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Features

®  Direct Drive of LRA (Linear Resonant Actuator)

" External PWM Input (10 kHz to 250 kHz)
with Divider

" Internal Motor Enable / Disable Input
"  Auto Resonant Tracking

® LDO Provides Stable Haptic Effect with
Battery Depletion

"  Low Shutdown Current: <5 nA

®  Fast Wake-Up Time

"  Nearly Rail-to-Rail Output Swing

®  Thermal Shutdown, Over-Current Shutdown
=  Register-Based Control by I°C

®  Immersion TouchSense® 3000 Certified

®  Package: 8- Lead MicroPak™ MLP

All trademarks are the property of their respective owners.

October 2013

Haptic Driver for Linear Resonant Actuators (LRAS)

Description

The FAH4840 is a high-performance amplifier for
mobile phones and other hand-held devices. The
haptic driver takes a single-ended PWM input signal to
control a Linear Resonant Actuator (LRA). The device
utilizes an external 10 kHz to 250 kHz PWM signal
capable of meeting the wide range of resonant
frequencies needed for an LRA haptics applications.
The FAH4840 register map is accessible through an
I°C serial communication port.

Applications

®  Mobile Phones
®  Handheld Devices

®  Any Key pad interface

Ordering Information

Part Number | Top Mark | Operating Temperature Range

Package Packing Method | Quantity
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FAH4840L8X YB -40°C to +85°C MicroPak™ MLP Reel 5000
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Figure 1. Block Diagram
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Figure 2. Pin Assignments (MicroPak MLP)
Pin Definitions
Name Pin # Type Description
SDA Input | 1°C data input
VDD 2 Power Power
MDN 3 Output Negative motor driver output
MDP 4 Output Positive motor driver output
GND 5 Power Ground
PWM 6 Input PWM input
SCL 7 Input | 1°C clock input
HEN 8 Input Haptic motor enable/disable (HIGH: enable, LOW: disable)
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
Vbp DC Supply Voltage -0.3 6.0 \
Vio Analog and Digital I/O (All Input and Output Pins) -0.3 Vcc+0.3 \%
Reliability Information
Symbol Parameter Min. Typ. Max. Unit
T; Junction Temperature +150 °C
Tste Storage Temperature Range -65 +150 °C
Electrostatic Discharge Information
Symbol Parameter Max. Unit
==p Human Body Model, ANSI/ESDA/JEDEC JS-001-2012 4 o
Charged Device Model, JESD22-C101 1
Latch-Up | Test Condition for Latch-Up Current +150 mA

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameter Min. Typ. Max. Unit
Ta Operating Temperature Range -40 +85 °C
Vop Supply Voltage Range 2.5 3.3 4.3 \%

ZL0AD Load impedance 15 25 50 Q

Dissipation Ratings
This thermal data is measured with a high-K board (four-layer board, according to the JESD51-7 JEDEC standard.)

Package

©:a

Unit

8-Lead MicroPak MLP

280

°C/IW
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DC Electrical Characteristics
Ta=25°C, Vpp = 3.3V, Vres=2.0 V, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
firwm | PWM Input Frequency Square Wave Input 10 250 kHz
[IHpwnm | Input Current PWM =18V 1 3 HA
IIHhen | Input Current HEN=1.8V 1 3 HA
lILpwm | INnput Current PWM =0V 1 3 HA
lILken | Input Current HEN=0V 1 3 HA
A Input Logic HIGH (HEN, PWM) 1.15 \Y,
Vi Input Logic LOW (HEN, PWM) 0.5 \Y,
Cin Input Capacitance PWM Capacitance to GND or 1.8 V 6 10 pF
Vpp=3.3 V, R =15 Q, VOL:VOL(measure)'
Voo |OutpltVeltage (Vem-Vree/2), See Waveforms Below e mv
Vop=3.3V, R.=15 Q, VOH=VOH(measure)‘
Vou JECEEIRElEE (Vem-Vree/2), See Waveforms Below 1LE9 v
lout Output Drive Current Vpp=3.3V, Vrec=3.0V,RL. =15 Q 200 mA
VDD=3.3 V, VREG:3-0 V, MDP and
loutrsce | Short-Circuit Protection MDN Shorted Together and Each 350 400 mA
Shorted to Ground
PWM=22.4 kHz 50% Duty, HEN =
Iop1 Supply Current HIGH, R.= No Load 2 5 mA
PWM=22.4 kHz 90/10% Duty, HEN =
) Supply Current HIGH, R.= 25 O 77 mA
lbps Supply Current PWMHEN=0V,R=250Q 15 HA
PWM, HEN=0 V, Vpp=2.5 V, Address
Ippa Supply Current 0 Bit 7 Set to Zero 2.0 nA
Vreec | Output Voltage Range Measure Vrec, Vop per Table 1.4 2.0 3.2 \%
Vreca |Output Voltage Accuracy Measure Vgrec -2.5 25 %

sl
MDP
Foo _ Faee /
r-'gg +r-;5.: -
MDN
Voo _Vaegt—
Figure 3. Output Waveforms
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AC Electrical Characteristics
Ta=25°C, Vpp = 3.3V, Vres=2.0 V, unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
PWM=80/20% Duty Cycle, HEN/PWM LOW
twu Wake-Up Time to HIGH, Measurement Point PWM = 50%, 1 150 us
Output Point = 90%
PWM=80/20% Duty Cycle, HEN HIGH to
tsp Shutdown Time LOW, Measurement Point HEN = 50%, 0.2 | 150.0 | us
Output Point = 90%
Restrk | Auto Resonance Tracking |PWM=22.4 kHz 80/20% Duty, R .=25 Q -2.5 25 Hz
HEN
i
PWM | |
I
|

twu tsp
Figure 4. Haptic Enable / Disable Functional Timing
Table 1. Vpp VS. Vree Supply Values
Voo (V)
25 2.7 3.0 3.3
14 1.4 14 1.4
1.6 1.6 1.6 1.6
1.8 1.8 1.8 1.8
VReG_out 2.0 2.0 2.0 2.0
(Programmed Voltage) 2.2 2.2 2.2 2.2
2.4 2.4 2.4 2.4
2.6 2.6 2.6
2.8 2.8
3.0
3.2

© 2013 Fairchild Semiconductor Corporation
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I°C DC Electrical Characteristics
Ta =25°C, Vop = 3.3V, Vrec=2.0 V, unless otherwise noted.

0¥8YHV4

Fast Mode (400 kHz)
Symbol Parameter - -
Min. Max. Unit
Vi Low-Level Input Voltage -0.3 0.6 \
ViH High-Level Input Voltage 1.3 \%
Low-Level Output Voltage at 3 mA Sink Current (Open-Drain or
VoL 0 0.4 \Y
Open-Collector)
I High-Level Input Current of Each I/O Pin, Input Voltage=Vsvop -1 1 HA
I Low-Level Input Current of Each 1/O Pin, Input Voltage=0 V -1 HA

I2C AC Electrical Characteristics
Ta=25°C, Vpp = 3.3V, Vrec=2.0 V, unless otherwise noted.
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Fast Mode (400 kHz)
Symbol Parameter : -
Min. Max. Unit
fscL SCL Clock Frequency 0 400 kHz
tup:sta | Hold Time (Repeated) START Condition 0.6 ps
tLow Low Period of SCL Clock 1.3 ps
tHiGH High Period of SCL Clock 0.6 ps
tsuista | Set-up Time for Repeated START Condition 0.6 ps
tiopar | Data Hold Time 0 0.9 ps
tsupar | Data Set-up Time™ 100 ns
t, Rise Time of SDA and SCL Signals® 20+0.1Cp, | 300 ns
t; Fall Time of SDA and SCL Signals® 20+0.1C, | 300 ns
tsusto | Set-up Time for STOP Condition 0.6 ps
tsur BUS-Free Time between STOP and START Conditions 1.3 Hs
tsp Pulse Width of Spikes that Must Be Suppressed by the Input Filter 0 50 ns
Notes:

1. A Fast-Mode I°C Bus® device can be used in a Standard-Mode I°C bus system, but the requirement tsy.pat
= 250 ns must then be met. This is automatically the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the
Serial Data (SDA) line t; max + tsu;pat=1000 + 250=1250 ns (according to the Standard-Mode I°C Bus
specification) before the SCL line is released.
2. Cpequals the total capacitance of one bus line in pf. If mixed with High-Speed Mode devices, faster fall times are
allowed according to the I’c specification.

P

[
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[
|

=T lBUF

t—
P

Figure 5. Definition of Timing for Full-Speed Mode Devices on the I°C Bus

© 2013 Fairchild Semiconductor Corporation
FAH4840 - Rev. 1.0.0 6

www.fairchildsemi.com



Functional Description

IC Control

Writing to and reading from registers is accomplished
via the I°C interface. The I°C protocol requires that one
device on the bus initiates and controls all read and
write operations. This device is called the “master”
device. The master device generates the SCL signal,
which is the clock signal for all other devices on the bus.
All other devices on the bus are called “slave” devices.
The FAH4840 is a slave device. Both the master and
slave devices can send and receive data on the bus.

During 1°c operations, one data bit is transmitted per
clock cycle. All 1°c operations follow a repeating nine-
clock-cycle pattern that consists of eight bits (one byte)
of transmitted data followed by an acknowledge (ACK)
or not acknowledge (NACK) from the receiving device.
There are no unused clock cycles during any operation;
therefore, there must be no breaks in the stream of data
and ACKs/NACKs during data transfers.

For most operations, 1°C protocol requires the SDA line
to remain stable (unmoving) whenever SCL is HIGH; i.e.
transitions on the SDA line can only occur when SCL is
LOW. The exceptions to this rule are when the master
device issues a START or STOP condition. The slave
device cannot issue a START or STOP condition.

START Condition: This condition occurs when the SDA
line transitions from HIGH to LOW while SCL is HIGH.
The master device uses this condition to indicate that a
data transfer is about to begin.

STOP Condition: This condition occurs when the SDA
line transitions from LOW to HIGH while SCL is HIGH.
The master device uses this condition to signal the end
of a data transfer.

Acknowledge and Not Acknowledge: When data is
transferred to the slave device, the slave device sends
acknowledge (ACK) after receiving every byte of data.
The receiving device sends an ACK by pulling SDA
LOW for one clock cycle.

When the master device is reading data from the slave
device, the master sends an ACK after receiving every
byte of data. Following the last byte, a master device
sends a “not acknowledge” (NACK) instead of an ACK,
followed by a STOP condition. A NACK is indicated by
leaving SDA HIGH during the clock after the last byte.

Slave Address

Each slave device on the bus must have a unique
address so the master can identify the device sending
or receiving data. The FAH4840 slave address is
0000110X binary or 06 HEX where “X” is the read/write
bit. Master write operations are indicated when X=0.
Master read operations are indicated when X=1.

Writing to and Reading from the FAH4840

All read and write operations must begin with a START
condition generated by the master. After the START
condition, the master must immediately send a slave
address (7 bits), followed by a read/write bit. If the slave

address matches the address of the FAH4840, the
FAH4840 sends an ACK after receiving the read/write
bit by pulling the SDA line LOW for one clock cycle.

Setting the Pointer

For all operations, the pointer stored in the command
register must be pointing to the register that is going to
be written or read. To change the pointer value in the
command register, the read/write bit following the
address must be 0. This indicates that the master writes
new information into the command register.

After the FAH4840 sends an ACK in response to
receiving the address and read/write bit, the master
must transmit an appropriate 8-bit pointer value, as
explained in the 1’c Registers section. The FAH4840
sends an ACK after receiving the new pointer data.

The pointer set operation is illustrated in Figure 8 and
Figure 9. Any time a pointer set is performed, it must be
immediately followed by a read or write operation. The
command register retains the current pointer value
between operations; therefore, once a register is
indicated, subsequent read operations do not require a
pointer set cycle. Write operations always require the
pointer be reset.

Reading

If the pointer is already pointing to the desired register,
the master can read from that register by setting the
read/write bit (following the slave address) to 1. After
sending an ACK, the FAH4840 begins transmitting data
during the following clock cycle. The master should
respond with a NACK, followed by a STOP condition
(see Figure 6).

The master can read multiple bytes by responding to the
data with an ACK instead of a NACK and continuing to
send SCL pulses, as shown in Figure 7, then the
FAHA4840 increments the pointer by one and sends the
data from the next register. The master indicates the
last data byte by responding with a NACK, followed by a
STOP condition.

To read from a register other than the one currently
indicated by the command register, a pointer to the
desired register must be set. Immediately following the
pointer set, the master must perform a repeated START
condition (see Figure 9), which indicates to the
FAH4840 that a new operation is about to occur. If the
repeated START condition does not occur, the
FAH4840 assumes that a write is taking place and the
selected register is overwritten by the upcoming data on
the data bus. After the START condition, the master
must again send the device address and read/write bit.
This time, the read/write bit must be set to 1 to indicate
a read. The rest of the read cycle is the same as
described in the previous paragraphs for reading from a
preset pointer location.

© 2013 Fairchild Semiconductor Corporation
FAH4840 - Rev. 1.0.0
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Writing the FAH4840 to acknowledge receiving the byte. The

) ) ] write operation should be terminated by a STOP
All writes must be preceded by a pointer set, even if the condition from the master (see Figure 8).

pointer is already pointing to the desired register.

As with reading, the master can write multiple bytes by
Immediately following the pointer set, the master must  continuing to send data. The FAH4840 increments the
begin transmitting the data to be written. After  pointer by one and accepts data for the next register.
transmitting each byte of data, the master must release The master indicates the last data byte by issuing a
the Serial Data (SDA) line for one clock cycle to allow STOP condition.

Read / Write Diagrams

SDA N‘A7XA6xASXA4XA3XAZXAlyR/W\ACK‘D7xDexDSXD4XD3XDZXDIXDOYNACK~}
\ J U J
J Y, g) M 7 T
START Slave Address ACK Data NACK

(from Master) (from Master) (from Slave) (from Slave) (from Master)

STOP
(from Master)

Figure 6.  I°C Read

SWMW\I\M\IWW

s;\ ‘A?XAGXASXA4XA3XAZXAlyR/W\ACK‘D7xDGXDsXDAXD3xD2XD1XDOXACK‘D7XD6XDSXD4XD3XD2XD1XDO,NACK\_I_

¢ J AN J AN J
L D j N j Y j
START Slave Address ACK Data ACK Data NACK
(from Master) (from Master) (from Slave) (from Slave) (from Master) (from Slave) (from Master)
STOP

(from Master)

Figure 7. I°C Multiple Byte Read

VAT AV AV AV AVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV I

SDA‘ ‘A?xAGxASxA4xA3xA2XAlxR/W ACK‘P?XPGXPSXP4xP3xP2xPlxPOXACK‘D7XD6xD5xD4xD3xD2xDlxD0xACK ’
L v j Y j ' j
START Slave Address ACK Pointer ACK Data ACK
STOP

(from Master) (from Master) (from Slave) (from Master) (from Slave) (from Master) (from Slave)

(from Master)

Figure 8.  I°C Write
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SDA\ ‘A7XASXASXA4XA3XA2xAlxR/W ACK‘P7XP6XP5XP4XP3XPZXPleOkACK/_\ ‘A7xA6xA5xA4)I
- _ll. _l
J
‘L Y j g j ‘L v
START Slave Address ACK i ACK

Pointer Repeat START  Slave Address
(from Master) (from Master) (from Slave) (from Master) (from Slave) (from Master) (from Master)

" " " :
4 \d g 3

LT AR
) X ACKIj M j

Slave Address Data NACK
(from Master) (from Slave) (from Slave) (from Master)

(from Master)

Figure 9.  I°C Write Followed by Read
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Table 2. Register Map Table
. Reset . . . . . . . .
Adrs | Register | Type value Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0
00H | CTRL1 | RW | 10000000 HAEL'C— Reserved | Reserved Reserved EN_LPF | SE V\ng,\c;l‘—
, EN_PW ,
01H CTRL2 | R/W | 00110011 IN_RES[2:0] M DET VREG_OUTI[3:0]
02H STATUS1 R Xxxx111x |Reserved | Reserved | Reserved |Reserved| VDD_G gE?Gé VOT Reserved
03H |CTRL_DIV1| R/W | 01010011 PWM_DIV[7:0]
04H |CTRL_DIV2| R/W | 00000000 PWM_DIV[15:8]

CTRL_CALI . MEAS_DELAY |EN_TEMP| CALIB_
05H Bl R/W | 00000011 RESONANCE_MARGIN[3:0] [L:0] "REG EN
06H CTRE—ZCALI R/W | xxxx0011 |Reserved | Reserved | Reserved | Reserved PULSE_NUM[2:0] AS\I/%(_B
07H |CTRL_THR| R/W | 00000100 Z_X_NUM[7:0]

CALIB_STA CALIB_ | LAST_ | CALIB_ .
08H TUSH R X001000 |Reserved | ~y " e FIRST CALIB_STATE[3:0]

CALIB_STA ,
09H TUS2 R | 00000000 FIRST_TAG[7:0]

CALIB_STA .

OAH TUS3 R | 00000000 FIRST_TAG[15:8]

ogH |CALIB_STAI | 50000000 PWM_DIVISOR_A[7:0]
TUS4

ocH |CALIB_STAI 2 | 60000000 PWM_DIVISOR_A[15:8]
TUS5

opH |CALB_STA| £ | 00000000 PWM_DIVISOR_B[7:0]
TUS6

oeH |CALIB_STA| & | 60000000 PWM_DIVISOR_B[15:8]
TUS7

oFH |[CALIB_STAL o | 50000000 PWM_DIVISOR[7:0]
TUS8

104 |CALIBSTAL o | 90000000 PWM_DIVISOR[15:8]
TUS9

CALIB_STA ,
11H TUS10 R | 00000000 CNT_H[7:0]

CALIB_STA .
12H TUSH1 R | 00000000 CNT_L[7:0]

CALIB_STA :
13H TUS12 R | 00000000 CNT_ZX[7:0]
14H CTRL3 W/R | Xxxxxxx0 |Reserved | Reserved Reserved|Reserved|Reserved|Reserved| Reserved | SW_RST

© 2013 Fairchild Semiconductor Corporation
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Table 3. CTRL1
Address: 0x00
Reset Value: 1xxxx000
Bit # Name Type Function
- HAPTIC EN RIW 1: Haptic Drive Enable Mode
- 0: Power-Down Mode
6:3 Reserved
1: Enable internal 20 kHz LPF
2 EN_LPF RIW 0: Disable internal LPF
1: Single-Ended Mode
L SE RIW 0: Differential Mode
1: Outputs use Vrec/2 as VCMO
0 VREG_VCM RIW 0: Outputs use Vpp/2 as VCMO
Table 4. CTRL2
Address: 0x01
Reset Value: 00110011
Bit # Name Type Function
Input Resistance.
000: 8 kQ
001: 10 kQ
010: 12 kQ
75 IN_RES[2:0] R/W 011: 14 kQ
100: 16 kQ
101: 18 kQ
110: 20 kQ
111: 22 kQ
4 EN PWM DET RAW 1: Enable PWM detection circuit
- - 0: Disable PWM detection circuit
00001.4V
000116V
00101.8V
001120V
] 01002.2V
3.0 VREG—?UT[&O R/W 0101 2.4V
01102.6 V
011128V
1000 3.0V
1001 3.2V

During LRA calibration stage 1, Vrec_our is always 2.0 V.

© 2013 Fairchild Semiconductor Corporation
FAH4840 - Rev. 1.0.0
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Table 6.
Address:

CTRL_DIV1

0x03

Reset Value: 01010011

Table 5. STATUS1
Address: 0x02
Reset Value: XXxx111x
Bit # Name Type Function
74 Reserved
0: Input voltage is not good (less UVLO), Input voltage is less than 2.3 V
3 VDD_G R (rising), 2.1 V (falling)
1: Input voltage is good (over UVLO)
0: Regulator output is not good (Vrec_ourt is less than 70% of VREG_OUT
2 VREGC—SOUT— R programmed)
1: Regulator output is good®
0: Over temperature protection is tripped
1 VOT R S .
1: Over temperature protection is not tripped
0 Reserved
Note:

3. HEN must be HIGH for VREG_OUT to be enabled.

Bit # Name Type Function
LSB of the PWM divisor. For example, if the intended resonance frequency is
175 Hz and the PWM input clock frequency is 40 kHz, program the
PWM[15:0] register as:
PWM_DIV[15:0] = (1/175)/(1/40 kHz) = 228(decimal) = E4(HEX)
7:0 PWM_DIV[7:0] RW PWM_DIV[15:8] = 00
PWM_DIV[7:0] = E4
Counter range is from 01 to E4.
Default is 83
Table 7. CTRL_DIV2
Address: 0x04
Reset Value: 00000000
Bit # Name Type Function
MSB of the PWM divisor.
70 | Pwm_DIVs:g] | rRw | MSBofthe divisor
Default is 0

© 2013 Fairchild Semiconductor Corporation
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Table 8. CTRL_CALIB1
Address: 0x05
Reset Value: 00000011
Bit # Name Type Function
This is the % (of programmed PWM_DIV[15:0]) margin that is acceptable.
The measured resonance frequency is £ compared against this margin. If within
+ margins, the measured resonance frequency is accepted, else it is discarded.
0000 No limit
RESONANCE 0001 1/256 * 100 = %0.39
7:4 _MARGIN RW |0010 1/128 * 100 = %0.78
[3:0] 0011 1/64 * 100 = %1.56
0100 1/32 * 100 = %3.12
0101 1/16 * 100 = %6.25
0110 1/8*100 = %12.5
0111 1/4*100 = %25.0
Delay the zero crossing detection by a number of PWM clock cycles, which is
calculated by below ratio multiple PWM_DIV. For example, if set to 00, the delay
number is (PWM_DIV*1/8).
32 MEQ(SfISELA RW |00:1/8
L0 01: 1/16
10: 1/32
11: 1/64
EN TEMP If set to 1, the detected PWM divisor value is stored in a Temp register and used
1 REG R/W |at the starting of the next haptic event.
If set to 0, haptic cycles always use the initial set PWM_DIV.
0 CALIB_EN R/W | If setto 1, the part performs calibration, else no calibration.
Table 9. CTRL_CALIB2
Address: 0x06
Reset Value: xxxx0011
Bit # Name Type Function
74 Reserved
Determines the pulse number in stage 1 when calibration at beginning.
The pulse number is # PULSE_NUM+1).
000: pulse number 1
001: pulse number 2
PULSE_NUM 010: pulse number 3
1 = R
3 [2:0] w 011: pulse number 4
100: pulse number 5
101: pulse number 6
110: pulse number 7
111: pulse number 8
0 SEL AVRG RAW 1: select average value of two periods as final LRA period result.
- 0: select the detected first period as final LRA period result.

© 2013 Fairchild Semiconductor Corporation
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Table 10. CTRL_THR
Address: 0x07

Reset Value: 00000100

0¥8YHV4

Bit # Name Type

Function

7:0 |Z_X_NUM[7:0]| RW

Threshold for transition region around zero-crossing point. It represents the jitter
width around the zero-crossing point. When accumulative comparator result for
one level (HIGH or LOW) around the transition edge reaches the threshold, zero-
crossing point is thought to be found.

The threshold is programmed referring to PWM_DIV. To be safe, set the threshold
a hit larger than the real transition region.

Address: 0x08
Reset Value: x0010000

Table 11. CALIB_STATUS1

Address: 0x09
Reset Value: 00000000

Bit # Name Type Function
7 Reserved
6 CALIB FAIL R Af.ter.the measurement delay period passes, count period pf 3*.PWM._DIV. During
- this time, if the four zero-crossing points are not found, calibration fails.
5 LAST_LEVEL R Indicate the last level (HIGH or LOW) for detecting next zero-crossing point.
4 CALIB_FIRST R Indicate whether current resonant detection is the first after power on reset or not.
3:0 | CALIB_STATE R Resonant detection state machine.
Table 12. CALIB_STATUS2

(svy) siorenioy jueuosay Jeaulq 104 1aALQg dndeH

Reset Value: 00000000

Bit # Name Type Function
7:0 FIRST_TAG[7:0] R LSB bits of the tag for the first found zero-crossing edge.
Table 13. CALIB_STATUSS3
Address: Ox0A
Reset Value: 00000000
Bit # Name Type Function
7:0 FIRST_TAG[15:8] R MSB bits of the tag for the first found zero-crossing edge.
Table 14. CALIB_STATUS4
Address: 0x0B

Bit # Name

Type Function

7:0 | PWM_DIVISOR_A[7:0]

LSB bits of the resonant period calculated by the first zero-crossing
point and third point.

© 2013 Fairchild Semiconductor Corporation
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Table 15. CALIB_STATUSS
Address: 0xoC
Reset Value: 00000000
Bit # Name Type Function
7:0 PWM_DIVISOR_A[15:8] R MS_B bits of_the resonant period calculated by the first zero-crossing
point and third point.

Table 16. CALIB_STATUSG6
Address: 0x0D
Reset Value: 00000000

Bit # Name Type Function

. . LSB bits of the resonant period calculated by the second zero-crossing
0 PW LB R [ -O] R point and the fourth point.

Table 17. CALIB_STATUS7
Address: Ox0E
Reset Value: 00000000

Bit # Name Type Function

MSB bits of the resonant period calculated by the second zero-crossing

[ RULIERLESOR_B[15:] R point and the fourth point.
Table 18. CALIB_STATUSS
Address: OxOF
Reset Value: 00000000
Bit # Name Type Function
LSB bits of the final resonant period.
. . PWM_DIVISOR may comes from initial PWM_DIV, or
% PWM_DIVISOR(7:0] R PWM_DIVISOR_A, or the average value of PWM_DIVISOR_A and
PWM_DIVISOR_B.
Table 19. CALIB_STATUS9
Address: 0x10
Reset Value: 00000000
Bit # Name Type Function
7:0 PWM_DIVISOR[15:8] R MSB bits of the final resonant period.
Table 20. CNT_H
Address: 0x11
Reset Value: 00000000
Bit # Name Type Function
7:0 CNT_H[7:0] R High level counter during first edge detection.

© 2013 Fairchild Semiconductor Corporation
FAH4840 « Rev.

1.0.0
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Table 21. CNT L
Address: 0x12
Reset Value: 00000000
Bit # Name Type
7:0 CNT_L[7:0] R Low level counter during first edge detection.
Table 22. CNT_H
Address: 0x13
Reset Value: 00000000
Bit # Name Type
7:0 CNT_ZX[7:0] R Level counter used for zero-crossing points detection.
Table 23. CTRL3
Address: 0x14
Reset Value: XXXXXXXO0
Bit # Name Type
7:1 Reserved
Software reset bit, default is zero.
When this bit is set 1, a negative pulse is generated and all the ongoing
Y SUEFST WIR operation is stopped and all registers reset to default values.
This bit is self-clearing and changes back to HIGH after the negative pulse.

(svy) siorenioy jueuosay Jeaulq 104 1aALQg dndeH
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Table 24.

90/10%
PWM
Duty
Cycle

50/50%
PWM
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10/90%
PWM
Duty
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Note:
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Figure 12. LRA System Block Diagram

LRA Resonant Actuator Function
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MDN

4. PWM frequency is a multiple of the LRA resonant frequency. This is controlled by 1’c registers CTRL_DIV1 and
CTRL_DIV2. For example, if the LRA resonant frequency is 175 Hz, the PWM frequency would be 14.5 kHz and
the I°C CTRL_DIV1 and CTRL_DIV2 registers would be programmed to 1/83.
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Internal LDO

The internal LDO is designed for adjustable output
voltage (Vrec_our), controlled by a 16-step I°Cc register.
This provides flexibility, convenience, and configuration
for low-power consumption. The LDO includes an
internal circuit for short-circuit current protection.

Serial Interface

The 1°C registers allow the user to program the motor
type, PWM dividing ratio, power-down, and other
functions. The device needs to function without any 1’c
input signals connected.

Thermal Shutdown

The device has thermal shutdown capability. If the
junction temperature is above 150°C, the temperature
control block shuts down and remains off until the
temperature goes below 134°C. The register values are
kept, so re-initialization is not required.

Over-Current Limitation

The driver includes a current-limitation block to protect
against an over-current condition. This is mainly a
protection against a stuck spring condition. Over-current
shutdown is at 350 mA typically.

Status Registers

The status register set monitors LDO input voltage,
regulator output voltage, and over-temperature status.

~
FAHA4840 shut down current, software disable ON, HEN=0.
PWM=0
2000
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1400
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< 1000 /
800 ).,ﬂ{,
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400 44",.f"'
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Figure 13. Typical Performance Characteristics
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Physical Dimensions
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Notes:
1. PACKAGE CONFORMS TO JEDEC MO-255 VARIATION UAAD
2. DIMENSIONS ARE IN MILLIMETERS
3. DRAWING CONFORMS TO ASME Y.14M-1994
?PIN 1 FLAG, END OF PACKAGE OFFSET
. DRAWING FILE NAME: MKT-MACO8SAREV4

MACOSAREV4
Figure 14. 8-Lead, MicroPak MLP

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and condiitions, specifically the
warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
http://www.fairchildsemi.com/dwag/MA/MACO08A.pdf.

For current packing container specifications, visit Fairchild Semiconductor’s online packaging area:
http://www .fairchildsemi.com/package/packageDetails.html?id=PN_MLLF5-008

0¥8YHV4

(svy) siorenioy jueuosay Jeaulq 104 1aALQg dndeH

© 2013 Fairchild Semiconductor Corporation www.fairchildsemi.com

FAH4840 + Rev.1.0.0 19


http://www.fairchildsemi.com/dwg/MA/MAC08A.pdf
http://www.fairchildsemi.com/package/packageDetails.html?id=PN_MLLF5-008

]
FAIRCHILD

SEMICONDUCTOR®

TRADEMARKS

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/or its global subsidiaries, and is not
intended to be an exhaustive list of all such trademarks.

AccuPower™ F-PFS™ Sync-Lock™
AX-CAP®* FRFET® » ® SYSTEM
BitSiC™ Global Power Resource™ PowerTrench® GENERAL
Build it Now™ GreenBridge™ PowerXsm™ TinyBoost”
CorePLUS™ Green FPS™ Programmable Active Droop™ TinyBuck®
CorePOWER™ Green FPS™ e-Series™ QFET® TinyCalc™
CROSSVOLT™ Gmax™ Qs™ TinyLogic®
CTL™ GTO™ Quiet Series™ TINYOPTO™
Current Transfer Logic™ IntelliMAX™ RapidConfigure™ TinyPower™
DEUXPEED" ISOPLANAR™ ,:-)w TinyPWM™
Dual Cool™ Making Small Speakers Sound Louder g R TinyWire™
EcoSPARK® and Better™ Sfa\nng our world, TmWAV/KW at a time TranSic™
EfficientMax™ MegaBuck™ Slgnal\!\.’iset"‘ TriFault Detect™
ESBC™ MICROCOUPLER™ SmartMax™ TRUECURRENT®*
MicroFET™ SMART START™ uSerDes™
— MicroPak™ Soluléons for Your Success™
Fairchild ) o MicroPak2™ SPM Des”
Fairchild Semiconductor ; T STEALTH™ ®
- L MillerDrive UHC

FACT Quiet Series™ Moti ™ SuperFE "

) otionMax Ultra FRFET™
FACT® WSaver® SuperSOT™-3 i)

T m\WSaver ) UniFET™

FAS ey SuperSOT™-6
FastvCore™ (SptoHiT ® - VCX™
FETBench™ jPr TOLOGIC e e VisualMax™
FPS™ OPTOPLANAR S:E:'E:ETTM VoltagePlus™

XS ™

* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:
1. Life support devices or systems are devices or systems which, (a) are 2. A critical component in any component of a life support, device, or

intended for surgical implant into the body or (b) support or sustain system whose failure to perform can be reasonably expected to
life, and (c) whose failure to perform when properly used in cause the failure of the life support device or system, or to affect its
accordance with instructions for use provided in the labeling, can be safety or effectiveness.

reasonably expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website, vwwy fairchildsemi.com,
under Sales Support.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their
parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise.
Fairchild will not provide any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global
problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
. . . Datasheet contains the design specifications for product development. Specifications may change
Advance Information Formative / In Design in any manner without notice.
. . . Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Preliminary First Production . : . ' . - .
Semiconductor reserves the right to make changes at any time without notice to improve design.
. . . Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
No Identification Needed Full Production changes at any time without notice to improve the design.
. Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
Obsolete Not In Production ) ] h
The datasheet is for reference information only.
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