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STK1390
nvTIME™

8K x 8 Nonvolatile Static RAM

SIMTER

with Real Time Clock

FEATURES

» Solid-state nonvolatile SRAM/RTC solution -

no batteries required

Ideal for metering applications

25, 30, 35 and 45 ns SRAM read/write access

Unlimited read/write cycles to SRAM

NOVCEL™ technology - true nonvolatile RAM

Software and hardware controlled nonvolatile

cycles

« 10 year data retention from each store cycle

» Full-featured Real Time Clock on-chip

+ RTC operates from external capacitor - typical
1 month operation from 0.47F supercap

+ Uses standard 32.768kHz Watch Crystal

» Commercial and industrial temperatures

« 600 mil 32-pin DIP or 400 mil SOIC package

PRELIMINARY
DESCRIPTION

The Simtek STK1390 contains both an 8K fast static
RAM with nonvolatile EEPROM shadow and a mono-
lithic real time clock. The SRAM can be read and writ-
ten an unlimited number of times while independent
nonvolatile data resides in EEPROM. The RTC infor-
mation consists of an additional 64 8-bit registers. The
lower 12 registers are used for time and configuration
information. The upper 52 registers are available for
user information and are shadowed by EEPROM with
each STORE cycle. The RTC registers are accessible
through the SRAM /O pins.

The STK1390 supporis long-term, unpowered opera-
tion of the RTC from a capacitor. This eliminates the
need for batteries without the need for complex alter-
nate power sources.
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ABSOLUTE MAXIMUM RATINGS?

Voltage on typlcal input relativeto Vgg .. ......... -06Vt07.0V Notea: Stresses greater than those listed under “Absolute Maxi-
VoltageonDQpzandG................ -0.5V to (Voo + 0.5V) mum Ratings" may cause permanent damage to the
Voltage on Vgrg relativetoVpg ..o vvvv v vt +0.5Vto-7.0V device. This a stress rating only, and functional operation
Temperature underbias..................... -55°C to 125°G of the device at conditions above those indicated in the
Storage temperature ............ccieieioans ~65°G to 150°C operational sections of this specification is not implied.
Powardissipation. .. ......ovi i et 1w Exposure to absolute maximum rating conditions for
DG OUIPUT GUITBNE. .. v oo v v een e nisarneanenas 19mA extended periods may affect reliability.
(one output at a time, one second duration)
DC CHARACTERISTICS =5.0V+10%
CC
COMMERCIAL INDUSTRIAL
SYMBOL PARAMETER UNITS NOTES
MIN MAX MN MAX
leoy? Average Vg current 85 95 mA tavay = 25ns
80 85 mA tavay = 30ns
75 80 mA tavav = 35ns
65 75 mA tavay = 45ns
'cczd Average Vg current 50 50 mA E2(Vge-02V)
during STORE cycle All others Viny £ 0.2V or 2 (Vgg - 0.2V)
lsg;® Average Vg current 30 34 mA tavay = 25ns
(Standby, cycling TTL input levels) 27 30 mA tavay = 30ns
23 27 mA tavay = 35ns
20 23 mA tavay = 45ns
E = V: all others cycling
lsmo® Averags Vg current 1 1 mA E2(Veg-02V)
(Standby, stable CMOS input levels) All others V) £ 0.2V or 2 (Vg - 0.2V)
IqTce Average VRre current during 2 2 A Voc =0, VRre = -4V
backup modes Typical current = 1pA
Ik Input leakage current 1 +1 BA Ve = max
(any input except VRrc) Viny=Vgs 10 Voo
loLk Off-state output leakage current 15 5 RA Vee = max
Viy=VgstoVee. EorG2Viy
VIH Input logic "1" voltage 2.2 Vec+ .9 22 Veo+ -5 \' All inputs
ViL {nput logic "0” voltage Vgg-.5 0.8 Vgg~.5 08 A Allinputs
VoH Output logic “1" voltage 2.4 2.4 v lour =—4mA
VoL Qutput logic "0" voitage 0.4 0.4 v lout = 8mA
Ta QOperating tempsrature 0 70 -40 85 °G
Note b: ¢, is dependent on output loading and cycle rate. The specified values are obtained with outputs unloaded.
Note ¢c: Bringing E 2 V) or S < Vi will not preduce standby current levels until any nonvolatile cycle in progress has timed out. See MODE SELEC-
TION table.
Note d: Igg, Is the average current required for the duration of the STORE cydle (tsrorg) after the sequence (twc) that initiates the cycle.
Notoe: Igrc is the average current draw from the capacitor. It does not flow through the Vgg pin.
AC TEST CONDITIONS 5.0V
T
Inputpulse lovels. . . ...t .
Input rise and falitimes ............coiiuveiiies . 480 Ohms
Input and output timing reference levels. ................. 1.5V
Outputload .. ... vvi v See Figure 1 Output .
f 30pF
CAPACITANCE (Tp = 25C, f = 1.0MHz2) 255 Ol L INCLUDING
T~ SCOPE
SYMBOL PARAMETER MAX | UNITS | CONDITIONS i AND FIXTURE
Cin Input capacitance 5 pF AV=013V = =
C Output capacitance 7 pF AV=0103V . .
our Figure 1: AC Output Loading
Notef: Thess parameters are guaranteed but not tested.
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STK1390
SRAM READ CYCLES #1 & #2 (Vg = 5.0V £ 10%)
SYMBOLS STK1390-25 | STK1390-30 | STK1390-35 | STK1300-45
NO. PARAMETER UNITS
¥, #2 Alt MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
1 tELav. 'sHaY tacs Chip enable access time 25 30 35 45 ns
2 tavave” tag Read cycle time 25 30 35 45 ns
3 tavay (7YY Adcress access time 25 30 35 45 ns
4 taLqy toe Qutput enablke to data valid 12 15 20 25 ns
5 taxad o Output hok after acdress change 5 5 5 5 ns
6 L ax: ISHGX Wz Chip enable to output active 5 5 5 5 ns
7 teHaz 5102 uz Chip disable to cutput inactive 13 15 17 20 | ns
8 taLax oz Output enable to output active 0 0 0 0 ns
9 taHod tonz | Output disabk to output inactive 13 15 17 20 ns
10 1R ICCH. tSHK:CH' tpa Ghip enable to power active 0 0 0 1] ns
1 teniceL. tsuca® | tes Chip disable to power standoy 25 30 35 45 | ns
12 WHaV twhR Write recovery time 30 35 45 55 ns

Noteg: NE must be high and GK must be low during entire cydle.

Note h: For READ CYCLES #1 and #2, W and NE must be high and CK must be low for entirs cycle,
Notei: Device is continuously selected with E and G both low and S high

Notej: Measured + 200mV from steady state output voltage.

SRAM READ CYCLE #19: h.i
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SRAM READ CYCLE #29:h
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SRAM WRITE CYCLES #1 & #2; G high (Voo = 5.0V +10%)
SYMBOLS STK1390-25 STK1390-20 STK1390-35 STK1390-45
NO. PARAMETER UNITS
#1 #2 Alt. MN | MAX | MIN | MAX | MIN | MAX | MN | MAX
13 |tavawwy tavavw twc | Wiite cycle time 25 30 35 45 ns
14 | twiwH twLEH. tWLSL wp | Write pulse width 20 25 30 35 ns
18 |tpwh tELEH tSHSL tew | Chip enable to end of write 20 25 30 35 ns
16 |tbwwH tovEH: toVsL tow | Data set-up to end of write 12 15 18 20 ns
17 1 twHDX 1EHDX: 1SLDX tpy | Data hold after end of write 0 0 0 0 ns
18 |tavwh taven: tavst taw | Address set-up to end of write 20 25 30 35 ns
19 | tavwL tAVEL. tAVSH tas Address set-up to start of write o 0 0 0 ns
20 | twHax 1EHAX: 1SLAX twR | Address hold after end of write 0 0 0 0 ns
SRAM WRITE CYCLES #1 & #2; G low (Voc = 5.0V £10%)
SYMBOLS STK1390-25 STK1390-30 STK1390-35 STK1390-45
NoO. PARAMETER UNITS
# #2 Alt. MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
13 |tavawy tavavw twe | Write cycle time 45 45 45 45 ns
14 |twawH twiEH: twist twp | Write pulse width 35 35 35 35 ns
15 |tgowH tELEH: TSHSL tcw | Chip enable 1o end of write 35 35 35 35 ns
16 |tpwH toveH. tbvsL tow | Data set-up to end of write 30 30 30 30 ns
17 | twhpx tEHDX: tSLDX tpy | Data hold after end of write 0 0 0 0 ns
18 | tavwH tAVER: tavsL taw | Address set-up to end of write 35 35 35 35 ns
18 |tavwn tAVEL. tAVSH tas Address set-up 1o start of write 0 0 0 0 ns
20 |twHAx tEHAX: 1SLAX twr | Address hold after end of write 0 0 0 0 ns
21 |twcd! twz | Write enable to output disable 35 35 35 35 ns
22 | twHox tow | Qutput active after end of write 5 5 5 5 ns

Notek: E or Wmustbe 2V or S must be < Vy_during address transitions.
Notel: If Wis low when sither E goes low or S goes high, the outputs remain in the high impedancs stats.
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SRAM WRITE CYCLE #1: W CONTROLLEDY K

t 13 ]
AVAVW "
ADDRESS X X
< o3t 2D —’l
ELWH > LsHwH WHAX
E NNAEN A A
s 4z 74 R o NN
ol
19 AVWH
et — 14
AVWL twiwn
w AN Pl
g 16 ey 17
DVWH WHD)?"
DATA IN DATA VALID X
21 22
[ tWLQZ — AE tWHQ)(
DATA OUT PREVIOUS DATA HIGH MPEDANCE: R

SRAM WRITE CYCLE #2: E, S CONTROLLEDY K

PR 13 N
tavavw 'l
ADDRESS X X
19 e 15 — e 20 4!
€ taver:tavsn i teren touse tenax + taiax
E AN A
! R
s | N
— 18
* 5 taven stavse 4
W TR tonen  twiat y
i
16 » 17
l' toven o tovse *— tenox xtsmx"l
DATAIN X DATA VALID )(I

HIGH IMPEDANCE

DATA OUT
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NONVOLATILE MEMORY OPERATION

HARDWARE MODE SELECTION

E s w G NE MODE POWER

H L X X X Not selected Standby

L H H L H Read RAM Active

L H L X H Write RAM Active

L H H L L Nonvolatie RECALL™ Active

L H L H L Nonvolatiie STORE lcco

L H L L L No operation Active

L H H H X

HARDWARE STORE CYCLES #1 & #2 (Voo = 5.0V £ 10%)
SYMBOLS
NO. PARAMETER MIN MAX | UNITS
#1 #2 Alt

23 twiox® teLaxs: 1sHoxs|  'sToRe STORE cycle time 10 ms
24 twineP tELNHS: ISHNHS twes STORE initiation cycle time 25 ns
25 1GHNL Output disable set-up to NE fall 5 ns
26 1GHEL: 1GHSH Output disable set-up to E fall 5 ns
27 INLWL INLEL: INLSH NE set-up 5 ns
28 tELwL tsHa Chip enable set-up 5 ns
29 WLEL: twisH Wiite enable set-up 5 ns

Note m: An automatic RECALL also takes place at power-up, starting when Vo exceeds 4.1V, and taking tpzcar from the ime at which Ve exceeds
4.5V. Ve must not drop below 4.1V once it has exceeded it for the RECALL to function properly.

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

Note o: Measured with W and NE both returned high, and G returned low. Note that STORE cydles are inhibited/aborted by Voo < 4.1V.

Note p: Once tyc has been satistied by NE, G, W, S and E, the STORE cydle is completed automaticelly. Any of NE, G, W, S or E may be used to ter-
minate the STORE Initiation cycle.

HARDWARE STORE CYCLE #1: W CONTROLLED"

NE N P4
a N
: 25 27 24
tam M taow T twinn >
W AN
e— — ]
NN et tawe
N
s 4
t 23
wiox

HIGH IMPEDANGE

DQ(Data Out)

HARDWARE STORE CYCLE #2: E or S CONTROLLED"
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a
w tWLE. twesw >

m

HIGH IMPEDANCE

DQ{Data Out)
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HARDWARE RECALL CYCLES #1, #2 & #3 (Vo =5.0V £ 10%)
SYMBOLS
PARAMETER MIN MAX | UNITS
#1 *2 #3 Alt.

30 tha o eLoXR IsHoxR|  lGLOXR RECALL RECALL cycle time 25 s

31 ' ELNHR ISHNHR|  'GLNH tRcs REGALL initiation cycie time 25 ns

32 L EL. INLsH el NE set-up 0 ns

33 teLhL taLEL. taLsH Quiput enable set-up 0 ns

34 wHNL twHeL. TWHSH TWHGL Write enable set-up 5 ns

35 teLNL TSHNL LGl ISHGL Chip anable set-up o ns
Note q: Measured with S, W and NE high, and G and E low._ o
Noter: Once ty ;; has been satistied by NE, G, W, S and E, the RECALL cycle is completed automatically. Any of NE, G, S or E may be used to ter-

minate the RECALL initiation cycle. _ . .

Notes: [t Wis low at any point in which both E and NE are low and G and S are high, then a STORE cycle will be initiated instead of a RECALL.

HARDWARE RECALL CYCLE #1: NE CONTROLLED"
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HARDWARE RECALL CYCLE #2: E or S CONTROLLED"
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SOFTWARE MODE SELECTION

E S W Aq2 - Ag (hex) MODE /0 POWER NOTES

H L X X Not selected Output high Z Standoy

L H H X Read SRAM Output data Active u

L H L X Write SRAM Input data Active

L H H 0000 Read SRAM Output data Active Lu
15655 Read SRAM Output data tu
0AAA Read SRAM Output data tu
1FFF Read SRAM Output data tu
10F0 Read SRAM Output data tu
OFOF Nonvolatile STORE Output high Z lcco t

L H L 0000 Read SRAM Output data Active tu
1555 Read SRAM Output data tLu
0AAA Read SRAM Output data tu
1FFF Read SRAM Output data tu
10F0 Road SRAM Output data tu
OFOE Nonvolatile RECALL Output high Z t

Notet: The six consacutive addresses must be in the order listed—0000, 1555, 0AAA, 1FFF, 10F0, OFOF for a STORE cydle, or 0000, 1555, 0AAA,
1EFF, 10F0, OFOE for a RECALL cycle. W must be high during all six consacutive cycles. See STORE cycle and RECALL cycle tables and dia-
grams for further details.

Note u: /O state assumes that G < V. Initiation and operation of software nonvolatile cycles does not depend on the state of G.

STORE CYCLE INHIBIT AND AUTOMATIC POWER-UP RECALL

5.0V

41V~
3.5V

\

l ||

STORE inhibft _|

Automatic RECALL
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STK1390
SOFTWARE STORE/RECALL CYCLE (Voo = 5.0V £ 10%)
SYMBOLS STK1390-25 | STK1390-30 | STK1390-35 { STK1390-45
NO. PARAMETER UNITS
# AlL MIN { MAX | MIN | MAX | MIN | MAX | MIN | MAX
36 TAVAVN trc STORE/RECALL initiation cycle time 25 30 35 45 ns
37 5 0z sHoZ. Chip enable to output inactive 85 85 85 85 ns
38 | teLoxs. tsHoxs tstore" STORE cytle tme 10 10 10 10 | ms
39 tELaxR. ISHQXR trecaLlS AECALL cycle time 20 20 20 20 | ps
40 tAVELN: TAvSHNY AE Address set-up to chip enable 0 0 0 0 ns
41 tz el st N 2| tep Chip enable puise width 15 20 25 35 ns
42 TeHAXN: TSLAXNY e Chip disable to address change 0 0 0 0 ns

Notev: Once the software STOARE or RECALL cycle is initiated, it completes automatically, ignoring all inputs,

Notew: Note that STORE cycles (but not RECALLS) are abotted by Vg < 4.1V (STOARE inhibit).

Notex: A AECALL cycle is initiated automatically at power-up when Vi excesds 4.1V, tgecy;  is measured from the point at which Vg exceeds
4.5V.

Notey: Noise onthe E or S pins may trigger multiple read cycles from the same address and abort the address saquencs.

Note z: If the chip enable pulse width is less than tg, oy of tov(see READ GYGLE #2) but greater than or equal 10 g gy OF tgug . then the data
may not be valid at the end of the low pulse. However, the STORE or RECALL will still be initiated.

Note aa: W must be high when E is low and S s high during the address ssquence in order to initiate a nonvolatile cycie. & may be either high or low
throughout. Addresses #1 through #6 are found in tho SOFTWARE MODE SELEGTION tahle. Address #6 determines whether the STK1390
performs a STORE or RECALL

SOFTWARE STORE/RECALL CYCLE?®d

.__._.. 36
tavave I‘— tAVAVN .,
ADDRESS Q( ADDRESSHT IETSEY M, A aiass @W

l 40 41 42 ,’
tAVELN’,H_tELEHN RN P,

tavern | tenain toiaxn V74 ”

. g 7/ T LR

S

14_
tSTOFIE t HEGALL

tELQZ ’ SHQZ

DQ(Data Out) ———————_BRAVAID > - —IT ;
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REAL TIME CLOCK OPERATION

RTC READ CYCLE (Voe =5.0V £10%)
SYMBOLS
NO. o AL PARAMETER MIN MAX UNITS
43 teLQvR IsHQVR | 'RTC RTG READ access time 50 P
44 {ELELR. 'SHSHR RTC READ cycle time 50 s
45 IGHEL: ICHSH CK set-up 10 start of RTC READ 0 ns
46 taveLR. TaveHR®? Address set-up to start of RTC READ 0 ns
47 teHOL tsLeL CK hold from end of RTC READ 0 ns
48 {EHAXR: (SLAXHeb Address hold from end of RTC READ 0 ns
49 tcLav SRAM access time from end of RTC cycle 50 ns
RTC WRITE CYCLE (Vog = 5.0V £ 10%)
SYMBOLS
NO. PARAMETER MIN MAX | UNITS
# AlL
50 {ELEHR 'SHSLR RTC WRITE puise width 50 -
51 WLELR 'WLSHR W set-up to start of RTC WRITE 0 ns
52 IpVELR. IDVSHR Data set-up to start of RTC WRITE 0 ns
53 TEHNHR: 1SLWHR W hold from end of RTC WRITE 0 ns
54 tEHDXA: 1SLDXA Data hold from end of RTC WRITE 0 ns

Note ab: Addresses As - Ag only. All other addresses are ignored during RTC cycles

RTC READ CYCLE
teelh torsrn i
E AN
s b g N
1‘7 tavers tavsra™ e touam
ADDRESS )|<
* teova s teLovl
DQ(Data Out) 3259 DATA VALID —
tCHE:S' t CHSH_. -t EHC:7' tSLCL tCE(Q]V
CK —J

w

RTC WRITE CYCLE
J

e annal S A
ELELR* " SHEBHR

N

Y ™~

46 e, 50 ) 48 ;'
tAVELH .t AVSHH_’ t ELEHR" tSHBLR -t EHAXR' t SLAXR

@ m
Z

ADDRESS

51 53
W \t— 'WLELR' tWLSLH_. [t EHWHA * lSLWHH /
1

|
52 Ju— le—— 54
toverr: Lovenn tenoxn + Teioxa
DATA IN DATA VALID
45 47
toner » tonsn ™) [ tenol leroL
CK
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STK1390

DEVICE OPERATION

The STK1390 has three modes of operation: SRAM
mode, nonvolatile mode and real time clock mode.
The mode is determined by the state of the NE and
CK pin. When in SRAM mode, the memory operates
as an ordinary static RAM. While in nonvolatile
mode, data is transferred in parallel from SRAM tfo
EEPROM or from EEPROM to SRAM. In RTC mode
the STK1390 provides access to the 64 bytes of
RTC register memory.

SRAM READ

The STK1390 performs a READ cycle whenever E
G and CK are low and NE, W and S are high. The
address specified on pins Ay determines which of
the 8192 data bytes will be accessed. When the
READ is initiated by an address transition, the out-
puts will be valid after a delay of tavqv (READ CYGLE
#1). If the READ is initiated by E, S or G, the outputs
will be valid at tg qy. tsHgy OF at tg qy, Whichever is
later (READ CYCLE #2). The data oulputs will repeat-
edly respond fo address changes within the tyyqy
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 is
brought low.

SRAM WRITE

A WRITE cycle is performed whenever E, W and CK
are low and S and NE are high. The address inputs
must be stable prior to entering the WRITE cycle and
must remain stable until either E or W goes high or
S goes low at the end of the ¢ycle. The data on pins
DQy.; will be written into the memory if it is valid
toywn before the end of a W controlled WRITE or
toven or toys before the end of an E or S controlled
WRITE.

It is 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, oz after W goes low.

Keeping G high during WRITE cycles also enables
use of the faster write specifications.
HARDWARE NONVOLATILE STORE

A hardware 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 W initiation (STORE CYCLE #1) and E or S initia-
tion (STORE CYCLE #2) are practical without risking
an unintentional SRAM WRITE that would disturb
SRAM data. During a STORE cycle, previous nonvol-
atile data is erased and the SRAM contents are then
programmed into nonvolatile elements. Once a
STORE cycle is initiated, further input and output are
disabled and the DQy_; pins are tri-stated until the
cycle is completed.

if E and G are low and W, S 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.

SOFTWARE NONVOLATILE STORE

The STK1390 softiware STORE cycle is initiated by
executing sequential READ cycles from six specific
address locations. Because a sequence of reads
from specific addresses is used for STORE initiation,
it is important that no other READ or WRITE
accesses intervene 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 0000 (hex) Valid READ
2. Read address 1555 (hex) Valid READ
3. Read address OAAA (hex) Valid READ
4. Road address 1FFF (hex) Valid READ
6. Read address 10F0 (hex) Valid READ
6. Read address O0FOF (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. After the tgrope cycle time
has been fulfilled, the SRAM will again be activated
for READ and WRITE operation.

HARDWARE PROTECT

The STK1390 offers two levels of protection to sup-
press inadvertent STORE cycles. If the control sig-
nals (€, S, G, W and NE) remain in the STORE
condition at the end of a STORF cycle, a second

5-11




SIMTEK CORP

STK1390

LAE D NN 8274887 00OOu4? 724 MASIK

STORE cycle will not be started. The STORE (or
RECALL) will be initiated only after a transition on
any one of these signals to the required state. In
addition to multi-trigger protection, the STK1390
offers hardware protection through Voo Sense. A
STORE cycle will not be initiated, and one in
progress will discontinue, if Voc goes below 4.1V.
4.1V is a typical, characterized value.

HARDWARE NONVOLATILE RECALL

A hardware RECALL cycle is performed when E, G
and NE are low and W and S 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 qx 10
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, a transition must occur on a
control pin to cause a hardware RECALL, preventing
inadvertent multi-triggering. On power-up, once Vg¢
exceeds the Vg Sense voltage of 4.1V, a RECALL
cycle is automatically initiated. Due to this automatic
RECALL, SRAM operation cannot commence until
tNLQX after VCC exceeds 4.1V,

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,
the following sequence of READ operations must be
performed:

1. Read address 0000 (hex) Valid READ

2. Read address 1555 (hex) Valid READ

3. Readaddress  OAAA (hex) Valid READ

4. Read address 1FFF (hex) Valld READ

5. Read address 10F0 (hex) Valid READ

6. Read address OFOE (hex) Initiate RECALL cycle
RTC ACCESSES

The internal real time clock of the STK1390 is
accessed by executing READ or WRITE cycles while
the CK pin is high. In this mode the DQy.7 signals

correspond to the state of the addressed RTC regis-
ter. Only addresses A5 - A, are used by the RTC.
The other address pins are ignored during RTC
cycles. The 64 RTC registers can be accessed in
any order.

RTC ADDRESS MAP

The address map is shown in Figure 2. The RTC
memory consists of 52 bytes of user RAM, 8 bytes
of RTC time and calendar data and 4 control and
status bytes. All 64 bytes can be directly written or
read except the following:

- The 1/100 seconds byte is read only.
- Bit 7 and 6 of register A is read only.
- Register C is read only.

- The reset register is write only.

The contents of the three control registers (A-C) and
the reset register are described in the RTC REGIS-
TERS section.

TIME AND CALENDAR LOCATIONS

The time and calendar information is obtained by
reading the appropriate register locations as shown
in Figure 2. The time and calendar are set (or initial-
ized) by writing the same locations. The contents of
the eight time and calendar bytes can be encoded in
either binary or binary-coded decimal (BCD) format.

Before initializing the internal time and calendar reg-
isters, the SET bit in Register B should be settoa ‘1’
to prevent internal time/calendar updates while the
registers are being written. Before writing the time
and calendar registers, ensure that the data mode
(DM) bit of Register B is set appropriately for either
binary or BCD data. All registers must use the same
data mode. After writing the time registers the SET
bit must be cleared to allow the real time clock to
update the time and calendar bytes. Once initial-
ized, the real time clock makes all updates in the
selected data mode. The data mode cannot be
changed without re-initializing the time registers.

The time and calandar mode table shows the binary
and BCD formats of the eight time and calendar
locations. The 24/12 bit in Register B establishes
whether the hours location represents 1-t0-12 or 0-
to-24 hour format. The 24/12 bit cannot be changed
without re-initializing the hours location. When the
12-hour format is selected a ‘1’ in the high-order bit
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of the hours byte represents PM and a ‘0’ repre-
sents AM.

USER RAM

The 52 User RAM bytes shown in Figure 2 are not
used for RTC function. They are general purpose
memory and are available during the update cycle.
These are nvSRAM memory bytes that are shad-
owed with EEPROM. During nvSRAM STORE
cycles these bytes are transferred to EEPROM and
during RECALL cycles and at power up they are
copied to SRAM.

RTC UPDATE CYCLE

The STK1390 executes an update cycle once per 1/
100 second, assuming that the SET bit in Register B
is cleared. The SET bit in the ‘1" state will inhibit
internal updates.

The function of the update cycle is to increment the
1/100 seconds byte, check for overflow, increment
the seconds byte when appropriate and so forth
through to the year byte.

Since this update cycle occurs asynchronously with
the reading of the time and calendar registers, it is
possible to read these bytes before the updates
have propagated. This would result in invalid output.
To ensure this does not occur the update-in-
progress (UIP) bit of Register A should be used to
determine when the internal update is in progress.
The UIP bit is synchronized with the update cycle
and will be set to ‘1’ 244us before the update
begins. f a low is read on the UIP bit, the user has
at least 244us before the time/calendar data will be
changed. The UIP bit is cleared after the intemal
update is complete.

RTC REGISTERS

The STK1390 has four control registers that are
accessible at all times, even during the update
cycle. The bits of each of the registers are mapped
to DQy.7 during and RTC read or write.

REGISTER A
REGISTER A FORMAT
M) iSB
BIT7 BIT6é BITS BIT4 BIT3 BIT2 BT1  BITO
WP NW  TEST 0 0 (] 0 (]

UIP - The Update In Progress (UIP) bit is a status

flag set and cleared by the internal circuitry. When
the UIP bit is a ‘1" the update transfer will ocour
within 250us. When UIP is a ‘0, the update transfer
will not occur for at least 250us. The UIP bit is read
only and is not affected by RESET. Writing the SET
bit in Register B to a ‘1’ inhibits any update transfer
and clears the UIP status bit.

NVV - The Non-Volatile Valid (NVV) bit is a status
flag that indicates whether the 8K SRAM bytes or
the 52 User RAM bytes have been written since the
last nonvolatile cycle. This can be used to indicate
whether a STORE is required to protect volatile
data. A ‘0’ indicates that the SRAM and nvSRAM
contents may not be the same and a ‘1’ indicates
that they are identical. The NVV bit is read only and
is not affected by RESET. It will be set by a nonvola-
tile cycle and cleared by a subsequent WRITE
cycle.

TEST - A ‘1" written into this bit puts the device into
test mode. This allows setting of the oscillator fre-
quency and parallel testing of the clock counters.
For normal operation the TEST bit must be a ‘0'.
This bit is read/write and is not affected by RESET.

BIT4 TO BITO - These are unused bits and always
read ‘0.

REGISTER B
REGISTER B FORMAT
MSB LsB
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
SET [ 0 0 0 DM 2412 DSE

SET - When the SET bit is a ‘0’ the update cycle
functions normally by advancing the time registers
once per 1/100 second. When the SET bit is written
to a ‘1’, the 1/100 seconds byte is cleared to 0 and
any update cycle is inhibited, allowing the time and
calendar bytes to be written without any intervening
update cycles. SET is a read/write bit that is not
modified by RESET or internal functions of the
device.

BIT6 TO BIT3 - These are unused bits that always
read ‘0.

DM - The Data Mode (DM) bit indicates whether
time and calendar information is in binary or BCD
format. The DM bit must be set by the user to the
appropriate format and can be read as required.

5-13
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This bit is not modified by RESET or internal func-
tions of the device. A ‘1’ in DM signifies binary for-
mat, while a ‘0’ in DM specifies Binary Coded
Decimal (BCD).

24/12 - The 24/12 control bit establishes the format
of the hours bytes. A ‘1’ indicates the 24-hour mode
and a ‘0’ indicates the 12-hour mode. This is a read/
write bit and is not affected by RESET or internal
functions.

DSE - The Daylight Savings Enable (DSE) bit is a
read/write bit that enables two special updates when
DSE is ‘1. On the first Sunday in April the time
increments from 1:59:59 AM to 3:00:00 AM. On the
last Sunday in October when the time first reaches
1:59:59 AM it changes to 1:00:00 AM. These special
updates do not occur when the DSE bit is a *0'. This
bit is not affected by RESET or internal functions.

REGISTER C

REGISTER C FORMAT

MSB LsB
BIT7 BITé BIT5S BIT4 BIT3 BIT2 BITt BITO
VAT 0 0 0 0 0 0 o

VRT - The Valid RAM and Time (VRT) bit indicates
the history of the crystal oscillator circuit. This bit is
cleared to ‘0’ when the crystal oscillator has stopped
for longer than ~1 second. The most likely cause of
this will be a drop in the Vgrg voltage to less than
-2V during low power mode. This indicates that the
contents of the time/calendar and control/status reg-
isters are questionable. The VRT bit is not modified
by RESET and is set to ‘1’ by reading Register C.

BiT6 TO BITO - These are unused bits that always

read ‘0.

RESET REGISTER

Writing to RTC location 0BH causes the 1/100 sec-
onds, seconds, minutes year registers to be reset to
0. The day of week, date of month and month regis-
ters are set to 1. The hour byte is cleared to 0 if the
24/12 bitis a '1’, and is set to 1 if the 24/12 bit is a
‘0.

Vgrc CAPACITOR

The Vgre pin provides the “ground” connection for
the STK1390. This pin can be connected to ground
if clock operation is not required during a power
loss. If clock operation is required during power loss
a capacitor must be connected between Vgr¢ and
Voo The size of the capacitor is determined by the
maximum clock operating time required and the Igr¢
current specification. For example a 0.47F capaci-
tor, such as the NEC FSOH474Z Supercap will pro-
vide 30 days unpowered clock operation. The
capacitor is connected between Vgrc and Vge.

On power up, the STK1390 provides a time-out to
allow the capacitor on the Vryc pin to charge. When
initially powered up, the Vgrg voltage will rise with
Vge. The STK1390 will pull the Vgys pin back to
ground, charging the capacitor in the process. Until
the Vgre pin reaches about 1V above Vgg the
STK1390 will remain in a standby mode. This
ensures proper operation of the clock. This charging
time can be reduced by connecting a low-leakage
diode between Vgyc and Vgg.

5-14
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0 00 0 17100 SECONDS 00 o
12 1 SECONDS 01 E
BYTES 2 MINUTES 02 %
11 0B 3 HOURS 03 8
12 0C 4 DAY OF THE WEEK {04 é
5 | DATE OF THEMONTH [05 2
52 6 MONTH 06 E
BYTES 7 YEAR 07 @
OF 8 REGISTER A 08
RAM 9 REGISTER B 09
10 REGISTER C 0A
63 3F " RESET oB
Note: Only addresses Ag - Ay are used. Addresses Ay - Ag are ignored.
Figure 2: RTC ADDRESS MAP
TIME AND CALENDAR DATA MODES TABLE
:gg:m FUNCTION D::IN:?EL BINARY DATA MODE T BCD DATA MODE
[} 1100 Seconds 0-99 00-63 00-99
1 Seconds 0-59 00-38 00-59
2 Minutes 0-59 00-38 00-59
3 Hours - 12-hr Mode 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM
Hours - 24-hr Mode 0-23 00-17 00-23
4 Day of the Wesk 1.7 01.97 01-07
Sunday=1
5 Dato of the Month 1-31 01-1F 01-31
6 Month 1-12 01-0C 01-12
7 Year 0-99 00-63 00-99
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ORDERING INFORMATION

STK1390 - 5 C 30 |

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
W = Plastic 32-pin 600 mil DIP
S = Plastic 32-pin 400 mil SOIC

Retention/Endurance
blank = 10 years/10,000 cycles
5 = 10 years/100,000 cycles




