Sinusoidal 3-phase Brushless Motor Drivers

with Sensorless Vector Control

SX68200M Series

Description

The SX68200M series are 3-phase brushless motor
drivers in which output transistors, pre-drive circuits,
bootstrap diodes with current-limiting resistors are
highly integrated. Employing a sinusoidal driving
strategy with a sensorless vector control, the SX68200M
series brings a small-sized, high-efficient, and low-noise
motor controlling into your application.

These products can run on a 3-shunt current detection
system and optimally control the inverter systems of
medium-capacity motors that require universal input
standards.

Features

e Ph-free (RoHS Compliant)

e UL-recognized: UL 60730-1 File No.:E99992
(SX68204M UL Recognition Pending)

e Sinusoidal Current Waveform (Low Noise, High
Efficiency)
Sensorless Vector Control (High Efficiency at Load
Variation, Small Size)

e Built-in Bootstrap Diodes with Current-limiting
Resistors

e EEPROM as a Control Parameter Storage

e Two Speed Control (PI Control) Modes:

- Analog Voltage Control (VSP Pin)
- Serial Communications Control (12C Compatible)

e 3-shunt Current Detection
DIAG Pin Fault Signal Output
e Protections Include:

- V3 Pin Undervoltage Protection

- Watchdog Timeout Detection

- Memory Error Detection

- Overvoltage Protection and Undervoltage Lockout
for Main Power Supply (VM Pin)

- Soft Overcurrent Protection

- Hard Overcurrent Protection

- Thermal Warning

Data Sheet

Package
SOP36

Not to scale
Selection Guide
Part Number Vbss lo
SX68201M 250V 20A
SX68204M* 600 V 15A
SX68205M 600 V 20A

* Under development

Applications
For motor drives such as:
e Fan Motor for Air Conditioner
e Fan Motor for Air Purifier and Electric Fan
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1. Absolute Maximum Ratings

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); current coming
out of the IC (sourcing) is negative current (—).
Unless specifically noted, Ta = 25 °C.

Parameter Symbol Conditions Rating Unit Remarks
Power MOSFET v Vec=15V, 250 v SX68201M
Breakdown Voltage P55 | 1p =100 pA 600 SX68204M
SX68205M
VCC1-COM,
Vee | vecz-com 20
Logic Supply Voltage VB1-U, \Y
VBs VB2-V1, 20
VB3-W1
15 SX68204M
Tc=25°C,
Output Current® lo T, <150 °C 20 A SX68201M
) SX68205M
Te=25°C, 2.25 SX68204M
Output Current (Pulse) lop Vec =15V, A
pulse width < 100 ps, 3 SX68201M
duty cycle = 1% SX68205M
DIR-COM,
] Vinw SCL-COM, ~0.3to 55 V
Logic Input Voltage SDA-COM
Vine) VSP-COM -0.3t08.5 \%
. FG-COM, B
Logic Output Voltage Vo DIAG_COM 0.3to V3+0.3 \%
VPP Pin Voltage Vep VVPP-COM -0.3t028 \%
RESETNn Pin Voltage VRsT RESETn—-COM —-0.3t05.5 Vv
VM Pin Voltage Vum VM-COM -0.3t04 \%
Input Pin Voltage for % o, A
X CSV-COM,
Current-sensing Vesx —-21t02 V
Operational Amplifier CSW-COM,
CSCOM-COM
Allowable Power p Ta=25°C; when 35 W
Dissipation ° mounted on a board® '
Operating Case _ R
Temperature® Tewon) 2510100 ¢
Junction Temperature® T, 150 °C
Storage Temperature Tste —40 to 150 °C

@ Should be derated depending on an actual case temperature. See Section 14.2.
@ Refers to a 1.6 mm thick CEM3 glass with 35 um thick copper foil; measured under natural air-cooling without

silicone potting.

© Refers to a case temperature measured during 1C operation.
) Refers to the junction temperature of each chip built in the IC, including the control stage, gate drive stage, power
MOSFETSs, and bootstrap diodes.
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2. Recommended Operating Conditions

Parameter Symbol Conditions Min. | Typ. | Max. | Unit Remarks
— 140 | 200 SX68201M
Main Supply Voltage Ve VBB-COM ) A V | SX68204M
— | 280 | 400 SX68205M
VCC1-COM,
Vce VCC2-COM 135 — 16.5 \V
Logic Supply Voltage VB1-U,
Vs VB2-V1, 135 — 165 | V
VB3-W1
DIR-COM,
Vina SCL-COM, 0 — 5.0 V
Input Voltage SDA-COM
Ving | VSP-COM 0 — 588 | V
EEPRM Write Supply
Voltage Ve 7 24 — |V
Wait Time for
Programming Supply ters 50 — — ms
Voltage Setup
VM Pin Input Voltage
Range for Main Supply Vi 0 —| 18V
Dead Time of Input Signal toeaD DT[5:0] =[011110] 15 — — us
Bootstrap Capacitor Cgoot 1 — 10 uF
lor<3.0A 0.22 — — SX68201M
Shunt Resistor* Rsx lor<2.25A 0.29 — — Q | SX68204M
lor<3.0A 0.22 — — SX68205M

* Refers to the reference values calculated with a minimum value of Vtripn; should be a low-inductance resistor.
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3. Electrical Characteristics

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); current coming
out of the IC (sourcing) is negative current (—).
Unless specifically noted, Ta =25 °C, Vec =15 V.

3.1. Characteristics of Control Parts

Parameter Symbol Conditions Min. Typ. Max. Unit
Power Supply Operation
. . . Vcc rising;
xg:ltcaxePln Logic Operation Start Veeon | VCC1-COM, 105 115 125 v
g VCC2-COM
. . . Vcc falling;
xglzxf'“ Logic Operation Stop Veeors | VCC1-COM, 100 | 120 [ 120 | Vv
g VCC2-COM
VBXx Pin Logic Operation Start Vs rising;
Voltage Veson | g1y, VB2V, VB3I WL | 0 10.5 115 v
VBXx Pin Logic Operation Stop Vs falling;
Voltage Vesor) | vy, vB2-v1, vB3-wi |- 20 10.0 11.0 v
Vsp > Vssx With no
VCCx Pin Logic Supply Current | oscillation; VCC1 = VCC2, o o 30 mA
(in Operation) ¢ | VCC pin current in 3-phase
operation
VCCx Pin Logic Supply Current
(in Low Power Consumption Mode) lecstay | Ve < Vvss _ _ 150 HA
Ves=15V, Vs =54V,
VBX Pin Logic Supply Current Igs VBX pin current in 1-phase 40 120 350 LA
operation
Regulator Output Voltage V3 No load 3 3.3 3.7 \
Input Current for EEPROM Write | o 7 - mA
Supply Voltage )
VM Pin Input Voltage Range Vwm 0 — 18 \%
VM Pin Input Current lvm 0<Vm<1l8V -2.5 — 2.5 MA
V'SP Pin Input Current lvss | Vsp=55V 10 — 45 HA
Input Signal
DIR Pin Low Level Input Voltage® Vi — — 0.76 \%
DIR Pin High Level Input-Voltage® Vi1 2.04 — — Y,
DIR Pin Internal Pull-down Resistor Rep 25 50 75 kQ
RESETn Pin Low Level Input
Voltage® Vir B B 03 M
RESETn Pin High Level Input
Voltage® Vi 23 7 B M
RES_,ETn Pin Internal Pull-up Reu o 90 - KO
Resistor
FG Pin High Level Output Voltage Von lon=—-1mA V3—-05|V3—-02| V; \
DIAG Pin Internal Pull-up Resistor Ron — 10 — kQ
DIAG Pin, FG Pin Low Level Output _
Voltage Vo|_1 IOH =1mA — 0.2 0.45 Vv

@ When applying an external voltage, be sure to set the DIR and RESETn pins to logic low during IC startup (i.e., until
the V3 pin voltage is established).
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Parameter Symbol Conditions Min. Typ. Max. Unit
Motor Control
VSP Pin Startup Voltage Vssx | Vsprising 1.13 1.26 1.4 \
Hold Time for Initial Positioning® trHoLp 282 353 424 ms
Dead Time DT 1.425 15 1.575 Hs
Protection
Current Limiting Value® (LY 78 80 82 % ls
OCP Threshold Voltage®?® V1rIPS 0.39 0.40 0.41 \%
VM Pin OVP Threshold Voltage® Vowm 11 1.24 1.35 Y,
VM Pin UVP Threshold Voltage® Vuvm 0.20 0.29 0.38 \%
V3 Pin UVP Threshold Voltage Vsuv | Vs falling — 238 — \%
V3 Pin UVP Hysteresis V3uvHys — 175 — mV
HOCP Threshold Current® Ihoce 130 150 165 % les
HOCP Threshold Voltage® VTRIPH 650 750 825 mv
HOCP Filtering Time® tHocrF 0.75 1.00 1.25 s
TSD Temperature (Gate-drive MIC) Towp 120 130 — °C

TSD Hysteresis Temperature

(Gate-drive MIC) Tonvs 7 40 B c
'(I'ggrz;rgs: \,\//lvla(r:r;ng Temperature Tume 125 135 - oc
e ™| T — s [
TSD Temperature (Control MIC) ToHe 135 150 — °C
;I'ngt'lr'glml\a?gture Hysteresis Tonctys o 35 - oc

@ Reference value

|
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3.2.  Serial Communications
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Figure 3-1.  Serial Communications Timings

Parameter Symbol Conditions Min. Typ. Max. Unit
Glitch Suppression Filter® — —4 — 50 ns
SCL Pin Clock Frequency ferk 0 — 400 kHz
Falling Time of Output tor \C/;l:gz %FV 033y \ _ 250 ns
Stop-to-Start Bus-free Time tur 13 — — Us
Start Condition Hold Time tho:sTA 0.6 — — Ms
Start Condition Setting Time tsu:sTa 0.6 — — MS
SCL Pin Low Level Time tLow 13 — — HS
SCL Pin High Level Time thicH 0.6 — — M
Data Setup Time tsu:pAT 100 — — ns
Data Hold Time thp:DAT 0 — 900 ns
Stop Condition Setting Time tsu:sto 0.6 — — Us
SDA Pin Low Level Output VVoltage VoL lo. =3 mA — — 0.45 V
SDA Pin Output Leakage Current lo xg;g\\//ttggg\\// -25 — 2.5 HA
\S/Igﬁ\agoer SCL Pin Low Level Input ViL o o 0.76 v
\S/[g@a;; (2S)CL Pin High Level Input Vi 204 o o v
SCL Pin Input Pull-up Resistor® Reu s 45 90 105 kQ

@ Refers to-a pulse width for suppressing spike noise.
@ When applying an external voltage, be sure to set the SDA and SCL pins to logic low during IC startup (i.e., until the
V3 pin voltage is established).
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|
3.3.  Transistor Characteristics

Figure 3-2 provides the definitions of switching characteristics described in this and the following sections. Vgs
represents the voltage between the gate and source of an internal power MOSFET.

10%

v

Vbs

\ 4

Figure 3-2.  Switching Characteristics Definitions

3.3.1. SX68201M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current Ibss | Vos =250V — — 100 HA
Drain-to-Source On-resistance Roson) | Io=1A — 1.25 15
Source-to-Drain Diode Forward N
Voltage Vsp lsn=1A — 11 15
High-side Switching
;(;gg?/ee_rto_'ll?iﬁ:erl Diode Reverse ) Vo = 150V, o 75 o ns

cCovery Vee=15V,
Rise Time* t Io=1.0A, T)=25"°C, — 45 — ns
Fall Time* te inductive load _ 40 _ ns
Low-side Switching
Source-to-Drain Diode Reverse

. tre Vbc =150 V — 70 — ns
* 1

Rt_acow_ary Time Vee =15V,
Rise Time* tr Ib=1.0A, T;=25°C, — 50 — ns
Fall Time* t; inductive load . 20 . ns

* Guaranteed by design.
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3.3.2. SX68204M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current Ipss | Vos=600V — — 100 HA
Drain-to-Source On-resistance Roson) | Io=0.75 A — 29 3.6
Source-to-Drain Diode Forward Voo lp = 0.75 A o 095 15 v

Voltage
High-side Switching
Source-to-Drain Diode Reverse

Recovery Time* - ng j ig(ilv _ 120 _ i
Rise Time* t Ip=0.75A, T;=25°C, — 60 — ns
Fall Time* t inductive load _ 25 . § ns
Low-side Switching
;‘;‘ég‘;’/e;;'ﬁ[ﬁiei[)i"de Reverse tr | Voc=300V, - 130 - ns
Rise Time* t Y;ﬁ;%’ X T)=25°C, — 65 — ns
Fall Time* t | inductive load — 30 — ns
3.3.3. SX68205M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current loss | Vps=600V — — 100 pA
Drain-to-Source On-resistance Rosony | Io=1A — 2.0 2.5 Q
\S/cz)t:tr;:geéto-Dram Diode Forward Vo lg= 1A - 11 16
High-side Switching
Source o-Dreln Diode Reverse [ | Ve =300V, — | us | = ]
Rise Time* t X,Ci I(l)iv-rj =25°C, — 50 — ns
Fall Time* te inductive load _ 45 _ ns
Low-side Switching
Sourcerto-brain DiodeReverse |, [ voe=3a00v, — s | =]
Rise Time* t ?[/)Ci ;(::I)-SA\VTJ = 25°C, — 55 — ns
Fall Time* t inductive load _ 40 _ ns
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3.4. Bootstrap Diode Characteristics

Parameter Symbol Conditions Min. Typ. Max. Unit
Bootstrap Diode Forward Voltage Ves l,s=0.15A — 1.0 13 \Y
Bootstrap Diode Series Resistor Reoot 45 60 75 Q

3.5.  Thermal Resistance Characteristics

Parameter Symbol Conditions Min. Typ. Max. Unit
Junction-to Case Thermal Ric | All power MOSFETS — | — | 10| -cw
Resistance P
Junction-to-Ambient Thermal operating; when mounted

Ry on a board® — —a 35 °C/W

Resistance

() Refers to a case temperature at the measurement point described in Figure 3-3.
@ Refers to a 1.6 mm thick CEM3 glass with 35 um thick copper foil; measured under natural air cooling without
silicone potting.

.

i 9.6 mm Measurement point
_____ wi] 0000 0 Qa9 [ [] [l2e 7
O | ©
4 mm |
____________________________________ PN | RS N 5
& s O i
LTI ororguuree, S
Figure 3-3. Case Temperature Measurement Point
4. Mechanical Characteristics
Parameter Conditions Min. Typ. Max. Unit
Package Weight — 1.4 — g
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. _____________________________________________________________________________________________________________________________|
5. Reference Register Value

The table below lists the reference values to be written to the registers. All the values in parentheses are expressed in
hexadecimal. The values listed in the table below are only the parameters that the GUI initially displays.

15 14 13 12 11 10 9 8 7 6 b 4 3 2 1 0

Config 0 CR1 { CRO | PR7 : PR6 { PR5 | PR4 | PR3 | PR2 | PR1 | PRO
Ref. Value (0047) 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1
Config 1 DT5 | DT4 | DT3 | DT2 | DT1 | DTO [OHT3:OHT2: OHT1: OHTO

Ref. Value (01E9) 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1

Config 2 CMS1:CMSO | RSN1:{RSNO: OCF1: OCFO| CD3 i CD2 | CD1 : CDO
Ref. Value (0363) 0 0 0 0 0 0 1 1 0 1 1 0 0 0 1 1

Config 3 MO3 | MO2 | MO1 ;| MO0 | BCG2 | BCG1[BCGO: IWM1:IWMO: IHO
Ref. Value (0160) 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0

Config 4 HT5 | HT4 [ HT3 | HT2 | HT1 | HTO | HD3 | HD2 | HD1 | HDO
Ref. Value (0054) 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0

Config 5 STS4 | STS3 | STS2 | STS1 ¢ STSO : STD4 | STD3 | STD2 : STD1 | STDO
Ref. Value (0104) 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
Config 6 LS5 | LS4 | LS3 i LS2 | LS1 | LSO [ HS3 | HS2 | HS1 . HSO
Ref. Value (0005) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Config 7 IM4": IM3 | IM2 | IM1 | IMO | 104 | 103 | 102 : 100 : 100

Ref. Value (00D5) 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 1

Config 8 UVS | HR3 [ HR2 | HR1 | HRO { FGS | SI3 SI2 SI1 SI0
Ref. Value (0106) 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0

Config 9 CP3 | CP2 i CP1 { CPO ETR | CI3 : CI2 | CI1 : CIO
Ref. Value (00C6) 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0

Config 10 TP3 | TP2 | TP1 | TPO TI3 . TI2 ¢ TI1 | TIO
Ref. Value (00C6) 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0

Config 11 PWD9 PWD8|PWD7: PWD6:PWD5 : PWD4|PWD3  PWD2: PWD1: PWDO
Ref. Value (0000) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Config 12 LW9 | LW8 [ LW7 | LW6 | LW5 | LW4 [ LW3 | LW2 | LW1 | LWO
Ref. Value (00C8) 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0

Config 13 XWM1:XWMO ([ LHTL1 | LHTO: FW5 | FW4 | FW3 | FW2 | FW1 | FW0
Ref. Value (000D) 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
Config 14 DTC : VMC | DG3 | DG2 | DG1 | DGO | DM3 : DM2 | DM1 | DMO
Ref. Value (0100) 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Config 15 SCS PN3 | PN2 : PN1 { PNO [ SU3 | SU2 : SUl | SUO

Ref. Value (0209) 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1
SR9 : SR8 [ SR7 : SR6 : SR5 | SR4 | SR3 : SR2 | SR1 | SRO

Config 16 SRH9  SRH8 | SRH7 | SRH6  SRH5  SRH4 | SRH3 SRH2 : SRH1 SRHO
Ref. Value (001E) | 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0
Config 17 SRL9 | SRL8 | SRL7 | SRL6 | SRL5 | SRL4 | SRL3 | SRL2 | SRL1 | SRLO
Ref. Value (0000) | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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15 14 13 12 11 10 9 8 7 6 5 4 B 2 1 0

Config 18 VX9 | VX8 | VX7 | VX6 | VX5 | VX4 [ VX3 | VX2 | VX1 @ VX0
Ref. Value (0366) 0 0 0 0 0 0 1 1 0 1 1 0 0 1 1 0
Config 19 VS9 | VS8 | VS7  VS6 | VS5 | VS4 | VS3 | VS2 | VS1 | VSO
Ref. Value (01B3) 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1 1
Config 20 VN9 | VN8 [ VN7 { VN6 | VN5 | VN4 | VN3 | VN2 | VN10: VNO

Ref. Value (015C) 0 0 0 0 0 0 0 1 0 1 0 1 1 1 0 0

Config 21 VC9 | vC8 [ VC7 | VC6 | VC5 i VC4 [ VC3 | VC2 | VC11: VCO

Ref. Value (00AE) 0 0 0 0 0 0 0 0 1 0 1 0 1 1 1 0

Register 28 Write
EEPROM Control
Register 28 Read
EEPROM Count

0 0 0 0 0 0 SAV 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 iNVC9:NVC8|NVC7:NVC6: NVC5:NVC4[NVC3: NVC2:NVC1 NVCO

Register 29 TW | OT | LOS  PMF  HOC  OVM |uvm

Fault Mask

Ref. Value (0000) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Register 30 Write DIAG4 | DIAG3 | DIAG2

Ref. Value (0000) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Register 30 Read FF POR: ME WD | OC  EE | TW OT | LOS "PMF: HOC OVM|UVM 0 0
Diagnostic

Register 31 Run DIAGL DIAGO| RDG "PMR | STM | ESF | RSC | BRK | DIR | RUN
Ref. Value (0092) 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0
Register Read FF POR | ME WD ocC EE

SX68200M-DSE Rev.2.2 SANKEN ELECTRIC CO., LTD. 13
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6. Block Diagram

VCC2 29 VB1
veet (2 3 VB2
V3 33 VB3
VPP @
fmmmmmmmmmm——— ———0-{- G O--
| Controller LTJ % | : |
: Diagnostics NVM Program || Logic : | :
DIAG @3—+——— and Supply || Supply | : |
| i | |
| Protection | | configuration I | ! 39 vBB
| | Registers ' | uvo || uvio | |
I Watch- | 1 I I
TEST (6 P | ' vee,svy || (vB) |1 VBB
| 09 3-phase : : :
! I Sine Generator | i 1] I
: ~ . ot it it
|
DIR Motion I : | L !
Control o HINL L | »| High-side
G D HINZT s Driver % Q)u
T 50 L 3) vi
Start PWM LINL ! § = 3 w1
RESETn Sequence a | V2
Vector LIN3 =
— 1+ 2 |
I Motor | T 2 | w2
Controller | : L :
Data Buff )
SDA (8 v ae : or i ! L Low-side —D—|E} E} 5
! an L 4 |
! Reus | command ] : N o di |:|I
sCL ¢ Decode I | T
|
: I 7 ! [ Ls1
| MUX ! Control 5D | 2) Ls2
VSP @)—»1?7 VSP ADC o | Logic ! Ls3
| &_. _ _ _ _ O-—-—--- -
: _(I} 19 Csw
_________________________ - 10 CSsV
VM (& 1) CsSuU
coMm @ 19 CSCOM
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7. Pin Configuration Definitions

Top View Pin Pin Description
Number | Name
14 vea VBB 136 1 VCC1 | Logic supply voltage input 1
2 — RESETn 3% 2 RESETn | Reset signal input
3 DIR W1 134 3 DIR Motor direction setting signal input
4] VSP VB3 133 4 VSP Motor speed control signal input
5 ] VM VB2 132 5 VM Main supply voltage detection signal input
6 | TEST Vi /31 6 TEST | Testinput
7 1 scL 30 7 SCL Serial clock input
8 —1 SDA VBB 1 29 8 SDA Serial data input
9 — COM 28 9 COM | Logic ground
10— v3 = 10 V3 Internal regulator (i.e., V3 regulator) output
11— VPP Ls1 12 11 VPP EEPROM write supply voltage input
r—ra VBL — 25 12 FG Motor rotationpulse output
13 DIAG Fault signal output
13— DIAG 24 - -
14 CSCOM | Current detection reference voltage input
14— CSCOM Ve = 15 CsSwW W-phase current detection signal input
B csw 2 16 Csv V-phase current detection signal input
leL— CsvV LSz —2 17 Csu U-phase current detection signal input
e csu LS3 (— 20 18 VCC2 | Logic supply voltage input 2
1L vCe2 w2 119 | 19 W2 W-phase output (connected to W1 externally)
20 LS3 W-phase low-side power MOSFET source
21 LS2 V-phase low-side power MOSFET source
22 — Pin removed
23 V2 V-phase output (connected to V1 externally)
24 — Pin removed
25 VB1 U-phase high-side floating supply voltage input
26 LS1 U-phase low-side power MOSFET source
27 U U-phase output
28 — Pin removed
29 VBB Positive DC bus supply voltage
30 — Pin removed
31 V1 V-phase output (connected to V2 externally)
32 VB2 V-phase high-side floating supply voltage input
33 VB3 mlr;ﬁ?ase high-side floating supply voltage
34 w1 W-phase output (connected to W2 externally)
35 — Pin removed
36 VBB Positive DC bus supply voltage

SX68200M-DSE Rev.2.2 SANKEN ELECTRIC CO., LTD. 15
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8. Typical Application

VCC

VCC1

t

VDC

- H

Controller

Gate Driver

7 Lo
w1

/B3

VB2
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V1

Ces

ST %)

TI T
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Figure 8-1.

Typical Application
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9. Physical Dimensions

e SOP36 Package

22 £0.2
(Includes mold flash)
+0. 15
+0. 15 9-25 0. 05
0'4*0A05
ol adanln L ahalalag” 2 ’
=
Nl e
slE s
HIZ ol
< pE -
2E <
—~ |2 —
N
7 H
ATTUITIrTrrrorrr . f
N
P=1.2 £0.2 1. 05 *£0.2 A
~
=
+
—
o
0.8 £0.2 | | 0t00.2
(From backside to root' of pin) I /}
)
o]
y
&

Enlarged view of A (S = 20/1)

NOTES:

e Dimensions in millimeters
e Pb-free (RoHS compliant)
e When soldering the products, it is required to minimize the working time within the following limits:
Reflow (MSL3):
Preheating: 180 °C/90+ 30 s
Solder heating: 250 °C /10 £ 1 s (260 °C peak, 2 times)
Soldering iron: 380 + 10 °C/3.5+0.5s, 1 time

|
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e Land Pattern Example

Fin 36

2 45

G6.15

=
i
N
.
|
|
|
!

G.15

Pin 1

1 00000000000080001

Unit: mm
10. Marking Diagram

36 19
0 0000 o ono-f noa

| SX6820XM L Part Number

SR -, O Quality Approval Mark

' YMDDXX !
LILILILI‘IJLIIJLILILILILILILILILILIIJ
1 18
Lot Number:
Pin 1 Indicator Y is the last digit of the year of manufacture (0 to 9)

M is the month of the year (1to 9, O, N, or D)
DD is the day of the month (01 to 31)
XX is the control number
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11. Functional Descriptions

Unless specifically noted, this section uses the
following definitions:

e All the characteristic values given in this section are
typical values.

e For pin and peripheral component descriptions, this
section employs a notation system that denotes a pin
name with the arbitrary letter “x”, depending on
context. Thus, “the VCCx pin” is used when referring
to either or both of the VCC1 and VCC2 pins.

11.1. Basic Operation

The IC is a 3-phase brushless motor driver operated
with sinusoidal current waveforms, where the rotor
position is estimated by a sensorless vector control
strategy. The rotor positioning system is based on
calculations from the voltages applied to the 3-phase
motor and the currents through each phase, thus
requiring no external position sensor. The internal power
MOSFETs consisting of 3-phase bridges supply the
currents to the motor. The serial communications feature
provides reliable access to the extensive collection of
settings pertaining to control systems and diagnostic
features. The IC integrates a non-volatile memory
(EEPROM), which stores register data, to operate
independently of external communications.

The IC has the motor speed control system whose
reference speed settings are programmable through the
serial communications or by an analog voltage input. In
an overcurrent condition, the IC puts a certain_limit on
the motor current level with its protection function:

The startup operation uses the parameters settable via
the serial communications, thus permitting the IC to
support a wide range of the combinations of motors and
loads. Moreover, the built-in watchdog timer allows the
IC to stop the present motor run.as the protection against
chip-level damage, e.g., a control part in a freeze state.

The fault detection and diagnosis on operational faults
such as the VCCx or V3 pin undervoltage protection,
thermal shutdown, and so on are carried out based on the
detailed diagnostic information accessible through the
serial communications. The DIAG pin operates as the
fault signal output, whose settings are also
programmable by the diagnostic register.

For thorough functional descriptions, see the
following sections.

11.2. Pin Descriptions

11.2.1. VCC1land VCC?2

These are the logic supply pins for the built-in control
ICs. The VCCx pin voltage is used for charging

SANKEN ELECTRIC CO., LTD. 19
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bootstrap capacitors. In addition, the VCCx pin voltage
is internally stepped down (i.e., V3 regulator) to be used
as a logic power supply. A 26 V Zener diode is
internally connected between the VCCx and COM pins.
The VCC1 and VCC2 pins must be externally
connected on a PCB because they are not internally
connected. To prevent malfunction induced by supply
ripples or other factors, put a capacitor of about 0.01 pF
to 0.22 pF, Cvcc, near these pins. Voltages to be applied
between the VCCx and COM pins should be about 15 V.

11.2.2. RESETn

This pin operates to reset the diagnostic register.
When the RESETn pin becomes logic low, the motor
operation stops, and the diagnostic register is cleared.
Then, the DIAG pin is reset to logic high.

The RESETn pin is internally pulled up to the V3
regulator by the resistor. The RESETn pin should be
normally left open.

If any noise-induced malfunction occurs, add Rrst
and Crst as-shown in Figure 11-1. When turning on the
IC, be sure to check that the RESETn pin is held at logic
low. In particular, when applying an external voltage on
the RESETn pin, be sure to set the RESETn pin to logic
low until the V3 pin voltage is established.

Figure 11-1. Internal Circuit Diagram of RESETn Pin

11.2.3. DIR

This is the signal input pin to switch the direction of
motor rotation. The motor direction is determined by the
logical EXOR (exclusive OR) of the DIR bit in the
internal register and the DIR logic input, as in Table
11-1.

Table 11-1. Logic Levels Defined for Motor Direction

DIR Bit DIR Pin Motor Direction
0 L Forward
0 H Reverse
1 L Reverse
1 H Forward

© SANKEN ELECTRIC CO., LTD. 2019
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The DIR pin is internally pulled down to the COM pin
with the internal resistor. To set the DIR pin to logic low,
normally leave the pin open. If any noise-induced
malfunction occurs, connect the DIR pin to the COM pin.

To set the DIR pin to logic high, pull up the pin to the
V3 pin with Rpr, as shown in Figure 11-2. If any noise-
induced malfunction occurs, add Cpir between the DIR
and COM pins.

When turning on the IC, be sure to check that the DIR
pin is held at logic low. In particular, when applying an
external voltage on the DIR pin, be sure to set the DIR
pin to logic low until the V3 pin voltage is established.
Note that the motor operation must be stopped for
switching the logic level of input signals to the DIR pin.

]

V3/l*b

Rpir

Cor

Figure 11-2. Internal Circuit Diagram of DIR Pin

11.2.4. VSP

This is the input pin of reference voltage to set the
speed of motor rotation. Figure 11-3 shows an internal
circuit diagram of the V'SP pin.

The reference voltage is input between the'VSP and
COM pins. When the VSP pin is held at logic low for a
certain period of time, the IC enters the low power
consumption mode.

Analog
120 multiplexer
4
VSP (4 _I:?O_
50 kO’ 6V
CcoM (¥
\V4
Figure 11-3. Internal Circuit Diagram of VSP Pin
11.25. VM

This pin monitors the motor driving voltage, Voc. Ve
divided by a resistive voltage divider is applied to the

as the absolute maximum rating (=0.3 V to 4 V). The
VM pin also has the overvoltage protection and the
undervoltage lockout. For more details, see Section
11.15.4.

Analog
50 KO multiplexer
5
v =
6V 6V

comMm (9

\V/

Figure 11-4. Internal Circuit-Diagram of VM Pin
11.2.6. TEST

This is the input pin designed for test use only, not for
motor control. ‘When using the TEST pin in your
application, leave the pin open or connect a resistor of
about 10 kQ between the pin and the ground (COM).

If you have any questions about using the TEST pin,
please contact our sales representative or distributor.

11.2.7. SCL

This pin operates as the clock input pin for the serial
communications. Figure 11-5 is an internal circuit
diagram describing the SCL pin.

While the serial communications are being performed,
the power supply (3.3 V to 5.0 V) of the master device
must be used. Care must be taken in supplying power to
the subordinate and master devices. Be sure to turn on
the IC (subordinate) first, 