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1.0 General Description

The LM8322 Mobile 1/0 Companion is a dedicated device to
unburden a host processor from scanning a matrix-addressed
keypad. In addition, the LM8322 provides general-purpose
I/O expansion, and PWM outputs useful for dynamic LED
brightness modulation.

It communicates with the host through an [12C-compatible
ACCESS.bus interface. An interrupt output is available for
signaling key-press and key-release events. Communication
frequencies up to 400 kHz (Fast-mode) bus speed are sup-
ported. The LM8322 supports a predefined set of commands.
These commands enable a host device to keep control over
all functions.

2.0 Features

Key Features

m Supports keypad matrices of up to 8 x 12 keys plus 8
special-function (SF) keys for a total of 104 keys. SF keys
pull keypad scan inputs directly to ground, rather than
connecting to a keypad scan output.

m  Supports 12C-compatible ACCESS.bus interface in slave
mode up to 400 kHz (Fast-mode).

4.0 Block Diagram

LM8322
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m  Three host-programmable PWM outputs useful for smooth
LED brightness modulation.

m Supports general-purpose I/O expansion on pins not
otherwise used for keypad interface.

m Key-scan event storage in a FIFO buffer for up to 15
events.

m Key events, errors, and dedicated hardware interrupts
request host service by asserting the TRQ output.

m The correct reception of a command may be assumed, if
no error is rer d from the LM8322 after receiving a

command.

m Wake-up from Halt ¢ N any matrix key-scan event,
any use > SF keys, or any activity on the ACCESS.bus
interf

3.0 Applications

E ile pnones

m Pel | Digital Assistants (PDAs)
m Smart handheld devices

1 Personal media players
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LM8322

5.0 Ordering Information

NSID Spec. No. of Pins Package Type Temperature Package Method
LM8322JGR8 NOPB 36 Micro-Array -40to + 85°C 1000 pcs Tape & Reel
LM8322JGR8X NOPB 36 Micro-Array —40 to + 85°C 3500 pcs Tape & Reel
NOPB = No PB (No Lead)
6.0 Pin Assignments
1 2 3 4 5 6

KPY5 KP-X4 KP-X6 \CC KP-X1 KPXD

A O o O O

KP-Y6 KP-Y4 KP-X5 KP-X7 KP KP-Y2

B O O O O « O

RESET KPY7 GND [€\\D] KP-Y1 KP-YO

I
c O O O C O
XTAL QUT SLOACLK GND END) KP-Y9 CONFIG 1

p O O O o O

ACB SCL ACB SDA KP PWM 0 PAM 2 KP-Y10

e O O O C o O

KP-X2 KP-X3 RG vce PAM 1 KP-Y11

F O O O O O O
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7.0 Signal Descriptions

Pin Function /0 Description
A6 KP-XO0 Input Wake-up input/Keyboard scanning input 0
A5 KP-X1 Input Wake-up input/Keyboard scanning input 1
F1 KP-X2 Input Wake-up input/Keyboard scanning input 2
Fo KP-X3 Input Wake-up input/Keyboard scanning input 3
GPIO_13 I/0 General-purpose 1/O port 13
A2 KP-X4 Input Wake-up input/Keyboard scanning input 4
GPIO_12 I/0 General-purpose 1/O port 12
B3 KP-X5 Input Wake-up input/Keyboard scanning input 5
GPIO_11 I/0 General-purpose 1/0O port 11
A3 KP-X6 Input Wake-up input/Keyboard scanning input 6
GPIO_10 I/0 General-purpose /O port
B4 KP-X7 Input Wake-up input/Keyboai cg? 1g input 7
GPIO_09 Input General-purpose I/O pot
cé6 KP_YO Output Keyboard scannin dtp_ut o
C5 KP-Y1 Output Keyboard scan tput 1
B6 KP-Y2 Output Keyboard scani AI’]EJ ou 2
B5 KP-Y3 Output Keyboard ‘_nning output 3
GPIO_08 I/O Genera ‘pose /O port 8
B2 KP-Y4 Output Keyboard ¢ ing « {put 4
GPIO_07 I/0 General-purpose |/0 port 7
A1 KP-Y5 Output i '!rdﬂ:? ing output 5
GPIO_06 I/0 Genel se I/O port 6
B1 KP-Y6 Output board ¢ canning output 6
GPIO_05 I/0 Gei I-purpose I/O port 5
c2 KP-Y7 Out& Keyboard scanning output 7
GPIO_04 1710 neral-purpose 1/O port 4
KP-Y8 Out Keyboard scanning output 8
E3 SLOWCLKOUT Iput 32.768 kHz clock output
GPIO_03 I/0 General-purpose /O port 3
KP-Y9 tput Keyboard scanning output 9
D5 MUX2_IN1 put Multiplexer 2 input 1
GPIO_02 I/0 General-purpose /O port 2
KP-Y Output Keyboard scanning output 10
E6 MUX2 N2 Input Multiplexer 2 input 2
GPIO_ I/0 General-purpose 1/O port 1
KP-Y11 Output Keyboard scanning output 11
F6 MUX2_OUT Output Multiplexer 2 output
GPIO_00 I/0 General-purpose /O port 0
E2 ACB_SDA I/0 ACCESS.bus data signal
E1 ACB_SCL I/0 ACCESS.bus clock signal
E4 PWM_0 Output Pulse-width modulated output 0
MUX_IN1 Input Multiplexer 1 input 1
F5 PWM_1 Output Pulse-width modulated output 1
MUX_IN2 Input Multiplexer 1 input 2
PWM_2 Output Pulse-width modulated output 2
Es MUX1_OUT Output Multiplexer 1 output
CONFIG_2 Input Slave address select input 2
GPIO_15 1/0 General-purpose 1/O port 15
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Pin Function /0 Description
D6 CONFIG_1 Input Slave address select input 1
GPIO_14 I/0 General-purpose 1/O port 14
D1 XTAL_OUT Input 32.768 kHz crystal output
D2 SLOWCLK Input 32.768 kHz clock
XTAL_IN Input 32.768 kHz crystal input
F3 IRQ Output Interrupt request output
C1 RESET Input Reset Input
A4, F4 Vee n.a. Ve
CI;:; C[;‘:, GND n.a. Ground

7.1 TERMINATION OF UNUSED SIGNALS

TABLE 1. Termination of Unused Signals

Signal Termination y
RESET Connect to V. if not driven from an external Supervisory t.
CONFIG 1 Connectto Vs or GND through a pullup or pulldow ,Asist?be\ > the slave address is selected
- by the level on this pin. This pin cannot be left unconnected.
XTAL_IN This pin is a high-impedance input and must be connec Ve or GND if it is unused.
XTAL_OUT This pin has a weak pullup and can be left open-circuit if it is unused.

KP-X[2:0] These pins are dedicated keypad pins. Ii - num configuration, these pins are keypad inputs
with weak pullups.

These pins are in high-impedance mode after power-on initialization. There are two ways to handle
these pins if unused:

» Connect to Vi or GND.

* Program as inputs witf 1pS or outputs.

KP-X[7:3] Care must be taken when conneciing to Vo or GND. Erroneous parameters sent with the
WRITE_PORT_SEL or ATE_PORT_STATE commands could cause excessive current
consumption. A beiier app 0 leave unused keyboard inputs open-circuit and use the
WRITE_PORT_SEL and WRITE_PORT_STATE commands to configure the pins as inputs with
weak pullups or
KP-X7 can only be aii input. This pin should be programmed as an input with a weak pullup.
These pins are dedicated keypad pins. In the minimum configuration, these pins are keypad outputs

KP-Y[2:0] .
driven |
These pins 'ﬂTir impedance mode after power-on initialization. There are two ways to handle
the s if ur

Corit to Vg or GND.
Program as inputs with weak pullups or outputs

KP-Y[11:3] C must be taken when connecting to V. or GND. Erroneous parameters sent with the
WRITE_PORT_SEL or WRITE_PORT_STATE commands could cause excessive current
consumption. A better approach is to leave unused keyboard inputs open-circuit and use the
WRITE_PORT_SEL and WRITE_PORT_STATE commands to configure the pins as inputs with
weak pullups or outputs.

PWM_O, These pins must be connected to Vi or GND if they are not used for any optional function

PWM_1 described in the datasheet.
PWM_2/ Connectto V¢ or GND through a pullup or pulldown resistor because the slave address is selected
CONFIG_2 by the level on this pin. This pin cannot be left unconnected.
IRQ This pin must be connected.

www.national.com
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8.0 Application Example
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AURE 1. Typical Application

8.1 FEATURES

The application example sh

) in Figure 1 supports the fol-

lowing features:

8 x 9 standard keys.

8 special function keys (SF keys) with wake-up capability
by forcing a WAKE_INXx pin to ground. Pressing a SF key
overrides any other key in the same row.

ACCESS.bus (I2C-compatible) interface for
communication with the host.

Hardware IRQ interrupt to host to signal keypad, error, and
status events. By default, this is an open-drain output, so
an external pullup resistor may be required to avoid false
assertion. The host can program this output for push-pull
mode, in which case the pullup might not be required, if
the host can ignore a false assertion before the LM8322
has been programmed.

Two LEDs driven by PWM outputs with programmable
ramp-up and ramp-down. PWM_2 (shared with GPIO_15
and CONFIG_2) could be used as an additional PWM
driver port to control a third external LED.

ACCESS.bus address is selected by the CONFIG_1 and
CONFIG_2 inputs. These pins may also be used as GPIO
pins after reset initialization has occurred. If extra GPIO
pins are not needed, CONFIG_1 and CONFIG_2 may be
tied directly to V¢ and GND.

Crystal pins XTAL_IN and XTAL_OUT may be used to
connect to an external 32.768 kHz crystal or receive an
external 32.768 kHz clock input for running the PWM
peripheral. By default, the PWM is clocked by an on-chip
clock source.

7
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9.0 Clocks

¢ System Clock (mclk) — The system clock is in the range
of about 21 MHz (+ 7%) typical. This clock is used to drive
the 12C compatible serial ACCESS bus and is the input
clock for other function blocks.

* Processing and Command Execution Clock (t;) — The
internal processing is based on a 2 MHz clock. This clock
is derived from the System Clock.

¢ Internal PWM Clock — The internal PWM clock is a fixed
scaled down clock (+ 64) of the Processing and Command

Execution Clock. This clock is close to 32 kHz which is in
a good range to source the PWM function block as an
alternative to an external clock source.

e External 32.768 kHz Clock — driven into the SLOWCLK
input. May be used internally as the timebase for the PWM
and driven on the SLOWCLKOUT output.

* External 32.768 kHz Crystal — connected across the
XTAL_IN and XTAL_OUT pins (XTAL_IN is an alternate
function of the SLOWCLK pin). May be used internally as
the timebase for the PWM and driven on the
SLOWCLKOUT output.

mode.

Exit from Halt mode can be

* Occurrence of a key-pre

¢ A Start condition driven by
interface.

» Assertion of the RESET input.

After reset, the default timebase for the PWM outputs is the

internal execution clock divided by 64.

gered b)
r key-re

1y of these events:
se event.
n the ACCESS.bus

kp-xo  DX—]
kp-x1 DX—m
kpx2  DX—a
Halt _Chi
KP-X3 m_> Wake-Up Mode ?g ,a:s On-Chip Clock y
m > Control RC Clock
Kp-X4 Oscillator J
kpxs  D—a
kp-x6  DX— L‘
+64
KP-X7 ®_> Clock On-Chip Bus
Prescaler
SLOWCLK/XTAL_IN
External
32.768 kHz Clock E
External WM PWM_0
Clock —p
32.768 kHz Detection Generator E PWM_1
Crystal  m— and —D—E PWM_2
32.768 kHz
XTAL_OUT Oscillator
I SLOWCLKOUT
30013602
FIGURE 2. Ciock Architecture
9.1 INTERNAL EXECUTION CYCLE 9.2 BUFFERED CLOCK
The Processing - and Command - execuiion clock is about 2 The timebase for the PWM comes from any of three sources:
MHz. This clock is stopped in Halt mode, which only occurs  Prescaled internal Execution clock.
under control of the LM8322. Howeve host can set the » External 32.768 kHz clock received on the SLOWCLK
period of inactivity which causes the ac enter Halt

input.
* On-chip oscillator with an external crystal connected
across XTAL_IN and XTAL_OUT.

Any of these sources may be buffered and driven on the
SLOWCLKOUT output. The clock buffer is enabled with the
WRITE_CLOCK command.

If XTAL_IN is not used it must be terminated to V; or GND.

www.national.com
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9.3 CLOCK CONFIGURATION mand. The WRITE_CLOCK command must be issued only
Table 2 shows the clock configurations available by loading once during system initialization. This command is used to
the clock configuration register with the WRITE_CLOCK com- override the default settings.
TABLE 2. Clock Configuration Register
6 5 4 3 2 1 0
0 SLOWCLKOUT 0 0 SLOWCLKEN 0 RCPWM
Bit Value Description
0 Disable SLOWCLKOUT buffer.
SLOWCLKOUT
1 Enable SLOWCLKOUT buffer.
0 External 32.768 kHz crystal is installed between the XTAL_IN and XTAL_OUT pins.
SLOWCLKEN ] External 32.768 kHz clock is received on the SLOWCLK pin, or no 32.768 kHz clock
is required.
00 On-chip RC clock divided by 64 drives the PV _and clock buffer.
01 Reserved.
RCPWM —4

10 Reserved. ,

11 External 32.768 kHz clock or crystal drives the PW id clock buffer.
The SLOWCLKOUT signal is an alternate function of the pin the SLOWCL JT function is enabled, these other functions
used for the KP-Y8 scanning output and the GPIO_03 port. If of the pin are un 2ble.

9 www.national.com
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10.0 Reset

The LM8322 may be reset by either an external reset, RE-
SET command, or an internally generated power-on reset
(POR) signal. The RESET input must not be allowed to float.
If the external RESET input is not used, it must be connected
to VCC, either directly or through a pull-up resistor.

10.1 EXTERNAL RESET

The device enters a reset state immediately when the RE-
SET input is driven low. RESET must be held low for a
minimum of 700 ns to guarantee a valid reset. If RESET is
asserted at power-on, it must be held low until V. rises above
the minimum operating voltage (1.62V). If an RC circuit is
used to drive RESET, it must have a time constant 5 times
(5x) greater than the V. rise time to this level.

When RESET goes low, the I/O ports are initialized immedi-
ately, any observed delay being only propagation delay.

When the RESET pin goes high, the LM8322 comes out of
the reset state within about 1400 ns.

10.2 POWER-ON RESET (POR)

The POR circuit is always enabled. When V rises above the
POR threshold voltage VPOR (about 1.2—-1.5V), an on-chip
reset signal is asserted. The V. rise time must be greater
than 20 ps and less than 10 ms, otherwise the on-chip reset
signal may deassert before V¢ reaches the minimum oper-
ating voltage. While V. is below VPOR, the LM8322 is held
in reset and a timer clocked by the on-chip RC clock is preset
with OxFF (256 clock cycles). When V. reaches a value
greater than VPOR, the timer starts counting down. When it
underflows, the on-chip reset signal is deasserted and the
LM8322 begins operation.

10.3 PIN CONFIGURATION AFTER RESET
Table 2 shows the pin configuration after reset.

TABLE 3. Pin Configuration After Re¢

Pins After Reset

Af TMb\ lization

KP-X00
KP-X01
KP-X02

High-impedance mode.

Input mode with an on-cl

illup enabled.

KP-X03
KP-X04
KP-X05
KP-X06
KP-X07

High-impedance mode.

High-impedanc de
or GPIO.

KP-Y00
KP-Y01

KP-Y02 '

High-impedance mode. AcCTIvE

itil host configures them as keypad inputs

‘e low.

KP-Y03
KP-Y04 |
KP-Y05
KP-Y06
KP-Y07
KP-Y08
KP-Y09
KP-Y10
KP-Y11

High-imped node.

ligh-impedance mode, until host configures them as keypad outputs
or GPIO.

CONFIG_1

CONFIG_2 e mode.

I -imped:

The ACCESS.bus slave address must be selected with external
pullup or pulldown resistors or direct connections to V. or GND.

TRQ High-impedance mode.

Active drive low.

PWM_0
PWM_1
PWM_2

High-impedance mode.

High-impedance mode.

ACB_SDA

Open-drain mode. Open-drain mode.

ACB_SCL
XTAL_IN
XTAL_OUT
RESET

High-impedance mode. High-impedance mode. Terminate to Vs or GND if not used.

Weak pullup device.
High-impedance mode.

Weak pullup device.
High-impedance mode.

www.national.com 10
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10.4 DEVICE CONFIGURATION AFTER RESET

After the LM8322 has completed its reset initialization, it will

have the following internal configuration:

* PWM Clock — the PWM clock source is the on-chip clock
divided by 64. This remains in effect until changed by a
host command.

¢ Keypad Size — 3 x 3.

* Digital Multiplexers — disabled.

* TRQ — enabled, active low.

* NOINIT Bit — set.

¢ Debounce Time — 3 scan cycles (about 12 milliseconds).

* Active Time — 500 milliseconds.

10.5 CONFIGURATION INPUTS

The states sampled from the CONFIG_1 and CONFIG_2 in-
puts during reset select the ACCESS.bus address used by
the LM8322, as shown in Table 4. The address occupies the
high seven bits of the first byte of a bus transaction, with the
LSB (shown as X below) indicating the direction of transfer.

TABLE 4. Bus Address Selection

CONFIG_1 | CONFIG_2 Bus Address
0 0 1000 010X
0 1 1000 011X
1 0 1000 100X
1 1 1000 101X

When these pins are used as GPIO ports, the design must
ensure that they have the desired states during reset. For ex-
ample, a 100-kohm resistor to ground can impose a logic 0
during reset without interfering with normal operation
GPIO port.

10.6 INITIALIZATION

The LM8322 waits for a WRITE_CFG command fron
host. During this time, IRQ is asserted to request service froin

( RESET or POR )

Y

Check CONFIGx pins.
Internal hardware initialization.
Set NOINIT bit.

'

Assert Woutput.

WRITE_CFG
received?

J buffer.
{ Configure GPIO pins.
Clear interrupt codes.

Y

Deassert IRQ output.

Y

( Normal Operation )

30013603

FIGURE 3. LM8322 Initialization Behavior

Figure 4 shows the timing of IRQ relative to a RESET or POR
event and the WRITE_CFG command. 100 ps after a RE-

the host. Figure 3 describes the behavior of ihe LM ol- SET or POR event, IRQ is asserted and any READ_INT
lowing reset. command will return an interrupt code with the NOINIT bit set.
90 ps after a WRITE_CFG command is received, IRQ is de-
asserted.
' 100ps ! b oops !
| | |
— + t
RESET | | I |
or POR | | | |
| ! | |
| | |
] | |
RO | ) I |
RQ | I\ ! /
| | I |
| | I |
| |
Host | . '
Commands | READ_INT returns 0x10 (NOINIT bit set) WRITE_CFG Other co.mmands
| |
|

30013604

FIGURE 4. IRQ Reset Timing

www.national.com

300136 Version 7 Revision 2  Print Date/Time: 2011/10/04 16:24:29

CcE8IN



LM8322

After sending the WRITE_CFG command, the host must send
a series of commands to configure the LM8322, as shown in
Figure 5 (see left hand side).

This Flow - diagram illustrates also the basic host communi-
cation steps which the host must execute upon an IRQ re-

quest received from the LM8322 during operation. Such
requests will be made from the LM8322 as a result of key
pressed events, the detection of an error, the termination of
a PWM cycle and others.

( Host Initialization )

Check interrupt code.
READ_INT

Is NOINIT
bit set?

Initialize configuration.
WRITE_CFG

Y

Configure clocks.
WRITE_CLOCK

Y

Specify keypad size.
SET_KEY_SIZE

Y

Initialize keypad scan timing. | |
SET_ACTIVE
SET_DEBOUNCE (

A |
Configure GPI 15

WRITE_PORT. lE
WRITE_POR L

Y

Check interrupt code.
READ_INT

Are NOINIT,
ERROR, and COMMAND
bits clear?

Yes

-

No

Send any command.
READ_PORT_STATE
PWM_WRITE, etc.

Check error code.
READ_ERROR

Y

Service error condition.

If the error code reports a
FIFOOVR or KEYOVR error,
then the FIFO buffer must be

unloaded to clear the FIFO.
If this is not done, the LM8322
will not store any new events
in the FIFO. Any data unloaded
from the FIFO after the error
interrupt should be ignored.

< |

Is KEYPAD
bit set?

Read keypad events.
READ_FIFO

Is a PWMXEND
bit set?

Service PWM channel.

Y

30013605

FIGURE 5. Host-Side LM8322 Initialization
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10.7 INITIALIZATION EXAMPLE Most of these settings can be verified by executing com-
In the following example, the LM8322 is configured as: mands such as READ_CONF, READ_PORT_SEL,
+ Keypad matrix configuration is 8 x 4. READ_CLOCK, etc.

* GPIO_03 through GPIO_07 are available to use as GPIO ALL GPIO pin states can be read using the
READ_PORT_STATE command, without regard to whether

pins. - h
* GPIO_03 is an output driven low. the pin is an .'npl_” oran output. )
+ GPIO_4 and GPIO_5 are outputs driven high. An open-drain signal can be created by alternating between

input mode and driving the output low.

e GPIO_06 and GPIO_07 are inputs with weak pulldowns. ) i
All GPIO s can sink and source 16 mA when configured as

* GPIO_14 and GPIO_15 are inputs with weak pullups.

tput.
* The PWM clock source is the internal execution clock an oufpu
divided by 64 (about 32 kHz).
Command Encoding | Parameter 1 | Parameter 2 Description
WRITE_CFG 0x81 0x40 Selepts 36-pin package and disables the two digital
multiplexers.
T in
WRITE_CLK 0x93 0x08 SLOWCLKOU sabled, no Iex.ternal 32.768 kHz clock
required, PWI ciock source is internal.
SET_KEY_SIZE 0x90 0x84 Selects a keypad matrix size of 8 x 4.
SET ACTIVE 0x8B 0x4B S§t§ the active i out 300 milliseconds (75 x 4
millise ds).
Sets the | >houncing time to about 12 milliseconds
SET_DEBOUNCE O0x8F 0x03 (3x4ms). Thi ictually the default and would not have
,_be arformed.
gure GRIO_03, GPIO_04, and GPIO_05 as
WRITE_PORT_SEL 0x85 0x00 0x38 C s. Configure GPIO_06, GPIO_07, GPIO_14, and
GPIO_15 as inputs.
Set the direction for the pullup/pulldown devices on
GPIO_06 and GPIO_07 to pulldown. Set the direction for
WRITE_PULL_DOWN 4 3F - -
-PULL_DO 0x8 0x00 1e pullup/pulldown devices on GPIO_14 and GPIO_15
to pullup.
Set GPIO_04 and GPIO_05 to drive high. Enable the
WRITE_PORT_STATE 0x86 0xC0 pullups on GPIO_06, GPIO_07, GPIO_14, and
| GPIO_15.
Halt mode is entered when no key-press event, key-release
11.0 Halt Mode event, or ACCESS.bus activity is detected for a certain period
The fully static architecture of the LM82 s stopping the of time (by default, 500 milliseconds). The mechanism for en-
internal RC clock in Halt mode, which rec wer con- tering Halt mode is always enabled in hardware, but the host
sumption to the minimum level. Figui hows the current in can program the period of inactivity which triggers entry into
Halt mode at the maximum V; (1.98V) 25°C to +85°C. Halt mode.
1104 11.1 ACCESS.bus ACTIVITY
When the LM8322 is in Halt mode, any activity on the
100 ACCESS.bus interface will cause the LM8322 to exit from
904 Halt mode. However, the LM8322 will not be able to acknowl-
edge the first bus cycle immediately following wake-up from
. 801 Halt mode. It will respond with a negative acknowledgement,
< 704 and the host should then repeat the cycle.
E 604 The LM8322 will be prevented from entering Halt mode if it
§ shares the bus with peripherals that are continuously active.
Ol 501 For lowest power consumption, the LM8322 should only
8 40 share the bus with peripherals that require little or no bus ac-
= 30 tivity after system initialization.
20
101
0

25°C B5°C  75°C 85°C  95°C

30013606

FIGURE 6. Halt Current vs. Temperature at 1.98V
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12.0 Keypad Interface

12.1 EVENT CODE ASSIGNMENT

After power-on reset and host initialization, the LM8322 starts
scanning the keypad. It stays active for a default time of about

mode to minimize power consumption (typically <5 pA stand-
by current).

Table 5 lists the codes assigned to the matrix positions en-
coded by the hardware. Key-press events are assigned the
codes listed in Table 5, but with the MSB set. When a key is
released, the MSB of the code is clear.

500 ms after the last key is released, after which it enters Halt

TABLE 5. Keypad Matrix Code Assignments

KP-Y0 |KP-Y1| KP-Y2 | KP-Y3 | KP-Y4 | KP-Y5| KP-Y6 | KP-Y7 | KP-Y8 | KP-Y9 | KP-Y10 | KP-Y11 | SF Keys
KP-X0 | 0x01 0x02 | 0x03 | Ox04 | Ox05 | Ox06 | 0xO7 | 0x08 | Ox09 | OxOA | 0xOB 0x0C OxOF
KP-X1 | Ox11 0x12 | Ox13 | O0x14 | Ox15 | Ox16 | Ox17 | Ox18 | Ox19 | Ox1A | Ox1B ox1C Ox1F
KP-X2 | 0x21 0x22 | 0x23 | Ox24 | Ox25 | Ox26 | 0x27 | 0x28 | Ox29 | Ox2A | 0x2B 0x2C 0x2F
KP-X3 | 0x31 0x32 | 0x33 | O0x34 | 0x35 | 0x36 | 0x37 | 0x38 | 0x39 | Ox3A | 0x3B 0x3C 0x3F
KP-X4 | 0x41 Ox42 | Ox43 | Ox44 | 0x45 | Ox46 | Ox47 | Ox48 | Ox49 | Ox4A | 0x4B 0x4C Ox4F
KP-X5 | 0x51 0x52 [ Ox53 | Ox54 | Ox55 | Ox56 | O0x57 | Ox58 | Ox59 2(5A 0x5B 0x5C Ox5F
KP-X6 | 0x61 0x62 | Ox63 | Ox64 | Ox65 | Ox66 | 0x67 | Ox68 | Ox |_f‘ «_ 0x6B 0x6C Ox6F

KP-X7 | 0x71 0x72 | Ox73 | Ox74 | Ox75 | Ox76 | Ox77 0x78 | Oxi X7A 0x7B 0x7C Ox7F
The codes are loaded into the FIFO buffer in the order in events, and ~igure 7 shows the resulting sequence of event
which they occurred. Table 6 shows an example sequence of codes | to the FIFO buffer.

TABLE 6. Example Sequence of Evenis
Event Number Event Code Event on Input Driven ( Itput Description
1 0xC5 KP-X4 Y4 Key is pressed
2 0xB2 KP-X3 KF Key is pressed
3 0x45 KP-X4 KP-Y4 Key is released
4 0x32 KP-X3 Y1 Key is released
5 0x81 KP-X( \P-YO Key is pressed
6 Ox5F KP- n.a. SF Key is released
7 0x01 KP-. KP-YO Key is released
8 0x00 n.a. ' n.a. Indicates end of stored events
F Buffer
0xC5 | 0x2 | 040 [ oxa2 | ox81 | 0x5F | 0x01 | ox00 |
—_ 1l — -

Byte 1 Byte te 3 yte 4  Byte5 Byte6 Byte7 Byte8

30013607

FIGURE 7. Example Event Codes Loaded in FIFO Buffer

12.2 KEYPAD SCAN CYCLE

The LM8322 starts new scan cycles at fixed time intervals of
about 4 milliseconds. If a change in the state of the keypad is
detected, the keypad is rescanned after a debounce delay.
When the state change has been reliably captured, it is en-
coded and written to the FIFO buffer.

Figure 8 shows the relationship between a KP-Yx output and
a KP-Xx input over multiple scan cycles during a key press
event. Between scan cycles, the KP-Yx outputs that are spec-
ified by the SET_KEY_SIZE command (0x90) for keypad
scanning are driven low.

Key Event Signalled to Host
|

Key Press Occurs
Key Press

1

|
KP-Yx | :

1

|

! Detected
@ 1 [ T

S— |

|
|
|
|
|
|
|
|
|
T
|

RQ

Debounce Time
(default is 3 scanning cycles)

[
I
[
[
[
[
et L
[

30013608

FIGURE 8. Keypad Scan Cycles

www.national.com 14

300136 Version 7 Revision 2  Print Date/Time: 2011/10/04 16:24:29



During a scan cycle, only one KP-Yx output pin will be driven
low at any time, while the others are driven high or undriven.
At the time scale used in Figure 8, the low phase of a KP-Yx
output during a scan cycle is not visible. The KP-Xx input pins
are pulled high by weak pullups.

There are capacitive loads on the KP-Xx inputs and KP-Yx
outputs due to protection circuits, wiring, etc. The LM8322 in-
serts delays to allow complete charging or discharging of
these loads before sampling the input levels on the KP-Xx
inputs. The maximum parasitic load capacitance on the KP-
Xx inputs is 5 nF.

After detecting a key-press or key-release event, the de-
bounce time specified by the SET_DEBOUNCE command
(Ox8F) sets the minimum time for confirming the event before
the TRQ output is asserted.

If more than two keys are pressed simultaneously, the pattern
of key closures may be ambiguous, in which case the the in-
terrupt code indicates an error and the IRQ output is asserted
(if enabled).

The SF keys connect KP-Xx inputs directly to ground. There
can be up to eight SF-keys. If any of these keys are pressed,
other keys that use the same KP-Xx pin are ignored.

12.2.1 Timing Parameters
Two timing parameters affect scanning of the keypad:

¢ Debounce Time — minimum delay between detecting a
keypad event and confirming the event before asserting
TRQ. The default debounce time is 3 scan cycles (about
12 milliseconds), but the host can set values in the range
1-255 cycles (4—-1020 milliseconds).

¢ Active Time — period without detecting a state change in
the keypad that triggers entry into Halt mode, during wi
keypad scanning is suspended. The default active fime is
500 milliseconds, but the host can set it values in the range
4—-1020 milliseconds. The active time must be great an
the debounce time.

12.2.2 Multiple Key Pressings

If more than two keys are pressed at the s ime, the
LM8322 stores all key pressed and released events in the

FIFO buffer in the sequence in which they were decoded.
For multiple key pressings the follo: cir ces have
to be respected:

* A multiple key-press event is n if tw ore key-

press events are reported
release event.

¢ With the activity time set
maximum time (4 msec to

asponding key-

linimum and
is not safe to detect

veen th

two simultaneous key pressings in one input row (see
Figure 9 on the left hand side.)

* If all key pressings (two or more) are located in different
input rows (see Figure 9 on the right hand side) then the
key pressed events will be correctly found in the FIFO
buffer without any restriction.

KP-Ym KP-Ym
KP-Yn KP-Yn

LM8322 LM8322

Keypad > Keypad ‘/,
1/0 Controller / / 1/0 Controller / //
KP-Xm Jeutlf KP-Xm [l
A AL
KP-Xn jelh =

KP-Xn

30013609

FIGURE 9. Simultaneous Keys Pressed
* Inordert
simulta
follov

secl detect and store the key codes of
Jus key | igs in the same input row the
-acautions must be taken from the host side:

“As soon as i >t device has detected a key pressed event

the host must se! e SET_ACTIVE Command with the pa-

rameter set to “00”. This will prevent the LM8322 from enter-

HA mode. If all keyboard events are resolved (no
ret q key pressed status in the LM8322 anymore) then
the ho . send the SET_ACTIVE Command again with
the pararneter setting the desired duration for the active time.

This will enable the LM8322 to enter low power HALT mode
ce the activity time has passed without detecting any

€ S.

* Once one or more key (pressed and/or released) events
have been read from the host with the help of the READ
FIFO command there are two conditions cleaning the
FIFO buffer contents:

— A second execution of the READ FIFO Command or,

— A new key event detected from the LM8322.

12.3 EXAMPLE KEYPAD CONFIGURATION

Figure 10 shows an 8 x 4 keypad matrix. This configuration
occupies all scanning inputs (KP-XO0 through KP-X7) and four
scanning outputs (KP-YO through KP-Y3). The remaining
scanning outputs KP-Y4 through KP-Y 11 are available for use
as GPIO pins.

15
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Up

Gnd

.

i
5

Gnd

Down Select

Gnd

Right

5

Send Soft Right

+o+-otdr

5SS
RArSARIFS

Left

KP-X0 4@
KP-X1 e
KP-X2 Soft Left
KP-X3
KP-X4 1
KP-X5 1
KP-X6
KP-X7

2

3

————— 4

KP-YO
KP-Y1
KP-Y2 .
KP-Y3

Sm—

FIGURE 10. Key

In the example above, three keys (Up, Down, and Selec
connected as SF keys (connected directly to ground). Al-
though they could have shared the KP-Xx inputs used with
the scanned keys, the advantage of placing them on the N
KP-Xx inputs is that it allows scanning the keypad while
SF key is pressed. If an SF key shares a KP-Xx input with any
scanned keys, pressing the SF key prevents i 2 from
reading the scanned keys.

The SET_KEY_SIZE command inclu data byie ihat
specifies the keypad size. The upper 4 bit: data byte
specify the number of KP-Xx inpui: the er 4 bits
specify the number of KP-Yx outputs. 1! inimum number
of inputs and outputs is 3. Th the i ium keypad
configuration supports 3 x 3 + 3 Sk (total of 12 keys).
The maximum number of KP-Xx inputs is 8, and the maximum
number of KP-Yx pins is 12. All KP-Xx and KP-Yx pins not

used for the keyboard interfac
pose /0.

For the example shown in Figure 10, the SET_KEY_SIZE
command would specify 8 KP-Xx inputs and 4 KP-Yx outputs.

1sed for general-pur-

30013610

Interface Fxample

13.0 General-Purpose I/O Ports

Any unused KP-Xx and KP-Yx pins may be used as general-
purpose /O (GPIO) port pins. The WRITE_PORT_SEL
(0x85) command selects the port direction, in which a clear
bitin the parameter to the command selects the input direction
and a set bit selects the output direction.

The WRITE_PORT_STATE (0x86) command selects either
the port level when configured as output (by the
WRITE_PORT_SEL command) or when configured as an in-
put selects between a high-impedance input or an input with
a pullup or pulldown device. The selection between pullup or
pulldown devices is controlled by the parameter bytes to the
WRITE_PULL_DOWN (0x84) command. Clear bits in the pa-
rameter bytes select pullup devices, while set bits select
pulldown devices.

Table 7 shows the GPIO port configurations selected by the
bits in the WRITE_PORT_SEL, WRITE_PORT_STATE, and
WRITE_PULL_DOWN command parameters.

TABLE 7. GPIO Port Control Bits

WRITE_PORT_SEL WRITE_PORT_STATE WRITE_PULL_DOWN Description
0 0 X High-Impedance Input
0 1 0 Input with Pullup Device
0 1 1 Input with Pulldown Device
1 0 X Output, Drive Low
1 1 X Output, Drive High

Any pins used as GPIO ports must be configured after the
peripheral configuration has been initialized with the
WRITE_CFG command (0x81) and the keypad configuration

has been initialized with the SET_KEY_SIZE command
(0x90). The default keypad configuration after resetisa 3 x 3

www.national.com
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keyboard matrix. The default GPIO configuration is an input
with the pullup disabled.

13.1 USING THE CONFIG_X PINS FOR GPIO

The CONFIG_1 and CONFIG_2 pins are available for use as
GPIO pins after power-on or reset. However, stable states
must be provided on these pins during power-on or reset to
select the ACCESS.bus (12C) bus address.

External pullup or pulldown resistors can be used to pull either
CONFIG_x pin low, while retaining the ability to drive it to an-
other state when used as a GPIO pin.

CONFIG_2 has two alternate functions, in addition to GPIO.
It can be configured as a multiplexer output using the

WRITE_CFG command (0x81), in which case it will not be
available as a GPIO pin. It can also be configured as a PWM
output, which also would override its use as a GPIO pin.

13.2 GPIO TIMING

When a WRITE_PORT_STATE command (0x86) is received,
the GPIO outputs do not change to their new states immedi-
ately or simultaneously. The first one changes 54 us after the
command is acknowledged, and the others change at inter-
vals of 7.3 ps, as shown in Figure 11.

613 ps 76 s 90.7 ps 105.3 ps 120 ps 1347 ps 1493 ps 164 ps
| | I I I I I I
Qus 54 us | 68.7 s | 833 ps | 98 s | T12.7 s | 1273 ps | 142 ps | 156.7 ps 1
| ! . ! . ! . ! . ! . ! ; ! . 1 .
T T ] ] ] T [ ] 1
son WRITE_PORT_STATE |, ! ! | ! | ! | ] ! | | | | I X |
Command . ! ! I I | I I !
' " | T | ‘ T T i T i T ! T ! |
! T T T T T T 1
GPIOTS | X | I | | I , I | I | 1 \
| ) . I . | . —L I . | . ] .
| | | | j [ [ I |
I I ! ) ! ]
T T T | T T = | T ) T | T |
GPIO14 [ | | | | | | | I ) I | 1 |
| | | | T \ T q 1 | T | I | T
GPIO09 ! ! | I d ! I ! | ! | ! I ! |
| | A | | | . | . | , | ,
T T | | T | 3 T | T ! T ! T |
T ; T T T T T ; 7 T ] T 7 T T
GPIO10 | I | .A I | I | I | I | I | I h
- - T I T . T - T - T - T . T
! ! ) | ! ! ! ] ]
| | )( ] I I ] |
GPIO11 ! ! ! ! ! !
| | | | | \ | | | \ | | | |
T 1 | T | T | T | T | T | T ]
' f T * T | * T * T " T * T * T
GPIO12 ! | ! | ] I [ | { | ! I ! l
L L L | L L L L L
| ! i | . ] . ! . ! . ! . 1 .
] | ] [ [ ] |
I I I I I I
oot ! ! I ) I X ! ! I ! ! ! I ! |
T | i J | N T i T 4 | ! T 1 |
" T T | T T T T
GPIO0O | I | | I | I X I | I | I | ) M
I ! I I L A ! ! L I
| | | ) | i | | [ ) [ i | j | \
T T T T T | T T T
] ] ] ] ] ] 1
GPIO01 1 | 1 | 1 I 1 ) X | I ) 1 | 1 \
* T t T * T * T ! T i T * T t T
. T - T . T . T . | . T : T : T
GPIO02 ! ! I ! | ! I ! I ! X ! | ! I ! l
( — | L | L | L | . | \ | . | L |
T [ | T | T | T | [ | T | T | | |
T - T T T T T | T T
] ] ] ] ] ] ] I
GPI003 ! [ S T R R R T A X I
+ + T + T + T + T . 1 ! T . I . T
L | 1 L L L L L L
] I | ] | ] | ] X I | I l ] | 1 |
I | I l
GPIoos | | | | | | I | | | , | X| | , | |
T v T | T | T | T | T | T ) T | T |
T ] T T T T T T T T T 1 T T I T T T
GPIOS | I | | | | | I | I | I | X | l \
. . . . . . : A .
T T T T T T T T
! L L L ! ! L | !
[ | | | [ [ i |
I I I I I I I
GPI00s ! ! L ! I ) I ) I ! L ! ) ! X ) I
T T | T | T | T | T | T ] T | T I
" ' r ' r r T ' " - T T " T l T
GPI007 I e e |
— L L L L L L L 1
| 5 | 5 | 5 | K | \ | K | i | j
T T T T T T T T T
GPIOOS I | I I I I I
| | A I A I A I | I | I ) I | l
T T T T T T T T T T T T T T T T |
1 | . I . I . 1 . | . | . I . 1 .
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FIGURE 11. GPIO Port State Change Timing
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14.0 PWM Output Generation

Three pulse-width modulated (PWM) outputs are provided
with advanced capabilities for ramp-up and ramp-down of the
PWM duty cycle and execution of simple to complex com-
mand sequences. These capabilities are supported by three
independent script-execution engines capable of au-
tonomous operation after setup and launch by the host.
Figure 12 shows the architecture of a script-execution engine.

START PWM SCRIPT,
STOP PWM SCRIPT PWM WRITE
Host Interface
¢ PWM Script
Execution Engine

Script Command File
(60 Commands)

Program Counter

Y

Command File
Qutput Register ~2 MHz Internal

RC Clock Domain
l 32.768 kHz

Clock Domain

Command Buffer
Register

Y

Active Command
Register

Y

PWM Timer
Logic

v

PWM_x O

30013612

FIGURE 12. PWM Sc ition Engine
for intert
rman

The host has three commar

ecution engine. The following

ated with one particular PWM cl!

* PWM_WRITE — load one word into the script command
file at a specified address.

1g to the script ex-
are always associ-

* PWM_START — start execution of the script.
* PWM_STOP — stop execution of the script.

Please note: The PWM_STOP command might not take im-
mediate effect if the current command being executed is a
command with long execution time. If a PWM_STOP com-
mand is sent when the PWM engine is running a long RAMP
command, the PWM will only stop after the RAMP is com-
pleted.

The script commands have their own fixed-length 16-bit for-
mat and encoding unrelated to the variable-length, byte-
based format used for host commands. A script command is
sent by the host to the LM8322 as a parameter to the
PWM_WRITE command. Another parameter to the
PWM_WRITE command specifies an address in the script
command file for receiving the command.

14.1 COMMAND QUEUE

After the host issues a PWM_START command, script com-
mands are read from the script command file into a command
queue which coin a command file output register, com-
mand buffer, and ac mand register. This allows one
command {o he active while another command is queued in
the comme uffer, which allows seamless back-to-back
commaid exec

A command loaded into the command file output register is
synchronized to the 32.768 kHz clock and stored in the com-
il frer. It no command is currently active, the command
pass rough to the active command register. In this case,
anothei mand can be read from the script command file,
which is queued in the command buffer. On completion of the
urre active command, the contents of the command
are transferred to the active command register, and the
comimand buffer may then receive a new command.

The host does not have direct access to any of the registers
in the command queue. The operations which read script
commands from the script command file occur automatically
after the host issues the PWM_START command.

Script execution stops when the host sends a PWM_STOP
command or when the script engine executes an END com-
mand with the Reset bit set to 1. Executing an END command
with the Reset bit set to “1” or the reception of a PWM_STOP
command asserts IRQ to the host.

14.2 PWM TIMER OPERATION

The timers implement a fixed 256-cycle period with a pro-
grammable duty cycle and programmable ramp-up/ramp-
down of the duty cycle. Figure 13 shows the architecture of a
PWM timer.
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From Command File
Output Register

Command Buffer
Register

Y

Active Command
Register

I Number of Steps

Prescale Bit Ramp Direction Bit

Cycles
Per Step

7-bit Step

unter

—» Interrupt

32.768 kHz *—b +16/+512 > 6-bit Step Time
Clock Prescaler Counter y
bit tamp |
—»~|_ Tl
<=? PWM_x Output
8-bit Period
-+ L Counter
30013613
FIGURE 13. | Timer
The period counter is a free running 8-bit up-counter which of the 32.768 kHz clock. The ramp counter saturates at either
starts counting when the script command file issues first 0x00 or OxFF depending on the ramp direction.
RAMP command. An END command stops the The number of increment or decrement steps is specified by
counter. the INCREMENT field of the RAMP command, which is load-
The duty cycle of the PWM output is controlled by i np ed into the step counter. Even if the ramp counter hits its
counter. If the PWM period counter is active, ti JAouiput saturation value, the requested number of steps will be per-

signal is asserted while the period counter has a value less

than or equal to the value of the ramp cou

The ramp counter can increment or ren rate con-
trolled by the prescaler and step time ar. The prescaler
selects a factor of 16 or 512 for dividing d frequency

formed. An option enables assertion of the IRQ output to the
host after the last step is performed.

14.3 PWM SCRIPT COMMANDS
Table 8 summarizes the script commands.

fABLE 8. PWM Script Commands

Command |15 [13[12] 11 [wo]9 |8 | 7 [6]5]a]3]2]1]0
PRES

RAMP 0| caE STEPTIME SIGN INCREMENT
SETPWwM [0 | 1 0 PWMVALUE

GO_TO_ o

START
BRANCH | 1 0 LOOPCOUNT | o | ADDRESS

END 1 1 |o]|o]| RESET 0
TRIGGER | 1 1 WAITTRIGGER | SENDTRIGGER 0
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14.4 RAMP COMMAND

The RAMP command generates a duty-cycle ramp starting
from the current value. At each step, the ramp counter is in-
cremented or decremented by one, unless it has reached its
its saturation value (OxFF for increment, or 0x00 for decre-
ment). The time for one step is controlled by the PRESCALE
bit and STEPTIME field. The minimum time for one step is
0.49 milliseconds. and the maximum time is about 1 second,

which supports both very fast and very slow ramps. The IN-
CREMENT field specifies the number of steps to be executed
by the command. The maximum value is 126, which corre-
sponds to half of full scale.

There are two special cases in the instruction encoding. If all
bits and fields are 0, it is interpreted as the GO TO START
command. If the STEPTIME field is 0 but any other bit or field
is non-zero, it is interpreted as the SET_PWM command.

15 14 13[12[11[10] o | 8 7 6 |54 [3][2]1]o0
0 PRESCALE STEPTIME SIGN INCREMENT
Bit or Field Value Description
0 Divide the 32.768 kHz clock by 16
PRESCALE —
1 Divide the 32.768 kHz clock by 512
STEPTIME 1-63 Number of prescaled clock cycles per step
0 Increment ramp counter
SIGN a &=
1 Decrement ramp counter . -
INCREMENT 1-126 Number of steps executed by this inc |

14.5 SET_PWM COMMAND lished | izing the duty cycle to either 100% or 0%

The SET_PWM command loads the ramp counter from the followed oy a HANMP command.
8-bit DUTYCYCLE field in the instruction.
Please note: Only 0x00 and OxFF are valid values for the duty
cycle in SET_PWM command. Other values can be estab-
15 [ 14 [13 ] 12 ] 11 [ 10 8 | 7 | ¢ 5 | 4 [3] 2] 1 ]o
0 1 0 0 0 0 0 0 _ DUTYCYCLE
Bit or Field Value _ N Description
0 ity cycle is 0%.
DUTYCYCLE -
255 r cycle is 100%.
14.6 GO_TO_START COMMAND
The GO_TO_START command jumps to the first 1d
in the script command file.
15 | 14 [ 13 |12 | 1 | 10| o |8 [7]6 |5 | a3 ]2]1]o0
. 0
14.7 BRANCH COMMAND
The BRANCH command jumj neciiled command in
the script command file, with the optic looping for a spec-
ified number of repetitions. Nested loops are not allowed.
15 [ 14 | 13 T HJw]e 8] 7[e6e[s5[a]s]2]17]o
1 0 1 LOOPCOUNT 0 ADDRESS
Field Value Description
0 Loop until a STOP PWM SCRIPT command is issued by the host.
LOOPCOUNT — - - —
1-63 |Number of repetitions to perform, biased by -1. The range is 0-62 repetitions.
ADDRESS 0-59 Bran.ch dgstlnatlon address in the script command file. If this field is greater than 59, no
looping will be performed.
www.national.com 20
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14.8 END COMMAND

The END command terminates script execution and asserts
an interrupt to the host if the RESET bit is set to “1” or “0”.

If the END command is executed with the RESET bit set to
“1” | the PWM output will be disabled. If the RESET bit is “0”
when executing the END command, the PWM channel re-
mains active with the fixed duty cycle it was last set to.

Please note: If a PWM channel is waiting for the trigger (last
executed command was "TRIGGER") and the script execu-
tion is halted then the "END" command can’t be executed
because the previous command is still pending. This is an
exception - in this case the TRQ signal will not be asserted.

15 | 14 [ 13 ]| 12 11 10]o]s8 7] 6 |5]a[3[2]1]o0o
1 1 0 0 RESET 0
Bit Value Description
RESET 0 PWM_x output is active when script execution terminates.
1 PWM_x output is Tristate when script execution terminates.

14.9 TRIGGER COMMAND
Triggers are used to synchronize operations between PWM

Then, it will clear the trigger(s) and continue to the next com-
mand.

channels. A TRIGGER command that sends a trigger takes When a trigger is sent, it is stored by the receiving channel
sixteen 32.768 kHz clock cycles, and a command that waits and canonly be ¢ when the receiving channel executes
for a trigger takes at least sixteen 32.768 kHz clock cycles. a TRIGGER commal vaits for the trigger.
A TRIGGER command that waits for a trigger (or triggers) will
stall script execution until the trigger conditions are satisfied.
15 | 14 | 13 12|11|10|9|8|'+6|b|4|3|2|1 0
1 1 1 WAITTRIGGER SENDTRIGGER 0
Field Value Description
0001xx Wait fo yer from channel 2
000xx1 Wait for trigg orn channel 0
WAITTRIGGER N
000x1x W ger irom channel 1
000xx1 :nd trigger o channel 0
SENDTRIGGER 000x1x 1d tri_gg( O channel 1
0001xx Se 1 to channel 2

14.10 PWM SCRIPT EXAMPLE

This example shows a complex ramping seque that uses
triggers for synchronization. Three scrini plement the ex-
ample. Figure 14 shows the PWM ouipuis for this example.

] 1
PWM_0 | /\ / [
Y A A N __ _
0 1 2,3 45 23 45 23 45 6or7 |
step no. [
I |
PWM_1 [ |
e I
0 1 2,3 4,5 2,3 45 2,3 45 2,3 45 | 6or7and8
step no. |
I I
I |
PWM_2 | |
| |
0 1,234 6,789 10
step no.

FIGURE 14. PWM Outputs

30013614

21

www.national.com

300136 Version 7 Revision 2  Print Date/Time: 2011/10/04 16:24:29

CcE8IN



LM8322

14.10.1 PWM Channel 0 Script

Script PWM_WRITE | PWM_WRITE | PWM_WRITE |  Script o
Command Description
Parameter 1 Parameter 2 | Parameter 3 | Command
Address
0x00 0x01 0x40 0x00 SET_PWM |Initialize channel for 0% duty cycle
0x01 0x05 OxE2 0x00 TRIGGER |Wait for trigger from channel 2
0x02 0x09 0x07 Ox7E RAMP Ramp up by 126 steps
0x03 0x0D 0x07 OX7E RAMP Ramp up by 126 steps
0x04 0x11 0x07 OxFE RAMP Ramp down by 126 steps
0x05 0x15 0x07 OxFE RAMP Ramp down by 126 steps
0x06 0x19 OxA1 0x82 BRANCH [Loop 2 times starting at address 0x02
0x07 0x1D 0xC8 0x00 END Terminate script and assert IRQ to host
14.10.2 PWM Channel 1 Script
Script .
PWM_WRITE | PWM_WRITE | PWM_WRITE Script .
Command Description
Parameter 1 | Parameter 2 | Parameter 3 | Command
Address
0x00 0x02 0x40 OxFF SET_PWM [Initialize channel for 100% duty cycle
0x01 0x06 OxE2 0x00 TRIGGE! Vait for trigger from channel 2
0x02 O0x0A O0xOF OxFE AMP f p down by 126 steps
0x03 Ox0E O0xOF OxFE BA' > Ramp down by 126 steps
0x04 0x12 O0xOF OX7E /I_P Ramp up by 126 steps
0x05 0x16 OxOF Ox7E H Ramp up by 126 steps
0x06 Ox1A 0xA2 0x0 BRANCH |Loop 3 times starting at address 0x02
0x07 Ox1E OxEO 0x08 TRIGGER |Send trigger to channel 2
0x08 0x22 0xC8 END Terminate script and assert IRQ to host
14.10.3 PWM Channel 2 Script
Script P y .
PWM_WRITE| PWM_WR! PV c Script -
Command Description
Parameter 1 | Parameier 2 Parameter 3 | Command
Address
0x00 0x03 0x40 x00 SET_PWM |Initialize channel for 0% duty cycle
0x01 0x07 0 ‘4_ ] Ox7E RAMP Ramp up by 126 steps
0x02 0x0B 0x03 OX7E RAMP Ramp up by 126 steps
0x03 OxOF 3 OxFE RAMP Ramp down by 126 steps
0x04 0x13 OxC OxFE RAMP Ramp down by 126 steps
Send triggers to channels 0 and 1,
0x05 Ox1 XE1 0x06 TRIGGER - -
wait for trigger from channel 1
0x06 Ox1E 0x03 Ox7E RAMP Ramp up by 126 steps
0x07 Ox1F 0x03 Ox7E RAMP Ramp up by 126 steps
0x08 0x23 0x03 OxFE RAMP Ramp down by 126 steps
0x09 0x27 0x03 OxFE RAMP Ramp down by 126 steps
OX0A 0x2B 0xC8 0x00 END Terminate script and assert IRQ to host

www.national.com
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14.11 SELECTABLE SCRIPT EXAMPLE
Multiple scripts can be placed in a single buffer. The script

which is executed is selected by the address in the parameter
to the PWM_START command (0x96).

COSH::]T" 4| PWM_WRITE | PWM_WRITE | PWM_WRITE | Script Description
Address Parameter 1 Parameter 2 Parameter 3 | Command
0x00 0x01 0x40 0x00 Set PWM_0 to 0% duty cycle
0x01 Script 1 0x05 OxOF 0x33 Ramp up 51 steps
0x02 0x09 0xCo 0x00 Keep channel at 20% duty cycle
0x03 0x0D 0x40 OxFF Set PWM_0 to 100% duty cycle
0x04 Script 2 0x11 OxOF 0xD5 Ramp down 85 steps
0x05 0x15 0xCO 0x00 Keep channel at 66.6% duty cycle
0x06 0x19 0x40 0x00 Set PWM_0 to 0% duty cycle
0x07 0x1D 0x07 Ox7E Ramp up 126 steps
0x08 _ 0x21 0x07 OX7E  |Famp up 126 <teps
Script 3 -
0x09 0x25 0x07 OxFE lamp 1 126 steps
O0x0A 0x29 0x07 OxFE | Ramp down 126 steps
0x0B 0x2D OxA5 ()% ) ten times to script address 0x07
0x0C Script 4 0x31 0xC8 ;0 Switch PWM_O off (script 3 automatically
enters here)
0x0D 0x35 0x40 %00 56t PWM_O to 0% duty cycle
0x0E Script 5 0x39 0x07 Ox - Ramp up 37 steps
OxOF 0x3D 0xCC 0x00 Keep channel at 14.5% duty cycle
0x10 Script 6 0x41 0x40 0x00 Set PWM_0 to 0% duty cycle
(Alternates
0x11 ZELW;’:? iit/y 0x45 0x01 0x40  |Ramp up 64 steps
cycle)
0x12 0x49 1 (% Ox7E Ramp up 126 steps
0x13 0x4D x3F OxFE Ramp down 126 steps
0x14 0x51 (A0 0x12 Always branch to script address 0x12
0x15
..... Script 7 o 1
0x3B L
To set a fixed duty cycle on a 1nei requires 3 steps Script 7 can be finished by two commands:

(see script 1 for duty cycles from 0%

duty cycles from 51% to 10

To keep a PWM channel act j a fixed duty cycle
on its output, the script must ie e with the END com-
mand leaving the RESET bit clear. To switch this channel off,
the host must send another PWM_START command (0x96
followed by the parameter bytes) triggering the single com-
mand described in script 4. This END command will set the
RESET bit and the dedicated PWM output will be disabled.

Script 3 will automatically enter into this command when the
10 loops of ramping up and down are executed.

3% and script 2 for

rovic

e PWM_STOP command with parameter 0x01
* PWM_START command with parameter 0x31 (start
PWM_0 from address 0x0C to run script 4)

The script address is the physical address to be used from
BRANCH instructions inside the script file buffer. The param-
eter 1 byte contains the same address with the 2 channel bits
appended and will be associated with the PWM_START com-
mand.

23
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15.0 Digital Multiplexers

Two 2:1 multiplexers are provided for host-controlled digital
switching. Setting the MUX1EN or MUX2EN bits with the
WRITE_CFG command enables the corresponding multi-
plexer and its input and output signals, which overrides any
other functions which may use these pins. The MUX1 signals
are alternate functions of the PWM_x outputs. The MUX2
signals are alternate functions of three KP-Yx pins.

The data select inputs for the multiplexers are controlled by
the MUX1SEL and MUX2SEL bits, which are written by the
WRITE_CFG command. Ifitis important to avoid momentarily
passing an incorrect input to the output, the select bit must be
loaded with a first WRITE_CFG command before sending a
second WRITE_CFG command to set the enable bit. The
truth table for the multiplexers is shown in Table 9.

TABLE 9. Digital Multiplexer Function Table

MUXXE [MUXxSEL | MUXx_IN | MUXx_IN | MUXx_OU

N Bit Bit 2 1 T

Pin Pin Pin

1 0 X 0 0

1 0 X 1 1

1 1 0 X 0

1 1 1 X 1
MUXx_OU

0 X X X T
not enabled

www.national.com
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16.0 Host Interface

The two-wire ACCESS.bus interface is used to communicate
with a host. The ACCESS.bus interface is fully compliant with
the 12C bus standard. The LM8322 operates as a bus slave
at 400 kHz (Fast mode).

All communication with the LM8322 over the ACCESS.bus
interface is initiated by the host, usually in response to an in-
terrupt request (IRQ low) asserted by the LM8322. The
LM8322 may request service from the host by asserting the
TRQ interrupt output.

16.1 START AND STOP CONDITIONS

Every transfer is preceded by a Start condition or a Repeated
Start condition. The latter occurs when a command follows
immediately upon another command without an intervening
Stop condition. A Stop condition indicates the end of trans-
mission. Every byte is acknowledged by the receiver.

Start Stop
Condition Condition

NI

st ! 1 ! 1
! 1 ! 1
1 1

)

30013615

FIGURE 15. Start and Stop Conditions

16.2 CONTINUOUS COMMAND STRINGS

A host device may send a continuous string of comn
using the Repeated Start condition, which would block an-
other ACCESS.bus device from gaining control of the bus.
After Power-On the host device must send multiple
mands to initialize the LM8322 device. A minimal commal
string will include the commands shown in Tab/2 10

TABLE 10. Minimal Command String

Command D Cr ion 4
READ_ID Reaq vendor ID & are
version B
1 1 4 i
READ__INT Flher NT & stin
interrupt rec K
WRITE_CFG Configure the 118322
SET_KEY_SIZE Set ize 1e keypad
WRITE_CLK Set the clock mode for the PWM

unit

WRITE_PORT_SEL |Set port direction for GPIO pins

WRITE_PORT_STATE | Set port states of GPIO pins

A more comprehensive command string may include the ad-
ditional commands shown in Table 11.

TABLE 11. Additional Commands

Command Description
SET_DEBOUNCE | Set debounce time
SET_ACTIVE Set active time
READ_CLK Verify PWM clock settings
READ_CFG Verify configuration setting
Read all port states (physical levels
READ_PORT_STATE (on pins)

Note: Very long continuous command strings exceeding 30
milliseconds could overrun the ability of the LM8322 to pro-
cess commands if the time from the last clock cycle of a
command until the next Start condition or Repeated Start
condition is always shorter than 60 ps. A very long command
chain could prevent the LM8322 from performing any watch-
dog service and consequently could trigger a physical
RESET to the device.

To avoid over: g the LM28322, the host should not send
a Start condition ¢ speaied Start condition less than 100
ys after the last Stop ¢ on or the last clock of a preceding
commar

16.3 DEVICE # IESS

The device address is controlled by states sampled on the

CONFIG 1 and CONFIG_2 pins, as shownin Table 12.Inthe
Tit of a2 bus transaction, a 7-bit address plus a direction
bit ai ast by the bus master to all bus slaves.
{ABLE 12. Device Address Selection
CONFIG_1 CONFIG_2 Device Address

0 0 1000 010X
o 1 1000 011X

1 0 1000 100X

1 1 1000 101X

If the CONFIG_1 and CONFIG_2 pins are left open, on-chip
pullups will select 1000 101X by default.

16.4 HOST WRITE COMMANDS

Some host commands include one or more data bytes written
to the LM8322. Figure 16 shows a SET_KEY_SIZE com-
mand, which consists of an address byte, a command byte,
and one data byte. The first byte is composed of a 7-bit slave
address in bits 7:1 and a direction bit in bit 0. The state of the
direction bit is 0 on writes from the host to the slave and 1 on
reads from the slave to the host.

The second byte sends the command. The SET_KEY_SIZE
command is 0x90.

The third byte send the data, in this case specifying the num-
ber of rows and columns for the keypad.

25
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| Data 0x53 |
- >

START

30013616

FIGURE 16. Host Write Command

16.5 HOST READ COMMANDS The bus master can send any number of Repeated Start con-
Some host commands include one or more data bytes read ditions without releasing control of the bus. This technique
from the LM8322. Figure 17 shows a READ_PORT_SEL can be used to implement atomic transactions, in which the
command which consists of an address byte’ a command bus master send:s command and then reads a register with-
byte, a second address byte, and two data bytes. out allowing any other device to get control of the bus between
The first address byte is sent with the direction bit driven low these events

to indicate a write transaction of the command to the LM8322. The data is sent frorm ave to the host in the fourth and
The second address byte is sent with the direction bit undriven fifth byte > fifth byte ends with a negative acknowledge-
(pulled high) to indicate a read transaction of the data from ment (NACK) 1o Indicate the end of the data.

the LM8322.

The Start (or Repeated Start) condition must be repeated
whenever the slave address or the direction bit is changed. In
this case, the direction bit is changed.

| READ " SEL 0x87 |

Continued
Below

SR ATATATATA A AT

]

30013617

FIGURE 17. Host Read Command

16.6 INTERRUPTS * Termination of a PWM script (END command).
The TRQ output may be asserted on these conditions: * Any error condition, which is indicated by the error code.

* Anynew key-event after the last interrupt was asserted but
not yet acknowledged by reading the interrupt code.
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16.7 INTERRUPT CODE

The interrupt code is read and acknowledged with the
READ_INT command (0x82). This command clears the code

TABLE 13. Interrupt Code

and deasserts the TRQ output. Table 13 shows the format of
the interrupt code.

7 6 5 4 3 2 1 0
PWM2END PWM1END PWMOEND NOINIT ERROR 0 0 KEYPAD
Bit Description

PWM2END An END script command was executed by PWM channel 2.

PWM1END An END script command was executed by PWM channel 1.

PWMOEND An END script command was executed by PWM channel 0.
NOINIT The LM8322 is waiting for an initialization sequence.
ERROR An error condition occurred.
KEYPAD A key-press or key-release event occurred. y

16.8 ERROR CODE

If the LM8322 reports an error, the READ_ERROR command
(0x8C) is used to read the error code. This command clears
the error code. Table 14 shows the format of the error code.

TABLE 14. Error C

le

7 6 4 3 2 1 0
0 FIFOOVR 0 0 0 | EYOVR CMDUNK BADPAR
Bit Description
FIFOOVER Event occurred while the Fli s f
KEYOVR More than two keys 2ssed simultaneously.
CMDUNK Not a valid command.
BADPAR Bad command parameter.
16.9 WAKE-UP FROM HALT MODE terminates without being acknowledged (shown as NACK in
Any bus transaction initiated by the host may encot the Figure 18). The host then aborts the transaction by sending
LM8322 device in Halt mode or busy with pi g data, a Stop condition. After aborting the bus cycle, the host may
such as controlling the FIFO buffer or executing interrupt ser- then retry the bus cycle. On the second attempt, the LM8322
vice routines. will be able to acknowledge the slave address, because it will
Figure 18 shows the case in which the host ¢ ommand be in Active mode.
while the LM8322 is in Halt mode (Ini¢ xecution clock is Alternatively, the 12C specification allows sending a START
stopped). Any activity on the ACCESS. es up the byte (00000001), which will not be acknowledged by any de-
LM8322, but it cannot acknov. first bus cycle imme- vice. This byte can be used to wake up the LM8322 from Halt
diately after wake-up. mode. The LM8322 may also stall the bus transaction by
The host drives a Start con n followed by seven address pulling the SCL low, which is a valid behavior defined by the

bits and a R/W bit. The host t cleases SDA for one clock
period, so that it can be driven by _Vi8322.
If the LM8322 does not drive SDA low during the high phase

of the clock period immediately after the R/W bit, the bus cycle

12C specification.
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START

At least 100 ps

30013618

FIGURE 18. LM8322 Responds with NACK, Host Retries Command
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17.0 Host Commands

Function Cmd Dir Data Bytes Description
nnnn nnnn i
READ_ ID 0x80 R Regq the manufacturer code (nnnn nnnn) and the device
PPPP pppp | revision number (pppp pppp)-
WRITE_CFG 0x81 W nnnn nnnn Write the hardware configuration register.
Read the interrupt code, deassert the IRQ output, and clear
READ_INT 0x82 R nnnn nnnn the code. (If the NOINIT bit is set, it remains set and IRQ
remains asserted untila WRITE_CFG command is received.
RESET 0x83 w nnnn nnnn Reset the LM8322. Error if nnnn nnnn is not OxAA.
WRITE_PULL_DO nnnn nnnn Select pullup (0) or pulldown (1) direction for the
0x84 W ) .
WN PPPP PPPP corresponding general-purpose I/O (GPIO) port pins.
WRITE_PORT_SE nnnn nnnn Select input (0) or output (1) for the corresponding general-
0x85 W )
L PPPP PPPP purpose I/O (GPIO) port pins.
- ; — P
WRITE_PORT ST nnnn nnnn For pins configured as inputs, O-lselects hlgh |mp§dance
ATE 0x86 w mode and 1 enal ak pullup. For pins configured as
PPPP PPPP outputs, each bit spe the logic level driven on the pin.
nnnn nnnn . .
READ_PORT_SEL 0x87 R Read the n of the coiresponding GPIO port pins.
PPPP PPppP y ©
nnnn nnnn
READ_PORT_STA 0x88 R Read the state on the corresponding GPIO port pins.
TE PPPP PPPP y
Re: ent from the FIFO.
READ_FIFO 0x89 R Upto 15 event | Read o cver :
codes Maximu event codes stored in the FIFO.
RPT_READ_FIFO OxBA R Upto 15 eve Repeats a FlI-O read without advancing the FIFO pointer,
codes “example toretry a read after an error.
EE lime during which the LM8322 stays active before
SET_ACTIVE 0x8B W nndBnnn antering Halt mode. The active time must be greater than the

sbounce time. The default time is 500 milliseconds. The
alid range is 1255. Active time = n x 4 milliseconds.

READ_ERROR 0x8C R nnnn i Read and clear the error code.
Set the time for rescanning the keypad after detecting a key-
ress or key-release event to verify the event. The default
SET_DEBOUNCE | Ox8F & ' A Eme is 12 n)mlilliseconds. The valid ryange is 1255. Debounce
time = n x 4 milliseconds and must not exceed active time.
SET_KEY_SIZE 0x90 | W _l_ nnn pppp Set keypad size. nnnn = KP-Xx pins, pppp = KP-Yx pins
READ_KEY_SIZE ox91 | f nnnn pppp Read keypad size. nnnn = KP-Xx pins, pppp = KP-Yx pins
READ_CFG (0) i) nnnn nnnn Read the hardware configuration register.
WRITE_CLOCK 13 nnnn nnnn Write the clock configuration register.
READ_CLOCK C nnnn nnnn Read the clock configuration register.
aaaa aann Write a command to the PWM script command file.
PPPP PPPP nn = PWM channel number (01, 10, or 11)
PWM_WRITE 0x95 w qqqq 9qqq aaaaaa = address in script command file (059)
pppp pppp = high byte of script command
qqqq qqqq = low byte of script command
PWM_START 0x96 w aaaa aann Start script on channel nn (01, 10, or 11) at address aaaaaa.
PWM_STOP 0x97 W 0000 00nn Stop script on channel nn (01, 10, or 11).
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Please note: The data bytes which follow the command can
be reads (toward the host) or writes (toward the LM8322). In
the case of the READ_FIFO and RPT_READ_FIFO com-
mands, the number of data bytes is variable, with the last
transaction indicated by returning a negative acknowledge-
ment (NACK).

17.1 READ_ID COMMAND

The READ_ID command consists of a command byte (0x80)
from the host and two data bytes from the LM8322.

The first data byte returns the manufacturer code, and the
second byte returns the device revision level.

7 6 5 4 3 2 1 0

7]e6[5[a|3][2][1]0

7 e6]s5[a[3]2]1]o0

1 0 0 0 0 0 0 0

MANUFACTURER

REVISION

17.2 WRITE_CFG COMMAND

The WRITE_CFG command consists of a command byte
(0x81) and a data byte from the host. The data byte is loaded

into the hardware configuration register. The default state of
this register is 0x80.

7 6 51| 4 3 2 1 0 7 51| 4 3 2 1 0
1 0 o o0 0 0| o0 1 IRQPST 0 | 0 | MUX2EN |MUX2SEL| MUX1EN | MUX1SEL
Bit Value Descrip?
0 TRQ is an open-drain output.
IRQPST ——-anop P —
1 IRQ is a push-pull output.
0 MUX2_OUT output disabled.
MUX2EN - - - —
1 MUX2_OUT output enabled. This override - other function available on this pin.
MUX2SEL 0 If the MUX2 EN bit is 1, the MUX2 IN1 input drives the MUX2_OUT output.
1 If the MUX2 EN bit is 1, the MUXZ2_IN2 input drives the MUX2_OUT output.
0 MUX1_OUT output disabled.
MUX1EN - ~ - - —
1 MUX1_OUT output enabled. This ov 5> any other function available on this pin.
MUX1SEL 0 If the MUX1 EN bit is 1, the MUX1_IN1 input drives the MUX1_OUT output.
1 If the MUX1 EN bit is 1, th X1 IN2 input drives the MUX1_OUT output.

Please note: The WRITE_CFG COMMAND defines
hardware operation characteristics. It should be placed ai the
beginning of the initialization sequence driven from the host
device after power on. It is not recommended to chanc e
configuration during run time. Anytime this command is us

it initializes important operating characteristics such as the
the GPIO port. This means that the GPIO pins must be re-
established via WRITE_PORT_SEL and
WRITE_PORT_STATE commands in this case.

www.national.com
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17.3 READ_INT COMMAND

The READ_INT command consists of a command byte (0x82)
from the host and a data byte from the LM8322. The data byte
is the interrupt code. Reading the interrupt code acknowl-

interrupt code. An exception to this behavior occurs if the
NOINIT bit is set, in which case TRQ will not be deasserted
and the interrupt code will not be cleared untila WRITE_CFG
command is received.

edges the interrupt (which deasserts IRQ) and clears the
0
0

716 |5]|4 3 2 1 7 6 5 4 3 2 1 (1]
1 ofo0foO 0 0 1 PWM2END | PWM1END | PWMOEND [ NOINIT |ERROR| 0 0 |KEYPAD
Bit Value Description
0 No interrupt from PWM channel 2.
PWM2END -
1 An END script command was executed by PWM channel 2.
0 No interrupt from PWM channel 1.
PWM1END -
1 An END script command was executed by PWM channel 1.
0 No interrupt from PWM channel 0.
PWMOEND -
1 An END script command was executed by P\WM channel 0.
0 Normal operation.
NOINIT - — PP . N 4
1 LM8322 is waiting for the initializatiorn sequei
0 No error condition is indicated.
ERROR —
1 An error condition occurred.
0 No key-press or key-release nt is indica
KEYPAD
1 A key-press or key-release event occurred.
17.4 RESET COMMAND sel, tical 1o an external reset. The data byte must be
The RESET command consists of a command byte (0x83) OxAA, ¢ ise no reset will occur and an error condition will
and one data byte from the host. The command causes a re- be signalied.
76 [ 5 [ a] 3] 2 1 o [ 7 | & 5 4 3 2 1 0
1 0 0 0 0 0 1 N 0 0 1 0

31
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17.5 WRITE_PULL_DOWN COMMAND responding general-purpose I/O ports as pullups (0) or pull-
The WR|TE7PORT78EL command consists of a command downs (1 ) The first data byte controls pOI'tS GP|071 5 thrOUgh
byte (0x84) and two data bytes from the host. The data bytes GPIO_08, and the second byte controls ports GPIO_07
configure the pullup/pulldown device (if enabled) for the cor- through GPIO_00.
7/6|5|14|3|2|1(0|7|6|5(4(3|]2|1|0]|]7(|6]|]5[4]|3[2|]1]0
19) <t (sp) Al ~— o D [ee] N~ © 0 < [se] [aV) — o
A A B B B B B B A DA B D B D B
olQol Qo] Qoo o] Qlofo|e|le|le|lelo]Q
11olololol1lol1|2|lR|afa|lajajafa|alalala|a|a|a|d
61 6] 6] S| ]G] S| S]1S6]16[G|S|]S6[G|]6]6
Bit Value Description
GPIO 0 GPIO port pin pullup/pulldown device is a pullup.
XX
N 1 GPIO port pin pullup/pulldown device is a pulldown.
17.6 WRITE_PORT_SEL COMMAND puts (0) or outputs (1). The first data byte controls ports
The WRITE_PORT_SEL command consists of a command GPIO_15 through GPIO_08, and the second byte controls
byte (0x85) and two data bytes from the host. The data bytes ports GPIO_07 through GPIO_00.
configure the corresponding general-purpose I/O ports as in-
7[6[5]4a]3]2[1]o]7]6[s5[]aJa3]2[1Jol7|cls|a]a][2]1]o
T3} < o[ o ~ | © I I~ © 0 < [s7) [} — o
I T A R IR B ol‘ 121 2 21 S 21 S
O Q1 9| S| 2|9 c© ol Q| 9l Q| Q| Q| Q2
100001o1n.n.n_n_n_n.\|n.|f\.n.n.n.n_n.n_
(O] ) [ON INO) (O NO] [ON ECHON MO) &1 6 [O) 6l &
Bit Value ~ Description
0 GPIO port pin is an input.
GPIO_xx P p. - P
1 GPIO port pin is an output.
The GPIO_09 port pin can only be configured as an input with
weak pullup/pulldown device.
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17.7 WRITE_PORT_STATE COMMAND

The WRITE_PORT_STATE command consists of a com-
mand byte (0x86) and two data bytes from the host. For
general-purpose /O ports configured as inputs, the data
bytes select whether the inputs are high-impedance (0) or

have a weak pullup (1). For ports configured as outputs, the
data bytes control the state driven on the output. The first data
byte controls ports GPIO_15 through GPIO_08, and the sec-
ond byte controls ports GPIO_07 through GPIO_00.

Bit Value

Description

0
GPIO_xx

If the GPIO port pin is an input, pullup/pulldown device is disabled. If the GPIO port
pin is an output, it is driven low.

If the GPIO port pin is an input, pullup/pulldown device is enabled. If the GPIO port
pin is an output, it is driven high.

17.8 READ_PORT_SEL COMMAND

The READ_PORT_SEL command consists of a command
byte (0x87) from the host and two data bytes from the
LM8322. The data bytes indicate the direction configured for

the corresponding ports, either input (0) or output (1). The first
data byte controls ports GPIO_15 through GPIO_08, and the
second byte controls ports GPIO_07 through GPIO_00.

7|6|5[a|[3]2[1]o]7] 6 [5]a[3]2]1]0] 6ls5[a4]3[2]1]0
1) <[ ™ N | o @ o "_ o | < [} N | =] o
1—‘ 1—| 1—| 1—| 1—‘ 1—‘ OI Ol | | | C OI O‘ OI OI OI
Ol 9|9 Q| Q| Qof Qf ¢ O ol Q| Q19 @
1lolololol1l1l1|E ala|l a|la|al|lo | o L | @ o ola| @
S 616 [N EONONNO) (O] | el 61 6 S (Ol O] [O)
Bit Value " Description

0 GPIO port pin is an inpu

GPIO_xx P p. - P

1 GPIO port pin is an ou
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17.9 READ_PORT_STATE COMMAND

The READ_PORT_STATE command consists of a command
byte (0x88) from the host and two data bytes from the
LM8322. The data bytes indicate the states on the corre-

sponding ports. The first data byte controls ports GPIO_15
through GPIO_08, and the second byte controls ports
GPI1O_07 through GPIO_00.

716 |5|(4|3(2|1]0|7(6| 5|4 | 3|]2(1|]0]|7|6|5]| 4 | 3 |2(1]0O0
To] < [sp] [aV] — o |3 [c0) © 0 < [s2) Al — o

B A R R A S GP AR S Siol ol 9§

olo| ol o| o|a|o| glio_ja|lo| 2| o|lo| o] 2

Aol al al ||| a a| o o o |la|al|l o
11]0]0]0]J1]0]0]0]5]|6]l 6] 6]l 6la|lc]l 6|9 |6lac| &S] 6lc| 5] @

Bit Value Description
0 If the GPIO port pin is an input, pullup is disabled. If the GPIO port pin is an
output, it is driven low.
GPIO_xx

If the GPIO port pin is an input, pullup is enabled. If the GPIO port pin is an
output, it is driven high.

17.10 READ_FIFO COMMAND
The READ_FIFO command consists of a command byte

the FIFO is empt
(0x00) and a

he last data byte is indicated by its value
ative acknowledgement (NACK) on the

(0x89) sent from the host and a variable number of data bytes ACCESS.bus inie The data bytes correspond to key-
received from the LM8322. The LM8322 will provide data until press and key-release 's, as described in Table 5.
76| 5[ a][3]2]1]of7]e|5]ala|2z 1l0]7]6][5][a][3]2][1]0
S
1 0 0 0 1 0 0 1 FIFODATA 0x00
Field Value - _l" cription
OXXXXXXX Key-release event.
FIFODATA
TXXXXXXX Key-press eve

17.11 RPT_READ_FIFO COMMAND
The RPT_READ_FIFO command consists of a comn

ta

a previous READ_FIFO command, but without ad-
ig the FIFO pointer. It may be used to recover from an

byte (0x8A) and from the host and a variable number of data error encountered during a READ_FIFO command.
bytes from the LM8322. This command provides the same
7]le|s5]al3]2[1]0]7] |3]2[1]o]7|6[5]a]3][2]1]0
0 0 0 1 0 1 1 FIFODATA 0x00
Field Value | 4 Description
OXXYHXK |Key clease event.
FIFODATA —
1x X 3y-press event.
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17.12 SET_ACTIVE COMMAND

The SET_ACTIVE command consists of a command byte
(0x8B) and a data byte from the host. This command sets the
time that the LM8322 stays active without detecting a key-

press or key-release event before entering Halt mode. The
default active time is 500 milliseconds. The host can program
ACTIVETIME from 4-1020 milliseconds with a granularity of

4 milliseconds.

7le|s5|al3]2]1]0o] 7 [ 6 | 5 | 4 | 3 [ 2 | 1 0
1 0 0 0 1 0 1 1 ACTIVETIME
Field Value Description
0 Halt mode is disabled.
ACTIVETIME — —
1-255 Active time = n x 4 milliseconds.

17.13 READ_ERROR COMMAND

The READ_ERROR command consists of a command byte
(0x8C) from the host and a data byte from the LM8322. After

reading an interrupt code that indicates an error condition, this
command is used to read an error code that indicates the

cause of the error condition.

7 6 5 4 3 2 1 0 7 6 5 4 3 y 2 1 0
1 0 0 0 1 1 0 0 0 | FIFOOVR | O 0 ¢ KI i\/R CMDUNK | BADPAR
Bit Value ,e;ripl.
0 No FIFO overrun occurred
FIFOOVR - —
1 Event occurred while the FIFO was
0 No keypad overrun occuried
KEYOVR — -
1 More than two keys > pressed simultaneously.
0 No invalid command wa ountered.
CMDUNK -
1 Not a valid command.
0 No bad parari vas encountered.
BADPAR v
1 Bad command paic
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17.14 SET_DEBOUNCE COMMAND

The SET_DEBOUNCE command consists of a command
byte (0x8F) and a data byte from the host. This command sets
the time that the LM8322 waits before rescanning the keypad
to confirm a key-press or key-release event. The default de-

bounce time is 12 milliseconds. The host can program DE-
BOUNCETIME from 4-1020 milliseconds with a granularity
of 4 milliseconds. The DEBOUNCETIME must not exceed the
active time set with the SET_ACTIVE command.

7|le|5]a[3[2]1]o0 7 | 6 [ 5 [ 4 [ 3 [ 2 | 1 0
1 0 0 0 1 1 1 1 DEBOUNCETIME
Field Value Description
DEBOUNCETIME 1-255 Active time = n x 4 milliseconds.

17.15 SET_KEY_SIZE COMMAND

The SET_KEY_SIZE command consists of a command byte
(0x90) and a data byte from the host. This command specifies
the keypad size in terms of the number of KP-Xx inputs and
KP-Yx outputs which are used. Any unused KP-Xx and KP-
Yx pins may be used for general-purpose I/O. The minimum

value for either field is 3, which corresponds to a keypad con-
figuration that supports 3 x 3 + 3 SF keys (total of 12 keys).

The maximum number of KP-Xx inputs is 8, and the maximum
number of KP-Yx outputs is 12. If the digital multiplexer MUX2
is used, the maximurm number of KP-Yx outputs is 9. If the
SLOWCLKOUT pin is used, the maximum number is 8.

7 [ s 5 [ a3 2] 1Jo]7] 6] s T s T 2T17]o
1 0 0 1 0 0 0 0 KP-X KP-Y
Field Value " Des lion
KP-X 3-8 Number of KP-Xx input
KP-Y 3-12 Number of KP-Yx ou y
17.16 READ_KEY_SIZE COMMAND The ¢ Issue the command at any time to read the con-
The READ_KEY_SIZE command consists of a command figuratiori of the keypad.
byte (0x91) from the host and a data byte from the LM8322.
7 | 6 5 4 | 3 | 2] 1! 7 6 [ 5] 4 3 2 [ 1] o
1 0 0 1 0 0 o | 1 KP-X KP-Y
Field Value Description
KP-X 3-8 lumber of KP-Xx inputs.
KP-Y 3-12 ber <{P-Yx outputs.

www.national.com

36

300136 Version 7 Revision 2  Print Date/Time: 2011/10/04 16:24:29




17.17 READ_CFG COMMAND data byte returns the settings in the hardware configuration
The READ?CFG command consists of a command byte register. The default state of this register is 0x80.
(0x92) from the host and a data byte from the LM8322. The
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
- -
P4 w P4 w
L %) w %)
[aV] [aV] i -
x x < <
1 0 0 1 o | o 1 o lo | o] o] o 2 2 = 2
Bit Value Description
0 MUX2_OUT output disabled.
MUX2EN - - - - —
1 MUX2_OUT output enabled. This overrides any other function available on this pin.
MUX2SEL 0 If the MUX2 EN bit is 1, the MUX2_IN1 input drives the MUX2_OUT output.
1 If the MUX2 EN bit is 1, the MUX2_IN2 input drives the MUX2_OUT output.
0 MUX1_OUT output disabled.
MUX1EN - - —4 - - —
1 MUX1_OUT output enabled. This overrides any of ;ﬂjnctlon available on this pin.
MUX1SEL 0 If the MUX1 EN bitis 1, the MUX1_IN1 input drives the MUX1_OUT output.
1 If the MUX1 EN bit is 1, the MUX1_INZ2 input drive MUX1_OUT output.
17.18 WRITE_CLOCK COMMAND clock g n, as described in Table 2, Section 9.3
The WRITE_CLOCK command consists of a command byte CLOCK CONFIGURATION.
(0x93) and a data byte from the host. This command sets the
7] 6 | 5 [4][3[]2]1Jo[7 | 6][s5]afs]2]17]co
1 0 0 1 0 0 1 1 CONFIGURATION
17.19 READ_CLOCK COMMAND command reads bits 7:2 of the clock configuration, as de-
The READ_CLOCK command consists of a command byte ribed in Table 2, Section 9.3 CLOCK CONFIGURATION.
(0x94) from the host and a data byte from the LM8322. 1
7|6 | 5 4 3 2 | o 7] 6|5 | a |3 ][ 21 0
1 0 0 1 0 1 ) CONFIGURATION 1 0
37 www.national.com
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17.20 PWM_WRITE COMMAND writes a 16-bit script command into a specified address in the

The PWM_WRITE command consists of a command byte script command file of the specified PWM channel.

(0x95) and three data bytes from the host. The command
7|e|5|a]3]|2[1]o]7]6[5[a[3][2]1]0]7]6]5]a[3][2]1[0]7]6]5[a][3]2]1]0
1{ojof1]0f1]|0]1 ADDRESS CH COMMAND

Bit Value Description
ADDRESS 0-59 Location in the PWM script command file.
01 PWM channel 0.
CH 10 PWM channel 1.
11 PWM channel 2.

17.21 PWM_START COMMAND execution of the script command file at the specified address

The PWM_START command consists of a command byte for the specified channel.

(0x96) and a data byte from the host. This command starts

7 [ 6 [ 5] a4 [3]2[1]oJ7]e] sl aJsa]2]1]o
1 0 0 1 0 1 1 0 ADD! S CH
Bit Value A cription
ADDRESS 0-59 Start address in the PWI\ script coil d file.
01 PWM channel 0. y
CH 10 PWM channel 1. y
11 PWM channel 2.

17.22 PWM_STOP COMMAND

The PWM_STOP command consists of a command byte
(0x97) and a data byte from the host. This command st
execution of the script command file for the specified channel.

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
1 0 0 1 0 1 1 0 0 0 0 0 0 CH
Bit Value - Description
01 | PWM channel 0.
CH 1 P [oWiv channel 1.
M /M channel 2.
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18.0 Absolute Maximum Ratings (vote ESD Protection Level
(Human Body Model) 2 kV
7 (Machine Model) 200V
If Military/Aerospace specified devices are required, (Charge Device Model) 750V
please contact the National Semiconductor Sales Office/ Total Current into Vg Pin (Source) 100 mA
Distributors for availability and specifications.
¥ and Sp Total Current out of GND Pin (Sink) 100 mA
Supply Voltage (V) 2v Storage Temperature Range -65°C to +140°C
Voltage at Any Pin -0.3V to V¢ +0.3V
Maximum Input Current Without
Latchup +100 mA
19.0 DC Electrical Characteristics
(Temperature: -40°C < T, < +85°C)
Data sheet specification limits are guaranteed by design, test, or statistical analysis.

Symbol Parameter Conditions Min Typ Max Units

Vee Operating Voltage 1.62 1.98 \

I Supply Current (Note 2) Internal Clock,

No loads on pins, 1.9 3.0 mA
Voo =1.9V, Tg = 0.50¢ ‘e 4)

| Standby Mode Current (Note Typical:

HALT y ( 5) yp ) o <9 40 uA

Voo = 1.9V, = 25°C

Vi Logical 0 Input Voltage (Note 5) 0.3 x Ve \Y

Viu Logical 1 Input Voltage (Note 5) 0.7 x V¢e \Y
Hi-Z Input Leakage (TRI-STATE Output) Ve = 1.8V -2 2 pA
Port Input Hysteresis (Note 5, Note 6) 100 400 mA
Weak Pull-Up/Pull-Down Current Vig< 150 pA
Output Current Source (Push-Pull Mode) [Veo =162V, Vg =0.7 X Ve -16 mA
Output CurrentSink (Push-Pull Mode) ‘Vcc =162V, Vg =0.3x Ve 16 mA
Allowable Sink and Source Current per Pin (Note

16 mA

/) '

Crap Input Capacitance (Note 7) 5 pF
Note 1: Absolute Maximum Ratings indicate lim 1d which 1ge to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but specific performance is | nteed. For guaranteed specifications and test conditions, see the Electrical Characteristics tables.
Note 2: Supply current is measured with inp nnected t .c and outputs driven low but not connected to a load.

Note 3: T, = instruction cycle time (min. 0.7 ps).

Note 4: In standby mode, the internal! iitchec upply current in standby mode is measured with inputs connected to V¢ and outputs driven low but
not connected to a load.

Note 5: Applied to all digital pins ( 1ding RES except for SLOWCLK when configured for an external clock..

Note 6: Guaranteed by design, no ~d.

Note 7: The sum of all I/O sink/sourc 1st not e4xceed the maximum total current into V¢ and out of GND as specified in the absolute maximem

ratings.
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20.0 AC Electrical Characteristics
(Temperature: -40°C < T, < +85°C)

Data sheet specification limits are guaranteed by design, test, or statistical analysis.

Parameter Conditions Min Typ | Max [ Units
System Clock (mclk) (Note 8) Internal RC 21 MHz
1.62V < Vo < 1.98V
Processing and Command Execution Cycle (t;) |1.62V < Vo S 1.98V 0.5 us
(Note 8)
System Clock, Processing and Command 7 %
Execution Cycle Variation(Note 8)
General-Purpose 1/0 (GPIO)
Output Rise Time(Note 8) CiLoap =50 pF 15 ns
Output Fall Time(Note 8) 15 ns
ACCESS.bus Input Signals(Note 9)
Bus Free Time Between Stop and Start | tsGhigho
Condition (tBUFi) (Note 8)
SCL Setup Time (tCSTOsi) (Note 8) Before Stop Condition k 8 mclk
SCL Hold Time (tCSTRhi) (Note 8) After Start Condition 8 mclk
SCL Setup Time (tCSTRsi) (Note 8) Before Start Condition 8 mclk
Data High Setup Time (tDHCsi) (Note 8) Before SCL Rising Edge (RE) 2 mclk
Data Low Setup Time (tDLCsi) (Note 8) Before SCL RE 2 mclk
SCL Low Time (tSCLlowi) (Note 8) After SCL Falling Edge ( 12 mclk
SCL High Time (tSCLhighi) (Note 8) After SCL RE 12 mclk
SDA Hold Time (tSDAhi) (Note 8) After SCL FE 0 mclk
SDA Setup Time (tSDAsi) (Note 8) Before SCI. RE 2 mclk
ACCESS.bus Output Signals (Note 9)
Bus Free Time Between Stop and Start tscLhigho
Condition (tBUFo)(Note 9)
SCL Setup Time (tCSTOso) (Note 8) Jefore & yndition tscLhigho
SCL Hold Time (tCSTRho) (Note 8) [ Aft rt Condition tscLhigho
SCL Setup Time (tCSTRso) (Note 8) ziore Start Condition tscLhigho
Data High Setup Time (tDHCso) (Note |Bef' SCL RE tscLhigho
Data Low Setup Time (tDLCso) (Noi= 5) sfore SCL RE tscLhigho
SCL Low Time (tSCLlowo) (Note 8) ter SCL FE 16 mclk
SCL High Time (tSCLhigho) (Naoie 9) After SCL RE 16 mclk
SDA Hold Time (tSDAho) (A o) After SCL FE 7 mclk
SDA Valid Time (tSDAso) (//ofe 8) Before SCL RE 7 mclk

Note 8: Guaranteed by design, not ic

designed with open-drain output for bidirectional operation. The will not meet the AC timing and current/voltage requirements of the full bus specification.

Note 9: The ACCESS.bus interface implements and meets the timing necessary for interface to the 12C and SMBus protocol at logic levels. The bus drivers are
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Stop Condition Start Condition
r——-—-—1 r—=—=—=-1
I + L I
| | | | | | |
| | | | | |
SDA | | | |
| | | | | | |
| l | | | | .
| | | | | | |
| s | I [ | I | | [
"4_»' T + T T + T I
| | | | | | | | |
| | | | | | | |
SCL | | | | | | |
[ [ I [ | I I | [
| L — == L— - —~ |
! ' tesTos ' tBUF ! tCSTRN !
I e} -t - -
| | | | I
Note: In the timing tables the parameter name is added with an "o" for output signal timing and "i" for input al timing.
30013619
FIGURE 19. ACB Start and Stop Condition Timing
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21.0 Physical Dimensions inches (millimeters) unless otherwise noted

OO0 O0OO0OO0O00O0o0

oo 1]
— 1.0%0.1 [ (0.5) | 2.5]TYP i
A1 BALL PAD A1 BALL PAD
- 0.7 ! !
CORNER T ~ (0.5 TrP) | O CORNER

T T

T 000 00|

[o.5]re

- B
T OO0

O ;

3.5%0.1 [2.5]TYP

SEATING PLANE . y 2T

| b 2 —
3.5%0.1 B 0.25%0.04

' qutl TYP y

3%0.05
0. 15@
MR ECIN
DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN ( ) FOR REFERENCE ON!
GRA36A (Rev A)

Micro Array Packag
Order Number LM8322GGi
NS Package 1her GRAR6A
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Host Interface

, PWM, and ACCESS.bus

LM8322 Mobile I/O Companion Supporting Key-Scan, I/0 Expansion

Notes
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COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.

Copyright© 2011 National Semiconductor Corporation
For the most current product information visit us at www.national.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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