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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 charae.
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1. [XLC®IZ (Introduction)

SX7232M/SX7236M &, AT v’ 7 B4z B — o HRREM < A n AT o B Tk
JEE—HRTARTY, Wi — 72 ED, B—H %07 M5 S CRiBLICHIE T 52N T
FI, B—EIFREERIGOTD, Wik — 7o EaifEf 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.

b —RIX, ZVAT Y7 (2 FERE X, My _IML—EE—R,100%7 VbV 7 E— Rl
X)) s N—T A7y (1—2 MRS, ML _I7ML—EE—R,/100%7 /L L7 E—R %}
&) <4 El~A 7027y 7 (W1—2 fHEE 70 -8 <~ A 7nx7 > 7 (2W1—2 A5 20) -
16 3B~ A7 aRT 7 (4W1—2 FRIE T 20 1R R L TOET,

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, WA &L CeaT Vo Al BV (TSD) 1 #E | KB E A~ #
(UVLO)RIE , H @& el & E iR (OCP) el A2 A L W ET, HE&{}ILT%IJ%EE&
(E, T —Z M )81 DO R  Huf - S a— Mt T ol B A R L £,

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 (Z##EI TS 2 50 H 7V (2T N HlF v 2L FET THERKX

WTHED) L, WIht OFF e[ E > PWM Hilf#El I L Bkl S QnET,
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.

KEATYAZEBTDH H 7V I b B, SMT T OB BRIt (Rs). )771//%“ +
(VREF)BXO—7 B0 oDE5%2% 772 DAC(DA 2" —4) O HEIEICE-> TR EVE
D

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).

BIFNL D EDRFS LIV By MFIZEB W T, =7 2LV EFED DAC H ) EERO FHmiE
#H# > Home State |ZZ ESIVET,

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

B HIEE —RIZEAE & Mixed Decay (ZEEEIILET, 20 Mixed Decay E—RIZED, E—
HOWEELIZIDEIEIEDOEEMNMZDHIENTE, A/ AT Y7 OEWELR IEME/RH DI
TWET,

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 ¥ FITAE 57 1 7SV AANIEnDE, o —r Iz BEIIIC DAC I EEDROE
JEL~UUZBATLE T, T —RiZ, MS1, MS2 BLUMS3 Duy v /(g Sl Tk EshE
7, E—HElHE 5L, DIR S - Oa v 2 I CRETEET,

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.

Yo UoBESKASH 3/51
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2. ¥ K (Features and Benefits)

> i ON #EHiH /) (SX7232M :50m Q typ, SX7236M :80m Q typ)

Ultra-low ON resistance outputs (SX7232M:50m Q typ, SX7236M: 80m Q typ)
> 16 /&I~ A7 aR Ty 7 ETA TBYDFHEE RT3

7 types of excitation mode up to sixteenth step mode
> I E ) DA — T HERE N 8k

Low current sleep mode

> [ SRR G RE LS D |1 A= B oD BIR SR DRTRK

Synchronous rectification for low power dissipation

> AR ORE PR RE PR
Internal protections
o U—F Ukl (POR)
Power-On Reset

® (L& EIRFEMEE (UVLO)
Under voltage lock out

o BFMRIMREIERE (TSD)
Thermal shutdown

® ik, Mk, BE—FaA N a—MNIx T Dl B R (OCP) Al #E Nk

Over current protection for short-to-supply, short-to ground and shorted-load
® HIINTANICHITDEMEIRELT v R & A LR #L

Crossover-current protection

> FERIEZ IO 27T 7 U HRE N
Diagnostics output, FLAGn pin

> H—EREERHS (N — 7o a7 B AR )
Single supply operation
(No require external logic supply to drive internal sequencer)
> By 7 ASIOSLS BFISES FFIEFY — 7 A7) —
Special power-on/off sequence is NOT required
> 2 FADIMEA T v ar & HE (SX7232M:40V i, SX7236M:60V /i)
2 types of voltage rating options (SX7232M:40V, SX7236M:60V)

Yoy UESKAST 4/51
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3. YU—XFDOIEA (Selection guide)
AEITERHIFLHE SN T DR O B AR IZLL FO#@v T,

Please refer to following table of SX723x series.

Parts No. ﬁﬁﬁ%k i . Ajj 747 Status
absolute maximum ratings input type
SX7231M Phase /\J)
40V Phase input
SX7232M Clock AJ) o
Clock input VAN IS IS
SX7935M Phase?\ﬁ samples available
60V Phase input
Clock A 7j
SX7236M Clock input
4. AR (Specifications)
4.1, #EXIRKXER (Absolute maximum ratings)
ke R EH (Tj=25C)
Absolute maximum ratings (Tj=25°C)
HH e BlksiE L2174 e
Characteristics Symbol Rating Units Notes
FEREE vV -0.3~40 \ SX7232M
Load SUpply voltage BB -0.3~60 \Vj SX7236M
HEWE (* D) - oo A e
Output current continuous
=Yy 7 ANBIE Vi 0.3~55 Vv
Logic input voltage
HAhERE v -0.5~40 \% SX7232M
Output voltage ot -0.5~60 \VJ SX7236M
B EE
Sense voltage Vsen +05 v
REFANIEE
V -0.3~5.
REF input voltage REF 03~50 v
FLAGNH 1 EE
V -0.3~5.
FLAGn output voltage fleg 03~55 v
FLAGnH /13t AE SR | 10 mA
FLAGnN output sink current flag
PRy r =R —f% (%2)
P
Package power dissipation P 8 w (*4)
B R E 9
T —20~
Operating ambient temperature A 20~85 ¢
wr/ﬂj/a VIRE (%3) T, 150 C
Junction temperature
RAFIRE Tstg —40~150 c
Storage temperature
YU UERKASH 5/51
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(k1) B F A PR EE | BRI E > THIRED T HZ L HVET,

WD S FICRBWTH IRU T, FEESN T E R E I I L Ui K& 5B IR
(TI=+150C) & BEX 72N JHZL T RS,

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.

(5 2) JE BHIR E (Ta) 23+25°C LA EDOH41E,-23.98mW/ CIZCTT AL—T 42 7 BB L0 E T,
(BUE R DIAZ )
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) Pxr 7 a ARE(T)R+150 CE T IO B E £ T THEMALIZGE . 7/ A ANOY

— Ly NG SEIEL 8, ZO X575 T COME ML, W), BEFTTF S,

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) ot S22 (1.6mm, $i%% 35um, CEM-3, —/LR72L, HERZEMm) (2 CHIE,
This value is measured using CEM-3 PCB (t=1.6mm, copper thickness:35um, still air).

4.2 HEEEEERE (Recommended operating range)

HH £ B fE B %5
Characteristics Symbol Rating Units Notes
FRFREE v 15~35 v SX7232M
Load supply voltage BB 15~50 v SX7236M
HA R (k1) g
lout +25 A ;
Output current continuous
] NS =
2> I AIE Viy 0~5 v
Logic input voltage
RHEE
+
Sense voltage Vsense +03 v
REFAJJEE
V 1~4 \%
REF input voltage REF
FLAG £
nti ) EBE Ving 0~5 v
FLAGnN output voltage
FLAGnH 713t A B
. Iﬂag ~1 mA
FLAGnN output sink current
W fF A I 1R ™ o ©
Operating ambient temperature
Ry —VRERE .
Package surface temperature Texe 8 C

1) R A SR E R DA DAL A e KERE L T IS T2l sh a6 A%
ZHO b O ER A D FOBENTD N 3705 I BEEA T o 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.

Yo UoBESKASH 6/51
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4.3. JHTEH (Power dissipation)

3.5
3
= N
— 2 25 \
" & 2 \\
K 1.5 N
= 41.7°CIW
Bl
2 1
N
1 )
i\éﬂ 0.5 E
2 0+
N

=20 0 20 40 60 80 100

JEIPHIREE Ta [C]

Ambient temperature

¥ LEoOBERKIT, (1.6mm, #ifE 35um, CEM-3, E—/LR7Z2L ., HIRZEW) O Fbk 3 kpe
TOMETY, FRBEFRIT. RO — OfiamEIc > T LET O TIEE FE
A

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.

Yoy UESKAST 7151
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4.4 FEXHIYEME (Electrical characteristics)

(FriZlr7e& 46 Ta=25°C. Ves=Vesmax)V)
(Ta=25C, Vee=Vegmax)V, unless otherwise noted)

tH AE (Output Drivers)
HIEEE e FEfE Limits Bf HEsH
Characteristics Symbol | mIN | TYP | MmAX | Units Test Conditions
10 - 40 \Y SX7232M, operating
FEREXTHE Ves 0 - 40 \Y SX7232M, sleep mode
Load supply voltage range 10 - 60 v SX7236M, operating
0 - 60 \Y SX7236M, sleep mode
- 50 80 mQ SX7232M, Source, lout = -5A
MOSFET ON#&#Ht R - 50 80 mQ SX7232M, Sink, lout = 5A
- DSON
MOSFET On resistance - 80 110 | mQ SX7236M, Source, lout = -5A
- 80 110 mQ SX7236M, Sink, lout =5A
MOSFETHR T 4 —DilEEE v - - 1.25 Y, Source, lout = -5A
MOSFET body Di forward voltage F - R 1.25 \Vj Sink, lout = 5A
; BRI, HAOFFRy
L dIS%iJEI%ﬁﬁ t lgg 5 10 15 mA operating, output disabled
0ad SUpPly edrren - - 20 A RY—FE—F sleep mode
H4EER (Control Logic)
Logic Ay BE (SLEEPNSRFBR) | v,y | 20 - - Ving
Logic input threshold (except
SLEEPnN) Vinw) - - 0.8 Vine)
SLEEPNSEF AN LEVMERE
\Y . - 2. \Y
SLEEPnN input threshold msieer)| 0.8 >
BYYI AT ANE .
Logic input filter t ocic - 1 - us STEP, DIR, ENABLEN, MS1, MS2, MS3, 58X &R 7iE
RYYIANT NS T A Rep 20 | 30 | 40 | k@ | STEP, DIR, ENABLEN, MS1, MS2, MS3, SLEEPn
Logic input pulldown resistor
- =7
Logic AZNBIEERTVS 2 Vi | - | 300 |- mV | STEP, DIR, ENABLEN, MS1, MS2, MS3, B EHRIE
Logic input hysteresis
PWMZZ % 7 K] t i 2 i .
PWM blanking time blank H
& A OF FB [
t 2 4
Fixed-off time OFF 0 %0 0 i
REFASBIEHE
v _
REF input voltage range REF 0 4 v
REF# T- A ST B | 3 i 3 N
REF input current REF r
BHRN L) F— - - +15.0 % Vrer = 2V, P l1reipmax=38%
Current trip level error err, - - +5.0 % Vrer = 2V, % ltreipmax=71%
(X3) - - +5.0 % VREF =2V, %ITreipMszloo%
FLAGNH R EE VEL(ON) 0.05 - 0.6 \Y IFLAGNn=2mA
FLAGnN output saturation voltage 02 15 v IFLAGN=7mA
FLAGNHAY—27 &
IFL(OFF - - A VFLAGN=5.5V
FLAGnN output leakage (OFF) 50 K Gn=5.5
SendfiF A ik len | -10 | - 10 | pa Senl, Sen2, Vsen=0~0.5V
Sen input current
IUAF—IN—FT YR ZA L B B 5 -
crossover dead time Tor 1000 ns BRAHRAE
STEP%%AjJ JA B tSTEP - - 250 | kHz Duty=50%, &% SHEREE (3%4)
STEP input frequency
R~
Continued to next page
Yoy BRI 8/51
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R BB (Protection)
1 EIANE onalsme
ﬁ%gﬁé%ﬁte:ﬁmeﬁ%ﬁ Tocriitter - 1 - us R EHRAE
OUT-GNDRIEEFE. Low SidetH
BERKRUEE Voceis | 0.95 | 115 | 135 M OUT-GND voltage, Low side detect
Over current detect voltage VBB-OUTRAEE. High Sidei&H
Vocers | 0.25 | 045 | 065 v VBB-OUT voltage, High side detect
BEREEERE T 140 © HIEICIR B
thrmal shutdown temperature JTSD control die temperature
BRREERTIVR T 20 C
thermal shutdowwn hysteresis JTSDHYS
BEETRESFERT v 80 i 98 v Ve BIE. X5 E03VEE
UVLO voltage uvLo ' ' VBB rising
_ =
BEEFREEXTIX Vouns | 015 | 03 v

UVLO hysteresis

X1: RPOATE

im0 St 2R 2~ L TR Y £,

Negative current is defined as coming out of (sourcing) the specified device pin.

2 Typ T — X 1E

REMEHRE LTHEALTTRFEVY,
Typical data are for initial design estimations only.

%3 ¢ erm={(Vrer/8)-Vsense} (Vrer/8)

¥4 FREHATHMECTH Y, BAESIH EH A, [10.8 Timing Requirements] & &M 72 S
VN, EBITRARANAEBIGEWEEZ A LIESEA, ICIEEEL £ 83— X LBHET

T EHE A

Yo vEIKARA

SANKEN ELECTRIC CO., LTD.

9/51




m SX7232M/SX7236M Technical Note Ver. 2.4

5. 4B (Package dimension)
HAL : mm
Units : mm

22 +0.2
(HfEEN ST

o +0.15
4 fgg\g ] e an tﬁj[]5 2l
36 19 .
Q000 OOROROD00 o BAARR— - T
O | Ol 4«
oL N D
bz L s <
—_ - AR
L “|um
® O «*
> S v

1.050.2 _ &

 TTTT-TU0T00I0-T007

0.8+0.2 | L 0~0.2

(BE@EAS U Flax) I

ASRIE AR (S=20/1)

Yoy UESKAST 10/51
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6. B&Z > Fstik (Reference foot pattern)

BT : mm
Units : mm
[N ’\_
- O iO CD (F) O O (00
() a o [a)
— O~ [~ \_f_) :r ( ) — O D -~ S

o mmmmmmmm i

Yo UoBESKASH 11/51
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7. Pin 2%l (Pin assignment)
SX7232M/SX7236M
. ke HeRE . i e
Pin No. Symbol Function Pin No. Symbol Function
BRI T1IA 0T —FA2) BB T2B (XU—F1V)
1 SenlA Low side current source 1A (power line) 19 ki Low side current source2B (power line)
E—ZHwF1A E—# ¥ 1-2B
2 OutlA Motor output 1A 20 Out2B Motor output 2B
E—ZHNwT1A E—# M iw1-2B
3 OutlA Motor output 1A 21 Out2B Motor output 2B
TERA I+ TERA I+
4 VBB Power supply input 22 VBB Power supply input
5 hxe 23 e
unused pin unused pin
JIhtEAS = AT T — VR T EE T
6 STEP excitation signal input (logic input) 24 vCp charge pump voltage output
7 DIR (BI85 77 7] A 77 8 o5 CPH F ¥ —VR T W BT T2
motor direction input (logic input) charge pump caparitor terminal 2
— A3 Ea — R 3 NEER
3 ENABLEN * &@@ON/OFFAﬁ/mﬁ_‘ _ 2% CPL Ty —TRT {&ij:b‘)ﬂ_m%l
motor current shutdown/enable (logic input) charge pump caparitor terminal 1
Jibtt 7 R bt 71 AY—T7 i1
9 MS1 microstep selectl (logic input) 27 |SLEEPn sleep input (logic input)
T 5 R AE i -2 FEIRRE v
10 MS2 microstep select2 (logic input) 28 FLAGN diagnositc output (open drain)
T 5 AR AE i -3 AR R AR N ) b T
1 MS3 microstep select3 (logic input) - REF reference voltage input
e~ N = e T = />
12 Sen? R -2 (*ﬁ':iﬁ7/l)/)_ 30 Senl FE AR -1 (*ﬁ'dj7/|’/)_
current sense 2 (connect sense resistor) current sense 1 (connect sense resistor)
7R TR
13 GND ground 31 GND ground
e ke
14 unused pin 32 unused pin
FERA I FEWA I
15 VBB Power supply input 33 VBB Power supply input
E—Z i -2A E—# 1B
16 Out2A Motor output 2A 34 OutlB Motor output 1B
E—Z M w-2A E—# 1B
7 Out2A Motor output 2A 35 OutlB Motor output 1B
g T Ry ISRy i YT S
18 Sen2A @ﬁ*ﬁﬁ}fﬁ%ZA (X 74’/)_ 36 SeniB @le*ﬁﬁ}ﬂﬁ%lB (R 74’/)_
Low side current source 2A (power line) Low side current sourcelB (power line)
o@D cg oo,
TEFm ot _ r0 miEfRQ
$oo0o@m ZSWiISHaoo moo§
NOO0> CHWELMWOO>S >00w
36 EEFE _FE34: g _fgEgE 19
1 EEEE HEHHHHEEH ] 18
<< QA SC—NMANA MOICIC<<
TEEQ ESa22253 IOfEES
[ R | n m (%2] =
“oo < oo®
i1]
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8. AEI O v E (Internal block diagram)

S'—E'.E\P” CPL ,[ :L CPH
o/
Sen1 1 i \r \r
Charge vep
Pump
PWM
REF DAC Latch
T ¢ 0CP |» NMOS Full Bridge
STEP 1
-'é
DIR
.
> A
ENABLEn . Control
Filter .
& Logic Gate
MST ) | Drive
Translator
NMOS Full Bridge
MS2 1
> -ll-_J-‘
MS3
T
PWM 4
¢ Latch ocP ™
REF —»| DAC
Senij‘}
N
FLAGN ( ocP
— UVLO
TSD
M)
;];GND
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9. CHAMEIEMH (Application circuit)

/| —_l_ LOAD
VDD c2 ct SUESLY
VBB ] !
R1 VBB
VBB .
REF CA1—= Z/ZCA2
R2Z OUT1A
c Lo )
1 DR OUT1B
2 | {ENABLEn
5  {Mms1
_g - MS2
5 | Ms3 OUT2A
4+ | —{SLEEPn
ouUT2B]
SenlA
vbD Senl1B q
Sent
R3 Sen2A
Sen2B q
FLAGn Sen2
GND
- § -
Rs2 | Cs2 | Rs1 | Cs1
77
Cs]_/Csz . 01},[F/3V
CA1l:0.22uF/100V
B e CA2 : 200uF/100V
FHIZ VBB AV D/ ARIZEHEEL TRV, C1: 0.22uF/100V (X7R)
Care should be taken for transient noise of VBB line. C2:0.22uF/100V (X7R)

Vs 71U P RE O FLTIC A A3 704 CALB LR RefRse: 0.220(3W)
ST CA2 ZRALT RSV, HEAIRD 4 >85 VBB znzhn  RL:22KQ(1BW)
IERHLC S SRT T A BT 5 LA L S, R2: 15kQ(1/8W)

) ) ) ) ) R3: 10k Q (1/8W)
The two input capacitors, ceramic capacitor (CAL1) and bulk capacitor

(CA2) 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.

CA1 BET CA2 1%, PCBIZEDEMRA L E—H L A (R)L—h— /L7
ELETe) Z# CEXHLETRET A=D1, WAL LF—mIZFHAINAZEN
HELNTT,

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

Yoy UESKAST 14 /51
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YR P Rs B CIX B IR HI IR @ KA A 7 EE (BN AETHIERHVET,
Please take care that spike voltage (current) on Rs during current control.

ANATEIENRENG G ALV B EREH DT (Cs1/Cs2) ML TSV, 2D
2T U E D B 0% T LTE S, F S ET O B SR — N 2 SRR
LTSN, AEMEICELEL T, A A7 B AR u‘_ﬁif VR IESW (B L ELELT
1£0.1u FRETT)

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).

YeGND & —r D5 | EEILICIE 2 IZEREL T RSN,
The printed circuit board should use a heavy ground plane.

YeRs1/Rs2 THEH T DIRFLOBREITIER L TITEENY,
Please take care that choosmg resistor of Rs1/Rs2.

AR HIESUEIL, ARTERD & RDOSMF kb‘“( Sen Vi #JEM 0.5V UL T ERDHI070E
BEL TR, T2 LA ETOIEAL TODIREEIZ W TIE, AR i -8B E2S 0.5V 2 2
HAREMENBHVET, D72 | Byt MBI E R ER B ERFFARAEEEL GRELT
7ZEW, Rs1/Rs2 TH M DIPLOEMIT ST EL T, ZDIMPITHE T HH KD 2 (EFREED
EREDOLDEHELENTZ U ET EREUCIVIRFUENZEL TLEITD),

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).

YeR1I/R2 DIRFUETDIEEIZHOWT
Choosing R1/R2 resistor value

R1/R2/Rs DHFUHEREIZT VDD=5V OFMFTH 1.15A(E—2), VDD=3.3V DZAFTHY
760mA<1: 7) DRFHIp>TRYVET, I EFMEE AT ASN 205613, 10.2 AE PWM
EIEHE (Internal PWM) ]2 R8N,
Peak current will be set as 1.15A@VDD=5V, or 760mA@VDD=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 &
FEAE (Internal PWM)",

WAL T PR BEDIEEICONT
Choosing capacitor value

Cs1,Cs2,CA1,CA2 |3 /A X BREA AR LIz 7 IR E T,
Csl, Cs2, CA1, CA2 are decoupling capacitors.

Cl, C2 ®= 7 Wi, JISIEIA Hiks Class2 @ R H5: ($riE A RZ LR £ 15%) D% D%

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

JEHAEEFNC TZNO0ar 7o OR BEZHEREL L THEL TRV E 32, AREDEE
IZOETELTUL, BEARMTOE BBV THoBEEE T o7 ETTHE7ZS N,

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

Yoy UBRAR R
SANKEN ELECTRIC CO., LTD.

15/51




m SX7232M/SX7236M Technical Note Ver. 2.4

Ve T O EIZ DU T
\oltage rating of capacitors

CA1,CA2,C1,C2 D=7 Y Ofif 1%, SX7232M (40V &) %2l DA 63V it fhAME
ATEET, Fo, ERICBERRAITHEMASNLERELE TG, KOMEDRWa 7 Y45
ETHIENFRETT(50V dhed),

\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 RIS EROZBEEIZONT
Choosing the component value
i A E B GRS O E ORI EBILHETSEFI T, TXTOERIL, BELEMA T+
R TEE AR WA TR D b T IV,
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.

Yoy UESKAST 16 /51
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10. F/341 REIE (Device operation)

SX7232M/SX7236M 13, AT v 7B =2 BE T 52— PRREM ~ A7 AT v e 7%t
JST—FRTANTT, Wi — 7 kD, B —F% DR MG S CREICHIE T 523 T&
F9, H—EBFREEXEDTD, W — 7V EER ey 7 &I 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 sequencer.

T —Rix, 7V AT 7 (2 MGG R, M7 _IML—ET—F,/100%7 )V MV — Rl
KNG) e =T AT w7 (1—2 MR, ML _IML—EET—FR /100%7 L L7 E—R i %f
EB) 4 I~ AraxTy 7 (W1 —2 #iE 50) -8 B~ A7nx7 v 7 (2W1—2 Fafbks 570 -

6 HEI~ AR T 7 (AW1—2 FHIbE T 20 1T e L TOVET,

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

include full torque step modes.

SX7232M/SX7236M %, WEMEERIEEE L T ATV AfHEEMEH (TSD) [l #s | (K5 £ #
(UVLO)EI, H B @& bh kA, @Bt iR#E(OCP) a2 A L CUWET, il E i AR
L, B —F I8 O K - e - S a—NMIxT 3 ol Bt A R L £ 97,

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#HE TS 2 50 H 7V (2T N HF v 310> FET THERRS
WTWED) 1L, W nh OFF R [EEZo PWM il R 2 LV & dil i i g7,

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.

BATY7IZBITD H 7V IcinubdER L AMHT O BRI Rs), V7 7L AEE
(VREP)BL OV —7 o P nbD(E 5%% )72 DAC (DA 2 /3—2) D TEEIZL> TR EVE
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).

TEIFNLD _E2ERL LT By MWW T, v — 705 H30 DAC H I EEFRO 7 aE
D Home State [ZFREIIVET,

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

VLT e — R IXWFH &% Mixed Decay (ZiX ESILE T, 20D Mixed Decay E—RIZLD, JE“—
ZOMERELICEDEMEIEDOELMZIHIENTE, ~AVBAT Y7 OEMNEE EfERB DI
TWET,

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 i -5 528 1 7SV AANTISNHE, —7 L BEAYIC DAC ) EEDROE
JELASUIBATUET, i —RIE, MS1, MS2 5L U MS3 DRy /(R 51l ko TRIESHLE
9, BE—ZllEsJ7 A, DIR Wi f-ORPy 21 TRIE TEET,

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.

Yo UoBESKASH 17 /51
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SX7232M/SX7236M D ik fi =\

SX7232M/SX7236M excitation mode selection

R RE Fhi%E—F
MS1 MS2 MS3 Microstep resolution Excitation mode
248 Eh g
L L L Full Step 5 Phase
H L L Full Step(ZJLRILD) 248 (ZILRILY)
Full Step (100% full 2 Phase (100% full torque)
L Half Step 1-24B R
H L Half Step(ZJLk L) 1-248 i (T ILbILY)
Half Step (100% full 1-2 Phase (100% full torque)
L L oo |49 W1-248 fih Rk
Quarter Step W1-2 Phase
H ] H 85 & 2W1-2#8 h ki
Eighth Step 2W1-2 Phase
1657 E| AW 1-248
Sixteenth Step 4W1-2 Phase
H Reset Reset
Yoy VBRKA R 18/51

SANKEN ELECTRIC CO., LTD.




m SX7232M/SX7236M Technical Note Ver. 2.4

10.1. A< v A A (Logic input)

STEP, DIR, ENABLEn, MS1, MS2, MS3 ® A Jji% 30k Q (typ) D7 WA 7 AP NS HL
THEY, EAT VA a3y M H —+ lus(typ) 74V X D AT L7e o TVET, SN CrY Y 7
WICTNT T ELITNE T T HEEE, WO VE T ARGUEZ B EL TTZS0, 5kQ
LT CINT T IINET T HTEEHERRLET,

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 AF1 (STEP)

STEP Wi D H LRV Ty IZX0 e — U B EL | B — X DOl B X A% 1step FEll
EEEET, =7 E DAC ~DANE 5 LK 7 Uy VD E RO 7 Mz L £,
STEP %+ 1 326 LDy P TR A D RESIE, MS1, MS2 BLU'MS3 Dryy
7 DG D (FIBEE—RORIN) CIRESNET,

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 A1 (DIR)

DIR ¥ Day 7 AT, E—F OB A ilE H a2 R ELET, DIR W25 Low DI,
ERABEES ML CCW &720E 9, DIR b7 High OFE SR MAEE ST CW L7220 E
T, EEOE—HD CW/CCW D[altE AT — X DOFERIZ IV E DV ET,

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 F-DZAkIE, IRD STEP [ 5 A-> TET2LEITHO THENERVE T, STEP fin 1
NEL L7254 DIR i 1% High/Low (802 THE—XDEXAEE S AITEDHY
FH A,

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

10.1.3. Enable A 71(ENABLEN)

ENABLEn 8 0uyy7 AT, &—4@ED ON/OFF #0v#x 4, n’v2d High
AJ17T Disable (=—#1#%& OFF) . Low AJJ T Enable (£—#i@E ON) £720F9,

ENABLEn %iif- A 7137 MOSFET © %% ON/OFF 424868 T4,

=2~ AJI(STEP, DIR, MS1, MS2, MS3)i%, ENABLEnR i -Dwu sy 7 &3l
SMLLTCWET, ENABLEN (285 E—4#1@E OFF #lff Th->Th, IC 13> —F > ~D AT
(STEP, DIR, MS1, MS2, MS3)%& T E7,

ENABLEnN 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.

#2.1X. ENABLEn ¥ 1% High O¥RFET STEP 12 5 7SV A A3 5&, RIZ ENABLEn
g% Low (ZL7zL&(ZI3u@E OFF ERiO®EX A5 (DIR, MS1, MS2, MS3 TikE5)
bstep T HEATCE R ANGIEEZBLET,

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

Yoy UESKAST 19/51
SANKEN ELECTRIC CO., LTD.




m SX7232M/SX7236M Technical Note Ver. 2.4

10.1.4. Microstep Select (MS1/MS2/MS3)

MS1, MS2 XU MS3 D A, ik /7 D ER ATV E T
The microstep resolution is set by the voltage on logic inputs MS1, MS2 and MS3.

MS1, MS2 L0 MS3 ¥ - DZ8kiE, kD STEP 5 5 A- TEI- L XD THRhERD
F9°, STEP i+ 2 b L7256 MS1, MS2 555N MS3 ¥ 1-% High/Low (ZHIVFR 2 T
E—XOE T RIFTEDVER A, EDfhlE 2 —TMSx 20102 TH IC L TIERIEHY
FHAN, T—HFPBRETERWIERHVET, [10.10 AT v 7> —4 A (Step sequence)
BT EN,

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 T —lr s A (Step sequence)”.

10.15. Yt v + (Reset)

MS1, MS2 LU MS3 fin 24T High 4524 T, Vv MifELeDET, Vv REE
I, v—7 %% Home State (X EL., 1177 MOSFET 24 7TC OFF A AL B —F Rk
) ICLET Uy iEFR, o — 3B IEL TEY, STEP, DIR, ENABLEn A /Ji3V+t
IBERESNAE TEMASNET F2, Uy NMEIX OCP 12857y F A 7 IREEDRERIZE
ERT2ZEMTEET,

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 IC 1INV —F LYy MERRANESI TRBYET O T, @HEICIBS W TUIERKZA
FRIZRERNC MSx 12 LAY By MEATOMEIIHD ERE A, HlZIE, STEP 7SV AA A ITIZE
SANMBEEZHERL TWDE—F DA —7 L L —THIFNC BT LIZ B2 L1, RVt
BEREZAE L TIZE W,

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.

Yoy UESKAST 20/51
SANKEN ELECTRIC CO., LTD.




m SX7232M/SX7236M Technical Note Ver. 2.4

10.2. A& PWM EiRHl#E (Internal PWM)

220 H 7 VyPiE, ENEHRSE LT [EE OFF Iefi] 5 2> PWM &5 it dill 4 [ B C il =
NWET, ZOEE OFF K] 53> PWM Bl #IEIREI1X, & —F ~DO AR EIE i E S
T Terip) | ZHIBR L E 9,

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, RAEIINLE T 5 Sink & Source ® MOSFET 73 ON &720 B AE—X %8> T
AR HPT Re Iyt E 3, S P LR T2 DAC O /1EEEELL /8->
7o lRg, Bt s L —2I28) PWM 7y F 03Uy hSIVET,

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 Dtk [EE OFF FrE O RIE I AN T4, 9 Sink & Source DR T A3 OFF &72
%7 (Fast Decay A7), A& IC 13 PWM J&H EHE ER CriZed. PWM @ OFF K[ [E &

BTl 1T TOET,
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.

B RO KMEIT Rs & REF Ui FIC A NS EBELE IC WEICRESNT i &
U'DAC OHZIV R ESIVET,
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 = Veer X DACY%
8x Ry 100

Vrer: REF i1 A JJFEJE (reference input voltage) [V]
s: B HHSPUE (sense resistor value) [Q]
DAC%: [10.10 A7 w7 —/r> A (Step sequence) |2 [%]

Sen FEIEDEM THDH 0.5V LB AN TLES W,
It is critical that the maximum rating (£0.5 V) on the Sen pins is not exceeded.

10.2.1. REF A# (REF input)

N PWM B HlEOERME D 572012, REF 127 Fa/EE4E2 AHLET, REF i
FIEE AT T a s Ao TOWET O TA—7 o TIIEH ST, LT ATEDEN
IZ[EE L TLZEEW, REF Ui D AT EEFPHIL OV~4V L7225 TWVET, #akt i KEKIL 5V T
TN, 4V 2 DB/ EIIATIL2WNT FaV, 72721 REF ﬁﬁ”%% LN OV fHE D4 DAC @
FEMNME T LU D EROBELIK T4 5720, REF #i1E&E1T 1V UL E T HZHELEL £,

ENABLEnR 7} Low CE—#i#i%E ON REDY; & . REF %)% 0V IZL CH[EE OFF KK
2N PWM & ji il i8] 2 B B Liﬁ“ T7205 ICIEPWM 7707l © [EE OFF i
20K B—2ERE TRl TAZ 813 CEFR A, E—XBEE OFF SH2WGE.
REF % 0V 12 935D Tid7e<, ENABLEn #i+% High 2L TEEV Y,

Yo UoBESKASH 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 0V, DAC accuracy becomes low and output current
accuracy also becomes low. Therefore, recommended value at REF pin is 1V or higher.

During motor operate (ENABLEnN=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, ENABLEN pin
should be high but REF=0V.

10.2.2. PWM Blanking
07T EAF—=RDY N —EFRAA T T I EB RO AR &L Dar N —4
DOFFRE AL T8 | ST ERE TR A B 2 Lo TRy F L 7 LT D REIZE s H =%
L—&%T T LT, ZORMEZTPWM 772 % 0 7 B (thlank) JEFEFONE 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 (tpank)"".

PWM 7 7% 71X IC WEITHI 2us ICRRESNTEY BHTHZLIETEEEA,
The PWM blanking time is internally set to 2us, user cannot change the time.

thlank = 218

Yo vEIKARA
SANKEN ELECTRIC CO., LTD.
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10.2.3. EFREIAEIZDLVT (Current decay mode)

IC 23[E & OFF Frffl D, A& iitld Mixed Decay (2 CEWLIRIELAITWVET, [EHE OFF FRifH
I3 IC NEBTHI 80us ICRESNTHY, AR THILITITEEEA,

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.

EIREIER I, AR RO RIS RE B EL £97, RIS RIS, B m A&
WIS MOSFET Z ON SH5ZE T, DD, R M 1% MOSFET ORT 44 A 74—
RCERZFEAT ROV, K ON KL THD MOSFET H HICE AL E T, Z4U2d) IC @
Tﬁ%%{f&ﬂjﬁé’d‘é ENTEET, EIREIAEOEEH BT T IR NAZEE2BET=d, i)
AN 0127202 A n L C R I3 B BRI OFF LE,

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 Rpsony. This reduces power dissipation significantly. Synchronous
rectification turns off when the load current approaches zero (0A), preventing reversal of the load
current.

Mixed Decay EIEIZIWNTIE, BTN > 738 A - M(Itrip) 122 L 72 1% Fast Decay (ZFATL,
[ 7€ OFF B[ D 30% D[ (=9us) Fast Decay (ZCHi /1% (m@lﬁlé%ﬁb vE9, Fast Decay 73 #&
T 5L 58D 70% (=21us) D[E E OFF IKff#]4 Slow Decay (& CEILEIAZITUVET,

During Mixed decay, when the trip point is reached, the IC |n|t|aIIy 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).

TRCE—F N ERAA—TERLET,
A timing diagram for this feature appears below.

Current

Iout

0 :]:E\j( Time

enlargement

A E N L 4
blanking time [& F OF F B[] | . \
2us fixed—off time ! L |
30us : b l
| [ |

ltrlp(actual)\l e

|
|
|
|
|
B
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
____.L_I.______
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T
|

I ] I

! 1 |

| | | |

7o | |

) ] | | '

< y ) | | |

PWM ONEARS | | | | |

I [ ] I |

' S V€ > [ [

| | Fast Decay Slow Decay | : |

Iout | | 9us 21us l | |

| b i | | |

! — ! I — I I

| : | | |

Senx ! : 1 | |

Ginternad — | | | | ! | |
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10.3. ZFEREMAEE (Internal protections)

%Eﬁf%i%fr%%’* CROT T )=~ AR BT D T SR A IR SRR BT 2T o TRV E 25, ﬁé
FERSREIC KR EE A DA IRAE I R A, By RERFHIRB W T, 77 /) —~ L IRRE
FAELRNEDBEFVET,

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

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. @BERRE (Over current protection)

W EFRER X, LR OF—RIZRH L TT A A R#ELET,
To protect the IC, internal over current protection circuit triggered by:
> Affufia—ME—R
Shorted-Load

> WK KEE-F
Shorted-to-Supply
> e —K

Shorted-to-Ground

?/<4xﬁ§ﬁ?€iﬂif%§%fﬁﬁ%wé& W H 7V eb sy MO LTy FF T ER0ET, vy
N ARBEN SRR T H7-D121%, BIROFHHR AL LIIA)—T 1V MREENS D IR N LB L
R0ET,

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. {EEE R (Under voltage lock out)

IC Wi TIE, WEBEEL ¥ 2l —% Fr— VR TEEALERL TR, BERMEELRE
FRERSNDET, 7 A ADHJ) MOSFET %4 “COFF(/W%’/E —F U IREE) ITLET,

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

TR S FIFEF B LOVBBIREERHIZIL. UVLOREIZIDH I AA Ao —F A ()
OFF)JRBELZD v — o TR — LRV va i)y &N ET . 7272 LFLAGnH 71 CR7-%54 .
TEIRELENMEVIREETIZFLAGnD A — 7 RU AV & BRE 957 — NEEN A2 L2,
IELKUVLOZWifE A N LeWnGERHET O T, ZTHELIZEN,

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. 1BEMR#E (Thermal shutdown)

AT E CEIR A7 OBk (TSD) BEREZ N L TV ET,
This IC has internal thermal shutdown (TSD) circuitry with self restart.

ABL S ONEAER X~ FF o7 R GIEH IC X1, MOSFET X 8)L72 > T k9, EERIZ
IREZBE T2 BT EA IC (270 Ed, TR ERTH5 MOSFET & iﬁﬁhﬁﬁz%ét
BDIREDENE T, 2070, RIR7REEZLIITBE TEE YA, T2, ZOMRIZE R 1)
é:%bﬁféﬁﬂiﬁﬁﬁ‘é%@ﬂi%@iﬁ/m)f\;0>1‘A*é ﬁsﬁjﬁfbm\io%ﬁm#momzf
EFHL CTLTESNY,
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This IC is consist of multi-chip (control 1C X1, MOSFET X 8). Although major heat source are
MOSFETs, 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.

HEH IC OWNEREDK 140°Chyp I TET D&, FTA /T BVRGEIR L LWL, 717
v YD} MOSFET 4T OFF (A A =& U RURRE) IC L7, il BRI SRR % | il
A ICIREDKI 20C FA3%E, RIANITEMELFBALE 7,

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, Tjrsprys, 0f 20°C.

10.3.4. 7547 1A (Flag output)

FLAGn ¥ #1280, IC OIREREIFEAEL~Aa FDar ha—I 74—y 7§52
MR ET, FLAGn S 134 —7 U RL AT, iR o B it AREEIRE, i ER
BN TNDEXIZ Low HHAILET, 722L, AV =T E—RIZBWUINEIL T2 L —& 08
OFF %72 F —7 LA 1d High £720F 7,

FLAGnN is diagnostic output (protection circuit triggered or not) to feedback to system such as
microcontroller. FLAGn 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 regulator shutdown.

FEIE LML REE TIENE R OB ER R E 2L 72> TELWEZ I RA H D LRV S
MBHVET DT, THEELZIVY,
Please take care for FLAGn output due to the internal circuit may not be stabled when VBB is low.

FLAGn i F-1 3% 2 VBB/VDD FEIRICEHE T LT w7 LR T FEW, fff i K EASITRD
LTV T O EKEBIL/EKBRZBZRWVIINCTERL TESN, @ ERIZES N T
FLAGn [ZiftAVA T BEIRITIEE B N4 LIFDER D 1 SLRVETOT, 707y 7L 5k
QFEELL P SN LA HERL £,

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 FLAGn sink current is one of cause to raise power consumption in
general condition.

777 MIBREZ I L7254 . FLAGN S 1134 —7 > TR L TLIEE0,
If you do not use diagnostic signal, please leave FLAGn pin open.

Yo vEIKARA
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10.4. R')—7E— K (Sleep mode)

A =7 —NIHEE N EEE ST £ 9, SLEEPn & 712 Low Z# A 1375628128 ->TARY
—7E—RERVET,
A logic low on the SLEEPN pin puts the IC into sleep mode that minimizes power consumption.

o, A= REICBWTUIHT UV WL XL —F Fr—IUR 750 N
ERIAIHE DL ME IR LRV ES, ZOME FLAGN #i+-1% High ZH 1L %4, SLEEPn #i+(2
High # A /1452 Tl EifEEZ1 TV  HOME RS a b T ASA AN AZ—RLET,

Entering Sleep mode disables much of the internal circuitry including the output FETSs, 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 312 High # A1 352 TRV —TB—RBMIRBRIZIRDET, AU —TF— iR
BrRE XSS EI B Z E ' EDT20 , E—XBELX T HET Imsec FHFOMNENHVET 2
® 1msec LWL, Fr—I R AT 230 7 R &Y 0.22uF ORFOETHY
NIV REWEEDZ T 2T 25512013 1msee TV ELARD ATREMENHVET,

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 ##71121% 30k Q (typ) D7 A 7 HFLA NS TEBYET N, EATUL ZADR
WYy ANkl TEYET, JMHBED SLEEPN S I AT T B(5 5D /A RXZ+HmiEEL
TLIEENY,

SLEEPN 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 ¥ — 7K F(charge pump, CPL&CPH)

F o — R 7L VB VG B WELEAEDTZD DRI T, ZOBELETH 7V oAV
AR MOSFET ZBX#E L £7,

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

CPH-CPL 3L TN VCP-VBB [#IZ 0.22uF D& 7y r7ar 7o a5 TSN, Zhb
DT U IZIL, JISIEIA BUF% Class2 D R FitE (FrEEA B2 L £ 15%) Db DO ZFE H S
HZEERHELELF, 723 CPH-CPL [IIZIZ VBB LRI DEEN DY ET DT, 274D
MHEIZIEREL T RSV,

A 0.22pF 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.

HFENERFIZIE, VCP i 13 1FEIR (VBB) K0 7V B E SWERMIRBIZZRVET, 72720

Fo— VR T RIBEBNE % (T VBB i &0 1~1.5V FERWELELRDIENHVET,
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.

Yo UoBESKASH 26 /51
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10.6. ER>—4 >~ X (Power-on sequence)

2y 7 ANBIOVEW (VBB) DS BT 26 FIFIZEELERZ Y — 7 AL EHD F
T, BV AW ANSN T EEOEIR (VBB) ON/OFF 8ifE, =7 A )RS NDHHID
# i (VBB) ON/OFF @Eiffzsh CHRIEHV £ 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—2 ®D7R—JL FIZDLV T (Hold motor)

E—#ifE ON #if#f]+ (ENABLEn=Low) |{Z STEP A /1% High %713 Low |ZEET 5
ZET B HER— AR TEET, T2 L OEKA THR—ANEEDL0E, [10.10 A7y
7L—/4r A (Step sequence) J& ZHEELTE S,

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 > 7> —/4> A (Step
sequence)".

10.8. Timing Requirements

(Ta=+25C. Fv— R 7 Har7 4 0.22uF EH, fEEL~LiE 5V & GND ©9)
(Ta=+25°C,0.22uF for charge pump circuit, logical level is 5V and 0V)

]
SLEEPN (t—b:
— F
]
ENABLEn ! te | | |
| | | | |
S S T :
MSx or DIR : L Xe—e—X | X |
I | 1t ! tp ! !
1 Rl - E¥a
Time duration Symbol yp Units
STEP#x/|»/ /L Alig (High) : 5 us
STEP mimimum High pulse width A
STEP#x /)N /L AR (Low) i ) us
STEP mimimum Low pulse width B
B N7 7R
Setup time, input change to STEP o 500 ns
A—/L R
Hold time, input change to STEP o 500 ns
fRBRIF > N7 7 R ¢ 5 Us
Setup time, input change to STEP E
AV —T7 15 I r ¢ 1 ms
Wake-up from SLEEP F

Timing Requirements Z5F 572 G5 | FTED G E—RIZ72B72\0 il Step 258 F 700 V5
DN ET, 72720, ZOZEIZEY IC BRH L -AET A2 LITHVERE A,

Reneging on Timing Requirements will cause malfunction and missed step or so. But
this reneging does NOT cause degradation or break of IC.

Yo vEIKARA
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10.9. EEfER (Truth table)

BEPMER
Truth table
DIR ENABLEn|MS1/MS2/MS3|SLEEPn] OUTXA | OUTxB Function
1] — _ >
X X X L Hi-Z Hi-Z AU—TE—F
Sleep mode
I XY — K
X X All H H Hi-z | Hiz JeshE—t
Reset
All HELAH . . TARI—TILE—F
X H except All H H Hi-Z Hi-Z Disable
All HLLA} . .
H L except All H H P P CW(Forward)
All HELA} . .
L L except All H H X P CCW(Reverse)
X=Don't Care
X o —*4r YD Step NolZ &k S reference to Step# on translator
YU UERKASH 28/51
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10.10. R 7w FL—4 U X (Step sequence)

ATy —lr v AF (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% C) 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% 115 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 77% 64% 39.7 39 -17%)  -64% 219.7

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

9 64%|  77% 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 44 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% 2815

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

20 20 20 -38%|  92% 1124 52 52 52 38%| -92% 292.4

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

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

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

24 | 24| 24 24 24 -T1%|  71% 135.0|] 56 | 56 | 56 56 56 71%| -71% 315.0

25 -T7%|  64% 140.3 57 T7%| -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

IRPEDE TS, Home Position T, SWIFEENE %, AU — 7 MEEREZ IO &y MEFRE %
D — %X Home Position 225 A% —kRL %9, Full Step 33X Half Step O 7 /LML 2 IRE,

e -]

Ff DAC%I% 100%(-100%)E720 £,

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 (% Step No. |- 57517, DIR=Low /% Step No g 12— n@hifEL £

B

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

HEDNEIEEE — 76 | SRV E — R IZBAT T 5% 513, DIR b1~ CHaE L7z [R5 A1
hole, —FWRT T aABITLET,
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 FHEIEE T 10 T DR a AUV 2 FHEIRAIC B0 2 D354 . IR Step

AJIT CW ThIUL 2 FHEIRED 24 T\, CCW ThiLL 2 FIED 8 FITBATLET,
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.

Yo vEIKARA
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TREICHEE — R ERBAT LR O F 2R L £,
Please refer to the example below regarding changing excitation mode.

JibtE — R 2R ATLTZBR O HE 4
Example of change of excitation mode

DIR=H(CW) DI DIR=L(CCW) D

Full | Half [ w1-2 | 2w1-2 | 4w1-2 | ouT1 [ ouT2 | Step Angle | Full [ Half | wi-2 | 2w1-2 | 4w1-2 | OUT1 | OUT2 | Step Angle
Step [ Step | Step [ Step Step | DAC% | DAC% C) Step [ Step | Step [ Step Step | DAC% | DAC% C)

0 0 0 0 100% 0% 0.0 0 0 0 0 100% 0% 0.0

1 100%| 10% 5.7 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% 22.4 4 4 4 92%| 38% 22.4

5 88%| 47% 28.1 5 88%| 47% 28.1

6 6 83%| 56% 34.0 6 6 83%| 56% 34.0

7 77%|  64% 971 7 77%|  64% 39.7

8 | 8 8 8 8 71%|  71% 450 J(8) 8 8 8 8 71%|  71% 45.0

9 64%| 77% 50.3 L P 9 64%| 77% 50.3

(10) | 10 56%| 83% 56.0 ; 11 (10) 10 56%| 83% 56.0

/ 11 47%|  88% 61.9 gep ?th o 11 47%|  88% 61.9

2 1w 12 38%| 92% 67.6 PINPUt 12 12 38%| 92% 67.6

13 29%| 96% 73.2 13 29%| 96% 73.2

/1 14 14 20%| 98% 785 14 14 20%| 98% 785

/ 15 10%| 100% 84.3 15 10%| 100% 84.3

16 | A6 16 16 0%| 100% 90.0 16 | 16 16 16 0%| 100% 90.0

[ ] g 17 -10%| 100% 95.7 17 -10%| 100% 95.7

[ ] gigg é\pﬁ 18 18 -20%| 98% 101.5 18 18 -20%| 98% 101.5

19 -29%|  96% 106.8 19 -29%|  96% 106.8

/1 20 20 20 -38%| 92% 112.4 20 20 20 -38%| 92% 112.4

/ 21 -47%|  88% 118.1 21 -47%|  88% 118.1

22 22 56%| 83% 124.0 22 22 56%| 83% 124.0

P 23 64%| 77% 129.7 23 64%| 77% 129.7

(24) 24| 24 24 24 1% 71% 13500 24 [ 24 | 24 24 24 1% 71% 135.0

T 25 77%|  64% 140.3 25 77%|  64% 140.3

26 26 -83%| 56% 146.0 26 26 -83%| 56% 146.0

27 -88%]  47% 151.9 27 -88%]  47% 151.9

28 28 28 -92%|  38% 157.6 28 28 28 -92%|  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

FREHIT DI, i —REUIVE R D RA L ML TESK A OB EDN RV ET,
TV a \ZE o TG — R OOV X AR A M CE—Z B CETITIRBICE 35 AR
T HAREMED DV E S, T — RO RF D€ — 2 DIRE) - B 2 KL 72W 56 BT —FDOE]Y
BAFRTEDOAT v T V= AR IZB T L[ COhEE— R Tl 3 2R, T72b B[
AR a8, 24, 40, 56 DEPLITITHZEEHENIL £3-,

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.

Yoy UESKAST 30/51
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10.11. £ E— F TOEIE (Operation in each excitation mode)
ARELIE,
« TNAT YT QMRS X, MY —EE =R,/ 100% 7 /L ML 27— R TE)
« N=T 277 (12 A, MLIARTIL—EE—R,100%7 VL7 — R )E)
- 4 Bl AraAT YT (W1—2 FEfE 5 0)
- 8 EIv A AT Y7 (2W1—2 FfibRE 5 50)
-+ 16 EIvAraAT YT (AW —2 FHhEE T =0)
WXL TUVET,
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)

Yo vEIKARA
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10.11.1. 2 ¥BRhEE (RILY RS9 R JIL—FEE— K, Full step with constant torque vector)

DIR=H I
MS1=MS2=MS3=L

stee [ LU LU LU L

100

71

Phase 1

lOUT'IA 3
Direction = H
(%)

—100

100

Home Microstep Position
Home Microstep Position

71

Phase 2

lou2a [} NN RS SN P SRS S a—
Direction = H
(%)

—100

X AAHOH BRI Ttrip O T1%ITRRESHL, D EIRO ST MLV ERUE (ML 77V E) 73
WTHDOAT Y ZIZEBNTEH 100%E72580ZLTHET,
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 IZERDIEILTWDREZ T TAEL TNVET,
Positive current is defined as from OUTA to OUTB.

% DAC O%fEIE Typ fETY,
DAC %values are nominal value.
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10.11.2. 2 tBh%# (100% 7))L kLY E— k| Full step with 100% full torque)

STEP

Phase 1
lOUT'IA
Direction = H
(%)

Phase 2

|OUT2A
Direction = H
(%)

100

71

-100

100

71

-100

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

UL

L

I_l

L

Home Microstep Position

Home Microstep Position

% OUTA—OUTB |[ZEIRIEAL TCNDRFE 7 TAEL TONET,
Positive current is defined as from OUTA to OUTB.

% DAC D%fHEIE Typ fETI,
DAC %values are nominal value.

Yo vEIKARA
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10.11.3. 1-2 ¥ (FILO XY R JL—FE— K, Half step with constant torque vector)

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

stee [JUUUUULUUUUL
100
71
Phase 1
loutia 0 - N P
Direction = H g <
(%)
o o
=i 3
-100 é EE
100 E E
71
Phase 2
louT2a 0 b= — . .
Direction = H
(%)
—71
—100

X AAHO BRI Ttrip O T1%IZRRES L, HAERO ST MV RUE (ML ~X7 V) 3
WTIDOAT Y7 IZEBNTY 100%E785IIZL THWET,
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 |[ZEIRIEA TNDRFE 7 TAEL TONET,
Positive current is defined as from OUTA to OUTB.

* DAC O%fHEIE Typ fETI,
DAC %values are nominal value.
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10.11.4.1-2 ¥t (100% 7 )L bJL Y E— |k, Half step with 100% full torque)

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

sree TUULULLULLIL
100
71 g s/
Phase 1 & e
loutia 0 _._.,§ I . - _éf
Direction = H = 3
(%)
—71
—100
100
71
Phase 2
loutaa 0= L L .
Direction = H
(%)
—71
~100

% OUTA—OUTB |[ZEIRDEAL CNODRFE T TAEL TWET,
Positive current is defined as from OUTA to OUTB.

% DAC O%fEIE Typ fETY,
DAC %values are nominal value.
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10.11.5. W1-2 #8f# (W1-2 Phase)

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

S e
100
.
Phase 1 ¥
loutia 0 S S Nt P P N R S P Y N R
Direction = H _
h)
&
71 ~§
3% E
100 %
92 T
71
Phase 2 *
|OUT2A 0 b e e | — — e e e e e — e e e et ]
Direction =H
(%)
71
100

% OUTA—OUTB |[ZEIDEAL CVODRFE T TAEL TWET,
Positive current is defined as from OUTA to OUTB.

% DAC O%fEIE Typ 5T,
DAC %values are nominal value.
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10.11.6.2W1-2 #8FIH (2W1-2 Phase)

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

100
92
83
71
56
Phase 1 %
20
louria 0 —_—— L N A I A S P S E Ry A
Direction=H _,, -
(%) £
_56 &
7 g 1
-83 17
-92 £
-100 s
100 £
92 I
83
7
56
Phase 2 %
20
IOUTZA () o e et e o e e e o ——f— —— —— o — —————— — e e s ] s o e e
Direction=H _,;
(%) a8
-56
=71
-83
-92
-100
% OUTA—OUTB [ZERD IV TWDRFE T TAEL TNVET,
Positive current is defined as from OUTA to OUTB.
3% DAC O%fEIX Typ fETT,
DAC %values are nominal value.
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10.11.7.4W1-2 #HRhRE (4W1-2 Phase)

Phase 1
IOUT1A
DIR=H
(%)

Phase 2
lout2a
DIR=H
(%)

-100

gg100

=71

=77
-83

-88
:3; -96
=100

DIR=H F§
MS1=L, MS2=MS3=H

Home Microstep Position

% OUTA—OUTB |[ZEIRDEAL CNDRFE T TAEL TOET,
Positive current is defined as from OUTA to OUTB.

% DAC O%fiEIX Typ fET9,
DAC %values are nominal value.
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11. BiERHE (Operating wave example)

ARENVEE I BT OF —Z I THRIG L7 — B THY, BRI L FRelor T8RRIz
X LA — DR A IRFET D20 D TIEHD EE 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.

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

2 MG (L7 <_7hL—EE—FK) MS1=MS2=MS3=L
Full step excitation (Constant torque vector mode) MS1=MS2=MS3=L

Tekf‘%"ﬂ:v | i ; ]
| STEP | STEP
J OUT1A
B
A {ouria
1 i
 out2a
1
éh'1| :5.00'\;' T S .'M\'z.'odmsf:A\'ché T 0'.00':.34 |' :5.'00'\;' T S ..M\.Z..U(].rﬁs|. A\.ChZS T :0'.06'/;4
WiE 2.00A0Q Cha[ 2.00AQ | ch3| 1.00AQ |
i[10.00% | i[10.00% |
Tekme b Tekemb |
: ™ LT sTEp ' ouTiA
: 1B

l..l-ll OUT1B

7 i/ "} Sen2

Chi[ 5.00v  |Ch2 200mv M1.00ms A Ch1 £ 1.00V B 2.00 A [Ch2[ 200mV oM2.00ms A Chl  0.00 A

200mY & Ch3[ 200V [ch4] 20.0V |
[10.00 % | 10,00 % |
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2 M (100%~ /v hLv2E—K) MS1=H, MS2=MS3=L
Full step excitation (100% full torque mode) MS1=H, MS2=MS3=L

STEP

OUT1A
B

OUT2A

chi| 5.00V | M2.00ms A Chz & 0.004
@iE 2.00A% [Chd[ 2.00 A0 |
0[10.00 %
Tek (7| i ]
e

! P T T see

|
|
3

L /AR
. ; . Sen2
| il il

Chi[ 5.00V |Ch2| 200mv  &M1.00ms A Ch1 4  1.00V|

200mY &
10.00 %

T.00AQ

Ch.]l.s.o.o.v | T

M2.00ms] A Cha £ 700ma

10.00 %

Tokfpb | [

STEP

OUT1A
=i

“WMIII.—W' OUT1B

Chil 2.00 A< [BiE 500mv

ch3[ 20,0V |Chd4] 20.0V

10.00 %

M2.00ms A Ch1 £ 0.00A
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1-2 FfhEE (Vo7 L—jEE—R) MS1=L, MS2=H, MS3=L
Half step excitation (Constant torque vector mode) MS1=L, MS2=H, MS3=L

STEP

OUT1A

Chil 5.00V | M4.00ms A Ch3 7 -s40maA Chil 5.00V | M4.00ms A Ch3 7 -s40maA
ch3[ 2.00A0 [WE 2.00A0 | T.00AG
1[10.00 % 1[10.00 %
Tekfzlk | =i ] Tekfzlk | =l ]
y : : : : T T i T T T :
g : : : g : : STEP :
o LR

OUT1A

F OUT1A
Sen2
'\ OUT1B
Chi[ 5.00V  |Ch2 200mv &M2.00ms A Ch1 F  1.00V] Chi[ Z.00AG |8 500mv &M2.00ms A Ch1 7  S60mA
200my_ & ch3| 20.0V [Chd[ 20.0V |
W§[10.00 % W§[10.00 %
e = A
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1-2 FfhEE (100%~7 VL2 E—K) MS1=MS2=H, MS3=L
Half step excitation (100% full torque mode) MS1=MS2=H, MS3=L

STEP STEP

OUT1A
BT
OUT1A
B
OUT2A
chil“soov T A ooms A Chi F —sgomAl chil“ ooV T a doms A Chi F —sgomAl
ch3[ 2.00AQ W 2.00AQ | T.00AQ
18[10.00 % 18[10.00 %
TekfElb | i L TekfEb | i :
X -4 : : : S : : : ! X
; . : : y . . TEP ; :
SalinRpEpHnHuininlel

OUT1A
| A

EE- i OUT1A
Sen2
5 g , { OUT1B
Chi[ 5.00V  |Ch2 200mv &M2.00ms A Ch1 F  1.00V] Chi[ Z.00AG |8 500mv &M2.00ms A Ch1 7  S60mA
200my_ & ch3| 20.0V [Chd[ 20.0V |
W§[10.00 % W§[10.00 %
55— A
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W1-2 phase excitation MS1=MS2=L, MS3=H

W1-2 fHEhts: MS1=MS2=L, MS3=H

B S e ——————— :
| STEP
OUT1A
B
i OUT1A
Bt

OUT2A

" “M4.00ms A Ch3 £ -s80mA

Chil 5.00V | M4.00ms A Ch3 f -S50mA chil 5.00v ]
ch3[ 2.00AQ 9@ 2.00AQ | 1.00 A2
ii[10.00 % ii[10.00 %
S I — ]
- T
STEP
T
Senl - =
T ¥ Senl
B F OUT1A
Sen2
E § OUT1B
Chi[ 500V Chal Z00mv  &M4.00ms A Ch1 £ 1.00V Chi[ Z.00AG |8 500mv &M4.00ms A Ch1 7 S60mA
200my_ & ch3| 20.0V [Chd[ 20.0V |
W§[10.00 % W§[10.00 %
55— A
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2W1-2 FEjihté MS1=H, MS2=L, MS3=H
2W1-2 phase excitation MS1=H, MS2=L, MS3=H

Tek fFik | i ] Tek fFik | i ]

., ouUT1A
E=RiD

“ :::::::::::
ouT2A F”f

-0

.| OUTI1A

Chil 5.00V | Mi0.0mg A Ch3 5 0.00A Chil 5.00V | " MT0.0ms A Ch3 & 0.00 A
ch3[ 2.00A0 [WE 2.00A0 | T.00AG
1[10.00 % 1[10.00 %

Tekffb | [ ]
- f f : :

STEP
OUT1A

Senl

B Sen1

i OUT1A
Sen2

| OUT1B

S00mv_ uM10.0ms| A Ch1 & 560mA

Chi| 5.00V Jch2 200mv &M10.0ms A Ch1 £  1.00 V] Chil 2.00 A 58]
200my & Ch3[ 20.0V |Ch4 20.0V |
w[10.00 % w[10.00 %
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4W1-2 FAjphié MS1=L, MS2=MS3=H
4W1-2phase excitation MS1=L, MS2=MS3=H

Tek {2k | = 1 Tek {2k | L 1
i ML  stEP A | STEP
JOUT1A
B
&.:::::i::i::i: '.:::::::::i.:i::1 OUTlA
/ A T g EF
OuT2A K B
B soov T Mizo.oms A Cha £ 0,00 A chilsoov ] T W60 A Chi S 6.00 A
ch3[ 2.00AQ |[Cha[ 2.00 4 | T00AQ
i5[10.00 % i5[10.00 %
Tek k| = 11 Tekffb | [ ]
e I STEP _
't 1 OUT1A
Z{
i OUT1A
Sen2
| | OUT1B
CRIT 500V —Jchal 200my uM20.0ms A ChT 7 1.00¥ Chil 200 A B S00my iM20.0ms A Ch1 7 S60mA
200mv & ch3[ 20.0V |ch4] 20.0vV |
W§{10.00 % W§{10.00 %
Mixed Decay &t (LK)
Mixed Decay current waveform (enlargement)
TekfElb | i ]
X ! ! ! X
of
BI. : : : : : : : OUT1A
Chil Z00mv &M40.0ps| A Chd £ 1.21A
S00MmA Q2
[10.00 %
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12. 77— 3> (Applications)
12.1. 2EERL A4 7 + (PCB layout)

TV MR OBHEL GND fEIg A8 T 5L T RFEW, BRI L OB B E 2 i |2
FTDIOIT, T AAATT VRO BICEBEITATZATLTIZS 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.

BEIRAS G (VBB S 1) 13 =7 > (100uF LLEOLORLEELW) TT Hoy 7V 7 LT
P&, X2 OEMAL T IR KT ANAADUELITEEE L TLTES N,

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

EV dv/dt AT U T RIS D B B IS KD A RE T 572D H 7Yy PO 154
LUy 7 ATJTAANTHEET SOITELAR L TTESW, 8, =¥y 7 ATNE /A X% Bl 57
DITARNAE—F VA TRIAT LT REND,

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

T3AAD GND |2 1 s GND EL#RIZA2 51T FEW, GND i1 (13,31 Fim 1) 1337
— YDA (PCB L) THER 4 2I0IZL TLEE0 Y,

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

A EIRL L ORE TS, GND B TOELER TICk oA 2EZ R/ NI T 57291, &
PR HRBU LT SAZD 1 5 GND [T THEE L TS0,

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.

F, BRRIF2 D _RRLEL L TLEZE W, B HRFUEDMEWE OIZBIL Tk, 7V MEARECRR IR
PUCEDBIERE THAREREIGZ D570 7V NER ECORBRE [ ERILEZ S BT D0 BN
HVET,

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, EOBEARHUC LR HHRFLO AN TR D JRIK &6 720 EF O THET TTEE N,
The use of sockets should be avoided as they can introduce variation in RS due to their contact
resistance.

12.4. ZDhD;FEEIE (Notice)

AT, A2 MOS [FIRZEHL TWETOT, LLFORNFITEREL TRV,
This driver has MOS inputs. Please notice as following contents.

C HERORBELRLTVESITE, ERNORBEDOEHEL /31T TS, KA ITEFES
MELELLTVOT, +HREEPSLETT,

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.

A

- FERDY IC ITHIMS R WIDIZ AT 172 EI DO RIS T v B 7 VIEFIZIEE L T R E
W, TV NER O 72 8 & A& L CRIEALIC T ABLES ML ETT,
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. ¥ EFEAR— FIZDUL T (Evaluation board)

13.1. EIE{E (schematic)

SX723xM Evaluation Board Ver.2.0 [B] &[]

il

RS1
0.24Q

VDD 0.22u (X7R) 0.22u (X7R)
| ] ves
c2 ct
CPL CPH VCP VBB ?
R10 VBB | : :
10k REF VBB l l
CD1 VBB CA11_L CAT + CC1
0-1u;|; 0.1u;|; o.w;l; 100u
sten O SLEEPn
STEP (PH1) (O————— STEP (PH1) ouTIA———) 0/1A
DIR (101) (O—————— DIR (101) OUTIB Oose
ENBn (111) (O————— ENABLEn (I11)
MS1 (PH2) (O————— MS1 (PH2) ouT2A O o2
MS2 (102) (O————— MS2 (102) out2B———) 0/2B
MS3 (112) (O————— MS3 (112)
SenlA
VDD Sen1B _l
R3 Sent
2
J3 $ £ LED Sen2A CS‘
Sen2B 0.1u
FLAGn () b— FLAGn Send ;I;
GND RS2
0. 1u 0.24Q

ERREICEEHL TLSERMmERIE—HITT,

s LR HFTER—F O RERIE. BREERRICKVERTHEAHBYET DT,

M‘f%%éh nnu\o)J:h1EFHTéL\

Component value are only for reference.

Actual component value will vary with this schematic, please check actual value on finished

board.

13.2. E#x{t#k (PCB specifications)
M'E (Material): FR-4
75 (Copper thickness) : 70um (20z)
PCB & (Board thickness):1.6mm

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

Yoy UBRAR R
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14. FHEMEAIZDLVT (Soldering)
14.1. ') 7 A—3H{F T+ (reflow soldering)

HELE) 7o — P HAHRE T v 7 7 AL
Recommended reflow profile

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

245°C over time
20sec typical
1 1
[
21N e Y
2 3 I 4
2 7 A .
. § 200 TTTTTTTT T ITTTTT T T L =S
o 8
L Y=
S)
By o
%f— g L0 T 60sec typical
| & : —— :
kS g ! Pre-heating period !
[ ' 60~126sec 1
! '
1 1
i E
Temperature rise slope i
3°C/s max E
25 , ; . oo
D —— t 25°C to Peak 245sec typical !

R [sec]
Time

LA 2 [RIBAN
Reflow frequency: up to 2 times

14.2. 7a—3FHffI+ (FHET « v 7, Flow ; Dip soldering)

AN,
Not acceptable.

) R o7 CRRE~ORMEIRTR) 13, VRN RE Ny —U 7Ty /2B SR 2
ERBHVETOT, FHET v IZLDERMFITITTEEEA,
Note: Since the dip soldering cause the package crack due to the heat shock, the device is not
acceptable for dip soldering.
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14.3. FF BT (FHITIZ K S5MEF BT IF, Manual soldering)

FHITRE: 350C max
Iron temperature: 350 degrees max

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

) FAPERETE, RRFOEERE S IMBUIAR LR ET, 18 EICh AR AL B &R0 b
HZTITTMEE AT 2L TR, £, FHI TR, Z2TER 2K/ —=0 73
NTEY, Fo REabr— VA AL TRBY, ESIROINTWDL D&M A+ 205
NHVET,

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. {&ELOXEFEIE (Cautions for storage)

Yo T U7 MOREIZEEL L, B B YRR TTEE N,
AHL L IE, Moisture Sensitivity Level 3 (IPC/JEDEC J-STD-020D (Z#EHL) CTHY ., BIEI % D
{RE HNEIL 30°C, 60%RH, 168h T3, (IPC/JEDEC J-STD-033B.1 %% ),

BT =V OREBERR) — RO R EL BT D%, W OREIXFEIR(HF5C~+35C), i
(40%RH~60%RH) 23 £ UL, IR E A LD KEZRIGHT CORE TR TIESWn, Fio, 77—
T OFIFEFREE DAV I D FERFO AR B A ZY 1327200 B LU T LR T T, A%
37 HUWNTOREHNLEELL,

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.

o JERVEN RSO H A ADNFEA IR BIRO D WG ET CES B 2R TTEEN,
Avoid locations where dust or harmful gases are present and avoid direct sunlight.

Yo RHIRELIZb O, AR BT — RO E IOV TR 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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SANKEN ELECTRIC CO., LTD.

50/51




m SX7232M/SX7236M Technical Note Ver. 2.4

A FFH DS CAUTION/ WARNING

AL TODENES], B G L OHERGI, A LOBELL TURLIELO T, ZRBICEE T 58t 1<
X =F O TEFTAME, MBIFTA M, Lk, KM, MIEME . D —BIDMERI DR FERIEIZ SV THRAIT— 1)
FEEEAVETA,

Application examples, operation examples and recommended examples described in this document are quoted for the sole purpose of
reference for the use of the products herein and Sanken can assume no responsibility for any infringement of industrial property rights,
intellectual property rights, life, body, property or any other rights of Sanken or any third party which may result from its use.

Mt | B MEO LI D TWET R, R T, H2OMETORXRNGE, SPEOFAETRITONEE A,
M OBFEICLOFEREL T, AT il K F BB BEEENEELLNWID | AR OBV T, EE
RVAT L L THARBE ARG B IR LT > TLESN,

Although Sanken undertakes to enhance the quality and reliability of its products, the occurrence of failure and defect of semiconductor
products at a certain rate is inevitable. Users of Sanken products are requested to take, at their own risk, preventative measures including
safety design of the equipment or systems against any possible injury, death, fires or damages to the society due to device failure or
malfunction.

ARFITFLARL TODI AL T, — i AR (GEAE R . TR as | M5 A . BHIER ) I 22 La @
BLTRYES, EHOEIL, MAMERREICE R PRI O L KHE BV LET,

BRI R T D4 E (ki ae & O AL E | Z8m M5 S E, P Bl A iR L) ~
DEFERERF, BEO—IRET#R Tho TORAMEERT DL AL, LT AR GER O~ TEE
MNARFIE A FITIEN O L IREZ B W LET,

Fsh Cra ME RV SR 238 8 (22 T B e L7 I, A= MR O 7o O RFREE R 55) 12T, Btk 3CE
WZEDBE BRIV L2 TLIZS N,

Sanken products listed in this document are designed and intended for the use as components in general purpose electronic equipment or
apparatus (home appliances, office equipment, telecommunication equipment, measuring equipment, etc.).

Please return to us this document with your signature(s) or seal(s), prior to the use of the products herein.

When considering the use of the products in the applications where higher reliability is required (transportation equipment and its control
systems, traffic signal control systems or equipment, fire/crime alarm systems, various safety devices, etc.), and whenever long life
expectancy is required even in general purpose electronic equipment or apparatus, please contact your nearest Sanken sales
representative to discuss, and then return to us this document with your signature(s) or seal(s), prior to the use of the products herein.
The use of Sanken products without the written consent of Sanken in the applications where extremely high reliability is required
(aerospace equipment, nuclear power control systems, life support systems, etc.) is strictly prohibited.

Mtk OR A FoX T e L AR E RG2S ERIEIC 5T AV —T 4 7 2 E ORELTD
I BPEICRESEB N LET,

TAL—T 4 7 LIIERME A MR ET2 310 BT 2720 B ERAE AR A B L B ERIH 2R E LY Y —
RIARIRENZOWTERLIZDT DL TY, TALV—T 4 7 ZATHEFRITIL, —RANITEE., B, EHREDE
SEIARL A JEPHIRLEE M RE7R 8 DBRBEA R A AR L O A DRI DA 2DBHV £, ZHHD AR
V. BREPEUE, HDOW TR K, R/ MEIZOWTHEETDHERHYET,

1238/ =T A RZRNT =T A AW IC 13, A CHEBDPREESIIRE DT (L —T 127 OFEED, Rk
ERESEZDEFREBRDOTH 43T L TTZEN,

In the case that you use Sanken products or design your products by using Sanken products, the reliability largely depends on the degree
of derating to be made to the rated values. Derating may be interpreted as a case that an operation range is set by derating the load from
each rated value or surge voltage or noise is considered for derating in order to assure or improve the reliability. In general, derating
factors include electric stresses such as electric voltage, electric current, electric power etc., environmental stresses such as ambient
temperature, humidity etc. and thermal stress caused due to self-heating of semiconductor products. For these stresses, instantaneous
values, maximum values and minimum values must be taken into consideration.

In addition, it should be noted that since power devices or IC’s including power devices have large self-heating value, the degree of
derating of junction temperature affects the reliability significantly.

ARFEZEH L COWBR B O RICHTZD |, AREIZFH L TODRIZ oL M 2 A G586, HDHNIE,

PRI ALF R E DA S DI L - A FE 3 511, fEAE O BEICB W TEDIAZ ZE 0 B17o T
él/ \O

When using the products specified herein by either (i) combining other products or materials therewith or (ii) physically, chemically or
otherwise processing or treating the products, please duly consider all possible risks that may result from all such uses in advance and
proceed therewith at your own responsibility.

ARG TR T R AR 2 L TRV EE A,

Anti radioactive ray design is not considered for the products listed herein.

Mt HE LS C otk RV T REICEDN T T T OWT, BEHIT— UL A AVWER A,

Sanken assumes no responsibility for any troubles, such as dropping products caused during transportation out of Sanken’s distribution
network.
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