LV8811G, LV8813G

Advance Information

Motor Driver, 3-Phase, PWM,
Full-Wave, BLDC

Overview

The LV8811G /LV8813G is a 3-phase BLDC motor driver which is controlled
by single Hall sensor. A 180 degrees sinusoidal driving method is adopted and
the IC can control motor with low vibration and the low noise. In addition,
lead-angle adjustment is possible by an external pin. Lead-angle value and
lead-angle slant can be adjusted independently. Thus, the device can be driven
by high efficiency and low noise with various motors. The power element to
drive a motor is built-in and contributes to high efficiency by low on resistance
(0.5 Q). The Hall sensor bias driver is equipped, and a Hall IC is supported as
well. As a method of the rotary speed control of the motor, direct-PWM pulse
input or DC-voltage input can be chosen.

Features

e  3-phase full wave (sinusoidal) drive

e Any practical combination of slot and pole can be handled. (e.g. 3S3P,
3S4P, 6S4P, 6S8P, 12S8P, 9S12P and so on)

built-in power FETs (P-MOS/N-MQOS)

Speed control function by direct PWM or DC voltage input
Minimum input PWM duty cycle can be configured by voltage input
Soft start-up function and soft shutdown function

Soft PWM duty cycle transitions

Built-in current limit circuit and thermal protection circuit
Regulated voltage output pin for Hall sensor bias

Built-in locked rotor protection and auto recovery circuit

FG signal output

Dynamic lead angle adjustment with respect to rotational speed
Lead-angle control parameters can be configured by voltage inputs.

Typical Applications
e Refrigerator

e PC

e Games

This document contains information on a new product. Specifications and information
herein are subject to change without notice.
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LV8811G, LV8813G

BLOCK DIAGRAM
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Figure 1: LV8811G/13G Block Diagram
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LV8811G, LV8813G

APPLICATION CIRCUIT DIAGRAM
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Figure 2: Three-phase BLDC Motor Drive with LV8811G/13G using One Hall Sensor
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LV8811G, LV8813G
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Figure 3: Three-phase BLDC Motor Drive with LV8811G/13G using One Hall IC
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LV8811G, LV8813G
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Figure 4: Three-phase BLDC Motor Drive with LV8811G/13G using input PWM to DC conversion for speed control
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Example Component Value

LV8811G, LV8813G

Device Value Device Value

D1 MBRA340T3G (ON semi) R5 0 to 50kQ
ZD1 MNSZ5247BT1G (ON semi) R6 50 to 0kQ

R7 1kQ
CM 4.7uF R8 NC
C1 1500pF R9 1to 5kQ
Cc2 1uF R10 1kQ
C3 0.1pF R11 0 to 50kQ
C4 1uF R12 50 to 0kQ
C5 390pF R13 10kQ

R14 30kQ
R1 0.22Q /1 0.22Q (0.5W) R15 7.5kQ
R2 1kQ R16 62kQ
R3 0 to 50kQ R17 68kQ
R4 50 to 0kQ
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LV8811G, LV8813G

PIN ASSIGNMENT
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Figure 5: LV8811G/13G Pin Assignment
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LV8811G, LV8813G

LV8811G VS LV8813G COMPARISION

Use application

-LV8811G : Wide operation supply voltage range. Suitable for small-size fans.
-LV8813G : Stable start-up even with a large load. Suitable for large-size fans.

Different Characteristics

LV8811G LV8813G Comment Reference

. LV8811G has a wide operation voltage range.

g&%ﬁé’ﬁ’:&?'&%ge 36Vto16V | 6.0Vto 16V ILV881:_3G has a diffgrent vee Io?/ver Ii?*nit to support Pg. 11
arge-size fan.
Alignment Duty 625‘(343%15102);2 50%6->25% II_;f;i-l;Se?:i;tronger alignment to secure the start-up of Pg. 20
Alignment time 0.8ms 1.0s I(;]}/Ii?;:iisszllggger adjustment time to secure the start-up Pg.11, 23, 25
o3 | oms | e e sy o o | pg.11,20.25
tggt}gggggﬁ?ﬂf Time 5.8 5.4s This (_:haracteristic is different due to a different Lock Pg. 23, 25
ratio 1:5 1:3 detection time. Pg. 23, 25
PIN FUNCTION DISCRIPTION
Pin No. Pin Name Description

1 VO V-phase output pin

2 uo U-phase output pin

3 RF Inverter power supply and Motor current sense resistor pin

4 RFS Motor Current Sense

5 VCC Power supply pin

6 REG Internal regulator output pin

7 PH1 Lead-angle adjustment pin 1

8 PH2 Lead-angle adjustment pin 2

9 PWM Speed reference input PWM pin

10 FG Motor speed feedback output pin

11 IN1 Hall sensor input pin 1

12 HB Hall sensor bias output pin

13 IN2 Hall sensor input pin 2

14 MDS Minimum output PWM duty cycle setting pin

15 VTH Speed reference input DC voltage pin

16 CPWM PWM clock frequency control pin

17 SGND System ground pin

18 WO W-phase output pin

19 NC No connection

20 PGND Power ground pin
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LV8811G, LV8813G

MAXIMUM RATINGS (Note 1)

Parameter Symbol Value Unit
Maximum supply voltage (Note2) VCCuax 20 \%
Maximum output voltage (Note3) VOUTwax 20 \%
Maximum output current (Note3, Note4) 10UT wax 2.0 A
VREG pin maximum load current IREGumax 20 mA
HB pin maximum load current IHBmax 10 mA
PWM pin maximum input voltage VPW Muax 6 \Y
FG pin maximum withstanding voltage VFGuax 17 \Y
Input pins maximum withstanding voltage (Note5) (Note 6) 3.6 \Y
Allowable Power Dissipation (Note7) Pduax 2.25 W
Storage Temperature Tstg -55 to 150 °C
Junction Temperature TIuax 150 °C
Moisture Sensitivity Level (MSL) (Note8) MSL 3 -
Lead Temperature Soldering Pb-Free Versions (30sec or less) (Note 9) TsLD 255 °C

=

Stresses exceeding those listed in the Absolute Maximum Rating 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.

VCC supply pins are VCC(5pin), RF(3pin), and RFS(4pin).

Motor power supply pins are UO(2pin), VO(1pin), and WO(18pin).

NoorwD

© ©

I0UTwax is the peak value of the motor supply current.

Input pins are PH1(7pin), PH2(8pin), IN1(11pin), IN2(13pin), MDS(14pin), VTH(15pin), and CPWM(16pin).

Pin : Symbol PH1:VPH1uax, PH2:VPH2uax, IN1:VIN1uax, IN2:VIN2yax, MDS:VMDSuax, VTH:VVTHuax, CPWM:VCPW Muax
Specified circuit board : 56.5mmx56.5mmx1.8mm, glass epoxy 2-layer board. It has 1 oz internal power and ground planes and 1/2 oz
copper traces on top and bottom of the board. Please refer to Thermal Test Conditions of page 29.

Moisture Sensitivity Level (MSL): 3 per IPC/JEDEC standard: J-STD-020A

For information, please refer to our Soldering and Mounting Techniques Reference Manual, SOLDERRM/D

http://www.onsemi.com/pub_link/Collateral/SOLDERRM-D.PDF

THERMAL CHARACTERISTICS

Parameter Symbol Value Unit
Thermal Resistance, Junction-to-Ambient (Note7) ReJA 45.2 °C/W
Thermal Resistance, Junction-to-Case (Top) (Note7) RyyTt 13.3 °C/W
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Figure6. Power Dissipation vs Ambient Temperature Characteristic
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LV8811G, LV8813G

RECOMMENDED OPERATING RANGES (Note10)

Parameter Symbol Ratings Unit
VCC supply voltage Range at LV8811G(Note2) 3.6t016.0 \%
VCC supply voltage Range at LV8813G(Note2) VCCor 6.0t0 16.0 \%
PWM input frequency range frwm 20 to 50 kHz
PWM input duty cycle range Dpwm 0to 100 %
PWM input voltage range Vewm Oto5 \%
IN1 input voltage range Vin 0to VREG \%
IN2 input voltage range Vinz 0.3t0 1.8 \%
Control input Voltage Range (Notell) (Note 12) 0to VREG \%
Ambient Temperature Ta —-40 to 105 °C

10. 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.

11. Control input pins are PH1, PH2, MDS, and VTH

12. Pin: Symbol PH1:Vpu1, PH2:Vph2, MDS:Vups, VTH:Vyrh

ELECTRICAL CHARACTERISTICS
Ta=25°C, VCCop = 12V unless otherwise noted. (Note 13)

Parameter | Symbol | Condition | Min | Typ | Max | Unit
Circuit Current
Supply Current ‘ ICCO ‘ PWM =3V, CPWM=0V, 1c=0A ‘ ‘ 4.5 ‘ 7.0 ‘ mA
Protection (Notel4)
Over Current Detection Voltage VTHocp The voltage between VCC - RF 0.162 | 0.180 | 0.198 \%
Over Voltage Detection Voltage VTHowe VCC pin, Guaranteed by design 20 21 \%
Over Voltage Detection Hysteresis | AVTHovp VCC pin, Guaranteed by design 3 \%
Case of the LV8811G 0.26 0.33 0.40 S
Lock Detection Time Tw
Case of the LV8813G 0.61 0.77 0.93 S
Case of the LV8811G 4.46 5.8 6.96 S
Lock-Stop Release Time Tisr
Case of the LV8813G 4.32 5.4 6.48 S
Thermal Protection Detection T Guaranteed by design 150 180 c
Temperature
Lgtse:g:!sizrotection Detection ATme Guaranteed by design 15 ‘C
Regulator
REG Pin Output Voltage ‘VREG ‘ ‘ 2.7 ‘ 3.0 ‘ 3.3 ‘ \%
Output
UO/VO/WO Output Resistance ‘ ROUTon 10=0.8A, High-side + Low-side ‘ ‘ 0.5 ‘ 0.65 ‘ Q
FG Output (Notel5)
FG Pin Low Level Output Voltage VecL lrc=5mMA 0.3 \%
FG Pin Leak Current lreLk Vee=16V 1 MA
Hall Bias & Hall Signal Input
HB Pin Output Voltage Ve lie=5MA 1.06 1.18 1.30 \%
IN1/IN2 Input Current In 1 MA
Hall Signal Input Hysteresis AVy Guaranteed by design +/-10 mV

Continued on next page.
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LV8811G, LV8813G

Continued from preceding page.

Parameter Symbol Condition | Min | Typ | Max | Unit
PWM Input
PWM Pin Low Level Input
Voltage Vewm 0 0.6 \Y
PWM Pin High Level Input
Voltage Veww 23 55 v
PWM On Time .
(Note16) Trwmon Guaranteed by design 200 ns
PWM Off Time .
(Note16) TrwMoFF Guaranteed by design 200 ns
CPWM Input
C\:/I?)\Ilt\g\éleMlnlmum Output VepwmL CPWM Voltage = VREG x Parcentage 16 18 20 %
CPWM Maximum Output Ve CPWM Voltage = VREG x Parcentage 65 67 69 %
Voltage
CPWM Source Current lepwmso Vepwn=1.3V 20 29 38 HA
CPWM Sink Current lepwmst Vepwn=1.3V -38 -29 -20 IJA

13. 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.

14. Refer to the protection circuit explanation in the function description

15. For FG output pin, it is recommended to connect pull-up resistor between the pin and power supply of the controller.

16. In case PWM frequency is 30kHz, the PWM duty cycle must be within a range between 0.6% and 100% except for 0%

www.onsemi.com
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LV8811G, LV8813G

TYPICAL CHARACTERISTICS
8 0.3
6
o % 0.2
T 4 | mem—— 3
Q 0.1
22
0 0
2 6 10 14 18 22 0 4 8 12 16 20
VCGCoP[V] _ VCCop[V] _
Figure 7. Supply current Figure8. Over Current Detection
vs Vcce voltage voltage vs Vcc voltage
4 4
3 e @ 3
=
&2 =2
> 0]
]
1 =1
0 0
2 6 10 14 18 22 0 20 40 60 80 100
VCCoP[V] IREG[mMA]
Figure9. VREG output voltage vs Figure10. VREG output voltage
Vcc voltage vs VREG load current
0.8 —‘Usou}ce I— - IUsink 0.5
Vsource == = Vsink P
0.6 e \NSOUrCE == ==  Wsink 0.4 7
S04 503 ’/
2 ;3 0.2 ,/
3 ﬁﬁ
=02 <55§EEF§T§T=§ 0.1 ~
0 0
0 04 08 12 16 2 24 0 4 8 12 16 20
IOUTIA] IFG[mA]
Figure11. Output ON resistance Figure12. FG output voltage vs
vs Output current FG input current

www.onsemi.com

12




LV8811G, LV8813G

TYPICAL CHARACTERISTICS
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LV8811G, LV8813G

FUNCTIONAL DESCRIPTION

Power Supply Pins (VCC, RF)

VCC is a signal power supply whereas RF is output
power supply. The RF pin supplies large current to
built-in power MOS FTEs. (Figure22)

*Please refer to pg.16 "Resistor for Output Current
Sense Pin (RF)" about the OCP sense resistance of RF
terminal.

GND Pin (SGND, PGND)

SGND is a signal ground whereas PGND is a power
ground. Since PGND has to tolerate surge of current,
separate it from the SGND as far away as possible and
connect it point-to-point to the ground side of the
capacitor (CM) between power supply and ground.

Internal 3.0V Voltage Regulator Pin (REG)

An internal 3.0V voltage regulator acts a power source
for internal logic, oscillator, and protection circuits.
When MDS and PH1 and PH2 are used, it is
recommended that application circuits are made using
this output. In addition, the application circuit of VTH is
same, too. The maximum load current of VREG is
10mA. Warn not to exceed this. Place capacity of 1uF
degree and the 0.1uF degree in the close this pin.
(Figurel9)

i

7T

Figurel9. Equivalent circuit of REG

Rotational Signal Pin (FG)

Frequency of the FG output represents the motor’s
electrical rotational speed (the same rectangular waves
as the UO). It is an open drain output. Recommended
pull up resistor value is 100Q — 1kQ. Leave the pin open
when not in use. (Figure20)

vCC

—

(10 Fa

= =

s TIT

Figure20. Equivalent circuit of FG

Motor Drive Output Pins (UO, VO, WO)

These pins are output of built-in three-phase MOSFET
based inverter that drives the motor. Each leg of the
inverter is having high side P-MOSFET and low side
N-MOSFET. (Figure21)

€

(3) RF

(1) vo

2)U0

(18wo

_|

Figure2l. Equivalent circuit of U/V/W

Hall-Sensor Bias Output Pin (HB)

The LV8811G/13G provides a bias regulator output
(1.18V typ.) for a hall sensor. It is recommended that
this output used only for hall sensor bias.

Hall-Sensor Input Pins (IN1, IN2)

Differential output signals of the hall sensor are to be
interfaced at IN1 and IN2. Itisrecommended that 0.1uF
capacitor is connected between both pins to filter system
noise.

When a Hall IC is used, the output of the Hall 1IC must
be connected to the pin IN1. And, the pin IN2 must be
kept in the middle level of the Hall IC power supply
voltage.

Regarding the polarity of a Hall sensor and IC, refer
‘Rotation Direction’ on page 17.
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LV8811G, LV8813G

Motor Current Sense Resistor Pin (RF)

This is also the power supply pin for the built-in power
inverter. Voltage across the sense resistor represents the
motor current and is compared against the internal
VTHovc (0.18Vtyp.) for setting the over-current
protection (OCP) limit. (Figure22)

The serise resistor (Sence resistor)
LI | !

RF

S

G/

(
PGNDY
\ ]

7T

The power MOS FETs

Figure22. Schematic view of power current route

The sense resistor value is calculated as follows.

VTHocp[V]

Sense Resistor[Q] = OCP[A]

For example, to set the OCP current threshold at 1.5A,
the sense resistor value is

0.18(typ)

S Resistor =
ense Resistor 15

Res = 0.12[Q]

Motor Current Sense Pin (RFS)

This pin reads voltage across the series sense resistor
and compares with internal VTHocp. When the
measured voltage exceeds VTHocp, OCP is triggered
and when it falls below VTHqocp, the LV8811G/13G
exits from the OCP mode. A series RC filter is
recommended to avoid OCP trigger due to switching
noise. (Figure23)

Vce
LPF
I’ _____ A
1 1
R
é)AV ! ,
-
LAAA | 1
N o e - 7/
RFS/\ Vccf\
\/ \/
=) V =VTHqcp
RF

(“AV < VTHgcp
The OCP mode is ineffictive.
AV > VTHgep :
The OCP mode is effictive.

~J Control to OCP

Figure23. Schematic view of the OCP circuit

Command Input (PWM)

This pin reads the duty-cycle of the PWM pulse and
controls rotational speed. The PWM input signal levels
can support both 3.3V and 5V. Confirm the standard
level before using the pin. The combination with the
rotational speed control by VTH, is impossible.

When the pin is not used, it should be connected to
ground. The minimum pulse width is 200ns. (Figure24)

VREG —¢ *

F_ 50k

— [ PWM

~—

7T

Figure24. Equivalent circuit of PWM
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LV8811G, LV8813G

Minimum Duty Setting Pin (MDS)

The too small duty cycle of the input PWM can be
blanked out. The threshold of the minimum duty cycle
is configurable. The DC voltage level applied to this pin
is converted to this threshold. The voltage is fetched
right after the power-on-reset. Because the internal
conversion circuit works inside VREG power rail, it is
recommended that the MSD voltage is made from
VREG. This pin is also used for setting of FG frequency.
Refer *Parameter Setting by Constant Voltage’ on page
24, and *Setting Minimum PWM Duty Cycle’ on page
25.

Lead-angle Setting Pin (PH1, PH2)
LV8811G/13G provides the dynamic lead angle
adjustment. To match the motor characteristics, the
base angle and change ratio with respect to the rotation
speed can be configured. The DC voltage levels applied
to these pins are converted to the lead angle parameter.
The voltages are fetched right after the power-on-reset.
Because the internal conversion circuit works inside
VREG powver rail, it is recommended that the PH1 and
PH2 voltages are made from VREG. Refer ‘Parameter
Setting by Constant Voltage’ on page 24, and ‘Setting
Lead Angle’ on page 26.

PWM Frequency Setting Pin (CPWM)

When rotational speed is controlled with the DC voltage,
this pin is used. The frequency of the chopping wave
which the pin generates at external capacity can be
changed. The frequency of this chopping wave equals
frequency of the PWM control that the output works.
Thus, it is necessary to adjust within the range of
20k~50kHz.

The relations between the external capacitor and
frequency are shown in the next formula.

PWM Frequency [Hz]

_ Icpwmsi/o[Al
2 X (Vepwmn — Vepwmr)VREG[V] X C[pF]

For example, the capacitance of CPWM, to make the
PWM frequency 25k Hz, can be determined by the
followings

29u(t
25k = u(typ)
2.94(typ) x C
C = 390[pF]

The combination with the rotational speed control by
PWM is impossible. When this pin is not used, it should
be connected to GND. (Figure25)

VREG ' '
-0

Figure25. Equivalent circuit of CPWM

Rotational Control Pin by DC voltage (VTH)

This pin reads the input DC voltage and controls
rotational speed. The VTH voltage is compared with the
CPWM chopping wave with an internal comparator and
generates PWM pulse and controls rotational speed with

frequency and duty-cycle of this pulse.

The CPWM amplitude is decided by VREF. Thus, VTH
is made from VREG. The
combination with the rotational speed control by PWM
is impossible. When the pin is not used, it should be
OPEN. Refer ‘PWM duty control by analog voltage’ on

recommends that it

page 23. (Figure26)

VREG *

from 1k
CPWM

VTH

_|<

s s

Figure26. Equivalent circuit of VTH

NC Pin (NC)
Do not connect any signal to the NC pin.
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LV8811G, LV8813G

DETAILED DESCRIPTION As for all numerical value used in this description, the design value or the typical value is

used.

Rotation Direction

The motor type can be categorized into two groups as
3S2P and 3S4P. (S: Slot, P: Pole). The 3S2P group
contains 3S2P, 6S4P and 12S8P, for instance, and 3S4P
groups contains 3S4P, 6S8P and 9S12P. The rotate

direction of 3S2P group is CW, that of 3S4P group is
CCW. The direction can be changed by exchanging
connection between U and W, in the case where the hall

sensor is between U coil and W coil. (Figure27)

Figure27. Schematic diagram of motor

Hall output polarity also needs to be set with the type of SP motors. It is shown in Figure28, 29

IN2| 13
.
3S2P
6S4P HB 12-@\/W%— Hall
1258P
IN1| 11
IN2 | 13
.
354P
6S8P HB | 12 Hall
9S12P
INT | 11

Figure28. Hall element use connection

REG 6
IN2 13
3S2P
6S8P
1258P HB 12 — Open
VDD
IN1 11 Hall
S
REG 6
354P
658P IN2 13
9S12P
HB 12 —
VDD
Hall
IN1 11
Ic VSS

Figure29. Hall IC use connection
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LV8811G, LV8813G

Device Start-up

The LV8811G/13G will start driving, when the PWM
signal is input at the PWMIN pin after a power supply is
turned on.

Commutation

The commutation timing is determined with respect to the
one Hall sensor connected to the pin IN1, while
conventional sensor-based BLDC motor drivers need
three sensors.

Output Waveform

The output PWM duty cycle is modulated so that the
phase-to-phase voltage waveform is sinusoidal. Two
phases are driven with PWM, while the other phase sunk
to ground.

It can handle the rotational speed up to the 250Hz of FG
frequency (electrical cycle). However, for higher speed
case, it depends on motor mechanical parameters.

A wave pattern example is shown in Figure30.

INT + //””““\\//' \ / \ / T
T T T T
[ IN1 L L L HH ‘ —rC [ L ~ H ‘ H. H |
Hall | | : | ; | : : 3 | | | :
oomparato" i }
e | | 1l m
Maxi—-—--—- [ I oo _'_j'_' v I 'Ji__"_'_"__ T p L B
o || AT T T T L
AR eI U O
VO i _\_|_|_| | | i ’_r'_'_b—"', | RI_LLLLH i | i ’_,_I_’J_r—'_
0% F-—-1-- 4= *"Ir SR S Lo ?‘-'_—r-':--—-—————
wo T T T ST T
0% Frf__ N a —:r _Ll_' 3 | I T .1:__-_- 3 T 3 I I

Figure30. Timing chart example: Normal Rotation

The amplitude of current waveform is determined by input PWM duty cycle while the sinusoidal waveform is kept.

m=a ettt 1 # 725H: @ -394V
L] FG E—— { WIH: B AV
1 A152 He ALDOY

|

U-out

Current of Ut

7a5H @ -394V
1WiHz @ -3mAV

al00v

I s= Input PWM aufy-éycle 50%

Waveform1. Normal Rotation (Output pin)

Input PWMnduty;éycle 100% 7‘
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Detail of the Rotor Start Position Alignment
After detecting input PWM, the motor is aligned to the
start position.

[LV8811G]

The output PWM duty cycle sequence for the rotor
alignment consists of the three steps.

Alignment duty 1st: 6%, 2nd: 5%, 3rd: 20%

LV8813G

[LV8813G]

The output PWM duty cycle sequence for the rotor
alignment consists of the single step.

Alignment duty 50%

The start position alignment is independent on the input
PWM duty cycle, and applies the preset duty cycle
described above. (Figure31l.)

Input duty [%]

60%

Input frequency [kHz] 30kHz
£ 509 -+ —
z - Lv8813G —_—
> 25%------- -
-]
- —
B 20%0-mnem e e —_—
—_—
: .=
3 15%---------- .
| |
| |
6% |- LV8811G | |
5% |--ff-mmmmmm D i
|
0% L Time
| LV8811G Alignment time 800ms 1s
4 >
N 7
LV8813G Alignment time !
4 A
Y 7
Output frequency [kHz] 30kHz

Figure3l. Timing chart example: Alignment duty cycle

Rotation Start-up and Soft-start

After alignment at the start position, the motor starts to
rotate in sinusoidal drives, increasing output duty-cycle
(increment slope is 26%/s) till the output duty-cycle
reaches the target duty-cycle. In case the input PWM
duty-cycle is under 20%, the output duty-cycle decreases

Outputduty [%] (Duty was set more than 20%)

to the target duty-cycle after reaching 20%. After 32 FG
pulses the lead angle increases to the target lead angle
(tuned from PH1/PH2) by 1 degree steps at every FG edge.
(Figure32)

Targetduty(>20% )

20%

Lv8811G

20%

A=-26[%/sec]

Targetduty(< 20% )

,,,,,,,,,,,

Time

|
! | |

Lead angle [deg] ! | Leadangle !
! FG count < adjusting —>!
} =32 | |
&> .
} i Target Lead angle
} } i A=1[deg/FG]
I I A
| |
| |
i ‘

0 0.8s/1.0s

Positioning drive

Sinusoidal drive

Figure32. Timing chart example: Positioning and Soft start
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PWM

T _Jt il 11

ool — il e

i

= L

’J”"H' 'I:\ill!\ bR b ML 1 4
vt by M R

i

(@B o0V _w & I [] | (@m_10ov_& & [ [1] ‘
Input PWM duty cycle 18/ - Input PWM duty cycle 50/ R ———
o - ) | @

Waveform2 Alignment and Soft start (Case of the LV8811G)
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Duty cycle decreasing and Stop

When input PWM duty cycle is changed from 80% to duty-cycle is always updated at positive edge of FG.
20%, the output duty cycle decreases gradually to 20% (Figure33)
with the decrement slope of 26[%/s]. The target
Input PASERN
duty [%] | 80% ] | o 20% | 60% 0%
/, ~ _ ,: \\
Outputduty [%] ’ N N
sow o Lv8813G__ / 80% N
60% 7 \\ 60%
i 4 n=26[%/sec] : N
Alignment tarm it feennd AN
0% e 7 20% S
LV881lG, \
/

Time [sec]

Tek ) ) ) [ - - - —

PWM

FG

Current
of U-Out

(@ 100V & D0V v @ 2.00V %6‘2.00:\‘9‘)[ ) ] J[ $7s ][ ] 3 }

IFE SR A EL R Bl G5

Waveform3. Input duty changing (Case of the LV8811G)
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Output Frequency

When input PWM duty-cycle is 100%, the output
frequency is 66k Hz generated from the internal oscillator.
When input PWM duty-cycle is changed from 100% to
50% with 30k Hz, output frequency is changed from 66k

Hz to 30k Hz. When input PWM duty-cycle is changed to
100% again, output frequency will remain 30k Hz.
(Figure34)

Input duty [%]

50% 100%

Input frequency [kHz] (DC)

30kHz (DC)

100%)

50%
20%

Output duty [%]

Time

Output frequency [kHz] 66kHz (Initial freq)

30kHz 30kHz

Figure34. Timing chart example: Output frequency changing

Protections

When THP (Thermal Protection) or CLM (Current
Limiter) is detected, the output duty cycle decreases to the
minimum duty cycle rapidly. After exiting the protection
mode, the output duty cycle increases with 26%/sec slope.
When OVP or LVD signal are detected, all outputs are
turned off. After OVP and LVD are released, outputs are
restored to the duty controlling state. (Figure35)

When the current limiter is activated with 80% input duty
cycle, the output duty cycle may be restricted before
achieving target duty cycle(80%). When the PWM input
changes from less than low duty cycle such as 50%, the
output duty cycle decreases gradually to 50% with normal
slope rate. (Figure36)

When current limiter activates with 100% input duty, the
output duty is restricted before achieving target duty cycle
(100%). When the PWM input changes from less than
low duty cycle such as 50%, the output duty cycle
decreases to 50% immediately without slope rate.

Output duty [%]
80%

50%

(Figure37)

The level of current limiter is adjustable using the value of
RF resistor.

The value of RF resistor should be set higher than the
current drawn at 100% input duty cycle.

Lock detection and Lock protection

[LV8811G]

It takes 5.8s for Lock-stop release. Lock restart time is
1.16s. This equals the total of lock detect time and the
alignment time. The lock restart time ratio is approx. 1:5.
Output under lock protection is in Hi-Z state. (Figure 38)
[LV8813G]

The lock protection behavior is same as LV8811G.
However, the release time and restart time are changed as
follows:

Lock-stop release time: 5.23s Lock restart time: 1.77s
Lock restart ratio: approx. 1:3 (Figure 39)

Time

S 5}
o, = =
20% = =
o a
Il 1
Input duty 80% 20% 50%
[ [ [ [ [
THP or CLM : : : :
[ i i
oVP [ I_‘ i i
[ i i
] I I T T
[ i i
LVD i i i

Figure35. Timing chart example: Protections
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Input duty [%] 80% 50%

Input frequency [kHz] 30kHz 30kHz

LV8813G

|
|
80% |IUSNSRRNRRNIRNIRN ...\ ......eeeeeoes Target80% !

X - — — Limit Duty
z i
3 LV8811G 9
g Alignment term : >0%
g2 20% !
> |
[ I
|
+ Time
Il
Output frequency [kHz] 30kHz : 30kHz
1
CLM (Current limitter) ” ” ” " " " ”
*In the case of LV8811G
Figure36. Timing chart example: Normal current limiter
Input duty [%] 100% 50%
Input frequency [kHz] (DC) 30kHz
LV8813G |
o 100%f--mmmmmm e P Target 100% !
X L — — — Limit Duty
3 ) LV8811G 50%
= Alignment term
£ 20%
=3
o
Time
Output frequency [kHz] 30kHz

CLM (Current limitter)
*In the case of LV8811G

Figure37. Timing chart example: Current limiter at input duty 100%

Tek

Tek

PWM 100% Duty - 50% Duty 100% Duty 50% Duty

Current A
i

of U-ouf==" 1

w vz CLM ONat PWM duty-cycle 100% - @ . CLM OFF at PWM duty-cycle 100%

T e
Waveform4. Inputting 100% with and without CLM (Case of the LV8811G)
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0.96s 0.2s 0.96s 0.2s
5.8s
Align.ment Lock Lock Protect Align.ment Lock
Drive Detect (Hi-Zstate) Drive Detect

Lock Restart time

Lock-stop Release time

Lock Restart time

1 1 1 1
: 1.16sec : 5.80sec : 1.16sec :
1 1 1 1
L1 ! 5 ! !
Figure38. Timing chart example: Lock Protection for LV8811G
1.00s 0.77s 1.00s + 0.77s
5.23s

Allgn.ment Lock Lock Protect Allgn.ment Lock

Drive Detect (Hi-Zstate) Drive Detect

Lock Restart time

1.77sec

1

Lock-stop Release time
5.23sec

3

Figure39. Timing chart example: Lock Protection for LV8813G

Tkl ¢ !
PWM
FG , o Alignment
o ! > e & .
' I _ Lo Lock detect -
Lock protect :
U-Out
ll 1 [ 1
Current ' Lt '
of U-Out & ! (AR '
i b E—» Re-start

@Hb.ov W - : 2.=00v. :Bw:ﬂ 2.00 A Q][ : M ][ : J

Lh37.87)

Waveform5. Lock Protection (Case of the LV8811G)

Lock Restart time
1.77sec

Time
[sec]

Time
[sec]
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PWM duty control by analog voltage

The duty cycle of PWM output is determined by
comparison of CPWM oscillation and DC level which is
input to VTH pin. When CPWM level is lower than VTH,
the PWM output applies the voltage to the coil from the
power supply. When CPWM level is higher than VTH,

PWM

Fixed duty by
MDS setting

Controllable duty by VHT input

the PWM output is switched to the current circulation
state with self-induction of the coil.

The DC level of VTH must be within a range of
VREGx%18% to VREGx67%. The PWM pulse width
must not make less than 200ns. (Figure40)

The pulse width
200ns and more.

Figure40. PWM Duty control by CPWM and the VTH voltage

Parameter Setting by Constant Voltage

PH1, PH2 and MDS can be set by an external DC voltage.

PH1 and PH2 are used for setting the lead angle. MDS is
for setting minimum duty cycle. The input span of these

pinsis 0 to 3V (VREG). The full scale is divided by 64

steps, thus the resolution is 47mV/step. Excluding the

lowest 3 steps and the highest 2 steps, the DC voltage is
translated to the parameters linearly. Hence, the linear
setting range is 0.141V to 2.906V. The voltage within the
lowest 3 steps (0 to 0.141V) selects the default value. As
for the highest 2 steps, it is described in the following
sections. (Figure4l)

MIN SET MAXSET
0141V 2906V -
3/64 x VREG 62/64 x VREG
ov /64x 1.0V 2.0V /64x . 3.0V
VPH1[V] ; 1/3 VREG 2/3 VREG y VREG
VPH2[V] d J
VMDS[V] | L1 L1 L1 L1 L 11T
; 64 step g
- < > <
3 step 2 step
Default setup Prohibit
Adjustablerange (60 step) l
PH1
Lead angle axis intercepts[deg] | 4 | -30deg Odeg 15deg 30deg 60deg .
\- 15deg
PH2 |- 0.15deg/Hz
Lead angle gradients[deg/Hz] v
(Lead angle vs FG frequency) Odeg/Hz 0.15deg/Hz 0~3deg/HZH
FGfreq1/2
- 14% G
enable | ¥ [4% 6%  14% 26% 34% 48% | 14
MDS
Minimum input duty [%] HYs | 6%| 1% 4% 6% 6% 6% 6%
Disable | 8%| 3% 2% 8% 20% 28% 42% | 8%

Figure4l. Pin-set PH1, PH2 and MDS
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Setting Minimum PWM Duty Cycle threshold has hysteresis. In the meantime, MDS pin is
When the input PWM duty cycle is less than the minimum also used for the FG frequency setting.

duty cycle, which is set by MDS pin voltage, the output

duty cycle becomes 0%. (Figure 42, 43) And, this

Viups range [V] 0.141 0.282 0.752 2.906 3.0
0 0.141 0.282 0.752 2.906

Minimum input duty cycle hysteresis [%] 6 1 4 6 6
Minimum input duty cycle for enable [%)] 14 15.9Vy,ps + 1.763 14
Minimum input duty cycle for disable [%] 8 15.9Vyps + 1.763 — hys 8

FG cycle 1 electrical 2 electrical

Output Duty
Default setting
100%  f-——mmmm e
<EXAMPLE>
o Disable 8%

Enable 14% — — -

| Mbs "

|
|
I
|
|
|
|
|
|
|
48% f-———m——mmm I
! | VMDS VMDS @
| ! 47k
I
|
i ! a7k
| | "1
! |
14% f-———- ! i
|
8% [-- | i
! |
0% . ! 22 ' VMDSI[V]
| |
ov | Ajustment |
! Range ! VREG(3.0V)
141mV 2.906V
(4%) (48%)
Figure42. Setting Minimum PWM duty 1 (Default set)
Output Duty
100% f-————————mm e m - . VREG
|
<EXAMPLE> :
A Disable 20% ! Izrv;c;(sz
Enable 26% — — - !
|
v e I
| I
! | Rmbs_B
I
! | 47k
| |
26% |f-——————- : |
| |
p1i /S — I : | VMDS =
| : : VREG * (RmDs_B / (RMDS_A + RMDS_B)) = 1/2 VREG
| D i
0% L l : 22 L5 VMDS[V]
ov | Ajustment i :\
| Range ! VREG(3.0V)
141mV 2.906V
(4%) (48%)

Figure43. Setting Minimum PWM duty 2
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Setting Lead Angle
PH1 and PH2 pin determine the optimum lead angle for a
specific speed range. PH1 provides lead angle at the low
speed, The PH2 pin provides lead angle slant for speed
(FG frequency). Both pins become the initial value in
GND. (Figure44, 45, 46)
The lead angle P (typ.) is determined by the following
equation.

P =Afp; + B

A =0.1081V,y, — 0.015

B = 32.54V,,; — 34.58

where fz; is FG frequency [Hz]

when Vpy, =0

A = 0.15[deg/Hz]

B = 15[deg]
Note: The equations above are based on the ideal case asa
reference for the user application design. It must be
readjusted by an experimental confirmation with the
actual movement and the motor to be used.

Lead Angle[deg]  VPH1[V]
MAX ‘ <EXAMPLE (4-pole motor)> LeadAngle=A x fFG + B
zi:; - mx | Default setup A: Tuned from VPH2
120deg | = femme 27T R - 30Hz(450rpm)  20deg B : Tuned from VPH1
| 100Hz(3000rpm) 30deg
i 200Hz(6000rpm) 45deg
Default !
VPH1 = 0V }
VPH2 =0V }
60deg |--- VREG o — — 4 VPH1=MAX Default setup
| VPH2 = MIN
|
(100Hz, 30deg) : |
! |
,,,,,,,,,,,,,,,,,,,,,, rmem Ry
e a | VPH1 VPH2
15deg |--- 1/2 —7777777777777;/7 777777777777777777777777 }
VREG // |
- MIN ! 47k 47k
- : VPH1 = MIN | FG
ya < VPH2 = MIN | Frequency[Hz]
-30deg 'V— oV L
400Hz

&————  20step ——m ———>
Figure44. Setting Lead Angle 1 (Default set)

Lead Angle[deg] VPH1[V] <EXAMPLE (4-pole motor)>
Adjustment setup
VPH1 = MAX 30Hz(450rpm)  Odeg
120deg | = |eemmmemmeoo VPR M i 100Hz(3000rpm) 22deg
! 200Hz(6000rpm) 47deg
|
|
VPH1=1V |
VPH2 =2.4V i VREG VREG
|
60deg -- VREG — 4 VPH1=MAX RpPH1_A RpH2_ A
L VPH2 = MIN 30k 11k
‘ |
(100Hz, 22deg) ! Fixed from | m VPH1 m VPH2
ffffffffffffffffffffff VPH2= 4/5 x VREG |
|
} RpH1_B RrH2_B
Odeg t-- 1/3 ! 15k 43k
VREG I
VPH1 = MIN | FG
VPH2 = MIN } Frequency[Hz]
-30deg —— OV . VPH1 = VREG * (Rpy1_B / (Rey1_A + Rpys_B)) = 1/3 VREG
400Hz

20step

VPH2 = VREG * (Rpyz_B / (Renz A + Reyy_B)) = 4/5 VREG

Figure45. Setting Lead Angle 2
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Sinusoidal PWM signals are generated from 1-hall signal, handling the lead angle parameters.

IN1+
IN1-

IN1

-

Internal hall
comparator

FG

Max b e =l

UOUT duty

VOUT duty

MaX = o e —

WOUT duty

0% L

Efficiency and sinusoidal waveform can be optimized by
changing the voltage levels of PH1 and PH2. First, adjust

|/

T T~ L T~ L T

H H L L L H H H
5—:;’_‘__\'_'_'_'______ I R e — — __ﬁ\__‘_\__
R il RN
N o N S N I e

OO S T O N e 2 i

A i i St Rt ~em =t e sl fai Ry B

s O Y O O S

S/

Figure46. Timing chart example: Lead Angle

PH1 in low speed (low PWM duty-cycle) such as 20%. In (high PWM duty-cycle) such as 100%.
the examples below, VPH1 = ~1.5V is the best case for (Figure47, Waveforme6)

£

PWM

U‘LTJM‘L" A

Current | i
o u-ouf\/\/\/\/\/\/\/‘ W\/\/\/\/\/\/

Input PWM duty-cycle 20%, VPH1 = 0.3V

efficiency and the shape of sinusoidal wave. After
optimizing VPH1, adjust VPH2 adjusted in high speed

Input PWM duty-cycle 20%, VPH1 = 1.5V

-~
o

T
s

T
w
]

U-Out

5 300 "
; RPM
Current ! 200
of U-Out ; 100 R
- 0

RPM
w
8

.
-

T T T
NN W
«n

=
2]

EXA ciency(rpm/mA)

o
-
-

T
Fd
wn

25

@ v =

g InbutPWM duty-cycle 100%, VPH2 = 2.8V -
Waveform6. Lead Angle at input PWM = 20% (Case of the LV8811G)

| ' VPM(V)

o

Figure47. Lead angle VS Speed and Efficiency at input PWM = 20% (Case of the LV8811G)
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PCB GUIDELINES

VCC and Ground Routing

Make sure to short-circuit VCC line externally by a low
impedance route on one side of PCB. As high current
flows into PGND, connect it to GND through a low
impedance route.

The capacitance connected between the VCC pin and the
opposite ground is to stabilize the battery. Make sure to
connect an electrolytic capacitor with capacitance value
of about 10uF (3.3uF or greater) to eliminate low
frequency noise. Also, to eliminate high frequency noise,
connect a capacitor of superior frequency characteristics,
with capacitance value of about 0.1uF and make sure that
the capacitor is connected as close to the pin as possible.
Allow enough room in the design so the impact of PWM
drive and kick-back does not affect other components.
Especially, when the coil inductance is large and/or the
coil resistance is small, current ripple will rise so it is
necessary to use a high-capacity capacitor with superior
frequency characteristics. Please note that if the battery
voltage rises due to the impact of the coil kick-back as a
result of the use of diode for preventing the break down
caused by reverse connection, it is necessary to either
increase the capacitance value or place Zener diode
between the battery and the ground so that the voltage
does not exceed absolute maximum voltage.

When the electrolytic capacitor cannot be used, add the
resistor with the value of about 1Q (R20) and a ceramic
capacitor with the capacitor value of about 10pF (C20) in
series for the alternative use. When the battery line is
extended, (20-30 cm to 2-3 m), the battery voltage may
overshoot when the power is supplied due to the impact of
the routing of the inductance. Make sure that the voltage
does not exceed the absolute maximum standard voltage
when the power supply turns on.

These capacitance values are just for reference, so the
confirmation with the actual application is essential to
determine the values appropriately.

Exposed Pad

The exposed pad is connected to the frame of the
LV8811G. Therefore, do not connect it to anywhere else
other than ground. If GND and PGND are in the same
plane, connect the exposed pad to the ground plane. Else,
if GND and PGND are separated, connect the exposed
pad to GND.

RF Routing

Power current (output current) flows through the RF line.
Make sure to short-circuit the line from VVCC through RF
as well as VCC. The RF resistance should choose the
enough power rating.

NC Pin Utilization

NC pins are not connected internally inside the LVV8811G.
If the NC pin has to be connected to another pin for the
development of the PCB board, make sure to assign the
pin using wires of stable voltage and current with lower
impedance value.

Motor Driver Output Pins

Since the pins have to tolerate surge of current, make sure
that the wires are thick and short enough when designing
the PCB board.

Thermal Test Conditions

Size: 56.5mm % 56.5mm x 1.8mm (Double layer PCB)
Material: Glass epoxy

Copper wiring density: L1 = 80% / L2 = 85%

Recommendation

The thermal data provided is for the thermal test condition
where 90% or more of the exposed die pad is soldered.

It is recommended to derate critical rating parameters for
a safe design. Electrical parameters that are recommended
to be derated are operating voltage, operating current,
junction temperature, and device power dissipation. The
recommended derating for a safe design is as shown
below:

e Maximum 80% or less for operating voltage
e  Maximum 80% or less for operating current
e  Maximum 80% or less for junction temperature

Check solder joints and verify reliability of solder joints
for critical areas such as exposed die pad, power pins and
grounds.

Any void or deterioration, if observed, in solder joint of
these critical areas parts, may cause deterioration in
thermal conduction and that may lead to thermal
destruction of the device.
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L1 : Copper wiring pattern diagram (top) L2 : Copper wiring pattern diagram (bottom)

Figure48. Pattern Diagram of Top and Bottom Layer
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PACKAGE DIMENSIONS

TSSOP20 4.4x6.5 / TSSOP20J (225 mil)
CASE 948AZ
ISSUE A

TOP VIEW

6, 95 MAX

6,50, 1

LV8811G, LV8813G

IOpREAAET

O

4,4%0,1

TEELEELR

1
0,65 0, 22401

(0,33) ' —*felt. 2@

EE TR
. [ 43 |
L T

0.15 g ts

SOLDERING FOOTPRINT*

5.80
SIDE VIEW E
-~ 1.0 (Unit: mm)
- 28) CIT—f 032
8 — —
— - -
o7 - | e
£ = | —
- | =
0.65
— —
M -
4 T @s
1 -

NOTES: 1. The measurements are not to guarantee but for reference only.

2. Please take appropriate action to design the actual Exposed Die Pad and
Fin portion.

3. After setting, verification on the product must be done.

(Although there are no recommended design for Exposed Die Pad and Fin
portion Metal mask and shape for Through! Hole pitch (Pitch & Via etc),
checking the soldered joint condition and reliability verification of soldered
joint will be needed. Void  gradient e insufficient thickness of soldered joint
or bond degradation could lead to IC destruction because thermal
conduction to substrate becomes poor.)

*For additional information on our Pb! Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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ON Semiconductor and the ON logo are registered trademarks of Semiconductor Components Industries, LLC (SCILLC) or its subsidiariesin the United States
and/or other countries. SCILLC owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of
SCILLC’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. SCILLC reserves the right to make changes without
further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose,
nor does SCILLC 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. “Typical” parameters which may be provided in SCILLC 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. SCILLC does not convey any license under its patent rights nor the rights of others. SCILLC products are
not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or
sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC 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 SCILLC was
negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all
applicable copyright laws and is not for resale in any manner.
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