

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M28LV16

Table 7. Read Mode AC Characteristics

(Ta=0to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V)

M28LV16
Symbol | Alt Parameter Test Condition 150 200 300 Unit
min | max | min | max [ min | max
tavav tacc Cg;ijéess Valid to Output E=Vi,G=V 150 200 300 | ns
teLav tee 32;'.'3 Enable Low to Output G=VL 150 200 300 | ns
Output Enable Low to =_
taLav toe Output Valid E=Vi 80 95 150 | ns
tenaz " tor 3.h'zp Enable High to Output G-V 0 45 0 45 0 60 ns
tonaz™ | tor 83}33} Enable High to E=Vi o |5 | o |85 | 0o |60|ns
Address Transition to = =
taxax ton Output Transition E=ViLG=VuL 0 0 0 ns
Note: 1. Output Hi-Z is defined as the point where data is no longer driven.
Figure 9. Read Mode AC Waveforms
AO-A10 T VALID T
tAvQV ———» — tAXQX
E \ [
tGLQV —> |<— tEHQZ —»
g /
[e——— {ELQV ——> l4— tGHQZ —»|
DQO-DQ7 DATA OUT ) HI-Z
AI01511
Note: W = High
Ly7 SGS-THOMSON 7116
Y7 MICROELECTRONICS

489



M28LV16

Table 8. Write Mode AC Characteristics
(Ta =0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V)

Symbol Alt Parameter Test Condition Min Max Unit
tavwL tas | Address Valid to Write Enable Low E=VL,G=Vn | 0 ns
taveL tas Address Valid to Chip Enable Low G=Vi, W=V 0 ns
teLw tces Chip Enable Low to Write Enable Low G=VH 0 ns
— toes ?:Vtvput Enable High to Write Enable E-VL 0 ns
tGHEL toes Output Enable High to Chip Enable Low W=V 0 ns
twLEL twes Write Enable Low to Chip Enable Low G=VH 0 ns
twiax taH Write Enable Low to Address Transition 50 ns
teLax tan Chip Enable Low to Address Transition 50 ns
twLov tov Write Enable Low to Input Valid E=ViLG=Vn 1 us
teLov tov Chip Enable Low to Input Valid G=Vi, W=V 1 s
tELEH twp Chip Enable Low to Chip Enable High 50 1000 ns
twHEH tcen Write Enable High to Chip Enable High 0 ns
twhoL toen \If\(ljr‘;tle Enable High to Output Enable o ns
teHGL toEH Chip Enable High to Output Enable Low 0 ns
tEHWH twen Chip Enable High to Write Enable High 0 ns
twHDX toH Write Enable High to Input Transition 0 ns
teHDX toH Chip Enable High to Input Transition 0 ns
twHwL tweH Write Enable High to Write Enable Low 50 ns
twiwH twp Write Enable Low to Write Enable High 50 ns
tWHWH taLc Byte Load Repeat Cycle Time 0.15 100 ps
tWHRH twe Write Cycle Time 3 ms
tovwH tos Data Valid before Write Enable High 50 ns
tovEH tos Data Valid before Chip Enable High 50 ns

8/16
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M28LV16

Figure 10. Write Mode AC Waveforms - Write Enable Controlled

AO-A10 {' VALID T
HAVWL—>{4— tWLAX

_  ——
E k /
l<—tELWL-> < »— tWHEH
¢ L
tGHWL->1e tWLWH ‘ »— tWHGL
— —\
w \ /
le-tWLDV [— tWHWL
DQO-DQ7 DATA IN T
tDVWH————>1<— tWHDX
Al01521

Figure 11. Write Mode AC Waveforms - Chip Enable Controlled

AO-A10 { VALID
{AVEL ~»*— {ELAX
\ /

r—tGHEL-’*— {ELEH ————— ¥

mi

g / ‘_l—
tWLEL tEHGL

— /—

w { /

I tELDV < »— tEHWH

DQO0-DQ7 DATAIN T
L tDVEH »ie— tEHDX

Al01522

- 9/16
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M28LV16

Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled

AO-ATO X Adoro X Adar1 X Ader2 X:

|
b
B
b
b
’

------- =1

G
tWHWL — tWHRH —»{
— .
" _}ﬁ -
tWLWH tWHWH tWHWH —»j

DQO-DQ7 X Breo X Byet X Bye2 )( .......
DQs _Bren N/ \(

Al01523

Figure 13. Software Protected Write Cycle Waveforms

o]

—
W AAWA WA WA

tWHWL tWHWH

w
AO-A5 X Byte Address X
4—"—IWHDX
! .-
AG-AT0 2AAh sssh X Page Address

tDVWH
DQo-DQ7 X AAh 55h AOh X Byte 0 Byte 62 X Byte 63 K

Al01515

Note: A6 through A10 must specify the same page address during each high to low transition of W (or E) after the software code has been
entered. G must be high only when W and E are both low.

10/16 .
Lyy $5S;THOMSON
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M28LV16

Figure 14. Data Polling Waveforms Sequence

AO-A10 Address of the last byte of the Page Write instruction x

o]}

o
S = e S e S an S

=|

DQ7 DQ7 bQ7 DQ7 DQ7

LAST WRITE INTERNAL WRITE SEQUENCE READY

Al01516

Figure 15. Toggle Bit Waveforms Sequence

A0-A10 x
E J/ AN A AN AN
W J/ i ! z
— E //\ [ VY U
bas — T\ B WY A
LASTWRITE | TOGGLE ' READY
! INTERNAL WRITE SEQUENCE ' '
Al01517
Note: 1  First Toggle bit 1s forced to '0’
y7 SGS-THOMSON 11/16
Y/ MiCROELECTRONICS
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M28LV16

Figure 16. Chip Erase Wavforms

5 Emm— p—
e _—
' j: """" __,_{_,
tELWL — tWLWH — tWHEH
Al01484
Table 9. Chip Erase AC Characteristics
(Ta =0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V)

Symbol Parameter Test Condition Min Max Unit
teLwe Chip Enable Low to Write Enable Low G=12Vv 5 us
twHEH Write Enable High to Chip Enable High G=12v 5 us
twiwH Write Enable Low to Write Enable High G=12v 10 ms

12/16 GS-
IS i
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M28LV16

ORDERING INFORMATION SCHEME

Example: M28LVi6  -200 K 1

i

Speed I I Package l @perature Range
-150 150ns P PDIP24 1 0to70°C
-200 200ns K PLCC32 3* —40to125°C
-300 300ns MS S024 300mils 6 —40t085°C

Note: 3" Temperature range on special request only.

For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory
Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest
to you.

. 13/16
Lyy $55;HOMSON
495



M28LV16

PDIP24 - 24 pin Plastic DIP, 600 mils width

Symb mm inches

Typ Min Max Typ Min Max
A 3.94 5.08 0.155 0.200
A1 0.38 1.78 0.015 0.070
A2 3.56 4.06 0.140 0.160
B 0.38 0.56 0.015 0.021
B1 1.14 1.78 0.045 0.070
0.20 0.30 0.008 0.012
32.26 1.270
E 14.80 16.26 0.583 0.640
E1 12.50 13.97 0.492 0.550

el 2.54 - - 0.100 - -
eA 15.20 17.78 0.598 0.700
L 3.05 3.82 0.120 0.150
S 1.02 2.29 0.040 0.090

o 0° 15° 0° 15°
N 24 24
PDIP24

S e o e 4 PDIP
Drawing is out of scale
14/16 (y7 SGS-THOMSON
Y/ MICROELECTRONIGS
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M28LV16

PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular
Symb mm inches
Typ Min Max Typ Min Max
A 2.54 3.56 0.100 0.140
A1 1.52 2.41 0.060 0.095
B 0.33 0.53 0.013 0.021
‘B 0.66 0.81 0.026 0.032
D 12.32 12.57 0.485 0.495
D1 11.35 11.56 0.447 0.455
D2 9.91 10.92 0.390 0.430
E 14.86 15.11 0.585 0.595
E1 13.89 14.10 0.547 0.555
E2 12.45 13.46 0.490 0.530
1.27 - - 0.050 - -
N 32 32
Nd 7 7
Ne 9 9
cP L 0.10 0.004
PLCC32
- D >
D1 > > A1
. Vamnpmpe g | e B I N
L [e] L
b | B
: 1 e
Ne, 0E1E D2/E2 +
! i B
i | I 11
= — oo T F Y v ! —1
_____ Nd___ A
PLCC [2]cP]
Drawing is out of scale
15/16
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M28LV16

S024 - 24 lead Plastic Small Outline, 300 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 2.46 2.64 0.097 0.104
Al 0.13 0.29 0.005 0.011
A2 2.29 2.39 0.090 0.094
B 0.35 0.48 0.014 0.019
(o} 0.23 0.32 0.009 0.013
D 15.20 15.60 0.598 0.614
E 7.42 7.59 0.292 0.299
e 1.27 - - 0.050 - -
H 10.16 10.41 0.400 0.410
L 0.61 1.02 0.024 0.040
’ o 0° 8° 0° 8°
24 24
CP 0.10 0.004
S024
C

Drawing is out of scale

16/16
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M28C17

PARALLEL ACCESS 16K (2K x 8) EEPROM

= FAST ACCESS TIME: 70ns
= SINGLE 5V £ 10% SUPPLY VOLTAGE
= LOW POWER CONSUMPTION:
— Active Current 30mA
— Standby Current 100pA
= FAST WRITE CYCLE:
— 64 Bytes Page Write Operation
— Byte or Page Write Cycle: 2ms Max
= ENHANCED END OF WRITE DETECTION:
— Ready/Busy Open Drain Output
— Data Polling
— Toggle Bit
» PAGE LOAD TIMER STATUS BIT

= HIGH RELIABLITY SINGLE POLYSILICON,
CMOS TECHNOLOGY:

— Endurance > 100,000 Erase/Write Cycles
~ Data Retention > 10 Years
= JEDEC APPROVED BYTEWIDE PIN OUT
= SOFTWARE DATA PROTECTION

DESCRIPTION

The M28C17 is a 2K x 8 low power EEPROM
fabricated with SGS-THOMSON proprietary single
polysilicon CMOS technology. The device offers
fast access time (70ns) with low power dissipation
and requires a 5V power supply.

The M28C17 offers the same features than the
M28C186, in addition to the Ready/Busy pin.

Table 1. Signal Names

PRODUCT PREVIEW

PDIP28 (P) PLCC32 (K)

S028 (MS)
300 mils

Figure 1. Logic Diagram

Address Input

Data Input / Output

Write Enable

w
E Chip Enable
G Output Enable

RB Ready / Busy

Vee Supply Voltage

Vss Ground

Vce

11 8

AO-A10 :,L',')

—a  Mzsci7
—0

m =

ol

—0

Vss

Al01487

February 1995

1/16

This 1s preliminary information on a new product now in development Detalls are subject to change without notice
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Figure 2A. DIP Pin Connections

Figure 2B. LCC Pin Connections

RB[]1 7 28flvee
NC[ 2 271W
A7[]3 26 ] DU
A6[|4 25[]1 A8
A5[]5 24 [1 A9
A4[l6 23[INC
A3[]7 221G
A2[]8 M28C17 21 []A10
At1[l9 201E
A0 10 19[1DQ7
DQO[] 11 18[1DQ6
DQ1[ 12 171 DQ5
DQ2[]13 16 [1DQ4
Vss [} 14 15[1DQ3
Al01506

1\0|m08 2
<z xz>I2o
o I e B s B e O s O e O e |
4 D32
A6 ] 1A8
A5 ] 1 A9
A4l 1NC
A3]] INC
A2[|9 M28C17 25[1G
A1l 1A10
A0l 1E
NC ] 1DQ7
DQO ] 1DQ6
17
| S S gy Sy Sy sy w—y S
53 B2838
an> [alalya]
Al01508

Warning: NC = No Connection, DU = Don't Use

Figure 2C. SO Pin Connections

RB —|® 283 Vce
NC2 273w
A7C3 26— DU
A6 |4 25[—1A8
A5C5 241A9
Adr—6 23[aNC
A3C]7 221G
A28 M28C17 21 3 A10
A9 20— E
A0 10 19 [ DQ7
DQO—] 11 18 |1 DQ6
DQ1 12 17 22 DQ5
DQ2— 13 16 3 DQ4
Vgs ] 14 15 —1DQ3

Al01507

Warning: NC = No Connection, DU = Don't Use
DESCRIPTION (cont'd)

The circuit has been designed to offer a flexible
microcontroller interface featuring both hardware
and software handshaking with Ready/Busy, Data
Polling and Toggle Bit. The M28C17 supports 64

2/16 -
&7 FSTHUNN

500

Warning: NC = No Connection, DU = Don't Use

byte page write operation. A Software Data Protec-
tion (SDP) is also possible using the standard
JEDEC algorithm.

PIN DESCRITPION

Addresses '(AO-A10). The address inputs select
an 8-bit memory location during a read or write
operation.

Chip Enable (E). The chip enable input must be
low to enable all read/write operations. When Chip
Enable is high, power consumption is reduced.

Output Enable (G). The Output Enable input con-
trols the data output buffers and is used to initiate
read operations.

Data In/ Out (DQO - DQ7). Data is written to or read
from the M28C17 through the I/O pins.

Write Enable (W). The Write Enable input controls
the writing of data to the M28C17.

Ready/Busy (RB). Ready/Busy is an open drain
output that can be used to detect the end of the
internal write cycle.

OPERATION

In order to prevent data corruption and inadvertent
write operations during power-up, a Power On
Reset (POR) circuit resets all internal programming
cicuitry. Access to the memory in write mode is
allowed after a power-up as specified in Table 6.




M28C17

Table 2. Absolute Maximum Ratings (")

Symbol Parameter Value Unit
Ta Ambient Operating Temperature: grade 1 0to 70
grade 3 —401to 125 °C
grade 6 —40t0 85
TstG Storage Temperature Range —65to 150 °C
Vce Supply Voltage -0.3t06.5 Vv
Vio Input/Output Voltage —0.3to Vcc +0.6 \Y
Vi Input Voltage —-0.3t06.5 \
Vesp Electrostatic Discharge Voltage (Human Body model) @ 4000 \

Note: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions
above those indicated in the Operating sections of this specification 1s not implied Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other

relevant quality documents.

Table 3. Operating Modes (")

Mode E G w DQO - DQ7
Read ViL ViL Viy Data Out
Write Vi \ ViL Data In
Standby / Write Inhibit ViH X X Hi-Z
Write Inhibit X Vin Data Out or Hi-Z
Write Inhibit ViL X Data Out or Hi-Z
Output Disable Vi X Hi-Z
Chip Erase ViL Vi @ ViL Hi-Z

Notes: 1. X=Vwor Vi
2. Vin=12V+5%

Read

The M28C17 is accessed like a static RAM. When
E and G are low with W high, the data addressed
is presented on the I/0 pins. The I/O pins are high
impedance when either G or E is high.

Write

Write operations are initiated when both W and E
are low_and G is high.The M28C17 supports both
E and W controlled write cycles. The Address is
latched by the falling edge of E or W which ever
occurs last and the Data on the rising edge of E or
W which ever occurs first. Once initiated the write
operation is internally timed until completion.

Page Write

Page write allows up to 64 bytes to be consecu-
tively latched into the memory prior to initiating a

programming cycle. All bytes must be located in a
single page address, that is A6-A10 must be the
same for all bytes. The page write can be initiated
during any byte write operation.

Following the first byte write instruction the host
may send another address and data after the rising
edge of E or W which ever occurs first (twhwh). If
a transition of E or W is not detected within a
minimum time (twHwH max), the internal program-
ming cycle will start.

Chip Erase

The contents of the entire memory may be erased
(FF) by use of the Chip Erase command by setting
Chip Enable (E) Low and Output Enable (G) to
12V. The chip is cleared when a 10ms low pulse is
applied to the Write Enable pin.

. 3/16
L7 363THONS0N
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Figure 3. Block Diagram

RB E G w
Vpp GEN RESET [« CONTROL LOGIC —
f
I
asato—\ ADDREss LN
(Page Address) |4 LATCH 14 g
Q
| & 64K ARRAY
o
—N| ADDRESS x
A0-AS —| LATCH
Y DECODE SENSE AND DATA LATCH
1/0 BUFFERS e
PAGE LOAD
TIMER STATUS
TOGGLE BIT
DATA POLLING
DQO-DQ7
Al01488

Microcontroller Control Interface

The M28C17 provides two write operation status
bits and one status pin that can be used to minimize
the system write cycle. These signals are available
on the I/O port bits DQ7 or DQ6 of the memory
during programming cycle only, or as the RB signal
on a separate pin.

Figure 4. Status Bit Assignment

DQ7 D8 DQS DQ4 DQ3 DQ2 DQ1 DQO
[ op | 78 [pPuTs| Hiz [ iz | Hiz | Hiz [Hiz ]

DP Data Polling

Toggle Bit

[}

8 g9
PLTS = Page Load Timer Status

Data Polling bit (DQ7). During the internal write
cycle, any attempt to read the last byte written will
produce on DQ7 the complementary value of the
previously latched bit. Once the write cycle is fin-

4/16 ] -
L7 3ESTHOMSON
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ished the true logic value appears on DQ7 in the
read cycle.

Toggle bit (DQ6). The M28C17 also offers another
way for determining when the internal write cycle
is completed. During the internal Erase/Write cycle,
DQ6 will toggle from "0" to "1" and "1" to "0" (the
first read value is "0") on subsequent attempts to
read the memory. When the internal cycle is com-
pleted the toggling will stop and the device will be
accessible for a new Read or Write operation.

Page Load Timer Status bit (DQ5). In the Page
Write mode data may be latched by E or W. Up to
32 bytes may be input. The Data output (DQ5)
indicates the status of the internal Page Load
Timer. DQ5 may be read by asserting Output En-
able Low (tpLts). DQ5 Low indicates the timer is
running, High indicates time-out after which the
write cycle will start and no new data may be input.

Ready/Busy pin. The RB pin provides a signal at
its open drain output which is low during the
erase/write cycle, but which is released at the
completion of the programming cycle.
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Figure 5. Software Data Protection Enable Algorithm and Memory Write

—

WRITE AAhin
Address 555h

!

Page WRITE 55h in

Write < Address 2AAh
Instruction ‘

WRITE AOh in
Address 555h

- v

SDP is set

SDP ENABLE ALGORITHM

Instruction Address 555h

—

WRITE AAh in
Address 555h

Y

WRITE 55h in
Address 2AAh

Page ‘
Write < WRITE AOh in

WRITES
o are enabled

WRITE Data to
be Written in
any Address

WRITE IN MEMORY
WHEN SDP IS SET

Al01509

Figure 6. Software Data Protection Disable
Algorithm

WRITE AAh in
Address 555h

!

WRITE 55h in
Address 2AAh

'

WRITE 80h In
Page Address 555h

Write < v

Instruction WRITE AAh in
Address 555h

v

WRITE 55hin
Address 2AAh

v

WRITE 20h in
Address 555h

= v

Unprotected State

Al01510

o7

Software Data Protection

The M28C17 offers a software controlled write
protection facility that allows the user to inhibit all
write modes to the device including the Chip Erase
instruction. This can be useful in protecting the
memory from inadvertent write cycles that may
occur due to uncontrolled bus conditions.

The M28C17 is shipped as standard in the "unpro-
tected" state meaning that the memory contents
can be changed as required by the user. After the
Software Data Protection enable algorithm is is-
sued, the device enters the "Protect Mode" of
operation where no further write commands have
any effect on the memory contents. The device
remains in this mode until a valid Software Data
Protection (SDP) disable sequence is received
whereby the device reverts to its "unprotected"
state. The Software Data Protection is fully non-
volatile and is not changed by power on/off se-
quences.

To enable the Software Data Protection (SDP) the
device requires the user to write (with a Page Write)
three specific data bytes to three specific memory
locations as per Figure 5. Similarly to disable the
Software Data Protection the user has to write
specific data bytes into six different locations as per
Figure 6 (with a Page Write). This complex series
ensures that the user will never enable or disable
the Software Data Protection accidentally.

SGS-THOMSON 5/16
MICROELECTRONICS
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M28C17

AC MEASUREMENT CONDITIONS

Input Rise and Fall Times < 20ns
Input Pulse Voltages 0.4V to 2.4V
Input and Output Timing Ref. Voltages 0.8V to 2.0V

Note that Output Hi-Z is defined as the point where data
is no longer driven.

Figure 7. AC Testing Input Output Waveforms

Figure 8. AC Testing Equivalent Load Circuit

1.3V

1N914
3.3kQ
DEVICE
UNDER O out
TEST

2.4V -,- Cp =30pF
I
AI00826 Cy includes JIG capacitance A1125
Table 4. Capacitance (" (Ta=25°C,f=1MHz)
Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance Vin=0V 6 pF
Cour Output Capacitance Vour = 0V 12 pF
Note: 1. Sampled only, not 100% tested.
Table 5. Read Mode DC Characteristics
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V)
Symbol Parameter Test Condition Min Max Unit
I Input Leakage Current 0V<Vin<Vee 1 nA
Lo Output Leakage Current 0V<Vin<Vee 10 pA
oo™ Supply Current (TTL inputs) E=ViLG=ViL,f=5MHz 30 mA
Supply Current (CMOS inputs) E=Vi,G=V,f=5MHz 25 mA
lec1" | Supply Current (Standby) TTL E=Vn 1 mA
lcc2" | Supply Current (Standby) CMOS E> Ve -0.3V 100 pA
Vi Input Low Voltage -03 0.8 \
Vin Input High Voltage 2 Vce +0.5 \"
Vou Output Low Voltage lo=2.1mA 0.4 Vv
VoH Output High Voltage lon = —400 A 24 \

Note: 1. All I/O’s open.

Table 6. Power Up Timing (") (Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V)

Symbol Parameter Min Max Unit
tPur Time Delay to Read Operation 1 us
tPuw Time Delay to Write Operation 10 ms

Note: 1. Sampled only, not 100% tested.
6/16 Ly7 SGS-THOMSON
Y/ CRoELECTROMGS

504




M28C17

Table 7. Read Mode AC Characteristics
(Ta = 0to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V)

Test M28C17
es .
Symbol | Alt Parameter Condition 70 90 120 150 Unit
min | max | min | max | min | max | min | max
Address Valid to E=Vi,
tavav tacc Output Valid G=Vi 70 90 120 150 | ns
Chip Enable Low to _
teLqv tce Output Valid G=ViL 70 90 120 150 | ns
Output Enable Low =_
teLav toe 1o Output Valid E=VyL 35 40 45 50 | ns
) Chip Enable High =_
teHoz tor |4 Output Hi-Z G=Vi 0 35 0 40 0 45 0 50 | ns
o) Output Enable High =_
teHaz L Output Hi-Z E=ViL 0 35 0 40 0 45 0 50 | ns
Address Transition E_: Vi,
taxax ton to Output Transition G=VyL 0 0 0 0 ns
Note: 1. Output Hi-Z is defined as the point where data i1s no longer driven.
Figure 9. Read Mode AC Waveforms
AO-A10 T VALID T
tAVQV —— > — tAXQX
e a
tGLQV —» I*—' tEHQZ —¥
G [
[— tELQV — > I‘—‘ tGHQZ —>
DQo-DQ7 DATA OUT J_ﬂ
AI01511
Note: W = High
Ly7 SGS-THOMSON 7/16
Y/ ICROELECTRONICS
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M28C17

Table 8. Write Mode AC Characteristics
(Ta = 0to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V t0 5.5V)

Symbol Alt Parameter Test Condition Min Max Unit
tavwL tas Address Valid to Write Enable Low E= Vi, G= ViH 0 ns
tavEL tas Address Valid to Chip Enable Low G= Vi, W= Vi 0 ns
teLwe tces Chip Enable Low to Write Enable Low G=Vm 0 ns
— toes E)(;J‘Lput Enable High to Write Enable E=Vi 0 ns
tGHEL toes Output Enable High to Chip Enable Low W=V 0 ns
tWLEL twes Write Enable Low to Chip Enable Low G=Vn 0 ns
twiax tan Write Enable Low to Address Transition 50 ns
teLax tan Chip Enable Low to Address Transition 50 ns
twLov tov Write Enable Low to Input Valid E=ViLG=Vn 1 us
teLov tov Chip Enable Low to Input Valid G=Vi, W=V 1 us
teLEH twp Chip Enable Low to Chip Enable High 50 ns
twHEH tcen Write Enable High to Chip Enable High 0 ns
twhaL toeH V\(I)r‘}ze Enable High to Output Enable 0 ns
teHaL toen Chip Enable High to Output Enable Low 0 ns
teHwH twen Chip Enable High to Write Enable High 0 ns
twHpx toH Write Enable High to Input Transition 0 ns
teHDX ton Chip Enable High to Input Transition 0 ns
twHwL twpH Write Enable High to Write Enable Low 50 ns
twiwH twp Write Enable Low to Write Enable High 50 ns
twHWH tsLc Byte Load Repeat Cycle Time 0.15 100 us
tWHRH twe Write Cycle Time 2 ms
twHRL tos Write Enable High to Ready/Busy Low Note 1 150 ns
tEHRL tos Chip Enable High to Ready/Busy Low Note 1 150 ns
tovwH tos Data Valid before Write Enable High 50 ns
toven tos Data Valid before Chip Enable High 50 ns

Note: 1. With a 3.3 kQ pull-up resistor.

8/16
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M28C17

Figure 10. Write Mode AC Waveforms - Write Enable Controlled

AO-A10 £ VALID X
AVWL— WLAX—>
£ —\ I
e teLwL ] «—>1 tWHEH
{GHWL | ——————— (WLWH —————» IWHGL
w / t\
=-tWLDV [ e— tWHWL
DQO-DQ7 DATA IN j
{DVWH—————>14— tWHDX
RB

T

tWHRL

Al01512

Figure 11. Write Mode AC Waveforms - Chip Enable Controlled

A0-A10 { VALID J
{AVEL ->le— {ELAX
E \ /
[+ 1GHEL >« {ELEH >
G _/ ‘_l—
{WLEL > {EHGL
. 3 =
e tELDV > tEHWH
DQO-DQ7 DATA IN 4}
tDVEH —————»<— tEHDX
RB
4—}IEHHL
Al01513
Ly 853 THOMSON e
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled

AO-ATO X a0 X adort X asarz X i adarn X

)
;
b
D -
3
b

tPLTS

- _—\

G \

tWHWL — tWHRH —»
w }ﬁ \
tWLWH tWHWH tWHWH —»
DQo0-DQ7 X Byte 0 X Byte 1 Byle 2 X Byte n X
DQs Byten > / \(:

tWHRL

Alo1514

Figure 13. Software Protected Write Cycle Waveforms

G /
: TS
WHWL {WHWH
w
AO0-A5 X Byte Address X
fWHDX
AB-A10 2AAh sssh X Page Address
{DVWH
DQO-DQ7 X A 55h h X Byte0 Byt X Byte 63 X:

Al01515

Note: A6 through A10 must specify the same page address during each high to low transition of W (or E) after the software code has been
entered. G must be high only when W and E are both low.

10/16 -TH
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Figure 14. Data Polling Waveforms Sequence

A0-A10

o]}

=|

DQ7

Address of the last byte of the Page Write instruction

[\ ST
[\ T

:
\ 7/ \ { \ { )__ -
VA W | \ / \
pQ7 : Q7 pa7 DQ7 e
LASTWRITE | INTERNAL WRITE SEQUENCE i READY

Al01516

Figure 15. Toggle Bit Waveforms Sequence

A0-A10 X:
- " - 0 :
E H i b
g N\
1 ' E
W J 5 i |
1 i -
: i :
\ : /.. S/ \ :
pae ) T\ Y A —
i E 5
LASTWRITE | TOGGLE : READY
i INTERNAL WRITE SEQUENCE ' :
Al01517
Note: 1. First Toggle bit is forced to ‘0’
N7 SGS-THOMSON 11/16
Y/ HNCROELECTRONICS
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Figure 16. Chip Erase Wavforms

_ — \ !
E N . _/
W --------
tELWL —37 tWLWH 4i—o— tWHEH
Al01484
Table 9. Chip Erase AC Characteristics
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V)

Symbol Parameter Test Condition Min Max Unit
terwe Chip Enable Low to Write Enable Low G=12v 5 us
twEH Write Enable High to Chip Enable High G=12v 5 us
twiwhH Write Enable Low to Write Enable High G=12v 10 ms

12/16 ‘ﬁ' SGS-THOMSON

MICROELECTRONICS
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M28C17

ORDERING INFORMATION SCHEME

Example: M28C17 70 K 1
Speed l I Package I | Temperature Range
-70 70ns P PDIP28 1 0to70°C
-90 90ns K PLCC32 3* —40t0125°C
-120 120ns MS S028 300mils 6 —40t085°C
-150 150ns

Note: 3* Temperature range on special request only.

For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory

Shortform catalogue.
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest

to you.

. 13/16
L7 BETHONRON
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PDIP28 - 28 pin Plastic DIP, 600 mils width

Symb mm inches
Typ Min Max Typ Min Max
A 3.94 5.08 0.155 0.200
A1 0.38 1.78 0.015 0.070
A2 3.56 4.06 0.140 0.160
B 0.38 0.56 0.015 0.021
B1 1.14 1.78 0.045 0.070
0.20 0.30 0.008 0.012
D 34.70 37.34 1.366 1.470
14.80 16.26 0.583 0.640
E1 12.50 13.97 0.492 0.550
el 254 - - 0.100 - -
eA 15.20 17.78 0.598 0.700
L 3.05 3.82 0.120 0.150
S 1.02 2.29 0.040 0.090
o 0° 15° 0° 15°
N 28 28
PDIP28

| N Ry N Ry NNy BNy |

PDIP

Drawing 1s out of scale

14/16
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M28C17

PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular

Symb mm inches
Typ Min Max Typ Min Max
A 2.54 3.56 0.100 0.140
Al 1.52 241 0.060 0.095
B 0.33 0.53 0.013 0.021
B1 0.66 0.81 0.026 0.032
D 12.32 12.57 0.485 0.495
D1 11.35 11.56 0.447 0.455
D2 9.91 10.92 0.390 0.430
E 14.86 15.11 0.585 0.595
E1 13.89 14.10 0.547 0.555
E2 12.45 13.46 0.490 0.530
1.27 - - 0.050 - -
N 32 32
Nd 7 7
Ne 9 9
CP 0.10 0.004
PLCC32
d D >
. D1 > >t Al
Wi - np 1 u D
? o H = Bt
vl I L1
. h .
Ne, 0 0 E1l E D2/E2 y
o0 il B
o | L1
= B |

Drawing is out of scale

15/16
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S028 - 28 lead Plastic Small Outline, 300 mils body width
Symb mm inches

Typ Min Max Typ Min Max
A 2.46 2.64 0.097 0.104
Al 0.13 0.29 0.005 0.011
A2 2.29 2.39 0.090 0.094
B 0.35 0.48 0.014 0.019
C 0.23 0.32 0.009 0.013
D 17.81 18.06 0.701 0.711
E 7.42 7.59 0.292 0.299
e 1.27 - - 0.050 - -
H 10.16 10.41 0.400 0.410
L 0.61 1.02 0.024 0.040
o3 0° 8° 0° 8°
N 28 28
CP 0.10 0.004

S028

A
C
B
< D >
ilililli f
N A
(  u
1 v
Hogl o
SO-b
Drawing is out of scale
16/16 o
57 SEmoNson
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M28LV64

LOW VOLTAGE PARALLEL ACCESS 64K (8K x 8) EEPROM

= FAST ACCESS TIME: 150ns
= SINGLE 3V * 10% SUPPLY VOLTAGE
= LOW POWER CONSUMPTION:
— Active Current 8mA
— Standby Current 50pA
= FAST WRITE CYCLE:
— 64 Bytes Page Write Operation
— Byte or Page Write Cycle: 3ms Max
= ENHANCED END OF WRITE DETECTION:
— Ready/Busy Open Drain Output
— Data Polling
— Toggle Bit
= PAGE LOAD TIMER STATUS BIT

= HIGH RELIABLITY SINGLE POLYSILICON,
CMOS TECHNOLOGY:

— Endurance > 100,000 Erase/Write Cycles
— Data Retention > 10 Years
= JEDEC APPROVED BYTEWIDE PIN OUT
= ADDRESS and DATA LATCHED ON-CHIP
= SOFTWARE DATA PROTECTION

DESCRIPTION

The M28LV64 is an 8K x 8 low power EEPROM
fabricated with SGS-THOMSON proprietary single
polysilicon CMOS technology. The device offers
fast access time with low power dissipation and
requires a 3V + 10% power supply.

Table 1. Signal Names

A0 -A12 Address Input

DQO - DQ7 | Data Input / Output

Write Enable

w
E Chip Enable
G Output Enable

RB Ready / Busy

Vee Supply Voltage

Vss Ground

PRODUCT PREVIEW

1
PDIP28 (P)

28
(o

1

S028 (MS)
300 mils

TSOP28 (N)
8 x13.4mm

Figure 1. Logic Diagram

A0-A12

L

0]

Vce

M28LV6E4

—— RB

Vss

Al01538

February 1995

117

This 1s preliminary information on a new product now in development Detalls are subject to change without notice
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M28LV64

Table 2. Absolute Maximum Ratings (!

Symbol Parameter Value Unit
Ta Ambient Operating Temperature: grade 1 0to 70
grade 3 —40to 125 °C
grade 6 —40to 85
Tsta Storage Temperature Range —65to 150 °C
Vee Supply Voltage -0.3t06.5 \Y
Vio Input/Output Voltage —0.3to Vcc +0.6 \"
Vi Input Voltage -03t06.5 Vv
Vesp Electrostatic Discharge Voltage (Human Body model) @ 4000 v

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other
relevant quality documents.

2. 100pF through 1500Q; MIL-STD-883C, 3015.7

Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections
RBOT < 28[1V Ym0 8. 2
A12E2 27gv—vcc 3z '229=3
/_ﬂ_ﬂm_ﬂ_lzl_
A7[3 26 1DU ®32
Aef4 251 A8 Asll A8
Asls 241 A9 AS]] A9
A4lle 23f1A11 ’A\gﬁ gﬁg
A3[]7 221G X
A2lls M28LV64 A0 A21}9 M28LV64  25[1G
Atl9 20[1E Al HA10
Aofl 10 19fipa7 A0l 1 E
pao 11 18fiDas ! 1DQ7
pat 12 17fipas bao[] . 1DQ6
DQ2[}13 16 [ DQ4 -—-:-t—;’:::lu—;
Vssl]14 15[1DQ3 9g©vzg9gg
Al01539 AlD1540
Warning: DU = Don’t Use Warning: NC = No Connections, DU = Don't Use
Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections
RE® 2831V Gr22 N 213A10
A122 273w A1 —E
A7C]3 26 DU A9 ] — DQ7
A6 4 25— A8 A8 — DQ6
AS—{5 24—1A9 DU ] — DQ5
A4C]6 23[A11 Wi — DQ4
A3C]7 221G Voo 28 151 DQ3
ne=fs MO a1i5at0 RO MBS vss
A9 20 E A12 —DQ2
A0 10 19 £ DQ7 A7 —1 DQ1
DQO —{ 11 18 1 DQ6 A6 ] — DQO
DQ1 =12 17 2 DQ5 A5 =] —1 A0
DQ2—]13 16 A DQ4 Ad ] . At
Vss =14 15 =1 DQ3 A3C]7 8[1A2
Alo1541 I\I Al01542
Warning: DU = Don't Use Warning: DU = Don't Use
217 y7 SGS-THOMSON
Y/ HICROELECTRONICS
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Figure 3. Block Diagram

RB E G W
Vpp GEN |- RESET CONTROL LOGIC ——
*
]
ronz TN AORESS [
(Page Address) g
Q
[ & 64K ARRAY
o
>
aoas — ADDRESS
—] aTCcH
Y DECODE SENSE AND DATA LATCH
1/0 BUFFERS -
PAGE LOAD
TIMER STATUS
TOGGLE BIT
DATA POLLING
DQO-DQ7
Al01355
Table 3. Operating Modes ()
Mode E G w DQO - DQ7
Read Vi Vi ViH Data Out
Write Vi Vi Vi Data In
Standby / Write Inhibit Vi X X Hi-Z
Write Inhibit X X VIH Data Out or Hi-Z
Write Inhibit ViL X Data Out or Hi-Z
Output Disable X Vi X Hi-Zz
Chip Erase ViL Vi @ ViL Hi-Z

Notes: 1. X=Vior Vi
2. Vn=12V+5%

DESCRIPTION (cont'd)

The circuit has been designed to offer a flexible
microcontroller interface featuring both hardware

and software handshaking with Ready/Busy, Data
Polling and Toggle Bit. The M28LV64 supports 64
byte page write operation. A Software Data Protec-
tion (SDP) is also possible using the standard
JEDEC algorithm.

- 3/17
Lyy $5S:THOMSON
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M28LV64

PIN DESCRITPION

Addresses (A0-A12). The address inputs select
an 8-bit memory location during a read or write
operation.

Chip Enable (E). The chip enable input must be
low to enable all read/write operations. When Chip
Enable is high, power consumption is reduced.

Output Enable (G). The Output Enable input con-
trols the data output buffers and is used to initiate
read operations.

Data In/ Out (DQO - DQ7). Data is written to or read
from the M28LV64 through the 1/O pins.

Write Enable (W). The Write Enable input controls
the writing of data to the M28LV64.

Ready/Busy (RB). Ready/Busy is an open drain
output that can be used to detect the end of the
internal write cycle.

OPERATION

In order to prevent data corruption and inadvertent
write operations during power-up, a Power On
Reset (POR) circuit resets all internal programming
cicuitry. Access to the memory in write mode is
allowed after a power-up as specified in Table 6.

Read

The M28LV64 is accessed like a static RAM. When
E and G are low with W high, the data addressed
is presented on the 1/0 pins. The I/O pins are high
impedance when either G or E is high.

Write

Write operations are initiated when both W and E
are low and G is high.The M28LV64 supports both
E and W controlled write cycles. The Address is
latched by the falling edge of E or W which ever
occurs last and the Data on the rising edge of E or
W which ever occurs first. Once initiated the write
operation is internally timed until completion.

Page Write

Page write allows up to 64 bytes to be consecu-
tively latched into the memory prior to initiating a
programming cycle. All bytes must be located in a
single page address, that is A6-A12 must be the
same for all bytes. The page write can be initiated
during any byte write operation.

Following the first byte write instruction the host
may send another address and data up to a maxi-
mum of 100us after the rising edge of E or W which
ever occurs first (tsLc). If a transition of E or W is
not detected within 100us, the internal program-
ming cycle will start.

4/17 -
Ly7 $55;THOMSON
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Chip Erase

The contents of the entire memory may be erased
(FF) by use of the Chip Erase command by setting
Chip Enable (E) Low and Output Enable (G) to
12V. The chip is cleared when a 10ms low pulse is
applied to the Write Enable pin.

Microcontroller Control Interface

The M28LV64 provides two write operation status
bits and one status pin that can be used to minimize
the system write cycle. These signals are available
on the 1/O port bits DQ7 or DQ6 of the memory
during programming cycle only, or as the RB signal
on a separate pin.

Figure 4. Status Bit Assignment

DQ7 DQs DQ5 DQ4 DQ3 DQ2 DQ1 DQO
[ op | 18 |purs| iz | Hiz [ Hiz [ Hiz | Hiz |

DP = Data Polling
TB = Toggle Bit
PLTS = Page Load Timer Status

Data Polling bit (DQ7). During the internal write
cycle, any attempt to read the last byte written will
produce on DQ7 the complementary value of the
previously latched bit. Once the write cycle is fin-
ished the true logic value appears on DQ7 in the
read cycle.

Toggle bit (DQ6). The M28LV64 also offers an-
other way for determining when the internal write
cycle is completed. During the internal Erase/Write
cycle, DQ6 will toggle from "0" to "1" and "1" to "0"
(the first read value is "0") on subsequent attempts
to read the memory. When the internal cycle is
completed the toggling will stop and the device will
be accessible for a new Read or Write operation.

Page Load Timer Status bit (DQ5). In the Page
Write mode data may be latched by E or W. Up to
64 bytes may be input. The Data output (DQ5)
indicates the status of the internal Page Load
Timer. DQ5 may be read by asserting Output En-
able Low (tpLts). DQ5 Low indicates the timer is
running, High indicates time-out after which the
write cycle will start and no new data may be input.

Ready/Busy pin. The RB pin provides a signal at
its open drain output which is low during the
erase/write cycle, but which is released at the
completion of the programming cycle.
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Figure 5. Software Data Protection Enable Algorithm and Memory Write

—

WRITE AAhin
Address 1555h

v

Page WRITE 55h In
Write 9 Address 0AAAh

Instruction ‘

WRITE AOh in
Address 1555h

- v

SDP is set

SDP ENABLE ALGORITHM

Instruction Address 1555h

—

WRITE AAhin
Address 1555h

v

WRITE 55h in
Address 0AAAh

Page ‘
Write WRITE AOh in

WRITES
are enabled

WRITE Data to
be Written in
any Address

WRITE IN MEMORY
WHEN SDP IS SET

Al01356

Figure 6. Software Data Protection Disable

Algorithm

WRITE AAh in
Address 1555h

!

WRITE 55h in
Address 0AAAh

v

WRITE 80h in
Page Address 1555h

Wiite < v

Instruction WRITE AAh in
Address 1555h

!

WRITE 55h in
Address 0AAAh

!

L WRITE 20h in

Address 1555h

v

Unprotected State

Al01357

or

Software Data Protection

The M28LV64 offers a software controlled write
protection facility that allows the user to inhibit all
write modes to the device including the Chip Erase
instruction. This can be useful in protecting the
memory from inadvertent write cycles that may
occur due to uncontrolled bus conditions.

The M28LV64 is shipped as standard in the "unpro-
tected" state meaning that the memory contents
can be changed as required by the user. After the
Software Data Protection enable algorithm is is-
sued, the device enters the "Protect Mode" of
operation where no further write commands have
any effect on the memory contents. The device
remains in this mode until a valid Software Data
Protection (SDP) disable sequence is received
whereby the device reverts to its "unprotected"
state. The Software Data Protection is fully non-
volatile and is not changed by power on/off se-
quences.

To enable the Software Data Protection (SDP) the
device requires the user to write (with a Page Write)
three specific data bytes to three specific memory
locations as per Figure 5. Similarly to disable the
Software Data Protection the user has to write
specific data bytes into six different locations as per
Figure 6 (with a Page Write). This complex series
ensures that the user will never enable or disable
the Software Data Protection accidentally.

SGS-THOMSON 5117
MICROELECTRONICS
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M28LV64

AC MEASUREMENT CONDITIONS

Input Rise and Fall Times < 20ns
Input Pulse Voltages 0V to Vcc -0.3V
Input and Output Timing Ref. Voltages 1.5V

Note that Output Hi-Z is defined as the point where data
is no longer driven.

Figure 7. AC Testing Input Output Waveforms

Figure 8. AC Testing Equivalent Load Circuit

DEVICE
UNDER
TEST

Vg -0.3V
/ - ..... 0‘5 VCC

ov

Al01274

Vee

1.8kQ

1.3kQ

Cy includes JIG capacitance

O out

rmpmm  C|_ = 100pF

Al01396

Table 4. Capacitance () (Ta=25°C, f=1MHz)
Symbol Parameter Test Condition Min Max Unit
CiN Input Capacitance ViN=0V 6 pF
Cour Output Capacitance Vour = 0V 12 pF
Note: 1. Sampled only, not 100% tested.
Table 5. Read Mode DC Characteristics
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V)
Symbol Parameter Test Condition Min Max Unit
L Input Leakage Current OV <Vin<Vee 1 pA
o Output Leakage Current 0V <Vin<Vee 10 pA
lcc™ | Supply Current (CMOS inputs) E=ViLG=ViL,f=5MHz 8 mA
lccz™ | Supply Current (Standby) CMOS E > Vec 0.3V 50 pA
Vi Input Low Voltage -0.3 0.6 Vv
ViH Input High Voltage 2 Vce +0.5 \"
VoL Output Low Voltage lo,=1mA 0.2 Vce \
Vo Output High Voltage lon=1mA 0.8 Vcc Vv

Note: 1. All l/O's open.

Table 6. Power Up Timing (" (Ta = 0 to 70°C, —40 to 85°C or 40 to 125°C, Vo = 2.7V to 3.6V)

Symbol Parameter Min Max Unit
tPuR Time Delay to Read Operation 1 us
truw Time Delay to Write Operation 10 ms

Note: 1. Sampled only, not 100% tested.

6/17 -
Lyy £55;THOMSON
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M28LV64

Table 7. Read Mode AC Characteristics

(Ta =0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V)

M28LV64
Symbol | Alt Parameter Test Condition -150 200 300 Unit
min | max | min | max | min | max
tvav | thco | fadtess Vaiid to Output E=ViL,G=VL 150 200 300 | ns
terav | toe | b, Enable Low to Output G=ViL 150 200 300 | ns
Output Enable Low to _
teLav toe Output Valid E=VyL 80 95 150 | ns
teraz™ | tor ﬁlh? Enable High to Output G=ViL 0 45 0 45 0 60 ns
tanaz M | tor 83}23} Enable High to E=ViL 0o |50 0|5 | 0o |e60]|ns
Address Transition to = v &
taxax | ton | Ouiput Transition E=ViL,G=Vu | 0 0 0 ns
Note: 1. Output HI-Z is defined as the point where data is no longer driven.
Figure 9. Read Mode AC Waveforms
A0-A12 T VALID T
tAvQV ——» — tAXQX
E \ L
tGLQV —> |<— tEHQZ —
& /
[e———— tELQV ———> |<— tGHQZ —*
DQo-DQ7 DATA OUT ) Hi-Z
Al00749
Note: W = High
‘- SGS-THOMSON m7
Y/ CRoELECTRONIES
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Table 8. Write Mode AC Characteristics
(Ta =0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V)

Symbol Alt Parameter Test Condition Min Max Unit
tavwL tas Address Valid to Write Enable Low E=ViLG=Vn 0 ns
taveL tas Address Valid to Chip Enable Low G=Vi, W=V 0 ns
teLwe tces Chip Enable Low to Write Enable Low G=Vm 0 ns
— toes &Jvtvput Enable High to Write Enable E=vi 0 ns
taHEL toes Output Enable High to Chip Enable Low W=V 0 ns
twieL twes Write Enable Low to Chip Enable Low G=Vn 0 ns
twiax tan Write Enable Low to Address Transition 50 ns
teLax tan Chip Enable Low to Address Transition 50 ns
twiov tov Write Enable Low to Input Valid E=Vi,G=Vn 1 us
teLov tov Chip Enable Low to Input Valid G=V, W=V 1 us
teLEH twp Chip Enable Low to Chip Enable High 50 1000 ns
tWHEH tceH Write Enable High to Chip Enable High 0 ns
. toeH V\(/)r‘intle Enable High to Output Enable 0 ns
teHaL toeH Chip Enable High to Output Enable Low 0 ns
tEHwH twen Chip Enable High to Write Enable High 0 ns
twHDX toH Write Enable High to Input Transition 0 ns
teHDX toH Chip Enable High to Input Transition 0 ns
tWHWL twpH Write Enable High to Write Enable Low 50 ns
twiwH twp Write Enable Low to Write Enable High 50 ns
twHwH tsLc Byte Load Repeat Cycle Time 0.15 100 us
tWHRH twe Write Cycle Time 3 ms
tWHRL tos Write Enable High to Ready/Busy Low Note 1 150 ns
tenaL tos Chip Enable High to Ready/Busy Low Note 1 50 ns
tovwH tos Data Valid before Write Enable High 50 ns
toven tos Data Valid before Chip Enable High 50 ns

Note: 1. With a 3.3 kQ pull-up resistor.

8/17
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled

A0-A12 ﬁ VALID T
TAVWL-Ste— tWLAX

: —
le-tEL WL >, > (WHEH
a
LtGHWL—N——— WLWH >le—>1 wWHaL
w \ /
e-tWLDV le— tWHWL
DQO-DQ7 DATA IN }'
tDVWH—————>{¢— tWHDX:
RB ‘—:h__
tWHRL

Al00750

Figure 11. Write Mode AC Waveforms - Chip Enable Controlled

AO-A12 T VALID —}
{AVEL —>le— {ELAX
E \ /
[+~ GHEL ->[« {ELEH >
N «_l——
{WLEL -] {EHGL
.3 =
e tELDV > tEHWH
DQO-DQ7 DATAIN j
{DVEH—————>{¢— tEHDX
RB T
< > tEHRL
Al00751
Ly7 263 THOMSON 20
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled

..... W
A0-A12 X Addr 0 X Addr 1 X Addr 2 x - Addr n x
..... .

|
D
b
D
j
b

tPLTS
G /
tWHWL — tWHRH —>
tWLWH lWHWH tWHWH —

DQo-DQ7 X eveo X eer X eyez X X eyten

DQ5 Byten * / \(:

tWHRL

Al00752C

Figure 13. Software Protected Write Cycle Waveforms

£ U\ Y YT\ S
TWHWL {WHWH
A0-AS X eyte ndcress X
{WHDX
AB-A12 onaan K 1sssh X Page Address
{DVWH —fe—
Dao-Da7 X an X ssn aon X Bweo:::: Bytecz X Byte 63 X:
Al01358

Note: A6 through A12 must specify the same page address during each high to low transition of W (or E) after the software code has been
entered. G must be high only when W and E are both low.

o [S7R - M
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Figure 14. Data Polling Waveforms Sequence

A0-A12 Address of the last byte of the Page Write instruction x

y

[l
1
1
1
1

A A HOD—

DQ7 H

o]]

Z|

LAST WRITE : INTERNAL WRITE SEQUENCE

AI00753C

Figure 15. Toggle Bit Waveforms Sequence

A0-A12 X:
E J/ S\
' 1 i
W = = |
E 5 :
- j M\ 1 e W e W
bas —_ AL/ B W —
LASTWRITE 1 TOGGLE ' READY '
1 INTERNAL WRITE SEQUENCE H !
Al00754D
Note: 1. First Toggle bit is forced to "0’
Lyy SGS-THOMSON 1117
Y/ NICROELECTRONICS

525



M28LV64

Figure 16. Chip Erase AC Waveforms

E \ —
e -
" :T: """" :_/_.ll._.
tELWL — tWLWH — tWHEH
Al01484
Table 9. Chip Erase AC Characteristics
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V t03.6V)

Symbol Parameter Test Condition Min Max Unit
tewwe Chip Enable Low to Write Enable Low G=12v 5 us
twHEH Write Enable High to Chip Enable High G=12Vv 5 us
twmwn | Write Enable Low to Write Enable High G=12v 10 ms

12/17 -
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M28LV64

ORDERING INFORMATION SCHEME

Example: M28LvV64  -200 K 1
Speed | | Package | | Temperature Range
-150 150ns P PDIP28 1 0t70°C
-200 200ns K PLCC32 3* -40t0125°C
-300 300ns MS S028 300 mils 6 —40to85°C
N TSOP28
8 x 13.4mm

Note:  3* Temperature range on special request only.

For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory
Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest
to you.

X 13/17
&7 253 THONSRN
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PDIP28 - 28 pin Plastic DIP, 600 mils width

Symb mm inches
Typ Min Max Typ Min Max
A 3.94 5.08 0.155 0.200
A1 0.38 1.78 0.015 0.070
A2 3.56 4.06 0.140 0.160
B 0.38 0.56 0.015 0.021
B1 1.14 1.78 0.045 0.070
0.20 0.30 0.008 0.012
34.70 37.34 1.366 1.470
14.80 16.26 0.583 0.640
E1 12.50 13.97 0.492 0.550
el 2.54 - - 0.100 - -
eA 15.20 17.78 0.598 0.700
L 3.05 3.82 0.120 0.150
S 1.02 2.29 0.040 0.090
0° 15° 0° 15°
28 28
PDIP28

A 4

[ N U Oy Uy D I

PDIP

Drawing is out of scale
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular
Symb mm inches
Typ Min Max Typ Min Max
A 254 3.56 0.100 0.140
Al 152 2.41 0.060 0.095
B 0.33 0.53 0.013 0.021
B1 0.66 0.81 0.026 0.032
D 12.32 12.57 0.485 0.495
D1 11.35 11.56 0.447 0.455
D2 9.91 10.92 0.390 0.430
E 14.86 15.11 0.585 0.595
= 13.89 14.10 0.547 0.555
E2 12.45 13.46 0.490 0530
127 - - 0.050 - -
N 32 32
Nd 7
Ne 9
CP 0.10 0.004
PLCC32
o D .
- D1 ! A
i 1 T
O o H —I B1
Co 1 I
o O 0
Ne! I 0 E1 D2/E2 e
rog il
y_dl I |1
IR =l
_____ Nd_ A,
PLCC @E
Drawing is out of scale
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S028 - 28 lead Plastic Small Outline, 300 mils body width
mm inches
Symb
Typ Min Max Typ Min Max
A 2.46 2.64 0.097 0.104
Al 0.13 0.29 0.005 0.011
A2 2.29 2.39 0.090 0.094
B 0.35 0.48 0.014 0.019
C 0.23 0.32 0.009 0.013
D 17.81 18.06 0.701 0.711
E 7.42 7.59 0.292 0.299
e 1.27 - — 0.050 - -
H 10.16 10.41 0.400 0.410
L 0.61 1.02 0.024 0.040
o 0° 8° 0° 8°
N 28 28
CP 0.10 0.004
5028
A
C
B
< D >
ililili ‘
N .
8 E| H
g
y
SO-b
Drawing is out of scale
16/17 GS-
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm
Symb mm inches
Typ Min Max Typ Min Max
A 1.25 0.049
Al 0.20 0.008
A2 0.95 1.156 0.037 0.045
B 0.17 0.27 0.007 0.011
0.10 0.21 0.004 0.008
D 13.20 13.60 0.520 0.535
D1 11.70 11.90 0.461 0.469
E 7.90 8.10 0.311 0.319
e 0.55 - - 0.022 - -
L 0.50 0.70 0.020 0.028
o 0° 5 0° 5°
N 28 28
CP 0.10 0.004
TSOP28
A2
22 T 21 N
e
1 1
1
28 % 11 E 1o
1 E 1 L} ]
) m
| - 11 B
| o — —
7 s -
» D1 N < AA,
) D . o
[ DIE_ IR
JN\ e Ny
= C
TSOP-c
Drawing is out of scale
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{ SGS-THOMSON M28LV64C
Y/, MICROELECTRONICS M28LV64X

LOW VOLTAGE PARALLEL ACCESS 64K (8K x 8) EEPROM

PRELIMINARY DATA

= FAST ACCESS TIME: 150ns
= SINGLE 3.3V + 10% SUPPLY VOLTAGE
= LOW POWER CONSUMPTION
— Active Current 15mA
— Standby Current 50pA
= FAST WRITE CYCLE
— 32 Bytes Page Write Operation
— Byte or Page Write Cycle: 10ms PDIP28 (P)
= ENHANCED END OF WRITE DETECTION
— Ready/Busy Open Drain Output

(for M28LV64C product only)
— Data Poling 28”\’%
- Toggle Bit \ﬁfm W

= PAGE LOAD TIMER STATUS BIT !

= HIGH RELIABLITY SINGLE POLYSILICON, 8028 (MS) TSOP28 (N)
CMOS TECHNOLOGY 300 mils 8x13.4mm

— Endurance > 100,000 Erase/Write Cycles
— Data Retention > 10 Years
= JEDEC APPROVED BYTEWIDE PIN OUT Figure 1. Logic Diagram
= ADDRESS and DATA LATCHED ON-CHIP

DESCRIPTION Vee

. The M28LV64C is an 8K x 8 low power EEPROM |
fabricated with SGS-THOMSON proprietary single

polysilicon CMOS technology. The device offers 13 8
fast access time with low power dissipation and AO-A{2 _—7t> @ DQO-DQ7
requires a 3.3V power supply.
Table 1. Signal Names W —Q MoasLvesc
A0 -A12 Address Input E —Q o5
EQO -DQ7 | Data Input / Output G e
w Write Enable
E Chip Enable
G Output Enable Vss
RB Ready / Busy Aor400
Vee Supply Voltage
Vss Ground
March 1995 1/14
This 1s preiminary information on a new product now in d or | 1 Details are subject to change without notice
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Table 2. Absolute Maximum Ratings

Symbol Parameter Value Unit
Ta Ambient Operating Temperature: grade 1 0to 70 oC
grade 6 —401to 85
Tsta Storage Temperature Range - 6510 150 °C
Vee Supply Voltage -0.3t06.5 \
Vio Input/Output Voltage —0.3to Vce +0.6 Vv
Vi Input Voltage -0.3t06.5 \
VEsp Electrostatic Discharge Voltage (Human Body model) 2000 Vv

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents.

Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections

RBO1 7 28[1Vce ~Ymo 8. 2
w22 270w SEEZZES
A7[l3 26[1DU / OFA

A6[]4 251 A8 As ] 1A8
As5[|5 241 A9 As]] A9
A4ll6 23[]A11 :;E }::;
2252 M28LV64C ififm A2ll9 M28LvedC 251G
Al[l9 20[1E A1l 1 A10
Ao[j10 19[1DQ7 Aol E
DQO [ 11 18106 NC] 1 DQ7
DQ1[12 17[1DQ5 DQo [ - 1DQ6
DQ2[] 13 16 [] DQ4 =g — g — =gy
Vssl 14 15[1DQ3 §§§%§§l§

Al01401 rows

Warning: DU = Don'’t Use Warning: NC = No Connections, DU = Don’t Use

Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections

RB D 28|=3Vee Gr]22 e 213 A10
Al22 27 W A1 —E
A7C3 26 1DU A9 —DQ7
A6 4 25[—1A8 A8 ] — DQ6
A5—]|5 24 F—1A9 DU = — DQ5
A4]6 23 1 A11 W — DQ4
A3 |7 223G Voo 128 15 1 DQ3
A2 MBLVEC 5 [ at0 gg =D M2BLVE4C 141 Vss
A9 20f—=E A12 —] —1DQ2
A0 10 19 [=abQ7 A7 —DQ1
DQO ] 11 18 1 DQ6 A6 ] —DQO0
DQ1 12 17 =2 DQ5 A5 A0
DQ2c— 13 16 . DQ4 A4 ] —1 A1
Vgs ] 14 15 —1DQ3 A7 8fA2
Alo1402 ,\l Al01404
Warning: DU = Don't Use Warning: DU = Don’t Use
2/14 K
IYI %&c%@gum%m?@%
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Figure 3. Block Diagram

RB E G w
Vpp GEN [ RESET |« ATD & CONTROL LOGIC —
)
I
as.aiz—\ ADDRESS N
(Page Address) 14 LATCH 14 E
Q
| a 64K ARRAY
fa)
<
ao-ae — N ADDRESS
: _—V LATCH
Y DECODE SENSE AND DATA LATCH
| |
1/0 BUFFERS <
PAGE LOAD
TIMER STATUS
TOGGLE BIT
DATA POLLING
DQo-DQ7
Al00877C
Table 3. Operating Modes
Mode E G w DQO - DQ7
Read Vi Vi ViH Data Out
Write Vi Vin Vi Data In
Standby / Write Inhibit ViH X X Hi-Z
Write Inhibit X Vi Data Out or Hi-Z
Write Inhibit Vi X Data Out or Hi-Z
Output Disable Vi X Hi-Z
Note: X = Vi or Vi
DESCRIPTION (cont'd) PIN DESCRITPION

The circuit has been designed to offer a flexible
microcontroller interface featuring both hardware
and software handshaking mode with Ready/Busy,
Data Polling and Toggle Bit. The M28LV64C sup-
ports 32 byte page write operation.

Addresses (A0-A12). The address inputs select
an 8-bit memory location during a read or write
operation.

Chip Enable (E). The chip enable input must be
low to enable all read/write operations. When Chip
Enable is high, power consumption is reduced.

o 3/14
Ly £58;THOMSON
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Output Enable (G). The Output Enable input con-
trols the data output buffers and is used to initiate
read operations.

Data In/ Out (DQO - DQ7). Data is written to or read
from the M28LV64C through the 1/0 pins.

Write Enable (W). The Write Enable input controls
the writing of data to the M28LV64C.

Ready/Busy (RB). Ready/Busy is an open drain
output that can be used to detect the end of the
internal write cycle.

OPERATION

In order to prevent data corruption and inadvertent
write operations during power-up, a Power On
Reset (POR) circuit resets all internal programming
cicuitry. Access to the memory in write mode is
allowed after a power-up as specified in Table 6.

Read

The M28LV64C is accessed like a static RAM.
When E and G are low with W high, the data
addressed is presented on the I/O pins. The /O
pins are high impedance when either G or E is high.

Write

Write operations are initiated when both W and E
are low and G is high.The M28LV64C supports
both E and W controlled write cycles. The Address
is latched by the falling edge of E or W which ever
occurs last and the Data on the rising edge of E or
W which ever occurs first. Once initiated the write
operation is internally timed until completion.

Page Write

Page write allows up to 32 bytes to be consecu-
tively latched into the memory prior to initiating a
programming cycle. All bytes must be located in a
single page address, that is A5-A12 must be the
same for all bytes. The page write can be initiated
during any byte write operation.

Following the first byte write instruction the host
may send another address and data after the rising
edge of E or W which ever occurs first. If a transition
of E or W is not detected within twHwH, the internal
programming cycle will start.

414 ﬁ SGS-THOMS
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Microcontroller Control Interface

The M28LV64C provides two write operation status
bits and one status pin that can be used to minimize
the system write cycle. These signals are available
on the 1/O port bits DQ7 or DQ6 of the memory
during programming cycle only, or as the RB signal
on a separate pin.

Figure 4. Status Bit Assignment

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQO
| op | 18 [pLrs| iz [ Hiz | Hiz | Hiz [Hiz |

DP Data Polling
Toggle Bit

9!
PLTS = Page Load Timer Status

non

Data Polling bit (DQ7). During the internal write
cycle, any attempt to read the last byte written will
produce on DQ7 the complementary value of the
previously latched bit. Once the write cycle is fin-
ished the true logic value appears on DQ7 in the
read cycle.

Toggle bit (DQ6). The M28LV64C also offers an-
other way for determining when the internal write
cycle is completed. During the internal Erase/Write
cycle, DQ6 will toggle from "0" to "1" and "1" to "0"
(the first read value is "0") on subsequent attempts
to read any address in the memory. When the
internal cycle is completed the toggling will stop and
the device will be accessible for a new Read or
Write operation.

Page Load Timer Status bit (DQ5). In the Page
Write mode data may be latched by E or W. Up to
32 bytes may be input. The Data output (DQ5)
indicates the status of the internal Page Load
Timer. DQ5 may be read by asserting Output En-
able Low. DQ5 Low indicates the timer is running,
High indicates time-out after which the write cycle
will start and no new data may be input.

Ready/Busy pin. The RB pin provides a signal at
its open drain output which is low during the
erase/write cycle, but which is released at the
completion of the programming cycle.

ON
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit
Input Rise and Fall Times < 20ns Ve
Input Pulse Voltages + 0Vto Vce-0.3V
Input and Output Timing Ref. Voltages 1.5V
Note that Output Hi-Z is defined as the point where data 1.8kQ
is no longer driven.
DEVICE
UNDER O out
Figure 5. AC Testing Input Output Waveforms TEST
1.3k e G| - 100pF
Vge —0.3V
/ - """ 0.5 VCC
ov
A1274 Cy includes JIG capacitance A1395

Table 4. Capacitance () (Ta=25°C, f=1MHz)

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance Vin =0V 6 pF
Cout Output Capacitance Vour = 0V 12 pF

Note: 1. Sampled only, not 100% tested

Table 5. Read Mode DC Characteristics (Ta = 0 to 70°C or —40 to 85°C, Vcc = 3V to 3.6V)

Symbol Parameter Test Condition Min Max Unit
Iu Input Leakage Current 0V <Vin<Vee 1 pA
Lo Output Leakage Current 0V <Vin<Vee 10 A

lcc™ | Supply Current (CMOS inputs) E=ViLG=ViL,f=5MHz 15 mA

lccz " | Supply Current (Standby) CMOS E > Ve 0.3V 50 pA
Vi Input Low Voltage -0.3 0.6 \
Vi Input High Voltage 2 Vce +0.5 \
VoL Output Low Voltage loL=2.1mA 0.3 \Y
Vo Output High Voltage lon=—1mA 2 \"

Note: 1. AllI/O’s open.

Table 6. Power Up Timing ") (Ta = 0 to 70°C or —40 to 85°C, Ve = 3V to 3.6V)

Symbol Parameter Min Max Unit
trur Time Delay to Read Operation 1 us
truw Time Delay to Write Operation 10 ms

Note: 1. Sampled only, not 100% tested

. 5/14
o7 3ETHANSN
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Table 7. Read Mode AC Characteristics

(Ta=01070°C or —40 to 85°C, Vcc = 3V 10 3.6V)

M28LV64C
Symbol Alt Parameter Test Condition 150 200 -300 Unit
min | max [ min | max [ min | max
Address Valid to = =
tavav tacc Output Valid E=Vi,G=ViL 150 200 300 ns
Chip Enable Low to _
teLav tce Output Valid G=ViL 150 200 300 ns
Output Enable Low to =_
taLav toe Output Valid E=Vi 75 100 150 | ns
tewaz® | tor | SR ENES FON G=ViL 0o |5 | 0|6 | 0|60 ns
tenaz™ | tor 83:% Enable High to E=viL o |5 | o6 | o]|e0]ns
Address Transition to = =
taxax ton Output Transition E=Vi,G=Vi 0 0 0 ns
Note: 1. Output Hi-Z is defined as the point where data is no longer driven.
Figure 7. Read Mode AC Waveforms
AO-A12 % VALID T
I tAvav > — tAXQX
E \ [
tGLQV — L— tEHQZ —¥
& /
le—— tELQV —>] I‘— tGHQZ —¥>
DQO0-DQ7 DATA OUT ) Hi-Z
AI00749
Note: W = High
6/14 -
Lyy 52 THOMSON
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Table 8. Write Mode AC Characteristics
(Ta =0 to 70°C or —40 to 85°C, Vcc = 3V to 3.6V)

Symbol Alt Parameter Test Condition Min Max Unit
tavwi tas Address Valid to Write Enable Low E=ViLG=Vin 0 ns
tAvEL tas Address Valid to Chip Enable Low G=Vi, W=Vy 0 ns
teLwL tces Chip Enable Low to Write Enable Low G=Vi 0 ns
tarwL toes Sélvtvput Enable High to Write Enable E-wL 0 ns
tGHEL toes Output Enable High to Chip Enable Low W=V 0 ns
twieL twes Write Enable Low to Chip Enable Low G=Vn 0 ns
tweax taH Write Enable Low to Address Transition 150 ns
teLax tan Chip Enable Low to Address Transition 150 ns
twiov tov Write Enable Low to Input Valid E=Vi,G=Vi 1 us
teLov tov Chip Enable Low to Input Valid G=Vin, W=V 1 us
twiwH twep Write Enable Low to Write Enable High 150 ns
tELEH twp Chip Enable Low to Chip Enable High 150 ns
twHEH tcen Write Enable High to Chip Enable High 0 ns
twHaL toeH \If\'lar‘j:,e Enable High to Output Enable 10 ns
teHaL toeH Chip Enable High to Output Enable Low 10 ns
tEHWH tweH Chip Enable High to Write Enable High 0 ns
twHDX toH Write Enable High to Input Transition 0 ns
teHDX ton Chip Enable High to Input Transition 0 ns
twHwL twpH Write Enable High to Write Enable Low 200 ns
twHWH tBLC Byte Load Repeat Cycle Time 0.35 50 us
tWHRH twe Write Cycle Time 10 ms
tWHRL tos Write Enable High to Ready/Busy Low Note 1 150 ns
tEHRL tos Chip Enable High to Ready/Busy Low Note 1 150 ns
tovwH tos Data Valid before Write Enable High 50 ns
toven tos Data Valid before Chip Enable High 100 ns

Note: 1. With a 3.3 kQ pull-up resistor.
Ly SE5THOMRON o
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled

A0-AT2 {A VALID T
{AVWL-Ste— tWLAX

_ ! E—
E \
le-tEL WL ] »— tWHEH
tGHWL-Ple———————— tWLWH ————————> tWHGL
w \ / t\
-tWLDV le— tWHWL
DQO-DQ7 DATA IN T
tDVWH———» 14— tWHDX:
RB t
tWHRL

Al00750

Figure 9. Write Mode AC Waveforms - Chip Enable Controlled

A0-A12 {- VALID T
{AVEL —>}e— {ELAX

. —
E \ /

i"‘tGHEL—><——_ tELEH —————— ¥

pa

s ‘_l_____
tWLEL —| tEHGL
I —
=tELDV < »— tEHWH
DQo-DQ7 DATAIN 4}
< tDVEH »14— tEHDX

RB I
I tEHRL

Al00751
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Figure 10. Page Write Mode AC Waveforms - Write Enable Controlled

AO-A12 x Addr 0 X Addr 1 X Addr 2 x )1: Addr n x

|
b
b
b
D
b

tWHWL — tWHRH —»
_}.—_.-’ -
tWLWH lWHWH tWHWH —>

DQO-DQ7 X Byte 0 X Byte 1 X Byte 2 Byte n

e Byen \ | \(

tWHRL
RB [ /-

‘\‘

Z|

Al00752C

Figure 11. Data Polling Waveforms Sequence

AO-A12 Address of the last byte of the Page Write instruction *

'
'
]
0
1
'

2]
%

=l
<

DQ7 ; DQ7 DQ7 DQ7 i Da7
LAST WRITE ! INTERNAL WRITE SEQUENCE | READY
Al00753C
‘ SGS-THOMSON 9/14
Y/ NICROELECTRONICS
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Figure 12. Toggle Bit Waveforms Sequence

A0-A12 X:
e J L
W / 2 ! |
— : /\ ) VY o W
bas S o\ R N —
LASTWRITE ! TOGGLE : READY ;
i INTERNAL WRITE SEQUENCE 1 '
AlI00754D
Note: 1. First Toggle bit is forced to 0’
ORDERING INFORMATION SCHEME
Example: M28LV64C 200 K 1
I Version | | Speed | | Package | | Temperature Range
C RB available -150 150 ns P PDIP28 1 0to 70 °C
X RE not bonded -200 200 ns K PLCC32 6 —40to85°C
(pin NC) 300 300ns MS S028 300 mils
N TSOP28
8 x 13.4mm

For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory
Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest
to you.

10/14 .
Lyy $53.THOMSON
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PDIP28 - 28 pin Plastic DIP, 600 mils width

PDIP

Symb mm inches

Typ Min Max Typ Min Max
A 3.94 5.08 0.155 0.200
A1 0.38 1.78 0.015 0.070
A2 3.56 4.06 0.140 0.160
B 0.38 0.56 0.015 0.021
B1 1.14 1.78 0.045 0.070
Cc 0.20 0.30 0.008 0.012
34.70 37.34 1.366 1.470
E 14.80 16.26 0.583 0.640
E1 12.50 13.97 0.492 0.550

el 2.54 - - 0.100 - -
eA 15.20 17.78 0.598 0.700
L 3.05 3.82 0.120 0.150
S 1.02 2.29 0.040 0.090

o 0° 15° 0° 15°
N 28 28
PDIP28
I..-
\
Bl1»i—i«

Drawing is out of scale

Ly $55;THOMSON
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular

PLCC [2cP]

Symb mm inches
Typ Min Max Typ Min Max
A 2.54 3.56 0.100 0.140
Al 1.52 2.41 0.060 0.095
B 0.33 0.53 0.013 0.021
B1 0.66 0.81 0.026 0.032
D 12.32 12.57 0.485 0.495
D1 11.35 11.56 0.447 0.455
D2 9.91 10.92 0.390 0.430
E 14.86 15.11 0.585 0.595
E1 13.89 14.10 0.547 0.555
E2 12.45 13.46 0.490 0.530
1.27 - - 0.050 - -
N 32 32
Nd 7 7
Ne 9 9
CcP 0.10 0.004
PLCC32
P D
B D1 _ Af
& — :ﬂ — ] ] v
? O o b [ B1
b | L1
O i
Ne! [ NE1 E| D2/E2 i €
o 1] B
Lo ! 1
b = o iy |:| il | :
_____ Nd_____ <A

Drawing is out of scale

12/14
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S028 - 28 lead Plastic Small Outline, 300 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 2.46 2.64 0.097 0.104
Al 0.13 0.29 0.005 0.011
A2 2.29 2.39 0.090 0.094
B 0.35 0.48 0.014 0.019
C 0.23 0.32 0.009 0.013
D 17.81 18.06 0.701 0.711
E 7.42 7.59 0.292 0.299
e 1.27 - - 0.050 - -
H 10.16 10.41 0.400 0.410
L 0.61 1.02 0.024 0.040
o 0° 8° 0° 8°
N 28 28
cP 0.10 0.004

S028

Drawing is out of scale

[’7 SGS-THOMSON
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm
Symb mm inches
Typ Min Max Typ Min Max
A 1.25 0.049
Al 0.20 0.008
A2 0.95 1.15 0.037 0.045
B 0.17 0.27 0.007 0.011
0.10 0.21 0.004 0.008
D 13.20 13.60 0.520 0.535
D1 11.70 11.90 0.461 0.469
E 7.90 8.10 0.311 0.319
e 0.55 - - 0.022 - -
L 0.50 0.70 0.020 0.028
o 0° 5° 0° 5°
N 28 28
CcP 0.10 0.004
TSOP28

A2
22 T 21 1
e
28

e B
| —

7 . 8 Y -

< D1 > ‘A >
l D . o|cp]

DIE

5

TSOP-c

Drawing is out of scale
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Lyz 355 - THOMSON

M2201

SERIAL ACCESS 1K (128 x 8) EEPROM

= 100.000 ERASE/WRITE CYCLES with
10 YEARS DATA RETENTION

» SINGLE 5V + 10% SUPPLY VOLTAGE

= HARDWARE WRITE CONTROL

» TWO WIRE SERIAL INTERFACE

= 400K BIT TRANSFER RATE

= BYTE WRITE

= PAGE WRITE (up to 4 BYTES)

» SELF TIMED PROGRAMMING CYCLE

= AUTOMATIC ADDRESS INCREMENTING
= ENHANCED ESD/LATCH UP

DESCRIPTION

The M2201 is a 1K bit electrically erasable pro-
grammable memory (EEPROM), organized as 128
x 8 bits. It is manufactured in SGS-THOMSON’s
Hi-Endurance Advanced CMOS technology which
guarantees a data retention of over 10 years.

Both Plastic Dual-in-Line and Plastic Small Outline
packages are available.

The memory is compatible with a two wire serial
interface which uses a bi-directional data bus and
serial clock. Read and write operations are initi-
ated by a START condition generated by the bus
master. The START condition is followed by 7 bits
of address, plus one read/write bit and terminated
by an acknowledge bit.

Table 1. Signal Names

PRODUCT PREVIEW

SDA Serial Data Input/Output
SCL Serial Clock
wcC Write Control
Vee Supply Voltage
Vss Ground
December 1994

PSDIP8 (B) S08 (M)
0.25mm Frame
Figure 1. Logic Diagram
vVce
SCL — —— SDA
W - M2201
Vss

Al01321

112

This 1s preliminary information on a new product now in development Details are subject to change without notice.
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

M2201 M2201
Nel[1 Y sfivee NCE=® 8—Vce
NC[j2 7wcC NC 2 7=WC
NC[3 6 [1SCL NC 3 6 = SCL
Vssl4 51 SDA Vgg 4 5 —SDA
Al01322 Al01323
Warning: NC = No Connection Warning: NC = No Connection
Table 2. Absolute Maximum Ratings ()
Symbol Parameter Value Unit
Ta Ambient Operating Temperature grade 1 O0to 70 °C
Tsta Storage Temperature —65 to 150 °C
Tieap | Lead Temperature, Soldering (SO8 package) 40 sec 215 oG
(PSDIP8 package) 10 sec 260
Vo Output Voltage -0.3t0 6.5 \
Vi Input Voltage -0.3t06.5 \Y
Vce Supply Voltage -0.3t06.5 \"
Veso Electrostatic Discharge Voltage (Human Body model) © 4000 \%
ES
Electrostatic Discharge Voltage (Machine model) © 500 %

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings"
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other

relevant quality documents.

DESCRIPTION (cont'd)

When writing data to the memory, it responds to the
8 bits received by asserting an acknowledge bit
during the 9th bit time. When data is read by the
bus master, it acknowledges the receipt of the data
bytes in the same way. Data transfers are termi-
nated with a STOP condition.

Power On Reset: Vcc lock out write protect. In
order to prevent data corruption and inadvertent

2/12 -
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write operations during power up, a Power On
Reset (POR) circuit is implemented. Until the Vce
voltage has reached the POR threshold value, the
internal reset is active, all operations are disabled
and the device will not respond to any command.
In the same way, when Vcc drops down from the
operating voltage to below the POR threshold
value, all operations are disabled and the device
will not respond to any command. A stable Vcc
must be applied before applying any logic signal.




M2201

SIGNAL DESCRIPTIONS

Serial Clock (SCL). The SCL input pin is used to
synchronize all data in and out of the memory. A
resistor can be connected from the SCL line to Vcc
to act as a pull up (see Figure 3).

Serial Data (SDA). The SDA pin is bi-directional
and is used to transfer data in or out of the memory.
It is an open drain output that may be wire-OR’ed
with other open drain or open collector signals on
the bus. Aresistor must be connected from the SDA
bus line to Vcc to act as pull up (see Figure 3).

Write Control (WC). An hardware Write Control
feature (WC) is offered on pin 7. This feature is
usefull to protect the contents of the memory from
any erroneous erase/write cycle. The Write Control
signal is used to enable (WC = V1) or disable (WC
= Vi) the internal write protection. When uncon-
nected, the WC input is internally read as VL (WC
is disabled).

DEVICE OPERATION

The device that controls the data transfer is known
as the master. The master will always initiate a data
transfer and will provide the serial clock for syn-
chronisation. The M2201 is always a slave device
in all communications.

Start Condition. START is identified by a high to
low transition of the SDA line while the clock SCL
is stable in the high state. A START condition must
precede any command for data transfer. Except
during a programming cycle, the M2201 continu-
ously monitor the SDA and SCL signals for a
START condition and will not respond unless one
is given.

Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the M2201 and the
bus master. ASTOP condition at the end of a Read
command forces the standby state. A STOP condi-
tion at the end of a Write command triggers the
internal EEPROM write cycle.

Acknowledge Bit (ACK). An acknowledge signal

is used to indicate a successfull data transfer. The

bus transmitter, either master or slave, will release

the SDA bus after sending 8 bits of data. During the

9th clock pulse period the receiver pulls the SDA

gus low to acknowledge the receipt of the 8 bits of
ata.

Data Input. During data input the M2201 sample
the SDA bus signal on the rising edge of the clock
SCL. Note that for correct device operation the SDA
signal must be stable during the clock low to high
transition and the data must change ONLY when
the SCL line is low.

Figure 3. Maximum RL Value versus Bus Capacitance (Cgus) for an I°C Bus
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Table 3. Input Parameters ( (Ta = 25 °C, f = 400 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Ci Input Capacitance (other pins) 6 pF
Zwer WC Input Impedance Vin<0.3 Vee 5 20 kQ
Zwen WC Input Impedance Vin2 0.7 Vee 500 kQ
Low-pass filter input time constant
e (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 4. DC Characteristics
(TaA=010 70 °C; Vcc = 5V + 10%)
Symbol Parameter Test Condition Min Max Unit
Input Leakage Current
I (SCL, SDA) 0V <Vin<SVee +2 pA
Io Output Leakage Current OVSSD\QO;:]T'_S“_\QCC +2 nA
fc = 400kHz
lec Supply Current (Rise/Fall time < 30ns) 2 mA
Vin =V ::/css= Og\ycc, 100 A
lec Supply Current (Standby)
Vin = Vss or Ve,
Ve = 5V, fc = 400kHz 300 KA
Vi Input Low Voltage (SCL, SDA) -0.3 0.3 Vee \
Vi Input High Voltage (SCL, SDA) 0.7 Vee Vee + 1 \
Vi Input Low Voltage (WC) -0.3 0.5 %
" Input High Voltage (WC) Vec—-05 | Voo +1 \%
Vou Output Low Voltage loL = 3mA, Vge =5V 0.4 \
4/12 vy SGS-THOMSON
Y/ ICROELECTRONICS
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Table 5. AC Characteristics
(TaA=010 70 °C; Vcc =5V £ 10%)

Symbol Alt Parameter Min Max Unit
tcHicH2 tr Clock Rise Time 300 ns
teLicLe tF Clock Fall Time 300 ns
tortorz ) t SDA Rise Time 20 300 ns
tovtors tF SDA Fall Time 20 300 ns
torox @ tsusta Clock High to Input Transition 600 ns
tcHeL tHiGH Clock Pulse Width High 600 ns
toLcL tHD STA Input Low to Clock Low (START) 600 ns
tcLox tHD DAT Clock Low to Input Transition 0 us
tcLeH tLow Clock Pulse Width Low 1.3 us
toxcex tsu pat Input Transition to Clock Transition 100 ns
tcHoH tsusto Clock High to Input High (STOP) 600 ns
toHoL taur Input High to Input Low (Bus Free) 1.3 us
teLav taa Clock Low to Data Out Valid 200 1000 ns
toLax toH Clock Low to Data Out Transition 200 ns
fc fscL Clock Frequency 400 kHz

tw twr Write Time 10 ms

Notes: 1. Sampled only, not 100% tested.
2. For a reSTART condition, or following a write cycle.

AC MEASUREMENT CONDITIONS

Input Rise and Fall Times < 50ns

Input Pulse Voltages 0.2Vce to 0.8Vee

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vee

Figure 4. AC Testing Input Output Waveforms

0.8Vgo

0.2Vee

Al00825
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Memory Addressing. To start communication be-
tween the bus master and the slave M2201, the
master must initiate a START condition. Following
this, the master sends onto the SDA bus line 8 bits
(MSB first) corresponding to the 7th bit byte-ad-
dress and a READ or WRITE bit. This 8th bit is set
to "1’ for read and '0’ for write operations. If a match
is found, the corresponding memory will acknow-
ledge the identification on the SDA bus during the
9th bit time.

Write Operations

Following a START condition the master sends the
byte address with the RW bit reset to '0’. The
memory acknowledges this and waits for a data
byte. Any write command with WC = 1 (during a
period of time from the START condition untill the
end of the Byte Address) will not modify data and
will NOT be acknowledged on data bytes, as in
Figure 8.

5/12
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Figure 5. AC Waveforms
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Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition.

Page Write. The Page Write mode allows up to 4
bytes to be written in a single write cycle, provided
that they are all located in the same 'row’ in the
memory: that is the 5 most significant memory
address bits (A6-A2) are the same. The master
sends from one up to four bytes of data, which are
each acknowledged by the memory. After each
byte is transfered, the internal byte address counter
(2 least significant bits only) is incremented. The
transfer is terminated by the master generating a
STOP condition. Care must be taken to avoid ad-

Figure 6. 1°C Bus Protocol

dress counter 'roll-over’ which could result in data
being overwritten.

It must be noticed that, for any write mode, the
generation by the master of the STOP condition
starts the internal memory program cycle. Allinputs
are disabled until the completion of this cycle and
the memory will not respond to any request.

Minimizing System Delays by Polling On ACK.
During the internal write cycle, the memory discon-
nects itself from the bus in order to copy the data
from the internal latches to the memory cells. The
maximum value of the write time (tw) is given in the
AC Characteristics table, since the typical time is
shorter, the time seen by the system may be re-

SDA
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DEVICE OPERATION (cont'd)

duced by an ACK polling sequence issued by the
master. The sequence is as follows:

— Initial condition: a Write is in progress (see Figure

— Step 1: the Master issues a START condition
followed by a Device Select byte (1st byte of the
new instruction).

Figure 7. Write Cycle Polling using ACK

— Step 2: if the memory is busy with the internal
write cycle, no ACK will be returned and the
master goes back to Step 1. If the memory has
terminated the internal write cycle, it will respond
with an ACK, indicating that the memory is ready
to receive the second part of the next instruction
(the first byte of this instruction was already sent
during Step 1).

WRITE Cycle
in Progress

START Condition

DEVICE SELECT
with AW = 0

NO

A

Proceed
Next Instruction

Operation I1s

READ or
WRITE

YES

A
ISSUE the
Second Part of
the Instruction

i

Al01099
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Read Operation

Byte Read. The master sends a START condition
followed by seven bits of address and the RW bit
(setto’1’). The M2201 acknowledges it and outputs
the corresponding data byte. The read operation
is terminated by a STOP condition issued by the
master (instead of the ACK bit).

Sequential Read. The master sends a START
condition followed by seven bits of address and the
RW bit (setto '1’). The M2201 acknowledges it and
outputs the corresponding data byte. The master
does acknowledge this byte and reads the next
data byte (at address + 1). The read operation is

terminated by a STOP condition issued by the
master (instead of the ACK bit). The output data is
from consecutive byte addresses, with the internal
byte address counter automatically incremented
after each byte output. After a count of the last
memory address, the address counter will 'roll-
over to address '00' and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the M2201 waits for an acknowledge during the 9th
bit time. If the master does not pull the SDAline low
during this time, the M2201 terminates the data
transfer and switches to a standby state.

Figure 8. Write Modes Sequences with Write Control =

Wo J
ACK NO ACK
TIT T T TT TTrTrrrTrT =
BYTE WRITE H |BYTEADDR DATAIN | U:I
£ S
RIW =0
5 %
ACK NO ACK NO ACK NO ACK
LU B B } TT T T T 17T === LI B B B B |
PAGE WRITE |_| IBYTEADDR DATAIN 1 | | l DATAIN 4 I H]
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c RW =0 S
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Al01324
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Figure 9. Read Modes Sequences

ACK NO ACK
BYTE READ |—| BYTEADDHlll | DATA OUT | U:I
1.1 1.1 1.1 101 1 1 1.1
g . 5
RW =1
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CK ACK A
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RW =1

Cl NO ACK
|

K
|DATAOUTN| | | I

STOP

A
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SEQUENTIAL READ |_| |BYTEADDR|||
b=
o
=
»

Al01325

ORDERING INFORMATION SCHEME

Example: M2201 M 1 TR
Package | | Temperature Range | l Option
B  PSDIP8 1 0to70°C TR Tape & Reel
0.25mm Frame Packing
M SOs8

Parts are shipped with the memory content set at all "1’s" (FFh).

For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory
Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest
to you.

1012 -
&y7 B8 THONSOM
558




M2201

PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
Symb mm inches
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
Al 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
e 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8 8
PSDIP8
I--- ) \ A2 A AA
U [ v |
A L]
B -»He el
> B1

PSDIP-a

Drawing is out of scale

o7 TSNS
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SO08 - 8 lead Plastic Small Outline, 150 mils body width
mm inches
Symb
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
Al 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
o] 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.90 0.016 0.035
o 0° 8° 0° 8°
N 8 8
CcP 0.10 0.004
S0o8
e—h X 45°
A
C
B = .
esl e [2[cP]
< D_,
ilililli f
N A
2 H
1
\N 4
HHHE o
SO-a
Drawing is out of scale
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‘ SGS-THOMSON ST24164
Y/, CROELECTRONICS ST25164

SERIAL ACCESS 16K (2K x 8) EEPROM

= 1 MILLION ERASE/WRITE CYCLES with
OVER 10 YEARS DATA RETENTION

= SINGLE SUPPLY VOLTAGE:

— 4.5V to 5.5V for ST24164 version
— 2.5V to 5.5V for ST25164 version
= HARDWARE WRITE CONTROL PIN
= TWO WIRE SERIAL INTERFACE

= PAGE WRITE (up to 16 BYTES)

£
8 ">\I
U
1
= BYTE, RANDOM and SEQUENTIAL READ
MODES PSDIP8 (B) S08 (M)

0.25mm Frame
= SELF TIMED PROGRAMMING CYCLE
= AUTOMATIC ADDRESS INCREMENTING
s ENHANCED ESD/LATCH-UP

PERFORMANCES
Figure 1. Logic Diagram
DESCRIPTION
The ST24/25164 are 16K bit electrically erasable Vee

programmable memories (EEPROM), organized I
as 2048 x 8 bits. They are manufactured in SGS-

THOMSON'’s Hi-Endurance Advanced CMOS 3
technology which guarantees an endurance of one E0-E2 :,é:)
million erase/write cycles with a data retention of )

over 10 years. The memories operate with a power SCL —— ST24164
supply value as low as 2.5V. ST25164

— SDA

Table 1. Signal Names I

EO-E2 Chip Enable Inputs Vgs

SDA Serial Data Address Input/Output Alo1248
SCL Serial Clock

WC Write Control

Vce Supply Voltage

Vss Ground

June 1994 1/15
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

ST24164 ST24164
ST25164 ST25164
Eofl1 ™ 8[IVcc EoHO  8Vce
E1[]2 7QwWC E1]2 7F=wWC
E2[]3 6 [1SCL E2C3 6 —SCL
Vgs 4 5[1SDA Vgg 4 5 F1SDA
Al01249 Al01250B
Table 2. Absolute Maximum Ratings ()
Symbol Parameter Value Unit
Ta Ambient Operating Temperature grade 1 0to 70 oG
grade 6 —40 to 85
Tste Storage Temperature —65 to 150 °C
TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 oG
(PSDIP8 package) 10 sec 260
Vo Output Voltage ' -0.3t0 6.5 Vv
Vi Input Voltage -0.3t06.5 \
Vce Supply Voltage -0.3t0 6.5 Vv
Ves Electrostatic Discharge Voltage (Human Body model) @ 4000 v
ESD

Electrostatic Discharge Voltage (Machine model) © 500 v

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings"
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other

relevant quality documents.
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q).
3. EIAJ IC-121 (Condition C) (200pF, 0 Q).

DESCRIPTION (cont'd)

Both Plastic Dual-in-Line and Plastic Small Outline
packages are available.

The memories are compatible with the two wire
serial interface which uses a bi-directional data bus
and serial clock. The memories offer 3 chip enable
inputs (E2, E1, EO) so that up to 8 x 16K devices
may be attached to the bus and selected individu-
ally. The memories behave as a slave device with
all memory operations synchronized by the serial
clock.

2/15 .
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Read and write operations are initiated by a START
condition generated by the bus master. The START
condition is followed by a stream of 7 bits, plus one
read/write bit and terminated by an acknowledge
bit (see Table 3).

When writing data to the memory it responds to the
8 bits received by asserting an acknowledge bit
during the 9th bit time. When data is read by the
bus master, it acknowledges the receipt of the data
bytes in the same way. Data transfers are termi-
nated with a STOP condition.
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Table 3. Device Select Code

Chip Enable MSB Address RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 E2 E1 EO A10 A9 A8 RW
Note: The MSB b7 is sent first.
Table 4. Operating Modes ()
Mode RW bit WC pin Bytes Initial Sequence
Current Address Read 1 X 1 START, Device Select, RW =1’
Random Address Read ‘0’ X 1 START, Device Select, R/W_:’O‘, Address,
1’ reSTART, Device Select, R'W =
Sequential Read 1’ X 1 to 2048 Similar to Current or Random Mode
Byte Write 0 Vi 1 START, Device Select, RW ='0'
Page Write [ Vi 16 START, Device Select, RW ='0’

Notes: 1. X =Vinor Vi

Power On Reset: Vcc lock out write protect. In
order to prevent data corruption and inadvertent
write operations during power up, a Power On
Reset (POR) circuit is implemented. Until the Vcc
voltage has reached the POR threshold value, the
internal reset is active, all operations are disabled
and the device will not respond to any command.
In the same way, when Vcc drops down from the
operating voltage to below the POR threshold
value, all operations are disabled and the device
will not respond to any command. A stable Vcc
must be applied before applying any logic signal.

SIGNAL DESCRIPTIONS

Serial Clock (SCL). The SCL input pin is used to
synchronize all data in and out of the memory. A
resistor can be connected from the SCL line to Vcc
to act as a pull up (see Figure 3).

Serial Data (SDA). The SDA pin is bi-directional
and is used to transfer data in or out of the memory.
It is an open drain output that may be wire-OR’ed
with other open drain or open collector signals on

Lyy 385;THOMSON

the bus. Aresistor must be connected from the SDA
bus line to Vcc to act as pull up (see Figure 3).

Chip Enable (E2 - E0). These chip enable inputs
are used to set 3 bits (b6, b5, b4) of the 7 bit device
select code. These inputs may be driven dynami-
cally or tied to Vcc or Vss to establish the device
select code.

Write Control (WC). An hardware Write Control
feature (WC) is offered on pin 7. This feature is
useful to protect the contents of the memory from
any erroneous erase/write cycle. The Write Control
signal is used to enable (WC = Vin) or disable (WC
= Vi) the internal write protection. WC pin can be
direcly connected to Vss pin, in order to run the
ST24/25164 without the Write Control protection.
When unconnected, the WC input is internally read
as VL (see Table 5).

When WC = '1’, Device Select and Address bytes
are acknowledged; Data bytes are not acnowl-
edged.

Refer to the AN404 Application Note for more de-
tailed information about Write Control feature.

3/15
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Figure 3. Maximum Ry Value versus Bus Capacitance (Cgus) for a Serial Bus

20
Voo
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RL RL
g "” SDA
% —
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‘\ m— CBUS
4 N T
~
Vge =5V ~—_
0
100 200 300 400
Cpus (PF) Al01100
DEVICE OPERATION Acknowledge Bit (ACK). An acknowledge signal

Bus Background

The device that controls the data transfer is known
as the master and the other as the slave. The
master will always initiate a data transfer and will
provide the serial clock for synchronisation. The
ST24/25164 are always slave devices in all com-
munications.

Start Condition. START is identified by a high to
low transition of the SDA line while the clock SCL
is stable in the high state. A START condition must
precede any command for data transfer. Except
during a programming cycle, the ST24/25164 con-
tinuously monitor the SDA and SCL signals for a
START condition and will not respond unless one
is given.

Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the ST24/25164
and the bus master. A STOP condition at the end
of a Read command forces the standby state. A
STOP condition at the end of a Write command
triggers the internal EEPROM write cycle.

4/15 -
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is used to indicate a successfull data transfer. The
bus transmitter, either master or slave, will release
the SDA bus after sending 8 bits of data. During the
9th clock pulse period the receiver pulls the SDA
bus low to acknowledge the receipt of the 8 bits of
data.

Data Input. During data input the ST24/25164
sample the SDA bus signal on the rising edge of
the clock SCL. Note that for correct device opera-
tion the SDA signal must be stable during the clock
low to high transition and the data must change
ONLY when the SCL line is low.

Memory Addressing. To start communication be-
tween the bus master and the slave ST24/25164,
the master must initiate a START condition. Follow-
ing this, the master sends onto the SDA bus line 8
bits (MSB first) corresponding to the device select
code (7 bits) and a Read or Write bit (R/W).

Three out of the four most significant bits of the
Device Select code are the Device Select bits (b6,
b5, b4). They are matched to the chip enable
signals applied on pins E2, E1, E0. Thus up to 8 x
16K memories can be connected on the same bus
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Table 5. Input Parameters () (T = 25 °C, f = 400 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF

Zwel WC Input Impedance Vin<0.3 Vee 5 20 kQ
Zwen WC Input Impedance VinN20.7 Voo 500 kQ
Low-pass filter input time constant
e (SDAand SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 6. DC Characteristics
(TA=0to 70 °C or —40 to 85 °C; Ve = 4.5V to 5.5V or 2.5V to 5.5V)

Symbol Parameter Test Condition Min Max Unit
L Input Leakage Current 0V <ViN<Vee +2 pA
ILo Output Leakage Current OVSSDVAoiL:]TIi_\écc +2 pA

: Ve = 5V, fc = 100kHz
oo Supply Current (ST24 series) (Rise/Fall time < 10ns) 2 mA
Supply Current (ST25 series) Vee = 2.5V, fc = 100kHz 1 mA
Vin = Vss or Ve,
1
I Supply Current (Standby) Vee =5V 00 HA
ce (ST24 series)
Vin = Vss or Ve, 300 A
Vee = 5V, fc = 100kHz W
Vin = Vss or Ve, 5 WA
I Supply Current (Standby) Vee =25V
cc2 (ST25 series)
Vin = Vss or Ve, 50 A
) Vee = 2.5V, fc = 100kHz K
ViL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee
Vi Input High Voltage (SCL, SDA) 0.7 Vcc Vee + 1
Input Low Voltage
Vie (E0-E2, WC) -0.3 0.5 \
Input High Voltage
ViH (E0-E2, WC) Vec-0.5 Voo + 1 \)
V. Output Low Voltage (ST24 series) loL = 3mA, Vcc =5V 0.4
oL
Output Low Voltage (ST25 series) loL =2.1mA, Vec = 2.5V 0.4
r SGS-THOMSON 5/15
Y/ MICROELECTRONICS
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Table 7. AC Characteristics

(TA=0to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V)

Symbol Alt Parameter Min Max Unit
tcH1CH2 tR Clock Rise Time 1 us
teLicLe te Clock Fall Time 300 ns
tDH1DH2 tr Input Rise Time 1 us
toLibL tF Input Fall Time 300 ns
torox " tsusTa Clock High to Input Transition 4.7 us
teHeL tHiGH Clock Pulse Width High us
toLeL tHo sTA Input Low to Clock Low (START) us
tcLox tHD DAT Clock Low to Input Transition 0 us
tcLeH tLow Clock Pulse Width Low 4.7 us
toxex tsu:pAT Input Transition to Clock Transition 250 ns
tcHDH tsu sTo Clock High to Input High (STOP) 4.7 us
toHDL tBuUF Input High to Input Low (Bus Free) 4.7 us
tcLav taa Clock Low to Data Out Valid 0.3 3.5 us
toLax ton Clock Low to Data Out Transition 300 ns
fc fscL Clock Frequency 100 kHz
tw twr Write Time 10 ms

Note: 1. For a reSTART condition, or following a write cycle.

AC MEASUREMENT CONDITIONS

Input Rise and Fall Times < 50ns
Input Pulse Voltages 0.2Vce to 0.8Vee

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc

Figure 4. AC Testing Input Output Waveforms

0.8Vee

02Vee

Al00825
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DEVICE OPERATION (cont'd)

giving a memory capacity total of 128K bits. After a
START condition any memory on the bus will iden-
tify the device code and compare the 3 bits to its
chip enable inputs E2, E1, EO.

The 8th bit sent is the Read or Write bit (R/W), this
bit is set to "1’ for read and '0’ for write operations.
If a match is found, the corresponding memory will
acknowledge the identification on the SDA bus
during the 9th bit time.

Write Operations

The Write Operations are only possible when the
Write Control pin is low (WC to ground).

Following a START condition the master sends a
device select code with the RW bit reset to '0". The
memory acknowledges and waits for the lower byte
address. After receipt of the byte address the de-
vice again responds with an acknowledge.
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Figure 5. AC Waveforms
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Figure 6. 12C Bus Protocol
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Al00792

Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition.

Page Write. The Page Write mode allows up to 16
bytes to be written in a single write cycle, provided
that they are all located in the same ’row’ in the
memory: that is the 4 most significant Byte Address
bits (A7-A4) are the same. The master sends from
one up to 16 bytes of data, which are each acknow-
ledged by the memory. After each byte is trans-
fered, the internal byte address counter (4 least
significant bits only) is incremented. The transfer is
terminated by the master generating a STOP con-
dition. Care must be taken to avoid address counter

8/15
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'roll-over’ which could result in data being overwrit-
ten. Note that, for any write mode, the generation
by the master of the STOP condition starts the
internal memory program cycle. All inputs are dis-
abled until the completion of this cycle and the
memory will not respond to any request.

Minimizing System Delays by Polling On ACK.
During the internal write cycle, the memory discon-
nects itself from the bus in order to copy the data
from the internal latches to the memory cells. The
maximum value of the write time (tw) is given in the
AC Characteristics table, since the typical time is
shorter, the time seen by the system may be re-
duced by an ACK polling sequence issued by the
master.
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The sequence is as follows:
— Initial condition: a Write is in progress (see Figure

— Step 1: the master issues a START condition
followed by a device select byte (1st byte of the
new instruction).

— Step 2: if the memory is busy with the internal
write cycle, no ACK will be returned and the
master goes back to Step 1. If the memory has
terminated the internal write cycle, it will respond
with an ACK, indicating that the memory is ready
to receive the second part of the next instruction
(the first byte of this instruction was already sent
during Step 1).

Figure 7. Write Cycle Polling using ACK

Read Operations

Read operations are independent of the state of the
WC pin. On delivery, the memory content is set at
all"1’s" (or FFh).

Current Address Read. The memory has an inter-
nal byte address counter. Each time a byte is read,
this counter is incremented. For the Current Ad-
dress Read mode, following a START condition,
the master sends a memory address with the R/W
bit set to '1". The memory acknowledges this and
outputs the byte addressed by the internal byte
address counter. This counter is then incremented.
The master does NOT acknowledge the byte out-
put, but terminates the transfer with a STOP con-
dition.

WRITE Cycle

in Progress

START Condition

DEVICE SELECT
with RW = 0

NO

A

Proceed
Next Instruction

Operation is

READ or
WRITE

YES

A
ISSUE the
Second Part of
the Instruction
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Figure 8. Write Modes Sequence

]
-

ACK ACK ACK
BYTE WRITE Hl DEVSELl BYTEADDR!I DATA IN I H
llllll‘l L1 1 1 1.1 L1 1 1 1 1 11
i - 5
R/W
< =
|(7J [5]
ACK ACK ACK
PAGE WRITE |-| DEV SEL BYTEADDRIl DATAIN 1 II DATAIN 2
PP | P PRI i
e T
< RW
=
1))
ACK ACK

[een]

STOP

Al01296

Random Address Read. A dummy write is per-
formed to load the address into the address
counter, see Figure 10. This is followed by another
START condition from the master and the byte
address is repeated with the R/W bit set to '1’. The
memory acknowledges this and outputs the byte
addressed. The master does NOT acknowledge
the byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-

10/15
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quence. To terminate the stream of bytes, the
master must NOT acknowledge the last byte out-
put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address
counter will 'roll- over’ and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the ST24/25164 waits for an acknowledge during
the 9th bit time. If the master does not pull the SDA
line low during this time, the ST24/25164 termi-
nates the data transfer and switches to a standby
state.
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Figure 9. Write Modes Sequence with Write Control = 1

we |
ACK ACK NO ACK
BYTE WRITE DEV SEL BYTE ADDR DATA IN U:l
£ i 5
RW
<< =
l(z /)]
We |
ACK ACK NO ACK
PAGE WRITE DEV SEL BYTE ADDR DATAIN 1 l DATAIN 2
m(cont'd)

NO ACK NO ACK

|
PAGE WRITE DATAINN l
(cont'd) -4

o
[¢]
o
AI01161
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Figure 10. Read Modes Sequence

ACK NO ACK
CURRENT | ]
ADDRESS H | DEV SEL | | l DATAOUTJ m
READ R || F A e
i W 5
RIW
< [
I(Z %]
ACK ACK NOACK
RANDOM | e
ADDRESS H |DEV SEL‘| |BYTE ADDR| H IDEV SEL'l | | DATA OUT l I_[l
READ II|IIIII L1 11 1.1 111 1 1.1
& w &
< R/W < rQ
= = 17}
&) %)
ACK NO ACK
SEQUENTIAL 9-- |
CURRENT H l DEV SEL | l IDATAOUT1| r DATAOUTN I
READ 11113131 11011 33 .
£ 5
RIW
s =
5 0]
ACK
SEQUENTIAL | -
RANDOM :
READ 10t 111 11111311 1111 11 I T T

RW RW

START [

T T T T
DEVSEL'I lBYTEADDRl ﬂ IDEVSEL'I | IDATAOUT1
E
=
2]

NO ACK

DATA OUTN I

STOP

Al00794C

Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical

e o7 SR2:IN0N
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ORDERING INFORMATION SCHEME

Example: ST24164 M 1 TR
Operating Voltage I | Package | I Temperature Range | | Option
24 45Vto55V B PSDIP8 1 0to70°C TR Tape & Reel
25 25Vt055V 0:25mm Frame 3* —4010125°C Packing
M sO8

6 —40t085°C

Note: 3 * Temperature range on special request only.

Parts are shipped with the memory content set at all "1's" (FFh).

For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory
Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest
to you.

. 13/15
o7 STHINDN
573




ST24164, ST25164

PSDIPS8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
Symb mm inches
Typ Min Max Typ Min Max
A 3.90 5.90 ; 0.154 0.232
Al 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
L 3.00 3.80 0.118 0.150
N 8 8
PSDIP8

v
A
N
B el
> B1
< D .
o I o B e B X
N A
) E1| E
1 v
Iy S PSDIP-a
Drawing is out of scale
14/15 (y7 SGS-THOMSON
Y/ %ﬂ@@@@&ﬁ@?ﬁ@[wﬂ@@
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S08 - 8 lead Plastic Small Outline, 150 mils body width
Symb mm inches
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
A1 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
C 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.0 0.016 0.035
o 0° 8° 0° 8°
N 8 8
cpP 0.10 0.004
S08
e h x 45°
[y
A
M c
B O |CP
e e
AAA ‘
N A
E| H
1 : ]
HEHE
S0-a
Drawing is out of scale
Ly7 SE5THOMEON e
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ST24LC21

DUAL MODE SERIAL ACCESS 1K (128 x 8) EEPROM

= 1 MILLION ERASE/WRITE CYCLES
s 40 YEARS DATA RETENTION
= 2.5V to 5.5V SINGLE SUPPLY VOLTAGE

» 400k Hz COMPATIBILITY OVER the FULL
RANGE of SUPPLY VOLTAGE

= TWO WIRE SERIAL INTERFACE I2C BUS
COMPATIBLE

= PAGE WRITE (up to 8 BYTES)

= BYTE, RANDOM and SEQUENTIAL READ
MODES

= SELF TIMED PROGRAMMING CYCLE
= AUTOMATIC ADDRESS INCREMENTING

a ENHANCED ESD/LATCH UP
PERFORMANCES

DESCRIPTION

The ST24LC21 is a 1K bit electrically erasable
programmable memory (EEPROM), organized by
8 bits. This device can operate intwo modes: Trans-
mit Only mode and I°C bidirectional mode. When
powered, the device is in Transmit Only mode with
EEPROM data clocked out from ihe rising edge of
the signal applied on VCLK.

The device will switch to the I2C bidirectional mode
upon the falling edge of the signal applied on SCL
pin. The ST24LC21 cannot switch from the 2]
bidirectional mode to the Transmit Only mode (ex-
cept when the power supply is removed). The
device operates with a power supply value as low
as 2.5V. Both Plastic Dual-in-Line and Plastic Small
Outline packages are available.

Table 1. Signal Names

SDA Serial Data Address Input/Qutput

PRODUCT PREVIEW

-\

PSDIP8 (B)
0.25mm Frame

e
8 h\i}\?ﬂ 8%

S08 (M)

Figure 1. Logic Diagram

SCL Serial Clock (I°C mode)

Vee Supply Voltage

Vss Ground

VCLK Clock Transmit only mode

February 1995

SCL —

VCLK

ST24LC21

— SDA

Vss

Al01489

1/16

This 1s preliminary information on a new product now in development Details are subject to change without notice
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Figure 2A. DIP Pin Connections Figure 2B. SO Pin Connections
ST24LC21 ST24LC21
Nclj1 ~ 8[1vge NC O s/ vee
NC[2 7[1VCLK NCE= 2 7= VCLK
NC[3 6[1SCL NCC3 6 [ SCL
Vss4 5[1SDA vsslﬂ4 5= SDA
Al01499 Al01500
Warning: NC = No Connection Warning: NC = No Connection

Table 2. Absolute Maximum Ratings (")

Symbol Parameter Value Unit
Ta Ambient Operating Temperature grade 1 Oto70 oG
grade 6 —40to 85
Tsta Storage Temperature —65to 150 °C
TLeaD Lead Temperature, Soldering (SO8 package) 40 sec 215 oc
(PSDIP8 package) 10 sec 260
Vio Input or Output Voltages -0.3t0 6.5 Vv
Vee Supply Voltage -0.3t0 6.5 \"
Veso Electrostatic Discharge Voltage (Human Body model) @ 4000 v
Electrostatic Discharge Voltage (Machine model) @ 500 V-

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings"
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other
relevant quality documents.

2. MIL-STD-883C, 3015.7 (100pF, 1500 ).
3. EIAJ IC-121 (Condition C) (200pF, 0 Q)

Table 3. Device Select Code

Device Code Chip Enable RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 X X X RW
Note: The MSB b7 is sent first.
X=0o0or1.
2 Ly7 RS THOMSON

578



ST24LC21

Figure 3. Transmit Only Mode Waveforms

Vee /
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Al01501

Table 4. Operating Modes

Mode RW bit Bytes Initial Sequence
Current Address Read 1’ 1 START, Device Select, RW = "1’
Random Address Read 0 1 START, Device Select, RW_: 0’, Address,

1’ reSTART, Device Select, RW =1’
Sequential Read 1 1to 128 Similar to Current or Random Mode
Byte Write 0’ 1 START, Device Select, RW =0’
Page Write 0’ 8 START, Device Select, RW =0’
(yy SGS-THOMSON 3/16
Y/ MICROELECTRONICS
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Figure 4. Transition Mode Waveforms

Transmit Only Mode

SCL

Bi-Directional Mode

SDA X X

VCLK I I

Al01502

Transmit Only Mode

After a Power-up, the device is in the Transmit Only
mode. A proper initialization sequence must supply
nine clock pulses on the VCLK pin (in order to
internally synchronize the device). During this in-
itialization sequence, the SDA pin is in high imped-
ance. On the rising edge of the tenth pulse applied
on VCLK pin, the device will output the first bit of
byte located at address 00h (most significant bit
first).

A byte is clocked out (on SDA pin) with nine clock
pulses on VCLK: 8 clock pulses for the data byte
and one extra clock pulse for a Don’t Care bit.

As long as the SCL pin is held high, each byte of te
memory aray is transmitted serially on SDA pin with
an automatic address increment.

When the last byte is transmitted, the address
counter will roll back to location 00h.

12C Bidirectional Mode

The devnce can be switched from Transmit Only
mode to I°C Bidirectional mode by applying a valid
high to low transition on the SCL pin (see Figure 4).

When the device is in the |12C Bidirectional mode,
the VCLK input enables (or inhibit) the execution of
any write instruction: if VCLK = 1, write instructions
are executed; if VCLK write instructions are not
executed.

The device is compatible with the I2C standard, two
wire serial interface which uses a bi-directional data

4/16 -
57 ses:THamson
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bus and serial clock. The device carries a built-in 4
bit, unique devnce identification code (1010) corre-
sponding to the 12C bus definition.

The device behaves as a slave device in the 12C
protocol with all memory operations synchronized
by the serial clock. Read and write operations are
initiated by a START condition generated by the
bus master. The START condition is followed by a
stream of 7 bits (identification code 1010), plus one
read/write bit and terminated by an acknowledge
bit.

When writing data to the memory it responds to the
8 bits received by asserting an acknowledge bit
during the 9th bit time. When data is read by the
bus master, it acknowledges the receipt of the data
bytes in the same way. Data transfers are termi-
nated with a STOP condition.

Power On Reset: Vcc lock out write protect. In
order to prevent data corruption and inadvertent
write operations during power up, a Power On
Reset (POR) circuit is implemented. Until the Vcc
voltage has reached the POR threshold value, the
internal reset is active, all operations are disabled
and the device will not respond to any command.
In the same way, when Vcc drops down from the
operating voltage to below the POR threshold
value, all operations are disabled and the device
will not respond to any command. A stable Vcc
must be applied before applying any logic signal.
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SIGNAL DESCRIPTIONS

12C Serial Clock (SCL). The SCL input pin is used
to synchronize all data in and out of the memory. A
resistor can be connected from the SCL line to Vcc
to act as a pull up (see Figure 5).

Transmit Only Clock (VCLK). The VCLK input pin
is used to synchronize data out when the
ST24LC21 is in Transmit Only mode. The VCLK
input offers also a Write Enable (active high) func-
tion when the ST24LC21 is in I°C bidirectional
mode.

Serial Data (SDA). The SDA pin is bi-directional
and is used to transfer data in or out of the memory.
It is an open drain output that may be wire-OR’ed
with other open drain or open collector signals on
the bus. Aresistor must be connected from the SDA
bus line to Vcc to act as pull up (see Figure 5).

DEVICE OPERATION
12C Bus Background

The ST24LC21 support the 12C protocol. This pro-
tocol defines any device that sends data onto the
bus as a transmitter and any device that reads the
data as areceiver. The device that controls the data
transfer is known as the master and the other as
the slave. The master will always initiate a data

transfer and will provide the serial clock for syn-
chronisation. The ST24LC21 are always slave de-
vices in all communications.

Start Condition. START is identified by a high to
low transition of the SDA line while the clock SCL
is stable in the high state. A START condition must
precede any command for data transfer. Except
during a programming cycle, the ST24LC21 con-
tinuously monitor the SDA and SCL signals for a
START condition and will not respond unless one
is given.

Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the ST24LC21 and
the bus master. A STOP condition at the end of a
Read command forces the standby state. A STOP
condition at the end of a Write command triggers
the internal EEPROM write cycle.

Acknowledge Bit (ACK). An acknowledge signal

is used to indicate a successfull data transfer. The

bus transmitter, either master or slave, will release

the SDA bus after sending 8 bits of data. During the

9th clock pulse period the receiver pulls the SDA

gus low to acknowledge the receipt of the 8 bits of
ata.

Figure 5. Maximum Ry Value versus Bus Capacitance (Cgus) for an I1°C Bus, fc = 400kHz

20
Vee
16 \ """"
RL RL
g " soA T T
] —
£ N\ MASTER | gL Caus
£ g N E
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4 \\ T
Veg =5V S~
0 |
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Cgus (pF) AI01115
r SGS-THOMSON 5/16
Y/ MICROELECTRONICS
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Table 5. Input Parameters ( (Ta = 25 °C, f = 100 kHz )

Symbol Parameter Test Condition Min Max Unit
CiN Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
Low-pass filter input time constant
e (SDAand SCL) 300 ns
Note: 1. Sampled only, not 100% tested.
Table 6. DC Characteristics
(TA=0to 70 °C or —40 to 85 °C; Vcc = 2.5V to 5.5V)
Symbol Parameter Test Condition Min Max Unit
] Input Leakage Current OV <VinsVee +2 pA
ILo Output Leakage Current OVS’SD\//\oi'*r’]Tlfi_\écc $2 pA
Vce = 5V, fc = 400kHz
oo Supply Current (Rise/Fall ime < 10ns) 2 mA
Supply Current Vee = 2.5V, fc = 400kHz 1 mA
Vin = Vss or Ve,
Veo = 5V 100 pA
lec Supply Current (Standby)
Vin = Vss or Vcc,
Ve = 5V, fe = 400kHz 300 HA
Vin = Vss or Ve, 5 A
leca Supply Current (Standby) Vee = 2.5V
Vin = Vss or Ve,
Ve = 2.5V, fc = 400kHz 50 HA
Vi Input Low Voltage (SCL, SDA) -0.3 0.3 Vce Vv
Viu Input High Voltage (SCL, SDA) 0.7 Vee Vee + 1 \"
2.5V <Vec <3V -0.3 0.2V
ViL Input Low Voltage (VCLK) ce ce v
Vce > 3V -0.3 0.8 \
ViH Input High Voltage (VCLK) 2 Vee + 1 \
VoL Output Low Voltage loL = 3mA 0.4 \"
6/16 Ly7 SGS-THOM
S/ 4 mu&mc@?@g
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Table 7. AC Characteristics, I°C Bidirectional Mode
(Ta=0to 70 °C or —40 to 85 °C; Vcc = 2.5V to 5.5V)

Symbol Alt Parameter Min Max Unit
tcHicH2 tr Clock Rise Time 300 ns
teLice te Clock Fall Time 300 ns
torromz tr SDA Rise Time 20 300 ns
toLipt tF SDA Fall Time 20 300 ns
tcuox @ tsusta | Clock High to Input Transition 600 ns
toHoL tHIGH Clock Pulse Width High 600 ns
toLoL tHD.STA Input Low to Clock Low (START) 600 ns
teLox tHD.DAT Clock Low to Input Transition 0 us
toeLeH tlow Clock Pulse Width Low 1.3 us
toxcx tsu AT Input Transition to Clock Transition 100 ns
tcHoH tsu.sto Clock High to Input High (STOP) 600 ns
toHDL taur Input High to Input Low (Bus Free) 1.3 us
tcLav taa Clock Low to Data Out Valid 200 900 ns
toLax toH Clock Low to Data Out Transition 200 ns
fc fscL Clock Frequency 400 kHz

tw twr Write Time 10 ms

Notes: 1. Sampled only, not 100% tested.
2. For a reSTART condition, or following a write cycle.

Table 8. AC Characteristics, Transmit-only Mode
(TA=01to 70 °C or —40 to 85 °C; Vcc = 2.5V to 5.5V)

Symbol Alt Parameter Min Max Unit
tvcHax tvaa Output Valid from VCLK 500 ns
tvenvel tvhigH VCLK High Time 600 ' ns
tvoLveH tVLOW | VCLK Low Time 1.3 s
tcLaz tvhz Mode Tansition Time 500 ns
tvey M Transmit-only Power-up Time 0 ns

Note: 1. Refer to Figure 3.

. 7/16
L7 B5THONRON
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Figure 6. AC Waveforms
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AC MEASUREMENT CONDITIONS

Figure 7. AC Testing Input Output Waveforms

Input Rise and Fall Times < 50ns
Input Pulse Voltages SDA, SCL 0.2Vcc to 0.8Vee 08Vee -/~ 0.7VsG
Input Pulse Voltages Veik 0.4V to 2V 0.3Vee
0.2Vee
Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vce Al00825
Figure 8. 12C Bus Protocol
scL \ / \ / \ /
soA i/ ) SR \ i/
4 START — ‘e~ SDA —>ie SDA e-sTOP >
CONDITION INPUT CHANGE CONDITION
SCL 1 2 3 7 8 9
soon N\ /mee X X XX X\
START
CONDITION
SCL 1 2 3 7 8 9
SDA \ wmss X X X ) ACK /i
STOP
CONDITION
Al00792
Ic SGS-THOMSON 9/16
Y7 $1CROEECTRONICS
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Figure 9. Write Cycle Polling using ACK

WRITE Cycle
in Progress

START Condition

DEVICE SELECT
with RW = 0

Proceed
Next Instruction

y
ISSUE the

Second Part of
the Instruction

v

Al01099

Data Input. During data input the ST24LC21 sam-
ple the SDA bus signal on the rising edge of the
clock SCL. Note that for correct device operation
the SDA signal must be stable during the clock low
to high transition and the data must change ONLY
when the SCL line is low.

Memory Addressing. To start communication be-
tween the bus master and the slave ST24LC21, the
master must initiate a START condition. Following
this, the master sends onto the SDA bus line 8 bits
(MSB first) corresponding to the device select code
(7 bits) and a READ or WRITE bit. The 4 most
significant bits of the device select code are the
device type identifier, corresponding to the 1°C bus
definition. For these memories the 4 bits are fixed
as 1010b. The following 3 bits are Don’t Care. The
8th bit sent is the read or write bit (RW), this bit is
set to "1’ for read and '0’ for write operations. If a

10/16 g
L7 363:THONS0N
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match is found, the corresponding memory will
acknowledge the identification on the SDA bus
during the 9th bit time.

Write Operations

Following a START condition the master sends a
device select code with the RW bit reset to '0'. The
memory acknowledges this and waits for a byte
address. After receipt of the byte address the de-
vice again responds with an acknowledge.

In 12C bidirectional mode, any write command with
VCLK = 0 will not modify data and will be acknow-
ledged on data bytes, as shown in Figure 11.

Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition.
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Figure 10. Write Modes Sequence
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Page Write. The Page Write mode allows up to 8
bytes to be written in a single write cycle, provided
that they are all located in the same 'row’ in the
memory: that is the most significant memory ad-
dress bits are the same. The master sends from
one up to 8 bytes of data, which are each acknow-
ledged by the memory. After each byte is trans-
fered, the internal byte address counter (3 least
significant bits only) is incremented. The transfer is
terminated by the master generating a STOP con-
dition. Care must be taken to avoid address counter
'roll-over’ which could result in data being overwrit-
ten. Note that, for any write mode, the generation
by the master of the STOP condition starts the
internal memory program cycle. All inputs are dis-
abled until the completion of this cycle and the
memory will not respond to any request.

Minimizing System Delays by Polling On ACK.

During the internal write cycle, the memory discon-
nects itself from the bus in order to copy the data

[C7R i

from the internal latches to the memory cells. The
maximum value of the write time (tW) is given in
the AC Characteristics table, since the typical time
is shorter, the time seen by the system may be
reduced by an ACK polling sequence issued by the
master. The sequence is as follows:

— Initial condition: a Write is in progress (see Figure

— Step 1: the Master issues a START condition
followed by a Device Select byte (1st byte of the
new instruction).

— Step 2: if the memory is busy with the internal
write cycle, no ACK will be returned and the
master goes back to Step 1. If the memory has
terminated the internal write cycle, it will respond
with an ACK, indicating that the memory is ready
to receive the second part of the next instruction
(the first byte of this instruction was already sent
during Step 1).

11/16
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Figure 11. Inhibited Write when VcLk = 0
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= BYTE —»
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T o)
ACK
5 b
CONTROL
-1— BYTE —-h ACK A
TT T rorrT LONLINLIL D B B § 1 rrrrr
PAGE WRITE I:”_ﬂ I | IWORD ADD n| DATAN DATAn+1 | I_rATAn+7 H
1131 33 110 11 1) 1111111 J.Lrt 1
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Read Operations

On delivery, the memory content is set at all "1’s"
(or FFh).

Current Address Read. The memory has an inter-
nal byte address counter. Each time a byte is read,
this counter is incremented. For the Current Ad-
dress Read mode, following a START condition,
the master sends a memory address with the RW
bit set to '1’. The memory acknowledges this and
outputs the byte addressed by the internal byte
address counter. This counter is then incremented.
The master does NOT acknowledge the byte out-
gut, but terminates the transfer with a STOP con-
ition.

Random Address Read. A dummy write is per-
formed to load the address into the address
counter, see Figure 12. This is followed by another
START condition from the master and the byte
address is repeated with the RW bit set to '1’. The
memory acknowledges this and outputs the byte
addressed. The master does NOT acknowledge

12/16
588
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the byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-
quence. To terminate the stream of bytes, the
master must NOT acknowledge the last byte out-
put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address
counter will roll- over’ and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the ST24LC21 wait for an acknowledge during the
9th bit time. If the master does not pull the SDA line
low during this time, the St24L.C21 terminate the
data transfer and switches to a standby state.

OMSORN
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Figure 12. Read Modes Sequence
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical.

13/16
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ORDERING INFORMATION SCHEME

Example: ST24LC21 M 1 TR
Package | |Temperature Range | | Option
B PSDIP8 1 0to70°C TR Tape & Reel

0.25mm Frame
M SO8

6 -401085°C Packing

Parts are shipped with the memory content set at all "1’s" (FFh).

For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory
Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest
to you.

14/16 .
Lyy $55;THOMSON
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
Symb mm inches
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
Al 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
0.20 0.36 0.008 0.014
D 9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
3.00 3.80 0.118 0.150
N 8 8
PSDIP8
[ ) a2t A
U y
ISP,
B -»He el
> B1
o D .
o o I o B A
N
) E1| E
1 \ &
| I PSDIP-a
Drawing is out of scale
r SGS-THOMSON 15/16
Y/ [MCROBLECTRONICS
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SO08 - 8 lead Plastic Small Outline, 150 mils body width
Symb mm inches
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
Al 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
C 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.90 0.016 0.035
o 0° 8° 0° 8°
N 8 8
CcP ] 0.10 0.004
SO8
te—h x 45°
[y
A L%
4 o]
B2 O|CP
e -
< D >
ililili f
N A
/ E| H
1
\ L4
HHEH 4
SO-a
Drawing is out of scale
1o o7 EETHOMSON
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ST24S08, ST25S08
ST24S16, ST25516

, SECURE SERIAL ACCESS
1°C BUS 8K (1K x 8) and 16K (2K x 8) EEPROM

= SECRET KEYS READ and WRITE
PROTECTED EEPROM

= SINGLE SUPPLY VOLTAGE:
— 4.5V to 5.5V for ST24Sxx versions
— 2.5V to 5.5V for ST25Sxx versions

» HARDWARE WRITE CONTROL

= PROGRAMMABLE WRITE PROTECTION

= TWO WIRE SERIAL INTERFACE, FULLY 12C
BUS COMPATIBLE

= PAGE WRITE (up to 32 BYTES)

= BYTE, RANDOM and SEQUENTIAL READ
MODES

a SELF TIMED PROGRAMMING CYCLE

s AUTOMATIC ADDRESS INCREMENTING

= ENHANCED ESD/LATCH UP
PERFORMANCES

DESCRIPTION

The ST24/25S08 and ST24/25S16 are secure se-
rial access I°C bus EEPROMs of 8K and 16K bits
density. A security mechanism using two alterna-
tive secret keys (known as the Issuer and User
keys) control access to the memory array. When a
correct key is recognised by the device, the mem-
ory array may be read or written. Additional write
protection is provided by the Software Write Pro-
tection (SWP), which can inhibit writing to a part of
the memory array. In the following text, the
ST24/25S08 and ST24/25S16 products are re-
ferred to as ST24/25Sxx, where "xx" is the
EEPROM size (8 Kbit or 16 Kbit).

Table 1. Signal Names

PRODUCT PREVIEW

PRE Write Protect Enable
SDA Serial Data Address Input/Output
SCL Serial Clock
wC Write Control
Vce Supply Voltage
Vss Ground
March 1995

sﬁ%
T
1
PSDIP8 (B) S08 (M)
0.25mm Frame
Figure 1. Logic Diagram
Vce
—— SDA
PRE
ST24Sxx
ScL ST255xx
wCc —Q
Vss

Al01575

n7

This I1s preliminary information on a new product now in development Details are subjets to change without notice
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

ST24Sxx ST24Sxx
ST25Sxx ST25Sxx
PRE[1 ~ 8[1vce PREC® s/ vee
NC[l2 7[IWC NG 2 7[E=IWC
NC[l3 61scL NC3 6 sCL
Vssli4 5[1SDA Vgg 4 5 SDA
Al01576 Al01577

Warning: NC = No Connection

Table 2. Absolute Maximum Ratings ("

Warning: NC = No Connection

Symbol Parameter Value Unit
Ta Ambient Operating Temperature grade 1 O0to70 oC
grade 6 —40to 85
Tsta Storage Temperature —65 to 150 °C
TLeaDp Lead Temperature, Soldering (SO8 package) 40 sec 215 oG
(PSDIP8 package) 10 sec 260

Vio Input or Output Voltages —0.3t0 6.5 \
Vee Supply Voltage —0.3t06.5 \
Veso Electrostatic Discharge Voltage (Human Body model) @ 4000 \"
Electrostatic Discharge Voltage (Machine model) @ 500 \

Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other

relevant quality documents.
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q).
3. EIAJ IC-121 (Condition C) (200pF, 0 Q).

The memories are compatible with the I2C stand-
ard, two wire serial interface which uses a bi-direc-
tional data bus and serial clock. The memories
carry a built-in 4 bit, unique device identification
code (1010) corresponding to the 12C bus defini-
tion.

The memories behave as a slave device in the I2C
protocol with all memory operations synchronized
by the serial clock. Read and write operations are
initiated by a START condition generated by the
bus master. The START condition is followed by a
stream of 7 bits (identification code 1010), plus one
read/write bit and terminated by an acknowledge
bit.

When writing data to the memory it responds to the
8 bits received by asserting an acknowledge bit
during the 9th bit time. When data is read by the
2/17
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bus master, it acknowledges the receipt of the data
bytes in the same way. Data transfers are termi-
nated with a STOP condition.

Power On Reset: Vcc lock out write protect. In
order to prevent data corruption and inadvertent
write operations during power up, a Power On
Reset (POR) circuit is implemented. Until the Vcc
voltage has reached the POR threshold value, the
internal reset is active, all operations are disabled
and the device will not respond to any command.
In the same way, when Vcc drops down from the
operating voltage to below the POR threshold
value, all operations are disabled and the device
will not respond to any command. A stable Vcc
must be applied before applying any logic signal.
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Table 3. Device Select Code ()

Device Code Address Most Significant Bits RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 A10@ A9 A8 RW
Notes: 1. The MSB b7 is sent first.
2. A10is a "don't care” bit for the ST24S08.
Table 4. Operating Modes
Mode RW bit Bytes Initial Sequence
Current Address Read 1’ 1 START, Device Select, RW = "1’
Random Address Read 0 ; START, Device Select, RW = '0', Address,
1’ reSTART, Device Select, RW ="1’
Sequential Read 1’ 1to 1024 Similar to Current or Random Mode
Byte Write 0’ 1 START, Device Select, RW ="0"
Page Write 0" 16 START, Device Select, RW = '0’

Figure 3. Maximum Ry Value versus Bus Capacitance (Csus) for an I°C Bus

20
Vee
16 \ """"
RL RL
& 12
g sA T T
8 —
c
E MASTER BUS
2 . \\ SoL T -
\ I
\\ Ceus
. N T
Vec =5V \\
0
100 200 300 400
Cgus (pF) AI01100
£ SGS-THOMSON 317
Y/ ICROGLECTRONICS
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SIGNAL DESCRIPTIONS

Serial Clock (SCL). The SCL input pin is used to
synchronize all data in and out of the memory. A
resistor can be connected from the SCL line to Ve
to act as a pull up (see Figure 3).

Serial Data (SDA). The SDA pin is bi-directional
and is used to transfer data in or out of the memory.
It is an open drain output that may be wire-OR’ed
with other open drain or open collector signals on
the bus. Aresistor must be connected from the SDA
bus line to Vg to act as pull up (see Figure 3).
Protect Enable (PRE). The PRE input pin, in ad-
dition to the status of the SWP page pointer, sets
the SWP write protection active.

Write Control (WC). An hardware Write Control
(WC) feature is usefull to protect the contents of the
memory from any erroneous erase/write cycle. The
Write Control signal is used to enable (WC = Vin)
or disable (WC = VL) the internal write protection.
When unconnected the WC input is internally read
as VL.

GLOSSARY

Master: Microcontroller or Microprocessor control-
ling the application.

Key: string of bytes presented by the Master to a
Lock address.

Lock: string of bytes stored in the ST24/25Sxx. The

Lock can never be read, it may be modified under
specific conditions.

SECURITY FUNCTIONALITIES
Memory Map

The memory array is organised by bytes (one

byte=8 bits) and is divided into 3 parts.

— At the bottom of the memory is the page 0
containing a first byte (address 00h) defined as
the page pointer of the Software Write Protec-
tion; and the 31 remaining bytes holding the 248
bit Issuer Lock (address 01h to 1Fh)

— The data storage area occupies the largest part
of the memory array, from page 1 to page N-1

— A top page N for the User Lock of 256 bits is
located at the top of the address space (N=31
for the ST24S08 and N=63 for the ST24S16).
See Figure 4.

Memory Access

Access to the various parts of the memory array is
controlled and depends on the setting of three
parameters: the Security Flag, the SWP status and
the WC pin.

417 Ly7 SGS-THOMSON
Y/ CROELECTRONICS
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Figure 4. Memory Map

Page N User Lock
Unprotected
Data Area
Memory
Data SWP
Memory Protected
Area
Page 0 PF;?rﬁZr Issuer Lock

L— 32 bytes ——>I

Al01578

Security Flag. When the Security Flag is set to '1’
(default status at power up) the memory is locked.
In this condition, only the Issuer Key or User Key
can be presented to the memory (the Read and
Write instructions cannot be executed).

When the Security Flag is '0’, the memory is un-
locked. In this condition, all data can be modified
(assuming that WC pin is driven low and that these
data are not protected by the SWP feature). The
Security Flag feature is a global write protection,
automatically set upon Power-up.

SWP. The Software Write Protection (SWP) is a
programmable protection available for dis-
abling/enabling the execution of the Write instruc-
tions addressing the lower part of the memory. The
SWP is active when the Most Significant Bit of the
page Pointer is set to 0, and the protected area is
located from Page 0 up to the Page defined by the
content of the Page Pointer (located in Page 0, byte
00h). See Figure 4.

Since the Page Pointer and the Issuer Lock are
located in the bottom of the memory, they may be
protected from writing by this mechanism.

The SWP feature is a software defined write pro-
tection set once for ever.

WC pin. THe WC (Write Control) pin inhibits (WC
= 1) or enable (WC = 0) any Write instruction
execution, whateever is the address. The WC fea-
ture is a global software lock.
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Figure 5. Access Map

User Lock Present only Page N Write only Page N Write only
Unprotected
Read Area
and
Write
Access Read
is and |  [roremmmmmosssess
Locked Write
Read
only swe
Protected
Area
Issuer Lock Present only Page 0 Write only Page 0 Present only
Security Flag = 1 Security Flag = 0 Security Flag =0
SWP = Don't care SWP = Not active SWP = Active
WC = Don't care WC = Not active WC = Not active
User Lock Access I1s Locked Page N Access is Locked
Access Read
is and
Locked Write
Issuer Lock Access is Locked Page 0 Access is Locked
Security Flag = 1 Security Flag =0
SWP = Don't care SWP = Don't care
WC = Active WC = Active
Al01579

Table 5. Security Operating Instructions

Instruction

Security Flag=1 "
SWP Enabled or Disabled

Security Flag=0 @
SWP Disabled

Current Address Read

No Access (Data read = FFh)

Read all the memory except Issuer Lock
and User Lock

Sequential Read

No Access (Data read = FFh)

Similar to the Current Address Read

Random Read

No Access (Data read = FFh)

Similar to the Current Address Read

Byte Write

Not Executed

Write byte to memory @

Page Write

Not executed except for Issuer and User
Locks: Present instruction

Page Write to memory ©

Notes: 1. Security Flag = 1: access is locked
2. Security Flag = 0: access is open

3. WhenWC =0

- 517
by £53.THOMSON
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Security Operations

Present a Key The memory always acts as a
Slave on the 12C bus. In order to unlock the
ST24Sxx, the Master must send the correct key to
the Issuer Lock address or the User Lock address.
This operation is performed with a Page Write
instruction to the address of either the Issuer Lock
or User Lock. This action is called Present a key.

The memory will take the incoming code and:

— at User Lock address: compare serially bit-by-bit
the received User Key with the stored User Lock.
User Lock accepts only one User Key which
unlocks access to the memory

— atIssuer Lock address: make an XOR of two bits
for each received byte according to the value
stored in the Issuer Lock. Issuer Lock accepts
several Issuer Keys which unlock access to the
memory

Figure 6. Presentation of the Issuer Key

Presented Issuer
G XX olx] fresened s

0 = byte is OK
1 = byte is wrong

Al01580

If either one of the presentation is correct, then the
security flag is cleared to '0’ and the data area can
be accessed for reading or writing. Any incorrect
key presented will set back the Security Flag to "1’
whatever is the status of WC and SWP; the mem-
ory will be locked.

Modify a Key. When the Security Flag is '0’
(unlocked) and both SWP and WC are not active
so that the memory is unprotected, the Issuer Lock
or User Lock can be directly re-written.

— When the SWP is active, the Issuer Lock cannot
be modified

— Since the User Lock is located at the top of the
memory, the User Lock can be re-written by the
user, assuming that the SWP is not protecting
the whole memory, that is excluding the top page
(where the User Lock is stored).

Personalisation of the ST24/25Sxx

Initial Conditions and Preliminary Remarks.

When delivered, the memories have all the con-

tents set to FFh (or '1's) and the Security Flag set

to "1’ (upon reset).

— One page is 32 bytes

— A WRITE instruction (according to the 1°C bus
protocol) is decoded by the ST24/25Sxx either
as a Present a Key or Write instruction, depend-
ing on the status of the Security Flag.

— The Lock is a string of bytes stored into one page
of the memory, the Key is the string of bytes
presented to the memory.

The issuer defines the Issuer Lock.

Step one: Unlock the blank ST24/25Sxx. The
Master sends at User Lock address the User Key
value of all'1’s (Page Write FF...FFh), which corre-
sponds to the User Lock. The Security Flag will be
cleared to ‘0’ and the memory will then be unlocked.

Step two: Write the Issuer Lock new value. The
required Issuer Lock can be written provided that
both SWP and WC features are disabled. The
Issuer Lock is written with a Page Write instruction
to the Issuer Lock address, each of the 31 bytes
having exactly two bits set to '1’ (and the other 6
bits cleared to '0’). The Issuer Lock bits set to '1’
will define the position of the two inputs of an XOR

Table 6. Presentation or Modification of the Issuer Key

SwWpP SFelglgmty Code Input Instruction Result
g Key Wrong: Security Flag setto '1’
Not active ! lssuer Key Present a Key Key Right: Security Flag set to '0’
0 Issuer Key Page Write ® | Write new Issuer Lock
™ Key Wrong: Security Flag set to '1".
Active ! Issuer Key Present a Key Key Right: Security Flag set to '0’.
0 Issuer Key Option not used for any sensible purpose

Notes: 1. Security Flag = 1: ST245/25xx is locked, Security Flag = 0: ST24/25Sxx is open.

2. Page of 31 bytes

6/17 Lyy $6S-THO
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gate capturing only two bits by byte from the pre-
sented bytes of the Issuer Key.

Note: The Vcc supply must not be interrupted
between these first and second steps as this would
set the Security Flag once more to '1’ and lock
access to the memory.

The Issuer Writes Application Data into the
Memory. When the Security Flag is reset, data are
writen by using a series of normal Byte Write or
Page Write instructions addressing the Data Space
of the ST24/25Sxx.

The Issuer Sets the Protection. The SWP Pro-
tection is set by programming the Page Pointer
(byte 0 of page 00) to define the start address of
the Software Write Protection SWP (see figure a).
The SWP protection is enabled when the Most
Significant Bit of the Page Pointer is set to 0.

Typical Use of ST24/25Sxx in Secured Applica-
tion

The Application Presents the Issuer Key. When
powered, the application should check (from time
to time) the authentication of identity of the
ST24/25Sxx by presenting the Issuer Key. The
Master presents (at Issuer Lock address) an Issuer
Key chosen in the family of active keys unlocking
the ST24/255xx. The family of active keys is the
set of bytes which have two bits set to either (0,1)
or (1,0) in the correct position of the byte; other bits
are Don't Care bits (as shown in figure c).

If the presented Issuer Key matches the Issuer
Lock, the Master can access data stored in the
ST24/255xx.

Figure 7. Definition of the Issuer Key

|0|0|ﬂ0|0|0|1 |0| Issuer Lock (one byte)

Presented |
L KXo [x] frosemed esin

0 = byte is OK
1 = byte is wrong

Al01581

Write the User Lock. It is very convenient for the
end user of a secured application to define his own
value of User Key.The User Lock may be written if
the SWP does not protect the top page (Top Page
=User Lock) with the Security Flag cleared to '0’
(which can be achieved if the Master has been
previously presenting a correct Issuer Key). The
User Lock is written with a Page Write instruction
at the User Lock address.

If the power supply is removed, the memory will
only be accessible if the correct User Key or Issuer
Key is presented to the User Lock or Issuer Lock
address respectively. During use, the User Lock
which is outside the SWP protected area can be
updated, but the Issuer Lock remains fixed.

Table 7. Presentation or Modification of the User Key

Security Flag Code input Instruction Result
g Key Wrong: Security Flag set to '1’
1 User Key Present a Key Key Right: Security Flag set to '0’
0’ User Lock Page Write Write new User Lock

Note: If SWP Is active, the protection must not cover the top page (User Lock).

- 7117
L7 SEETHONEON
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Table 8. Input Parameters (V) (Ta =25 °C, f = 100 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
ZwelL WwC Input Impedance Vin<0.3 Voo 5 20 kQ
ZWeH wC Input Impedance Vin=0.7 Ve 500 kQ
Low-pass filter input time constant
e (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 9. DC Characteristics
(TA=010 70 °C or 40 to 85 °C; Vcc =4.5V to 5.5V or 2.5V to 5.5V)
Symbol Parameter Test Condition Min Max Unit
I Input Leakage Current 0V<Vin<Vee +2 HA
Lo Output Leakage Current OVSSD\;&LI{.T&_\QCC +2 pA
; Vee = 5V, fc = 100kHz
oo Supply Current (ST24 series) (Rise/Fall time < 10ns) 2 mA
Supply Current (ST25 series) Vee = 2.5V, fc = 100kHz 1 mA
Vin = Vss or Ve,
100
| Supply Current (Standby) Vee =5V HA
CCt (ST24 series)
Vin = Vss or Ve, 300 P.A
Vce = 5V, fc = 100kHz
ViN = Vss or Ve, 5 pA
I Supply Current (Standby) Vee =2.5V
cc2 (ST25 series)
Vin = Vss or Ve, 50 A
Vee = 2.5V, fc = 100kHz W
Vi Input Low Voltage (SCL, SDA) -0.3 0.3 Vee \"
ViH Input High Voltage (SCL, SDA) 0.7 Vee Vee + 1 Vv
ViL Input Low Voltage (PRE, WC) -0.3 05 %
ViH Input High Voltage (PRE, WC) Vec-05 | Vee+1 v
VoL Output Low Voltage (ST24 series) loL = 3mA, Vcc =5V 0.4 Vv
Output Low Voltage (ST25 series) loL = 2.1mA, Vcc = 2.5V 0.4 Vv
8nz [— GS-THOMSON
Y/ msmnE&Ecmomﬂ@S
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Table 10. AC Characteristics

(TA=0to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V)

Symbol Alt Parameter Min Max Unit
tcHicH2 tr Clock Rise Time 1 us
teLicez tr Clock Fall Time 300 ns
toH1DH2 tR Input Rise Time 1 us
toL1oLt te Input Fall Time 300 ns
torpx tsu sTA Clock High to Input Transition 47 us
tcHeL tHIGH Clock Pulse Width High 4 us
toLeL tHD sTA Input Low to Clock Low (START) us
tcLox tHD DAT Clock Low to Input Transition 0 us
tcLen tLow Clock Pulse Width Low 4.7 us
toxex tsupatT Input Transition to Clock Transition 250 ns
tcHoH tsusto Clock High to Input High (STOP) 47 us
toHoL tsur Input High to Input Low (Bus Free) 4.7 us
tcLav taa Clock Low to Data Out Valid 0.3 35 us
teLax toH Clock Low to Data Out Transition 300 ns

fc fscL Clock Frequency 100 kHz

tns T I\lSO(iDSI? ;g%p‘{elzzlgg )Tlme Constant 100 ns

tw twr Write Time 10 ms

Note: 1 For areSTART condition, or following a write cycle.
AC MEASUREMENT CONDITIONS DEVICE OPERATION

Input Rise and Fall Times < 50ns
Input Pulse Voltages 0.2Vcc to 0.8Vee

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vee

Figure 8. AC Testing Input Output Waveforms

08Vee

0.2Veo

Al00825

12C Bus Background

The ST24/25Sxx support the I2C protocol. This
protocol defines any device that sends data onto
the bus as a transmitter and any device that reads
the data as a receiver. The device that controls the
data transfer is known as the master and the other
as the slave. The master will always initiate a data
transfer and will provide the serial clock for syn-
chronisation. The ST24/25Sxx are always slave
devices in all communications.

Start Condition. START is identified by a high to
low transition of the SDA line while the clock SCL
is stable in the high state. A START condition must
precede any command for data transfer. Except
during a programming cycle, the ST24/25Sxx con-
tinuously monitor the SDA and SCL signals for a
START condition and will not respond unless one
is given.

&7 g 9/17
Y/ %&@%@&%@%&ﬂ?@%
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Figure 9. AC Waveforms

CONDITION

< 1CHCL < {CLCH
—\ ) oo
scL 1 .. y .
«—>! tDLCL e~ tDXCX ¢~ tCHDH
SDAIN \ / f LN i f t
<—>t- {CHDX 1CLDX >t - tDHDL
«START* ‘¢ SDA >4 SDA > e STOP &+
CONDITION INPUT  CHANGE BUS FREE
scL /
1CLQV A tcLax
SDA OUT DATAVALD X
‘4— DATA OUTPUT —»
[ tDHDL
scL _/ N N _ i\
«— w >
SDAIN [ }
1/ . :
<—>t {CHDH 1CHDX -
¢~ STOP —»4————— WRITE CYCLE —————><— START —>}

CONDITION

Al00795

Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the ST24/25Sxx
and the bus master. A STOP condition at the end
of a Read command forces the standby state. A
STOP condition at the end of a Write command
triggers the internal EEPROM write cycle.

Acknowledge Bit (ACK). An acknowledge signal
is used to indicate a successfull data transfer. The
bus transmitter, either master or slave, will release
the SDAbus after sending 8 bits of data. During the
9th clock pulse period the receiver pulls the SDA
bus low to acknowledge the receipt of the 8 bits of
data.

1017
602

or
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Data Input. During data input the ST24/25Sxx
sample the SDA bus signal on the rising edge of
the clock SCL. Note that for correct device opera-
tion the SDA signal must be stable during the clock
low to high transition and the data must change
ONLY when the SCL line is low.

Memory Addressing. To start communication be-
tween the bus master and the slave ST24/25Sxx,
the master must initiate a START condition. Follow-
ing this, the master sends onto the SDA bus line 8
bits (MSB first) corresponding to the device select
code (7 bits) and a READ or WRITE bit.

The 4 most significant bits of the device select code
are the device type identifier, corresponding to the
I°C bus definition. For these memories the 4 bits
are fixed as 1010b.
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Figure 10. I2C Bus Protocol

o N/ T\
SDA \ [ 7 - \ /
e sTART > e spA->ie- SDA esTOP >
CONDITION INPUT CHANGE CONDITION
SCL 1 2 3\ ... 7 8 9 B
SDA -—\ [ mss X X :X A \ ok
START
CONDITION
scL A 2 s\ 7 8 9
o T X

STOP
CONDITION

Al00792

The 5th, 6th and 7th bits are the address most
significants bits. The 8th bit is the read or write bit
(RW), this bit is set to "1’ for read and '0’ for write
operations. If a match is found, the corresponding
memory will acknowledge the identification on the
SDA bus during the Sth bit time.

Write Operations

Following a START condition the master sends a
device select code with the RW bit reset to '0". The
memory acknowledges this and waits for a byte
address. The byte address of 8 bits provides ac-
cess to one block of 256 bytes of the memory. After

Lyy $55;THOMSON

receipt of the byte address the device again re-
sponds with an acknowledge.

For the ST24/25Sxx versions, any write command
with WC = 1 will not modify the memory content.

Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition. The Write mode
is independant of the state of the MODE pin which
could be left floating if only this mode was to be
used. However it is not a recommended operating
mode, as this pin has to be connected to either V|4
or Vi, to minimize the standby current.

1117
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Figure 11. Write Cycle Polling using ACK

WRITE Cycle
In Progress

START Condition

DEVICE SELECT
with RW =0

NO

Y

Proceed
Next Instruction

Operation is

READ or
WRITE

YES

ISSUE the
Second Part of
the Instruction
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Page Write. The Page Write mode allows up to 32
bytes to be written in a single write cycle, provided
that they are all located in the same 'row’ in the
memory: that is the 5 most significant memory
address bits (A7-A3) are the same inside one block.
The master sends from one up to 32 bytes of data,
which are each acknowledged by the memory.
After each byte is transfered, the internal byte
address counter (5 least significant bits only) is
incremented. The transfer is terminated by the
master generating a STOP condition. Care must be
taken to avoid address counter 'roll-over’ which
could result in data being overwritten. Note that, for
any write mode, the generation by the master of the
STOP condition starts the internal memory pro-
gram cycle. Allinputs are disabled until the comple-
tion of this cycle and the memory will not respond
to any request.

Minimizing System Delays by Polling On ACK.
During the internal write cycle, the memory discon-
nects itself from the bus in order to copy the data

12/117 -
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from the internal latches to the memory cells. The
maximum value of the write time (tw) is given in the
AC Characteristics table, since the typical time is
shorter, the time seen by the system may be re-
duced by an ACK polling sequence issued by the
master.

The sequence is as follows:

— Initial condition: a Write is in progress (see Figure
11).

— Step 1: the Master issues a START condition
followed by a Device Select byte (1st byte of the
new instruction).

— Step 2: if the memory is busy with the internal
write cycle, no ACK will be returned and the
master goes back to Step 1. If the memory has
terminated the internal write cycle, it will respond
with an ACK, indicating that the memory is ready
to receive the second part of the next instruction
(the first byte of this instruction was already sent
during Step 1).
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Figure 12. Write Modes Sequence with Write Control = 1

NO ACK

BYTE WRITE ﬂl DEV SEL I |BYTE ADDRl DATAIN
lIIIIlII 11 1 1.1 1.1 111 1111

=

[

<

=

»

STOP

ACK NO ACK

BYTE ADDR

wC
PAGE WRITE
wC (cont'd) -
NO ACK NO ACK
-1
PAGE WRITE DATAINN I
(cont'd) -4

DATAIN 1

|DATAIN2
-k

STOP

Al01161

Read Operations

On delivery, the memory content is set at all "1’s"
(or FFh).

Current Address Read. The memory has an inter-
nal byte address counter. Each time a byte is read,
this counter is incremented. For the Current Ad-
dress Read mode, following a START condition,
the master sends a memory address with the RW
bit set to "1’. The memory acknowledges this and
outputs the byte addressed by the internal byte
address counter. This counter is then incremented.
The master does NOT acknowledge the byte out-
put, but terminates the transfer with a STOP con-
dition.

o7 3NN

Random Address Read. A dummy write is per-
formed to load the address into the address counter
(see Figure 11). This is followed by another START
condition from the master and the byte address is
repeated with the RW bit set to '1". The memory
acknowledges this and outputs the byte ad-
dressed. The master does NOT acknowledge the
byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-
quence. To terminate the stream of bytes, the

13/17
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DEVICE OPERATION (cont'd)

master must NOT acknowledge the last byte out-
put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address

Figure 13. Read Modes Sequence

counter will 'roll-over’ and the memory will continue
to output data.

Acknowledge in Read Mode. In all read modes
the ST24/25Sxx wait for an acknowledge during
the 9th bit time. If the master does not pull the SDA
line low during this time, the ST24/25Sxx terminate
the data transfer and switches to a standby state.

NO ACK
CURRENT | e
ADDRESS | | I DEV SEL I I l DATA OUT I U:l
READ
[
3 2
'17) 1]
ACK NO ACK
RANDOM LI BN B B ) LN L I B B TrirrorT |||l||||=
ADDRESS H DEVSEL* | '|BYTE ADDRl H DEV SEL'I | | DATA OUT I U:I
READ llllllllIlllII L1111 11 1 1 1 1.1
= i
e oWk :
1] (2] @
ACK ACK ACK NO ACK
SEQUENTIAL e e s ey
CURRENT | | I DEV SEL I | lDATAOUT1I | DATA OUTN I
READ | FI
&£ W 9]
RW
< =
(|7) 2]
ACK ACK
SEQUENTIAL ey e
RANDOM H IDEv SEL* BYTE ADDRI DEV SEL'I I IDATA ouT 1 |
READ 11 1 1 1.1 11 1 8.3 1.1 11 1 L 11 11 1 1 1 1 1
-
< <
= =
] [2]
ACK NO ACK
- |
DATA OUTN I
-d
S
&
Al00794C

Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical.

14/17 -
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ORDERING INFORMATION SCHEME

Example: ST24508 M 1 TR

Operating Voltage
24 45Vto5.5V
25 25Vto5.5V

Option —|

TR Tape & Reel
Packing

Type | I Size l | Package | | Temperature Range
S Secure 08 8 Kbit B PSDIP8 1 0to70°C
16 16 Kbit 0-25mm Frame 3* —4010125°C
M sos 6 —401085°C

Note:  3* Temperature range on special request only.

Parts are shipped with the memory content set at all "1's" (FFh).

For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory

Shortform catalogue.

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest

to you.

ﬁ SGS-THOMSON

15117

MICROELECTRONICS

607



ST24/25S508, ST24/25516

PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame

mm inches
Symb
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
A1 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 254 - - 0.100 - -
eA 7.80 - 0.307 -
eB 10.00 0.394
L 3.00 3.80 0.118 0.150
N 8 8
PSDIP8
T Vot A
A2| A
v |
IR
B el
»—< B1
D
o I o I B
N A
) E1] E
1 v
[ [ Ny I PSDIP-a

Drawing I1s out of scale
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SO8 - 8 lead Plastic Small Outline, 150 mils body width

Symb mm inches
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
Al 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
C 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.90 0.016 0.035
o 0° 8° 0° 8°
N 8 8
cP 0.10 | o004
S08
e—h x 45°
A
A
C
B [an)
e le CP
¢ D >
N
El H
1
'
HEHH !
SO-a
Drawing is out of scale
(37 SGS-THOMSON 1717
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SALES OFFICES

EUROPE

DENMARK

2730 HERLEV

Herlev Torv, 4

Tel. (45 44) 94.8533
Telex: 3

Telefax: (45 44) 948694

FINLAND

LOHJA SF-08150
Ratakatu, 26

Tel. (358-12) 3155 11
Telefax (358-12) 3155 66

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallieni - BP 93
Tel.. (33-1) 47.4075 75
Telex: 632570 STMHQ
Telefax' (33-1) 47 40.79.10

67000 STRASBOURG
20, Place des Halles

Tel. (33-88) 75 50 66
Telefax: (33-88) 22 29.32

GERMANY

85630 GRASBRUNN
Bretonischer Ring 4
Postfach 1122

Tel.: (49-89) 460060
Telefax (49-89) 4605454
Teletex 897107=STDISTR

30695 HANNOVER 51
Rotenburger Strasse 28A
Tel (49-511) 615960-3
Teletex: 5118418 CSFBEH
Telefax: (49-511) 6151243

90491 NURNBERG 20
Erlenstegenstrasse, 72
Tel - (49-911) 59893-0
Telefax (49-911) 5980701

70499 STUTTGART 31
Mittlerer Pfad 2-4

Tel (49-711) 13968-0
Telefax. (49-711) 8661427

ITALY

20090 ASSAGO (MI)

V.le Milanofiori - Strada 4 - Palazzo A/4/A
Tel (39-2) 57546.1 (10 linee)

Telex- 330131 - 330141 SGSAGR
Telefax. (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)
ViaR Fucini, 12

Tel. (39-51) 591914

Telex. 512442

Telefax (39-51) 591305

00161 ROMA

Via A. Torlonia, 15

Tel. (39-6) 8553960
Telex- 620653 SGSATE |
Telefax (39-6) 85354438

NETHERLANDS

5652 AR EINDHOVEN
Meerenakkerweg 1
Tel.: (31-40) 550015
Telefax. (31-40) 528835

SPAIN

08004 BARCELONA
elle Gran Via Corts Catalanes, 322
Floor, 2" Door
TeI (34- 3) 4251800
Telefax (34-3) 4253674

28027 MADRID

Calle Albacete, 5

Tel (34-1) 4051615
Telex: 46033 TCCEE
Telefax. (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfjordsgatan, 13- Box 1094
Tel.. (46-8) 7936920

Telex 12078 THSWS

Telefax: (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVA)
Chemin Francois-Lehmann, 18/A

Tel (41-22) 9292929

Telex 415493 STM CH

Telefax. (41-22) 9292900

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel. (44-1628) 890800
Telex: 847458

Telefax: (44-1628) 890391

BRISTOL - BS124SQ
Almonasbury

1000 Aztec West

Tel - (44-1454) 616616
Telex' 444723

Telefax (44-1454) 617910




SALES OFFICES

AMERICAS

BRAZIL

05413 SAO PAULO

R Hennique Schaumann 286-CJ33
Tel (55-11) 883-5455

Telex. (391)11-37988 “UMBR BR"
Telefax (55-11) 282-2367

CANADA

NEPEAN ONTARIO K2H 9C4
301 Moodie Drive Suite 307
Tel (613) 829-9944

Telefax (613) 829-8996

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
55 Old Bedford Road

Lincoln, MA 01773

Tel (617) 259-0300

Telefax (617) 259-4421

ALABAMA
Huntsville - Tel (205) 533-5995
Fax (205) 533-9320

ARIZONA
Phoenix - Tel (602) 867-6217
Fax (602) 867-6200

CALIFORNIA

SantaAna- Tel (714)957-6018
Fax (714) 957-3281

SanJose-  Tel (408)452-8585
Fax (452) 1549

Scotts Valley- Tel (408) 439-2950
Fax (408) 439-2969

COLORADO
Boulder - Tel (303) 449-9000
Fax (303) 449-9505

FLORIDA
Boca Raton - Tel (407)997-7233
Fax (407)997-7554

GEORGIA
Norcross - Tel (404) 242-7444
Fax (404) 3€8-9439

ILLINOIS
Schaumburg - Tel  (708) 517-1890
Fax (708)517-1899

INDIANA

Kokomo - Tel (317) 455-3500
Fax (317) 455-3400

Indianapolis - Tel  (317) 575-5520
Fax (317)575-8211

MICHIGAN
Livonia- Tel.: 313% 953-1700
Fax- (313) 462-4071

MINNESOTA
Bloomington - Tel  (612) 944-0098
Fax (612) 944-0133

NORTH CAROLINA
Cary - Tel (919) 469-1311
Fax (919) 469-4515

NEW JERSEY
Voorhees - Tel (609) 772-6222
Fax (609) 772-6037

NEW YORK
Poughkeepsie - Tel.: (914) 454-8813
Fax: (914) 454-1320

OREGON
Lake Oswego - Tel (503) 635-7650

TENNESSEE
Knoxville - Tel (615) 524-6239

TEXAS

Austin-  Tel (512) 502-3020
Fax (512) 346-6260

Carroliton - Tel (214) 466-8844
Fax (214) 466-8130

Houston- Tel (713)376-9936
Fax (713) 376-9948

FOR RF AND MICROWAVE
POWER TRANSISTORS CON-
TACT

THE FOLLOWING REGIONAL
OFFICE INTHE U.S.A.

PENNSYLVANIA
Montgomeryville - Tel  (215) 361-6400

Fax (215) 361-1293

ASIA / PACIFIC

AUSTRALIA

NSW 2220 HURTSVILLE
Suite 3, Level 7, Otis House
43 Bridge Street

Tel (61-2) 5803811

Telefax (61-2) 5806440

VICTORIA 3168 NOTTING HILL
11 Business Park Drive

Tel (61-3) 558 9993

Telefax (61-3) 558 9997

CHINA

SHANGHAI 200233

1008-10 Astronartics Buiiding
222 Cao Xi Road

Tel (021) 472-5415

Telefax (021) 472-6814

SHENZHEN

Flat J, 22/F

38 Dungmen Nanlu
Postal N 518-001

Tel (0755) 228-0035
Telefax (0755) 228-0035

HONG KONG

WANCHAI

22nd Floor - Hopewell centre
183 Queen's Road East

Tel (852) 28615788

Telex 60955 ESGIES HX
Telefax (852) 28656589

INDIA

NOIDA 201301

Liaison Cffice

PlotN 2 &3, Sector 16A
Institutional Area

Tel (91-11) 893 0965/0970-1-2
Telefax (91-11) 893 0705/0687

MALAYSIA

SELANGOR, PETALING JAYA 46200
Unit BM-10

PJ Industnal Park

Jalan Kemajuan 12/18

Tel (03)758 1189

Telefax (03) 758 1179

PULAU PINANG 10400

4th Floor - Suite 4-03

Bangunan FOP-123D Jalan Anson
Tel (04) 379735

Telefax (04) 379816

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel (82-2) 553-0399
Telex SGSKOR K239998
Telefax (82-2) 552-1051

TAE-GU

18th Floor Youngnam Tower
111 Shinchun-3 Dong
Tong-Ku

Tel (053) 756-9583

Telefax (053) 756-4463

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industnial Park 2
Tel (65) 4821411

Telex RS 55201 ESGIES

Telefax (65) 4820240

TAIWAN

TAIPEI

11th Floor

105, Section 2 Tun Hua South Read
Tel (886-2) 755-4111

Telex 10310 ESGIE TW

Telefax (886-2) 755-4008

THAILAND

BANGKOK 10110

54 Asoke Road
Sukhumvit 21

Tel (662) 260 7870
Telefax (662) 260 7871

JAPAN

TOKYO 108

Nisseki - Takanawa Bld 4F
2-18-10 Takanawa
Minato-Ku

Tel (81-3) 3280-4121
Telefax (81-3) 3280-4131

OSAKA 532

Shin-Osaka Second Mori Bidg
3-5-36 Miyahara Yodogawa-Ku
Tel (81-0) 6397-4130

Telefax (81-0) 6397-4131
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