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Panasonic AN44142A

Driver IC for 3-phase Brushless Motor

FEATURES

® Supply voltage range: 4.5V ~26.4V

® Built-in 5-V regulator

® 3-phase full-wave sine-wave PWM drive by 1-Hall-sensor

® Selectable Input Mode: Either linear voltage input or PWM input through VSP pin

® Controllable lower limit for linear voltage input mode through VSPL pin

® Conduction angle auto driver phase shift correction

® Rotation direction selectable (Forward/Reverse)

® FG pulse divide selectable

® Sleep mode

® Various protection functions:
Under Voltage Lock Out (UVLO), Over Voltage Lock Out (OVLO), Thermal protection,
Over Load Protection, and Over Current Protection

DESCRIPTION

©® AN44142A is a driver IC for 3-phase brushless motor optimized for fan motors.
By employing the rotor position detector and sine wave PWM drive by 1-Hall-sensor, this IC achieves
component reduction and miniaturization of motor set as well as motor drive at low noise, low vibration and

low power consumption.

APPLICATIONS

® Driver IC for 3-phase brushless fan motor

TYPICAL APPLICATION
CFGSEL‘_(“ AN44142A 3-phase full-wave sine-wave PWM drive
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Condition:

Vee =12V, Vig = 0V, Vygp = PWM mode (60kHz,Duty60%)

Notes: The application circuit is an example. The operation of
the mass production set is not guaranteed. Sufficient
evaluation and verification is required in the design of
the mass production set. The Customer is fully
responsible for the incorporation of the above illustrated
application circuit in the design of the equipment.
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit |Notes
Supply voltage Vee 28 \% *1
Operating ambient temperature Topr -40 ~+95 °C *2
Storage temperature Tetg —55 ~ +150 °C *2
Vyres -0.3~6.0 Vv *3
Input Voltage Range Vsteep: Vian Vi VroseL -0.3~6.0 v —

VVSP’VVSPL’VFR'VRD87VPS’VOVS

Viri »Vsst -0.3~6.0 \Y% —
Ve, Vro -0.3~6.0 \Y —
Vyrec -03~6.0 \Y% —
Output Voltage Range Vres -0.3~6.0 \Y *4
Vgt 28 \Y *4
Viec2:Vpump 37 \Y *4
luder Waer e + 600 mA *5

Output Current Range upesto Wpesto wpest 2200 mA 7
lee ko 5 mA —
lvrec —10 mA —
ESD HBM 2 kv —

Notes: This product may sustain permanent damage if subjected to conditions higher than the above stated absolute maximum
rating. This rating is the maximum rating and device operating at this range is not guaranteed as it is higher than our stated
recommended operating range. When subjected under the absolute maximum rating for a long time, the reliability of the
product may be affected.

*1:The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
*2: Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for Ta = 25°C.
*3: Applying external voltage to this pin is possible only when this pin and VCC pin is connected.
When applying external voltage to this pin, do not exceed the stated ratings even in transient state.
*4: Applying external voltage into these pins is prohibited. Do not exceed the stated ratings even in transient state.
*5: Applying external voltage into these pins is prohibited. Do not exceed the stated ratings even in transient state.
*6: For VCC=5.6 V, output current of 2200 mA is only allowed within 100us.
For VCC<5.6 V, output current of =1500 mA is only allowed within 100us.

POWER DISSIPATION RATING

P P
Package 0. 6. > o 2
e i ire (T,=25°C) | (T,=70 °C)
24 pin Plastic Quad Flat Non-leaded Package (QFN type) 56.1 °C/W | 4.4 °C/W 222W 142W

Notes: For the actual usage, please refer to the Py-T, characteristics diagram in the package specification, follow the power supply
voltage, load and ambient temperature conditions to ensure that there is enough margin and the thermal design does not
exceed the allowable value.

*1: Glass-Epoxy Substrate (2 Layers) : 50 x 50 x 0.8t (mm), Heat dissipation fin: Die-pad, Soldered. (Heat dissipation via 2
layer board)

CAUTION

Although this IC has built-in ESD protection circuit, it may still sustain permanent damage if not handled
properly. Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the
MOS gates.

Yy
yory
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min. Typ. Max. Unit | Notes
Supply voltage range Vee 4.5 — 26.4 \% —
Vsieer 0 — Vvreg \ "1
Vi 0 — Vvreg v "1
Vi 0 — Vvreg \ "1
Vs 0 — Vvreg \ "1
Input voltage range Vros 0 — Vvree v !
Vovs 0 — Vvreg \ "1
VeGseL 0 — Vvreg \ "1
Vysp 0 — Vvreg \ "1
VyspL 0 — Vvreg \ "1
ViR 0 — Vvreg v "1
Cvce 4.7u — — F *2,*3
Cycet — 0.1u — F *2,*3
Cyrec — 0.1 — F *2 *4
Csst 22p 1800p — F *2,*5
Cgc — 0.1u — F *2,*4
External constants Cypume — 0.1p — F *2,*4
Crri 220p 390p 1300p F *2,*5
Rres 0.15 0.22 — Q |[*2,*5,*6
Ry — 1k — Q *2,*5
CraseL — 0.01un — F *2,%7
Cysp — 0.1u — F *2,*8

Note: *1:
*2:
*3:
*4:
*5:

*6:

*T:

*8:

For setting range of input control voltage, refer to Electrical Characteristics (page 5 - 8) and Operation (page 11 - 32).
Operation of mass production set is not guaranteed. Perform enough evaluation and verification on the design of mass
production set.

Please perform sufficient evaluation and verification to ensure that VCC pin voltage ripple is reduced.

It is recommended to use the values indicated.

Please choose the setting according to the usage. Please refer to the Electrical Characteristics (page 5 - 8) and Operation
(page 11 - 32).

Do not use resistor of value smaller than this. When using value smaller than the minimum value, latch-up function which
is used to prevent thermal damage may operate due to external factors (PCB heat dissipation, metal impedance, etc...) or
internal factors (threshold change, etc...).

When using with FGSEL pin open, please connect capacitor to the FGSEL pin to prevent noise and carry out sufficient
evaluation and verification.

When VSP pin is used for DC input, it is recommended to insert a capacitor to the VSP pin.
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ELECTRICAL CHARACTERISTICS
Vee =12.0V, Vygeg = 5.0V
Note: T, = 25°C+2°C unless otherwise noted.
Parameter Symbol Condition : Limits Unit |[Note
Min | Typ | Max
Circuit Current
V¢ current lec — 3.0 5.6 9.0 mA [ —
V¢ current at sleep mode lcca Vg eep = H — — 50 pA | —
Regulator Block
VREG voltage Vyrec — 4.7 5 5.3 \ —
Output impedance Zyrec lyreg = —10 MA — — 10 Q [ —
FG Block
| FG output (low voltage) Vi, |les=1.0mA | — [ o1 ]| 03 | v |-
RD Block
| RD output (low voltage) Veo, | lro= 1.0 mA | — [ o1 ]| 03 | v |-
Power Block
On resistance Ronme | =400 mA 0.5 1.0 1.5 Q —
On resistance (Vcc=4.5V) RonmL Y:c;;(frix — 1.25 2.05 Q —
Diode forward voltage Vp, [ =400 mA 0.6 0.8 1 V —
Motor Lock Protection
Lock detection time t ock1 — 0.35 0.5 0.65 S —
Lock release time t ocke — 3.5 6.5 S —
Lock protection ratio PRgraTIO — 9 10 11 — | —
Over Current Protection
Over current detection level Veia — 0.225 | 0.250 | 0.275 \Y, —
Hall Block
Input dynamic range ViyaLL — 0 — V;ES v | —
Pin current lhaLL — -2 0 2 pA [ —
i Gom | = e o] e [m]-
Min. input amplitude voltage Via — 25 — — mvV | —
Hysteresis width Viuvs — 7.5 10 13 mv | —
SLEEP
Low-level input voltage VgL — — — 0.5 V —
High-level input voltage Ve — 25 — — V —
Open-circuit voltage Vg 7 — — 0 0.3 V —
Input impedance Zg — 70 100 130 kQ | —
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ELECTRICAL CHARACTERISTICS (Continued)
Ve =120V, Vygregg = 5.0V
Note: T, = 25°C+2°C unless otherwise noted.

. Limits .
Parameter Symbol Condition Min | = | Max Unit | Note
VSP
Pin current hse | Vysp=5.0V | — | 15 | 45 | wa [—
VSP DC Input Control
Stop control VSP input VysppcL — 0.9 1.0 1.1 VvV |—
Max. speed VSP input VysppcH — 3.6 4.0 4.4 VvV |—
VSP PWM Input Control
Stop control VSP input Vysprwme | Vvreg=Vosc=5.0V 2 3 4 % *;’ 2
Low-level input voltage
V V =Vgc=5.0V — — 1.0 vV o|*1,*2
during PWM input VSPLL | TVREGTTOSC
High-level input voltage
V, V, =V gc=5.0V 2.0 — — vV o|*1,*2
during PWM input VSPHL VREG 7 0SC
PWM input frequency range Frwm — 15 — 100 | kHz |*1,*2
VSPL DC Input Control
VSPL enabled input voltage range VyspL — 1.3 - 3.0 vV |—
Pin current lvyspL Vygp =5.0V — 5 15 pA | —
Internal Oscillation Frequency
Internal oscillation frequency | fosc | — | 17.5 | 25 | 32.5 | MHz |—
Triangle Wave Oscillator for PWM Waveform (TRI pin)
Amplitude Vigi — 1.36 1.53 1.70 | Vpp |—
External capacitor charging current ltrit Vg =0.5V —83.5| —64.5 | —455| pA [—
External capacitor dischargin
i P ging lro | Vag =2.0V 455 | 645 | 835 | pA |—
TRI pin input voltage
V — 29 - — Vv *2
during PWM control TRITH
Triangle Wave Oscillator during Soft Start (SST pin)
Amplitude Vssr — 0.75 1.0 1.25 | Vpp |—
External capacitor charging current lssT4 Vggr=0.6V —6.0 (| —40 [ —20 | pA [—
External capacitor dischargin
ot P 9ing lssty | Vssr=1.6V 20 | 40 | 60 | pA |—
SST pin input voltage
\Y, — 29 — — \Y *4
when Soft Start not used SSTTH
Note: *1: During PWM control, VSPL pin must be connected to GND.
*2: During PWM control setting, TRI pin must be connected to VREG pin.
*3: It is recommended to input 0% Duty (Low input) when input STOP.
*4: When Soft Start is not in used, SST pin must be connected to VREG pin.
*5: Typical Design Value.
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ELECTRICAL CHARACTERISTICS (Continued)
Ve =120V, Vygregg = 5.0V
Note: T, = 25°C+2°C unless otherwise noted.

Parameter Symbol Condition : Limits Unit |Note
Min | Typ | Max
FR (3-State Input circuit)
Low-level input voltage VerL — — — 0.8 vV [ —
Mid-level input voltage Verm — 1.3 — 2.0 vV | —
High-level input voltage Vern — 25 — — vV | —
Open-circuit voltage Verz — 1.4 1.65 1.9 vV | —
Pin current liner Veg=0V -40 -20 — pA | —
FGSEL (3-State Input circuit)
Low-level input voltage VegseLL — — — 1.0 vV | —
High-level input voltage VEGsELH — 4.0 — — A
Open-circuit voltage VegseLz — 1.8 24 2.8 vV [ *2
Pin current linFa Vegse, =0V -40 -20 — pA | —
PS (2-State Input circuit)
Low-level input voltage \. — — — 1.0 vV [ —
High-level input voltage Vpsh — 4.0 — — vV ™M
Open-circuit voltage Vpsz — — 0.0 0.5 vV | —
Pin current linps Vps=5.0V — 5 15 pA | —
RDS (2-State Input circuit)
Low-level input voltage Vrost — — — 1.0 vV | —
High-level input voltage VrosH — 4.0 — — vV ™M
Open-circuit voltage Vrpsz — — 0.0 0.5 vV | —
Pin current Ineos | VrRos=5.0V — 5 15 pA | —
OVS (2-State Input circuit)
Low-level input voltage Vovst — — — 10 | V |—
High-level input voltage Vovsh — 4.0 — — vV |
Open-circuit voltage Vovsz — — 0.0 0.5 vV | —
Pin current Inovs | Vovs=5.0V — 5 15 pA | —

Note: *1: During High level setting, please ensure to connect to VREG pin.
*2: Please connect a capacitor to FGSEL pin when it is open during use to prevent noise. To ensure the noise prevention,
please perform sufficient evaluation and verification.

Page 7 of 48

Established :2014-05-14
Revised :2014-07-08



Doc No. TA4-EA-06255
Revision. 2

Panasonic AN44142A

ELECTRICAL CHARACTERISTICS (Continued)
Vee = 12.0 V, Vyree = 5.0 V

Note: T, = 25°C+2°C unless otherwise noted.

o Design value .
Parameter Symbol Condition : Unit | Note
Min | Typ | Max

Thermal Protection

Protection operating temperature TSDoy — — 160 — °C *1

Hysteresis width TSDyys — — 25 — °C *1
Output Block

Output slew rate at source current Virso — — 300 — | Vius | ™

Output slew rate at source current Vieso — — 300 — | Vius [ ™

Output slew rate at sink current Virs — — 300 — | Vius [ ™

Output slew rate at sink current Vies) — — 300 — | Vius [ ™
Triangle Wave Oscillator for PWM Waveform (TRI pin)

Oscillation frequency range frri — 15 — 100 | kHz *2

Standard oscillation frequency Firi Ctr =390 pF — 55.4 — kHz *1
Triangle Wave Oscillator during Soft Start (SST pin)

Standard oscillation frequency Fsst Cggr = 1800 pF — 1.13 — kHz *1
Maximum Rotating Speed

Minimum hall cycle Thmin — — 173 — us *1
Under Voltage Lock Out

Protection operating voltage Vi von — — 3.55 — \Y *1

Protection release voltage V\vorr — — 3.75 — V *1
Over Voltage Lock Out

Protection operating voltage 1 Vovoni | Vovs = VREG 15.0 | 16.0 | 17.0 V *1

Protection operating voltage 2 Vovonz | Vovs = 0V 264 | 272 | 28.0 V *1

Note: *1: Typical Design Value.
*2: These are values checked by design but not production tested.
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PIN CONFIGURATION TR R
Top View » Lo xon
e e
TRI 19 |- -1 12 BC2
H1H 20 [ ] 11 u
H1L 21 | s 10V
FR 22 | = 1 9 RCS
VSPL 23 | ] 8 W
VSP 24 | = .1 7 VCC
- N O < 1 ©
295328
E xr O O
PIN FUNCTIONS n = g
Pin No. Pin name Type Description
1 RD Output Over load protection
2 FG Output FG external output
3 SLEEP Input Sleep setting
4 VREG Output Internal reference voltage
5 GND Ground Ground
6 VPUMP Output Charge pump circuit output
7 VCC Power Supply voltage for motor
8 w Output W-phase output
9 RCS Output Motor current detector
10 Vv Output V-phase output
11 U Output U-phase output
12 BC2 Output Capacitor connection pin 2 for charge pump
13 BC1 Output Capacitor connection pin 1 for charge pump
14 ovs Input S;igzg:age detection selectable threshold. High for 16V detection, Low for 27.2V
15 RDS Input Selectab]e Release of Motor lock protectipn. High to use the release of lock protection.
Low to disable the release of lock protection.
16 PS Input Selectable phase shift moFJe. High to enable Auto Phase FB shift mode. Low to
enable constant phase shift mode.
17 FGSEL Input FG pulse count select
18 SST Input / Output | Capacitor connection pin for Soft Start triangle wave oscillator frequency setting
19 TRI Input / Output | Capacitor connection pin for PWM triangle wave oscillator frequency setting
20 H1H Input Hall amplifier input (+)
21 H1L Input Hall amplifier input (-)
22 FR Input Rotation direction select (Forward/Reverse)
23 VSPL Input Voltage input for setting low rotating speed during DC input mode
24 VSP Input Voltage input for setting rotating speed

Established :2014-05-14
Revised :2014-07-08
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FUNCTIONAL BLOCK DIAGRAM

VREG (OLVAS) BC1 BC2 VPUMP vCC
)\ 7\
4 14 13i |
VCC Charge
5V Reg. pump
H1H 20 E g UVLO ¢
H1L 21
22 '|>_
FR =
16 11
PS '|> Logic B _%’ C
15 I~ -Hall-1sensor ] © 10
RDS 1 > PWM Drive 1 £ %
1 -Reverse/Forward | | 8
RD | q -Lock Protect - N — - L—: W
-Sleep
FGO2 g
r A A
17
FaseL O =— T
TRI 2 TSD
VSPLCY23 TRI
0
24
VSP L2 /\
—wr>——— 18l 13 5
\J \J \J
SST  SLEEP GND

Notes: This block diagram is for explaining functions. Part of the block diagram may be omitted, or it may be simplified.
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OPERATION

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

1. VSP input configuration
1-1. PWM input mode
PWM input control or DC input control are used as the input controls to VSP pin.

When using PWM input control, please ensure to connect TRI pin to VREG pin. VSPL pin shall be open or
connected to GND pin (It is recommended to connect to GND.).

_L—< VREG
s

TRI

PWM input AN44142A

VSP

VSPL

GND

PWM input control signal detection

The below periodic signal T and Duty signal t/T is detected when PWM is input to VSP pin.
Periodic signal T respond to output PWM frequency and Duty signal /T respond to speed signal.

Duty t/T detection — Peak value of average output voltage

N
7

_High period t
E\

3 :  Period T
< !

v

VSP input
(PWM input mode)

>Time
/I\/l\/]\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Period T detection — U,V,W phase output PWM frequency

Detect at Typ 25[MHz] (40ns)
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

1. VSP input configuration (Continued)
1-1. PWM input mode (Continued)

Points to note when using PWM input mode

Operation when input at VSP=100%duty

During output, when the VSP PWM input duty changes from below 100% to 100% duty, the frequency (period t)
that is being input will halt and 100% input will be detected.

Therefore, output frequency will become 1/t. (However, this will be reflected in the output about 7t later, after signal
is changed to 100% duty.)

When VSP pin is already input with 100% duty during power or SLEEP start-up, operation is at output frequency of
about 58kHz.

After which, when PWM signal is input to the VSP pin and frequency signal is detected, output frequency will follow
the frequency that is being input to VSP pin.

Maximum pulse width when VSP below 100% is input

VSP input resolution under PWM input mode is typ 25MHz(40ns period).

Therefore, input pulse below 40ns may not be detected.

This is especially when input is near to 100% duty, period T signal many not be correctly detected.
Therefore to ensure that normal signal can be detected, please ensure that input to VSP pin at Low is above
500ns and more.

Ensure that Low width is above 500ns

> <
VSP input
(PWM input mode) >
/]\1\ /]\ Detect at Typ 25[MHz] (40ns)
Low detected
It is recommended to input 0% Duty (Low input) when input STOP.
VSP input > 0% Duty (Low input) when input STOP.
(PWM input mode) >

Under PWM input mode, please ensure that PWM signal is input to the VSP pin.
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

1. VSP input configuration (Continued)
1-2. VSP input mode

PWM input control or DC input control are used as the input controls to VSP pin.
When using DC input control, please ensure to connect a capacitor between TRI pin and GND pin.

‘L—é)VREG

:_]: AN44142A

DC voltage input —————  ()VSP

_L—()TRI

Signal during DC input mode
During DC input mode, PWM signal is generated by the comparison between the TRI pin triangle waveform and

the VSP pin input DC voltage.
Peak value of average output voltage is dependent on VSP pin voltage and output PWM frequency is dependent on

TRI pin triangle waveform frequency.

TRI pin triangle wave oscillator frequency

The triangle wave oscillator frequency input into TRI pin is calculated using the below formula.

Triangle wave f _ A
oscillator frequency TRI 2 % C %
TRI TRI @9
Vg : Triangle waveform amplitude (Under typ.1.53 V) AN44142A /;7|—, Crr

A : 64.5 pA (Under typ.)

Lower limit control using VSPL pin
During DC input control, lower limit of the VSP input voltage can be controlled by inputting DC voltage to the VSPL pin.
When not controlling the lower limit, please ensure to connect VSPL pin to GND pin during use.
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

2. VSP input voltage and average output voltage
Values in this page are all Typ values. In addition, these are where our recommended TRI value is used, under DC input mode.

OHall Voltage Difference
HU = H1H-H1L

OFG Voltage —l i ,

OAverage Output Voltage

AREA® Output Duty is Imearly dependent on VSP |nput
VSP(DC input mode) = 1.0V ~2.73V
*VSP(PWM input mode) = 3.0% ~ 58 %

AREA(® Output Duty is non-linear dependent on VSP as average voltage is
distorted by VCC
-VSP(DC input mode) = 2.73V~4.0V
*VSP(PWM input mode) = 58% ~ 100 % :
Output Duty is a fixed value, not dependent on VSP Distorted area is increased

- VSP(DC input mode) >4.3V - due to VSP dependence
*VSP(PWM input mode) = 100%

A
Average
Output
Voltage
< AREA@ _p/
Hi-Z
or

SBRK Activg

«— AREA® >
7
7
7
7
0 VSP
VSP(DC input mode) 1.0V 273V 4.0V
VSP(PWM input mode)  3.0% 58% 100%
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

3. Hall Input Specification
3.1. System to detect hall signal
The motor position is detected by the Hall hysteresis comparator. If the amplitude of sine wave is small, phase

delay of comparator output will be very prominent. Therefore, please make the amplitude of the sine wave larger.
When chattering occurs to Hall element, insert a capacitor between H1H (pin 20) and H1L (pin 21).

i

H1H Y, Schematic drawing for characteristics below
. D — J-1 hysteresis width: 10 mV
7 J-2 comparator offset voltage: =6 mV

H1L “ J-3 min. input amplitude: 25 mV(min)

Hall Voltage
Difference
H1H-HIL O %

> ¢ [time]

Hall comparator —

output >
b No phase delay

Phase delay

For the biased source of the Hall element, please construct by externally shorting to VREG pin.

Normal example 1 VREQ\E 5V Reg.
Hall element H1 Hé
v

H_
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

3. Hall Input Specification (Continued)
3.2. The Relation between Hall Voltage and FGSEL

1-cycle FG signal, which is equivalent to 1-cycle/2-cycle/3-cycle of Hall sine wave (selected by FGSEL), is output.

FGSEL=High
FG Signal for
1-cycle of

Hall sine wave

FGSEL=0Open(Middle)
FG Signal for
2-cycles of

Hall sine wave J—

_______________ R TS . AR PR YR Sy Ty YRy S

FGSEL=Low
FG Signal for 1 5 5 __-[

3-cyclesof [ T T I
Hall sine wave o]
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

3. Hall Input Specification (Continued)
3.3. Drive Phase Shift Control

Automatic drive phase shift control when PS=Low. The hall signal phase with respect to the conduction angle detects
the IC’s own phase difference and automatically correct it to the most optimum phase. The example for U-phase
output voltage is shown below.

Automatic drive phase shift control when PS=Low

—\E

Hall Voltage
Difference
HU = H1H-H1L

FG Voltage —

Automatlcally detected and corrected to reduce the hall S|gnal
and motor current dlfference :

Average output
voltage, VCC/2

Motor phase
current

Fixed to 0 deg when PS=High

Hall Voltage
Difference
HU = H1H-H1L

FG Voltage

Phase of hall signafl and a\f/erage foutput voltagei is fixefd

Average output
voltage, VCC/2

Motor phase
current
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

3. Hall Input Specification (Continued)
3.4. Hall Sensor Placement

This IC uses only 1 hall sensor.
Please use the U-phase hall sensor for 3 phase 3 sensor motor

The diagram below shows the hall placement for a 2 pole 3 slots motor

Hall Sensor

Example placement for the hall sensor
(2 pole 3 slot motor)
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

4. Start / Stop control

Start-up by rising VCC pin voltage

VCC
SLEEP
Low
VREG ~
Stop signal input Drive signal input
Under DC input mode VSP <1V Under DC input mode VSP > 1V
VSP Under PWM input mode Duty < 3% | Under PWM input mode Duty > 3%
Motor speed /

ircuit initializati i Start-u

Ctl)rcutltzlnltlallzatlon Op(;ratlon modep . Sine wave
Control status Hi-Z . apoutems  eady N S
7 7 7

Vv

7

- After UVLO is released, circuit initialization is required for about 2ms and output signal is stopped.
When circuit is under initialization, no signal is output even when VSP drive signal is inputted.
Output of signal starts after initialization completes.

= Start up mode is within 4 cycles hall signal input. During this period, no FG signal is output.

Page 19 of 48

Established : 2014-05-14
Revised :2014-07-08



Doc No. TA4-EA-06255
Revision. 2

Panasonic AN44142A

OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

4. Start / Stop control (Continued)

Start-up by SLEEP signal release

VCC

SLEEP SLEEP released

VREG

Stop signal input
VSP Under DC input mode VSP <1V
Under PWM input mode Duty < 3%

Drive signal input
Under DC input mode VSP > 1V
Under PWM input mode Duty > 3%

Motor speed /
Circuit initializati
i ; mode
Control status Hi-Z < Hi-Z - ready - R -
7~ 7~ 7~ 7~ 7~

After SLEEP mode is released, circuit initialization is required for about 2ms and output signal is stopped

When circuit is under initialization, no signal is output even when VSP drive signal is inputted.
Output of signal starts after initialization completes.

- Start up mode is within 4 cycles hall signal input. During this period, no FG signal is output.
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

4. Start / Stop control (Continued)

Start-up sequence

The flow chart below illustrates the start-up sequence.

SLEEP=L,
WVSP input

®| Start/Soft-start

I
¥

Hall signal judgment
Energization begins

Start up sequence

-
*

Hall zero cross detection?
and

Hall period less than 0.5s7

(Judge on the faling edge

ofthe signal of H1H-H1L)

Mo

Lock detection

@ Start-up sequence

180 degrees tart up sequence

commutation 4 cycles or more ? Average output voltage waveforms refer
to page 22
v
FG output
Sine wave output @
Start-up sequence flow chart
[ I I [ T B | eCrey

Average output voltage

i AR
VEYRVA'R'AR’

Hall signal
H1H-H1L

A
v

Start-up sequence Sine wave

Start-up waveform
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Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

4. Start / Stop control (Continued)

Start-up sequence (Continued)

Start-up sequence average output voltage.

The following waveforms illustrates the average output for different hall zero crossing detection, H1H-H1L at start-up.

Forward (FR=L)

H1H-H1L>0

H1H-H1L<0

Reverse (FR=H)

H1H-H1L>0

H1H-H1L<0

Average Output

Average Output

Average Output

Average Output

(O]
5
5
>
0 555 [ms]
v\ v o e w \/./U_
E I, // N
= . .
>\ [Rpe——— / ."'0--....0°'....\
- 1.8Hz
0 555 [ms]
u w ™ v 7
i'. / * * L /
§ W
0 555[ms]
o w
o 7. NG
1.8Hz
0 555 [ms]

Due to the initial position of the rotor, the starting torque differs slightly during start-up. For motor type
that requires large inertia force to turn, please ensure that sufficient starting current is available for the
motor. Please perform sufficient testing and evaluations to ensure this.
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Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

4. Start / Stop control (Continued)

Stop

VSP
Driver signal input Stop signal input
Hall signal E
Above 7Hz Below 7Hz
frequency
Sine wave Hi-Z SBRK
Control status > > >

-When stop signal is input to VSP, hall signal frequency above 7Hz will result in Hi-Z at output and
below 7Hz will result in SBRK at output.
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

5. Soft Start Function and PWM Specification

By connecting a capacitor to the SST pin, soft start control is performed by the start-up mode conditions during the
mode transition. The period for soft start control is determined by the formula shown on the next page. When soft
start control is not required, ensure to connect SST pin to VREG pin.

Count data is compared and
lower one is used as duty

7
A .
VSP;AS PWM input
- )
l - | DCinput —o—| PWM Duty
é counter circuit
A
- Tqug\ Duty
?// Count data enabled
é /\/\/\ Change to PWM comparison
g circuit
ssTV Pulse
e
18 conversion SST pulse
Y vers S€
g JAYATAY circuit M counter circuit
2

Below shows the correlation timing chart of count data and PWM enabled duty for VSP and SST.

PWM Duty

/ count data

Count data is compared
and lower one is
used as duty

SST pulse
count data

Time

il

SST enabled period

Time

Time elapsed
Trass [s]

out 1ms

Waiting time for SST oscillator to achieve stable output

A
8
4]
©
"E (—
=}
o
O
©
c
R
n
3 |
_g A
°©
(0]
e}
©
[
(0]
% 1

Ab
Start

*Notes on the use of the soft-st

art function.

With the increase in soft-start time, the motor current will also increase slowly . Therefore if the soft-start timing

is too long, it will result in the motor not having enough starting torque and lock protection detection will be
triggered if soft start timing is more than 0.5s (typ). This will cause the motor to be unable to start. Please evaluate
and check this condition thoroughly when using this function.
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OPERATION (Continued)

Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

5. Soft Start Function and PWM Specification (Continued)

The triangle wave oscillator frequency output by SST pin is determined by the below formula. Soft Start timing is
generated by comparing the VSP pin input PWM frequency and this triangle waveform frequency.

A
2 X CSST X Vggr &
AN44142A

Vggr : Triangle waveform amplitude (At typ. 1 V) ;l: Cost
A : Current flowing in/out SST pin (At typ. 4 uA)

Triangle wave
oscillator frequency

fSST =

The PWM enabled duty reflected in the output, at the time elapsed Tpagg Within the SST enabled timing is
determined by the below formula:

X T Tewm : Input PWM cycle [s]
PWM duty = PASS osc Tosc : Oscillation cycle of internal oscillator
y = x T 407109 [s]
SST PWM Tgsr @ SST triangle wave oscillation cycle([s]

Teass © Time elapsed [s]

Tpass at the end of the SST timing can be determined by the below formula:

TPWM X D x TSST

T = D : Input PWM duty [%]
PASS

TOSC

Input PWM duty during the DC input can be determined by the below formula:

D = (93—7 X VVSP — %) X 0.01 Under DC input, Vygp=1V~4V
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