Quad H-Bridge Micro Step
Motor Driver with 12C Interface

Bi-CMOS LSI

LV8414CS

Overview

The LV8414CS is a motor driver that is available for the PWM
constant—current control micro step drive of dual stepper motor.
Miniaturization using the wafer level package (WLCSP) makes the IC
ideally suited for driving the stepping motors used to control the lenses
in digital still cameras, cell phone camera modules and other such
devices.

Feature

® Built-in 256-division Micro Step Drive Circuit for Dual Stepper
Motor

Excitation Step Proceeds Only by Step Signal Input

Peak Excitation Current Switchable to One of 16 Levels

Serial Data Control using I2C Interface

Built—in Thermal Protection Circuit

Low Supply Voltage Protection Circuit Incorporated

On-—chip Photo Sensor Drive Transistors

On-—chip Schmitt Buffer

Typical Applications
® Tablet

® Digital Still Camera
® Feature Phone

® Smartphone
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LVv8414 = Specific Device Code
YM = Production Date Code
AZZ = Assembly Lot Code

ORDERING INFORMATION

See detailed ordering and shipping information on page 39 of
this data sheet.

Publication Order Number:
LV8414CS/D
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LV8414CS

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS at Ty = 25°C
Parameter Symbol Conditions Ratings Unit
Maximum supply voltage 1 Vi max 6.0 \%
Maximum supply voltage 2 Ve max 6.0 \%
Output peak current lopeak chito 4 600 mA
t < 10ms, ON-duty < 20%
Continuous output current 1 lo maxi chito4 400 mA
Continuous output current 2 lo max2 PI 30 mA
Allowable power dissipation Pd max *Mounted on a specified board 1.0 w
Operating temperature Topr -30to +85 °C
Storage temperature Tstg -55to +150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.
*Specified circuit board: 40 mm x 50 mm x 0.8 mm, glass epoxy four-layer board.

RECOMMENDED OPERATING CONDITIONS at Tp = 25°C

Parameter Symbol Conditions Ratings Unit
Operating supply voltage range1 Vm op 25t055 \
Operating supply voltage range2 Vg op 25t055 \%
Logic input voltage VIN 0to Vgg+0.3 \%
CLK input frequency FIN CLK1to 2 0to 100 kHz

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.

ELECTRICAL CHARACTERISTICS atTa=25°C,Vy=50V,Vcc=33V

Ratings
Parameter Symbol Conditions Min Typ Max Unit
Standby mode current drain Istn ENA =“L" 1.0 uA
VM current drain Im ENA = “H”, IM1 + IM2, with no load 50 100 200 uA
Vg current drain lcc ENA = “H” 0.75 15 3.0 mA
V¢ low-voltage cutoff voltage VthVee 2.0 2.25 25 \
Low-voltage hysteresis voltage VthHYS 100 150 200 mV
Thermal shutdown temperature TSD Design guarantee value * 160 180 200 °C
Thermal hysteresis width ATSD Design guarantee value * 10 30 50 °C
MICRO-STEP DRIVER
Logic pin internal pull-down resistance Rin ENA, CLK1 to 2, FR1 to 2 50 100 200 kQ
Logic pin input current linL V|n = 0, ENA, CLK1 to 2, FR1 to 2 1.0 uA
linH VN =3.3V, ENA, CLK1 to 2, FR1to 2 16.5 33 66 uA
Logic high-level voltage VinH ENA, SCL, SDA, CLK1t0 2, FR1to2 | 0.6xVgg \Y
Logic low-level voltage VinL ENA, SCL, SDA, CLK1 to 2, FR1 to 2 0.2xV¢ce \Y
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LV8414CS

ELECTRICAL CHARACTERISTICS (continued) at Ta = 25°C, Vi = 5.0V, Vo = 3.3 V

Ratings
Parameter Symbol Conditions Min | Typ | Max Unit
MICRO-STEP DRIVER
Output on-resistance Ronu lo = 100 mA, upper ON resistance 0.38 Q
Rond lo = 100 mA, lower ON resistance 0.22 Q
Ron lo = 100 mA, sum of upper- and 0.6 1.0 Q
lower-side on resistance
Output leakage current lpleak 1.0 uA
Diode forward voltage VD Ip =-100 mA 0.45 0.75 1.1 \Y
Chopping frequency Fchop00 280 400 520 kHz
FchopO1 140 200 260 kHz
Fchop10 420 600 780 kHz
Fchop11 210 300 390 kHz
Current setting reference voltages VSENOO 0.185 0.200 0.215 \Y
VSENO1 0.175 0.190 0.205 \
VSENO02 0.165 0.180 0.195 \
VSENO03 0.155 0.170 0.185 \
VSENO04 0.145 0.160 0.175 \
VSENO05 0.135 0.150 0.165 \
VSENO06 0.125 0.140 0.155 \
VSENO7 0.115 0.130 0.145 \
VSENO08 0.105 0.120 0.135 \
VSENO09 0.095 0.110 0.125 \
VSEN10 0.085 0.100 0.115 \
VSEN11 0.075 0.090 0.105 \
VSEN12 0.065 0.080 0.095 \
VSEN13 0.055 0.070 0.085 \
VSEN14 0.045 0.060 0.075 \Y
VSEN15 0.035 0.050 0.065 \
Pl (Photo sensor driving transistor)
Output on-resistance Ron lo=10mA 15 2.5 Q
Output leakage current lpleak 1.0 uA
SCHMITT BUFFER
Logic input high-level voltage VinH BI1, BI2 0.5xV¢gg \Y
Logic input low-level voltage VinL BI1, BI2 0.25xV¢ce \

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
*Design target value, not to be measured at production test.
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LV8414CS

PIN ASSIGNMENT
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LV8414CS

BLOCK DIAGRAM

Figure 3.
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PIN FUNCTIONS

LV8414CS

PIN FUNCTIONS

Pin No. Pin Name Function Equivalent Circuit
Al BI1 Schmitt buffer input pin ' Vce
A6 BI2
—
[ <
IN ]
O
B3 SCL I2C Interface +—
L
' SGND
bd
B4 SDA I2C Interface ' Vee
—
L <
SDA &
O » AM
i
_|é
‘ : SGND
”r
E2 ENA Chip enable pin ' Vce
—
Cc2 CLK1 Step signal input pin e
C5 CLK2 IN
O
—]
D2 FR1 Forward/reverse rotation setting signal input pin 100kQ -
D5 FR2 —
——o o SGND
bd
A2 OUT1A H bridge output pin VM
A5 OUT3A
C1 OouTi1B
cé OUT3B —
D1 OUT2A ouT
Dé OUT4A
F2 ouT2B
F5 ouT4B
—
B1 RF1 Current-sense resistor connection pins
B6 RF3 RF
E1 RF2
E6 RF4

www.onsemi.com
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LV8414CS

PIN FUNCTIONS (continued)

Pin No. Pin Name Function Equivalent Circuit
E5 MO Monitor output pin . . Vee
—
5000 ouT
F1 BO1 Schmitt buffer output pin
F6 BO2
—I=
SGND
pe
E4 PI Photo sensor drive transistor output pin Pl
_I é
SGND
>
E3 Vee Logic power supply connection pin
B5 SGND Signal ground
F3 VM1 Motor power supply connection pin
F4 VM2
A3 PGND1 Power ground
A4 PGND2
B2 N.C. Unused pin

www.onsemi.com
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LV8414CS

Serial Bus Communication Specifications

I2C Serial Transfer Timing Conditions

twl

spA Y |/ X X X 7Y [ X L_t : W L

th1 l ts2 _ th2 ts1 <
Start condition Resend start condition Stop condition
ton tof

— e S

Input waveform conditicn

Figure 4.
STANDARD MODE
Parameter Symbol Conditions Min Typ Max Unit
SCL clock frequency fscl  |SCL clock frequency 0 100 kHz
Data setup time ts1 Setup time of SCL with respect to the falling edge of SDA 4.7 us
ts2 Setup time of SDA with respect to the rising edge of SCL 250 ns
ts3 Setup time of SCL with respect to the rising edge of SDA 4.0 us
Data hold time th1 Hold time of SCL with respect to the rising edge of SDA 4.0 us
th2 Hold time of SDA with respect to the falling edge of SCL 0.08 us
Pulse width twL  |SCL low period pulse width 4.7 us
twH  |SCL high period pulse width 4.0 us
Input waveform conditions ton SCL, SDA (input) rising time 1000 us
tof  |SCL, SDA (input) falling time 300 us
Bus free time tbuf  |Interval between stop condition and start condition 4.7 us
HIGH-SPEED MODE
SCL clock frequency fscl  |SCL clock frequency 0 400 kHz
Data setup time ts1 Setup time of SCL with respect to the falling edge of SDA 0.6 us
ts2 Setup time of SDA with respect to the rising edge of SCL 100 ns
ts3 Setup time of SCL with respect to the rising edge of SDA 0.6 us
Data hold time th1 Hold time of SCL with respect to the rising edge of SDA 0.6 us
th2  |Hold time of SDA with respect to the falling edge of SCL 0.08 us
Pulse width twL  |SCL low period pulse width 1.3 us
twH  |SCL high period pulse width 0.6 us
Input waveform conditions ton SCL, SDA (input) rising time 300 us
tof SCL, SDA (input) falling time 300 us
Bus free time tbuf  |Interval between stop condition and start condition 1.3 us

www.onsemi.com
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LV8414CS

12C Bus Transmission Method

Start and Stop Conditions
The I2C bus requires that the state of SDA be preserved
while SCL is high as shown in the timing diagram below

during a data transfer operation.
d VAR VA
sc. —/ N
G

ts2| | | |th2
Figure 5.
When data is not being transferred, both SCL and SDA are Conversely, the stop condition is generated and access is
in the high state. The start condition is generated and access ended when SDA is changed from low to high while SCL is
is started when SDA is changed from high to low while SCL high.

and SDA are high.

Start Condition Stop Condition

SDA

Figure 6.

www.onsemi.com
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LV8414CS

Data Transfer and Acknowledgement Response

After the start condition is generated, data is transferred
one byte (8 bits) at a time. Any number of data bytes can be
transferred consecutively.

An ACK signal is sent to the sending side from the
receiving side every time 8 bits of data are transferred. The
transmission of an ACK signal is performed by setting the
receiving side SDA to low after SDA at the sending side is
released immediately after the clock pulse of SCL bit 8 in the
data transferred has fallen low.

After the receiving side has sent the ACK signal, if the
next byte transfer operation is to receive only the byte, the
receiving side releases SDA on the falling edge of the 9th

There are no CE signals in the I2C bus; instead, a 7-bit
slave address is assigned to each device, and the first byte of
the transfer data is allocated to the 7-bit slave address and
to the command (R/W) which specifies the direction of
subsequent data transfer.

The LV8414CS is a drive IC with a dedicated write
function and it does not have a read function.

The 7-bit address is transferred in sequence starting with
MSB, and the eighth bit is set to low. The second and
subsequent bytes are transferred in write mode.

In the LV8414CS, the slave address is stipulated to be
“1110010.”.

clock of SCL.
Start X hgn Slave address §

o]V 14

L M L
Data g g Data g Stop

< JUUUUUUUIUUhhnooui

0 0|T|0 0 A7|A6|A5

SDA I—J1 11

AA|A3 A2|A1(A0| |D7|D86|D5 D4|D3 D2|D1|DO|

Figure 7.

Data Transfer Write Format

The slave address and Write command must be allocated
to the first byte (8 bits) and the register address in the “Serial
data truth table” must be designated in the second byte.

For the third byte, data transfer is carried out to the address
designated by the register address which is written in the
second byte. Subsequently, if data continues, the register
address value is automatically incremented for the fourth
and subsequent bytes.

1. Data Write Example

Thus, continuous data transfer starting at the designated
address is made possible.

When the register address is set to “00000011,” the
address to which the next byte is transferred wraps around
to “00000000.”

[s]1[1[1]o]o]1][ofo]Aaf[o]o0]ofo]o]o|o]1]A Data 1 Al—
Slave address T Register address set Wiite data to register address
(00000001) 00000001
R/W = 0 written
L Data 2 A Data 3 A Data 4 Alr]

Wirite data to register address
00000010

Wirite data to register address
00000011

Wiite data to register address
00000000

Acknowledge

Figure 8.

www.onsemi.com
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LV8414CS

2. Actual Example of Continuous Data Transfer

M Slave L M Register LJA/M LVA/M LVA/M LVAYM A
Start | § address g Pdese g Data g Data g Data g Data Stop

AT AS A5 M4 A3 A2 A1 AO

0000000|T

3/4-channel
e Output on
o Reset release

D7 D6 D5 D4 D3 D2 D1 DO

oj1|of1j0 000

D7 D6 D5 D4 D3 D2 D1 DO| | D7 D6 D5 D4 D3 D2 D1 DO

1 1{0j1l0 000

00000000

11000000

1/2-channel
e Output on

2-channel
o CLK1 frequency
division

e 400kHz chopping

« photo sensor OFF | |  Reset release

o Reverse rotation

e Forward rotation
o Half step settin o MO output
¢ Solf{;egtgﬁsrence 3/4_chagne| 9 channels set to 1/2 e Current reference
e o CLK2 frequency channels voltage 0.2V
division
o Half step setting

e MO output Initial

\position

Figure 9.

Based on the “Serial data truth table” on the next page, the
following settings are used for the actual example of the
continuous data transfer shown in the above figure.

(Data transfer is set at the SCL rising edge of “D0” of each
data.)

1/2—-channel Settings:

Output ON, reset release, reverse (CCW) rotation, current
reference voltage setting of 0.2 V, no CLK1 frequency
division, Half step setting.

3/4—-channel Settings:

Output ON, reset release, forward (CW) rotation, current
reference voltage setting of 0.2 V, no CLK2 frequency
division, Half step setting.

Other Settings:

400 kHz chopping frequency, photo sensor OFF, MO
output channels set to 1/2 channels, MO output initial
position.

www.onsemi.com
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SERIAL DATA TRUTH TABLE

LV8414CS

Register Address Data
A7 |A6 |A5 |A4 |A3 |A2 |A1 |AO |D7 |D6 |D5 |D4 | D3 | D2 | D1 | DO Setting Mode Set Contents
* * * *lof[of|oOo]oO 0.200 V
* * * *lof[ofo 1 0.190 V
* * * *ofoO 1 0 0.180 V
* * * *[ofoO 1 1 0.170 V
* * * * [0 1 01O 0.160 V
* * * * [0 1 0 1 0.150 V
| *[*1*]lo[1[1T]o 0.140 V
* * * * 0 1 1 1 1/2ch 0.130 V
* * * * 3 0 0 0 Current referv_ance voltage 0150V
setting
* * * * 1 0 0 1 0.110V
* * * * 1 0 1 0 0.100 V
* * * * 1 0 1 1 0.090 V
00000000****1100 0.080 V
* * * * 1 1 0 1 0.070V
* * * * 1 1 1 0 0.060 V
* * * * 1 1 1 1 0.050 V
* * * 0 * * * * 1/2ch CW (forward rotation)
* * * 1 * * * * Excitation Direction CCW (reverse rotation)
* * 0 * * * * * 1/2ch Clear
* * 1 * * * * * Step/Hold Hold
* ol * * * * * * 1/2ch Reset
* 1 * * * * * * Counter Reset Clear
ol * * * * * * * 1/2ch Output OFF
1 * * * * * * * Output Enable Output ON
* * * *lof[of[oOo]oO 0.200 V
* * * *lof[fofoO 1 0.190 V
* * * *[o|oO 1 0 0.180 V
* * * *ofoO 1 1 0.170V
* * * * [0 1 01O 0.160 V
* * * * [0 1 0 1 0.150 V
= * [ *[* |01 ]1]o0 0.140 V
[ [ (o111 8/4ch 0.130 V
* * * * 1 o ToTo Current reference voltage 0720V
setting
* * * * 1 0 0 1 0.110V
* * * * 1 0 1 0 0.100 V
* * * * 1 0 1 1 0.090 V
00000001****1100 0.080 V
* * * * 1 1 0 1 0.070 V
* * * * 1 1 1 0 0.060 V
* * * * 1 1 1 1 0.050V
* * * 0 * * * * 3/4ch CW (forward rotation)
* * * 1 * * * * Excitation Direction CCW (reverse rotation)
* * 0 * * * * * 3/4ch Clear
* * 1 * * * * * Step/Hold Hold
* ol * * * * * * 3/4ch Reset
* 1 * * * * * * Counter Reset Clear
ol * * * * * * * 3/4ch Output OFF
1 * * * * * * * Output Enable Output ON

www.onsemi.com
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SERIAL DATA TRUTH TABLE (continued)

LV8414CS

Register Address Data
A7 |[A6 | A5 | A4 (A3 |A2 | A1 | A0 D4 | D3 | D2 | D1 | DO Setting Mode Set Contents
* * * 0 1 (frequency division)
* * * 1 1/2ch 1/2
* * * 0 CLK1 division setting 1/4
* * * 1 1/8
* 0 0 * 1 (frequency division)
* 0 1 * 3/4ch 1/2
* 1 0 * CLK2 division setting 1/4
0 0 0 0 0 0 1 0 - ! ! ’ 18
0 * * * Micro-step
1 * * * 1/2ch Half step
0 * * * Excitation mode setting | Half step (full torque)
1 * * * Full step
* * * * Micro-step
* * * * 3/4ch Half step
* * * * Excitation mode setting | Half step (full torque)
* * * * Full step
* * * 0 400 kHz
W I 1 Chopping frequency 200 kHz
* * * 0 setting 600 kHz
* * * 1 300 kHz
- - 0 ’ Photo sensor driving OFF
0 0 0 0 0 0 1 1 * * 1 * ON
* |0 * * MO output 1/2ch
* 1 * * Channel setting 3/4ch
* * * Initial ition
(1) * * * MO output position Half s?ezopsosﬁion
* * * * Dummy data -
Precautions for IC Operations
The supply voltage Vcc, ENA pin and I2C output ON
setting stand in the following relationship.
® Vcc, ENA pin, I2C output settings, and outputs
WM ] @ -
/ N
vee i @ 1| / \
/ d / !
\
ENA \|_"_, \ \ B _/' ]
12C output setting |OFF(Initial stat;le) OE\ F setting I ON |OFF settin O\N OFF(I,r‘itiaI state)
/ \ setting | // setting_ ) ~
Output ! \ / ON |

1
~ -

1. No output operations are performed unless the ENA pin is set to high and the 12C output setting is set to ON.
2. The I2C setting is accepted even if the ENA pin is in low state.

(Other I2C settings are also accepted.)

3. When the supply voltage V¢ is set to low, the internal data is reset.
(The 12C output setting in the above figure is initialized to OFF state by the fall in the supply voltage Vcc.)

Figure 10.

www.onsemi.com
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LV8414CS

Table 1.
ENA Pin I12C Output Enable Setting Output
L OFF setting High-impedance state
H OFF setting High-impedance state
L ON setting High-impedance state
H ON setting Output ON state

Description of Stepping Motor Drive Operations
The following state settings related to the control of the
stepping motor are established using an I2C serial data
communication.
® Excitation mode: Micro—-step (256 divisions), Half step,
Half step (full torque), or Full step
® Excitation direction: CW (clockwise) or CCW
(counterclockwise)

e Step/Hold: Clear or Hold

® Counter reset: Clear or Reset

® QOutput enable: Output Off or Output On

® Current setting reference voltages: Selects one of 16
values

® Chopping frequency: Selects one of 4 values

CLK Pin Function

CLK PIN FUNCTION

ENA CLK Operating mode
Low * Standby mode
High I Excitation step proceeds
High 1 Excitation step is kept

NOTE: The excitation steps are advanced by setting the CLK1 (2) from low to high when the ENA is in high state.

Initial Position

The excitation mode is set to the initial position when the
IC is set to the initial state at power—on or when the counter
is reset.

INITIAL POSITION

Initial Position
Excitation Mode 1ch (3ch) 2ch (4ch)
256 divisions (1/64) Micro-step 100% 0%
Half step 100% 0%
Half step (full torque) 100% 0%
Full step 100% -100%

www.onsemi.com
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LV8414CS

MO Pin Function

By setting the MO output channel and MO output position
using the I2C serial data, the MO pin is set to low at the initial
position in each excitation mode or at the Half step position
in the micro—step drive mode.

* It is assumed that the Half step setting for the MO output
is used in the micro—step drive mode. Even if the MO output
position is set to Half step in the Half step or Full step mode,

I2C Serial data

MO is set to low at the initial position and remains
unchanged after it is initialized.

* Since the period during which MO is set to low extends
from the rising edge of the CLK which is the setting position,
to the rising edge of the CLK which moves to the next
position, care must be taken when a frequency division
setting has been established.

|

division setting [<¢— 1 (frequency division) <

1/2 setting

ENA

cuo TUUUUHLAUyyyuy

® D 2B ®@®6 E QI

C

MO

o O

® 6D O

100%

" 0%

-100%

100%

12 0%

-100%

Figure 11.

www.onsemi.com
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LV8414CS

Excitation Mode Setting

Given below and in the following pages are the timing
charts and monitor output pin MO signal in each excitation
mode.

[Half step Timing Chart]

eo | LI LT LU LWL L

ENA H

MO

Posion | @ | @ | @ | ® | @ | ® | ® | @ | ® | @ | @

number
100%

11 0%

-100%

100%

12 0%

-100%

o 1ch (3ch) current
100% A

0%

2ch (4ch) current

\ 4

-100%
Figure 12.

www.onsemi.com
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[Half Step (Full Torque) Timing Chart]

CLK1
(CLK2)

ENA

MO

Position
number

100%

I 0%

-100%

100%

12 0%

-100%

100%

0%

-100%

LV8414CS

1ch (3ch) current

A

Figure 13.

www.onsemi.com
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LV8414CS

[Full Step Timing Chart]

eno | L L] L L L L L L L |

ENA H

MO

Postion | @ | @& | @ | ®@ | @ | ® | @ | ® | @ | @

number

100%

I 0%

-100%

100%

12 0%

-100%

1ch (3ch) current

100%

0% 2ch (4ch) current

-100%
Figure 14.

www.onsemi.com
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LV8414CS

[Micro-step (1/64 Step) Timing Chart]

CLK1 or CLK2 il
LIl Expanded
‘"\view
ENA F
MO (initial)
MO (Half step) [] [] I ] |
100%
n 0% i
-100%
100%
2 0% T y
-100%
Figure 15.
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LV8414CS

Switching the Excitation Mode During Operation

The timing at which the results of switching the excitation
mode during operation are reflected and the position
established after each excitation mode has been switched are
as shown below.

I12C Serial data

[Timing at which the results of switching the excitation
mode setting are reflected (from Half step to Full step)]

The excitation mode switching is set at the rising edge of
SCLK (8th bit of SCLK) of “D0” and the setting is reflected
starting with the next CLK.

excitation mode setting [<—— Half step setting

<

Full step setting —»

ENA

CLK1
(CLK2)

ORI

100%

L L L

®

LU L L

H

&
@

(@)

0%

I

-100%

100%

12 0%

-100%

*Expanded

* Full step position numbers
shown in parentheses

I2C Serial dataT~—

Half step setting ——— ¥

Full step setting—»

excitation mode setting

CLK1
(CLK2)

100%

I 0%

-100%

100%

12 0%

-100%

I2C Serial data

reflect timing g4 xg are g“ hél :ter ém !

M

S Data

LA

—

ATl

selng

A4

AYA2|A1|AD

[=]

7

DG|D5|D4| D3|D2|D1|P0
|

Figure 16.

www.onsemi.com
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LV8414CS

[Positions When Switching the Excitation Mode Setting]
1. Switching to the micro—step mode
When operation has been switched from each
excitation mode to the micro—step mode,

excitation position proceeds to the next micro step
position by the first pulse generated after the
switching

032' (Full step,

Half step full torque)

...... 064063
662
100.0 A
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Figure 17.
Table 2.
Before Switching the Excitation Mode Step Position after the Excitation Mode is Switched
Excitation Mode Position 256 Divisions Micro-step
Micro-step 064
063 to 633
032
0631 to 61
60
Half step 064 063
032 031
60 -01
Half step full torque 064 063
0632’ 0631
60 -01
Full step 032’ 0631
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2. Switching to the Half step (Half step full torque)
mode

When operation has been switched from excitation
mode to the Half step (Half step full torque) mode,
excitation position proceeds to position 632 (032”)
by the first pulse generated after the switching, and
then operation transfers to the Half step (Half step
full torque) mode.

However, if the position established before the
excitation mode switching is 632 (032’),

excitation position proceeds to the next position in
the Half step (Half step full torque) mode by the
first pulse generated after the switching.

. Switching to the Full step mode
If, in the case of channel 1 to channel 4, operation
has been switched from each excitation mode to
the Full step mode, excitation position proceeds to
position 832’ by the first pulse generated after the
switching, and then to the next position in the Full
step mode.
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Table 3.
Before Switching the Excitation Mode Step Position after the Excitation Mode is Switched
Excitation Mode Position Half Step Half Step Full Torque Full Step
Micro-step 064 0632 632’ 032’
663 to 633 0632 632’ 032’
0632 00 60 032’
0631 to 61 0632 632’ 032’
60 -632’ -632’ -632’
Half step 064 632’ 032’
0632 60 0632’
60 -632’ -632’
Half step full torque 064 032 032’
632’ 60 032’
60 -032 -632’
Full step 632’ 60 60 /

ENA Pin Function and I2C Serial Data Output Enable Setting

[ENA Pin]

V¢ consumption current during standby can be reduced
to virtually zero by setting the ENA input pin to low.
Furthermore, when this pin is set to low, the output becomes
OFF state (high-impedance), and the state of the internal

logic circuit is set to the initial excitation position (initial
position).

By setting the ENA pin to high, the output becomes ON
state, and the circuit operates from the initial excitation
position.

ENA \¢— Output ON Output OFF Output ON —>
CLK1
ol UULUUUUL UYWL YL L L
® 0| @| O ®|®|@|® @ 6|6 0|6 @
100%
I 0%
100% High-impedarice state
100% J 1
Interna| initial |positign
12 0%
-100%_
2 I2C serial data communication enabled >

*The output does not operate unless “output enable” is set to the “output ON” state using an I2C serial data communication.
Figure 19.

[1°C Serial Data Output Enable Setting]

When “output enable” is set to the “output OFF” state, the
output is placed in the high—-impedance state at the rising
edge of the 8th SCL bit in the data transmission.

However, since the internal logic circuit is activated, the
position number advances if CLK has been input. This

means that when “output enable” is set to the “output ON”
state after this, the output is set to ON at the rising edge of
the 8th SCL bit in the data transmission, and that the output
level at this time will be the level at the number to which the
position has advanced by the CLK input.
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[Timing at which the Output Enable Setting is Reflected (Output OFF)]
The output enable setting is reflected at the rising edge of
SCLK (8th bit of SCLK) of “D0”.

12C Serial data
output enable setting

ENA H
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® 02| Q¢ @ 6| ®
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<¢— Output ON <~ Output OFF Output ON
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Q
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®
®
®
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®
Q

100%

"1 0%

-100%

High-ir |pcd=-||w£ta£e

100%

12 0%

-100%

RN

‘Expanded

Output ON pi<4— Output OFF —»

G Serial data 7
output enable setting

CLK1
(CLK2)

100%

1 0%

- 0,
100% High-impedance state
»

100%

12 0%

-100%

12C Serial data

reflect timin u Slave L [ Register L M L
9start XE address g adgress ES Data 3 Stop
s LU [T
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Figure 20.
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[Timing at which the Output Enable Setting is Reflected (Output ON)]

12C Serial data
output enable setting [ <— Output ON Output OFF < Output ON —>
ENA H
cgolUUUyyuuyyyyyyyyyu
® 0| |IQ @ 6 6 J G D @I @ 6 6| 0|®
100%
11 0%
-100% High-impedance staie
100%
12 0%
—100%-

‘Expanded

I2C Serial data ;|

output enable setting Output OFF p(4— Output ON|—»

CLK1
(CLK2) ~|

100%

11 0%

-100%

High-impedance state

100%

12 0%

-100%

12C Serial data

mng

reflect timing gy, ¢ X Stop

Slave L M Register L M
address 3 8 address g B Data

s UUULUTULN LU

ﬁ

SDA L 11 1]0 0|T|0 0 A7A6A5|A4A3A2A1 AD| D7D6|D5|D4D3|D2 D1{p0

Figure 21.
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FR Pin Function and I2C Serial Data Excitation Direction Setting

[FR Pin]

Using the FR1 (FR2) forward/reverse rotation setting
signal input pin, it is possible to switch the excitation
direction between forward and reverse rotation.

When FR is set to low, the clockwise (CW: forward
rotation) direction is set; conversely, when it is set to high,
the counterclockwise (CCW: reverse rotation) direction is
set.

FR1 ¢ CW (forward rotation) setting

In CW (forward rotation) mode, the channel 2 (channel 4)
current phase is delayed by 90° relative to the channel 1
(channel 3) current.

In CCW (reverse rotation) mode, the channel 2 (channel
4) current phase is advanced by 90° relative to the channel
1 (channel 3) current.

CCW (reverse rotation) seting ——p»

(FR2)

ENA H

CLK1
(CLK2)

@

® @ ®

100%

ICW rotati

>
on ends. | CCW ratation starts.

1 0%

-100%

100%

0%

-100%

Figure 22.

[I°C Serial Data Excitation Direction Setting]

When the excitation (rotation) direction of the stepping
motor is determined using the “excitation direction” setting,
the output is switched to forward or reverse rotation at the
rising edge of the 8th bit of SCL in the data transmission.

In CW (forward rotation) mode, the channel 2 (channel 4)
current phase is delayed by 90° relative to the channel 1
(channel 3) current.

In CCW (reverse rotation) mode, the channel 2 (channel
4) current phase is advanced by 90° relative to the channel
1 (channel 3) current.

* Since the FR1 (FR2) forward/reverse signal input pins
are provided with an internal pull-down resistor, these pins
are set to the low state when they are open. Furthermore,
when these pins are set to low, the excitation direction setting
established using an I2C serial data communication takes
priority. Conversely, when they are set to high, the excitation
direction is always set to “reverse rotation” regardless of the
I2C communication setting.

Table 4.
FR pin 12C Excitation Direction Setting Output
L CCW (reverse rotation) reverse rotation direction
H CCW (reverse rotation) reverse rotation direction
L CW (forward rotation) forward rotation direction
H CW (forward rotation) reverse rotation direction
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[Timing at which Excitation Direction Setting is Reflected (CW to CCW)]
The excitation direction is set at the rising edge of SCLK

(8th bit of SCLK) of “D0” and the setting is reflected starting

with the next CLK.

12C Serial data
excitation dErection <—— CW (forward rotation) setting Pi€— CCW (reverse rotation) setting —

setting
ENA H

G L LI LI LT L L I L L] L

@ @ ©) @ B @ ©) @ @

100%

[ »

>
CW rotation ends|. CCW rotation Ltarts.

11 0%

-100%

100%

12 0%

-100%

*Expanded
I°C Serial data {

exctation direction CW (forward rotation) setting (reverge(’x;ltation)
setting sefting
CLK1 i ‘
(CLK2)

100% CW rotuti 4 CCW
rotation ends. | rotation starts.

1 0%

-100%

100%

12 %

-100%

12C Serial data

reflect timing g, ¢ Xegn adsgiar\é:ess 'g- Egg;:tsesr ;"é' Data §

SDA I—J1 1 1|0 O|T|0 0 A7A6|A5|A4A3A2A1 A0| D7|D6|D5|D4| D3| D2| D1| PO

Figure 23.
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I12C Serial Data Step/Hold Setting

CLK (external) O——+——

Internal CLK

logic

Internal logic

S ot |

"Step/Hold" setting signal

Figure 24.

When the Step/Hold data is set to the Hold state, the state
of the external clock signal (CLK) at that time is latched and
held as the internal clock signal.

Since the state of CLK (external) is low at the timing when
step/hold is set for the first time as shown in the figure on the
next page, the internal CLK is held in the low state. In
contrast, at the timing with which Step/Hold is set to the

Hold state for the second time, the internal clock signal will
be held at the high level because the external clock (CLK)
was at the high level.

As long as Step/Hold is in the Hold state, the position
number does not advance even if an external clock (CLK)
signal is applied.
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[Timing at which the Step/Hold Setting is Reflected (Clear to Hold)]
The step/hold setting is reflected at the rising edge of
SCLK (8th bit of SCLK) of “D0”.

I12C Serial data
step/hold setting (¢— Clear Hold ¢ Clear Hold Clear —p
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12 0%
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‘ Expanded

2C Serial data {
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CLK1 "l
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»>
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-100%
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12C Serial data
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i T

S
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Figure 25.
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[Timing at which the Step/Hold Setting is Reflected (Hold to Clear)]

12C Serial data
step/hold setting  ¢— Clear Hold ¢ Clear Hold Clear —p

ENA H

cwa [ UL L UL UL L L
mmmﬂ et m Held at high IeveIJ
@

® O PO QY ® ® G| 2 2|0
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| I

L
IR
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12 0%
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‘ Expanded

Hold Clear —»

12C Serial data
excitation direction
setting
CLK1 “I

(CLK2)

Internal clock

100%

1 0%

-100%

100%

12 0%

-100%

I12C Serial data

reflect timingg, . Xlél adsg:\ézs §

Stop

o)

Register L e u A
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o
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e
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Figure 26.
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12C Serial Data Counter Reset Setting

When “counter reset” setting is set to the “reset” state, the
output is set to the default state (initial position) at the rising
edge of the 8th SCL bit in the data transmission. When
“counter reset” setting is then set to the “release” state, the
position number of the output advances from the rising edge
of the CLK signal following the rising edge of the 8th SCL
bit in the data transmission.

12C Serial data
counter reset setting g —  Clear <

Reset

[Timing at which the Counter Reset Setting is Reflected
(Clear to Reset)]

The counter reset setting is reflected at the rising edge of
SCLK (8th bit of SCLK) of “D0”.
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‘ Expanded

I2C Serial data -~

counter reset setting <

CLK1 "‘I
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11 0%
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12C Serial data
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Figure 27.
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[Timing at which the Counter Reset Setting is Reflected (Reset to Clear)]

I12C Serial data

counter reset setting
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(CLK2)
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Initial position

100%
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I2C Serial data

reflect timing Start
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[

Register gg
adare B B

Data

UL

U

E,i

AT| A3| A2 A1[A0] [D7]

A6|A5|A4

D6| D5

D4

D2{D1) PO

Figure 28.
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Number of Divisions (I2C Serial Data Frequency Division Setting)
Since this IC provides 256—division (1/64) micro—step [Timing at which CLK Frequency Division Setting is

drive, a 32 kHz excitation step signal is required when Reflected]

driving a stepping motor at 1kHz if Half step excitation is to The CLK frequency division is set at the rising edge of

be used. SCLK (8th bit of SCLK) of “D0” and the setting is reflected
I2C communication allows one of four ratios, namely, 1 starting with the next CLK.

(no frequency division), 1/2, 1/4, or 1/8 to be selected as the
CLK frequency division ratio, so the motor speed can be set.

12C Serial data
frequency division setting\q— 1 (no frequency division) < 1/2 setting

JEREEEpERE

(ONRCRRERNONREO)

|

ENA H

G [ LU LML L

® 0 @ @ 6| ®

=
=
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(S)
®
)
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| 0%

-100%
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12 0%
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* Expanded

<«4— 1 (no frequency division) 1/2 setting —»

12C Serial data
frequency division setting

CLK1 -
(CLK2) 1

100%

11 0%

-100%

100%

12 0%

-100%

12C Serial data

reflect timing M Slave L M Register L v L
SE E  address @@ 8 address 33 Data S Stop
1110 0|T|0 0 |A7|A6|A5|A4|A3|A2|A1|A D7|D6|D5|D4|D3|D2|D1|)
I

S

Figure 29.
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Output Current Reference Voltage

I2C communication allows the voltage to be switched to
one of 16 steps from 0.200 V to 0.050 V. This is effective for
reducing power consumption when stepping motor holding
current is supplied.

The output current is determined from the internal
reference voltage and the resistance value connected
between the current—sense resistor connection pin (RF) and
GND.

The formula used to calculate the output current is given
below.

(Output constant current) = (Constant current reference
voltage) / (RF resistance value)

Example: With a 0.200 V internal reference voltage, 1.0
RF resistance and 100% current ratio

lour = 0.2V x 100%/1.0 Q = 200 mA (eq. 1)

Output current reference voltage values for 1/2 channels and
3/4 channels are set as shown below.

1/2 Channels Setting

Register address (A7 = “0”, A6 = “07, A5 =“0”, A4 =07,
A3 =07, A2=%0", A1 =“0", A0 = “0”)
3/4 Channels Setting

Register address (A7 = “0”, A6 = “0”, A5 =“0”, A4 =“07,
A3 = C(O”, A2 = 640”’ Al = ((077, A() = (Cl”)

Table 5.

D3 D2 D1 DO Current Setting Reference Voltage
0 0 0 0 0.200 V
0 0 0 1 0.190 V
0 0 1 0 0.180 V
0 0 1 1 0.170V
0 1 0 0 0.160 V
0 1 0 1 0.150 V
0 1 1 0 0.140V
0 1 1 1 0.130V
1 0 0 0 0.120V
1 0 0 1 0.110V
1 0 1 0 0.100 V
1 0 1 1 0.090 V
1 1 0 0 0.080 V
1 1 0 1 0.070 V
1 1 1 0 0.060 V
1 1 1 1 0.050 V
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[Timing at which Current Setting Reference Voltage is Reflected]
The current setting reference voltage is reflected at the
rising edge of SCLK (8th bit of SCLK) of “D0”.

Example: With 1.0 © for RF and 100% current ratio.

12C Serial data

current reference
voltage setting

<_

0.2V setting

0.1V setting

ENA

CLK1
(CLK2)

lout

200mA

100mA

OmA

12C Serial data

current reference
voltage setting

lout

200mA
100mA
OmA

12C Serial data

i Expanded

A

0.2V setting

0.1V setting —»

reflect timing

Start

Slave L

address

X4

Dl

Register
address

wnZ

Data

SCL

R

SDA

N

0 0|T|0

Il

I

AT7|A6|A5 A3|A2 A1|A0

D7

D6{D5 D2|D1

D4|D3

Figure 30.
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Current Control Operation Specification

[Sine Wave Increasing Direction]

LV8414CS

—

<—

CHARGE SLOW FAST

CLK
Set current
Set current
Coil current (
i | Forced
i { CHARGE
i ./ section
fchop e:
(Initial state: —
400kHz) <
Current mode CHARGE SLOW FAST
Figure 31.
[Sine Wave Increasing Direction]
CLK
Set current
Coil current
Forced
1 CHARGE Set current
_4"i section
<>
fchop
(Initial state:
400kHz) > e e
Current mode CHARGE SLOW  FAST Forced CHARGE
section
Figure 32.
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[Description of Current Limiting Operation]
In each current mode, the operation sequence is as
described below :
At rise of chopping frequency, the CHARGE mode begins.
® The coil current (ICOIL) and setting current (IREF) are
compared in the forced CHARGE section

When (ICOIL < IREF) existed in the forced CHARGE
section:
The CHARGE mode is established until ICOIL = IREF.
Then it is switched to the SLOW DECAY mode, and
finally it is switched to the FAST DECAY mode.

VM

OFF OFF
— = B

_|

VM

When (ICOIL < IREF) did not exist in the forced
CHARGE section:
The FAST DECAY mode begins.
The coil current is attenuated in the FAST DECAY mode
till one cycle of chopping is over.

Above operations are repeated. Normally, the SLOW
(+FAST) DECAY mode continues in the sine wave
increasing direction, then entering the FAST DECAY mode
till the current is attenuated to the set level and followed by
the SLOW DECAY mode.

VM

OFF OFF
- H-

— 00

St EC O

—
p

7

(Charge Mode) (Slow Decay mode) (Fast Decay mode)

Figure 33.

www.onsemi.com

37


http://www.onsemi.com/

LV8414CS

[Timing at which the Chopping Frequency Setting is Reflected (400 kHz to 200 kHz)]
The frequency setting is reflected at the rising edge of
SCLK (8th bit of SCLK) of “D0”.

12C Serial data

chopping frequency
setting

400kHz setting

200kHz setting

ENA

CLK1
(CLK2)

Ty yye

L

Ly

[

u

JERERERE

100%

11

0%

-100%

100%

12 0%

-100%

Chopping frequency

I2C Serial data .~

i

* Expanded

division setting

400kHz setting

200kHz setting—>

CLK1
(CLK2)

i

100%

1 0%

-100%

100%

12 0%

-100%
Chopping frequency

12C Serial data

T L

reflect timing Start

M

X

Slave

B address

DX

M
8
B

Register
address

SCL

SDA

0 0|T|0

J111

LI

[T

AT|AG]

A A1]|A0

b=

0)

Figure 34.
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ORDERING INFORMATION

LV8414CS

Device

Package

Shipping (Qty / Packing)

Lv8414CS-N-TE-L-H

WLCSP32 (2.47x2.47)
(Pb-Free / Halogen Free)

5000 / Tape & Reel
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PACKAGE DIMENSIONS

WLCSP32, 2.47x2.47

@ CASE 567GT

) ISSUE O
SCALE 2:1 DATE 19 MAR 2013

NOTES:

le—— IE‘ B 1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.

PIN A1

REFERENCE \N i

x| 010 C |
2X TOP VIEW
A

~|o10]c L A1
l RECOMMENDED

SOLDERING FOOTPRINT*

Ty
A1
NOTE 3 SIDE VIEW C] BEANE® GO

2. CONTROLLING DIMENSION: MILLIMETERS.
3. COPLANARITY APPLIES TO SPHERICAL
CROWNS OF SOLDER BALLS.

MILLIMETERS
MIN MAX
— 0.65
0.07 0.17
0.17 0.27
2.47 BSC
2.47 BSC
0.40 BSC

o
mrnuu-2>|§

— == PACKAGE
OO0 0G <5'|/_ OUTLINE
P Wl /\l/\ P Wl
& | &
o0 | o9
32X @ b E’—b - oWl I VoW Y
N V §8o00dd
0.05|C A| B | VWL 0.40 V\/vivvvl
D F | QOO PITCH éﬁ}f_hﬂ? CRC: 3%
0.03|C E OO0 @0.2
D D& | DD 040_4 L_ 0.20
S S A 4 .
clod | OO0 ¥ 5 PITCH
B OO0 DIMENSIONS: MILLIMETERS
Aldoooddd . . . .
AAAJAA *For additional information on our Pb-Free strategy and soldering
123456 details, please download the ON Semiconductor Soldering and
BOTTOM VIEW Mounting Techniques Reference Manual, SOLDERRM/D.

ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: TECHNICAL SUPPORT
Email Requests to: orderlit@onsemi.com North American Technical Support: Europe, Middle East and Africa Technical Support:
Voice Mail: 1 800-282-9855 Toll Free USA/Canada  Phone: 00421 33 790 2910
ON Semiconductor Website: www.onsemi.com  Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative

0


http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

