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AN44060A

IC for Stepping Motor Drives

B Function
e 4-phase input (W 1- and 2-phase excitation enabled; exclusive OR function incorporated for simultaneous-ON prevention)
e Built-in CR chopping (with frequency fixed)
 Built-in thermal protection circuit
 Built-in 5-V power supply

SFAO0002AEB 3



AN44060A Panasonic

H Block Diagram
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Note) : Recommendable values are shown in the diagram.
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Panasonic

B Pin Descriptions

Pin No. Function Pin No. Function
1 [PHA1 |PhaseA phase selection input 16 [RCSA | Phase A current detection
2 |PHB1 |Phase B phase selection input 17 |AOUT1| Phase A motor drive output 1
3 |[INO Phase A output torque control 1 || 18 |N.C.
4 [IN1 |PhaseA output torquecontrol 2 | 19 |BC1 cB(;)r?r?tegi(C)?]pri tor
5 |IN2 |PhaseB output torquecontrol 1 || 20 |BC2 Egr?r?tegicc)?lpgci tor
6 |IN3 Phase B output torque control 2 | 21 |VPUMHA Boost circuit output
7 |ENABLEA Phase A start/stop signal input 22 |VM2 | Motor power supply 2
8 |VM1 | Motor power supply 1 23 |VREFA \Ijglat?ég\i ;]%rqutue reference
9 |EnaBLER| Phase B start/stop signal input || 24 |VREFB \F/)glatzgeBi gggtue reference
10 [N.C. 25 |VREG |grmal reference voltage
11 |N.C. 26 |GND | Signal ground
12 [BOUT2|Phase B motor drive output 2 27 |N.C.
13 |RCSB |PhaseB current detection 28 |N.C.
14 |BOUTZ1|Phase B motor drive output 1 FIN [GND Signal ground
15 |AOUT2|Phase A motor drive output 2 [
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B Absolute Maximum Ratings

A Absolute Maximum Ratings

No. Parameter Symbol Rating Unit

1 |Storagetemperature Taq -55to +150 °C
Operating ambient o

2 {emperature Topr -20to +70 C

3 gfne;iagiﬂ?g;re Poor 1.013 X 10° £0.61 X 10° Pa
Operating

4 constant gravity Sopr 9810 s’

5 |Operating shock Sopr 4900 m/s*

6 | Supply voltage Vu 30 Vv

7 | Power dissipation Po 1.04 w Ta=25"C

Notes) 1:

Except for the storage temperature, operating ambient temperature, and power dissipation all ratings are for T, = 25°C.
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B Absolute Maximum Ratings

A Absolute Maximum Ratings
No. Parameter Symbol Rating Unit Pin No.
8 | Output pin voltage Vour 30 \Y 12,14, 15,17
9 | Motor drive current lout 1.8 A 12, 14, 15, 17
10 | Flywhee! diode current I 1.8 A 12, 14, 15, 17
Boost circuit output

11 | oo tage Vump 40 Vv 21

PHA1, PHB1, 12

i INO, IN1, T
12 }{]‘é‘t"?‘ge applied to N2 N3, 03,7 Y 3,4,5,6
pins
ENABLEA, 7,9
ENABLEB

Note) : Do not apply current or voltage from outside to any pin not listed above. In the circuit current, (+) means the current flowing into 1C and (-)
means the current flowing out of IC.

B Recommended Operating Range

Operating supply

Vu 180V to 280V
voltage range

SFAO0002AEB 7
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M Electrical Characteristics

B | Electrical Characteristics (T,= 25°C £ 2°C unless otherwise specified)
No. Parameter Symbol | ;= Conditions , Limits Unit | Note
Min | Typ | Max
[Power Block]
L | Coraiomvotiage Vou | 3 [1=124 o |ok| — |V
2 gﬂ%ﬁ V";ii‘;;te Vou 3 |1=12A — | o050 | 075] V
I it I P R RS E 2 05 | 10 [ 15 | v
4 |Outputleakagecurrentl | | gaxs 1 |ouT=30V,RCS=0V — 10 50 HA
5 (Tﬁﬂfvf: Lﬁf‘;ﬂi ts turned on) I 1 |ENABLEA=ENABLEB=5V| — 10 20 mA
[1/0 Block]
6 y;ﬂ;:vd NP VinH 1 20 — Vees| V
7 \L/;\;V%?d e Vin 1 GND| — | 06 | Vv
g |hoh-level INTnput i 1 |INo=IN1=IN2=IN3=5V | <10 | o0 | 10 | pA
9 tliv:ez?/el L N 1 [ INO=IN1=IN2=IN3=0V | -80 -40 -20 | MA
10 | g Bt | U |1 20 | — | vl v
11 [t | Ve | GND | — | 06| V
12 ::,E’lﬂ"cel:’rf'eniHA” PHB1 Ig:g: 1 | PHA1=PHB1=5V 10 0 10 | pa
13 [ cnent O | e |1 | PHAL=PHBL=OV | 4150 | -100 | 50 | wA

Note) : V,, =24V unless otherwise specified.
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Panasonic

M Electrical Characteristics

B | Electrical Characteristics (T,= 25°C * 2°C unless otherwise specified)
Limits
Tea .. -
No. Parameter Symbol | - J. Conditions Min | Typ | Max Unit | Note
High-level ENABLEA/ VENABLEAH
14 ENABLEB input Voltage VENABLEBH 1 20 - VREG V
Low-level ENABLEA/ VEnaBLEAL
15 |EnaBLEB inputvoltage | Venasest| L GND | — | 06 | Vv
High-level ENABLEA/ lenaBLEAH - -
16 |ExapLER input current oo 1 | ENABLEA =ENABLEB=5V| -10 0 10 HA
Low-level ENABLEA/ lenaBLEAL - - -
17 ENABLEB input current et 1 ENABLEA =ENABLEB=0V| -15 2 15 HA
[Torque Control Block]
. |
18 | Input bias current IREFA 1 | VREFA=VREFB=5V| 67 90 150 | MA
REFB
19 | PWM frequency fowm 2 25.1 335 | 41.9 kHz
20 | Pulse blanking time T 2 | VREFA=VREFB=0V| 1.0 2.0 3.0 ps
INO=IN1=0V
21 | Cmpthreshold H (100%) | VT, 1 | |N2=IN3=0V 0.479] 0503 |0.528 | v
INO=5V,IN1=0V
0 1
22 | Cmp threshold C (67%) VT. 1 IN2=5V, IN3=0V 0.305 | 0.330 | 0.356 V
INO=0V,IN1=5V
23 |Cmp threshold L (33%) VT, 1 | |\N220V IN3=5V 0151 | 0.167 |0185 | V
[Reference Voltage Block]
24 | Reference voltage Vies 1 |VM=24V 45 5.0 55 \%
25 |Output impedance Zeeo 1 |VM=24V, g =-10mA — 8 20 Q

SFAO0002AEB
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AN44060A Panasonic

M Electrical Characteristics

B | Electrical Characteristics (T,= 25°C £ 2°C unless otherwise specified)
No. Parameter Symbol [ = Conditions v imits Unit | Note
in Typ Max
[Output Block]
26 | Output sleuerate 1 VT, Rising edge — 240 — | Vlps
27 | output sleuerate 2 VT, Falling edge — 240 | — | Vlus
28 | Dead time Ty — 15 — Us
[Thermal Protection]
29 Igggt]i?l]gp{gr;e;g(;]ure TSDo, - 160 - °C
0 [memasese | e | e | |

Note) : The characteristics listed above are reference values based on the | C design and not guaranteed.
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100 kQ

Test Circuit 1

H Test Circuit Diagram 1
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AN44060A

M Electrical Characteristics Test Procedures 1

Test Circuit 1 Testing Conditions
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M Electrical Characteristics Test Procedures 1

6. High-level IN input voltage ViNH

7. Low-level IN input voltage V.

Check the conditions by measuring the V 5 ¢
voltage with the input voltage set to high level

Region A: Power transistor on the flow-in
side turned on.

Region B : Power transistor on the flow-in
side turned off.

The power transistor on the flow-out sideis

VAZ/VBZT RegionA « i_» RegionB
24V ° .
and low level respectively.
<«— SPEC
12\ b
SPEC
—
_!_
oV : =
VINLT T VINH VSIN t ed off in the ab .
06V 20V urned off in the above regions.
Voltage Conditions
Measuring Pin - Vgoai/Veprg]  VineVinz Vin/Ving Status
50V 0.6V 50V AOUT2/BOUT2=0V
VAOUTZIVBOUTZ
50V 20V 50V AOUT2/BOUT2=24V
50V 50V 0.6V AOUT2/BOUT2=0V
VAOUTZIVBOUTZ
50V 50V 20V AOUT2/BOUT2 =24V

11. Low-level PHA1/PHB1 input voltage Vg . Vens

24\ i High
VarlVe: SPEC; SPEC
> Low
ov| —e—-!
> Vemria/Vsprigr
g
2ay| —e—&
VadVe: SPEC!
—_—
: SPEC
Low (€
ov

L~ &

T: - VSPHA1/VSPHBl

Check the conditions by measuring the AOUT1/BOUT1
voltage and AOUT2/BOUT?2 voltage with the input voltage
set to high level and low level respectively.

Voltage Conditiong
Measuring Pin Vepnint!V sprp Status
V aout/Veour 06V Low-level output
V aout2Veourz 06V High-level output
V aourtVeour: 20V High-level output
V aouro/ Veoutz 20V Low-level output

SFAO0002AEB 13
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M Electrical Characteristics Test Procedures 1
14. High-level ENABLEA/ENABLEB input voltage V cyasean. Venas s

15. Low-level ENABLEA/ENABLEB input voltage Veaeieai Venasiest

Va2 ] _ Check that the threshold voltage is in the specification range (SPEC)
(Ve T Region A Region B under the following condition.
24V IR S
— ——
- Vepriar = Veprg1 =9V
12 V SPEC’ VSENA/VSENB VAOUTZ/VBOUTZ
- 06V oV
SPEC 20V 24V
N S—
oV :
V... >
Venl TT "V genafVsene ] ] o
06V 20V Region A: Power transistor on the flow-in side turned on.

Region B: Power transistor on the flow-in side turned off.

The power transistor on the flow-out side is turned off in the
above regions.

SFAO0002AEB 14



AN44060A

Panasonic

M Electrical Characteristics Test Procedures 1

21. Comp thresholdH  V

23. Comp threshold LV

22. Comp threshold C V¢
TL

Va2
(Ve T Region A RegionB Perform RCS voltage sweeping and measure the threshold
oA\ <~ = voltages on the output pins respectively.
12
Region A: Always high-level output
Region B: High-level output
oVv > with the duty kept to
aminimum
Vecsa/Vress
Voltage Conditions
Symbol [ Measuring Pin | Vepriar/Veprigr| Vano/Vane | Vani/Vans M easurement Conditions
VTH VAOUTZ/VBOUTZ 5 V 0 V O V Meas.]re the VAOUTZ/VBOUTZ threg‘lold Voltwe.
Vic | Vaour2Veour 5V 5V oV Measure the V 5 ou1o/VsouT2 threshold voltage.
Voo | VaourVeour: 5V VY 5V Measure the V s our2/VsouTs threshold voltage.
25. Output impedance Zgeg
Y
REG T V-V,
Zrec =
10mA
Va
Vg
0mA -10mA -
| srec

SFAO0002AEB 15
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AN44060A

H Test Circuit Diagram 2

Test Circuit 2

330 pH

15Q

AW\

N) VM2

0.01 pF

(R) VREFA
() VREFB
(8) VREG
() GND
(N) N.C.
(®) N.C.

<CENABLEA(N

IN3()
IN2(50)
IN1(S)
INO()

PHBI(er
PHAL DR
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M Electrical Characteristics Test Procedures 2

19. PWM freguency towm
20. Pulse blanking time Ts

These values are obtained from the RCSA and RCSB
voltages with both PHA1 and PHB1 settoOV and 5V
respectively under the following condition.

Virera = Veerg =0V .

The Vean/V ress Output waveform is shown below.

PWM frequency toyy

Viecsa/Viress Measure the cycle time of output voltage pulses
output waveform — 5’_= and obtain the value from the following formula.
1
100 mV fowm = —
PWM
oV —
Ty ity tle
' towm Pulse blankingtime Ty

Measure the high-level time of RCS voltage output.

SFAO0002AEB 17
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AN44060A

H Test Circuit Diagram 3

@_.)ND

Test Circuit 3

BOUTA() A
O—=
RCSB(®) EA
BouT2(S)
O—
N.c(D =
N.c(®
mm\w S ENABLEB(®)

18
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M Electrical Characteristics Test Procedures 3

1. High-level output saturation voltage Von
2. Low-level output saturation voltage Vo

VPHAl

VPHBl

O V ........................... i

24V e e —_

12V
VAOUTl @

[o)LVZ0 N REUUUNE SO M SN SOOI A

DAV e SR ..................

VAOUT2 12V ecorrsrmsifoessinsnscssnfronmier e fereesns —

P VECIRtte S SRIRRON RSSO :

24V
©)
Veout: 12V

OV ook,  —

24V ®
Veourz 2V & ;

ov

Voltage Conditions Remarks

No. | Measuring Pin INO, IN1, IN2, IN3 Iin

AOUTL/AOUT2 Judge each logic of the AOUT1, AOUT2, BOUT1,

1 oV -12A
BOUTL/BOUT2 and BOUT2 at D to @ above.

) AOUTLVAOQUT2 oV Judge each logic of the AOUT1, AOUT2, BOUT],
BOUTL/BOUT?2 12A| andBOUT2 at G to ® above.

SFAO0002AEB 19
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H Test Circuit Diagram 4

Test Circuit 4

lo
( Q ) .20
s9 39

40

3. Flywhed diode voltage V,

.Z{L
FIN
@@@@@@@@@@@@
zZ z 0 < < < < < W W Z Py
oo 2 X X ™ Z T O 0 n O 0O 0o
PO SERES  EREOg4E
w > Rv) = N
AN44060A
m m
Pz Pz
> > w;UUJ
EE___—'U‘U <'U‘Uz_2808
> 5 zzzz9 2R5H5o6SE;
-~ DD
[
77T

Relay Conditions

No.

Measuring Pin

9

VOUT

Measure the diode voltage at each level on
contacts 1, 2, 3, and 4 of S9.

SFAO0002AEB
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B Terminal Equivalent Circuits

Pin Equivalent Circuit Pin Equivalent Circuit
” 2
Pin 15
50k (AOUT?2)
4k Pin 16
(RCSA)
Pin1l
(PHA1) Pin 17
) 50k (AOUT1) AOUT2
Pin2 17 AOUT1
(PHB1) 50k
100k
@ PHA1 RCSA
2 PHB1
Pin3 ¥
(INO)
Pin4
(IN1)
Pin5
(IN2)
Pin6 INO
(IN3) ec1
(Eil\rl],A?BL 41N1 Pin 19
5IN2
(BC1)
61N3
EA) 7 ENABLEA 50k [l_%
Pin9 9 ENABLEB
(ENABL
EB) m 7
Pin 12 )
(BOUT?) '(7'3?:22)0
Pin 13 ;
Pin21
(RCSB) (VPUM
P)
Pin 14
(BOUTY)
SFAO00002AEB
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B Terminal Equivalent Circuits

Pin Equivaent Circuit Pin Equivaent Circuit
VREFA@
VREFB 24 i
50k
Pin 23
(VREFA) 50
Pin 24
(VREFB)
2.1k |9k 5.6k
oo
¥ VREG (Pin 14)
f VM (Pin 8, Pin 22)
Symbols # Diode
1
X Zener diode
4> Ground (FIN)
SFAO00002AEB
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B Usage Notes

[Precautions for this IC]

e Perform thermal design work with consideration of a sufficient margin to keep the power dissipation based on supply voltage, load,
and ambient temperature conditions.

® The protection circuit isincorporated for the purpose of securing safety if the IC malfunctions.
Therefore, design the protection circuit so that the protection circuit will not operate under normal operating conditions. The
temperature protection circuit, in particular, may be destructed before the temperature protection circuit operatesif the area of
safety operation of the device or the maximum rating is exceeded instantaneously due to the short-circuiting between the output pin
and VM pin or aground fault caused by the output pin and ground pin.

e Pay utmost attention to the pattern layout in order to prevent the |C from destruction resulting from the short-circuiting of pins. See
page 17 Pin Descriptions for allocations of the pins of the IC.

® \When driving amotor coil or transformer (L) load, the device may be destructed as aresult of a negative or excessive voltage
generated at the time of turning the load on and off. Unless otherwise provided in the specifications, do not apply any negative or
excessive voltage.

® Do not make mistakes in the PCB mounting direction. If power is supplied with the pins mounted in the wrong direction, the IC
may be destructed.

¢ The IC may be destructed by the solder bridge between the pins of semiconductor devices. Fully make a visual check on the PCB
before supplying power.
Furthermore, the IC may be destructed if conductive foreign matters like solder chips are stuck to the |C during transportation after
PCB mounting.
Therefore, conduct full technical verification of the mounting quality of the IC.

® The ICisdestructed under an abnormal condition, such as the short-circuiting between the output and VM pins, output and ground
pins, or output pins (i.e., load short-circuiting), in which case smoke may be generated. Pay utmost attention to the use of the IC.

Pay special attention to the following pins so that they are not short-circuited with the VM pin, ground pin, other output pin, or
current detection pin.

(1) AOUT1 (pin 17), AOUT2 (pin 15), BOUT1 (pin 14), BOUT2 (pin 12)

(2) BC2 (pin 20), VPUMP (pin 21)

(3) VM1 (pin 8), VM2 (pin 22), VREG (pin 25)

(4) RCSA (pin 16), RCSB (pin 13)

The higher the current capacity of power supply is, the higher the possibility of the above destruction or smoke generation.
Therefore, it is recommended to take safety countermeasures, such as the use of afuse.

® When using the IC for model expansion or new sets, be sure to make full safety checks including along-term reliability check on
each set.

SFAO0002AEB 23
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M Usage Notes

(continued)

¢ Set the value of the capacitor between the VPUMP and GND pins so that the voltage on the VPUMP pin (pin 21) will
not exceed 40 V in any case regardless of whether it is atransient phenomenon or not while the motor standing by is
started.

ThisIC employsa 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 |C to malfunction or have fatal damage. To prevent these problems, the

power supply must be stable enough. Therefore, the capacitance between the VREG and GND pins must be a minimum

of 1 uF and the one between the VM and GND pins must be a minimum of 47 pF and as close as possible to the | C so that
PWM noise will not cause the IC to malfunction or have fatal damage.

The HBM el ectrostatic breakdown voltage (with a capacitance of 100 pF and aresistance of 1.5 kQ) of BC1 pin
(pin 19) is approx. 1500 V.

On the other hand, the minimum MM electrostatic breakdown voltage (with a capacitance of 200 pF and a resistance
of 0 Q) applicableto al pinsis250 V.

PHA1 pin (pin 1) and PHB1 pin (pin 2) are pulled up with 50 kQ to VREG. There will be no problem if the input device
connected to this IC isamicrocontroller operating at 5 V. If the microcontroller used operates at a voltage less than 5

V (e.g., 3.3V), however, a problem may result, because 5V will be applied to the microcontroller output pin when the
pinisat high impedance, which may be in excess of the dielectric strength of the microcontroller.

If a state of high impedance is likely to occur, pull down PHA1 pin (pin 1) and PHB1 pin (pin 2) with appropriate resistance
for the protection of the microcontroller.

In order to prevent mistakes in current detection resulting noise, this IC is provided with a pulse blanking time of 2.0
Us (typ.). The motor current will not be less than the current determined by blanking time. Pay utmost attention at the
time of minute current control.

The graph on the right-hand side shows

the rel ationship between the pulse blanking time

and minute current value. = .

The increase or decrease in the motor current is while in norma Opera“g; current
determined by the resistance of the internal winding / /
of the motor.

RCS current waveform

RCS current waveform when the set
current is less than the minimum current

Minimum current

Set current é d
<P
. TB
fownm: PWM frequency P %
(See No. 19 of Electrical Characteristics) i~ 1 v
Tg: Pulse blanking time f
(See No. 20 of Electrical Characteristics.) AWM

SFAO0002AEB 24
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M Usage Notes

(continued)

¢ A high current flows into the IC. Therefore, the common impedance of the PCB pattern cannot be ignored. Take the following
points into consideration and design the PCB pattern of the motor.

A high current flows into the line between the VM1 (pin 8) and VM2 (pin 22) pins. Therefore, noise is generated with ease at the
time of switching due to the inductance (L) of the line, which may result in the malfunctioning or destruction of the IC (see the
circuit diagram on the left-hand side). As shown in the circuit diagram on the right-hand side, the escape way of the noise is secured
by connecting a capacitor to the connector close to the VM pin of the |C. This makes it possible to suppress the direct VM pin
voltage of the IC. Make the settings as shown in the circuit diagram on the right-hand side as much as possible.

Noise is generated with ease

N_

by TEp i

L

VM
GND

Il
L1
(@]

RCS

GND()

Recommended PCB

< Low spike amplitude
dueto

the capacitance

between
the VM pin and ground pin||
——

VM
GND

RCS

SFAO0002AEB
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Request for your special attention and precautions in using the technical information
and semiconductors described in this material

(1) An export permit needs to be obtained from the competent authorities of the Japanese Government if any of
the products or technical information described in this material and controlled under the "Foreign Exchange
and Foreign Trade Law" is to be exported or taken out of Japan.

(2) The technical information described in this material is limited to showing representative characteristics and
applied circuits examples of the products. It neither warrants non-infringement of intellectual property right
or any other rights owned by our company or a third party, nor grants any license.

(3) We are not liable for the infringement of rights owned by a third party arising out of the use of the technical
information as described in this material.

(4) The products described in this material are intended to be used for standard applications or general elec-
tronic equipment (such as office equipment, communications equipment, measuring instruments and house-
hold appliances).

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

e Special applications (such as for airplanes, aerospace, automobiles, traffic control equipment, combus-
tion equipment, life support systems and safety devices) in which exceptional quality and reliability are
required, or if the failure or malfunction of the products may directly jeopardize life or harm the human
body.

e Any applications other than the standard applications intended.

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

(6) When designing your equipment, comply with the guaranteed values, in particular those of maximum rat-

ing, the range of operating power supply voltage, and heat radiation characteristics. 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.

(7) When using products for which damp-proof packing is required, observe the conditions (including shelf life
and amount of time let standing of unsealed items) agreed upon when specification sheets are individually
exchanged.

(8) This material may be not reprinted or reproduced whether wholly or partially, without the prior written
permission of Matsushita Electric Industrial Co., Ltd.
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