Doc No. TA4-EA-06307
Revision. 1

Panasonic AN44143A

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

® Selectable the start frequency through SWSF 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

® AN44143A 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
CFGSELT AN44143A 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 -03 6.0 Vv *3
Input Voltage Range Vsteep: Vian Vi VroseL. -03 6.0 v —

VVSP'VSFSW’VFR’VRDS’VPS'VOVS

Viri »Vsst -03 6.0 \Y% —
Ve, Vro -03 6.0 \% —
Vyrec -03 6.0 \Y —
Output Voltage Range Vres -03 6.0 V *4
Vgt 28 \Y *4
Viec2:Vpump 37 \Y *4

lupeaks Wpeakr Ipeak + 2200 mA *5, *6
Output Current Range lcaslrp 5 mA —
lvres 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
*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 5.6V, output current is 222200 mA. For VCC 5.6 V, output current is 221500 mA.
Please ensure that there is enough margin and the design does not exceed the allowable value of Power
Dissipation(Pp) and Area of Safe Operation(ASO).

POWER DISSIPATION RATING

P P
Package 0. 0,. % o 2o
s ia 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 142 W

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)

*2: For Ta=70 , output current Iy, lyge lwacat Ti =120  is 22600 mA(reference value).

CAUTION

({ﬂ - 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.
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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 \ "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
Vsesw 0 — Vvreg \ "1
ViR 0 — Vvreg v *1
Cvcc 4.7u — — F *2,*3
Cycet — 0.1u — F *2,*3
Cyrec — 0.1 — F *2 *4
Csst 22p 1800p — F *2,*5
Csc — 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
Ruy — 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 - 33).
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 - 33).

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 = 12.0 V, Vyree = 5.0 V

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

Parameter Symbol Condition Min | I;_;?:tj Max Unit [Note

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 \Y —

Output impedance Zyrec lyreg = 10 mMA — — 10 Q | —
FG Block

| FG output (low voltage) | Vee, [le=10mA | — [ o1 | 03 | v |-
RD Block
| RD output (low voltage) | Veor |lko=10mA | — [ 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_LL tLockt L RDS, SFSW =L,L 0.35 0.5 0.65 S —

Lock release time_LL tLocka LL RDS, SFSW =L,L 3.5 6.5 S —

Lock protection ratio_LL PRratio 1L | RDS, SFSW=L,L 9 10 11 — | —

Lock detection time_LH tLock1 Lm RDS, SFSW=L,H 0.7 1 1.3 S —

Lock release time_LH tLocke LH RDS, SFSW =L,H 10 13 s —

Lock protection ratio_LH PRgatio 11| RDS, SFSW=L,H 10 11 — | —

Lock detection time_HL tLockt HL RDS, SFSW = H,L 1.4 2 26 s *1

Lock detection time_HH tLock1 HH RDS, SFSW =H,H 0.35 0.5 0.65 s *2
Over Current Protection

Over current detection level Verq — 0.225 | 0.250 | 0.275 \Y —
SLEEP

Low-level input voltage VgL — — — 0.5 V —

High-level input voltage Vain — 2.5 — — \% —

Open-circuit voltage A — — 0 0.3 V —

Input impedance Zg — 70 100 130 kQ | —
Internal Oscillation Frequency

Internal oscillation frequency fosc — 17.5 25 325 | MHz |—
Note: *1:Motor Lock Protection is released immediately by UVLO signal input and SLEEP signal input.

*2: Motor Lock Protection automatically resets immediately(after 70us elapses).
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ELECTRICAL CHARACTERISTICS (Continued)

Vee = 12.0 V, Vyree = 5.0 V

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

Established : 2015-07-28
Revised D HHHH-HH-HH

. Limits .
Parameter Symbol Condition Min | S | Max Unit | Note
VSP
Pin current hse | Vysp=5.0V | 15 | 45 | A |—
VSP DC Input Control
Stop control VSP input VysppeL — 0.9 1.0 1.1 vV |—
Max. speed VSP input VysppcH — 3.6 4.0 4.4 vV |—
VSP PWM Input Control
Stop control VSP input Vysprwme | Vvreg=Vosc=5.0V 2 3 4 % |*1,%2
Max. speed VSP input Vysprwmn | Vvrea=Vosc=5.0V 100 % |*1,*4
Low-level input voltage
V V, =V (gc=5.0V 1.0 vV |
during PWM input VSPLL VREG ™7 0SC
High-level input voltage
V V =V5c=5.0V 2.0 AVAR B
during PWM input VSPHL | TVREGTT0SC
PWM input frequency range Fewm 15 100 | kHz |*1
Triangle Wave Oscillator for PWM Waveform (TRI pin)
Amplitude Vigi — 1.36 1.53 1.70 | Vpp |—
External capacitor charging current ltri1 V1g =0.5V 83.5 64.5 455 pA |—
External capacitor dischargin
i P ging lrp | Vag =2.0V 455 | 645 | 835 | pA |—
TRI pin input voltage
V — 29 \Y *1
during PWM control TRITH
Triangle Wave Oscillator during Soft Start (SST pin)
Amplitude Vgst — 0.75 1.0 1.25 | Vpp |—
External capacitor charging current lssT1 Vgg7r=0.6V 6.0 4.0 20| pA |—
External capacitor dischargin
ot P ging lsst, | Vssr=1.6V 20 | 40 | 60 | pA |—
SST pin input voltage
\Y, — 29 \Y *3
when Soft Start not used SSTTH
Hall Block
. VREG
Input dynamic range \ — 0 — 20V \Y —
Pin current lHaLL — -2 0 2 pA | —
Input offset voltage for
\Y, — -6 6 V| —
H1H HAL drop HOFS 0 m
Min. input amplitude voltage Via — 25 — — mV [ —
Hysteresis width Vinvs — 7.5 10 13 mv [ —
Note: *1: During PWM control setting, TRI pin must be connected to VREG pin.
*2: It is recommended to input 0% Duty (Low input) when input STOP.
*3: When Soft Start is not in used, SST pin must be connected to VREG pin.
*4: Typical Design Value.
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ELECTRICAL CHARACTERISTICS (Continued)
Ve = 12.0V, Ve = 5.0 V

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 — 20 vV | —
High-level input voltage Vern — 2.5 — — 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 — — vV |
Open-circuit voltage VeeseLz — 1.8 24 2.8 vV | *2
Pin current IinF Vegse =0V -40 -20 — pA | —
PS (2-State Input circuit)
Low-level input voltage Ves1 — — — 1.0 vV | —
High-level input voltage Vpsh — 4.0 — — vV |
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 VrpsL — — — 1.0 vV | —
High-level input voltage VRosH — 4.0 — — AVAR
Open-circuit voltage Vrosz — — 0.0 0.5 vV | —
Pin current liNrRDS Vips=5.0V — 5 15 pA | —
OVS (2-State Input circuit)
Low-level input voltage VovsL — — — 1.0 vV | —
High-level input voltage Vovs — 4.0 — — Vo[ "
Open-circuit voltage Vovsz — — 0.0 0.5 vV | —
Pin current linovs Vovs=5.0V — 5 15 pA | —
SFSW (2-State Input circuit)
Low-level input voltage VsrswL — — — 1.0 vV | —
High-level input voltage Vsrswh — 4.0 — — vV |
Open-circuit voltage Vsrswz — — 0.0 0.5 vV | —
Pin current Insksw | Vspsw=95.0V — 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.
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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 Viesg) — — 300 — | Vius [ ™
Triangle Wave Oscillator for PWM Waveform (TRI pin)

Oscillation frequency range frri — 15 100 | kHz *2

Standard oscillation frequency Firi Cqr =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 Toumin — — 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 Vovont | 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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|
[T
PIN CONFIGURATION TR R
Top View » Lo xon
L
TRI 19 |- -1 12 BC2
H1H 20 | 1My
H1L 21 [ o1 10V
FR 22 | = 1 9 RCS
SFSW 23 | ] 8 W
VSP 24 | °. ] 7 VCC
- N O S 1 ©
295398
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 \% 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 SFSW Input Selectable the start frequency
24 VSP Input Voltage input for setting rotating speed

Established : 2015-07-28
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FUNCTIONAL BLOCK DIAGRAM

VREG ovSs BC1 BC2 VPUMP vcCC
)\ £\
4 14 13i |
VCC Charge
5V Reg. pump
H1H 20 E g UVLO ¢
H1L 21
22 '|>_
FR =
16 11
PS > Logic - 2 (
15 I~ -Hall-1sensor : © 10
RDS 1 > PWM Drive 1 £ %
1 -Reverse/Forward [ | 8
RD | q -Lock Protect - N - — L—: W
2 -Sleep 9
FG( -O RCS
" Y<HowH
wmr A A
17
FGSEL()—% AL A A A
TRI \19 TSD
sFsw 2
7}
24
VSP |'> L2 VAN
—wr>———— 18l 13 N
\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.

_L—< VREG
il

TRI

PWM input AN44143A

VSP

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
N E

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

:_]: AN44143A

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 foo= A
oscillator frequency TRI —
2 > CTRIX TRI @Q
Vig : Triangle waveform amplitude (Under typ.1.53 V) ANA4T43A /;7|—, Crri

A : 64.5 pA (Under typ.)
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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 | _

oAverage Output VZoItagé

AREA  Output Duty is linearly dependent on VSP input
VSP(DC input mode) 1.0V~273V
VSP(PWM input mode) = 3.0% ~ 58 %

VCC

AREA  Output Duty is non-linear dependent on VSP as average voltage is
distorted by VCC
VSP(DC input mode) 273V~40V
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%

100%
A Hiz < AREA —»
verage 4., i-Z
Output 81% or
Voltage SBRK : Active
<— AREA >
4% =
7
e
e i _
0 VSP
VSP(DC input mode) 1.0V 2.73V 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 ”5 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 7 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.
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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 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,
VSP input

Start/Soft-start

A 4
Hall signal judgement
Energization begins

Start up sequence

all zero cross detection?
and No

Hall period less than 0.5s? — Lock detection

(Judge on the rising or falling edge
of the signal of H1H-H1L

©

180 degrees
commutation

Start up sequence
4cycles or more?

Yes

Start-up sequence
Average output voltage waveforms
refer to page 22

A 4
FG output

Sine wave output @

Start-up sequence flow chart

® © EOOCEE

Lelroy

Average output voltage

i

MM
VV

:5_-_-_-

3

Hall signal
H1H-H1L

R

l I” 1 1 1 1 1

o ©

Start-up sequence

VY
®

Sine wave

h 4

A
v

Start-up waveform
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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 (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.

5
Forward (FR=L g L~ . L T
= s W v
o= . .
H1H-H1L>0 g9 ... N d
ﬂ.>) ..'o o’..\ /
< PP ¢ — ]
(RDS, SFSW) # (L, H) 1.8Hz
(RDS, SFSW) = (L, H) 0.9Hz
5 B .....0000...... , —. 1
% m-\ Vv ':.( W \//U-
(@) 87 oo Pl ®e, \
H1H-H1L<0 %% . NGt
§>\ . — / -’o..'..........‘...o'
< (RDS, SFSW) # (L, H) 1.8Hz

(RDS, SFSW) = (L, H) 0.9Hz

Reverse (FR=H)

H1H-H1L>0 _
> ¢ " ...ooooo..
(o8 . e’ Cee,
o St 7~ .2 N
89 Trug
:% - ) ...."'0-0000"..... \ e
(RDS, SFSW) # (L, H) 1.8Hz
(RDS, SFSW) = (L, H) 0.9Hz
H1H-H1L<0 -
88 LTS v w
o Sl .t :
%B . \ ...o . s .
‘CI_) = /“. o** N
é \ . — . ’..............o

(RDS, SFSW

) # (L, H) 1.8Hz
(RDS, SFSW)

#(L
= (L, H) 0.9Hz
» 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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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)

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
5
- Tqug\ Duty
?// Count data enabled
é /\/\/\ Change to PWM comparison
g circuit
ssTV Pulse
e
18 conversion SST pulse
o vers S€
g JAATAY circuit M counter circuit
2

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

A

Count data

PWM Duty

/ count data

Count data is compared
and lower one is
used as duty

SST pulse
count data

Time

PWM enabled duty signal

o

Ab

SST enabled period

1nnn

Time

Time elapsed
Trass [s]

out 1ms

Waiting time for SST oscillator to achieve stable output

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 > CSST > SST

Triangle wave
oscillator frequency

fSST =

‘@—l
AN44143A ¢

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

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

T > T Tewm : Input PWM cycle [s]
PWM duty = PASS osc Tosc : Oscillation cycle of internal oscillator
y = T =T 40*10° [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 > D > 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 > VVSP %)x 0.01 Under DC input, Vygp=1V 4V
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OPERATION (Continued)

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

6. Forward, Reverse and Short-break
The Relation among Hall, FR (Forward/Reverse) and Average Output Voltage

Forward (FR =L)

Hall Voltage
Difference
HU = H1H-H1L

FG Voltage

Average Output
Voltage VCC/2

Reverse (FR = H)

Hall Voltage
Difference
HU = H1H-H1L

FG Voltage

Average Output
Voltage VCC/2

FR switch operation F/R is not switched instantly. Once motor rotation stops, then run at reverse direction

VSP
FR
4 cycles
Hall frequency Above 7Hz Below 7Hz | >
: Start-up begins at 1.8Hz below
Output Condition Sine wave Hi-Z SBRK : Start-up mode  Sine wave
N NG N N
7 /: 7~ 7
Motor Rotation Forward o Reverse -
> rd
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OPERATION (Continued)

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

6. Forward, Reverse and Short-break (Continued)
Short-break mode

Changes to short-break mode when FR=M.

VSP
FR__ L M
Output condition ~ Sine wave - SBRK -
7 7
About Tms
—_—>

Short-break may generate very large motor current. Please perform sufficient evaluation and
verification to ensure that it does not exceed the absolute maximum ratings.
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Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.

7. SLEEP Mode

Sleep mode is used to reduce power consumption.

VREG
Enter the Mode Motor Output Exit the Mode
Voltage
SLEEP Sleep pin: L= H .
. All ph OFF :
SLEEP pin: H (Immediate) phase OFF Sleep pin: H=1L

In SLEEP mode, VREG voltage is OFF and all circuit protections cease to operate.
When SLEEP pin is changed from “L” to “H” while motor is running at high speed, please ensure that motor
regenerated current, etc. does not exceed the absolute maximum rating of each pin and perform sufficient evaluation

and verification to ensure this.

Established : 2015-07-28
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OPERATION (Continued)

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

8. Protection Functions
8-1. Motor Lock Protection

When RDS=L, SFSW=L or H (Automatic reset mode)

When no signal for Hall signal input (Based on the rising or falling edge of H1H-H1L ) is continued for 0.5s(SFSW=L)
or 1.0s(SFSW=H) or more, motor output turns OFF (short-brake) and Motor Lock Protection starts working (RD = L),

and automatically resets after 5s(SFSW=L) or 10s(SFSW=H) elapses. Motor Lock Protection is released immediately
by Hall signal input (rising or falling edge of H1H-H1L), VSP signal input, UVLO signal input and SLEEP signal input.

Lock Detection Time (0.5 s)
(Based on the rising or falling edge of H1H-H1L )
+—>

Lock Release Time (5.0 s)
Locked RD Voltage H P L g H
- (( >
1 )) :
Output Active SBRK Active >
Condition 1
! Motor Lock Protection is released 5.0s before the
i lock release time by Hall signal input (rising or
i falling edge of H1H-H1L), VSP signal input, UVLO
i signal input and SLEEP signal input.
E Y
Restart RD Voltage H L H
Output . > .
Act ! SBRK Active
Condition ctive ‘ > >

Note).Lock detection and release time of the upper diagram is in the case of RDS =L, SFSW=L

When RDS=H, SFSW=L (Latch mode)

When there is no hall signal (Based on the rising or falling edge of H1H-H1L ) for more than 2.0s, motor output will be
OFF (Short-break), operation will switch and latch to RD=L protection. UVLO signal input and SLEEP signal input will
immediately release the protection.

Lock detection time (2.0 s)
(Based on the rising or falling edge of H1H-H1L )

When RD Voltage H L Latch to lock protection condition
locked &
' 2
Output .
oo Active } SBRK >
Release by lock release signal (UVLO signal input and
i SLEEP signal input)
i \
When RD Voltage H L H
restart
Output . I .
SBRK
Condition Active > > Active >
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OPERATION (Continued)

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

8. Protection Functions
8-1. Motor Lock Protection (Continued)

When RDS=H, SFSW=H (Immediately reset mode)
When no signal for Hall signal input (Based on the rising or falling edge of H1H-H1L ) is continued for 0.5s or more,
Motor Lock Protection immediately resets(after 70us elapses). Motor Lock Protection is released immediately by Hall
signal input (rising or falling edge of H1H-H1L), VSP signal input, UVLO signal input and SLEEP signal input.

Locked

Restart

AN44143A

Lock Detection Time (0.5 s)

(Based on the rising or falling edge of H1H-H1L )

u

RD Voltage

H L

Circuit initialization (2 ms)
“«———> H

Output
Condition

Active >{ SBRK >|

Hi-Z Active >

RD Voltage

H L

>
Lock:Release Time (70 us)

Motor Lock Protection is released 70us before
the lock release time by Hall signal input (rising
or falling edge of H1H-H1L), VSP signal input,
UVLO signal input and SLEEP signal input.

H

Output
Condition

Active >| SBRK >|

H-Z | Active >
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OPERATION (Continued)

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

8. Protection Functions
8-2. Under Voltage Lock Out (UVLO)

When VCC voltage drops to 3.55V and below, UVLO activates and motor output enters short-brake mode.
When VCC voltage increases to 3.75V and above, UVLO is released.

Under desired conditions

Under desired conditions
Output

i i j Active
Condition Active > SBRK ! >

8-3. Over Voltage Lock Out (OVLO)

When VCC voltage increases above threshold, OVLO activates and motor output enters short-brake mode.
When VCC voltage drops below threshold, OVLO is released.

OVLO

OVLO threshold
OVS=atlL,27.2V
OVS=atH, 16 V

VCC

Under desired conditions Under desired conditions
Output Active SBRK Active >
condition
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OPERATION (Continued)

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

8. Protection Functions
8-4. Over Current Protection (CL)

When RCS voltage increases to 0.25 V and above, OCP starts working and motor output enters short-brake mode.
When RCS voltage decreases to 0.25 V and below, OCP is released.

Under desired conditions

Under desired conditions

Output
Condition

Active SBRK Active

Current value for over current detection can be set by varying the RCS pin detection resistor (RCS).

1

Over current protection _
current detection value I PEAK 0250\/ X

EQg: lpgak = To set to 1.0 A, set RCS to 0.250 Q based on the below formula.

1
RCS = 0.250(V)x ——— = 0.250(Q
V) 1.00(A) )

8-5. Thermal Shut Down (TSD)

When IC junction temperature increases to 160 and above, TSD activates and motor output turns OFF.
When IC junction temperature drops to 135 and below, TSD is released.
TSD

1
1
1
1
1
1
1

L
T
1
1
1
1
1
1
1
1
1

Under desired conditions Under desired conditions

Output . . .
Hiz Active
Condition Active >—'
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OPERATION (Continued)

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

9. Control mode Table

Established : 2015-07-28
Revised D HHHH-HH-HH

Pi i Voltage
n NPm Description Remarks
No. ame Open Low High
SLEEP = “H” : Sleep mode
(Motor output: OFF, VREG output: OFF)
SLEEP =*“L” : Normal mode
3 SLEEP | Sleep mode select Normal Sleep
Note) For the setting range of SLEEP control
voltage, refer to “SLEEP” under Electrical
Characteristics on page 5.
14 ovVS | OVP Threshold select 27 2V 16V Note: I;I%a;]se connect to VREG pin when set to
Note: Please connect to VREG pin when set to
16 PS Phase Shift mode select Auto Constant High.
Note: Do not switch during motor driving.
Capacitor connection pin When soft start control is not in used, please
for Soft Start triangle Soft start control | connect SST pin to VREG pin.
18 SST . - ) o
wave oscillator frequency not in use When soft start control is in used, please connect
setting a capacitor to SST pin.
Capacitor connection pin When PWM input is used in speed control, please
19 TRI for PWM triangle wave ) PWM input connect TRI pin to VREG pin.
oscillator frequency control When DC input is used in speed control, please
setting connect a capacitor to TRI pin.
Voltage
Pin Pin —
No. Name Description Low Open High Remarks
Middle
Arbitrary direction is denoted as “Forward”, and
. N reverse direction is denoted as “Reverse”.
Rotation direction select sh Reverse
22 FR | (Forward/Reverse) Forward ort- _
Short-brake control inout brake Note) For the setting range of FR control voltage,
P refer to “FR” under Electrical Characteristics on
page 7.
FG pulse output which is equivalent to arbitrary
magnification of hall signal cycle
FG pul t select
17 | FGSEL |k PUISe count seiec 113 112 1
[ratio of hall signal cycle] Note) For set range of FGSEL control voltage,
refer to “FGSEL” of the Electrical Characteristics
on page 7
Pin No Pin No Start Lock Lock Auto Remarks
15 23 Frequnecy |Detection | Release |reset
Pin Name | Pin Name | [Hz] Time Time
RDS SFSW [s] [s]
Low Low 1.8 0.5 5 YES The Start frequency, the lock detection and the release
) time are selectable by RDS and SFSW pin voltage.
Low High 0.9 1.0 10 YES RDS =“H”, SFSW = “L” In this pattern, the lock
. ] protection isn’t released automatically. The protection is
High Low 8 2.0 NO released by UVLO signal input and SLEEP signal input.
High High 18 05 70u YES Note: Please connect to VREG pin when set to High.
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AREA OF SAFE OPERATION

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

This data is a single pulse data under Ta = 25 °C.

Under the actual usage, there could be Tj rising and more than one pulse applied.
Therefore, please use this data only as a reference.

Customer shall conduct sufficient reliability evaluation and verification on the set.

ASO DATA Ta = 25°C Single Pulse
10.0
|100ms||10ms| tnﬂ [0_1ms|
4' 0 e, o, e *
2.2 ~ 1 -

/

/

1D (A)
L/
./ // yd

| I " NS S — -]

0.0

1.0 10.0
VDS (V)

100.0
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Pin equivalent circuit

Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

Pi
Nl: Internal Circuit Impedance Description
®— VREG
Pin1 (RD),
@ | Motor lock protection output signal
1 pin.
2’ 4 1000
Pin2 (FG),
FG output signal pin.
®
Pin3(SLEEP),
3 100k Sleep select input pin.

Established : 2015-07-28
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Pin equivalent circuit (continued)

Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

Pin

No Internal Circuit Impedance Description
VCC
-
@ . 100
4 (VREG |Pin4 (VREG)
In Internal voltage regulator.
F;l operation)
j

L

777

777

/I/
4% i
Pin6(VPUMP),

6, Charge pump output pin.

12
— Pin12(BC2),
Pin to connect the boost capacitor.
(12— " —(®

o
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Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

Pin

No Internal Circuit Impedance Description
VPUMP
4|£T
Iil T VCC
.. 'l:tf
|
45 ) !
VREG
) ‘ Pin8 (W), 10 (V), 11 (U),
8, — QOutput channel pins to be connected
9, to the motor
@
11 | Pin9 RCS),
Motor current sense resistor pin.
[,
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Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

bi
Nl: Internal Circuit Impedance Description
VPUMP
I
H] Pin13 (BC1),
13 @ . Pin to connect the boost capacitor.
Ev
jVREG
200kQ
(14
« Pin14(0OVS),
14 I:' j 1000kO O\/lert\(oltage protection threshold
j ‘ 500kQ selection pin.
1
q
L
[j ||: } 500kQ
1
”r

Established : 2015-07-28
L HHHY-HH-HH

Revised

Page 38 of 49



DocNo. TA4-EA-06307
Revision. 1

Panasonic AN44143A

Pin equivalent circuit (continued)

Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

Pin

No Internal Circuit Impedance Description

VREG

Pin15 (RDS),
Motor lock protection input control pin.

Pin16(PS) ,
Auto phase control setting input

15
' 1000kQ | control pin.

16

| L R SR

Connect pin to VREG voltage when
thereis aneed to set to high level.

[1':':’:3 1000kQ

777

3_+\_+

Pin17(FGSEL),

VREG FG signal input control pin.

563kQ

Q Connect pin to VREG voltage when
1

7 G ¢ thereis aneed to set to high level.
17 —
520kQ When pin is used in open condition,
please connect capacitor to pin to prevent
noise from affecting operation. Please do
s —| verifications and evaluation for this
»

condition.
q

a

Pin18 (SST),
Soft start triangle waveform using
external capacitor to set the
18 — frequency.

Connect pin to VREG voltage when
SST isnot in used.
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Pin equivalent circuit (continued)

Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

[

Pi
Nlc:] Internal Circuit Impedance Description
VREG
Pin19 (TRI),
—|:I—| Connect a capacitor to TRI pin to set
the frequency in DC linear mode.
19 @ . - Connect pin to VREG voltage in PWM
mode.
|
™
]
777 -
-
([
©) |
@ — (& Pin20 (N1H),
1\ Hall amplifier + input terminal.
20, .
21 H-Z - pin21(NL)

Hall amplifier - input terminal.
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Pin equivalent circuit (continued)

Note) The characteristics listed below are reference values based on the IC design and are not guaranteed values.

Pin

No Internal Circuit Impedance Description

|

VREG

4kQ Pin22 (FR),
22 504kQ Forward / reverse rotation and short
brake control input pin.

500kQ

L

@y
23 1000kQ 1000kO Pin23 (SFSW), | .
Start frequency selection pin.
[j' =
g

r

f

VREG

1

LS [ S

24 * * ]

®

Pin24 (VSP),
Input pin for speed required

24 165kQ 330kQ In PWM input mode, please use the
high and low level as required in the
specifications.

165kQ

3_+\_+I_l

Page 41 of 49

Established : 2015-07-28
Revised D HHHH-HH-HH



DocNo. TA4-EA-06307
Revision. 1

Panasonic AN44143A

PACKAGE INFORMATION

Outline Drawing

Package code: HQFN024-A-0404AZ Unit: mm
4 00=0.08
18 ‘ 13
A 19 ! 12
S - — 1
<
<
24 7
! 1
1 | 6
O
o
N +1
O] O
| >
0.201S . .
B S5

ﬂ
4(2 5@1

[&[008[5]
o SEATING PLANE (2.50)
O —- -—
ﬁ»
) Diepad exposure part
— ] (0.79)
! | R !
i pduouug 1
BE
= . = —~
- = LO
=] (= M~
P Y g =
annnn =
‘ ‘ N +0.03
0.2270'05
— —1#[0.05@]s]A[8]
0.20
Diepad exposure part Body Material : Br/Sb Free Epoxy Resin

Lead Material : Cu Alloy

Lead Finish Method : Pd Plating
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PACKAGE INFORMATION (Continued)

Power Dissipation (Technical Report)
Package code: HQFN024-A-0404AZ

2.500
2.229 Mount On PWB(2Layers) Therma Via
50X50X0.8t(mm)
2000 Heat Spreader Soldered Rth(j-a) = 56.1 °C/W
Mount On PWB(2Layers) Therma Via
. 50X50X0.8t(mm)
2 1500 Heat Spreader not Soldered Rth(j-a) = 86.9 °C/W
c
(=]
®
2
(723
(2]
2
$ 1.000
[o]
o
Without PWB
0.500 Rth(-a) =351.2 /W
0.000

0 25 50 75 100 125 150

Ambient Temperature(°C )
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Power Dissipation (Supplementary Explanation)

[Experiment environment]

Power Dissipation Technical Report

AN44143A

[Supplementary information of PWB to be used for measurement]
The supplement of PWB information for Power Dissipation data (Technical Report are shown below.

is a result in the experiment environment of SEMI standard conformity.
Ambient air temperature (Ta) is 25 degrees C

Indication Total Layer Resin Material
Glass-Epoxy 1-layer FR-4
2-layer 2-layer FR-4
4-layer 4-layer FR-4

[Notes about Power Dissipation (Thermal Resistance) ]
Power Dissipation value (Thermal Resistance) depend on the conditions of the surroundings, such as
specification of PWB, mounting condition and ambient temperature. (Power Dissipation (Thermal Resistance) is
not a fixed value.)
The Power Dissipation value (Technical Report) is the result based on evaluation under specified conditions
(Evaluation environment under SEMI International Standards). Power Dissipation value (Thermal resistance)
depends and changes with the environmental conditions.

[Definition of each temperature and thermal resistance]

Air temperature is defined as temperature separated from the heating elements and not affected by

Temperature near the center of a package surface. Opposite side of the package mounting surface.
Semiconductor element surface temperature (Junction temperature.)

element junction part and ambient air temperature.

Rth(j-a)

Ta Ambient air temperature
convection, radiation, etc.

Tc
Tj
Rth(j-c)

element junction part and the package surface.
Rth(c-a)

and ambient air temperature.
Rth(j-a)
PWB \ \

\

Fig1. Definition image

\_Package

Semiconductor element

[Definition formula]

Thermal resistance (Temperature difference per 1 Watts) between the semiconductor
Thermal resistance (Temperature difference per 1 Watts) between the package surface

Thermal resistance (Temperature difference per 1 Watts) between a semiconductor

Tj={Rth(j-c)+Rth(c-a)}<P+Ta

=Rth(j-a)><P+Ta

Tj-Te

Rth(j-c) =

- ()

Tc-Ta

Rth(c-a) =

5 (/W)

Tj-Ta

Rth(j-a) =

5 (/W)

= Rth(j-c) Rth(c-a)

P:power(W)
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IMPORTANT NOTICE

1. When using the IC for new models, verify the safety including the long-term reliability for each product.

2. When the application system is designed by using this IC, please confirm the notes in this book.
Please read the notes to descriptions and the usage notes in the book.

3. This IC is intended to be used for general electronic equipment.

Consult our sales staff in advance for information on the following applications: Special applications in which exceptional
quality and reliability are required, or if the failure or malfunction of this IC may directly jeopardize life or harm the human body.

Any applications other than the standard applications intended.
(1) Space appliance (such as artificial satellite, and rocket)
(2) Traffic control equipment (such as for automotive, airplane, train, and ship)
(3) Medical equipment for life support
(4) Submarine transponder
(5) Control equipment for power plant
(6) Disaster prevention and security device
(7) Weapon
(8) Others : Applications of which reliability equivalent to (1) to (7) is required
Our company shall not be held responsible for any damage incurred as a result of or in connection with the IC being used for
any special application, unless our company agrees to the use of such special application.
However, for the IC which we designate as products for automotive use, it is possible to be used for automotive.

4. This IC is neither designed nor intended for use in automotive applications or environments unless the IC is designated by our
company to be used in automotive applications.

Our company shall not be held responsible for any damage incurred by customers or any third party as a result of or in
connection with the IC being used in automotive application, unless our company agrees to such application in this book.

5. Please use this IC in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. Our company shall not be held responsible for any damage
incurred as a result of our IC being used by our customers, not complying with the applicable laws and regulations.

6. Pay attention to the direction of the IC. When mounting it in the wrong direction onto the PCB (printed-circuit-board),
it might be damaged.

7. Pay attention in the PCB (printed-circuit-board) pattern layout in order to prevent damage due to short circuit between pins.
In addition, refer to the Pin Description for the pin configuration.

8. Perform visual inspection on the PCB before applying power, otherwise damage might happen due to problems such as
solder-bridge between the pins of the IC. Also, perform full technical verification on the assembly quality, because the same
damage possibly can happen due to conductive substances, such as solder ball, that adhere to the IC during transportation.

9. Take notice in the use of this IC that it might be damaged when an abnormal state occurs such as output pin-VCC short
(Power supply fault), output pin-GND short (Ground fault), or output-to-output-pin short (load short). Safety measures such as
installation of fuses are recommended because the extent of the above-mentioned damage will depend on the current
capability of the power supply.

Although the following pins comes with short circuit protection function, the protection may be damaged depending on the
VCC voltage. Pins with short circuit protection function: Pin11(U), Pin10(V) and Pin8(W).
10. The protection circuit is for maintaining safety against abnormal operation.

When sudden voltage or current change is applied to the pin, it may exceed the designated voltage and current level and
therefore, customer shall perform sufficient evaluation and verification to ensure these are not exceeded in the usage.

Especially for the thermal protection circuit, if the area of safe operation or the absolute maximum rating is momentarily
exceeded due to output pin to VCC short (Power supply fault), or output pin to GND short (Ground fault), the IC might be
damaged before the thermal protection circuit could operate.

11. Unless specified in the product specifications, make sure that negative voltage or excessive voltage are not applied to the
pins because the IC might be damaged, which could happen due to negative voltage or excessive voltage generated during
the ON and OFF timing when the inductive load of a motor coil or actuator coils of optical pick-up is being driven.

12. Product which has specified ASO (Area of Safe Operation) should be operated in ASO

13. Verify the risks which might be caused by the malfunctions of external components.
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IMPORTANT NOTICE (Continued)

14. Comply with the instructions for use in order to prevent breakdown and characteristics change due to external factors (ESD,
EOS, thermal stress and mechanical stress) at the time of handling, mounting or at customer’s process.

15. Dip soldering is not recommended.

16. Connect the metallic plate (fin) on the back side of the IC to the GND potential. The thermal resistance and electrical
characteristics are guaranteed only when the metallic plate (fin) is connected with the GND potential.

17. 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.

18. When designing your equipment, comply with the range of absolute maximum rating and the guaranteed operating conditions
(operating power supply voltage and operating environment, etc.). Especially, please be careful not to exceed the range of
absolute maximum rating on the transient state, such as power-on, power-off and mode switching. Otherwise, we will not be
liable for any defect which may arise later in your equipment.

Even when the products are used within the guaranteed values, take into the consideration of incidence of break down and
failure mode, possible to occur to semiconductor products. Measures on the systems such as redundant design, arresting the
spread of fire or preventing glitch are recommended in order to prevent physical injury, fire, social damage, for example, by
using the products.
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USAGE PRECAUTIONS

» Below are the precautions to take note when using this IC.

1. Apply power supply with low impedance to VCC and connect bypass capacitor near to the IC.

2. When designing PCB pattern for RCS pin (Pin 9), place a resistor for current detection (Rgcg) close to the IC. The setting value
for over current protection may fluctuate due to the impedance of wiring pattern between RCS pin and the RCS resistor.

3. When VCC is input, VCC voltage will start to rise to the designated voltage. However, at the same time, motor driver starts
driving and when this results in decreases the VCC voltage, it may disrupt the normal start-up. Therefore, please conduct
sufficient evaluation and verification to ensure the power supply current.

4. The minimum input amplitude of hall signal comparator should be designed in consideration of tolerances and temperature
characteristics of the hall element, so that it will not result in failure to the motor operation.

5. In the 1-HALL-sensor system motor driver adopted in this IC, energization pattern of a cycle is generated based on previous
1-cycle of a HALL input signal. Therefore, when the acceleration of a motor is very high, the motor may be unable to
accelerate normally because of the big difference in cycle between the generated energization pattern and the motor rotation.
When using a motor with very high speed acceleration, ensure to conduct sufficient technical evaluation and examination on
the sudden acceleration from low rotation.

When the above acceleration problems arises, the problem may be improved by putting the speed to zero first and then input
the required speed. Please conduct sufficient evaluation before use.

(When HALL input signal of below 10Hz is inputted to this IC, putting the speed to zero and then input the required speed
again will restart the rotation.)

6. Do not change the control signal of SLEEP pin (pin 3) from Low to High while motor is running at high speed. The IC can be
damaged due to the effect of induced voltage and conduction angle. Conduct sufficient technical evaluation to verify.

7. Break current during short brake is determined by the motor running speed and motor characteristics.
Before the short break, please review and evaluate by reducing the motor current and lower the motor speed.
Please refer to the ASO data and perform sufficient evaluation to ensure that the IC is not damaged.

8. In case the motor running speed changes from high to low rapidly, supply voltage can be increased due to the flow back of
motor current. Conduct sufficient evaluation and examination to ensure there is no issue.

9. When designing PCB pattern, place a resistor for current detection (RCS) close to the IC. The setting value for over current
protection may fluctuate due to the impedance of wiring pattern between RCS pin and the RCS resistor.

10. FG pin (Pin 1) and RD pin (Pin 2) are open-drain outputs. Connect a pull-up resistor to the designated power supplies and
use this IC within the allowable voltage and current ranges.

11. For the below pins, please ensure to connect to VREG pin under High level condition.
TRI pin (Under PWM control), SST pin (When Soft Start not used), FGSEL pin, PS pin, RDS pin, OVS pin and SFSW pin.
In addition, these terminals, changing the applied voltage during the operation of this product, we do not assume.
When changing the voltage applied to the terminal settings, please temporarily turn off the power.

12. When connecting TRI pin to VREG pin using PWM input mode, please make sure to input High level or Low level to the VSP
pin. Other voltage levels between High and Low level may result in unexpected operation.

13. 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.

14. 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.

15. Sufficiently check the characteristics before use. When there is changes in the external circuits, please check both static and
transient characteristics and ensure that there is enough margin
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USAGE PRECAUTIONS (Continued)

* Below are the precautions to take note when using this IC. (Continued)

16. When input power to VCC(Pin7), it is recommended that VCC voltage rises slower than 1.5V/us and when turn off, VCC
voltage drops slower than -1.5V/ps.
When performing power up and shutdown at high-speed, please ensure sufficient evaluation is performed to verify that there
is no problem.

17. Capacitor between VCC and GND
This IC employs the PWM driving method and hence, output transistor switches under high current condition and this easily
generates noise. Therefore the IC may be damaged or malfunction due to noise.
Hence, it is necessary to ensure that the power supply is stable so as to avoid circuit damaged or malfunction due to noise.
Where possible, place a capacitor between VCC and GND near to the IC so that IC will not malfunction due to PWM noise
and gets damaged.

18. Points to note for Motor PCB pattern
As this IC is used under high current, it is necessary to take note of common impedance in the pattern.
Please take care of the following in the pattern design of the motor PCB.

As high current flows from VCC connector to the IC VCC pin (Pin7) and through the metal lines, if the metal line is a ‘L’ shape
pattern, noise may be easily generated resulting in malfunction and damage during switching (Bottom left figure).

From the figure on the right, if a capacitor is placed with respect to the connector near VCC, a noise discharge route is
created and this reduces the VCC voltage directly to the IC pin. Where possible, please follow the figure on the right.

In addition, metal line impedance depends on the pattern length and therefore, please keep the metal line between VCC
connector and IC VCC pin as short and as thick as possible in the design.

The line between current detection resistor (Rgcg) to RCS pin (Pin9) is very important. Therefore, where possible, it is
recommended to use an isolated line to connect from the start of the detection resistor to the RCS pin.

Accurate current value may not be detected due to metal impedance if Rg¢s is placed far from the IC. Therefore, if it is not
possible to place near to the IC, please ensure that the motor current waveform and Rgcg current waveform is accurate.

Please ensure that the line between the GND connector and RCS resistor is isolated from the IC GND pin (Pin5).
If a common line is used, it may result in malfunction or IC ground connection voltage unstable due to line impedance.
In addition, to reduce line impedance effect, please ensure that GND line is as short and as thick as possible in the design.

Noise easily generated Recommended PCB Capacitor between

/\ VM-GND reduces spike.
ML._W_QMWV—!

o
L ol 12 L gAre
> 19 > |6

I

1 IC IC
— C 8 C 8
o ¥
RRCS% - RRCS%

GN
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USAGE PRECAUTIONS (Continued)

* Below are the precautions to take note when using this IC. (Continued)

19. This IC has five protecting functions. Pay attention to the descriptions below.

Function Operate/Release Conditions Remarks

Under * Operate

It VCC <3.55V (Short brake) Large current may be generated due to a short
;gockagﬁt Release Upper-phase: OFF | brake during motor rotation. Conduct sufficient
: Lower-phase: ON ification t td :
(UVLO) VCC > 3.75 V ower-phase verification to prevent damages
Over
vglltage * Operate/Release (Short brake) Large current may be generated due to a short
lock out VCC input voltage1: 16.0V (typ.) Upper-phase: OFF | brake during motor rotation. Conduct sufficient
(OVLO) VCC input voltage2: 27.2V (typ.) Lower-phase: ON | verification to prevent damages.
Rrcs is a current detection resistor.
Over - Operate: Concerning level of detection, false detection may
Current RCSS voltage = 0.25V (typ.) (Short brake) occur due to the effect of PCB layout or noise.
Protection | . Release: Upper-phase: OFF | |n addition, when specifying the resistance value
cL) RCSS ) | <025V (t Lower-phase: ON | of R, take the followings into consideration:
voltage =< 0. (typ.) Level of detection, tolerance in resistance value of
Rgres, temperature, ratings, etc.
* Operate:

Hall signal input cycle

2 0.5 s (RDS=L, SFSW=L)
(RDS=H, SFSW=H)

=2 1.0 s (RDS=L, SFSW=H)

2 2.0 s (RDS=H, SFSW=L)

(Based on the rising or falling edge

of HIH-H1L )

* Release:

» With RDS and SFSW is set to following
voltage,any of the below 7 conditions will
result in the protection to release.

RDS =L or open and SFSW =L or H

Motor RDS =H and SFSW =H (Short brake) Brake current may be generated due to protection
Lock SLEEP is input with ‘H’ Upper-phase: OFF | circuit operating during the motor rotation.
Protection UVLO operates (VCC<3.55V) Lower-phase: ON | Conduct sufficient verification to prevent damages.

Automatic reset after the following time;
5s (RDS=L, SFSW=L)

10 s (RDS=L, SFSW=H)

70 us (RDS=H,SFSW=H)

Hall signal being input

(Rising or falling edge of H1H-H1L)
VSP(PWM)<3.0%(typ), or
VSP(DC)<1.0V(typ) is inputted

FR signal switch is inputted
SBRK signal is inputted
» Control restrictions to protection functions
When RDS is set to ‘H’ and SFSW is set to

‘L’, the above will be disabled.
. Since all phases are OFF when protecting
* Operate: function operates, reverse current may be
Thermal IC junction temperature > 160 P ’ y

All phases: OFF generated due to the repetition ON-OFF switching
of the protection function during motor rotation.
Pay attention to the voltage rise.

Protection | + Release:
IC junction temperature < 135
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Request for your special attention and precautions in using the technical information and
semiconductors described in this book

(1) If any of the products or technical information described in this book is to be exported or provided to non-residents, the laws and
regulations of the exporting country, especially, those with regard to security export control, must be observed.

(2) The technical information described in this book is intended only to show the main characteristics and application circuit examples
of the products. No license is granted in and to any intellectual property right or other right owned by Panasonic Corporation or any
other company. Therefore, no responsibility is assumed by our company as to the infringement upon any such right owned by any
other company which may arise as a result of the use of technical information described in this book.

(3) The products described in this book are intended to be used for general applications (such as office equipment, communications
equipment, measuring instruments and household appliances), or for specific applications as expressly stated in this book.

Consult our sales staff in advance for information on the following applications:

* Special applications (such as for airplanes, acrospace, automotive equipment, traffic signaling equipment, combustion equipment,
life support systems and safety devices) in which exceptional quality and reliability are required, or if the failure or malfunction of
the products may directly jeopardize life or harm the human body.

It is to be understood that our company shall not be held responsible for any damage incurred as a result of or in connection with

your using the products described in this book for any special application, unless our company agrees to your using the products in

this book for any special application.

(4) The products and product specifications described in this book are subject to change without notice for modification and/or im-
provement. At the final stage of your design, purchasing, or use of the products, therefore, ask for the most up-to-date Product
Standards in advance to make sure that the latest specifications satisfy your requirements.

(5) When designing your equipment, comply with the range of absolute maximum rating and the guaranteed operating conditions
(operating power supply voltage and operating environment etc.). Especially, please be careful not to exceed the range of absolute
maximum rating on the transient state, such as power-on, power-off and mode-switching. Otherwise, we will not be liable for any
defect which may arise later in your equipment.

Even when the products are used within the guaranteed values, take into the consideration of incidence of break down and failure
mode, possible to occur to semiconductor products. Measures on the systems such as redundant design, arresting the spread of fire
or preventing glitch are recommended in order to prevent physical injury, fire, social damages, for example, by using the products.

(6) Comply with the instructions for use in order to prevent breakdown and characteristics change due to external factors (ESD, EOS,
thermal stress and mechanical stress) at the time of handling, mounting or at customer's process. When using products for which

damp-proof packing is required, satisfy the conditions, such as shelf life and the elapsed time since first opening the packages.

(7) This book may be not reprinted or reproduced whether wholly or partially, without the prior written permission of our company.
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