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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 de-scribed 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, aerospace, automotive equipment, traffic signaling
equipment, combustion equipment, |ife 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
appllcailon unless our company agrees to your using the products in this book for any special
application

(4)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. Other-wise, 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.

(5)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.

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

Reprint from WARNING LABEL STANDARDS SC3-11-00007

This delivery specifications may include old company names such as “Matsushita Electronics Corporation” or
“Semiconductor Company, Matsushita Electric Industrial Co., Ltd.“’Semiconductor Company, Panasonic
Corporation ” Please interpret these old company names as Industrial Devices Company, Panasonic
Corporation” as of January 1, 2012.
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AN44071A

Driver IC for Stepping Motor

B Overview
AN44071A is a quad channel H-bridge driver IC. Two bipolar stepping motor can be controlled by a single driver IC. Interface
control is 1CLK _type, it can be selected 2-phase excitation, half- step, 1-2 phase excitation, W1-2 phase excitation and 2W1-2 phase
excitation.
B Features
® 2-channel stepping motor driver
— A signal driver controls 2 stepping motors
e Built-in decoder for micro steps (2-phase, half step, 1-2 phase, W1-2 phase and 2W1-2 phase excitation)
— Stepping motor can be driven by only external clock signal.
® PWM can be driven by built-in CR (3-value can be selected during PWM OFF period.)
— The selection of PWM OFF period enables the best PWM drive.
® Mix Decay control (4-value can be selected for Fast Decay ratio)
— Mix Decay control can improve accuracy of motor current waveform.
® Built-in over-current protection (OCP)
— If the current flows to motor output more than the setup value due to ground-fault etc., the OCP operates and all
motor outputs are turned OFF.
® Built-in under voltage lockout (UVLO)
— If supply voltage falls to less than the operating supply voltage range, the UVLO operates and all motor outputs
are turned OFF.
® Built-in thermal protection (TSD)
— If chip junction temperature rises and reaches to the setup temperature, all motor outputs are turned OFF.
e Built-in abnormal detection output function
— If OCP or TSD operates, an abnormal detection signal is output.
e Built-in standby function
— The operation of standby function can lower current consumption of this IC.
® Built-in Home Position function
— Home Position function can detect the position of motor.
® Built-in step detection output function
— If step detection output function detects clock input signal, it outputs a signal.
e Built-in 5 V power supply (accuracy : £5%)
B Applications
e Stepping motor drive
B Package
® 56 pin Plastic Small Outline Package With Heat Sink (SOP Type)
B Type
* Bi-CDMOS IC
2010-08-20
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M Application Circuit Example
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A 5
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Notes) e This application circuit is shown as an example but does not guarantee the design for mass production set.
® \/M1 and VM2 should be connected outside.
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M Block Diagram
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50
ST1CD [ Step
ST2CD g Decoder
ST3CD x » RCSD
STPHCD Lml;] o
[
ENABLECD |45
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GND P4

Note) This block diagram is for explaining functions. Part of the block diagram may be omitted, or it may be simplified.
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M Pin Descriptions

Pin No. Pin name Type Description
1 DOUT1 Output Phase D motor drive output 1
2 N.C. — N.C.
3 RCSD Input/Output | Phase D motor current detection
4 N.C. — N.C.
5 DOUT2 Output Phase D motor drive output 2
6 DECAY1CD Input Phase C/D Mix Decay setup 1
7 PWMSWCD Input Phase C/D PWM OFF period selection input
8 VREFCD Input Phase C/D Torque reference voltage input
9 STPHCD Output Phase C/D Home Position / Step detection signal output
10 | TjmonABCD Output Phase A/B, C/D VBE monitor
11 NFAULT Output Abnormal detection output
12 | TEST Input Test mode setup
13 | S5vOoUT Output Internal reference voltage (output 5 V)
14 | GND Ground Ground
15 |COM1 — Die pad ground 1
16 BC1 Output Capacitor connection 1 for charge pump
17 BC2 Output Capacitor connection 2 for charge pump
18 | VPUMP Output Charge pump circuit output
19 N.C. — N.C.
20 |STPHAB Output Phase A/B Home Position / Step detection signal output
21 | VREFAB Input Phase A/B Torque reference voltage input
22 PWMSWAB Input Phase A/B PWM OFF period selection input
23 DECAY1AB Input Phase A/B Mix Decay setup 1
24 BOUT2 Output Phase B motor drive output 2
25 |N.C. — N.C.
26 RCSB Input/Output | Phase B motor current detection
27 N.C. — N.C.
28 BOUT1 Output Phase B motor drive output 1
29 |AQOUT2 Output Phase A motor drive output 2
30 |N.C. — N.C.
31 |RCSA Input/Output | Phase A motor current detection
32 N.C. — N.C.
33 |AOUT1 Output Phase A motor drive output 1
34 DECAY2AB Input Phase A/B Mix Decay setup 2
2010-08-20
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M Pin Descriptions (continued)

Pin No. Pin name Type Description
35 ST1AB Input Phase A/B excitation selection 1
36 ST2AB Input Phase A/B excitation selection 2
37 ST3AB Input Phase A/B excitation selection 3
38 DIRAB Input Phase A/B rotation direction setup
39 CLKAB Input Phase A/B clock input
40 ENABLEAB Input Phase A/B Enable / disable CTL
41 VM2 Power supply | Power supply 2 for motor
42 COM2 — Die pad ground 2
43 |VM1 Power supply | Power supply 1 for motor
44 STBY Input Standby
45 ENABLECD Input Phase C/D Enable / disable CTL
46 CLKCD Input Phase C/D clock input
47 DIRCD Input Phase C/D rotation direction setup
48 ST3CD Input Phase C/D excitation selection 3
49 ST2CD Input Phase C/D excitation selection 2
50 ST1CD Input Phase C/D excitation selection 1
51 DECAY2CD Input Phase C/D Mix Decay setup 2
52 COuUT1 Output Phase C motor drive output 1
53 N.C. — N.C.

54 RCSC Input/Output | Phase C motor current detection
55 N.C. — N.C.
56 COuUT2 Output Phase C motor drive output 2
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B Absolute Maximum Ratings

Note) Absolute maximum ratings are limit values which do not result in damages to this IC, and IC operation is not guaranteed at these limit values.

A No. Parameter Symbol Rating Unit Notes
1 |Supply voltage (Pin 41, 43) Vum 37 \% *1
2 | Power dissipation Po 448 mw *2
3 | Operating ambient temperature Topr —20to +85 °C *3
4 | Storage temperature Tetg -55to +150 °C *3
5 | Output pin voltage (Pin 1, 5, 24, 28, 29, 33,52, 56), Vour 37 \% *4
6 | Motor drive current 1 (Pin 24, 28, 29, 33) louts +1.0 A *5
7 | Motor drive current 2 (Pin 1, 5, 52, 56) louT2 +1.7 A *5
8 | Flywheel diode current 1(Pin 24, 28, 29, 33) P +1.0 A *5
9 | Flywheel diode current 2 (Pin 1, 5, 52, 56) (P +1.7 A *5

Notes) *1 : The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.

*2 1 The power dissipation shown is the value at T, = 85°C for the independent (unmounted) IC package without a heat sink.
When using this IC, refer to the P,-T, diagram of the package standard and design the heat radiation with sufficient margin so that the
allowable value might not be exceeded based on the conditions of power supply voltage, load, and ambient temperature.

*3 1 Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for T, = 25°C.

*4 :This is a rated value of output voltage, and do not apply input voltage from outside to these pins. Set not to exceed the allowable range at any
time.

*5 :Do not apply external current to any pin specially mentioned. For circuit currents, (+) denotes current flowing into the IC and (-) denotes
current flowing out of the IC.

M Operating Supply Voltage Range

Parameter Symbol Range Unit Notes

Supply voltage range Vum 10.0to 34.0 \% *1

Note) *1: The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.

2010-08-20
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M Allowable Current and Voltage Range

Notes) e Allowable current and voltage ranges are limit ranges which do not result in damages to this IC, and IC operation is not guaranteed within
these limit ranges.
® \/oltage values, unless otherwise specified, are with respect to GND.
® Do not apply external currents or voltages to any pin not specifically mentioned.
e For the circuit currents, "+" denotes current flowing into the IC, and "—" denotes current flowing out of the IC.

Pin No. | Pin name Rating Unit | Notes Pin No. | Pin name Rating Unit | Notes
3 RCSD 25 \Y — 9 STPHCD 2 mA *1
6 DECAY1CD -0.3t06 \Y — 11 NFAULT 2 mA *1
7 PWMSWCD —0.3t06 \Y — 13 S5VOUT —7t00 mA —
8 VREFCD -0.3t06 \% — 20 STPHAB 2 mA *1
9 STPHCD -0.3t06 \Y *1
11 NFAULT -0.3t06 \Y *1
12 TEST -0.3t06 \% —

17 BC2 (Vm-1)t043 \% *2
18 VPUMP (Vm—-2)t043 \% *2
20 STPHAB -0.3t06 \Y *1
21 VREFAB —-0.3t06 \Y —
22 PWMSWAB -0.3t06 \Y —
23 DECAY1AB —0.3t06 \Y —
26 RCSB 25 \% —
31 RCSA 25 \Y —
34 DECAY2AB —0.3t06 \Y —
35 ST1AB —-0.3t06 \Y —
36 ST2AB —0.3t06 \Y —
37 ST3AB -0.3t06 \Y —
38 DIRAB —-0.3t06 \Y —
39 CLKAB —0.3t06 \Y —
40 ENABLEAB —0.3t06 \Y —
44 STBY —0.3t06 \Y —
45 ENABLECD —0.3t06 \Y —
46 CLKCD -03t06 \Y —
47 DIRCD —0.3t06 \Y —
48 ST3CD -03t06 \Y —
49 ST2CD 03106 v _ Notes) *1: Thi-s pin_ is co-nnect.ed to open drain circuit inside. Connect a
resistor in series with power supply.
50 ST1CD -0.3to 6 V — Do not exceed the rated value at any time. Refer to page 4 for
51 DECAY2CD 03106 v . the recommended value.
*2 : External voltage must not be applied to this pin. Do not exceed
54 RCSC 2.5 4 — the rated value at any time.
2010-08-20
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M Electrical Characteristics at V,, = 24.0 V
Note) T, =25°C+2°C unless otherwise specified.
NEE). Parameter Symbol C;Cejtts Conditions i ‘ L-lrr;;:s ‘ Mo Unit |[Notes
Power block
1 | Output saturation voltage 1 High Vo 2 |1=-0.5A (Pin 24, 28, 29, 33) —\Q.As —\Q.As — Vv =
2 | Output saturation voltage 1 Low Vou1 2 |1=0.5A(Pin 24, 28, 29, 33) — 0.48 | 0.75 vV | —
3 | Output saturation voltage 2 High Vous 2 |[1=-0.8A(Pin1,5,52,56) Vi Vi — vV | —
-055]-0.35
4 | Output saturation voltage 2 Low Vo2 2 |1=0.8A(Pin1,5,52,56) — 0.64 | 0.97 vV | —
5 | Flywheel diode forward voltage 1 Vou 2 |1=0.5A(Pin 24, 28, 29, 33) 0.5 1 15 VvV | —
6 | Flywheel diode forward voltage 2 Vo2 2 |1=0.8A(Pin1,5,52,56) 0.5 1 15 vV | —
7 | Upper-side output OFF current louTorFt 2 \é“L"; 370\\//‘ Vres =0V, -10 — — | pA | *1
8 | Lower-side output OFF current loutorrs 2 \C;hl/JI; 373;/’\/\/“5 =0V, — — 100 | pA | *1
Supply current
9 | Supply current (Active) Iv 1 ESIVQBSI.‘I%@B;H%SLABLECD - — 10 19 mA | —
10 | Supply current (STBY) Iustay 1 |STBY =Low — 22 40 pA | —
1/O block
11 | STBY High-level input voltage VsteYH 1 — 2.1 — 55 V | —
12 | STBY Low-level input voltage VsrayL 1 — 0 — 0.6 VvV | —
13 | STBY High-level input current lsteyH 1 |STBY=5V 25 50 100 | pA | —
14 | STBY Low-level input current IsteyL 1 |STBY=0V -2 — 2 pA | —
15 | CLK High-level input voltage Veikn 1 — 2.1 — 5.5 VvV | *2
16 | CLK Low-level input voltage Ve 1 — 0 — 0.6 V | *2
17 | CLK High-level input current loLkn 1 |CLK=5V 25 50 100 pA | *2
18 | CLK Low-level input current lorke 1 CLK=0V -2 — 2 pA | *2
19 | CLK maximum input frequency fork 1 — 50 — — kHz | *2
20 | ENABLE High-level input voltage | VenasLen 1 — 2.1 — 55 VvV | *3
21 | ENABLE Low-level input voltage | VenagLel 1 — 0 — 0.6 VvV | *3
22 | ENABLE High-level input current | lenaglen 1 |ENABLE=5V 25 50 100 | pA | *3
23 |ENABLE Low-level input current | lgnagiee 1 |ENABLE=0V -2 — 2 pA | *3
Notes) *1 : OUT represents AOUT1, AOUT2, BOUT1, BOUT2, COUT1, COUT2, DOUT1 and DOUT2.
*2 : CLK represents CLKAB and CLKCD.
*3 : ENABLE represents ENABLEAB and ENABLECD.
2010-08-20
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M Electrical Characteristics (continued) at V,, = 24.0 V

Note) T, =25°C+2°C unless otherwise specified.
NEE). Parameter Symbol Cijtts Conditions Vi ‘ Himits Unit  |Notes

in Typ ‘ Max

1/0 block (continued)
24 |PWMSW High-level input voltage | Vpwmswn | 1 — 2.3 — 5.5 \% *4
25 \F;(\)/:/tl;/éiw Middle-level input Vounsan | 1 . 13 . 17 v -
26 | PWMSW Low-level input voltage | Vpwmswe | 1 — 0 — 0.6 \% *4
27 | PWMSW High-level input current | lpywmswh 1 |PWMSW =5V 40 83 150 pA | *4
28 |PWMSW Low-level input current | lpwmsw 1 |PWMSW=0V 70 -36 -18 pA | *4
29 | PWMSW open voltage Vewmswo | 1 — 1.3 15 1.7 \% *4
30 |DECAY High-level input voltage | VpecayH 1 — 2.1 — 55 \Y *5
31 |DECAY Low-level input voltage | VpecayL 1 — 0 — 0.6 \Y *5
32 | DECAY High-level input current IbECAYH 1 |DECAY =5V 25 50 100 pA | *5
33 | DECAY Low-level input current IpecayL 1 |DECAY =0V -2 — 2 pA | *5
34 | DIR High-level input voltage \ 1 — 2.1 — 55 \% *6
35 | DIR Low-level input voltage \ 1 — 0 — 0.6 \% *6
36 | DIR High-level input current IoirH 1 |[DIR=5V 25 50 100 pA | *6
37 | DIR Low-level input current IoiRL 1 |[DIR=0V -2 — 2 pA | *6
38 | ST High-level input voltage Vsth 1 — 2.1 — 5.5 \% *7
39 | ST Low-level input voltage Vst 1 — 0 — 0.6 \% *7
40 | ST High-level input current lsth 1 |ST=5V 25 50 100 pA | *T
41 | ST Low-level input current lsTe 1 |[ST=0V -2 — 2 pA | *T

Torgue control block
42 | Input bias current 1 lReFH 1 | Vgerag = Vrerep =5V -2 — 2 pA | —
43 | Input bias current 2 IreeL 1 |Veeras = Vrerep =0V -2 — 2 pA | —
44 | PWM OFF time 1 Torrt 1 |PWMSW = Low 168 | 28 | 392 | ps | *4
45 | PWM OFF time 2 Torr 1 |PWMSW = High 9.1 15.2 21.3 us *4
46 | PWM OFF time 3 Torrs 1 |PWMSW = Middle 4.9 81 | 113 | pus |*4
47 | Pulse blanking time Ts 1 | Vgerag = Vrerep =0V 0.4 0.7 1.0 pus | —
48 | Comp threshold VTewe 1 |Veeras = VRerep =5V 475 500 525 mv | —
Reference voltage block
49 | Reference voltage Vgsvour 1 | lssyour = 0 MA 4.75 5.0 5.25 \% —
50 | Output impedance Zssvout 1 lssvour =—7 MA — — 10 Q —

Notes) *4: PWMSW represents PWMSWAB and PWMSWCD.
*5 : DECAY represents DECAY1AB, DECAY2AB, DECAY1CD and DECAY2CD.
*6 : DIR represents DIRAB and DIRCD.
*7 : ST represents STLIAB, ST2AB, ST3AB, ST1CD, ST2CD and ST3CD.
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M Electrical Characteristics (continued) at V,, = 24.0 V
Note) T, =25°C+2°C unless otherwise specified.
B Test N Limits _
No. Parameter Symbol | i cuits Conditions Vi ‘ Typ ‘ Ve Unit  |Notes
Abnormal detection output block
51 \l;lol:lggeLT pin output Low-level Vieaoire 1 | lyeaur = 1MA . . 0.2 v .
52 | NFAULT pin output leak current | Iyrauitgeay | 1 | Vraur =5V — — 5 pA | —
Home Position/ STEP detection output block
53 sazgepin output Low-level Veront 1 | lgon = 1 MA . . 0.2 v g
54 | STPH pin output leak current IsTpH(eak) 1 |[Vgpu=5V — — 5 pA | *8
Test input block
55 | TEST High-level input voltage V1estH 1 — 4.0 — 5.5 \Y —
56 | TEST Low-level input voltage VresTL 1 — 0 — 0.6 \% —
57 | TEST High-level input current ltesTh 1 |TEST=5V 25 50 100 pA | —
58 | TEST Low-level input current lresTL 1 |TEST=0V -2 — 2 pA | —

Note) *8 : STPH represents STPHAB and STPHCD.
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M Electrical Characteristics (Reference values for design) at V,, = 24.0 V
Notes) T, =25°C+2°C unless otherwise specified.
The characteristics listed below are reference values derived from the design of the IC and are not guaranteed by inspection.
If a problem does occur related to these characteristics, we will respond in good faith to user concerns.
B Test . Reference values ]
Parameter Symbol | . Conditions Unit  [Notes
No. circuits Min ‘ Typ ‘ Max
Output block
At the rising edge of output
59 | Output slew rate 1 VT, — | voltage, sink side of motor — 350 — Vius | *9
current
At the falling edge of output
60 | Output slew rate 2 VT — | voltage, sink side of motor — —-400 — Vius | *9
current
61 | Dead time Tp — — — 0.8 — ps *9
Thermal shutdown protection
62 Therm_al shutdown protection TSD,, . . . 150 . c |
operating temperature
Under voltage lockout
63 | Protection start voltage Vuviol — — — 7.5 — \% —
64 | Protection stop voltage Vuvioz — — — 85 — \% —

Note) *9 : The characteristics of all outputs of AOUT1, AOUT2, BOUT1, BOUT2, COUT1, COUT2, DOUT1 and DOUT?2 are shown.
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M Test Circuit Diagram (continued)

2. Test Circuit 2

N._.DO<_

o 2o

= 2 zLnov| 6z

“o'NJoe

w.®§o<> \ vsod| 1€

o H0oY ON[ze

@8 | ] A B

YTA90T avezavoaalve

*@59_\“ i “ >@.omm av1ls|se

A90'" avels|oe

—ooll avels| e

m >o.omm gvaial se

N av>1o| 6¢

Yevmaa ' gy31gvna| ov

i NN TY

5] Yaoo[w

“ E>__ TNA| €7

NN Agals| vy

mg__ﬂ aoa1avNa|sy

AN aox1o| or

¥ >§"_ﬂ aoduial zv

tnoos 9 m >©.om_ aoels|sr

HHD) 5 Y A0l aozis|6v

OB m >@.om"ﬂ aotis| os

m.@:af _4 A90 | AOZAVO3A| TS

T1Nod| 28

N5§>P8w_ . i
H 7] 3

N 2s0u| 5

“O'N[ s

H&moor ZIN0D| 95

aFDOm>OIW
>
T1N09
ml ~ AhDOm_m_
Z|oN R
9z|asoxd R o
) HFA|DOm__ H._.DOm_w>
gz|[oN
174 [Auglel:] _ ﬁ:om_>®|m
| K
€2|avIiAvO3aa __>@.o K N Q.AMEOM_W_
! IS
zz|lavmsAMmd  1"Ago0 R -
GlavaEan et 0 = 3
1 A e1nos A
0z |avHdls
61| O'N
8T[dNNdA %s._olm
feos o, L=
] 3 T8
orftog Y °
[\
GT[TNOD ®
IS
vI| ano R
et LNnoASs
[\ N
2Tl 1s3L __GE> R
11| LINVaN
ot | aoavuowly
6 |aDHd1S _
! |
8 | 043N __n_me>> N N._boo>O|w
f R >|
L | AOMSINMJ __r>@.o Af L emnooy
9 |aotAvoaa "A90 K m\QOll
N
S |zLnoa o == @IN_FNW
I zinoq N
v[oN
IN 11n0a
N
€ | asoy b N
T~ ~ AhDOOm_OIW
z[oN OIS ]
1|1LnOa - “ @—r+
- <= Tinoas,

Revised

2010-08-20
Established

Semiconductor Company, Panasonic Corporation



AN44071A

Product Standards Total Pages Page

52 16
M Electrical Characteristics Test Procedures
1. Test Circuit 1
1 10|s13 17 Voec Ve
C Measuring S S10|S13|S Ve VDE A Vgray | Venasie | Vewmsw| Vees | Vor | Vst | Vrest | Vurer |Vvpuwe | lssvour
. to | S9 | to | to | to DECAY2 v
No. pin sT3
S8 S12|516|S20
9,11 | 41,4344 | 1 |ON| 1 | 1 | — |06V |06V |21V | 06V | 06V |0V |06V]|06V|06V| 5V | Hi-Z | Hi-z
10 41,43 | 1 JoN| 1| 1| —|o06Vv |06V |06V |06V |06V |0V |06V 06V 06V|5V|Hi-Z| Hiz
12 13,44 | 1 |ON| 1 | 1| — |06V |06V |06V |21V | 06V |0V | 06V|06V|06V| 5V |H-Z| Hiz
49 13 1 |oN| 1| 1| — |06V |06V |21V |21v |06V |0V |06V 06V 06V|5V | Hi-Z| Hiz
50 13 1 |oN| 1| 1| —|o06v |06V |21V |21v |06V |0V |06V 06V 06V|5V | Hi-Z|-7TmA
13,17, |6, 7,12, 22,
gggé 23’4%‘“0 1|/oN| 1| 1| —]5sv |s5v |5V |5v |5V |0v|5vV|5V|5V|5V]|HiZ| Hiz
40,57 | 441051
18, |6,7,12,22,
gggs 23’4%“0 1loN| 1| 1| —=]ov |ov |s5v |ov |ov | ov|ov|ov|ov]|sV|Hiz]| Hz
41,58 | 45t051
14 44 1loN| 1|12l —=]ov |ov |ov |ov |ov | ov|ov|ov|ov|sV]|Hiz]| Hz
42 8,21 1loN| 1|1l —=]ov |ov |21v]|ov |ov |ov|ov|ov|ov |5V |Hiz]| Hiz
43 8,21 1loN| 1|1 —=]ov |ov |21v]|ov |ov |ov|ov|ov|ov|ov|Hiz]| Hiz
20,21 i%’ ‘Z’é 1 |OFF| 1 | 1 | — | 06V |06V |21V |Sweep| 06V | 0V [06V] 06V 06V| 5V | 20V | Hi-z
29, 24, 56, 0'375
48 | 5326 | 3 ON| 1 | 1|2 |06V |06V |21V |21V | 06V (5 |06V|06V 06V|5V | HI-Z| Hi-Z
31,54 :
v
15,16, | 33:29.28, /02.61\\//
0 o4 82,56, | 2 |ON| 1 | 1 | — |~ 06V | 21V | 21V | 5V |0V |06V|06V|06V| 5V | Hi-Z | Hi-Z
19 e 50 kHz
' pulse
29 7,22 1loN| 1|1l —=]ov | ov |21v]|ov |Hz|ov|ov|ov|ov|ov|Hiz]| Hiz
55 9,20 1 |ON| 2| 1| — T#;Z‘t’ 06V | 21V | 21V | 06V | OV |06V|06V|40V| 5V | Hi-Z | Hi-Z
56 9,20 2 JoN| 2 | 1| — T#F:fﬁ 06V | 21V | 21V | 1.7V | 0V |06V|21V|06V| 5V | Hi-Z | Hi-Z

Notes) *1:CLK represents CLKAB and CLKCD.
*2 : DECAY1 represents DECAY1AB and DECAY1CD.
DECAY2 represents DECAY2AB and DECAY2CD.
*3 : ENABLE represents ENABLEAB and ENABLECD.
*4 : PWMSW represents PWMSWAB and PWMSWCD.
*5 : RCS represents RCSA, RCSB, RCSC and RCSD.
*6 : DIR represents DIRAB and DIRCD.
*7 : ST1 represents STLIAB and ST1CD.
ST2 represents ST2AB and ST2CD.
ST3 represents ST3AB and ST3CD.
*8 : VREF represents VREFAB and VREFCD.
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M Electrical Characteristics Test Procedures (continued)
1. Test Circuit 1 (continued)

20) ENABLE High-level input voltage VenagLen
21) ENABLE Low-level input voltage VenagLeL

Sweep ENABLE voltage, and check that V 5oyt and Veoyrs SWitch as follows.

VAOUTl
Neour T “«— i —>
24V
SPEC
—
<«— SPEC
ov V
VENABLEL T T VENABLEH_> ENABLE
0.6V 21V
48) Comp threshold ~ VTcpe

Measure the voltages of V aouto, Veout2 Veoure and Vpour,. When input voltage is set to 0.475 V and 0.525 V respectively

VAOUTZ
/VBOUTZ
Neour2 4| (A)area o,  (B)area (A)area: Always output Low-level
Nbour2 (B) area: Output High-level as measurement value
24V (Average)
SPEC
—>
12V
SPEC
<
oV ° ° =
T T VRCSA/ VRCSB /VRCSC /VRCSD
0.475V 0.525V
50) Output impedance  Zgsyout
VSSOUT
VSSVOUT_ VA
Zssyour = A
VSSVOUT m
Va
0mA -7mA g
ISSVOUT
2010-08-20
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M Electrical Characteristics Test Procedures (continued)

1. Test Circuit 1 (continued)

15) CLK High-level input voltage
16) CLK Low-level input voltage

VCLKH
VCLKL

19) CLK maximum input frequency fe «

Input the pulse of 50 kHz as CLK as follows.

Low-level voltage = 0.6 V
High-level voltage = 2.1 V

When the frequency of Vaout1, Veoutt: Vaoutz: Yeoutz Veoutss Vooutt Veoutz @nd Vpour, is 25 kHz, measure CLK High-

level input voltage, CLK Low-level input voltage and CLK maximum input frequency.

50 kHz

21V
Veikas
Neiken

24V

Vaour: 12V
VCOUTl

jAOUTl fCOUTl

24V

fAOUTZ

==

COouT2

<

Vaoutz
12V
Ncour

oV

24V

=

fBOUTl DOUTY

Veour: 12y
DOUTL

ov

24V
VBOUTZ 12V

==

fBOUTZ DOUT?2)

VDOUTZ

ov

55) TEST High-level input voltage
56) TEST Low-level input voltage

VTESTH
VTESTL

Check that the output status is as follows when Low-level input voltage (0.6 V) and High-level input voltage (4.0 V) are applied
to TEST pin, Low-level / High-level input voltage to TEST pin.

Table Output status at TEST Low / High-level input voltage

Parameter TEST plr_l'voltage Status
conditions
TEST Low-level input voltage 0.6V STPH pin = Step detection output (Refer to page 44 for details.)
TEST High-level input voltage 40V STPH pin = Home Position output (Refer to page 40 to 43 for details.)
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M Electrical Characteristics Test Procedures (continued)
1. Test Circuit 1 (continued)

¢ |Measure | St S10|s13|S17 v Ver,
No. | ment pin to |S9| to | to|to| Vi VDECAYl Vsray |Venasie|Vewmsw| Vres | Vor Vsra | Viest | Vurer | Vvpuwe | lssvour
: S8 S12|516|S20 DECAY2 Vars
33, 29, 28,
gg' 24,52, 56,
38' 1,5, 2 |OFF| 2 1 | — |Pattern | Pattern | 2.1V | Pattern | Pattern | Pattern | Pattern | Pattern | Pattern | Pattern | 30V | Hi-Z
39' 3510 38,
47 to 50
24,
;2‘ 33, 29, 28, 06V
a0, |?45256) 5 lon| 1 3 |1 | P gy 2av | 2av | XY o6V |06V |06V |05V | Hiz | HiZ
45 1,5, input 1.7V
46, 7,22 23V
a7
33, 29, 28,
30, | 24,52, 56, .
31 1,56 23 2 |OFF| 2 3 | — |Pattern | Pattern | 2.1V | Pattern | Pattern | Pattern | Pattern | Pattern | Pattern | Pattern | 30V | Hi-Z
34,51
34) DIR High-level input voltage ViR
35) DIR Low-level input voltage VoiRL

38) ST1/ST2/ST3 High-level input voltage Vgry
39) ST1/ST2/ST3 Low-level input voltage Vgp

Check the logic related to the operation of each excitation mode in page 35 to 38 under the conditions that the input voltage of
DIR, ST1, ST2 and ST3 is set as follows. Confirm Low-level / High-level of DIR, ST1, ST2 and ST3 by checking the logic.

DIR ST1 ST2 ST3 Excitation mode

0.6V 0.6V 0.6V 0.6V 2-phase excitation drive (4-step sequence) / Forward

0.6V 0.6V 21V 0.6V Half step drive (8-step sequence) / Forward

0.6V 21V 0.6V 0.6V 1-2 phase excitation drive (8-step sequence) / Forward

0.6V 21V 21V 0.6V W1-2 phase excitation drive (16-step sequence) / Forward

0.6V 0.6V 21V 21V 2W1-2 phase excitation drive (32-step sequence) / Forward

21V 0.6V 0.6V 0.6V 2-phase excitation drive (4-step sequence) / Reverse

21V 0.6V 21V 0.6V Half step drive (8-step sequence) / Reverse

21V 21V 0.6V 0.6V 1-2 phase excitation drive(8-step sequence) / Reverse

21V 21V 21V 0.6V W1-2 phase excitation drive (16-step sequence) / Reverse

21V 0.6V 21V 21V 2W1-2 phase excitation drive (32-step sequence) / Reverse
2010-08-20
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M Electrical Characteristics Test Procedures (continued)
1. Test Circuit 1 (continued)

24) PWMSW High-level input voltage  Vpywmswh
25) PWMSW Middle-level input voltage Vpwmswm
26) PWMSW Low-level input voltage Vowmswi

44) PWM OFF time 1 Torm
45) PWM OFF time 2 Torr
46) PWM OFF time 3 Torrs
47) Pulse blanking time Tg

Each parameter is obtained by the timing chart of V so0ut1, Veout: » Veoutt: Vooutts Yaoutz: Veoutzs Veoutz @and Vpours at
VREF=05V.

The timing chart is shown as follows.

+ For 24) to 26), 44) to 47), measure Toggy, Tope aNd Topes Under the input conditions of PWMSW pin in the below chart.
+ For 47), measure the Low-level interval of V aout1, Veout1: Veour: @d Vpour & Tg in the below chart.

24V \ —_— .
VAOUTl /VBOUTl
Veouri/Voourt < >
Torer! Torra/ T
oV OFF1 OFF2 OFF3 » t[p,S]
24V
VAOUTZ /VBOUTZ
VCOUTZ /VDOUTZ
oV . > t[us]
Te Ts
Table PWMSW input voltage vs. Toge
Voltage conditions
Input pin Status
VPWMSWH / VPWMSWM/ VPWMSWL
0.6V Torr1 = 28 us
13V Torrs =8.1 s
PWMSW OFF3 u
1.7V Torrz = 8.1 ps
23V Tore, = 15.2 ps
2010-08-20
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M Electrical Characteristics Test Procedures (continued)
1. Test Circuit 1 (continued)

30) DECAY High-level input voltage  Vpgcavn
31) DECAY Low-level input voltage  Vpgcavi

Perform the logic test under the conditions that Low-level input voltage of DECAY1/DECAY2 is 0.6 V and High-level input
voltage is 2.1 V.

The timing chart of Vaqut1, Veoutt » Veoutt: VoouTs Yaoutz Veoutz: Veoure @nd Vpour IS as follows at the logic test.
Measure Tpecay @and Topeg, and check Low-level / High-level input voltage of DECAY1/DECAY?2.

24\ —
VAOUTl /VBOUTl
12V
VeourtVoour >
TOFF R
oV > t[us]
24V
TDECAY TDECAY
Vaout2Veout2 « >
12V
VCOUTZ /VDOUTZ
oV > t[ps]
Table DECAY1/2 input voltage vs. Decay control
DECAY1 DECAY2 Decay control (Tpecay / Torer)
0.6V 0.6V 0% mode (Slow Decay)
06V 21V 25% mode
21V 0.6V 50% mode
2.1V 21V 100% mode
2010-08-20
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M Electrical Characteristics Test Procedures (continued)
1. Test Circuit 1 (continued)

51) NFAULT pin output Low-level voltage  VyrauLtL
Input 1 mA to NFAULT pin under the condition that the output of NFAULT pin is Low, and measure the voltage of NFAULT
pin.

52) NFAULT pin output leak current INFAULT(leak)

Input 5V to NFAULT pin under the condition that the output of NFAULT pin is Hi-Z, measure the leak current.

53) STPH pin output Low-level voltage VerpuL

Input 1 mA to STPH pin under the condition that the output of STPH pin is Low, measure the voltage of STPH pin.

54) STPH pin output leak current ISTPH (leak)

Input 5V to STPH pin under the condition that the output of STPH pin is Hi-Z, measure the leak current.

2010-08-20
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M Electrical Characteristics Test Procedures (continued)
2. Test Circuit 2
1) Output saturation voltage 1 High Vg3
2) Output saturation voltage 1 Low Vg4
3) Output saturation voltage 2 High Vg
4) Output saturation voltage 2 Low Vg,
2-phase excitation drive (4-step sequence)
(ST1AB/ST1CD = Low, ST2AB/ST2CD = Low, ST3AB/ST3CD = Low), (DIRAB/DIRCD = Low)
CLKAB/ — 1 2 4 1 3 4 1
CLKCD
VAOUT1/ oo
VCOUT1 0%
-100%
VAOUT?2/ o0
0,
VCOUT?2 0%
-100%
+100%
VBOUT1/ 0%
VDOUT1
-100%
+100%
VboUT2 o
—-100%
(@ (d) (b) (c)
FWD i
Measure the output saturation voltage High and the output saturation voltage Low under the below conditions.
Measurement (a) (b) (c) (d)
parameter B No.1/No.3 B No.2/No.4 B No.1/No.3 B No.2/No.4
Anplied pin AOUT1/BOUT1 AOUT1/BOUT1 AOUT2/BOUT2 AOUT2/BOUT2
ppliedp COUT1/DOUT1 COUT1/DOUT1 COUT2/DOUT2 COUT2/DOUT2
\Y v, \Y 1V, \Y vV, \Y 1V,
Measured voltage AOUT1" ¥ BOUT1 AOUT1" ¥ BOUT1 AOUT2" ¥ BOUT2 AOUT2" ¥ BOUT2
g VCOUT1/VDOUT1 VCOUT1/VDOUT1 VCOUTZ DOUT2 VCOUTZ/VDOUTZ

Applied condition

Isaourt/lssours = —0.5 A
Iscourt/lspours = —0.8 A

Isaouti/lseours = 0.5 A
Iscourt/lspour: = +0.8 A

Isaoura/lssour. = —0-5 A
Iscour2/lspour2 = —0.8 A

Isaoura!lseour, = +0.5 A
Iscoura!lspourz = 10-8 A

S1to S8 2 2 2 2
S9 ON ON ON ON
S10 OFF OFF OFF OFF
Vu 24V 24V 24\ 24V
Vurerae Vvrerco 6V 6V 6V 6V
Vigst 4V 4V 4v av
Vennseas 21V 21V 21V 21V
/VENABLECD
2010-08-20
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M Electrical Characteristics Test Procedures (continued)
2. Test Circuit 2 (continued)

5) Flywheel diode forward voltage 1
6) Flywheel diode forward voltage 2

VDIl
VDIZ

Measure the Flywheel diode forward voltage 1 and the Flywheel diode forward voltage 2 under the below conditions.

Measurement . . . .
parameter B No.5 (upper-side) B No.5 (lower-side) B No.6 (upper-side) B No.6 (lower-side)
Anplied pin AOUT1/BOUT1 AOUT1/BOUT1 COUT1/DOUT1 COUT1/DOUT1

ppliedp AOUT2/BOUT?2 AOUT2/BOUT?2 COUT2/DOUT2 COUT2/DOUT2
Measured VOltage VAOUTIIVBOUTl VAOUTlNBOUTl VCOUTlNDOUTl VCOUT1/VDOUT1
VAOUTZ BOUT2 VAOUTZ BOUT2 VCOUTZ DOUT2 VCOUTZ/VDOUTZ

Applied condition

Isaour/lssours = 0.5 A
Isaour2/lssour2 = 0.5 A

Isaouti/lseours = —0.5 A
Isaour2!lseours = —0.5 A

Iscouri/Ispours = +0.8 A
Iscoura!/lspourz = +0.8 A

Iscourt/lspours = —0-8 A
Iscouro/lspour2 = —0-8 A

ENABLECD

S1toS8 2 2 2 2
9 ON ON ON ON
S10 OFF OFF OFF OFF
Vi ov oV oV Y

Venasieas 0.6V 0.6V 06V 0.6V

7) Upper-side output OFF current

IOUTOFFl

Measure the output OFF current (Ioyrorr1) in €ach output pin under the below conditions.

8) Lower-side output OFF current

IOUTOFFZ

When the pattern is input to ENABLE pin as follows, and AOUT1, AOUT2, BOUT1, BOUT2, COUT1, COUT2, DOUT1 and
DOUT2 output High, measure the output OFF current (Ioyrore,) in €ach output pin.

Measurement B No.7 B No.8
parameter
Avplied pin AOUT1/A0OUT2 AOUT1/A0UT2
Mo oo BOUT1/BOUT2 BOUT1/BOUT2
current COUT1/COUT2 COUT1/COUT?2
DOUT1/DOUT2 DOUT1/DOUT2
Applied Vsnour1 = Vssouri = Vscouti = Vspoutt Vsaour1 = Vssouti = Vscouti = Vspoutt
conditions =Vaaour2= Vssour2= Vscour2 = Vspour2 = 0 V = Vsaour2= Vssour2= Vscour2= Vspoure = 37 V
S1to S8 1 1
S9 ON OFF
S10 OFF ON
vy, 37V 37V
Vyreras /Vvrerco 5V 5V
Viest 0.6V Pattern
Venaseas 06V Pattern
VennsLeco
2010-08-20
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M Technical Data
1. 1/O block circuit diagrams and pin function descriptions

Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.
Pin Waveform
No. and voltage

Internal circuit Impedance Description

Pin 10 —— VT
TjmonABCD

0“’8‘5(',“ |

10 — 8001

by

— Pin10 : VBE monitor

Pin 18 VPUMP
Phase A/B 2k
Phase C/D 1.5k Pin 1 : Phase D motor drive output 1
. 3 : Phase D motor current
1 Pin - 1DOUTL detection
5DOUT2 .
3 24 BOUT?2 5 : Phase D motor drive output 2
25:1 28 BOUT1 gg : Eﬂase E motor drive output 2
00k C)pin 29 AOUT? : Phase B motor current
26 | 33 AOUT1 detection
28 . 52 COUT1 . 28 : Phase B motor drive output 1
29 | 56 COUT2 29 : Phase A motor drive output 2
31 31: Phase A motor current
33 — Pin 3 RCSD detection
52 : Q 26 RCSB 33 : Phase A motor drive output 1
54 100k 31RCSA 52 : Phase C motor drive output 1
56 54 RCSC 54 : Phase C motor current
detection
56 : Phase C motor drive output 2
4k
2010-08-20
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M Technical Data (continued)
1. 1/O block circuit diagrams and pin function descriptions (continued)
Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.
Pin Waveform o -
Internal circuit Impedance Description
No. and voltage
150
BC1
@ Pin 16 : Capacitor connection 1 for
16 — —
200 [ charge pump
'y
4 'y
'y
125
17 %] 300k Pin 17 : Capacitor connection 2 for
— — charge pump
18 . -
BC2 J'_l VPUMP 18 : Charge pump circuit output
@ i T i ®
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M Technical Data (continued)

1.

I/O block circuit diagrams and pin function descriptions (continued)

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

Pin Waveform L .
Internal circuit Impedance Description
No. and voltage
Pin 40 ENABLEAB, Pin 45 ENABLECD
Pin 39 CLKAB, Pin 46 CLKCD
Pin 37 ST3AB, Pin 48 ST3CD
Pin 36 ST2AB, Pin 49 ST2CD
Pin 35 ST1AB, Pin 50 ST1CD
35 Pin 38 DIRAB, Pin 47 DIRCD
36
37
38 Pin 40, 45 : Enable / disable CTL
39 152k Pin 39, 46 : Clock input
40 Pin 37, 48 : Excitation selection 3
45 o Pin 4K 100 kaa Pin 36, 49 : Excitation selection 2
46 Pin 35, 50 : Excitation selection 1
47 Pin 38, 47 : Rotation direction setup
48
49
50
100k
44 — 100 kQ Pin 44 : Standby
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M Technical Data (continued)
1. 1/O block circuit diagrams and pin function descriptions (continued)
Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

Pin Waveform _— .
Internal circuit Impedance Description
No. and voltage
6k
8 o . Pin 21, 8:
21 Pin 21 VREFAB Torque reference voltage input
Pin 8 VREFCD
6k
100
—[ S5VOUT
- —(13 .
O Pin 13 : Internal reference voltage
13 — —
— 50K (output 5 V)
48k
1k []
r
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M Technical Data (continued)
1. 1/O block circuit diagrams and pin function descriptions (continued)
Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

Pin Waveform - L
Internal circuit Impedance Description
No. and voltage
- =
Pin 12
TEST oK
12 — 100 kQ Pin 12 : Test mode setup
T =
100k
b
Pin 7
PWMSWCD
Pin 22
PWMSWAB H
272 — — Pin 7, 22 : PWM OFF period setup
[
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M Technical Data (continued)
1. 1/O block circuit diagrams and pin function descriptions (continued)
Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.

Pin Waveform N L
Internal circuit Impedance Description
No. and voltage

Pin9 STPHCD
Pin 11 NFAULT
Pin 20 STPHAB

Pin 9, 20 : Home Position /

191 _ . Step detection signal
20 — output
Pin 11 : Abnormal detection output

Pin6 DECAY1CD

Pin 23 DECAY1AB
Pin 34 DECAY2AB
Pin51 DECAY2CD

6
23 Pin 6, 23, 34, 51 :

34 T 100 ka2 Mix DECAY setup
51
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M Technical Data (continued)

1. 1/O block circuit diagrams and pin function descriptions (continued)
Note) The characteristics listed below are reference values derived from the design of the IC and are not guaranteed.
Pin Waveform L .
Internal circuit Impedance Description
No. and voltage
1" S5VOUT (Pin13)
f VM(Pin41, Pin43)
_ _ * Diode _ —
* Zener diode
- Ground
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M Technical Data (continued)
2. Control mode
Note) * is AB or CD.

1) Truth table (Excitation select)

ENABLE* DIR* ST1* ST2* ST3* Output excitation mode
Low — — — — — Output OFF
High Low Low Low Low 2-phase excitation drive (4-step sequence)
High Low Low High Low Phase B/D 90° Half step drive (8-step sequence)
High Low High Low Low delay to phase | 1-2 phase excitation drive (8-step sequence)
High Low High High Low A/C W?1-2 phase excitation drive (16-step sequence)
High Low — — High 2W1-2 phase excitation drive (32-step sequence)
High High Low Low Low 2-phase excitation drive (4-step sequence)
High High Low High Low Phase B/D 90° | Half step drive (8-step sequence)
High High High Low Low advance to phase | 1-2 phase excitation drive (8-step sequence)
High High High High Low AlC W?1-2 phase excitation drive (16-step sequence)
High High — — High 2W1-2 phase excitation drive (32-step sequence)
2) Truth table (Control / Charge pump circuit) 3) Truth table (PWM OFF period
selection)
STBY ENABLE* Cc:)nl}:rﬂ)/cci:rzﬁirtge Output transistor PWMSW* | PWM OFF period (*5)
Low — OFF All channel output : OFF Low 28.0 us
High (*3) | Low ON OFF (*4) Middle 8.1 s
High (*3) High ON ON High 15.2 s
4) Truth table (Decay selection) 5) Truth table (STPH output
DECAY1* | DECAY2* Decay control (*6) selection)
Low Low Slow Decay TEST STPH* output
Low High 25% Low STEP detection output
High Low 50% - .
- - High Home Position output
High High 100%

Note) The above rate is applied to Fast Decay every PWM OFF period.
6) Truth table (NFAULT output)

TSD (*1) OCP (*2) NFAULT Output transistor
Thermal _shutdown — Low All channel output : OFF
protection start
- Over-current detection Low All channel output : OFF
start
Thermal S hutdown Over-current detection stop Hi-Z ON
protection stop

Notes) *1:

*2:

*3:

*4
*5:
*6:

TSD is a latch type protection
— The protection operation starts at 150°C. (All motor outputs are turned off , and latched.) / The latch is released by Standby or UVLO.

OCP is a latch type protection

— All motor outputs are turned off by over-current detection, and be latched. / The latch is released by Standby or UVLO.
In addition, All motor outputs are turned off at under UVLO.

Input external signals to STBY pin in order to set STBY signal to High-level.

Because, STBY pin cannot be set to High-level when it is connected to SSVOUT (Pin13).

The output transistors of AB/CD channel are controlled by ENABLEAB/CD respectively.

The PWM OFF intervals of AB/CD channel are set by PWMSWAB/CD respectively.

The Decay controls of AB/CD channel are set by DECAY1AB/CD ( DECAY2AB/CD) respectively.
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H Technical Data (continued)
3. Each phase current value
1) 1-2 phase, W1-2 phase, 2W1-2 phase DIRAB /DIRCD = Low

Note) The definition of Phase A, B, C and D current "100%" : (VREFAB(VREFCD) x 0.1) / Motor current detection resistance

1-2 phase W1-2 phase 2W1-2 phase A/C phase current B/D phase current
(8-Step) (16- Step) (32-Step) (%) (%)

1 1 1 70.7 -70.7
— — 2 83.2 -55.6
— 2 3 92.4 -38.3
— — 4 98.1 -19.5
2 3 5 100 0
— — 6 98.1 19.5
— 4 7 92.4 38.3
— — 8 83.2 55.6
3 5 9 70.7 70.7
— — 10 55.6 83.2
— 6 11 38.3 92.4
— — 12 195 98.1
4 7 13 0 100
— — 14 -19.5 98.1
— 8 15 -38.3 92.4
— — 16 -55.6 83.2
5 9 17 -70.7 70.7
— — 18 -83.2 55.6
— 10 19 -92.4 38.3
— — 20 -98.1 195
6 11 21 -100 0
— — 22 -98.1 -19.5
— 12 23 -92.4 -38.3
— — 24 -83.2 -55.6
7 13 25 -70.7 -70.7
— — 26 -55.6 -83.2
— 14 27 -38.3 -92.4
— — 28 -19.5 -98.1
8 15 29 0 -100
— — 30 19.5 -98.1
— 16 31 38.3 -924
— — 32 55.6 -83.2
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H Technical Data (continued)
3. Each phase current value (continued)
2) 1-2 phase, W1-2 phase, 2W1-2 phase DIRAB /DIRCD = High

Note) The definition of Phase A, B, C and D current “100%" : (VREFAB(VREFCD) X 0.1) / Motor current detection resistance

1-2 phase W1-2 phase 2W1-2 phase A/C phase current B/D phase current

(8-Step) (16-Step) (32-Step) (%) (%)
1 1 1 70.7 -70.7
— — 2 55.6 -83.2
— 2 3 38.3 -92.4
- — 4 195 -98.1
2 3 5 0 -100
— — 6 -19.5 -98.1
— 4 7 -38.3 924
— — 8 -55.6 -83.2
3 5 9 -70.7 -70.7
— — 10 -83.2 -55.6
— 6 11 -92.4 -38.3
— — 12 -98.1 -19.5
4 7 13 -100 0
— — 14 -98.1 19.5
— 8 15 -924 38.3
— — 16 -83.2 55.6
5 9 17 -70.7 70.7
— — 18 -55.6 83.2
— 10 19 -38.3 924
— — 20 -19.5 98.1
6 11 21 0 100
— — 22 195 98.1
— 12 23 38.3 92.4
— — 24 55.6 83.2
7 13 25 70.7 70.7
— — 26 83.2 55.6
— 14 27 92.4 38.3
— — 28 98.1 19.5
8 15 29 100 0
— — 30 98.1 -19.5
— 16 31 924 -38.3
— — 32 83.2 -55.6
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H Technical Data (continued)
4. Each phase current value (Timing chart)

1) 2-phase excitation drive (4-step sequence)
(ST1AB/ST1CD = Low, ST2AB/ST2CD = Low, ST3AB/ST3CD = Low)

+100%

0%

-100%

+100%

0%

-100%

CI_KAB/123412341
CLKCD
IAOUTL/
ICOUT1
IBOUT1/
IDOUT1
S ——
FWD

2) Half step drive (8-step sequence)

(DIRAB/DIRCD = Low)

CLKAB/
CLKCD

IAOUTY/
ICOUT1

IBOUT1/
IDOUT1

+100%

0%

—-100%

+100%

0%

—-100%

e
REV

(DIRAB/DIRCD = High)

(ST1AB/ST1CD = Low, ST2AB/ST2CD = High, ST3AB/ST3CD = Low)

CLKAB/ 1 2 3 4 5 6 8 12 CLKAB/l 2 3 4 5 6 7 8 2

CLKCD CLKCD
+100% +100%

IAOUT1/ 0 IAOUT1/

ICOUT1 0% couTt 0%
-100% -100%
+100% +100%

IBOUT1/ 0% IBOUT1/ 0%

IDOUT1 IDOUT1
-100% -100%

_ B
FWD REV
(DIRAB/DIRCD = Low) (DIRAB/DIRCD = High)
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H Technical Data (continued)
4. Each phase current value (Timing chart) (continued)
3) 1-2-phase excitation (8-step sequence)
(ST1AB/ST1CD = High, ST2AB/ST2CD = Low, ST3AB/ST3CD = Low)
1. 2:3:4:5 6 7:8:1:2 1. 2:3:4:{5 6:7:8 2
CLKAB/ CLKAB/
CLKCD CLKCD
+100% +100%
+70.7% +70.7%
IAOUT1/ IAOUT1/ 0%
0% 0
ICOUT1 ICOUT1
-70.7% -70.7%
-100% ~100%
+100% +100%
+70.7% +70.7%
IBOUTY/ IBOUTY/ 0%
IDOUT1 0%  IDOUT1 0
—70.7% -70.7%
~100% ~100%
_— T
FWD REV
(DIRAB/DIRCD = Low) (DIRAB/DIRCD = High)
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H Technical Data (continued)
4. Each phase current value (Timing chart) (continued)

4) W1-2-phase excitation (16-step sequence)
(ST1AB/ST1CD = High, ST2AB/ST2CD = High, ST3AB/ST3CD = Low)

19234567 8{9:10{11{12:{13!14:15: 16} 1 2
CLKAB/
CLKCD

..... S, L T LU
+92.4%
+70.7%

+38.3%

IAOUT1/

ICOUT1 77777 I T TR B A i S
-38.3%

-70.7%
-92.4%

--------------- B B e ot R S B e e e s At 11117}

+100%
+92.4%
+70.7%

IBOUT1/ +383%
IDOUT1 "™~ J e e S R R A S A A -

-38.3%

—70.7%

-92.4%

"""""""" S e A S A A TTTTTTTTETTTTET ~100%

_—
FWD
(DIRAB/DIRCD = Low)
12 34 5¢ 6: 7 8 9:10: 11 12 13: 14: 15 16: 1 @ 2

CLKAB/
CLKCD

---------- B et T e e e S it Lt B EETE ceedeeaoiooo-io 4100%

+92.4%

+70.7%

IAOUT1/ +38.3%

_____ - PR S S SR SN SR SR [P S S S SN SEPRPI S 0,
ICOUT1 0%
-38.3%
-70.7%
-92.4%

............... B Rt EE e e e e Al et s i nbeieiels el it -100%

---------- el e s T R s b R
+92.4%
+70.7%

IBOUT1/ +38.3%
IDOUT1  ---------- R N e e

-38.3%

—-70.7%

-92.4%

..... Sp— [iuiutel Stk el sttt e e e Anniuint Seiuiak Sl shubeiui wiuieiui auiuks el Subaiei -100%
- >

REV
(DIRAB/DIRCD = High)
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H Technical Data (continued)
4. Each phase current value (Timing chart) (continued)

5) 2W1-2-phase excitation (32-step sequence)
(ST3AB/ST3CD = High)

CLKAB/
CLKCD

IAOUT1/
ICOUT1

IBOUTY/

IDOUTL -----

1 3:4:5:6:7:8:9:110:11:12:13;14:15:16: 17: 18: 19: 20: 21: 22; 23: 24: 25 26: 27: 28: 29 31132 1:2
PRI S U AV AUV VIO A NN B N NS B SRS SUDNENS SUDNOE FOUORY SUNUONS SUOIOS OUORY SUPUONS U U DU U U SO U RO VU UV NOUU PO SO
=== i i e e e it St e C e [ el st SRR S bl Sh s S p— - - Rt i e e e R DR St ST

CLKAB/
CLKCD

10: 11 13: 14 17 21: 22

26

32

IAOUT1/
ICOUT1 "7

IBOUTY/

IDOUT1

REV
(DIRAB/DIRCD = High)

ie . +100%

+98.1%
+92.4%
+83.2%
+70.7%
+55.6%
+38.3%

+19.5%

s +0%

—19.5%
-38.3%

-55.6%
~70.7%
-83.2%
—92.4%
—98.1%

0%/710‘0%

+98.1%
+92.4%
+83.2%
+70.7%
+55.6%

+38.3%
+19.5%

0%

-19.5%
-38.3%

—55.6%
-70.7%
-83.2%
-92.4%
-98.1%

= —100%

+100%
+98.1%
+92.4%

+83.2%
+70.7%
+55.6%
+38.3%
+19.5%

+0%

-19.5%
—38.3%

-55.6%
~70.7%
-83.2%
—92.4%
—98.1%

1100%/-100%
+98.1%

+92.4%
+83.2%
+70.7%

+55.6%
+38.3%
+19.5%

+0%

-19.5%
-38.3%
—55.6%
~70.7%
-83.2%
—92.4%
—98.1%

-100%
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M Technical Data (continued)
5. Timing chart when DIR switches

(Example 1) Timing chart at 1-2-phase excitation (DIRAB/DIRCD : Low — High)

CLKAB/

CLKCD

DIRAB/
DIRCD

IAOUTY/
ICOUT1

IBOUT1/

IDOUT1

State (DIRAB/DIRCD :Low) 5 6 7 6 5 4 3

——
When DIRAB(DIRCD) switches,
the state before switching is kept and operates continuously.

(Example 2) Timing chart at 1-2-phase excitation (DIRAB/DIRCD : High — Low)

CLKAB/
CLKCD

DIRAB/ |
DIRCD

IAOUTY/
ICOUT1

IBOUT1/
IDOUT1

State (DIRAB/DIRCD : High) 5 6 7 6 5 4 3
H_/

When DIRAB(DIRCD) switches,
the state before switching is kept and operates continuously.
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M Technical Data (continued)

6. Home Position function (TEST = High)

This LSI has built-in Home Position function to reduce the displacement of motor current state at the change of excitation mode
during motor drive. Low-level voltage is output to STPHAB pin and STPHCD pin at the timing when the displacement of motor
current state doesn't occur at the change of excitation mode. The timing when Low-level voltage is output to STPHAB pin and

STPHCD pin is as follows. The Home Position function becomes valid by setting TEST pin to High.
Connect pull-up resistor to power supply (recommendation : SSVOUT), because STPHAB pin and STPHCD pin are composed
by open drain circuit. The recommended value of pull-up resistor is 10 kQ.

* Home Position output timing chart (DIRAB / DIRCD = Low)

1) 2W1-2-phase excitation

CLKAB/
CLKCD

1 2 3 4 5 6 7 8 9 1011 1213 1415 16 17 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 1

IAOUTY/

ICOUT1

IBOUT1/

IDOUT1

STPHAB/
STPHCD

+100%
+98.1%
+92.4%
+83.2%
+70.7%
+55.6%

+38.3%
+19.5%

+0%
-19.5%
-38.3%

-55.6%
-70.7%
—83.2%
—92.4%
-98.1%

-100%

+100%
+98.1%
+92.4%
+83.2%
+70.7%
+55.6%
+38.3%
+19.5%
+0%
-19.5%
—38.3%
-55.6%
—70.7%
—83.2%
-92.4%
-98.1%
-100%
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M Technical Data (continued)

6. Home Paosition function (TEST = High) (continued)

® Home Position output timing chart (DIRAB / DIRCD = Low) (continued)

2) W1-2-phase excitation

CLKAB/
CLKCD

12

13 14

15 16 1

IAOUTY/

ICOUT1

IBOUTL/

IDOUT1

+100%
+92.4%

+70.7%
+38.3%

0%
-38.3%

—70.7%
—92.4%
-100%

+100%
+92.4%

+70.7%
+38.3%

0%

-38.3%

—70.7%
—92.4%
-100%

STPHAB/
STPHCD
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M Technical Data (continued)
6. Home Paosition function (TEST = High) (continued)

® Home Position output timing chart (DIRAB / DIRCD = Low) (continued)

3) 1-2-phase excitation
1 2 3 4 5 6 7 8 1

CLKAB/
CLKCD

+100%

+70.7%

IAOUTY/
ICOUT1

0%

-70.7%

-100%

+100%

+70.7%

IBOUTY/
IDOUT1 0%

—70.7%

-100%

STPHAB!.
STPHCD

4) Half step

CLKAB/
CLKCD

+100%

IAOUTL/
ICOUT1 0%

-100%

+100%

IBOUT1/
IDOUT1 0%

-100%

STPHAB/
STPHCD
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M Technical Data (continued)
6. Home Paosition function (TEST = High) (continued)

® Home Position output timing chart (DIRAB / DIRCD = Low) (continued)

5) 2-phase excitation

CLKAB/
CLKCD

+100%

IAOUTY/
ICOUT1

0%

-100%

+100%

IBOUTY/
IDOUT1 0%

—-100%

STPHAB/
STPHCD
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B Technical Data (continued)
7. STEP detection output function (TEST = Low)

Whenever edges signal is input into clock input pins, this IC outputs Low pulse signal from step detection output pins. The Low
pulse width depend on each excitation mode. Refer to the below table. The STEP detection function becomes valid by setting
TEST pin to Low. Connect pull-up resistor to supply voltage (Recommendation : SS\VOUT), because STPHAB pin and
STPHCD pin are composed by open drain circuit. The recommended value of pull-up resistor is 10 kQ.

CLK*
(Clock input pin)

Max. about 1 us

STPH*
(Step detection output pin) >
W N (*: AB or CD)
T1 T1 T1
Table Step detection output pulse width
) S Half step W1-2-phase 2W1-2-phase
2-phase excitation / 1-2 phase excitation excitation excitation
Pulse width (T1) About 20 ps About 20 ps About 10 ps About 5 ps

8. Over-current protection function

This IC has over-current protection (OCP) circuit to protect from the ground-fault etc. of the motor output. When motor current
more than setting value flows to power MOS for about 3.8 us (Typ.) due to the ground-fault, all motor outputs are turned OFF
by latch operation. OCP is canceled by STBY = Low or UVLO (Under-voltage lockout) operation. However, the OCP circuit do
not guaranteed the protection circuit of set. Therefore, do not use the OCP function of this IC to protect a set. Note that this IC
might break before the protection function operates when it instantaneously exceeds the safe operation area and the maximum
rating. When the inductor element is large due to the length of wiring at ground-fault, note that this IC might break. Because the
motor output voltage falls on a negative voltage or excessively rises after motor current excessively flows to motor outputs. The
setup current of the OCP (reference) is as follows.

Table Over-current protection setup current (Typ. value)

A/Bch motor output

C/Dch motor output

Setup current

22A

33A

9. About inputting the supply voltage to IF pins when VM power supply is not applied.

This IC does the measures of error for inputting voltage to IF pins when VM power supply is not applied.

IF pin : ENABLE*, DIR*, ST1*, ST2*, ST3*, CLK*, STBY, VREF* (*: AB or CD)
Therefore, this IC doesn't break and it doesn't cause error operation by the input voltage to the IF pins when VM supply voltage

is not supplied.
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B Usage Notes

1. Special attention and precaution in using

1

2)
3)

4)

5)

6)

7
8)

9)

This IC is intended to be used for general electronic equipment [Stepping motor drive].
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 automobile, 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
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 IC described in this book for any special application, unless our company agrees to your using the IC in this book
for any special application.
Pay attention to the direction of LSI. When mounting it in the wrong direction onto the PCB (printed-circuit-board), it might
smoke or ignite.
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.
Perform a visual inspection on the PCB before applying power, otherwise damage might happen due to problems such as a solder-
bridge between the pins of the semiconductor device. Also, perform a 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 LSI during
transportation.
Take notice in the use of this product that it might break or occasionally smoke when an abnormal state occurs such as output pin-
V short (Power supply fault), output pin-GND short (Ground fault), or output-to-output-pin short (load short) .
Especially, for the pins below, take notice Power supply fault, Ground fault, short to motor current detection pin, load short and
short between the pin.
+ Motor drive output pin (Pin 1, 5, 24, 28, 29, 33, 52, 56)
+ Motor current detection pin (Pin 3, 26, 31, 54)
+ Charge pump circuit pin (Pin 16, 17, 18)
+ Power supply (Pin 41, 43)
And, safety measures such as an installation of fuses are recommended because the extent of the above-mentioned damage and
smoke emission will depend on the current capability of the power supply.
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.
When using the LSI for new models, verify the safety including the long-term reliability for each product.
When the application system is designed by using this LSI, be sure to confirm notes in this book.
Be sure to read the notes to descriptions and the usage notes in the book.
Connect the metallic plate (fin) on the back side of the IC with the GND potential. The thermal resistance and the electrical
characteristics are guaranteed only when the metallic plate (fin) is connected with the GND potential.

10) Confirm characteristics fully when using the LSI.

Secure adequate margin after considering variation of external part and this IC including not only static characteristics but
transient characteristics. Especially, Pay attention that abnormal current or voltage must not be applied to external parts because
the pins (Pin 1, 5, 16, 17, 18, 24, 28, 29, 33, 52, 56) output high current or voltage.
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M Usage Notes (continued)

2. Notes of Power LSI.

1)

2)

3)

4)
5)

7)

Design the heat radiation with sufficient margin so that Power dissipation must not be exceeded base on the conditions of power
supply voltage, load and ambient temperature.

(It is recommended to design to set connective parts to 70% to 80% of maximum rating)

The protection circuit is for maintaining safety against abnormal operation. Therefore, the protection circuit should not work
during normal operation.

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 VM short (Power supply fault), or output pin to GND short (Ground fault), the LSI might be
damaged before the thermal protection circuit could operate.

Unless specified in the product specifications, make sure that negative voltage or excessive voltage are not applied to the pins
because the device 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.

The product which has specified ASO (Area of Safe Operation) should be operated in ASO.

Verify the risks which might be caused by malfunctions of external parts.

Set capacitance value between VPUMP and GND so that VPUMP (Pin 18) must not exceed 43 V transiently at the time of
motor standby to motor start.

This IC employs a PWM drive method that switches the high-current output of the output transistor. Therefore, the IC is apt

to generate noise that may cause the IC to malfunction or have fatal damage. To prevent these problems, the power supply must
be stable enough. Therefore, the capacitance between the SSVOUT and GND pins must be 0.1 uF and the one between the

VM and GND pins must be a minimum of 47 uF and as close as possible to the IC so that PWM noise will not cause the IC to
malfunction or have fatal damage.
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M Usage Notes (continued)
3. Notes of this IC

1) Pulse blanking time
This IC has pulse blanking time (0.7 us/Typ.value) to prevent erroneous current detection caused by noise. Therefore, the motor
current value will not be less than current determined by pulse blanking time. Pay attention at the time of low current control.
The relation between pulse blanking time and minimum current value is shown as Chart 1. In addition, increase-decrease of
motor current value is determined by L value, wire wound resistance, induced voltage and PWM on Duty inside a motor.

Setup current value

At normal operation

Minimum current value
7 L7 Setup current value

In case of setting less

than minimum current
value >
TB < >

TF’WM

Chart 1. RCS current waveform

Towm - PWM OFF period
Tg  : Pulse blanking time
(Refer to M Electrical Characteristics B N0.47)

2) VREF voltage
When VREF* voltage is set to Low-level, erroneous detection of current might be caused by noise because threshold of motor
current detection comparator becomes low (= VREF/10 x motor current ratio [%] (Refer to Page 33, 34). Use this IC after
confirming no misdetection with setup VREF* voltage.
If VREF* pin is open, input voltage might be irregular and rise, a large current might flow to the output. Therefore do not use on
condition that VREF* pin is open. (*: AB or CD)

3) Notes on interface
Absolute maximum of Pin 6 to 8, Pin 12, Pin 21 to 23, Pin 34 to 40 and Pin 44 to 51 is-0.3 V to 6 V. When the setup current for
a motor is large and lead line of GND is long, GND pin potential might rise. Take notice that interface pin potential is negative
to difference in potential between GND pin reference and interface pin in spite of inputting 0 V to the interface pin. At that time,
pay attention allowable voltage range must not be exceeded.

4) Notes on test mode
When inputting voltage of above 0.6 V and below 4.0 V to TEST (Pin 12), this LSI might become test mode.
When disturbance noise etc. makes this LSI test mode, motor might not operate normally. Therefore, use this LS| on condition
that TEST pin is shorted to GND or SSVOUT at normal motor operation.
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M Usage Notes (continued)
3. Notes of this IC (continued)

5) Notes on Standby mode release / Under-voltage lockout release

This LSI has all motor outputs OFF period of about 100 us (typ) owing to release of Standby and UVLO (Refer to the below
figure).

This is why restart from Standby and UVLO after charge pump voltage rises sufficiently because charge pump operation stops at
Standby and UVLO.

When the charge pump voltage does not rise sufficiently during all motor outputs OFF period due to that capacitance between
VPUMP and GND becomes large etc., the IC might overheat and it might not operate normally. In this case, release Standby and
UVLO at ENABLE = Low-level, and restart at ENABLE = High-level after the charge pump voltage rises sufficiently.
Moreover, take notice that state of motor current becomes default position at Standby and UVLO operation following as 3.
Notes of this IC No.6.

After all motor outputs OFF period, the ground-fault detection period is set to about 6.4 us in order to detect the ground-fault of
motor output before motor is turned on.

All the upper side power MOS are turned on during the above ground fault detection period, and then whether the ground-fault
occurs or not is checked. (Refer to the following contents.)

If the ground-fault is detected at that time, all motor outputs are turned off, and motor drive stops.

[At Standby release]
STBY Low High
Standby Standby Standby release
Start (At ENABLE = High)
All motor outputs Ground fault
Motor output OFF P All motor outputs OFF detection All motor outputs OFF
(At ENABLE = Low)
About 100 ps(typ) About 6.4 us(typ)
[At under-voltage lockout release]
VM -
Low High
Ground fault S (ATENABLE = High)
Motor output All motor outputs All motor outputs OFF . All motor outputs OFF
OFF (UVLO) detection (At ENABLE = Low)
About 100 ps(typ) About 6.4 us(typ)
2010-08-20
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M Usage Notes (continued)
3. Notes of this IC (continued)

6) Default of motor current state
The defaults of motor current state after the releases of UVLO and standby in each excitation mode are as follows.

Table Default position of each excitation mode

Excitation mode Defalg;gellsftrical
2-phase excitation (4-step) —-45°
Half step (8-step) —45°
1-2 phase excitation (8-step) —45°
W1-2 phase excitation (16-step) —-45°
2W1-2 phase excitation (32-step) —45°

Default position :
1-2 / W1-2 / 2W1-2 phase excitation

Default electrical angle : -45°
Default position: 2-phase excitation / Half step ()

Electrical angle : 0°
AOUT1/COUT1I current

*Definition of electric angle
Electric angle is defined as 0° on the conditions of AOUT1/COUT1
current = 100% and BOUT1/DOUTL current = 0%.
It is defined at DIR = Low as "+" direction.
It is defined at DIR = High as "—" direction.

BOUT1/DOUTL1 current

7) CLK* input signal and DIR* input signal
The set/hold time of CLK* and DIR* input signals, CLK* input minimum pulse width (High/Low) are as follows.
Input signals after securing set/hold time.

CLK* o
¢ D A B H
DIR*/ST1*/
ST2*/ST3*
Period Contents Time
A CLK™* input minimum pulse width (High) 10 ps or more
B CLK* input minimum pulse width (Low) 10 ps or more
C DIR*/ST1*/ST2*/ST3* set time 2 ps or more
D DIR*/ST1*/ST2*/ST3* hold time 2 ps or more *- AB or CD
2010-08-20
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M Usage Notes (continued)
3. Notes of this IC (continued)

8) CLK inputat ENABLE = Low
As the below figure (Ex. 1-2 phase excitation), when inputting CLKAB at the time of motor stop and ENABLEAB = Low (all
motor outputs OFF — Motor current = 0 A), the setup value of motor current will proceed at CLKAB input. Therefore, in case
of restart at ENABLEAB = High, take notice that the position of restart is where the current state just before motor stop gains
CLKAB input. For IBOUT, ICOUT and IDOUT, the operation is same as the below.

Example) 1-2 phase excitation

CLKAB
1234567 3145678
i L 7812FL [
IAOUT J
L 1T L
ENABLEAB High | tow | High
H—J
Motor stop
In spite of stop at state[6] , because CLKAB is input at ENABLEAB = Low,
the motor will restart after ENABLEAB = High at state [3].
CLKAB
B 4 .
12 345:6; 617812
i - 1
IAOUT
e ||
ENABLEAB High | Low | High
%(—
Motor stop
In spite of stop at state [6] , because CLKAB is not input at ENABLEAB = Low,
the motor will restart after ENABLE AB= High at state [6] just before stop.
2010-08-20
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M Usage Notes (continued)
3. Notes of this IC (continued)

9) Notes on RCS line
Take consideration in the below figure and the points and design PCB pattern.

(1) Point 1
Design so that the wiring to the current detection pin (RCSA/RCSB/RCSC/RCSD pin) of this IC is thick and short to
lower impedance. This is why current can not be detected correctly owing to wiring impedance and current might not be
supplied to a motor sufficiently.

(2) Point 2
Design so that the wiring between current detection resister and connecter GND (the below figure Point 2) is thick and
short to lower impedance. As the same as Point 1, sufficient current might not be supplied due to wiring impedance. In
addition, if there is a common impedance on the side of GND of RCSA/RCSB/RCSC/RCSD, peak detection might be
erroneous detection. Therefore, install the wiring on the side of GND of RCSA/RCSB/RCSC/RCSD independently.

(3) Point 3
Connect GND pin of this IC to the connecter on PCB independently. Separate the wiring removed current detection
resister of large current line (Point 2) from GND wiring and make these wirings one-point shorted at the connecter as
the below figure. That can make fluctuation of GND minimum.

Point 2

Connecter GND C

Point 3

Motor current
detection resistor

S~

o L i

RCSA/RCSB/RCSC/RCSD

IC

10) A high current flows into the IC. Therefore, the common impedance of PCB can not be ignored. Take the following points into
consideration and design the PCB pattern for a motor. Because the wiring connecting to VM1 (Pin 43) and VM2 (Pin 41)of this
IC is high-current, it is easy to generate noise at time of switching by wiring L. That might cause malfunction and
destruction (Figure 1). As Figure 2, the escape way of the noise is secured by connecting a capacitor to the connector
close to the VM pin of the IC. This makes it possible to suppress the fluctuation of direct VM pin voltage of the IC. Make the

setting as shown in Figure 2 as much as possible.

Low spike amplitude
due to capacitance

.

GND

0o

between VM pin
_/\_ ™ and GND
—_A
VM
= =
L
VM| [GND VM GND
IC IC
C
RCS RCS
% G@%\ %

Figure 1. No recommended pattern

Figure 2. Recommended pattern

2010-08-20

Established

Revised

Semiconductor Company, Panasonic Corporation



AN44071A
Product Standards Total Pages Page

52 52

M Usage Notes (continued)

3. Notes of this IC (continued)

11)

IC junction temperature

In case of measuring chip temperature of this IC, measure the voltage of TymonABCD pin (Pin 10) and estimate the chip
temperature from the data below. However, because this data is technical reference data, conduct a sufficient reliability test of
the IC and evaluate the product with the IC incorporated.

TjmonABCD pin temperature characteristics
VBE[V]

A

AVBE / Atemp = -1.87 [mV / °C]

» Temp[°C]
0 150

12) Power-on and Supply voltage change

When supplying to VM pin (Pin 41, 43) or raising supply voltage, set the rise speed of VM voltage to less than 0.1 V/us . If the
rise speed of supply voltage is too rapid, it might cause error of operation and destruction of the IC. If the rise speed of VM
voltage is more rapid than 0.1V/us, conduct a sufficient reliability test and also check a sufficient evaluation for a product.

In addition, rise the VM supply voltage in an ENABLE = Low state when change VM supply voltage from low voltage to high
voltage within the operating supply voltage range.

Since there is not the all motor outputs OFF period shown in 3. Notes of this IC 5) (page 48) for the supply voltage change
within the operating supply voltage range, the VPUMP voltage is in a low voltage state due to not following to VM supply
voltage change enough, and this IC might not operate normally.

Therefore, restart this IC by setting ENABLE to High after the VPUMP voltage rises enough.

In addition, it is recommended to fall VM voltage in motor stop state (ENABLEAB/CD = Low or STBY = Low) for the stable
fall of supply voltage.

Supg]y voltage VM

Rise at less than 0.1 V/us

Time

13) Pins to set mode
+ As for the High/Low setting of DECAY1AB, DECAY?2AB, DECAY1CD, DECAY2CD, PWMSWAB and PWMSWCD, it is

recommended to short to GND or S5VOUT. If the above pins are high-impedance such as open, note that this IC might not
operate normally because it easily influences the noise

+ PWMSWAB/CD can be set to Middle by setting PWMSWAB/CD to Open. However, it might occur the error of operation due

to the noise. In case, connect the capacity of 0.01 uF or more between PWMSWAB/CD and GND .
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1. Outline Drawing Unit:mm
Package Code : HSOP056-P-0300B
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Body Material : Epoxy Resin
Lead Material : Cu Alloy

Lead Finish Method : Pd Plating

Established Revised

Semiconductor Company, Panasonic Corporation

Established: 2009-06-05
Revised T -




Package Standards [Toapages | rage

6 3

2. Package Structure (Technical Report : Reference Value)

Package Code : HSOP056-P-0300B

Chip Material Si @
Leadframe material Cu alloy @
Inner lead surface Pd plating @
Outer lead surface Pd plating @
Method Resin adhesive method
Chip mount @
Material Adhesive material
Method Thermo-compression bonding
Wirebond @
Material Au
Method Transfer molding
Molding : @
Material Epoxy resin
Mass 250 mg

Established Revised

Established: 2009-06-05

Revised

Semiconductor Company, Panasonic Corporation




PaC kage StandardS Total pages Page

6 4

3. Mark Layout
Package Code : HSOP056-P-0300B

Product Name

Date Code

Q O

1-pin direction
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4. Power Dissipation (Technical Report)
Package Code : HSOP056-P-0300B
1.800
Mount On PWB [GlassEpoxy:50X50X0.8t(mm)]
1572 Rth(j-a) = 79.5 °C/W
1.600
1.400
1.200
2
é 1.000
ol 0.863
2
g 0.800
c
0.600
Without PWB
Rth(j-a) = 144.9 °C/W
0.400
0.200
0.000
0 25 50 75 100 125 150

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

[Experiment environment]
Power Dissipation (Technical Report) is a result in the experiment environment of SEMI standard
conformity. (Ambient air temperature (Ta) is 25 degrees C)

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

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

[Notes about Power Dissipation (Thermal Resistance) ]

Power Dissipation values (Thermal Resistance) depend on the conditions of the surroundings, such as
specification of PWB and a mounting condition , and a ambient temperature. (Power Dissipation (Thermal
Resistance) is not a fixed value.)

The Power Dissipation value (Technical Report) is the experiment result in specific conditions (evaluation
environment of SEMI standard conformity) ,and keep in mind that Power Dissipation values (Thermal
resistance) depend on circumference conditions and also change.

[Definition of each temperature and thermal resistance]

Ta : Ambient air temperature
O The temperature of the air is defined at the position where the convection,
radiation, etc. don't affect the temperature value, and it's separated from the heating
elements.

Tc : It's the temperature near the center of a package surface. The package surface is
defined at the opposite side if the PWB.

Tj : Semiconductor element surface temperature (Junction temperature.)

Rth(j-c) : The thermal resistance (difference of temperature of per 1 Watts) between a
semiconductor element junction part and the package surface
Rth(c-a) : The thermal resistance (difference of temperature of per 1 Watts) between the
package surface and the ambient air
Rth(j-a) : The thermal resistance (difference of temperature of per 1 Watts) between a

semiconductor element junction part and the ambient air
Ta

___________________ _ [Definition formula]

A
Rth(c-a) Tj={Rth(j-c)+Rth(c-a)}x P+Ta
=Rth(j-a)x P+Ta
Rth(j-a) TiTe
Rth(j-c) = JP @ W)
Rth(j-c)
Tc-Ta
_______ " Rthc-a)= ——F(—— (@MW)

PWB \ \ Rth(j-a) = Tj'% @ W)

\6 \Lkaqe_ = Rth(j-c)+Rth(c-a)

emiconductor element

Figl. Definition image P:power(W)
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Product name :

AN44071A-VF

Package : HSOPO056-P-0300B

1. Recommended Soldering Conditions

In case that the semiconductor packages are mounted on the PCB, the soldering should be
performed under the following conditions.

@ Reflow soldering

Reflow peak temp. :

max. 260 °C

260
240
220
200
180
160

140 |
;\J

Time

No. | mark contents value
1 | T1 [Pre-heating temp. 150 °C~180 °C
2 | t1 |Pre-heating temp. hold time| 60 s~120 s
3 a |Rising rate 2 °C/s~5 °Cls
4 | Tp [Peaktemp. 255 °C+5 °C.-0 °C
5| tp |Peaktemp. hold time 10s#3s
6 tw |High temp. region hold time | within 60 s (=220 °C)
7 b |Down rate 2 °Cl/s~5Cls
8 - [Number of reflow within 2 times

*k Peak temperature : less than 260 C
*k Temperature is measured at package surface point

@ Wave soldering (Flow soldering)
*k Temp. of solder : 260 C or less
*k Soak time : within 5 s
** Number of flow : only 1 time

® Manual soldering
* Iron Temperature : 350 °C or less (Device lead temperature : 270 C. 10 s max.)
*k Soldering time : within 3 s
** Number of manual soldering : only 1 time

No. 11-155

2012/3/6

Prepared

Revised

Industrial Devices Company, Panasonic Corporation



Recommended
Total pages page

Soldering Conditions > 5

2. Storage environment after dry pack opening

Open dry pack = —>] Soldering
Storage environment kept up to soldering
! (at 30 °C/70 %RH max. , within 168h)
E v
Bake at 125 °C
with15hto25h  ------mmmmmmmmmmmmmmooooo When the storage time exceeds
*Please refer to the following when
doing at the low temperature bake.

$¢ Because the taping and the magazine materials are not the heat-resistant materials,
the bake at 125°C cannot be done.
Therefore, please solder everything or control everything in the rule time.
Please keep them in an equal environment with the moisture-proof packaging or dry box.
(Temperature: room temperature, relative humidity: 30% or less. )
To control storage time, when bake in the taping and the magazine is necessary, it is
necessary for each type to set a bake condition. Please inquire of our company.

Y AN44071A-VF limitation, low temperature bake condition : 40 °C / 25 %RH or less / 192 h

3. Note

(@ Storage environment conditions: keep the following conditions Ta=5 °C~30 °C, RH=30 %~70 %.
@ Storage period before opening dry pack shall be lyear from a shipping day under Ta=5 ‘C~30 °C,
RH=30 %~70 %. When the storage exceeds, Bake at 125 “C with 15 h to 25 h.
©) Baking cycle should be only one time.
Please be cautious of solderability at baking.
@ In case that use reflow two times, 2nd reflow must be finished within 168 hours.
® Remove flux sufficiently from product in the washing process.
( Flux : Chlorineless rosin flux is recommended.)
® In case that use ultrasonic for product washing,
There is the possibility that the resonance may occur due to the frequency and shape of PCB.
It may be affected to the strength of lead. Please be cautious of this matter.
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Specifications of packing by the embossment tape
( Specifications for dampproof packing of the reel without the inner carton)

Embossment carrier tape
Top cover tape

C3 Label (Sampl)
~~~~~~~~ — AN12345A-NB 3000pss.

Desiccant

Corrugated cardboard for partition

Inner frame

Outer box

C3 Label (Sampl)
AN‘13N§45A—NB 90000pcs.

2009.03.09
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Package : HSOP056-P-0300B _
Unit : mm
1 | Packing .0
1) Tape <
) T f-5-—-0—-0—0—0—O—f-
VF 155 ‘E
= 3
. *\:f’/l 1PIN
< 12.0 \———-]C
2) Reel
Draw out direction
—_—
d b\ Emboss
e Ll carrier tae Y
\—/ 255
e >
3) Packing case
A
2 | Packing quantity
Form IC quantity Contents
Reel 3000 Pcs| Reel x 1Pcs
Packing case 15000 Pcs| Reel x 5Pcs
2009.03.09
Prepared Revised
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Packing Specification [Toapages | page
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Package : HSOP056-P-0300B _
Unit : mm
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Unit : mm
Dimensions & Tolerance
W A B E F - P

24.0%+0.3 8.7x0.1 14.5%0.1 1.75%0.1 11.5%0.1 12.0%+0.1

P2 Po ¢ D1 ¢$Do - t1 tz

2.0%x0.1 4.0+0.1 2.05+0.05 | 1.55%+0.05 | 0.3*0.05 1.9max
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Hu1Boe NapTHEPCTBO

000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru


mailto:org@lifeelectronics.ru
http://lifeelectronics.ru/

