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Pre Driver IC for single
phase Brushless Motor
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NnUvoToN KA44171A
e
B IMPORTANT NOTICE

Regarding the specifications of this product, it is considered that you have
agreed to the quality level and disclaimer described below.

Support for industry standards and quality standards

Functional sqfety standards for No
automobiles 15026262
AEC-Q100 No
Market failure rate 50Fit
Disclaimer
1. When the application system is designed using this IC, please design the system at your own risk. Please

read, consider, and apply appropriate usage notes and description in this standard.

2. When designing your application system, please take into the consideration of break down and failure
mode occurrence and possibility in semiconductor products. Measures on the systems such as, but not
limited to, redundant design, mitigating the spread of fire, or preventing glitch, are recommended in order
to prevent physical injury, fire, social damages, etc. in using the Nuvoton Technology Japan Corporation
(hereinafter referred to as NTCJ) products.

3. When using this IC, for each actual application systems, verify the systems and the all functionality of this
IC as intended in application systems and the safety including the long-term reliability at your own risk

4. Please use this IC in compliance with all applicable laws, regulations and safety-related requirements that
regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
NTCJ shall not be held responsible for any damage incurred as a result of this IC being used not in
compliance with the applicable laws, regulations and safety-related requirements.

5. This IC does not have any security functions using cryptographic algorithms, such as authentication,
encryption, tampering detection.

6. Unless this IC is indicated by NTCJ to be used in applications as meeting the requirements of a particular
industry standard (e.g., ISO 9001, IATF 16949, ISO 26262, etc.), this IC is neither designed nor intended
for use in such environments for that applications. NTCJ shall not be held responsible for not meeting the
requirements of a particular industry standard.

7. Using IC that have been indicated as compliant with industry functional safety standards does not warrant
that the application meets the requirements of industry functional safety standards. NTCJ shall not be held
responsible for the application compliance with requirements of the particular industry functional safety
standard.

8. Unless this IC is indicated by NTCJ to be used in applications as meeting the requirements of a particular
quality standard (e.g., AECQ-100, etc.), this IC is neither designed nor intended for use in such the
environments for that applications. NTCJ shall not be held responsible for not meeting the requirements of
a particular quality standard.

9. In case of damages, costs, losses, and/or liabilities incurred by NTCJ arising from customer’s non-
compliance with above from 1 to 8, customer will indemnify NTCJ against every damages, costs, losses
and responsibility.
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FEATURES DESCRIPTION

®Supply voltage range: 5.0V ~ 36 V KA44171A is Pre Driver IC for single phase

®Pre Driver for single phase Motor(Pch /Nch MOS FET driving) Brushless Motor. it can apply DC or PWM signal for

®Phase shift function and Soft switching make Motor speed control input.
high efficiency and silent driving. PWM soft switching function and Motor current phase

®Some variable functions by A/D input ( 6ports 5bit) accept setting can makes Motor current direction switch
various applications. smoothly, high efficiency and silent driving.
Soft switching period, Phase shift, Minimum speed, Wide supply voltage range can use various external
Motor lock detection / release time, Soft start time, power MOSFET. it can drive various Motor using
PWM output frequency. 12V,24,and 48V power supply.

®FG pulse or LD ( Motor lock detection ) output can be selected.
®Various protection functions.
Under voltage lock out (UVLO), Thermal protection
Current limiter, Motor lock detection. APPLICATIONS

®Small package: QFN 20L (3x3x0.8mm3, Lead Pitch 0.4mm) ® Server. Cellular Base station

Factory automation, Home appliance

TYPICAL APPLICATION TYPICAL CHARACTERISTICS
icvcc l I | V] S L :2(30us/di\‘/
%ﬁ ZF § FG ; o |
o JE OUT1 :mm ; ‘ -——m M
.| : §{ : ouT1P ouTz) T b ‘ :—_
,.,17 gﬂg:‘r ouT1
ijv OUTIN I[ : / :
e L oUTL N\
;i = —+ vaes OUT2N %—r": vt
IS - L1 1
s, . i time [s]
e il Condition : Ve =12V,
PWM input duty =100%
Cycc = 10pF

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

KA44171A
I ——_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—.—.

Parameter Symbol Rating Unit | Notes
Supply voltage Vee -0.3~+39 \% *1
Operating ambient temperature Topr -40 ~ +105 °C *2
Junction temperature T -40 ~ +150 °C *2
Storage temperature Tetg -55 ~ +150 °C *2
Vyse. Vie, Vi -0.3~+6 v —
Input Voltage Range Ves +6 \% —
Vi, Vser, Vssw, Viar, Viaz, Vior —0.3 ~ Vgeat0.3 \ —
Input Current Range lysp -1~+1 mA —
Vis -0.3~+39 \Y —
Output Voltage Range Vourse, Vourze +39 v 3
Vourin, Youran +15 \ *3
Vikes -0.3~+6 \Y *3
IOUTlP' IOUTlN' IOUTZP’ IOUT2N —-30 ~+30 mA *4
Output Current Range lea -1~+10 mA —
lyres -20~0 mA *4
ESD HBM 2 kv —
MM 200 \Y —

Notes: This product may sustain permanent damage if subjected to conditions higher than the above stated absolute maximum rating.

This rating is the maximum rating and device operating at this range is not guaranteed as it is higher than our stated
recommended operating range. When subjected under the absolute maximum rating for a long time, the reliability of the

product may be affected.

*1: The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
*2: Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for Ta = 25°C.
*3: Applying external voltage into these pins is prohibited. Do not exceed the stated ratings even in transient state.
*4: Applying external current into these pins is prohibited. Do not exceed the stated ratings even in transient state.

POWER DISSIPATION RATING

Package 6 PD PD
g I-a (Ta=25 °C) (Ta=105 °C)
QFN 20L (3x3x0.8mm3, Lead Pitch0.4mm) 83.6°C/W 1.494W 0.538W

Notes: For the actual usage, 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 0.8 t]J(mm),

Heat dissipation fin: Die-pad, Soldered. (Heat dissipation via 2 layer board)

#  CAUTION

{@\ Although this IC has built-in ESD protection circuit, it may still sustain permanent damage if not handled

properly. Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the

MOS gates.

August 31, 2023
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RECOMMENDED OPERATING CONDITIONS
IH B
Supply voltage range

it & Min. Typ. Max. =R {72 bz
Ve 5.0 — 36 \% *1
Ve Vin 0 — 15 \% *2
Input voltage range Vvse 0 — 5 v 2
Vi, Vser, Vssw, Viar 0 _ Vaeo Vv *2
Viaz, Vior
Cum — 10 — pF *3
External constants Cyee — 0.1 — pF *3
Cyvres — 0.1 — pF *3
Notes *1: It is a value under the conditions which do not exceed the absolute maximum rating and the power dissipation.
*2: For setting range of input control voltage, refer to Electrical Characteristics and Operation.

*3: Operation of mass production set is not guaranteed. Perform enough evaluation and verification on the design of mass

production set. If the VCC terminal voltage is raised by the regenerative current, at the time of start-up or stop operating
Please make countermeasure, Application information is shown at Page.27,28.

August 31, 2023
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ELECTRICAL CHARACTERISTICS
Vee =120V

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

Limits
Parameter Symbol Condition - Unit | Note
Min | Typ | Max
Circuit current
V¢ current lec Vo= 24V 15 2.7 35 [ mA | —
Regulator Block
Output voltage Vies — 3.1 3.3 35 \Y, —
Output impedance Zyree | lvreg = —BSMA — — 10 Q —
FG(LD) Block
Low-level output voltage Voire | lrg = 5mMA — 0.1 0.3 \Y —
Output leak current I e Veg = 36V — — 5 MA | —
Hall Block
Input dynamic range Vian — 0 — 15 \Y, —
Pin input current luac — -2 0 2 MA | —
Minimum input voltage amplitude Viaa — 25 — — mVvV [ —
Hysteresis width Vianys — — 10 20 mVv | —
VSP speed control Block
Low-level input current lysp | VSP=0V -2 0 2 MA | —
High-level input current lyspy | VSP=5V 25 40 55 MA | —
Stop control input voltage ratio VN = VREG,
i Vvspmin 63 | 664 | 70 | % | —
(DC input mode) VSP / VREG
Maximum speed input voltage VN = VREG, .
ratio (DC input mode) Vuspuax VSP / VREG 18 | 2ll ) 24 % —
Stop control duty b Ve = OV 5 4 6 %
(PWM input mode) PWMMIN | TMIN = °
Maximum speed input duty b Ve = OV 100 % | *1%2
(PWM input mode) PWMMAX | TMIN = °
Low-level input voltage Vv Ve = OV 08 Vv
(PWM input mode) PWML | TMIN '
High-level input voltage Vv Ve = OV 20 Vv
(PWM input mode) PWMH | TMIN '
Input frequency range
P d yrang Fowm |V =0V 15 — 60 | kHz | —

(PWM input mode)

Notes : *1 :These are values checked by design but not production tested.
*2 : Typical design value.
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ELECTRICAL CHARACTERISTICS (continued)
Vee =120V

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

Limits
Parameter Symbol Condition - Unit [Note
Min | Typ | Max
Motor driving setting 5bit ADC input (MIN, SET, LDT, LA1, LA2, SSW)
Pin input current lap — =2 0 2 pA | —
5bit AD input range Vann — 0 — Viee V *1
DNL Vou — -1.0 0.0 1.0 LSB | —
INL Vi — -1.0 0.0 1.0 LSB | —
Motor Lock Protection
Lock detection time t ock1 — 0.75 1.0 1.25
s
Lock release time tLock2 — 7.5 10.0 12,5 *2
Lock protection time ratio Lratio Lratio = tiocke ! tLock 9.5 10 10.5 —
Soft start Block
Soft start time tss — 0.6 0.8 1.0 s | *3

Notes : *1 : Each ADC setting is shown at ADC control mode table ( Page.12~14 ).
*2 : This ADC setting value is shown at ADC control mode table ( Page.12 ).
*3 : This ADC setting value is shown at ADC control mode table ( Page.13).
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ELECTRICAL CHARACTERISTICS (continued)
Vee =120V

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

Limits
Parameter Symbol Condition - Unit | Note
Min | Typ | Max
External FET gate drive output
Upper FET gate drive “Low”
PP 9 loutel | Vo = 24V, V=24V 12.7 17 213 | mA | —
output current
Upper FET gate drive “Low”
PP 9 VoureL |lo = 5MA, Vo=24V — o3 |os | Vv | —
output voltage
Upper FET gate drive “High” Vee | Vee
Y, lo ==5mA, V=24V — \Y —
output voltage OUTPH |70 ce -0.6 | —0.35
Lower FET gate drive “Low” v L. = BmA. V...224V 0.3 05 Vv
output voltage OUTNL |70 ™ e ' '
Lower FET gate drive “High”
Vournu |lo = =BmMA, V=24V 85 | 105 | 125 \Y —
output voltage
Lower FET gate drive “High” \% V V
9 9 VournmL | lo = —5mA, V=5V . - - v —
output voltage (Vcc=5V) -2.0 ] -1.0 [ =05
PWM output frequency 1 Frwmoor | Vser = Vres 30 40 50
kHz | *1
PWM output frequency 2 Fewmpoz | Vser =0V 225 30 375
Thermal protection
Protection operating temperature | TSDgy — — 160 — °C | *2*3
Hysteresis width TSDyys — — 25 — °C [ *2*3
Under voltage lock out
Protection operating voltage Vivon — — 35 — VvV | *2*3
Hysteresis width Vi vorvys — — 0.2 — VvV | *2*3
Motor current limiter
Detection voltage 1 Vest Normal driving mode 135 | 150 | 165 | mV | —
Detection voltage 2 Veso Start-up driving mode 70 90 110 | mV | —

Notes : *1: This ADC setting value is shown at ADC control mode table ( Page.13).
*2 : Typical design value.
*3:These are values checked by design but not production tested.
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PIN CONFIGURATION

Top View a =z z &
= = = = Q
3 & © o %
15 14 13 12 11
csl - “ilioke
GND 17 | 19 N.C
LAl 18 [ .1 8 VREG
LA2 19 f |7 HP
SSW 20 |- . B 16 HN
1 2 3 4 5
5 ¢ B £ ¢
PIN FUNCTIONS
Pin No. | W¥F4 Type H L
1 LDT Input ADC input. Motor lock protection setting. FG or LD output setting.
2 N.C. — —
3 SET Input ADC input. Soft start time setting. PWM output frequency setting.
4 MIN Input ADC input. Minimum speed setting. VSP input mode setting.
5 VSP Input Motor speed control input.
6 HN Input Hall amplifier input ( - ).
7 HP Input Hall amplifier input ( +).
8 VREG Output Internal reference voltage.
9 N.C. — —
10 FG Output FG or LD output.
11 VCC Power Power supply voltage input.
12 OuUT2P Output OUT2 Upper FET gate drive output.
13 OUT2N Output OUT2 Lower FET gate drive output.
14 OUTIN Output OUT1 Upper FET gate drive output.
15 OUT1P Output OUT1 Lower FET gate drive output.
16 Cs Input Motor current detection input.
17 GND Ground Ground.
18 LAL Input ADC input. VSP reference setting at Motor drive phase shift operating.
19 LA2 Input ADC input. Maximum Motor drive phase shift setting.
20 SSwW Input ADC input. Soft switching period setting.

August 31, 2023
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BLOCK DIAGRAM
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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.

BADC control mode table (Vggs=3.3V)

LDT(1)
s 400 it vlege 1] g | el T Wtk pesion o o
— VREG! . o . .
(Value at Vreo=3.3v) | OUtPut signal [s] €] protection time ratio

31 32xA
30 (3.3V) off off -
29 29x A
28 (2.991V) 1.0 10 1:10
27 27X A
-~ (2.783V) 0.5 5.0 1:10
25 25X A
24 (2.578V) 0.3 3.0 1:10
>3 LD

23xA _
22 (2.371V) 03 4.5 1:15
21 21xA
20 (2.166V) 0.5 75 1:15
19 19xA
18 (1.959V) 0.5 10 1:20
17 17 XA
16 (1.753V) 0.3 6.0 1:20
15 15X A
14 (1.547V) off off -
13 13%XA
12 (1.341V) 1.0 10 1:10
11 11xA
10 (1.134V) 0.5 5.0 1:10
9 9XA
8 (0.928V) 0.3 3.0 1:10

FG
7 7XA
6 (0.722V) 03 4.5 1:15
° 5x A
4 (0.516V) 0.5 7.5 1:15
3 3xA
2 (0.309V) 0.5 10 1:20
1
0 0.3 6.0 1:20

0
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OPERATION(continued)

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

BADC control mode table (Vggs=3.3V)

SET (3) MIN (4)
Step ADC input voltage [V] | PWM output Soft start ADC input voltage [V] VSP Min
A:VREGIGil frequency time A=VRec/64 input mode | duty [%] (*2)
(Value at Vgres=3.3V) [kHz] [s] (Value at Vges=3.3V)
31 64 x A (3.3V) OFF 64 x A (3.3V) 44.1
30 61 x A (3.145V) 0.8 61X A (3.145V) 40.9
29 59 X A (3.042V) 1.6 59 x A (3.042V) 37.8
28 57 x A (2.939V) 24 57 x A (2.939V) 34.7
27 55 % A (2.836V) 3.2 55 x A (2.836V) 315
26 53 XA (2.733V) 4.0 53 %X A (2.733V) 284
25 51 %X A (2.630V) 4.8 51xA (2.630V) 25.2
24 49X A (2.527V) 20 5.6 49 X A (2.527V) DC input 22.1
23 47 X A (2.423V) 6.4 47 X A (2.423V) mode 18.9
22 45 x A (2.320V) 7.2 45 % A (2.320V) 15.8
21 43 %A (2.217V) 8.0 43 %A (2.217V) 12.6
20 41 % A (2.114V) 8.8 41X A (2.114V) 9.5
19 39 %A (2.011V) 9.6 39xA (2.011V) 6.3
18 37 XA (1.908V) 10.4 37 x A (1.908V) 3.2
17 35X A (1.805V) 11.2
34 %A (1.753V) 0.0

16 33 X% A (1.702V) Do not set *1 (12.0)
15 31 xA (1.598V) Do not set *1 (12.0) 31 XA (1.598V) (44.1) (*1)
14 29 X A (1.495V) 11.2 29 x A (1.495V) 40.9
13 27 X A (1.392V) 10.4 27 X A (1.392V) 37.8
12 25 x A (1.289V) 9.6 25 x A (1.289V) 34.7
11 23 x A (1.186V) 8.8 23 %A (1.186V) 315
10 21 x A (1.083V) 8.0 21 x A (1.083V) 28.4
9 19 x A (0.980V) 7.2 19 X A (0.980V) 25.2
8 17 X A (0.877V) 20 6.4 17 XA (0.877V) PWM input 221
7 15 x A (0.773V) 5.6 15X A (0.773V) mode 18.9
6 13X A (0.670V) 4.8 13 %A (0.670V) 15.8
5 11X A (0.567V) 4.0 11 % A (0.567V) 12.6
4 9 x A (0.464V) 3.2 9 x A (0.464V) 9.5
3 7 XA (0.361V) 2.4 7 x A (0.361V) 6.3
2 5% A (0.258V) 1.6 5x A (0.258V) 3.2
1 3xA (0.155V) 0.8
0 0 OFF 0 00

*1: Step.15 and Step.16 are very different set value.
Please avoid to set Sep.15 or Step.16, because set value may be changed by ADC voltage shifted unintentionally.
each value is set () at Step.15 or Step.16.

*2: Switching response may be delayed by external parts. it causes that Min duty is changed.
The Min duty in above table means design value at Vcc=12V and OUT1P (OUT2P) pin is open.
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OPERATION(continued)

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

BADC control mode table (Vggs=3.3V)

o T LAL (18) *3 LA2 (19) 3 SSW (20)
Step A=Vrec/64 VSP ratio at Motor drive Maximum motor drive | Soft switching period. [deg]

(Value at Vrec=3.3V) | phase shift operation. [%] *2 | phase shift. [deg] Rise Fall
31 64 x A (3.3V) 84.4 90.0
30 61 x A (3.145V) Do notset *1 81.6 225 87.2
29 59X A (3.042V) 90.6 78.8 84.4
28 57 % A (2.939V) 875 75.9 816
27 55x A (2.836V) 84.4 73.1 78.8
26 53x A (2.733V) 81.3 70.3 19.7 75.9
25 51X A (2.630V) 78.1 67.5 73.1
24 49 X A (2.527V) 75.0 64.7 703
23 47 X A (2.423V) 71.9 61.9 67.5
22 45 x A (2.320V) 68.8 59.1 16.9 64.7
21 43%A (2.217V) 65.6 56.3 61.9
20 41X A (2.114V) 62.5 53.4 59.1
19 39xA (2.011V) 59.4 50.6 56.3
18 37 x A (1.908V) 56.3 47.8 14.1 53.4
17 35x A (1.805V) 53.1 45.0 50.6
16 33xA (1.702V) 50.0 42.2 47.8
15 31xA (1.598V) 46.9 394 45.0
14 29 x A (1.495V) 43.8 36.6 11.3 42.2
13 27 % A (1.392V) 406 338 39.4
12 25x A (1.289V) 375 30.9 36.6
11 23x A (1.186V) 34.4 28.1 33.8
10 21X A (1.083V) 313 253 8.4 30.9
9 19 % A (0.980V) 28.1 225 28.1
8 17 %A (0.877V) 25.0 19.7 25.3
7 15X A (0.773V) 21.9 16.9 22.5
6 13x A (0.670V) 18.8 14.1 5.6 19.7
5 11 %A (0.567V) 15.6 11.3 16.9
4 9 XA (0.464V) 12.5 8.4 14.1
3 7xA (0.361V) 9.4 5.6 11.3
2 5xA (0.258V) 6.3 2.8 28 8.4
1 3% A (0.155V) 3.1 0.0 5.6
0 0 0 0.0 2.8

*1: The value at Step.30 and 31 is not exact. but even if they are set, IC is not destroyed.
*2 : This value means VSP ratio. 0[%] means VSP stop control input, and 100[%] means VSP Maximum speed input.
*3 : When both LA1 and LA2 are set higher, Their real value have a little error from set value. Perform evaluation and verification enough.
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OPERATION(continued)

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

W Start up
When VCC voltage within operation range us input, IC drives motor at startup mode and shifted to normal mode.

M Start up mode / Normal mode

Driving mode which is selected by continuous detection. during driving the motor.
At motor accelerating : When Motor speed > 6.67Hz as FG frequency,

Motor drive mode become from Startup mode to Normal mode.
At motor slowdown : When Motor speed < 6.67Hz as FG frequency,

Motor drive mode become from Normal mode to Start up mode.

- Start up mode
Motor drive phase shift is set 0 deg
Soft switching period is set 0 deg.
Motor current limit detection is set 90mV ( Vcs2).

-Normal mode
Motor drive phase shift is set by ADC input.
Soft switching period is set by ADC input.

Motor current limit detection is set 150mV ( Vcsl).
[ At motor accelerating ]

HN
Hall signal .
HP .
FG signal FG frequency < 6.67Hz FG frequency > 6.67Hz
) Start up mode Normal mode
Drive mode Motor drive phase shift : 0deg Motor drive phase shift : ADC setting
Soft switching period : Odeg Soft switching period : ADC setting
Motor current limit detection : 90mV Motor current limit detection : 150mV
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OPERATION(continued)
Note) The characteristics listed below are reference values derived from design of the IC and are not guaranteed.
M Soft start (SST)

Soft start (SST) is set by SET pin input voltage (*1).
Relation of Soft start time setting, VSP setting and PWM output duty is shown at below.

A ,
_200[ T T T T T o T T oot
S - :
> " | 5
g VSP order duty (*2) ; 5
5 :
o i i
3 e |
s 0 g b
= < ) > + Time
a i Soft start time ;
i (which PWM output duty reachs to VSP input)
. SST setting time( by SET input ). '
it is takes that PWM output duty increases from 0[%] to 100[%)]
Start driving

= Precaution for Soft start function.

When soft start is active, Motor current increase slowly from start up.

if soft start time is set too long, Motor current at start up is little. and torque is lack and

Motor keeps stop. then, when FG is not detected during Motor lock detection time, Motor lock
protection works.

Notes : *1 : This ADC setting value is shown at ADC control mode table ( Page.13).
*2 : This value means VSP ratio. 0[%] means VSP stop control input, and 100[%] means VSP Maximum speed input.
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OPERATION(continued)

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

HEPWM output frequency

External FET is driven for PWM switching.
PWM output frequency is set by SET pin input voltage (*1).

SET input and PWM output frequency
Step. 0 ~ 14 : 30kHz (typ)
Step.17 ~ 31 : 40kHz (typ)

Notes : *1 : This ADC setting value is shown at ADC control mode table ( Page.13 ).

B Speed control
Speed control input can be selected from PWM or DC mode. it is set by MIN pin input voltage.

MIN input voltage = Step. 0~14 : PWM input mode.
MIN input voltage = Step.16 ~31 : DC input mode

(1) PWM input mode
» VSP pin is input PWM signal.
Motor current is driven by PWM switching.
* PWM input duty means PWM output duty.
but, 0~6% duty input may mean 0% duty output.
97~100% duty input may mean 100% duty output.

(2) DC input mode
= VSP pin is input DC voltage.
VSP input voltage means PWM output duty.

(1) PWM input mode (2) DC input mode
A A |
1009 "o T , 100% ("7 :
0~6% duty input | 1 1
> > I !
5 may mean 0% duty output. | 5 | |
© : © | 1
5 i 5 I |
g | e ! !
3 ! 3 : Stop control area |
= ! = | (Motor energization off)
: s | z | :
97~100% duty input ! I |
4% -~ may mean 100% duty output ! : i |
7 | 1
. 0% - : >
0% : 6% 100% 0V  Maximum speed Stop control REG
o PWM input duty input voltage input voltage (3.3V)
4% (High level duty) (VREG * 21.1% = 0.7V) (VREG * 66.4% = 2.2V)

VSP input voltage
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OPERATION(continued)

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

EMin duty

When the PWM duty with VSP setting is less than Min duty with MIN pin setting.
PWM output duty becomes Min duty (*1).

At Soft start driving, PWM output duty increase from 0% duty in spite of Min duty setting.

[ Start up action at MIN-duty > Speed control input]

duty 4 Track of soft start
100%f - ~~--""--""------- D et
4 L
N

*~the PWM duty with VSP setting

L Time
T SST setting time

Start driving

Notes : *1 : This ADC setting value is shown at ADC control mode table ( Page.13).
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OPERATION(continued)

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

MDriving phase shift

Driving phase shift area In VSP input range, and Maximum value of motor drive phase shift,
are set by LA1 and LA2 input voltage .

(A) LA1 operates VSP ratio at Motor drive phase shift operation.
this ratio means that 0[%] is Stop control input, and 100[%] is Maximum speed input.
When VSP input is more than the value of this ratio, Motor drive phase shift is operating.

(B) LA2 operates Maximum value of motor drive phase shift at VSP 100[%] input.

Driving phase shift works as below diagram.

Phase shift angle
(electrical angle)

A
70 =Y o e !
. | (B) LA2 setting.
i | Maximum value of
i | motor drive phase shit.
Odeg —» PWM-duty
0% — 100%
VSP Stop control input (A) LAL setting. Maximum control input

V'SP ratio at Motor drive
phase shift operation

*1 : This ADC setting value is shown at ADC control mode table ( Page.14 ).
*2 : When both LA1 and LA2 are set higher, Their real value have a little error from set value.
Perform evaluation and verification enough.
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OPERATION(continued)

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

B Soft switching

Soft switching period is set by SSW pin input voltage.
the value of Soft switching is shown as electrical degree, Hall period is 360[deqg].

At Driving phase shift : 0deg setting

100%

VSP

Hall signal

FG output

FET driving
OUT1 side

Low side ON

Soft switching Fall

FET driving
OUT2 side

Motor current
OUTL1 side

PWM driving
1

100% duty

Fall

Low side ON

*1 : This ADC setting value is shown at ADC control mode table ( Page.14 ).

EDriving phase shift and Soft switching
Motor driving phase shift makes Motor driving phase is shifted from Hall signal.
then, Soft switching period keep applying SSW setting value.

At Driving phase shift : 30.9deg setting

100%

VSP

Hall signal

FG output

Phase

FET driving
OUT1 side

P

Hall period : 360[deg]

A

\ 4

:

1 1
shift :S’IO.QEjeg

D === -

Phas

shift :30.9deg

<«

Low side ON

Fall

Soft switching

FET driving
OUT2 side

Ris

Fall

Motor current
OUTL1 side

August 31, 2023
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100% duty

1
Fall Rise
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OPERATION(continued)

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

M 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 100 mV or
more. Also, if the hole chattering occurs, put capacitor between HP (7 pin) and HN (6 pin).

The following is a schematic diagram of the characteristics.

tF 7 '|1 J-1 hysteresis level: 5mV L —H
J-2 hysteresis level: 5mV H — L
HN T J-3 hysteresis width: 10 mV (typ)
Hall voltage
difference O
HP-HN

1 1
1 1
1 1
1 t

Hall comparator | 1 1 |
output : !
1

*Relationship between Hall voltage and FG

For the one cycle sine wave of Hall, it outputs FG pulse one cycle.

N 7N\ N
Hall voltage -+ \ \
difference

HP—HN —

FG pulse for
Hall 1 cycle
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OPERATION(continued)

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

Condition Output
Motor ouT ouT ouT ouT
UVvVLO TSD lock \(/,i')) HP,HN (ES) (I;g) 1P 1N 2P 2N
protection (*3) (*3) (*3) (*3)
Active - - - - - - H L H L
Mute Mute Active — HP>HN | OFF OFF H H H
Mute Mute Active — HP<HN L OFF H L H H
Mute Active Mute — HP>HN | OFF L H H H L
Mute Active Mute — HP<HN L L H L H H
Mute | Mute Mute Stop | poiin | oFr | L H H H L
control
Mute | Mute Mute Stop v | L L H L H H
control
Mute | Mute Mute Drive | ypshin | oFF | L H o | H/-lrmA L
control (*4)
Mute | Mute Mute Drive | ppepin | L L H/-17mA L H H
control (*4)

*1 : (At DC input mode) Stop control : VSP > 2.2V, Drive control : VSP<2.2 (at VREG=3.3V ).
(At PWM input mode) Stop control : VSP High duty < 4%, Drive control : VSP High duty > 6%.
*2 : Either FG or LD signal is output to FG pin.
*3 : At Driving phase shift is set 0 [deqg].
*4 : External FET (Pch) is driven as PWM. -17mA means 17mA sink current output.

B Protection function

Function
( detector ) Operate Release Note
Under voltage lock out 35V 3.7v When Vcc is less than UVLO threshold voltage.
(VCC pin voltage) ’ ' Motor energization off
Thermal shut down 160°C 135° When TSD is active.

(Junction temperature) Motor energization off

Motor current limit
(CS pin voltage)

- At Start up mode
>90mV
-At Normal mode

-At start up mode

<90mv

-At Normal mode

When CS voltage more than threshold voltage.
Motor energization off

Motor lock protection
(FG)

does not change
within Motor lock
detection time.

- After Motor lock

protection release
time progress

>150mV <150mV
-When Motor lock protection is active.
When FG pulse at QVLO Motor energizatioFrJ1 off
-Reinput of VSP

- After Motor lock protection release time progress.
Protection is released.

-Motor lock detection time, and Motor lock protection
release time are set by LDT pin voltage. (page .11)
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OPERATION(continued)

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

EUnder voltage lock out (UVLO)

This IC monitors the voltage VCC. If VCC voltage becomes 3.5V or less, low-voltage protection is activated.
In the low voltage protection operation, all FET are OFF.

Hysteresis of 0.2V is set in the VCC low voltage protection function. If the VCC is restored to 3.7V from protection
mode, the low voltage protection is released.

UvLO UVLO

!

VCC

A

w
u
<
.
1
:
:
;
1
:
;
1
:
1
o
:
1
1
i
i
1

Y .

35V ~mrrmmmmmmmmeeeeees /T R LR 1o FARERERERE LR
Motor i
State Normal mode |energization Normal mode Motor energization off
off

EThermal shutdown (TSD)

If an IC junction temperature is 160°C (design target value) or more, the thermal protection is activated,
Motor energization gets off.
If the IC junction temperature is 135°C (design target value) or less, the protection is released.

TSD
TEMP DELLENNN
160°C  ---smrssssmsemseseseaneans N e
135°C  -------mmmmmmmenes SRR R---- -
Motor
State Normal mode energization | Normal mode
off
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OPERATION(continued)

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

EMotor lock protection

When FG non-signal state continues for motor lock detection time in the motor normal operation mode, locked
protection circuit operates(*1).

In the locked protection mode, PWM OFF drive.
- Motor energization off
-LD=H

after locked protection time is passed, Motor driving is restart.
LD signal is L after FG 2 periods falling edge.

The locked protection time and the LD signal output is set by LDT pin voltage.
When the locked protection time is set OFF, the motor lock protection is not active.

When LDT is set Step.16 ~ 31, LD signal is output to FG pin.

Conditions to release the motor restricted protection, and to reset the counter are as follows.
*In detecting UVLO mode
- After Locked protection time progress
*VSP is input again.

Motor lock protection

A
| after FG 2 periods |

Motor restriction | falling edge I
l | LD=L
. 1
FG pulse output FG pulse output suspend Motor re-drive
(o) | || | T L
|
L
HN KN N ” VA 7N 7 ’”
Hall signal I
HP N/ N/ e e e e e e e ! A4 A (4
|
| Timer count : |
Restricted | | I !
protection count I | |
dl |- L
|‘ Ll T
LD (*2) | Motor lock detection :
|

| time (is set by LTD)
I

Motor is stopped

State | Restricted protection Motor lock
Normal mode count protection

4 4

Protection gets operated Protection gets released

Start up mode to Normal mode

Start up mode

*1: This ADC setting value is shown at ADC control mode table ( Page.11).
*2: Either FG or LD signal is output to FG 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.

B Quick start (Motor lock protection)

By inputting the PWMI stop signal before automatic release during Motor locked protection,

and re-inputting the PWM signal,

You can release the Motor locked protection state and perform a quick start to restart the motor.
¥ When performing a quick start, please wait 5 ms or more from the PWM stop to the re-input.

When performing a quick start,
please wait 5 ms or more from
the PWM stop to the re-input.

vspinput ([T T TR ETERNRvATm L1117 e P VR
(PWM mode) | |
Speed control = PWM input > »! PWM input >
: Stop :
LFG stop | control | |
FG (*1) I | I | | l :
: Motor lock detection | | :
I =LD=H | | | r—————————— |
I Motor lock i i I aftgr FG 2 periods I
LD (*1) (detection time | | faling edge |
| |
: I I I
I | I
Motor is stopped
Restricted
State Norr[r;al pﬁ,?ergign count Motor lock Start up mode to Normal mode
mode protection
Start up mode
Protection gets operated Protection gets released

(Quick start)

*1: Either FG or LD signal is output to FG 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.

HECurrent limit

Describes the current limit protection setting at motor drive.

Motor current is detected by shunt resistance RCS.

the voltage of RCS is input to CS pin.

the value of Current limit is set by Current limit protection setting voltage and RCS resistance value.

Current limit setting value (A) = Current limit protection setting voltage (V) / RCS resistance value (Q)

Current limit setting voltage is binary switched.
Itis 150mV at normal mode and 90mV at start up mode.

When Current limit is detected, FET at PWM side OUT is OFF.
it means Motor current decreasing.
after that, this (upper) FET is ON at next PWM output pulse (PWM frequency 30kHz or 40kHz).

Current limit detection has absolute ON time 4us at switching FET from OFF to ON.

Even if CS voltage is more than Current limit protection setting voltage within absolute ON time, PWM is not OFF
for this time.

High: PWM ON

PWM output pulse

Over current detected

:High: Over current deteclled : ithin absolute ON time.
Current limit : : :
detection | | |
: | PWM OFF : IPWM OFF : L pwM OFF
Low:PWM ON ' by next PWM QN Iby next PWM ON| after absolute ON time passed.
PWM side OUT EEE— S
Upper (Pch) FET ! !
| ’ [ | [ |
c t limit IAbsolutel | Absoluke | Absdlute
urrent Mt o time! | ON tine ION time

Motor current

Normal mode(Motor speed > FG frequency 6.67Hz) :Current limit setting voltage = 150mV (Vcsl)
Start up mode(Motor speed < FG frequency 6.67Hz) :Current limit setting voltage = 90mV (Vcs2)
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APPLICATION INFORMATION

1. Appl.lcat.lon C.II’CU.I'[ (Ch) ()
WApplication circuit 1 (ZD1) RHG1(zD1) RHGT
i N
* In GND open, these pins may output current chvcc :TL“ ! ZTE ]
H L
( please refer page. 30) please insert 100Q to Microcompute J s % Power supply
T 5 4 rdd zCw ,.J-,=12V
to Microcomputer €——_ vsp vee > ; * I [ Upper FET gate drive
) I Fc [+— RHG2 RHG2 “Low” output current ]
RG ZEEE: ‘Eélm) OUT1P flows RHG1,2.
o+ : MIN please set RHG1,2 value
SET ourv | RLG | with power dissipation.
SSW I[
LA1
LA2 OUT2P
. —+— LDT
RV ouTN | RLG
'l VREG |[
g1/ < I L
(&) :’f cs . N
p= =
L Hall I 1w GND J\RCS i
These AD resistors are 7 J, When Upper FET is driven from OFF to ON,
shown recommended Lower FET Drain pin may be high slew rate ( dv/dt ).
values at page.31 ( AD it may cause Lower FET is ON instantly, and penetration current.
set resistor vaIL'Jes ) in that case, please put capacitor at Lower FET gate.
M Application circuit 2 Che Che
ZD1 RHG1 ZD1 RHG1 >
* N
* In GND open, these pins may output current icvcc l , l — K)—i
( please refer page. 30) please insert 100Q to Microcomputer 3 J 3 % Power supply
T 5 & rdf zCw =24V
to Microcomputer €¢—— vee > ; % [ d
L Upper FET gate drive
o W\ VSP i J
; g FG RHG2 RHG2 “Low” output current ]
Rg 3332z OUT1P flows RHG1,2.
> : I . please set RHG1,2 value
SET RLG - Lo
csw ouTin | TU= ”; with power dissipation.
LAL
LA2 OUT2P
. —— LDT
RV > OUT2N RLG
'l <+ VREG |[
g1 /|« I L
o T cs ’
x
I R P TNk
. N When Upper FET is driven from OFF to ON,
These AD resistors are

Lower FET Drain pin may be high slew rate ( dv/dt ).
it may cause Lower FET is ON instantly, and penetration current.
in that case, please put capacitor at Lower FET gate.

shown recommended
values at page.31 (AD
set resistor values )

Note. 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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APPLICATION INFORMATION (continued)
1. Application information (continued)
B Application circuit 3
N
(CHG ) (CHG )
I (ZD1) RHG1 | (zD1) RHG1
Regulator [— . ' P
c ower
O S ;LJ LH awer
| ] I Cwm =48V
ZD_VM
c | I
* In GND open, these pins may output current 1__|< QHG1 ™ If the reverse current from
( please refer page. 30) please insert 100Q QHG1 Motor to Vcc would flow,
to Microcomputer Vcc voltage may rise high.
T? s L i please take care of external
=1 s s
to Microcomputer 4——Y, vee | S| lzEs > RHG2 RHG23 parts absolute voltage.
g ro [+ N
Rei|sz:2:¢ ouT1P \,[Upper FET gate
X ' MIN drive
zgv OUTIN RLG ,[ “Low” output current ]
Y ! flows RHG1,2 and
LA2 ouT2P QHG1.
TG LDT please set RHG1,2
i3 outN [ RLG and QHGL1 value
REEC —Wv—l—{[ with power dissipation.
. CLG -[ CLG 1-
i\ Cs .
IC GND RCS ,i

These AD resistors are T
shown recommended

values at page.31 ( AD

set resistor values )

’J’ When Upper FET is driven from OFF to ON,

Lower FET Drain pin may be high slew rate ( dv/dt ).

it may cause Lower FET is ON instantly, and penetration current.
in that case, please put capacitor at Lower FET gate.

Note. 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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APPLICATION INFORMATION (continued)

2. VSP input block

Please add pull-up or pull-down resistor at VSP pin.
because if VSP connector is open, VSP is set Stop control or Max. speed drive.

*PWM input mode
(a) Max. speed drive : Pull-up ( 100%duty )

: - 0
(b) Stop control : Pull-down (0% duty ) Pull-up resistor VREG

*DC input mode
(a) Max. speed drive : Pull-down O o VEP

(b) Stop control : Pull-up Connector

- At below circuit,
PWM signal is changed input level by level shift circuit, and changed to DC signal by LPF.
so that, Stop control and Max speed drive input is adjusted.

Fig. PWM input — DC input circuit

for connector opened
pull-up resistor.

VREG

PWM input

e Tk

DC input mode

Level shifter Low Pass Filter
(LPF)
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APPLICATION INFORMATION (continued)

3. Connection to Microcomputer

When Vcc is input with GND open, the current which is RED line at bellow figure flows.
this current are output from Vcc power to Microcomputer via FG and VSP pin.

it may cause that IC or Microcomputer are damaged.

please insert resistor (>100Q) FG and VSP pin to prevent this current.

Pull Up
o3
: (JI\ FG ‘ 'to Microcomputer
! — | R
VCC : E : VSP to Microcomputer
I >
: — - J\/\/\/?
’ 4 i | R
[ it i
Power | E ' i /:\ oV
supply [ | ! Lo T TV
P PP

Vcc current course at GND open.
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APPLICATION INFORMATION (continued)

4. Resistor value for AD setting.

The recommend resistor value for AD setting is shown at below table.
please use them for E24 preferred number and 1% tolerance.
the AD setting function is shown at AD control mode table ( Page.12~14).

@ For LDT pin (1) @ For SET(3), MIN(4), LA1(18),

Definition of Resistor for AD setting. LA2(19), SSW(20)
VREG Sgggg R1[kQ] |R2[kQ] 83239 R1[kQ]|R2[Q]
| 30,31 0 open 31 0 | open
28,29 8.2 82 30 3.3 68
R1 To AD setting pin 26,27 | 9.1 51 29 | 43 | 51
LDT(1), 2425 13 | 47 28 | 10 | 82
— SET(3), :
MIN(4), 22,23 20 51 27 9.1 56
LA1(18), 20,21 27 51 26 13 62
R2 LA2(19), 18,19 | 27 39 25 13 51
SSW(20) 16,17 24 27 24 11 36
7;7' 14,15 30 27 23 13 36
E24 preferred number 12,13 06 39 22 20 a7
1% tolerance 10,11 51 27 21 33 68
8,9 51 20 20 24 43
6,7 39 11 19 36 56
4,5 82 15 18 24 33
96.6 17 39 47
23 91456 10 w6 | 15 | 16
0,1 open 0 15 16 15

14 47 39

@ For MIN#iF(4) 13 | 30 | 22

at setting step 0-1,16—17 12 56 36

Setting 1L 43 24

Step R1[kQ]|R2[kQ] 10 68 33

16,17 24 27 9 43 18

0,1 | open 0 8 36 13

7 36 11

For MIN pin, 6 51 13

the resistor value must be set 5 62 13
at above table to set step 0-1, 16-17.

4 56 9.1

3 82 10

2 51 4.3

1 68 3.3

0 open 0

Note. 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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APPLICATION INFORMATION (continued)

5. Notes of layout

HVCC-GND Capacitor
This IC uses PWM driving. its noise may cause malfunction and circuit damaged by over voltage.
the note at below shows points of layout design.

<Noise occurs easily> <Recommend> VCC-GND capacitor makes
spike voltage smaller effectively

VCC

VCC =
—

line
inductance —I MOSFET (A)

Capacitor

Capacitor

_|

GND

At motor driving, Vcc current flows to MOSFET.
If Vcc line is long, this line has inductance.
even if MOSFET(A) is turn OFF, Vcc current is kept momentarily by this inductance.
it may cause over (spike) voltage at MOSFET, and damage IC or malfunction.

when the capacitor is put near MOSFET(A) ( right figure shows ), it makes spike voltage smaller effectively.

similarly, please put capacitor between IC Vcc pin and IC GND pin also.
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APPLICATION INFORMATION (continued)

5. Notes of PCB layout
BCS lines
Motor current is detected by RCS resistor voltage.

the voltage of RCS both pins need be detected for exact sensing. and one is GND pin, the other is CS pin.

Notes are shown at below.
(1) RCS resistor CS line is made independent from others.
(2) RCS resistor GND line is made as short and thick as possible.

(3) IC GND line is made independent from RCS line and other line which much current flow.

Note (2)

GND connector (

/ IC
J GND

Note (3)
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APPLICATION INFORMATION (continued)
5. Notes of PCB layout (continued)
BFET driving circuit

When Power supply is shut down during motor driving, Motor voltage (VM) may be less than IC Vcc voltage.
then, Current flows from IC Vcc to VM via OUT1P ( OUT2P ), RHG2, ZD1.
please set RHG2 and ZD1 with power dissipation.

_ vee
lC o~
A Tvee (Cyg ) (Cyg )
ZD1 RHG1 ZD1 RHG1 VM
'SIETIPE
— 3 C
I i_lq ’;‘1 ,; VM %ﬁ
—- RHG2: |  RHG2 1
VSP EG I
OUT1P I
MIN |
23\/ | ounn RLG l IE
LA1 I
LA2 I OuUT2P I
LDT L o e ==
VREG OUT2N RLG |[
CLG CLG
e CsS 1- ¢ ]-
W ow RCS 3
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APPLICATION INFORMATION (continued)

5. Notes of PCB layout (continued)

BRecommended position for hall element
This IC detects changing polarity of Hall signal (HP-HN) , and makes driving period. Soft switching and driving
phase shift depend on the driving period.
it is recommended that the hall element is put in the position shown in the following figure.

Recommended position for hall element

O=d5deg  -° OUTY QUT2

v’
K
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APPLICATION INFORMATION (continued)

6.Note at shut down

When Power supply is shut down during Motor driving, LD signal may get chattering.

After Vcc is shut down, Vcc voltage decreases with Motor rotating.

then, Vcc voltage is kept by BEMF voltage. and decreases with Motor slowdown.

When Vcc voltage is about 1.6V, LD gets chattering.

(because the internal circuit alternates of operating or not operating, because of Vcc voltage ripple.)

VvCC

LD output

7.Start up from reverse rotation

Driving Motor during reverse revolution may cause Motor vibration, reverse current.
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APPLICATION INFORMATION (continued)

8. Precaution at PWM Motion

When VCC and GND wire is long, There is possibility which current peak of motor input current is caused at
PWM motion due to wire’s parasitic inductance.

Please countermeasure to reduce current peak of motor input current by adding a resistance in series with
bypass capacitance and ensure sufficient evaluation is performed to verify that there is no problem.

(Circuit)
The current peak is caused at PWM motion due to the wire’s parasitic inductance.
&
Input current
P 3 ™ VM
N NL_VCC
- nn .
l l Wire's parasitic inductance. Ll c MOS
10uF FET
Power
supply
Unit .
The current peak is reduced according to adding in series with bypass capacitance.
(Countermeasure circuit) /
Input current N VM
é l/l
N VCC
I A ™
l l Wire’s parasitic inductance. 1ohm Ic MOS
Power 10uF FET
u
supply
Unit T
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APPLICATION INFORMATION (continued)

9. Precaution at inputting power

When the IC is powered on, it is recommended that VCC voltage rises slower than 0.24V/us, also when IC is
shut down, it is recommended that VCC voltage falls higher than -0.24V/us, When power up is performed at
high-speed, rush current must flow into bypass capacitance between VCC and GND. So VCC rises higher
than setting voltage due to wire’s parasitic inductance, there is possibility that VCC voltage is over IC’s
absolute maximum voltage.

in this case, please add Zener diode between VM and GND, to clamp Vcc voltage under absolute maximum
voltage. and please countermeasure to reduce rush current by adding a resistance in series with bypass
capacitance.

and ensure sufficient evaluation is performed to verify that there is no problem.

(Circuit) For example, in case of turning on the VCC by using the mechanical switch.
_ The rush current of the there is possibility that
Setting voltage bypass capacitance is /I VCC voltage is over IC’s
big absolute maximum voltage.

I ~

"
f‘- e\ vce

10uF IC
Power
supply -|-

Unit

Power on by mechanical Switch

VCC voltage is stable by adding
a resistance in series with
bypass capacitance

(Countermeasure circuit)

5 [
N vce| =
_L——(o—ﬂﬂm 4 :
—o o/ ({1 — \/

I- SW lohm MOS

— IC FET

Power 7 10uF

supply J/ T
unit - . .

4

Power on by mechanical Switch ,*
/
4

Add Zener diode for clamping VM voltage.

August 31, 2023 Page 38 of 43 Rev. 1.06



NnuUvoToN

APPLICATION INFORMATION (continued)

10. Hot plug, Loose contact

KA44171A

During power supplying, when VCC, GND, I/F (VSP,FG etc.) pins get Hot plug, or loose contact. IC maybe

supplied over voltage or current.

-

K-

[y
VoA

Power is supplying

< ¢
[1200] ‘&
F .
connecting
or disconnecting
“Hot plug”

August 31, 2023
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[12.00] ‘@
I &)

Loose contact
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PACKAGE INFORMATION

Outline Drawing
QFN 20L 3x3mm?, Thickness 0.8mm, Lead Pitch 0.4mm,
Lead Length 0.3mm, EP Size 1.9x1.9mm

D
- - E
|
20 | 16
‘ |
1 \ 15
‘ VARIATIONS (ALL DIMENSIONS SHOWN IN MM)
o + 7777777 L SYMBOLS | MIN. | NOM. | MAX.
| A 0.70 0.75 0.80
5 i 11 Al 0.00 - 0.05
‘ A3 0.20REF
I l D 2.90 3.00 3.10
6 i 10 E 2.90 3.00 3.10
b 0.15 0.20 0.25
bbb 0.07
e 0.40BsC
eee 0.08
2 ‘7 L 0.25 0.30 0.35
D2 1.80 1.90 2.00
E2 1.80 1.90 2.00
D2
|
! ‘ !
TEEE §
] 0| 16 (C0.25) L
b F
4 [bbb@|[C|A[B] !
Diepad exposure part
Diepad exposure part
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USAGE NOTES

1. 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.

2. 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.

3. 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.

4. Take notice in the use of this IC that it might be damaged and be emitted a little smoke 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.

5. 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 and emit smoke before the thermal protection circuit could operate.

6. 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.

7. Product which has specified ASO (Area of Safe Operation) should be operated in ASO
8. Verify the risks which might be caused by the malfunctions of external components.

9. 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.

10. 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.

11. Apply power supply with low impedance to VCC and connect bypass capacitor near to the IC.
12. 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.

13. 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.

14. Pin 5(VSP) pins are MCU interface. In the case that the current setting of the motor is large and lead line of GND is long, the
potential of GND pin of the IC may be increased.
If OV is input from the microcomputer, there is a case to be negative potential in the potential difference between the GND pin
of this IC and the interface pin. If these pins detect under -0.3V, note that there is a possibility to break or malfunction.
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Revision History

Date Revision Description
2020.10.31 1.00 1 Initially issued.

2022.01.28 1.05 1 Changed important notice Page2
2 Remove important notice page from previous version page42,43 -
3 Added usage notes Page43
4 Change page number to refer because of adding page 2 §2992,6,9,
20,22,24,2
7-28,31
5 PWM input frequency < 15kHz -> < 10kHz(TYP) Pagel7
2022.8.31 1.06 1 Changed power dissipation rating notice Page5
2 Changed block diagram composition Pagell
3 Deleted some Package information Page41-42
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property damage.
Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy
control instruments, airplane or spaceship instruments, the control or operation of dynamic, brake or
safety systems designed for vehicular use, traffic signal instruments, all types of safety devices, and
other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to
Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages and
liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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