S-24S30R/I
8-word X 8-bit Serial NON-VOLATILE RAM

The S-24S30R/l is a non-volatile CMOS RAM,
composed of a CMOS static RAM and a non-volatile
electrically erasable programmable memory (E2PROM)
to backup the SRAM. The organization is 8-word x 8-
bit (total 64 bits) and data can be transferred serially by

a data bus.

Data is stored from SRAM to E2PROM by the store
signal or an instruction from a CPU, and is recailed
from E2PROM to SRAM by the recall signal or
instruction from a CPU. The SRAM data can be read
or written separately from non-volatile data stored in

the E2PROM.

B Features

Ideal as a peripheral for
microcomputers
Static timing
Minimum input/output interface
Compatible with serial port as
Intel 8051

- Non-volatile functions can be

controlled by software or hardware

- Erroneous store protection

- All inputs and outputs except STORE
and RECALL are compatible with TTL

- High drive output
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+5-V single power supply

(+5V+10%)

Low current consumption
Operating : 5 mA typ.

Store : 5mA typ.
Standby : 1 A max.
Sleep : 1 pA max.

- Compact 8 pin DIP/SOP

E2PROM store cycles:
104 or 105 times

E2PROM data retention: 10 years
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B Pin Arrangement

8-pin DIP Top view 8-pin S0P Top view
\ — —
ce [ 8 [] Vec STORE 1O 8 PRECALL
Vec @2 7mGND
sk []2 7 [] STORE F 3 ¢k oo
DI []3 6 [] RECALL SKm4 5@l
po[]4 5 [] GND CE Chip enable
SK Serial clock
DI Serial data input
DO Serial data output
RECALL | Recall
STORE Store
Vee Power supply voltage ( + 5 V)
GND Ground (0 V)
Figure 1
B Biock Diagram
Non-volatile E2PROM W
Memory Array
//‘ Store
gr//‘ Recall
| Row Static RAM /@/ Control Logic [<—° FECALL
Decoder . le—0 STORE
> 64-bit
Lﬂ Ve
A g—ﬂ GND
\
BF o Instruction > Column | > DO
SK o > Register Decoder l/
L
Yy
Instruction - 3-bit
Decoder Counter
I
Figure 2
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S-24S30R/I

M Absolute Maximum Ratings

Table 1
Item Symbol Conditions Ratings Unit
S-24S30R -65to +125 °C
Storage temperature Tstg
$-245301 -65to + 150 °C
Storage.temperature Tons 5-24530R -10to +85 °C
under bias $-245301 -50to +95 °C
Power supply voltage Vee -0.3to0 +6.0 \
Input voltage Vin -0.3to Ve +0.3 \
Output voltage VouTt 0.0to Ve \
B Recommended Operating Conditions
Table 2
Item Symbol Conditions Min. | Typ. | Max. | Unit
Power supply voltage Vee 45 5.0 5.5 \
High level input voltage1 Viyr | CE, SK, DI 2.0 - Vee \
High level input voltage2 | Vi |STORE, RECALL 3.4 — Vee v
Low level input voltage1 Vier | CE, SK, DI 0.0 — 0.8 Vv
Low level input voltage2 V> |STORE, RECALL 0.0 - 0.8 Vv
$-24S30R 0 — +70 °C
Operating temperature Topr
$-245301 - 40 — +85 °C
Seiko Instruments Inc. 2-25
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S-24S30R/I

Bl DC Electrical Characteristics

Table 3
$-24530R : Ta= 0°Cto+70°C,Vce= +5V10%
$-245301 :Ta= -40°Cto +85°C,Vcc=+5VE10%

item Symbol Conditions Min. | Typ. | Max. | Unit
Operating current consumption Icc DO unloaded —_ 5 10 mA
Sleep current lst Allinputs are GND or V¢ — — 1 HA
Standby current lsg gfezsggé \?(t::erinputs — — 1 LA
Store current Isto — 5 10 mA
Input leakage current I Vin = GND to Ve — 0.1 1 KA
Output leakage current o Vout = GND to V¢ — 0.1 1 HA
CMOS : lgL = 100uA — —_ 0.1 \Y
Low level output voltage VoL
TTL : I = 4.2MA — — 0.4 Vv
CMOS : ign =-100pA Vee-0.1| — — v
High level output voltage VoH T Top = -2mA >4 — — v
Store inhibition voltage Vwi — 3.5 4.2 \
Schmitt width Vwp | STORE, RECALL 04 | — | — v

B Data Hold Characteristics

Table 4
Item Symbol Conditions Min. | Typ. | Max. | Unit
Data hold voltage Vpy |CE=0.2V,RECALLZV(c-0.2V | 15 _ 55 v
Data hold setup time tcoH 50 — —_ ns
Recovery time tr 300 — —_ ns

Data hold mode
Vv
e AV | SR
CE
Vigy =====-XYq]-—--=--~-----==froo---=eoo—s-o-
VbH
Vigg m==-mmmm o oo mmmmmmmo oo o ommomom oo s s
GND rmmmm—mmmmmmmmmmmmmmmm e ¥

Figure 3 Data hold timing chart
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S-24S30R/I

B Capacitance

Table 5
(Ta=25°C, f= 1.0 MHz, Ve =5V)
ltem Symbol Conditions Min. Typ. Max. Unit
input capacitance Cin Vin=0V — — 6 pF
Output capacitance Cout | Vour=0V — — 8 pF

B AC Electrical Characteristics

Table 6 Measurement conditions

Item Conditions S-24S530R S-24530I1 Unit
Input pulse voltage iif DI 0.65t02.2 0.0to3.0 v
STORE, RECALL 0.0t04.0 0.0to 4.0 Y
Input pulse rise/fall time 10 10 ns
I/0 reference voltage 1.5 1.5 v
Output load 1TTL + 100pF 1TTL + 100pF
1. Data input/output timing
Table 7
Item Symbol | Min. Typ. Max. Unit

SK frequency fsk — — 1 MHz

SK high fevel pulse width tskn 0.4 — —_ us

SK low level pulse width tskL 0.4 — — §733

Input data setup time tps 04 — — s

Input data hold time ton 0.08 — — us

SK data valid time tpD — — 03 us

Output disable time thz — _ 1.0 1S

CE setup time tces 0.8 — — us

CE hold time tcen 0.4 — — )7

CE deselect time tcps 0.8 — —_ IS

Seiko Instruments Inc. 2-27
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S-24S30R/I

teps |
CE iy
tees l
LskH LT
SK iy
———] ./
DI Invalid data Valid data Invalid data
teo ] 1o tpp |t<li;
Hi-Z Hi-Z
DO

CE must be kept high during instructions.
When SK rises after selecting CE, the first 1 is taken into Dl input and
the fetch of an instruction starts. All previous 0 isignored.

Figure 4 Control data timing

2. Recall Cycle

Table 8
Item Symbol | Min. Typ- Max. Unit
Recall cycle time trece 2500 — — ns
Recall pulse width trep 500 —_ — ns
Recall disable time trcz —_ — 500 ns
Recall enable time tore 10 — — ns
Recall data access time taRc — — 1000 ns
Recall times are not limited.
_ trec o
- trep
RECALL tarc ’
< trez 5 torc - [~ Undefined data
DO Hi-Z Valid data

2-28
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S-24S30R/!I

3. Store Cycle

Table 9
Item Symbol | Min. | Typ. | Max. | Unit

Store time tsT — — 10 ms
Store pulse width toTe 0.2 —_ — us
Store disable time tsrz — — 1.0 s
Store times: 104/105

Data retention : 10 years

tsT

STORE N

-

tste

-

N\

S

ts1z.

Hi- Z

DO

H Instruction Set

Figure 6 Hardware store

B 3123443 0001797 bbd N

Table 10
Instruction Symbol Format Function
Ik 1o
Write enable latch reset | WRDS | 1XXXX000 |Reset write enable latch (Disable write and store)
Write enable latch set WREN | 1XXXX100 |Setwrite enable latch (Enable write and store)
Read READ | 1AAAX11X |Read data from RAM address AAA
Write WRITE | 1TAAAX011 [Write data into RAM address AAA
Store STO 1XXXX001 |Store RAM data in E2PROM
Recall RCL I1IXXXX101 {Recall EZ2PROM data into RAM
Sleep SLEEP | 1XXXX010 |Entersleep mode
X : Don'tcare
A : Address bit
Seiko Instruments Inc. 2-29



I S-24S30R/I

M Operation
1. Internal latches’

The S-24S30R/I has two latches, one of which controls write operation of the SRAM, and
both of which control permission/inhibition of store operation of the E2PROM.

1.1 Previous recall latch
The previous recall latch controls permission/inhibition of store operation of E2PROM.
It is reset when the power is turned on, and it inhibits store operation of the E2PROM.
It is set by executing the software recall instruction or hardware recall, and it permits
store operation of the E2PROM.

1.2 Write enable latch
The write enable latch controls permission/inhibition of both store operation of the
E2PROM and write operation of the SRAM. lt is reset when the power is turned on or
by executing WRDS instruction, and it inhibits both store operation of the E2PROM and
write operation of the SRAM.
It is set by executing WREN instruction, and it permits both store operation of the
E2PROM and write operation of the SRAM.
When store operation of the E2PROM is completed, the write enable latch is
automatically reset. Therefore, in order to execute store operation again, it is
necessary to execute WREN instruction and to set the write enable latch.

1.3 Both the previous recall latch and the write enable latch must be set for permission of
store operation.

i i o
Software recall instruction Set Set : permission
Hardware recall operation . Reset : inhibition E2PROM
Previous recall .
store operation
latch
control
Reset
Power-on r—
. Set
WREN instruction
SRAM
Write enable write aperation
Power-on latch control
. . Reset Set : permission
WRDS instruction P ——
Store operation completed Reset : inhibition

Figure 7 Internal latch
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S-24S30R/I

2. SRAM mode

2.1 Read
The data is read from the SRAM with READ instruction. Inputting a start bit, 3-bit
address and 4-bit instruction code causes 8-bit data output on DO. In S-24S30R/l, a
bi-directional serial interface can be made by connecting DI and DO. See Figure 8
for the timing.

2.2 Write
The data is written into the SRAM with WRITE instruction. 8-bit data is input on Dl
following a start bit, 3-bit address and 4-bit instruction code. See Figure 9 for the
timing. The write enable latch must be set before WRITE instruction.

3. E2PROM mode
Data is input to and output from the E2ZPROM through the SRAM.

3.1 Store

The SRAM data is copied into the E2PROM when STO instruction is executed or
STORE goes low. The SRAM data does not change after STO instruction. Since the
data stored in the E2PROM is non-volatile, it is retained even if power is turned off. In
the case that store operation is performed while data is output on DO and during read
operation of the SRAM, DO becomes high-impedance. During store operation, all
other operations are inhibited.

Both the previous recall latch and the write enable latch must be set for store

operation.

3.2 Recall
The E2PROM data is recopied into the SRAM when RECALL goes low or RGL
instruction is executed. In the case that recall operation is performed while data is
output on DO and during read operation of SRAM, DO becomes high-impedance.
During recall operation, all other operations are inhibited.

4. Sleep mode

Executing SLEEP instruction disables operation of the SRAM. The E2PROM data is
retained. The sleep mode can be exited by recall operation.

Since the $-24S30R/| is in standby status and the current consumption is low when CE is
at GND level, it is not necessary to set to sleep mode in order to reduce the current

consumption during non-operation.

Seiko Instruments Inc. 2-31
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| S-24S30R/I

5. Operation timing

After CE rose, when SK clock rises and DI becomes high, a start bit is recognized and
the fetch of an instruction starts. Data is fetched to DI terminal at the rise of SK clock.

5.1 Read
D0 is output at the fall of the 8th clock, and others are output at the rise of the clock.

o ST XA X aXaXx /1 1 {x) Hi-Z
DO Hi-Z oY 1 2 X3 X a X5 X6 X7 Xoo—

) o X : Don'tcare
Figure 8 Read mode timing

5.2 Write
Data is written to the SRAM at the rise of the SK ciock.

¢ _/ AN

DI STXAYAYXAXx ) o /7 1 XooX 1 X2 X3 Xa)Xs Xe X 7yt

Figure 9 Write mode timing

5.3 Other operation modes
CE must be low between instructions.

DI 1xXx>(xJ(!2X1,X10)\

Figure 10 Other operation mode
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S-24S30R/I

M interface with CPU with Serial Port

When SK and DI are high at the rise of CE, high of Dl is regarded as a start bit and
the clock 1 generates and the high of Dl is fetched. When Dl is low, Dl is regarded as
a start bit after DI becomes high at the rise of SK.

After power on or after instruction is performed, DI must be set 1 for preparing the
fetch of the start bit of a next instruction.

Figures 11 to 13 shows the timings of write/read, and other operation modes, and
interfacing examples are shown on the next page.

CE
Fetch CPU data

I;Ho 1] [12] |13] |a) 15| sl M7

Fetch data

~CLK

SK

DI

Start bit NI AN DX XXX XXX XX XXX X0
Hi-Z < ‘
DO
b7 Fetch CPU data
Dummy bit Need not to be fetched
Figure 11 Read mode timing
1 1(’ Fetch data (Write to SRAM pS—
SK sl |9 Maol v 12l Ji3l dral_frsl__Is[ {17
pl —O

Start bit

Dummy bit

Figure 12 Write mode timing

E)fcute instruction

CE

( Fetch data

SK

bt —O
Start bit

Dummybit; Recommended to be setto “1” for fetching the
start bit of next instruction

Figure 13 Other operation mode timing
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[S-24S30R/I

Interfacing example 1 : With Intel 8051, 8052

J
PX.X e 7 v
8051, 8052 P31 SK  STORE
P3.0—+—{DI  RECALL—
L DO GND —
Figure 14

Interfacing example 2 : With other CPU

When $-24S530R/I is connected to GPU other than Intel 8051 and 8052, delay circuit
should be set by capacitor and resistor at DO terminal (Figure 15), delaying the signal
more than 200 ns as in Figure 16 to assure the data hold time (ipHy) and the data setup
time (tpsy) of CPU.

A
CE Vee
SK  STORE
CPU Dl RECALL
1kQ
DO GND
];ZOOpF e
Figure 15
sk

-

sk ——1 Mo

| 1
DO valid data m validdata X

(without delay) | |

DO Valid data Valid data >C
(with delay) ,| | to | tosy ,l

tonu

Figure 16
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S-24S30R/I

The maximum speed of the SK clock (fskmax) is expressed by the following formula:

1 1
fskmax = ts =

tpsu + tpHy + tpp Max.

For example, when interfacing with NEC puPD75XX series, fskmax is as follows:

nPD75XX series tpgy
tpHy @ 450 ns min.

: 300 ns min.

S-24830R/l  tpp : 0 ns min., 300 ns max.
§ 1 _ 1x109 _ 1
SMAXT T T T300+450+300  jo5ms

Seiko instruments Inc.
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| S-24S30R/I

H Dimensions (Unit:mm)

1. S-24S30R/l (8-pin DIP)
9.6 max.

EHHHHVST 1 [

A\

gT 4.5 max.

]

iH ¥ 7.5+0.5

A 3.1 min.
1 \
05
254
e—— 7.62 -
Figure 17
2. S-24S30RF/IF (8-pin SOP)
5.15 max. _ y 0.55
sH H H Hs T 'y
- > .................... - 5.1 max. 6.8
O
‘H H B He
/ \ N %s
' : 1.6
i i \
127 . 410.15
0.35
Figure 18
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S-24S30R/I

B Ordering Information

MW Markings

Table 11
Product name Store cycles Sto{;zrqgi:'l(es Temperature Package
$-24530R 01/10 104/105 104/105 0°Cto +70°C Plastic DIP
$-24530101/10 104/105 104/105 -40°Cto + 85°C Plastic DIP
$-24S30RF 01/10 104/105 104/105 0°Cto +70°C Plastic SOP
$-24S301F 01/10 104/105 104/105 -40°Cto +85°C Plastic SOP
1. 8-24530R/I (8-pin DIP)
E 110 9 : Product name

S[as
100

il

5

| @ |

]
1M 12
14 15

2. S-24S30RF/IF (8-pin SOP)

Blis
10

B 3123443 0001805

4 5

Seiko Instruments Inc.

S56h W

10to 12 : Lot No.

13 : Assembly mark

|: 14 : Last column of year
15 : Month of manufacture: January =1, February =2,

March =3, April=4, May=5, June=86,

July = 7,August = 8, September =9, October =X,

November =Y, December=7

1 to 10 : Product name
— 11 : Month of manufacture: Janvary = 1, February = 2,
March =3, April=4, May=5, June=6, July=7,

August =8, September =9, October =X,
November =Y, December=2Z

9 10 1210 13 : Lot No.
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—

B Characteristics

1. DC characteristics

1.1 Operating current consumption lcc —
Ambient temperature Ta

4 \
Icc Vee =5.5V\

(mA)

-40 0 85
Ta(°C)

1.3 Operating current consumption lgc —
SK frequency fsk

1.2 Operating current consumption icc —
Power supply voltage Vg

4
lee /
(mA)

1.4 Sleep/standby current consumption
Isi/lsg — Ambient temperature Ta

Ta=25°C
Vee=5.5V
6 1.0
lec
(mA) Isi/lse
! (pA)
4 ]
0.5
2
Vee=5.5V
0
10k 100k ™ - 40 0 Ta (°C) %
foi (Hz)
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S-24S30R/I

1.5 Storg current consumption Igtg — 1.6 Store current consumption lgto —
Ambient temperature Ta Power supply voltage V¢
6 6
4 4
Isto
Isto
mA Ta=-40°C
(mA) \ Vec=55V (mA) a=-40
2 \ .,
0 0
—40 4 5 6
Ta(°C)
Vee (V)
1.7 Store inhibition voltage V) —
Ambient temperature Ta
6
Vi
v)
4
ﬁ\
2
0 40 0 85
Ta (°C)
2-39
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S-24S30R/l

1.8 Input voltage V)y —
Ambient temperature Ta :

CS, SK, DI
Vcc=4.5V

2.0
Vin
v)

\4;
1.5 ]
0 40 0
Ta (°C)

1.10 Input voltage ViN —
Ambient temperature Ta :
STORE, RECALL (Schmitt input)

1.9 Input voltage Viy —
Power supply voltage V¢ :
CS, SK, Dl

Ta=85°C

2.0

Vin
(V)

1.5 ——
/

VeelV)

1.11 Input voltage Vin —
Power supply voltage Vc¢c:
STORE, RECALL (Schmitt input)

" / Yz

2 2
Vi
VIN V|L2 V|N /

1 1

VCC=45V Ta=850c
0 0

- 40 0 85 4 5 6
Ta(°C
°Q) Ve (V)
2-40 Seiko Instruments Inc.
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S-24S30R/I

1.12 High level output current oy — 1.13 Low level output current Igp —
Ambient temperature Ta Ambient temperature Ta
10 10
[ \ Vee=4.5V | \ Vee=45V
OH = oL V0|_ = 0.4V
(mA) Voy=2.4V (MA)
5 5
0
—40 0 85 0 -40 0
Ta(°0) Ta(°Q)
1.14 High level output voltage Vo — 1.15 Low level output voltage Vo —
Ambient temperature Ta Ambient temperature Ta
4.5 0.6
Vou VoL
V) Vee= 45V V)
cc=4
\\ 0.4
4.0 o y
0.2 7/
35
T
- 40 0 85 -40 0
Ta (°C) Ta (°C)
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S-24S30R/1

2. AC characteristics

2.1 SK pulse width tgx —

Ambient temperature Ta

1.0
sk
(ns)
Vec=4.5V
0.5
0
-40 0 85
Ta (°0)

2.3 Input data setup time tps —
Ambient temperature Ta

100
tps
(ns)

Vec=45V
50 o —
0
-40 0
Ta (°C)
2-42

2.2 SK pulse width tg —
Power supply voltage Vgc

1.0
sk
{ps) Ta=85C
0.5
0
4 5 6
Vec (V)

2.4 Input data hold time tpy —
Ambient temperature Ta

20
toH
(ns)

10

———/
0
-40 0 85
Ta (°C)

Seiko Instruments Inc.
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S-24S30R/I

2.5 SK data valid time tpp — 2.6 Recall pulse width tgcp —
Ambient temperalure Ta Ambient temperature Ta
200 100
trp trep
(ns) Vec=45V (ns)
Vee= y
100 50
0 0
-40 0 85 -40 0
Ta(°C) Ta (°C)
2.7 Recall cycle time tgrgc — 2.8 Store time tgT —
Ambient temperature Ta Ambient temperature Ta
1.0 10
trec - tgr
/ /
0.5 5
0 0
-40 0 85 -40 0
Ta(°C) Ta (°C)
Seiko Instruments Inc. 2-43
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3. Endurance characteristics

Minimum
store
voltage
V)

\
AN

Ta=25°C

0 10 102 103 108 105 106

Store cycles
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