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Panasonic AN44150A

Realizing in One IC,
PWM Output Open Control by External PWM Signal and
PWM Output Loop Control by External DC Voltage and Current Peak Detection.

3-Phase Brushless Motor Drive IC

Features Applications

® Supply voltage range: 6.0 V to 36 V ® Driver IC for 3-phase brushless motor
® Built-in 5-V regulator

® 3-phase 120-deg--energization drive system by 3-Hall-sensor

® Drive control mode is selectable:

*PWM open control by an external PWM signal Package

(PWM through drive)

*PWM loop control by external DC voltage and current peak
detection. (OFF time fixed current peak detection PWM drive)
OFF time setting switching function

Rotation direction switching function

FG pulse switching function (1FG or 3FG)
Short-brake/Free-running function

Built in various protection functions: under voltage lock out
(UVLO), thermal protection, motor restricted protection ,
overcurrent protection and drive output short protection

® 24-pin plastic quad flat non-lead package
(QFN type, size: 4 mm x 4 mm)

Summary

AN44150A is a driver IC for 3-phase brushless motor.

The rotor position detection by a 3-Hall-sensor and a 120-deg--energization drive system are adopted.

It is selectable the PWM through drive mode or the OFF time fixed current peak detection PWM drive mode.
Low power consumption of a motor module is realized, and it contributes to the application expansion of
various motor units.

Application Circuit Example Motor Drive Waveform
“ . Cot | AN44150A U,V,W,FG output voltage waveform
& N | [v,n U,V,W output current waveform
% o % : R ;<< Fainzdlk > R R
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vece w
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Note: In the above circuit example, It's not that the operation of Conditions: PWMIN mode, PWMIN=20kHz, 50%duty
the volume production is guaranteed. When designing a mass Voo =24 V, Vg = H, FGSEL=L
production set, after having conducted an evaluation and
verification enough, use it with the customer's responsibility.
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Absolute Maximum Rating

Parameter Symbol Rating Unit Note
Supply voltage Ve 37 \Y, *1
Output current lu, Iv, lw +1.5 A *1,*4
Operating ambient o N
temperature Torr —-40 ~ +80 C 2
Storage temperature Tsra - 55 ~ +150 °C *2
Vorrsw: Vhup Viun: Vives
Vi Viwe: Viwn: Vers -03~6.0 V —
InpUt VOltage range VFR’VPWMIN/VSP’VFGSEL
V NsEL -0.3~37.0 \Y —
Vu, Vv, Vi 37 \Y *1,*3
Veg -0.3~6.0 \Y —
Output voltage range Vyree:Yres VeLpose -03~6.0 \Y *3
N 37 \Y *3
Vic2, Veump 45 \% *3
lea 0~10 mA —
Input current range
IVREG 0 ~ —10 mA *4
MM +200 \Y —
ESD tolerance
HBM +2 kv —

Notes:

If you give a stress above those listed under absolute maximum ratings, it is possible that permanent damage to the product.

These are provisions for stress ratings, it is not guaranteed that functional operation of the device at the value greater than
recommended operating range. When exposing to absolute maximum conditions for extended periods, it may affect the
reliability of this product.

*1: It indicates when using in a range that does not exceed the absolute maximum rating, including the rated power consumption.

*2: Except the operating ambient temperature, and the storage temperature, all ratings are for Ta = 25 °C.

*3: Do not apply external voltage to these pins, and set them not to exceed the rated value even transitional.

*4: Do not apply external current to these pins, and set them not to exceed the rated value even transitional.

Rated Power Consumption

Package 0j-a 0j-c

24 pin Plastic Quad Flat
Non-leaded Package

(QFN type)

Py, (Ta=25%) Py, (Ta=70C)

57.8°C/W 5.4 °C/W 2163mwW 1384mwW

Note:. For the actual usage, refer to the PD-Ta characteristics diagram in the package specification, follow the 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) : 50x50x0.8t (mm) ,thermal via, back heat sink: Dai-pad , Soldered.

CAUTION

Although this has limited built-in ESD protection circuit, but permanent damage may occur on it.
Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the MOS gates.

»
Aea
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Recommended Operating Conditions

AN44150A

Parameter Symbol Min. Typ. Max. Unit | Note
Supply voltage range Ve 6.0 — 36 \% *1
VinseL 0 — Vee \ 1
Vorrsw 0 — Vvres \ 1
VeGseL 0 — Vvreg v *1
Input voltage range Vres 0 — Vyrec \Y *1
Ver 0 — Vvreg v *1
Ver 0 — Vvres v *1
Vewminvsp 0 — Vyvres \ 1
Cvcc — 47 — F *2
Cvecet — 0.1p — F *2
Cyrea — 0.1p — F *2
Cqac — 0.01p — F *2
Cyeume — 0.01p — F *2
External constants CcLoosc — 0.022p — F *2
(reference) Cuu — 0.01p — F )
Cuv — 0.01p — F *2
Chw — 0.01p — F *2

Rgres 0.16 0.27 — Q *2.,*3
Res — 51k — Q *2
Ryns — 1k — Q *2

Notes:

*1 For the setting range of input control voltage, refer to the Electrical Characteristics, and the Functional Explanation.
*2 This value is an example. Operation of mass production set is not guaranteed. Perform enough evaluation and
verification on the design of mass production set.

*3 A value less than this resistance is prohibited. If you set below this minimum value, there is a possibility that

the output current exceeding rated current.
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Electrical Characteristics
at Vcc=24V,

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

Limits
Parameter Symbol Condition Unit | Note
Min Typ Max

Circuit current

V¢ current lec — — 24 3.8 | mA
V¢ current at STBY mode lcco | at STBY mode — 350 700 | uA
Power block
I=%1A
Output on-resistance Ronne | (High side + Low side) 0.7 1.14 155 | Q
Vee=12V
Output leak current loL — — 10 50 uA
Diode forward voltage Vp, I=1A — 1 1.6 V
5V regulator block
VREG voltage Vyres — 4.7 5 5.3 \
Voltage regulation AVgegt | Vee=6~ 36V, lo=-5mA — 20 50 mV
Load regulation AVgggy |l0=-5m ~-10mA — 50 100 | mV
CLD oscillator circuit
High level output voltage Vouelp | Design target value — 25 — vV | *2
Low level output voltage Vorcp | Design target value — 0.5 — vV | "2
Amplitude Ve — 1.3 2.0 2.7 | Vpp
External capacitor charge current lopr | Veld=1.5V -176 | 12 -6.4 | UA
E;‘:z;‘f' capacitor discharge loipp | Veld=1.5V 64 | 12 | 176 | uA
Oscillation frequency Foo E:D;)s.i(;ang:get value) — 136 — Hz | *2
Hall block
Input bias current lhaLL — -2 0 2 uA
Input dynamic range VialL — 0 — V_I_\;E;; Vv
Hysteresis width Vovhys — 9 20 35 mV
Hysteresis level: L - H Vivs1 — 3 10 17 mV
Hysteresis level: H —» L Vivse — -17 -10 -3 mV
Hall input sensitivity Vi — 80 | — | — ’;\;
g%';‘;“on'mOde input voltage Vieu One side input bias 0 — |VREG| V
Notes : *2 Typical design value
Page 5 of 40
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Electrical Characteristics (continued)
at Vcc=24V,
Note: T, = 25°C+2°C unless otherwise noted.
Limits
Parameter Symbol Condition Unit | Note
Min Typ Max
Charge pump output
Output boosted voltage Veuwe | IPUMP=0mA \:CSC \ic; \:Cgc %
VCC under voltage lock out
Operation voltage Vuvio — 4.5 4.8 5.1 \Y
Hysteresis width AViio — 0.1 0.2 0.3 \Y
Current limiter operation
Limiter voltage Vre | INSEL=H 019 | 021 | 023 | V
FG Block
Output on-resistance Voneg | lrg=5mA - 40 60 Q
Output leak current lrg | VO=5V - - 10 uA
BR Interface
High level input voltage ViHer — 20 — |VREG| V
Low level input voltage ViR — 0 — 1 Vv
Input open voltage V\oBr — 2.65 3 335 | V
Hysteresis width V\ser — 0.25 | 0.33 0.4 \Y
High level input current lher | Ver=5V 45 60 75 uA
Low level input current lier | Ver=0V -60 -80 -100 | uA
FR Interface
High level input voltage Viuer — 20 — |VREG | V
Low level input voltage Vier — 0 — 1 V
Input open voltage Viorr — 2.65 3 335 | V
Hysteresis width Viser — 0.25 | 0.33 0.4 Vv
High level input current lher | VEREOY 45 60 75 uA
Low level input current lier | Ver=0V -60 -80 -100 | uA
Page 6 of 40
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Electrical Characteristics (continued)

at Vcc=24V,
Note: T, = 25°C£2°C unless otherwise noted.
Limits
Parameter Symbol Condition Unit [Note
Min Typ Max
PWMIN Interface (Switching by PWMIN/VSP pin, at INSEL=H)
High level input voltage Vivewmi — 20 — |VREG | V
Low level input voltage Viipwmi — 0 — 1 \Y,
Input open voltage Viopwmi — 2.65 3 335 | V
Hysteresis width Vispwmi — 0.25 | 0.33 0.4 \Y,
High level input current Lvpwmt | Vewmin=52V 45 60 75 uA
Recommended input frequency Fewmin | Design recommended value 0.5 — 60 |kHz
INSEL Interface
High level input voltage V\NSELH — V_C1C — vCC | V
Low level input voltage VNsELL — 0 — 1 \Y
FGSEL Interface
High level input voltage VeoseLn — VREGT — vreG| v
Low level input voltage VegseLL — 0 — 1 V
OFFSW Interface
High level input voltage VorrswH — VR_)EF — |VREG| V
Low level input voltage VorrswiL — 0 — 1 \Y
VSP Interface (Switching by PWMIN/VSP pin, at INSEL=L)
Input dynamic range L level VspoL — 0.8 1 1.2 \Y
Input dynamic range H level VsppH — 2.25 2.5 275 |V
Input to output gain Vepg | VSP=1.3~2.2V 0.126 | 0.14 | 0.154 | VIV
Threshold voltage of free-run Vere 08 09 10 Vv
comparator
OFF time1 Voeers | OFFSW=H 1.1 2.2 3.5 us
OFF time2 Vorrre | OFFSW=L 4.2 7.0 11 us
Thermal protection
Thermal shutdown operation TSD | Design target value ) 160 ) °c | *1
temperature
Hysteresis width ATSD | Design target value - 40 - cC | "
Notes : *1 These are values checked by design but not production tested.
Page 7 of 40
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® Pin

Configuration

TOP VIEW

Pin Functions

AN44150A

= Zq

n = 9O

L [a)

r = Jo

O o O W

24232221
HWN[-1: 1.8 FGSEL
HWPf2: RCS
HVN[3: | 16| Vv
HVPIg: 1 15 W
HUNls: @ 14U
HUP[ 6 13| VPUMP

7 8 910

Ei(: Pin name Type Description

1 HWN Input Hall amplifier input W (-), Connected to the output pin of the Hall element.
2 HWP Input Hall amplifier input W (+), Connected to the output pin of the Hall element.
3 HVN Input Hall amplifier input V (-), Connected to the output pin of the Hall element.
4 HVP Input Hall amplifier input V (+), Connected to the output pin of the Hall element.
5 HUN Input Hall amplifier input U (-), Connected to the output pin of the Hall element.
6 HUP Input Hall amplifier input U (+), Connected to the output pin of the Hall element.
7 GND GND Ground

8 VREG Output Internal reference voltage (5V)

9 BC2 Output For charge pump 2, Capacitor is connected between BC1 and BC2

10 BC1 Output For charge pump 1, Capacitor is connected between BC1 and BC2

11 VCC gg;vp?; Supply voltage for IC and motor.

12 INSEL Input PWMIN or VSP mode selection pin

13 | VPUMP Output Charge pump voltage output

14 U Output U-phase output

15 |W Output W-phase output

16 \ Output V-phase output

17 RCS Output Motor current limit (PWMIN mode) / Motor current detector (VSP mode)
18 FGSEL Input FG output mode selection

19 BR Input Brake mode selection

20 FG Output FG external output

21 FR Input Forward / Reverse rotation direction selection

22 CLDOSC Input Setting oscillation frequency of motor restricted protection

23 PWMIN/VSP Input PWM input (PWMIN mode) or DC voltage input (VSP mode) for motor control
24 OFFSW Input PWM OFF time selection

Established : 2014-05-14
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mBlock diagram

PWMIN
INSEL /VSP FR BR
N\ ) ) N
T12 23 21 19
N _o/g TSD
SEL |_+
| 8 |VREG
PWM
VSP | {1y ER BR VREG [
24
OFF
OFFSWQ— &y —| L ! 11]vcC
- > | LVSD )
CLDOSC (y__[ CLDO »  CONTROL
SC LOGIC 13
. : g ; . \VPUMP
FG ( 0-C 4 BC2
ST5rc | CHARGE
10SC PUMP | 10 o
18
FGSEL ()_FGSEL A2
14
120°Matrix (ig INSEL Pre DRIVER 16
o\o + POWER v
HALL COMP. 1 15| w
6 5 L4 3 12 11 ,L17 ~7
N\ N g
HUP HUN HVP HVN HWP HWN RCS GND

Note: This block diagram is for explaining functions. The part of the block diagram may be omitted, or it may be
simplified.

Page 9 of 40

Established :2014-05-14
Revised D HHHH-HH-HH



Doc No. TA4-EA-06256
Revision. 1

Panasonic AN44150A

mApplication Circuit Diagram
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Note: -This simplified application circuit is not guaranteed the operation of mass production set.
Use this IC after sufficient evaluation and examination on customer responsibility when designing the set.
-For the feature explanation, this block diagram may be partially omitted or simplified.
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B Functional Pin Table

1. Selection of PWMIN mode or VSP mode (selectable by INSEL pin)

Pin name Input Status Description
External PWM signal is input and the PWM through
H(VCC) PWMIN mode drive mode which carries out open control of the
output is chosen.
INSEL
External DC voltage is input and the OFF time fixed
L(GND) VSP mode PWM drive mode which carries out loop control of
the output by current peak detection is chosen.
2. Selection of FG output
H(VREG) 3FG 3FG pulse output
FGSEL
L(GND) 1FG 1FG pulse output
3. Selection of Fixed OFF time
H(VREG) OFF time 1 2.2u sec
OFFSW
L(GND) OFF time 2 7.0u sec
4. Function of Brake
H or Open SBRK Low side : Short brake
BR
L Normal Normal drive.
5. Function of Forward/Reverse
H or Open Forward Rotation U-V—-W
F/R
L Reverse Rotation W—V—-U
6. PWMIN/VSP pin input.
Selection mode Pin condition Drive mode Description
An output power transistor is made to drive by the
. frequency and duty of an input PWM signal.
PWMIN mode PW'\tA signal Normal Drive
(INSEL=H) npu PWMIN=L — Low side power : ON
PWMIN=H — Low side power : OFF
—PWM signal
input 0% dut If H level mode of an input PWM signal is continued
in out y Free Run in about 5 msec, it judges with duty 0% and will be
P in a free-run mode.
VSP voltage of The input range of VSP voltage is 1V to 2.5V_.
VSP mode 1V 10 2.5V is Normal Drive It is made to drive by the current peak detection
(INSEL=L) inout ' according to VSP voltage and the resistance of the
put. RCS pin.
—}lr?gu;/oltage VSP<0.9V Free Run It will be in a free-run mode by VSP<0.9V.
VSP>2.5V MAX Drive It drives in the mode of VSP=2.5V.

Established :2014-05-14
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Bl Protection Function

Function name Operate Release Note
All phases are OFF while protection function
works. (output = HiZ)

TSD 160°C 120°C Moreover, when the TSD protection operates,

the timer count of a restricted protection is
made to stop.

In PWM through drive mode, if motor current
reaches the current value decided by the
resistance connected to the RCS pin and the

i . internal reference voltage of 0.21V, output
After fixed time

Current limit 0.21VvV current will be restricted in turning off an

(at PWMIN mode) progress output for a fixed time.
OFF time can be decided by setting of an
OFFSW pin.
(OFFSW=H : 2.2usec, OFFSW=L : 7.0usec)
It is protection of the low-voltage condition of
UVLO the power supply voltage.
4.8V 5.0v If protected operation is carried out, low side
(VCC) X .
output power is turned on and it becomes a
low side short brake.
The count for restricted protection is made to
*F/R operation stop at the time of TSD protected operation.
When FG pulse -at UVLO Protection release and a count are reset
Motor restricted does not change -to STBY mode except above.
protection within a set time. *BR operation A protection setting time is determined by the
(latch protection) -at TSD external capacity value connected to the

(count stop) CLDOSC pin.

(Time(s) = External Cap(uF) x 85)

Short protection of
Motor output -
GND,VCC

latch protection
by constant time
detection.

-at UVLO
*to STBY mode

Latch protection is carried out.
Release is performed by UVLO and STB.

Established :2014-05-14
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l 3 Phase Drive State Diagram

FR=H o0 1530 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 0 15
HU ] | [ | i
HY [ | [ .
HW ; I [ | [ ’
FG :
(FGSEL-L) | | ' | -
3FG : [ | LI L
(FGSEL=H) _1—' — ' ! —
Output U
Output V
Output W

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 0 15

] DTS N
HU 71 I I [ [
y  — | | [ |
w -1 T —— — 5
FG ’
(FGSEL=L) - ] ! I -
6 — — ! | | | — e T
(FGSEL=H) g
Output U
Output V
Output W
FR=H FREL OUTPUT HU, HV, and HW = H show
HU HV | HW | HU HV | HW U \Y W the following state, respectively.
H L H L H L |PwM| H z HUP > HUN,
HVP > HVN
H L L L H H PWM z H ’
HWP > HWN.
H H L L L H 4 PWM H
L H L H L H H PWM Z About the output U, V, and W,
L H H H L L H ~ PWM gilfor H, output high side power is
L L H H H L A H | PWM]  Asfor PWM, output power is a
switching mode,
B As for FG output, the inversion signal of HU is output. As for Z, output power is OFF,

It is shown.
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Functional Explanation

1. Selection of PWMIN mode or VSP mode

As a motor drive mode, it features two modes in this IC.

The mode selection is selectable by INSEL pin.

INSEL=H — PWMIN mode
INSEL=L — VSP mode

PWMIN mode- - -

VSP mode

drive with the signal.
It is the open control drive of a PWM through system.

This mode is the mode which inputs a PWM signal into a PWMIN/VSP pin and makes an output

----- DC voltage is input into a PWMIN/VSP pin and it operates in the fixed OFF time current peak
detection PWM drive mode which makes it drive with carrying out current detection in a RCS pin.
It is the loop control by current peak detection.

Moreover, opening of the INSEL pin is prohibited.
Be sure to apply voltage to the pin so that the polarity can be decided.

Drive PWM
mol\;e system PWM generation Summary block diagram
PWMIN
PWM P Output OV
PWM _ . Output O \V;
IN through PWMIN - PWM OUT —_ > O Operat|0n > drive
mode eneration O
| | | PWM g w
signal
o VSP Gain Amp
ON Tlmlng pin OFF
Fixed OFF time O—» time
Fixed progress counter
VSP OFF A —Qu
mode t RCS y| Output Output
ime OFF Timing ) | operation | | p —QOV
:Setting current value | PN » generation rive C Ow
detection f Comp
|
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Functional explanati

AN44150A

on (continued)

2. Start Up/Free Run/Standby(STB) mode

*In this IC, the transition conditions to Start Up, Free Run and STB mode are shown.

*PWMIN mode

Start Up---- After applying the VCC of power supply within the operation limits, if a PWM signal is input from a
PWMIN/VSP pin, a PWM input is judged and internal VREG voltage circuit starts.
If it becomes the VREG voltage on which the internal circuit can operate,

it becomes a normal drive in the PWMIN mode.

Free Run- - - If the 0% duty mode (H level) of a PWM signal continues in about 5 msec,

it judges as a PWM 0% inside IC, and becomes Free Run mode.

At the time of Free Run, low side power outputs are all OFF, and high side power output of
the detection phase of a hole is in ON state.

STBr====x-- After a Free Run, rotation of a motor is stopped, FG pulse is no longer output,
time that is decided by capacity value connected to the CLDOSC pin elapses,
it transits to STB mode.
Internal VREG voltage is stopped in the STB mode.

VCC /

PWM signal input 0% duty
I
PWMIN > |
/VSP pin about |
5 msec :
PWM l
judgment IPWM signal [PWM 0%
|input state |judgment
I |
| VREG start up ! VREG stop
VREG '/ i !
I |
X | FG pulse Passage of time that is set in :
: | the capacitance value of
Lock ' I stop | CLDOSC I
protection ! I | >
detection ! | | Timer counting
1 I | |
v | |
State Normal drive in PWMIN mode Free Run Motor rotation stop STB

Established : 2014-05-14
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Functional Explanation (continued)

*VSP mode

Start Up+---

Free Run---

After applying the VCC of power supply within the operation limits, if the voltage of 0.9V or more
from PWMIN/VSP pin is input, it is judged as normal drive, and internal voltage circuit starts.

If it becomes the VREG voltage on which the internal circuit can operate, it becomes a normal drive
in the VSP mode. (However, VSP voltage input range of VSP mode is 1V to 2.5V.)

If PWMIN/VSP pin voltage becomes 0.9V or less, it is judged as free-run in the IC, and it becomes
Free Run mode.

At the time of Free Run, low side power outputs are all OFF, and high side power output of

the detection phase of a hole is in ON state.

After a Free Run, the rotation of the motor is stopped . From the time the FG pulse is not detected,
after the time elapses that is determined by the capacitance value connected to the terminal CLDOSC,
it transits to the STB mode. And it stops the internal VREG voltage in the STB mode.

VCC /

PWMIN
/VSP pin

VSP>0.9V VEP<0.9v
T

VSP
judgment

:Normal drive : Free Run
| in VSP mode | judgment

|
I VREG start up VREG stop

Passage of time that is setin |
StOp \I the capacitance value of |

|
VREG '/ | N\
' : FG pulse I
|
|
|
|
|

Lock E | cLDOSC _

protection : : Timer counting g 1

detection i [ |

v [
State Normal drive in VSP mode Free Run Motor rotation stop STB
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Functional Explanation (continued)

3. Speed control

*PWMIN mode (INSEL=H)

By inputting a PWM signal to PWMIN/VSP pin and controlling its duty, it controls the output.
PWMIN/VSP pin:

L level voltage input — PWM phase (Low side) output ON
H level voltage input — PWM phase (Low side) output OFF

In the PWMIN mode, if the input PWM signal voltage continues in about 5 msec, it judges as 0% duty,
and transits to Free Run mode.

* VSP mode (INSEL=L)

By inputting the DC voltage to PWMIN/VSP pin and controlling the voltage, it controls the motor current.
VSP mode is OFF time constant current peak detection system. By setting a target current value, make the loop
control to match its value.

(VSP input voltage —1) x 0.14 (V)

Target current value(A) =
RCS external resistance value (Q)

Input voltage range of VSP in normal drive of VSP mode is 1V to 2.5V.
When VSP voltage is 0.9V or less, it becomes Free Run mode.
If you input more than 2.5V voltage to VSP, itis set to 2.5V in the IC.
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Functional Explanation (continued)

4. Motor restricted protection circuit

When FG non-signal state continues for a certain period of time in the motor normal operation mode, restricted
protection circuit operates.

In the restricted protection mode, low side power outputs are in 3-phase OFF state.

The value of the restricted protection time can be calculated by the following equation approximately.

Restricted protection setting time (s) = Capacitance value of CLDOSC (uF) x 85

If you connect capacitance of 0.047uF in CLDOSC pin, the restricted protection time is about 4s.
Make setting with a margin for motor start-up time.

Conditions to release the motor restricted protection, and to reset the counter are as follows.
-BR pin: Short brake setting
*In switching the FR pin
-In detecting UVLO mode
-In transiting to STB mode
-at TSD protection (count stop)

This setting time is used as the time from free-run, stopping motor, until entering STBY mode.
If you do not use the restricted protection, connect the CLDOSC pin to the GND. (However, It will not be able to
transit to the STBY mode.)

1. Restricted protection explanation Restricted protection release

o (BR, FR pin, Motor drive signal input
Motor restriction UVLO, STB transition)
FG pulse output l FG pulse output suspend l ‘Korre-drive
FG output | :
I Timer count |
Restricted |
protection count """"""""""""""m |
| |
. | Passage of time that is I -
Restricted | set in the capacitance | Restricted protection
protection detection | value of CLDOSC mode
|
. Motor output stop, Restricted protection mode,
State Normal drive Restricted protection 3-phase low side output: Normal drive
count OFF

' I
2. Restricted protection explanation in operating TSD protection
Motor protection

I
>l
f
FG output I
v l
Restricted "mmmm"]
protection detection N
N~ . \\\\\ /“‘
TSD - TSD | TsD L
t R?Str'gt‘id . Restricted
protection detection —! protection
./ mode
If the TSD protection is activated during the restricted protection If the sum of restricted count reaches to the setting
count, it stops the restricted protection count during the protection. time, it transits to the Restricted protection mode.
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Functional Explanation (continued)

5. Low voltage protection

This IC monitors the voltage VCC. If VCC voltage becomes 4.8V or less, low-voltage protection is activated.
In the low voltage protection operation, the output of each phase is in Short-circuit braking mode (low side short).

In addition, if the VCC voltage drops further, the internal circuit is no longer working properly, the outputs, all phases
are HiZ (all phases OFF).

Hysteresis of 0.2V is set in the VCC low voltage protection function. If the VCC is restored to 5V from protection
mode, the low voltage protection is released.

vee Juvo - ULVO R
5 V ________________________________ K el
R e S

g P

1
1
1
1
1

-
1
1
1
1
1
1
1
1
1
1
L
]
1
1
1
1
1
1

INOPEIAtiVE - - - - oo o oo oo e b
voltage E i
State q UVLO ; UVLO .
Normal drive  |ggrk i Normal drive SBRK output HiZ output

6. Thermal protection (TSD)

If an IC junction temperature is 160°C (design target value) or more, the thermal protection is activated, and the
motor outputs are all HiZ (all phases OFF).

If the IC junction temperature is 120°C (design target value) or less, the protection is released. During the period
of TSD protection, the count of the restricted protection circuit is stopped.

TEMP Ed—bTSD ;

160 °C - b N R

LT R R — A — . S —
State Normal drive HiZ output Normal drive
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Functional Explanation (continued)

7. Overcurrent protection (PWMIN mode)

Here, describes the overcurrent protection setting in PWMIN mode.
Overcurrent setting value is determined by the resistance value connected to the RCS pin.

Overcurrent setting value (A) = 0.21 (V) / RCS resistance value (Q)

After detecting a current greater than the setting value, by shutting off the output transistor during the
predetermined time, it protects an over-current.

Off time is possible to switch using OFFSW pin.
OFFSW=H: Off time 2.2 usec
OFFSW-=L: Off time 7.0 usec

Input PWM signal Output transistor ON operation
Overcurrent H H H
protection
detection
\ > P> >
Output transistor ON Off fixed timg O Off fixed timg O Off: fixed time
' | | : | :
: | | I | I
Overcurrent | : : ' : '
setting ~— T~~~ : ______________________
|
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Functional Explanation (continued)

8. Hall input

Hall hysteresis comparator carries out position detection. If the amplitude of the sine wave is small, the phase delay
of the comparator output becomes significant, therefore, increase the amplitude. Recommendation is 200 mV or
more. Also, if the hole chattering occurs, put capacitor between HP (2, 4, 6 pin) and HN (1, 3, 5 pin).

HP v The following is a schematic diagram of the characteristics.
7 ‘|1 J-1 hysteresis level: 10mV L —- H
J-2 hysteresis level: 10mV H — L
HN T J-3 hysteresis width: 20.0 mV (typ)
Hall voltage
difference () t [time]
HP-HN

Hall comparator
output

*Relationship between Hall voltage and FGSEL

By switching FGSEL pin, for the one cycle sine wave of Hall, it outputs FG pulse one cycle or three cycles.

Hall voltage -+
difference
HUP—HUN —

FG pulse for
Hall 1 cycle
(FGSEL = L)

3FG pulse for
Hall 1 cycle
(FGSEL =H)
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Functional Explanation (continued)

9. FGSEL pin

For Hall 1 cycle, you can choose whether the output of the FG pin is 1FG or 3FG.
See the previous page for more information.

Open of the FGSEL pin is prohibited.
On the board, give it to VREG voltage or GND voltage.

10. OFFSW pin

In the VSP mode, you can set the OFF time of OFF time constant current peak detection PWM drive control.
At OFFSW = H, OFF time is 2.2 usec.
At OFFSW =L, OFF time is 7.0 usec.

In the PWMIN mode, you can set the protection time of the overcurrent protection operation.
At OFFSW = H, protection time is 2.2 usec.
At OFFSW = L, protection time is 7.0 usec.

Refer to page 20 for more information.

Open of the OFFSW pin is prohibited.
On the board, give it to VREG voltage or GND voltage.

11. BR pin

By the voltage setting of BR pin, you can choose whether the output is normal drive or low side SBRK of low side
power output three-phase ON.

At BR=L: Output is normal drive.
At BR=H: Output is low side SBRK.

When open the BR pin, it generates about 3V in the internal circuit, and it is determined that BR = H internally, then it
transits to SBRK mode.

Drive the BR pin with an external voltage.
If the VREG voltage of IC is used, at the time becoming STBY mode, VREG voltage is not lowered and voltage of 1
to 2V is output. So the use of voltage VREG is prohibited.

At short braking, brake current is determined by the motor and speed.
Consider enough to prevent the IC destruction.
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Functional Explanation (continued)

12. FR pin

By the voltage setting of the FR pin, you can choose whether forward rotation or reverse rotation.

FR=H: Output is forward rotation.
FR=L: Output is reverse rotation.
Refer to page 13 for more information.

When you open the FR pin, it generates about 3V in the internal circuit, it is determined that the FR = H internally,
and it becomes the forward rotation mode.

Drive FR pin by an external voltage.
If you use the VREG voltage of IC, when it becomes STBY mode, VREG voltage does not fall and VREG voltage
about 1 to 2V is output, so the use of voltage VREG is prohibited.

In addition, F/R control is instantly reversed.

At the time of instantaneous reversal when the motor is driven, there is a possibility of high current generated by the
rotational speed or the current value.

By dropping the number of revolutions before reversal, etc., you must fully assess so that the IC is not broken.

13. PWMIN/VSP pin

@®In the PWMIN mode, it becomes the pin of the PWM signal input.

PWMIN=L: PWM drive output is ON. (ON duty)
PWMIN=H: PWM drive output is OFF. (OFF duty)

In addition, this pin also shares with the activation determination. In the STBY mode, L-level voltage is input to the
PWMIN pin, it releases the STBY mode, and VREG voltage starts.

Also, this pin shares with free-run determination. Under normal operating conditions, if the time that PWMIN is H level
continues in 5 msec, it determines 0% duty internally and the output becomes the Free run mode.

At the time of 0% duty in 5msec before free-run, the outputs in the upper phase 2 are ON, and they are in the upper
SBRK mode. By a motor and rotational speed, there is a possibility of high current generation.

If you want to transit from high duty to free-run, you should fully assess so that the IC is not broken, .

When you open the PWMIN/VSP pin in the PWMIN mode, it generates about 3V in the internal circuit, and it is
determined that the H-level voltage input internally, and the outputs become OFF, and it stop the motor drive.

@®In the VSP mode, it becomes the pin of DC voltage input.

By the input of the 1V to 2.5V and loop control of the current peak detection according to the input voltage, it drives
the output.

This pin also shares with the activation determination, if DC voltage of 0.9V or more is input, it releases the STBY
mode, and VREG voltage starts.

Also, this pin shares with free-run determination. By the input voltage of 0.9V or less, it comes up with free-run
decision.

When you open the PWMIN/VSP pin in the VSP mode, it is determined that the voltage is 0.9V or less internally, the
operation stops the motor drive.

Refer to page 14-17 for more information.

Page 23 of 40

Established :2014-05-14
Revised D HHHH-HH-HH



Doc No. TA4-EA-06256
Revision. 1

Panasonic

AN44150A

PIN EQUIVALENT CIRCUIT

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

Pi
Nlc:] Internal circuit Impedance Description
1 )
2, Pin1(HWN) ,Pin3(HVN),Pin5(HUN)
3 . :Hall amplifier (U, V, W) — input pin
4, Pin2(HWP) ,Pin4(HVP),Pin6(HUP)
3, :Hall amplifier (U, V, W) + input pin
6

747 e

VvCC
o o . @ Pin8(VREG)

8 — :Internal reference voltage (5V)

| | 298.8kQ

=0, o
100.64kQ L_'.
— L.
i .
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PIN EQUIVALENT CIRCUIT (continued)

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

Pi
Nlc:] Internal circuit Impedance Description
VCC
100Q
Pin9(BC2)
:For charge pump capacitor
connection pin 2
@ Connect a capacitor between
9, — this pin and Pin10 (BC1).
13
@ Pin13 (VPUMP)
:Charge pump voltage output pin
Connect a capacitor between
f this pin and Pin11 (VCC).
[
3
Pin10(BC1)
10 o :For charge pump capacitor
connection pin 1
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