\ 11AA010/11LCO010 11AA080/11LC080
11AA020/11LC020 11AA160/11LC160
MICROCHIP 11AA040/11LC040 11AA161/11LC161

1-Kbit to 16-Kbit UNI/O® Serial EEPROM Family Data Sheet

Features

« Single I/0, UNI/O® Serial Interface Bus
* Low-Power CMOS Technology:
- 1 mA active current, typical
- 1 pA standby current (max.) (I-temp)
* 128 x 8 through 2,048 x 8 Bit Organizations
» Schmitt Trigger Inputs for Noise Suppression
» Output Slope Control to Eliminate Ground Bounce

* 100 kbps Max. Bit Rate — Equivalent to 100 kHz
Clock Frequency

» Self-Timed Write Cycle (including Auto-Erase)
» Page-Write Buffer for up to 16 Bytes
» STATUS Register for Added Control:
- Write enable latch bit
- Write-In-Progress bit
» Block Write Protection:
- Protect none, 1/4, 1/2 or all of array
* Built-in Write Protection:
- Power-on/off data protection circuitry
- Write enable latch
» High Reliability:
- Endurance: 1,000,000 erase/write cycles
- Data retention: > 200 years
- ESD protection: > 4,000V
* RoHS Compliant
* Available Temperature Ranges:
- Industrial (I): -40°C to +85°C
- Extended (E): -40°C to +125°C
» Automotive AEC-Q100 Qualified

Packages

» 3-lead SOT-23 and TO-92 Packages
* 4-lead Chip Scale Package
» 8-lead PDIP, SOIC, MSOP and TDFN Packages

Pin Function Table

Name Function
SCIO Serial Clock, Data Input/Output
Vss Ground
Vce Supply Voltage

Description

The Microchip Technology Inc. 11AAXXX/11LCXXX
(11XX™)y devices are a family of 1-Kbit through 16-Kbit
Serial Electrically Erasable PROMs. The devices are
organized in blocks of x8-bit memory and support the
patented® single 1/0 UNI/O® serial bus. By using
Manchester encoding techniques, the clock and data
are combined into a single, serial bit stream (SCIO),
where the clock signal is extracted by the receiver to
correctly decode the timing and value of each bit.

Low-voltage design permits operation down to 1.8V (for
11AAXXX devices), with standby and active currents of
only 1 pAand 1 mA, respectively.

Note 1: 11XX is used in this document as a
generic part number for the 11 series
devices.

2: Microchip's UNI/O® Bus products are
covered by some or all of the following
patents issued in the U.S.A.: 7.376,020 &
7,788,430.

Package Types (not to scale)

MSOP PDIP/SOIC
(Ms) (P, SN)
NCH10 8hkmvee  NCO1 8o Vvce
Ngﬂg JENC NCd2 7ANC
= =
Vss o 4 5SCl0 NCO3 60NC
Vss 04 50SCIO
TDFN SOT23
(MN) (TT)
NC 1 o 8] vee 20 Vee
NC |2 7INC  vssO3
NC I3 6§ NC 10 SCIO
Vss |4 5] SCIO
CS (Chip Scale) !
TO-92
[ ]
(To) vee |[(D @ |Vss
sClo|®  @|NC
Ves Vee (Top down view,
SCIO balls not visible)

Note 1: Available in I-temp, “AA” only.
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DEVICE SELECTION TABLE

Part Number D((:;tss' ;y Organization | Vcc Range P(aBg:t:;z)e ;:;ZZ; A[::i(:jvr::s Packages
11LC010 1 Kbit 128 x 8 2.5V-5.5V 16 ILE 0xAO0 P, SN, MS, MN, TO, TT
11AA010 1 Kbit 128 x 8 1.8V-5.5V 16 I 0xAO0 P, SN, MS, MN, TO, TT, CS
11LC020 2 Kbit 256 x 8 2.5V-5.5V 16 ILE 0xAO0 P, SN, MS, MN, TO, TT
11AA020 2 Kbit 256 x 8 1.8V-5.5V 16 I 0xAO0 P, SN, MS, MN, TO, TT, CS
11LC040 4 Kbit 512x 8 2.5V-5.5V 16 ILE 0xAO0 P, SN, MS, MN, TO, TT
11AA040 4 Kbit 512x 8 1.8V-5.5V 16 I 0xAO0 P, SN, MS, MN, TO, TT, CS
11LC080 8 Kbit 1,024 x 8 2.5V-5.5V 16 ILE 0xAO0 P, SN, MS, MN, TO, TT
11AA080 8 Kbit 1,024 x 8 1.8V-5.5V 16 | 0xAQ P, SN, MS, MN, TO, TT, CS
11LC160 16 Kbit 2,048 x 8 2.5V-5.5V 16 I.E 0xA0 P, SN, MS, MN, TO, TT
11AA160 16 Kbit 2,048 x 8 1.8V-5.5V 16 I 0xAO0 P, SN, MS, MN, TO, TT,CS
11LC161 16 Kbit 2,048 x 8 2.5V-5.5V 16 I, E 0xA1 P, SN, MS, MN, TO, TT
11AA161 16 Kbit 2,048 x 8 1.8V-5.5V 16 I 0xA1 P, SN, MS, MN, TO, TT, CS
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11 AAXXX/M1LC XXX

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings ()

RV o o PR PRPTOPPR 6.5V
SCIO W.Et. WSS .ttt t et e b ettt h ettt b e e et e bt e e et e et e e ear et e e n e e re e s -0.6V to Vcc+1.0V
StOrage tEMPEIALUIE .......eeiiiiiiee ettt et sa e e e bt e st et e s enn e e e anreesnne e e nnneas -65°C to 150°C
Ambient temperature UNAEr DIas...........occuviiiiiiiiiiiie e e e e e e e s et e e e e e se e e e aanreeeas -40°C to 125°C
ESD ProteCtion 0N @ll PIiNS.......coiiiiiiiiee ettt e e e e 4 kV

1 NOTICE: Stresses above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operational listings of this specification is not implied. Exposure to maximum rating conditions for an
extended period of time may affect device reliability.

TABLE 1-1: DC CHARACTERISTICS
Electrical Characteristics:
Industrial (1): Vce = 2.5V to 5.5V TA = -40°C to +85°C
DC CHARACTERISTICS Vcc = 1.8V to 2.5V TA =-20°C to +85°C
Extended (E): Vcec = 2.5V to 5.5V TA =-40°C to +125°C
Par‘rzm. Sym. Characteristic Min. Max. Units Test Conditions
D1 vip | High-levelinput 0.7*Vce | Vec+ Vo —
voltage
D2 VIL Low-level input -0.3 0.3*Vce \ Vcc > 2.5V
voltage -0.3 0.2*Vce V.  |Vcc<25V
Hysteresis of Schmitt .
D3 VHYS Trigger inputs (SCIO) 0.05*Vce — \Y, Vce > 2.5V (Note 1)
D4 VoH High-level output Vcc -0.5 — V IoH = -300 pA, Vce = 5.5V
voltage Vce -0.5 — \Y, IoH = -200 pA, Vce = 2.5V
- — 0.4 \Y, lol =300 pA, Vcc = 5.5V
D5 VoL Low-level output u
voltage — 0.4 \Y, lol =200 pA, Vce = 2.5V
Output current limit — +4 mA | Vcc =5.5V (Note 1)
D6 lo
(Note 2) — +3 mA | Vcc = 2.5V (Note 1)
Input leakage current o _
D7 ILI (SCIO) 11 pA  |VIN=Vss orVcc
Internal Capacitance TA = 25°C. FCLK = 1 MHz
D8 CINT | (all inputs and — 7 pF VCC = 5.0V (Note 1)
outputs)
i — 3 A | Vce=5.5V; FBUs=100 kHz, CB=100 pF
D9 |lcc Read Read Operating m z p
Current — 1 mA |Vcc=2.5V; FBUs=100 kHz, CB=100 pF
i i — 5 mA |Vcc =5.5V
D10 | lcc Write Write Operating
Current — 3 mA |Vcc =25V
Vce = 5.5V
- 5 WA 1= 125°C
D11 Iccs Standby Current
. 1 A Vcec = 5.5V
KA 1Ta=85°C
D12 Iccl Idle Mode Current — 50 pA  |Vecec =55V
Note 1: This parameter is periodically sampled and is not 100% tested.

2: The SCIO output driver impedance will vary to ensure 10 is not exceeded.
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TABLE 1-2: AC CHARACTERISTICS
Electrical Characteristics:
Industrial (1): Vcc = 2.5V to 5.5V TA = -40°C to +85°C
AC CHARACTERISTICS Vcc = 1.8V to 2.5V TA =-20°C to +85°C
Extended (E): Vcc = 2.5V to 5.5V TA = -40°C to +125°C
Parjzm. Sym. Characteristic Min. Max. Units Test Conditions
1 FBUs | Serial bus frequency 10 100 kHz —
2 TE |Bit period 10 100 us —
3 TIIT | Input edge jitter tolerance — +0.06 ul (Note 2)
4 FDRIFT Serial bus frequency drift L £0.50 | % per byte | —
rate tolerance
1 1 0,
5 FDEV S.‘,e.rlal bus frequency drift . +5 % per .
limit command
6 ToJdiIT | Output edge jitter — +0.25 ul (Note 2)
SCIO input rise time
7 TR (Note 1) — 100 ns —
SCIO input fall time
8 TF (Note 1) — 100 ns —
9 TsTBY | Standby pulse time 600 — us —
10 Tss | Start header setup time 10 — us —
1" ThoR Start header low pulse 5 . us .
time
Input filter spike
12 TspP suppression (SCIO) 50 ns (Note 1)
. . Write, WRSR commands
Write cycle time — 5 m
13 Twc
(byte or page)
— 10 ms ERAL, SETAL commands
14 — | Endurance (per page) ™ — cycles |25°C, Vcc =5.5V

Note 1: This parameter is periodically sampled and is not 100% tested.
2: AUnit Interval (Ul) is equal to 1-bit period (TE) at the current bus frequency.
3: This parameter is not tested but ensured by characterization.

TABLE 1-3: AC TEST CONDITIONS
AC Waveform:
VLo = 0.2V
VHI =Vce - 0.2V
CL =100 pF
Timing Measurement Reference Level
Input
Output

0.5Vcc
0.5Vce
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FIGURE 1-1: BUS TIMING - START HEADER
’« 10 —»e 11 -] — 2 4>'
scio | 5 5 5 5 | o
i . .
Data ‘0’ Data‘l’ Data‘0’ Data‘l’ Data‘0c’ Data‘l’ Data‘0’ Data‘l’ MAK bit NoSAK bit
FIGURE 1-2: BUS TIMING - DATA
sclo , f
Data ‘0’ Data ‘1’ Data ‘1’ Data ‘0’
FIGURE 1-3: BUS TIMING - STANDBY PULSE
< 9 N
SCIO /
Standby
Mode
FIGURE 1-4: BUS TIMING - JITTER
2 —>— 2 —»|
|t 3 = 3 j hef»« 6 -6 —><—76:>‘|
| | | | |
| | | | | | | |
| | | | | | | |
Ideal Edge Ideal Edge Ideal Edge Ideal Edge
from Host from Host from Client from Client
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2.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1: PIN FUNCTION TABLE

Name 3-pin SOT-23 | 3-pin TO-92 4-pin CS S-FI,ViIggIEII'l:I/)SF?IIC/ Description
SCIO 1 2 3 5 Serial Clock, Data Input/Output
Vce 2 1 8 Supply Voltage
Vss 3 1 2 4 Ground
NC — — 4 1,2,3,6,7 No Internal Connection

21 Serial Clock, Data Input/Output
(SCIO)

SCIO is a bidirectional pin used to transfer commands
and addresses into, as well as data into and out of, the
device. The serial clock is embedded into the data
stream through Manchester encoding. Each bit is
represented by a signal transition at the middle of the
bit period.

DS20002067K-page 6 © 2011-2023 Microchip Technology Inc. and its subsidiaries
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3.0 FUNCTIONAL DESCRIPTION

3.1 Principles of Operation

The 11AAXXX/11LCXXX family of serial EEPROMs
support the UNI/O® protocol. They can be interfaced
with microcontrollers, including Microchip’s PIC®
microcontrollers, ASICs, or any other device with an
available discrete 1/O line that can be configured prop-
erly to match the UNI/O protocol.

The 11AAXXX/1MLCXXX devices contain an 8-bit
instruction register. The devices are accessed via the
SCIO pin.

Table 5-1 contains a list of the possible instruction
bytes and format for device operation. All instructions,
addresses, and data are transferred MSb first, LSb
last.

Data is embedded into the I/O stream through
Manchester encoding. The bus is controlled by a host
device which determines the clock period, controls the
bus access and initiates all operations, while the
11AAXXX/11LCXXX works as client. Both host and cli-
ent can operate as transmitter or receiver, but the host
device determines which mode is active.

FIGURE 3-1: BLOCK DIAGRAM
STATUS - HV Generator
Register

‘ ‘ y y
EEPROM
Memory| X ™
1/0 Control
Logirlro = Control |- Array
Logic Dec
A
+ = Page Latches
Current- y
Limited A I
Slope Y
Control
Y Decoder
SCIO A A
- Sense Amp.
Vet —» R/W Control
Vss —»
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40 BUS CHARACTERISTICS

4.1 Standby Pulse

When the host has control of SCIO, a standby pulse
can be generated by holding SCIO high for TSTBY. At
this time, the 11AAXXX/11LCXXX will reset and return
to Standby mode. Subsequently, a high-to-low
transition on SCIO (the first low pulse of the header)
will return the device to the active state.

Once a command is terminated satisfactorily (i.e., via
a NoMAK/SAK combination during the Acknowledge
sequence), performing a standby pulse is not required
to begin a new command as long as the device to be
selected is the same device selected during the
previous command. However, a period of TSS must be
observed after the end of the command and before the
beginning of the start header. After Tss, the start
header (including THDR low pulse) can be transmitted
in order to begin the new command.

If a command is terminated in any manner other than a
NoMAK/SAK combination, then the host must perform
a standby pulse before beginning a new command,
regardless of which device is to be selected.

Note:  After a POR/BOR event occurs, a low-to-
high transiton on SCIO must be
generated before proceeding with
communication, including a standby
pulse.

An example of two consecutive commands is shown in
Figure 4-1. Note that the device address is the same
for both commands, indicating that the same device is
being selected both times.

A standby pulse cannot be generated while the client
has control of SCIO. In this situation, the host must
wait for the client to finish transmitting and to release
SCIO before the pulse can be generated.

If, at any point during a command, an error is detected
by the host, a standby pulse should be generated and
the command should be performed again.

FIGURE 4-1: CONSECUTIVE COMMANDS EXAMPLE

-— Standby Pulse(!) —

SCIO 4 1R
o!'1:0:'1'0
X
<
258« %
252 Start Header —— <
sclo

0:1:0:1:0:1:0"1

pulse.

Start Header

Note 1: After a POR/BOR event, a low-to-high transition on SCIO must occur before the first standby

X
<
(2]

o)

X
< © <«—Device Address—»
E zZ ' B ' . ' i :

MAK
SAK

'1:001 1:0!1:0:0:0:0:0

<—IDlevilce IAdqresl,sl—>

NoSAK
MAK
SAK

1'0'1'0'0'0'0'0

4.2 Start Data Transfer

All operations must be preceded by a start header. The
start header consists of holding SCIO low for a period
of THDR, followed by transmitting an 8-bit ‘01010101’
code. This code is used to synchronize the client’'s
internal clock period with the host’s clock period, so
accurate timing is very important.

FIGURE 4-2: START HEADER

When a standby pulse is not required (i.e., between
successive commands to the same device), a period of
Tss must be observed at the end of the command and
before the beginning of the start header.

Figure 4-2 shows the waveform for the start header,
including the required Acknowledge sequence at the
end of the byte.

SCIO

Tss THDR Data ‘0’ Data‘l’ Data‘0’ Data ‘1’

Data ‘0’ Data‘l’ Data‘0’ Data‘l’ MAK NoSAK

DS20002067K-page 8
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4.3 Acknowledge

An Acknowledge routine occurs after each byte is
transmitted, including the start header. This routine
consists of two bits. The first bit is transmitted by the
host, and the second bit is transmitted by the client.

Note: A MAK must always be transmitted
following the start header.

The Host Acknowledge, or MAK, is signified by trans-
mitting a ‘1’, and informs the client that the current
operation is to be continued. Conversely, a Not
Acknowledge, or NoMAK, is signified by transmitting a
‘0’, and is used to end the current operation (and initiate
the write cycle for write operations).

Note: When a NoMAK is used to end a
WRITE or WRSR instruction, the write
cycle is not initiated if no bytes of data
have been received.

The Client Acknowledge, or SAK, is also signified by
transmitting a ‘1’, and confirms proper communication.
However, unlike the NoMAK, the NoSAK is signified by
the lack of a middle edge during the bit period.

Note: To guard against bus contention, a I
NoSAK will occur after the start header.

A NoSAK will occur for the following events:

» Following the start header

» Following the device address, if no client on the
bus matches the transmitted address

» Following the command byte, if the command is
invalid, including Read, CRRD, Write, WRSR,
SETAL and ERAL during a write cycle.

« If the client becomes out of sync with the host

 If a command is terminated prematurely by using
a NoMAK, with the exception of immediately after
the device address.

See Figure 4-3 and Figure 4-4 for details.

If a NoSAK is received from the client after any byte
(except the start header), an error has occurred. The
host should then perform a standby pulse and begin
the desired command again.

FIGURE 4-3: ACKNOWLEDGE
ROUTINE
Host Client
s T R
| E—
I |
MAK SAK

FIGURE 4-4: ACKNOWLEDGE BITS
MAK (‘1) SAK (‘1))
: 1 1 : 1 1
I I I I
NoMAK (‘0’) NoSAK(")

Note 1: A NoSAK is defined as any sequence that is not a
valid SAK.

44 Device Addressing

Adevice address byte is the first byte received from the
host device following the start header. The device
address byte consists of a four-bit family code. For the
T1AAXXX/11LCXXX, thisissetas ‘101 0’. The last four
bits of the device address byte are the device code,
which is hardwired to ‘0000’ on the 11XXXXO0 devices.

The device code on 11XXXX1 devices is hardwired to
‘0001°. This allows both 11XXXX0 and 11XXXX1
devices to be used on the same bus without address
conflicts.

FIGURE 4-5: DEVICE ADDRESS BYTE
ALLOCATION
GLIENT ADDRESS | MAKISAK

110l 1]o0] 0] 0] 0]0M

Note 1: This bitis a ‘1’ on the 11XXXX1.

4.5 Bus Conflict Protection

To help guard against high current conditions arising
from bus conflicts, the 11AAXXX/11LCXXX features a
current-limited output driver. The loL and IoH
specifications describe the maximum current that can
be sunk or sourced, respectively, by the SCIO pin. The
T1AAXXX/MTLCXXX will vary the output driver
impedance to ensure that the maximum current level is
not exceeded.

© 2011-2023 Microchip Technology Inc. and its subsidiaries
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4.6 Device Standby

The 11AAXXX/M1LCXXX features a low-power
Standby mode during which the device is waiting to
begin a new command. A high-to-low transition on
SCIO will exit low-power mode and prepare the device
for receiving the start header.

Standby mode will be entered upon the following
conditions:

* A NoMAK followed by a SAK (i.e., valid
termination of a command)
» Reception of a standby pulse
Note: Inthe case of the WRITE, WRSR, SETAL or
ERAL commands, the write cycle is initiated

upon receipt of the NOMAK, assuming all
other write requirements have been met.

4.7 Device Idle

The 1MAAXXX/11LCXXX features an Idle mode during
which all serial data is ignored until a standby pulse
occurs. Idle mode will be entered upon the following
conditions:

* Invalid device address

* Invalid command byte, including Read, CRRD,
Write, WRSR, SETAL and ERAL during a write
cycle.

* Missed edge transition

» Reception of a MAK following a WREN, WRDT,
SETAL or ERAL command byte

» Reception of a MAK following the data byte of a
WRSR command

An invalid start header will indirectly cause the device
to enter Idle mode. Whether or not the start header is
invalid cannot be detected by the client, but will
prevent the client from synchronizing properly with the
host. If the client is not synchronized with the host, an
edge transition will be missed, thus causing the device
to enter Idle mode.

4.8 Synchronization

At the beginning of every command, the
T1AAXXX/M1LCXXX utilizes the start header to
determine the host's bus clock period. This period is
then used as a reference for all subsequent
communication within that command.

The 11AAXXX/11LCXXX features re-synchronization
circuitry, which will monitor the position of the middle
data edge during each MAK bit and will subsequently
adjust the internal time reference to remain
synchronized with the host.

There are two variables which can cause the
T1AAXXX/M1LCXXX to lose synchronization. The first
is frequency drift, defined as a change in the bit period,

TE. The second is edge jitter, which is a single
occurrence change in the position of an edge within a
bit period, while the bit period itself remains constant.

4.8.1 FREQUENCY DRIFT

Within a system, there is a possibility that frequencies
can drift due to changes in voltage, temperature, etc.
The re-synchronization circuitry provides some
tolerance for such frequency drift. The tolerance range
is specified by two parameters, FDRIFT and FDEV.
FDRIFT specifies the maximum tolerable change in bus
frequency per byte. FDEV specifies the overall limit in
frequency deviation within an operation (i.e., from the
end of the start header untii communication is
terminated for that operation). The start header at the
beginning of the next operation will reset the re-
synchronization circuitry and allow for another FDEV
amount of frequency drift.

4.8.2 EDGE JITTER

Ensuring that edge transitions from the host always
occur exactly in the middle or end of the bit period is not
always possible. Therefore, the re-synchronization
circuitry is designed to provide some tolerance for edge
jitter.

The 11XX adjusts its phase every MAK bit, so TIJIT
specifies the maximum allowable peak-to-peak jitter
relative to the previous MAK bit. Since the position of
the previous MAK bit would be difficult to measure by
the host, the minimum and maximum jitter values for a
system should be considered the worst-case. These
values will be based on the execution time for different
branch paths in software, jitter due to thermal noise,
etc.

The difference between the minimum and maximum
values, as a percentage of the bit period, should be cal-
culated and then compared against TUIT to determine
jitter compliance.

Note: Because the 11AAXXX/11LCXXX only re-
synchronizes during the MAK bit, the overall
ability to remain synchronized depends on a
combination of frequency drift and edge
jitter (i.e., if the MAK bit edge is
experiencing the maximum allowable edge
jitter, then there is no room for frequency
drift). Conversely, if the frequency has
drifted to the maximum amount tolerable
within a byte, then no edge jitter can be
present.

DS20002067K-page 10
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5.0 DEVICE COMMANDS

After the device address byte, a command byte must
be sent by the host to indicate the type of operation to
be performed. The code for each instruction is listed in

Table 5-1.
TABLE 5-1: INSTRUCTION SET
Instruction Name | Instruction Code | Hex Code Description
READ 0000 0011 0x03 Read data from memory array beginning at specified address
CRRD 0000 0110 0x06 Read data from current location in memory array
WRITE 0110 1100 0x6C Write data to memory array beginning at specified address
WREN 1001 0110 0x96 Set the write enable latch (enable write operations)
WRDI 1001 0001 0x91 Reset the write enable latch (disable write operations)
RDSR 0000 0101 0x05 Read STATUS register
WRSR 0110 1110 0x6E Write STATUS register
ERAL 0110 1101 0x6D Write ‘0x00’ to entire array
SETAL 0110 0111 0x67 Write ‘OxFFE’ to entire array

51 Read Instruction

The Read command allows the host to access any
memory location in a random manner. After the READ
instruction has been sent to the client, the two bytes of
the Word Address are transmitted, with an
Acknowledge sequence being performed after each
byte. Then, the client sends the first data byte to the

To provide sequential reads in this manner, the
T1AAXXX/MMLCXXX contains an internal Address
Pointer which is incremented by one after the
transmission of each byte. This Address Pointer allows
the memory contents to be serially read during one
operation. When the highest address is reached, the
Address Pointer rolls over to address ‘0x000’ if the host
chooses to continue the operation by providing a MAK.

host. If more data is to be read, the host sends a MAK,
indicating that the client should output the next data
byte. This continues until the host sends a NoMAK,
which ends the operation.

FIGURE 5-1: READ COMMAND SEQUENCE

MAK
NoSAK

|<— Standby Pulse -<—— Start Header ——
sclo 4

Device Add $ 3
ﬁ Ievyce| ‘resl.s‘—>§ s

0:1:0!'1:0:1:0'1 1:0:1:0:0:0:0:0

«~cC d— % £ < Word Address MSB-» X X < Word Address LSB » & <
MmN S g TN AAAESS IER T 2 g IR NEEER R S 0

sclo

0:0:0:0:0:0:1:1

Note 1: For the 11XXXX1, this bit must be a ‘1’.

© 2011-2023 Microchip Technology Inc. and its subsidiaries
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5.2 Current Address Read (CRRD)
Instruction

The internal address counter featured on the
11AAXXX/MM1LCXXX maintains the address of the last
memory array location accessed. The CRRD
instruction allows the host to read data back beginning
from this current location. Consequently, no word
address is provided upon issuing this command.

Note that, except for the initial word address, the
READ and CRRD instructions are identical, including
the ability to continue requesting data through the use
of MAKs in order to sequentially read from the array.

As with the READ instruction, the CRRD instruction is
terminated by transmitting a NoMAK.

Table 5-2 lists the events upon which the internal
address counter is modified.

FIGURE 5-2:

TABLE 5-2: INTERNAL ADDRESS
COUNTER
Command Event Action

Power-on Reset | Counter is undefined

CRRD COMMAND SEQUENCE

READ or MAK edge fol- | Counter is updated
WRITE lowing each with newly received
Address byte value
READ, MAK/NoMAK Counter is
WRITE or |edge following |incremented by 1
CRRD each data byte
Note 1: If, following each data byte in a READ,

WRITE or CRRD instruction, neither a
MAK nor a NoMAK edge is received (i.e.,
if a standby pulse occurs instead), the
internal address counter will not be incre-
mented.

During a Write command, once the last
data byte for a page has been loaded, the
internal Address Pointer will rollover to
the beginning of the selected page.

|<— Standby Pulse

SCIO 4

sclo

X
Start Header ——— <§E

0!1:0!'1:0:1:0:1

Note 1: For the 11XXXX1, this bit must be a ‘1’.

X X X X X
<«——Command——— L < «——DataByte 1 ——» <L < «——DataByte2——» <
N N e T

NoSAK
SAK

4
<] eDlevipe Aereslsl—> <§(

1:0:1:0:0:0:0

SAK
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11 AAXXX/M1LC XXX

5.3 Write Instruction

Prior to any attempt to write data to the
T1AAXXX/11LCXXX, the write enable latch must be set
by issuing the WREN instruction (see Section 5.4
“Write Enable (WREN) and Write Disable (WRDI)
Instructions”).

Once the write enable latch is set, the user may
proceed with issuing a WRITE instruction (including
the header and device address bytes) followed by the
MSB and LSB of the Word Address. Once the last
Acknowledge sequence has been performed, the host
transmits the data byte to be written.

The 11AAXXX/1MLCXXX features a 16-byte page
buffer, meaning that up to 16 bytes can be written at
one time. To utilize this feature, the host can transmit
up to 16 data bytes to the 11AAXXX/11LCXXX, which
are temporarily stored in the page buffer. After each
data byte, the host sends a MAK, indicating whether or
not another data byte is to follow. A NoMAK indicates
that no more data is to follow, and as such will initiate
the internal write cycle.

Upon receipt of each word, the four lower-order
Address Pointer bits are internally incremented by one.
The higher-order bits of the word address remain
constant. If the host should transmit data past the end
of the page, the address counter will roll over to the
beginning of the page, where further received data will
be written.

Note: If a NoMAK is generated before any
data has been provided, or if a standby
pulse occurs before the NoMAK is
generated, the 1TAAXXX/11LCXXX will
be reset, and the write cycle will not be

Note: Page write operations are limited to
writing bytes within a single physical
page, regardless of the number of
bytes actually being written. Physical
page boundaries start at addresses that
are integer multiples of the page size
(16 bytes) and end at addresses that
are integer multiples of the page size
minus 1. As an example, the page that
begins at address 0x30 ends at address
0x3F. If a page Write command attempts
to write across a physical page
boundary, the result is that the data
wraps around to the beginning of the
current  page  (overwriting data
previously stored there), instead of
being written to the next page as might
be expected. It is, therefore, necessary
for the application software to prevent
page write operations that would

initiated.

attempt to cross a page boundary.

FIGURE 5-3:

WRITE COMMAND SEQUENCE

|<— Standby Pulse

SCIO 4

sclo

Note 1: For the 11XXXX1, this bit must be a ‘1.

Start Header —><§E
0 1'071'01'0'1

X X 4
ngmmandf» <§E % <—Word Addlres§ MSB-> <§E

X

NoSAK
SAK

X
-<«—Device Address—» <§(

1:0:1:0:0:0:0!'0

X X X
< «—\Word Address LSB —» << <
S
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54 Write Enable (WREN) and Write The following is a list of conditions under which the
Disable (WRD1I) Instructions write enable latch will be reset:
» Power-up

The 11XX contains a write enable latch. See Table 7-1

for the Write-Protect Functionality Matrix. This latch * WRDI instruction successfully executed

must be set before any write operation will be * WRSR instruction successfully executed

completed internally. The WREN instruction will set the * WRITE instruction successfully executed

Iatch, and the WRD1I instruction will reset the latch. e ERATL instruction Successfu”y executed
Note: The WREN and WRDI instructions must * SETAL instruction successfully executed

be terminated with a NoMAK following
the command byte. If a NoMAK is not
received at this point, the command will
be considered invalid, and the device
will go into Idle mode without
responding with a SAK or executing the
command.

FIGURE 5-4: WRITE ENABLE COMMAND SEQUENCE

NoSAK

4
© <«—Device Address —» <§t

-— Standby Pulse

|
SCIO 4

X
Start Header —— <§E

0!1:0!1:0:1:0:1 1:!0:1:0:0:0:0:0

NoMAK
SAK

<«——Command——»

SCIO _ l L X
1'0:0'1:'0'1'1:0
Note 1: For the 11XXXX1, this bit must be a ‘1.

FIGURE 5-5: WRITE DISABLE COMMAND SEQUENCE

X
¥ 3

(o]
=

MAK
SAK

-— Standby Pulse

|
Sclo 4

Start Header <—Device Address —»

0:1:0:1:0:1:0'1 1:0:1:0:0:0:0:0

NoMAK
SAK

<«—Command———»

SCIO : s '
1'0'0'1'0'0'0'1

Note 1: For the 11XXXX1, this bit must be a ‘1.
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5.5 Read Status Register (RDSR)

Instruction

The RDSR instruction provides access to the STATUS
register. The STATUS register may be read at any time,
even during a write cycle. The STATUS register is
formatted as follows:

716|154 3 | 2 | 1 | 0

X[ X[ X ]| X ]| BP1 BPO WEL WIP

Note: Bits 4-7 are don’t cares, and will read as ‘0’.

The Write-In-Process (WIP) bit indicates whether the
T1AAXXX/M1LCXXX is busy with a write operation.
When set to a ‘1’, a write is in progress. When set to a
‘0’, no write is in progress. This bit is read-only.

The Write Enable Latch (WEL) bit indicates the status
of the write enable latch. When set to a ‘1’, the latch
allows writes to the array. When set to a ‘0’, the latch
prohibits writes to the array. This bit is set and cleared
using the WREN and WRDI instructions, respectively.
This bit is read-only for any other instruction.

FIGURE 5-6:

The Block Protection (BP0 and BP1) bits indicate
which blocks are currently write-protected. These bits
are set by the user through the WRSR instruction.
These bits are nonvolatile.

Note: If Read Status Register command is
initiated while the 11XX is currently
executing an internal write cycle on the
STATUS register, the new Block

Protection bit values will be read during

the entire command.

The WIP and WEL bits will update dynamically
(asynchronous to issuing the RDSR instruction).
Furthermore, after the STATUS register data is
received, the host can provide a MAK during the
Acknowledge sequence to request that the data be
transmitted again. This allows the host to continuously
monitor the WIP and WEL bits without the need to issue
another full command.

Once the host is finished, it provides a NoMAK to end
the operation.

Note: The current drawn for a Read Status
Register command during a write cycle
is a combination of the Icc Read and Icc
Write operating currents.

READ STATUS REGISTER COMMAND SEQUENCE

sclo 4

scio 15K
0!'0'0'0'0'1'0"'1

Note 1: For the 11XXXX1, this bit must be a ‘1’.

<— Standby Pulse =<——— Start Header ——— <§f
011:011'011'0'1
X ¥ ) X
<«——Command——— < < STATUS Register Data= 0 <
N e R

Note 2: The STATUS register data can continuously be read, or polled, by transmitting a MAK in place of the NoMAK

X

NoSAK
MAK
SAK

<—ID.evilce Adqregs —

1:0:!1'0:0:0:0!'0

MAK
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5.6 Write Status Register (WRSR) After transmitting the STATUS register data, the host
Instruction must transmit a NoMAK during the Acknowledge

sequence in order to initiate the internal write cycle.

The WRSR instruction allows the user to select one of
four levels of protection for the array by writing to the
appropriate bits in the STATUS register. The array is
divided into four segments. The user has the ability to
write-protect none, one, two, or all four of the segments
of the array. The partitioning is controlled as illustrated
in Table 5-3.

Note: The WRSR instruction must be
terminated with a NoMAK following the
data byte. If a NoMAK is not received at
this point, the command will be
considered invalid, and the device will
go into ldle mode without responding
with a SAK or executing the command.

TABLE 5-3: ARRAY PROTECTION

BP1 BPO Address Ranges Write-Protected Address Ranges Unprotected
0 0 None All
0 1 Upper 1/4 Lower 3/4
1 0 Upper 1/2 Lower 1/2
1 1 All None

TABLE 5-4: PROTECTED ARRAY ADDRESS LOCATIONS

Density Upper 1/4 Upper 1/2 All Sectors
1K 60h-7Fh 40h-7Fh 00h-7Fh
2K COh-FFh 80h-FFh 00h-FFh
4K 180h-1FFh 100h-1FFh 000h-1FFh
8K 300h-3FFh 200h-3FFh 000h-3FFh
16K 600h-7FFh 400h-7FFh 000h-7FFh

FIGURE 5-7: WRITE STATUS REGISTER COMMAND SEQUENCE
X
v & ¥
0 .
-<— Standby Pulse Start Header —— <§E 2 <—Device Address —» <§t <

|
SCIO _4

1:0:1:0:0:0:0:0

0:1:0:1:0:1:0'1

SClIo _ [ [ L : .
0:01:1:0:1:1:1:0 oo Twe=

Note 1: For the 11XXXX1, this bit must be a ‘1.
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5.7 Erase All (ERAL) Instruction

The ERAL instruction allows the user to write ‘0x00’ to
the entire memory array with one command. Note that
the write enable latch (WEL) must first be set by issuing
the WREN instruction.

Once the write enable latch is set, the user may
proceed with issuing a ERAL instruction (including the
header and device address bytes). Immediately after
the NoMAK bit has been transmitted by the host, the
internal write cycle is initiated, during which time all

The ERAL instruction is ignored if either of the Block
Protect bits (BP0, BP1) are not 0, meaning 1/4, 1/2, or
all of the array is protected.

Note: The ERAL instruction must be
terminated with a NoMAK following the
command byte. If a NoMAK is not
received at this point, the command will
be considered invalid, and the device
will go into Idle mode without
responding with a SAK or executing the

words of the memory array are written to ‘Ox00’. command,
FIGURE 5-8: ERASE ALL COMMAND SEQUENCE
N
v 5 ¥ X
%) .
-— Standby Pulse Start Header —— <§( zo <—yDgwpe Addregsﬁ <§( 3:)

|
SCIO 4

NoMAK
SAK

<«——Command——»

sclo

0'1'1'0'1'1'0"'1 Twe=

Note 1: For the 11XXXX1, this bit must be a ‘1’.

0!1:0!1:0:1:0:1

1'0:1:0:0:0:0:0

5.8 Set All (SETAL) Instruction

The SETAL instruction allows the user to write ‘OxFF’
to the entire memory array with one command. Note
that the write enable latch (WEL) must first be set by
issuing the WREN instruction.

Once the write enable latch is set, the user may
proceed with issuing a SETAL instruction (including
the header and device address bytes). Immediately
after the NOMAK bit has been transmitted by the host,
the internal write cycle is initiated, during which time all

The SETAL instruction is ignored if either of the Block
Protect bits (BP0, BP1) are not 0, meaning 1/4, 1/2, or
all of the array is protected.

Note: The SETAL instruction must be
terminated with a NoMAK following the
command byte. If a NoMAK is not
received at this point, the command will
be considered invalid, and the device
will go into Idle mode without
responding with a SAK or executing the

words of the memory array are written to ‘OxFF’. command,
FIGURE 5-9: SET ALL COMMAND SEQUENCE
4
X & . X ¥
- Standby Pulse Start Header ——— < © <+—Device Address —» < <
| e L - N

SCIO 4

NoMAK
SAK

<«—Command———»

sclo

0 1:1:'0°01'1'1 Twe=
Note 1: For the 11XXXX1, this bit must be a ‘1’.

1'0'1'0'0'0'0'0
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6.0 DATA PROTECTION 7.0 POWER-ON STATE
The following protection has been implemented to The 11AAXXX/11LCXXX powers on in the following
prevent inadvertent writes to the array: state:
* The Write Enable Latch (WEL) is reset on power- * The device is in low-power Shutdown mode,
up requiring a low-to-high transition on SCIO to enter
A Write Enable (WREN) instruction must be issued Idle mode
to set the write enable latch * The Write Enable Latch (WEL) is reset
« After a write, ERAL, SETAL or WRSR command, * The internal Address Pointer is undefined
the write enable latch is reset « A low-to-high transition, standby pulse and
» Commands to access the array or write to the subsequent high-to-low transition on SCIO (the
STATUS register are ignored during an internal first low pulse of the header) are required to enter
write cycle and programming is not affected the active state

TABLE 7-1: WRITE PROTECT FUNCTIONALITY MATRIX

WEL Protected Blocks Unprotected Blocks Status Register
0 Protected Protected Protected
1 Protected Writable Writable

DS20002067K-page 18 © 2011-2023 Microchip Technology Inc. and its subsidiaries
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8.0 PACKAGING INFORMATION

8.1 Package Marking Information

8-Lead PDIP Example:

00 00 nn

XXXXXXXX 11AA160

T/XXXNNN I/P€313F
2234

O@YYWW O@

O O OO oo od

8-Lead PDIP Package Marking (Pb-Free)
Device Line 1 Marking Device Line 1 Marking
11AA010 11AA010 11LCO010 11LCO010
11AA020 11AA020 11LC020 11LC020
11AA040 11AA040 11LC040 11LC040
11AA080 11AA080 11LC080 11LC080
11AA160 11AA160 11LC160 11LC160
11AA161 11AA161 11LC161 11LC161
Note: T = Temperature Grade (I, E)

Legend: XX...X Part number or part number code

T Temperature (I, E)
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code (2 characters for small packages)
@ RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:  Standard OTP marking consists of Microchip part number, year code, week
code and traceability code.

Note: For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

Note: In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2011-2023 Microchip Technology Inc. and its subsidiaries DS20002067K-page 19
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8-Lead SOIC Example:
XXXXXXXT 11AA160I
XXXXYYWW SN(e3)2234
13F
o8 NNN o0

Juutl INRIN

8-Lead SOIC Package Marking (Pb-Free)
Device Line 1 Marking Device Line 1 Marking
11AA010 11AA010T 11LCO010 11LCO10T
11AA020 11AA020T 11LC020 11LC020T
11AA040 11AA040T 11LC040 11LC040T
11AA080 11AA080T 11LC080 11LC080T
11AA160 11AA160T 11LC160 11LC160T
11AA161 11AA161T 11LC161 11LC161T
Note: T = Temperature Grade (I, E)

Legend: XX...X Part number or part number code

T Temperature (I, E)
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code (2 characters for small packages)
@ RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:  Standard OTP marking consists of Microchip part number, year code, week
code and traceability code.

Note: For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

Note: In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

DS20002067K-page 20 © 2011-2023 Microchip Technology Inc. and its subsidiaries
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8-Lead MSOP (150 mil)

[T

XXXXXXT
YWWNNN

o
I

Example:

000

11A011
23413F

o

Juut

8-Lead MSOP Package Marking (Pb-Free)

Device Line 1 Marking Device Line 1 Marking
11AA010 11A01T 11LC010 11LO1T
11AA020 11A02T 11LC020 11L02T
11AA040 11A04T 11LC040 11L04T
11AA080 11A08T 11LC080 11LO8T
11AA160 11AAT 11LC160 11LAT
11AA161 11AA1T 11LC161 11LA1T

Note:

T = Temperature Grade (I, E)

T
Y
YY
Ww
NNN

&3

Temperature (I, E)

Legend: XX..X Part number or part number code

Year code (last digit of calendar year)
Year code (last 2 digits of calendar year)
Week code (week of January 1 is week ‘01’)

Alphanumeric traceability code (2 characters for small packages)
RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:

Note:

Note:

Standard OTP marking consists of Microchip part number, year code, week

code and traceability code.

For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available

characters for customer-specific information.

© 2011-2023 Microchip Technology Inc. and its subsidiaries
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8-Lead 2x3 TDFN Example:
XXX D51
YWW 234
NN 13
o o

8-Lead 2x3 TDFN Package Marking (Pb-Free)

Device I-Temp Marking Device I-Temp Marking E-Temp Marking
11AA010 D11 11LC010 D14 D15
11AA020 D21 11LC020 D24 D25
11AA040 D31 11LC040 D34 D35
11AA080 D41 11LC080 D44 D45
11AA160 D51 11LC160 D54 D55
11AA161 D5D 11LC161 D5G D5H

Legend: XX...X Part number or part number code
T Temperature (I, E)
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code (2 characters for small packages)
@ RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:  Standard OTP marking consists of Microchip part number, year code, week
code and traceability code.

Note: For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

Note: In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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3-Lead SOT-23

-

XXNN

N

Example:

B513

LU

3-Lead SOT-23 Package Marking (Pb-Free)

Device I-Temp Marking Device I-Temp Marking E-Temp Marking
11AA010 B1NN 11LC010 M1NN N1NN
11AA020 B2NN 11LC020 M2NN N2NN
11AA040 B3NN 11LC040 M3NN N3NN
11AA080 B4NN 11LC080 M4NN N4NN
11AA160 B5NN 11LC160 M5NN N5NN
11AA161 BONN 11LC161 MONN NONN

Legend: XX..X Part number or part number code
T Temperature (I, E)
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code (2 characters for small packages)

@ RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:

Note:

Note:

Standard OTP marking consists of Microchip part number, year code, week
code and traceability code.

For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available

characters for customer-specific information.
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3-Lead TO-92 Example:
XXXXXX 11A160
TIXXXX I/TOE3
YWW 234
NNN 13F

3-Lead TO-92 Package Marking (Pb-Free)
Device Line 1 Marking Device Line 1 Marking
11AA010 11A010 11LCO010 11L010
11AA020 11A020 11LC020 11L020
11AA040 11A040 11LC040 11L040
11AA080 11A080 11LC080 11L080
11AA160 11A160 11LC160 11L160
11AA161 11A161 11LC161 11L161
Note: T = Temperature Grade (I, E)

Legend: XX...X Part number or part number code

T Temperature (I, E)
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code (2 characters for small packages)
@ RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:  Standard OTP marking consists of Microchip part number, year code, week
code and traceability code.

Note: For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

Note: In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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4-Lead Chip Scale Example:
@) @)
XW E3
NN 13

4-Lead Chip Scale Package Marking (Pb-Free)
Device Line 1 Marking
11AA010 AW
11AA020 BW
11AA040 CW
11AA080 DW
11AA160 EW
11AA161 HW

Legend: XX..X Part number or part number code
T Temperature (I, E)
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Www Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code (2 characters for small packages)
@ RoHS-compliant JEDEC® designator for Matte Tin (Sn)

Note:  Standard OTP marking consists of Microchip part number, year code, week
code and traceability code.

Note: For very small packages with no room for the JEDEC® designator
@ , the marking will only appear on the outer carton or reel label.

Note: In the event the full Microchip part number cannot be marked on one line, it
will be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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8-Lead Plastic Dual In-Line (P) - 300 mil Body [PDIP]
Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

.
NOTE 1 N
1

TOP VIEW

PLANE ?

8X b1
8Xb

SIDE VIEW END VIEW

Microchip Technology Drawing No. C04-018-P Rev F Sheet 1 of 2
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8-Lead Plastic Dual In-Line (P) - 300 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
ALTERNATE LEAD DESIGN
(NOTE 5)
DATUM A DATUM A
[ [
I I
- -
e e
2 2
Units INCHES
Dimension Limits|  MIN | NOM | MAX
Number of Pins N 8
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .348 .365 .400
Tip to Seating Plane L 115 .130 .150
Lead Thickness C .008 .010 .015
Upper Lead Width b1 .040 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430
Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
5. Lead design above seating plane may vary, based on assembly vendor.

Microchip Technology Drawing No. C04-018-P Rev F Sheet 2 of 2
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8-Lead Plastic Small Outline (SN) - Narrow, 3.90 mm (.150 In.) Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

2X
M Jo.10][c[A-B]

2X

[ ]o.10]c|A-B] j
| 2X
ﬂ ' []o.10[c[A-B]
NOTE 1 4,‘ L
] @
[[0250|C[A-B|D]
NOTE 5
TOP VIEW
* ‘ //10.10|C

Cl A A2
SEATING -J—MIHIHIEU_ ________ t
PLANE
_J-010
] SIDE VIEW o[o0]c

T
ol T/T = T
S5 T #ﬁ?

SEE VIEW C
VIEW A-A 4X 81

VIEW C

Microchip Technology Drawing No. C04-057-SN Rev K Sheet 1 of 2
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8-Lead Plastic Small Outline (SN) - Narrow, 3.90 mm (.150 In.) Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
Units MILLIMETERS

Dimension Limits|  MIN [ NOM | MAX
Number of Pins N 8
Pitch e 1.27 BSC
Overall Height A — — 1.75
Molded Package Thickness A2 1.25 — -
Standoff § A1 0.10 — 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 4.90 BSC
Chamfer (Optional) h 0.25 — 0.50
Foot Length L 0.40 — 1.27
Footprint L1 1.04 REF
Lead Thickness C 0.17 — 0.25
Lead Width b 0.31 — 0.51
Lead Bend Radius R 0.07 — —
Lead Bend Radius R1 0.07 — —
Foot Angle 0 0° — 8°
Mold Draft Angle 01 5° — 15°
Lead Angle 02 0° — —

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed 0.15mm per side.

4. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-057-SN Rev K Sheet 2 of 2

© 2011-2023 Microchip Technology Inc. and its subsidiaries

DS20002067K-page 29



11AAXXX/M1LC XXX

8-Lead Plastic Small Outline (SN) - Narrow, 3.90 mm (.150 In.) Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

~AINE
)

/ SILK SCREEN

T

X1

RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width (X8) X1 0.60
Contact Pad Length (X8) Y1 1.55

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2057-SN Rev K
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8-Lead Plastic Micro Small Outline Package (MS) - 3x3 mm Body [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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8-Lead Plastic Micro Small Outline Package (MS) - 3x3 mm Body [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

——— 4X 01
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[
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N

‘— Cc
SEATING | _
PLANE
L 0
~— (L1)
4X 61
|——
DETAILB
Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Terminals N 8
Pitch e 0.65 BSC
Overall Height A — — 1.10
Standoff A1 0.00 — 0.15
Molded Package Thickness A2 0.75 0.85 0.95
Overall Length D 3.00 BSC
Overall Width E 4.90 BSC
Molded Package Width E1 3.00 BSC
Terminal Width b 0.22 — 0.40
Terminal Thickness c 0.08 — 0.23
Terminal Length L 0.40 0.60 0.80
Footprint L1 0.95 REF
Lead Bend Radius R 0.07 — —
Lead Bend Radius R1 0.07 — —
Foot Angle 0 0° — 8°
Mold Draft Angle 01 5° — 15°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.15mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-111-MS Rev F Sheet 2 of 2
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8-Lead Plastic Micro Small Outline Package (MS) - 3x3 mm Body [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

GX

/ SILK SCREEN

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits| ~ MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 4.40
Contact Pad Width (X8) X 0.45
Contact Pad Length (X8) Y 1.45
Contact Pad to Contact Pad (X4) G1 2.95
Contact Pad to Contact Pad (X6) GX 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2111-MS Rev F
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8-Lead Plastic Dual Flat, No Lead Package (MN) — 2x3x0.8 mm Body [TDFN]
With 1.4x1.3 mm Exposed Pad (JEDEC Package type WDFN)

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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8-Lead Plastic Dual Flat, No Lead Package (MN) — 2x3x0.8 mm Body [TDFN]
With 1.4x1.3 mm Exposed Pad (JEDEC Package type WDFN)

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN [ Nom [ MAX
Number of Pins N 8
Pitch e 0.50 BSC
Overall Height A 0.70 0.75 0.80
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Length D 2.00 BSC
Overall Width E 3.00 BSC
Exposed Pad Length D2 1.35 1.40 1.45
Exposed Pad Width E2 1.25 1.30 1.35
Contact Width b 0.20 0.25 0.30
Contact Length L 0.25 0.30 0.45
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package may have one or more exposed tie bars at ends.
3. Package is saw singulated
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing No. C04-129-MN Rev E Sheet 2 of 2

© 2011-2023 Microchip Technology Inc. and its subsidiaries DS20002067K-page 35



11AAXXX/M1LC XXX

8-Lead Plastic Dual Flat, No Lead Package (MN) — 2x3x0.8 mm Body [TDFN]
With 1.4x1.3 mm Exposed Pad (JEDEC Package type WDFN)

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 1.60
Optional Center Pad Length Y2 1.50
Contact Pad Spacing C 2.90
Contact Pad Width (X8) X1 0.25
Contact Pad Length (X8) Y1 0.85
Thermal Via Diameter Vv 0.30
Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing No. C04-129-MN Rev. B
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3-Lead Plastic Transistor Outline (TO) [TO-92]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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3-Lead Plastic Transistor Outline (TO) [TO-92]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units INCHES

Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 3
Pitch e .050 BSC
Bottom to Package Flat D 125 - .165
Overall Width E 175 - .205
Overall Length A 170 - 210
Molded Package Radius R .080 - .105
Tip to Seating Plane L .500 - -
Lead Thickness c .014 - .021
Lead Width b .014 - .022

Notes:
1. Dimensions D and E do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed .005" per side.
2. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing C04-101-TO Rev D Sheet 2 of 2
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3-Lead Plastic Small Outline Transistor (TT) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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3-Lead Plastic Small Outline Transistor (TT) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Number of Pins N 3

Lead Pitch e 0.95 BSC

Outside Lead Pitch el 1.90 BSC

Overall Height A 0.89 - 1.12
Molded Package Thickness A2 0.79 0.95 1.02
Standoff A1 0.01 - 0.10
Overall Width E 2.10 - 2.64
Molded Package Width E1 1.16 1.30 1.40
Overall Length D 2.67 2.90 3.05
Foot Length L 0.13 0.50 0.60
Footprint (L1) 0.42 REF

Foot Angle 4 0° - 10°
Lead Thickness C 0.08 - 0.20
Lead Width b 0.30 - 0.54

Notes:

1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.127mm per side.

2. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-104 (TT) Rev C Sheet 2 of 2
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3-Lead Plastic Small Outline Transistor (TT) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.95 BSC
Contact Pad Spacing C 2.30
Contact Pad Width (X3) X1 0.65
Contact Pad Length (X3) Y1 1.10

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2104 (TT) Rev B
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4-Lead Chip Scale Package (CS) - [CSP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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4-Lead Chip Scale Package (CS) - [

CSP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packagi

ng

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Contacts N 4
Adjacent Column X-Pitch D1 0.400 BSC
Adjacent Row Y-Pitch E1 0.900 BSC
Overall Height A 0.47 0.51 0.55
Die Height A2 0.33 0.35 0.37
Bump Height A1 0.14 0.16 0.18
Overall Width D NOTE 4
Overall Length E NOTE 4
Ball Diameter b 018 | 020 [ o022

Notes:

1. Orientation reference feature may vary, but must be located within the hatched area.

2. Package is saw singulated.

3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

4. Package size varies with specific devices. Please see the specific Product Data Sheet.

Microchip Technology Drawing C04-6008A Sheet 2 of 2
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4-Lead Chip Scale Package (CS) - [CSP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX

Number of Contacts N 4

Contact Pad Spacing D1 0.40
Contact Pad Spacing E1 0.90
Contact Pad Diameter (X4) X1 0.20
Distance Between Pads G1 0.70
Distance Between Pads G2 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-8008A
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APPENDIX A: REVISION HISTORY

Revision K (03/23)

Updated formatting to current template; Replaced
terminology “Master” and “Slave” with “Host” and
“Client” respectively; Added Automotive PIS.

Revision J (04/11)

Added new Patent No.; Revised Table 1-2, Param Nos
3 and 4.

Revision H (03/10)
Added 4-lead Chip Scale package.

Revision G (12/09)
Added 11AA161/11LC161 device.

Revision F (10/09)
Added 3-lead TO-92 Package.

Revision E (09/08)

Updated UNI/O trademark; Revised Table 1-2,
parameters 3 and 5; Updated package drawings.
Revision D (04/08)

Revised document status to Preliminary; General
updates.

Revision C (03/08)

Removed patent pending notice; Revised Tables 1-1
and 1-2; Section 3.3 (bullet 3) and 3.7 (bullet 2);
Product ID System.

Revision B (01/08)

Revised SOT-23 Package Type; Revised DFN
package to TDFN; Section 3.3 (added new bullet item);
Section 4.5 note; Table 7-1.

Revision A (10/07)

Original release of this document.
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NOTES:
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THE MICROCHIP WEBSITE

Microchip provides online support via our website at
www.microchip.com. This website is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the website contains the following information:

* Product Support — Data sheets and errata, appli-
cation notes and sample programs, design
resources, user’'s guides and hardware support
documents, latest software releases and archived
software

* General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

+ Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Micro-
chip sales offices, distributors and factory repre-
sentatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a spec-
ified product family or development tool of interest.

To register, access the Microchip website at
www.microchip.com. Under “Support”, click on “Cus-
tomer Change Notification” and follow the registra-
tion instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

+ Field Application Engineer (FAE)

 Technical Support

Customers should contact their distributor, representa-
tive or Field Application Engineer (FAE) for support.
Local sales offices are also available to help custom-
ers. Alisting of sales offices and locations is included in
the back of this document.

Technical support is available through the website
at: http://microchip.com/support

© 2011-2023 Microchip Technology Inc. and its subsidiaries
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM (NON-AUTOMOTIVE)

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X xMW —  x [XXX
‘|' ‘|' —|— Examples:
Device Device Tape & Reel Temperature Package a)  11AA010-I/P: 1-Kbit, 1.8V Serial EEPROM,
Address Range Industrial temp., Standard address, PDIP pack-
age
b) 11LC160T-E/TT: 16-Kbit, 2.5V Serial
EEPROM, Extended temp., Tape & Reel,
Device: 11AA01 = 1-Kbit, 1.8V UNI/O Serial EEPROM SOT-23 package
1LCOT = 1-Kbit, 2.5V UNI/O Serial EEPROM c)  11AA080-I/MS: 8-Kbit, 1.8V Serial EEPROM,
11AA02 = 2-Kbit, 1.8V UNI/O Serial EEPROM Industrial temp., Standard address, MSOP
11LC02 = 2-Kbit, 2.5V UNI/O Serial EEPROM package
Lood=  akon ooy NS Serial EEPROM d)  11LCO20T-I/SN: 2-Kbit, 2.5V Serial EEPROM,
11AA08=  8-Kbit, 1.8V UNI/O Serial EEPROM Industrial temp., Tape & Reel, Standard
11LC08 =  8-Kbit, 2.5V UNI/O Serial EEPROM Address, SOIC package ,
11AA16 = 16-Kbit, 1.8V UNI/O Serial EEPROM e)  T1AAO40T-UMNY:  4-Kbit, 1.8V Serial
11LC16 = 16-Kbit, 2.5V UNI/O Serial EEPROM EEPROM, Industrial temp., Tape and Reel,
Standard Address, 2 x 3 mm TDFN package,
Device Address: 0 =  Standard Address — 0xAQ Nickel Palladium Gold finish
1 = Alternate Address — OxAT (11XX161 only) f)  11LC161-I/SN: 16-Kbit, 2.5V Serial EEPROM,
Tape & Reel: = Tape and Reel" Industrial temp., Alternate address, SOIC pack-
Blank = Tube age
g) 11AA020T-I/CS16K:  2-Kbit, 1.8V  Serial
EEPROM, Industrial temp., Standard address,
Temperature | = -40°Cto +85°C (Industrial) Chip Scale package
Range: E = -40°Cto +125°C (Extended)
Note 1: Tape and Reel identifier only appears in the
catalog part number description. This iden-
Package: P = 8-lead Plastic DIP (300 mil body) tifier is used for ordering purposes and is
'\S/g = g-:eag g:astic fﬂQlC (Sej.goll%mtlbom(,lz/ISOP) not printed on the device package. Check
= 8-lead Plastic Micro Small Outline i i i ; -
TO = 3-lead Plastic TO-92 9¢ Y ¢ 'ape and Ree
T = 3-lead SOT-23 (Tape and Reel only) option.
cS16KG)= Chip Scale (CS), 4-lead (I-temp, “AA”, Tape and 2: “Y” indicates a Nickel Palladium Gold (NiP-
Reel only) dAu) finish.

3:  “16K” indicates 160K technology.

© 2011-2023 Microchip Technology Inc. and its subsidiaries
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PRODUCT IDENTIFICATION SYSTEM (AUTOMOTIVE)

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X _I)g M — % IXXX Xxx (2:3)
Device Device Tape & Reel Temperature Package Variant
Address Range
Device: 11LC08 = 8-Kbit, 2.5V UNI/O Serial EEPROM
Device Address: 0 =  Standard Address — 0xAQ
Tape & Reel: T = Tape and Reel")
Blank = Tube
Temperature | = -40°Cto +85°C AEC-Q100 Grade 3
Range: E = -40°Cto +125°C AEC-Q100 Grade 1
Package: TT = 3-lead SOT-23 (Tape and Reel only)
Variant(2-3); 16KVAO = Standard Automotive, 16K Process
16KVXX = Customer-Specific Automotive, 16K Process

Examples:

a) 11LCO80T-E/TT16KVAO: 8-Kbit, 2.5V Serial
EEPROM, Tape and Reel, Automotive Grade
1, Standard address, SOT-23 package

Note 1: Tape and Reel identifier only appears in
the catalog part number description. This
identifier is used for ordering purposes and
is not printed on the device package.
Check with your Microchip Sales Office for
package availability with the Tape and
Reel option.

2: The VAO/VXX automotive variants have
been designed, manufactured, tested and
qualified in accordance with AEC-Q100
requirements for automotive applications.

3:  For customers requesting a PPAP, a cus-
tomer-specific part number will be gener-
ated and provided. A PPAP is not provided
for VAO part numbers.
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https:/
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions is entirely at the buyer's risk, and the buyer agrees to
defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AVR,
AVR logo, AVR Freaks, BesTime, BitCloud, CryptoMemory,
CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq,
Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MedialLB,
megaAVR, Microsemi, Microsemi logo, MOST, MOST logo,
MPLAB, OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo,
PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity,
SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are
registered trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.
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