KEFRNAR—SAFYEVTE—Z FSA/NIC

m High-current bipolar stepping motor driver
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This application note is applied to SX7232M/SX7236M, which is high-current motor

driver for 2-phase bipolar stepping motor.

This application note, which shows in Japanese and English, Japanese expression shall be
given priority over English expression. About the latest information, please refer to our
section in charge.
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1. [XLC®IZ (Introduction)

SX7232M/SX7236M &, A7 v /=2 a BT 50— RN~ A /AT o e
JE—HRTANTT, WY — 7 ED, =X % D72 M5 B CRELICHIE T2 28R T
F9, B—BREERIGOT0, Wik —7 o VEifEfa Yy VBRI R E T,

The SX7232M/SX7236M are complete microstepping motor driver with built-in translator for easy
operation with minimal control lines. The SX7232M/SX7236M operate by single power supply and
no require external logic supply to drive internal translator.

T —RIZ, ZVAT 7 (2 MR, MV _IML—EE—R ,/100% 7 L V7 E— Rl
XHIE) - /\~727/7 (1—2 AHBhE T 5, wwA%/v EE—F,/100%7 /L NL7E— Rl f
&) +4 R~ ArnRTy 7 (W1—2 FaE 7 ) -8 SpEl~A7nx7 7 (2W1 —2 AHEE 5 20) -
16 \¥IJ<74’&12;<7/7 (AW1—2 fRJhE 7 20) LxTTSL’CI/ VET,

It is designed to operate bipolar stepper motors in full, half, quarter, eighth, sixteenth step modes,
include 100% full torque step modes.

SX7232M/SX7236M I, Vﬁ%%i%lﬁlﬁ%bftxﬂ U ARHEEME HE (TSD) NS | (KB R
(UVLO)[EI#, ) Em el (kR @ ERAEOCP)RIEZ A L CWET, Bk R
VLB —F T8 D KA - Mk - /5~F _ﬁﬁ‘éﬁ%m@%uxbiﬁ‘o

Internal circuit protection includes: thermal shutdown with hysteresis, undervoltage lockout (UVLO),
crossover-current protection and over-current protection (OCP). OCP circuit will protect the IC from
short-to-supply, short-to-ground and shorted-load.

SX7232M/SX7236M (ZHEHSN TS 2 SO H 7y (4 T N AT v 31D FET CTHERRS
NTWET) L, Wb OFF B EE 0 PWM Hl#[E I L ERHE S COVET,

The currents in each of the two output full-bridges and all of the N-channel MOSFETSs are regulated
with fixed-off time PWM (pulse width modulated) control circuitry.

AT TIZRBTD H 7V PiZiindEiiE SMHT o BB HESTRs) )77V/X'f'j:
(VREF)BL O —7 o3 0b0(E 5 %% = DAC(DA 22 /3—4) O JEEICE> TR0 E
R

At each step, the current for each full-bridge is set by the value of its external current-sense resistor
(RS1 and RS2), a reference voltage (VREF), and the output voltage of its DAC (which in turn is
controlled by the output of the translator).

“ﬂ?i%ii)mﬁé%b< 1TV B MFIZRBWT, =7 I & AHD DAC ) EERO A
1H1> Home State (2R ESIVET,

At power-on or reset, the translator sets the DACs and the phase current polarity to the initial Home
state.

A —R XM AH &t Mixed Decay (Zik ESHLET, 20 Mixed Decay E—RIZID, £—
AOYWEEFICIDEIMIE D EEZIMZHIENTE, v A 7uAT v 7 OEIWEL EMEIRHDIZL
TWES,

The current regulators are to Mixed Decay Mode for both phases. This Mixed Decay Mode improves
microstepping performance by reducing the distortion of the current waveform that results from the
back EMF of the motor.

STEP ¥ IG5 523 1 7V AANTI&NDE, — 2k HEIZ DAC H1EIERROE
JELA~SWZBATLE T, bt —Ri%, MS1, Msz BLOMS3 DuY o /5 HIZLo TRIESILE
7, B—X[EHE 5 A, DIR S ORY v 7T E TEET,

When a step command signal occurs on the STEP input, the translator automatically sequences the
DAC:s to the next level and current polarity. The microstep resolution is set by the voltage on logic
inputs MSx. DIR input determines the direction of rotation of the motor.

o UoBERKAEH 3/51
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2.

%& (Features and Benefits)

>

fE ON HEHiH /1 (SX7232M:50m Q typ, SX7236M: 80m Q typ)
Ultra-low ON resistance outputs (SX7232M:50m Q typ, SX7236M: 80m Q typ)
16 DEI~A7aAT v T ETE T WY DRETE— RIS

7 types of excitation mode up to sixteenth step mode

(T 2 8B ) DAY — T HERE R

Low current sleep mode

[ R R R L L 2 [a] A= IR D BVE SR DR

Synchronous rectification for low power dissipation

-l ORGP RE PR

Internal protections

RU—F Uty MERE (POR)

Power-On Reset

IKEEMEMRE (UVLO)
Under voltage lock out

A RFERKRERSH (TSD)

Thermal shutdown

K, Hifs, E—HaA L a—MNIxH 5 E k(O CP)[a] # Ak

Over current protection for short-to-supply, short-to ground and shorted-load
HAIRTANZEBITDEEETZ T IR 7 A L REFE

Crossover-current protection

FLEIRREAR D57 77 I HsRE P Rk

Diagnostics output, FLAGn pin

H—EIRBEERIS (NS — 7 PEER Y v 7 BIRAE)

Single supply operation
(No require external logic supply to drive internal sequencer)

BRIy NIOSIS FFISS FFIER —r A7) —
Special power-on/off sequence is NOT required

2 FHOMIEA T Va2 fE (SX7232M:40V fih, SX7236M:60V i)
2 types of voltage rating options (SX7232M: 40V, SX7236M:60V)

¥ VBRI
SANKEN ELECTRIC CO., LTD.
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3. Y—=XENDOIEA (Selection Guide)

AEMTERHI GRS T DR IEO BRI T 0@ T7,
Please refer to following table of SX723x series.

kR R ANEAT
Parts No. : g i
absolute maximum ratings input type
Clock A7
SX7232M 40V Clock input
Clock A7J
SX7236M 60V Clock input

4. BFHE (Specifications)
4.1. ¥R KEH (Absolute maximum ratings)

skt e KEHE (Tj=25C)
Absolute maximum ratings (Tj=25C)

HAH e Bk iE LA e
Characteristics Symbol Rating Units Notes
FEREE v -0.3~40 \% SX7232M
Load SUpply voltage BB -0.3~60 \V/ SX7236M
T T
AR (1) » e R e
Output current continuous
= S
2y 7 ARk Vin 0.3~5.5 v
Logic input voltage
W EE N -0.5~40 v SX7232M
Output voltage our -0.5~60 V SX7236M
BHERE
+
Sense voltage Vsen +05 v
REFASEE
V -0.3~5. V
REF input voltage REF 03~50
FLAGnH /1 B+
V -0.3~5.5 V
FLAGn output voltage flog
FLAGNH /15 A BB | 10 mA
FLAGN output sink current ey
Ny =D Y — *2
Ny lre=I )Ry E.EE(. ) P, 3 W (%4)
Package power dissipation
?J f JE. A iR & Ta —20~85 C
Operating ambient temperature
Txrrvav *3
Y7 va RE (*3) T, 150 C
Junction temperature
AT Tstg —40~150 C
Storage temperature
YU oBERKRAEH 5 /51
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(k1) )RR E PR, KRB K> THIRZ DT 22D HV £ 7,
WDNRDE ISR E FITR W T, IRL T, 5 E SV E M B I 36 L O K6 0 B
(TI=+150C) &k 2 72\ \JHIZL T REY,

Output current rating may be limited by duty cycle, ambient temperature, and heat sinking.
Under any set of conditions, do not exceed the specified junction temperature of 150°C.

(= 2) JE BHIREE (Ta) 23+25°CLL ED513,-23.98mW/CIZ TT AL —T 4> 7 B EELIRD E T,
(REREDIHZ )
When the ambient temperature (Ta) is over 25°C, you need to reduce the power dissipation with
-23.98mW/C (Please refer to "Power dissipation™).

(k3) Px 7 a ARE(TN)R+150° CAB T IO B E KT CHEMLIZG S 7/ ARNDY

— Ny MBI REEL E TN, ZOX07e &M T T IR M BT TR,

When you use the device under the condition of 150°C or above, the device will operate
thermal shut down in the device. However please do not use the device under the condition.

(% 4) Fo F24E0F (1.6mm, #%E 35um, CEM-3, E—/LR72L, ARZEH) 12 THIE,
This value is measured using CEM-3 PCB (t=1.6mm, copper thickness:35um, still air).

4.2 HEEENEER (Recommended operating range)

EAR B3k KL -217A EE
Characteristics Symbol Rating Units Notes
EEHREE v 15~35 \Y SX7232M
Load supply voltage BB 15~50 y SX7236M
== * ~.
HAER (*1) - . A @fe}%
Output current continuous
- D W
7y AR Vin 0~5 v
Logic input voltage
HRHEE
+
Sense voltage Vsense +03 v
REFAJIBE
V. ~
REF input voltage REF 1~4 v
FLAG BHE
nHAEE Vieg 0~5 v
FLAGnR output voltage
FLAGNH /7 A B
. fiag ~1 mA
FLAGnN output sink current
W) fF B B AL T 50 o
Operating ambient temperature
Ny r—VRERE
Package surface temperature Texe 85 €

1) FRICH ) E R A HESEEERPH DL b A R R ER UL T I TR EN LG G . A%
ZHO b O EMEZ R D F DTN T -3 705 il FREEZAT > T RSV,

Especially, care should be taken with output current on condition over recommended range and
below absolute maximum ratings. In this case, enough evaluation is needed with technical note to
avoid the device being over absolute max rating for other item.

o UoBERKAEH 6 /51
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4.3. EBE (Power dissipation)

3.5 T
3 §

Z : 2.5 \\
A e 2 C \
K% 1.5 F N
m'CS . - o
= ] 41.7°CIW
Sl E
mm% 1 o
N & L
| o .
{\i‘f 0.5
N

-20 0 20 40 60 80 100

JAPRE Ta [C]

Ambient temperature

¥ LFEoOBUERIZ, (1.6mm. J1%E 35um, CEM-3, E—/LRZAL, BHIRZEH) DI Ik me
TOMETY, FFREEIT, RO BE A= OEERICES TEILLET O TIEE TS
AN

This value is measured using CEM-3 PCB (t=1.6mm, copper thickness:35um, still air). Power
dissipation will vary with number of layers, copper area, etc of PCB design.

o UoBERKAEH 7 /151
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4.4. EZHI4EME (Electrical characteristics)

(FrlTH 70 X545 Ta=25°C, Ves=Vesmax)V)
(Ta=25C, Ves=Vasmax)V, unless otherwise noted)

H F3EB(Output Drivers)
A Rl e Limits Bify RBEH
Characteristics Symbol [ mIN | TYP | mAX | Units Test Conditions
10 - 40 \Y SX7232M, operating
TEEREFE&GEHE v 0 - 40 \% SX7232M, sleep mode
Load supply voltage range ® 1 10 - 60 v SX7236M, operating
0 - 60 \Y SX7236M, sleep mode
- 50 80 mQ SX7232M, Source, lout = -5A
MOSFET ON#&#Hi R - 50 80 mQ SX7232M, Sink, lout=5A
. SO
MOSFET On resistance et I 80 | 110 | me SX7236M, Source, lout= -5A
- 80 110 mQ SX7236M, Sink, lout = 5A
MOSFETRF +—DiJEEE v - - 1.25 \Y Source, lout = -5A
MOSFET body Di forward voltage F R R 1.25 v Sink, lout = 5A
; Bh{EiR 18, ) OFFHy
L djéﬁﬂﬁi%ﬁ t Igs ° 10 15 mA operating, output disabled
0ad SUpply curren - - 20 pA AY—FE—F sleep mode
Hl4EEE (Control Logic)
LogicA I BE (SLEEPNIRFERS) Ving 2.0 ) ) Ving
Logic input threshold (except
SLEEPN) Vine) - - 0.8 Vin)
SLEEPn#RF AN LEVMEEE
V . - .
SLEEPnN input threshold nsLeen)| 08 28 y
Py I AFITANE e s
Logic input filter tLocic - 1 - ns STEP, DIR, ENABLEN, MS1, MS2, MS3, 8 & {&E
S 1% N
u/./?]\jjj} ﬁ"?/ﬁ}’ﬁ Rep 20 30 40 kQ STEP, DIR, ENABLEN, MS1, MS2, MS3, SLEEPn
Logic input pulldown resistor
i 713
Logic AJIRIEERFYS 2 Visan | - 300 | - mV | STEP, DIR, ENABLEN, MSL, MS2, MS3, 3¢ #HRE
Logic input hysteresis
PWMZ 2% 7 I H t . 2 . s
PWM blanking time blank #
&l B OF FR:RE
t
Fixed-off time & 20 30 40 ns
REFAJEIEHE
V, 0 - 4 \Y
REF input voltage range bl
REF#F A J) B | 3 i 3 A
REF input current REF #
EBRN YL~ TT— - - +15.0 % Vrer = 2V, %l 1reipmax=38%
Current trip level error err, - - +5.0 % Vrer = 2V, % ltreipmax=71%
(3%3) - - +5.0 % Vrer =2V, %ITreipMAX:]-OO%
FLAGNH B FI S E VELON) 0.05 - 0.6 \Y IFLAGn=2mA
FLAGnN output saturation voltage 0.2 ) 15 v IFLAGN=7mA
FLAGNHAY —2 & 3 ) =
FLAGH output leakage IFL(OFF) 50 pA VFLAGNn=5.5V
Senﬁﬁ%kj}%ﬁi Isen -10 - 10 pA Senl, Sen2, Vsen=0~0.5V
Sen input current
IRAF—R—F R Z A5 _ . sl s
crossover dead time Tor 1000 ns R ARAE
STEPSH T AT B tSTEP | - - | 250 | KkHz Duty=5006, B BHRAEME (%4)
STEP input frequency
RE i<
Continued to next page
YU oBERKRAEH 8 /51
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FREHERE (Protection)
BEFRIRET A NVFR N
1@%?C{;?I;_ﬁfg;lte’rftime o Tocefiter | - ! us LR RAE
OUT-GNDFEE. Low SidekkH
V, . . . .
BERRHERE ocris [ 095 | 115 | 135 v OUT-GND voltage, Low side detect
Over current detect voltage VBB-OUTRAEE. High Sidei&
V, . . . to .
ocers | 0.25 0451 065 M VBB-OUT voltage, High side detect
BRAEHERE T 140 C HIEICIRE
thrmal shutdown temperature JTSD control die temperature
BEFREERTIVR T 20 C
thermal shutdowwn hysteresis JTSDHYS
BEEFREMEER v 8.0 95 v VesBE, S H R0k
UVLO voltage uvLo ' ' VBB rising
5 = =13
BEEERBERTISR Vouwrs | 015 | 03 v

UVLO hysteresis

X1 RPTOHE

a2 bt 2 Ei 2~ L TR Y £,

Negative current is defined as coming out of (sourcing) the specified device pin.
%2 Typ 7 — X IFakeHE#R E LTHEHLTRFI W,

Typical data are for initial design estimations only.
X3 err.:{(VREF/8)-VSENSE}/(VREFIS)

¥4 HEHAHETHY . BESNEH A, [10.8 Timing Requirements] $ Z& M 72X
VN, FEBRICRRANEREEICEVMEEZ AT L2 A, ICITEEL 38— X ILEHET

T EHE A,

Flry

ExHARA
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5. 9B (Package dimension)
L7 : mm
Units : mm

22 0.2
(/S U B L)

0.250:]

(S le

36

O

! _‘ 7]
0.2 =

A

11

—=
=
£
—
—
—
—
—
—
=
=
£
O O %
I
|
|

=]
=]
=]
=
=
—
—
4 =
4 =5
o
D
I

~Hw )

O
RN R

1.05+0.2 _ x

0.8+0.0 | L 0~0.2

(BEAHS U — Ffaa)l I

MR AE (5=20/1)

o UoBERKAEH 10 /51
SANKEN ELECTRIC CO., LTD.



http://www.sanken-ele.co.jp/

SanKen

SX7232M/SX7236M T—42 L — I Rev.2.5

6.

B#E5 > Rtk (Reference foot pattern)

[soliNie o D O L0 @ o
— O [~ O - (v)ﬁ:;‘ﬂﬁ:w

000 000

O O

HAL : mm
Units : mm

[N
(an)

i

PN

¥ VBRI
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7. Pin B2%l (Pin assignment)
SX7232M/SX7236M
: L FeRE . s e
Pin No. Symbol Function Pin No. Symbol Function
BRI T1A 0T —F12) B G 2B (T —F 1)
! SenlA Low side current source 1A (power line) 19 Sen2B Low side current source2B (power line)
=X F1A E—HH%r-2B
2 OutlA Motor output 1A 20 Out2B Motor output 2B
=T 1A T—F 128
3 OutlA Motor output 1A 21 Out2B Motor output 2B
FEWA T i+ FEWA T i+
4 VBB Power supply input 22 VBB Power supply input
5 e 23 kv
unused pin unused pin
JIhBEAR 5 AN - T v — VR R
6 STEP excitation signal input (logic input) 24 vCp charge pump voltage output
7 DIR [BlA 7 1) A ) b7 o5 CPH F o — VR T W BT T2
motor direction input (logic input) charge pump caparitor terminal 2
— R i __nw‘/ 2 N S
s lenaBLER E—XiH E@ON/OFF)\jjJﬁrﬁL _ 26 CPL Fx—TRT Y&Z%ch)ﬂ_iﬁ?’—l
motor current shutdown/enable (logic input) charge pump caparitor terminal 1
JhRs: 5 R AE b -1 AY—T Vi
9 MS1 microstep selectl (logic input) 27 |SLEEPN sleep input (logic input)
Jh s 5 AR v -2 TR EE i1
10 MS2 microstep select2 (logic input) 28 i diagnositc output (open drain)
A )7 AR R 13 B H SRR A ) b
11 MS3 microstep select3 (logic input) 2 REF reference voltage input
[SEgv= \J‘;J:, = [SEgv= f—lullj =Y
12 Sen? AR H -2 (Tﬁu”j74’/)_ 30 Seni EER7 Yy an ] (Tﬁ;’jj7/]’/)-
current sense 2 (connect sense resistor) current sense 1 (connect sense resistor)
77 Rt 77 Rt
13 GND ground 31 GND ground
thaer hEr
14 unused pin 32 unused pin
FEWA T dii 1 FEBIA T i+
15 VBB Power supply input 33 VBB Power supply input
T—Z 1 T2A T—Z )% 71B
16 Out2A Motor output 2A 34 OutlB Motor output 1B
T—ZHI5T2A T—Z )% 71B
17 Out2A Motor output 2A 35 OutlB Motor output 1B
BRI 2A 0T —F12) B N 1B (AT —F 1)
18 Sen2A Low side current source 2A (power line) 36 SenlB Low side current sourcelB (power line)
o2a@ 54 D @ q
EESR gEm<i Ty oot
HNOD> TOHELHOO>S >000

<< O S—NONA Mm<<<<
g SO S
cEEL ESass535 SEES
&o> »n 0 « 220
33 < 20
=
]
B vBEHA S 12751
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8. AREZ7Ov Y E (Internal block diagram)

SLEEPn CPL /J\_‘ }_/]\ CPH
o/
Sent w9 \|/ \|/
,4—’—1} Charge vep
Pump

PWM
REF DAC Latch
srep T ¢ ocP |» NMOS Full Bridge VBB
DIR
ENABLEn . Control
Filter .
& Logic Gate
MS1 — | Dri
Translator rve
MS2
MS3
£
PWM
v Latch ocP
REF —»| DAC

OCP
— UVLO
TSD

FLAGn (

/

o UoBERKAEH 13 /51
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9. :FMEEEH (Application circuit)

I LOAD
SUPPLY
VDD G2 o 6
CPL CPH VCP VBB T
VBB ] .
R1 VBB j
VBB
REF CAI=— Z/ZCA2
R2Z OUT1A
< |{STEP %@
1 DR OUT1B
g - ENABLEn
5 | Mst
Eal —{ MS2
5 —{Ms3 OUT2A
4 | SLEEPn
OUT2B|
SenlA
VDD SenliB q
Senl °
R3 Sen2A
Sen2B q
FLAGn £,
GND
- § -
Rs2| Cs2| Rs1| Cs1
7T
Cs1/Cs2 : 0.1uF/3V
CA1:0.22puF/100V
_ N CA2 : 200uF/100V
WHRFZ VBB 7 AL D /A RITIEREL TR, C1: 0.22uF/100V (X7R)
Care should be taken for transient noise of VBB line. C2: 0.22uF/100V (X7R)

Vi TAANGELP REOFITC A 8230 7o CAL sk Ovlg Re/Rs2 - 0.22Q(3W)
27 CAZAARALC RSV, WHEAIRY 4 5% VBB theh — RLi22KQ(LBW)

ERFLCL a8/ S AT PP BB TS, R2: 15k 2 (1/BW)
) ) ) ) ) R3: 10k Q (1/8W)
The two input capacitors, ceramic capacitor (CA1) and bulk capacitor

(CAZ2) should be placed in parallel, and as close to the device supply
pins as possible. Ceramic capacitors to bypass should be placed for each
four VBB as possible.

CAl BEO CA2 1, PCB IZLDELMA L E—F VA (A/L—F— /L7
EHLE L) ZTXHIETHRET A=D1z, B LR —m I ASIAZEMN
PHELNTT,

These capacitors (CAL and CA2) should be placed on the same side of
the IC to avoid unnecessarily impedance (including through hole).

o UoBERKAEH 14 /51
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Yo HHEHL Rs TSI X B IR HIERH B K e A A 7B (BN AETHIERHVET,
Please take care that spike voltage (current) on Rs during current control.

ANATBEENRENG G ASAVEEREN O 7 % (Cs1/Cs2) ML TFEW, 20D
2T TR EO BV OZ T LIS, F R ICE LT DB LR N 5k
LTSN, BREMEIZEALEL T, ASA7EELHER LI Z CTHIBLKTESW (B ZELEL T
1Z0.1u FRETY)

If spike voltage is large, please place capacitor (Cs1/Cs2) that have good frequency characteristics to
decouple. This capacitor should be placed on the same side of the IC. Capacitor value should be
chosen by your PCB condition (typically 0.1uF).

YGND & —> D5 ZEIUICIE 3 ICERL TR,
The printed circuit board should use a heavy ground plane.

¥eRs1/Rs2 T DHHTOZEEITIER L TZS0Y,
Please take care that choosing resistor of Rs1/Rs2.

B RPUEL, ARTERD R KO ZEMHIZIBNT Sen i T BIEN 0.5V LT L7225 8572 0%
BELT RSV, 722U ET AL TODIREEIZ W T, I s 7B 0.5V 2 %
DAREMEN DV ET, 27 | B HIRGUTE IR EAS /B FFA R R EZEL TEELT
{IZEW, Rs1/Rs2 THEH T HIIIOEMIZOZEL UL, ZOIWPLTWHE T2 KD 2 (FFEED
TERE DL D2 L TIESW (BB IV IESUE AL TUEID)

When selecting a value for the sense resistor be sure not to-exceed the maximum voltage on the Sen
pins of £0.5V at maximum load. During overcurrent events, this rating may be exceeded for short
durations. Therefore, please select current sense resistor considering rated current, rated voltage and
power dissipation. We recommend using resistors that have 2x or higher rated wattage compared to
actual usage or Rs1/Rs2 (since heat cause resistor value change).

Y RU/R2 DIPUETDIEEIZHONT
Choosing R1/R2 resistor value

R1/R2/Rs DHEFUHFEIZT VDD=5V ORMFTH) 1.15A(E'—2), VDD=3.3V DL TH
760mA (&' —7) Ok FHI e~ TRV EY, HEREE fAShZWEEIE, [10.2 NE PWM
Eii il (Internal PWM) 22 FRZEW,

Peak current will be set as 1.15A@VDD=5V, or 760mA@YVDD=3.3V choosing the R1/R2/Rs value
in the application schematic. If you want to change output current, please refer to "10.2 PN PWM &
FEhlE (Internal PWM)".

WAL T U YR BEDREIZONT
Choosing capacitor value

Cs1,Cs2,CAL,CA2 13 /A RrEX BRIE LIz T I £,
Cs1, Cs2, CAL, CA2 are decoupling capacitors.

Cl, C2 ®=F o H2id, JISIEIA Hiks Class2 @ R Kith ($EAREBZEALEHR £15%)DH D2 ]
LTIZEN,

Capacitor values of C1 and C2 should be Class 2 dielectric +15% maximum, or tolerance R,
according to JIS/EIA (Electronic Industries Alliance) specifications.

JEHEIREICTCZNGDar T oy OREEEZSZEEL THEIL TBVET N, BREMEOERE
IZOETELTL, BEEMTOE @RI THOMREEETT o7 ETTHBKIZE N,

You are responsible for choosing the value of these capacitors, please check and verify in your
design.

¥ VBRI
SANKEN ELECTRIC CO., LTD.
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Ve T Y OMMEIZ DUV T
\oltage rating of capacitors

CA1,CA2,C1,C2 DT U DI EIL, SXT7232M (40V #)EZHEH D5 E | 63V it i A3l
HATEET, o, EBRICBERMACTHEHSNOEREEITIGC ., JOEDKRWar 7348
ETHIENARETT (B0V fh7gd),

\oltage rating of CA1, CA2, C1 and C2 can be downgraded to 63V rating if you use SX7232M (40V

rating). Also you are able to choose lower voltage rating correspond to actual VBB value you use (e.g.
50V rated capacitor).

Yo [ ERDBRIEIZHONT
Choosing the component value
I A E B FIFE s DGR E DB ERITHETSEZH T, T XTOERKIT, BEEM T
Sy eHMTEE AR WA TR O B T FEW,
Component values in application circuit are only for reference. You are responsible for choosing all
of the external components. Please check and verify in your design.

o UoBERKAEH 16 /51
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10. T/3A4 REBiE (Device operation)

SX7232M/SX7236M &, A7 v 7 B—2 &R 50 — o RN~ A /AT v e
JSE—FRTARTY, WS —7 kD, =% G S CRIBLICHIE 5283 T&
77, H—BREEXCOT20 | WS —7 o Y EfE ey 7 BIRIIAE T,

The SX7232M/SX7236M are complete microstepping motor driver with built-in translator for easy
operation with minimal control lines. The SX7232M/SX7236M operate by single power supply and
no require external logic supply to drive internal sequencer.

b —RiX, ZVAT Y7 (2 Mg X, ML _IML—EE—R,/100% 7 VLT E— R
KA =T AT 7 (1—2 M7, MV 77— EE—K,/100%7 /L ’L7E—R i)
&) <4 B~ A a7y 7 (W1—2 FpbE 5 ) -8 fnEl~Arnx7 > 7 (2W1 —2 AR5 70 -
16 o3&~ A7 a7 7 (AW1—2 FEHEE T 20 ITRHEL TOET,

It is designed to operate bipolar stepper motors in full, half, quarter, eighth, sixteenth step.modes,
include full torque step modes.

SX7232M/SX7236M %, WNEBEFERIEE L L TeAT U A i 2 F# (TSD) [a] # . K 5 1 {1 #
(UVLO)RI# ., H A E @ E WG LA # | B (OCP)E A2 A L W ET, i o]
ML, B —F H A DK g S a— M A E R AR ELF T,

Internal circuit protection includes: thermal shutdown with hysteresis, undervoltage lockout (UVLO),
crossover-current protection and over-current protection. OCP circuit will protect the IC from
short-to-supply, short-to-ground and shorted-load.

SX7232M/SX7236M |ZH#H SN TS 2 20 H 7V (4T N F vy 310 FET THERLS
WTWET) L, Wi OFF R EEZ= D PWM il 5] #I2 L0 E iR HE S i T ET,

The currents in each of the two output full-bridges and all of the N-channel MOSFETS are regulated
with fixed-off time PWM (pulse width modulated) control circuitry.

BAT BT D H 7V IIinsERIE, ST OB B HEILRs), V7 7L RAEE
(VREF) B X O —7 P 0nD1E 545251 F 7z DAC (DA 2 3—#) O JEEIZL->TikEDE
B

At each step, the current for each full-bridge is set by the value of its external current-sense resistor
(RS1 and RS2), a reference voltage (VREF), and the output voltage of its DAC (which in turn is
controlled by the output of the translator).

IR D EAERL LT By MR I W T, =40 BAED DAC I EEFRO I M
HIH D Home State TR ESIVET,

At power-on or reset, the translator sets the DACs and the phase current polarity to the initial Home
state.

R ﬁﬂ%*— iﬁ*ﬁkfb Mixed Decay (Zix &S ET, 20 Mixed Decay T—RIZ&D, £—
S DI E BIMEIEDOEEZIMZDIENTE, v AVURT v 7 DEIEZ IEMEZRHDIZL
TWETS

The current regulators are to Mixed Decay Mode for both phases. This Mixed Decay Mode improves
microstepping performance by reducing the distortion of the current waveform that results from the
back EMF of the motor.

STEP biii -IAZ 573 1 7 VAA N ENDE, & —F U FIckh H#RYIC DAC ) EENROE
JEL~UIZRBATLET, it —RiZ, MS1, MS2 BE W' MS3 Duv v /{5 Blllo CiRESNE
7, B—XEHE A, DIR S ORY v 7 ICCRETEET,

When a step command signal occurs on the STEP input, the translator automatically sequences the
DACs to the next level and current polarity. The microstep resolution is set by the voltage on logic
inputs MSx. DIR input determines the direction of rotation of the motor.

o UoBERKAEH 17 /51
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SX7232M/SX7236M D Jihhizi 7 =
SX7232M/SX7236M excitation mode selection

7R RE FhiEE—R
MS1 MS2 MS3 Microstep resolution Excitation mode
248 FEh
L L L Full Step 2 Phase
H L L Full Step(ZJLRILY) 2H B (T ILRILY)
Full Step (100% full torque) |2 Phase (100% full torque)
L H L Half Step 1-248 h
H H L Half Step(ZJLILY) 1-248fnHE (ZILRILY)
Half Step (100% full torque) |1-2 Phase (100% full torque)
L L H 4538 W1-248 b
Quarter Step W1-2 Phase
H L H 87 &l 2W1-2+8 bR
Eighth Step 2W1-2 Phase
L H H 1653 &l AW1-248 il i
Sixteenth Step 4W1-2 Phase
H H H Reset Reset
g UBSKREH 18 /51
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10.1. A2 v AH (Logic input)

STEP, DIR, ENABLEn, MS1, MS2, MS3 ® A JJiZ 30k Q (typ) D7 WA ARBUNA NS 1L
THEY, EAT VA 23y N H —+ 1us(typ) 74 /L2 D AT L2 o TVET, M CrY Y 78
BT NT T EIITNE T T DGE1T WO T NZ T ARGUEZZ EL TTZEW, 5k Q
IR CTINT T ITNE T LTLIZEN,

STEP, DIR, ENABLEN, MS1, MS2, MS3 inputs have 30kohms (typ) internal pulldown resistor,
filtered by Schmitt trigger and 1us (typ) glitch filter. If logic input pullup/pulldown to external logic
supply, please consider internal pulldown resistor value, 30kohms. Recommended pullup/pulldown
value to external logic supply is 5kohms or smaller.

10.1.1. Clock A1 (STEP)

STEP % D2 H ENV =y I —r R BEifEL | B — 2Ol BB X A% Istep FtlC
EEEET, =7 HiE DAC ~DANEHEE TV IR DEI O Mz L £,
STEP Wi+ 1 35 EAV =y THELE XA O RES(E, MS1, MS2 BLU MS3 Dryy
7 DA E (T —R ORI CRESIET,

A low-to-high transition on the STEP input sequences the translator and advances the motor one
increment. The translator controls the input to the DACs and the direction of current flow in each
winding. The size of the increment is determined by the combined state of the MSx inputs.

10.1.2. Direction A# (DIR)

DIR % F- a7 NJC, BE—2DEXAME S A ELET, DIR 125 Low DORF,
ERAEE ST CCW £7220FE 3, DIR 7% High OFF EXAEE T MIX CW &0 E
T, EEOE—FD CW/CCW D[alfs )7 [aldE =X DFfERRIZ IV EDVET,

DIR input determines the direction of step angle of the motor. Actual rotate direction
(forward/reverse) of motor will vary with the connection of motor harness.

DIR i D24k, RD STEP [E5 M A TE2LEZTHO THENERDE S, STEP i
DEL LW EEA | DIR 1% High/Low (U2 CHE—XOEXABEE T MIZEDY
A,

Changes to DIR input do.not take effect until the next STEP rising edge.

10.1.3. Enable A F1(ENABLEN)

ENABLEn i 0uy v 7 AJ)¢, —4#i@ED ON/OFF 2090z £9, nvv7® High
A J1CDisable ((£—#i#%%E OFF) . Low A JJC Enable (&—4i#% ON) L7220 E7,

ENABLER i 7- AJ713 /) MOSFET O2:% ON/OFF $ 5k T,

o~ AJJ(STEP, DIR, MS1, MS2, MS3)i%, ENABLEnR i - way w7 i3l
ML TCWET, ENABLED (285 —4#i@E OFF Hf Th->Th, IC 1T —r o+ ~D AT
(STEP, DIR, MS1, MS2, MS3)% =z i+ E7,

ENABLER input turns on or off all of the MOSFET outputs. When set to a logic high, the
outputs are disabled. When set to a logic low, the internal control enables the outputs as required.
The translator inputs STEP, DIR, and MSx, as well as the internal sequencing logic, all remain
active, independent of the ENABLER input state.

21X, ENABLER ¥ 1% High O¥RHET STEP 12 5 7YV AA T 5E, RIZ ENABLEn
Ui §-% Low (ZL7-L X213 OFF ERTOEX A7 5 (DIR, MS1, MS2, MS3 Tik%2)
bstep I EATCERANLIBELBMLET,

For example, after five rising edge on STEP pin during ENABLENn=H, translator changed five
step (decided by the state of DIR, MS1, MS2, MS3) at next falling edge of ENABLER.

o UoBERKAEH 19 /51
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10.1.4. Microstep Select (MS1/MS2/MS3)

MS1, MS2 XU MS3 DA Jibhs 7 DR IREATVET,
The microstep resolution is set by the voltage on logic inputs MS1, MS2 and MS3.

MS1, MS2 B XU MS3 ¥ - D2 ki, IRD STEP 15 5 Ao TEI2LEIThAD TH Y
F7°, STEP i (L L2V A MS1, MS2 3} X UYMSS Ui 1-% High/Low (2810 2 T
E—X O RITEDVER A, EDJilE/ 27— TMSx 2002 TH IC LU TIERESHY
FHADN, BE—FPBUETERNIERHVET, [10.10 A7 7> —7 A (Step sequence) ]
e 3 VAN

Changes to MSx inputs do not take effect until the next STEP rising edge. You are able to change
MSx at any step but motor cannot follow the step (missed step) in some case. Please refer to "10.10
AT —lr A (Step sequence)”.

10.1.5. Yt v b (Reset)

MS1, MS2 BELW MS3 i %47 High £§5Z&C, Uy EifEEZ2DET, Uy NEE
@i\ —/r %% Home State (ZE%EL.H 7] MOSFET 24T OFF (WA A B —X L A4k

WCLET Uy hEfEF, o —4 o idfEIELTRBY, STEP, DIR, ENABLEn AJiZV+
/I\?ﬁﬁ#ﬁﬂ‘-éﬁ’béifﬁfﬁéﬂiﬁ“ F7-. Vv R EIfEX OCP 12857y F A 7 IRREDARFRICE
EHTZENTEET,

The high input to MS1, MS2 and MS3 pins sets the translator to a predefined Home state and
turns off all of the FET outputs. All STEP, DIR, ENABLEnN inputs are ignored until emerging
from reset. Reset signal can be also used to release from latch-off condition by over current
protection.

K ICIIFANT—F Uy MERRDINERES N TRV ET O T, @HEEH BT iﬁ{ﬁ&“)\
REZRERNC MSxIZ L DY By MATOMEITHY £ A, B2, STEP VAN T E% T
RANEEZHERIL TODE—F DA T2 — T HIENZ B W TR L B2 L1 ZIUJZ/F
HEREAAE L TLEE0,

The IC has power-on reset function, so you do not have to use reset function by MSx when

power up sequence in general use. You are encouraged to use this reset function when you
estimate electrical angle of motor from STEP pulse count at open loop control.

o UoBERKAEH 20 /51
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10.2. AEF PWM BRI (Internal PWM)

2 50 H 7V, ZNE ML L7z [EE OFF K 5 200> PWM 75 it il il [2] 8 C il <
NET, ZOEE OFF FRfa]J7 N> PWM EiH#IEE L, =X ~DA M EIARESI
f:{E(Itrlp) N—-%IJ BE%LE?‘O

Each full-bridge is controlled by a fixed-off time PWM current control circuit that limits the
load current to a desired value, Itrip.

BN, RAINLE T2 Sink & Source ® MOSFET 78 ON &720) & it 1N E— 4% i#->C
R T R IZVET, B M ESTIC L2 EERE T2 DAC O HEEEFE Lo
7B, IR s R —2 28 PWM 7y F By hahEd,

Initially, a diagonal pair of source and sink MOSFETSs outputs are enabled and current flows
through the motor winding and the current sense resistor, Rs. When the voltage across Rs equals
the DAC output voltage, the current sense comparator resets the PWM latch.

Z D%, [EE OFF R O E B A1 T4, £ Sink & Source DR 7A2378 OFF &72
V£ (Fast Decay [B14) , A IC i3 PWM JA 4 E & A T, PWM o OFF ] [
F TR 21T > TUVET

The latch then turns off sink and source FETs (Fast Decay mode). PWM function is not determined
by "fixed-frequency" type but "fixed-off time" type.

A RO ARMEIT Rs & REF b FIC AN SNZEEE ICHEBICRES NI i X
U'DAC DI NTIORESNET,
The maximum value of current limiting is set by the selection of Rs, the voltage at the REF pin and

the DAC output.
0
Itrip = Viee X PACY
8x R 100

Vrer: REF 51~ A JJ%EJE (reference input voltage) [V]
Rs: E it S (sense resistor value) [Q]
DAC%: [10.10 A7 w7 v —/4r A (Step sequence) JZ [ [%]

Sen EEDE THDHE0.5V (TR RNIDITLTTEEN,
It is critical that the maximum rating (£0.5 V) on the Sen pins is not exceeded.

10.2.1. REF A#1 (REF input)

N PWM Bl oo B il 2 ik b 5712 REF 127 s EE%2 A JLEd, REF &
FIEEmATES DT s A7 > COVETOTAH =7 Tl w9 BT HTEDBN
(2 ELTCLIZE, REF U0 A S EIEFPHIL OV~4V Lo T Ed, fosd i KERIL 5V T
T3, AV B DEEIIASILIRWT TRV, 72720 REF dg8EJE2S OV £ dia . DAC @
FEEEAME T U B O ELIK N4 5729, REF Mi+EE1L 1V UL ETOMHL TS,

ENABLEN 7' Low TE—#i#7E ON RED S & REF EE% 0V (L TH[EE OFF FFHEICK
ZHES PWM il il 2 MEREL 3, 9705 ICIZ PWM 7 7% 7] & [EHiE OFF K
[zt E—FEIRE TR T HILITEEE A, E—2lEL OFF SEVWHE,
REF % 0V (292D Tid/e<, ENABLER ¥i% High 2L TSV,

o UoBERKAEH 21 /51
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The maximum value of current limiting is set by the selection of sense resistor and the voltage at the
REF pin. REF pin is analog input with high impedance. Please do NOT leave the pin open, tie to
defined value. REF input voltage range is from 0V to 4V. Please do not input over 4V to REF though
absolute maximum rating is 5V. If near of OV, DAC accuracy becomes low and output current
accuracy also becomes low. Therefore, recommended value at REF pin is 1V or higher.

During motor operate (ENABLEN=L), if you set REF voltage 0V, IC remain internal PWM current
control with fixed-off time. IC will operate PWM blanking time < fixed-off time repeatedly and
motor current cannot be zero. If you want to disable motor operation completely, ENABLEnR pin
should be high but REF=0V.

10.2.2. PWM Blanking

0T T EAF—=RDOY AN —EFRAA v F o 7 WEB GO AR A BRI kD3 e —4
DB T2 L 3N E R I E I Lo TAA Y F 7 L WD RFIZE iR =N
L—FET T E T, ZORRETPWM 7 7230 7 R (thlank) JEFFOVE T,

This function blanks the output of the current sense comparators when the outputs are switched by
the internal current control circuitry. The comparator outputs are blanked to prevent false overcurrent
detection due to reverse recovery currents of the clamp diodes, and switching transients related to the
capacitance of the load. This time is called "PWM blanking time (tolank)".

PWM 77 % ZHEHIIX IC N TR 2us ISR ESNV TR EHTHZLIXTEERA,
The PWM blanking time is internally set to 2us, user cannot-.change the time.

thlank = 28

¥ VBRI
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10.2.3. EHREIZ£EIZDULNT (Current decay mode)

IC 23 [EE OFF B D], A iitid Mixed Decay (2 CEWIMIAEEITVVET, [EHE OFF KifH
1L IC NERTHI 80us ICRESNTHEY, BRETLHILITEETA,

The IC regulates output current by Mixed Decay mode during the fixed-off time. The fixed-off time
is internally set to 30us, user cannot change the time.

A AERFIZIX, R RO R RE DS BIEL 97, [RIBIEIE ORI, BBt ml AW I
FAMEALD MOSFET % ON S¥AZETH, 2 FD, [T 1% MOSFET DR T 14 ML_
RCERZEAT L2002, K ON HH 1 THSH MOSFET H HIZER AL 3, Z4Ud) IC »
BRI SEHZENTEET, BIREIAEOER M BT i bZ &<
B2 0127202 &AL TR RIS B BRI OFF LEJ,

When a PWM-off cycle is triggered by an internal fixed-off time cycle, load current recirculates
according to the mixed decay mode with synchronous rectification. This synchronous rectification
feature turns on the appropriate MOSFETSs during current decay, and effectively shorts out the body
diodes with the low MOSFET Ropson). This reduces power dissipation significantly. Synchronous
rectification turns off when the load current approaches zero (0A), preventing reversal of the load
current.

Mixed Decay E{EIZISNTIE, I AIBEHA R 7 R A > Mtrip) 22 L7t Fast Decay ([ZBATL,
[ & OFF K] D 30% D[ (=9us) Fast Decay (2 THi /&I DEI4EZTTUNE T, Fast Decay 73 #&
T3 5E5%0 70% (=21us) D[ & OFF Kffi]% Slow Decay |2 CRERIFIAEEITUVVET,

During Mixed decay, when the trip point is reached, the IC initially goes into a Fast Decay mode for
30% of the fixed-off time (=9us) . After that, it switches to Slow Decay mode for the remainder of the
fixed-off time (=21us).

FRICE—ZHIERAA—TERLET,
Atiming diagram for this feature appears below.
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10.3. ZFE{REMHEE (Internal protections)

BFECRFEMERBIC LT 7 ) — < R RBIZ 31T D B SRS A A ) B SRR AT > TRV E 23, &
FERERE I K LA IR A A CERFE I R 8 A, By RREHTRB WL, MR 77 ) — < /LR EED
FAELRNIOBEREVET,

The IC has many protection circuitries not to be broken as possible, but we cannot guarantee that 1C

does not breakdown at all abnormal conditions by these protections. Therefore, please minimize
abnormal conditions as possible at the stage of your design.

10.3.1. BE;RE#E (Over current protection)

W ETTRERIEE X, LR OFE—RIZR L T A AZR#ELET,
To protect the IC, internal over current protection circuit triggered by:
> A a— MR
Shorted-Load

> HAOKRMEE—F
Shorted-to-Supply
> g —r

Shorted-to-Ground

T RA AN R R %*ﬁ%m%é: i H 7oy Yy MO LTy F A7 L0 E T, vy
N ARFEDNDIRBR T B720121E, EIRO AL LUIAY — 71Uy MREEN LD IR A3 20 3 L
R0FET,

In the case of OCP event, both bridges will remain disabled (latched) until the SLEEPN input goes
high or emerging from reset condition or VBB power is removed.

10.3.2. {EEERE# (Under voltage lock out)

IC NE T, NEREEL X 2L —H Fry—U R 7TEEZERL TBY., B KBk RE
fRERSNAET, T ZDH 1 MOSFET 24T OFF (A AL —& L ZREE) IZL T,

Internal regulator and charge pump voltage are monitored, the UVLO (under voltage lockout) circuit
disables the MOSFETSs outputs-until the fault conditions are removed.

BN EIF R I OVBBIREERFIZIE, UVLOFEIKIZEZD H B3 A A e —2 A ()
OFF) IRBELRD o — v IR —LaAR Y varid ey haEVET, 7272 LFLAGn i /1 C RS A
FEIRELEIME IRIE TIIFLAGnO A —7 VU RU AV 1 & BRE 57 — NEIE R RTER LD |
IELKUVLORZWiE R & H LW R H0ET DT, ZTHELSESN,

At power-on and low VBB voltage, the UVLO (under voltage lockout) circuit disables the MOSFETs
outputs and resets the translator to the Home state. When VBB is low, UVLO diagnostic by FLAGn
may not-be stabled since the internal gate voltage to drive open drain output may not be stabled.

10.3.3. @EMREE (Thermal shutdown)

AT H 28RS A7 OB (TSD) #Re 2 P L TV ET,
This IC has internal thermal shutdown (TSD) circuitry with self restart.

ABLEOWNEERIL~ VT T 7RG 1C X 1, MOSFET X 8)E7a~>TuWEd, FEERIC
TR 2 2B H A IC 12720 $9, 2R ER TH5 MOSFET kiﬁﬁ%ﬁﬁ%ét
BOIRENENE T, 20720, BB EZIZITBRETEERA, T, ZOMEITETT
c:@aﬁzéﬁﬂﬁﬁﬁa‘ér@@@i?@@iﬁhmt:m;&% 75@1’%@\oto’:%xﬂir%ﬁomzf
fEALTLIZEN,

¥ VBRI
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This IC is consist of multi-chip (control 1C X1, MOSFET X 8). Although major heat source are
MOSFETSs, temperature detect circuit is in control IC. Therefore, TSD function cannot follow rapid
change of temperature. This function can’t be used in normal operation. Please verify thermal
calculation to avoid entering this function in your design.

HlAEH IC OPERREAK) 140°CHhyp) T D&, FTA/ T ARERE S L . 77
v O MOSFET 24T OFF (UNA A B —F U AIRRE) ICLE7, @EVREIR R 4. il
A ICIREEAFK) 20C T30 E, RIANITEVMELZ FBL £,

If the control die temperature increases to approximately 140°C, both full bridge outputs will be
disabled until the internal temperature falls below a hysteresis, Tirsprys, of 20°C.

10.3.4. 735475 (Flag output)

FLAGn i 1280, IC OfRi#RREIFIIA A~ A2 FDa to—F 74—y 7452
ENRHRET, FLAGn ¥ 734 — 7 R AT, ik o BTtk (REEARGE B R
FERNENNTNVDEXT Low A ALET, 2L AV =T E—RIZBWUINHLF 2L —F )
OFF 3274 —7 R A )i High £7220F5,

FLAGnN is diagnostic output (protection circuit triggered or not) to feedback to system such as
microcontroller. FLAGnN is open drain output. The open drain FLAGn output signal goes low if at
least one of protection circuit (OCP, UVLO, TSD) is triggered. During sleep mode, the open drain
output goes high since internal requlator shutdown.

FRIEEMEY IREETIINER R OB ER RS L /> TUELW 2 I Ra H LR WiE S
MWHVEFT DT, THEELESVY,
Please take care for FLAGn output due to the internal circuit may not be stabled when VBB is low.

FLAGn %7 13#fx 1 VBB/VDD 28 JRICE R T /LT > 7 LW T FEW, #akt i RERK IR
LD T O ERKEIE/ER B EZ B2 NENCTEREL TSN, @EHEHRICBS N T
FLAGn (ZifAVATeBIRITIHE B2 LITSEED 1 L0 ESOT, 77y 7 HHUEIE 5k
QL EAfE AL TTZE0,

Tied to VBB or VDD of FLAGn pin will cause IC broken. Please take care that rated voltage and
rated current that shown at absolute maximum ratings. Recommended resistance is 5k Q or higher as
FLAGnN pull-up resistor since FLAGnN sink current is one of cause to raise power consumption in
general condition.

777 MR R L7220 S | FLAG S 1134 — 7" TEAL TEEN,
If you do not use diagnostic signal, please leave FLAGnN pin open.

¥ VBRI
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10.4. R')—FE— K (Sleep mode)

A =7 —NIHEE I Z ST £7, SLEEPn & 12 Low 2 A 1§52 81285 TARY
— 7 E—RERVET,
Alogic low on the SLEEPnN pin puts the IC into sleep mode that minimizes power consumption.

Fo  RA=REICBWTUIHT VYU WL =L —F Fr—IUR T2 E30 N
A DL HME LR E, ZORE, FLAGN Bi+-13 High & /1L%9, SLEEPn Hi+1C
High 2 A /1352 Tl EIEEZI TV HOME R ar b T A ANALZ —RLE T,

Entering Sleep mode disables much of the internal circuitry including the output FETS, current
regulator, and charge pump. During sleep mode, FLAGnN pin output is high. A logic high on the
SLEEPnN pin allows normal operation, as well as start-up (at which time the IC drives the motor
to the Home position).

SLEEPn i 12 High # A1 352 TRV =T F—RPEFRIZRDET, AV —T E—Rfif
BRIZ TN EREI L E B EDT 0 | E—X BB LT HET Imsec fFOUENHVES,Z
? 1msec EVOREEIT, T — PR FIE T 5730 7 PR 8D 0.22uF OFFOETHY |
INIORENEEDZ T 2 M T 2585121% 1msee JVELRDA[REM A HVE T,

A logic high on the SLEEPn pin allows normal operation. When emerging from Sleep mode, in
order to allow the internal circuitry to stabilize, provide a delay of 1 ms before issuing a motor
rotate command. This “1 ms” is rated when using 0.22uF for charge pump circuit. If you use
larger capacitor than 0.22uF, stabilize time may be longer than 1ms.

SLEEPn 5 1-121% 30k Q (typ) D7 WA 7 ARBIA NS TRV 923, EAT U AD7:
Va7 AJjElo TR ET, SMHBED SLEEPN Wi T AT AE 5O /AR EREL
TLIEEWY,

SLEEPnN pin has internal 30kohms (typ) pulldown resistor, but is CMOS logic input WITHOUT
hysteresis. You should take care external noise not to malfunction.

10.5. F & — T 7R > F(charge pump, CPL&CPH)

F ¥ — RN Ve VG S WEE A EL O DR T, ZOELETH 7V O A
AR MOSFET ZBREL £9,

The charge pump is used to generate a gate supply greater than that of VBB for driving the
source-side MOSFET gates.

CPH-CPL [§3 L0V WCP-VBB I 0.22uF D I3y raF o235 L TSN, Zhb
DT HZIEL JIS/EIA B Class2 @ R Rtk (BrER BEE(LHE £15%)0H D% fif Lf
IZEVN, 7235 CPH-CPL [HIZIE VBB ERIFEDEEN IOV ET DT, 27 L H DI I
ELTE3L,

A 0.221F ceramic capacitor should be connected between CPH and CPL. In addition, a 0.22 uF
ceramic, capacitor is required between VCP and VBB, to act as a reservoir for operating the
high-side MOSFET gates. Capacitor values should be Class 2 dielectric £15% maximum, or
tolerance R, according to JIS/EIA (Electronic Industries Alliance) specifications. You should take
care that the breakdown voltage of the capacitor between CPH to CPL due to the voltage on the
capacitor is the same as that of VBB.

WEBEERFIZIE, VCP 113 &I (VBB) KV 7V R S WEMIREBIZ R 3, 72720
F X — VR T EIREENE &L VBB b X0 1~1.5V BE(RWEELRDZENHVET,
The voltage of VCP pin is greater than that of VBB pin by approximately 7V. However, in
start-up conditions, the voltage of VCP pin may below that of VBB by approximately 1 to 1.5V.

o UoBERKAEH 26 /51
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10.6. R —4 > X (Power-on sequence)

1Yy 7 ANJBLOER (VBB) O B 2D FIFICBRURRRI RS — 7 o AT EH 0 &
i, By AT AN ENTZEEZOEP (VBB) ON/OFF #ifFE, vy 7 AR5 HEITD

IR (VBB) ON/OFF #ifFa S ThREDHY £H A,

Special power-on/off sequence is NOT required. It's no problem that input logic voltage when

VBB is OFF and VBB is on when no logic inputs.

10.7. E—42 D7R—)L FIZDLVT (Hold motor)

£ —43@E ON W[4 (ENABLEn=Low) {Z STEP A /1% High %7713 Low |CEET 5
ZETE—HER—IIRTEET, T2 OELA THR—ILREE5T. [10.10 AT

7—/r A (Step sequence) & ZHERRL T,

If you want to hold a motor, please tie to High or Low of STEP input during motor operation
(ENABLEN=Low). Considering hold state, please refer to "10.10 A7 v 7> —4 A (Step

sequence)".

10.8. Timing Requirements

(Ta=+25C. Fv—I AR 7 Har o4 0.22uF A . FHEEL~VkT 5V & GND ©9)

(Ta=+25°C,0.22uF for charge pump circuit, logical level is 5V and 0V)

]
SLEEPn >
- 1 F
]
ENABLEN ! te | | |
| | | | |
| th
' ! | l | l l
MSx or DIR : L Xepe—X | X |
| | I to I tD I ' I
1A AL - BT
Time duration Symbol yp Units
STEP#% /N /L A1 (High) i ) U
STEP mimimum High pulse width A
STEP/) /L Al (Low) t A N
STEP mimimum Low pulse width B
AV
Setup time, input change to STEP e 500 ns
R— LR R
Hold time, input change to STEP o 500 ns
BRI Ny 7 R[] ¢ 5 Us
Setup time, input change to STEP E
A — 715 I Hr ] ¢ 1 e
Wake-up from SLEEP F

Timing Requirements Z5FH72WGE | FrO T —RIZ/25B722\0 il Step 238 F700 V3%

DEENHET, 72720 TD LI IC - BER T2 LITHVEE A,

Reneging on Timing Requirements will cause malfunction and missed step or so. But

this reneging does NOT cause degradation or break of IC.

¥ VBRI
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10.9. EX{EZR (Truth table)

HIER
Truth table
DIR ENABLEn|MS1/MS2/MS3|SLEEPn|] OUTXA | OUTxB Function
X X X L Hi-Z Hi-Z RU=TEF
Sleep mode
I W —K
X X All H H Hi-z | Hi-z JeyhE—F
Reset
All H2L At : . TARI—TJLE—F
X H except All H H HI-Z Hi-Z Disable
All HELA} . .
H L except All H H X S CW(Forward)
All HLLAH . .
L L except All H H P S CCW(Reverse)
X=Don't Care
X O —*4r D Step NolZ&k S reference to Step# on translator
YU oBERKRAEH 28 /51
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10.10. R 7w 7L —4 U X (Step sequence)

AT v T —/tr o A% (Step sequence table)

Full | Half | W1-2 | 2W1-2 | 4W1-2 | OUT1 | OUT2 | Step Angle Full | Half | W1-2 | 2W1-2 | 4W1-2 | OUT1 | OUT2 | Step Angle
Step | Step | Step Step Step | DAC% | DAC% ¢) Step | Step [ Step Step Step | DAC% | DAC% ¢)

0 0 0 0 100% 0% 0.0 32 32 32 32 -100% 0% 180.0

1 100% 10% 5.7 33 -100%| -10% 185.7

2 2 98% 20% 11.5 34 34 -98%| -20% 191.5

3 96% 29% 16.8 35 -96%| -29% 196.8

4 4 4 92% 38% 22.4 36 36 36 -92%| -38% 202.4

5 88% 47% 28.1 37 -88%| -47% 208.1

6 6 83% 56% 34.0 38 38 -83%| -56% 214.0

7 7% 64% 39.7 39 -77%| -64% 219.7

8 8 8 8 8 71% 71% 45.0 40 | 40 40 40 40 -71%|  -71% 225.0

9 64% 7% 50.3 41 -64%| -77% 230.3

10 10 56% 83% 56.0 42 42 -56%|  -83% 236.0

11 47% 88% 61.9 43 -47%|  -88% 241.9

12 12 12 38% 92% 67.6 44 a4 44 -38%| -92% 247.6

13 29% 96% 73.2 45 -29%|  -96% 253.2

14 14 20% 98% 78.5 46 46 -20%| -98% 258.5

15 10%| 100% 84.3 47 -10%| -100% 264.3

16 16 16 16 0%| 100% 90.0 48 48 48 48 0%| -100% 270.0

17 -10%| 100% 95.7 49 10%| -100% 275.7

18 18 -20% 98% 101.5 50 50 20%| -98% 281.5

19 -29% 96% 106.8 51 29%]| -96% 286.8

20 20 20 -38% 92% 112.4 52 52 52 38%| -92% 292.4

21 -A47% 88% 118.1 53 47%| -88% 298.1

22 22 -56% 83% 124.0 54 54 56%]| -83% 304.0

23 -64% T1% 129.7 55 64%| -77% 309.7

24 | 24 24 24 24 -71% 71% 135.0 56 | 56 56 56 56 71%| -71% 315.0

25 -717% 64% 140.3 57 77%| -64% 320.3

26 26 -83% 56% 146.0 58 58 83%| -56% 326.0

27 -88% 47% 151.9 59 88%| -47% 331.9

28 28 28 -92% 38% 157.6 60 60 60 92%| -38% 337.6

29 -96% 29% 163.2 61 96%| -29% 343.2

30 30 -98% 20% 168.5 62 62 98%| -20% 348.5

31 -100% 10% 174.3 63 100%| -10% 354.3

RO E T3, Home Position CT9, BWIFALENE %, AV — 7 fRERE % B IO By MERE %
D —/r %3 Home Position 7>6H A% —RLE9, Full Step :55 O Half Step O 7 /LML ZEE,
B R EFTD DAC%IE 100%(-100%) &720 £9,

Step#8 is Home Position. IC starts at Home Position at startup, emerging from sleep and emerging
from reset. DAC% in pink highlighted is 100%(-100%) if select "100% Full Torque Mode".

DIR=High K% Step No. b5 J5 17, DIR=Low % Step No i 7112y —7 23 @{EL £
£

Internal translator operate as Step# increase if DIR=H, step# decrease if DIR=L.

HZNNEIEE T — R 23D, TR — R IZBAT %56 13, DIR fi 1 CHEE L2 B 5 [
Nolz, —FBLNVRI 28T LET,

If excitation mode is changed from high resolution to low resolution, step position will go to
nearest position compared to previous position according to the direction on DIR pin.

B Z1E 2W1-2 FREIEE T 10 F DR DL a AU 2 FREIRLICEI0 R 2 D354 . TR Step
AJIT CW ThIUE 2 FED 24 &2, CCW ThiuiL 2 M 8 FIZEATLET,

If IC is in step #10 and change to full step mode, rising edge on STEP will result to #24 when
DIR=H and rising edge on STEP will result to #8 when DIR=L.

¥ VBRI
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DIR=H(CW) D

TREIZEE— R ZBAT LI BR OB 2R LU £,
Please refer to the example below regarding changing excitation mode.

JiltseE — R 2 BAT LT BR D F4)
Example of change of excitation mode

DIR=L(CCW) D

Full | Half | Wi-2 | 2w1-2 | 4w1-2 | OUT1 | OUT2 | Step Angle | Full | Half | W1-2 | 2wW1-2 | 4w1-2 [ OUTL | OUT2 | Step Angle
Step | Step | Step Step Step | DAC% | DAC% ¢) Step | Step | Step Step Step | DAC% | DAC% ¢)
0 0 0 0 100% 0% 0.0 0 0 0 0 100% 0% 0.0
1 100%|  10% 57 1 100%]  10% 5.7
2 2 98%|  20% 115 2 2 98%|  20% 115
3 96%|  29% 16.8 3 96%| - 29% 16.8
4 4 4 92%|  38% 2.4 4 4 4 92%]  38% 224
5 88%|  47% 28.1 5 88%| -~ 47% 28.1
6 6 83%|  56% 34.0 6 6 83%|  56% 34.0
7 71%|  64% 7] 7 71%|  64% 39.7
8 | 8 8 8 8 1% 71% 450](8) 8 8 8 8 71%|  71% 45.0
9 64%|  77% 503 P~ | _ 9 64%|  71% 50.3
() [ 10 56%|  83% 56.0 ' 1T (w0) | 10 56%|  83% 56.0
/- 11 47%|  88% 61.9 g:gg é\pﬁ = 11 4% 83% 61.9
12 12 12 38%|  92% 67.6 P 12 12 38%|  92% 67.6
13 29%|  96% 73.2 13 29%|  96% 73.2
/1 14 14 20%|  98% 78.5 14 14 20%|  98% 78.5
/ 15 10%|  100% 84.3 15 10%|  100% 84.3
16 | fs 16 16 0%| 100% 90.0 16 | 16 16 16 0%| 100% 90.0
] 5 17 -10%|  100% 9.7 17 -10%|  100% 95.7
] g:gg é\pﬁ 18 18 -20%|  98% 1015 18 18 -20%|  98% 1015
19 -20%|  96% 106.8 19 -20%|  96% 106.8
/| 2 20 20 -38%|  92% 1124 20 20 20 -38%|  92% 112.4
/ 21 -47%|  88% 1181 21 -47%|  88% 118.1
22 22 -56%|  83% 124.0 22 22 -56%|  83% 124.0
| 23 -64%|  7T1% 129.7 23 -64%| 7% 129.7
(28) 24| 24 24 24 1% 1% 135.0] 24 [ 24 [ 24 24 24 7w 71w 135.0
' 25 71%|  64% 140.3 25 7% 64% 140.3
26 26 -83%|  56% 146.0 26 26 -83%|  56% 146.0
27 -88%| . 41% 151.9 27 -88%|  41% 151.9
28 28 28 -92%]  38% 157.6 28 28 28 -920%|  38% 157.6
29 -96%|  29% 163.2 29 -96%|  29% 163.2
30 30 -98%|  20% 168.5 30 30 -98%|  20% 168.5
31 -100%|  10% 174.3 31 -100%]  10% 174.3
RERHITTHNDISNT, T —RZUIV R DRA L ML TERA DB B\ ERVET,

TV =g Al o TUIGETE — R DUV EE X RA L CTE—Z B CETICIREIO T N384
TLA[REMER S F 97, T —RNURERRF DT —Z DORE) - F 2RI L 7=V 54 il —Rog)h
BZIFHIEDAT 7L —r U ARIZBITA[ & COREE—R Tl 58 A, 37bb

WA a8, 24, 40, 56 O FT]TIT > TESV Y,

According to example image above, movement size of step angle varied by the previous state of

step#. In some applications, large difference of movement size of step angle will cause motor vibrate
or sound due to missed step. To minimize motor vibration or sound, changing excitation mode should
be at step position #8, 24, 40, 56 of step sequence table on previous page.

Flry

ExHARA
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10.11. £ E— K TDEIE (Operation in each excitation mode)
ARBLGIE,
- INAT YT (2 MR X, MLV —EE—K /100% 7 /L L7 — Rl %)
« N—T 277 (1—2 MR T, MV A_T R —EE—R,/100%7 )V ML 7B —R il %] i)
- 4B AraRT Y7 (W1 —2 MR 20
- 83 EI~ArrRT YT (2W1—2 FH b 5 )
- 16 EIvArrAT YT (AW1—2 b )
(RIS TWET,
This IC can use 7 excitation modes below:
-Full Step (2 Phase excitation, Constant Torque Vector Mode & 100% Full Torque Mode)
- Half Step (1-2 Phase excitation, Constant Torque Vector Mode & 100% Full Torque Mode)
*Quarter Step (W1-2 Phase excitation)
-Eighth Step (2W1-2 Phase excitation)
- Sixteenth Step (4W1-2 Phase excitation)

o UoBERKAEH 31 /51
SANKEN ELECTRIC CO., LTD.



http://www.sanken-ele.co.jp/

m SX7232M/SX7236M T—42 L — I Rev.2.5

10.11.1. 2 B (FILO RS9 FJIL—FEE— F, Full step with constant torque vector)

DIR=H
MS1=MS2=MS3=L

see | L UL L L L

100

71

Phase 1
IOUT'IA ob—_1
Direction = H
(%)

—100

100

Home Microstep Position
Home Microstep Position

71

Phase 2

IOUTQA [ MNP WU N R R ————
Direction = H
(%)

—100

X BFHOH )BT Itrip D T1%ICERES L, A1 EBIRORTMLVE A (ML 7 X7V ER) 3
WTIDOAT Y TIZHENTEH 100%E78HIIL TWET,
Output current of both bridge are controlled as 71% of Itrip(max). As a result, combination of
vector (torque vector length) of output current will be 100% in all steps.

% OUTA—OUTB ([ZERPTILTODRFE T TRAEL TVET,
Positive current is defined as from OUTA to OUTB.

% DAC O%fEIE Typ fETT,
DAC %values are nominal value.

o UoBERKAEH 32 /51
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10.11.2. 2 #ARhRE (100% 7 )L kJL S E— K, Full step with 100% full torque)

DIR=H ¥
MS1=H, MS2=MS3=L

see [ LI LU UL
100
71 S E
Phase 1 e e
| 8 8
OUT1A 3} A Iy T S N '___5' I
Direction = H E o
(%) $ 2
-1
-100
100
71
Phase 2
IOUT2A ) N R N PN S E— E—
Direction = H
(%)
-1
-100
% OUTA—OUTB ICERDIEAL TWDRFEZ T T AEL TNVET,
Positive current is defined as from OUTA to OUTB.
% DAC O%fiElE Typ T,
DAC %values are nominal value.
o oBEBRHERAEH 33 /51
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10.11.3.1-2 ¥R (FILD RO FIL—FE— F, Half step with constant torque vector)

DIR=H ¥
MS1=L, MS2=H, MS3=L

stee [TUUUUULUUTUL
100
71
Phase 1
louTia 0 — P P
Direction = H £ g
%)
e 2
—71 % 'E
~100 é é
100 % E
71
Phase 2
lOUTZA () — e -
Direction = H
(%)
—71
—100

X MO ERIS Ttrip O T1%ICERESHL, HERON7 MG EE (ML 77V E) 3
WTHIDAT Y FIZBNTEH 100%E72531 L TOET,
Output-current of both bridge are controlled as 71% of Itrip(max). As a result, combination of
vector (torque vector length) of output current will be 100% in all steps.

% OUTA—OUTB ([ZERPTILTVODRFE T TRAEL TVET,
Positive current is defined as from OUTA to OUTB.

* DAC O%fEIL Typ fETT,
DAC %values are nominal value.
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10.11.4.1-2 ¥R (100% 2 )L kLY E— K, Half step with 100% full torque)

DIR=H
MS1=MS2=H, MS3=L

stee [UUUUUUUUUUUL
100
71 g S/
Phase 1 g g
loutia _._.E S - _éf
Direction = H = 3
)
71
~100
100
71
Phase 2
lour2a 0 b= L — i
Direction = H
(%)
L1
2100

% OUTA—OUTB [CE R IAL TWDRFEZ T T AEL TWVET,
Positive current is defined as from OUTA to OUTB.

% DAC ®%fiElx Typ 5T,
DAC %values are nominal value.
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10.11.5. W1-2 #HEhf# (W1-2 Phase)

DIR=H F
MS1=MS2=L, MS3=H

A
100
.
Phase 1 .
louria 0 o e e e ) e e e e | e e
Direction = H _
)
¢
—71 %
53 E
%
I
71
Phase 2 %
|0UT2A 0 e e e e e S S N R P N PR A N I
Direction = H
(%) s
71
100

% OUTA—OUTB [ZEIRPTILTWDRFE T TRAEL TVET,
Positive current is defined as from OUTA to OUTB.

* DAC O%fEIE Typ fETT,
DAC %values are nominal value.
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10.11.6. 2W1-2 #8EhE4 (2W1-2 Phase)

DIR=H
MS1=H, MS2=L, MS3=H

100
92
83
71
56
38
Phase 1 20
loutia 0 A N S S P S N N S —_— —— L
Direction=H _,, -
% 2
(%)
_56 o
-71 g _l_
-83 g
-92 =
-100 E
L]
100 E
92 z i
83 f
71 —
56 ‘
38
Phase 2 20 I~
IOUT2A () o e et e o e e e o RS (R I S PR R N U N O A A [ S [ I N Ay
Direction=H _,;
(%) .
-56
=71
-83
-92
-100

¥ OUTA—OUTB IZERDBIILTWVDRFET T AEL TNVET,
Positive current is defined as from OUTA to OUTB.

* DAC O%fHEIE Typ fET9,
DAC %values are nominal value.
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10.11.7. 4W1-2 ¥8EhHE (4W1-2 Phase)

DIR=H
MS1=L, MS2=MS3=H

Phase 1 10

lOUTLA [ I B Y T = Ry SN 3 A A P A 5 R O A A [ ) S S S 5

DIR=H

(%)

1
3
Home Microstep Position
]
|

=]
@

2
V<)Y

Phase 2 10
|

DIR=H

OUT2A Py g 5 A A 5 A I oy A O

(%)

=71

=77

-83

-88

-92
_g8 -96

—100

¥ OUTA—OUTB (BRI CVODIRFE T TAEL TWET,
Positive current is defined as from OUTA to OUTB.

% DAC D%fiEix Typ fliT9,
DAC %values are nominal value.

Yo vBESKAEH
SANKEN ELECTRIC CO., LTD.

38 /51



http://www.sanken-ele.co.jp/

m SX7232M/SX7236M T—4 — k Rev.2.5

11. EMEREE (Operating wave example)
RENVER I BUTBEAL T OF — X TES LIz —FITHY |, BERICKIL FRllrm T EfERE
K&l — DR Z RFET 2D TIEHV ERE A,

Operating waveforms below are captured using a motor that Sanken own and only for your reference
information. We cannot ensure completely same characteristics as below in your conditions.

4 : VBB=24[V], Rs=0.12[Q], Ttrip=2.2[A]
Conditions: VBB=24[V], Rs=0.12[Q], Itrip=2.2[A]

2 FAlhEE (M7~ 8L —EE—R) MS1=MS2=MS3=L
Full step excitation (Constant torque vector mode) MS1=MS2=MS3=L

Tkt | Ed

Tkt

STEP STEP

o P - louma
- L ' 1ouTea
S . \ ]

. OUT1A
B2

Chil sV T Niz.ooms A Chi £ 0.00A Gl 00V T Mz ooms A Chi £ 0.00A
iE 2.00A% ch4[ 2.00 A% | chi[ 1.00A%
W[10.00 % W[10.00 %
Tek{=1F | =i ] |
1 LT LT sTEe {1 OUT1A
o - QY B
: : 1 [kt """Ilu’“ i . . ; : ; : : : :
Ve LR R 4. Al i
: | ouT1A
: : : Sen2
i | 1
il | I
_ | OUT1B
Chi 5.00% [Chal 200mv SM[T.00ms A Ch1 # 1.00 V) @i Z00A0 [Cha 200my GMZ.00ms A Ch1 #  0.00 A
200mvV_ & ch3[ 20.0¥ [Cha 20.0V |
Wi[10.00 % Wi10.00 %
e = A
Yo oBERKRAsH 39 /51

SANKEN ELECTRIC CO., LTD.



http://www.sanken-ele.co.jp/

SX7232M/SX7236M T—4 — k Rev.2.5

2 FER: (100% 7 v bv2E—kK) MS1=H, MS2=MS3=L
Full step excitation (100% full torque mode) MS1=H, MS2=MS3=L

1 OUT2A

1B

chi s.00v

M2.00ms A Chi £ 0.00A

chi s.00v M2.00ms A Chi £ 700mA

BIE 2.00AQ Cha] 2.00AQ | 1.00AQ
Wi0.00% W[0.00%
Tek{=lE | (=i} ]
e . .

STEP

gt LT

3

Chi 5.00V  Ch2| 200mv &)

200mV &

Chi 2.00A G @B 500mv &M2.00ms A Ch1 - 0.00 A
Ch3 20.0V Jchd| 20.0V |

10.00 %

M(T.00ms A Ch1 7 1.00]

W[10.00%

Tokip: | i ]
| STEP STEP
JoUT1A
| OUT1A
BT

| OUT1A

Hmm"—““l OUT1B
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1-2 b (ML~ v —EE—R) MS1=L, MS2=H, MS3=L
Half step excitation (Constant torque vector mode) MS1=L, MS2=H, MS3=L

Tk | b
OUT1A
B
chisoov M.00ms A Ch3 7 —S40mA Chisoow M4.00ms A Cha 7 —S40mA
ch3 2.00AQ [@iE 2.00A0C | 1.00 A G
Wi(10.00 % 010,00 %
Tek (=t | . [=ﬁ : : =] : :
: : : - : : : : : OUT1A
B
B
¢ OUT1A
Sen2 =
y OUT1B
ChT™ 500V Chal Zoomy sIM2 ooms A Chl 7 700 v=| ChiT™ 500 A0 B So0my sIM2 ooms AT éﬁomp:]
200my &) ch3 20,0V [chd| 200V |
W[T0.00% [70.00 %
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1-2 FHfbRS (100% 7 /L L27E—R) MS1=MS2=H, MS3=L
Half step excitation (100% full torque mode) MS1=MS2=H, MS3=L

h|
il

[ sree

1 OUT1A
1 &k

chi 5.00v | ' M&.00ms| A Cha £ —880mA chi 5.00v | ' M4.00ms| A Cha £ —880mA

ch3 2.00AC W 2.00AQ | 1.00 AQ
Wi[10.00 % W[10.00 %
Tek{=lE | [ — : 1 Tek{=lE | e : |
. . . « STEP .
[T : : : : : - OUT1A
1 B
2
3 : . ' OUT1A
E: ‘ i OUT1B
Chi 500V Toh Zo0my ;qM|2.0:0msJ =A|_c[11 F 100V Chil~ 200 A0 (B 500mv ;qM|2.0:0ms| =.A.| Chl £ 560mA
200mvV & Ch3| 20.0V  |Chd4[ 20.0V
W[10:00 % | W[10.00 %
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W1-2 fRibké MS1=MS2=L, MS3=H
W1-2 phase excitation MS1=MS2=L, MS3=H

Tk b ] Tk | ]
sTEP ] L | STEP
10UT1A )
' 1 ouT1A
1 B
: i
1 OUT2A
1 &
chi] s.00v | : M|4.();()ms| ;A| Ch3 f—ssnmx-;q chi| s.00v | M|47.();()ms| ;A| Ch3 f—ssnmx-;q
ch3 2.00AC W 2.00AQ | 1.00 AQ
[10.00 % | [10.00 % |
Tkl | i ]
STEP .
: « OUT1A
| EmW
: I‘ ] Senl
; Senl
* OUT1A
Sen2
t OUT1B
chi| 5.00v  ChZ F60mv ;qM|4.0:0msJ =A|_c[11 F 100V Ch1 2.00 A< [61F) 500mv ;qM|4.0:0ms| =.A.| Chl £ 560mA
OGE 200mV & Ch3| 20.0V  |Chd4[ 20.0V
W[10.00 % | [10.00 %
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2W1-2 fHhté MS1=H, MS2=L, MS3=H
2W1-2 phase excitation MS1=H, MS2=L, MS3=H

| STEP

J OUT1A
1B

Ch1 5.00v |

Ch3[ 2.00 A% [@EE 2.00 A< |

MT0.0ms| A Cha £ 0.00 A chi 5.00v | ' M10.0ms| A Cha £  0.00 A

1.00AC
W[0.00% W[0.00%

Tek{zi.t | =)

of OV O OO s

. OUT1A

OUT1A
Sen2
F OUT1B
CRIT 500V Tohal 200my aMT0.0ms| A ChT F 1.00V CRT™“Z:00 A s B 500mv  aMT0.0ms A Ch1 7 560mA
200mv_ & Ch3[ 20.0V  |Ch4] 20.0V
[10:00% | ©[10.00 %
== = .
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4W1-2 fHfEbfé MS1=L, MS2=MS3=H
4W1-2phase excitation MS1=L, MS2=MS3=H

Tek (215 = g Tek (215 = ]
Il : steP [l | STEP
JOUT1A )
: ] OUT1A
1 &R
10UT2A
1 Bt
Ch AT ViZ0.0ms| Al Ch3 7 0.00 A ChiT 500V ] W20.0ms| A Ch3 7 0.00 A
Ch3 2.00 A< [Ch4[ 2.00 A< | 1.00 A
Wi[10.00 % W[10.00 %
TokfEL | —— —
o [ STEP
: | OUTIA
B
| ouT1A
F OUT1B
ChT™ 500V Jeha So0my sz oms A ch 7 Toov ChT™“ 200 A o[BI S00my Sz oms A ThT 7 S60mA
200mv_ & Ch3[ 20.0V  |Ch4] 20.0V
1000 % | W[10.00 %
Mixed Decay FEHLIEE FLEK)
Mixed Decay current waveform (enlargement)
Tkl — —
ﬁ M . M M
[Z]
TTCha[ Z00my  nM40.0ps Al Cha £ 1.21 A
S00mA G
W(10.00 %
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12. 7F)4r— 3> (Applications)
12.1. 8EZERL A4 7 b (PCB layout)

TV MR OERRT GND iz 38T 501U TRV, BRI L OB 2B 4 i 12
THIDIT, T HAARIT VRO BIZERETIA AT LU TEE N,

The printed circuit board should use a heavy ground plane. For optimum electrical and thermal
performance, the IC must be soldered directly onto the board.

EIRAA G T (VBB S 1) 13 &M= 7 >3 (100uF BLEOLONRLEELW) TF Ay 7V 7 LT
TZE, F2XDEMAL T I H KT SAADELITIAEF L TSN,

The load supply pin, VBB, should be decoupled with an electrolytic capacitor (typically >100 uF)
placed as close as practicable to the device.

W dv/dt AT U TR AR B S I LA R T 57201, H 7 iy Y D 71
Uy I AT AATBET JOIZERRL TTEEW, i8H, vy AT /AR &k § 57
DOIT RNA B —F A TRIAT LTSN,

To avoid problems due to capacitive coupling of the high dv/dt switching transients, route the
bridge-output traces away from the sensitive logic-input traces. Always: drive the logic inputs with a
low source impedance to increase noise immunity.

12.2. Grounding

FRAAD GND 12 1 5 GND E#RIZ2 5151l T REW,GND i+ (13,31 Fii 1) 13307
—P DA (PCB 1) THE 3 28912 TTZE0 N,

A star ground should be located as close to the IC as possible. Two GND pins (#13 and #31 pin)
should be shorted together externally on PCB.
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12.3. Current Sensing

DB~V ORI SH, GND E#R COBELER ML EL T/ NRIZT 5720
TR EREUL T NAZD 1 5 GND (TS THERE L TTES 0,

In order to minimize the effects of ground bounce and offset issues, it is important to have a low
impedance single-point ground, known as a star ground, located very close to the device.

Fo, BT N RLES L TIZS W, HIHUEAME NS DIZBIL Tk, 7V MR ALK
PUCEDBEERE TAREREIEZ DD, TV MER ETORHRS [ ERIL A B BT D023
&Di‘é—o

Copper route should be thick and short as possible. For low-value sense resistors the IR drops in the
PCB sense resistor’s traces can be significant and should be taken into account.

Vi hOE X, E ORI LR HIEFIO AT Y X DRI EH 720 E T O TR TTES 0,
The use of sockets should be avoided as they can introduce variation in RS due to their.contact
resistance.

h

12.4. ZDHDFEEIE (Notice)

BT, AT 12 MOS [RIEZ AL TOETOT, L FORNFICHERL T RS,
This driver has MOS inputs. Please notice as following contents.

c BEKOBELLTVEXIL, ENOBEOEHE 5512 To T FEW, oA BI3EE
NRELLT VDT, +oREERNMNETT,

When static electricity is a problem, care should be taken to properly control the room humidity.
This is particularly true in the winter when static electricity is most troublesome.

Z‘JT

- FFESD IC ICHUME Ve W I ATIF 72 E D DOBLARCT v 7 VIR ICERL T RS
W, FV U NERR DS 1-70 EZ FAE U CIRIBEN ST HRED LB T,
Care should be taken with device leads and with assembly sequencing to avoid applying static

charges to IC leads. PC board pins should be shorted together to keep them at the same potential to
avoid this kind of trouble.
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13. EEffi-R— K (Evaluation board example)
13.1. B4 (Circuit Example)
SX723xM Evaluation Board Ver.2.0 [B]§&[X]

VDD 0.22u (X7R) 0.22u (X7R)
1| L VBB
c2 ci
CPL CPH VCP VBB
R10 VBB | . :
10k REF VBB l l
CD1 VBB CAl1 CAl + GGl
0.1u;|; o.m;l; 0.1u;|; 100u
sten O SLEEPnN
STEP (PH1) (O)————— STEP (PH1) ouTiA———) O/1A
DIR (101) (O)————— DIR (i01) OUT1B O o/iB
ENBn (111) (O—————1 ENABLEn (I11)
MS1 (PH2) (O—————— MS1 (PH2) ouT2A O 0724
MS2 (102) (O—————— MS2 (102) outzB———) 0/28B
MS3 (112) O————— MS3(112)
SenlA
VDD SeniB |
R3 Sen1
2k J1
1 :
FLAGn O — FLAGn Sen2B 01y
Sen2 e
J2
GND CcS2 RS2
024Q

13.2. ER{EHEHI (PCB specifications example)
M'E (Material) : FR-4
$i%E= (Copper thickness): 70um (20z)

PCB E (Board thickness):1.6mm

J&4% (Copper layers):2 J& (i) /2 layers (double sided)

o.m;l;
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14. HMAHEIZDLNT (Soldering)
14.1. ') 7 A—3 A+ I+ (reflow soldering)

ZEB)7o—HMTRE T 77 7L
Recommended reflow profile

temp. ramp up rate : 3°C/s max.
temp. ramp down rate : 6°C/s max.

245°C over time

30 sec typical

7T N e

2 1

2 e A
|
S A0 V) L 1
O 8 ,
o “6 :
® o ;
uc| % 150"~ """ TTTTTTTTTTTTITTTATT \
X 5 !
] = : . !
&~ % Pre-heating period !

= 60 to 120 sec

Temperature rise slope
3°C/s max

25 > t 25°C to Peak 245sec typical

7°C over time
60sec typical

e

IF[#] [sec]

Time

FEHE[E K 3 [BILAN
Reflow frequency: up to 3 times

14.2. 7 A—3FHE{F I+ (3BT « v 7, Flow ; Dip soldering)

A,
Not acceptable.

) FHET o7 CERE~ORERE) 13, BE RN RESAN = 7Ty 75| SEITT

EVHYEFOT, FHET 4y 7LD FHMSTITTEEE A,

Note: Since the dip soldering cause the package crack due to the heat shock,

acceptable for dip soldering.

the device is not

¥ VBRI
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14.3. FFHEAIT (FH I TIZ & HmMEF BT+, Manual soldering)

FHITRE: 350°C max
Iron temperature: 350 degrees max

IREARER] 0 1E40 3% max (HL., FRFZEANECEH AT A A
Time: 3 seconds max per pin (The device is not acceptable for manual soldering with many pins at
the same time)

) FAPERIETE RRFOERE MBI ERDET, 1R AR AR5
HZ T TN AT 2L TRV, £, FHI TR, 2TER SIS —=0 7' &
NTEY, Fe lEar e — U2 AL TRY, HEXKROSNTNDL DM 202
MHVET,

Note: The device is not acceptable for manual soldering with many pins at the same time. Please
solder each pin with interval to keep the device cool. Soldering iron should have its fine and cleaned
tip, and it should have the thermal control function, and it should be protected from static electricity.

15. RELDOFEEIE (Cautions for storage)

Yo TV mOREICEEU T, BH B EAREF TS,
AL G L, Moisture Sensitivity Level 3 (IPC/JEDEC J-STD-020D (Z#EHL) THY, BE D
PR ZEMEIT 30°C, 60%RH, 168h T3, (IPC/JEDEC J-STD-033B.1 =& ),

R ATV OREBER) — RO R E 2T 5% R E ORE X E IR (+5°C~+35C)., HiT
(40%RH~60%RH) 23 £L< | IR EZEA O KR ERGIT CORE ITRET TS, Fio, 77—
T ORIBETREE DZEAIC KD FEE RO R BA 2 1L F 570D H 2L T EREERE FTld, A%
3 HUNTOMAAEELLY,

Taped parts must be stored away from direct sun.

Moisture Sensitivity Level of this part is classed as 3 (reference IPC/JEDEC J-STD-020D), storage
condition is 30°C, 60%RH, 168h after moisture barrier bag is opened.

To avoid rust of lead or due condensation of package, please store at normal temperature and normal
humidity (+5~+35°C/40~60%RH). Please do not store at condition that have large difference of
temperature and humidity. Recommended store life is within three months after delivery.

Yo JEENEIT AE D EN ADFEAELIRWEEIRO DI AT CES B AR T TTZE0,
Avoid locations where dust or harmful gases are present and avoid direct sunlight.

Yo BRHIRE LT-b0IE, MAANZEEAFTHERY —ROFHE IOV TH AR L TTZEN,
Re-inspect rust of leads and solderability of the devices when the devices have been stored for a long
time.
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BEEZ

o REIZFEH LT a8 (LI, TR bWvwo) oFr—%, ¥, &, BLXOZOMOER (LIF,
IRTEH &) 1, AERITREROLOTY, RIERIT, KBRETTERIELEFTT L &0
b FET, ARG EFEHTIEEIL. RERPRFTTHD 2 & 2R ADICHRE L T ZE0,

o ABGIT, —MRE TRy (FERL., TS, WENCRH. IS ) o S
HZEEBERLTRBY £, ARG ZERAT BT, MAMEEEBICEL R IEAFHIO ) 2, K
HzBRENLET, SVEBEENER SN DEE (ks & 2 OfIEEE ., @[5 5k,
By dEE, BhildhE, KL aEE ) ITAMBEZHEH T2 2 L2 RFHT 28, LT FERcE
DOfFEH OGN DV THEALIRGER D ~FHFR W72 & . MIAMERREIC B A T34 I ) 2. K
HEBREWVLE, ARSI, 8D TEVEBEMNESR S oM £ 721 E (2R ks, |
T HHIE, = OMECIREEN EMC AR EEZ LT TRNOH D ERERSE (AARICBIT 5ES
T ZAMLLE) 72&) (LLF MREME) v )) ICERShL Z LB ENTEY A, FF
ERBICABGZEH L2 & CEBRRELITIE =FICAEL-HBEER SICBEAL T, Bhix—u%0
EEEAWEE A,

o R AMHTHIZHT= 0, AEGITHO R CHHM Z AT DB, HDWVILI S ORI
WERR, ALZRH, OO S 2O TR % i B81%, B OEEICELTED Y 27 &4
TR LIZ) A TITo T &N,

o MthiE, SWESREEMEORN BIZED TWETN, AL, HOME TRIpOMENBET D
TR SN EE A, ARESKEE L, TOMEE LA R, KEEK aieBE R L
MWRAELRNE T, MERERST A L—T 4 v 7 EEEE LIS 2T, HHFEOETICE D
T, AENEH SN EESCT AT A BT, o Reikits LR 2 L PHHEEZ L3117
STLEEN, T4 L—T 4 71220 T, MIATEEEB L O R— A=V 2 2B LT 2
=,

o ABIIX, MHEFHRRFZ L TB0 A,

o AREIZFHE L TV DI ES. BIER. BIREE, NZ—2 LA T 7 ML BREHEL HEREG] AT
THLTWDTRTOFER, BLOIH SIS R R L1, A LozEL L URLED
DTY,

o KIFMICERT HHEAE EITE —FHOWNARDEE, BIOHERE £-I3%E —F0mOMEE%
Gt ENE & F Dith— U DR DR ERREIC DWW T, #-IT O F0ELEANVER A,

o KA, CEIC L DM OAEFE R LI A T 5 2 L A2 U £,

o KIEHIZHOWT, BAOFTA T DM FENER L O OMOMER] O FHE, £ 72130 A 2 359
HHDTIEDHY FHA,

o A LIkt L DM THEIRSLEIZ L 2B ENRWIRY | B, Ao ME (FEiLME. B8 X O%:
EHE IR IS T a2 &) o NCAE®R (EmME. AR, BLIOE#EEL
ETe) \ZOWT, HBIPLBURNEZRTDT . W RiEL L TR /A,

o AHLNL AT BT FFEOWEOEACM A Z BIHI9 5 RoHS 54572 &, A S5 alREMEN
b HEBEEMEES 2 T0ICHE L9 2T, YESICHEATA L) ICHA LTI EE 0,

o RGBS L OARIEHZ, KEMIELIROMEZELEFHBRCZOMEFFHO BB THER LW
TLIEEW, F72, ARLB X OKRER @ £ 72130 E R 7 SRS 2 B0%, DRE G &
HAI 0 EABRONMNEZSE 2L, SECTHA SN 2@HEHRIES R EEETFL TS

A
o MMM LIAMC BT 2 AR OW T EDER D b T 7o T, BT -2 0EEELA
WEHE A,

o REIL, EfZWITOICEEICEIELZ SO TTN, KAEIRROBBRNWZ L E2RIET 2 H DT
HOFEFL, T, REFROERY SLCKRFICERK LT, FHFICHEENE CZGEEICBWTYH, i
=82 0ELEZANVERA,

o ABLE AT 2O — M el H EOEEIIEA R — A= % FFICERT 5 NI ALER
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