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Panasonic AN44071A

37V/1.0A&1.7A
Dual Microstepping Motor Driver

FEATURES + Built-in thermal protection (TSD)

If chip junction temperature rises and reaches to the

setup temperature, all motor outputs are turned OFF.
- Built-in abnormal detection output function

If OCP or TSD operates, an abnormal detection signal

+ 2-channel stepping motor driver
A signal driver controls 2 stepping motors

- 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 operation of standby function can lower current

is output.
Built-in standby function

The selection of PWM OFF period enables the best PWM consumption of this LSI.
+ 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.
+ Built-in 5 V power supply (accuracy : £5%)
+ 56 pin Plastic Small Outline Package With Heat Sink

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 (SOP Type)
motor outputs are turned OFF. DESCRIPTION
+ Built-in under voltage lockout (UVLO) AN44071A is a quad channel H-bridge driver LSI. Two
If supply voltage falls to less than the operating supply bipolar stepping motor can be controlled by a single
voltage range, the UVLO operates and all motor outputs  griver LSI. Interface control is 1CLK_type, it can be
are turned OFF. selected 2-phase excitation, half- step, 1-2 phase
APPLICATIONS excitation, W1-2 phase excitation and 2W1-2 phase
- LSI for stepping motor drives excitation.
SIMPLIFIED APPLICATION 'M.IX Decay effect for Motor current
ENABLEAB[40 T6]BC1 Fig1:Slow Decay]
DECAY1AB|23 17|BC2 = 0.01 uF foieey | |
DECAY2AB| 34 18]veump G901 4F 1| +ouT
o —— ‘ “
10kQ, . _STPHAB|20 ol aouT2 1 =,
o CLKAB |39 ‘
> DIRAB |38 31| RCSA f ] KL I -0uT
ST1AB |35 % AOUﬁ“”E . : 4 A
ST2AB |36 - ] N IPC
ST3AB |37 . =y A [
VREFAB | 21 24|BOUT2 | L JIE |_‘
PWMSWAB|J22 26l RCSB 2ms/di T ¥ ;_‘i y
0.1 p<rimenaBcn o 28| A0UT1 distortion
A ssvouT|13 A
vl ailvizg 4y vo [Fig2:Mix Decay(25%)]
° % NFAULT 11 47 yF ‘ +0UT
10 kQ SlWMS\TNE;T) 172 i LG
VREFCD| 8 S6jcout2 2[-0UT
CLKCD] 46 54| Rcsc
ol sefoour ™ i
ST2CD] 49 ‘
sTacD]48 5|pbout2 ‘ J -
An_STPHCD)9 2ms/di | J
W 3|Rcsb
NABLECD 45 - -
Rl rorvaren [ 1]|oours distortionless
DQECAY2CD 51 14| GND
Notes) K Condition: '
This application circuit is an example. The operation of mass excitation mode :2W1-2 phase drive
production set is not guaranteed. You should perform enough figl DECAY1=L DECAY2=L
evaluation and verification on the design of mass production set. fig2 DECAY1=L DECAY2=H

You are fully responsible for the incorporation of the above
application circuit and information in the design of your equipment.
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Panasonic AN44071A

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit Note

Supply voltage (Pin 41, 43) Vu 37 \ *1

Power dissipation Pp 448 mW *2

Operating ambient temperature Topr —20 to +85 °C *3

Operating junction temperature T —20to + 150 °C *3

Storage temperature Tatg -55to +150 °C *3

Output pin voltage (Pin 1, 5, 24, 28, 29, 33, 52, 56) Vour 37 V *4

Motor drive current 1 (Pin 24, 28, 29, 33) lour1 +1.0 A *5

Motor drive current 2 (Pin 1, 5, 52, 56) loute +1.7 A *5

Flywheel diode current 1(Pin 24, 28, 29, 33) liq +1.0 A *5

Flywheel diode current 2 (Pin 1, 5, 52, 56) lio 1.7 A *5

VRCSA!VRCSB!VRCSC!VRCSD; 2.5 \ -

e eses V|

Vewmswas:Vpwmswep 03106 v -

Vvreras: Vvrerco 03106 v —

VstpHas: VstrHeD -0.3t0 6 \ *6

VNeauLT -0.3t06 v *6

Viest -0.3t0 6 \Y —

Veeo (VM-1) to 43 \ *7

Input Voltage Range Ve (VM-2) to 43 v -
v v v

e i I

Voiras: Voirco -031t06 v —

Veikas:Verken 03106 v —

VENABLEAB!VENABLECD -0.3106 \Y -

Vsray -0.3t0 6 \Y —

IstpHAB: IsTPHCD 2 mA 6

INFAULT 2 mA 6

Issvout -7t00 mA —

ESD HBM (Human Body Model) +2 kV —

CDM (Charge Device Model) +1 kV —

Notes). This product may sustain permanent damage if subjected to conditions higher than the above stated absolute maximum
rating. This rating is the maximum rating and device operating at this range is not guaranteeable as it is higher than our
stated recommended operating range.

When subjected under the absolute maximum rating for a long time, the reliability of the product may be affected.

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

*2 : The power dissipation shown is the value at T, = 85°C for the independent (unmounted) LSI package without a heat sink.
When using this LSI, 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 : Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for T, = 25°C.
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Panasonic

AN44071A

ABSOLUTE MAXIMUM RATINGS (continued)

Notes) *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

LSl and (-) denotes current flowing

out of the LSI.

*6 :This pin is connected to open drain circuit inside. Connect a resistor in series with power supply.Do not exceed the
rated value at any time. Refer to page 4 for the recommended value.

*7 :External voltage must not be applied to this pin. Do not exceed the rated value at any time.

POWER DISSIPATION RATING

Condition 0 4a PD (Ta=25 °C) PD (Ta=85 °C)
Mount on PWB *1 79.5 °C/W 1572mwW 818mW
Without PWB 144.9°C/W 863mwW 448mW

Note). For the actual usage, please refer to the PD-Ta characteristics diagram in the package specification, supply
voltage, load and ambient temperature conditions to ensure that there is enough margin follow the power and
the thermal design does not exceed the allowable value.

*1: Glass-Epoxy: 50x50x0.8 (mm) , heat dissipation fin: Dai-pad , the state where it does not mount.

CAUTION

»
Aea

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

RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min. Typ. Max. Unit | Note
Supply voltage range VM1,VM2 10 24 34 \ *1
Yonrenvel BELIN IR A
Vewmswas:Vpwmswep 0 - 5.5 v —
Vvreras; VVReFCD 0 - 5 \ —
Viest 0 - 5.5 \Y —
Input Voltage Range Vsrias,Vstaas,VsTans 0 ) 55 i .
Vsricp, Vstacn: Vstaco
Voiras Voirco 0 - 5.5 Vv —
Vewkas Veiken 0 - 5.5 Vv —
VenasLEAB: VENABLECD 0 - 5.5 \ —
Vsray 0 - 5.5 \ —
Cgc - 0.01 - uF —
External Constants Cvpump - 0.01 - uF —
Cssvour - 0.1 - uF —
Operating ambient temperature Taorr -20 - 85 °C —
Operating junction temperature Tjopr - - 120 °C —
Note) *1 : The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
Ver. BEB
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Panasonic AN44071A

ELECRTRICAL CHARACTERISTICS
VM=24V,T, = 25°C£2°C unless otherwise specified.

Limits
Parameter Symbol Condition Min ‘ Typ ‘ Max Unit Note
Power block
=— i VM VM
Output saturation voltage 1 High Vout |33) 0-5A (Pin 24, 28, 29, _05 | —03 — vV | —
Output saturation voltage 1 Low Vo1 ;)0.5 A (Pin 24, 28, 29, — 0.48 | 0.75 VvV | —
=— i VM VM

Output saturation voltage 2 High Vonz 56) 0.8A(Pint, 5,52, 0.55 |- 0.35 — vV | —
Output saturation voltage 2 Low VoL 1=0.8A(Pin1,5, 52, 56) — 0.64 | 0.97 vV | —
Flywheel diode forward voltage 1 Vot !3;)0'5 A (Pin 24, 28, 29, 0.5 1 1.5 vV | —
Flywheel diode forward voltage 2 Voo I1=08A(Pin1,5,52,56) | 0.5 1 1.5 vV | —

V=37V, Vges=0V
Upper-side output OFF current louToRF1 OhlAJT ? 0 V ros =0V, -10 — — | uA |1

. V=37V, Vges =0V,
Lower-side output OFF current louTorFe OhilT a7y RCS — — 100 | pA | *1
Supply current

ENABLEAB =
Supply current (Active) I ENABLECD = Low, STBY | — 10 19 mA | —

= High
Supply current (STBY) hustey STBY = Low — 22 40 pA | —

/0 Block

STBY High-level input voltage VsteYH — 2.1 — 5.5 vV | —
STBY Low-level input voltage VsrayL — 0 — 0.6 vV | —
STBY High-level input current lsTRYH STBY =5V 25 50 100 | pA | —
STBY Low-level input current lsTRVL STBY=0V -2 — 2 pA | —
CLK High-level input voltage VerkH — 2.1 — 55 VvV | *2
CLK Low-level input voltage Ve — 0 — 0.6 vV | *2
CLK High-level input current lcLkn CLK=5V 25 50 100 | pA | *2
CLK Low-level input current loike  |CLK=0V -2 — 2 pA | 2
CLK maximum input frequency fok — 50 — — | kHz | *2
ENABLE High-level input voltage VENABLEH — 2.1 — 5.5 vV |3
ENABLE LOW'leVel |nput V0|tage VENABLEL I 0 I 06 V *3
ENABLE High-level input current lenaglen | ENABLE =5V 25 50 100 | pA | "3
ENABLE Low-level input current lenagler | 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.

4 Ver. BEB



Panasonic

AN44071A

ELECRTRICAL CHARACTERISTICS (continued)
VM=24V,T, = 25°C£2°C unless otherwise noted.

Parameter Symbol Condition = Limits Unit |Note
Min ‘ Typ ‘ Max
/0 Block (Continued)
PWMSW High-level input voltage Vewmswh — 23 — 5.5 vV | "4
PWMSW Middle-level input voltage | Vewmswwm — 1.3 — 1.7 vV | *4
PWMSW Low-level input voltage Vewmswi — 0 — 0.6 vV | *4
PWMSW High-level input current lbwmswn | PWMSW =5V 40 83 150 | uA | *4
PWMSW Low-level input current lowmswe | PWMSW =0V =70 -36 -18 | uA | "4
PWMSW open voltage Vewmswo — 1.3 1.5 1.7 vV | *4
DECAY High-level input voltage Voecav — 2.1 — 5.5 vV | *5
DECAY Low-level input voltage VpecavL — 0 — 0.6 vV | *5
DECAY High-level input current lbecayn |DECAY =5V 25 50 100 | pA | *5
DECAY Low-level input current lpecay. | DECAY =0V -2 — 2 pA | 5
DIR High-level input voltage Voirn — 2.1 — 5.5 V | "6
DIR Low-level input voltage VoirL — 0 — 06 | V |6
DIR High-level input current IpiRH DIR=5V 25 50 100 | pA | "6
DIR Low-level input current IpiRL DIR=0V -2 — 2 pA | "6
ST High-level input voltage Vs — 2.1 — 55 | V |*7
ST Low-level input voltage Vgt — 0 — 0.6 vV | *7
ST High-level input current lsTh ST=5V 25 50 100 | pA | *7
ST Low-level input current lsTo ST=0V -2 — 2 pA | *7
Torque Control Block
Input bias current 1 IReFH Veeras = VRercp =5V -2 — 2 HA | —
Input bias current 2 lrerL Veerae = Veercp =0V -2 — 2 uA | —
PWM OFF time 1 Torrt PWMSW = Low 16.8 28 392 | us | *4
PWM OFF time 2 Torr2 PWMSW = High 9.1 152 | 213 | us | *4
PWM OFF time 3 Torrs PWMSW = Middle 4.9 8.1 11.3 | us | *4
Pulse blanking time Ts Veerag = VRercp =0V 0.4 0.7 1.0 us | —
Comp threshold VTewp | Veeras = Veercp =5V 475 500 525 | mV | —
Reference voltage block
Reference voltage Vssvour | lssvour = 0 mA 4.75 5.0 5.25 vV | —
Output impedance Zssvour | lssvour =—7 mA — — 10 —
Notes) *4 : PWMSW represents PWMSWAB and PWMSWCD.
*5 : DECAY represents DECAY1AB, DECAY2AB, DECAY1CD and DECAY2CD.
*6 : DIR represents DIRAB and DIRCD.
*7 : ST represents ST1AB, ST2AB, ST3AB, ST1CD, ST2CD and ST3CD.
Ver. BEB



Panasonic

AN44071A

ELECRTRICAL CHARACTERISTICS (continued)
VM=24V,T, = 25°C£2°C unless otherwise noted.

. Limits .
Parameter Symbol Condition - Unit [Note
Min ‘ Typ ‘ Max
Abnomal detection output block
NFAULT pin output Low-level
voltage P P Vnraucte | InFaur = 1 MA - - 0.2 vV | —
NFAULT p|n Output |eak Curl’ent INFAULT(Ieak) VNFAULT = 5 V I I 5 HA I
Home Position/ STEP detection output block
STPH pin output Low-level voltage Vorpue | lstpy =1 mA — — 0.2 vV | *8
STPH pin output leak current IstpHgeak) | VstPH=9V — — 5 pA | *8
Test input block
TEST High-level input voltage VresTH — 4.0 — 55 vV | —
TEST Low-level input voltage Vrgst — 0 — 0.6 vV | —
TEST High-level input current ltesth | TEST =5V 25 50 100 | uA | —
TEST High-level input current IrgsTL TEST=0V -2 — 2 pA | —
*8 : STPH represents STPHAB and STPHCD.
Ver. BEB



Panasonic

AN44071A

ELECRTRICAL CHARACTERISTICS (continued)
VM=24V,T, = 25°C£2°C unless otherwise noted.

. Limits .
Parameter Symbol Condition - Unit |Note
Min ‘ Typ ‘ Max
Output block
At the rising edge of *g
Output slew rate 1 VT, output voltage, sink side of [ — 350 — | Vius “10
motor current
At the falling edge of *g
Output slew rate 2 VT; output voltage, sink side of [ — -400 — | Vius “10
motor current
. *9
Dead time Tp — — 0.8 — us *10
Thermal shutdown protection
Thermal shutdown protection TSD,, — — 150 | — °C |*10
operating temperature
Under voltage lockout
Protection start voltage Vivior — — 7.5 — vV "0
Protection stop voltage Vuvioz — — 8.5 — V. [*10
*9 :The characteristics of all outputs of AOUT1, AOUT2, BOUT1, BOUT2, COUT1, COUT2, DOUT1 and DOUT2
are shown.
*10 :Typical Value checked by design.
Ver. BEB




Panasonic

AN44071A

PIN CONFIGURATION

Top View

DOUT1 ==
N.C.

RCSD /]
N.C.
DOUT2
DECAY1CD =
PWMSWCD =
VREFCD =
STPHCD [
TjmonABCD =
NFAULT
TEST
S5VOUT ™
GND ==
COM1 —
BC1 =

BC2 ]
VPUMP =
N.C. =
STPHAB [
VREFAB ]
PWMSWAB [
DECAY1AB =
BOUT2 ™
N.C. ]
RCSB [
N.C. ==
BOUT1 =

©CoOo~NOOh~WN =

53

45

COouT2
N.C.
RCSC

—1 DECAY2CD
—18T1CD
—1ST2CD
1 8ST3CD
—— 1 DIRCD
—1 CLKCD

43

40

30

—1 CLKAB
-1 DIRAB
1 ST3AB

—1 ST1AB

1 DECAY2AB
AQOUT1
N.C.
RCSA

Ver. BEB



Panasonic

AN44071A

PIN FUNCTIONS

Pin No. Pin name Type Description
1 DOUT1 Output Phase D motor drive output 1
2,4,19,

25, 27,30, |N.C. — N.C.

32,53, 55
3 RCSD Input/Output | Phase D motor current detection
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 S5VOUT 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
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
26 RCSB Input/Output | Phase B motor current detection
28 BOUTH1 Output Phase B motor drive output 1

Ver. BEB




Panasonic AN44071A

PIN FUNCTIONS (continued)

Pin No. Pin name Type Description
29 AOUT2 Output Phase A motor drive output 2
31 RCSA Input/Output | Phase A motor current detection
33 AOUT1 Output Phase A motor drive output 1
34 DECAY2AB Input Phase A/B Mix Decay setup 2
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 COUT1 Output Phase C motor drive output 1
54 RCSC Input/Output | Phase C motor current detection
56 COouT2 Output Phase C motor drive output 2

Notes) Concerning detail about pin description, please refer to OPERATION and APPLICATION INFORMATION section.

10
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Panasonic AN44071A

FUNCTIONAL BLOCK DIAGRAM

ENABLEAB |40
DECAY1AB [23
-
DECAY2AB [ —— ) 29| pouT2
STPHAB j'\Fl : 1
|
€]
39
CLKAB o
RCSA
DIRAB 2: Micro o
ST1AB Step NS
ST2AB 35 Decoder [*| DACA
sTaAB |2 DACB
Gate 33
AOUT1
o1 T .= Circuit
VREFAB 1 LA +—0SC BOUT2
pwmswaB 2| pwmsw |
y RCSB
veump |2 —
Bc1 |8 ?
CHARGE (@]
lory PUMP T |
BOUTT
TjmonABCD |2 spl| 4l o
ssvouT |12 BG —M
F e AOUT1 !
OCP |: ]
sTRY |44 STBY le— DOUT2 I
11
NFAULT
. B 2 vmt
—
0'_ — 8} coutz
TEST |2 TEST {
n :
lg?— :
! RCSC
PWMSWCD 17| pwMSW |
AN\ :
VREFCD |2 W = = llosc
l BLANK | — 2 couTH
46 Gate DOUT2
CLKCD DACC Circuit
47
DIRCD o Micro > DACD
ST1CD 49 Step
ST2CD g Decoder
ST3CD %) RCSD
STPHCD Lml;] o
[
ENABLECD |45
DECAY1CD 21 DOUT1
DECAY2CD
GND |4

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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Panasonic AN44071A

OPERATION

1. 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 Half step drive (8-step sequence)
High Low High Low Low Phase B/D 90° | 1-2 phase excitation drive (8-step sequence)
delay to phase Wi-2 P .
. . . -2 phase excitation drive (16-step
High Low High High Low A/C 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 Half step drive (8-step sequence)
High High High Low Low Phase B/D 90° | 1-2 phase excitation drive (8-step sequence)
advance to P .
. . . . W1-2 phase excitation drive (16-step
High High High High Low phase A/C 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
Sortol/ Gh selection)
* ontro arge .
L pump circuit Output transistor PWMSW* | PWM OFF period (*5)
Low — OFF All channel output : OFF Low 28.0us
High (*3) Low ON OFF (*4) Middle 8ipus
High (*3) High ON ON
High 15.2us

4) Truth table (Decay selection)

DECAY1* DECAY2* Decay control (*6) 5) Truth table (STPH output selection)
Low Low Slow Decay TEST STPH" output
Low High 259, 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 start Low All channel output : OFF
Thermal shutdown Over-current detection stop Hi-Z ON

protection stop

Notes) *1: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.
*2 : 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.
*3 : 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 S5VOUT(Pin13).
*4 : The output transistors of AB/CD channel are controlled by ENABLEAB/CD respectively.
*5 : The PWM OFF intervals of AB/CD channel are set by PWMSWAB/CD respectively.
*6 : The Decay controls of AB/CD channel are set by DECAY1AB/CD ( DECAY2AB/CD) respectively.

1 2 Ver. BEB




Panasonic

AN44071A

OPERATION (continued)
2. 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 19.5 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 19.5
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 -92.4
— — 32 55.6 -83.2

—_k
w
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Panasonic

AN44071A

OPERATION (continued)

2. 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 -924
— — 4 19.5 -98.1
2 3 5 0 —-100
— — 6 -19.5 —98.1
— 4 7 -38.3 -92.4
— — 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 -92.4 38.3
— — 16 -83.2 55.6
5 9 17 -70.7 70.7
— — 18 —-55.6 83.2
— 10 19 -38.3 92.4
— — 20 -19.5 98.1
6 11 21 0 100
— — 22 19.5 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 92.4 -38.3
— — 32 83.2 -55.6
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Panasonic

AN44071A

OPERATION (continued)
3. Each phase current value(Timing chart)

1) 2-phase excitation drive (4-step sequence)

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

CLKAB/
CLKCD

IAOUT1/

+100%

0%

ICOUT1

IBOUT1/
IDOUT1

100%

+100%

0%

—100%

FWD
(DIRAB/DIRCD = Low)

2) Half step drive (8-step sequence)

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

1
CLKAB/
CLKCD

IAOUT1/

+100%

0%

ICOUT1

-100%

IBOUT1/

+100%

0%

IDOUT1

-100%

FWD
(DIRAB/DIRCD = Low)

CLKAB/
CLKCD

IAOUT1/
ICOUT1

IBOUT1/
IDOUT1

CLKAB/
CLKCD

1

+100%

0%

1

—_—>

REV
(DIRAB/DIRCD = High)

100%

+100%

0%

-100%

IAOUT1/

+100%

0%

ICOUTH1

=100%

+100%

IBOUT1/

0%

IDOUT1

- = 5

REV

(DIRAB/DIRCD = High)

100%
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Panasonic AN44071A

OPERATION (countinued)
3. 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:i83:4 5:6:7 8 1:2 1123 4i516:7:8i1i2
CLKAB/ CLKAB/
CLKCD CLKCD
+100% +100%
+70.7% +70.7%
IAOUT1/ 0% IAOUT1/ 0%
ICOUT1 ° ICOUT1
70.7% =70.7%
-100% -100%
+100% +100%
+70.7% 70.7%
IBOUT1/ IBOUT1/ 0%
IDOUT1 0% IDOUTH
—70.7% =70.7%
-100% -100%
FWD REV
(DIRAB/DIRCD = Low) (DIRAB/DIRCD = High)
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Panasonic AN44071A

OPERATION (countinued)
3. Each phase current value (Timing chart) (continued)

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

1 2345678 9:10i11:12: 13: 14: 15: 16: 1 2
CLKAB/ — — — — — /= /&
CLKCD

..... S, R ALY
+92.4%
+70.7%

+38.3%

IAOUT1/ o
ICOUT1T T T T T 0%

—38.3%

~70.7%
-92.4%
-------------------- B R Gank BECE SEEE SEEE SEEEE SRRRT 117

---------- e R T Dt Dt S T T s M LA
+92.4%
+70.7%

IBOUT1/ +38.3%

IDOUT1 7 T A A R [ S S R R B - 0%
-38.3%

~70.7%

~92.4%

----------------- SmmmEmeeemeeedt 100%

B —— .
FWD
(DIRAB/DIRCD = Low)
1121 31 4150 61 7 8f 9: 10! 11 12! 13! 14! 15! 16 1} 2

CLKAB/
CLKCD

---------- cemdeooodooiiis 4100%

+92.4%

+70.7%

IAOUT1/ +38.3%

ICOUT1 - RRh mnn GRRte SECE Siak RERE BALS i B e o Ay et ohs settt seeeaeeobe 0%
-38.3%

-70.7%
-92.4%

---------- e e S e e i i St et N 11113
---------- e e e Pt U111
+92.4%
+70.7%

IBOUT1/ +38.3%
IDOUTT - S SEERS R LTI TEES S LT IS SN

-38.3%

-70.7%

-92.4%

----- - S Seiiel Seile Sl S ST -100%
- 5

(DIRAB/DIRCD = High)

1 7 Ver. BEB



Panasonic AN44071A

OPERATION (continued)
3. Each phase current value (Timing chart) (continued)

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

12131415167 8:9:10 11:12/13 14 15 16 17 18 19 20 21! 22! 23; 24! 25 26 27: 28 29/ 30 31132 112
CLKAB/ — — — — — — — — — — —
CLKCD ﬂ

AP S JEpI) S S ) N A T R Sy S S T S R AR S S S - B e i e =t R B e memimeedeocb ool +100%
+98.1%
+92.4%
+83.2%
+70.7%
+55.6%
+38.3%

+19.5%

IAOUITTA i o i e L SRS IR RS RN N NN PR A Ao RN AR MU B SN Aoy
ICOUTA1 —1e5%

—-38.3%

-55.6%
=70.7%
—83.2%
-92.4%
-98.1%
Dt ikt 2ot Wit el iedadd sl St St sl el Sl it St bl Sl Skl sl bl P - e - S mr o T Tt or o osim oot s oo sim st o= = R = 1100%/-100%
+98.1%
+92.4%
+83.2%
+70.7%
+55.6%

IBOUT 1 +38.3%

+19.5%
IDOUTA e BN I SO S S A S BN NSNS SO U NS M S S RO U N

-19.5%
-38.3%

-55.6%
=70.7%
—-83.2%
—92.4%
—98.1%

JEPDS DD AP S JEPUDNS SPUPUDS: S QDS S P AP A . NP SRS J S PR P S RSN SR S QS S N U, SN SSSAL. U SO S U S T

(DIRAB/DIRCD = Low)

1:2:3:4:5 6:7:8:9:110:11.12 13 1415 16:17:18:19 20 21: 22 23: 24 25/ 26: 27 28 29. 30. 31: 32, 1 . 2
CLKAB,

oeo| | [ ][ ] RERER

el sttt Sateie ninets Teiatet Haiute niatet Sttt Hate nvet ettt Kt et et Tns e I o et e nithets et ey nvnt Seteit Hheiue m-sm--ieeebemdecade 4100%
+98.1%
+92.4%

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

IAOUTH +19.5%
ICOUTH1 0%

-19.5%
-38.3%

-55.6%
-70.7%
-83.2%
—92.4%
—98.1%

R e L R Rt ahbl DEDT L S LE LD LS ikt Db R el et CEE Sl s Rl s Hats St siabele b Sl sl SEE Sbbt el LRt Elhs bl St (AR 0 A

+98.1%

+92.4%
+83.2%
+70.7%
IBOYT4

IDOUT1

+19.5%

B e L ST S XL Sutl T LLE CEES T e it e B e S B e e el S Sl e ERE EEEE b LR SRt LI /A

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

P LT ey B el e et i et e e it e e i i i e e e e e e bttt e i A 1173

REV
(DIRAB/DIRCD = High)
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Panasonic AN44071A

OPERATION (continued)
4. Timing chart when DIR switches

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

CLKAB/
CLKCD

DIRAB/
DIRCD

IAOUT1/
ICOUTH

IBOUT1/
IDOUTH1

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 I

IAOUT1/
ICOUTH

IBOUT1/
IDOUTH1

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.

1 9 Ver. BEB



Panasonic

AN44071A

OPERATION (continued)
5. 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 : S5VOUT), 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
2 3456 78 91011121314151617 1819 2021 2223 24 2526272829 30 31 32 1

1

CLKAB/ —
CLKCD
+100%
+98.1%
92.4%
+83.2%
+70.7%
1285
7
IAOUT1/ +19.5%
ICOUT1 +0%
19.5%
=38.3%
=55.6%
=70.7%
=83.2%
92.4%
=08.1%
—-100%
+100%
98.1%
+92.4%
+83.2%
IBOUT1/ +38.3%
IDOUTH 19.5%
+0%
=19.5%
=38.3%
—55.6%
=70.7%
—83.2%
=92.4%
98.1%
=100%
STPHAB/
STPHCD
Ver. BEB
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Panasonic AN44071A

OPERATION (continued)

5. Home Position function(TEST=High)(continued)
Home Position output timing chart (DIRAB / DIRCD = Low) (continued)

2) W1-2-phase excitation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1
CLKAB/ —
CLKCD
+100%
+92.4%
+70.7%
+38.3%
IAOUT1/ 0%
ICOUT1
=38.3%
=70.7%
92.4%
100%
+100%
+92.4%
+70.7%
+38.3%
IBOUT1/ .
IDOUT1 0%
38.3%
i =70.7%
92.4%
100%
STPHAB
STPHCD
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Panasonic

AN44071A

OPERATION (continued)

5. Home Position function (TEST=High) (continued)

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

3) 1-2-phase excitation

CLKAB/
CLKCD

1

IAOUT1/
ICOUTH

IBOUT1/
IDOUTH

+100%

+70.7%

0%

~70.7%

-100%

+100%

+70.7%

0%

70.7%
-100%

STPHAB/

STPHCD

4) Half step

CLKAB/
CLKCD

IAOUT1/
ICOUT1

IBOUT1/
IDOUTH1

+100%

0%

100%

+100%

0%

—100%

STPHAB/
STPHCD

22
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Panasonic AN44071A

OPERATION (continued)

5. Home Position function (TEST=High) (continued)
Home Position output timing chart (DIRAB / DIRCD = Low) (continued)

5) 2-phase excitation

CLKAB/
CLKCD

+100%

IAOUT1/
ICOUT1

0%

-100%

+100%

IBOUT1/
IDOUTT 0%

-100%

STPHAB/
STPHCD
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Panasonic

AN44071A

OPERATION (continued)
6. STEP detection output function (TEST = Low)

Whenever edges signal is input into clock input pins, this LSI 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 : S5VOUT), because STPHAB pin and STPHCD pin are composed by open drain circuit.
The recommended value of pull-up resistor is 10 k€.

CLK*
(Clock input pin)

Max. about 1 1 s

STPH* )
(Step detection output pin) S (*: AB or CD)
T1 1 T1
Table Step detection output pulse width
2-phase excitation Half step. i - plese 2W1-2-phase
/ 1-2 phase excitation excitation excitation
Pulse width (T1) About 20 us About 20 us About 10 us About 5 us

7. Over-current protection function

This LSI 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 L s (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 LSI to protect a set. Note that this LSI 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 LSI 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

3.3A

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

This LSI 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 LS| 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.

24
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Panasonic AN44071A

APPLICATIONS INFORMATION

1. Notes

1)

=

Pulse blanking time

This LSI 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.

At normal operation I/

Setup current value

Minimum current value

. 7 L7 Setup current value
In case of setting less
thzlan minimum current T - PWM OFF period
value o T, :Pulse blanking time
B e >
TPWM

Chart 1. RCS current waveform

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 [%] .

Use this LSI 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.

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.

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 LS| test mode, motor might not operate normally. Therefore, use this
LS| on condition that TEST pin is shorted to GND or S5VOUT at normal motor operation.

2 5 Ver. BEB
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