SANYO Semiconductors

SANYO APPLICATION NOTE

An ON Semiconductor Company

Bi-CMOS LSI

L \VV8746\V — PWM Current Control Stepping
Motor Driver

Overview
LVv8746V is 2-channel H-bridge driver IC that can switch a stepping motor driver, which is capable of micro-step
drive and supports Full-step, Half-step (full torque), Half-step, and Quarter-step resolution, which can select the
CLK-IN input and the parallel input. This is best suited for driving of the stepping motor for OA and amusement.

Features
e PWM current control stepping motor driver
¢ BICDMOS process IC
¢ On resistance (upper side:0.84Q, lower side:0.7Q, total of upper and lower:1.54Q; Ta=25°C, 10=1A)
¢ Micro step mode can be set to full-step, half-step(full torque), half-step, and quarter-step mode
e CLK-IN input and parallel input selectable
e Motor current selectable in four steps
¢ Output short-circuit protection circuit incorporated
¢ Unusual condition warning output pins
o Built-in thermal shutdown circuit
¢ No control power supply required

Typical Applications
o MFP(Multi Function Printer)
e PPC(Plain Paper Copier)
e LBP(Laser Beam Printer)
¢ Photo printer
e Scanner
e Industrial
e Cash Machine
e Amusement
e Textile

SANYO Semiconductor Co., Ltd.

http://semicon.sanyo.com/en/network
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LV8746V

Package Dimensions
unit : mm (typ)
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(Unit:mm)
Reference symbol SSOP44K (275mil)
eE 7.00
e 0.65
b3 0.32
11 1.00
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Y (3.5)

Caution: The package dimension is a reference value, which is not a guaranteed value.
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LV8746V

Pin Assignment

vG[1]

wm| 2]
cpP2[ 3]
cP1[ 4]
VREG5 [ 5 |
ATT2[ 6|
ATT1[ 7]
EMO[ 8 |
CEM[ 9|
NC [10]
RCHOP [ 11]
NC [12]
RST/PH1 [13]
STP/101 [14]
FR/11 [15]
MD2/PH2 [ 16}
MD1/102 [17]
DM [ 18]
OE/N12[19)
sT 20}
VREF [21]

GND |22

O

LV8746V

44]NC
43 OUTIA
42] PGND1
41]NC
40|NC
39|NC
38] VM1
37|NC
36] RF1
35|NC
34]ouT1B
33| OUT2A
32|NC
31] RF2
30]NC
29| vMm2
28|NC
27|NC
26]NC
25| PGND2
24| oUT2B

23|NC

Top view
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LV8746V

Block Diagram
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LV8746V

Specifications

Absolute Maximum Ratings at Ta = 25°C

Parameter Symbol Conditions Ratings Unit
Supply voltage VM max 38 \%
Output peak current lo peak tw < 10ms, duty 20% 1.2 A
Output current lp max 1 A
Logic input voltage VIN -0.3t0 +6 \%
EMO input voltage Vemo -0.3t0 +6 \%
Allowable power dissipation Pd max Ta<85°C* 3.1 w
Operating temperature Topr -20 to +85 °C
Storage temperature Tstg -55 to +150 °C
Allowable Operating Ratings at Ta = 25°C
Parameter Symbol Conditions Ratings Unit
Supply voltage range VM 9to 35 \%
Logic input voltage VIN 0to5.5 \%
VREF input voltage range VREF Oto3 \%
Electrical Characteristics at Ta = 25°C, VM = 24V, VREF = 1.5V
Ratings
Parameter Symbol Conditions - Unit
min typ max
Standby mode current drain IMst ST="" 190 300 pA
Current drain IM ST ="“H”, OE = “L”, with no load 3.3 5 mA
VREGS output voltage Vreg5 lp =-1mA 4.5 5 5.5 \%
Thermal shutdown temperature TSD Design guarantee 150 180 210 °C
Thermal hysteresis width ATSD Design guarantee 40 °C
Motor driver
Output on resistance Ronu lo = 1A, Upper-side on resistance 0.84 11 Q
Rond lo = 1A, Lower-side on resistance 0.7 0.9 Q
Output leakage current lpleak 50 pA
Diode forward voltage VD ID=-1A 1.0 1.3 \%
Logic pin input current(ST) IINL V|N = 0.8V 3 8 15 pA
INH ViN =5V 50 78 110 pA
Logic pin input current(other ST) IINL VN = 0.8V 3 8 15 pA
IINH VIN =5V 30 50 70 nA
Logic high-level input voltage VINH 2.0
Logic low-level input voltage V|NL 0.8 \%
Quarter-step VtdacO_W Step 0 (When initialized : channel 1 0.29 0.3 0.31 \%
drive comparator level)
Vtdacl_W Step 1 (Initial state+1) 0.29 0.3 0.31 \%
Vtdac2_W Step 2 (Initial state+2) 0.185 0.2 0.215 \%
Current setting Vtdac3_W Step 3 (Initial state+3) 0.09 0.1 0.11 \%
comparator - -
threshold Half-step drive VtdacO_M Step 0 (When initialized : channel 1 0.29 0.3 0.31 \Y
voltage comparatcl)r- level)
(CLK-IN input) Vtdac2_M Step 2 (Initial state+1) 0.185 0.2 0.215 \
Half-step (full VtdacO_H Step 0 (When initialized : channel 1 0.29 0.3 0.31 \Y
torque) drive comparator level)
Vtdac2_H Step 2 (Initial state+1) 0.29 0.3 0.31 \%
Full-step drive Vtdac2_F Step 2 0.29 0.3 0.31 \%

Continued on next page.
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LV8746V

Continued from preceding page.

Ratings
Parameter Symbol Conditions - Unit
min typ max
Current setting comparator Vtdacll 101=H,I111=H 0.29 0.3 0.31 \%
threshold voltage Vtdac01 01=L,111=H 0.185 0.2 0.215 v
(parallel input) Vidac10 01=H,11l=L 0.09 0.1 0.11 v
Current setting comparator VtattOO ATT1=L,ATT2=1L 0.29 0.3 0.31 \%
threshold voltage Vtatt01 ATTL=H,ATT2=L 0.185 0.2 0.215 Vv
(current attenuation rate switching) Viattlo ATTL=L ATT2=H 0135 015 0.165 v
Vtattll ATT1=H,ATT2=H 0.09 0.1 0.11 \%

Chopping frequency Fchop Rchop = 20KQ 45 62.5 75 kHz
VREF pin input current Iref VREF = 1.5V -0.5 pA
Charge pump
VG output voltage VG 28 28.75 30 \%
Rise time tONG VG =0.1uF 0.5 mS
Oscillator frequency Fosc Rchop = 20KQ 90 125 150 kHz
Output short-circuit protection
EMO pin saturation voltage Vsatemo lemo = 1mA 80 160 mV
CEM pin charge current Icem Vcem = 0V 7 10 13 pA
CEM pin threshold voltage Vthcem 0.8 1.0 12 \%
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LV8746V
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LV8746V
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LV8746V

Pin Functions

Pin No. Pin Name Pin Function Equivalent Circuit

6 ATT2 Motor holding current switching pin.
7 ATT1 Motor holding current switching pin.
13 RST/PH1 CLK-IN is input , RESET input pin /

Parallel is input , Channel 1

forward/reverse rotation pin. VREG50O
14 STP/I01 CLK-IN is input , STEP signal input pin /

Parallel is input , Channel 1 output i

control input pin.
15 FR/I11 CLK-IN is input , forward/reverse signal h 4

input pin / Parallel is input , Channel 1 6kQ

output control input pin. O I
16 MD2/PH2 CLK-IN is input , Excitation mode

switching pin / Parallel is input , Channel

2 forward/reverse rotation pin. A §100k9 -
17 MD1/102 CLK-IN is input , Excitation mode

switching pin / Parallel is input , Channel

2 output control input pin. GND O *
18 DM Drive mode switching pin.
19 OE/112 CLK-IN is input , output enable signal

input pin / Parallel is input , Channel 2

output control input pin.
20 ST Chip enable pin. VREG50

O_
GND O *

24 ouT2B Channel 2 OUTB output pin.
25 PGND2 Power system ground pin2. @
42 PGND1 Power system ground pinl. @
29 VM2 Channel 2 motor power supply

connection pin.
31 RF2 Channel 2 current-sense resistor

connection pin.
33 OUT2A Channel 2 OUTA output pin.
34 | OUTiB Channel 1 OUTB output pin. @333 (3429
36 RF1 Channel 1 current-sense resistor

connection pin.
38 VM1 Channel 1 motor power supply pin.
43 OUT1A Channel 1 OUTA output pin. 2kQ 560Q e

:'-4— —\\W\ 1§
) Wl Bl
oy | Ba2—PH 560

GND O

Continued on next page.

9/37



LV8746V

Continued from preceding page.

Pin No. Pin Name Pin Function Equivalent Circuit
1 VG Charge pump capacitor connection pin.
2 VM Motor power supply connection pin. @ @ @ @
3 CP2 Charge pump capacitor connection pin. VREGS O w
|
4 CP1 Charge pump capacitor connection pin. I 4o Pt 3 3
t 1—N—< l—H—
GND O * 1
21 VREF Constant current control reference
. ) VREG5 O ¢ ¢
voltage input pin.
a
y
3 560Q
A
GND O *
5 VREG5 Internal power supply capacitor
connection pin.
A
a
) A a
8 EMO Output short-circuit state warning output

pin.

VREGS5 O

GND O

Continued on next page.
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LV8746V

Continued from preceding page.

Pin No. Pin Name Pin Function Equivalent Circuit
9 CEM Pin to connect the output short-circuit VREG5 O N
state detection time setting capacitor. @
| :I
560Q3
GND O *—
> > T
L | L |
11 RCHOP Chopping frequency setting resistor VREGS C
connection pin.
GND O -
560 Q%
Il >
L | é L |
22 GND Ground.
10,12 | NC No Connection
23,26 (No internal connection to the IC)
27,28
30,32
35,37
39,40
41,44
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LV8746V

Description of operation
Input Pin Function

The function to prevent including the turn from the input to the power supply is built into each input pin.
Therefore, the current turns to the power supply even if power supply (VM) is turned off with the voltage
impressed to the input pin and there is not crowding.

(1) Chip enable function
This IC is switched between standby and operating mode by setting the ST pin. In standby mode, the IC is
set to power-save mode and all logic is reset. In addition, the internal regulator circuit and charge pump
circuit do not operate in standby mode.

ST Mode Internal regulator Charge pump
Low or Open Standby mode Standby Standby
High Operating mode Operating Operating

(2) Input control method switching pin function
The IC input control method is switched by setting the DM pin. The CLK-IN input control and the parallel
input control can be selected by setting the DM pin.

DM Input control method
Low or Open CLK-IN input control
High Parallel input control

(3) Setting constant-current control reference current
This IC is designed to automatically exercise PWM constant-current chopping control for the motor current
by setting the output current. Based on the voltage input to the VREF pin and the resistance connected
between RF and GND, the output current that is subject to the constant-current control is set using the
calculation formula below :

louT = (VREF/5)/RF resistance
* The above setting is the output current at 100% of each excitation mode.

If VREF is open or the setting is out of the recommendation operating range, VREF is set around 5V. As a
result, output current will increase and you cannot set constant current under normal condition. Hence,
make sure that VREF is set in accordance with the specification.

However, if current control is not performed (if the IC is used without saturation drive or current limit) make
sure that the setting is as follows: VREF=5V or VREF=VREG5

The voltage input to the VREF pin can be switched to four-step settings depending on the statuses of the
two inputs, ATT1 and ATT2. This is effective for reducing power consumption when motor holding current
is supplied.

Attenuation function for VREF input voltage

ATT1 ATT2 Current setting reference voltage attenuation ratio
Low Low 100%
High Low 66.7%
Low High 50%
High High 33.3%
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LV8746V

50ms/div

ATT1
5V/div
VM=24V
VREF=1V
r ] RF=0.47Q
' Motor Current

A TR,
w 0.20div

L1 100% {1 50%

The formula used to calculate the output current when using the function for attenuating the VREF input
voltage is given below.

louT = (VREF/5) x (attenuation ratio)/RF resistance

Example : At VREF of 1.41V, a reference voltage setting of 100% [(ATT1, ATT2) = (L, L)] and an RF
resistance of 0.47Q, the output current is set as shown below.
lOUT = 1.41V/5 x 100%/0.47Q = 0.6A

If, in this state, (ATT1, ATT2) is set to (H, H), IOUT will be as follows :
loyT = 0.6A x 33.3% = 0.2A

In this way, the output current is attenuated when the motor holding current is supplied so that
power can be conserved.

(4) Setting the chopping frequency

For constant-current control, chopping operation is made with the frequency determined by the external
resistor (connected to the RCHOP pin).

The chopping frequency to be set with the resistance connected to the RCHOP pin (pin 11) is as shown
below.

1 [%hopping frequency settings (reference data)

80 \
% 60 N
I \
=3
% 40 \
=
\\
20
0
0 10 20 30 40 50 60
RCHOP - kQ PCA01883

(5) Blanking period
If, when exercising PWM constant-current chopping control over the motor current, the mode is switched
from decay to charge, the recovery current of the parasitic diode may flow to the current sensing resistance,
causing noise to be carried on the current sensing resistance pin, and this may result in erroneous
detection. To prevent this erroneous detection, a blanking period is provided to prevent the noise occurring
during mode switching from being received. During this period, the mode is not switched from charge to
decay even if noise is carried on the current sensing resistance pin.
In this IC, the blanking time is fixed at 1/16 of one chopping cycle.
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LV8746V

(6) Current control operation specification
(Sine wave increasing direction)

STP
Set current
Set current

Coail current

Forced CHARGE

section
fchop | ’
Current mode CHARGE  SLOW FAST CHARGE SLOW FAST
(Sine wave decreasing direction)
STP

Set current

Coil current

Forced CHARGE

§ection Set current

<5
fchop
- — < —>i i<
<>
Current mode CHARGE  SLOW FAST Fo(ri:.ed CHARGE FAST CHARGE SLOW
section

In each current mode, the operation sequence is as described below :

e At rise of chopping frequency, the CHARGE mode begins.(The section in which the CHARGE mode is
forced regardless of the magnitude of the coil current (ICOIL) and set current (IREF) exists for 1/16 of one
chopping cycle.)

e The coil current (ICOIL) and set current (IREF) are compared in this forced CHARGE section.

When (ICOIL<IREF) state exists in the forced CHARGE section ;
CHARGE mode up to ICOIL > IREF, then followed by changeover to the SLOW DECAY mode, and
finally by the FAST DECAY mode for the 1/16 portion of one chopping cycle.
When (ICOIL<IREF) state does 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.
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LV8746V

(7)Output Transistor Operation Mode

1. CHARGE

VM
Current pathway T

Charge increases

=)

Switch from Charge to Current regeneration
current. Slow Decay by Slow Decay
4. [> 5. FAST [> 6. E>

ut

OUTH

,_
=
o
e f N =
[ )

OFF

u2

OFF

L2

OFF

Ut

OFF

L1

OUTA

OUTH

L2

Switch from Slow Decay
to Fast Decay

Current regeneration
by Fast Decay

Switch from Fast Decay
to Charge

This IC controls constant current by performing chopping to output transistor.

As shown above, by repeating the process from 1 to 6, setting current is maintained.

Chopping consists of 3 modes: Charge/ Slow decay/ Fast decay. In this IC, for switching mode (No.2, 4, 6),
there are between the transistors. This off period is set to be constant (= 0.5us) which is controlled by the

internal logic. The diagrams show parasitic diode generated due to structure of MOS transistor. When the
transistor is off, output current is regenerated through this parasitic diode.

Output Transistor Operation Function

OUTA—-OUTB(CHARGE)

Output Tr CHARGE SLOW FAST
U1l ON OFF OFF
U2 OFF OFF ON
L1 OFF ON ON
L2 ON ON OFF

OUTB—OUTA(CHARGE)

Output Tr CHARGE SLOW FAST
Ul OFF OFF ON
U2 ON OFF OFF
L1 ON ON OFF
L2 OFF ON ON
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LV8746V

10ms/div M. = I
[ 3
VM=24V "
VREF=1V 4
RF=0.47Q
RCHOP=20kQ Motor Current
4+ 0.2A/div
N T
20us/div ] 20ps/div = |
Set Current g
— = . SetCurrent |
-r'-*-\f T |. Motor Current — . '__‘ Motor Current
T 0.2A/div T 0.5A/div
ol n . el T . - - T
OUTA T OUTA
1 20V/div e 1 20V/div
- = -
NE :
Sine wave increasing direction Sine wave decreasing direction
Current mode
5us/div
| Pl
e o
7+ L Motor Current
+ 200mA/div
M T o
I l OUTA
1 T 20vidiv
r T M

CHARGE - SLOW

When the motor current reaches to the setting current, it is switched to Slow Decay mode.
Motor current switches from Slow Decay mode to Fast Decay mode for 1/16 of one chopping cycle.
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LV8746V

CLK-IN input control (DM = Low or Open)

(1) STP pin function
The excitation step progresses by inputting the step signal to the STP pin.

Input Operating mode
ST STP
Low * Standby mode
High f Excitation step proceeds
High _L Excitation step is kept

STP input MIN pulse width (common in H/L): 500ns (MAX input frequency: 1MHz)
However, constant current control is performed by PWM during chopping period, which is set by the
resistor connected between RCHOP and GND. You need to perform chopping more than once per step.

For this reason, for the actual STP frequency, you need to take chopping frequency and chopping count
into consideration.

For example, if chopping frequency is 62.5kHz (16us) and chopping is performed twice per step, the
maximum STP frequency is obtained as follows: f=1/(16usx2) = 31kHz.

(2) Input timing

Tsteph  Tstepl

e se s
STP L] |
(md1S%tep) (stepSmd1)
e s
MD1
(mdd3Siep)  (stepmd2)
MD2
@ %en) | (staien
FR

X X

TstepH/TstepL : Clock H/L pulse width (min 500ns)
Tds : Data set-up time (min 500ns)
Tdh : Data hold time (min 500ns)

(3) Reset function

RST Operating mode
Low Normal operation
High Reset state

RsT [ Rreser |
ste TUUUUUMUUULRULLILL

—

1ch output

2ch output

Initial state

When the RST pin is set to High, the excitation position of the output is forcibly set to the initial state. When
RST is then set to Low, the excitation position is advanced by the next STP input.
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LV8746V

(4) Output enable function

OE Operating mode
High Output OFF
Low Output ON

OE | Power save mode |
ste UL

1ch output T

2ch output [ 1

0% _\_\_
_\_\_

Output is high-impedance

When the OE pin is set High, the output is forced OFF and goes to high impedance.

However, the internal logic circuits are operating, so the excitation position proceeds when the STEP
signal is input to the STP pin. Therefore, when OE is returned to Low, the output level conforms to the
excitation position proceeded by the STEP input.

(5) Forward/reverse switching function

FR Operating mode
Low Clockwise (CW)
High Counter-clockwise (CCW)
FR <+« CW mode —>i¢— CCW mode —pj¢— CW mode
- UYL
Excitation position 1) (2) 3) “4) 5) 6) ®) @) 3) “4 ®)
1ch output
2ch output

The internal D/A converter proceeds by one bit at the rising edge of the input STEP pulse.

In addition, CW and CCW mode are switched by setting the FR pin.

In CW mode, the channel 2 current phase is delayed by 90° relative to the channel 1 current.

In CCW mode, the channel 2 current phase is advanced by 90° relative to the channel 1 current.
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LV8746V

(6) Output current vector locus (one step is normalized to 90 degrees)

100 ! —
00 01 02'(Full-step/
Half-step full
tarque)
80
g
RS 02
£ 60
c
o
5
(8]
)
3
<
o
— 40
] 03
c
c
5]
e
(@)
20
04
0 >
0 20 40 60 80 100
Channel 2 phase current ratio (%)
Setting current ration in each excitation mode
STEP Quarter Step (%) Half Step (%) Half Step (full torque) (%) Full Step (%)
Channel 1 Channel 2 Channel 1 Channel 2 Channel 1 Channel 2 Channel 1 Channel 2
00 100 0 100 0 100 0
01 100 33.3
02 66.7 66.7 66.7 66.7 100 100 100 100
03 33.3 100
04 0 100 0 100 0 100
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LV8746V

(7) Excitation mode setting function
The excitation mode of the stepping motor can be set as follows by setting the MD1 pin and the MD2 pin.

MD1 MD2 Microstep Resolution Excitation mode Initial position
Channel 1 Channel 2
Low Low Full Step 2 phase 100% -100%
High Low Half Step (full torque) 1-2 phase (full torque) 100% 0%
Low High Half Step 1-2 phase 100% 0%
High High Quarter Step W1-2 phase 100% 0%

This is the initial position of each excitation mode in the initial state after power-on and when the counter is reset.

(8) Excitation mode switching operation

When excitation mode is switched while the motor is rotating, each drive mode operates with the following

sequence.

Clockwise mode

Before the Microstep Resolution changes Position after the Microstep Resolution is changed
Microstep Position Quarter Step Half Step Half Step Full Step
Resolution (full torque)

60 62 062' 062'

61 62 062 062

Quarter Step 62 64 64 82

03 62 062 062

04 -62 -62' -62'

60 01 02' 02'

Half Step 02 03 02' 062

04 -63 -02' -62'

60 01 02' 02'

Half Step 02' 03 04 062'
(full torque)

04 -63 -62 -62'

Full Step 02' 03 64 64

*As for 60 to 64, please refer to the step position of current ratio setting.

If you switch microstep mode while the motor is driving, the mode setting will be reflected from the next
STEP and the motor advances to the closest excitation position at switching operation.
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(9) Typical current waveform in each excitation mode

Full Step (CW mode)

STP
(%)
100
I1 0
(%) —100
100
12 0
—100

Half Step(full torque (CW mode))

ST JESRERENEREEE

(%)
100

I1 0

—100
(%)

100

12 0

—100
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Half steprg (CW mode)

STP

(%)
100

I1 0
—100

)

100

12 .

—100

L

L

L

L

L

Quarter Step (CW mode)

UL

STP
(%)
100
I1 .
—100
(%)
100
12 0
—100
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Parallel input Mode (DM-High)

(1) Parallel input control logic

101(02) 111(12) Output current (Ig)
Low Low 0
High Low lo = (VREF/5)/RF)x1/3
Low High lo = (VREF/5)/RF)x2/3
High High Io = (VREF/5)IRF
PH1(2) current direction
Low OUTB — OUTA
High OUTA — OUTB
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(2) Typical current waveform in each excitation mode when stepping motor parallel input control

Full Step (CW mode)

101,111 H
PH1
102,112 H
PH2
(%)
100
I1 0
(%) —100
100
12 0
—100

Half Step(full torque (CW mode))

101
111
PH1
102
112
PH2
%)
100
11 0
—100
(%)
100
12 0
—100
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Half step (CW mode)

Io1

I11

PH1

102

112

PH2

In

12

Quarter Step (CW mode)

101

111

PH1

102

112

PH2

Il

I2

(%)
100

—100
(%)
100

0

—100

(%)
100

—100
(%)

100

—100
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Output short-circuit protection function

This output short protection circuit that makes the output a standby mode to prevent the thing that IC
destroys when the output is short-circuited by a voltage short and the earth fault, etc. , and turns on the
warning output to IC is built into.

VM short 1.High current flows if Trl and Tr4 are
ON.
W M 2.If RF voltage> setting voltage, then the
I I mode switches to SLOW decay.
3.If the voltage between D and S of Tr4
exceeds the reference voltage for 4ps,
™ Tr3 Tri T3 short status is detected.
= |l = |
o OFF OFF ~ OFF
OUTAF—( M }—+ouTs m) outa (M ous
Tr2 Tr4 Tr2 Tr4
= = = =7
OFF Lo |
RF RF
| | Short—circuit
Detection
VM short (left schematic)
VM VM 1.High current flows if Trl and Tr4 are ON
Short—circuit Short—circuit 2. If the voltage between D and S of Trl
Detection T Detection T exceeds the reference voltage for 2us,
. . short status is detected.
™ _|E_ —E"‘ rs i _|E_ ‘E"‘ 3 (right schematic)
m ~ OFF OFF 1.Without going through RF resistor,
OUTA @/ oUTB OUTA: M uTB current control does not operate and
T2 Tra T2 Tra current will continue to increase in
_|E_ —Ell— _|E_ —E||- CHARGE mode.
OFF OFF 2. If the voltage between D and S of Trl
RF R‘F exceeds the reference voltage for 4us,
% % short status is detected.
3| I
Load short 1.Without L load, high current flows.
VM VM 2. If RF voltage> setting voltage, then the
Short—circuit mode switches to SLOW decay.
T Detection T 3.During load short status in SLOW
) ) decay mode, current does not flow and
Tr Tr3 Trl Tr3 overcurrent state is not detected. Then
_|E_ _E"_ _|E_ _E“_ the mode is switched to FAST decay
W OFF m W OFF according to chopping cycle.
OUTA \\M/ ouTB ‘ OUTA \\M/ OouUTB 4. Since FAST state is short (=1ys),
T2 Tea T2 Tra switches to CHARGE mode before short
_IE_ _E"‘ _IE_ _E“‘ is detected.
OFF OFF 5.If voltage between D and S exceeds the
reference voltage continuously during
blanking time at the start of CHARGE

|

—w— 3

mode (Trl), CHARGE state is fixed
(even if RF voltage exceeds the setting
voltage, the mode is not switched to
SLOW decay). After 4us or so, short is
detected.
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(6) Detect current

25
'\.“-‘.
2 --._—-_E--_____.
"""'-l-.____--""-
z 15 —
5 1
° —Upp()r
05 LUV\‘t I
0
-50 0 50 100 150
) TEMPERATURE (°C)
Figure 15 Over Current
vs. Temperature

(1) Protection function operation(Latch type)

In the latch mode, the output is turned off when the output current exceeds the detection current, and the

state is maintained.

The output short protection circuit starts operating so that IC may detect a short output. When the
short-circuit is the consecutive between internal timers (=4 us), the output where the short-circuit is first
detected is turned off. Even if the following time (Tcem) of the timer latch is exceeded, the output is turned
ON again, and afterwards, when the short-circuit is detected, all the outputs of correspondence ch side are
still switched to the standby mode, and the state is maintained. This state is released by making it to ST

="L",

Output ON

Output OFF

Standby state

i Output ON
H-bridge
output status |
I<— 4ps
CEM Voltage | it
|
|
|
Short-circuit Short- 1o lease Short-circuit
Detection state circuit |
Internal counter
A A A A

1st counter 1st counter 1st counter
start stop start

1st counter
end

2nd counter  2nd counter

start

end
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(2) Abnormal state warning output pin
When IC operates the protection circuit detecting abnormality, the EMO pin has been installed as a
terminal that outputs this abnormality to CPU side. This pin is an open drain output, and if abnormality is
detected, the EMO output becomes (EMO="L") of ON.
EMO pin enters on a state in the following.
e When a voltage short, the earth fault or the load is short-circuited and the output short-circuit protection

circuit operates, the output pin

¢ When the junction temperature of IC rises, and the overheating protection circuit operates

Unusual condition EMO Channel 1 Output | Channel 2 Output
Channel 1 short-circuit detected ON OFF

Channel 2 short-circuit detected ON - OFF
Overheating condition detected ON OFF OFF

(3) Timer latch time (Tcem)
The time to output OFF when an output short-circuit occurs can be set by the capacitor connected between
the CEM pin and GND. The capacitor (Ccem) value can be determined as follows :

Timer latch : Tcem Tcem =~ C x V/I [sec]

V : Threshold voltage of comparator TYP 1V
| : CEM charge current TYP 10pA

”4-

Latch type
Sps/div

L [ 1
L T T
OUT-GND short C i
PRI EUPRPN U B IV 2|
15 chunter — T T
Aus /4 w— 2" counter

~&

"EM ¢harge

5]

Thermal shutdown function

The thermal shutdown circuit is incorporated and the output is turned off when junction temperature Tj
exceeds 180°C and the abnormal state warning output is turned on. As the temperature falls by hysteresis,
the output turned on again (automatic restoration).
The thermal shutdown circuit does not guarantee the protection of the final product because it operates
when the temperature exceed the junction temperature of Tjmax=150°C.

TSD = 180°C (typ)

ATSD = 40°C (typ)
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Charge Pump Circuit

When the ST pin is set High, the charge pump circuit operates and the VG pin voltage is boosted from the
VM voltage to the VM + VREGS5 voltage. | will recommend the drive of the motor to put the time of tONG or
more after the ST pin is made "H", and to begin because | cannot control the output if there is no pressure

voltage of the voltage of the VG pin enough.

ST

VG pin voltage

tONG

VG Pin Voltage Schematic View

tONG Startup time with different VG capacitor
50ps/div = ST 500ps/div E
T T svidiv T i
RV, TV PR AR S - e
- N A
3 T ]
< » */soom
tONG 2.4ms
1 1 2 B
VM=24V VM=24V
CP1-CP2=0.1pF CP1-CP2=0.1pF
VG=0.1pF VG=0.1pF/0.22uF/1uF
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Application Circuit Example

e Clock input control mode application circuit (DM=Low)

if i {T] ve NC
O.ipF (
il * {} {Z] wm OUT1A [43}
N cP2 PGND1 [42 Ji
10pF 0.1uF 42}
CP1 NC
—| [5] vReos NG
O.1pF
Logic | O—{6] ATT2 NC
> input
™ ATTL VM1
wWW—{ 8 EMO NC
47kQ 2]
il il {9] cem RF1 A i
100pF NC NG
I AM—TI| RCHOP OUT1B [34
L
' 20kQ LV8746V -
NC ouTza [33]
[ RST/PH1 NC
Logic STP/I01 RF2 W I
input '
P FRI11 NC
————{16] mD2/PH2 VM2
I——{17| Mpwi02 NC
————8] ow NG
i OE/I12 NC
Logic o——[20] ST PGND2 [25] {
1.5V input
I {} {21] vrRer ouT2s [24}
I GND NC

The setting conditions for the above circuit diagram example are as follows :

® Full-step drive (MD1/102 = Low, MD2/PH2 = Low)
® Reset function fixed to normal operation (RST = Low)
® Chopping frequency : 62.5kHz (RCHOP = 20kQ)

ATT1 ATT2 Current setting reference voltage
Low Low VREF/5%100%
High Low VREF/5%67%
Low High VREF/5x50%
High High VREF/5x33%

The set current value is as follows :

louT = (VREF/5x Voltage setting ratio) / RF

Example ) When ATT=Low,ATT2=Low (VREF = 1.5V,RF=0.47Q)
louT=(1.5V/5x%x1)/0.47Q = 0.64A
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¢ Parallel input control modeaplication circuit (DM = High)

i i 1] ve NC
’ 01pF (
if * I {z] wm OuT1A [43}
N CP2 PGND1 [42] n
10pF 0.1pF
cP1 NC
if It {5] vREGS NC
0.1pF
Logic o—F6] A2 NC
input
O ATT1 VM1
+——wW—{8] EMO NC
47kQ ]
if il {9] cem RF1 W [
lOOpF NC NC
i AM—TT| RCHOP ouTiB [34]
20k Lv8746V
NC ouT2A [33]
1ch ® RST/PH1 NC
control
Logic 3 O STP/01 RF2 W I
input ’
® FR/N11 NC
och O MD2/PH2 VM2
Cl
control
Logic O MD1/102 NC
input DM NC
OE/I112 NC
Logic I,
15V input © ST PGND2 [25] I
if {} {21] vREF ouT2B [24]
il GND NC

The setting conditions for the above circuit diagram example are as follows :
® Chopping frequency : 62.5kHz (RCHOP = 20kQ)

101(02) 111(12) Output current (Io)
Low Low 0
High Low lo = ((VREF/5) / RF) x 1/3
Low High Io = ((VREF/5) / RF) x 2/3
High High Io = (VREF/5) / RF

Example ) When ATT=Low,ATT2=Low,101(02)=High,111(12)=High (VREF = 1.5V,RF=0.47Q)

loUT = (1.5V /5 x 1)/0.47Q = 0.64A

PH1(2) Electrical current direction
Low OUTB — OUTA
High OUTA — OUTB
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Allowable power dissipation
Pd max — Ta

*1 With components mounted on the exposed die-pad board
*2 With no components mounted on the exposed die-pad board

4.0

['wo-layer circuit board 1 *1
3.10

30 ~ \
Two-layer circuit board 2 *2\

2.20 ~_ \

Allowable power dissipation, Pd max — W

20
™~
N 161
~1.14
1.0
0
—20 0 20 40 60 80 100

Ambient temperature, Ta — °C

Substrate Specifications (Substrate recommended for operation of LV8746V)
Size :90mm x 90mm x 1.6mm
Material : Glass epoxy
Copper wiring density : L1 =85% /L2 = 90%

L1 : Copper wiring pattern diagram L2 : Copper wiring pattern diagram

Cautions
1) The data for the case with the Exposed Die-Pad substrate mounted shows the values when 90% or more

of the Exposed Die-Pad is wet.

2) For the set design, employ the derating design with sufficient margin.
Stresses to be derated include the voltage, current, junction temperature, power loss, and mechanical
stresses such as vibration, impact, and tension.
Accordingly, the design must ensure these stresses to be as low or small as possible.
The guideline for ordinary derating is shown below :
(1)Maximum value 80% or less for the voltage rating
(2)Maximum value 80% or less for the current rating
(3)Maximum value 80% or less for the temperature rating

3) After the set design, be sure to verify the design with the actual product.
Confirm the solder joint state and verify also the reliability of solder joint for the Exposed Die-Pad, etc.
Any void or deterioration, if observed in the solder joint of these parts, causes deteriorated thermal
conduction, possibly resulting in thermal destruction of IC.
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Evaluation board

LV8746V (90.0mmx90.0mmx1.6mm, glass epoxy 2-layer board, with backside mounting)

“vDD”
Power Supply
for Switch

"B VREGS

“DEMO

“BvDD

57

(L LV8746V RS

C6

=1y~

o e WV e

e

SW1 SW2 | SW3 SW4 SW5 SW6 SW7 SWB_ SW9 SW10 SWi1

)

EMM RS

Bill of Materials for LV8746V Evaluation Board

GND¥a
N “VM” Power

Substitution
Designator |Quantity| Description Value | Tolerance [ Footprint Manufacturer Manufacturer Part Number Allowed |Lead Free
Capacitor
for Charge 0.1pF,
C1 1 pump 100V +10% Murata GRM188R72A104KA35* Yes Yes
Capacitor
for Charge 0.1pF,
Cc2 1 pump 100V +10% Murata GRM188R72A104KA35* Yes Yes
5VREG
stabilization 0.1pF,
C3 1 Capacitor 100V +10% Murata GRM188R72A104KA35* Yes Yes
Capacitor to
set 100pF,
C4 1 CEM timer 50V +5% Murata GRM1882C1H101JA01* Yes Yes
VREF
stabilization 0.1pF,
C5 1 Capacitor 100V +10% Murata GRM188R72A104KA35* Yes Yes
VM Bypass 10pF, SUN Electronic
C6 1 Capasitor 50V +20% Industries 50ME10HC Yes Yes
Pull-up
Resistor for
for terminal 47kQ,
R1 1 EMO 1/10W +5% KOA RK73B1JT**473J Yes Yes
Resistor to set
chopping 20kQ,
R2 1 frequency 1/10W +5% KOA RK73B1JT**203J Yes Yes
Channel 1
output current
detective 0.47Q,
R3 1 Resistor 1w +5% ROHM MCR100JZHJLR47 Yes Yes
Channel 2
output current
detective 0.47Q,
R4 1 Resistor 1w +5% ROHM MCR100JZHJLR47 Yes Yes
SSOP44K SANYO
IC1 1 Motor Driver (275mil) semiconductors LV8746V No Yes
SW1-SW10 10 Switch MIYAMA MS-621C-A01 Yes Yes
TP1-TP23 23 Test Point MAC8 ST-1-3 Yes Yes
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Evaluation board circuit

\*J

*VM
Power supply
input terminal

- T vo N
Cc1
v$v| ouT1A [43}
0.1pF
cP2 PGND [42} Ji
c2
cP1 NC
i O'?FF [5] vreGS NC (3)
C3
F‘ov;t;/rDsS:ply _: swi ATT2 NC 10uF -
or sach” PR (7] A VM1 1 e
- (¢ terminal
8 37 -
100pF = = 0470 L1, !
It ]I 9] cem RF1 \—«évs\,—{h I I
C4 | |
. NC NC | |
i MY 11| RCHOP ouTis [ lo |
' R = LV8746V ! Il
NC OuT2A 33} T |
il e <3°> RST/PH1 NC | |
v Fi‘:__.<1>‘(1) 0470 ==
A < STP/I01 RF2 \—:m—{u
e FRIL1 NC
,*f:_:swe MD2/PH2 VM2
H—t MD1/102 mc @
,*f:_:sws DM NC
Constantgx'?eifControlfor 't | swo OE/l12 NC
Reference Voltage —_—
= e —ts 20| ST PGND [25} i
I Q{TF [zT] VREF outzs |24}
C5
[ GND NC
[Clock input control ]
VM=24V,VDD=3.3V,VREF=1.5V
ST=H,DM=L
EMM=L,RST/PH1=L,0OE/I12=L [Parallel input control(OUT1A-OUT1B)]
ATT1=ATT2=L, VM=24V,VDD=3.3V,VREF=1.5V
FR/111=L ST=H,DM=H
MD1/102=MD2/PH2=H EMM=L,ATT1=ATT2=L,
STP/101=500Hz(Duty50%)
5ms/div jsms/div. I
Klﬂ . - = m + :
| I

(©)

—
3

<3>

[7X]

lout2

0.2A/div

—
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Evaluation Board Manual

[Supply Voltage] VM (9 to 35V): Power Supply for LSI

VREF (0 to 3V): Const. Current Control for Reference Voltage
VDD (2 to 5V): Logic “High” voltage for toggle switch

[Toggle Switch State] Upper Side: High (VDD)

Middle: Open, enable to external logic input
Lower Side: Low (GND)

[Operation Guide]
For clock input control

1.

2.

Initial Condition Setting: Set “Open” the toggle switch STP/I01, and “Open or Low” the other
switches

Motor Connection: Connect the Motors between OUT1A and OUT1B, between OUT2A and
OUT2B.

Power Supply: Supply DC voltage to VM, VREF and VDD.

Ready for Operation from Standby State: Turn “High” the ST terminal toggle switch. Channel 1
and 2 are into full-step initial position (100%, -100%).

Motor Operation: Input the clock signal into the terminal STP/IO1.

Other Setting

i. ATT1, ATT2: Motor current attenuation.

ii. EMM: Short circuit protection mode change.

iii. RST/PHL1: Initial Mode.

iv. FR/I11: Motor rotation direction (CW / CCW) setting.
v. MD1/102, MD2/PH2: Excitation mode.

vi. OE/112: Output Enable.

For parallel input control

1.

2.

Initial Condition Setting: Set “Open” the toggle switch DM, and “Open or Low” the other
switches

Motor _Connection: Connect the Motors between OUT1A and OUT1B, between OUT2A and
OUT2B.

Power Supply: Supply DC voltage to VM, VREF and VDD.

Ready for Operation from Standby State: Turn “High” the ST snd DM terminal toggle switch.
Motor Operation: Set STP/I01, MD1/102, RST/PH1, MD1/102, OE/I112 and MD2/PH2 terminals
according to the purpose

Other Setting
i. ATT1, ATT2: Motor current attenuation.

[Setting for External Component Value]

1.

Constant Current (100%)

At VREF=1.5V
lout =VREF [V]/5/RF[Q]
=1.5[V]/5/0.47 [Q]
=0.64 [A]

2. Chopping frequency setting.

62.5kHz (RCHOP=20kQ)

3. Short Protection Latch Time

Tscp  =CEM [pF] x Vt[V]/ Ichg [uA]
=100 [pF] x 1 [V]/ 10 [pA]
=10 [uS]

35/37



LV8746V

Warning:

ePower supply connection terminal [VM, VM1, VM2]

v' Make sure to short-circuit VM, VM1 and VM2.For controller supply voltage, the internal regulator voltage
of VREGS (typ 5V) is used.

v" Make sure that supply voltage does not exceed the absolute MAX ratings under no circumstance.

Noncompliance can be the cause of IC destruction and degradation.

Caution is required for supply voltage because this IC performs switching.

The bypass capacitor of the power supply should be close to the IC as much as possible to stabilize

voltage. Also if you intend to use high current or back EMF is high, please augment enough capacitance.

v
v

o¢GND terminal [GND, PGND1, PGND2, Exposed Die-Pad]

v" Since GND is the reference of the IC internal operation, make sure to connect to stable and the lowest
possible potential. Since high current flows into PGND, connect it to one-point GND.

v' The exposed die-pad is connected to the board frame of the IC. Therefore, do not connect it other than
GND. Independent layout is preferable. If such layout is not feasible, please connect it to signal GND. Or
if the area of GND and PGND is larger, you may connect the exposed die pad to the GND.

(The independent connection of exposed die pad to PGND is not recommended.)

elnternal power supply regulator terminal [VREG5]

v VREGS is the power supply for logic (typ 5V).

v When VM supply is powered and ST is "H”, VREG5 operates.

v' Please connect capacitor for stabilize VREGS5. The recommendation value is 0.1uF.

v" Since the voltage of VREGS fluctuates, do not use it as reference voltage that requires accurancy.

elnput terminal
v" The logic input pin incorporates pull-down resistor (100kQ).

v" When you set input pin to low voltage, please short it to GND because the input pin is vulnerable to noise.
v The inputis TTL level (H: 2V or higher, L: 0.8V or lower).
v" VREF pin is high impedence.

eOUT terminal [OUT1A, OUT1B, OUT2A, OUT2B]

v' During chopping operation, the output voltage becomes equivalent to VM voltage, which can be the cause
of noise. Caution is required for the pattern layout of output pin.

The layout should be low impedence because driving current of motor flows into the output pin.

Output voltage may boost due to back EMF. Make sure that the voltage does not exceed the absolute
MAX ratings under no circumstance. Noncompliance can be the cause of IC destruction and degradation.

v
v

eCurrent sense resistor connection terminal [RF1, RF2]

To perform constant current control, please connect resistor to RF pin.

To perform saturation drive (without constant current control), please connect RF pin to GND.

If RF pin is open, then short protector circuit operates. Therefore, please connect it to resistor or GND.
The motor current flows into RF — GND line. Therefore, please connect it to common GND line and low
impedence line.

ANENENEN

oNC terminal
v" NC pin is not connected to the IC.
v"If VM line and output line are wide enough in your layout, please use NC
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B Any and all SANYO Semiconductor Co.,Ltd. products described or contained herein are, with regard to
"standard application”, intended for the use as general electronics equipment (home appliances, AV equipment,
communication device, office equipment, industrial equipment etc.). The products mentioned herein shall not be
intended for use for any "special application" (medical equipment whose purpose is to sustain life, aerospace
instrument, nuclear control device, burning appliances, transportation machine, traffic signal system, safety
equipment etc.) that shall require extremely high level of reliability and can directly threaten human lives in case
of failure or malfunction of the product or may cause harm to human bodies, nor shall they grant any guarantee
thereof. If you should intend to use our products for applications outside the standard applications of our
customer who is considering such use and/or outside the scope of our intended standard applications, please
consult with us prior to the intended use. If there is no consultation or inquiry before the intended use, our
customer shall be solely responsible for the use.

B Specifications of any and all SANYO Semiconductor Co.,Ltd. products described or contained herein stipulate
the performance, characteristics, and functions of the described products in the independent state, and are not
guarantees of the performance, characteristics, and functions of the described products as mounted in the
customer's products or equipment. To verify symptoms and states that cannot be evaluated in an independent
device, the customer should always evaluate and test devices mounted in the customer's products or
equipment.

B SANYO Semiconductor Co.,Ltd. assumes no responsibility for equipment failures that result from using
products at values that exceed, even momentarily, rated values (such as maximum ratings, operating condition
ranges, or other parameters) listed in products specifications of any and all SANYO Semiconductor Co.,Ltd.
products described or contained herein.

B SANYO Semiconductor Co.,Ltd. strives to supply high-quality high-reliability products, however, any and all
semiconductor products fail or malfunction with some probability. It is possible that these probabilistic failures or
malfunction could give rise to accidents or events that could endanger human lives, trouble that could give rise
to smoke or fire, or accidents that could cause damage to other property. When designing equipment, adopt
safety measures so that these kinds of accidents or events cannot occur. Such measures include but are not
limited to protective circuits and error prevention circuits for safe design, redundant design, and structural
design.

M |n the event that any or all SANYO Semiconductor Co.,Ltd. products described or contained herein are
controlled under any of applicable local export control laws and regulations, such products may require the
export license from the authorities concerned in accordance with the above law.

B No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system, or otherwise,
without the prior written consent of SANYO Semiconductor Co.,Ltd.

B Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification" for the
SANYO Semiconductor Co.,Ltd. product that you intend to use.

B |nformation (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed
for volume production.

B Upon using the technical information or products described herein, neither warranty nor license shall be granted
with regard to intellectual property rights or any other rights of SANYO Semiconductor Co.,Ltd. or any third
party. SANYO Semiconductor Co.,Ltd. shall not be liable for any claim or suits with regard to a third party's
intellctual property rights which has resulted from the use of the technical information and products mentioned
above.

This catalog provides information as of June, 2011. Specifications and information herein are subject
to change without notice.
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