64K-bit/32K-bit 2-Wire Serial CMOS EEPROM
- Preliminary TIE24C32/TIE24C64

Description

The TIE24C32/TTE24C64 is an electrically erasable PROM device that uses the standard 2-wire interface for
communications. The TTE24C32/TTE24C64 contains a memory array of 32K-bits (4Kx8) and 64K-bits (8Kx8) repectively, and
each is further subdivided info 32 byte pages for Page-Write mode. This EEPROM s offered in wide operating voltages of
2.5V 1o 5.5V to be compatible with most application voltages. TT Semiconductor designed the TE24C32/TTE24C64 to be a
practical, low-power 2-wire EEPROM solution. The devices are packaged in 8-pin Ceramic DIP, Flafpack, 20 Pin LCC and 8
pin Plastic DIp or SOIC.

The TTE24C32/TTE24C64 maintains compatibility with the popular 2-wire bus protocol, so it is easy to design into applications
implementing this bus fype. The simple bus consists of the Serial Clock wire (SCL) and the Serial Data wire (SDA). Using the
bus, a Master device such as a microcontroller is usually connected to one or more Slave devices such as the
TTIE24C32/TTE24C64. The bit stream over the SDA line includes a series of bytes, which identifies a particular Slave device,
an instruction, an address within that Slave device, and a series of data, if appropriate. The TTE24C32/TTE24C64 has a Write
Protect pin (WP) fo allow blocking of any write instruction transmitted over the bus.

EEATURES FEATURES
e Two-Wire Serial Interface, 12C™ CompOTible ° Self time write cyc|e with auto clear
Bi-directional data transfer protocol -5 ms @ 5.0V

400 KHz (2.5V) and T MHz (5.0V) compatibility

Low Power CMOS Technology *  Organization:

-Active Current less than 3 mA (5.0V) -24C32: 4Kx8 (128 pages of 32 bytes)
-Stanby Current less than 6 uA (5.0V) -24C64: 8Kx8 (256 pages of 32 bytes)
-Standby Current less than 2 uA (2.5V) ]

e Wide Voltage Operation * 32 Byte Page Wite Bufer
Vee = 2.5V 10 5.5V e High Reliability

o Hardware Data Protection —Endurance; 100,000 Cycles

-Write Protect Pin
Sequential Read Feature
Filtered Inputs for Noise Suppression

-Data Retention: 40 Years

o Miitary and Extended temperature

ranges
- DIP, SOIC,
o | Flat Pack 8 Lgﬁ:"
% HIGH VOLTAGE Pin Package
vee GENERATOR,
TIMING & CONTROL
l AO 1 5
sDa
seL CONTROL v Al 2 6
WP LoGIC i
SLAVE ADDRESS -1 *8 T::;{:" A2 3 7
REGISTER & s,
COMPARATOR
s w y - 7 T 7 GND 4 10
"otomex |
:; } . DEC;DEH SDA 5 15
i sCL 6 16
- EI - o >REE()BT;¢EH WP 7 17
L nmos
VCC 8 20

Function Block Diagram Table 1. Pin Configurations
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PIN DESCRIPTIONS

A0-A2 Address Inputs
SDA Serial Address/Data 1/O
SCL Serial Clock Input
WP Write Protect Input
Vece Power Supply
GND Ground
SCL

This input clock pin is used to synchronize the data
fransfer to and from the device.

SDA

The SDA is a Bi-directional pin used to transfer
addresses and data info and out of the device. The
SDA pin is an open drain output and can be
wire-Ored with other open drain or open collector
outputs. The SDA bus requires a pullup resistor to Vcc.

A0, AT, A2

The AQ, A1 and A2 are the device address inputs that
are hardwired or left not connected for hardware
compatibility with the 24C16. When pins are
hardwired, as many as eight 32K/64K devices may
be addressed on a single bus system. When the pins
are not hardwired, the default values of A0, Al, and
A2 are zero.

WP

WP is the Write Protect pin. The input level determines
if al, or none of the array is protected from
modifications.

DEVICE OPERATION

The  TIE24C32/TTIE24C64  features a  seridl
communication and supports a bi-directional 2-wire
bus transmission protocol called 1PC™,

2-WIRE BUS

The two-wire bus is defined as a Serial Data line (SDA),
and a Serial Clock line (SCL). The protocol defines any
device that sends data onto the SDA bus as a
fransmitter, and the receiving devices as receivers.
The bus is controlled by Master device which
generates the SCL, controls the bus access and
generates the Stop and Start conditions. The
TTE24C32/TTE24C64 is the Slave device on the bus.

The Bus Protocol:

— Data transfer may be initiated only when the bus is
not busy

— During a data transfer, the SDA line must remain
stable whenever the SCL line is high. Any changes in the
data line while the SCL line is high will be interpreted as a
Start or Stop condition.

The state of the SDA line represents valid data after a
Start condition. The SDA line must be stable for the
duration of the High period of the clock signal. The
data on the SDA line may be changed during the
Low period of the clock signal. There is one clock
pulse per bit of data. Each data fransfer is initiated
with a Start condition and terminated with a Stop
condition.,

Start Condition

The Start condition precedes all commands to the
device and is defined as a High to Low fransition of
SDA when SCL is High. The TIE24C32/TTE24C64
monitors the SDA and SCL lines and will not respond
until the Start condition is met.

Stop Condition

The Stop condition is defined as a Low to High
fransition of SDA when SCL is High. All operations must
end with a Stop condition.
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Acknowledge (ACK)

After a successful data tfransfer, each receiving
device is required to generate an ACK. The
Acknowledging device pulls down the SDA line.

Reset

The TTE24C32/TTE24C64 contains a reset function in
case the 2- wire bus fransmission is accidentally
inferrupted (eg. a power loss), or needs to be
terminated mid-stream. The reset is caused when the
Master device creates a Start condition. To do this, it
may be necessary for the Master device to monitor
the SDA line while cycling the SCL up fo nine times.
(For each clock signal fransition fo High, the Master
checks for a High level on SDA.)

Standby Mode

Power consumption is reduced in standby mode. The
TTE24C32/TTE24C64 will enter standby mode: a) At
Power-up, and remain in it until SCL or SDA toggles; b)
Following the Stop signal if no write operation is
initiated; or ¢) Following any internal write operation

DEVICE ADDRESSING

The Master begins a fransmission by sending a Start
condition. The Master then sends the address of the
particular Slave devices it is requesting. The Slave
device (Fig. 5) address is 8 bits. The four most
significant bits of the Slave device address are fixed
as 1010 for the TTE24C32/TTE24C64.

This device has three address bits (A2, A1, and AQ),
which allows up fo eight TTE24C32/TTE24C64 devices
to share the 2-wire bus. Upon receiving the Slave
address, the device compares the three address bits
with the hardwired A2, A1, and AO input pins to
determine if it is the appropriate Slave.

The last bit of the Slave address specifies whether a
Read or Write operation is to be performed. When this
bit is set to 1, a Read operation is selected, and
when set to 0, a Write operation is selected.

After the Master fransmits the Start condition and
Slave address byte (Fig. 5), the appropriate 2-wire
Slave (eg. TTE24C32/TTE24C64) will respond with ACK
on the SDA line. The Slave will pull down the SDA on
the ninth clock cycle, signaling that it received the

eight bits of data. The selected TTE24C32/TTE24C64
then prepares for a Read or Write operation by
monitoring the bus.

WRITE OPERATION
Byte Write

In the Byte Write mode, the Master device sends the
Start condition and the Slave address information
(with the R/W set to Zero) fo the Slave device. After the
Slave generates an ACK, the Master sends the two
byte address that are to be written intfo the address
pointer of the TIE24C32/TTE24C64. After receiving
another ACK from the Slave, the Master device
fransmits the data byte to be written into the address
memory location. The TTE24C32/TTE24C64
acknowledges once more and the Master generates
the Stop condition, at which time the device begins
its internal programming cycle. While this internal
cycle is in progress, the device will not respond to any
request from the Master device.

Page Write

The TIE24C32/TTE24C64 is capable of 32-byte
Page-Write operation. A Page-Write is initiated in the
same manner as a Byte Wiritebut instead of
terminating the internal Write cycle after the first data
word is transferred, the Master device can fransmit up
to 31 more bytes. After the receipt of each data
word, the TTE24C32/TTE24C64 responds immediately
with - an ACK on SDA line, and the five lower order
data word address bits are internally incremented by
one, while the higher order bits of the data word
address remain constant. If a byte address is
incremented from the last byte of a page, it retumns
to the first byte of that page. If the Master device
should transmit more than 32 words prior to issuing
the Stop condition, the address counter will “roll over,”
and the previously written data will be overwritten.,
Once all 32 bytes are received and the Stop
condition has been sent by the Master, the intemnal
programming cycle begins. At this point, all received
data is written to the TTE24C32/TTE24C64 in a single
Write cycle. All inputs are disabled until completion of
the internal Write cycle.
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Acknowledge (ACK) Polling

The disabling of the inputs can be used to take
advantage of the typical Write cycle time. Once the
Stop condition is issued to indicate the end of the
host's Write operation, the TIE24C32/TTE24C64
initiates the internal Write cycle. ACK polling can be
initiated immediately. This involves issuing the Start
condition followed by the Slave address for a Write
operation. If the TTE24C32/TTE24C64is still busy with
the Write operation, no ACK will be returned. If the
TTIE24C32/TTE24C64 has completed the Wirite
operation, an ACK will be returned and the host can
then proceed with the next Read or Write operation.

READ OPERATION

Read operations are initiated in the same manner as
Write operations, except that the (R/W) bit of the Slave
address is set to “1”. There are three Read operation
options: current address read, random address read,
and sequential read.

Current Address Read

The TTE24C32/TTE24C64 contains an internal address
counter which maintains the address of the last byte
accessed, incremented by one. For example, if the
previous operation is either a Read or Write operation
addressed to the address location n, the internal
address counter would increment to address location
n+1. When the TIE24C32/TTE24C64 receives the
Slave Device Addressing Byte with a Read operation
(R/W bit set to *17), it will respond an ACK and fransmit
the 8-bit data word stored at address location n+1.
The Master should not acknowledge the transfer but
should generate a Stop condition so the
TTIE24C32/TTE24C64 discontinues transmission. If 'n’ is
the last byte of the memory, the data from location
‘0" will be transmitted. (Refer to Figure 8. Current
Address Read Diagram.)

Random Address Read

Selective Read operations allow the Master device to
select at random any memory location for a Read
operation. The Master device first performs a
‘dummy’ Write operation by sending the Start
condition, Slave address and word address of the
location it  wishes to read. After  the

TTIE24C32/TTE24C64 acknowledges the word address,
the Master device resends the Start condition and the
Slave address, this time with the R/W bit set 10 one.
The TTE24C32/TTE24C64 then responds with its ACK
and sends the data requested. The Master device
does not send an ACK but will generate a Stop
condition. (Refer to Figure 9. Random Address Read
Diagram.)

Sequential Read

Sequential Reads can be initiated as either a Current
Address Read or Random Address Read. After the
TTE24C32/TTE24C64 sends the initial byte sequence,
the Master device now responds with an ACK
indicating it requires additional data from the
TIE24C32/TTE24C64. The TTIE24C32/TTE24C64
continues to output data for each ACK received. The
Master device terminates the sequential Read
operation by pulling SDA High (no ACK) indicating the
last data word to be read, followed by a Stop
condition.

The data output is sequential, with the data from
address n followed by the data from address n+1, ...
etc. The address counter increments by one
automatically, allowing the entire memory contents
to be serially read during sequential Read operation.
When the memory address boundary of 8191 for
TIE24C64 or 4095 for TIE24C32 is reached, the
address counter “rolls over” to address 0, and the
TTIE24C32/TTE24C64 continues to output data for
each ACK received. (Refer to Figure 10. Sequential
Read Operation Starting with a Random Address
Read Diagram.)
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Absolute Maximum Ratings' (T, = 25°C)

Supply Voltage (Vg) +0.5t0 +6.5V Storage Temperature (Tgtg) -65 to +200°C
Voltage on Any Pin (Vp) -0.5t0 Vg 0.5V Output Current (Igyt) 5mA
Temperature Under Bias (Tgas) -55t0 +175 °C

1. Stresses violating the conditions listed under ABSOLUTE MAXIMUM RATINGS may cause permanent domage to the device.
This is a stress rating only. Functional operation of the device outside these conditions or those indicated in the operational
sections of this specification is not implied. Exposure to these conditions for extended periods may affect reliability.

Recommended Operating Conditions
Parameter Symbol Conditions Min Typ Max Units
Military Vee -55°C to +125 °C 2.5 55 \
Extended Temp Vee -55°Cto +175°C 4.5 5.5 \Y
; 1.2
Capacitance

Parameter Symbol Conditions Max Units
Input Capacitance Cin VN =0V 6 pF
Output Capacitance Cout Vout = 0V 8 pF

1. Tested initially and after any design or process changes that may affect these parameters.

2. Test condiitions: Ty = 25°C, f = 1 MHz, Vcc = 5.0V.
REV. A TT Semiconductor; 325 North Shepard Street; Anaheim, California 92806; USA 5

Tel: 1 714 257-2257; Fax: +1 714 257-2252; Web: www.tsemiconductor.com




TT Semiconductor

Preliminary

TTE24C32/T124C64

AC Electrical Characteristics (T, = -55°C to +175°C)
2.5V-5.5V 4.5v-5.5V"
Parameter Symbol Min  Max Min  Max Units
SCL Clock Frequency facr 0 400 0 1000 KHz
Noise Suppression Time' T — 50 — 50 ns
Clock Low Period t ow 1.2 — 0.6 — us
Clock High Period thigH 0.6 — 0.4 — us
Bus Free Time Before New Transmission tayE 1.2 — 0.5 — us
Start Condition Setup Time to-sTA 0.6 — 0.25 — us
Stop Condition Setup Time tsy.sTO 0.6 — 0.25 — us
Start Condition Hold Time tup-STA 0.6 — 0.25 — us
Stop Condition Hold Time typ-sTo 0.6 — 025 — us
Data In Setup Time tsy-pAT 100 — 100 — ns
Data In Hold Time typ-DAT 0 — 0 — ns
WP pin Setup Time tsy-wp 0.6 — 0.6 — us
WP pin Hold Time tup-we 1.2 — 1.2 — us
Data Out Hold Time ton 50 — 50 — ns
(SLC Low to SDA Data Out Change)
Clock to Output taa 50 900 50 550 ns
(SCL Low to SDA Data Out Valid)
SCL and SDA Rise Time' te — 300 — 300 ns
SCL and SDA Fall Time' te — 300 — 100 ns
Write Cycle Time twr — 10 — 5 ms
1. This parameter is characterized but not 100% tested.
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DC Electrical Characteristics (T,=-55°C to +175°C)

Parameter Symbol Conditions Min  Typ Max Units
Output Low Voltage Vo Vee =2.5V,16,=3 mA — — 0.4 \
Input High Voltage Viy Ve x0.7 Voo + .05 V
Input Low Voltage Vo -1.0  — Ve x0.3 V
Input Leakage Current I Vy =0V to Ve _ _ 20 pA
Output Leakage Current Lo 20 — 20 pA
Power Supply Characteristics (T, = -55°C to +125°C)
Parameter Symbol Conditions Min  Typ Max Units
VVCC Operating Current (ool Read at 400 KHz (V¢ = 5V) — — 2.0 mA
VCC Operating Current lcc2 Write at 400 KHz (V¢ = 5V) — — 3.0 mA
Standby Current Isg1 Ve = 2.5V — — 2 pA
Standby Current Isg2 Vec =5.0 — — 6 pA
Power Supply Characteristics (T, = -55°C to +175°C)
Parameter Symbol Conditions Min  Typ Max Units
VCC Operating Current (ool Read at 400 KHz (V¢ = 5V) — — 2.0 mA
VVCC Operating Current lcc2 Write at 400 KHz (Vo = 5V) — — 3.0 mA
Standby Current Isg1 Ve = 2.5V — — 60 pA
Standby Current Isg2 Vee =5V — — 120 pA
TT Semiconductor; 325 North Shepard Street; Anaheim, California 92831; USA 7
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Vet c—an

SDA |
SCL
P
Master .
Transmitter/ TTE24Cux
Receivar

Figure 1. Typical System Bus Configuration

SCL from .
Master 1 8
Data Output It
/ X X

15
Ak
r

Transmitter
TAA = TAA
Data Output i
from ACK
Receiver
Figure 2. Output Acknowledge
SCL = ; <)
- o 2w
x = = 4
< T 25
e 23
[/ =] o
O T =
SDA _\ / \ /_
S iy
Figure 3. Start and Stop Conditions
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Data Change
i o i
| | | |
1 )
| Data Stable L Data Stable |
o/ X \
| | |
] ] ] ]
Figure 4. Data Validity Protocol
BIT 7 B 5 3 2 | 0
1 0 1 0 | A2 ]| A1] A0 |RW
Figure 5. Slave Address
S W
T R S
A . | T
R Device T o
T Address E Word Address Word Address Data P
SDA A A A A
Bus Cl=|=|«|# C C C
Activity eolK K K K
M L M
S S S * = Don' care bits
B Bl B # = Don't care bit for 24C32
RW
Figure 6. Byte Write
S w
T R S
A ) | T
R Device T 0
T Address E Word Address (n) Word Address (n) Data (n) Data (n+1) ) Data (n+31) P
SDA A A A A A A
Bus clsl«l+1# C (o} C C C
Activity olK K K K K K
M L \
S S * = Don't care bits
B BIL # = Don't care bit for 24C32
RW
Figure 7. Page Write
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S
T R S
A E T
R Device A O
T Address D Data P
SDA A
Bus C M
Activity ‘J ‘ ‘ \ K
M L N
S S O
B B é
RW K

Figure 8. Current Address Read

S W S
T R T R S
Q Device -||- Word Word Q Device E 5
T Address g Address (n) Address (n) T Address p Data n P
SDA A A A A
Bus Cl=| =]+ |# C c C
Activity UK K K K
M L N
S S (e}
B B ,
R * = Don't care bits A
# = Don't care bit for 24C32 p
DUMMY WRITE
Figure 9. Random Address Read
R
Device A 0
Address D Data Byte n Data Byte n+1 Data Byte n+2 ) DataByten+X P
spA T T T T T [T A A A
Bus Cc C C C
Activity  _ _ _ _ _ | 19K K K K
W M
o]
A
R &
K
Figure 10. Sequential Read
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tr |<— 4>| tF tHIGH

—=|tsuSTA = tHD:DAT —-| BUF |+

-l —tHD:STA

SDAIN /

- faa — toH

SDAouUT

t=u-we
tHD:wP

WP

Figure 11. Bus Timing

SV ANVANVIANVAANVI ANV N

IL

SDA T:::}{ \, ACK /\// ; \\ / \

WORD n - twR >
STOF START
Condition Condition

Figure 12. Write Cycle Timing
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005 MIN_—H:-? .
.220-.310
O
LA LA LA
PIN 1 100 TYP,
4035 MAX 290-,030
.015-.060
200 MAX ( 1'
1 150 MIN
.125—.200_ i 008-.015
014-,023 ~“~ \/ c
030-.070 0°-15
Figure 13. 8-pin PDIP and CDIP package outline
555
PIN 1 —-| I——.UBBt.UUB
I L—.Ol?‘t.EIEIE
| S—  —
150,005 ] — —
——— —
044,008 '<4><:J ROI2
255 &8
_# (I t
005+001 { WIN 076
175
Figure 14. 8-pin Flatpack package outline
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189 — 197
(4.801 - 5.004)
NOTE 3

1 HAA
450 — 157
228 - 244 _150 - 157

(5.791-6.197), (3'8,3%;3-388)
B 1 2 3 4
010-.020 4o o\ -
(0.254 — 0.508) ‘ (71..346 - 1 752)

008 — 010 .004 —.010
o=V \ - 2025
(0.203 - 0.254) Loo_ 8¢o TYP (0.101 - 0.254)

ﬁ ‘ 016 — .050 j 014 -.019 %‘ ‘F ‘ 050 }
-~ (0.355 — 0.483) (1.270)
TYP

BSC

Figure 15. 8-pin

SOIC package outline

<« .350+.005 — »|
—> < .064 —.090
.050 +.005 — 100 040 (- 45° 3 PLCs)
i ~ REF
: BSC i T < .054-.076
e ™ — [
020 ,p * |
(0.508) T
REF .003 -.015 |
| PIN 1 200 [ ]
.300;Q .004 TOP .350 +.005 : BOTTO Bsc
.050 :
BSC |
o J |
\(\_A_f —
015
.085 +.008 v
Figure 16. 20-pin LCC package outline
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TTE24C XX X X

DESIGN BIT SIZE PACKAGE GRADE

M MILITARY -56°C to +125°C
EXTENDED TEMPERATURE  -55°C to +175°C

m

D 8 PIN CERAMIC DIP
F 8 PIN FLAT PACK
G 20 PINLGG
S 8 PIN SOIC

\ 32 3KBIT

\ 64 B4KBIT

| 2-Wire SERIAL CMOS EEPROM

Figure 16. Order Information

Information furnished by TT Semiconductor is believed to be accurate and reliable. However no responsibility is assumed by
TT Semiconductor for its use nor for any infingements of patents or other rights of third parties which may result from its use.

LIFE SUPPORT POLICY
TT Semiconductor products are not designed for use in life support equipment where malfunction of such products can
reasonably be expected to result in personal injury or death. The buyer uses or sells such products for life support
application af the buyer’'s own risk and agrees to hold harmless TT Semiconductor from all damages, claims, suits or
expense resulting from such use.

CAUTION: THIS IS AN ESD (ELECTROSTATIC DISCHARGE) SENSITIVE DEVICE.
It can be damaged by the currents generated by electrostatic discharge. Static charge and therefore dangerous voltages
can accumulate and discharge without detection causing a loss of function or performance to occur.
The transistors in this device are unprotected in order to maximize performance and flexibility. They are more sensitive to
ESD damage than many other ICs which include protection devices at their inputs. Note that all of the pins (not just the
"inputs") are susceptible.
Use ESD preventative measures when storing and handling this device. Unused devices should be stored in conductive
packaging. Packaging should be discharged to the destination socket before the devices are removed. ESD damage can
occur to these devices even after they are installed in a board-level assembly. Circuits should include specific and
appropriate ESD protection.
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