRITE accesses inter-
vene in the sequence, or the sequence will be
aborted and no STORE or RECALL will take place.

To initiate the software STORE cycle, the following
READ sequence must be performed:

1. Read address OE38 (hex) Valid READ
2. Read address 31C7 (hex) Valid READ
3. Read address 03EO0 (hex) Valid READ
4, Read address 3C1F (hex) Valid READ
5. Read address 303F (hex) Valid READ
6. Read address OFCO (hex) Initiate STORE cycle

The software sequence must be clocked with E con-
trolled reads.

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. After the tgrogg cycle time
has been fulfilled, the SRAM will again be activated
for READ and WRITE operation.

SOFTWARE NONVOLATILE RECALL

A software RECALL cycle is initiated with a sequence
of READ operations in a manner similar to the soft-
ware STORE initiation. To initiate the RECALL cycle,

5-30
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STK14C88-M

the following sequence of E controlled READ opera-
tions must be performed:

1. Read address DE38 (hex) valid READ
2. Read address 31C7 (hex) Valid READ
3. Read address 03E0 (hex) Valid READ
4. Read address 3C1F (hex) Valid READ
5. Read address 303F (hex) Valld READ
6. Read address 0C63 (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. After
the tgecary cycle time the SRAM will once again be
ready for READ and WRITE operations. The RECALL
operation in no way alters the data in the EEPROM
cells. The nonvolatile data can be recalled an unlim-
ited number of times.

AutoStore™ OPERATION

The STK14C88-M can be powered in one of three
modes.

During normal AutoStore™  operation, the
STK14C88-M will draw current from Vgcx to charge
a capacitor connected to the 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 Vgwrcn, the part will
automatically disconnect the Vgap pin from Vgex
and initiate a STORE operation.

Figure 2 shows the proper connection of capacitors
for automatic store operation. A charge storage
capacitor having a capacity of at least 100uf (+ 20%)
rated at 6V should be provided.

In system power mode {Figure 4) both Vgcx and
Veap are connected to the +5V power supply with-

0.1uF

100uF
BV, £20%

Figure 2: AutoStore Mode

Figure 3: AutoStore Inhibit Mode

B 4274847 0000924 731 WA

out the 100uF capacitor. In this mode the
AutoStore™ function of the STK14C88-M will oper-
ate on the stored system charge as power goes
down. The user must however guarantee that Vecoy
does not drop below 3.6V during the 10ms store
cycle.

If an automatic STORE on power loss is not required,
then Vcx can be tied to ground and +5V applied to
Veap (Figure 3). This is the “AutoStore™ Inhibit”
mode in which the AutoStore™ function is disabled.
If the STK14C88-M is operated in this configuration,
references to Vgcx should be changed to Veap
throughout this data sheet. In this mode, STORE
operations_may be triggered through software con-
trol or the HSB pin. It is not permissable to change
between these three options “on the fly”.

In order to prevent unneeded STORE operations,
automatic 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
most recent STORE or RECALL cycle. Software initi-
ated STORE cycles are performed regardless of
whether a WRITE operation has taken place. An
optional pull up resistor is shown connected to HSB.
This can be used to signal the system that the
AutoStore™ cycle is in progress.

HSB OPERATION

The STK14C88-M provides the HSB pin for control-
ling and acknowledging the STORE operations. The
HSB pin is used to request a hardware STORE cycle.
When the HSB pin is driven low, the STK14C88-M
will conditionally initiate a STORE operation after tpg.
LAY: @n actual STORE cycle will only begin if a WRITE
to the SRAM took place since the last STORE or

Figure 4: System Power Mode
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STK14C88-M

RECALL cycle. The HSB pin acts as an open drain
driver that is internally driven low to indicate a busy
condition while the STORE (initiated by any means)
is in progress.

SRAM READ and WRITE operations that are in
progress when HSB is driven low_or after an
AutoStore™ cycle is requested and HSB is pulled
low, are given time to complete before the STORE
operation is initiated. After HSB goes low, the
STK14C88-M will continue SRAM operations for tpg.
Lav- During tpg ay, multiple SRAM READ operations
may take place. If a WRITE is in progress when HSB
is pulled low it will be allowed a time, tpg ays to com-
plete. However, any SRAM WRITE cycles requested
after the DUT pulls HSB low will be inhibited.

The HSB pin can be used to synchronize multiple
STK14C88-Ms while using a single larger capacitor.
To operate in this mode the HSB pin should be con-
nected togsther to the HSB pins from the other
STK14C88-Ms. An external pull up resistor to +5V is
required since HSB acts as an open drain pull down.
Do not connect this or any other pull-up to the Vgap
pin. The Vcap pins from the other STK14C88-M
parts can be tied together and share a single capac-
itor. The capacitor size must be scaled by the num-
ber of devices connected to it. When any one of the
STK14C88-Ms detects a power loss and asserts
HSB, the common HSB pin will cause all parts to
request a STORE cycle (a STORE will take place in
those STK14C88-Ms that have been written since
the last nonvolatile cycle).

During any STORE operation, regardless of how it
was initiated, the STK14C88-M will continue to drive

100

80

€0

40

20 T

Average Active Current (mA)

CMOS

50 100 150 200
Cycle Time (ns)

Fig 2: lcc (max) Reads

BN 4274847 0000925 L78 WA
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the HSB pin low, releasing it only when the STORE is
complete. Upon completion of the STORE operation
the STK14C88-M will remain disabled until the HSB
pin is brought high.

HARDWARE PROTECT

The STK14C88-M offers hardware protection
against inadvertent STORE operation during low
voltage conditions. When Veap < Vgwiren all exter-
nally initiated STORE operations will be inhibited.

AutoStore™ can be completsly disabled by tying
Veex to ground and applying +5V to Vgap This is
the AutoStore™ |nhibit mode; STORES are only initi-
ated by explicit request using either the software
sequence or the HSB pin in this mode.

LOW AVERAGE ACTIVE POWER

The STK14C88-M will draw significantly less current
when it is cycled at times longer than 35ns. Figure 5,
below, shows the relationship between I|cc and
READ cycle time. Worst case current consumption is
shown for both CMOS and TTL input levels (com-
mercial temperature range, Vg = 5.5V, 100% duty
cycle on chip enable). Figure 6 shows the same
relationship for WRITE cycles. If the chip enable duty
cycle is less than 100%, only standby current is
drawn when the chip is disabled.

The overall average current drawn by the
STK14C88-M depends on the following items: 1)
CMOS vs. TTL input levels; 2) the duty cycle of chip
enable; 3) the overall cycle rate for accesses; 4) the
ratio of READ's to WRITE's; 5) the operating temper-
ature; 6) the V¢ level and; 7) 1/O loading.

100

20

g

~ 80

g

=

3 60

[

2

E 40 TTL
] CMOS
(=]

5

>

<

50 100 150 200
Cycle Time (ns)

Fig 3: lcc (Max) Writes
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ORDERING INFORMATION

STK14C88-5L 45 M

(I Temperature Range
M = Military (-55 to 125 degrees C)

Access Time
35 =35ns
45 = 45ns

Package
L=32PadlLCC
C = Ceramic 32-pin 300 mil CDIP

mm &2748487 000092b 504 HA
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