S-2913CR/I

This Materi al

CMOS 1K-bit serial E’PROM

With memory protection, NS code

The S-2913CR/ is a high speed, low power 1K-bit
E2PROM that uses the CMOS floating-gate process.
The organization is 64-word X 16-bit, and it is read or
written serially. Continuous read operation is available,

and at that time addresses are incremented bit-
sequencially. Memory protection is valid in 512 bits
(addresses 0 to 31).

M Features

- Low power consumption
Operating: 2.0 mA max.
Standby: 1.0 pA max.

- Wide operating voltage range
Write : 2710 6.5V
Read:1.8to 6.5V

H Pin Arrangement

- Write operation with built-in timer
- Word/chip erase operation

- Memory protection

- Rewritings: 104 or 105 times

- Dala retention: 10 years

8-pin DIP 8-pin SOP
Top view Top view
-/ SEETEET
¢ [ 8 [JVee NC 0 10 8 M PROTECT
Ve |2 7 mGND
NC
sk [] 2 7 ] cs 3 6 [0 DO
SREE 6 []PROTECT SK {4 5 DI
po[] 4 5 [JGND
(&) Chip select Vee Power supply voltage ( + 5V)
SK Serial clock PROTECT Memory protection control*
DI Serial data input Protection :
5o Serial dat Connected to GND or open
erial data output Without protection :
GND Ground (0 V) Connected to V¢

* Memory protection

This function protects memory contents from erroneous writing when the CPU

malfunctions. When the PROTECT pin is connected to GND or open, write to BANK 1

(addresses 0 to 31) of the memory array is inhibited. Since PROTECT pin has a buiit-in

pull-down resistor, a memory protection functions automatically when it is open.
Figure 1
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S-2913CR/I

B Block Diagram

Memory array

PROTECT 0—  Write BANKI
protection (32 words x 16 bits) Address
BANK2 decoder
(32 words x 16 bits)
Data register Output buffer 5 DO
Dio 1
Mode decode
CSo logic
¢ VCC D—T
SKo Clock generator GND o
Figure 2
B Instruction Set
Table 1
Instruction Start bit Op code Address Data
READ (Read data) 1 10 AstoAg | Dysto Dg*
WRITE (Write data) 1 01 Asto Ag D15to Dy
WRAL (Write all) 1 00 01xxxx D15 to Dy
ERASE (Erase data) 1 11 As to Ag —
ERAL (Eraseall) 1 00 T10xxxx —
EWEN (Program enable) 1 00 1T 1xxxX —
EWDS (Program disable) 1 00 00xxxx —
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x: Don't care

*The 16-bit data in the specified address are read, then
the data in the next address are continuously read
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S-2913CR/I

B Absolute Maximum Ratings

Table 2
Item Symbol Conditions Ratings Unit
Power supply voltage Vee -0.3to +7.0 Y
Input voltage Vin -0.3to Ve +0.3 vV
Output voltage Vourt -0.3to V¢ \Y%
Storage temperature T $-2913CR | -10to +85 °C
bias
under bias $-2913CI | -50to +95 °C
$-2913CR -65to + 125 °C
Storage temperature Tstq
$-2913C1 -65to + 150 °C
B Recommended Operating Conditions
Table 3
Item Symbol Conditions Min. Typ. Max. Unit
Read 1.8 — 6.5 v
Power supply voltage Y
[de
Write 2.7 —_ 6.5 \
Vee=5.0+10% 2.0 — Vcc \Y
High level input voltage ViH Vec=2.7t06.5V | 0.8xVcc — Vee \
Vec=1.8t02.7V | 0.8x V¢ —_ Ve \%
Vee=5.0210% 0.0 — 0.8 \Y
Low level input voltage ViL Vee=2.7106.5V 0.0 — 0.15x Ve Y
Vee=1.8t02.7V 0.0 — 0.2x V¢ \Y
S$-2913CR 0 —_— +70 °C
Operating temperature Topr
$-2913C! -40 — + 85 °C
Seiko Instruments Inc. 2-171
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S$-2913CR/I

B DC Electrical Characteristics

Table 4
(5-2913CR : Ta =0°C 10 70°C, $-2913Cl: Ta = -40°C 10 85°C)
Read/write operations Read operation
Item Smbi Conditions Vee=S.0vEio% Vee=3.0V10% Vee=18102.7V Unit
Min. | Typ. | Max. Min. Typ. Max. Min. Typ. Max.
Current consumption iccr | DO unloades - _ 2.0 — _ 1.0 _ _ 0.5 mA
{READ)
Current consumption lcc2 | DO unloaded — _ 5.0 —- — 2.0 — —_ — mA.
(PROGRAM])
Table 5
{5-2913CR : Ta = 0°C to 70°C, 5-2913CI : Ta=-40°C to 85°C)
Read/write operations Read operation
Item Smbl Conditions Vec=5.0V£10% Vec=2.71065V Vee=181027V Unit
Min. Typ. | Max. Min, Typ. Max. Min. Typ. Max.
Standby current iss | Input: Ve or GND — | =l = - 10 — - 10 | pA
consumption
input leakage current i | Vin=GND 10 Ve —_ 0.1 1.0 bl 0.1 1.0 - 0.1 1.0 pA
Output leakage current o | Vour=GNDto Vee —_ 0.1 1.0 — 0.1 1.0 — 0.1 1.0 pA
Low level output Vo | MOS0t = 100 A — — | 0 - - 0.1 — - 0.1 v
voitage TTL Ip = 2.1mA — | — |oas| — — — - — — v
CMOS
High level output Vou [Vec=27106.5V: low=-100pA | Vec07 [ — | — | Vec07 | ~ — Vee03 | — - v
voltage Vee=1.8102.7 Vi loy=-10 pA
TTL, lgn =-400 pA 2.4 — — — —_ — — —_ —_ v
Write enable latch data Vo 15 _ _ 5 . _ 15 _ _ v
hoid voltage
Pul! down current lpp | PROTECTY = Ve 15 40 120 4 — 200 1 - 40 PA
B Rewriting Times
Table 6
(5-2913CR : Ta=0°C to 70°C, $-2913Cl : Ta =-40°C to 85°C)
item Symbol Conditions Min. | Typ. | Max. Unit
S-2913CR/101 104 —_— — times/word
Rewriting times Ny j
5-2913CR/110 105 — — times/word

M Pin Capacitance

Table 7
(Ta=25°C,f=1.0NMHz, Vcc=5V)
Item Symbol Conditions Min. Typ. Max. Unit
input capacitance Cin Vin=0V —_ — 6 pF
QOutput capacitance Cout |Vour=0V — — 10 pF
2-172 Seiko Instruments Inc.
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S-2913CR/I

M AC Electrical Characteristics

Table 8 Measuring conditions

Input voltage level

0.1%xVccto 0.9 X Ve

Output voltage level 0.5x Ve
Output load 100pF
Table 9
(S-2913CR : Ta=0°Cto 70°C, 5-2913Cl: Ta =-40°C to 85°C)
Read / Write operations Read operation
Item Symbol | Vcc=5.0210% |[Vcc=2.7t06.5V |Vec=1.8102.7V | Unit
Min. | Typ. {Max. | Min. | Typ. |Max. | Min. | Typ. |Max.
CS setup time tcss 0.2 — — 104 | — — 1.0 — — ns
CS hold time tesH 0.2 | — — {04 — | — (10| — — Hs
CS deselect time tcps 0.2 | — — [ 02| — — 1 04| — — Hs
Data setup time tps 02| — — | 04 [ — -— [ 08| — -_— Hs
Data hold time toH 02} — — | 0.4 | — — | 0.8 | — — ns
1 data output delay tpp1 — — |04 | - | —-110)} — | — |20 ps
0 data output delay tpoO —_ — (04 | — —_ 1.0 | — — | 2.0 HS
Clock frequency fsk 00 — |20|00| — 05|00 — | 0.2 {MHz
Clock puise width tskn, tskL| 0.25 | — — 1.0 | — — | 2.5 — — s
Output disable time tHz 0 50 150 0 500 (1000 — — — ns
Output enable time tsy 0 50 | 150 0 500 j1000| — — — ns
Program time tpr 20 | 4.0 10 | 2.0 | 4.0 10 — — — ms
Less, teps
(& /}
o« TskH ‘!4 tskL ! l tesH
s I S e S
t(Q,S_ toH (os| (ton
Di >O<>< valid data ><>OO|( Valid data >/ ><>OO<
&\L tpo1
DO
Figure 3 Timing chart
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S-2913CR/I

B Operation

Note
e (S must be "L"between instructions.
SK and Di must be “L"during verify operation.
e [t is not necessary to erase data before WRITE or WRAL operation.

Read mode

This mode reads data from a specified address. By the READ instruction, data is
triggered at the rise of SK, and output serially to the DO pin. When the final data in
the specified address has been read, an SK is sent and the data in the next address
is read at the rise of SK. The READ instruction is executed regardiess of program
enable or disable mode.

o /7
—
sk NEERERGREREBERONERERENIE 24 Bs| Bl Teq T ;an’;\‘zda -----
o /o L[ElE el
po i 10 ID’SID"IB’3I ----- lnzlﬂllﬂoio‘s[’JmIDuI """ IDzID\lf’n iDuiDulD\a] """ =
t |

BsAaBghaAsAg + 1 AsAsBzAzAAg + 2

—
-
—

Figure 4 Read mode timing

Write data mode

After the WRITE instruction, address and data are sent in program enable mode, CS

must be low once. At the falling edge of its low, data is written into the specified

address. This operation is performed by the internal auto-timing generation circuit

and SK is not necessary. The READY/BUSY status can be found by CS high level

and checking DO pin. During write operation, low level is output to the DO pin, and

after operation, high level is output.

Note : When the PROTECT pin is connected to GND or open, the WRITE
instruction to BANK1 is invalid and data cannot be written into BANK1.

c

eos

cs_/ =3 Verify S standby

—
—

b3

Is. —»q—« T
HZ
DO Hi-Z 22 _ busyj ready

Hi-Z

Figure 5 Write data mode timing
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S-2913CR/I

(3) Write all (WRAL) mode

After the WRAL instruction is sent, in program enable mode, CS must be low once.
At the falling edge of its low, the same data is written into all memory array bits.
This operation is performed by the internal auto-timing generation circuit and SK is
not necessary. The READY/BUSY status can be found by CS high level and
checking DO pin. During write operation, low level is output to the DO pin, and after
operation, high level is output.
NOTE : When the PROTECT pin is connected to GND or open, the WRAL
instruction to BANK1 is invalid, and dala cannot be written into BANK1.

< o Ve sundey
SK 1 2 3 2 [——_—
Dt [ ®\o_o o 2 »
—— uz
DO ok busy—t- ready
tor < Hi-Z

Figure 6 WRAL mode timing

(4) Erase data mode

After the ERASE instruction and address are sent in program enable mode, CS must
be low once. At the falling edge of its low, erase operation of data in the specified
address is started. This operation is performed by the internal auto-timing
generation circuit and SK is not necessary. The READY/BUSY status can be found
by CS high level and checking DO pin. During erase operation, low level is output to
the DO pin, and after operation, high level is output.
NOTE : When the PROTECT pin is connected to GND or open, the ERASE
instruction to BANK?1 is invalid and the data in BANK1 cannot be erased.

cs _/ Jr 7t Verify 3( Standby
teps
SK ] [21 31 Jal [s| Jel [7] Jel [o ] .
DI [ @ 1 X as X aa X a3 X a2z X a1 X a0\ N
, toy I T

DO Hi-2 | busy+f ready —— —

A Hi-Z
tF’H

Figure 7 Erase data mode timing
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[S-2913CR/I

(5) Erase all (ERAL) mode

After the ERAL instruction is sent, in program enable mode, CS must be low once.

At the falling edge of its low, erase operation of all memory array bits is started, and

setto 1. This operation is performed by the internal auto-timing generation circuit

and SK is not necessary. The READY/BUSY status can be found by CS high level

and checking DO pin. During erase operation, low level is output to the DO pin, and

after operation, high level is output.

NOTE : When the PROTECT pin is connected to GND or open, the ERAL
instruction to BANK1 is invalid and the data in BANK1 cannot be erased.

Pyl

cs _/ . jE Verify JC Standby
teos
SK | L 2L 3L lal fsl (el 71 8] [9 ] e
Dl [O) 0 ” [
—>] toy >tz
DO busy—£ " ready
y
] Hi-Z
trr

Figure 8 ERAL mode timing

(6) Program enable (EWEN) and program disable (EWDS) modes
The EWEN instruction puts the S-2913CR/I into program enable (EWEN) mode. In
this mode, WRITE, WRAL, ERASE and ERAL instructions are enabled. The S-
2913CR/I remains in EWEN mode until an EWDS instruction is executed. The EWDS
instruction puts the S-2913CR/ into program disable (EWDS) mode. The WRITE,
WRAL, ERASE and ERAL instructions are ignored in the EWDS mode; this mode is
used to protect data against accidental programming. The S-2913CR/I is in program
disable mode when power is turned on.

cs _/ \ Standby

DI 7 ®\o o/

11=EWEN 4Xs
00 = EWDS

Figure 9 EWEN/EWDS mode timing
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S-2913CR/I

B Dimensions (Unit:mm)

1.5-2913CR/I (8-pin DIP)

9.6 max.
5
6.7 max.
4

4\

! ! j‘ 4.5 max.
I o5
| ’ 13.1 min.
2.54 »l e 0.5 _ 82t094
) I
Figure 10
2.5-2913CRF/IF (8-pin SOP)
5.5 max.

‘H i A/ »
sy

B 8123443 0001941 4L WM

_______________________ - 62
4.6 max.
\
__
—-| |-
0.2
Figure 11
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[S-2913CR/I

B Ordering Information

Table 10

Product name Rewritings / word Temperature Package

$-2913CRO1 104 0°Cto 70°C DIP plastic
$-2913CRFO1 104 0°C to 70°C SOP plastic
$-2913CI01 104 -40°C to 85°C DIP plastic
S-2913CIFO1 104 -40°C to 85°C SOP plastic
S$-2913CR10 105 0°Cto 70°C DIP plastic
$-2913CRF10 105 0°Cto 70°C SOP plastic
$-2913CI10 105 -40°C to 85°C DIP plastic
S-2913CIF10 105 -40°C to 85°C SOP plastic

Note : Each bit is set to 1 before delivery.

M Markings
1. S-2913CR/I (8-pin DIP)

EJ El 1 El C 1 to 6 : Product name
— L 7: Temperature : R=0°C to 70°C, 1=-40°C to 85°C
12 3 4

5 6 gitog: Min. rewriting lime : 01=104, 10=105

EHEIEI j— 10 to 12 : Lot No.
13 : Assembly mark
7 8 9

—
1M 12 14 : Last column of year

10
| j 15 ;: Month of manufacture: January = 1, February = 2,
L L March =3, April=4, May =5, June=6,

13 14 15 July = 7, August = 8, September =9, October = X,

November =Y, December=2

2. S-2913CRF/IF (8-pin SOP)

9 l 1 1o 6 : Product name
3 7 : Temperature : R=0°C to 70°C, 1=-40°C to 85°C
1 2 4 5 .

8 : Package : F=SOP
lEI :F_—J EI 9 to 10 : Min. rewriting lime : 01=104, 10=105
11 : Month of manufacture: January =1, February = 2,
6 7 8 9 10

March = 3, April=4, May=5, June=6, July=7,

August = 8, September =9, Oclober =X,
:I l:l D November =Y, December =27
11 12 13 12 to 13 : Lot No.
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S-2913CR/I

B Characteristics

1. DC Characteristics

1.1 Current consumption (READ) lgc1 — 1.2 Current consumption (READ) Iccy —
Ambient lemperature Ta Power supply voltage Vgg
T T
Ta=25°C
Vcc=55V fok=1MHz
fox = 1 MHz DATA = 0101
DATA =0101
1.0
1.0
lcch lcen
(mA) (mA) /
0 0
-40 0 85 2 4 5 7
Ta (°C) Ve V)
1.3 Current consumption (READ) Igc1 —
Clock frequency fsk
Vee=5.0V
Ta=25°C
1.0
Icc
(mA)
0.5 |
——__-____-—/
0
10K 100K 1M 2M
fok(Hz)
Seiko Instruments Inc. 2-179
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S$-2913CR/I

1.4 Current consumplion (PROGRAM) Icco— 1.5 Current consumption (PROGRAM) Igco —

Ambient temperature Ta Power supply voltage Vg
Vee=5.5V T I-25°c|
DATA 0101 az
DATA 0101
4.0
4.0
[dw)
(mA) leca
\ (mA)
2.0 \\ 2.0 <
0 5 0
-4 5
0 Ta Q) 2 3 4 s 6 7

1.6 Standby current consumption isg—
Ambient temperature Ta

Vee=5.5V

10-6

10-7

Isg | 10-8 /
(a) e

10-9
10-10
10-11
- 40 0 85
Ta (°C)
2-180 Seiko Instruments Inc.
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S-2913CR/I

1.7 Input leakage current I -
Ambient temperature Ta

1.0

I
(uA)

0.5

Vee=5.5V
S=0V
—40 85
Ta(°C)

1.9 Output leakage current | o —
Ambient temperatureTa

Vee=55V
DO=0V
1.0
ho
(pA)
0.5
0 40
N Ta (°C)

1.8 Input leakage current Iy —

Ambient temperature Ta

Vee=5.5V
CS=55V
1.0
I
(nA)
0.5
0
- 40 0
Ta (°Q)

1.10 Output leakage current I g —

Ambient temperalure Ta

Vee=5.5V
DO=55V
1.0
o
(pA)
0.5
0
- 40 0
Ta (°C)

Seiko Instruments Inc.
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S-2913CR/I

1.11 High level output voltage Von - 1.12 Low level output voltage Vg -
Ambient temperature Ta Ambient temperature Ta
Vec=4.5V Vec=4.5V
lon = -400 pA loL=2.1mA
4.6 0.3
Vou VoL
(V) (V)
4.4 0.2

4—/

4.2 0.1
- 40 0 85 -40 0
Ta (°C) Ta (°C)
1.13 High level oulput current oy - 1.14 Low level output current Ig| -
Ambient temperature Ta Ambient temperature Ta
Vec=4.5V Vee=4.5V
Von=38V Vour=0.45V
-5.0 20
lon loL
(mA) (mA)
0 40 0 85 o 40 0
- Ta (°C) - Ta (°C)
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S-2913CR/I

1.15 Input voltage Vyy - 1.16 Input voltage Vi —
Power supply voltage Vo Ambient temperature Ta
T 1
Ta=25°C Vee=5.0V
2.0
2.0 / Vi
V)

% v

1.0

- 40 0 85
1 2 3 4 5 6 7 Ta (°C)

Seiko Instruments Inc. 2-183
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S-2913CR/I

2. AC Characteristics

2.1 Program time tpp - 2.2 Program time tpg -
Power supply voltage Vco Ambient temperature Ta
T T
Ta=25°C Vee=5.0V
6
ter
4 — (ms)
/
tpr — 4
{ms)
2
2
- 40 0
1 2 3 4 5 6 7 Ta (°Q)
Vee (V)
2.3 1 data output delay time tppy - 2.4 0 data output delay time tppg —
Ambient temperature Ta Ambient temperature Ta
Vee=4.5V Vec=4.5V
DATA"0"—"1" DATA”1”—>"0"
0.3 0.3
tpp1 tepo
(ps) (ps)
0.2 0.2
0.1 0.1
-40 0 85 -40 0
Ta (°C) Ta(°0)
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