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1. 暵䚍♸⠏⸷�

! 䊨⡲歏彂歏⾓薴㔵 4.5-32V�

! ⰻ縨P+N 곫끮Predriver끮⸓歏崨
30mA娥⼓傞ꢂ〳靈�

! 濶ꆀ䱽ⵖFOC䰃湱鵘鲮䎂곡㐾갉⡛�

! 偽⠛䠭㐼⡙縨唬崵䪮助偽㼷⠛䠭㐼�

! 佅䭯넞鸟歏劼剒넞鲮鸟〳鴪 20♰鲮⟄♳�

! 佅䭯䛎鲮鸟ծ䛎鲮瀃/䛎歏崨ծ䛎⸆桧ㄤ䒓梠瘝
㢴猫䱽ⵖ垷䒭佅䭯䓳煂䲿鸟�

! 佅䭯ⴲ㨤⡙縨唬崵ㄤⲥ梠饰⸓饰⸓䪍瀃㣐�

! 佅䭯餏鲿荈鷓䎾饰⸓荈⸓鷓ꂁ㺈薴㔵餏鲿�

! 佅䭯鲱⸓鲱Ⱒ倗꣭⡛㼆歏彂禹絡涸Ȿⴁ䎇
Ⲹ㼭㐾갉�

! 䲿⣘垷䬾VspծPWMծPFMㄤ I2C 瘝㢴猫
䱽ⵖ䱹〡鲮鸟导껩TACHㄤ佦ꥻ䭷爙鳕ⴀ�

! 佅䭯 FlexCurveTM䱽ⵖ刼絁靈侮䪮助〳抳崞
鷓ꂁ♶ず歏劼暵䚍�

! 佅䭯Ⰼ涸⥂䫡⸆腊妁⾓鵂⾓⥂䫡ծ鵂崨⥂
䫡ծ歏崨ꣳⵖծ瀊騟⥂䫡湱ꢂծ湱ⵌ㖑ծ湱
ⵌ歏彂ծ緃湱⥂䫡ծ㜧鲮⥂䫡ծ歏⾓嵠嶑
⥂䫡ծ鵂掚⥂䫡ㄤ庛䏞ꣳⵖ佅䭯稒䚉ⵖ⸓�

! ⰻ縨 5V 넞⾓ LDO〳⣘㢪鿈⢪欽<10mA�
˖ ⽀歏꣖歏崨ꅷ呋僒✵䋒絁꣭⡛倰呩䧭劥�
�

2. ❡ㅷ皍➝�

XM2616 ꅷ欽偽⠛䠭㐼濶ꆀ䱽ⵖ偽䠭 FOC
䪮助끮⸓♲湱偽ⵘ湬崨BLDC歏劼〳儑衼꣭
⡛歏劼涸鵘遤㐾㡮ㄤ䮷⸓⚂偽⢪欽♶〳ꬑ涸
㼷⠛䠭㐼կ蓿晙ⰻ㔿⻊✫䱽ⵖ皾岁꧋䧭✫⡛
⾓ծ⚥㼭⸆桧偽ⵘ湬崨歏劼끮⸓䨾涸㣐鿈ⴔ㢪
㔵歏騟㢪鿈➑⸆桧MOSFET ⿺㼱ꆀ⯋㐼⟝
僒✵⢪欽䎇㣐䌴꣭⡛✫禹絡䧭劥կ�

XM2616 佅䭯넞鴪 20♰鲮涸넞鸟歏劼暵ⵆ
鷓欽✵溫瑟エ㼽㐼瘝䎾欽կ蓿晙ꛏ㼆歏寑⣘歏瘝
䎾欽㖞兞⠏⻊鵘遤傞䊨⡲歏崨⡛荛 10mA䖉
劼垷䒭♴䙖歏崨➑⚹ 50uAկ�

XM2616 䎾欽抳崞佅䭯䛎鲮鸟ծ䛎鲮瀃/䛎歏
崨ծ䛎⸆桧ㄤ䒓梠瘝㢴猫䱽ⵖ垷䒭䲿⣘㢴猫䱽
ⵖ䱹〡䎇〳呏䰘歏劼暵䚍⼐ꂁ涸銳抳崞靈侮
䱽ⵖ刼絁կ蓿晙䲿⣘〳綘玐ꂁ縨⼓EFUSEꂁ
ざ⚁欽涸 XMC-Optimizer ⠏⻊䊨Ⱘ〳呏䰘䎾欽
銳宠ⱗⰆ歏劼侨ㄤ饰⸓ծ䱽ⵖծ⥂䫡瘝ꂁ縨կ�

3. 䎾欽㖞兞�

! 溫瑟エ㼽㐼�

! 歏⸓䊨Ⱘ�

! じ䩏ծ㣐⸆桧굥䩏�

! ⡛⾓宐岹瘝�

�
皍⻊歏騟爙䠑㕃�

� 偽䠭 FOC偽ⵘ湬崨歏劼끮⸓蓿晙�
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6. ❡ㅷ➝絏�
6.1. 嚋鶣�
����������XM2616 ❡ㅷ僽㛇✵偽⠛䠭㐼濶ꆀ䱽ⵖ偽䠭 FOC䪮助涸♲湱偽ⵘ湬崨BLDC歏劼/宕煂ず姿歏劼
PMSM끮⸓㐼⚁欽蓿晙晙ⰻ꧋䧭✫⡛⾓ծ⚥㼭⸆桧偽ⵘ湬崨歏劼끮⸓䨾涸㣐鿈ⴔ㢪㔵歏騟㢪鿈➑
⸆桧MOSFET ⿺㼱ꆀ⯋㐼⟝皍⽀僒欽䎇〳㣐䌴꣭⡛禹絡䧭劥կ�

���������蓿晙ⰻ縨杝暵涸幊ざ⥌〿鵘⸓䱽ⵖ㐼 XMCmiXed-signal�Motion�Controller佅䭯 FOC煂㖞㹁ぢ
䱽ⵖ⛲獦⚹濶ꆀ䱽ⵖ〳剣佪䲿⼮歏劼鵘遤佪桧䎇儑衼꣭⡛歏劼鵘遤㐾㡮ㄤ鲮瀃腡⸓կ㛇✵杝暵涸偽
⠛䠭㐼⡙縨唬崵䪮助XMC〳㛇✵歏劼劥⡤暵䚍兰腊霋ⵆ鲮㶩ⴲ㨤⡙縨䎇㖈歏劼鵘鲮傞㹊傞鍒皾鲮㶩㹊傞
⡙縨➢罜偽㸝鄳♶〳ꬑ涸⡙縨⠛䠭㐼կ鸑鵂ⴲ㨤⡙縨唬崵XMC〳佅䭯ⲥ梠㣐䪍瀃饰⸓䎇鼙⯝饰⸓
傞导鲮կXMCꅷ欽✫넞佪涸䱽ⵖ皾岁佅䭯䛎鲮鸟ծ䛎鲮瀃/䛎歏崨ծ䛎⸆桧ㄤ䒓梠瘝㢴猫䱽ⵖ垷䒭�䎇佅
䭯䓳煂䱽ⵖ〳忘駈 20 ♰鲮⟄♳涸넞鸟歏劼䎾欽銳宠կꛏ㼆♶ず涸歏劼暵䚍XMC佅䭯 FlexCurveTM䱽ⵖ
刼絁靈侮⸆腊〳抳崞靈侮歏劼鲮鸟ծ鲮瀃㼆䱽ⵖ⥌〿涸ㆇ䎾կず傞XMC 佅䭯妁⾓ꝉ㹁UVLOծ鵂⾓
⥂䫡OVPծ歏崨ꣳⵖCLPծ鵂崨⥂䫡OCPծ瀊騟⥂䫡⺫䭍湱ꢂ瀊騟⥂䫡ծ湱ⵌ㖑瀊騟⥂䫡ㄤ
湱ⵌ歏彂瀊騟⥂䫡ծ緃湱⥂䫡OPPծ㜧鲮⥂䫡LOCKծ歏⾓嵠嶑⥂䫡VSPծ鵂掚⥂䫡
OTPㄤ庛䏞ꣳⵖ荈⸓꣭괄TLP瘝㢴ꅾ⥂䫡⸆腊䎇佅䭯稒䚉ⵖ⸓䲿⣘Ⰼ涸㸝Ⰼ⥂ꥻկ�

���������蓿晙䲿⣘〳綘玐ꂁ縨⼓EFUSE〳呏䰘䎾欽銳宠ⱗⰆ歏劼侨ㄤ饰⸓ծ䱽ⵖծ⥂䫡瘝鵘遤侨կꂁ
ざ⚁欽涸 XMC-Optimizer 鲱⟝䊨Ⱘ〳呏䰘䎾欽銳宠欰䧭剒⠏涸ꂁ縨侨կꂁ縨侨佅䭯剒㢴⚙妃佖ⱗ
⟄忘駈䎾欽佖㘗涸抳崞䚍銳宠կ蓿晙ⰻ縨ECC吥낉⸆腊㼆♧ꂁ縨⡙涸緃ꤴ㣟佪〳荈⸓索ꝡ⥂霆✫㼑ㄐ
劍ꢂ涸㸝Ⰼ䚍⿺〳ꬑ䚍կ�

���������蓿晙䲿⣘兰腊港䱽⸆腊鸑鵂 I2C 䱹〡〳佖ⱗꂁ縨侨䱽ⵖ倰ぢծ鲮鸟ծ歏崨/鲮瀃瘝鵘遤侨⟄⿺
㹊傞靀》鲮鸟ծ庛䏞ծ歏崨ծ歏⾓ծ⥂䫡朐䙖瘝朐䙖⥌䜂կ蓿晙䲿⣘㢴猫䱽ⵖ䱹〡Ⱖ⚥靈鸟SPD䱹〡
Ⱟ㺂垷䬾鳕ⰆծPWMծPFM瘝䱽ⵖ倰䒭姻导鲮䱽ⵖDIR〳⸓䙖䱽ⵖ歏劼鲮⸓倰ぢկ姼㢪⚁欽涸鲮鸟
导껩FGծ佦ꥻ䭷爙FAULTB⥌〿鳕ⴀ〳ⴔⵆ欽✵港崵歏劼鲮鸟ㄤ㜧鲮瘝䒗䌢䞔ⲃկ�

��������呏䰘䱽ⵖ垷䒭涸♶ず䛎鲮鸟ծ䛎鲮瀃/䛎歏崨ծ䛎⸆桧ㄤ䒓梠䱽ⵖ垷䒭♴SPD 䱹〡ⴔⵆ欽✵霃㹁湡
叻鲮鸟ծ湡叻鲮瀃/鳕ⴀ歏崨ծ湡叻⸆桧ㄤ䒓梠鲮鸟կ�

��������蓿晙ꛏ㼆歏寑⣘歏瘝䎾欽㖞兞⠏⻊ꅷ欽兰腊䖉劼瘝⡛⸆署䪮助霃雦鵘遤傞䊨⡲歏崨⡛荛 10mA䖉
劼垷䒭♴䙖歏崨➑⚹ 50uAկ�

��������蓿晙ꅷ欽⯓鵳涸넞⾓幊ざ⥌〿䊨蒌霃雦꧋䧭✫歏劼䱽ⵖ䨾涸⚺銳⯋㐼⟝կ蓿晙ⰻ縨곫끮⸓紩
Predriverㄤ⽀歏꣖歏崨ꅷ呋歏騟➢罜넞䏞皍⻊✫㢪㔵歏騟涸霃雦剣佪䲿넞✫禹絡涸〳ꬑ䚍կ蓿晙
ꅷ欽ꛏ㼆侔掚⠏⻊涸㼓鄳䊨蒌絕ざざ椚涸䒸膃ⴔ䋒僒✵䋒絁ㄤ侔掚霃雦կ�

�

�

�
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6.2. ❡ㅷ暵䚍嚋錢�
幊ざ⥌〿鵘⸓䱽ⵖ㐼 XMCmiXed-signal�Motion�Controller�

! 偽䠭 FOC濶ꆀ䱽ⵖ䰃湱䱽ⵖ垷䒭�

! 㛇✵偽⠛䠭㐼⡙縨唬崵䪮助偽⡙縨⠛䠭㐼�

! 佅䭯䛎鲮鸟ծ䛎鲮瀃/䛎歏崨ծ䛎⸆桧ㄤ䒓梠䱽ⵖ佅䭯넞鸟垷䒭䓳煂䱽ⵖ�

! 佅䭯ⴲ㨤⡙縨唬崵ㄤ梠饰⸓鼙⯝饰⸓傞导鲮饰⸓䪍瀃㣐�

! 佅䭯餏鲿荈鷓䎾饰⸓荈⸓鷓ꂁ㺈薴㔵餏鲿1�

! 佅䭯鲱⸓鲱Ⱒ倗〳꣭⡛㼆歏彂禹絡涸Ȿⴁ䎇Ⲹ㼭㐾갉�

! ⽀歏꣖歏崨ꅷ呋僒✵䋒絁꣭⡛倰呩䧭劥�

! 佅䭯㢴ꅾ⥂䫡⸆腊妁⾓ꝉ㹁ծ鵂⾓⥂䫡ծ鵂崨⥂䫡ծ歏崨ꣳⵖծ瀊騟⥂䫡湱ꢂծ湱ⵌ㖑ㄤ湱ⵌ歏
彂�ծ緃湱⥂䫡ծ㜧鲮⥂䫡ծ歏⾓嵠嶑⥂䫡ծ鵂掚⥂䫡ㄤ庛䏞ꣳⵖ�

! 䒓梠饰⸓⸈鸟刼絁ծ梠靈鸟刼絁〳ꂁ縨2�

! 佅䭯 FlexCurveTM䱽ⵖ刼絁靈侮䪮助〳抳崞鷓ꂁ♶ず歏劼暵䚍�

歏彂♸⸆署�

! 歏彂歏⾓ VM7.6V�~�28V罣⾓〳鴪 30V�

! 歏彂歏⾓ VDD55V〳歋晙ⰻ LDO欰䧭〳⣘㢪鿈⢪欽歏崨♶㣐✵ 10mA�

! 䊨⡲歏崨㼭✵ 10mA�

! 佅䭯⡛⸆署䖉劼䖉劼歏崨⡛荛 50uA�

끮⸓䱹〡�

! 곫끮⸓Predirverⰻ鿈꧋䧭곫끮⸓〳끮⸓㣐⸆桧PMOS+NMOS⸆桧咕娥⼓傞ꢂ佅䭯抳崞靈侮�

! 끮⸓歏崨끮⸓歏崨 30mA�

⠛䠭㐼♸䱽ⵖ䱹〡�

! SPD鲮鸟/鲮瀃䱽ⵖ鳕ⰆⰯ㺂垷䬾ծ侨㶶PWMㄤ PFM靈鸟⥌〿�

! DIR倰ぢ䱽ⵖ鳕Ⰶ3�

! BRAKE稒䚉ⵖ⸓鳕Ⰶ3�

! CFG䱽ⵖ垷䒭ꂁ縨4�

! NTC庛䏞⠛䠭㐼鳕Ⰶ4�

! I2C侨㶶鸑⥌䱹〡5�

鳕ⴀ䭷爙�

! FG鲮鸟导껩TACH䒓怩鳕ⴀ䌄瀊騟⥂䫡�

! FAULTB佦ꥻ䭷爙䒓怩鳕ⴀ䌄瀊騟⥂䫡3�

�
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㼓鄳�

! XM2616Q馄謭侔掚㟞䔂㼓鄳�QFN20L5mm�X�5mm�X�0.75mm�

梠㞯銳宠�

! 䊨⡲庛䏞-40�~�105˫�

! ⪰㶸庛䏞-65�~�150˫�
�
岤�
1荈鷓䎾涸饰⸓餏鲿薴㔵〳ꂁ縨�
2刼絁侨〳ꂁ縨�
3BRAKE ♸ DIR 㢕欽䒸膃�
4NTC䱹〡♸CFG䱹〡㢕欽䒸膃�
5I2C 䱹〡♸ SPDծFG䱹〡㢕欽䒸膃կ�

6.3.皍⻊䎾欽歏騟�

�

㕃 6-1�XM2616Q涸皍⻊䎾欽歏騟� �



  XM2616�
Rev�0.3/곫錢晜�

蓿呔霿䗎歏㶩� www.x-signal.com� 6/25 
� 俒咓虊珳霼⺡㢪〄�

7. 禹絡呥㕃�
7.1. XM2616 禹絡呥㕃�

�
㕃 7-1�XM2616禹絡呥㕃�

�
� �
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8. 䒸膃㹁⛐�
8.1. XM2616�

8.1.1.䒸膃㹁⛐�
�

�
�

㕃 8-1�蓿晙䒸膃㹁⛐곝錠㕃�

8.1.2.䒸膃霹僈�

䒸膃�
䎸〿�

ぜ獦�
IO�
碫㘗(1)�

⸆腊䲽鶣� 㢪鿈鵶䱹�

1� VDD5� P� 5V 歏彂晙ⰻ LDO❡欰䎇鳕ⴀ䧴㢪鿈
鳕Ⰶկ� 䱹 4.7μF ꤲ櫘歏㺂荛GNDկ�

2� VDD15� P� 1.5V 歏彂晙ⰻ LDO❡欰➑⣘ⰻ鿈
侨㶶ⰻ呍⢪欽կ� 䱹 1μF ꤲ櫘歏㺂荛GNDկ�

3�
CFG� AI� ꂁ縨⥌〿䱹〡欽✵ꂁ縨鲮鸟薴㔵ծ끮

⸓歏崨䧴 I2C 㖑㖧� 䱹ꂁ縨歏꣖ⵌ㖑կ�

NTC� AI� 庛䏞⠛䠭㐼䱹〡� 䱹 NTC庛䏞⠛䠭㐼կ�

4�
SPD� AI� 垷䬾/PWM/PFM 靈鸟ⰻ縨♳䬘歏꣖荛

VDD5կ� MCU涸䱽ⵖ⥌〿♶欽傞嵥瑟կ�

SCL� DI� ➢劼垷䒭 I2C 傞ꛦ鳕Ⰶ剒㣐鸟桧
400KHzկⰻ縨♳䬘歏꣖荛 VDD5կ�

MCU涸 I2C 傞ꛦ⥌〿♶欽傞嵥
瑟կ�
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(1) AI垷䬾鳕ⰆDI侨㶶鳕ⰆDO侨㶶鳕ⴀDIO侨㶶鳕Ⰶ/鳕ⴀOD䒓怩鳕ⴀP歏彂� �

5�

FG� OD� 鲮鸟导껩䭷爙կⰻ縨♳䬘歏꣖荛VDD5կ� MCU涸 IO♶欽傞嵥瑟կ�

SDA� DIO�
➢劼垷䒭 I2C 侨䰘剒㣐鸟桧
400KHzկ鳕ⴀ傞⚹䒓怩鳕ⴀⰻ縨♳
䬘歏꣖荛 VDD5կ�

MCU涸 I2C 侨䰘⥌〿♶欽傞嵥
瑟կ�

6�

DIR� DI�
歏劼鲮⸓倰ぢ䱽ⵖկ넞歏䎂傞䰃湱곡
䎸⚹U�->�V�->�W⡛歏䎂傞⚹�U�->�W�
->�Vկ�

MCU涸 IO♶欽傞嵥瑟կ�

SCL2� DI� ➢劼垷䒭 I2C 傞ꛦ鳕Ⰶ剒㣐鸟桧
400KHzկⰻ縨♳䬘歏꣖荛 VDD5կ�

MCU涸 I2C 傞ꛦ⥌〿♶欽傞嵥
瑟կ�

BRAKE� DI� 稒䚉ⵜ鲨ⵖ⸓� MCU涸 IO♶欽傞嵥瑟կ�

7�

FAULTB� OE�
佦ꥻ朐䙖䭷爙կ封欰㜧鲮瘝⥂䫡傞鳕
ⴀ⡛歏䎂䒓怩կⰻ縨♳䬘歏꣖荛
VDD5կ�

MCU涸 IO♶欽傞嵥瑟կ�

SDA2� DIO�
➢劼垷䒭 I2C 侨䰘剒㣐鸟桧
400KHzկ鳕ⴀ傞⚹䒓怩鳕ⴀⰻ縨♳
䬘歏꣖荛 VDD5կ�

MCU涸 I2C 侨䰘⥌〿♶欽傞嵥
瑟կ�

8� ISN� AI� 歏崨ꅷ呋⥌〿䊵ⴔ鳕Ⰶ� 歏崨ꅷ呋歏꣖⡛畮�

9� ISP� AI� 歏崨ꅷ呋⥌〿䊵ⴔ鳕Ⰶ� 歏崨ꅷ呋歏꣖넞畮�

10� WLSG� AO� W湱 H咕⡛畮叹匧끮⸓� 䱹W湱H咕⡛畮(NMOS�)叹匧�

11� W� AI� W 湱� 䱹歏劼W湱կ�

12� WHSG� AO� W湱 H咕넞畮叹匧끮⸓� 䱹W湱H咕넞畮PMOS叹匧կ�

13� VLSG� AO� V 湱 H咕⡛畮叹匧끮⸓� 䱹 V湱 H咕⡛畮(NMOS�)叹匧կ�

14� V� AI� V 湱� 䱹歏劼 V湱կ�

15� VHSG� AO� V 湱 H咕넞畮叹匧끮⸓� 䱹 V湱 H咕넞畮PMOS叹匧կ�

16� ULSG� AO� U 湱 H咕⡛畮叹匧끮⸓� 䱹 U湱H咕⡛畮(NMOS�)叹匧կ�

17� U� AI� U 湱� 䱹歏劼U湱կ�

18� UHSG� AO� U 湱 H咕넞畮叹匧끮⸓� 䱹 U湱H咕넞畮PMOS叹匧կ�

19� VM� P� ⚺歏彂鳕Ⰶկ� 䱹⚺歏彂կ�

20� GND� P� 㖑կ� 䱹㖑կ�

EP� PGND� P� 侔掚插渹կ� 䱹㖑կ�
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9. 䪮助錞呔�
9.1. 歏孞暵䚍絟㼆剒㣐⧩�

邍 9-1�歏孞暵䚍絟㼆剒㣐⧩䊨⡲梠㞯庛䏞薴㔵ⰻ�

侨� 剒㼭⧩� 剒㣐⧩� ⽀⡙�

鳕Ⰶ歏⾓12�

VM� -0.3� 40� V�

UծVծW� -0.3� 40� V�

SPD/SCLծDIR/SCL2ծCFG/NTC� -0.3� 6.5� V�

鳕ⴀ歏⾓12�

VDD5� -0.3� 6.5� V�

VDD15� -0.3� 2� V�

UHSGծVHSGծWHSG� VM-20� VM+1� V�

ISPծISN� -0.3� 2� V�

FG/SDAծFAULTB/SDA2� -0.3� 30� V�

TA�䊨⡲梠㞯庛䏞3� -40� 105� ˫�

TJ��䊨⡲傞絕庛� -40� 150� ˫�

TSTG��⪰㶸庛䏞� -60� 150� ˫�
�

1鵘遤勵⟝馄鵂♳鶣絟㼆剒㣐⧩〳腊㼆㐼⟝鸣䧭宕⛉䚍䰀㗁䎇䕧ㆇ㐼⟝涸鵘遤珘㹁䚍կ♳鶣勵⟝➑⚹
⯈雽涸剒㣐⧩薴㔵ꬋ䲀虛涸䊨⡲薴㔵կ㐼⟝鵘遤㖈䲀虛䊨⡲薴㔵⛓㢪〳腊㼋荝鿈ⴔ⸆腊♶〳欽䎇綫瀊㐼
⟝涸⢪欽㼑ㄐկ����
2䨾剣歏⾓㖲湱㼆✵㖑歏⡙GNDկ�
3荈搬侔掚կ�
�

9.2. ESD 暵䚍�

邍 9-2�ESD 暵䚍�

侨� 勵⟝� ⧩� ⽀⡙�

V(ESD)歏佞歏歏⾓�

瑟孞佞歏�HBM 垷㘗ANSI/ESDA/JEDEC�JS-
001 叻ⲥ䨾剣䒸膃1� ±2,000�� V�

䱹鍘佞歏CDM垷㘗JEDEC�specification�
JESD22-C101 叻ⲥ䨾剣䒸膃2�� ±500�� V�

�

(1) �JEDEC�俒咓�JEP155�㡮僈�500V�HBM 垷㘗〳忘駈鄳ꂁ鵂玐⚥涸叻ⲥ歏䫡銳宠կ�

(2) JEDEC�俒咓�JEP157�㡮僈�250V�CDM垷㘗〳忘駈鄳ꂁ鵂玐⚥涸叻ⲥ歏䫡銳宠կ�
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9.3. 歏孞暵䚍䲀虛⧩�

邍 9-3�歏孞暵䚍䲀虛⧩�

侨� 剒㼭⧩� Ⱙ㘗⧩� 剒㣐⧩� ⽀⡙�

歏彂歏⾓1�

VM� 4.5� 12/24� 32� V�

VDD5� 4.75� 5� 5.25� V�

VDD15� 1.425� 1.5� 1.575� V�

歏⾓薴㔵1�
UծVծW� -1.0� � VM+1� V�

SPD/SCLծFG/SDAծDIR/SCL2ծ
CFG/NTCծFAULTB/SDA2� -0.3� � 5.5� V�

歏崨薴㔵� VDD5鳕ⴀ2� � � 30� mA�

TA�䊨⡲梠㞯庛䏞3� -40� � 105� ˫�

�

1䨾剣歏⾓㖲湱㼆✵㖑歏⡙GND�
2㢪鿈〳欽剒㣐⚹10mA�
3荈搬侔掚կ�

9.4. 㼓鄳掚꣖�

邍 9-4�㼓鄳掚꣖�

侨� 勵⟝�
⧩�

⽀⡙�
QFN20� SOP8�

RƟJA�蓿晙絕庛湱㼆梠㞯庛䏞� 1ծ2� TBD� TBD� ˫/W�
�
�
岤�
1JEDEC 叻ⲥ⽀㽻PCB 匣�
2崵霚絕卓♸㹊꣢䎾欽勵⟝湱Ⱒկ�
� �
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9.5. 歏孞暵䚍��

邍 9-5�歏孞暵䚍�

侨� 勵⟝1� 剒㼭⧩� Ⱙ㘗⧩� 剒㣐⧩� ⽀⡙�

䊨⡲歏崨�

IVDD5_ACTIVE� 䊨⡲歏崨� VSPD�>�0VⰌ庛䏞薴㔵� � 8� 10� mA�

IVDD5_SDB� 䖉劼歏崨�
VSPD�=�0VTA�=�25˫� � 50� 55� μA�

VSPD�=�0VⰌ庛䏞薴㔵� � � 120� μA�

LDO鳕ⴀ�

VDD5� 鳕ⴀ歏⾓� Ⰼ庛䏞薴㔵� 4.75� 5� 5.25� V�

IVDD5_MAX� 剒㣐鳕ⴀ歏崨� ⣘㢪鿈歏騟⢪欽鿈ⴔ� � � 10� mA�

䖉劼垷䒭�

VSPD_AN_EN_SDB�
垷䬾靈鸟鵳Ⰶ䖉劼歏

⾓� 垷䬾靈鸟垷䒭� 0� � 100� mV�

VSPD_AN_EX_SDB�
垷䬾靈鸟鷍ⴀ䖉劼歏

⾓� 垷䬾靈鸟垷䒭� 200� � � mV�

tSPD_AN_EN_SDB�
垷䬾靈鸟鵳Ⰶ䖉劼傞

ꢂ�
垷䬾靈鸟垷䒭�

VSPD�<�VSPD_AN_EN_SDB�
� 6� � ms�

tSPD_PWM_EN_SDB�
PWM 靈鸟鵳Ⰶ䖉劼傞

ꢂ�
PWM 靈鸟垷䒭�
VSPD�<�VSPD_PWM_IL�

� 60� � ms�

tSPD_PFM_EN_SDB�
PFM靈鸟鵳Ⰶ䖉劼傞

ꢂ�
PFM靈鸟垷䒭�
VSPD�<�VSPD_PWM_IL�

� 60� � ms�

tEX_SDB_DR�
➢䖉劼垷䒭鷍ⴀⵌ䒓
㨤끮⸓歏劼涸㈂ꄀ傞

ꢂ�

〳ꂁ縨⚹ 100msծ
200msծ350msծ

500ms�
100� 350� 500� ms�

RSPD_PD�
SPD䒸膃ⰻ縨♴䬘歏

꣖�
䖉劼垷䒭�
VSPD�=�0�

� 500� � K˴�

ꂁ縨䒸膃CFG�

RCFG�
CFG 䒸膃㢪䱹ꂁ縨歏

꣖�

16 咓〳鷥剒⡛ⵌ剒넞
ⴔⵆ⚹0䧴䱹㖑
3.57K˴6.98K˴
10.70K˴15K˴
19.6K˴24.9K˴
30.9K˴37.4K˴
45.3K˴56.2K˴

0� � � K˴�
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邍 9-5�歏孞暵䚍�

侨� 勵⟝1� 剒㼭⧩� Ⱙ㘗⧩� 剒㣐⧩� ⽀⡙�

88.7K˴127K˴
169K˴221K˴ㄤ
300K˴䧴嵥瑟歏
꣖礵䏞銳宠 1%�

侨㶶鳕ⰆDIR�

VIH� 鳕Ⰶ넞歏䎂剒㼭⧩� � 2.2� � � V�

VIL� 鳕Ⰶ⡛歏䎂剒㣐⧩� � � � 0.6� V�

䒓怩鳕ⴀFGծFAULTB�

IOD_SINK� 扪歏崨腊⸂� VO�=�0.3V� 2� � � mA�

IOD_SHORT� 瀊騟扪歏崨� � � 20� 25� mA�

SPD�-�垷䬾靈鸟鳕Ⰶ�

VSPD_AN_FS� 垷䬾靈鸟Ⰼ鸟歏⾓� � � 3� � V�

VSPD_AN_ZERO� 垷䬾靈鸟ꨪ鸟歏⾓� � 0� � 100� mV�

SPD�ˊ�PWM/PFM侨㶶靈鸟鳕Ⰶ�

VSPD_PWM_IH�
PWM/PFM靈鸟鳕Ⰶ

넞歏䎂�
� 2.2� � � V�

VSPD_PWM_IL�
PWM/PFM靈鸟鳕Ⰶ

⡛歏䎂�
� � � 0.6� V�

fSPD_PWM� PWM 靈鸟鳕Ⰶ곸桧� � 0.1� � 100� KHz�

fSPD_PFM� PFM靈鸟곸桧薴㔵�
곸桧♳ꣳ〳ꂁ縨⚹
1kHz/100kHz� 0.1� � 100� KHz�

I2C ⚮遤䚪絁䱹〡�

VI2C_IH� I2C 鳕Ⰶ넞歏䎂剒㼭⧩� � 2.2� � � V�

VI2C_IL� I2C 鳕Ⰶ⡛歏䎂剒㣐⧩� � � � 0.6� V�

fI2C� I2C 傞ꛦ곸桧� � 0� � 400� KHz�

PWM暵䚍�
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邍 9-5�歏孞暵䚍�

侨� 勵⟝1� 剒㼭⧩� Ⱙ㘗⧩� 剒㣐⧩� ⽀⡙�

fPWM� PWM 곸桧〳ꂁ縨薴㔵�
10KHz20�KHz25�
KHz40�KHz50�KHz

❀咓�
10� 25� 50� KHz�

tPWM_DT� 娥⼓傞ꢂ霃縨� 32 咓〳ꂁ� 0.9� 1� 1.1� us�

꧋䧭곫끮Predriver�

VH_HSG�
넞畮叹匧끮⸓鳕ⴀ넞

歏䎂� � � VM� � �

VL_HSG�
넞畮叹匧끮⸓鳕ⴀ⡛

歏䎂�

VM歏⾓♶⡛✵15V� � VM-15�� � V�

VM歏⾓⡛✵ 15V� � 0� � V�

VH_LSG�
⡛畮叹匧끮⸓鳕ⴀ넞

歏䎂�

VM歏⾓⡛✵ 15V� � VM�� � V�

VM 歏⾓♶⡛✵15V� � 15� � V�

VL_LSG�
⡛畮叹匧끮⸓鳕ⴀ⡛

歏䎂� � � 0� � V�

Ton� 䒓鸑傞ꢂ� Cload=500pF,�20%�to�
80%,�VM=12V�

� 200� � ns�

Toff� Ⱒ倗傞ꢂ� Cload=500pF,�80%�to�
20%,�VM=12V�

� 200� � ns�

Ton_delay� 䒓鸑䒁鵷� � 200� 250� 400� ns�

Toff_delay� Ⱒ倗䒁鵷� � 200� 250� 400� ns�

RHSG_PULL_UP�
넞畮叹匧끮⸓㼋鸑歏
꣖鳕ⴀ넞歏䎂� 〳ꂁ縨� � 17� � ˴�

RHSG_PULL_DOWN�
넞畮叹匧끮⸓㼋鸑歏
꣖鳕ⴀ⡛歏䎂� 〳ꂁ縨� � 28� � ˴�

RLSG_PULL_UP�
⡛畮叹匧끮⸓㼋鸑歏
꣖鳕ⴀ넞歏䎂� 〳ꂁ縨� � 24� � ˴�

RLSG_PULL_DOWN�
⡛畮叹匧끮⸓㼋鸑歏
꣖鳕ⴀ⡛歏䎂� 〳ꂁ縨� � 20� � ˴�

EFUSE〳綘玐ꂁ縨⼓�
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邍 9-5�歏孞暵䚍�

侨� 勵⟝1� 剒㼭⧩� Ⱙ㘗⧩� 剒㣐⧩� ⽀⡙�

VPROG� ⱗⰆ歏⾓� � � 5� � V�

tRET� ⥂㶸傞ꢂ� � 10� � � 䎃�

㜧鲮⥂䫡LOCK�

tLOCK_OFF� 㜧鲮傞涸Ⱒ倗傞ꢂ�
〳ꂁ縨⚹ 2sծ3sծ4s 䧴

⥂䭯�
� 3� � s�

tLOCK_ETR� 㜧鲮ⴼ㹁傞ꢂ�
〳ꂁ縨⚹ 0.3sծ0.5sծ

1s ㄤ 1.5s�
� 0.5� � s�

妁⾓ꝉ㹁UVLO⥂䫡�

VVM_UVLO_R�
VM妁⾓ꝉ㹁♳⼮ꢖ⧩

歏⾓�
Ⰼ庛䏞薴㔵� TBD� 4.5� TBD� V�

V�VM_UVLO_F�
VM妁⾓ꝉ㹁駮衅ꢖ⧩

歏⾓�
Ⰼ庛䏞薴㔵� TBD� 4.1� TBD� V�

V�VM_UVLO_HYS� 妁⾓ꝉ㹁⥂䫡鵷忕� � -� 0.4� -� V�

VVDD15_UVLO_R�
VDD15 妁⾓ꝉ㹁♳⼮

ꢖ⧩歏⾓�
� � 1.4� � V�

VVDD15_UVLO_F�
VDD15 妁⾓ꝉ㹁駮衅

ꢖ⧩歏⾓�
� � 1.15� � V�

VVDD5_UVLO_R�
VDD5妁⾓ꝉ㹁♳⼮ꢖ

⧩歏⾓�
� � 4.5� � V�

VVDD5_UVLO_F�
VDD5妁⾓ꝉ㹁駮衅ꢖ

⧩歏⾓�
� � 4.1� � V�

鵂⾓⥂䫡OVP�

VOVP� 鵂⾓⥂䫡歏⾓� � 25.4� 36� 36.6� V�

VOVP_HYS� 鵂⾓⥂䫡鵷忕歏⾓� � -� 1� -� V�

鵂崨⥂䫡OCP�

IOCP� 鵂崨⥂䫡꡶ꣳ� 〳ꂁ縨� TBD� TBD� TBD� A�

剒㣐歏崨ꣳⵖILIMIT�

ILIMIT_MAX� 끮⸓歏崨ꣳⵖ剒㣐⧩� 〳ꂁ縨� TBD� TBD� TBD� A�

鵂掚⥂䫡OTPㄤ庛䏞ꣳⵖTLP�
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邍 9-5�歏孞暵䚍�

侨� 勵⟝1� 剒㼭⧩� Ⱙ㘗⧩� 剒㣐⧩� ⽀⡙�

TTLP� 鵂掚⥂䫡꡶ꣳ� 〳ꂁ縨⚹ 140˫ծ150˫� 130� 140� 150� ˫�

TTLP_HYS� 鵂掚⥂䫡鵷忕� � -� 15� -� ˫�

TTLP�
庛䏞馊ꣳ荈鷓䎾꣭괄

䒓꡶ꣳ�

馊ꣳた荈⸓꣭괄 20%
庛䏞嫦♳⼮ 10˫꣭괄
㟞⸈ 10%剒㢴♶馄鵂

50%�

105� 110� 115� ˫�

�
岤ꤑꬋ暵婋霹僈TA�=�25˫VM�=�24Vկ�
�
�

10. ⸆腊霹僈�
蓿晙涸歏劼䱽ⵖ⸆腊歋幊ざ⥌〿鵘⸓䱽ⵖ㐼 XMC⚁欽ⰻ呍模䧭劥畎霫絈䲽Ⱖ䱽ⵖ鹤鳓ծ⥂䫡劼ⵖㄤ

靈霚霏倗倰岁կ�

10.1. 歏劼ⴲ㨤朐䙖�
ⴲ㨤傞歏劼〳腊㢅✵姺䧴⡛鸟鲮⸓ծ姻鲮ㄤ导鲮瘝♶ず朐䙖XMCꛏ㼆鵯❈朐䙖ꅷ欽㢴猫瘻殜

勻烁⥂歏劼腊㢿곡ⵄ饰⸓կ�

10.1.1.姺䧴⡛鸟鲮⸓�
ꛏ㼆姺䧴⡛鸟鲮⸓朐䙖涸歏劼XMC佅䭯ꅷ欽䔂ⵖ㼆⡙ծ䒓梠䬯⸓FRծⴲ㨤⡙縨唬崵IPD瘝

瘻殜勻饰⸓歏劼կ�

10.1.2.姻鲮�
ꛏ㼆㢅✵姻鲮朐䙖⚂导歏⸓⸷駈㢿㣐涸歏劼XMCꅷ欽ꅾ倝ず姿瘻殜勻䘯鸟饰⸓歏劼⛲〳鸑鵂ꂁ縨鷥

䭊瘝䖉䧴ⵖ⸓瘻殜կ�

10.1.3.鲮�
ꛏ㼆导鲮朐䙖涸歏劼XMC〳ꅷ欽荈⨢ծⵖ⸓瘝㢴猫瘻殜勻⨢姺歏劼搬たꅾ倝饰⸓歏劼荛姻鲮朐䙖կ

ⵖ⸓瘻殜〳䘯鸟⨢姺歏劼告岤䠑姺腊ꆀ导ぢ岤Ⰶⵌ⣘歏歏彂鼙⯝䰀㗁蓿晙䧴㢪㔵歏騟կ�

10.2. 歏劼饰⸓瘻殜�

10.2.1.歏劼饰⸓崨玐�
XMC㖈饰⸓傞껷⯓䪄遤ⴲ㨤鸟䏞唬崵ISD霋ⵆ歏劼涸姻导鲮朐䙖⿺鸟䏞䔲歏劼㢅✵姻鲮朐䙖

⚂鸟䏞忘駈銳宠傞〳湬䱹ꅾ倝ず姿⟄䘯鸟饰⸓䔲歏劼㢅✵导鲮朐䙖傞呏䰘ꂁ縨䪄遤荈⨢䧴ⵖ⸓⸓⡲կ�
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䔲歏劼ⴲ㨤鸟䏞䖎㼭䧴姺傞XMC呏䰘ꂁ縨䪄遤䔂ⵖ㼆⡙FA䧴ⴲ㨤⡙縨唬崵IPD饰⸓崨玐
䎇⸓䒓梠⸈鸟湬ⵌ鲮鸟鴪ⵌ梠䱽ⵖ銳宠た鲮Ⰶ梠䱽ⵖ朐䙖XMC佅䭯ⲥ梠⸓〳騥鵂䒓梠⸈鸟
鵂玐湬䱹䲿⣘㣐⸂騄饰⸓կ�

XMC㖈饰⸓鵂玐⚥䲿⣘㢴ꅾ⥂䫡⸆腊鼙⯝蓿晙鵂崨ծ鵂⾓ծ鵂掚կ�

10.2.2.ⴲ㨤鸟䏞唬崵ISD�
ⴲ㨤朐䙖傞MOSFET鳕ⴀⰢ倗鸑鵂唬崵 UծVծW♲湱涸歏⾓䌴⧩ㄤ湱⡙Ⱒ禹〳ⴼ倗歏劼姻鲮䧴

导鲮䎇䖤ⵌ歏劼涸ⴲ㨤鲮鸟կ䔲絁歏⾓䌴⧩⡛✵ꢖ⧩䧴♧㹁傞ꢂⰻ絁歏⾓劢封欰」⻊傞〳ⴼ㹁歏劼㢅
✵姺朐䙖կ�

10.2.3.ꅾ倝ず姿�
䔲ⴲ㨤鸟䏞唬崵ⴼ㹁歏劼㢅✵姻鲮朐䙖傞XMC〳ⵄ欽ⴲ㨤鸟䏞唬崵鵂玐⚥蜦䖤涸鸟䏞ծ錭䏞⥌䜂湬

䱹鵳Ⰶ梠䱽ⵖ朐䙖偽⨢姺歏劼➢罜㣐㣐⸈䘯饰⸓鸟䏞կ�

ꅾ倝ず姿傞蓿晙佅䭯鲱⸓⸆腊끮⸓歏崨鷶姿⸈㣐〳꣭⡛⸓鵂玐⚥涸㐾갉ㄤ䮷⸓կ�

10.2.4.荈⨢♸ⵖ⸓�
䔲ⴲ㨤鸟䏞唬崵ⴼ㹁歏劼㢅✵导鲮朐䙖銳⨢姺歏劼傞XMC佅䭯荈⨢ㄤⵖ⸓⚙猫垷䒭կ�

荈⨢垷䒭♴XMC⨢姺끮⸓歏劼MOSFET咕♳♴盗鳕ⴀ㖲⚹넞꣖䙖瘝䖉歏劼荈遤⨢姺կ�

ⵖ⸓垷䒭♴XMCず傞㼋鸑 3⚡ MOSFET♴盗䧴♳盗勻㹊梡ⵖ⸓կⵖ⸓鵂玐⚥蓿晙佅䭯鲱Ⱒ倗⸆
腊鷶幯Ⲹ㼭끮⸓歏崨雮歏劼綕䢨Ⲹ鸟꣭⡛ⵖ⸓鵂玐涸㐾갉ㄤ䮷⸓կ�

10.2.5.歏劼饰⸓�
XMC佅䭯䔂ⵖ㼆⡙FAㄤⴲ㨤⡙縨唬崵IPD⚙猫饰⸓倰䒭կ�

10.2.5.1.䔂ⵖ㼆⡙FA�
XMC鸑鵂㖈 U湱ㄤ V湱⛓ꢂ岤Ⰶ暵㹁䌴⧩涸歏崨䎇⥂䭯霃㹁涸傞ꢂ勻㹊梡鲮㶩涸䔂ⵖ㹁⡙կ䔂ⵖ

㹁⡙傞歏劼〳腊导鲮♧㹁錭䏞կ䔂ⵖ㼆⡙涸歏崨䌴⧩ㄤ䭯絯傞ꢂ銳呏䰘饰⸓餏鲿勻靈侮䔲饰⸓餏鲿鳅㣐
傞䨾銳涸歏崨⛲鳅㣐կ�

10.2.5.2.ⴲ㨤⡙縨唬崵IPD�
XMCꅷ欽偽⠛䠭㐼⡙縨唬崵䪮助鸑鵂㖈UծVծW湱⛓ꢂ䭽暵㹁곡䎸岤Ⰶ确崵歏崨腡Ȿ⠮皾ⴀ鲮㶩

涸⡙縨霪倰岁獦⚹ⴲ㨤⡙縨唬崵IPDկIPD岤Ⰶ涸歏崨腡Ȿ傞ꢂ䖎瀊鲮㶩㔔鲮⸓䟗ꆀ鸑䌢〳⥂䭯姺
䧴➑封欰鲽䗎⡙獴㔔姼Ⳝ⛖尵剣㐾갉⚂Ⳝ⛖♶⠔封欰导鲮կ�

10.2.5.3.歏劼⸈鸟�
鸑鵂䔂ⵖ㼆⡙䧴ⴲ㨤⡙縨唬崵た鲮㶩⡙縨䖤⟄烁㹁〳⟄䒓㨤饰⸓歏劼կ歏劼饰⸓僽㼆鲮㶩⸈鸟荛䭷

㹁鲮鸟涸鵂玐կ㖈鲮鸟鳅㼭傞歏劼❡欰涸导歏⸓⸷鳅㼭♶駈⟄〳ꬑ㖑烁㹁鲮㶩涸㹊傞⡙縨㔔姼鸑䌢ꅷ
欽䒓梠䬘⸓涸倰䒭㼆鲮㶩鷶幯⸈鸟湬荛鴪ⵌ〳❡欰駈㢿䌴⧩涸导歏⸓⸷歏⾓涸鲮鸟た鲮Ⰶ梠䱽ⵖկ
XMC佅䭯ⲥ梠⸓〳騥鵂䒓梠⸈鸟鵂玐䲿⣘㣐⸂騄饰⸓〳剣佪䲿넞饰⸓䧭⸆桧կ�
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10.2.6.饰⸓傞䎸�
饰⸓傞䎸⺫䭍♲鿈ⴔ�

1ⴲ㨤⻊傞ꢂ歋饰⸓瘻殜ㄤⴲ㨤朐䙖Ɀ㹁կ㖈姺朐䙖♴歋饰⸓瘻殜⿺㼆䎾涸䔂ⵖ㼆⡙傞ꢂծⴲ㨤
⡙縨唬崵傞ꢂ烁㹁��

2䒓梠⸈鸟傞ꢂ〳鷥歋䒓梠⸈鸟刼絁侨ㄤ梠ⴗ䰃鸟䏞Ɀ㹁�

3梠⸈鸟傞ꢂ歋湡叻鲮鸟ㄤ梠靈鸟刼絁侨Ɀ㹁կ�

10.3. 饰⸓歏崨霃縨�

10.3.1.䔂ⵖ㼆⡙歏崨�
䔂ⵖ㼆⡙傞XMC㖈W湱ㄤ V湱⛓ꢂ岤Ⰶ暵㹁䌴⧩涸歏崨雮鲮㶩䔂ⵖ㼆⡙歏崨涸䌴⧩ IFAㄤ倶⸈傞

ꢂ�tFA�〳霃縨կ㖈暵婋䞔ⲃ♴鲮㶩♸劍劅涸⡙縨〳腊姻㥩导ぢ姼傞銳⚙妃䔂ⵖ㼆⡙䩞腊雮鲮㶩㼆⡙ⵌ劍
劅⡙縨կ姼傞XMC⯓㖈WㄤU湱⛓ꢂ岤Ⰶ歏崨搬たⱄ㖈Wㄤ V湱⛓ꢂ岤Ⰶ烁⥂鲮㶩㢅✵곫劍⡙縨կ�

10.3.2.饰⸓歏崨ꣳⵖ�
饰⸓鵂玐⚥XMC〳ꣳⵖⴲ㨤⻊⿺䒓梠⸈鸟媯涸油⧩歏崨姺歏崨鵂㣐㼋荝䬘⡛湬崨嫢絁歏⾓⛲

鼙⯝⸈鸟鵂䘯㼋荝㐾㡮㣖㣐䧴㣟姿կ�

10.3.3.鲱⸓饰⸓歏崨♳⼮桧ꣳⵖ�
饰⸓鵂玐⚥끮⸓歏崨䘯鸟㟞㣐䬘⡛湬崨嫢絁歏⾓鵮鸣䧭鳕ⴀ⸂瀃涸瑲」㼋荝❡欰鳅㣐涸饰⸓㐾

갉կXMC佅䭯鲱⸓⸆腊〳霃縨歏崨♳⼮刼絁姺ⴀ梡鵯猫䞔ⲃկ�

10.4. 饰⸓餏鲿荈鷓䎾�
㖈衅㖑䩏䎾欽⚥ず♧猫歏劼⼐ꂁ涸굥尺㘗〿鳅㢴罜♶ず㘗〿굥尺涸鲮⸓䟗ꆀ䊵䒗鳅㣐侮劼靈霚傞

銳鷶♧⼐ꂁ䊨⡲ꆀ鳅㣐կXMCⰨ㢊饰⸓餏鲿荈鷓䎾腊⸂䭽撑剒㣐鲮⸓䟗ꆀ涸劼㘗霃縨㥩侨た〳⟄
鷓ꂁ㼭굥尺劼㘗ず傞絕ざ㣐⸂騄ⲥ梠饰⸓⸆腊〳剣佪䲿넞饰⸓䧭⸆桧偽鷶♧靈霚侮劼կ�

10.5. PWM鳕ⴀ�
靈鸟䭷⟁鸑鵂蓿晙ⰻ鿈鹤鳓鲮䰃⚹ PWM鳕ⴀ䱽ⵖMOSFET涸䒓鸑⽑瑟嫱➢罜佖」倶⸈ⵌ歏劼♳涸

끮⸓歏⾓涸剣佪⧩կ�

PWM 곸桧䲿⣘ 10KHzծ20KHzծ25KHzծ40KHzծ50KHz ❀咓կ刿넞涸PWM곸桧〳鵴猌갉곸薴㔵꣭
⡛갉곸㐾㡮ず傞Ⲹ㼭✫歏彂紻岚䎇佅䭯刿넞涸歏劼鲮鸟去⟟僽䒓Ⱒ䰀署刿㣐կ�

PWM 鳕ⴀ〳霃縨娥⼓傞ꢂ姺♳♴盗ず傞㼋鸑կ娥⼓傞ꢂ⠔㼋荝湱歏崨ⴀ梡靕岚XMC佅䭯荈⸓邉
⩟⸆腊嶊ꤑ娥⼓涸䕧ㆇկ�

XMC佅䭯❀媯䒭ㄤ♫媯䒭⚙猫靈ⵖ垷䒭❀媯䒭靈䱽䰀署㼭告歏崨靕岚殜㣐կ�

�

�
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10.6. 姻鲮䱽ⵖ�
XMC佅䭯歏劼涸姻导鲮䱽ⵖ姻鲮傞끮⸓곡䎸⚹U->V�->�W导鲮傞⚹U�->�W�->�Vկ姻导鲮倰ぢⴗ䰃

傞偽䩛⸓⨢姺歏劼կ�

10.7. 䰃湱䱽ⵖ�
XMC佅䭯 FOCField�Oriented�Control,�FOC濶ꆀ䱽ⵖ鸑鵂䊫㦪㖑䱽ⵖ끮⸓歏崨䕎䧭涸㹁㶩瑟ꢂ煂

㖞濶ꆀ♸鲮㶩煂㖞濶ꆀ⥂䭯暵㹁錭䏞Ⱒ禹〳㹊梡㼆歏劼鲮鸟ծ鲮瀃ㄤ鵘遤佪桧瘝㢴⚡絶䏞涸⠏⻊䱽ⵖկ�

10.8. 䒓梠䱽ⵖ�
㖈歏劼鲮鸟鳅㼭傞❡欰涸导歏⸓⸷鳅㼭♶駈⟄〳ꬑ㖑烁㹁鲮㶩涸㹊傞⡙縨姼傞ꅷ欽䒓梠䱽ⵖ涸倰

䒭կ姼㢪䒓梠䱽ⵖ䲿⣘✫♧猫皍⽀僒欽涸劼ⵖ偽✫鍒歏劼涸侨⽰〳雮歏劼㖈䭷㹁涸끮⸓歏崨ㄤ鲮
鸟♴鵘遤⚂〳鵘遤㖈匧⡛涸鸟䏞♴կ䒓梠鵘遤涸佪桧鳅⡛⚂䎾岤䠑⡛鸟傞鼙⯝鵂崨կ�

10.9. 梠䱽ⵖ�
♶ず䎾欽㼆歏劼涸䱽ⵖ湡叻䲿ⴀ✫♶ず涸宠⢾㥵굥䩏碫䎾欽⚥鸑䌢銳䱽ⵖ歏劼涸鲮鸟⠿剪䱽ⵖ

⚥銳䱽ⵖ歏劼涸鲮瀃㖈䬄屘掆劼ծ瑟靈굥盗劼ⰻ劼瘝䎾欽⚥鵮銳䱽ⵖⴀ〡굥ꆀXMC佅䭯㢴猫梠䱽
ⵖ垷䒭〳⟄⽀杝䧴絆ざ⢪欽կ�

10.9.1.䒓梠ⵌ梠涸ⴗ䰃�
➢䒓梠䱽ⵖⴗⰆⵌ梠䱽ⵖ傞XMC〳㹊梡䎂徾ⴗ䰃姺ⴀ梡鲮鸟ծ鲮瀃岚⸓կ�

10.9.2.䛎鲮鸟䱽ⵖ�
䛎鲮鸟䱽ⵖ僽ꛏ㼆歏劼鲮鸟涸梠䱽ⵖ霃㹁湡叻鲮鸟たXMC荈⸓䱽ⵖ끮⸓鳕ⴀ⢪䖤歏劼涸㹊꣢鲮

鸟騈ꥥ湡叻鲮鸟騈ꥥ鸟䏞歋靈鸟侨Ɀ㹁կ�

10.9.3.䛎鲮瀃/䛎歏崨䱽ⵖ�
䛎鲮瀃/䛎歏崨䱽ⵖ僽ꛏ㼆歏劼鳕ⴀ鲮瀃涸梠䱽ⵖ霃㹁湡叻鲮瀃/湱歏崨たXMC荈⸓䱽ⵖ끮⸓鳕

ⴀ⢪䖤歏劼涸㹊꣢鳕ⴀ鲮瀃/歏崨騈ꥥ湡叻鲮瀃/歏崨⚂⥂䭯剒⢕佪桧կ�

10.9.4.䛎⸆桧䱽ⵖ�
䛎⸆桧䱽ⵖ僽ꛏ㼆禹絡歏彂鳕Ⰶ⸆桧涸梠䱽ⵖ霃㹁湡叻鲮鸟たXMC荈⸓邉⩟歏彂歏⾓」⻊ծ䱽ⵖ

歏劼鳕ⴀ⸆桧⢪䖤歏彂鳕Ⰶ⸆桧⥂䭯䛎㹁կ�

10.10. 넞鸟垷䒭䓳煂䱽ⵖ�
ꛏ㼆넞鲮鸟䎾欽XMC佅䭯䓳煂䱽ⵖ〳剣佪䲿⼮歏劼剒㣐鲮鸟կ�

10.11. 鵘⸓䱽ⵖ�

10.11.1.䒓梠⸈鸟刼絁�
⚹䲿넞歏劼饰⸓涸䎂곡䚍ㄤ䧭⸆桧〳霃縨䒓梠⸈鸟刼絁雮歏劼䎂綕⸈鸟荛剒㼭鸟䏞կ�
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10.11.2.梠靈鸟刼絁�
㖈梠䱽ⵖ鵘遤鵂玐⚥⚹姺靈鸟鵂玐⚥歏劼鲮鸟瑲」Ⲹ鲽㐾㡮涸䎁䪓⿺䲿넞鵘鲮涸䎂곡䚍〳霃

縨梠靈鸟刼絁⟄⿺ꣳⵖ靈鸟鵂玐⚥湡叻鲮鸟涸」⻊桧կ�

10.11.3.鲮鸟䱽ⵖ�
歏劼涸鲮鸟䱽ⵖ〳鸑鵂靈侮 VM歏彂歏⾓䧴鸑鵂靈鸟䭷⟁勻㹊梡կ靈鸟䭷⟁〳勻荈垷䬾靈鸟ծPWM侨

㶶靈鸟ծPFM靈鸟䧴 I2C鸑⥌䱹〡կ�

10.11.4.餏鲿瑲」ㆇ䎾�
歏劼鵘遤傞餏鲿〳腊封欰瑲」鸣䧭㣟姿XMC〳䘯鸟ㆇ䎾餏鲿瑲」⥂䭯歏劼涸䎂곡鵘遤կ�

10.12. ⥂䫡鹤鳓�

10.12.1.妁⾓ꝉ㹁UVLO�
妁⾓ꝉ㹁⸆腊䭯絯港崵歏彂歏⾓䔲 VM歏彂歏⾓⡛✵ VVM_UVLO_F傞荈⸓ꝉ㹁䎇㖈䛪㢕ⵌ VVM_UVLO_R傞

⟄♳傞荈⸓鍒ꝉ䛪㢕姻䌢䊨⡲朐䙖忕㔐ꢖ⧩歏⾓⚹ VVM_UVLO_HYSկ姼㢪VDD5歏彂ㄤ晙ⰻ涸 1.8V 歏彂⛲
剣碫⡃⸆腊կ�

10.12.2.鵂⾓⥂䫡OVP�
䔲 VM歏彂歏⾓馄鵂䲀虛䊨⡲薴㔵傞鵂⾓⥂䫡鹤鳓⨢姺끮⸓歏劼姺䰀㗁蓿晙ㄤ歏劼կ䔲 VM歏⾓

䛪㢕ⵌ䲀虛䊨⡲薴㔵ⰻ傞蓿晙荈⸓䛪㢕ⵌ姻䌢䊨⡲朐䙖կ�

10.12.3.鵂崨⥂䫡OCP�
鵂崨⥂䫡鹤鳓欽✵唬崵湱ꢂ瀊騟ծ湱ⵌ㖑瀊騟ㄤ湱ⵌ歏彂瀊騟⥂䫡MOSFET♶⠔㔔鵂崨罜䰀㗁կ�

鵂崨⥂䫡鹤鳓䭯絯港崵ⰻ縨MOSFET 涸歏崨䔲歏崨馄鵂ꢖ⧩ IOCP傞荈⸓Ⱒ倗MOSFET䎇縨⡙佦ꥻ䭷爙⥌
〿կ�

10.12.4.歏崨ꣳⵖCLP�
歏崨ꣳⵖ鹤鳓⯈雽霃縨歏劼㖈⸈鸟ծⲸ鸟⿺鵘鲮鵂玐⚥涸剒㣐歏崨ꣳⵖ姺MOSFET ㄤ蓿晙鵂掚կ歏

崨ꣳⵖ㖈嫦⚡PWMワ劍ㄤ嫦⚡끮⸓ワ劍⚥㖲䪄遤ꣳⵖ嫦⚡PWMワ劍涸剒㣐鳕ⴀ⽑瑟嫱⥂霆嫦⚡끮⸓
ワ劍涸䎂㖲歏崨♶馄鵂곫霃⧩կ�

10.12.5.鵂掚⥂䫡OTP�
鵂掚⥂䫡鹤鳓ⵄ欽晙ⰻ庛䏞⠛䠭㐼港崵MOSFET咕涸庛䏞䔲庛䏞馄鵂霃㹁ꢖ⧩傞荈⸓Ⱒ倗䎇縨⡙佦

ꥻ䭷爙⥌〿կ�

䔲庛䏞♴꣭馄鵂庛䏞鵷忕⧩傞蓿晙荈⸓䛪㢕姻䌢䊨⡲朐䙖կ�

10.12.6.庛䏞ꣳⵖTLP�
庛䏞ꣳⵖ鹤鳓碫⡃鵂掚⥂䫡鹤鳓告䔲庛䏞馄鵂霃㹁涸庛䏞デ险港崵ꢖ⧩傞♶Ⱒ倗蓿晙罜僽荈⸓꣭

⡛䊨⡲歏崨䎇縨⡙庛䏞デ险⥌〿կ�
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䔲庛䏞♴꣭馄鵂庛䏞鵷忕⧩傞蓿晙荈⸓䛪㢕姻䌢䊨⡲朐䙖կ�

10.12.7.㜧鲮⥂䫡LOCK�
㜧鲮⥂䫡鹤鳓䭯絯唬崵㔔㢪⸂㼋荝歏劼ꝉ娥㜧鲮涸䒗䌢朐䙖⿺傞Ⱒ倗끮⸓歏崨姺鵂掚䧴䰀㗁

歏劼ㄤ蓿晙կ䔲封欰㜧鲮た⥂䫡鹤鳓縨⡙佦ꥻ䭷爙⥌〿䎇㖈ꢂꥬ tLOCK_OFF傞ꢂた荈⸓ꅾ霚确崵㜧鲮勵
⟝僽や䊺絑嶊ꤑ荈⸓ꅾ霚涸ꢂꥬ傞ꢂ〳霃縨կ㖈㜧鲮嶊ꤑた⥂䫡鹤鳓荈⸓䛪㢕歏劼涸姻䌢鵘遤朐䙖կ�

XMC〳佅䭯㜧鲮涸㢴猫唬崵倰岁烁⥂腊䘯鸟ծⲥ烁㖑霋ⵆ㜧鲮朐䙖կ唬崵倰岁⺫䭍歏崨䒗䌢ծ鲮鸟
䒗䌢ծ煂Ꝇ䒗䌢瘝կ�

10.12.8.歏⾓嵠嶑⥂䫡VSP�
歏劼鵘鲮傞腊ꆀ➢歏彂鲮䰃⚹劼唒腊鿈ⴔ腊ꆀ⪰㶸㖈湱歏䠭⚥鵮剣♧鿈ⴔ腊ꆀ⟄劼唒腊倰䒭⪰

㶸կ䔲歏劼Ⲹ鸟䧴ⵖ⸓傞歏劼䊨⡲㖈封歏劼朐䙖鵯⚙鿈ⴔ腊ꆀꅾ倝ꅺ佞ⴀ勻䎇〳鸑鵂MOSFET咕导鷐
ⵌ歏彂畮➢罜〳腊㼋荝歏彂畮歏⾓♳⼮䰀㗁蓿晙⿺㢪㔵歏騟կ�

XMC佅䭯歏⾓嵠嶑⥂䫡⸆腊〳鸑鵂⚺⸓䱽ⵖMOSFET咕♳♴盗涸㼋鸑朐䙖ꅺ佞鵯⚙鿈ⴔ腊ꆀկ�

10.12.9.緃湱⥂䫡OPP�
緃湱⥂䫡鹤鳓䭯絯唬崵UծVծW湱絁僽や䒓騟䔲䒓騟傞⿺傞Ⱒ倗끮⸓歏崨縨⡙佦ꥻ䭷爙⥌〿�

10.13. 朐䙖껩鳕ⴀFG�
FG 䱹〡鳕ⴀ歏劼涸㹊傞鲮鸟⥌䜂⛲〳呏䰘ꂁ縨䲿⣘끮⸓朐䙖䒓梠ծ梠ծ佦ꥻ⥌䜂կFG⚹䒓怩

鳕ⴀ〳鸑鵂歏꣖♳䬘ⵌ⟣䠑歏彂կ䲀虛♳䬘歏꣖꣖⧩⚹ 100K˴կ⚹姺 FG䒸膃瀊騟㼆蓿晙鸣䧭䰀㹲晙
ⰻꣳⵖ剒㣐扪歏崨腊⸂⚹ 20mAկ�

㖈䒓梠朐䙖♴FG鳕ⴀ朐䙖呏䰘ꂁ縨〳⟄⚹넞꣖䙖ծ䧴鳕ⴀ♸䒓梠䬘⸓涸鲮鸟湱ず곸桧涸倰岚⥌〿鵳
Ⰶ梠䊨⡲朐䙖たFG鳕ⴀ50%⽑瑟嫱涸倰岚⥌〿곸桧♸歏劼鲮鸟湱ずկFG鳕ⴀ〳呏䰘歏劼涸匧㼆侨ꂁ
縨ⴔ곸嫱剒넞〳佅䭯 8㼆匧FG鵮佅䭯鳕ⴀ⦔곸⸆腊剒넞〳鳕ⴀ 8⦔곸ⴔ곸ㄤ⦔곸鵮〳絆ざ⢪欽
鳕ⴀⴔ侨곸桧կ㖈封欰㜧鲮瘝佦ꥻ傞FG鳕ⴀ넞꣖䙖湬荛佦ꥻ嶊ꤑկ䔲歏劼鲮鸟⡛✵剒⡛鲮鸟傞FG鳕
ⴀ⚹넞꣖䙖կ�

10.14. 佦ꥻ䭷爙⥌〿鳕ⴀFAULTB�
佦ꥻ䭷爙⥌〿 FAULTB ⚹䒓怩鳕ⴀ〳鸑鵂歏꣖♳䬘ⵌ⟣䠑歏彂կ䲀虛♳䬘歏꣖꣖⧩⚹ 100K˴կ⚹

姺 FAULTB䒸膃瀊騟㼆蓿晙鸣䧭䰀㹲晙ⰻꣳⵖ剒㣐扪歏崨腊⸂⚹ 20mAկ�

姻䌢䞔ⲃ♴FAULTB 鳕ⴀ⚹넞꣖䙖䔲封欰㜧鲮瘝佦ꥻ傞鳕ⴀ⡛歏䎂կ�

10.15. 靈霚ծ佦ꥻ霏倗♸〳錠⻊��
蓿晙⸓傞➢ EFUSE⚥靀》곫縨涸侨荛ⰻ鿈㺕㶸㐼⚥կず傞蓿晙䲿⣘✫ I2C 䱹〡〳靀ⱗ晙ⰻ㺕㶸

㐼佅䭯�

! 銻渷 EFUSE ⚥涸霃縨�

! 叅霧蓿晙涸ⰻ鿈䊨⡲朐䙖�
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! 呏䰘㺕㶸㐼ⰻ㺂霏倗佦ꥻ�

鸑鵂ꂁ㤛涸 XMC�Optimizer 鲱⟝〳⟄湬錜㖑叅溏蓿晙涸䊨⡲朐䙖㼆蓿晙鵳遤䱽ⵖㄤ靀ⱗ EFUSEկ�

�

11. 䱹〡霹僈�
11.1. ⰻ縨絁䚍珘⾓歏彂LDO�
蓿晙ⰻ꧋䧭✫넞⾓ LDO➢鳕Ⰶ歏彂 VM鲮䰃ⵌ 5V鳕ⴀ⣘蓿晙ⰻ鿈⿺㢪鿈歏騟⢪欽կ晙㢪⢪欽

4.7μF ꤲ櫘歏㺂羒䎇㽴ꆀꬑ鵛蓿晙䒸膃佞縨կ㢪鿈歏騟〳⢪欽霪歏彂告銳岤䠑㢪鿈⢪欽涸剒㣐歏
崨♶腊馄鵂 10mAկ�

蓿晙ⰻ鿈涸侨㶶歏騟ⰻ呍ꅷ欽 1.8V ⣘歏霪歏彂歋模Ⰼⰻ縨涸 LDO欰䧭偽㢪鿈㐼⟝կ�

11.2. I2C 鸑⥌�
I2C 鸑⥌傞䎸霫錛欽䨪䩛ⱃկ�

11.3. 靈鸟�

11.3.1.垷䬾靈鸟�
垷䬾靈鸟垷䒭♴歏劼鲮鸟ꥥSPD䒸膃歏⾓絁䚍」⻊靈鸟薴㔵〳霃縨կ�

11.3.2.PWM侨㶶靈鸟�
PWM 侨㶶靈鸟垷䒭♴歏劼鲮鸟ꥥSPD䒸膃鳕Ⰶ⽑瑟嫱絁䚍」⻊靈鸟薴㔵〳霃縨կ鸑鵂PWM곸桧

涸」⻊鵮〳⟄䱽ⵖ歏劼涸鲮⸓倰ぢկ�

11.3.3.PFM 靈鸟�
PFM靈鸟垷䒭♴歏劼鲮鸟ꥥSPD䒸膃鳕Ⰶ涸傞ꛦ곸桧絁䚍」⻊靈鸟薴㔵〳霃縨կ�

鸑鵂 PFM⥌〿涸⽑瑟嫱鵮〳⟄䱽ⵖ歏劼涸鲮⸓倰ぢկ�

11.3.4.I2C 靈鸟�
〳鸑鵂 I2C 䱹〡ꂁ縨湡叻鲮鸟�

11.4. 歏劼鲮⸓倰ぢ䱽ⵖDIR�
歏劼鵘鲮鵂玐⚥〳鸑鵂DIR 䱹〡ⴗ䰃鲮⸓倰ぢկDIR 䱹〡⚹⡛歏䎂傞䰃湱곡䎸⚹U->V->W⚹넞歏

䎂傞䰃湱倰ぢ⚹U->W->Vկ佖」鲮⸓倰ぢ傞蓿晙荈⸓䱽ⵖ歏劼Ⲹ鸟搬たꅾ倝⸈鸟荛霃㹁涸鲮鸟կ�

11.5. 䖉劼♸㈂ꄀ�
蓿晙ꅷ欽兰腊䖉劼䪮助䔲忘駈暵㹁勵⟝傞蓿晙⨢姺끮⸓歏劼䎇荈⸓鵳Ⰶ⡛⸆署䖉劼朐䙖կ䖉劼朐䙖

♴㺕㶸㐼ⰻ㺂⥂䭯♶」〳鸑鵂SPD/I2C䱹〡䘯鸟㈂ꄀ䛪㢕姻䌢䊨⡲朐䙖կ�
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11.5.1.鵳Ⰶ䖉劼朐䙖�
䔲歏劼㢅✵姺朐䙖⚂SPD䒸膃歏⾓⡛✵ꢖ⧩䎇⥂䭯馄鵂傞ꢂ蓿晙荈⸓鵳Ⰶ䖉劼朐䙖կ䖉劼朐䙖

♴ⰻ縨 LDO⥂䭯鳕ⴀI2C ⸆腊⥂䭯䒓㺕㶸㐼⧩⥂䭯♶」歏劼끮⸓鳕ⴀ鄄Ⱒ倗넞꣖䙖Ⱖ➭⸆
腊㖲荈⸓⨢姺կ�

11.5.2.㈂ꄀ�
䖉劼朐䙖♴〳鸑鵂 SPD/I2C 䒸膃㈂ꄀկ�

11.6. 끮⸓歏崨霃縨�
〳霃縨歏劼끮⸓歏崨ㄤ꡶끮⸓歏崨涸♳⼮桧佖㊤EMI 暵䚍կ�

11.7. EFUSE 綘玐�
〳鸑鵂 I2C 䱹〡㼆 EFUSE鵳遤綘玐կ�

11.8. 佦ꥻ霏倗�
〳鸑鵂 I2C 䱹〡靀ⱗ晙ⰻ㺕㶸㐼叅溏蓿晙䊨⡲朐䙖霏倗佦ꥻկ�

�

12. 㺕㶸㐼邍�
�

㺕㶸㐼㹁⛐霫錛欽䨪䩛ⱃկ�

�
� �
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13. Ⱙ㘗䎾欽�
XM2616 ꅷ欽넞䏞꧋䧭⻊涸霃雦㢪㔵㐼⟝䖎㼱䨾剣湱Ⱒ歏騟〳佞縨㖈♧⚡㼭㘗涸㽻匣♳➢罜㣐

䌴꣭⡛侮⡤倰呩䧭劥կ霪蓿晙暵ⵆ鷓欽✵ 12V/24V ⡛⾓湬崨歏劼䎾欽⢾㥵溫瑟エ㼽㐼ծじ䩏ծ⡛⾓宐岹
瘝կ劥畎絛ⴀ✫♧⚡⡛䧭劥ծ㼭㘗⻊涸끮⸓匣罌霃雦霪霃雦鷓欽✵ 12V/24V ⣘歏剒㣐歏崨 10A 涸湬崨
偽ⵘ歏劼Ⱖ⚥PCB⚹㽻匣կ��

13.1. 罌霃雦⾲椚㕃�
TBD�

㕃 13-1�XM2616Q罌霃雦⾲椚㕃�

13.2. 罌霃雦 PCB 㕃�
TBD�

㕃 13-2�XM2616Q罌霃雦PCB 㕃�

14. 歏彂⣘歏䒊雳�
XM2616 霃雦⚹〳㖈 VM歏彂歏⾓ 4.5V 荛 32V 薴㔵ⰻ〳ꬑ鵘遤銳㖈 VM湬崨嫢絁♳佞縨㣐涸⪰腊歏

㺂霪歏㺂䎾腊忘駈禹絡霃雦涸紻岚銳宠կ�

㖈 VDD5ㄤ GND ⛓ꢂ佞縨 4.7μF ꤲ櫘歏㺂䎇㽴ꆀꬑ鵛 VDD5ㄤ GND䒸膃կ䗳銳傞霪歏㺂〳Ⲹ㼭荛
2.2μFկ�

䲀虛 PGNDㄤ GND㖈蓿晙䏀鿈涸侔掚插渹㢅⽀挿鵶䱹կ�

15. PCB 䋒㽷䋒絁䒊雳�
�

䋒㽷䋒絁傞霼黽䗄⟄♴䭷䒸�

! VMծPGNDծUծVծW瘝銳崨鵂㣐歏崨涸䒸膃霼ꅷ欽磦㼋絁䒸ⴀㄤ鵶䱹�

! 㖈 VMㄤ PGND ⛓ꢂ佞縨♧⚡㣐涸⪰腊歏㺂�

! 㖈 VDD5ㄤ GND⛓ꢂ佞縨 4.7μF ꤲ櫘歏㺂䎇㽴ꆀꬑ鵛 VDD5ㄤ GND䒸膃�

! PGNDㄤ GND㖈蓿晙䏀鿈涸侔掚插渹㢅⽀挿鵶䱹�

! 㼜侔掚插渹鵶䱹ⵌ㖑䎂䎇㽴ꆀ㟞㣐㖑䎂獤�

! 㼆㢴㽻匣霃雦㖈TOP ㄤ BOTTOM㽻䋒縨㖑䎂䎇ꅷ欽㢴⚡掚鵂㶰鵶䱹�

! ⚹鵳♧姿꣭⡛掚꣖蓿晙侔掚插渹䏀鿈PCB匣涸导⡙縨〳Ꝃ霃㖑䎂⚂꣖插㽻䒓璬� �
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16. 㼓鄳ㄤ⺫鄳⥌䜂�
16.1. QFN20L 㼓鄳㽯㼄㕃�

�

㕃 16-1�QFN20L㼓鄳㽯㼄�
� NOTE:���
� 1.�⟄♳㼓鄳㢪䕎劢⚚呔䭽嫱⢾絚ⵖ�
� 2.�䨾剣叻岤侨䰘涸⽀⡙㖲⚹嬗碛�
� 3.�䏀鿈侔掚插渹㽯㼄♶⺫䭍꣖插璬〡꣖插璬〡嫦鴝䎾殆ⴀ荛㼱 0.15mm�
� 4.�䏀鿈侔掚插渹䎾䒓꣖插կ�
� 4.�䏀鿈侔掚插渹㽯㼄♶⺫䭍꣖插璬〡꣖插璬〡嫦鴝䎾殆ⴀ荛㼱 0.15mmկ�

16.2. ⺫鄳�
TBD�

�

�

�

�

�

�

�

�
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17. ꅾ銳㡮僈ㄤ⯝餓㡮僈��
�
蓿呔霿䗎歏㶩䨾䲿⣘涸❡ㅷ錞呔⛼ծ罌霃雦ծ䎾欽䒊雳瘝䪮助餴俱♶⥂霆Ⱖ⚥♶ゎ⟣⡦榡氛⚂♶

⨞⟣⡦⺫䭍告♶ꣳ✵㼆鷓Ꝉ䚍ծ鷓ざ厤暵㹁欽鸀䧴♶⤀月⟣⡦痦♲倰濼霋❡勉涸僈爙䧴冝爙涸䬐⥂կ�絛ⴀ涸
Ⱙ㘗䎾欽➑⣘霃雦罌ꬋ蓿呔霿䗎歏㶩❡ㅷ涸♧鿈ⴔ蓿呔霿䗎歏㶩♶⥂霆罌霃雦涸模侮䚍ㄤ礵烁䚍կ
霃雦➃プ䎾荈遤呏䰘䎾欽銳宠鷥䭊ざ鷓涸㐼⟝䎇㼆霃雦倰呩鵳遤⯎ⴔ涸낉霆ㄤ崵霚կ�
�

䨾鶣餴彂⣘⚁⚌䒓封➃プ䎾欽蓿呔霿䗎歏㶩❡ㅷ鵳遤霃雦⢪欽㥵剣」刿䛓♶〥遤鸑濼կ�

�
翫禹㖑㖧⻌❩䋑嵳巤⼓濼僱騟 1〿㷖ꤎ㕂꣢㣐⾺ 1707�
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歏霢010-8208�6826�
齱盲info@x-signal.com��
緸㖧www.x-signal.com�
�
Copyright�©�2021�⻌❩蓿呔霿䗎歏㶩剣ꣳⰖ尽�
�


