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VS⁸VSA GND  ........................................................ ī0.3V +87.0V 
SW GND  ........................................................ ī0.3V VVSA + 0.3V 
VBUCK GND  .............................................................. ī0.3V +6.5V 
CPI GND ..................................................... ī0.3V VVBUCK + 0.3V 
CPO GNDVVBUCK  ......... ī0.3V min(VVDRV + 0.3, VVBUCK + 6.5)V 
VDRV GND  .......................... VCPO - 0.3V min(+13.0, VCPO + 6.5)V 
VEXT1⁸VEXT2 GND  .................. ī0.3V min(+6.0, VVBUCK + 0.3)V 
1V8, A1V8 GND  ...................... ī0.3V min(+2.2, VVBUCK + 0.3)V 
VCC_IO GND  .............................................................. ī0.3V +6.0V 
GPIO_ GND  ................................................. ī0.3V VCC_IO + 0.3V 
AIN_ GND  ................................................... ī0.3V VCC_IO + 0.3V 
DRV_EN GND  ............................................. ī0.3V VCC_IO + 0.3V 
FAULTN⁸RSTN GND  ................................................ ī0.3V 6V 

WAKE GND  .................................................... ī0.3V VSA + 0.3V 
GNDA⁸GNDP⁸EP GND  ....................................... ī0.3V 0.3V 
BM_ GND  ..........max((BS_ ī 16), (VS ī 87))V min(VS + 6, 87)V 
BS_ GND  ......................................... ī0.3V min(BM_ + 16, 87)V 
HS_ GND  ................................................. BM - 0.3V BS_ + 0.3V 
HS_ BM_  ........................................................ ī0.3V BS_ + 0.3V 
LS_ GND  ....................................................... ī2.7V VDRV + 0.3V 
CSP_ GND  ................................................................. ī2.7V 2.7V 
CSN_ GND  ................................................................ ī2.7V 2.7V 
☻כ♁─Ᵽ▬ꜝ♪ה♩כ◕ HS_/LS_  ............ ≢  
◒Ᵽ─◦fi▬ꜝ♪ה♩כ◕ HS_/LS_  ...........  ≢  

TA = +70ÜC⁸+70ÜC ╩ ⅎ╢ ≢

│ 43.9 mW/ÜC ◓fi▫♥כ꜠▫♦≢  .............................. 2412mW 
Note 1   .........................................  ī40ÁC 125ÁC 

☺ꜗfi◒◦ꜛfi  .............................................................  +150ÁC 
Note 1: ☺ꜗfi◒◦ꜛfi ⅜+125ÜC ╩ ⅎ╢≤⁸ ⅜ ↄ⌂╡╕∆⁹ 

─ ╩ ⅎ╢☻♩꜠☻╩ ⅎ╢≤♦Ᵽ▬☻⌐ ⌂ ╩ ⅎ╢↓≤⅜№╡╕∆⁹↓╣╠─ │☻♩꜠☻ ─╖╩ ╘√╙─≢№╡⁸↓─ ─ ☿◒◦ꜛfi⌐ ∆╢
≢♦Ᵽ▬☻⅜ ⌐ ∆╢↓≤╩ ∆╢╙─≢│№╡╕∑╪⁹♦Ᵽ▬☻╩ ⌐ ↄ≤♦Ᵽ▬☻─ ⌐ ╩ ⅎ╕∆⁹ 

1. ẲҲ̸ ̏ 
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Ɽ♇◔כ☺

─Ɽ♇◔כ☺ ≤ꜝfi♪הⱤ♃כfi ⱨ♇♩ⱪꜞfi♩ ⌐ ⇔≡│⁸https://www.analog.com/jp/resources/packaging-quality-symbols-
footprints/package-index.html ≢ ⇔≡ↄ∞↕™⁹Ɽ♇◔₈+₉⁸₈#₉⁸₈─♪כ◖ה☺כī₉│ RoHS ─╖╩ ⇔╕∆⁹Ɽ♇

☺כ◔ │ ⌂╢ ⅜ ↕╣≡™╢ ⅜№╡╕∆⅜⁸ │ RoHS ⌐ ╦╠∏ ─Ɽ♇◔כ☺⌐≈™≡ ⇔≡™╕∆⁹

Ɽ♇◔כ☺─ │⁸JEDEC JESD51-7 ⌐ ─ ≢ 4 ╩ ⇔≡ ╘√╙─≢∆⁹Ɽ♇◔כ☺─ ⌐ ∆╢ ─

⌐≈™≡│⁸https://www.analog.com/jp/resources/technical-articles/thermal-characterization-of-ic-packages.html ╩ ⇔≡ↄ∞↕™⁹

https://www.analog.com/jp/index.html
https://www.analog.com/jp/resources/packaging-quality-symbols-footprints/package-index.html
https://www.analog.com/jp/resources/packaging-quality-symbols-footprints/package-index.html
https://www.analog.com/jp/resources/technical-articles/thermal-characterization-of-ic-packages.html
https://www.analog.com/media/en/package-pcb-resources/package/pkg_pdf/tqfn-cu/21-100060.pdf
https://www.analog.com/media/en/package-pcb-resources/land-pattern/tqfn/90-100053.pdf
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Ⱨfi

Ɽ♇◔כ☺│ TQFN 64 Ⱨfi⁸0.5mm Ⱨ♇♅─ 9mm Ĭ 9mm ≢⁸Ⱨfi │ ─≤⅔╡≢∆⁹ 

ᶫ 2. TMC9660ǵɒɱ  
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Ⱨfi   
ꜞⱨ□꜠fi☻

♃▬ⱪ

PMU 

53 VS 
Ᵽ▬ꜝ♪ה♩כ◕ ⁹VS ≤ GND ─ ─≢⅝╢∞↑ IC ⌐ ™

⌐⁸ 1µF ⁸ VVS_RNG─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔

╕∆⁹

VS POWER 

18 VSA 

◖▪ ⅔╟┘ ⁹VSA ≤ GNDP ─ ─≢⅝╢∞↑ IC ⌐

™ ⌐⁸ 0.5µF ⁸ VVSA_RNG ─ ESL ☿ꜝⱵ♇◒ה◖fi

♦fi◘╩ ⇔╕∆⁹╕√⁸VSA ꜞ♇ⱪꜟ╩ ∆╢√╘⌐⁸

10µF⁸ VVSA_RNG─ ⅝™Ᵽ▬Ɽ☻ה◖fi♦fi◘╩⁸≢⅝╢∞↑ IC ⌐

™ ⌐ ⇔≡ↄ∞↕™⁹

VSA POWER 

17 SW ☻▬♇♅fi◓ ⁹▪ⱪꜞ◔כ◦ꜛfi ─☿◒◦ꜛfi⌐ ∆

⌐ ™⁸SW ≤ VBUCK─ ⌐▬fi♄◒♃ LBUCK╩ ⇔╕∆⁹ 

25 VBUCK 

┘╟⅔ⱳfiⱪ⁸ה☺כꜗ♅⁸ LV LDO ─ ⁹▪ⱪ

fiꜛ◦כ◔ꜞ ─☿◒◦ꜛfi⌐ ∆ ⌐ ™⁸VBUCK ≤ GND
─≢⅝╢∞↑ IC ⌐ ™ ⌐⁸☿ꜝⱵ♇◒ה◖fi♦fi◘ CVBUCK╩ ⇔

╕∆⁹

VBUCK POWER 

28 VDRV 

ⱳfiⱪה☺כꜗ♅ Ᵽ▬ꜝ♪ה♩כ◕⁸ ⁹OTP ⱪ꜡

◓ꜝⱵfi◓ ⁹▪ⱪꜞ◔כ◦ꜛfi ─☿◒◦ꜛfi⌐ ∆

⌐ ™⁸VDRV ≤ GND ─≢⅝╢∞↑ IC ⌐ ™ ⌐⁸☿ꜝⱵ♇◒ה

◖fi♦fi◘ CVDRV╩ ⇔╕∆⁹

VDRV POWER 

26 CPI 
ⱳfiⱪה☺כꜗ♅ ⱨꜝ▬ה◖fi♦fi◘─ ⁹▪ⱪꜞ◔כ◦ꜛfi

─☿◒◦ꜛfi⌐ ∆ ⌐ ™⁸CPI ≤ CPO ─ ─≢⅝╢∞↑

IC ⌐ ™ ⌐☿ꜝⱵ♇◒ה◖fi♦fi◘ CFLY╩ ⇔╕∆⁹

27 CPO 
ⱳfiⱪה☺כꜗ♅ ⱨꜝ▬ה◖fi♦fi◘─ ⁹▪ⱪꜞ◔כ◦ꜛfi

─☿◒◦ꜛfi⌐ ∆ ⌐ ™⁸CPI ≤ CPO ─ ─≢⅝╢∞↑

IC ⌐ ™ ⌐☿ꜝⱵ♇◒ה◖fi♦fi◘ CFLY╩ ⇔╕∆⁹

23 VEXT1 

◄fi◖⁸♄כ☿fi◘⁸♅♇▬☻⁸כⱴ▬◒꜡◖fi♩꜡כꜝ⌂≥╩ ╗

─ 5.0V/3.3V/2.5V ⁹VEXT1≤ GND ─≢⅝╢∞↑ IC ⌐

™ ⌐⁸ 1.6µF ⁸ 6V ─☿ꜝⱵ♇◒ה◖fi♦fi◘╩

⇔╕∆⁹

24 VEXT2 

◄fi◖⁸♄כ☿fi◘⁸♅♇▬☻⁸כⱴ▬◒꜡◖fi♩꜡כꜝ⌂≥╩ ╗

─ 5.0V/3.3V/2.5V ⁹VEXT2≤ GND ─≢⅝╢∞↑ IC ⌐

™ ⌐⁸ 1.6µF ⁸ 6V ─☿ꜝⱵ♇◒◖fi♦fi◘╩ ⇔

╕∆⁹

54 A1V8 ▪♫꜡◓ה◖▪ ⁹A1V8 ≤ GND ─≢⅝╢∞↑ IC ⌐ ™

⌐⁸ 10µF ⁸ 2V ─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹
A1V8 POWER 

7 1V8 
▪◖הꜟ♃☺♦ ⁹1V8 ≤ GND ─≢⅝╢∞↑ IC ⌐ ™

⌐⁸ 10µF ⁸ 2V ─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹ 1V8 POWER 

55 GNDA ▪♫꜡◓ה◓ꜝ►fi♪⁹ GND 

16 GNDP ◓ꜝ►fi♪⁹ GND 

8 GND ◓ꜝ►fi♪⁹ GND 

9 VCC_IO ꜡☺♇◒ ⁹VCC_IO≤ GND ─≢⅝╢∞↑ IC ⌐ ™ ⌐⁸

1µF⁸ VVCCIO_RNG ─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹
VCCIO POWER 

Ᵽ▬ꜝ♪ה♩כ◕

52 BS_UX1 
ⱨꜝ▬fi◓ה◖fi♦fi◘ ⁹Ɫ▬◘▬♪ MOSFET ♪ꜝ▬Ᵽ─

⌐⁸BS_UX1 ≤ BM_UX1 ─≢⅝╢∞↑ IC ⌐ ™ ⌐ VDRV

─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹

51 HS_UX1 Ɫ▬◘▬♪ה♩כ◕ה♪ꜝ▬Ᵽ ⁹Ɫ▬◘▬♪ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

50 BM_UX1 Ɫ▬◘▬♪ MOSFET ☻כ♁─ ⁹Ɫ▬◘▬♪ה♪ꜝ▬Ᵽ─ꜞ♃כfi

≤⇔≡╙ ⇔╕∆⁹

49 LS_UX1 ꜡ה♩כ◕ה♪▬◘כ♪ꜝ▬Ᵽ ♪▬◘כ꜡⁹ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹
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41 BS_VX2 
ⱨꜝ▬fi◓ה◖fi♦fi◘ ⁹Ɫ▬◘▬♪ MOSFET ♪ꜝ▬Ᵽ─

⌐⁸BS_VX2 ≤ BM_VX2 ─≢⅝╢∞↑ IC ⌐ ™ ⌐ VDRV

─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹

42 HS_VX2 Ɫ▬◘▬♪ה♩כ◕ה♪ꜝ▬Ᵽ ⁹Ɫ▬◘▬♪ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

43 BM_VX2 Ɫ▬◘▬♪ MOSFET ☻כ♁─ ⁹Ɫ▬◘▬♪ה♪ꜝ▬Ᵽ─ꜞ♃כfi

≤⇔≡╙ ⇔╕∆⁹

44 LS_VX2 
Ᵽ▬ꜝ♪ה♩כ◕ה♪▬◘כ꜡ ♪▬◘כ꜡⁹ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

40 BS_WY1 
ⱨꜝ▬fi◓ה◖fi♦fi◘ ⁹Ɫ▬◘▬♪ MOSFET ♪ꜝ▬Ᵽ─

⌐⁸BS_WY1 ≤ BM_WY1 ─≢⅝╢∞↑ IC ⌐ ™ ⌐ VDRV

─☿ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹

39 HS_WY1 Ɫ▬◘▬♪ה♩כ◕ה♪ꜝ▬Ᵽ ⁹Ɫ▬◘▬♪ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

38 BM_WY1 
Ɫ▬◘▬♪ MOSFET ☻כ♁─ ⁹Ɫ▬◘▬♪ה♪ꜝ▬Ᵽ─ꜞ♃כfi

≤⇔≡╙ ⇔╕∆⁹

37 LS_WY1 ꜡ה♩כ◕ה♪▬◘כ♪ꜝ▬Ᵽ ♪▬◘כ꜡⁹ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

29 BS_Y2 

ⱨꜝ▬fi◓ה◖fi♦fi◘ ⁹Ɫ▬◘▬♪ MOSFET ♪ꜝ▬Ᵽ─

⌐⁸BS_Y2 ≤ BM_Y2 ─≢⅝╢∞↑ IC ⌐ ™ ⌐ VDRV─☿

ꜝⱵ♇◒ה◖fi♦fi◘╩ ⇔╕∆⁹

♪▬◘כ꜡ MOSFET ─♩כ◕ ⌐ HS_Y2 ╩ ∆╢ │⁸↓

─Ⱨfi╩ VDRV⌐ ⇔╕∆⁹ 

30 HS_Y2 Ɫ▬◘▬♪ה♩כ◕ה♪ꜝ▬Ᵽ ⁹Ɫ▬◘▬♪ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

31 BM_Y2 

Ɫ▬◘▬♪ MOSFET ☻כ♁─ ⁹Ɫ▬◘▬♪ה♪ꜝ▬Ᵽ─ꜞ♃כfi

≤⇔≡╙ ⇔╕∆⁹

♪▬◘כ꜡ MOSFET ─♩כ◕ ⌐ HS_Y2 ╩ ∆╢ │⁸↓

─Ⱨfi╩ GND ⌐ ⇔╕∆⁹ 

32 LS_Y2 ꜡ה♩כ◕ה♪▬◘כ♪ꜝ▬Ᵽ ♪▬◘כ꜡⁹ MOSFET ꜝ♪─♩כ◕

▬Ᵽ ⁹

Ᵽ▬ꜝ♪ה♩כ◕

CSA 

48 CSP0 ♅ꜗfiⱠꜟ 0 ▪fiⱪ─ ─▪♫꜡◓ Ᵽ▬ꜝ♪ה♪▬◘כ꜡⁹

╙≡⇔≥fiכ♃ꜞ─ ⇔╕∆⁹

47 CSN0 ♅ꜗfiⱠꜟ 0 ▪fiⱪ─ ─▪♫꜡◓ ⁹

45 CSP1 ♅ꜗfiⱠꜟ 1 ▪fiⱪ─ ─▪♫꜡◓ Ᵽ▬ꜝ♪ה♪▬◘כ꜡⁹

╙≡⇔≥fiכ♃ꜞ─ ⇔╕∆⁹

46 CSN1 ♅ꜗfiⱠꜟ 1 ▪fiⱪ─ ─▪♫꜡◓ ⁹

36 CSP2 ♅ꜗfiⱠꜟ 2 ▪fiⱪ─ ─▪♫꜡◓ Ᵽ▬ꜝ♪ה♪▬◘כ꜡⁹

╙≡⇔≥fiכ♃ꜞ─ ⇔╕∆⁹

35 CSN2 ♅ꜗfiⱠꜟ 2 ▪fiⱪ─ ─▪♫꜡◓ ⁹

33 CSP3 
♅ꜗfiⱠꜟ 3 ▪fiⱪ─ ─▪♫꜡◓ Ᵽ▬ꜝ♪ה♪▬◘כ꜡⁹

╙≡⇔≥fiכ♃ꜞ─ ⇔╕∆⁹

34 CSN3 ♅ꜗfiⱠꜟ 3 ▪fiⱪ─ ─▪♫꜡◓ ⁹

∕─ Ⱨfiה◓꜡♫▪─

56 GPIO0 GPIO0 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ♄►fi ⅝  VCCIO AIDIOpud 

57 GPIO1 GPIO1 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ♄►fi ⅝  VCCIO AODIOpud 

58 AIN0 ▪♫꜡◓ 0 Ɽ꞉כ▪♇ⱪ ⌐ ▬fiⱧכ♄fi☻ VCCIO AIDIOpud 

59 AIN1 ▪♫꜡◓ 1 Ɽ꞉כ▪♇ⱪ ⌐ ▬fiⱧכ♄fi☻ VCCIO AIDIOpud 

60 AIN2 ▪♫꜡◓ 2 Ɽ꞉כ▪♇ⱪ ⌐ ▬fiⱧכ♄fi☻ VCCIO AIDIOpud 

61 AIN3 ▪♫꜡◓ 3 Ɽ꞉כ▪♇ⱪ ⌐ ▬fiⱧכ♄fi☻ VCCIO AIDIOpud 

GPIO ≤  

https://www.analog.com/jp/index.html


TMC9660 Ɫכ◘╢╟⌐▪▼►♪כⱲ FOC ◖fi♩꜡כꜝ≤

◖fiⱣכ♃╩ ⇔√

70V ☻ⱴה♩כ◕ה♩כ♪ꜝ▬Ᵽ 

analog.com.jp Analog Devices | 14 

22 RSTN 
◦☻♥ⱶ─ꜞ☿♇♩ ▪◒♥▫Ⱪכ꜡ה ⁹↓─Ⱨfi⅜▪◒

♥▫Ⱪ ─≤⅝│⁸♦Ᵽ▬☻⅜ꜞ☿♇♩ ─╕╕⌐⌂╡╕∆⁹↓─

Ⱨfi│ⱪꜟ♄►fi ╩ ⇔≡™╕∆⁹

DIpd 

14 
DNC 

⇔⌂™≢ↄ∞↕™ ≢ ↕╣≡™╕∆ ⁹

VCCIO 
15 ⇔⌂™≢ↄ∞↕™ ≢ ↕╣≡™╕∆ ⁹╙⇔ↄ│ GND ⌐

⇔≡ↄ∞↕™⁹

21 DRV_EN ♪ꜝ▬Ᵽה▬ⱠכⱩꜟ ▪◒♥▫ⱩהⱢ▬ ⁹↓─Ⱨfi│ⱪꜟ♄►

fi ╩ ⇔≡™╕∆⁹
VCCIO DIpd 

62 GPIO6 GPIO6 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

63 GPIO7 GPIO7 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

64 GPIO8 GPIO8 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

1 GPIO9 GPIO9 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

2 GPIO10 GPIO10 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

3 GPIO11 GPIO11 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

4 GPIO12 GPIO12 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

5 GPIO13 GPIO13 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

6 GPIO14 GPIO14 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

10 GPIO15 GPIO15 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

11 GPIO16 GPIO16 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

12 GPIO17 GPIO17 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpud 

13 GPIO18 GPIO18 Ɽ꞉כ▪♇ⱪ ─ⱪꜟ▪♇ⱪ ⅝ ⁹ VCCIO DIOpu 

20 FAULTN 

FAULT fi▬꜠♪הⱪfiכ○ ⁹ ⱪ꜡☿♇◘⅜◄ꜝכ╛◄

כꜝ ╩ ≢⅝ↄ⌂∫√ ⌐⁸Ⱪכ♩☻♩ꜝ♇Ⱨfi◓כꜝ◄ה╕

√│ כꜝ◄⌂ ⅎ┌ 1V8 UVLO ⌐ⱦ☺כ ≢№╢↓≤╩ ⇔

╕∆⁹

DOod 

19 WAKE 
Ɽ꞉כ▪♇ⱪ╩▬ⱠכⱩꜟ⇔≡Ɫ▬ⱣⱠכ⸗ה♩כ♪╩ ∆╢⌐│⁸

↓─Ⱨfi╩Ɫ▬⌐⇔╕∆⁹WAKEⱧfi⅜VSA⌐ ↕╣≡™⌂™ │⁸

ⱪꜟ♄►fi ─ ╩ ⇔╕∆⁹

VSA DI 
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TMC9660 

ᶫ 3. ɔɫɁȭᶫ 

https://www.analog.com/jp/index.html


TMC9660 Ɫכ◘╢╟⌐▪▼►♪כⱲ FOC ◖fi♩꜡כꜝ≤

◖fiⱣכ♃╩ ⇔√

70V ☻ⱴה♩כ◕ה♩כ♪ꜝ▬Ᵽ 

analog.com.jp Analog Devices | 16 

▪ⱪꜞ◔כ◦ꜛfiכ⸗ה♪

TMC9660 ≢│⁸∕─ ⱴ▬◒꜡◖fi♩꜡כꜝ╩ ∂≡ 2 ≈─ ⌂╢▪ⱪꜞ◔כ◦ꜛfi⁸╡╕≈⁸♪כ⸗ה╟╡ ꜠ⱬꜟ─Ɽꜝⱷה♃כ

≥♪כ⸗ ꜠ⱬꜟ─꜠☺☻♃כ⸗ה♪╩ ≢⅝╕∆⁹▪ⱪꜞ◔כ◦ꜛfiכ⸗ה♪─ │⁸♅♇ⱪהⱩכ♩☻♩ꜝ♇Ⱨfi◓כ◦ה◔fi

☻─ ≢∆⁹

⁸│≢♪כ⸗ה♃☻☺꜠ ⌂ ╩ ╦∏⌐Ɫה▪▼►♪כ꜠☺☻♃⌐ ▪◒☿☻≢⅝╕∆⁹Ɽꜝⱷכ⸗ה♃כ♪≢│♁ⱨ♩►▼▪

⌐╟╢ ╩ ™ ↕╣√ ≢Ɫ⁸≢─╢⅝≢☻☿◒▪⌐▪▼►♪כ◦☻♥ⱶ─ ⅜ ⇔╕∆⁹

2. ǤȓǥȓǵȠɕɨȯɶȵɥɱɵɠɶɇǮ TMC9660ǓȳɛɶɆǠȒ  

♪כ⸗

TMC9660 │⁸ ⇔⌂™Ⱪ꜡♇◒╩☻▬♇♅ה○ⱨ∆╢↓≤≢ ╩ ╠∆○ⱪ◦ꜛfi╩ ⅎ≡™╕∆⁹ ⅎ≡⁸Ɫ▬ⱣⱠכ

╙♪כ⸗ה♩ ⌐♪כ⸗─↓⁹∆╕⅝≢ ╢≤⁸♪ꜝ▬Ᵽ ⁸ ⁸♃כ꜠ꜙ◑꜠ ⌐ ≢⅝╢∆═≡─ ⁸ⱷ⸗ꜞ≤Ɑꜞ

ⱨ▼ꜝꜟ╩ ∆╢ⱴ▬◒꜡◖fi♩꜡⁸ꜝכ ○fi AON ─Ⱪ꜡♇◒╩ ↄ▪♫꜡◓הⱩ꜡♇◒╩ ╘⁸TMC9660 ─∆═≡⅜

ⱨ↕╣≡ꜞ☿♇♩↕╣╕∆⁹AON○ה♅♇▬☻ Ⱪ꜡♇◒⌐│⁸☻♥כ♃☻ ╩ ∆╢√╘─ 16 ─꜠☺☻♃⌐ ⅎ≡⁸∕─Ⱪ꜡♇

◒ ≥♃כ꜠ꜙ◑꜠─ 32.768kHz ─ ⅜ ╕╣≡™╕∆⁹VSA ⅜○ⱨ⌐⌂╢≤⁸AON ꜠☺☻♃─ ≤ ⅜ꜞ☿♇♩↕╣╕∆⁹

AON Ⱪ꜡♇◒│⁸₈ⱪ♇◦ꜙⱲ♃fi₉⌐╟╢Ɽ꞉כ○fi≤♃▬ⱴכⱬכ☻─Ɽ꞉כ○fi╩◘ⱳ⁹∆╕™≡⇔♩כ♦Ᵽ▬☻─☻♃כ♩▪♇

ⱪ╩▬ⱠכⱩꜟ⇔√╡Ɫ▬ⱣⱠכ⸗ה♩כ♪╩ ⇔√╡∆╢⌐│⁸AON Ⱪ꜡♇◒⌐ ↕╣√ ─ WAKE Ⱨfi╩Ɫ▬⌐∆╢

⅜№╡╕∆⁹↓─Ⱨfi│⁸ VSA ╕≢─ ⌐ ⅎ╢↓≤⅜≢⅝╕∆⁹♃▬ⱴהכ►▼▬◒▪♇ⱪ⅜ ↕╣≡™╢ ⁸

♦Ᵽ▬☻│⁸ ╘ ╘╠╣√ ⅜ ∆╢≤ ⌐Ɽ꞉כ▪♇ⱪ⇔╕∆⁹

⌂Ɽ꞉כ♄►fi ►▼▬◒▪♇ⱪ │ ─≤⅔╡≢∆⁹

¶ ⱪ꜡☿♇◘⅜⁸ WAKE Ⱨfi╕√│►▼▬◒▪♇ⱪה♃▬ⱴכ╩ ∂≡►▼▬◒▪♇ⱪ ╩ ⇔╕∆⁹

¶ ⱪ꜡☿♇◘⅜ⱪ꜡☿♇◘ ╩ ╗∆═≡─◖fiⱳכⱠfi♩╩Ɽ꞉כ♄►fi⇔⁸ ╩ ⌐ ⅎ╢√╘⌐♦☺♃ꜟ ⅜ꜞ

☿♇♩ Ɫ▬ⱣⱠכ⸗ה♩כ♪⌐ ⅛╣╕∆⁹

¶ ⌐ ∂⁸♦Ᵽ▬☻│ WAKE Ⱨfi─ ⅜╡◄♇☺╕√│►▼▬◒▪♇ⱪה♃▬ⱴכ○─כⱣכⱨ꜡כ Ɫ≥♪כ⸗ה♩♇☿ꜞ⌐

▬ⱣⱠכ⸗ה♩כ♪╩ ⇔≡⁸ Ɽ꞉כ▪♇ⱪ⇔╕∆⁹
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 —  
⌐ ─⌂™ ╡⁸VSA = 7.7V 80V⁸VS = 7.7V 70V⁸VCC_IO = 2.2V 5.5V⁸LBUCK = 27ÕH⁸DCR < 300mÝ⁸CBUCK = 8ÕF⁸CPP1 = 

220nF⁸CVDRVE = 4.7ÕF⁸☺ꜗfi◒◦ꜛfi  = ī40ÜC 125ÜC⁹ ⅔╟┘ ∆╢ ⌐⅔↑╢ │⁸ ⅔╟

┘ ⌐╟∫≡ ↑╠╣≡™╕∆⁹₈GBD₉≤ ↕╣√ │ ⌐╟╡ ↕╣≡™╕∆⅜⁸ ♥☻♩│ ∫≡™╕∑╪  
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⌐ ∆╢

TMC9660 ⌐│⁸19 ─ ♦☺♃ꜟ GPIO ⅜№╡╕∆⁹∕╣∙╣─ GPIO Ⱨfi│⁸♦☺♃ꜟ ╕√│ ≤⇔≡ ⌐

≢⅝╕∆ ⱪ♇◦ꜙⱪꜟ ⁹ │⁸VCC_IO┼─ ⱪꜟ▪♇ⱪ ╕√│GND┼─ⱪꜟ♄►fi ╩ ™⁸ ⌐ ≢⅝╕∆⁹GPIO
Ⱨfi│⁸Ɑꜞⱨ▼ꜝꜟהⱩ꜡♇◒⅛╠─ ♦☺♃ꜟ ⅔╟┘▪♫꜡◓ ≤ ↕╣⁸↓╣│Ⱨfi↔≤⌐ ≢⅝╕∆⁹

Ɽ꞉כ▪♇ⱪ ⌐│⁸4 ≈─▪♫꜡◓ AIN0 3 ∆═≡⅜Ⱨfi 58 61 ─♦ⱨ◊ꜟ♩≤⇔≡ ↕╣⁸∕─ GPIO │ ≤⇔≡ ↕

╣╕∆⁹GPIO0≤ GPIO1⌐≈™≡│ ⱪꜟ♄►fi ⅜▬ⱠכⱩꜟ↕╣⁸∕─ ─ GPIO6 18⌐≈™≡│∆═≡ⱪꜟ▪♇ⱪ⅜▬ⱠכⱩ

ꜟ↕╣╕∆⁹▪♫꜡◓ ⌐│▬ⱠכⱩꜟ∆╢ⱪꜟ▪♇ⱪ ╛ⱪꜟ♄►fi │№╡╕∑╪⁹↓╣╠─Ⱨfi╩ ⇔⌂™ │⁸

─ ╘╠╣√ ꜠ⱬꜟ⌐ ∆╢ ⅜№╡╕∆ ⅎ┌ GND ⁹

╘≡─Ɽ꞉כ▪♇ⱪ ⌐│⁸ ─Ⱪכ꜡♩כ♄⅜ UART ⅔╟┘ SPI Ɑꜞⱨ▼ꜝꜟה▬fi♃כⱨ▼כ☻╩ ⇔≡⁸≥∟╠⅛─▬fi

╩♪ⱴfi◖≢☻כ▼ⱨכ♃ ↑ ╣╕∆⁹UART ─ ⁸Ⱨfi 63 ≢│ GPIO7 ≢│⌂ↄ◦ꜞ▪ꜟכ♦ה♃ UART_RX ⅜

↕╣⁸Ⱨfi 62 ≢│ GPIO6 ≢│⌂ↄ◦ꜞ▪ꜟכ♦ה♃ UART_TX ⅜ ↕╣╕∆⁹Ⱪכ꜡♩כ♄│ UART_RX ╩ ∂≡ ↑ ╢

∆═≡─◖ⱴfi♪╩ꜞ☻♬fi◓⇔⁸ ⌂◖ⱴfi♪╩ ∆╢≤⁸UART_TX ╩ ∂≡ ⱷ♇☿כ☺⅜ ↕╣╕∆⁹

SPI ─ │⁸SPIⱭꜞⱨ▼ꜝꜟהⱩ꜡♇◒⅜ ↕╣≡ SPI0_MOSI⁸SPI0_SCK⁸⅔╟┘ SPI0_CS0 ⌐ ╠╣≡ↄ╢♦⁸♃כ◒꜡♇

◒⁸⅔╟┘♅♇ⱪה☿꜠◒♩─ ╩ꜞ☻♬fi◓⇔⁸SPI0_MISO ╩ ⌐ ╡ ⅎ≡⁸SPI0_CS0 ⅜ ⌐ⱪꜟ♄►fi↕╣╢≤∆←⌐

╩♃כ♦ ⇔╕∆⁹Ⱨfi 1 ≢│ GPIO9 ≢│⌂ↄ SPI0_MISO ⅜ ↕╣⁸Ⱨfi 2 ≢│ GPIO10 ≢│⌂ↄ SPI0_MOSI⁸Ⱨfi 3 ≢│ GPIO11
≢│⌂ↄ SPI0_SCK⁸∕⇔≡Ⱨfi 4 ≢│ GPIO12 ≢│⌂ↄ SPI0_CS0 ⅜ ↕╣╕∆⁹

Ⱪ⁸│♄כ꜡♩כ▪ⱪꜞ◔כ◦ꜛfi ─ ⌐ ∫≡ Ⱨfi ╩ ∆╢↓≤╙№╡╕∆⁹ │ OTP ⱷ⸗ꜞ⌐ ⅝ ╪≢

⌐ ≢⅝╕∆⁹↓─ │⁸∕─ ─∆═≡─Ɽ꞉כ▪♇ⱪ ─♦ⱨ◊ꜟ♩≤⇔≡ ╦╣╕∆⁹

4 ≤ 5 │⁸GPIO ≤▪♫꜡◓ GPIO ─ ≢∆⁹Ⱨfi╩▪♫꜡◓ ≤⇔≡ ⇔√ │∕─ ⅜ 0V 1.2V ⌐

⌐Ⱨfiה◓꜡♫▪⁸╣↕ 1.8V ╩ ⅎ╢ ⅜ ⅎ╠╣╢≤⁸ADC ─ ╩ ⅜♅♇▬☻ה◓꜡♫▪⌐╘√╢↑ ™≡⁸ⱨ◊ꜟ♩⅜♩

ꜞ●↕╣╕∆⁹

3. ̈ ǵᾍꜘ  
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*Ɫכ♪►▼▪─♦ⱨ◊ꜟ♩│⁸Ɽ꞉כ▪♇ⱪ ⌐Ⱪכ○≡∫╟⌐♄כ꜡♩כⱣ⁹∆╕╣↕♪▬ꜝכ

4. ɘɨɓȥɧɩɵɒɱǵ  

Ⱨfiכꜟ◓הⱪ  

GPIO0..18 

♦☺♃ꜟ ⁹↓╣╠─ │⁸○ⱪ◦ꜛfi─ⱪꜟ▪♇ⱪ╕√│ⱪꜟ♄►fi ╩ ∫≡ ⌐

∆╢⅛⁸♦☺♃ꜟ ⌐ ≢⅝╕∆ ⱪ♇◦ꜙⱪꜟ ⁹

Ɽꜝⱷ⁸│≢♪כ⸗ה♃כ ╩ ∆╢ Ⱪ꜠ה◐כ♅ꜛ♇Ɽ ≤⇔≡⁸ ⌂∆═≡─

GPIO Ⱨfi⌐ⱥ☻♥ꜞ◦☻ⱬכ☻─ 2 ⱳ▬fi♩ ╩ ≢⅝╕∆⁹ 

AIN0..3 
ꜚ♬♇♩ MU ─ ADC ⌐ ↕╣√▪♫꜡◓ ⁹↓╣│⁸∕─ ☻ꜟⱤ─♃כ⸗─

PWM ≢◘fiⱪꜞfi◓↕╣╕∆⁹ ♃כ⸗│ ◖▪ MCC ╩ ∂≡ ╠╣╕∆⁹ 
Ɽꜝⱷכ⸗ה♃כ♪│ ☿fi◘כ╩◘ⱳ⁸╡⅔≡⇔♩כ↓╣│ AIN3 ⌐ ∆╢ ⅜№╡╕∆⁹ 

OSC_IN, OSC_OUT ≢│⌂ↄ ╩ ∆╢ │⁸↓╣╠ 2 ─Ⱨfi─ ⌐ ╩ ⇔╕∆⁹ 

CLK_IN ⌐ ⅎ≡ ◒꜡♇◒╩ ∆╢ ─ ◒꜡♇◒ ⁹

UART_TX, UART_RX, 
UART_TXEN 

UART ◦ꜞ▪ꜟ ♃כ♦ Tx ≤ ♃כ♦ Rx ⁹ 2 ≢│⁸ ♩ꜝfi◦כⱣ⌐♩

ꜝfi☻Ⱶ♇♃ה▬ⱠכⱩꜟ TxEN ╩ ≢⅝╕∆ ⅎ┌ RS485 ⁹

▪ⱪꜞ◔כ◦ꜛfiהⱪ꜡☿♇◘≤─ ⌐│ UART ╩ ≢⅝╕∆ Ⱪכ꜡♩כ♄ ⁹

I2C_SCL, I2C_SDA I2C ▬fi♃כⱨ▼⁸☻כ◒꜡♇◒ ─╖─◖fi♩꜡⁹♪כ⸗הꜝכⱪ꜡◓ꜝⱶ⅔╟┘Ɽꜝⱷכ♃─

⌐ I2C EEPROM ╩ ↑≢⅝╕∆ Ⱪכ꜡♩כ♄ ⁹ 

STOP_L, STOP_R, HOME MCC ─ 8 ⱳ▬fi♩הꜝfiⱪה☺▼Ⱡ꜠כ♃⌐ ∆╢ STOP_L/R ⅔╟┘ HOME ─☻▬♇♅ ⁹ 

ENC_A, ENC_B, ENC_N MCC ─ⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi⌐ ∆╢▬fi◒ꜞⱷfi♃ꜟה◄fi◖כ♄─ A/B/N ♅ꜗfi

Ⱡꜟ⁹

HALL_U, HALL_V, HALL_W MCC ─ⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi⌐ ∆╢ⱱהꜟכ☿fi◘כ─ U/V/W ♅ꜗfiⱠꜟ⁹ 

TIM_ADV_IN0, TIM_ADV_IN1, 
TIM_ADV_IN2, 
TIM_ADV_OUT0, 
TIM_ADV_OUT1 

♃▬ⱴהכⱭꜞⱨ▼ꜝꜟהⱩ꜡♇◒─ ≤ ⁹Ɽꜝⱷ⁸│≢♪כ⸗ה♃כ

TIM_ADV_IN0/TIM_ADV_IN1 ╩☻♥♇ⱪ ≤⇔≡⁸№╢™│ⱪ꜡☿♇◘ ♁ⱨ♩►▼▪─◘ⱳכ

♩⌐╟╡⁸╙℮ 1 ≈─▬fi◒ꜞⱷfi♃ꜟה◄fi◖כ♄─ A/B ♅ꜗfiⱠꜟ ≤⇔≡ ≢⅝╕∆ Ɽꜝⱷכ

♪כ⸗ה♃ ⁹

TIM0_BASIC_PWM, 
TIM_ADV_OUT0, 
TIM_ADV_OUT1 

Ɽꜝⱷ⁸≢♪כ⸗ה♃כ♃▬ⱴכ ─ 1 ≈⌐ ⇔≡ Ⱪ꜠ה◐כ♪ꜝ▬Ᵽ ─ PWM ╩

≢⅝╕∆⁹

SPI0_MISO, SPI0_MOSI, 
SPI0_SCK, SPI0_CS0, 
SPI0_CS1, SPI0_CS2 

◖fi♩꜡כ⸗הꜝכ♪╩◘ⱳכ♩∆╢ SPI Ⱪ꜡♇◒ 0 SPI0_MISO ♃כ♦הꜟ▪ꜞ◦ ⁸

SPI0_MOSI ♃כ♦הꜟ▪ꜞ◦ ⁸SPI0_SCK ◒꜡♇◒ ⁸SPI0_CSx ♅♇ⱪה☿꜠◒♩ ▪

◒♥▫Ⱪכ꜡ה ⁹ⱪ꜡◓ꜝⱶ≤Ɽꜝⱷכ♃─ ⌐ SPI ⱨꜝ♇◦ꜙהⱷ⸗ꜞ╩ ↑≢⅝╕∆ Ⱪכ♩

♄כ꜡ ⁹Ɽꜝⱷ⁸│≢♪כ⸗ה♃כⱪ꜡☿♇◘ ♁ⱨ♩►▼▪─◘ⱳ⁸╡╟⌐♩כSPI ⌐╟╢ ▪

Ⱪ♁ꜞꜙה♩כ◄fi◖כ♄─ ⌐↓─▬fi♃כⱨ▼כ☻╩ ≢⅝╕∆ Ɽꜝⱷכ⸗ה♃כ♪ ⁹

SPI Ⱪ꜡♇◒ 0 │ SPI Ɑꜞⱨ▼ꜝꜟהⱩ꜡♇◒⌐ ⅝ ⅎ╢↓≤⅜≢⅝╕∆⁹↓─ │⁸ ─

⅜ ╦╡╕∆ SPI0_MISO ♃כ♦הꜟ▪ꜞ◦ ⁸SPI0_MOSI ♃כ♦הꜟ▪ꜞ◦ ⁸SPI0_SCK
◒꜡♇◒ ⁸SPI0_CS0 ♅♇ⱪה☿꜠◒♩ ⁹↓─▬fi♃כⱨ▼⁸│☻כUART ⌐ ╦╢

≤⇔≡⁸▪ⱪꜞ◔כ◦ꜛfiהⱪ꜡☿♇◘≤─ ⌐ ≢⅝╕∆ Ⱪכ꜡♩כ♄ ⁹

SPI ≤ⱨꜝ♇◦ꜙ─ ≢│⁸ ╩ ╘╢√╘⌐♁ⱨ♩►▼▪≢♅♇ⱪה☿꜠◒♩ ⅜ ↕╣╕

∆⁹ ⌂∆═≡─ GPIO Ⱨfi│⁸SPI Ɑꜞⱨ▼ꜝꜟהⱩ꜡♇◒ 0 ⅜Ɫכ♪►▼▪≢◘ⱳכ♩∆╢

SPI0_CSx ≤⇔≡∞↑≢⌂ↄ⁸♅♇ⱪה☿꜠◒♩ ≤⇔≡ ≢⅝╕∆⁹ 

SPI1_MISO, SPI1_MOSI, 
SPI1_SCK, SPI1_CS0 

◖fi♩꜡כ⸗הꜝכ♪╩◘ⱳכ♩∆╢ SPI Ⱪ꜡♇◒ 1 SPI1_MISO ♃כ♦הꜟ▪ꜞ◦ ⁸

SPI1_MOSI ♃כ♦הꜟ▪ꜞ◦ ⁸SPI1_SCK ◒꜡♇◒ ⁸SPI1_CS0 ♅♇ⱪה☿꜠◒♩ ▪

◒♥▫Ⱪכ꜡ה ⁹ⱪ꜡◓ꜝⱶ≤Ɽꜝⱷכ♃─ ⌐ SPI ⱨꜝ♇◦ꜙהⱷ⸗ꜞ╩ ↑≢⅝╕∆ Ⱪכ♩

♄כ꜡ ⁹Ɽꜝⱷ⁸│≢♪כ⸗ה♃כⱪ꜡☿♇◘ ♁ⱨ♩►▼▪─◘ⱳ⁸╡╟⌐♩כSPI ⌐╟╢ ▪

Ⱪ♁ꜞꜙה♩כ◄fi◖כ♄─ ⌐↓─▬fi♃כⱨ▼כ☻╩ ≢⅝╕∆ Ɽꜝⱷכ⸗ה♃כ♪ ⁹
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SPI Ⱪ꜡♇◒ 1 │ SPI Ɑꜞⱨ▼ꜝꜟהⱩ꜡♇◒⌐ ⅝ ⅎ╢↓≤⅜≢⅝╕∆⁹↓─ │⁸ ─

⅜ ╦╡╕∆ SPI1_MISO ♃כ♦הꜟ▪ꜞ◦ ⁸SPI1_MOSI ♃כ♦הꜟ▪ꜞ◦ ⁸SPI1_SCK
◒꜡♇◒ ⁸SPI1_CS0 ♅♇ⱪה☿꜠◒♩ ⁹↓─▬fi♃כⱨ▼⁸│☻כUART ⌐ ╦╢

≤⇔≡⁸▪ⱪꜞ◔כ◦ꜛfiהⱪ꜡☿♇◘≤─ ⌐ ≢⅝╕∆ Ⱪכ꜡♩כ♄ ⁹

SPI ≤ⱨꜝ♇◦ꜙ─ ≢│⁸ ╩ ╘╢√╘⌐♁ⱨ♩►▼▪≢♅♇ⱪה☿꜠◒♩ ⅜ ↕╣╕

∆⁹ ⌂∆═≡─ GPIO Ⱨfi│⁸SPI Ɑꜞⱨ▼ꜝꜟהⱩ꜡♇◒ 1 ⅜Ɫכ♪►▼▪≢◘ⱳכ♩∆╢

SPI1_CS0 ≤⇔≡∞↑≢⌂ↄ⁸♅♇ⱪה☿꜠◒♩ ≤⇔≡ ≢⅝╕∆⁹ 

ᶫ 4. GPIOx - ɅȶȽɩЊїҘǵɔɫɁȭᶫ 

ᶫ 5. AINx - ȠɈɫȮЊҘǯ ɅȶȽɩЊїҘǵɔɫɁȭᶫ 
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GPIO ─  
VSA = 7.7V 80V⁸VCC_IO = 2.2V 5.5V⁸☺ꜗfi◒◦ꜛfi  = ī40ÜC 125ÜC⁸ ⅔╟┘ ∆╢ ⌐⅔↑╢

│⁸ ⅔╟┘ ⌐╟∫≡ ↑╠╣≡™╕∆⁹₈GBD₉≤ ↕╣√ │ ⌐╟╡ ↕╣≡™╕∆⅜⁸ ♥☻♩│

∫≡™╕∑╪
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ⱴ▬◒꜡◖fi♩꜡הꜝכꜚ♬♇♩─

TMC9660 ⌐│⁸ ⌐ⱪ꜡◓ꜝⱶ↕╣√ⱴ▬◒꜡◖fi♩꜡הꜝכ◦☻♥ⱶ ⱴ▬◒꜡◖fi♩꜡הꜝכꜚ♬♇♩ MCU ⅜ ╖ ╕╣≡

⅔╡⁸∕↓≢│ 40MHz≢ ∆╢ 32ⱦ♇♩─RISC-Vⱴ▬◒꜡ⱪ꜡☿♇◘⅜ ╦╣≡™╕∆⁹╕√⁸↓─◦☻♥ⱶ⌐│⁸SRAM 48KB ⁸

OTP⁸⅔╟┘Ⱪכ꜡♩כ♄╩ ⇔√ ⇔ ⱷ⸗ꜞ ROM ⁸ ☻☿◒▪ה♃☻☺꜠ ≤Ɽꜝⱷה♃כⱨ□כⱶ►▼▪⁸ ─

Ɑꜞⱨ▼ꜝꜟ SPI⁸UART⁸⅔╟┘ I2C ♃כ⸗⁸ MCC⁸☻ⱴה♩כ◕ה♩כ♪ꜝ▬Ᵽ⁸ ꜚ♬♇♩ MU ╩ ╗ ⁸

⅔╟┘ ─♃▬ⱴהכꜚ♬♇♩╙ ╖ ╕╣≡™╕∆⁹Ɽ꞉כ○fi │⁸Ⱪכ꜡♩כ♄⅜ ROM ⅛╠ ⌐ ⇔╕∆⁹ 

♃▬ⱴכ

MCC ♃כ⸗⁸│⌐ ⌐ ∆╢ PWM ⁸ⱨ▫כ♪Ᵽ♇◒ה◦☻♥ⱶכ◖♦ה♦▫fi◓⌐╟╢⸗כ♃ ◌►fi♩⁸⅔╟┘ ADC ≤

CSA ⌐╟╢ MU ─◘fiⱪꜟ ⌐ ∆╢⁸∆═≡─♃▬ⱴהכꜚ♬♇♩⅜ ╖ ╕╣≡™╕∆⁹ ⌐⁸ ⌂ⱪ꜡◓ꜝⱶ ╩

◘ⱳ⁸╡√⇔♩כ ⌐ ⇔√╡∆╢ ─♃▬ⱴהכⱭꜞⱨ▼ꜝꜟ⅜№╡╕∆⁹

◦☻♥ⱶה♃▬ⱴכ

◦☻♥ⱶה♃▬ⱴהכꜚ♬♇♩│ 64 ⱦ♇♩ה◌►fi♃≢ ↕╣≡™╕∆⁹Ɽ꞉כ▪♇ⱪ ⌐ⱪ꜡☿♇◘⅜ ╩ ⇔ ╘╢≤⁸∆←

⌐♃▬ⱴכ⅜◦☻♥ⱶה◒꜡♇◒╩ ∫≡◌►fi♩ה▪♇ⱪ╩ ⇔╕∆⁹↓─♃▬ⱴכ│Ⱪ⁸♃☻☺꜠⁸♄כ꜡♩כ⅔╟┘Ɽꜝⱷכ

≡∫╟⌐▪▼►ⱶכ□ⱨה♪כ⸗ה♃ ╦╣⁸ ─ ⌐ ╦╣╢↓≤│№╡╕∑╪⁹

♃▬ⱴכ

TMC9660 │ 3 ≈─ ♃▬ⱴהכꜚ♬♇♩╩ ⇔≡™╕∆ TIM0_BASIC⁸TIM1_BASIC⁸TIM2_BASIC ⁹ ♃▬ⱴהכꜚ♬♇♩

│⁸32 ⱦ♇♩ה◌►fi♃ ꜠☺☻♃≤ 32 ⱦ♇♩ ꜠☺☻♃╩ ⅎ√⁸1 ≈─ 32 ⱦ♇♩ ≢♃fi►◌ה♪כ꜡ꜞ ↕╣╕∆⁹

─ꜚ♬♇♩≢│⁸TIM0_BASIC_PWM ⌐ ≢⅝╢ PWM ╩ ∆╢√╘⌐⁸ ⅔╟┘ ꜠☺☻♃╩ ≢⅝╕∆⁹ 

♃▬ⱴכ

◌►fi♃הꜚ♬♇♩ TIM_ADV │⁸32ⱦ♇♩ ꜠☺☻♃≤⁸ ◌►fi♃≤ ─ ▪♇ⱪה◌►fi♃2≈╩ ⅎ√⁸32ⱦ♇

♩ ⱪ♇▪ה♪כ꜡ꜞ ♄►fiה◌►fi♃ 1≈≢ ↕╣╕∆⁹ ⌐⁸3≈─◌►fi♃ ꜠☺☻♃≤ 2≈─◌►fi♃ ꜠☺☻♃

⅜№╡╕∆⁹◌►fi♩─ ≤◐ꜗⱪ♅ꜗה▬ⱬfi♩─♩ꜞ●⌐│⁸ 3 ≈─♦☺♃ꜟ TIM_ADV_IN0⁸TIM_ADV_IN1⁸
TIM_ADV_IN2 ╩ ≢⅝╕∆⁹2 ≈─ ꜠☺☻♃⅛╠─ │⁸ TIM_ADV_OUT0 ⅔╟┘ TIM_ADV_OUT1 ≤⇔≡ ↕╣

╕∆⁹

Ɽꜝⱷ⁸│≢♪כ⸗ה♃כ ♃▬ⱴהכⱩ꜡♇◒│☻♥♇ⱪ ─◘ⱳ⁸♩כ╕√│ TIM_ADV_IN0 ⅔╟┘ TIM_ADV_IN1
─╙℮ 1 ≈─ A/B ▬fi◒ꜞⱷfi♃ꜟה◄fi◖כ♄─◘ⱳכ♩⌐ ╦╣╕∆⁹ ─ ⌐ ∆╢↓≤│≢⅝╕∑╪⁹ 

כⱴ▬♃ה◓♇♪♅♇◊►

TMC9660 │ 32 ⱦ♇♩─►◊♇♅♪♇◓ה♃▬ⱴכ╩ ⇔≡™╕∆⁹↓─♃▬ⱴכ│ AON Ⱪ꜡♇◒≤ ─ 32kHz ╩

⇔⁸◦☻♥ⱶה◒꜡♇◒⌐ ╦╣╢ 15MHz ⅛╠ ⱪ♇▪♩כ♃☻│כⱴ▬♃ה◓♇♪♅♇◊►─↓⁹∆╕™≡╣↕ ⌐꜠☺

☻♃≤Ɽꜝⱷה♪כ⸗ה♃כⱨ□כⱶ►▼▪≢ ↕╣≡▬ⱠכⱩꜟ↕╣⁸ ─ ꜟⱩכ◄☻▫♦≢╕ꜟ◒▬◘ ∆╢↓≤│≢⅝

╕∑╪⁹►◊♇♅♪♇◓⅜ ROM ⱨ□כⱶ►▼▪⅜ ╘╢Ɑכ☻≢ ⌐ꜞ☿♇♩↕╣∏⁸◌►fi♃⅜ ─ ╩ ⅎ√ │⁸

⅜♩ⱬfi▬ה◓♇♪♅♇◊► ↕╣╕∆⁹↓─ │ⱪ꜡☿♇◘≤⁸MCC ⅔╟┘ PWM ꜚ♬♇♩╩ ╗∆═≡─Ɑꜞⱨ▼ꜝꜟ⅜ꜞ☿♇

♩↕╣≡⁸♪ꜝ▬Ᵽ ─≡═∆─┼♃כ⸗Ⱪꜟ↕╣╕∆⁹⇔√⅜∫≡⁸כ◄☻▫♦⅜ ⅜○ⱨ⌐⌂╡╕∆⁹

UART 
UART │⁸ ─ NRZ ╩♩♇ⱴכ◊ⱨה♃כ♦הꜟ▪ꜞ◦ ∆╢ ♦Ᵽ▬☻≤─ 2 ♃כ♦ ╩◘ⱳ⁹∆╕™≡⇔♩כ

UART │⁸ Ⱳה♩כ꜠הכ☺▼Ⱡ꜠כ♃╩ ⇔≡ 5Mbit/s 8 ◓Ᵽ◘fiⱪꜞfiכ○─ ╕≢─ ⌂Ⱳכ꜠הכ♩⌐ ⇔≡⅔╡⁸

○ⱪ◦ꜛfi≢ Ⱳכ꜠הכ♩ כⱲ♩כ○ ╩◘ⱳ⁹∆╕™≡⇔♩כ

5. UARTɚɶɵɪɶɆ 
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*40MHz ◦☻♥ⱶה◒꜡♇◒≢ Ⱳכ꜠הכ♩ ╩◘ⱳכ♩

UART ⌐│⁸ ⌂ↄ≤╙ 2 ─Ⱨfi⁸≈╕╡ ♃כ♦ UART_RX ≤ ♃כ♦ UART_TX ⅜ ≢∆⁹

─♃כ♦הꜟ▪ꜞ◦─ ≤ │⁸↓╣╠─Ⱨfi╩ ∂≡ ╦╣╕∆⁹ ─Ɽ꞉כ○fi ⁸Ⱪכ꜡♩כ♄│Ⱨfi 63 ╩ GPIO7 ≢│

⌂ↄ UART_RX ≤⇔≡ ⇔⁸UART │ ╠╣≡ↄ╢ⱷ♇☿כ☺╩ꜞ☻♬fi◓⇔╕∆⁹ ⁸UART ─▪▬♪ꜟ │₈1₉≢∆⁹1
≈─ ⱨ꜠כⱶ│⁸ ♩♇ⱦה♩כ♃☻⁸⌐ 0 ⁸8 ⱦ♇♩─♦כ♃ LSB ⱨ□כ☻♩ ⁸⅔╟┘☻♩♇ⱪהⱦ♇♩ 1 ≢ ↕╣

╕∆⁹Ⱪה♄כ꜡♩כ◖ⱴfi♪≤ ⌐╟╢ ─ⱷ♇☿⁸│☺כ ⌐ 8 ≈─ ⱨ꜠כⱶ Ᵽ▬♩≢ ↕╣╕∆⁹ 

Ⱪכ○⁸│♄כ꜡♩כ♩Ⱳכ╩○fi⌐⇔≡ UARTⱩ꜡♇◒╩ ⇔╕∆⁹ ⁸◖ⱴfi♪הⱷ♇☿כ☺─ ─ │ 0x55≢∆⁹↓─Ɽ

─♩כ꜠הכfi│Ⱳכ♃ ⌐ ╦╣╕∆⁹↓╣⌐ ↄ │♦Ᵽ▬☻ה▪♪꜠☻ ⁸◖ⱴfi♪הⱣ▬♩ Ĭ 1⁸♦ה♃כⱣ▬

♩ Ĭ 4 32 ⱦ♇♩ ≢⁸ Ᵽ▬♩⅜ ⌐ ↕╣╢ ≢⁸ ⅜ CRC ─♅▼♇◒◘ⱶהⱣ▬♩ Ĭ 1 ≢∆⁹◖ⱴfi♪

─ 2 ≈─Ᵽ▬♩─ ⅜ 100ms ╩ ⅎ╢ │⁸ ⇔™◖ⱴfi♪⅜ ╠╣≡ↄ╢↓≤⅜ ↕╣╢─≢∕─ⱷ♇☿כ☺│ ↕╣⁸

⌐ ↕╣√∆═≡─Ᵽ▬♩⅜ ╠⅛כꜙ◐ ↕╣╕∆⁹

ᶫ 6. ɔɶɆɫɶȾǵ UARTȱɜɱɇɵɟɁȹɶȶ ֞ͬ  

Ⱪכ꜡♩כ♄─ │⁸ⱨ꜡כ ─◖ⱴfi♪≤ ─Ɫfi♪◦▼▬◒הⱷ◌♬☼ⱶ⌐ ⇔≡™╕∆⁹ ⅜ⱶꜝ◓♃כ♦ ↕╣

╢ ⌐ ─◖ⱴfi♪⅜ ╠╣⌂™╟℮⌐∆╢ ⅜№╡╕∆⁹

ⱷ♇☿כ☺│◖fi♩꜡הꜝכ▪♪꜠☻≢ ╕╡ ♦ⱨ◊ꜟ♩ 0xff ⁸♦Ᵽ▬☻ה☻♃כ♥☻⁸☻꜠♪▪הⱣ▬♩ Ĭ 1⁸MSB ⱨ□כ☻

Ᵽ▬♩ Ĭ 4ה♃כ♦─♩ 32 ⱦ♇♩ ≤ ™≡⁸CRC ♅▼♇◒◘ⱶהⱣ▬♩ Ĭ 1 ≢ ╦╡╕∆⁹

ᶫ 7. ɔɶɆɫɶȾǵ UARTꜘ ɟɁȹɶȶ ͬ  

↓╣╠─Ᵽ▬♩─ ⇔™ ⌐≈™≡│⁸Ⱪכ꜡♩כ♄─☿◒◦ꜛfi╩ ⇔≡ↄ∞↕™⁹

◦☻♥ⱶה◒꜡♇◒⅜ 40MHz ─ כⱲ♩כ○⁸ ⱷ◌♬☼ⱶ⌐│ 9,600 ⱦ♇♩⅛╠ 250,000 ⱦ♇♩╕≢─ Ⱳכ꜠הכ♩╩ ≢

⅝╕∆⁹Ⱳכ꜠הכ♩⅜↓╣╟╡ ™ │⁸ ⁸ Ⱳכ꜠הכ♩⌐ ⇔≡⁸ ╡╟ↄ⁸⌂│≢♃כ꜠Ⱡ▼☺ה◒♇꜡◒

─ ◒꜡♇◒╕√│ ◒꜡♇◒╩ ∆╢ ⅜№╡╕∆⁹
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─ ◖fiⱳכⱠfi♩≤꞉▬ꜘ≢ ⁸UART⌐╘√╢∆♩כfi╩◘ⱳꜛ◦כꜙꜞ♁ ≤Ⱪ⁸│♄כ꜡♩כTMC9660 Ᵽהꜟ▪ꜞ◦╩

☻⌐ ∆╢√╘─ ╙◘ⱳכ♩⇔≡™╕∆ ⅎ┌ RS485 ⁹UART ⌐│⁸ ♩ꜝfi◦כⱣ╩Ɫכ♪►▼▪≢ ∆╢

√╘─ ⌂ ⁸UART_TXEN ╩ ≢⅝╕∆⁹

ᶫ 8. Ẇ ɆɧɱȵɶɎșὕ ǞǦ UART 

▪◒♥▫ⱩהⱢ▬─♩ꜝfi◦כⱣה▬ⱠכⱩꜟ UART_TXEN │⁸ ꜟ♪▬▪≥♪כ⸗ ─♪כ⸗ ≢◓ꜞ♇♅─⌂™ ╩

∆╢√╘⌐⁸UART_TXEN ╩ ⅜♩♇ⱦה♩כ♃☻≡∂ ↕╣╢ tPRE ⌐▪◒♥▫Ⱪ⌐⇔≡⁸☻♩♇ⱪהⱦ♇♩─ ╙

tPOST ▪◒♥▫Ⱪ─╕╕⌐⇔≡⅔ↄ↓≤⅜≢⅝╕∆⁹ⱪꜞ tPRE ≤ⱳ☻♩ tPOST │⁸Ⱪכ꜡♩כ♄≢ ⌐ ≢⅝╕∆⁹

UART_TXEN │Ⱨfi 64 GPIO8 ╕√│Ⱨfi 58 AIN0 ⌐ ╡ ≡╢↓≤⅜≢⅝╕∆⁹

ᶫ 9. ɕɨ ɛȷɆ ├ ὑȨɕȵɥɱșρǏǦ UARTɆɧɱȵɶɎɵȢɋɶɔɩֵͬ UART_TXEN 

◖fi♩꜡כꜝ⅔╟┘♦Ᵽ▬☻⁸│☻꜠♪▪הⱩה♄כ꜡♩כⱪ꜡♩◖ꜟ─ ≢∆⁹↓╣⌐╟╡⁸ ─◖fiⱳכⱠfi♩≤ ╩

⌐ ⅎ⌂⅜╠⁸♦Ᵽ▬☻ TMC9660 ↔≤⌐ 1 ≈─◖fi♩꜡כꜝ≤ ♃כ⸗─ ╩ ≈◦☻♥ⱶ╩☿♇♩▪♇ⱪ≢⅝╕∆⁹

SPI 
TMC9660 ⌐│⁸ SPI Ɑꜞⱨ▼ꜝꜟ ⌂♅♇ⱪה☿꜠◒♩ ≤◒꜡♇◒ ╩ ╩ ∆╢√╘─ SPI Ⱪ꜡♇◒ SPI0/SPI1
⅜ 2 ≈≤⁸TMC9660 ╩Ɑꜞⱨ▼ꜝꜟ≤⇔≡ ▪ⱪꜞ◔כ◦ꜛfiהⱪ꜡☿♇◘⌐ ∆╢√╘─ SPI Ⱪ꜡♇◒⅜ 1 ≈ ╕╣≡™╕∆⁹↓

─ ⁸▪ⱪꜞ◔כ◦ꜛfiהⱪ꜡☿♇◘│⁸SPI ⌐ ⌂♅♇ⱪה☿꜠◒♩ ≤◒꜡♇◒ ╩ ∆╢◖fi♩꜡כꜝ≤⇔≡

⇔╕∆⁹↓─Ɑꜞⱨ▼ꜝꜟ SPI Ⱪ꜡♇◒│ GPIO ⱴ♩ꜞ♇◒☻─ SPI0 ╕√│ SPI1 ⌐ ╡ ≡╢↓≤⅜≢⅝⁸™∏╣─ ╙

CS0∞↑⅜◘ⱳ⁹∆╕╣↕♩כⱩכ꜡♩כ♄│ 40ⱦ♇♩─ ⱶꜝ◓♃כ♦ ╩◘ⱳכ♩⇔≡™≡ MSB⅜ ⌐ ↕╣⁸ ⌐│ SPI
♪כ⸗ 3 ╩ ⇔╕∆⁹≈╕╡⁸◒꜡♇◒ SCK ─ ⅜╡◄♇☺≢ ≡⇔◓fiⱪꜞfi◘╩♃כ♦ MOSI ⁸ ⅜╡◄♇☺≢

∆╕⇔♩►▪ה♩ⱨ◦╩♃כ♦ MISO ⁹ 10MHz ─ SPI ◒꜡♇◒ ⅜◘ⱳ⁹∆╕™≡╣↕♩כ ─Ɽ꞉כ○fi │ SPI Ɑꜞ

ⱨ▼ꜝꜟהⱩ꜡♇◒⅜ SPI0 ⌐ ╡ ≡╠╣≡⁸Ⱨfi 1 ⌐│ GPIO9 ≢│⌂ↄ SPI0_MISO ⅜ ↕╣⁸Ⱨfi 2 ⌐│ GPIO10 ≢│⌂ↄ

SPI0_MOSI ⅜⁸Ⱨfi 3 ⌐│ GPIO11 ≢│⌂ↄ SPI0_SCK ⅜⁸∕⇔≡Ⱨfi 4 ⌐│ GPIO12 ≢│⌂ↄ SPI0_CS0 ⅜ ↕╣╕∆⁹Ⱪכ꜡♩כ♄

│ SPI0_MOSI⁸SPI0_SCK⁸SPI0_CS0 ╩ꜞ☻♬fi◓⇔≡ SPI0_MISO ╩▪◒♥▫Ⱪ⌐⇔⁸SPI0_CS0 ≥╢⌂⌐כ꜡⅜ ♃כ♦⌐∟

╩ ⇔╕∆⁹
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ᶫ 10. SPIɘɨɓȥɧɩǯǞǭȠɕɨȯɶȵɥɱɵɕɫȹɁȳǲ ǜȓǦ TMC9660ǯɔɶɆɫɶȾɵɠɶɇǵ SPI ͬ 

ⱴ▬◒꜡◖fi♩꜡כꜝ⅛╠ TMC9660 ┼─ 40 ⱦ♇♩כ♦ה♃◓ꜝⱶ│⁸8 ⱦ♇♩─◖ⱴfi♪הⱣ▬♩ 1 ≈≤⁸∕─ ⌐ ↄ 32 ⱦ♇♩

≈╕╡ 4Ᵽ▬♩ ≢♃כ♦─ ↕╣⁸ ⱦ♇♩ Ᵽ▬♩⅜ ⌐ ↕╣╕∆⁹↓─◖ⱴfi♪⌐ ∆╢ TMC9660⅛╠ ⱴ▬◒

꜡◖fi♩꜡כꜝ┼─ 40 ⱦ♇♩─ │⁸ ⌐ ─ SPI ≢ⱶꜝ◓♃כ♦ ↕╣╕∆⁹ │ⱶꜝ◓♃כ♦ 8 ⱦ♇♩─☻♥כ♃☻ ≢

╕∫≡∕─ ⌐ 32 ⱦ♇♩ 4 Ᵽ▬♩ ⅜♃כ♦─ ⅝⁸ ⱦ♇♩ Ᵽ▬♩⅜ ⌐ ↕╣╕∆⁹

ᶫ 11. ɔɶɆɫɶȾɵɠɶɇǮǵ SPIȱɜɱɇǯꜘ ɅɶȽȮɧɞ 

Ɽ꞉כ▪♇ⱪ ╘≡─ ─ⱶꜝ◓♃כ♦ status[7:0]⌐│ SESSION_START ⅜♪כ◖ה☻♃כ♥☻ ╕╣≡⅔╡⁸value[31:24]⌐│ⱷ

כꜗ☺ ≢ ⇔√Ⱪכ꜡♩כ♄─Ᵽכ☺ꜛfi ⅜⁸value[23:16]⌐│ ∂ↄⱴ▬♫כ ⅜ ╕╣≡™╕∆⁹ 

─ⱶꜝ◓♃כ♦─╠╣↓ ⇔™ ⌐≈™≡│⁸Ⱪכ꜡♩כ♄─☿◒◦ꜛfi╩ ⇔≡ↄ∞↕™⁹

ⱨꜝ♇◦ꜙהⱷ⸗ꜞ│⁸Ɽꜝⱷה♪כ⸗ה♃כⱨ□כⱶ►▼▪─Ɽꜝⱷכ♃╛ⱪ꜡◓ꜝⱶ╩ ∆╢√╘⌐⁸Ɑꜞⱨ▼ꜝꜟ≤⇔≡

SPI0 ╕√│ SPI1 ◖fi♩꜡הꜝכⱩ꜡♇◒⌐ ≢⅝╕∆⁹Ⱪ⁸│♄כ꜡♩כⱧfi ╡ ≡╛ SPI ─♪כ⸗ ╩ ╘⁸ⱨꜝ♇◦ꜙהⱷ⸗

ꜞ─ ╩◘ⱳ⁹∆╕™≡⇔♩כ○ⱪ◦ꜛfi≢⁸Ɫכ♪►▼▪ CS_│ ─ GPIO ⌐ ⅝ ⅎ╢↓≤⅜≢⅝╕∆⁹

ⱨꜝ♇◦ꜙ≤⇔≡⁸Windbond W25X40CL ╕√│ ☿♇♩╩ ≈ ─♦Ᵽ▬☻⅜◘ⱳ⁹∆╕™≡╣↕♩כ

ᶫ 12. SPIș ǟǭ ǜȓǦẆ ɓɧɁȵɣɵɟɠɨ 

≥∟╠─ SPI ◖fi♩꜡הꜝכⱩ꜡♇◒╙⁸4 ≈─ ⌂╢ SPI ╣∙╣⧵Ⱪ꜡♇◒⌐│⁸─╠╣↓⁹∆╕™≡⇔♩כⱳ◘≡═∆╩♪כ⸗ 16 Ᵽ

▬♩ 128 ⱦ♇♩─ ╖Ᵽ♇ⱨ□≤ ⇔Ᵽ♇ⱨ□⅜ ╕╣≡⅔╡⁸1 ≢ⱶꜝ◓♃כ♦─≈ 128 ⱦ♇♩─ ╩◘ⱳ⁹∆╕™≡⇔♩כ

Ɫכ♪►▼▪≢◘ⱳכ♩↕╣≡™╢ GPIO ⱴ♩ꜞ♇◒☻⌐│⁸ ⌂╢♅♇ⱪה☿꜠◒♩ ⅜ ╕╣≡™╕∆⁹SPI1 ─ ☿♇

♩│ SPI0 ╟╡ ⌂ↄ⌂∫≡™╕∆⁹ ⌐⁸SPI0 ≢│ 2 ─ⱶꜝ◓♃כ♦ SPI ♩ꜝfi◙◒◦ꜛfi╩ ≢⁸↓╣│⁸ ⅎ┌

Ɫכ⸗╢╟⌐▪▼►♪כ♃ PWM ⌐╟∫≡♩ꜞ●↕╣╕∆⁹↓─ │⁸ SPI ◄fi◖כ♄⅛╠⅛╠▪Ⱪ♁ꜞꜙה♩כ◄fi◖כ♄

╩ ╖ ∆√╘⌐ ≢⅝╕∆⁹
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I2C 
TMC9660 │⁸ I2C Ɑꜞⱨ▼ꜝꜟ ⅎ┌ I2C EEPROM ─ ⌐ I2C ◖fi♩꜡כꜝ╩ 1 ≈ ⇔≡™╕∆⁹ ⇔√ ⁸I2C_SCL
≤ I2C_SCL │ fi▬꜠♪הⱪfiכ○⌐ ≢⁸ ⇔ↄ ↕∑╢⌐│ VCC_IO ┼─ ⱪꜟ▪♇ⱪ ⅜ ≢∆⁹I2C ▬fi♃כⱨ▼כ☻

│⁸100kbit/s⁸400kbit/s⁸⅔╟┘ 1Mbit/s ⁹∆╕™≡⇔♩כⱳ◘╩♩כ꜠ה♃כ♦─ I2C EEPROM │⁸Ɽꜝⱷה♪כ⸗ה♃כ

ⱨ□כⱶ►▼▪─Ɽꜝⱷכ♃╛ⱪ꜡◓ꜝⱶ─ ⌐ ≢⅝╕∆⁹Ⱪ⁸│♄כ꜡♩כⱧfi─ ╩ ╗ EEPROM─ ╩◘ⱳכ♩

⇔≡™╕∆⁹24LC256⁸№╢™│ I2C ⅜♪כ◖ 0xa ≢♅♇ⱪה♩◒꜠☿הⱦ♇♩⅜♀꜡⌐ ↕╣⁸ ▪♪꜠☻ Ᵽ▬♩≤

Ᵽ▬♩ ╩ ≈ ─ EEPROM ♦Ᵽ▬☻⅜◘ⱳ⁹∆╕™≡╣↕♩כ

ᶫ 13. I2Cș ǟǭ ǜȓǦẆ EEPROM 

SPI Ɑꜞⱨ▼ꜝꜟ—♃▬Ⱶfi◓  

ᶫ 14. ɔɶɆɫɶȾɵɠɶɇǲǑǘȒ SPIɘɨɓȥɧɩǵȽȢɝɱȮᶫ 

SPI Ɑꜞⱨ▼ꜝꜟ—  
VCC_IO = 3V 5.5V⁸VSA = 7.7V 80V⁸☺ꜗfi◒◦ꜛfi  = ī40ÜC 125ÜC⁸SPI ♃▬Ⱶfi◓│ ⌐╟╡  
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VCC_IO = 3V 5.5V⁸VSA = 7.7V 80V⁸☺ꜗfi◒◦ꜛfi  = ī40ÜC 125ÜC⁸SPI ♃▬Ⱶfi◓│ ⌐╟╡  
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♃כ⸗ ◖▪─

TMC9660 ─ MCC │Ɫכ♪►▼▪≢ ↕╣≡™╕∆⅜⁸ │♁ⱨ♩►▼▪⌐╟∫≡ ℮─≢⁸ ⌐ ™ ╩ ⅎ≡™╕∆⁹

│ⱬ◒♩ꜟ ◖fi♩꜡כꜝ FOC ⌐ ≠™≡⅔╡⁸ Ⱪꜝ◦꜠☻כ⸗ה♃ FOC3 ⁸ ☻♥♇Ⱨfi◓כ⸗ה♃

FOC2 ⁸╕√│ DC ⁸FOC√╕⁹∆╕™≡⇔♩כⱳ◘╩♃כ⸗ ◖fi♩꜡כꜝ⌐ ⅎ≡⁸ ≤ ⌐╟╢ PI ◖fi♩꜡כꜝ

≤ 8 ⱳ▬fi♩הꜝfiⱪה☺▼Ⱡ꜠כ◔☻◌╢⌂╠⅛♃כ♪ Ⱳכ◘√╣↕ ╩ꜗ♅◒♥◐כ▪הⱪכꜟ ♥◐כ▪─↓⁹∆╕™≡⇔

♃כ⸗⁸│⌐ꜗ♅◒ ○fi♅♇ⱪ Ⱪ꜡♇◒≤─▬fi♃כⱨ▼כ☻≤⇔≡ ∆╢ ADC ◄fi☺fi≤⁸꜡כ♃ ╩ⱨ▫כ♪

Ᵽ♇◒∆╢√╘─◄fi◖כ♄⅔╟┘ⱱהꜟכ☿fi◘כ ⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi⅜ ╕╣≡™╕∆⁹MCC │⁸ 2kHz 100kHz ─

ⱪכꜟ ≤ PWM ╩◘ⱳ⁹∆╕™≡⇔♩כ

─

¶ Ɫכ♪►▼▪⌐╟╢♩ꜟ◒⅔╟┘ PI ⱬ◒♩ꜟ ◖fi♩꜡כꜝ FOC
• Ⱪꜝ◦꜠☻כ⸗ה♃ FOC3
• ☻♥♇Ⱨfi◓כ⸗ה♃ FOC2

¶ Ɫכ♪►▼▪⌐╟╢ PI ◖fi♩꜡כꜝ

¶ Ɫכ♪►▼▪⌐╟╢ PI ◖fi♩꜡כꜝ

¶ Ᵽ▬◒꞉♇♪ה◒ꜟ♩ה♩♇◕כ♃הⱨ▫ꜟ♃

¶ Ᵽ▬◒꞉♇♪ ⱨ▫ꜟ♃

¶ 8 ⱳ▬fi♩הꜝfiⱪהⱪ꜡ⱨ□▬ꜟה☺▼Ⱡ꜠כ♃

¶ ADC ◄fi☺fi

¶ ABN ◄fi◖כ♄ ꜟכⱱהꜟ♃☺♦≥ ╩◘ⱳכ♩∆╢◄fi◖ה♄כⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi ≥◓fiꜞכ◔☻ ╩ ╗

≥Ᵽ▬ꜝ♪ה♩כ◕ ADC │ ≢ MCC ⌐ ↕╣≡™╕∆⁹▬fi◒ꜞⱷfi♃ꜟה◄fi◖כ♄ ENC_A/ENC_B/ENC_N הꜟ♃☺♦≥

ⱱהꜟכ☿fi◘כ HALL_U/HALL_V/HALL_W │◄fi◖ה♄כⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi⌐ ↕╣≡⅔╡⁸GPIO ⱴ♩ꜞ♇◒☻

╩ ∫≡ ₁⌂Ɽ♇◔ה☺כⱧfi⌐ ≢⅝╕∆⁹ ─ꜝfiⱪהⱪ꜡ⱨ□▬ꜟה☺▼Ⱡ꜠⁸│♃כ ⅔╟┘ꜞⱨ□꜠fi☻─☻▬♇♅

STOP_L⁸STOP_R⁸⅔╟┘ HOME ╩ ⇔╕∆⁹↓╣╠─ │⁸ ⌂╢Ɽ♇◔ה☺כⱧfi⌐ ≢⅝╕∆⁹ 

ⱬ◒♩ꜟ  

ⱬ◒♩ꜟ FOC │⁸ VFD ─ ⌐♃כ♥☻⁸≢ ╩ ≈Ⱪꜝ◦꜠☻כ⸗ה♃⌐ ♃כ꜡⁹∆╕╣╦

─ ↑╩ ꜟ▬◖─♃כ♥☻⁸≡╡ ╩ ♃כ⸗╢╣ │⁸♩ꜟ◒ IQ ≤ ID ╩ ∆ 2≈─ ⱬ◒♩

ꜟ ⌐ ↕╣╕∆ 15 ⁹↓─ ⌐│⁸ ⌂ PI ◖fi♩꜡⁸≥ꜝכDC ≢♃כ⸗ ↄ ╠╣√ ꜗ♅◒♥◐כ▪

╩ ≢⅝╕∆⁹◖fi♩꜡כꜝ─ │ ┘ ꜠ⱬꜟ⌐ ↕╣⁸ ꜟ▬◖ה♃כ⸗⌐ ↔≤⌐ 1 ≈─ⱢכⱨⱩꜞ♇☺╩ ∆╢√

╘⌐ PWM ⌐ ↕╣╕∆⁹

FOC ♃כ⸗│ ≤◄Ⱡꜟ◑כ ─ ≢ ╣≡™╢≤ ⅎ╠╣≡⅔╡⁸ ⌐╦√╢☻ⱶכ☼⌂ ⁸ ♀꜡≢─ⱨ

┘╟⅔⁸◒ꜟ♩הꜟ ⌂ ≤ ⌐╟╢ ™ ╩ ⇔╕∆⁹

⌂ ⌐│↓╣╕≢ ⅜ꜝכ꜡♩fi◖הꜟ♃☺♦─ ≢⇔√⅜⁸TMC9660│⁸FOC⌐ ≠ↄ ♃כ⸗─ ╩⁸ כ◕

♃כ⸗Ᵽ⁸▬ꜝ♪ה♩ ♃כ⸗┘╟⅔⁸ ⱨ▫כ♪Ᵽ♇◒⌂≥─ ≤ ⌐ ─⸗ⱡꜞ◦♇◒ה♦Ᵽ▬☻ ≢ ≢⅝╢╟℮

⌐⇔╕⇔√⁹

─ ╩ ♃כ⸗⁸│⌐╢∆ ≤ ♃כ꜡⌐ ╩ ∆╢ ⅜№╡╕∆⁹ ⌂ ─ │ TMC9660 ≢

♃כ꜡⅜ⱶ♥☻◦ה◒♇Ᵽ♪כ▫ⱨ─♄כ◖♦⁸⅜∆╕⅝≢ ╩ ⌐ ≢⅝╢╟℮⌐∆╢↓≤⅜ ≢∆⁹∕─√╘⌐│⁸

⁸◄fi◖כ⸗╩♄כ♃─ ⌐ ╡ ↑╢ ⅜№╡╕∆⁹◑▪Ⱳ♇◒☻╛ⱬꜟ♩ה◦☻♥ⱶ─ ⌐ ╡ ↑√─≢│⁸

╛ ⌐ⱥ☻♥ꜞ◦☻⅜ ∂≡⇔╕℮⅛╠≢∆⁹

BLDC/PMSM ⁸│≢♃כ⸗ ⅛╠Ɽכ◒ ⌐ ⌂ ┼─ ╛∕─ ─ ◒כꜝ◒⁸⌐ ╩ ⇔╕∆⁹

☻♥♇Ⱨfi◓כ⸗ה♃≢│↓─ ⅜ ─ⱪ▬♃ה♃כ⸗⁸≢─⌂ ⌐Ᵽ▬Ɽ☻↕╣╕∆⁹Ⱪꜝ◦ DC ─♃כ⸗ │ ─

⅜Ᵽ▬Ɽ☻↕╣╕∆⁹

◒ꜟ♩╩♃כ⸗ ∆╢ │⁸MCC ♪כ◔☻◌─ ─ꜗ♅◒♥◐כ▪הⱪכꜟ ╡ ╩Ᵽ▬Ɽ☻⇔≡⁸♩ꜟ◒הꜞⱨ□꜠fi☻

IQREF ╩ ⅛╠ ≢⅝╕∆⁹ ─ ╩♃כ⸗≢ ∆╢√╘⌐⁸ │ ꜞⱨ□꜠fi☻ ╩♀꜡⌐ ⇔╕∆⁹

─♃כ⸗ ⅜ ≤⌂╢ │⁸↓─ ⌐⁸ ꜞⱨ□꜠fi☻ ╩◖fi♩꜡כꜝ ⌐ ⅝ ⅎ╢ ╘ ◖fi♩꜡כꜝ⅜

⌐⌂╡╕∆⁹
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ᶫ 15. ɗȭɆɩѰⱣ ȱɱɆɫɶɧ FOC  

ꜝכ꜡♩fi◖הⱲכ◘

TMC9660 ─ MCC ⌐│⁸☿♇♩▪♇ⱪ≤ ╩ ⌐∆╢♩ꜟ◒⁸ ⁸⅔╟┘ ─ ⅔╟┘ PI ◖fi♩꜡כꜝ─◌☻

≢fiכ▼♅ה♪כ◔ ⅜ꜝכ꜡♩fi◖הⱲכ◘⁸╢╣↕ ╕╣≡™╕∆ 16 ⁹ ⌐⁸ ≤∆╢ ⅔╟┘ ⅜ ⇔√ ╙

☻ⱶכ☼⅛≈ ⌂ ╩ ⌐∆╢√╘⌐⁸ꜝfiⱪה☺▼Ⱡ꜠כ♃╩ ≢⅝╕∆⁹

ᶫ 16. MCCȳɶɚɵȱɱɆɫɶɧ 

fiכ▼♅⌐ ╩ ∆╢ │⁸▪ⱪꜞ◔כ◦ꜛfi─ⱪ꜡☿♇◘⅛╠◖ⱴfi♪╩ 1 ≈ ⱪכꜟה♪☼כ꜡◒⁸≢↑∞╢ ╩

∫≡⁸ ⇔√ꜝfiⱪ⌐ ™ ⇔™ ┼─ ╩ ≢⅝╕∆⁹ ⇔™ ⅜ ↕╣╢≤⁸ ∟⌐○fi◙ⱨꜝ▬≢ ⇔™

ꜝfiⱪ⅜ ↕╣╕∆⁹↓─ꜝfiⱪ│⁸PI ◖fi♩꜡כ○─ꜝכⱣכꜙ◦כ♩╛ ╩ ↑╢√╘⌐⁸ ≢♪כ⸗ ⌂╢ ─

⌐ Ⱳכ◘─≡═∆⁸⇔∞√⁹∆╕⅝≢╙≥↓╢∆ ╩ ⇔⌂↑╣┌⌂╠⌂™╦↑≢│№╡╕∑╪⁹♩ꜟ◒⁸ ⁸⅔╟┘

─ │⁸ ─◖fi♩꜡כꜝ ╩Ᵽ▬Ɽ☻⇔≡ ∆╢↓≤⅜≢⅝╕∆⁹

Ɫכ♪►▼▪≢─ ⌐╟╡⁸3 ≈─ PI ◖fi♩꜡כꜝ∆═≡─ ⱪכꜟ ╩⁸PWM ≤ ∂ ⁸≈╕╡ 100kHz ⌐ ∆

╢↓≤⅜≢⅝╕∆⁹↓╣⌐╟╡⁸ ™ ⁸ ™ ⁸⅔╟┘ ╣√ ⅜ ↕╣╕∆⁹♩ꜟ◒ ◖fi♩꜡כꜝ∞↑╩

PWM ☺▼Ⱡ꜠כ♃≤ ∂ ⌐ ⇔≡⁸ ◖fi♩꜡כꜝ≤ ◖fi♩꜡כꜝ─ ╡╟╩♩כ꜠ ™ PWM ─ ⌐

∆╢↓≤╙ ≢∆⁹

FOC ◖fi♩꜡כꜝ│Ɽכ◒ ─♃כ꜡⌐╘√─ ╩ ≤⇔╕∆⅜⁸ PI ◖fi♩꜡כꜝ│ ♃כ⸗─

⌐ ⇔╕∆⁹ ♃כ⸗─ │⁸◌►fi♩ │ ⌐ ╕⇔™ ╕√│ ─ ⌐ ╩

∆╢↓≤⌐╟∫≡◄fi◖כ♄ ◌►fi♃⅛╠ ╠╣⁸ⱡ▬☼ ─ ⱨ▫ꜟ♃╙ ╦╣╕∆⁹ ⌐ ⱡ▬☼╩ ╠∆√

╘⌐⁸ ♃ꜟ▫ⱨה♪♇Ᵽ▬◒꞉הꜟⱪ⌐ⱪ꜡◓ꜝⱴⱩכꜟ 2 IIR ⱨ▫ꜟ♃ ╩ ⇔≡ ∆╢↓≤╙≢⅝╕∆⁹ 
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─ ╩ ↑╢√╘⌐⁸ ◖fi♩꜡ה◒ꜟ♩≥ꜝכ◖fi♩꜡כꜝ─ ⌐╙℮ 1 ≈─ⱪ꜡◓ꜝⱴⱩꜟהⱣ▬◒꞉♇♪הⱨ▫ꜟ

♃ Ᵽ▬◒꞉♇♪ ♩ꜟ◒ ╩ ≢⅝╕∆⁹

◖fi♩꜡⁸│⌐ꜝכ ─ⱴꜟ♅♃כfiה▪Ⱪ♁ꜞꜙה♩כ◄fi◖כ♄ ⅜ ≢∆⁹ ◖fi♩꜡כꜝ ⌐ ∆╢◄fi

⁸│⌐♄כ◖ ⌐♩ꜟ◒⅔╟┘ ⌐ ╦╣≡™╢╙─≤ ∂◄fi◖כ♄╩ ≢⅝╕∆⅜⁸ ⅎ┌◑▪Ⱳ♇◒☻─ ⌂≥─ ⌂╢

⌐ ─◄fi◖כ♄╩ ╡ ↑╢↓≤╙≢⅝╕∆ Ɽꜝⱷכ⸗ה♃כ♪≢ ╦╣╢ 2 ≈ ─◄fi◖כ♄ ⁹

ꜝfiⱪה☺▼Ⱡ꜠כ♃

─ ╛ ≢♪כ⸗ ╩♃כ꜠Ⱡ▼☺הfiⱪꜝ⁸│⌐♃כ⸗╢∆ ≢⅝╕∆ 17 ⁹↓─ꜝfiⱪה☺▼Ⱡ꜠⁸│♃כ

VSTART ⁸ ⱨ▼כ☼─ 3 ≈─ ⌂╢☿◓ⱷfi♩ A1⁸A2⁸AMAX ⁸ ⱨ▼כ☼─ 3 ≈─ ⌂╢☿◓ⱷfi♩ D1⁸
D2⁸DMAX ⁸∕⇔≡ ⌐ VSTOP ≢ ≢⅝╕∆⁹↓╣╠─☿◓ⱷfi♩⌐│⁸ ─ ⅜ ╠╣╢╟℮⌐⁸ ⌂

╢ ≤ⱪ꜡◓ꜝⱶ ⌂ V1⁸V2 ╩ ╡ ≡╢↓≤⅜≢⅝╕∆⁹ ▪ⱪꜞ◔כ◦ꜛfi≢│⁸ ◒ꜟ♩ה♃כ⸗─

⌐ ╦∑≡⁸ ─ ╩╟╡ ™ ⌐ ⱪ♇▪♩כ♃☻⁹∆╕⅝≢ ⌐│⁸◦☻♥ⱶ─ ≤ ⌐ ∟ ≈√

╘⌐ ╩╟╡ ™꜠ⱬꜟ⌐ ≢⅝╕∆⅜⁸ ⁸ ⌂ ≢│⁸ ⌐ ─№╢ ─√╘⌐ ╩╟╡ ™ ⌐

≢⅝╕∆⁹╕√⁸ ╩ ⇔≡⁸ ⱨ▼כ☼╟╡ ╩ ↄ∆╢↓≤⅜≢⅝╕∆⁹↓─ ─ꜝfiⱪ │⁸ ≤⇔≡ ⇔√

─╟℮⌐⁸ ─ ⌂ S ≤⌂╡╕∆⁹ 

ᶫ 17. ̧ Ǳ S◐ǵ ↓ɕɫɓȟȢɩǮ◐ ǜȓǦ 8ɛȢɱɆɵɧɱɕɵȶȥɋɪɶȽ 

─ꜝfiⱪ│⁸ ⇔™ ╕√│ ⅜ ↕╣╢≤⁸ ∟⌐○fi◙ⱨꜝ▬≢ ↕╣╕∆⁹ ╛ ─ ⌐╟∫≡│⁸ ∏⇔

╙∆═≡─ ⌂╢ ⱨ▼כ☼╩ ≢⅝⌂™ ╛⁸ ⌐ ⌐ ⇔⌂™ ⅜№╡╕∆⁹ ⇔™ ⅜ ↕╣√≤⅝⌐

⅜♃כ⸗ ™≡™╢ ⁸ꜝfiⱪ │ ─ ⅜ ↕╣⁸∕╣⌐ ≢ⱶ▬♃הꜟ▪ꜞ≡™≠ ↕╣╕∆⁹

ꜝfiⱪה☺▼Ⱡ꜠⁸│♃כ ⌐ 1 ≈∏≈ 2 ≈─ ☻▬♇♅ ╩◘ⱳכ♩⇔≡™╕∆ STOP_L≤ STOP_R ⁹ ☻▬♇♅⅜

▬ⱠכⱩꜟ↕╣≡▪◒♥▫Ⱪ⌐⌂∫≡™╢ │♃כ⸗⁸ ─ꜝfiⱪהⱤꜝⱷכ♃⌐ ∫≡ ╕≢ ∆╢⅛ ∟⌐ Ɫה♪כ

☻♩♇ⱪ ⇔≡⁸∕╣ ∕─ ⌐ ↑⌂ↄ⌂╡╕∆⁹ⱴꜟ♅♃כfiה◄fi◖ה♄כ◌►fi♃╩ ∆╢√╘─ꜞⱨ□꜠fi☻

⌐⁸3 ≈ ─☻▬♇♅ ⅜№╡╕∆⁹↓─☻▬♇♅─ ≤ꜝfiⱪ │Ɫכ♪►▼▪≢ ↕╣≡™╕∆⁹
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◄fi◖ה♄כⱨ▫כ♪Ᵽ♇◒

MCC ─◄fi◖ה♄כ◄fi☺fi│⁸▬fi◒ꜞⱷfi♃ꜟה◄fi◖כ♄─ A/B/N ENC_A⁸ENC_B⁸ENC_N כⱱהꜟ♃☺♦⁸≥

─כ◘fi☿הꜟ HALL_U⁸HALL_V⁸HALL_W ╩ ⇔╕∆ 18 ⁹

A/B/N │⌐♄כ◖♦ ↕™ ⱨ▫ꜟ♃⅜№╡⁸↓─ⱨ▫ꜟ♃╩▬ⱠכⱩꜟ∆╢≤⁸◦☻♥ⱶה◒꜡♇◒ 40MHz ─ 3 ◘▬◒ꜟ ╟╡

™ Ɽꜟ☻╩ ∆╢↓≤⅜≢⅝╕∆⁹▬ⱠכⱩꜟ⇔⌂™ │ 10MHz ╕≢─ ⅜ │♄כ◖♦⁹∆╕╣↕ A ⅔╟┘ B
♅ꜗfiⱠꜟ─◄♇☺╩◌►fi♩⇔⁸∕╣⌐ ∂≡ ◄fi◖ה♄כ◌►fi♃╩▬fi◒ꜞⱷfi♩╕√│♦◒ꜞⱷfi♩⇔╕∆⁹◌►fi♩

│⁸ ⌂╢◄fi◖כ♄ ↑○ⱪ◦ꜛfi⌐ ╦∑≡ ╩∆╢√╘⌐⁸ ∆╢↓≤⅜≢⅝╕∆⁹○ⱪ◦ꜛfi─◄fi◖כ♄ N ♅ꜗfiⱠ

ꜟ│⁸ ⌐ 1 ∆╢↔≤⌐ 1 ─Ɽꜟ☻╩ ⇔╕∆⁹↓─ │⁸ ─ ╩ ♃כ⸗─╘√╢∆ ─ ♃כ꜡

⌐ ≢∆⁹ⱱהꜟכ☿fi◘כ ─♃כ꜡╙ ╩ ∆╢─≢⁸↓╣╩ ╦╡⌐ ∆╢↓≤╙≢⅝╕∆⁹

─ ⌐│⁸1 №√╡ ≢ 16,777,216 2^24 ◄fi◖ה♄כ♅♇◒ ╕√│ 4,194,304ꜝ▬fi ◄fi◖ה♄כ♅♇◒ /4 ─◄fi

♄כ◖ ╩◘ⱳ⁸24╢∆♩כ ⱦ♇♩ה◌►fi♃⅜ ╕╣≡™╕∆⁹↓─ ⅛╠⁸∕─ ─♃כ⸗╩ Ɑ▪ ≢ ∆╢↓≤⌐

╟∫≡ ╩ ╘╕∆⁹ Ɑ▪ │ 255 ╕≢◘ⱳ⁹∆╕™≡╣↕♩כ ╙ ╙⁸◄fi◖כ♄─ ⌐ ╦

╠∏ 16ⱦ♇♩─ ─ꜝכ꜡♩fi◓↕╣╕∆⁹FOC◖fiꜞכ◔☻⌐ ≤⇔≡─ⱬ◒♩ꜟ─Ɽכ◒ ⌐│ ⅜ ≢№╡⁸

─♃כ⸗ ⌐│ ╩ ≢⅝╕∆⁹

◄fi◖כ♄─ⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi│⁸♦☺♃ꜟהⱱהꜟכ☿fi◘כ HALL_U⁸HALL_V⁸HALL_W ╙◘ⱳ⁹∆╕™≡⇔♩כ

ⱱהꜟכ☿fi◘כ ⌐│⁸ⱪ꜡◓ꜝⱴⱩꜟה♦☺♃ꜟ ⱨ▫ꜟ♃╩ ≢⅝╕∆⁹╕√⁸ ≤ │♁ⱨ♩►▼▪≢ ≢∆⁹

ⱱהꜟכ☿fi◘כ⌐╟∫≡ ♃כ꜡╢╣╠ │ ⅜ ™─≢⁸ ╘╩ ≤∆╢▪ⱪꜞ◔כ◦ꜛfi⌐⅔↑╢ │ ╠

╣╕∆⁹ ↄ─ ⁸ⱱהꜟכ☿fi◘כ│ BLDC⸗כ♃─ ≤⇔≡ ⌐ ≢⅝╕∆⁹ⱱהꜟכ☿fi◘כ≢╙ FOC≤ ╩

≢⅝╢╟℮⁸◄fi◖ה♄כ◄fi☺fi│⁸╟╡ ─ ╩ ≢⅝╢╟℮⌐ⱱכꜟ ─ ╩ ⇔≡™╕∆⁹↓─

│ ™ ⌐ ⇔≡⅔╡⁸60rpm ─ ≢│ ⌐ ▪◒♥▫Ⱪ⌐⌂╡╕∆⁹ 

ᶫ 18. ȦɱȱɶȾɵɓȡɶɇɎɁȭɵȦɱȶɱ 

◄fi◖ה♄כⱨ▫כ♪Ᵽ♇◒ה◄fi☺fi│⁸FOC ◖fi♩꜡כꜝ ♃כ⸗≡⇔≥ ⌐ ╡ ↑╠╣╢◄fi◖כ♄⌐ ╩ ≡√╙─≢∆⁹

TMC9660 │⁸ ◖fi♩꜡כꜝ ─○ⱪ◦ꜛfi≤⇔≡⁸╙℮ 1 ≈─▬fi◒ꜞⱷfi♃ꜟ A/B ◄fi◖כ♄╙◘ⱳ⁸│╣↓⁹∆╕™≡⇔♩כ

Ⱨfi TIM_ADV_IN0 ◄fi◖כ♄─♅ꜗfiⱠꜟ A ≤ TIM_ADV_IN1 ◄fi◖כ♄─♅ꜗfiⱠꜟ B ⌐ ∆╢ ⅜№╡╕∆⁹▬

fi◒ꜞⱷfi♃ꜟA/B/N◄fi◖כ♄─ ╦╡⌐⁸SPI ⅝─▪Ⱪ♁ꜞꜙכ♩ ◄fi◖כ♄╩ ∆╢↓≤╙≢⅝╕∆⁹↓╣│⁸SPIx_MOSI⁸
SPIx_MISO⁸SPIx_SCK ⁸⅔╟┘ ⌂♅♇ⱪה☿꜠◒♩ SPIx_CS ─ 1 ≈╩ ∫≡⁸SPI Ɑꜞⱨ▼ꜝꜟהⱩ꜡♇◒ 0 ╕√│ 1
⌐ ≢⅝╕∆⁹3 SPI ─ │ SPIx_MOSI ╩ ≢⅝╕∆⁹Ɽꜝⱷ⁸│≢♪כ⸗ה♃כ↓╣╠─◄fi◖ה♄כ○ⱪ◦ꜛfi╩∆═≡

≢⅝╕∆⁹

ⱪ▬♃ה♃כ⸗

TMC9660 │⁸DC ⁸BLDC/PMSM♃כ⸗ ⁹∆╕™≡⇔♩כⱳ◘╩♃כ⸗ה◓Ⱨfi♇♥☻┘╟⅔⁸♃כ⸗ 6 ⱨכⱢ─♃כ⸗─╠╣↓⁸⌐

Ⱪꜞ♇☺ ┼─ ≤⁸ ╘╠╣╢ CSA ┼─◦ꜗfi♩ ╩ ⇔╕∆⁹╕√⁸◘ⱳכ⸗╢╣↕♩כ♃│ 1 כ⸗╢№⁹∆≢↑∞≈

╩ⱪ▬♃ה♃ ⇔√ │♃כ⸗─⧵⁸ 4 ≈─ⱢכⱨⱩꜞ♇☺∆═≡╩ ∆╢╦↑≢│№╡╕∑╪⁹ ⇔⌂™ⱢכⱨⱩꜞ♇☺│⁸

Ⱪ꜠כ◐╛Ⱪ꜠ה◐כ♅ꜛ♇Ɽ ─ ≤⇔≡◄Ⱡꜟ◑כ╩ ⇔⁸ ╩♃כ⸗√╣↕ ⌐ꜝfiⱧfi◓ה♄►fi↕∑╢√╘

⌐ ≢⅝╕∆⁹
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6. ɠɶȽ ǵᾍꜘ  

*Ⱪ꜠כ◐ EM Ⱪ꜠⁸│◐כ כ꜡√⇔ Ɫ▬◘▬♪╩ ∂≡ ─♩♇♬ꜚהⱣ▬ꜝ♪ה♩כ◕⁹∆╕⅝≢ ─☿◒◦ꜛfi⌐

╩ ⇔╕∆ 23 ⁹

**↓╣│♦ⱨ◊ꜟ♩─ ≡≢∆⁹ADC ─ ≡│ MCC ╩ ∂≡ ≢⅝╕∆⁹ 
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Ɽ꞉הכⱴⱠכ☺ⱷfi♩הꜚ♬♇♩─

│∂╘⌐ 

ⱷ▬fi─ ⌐ TMC9660 ⌐ ╩♃כ⸗⁸│─⌂ ↕∑╢√╘─ ∞↑≢∆⁹♦Ᵽ▬☻⌐ ⌂∆═≡─ │⁸Ɽ꞉הכ

ⱴⱠכ☺ⱷfi♩הꜚ♬♇♩ PMU ⌐╟╡ ≢ ⌐ ↕╣╕∆⁹

2 ─ ⇔√ Ⱨfi VS ≤ VSA Ⱨfi╩ Ᵽ▬ꜝ♪♩כ◕╣∙╣⧵│╠╣↓⁸⅝≢ ▪◖הꜟ♃☺♦┘╟⅔◓꜡♫▪≥

⌐ ╩ ⇔╕∆⁹↓╣│⁸ ─ ╩ ⅝ ⅝ ⱨ○ה◒ꜟ♩הⱨכ☿⁸╠⅜⌂∑↕ STO ♃כ⸗⌐╘√─ VS ╩

∆╢↓≤╩ ⌐⇔╕∆⁹

PMU │⁸DC/DC ◖fiⱣכ♃ ⱳfiⱪ⁸ה☺כꜗ♅⁸ ┼─ ⌐ ∆╢ ⌂ 2 ≈─ LDO⁸⅔╟┘ 

┼─ ⌐ ∆╢ 2 ≈─ 1.8V LDO ╩ ⇔≡™╕∆⁹ 

PMU ─  
¶ ⁹♃כ꜠ꜙ◑꜠ 80V⁸5.8V ⁸ 600mA
¶ ⱳfiⱪה☺כꜗ♅ ♄Ⱪꜝ ⁹GDU ┼─ ╩ ≤⇔√ 50mA
¶ LDO Ĭ 2⁹™∏╣╙ │ 150mA ≢⁸ ┼─

¶ 1.8V Ĭ 2⁹ ♃כ꜠ꜙ◑꜠─

https://www.analog.com/jp/index.html


TMC9660 Ɫכ◘╢╟⌐▪▼►♪כⱲ FOC ◖fi♩꜡כꜝ≤

◖fiⱣכ♃╩ ⇔√

70V ☻ⱴה♩כ◕ה♩כ♪ꜝ▬Ᵽ 

analog.com.jp Analog Devices | 35 

TMC9660 ─ PMU  

ᶫ 19. ɏɭɶɵɜɋɶȶɟɱɆɵɤɉɁɆ 

Ɽ꞉הכⱴⱠכ☺ⱷfi♩הꜚ♬♇♩

7. PMUɪȬɣɪɶȽ 

VS⁸VSA⁸VCC_IO  

⁸TMC9660 ╩ ↕∑╢⌐│ 2 ≈─ ⁸VS_≤ VCC_IO⅜ ≢∆⁹ 

VSA │⁸DC/DC ◖fiⱣכ♃≤ AON Ⱪ꜡♇◒─ Ⱨfi≢∆⁹∆═≡─ ≤ꜞⱨ□꜠fi☻│⁸ ≢ VBUCK

⅛╠ ↕╣╕∆⁹

VS│⸗כ♃ ≢∆⁹VS≤ VSA│╕≤╘≡ ≢ ⇔⁸ ∂ ╩ ≢⅝╕∆⁹╙⇔ↄ│⁸VSA╩ ⌐ ∟⌂⅜╠ VS╩ ∆

╢√╘⌐⁸ ☻▬♇♅╩ ∆╢↓≤⅜≢⅝╕∆⁹
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VS ╕√│ VSA ⅜ UVLO ⌐ ⇔√ ⌐♪ꜝ▬Ᵽ╩ ⁸⌐╘√╢∆⌐♪כ⸗ ꜡♇◒▪►♩ UVLO ◖fiⱤ꜠כ♃⅜

╖ ╕╣≡™╕∆⁹VSA ⅜ UVLO ⌐ ∆╢≤⁸DC/DC ◖fiⱣכ◄☻▫♦⅜♃כⱩꜟ↕╣≡ MCU ⅜ꜞ☿♇♩↕╣⁸∆═≡

─Ⱪ꜡♇◒ PMU⁸GDRV⁸MU ≡╣↕ꜟⱩכ◄☻▫♦⅜ FAULTN Ⱨfi⅜꜡⁹∆╕╡⌂⌐כVSA ⅜ UVLO ╟╡ ⅝™ ⌐ ⇔√

│◦☻♥ⱶ⅜ ⇔≡ DC/DC ◖fiⱣכ♃╩▬ⱠכⱩꜟ⇔⁸ ⌐∆═≡─ ⅜☿♩ꜞfi◓⇔√ ⌐ MCU ─ꜞ☿♇♩╩ ⇔

╕∆⁹

VS UVLO Ⱪꜟ⇔⁸כ◄☻▫♦╩↑∞Ᵽ▬ꜝ♪ה♩כ◕│ ≡∫⌂⌐♩כ♥☻כꜞ☻│ MCU ─ ⅜ ↕╣╕∆⁹ 

VS UVLO ╢∆ꜟⱩכⱣ╩▬Ⱡ▬ꜝ♪ה♩כ◕⁸│ ⌐ VS_UVLO_LVL ⌐╟∫≡ 4V 8V ⌐ ∆╢ הꜟ◒ꜞ♩⁹∆╕╡№⅜

─ⱳfiⱪה☺כꜗ♅ ╩ ⌐ ∆╢√╘⌐⁸VS UVLO ─ ⅜╡ │ ─ 7.7V ╟╡ ⅝™ ⌐ ∆╢↓≤╩ ⇔╕

∆⁹

VCC_IO│꜡☺♇◒ ─ ≢⁸ LDO ⌐╟∫≡ ≢⅝╕∆⁹ 

VCC_IO⅜ UVLO ⌐ ∆╢≤⁸FAULTN Ⱨfi⅜꜡⁹∆╕╡⌂⌐כ 

DC/DC ◖fiⱣכ♃ VBUCK TMC9660 │⁸HV ╩ ⌐ ⌐ ∆╢ DC/DC ╩♃כ꜠ꜙ◑꜠ ⇔≡™╕∆⁹ 

│♃כ꜠ꜙ◑꜠─↓ VSA ╩ ⇔≡ 5.8V ─ ⌐ ⇔⁸ 600mA ─ ╩ ≢⅝╕∆⁹ 

↓╣│ ☻▬♇♅fi◓כ꜠ꜙ◑꜠ה♃≤⇔≡ 682kHz ≢ ⇔╕∆ ♁ⱨ♩☻♃כ♩ ─╖ PWM ≤ DCM ⁹ 

⌂ │ ≢ ╘╠╣╕∆⁹

↓↓≢⁸

IVBUCK_Q│♦☺♃ꜟ⅔╟┘▪♫꜡◓ה◖▪─ LV LDO ⌐╟╢ 36mA ⁸ 

ILOAD_LDO_│ VEXT_LDO ╩▬ⱠכⱩꜟ⇔√ ─ ⁸ 

ICRGPMP│ VDRV♅ꜗה☺כⱳfiⱪ ⌐╟╢ ≢⁸ ≢ ╘╠╣╕∆⁹ 

↓↓≢⁸

IVDRV_Q│◕ה♩כ♪ꜝ▬Ᵽהꜚ♬♇♩─ 2mA ⁸ 

IGDRV_SW│ Ɽ꞉כFET─ ⌐╟╢☻▬♇♅fi◓ ─♩♇♬ꜚהⱣ▬ꜝ♪ה♩כ◕│≡™≈⌐ ─☿◒◦ꜛfi╩ ⁸ 

ɖCRGPMP│ VDRV♅ꜗה☺כⱳfiⱪ─ ≢∆⁹ 

DC/DC ◖fiⱣכ♃│ ─ ™ OCP ╩ ⅎ≡⅔╡⁸↓╣⌐╟∫≡ ⅔╟┘ ≢♦Ᵽ▬

☻╩ ⇔╕∆⁹ OCP │▬fi♄◒♃ ─ⱥ☻♥ꜞ◦☻ ╩ ⇔≡♦Ᵽ▬☻╩ ∆╢√╘⁸▬fi♄◒♃ ─ ╩

⇔╕∆⁹ⱥ☻♥ꜞ◦☻ ≢│⁸▬fi♄◒♃─Ⱨכ◒ ⅜ Ⱨכ◒ ─ 1A IBCKPKILIM_PK ╩ ⅎ╢√┘⌐Ɫ▬◘▬♪

MOSFET ⅜○ⱨ⌐⌂╡⁸꜡כ◘▬♪ MOSFET ⅜○fi⌐⌂╡╕∆⁹▬fi♄◒♃ ⅜ 0.4A ♪▬◘כ꜡≥╢∆ MOSFET ⅜○

ⱨ⌐⌂╡⁸Ɫ▬◘▬♪ MOSFET ⅜○fi⌐⌂╡╕∆⁹ ⌐♁ⱨ♩☻♃כ♩ │⁸ⱨ◊ꜟ♩ ⌐╟╡ VBUCK ⱡכ♪─ ⅜ 3.48V
VBUCK_FBUV ╩ ╢≤⁸ ⌐ⱥ◌♇ⱪ⁹∆╕╡⌂⌐♪כ⸗הⱥ◌♇ⱪ⁸│≢♪כ⸗ה☻▬♇♅fi◓╩ 96ms ─ⱥ◌♇ⱪה♃▬ⱶ▪►♩

─ ∆╢↓≤⌐╟∫≡◖fiⱣכ♃╩ ⇔╕∆⁹ⱥ◌♇ⱪה♃▬ⱶ▪►♩ ⅜ ∆╢≤⁸ ♁ⱨ♩☻♃כ♩⅜ ╖╠

╣╕∆⁹↓─ⱥ◌♇ⱪכ⸗ה♪ ⌐╟╡⁸ ≢─ ⅜ ↄ ⅎ╠╣╕∆⁹

VBUCK⅜ VBUCK_UVLO ⌐ ⇔√ │⁸MCU ⅜ꜞ☿♇♩↕╣≡∆═≡─Ⱪ꜡♇◒ LDO⁸♅ꜗה☺כⱳfiⱪ⁸◕ה♩כ♪ꜝ

▬Ᵽ⁸MU Ⱪꜟ↕╣╕∆⁹VBUCKכ◄☻▫♦⅜ ⅜ UVLO ╩ ⅎ≡ DC/DC ◖fiⱣכ♃⅜ ∆╢╟℮⌐⌂╢≤⁸MCU─ꜞ☿♇♩⅜

↕╣≡ FAULTN ⅜Ⱨfiהfi▬꜠♪הⱪfiכ○ ↕╣⁸Ⱪכ꜡♩כ♄⅜ ╩ ⇔╕∆⁹

https://www.analog.com/jp/index.html


TMC9660 Ɫכ◘╢╟⌐▪▼►♪כⱲ FOC ◖fi♩꜡כꜝ≤

◖fiⱣכ♃╩ ⇔√

70V ☻ⱴה♩כ◕ה♩כ♪ꜝ▬Ᵽ 

analog.com.jp Analog Devices | 37 

LV꜠◑ꜙ꜠כ♃ TMC9660⌐│ 2≈─ LV꜠◑ꜙ꜠כ♃⅜ ╖ ─┼▪◖ה◓꜡♫▪≥▪◖הꜟ♃☺♦⅜╣∙╣⧵⁸╡⅔≡╣╕ ⌐

╦╣╕∆⁹

∆╢Ⱨfi 1V8 ≤ A1V8 ⌐│Ᵽ▬Ɽ☻ה◖fi♦fi◘╩ ∆╢ ⅜№╡╕∆⁹ 

│♃כ꜠ꜙ◑꜠─╠╣↓ Ⱪ꜡♇◒┼─ ∞↑╩ ⇔√╙─⌂─≢⁸ ┼─ ⌐│ ⇔⌂™≢ↄ∞↕™⁹

A1V8 ⅜ UVLO VA1V8_UVLO ⌐ ⇔√ │ MCU ⅜ꜞ☿♇♩↕╣⁸ ─∆═≡─ MCC ◒♇꜡Ⱪה▪◖ ꜝ♪ה♩כ◕

▬Ᵽ⁸♅ꜗה☺כⱳfiⱪ⁸ LDO Ⱪꜟ↕╣╕∆⁹כ◄☻▫♦⅜

1V8 ╙ UVLO V1V8_UVLO ⌐ ⇔√ │⁸DC/DC ◖fiⱣכ◄☻▫♦⅜♃כⱩꜟ↕╣╕∆⁹

1V8 │ TMC9660 ⌐▪◖הꜟ♃☺♦─ ⇔≡™╢─≢⁸1V8 ⅜Ɽ꞉כ○fiהꜞ☿♇♩ V1V8_POR ⌐ ∆╢≤∆═≡─꜡

☺♇◒⅜ꜞ☿♇♩↕╣╕∆⁹

ⱪ♇ꜝ♩☻♩כⱳfiⱪ≤Ⱪה☺כꜗ♅ VDRV⁸BS 50mA─ │ⱳfiⱪה☺כꜗ♅ DC/DC◖fiⱣכ♃─ ╩ 2 כ◕⁸≡⇔⌐

♩ ꜚ♬♇♩⌐ 11.6V ♩כ◕─ ╩ ⇔╕∆⁹

VDRV ⌐Ᵽ▬ꜝ♪ה♩כ◕ה♪▬◘כ꜡│ ╩ ⇔⁸Ɫ▬◘▬♪ה♩כ◕ה♪ꜝ▬Ᵽ─Ⱪכ♩☻♩ꜝ♇ⱪה◖fi♦fi◘╩ ⇔╕∆

─♩♇♬ꜚהⱣ▬ꜝ♪ה♩כ◕ ─☿◒◦ꜛfi╩ ⁹

ⱳfiⱪ│⁸ה☺כꜗ♅ 7.7V 80V ≢ FET ╩ⱨꜟ⌐ ≢⅝╕∆⁹ 

Ⱪꜟ⇔≡⁸כ◄☻▫♦╩ⱳfiⱪה☺כꜗ♅ ─ ⅛╠ GDU ⌐ ∆╢↓≤╙ ≢∆⁹↓─ │⁸VDRV Ⱨfi─

╩ ⅎ⌂™╟℮⌐∆╢⌐│⁸VDRVⱧfi⌐ VBUCK ─ ╩ ∆╢ ⅜№╡╕∆⁹CPI Ⱨfi≤ CPO Ⱨfi─ ─ⱨꜝ▬fi◓ה

◖fi♦fi◘│ ∏ ╡ ⇔≡ↄ∞↕™⁹

VDRV │ ≢⸗♬♃↕╣╕∆⁹VDRV⅜ VDRV UVLO UVLO_VDRV ⌐ ∆╢≤ GDU⅜♦▫☻◄כⱩꜟ↕╣⁸ FET│

⌐○ⱨ⌐ √╣╕∆⁹

⌐⁸Ⱪכ♩☻♩ꜝ♇ⱪהⱨ꜡כ♥▫fi◓ ⅜ BST UVLO BST_VDRV ⌐ ∆╢≤ GDU Ⱪꜟ↕╣⁸כ◄☻▫♦⅜ FET
│⁸BST ⅜ 1.2V ╩ ⅎ╢╕≢ 12kÝ ─▪◒♥▫Ⱪהⱪꜟ♄►fi ⌐╟∫≡○ⱨ⌐ √╣╕∆⁹BST UVLO ▬ⱬfi♩ ⁸№╢™│Ɽ

꞉כ▪♇ⱪ╕√│Ɫ▬ⱣⱠכ⸗ה♩כ♪ ⱪ♇♩כ♃☻─ ─Ᵽ▬ꜝ♪ה♩כ◕⌐ ╩ ↕∑╢⌐│⁸Ⱪכ♩☻♩ꜝ♇ⱪה◖fi

♦fi◘ CBST ⅜ⱨꜟ ⌐⌂∫≡™⌂↑╣┌⌂╡╕∑╪⁹Ⱪכ♩☻♩ꜝ♇ⱪה◖fi♦fi◘╩ ∆╢⌐│⁸BST UVLO ╩♦▫☻

Ⱪꜟ⇔≡⁸כ◄ Ⱪכ♩☻♩ꜝ♇ⱪה☻▬♇♅╩ ∂√ ⅜ ∆╢╕≢LS FET╩○fi⌐ ∫≡⅔ↄ ⅜№╡╕∆⁹Ɽꜝⱷה♃כ

⅜☻fi◔כ◦─↓⁸│≢♪כ⸗ ⌐ ╦╣╕∆⁹

VDRV ─ ⁸⅔╟┘∕╣⌐╟╢ ◖fiⱣכ♃─ ╩ ↑╢√╘⌐⁸ Ⱪכ♩☻♩ꜝ♇ⱪה☻▬♇♅⌐│ ILIMBS ⅜

↑╠╣≡⅔╡⁸↓─ │ 11mA ⅛╠ 0.38A ╕≢─ ⌐ ≢⅝╕∆⁹CBST ─ ─ │ ╩

⇔≡⁸♪ꜝ▬Ᵽ╩ ↕∑╢ ⌐ ╩ ∆╢↓≤╩ ⇔╕∆⁹ ─Ⱪכ♩☻♩ꜝ♇ⱪ │ ≢ ≢

⅝╕∆⁹

1ÕF ─ CBST⌐ Ⱪכ♩☻♩ꜝ♇ⱪ ╩∆╢ ⁸ │ 1ms ≢∆⅜⁸◖fiⱳכⱠfi♩⁸Ɽꜝⱷ⁸♃כ⅔╟┘

─ ╩ ⇔≡⁸∕─ 2 ─ 2ms ≤∆╢↓≤╩ ⇔≡ↄ∞↕™⁹ 

∆═≡─ UVLO ⱨ◊ꜟ♩│⁸ⱨ◊ꜟ♩ ─√╘ MCU ⌐ ↕╣╕∆⁹ 

⌂ LDO VEXT1⁸VEXT2 PMU │ 150mA ─ LDO ╩ 2 ≈ ⇔≡⅔╡⁸↓╣╠─ LDO │ ─♃כ꜠ꜙ◑꜠

≢ ⇔╕∆⁹↓╣╠─ LDO │⁸ Ⱨfi VEXT1 ≤ VEXT2 ⌐ ↕╣√ ┼─ ⌐ ╦╣╕∆⁹ 

╩◦ꜗ♇♩♄►fi⇔≡ ╩ ∆╢ ⅜№╢ ╩♃כ꜠ꜙ◑꜠─╠╣↓⁸│ ⌐▬ⱠכⱩꜟ╕√│♦▫☻◄כⱩꜟ≢⅝

╕∆⁹LDO ◙כꜚ│ ≢⁸ ⌐ 2.5V⁸3.3V⁸╕√│ 5V ⌐ ≢⅝╕∆⁹ 

LDO ─ ⌐╟╢ VBUCK─ ╩ ∆╢√╘⌐⁸↓╣╠ 2≈─ LDO─ ꜟ♃☺♦│ⱪ♇▪♩כ♃☻─ ⌐ ↕╣⁸

≢♩כ꜠הכꜟ☻⌂ 1≈∏≈ꜝfiⱪ▪♇ⱪ↕╣╕∆⁹LDO─ꜝfiⱪ▪♇ⱪ tRAMP │⁸DC/DC◖fiⱣכ♃─

╩ ⅎ⌂™╟℮⌐ 0.37ms 3ms ─ ⌐ⱪ꜡◓ꜝⱶ ≢∆⁹ 
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LDO │⁸ ꜞ♩ꜝ▬ ⌐╟∫≡ ⅛╠ ↕╣≡™╢ fi►♄♩♇ꜗ◦הꜟⱴכ◘⁸ ╙ ╖ ╕╣≡™╕∆⁹ ◌כ꜡⁸│

╡╟⌐כ◘fi☿הꜟⱴכ◘הꜟ LDO ─ ↄ≢ ↕╣╕∆⁹

꜡☺♇◒ I/O ─ꜞⱨ□꜠fi☻ ╩ ∆╢꜡☺♇◒ Ⱨfi VCC_IO ⌐│⁸ ⅛╠ ≢⅝╕∆⁹╕√⁸☻♃fi♪▪

꜡fi─ ▪ⱪꜞ◔כ◦ꜛfi≢│⁸↓╣╠─Ⱨfi╩ VEXT1╕√│ VEXT2⌐ ≢⅝╕∆⁹╙℮ 1 ╢∆ꜟⱩכ⁸LDO╩▬Ⱡ│≢☻כ◔─≈

√╘⌐Ⱪכ♩☻♩ꜝ♇ⱪ OTP ╩ ╙∫≡ⱪ꜡◓ꜝⱶ⇔⁸RSTNⱧfi╩ VBUCK ⅛╠ⱪꜟ▪♇ⱪ∆╢⅛⁸ ↕™ POR ⌐╟∫≡ⱪꜟ

▪♇ⱪ∆╢ ⅜№╡╕∆⁹ꜞ☿♇♩ RSTN ─☿◒◦ꜛfi⌐│⁸∕─ ⌐ ∆╢ ⌂ ⅜ ↕╣≡™╕∆⁹

Ɽ꞉הכⱴⱠכ☺ⱷfi♩הꜚ♬♇♩─

⌐ ─⌂™ ╡⁸VSA = 7.7V 80V⁸VS = 7.7V 70V⁸☺ꜗfi◒◦ꜛfi  = ī40ÜC 125ÜC⁹ ⅔╟┘ ∆╢

⌐⅔↑╢ │⁸ ⅔╟┘ ⌐╟∫≡ ↑╠╣≡™╕∆⁹₈GBD₉≤ ↕╣√ │ ⌐╟╡ ↕╣≡™╕∆⅜⁸

♥☻♩│ ∫≡™╕∑╪⁹
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⌐ ─⌂™ ╡⁸VSA = 7.7V 80V⁸VS = 7.7V 70V⁸☺ꜗfi◒◦ꜛfi  = ī40ÜC 125ÜC⁹ ⅔╟┘ ∆╢

⌐⅔↑╢ │⁸ ⅔╟┘ ⌐╟∫≡ ↑╠╣≡™╕∆⁹₈GBD₉≤ ↕╣√ │ ⌐╟╡ ↕╣≡™╕∆⅜⁸

♥☻♩│ ∫≡™╕∑╪⁹
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◄ꜝ♇♃

↓─☿◒◦ꜛfi≢│⁸♅♇ⱪ⌐ ∆╢ ─ ⁸∕╣⌐ ℮ ⁸⅔╟┘∕─ ╩ ⇔╕∆⁹

◄ꜝ♇♃ 1 Ⱪכ꜡♩כ♄─ OTP_BURN ◖ⱴfi♪

OTP_BURN ◖ⱴfi♪⌐│ ─╟℮⌂ ⅜№╡╕∆⁹ 

1. ⱶ♥☻◦ה♃כ⸗ ⅜ ↕╣╢≤⁸VDRVⱧfi⅜ 12V ╕≢ ↕╣╕∆⁹OTP ╖ ╩ ╤℮≤∆╢≤⁸ ⌂ ⌐

VDRV Ⱨfi╩ ⇔™ ꜠ⱬꜟ⌐ ∆╢↓≤⅜≢⅝∏⁸ ─ 500ms ♃▬ⱶ▪►♩⌐╟∫≡ ⌐ OTP ╖ ⅜ ⇔≡⇔╕™

╕∆⁹

2. 2 ─ OTP_BURN ◖ⱴfi♪≢│⁸ ─ ─ ⌐ ╦╠∏⁸ ⌐ ⅜꜠ⱳ⁹∆╕╣↕♩כ↓─ ⁸ ─ OTP_BURN
◖ⱴfi♪⅜ ⇔√⅛ ⇔√⅛│ №╡╕∑╪⁹↓─ ╩ ∆╢⌐│ꜞ☿♇♩≢│ ≢⁸ ─ ╣ ⇔╩ ⇔≡

╘≡ ─◖ⱴfi♪─ ⅜ ⇔ↄ꜠ⱳ⁹∆╕╣↕♩כ

↓╣╠─ ╩ ∆╢⌐│⁸OTP ⌐ ⅝ ╗ │ OTP_BURN ╩ ⌐ ∆╢─≢│⌂ↄ⁸ ◖ה♄כ꜡♩כfi☻≢Ⱪ◔כ◦─

ⱴfi♪╩ ⇔≡☻♥♇ⱪ╩ ∆╢ ⅜№╡╕∆⁹

¶ SET_BANK ╩ 0 ≢ ⇔╕∆⁹

¶ SET_ADDRESS ╩ 0x4801B010 ≢ ⇔╕∆⁹

¶ READ_32 ╩ ⇔╕∆⁹

¶ ⇔ 0x00000001 ─ⱦ♇♩ 0 ╩◒ꜞ▪⇔╕∆⁹

¶ ⇔√ ⇔ ╩ ╖ ≤⇔≡⁸WRITE_32 ╩ ⇔╕∆⁹

¶ VDRV ⅜ 8.4V ⌐ ∆╢─╩ ∟╕∆⁹↓╣⌐ ∆╢ │⁸ ╡ ↑√◖fi♦fi◘⌐╟∫≡ ⌂╡╕∆⁹10ÕF ─◖fi♦fi

◘≢│ 1.0s ╩ ⇔╕∆⁹

¶ OTP_BURN ╩ ⇔╕∆⁹

╩☻♃כ♥☻─╖ ∆╢⌐│⁸OTP_LOAD ╩ ∫≡ OTP ─ ╩ ╖ ∆⅛⁸ ─☻♥♇ⱪ╩ ⇔╕∆⁹

¶ PLL ⅜▪◒♥▫Ⱪ⌐⌂╢╟℮⌐◒꜡♇◒╩ ⇔≡⁸SYS_CLK_DIV ╩ 3 ⌐ 15MHz ─◦☻♥ⱶה◒꜡♇◒ ⇔╕∆⁹

¶ SET_BANK ╩ 0 ≢ ⇔╕∆⁹

¶ SET_ADDRESS ╩ 0x48020014 ≢ ⇔╕∆⁹

¶ READ_16 ╩ ⇔╕∆⁹

¶ ⇔ 0x80 ╕√│ 0x84 │⁸ ╖ ⅜ ⌐ ╦╣√↓≤╩ ⇔╕∆⁹∕╣ ─ │ ╖⌐ ⇔√↓≤╩ ⇔╕∆⁹

¶ SYS_CLK_DIV ─ ╩ 0 ⌐ ⇔╕∆⁹

◄ꜝ♇♃ 2 SPI ─Ⱪכ꜠☻ MISO
TMC9660 SPI Ⱪ│⁸TMC9660כ꜠☻ ┼─ SPI ♅♇ⱪה☿꜠◒♩ √╣↕♩כ◘▪♦⅜ ╙⁸MISO ꜝ▬fi╩ ▬fiⱧכ♄fi☻⌐ ⇔╕

∑╪⁹ ⌐ SPI ⅜Ⱪכ꜠☻ ⇔⌂™ ≢ TMC9660 ∞↑⌐ SPI ╩ ∆╢ │⁸↓╣⅜ ≤⌂╢↓≤│№╡╕∑╪⁹ 

⌐╙ SPI ⅜Ⱪכ꜠☻ ⌂ │⁸ ─™∏╣⅛─ ╩ ∂≡ↄ∞↕™⁹ 

1. ─ SPI ⌐Ⱪכ꜠☻ ∆╢ ─ SPI ♩ꜝfi◙◒◦ꜛfi ⌐ RESETN Ⱨfi╩▪◘⁸≡∫╟⌐≥↓╢∆♩כTMC9660 ╩ꜞ☿♇♩ ⌐

⇔╕∆⁹

2. Ⱳכ♪ ⌐ ◖fiⱳכⱠfi♩╩ ⇔≡⁸♅♇ⱪה☿꜠◒♩ ⌐⅝≥√╣↕♩כ◘▪♦⅜ MISO ꜝ▬fi⅜ ⌐ ↕╣╢╟

℮⌐⇔╕∆⁹ 46 ⌐ ∆ ADG719 ☻▬♇♅─ ╩ ⇔≡ↄ∞↕™⁹
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