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ʂ1921ɺɻ015 ï ʫʣʴʪʨʘ ʥʠʟʢʦ-ʧʦʪʨʝʙʣʷʶʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ RISC-V ʘʨʭʠʪʝʢʪʫʨʳ ʩ 1ʄʙ 

Flash ʧʘʤʷʪʠ, 256 ʂʙ (+64ʂʙ) ʆɿʋ, ADC, CMP, CRYPTO, TRNG, SPI, QSPI, UART, I2C, 

CAN, AntiTAMPER, WakeUp. 

 

ʆʩʦʙʝʥʥʦʩʪʠ 

 

ɷʋʣʴʪʨʘ ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ: 

- ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ:  

1,62 ɺ ï 3,60ɺ; 

- ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ:  

(-40 ï 85) ̄ ʉ; 

- ʜʦ 8 ʤʢɸ ʚ ʨʝʞʠʤʝ POWERDOWN 

(GPR, RTC, ʚʥʫʪʨʝʥʥʠʡ RC-

ʦʩʮʠʣʣʷʪʦʨ, 3 WAKEUP); 

- ʜʦ 190 ʤʢɸ ʚ ʨʝʞʠʤʝ STOP (GPR, 

RTC, ʚʥʫʪʨʝʥʥʠʡ RC-ʦʩʮʠʣʣʷʪʦʨ, 3 

WAKEUP, SRAM1, CMP); 

- ʜʦ 500 ʤʢɸ / ʄɻʮ ʚ ʨʝʞʠʤʝ RUN; 

- ʜʦ 40 ʤʢʩ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʟ ʨʝʞʠʤʘ 

IDLE; 

- ʜʦ 1800 ʤʢʩ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʟ 

ʨʝʞʠʤʦʚ STOP ʠ POWEROFF. 

ɷʉʙʨʦʩ: 

- ʫʣʴʪʨʘʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ POR; 

ɷʗʜʨʦ: RISC-V 32bit CPU 

- ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ: 

RV32IMFCN_ZBA_ZBB_ZBC_ZBS; 

- ʦʪ 32 ʂɻʮ ʜʦ 50 ʄɻʮ; 

- 1.35 DMIPS/MHz (Dhrystone 2.1) 

ɷʊʘʢʪʦʚʳʝ ʩʠʛʥʘʣʳ:  

- ʚʥʫʪʨʝʥʥʠʡ ʦʩʮʠʣʣʷʪʦʨ HSE ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʦʪ 2 ʄɻʮ ʜʦ 30 ʄɻʮ; 

- ʚʥʫʪʨʝʥʥʠʡ RC ʛʝʥʝʨʘʪʦʨ HSI: 

1ʄɻʮ; 

- ʚʥʫʪʨʝʥʥʠʡ RC ʛʝʥʝʨʘʪʦʨ LSI 

(RTC): 32 ʂɻʮ; 

- ʚʥʫʪʨʝʥʥʠʡ ʦʩʮʠʣʣʷʪʦʨ LSE ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʨʝʟʦʥʘʪʦʨʘ 

32768 ɻʮ; 

- ʩʠʩʪʝʤʥʘʷ PLL: ʜʦ 50 ʄɻʮ. 

 

 

 

 

ɷCRYPTO: AES-128; AES-256, ʂʫʟʥʝʯʠʢ, 

ʄʘʛʤʘ. 

ɷHASH: SHA-1, SHA-224, SHA-256, MD5. 

ɷ2 CRC, 128 ʙʠʪ ʫʥʠʢʘʣʴʥʳʡ ID. 

ɷɼʦ 48 ʚʳʚʦʜʦʚ I/O. 

ɷʇʘʤʷʪʴ: 

- 2 ʂʙ ʂʵʰ ʠʥʩʪʨʫʢʮʠʡ; 

- 1 ʄʙ Flash ʧʘʤʷʪʠ; 

- 256 ʂʙ ʧʘʤʷʪʠ ʆɿʋ0; 

- 64 ʂʙ ʧʘʤʷʪʠ ʆɿʋ1 ʚ ʙʘʪʘʨʝʡʥʦʤ 

ʜʦʤʝʥʝ; 

- 64 ʙʘʡʪʘ ʨʝʛʠʩʪʨʦʚ GPR. 

ɷɸʥʘʣʦʛʦʚʘʷ ʧʝʨʠʬʝʨʠʷ: 

- 8-ʢʘʥʘʣʴʥʳʡ 12-ʨʘʟʨʷʜʥʳʡ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ɸʎʇ ʩ 

ʨʝʞʠʤʘʤʠ ʮʠʬʨʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ; 

- 8-ʢʘʥʘʣʴʥʳʡ 16-ʨʘʟʨʷʜʥʳʡ ʩʠʛʤʘ-

ʜʝʣʴʪʘ ɸʎʇ; 

- ʜʚʘ ʘʥʘʣʦʛʦʚʳʭ ʢʦʤʧʘʨʘʪʦʨʘ. 

 

ɷʂʦʥʪʨʦʣʣʝʨ DMA: 24 ʢʘʥʘʣʘ. 

ɷʂʦʥʪʨʦʣʣʝʨʳ ʠʥʪʝʨʬʝʡʩʦʚ: 

- ʧʷʪʴ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ UART; 

- CAN 2.0b;  

- USB 2.0 FullSpeed (Device);  

- ʦʜʠʥ ʢʦʥʪʨʦʣʣʝʨ I2C;  

- ʦʜʠʥ ʢʦʥʪʨʦʣʣʝʨ QSPI;  

- ʜʚʘ ʢʦʥʪʨʦʣʣʝʨʘ SPI. 

ɷ 6 ʪʘʡʤʝʨʦʚ: ʦʜʠʥ 32-ʨʘʟʨʷʜʥʳʡ, ʪʨʠ 16-

ʨʘʟʨʷʜʥʳʭ, ʜʚʘ ʩʪʦʨʦʞʝʚʳʭ ʪʘʡʤʝʨʘ (ʦʜʠʥ 

ʥʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ). 

ɷ ʀʥʪʝʨʬʝʡʩ ʦʪʣʘʜʢʠ: JTAG. 

ɷ ʂʦʨʧʫʩ: LQFP100 
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ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʩʭʝʤʘ ʂ1921ɺɻ015 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʉɹʀʉ 32-ʨʘʟʨʷʜʥʦʛʦ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʙʘʟʝ ʷʜʨʘ RISC-V, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʙʘʪʘʨʝʡʥʳʤ ʧʠʪʘʥʠʝʤ. 

ɺ ʩʦʩʪʘʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʭʦʜʠʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʮʠʬʨʦʚʦʡ ʠ ʘʥʘʣʦʛʦʚʦʡ 

ʧʝʨʠʬʝʨʠʠ, ʧʦʵʪʦʤʫ, ʦʥ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʳʭ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʄʠʢʨʦʩʭʝʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʢʦʨʧʫʩʝ LQFP100, ʘ ʪʘʢʞʝ ʚ ʙʝʩʢʦʨʧʫʩʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. 

ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʤʠʢʨʦʩʭʝʤʳ ʚ ʙʝʩʢʦʨʧʫʩʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ï ʂ1921ɺɻ01ʅ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʝʨʠʬʝʨʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʂ1921ɺɻ015 ʠ ʂ1921ɺɻ01ʅ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʠʩʪʝʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. 
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1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʩʭʝʤ rʂ1921ɺɻ015 ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʘ: ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, 

ʩʚʷʟʠ, ʥʘʙʣʶʜʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʥʝʨʛʝʪʠʢʠ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʦʪ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ. 

ɺ ʩʦʩʪʘʚ ʤʠʢʨʦʩʭʝʤʳ ʂ1921ɺɻ015 ʚʭʦʜʷʪ: ʙʣʦʢʠ ɸʎʇ ʩʠʛʤʘ-ʜʝʣʴʪʘ, ɸʎʇ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩ ʠʥʪʝʨʬʝʡʩʦʤ ʢ ʢʦʥʪʨʦʣʣʝʨʫ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, 

ʤʦʜʫʣʴ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ, ʙʣʦʢʠ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʙʣʦʢ RTC, ʜʚʘ ʙʣʦʢʘ ʆɿʋ ʥʘ 

256 ʢɹ ʠ 64 ʢɹ, ʙʣʦʢ ʢʦʥʪʨʦʣʷ ʚʩʢʨʳʪʠʷ ʠ ʜʨ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦʜʝʨʞʠʪ ʜʦʤʝʥ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ: RTC, ʘʥʘʣʦʛʦʚʳʝ ʢʦʤʧʘʨʘʪʦʨʳ, ʙʣʦʢ ʢʦʥʪʨʦʣʷ ʚʩʢʨʳʪʠʷ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʆɿʋ 64 ʂɹ, ʥʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ. ʇʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ 

ʚʩʢʨʳʪʠʷ ʢʦʨʧʫʩʘ ʩʠʩʪʝʤʳ, ʦʪʩʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʠ ʩʦʭʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʫʶ Flash-ʧʘʤʷʪʴ ʧʨʦʛʨʘʤʤ ʦʙʲʝʤʦʤ 

1 ʄʙʘʡʪ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʂʘʞʜʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦʜʝʨʞʠʪ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ID, 

ʩʦʩʪʦʷʱʠʡ ʠʟ 128 ʙʠʪ. 

ʉʠʩʪʝʤʘ ʪʘʢʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʥʘʙʦʨ ʧʨʠʤʝʥʝʥʠʡ ʠ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ 

ʙʣʦʢʦʚ ʧʝʨʠʬʝʨʠʠ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʢʣʶʯʝʥʠʷ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʝʨʠʬʝʨʠʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʧʨʦʮʝʩʩʦʨʘ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʦʪʢʣʶʯʝʥʠʝ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʷʜʨʘ (ʢʦʤʘʥʜʘ WFI), ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʢʣʶʯʝʥʳ/ʚʢʣʶʯʝʥʳ ʧʨʠ 

ʧʝʨʝʭʦʜʝ/ʚʳʭʦʜʝ ʠʟ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ. 
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2 ʂʨʘʪʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

2.1 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 

 

 
 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 
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ɺ ʩʦʩʪʘʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʭʦʜʷʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: 

- 32-ʨʘʟʨʷʜʥʦʝ ʷʜʨʦ ʘʨʭʠʪʝʢʪʫʨʳ RISC-V ʩ ʧʦʜʜʝʨʞʢʦʡ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ 

RV32IMFCN_ZBA_ZBB_ZBC_ZBS, ʥʘʙʦʨʘ ʢʦʤʘʥʜ ʫʤʥʦʞʝʥʠʷ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ 

ʣʦʛʠʯʝʩʢʠʭ ʢʦʤʘʥʜ, ʚʩʪʨʦʝʥʥʳʤ ʤʦʜʫʣʝʤ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʩ 

ʦʜʠʥʘʨʥʦʡ ʪʦʯʥʦʩʪʴʶ FPU, ʢʵʰʝʤ ʢʦʤʘʥʜ ʠ ʧʦʜʜʝʨʞʢʦʡ ʦʪʣʘʜʦʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ JTAG; 

- ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʙʨʦʩʦʤ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ RCU, ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

RC-ʛʝʥʝʨʘʪʦʨ (1 ʄɻʮ), ʩʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪʳ SYSPLL ʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʥʳʤʠ 

ʪʘʢʪʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ SCM; 

- ʩʠʩʪʝʤʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ PMUSYS; 

- ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʩ RTC ʤʦʜʫʣʝʤ (PMURTC); 

- ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ AXI AHB; 

- ʦʩʥʦʚʥʘʷ Flash-ʧʘʤʷʪʴ ʦʙʲʝʤʦʤ 1 ʄʙʘʡʪ; 

- SRAM0 (ʆɿʋ0) ʦʙʲʝʤʦʤ 256 ʂʙʘʡʪ; 

- SRAM1 (ʆɿʋ1), ʧʦʜʢʣʶʯʝʥʥʦʝ ʢ ʜʦʤʝʥʫ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʦʙʲʝʤʦʤ 64 ʂʙʘʡʪ; 

- 24-ʢʘʥʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ DMA; 

- ʙʣʦʢ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ RTC ʩʦ ʚʭʦʜʘʤʠ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ; 

- ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ TSENSOR; 

- ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ WDT; 

- ʥʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ IWDT; 

- ʦʜʠʥ 8-ʢʘʥʘʣʴʥʳʡ 12-ʨʘʟʨʷʜʥʳʡ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ɸʎʇ ʩ ʨʝʞʠʤʘʤʠ ʮʠʬʨʦʚʦʛʦ 

ʢʦʤʧʘʨʘʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ (ADCSAR); 

- ʦʜʠʥ 8-ʢʘʥʘʣʴʥʳʡ (16-ʢʘʥʘʣʴʥʳʡ ʚ ʙʝʩʢʦʨʧʫʩʥʦʤ ʠʩʧʦʣʥʝʥʠʠ) 16-ʨʘʟʨʷʜʥʳʡ ʩʠʛʤʘ-

ʜʝʣʴʪʘ ɸʎʇ (ADCSD); 

- ʪʨʠ 16-ʨʘʟʨʷʜʥʳʭ ʧʦʨʪʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ A, B, C; 

- ʚʦʩʝʤʴ ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ, ʧʦʜʢʣʶʯʝʥʥrʭ ʢ ʢʘʥʘʣʘʤ ɸʎʇ (ADCSD ʠ ADCSAR); 

- ʦʜʠʥ 32-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ TMR32; 

- ʪʨʠ 16-ʨʘʟʨʷʜʥʳʭ ʪʘʡʤʝʨʦʚ TMR0 ï TMR2; 

- ʧʷʪʴ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ UART0 ï UART4; 

- ʙʣʦʢ ʢʨʠʧʪʦʛʨʘʬʠʠ CRYPTO; 

- ʜʚʘ ʙʣʦʢʘ ʚʳʯʠʩʣʝʥʠʷ CRC (CRC0, CRC1); 

- ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (TRNG); 

- HASH ʧʨʦʮʝʩʩʦʨ; 

- ʢʦʥʪʨʦʣʣʝʨʳ ʠʥʪʝʨʬʝʡʩʦʚ: 

- CAN 2.0b; 

- USB 2.0 FullSpeed (Device); 

- ʦʜʠʥ ʢʦʥʪʨʦʣʣʝʨ I2C; 

- ʦʜʠʥ ʢʦʥʪʨʦʣʣʝʨ QSPI; 

- ʜʚʘ ʢʦʥʪʨʦʣʣʝʨʘ SPI (SPI0 ï SPI1). 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʳʚʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ɺʩʝ ʚʳʚʦʜʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ 

ʛʨʫʧʧʳ:  

- 16-ʨʘʟʨʷʜʥʳʝ ʧʦʨʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ A, B, C; 

- 8 ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʢʘʥʘʣʘʤ ɸʎʇ; 

- ʧʦʨʪ ʪʝʩʪʠʨʦʚʘʥʠʷ JTAG; 

- ʧʠʪʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ; 

- ʧʠʪʘʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ ʜʦʤʝʥʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʙʣʦʢʠ: 

 - ɸʎʇ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ (ADC); 

 - ɸʎʇ ʩʠʛʤʘ-ʜʝʣʴʪʘ (ADCSD); 

 - ʚʥʫʪʨʝʥʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ (TSENSOR), ʧʦʜʢʣʶʯʘʝʤʳʡ ʢ ʦʜʥʦʤʫ ʠʟ ʚʭʦʜʦʚ 

ɸʎʇ; 

- ʧʠʪʘʥʠʝ ʙʘʪʘʨʝʡʥʦʛʦ ʜʦʤʝʥʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʙʣʦʢʠ: 
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 - ʆɿʋ1; 

 - PMU; 

 - ʢʦʥʪʨʦʣʷ ʚʩʢʨʳʪʠʷ TAMPER; 

 - ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ RTC; 

 - ʘʥʘʣʦʛʦʚʳʝ ʢʦʤʧʘʨʘʪʦʨʳ (CMP0- CMP1); 

 - IWDT. 

 

ʂʘʞʜʳʡ ʮʠʬʨʦʚʦʡ ʚʳʚʦʜ ʧʦʨʪʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʚʦʜ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʨʝʞʠʤ GPIO). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʩʝ ʚʳʚʦʜʳ 

ʠʤʝʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ (ʠʣʠ ʬʫʥʢʮʠʠ).  ʈʝʞʠʤ ʨʘʙʦʪʳ, ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ, 

ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʧʦʜʪʷʞʢʘ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ʚrʭʦʜʘ ʩ ʦʪʢʨʳʪʳʤ ʩʪʦʢʦʤ/ʠʩʪʦʢʦʤ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʳʚʦʜʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ.  
ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʩʙʨʦʩʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʳʚʦʜʳ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʢʘʢ ʚʳʚʦʜʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʝʪʴʝʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʦʨʪ JTAG, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʥʫʪʨʠʩʭʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 

ʧʷʪʴ ʚʳʚʦʜʦʚ TCK, TMS, TDI, TDO, TRST ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ JTAG ʵʤʫʣʷʪʦʨʘ.  

ɺʳʚʦʜʳ ADC_CH0 ï ADC_CH7 (ʚʭʦʜʥʳʝ ʢʘʥʘʣʳ ɸʎʇ), ʥʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʚʥʝʰʥʠʤ 

ʠʩʪʦʯʥʠʢʘʤ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʘʚʘʶʱʝʤ ʩʦʩʪʦʷʥʠʠ. 

ɺʳʚʦʜ RST ʷʚʣʷʝʪʩʷ ʚʭʦʜʦʤ ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʩɹʷ 

ʚ ʩʦʩʪʦʷʥʠʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ. ɺʥʝʰʥʠʡ ʩʙʨʦʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʘʯʝʡ ʥʘ ʚʳʚʦʜ 

ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʚ ʪʝʯʝʥʠʝ ʤʠʥʠʤʫʤ 10 ʤʢʩ.  

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʚʳʚʦʜ SERVEN. ʇʨʠ ʧʦʜʘʯʝ ʥʘ SERVEN 

ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚʦ ʚʨʝʤʷ ʩʙʨʦʩʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʝʨʝʭʦʜʠʪ ʚ ʩʝʨʚʠʩʥʳʡ ʨʝʞʠʤ, ʚ 

ʢʦʪʦʨʦʤ ʟʘʧʨʝʱʘʶʪʩʷ ʣʶʙʳʝ ʦʧʝʨʘʮʠʠ ʩʦ ʚʩʝʡ Flash-ʧʘʤʷʪʴ ,ʁ ʢʨʦʤʝ ʧʦʣʥʦʛʦ ʩʪʠʨʘʥʠʷ.  

ɺʳʚʦʜʳ XI_RTC ʠ XO_RTC ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ (ʩ ʯʘʩʪʦʪʦʡ 32 ʢɻʮ) ʙʣʦʢʘ RTC. 

ɺʳʚʦʜʳ XI_OSC ʠ XO_OSC ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ ʯʘʩʪʦʪʦʡ (2 ï 30) ʄɻʮ. 

ɺʳʚʦʜ V_BAT ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

(ʙʘʪʘʨʝʡʢʠ). ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,7 ʜʦ 

3,6 ɺ. 

ɺʳʚʦʜʳ VCC1 ʠ GND1 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ ʷʜʨʘ, Flash, PLL ʠ ʧʝʨʠʬʝʨʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,7 ʜʦ 3,6 ɺ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ 

ʧʦʪʨʝʙʣʝʥʠʷ ʩ ʫʯʸʪʦʤ ʥʘʛʨʫʟʢʠ ʧʦ GPIOA, GPIOB, GPIOC - ʜʦ 150 ʤɸ.   

ɺʳʚʦʜ ˉ 12 ʠʟ ʛʨʫʧʧʳ ʚʳʚʦʜʦʚ VCC1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ APC. 

ɺʳʚʦʜ ˉ 16 ʠʟ ʛʨʫʧʧʳ ʚʳʚʦʜʦʚ VCC1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ LDO1 ʧʠʪʘʥʠʷ 

ʷʜʨʘ. 

ɺʳʚʦʜ ˉ 61 ʠʟ ʛʨʫʧʧʳ ʚʳʚʦʜʦʚ VCC1 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ Flash 

ʠ PLL. 

ɺʳʚʦʜʳ VCC2 ʠ GND2 ʧʨʝʜʥʘʟʥʘʯʝʥ r ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ ɸʎʇ ʠ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 3,3 ɺ. 

ɺʳʚʦʜ AREF ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ɸʎʇ. ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1,2 ʜʦ 3,3 ɺ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ - ʜʦ 0,1 ʤɸ. 

ɺʳʚʦʜʳ VAON_CAP, VCORE_CAP, VBAT_CAP ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʚʥʝʰʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʝʤʢʦʩʪʴʶ 22 ʤʢʌ. ʂʦʥʜʝʥʩʘʪʦʨʳ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ ʚʳʚʦʜʘʤ 

VAON_CAP, VCORE_CAP, VBAT_CAP ʚʪʦʨʳʤ ʚʳʚʦʜʦʤ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ GND1. 
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ɺʳʚʦʜ SDADC_CAP ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʝʤʢʦʩʪʴʶ 0,1 ʤʢʌ. ʂʦʥʜʝʥʩʘʪʦʨ, ʧʦʜʢʣʶʯʘʝʤʳʡ ʢ ʚʳʚʦʜʫ SDADC_CAP, ʚʪʦʨʳʤ ʚʳʚʦʜʦʤ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ GND2.  
ʇʨʠʤʝʯʘʥʠʝ ï ʅʘ ʧʣʘʪʝ ʚʳʚʦʜ ʧʠʪʘʥʠʷ GND1 ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥ ʩ ʚʳʚʦʜʘʤʠ ʧʠʪʘʥʠʷ 

GND2 (ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʥʷʪʳ ʤʝʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʤʝʭ ʧʦ ʧʠʪʘʥʠʶ). 

ɺʳʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʥʦʝ ʩʥʷʪʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʢʘʢ ʩ ʚʳʚʦʜʦʚ ʧʠʪʘʥʠʷ VCC1, VCC2, V_BAT, AREF, ʪʘʢ ʠ ʩʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʳʚʦʜʦʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ.  
ʇʨʠʤʝʯʘʥʠʝ ï ɿʘʧʨʝʱʝʥʦ ʧʦʜʘʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʳʚʦʜʳ ʧʨʠ 

ʚʳʢʣʶʯʝʥʥʦʤ ʧʠʪʘʥʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 

ʋɻʆ ʠ ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʋʩʣʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.  

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʘʭ 2.1 ï 

2.3, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ: I ï ʚʭʦʜ, O ï ʚʳʭʦʜ, I/O ï ʚʭʦʜ/ʚʳʭʦʜ, Z ï ʪʨʝʪʴʝ 

ʩʦʩʪʦʷʥʠʝ.  
ʇʨʠʤʝʯʘʥʠʝ ï ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʚʳʚʦʜʦʚ ʧʦʨʪʦʚ A, B, C ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 
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ʊʘʙʣʠʮʘ 2 . 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ, ʠʤʝʶʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ 

ʆʙʦʟʥʘ- 

ʯʝʥʠʝ 

ʚʳʚʦʜʘ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʬʫʥʢʮʠʠ ʚʳʚʦʜʘ 

ʅʦʤʝʨ 

ʚʳʚʦʜʘ 

ʊʠʧ 

ʚʳʚʦʜʘ 
ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʘ 

1 2 3 4 5 

A0  77 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 0 

UART0_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART0 

TMR2_OUT0 O ɺʳʭʦʜ TMR2 

   

A1  78 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 1 

UART0_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART0 

TMR2_OUT1 O ɺʳʭʦʜ TMR2 

   

A2  79 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 2 

UART1_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART1 

TMR2_OUT2 O ɺʳʭʦʜ TMR2 

   

A3  80 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 3 

UART1_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART1 

TMR2_OUT3 O ɺʳʭʦʜ TMR2 

   

A4  81 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 4 

UART2_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART2 

TMR1_CCIA I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR1  

QSPI_CLK I/O ɺʭʦʜ/ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ QSPI 

A5  82 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 5 

UART2_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART2 

TMR1_CCIB I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR1 

QSPI_FSS I/O ɺʭʦʜ/ʚʳʭʦʜ ʚʳʙʦʨʘ ʫʩʪʨʦʡʩʪʚʘ QSPI 

A6  83 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 6 

UART3_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART3 

TMR1_OUT0 O ɺʳʭʦʜ TMR1 

QSPI_IO0 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 0 

A7  84 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 7 

UART3_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART3 

TMR1_OUT1 O ɺʳʭʦʜ TMR1 

QSPI_IO1 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 1 

A8  85 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 8 

UART4_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART4 

TMR1_OUT2 O ɺʳʭʦʜ TMR1 

QSPI_IO2 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 2 

A9  86 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 9 

UART4_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART4 

TMR1_OUT3 O ɺʳʭʦʜ TMR1 

QSPI_IO3 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 3 

A10  87 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 10 

QSPI_CLK I/O ɺʭʦʜ/ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ QSPI 

UART0_CTS I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʠʝʤʫ 

UART0 

UART1_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART1 
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A11  88 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 11 

QSPI_FSS I/O ɺʭʦʜ/ʚʳʭʦʜ ʚʳʙʦʨʘ ʫʩʪʨʦʡʩʪʚʘ QSPI 

UART0_DCD I ɺʭʦʜ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ UART0 

UART1_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART1 

A12  89 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 12 

QSPI_IO0 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 0 

UART0_DSR I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ UART0 

UART2_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART2 

A13  90 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 13 

QSPI_IO1 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 1 

UART0_RI I ɺʭʦʜ ʩʠʛʥʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʚʳʟʦʚʘ 

UART0 

UART2_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART2 

A14  91 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 14 

QSPI_IO2 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 2 

UART0_RTS O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ 

UART0 

UART3_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART3 

A15  92 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ A, ʨʘʟʨʷʜ 15 

QSPI_IO3 I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ QSPI, ʨʘʟʨʷʜ 3 

UART0_DTR O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ 

ʜʘʥʥʳʭ UART0 

UART3_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART3 

B0  53 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 0 

SPI0_CLK I/O ɺʭʦʜ/ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ SPI0 

UART1_CTS I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʠʝʤʫ 

UART1 

UART4_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART4 

B1  54 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 1 

SPI0_FSS I/O ɺʭʦʜ/ʚʳʭʦʜ ʚʳʙʦʨʘ ʫʩʪʨʦʡʩʪʚʘ SPI0 

UART1_DCD I ɺʭʦʜ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ UART1 

UART4_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART4 

B2  55 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 2 

SPI0_RX I ɺʭʦʜ ʜʘʥʥʳʭ SPI0 

UART1_DSR I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ UART1 

TMR32_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR32 

B3  56 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 3 

SPI0_TX O ɺʳʭʦʜ ʜʘʥʥʳʭ SPI0 

UART1_RI I ɺʭʦʜ ʩʠʛʥʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʚʳʟʦʚʘ 

UART1 

TMR0_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR0 
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B4  57 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 4 

SPI1_CLK I/O ɺʭʦʜ/ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ SPI1 

UART1_RTS O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ 

UART1 

TMR1_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR1 

B5  58 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 5 

SPI1_FSS I/O ɺʭʦʜ/ʚʳʭʦʜ ʚʳʙʦʨʘ ʫʩʪʨʦʡʩʪʚʘ SPI1 

UART1_DTR O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ 

ʜʘʥʥʳʭ UART1 

TMR2_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR2 

B6  59 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 6 

SPI1_RX I ɺʭʦʜ ʜʘʥʥʳʭ SPI1 

UART2_CTS I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʠʝʤʫ 

UART2 

UART0_RX I ɺʭʦʜ ʜʘʥʥʳʭ UART0 

B7  60 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 7 

SPI1_TX O ɺʳʭʦʜ ʜʘʥʥʳʭ SPI1 

UART2_DCD I ɺʭʦʜ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ UART2 

UART0_TX ʆ ɺʳʭʦʜ ʜʘʥʥʳʭ UART0 

B8  62 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 8 

CAN0_RX I ɺʭʦʜ ʜʘʥʥʳʭ CAN0 

UART2_DSR I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ UART2 

TMR1_OUT0 O ɺʳʭʦʜ TMR1 

B9  63 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 9 

CAN0_TX O ɺʳʭʦʜ ʜʘʥʥʳʭ CAN0 

UART2_RI I ɺʭʦʜ ʩʠʛʥʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʚʳʟʦʚʘ UART2 

TMR1_OUT1 O ɺʳʭʦʜ TMR1 

B10  64 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 10 

CAN1_RX I ɺʭʦʜ ʜʘʥʥʳʭ CAN1 

UART2_RTS O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ 

UART2 

TMR1_OUT2 O ɺʳʭʦʜ TMR1 

B11  65 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 11 

CAN1_TX O ɺʳʭʦʜ ʜʘʥʥʳʭ CAN1 

UART2_DTR O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ 

ʜʘʥʥʳʭ UART2 

TMR1_OUT3 O ɺʳʭʦʜ TMR1 

B12  66 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 12 

CMP_OUT0 O ɺʳʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʥʫʣʝʚʦʡ ʢʘʥʘʣ 

UART3_CTS I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʠʝʤʫ 

UART3 

TMR1_CCIA I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR1  

B13  67 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 13 

CMP_OUT1 O ɺʳʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʧʝʨʚʳʡ ʢʘʥʘʣ 

UART3_DCD I ɺʭʦʜ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ UART3 

TMR1_CCIB I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR1  



 

 15 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1 

 

 

1 2 3 4 5 

B14  68 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 14 

TMR32_CCIA I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR32  

UART3_DSR I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ UART3 

CMP_OUT0 O ɺʳʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʥʫʣʝʚʦʡ ʢʘʥʘʣ 

B15  69 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ B, ʨʘʟʨʷʜ 15 

TMR32_CCIB I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR32  

UART3_RI I ɺʭʦʜ ʩʠʛʥʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʚʳʟʦʚʘ UART3 

CMP_OUT1 O ɺʳʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʧʝʨʚʳʡ ʢʘʥʘʣ 

ʉ0  34 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 0 

TMR32_OUT0 O ɺʳʭʦʜ TMR32 

UART3_RTS O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ 

UART3 

   

ʉ1  35 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 1 

TMR32_OUT1 O ɺʳʭʦʜ TMR32 

UART3_DTR O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ 

ʜʘʥʥʳʭ UART3 

   

ʉ2  36 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 2 

TMR32_OUT2 O ɺʳʭʦʜ TMR32 

UART4_CTS I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʠʝʤʫ 

UART4 

   

ʉ3  37 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 3 

TMR32_OUT3 O ɺʳʭʦʜ TMR32 

UART4_DCD I ɺʭʦʜ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ UART4 

   

ʉ4  38 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 4 

TMR32_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR32 

UART4_DSR I ɺʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ UART4 

   

ʉ5  39 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 5 

TMR0_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR0 

UART4_RI I ɺʭʦʜ ʩʠʛʥʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʚʳʟʦʚʘ UART4 

   

ʉ6  40 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 6 

TMR0_OUT0 O ɺʳʭʦʜ TMR0 

UART4_RTS O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ 

UART4 

ʉ7  41 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 7 

TMR0_OUT1 O ɺʳʭʦʜ TMR0 

UART4_DTR O ɺʳʭʦʜ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ 

ʜʘʥʥʳʭ UART4 

CLKOUT O ɺʳʭʦʜ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ CLKOUT 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1 

 

 

ʊʘʙʣʠʮʘ 2.2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ 

1 2 3 4 5 

ʉ8 

 

42 

I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 8 

TMR0_OUT2 O ɺʳʭʦʜ TMR0 

CAN0_RX I ɺʭʦʜ ʜʘʥʥʳʭ CAN0 

   

ʉ9  43 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 9 

TMR0_OUT3 O ɺʳʭʦʜ TMR0 

CAN0_TX O ɺʳʭʦʜ ʜʘʥʥʳʭ CAN0 

   

ʉ10  44 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 10 

TMR0_CCIA I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR0 

CAN1_RX I ɺʭʦʜ ʜʘʥʥʳʭ CAN1 

   

ʉ11  45 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 11 

TMR0_CCIB I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR0  

CAN1_TX O ɺʳʭʦʜ ʜʘʥʥʳʭ CAN1 

   

ʉ12  46 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 12 

I2C_SCL I/O ɺʭʦʜ/ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ I2C 

TMR1_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR1 

   

ʉ13  47 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 13 

I2C_SDA I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ I2C 

TMR2_EXTIN I ɺʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ TMR2 

   

ʉ14  48 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 14 

TMR2_CCIA I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR2 

I2C_SCL I/O ɺʭʦʜ/ʚʳʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ I2C 

   

ʉ15  49 I/O/Z ɺʭʦʜ/ʚʳʭʦʜ ʧʦʨʪʘ C, ʨʘʟʨʷʜ 15 

TMR2_CCIB I ɺʭʦʜ ʟʘʭʚʘʪʘ TMR2  

I2C_SDA I/O ɺʭʦʜ/ʚʳʭʦʜ ʜʘʥʥʳʭ I2C 

   
ʇʨʠʤʝʯʘʥʠʝ ï ɺ ʛʨʘʬʝ çʊʠʧ ʚʳʚʦʜʘè ʧʨʠʥʷʪʳʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

- I  ï ʚʭʦʜ, 

- O ï ʚʳʭʦʜ, 

- Z ï ʪʨʝʪʴʝ ʩʦʩʪʦʷʥʠʝ. 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʚʳʚʦʜʘ 

ʅʦʤʝʨ 

ʚʳʚʦʜʘ 

ʊʠʧ 

ʚʳʚʦʜʘ 
ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʘ 

1 2 3 4 

XI_OSC 9 ï ɺʳʚʦʜ ʚʥʝʰʥʝʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ/ 

ɺʳʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ 

XO_OSC 10 ï ɺʳʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.2 

1 2 3 4 

RST 95 I ɺʭʦʜ ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ 

TCK 73 I ɺʭʦʜ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦʨʪʘ JTAG (Pull-down) 

TDI 72 I ɺʭʦʜ ʜʘʥʥʳʭ ʧʦʨʪʘ JTAG (Pull-up) 

TDO 71 O ɺʳʭʦʜ ʜʘʥʥʳʭ ʧʦʨʪʘ JTAG 

TMS 70 I ɺʭʦʜ ʨʝʞʠʤʘ ʧʦʨʪʘ JTAG (Pull-up) 

TRST  76 I ɺʭʦʜ ʩʙʨʦʩʘ ʧʦʨʪʘ JTAG (Pull-up) 

SERVEN 50 I ɺʭʦʜ ʩʠʛʥʘʣʘ ʘʢʪʠʚʘʮʠʠ ʩʝʨʚʠʩʥʦʛʦ ʨʝʞʠʤʘ 

(Pull-down) 

XI_RTC 97 ï ɺʳʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

(32 ʢɻʮ) 

XO_RTC 96 ï ɺʳʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

(32 ʢɻʮ) 

USB_DN 31 I/O ɺʭʦʜ/ʚʳʭʦʜ çUSB Dnè 

USB_DP 30 I/O ɺʭʦʜ/ʚʳʭʦʜ çUSB Dpè 

CMP_INP0 6 I ʇʨʷʤʦʡ ʚʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʢʘʥʘʣ 0 

CMP_INN0 5 I ʀʥʚʝʨʩʥʳʡ ʚʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʢʘʥʘʣ 0 

CMP_INP1 8 I ʇʨʷʤʦʡ ʚʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʢʘʥʘʣ 1 

CMP_INN1 7 I ʀʥʚʝʨʩʥʳʡ ʚʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʢʘʥʘʣ 1 

AT_IN0 1 I ɺʭʦʜ ʜʘʪʯʠʢʘ ʚʩʢʨʳʪʠʷ 

AT_IN1 2 I ɺʭʦʜ ʜʘʪʯʠʢʘ ʚʩʢʨʳʪʠʷ 

AT_IN2 3 I ɺʭʦʜ ʜʘʪʯʠʢʘ ʚʩʢʨʳʪʠʷ 

AT_OUT 
4 O ɺʳʭʦʜ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʘ ʇʉʇ ʜʣʷ ʜʘʪʯʠʢʦʚ 

ʚʩʢʨʳʪʠʷ 

WAKEUP0 
100 I ɺʭʦʜ 0 ʜʣʷ ʧʨʦʙʫʞʜʝʥʠʷ ʠʟ ʨʝʞʠʤʘ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

WAKEUP1 99 I ɺʭʦʜ 1 ʜʣʷ ʧʨʦʙʫʞʜʝʥʠʷ ʠʟ ʨʝʞʠʤʘ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

WAKEUP2 98 I ɺʭʦʜ 2 ʜʣʷ ʧʨʦʙʫʞʜʝʥʠʷ ʠʟ ʨʝʞʠʤʘ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ADC_CH0 21 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 0 

ADC_CH1 22 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 1 

ADC_CH2 23 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 2 

ADC_CH3 24 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 3 

ADC_CH4 26 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 4 

ADC_CH5 27 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 5 

ADC_CH6 28 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 6 

ADC_CH7 29 I ɺʭʦʜ ADCSAR/ADCSD, ʢʘʥʘʣ 7 

GND1 94, 74, 

52, 32, 

11 

ï ʎʠʬʨʦʚʘʷ ʟʝʤʣʷ 

VCC1 93, 

75,61, 

51, 33, 

16, 12 

ï ʎʠʬʨʦʚʦʝ ʧʠʪʘʥʠʝ 

V_BAT 14 ï ɹʘʪʘʨʝʡʥʦʝ ʧʠʪʘʥʠʝ  

VAON_CAP 13 ï ɺʳʚʦʜ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ  

VCORE_CAP 17 ï ɺʳʚʦʜ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

VBAT_CAP 15 ï ɺʳʚʦʜ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

VCC2 19 ï ɸʥʘʣʦʛʦʚʦʝ ʧʠʪʘʥʠʝ   
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.2 

 

ʄʠʢʨʦʩʭʝʤʳ ʚʳʧʦʣʥʝʥʳ ʚ ʢʦʨʧʫʩʝ LQFP100. 

ʄʘʩʩʘ ʤʠʢʨʦʩʭʝʤʳ ï ʥʝ ʙʦʣʝʝ 4 ʛ. 

 

2.2 ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʧʦ ʚʳʚʦʜʘʤ: 

- Vʉʉ1 ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,7 ʜʦ 3,6 ɺ ʩ ʜʦʧʫʩʪʠʤʦʡ ʨʘʟʥʦʩʪʴʶ ʟʥʘʯʝʥʠʡ 

ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ ʥʝ ʙʦʣʝʝ 50 ʤɺ ʠ ʩ ʘʤʧʣʠʪʫʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ 

ʥʝ ʙʦʣʝʝ 30 ʤɺ; 

ɿʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʧʦ ʚʳʚʦʜʘʤ ʧʦʨʪʦʚ ʚʚʦʜʘ-ʚr ʚʦʜʘ A, B, C, 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 150 ʤɸ. 

ʄʠʢʨʦʩʭʝʤʳ ʂ1921ɺɻ015 ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʩ 

ʧʦʪʝʥʮʠʘʣʦʤ ʥʝ ʤʝʥʝʝ 2 000 ɺ ʧʦ ɻʆʉʊ ʈɺ 5962-004. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʭʝʤ ʧʨʠ ʧʨʠʝʤʢʝ ʠ ʧʦʩʪʘʚʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2.4. 

 

ʊʘʙʣʠʮʘ 2.4 ï ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʭʝʤ ʧʨʠ ʧʨʠʝʤʢʝ ʠ ʧʦʩʪʘʚʢʝ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ,  
ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ, ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ 

ɹʫʢʚʝʥʥʦʝ 
ʦʙʦʟʥʘʯʝʥʠʝ 
ʧʘʨʘʤʝʪʨʘ 

ʅʦʨʤʘ ʧʘʨʘʤʝʪʨʘ 
ʊʝʤʧʝʨʘ-
ʪʫʨʘ  

ʩʨʝʜʳ, Üʉ 

ʥʝ  
ʤʝʥʝʝ 

ʥʝ 
ʙʦʣʝʝ 

 

1 2 3 4 5 

1 ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʙʫʬʝʨʦʚ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ, ɺ, 

Uʉʉ1 = Uʉʉ2 = 3,0 ɺ, IOL = 4,0 ʤɸ 

UOL  

ï 

 

0,4 

ī40Ñ3 
25Ñ10 
85Ñ5 

2 ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʙʫʬʝʨʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ɺ, 

Uʉʉ1 = Uʉʉ2 = 3,0 ɺ, IOH = ï4,0 ʤɸ 

UOH  

UCC1-0,4 

 

ï 

3 ʊʦʢ ʫʪʝʯʢʠ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʭʦʜʘʤ ʩ 

ʦʪʢʣʶʯʝʥʥʳʤʠ ʩʭʝʤʘʤʠ çPull-upè ʠ çPull-downè, 

ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIL = 0 B 

IILL  

ï2 

 

ï 

4 ʊʦʢ ʫʪʝʯʢʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʭʦʜʘʤ ʩ 

ʦʪʢʣʶʯʝʥʥʳʤʠ ʩʭʝʤʘʤʠ çPull-upè ʠ çPull-downè, 

ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIH = Uʉʉ1 

IILL  

ï 

 

2 

5 ɺʭʦʜʥʦʡ ʪʦʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʘʤ ʩ 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʩʭʝʤʦʡ çPull-upè, ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIL = 0 B 

IIL1 

ï200 ï10 

1 2 3 4 

GND2 20 ï ɸʥʘʣʦʛʦʚʘʷ ʟʝʤʣʷ  

AREF 18 ï ʆʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ADCSAR 

SDADC_CAP 25 ï ɺʳʚʦʜ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 
ʇʨʠʤʝʯʘʥʠʷ: 

1) ɺ ʛʨʘʬʝ çʊʠʧ ʚʳʚʦʜʘè ʧʨʠʥʷʪʳʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

- I ï ʚʭʦʜ,  

- O ï ʚʳʭʦʜ,  

- Z ï ʪʨʝʪʴʝ ʩʦʩʪʦʷʥʠʝ 
2) ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʠʩʪʦʨʦʚ ʧʦʜʪʷʞʢʠ PullUp ʠ  PullDown ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 36 
ʢʆʤ ʜʦ 85 ʢʆʤ, ʪʠʧʦʚʦʝ ï 52 ʢʆʤ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.4 

1 2 3 4 5 

6 ɺʭʦʜʥʦʡ ʪʦʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʘʤ ʩ 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʩʭʝʤʦʡ çPull-upè, ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIH = Uʉʉ1 
 

IIH1 

ï 

 

2 

ī40Ñ3 
25Ñ10 
85Ñ5 

7 ɺʭʦʜʥʦʡ ʪʦʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʘʤ ʩ 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʩʭʝʤʦʡ çPull-downè, ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIL = 0 B 

IIL2 

10 200 

8 ɺʭʦʜʥʦʡ ʪʦʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʘʤ  

ʩ ʧʦʜʢʣʶʯʝʥʥʦʡ ʩʭʝʤʦʡ çPull-downè, ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIH = Uʉʉ1 

IIH2 

ï2 ï 

9 ɺʭʦʜʥʦʡ ʪʦʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʫ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ XI_OSC, ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIL = 0 B 

IIL3 

ï40 ï 

10 ɺʭʦʜʥʦʡ ʪʦʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʫ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ XI_OSC, ʤʢɸ, 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIH = Uʉʉ1 

IIH3 

ï 40 

11 ɺʭʦʜʥʦʡ ʪʦʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʧʦ ʚʳʚʦʜʫ ʩʙʨʦʩʘ, 

ʤʢɸ, Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, UIL = 0 B 

IIL4 ï800 ï50 

12 ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ RUN 

(ʚʩʷ ʧʝʨʠʬʝʨʠʷ ʚʢʣʶʯʝʥʘ), ʤɸ 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, fCI = 50 ʄɻʮ,  

ULDO1 = ULDO0 = 1,2 ɺ 

ICC1RUN1  

ï 

 

25 

13 ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ RUN 

(ʚʩʷ ʧʝʨʠʬʝʨʠʷ ʚʳʢʣʶʯʝʥʘ), ʤɸ 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, fCI = 50 ʄɻʮ,  

ULDO1 = ULDO0 = 1,2 ɺ 

ICC1RUN2  

ï 

 

20 

14 ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ RUN 

(ʚʩʷ ʧʝʨʠʬʝʨʠʷ ʚʢʣʶʯʝʥʘ, ʠʩʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠʟ 

ʆɿʋ), ʤɸ 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, fCI = 50 ʄɻʮ,  

ULDO1 = ULDO0 = 1,2 ɺ 

ICC1RUN3  

 

ï 

 

 

25 

15 ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ RUN 

(ʚʩʷ ʧʝʨʠʬʝʨʠʷ ʚʳʢʣʶʯʝʥʘ, ʠʩʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ 

ʠʟ ʆɿʋ), ʤɸ 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ, fCI = 50 ʄɻʮ,  

ULDO1 = ULDO0 = 1,2 ɺ 

ICC1RUN4  

 

ï 

 

 

20 

16 ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʨʝʞʠʤʝ STOP (ʜʦʤʝʥ ʷʜʨʘ 

ʚʳʢʣʶʯʝʥ, ʚʢʣʶʯʝʥ ʜʦʤʝʥ RTC ʠ ʙʘʪʘʨʝʠ (SRAM1, 

DAC, CMP), ʤʢɸ 

fCI = 1 ʄɻʮ (ʦʪ HSI) , ULDO0 = 1,2 ɺ 

ICC1STOP  

 

ï 

 

 

190 

17 ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʨʝʞʠʤʝ POWERDOWN (ʜʦʤʝʥ 

ʷʜʨʘ ʚʳʢʣʶʯʝʥ, ʜʦʤʝʥ ʙʘʪʘʨʝʠ ʚʳʢʣʶʯʝʥ, ʚʢʣʶʯʝʥ 

ʜʦʤʝʥ RTC (GPR, ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʘʙʦʪʘ ʦʪ 

ʚʥʫʪʨʝʥʥʝʛʦ RC-ʦʩʮʠʣʣʷʪʦʨʘ 32 ʢɻʮ), ʤʢɸ 

UCC1 = 3,0 ɺ, fCI = 32 ʢɻʮ, ULDO0 = 0 

ICC1PDN  

 

 

ï 

 

 

 

8 

18 ʇʦʪʨʝʙʣʝʥʠʝ ʙʣʦʢʘ ɸʎʇ SAR ʧʦ ʣʠʥʠʠ UCC2, ʤʢɸ 

Uʉʉ1 = Uʉʉ2 = 3,3 ɺ, Fs = 1 Msps 

ICC2SAR ï 1000 

19 ʀʥʪʝʛʨʘʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ɸʎʇ SAR, ʄʈ 

Uʉʉ1 = Uʉʉ2 = 3,3 ɺ, fCI = 50 ʄɻʮ, fs = 250 ʢɻʮ 

EL ï Ñ3,0 

  



 

 20 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.4 

1 2 3 4 5 

20 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ɸʎʇ SAR, ʄʈ 

Uʉʉ1 = Uʉʉ2 = 3,3 ɺ, fCI = 50 ʄɻʮ, fs=250 ʢɻʮ 

ELD ï Ñ2,0 

ī40Ñ3 
25Ñ10 
85Ñ5 

21 ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/(ʰʫʤ + ʠʩʢʘʞʝʥʠʷ) ʚ ʢʘʥʘʣʝ  

ɸʎʇ SAR, ʜɹ, 

Uʉʉ1 = Uʉʉ2 = 3,3 ɺ, fCI = 50 ʄɻʮ, fs = 1 ʄɻʮ 

SINAD  

60 

 

ï 

22 ɻʠʩʪʝʨʝʟʠʩ ʢʦʤʧʘʨʘʪʦʨʘ, ʤɺ 

Uʉʉ1 = Uʉʉ2 = 3,3 ɺ 

UHCMP ï 40 

23 ɺʭʦʜʥʦʡ ʪʦʢ ʫʪʝʯʢʠ ʧʦ ʚʭʦʜʘʤ ʢʦʤʧʘʨʘʪʦʨʘ, ʤʢɸ 

Uʉʉ1 = Uʉʉ2 = 3,6 ɺ 

ILCMP ï 10 

24 ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 
UCC1 = UCC2 = UCC3 = (1,7; 3,6) ɺ;  

fCI = (2; 50) ʄɻʮ 

ʌʂ ï ï 

ʇʨʠʤʝʯʘʥʠʷ 

1 ʇʘʨʘʤʝʪʨʳ IILL , I ILH, IIH1, IIH2, IILCMP ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 40 Üʉ ʥʝ ʠʟʤʝʨʷʶʪʩʷ, ʘ 

ʛʘʨʘʥʪʠʨʫʶʪʩʷ ʥʦʨʤʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (25 Ñ 10) Üʉ.  

2 ʅʦʨʤʘ ʜʣʷ ʪʦʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ICC1PDN ʚ ʨʝʞʠʤʝ POWERDOWN ʧʨʠʚʝʜʝʥʘ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

ʪʝʤʧʝʨʘʪʫʨ ʩʨʝʜʳ ʦʪ 25 Üʉ ʜʦ 85 Üʉ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ: ʩʥʘʯʘʣʘ 

ʧʦʜʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ UCC1, UCC2, ʘ ʟʘʪʝʤ ʚʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

UIL ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ UIH. 

ʇʦʨʷʜʦʢ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩ ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤʳ ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʙʨʘʪʥʳʤ ʧʦʜʘʯʝ: ʧʝʨʚʳʤʠ ʩʥʠʤʘʶʪʩʷ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ, ʘ ʟʘʪʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. 

ɼʦʧʫʩʢʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʜʘʯʠ ʠ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2.5.  

 

ʊʘʙʣʠʮʘ 2.5 ï ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ  

ʨʝʞʠʤʘ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ɹʫʢʚʝʥʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 

ʇʨʝʜʝʣʴʥʦ  

ʜʦʧʫʩʪʠʤʳʡ 

ʨʝʞʠʤ 

ʥʝ ʤʝʥʝʝ ʥʝ ʙʦʣʝʝ 

1 2 3 4 

1 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʮʠʬʨʦʚʦʡ ʯʘʩʪʠ1), ɺ UCC1 1,62 3,6 

2 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ1), ɺ UCC2 1,62 3,6 

3 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦ ʚʳʚʦʜʫ V_BAT, ɺ UCC3 1,7 3,6 

4 ʅʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ɸʎʇ, ɺ UAREF 1,2 3,3 

5 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ1), ɺ UIL  ï0,5 0,8 

6 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ1), ɺ UIH 0,7UCC1 UCC1 

7 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ  

ʧʦ ʚʳʚʦʜʫ XI_OSC, ɺ 

UIHʉI 
0,7UCC1 UCC1 

8 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ 

RST#, ɺ 

UIHRST 
0,6UCC1 UCC1 

9 ɺʳʭʦʜʥʦʡ ʪʦʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ1), ʤɸ IOL ï 4,0 

10 ɺʳʭʦʜʥʦʡ ʪʦʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ1), ʤɸ IOH ï4,0 ï 

11 ʉʠʩʪʝʤʥʘʷ ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ SYSCLK, ʄɻʮ 

fCI 
ï 50 



 

 21 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.5 

1 2 3 4 

12 ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦ ʚʳʚʦʜʫ 

XI_OSC, ʄɻʮ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʥʝʰʥʠʤ 

ʪʘʢʪʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

fC 
2 30 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʚʘʨʮʝʚʳʤ 

ʨʝʟʦʥʘʪʦʨʦʤ 
8 24 

13 ɽʤʢʦʩʪʴ ʥʘʛʨʫʟʢʠ, ʧʌ CL ï 40 

14 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦ ʚʳʚʦʜʫ VCC1 61 ʧʨʠ ʨʘʙʦʪʝ 

ʙʣʦʢʦʚ FLASH ʠ PLL, ɺ 

UCC61FPLL 
2,25 3,6 

15 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦ ʚʳʚʦʜʫ VCC1 61 ʧʨʠ ʨʘʙʦʪʝ 

ʪʦʣʴʢʦ ʙʣʦʢʘ FLASH, ɺ 

UCC61F 
1,7 3,6 

16 ɼʠʘʧʘʟʦʥ ʫʨʦʚʥʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ SAR ɸʎʇ, ɺ USARIN ï0,5 UCC2 

17 ɺʭʦʜʥʦʡ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ ʢʦʤʧʘʨʘʪʦʨʘ, ɺ 

ʇʨʠ UCC1 > UBAT 

UCMPIN1 
ï0,5 UCC1 

18 ɺʭʦʜʥʦʡ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ ʢʦʤʧʘʨʘʪʦʨʘ, ɺ 

ʇʨʠ UCC1 < UBAT 

UCMPIN2 
ï0,5 UBAT 

19 ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʭʦʜʥʦʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʧʦ ʣʠʥʠʷʤ 

ʜʘʥʥʳʭ USB, ɺ 

UUSBIN 
ï UCC1 

               

              1)  ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ ʦʜʥʦʤ ʠʟ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 5 ʩ. 

 

 

ʊʘʙʣʠʮʘ 2.6 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ  

ʨʝʞʠʤʘ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ɹʫʢʚʝʥʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 

ʇʨʝʜʝʣʴʥʳʡ  

ʨʝʞʠʤ 

ʥʝ ʤʝʥʝʝ ʥʝ ʙʦʣʝʝ 

1 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʮʠʬʨʦʚʦʡ ʯʘʩʪʠ1), ɺ UCC1 ï 5,0 

2 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ1), ɺ UCC2 ï 5,0 

3 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ1), ɺ UIL  ï0,6 ï 

4 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ1), ɺ UIH ï UCC1+0,6 

5 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ  

ʧʦ ʚʳʚʦʜʫ XI_OSC, ɺ 

UIHʉI  

ï 

 

UCC1+0,6 

6 ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ 

RST#, ɺ 

UIHRST  

ï 

 

UCC1+0,6 

7 ɺʳʭʦʜʥʦʡ ʪʦʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ1), ʤɸ IOL ï 10 

8 ɺʳʭʦʜʥʦʡ ʪʦʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ1), ʤɸ IOH ï10 ï 
           

                    ʇʨʠʤʝʯʘʥʠʝ ï ʅʦʨʤʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 25 Üʉ. 

   ________ 
                    1)  ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ ʦʜʥʦʤ ʠʟ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 5 ʩ.  
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3 ɸʨʭʠʪʝʢʪʫʨʘ ʠʟʜʝʣʠʷ 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʂ1921ɺɻ015 ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʙʘʟʝ RISC-V ʷʜʨʘ ɺʄ-310S6. 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ BM-310S6 ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ 

RV32IMFCN_ZBA_ZBB_ZBC_ZBS. BM-310S6 ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʚʘ ʨʝʞʠʤʘ 

ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʩʪʠ: machine ʠ user. ʈʝʞʠʤ user ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ ʠʟʦʣʷʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʜʦʚʝʨʝʥʥʦʛʦ ʢʦʜʘ, ʠʩʧʦʣʥʷʝʤʦʛʦ ʚ machine ʨʝʞʠʤʝ. 

ʂʦʥʚʝʡʝʨ BM-310S6 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʦʧʝʨʘʮʠʠ: 

1 ɻʝʥʝʨʘʮʠʷ ʟʘʧʨʦʩʘ ʚ ʧʦʜʩʠʩʪʝʤʫ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ (PMS). 

2 ʏʪʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ ʠʟ PMS ʠ ʠʟʚʣʝʯʝʥʠʝ ʢʦʤʘʥʜ. ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜʳ. 

ʀʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜʳ. 

ʇʦʜʩʠʩʪʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ (FE) ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʮʠʡ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʦʥʚʝʡʝʨʘ ʠ ʯʘʩʪʠʯʥʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʢʦʥʚʝʡʝʨʘ. 

ɹʣʦʢ FE ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: 

1 IFU - Instruction Fetch Unit - ʩʦʜʝʨʞʠʪ ʣʦʛʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ 

ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ. 

2 IDU - Instruction Decode Unit - ʙʣʦʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʢʮʠʡ. 

3 IFQ - Instruction Fetch Queue - ʦʯʝʨʝʜʴ ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʘ. 

 

3.1 ɹʣʦʢ ʢʦʤʤʫʪʘʮʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ɺʩʝ ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʢʦʤʤʫʪʘʮʠʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

Flash
ʧʘʤʷʪʴ

ʆɿʋ0 (256kB)

CAN, USB, CRC,
HASH, CRYPTO,

QSPI, SPI

GPIO

TMR32, TMR, 
TRNG, I2C, 

UART, WDT, ADC

ʆɿʋ1 (64kB)

PMU_RTC, RTC,
IWDG, CMP 

ʎʇʋ

I-
C

O
D

E

D
-C

O
D

E

DMA
SYS

DMA
CRYPTO

DMA
USB

ʄʘʩʪʝʨʳ

ɺ
ʝ
ʜ
ʦ
ʤr
ʝ

ɹ
ʣ
ʦ
ʢ
 ʢ
ʦ
ʤ
ʤ
ʫ
ʪʘ
ʮ
ʠ
ʠ
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4 ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʙʨʦʩʦʤ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ RCU 

4.1 ʆʙʱʘʷ ʩʠʩʪʝʤʘ ʪʘʢʪʠʨʦʚʘʥʠʷ 

ɺ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʘʟʚʠʪʘʷ ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʪʦʚʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʠ ʩʠʛʥʘʣʘʤʠ ʩʙʨʦʩʘ, ʩʤ. ʨʠʩʫʥʦʢ 4.1. 

ʆʩʥʦʚʥʳʤʠ ʪʘʢʪʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʢʨʦʩʭʝʤʝ, ʷʚʣʷʶʪʩʷ: 

- HSECLK ï ʚʥʝʰʥʠʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʩ ʚʳʚʦʜʦʚ XI_OSC ʠ XO_OSC; 

- HSICLK ï ʚʥʫʪʨʝʥʥʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʯʘʩʪʦʪʦʡ 1 ʄɻʮ (ʪʘʢʪʦʚʳʡ 

ʩʠʛʥʘʣ ʚʥʫʪʨʝʥʥʝʛʦ RC-ʛʝʥʝʨʘʪʦʨʘ); 

- LSECLK ï ʚʥʝʰʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʩ ʚʳʚʦʜʦʚ XI_RTC ʠ XO_RTC 

(32,768 ʢɻʮ); 

- LSICLK ï ʚʥʫʪʨʝʥʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ RC ʛʝʥʝʨʘʪʦʨʘ 32 ʢɻʮ; 

- RTCCLK ï ʚʳʭʦʜʥʘʷ ʯʘʩʪʦʪʘ ʙʣʦʢʘ RTC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʠʪʘ OSCSEL ʨʝʛʠʩʪʨʘ 

PMURTC->RTC_CFG0: 0 ï LSICLK, 1 - LSECLK; 

- REFCLK ï ʦʧʦʨʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ (ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ PowerDown); 

- SYSPLL0CLK ï ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ 0 PLLSYS; 

- SYSPLL1CLK ï ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ 1 PLLSYS; 

- SYSCLK ï ʩʠʩʪʝʤʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʯʘʩʪʦʪʫ ʨʘʙʦʪʳ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. ʀʩʪʦʯʥʠʢ ʩʠʛʘʣʘ SYSCLK ʚʳʙʠʨʘʝʪʩʷ ʙʠʪʦʚʤr ʧʦʣʝʤ CLKSRC ʨʝʛʠʩʪʨʘ 

SYSCLKCFG (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ ɸ.1); 

- CLKOUT ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ;  

- USBPLL0CLK ï ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ 0 PLLUSB; 

- TMR32_EXTINCLK ï ʚʥʝʰʥʠʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʘʡʤʝʨʘ TMR32, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ 

ʚʳʚʦʜʫ TMR32_EXTIN; 

- TMR0_EXTINCLK ï ʚʥʝʰʥʠʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʘʡʤʝʨʘ TMR0, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ 

ʚʳʚʦʜʫ TMR0_EXTIN; 

- TMR1_EXTINCLK ï ʚʥʝʰʥʠʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʘʡʤʝʨʘ TMR1, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ 

ʚʳʚʦʜʫ TMR1_EXTIN; 

- TMR2_EXTINCLK ï ʚʥʝʰʥʠʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʘʡʤʝʨʘ TMR2, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ 

ʚʳʚʦʜʫ TMR2_EXTIN. 

 
ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ  



 

 24 

4.2 ʉʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪʳ PLL 

ʆʙʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ PLL ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.2. 

 
ʈʠʩʫʥʦʢ 4.2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ PLL 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ fREF ʙʣʦʢʘ PLL ʠʩʧʦʣʴʟʫʝʪʩʷ PLLSYSREFCLK. 

DSMEN ï ʚʢʣʶʯʝʥʠʝ ʜʝʣʴʪʘ-ʩʠʛʤʘ ʤʦʜʫʣʷʪʦʨʘ ʜʨʦʙʥʦʛʦ ʜʝʣʠʪʝʣʷ. 

DACEN ï ʚʢʣʶʯʝʥʠʝ ʎɸʇ ʩ ʜʨʦʙʥʳʤ ʰʫʤʦʧʦʜʘʚʣʝʥʠʝʤ ʚ ʨʝʞʠʤʝ ʜʨʦʙʥʦʛʦ 

ʜʝʣʠʪʝʣʷ. 

ɺʳʭʦʜʥʘʷ ʯʘʩʪʦʪʘ FOUT0 ʙʣʦʢʘ PLL ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 4.1, ʚʳʭʦʜʥʘʷ 

ʯʘʩʪʦʪʘ FOUT1 ʙʣʦʢʘ PLL ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 4.2. 

 

Æ
$3-%.

 (4.1) 

 

Æ
$3-%.

 (4.2) 

 

ɿʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ fVCO ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 4.3. 

 Æ
$3-%.

 (4.3) 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ REFDIV, FBDIV, FRAC, PD0A, PD0B, PD1A, PD1B ʟʘʜʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʣʷʤʠ ʨʝʛʠʩʪʨʘ PLLCFG. ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ: 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʚʭʦʜʥʦʡ ʯʘʩʪʦʪʳ 1 Ò REFDIV Ò 63; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʙʝʟ ʜʨʦʙʥʦʛʦ ʜʝʣʠʪʝʣʷ) 16 Ò FBDIV Ò 160; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʩ ʜʨʦʙʥʳʤ ʜʝʣʠʪʝʣʝʤ) 20 Ò FBDIV Ò 160; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʦʪ 1 ʜʦ 8 (0 Ò PD0A (PD1A) Ò 7); 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʦʪ 1 ʜʦ 64 (0 Ò PD0B (PD1B) Ò 63); 

- ʚʭʦʜʥʘʷ ʯʘʩʪʦʪʘ fREF ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʄɻʮ ʜʦ 30 ʄɻʮ; 

- ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ fVCO ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʜʠʘʧʘʟʦʥʝ (200 ï 1600) ʄɻʮ; 

- ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʡ ʯʘʩʪʦʪʳ fOUT ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 390 ʢɻʮ ï 60 ʄɻʮ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʅʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ PD0A ʚ ʧʘʨʝ 

ʜʝʣʠʪʝʣʝʡ PD0A, PD0B. ɸʥʘʣʦʛʠʯʥʦ ʠ ʜʣʷ ʧʘʨʳ ʜʝʣʠʪʝʣʝʡ PD1A, PD1B. 
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ʅʘʩʪʨʦʡʢʫ ʙʣʦʢʘ PLL ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʜʦ ʪʦʛʦ, ʢʘʢ ʝʛʦ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ 

ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ ʠʣʠ ʦʜʥʦʛʦ ʠʟ ʙʣʦʢʦʚ. ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʢʣʶʯʠʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʢʚʦʟʴ ʙʣʦʢ PLL ʧʫʪʸʤ ʩʙʨʦʩʘ BYP ʙʠʪʘ ʚ 

ʨʝʛʠʩʪʨʝ PLLSYSCFG0. ɿʘʪʝʤ ʫʩʪʘʥʦʚʠʪʴ ʜʝʣʠʪʝʣʠ REFDIV ʠ FBDIV, ʩʦʙʣʶʜʘʷ ʫʢʘʟʘʥʥʳʝ 

ʚʳʰʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤ ʜʨʦʙʥʳʡ ʜʝʣʠʪʝʣʴ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ 

DSMEN ʨʝʛʠʩʪʨʘ PLLSYSCFG0 ʠ ʟʘʧʠʩʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ FRAC ʚ ʨʝʛʠʩʪʨ PLLSYSCFG1. 

ɽʩʣʠ ʜʨʦʙʥʳʡ ʜʝʣʠʪʝʣʴ ʥʝ ʠʩʧʦʣʴʟʝʪʩʷ, ʪʦ ʙʠʪ DSMEN ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʨʦʰʝʥ. 

 ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʞʝʣʘʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʣʝʥʠʷ PD*A ʠ 

PD*B, ʠ ʨʘʟʨʝʰʠʪʴ ʛʝʥʝʨʘʮʠʶ ʚʳʭʦʜʥʦʡ ʯʘʩʪʦʪʳ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʙʠʪʘ FOUTEN* ʠ 

PLLEN. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʠ ʚʳʭʦʜʝ ʙʣʦʢʘ PLL ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ 

ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ LOCK ʚ ʨʝʛʠʩʪʨʝ PLLSYSSTAT. 

ɼʣʷ ʪʘʢʪʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ (WDT, UART, 

QSPI, SPI, ADCSAR ʠ ADCSD) ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʢʘʢ ʩʠʛʥʘʣ SYSPLL0CLK, ʪʘʢ ʠ 

SYSPLL1CLK, ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

4.3 RC ʛʝʥʝʨʘʪʦʨ HSI 

HSI ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ RC ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʚʭʦʜʷʱʠʡ ʚ 

ʩʦʩʪʘʚ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʧʦʜʢʣʶʯʝʥ ʢ ʚʳʭʦʜʫ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ LDO1. 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ PMURTC->HSI_TRIM. ʉ 

ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʚʳʙʦʨʘ ʯʘʩʪʦʪʳ ʤʝʥʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʚʨʝʤʷ 

ʟʘʜʘʶʱʝʡ ʮʝʧʠ: ʚ ʦʙʱʫʶ ʩʭʝʤʫ ʛʝʥʝʨʘʪʦʨʘ ʜʦʙʘʚʣʷʶʪʩʷ ʠʣʠ ʠʩʢʣʶʯʘʶʪʩʷ ʜʦʙʘʚʦʯʥʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʟʘʜʘʶʱʝʛʦ ʠʥʚʝʨʪʦʨʘ ʠ ʥʘ 

ʯʘʩʪʦʪʫ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʩʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʮʝʣʦʤ.  

ʏʘʩʪʦʪʘ ʛʝʥʝʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʨʝʛʠʩʪʨʘ PMURTC->HSI_TRIM ʠ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,618 ʄɻʮ ʧʨʠ HSI_TRIM ʨʘʚʥʦʤ 0 ʜʦ 2,417 ʄɻʮ ʧʨʠ HSI_TRIM 

ʨʘʚʥʦʤ 15 (Fôh) (ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 1,2 ɺ ʠ 25ÁC). ʇʦ ʫʤʦʣʯʘʥʠʶ, ʟʥʘʯʝʥʠʝ HSI_TRIM = 7. ɺ 

ʪʘʙʣʠʮʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʥʘʯʝʥʠʡ ʨʝʛʠʩʪʨʘ PMURTC->HSI_TRIM ʯʘʩʪʦʪʝ 

ʛʝʥʝʨʘʮʠʠ. ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ HSI. 
 

ʊʘʙʣʠʮʘ 4.1 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʯʘʩʪʦʪ rʟʥʘʯʝʥʠʷʤ ʨʝʛʠʩʪʨʘ PMURTC->HSI_TRIM 

ˉ ʧ/ʧ HSI_TRIM ʏʘʩʪʦʪʘ, ʢɻʮ ˉ ʧ/ʧ HSI_TRIM ʏʘʩʪʦʪʘ, ʢɻʮ 

1 0 618 9 8 1 012 

2 1 650 10 9 1 101 

3 2 686 11 10 1 208 

4 3 725 12 11 1 339 

5 4 766 13 12 1 510 

6 5 816 14 13 1 722 

7 6 873 15 14 2 009 

8 7 938 16 15 2 417 
 

ʊʘʙʣʠʮʘ 4.2 ï ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ RC ʛʝʥʝʨʘʪʦʨʘ HSI 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʅʦʨʤʘ 

ʅʝ ʤʝʥʝʝ ʅʦʤʠʥʘʣ ʅʝ ʙʦʣʝʝ 

1 ɼʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ LDO0, ɺ 1,1 1,2 1,3 

2 ɼʠʘʧʘʟʦʥ ʧʦʜʩʪʨʦʢʠ ʯʘʩʪʦʪʳ 1), %  -27 / +199  

3 ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 1), %  -10 / +9  

4 ʊʦʢ ʧʦʪʨʝʙʣʝʥʠʷ, ʤʢɸ  5 50 
              1)  ɿʥʘʯʝʥʠʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ LDO0 1,2 B (ʢʨʦʤʝ ʨʝʞʠʤʦʚ LP ʠ ULP) ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC  
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4.4 ʉʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʟʘ ʪʘʢʪʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʉʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʧʨʦʧʘʜʘʥʠʝʤ (ʩʨʳʚ ʛʝʥʝʨʘʮʠʠ 

ʙʣʦʢʘ PLL, ʥʝʥʘʜʝʞʥʳʡ ʢʦʥʪʘʢʪ ʩ ʚʥʝʰʥʠʤ ʨʝʟʦʥʘʪʦʨʦʤ ʠ ʪ. ʧ.). 

ʊʝʢʫʱʠʡ ʩʪʘʪʫʩ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʧʨʦʯʠʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʙʠʪʳ CLKGOODx ʠ CLKERRx ʨʝʛʠʩʪʨʘ CLKSTAT, ʛʜʝ x ï ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 3 (0 

ï HSICLK, 1 ï HSECLK, 2 ï SYSPLL0CLK, 3 ï RTCCLK). ɹʠʪ CLKGOODx ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʝʪ, ʠ ʙʫʜʝʪ ʩʙʨʦʰʝʥ 

ʧʨʠ ʝʛʦ ʩʙʦʝ. ɹʠʪ CLKERRx ʠʤʝʝʪ ʦʙʨʘʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ï ʧʨʠ ʩʙʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʥʘ ʠʩʯʝʟʥʦʚʝʥʠʝ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ SECPRD, ʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʚʥʦ 256 ʪʘʢʪʘʤ ʩʠʛʥʘʣʘ HSICLK. 

ʈʝʘʢʮʠʷ ʥʘ ʣʶʙʦʝ ʧʨʦʧʘʜʘʥʠʝ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʟʘ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʣʝʞʝʥʠʝ ï 16 ɻʮ. 

ɿʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(ʨʝʟʫʣʴʪʘʪ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʮʝʣʦʛʦ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ) 

 

SECPRD_MIN = (4ĬTREF + 6ĬTCLK)/TREF, (4.2) 

 

       ʛʜʝ TREF ï ʧʝʨʠʦʜ ʦʧʦʨʥʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ HSICLK ʠʣʠ RTCCLK (ʧʨʠ 

ʧʝʨʝʚʦʜʝ ʛʝʥʝʨʘʪʦʨʘ HSI ʚ ʨʝʞʠʤ PowerDown); 

      TCLK ï ʧʝʨʠʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʘ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʘʷ ʨʝʘʢʮʠʷ ʥʘ ʧʨʦʧʘʜʘʥʠʝ ʯʘʩʪʦʪʳ 50 

ʄɻʮ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ PLL (TCLK = 10 ʥʩ) ʧʨʠ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ REFCLK 1 ʄɻʮ (TREF = 1 ʤʢʩ), 

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʦʣʝ PLLCLK ʨʝʛʠʩʪʨʘ SECPRD ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ SECPRD_MIN = 5, 

ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (4.2). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ SECPRD_MIN ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚʨʝʤʝʥʝʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʙʦʷ. 

ʉʘʤ ʧʝʨʝʭʦʜ ʚ ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ (ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʩʠʛʥʘʣ HSICLK) 

ʟʘʡʤʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝ ʙʦʣʝʝ 14 ʪʘʢʪʦʚ ʩʠʛʥʘʣʘ HSICLK. 

ʂʨʦʤʝ ʩʣʝʞʝʥʠʷ ʟʘ ʢʘʞʜʳʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʩʠʩʪʝʤʘ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʢʫʱʠʡ ʩʠʩʪʝʤʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ SYSCLK. 

ɺʢʣʶʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʩʠʛʥʘʣʘ SYSCLK ʦʩʫɦʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʙʠʪʘ SECEN 

ʨʝʛʠʩʪʨʘ SYSCLKCFG. 

ʇʨʠ ʩʙʦʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʘʚʘʨʠʡʥʳʡ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʩʠʛʥʘʣ 

HSICLK, ʘ ʧʨʠ ʧʝʨʝʚʦʜʝ ʛʝʥʝʨʘʪʦʨʘ HSI ʚ ʨʝʞʠʤ PowerDown  - ʩʠʛʥʘʣ RTCCLK. 

ʇʨʷʤʦʡ ʧʝʨʝʭʦʜ ʠʟ ʘʚʘʨʠʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʪʘʢʪʠʨʦʚʘʥʠʶ ʦʪ ʚʳʟʚʘʚʰʝʛʦ ʩʙʦʡ, ʥʦ ʫʞʝ 

ʚʦʩʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ï ʥʝʚʦʟʤʦʞʝʥ. ɽʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ, ʪʦ ʩʥʘʯʘʣʘ 

ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʥʘ ʦʜʠʥ ʠʟ ʩʪʘʙʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʩʠʛʥʘʣ HSICLK), ʠ ʣʠʰʴ 

ʟʘʪʝʤ ʥʘʯʘʪʴ ʧʝʨʝʭʦʜ ʥʘ ʙʳʚʰʠʡ çʩʙʦʡʥʳʤè, ʥʦ ʚʦʩʩʪʘʥʦʚʠʚʰʠʡʩʷ ʠʩʪʦʯʥʠʢ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʪʘʢʪʠʨʦʚʘʥʠʶ ʪʨʝʙʫʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʝʨʝʡʪʠ ʥʘ ʩʪʘʙʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʪʘʢʪʠʨʦʚʘʥʠʷ (ʙʠʪ xGOOD ʜʣʷ ʥʝʛʦ ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥ), ʥʘʧʨʠʤʝʨ, ʥʘ ʩʠʛʥʘʣ HSICLK (SYSSEL = 0). ɽʩʣʠ ʘʚʘʨʠʡʥʳʡ ʠʩʪʦʯʥʠʢ 

ʚʦʟʦʙʥʦʚʠʣ ʪʘʢʪʠʨʦʚʘʥʠʝ, ʪʦ ʩʥʦʚʘ ʧʝʨʝʡʪʠ ʥʘ ʥʝʛʦ ʤʦʞʥʦ, ʟʘʧʠʩʘʚ ʧʦʣʝ SYSSEL ʨʝʛʠʩʪʨʘ 

SYSCLKCFG ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

4.5 ʉʠʛʥʘʣʳ ʩʙʨʦʩʘ 

ʉʙʨʦʩ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚʥʝʰʥʠʤ ʩʠʛʥʘʣʦʤ c ʚʳʚʦʜʘ RST (ʘʢʪʠʚʥʳʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ ï ʥʠʟʢʠʡ). ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ ʩʙʨʦʩ ʢʦʥʪʨʦʣʣʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʣʦʢʘ POR, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʜʦʤʝʥʘ ʧʠʪʘʥʠʷ 

ʷʜʨʘ.  
ʇʨʠʤʝʯʘʥʠʝ ï ɺ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʛʣʫʙʦʢʦʛʦ ʩʥʘ (PowerDown), ʚ ʢʦʪʦʨʦʤ 

ʦʪʢʣʶʯʘʝʪʩʷ ʧʠʪʘʥʠʝ ʙʘʪʘʨʝʡʥʦʛʦ ʜʦʤʝʥʘ, ʙʫʜʝʪ ʥʝʘʢʪʠʚʝʥ ʩʙʨʦʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʥʝʰʥʠʤ 

ʩʠʛʥʘʣʦʤ c ʚʳʚʦʜʘ RST. ʀʟ ʨʝʞʠʤʘ ʛʣʫʙʦʢʦʛʦ ʩʥʘ ʤʦʞʥʦ ʚʳʡʪʠ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʨʦʝʥʥʳʭ 



 

 27 

ʚʥʝʰʥʠʭ ʚʭʦʜʦʚ ʧʨʦʙʫʞʜʝʥʠʷ WAKEUP0 ï WAKEUP2, ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʚʭʦʜʦʚ ʜʘʪʯʠʢʦʚ 

ʚʩʢʨʳʪʠʷ AT_IN0 - AT_IN2 ʠʣʠ ʩʠʛʥʘʣʘ ʧʨʦʙʫʞʜʝʥʠʷ ALARM  ʙʣʦʢʘ RTC. 

 

4.6 ʊʘʢʪʠʨʦʚʘʥʠʝ ʠ ʩʙʨʦʩ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ ʩʠʩʪʝʤʘ ʪʘʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʙʦʨ 
ʥʝʟʘʚʠʩʠʤʦʛʦ ʪʘʢʪʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʋ ʙʣʦʢʦʚ WDT, IWDT, UART, QSPI, SPI, ADCSAR, 
ADCSD ʠ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ CLKOUT ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʨʝʛʠʩʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʪʘʢʪʠʨʦʚʘʥʠʝ, ʚʳʙʠʨʘʪʴ ʝʛʦ ʠʩʪʦʯʥʠʢ ʠ ʥʘʩʪʨʘʠʚʘʪʴ 
ʦʪʢʣʶʯʘʝʤʳʡ ʜʝʣʠʪʝʣʴ. ʀʩʪʦʯʥʠʢ ʪʘʢʪʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 
ʙʣʦʢʦʚ ʩ ʧʦʤʦʱʴʶ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʝʣʝʢʪʦʨʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 4.4. 

 

    

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʘ ʩʝʣʝʢʪʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʙʣʦʢʘ 

 
ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʘ ʠʤʝʥʥʦ CMP, TMR32, TMR, TRNG, I2C ʠ ʜʣʷ ʙʣʦʢʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ AHB ʧʝʨʠʬʝʨʠʠ (GPIO, CAN, CRC0, CRC1, HASH, CRYPTO, USB), 
ʪʘʢʪʠʨʦʚʘʥʠʝ ʧʦʜʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ ʚ CGCFGAPB (CGCFGAHB), 
ʩʤ. ʪʘʙʣʠʮʫ 4.3. 
 

ʊʘʙʣʠʮʘ 4.3 ï ʊʘʢʪʦʚʳʝ ʩʠʛʥʘʣʳ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ 

ʇʝʨʠʬʝʨʠʡʥʳʡ ʙʣʦʢ ʊʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ɼʝʣʠʪʝʣʴ ʋʧʨʘʚʣʷʶʱʠʡ ʨʝʛʠʩʪʨ 

ADCSAR ADCSARCLK 1-63 ADCSARCFG 
ADCSD ADCSDCLK 1-63 ADCSDCFG 
QSPI QSPICLK 1-63 QSPICFG 
SPI SPICLK 1-63 SPICFG 
UART UARTCLK 1-63 UARTCFG 
WDT WDTCLK 1-63 WDTCFG 
CLOCKOUT CLKOUT 1-65535 CLKOUTCFG 
TMR32 SYSCLK - CGCFGAPB, RSTDISAPB 
TMR SYSCLK - CGCFGAPB, RSTDISAPB 
I2C SYSCLK - CGCFGAPB, RSTDISAPB 
CMP SYSCLK - CGCFGAPB, RSTDISAPB 
GPIO SYSCLK - CGCFGAHB, RSTDISAHB 
CAN SYSCLK - CGCFGAHB, RSTDISAHB 
USB SYSCLK - CGCFGAHB, RSTDISAHB 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.3 
ʇʝʨʠʬʝʨʠʡʥʳʡ ʙʣʦʢ ʊʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ɼʝʣʠʪʝʣʴ ʋʧʨʘʚʣʷʶʱʠʡ ʨʝʛʠʩʪʨ 

CRC0, CRC1 SYSCLK - CGCFGAHB, RSTDISAHB 
HASH SYSCLK - CGCFGAHB, RSTDISAHB 
CRYPTO SYSCLK - CGCFGAHB, RSTDISAHB 

 

ʊʘʢʪʠʨʦʚʘʥʠʝ ʙʣʦʢʘ USB ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʙʣʦʢʦʤ USBPLL, ʘʥʘʣʦʛʠʯʥʳʤ 
SYSPLL. ʈʝʛʠʩʪʨʳ ʥʘʩʪʨʦʡʢʠ USBPLL ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ.23. ɼʣʷ ʨʘʙʦʪʳ ʙʣʦʢʘ 
USB ʚʳʭʦʜʥʫʶ ʯʘʩʪʦʪʫ ʙʣʦʢʘ USBPLL ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʥʘ ʯʘʩʪʦʪʫ 60 ʄɻʮ. 
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ʇʦ ʫʤʦʣʯʘʥʠʶ ʥʘ ʚʩʝʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʘʭ ʦʪʢʣʶʯʝʥʦ ʪʘʢʪʠʨʦʚʘʥʠʝ, ʠ ʚʩʝ ʦʥʠ 
ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʙʨʦʩʘ. ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʫʞʥʦ ʧʦʜʘʪʴ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ, ʘ ʪʘʢʞʝ 
ʚʳʚʝʩʪʠ ʙʣʦʢ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩʙʨʦʩʘ, ʦʩʫʱʝʩʪʚʠʚ ʟʘʧʠʩʴ ʝʜʠʥʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʪʳ 
ʨʝʛʠʩʪʨʦʚ CGCFGAPB (CGCFGAHB) ʠ, RSTDISAPB (RSTDISAHB).  
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5 ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ PMU 

ɺ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʭ ʟʘʜʘʯʘʭ, ʛʜʝ ʷʜʨʦ ʥʝ 

ʜʦʣʞʥʦ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʪʴ, ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʨʠʭʦʜʘ ʚʥʝʰʥʝʛʦ ʩʦʙʳʪʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʝʥ ʙʘʪʘʨʝʡʥʳʡ ʜʦʤʝʥ ʧʠʪʘʥʠʷ, ʪʦ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʤʠ 

PMU_RTC (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɸ.3). ʋʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʪʘʣʴʥʳʭ 

ʙʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʤʠ PMU_SYS (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ ɸ.2). 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʩʧʦʩʦʙʘ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʘʥʜʳ WFI (Wait For Interrupt); 

- ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨʳ. 
 

ɺʳʭʦʜ ʠʟ ʨʝʞʠʤʘ ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʩʦʙʳʪʠʡ: 

- ʩʦʙʳʪʠ ̫wake (WAKEUP0-WAKEUP2, IWDT, CMP0, CMP1); 

- ʩʦʙʳʪʠʝ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ (ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʮʝʧʝʡ AT_IN0 - AT_IN2, 

ʨʘʩʭʦʞʜʝʥʠʝ ʯʘʩʪʦʪ RC-ʛʝʥʝʨʘʪʦʨʘ); 

- ʩʦʙʳʪʠʝ ʩʠʛʥʘʣʠʟʘʪʦʨʘ Alarm; 
 

ʇʝʨʝʢʣʶʯʝʥʠʝʤ ʧʠʪʘʥʠʷ ʷʜʨʘ ʠ ʧʝʨʠʬʝʨʠʠ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ 

ʧʠʪʘʥʠʷ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʧʠʪʘʥʠʝʤ ʠ ʙʘʪʘʨʝʡʥʳʤ ʫʧʨʘʚʣʷʝʪ ʢʦʥʪʨʦʣʣʝʨ ʧʠʪʘʥʠʷ APC. 

 

5.1 ʈʘʩʰʠʨʝʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʠʪʘʥʠʷ APC 

ʆʩʦʙʝʥʥʦʩʪʠ: 

- ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 1,7 ʜʦ 3,6 ɺ; 

- ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʘʭ: ʦʙʳʯʥʦʝ, ʧʦʥʠʞʝʥʥʦʝ ʠ ʫʣʴʪʨʘʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʝʡ ʧʠʪʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʨʝʞʠʤʘʭ ʧʦʥʠʞʝʥʥʦʛʦ ʠ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ; 

- ʜʝʪʝʢʪʦʨ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ VAON ʥʠʞʝ 1,80 ɺ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʩʦʙʳʪʠʷ WKUP[4] ʢʦʥʪʨʦʣʣʝʨʘ WAKE; 

- ʚʦʟʤʦʞʥʦʩʪ ɹʨʘʙʦʪʳ ʦʪ ʦʩʥʦʚʥʦʛʦ ʠ ʙʘʪʘʨʝʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 
 

ʅʘ ʨʠʩʫʥʢʝ 5.1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 
 

ʈʠʩʫʥʦʢ 5.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 
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ʂʦʥʪʨʦʣʣʝʨ ʧʠʪʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, 

ʚʳʭʦʜʳ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʧʠʪʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ APC ʜʝʣʘʶʪ ʝʛʦ ʦʩʥʦʚʦʡ 

ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ (PMU). ʂʦʥʪʨʦʣʣʝʨ ʧʠʪʘʥʠʷ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʘʚʣʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʠʪʘʥʠʷ (PSRR), ʤʦʥʠʪʦʨʠʥʛ ʚʭʦʜʥʦʛʦ ʧʠʪʘʥʠʷ (VI) ʠ 

ʥʝʟʘʚʠʩʠʤʫʶ ʨʘʟʚʷʟʢʫ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʚʦʜʦʚ ʢʦʨʧʫʩʘ. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʢʦʥʪʨʦʣʣʝʨ APC ʧʝʨʝʢʣʶʯʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʧʠʪʘʥʠʝ 

VAON ʥʘ ʚʭʦʜ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ V_BAT. ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʚʳʚʦʜʝ VCC1( ̄ 12) 

ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ V_BAT, ʢʦʥʪʨʦʣʣʝʨ APC ʧʝʨʝʢʣʶʯʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʧʠʪʘʥʠʝ 

VAON ʥʘ ʚʭʦʜ ʧʠʪʘʥʠʷ VCC1( ̄ 12). ʇʨʠ ʫʩʣʦʚʠʠ V_BAT > VCC1(ʚʳʚʦʜ ˉ 12) 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʙʳʪʠʝ WKUP[5] ʢʦʥʪʨʦʣʣʝʨʘ WAKE. 

ʅʘ ʨʠʩʫʥʢʘʭ 5.2 ʠ 5.3 ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩ ʥʠʟʢʠʤ ʠ ʚʳʩʦʢʠʤ 

ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʪ V_BAT ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʪ 

V_BAT (ʨʠʩʫʥʦʢ 5.2) ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʩʦʙʳʪʠʶ WKUP[5] 

ʢʦʥʪʨʦʣʣʝʨʘ WAKE ʧʦʤʝʥʷʪʴ ʧʦʣʷʨʥʦʩʪʴ WKUP[5] (ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʧʧʘʨʘʪʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ LDO0 ʧʨʠ ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ), ʦʪʢʣʶʯʠʪʴ ʜʦʤʝʥ ʙʘʪʘʨʝʡʥʦʛʦ 

ʧʠʪʘʥʠʷ (LDO0) ʠ ʚʳʢʣʶʯʠʪʴ ʚʩʝ ʩʦʙʳʪʠʷ ʧʨʦʙʫʞʜʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʫʜʠʣʴʥʠʢ Alarm), 

ʢʨʦʤʝ WKUP[5]. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ (VCC1 ʧʦ ʚʳʚʦʜʫ 

ˉ12) ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʩʯʝʪʯʠʢ RTC_TIME ʠ ʙʫʜʫʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʟʥʘʯʝʥʠʷ 

16 ʨʝʛʠʩʪʨʦʚ RTC_REG. ʈʝʛʠʩʪʨʘʮʠʷ ʩʦʙʳʪʠʡ ʢʦʥʪʨʦʣʣʝʨʘ WAKE ʥʝʚʦʟʤʦʞʥʘ. ʇʨʠ 

ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ (VCC1 ʧʦ ʚʳʚʦʜʫ ˉ12) ʧʦ ʩʦʙʳʪʠʶ WKUP[5] ʘʧʧʘʨʘʪʥʦ 

ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ ʦʙʘ ʨʝʛʫʣʷʪʦʨʘ LDO0 ʠ LDO1 ʠ ʧʨʦʛʨʘʤʤʘ ʥʘʯʥʝʪ ʚʳʧʦʣʥʷʪʴ ʠʥʩʪʨʫʢʮʠʠ 

ʩ ʘʜʨʝʩʘ 0x80000000. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʪ 

V_BAT (ʨʠʩʫʥʦʢ 5.3) ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʩʦʙʳʪʠʶ WKUP[5] 

ʦʪʢʣʶʯʠʪʴ ʙʣʦʢʠ ʩ ʚʳʩʦʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ: PLL, HSE. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ (VCC1 ʧʦ ʚʳʚʦʜʫ ˉ12) ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʮʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʭʝʤʳ (ʢʨʦʤʝ ADCSAR ʠ ADCSD), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʙʳʪʠʡ ʢʦʥʪʨʦʣʣʝʨʘ WAKE. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʪʴ ʨʝʞʠʤʘʤʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 
ʈʠʩʫʥʦʢ 5.2 ï ʇʨʠʤʝʨ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʪ V_BAT 

 
ʈʠʩʫʥʦʢ 5.3 ï ʇʨʠʤʝʨ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʪ V_BAT 
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ʈʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ LDO0 ʠ LDO1 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʷʜʨʘ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʜʦʤʝʥ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ 

LDO1 ʠ LDO0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ: 

ʦʙʳʯʥʦʤ, ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. ɺ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ 

ʨʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʨʘʙʦʪʘʶʪ ʥʝʧʨʝʨʳʚʥʦ, ʧʦʜʜʝʨʞʠʚʘʷ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ. ɺ ʨʝʞʠʤʘʭ ʧʦʥʠʞʝʥʥʦʛʦ ʠ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʳ 

ʚʢʣʶʯʘʶʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʙʠʪʦʚʳʤ ʧʦʣʝʤ 

LDOLV ʠ ʚʳʢʣʶʯʘʶʪʩ ̫ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʫʨʦʚʥʷ ʟʘʜʘʥʥʦʛʦ ʙʠʪʦʚʳʤ ʧʦʣʝʤ LDOHV. ʇʦʩʣʝ 

ʚʳʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ LDO0 ʠ LDO1 ʧʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ, 

ʥʘʢʦʧʣʝʥʥʦʡ ʚʦ ʚʥʝʰʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʚʳʚʦʜʘʤ VCORE_CAP ʠ 

VBAT_CAP. 

ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ LDO0 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʠʪʘʥʠʝʤ ʜʦʤʝʥ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: HSI (1ʄɻʮ), CMP, IWDT, SRAM1 (64ʂ), HSE, RESET. 

ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ LDO1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʠʪʘʥʠʝʤ ʜʦʤʝʥ ʧʠʪʘʥʠʷ Core, 

ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: PLL, SRAM0 (256ʂ), DMA, FLASH (1Mb), TMR32, 

TMR(0-2), USB(PLL_USB), GPIO, CRC, HASH, UART, I2C, CAN, Risc-V Core, CRYPTO, 

SPI, QSPI, TRNG, WDT. 

ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʦʙʦʠʭ LDO ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 1,2 ɺ. ʋʧʨʘʚʣʝʥʠʝ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʦʙʳʯʥʦʤ 

ʨʝʞʠʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʠʪʦʚʳʤ ʧʦʣʝʤ VPROG ʨʝʛʠʩʪʨʘ RTC_WAKECFG. 

ɺʳʙʦʨ ʨʝʞʠʤʘ ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ LDO0 ʠ LDO1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴʶ 

ʚ ʙʠʪʦʚʦʝ ʧʦʣʝ LP ʨʝʛʠʩʪʨʘ RTC_CFG1. ɼʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ LDO0 ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 0x1, ʜʣʷ LDO1 ï ʟʥʘʯʝʥʠʝ 

0x2, ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ LDO0 ʠ LDO1 - ʟʥʘʯʝʥʠʝ 0x3. ʅʘ ʨʠʩʫʥʢʝ 5.4 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʝʞʠʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ.  

ɺʳʙʦʨ ʨʝʞʠʤʘ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ LDO0 ʠ LDO1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘʧʠʩʴʶ ʚ ʙʠʪʦʚʦʝ ʧʦʣʝ ULP ʨʝʛʠʩʪʨʘ RTC_CFG1. ɼʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʨʝʞʠʤ 

ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ LDO0 ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 0x1, ʜʣʷ 

LDO1 ï ʟʥʘʯʝʥʠʝ 0x2, ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ LDO0 ʠ LDO1 - ʟʥʘʯʝʥʠʝ 0x3. ʅʘ ʨʠʩʫʥʢʝ 5.5 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʝʞʠʤʝ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʥʘʧʨʷʞʝʥʠʷ LDO ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʘʭ 

ʥʠʟʢʦʛʦ ʠ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʟʥʘʯʝʥʠʡ ʚ 

ʙʠʪʦʚʳʝ ʧʦʣʷ LDOHV ʠ LDOLV ʨʝʛʠʩʪʨʘ RTC_CFG1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʈʠʩʫʥʦʢ 5.4 ï ɼʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʝʞʠʤʝ ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 
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ʈʠʩʫʥʦʢ 5.5 ï ɼʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʝʞʠʤʝ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

 

ʆʧʠʩʘʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʨʠʩʫʥʢʘʭ 5.4 ʠ 5.5: 

enavdd ï ʚʥʫʪʨʝʥʥʠʡ ʩʠʛʥʘʣ ʨʘʟʨʝʰʝʥʠʷ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ; 

lp, ulp ï ʩʠʛʥʘʣʳ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ ʠ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

lpclk ï ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʨʝʛʫʣʠʨʦʚʢʠ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʝʞʠʤʝ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ʙʠʪʦʚʳʭ ʧʦʣʝʡ LDOHV, LDOLV ʠ VPROG ʫʨʦʚʥʶ 

ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 5.1. 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʛʠʩʪʨ RTC_CFG1 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʨʝʞʠʤ WFI ʠ 

ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ. ɼʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ WFI, ʘ ʪʘʢʞʝ ʚʳʭʦʜʘ ʠʟ ʥʝʛʦ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʨʝʛʠʩʪʨ rWFI_ENTR ʠ WFI_EXIT. 

ɺ ʨʝʞʠʤʝ ʫʣʴʪʨʘʥʠʟʢʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʨʝʛʫʣʷʪʦʨʦʚ LDO ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʛʥʘʣ ʩ ʚʳʩʦʢʠʤ ʘʢʪʠʚʥʳʤ ʫʨʦʚʥʝʤ lpclk, ʬʦʨʤʠʨʫʝʤʳʡ 

ʙʣʦʢʦʤ RTC. ɺʦ ʚʨʝʤʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ lpclk ʬʫʥʢʮʠʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʨʦʚʥ̫ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʢʪʠʚʥʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʙʠʪʘ LS ʨʝʛʠʩʪʨʘ RTC_CFG0 ʙʣʦʢʘ RTC. ɺ ʤʦʤʝʥʪ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

ʩʠʛʥʘʣʘ lpclk ʬʫʥʢʮʠʷ ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʘʢʪʠʚʥʘ, ʘ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥ. 

 

ʊʘʙʣʠʮʘ 5.1 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʟʥʘʯʝʥʠʶ ʙʠʪʦʚʳʭ ʧʦʣʝʡ 

LDOHV, LDOLV ʠ VPROG 
ɿʥʘʯʝʥʠʝ 

ʙʠʪʦʚʦʛʦ ʧʦʣʷ 

ʋʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ, ɺ 

ɿʥʘʯʝʥʠʝ 

ʙʠʪʦʚʦʛʦ ʧʦʣʷ 

ʋʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ, ɺ 

ɿʥʘʯʝʥʠʝ 

ʙʠʪʦʚʦʛʦ ʧʦʣʷ 

ʋʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ, ɺ 

0 0,800 9 0,980 18 1,160 

1 0,820 10 1,000 19 1,180 

2 0,840 11 1,020 20 1,200 

3 0,860 12 1,040 21 1,220 

4 0,880 13 1,060 22 1,240 

5 0,900 14 1,080 23 1,260 

6 0,920 15 1,100 24 1,280 

7 0,940 16 1,120 25 1,300 

8 0,960 17 1,140 26 1,320 

ʇʨʠʤʝʯʘʥʠʝ ï ʢʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʙʠʪʦʚʦʛʦ ʧʦʣʷ ʥʝ ʤʝʥʝʝ 5, ʯʪʦ ʩʦʦʪʚʝʪʩʚʫʝʪ ʥʘʧʨʷʞʝʥʠʶ 

0,9 ɺ. 
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ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ LDO_RTC  

ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ LDO_RTC ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʠʪʘʥʠʝʤ ʤʦʜʫʣʴ RTC (Alarm, RC 

ʛʝʥʝʨʘʪʦʨ 32 ʂɻʮ (LSI), RTC_XTAL), WAKEUP, ʤʦʥʠʪʦʨ ʚʩʢʨʳʪʠʷ, 16 ʨʝʛʠʩʪʨʦʚ RTC, 

ʨʝʛʠʩʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ PMU_RTC. ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ LDO_RTC ʨʘʙʦʪʘʝʪ ʚʩʝʛʜʘ ʧʨʠ 

ʥʘʣʠʯʠʠ ʥʘʧʨʷʞʝʥʠʷ VCC1 (ʚʳʚʦʜ ˉ 12) ʠʣʠ VBAT. ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ LDO_RTC 

ʬʦʨʤʠʨʫʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʦʤʠʥʘʣʦʤ 1,4 ɺ. 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʦʨʨʝʢʮʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ 

LDO_RTC ʩ ʧʦʤʦʱʴʶ ʙʠʪʦʚʦʛʦ ʧʦʣʷ TEMPTRIM ʨʝʛʠʩʪʨʘ RTC_TRIM. 

 

5.2 ʋʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʙʘʪʘʨʝʡʥʦʛʦ ʜʦʤʝʥʘ 

ɹʣʦʢ PMU_RTC ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʤʝʥʝ ʧʠʪʘʥʠʷ VBAT, ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʮʝʩʩ ʧʦʜʩʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʧʨʦʙʫʞʜʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʧʦ ʚʥʝʰʥʠʤ 

ʩʦʙʳʪʠʷʤ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʠʪʘʥʠʝʤ ʜʦʤʝʥʦʚ VBAT ʠ CORE. 

ɺ ʦʩʥʦʚʝ ʙʣʦʢʘ PMU_RTC ʥʘʭʦʜʠʪʩʷ ʢʦʥʪʨʦʣʣʝʨ RTC-APC. ʉʘʤ ʢʦʥʪʨʦʣʣʝʨ RTC-

APC ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʫʧʨʘʚʣʝʥʠʝ ʣʠʥʝʡʥʳʤʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ ʠ ʧʨʦʙʫʞʜʝʥʠʝ ʧʦ ʚʥʝʰʥʠʤ ʩʦʙʳʪʠʷʤ. ʂʦʥʪʨʦʣʴ ʟʘ ʨʝʞʠʤʘʤʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʣʦʢ PMU.  

PMU_RTC ʧʦʟʚʦʣʷʝʪ (ʙʝʟ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʭʦʜ ʚ ʨʝʞʠʤʳ 

ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʢʦʤʘʥʜʝ ʷʜʨʘ WFI. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʧʦ ʢʦʤʘʥʜʝ WFI, ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʙʠʪ WFI_PDEN.EN = 1. ɹʝʟ 

ʚʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʢʦʤʘʥʜʘ WFI ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʫ ʷʜʨʘ (ʨʝʞʠʤ 

IDLE). 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʙʠʪʘ WFI_PDEN.EN ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʤʘʥʜʳ WFI, ʢʦʥʪʨʦʣʣʝʨ 

ʧʦʩʪʝʧʝʥʥʦ ʙʫʜʝʪ ʚʳʢʣʶʯʘʪʴ ʧʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʚ ʨʝʛʠʩʪʨʝ 

PMU_VBATPER_WFI: 

- DACPD ï ʚʳʢʣʶʯʝʥʠʝ ʦʧʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʢʦʤʧʘʨʘʪʦʨʦʚ; 

- CMPxPD ï ʚʳʢʣʶʯʝʥʠʝ ʢʦʤʧʘʨʘʪʦʨʦʚ 0 ʠ 1.  

ɽʩʣʠ ʨʘʙʦʪʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʙʣʦʢʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʦ ʝʛʦ ʤʦʞʥʦ 

ʧʝʨʝʚʝʩʪʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚ ʥʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʧʠʩʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʪʦʚ 

ʨʝʛʠʩʪʨʘ PMU_VBATPER_FORCE. ʉʪʨʫʢʪʫʨʘ ʙʠʪʦʚʳʭ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ 

PMU_VBATPER_FORCE ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʝ ʙʠʪʦʚʳʭ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ 

PMU_VBATPER_WFI. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʦʤʝʥʝ ʧʠʪʘʥʠʷ 

ʷʜʨʘ, ʠʩʧʦʣʴʟʫʶʪ ʨʝʛʠʩʪʨʳ PDEN, PDEN_FORCE, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʙʣʦʢʝ PMUSYS. ʈʝʛʠʩʪʨ 

PDEN ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ: 

- PLL ï ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʢʦʤʘʥʜʳ WFI, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʙʠʪʝ PLL ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ;  

- USB ï ʦʪʢʣʶʯʘʝʪʩʷ PHY ʙʣʦʢ USB ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ;  

- ADC ï ʙʣʦʢ ɸʎʇ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ;  

- FLASH ï ʢʦʥʪʨʦʣʣʝʨ ʧʘʤʷʪʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ; 

- SCM ï ʩʠʩʪʝʤʥʳʡ ʤʝʥʝʜʞʝʨ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʧʝʨʝʚʦʜʠʪʩʷ ʥʘ ʠʩʪʦʯʥʠʢ ʦʧʦʨʥʦʡ 

ʯʘʩʪʦʪʳ (ʥʘ ʚʥʫʪʨʝʥʥʠʡ RC-ʛʝʥʝʨʘʪʦʨ 1 ʄɻʮ).  

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʤʝʥʘʤʠ ʧʠʪʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʘʥʜʳ WFI 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʛʠʩʪʨʳ WFI_ENTR ʠ WFI_EXIT. ʉʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ WFI_ENTR 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ LDO ʧʨʠ ʚʭʦʜʝ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ 

ʩʦʜʝʨʞʠʤʦʝ WFI_EXIT, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʚʳʭʦʜʝ. ʈʝʛʠʩʪʨʳ ʠʤʝʶʪ ʠʜʝʥʪʠʯʥʳʝ ʧʦʣʷ: 

- LDOxEN ï ʙʠʪ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ LDOx; 

- LDOxLP ï ʙʠʪ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ LDOx;  

LDOxULP ï ʙʠʪ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘ-ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ LDOx;  
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VL ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʜʘʚʘʝʤʦʝ ʦʙʦʠʤʠ LDO ʚ ʨʝʞʠʤʘʭ 

ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ;  

VH ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʜʘʚʘʝʤʦʝ ʦʙʦʠʤʠ LDO ʚ ʨʝʞʠʤʘʭ 

ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʠʪʦʚ ʧʝʨʝʧʠʩʳʚʘʶʪʩʷ, ʧʨʠ ʚʭʦʜʝ ʠʣʠ ʚʳʭʦʜʝ ʚ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʨʝʛʠʩʪʨ CONFIG1 ʢʦʥʪʨʦʣʣʝʨʘ PMURTC. 
 

ɼʣʷ ʧʨʦʙʫʞʜʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʙʳʪʠʷ: 

- ʩʦʙʳʪʠʝ TIME = ALARM ; 

- WAKEUP[2:0] ï ʚʥʝʰʥʠʝ ʚʭʦʜʳ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʝʨʝʧʘʜʦʚ ʩʠʛʥʘʣʦʚ; 

- AT_IN[2:0] ï ʚʥʝʰʥʠʝ ʚʳʚʦʜʳ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʣʠʥʠʡ; 

- VBAKOVERVI ï ʩʦʙʳʪʠʝ ʧʦʢʘʟʳʚʘʶʱʝʝ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʙʘʪʘʨʝʝ ʙʦʣʴʰʝ 

ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ;  

- UVLOZ ï ʩʦʙʳʪʠʝ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʙʘʪʘʨʝʠ ʠ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ ʥʠʞʝ ʧʦʨʦʛʘ 

1,8 ɺ;  

- WKCOMP ï ʠʩʪʦʯʥʠʢ ʩʦʙʳʪʠʡ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʦʙʳʪʠʷ ʦʪ ʧʝʨʠʬʝʨʠʠ VBAT 

ʜʦʤʝʥʘ: CMPx ï ʢʦʤʧʘʨʘʪʦʨʦʚ, IWDT ï ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʜʦʤʝʥʘ VBAT, ʘ ʪʘʢʞʝ 

ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ EXTRST.  

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʝʡ ʥʘ ʩʦʙʳʪʠʷ ʦʪ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ VBAT ʜʦʤʝʥʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʛʠʩʪʨʳ PMU_WK3EN ʠ PMU_WK3STAT. ɺ ʜʘʥʥʳʭ ʨʝʛʠʩʪʨʘʭ ʠʤʝʶʪʩʷ 

ʧʦʣʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʠʬʝʨʠʠ CMPx, IWDT ʠ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʩʙʨʦʩʘ EXTRST. 

ʇʨʠ ʟʘʧʠʩʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʨʝʛʠʩʪʨʘ PMU_WK3EN ʨʘʟʨʝʰʘʝʪʩʷ ʨʝʘʢʮʠʷ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʠʬʝʨʠʠ, ʘ ʚ ʨʝʛʠʩʪʨʝ PMU_WK3STAT ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʦʪ ʧʝʨʠʬʝʨʠʠ, ʚʳʟʚʘʚʰʝʡ ʩʦʙʳʪʠʝ. ɹʠʪ ʥʝʦʙʭʦʜʠʤʦ ʩʙʨʦʩʠʪʴ ʧʦʩʣʝ 

ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʷ ʧʫʪʝʤ ʟʘʧʠʩʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʙʠʪ ʨʝʛʠʩʪʨʘ. 

ʈʝʛʠʩʪʨ PMU_WCYC ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʟʘʜʘʥʠʷ ʮʠʢʣʦʚ ʦʞʠʜʘʥʠʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ 

ʨʝʛʠʩʪʨʘʤ ʙʣʦʢʘ RTC-APC. ʊʘʢ ʢʘʢ RTC-APC ʥʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʯʘʩʪʦʪʘʭ ʦʙʨʘʱʝʥʠʷ ʢ 

ʥʝʤʫ ʙʦʣʴʰʝ 1 ʄɻʮ, ʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʝʛʠʩʪʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʞʠʜʘʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʟʘʜʘʥʥʳʭ ʚ ʪʠʢʘʭ ʩʠʩʪʝʤʥʦʡ ʯʘʩʪʦʪʳ. ɽʩʣʠ 

ʢʦʥʪʨʦʣʣʝʨ ʨʘʙʦʪʘʝʪ ʥʘ ʯʘʩʪʦʪʝ 50 ʄɻʮ, ʪʦ ʜʣʷ ʜʦʩʪʫʧʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ 

PMU_WCYC ʟʥʘʯʝʥʠʝ 50 ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʩ ʨʝʛʠʩʪʨʘʤʠ RTC-APC. 

 

ɺʩʝ WAKE ʩʦʙʳʪʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʨʝʛʠʩʪʨʘʭ RTC_HISTORY.  
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5.3 ʅʘʩʪʨʦʡʢʘ ʨʝʛʠʩʪʨʦʚ ʜʣʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩ WFI 

ɺʦʟʤʦʞʥʳ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩ WFI: 

- ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ (IDLE_MODE); 

- ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ (LP_IDLE_MODE, ULP_IDLE_MODE); 

- ʨʝʞʠʤ ʦʩʪʘʥʦʚʢʠ ʷʜʨʘ (STOP_MODE); 

- ʨʝʞʠʤ ʦʩʪʘʥʦʚʢʠ ʷʜʨʘ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ (LP_STOP_MODE, ULP_STOP_MODE); 

- ʨʝʞʠʤ ʩʥʘ (POWEROFF_MODE). 
 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʨʝʞʠʤʦʚ IDLE_MODE, LP_IDLE_MODE, STOP_MODE, 

LP_STOP_MODE ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʫ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʨʝʛʠʩʪʨʘ WFI_EXIT. 

ʆʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.2. 

 

ʊʘʙʣʠʮʘ 5.2 ï ʊʘʙʣʠʮʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ɹʣʦʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

R
U

N
 

ID
L

E
 

L
P

(U
L

P
)_

ID
L

E
 

S
T

O
P 

L
P

(U
L
P

)_
S

T
O

P
 

P
O

W
E

R
O

F
F 

ʌ
ʫ
ʥ
ʢ
ʮ
ʠ
ʦ
ʥ
ʠ
ʨ
ʦ
ʚ
ʘ
ʥ
ʠ
ʝ
 
ʙ
ʣ
ʦ
ʢ
ʦ
ʚ

 RTC (Alarm, RC ʛʝʥʝʨʘʪʦʨ 32 ʂɻʮ (LSI), RTC_XTAL ), WAKEUP, 

ʤʦʥʠʪʦʨ ʚʩʢʨʳʪʠʷ, 16 ʨʝʛʠʩʪʨʦʚ RTC, ʨʝʛʠʩʪʨʳ PMU_RTC 
P P P P P P 

Risc-V Core P - - - - - 

SRAM0 (256ʂ) P P P - - - 

SRAM1 (64ʂ) P P P P P - 

PLL2) P P - - - - 

FLASH (1Mb) 2) P P P1) - - - 

ADCSAR, ADCSD, DMA, TMR32, TMR(0-2), USB(PLL_USB), 

GPIO, CRC, HASH, UART, I2C, CAN, CRYPTO, SPI, QSPI, 

TRNG, WDT 
P P P - - - 

HSI (1ʄɻʮ), CMP, IWDT, HSE, RESET3) P P P P P - 

ʉ
ʦ
ʙ
ʳ
ʪ
ʠ
ʷ
 

ʧ
ʨ
ʦ
ʙ
ʫ
ʞ
ʜ
ʝ
ʥ
ʠ
ʷ

 ʃʶʙʦʝ ʨʘʟʨʝʰʝʥʥʦʝ ʧʨʝʨʳʚʘʥʠʝ ʦʪ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʙʣʦʢʘ P P - - - - 

ʉʦʙʳʪʠʷ ʧʝʨʠʬʝʨʠʠ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ (CMP, IWDT, 

ʩʝʢʫʥʜʥʳʡ ʪʘʡʤʝʨ, RESET) 4) 
P P P P P - 

ɺʥʝʰʥʠʝ ʩʦʙʳʪʠʷ WAKEUP, ʩʦʙʳʪʠʷ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ, 

ʩʦʙʳʪʠʝ TIME = ALARM  (ʩʦʙʳʪʠʝ ʨʘʟʨʝʰʝʥʦ ʧʦ ʫʤʦʣʯʘʥʠʶ) 4). P P P P P P 

ɺʨʝʤʷ ʚʳʭʦʜʘ ʠʟ ʨʝʞʠʤʘ, ʤʢʩ5) 

 -
 

4
0 

6
0
 

1
75

0
 

1
7

5
0 

1
8
0

0 

ʇʨʠʤʝʯʘʥʠʷ 

1 ɺ ʨʝʞʠʤʝ LP(ULP)_IDLE Flash ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ. 

2 ɹʣʦʢʠ FLASH ʠ PLL ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ ʨʝʞʠʤ PowerDown ʯʝʨʝʟ ʨʝʛʠʩʪʨ  

PMUSYS->PDENFORCE. 

3 ɹʣʦʢʠ HSI, HSE, CMP ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ ʨʝʞʠʤ PowerDown ʯʝʨʝʟ ʨʝʛʠʩʪʨ  

PMURTC->PMU_VBATPER_FORCE. 

4 ɺ ʨʝʞʠʤʘʭ IDLE ʠ LP(ULP)_IDLE ʧʨʦʙʫʞʜʝʥʠʝ ʦʪ ʩʦʙʳʪʠʡ ʧʝʨʠʬʝʨʠʠ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ 

ʠ ʚʥʝʰʥʠʭ ʩʦʙʳʪʠʡ WAKEUP ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʨʘʟʨʝʰʝʥʥʦʤ ʧʨʝʨʳʚʘʥʠʠ PMURTC. 

5 ɺʨʝʤʷ ʚʳʭʦʜʘ ʠʟ ʨʝʞʠʤʘ ï ʚʨʝʤʷ ʦʪ ʩʦʙʳʪʠʷ ʧʨʦʙʫʞʜʝʥʠʷ ʜʦ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʷʜʨʘ. 

ʀʟʤʝʨʝʥʠʷ ʜʣʷ ʨʝʞʠʤʦʚ IDLE ʠ LP(ULP)_IDLE ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʠʩʪʝʤʥʦʡ ʯʘʩʪʦʪʝ HSE =16 ʄɻʮ ʠ  

PMURTC->PMU_WCYC = 8. 
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ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ (IDLE_MODE) 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, 

WFI_ENTR.LDO0EN = 1, WFI_ENTR.LDO1EN = 1. ʆʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʝʡ ʨʝʛʠʩʪʨʦʚ 

ʨʘʚʥʳ ʥʫʣʶ. 

ʈʘʟʨʝʰʝʥʠʝ ʧʝʨʝʭʦʜʘ ʚ PowerDown ʧʦ ʢʦʤʘʥʜʝ WFI, ʦʙʘ LDO ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ, 

ʧʠʪʘʥʠʝ ʧʦʜʘʝʪʩʷ ʠ ʥʘ ʷʜʨʦ, ʠ ʥʘ ʧʝʨʠʬʝʨʠʶ, ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ 1.2 ɺ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʟʥʘʯʝʥʠʝʤ ʙʠʪʦʚʦʛʦ ʧʦʣʷ VPROG ʨʝʛʠʩʪʨʘ RTC_WAKECFG). 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʫ ʧʦ ʣʶʙʦʤʫ ʠʟ ʨʘʟʨʝʰʝʥʥʳʭ 

ʧʨʝʨʳʚʘʥʠʡ, ʩʦʙʳʪʠʡ WAKE ʠʣʠ ʧʦ ʚʥʝʰʥʝʤʫ ʩʠʛʥʘʣʫ RESET. 

 

ʈʝʞʠʤ ʦʞʠʜʘʥʠʷ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ (LP_IDLE_MODE, ULP_IDLE_MODE ) 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ LP_IDLE_MODE ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, WFI_ENTR.LDO0EN = 1, WFI_ENTR.LDO1EN = 1, 

WFI_ENTR.LDO0LP = 1, WFI_ENTR.LDO1LP = 1, WFI_ENTR.VL = 5 (0,9 ɺ), 

WFI_ENTR.VH = 10 (1,0 ɺ).  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ULP_IDLE_MODE ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, WFI_ENTR.LDO0EN = 1, 

WFI_ENTR.LDO1EN = 1, WFI_ENTR.LDO0ULP = 1, WFI_ENTR.LDO1ULP = 1, 

WFI_ENTR.VL = 5 (0,9 ɺ), WFI_ENTR.VH = 10 (1,0 ɺ).  

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦ ʧʝʨʝʢʣʶʯʠʪʴ ʩʠʩʪʝʤʥʫʶ ʯʘʩʪʦʪʫ ʥʘ HSE, HSI ʠʣʠ LSI, ʠ 

ʚʳʢʣʶʯʠʪʴ PLL. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ WFI ʧʨʦʠʟʦʡʜʝʪ  ʠʟʤʝʥʝʥʠʝ ʨʘʙʦʯʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʨʝʛʫʣʷʪʦʨʦʚ LDO0 ʠ LDO1. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʝʛʫʣʷʪʦʨʳ ʨʘʙʦʪʘʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʛʨʘʤʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5.2 (ʨʝʞʠʤ LP_IDLE_MODE) ʠʣʠ 

ʥʘ ʨʠʩʫʥʢʝ 5.3 (ʨʝʞʠʤ ULP_IDLE_MODE). 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʫ ʧʦ ʣʶʙʦʤʫ ʠʟ ʨʘʟʨʝʰʝʥʥʳʭ 

ʧʨʝʨʳʚʘʥʠʡ, ʩʦʙʳʪʠʡ WAKE ʠʣʠ ʧʦ ʚʥʝʰʥʝʤʫ ʩʠʛʥʘʣʫ RESET. 

 

ʈʝʞʠʤ ʦʩʪʘʥʦʚʢʠ ʷʜʨʘ (STOP_MODE) 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, 

WFI_ENTR.LDO0EN = 1. ʆʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʝʡ ʨʝʛʠʩʪʨʦʚ ʨʘʚʥʳ ʥʫʣʶ.  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ WFI ʚr ʢʣʶʯʘʝʪʩʷ ʜʦʤʝʥ ʷʜʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʝʨʠʬʝʨʠʝʡ. ʆʩʪʘʝʪʩʷ ʨʘʙʦʪʘʪʴ ʜʦʤʝʥ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ VBAT (HSI, CMP (DAC), 

IWDT, SRAM1, HSE) ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 1.2 ɺʦʣʴʪ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʙʠʪʦʚʦʛʦ ʧʦʣʷ VPROG ʨʝʛʠʩʪʨʘ RTC_WAKECFG). 

 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʫ ʧʦ ʦʜʥʦʤʫ ʠʟ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʙʳʪʠʡ: 

- ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ WAKEUP; 

- ʩʦʙʳʪʠʝ TIME = ALARM  (ʩʦʙʳʪʠʝ ʨʘʟʨʝʰʝʥʦ ʧʦ ʫʤʦʣʯʘʥʠʶ); 

- ʩʦʙʳʪʠʷ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ; 

- ʩʦʙʳʪʠʷ ʧʝʨʠʬʝʨʠʠ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ; 

- RESET. 

 
ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʧʨʦʙʫʞʜʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʨʝʞʠʤʘ ʦʩʪʘʥʦʚʢʠ ʷʜʨʘ ʙʫʜʝʪ 

ʚʢʣʶʯʝʥ ʨʝʛʫʣʷʪʦʨ LDO1 ʚ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʝʛʠʩʪʨʫ WFI_EXIT ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʦʛʨʘʤʤʳ ʥʘʯʥʝʪʩʷ ʩ ʘʜʨʝʩʘ 0x80000000. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʜʘʥʥʳʡ ʨʝʞʠʤ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝ ʧʦ ʠʥʪʝʨʬʝʡʩʫ JTAG, ʧʦʵʪʦʤʫ ʜʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʜʦʩʪʫʧʘ 

ʧʦ JTAG ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʝʨʚʠʩʥʳʡ ʩʙʨʦʩ Flash ʧʘʤʷʪʠ. 
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ʈʝʞʠʤ ʦʩʪʘʥʦʚʢʠ ʷʜʨʘ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ (LP_STOP_MODE, 

ULP_STOP_MODE) 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ LP_STOP_MODE ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, WFI_ENTR.LDO0EN = 1, WFI_ENTR.LDO0LP = 1, 

WFI_ENTR.VL = 5 (0,9 ɺ), WFI_ENTR.VH = 10 (1,0 ɺ).  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ULP_STOP_MODE ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, WFI_ENTR.LDO0EN = 1, 

WFI_ENTR.LDO0ULP = 1, WFI_ENTR.VL = 5 (0,9 ɺ), WFI_ENTR.VH = 10 (1,0 ɺ).  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ WFI ʧʨʦʠʟʦʡʜʝʪ ʚʳʢʣʶʯʝʥʠʝ ʜʦʤʝʥʘ ʷʜʨʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʠʬʝʨʠʝʡ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʙʦʯʠʭ ʥʘʧʨʷʞʝʥʠʡ ʨʝʛʫʣʷʪʦʨʘ LDO0. ɺ 

ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʝʛʫʣʷʪʦʨ LDO0 ʨʘʙʦʪʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʛʨʘʤʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 5.2 (ʨʝʞʠʤ LP_STOP_MODE) ʠʣʠ ʥʘ ʨʠʩʫʥʢʝ 5.3 (ʨʝʞʠʤ ULP_STOP_MODE). 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʫ ʧʦ ʦʜʥʦʤʫ ʠʟ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʙʳʪʠʡ: 

- ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ WAKEUP; 

- ʩʦʙʳʪʠʝ TIME = ALARM  (ʩʦʙʳʪʠʝ ʨʘʟʨʝʰʝʥʦ ʧʦ ʫʤʦʣʯʘʥʠʶ); 

- ʩʦʙʳʪʠʷ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ; 

- ʩʦʙʳʪʠʷ ʧʝʨʠʬʝʨʠʠ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ; 

- RESET. 
ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʧʨʦʙʫʞʜʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʝʛʦ ʨʝʞʠʤʘ 

ʦʩʪʘʥʦʚʢʠ ʷʜʨʘ ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʨʝʛʫʣʷʪʦʨ LDO1 ʚ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʝʛʠʩʪʨʫ WFI_EXIT 

ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘʯʥʝʪʩʷ ʩ ʘʜʨʝʩʘ 0x80000000. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ 

ʜʘʥʥʳʡ ʨʝʞʠʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝ ʧʦ ʠʥʪʝʨʬʝʡʩʫ JTAG, ʧʦʵʪʦʤʫ ʜʣʷ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʧʦ JTAG ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʝʨʚʠʩʥʳʡ ʩʙʨʦʩ Flash ʧʘʤʷʪʠ. 
 

ʈʝʞʠʤ ʩʥʘ (POWEROFF_MODE) 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʳʭ ʧʦʣʝʡ: WFI_PDEN.EN = 1, 

WFI_ENTR.LDO0EN = 0, WFI_ENTR.LDO1EN = 0.  

ɺʳʢʣʶʯʘʶʪʩʷ: LDO0, LDO1, PLL, HSI, HSE, SRAM0, SRAM1. ʆʩʪʘʝʪʩʷ ʨʘʙʦʪʘʪʴ 

ʪʦʣʴʢʦ ʙʣʦʢ RTC, 16 ʨʝʛʠʩʪʨʦʚ RTC_REG[] ʩʦʭʨʘʥʷʶʪ ʟʥʘʯʘʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʚʥʝʰʥʠʝ 

ʩʦʙʳʪʠʷ WAKEUP, ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨ RTC (Alarm). ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʤʦʞʝʪ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʫ ʧʦ ʦʜʥʦʤʫ ʠʟ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʙʳʪʠʡ: 

- ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ WAKEUP; 

- ʩʦʙʳʪʠʝ TIME = ALARM  (ʩʦʙʳʪʠʝ ʨʘʟʨʝʰʝʥʦ ʧʦ ʫʤʦʣʯʘʥʠʶ); 

- ʩʦʙʳʪʠʷ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʧʨʦʙʫʞʜʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʨʝʞʠʤʘ ʩʥʘ ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ ʦʙʘ 

ʨʝʛʫʣʷʪʦʨʘ LDO0 ʠ LDO1 ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘʯʥʝʪʩʷ ʩ ʘʜʨʝʩʘ 

0x80000000. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʜʘʥʥʳʡ ʨʝʞʠʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ 

ʧʦʜʢʣʶʯʝʥʠʝ ʧʦ ʠʥʪʝʨʬʝʡʩʫ JTAG, ʧʦʵʪʦʤʫ ʜʣ̫ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʧʦ JTAG ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʝʨʚʠʩʥʳʡ ʩʙʨʦʩ Flash ʧʘʤʷʪʠ. 
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6 ʆʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ  

ʇʘʤʷʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʤʝʝʪ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʝ 32-ʨʘʟʨʷʜʥʦʝ ʘʜʨʝʩʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʦʙʣʘʩʪʷʤʠ: ʧʨʦʛʨʘʤʤ, ʜʘʥʥʳʭ, ʧʝʨʠʬʝʨʠʠ ʠ ʚʥʫʪʨʝʥʥʠʭ ʨʝʩʫʨʩʦʚ, ʞʝʩʪʢʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʧʨʦʮʝʩʩʦʨʦʤ. ɸʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʙʠʪʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ, ʩʤ. 

ʪʘʙʣʠʮʫ 6.1.  

 

ʊʘʙʣʠʮʘ 6.1 ï ʆʙʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ɸʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʆʧʠʩʘʥʠʝ 

8000_0000h ï 801F_FFFFh Flash-ʧʘʤʷʪʴ (FLASH) 1 ʄʙʘʡʪ 

4000_0000h ï 4003_FFFFh ɺʥʫʪʨʝʥʥʝʝ ʆɿʋ0 256 ʂʙʘʡʪ 

2000_0000h ï 3801_FFFFh ʈʝʛʠʩʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʙʣʦʢʘʤʠ 

1000_0000h ï 1000_FFFFh ɺʥʫʪʨʝʥʥʝʝ ʆɿʋ1 64 ʂʙʘʡʪ 

0C00_0000h ï 0CFF_FFFFh ʈʝʛʠʩʪʨʳ PLIC 

0200_0000h ï 0200_FFFFh ʈʝʛʠʩʪʨʳ CLINT 

0000_0000h ï 0000_0FFFh ʈʝʛʠʩʪʨʳ Debug 
ʇʨʠʤʝʯʘʥʠʝ ï ʄʣʘʜʰʠʝ 128 ʂʙʘʡʪ ʆɿʋ0 ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʥʪʝʨʬʝʡʩʫ TCM-A, ʘ 

ʩʪʘʨʰʠʝ 128 ʂʙʘʡʪ - ʢ TCM-B. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʥʝʥʠʠ ʠʟ ʆɿʋ0 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʠ ʠʩʧʦʣʥʷʝʤʳʡ ʢʦʜ ʨʘʩʧʦʣʘʛʘʪʴ ʚ ʨʝʛʠʦʥʘʭ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʨʘʟʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ TCM. 

 

ɺʥʫʪʨʝʥʥʝʝ ʆɿʋ1 ʨʘʟʤʝʨʦʤ 64 ʂʙʘʡʪ ʧʦʜʢʣʶʯʝʥʦ ʢ ʙʘʪʘʨʝʡʥʦʤʫ ʜʦʤʝʥʫ ʧʠʪʘʥʠʷ. 

ʈʝʛʠʩʪʨʳ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʦʩʪʫʧʥʳ ʚ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

2000_0000h ï 3801_FFFFh. ʂʘʨʪʘ ʨʘʟʤʝʱʝʥʠʷ ʙʣʦʢʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʧʘʤʷʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 6.2.  

 

ʊʘʙʣʠʮʘ 6.2  ï ʂʘʨʪʘ ʨʝʛʠʩʪʨʦʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ 

ɸʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʆʙʦʟʥʘʯʝʥʠʝ 

ʙʣʦʢʘ 
ʆʧʠʩʘʥʠʝ 

1 2 3 

3801_2000h ï 3801_2FFFh IWDT ʉʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ 

3801_1000h ï 3801_1FFFh PMURTC ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ RTC 

3801_0000h ï 3801_0FFFh CMP ɹʣʦʢ ʘʥʘʣʦʛʦʚʳʭ ʢʦʤʧʘʨʘʪʦʨʦʚ 

3001_2000h ï 3001_2FFFh ADCSD ɹʣʦʢ ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ  

3001_0000h ï 3001_0FFFh ADCSAR ɹʣʦʢ ɸʎʇ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ 

3000_F000h ï 3000_FFFFh PMUSYS ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ ʩʠʩʪʝʤʳ 

3000_E000h ï 3000_EFFFh RCU ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʙʨʦʩʦʤ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

3000_D000h ï 3000_DFFFh FLASH ʂʦʥʪʨʦʣʣʝʨ Flash-ʧʘʤʷʪʠ 

3000_C000h ï 3000_CFFFh DMA ʂʦʥʪʨʦʣʣʝʨ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

3000_B000h ï 3000_BFFFh WDT ʉʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ 

3000_A000h ï 3000_AFFFh UART4 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ 

TUART0 

3000_9000h ï 3000_9FFFh UART3 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ 

UART3 

3000_8000h ï 3000_8FFFh UART2 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ 

UART2 

3000_7000h ï 3000_7FFFh UART1 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ 

UART1 

  



 

 39 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6.2 

1 2 3 
3000_6000h ï 3000_6FFFh UART0 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ UART0 
3000_5000h ï 3000_5FFFh I2C ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ I2C 
3000_4000h ï 3000_4FFFh TRNG ɹʣʦʢ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 
3000_3000h ï 3000_3FFFh TMR2 ʊʘʡʤʝʨ 16-ʨʘʟʨʷʜʥʳʡ TMR2 
3000_2000h ï 3000_2FFFh TMR1 ʊʘʡʤʝʨ 16-ʨʘʟʨʷʜʥʳʡ TMR1 
3000_1000h ï 3000_1FFFh TMR0 ʊʘʡʤʝʨ 16-ʨʘʟʨʷʜʥʳʡ TMR0 

3000_0000h ï 3000_0FFFh TMR32 ʊʘʡʤʝʨ 32-ʨʘʟʨʷʜʥʳʡ TMR32 

2800_2000h ï 2800_2FFFh  GPIOC ʇʦʨʪ C 

2800_1000h ï 2800_1FFFh  GPIOB ʇʦʨʪ B 

2800_0000h ï 2800_0FFFh GPIOA ʇʦʨʪ A 

2006_0000h ï 2006_FFFFh SPI1 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ SPI1 

2005_0000h ï 2005_FFFFh SPI0 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ SPI0 

2004_0000h ï 2004_FFFFh QSPI ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ QSPI 

2003_2000h ï 2003_2FFFh HASH ʍʝʰ ʧʨʦʮʝʩʩʦʨ 

2003_1000h ï 2003_1FFFh CRC1 ɹʣʦʢ ʧʦʜʩʯʝʪʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʦʜʘ CRC1 

2003_0000h ï 2003_0FFFh CRC0 ɹʣʦʢ ʧʦʜʩʯʝʪʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʦʜʘ CRC0 

2002_0000h ï 2002_FFFFh CRYPTO ɹʣʦʢ ʢʨʠʧʪʦʛʨʘʬʠʠ 

2001_0000h ï 2001_FFFFh USB ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ USB 

2000_1000h ï 2000_1FFFh CANMSG ʆʙʲʝʢʪʳ ʩʦʦʙʱʝʥʠʡ ʢʦʥʪʨʦʣʣʝʨʘ CAN 

2000_0000h ï 2000_0FFFh CAN ʂʦʥʪʨʦʣʣʝʨ CAN 
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7 ʂʦʥʪʨʦʣʣʝʨ Flash-ʧʘʤʷʪʠ 

7.1 Flash-ʧʘʤʷʪʴ 

Flash-ʧʘʤʷʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʈʘʟʤʝʨ ʦʩʥʦʚʥʦʡ Flash-ʧʘʤʷʪʠ ʩʦʩʪʘʚʣʷʝʪ 1 ʄʙʘʡʪ (256 ʩʪʨʘʥʠʮ ʧʦ 4 ʂʙʘʡʪ), ʠ ʚ ʘʜʨʝʩʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʥʘ ʟʘʥʠʤʘʝʪ ʜʠʘʧʘʟʦʥ ʩ 8000_0000h ʧʦ 800F_FFFFh. 

ʏʪʝʥʠʝ Flash-ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʝ ʰʠʥʳ AHB: I-code (ʜʣʷ ʢʦʤʘʥʜ) ʠ 

D-code (ʜʣʷ ʜʘʥʥʳʭ). ʏʪʝʥʠʝ D-code ʰʠʥʳ ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪ. ʅʘ ʦʙʝʠʭ ʰʠʥʘʭ ʧʨʠ ʧʦʧʳʪʢʝ 

ʟʘʧʠʩʠ ʚ ʣʶʙʫʶ ʦʙʣʘʩʪʴ, ʯʪʝʥʠʠ ʠʟ ʥʝʩʫʱʝʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ, ʯʪʝʥʠʠ ʚʦ ʚʨʝʤʷ, ʢʦʛʜʘ Flash 

ʟʘʥʷʪʘ (ʩʪʠʨʘʥʠʝ, ʟʘʧʠʩʴ), ʪʨʘʥʟʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʫʩʧʝʰʥʦ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘ 

ʚʳʭʦʜʝ. 

ʇʘʤʷʪʴ ʜʦʩʪʫʧʥʘ ʜʣʷ ʯʪʝʥʠʷ, ʟʘʧʠʩʠ, ʧʦʣʥʦʛʦ ʠ ʧʦʩʪʨʘʥʠʯʥʦʛʦ ʩʪʠʨʘʥʠʷ ʯʝʨʝʟ 

ʨʝʛʠʩʪʨʳ ʜʘʥʥʳʭ DATAn (n ʦʪ 0 ʜʦ 3), ʘʜʨʝʩʘ ADDR, ʢʦʤʘʥʜ CMD, ʩʪʘʪʫʩʘ STAT ʙʣʦʢʘ 

FLASH. ɿʘʧʠʩʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʫʶ ʷʯʝʡʢʫ ʧʘʤʷʪʠ. 

ʉʪʠʨʘʥʠʝ ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʧʦʩʪʨʘʥʠʯʥʦ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ Flash-ʧʘʤʷʪʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 60 ʥʩ (ʪʠʧʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ï ʦʪ 30 ʥʩ). ʇʦʵʪʦʤʫ, ʠʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ, ʩʣʝʜʫʝʪ 

ʟʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʩʪʘʙʠʣʴʥʦʛʦ ʯʪʝʥʠʷ ʠʟ Flash-ʧʘʤʷʪʠ.  

ɺ ʪʘʙʣʠʮʝ 7.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ Flash ʧʘʤʷʪʠ 

ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ LDO1 ï 1,2 ɺ. ɿʥʘʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ Flash ʧʘʤʷʪʠ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ LDO1 0,9 ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7.2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʝʛʦ ʠʣʠ ʫʣʴʪʨʘ 

ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʝʛʦ ʨʝʞʠʤʘ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ LDO1 ʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʜʦ 0,9 ɺ ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʝʛʠʩʪʨ ʝ LP ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ LPEN. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʢ Flash ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ. 
 

ʊʘʙʣʠʮʘ 7.1 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ (ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ) ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ SYSCLK ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 1,2 ɺ LDO1  

fSYSCLK,  
ʥʝ ʙʦʣʝʝ, ʄɻʮ 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ  
ʧʨʠ ʯʪʝʥʠʠ Flash-ʧʘʤʷʪʠ 

60 1 
30 0 

ʇʨʠʤʝʯʘʥʠʝ ï ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʩʣʝ ʩʙʨʦʩʘ ʨʘʚʥʦ 1. 

 
ʊʘʙʣʠʮʘ 7.2 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ (ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ) ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ SYSCLK ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 0,9 ɺ LDO1  

fSYSCLK,  
ʥʝ ʙʦʣʝʝ, ʄɻʮ 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ  
ʧʨʠ ʯʪʝʥʠʠ Flash-ʧʘʤʷʪʠ 

60 3 
45 2 
30 1 
15 0 

ʇʨʠʤʝʯʘʥʠʝ ï ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʩʣʝ ʩʙʨʦʩʘ ʨʘʚʥʦ 1. 

 

ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ (1 ʄʙʘʡʪ), ʜʦʩʪʫʧʥʦʡ ʢʘʢ ʯʝʨʝʟ ʛʣʦʙʘʣʴʥʦʝ 

ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʘʢ ʠ ʯʝʨʝʟ ʨʝʛʠʩʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ, ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

NVR ʦʙʣʘʩʪʴ (ʜʚʝ ʩʪʨʘʥʠʮʳ ʧʦ 4 ʂʙʘʡʪ ʚ ʜʠʘʧʘʟʦʥʝ 0x0000 ï 0x1FFF). ɺ ʧʦʩʣʝʜʥʝʡ ʷʯʝʡʢʝ 

ʚʪʦʨʦʡ ʩʪʨʘʥʠʮʳ NVR ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝ ʩʣʦʚʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

CFGWORD. NVR ʦʙʣʘʩʪʴ ʜʦʩʪʫʧʥʘ ʜʣʷ ʯʪʝʥʠʷ, ʟʘʧʠʩʠ ʠ ʧʦʩʪʨʘʥʠʯʥʦʛʦ ʩʪʠʨʘʥʠʷ ʪʦʣʴʢʦ 

ʯʝʨʝʟ ʨʝʛʠʩʪʨʳ ʙʣʦʢʘ FLASH.  
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ʆʧʝʨʘʮʠʷ ʧʨʝʜʚʳʙʦʨʢʠ 

ʇʨʠ ʟʘʧʨʦʩʝ ʜʘʥʥʳʭ ʥʘ ʰʠʥʝ ʧʦ ʘʜʨʝʩʫ, ʧʦ ʢʦʪʦʨʦʤʫ ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʝʜʚʳʙʦʨʢʘ, 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

1 ʉʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ ʥʘ ʰʠʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʦʣʴ ʠ ʟʘʜʝʨʞʠʚʘʝʪ ʪʨʘʥʟʘʢʮʠʶ.  

2 ʇʦ ʟʘʧʨʘʰʠʚʘʝʤʦʤʫ ʘʜʨʝʩʫ ʩʯʠʪʳʚʘʶʪʩʷ 4 32-ʙʠʪʥʳʭ ʩʣʦʚ (128 ʙʠʪ) ʜʘʥʥʳʭ ʠʟ 

Flash-ʧʘʤʷʪʠ. ɼʘʣʝʝ ʵʪʠ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʚʳʡ ʙʫʬʝʨ. 

3 ʊʨʝʙʫʝʤʦʝ ʩʣʦʚʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʰʠʥʫ, ʠ ʩʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ. 

4 ʉʨʘʟʫ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʠʛʥʘʣʘ ʛʦʪʦʚʥʦʩʪʠ ʠʟ Flash-ʧʘʤʷʪʠ ʩʯʠʪʳʚʘʶʪʩʷ 128 ʙʠʪ 

ʜʘʥʥʳʭ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʜʨʝʩʫ. ɼʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚʦ ʚʪʦʨʦʤ ʙʫʬʝʨʝ. ɽʩʣʠ ʚʦ ʚʨʝʤʷ 

ʩʯʠʪʳʚʘʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʷʚʣʷʶʪʩʷ ʟʘʧʨʦʩʳ ʧʦ ʘʜʨʝʩʘʤ, ʩʦʭʨʘʥʝʥʥʳʤ ʚ ʧʝʨʚʦʤ ʙʫʬʝʨʝ, 

ʦʪʚʝʪ ʚʦʟʥʠʢʘʝʪ ʤʛʥʦʚʝʥʥʦ, ʝʩʣʠ ʧʦ ʜʨʫʛʠʤ ʘʜʨʝʩʘʤ, ʪʦ ʛʦʪʦʚʥʦʩʪʴ ʥʘ ʰʠʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʦʣʴ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʞʠʜʘʥʠʝ ʟʘʚʝʨʰʝʥʠʷ ʩʯʠʪʳʚʘʥʠʷ ʚʦ ʚʪʦʨʦʡ ʙʫʬʝʨ ʠ 

ʜʘʣʝʝ ʚʦʟʚʨʘʪ ʢ ʜʝʡʩʪʚʠʶ 2. 

5 ɽʩʣʠ ʧʨʠʭʦʜʷʪ ʟʘʧʨʦʩʳ ʧʦ ʘʜʨʝʩʘʤ, ʩʦʭʨʘʥʝʥʥʳʤ ʚ ʧʝʨʚʦʤ ʙʫʬʝʨʝ, ʦʪʚʝʪ ʚʦʟʥʠʢʘʝʪ 

ʤʛʥʦʚʝʥʥʦ, ʝʩʣʠ ʧʦ ʘʜʨʝʩʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʦ ʚʪʦʨʦʤ ʙʫʬʝʨʝ, ʦʪʚʝʪ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ 

ʤʛʥʦʚʝʥʥʦ. ɼʘʣʝʝ ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʧʝʨʚʳʡ ʙʫʬʝʨ ʟʥʘʯʝʥʠʝʤ ʚʪʦʨʦʛʦ ʠ ʩʯʠʪʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʘʜʨʝʩ ʠʟ Flash-ʧʘʤʷʪʠ. ɽʩʣʠ ʧʨʠʭʦʜʷʪ ʟʘʧʨʦʩʳ ʧʦ ʘʜʨʝʩʘʤ ʥʝ ʠʟ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʙʫʬʝʨʦʚ, ʪʦ ʚʦʟʚʨʘʪ ʢ ʜʝʡʩʪʚʠʶ 1. 

 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝ ʩʣʦʚʦ CFGWORD 

ɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ Flash-ʧʘʤʷʪʠ ʨʘʩʧʦʣʦʞʝʥʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝ ʩʣʦʚʦ 

CFGWORD, ʩʦʜʝʨʞʘʱʝʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʆʧʠʩʘʥʠʝ ʙʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 7.3. ʏʪʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʩʣʦʚʘ ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʢʘʞʜʳʡ ʨʘʟ ʧʦʩʣʝ 

ʩʙʨʦʩʘ ʧʦ ʚʢʣʶʯʝʥʠʶ (POR). 

 

ʊʘʙʣʠʮʘ 7.3 ï ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝ ʩʣʦʚʦ CFGWORD 

 

CFGWORD +1FF0h (ʩʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʛʦ ʘʜʨʝʩʘ CFG ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ FLASH) 

 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

JTAGEN 2 ɹʠʪ ʨʘʟʨʝʰʝʥʠʷ ʨʘʙʦʪʳ ʠʥʪʝʨʬʝʡʩʘ JTAG 

0 ʆʪʢʣʘʜʢʘ ʦʪʢʣʶʯʝʥʘ 

1 ʆʪʢʣʘʜʢʘ ʚʢʣʶʯʝʥʘ (ʧʦ ʫʤʦʣʯʘʥʠʶ) 

CFGWE 1 ɹʠʪ ʚʢʣʶʯʝʥʠʷ ʟʘʱʠʪʳ CFG ʦʙʣʘʩʪʠ Flash-ʧʘʤʷʪʠ 

0 ɿʘʧʨʝʪ ʟʘʧʠʩʠ ʠ ʩʪʠʨʘʥʠʷ CFG ʦʙʣʘʩʪʠ 

1 ɿʘʱʠʪʘ ʚʳʢʣʶʯʝʥʘ (ʧʦ ʫʤʦʣʯʘʥʠʶ) 

FLASHWE 0 ɹʠʪ ʚʢʣʶʯʝʥʠʷ ʟʘʱʠʪʳ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ Flash-ʧʘʤʷʪʠ 

0 ɿʘʧʨʝʪ ʟʘʧʠʩʠ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ  

1 ɿʘʱʠʪʘ ʚʳʢʣʶʯʝʥʘ (ʧʦ ʫʤʦʣʯʘʥʠʶ) 

ï 31-3 ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 
   

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʙʠʪʝ FLASHWE ʟʘʧʨʝʱʘʝʪʩʷ ʟʘʧʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʣʘʩʪ ɹ
ʧʘʤʷʪʠ ʯʝʨʝʟ ʨʝʛʠʩʪʨʦʚʳʡ ʠʥʪʝʨʬʝʡʩ. ʆʧʝʨʘʮʠʷ ʟʘʧʠʩʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʦʧʝʨʘʮʠʷ 
ʯʪʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤʳ ʬʣʘʛʦʚ ʠʟ 
ʨʝʛʠʩʪʨʘ STAT. 
 

7.2 ʉʝʨʚʠʩʥʳʡ ʩʙʨʦʩ ʚʩʝʡ Flash-ʧʘʤʷʪʠ  

ɺʦ ʚʨʝʤʷ ʩʙʨʦʩʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʚʳʚʦʜʘ SERVEN. ɽʩʣʠ 

ʚr ʚʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ (ʧʦʜʪʷʥʫʪ ʢ 3,3 ɺ), ʪʦ Flash-ʧʘʤʷʪ ɹ
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ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʯʪʝʥʠʝ ʟʘʧʨʝʱʝʥʦ (ʧʨʠ ʯʪʝʥʠʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʫʣʠ). ʇʨʠ 

ʵʪʦʤ ʠʛʥʦʨʠʨʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʙʠʪʘ JTAGEN. 

ɼʘʣʝʝ ʧʦ ʦʪʣʘʜʦʯʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ JTAG ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʘʥʘ ʢʦʤʘʥʜʘ ʟʘʧʠʩʠ 

ʟʥʘʯʝʥʠʷ 0000_0100h ʚ ʨʝʛʠʩʪʨ SERVCTL ʙʣʦʢʘ PMUSYS, ʧʦʩʣʝ ʯʝʛʦ ʙʫʜʝʪ ʘʢʪʠʚʠʨʦʚʘʥʦ 

ʧʦʣʥʦʝ ʩʪʠʨʘʥʠʝ ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʦʩʥʦʚʥʦʡ ʠ ʟʘʛʨʫʟʦʯʥʦʡ ʧʘʤʷʪʠ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʩʪʠʨʘʥʠʷ ʚ ʵʪʦʤ ʞʝ ʨʝʛʠʩʪʨʝ ʚʳʩʪʘʚʠʪʩʷ ʬʣʘʛ DONE. 

ʉʝʨʚʠʩʥʳʡ ʩʙʨʦʩ Flash ʧʘʤʷʪʠ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ 

ʜʦʩʪʫʧʘ ʧʦ JTAG ʧʦʩʣʝ ʟʘʧʠʩʠ ʧʨʦʛʨʘʤʤ, ʦʪʢʣʶʯʘʶʱʠʭ LDO0, LDO1 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʞʠʤʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 
ʇʨʠʤʝʯʘʥʠʝ ï ɽʩʣʠ ʧʦʣʥʦʝ ʩʪʠʨʘʥʠʝ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʚʦ ʚʨʝʤʷ ʩʙʨʦʩʘ ʥʘ ʚʳʚʦʜʝ SERVEN 

ʜʦʣʞʝʥ ʫʜʝʨʞʠʚʘʪʴʩʷ ʣʦʛʠʯʝʩʢʠʡ ʥʦʣʴ. 
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8 ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ CloudBEAR 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ BM-310 ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ: 

RV32IMFCN_ZBA_ZBB_ZBC_ZBS. ʗʜʨʦ CloudBEAR BM-310S6 ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʚʘ 

ʨʝʞʠʤʘ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʩʪʠ: machine ʠ user. ʈʝʞʠʤ user ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ 

ʠʟʦʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʜʦʚʝʨʝʥʥʦʛʦ ʢʦʜʘ, ʠʩʧʦʣʥʷʝʤʦʛʦ ʚ ʨʝʞʠʤʝ machine.  

ʂʦʥʚʝʡʝʨ BM-310 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʦʧʝʨʘʮʠʠ: 

1 ɻʝʥʝʨʘʮʠʷ ʟʘʧʨʦʩʘ ʚ ʧʦʜʩʠʩʪʝʤʫ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ (PMS). 

2 ʏʪʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ ʠʟ PMS ʠ ʠʟʚʣʝʯʝʥʠʝ ʢʦʤʘʥʜ. ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜʳ. 

ʀʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜʳ. 

ʇʦʜʩʠʩʪʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ (FE) ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʮʠʡ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʦʥʚʝʡʝʨʘ ʠ ʯʘʩʪʠʯʥʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʢʦʥʚʝʡʝʨʘ. 

ɹʣʦʢ FE ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: 

1 IFU - Instruction Fetch Unit - ʩʦʜʝʨʞʠʪ ʣʦʛʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ 

ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ. 

2 IDU - Instruction Decode Unit - ʙʣʦʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʢʮʠʡ. 

3 IFQ - Instruction Fetch Queue - ʦʯʝʨʝʜʴ ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʘ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʙʣʦʢ IFU ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʳ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʘ ʚ 

ʧʦʜʩʠʩʪʝʤʫ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ (PMS), ʠʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʢʘʯʢʠ 

ʦʪ IDU, ʘ ʪʘʢʞʝ ʧʦʜʩʠʩʪʝʤʳ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ (BE). 

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʪʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ ʠʟ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ (PMS). 

ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʜʥʫ ʠʣʠ ʜʚʝ ʢʦʤʘʥʜʳ. IDU ʚʳʧʦʣʥʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʠ ʧʦʤʝʱʘʝʪ ʬʨʘʛʤʝʥʪ ʢʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʜʥʦʡ ʢʦʤʘʥʜʝ, ʚ ʦʯʝʨʝʜʴ 

ʢʦʤʘʥʜ (IFQ). ʇʦʜʩʠʩʪʝʤʘ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ (BE) ʧʦʣʫʯʘʝʪ ʬʨʘʛʤʝʥʪ ʢʦʜʘ ʠʟ ʦʯʝʨʝʜʠ 

ʢʦʤʘʥʜ (ʠʣʠ ʠʟ ʙʘʡʧʘʩʩʘ), ʚʳʧʦʣʥʷʝʪ ʧʦʣʥʦʝ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜʳ, ʩʯʠʪʳʚʘʝʪ ʦʧʝʨʘʥʜʳ 

ʠʟ ʨʝʛʠʩʪʨʦʚʦʛʦ ʬʘʡʣʘ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʚʝʨʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʚʳʧʦʣʥʷʝʪ 

ʢʦʤʘʥʜʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ɺʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʢʦʤʘʥʜ RV32IMC ʟʘʥʠʤʘʝʪ ʦʜʠʥ ʪʘʢʪ, ʢʨʦʤʝ ʢʦʤʘʥʜ 

ʫʤʥʦʞʝʥʠʷ/ʜʝʣʝʥʠʷ: 

- MUL ï 2 ʪʘʢʪʘ; 

- MULH ï 2 ʪʘʢʪʘ; 

- MULHSï 2 ʪʘʢʪʘ; 

- MULHSUï 2 ʪʘʢʪʘ; 

- DIV ï ʦʪ 2 ʜʦ 16 ʪʘʢʪʦʚ; 

- DIVU ï ʦʪ 2 ʜʦ 16 ʪʘʢʪʦʚ; 

- REM ï ʦʪ 2 ʜʦ 16 ʪʘʢʪʦʚ; 

- REMU ï ʦʪ 2 ʜʦ 16 ʪʘʢʪʦʚ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʤʥʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʥʚʝʡʝʨʠʟʦʚʘʥʥʳʤ ʠ ʦʪʚʝʯʘʝʪ ʟʘ 

ʠʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ MUL/MULH[[S]U]. ʀʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʪʝʨʘʪʠʚʥʳʤ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʠʩʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ DIV[U] ʠ REM[U]. ʂʦʤʘʥʜʳ ʜʦʩʪʫʧʘ ʢ CSR 

ʨʝʛʠʩʪʨʘʤ ʠʩʧʦʣʥʷʶʪʩʷ ʚ ʧʫʩʪʦʤ ʢʦʥʚʝʡʝʨʝ. 
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8.1 ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʢʦʤʘʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8.1.  

 

ʊʘʙʣʠʮʘ 8.1 ï ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ  

ʄʥʝʤʦʢʦʜ 

ʢʦʤʘʥʜʳ 

ʌʦʨʤʘʪ ʆʧʝʨʘʥʜʳ ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

1 2 3 4 

LB  I  rd, rs1, imm  ɿʘʛʨʫʟʢʘ ʙʘʡʪʘ  

LH  I  rd, rs1, imm  ɿʘʛʨʫʟʢʘ ʧʦʣʫʩʣʦʚʘ  

LW  I, Cx  rd, rs1, imm  ɿʘʛʨʫʟʢʘ ʩʣʦʚʘ  

LBU  I  rd, rs1, imm  ɿʘʛʨʫʟʢʘ ʙʘʡʪʘ ʙʝʟ ʟʥʘʢʘ  

LHU  I  rd, rs1, imm  ɿʘʛʨʫʟʢʘ ʩʣʦʚʘ ʙʝʟ ʟʥʘʢʘ  

SB  S  rs1, rs2, imm  ʉʦʭʨʘʥʝʥʠʝ ʙʘʡʪʘ  

SH  S  rs1, rs2, imm  ʉʦʭʨʘʥʝʥʠʝ ʧʦʣʫʩʣʦʚʘ  

SW  S, Cx  rs1, rs2, imm  ʉʦʭʨʘʥʝʥʠʝ ʩʣʦʚʘ  

ADD  R, Cx  rd, rs1, rs2  ɸʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʣʦʞʝʥʠʝ  

ADDI  I, Cx  rd, rs1, imm  ɸʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʣʦʞʝʥʠʝ ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ  

SUB  R, Cx  rd, rs1, rs2  ɸʨʠʬʤʝʪʠʯʝʩʢʦʝ ʚʳʯʠʪʘʥʠʝ  

LUI  U  rd, imm  ɿʘʛʨʫʟʢʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ  

AUIPC  U  rd, imm  ɸʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʣʦʞʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

PC ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ  

XOR  R  rd, rs1, rs2  ʃʦʛʠʯʝʩʢʦʝ ʠʩʢʣʶʯʘʶʱʝʝ ñʀʃʀò  

XORI  I  rd, rs1, imm  ʃʦʛʠʯʝʩʢʦʝ ʠʩʢʣʶʯʘʶʱʝʝ ñʀʃʀò ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ  

OR  R, Cx  rd, rs1, rs2  ʃʦʛʠʯʝʩʢʦʝ ñʀʃʀò  

ORI  I  rd, rs1, imm  ʃʦʛʠʯʝʩʢʦʝ ñʀʃʀò ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ  

AND  R, Cx  rd, rs1, rs2  ʃʦʛʠʯʝʩʢʦʝ ñʀò  

ANDI  I  rd, rs1, imm  ʃʦʛʠʯʝʩʢʦʝ ñʀò ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ  

SLL  R  rd, rs1, rs2  ʃʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʣʝʚʦ  

SLLI  I, Cx  rd, rs1, shamt  ʃʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʣʝʚʦ ʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  

SRL  R  rd, rs1, rs2  ʃʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʧʨʘʚʦ  

SRLI  I  rd, rs1, shamt  ʃʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʧʨʘʚʦ ʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  

SRA  R  rd, rs1, rs2  ɸʨʠʬʤʝʪʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʧʨʘʚʦ  

SRAI  I  rd, rs1, shamt  ɸʨʠʬʤʝʪʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʧʨʘʚʦ ʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  

SLT  R  rd, rs1, rs2  ʉʨʘʚʥʝʥʠʝ ñ<ò  

SLTI  I  rd, rs1, imm  ʉʨʘʚʥʝʥʠʝ ñ<ò ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ  

SLTU  R  rd, rs1, rs2  ʉʨʘʚʥʝʥʠʝ ñ<ò ʩ ʙʝʟʟʥʘʢʦʚʳʤ  

SLTIU  I  rd, rs1, imm  ʉʨʘʚʥʝʥʠʝ ñ<ò ʩ ʙʝʟʟʥʘʢʦʚʳʤ ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ  

BEQ  SB, Cx  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ  

BNE  SB, Cx  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʥʝʨʘʚʝʥʩʪʚʘ  

BLT  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝ  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8.1 

1 2 3 4 

BGE  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ  

BLTU  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝ ʙʝʟʟʥʘʢʦʚʦʛʦ  

BGEU  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 

ʙʝʟʟʥʘʢʦʚʦʛʦ  

JAL  UJ, Cx  rd, imm  ʇʝʨʝʭʦʜ & link  

JALR  UJ, Cx  rd, rs1, imm  ʇʝʨʝʭʦʜ & link register  

FENCE.I  I  -  ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦʪʦʢʘ ʧʦʜʢʘʯʢʠ ʢʦʤʘʥʜ ʠ 

ʧʦʪʦʢʘ ʯʪʝʥʠʷ/ʟʘʧʠʩʠ ʜʘʥʥʳʭ  

RDINSTRET  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʩʯʝʪʯʠʢʘ ʯʠʩʣʘ ʠʩʧʦʣʥʝʥʥʳʭ 

ʠʥʩʪʨʫʢʮʠʡ  

ECALL  I  -  ɿʘʧʨʦʩ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ  

EBREAK  I  -  ʇʝʨʝʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʦʪʣʘʜʢʠ  

RDCYCLE  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʩʯʝʪʯʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ 

ʮʠʢʣʦʚ ʧʨʦʮʝʩʩʦʨʘ  

RDCYCLEH  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʩʪʘʨʰʠʭ ʙʠʪ ʩʯʝʪʯʠʢʘ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʮʠʢʣʦʚ ʧʨʦʮʝʩʩʦʨʘ  

RDTIME  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʟʥʘʯʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʪʘʡʤʝʨʘ ʷʜʨʘ  

RDTIMEH  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʟʥʘʯʝʥʠʷ ʩʪʘʨʰʠʭ ʙʠʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʪʘʡʤʝʨʘ ʷʜʨʘ  

RDINSTRET  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʩʯʝʪʯʠʢʘ ʯʠʩʣʘ ʠʩʧʦʣʥʝʥʥʳʭ 

ʠʥʩʪʨʫʢʮʠʡ  

RDINSTRETH  I  rd  ʇʩʝʚʜʦʠʥʩʪʨʫʢʮʠʷ (alias) ʥʘ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʩʪʘʨʰʠʭ ʙʠʪ ʩʯʝʪʯʠʢʘ ʯʠʩʣʘ 

ʠʩʧʦʣʥʝʥʥʳʭ ʠʥʩʪʨʫʢʮʠʡ  

MUL  R  rd, rs1, rs2  ʋʤʥʦʞʝʥʠʝ  

MULH  R  rd, rs1, rs2  ʋʤʥʦʞʝʥʠʝ ʩ ʚʦʟʚʨʘʪʦʤ ʩʪʘʨʰʠʭ ʙʠʪ 

ʨʝʟʫʣʴʪʘʪʘ  

MULHSU  R  rd, rs1, rs2  ʋʤʥʦʞʝʥʠʝ ʟʥʘʢʦʚʦʛʦ ʥʘ ʙʝʟʟʥʘʢʦʚʦʝ ʩ 

ʚʦʟʚʨʘʪʦʤ ʩʪʘʨʰʠʭ ʙʠʪ ʨʝʟʫʣʴʪʘʪʘ  

MULHU  R  rd, rs1, rs2  ʋʤʥʦʞʝʥʠʝ ʙʝʟʟʥʘʢʦʚʦʛʦ ʥʘ ʙʝʟʟʥʘʢʦʚʦʝ ʩ 

ʚʦʟʚʨʘʪʦʤ ʩʪʘʨʰʠʭ ʙʠʪ ʨʝʟʫʣʴʪʘʪʘ  

DIV  R  rd, rs1, rs2  ɼʝʣʝʥʠʝ  

DIVU  R  rd, rs1, rs2  ɹʝʟʟʥʘʢʦʚʦʝ ʜʝʣʝʥʠʝ  

REM  R  rd, rs1, rs2  ʆʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ  

REMU  R  rd, rs1, rs2  ɹʝʟʟʥʘʢʦʚʳʡ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8.1 

1 2 3 4 

BLT  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝ  

BGE  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ  

BLTU  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝ ʙʝʟʟʥʘʢʦʚʦʛʦ  

BGEU  SB  rs1, rs2, imm  ʇʝʨʝʭʦʜ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 

ʙʝʟʟʥʘʢʦʚʦʛʦ  
ʇʨʠʤʝʯʘʥʠʝ  rs ï ʨʝʛʠʩʪʨ ʠʩʪʦʯʥʠʢ; 

rd ï ʨʝʛʠʩʪʨ ʧʨʠʸʤʥʠʢ; 

imm ʠʣʠ shamt ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʡ ʢʦʤʘʥʜʳ ʠ ʬʦʨʤʘʪʳ ʢʦʤʘʥʜ ʧʨʠʚʝʜʝʥʳ ʚ ʜʦʢʫʤʝʥʪʝ 

çThe RISC-V Instruction Set Manual Volume I: User-Level ISA Document Version 2.2è. 
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9 ʂʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ 

9.1 ʃʦʢʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ (CLINT) 

ɿʘ ʛʝʥʝʨʘʮʠʶ ʟʘʧʨʦʩʦʚ (ʩʠʛʥʘʣʦʚ) ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʝʨʳʚʘʥʠʡ (machine software 

interrupt) ʠ ʧʨʝʨʳʚʘʥʠʡ ʪʘʡʤʝʨʘ (machine timer interrupt) ʦʪʚʝʯʘʝʪ ʣʦʢʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ 

ʧʨʝʨʳʚʘʥʠʡ (ʉore Local Interrupt Controller, CLINT). CLINT ʩʦʜʝʨʞʠʪ ʨʝʛʠʩʪʨʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʝʨʳʚʘʥʠʷʤʠ ʠ ʧʨʝʨʳʚʘʥʠʷʤʠ ʪʘʡʤʝʨʘ. ʂʘʨʪʘ ʨʝʛʠʩʪʨʦʚ 

CLINT ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 9.1. 

 

ʊʘʙʣʠʮʘ 9.1 ï ʂʘʨʪʘ ʨʝʛʠʩʪʨʦʚ CLINT 

ɸʜʨʝʩ ʅʘʟʚʘʥʠʝ ʆʧʠʩʘʥʠʝ ɼʦʩʪʫʧ 

0x0000 CLINT_MSIP0 ʈʝʛʠʩʪʨ ʟʘʧʨʦʩʘ/ʩʥʷʪʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʝʨʳʚʘʥʠʷ 

R/W 

0x4000 CLINT_MTIMECMP ʈʝʛʠʩʪʨ ʩʨʘʚʥʝʥʠʷ ʪʘʡʤʝʨʘ R/W 

0xBFF8 CLINT_MTIME ʈʝʛʠʩʪʨ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨʘ R 

 

ɿʘʧʨʦʩ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʝʨʳʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ/ʩʥʷʪ ʯʝʨʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʛʠʩʪʨ CLINT_MSIP0, ʥʫʣʝʚʦʡ ʙʠʪ ʢʦʪʦʨʦʛʦ (MSIP) ʦʪʨʘʞʘʝʪ ʞʜʫʱʝʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʝʨʳʚʘʥʠʝ. 

ʈʝʛʠʩʪʨ CLINT_MTIMECMP0 ʩʦʜʝʨʞʠʪ 64-ʙʠʪʥʦʝ ʟʥʘʯʝʥʠʝ ʪʘʡʤʝʨʘ. ɿʥʘʯʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʠʛʥʘʣʫ SYSCLK. ʉʪʨʫʢʪʫʨʘ ʨʝʛʠʩʪʨʘ CLINT_MTIMECMP ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 9.2.  

 

ʊʘʙʣʠʮʘ 9.2 ï ʉʪʨʫʢʪʫʨʘ ʨʝʛʠʩʪʨʘ CLINT_MTIMECMP 

ɹʠʪʳ ʅʘʟʚʘʥʠʝ ʆʧʠʩʘʥʠʝ ɼʦʩʪʫʧ 

[31:0] MTIMECMPL ʄʣʘʜʰʘʷ ʯʘʩʪʴ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ R 

[63:32] MTIMECMPH ʉʪʘʨʰʘʷ ʯʘʩʪʴ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ R 

 

ʉʪʨʫʢʪʫʨʘ ʨʝʛʠʩʪʨʘ CLINT_MTIME ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 9.3. 

 

ʊʘʙʣʠʮʘ 9.3 ï ʉʪʨʫʢʪʫʨʘ ʨʝʛʠʩʪʨʘ CLINT_MTIME 

ɹʠʪʳ ʅʘʟʚʘʥʠʝ ʆʧʠʩʘʥʠʝ ɼʦʩʪʫʧ 

[31:0] MTIMEL  ʄʣʘʜʰʘʷ ʯʘʩʪʴ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨʘ R 

[63:32] MTIMEH ʉʪʘʨʰʘʷ ʯʘʩʪʴ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨʘ R 

 

 

9.2 ʂʦʥʪʨʦʣʣʝʨ ʦʙʨʘʙʦʪʢʠ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ (PLIC) 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʦʙʨʘʙʦʪʢʠ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 9.1.  

ɺʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ ʧʨʝʨʳʚʘʥʠʡ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʚʭʦʜʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʯʝʨʝʟ ʩʠʛʥʘʣ int_global. ʉʠʛʥʘʣʳ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ int_global, 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʠʥʭʨʦʥʥʳ ʩ ʪʘʢʪʦʚʳʤ ʩʠʛʥʘʣʦʤ clk. ɿʘʧʨʦʩʳ ʧʨʝʨʳʚʘʥʠʡ int_global ʷʚʣʷʶʪʩʷ 

edge-sensitive ʩʠʛʥʘʣʘʤʠ. 

ʉʠʛʥʘʣʳ int_global ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʙʣʦʢʫ IGW (interrupt gateway). ʇʨʠ ʧʦʷʚʣʝʥʠʠ 

ʘʢʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʚ ʙʠʪʝ ʩʠʛʥʘʣʘ int_global ʥʘ ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʩʠʛʥʘʣʘ clk ʙʣʦʢ IGW 

ʬʦʨʤʠʨʫʝʪ ʚ ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ ʟʘʧʨʦʩ ʢ PLIC. ɿʘʧʨʦʩ ʚ PLIC ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴʩʷ ʜʦ ʧʨʠʭʦʜʘ 

ʦʪ PLIC ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦ ʟʘʚʝʨʰʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ (interrupt completion). 

ɿʥʘʯʝʥʠʝ ʙʠʪʘ ʩʠʛʥʘʣʘ int_global ʠʛʥʦʨʠʨʫʝʪʩʷ ʧʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ ʟʘʧʨʦʩʘ ʠ ʜʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦ ʟʘʚʝʨʰʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ. ʇʦʵʪʦʤʫ PLIC ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʚʣʦʞʝʥʥʳʝ ʧʨʝʨʳʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 9.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʦʙʨʘʙʦʪʢʠ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ 

 

ɹʣʦʢ PLIC ʧʦʣʫʯʘʝʪ ʚʭʦʜʥʳʝ ʟʘʧʨʦʩʳ ʧʨʝʨʳʚʘʥʠʡ ʦʪ IGW ʠ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʳ ʢ 

ʷʜʨʘʤ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʩʠʛʥʘʣʠʟʠʨʫʶʪ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ 

ʧʨʝʨʳʚʘʥʠʷ, ʦʞʠʜʘʶʱʝʛʦ ʦʙʨʘʙʦʪʢʠ ʷʜʨʦʤ ʚ machine ʨʝʞʠʤʝ (ʩʠʛʥʘʣ int_meip) ʠ/ʠʣʠ user 

ʨʝʞʠʤʝ (ʩʠʛʥʘʣ int_ueip). ʉʠʛʥʘʣʳ int_meip ʠ int_ueip ʬʦʨʤʠʨʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʷʜʨʘ 

ʦʪʜʝʣʴʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʥʪʝʢʩʪʳ ʦʙʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷʤʠ ʚ PLIC: 

1 ʂʦʥʪʝʢʩʪ machine ʫʨʦʚʥʷ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʩʪʠ (M-ʢʦʥʪʝʢʩʪ) ʷʜʨʘ. 

2 ʂʦʥʪʝʢʩʪ user ʫʨʦʚʥʷ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʩʪʠ (U-ʢʦʥʪʝʢʩʪ) ʷʜʨʘ. 

 

 

9.3 ʆʙʟʦʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʎʠʢʣ ʧʨʝʨʳʚʘʥʠʷ 

1 ʉʦʩʪʦʷʥʠʝ ʣʠʥʠʠ ʧʨʝʨʳʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʥʘʩʪʨʦʡʢʦʡ 

ʨʝʞʠʤʘ MODE ʧʨʝʨʳʚʘʥʠʷ. 

2 ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʠʪ ʦʞʠʜʘʥʠʷ ʧʨʝʨʳʚʘʥʠʷ. ɹʠʪ ʦʞʠʜʘʥʠʷ ʧʨʝʨʳʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʯʠʱʝʥ ʧʫʪʝʤ ʟʘʧʠʩʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʩʭʦʜʥʳʡ ʨʝʛʠʩʪʨ MODE ʠʣʠ ʧʦ ʩʦʙʳʪʠʶ çstart 

of interruptè. 

3 ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʠʛʥʘʣ EIP ʜʣʷ ʩʚʷʟʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ. 

4 ɿʘʧʨʦʩ çStart of interruptè ʦʙʨʘʙʦʪʯʠʢʘ ʧʨʝʨʳʚʘʥʠʡ ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ 

çʚ ʦʙʨʘʙʦʪʢʝè (çin serviceè) ʞʜʫʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ ʩ ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

5 ʂʦʛʜʘ ʦʙʨʘʙʦʪʯʠʢ ʟʘʚʝʨʰʘʝʪ ʦʙʨʘʙʦʪʢʫ ʧʨʝʨʳʚʘʥʠʷ, ʦʥ ʦʪʧʨʘʚʣʷʝʪ ʩʦʦʙʱʝʥʠʝ 

çʢʦʥʝʮ ʧʨʝʨʳʚʘʥʠʷè (çend of interruptè). 

 

ɿʘʧʨʦʩʳ ʧʨʝʨʳʚʘʥʠʡ 

ʂʘʞʜʳʡ ʧʨʠʸʤʥʠʢ ʧʨʝʨʳʚʘʥʠʡ ʠʤʝʝʪ EIP ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʫʚʝʜʦʤʣʷʝʪ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʨʘʟʨʝʰʸʥʥʦʛʦ ʞʜʫʱʝʛʦ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ. ʉʠʛʥʘʣ EIP ʘʢʪʠʚʠʨʫʝʪʩʷ 
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ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʧʨʠʦʨʠʪʝʪʘ ʞʜʫʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ ʩʪʨʦʛʦ ʚʳʰʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʦʛʘ. 

 

ʊʘʙʣʠʮʘ ʧʨʝʨʳʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʯʝʥʴ ʚʝʢʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʙʦʪʯʠʢʘʤ ʧʨʝʨʳʚʘʥʠʡ, ʩʤ. ʪʘʙʣʠʮʫ 9.1. 

 

ʊʘʙʣʠʮʘ 9.1 ï ʊʘʙʣʠʮʘ ʧʨʝʨʳʚʘʥʠʡ 

ʅʦʤʝʨ 

ʚʝʢʪʦʨʘ 
ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ 

1 WDT ʇʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ 

2 CAN_IRQ0 ʇʨʝʨʳʚʘʥʠʷ ʙʣʦʢʘ CAN, ʣʠʥʠʷ 0 

3 CAN_IRQ1 ʇʨʝʨʳʚʘʥʠʷ ʙʣʦʢʘ CAN, ʣʠʥʠʷ 1 

4 USB ʇʨʝʨʳʚʘʥʠʷ ʙʣʦʢʘ USB 

5 GPIO ʇʨʝʨʳʚʘʥʠʷ ʧʦʨʪʦʚ GPIO 

6 TMR32 ʇʨʝʨʳʚʘʥʠʝ 32-ʨʘʟʨʷʜʥʦʛʦ ʪʘʡʤʝʨʘ 

7 TMR0 ʇʨʝʨʳʚʘʥʠʝ ʪʘʡʤʝʨʘ 0 

8 TMR1 ʇʨʝʨʳʚʘʥʠʝ ʪʘʡʤʝʨʘ 1 

9 TMR2 ʇʨʝʨʳʚʘʥʠʝ ʪʘʡʤʝʨʘ 2 

10 QSPI ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ QSPI 

11 SPI0 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ SPI0 

12 SPI1 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ SPI1 

13 DMA_CH_0_1_2 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 0,1,2 

14 DMA_CH_3_4_5 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 3,4,5 

15 DMA_CH_  ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 6,7,8 

16 DMA_CH_9_10_11 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 9,10,11 

17 DMA_CH_12_13_14 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 12,13,14 

18 DMA_CH_15_16_17 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 15,16,17 

19 DMA_CH_18_19_20 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 18,19,20 

20 DMA_CH_21_22_23 ʇʨʝʨʳʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʧʦ ʢʘʥʘʣʘʤ 21,22,23 

21 I2C ʇʨʝʨʳʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ I2C 

22 UART0 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ UART0 

23 UART1 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ UART1 

24 UART2 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ UART2 

25 UART3 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ UART3 

26 UART4 ʆʙʱʝʝ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ UART4 

27 CRYPTO_HASH_CRC ʇʨʝʨʳʚʘʥʠʝ ʙʣʦʢʦʚ CRYPTO ʠ HASH, CRC0, CRC1 

28 TRNG ʇʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ TRNG 

28 ADC ʇʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ ɸʎʇ ADCSAR ʠ ADCSD 

30 CMP ʇʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ CMP 

31 PMU_RTC ʇʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ PMU_RTC 

 

 

9.4 ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʨʝʨʳʚʘʥʠʡ 

ʂʘʨʪʘ ʨʝʛʠʩʪʨʦʚ ʢʦʥʪʨʦʣʣʝʨʘ PLIC ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 9.2 
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ʊʘʙʣʠʮʘ 9.2 ï ʂʘʨʪʘ ʨʝʛʠʩʪʨʦʚ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ PLIC 

ɸʜʨʝʩ ʆʙʦʟʥʘʯʝʥʠʝ ʆʧʠʩʘʥʠʝ 

0x0C000004 PRI[1] ʈʝʛʠʩʪʨ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ 1 

(WDT) 

0x0C000008 PRI[2] ʈʝʛʠʩʪʨ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ 2 

(CAN_IRQ0) 

0x0C00000C PRI[3] ʈʝʛʠʩʪʨ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ 3 

(CAN_IRQ1) 

é 

0x0C00007C PRI[31] ʈʝʛʠʩʪʨ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ 31 

(PMU_RTC) 

é 

0x0C001000 IPM0 ʈʝʛʠʩʪʨ-ʤʘʩʢʘ 0 ʥʘʣʠʯʠʷ ʧʨʝʨʳʚʘʥʠʡ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ  

1  31 (ʙʠʪ 0 ʩʯʠʪʳʚʘʝʪʩʷ ʚʩʝʛʜʘ 0) (ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ) 

é 

0x0C002000 MIEM0 ʈʝʛʠʩʪʨ-ʤʘʩʢʘ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʚ machine ʨʝʞʠʤʝ 

ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ 1  31 (ʙʠʪ 0 ʩʯʠʪʳʚʘʝʪʩʷ ʚʩʝʛʜʘ 0) 

é 

0x0C002080 UIEM0 ʈʝʛʠʩʪʨ-ʤʘʩʢʘ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʚ user ʨʝʞʠʤʝ ʜʣʷ 

ʠʩʪʦʯʥʠʢʦʚ 1  31 (ʙʠʪ 0 ʩʯʠʪʳʚʘʝʪʩʷ ʚʩʝʛʜʘ 0) 

é 

0x0C004000 NINT ʈʝʛʠʩʪʨ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʨʳʚʘʥʠʡ (ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ) 

0x0C004004 NPRI ʈʝʛʠʩʪʨ ʢʦʣʠʯʝʩʪʚʘ ʫʨʦʚʥʝʡ ʧʨʠʦʨʠʪʝʪʦʚ (ʪʦʣʴʢʦ ʜʣʷ 

ʯʪʝʥʠʷ) 

é 

0x0C200000 MTHR ʈʝʛʠʩʪʨ ʧʦʨʦʛʘ ʧʨʠʦʨʠʪʝʪʘ ʧʨʝʨʳʚʘʥʠʡ ʚ machine ʨʝʞʠʤʝ 

0x0C200004 MICC ʈʝʛʠʩʪʨ ʚʟʷʪʠʷ/ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ ʚ 

machine ʨʝʞʠʤʝ 

é 

0x0C201000 UTHR ʈʝʛʠʩʪʨ ʧʦʨʦʛʘ ʧʨʠʦʨʠʪʝʪʘ ʧʨʝʨʳʚʘʥʠʡ ʚ user ʨʝʞʠʤʝ 

0x0C201004 UICC ʈʝʛʠʩʪʨ ʚʟʷʪʠʷ/ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘ- 

ʥʠʷ ʚ user ʨʝʞʠʤʝ 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ n ʩʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʳʡ ʨʝʛʠʩʪʨ PRI[n], 

ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʜʘʪʴ ʝʛʦ ʧʨʠʦʨʠʪʝʪ. ʂʦʥʪʨʦʣʣʝʨ ʧʨʝʨʳʚʘʥʠʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʝʤʴ ʫʨʦʚʥʝʡ 

ʧʨʠʦʨʠʪʝʪʘ ʧʨʝʨʳʚʘʥʠʡ. ʇʨʠʦʨʠʪʝʪʳ ʧʨʝʨʳʚʘʥʠʡ ʥʫʤʝʨʫʶʪʩʷ ʩ ʧʝʨʚʦʛʦ (ʥʠʟʢʠʡ) ʧʦ 

ʩʝʜʴʤʦʡ (ʚʳʩʦʢʠʡ). ʇʦʩʣʝ ʩʙʨʦʩʘ ʧʨʠʦʨʠʪʝʪ ʧʨʝʨʳʚʘʥʠʷ ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʧʨʝʨʳʚʘʥʠʝ ʟʘʧʨʝʱʝʥʦ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʝʨʳʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʷʟʘʪʝʣʴʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʝʛʦ ʧʨʠʦʨʠʪʝʪ. 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʠʪʦʚ ʦʞʠʜʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʷ ʚ ʷʜʨʝ PLIC ʤʦʞʝʪ ʙʳʪʴ 

ʩʯʠʪʘʥʦ ʠʟ ʨʝʛʠʩʪʨʘ IPM0. ɹʠʪ ʦʞʠʜʘʥʠʷ ʜʣʷ ʥʦʤʝʨʘ ʧʨʝʨʳʚʘʥʠʷ N ʭʨʘʥʠʪʩʷ ʚ ʙʠʪʝ N. ɹʠʪ 

0 ʩʣʦʚʘ 0, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʫʱʝʩʪʚʫʶʱʠʡ ʠʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʷ 0, ʚʩʝʛʜʘ 

ʘʧʧʘʨʘʪʥʦ ʦʙʥʫʣʸʥ. 

ɹʠʪʳ ʦʞʠʜʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʨʝʛʠʩʪʨʝ IPM0, ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ. ɹʠʪ 

ʦʞʠʜʘʥʠʷ ʚ ʷʜʨʝ PLIC ʦʯʠʱʘʝʪʩʷ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ (ʧʦ ʩʦʙʳʪʠʶ çStart 

of interruptè) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʄʦʜʫʣʴ gateway ʥʘʧʨʘʚʣʷʝʪ ʥʦʚʳʡ ʟʘʧʨʦʩ 

ʧʨʝʨʳʚʘʥʠʷ ʚ ʷʜʨʦ ʢʦʥʪʨʦʣʣʝʨʘ PLIC ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʳʜʫʱʝʛʦ ʟʘʧʨʦʩʘ ʧʨʝʨʳʚʘʥʠʷ ʠʟ ʪʦʛʦ ʞʝ ʠʩʪʦʯʥʠʢʘ, ʟʘʚʝʨʰʝʥʘ. ɽʩʣʠ 

ʠʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʫʨʦʚʥʶ, ʦʪʢʣʶʯʘʝʪ ʧʨʝʨʳʚʘʥʠʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʷʜʨʦ PLIC ʫʩʪʘʥʦʚʠʪ ʙʠʪ IP ʠ ʧʨʝʞʜʝ, ʯʝʤ ʧʨʝʨʳʚʘʥʠʝ ʙʫʜʝʪ ʦʙʩʣʫʞʝʥʦ, IP ʙʠʪ ʦʩʪʘʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʠ ʠʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʷ ʙʫʜʝʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʦʙʨʘʙʦʪʯʠʢʦʤ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 
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ʜʦʣʞʝʥ ʙʫʜʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʦ ʚʳʟʚʘʚʰʝʝ ʧʨʝʨʳʚʘʥʠʝ ʙʦʣʴʰʝ ʥʝ ʪʨʝʙʫʝʪ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʈʝʛʠʩʪʨ rMIEM0 ʠ UIEM0 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʪʦʚʫʶ ʤʘʩʢʫ. ɽʜʠʥʠʮʘ ʚ i-ʙʠʪʝ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʦʪʧʨʘʚʢʠ ʧʨʝʨʳʚʘʥʠʷ ʦʪ (i ī 1) ʠʩʪʦʯʥʠʢʘ ʚ ʘʧʧʘʨʘʪʥʳʡ ʧʦʪʦʢ 

ʠʩʧʦʣʥʝʥʠʷ; ʥʦʣʴ ï ʥʘ ʟʘʧʨʝʱʝʥʠʝ. ʇʦʩʣʝ ʩʙʨʦʩʘ PLIC ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʙʠʪʦʚ ʚ ʨʝʛʠʩʪʨʝ 

MIEM0/UIEM0 ʩʙʨʦʰʝʥʳ ʚ 0. ʇʦ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʥʠʤʘʪʴ ʧʨʝʨʳʚʘʥʠʷ, ʇʆ ʜʦʣʞʥʦ 

ʨʘʟʨʝʰʠʪʴ ʦʙʨʘʙʦʪʢʫ ʞʝʣʘʝʤʳʭ ʧʨʝʨʳʚʘʥʠʡ ʧʫʪʝʤ ʟʘʧʠʩʠ 1 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʪʳ 

ʨʝʛʠʩʪʨʘ MIEM0/UIEM0. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ 1 ʪʦʣʴʢʦ ʪʝ ʙʠʪʳ MIEM0/UIEM0, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʩʪʦʯʥʠʢʘʤ, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʷʜʨʫ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʦʪ ʥʝʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

 

9.5 ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ 

ʀʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʡ (interrupt source) ʯʝʨʝʟ PLIC ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʚ ʷʜʨʦ ʦ ʥʘʣʠʯʠʠ 

ʧʨʝʨʳʚʘʥʠʷ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʨʦʚʝʨʦʢ ʦ ʜʦʧʫʩʪʠʤʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʧʨʝʨʳʚʘʥʠʷ (ʧʨʠ ʛʦʪʦʚʥʦʩʪʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʨʳʚʘʥʠʡ), PLIC ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ int_meip ʢ ʷʜʨʫ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʥʘʣʠʯʠʝ ʧʨʝʨʳʚʘʥʠʷ, ʛʦʪʦʚʦʛʦ ʢ ʦʙʨʘʙʦʪʢʝ. ʉʠʛʥʘʣ int_meip ʧʦʜʢʣʶʯʘʝʪʩʷ ʚ CSR ʨʝʛʠʩʪʨ 

mip ʚ ʙʠʪ MEIP (machine external interrupt pending, ʙʠʪ 11.  

ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʩʝ ʧʨʝʨʳʚʘʥʠʷ ʚʦ ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʩʪʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ machine ʨʝʞʠʤʝ. ɽʩʣʠ ʧʨʝʨʳʚʘʥʠʷ ʥʝ ʟʘʧʨʝʱʝʥʳ (ʚ ʨʝʛʠʩʪʨʝ mie 

ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ MEIE ʠ ʚ ʨʝʛʠʩʪʨʝ mstatus ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ MIE), ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʦʙʨʘʙʦʪʯʠʢ ʧʨʝʨʳʚʘʥʠʷ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʘʜʨʝʩ ʦʙʨʘʙʦʪʯʠʢʘ ʧʨʝʨʳʚʘʥʠʡ), ʘ ʚ 

ʨʝʛʠʩʪʨ mcause ʟʘʧʠʩʳʚʘʝʪʩʷ çʧʨʠʯʠʥʘè, ʪ.ʝ. ʪʠʧ ʠʩʪʦʯʥʠʢʘ, ʚʳʟʚʘʚʰʝʛʦ ʧʨʝʨʳʚʘʥʠʝ. ɼʣʷ 

ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ ʪʠʧ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʝ Machine external interrupt. 

ʆʙʨʘʙʦʪʯʠʢ ʧʨʝʨʳʚʘʥʠʷ ʚ machine ʨʝʞʠʤʝ ʤʦʞʝʪ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʦʙʨʘʙʦʪʢʫ ʧʨʝʨʳʚʘʥʠʷ ʚ 

user ʨʝʞʠʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʙʠʪʘ UEIP (user external interrupt pending, ʙʠʪ 8) ʚ CSR ʨʝʛʠʩʪʨʝ 

uip (ʩʤ. [3]) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʟʦʚʘ ʢʦʤʘʥʜʳ MRET. ʇʨʠ ʵʪʦʤ ʧʨʝʨʳʚʘʥʠʷ ʚ user ʨʝʞʠʤʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ, ʪ.ʝ. ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ UEUE (user external interrupt enable, ʙʠʪ 8) ʚ 

CSR ʨʝʛʠʩʪʨʝ uie (ʩʤ. [3]). 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

CSR ʨʝʛʠʩʪʨʳ medeleg ʠ mideleg ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘ user ʨʝʞʠʤʦʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʨʝʨʳʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ ʚ 

U-ʢʦʥʪʝʢʩʪʝ ʷʜʨʘ ʯʝʨʝʟ ʩʦʦʪʚʝʩʪʚʫʶʱʠʝ ʨʝʛʠʩʪʨʳ PLIC. ʇʨʠ ʵʪʦʤ PLIC ʙʫʜʝʪ ʫʚʝʜʦʤʣʷʪʴ 

ʷʜʨʦ ʦ ʥʘʣʠʯʠʠ ʪʘʢʦʛʦ ʧʨʝʨʳʚʘʥʠʷ ʯʝʨʝʟ ʩʠʛʥʘʣ int_ueip. 

ɼʣʷ çʚʟʷʪʠʷè ʚʥʝʰʥʝʛʦ ʧʨʝʨʳʚʘʥʠʷ ʥʘ ʠʩʧʦʣʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ 

ʯʪʝʥʠʷ ʧʦ ʘʜʨʝʩʫ MMR-ʨʝʛʠʩʪʨʘ ICC. ʕʪʘ ʪʨʘʥʟʘʢʮʠʷ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʚ PLIC ʦ ʪʦʤ, ʯʪʦ 

ʘʧʧʘʨʘʪʥʳʡ ʧʦʪʦʢ ʧʨʠʥʷʣ ʧʨʝʨʳʚʘʥʠʝ ʢ ʠʩʧʦʣʥʝʥʠʶ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʨʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʟʘʧʠʩʠ ʧʦ ʘʜʨʝʩʫ ʨʝʛʠʩʪʨʘ ICC, ʯʪʦ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʚ PLIC ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʧʨʝʨʳʚʘʥʠʷ ʟʘʚʝʨʰʝʥʘ.  

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʡ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʥʘʣʠʯʠʷ ʧʨʝʨʳʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʦʧʨʦʩʘ (poll model), ʚ 

ʢʦʪʦʨʦʡ ʚʤʝʩʪʦ çʦʞʠʜʘʥʠʷè ʧʦʷʚʣʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ ʠ çʟʘʙʨʦʩʘè ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʚ 

ʦʙʨʘʙʦʪʯʠʢ ʧʨʝʨʳʚʘʥʠʷ, ʇʆ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ ʥʘʣʠʯʠʝ ʟʘʧʨʦʩʦʚ ʥʘ 

ʧʨʝʨʳʚʘʥʠʷ ʧʫʪʝʤ ʯʪʝʥʠʷ ʨʝʛʠʩʪʨʘ IPM. ʇʆ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ çʚʟʷʪʠʝè ʧʨʝʨʳʚʘʥʠʷ 

ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʫʪʝʤ ʯʪʝʥʠʷ ʨʝʛʠʩʪʨʘ ICC.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʯʪʝʥʠʝ 

IPM ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʝʝ ʯʪʝʥʠʝ ICC ʚʝʨʥʝʪ ʧʨʝʨʳʚʘʥʠʝ ʩ ʪʝʤ ʞʝ ʥʦʤʝʨʦʤ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʯʪʝʥʠʝ ICC ʤʦʞʝʪ ʚʝʨʥʫʪʴ ʧʨʝʨʳʚʘʥʠʝ ʩ ʪʝʤ ʞʝ ʥʦʤʝʨʦʤ ʠʣʠ ʩ ʜʨʫʛʠʤ 

ʥʦʤʝʨʦʤ, ʘ ʪʘʢʞʝ ʚʝʨʥʫʪʴ ʥʦʤʝʨ 0, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʨʳʚʘʥʠʷ. 
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10 ʂʦʥʪʨʦʣʣʝʨ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ DMA  

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

- 24 ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ DMA; 

- ʢʘʞʜʳʡ ʢʘʥʘʣ DMAi (ʛʜʝ i ʦʪ 0 ʜʦ 23) ʠʤʝʝʪ ʩʚʦʠ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ 

ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʫʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʘ; 

- ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʥʦʤʝʨʦʤ ʢʘʥʘʣʘ DMAi; 

- ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʆɿʋ:  

ʧʘʤʷʪʴ ï ʧʘʤʷʪʴ, ʧʘʤʷʪʴ ï ʧʝʨʠʬʝʨʠʷ, ʧʝʨʠʬʝʨʠʷ ï ʧʘʤʷʪʴ; 

- ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʮʠʢʣʦʚ DMA; 

- ʧʦʜʜʝʨʞʢʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ; 

- ʧʦʜʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ; 

- ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ DMAi ʜʦʩʪʫʧʥʘ ʧʝʨʚʠʯʥʘʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ; 

- ʚʩʝ ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʭʨʘʥʷʪʩʷ ʚ ʆɿʋ ʚ ʩʪʨʫʢʪʫʨʝ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ; 

- ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ ʨʘʚʥʘ ʨʘʟʨʷʜʥʦʩʪʠ ʜʘʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʘ; 

- ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ ʚ ʦʜʥʦʤ ʮʠʢʣʝ ʤʦʞʝʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴʩʷ ʦʪ 1 ʜʦ 1024; 

- ʠʥʢʨʝʤʝʥʪ ʘʜʨʝʩʘ ʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʠ ʧʦ ʩʠʛʥʘʣʘʤ ʦʪ ʙʣʦʢʦʚ: GPIO, TMR32, TMR, UART, 

SPI, ADCSAR, HASH. 

ɸʧʧʘʨʘʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʧʨʦʩʦʚ ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 10.1. 

ʊʘʙʣʠʮʘ 10.1 ï ɸʧʧʘʨʘʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʧʨʦʩʦʚ ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʣʝʨʘ DMA 

ʅʦʤʝʨ 

ʢʘʥʘʣʘ 

ɸʧʧʘʨʘʪʥʳʡ ʠʩʪʦʯʥʠʢ 

ʟʘʧʨʦʩʦʚ 

ʆʧʠʩʘʥʠʝ 

0 GPIOA ʂʘʥʘʣ DMA ʦʪ ʧʦʨʪʘ GPIOA 

1 GPIOB ʂʘʥʘʣ DMA ʦʪ ʧʦʨʪʘ GPIOB 

2 GPIOC ʂʘʥʘʣ DMA ʦʪ ʧʦʨʪʘ GPIOC 

3 - - 

4 TMR32 ʂʘʥʘʣ DMA ʦʪ TMR32 

5 TMR0 ʂʘʥʘʣ DMA ʦʪ TMR0 

6 TMR1 ʂʘʥʘʣ DMA ʦʪ TMR1 

7 TMR2 ʂʘʥʘʣ DMA ʦʪ TMR2 

8 UART0_TX ʂʘʥʘʣ DMA ʦʪ UART0 ʧʦ ʧʝʨʝʜʘʯʝ 

9 UART1_TX ʂʘʥʘʣ DMA ʦʪ UART1 ʧʦ ʧʝʨʝʜʘʯʝ 

10 UART2_TX ʂʘʥʘʣ DMA ʦʪ UART2 ʧʦ ʧʝʨʝʜʘʯʝ 

11 UART0_RX ʂʘʥʘʣ DMA ʦʪ UART0 ʧʦ ʧʨʠʝʤʫ 

12 UART1_RX ʂʘʥʘʣ DMA ʦʪ UART1 ʧʦ ʧʨʠʝʤʫ 

13 UART2_RX ʂʘʥʘʣ DMA ʦʪ UART2 ʧʦ ʧʨʠʝʤʫ 

14 ADCSAR_SEQ0  ʂʘʥʘʣ DMA ʦʪ ʩʝʢʚʝʥʩʦʨʘ 0 ʙʣʦʢʘ ADCSAR 

15 ADCSAR_SEQ1 ʂʘʥʘʣ DMA ʦʪ ʩʝʢʚʝʥʩʦʨʘ 1 ʙʣʦʢʘ ADCSAR 

16 - - 

17 SPI0_TX ʂʘʥʘʣ DMA ʦʪ SPI0 ʧʦ ʧʝʨʝʜʘʯʝ 

18 SPI1_TX ʂʘʥʘʣ DMA ʦʪ SPI1 ʧʦ ʧʝʨʝʜʘʯʝ 

19 - - 

20 SPI0_RX ʂʘʥʘʣ DMA ʦʪ SPI0 ʧʦ ʧʨʠʝʤʫ 

21 SPI1_RX ʂʘʥʘʣ DMA ʦʪ SPI1 ʧʦ ʧʨʠʝʤʫ 

22 HASH ʂʘʥʘʣ DMA ʦʪ HASH 

23 - - 
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10.1 ʇʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʦʤ DMA 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʧʝʨʝʜʘʯʠ 8-, 16- ʠ 32-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ. ʈʘʟʨʷʜʥʦʩʪʴ 

ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠʥʢʨʝʤʝʥʪʦʤ ʘʜʨʝʩʘ ʧʨʠ ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʧʨʠʝʤʥʠʢ. ʀʥʢʨʝʤʝʥʪ ʘʜʨʝʩʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ: ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʠʥʢʨʝʤʝʥʪʘ ʘʜʨʝʩʘ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʨʷʜʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ï ʦʜʥʦ ʩʣʦʚʦ. ʂʦʥʪʨʦʣʣʝʨ 

DMA ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥ ʥʘ ʨʘʙʦʪʫ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʘʜʨʝʩʦʤ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʙʦʪʳ c 

FIFO).  

ʂʦʥʪʨʦʣʣʝʨ DMA ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʪʴ ʩʠʛʥʘʣʳ ʟʘʧʨʦʩʘ ʥʘ ʦʜʠʥʦʯʥʳʡ 

ʦʙʤʝʥ SREQ ʠ ʩʠʛʥʘʣʳ ʟʘʧʨʦʩʘ ʥʘ ʧʘʢʝʪʥʳʡ ʦʙʤʝʥ BREQ ʙʣʦʢʦʚ UART, SPI. ɹʣʦʢ ADC 

ʛʝʥʝʨʠʨʫʝʪ ʪʦʣʴʢʦ ʟʘʧʨʦʩʳ ʥʘ ʧʘʢʝʪʥʳʡ ʦʙʤʝʥ BREQ. 

ʂʘʞʜʦʤʫ ʢʘʥʘʣʫ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ: ʧʝʨʚʠʯʥʘʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ. ɺ ʆɿʋ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʚʝʜʝʥʘ ʦʙʣʘʩʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨ.  

ʅʘ ʨʠʩʫʥʢʝ 10.1 ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʥʪʨʦʣʣʝʨʫ ʜʣʷ ʩʪʨʫʢʪʫʨ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ 24 ʢʘʥʘʣʦʚ ʠ ʦʧʮʠʦʥʘʣʴʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩʫʥʦʢ 10.1 ï ʂʘʨʪʘ ʧʘʤʷʪʠ ʜʣʷ 24 ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʣʝʨʘ DMA, ʚʢʣʶʯʘʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ  

 

ʆʙʲʝʤ ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 10.1, ʩʦʩʪʘʚʣʷʝʪ 1024 ʙʘʡʪ. ʂʦʥʪʨʦʣʣʝʨ 

ʠʩʧʦʣʴʟʫʝʪ ʤʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʘʜʨʝʩʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ, ʠ ʧʦʵʪʦʤʫ ʨʘʟʨʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʘʟʦʚʦʛʦ ʘʜʨʝʩʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ï XXXX _X000h, XXXX _X400h, XXXX _X800h ʠ ʪ. ʜ. 

ɹʘʟʦʚʳʡ ʘʜʨʝʩ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʫʪʝʤ ʟʘʧʠʩʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ BASEPTR. 

ɺ ʪʘʙʣʠʮʝ 10.2 ʧʝʨʝʯʠʩʣʝʥʳ ʨʘʟʨʷʜʳ ʘʜʨʝʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʥʪʨʦʣʣʝʨʫ DMA 

ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ. 
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02 0 h

01 0 h

0 0 0 h
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ʋʢʘʟʘʪʝʣʴ ʠʩʪʦʯʥʠʢʘ
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ʅ ʝ ʠʩʧʦʣʴʟʫʝʪʩʷ

0 0 0 h

0 0 4 h

0 0 8 h

0 0 C h

ʋʧʨʘʚʣʝʥʠʝ

C H A N N E L C F G_

ʇʝʨʚʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʘʥʘʣʘ 0

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʩʪʨʫʢʪʫʨʘʜʘʥʥʳʭ

A LT D ATA_ [ ]2 4

ʇʝʨʚʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘʜʘʥʥʳʭ

P R M D ATA_ [ ]2 4

X X X X X 0 0 h0

X X X X X 0 0 h2

X X X X X 0 0 h4

P R M D ATA_ [1 ]

P R M D ATA_ [2 ]

P R M D ATA_ [3 ]

P R M D ATA_ [4 ]

P R M D ATA_ [5 ]

P R M D ATA_ [6 ]

P R M D ATA_ [7 ]

P R M D ATA_ [8 ]

P R M D ATA_ [9 ]

P R M D ATA_ [1 0 ]

P R M D ATA_ [11 ]

.. .

P R M D ATA_ [2 ]1

P R M D ATA_ [ ]2 2

P R M D ATA_ [ ]2 3

A LT D ATA_ [0 ]

3 7 0 h

3 6 0 h

35 0 h

2B 0 h

2A 0 h

2 9 0 h

2 8 0 h

27 0 h

2 6 0 h

2 5 0 h

2 4 0 h

2 3 0 h

22 0 h

2 1 0 h

2 0 0 h

A LT D ATA_ [1 ]

A LT D ATA_ [2 ]

A LT D ATA_ [3 ]

A LT D ATA_ [4 ]

A LT D ATA_ [5 ]

A LT D ATA_ [6 ]

A LT D ATA_ [7 ]

A LT D ATA_ [8 ]

A LT D ATA_ [9 ]

A LT D ATA_ [1 0 ]

A LT D ATA_ [11 ]

.. .

A LT D ATA_ [2 ]1

A LT D ATA_ [ ]2 2

A LT D ATA_ [ ]2 3

ʋʢʘʟʘʪʝʣʴ ʧʨʠʝʤʥʠʢʘ

D S T D ATA E N D P T R_ _ _

ʋʢʘʟʘʪʝʣʴ ʠʩʪʦʯʥʠʢʘ

S R C D ATA E N D P T R_ _ _

ʅ ʝ ʠʩʧʦʣʴʟʫʝʪʩʷ

01 0 h

01 4 h

0 81 h

01 C h

ʋʧʨʘʚʣʝʥʠʝ

C H A N N E L C F G_

ʇʝʨʚʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʘʥʘʣʘ 1
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ʊʘʙʣʠʮʘ 10.2 ï ʈʘʟʨʷʜʳ ʘʜʨʝʩʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʫʧʨʘʚʣʷʶʱʠʤ ʜʘʥʥʳʤ 

24 ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʣʝʨʘ DMA 

 

ʈʘʟʨʷʜʳ ʘʜʨʝʩʘ 

 

 
 

ʆʙʦʟʥʘʯʝʥʠʝ ɹʠʪʳ ɼʝʡʩʪʚʠʝ 

S 9 ɺʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ: 

0 ʇʝʨʚʠʯʥʘʷ  

1 ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ  

CHNL 8-4 ɺʳʙʦʨ ʢʘʥʘʣʘ.  

ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 0h-17h 

EL 3-0 ɺʳʙʦʨ ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ: 

0h ʋʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ 

4h ʋʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ 

8h ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ 

Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʂʦʥʪʨʦʣʣʝʨ ʥʝ ʠʤʝʝʪ ʜʦʩʪʫʧʘ ʢ ʵʪʦʤʫ 

ʘʜʨʝʩʫ  

 

ʅʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʪʴ ʙʘʟʦʚʳʡ ʘʜʨʝʩ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ, ʦʥ ʚʳʯʠʩʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ ALTBASEPTR. 

ʃʶʙʘʷ ʠʟ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʢʘʟʘʪʝʣʝʡ 

ʘʜʨʝʩʘ (ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ) ʠ ʷʯʝʡʢʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʘ.  

 

ʋʧʨʘʚʣʝʥʠʝ ʢʘʥʘʣʘ CHANNEL _CFG 

32-ʨʘʟʨʷʜʥʘʷ ʷʯʝʡʢʘ ʧʘʤʷʪʠ, ʩʦʜʝʨʞʘʱʘʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʜʘʯ DMA (ʥʘ ʨʠʩʫʥʢʝ 10.1 ʦʪʤʝʯʝʥʘ ʢʘʢ çʋʧʨʘʚʣʝʥʠʝ éè).  ɺ ʥʘʯʘʣʝ 

ʮʠʢʣʘ DMA ʠʣʠ ʚ ʥʘʯʘʣʝ 2R ʧʝʨʝʜʘʯʠ ʢʦʥʪʨʦʣʣʝʨ DMA ʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʷʯʝʡʢʠ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 2R ʠʣʠ N ʧʝʨʝʜʘʯ ʦʥ ʩʦʭʨʘʥʷʝʪ ʦʙʥʦʚʣʝʥʥʦʝ ʝʝ ʟʥʘʯʝʥʠʝ ʦʙʨʘʪʥʦ ʚ 

ʧʘʤʷʪʴ. ʉʪʨʫʢʪʫʨʘ ʨʝʛʠʩʪʨʘ CHANNEL_CFG ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 10.3. 

 

ʊʘʙʣʠʮʘ 10.3 ï ʉʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ  

 

CHANNEL_CFG    
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10.3 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

CYCLE_ 

CTRL 

31-29 ʇʦʣʝ ʟʘʜʘʥʠʷ ʪʠʧʘ ʮʠʢʣʘ DMA 

000b ʅʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡ. 

ʉʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ ʚ ʟʘʧʨʝʱʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ  

001b ʆʩʥʦʚʥʦʡ 

010b ɸʚʪʦ-ʟʘʧʨʦʩ 

011b çʇʠʥʛ-ʧʦʥʛè 

100b ʈʘʙʦʪʘ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ 

101b ʈʘʙʦʪʘ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ 

ʢʘʥʘʣʘ 

110b ʈʘʙʦʪʘ ʩ ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ 

111b ʈʘʙʦʪʘ ʩ ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ 

ʢʘʥʘʣʘ 
ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʛʦ ʮʠʢʣʘ ʧʝʨʝʜʘʯ ʢʦʥʪʨʦʣʣʝʨ 

DMA ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʣʷ CYCLE_CTRL ʚ 000b, ʧʝʨʝʚʦʜʷ ʪʝʤ ʩʘʤʳʤ 

ʪʠʧ ʮʠʢʣʘ ʚ çʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡè. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʚʪʦʨʝʥʠʷ 

ʚʳʧʦʣʥʝʥʥʦʡ ʧʝʨʝʜʘʯʠ DMA  

DST_SIZE 22-21 ʈʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ. 

ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʣʷ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ ʧʦʣʷ 

SRC_SIZE. 
       ʇʨʠʤʝʯʘʥʠʝ ï ɽʩʣʠ ʢʦʥʪʨʦʣʣʝʨ ʦʙʥʘʨʫʞʠʚʘʝʪ ʥʝʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʪʠʭ ʧʦʣʝʡ, ʦʥ ʧʨʠ ʙʣʠʞʘʡʰʝʤ ʦʙʥʦʚʣʝʥʠʠ ʧʦʣʷ N_MINUS_1 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʣʷ DST_SIZE, ʨʘʚʥʦʝ SRC_SIZE. 

DST_INC 20-19 ʐʘʛ ʠʥʢʨʝʤʝʥʪʘ ʘʜʨʝʩʘ ʧʨʠʝʤʥʠʢʘ. 

ʂʦʜ, ʟʘʧʠʩʘʥʥʳʡ ʚ ʧʦʣʝ DST_INC, ʟʘʜʘʝʪ ʰʘʛ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ. 

ʂʦʜ 
ʈʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ 

ɹʘʡʪ ʉʣʦʚʦ (16 ʙʠʪ) ɼʚʦʡʥʦʝ ʩʣʦʚʦ (32 ʙʠʪʘ) 

00 ʐʘʛ ï ʙʘʡʪ  ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 

01 ʐʘʛ ï ʩʣʦʚʦ (16 ʙʠʪ) ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 

SRC_PROT

_CTRL  

28-26 ɿʘʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʟʘʱʠʪʳ ʰʠʥʳ AHB ʧʨʠ ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ 

ʠʩʪʦʯʥʠʢʘ 

ʂʦʜ 
ɹʠʪʳ ʧʦʣʷ SRC_PROT_CTRL 

28 27 26 

0 ɼʦʩʪʫʧ ʥʝ 

ʢʵʰʠʨʫʝʪʩʷ 

ɼʦʩʪʫʧ ʥʝ 

ʙʫʬʝʨʠʟʫʝʪʩʷ 

ɼʦʩʪʫʧ 

ʥʝʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ 

1 ɼʦʩʪʫʧ 

ʢʵʰʠʨʫʝʪʩʷ 

ɼʦʩʪʫʧ 

ʙʫʬʝʨʠʟʫʝʪʩʷ 

ɼʦʩʪʫʧ 

ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ 

DST_PROT

_CTRL  

25-23 ɿʘʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʟʘʱʠʪʳ ʰʠʥʳ AHB ʧʨʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ 

ʧʨʠʝʤʥʠʢ 

ʂʦʜ 
ɹʠʪʳ ʧʦʣʷ DST_PROT_CTRL 

25 24 23 

0 ɼʦʩʪʫʧ ʥʝ 

ʢʵʰʠʨʫʝʪʩʷ 

ɼʦʩʪʫʧ ʥʝ 

ʙʫʬʝʨʠʟʫʝʪʩʷ 
ɼʦʩʪʫʧ 

ʥʝʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ 
1 ɼʦʩʪʫʧ 

ʢʵʰʠʨʫʝʪʩʷ 
ɼʦʩʪʫʧ 

ʙʫʬʝʨʠʟʫʝʪʩʷ 
ɼʦʩʪʫʧ 

ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ 



 

 56 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10.3 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

  10 ʐʘʛ ï ʜʚʦʡʥʦʝ ʩʣʦʚʦ (32 ʙʠʪʘ) 

11 ʅʝʪ ʠʥʢʨʝʤʝʥʪʘ. ɸʜʨʝʩ ʦʩʪʘʝʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʷʯʝʡʢʠ  

DST_DATA_END_PTR 

SRC_SIZE  18-17 ʈʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ 

00 ɹʘʡʪ 

01 ʉʣʦʚʦ (16 ʙʠʪ) 

10 ɼʚʦʡʥʦʝ ʩʣʦʚʦ (32 ʙʠʪʘ) 

11 ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ. ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ! 

SRC_INC 16-15 ʐʘʛ ʠʥʢʨʝʤʝʥʪʘ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ. 

ʂʦʜ, ʟʘʧʠʩʘʥʥʳʡ ʚ ʧʦʣʝ SRC_INC, ʟʘʜʘʝʪ ʰʘʛ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ. 

ʂʦʜ 
ʈʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ 

ɹʘʡʪ ʉʣʦʚʦ (16 ʙʠʪ) ɼʚʦʡʥʦʝ ʩʣʦʚʦ (32 ʙʠʪʘ) 

00 ʐʘʛ ï ʙʘʡʪ  ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 

01 ʐʘʛ ï ʩʣʦʚʦ (16 ʙʠʪ) ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʦ 

10 ʐʘʛ ï ʜʚʦʡʥʦʝ ʩʣʦʚʦ (32 ʙʠʪʘ) 

11 ʅʝʪ ʠʥʢʨʝʤʝʥʪʘ. ɸʜʨʝʩ ʦʩʪʘʝʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʷʯʝʡʢʠ 

SRC_DATA_END_PTR  

N_MINUS_

1 

14-5 ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʮʠʢʣʘ DMA ʵʪʠ ʨʘʟʨʷʜʳ ʫʢʘʟʳʚʘʶʪ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ DMA, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʮʠʢʣ 

ʂʦʜ  ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ 

000h 1 

001h 2 

é é 

3FFh 1024 
    ʇʨʠʤʝʯʘʥʠʝ ï ʂʦʥʪʨʦʣʣʝʨ DMA ʦʙʥʦʚʠʪ ʵʪʦ ʧʦʣʝ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ 

ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʮʝʩʩ ʘʨʙʠʪʨʘʞʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʣʝʨʫ ʭʨʘʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʜʘʯ DMA ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʛʦ ʮʠʢʣʘ DMA. 

R_POWER 4-1 ʇʘʨʘʤʝʪʨ R.  

ɿʘʜʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ ʢʘʥʘʣʘ DMA ʜʦ ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʥʪʨʦʣʣʝʨʦʤ DMA ʧʨʦʮʝʜʫʨʳ ʘʨʙʠʪʨʘʞʘ (ʧʝʨʝʘʨʙʠʪʨʘʮʠʠ). 

ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ ʨʘʚʥʦ 2R 

ʂʦʜ  ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ 

0h 1 (ʘʨʙʠʪʨʘʞ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʢʘʞʜʦʡ ʧʝʨʝʜʘʯʠ DMA) 

1h 2 

2h 4 

3h 8 

4h 16 

5h 32 

6h 64 

7h 128 

8h 256 

9h 512 

Ah ï 

Fh 

1024 (ʘʨʙʠʪʨʘʞ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʪʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ DMA ʨʘʚʥʦ 1024) 
     ʇʨʠʤʝʯʘʥʠʝ ï ʅʝʦʙʭʦʜʠʤʦ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ R ʜʣʷ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʢʘʥʘʣʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʪʴ ʟʘʧʨʦʩʳ ʧʦ 

ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʤ ʢʘʥʘʣʘʤ. 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 10.3 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

NEXT_ 

USEBURST 

0 ʂʦʥʪʨʦʣʠʨʫʝʪ ʫʩʪʘʥʦʚʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʥʘʣʫ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ 

USEBURSTSET, ʝʩʣʠ ʢʦʥʪʨʦʣʣʝʨ ʨʘʙʦʪʘʝʪ ʚ ʧʝʨʠʬʝʨʠʡʥʦʤ 

ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʠ ʟʘʚʝʨʰʘʝʪ ʮʠʢʣ DMA, ʠʩʧʦʣʴʟʫʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʇʝʨʝʜ ʟʘʚʝʨʰʝʥʠʝʤ ʮʠʢʣʘ DMA, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ, ʢʦʥʪʨʦʣʣʝʨ DMA ʩʙʨʘʩʳʚʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ USEBURSTSET, ʝʩʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʜʘʯ DMA ʤʝʥʴʰʝ, ʯʝʤ 2R. 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʙʠʪʘ NEXT_USEBURST ʦʧʨʝʜʝʣʷʝʪ, ʙʫʜʝʪ ʣʠ 

ʢʦʥʪʨʦʣʣʝʨ DMA ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʝʨʝʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʦʷʥʠʝ ʙʠʪʘ ʚ 

ʨʝʛʠʩʪʨʝ USEBURSTSET. 

ɽʩʣʠ ʢʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʮʠʢʣ DMA ʚ ʧʝʨʠʬʝʨʠʡʥʦʤ ʨʝʞʠʤʝ 

çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè, ʪʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʮʠʢʣʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ, ʜʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ 

ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʩʪʦʷʥʠʷ ʙʠʪʘ NEXT_USEBURST 
0 ʂʦʥʪʨʦʣʣʝʨ DMA ʥʝ ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʢʘʥʘʣʫ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ USEBURSTSET. 

ɽʩʣʠ ʙʠʪ CHi ʚ USEBURSTSET ʩʙʨʦʰʝʥ, ʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʮʠʢʣʦʚ DMA c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨ DMA ʦʪʚʝʯʘʝʪ ʢʘʢ ʥʘ 

ʟʘʧʨʦʩʳ BREQ, ʪʘʢ ʠ ʥʘ ʟʘʧʨʦʩʳ SREQ ʦʪ ʧʝʨʠʬʝʨʠʠ 

1 ʂʦʥʪʨʦʣʣʝʨ DMA ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʢʘʥʘʣʫ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ USEBURSTSET, ʘ ʠʤʝʥʥʦ ï 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʙʠʪ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʮʠʢʣʦʚ DMA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨ DMA 

ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʟʘʧʨʦʩʳ BREQ ʦʪ ʧʝʨʠʬʝʨʠʠ 

 

ʋʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ SRC_DATA _END_PTR ʠ ʫʢʘʟʘʪʝʣʴ ʢʦʥʮʘ 

ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ DST_DATA _END_PTR 

ʋʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ SRC_DATA_END_PTR ʠ ʫʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ 

ʧʨʠʝʤʥʠʢʘ DST_DATA_END_PTR ï 32-ʨʘʟʨʷʜʥʳʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʘʜʨʝʩ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʮʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ 

ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʠʪ ʧʝʨʝʜʘʯʫ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʟʥʘʯʝʥʠʷ. ʂʦʥʪʨʦʣʣʝʨ 

DMA ʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 2R ʧʝʨʝʜʘʯ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʜʘʯʠ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʩʜʚʠʛ ʚʣʝʚʦ 

ʟʥʘʯʝʥʠʷ N_MINUS_1 ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʶ SRC_INC, ʠ ʟʘʪʝʤ 

ʚʳʯʠʪʘʝʪ ʧʦʣʫʯʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʦʪ ʟʥʘʯʝʥʠʷ SRC_DATA_END_PTR. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ ʧʨʠʝʤʥʠʢʘ/ʠʩʪʦʯʥʠʢʘ, ʠ 

ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʩʜʚʠʛ ʚʣʝʚʦ ʟʥʘʯʝʥʠʷ N_MINUS_1 ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʶ DST_INC, ʠ ʟʘʪʝʤ ʚʳʯʠʪʘʝʪ ʧʦʣʫʯʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʦʪ ʟʥʘʯʝʥʠʷ 

DST_DATA_END_PTR.   
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10.2 ʇʨʘʚʠʣʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʘʜʨʝʩʘʮʠʠ ʢ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʤ ʠʣʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʘʜʨʝʩʘʤ, 

ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʷʪʴ ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ ʠʣʠ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʨʘʟʨʷʜʳ ʨʝʛʠʩʪʨʦʚ 

ʥʫʣʷʤʠ ʧʨʠ ʟʘʧʠʩʠ ʠ ʠʛʥʦʨʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʨʘʟʨʷʜʦʚ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ. 

ʉʠʩʪʝʤʥʳʡ ʩʙʨʦʩ ʠʣʠ ʩʙʨʦʩ ʧʦ ʫʩʪʘʥʦʚʢʝ ʧʠʪʘʥʠʷ ʩʙʨʘʩʳʚʘʝʪ ʚʩʝ ʨʝʛʠʩʪʨʳ ʚ 

ʩʦʩʪʦʷʥʠʝ 0000_0000h, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʠʩʧʦʣʴʟʫʝʪ ʧʨʘʚʠʣʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʩʤ. ʪʘʙʣʠʮʫ 10.4, ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

- ʢʘʥʘʣ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚʢʣʶʯʝʥ (ʫʩʪʘʥʦʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ 

ʨʝʛʠʩʪʨʝ ENSET ʠ ʙʠʪ MASTEREN ʚ ʨʝʛʠʩʪʨʝ CFG); 

- ʟʘʧʨʦʩʳ ʢʘʥʘʣʘ ʥʝ ʟʘʤʘʩʢʠʨʦʚʘʥʳ (ʩʙʨʦʰʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ 

REQMASKSET). 
 

ʊʘʙʣʠʮʘ 10.4 ï ʇʝʨʝʯʝʥʴ ʧʨʘʚʠʣ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʘʤ DMAi  ʨʘʟʨʝʰʝʥʳ ʠ 

ʟʘʧʨʦʩʳ ʥʝ ʤʘʩʢʠʨʫʶʪʩʷ (i ï ʥʦʤʝʨ ʢʘʥʘʣʘ) 

ʅʦʤʝʨ 

ʧʨʘʚʠʣʘ 
ʆʧʠʩʘʥʠʝ 

1 ɽʩʣʠ ʢʘʥʘʣ ʥʝ ʘʢʪʠʚʝʥ (ʧʝʨʝʜʘʯʘ ʥʝ ʠʜʝʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ), ʪʦ ʫʩʪʘʥʦʚʢʘ ʙʠʪʘ CHi 

ʚ ʨʝʛʠʩʪʨʝ SWREQ ʠʣʠ ʟʘʧʨʦʩ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʠʬʝʨʠʠ ʠʥʠʮʠʠʨʫʝʪ 

ʧʝʨʝʜʘʯʫ ʧʦ ʢʘʥʘʣʫ i 
2 ʆʜʥʦʚʨʝʤʝʥʥʦ ʘʢʪʠʚʝʥ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʢʘʥʘʣ 

3 ɽʩʣʠ ʟʘʧʨʦʩ ʦʪ ʧʝʨʠʬʝʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʘʥʘʣ ʘʢʪʠʚʝʥ, ʪʦ 

ʢʦʥʪʨʦʣʣʝʨ ʦʙʩʣʫʞʠʪ ʵʪʦʪ ʟʘʧʨʦʩ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʢʫʱʝʡ ʧʝʨʝʜʘʯʠ 

4 ɽʩʣʠ ʧʨʠʭʦʜʠʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʟʘʧʨʦʩʦʚ ʦʪ ʧʝʨʠʬʝʨʠʠ ʜʣʷ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʘʥʘʣ ʘʢʪʠʚʝʥ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ ʦʙʩʣʫʞʠʪ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʟʘʧʨʦʩ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʢʫʱʝʡ ʧʝʨʝʜʘʯʠ 

5 ɼʣʷ ʮʠʢʣʦʚ DMA, ʦʪʣʠʯʥʳʭ ʧʦ ʪʠʧʫ ʦʪ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʨʝʞʠʤʘ çʨʘʟʙʦʨʢʘ-

ʩʙʦʨʢʘè, ʧʦ ʦʢʦʥʯʘʥʠʠ 2R ʧʝʨʝʜʘʯ ʢʦʥʪʨʦʣʣʝʨ DMA ʩʙʨʘʩʳʚʘʝʪ ʙʠʪ CHi ʚ 

ʨʝʛʠʩʪʨʝ USEBURSTSET, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʜʘʯ ʤʝʥʴʰʝ, ʯʝʤ 2R, 

ʧʦʟʚʦʣʷʷ ʧʝʨʠʬʝʨʠʠ ʟʘʚʝʨʰʠʪʴ ʧʝʨʝʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ ʢʘʢ SREQ ʟʘʧʨʦʩʳ, ʪʘʢ ʠ 

BREQ. 

ɺ ʧʝʨʠʬʝʨʠʡʥʦʤ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʢʦʥʪʨʦʣʣʝʨ ʩʙʨʘʩʳʚʘʝʪ ʙʠʪ CHi ʚ 

ʨʝʛʠʩʪʨʝ USEBURSTSET, ʪʦʣʴʢʦ ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʜʘʯ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʤʝʥʴʰʝ, ʯʝʤ 2R 

6 ʂʦʥʪʨʦʣʣʝʨ DMA ʠʛʥʦʨʠʨʫʝʪ ʟʘʧʨʦʩ SREQ, ʝʩʣʠ ʙʠʪ CHi ʨʝʛʠʩʪʨʘ WAITONREQ 

ʩʙʨʦʰʝʥ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ CHi ʨʝʛʠʩʪʨʘ USEBURSTSET 
7 ʅʝʦʙʭʦʜʠʤʦ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʨʷʜʳ ʨʝʛʠʩʪʨʘ USEBURSTSET. 

ɽʩʣʠ ʟʥʘʯʝʥʠʝ, ʫʢʘʟʘʥʥʦʝ ʚ ʨʝʛʠʩʪʨʝ N_MINUS_1 ʤʝʥʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ 2R, ʪʦ 

ʢʦʥʪʨʦʣʣʝʨ DMA ʥʝ ʦʯʠʩʪʠʪ ʨʘʟʨʷʜʳ USEBURSTSET, ʠ ʧʦʵʪʦʤʫ ʦʜʠʥʦʯʥʳʝ 

ʟʘʧʨʦʩʳ SREQ ʙʫʜʫʪ ʟʘʧʨʝʱʝʥʳ. ɽʩʣʠ ʧʨʦʛʨʘʤʤʥʳʝ ʟʘʧʨʦʩʳ ʯʝʨʝʟ ʨʝʛʠʩʪʨ 

SWREQ ʥʝ ʛʝʥʝʨʠʨʫʶʪʩʷ, ʠ ʧʝʨʠʬʝʨʠʷ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘʧʨʦʩʦʚ ʥʘ ʧʘʢʝʪʥʫʶ 

ʦʙʨʘʙʦʪʢʫ BREQ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʥʠʢʦʛʜʘ ʥʝ ʚʳʧʦʣʥʠʪ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʝʨʝʜʘʯ 

8 ɼʣʷ ʪʠʧʦʚ ʮʠʢʣʦʚ DMA, ʦʪʣʠʯʥʳʭ ʦʪ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʨʝʞʠʤʘ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè, 

ʝʩʣʠ ʧʨʠʜʝʪ ʟʘʧʨʦʩ SREQ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʠʪ ʦʜʥʫ ʧʝʨʝʜʘʯʫ. 

ɺ ʧʝʨʠʬʝʨʠʡʥʦʤ ʨʝʞʠʤʝ çʀʩʧʦʣʥʝʥʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠè, ʝʩʣʠ 

ʧʨʠʜʝʪ ʟʘʧʨʦʩ SREQ, ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ 2R ʧʝʨʝʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʙʝʟ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʨʙʠʪʨʘʞʘ 

ʚʳʧʦʣʥʷʝʪ ʦʜʥʫ ʧʝʨʝʜʘʯʫ, ʠʩʧʦʣʴʟʫʷ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10.4 



 

 59 

ʅʦʤʝʨ 

ʧʨʘʚʠʣʘ 
ʆʧʠʩʘʥʠʝ 

9 ɼʣʷ ʪʠʧʦʚ ʮʠʢʣʦʚ DMA, ʦʪʣʠʯʥʳʭ ʦʪ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʨʝʞʠʤʘ çʨʘʟʙʦʨʢʘ-

ʩʙʦʨʢʘè, ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʰʣʠ ʟʘʧʨʦʩʳ SREQ ʠ BREQ, ʪʦ ʧʨʠʦʨʠʪʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ BREQ, ʠ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ 2R ʧʝʨʝʜʘʯ (ʠʣʠ ʯʠʩʣʦ 

ʧʝʨʝʜʘʯ, ʫʢʘʟʘʥʥʦʝ ʚ ʧʦʣʝ N_MINUS_1). 

ɺ ʧʝʨʠʬʝʨʠʡʥʦʤ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè, ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʰʣʠ 

ʟʘʧʨʦʩʳ SREQ ʠ BREQ, ʪʦ ʧʨʠʦʨʠʪʝʪ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ BREQ, ʠ 

ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ 2R ʧʝʨʝʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʙʝʟ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʨʙʠʪʨʘʞʘ 

ʚʳʧʦʣʥʷʝʪ 2R  ʧʝʨʝʜʘʯ (ʠʣʠ ʯʠʩʣʦ ʧʝʨʝʜʘʯ, ʫʢʘʟʘʥʥʦʝ ʚ ʧʦʣʝ N_MINUS_1), 

ʠʩʧʦʣʴʟʫʷ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ 

10 ɺ ʧʝʨʠʬʝʨʠʡʥʦʤ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè, ʝʩʣʠ ʙʠʪ NEXT_USEBURST ʚ 

CHANNEL_CFG ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ  ʨʝʛʠʩʪʨʝ USEBURSTSET ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʮʠʢʣʘ DMA, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ 

11 ʂʦʛʜʘ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ CHi ʨʝʛʠʩʪʨʘ REQMASKSET, ʢʦʥʪʨʦʣʣʝʨ DMA 

ʠʛʥʦʨʠʨʫʝʪ ʟʘʧʨʦʩʳ SREQ ʠ BREQ 

 

ʇʨʠ ʦʪʢʣʶʯʝʥʠʠ ʢʘʥʘʣʘ (ʙʠʪ CHi ʨʝʛʠʩʪʨʘ ENSET ʩʙʨʦʰʝʥ) ʢʦʥʪʨʦʣʣʝʨ DMA 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʠ ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 10.5. 

 

ʊʘʙʣʠʮʘ 10.5 ï ʇʝʨʝʯʝʥʴ ʧʨʘʚʠʣ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʜʘʯ ʜʣʷ ʟʘʧʨʝʱʝʥʥʳʭ ʢʘʥʘʣʦʚ  

ʅʦʤʝʨ 

ʧʨʘʚʠʣʘ 
ʆʧʠʩʘʥʠʝ 

1 ɽʩʣʠ ʧʨʠʭʦʜʠʪ ʟʘʧʨʦʩ ʥʘ ʧʘʢʝʪʥʫʶ ʦʙʨʘʙʦʪʢʫ BREQ ʦʪ ʧʝʨʠʬʝʨʠʠ, ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʟʦʚ ʧʨʝʨʳʚʘʥʠʷ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA (ʝʩʣʠ ʙʳʣʦ 

ʚʢʣʶʯʝʥʦ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʟʘʧʨʦʩʝ, ʜʘʞʝ ʝʩʣʠ ʢʘʥʘʣ 

ʚʳʢʣʶʯʝʥ 

2 ɽʩʣʠ ʧʨʠʭʦʜʠʪ ʟʘʧʨʦʩ ʥʘ ʦʜʠʥʦʯʥʫʶ ʧʝʨʝʜʘʯʫ SREQ ʦʪ ʧʝʨʠʬʝʨʠʠ, ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʟʦʚ ʧʨʝʨʳʚʘʥʠʷ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA (ʝʩʣʠ ʙʳʣʦ 

ʚʢʣʶʯʝʥʦ) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʙʠʪ CHi ʨʝʛʠʩʪʨʘ WAITONREQ ʫʩʪʘʥʦʚʣʝʥ, ʘ ʙʠʪ 

CHi ʨʝʛʠʩʪʨʘ USEBURSTSET ʩʙʨʦʰʝʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ 

ʟʘʧʨʦʩʝ, ʜʘʞʝ ʝʩʣʠ ʢʘʥʘʣ ʚʳʢʣʶʯʝʥ 

 
10.3 ʇʨʘʚʠʣʘ ʘʨʙʠʪʨʘʞʘ  

ʂʦʥʪʨʦʣʣʝʨ DMA ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʤʦʤʝʥʪʘ ʘʨʙʠʪʨʘʞʘ ʧʨʠ ʧʝʨʝʜʘʯʘʭ 

DMA. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʢʘʥʘʣʦʚ ʩ 

ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʠʤʝʝʪ ʥʘʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʯ ʧʦ ʰʠʥʝ 

AHB ʜʦ ʧʦʚʪʦʨʝʥʠʷ ʘʨʙʠʪʨʘʞʘ (ʧʝʨʝʘʨʙʠʪʨʘʮʠʠ). ʕʪʦ ʟʥʘʯʝʥʠʝ ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ R 

(ʧʦʣʝ R_POWER ʚ ʨʝʛʠʩʪʨʝ CHANNEL_CFG ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ). 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʜʦ ʧʝʨʝʘʨʙʠʪʨʘʮʠʠ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ 2R. ʅʘʧʨʠʤʝʨ, 

ʝʩʣʠ R = 4, ʪʦ ʘʨʙʠʪʨʘʞ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 16 ʧʝʨʝʜʘʯ DMA. 

ʅʝʦʙʭʦʜʠʤʦ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ R ʜʣʷ 

ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʢʘʥʘʣʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʪʴ 

ʟʘʧʨʦʩʳ ʧʦ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʤ ʢʘʥʘʣʘʤ. 

ʇʨʠ N > 2R (N ï ʥʦʤʝʨ ʧʝʨʝʜʘʯʠ) ʠ ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ ʜʝʣʝʥʠʷ 2R ʥʘ N ʥʝ ʮʝʣʦʝ ʯʠʩʣʦ, 

ʢʦʥʪʨʦʣʣʝʨ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 2R ʧʝʨʝʜʘʯ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʚʳʧʦʣʥʠʪʩʷ ʫʩʣʦʚʠʝ N < 2R. ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʦʩʪʘʚʰʠʝʩʷ N ʧʝʨʝʜʘʯ ʚ ʢʦʥʮʝ ʮʠʢʣʘ 

DMA. 
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ʇʨʠʦʨʠʪʝʪ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʨʙʠʪʨʘʞʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʥʘʣ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ 

DMA. ʅʘ ʚʳʙʦʨ ʩʣʝʜʫʶʱʝʛʦ ʢʘʥʘʣʘ ʚʣʠʷʶʪ: 

- ʥʦʤʝʨ ʢʘʥʘʣʘ; 

- ʫʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʘ, ʧʨʠʩʚʦʝʥʥʦʛʦ ʢʘʥʘʣʫ. 

ʂʘʞʜʦʤʫ ʢʘʥʘʣʫ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʚʦʝʥ ʫʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʣʠ 

ʚʳʩʦʢʠʡ. ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʙʠʪʘ CHi (i ï ʥʦʤʝʨ ʢʘʥʘʣʘ) ʚ ʨʝʛʠʩʪʨʘʭ PRIORITYSET ʠ PRIORITYCLR. ʂʘʥʘʣ 0 ʠʤʝʝʪ 

ʥʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʘ. 

ʇʦʨʷʜʦʢ ʢʘʥʘʣʦʚ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʧʨʠʦʨʠʪʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 10.6. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʮʠʢʣʘ DMA ʢʦʥʪʨʦʣʣʝʨ ʚʳʙʠʨʘʝʪ ʩʣʝʜʫʶʱʠʡ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʢʘʥʘʣ ʠʟ ʚʩʝʭ ʚʢʣʶʯʝʥʥʳʭ ʢʘʥʘʣʦʚ DMAi. ʈʠʩʫʥʦʢ 10.2 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ 

ʩʣʝʜʫʶʱʝʛʦ ʢʘʥʘʣʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

 
 

 

 

ʈʠʩʫʥʦʢ 10.2 ï ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ (ʧʦʣʠʥʛʘ) ʩʣʝʜʫʶʱʝʛʦ ʢʘʥʘʣʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

  

ɺʳʙʦʨ ʢʘʥʘʣʘ ʩ ʚʳʩʰʠʤ 
ʫʨʦʚʥʝʤ ʧʨʠʦʨʠʪʝʪʘ ʧʦ 
ʥʘʠʤʝʥʴʰʝʤʫ ʥʦʤʝʨʫ

ʅʘʯʘʣʦ ʧʦʣʠʥʛʘ

ɽʩʪʴ ʟʘʧʨʦʩ ʥʘ 
ʦʙʩʣʫʞʠʚʘʥʠʝ 
ʦʪ ʢʘʥʘʣʘ?

ʂʘʢʦʡ-ʣʠʙʦ
ʟʘʧʨʦʩ ʠʤʝʝʪ ʚʳʩʰʠʡ 

ʫʨʦʚʝʥʴ
ʧʨʠʦʨʠʪʝʪʘ?

ɺʳʙʦʨ ʢʘʥʘʣʘ, ʢʦʪʦʨʳʡ 
ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʡ 

ʥʦʤʝʨ

ɼʘ

ʅʝʪ

ʅʝʪ

ɼʘ

ʉʪʘʨʪ ʧʝʨʝʜʘʯʠ DMA
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ʊʘʙʣʠʮʘ 10.6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ 

ʅʦʤʝʨ 

ʢʘʥʘʣʘ 

CHi 

ʉʦʩʪʦʷʥʠʝ ʙʠʪʘ CHi  

ʚ ʨʝʛʠʩʪʨʝ 

PRIORITYSET 

ʋʨʦʚʝʥʴ ʧʨʠʦʨʠʪʝʪʘ 

ʇʦʨʷʜʦʢ 

ʠʟʤʝʥʝʥʠʷ 

ʫʨʦʚʥʷ 

ʧʨʠʦʨʠʪʝʪʘ 

0 1 ɺʳʩʦʢʠʡ ʅʘʠʚʳʩʰʠʡ 

1 1 ɺʳʩʦʢʠʡ 

  

ʉ
ʥ
ʠ
ʞ
ʝ
ʥ
ʠ
ʝ
 
ʫ
ʨ
ʦ
ʚ
ʥ
ʷ
 
ʧ
ʨ
ʠ
ʦ
ʨ
ʠ
ʪ
ʝ
ʪ
ʘ

  

 
 

2 1 ɺʳʩʦʢʠʡ 

3 1 ɺʳʩʦʢʠʡ 

é é é 

22 1 ɺʳʩʦʢʠʡ 

23 1 ɺʳʩʦʢʠʡ 

0 0 ʇʦ ʫʤʦʣʯʘʥʠʶ 

1 0 ʇʦ ʫʤʦʣʯʘʥʠʶ 

2 0 ʇʦ ʫʤʦʣʯʘʥʠʶ 

3 0 ʇʦ ʫʤʦʣʯʘʥʠʶ 

é é é 

22 0 ʇʦ ʫʤʦʣʯʘʥʠʶ 

23 0 ʇʦ ʫʤʦʣʯʘʥʠʶ ʅʠʟʰʠʡ 

 
10.4 ʊʠʧʳ ʮʠʢʣʦʚ 

ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʮʠʢʣʦʚ DMA ʧʦʚʪʦʨʥʳʡ ʘʨʙʠʪʨʘʞ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ 2R ʧʝʨʝʜʘʯ DMA. 

ɽʩʣʠ ʫʩʪʘʥʦʚʠʪʴ ʜʣʠʥʥʳʡ ʧʝʨʠʦʜ ʘʨʙʠʪʨʘʞʘ ʥʘ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʦʤ ʢʘʥʘʣʝ, ʪʦ ʵʪʦ 

ʟʘʙʣʦʢʠʨʫʝʪ ʚʩʝ ʟʘʧʨʦʩʳ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʜʨʫʛʠʭ ʢʘʥʘʣʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ 

ʚʳʧʦʣʥʝʥʳ 2R ʧʝʨʝʜʘʯ DMA ʧʦ ʜʘʥʥʦʤʫ ʢʘʥʘʣʫ. ʇʦʵʪʦʤʫ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʟʥʘʯʝʥʠʝ R, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ ʟʘʧʨʦʩ 

ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʢʘʥʘʣʦʚ. 

ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʮʠʢʣʦʚ DMA: 

- ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡ (ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ ʚ ʟʘʧʨʝʱʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ); 

- ʦʩʥʦʚʥʦʡ; 

- ʘʚʪʦ-ʟʘʧʨʦʩ; 

- çʧʠʥʛ-ʧʦʥʛè; 

- ʨʘʙʦʪʘ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè (scatter-gather); 

- ʨʘʙʦʪʘ ʩ ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè. 

ɿʘʜʘʥʠʝ ʪʠʧʘ ʮʠʢʣʘ DMA ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʧʦʣʷ CYCLE_CTRL 

ʨʝʛʠʩʪʨʘ CHANNEL_CFG ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ. 

 

ʅʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʮʠʢʣ 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʮʠʢʣʘ ʢʦʥʪʨʦʣʣʝʨ DMA ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʠʧ ʮʠʢʣʘ ʚ ʟʥʘʯʝʥʠʝ 

çʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡè ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʪʦʨʘ ʚʳʧʦʣʥʝʥʥʦʛʦ ʮʠʢʣʘ DMA. 

 

ʆʩʥʦʚʥʦʡ ʮʠʢʣ 

ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʨʘʙʦʪʘʝʪ ʣʠʙʦ ʩ ʧʝʨʚʠʯʥʳʤʠ, ʣʠʙʦ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʜʘʥʥʳʤʠ ʢʘʥʘʣʘ, ʩʦʚʝʨʰʘʷ ʧʦ 2R ʧʝʨʝʜʘʯ ʧʦ ʢʘʞʜʦʤʫ 

ʟʘʧʨʦʩʫ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʢʦʥʪʨʦʣʣʝʨ DMA ʠ ʨʘʟʨʝʰʠʪʴ ʨʘʙʦʪʫ 

ʢʘʥʘʣʘ: ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ ENSET ʠ ʙʠʪ MASTEREN ʚ 

ʨʝʛʠʩʪʨʝ CFG, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʟʘʧʨʦʩʳ ʢʘʥʘʣʘ ʥʝ ʟʘʤʘʩʢʠʨʦʚʘʥʳ (ʩʙʨʦʰʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ REQMASKSET). 
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ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʟʨʝʰʝʥʘ ʨʘʙʦʪʘ ʢʘʥʘʣʘ, ʮʠʢʣ DMA ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 ʂʦʥʪʨʦʣʣʝʨ DMA ʦʞʠʜʘʝʪ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ (ʧʨʦʛʨʘʤʤʥʦʛʦ ʣʠʙʦ ʦʪ ʧʝʨʠʬʝʨʠʠ) 

ʥʘ ʦʙʨʘʙʦʪʢʫ. ɽʩʣʠ ʟʘʧʨʦʩ ʧʦʣʫʯʝʥ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 2. 

2 ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ 2R ʧʝʨʝʜʘʯ. ɽʩʣʠ ʯʠʩʣʦ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʜʘʯ 0, 

ʢʦʥʪʨʦʣʣʝʨ DMA ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 4, ʠʥʘʯʝ ʚʳʧʦʣʥʷʝʪʩʷ ʰʘʛ 3. 

3 ʇʨʦʠʩʭʦʜʠʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʨʙʠʪʨʘʞʘ: ʝʩʣʠ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʡ ʢʘʥʘʣ ʚʳʜʘʝʪ 

ʟʘʧʨʦʩ ʥʘ ʦʙʨʘʙʦʪʢʫ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ ʥʘʯʠʥʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʵʪʦʛʦ ʢʘʥʘʣʘ, ʠʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʞʠʜʘʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦ ʢʘʥʘʣʫ, ʠ ʝʩʣʠ ʧʝʨʠʬʝʨʠʡʥʳʡ ʙʣʦʢ ʠʣʠ 

ʧʨʦʛʨʘʤʤʘ ʝʛʦ ʚʳʜʘʝʪ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 2. 

4 ʂʦʥʪʨʦʣʣʝʨ DMA ʫʢʘʟʳʚʘʝʪ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʦʨʫ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʮʠʢʣʘ DMA. 

ɺʳʟʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʘʥʘʣʫ ʧʨʝʨʳʚʘʥʠʝ (ʝʩʣʠ ʙʳʣʦ ʚʢʣʶʯʝʥʦ). 

 

ɸʚʪʦ-ʟʘʧʨʦʩ 

ʂʦʥʪʨʦʣʣʝʨʫ DMA ʥʝʦʙʭʦʜʠʤ ʣʠʰʴ ʦʜʠʥʦʯʥʳʡ ʟʘʧʨʦʩ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʨʘʙʦʪʳ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʘ DMA. ʊʘʢʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʜʘʯʫ ʙʦʣʴʰʠʭ ʧʘʢʝʪʦʚ 

ʜʘʥʥʳʭ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ ʠ ʥʝ ʪʨʝʙʫʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ 

ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ. ʂʦʥʪʨʦʣʣʝʨ DMA ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʙʦ ʧʝʨʚʠʯʥʫʶ, ʣʠʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ 

ʢʘʥʘʣʘ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʢʦʥʪʨʦʣʣʝʨ DMA ʠ ʨʘʟʨʝʰʠʪʴ ʨʘʙʦʪʫ 

ʢʘʥʘʣʘ: ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ ENSET ʠ ʙʠʪ MASTEREN ʚ 

ʨʝʛʠʩʪʨʝ CFG, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʟʘʧʨʦʩʳ ʢʘʥʘʣʘ ʥʝ ʟʘʤʘʩʢʠʨʦʚʘʥʳ (ʩʙʨʦʰʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ REQMASKSET). 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʟʨʝʰʝʥʘ ʨʘʙʦʪʘ ʢʘʥʘʣʘ, ʮʠʢʣ DMA ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 ʂʦʥʪʨʦʣʣʝʨ DMA ʦʞʠʜʘʝʪ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ (ʧʨʦʛʨʘʤʤʥʦʛʦ ʣʠʙʦ ʦʪ ʧʝʨʠʬʝʨʠʠ) 

ʥʘ ʦʙʨʘʙʦʪʢʫ. ɽʩʣʠ ʟʘʧʨʦʩ ʧʦʣʫʯʝʥ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 2. 

2 ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ 2R ʧʝʨʝʜʘʯ. ɽʩʣʠ ʯʠʩʣʦ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʜʘʯ 0, ʢʦʥʪʨʦʣʣʝʨ 

DMA ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 4, ʠʥʘʯʝ ʚʳʧʦʣʥʷʝʪʩʷ ʰʘʛ 3. 

3 ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʘʨʙʠʪʨʘʞʘ: ʝʩʣʠ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʡ ʢʘʥʘʣ ʚʳʜʘʝʪ ʟʘʧʨʦʩ ʥʘ 

ʦʙʨʘʙʦʪʢʫ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʥʘʯʠʥʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʵʪʦʛʦ ʢʘʥʘʣʘ, ʠʥʘʯʝ ʢʦʥʪʨʦʣʣʝʨ 

ʧʝʨʝʭʦʜʠʪ ʢ ʰʘʛʫ 2. 

4 ʂʦʥʪʨʦʣʣʝʨ DMA ʫʢʘʟʳʚʘʝʪ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʦʨʫ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʮʠʢʣʘ DMA. 

ɺʳʟʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʘʥʘʣʫ ʧʨʝʨʳʚʘʥʠʝ (ʝʩʣʠ ʙʳʣʦ ʚʢʣʶʯʝʥʦ). 

ʆʪʣʠʯʠʝ ʦʪ ʨʝʞʠʤʘ çʦʩʥʦʚʥʦʡè ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʝʞʠʤʝ çʘʚʪʦ-ʟʘʧʨʦʩè ʢʦʥʪʨʦʣʣʝʨ 

DMA ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʩʝ N ʪʨʘʥʟʘʢʮʠʡ ʧʦ ʦʜʥʦʤʫ ʟʘʧʨʦʩʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʞʠʤʝ ʧʦ ʢʘʞʜʦʤʫ ʟʘʧʨʦʩʫ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʣʠʰʴ 2R ʧʝʨʝʜʘʯ. 

 

ʈʝʞʠʤ çʧʠʥʛ-ʧʦʥʛè 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʮʠʢʣ DMA, ʠʩʧʦʣʴʟʫʷ ʦʜʥʫ ʠʟ ʧʝʨʚʠʯʥʳʭ ʩʪʨʫʢʪʫʨ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʷʝʪ ʝʱʝ ʦʜʠʥ ʮʠʢʣ DMA, ʠʩʧʦʣʴʟʫʷ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ. ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʮʠʢʣʳ DMA ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʩʯʠʪʘʝʪ ʨʝʞʠʤ çʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡè ʠʣʠ çʦʩʥʦʚʥʦʡè, ʠʣʠ ʧʦʢʘ 

ʧʨʦʮʝʩʩʦʨ ʥʝ ʟʘʧʨʝʪʠʪ ʨʘʙʦʪʫ ʢʘʥʘʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 10.3 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚ ʨʝʞʠʤʝ 

çʧʠʥʛ-ʧʦʥʛè. ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩʫʥʢʫ 10.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 10.7. 
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ʈʠʩʫʥʦʢ 10.3 ï ʇʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚ ʨʝʞʠʤʝ çʧʠʥʛ-ʧʦʥʛè 

 

ʊʘʙʣʠʮʘ 10.7 ï ʇʦʷʩʥʝʥʠʷ ʢ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 10.3 

ʐʘʛ ɼʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʨʘ ʠ ʢʦʥʪʨʦʣʣʝʨʘ DMA 

A ʇʨʦʮʝʩʩʦʨ ʚʢʣʶʯʘʝʪ ʢʦʥʪʨʦʣʣʝʨ DMA ʠ ʨʘʟʨʝʰʘʝʪ ʨʘʙʦʪʫ ʢʘʥʘʣʘ.  
ɺ ʧʨʦʛʨʘʤʤʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ 
ʰʘʛʘ ɸ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʰʘʛʘ ɺ. ʕʪʦ 
ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʣʝʨʫ DMA ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʢ ʰʘʛʫ ɺ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʧʦʩʣʝ 
ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ ɸ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʥʝ ʧʦʣʫʯʠʪ ʟʘʧʨʦʩ ʥʘ 
ʦʙʨʘʙʦʪʢʫ ʦʪ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʦʛʦ ʢʘʥʘʣʘ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʧʦʣʫʯʘʝʪ ʟʘʧʨʦʩ ʠ ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA.  
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʘʨʙʠʪʨʘʞ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ 
ʦʪ ʵʪʦʛʦ ʞʝ ʢʘʥʘʣʘ, ʢʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʚ ʩʠʪʫʘʮʠʠ ʦʪʩʫʪʩʪʚʠʷ 
ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʦʩʪʘʚʰʠʝʩʷ ʜʚʝ ʧʝʨʝʜʘʯʠ DMA. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʭʦʜʠʪ ʚ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. ɽʩʣʠ ʧʨʝʨʳʚʘʥʠʝ ʚʢʣʶʯʝʥʦ, ʪʦ 
ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ ʚʳʟʦʚ. 
    ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ ɸ ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʚʠʯʥʳʝ 
ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʜʣʷ ʰʘʛʘ ʉ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʢʦʥʪʨʦʣʣʝʨʫ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʢ 
ʰʘʛʫ ʉ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ ɺ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʥʪʨʦʣʣʝʨ DMA 
ʥʝ ʧʦʣʫʯʠʪ ʟʘʧʨʦʩ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʦʛʦ ʢʘʥʘʣʘ. 
ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʢʘʥʘʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ 
ʥʘʠʚʳʩʰʝʛʦ ʧʨʠʦʨʠʪʝʪʘ ʠʩʧʦʣʥʷʝʪʩʷ ʰʘʛ ɺ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10.7 

ʐʘʛ ɼʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʨʘ ʠ ʢʦʥʪʨʦʣʣʝʨʘ DMA 

B ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʘʨʙʠʪʨʘʞ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ 
ʦʪ ʵʪʦʛʦ ʞʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʚ ʩʠʪʫʘʮʠʠ ʦʪʩʫʪʩʪʚʠʷ 
ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʘʨʙʠʪʨʘʞ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ 
ʦʪ ʵʪʦʛʦ ʞʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʚ ʩʠʪʫʘʮʠʠ ʦʪʩʫʪʩʪʚʠʷ 
ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʦʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ. 
ʂʦʥʪʨʦʣʣʝʨ DMA ʚʭʦʜʠʪ ʚ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. ɽʩʣʠ ʧʨʝʨʳʚʘʥʠʝ ʚʢʣʶʯʝʥʦ, ʪʦ 
ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ ʚʳʟʦʚ. 
   ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ B ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʜʣʷ ʰʘʛʘ D. 
ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʢʘʥʘʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʥʘʠʚʳʩʰʝʛʦ 
ʧʨʠʦʨʠʪʝʪʘ ʠʩʧʦʣʥʷʝʪʩʷ ʰʘʛ ʉ.  

C ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʧʝʨʝʜʘʯʠ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʭʦʜʠʪ ʚ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. ɽʩʣʠ ʧʨʝʨʳʚʘʥʠʝ ʚʢʣʶʯʝʥʦ, ʪʦ 

ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ ʚʳʟʦʚ. 
    ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʘ ʉ ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʚʠʯʥʳʝ 
ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʜʣʷ ʰʘʛʘ E. 
ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʢʘʥʘʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʥʘʠʚʳʩʰʝʛʦ 
ʧʨʠʦʨʠʪʝʪʘ ʠʩʧʦʣʥʷʝʪʩʷ ʰʘʛ D. 

D ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʘʨʙʠʪʨʘʞ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʦʪ ʵʪʦʛʦ ʞʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʚ ʩʠʪʫʘʮʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʦʩʪʘʚʰʫʶʩʷ ʧʝʨʝʜʘʯʫ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʭʦʜʠʪ ʚ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. ɽʩʣʠ ʧʨʝʨʳʚʘʥʠʝ ʚʢʣʶʯʝʥʦ, ʪʦ 

ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ ʚʳʟʦʚ. 
    ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʢʘʥʘʣʘ ʧʨʠ 
ʫʩʣʦʚʠʠ ʝʛʦ ʥʘʠʚʳʩʰʝʛʦ ʧʨʠʦʨʠʪʝʪʘ ʠʩʧʦʣʥʷʝʪʩʷ ʰʘʛ E. 

E ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʘʨʙʠʪʨʘʞ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʦʪ ʵʪʦʛʦ ʞʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʚ ʩʠʪʫʘʮʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʦʩʪʘʚʰʠʝʩʷ ʪʨʠ ʧʝʨʝʜʘʯʠ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʚʭʦʜʠʪ ʚ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. ɽʩʣʠ ʧʨʝʨʳʚʘʥʠʝ ʚʢʣʶʯʝʥʦ, ʪʦ 

ʧʨʦʠʟʦʡʜʝʪ ʝʛʦ ʚʳʟʦʚ 
 

ɽʩʣʠ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʦʣʫʯʠʪ ʥʦʚʳʡ ʟʘʧʨʦʩ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʪ ʜʘʥʥʦʛʦ ʢʘʥʘʣʘ, ʠ ʵʪʦʪ 

ʟʘʧʨʦʩ ʙʫʜʝʪ ʩʘʤʳʤ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʪʦ ʢʦʥʪʨʦʣʣʝʨ ʧʨʝʜʧʨʠʤʝʪ ʧʦʧʳʪʢʫ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩʦʨ ʥʝ ʫʩʪʘʥʦʚʠʣ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʰʘʛʘ D ʢʦʥʪʨʦʣʣʝʨ DMA ʫʩʪʘʥʦʚʠʣ ʧʦʣʝ 

CYCLE_CTRL ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʩʪʦʷʥʠʝ 000b, ʧʝʨʝʜʘʯʠ DMA 

ʧʨʝʢʨʘʱʘʶʪʩʷ. 
 

ʈʘʙʦʪʘ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠʤʝʥʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʧʘʤʷʪʴʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: 

ʧʘʤʷʪʴ ï ʧʘʤʷʪʴ, ʧʝʨʠʬʝʨʠʷ ï ʧʘʤʷʪʴ, ʧʘʤʷʪʴ ï ʧʝʨʠʬʝʨʠʷ, ï ʩ ʧʦʤʦʱʴʶ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʭ 

ʟʘʧʨʦʩʦʚ, ʪʘʢ ʠ ʟʘʧʨʦʩʦʚ ʦʪ ʧʝʨʠʬʝʨʠʠ. 
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ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʚʠʯʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ.  

ʂʦʥʪʨʦʣʣʝʨ DMA, ʧʦʣʫʯʘʷ ʥʘʯʘʣʴʥʳʡ ʟʘʧʨʦʩ ʥʘ ʦʙʨʘʙʦʪʢʫ, ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ 

ʧʝʨʝʜʘʯʠ DMA, ʟʘʧʦʣʥʷʷ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʥʘʣʘ ʜʘʥʥʳʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʧʝʨʚʠʯʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʪʠʭ ʧʝʨʝʜʘʯ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʭʦʜʠʪ 

ʚ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ, ʠ ʝʩʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʧʨʦʩʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, 

ʥʘʯʠʥʘʝʪ ʮʠʢʣ DMA, ʠʩʧʦʣʴʟʫʷ ʦʙʥʦʚʣʝʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ, ʧʦʩʣʝ 

ï ʘʨʙʠʪʨʘʞ, ʟʘʪʝʤ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʝʱʝ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA, ʚʥʦʚʴ ʟʘʧʦʣʥʷʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʮʠʢʣʳ DMA, ʤʝʥʷʷ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

- ʧʝʨʝʜʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʘ ʚ ʨʝʞʠʤʝ ʮʠʢʣʘ çʦʩʥʦʚʥʦʡè; 

- ʢʦʥʪʨʦʣʣʝʨ ʩʯʠʪʘʝʪ çʥʝʧʨʘʚʠʣʴʥʫʶè ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ 

ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʦʤ N ʧʝʨʝʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ, 

ʦʥ ʜʝʣʘʝʪ ʵʪʠ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ çʥʝʧʨʘʚʠʣʴʥʳʤʠè ʧʫʪʝʤ ʟʘʧʠʩʠ ʚ ʧʦʣʝ CYCLE_CTRL 

ʟʥʘʯʝʥʠʷ 000b. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʝʨʳʚʘʥʠʝ ʢʘʥʘʣʘ DMAi ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ ʮʠʢʣ ʧʝʨʝʜʘʯ DMA ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ 

çʦʩʥʦʚʥʦʡè. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʞʠʤʘ çʦʩʥʦʚʥʦʡè ʘʚʪʦ-ʟʘʧʨʦʩʳ ʥʝ 

ʜʝʡʩʪʚʫʶʪ. 

ɺ ʪʘʙʣʠʮʝ 10.8 ʫʢʘʟʘʥʳ ʢʦʥʩʪʘʥʪʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ 

ʨʝʛʠʩʪʨ CHANNEL_C çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè. 
 

ʊʘʙʣʠʮʘ 10.8 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ ʜʣʷ 
ʨʘʙʦʪʳ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè 

 
CHANNEL_CFG    

 
 

ʇʦʣʝ ɹʠʪʳ ʂʦʥʩ-
ʪʘʥʪʘ 

ʇʦʷʩʥʝʥʠʝ 

CYCLE_CTRL  31-
29 

100b ʂʦʥʪʨʦʣʣʝʨ DMA ʨʘʙʦʪʘʝʪ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ 
çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ 
ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ. 

SRC_PROT_CTRL 28-
26 

ï ʋʧʨʘʚʣʝʥʠʝ ʟʘʱʠʪʦʡ ʰʠʥʳ ʧʨʠ ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ 
ʠʩʪʦʯʥʠʢʘ. ɿʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

DST_PROT_CTRL  25-
23 

ï ʋʧʨʘʚʣʝʥʠʝ ʟʘʱʠʪʦʡ ʰʠʥʳ ʧʨʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ 
ʧʨʠʝʤʥʠʢ. ɿʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

DST_SIZE 22-
21 

10b ʂʦʥʪʨʦʣʣʝʨ DMA ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʜʚʦʡʥʳʤ 
ʩʣʦʚʦʤ 

DST_INC 20-
19 

10b ʂʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʠʟʚʦʜʠʪ ʠʥʢʨʝʤʝʥʪ ʘʜʨʝʩʘ ʩ 
ʰʘʛʦʤ ʚ ʜʚʦʡʥʦʝ ʩʣʦʚʦ 

SRC_SIZE  18-
17 

10b ʂʦʥʪʨʦʣʣʝʨ DMA ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʜʚʦʡʥʳʤʠ 
ʩʣʦʚʘʤʠ 

SRC_INC  16-
15 

10b ʂʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʠʟʚʦʜʠʪ ʠʥʢʨʝʤʝʥʪ ʘʜʨʝʩʘ ʩ 
ʰʘʛʦʤ ʚ ʜʚʦʡʥʦʝ ʩʣʦʚʦ 

N_MINUS_1 14-5 ï ʅʘʩʪʨʘʠʚʘʝʪ ʢʦʥʪʨʦʣʣʝʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ N ʧʝʨʝʜʘʯ DMA.  
ʊʘʢ ʢʘʢ ʧʦʣʝ R_POWER ʟʘʜʘʝʪ ʟʥʘʯʝʥʠʝ 2, ʪʦ 
ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʟʥʘʯʝʥʠʝ N, ʢʨʘʪʥʦʝ 4. ʏʠʩʣʦ, 
ʨʘʚʥʦʝ N/4, ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ 
ʥʘʩʪʨʘʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ.  
ɿʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10.8 
ʇʦʣʝ ɹʠʪʳ ʂʦʥʩ-

ʪʘʥʪʘ 
ʇʦʷʩʥʝʥʠʝ 

R_POWER 4-1 0010b ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ  

(2R = 22 = 4)  
NEXT_USEBURS
T 

0 0 ɼʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʙʠʪ ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʨʦʰʝʥ 

 

ɺ ʫʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ SRC_DATA_END_PTR ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʘʜʨʝʩ ʢʦʥʮʘ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʦ 

ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʦʨʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʘʥʘʣʘ. 

ɺ ʫʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ DST_DATA_END_PTR ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʘʜʨʝʩ ʢʦʥʮʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʢʘʥʘʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 10.4 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚ ʨʝʞʠʤʝ 

çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè. ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩʫʥʢʫ 10.4 ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (çʀʥʠʮʠʘʣʠʟʘʮʠʷè ʠ 

çʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝè). 

 

 
 

ʈʠʩʫʥʦʢ 10.4 ï ʇʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚ ʨʝʞʠʤʝ 

çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè 

 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

1 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʘʤʷʪʴʶ ʚ 

ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʧʫʪʝʤ ʟʘʧʠʩʠ ʚ CYCLE_CTRL ʟʥʘʯʝʥʠʷ 100b. ʊʘʢ ʢʘʢ 

ɿʘʜʘʯʘ ɸ
ɸʚʪʦʟʘʧʨʦʩ

ɿʘʜʘʯʘ B

ɿʘʧʨʦʩ

2 ,
R
= 4  N = 3

ɿʘʜʘʯʘ C

ʇʨʝʨʳʚʘʥʠʝ ʢʘʥʘʣʘi

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ ɸ 
ʚ ʧʘʤʷʪʴ

ɸʚʪʦʟʘ
ʧʨʦʩ

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ B
ʚ ʧʘʤʷʪʴ

ɸʚʪʦʟʘʧʨʦʩ

ɸʚʪʦʟʘʧʨʦʩ

ɸʚʪʦʟʘ
ʧʨʦʩ

2 ,
R
= 2  N = 8

ɿʘʜʘʯʘ D

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ C
ʚ ʧʘʤʷʪʴ

ɸʚʪʦʟʘʧʨʦʩ

ɸʚʪʦʟʘ
ʧʨʦʩ

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ D
ʚ ʧʘʤʷʪʴ

ɸʚʪʦʟʘʧʨʦʩ

2 ,
R
= 8  N = 5

2 ,
R
= 4  N = 4

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ

ɸʚʪʦʟʘʧʨʦʩ

ɸʚʪʦʟʘʧʨʦʩ
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ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ ʩʣʦʚ, R_POWER = 0010b. ʇʦʩʢʦʣʴʢʫ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʨʘʚʥʦ ʯʝʪʳʨʝʤ, ʪʦ N = 16, ʪ. ʝ. ʟʥʘʯʝʥʠʝ ʧʦʣʷ N_MINUS_1 = 00Fh. 

2 ʋʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʰʘʛʦʚ A, B, C, D ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʆɿʋ. ɸʜʨʝʩ 

ʢʦʥʮʘ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʥʦʩʠʪʩʷ ʚ ʨʝʛʠʩʪʨ SRC_DATA_END_PTR ʧʝʨʚʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ. ʇʨʠʤʝʨ ʨʘʟʤʝʱʝʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 10.9. ʉʦʛʣʘʩʥʦ ʧʨʠʤʝʨʫ, ʚ ʨʝʛʠʩʪʨ SRC_DATA_END_PTR 

ʧʝʨʚʠʯʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 4000_015Ch. 

ɺ ʨʝʛʠʩʪʨ DST_DATA_END_PTR ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʘʜʨʝʩ 

ʢʦʥʮʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʥʘʣʘ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʥʘʣʘ 9 ʚ ʨʝʛʠʩʪʨ DST_DATA_END_PTR ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ 

ʟʥʘʯʝʥʠʝ XXXX _X29Ch. 

3 ɺʢʣʶʯʘʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨ DMA ʠ ʨʘʟʨʝʰʘʝʪʩʷ ʨʘʙʦʪʘ ʢʘʥʘʣʘ, ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʥʘʣʫ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ ENSET ʠ ʙʠʪʘ MASTEREN ʚ ʨʝʛʠʩʪʨʝ CFG. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ ʟʘʧʨʦʩʳ ʢʘʥʘʣʘ ʥʝ ʟʘʤʘʩʢʠʨʦʚʘʥʳ (ʩʙʨʦʰʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ REQMASKSET). 

 

ʊʘʙʣʠʮʘ 10.9 ï ʇʨʠʤʝʨ ʨʘʟʤʝʱʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ 

ʊʠʧ ʜʘʥʥʳʭ ɸʜʨʝʩ ʆɿʋ ʈʝʛʠʩʪʨ ɿʥʘʯʝʥʠʝ 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ D 

4000_015Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0158h CHANNEL_CFG CYCLE_CTRL = 001b, 2R = 4, N = 4 

4000_0154h DST_DATA_END_PTR 4000_DE00h 

4000_0150h SRC_DATA_END_PTR 4000_D000h 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ C 

4000_016Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0168h CHANNEL_CFG CYCLE_CTRL = 101b, 2R = 8, N = 5 

4000_0164h DST_DATA_END_PTR 4000_CE00h 

4000_0160h SRC_DATA_END_PTR 4000_C000h 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ B 

4000_017Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0178h CHANNEL_CFG CYCLE_CTRL = 101b, 2R = 2, N = 8 

4000_0174h DST_DATA_END_PTR 4000_BE00h 

40000170h SRC_DATA_END_PTR 4000_B000h 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ A 

4000_018Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0188h CHANNEL_CFG CYCLE_CTRL = 101b, 2R = 4, N = 3 

4000_0184h DST_DATA_END_PTR 4000_AE00h 

4000_0180h SRC_DATA_END_PTR 4000_A000h 

 

 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

1 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯʠ ɸ. ʇʦ ʧʦʣʫʯʝʥʠʠ ʧʝʨʚʦʛʦ ʟʘʧʨʦʩʘ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ 

ʟʘʧʠʩʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ ɸ. ʂʦʥʪʨʦʣʣʝʨ 

DMA ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ ɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʜʘʥʥʳʭ, ʧʦ ʦʢʦʥʯʘʥʠʠ ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ ʠ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 

2 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯʠ B. ʇʦ ʧʦʣʫʯʝʥʠʠ ʘʚʪʦ-ʟʘʧʨʦʩʘ 

ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ ʟʘʧʠʩʳʚʘʶʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ B. ʂʦʥʪʨʦʣʣʝʨ DMA 

ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ B ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʜʘʥʥʳʭ, ʧʦ ʦʢʦʥʯʘʥʠʠ ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ ʠ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 
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3 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯʠ C. ʇʦ ʧʦʣʫʯʝʥʠʠ ʘʚʪʦ-ʟʘʧʨʦʩʘ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ 

ʟʘʧʠʩʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ C. ʂʦʥʪʨʦʣʣʝʨ 

DMA ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ C ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʜʘʥʥʳʭ, ʧʦ ʦʢʦʥʯʘʥʠʠ ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ ʠ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 

4 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯʠ D. ʇʦ ʧʦʣʫʯʝʥʠʠ ʘʚʪʦ-ʟʘʧʨʦʩʘ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨ DMA  ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ 

ʟʘʧʠʩʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ D. ʂʦʥʪʨʦʣʣʝʨ 

DMA  ʟʘʧʠʩʳʚʘʝʪ ʚ CYCLE_CTRL ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʝ 000b ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʦ ʪʦʤ, 

ʯʪʦ ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ çʥʝʧʨʘʚʠʣʴʥʦʡè. ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ DMA  

ʛʝʥʝʨʠʨʫʝʪ ʘʚʪʦ-ʟʘʧʨʦʩ ʜʣʷ ʢʘʥʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ DMA  ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ D, ʠʩʧʦʣʴʟʫʷ ʪʠʧ ʮʠʢʣʘ çʦʩʥʦʚʥʦʡè. ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʟʘʜʘʯʠ ʛʝʥʝʨʠʨʫʝʪ ʧʨʝʨʳʚʘʥʠʝ ʢʘʥʘʣʘ DMA (ʝʩʣʠ ʙʳʣʦ ʚʢʣʶʯʝʥʦ) ʠ ʚʭʦʜʠʪ ʚ 

ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. ʎʠʢʣ ʨʘʙʦʪʳ ʩ ʧʘʤʷʪʴʶ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʟʘʚʝʨʰʝʥ. 

 

ʈʘʙʦʪʘ ʩ ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè  

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠʤʝʥʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʧʝʨʠʬʝʨʠʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ: ʧʘʤʷʪʴ ï ʧʘʤʷʪʴ, ʧʝʨʠʬʝʨʠʷ ï ʧʘʤʷʪʴ, ʧʘʤʷʪʴ ï ʧʝʨʠʬʝʨʠʷ, ï ʩ ʧʦʤʦʱɹ ʶ ʢʘʢ 

ʧʨʦʛʨʘʤʤʥʳʭ ʟʘʧʨʦʩʦʚ, ʪʘʢ ʠ ʟʘʧʨʦʩʦʚ ʦʪ ʧʝʨʠʬʝʨʠʠ. 

ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʚʠʯʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ.  

ʂʦʥʪʨʦʣʣʝʨ DMA, ʧʦʣʫʯʘʷ ʥʘʯʘʣʴʥʳʡ ʟʘʧʨʦʩ ʥʘ ʦʙʨʘʙʦʪʢʫ, ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ 

ʧʝʨʝʜʘʯʠ DMA, ʟʘʧʦʣʥʷʷ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʥʘʣʘ ʜʘʥʥʳʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʧʝʨʚʠʯʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʪʠʭ ʧʝʨʝʜʘʯ ʢʦʥʪʨʦʣʣʝʨ DMA ʙʝʟ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʨʙʠʪʨʘʞʘ ʥʘʯʠʥʘʝʪ ʮʠʢʣ DMA, ʠʩʧʦʣʴʟʫʷ ʦʙʥʦʚʣʝʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ, ʧʦʩʣʝ ï ʘʨʙʠʪʨʘʞ, ʟʘʪʝʤ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʝʱʝ ʯʝʪʳʨʝ 

ʧʝʨʝʜʘʯʠ DMA, ʚʥʦʚʴ ʟʘʧʦʣʥʷʷ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʝʨʚʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʪʨʦʣʣʝʨ DMA ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʜʘʯʠ DMA, ʠʩʧʦʣʴʟʫʷ ʧʝʨʚʠʯʥʳʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʮʠʢʣʳ DMA, ʤʝʥʷʷ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

- ʧʝʨʝʜʘʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʘ ʚ ʨʝʞʠʤʝ ʮʠʢʣʘ çʦʩʥʦʚʥʦʡè; 

- ʢʦʥʪʨʦʣʣʝʨ DMA ʩʯʠʪʘʝʪ çʥʝʧʨʘʚʠʣʴʥʫʶè ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ 

ʠʩʧʦʣʥʝʥʠʷ DMA ʢʦʥʪʨʦʣʣʝʨʦʤ N ʧʝʨʝʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ, ʦʥ ʜʝʣʘʝʪ ʵʪʠ ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ çʥʝʧʨʘʚʠʣʴʥʳʤʠè ʧʫʪʝʤ ʟʘʧʠʩʠ ʚ ʧʦʣʝ 

CYCLE_CTRL ʟʥʘʯʝʥʠʷ 000b. 

ʂʦʥʪʨʦʣʣʝʨ DMA ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʝʨʳʚʘʥʠʝ ʢʘʥʘʣʘ DMAi  ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ ʮʠʢʣ ʧʝʨʝʜʘʯ DMA ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ 

çʦʩʥʦʚʥʦʡè. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʞʠʤʘ çʦʩʥʦʚʥʦʡè ʘʚʪʦ-ʟʘʧʨʦʩʳ ʥʝ 

ʜʝʡʩʪʚʫʶʪ. 

ɺ ʪʘʙʣʠʮʝ 10.10 ʫʢʘʟʘʥʳ ʢʦʥʩʪʘʥʪʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ 

ʨʝʛʠʩʪʨ CHANNEL_CFG ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè. 
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ʊʘʙʣʠʮʘ 10.10 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ 

DMAi ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè 

 

CHANNEL_CFG    

 

 
 

ʇʦʣʝ ɹʠʪʳ ʂʦʥʩ-

ʪʘʥʪʘ 

ʇʦʷʩʥʝʥʠʝ 

CYCLE_CTRL  31-29 110b ʂʦʥʪʨʦʣʣʝʨ ʨʘʙʦʪʘʝʪ ʩ ʧʝʨʠʬʝʨʠʝʡ 

ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ DMAi  

SRC_PROT_CTRL 28-26 ï ʋʧʨʘʚʣʝʥʠʝ ʟʘʱʠʪʦʡ ʰʠʥʳ ʧʨʠ 

ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʠʩʪʦʯʥʠʢʘ. 

ɿʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

DST_PROT_CTRL  25-23 ï ʋʧʨʘʚʣʝʥʠʝ ʟʘʱʠʪʦʡ ʰʠʥʳ ʧʨʠ 

ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʧʨʠʝʤʥʠʢ. 

ɿʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

DST_SIZE 22-21 10b ʂʦʥʪʨʦʣʣʝʨ DMA ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʝʨʝʜʘʯʫ ʜʚʦʡʥʳʤ ʩʣʦʚʦʤ 

DST_INC 20-19 10b ʂʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʠʟʚʦʜʠʪ 

ʠʥʢʨʝʤʝʥʪ ʘʜʨʝʩʘ ʩ ʰʘʛʦʤ ʚ 

ʜʚʦʡʥʦʝ ʩʣʦʚʦ 

SRC_SIZE  18-17 10b ʂʦʥʪʨʦʣʣʝʨ DMA ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʝʨʝʜʘʯʫ ʜʚʦʡʥʳʤʠ ʩʣʦʚʘʤʠ 

SRC_INC  16-15 10b ʂʦʥʪʨʦʣʣʝʨ DMA ʧʨʦʠʟʚʦʜʠʪ 

ʠʥʢʨʝʤʝʥʪ ʘʜʨʝʩʘ ʩ ʰʘʛʦʤ ʚ 

ʜʚʦʡʥʦʝ ʩʣʦʚʦ 

N_MINUS_1 14-5 ï ʅʘʩʪʨʘʠʚʘʝʪ ʢʦʥʪʨʦʣʣʝʨ ʥʘ 
ʚʳʧʦʣʥʝʥʠʝ N ʧʝʨʝʜʘʯ DMA.  
ʊʘʢ ʢʘʢ ʧʦʣʝ R_POWER ʟʘʜʘʝʪ 
ʟʥʘʯʝʥʠʝ 2, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ 
ʟʥʘʯʝʥʠʝ N, ʢʨʘʪʥʦʝ 4. ʏʠʩʣʦ, 
ʨʘʚʥʦʝ N/4, ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, 
ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ 
ʜʘʥʥʳʝ.  
ɿʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

R_POWER 4-1 0010b ʂʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ 
ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ  
(2R = 22 = 4)  

NEXT_USEBURST 0 0 ɼʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʙʠʪ ʜʦʣʞʝʥ 

ʙʳʪʴ ʩʙʨʦʰʝʥ 
 

ɺ ʫʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ SRC_DATA_END_PTR ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʘʜʨʝʩ ʢʦʥʮʘ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʦ 

ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʦʨʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʘʥʘʣʘ DMAi. 

ɺ ʫʢʘʟʘʪʝʣʴ ʢʦʥʮʘ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ DST_DATA_END_PTR ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʘʜʨʝʩ ʢʦʥʮʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʢʘʥʘʣʘ DMAi. 

7 6 5 4 3 2 1 015 14 13 12 11 10 9 823 22 20 19 18 17 1631 30 29 28 27 26 25 24 21

1 0 1 0 1 0 1 0 - - 0 0 1 0 - 0 1 01
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ʅʘ ʨʠʩʫʥʢʝ 10.5 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚ ʨʝʞʠʤʝ 

çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè. ʇʦʷʩʥʝʥʠʷ ʢ ʨʠʩʫʥʢʫ 10.5 ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (çʀʥʠʮʠʘʣʠʟʘʮʠʷè ʠ 

çʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝè). 

 

 

 
 

ʈʠʩʫʥʦʢ 10.5 ï ʇʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ  

ʩ ʧʝʨʠʬʝʨʠʝʡ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè 

 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

1 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʝʡ 

ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʧʫʪʝʤ ʟʘʧʠʩʠ ʚ CYCLE_CTRL ʟʥʘʯʝʥʠʷ 110b. ʇʦʩʢʦʣʴʢʫ 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ ʩʣʦʚ, R_POWER = 0010b. ʊʘʢ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʨʘʚʥʦ ʯʝʪʳʨʝʤ, ʪʦ N = 16, ʪ. ʝ. ʟʥʘʯʝʥʠʝ ʧʦʣʷ N_MINUS_1 = 00Fh. 

2 ʋʧʨʘʚʣʷʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʰʘʛʦʚ A, B, C, D ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʆɿʋ. ɸʜʨʝʩ 

ʢʦʥʮʘ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʥʦʩʠʪʩʷ ʚ ʨʝʛʠʩʪʨ SRC_DATA_END_PTR ʧʝʨʚʠʯʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʘʥʥʳʭ.  ʇʨʠʤʝʨ ʨʘʟʤʝʱʝʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 10.11. ʀʩʭʦʜʷ ʠʟ ʧʨʠʤʝʨʘ, ʚ ʨʝʛʠʩʪʨ SRC_DATA_END_PTR 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʝʩʪʠ ʟʥʘʯʝʥʠʝ 4000_015Ch. 

ɺ ʨʝʛʠʩʪʨ DST_DATA_END_PTR ʧʝʨʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʝʩʪʠ ʘʜʨʝʩ 

ʢʦʥʮʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʥʘʣʘ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʥʘʣʘ 9 ʚ ʨʝʛʠʩʪʨ DST_DATA_END_PTR ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʝʩʪʠ 

ʟʥʘʯʝʥʠʝ XXXX _X29Ch. 

3 ɺʢʣʶʯʘʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨ DMA ʠ ʨʘʟʨʝʰʘʝʪʩʷ ʨʘʙʦʪʘ ʢʘʥʘʣʘ, ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʥʘʣʫ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ ENSET ʠ ʙʠʪʘ MASTEREN ʚ ʨʝʛʠʩʪʨʝ CFG. 

ɿʘʜʘʯʘ ɸ

ɿʘʜʘʯʘ B

ɿʘʧʨʦʩ

2 ,
R
= 4  N = 3

ɿʘʜʘʯʘ C

ʇʨʝʨʳʚʘʥʠʝ ʢʘʥʘʣʘ   i

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ ɸ 
ʚ ʧʘʤʷʪʴ

ɿʘʧʨʦʩ

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ B
ʚ ʧʘʤʷʪʴ

ɿʘʧʨʦʩ

2 ,
R
= 2  N = 8

ɿʘʜʘʯʘ D

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ C
ʚ ʧʘʤʷʪʴ

ʂʦʧʠʨʦʚʘʥʠʝ ʠʟ D
ʚ ʧʘʤʷʪʴ

2 ,
R
= 8  N = 5

2 ,
R
= 4  N = 4

ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ

ɿʘʧʨʦʩ

ɿʘʧʨʦʩ

ɿʘʧʨʦ
ʩ

ɿʘʧʨʦ
ʩ

ɼʣʷ ʚʩʝʭ ʪʨʘʥʟʘʢʮʠʡ ʠʟ ʧʝʨʚʠʯʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 
ʢʦʥʪʨʦʣʣʝʨ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 
ʘʨʙʠʪʨʘʞ ʠ ʥʝʤʝʜʣʝʥʥʦ ʚʳʧʦʣʥʷʝʪ 
ʧʝʨʝʜʘʯʫ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʠʣʘ 
ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ  
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ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ ʟʘʧʨʦʩʳ ʢʘʥʘʣʘ ʥʝ ʟʘʤʘʩʢʠʨʦʚʘʥʳ (ʩʙʨʦʰʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣʫ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ REQMASKSET). 

 

ʊʘʙʣʠʮʘ 10 .11 ï ʇʨʠʤʝʨ ʨʘʟʤʝʱʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ 

ʊʠʧ ʜʘʥʥʳʭ ɸʜʨʝʩ ʆɿʋ ʈʝʛʠʩʪʨ ɿʥʘʯʝʥʠʝ 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ D 

4000_015Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0158h CHANNEL_CFG CYCLE_CTRL = 001b, 2R = 

4,  

N = 4 

4000_0154h DST_DATA_END_PTR 4000_DE00h 

4000_0150h SRC_DATA_END_PTR 4000_D000h 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ C 

4000_016Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0168h CHANNEL_CFG CYCLE_CTRL = 111b, 2R = 

8,  

N = 5 

4000_0164h DST_DATA_END_PTR 4000_CE00h 

4000_0160h SRC_DATA_END_PTR 4000_C000h 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ B 

4000_017Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0178h CHANNEL_CFG CYCLE_CTRL = 111b, 2R = 

2,  

N = 8 

4000_0174h DST_DATA_END_PTR 4000_BE00h 

4000_0170h SRC_DATA_END_PTR 4000_B000h 

ʋʧʨʘʚʣʷʶʱʠʝ 

ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʜʘʯʠ A 

4000_018Ch ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ XXXX _XXXXh  

4000_0188h CHANNEL_CFG CYCLE_CTRL = 111b, 2R = 

4,  

N = 3 

4000_0184h DST_DATA_END_PTR 4000_AE00h 

4000_0180h SRC_DATA_END_PTR 4000_A000h 

 
ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
1 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ ɸ. ʇʦ ʧʦʣʫʯʝʥʠʠ ʟʘʧʨʦʩʘ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ ʟʘʧʠʩʳʚʘʶʪ 
ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ ɸ. 

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ ʩʨʘʟʫ ʞʝ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ ɸ ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ 
ʘʨʙʠʪʨʘʞʘ. ʇʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʦʪ 
ʟʘʧʨʦʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

2 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ B. ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ 
ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ ʟʘʧʠʩʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ 
ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ B.  

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ B. ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʪʨʠ 
ʟʘʧʨʦʩʘ (ʧʨʦʛʨʘʤʤʥʳʭ ʠʣʠ ʦʪ ʧʝʨʠʬʝʨʠʠ). ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʦʥʪʨʦʣʣʝʨ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ 
ʘʨʙʠʪʨʘʞʘ. ʇʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʦʪ 
ʟʘʧʨʦʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

3 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ C. ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ 
ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ ʟʘʧʠʩʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ 
ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ C. 

ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ C ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʚʦʜʠʪ ʧʨʦʮʝʜʫʨʫ 
ʘʨʙʠʪʨʘʞʘ.  
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ʇʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ ʧʝʨʠʬʝʨʠʝʡ ʥʦʚʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
ʵʪʦʪ ʟʘʧʨʦʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

4 ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯʠ D. ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ 
ʯʝʪʳʨʝ ʧʝʨʝʜʘʯʠ DMA. ʕʪʠ ʧʝʨʝʜʘʯʠ ʟʘʧʠʩʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʷʶʱʠʭ 
ʜʘʥʥʳʭ ʜʣʷ ʰʘʛʘ D. ʂʦʥʪʨʦʣʣʝʨ ʟʘʧʠʩʳʚʘʝʪ ʚ CYCLE_CTRL ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʝ 
000b ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʦ ʪʦʤ, ʯʪʦ ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 
çʥʝʧʨʘʚʠʣʴʥʦʡè. ɼʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ D, ʠʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʦʡ ʮʠʢʣ DMA, 
ʚʭʦʜʠʪ ʚ ʧʨʝʨʳʚʘʥʠʝ ʢʘʥʘʣʘ DMAi  (ʝʩʣʠ ʚʢʣʶʯʝʥʦ) ʠ ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝʜʫʨʫ ʘʨʙʠʪʨʘʞʘ. 
ʎʠʢʣ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʝʡ ʚ ʨʝʞʠʤʝ çʨʘʟʙʦʨʢʘ-ʩʙʦʨʢʘè ʟʘʚʝʨʰʝʥ. 

 
10.5 ʎʠʢʣʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʢʦʥʪʨʦʣʣʝʨ DMA ʚʳʧʦʣʥʷʝʪ ʮʠʢʣʳ ʦʜʥʦʢʨʘʪʥʦ, ʪ. ʝ. ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ 

ʠʩʧʦʣʥʝʥʥʳʡ ʮʠʢʣ ʝʱʝ ʨʘʟ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʦʚʠʪʴ ʧʦʣʷ N_MINUS_1 ʠ CYCLE_CTRL, ʘ 

ʪʘʢʞʝ ʚʢʣʶʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʧʫʪʸʤ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ ENSET. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʞʠʤ ʜʣʷ ʦʩʥʦʚʥʦʛʦ 

ʮʠʢʣʘ ʠʣʠ ʘʚʪʦ-ʟʘʧʨʦʩʘ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʦʣʝ CYCLE_CTRL ʠ ʙʠʪ ʨʘʟʨʝʰʝʥʠʷ ʨʘʙʦʪʳ 

ʢʘʥʘʣʘ ʚ ʨʝʛʠʩʪʨʝ ENSET ʥʝ ʙʫʜʫʪ ʩʙʨʘʩʳʚʘʪʴʩʷ ʧʦ ʦʢʦʥʯʘʥʠʠ ʮʠʢʣʘ.  ʊʘʢʞʝ ʟʥʘʯʝʥʠʝ 

N_MINUS_1 ʙʫʜʝʪ ʩʦʭʨʘʥʝʥʦ ʧʝʨʝʜ ʧʝʨʚʦʡ ʧʝʨʝʜʘʯʝʡ ʠ ʟʘʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʦ, ʢʦʛʜʘ 

ʪʝʢʫʱʠʡ ʮʠʢʣ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ, ʥʝ ʟʘʜʝʡʩʪʚʫʷ ʧʨʠ ʵʪʦʤ 

ʧʨʝʨʳʚʘʥʠʷ DMA. 

ɸʢʪʠʚʘʮʠʷ ʨʝʞʠʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʫʶʱʝʛʦ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ 

CIRCULARSET. ʉʙʨʦʩ ʨʝʞʠʤʘ ï ʟʘʧʠʩʴʶ ʝʜʠʥʠʮʳ ʚ CIRCULARCLR. 

 

10.6 ʀʥʜʠʢʘʮʠʷ ʦʰʠʙʦʢ 

ʂʦʥʪʨʦʣʣʝʨ DMA ʤʦʞʝʪ ʦʪʢʣʶʯʠʪʴ i-ʢʘʥʘʣ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

- ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʮʠʢʣʘ DMA; 

- ʧʨʠ ʯʪʝʥʠʠ ʨʝʞʠʤʘ ʢʘʥʘʣʘ çʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʡè; 

- ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʦʰʠʙʢʠ ʥʘ ʰʠʥʝ AHB. 

ʂʘʢ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʣʝʨ DMA ʧʦʣʫʯʘʝʪ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧʦ ʰʠʥʝ AHB, ʦʥ 

ʦʪʢʣʶʯʘʝʪ ʢʘʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʦʙʥʘʨʫʞʝʥʘ ʦʰʠʙʢʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʬʣʘʛ VAL  ʚ ʨʝʛʠʩʪʨʝ 

ERRCLR. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʥʘʣ ʢʦʥʪʨʦʣʣʝʨʘ DMA, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʰʣʘ 

ʦʰʠʙʢʘ, ʧʨʦʛʨʘʤʤʘ, ʚʳʧʦʣʥʷʝʤʘʷ ʧʨʦʮʝʩʩʦʨʦʤ, ʜʦʣʞʥʘ ʚʩʝʛʜʘ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʦ ʢʘʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʥʝʜʘʚʥʦ ʚʳʟʳʚʘʣʠ ʧʨʝʨʳʚʘʥʠʷ, ʪ. ʝ. ʟʘʚʝʨʰʘʣʠ ʨʘʙʦʪʫ ʠ ʦʪʢʣʶʯʘʣʠʩʴ. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʩ ʦʰʠʙʢʦʡ: 

- ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʯʠʪʘʪʴ ʨʝʛʠʩʪʨ ENSET ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʪʝʢʫʱʝʛʦ ʩʧʠʩʢʘ 

ʦʪʢʣʶʯʝʥʥʳʭ ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʣʝʨʘ DMA; 

- ʧʨʦʮʝʩʩʦʨ ʜʦʣʞʝʥ ʩʨʘʚʥʠʪʴ ʩʧʠʩʦʢ ʚʳʢʣʶʯʝʥʥʳʭ ʢʘʥʘʣʦʚ ʢʦʥʪʨʦʣʣʝʨʘ DMA, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʪʝʥʠʷ ʨʝʛʠʩʪʨʘ ENSET, ʩ ʜʘʥʥʳʤʠ ʦ ʢʘʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʥʝʜʘʚʥʦ 

ʚʳʟʳʚʘʣʠ ʧʨʝʨʳʚʘʥʠʷ. ʂʘʥʘʣ ʢʦʥʪʨʦʣʣʝʨʘ DMA, ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʠʣʩʷ ʠ ʧʦ ʢʦʪʦʨʦʤʫ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʳʟʦʚʝ ʧʨʝʨʳʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʘʥʘʣʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʰʠʙʢʦʡ. 

ɺ ʢʦʥʪʨʦʣʣʝʨʝ DMA ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʟʘʱʠʪʳ 

ʰʠʥʳ AHB: ʧʨʠ ʟʘʧʠʩʠ ʚ ʧʨʠʝʤʥʠʢ, ʧʨʠ ʯʪʝʥʠʠ ʠʟ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ 

ʩʪʨʫʢʪʫʨʘʤ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʦʚ. ɿʘʱʠʪʘ ʰʠʥʳ ʚ ʢʘʞʜʦʡ ʠʟ ʩʠʪʫʘʮʠʡ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ɼʦʩʪʫʧʥʳʤʠ ʨʝʞʠʤʘʤʠ ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ: ʢʵʰʠʨʦʚʘʥʠʝ, 

ʙʫʬʝʨʠʟʘʮʠʷ, ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ. 

ɿʘʱʠʪʘ ʰʠʥʳ ʧʨʠ ʟʘʧʠʩʠ ʚ ʧʨʠʝʤʥʠʢ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦʣʝʤ DST_PROT_CTRL ʚ 

ʷʯʝʡʢʝ CHANNEL_CFG ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA. 

ɿʘʱʠʪʘ ʰʠʥʳ ʧʨʠ ʯʪʝʥʠʠ ʠʟ ʠʩʪʦʯʥʠʢʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦʣʝʤ SRC_PROT_CTRL ʚ 

ʷʯʝʡʢʝ CHANNEL_CFG ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʣʝʨʘ DMA. 

ɿʘʱʠʪʘ ʰʠʥʳ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢʦʥʪʨʦʣʣʝʨʘ DMA ʢ ʩʪʨʫʢʪʫʨʘʤ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ 

ʢʘʥʘʣʦʚ DMAi ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦʣʝʤ CHPROT ʚ ʨʝʛʠʩʪʨʝ CFG.  
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10.7 ʇʨʝʨʳʚʘʥʠʷ 

 

ɺ ʢʦʥʪʨʦʣʣʝʨ PLIC ʧʦʩʪʫʧʘʝʪ ʪʦʣʴʢʦ 8 ʣʠʥʠʡ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦ 3 ʢʘʥʘʣʘ: 

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 0 ʧʦ 2 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ13;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 3 ʧʦ 5 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ14;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 6 ʧʦ 8 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ15;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 9 ʧʦ 11 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ16;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 12 ʧʦ 14 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ17;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 15 ʧʦ 17 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ18;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 18 ʧʦ 20 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ19;  

- ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʢʘʥʘʣʦʚ DMA ʩ 21 ʧʦ 23 ʧʦʩʪʫʧʘʶʪ ʥʘ ʣʠʥʠʶ ʧʨʝʨʳʚʘʥʠʷ ˉ20.  

 

ʀʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʯʠʪʘʚ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ IRQSTAT. 

ʉʙʨʦʩ ʧʨʝʨʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ ʚ 

ʨʝʛʠʩʪʨʝ IRQSTATCLR. 
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11 ʇʦʨʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ɺ ʩʦʩʪʘʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚʭʦʜʷʪ ʪʨʠ 16-ʨʘʟʨʷʜʥʳʭ ʧʦʨʪʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ: A, B, C. 

ʉʪʨʫʢʪʫʨʳ ʧʦʨʪʦʚ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ï ʠʜʝʥʪʠʯʥʳ. 

ʂʘʞʜʳʡ ʮʠʬʨʦʚʦʡ ʚʳʚʦʜ ʧʦʨʪʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʚʦʜ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʨʝʞʠʤ GPIO). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʩʝ ʚʳʚʦʜʳ 

ʠʤʝʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ (ʠʣʠ ʬʫʥʢʮʠʠ).  

ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʦʨʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʙʨʦʩʝ ʠ ʥʝ ʪʘʢʪʠʨʫʶʪʩʷ. ɸʢʪʠʚʠʨʦʚʘʪʴ ʧʦʨʪʳ 

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʪ ʨʝʛʠʩʪʨʦʚ CGCFGAHB, RSTDISAHB ʙʣʦʢʘ RCU. 

 

11.1 ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʨʪʘ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʝʛʠʩʪʨʝ DATA ʧʦʨʪʘ. ɼʘʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʨʝʛʠʩʪʨ DATAOUT ʧʦʨʪʘ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʨʝʛʠʩʪʨʘ DATAOUT ʧʫʪʝʤ ʟʘʧʠʩʠ ʝʜʠʥʠʮ ʚ ʨʝʛʠʩʪʨ DATAOUTSET ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʪ, ʚ ʨʝʛʠʩʪʨ DATAOUTCLR ï ʜʣʷ ʩʙʨʦʩʘ ʙʠʪ, ʚ ʨʝʛʠʩʪʨ 

DATAOUTTGL ï ʜʣʷ ʠʥʚʝʨʩʠʠ ʙʠʪ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʈʝʛʠʩʪʨ DATAOUTTGL, ʘ ʪʘʢʞʝ ʚʩʝ ʨʝʛʠʩʪʨʳ xxxCLR ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʨʪʘ ʦʜʥʦʡ ʟʘʧʠʩʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʝ-ʤʦʜʠʬʠʢʘʮʠʷ-

ʟʘʧʠʩʴ ʩ ʣʶʙʳʤ ʠʟ ʵʪʠʭ ʨʝʛʠʩʪʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʜʨʫʛʠʝ ʙʠʪʳ ʨʝʛʠʩʪʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 11.1 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʳʚʦʜʘ ʮʠʬʨʦʚʦʛʦ ʧʦʨʪʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʉʭʝʤʳ ʚʩʝʭ ʚʳʚʦʜʦʚ ʠʜʝʥʪʠʯʥʳ. 
 

 
 

ʈʠʩʫʥʦʢ 11.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʳʚʦʜʘ ʮʠʬʨʦʚʦʛʦ ʧʦʨʪʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ  

 

ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʧʣʦʱʘʜʢʠ ʚʳʚʦʜʘ, ʬʠʣʴʪʨʘ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚʳʙʦʨʘ ʥʦʤʝʨʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚʳʙʦʨʘ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ (ʨʝʞʠʤ GPIO ʣʠʙʦ ʨʝʞʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ). 

ɼʣ̫ ʢʘʞʜʦʛʦ ʚʳʚʦʜʘ ʟʘʜʘʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʥʦʤʝʨ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, 

ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʳʚʦʜʘ, ʨʝʞʠʤ ʧʦʜʪʷʞʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʘʩʪʨʦʡʢʘ ʧʦʨʪʘ ʥʘ ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʩ ʦʪʢʨʳʪʳʤ ʩʪʦʢʦʤ/ʠʩʪʦʢʦʤ. ɼʣʷ ʨʘʙʦʪʳ ʩ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʙʣʦʢʘʤʠ ʚʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ 
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ʤʦʞʝʪ ʧʦʜʘʚʘʪʴʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʢʘʢ ʥʘʧʨʷʤʫʶ (ʘʩʠʥʭʨʦʥʥʳʡ ʚʭʦʜ), ʪʘʢ ʠ 

ʧʨʦʭʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʯʝʨʝʟ ʬʠʣʴʪʨ.  

ʇʦʩʣʝ ʩʙʨʦʩʘ ʚʩʝ ʚʳʚʦʜʳ ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʢʘʢ ʚʳʚʦʜʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʨʝʞʠʤ 

GPIO) ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʝʪʴʝʤ ʩʦʩʪʦʷʥʠʠ.  

ɺʢʣʶʯʝʥʠʝ ʧʦʜʪʷʞʢʠ ʚʳʚʦʜʘ (PullUp) ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʨʝʛʠʩʪʨʦʤ PULLMODE. 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʙʠʪ ʨʝʛʠʩʪʨʘ PULLMODE ʚʢʣʶʯʘʝʪ ʧʦʜʪʷʞʢʫ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʳʚʦʜʘ ʢ ʫʨʦʚʥʶ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ (PullUp). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʠʩʪʦʨʦʚ 

ʧʦʜʪʷʞʢʠ PullUp ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 36 ʢʆʤ ʜʦ 85 ʢʆʤ, ʪʠʧʦʚʦʝ ï 52 ʢʆʤ. 

ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʚʳʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʙʠʪ ʨʝʛʠʩʪʨʘ 

OUTENSET (ʜʣʷ ʩʙʨʦʩʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʙʠʪ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʝʜʠʥʠʮʳ ʚ ʨʝʛʠʩʪʨ 

OUTENCLR), ʘ ʠʭ ʨʝʞʠʤʳ (çpush-pullè, ʦʪʢʨʳʪʳʡ ʩʪʦʢ/ʠʩʪʦʢ) ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʝʡ ʚ ʨʝʛʠʩʪʨʝ 

OUTMODE. ɺ ʨʝʞʠʤʘʭ ʦʪʢʨʳʪʳʡ ʩʪʦʢ/ʠʩʪʦʢ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʚʳʚʦʜʘ 

ʦʩʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʤʠ DATAOUT, DATAOUTCLR, DATAOUTSET, DATAOUTTGL, 

ʧʨʠ ʵʪʦʤ ʨʝʞʠʤ ʚʳʭʦʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʢʣʶʯʝʥ ʟʘʧʠʩʴʶ ʚ ʨʝʛʠʩʪʨ OUTENCLR. 

 ɺ ʪʘʙʣʠʮʝ 11.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʩʪʨʦʡʢʠ ʨʝʛʠʩʪʨʦʚ ALTFUNCSET, OUTENSET, 

OUTMODE ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʳʚʦʜʘ ʧʦʨʪʘ. 

 

ʊʘʙʣʠʮʘ 11.1 - ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʚʳʚʦʜʘ ʧʦʨʪʘ 

ʈʝʞʠʤ ALTFUNCSET OUTENSET OUTMODE 

Input 0 0 00 (Push-Pull) 

Output Push-Pull 0 1 00 (Push-Pull) 

Output OpenDrain 0 0 01 (Open Drain) 

Output OpenSource 0 0 10 (Open Source) 

AltFunc Push-Pull 1 1 00 (Push-Pull) 

AltFunc OpenDrain 1 0 01 (Open Drain) 

AltFunc OpenSource 1 0 10 (Open Source) 
ʇʨʠʤʝʯʘʥʠʝ ï ɼʣʷ ʩʙʨʦʩʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʙʠʪ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʝʜʠʥʠʮʳ ʚ ʨʝʛʠʩʪʨʳ 

ALTFUNCCLR ʠ OUTENCLR. 

 

11.2 ʈʝʞʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʞʝʣʘʝʤʦʛʦ ʚʳʚʦʜʘ ʧʦʨʪʘ ʚ ʨʝʞʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ ALTFUNCSET ʧʦʨʪʘ. ɼʣʷ ʦʪʢʣʶʯʝʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ ʝʜʠʥʠʮʫ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʨʝʛʠʩʪʨʘ 

ALTFUNCCLR. ɺʳʙʦʨ ʥʦʤʝʨʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʠʩʪʨʘ ALTFUNCNUM. ʂʘʞʜʦʤʫ ʚʳʚʦʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʙʠʪʘ ʨʝʛʠʩʪʨʘ. 

ɺʭʦʜʳ ʠ ʚʳʭʦʜʳ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʩ 

ʚʳʚʦʜʘʤʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʷ ʵʪʠʭ ʚʳʚʦʜʦʚ ʚʢʣʶʯʝʥ ʨʝʞʠʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʠʬʝʨʠʡʥʳʡ ʙʣʦʢ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʩ ʦʜʥʦʛʦ ʚʳʚʦʜʘ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ (ʜʣʷ 

ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʧʨʠʦʨʠʪʝʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ). 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʚʦʜʦʚ, ʩʠʛʥʘʣʳ ʩ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʡ ʙʣʦʢ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʨʘʟʣʠʯʥʦ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ʚʭʦʜʥʳʭ ʬʫʥʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ ʠʤʝʶʪ ʬʫʥʢʮʠʠ ʩ ʥʘʠʤʝʥʴʰʠʤ ʥʦʤʝʨʦʤ, ʥʘʠʥʠʟʰʠʡ ʧʨʠʦʨʠʪʝʪ ï 

ʬʫʥʢʮʠʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʥʦʤʝʨʦʤ. ʅʦ ʧʨʠ ʵʪʦʤ, ʝʩʣʠ ʥʘ ʨʘʟʥʳʭ ʚʳʚʦʜʘʭ ʚʩʪʨʝʯʘʶʪʩʷ 

ʠʜʝʥʪʠʯʥʳʝ ʬʫʥʢʮʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ, ʪʦ ʠʭ ʧʨʠʦʨʠʪʝʪʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʙʫʢʚʝ 

ʧʦʨʪʘ ʠ ʥʦʤʝʨʫ ʧʠʥʘ: ʯʝʤ ʥʦʤʝʨ ʧʠʥʘ ʤʝʥʴʰʝ, ʘ ʙʫʢʚʘ ʧʦʨʪʘ ʙʣʠʞʝ ʢ ʥʘʯʘʣʫ ʘʣʬʘʚʠʪʘ, ʪʝʤ 

ʧʨʠʦʨʠʪʝʪ ʙʦʣʴʰʝ. 

ʋʢʘʟʘʥʥʳʝ ʧʨʘʚʠʣʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʦʚ ʜʣʷ ʧʨʠʝʤʘ ʜʘʥʥʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʚʩʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ. 
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11.3 ɺʭʦʜʥʳʝ ʬʠʣʴʪʨʳ 

ʂʦ ʚʩʝʤ ʧʣʦʱʘʜʢʘʤ ʚʳʚʦʜʦʚ ʧʦʜʢʣʶʯʝʥʳ ʚʭʦʜʥʳʝ ʬʠʣʴʪʨʳ. ʅʘ ʨʠʩʫʥʢʝ 11.2 
ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʠʣʴʪʨʘ ʚʳʚʦʜʘ ʧʦʨʪʘ.  

ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʚʳʚʦʜʘ ʧʦʨʪʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʥʘʧʨʷʤʫʶ (ʘʩʠʥʭʨʦʥʥʳʡ 
ʨʝʞʠʤ), ʪʘʢ ʠ ʧʝʨʝʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴʩʷ (ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴʩʷ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ ʨʘʙʦʪʳ 
ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ). ʋʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʤʠ SYNCSET/SYNCLCR.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʪʨʝʭ ʠʣʠ ʰʝʩʪʠ ʦʪʩʯʝʪʦʚ 
ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʚʦʜʘ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʦʪʩʯʝʪʦʚ 
ʩʦʚʧʘʜʘʶʪ, ʩʠʛʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʜʘʣʴʰʝ ʧʦ ʩʭʝʤʝ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʷʥʠʝ ʩʠʛʥʘʣʘ ʥʝ 
ʤʝʥʷʝʪʩʷ. ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʦʪʩʯʝʪʘʤʠ ʟʘʜʘʶʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʪʘʢʪʦʚ ʩʠʩʪʝʤʥʦʡ 
ʯʘʩʪʦʪʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʠʩʪʨʘ QUALSAMPLE. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʟʘʜʘʝʪʩʷ ʦʜʠʥ ʜʣʷ ʚʩʝʭ 
ʚʳʚʦʜʦʚ ʧʦʨʪʘ. 

ɺʢʣʶʯʝʥʠʝ ʬʠʣʴʪʨʘ ʠ ʟʘʜʘʥʠʝ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 
ʨʝʛʠʩʪʨʦʚ QUALSET/QUALCLR ʠ QUALMODESET/QUALMODECLR ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʘ ʨʝʞʠʤʘ ʘʢʪʠʚʥʳʤʠ ʙʳʪʴ ʥʝ ʤʦʛʫʪ ï ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʝʜʠʥʠʮʘʭ 
ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʨʘʟʨʷʜʘʭ SYNCSET ʠ QUALSET ʩʠʛʥʘʣ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʥʘʧʨʷʤʫʶ ʩ ʚʭʦʜʘ 
ʬʠʣʴʪʨʘ ʥʘ ʝʛʦ ʚʳʭʦʜ. 

 

 
 

ʈʠʩʫʥʦʢ 11.2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʬʠʣʴʪʨʘ ʚʳʚʦʜʘ ʧʦʨʪʘ 

 

11.4 ʇʨʝʨʳʚʘʥʠʷ 

ʂʘʞʜʳʡ ʠʟ ʚʳʚʦʜʦʚ ʩʧʦʩʦʙʝʥ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 11.3 ʧʦʢʘʟʘʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʛʝʥʝʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʡ.  

ʉʭʝʤʘ ʚʳʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʨʳʚʘʥʠʷʤʠ ʠ 

ʟʘʜʘʚʘʪʴ, ʧʦ ʢʘʢʦʤʫ ʘʧʧʘʨʘʪʥʦʤʫ ʩʦʙʳʪʠʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʝ (ʧʦ ʢʘʢʦʤʫ ʬʨʦʥʪʫ 

ʠʣʠ ʫʨʦʚʥʶ). ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʝʨʳʚʘʥʠʷ ʚ ʨʝʛʠʩʪʨʝ INTSTATUS ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʣʘʛ, ʠ ʚʳʩʪʘʚʣʷʝʪʩʷ ʧʨʝʨʳʚʘʥʠʝ ʚ ʢʦʥʪʨʦʣʣʝʨʝ ʧʨʝʨʳʚʘʥʠʡ PLIC.  

ʇʨʝʨʳʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʙʨʦʰʝʥʦ ʧʨʦʛʨʘʤʤʥʦ ʟʘʧʠʩʴʶ ʝʜʠʥʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʙʠʪ ʨʝʛʠʩʪʨʘ INTSTATUS. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ ʚʳʚʦʜʘ ʧʦʨʪʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ 

ʝʜʠʥʠʮʫ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʚʦʜʫ ʙʠʪ ʨʝʛʠʩʪʨʘ INTENSET, ʘ ʜʣʷ ʟʘʧʨʝʪʘ ʧʨʝʨʳʚʘʥʠʷ ï 

ʝʜʠʥʠʮʫ ʚ ʙʠʪ ʨʝʛʠʩʪʨʘ INTENCLR. 

QUALMODESET

0

1

QUALSET

ɹʣʦʢ 
ʧʝʨʝʩʠʥʭʨʦʥʠʟʘʮʠʠ

ɹʣʦʢ
ʩʨʘʚʥʝʥʠʷ

ɹʣʦʢ
ʜʠʩʢʨʝʪʠʟʘʮʠʠ

QUALSAMPLE

ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ

ʌʠʣʴʪʨʘʮʠʷ ʧʦ 3/6 ʦʪʩʯʝʪʘʤ

ɺʭʦʜ
ʬʠʣʴʪʨʘ  

QUALCLR

QUALMODECLR

1

0ɺʳʭʦʜ
ʬʠʣʴʪʨʘ  
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ɼʣʷ ʟʘʜʘʥʠʷ ʪʠʧʘ ʩʦʙʳʪʠʷ (ʫʨʦʚʝʥʴ ʠʣʠ ʬʨʦʥʪ), ʧʦ ʢʦʪʦʨʦʤʫ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʨʝʨʳʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʠʩʪʨ INTTYPESET, ʜʣʷ ʟʘʜʘʥʠʷ ʧʦʣʷʨʥʦʩʪʠ (ʥʠʟʢʠʡ/ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ/ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʬʨʦʥʪ) ʠʩʧʦʣʴʟʫʝʪʩʷ INTPOLSET, ʘ ʜʣʷ 

ʩʙʨʦʩʘ ʥʘʩʪʨʦʝʢ ï INTTYPECLR ʠ INTPOLCLR ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʦʙʦʠʤ ʬʨʦʥʪʘʤ ï ʩʥʘʯʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʪʠʧ ʧʨʝʨʳʚʘʥʠʷ ï ʬʨʦʥʪ (ʟʘʧʠʩʴ ʚ INTTYPESET), ʘ ʟʘʪʝʤ ʟʘʧʠʩʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʜʠʥʠʮʳ ʚ INTEDGESET. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ ʧʦʣʷʨʥʦʩʪʠ 

INTPOLSET ʠʛʥʦʨʠʨʫʝʪʩʷ. ʆʪʢʣʶʯʠʪʴ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʦʙʦʠʤ ʬʨʦʥʪʘʤ 

ʤʦʞʥʦ ʟʘʧʠʩʴʶ ʚ INTEDGECLR, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʢʫʱʘʷ ʥʘʩʪʨʦʡʢʘ ʧʦʣʷʨʥʦʩʪʠ (ʨʝʛʠʩʪʨ INTPOLSET).  

ɺ ʨʝʞʠʤʝ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʫʨʦʚʥʶ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ INTEDGESET ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʛʝʥʝʨʘʮʠʶ. 

 

 
 

ʈʠʩʫʥʦʢ 11.3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʛʝʥʝʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʡ 

 

11.5 ɻʝʥʝʨʘʮʠʷ ʘʧʧʘʨʘʪʥʳʭ ʟʘʧʨʦʩʦʚ 

ʂʨʦʤʝ ʛʝʥʝʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʡ, ʧʦʨʪʳ ʪʘʢʞʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʟʘʧʨʦʩʦʚ 

ʢ ʜʨʫʛʦʡ ʧʝʨʠʬʝʨʠʠ. ɻʝʥʝʨʘʮʠʷ ʟʘʧʨʦʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʫʩʣʦʚʠʷʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʝʨʳʚʘʥʠʷ ʥʘ ʚʳʙʨʘʥʥʦʤ ʚʳʚʦʜʝ, ʧʨʠ ʵʪʦʤ ʥʝ ʚʘʞʥʦ, ʤʘʩʢʠʨʦʚʘʥʦ ʩʘʤʦ ʧʨʝʨʳʚʘʥʠʝ ʠʣʠ 

ʥʝʪ (ʩʦʩʪʦʷʥʠʝ INTENSET), ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʦʣʴʢʦ ʥʘʩʪʨʦʡʢʠ ʛʝʥʝʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʷ 

(INTTYPESET, INTPOLSET, INTEDGESET). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʨʝʨʳʚʘʥʠʷ ʛʝʥʝʨʠʨʦʚʘʣʩʷ BREQ 

ʟʘʧʨʦʩ ʢ ʢʦʥʪʨʦʣʣʝʨʫ DMA, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʠʩʴ ʝʜʠʥʠʮ ʚ DMAREQSET. 

ʆʪʢʣʶʯʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʟʘʧʨʦʩʦʚ ʢ ʢʦʥʪʨʦʣʣʝʨʫ DMA ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ DMAREQCLR. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʨʝʨʳʚʘʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʣʩʷ ʟʘʧʨʦʩ 

ʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʠʩʴ ʝʜʠʥʠʮ ʚ ADCSOCSET. 

ʆʪʢʣʶʯʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʟʘʧʨʦʩʦʚ ʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʎʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʨʝʛʠʩʪʨ ADCSOCLR. 

 

11.6 ʄʝʭʘʥʠʟʤ ʙʣʦʢʠʨʦʚʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ɼʣʷ ʟʘʱʠʪʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʚʦʜʦʚ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥ 

ʤʝʭʘʥʠʟʤ ʙʣʦʢʠʨʦʚʢʠ. 

ɹʣʦʢʠʨʦʚʢʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʜʠʥʠʮ ʚ 

ʨʝʛʠʩʪʨ LOCKSET, ʩʙʨʦʩ ʙʣʦʢʠʨʦʚʢʠ ï ʚ ʨʝʛʠʩʪʨ LOCKCLR. ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʙʣʦʢʠʨʦʚʢʝ 

ʠʛʥʦʨʠʨʫʝʪʩʷ ʟʘʧʠʩʴ ʚʦ ʚʩʝ ʙʠʪʳ ʠ ʧʦʣʷ ʥʘʩʪʨʦʡʢʠ ʤʘʩʢʠʨʦʚʘʥʥʳʭ ʚʳʚʦʜʦʚ ï ʜʦʩʪʫʧʥʳ ʜʣʷ 

ʟʘʧʠʩʠ ʣʠʰʴ ʨʝʛʠʩʪʨʳ INTSTATUS ʠ QUALSAMPLE. 
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ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʩʝ ʚʳʚʦʜʳ ʷʚʣʷʶʪʩʷ ʨʘʟʙʣʦʢʠʨʦʚʘʥʥʳʤʠ, ʘ ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨʳ 

LOCKSET/LOCKCLR ʠʛʥʦʨʠʨʫʝʪʩʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʨʝʛʠʩʪʨʳ LOCKSET/LOCKCLR, ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʝʛʠʩʪʨ LOCKKEY ʟʘʥʝʩʪʠ ʟʥʘʯʝʥʠʝ ʢʣʶʯʘ 

ADEADBEEh. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʦʚʘ ʟʘʱʠʪʠʪʴ ʦʪ ʠʟʤʝʥʝʥʠʡ ʨʝʛʠʩʪʨʳ 

LOCKSET/LOCKCLR, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʧʠʩʘʪʴ ʚ LOCKKEY ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ 

ʢʣʶʯʘ. 

ʊʝʢʫʱʠʡ ʩʪʘʪʫʩ ʟʘʱʠʪʳ ʨʝʛʠʩʪʨʦʚ LOCKSET/LOCKCLR ʤʦʞʥʦ ʫʟʥʘʪʴ, ʧʨʦʯʠʪʘʚ 

ʨʝʛʠʩʪʨ LOCKKEY ï ʟʥʘʯʝʥʠʝ 0000_0001h ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʥʷʪʦʡ ʟʘʱʠʪʝ, 0000_0000h ï 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ. 

 

11.7 ʄʝʭʘʥʠʟʤ ʤʘʩʢʠʨʦʚʘʥʠʷ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʚʳʚʦʜʦʚ ʧʦʨʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʤʘʩʢʠʨʦʚʘʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʞʝʣʘʝʤʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʥʫʞʥʦʤ ʚʳʚʦʜʝ, 

ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʩʦʩʪʦʷʥʠʝ ʜʨʫʛʠʭ ʚʳʚʦʜʦʚ. 16-ʨʘʟʨʷʜʥʳʡ ʧʦʨʪ ʫʩʣʦʚʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʩʪʘʨʰʠʡ ʙʘʡʪ ʠ ʤʣʘʜʰʠʡ ʙʘʡʪ. ɼʣʷ ʜʦʩʪʫʧʘ ʧʦ ʤʘʩʢʝ ʢ ʤʣʘʜʰʝʤʫ ʙʘʡʪʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʩʩʠʚ ʨʝʛʠʩʪʨʦʚ MASKLB, ʘ ʢ ʩʪʘʨʰʝʤʫ ï MASKHB.  

ʂʘʞʜʳʡ ʤʘʩʩʠʚ ʩʦʩʪʦʠʪ ʠʟ 256 ʨʝʛʠʩʪʨʦʚ, ʢʘʞʜʳʡ ʨʝʛʠʩʪʨ ʠʤʝʝʪ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ 

(ʦʪ 00h ʜʦ FFh), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʘʩʢʦʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʨʪʘ A ʚʳʜʝʣʝʥʳ ʜʚʝ 

ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ ʩ ʘʜʨʝʩʘʤʠ: 2800_0400h ï 2800_07FCh ʜʣʷ ʤʣʘʜʰʝʛʦ ʙʘʡʪʘ ʠ 2800_0800h ï 

2800_0BFCh ʜʣʷ ʩʪʘʨʰʝʛʦ ʙʘʡʪʘ. ɹʠʪʳ ʩ 9 ʧʦ 2 ʘʜʨʝʩʘ ʷʚʣʷʶʪʩʷ ʤʘʩʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʜʨʝʩʫ 2800_0400h ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʢʘ 00h (MASKLB[0x00]), ʘʜʨʝʩʫ 2800_0404h ï 01h 

(MASKLB[0x01]) ʠ ʪ. ʜ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʚʳʚʦʜʦʚ ʧʦʨʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʢʠ, ʥʫʞʥʦ 

ʟʘʧʠʩʘʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ ʤʘʩʩʠʚʘ (MASKLB ʠʣʠ MASKHB) ʩ 

ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʘʩʢʠ.  

ʈʘʟʨʷʜʳ ʧʦʨʪʘ, ʟʘʢʨʳʪʳʝ çʥʫʣʷʤʠè ʤʘʩʢʠ, ʦʩʪʘʥʫʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʧʨʠʤʫʪ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 11.4 ʧʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʤʘʩʢʠʨʦʚʘʥʠʷ ʤʣʘʜʰʝʛʦ ʙʘʡʪʘ 

ʧʦʨʪʘ ɸ. 

 
 

ʈʠʩʫʥʦʢ 11.4 ï ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʣʘʜʰʝʛʦ ʙʘʡʪʘ  

ʧʦʨʪʘ ɸ ʩ ʤʘʩʢʠʨʦʚʘʥʠʝʤ 

 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ 0, 1, 6 ʠ 7 ʙʠʪʦʚ ʨʝʛʠʩʪʨʘ ʧʦʨʪʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʢʫ 1100_0011b. 

ʕʪʘ ʤʘʩʢʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ (ʙʠʪʳ ʩ 9 ʧʦ 2) ʘʜʨʝʩʘ 2800_070Ch. ʅʦʚʦʝ ʟʥʘʯʝʥʠʝ XX90h 

ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʚ ʧʦʨʪ (ʧʨʠ ʵʪʦʤ ʩʪʘʨʰʠʡ ʙʘʡʪ ʯʠʩʣʘ ʥʝ ʚʘʞʝʥ), ʥʫʞʥʦ 

1 0 0 1 1 0 1 1 0 1 1 0 1 0 1 1DATAOUT

1 1 1 1ʄʘʩʢʘ ʤʣʘʜʰʝʛʦ ʙʘʡʪʘ

1 0 0 1 0 0 0 1

1 0 0 1 1 0 1 1 1 0 1 0 1 0 0 1DATAOUT

1 1 0 0 0 0 1 1

1 1 0 0 0 0 1 0

ʅʦʚʦʝ ʟʥʘʯʝʥʠʝ

ʜʦ ʟʘʧʠʩʠ

ʧʦʩʣʝ ʟʘʧʠʩʠ

1 1 0 0 0 1 0 0

1 1 0 0 0 0 0 1

( 800 070Ch)2 _

( 800 0708h)2 _

( 800 0704h)2 _

31 02

ɿʘʧʠʩʴ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʤʘʩʦʢ ʜʣʷ 
ʚʳʙʦʨʘ ʤʘʩʢʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ 
ʨʝʛʠʩʪʨʘ DATAOUT

ɺʳʯʠʩʣʝʥʠʝ ʘʜʨʝʩʘ ʤʘʩʢʠ ç11000011è 

280 _04000 Ĭ 2h + C3h  4 = 80 _070Ch0

ɸʜʨʝʩ ʥʘʯʘʣʘ 

ʦʙʣʘʩʪʠ ʤʘʩʦʢ 
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[ xFF]0 0 0

9

ʆʙʣʘʩʪʴ ʘʜʨʝʩʦʚ ʤʘʩʦʢ
MASKLB

ʄʘʩʢʠʉʪʘʨʰʠʡ ʙʘʡʪ ʄʣʘʜʰʠʡ ʙʘʡʪ

[ xC4]0

[ xC3]0

[ xC2]0

[ xC1]0

[ x00]0
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ʟʘʧʠʩʘʪʴ ʚ ʷʯʝʡʢʫ ʩ ʘʜʨʝʩʦʤ 2800_070Ch. ɼʘʣʝʝ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʘʧʧʘʨʘʪʥʦ ʤʘʩʢʠʨʦʚʘʥʦ 

ʠ ʨʘʟʤʝʱʝʥʦ ʚ ʨʝʛʠʩʪʨʝ ʧʦʨʪʘ DATAOUT.  

ɸʥʘʣʦʛʠʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʤʘʩʢʠʨʦʚʘʥʠʝ ʩʪʘʨʰʝʛʦ ʙʘʡʪʘ, ʩʤ. ʨʠʩʫʥʦʢ 11.5. ʈʘʟʥʠʮʘ 

ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʝʨʝʪʩʷ ʩʪʘʨʰʠʡ ʙʘʡʪ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʤʣʘʜʰʠʡ ʥʝ 

ʚʘʞʝʥ.  

 

 
 

 ʈʠʩʫʥʦʢ 11.5 ï ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʪʘʨʰʝʛʦ ʙʘʡʪʘ 

 ʧʦʨʪʘ ɸ ʩ ʤʘʩʢʠʨʦʚʘʥʠʝʤ 

  

1 0 0 1 1 0 1 0 0 1 1 1 1 0 1 1DATAOUT

1 1 1 1ʄʘʩʢʘ ʩʪʘʨʰʝʛʦ
ʙʘʡʪʘ

1 0 0 1 0 0 0 1

0 1 1 01 0 1 1 1 00 1DATAOUT

1 1 0 0 0 0 1 1

1 1 0 0 0 0 1 0

ʅʦʚʦʝ ʟʥʘʯʝʥʠʝ

ʜʦ ʟʘʧʠʩʠ

ʧʦʩʣʝ ʟʘʧʠʩʠ

1 1 0 0 0 1 0 0

1 1 0 0 0 0 0 1

( 800 0B0Ch)2 _

( 800 0B08h)2 _

( 800 0B04h)2 _

31 02

ɿʘʧʠʩʴ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʤʘʩʦʢ ʜʣʷ 
ʚʳʙʦʨʘ ʤʘʩʢʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ 
ʨʝʛʠʩʪʨʘ DATAOUT

ɺʳʯʠʩʣʝʥʠʝ ʘʜʨʝʩʘ ʤʘʩʢʠ ç11000011è 

280 _08000 Ĭh + C3h  4 = 280 _0B0Ch0

ɸʜʨʝʩ ʥʘʯʘʣʘ 

ʦʙʣʘʩʪʠ ʤʘʩʦʢ 
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ʆʙʣʘʩʪʴ ʘʜʨʝʩʦʚ ʤʘʩʦʢ
MASKHB

ʄʘʩʢʠʉʪʘʨʰʠʡ ʙʘʡʪʄʣʘʜʰʠʡ ʙʘʡʪ

0 1 1 1 0

0

0

0

0

0

[ xFF]0

[ xC4]0
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[ xC2]0

[ xC1]0

[ x00]0
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12 ʊʘʡʤʝʨ TMR 32 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʙʣʦʢ 32-ʨʘʟʨʷʜʥʦʛʦ ʪʘʡʤʝʨʘ TMR32. 

TMR32 ï 32-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ/ʩʯʝʪʯʠʢ ʩ ʯʝʪʳʨʴʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. ʊʘʡʤʝʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʟʘʭʚʘʪʦʚ/ʩʨʘʚʥʝʥʠʡ, ʚʳʭʦʜ ʐʀʄ ʠ 

ʚʳʜʝʨʞʢʫ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ʆʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʝʨʳʚʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʢʘʢ ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ ʩʯʝʪʯʠʢʘ, ʪʘʢ ʠ ʦʪ ʨʝʛʠʩʪʨʦʚ 

ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. ʊʘʡʤʝʨ TMR32 ʠʤʝʝʪ ʚʥʝʰʥʠʝ ʚʳʚʦʜʳ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʯʝʨʝʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦʨʪʦʚ GPIO. ʊʘʢ, ʚʭʦʜ TMR32_EXTIN ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʠʛʥʘʣʳ TMR32_CCIA ʠ TMR32_CCIB ï ʚʭʦʜʳ ʙʣʦʢʦʚ 

CAPCOM, ʘ ʩʠʛʥʘʣʳ TMR32_OUT0 ï TMR32_OUT3 ï ʚʭrʦʜʳ ʙʣʦʢʦʚ CAPCOM, ʚʭʦʜʷʱʠʭ 

ʚ ʩʦʩʪʘʚ ʪʘʡʤʝʨʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʘʡʤʝʨʘ: 

- 32-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ/ʩʯʝʪʯʠʢ ʩ ʯʝʪʳʨʴʤʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ; 

- ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ; 

- ʯʝʪʳʨʝ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʨʝʛʠʩʪʨʘ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʡʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 12.1. 

 

 
 

ʈʠʩʫʥʦʢ 12.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʡʤʝʨʘ 
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12.1 ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʡʤʝʨʘ 

32-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ-ʩʯʝʪʯʠʢ COUNT 

ʈʝʛʠʩʪʨ ʪʘʡʤʝʨʘ-ʩʯʝʪʯʠʢʘ COUNT ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ ʠʣʠ ʜʝʢʨʝʤʝʥʪʠʨʫʝʪʩʷ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ) ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʉʯʝʪʯʠʢ ʤʦʞʝʪ 

ʙʳʪʴ ʩʯʠʪʘʥ ʠʣʠ ʟʘʧʠʩʘʥ ʧʨʦʛʨʘʤʤʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʡʤʝʨ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʷ 

ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ. ʈʝʛʠʩʪʨ COUNT ʦʯʠʱʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʙʠʪʘ CLR ʨʝʛʠʩʪʨʘ CTRL. ɹʠʪ 

CLR ʪʘʢʞʝ ʦʯʠʱʘʝʪ ʜʝʣʠʪʝʣʴ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʯʝʪʘ ʜʣʷ ʨʝʞʠʤʘ ʚʚʝʨʭ/ʚʥʠʟ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʪʘʡʤʝʨ ʧʝʨʝʜ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ, ʦʧʝʨʘʮʠʡ ʩ ʬʣʘʛʦʤ ʧʨʝʨʳʚʘʥʠʡ ʠ ʙʠʪʦʤ CLR) ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʘʡʤʝʨʘ ʘʩʠʥʭʨʦʥʝʥ ʪʘʢʪʦʚʦʤʫ 

ʩʠʛʥʘʣʫ SYSCLK, ʣʶʙʦʝ ʯʪʝʥʠʝ ʨʝʛʠʩʪʨʘ COUNT ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʦʩʪʘʥʦʚʣʝʥʥʦʤ ʪʘʡʤʝʨʝ, 

ʠʥʘʯʝ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚʦʟʤʦʞʥʦ ʩʯʠʪʳʚʘʥʠʝ 

ʨʝʛʠʩʪʨʘ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʚʳʙʦʨ ʢʦʨʨʝʢʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ (ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦʝ ʟʥʘʯʝʥʠʝ). ʃʶʙʘʷ ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ COUNT ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ. 

 

ɺʳʙʦʨ ʠʩʪʦʯʥʠʢʘ ʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʜʝʣʠʪʝʣʴ. 

ʊʘʢʪʠʨʦʚʘʥʠʝ ʪʘʡʤʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʪʦʚʳʤʠ ʩʠʛʥʘʣʦʤ SYSCLK ʣʠʙʦ ʦʪ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʯʝʨʝʟ ʚʳʚʦʜ TMR32_EXTIN. ʀʩʪʦʯʥʠʢ ʪʘʢʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʠʪʦʤ CLKSEL. ɺʳʙʨʘʥʥʳʡ ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʣʠʙʦ ʥʘʧʨʷʤʫʶ, ʣʠʙʦ ʯʝʨʝʟ 

ʜʝʣʠʪʝʣʴ DIV ʨʝʛʠʩʪʨʘ CTRL. ʇʨʠ ʚʳʩʪʘʚʣʝʥʠʠ ʙʠʪʘ CLR ʜʝʣʠʪʝʣʴ ʩʙʨʘʩʳʚʘʝʪʩʷ. 

 

ɿʘʧʫʩʢ ʪʘʡʤʝʨʘ. 

ʊʘʡʤʝʨ ʟʘʧʫʩʢʘʝʪʩʷ ʠʣʠ ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1 ʊʘʡʤʝʨ ʩʯʠʪʘʝʪ, ʝʩʣʠ ʚ ʨʝʛʠʩʪʨʝ CTRL ʟʥʘʯʝʥʠʝ ʧʦʣʷ MODE > 0 (ʨʝʞʠʤ ʨʘʙʦʪʳ) ʠ 

ʠʩʪʦʯʥʠʢ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʘʢʪʠʚʝʥ. 

2 ɺ ʨʝʞʠʤʝ ʨʘʙʦʪʳ çʚʚʝʨʭè ʠʣʠ çʚʚʝʨʭ/ʚʥʠʟè ʪʘʡʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʦʩʪʘʥʦʚʣʝʥ ʧʫʪʝʤ 

ʟʘʧʠʩʠ 0 ʚ ʨʝʛʠʩʪʨ ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL. ɽʛʦ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʧʦʚʪʦʨʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʠʩʠ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ CAPCOM[0].VAL. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʘʡʤʝʨ ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ ʩ ʥʫʣʷ. 

 

12.2 ʈʝʞʠʤʳ ʩʯʸʪʘ 

ʋʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʪʘʡʤʝʨʘ 

ʊʘʡʤʝʨ ʠʤʝʝʪ 4 ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 12.1: çʩʪʦʧè, çʚʚʝʨʭè, 

çʥʝʧʨʝʨʳʚʥʳʡè ʠ çʚʚʝʨʭ/ʚʥʠʟè. ʈʝʞʠʤʳ ʚʳʙʠʨʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ MODE ʨʝʛʠʩʪʨʘ 

CTRL. 

 

ʊʘʙʣʠʮʘ 12.1 - ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 

MODE ʈʝʞʠʤ ʆʧʠʩʘʥʠʝ 

00 ʉʪʦʧ ʆʩʪʘʥʦʚʢʘ ʪʘʡʤʝʨʘ 

01 ɺʚʝʨʭ ʄʥʦʛʦʢʨʘʪʥʳʡ ʩʯʝʪ ʦʪ 0 ʜʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨʝ 

CAPCOM[0].VAL . 

10 ʅʝʧʨʝʨʳʚʥʳʡ ʄʥʦʛʦʢʨʘʪʥʳʡ ʩʯʝʪ ʦʪ 0 ʜʦ ʟʥʘʯʝʥʠʷ FFFF_FFFFh. 

11 ɺʚʝʨʭ/ʚʥʠʟ ʄʥʦʛʦʢʨʘʪʥʳʡ ʩʯʝʪ ʦʪ 0 ʚʚʝʨʭ ʜʦ ʟʥʘʯʝʥʠʷ ʚ CAPCOM[0].VAL  

ʠ ʦʙʨʘʪʥʦ ʜʦ 0. 
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ʈʝʞʠʤ çʚʚʝʨʭè 

ʈʝʞʠʤ çʚʚʝʨʭè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʝʨʠʦʜʘ ʪʘʡʤʝʨʘ, ʦʪʣʠʯʥʦʤ ʦʪ ʟʥʘʯʝʥʠʷ 

FFFF_FFFFh. ʊʘʡʤʝʨ ʮʠʢʣʠʯʥʦ ʩʯʠʪʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL , 

ʟʘʜʘʶʱʝʛʦ ʧʝʨʠʦʜ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12.2. ʂʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʚ ʧʝʨʠʦʜʝ ʨʘʚʥʦ 

(CAPCOM[0].VAL + 1). ʂʦʛʜʘ ʟʥʘʯʝʥʠʝ ʪʘʡʤʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ 

ʩʨʘʚʥʝʥʠʷ (COUNT = CAPCOM[0].VAL), ʪʘʡʤʝʨ ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ, ʥʘʯʠʥʘʷ ʩʯʝʪ ʩ ʥʫʣʷ. 

ɽʩʣʠ ʨʝʞʠʤ çʚʚʝʨʭè ʚʳʙʨʘʥ, ʢʦʛʜʘ COUNT > CAPCOM[0].VAL, ʪʘʡʤʝʨ ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ 

ʥʝʤʝʜʣʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 12.2 ð ʈʝʞʠʤ çʚʚʝʨʭè 

 

ʌʣʘʛ ʧʨʝʨʳʚʘʥʠʷ CAP0 ʨʝʛʠʩʪʨʘ RIS ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ 

COUNT ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL. ʌʣʘʛ 

ʧʨʝʨʳʚʘʥʠʷ TMR ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ COUNT , ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ 

CAPCOM[0].VAL, ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ 0. 

 

 
ʈʠʩʫʥʦʢ 12.3 ð ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʦʚ ʧʨʝʨʳʚʘʥʠʡ ʚ ʨʝʞʠʤʝ çʚʚʝʨʭè 

 

ʀʟʤʝʥʝʥʠʝ ʨʝʛʠʩʪʨʘ ʧʝʨʠʦʜʘ (ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ) CAPCOM[0].VAL  . 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʛʠʩʪʨʘ CAPCOM[0].VAL  ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ, ʪʘʡʤʝʨ 

ʧʨʦʜʦʣʞʘʝʪ ʦʪʩʯʝʪ ʚʚʝʨʭ ʜʦ ʥʦʚʦʡ ʛʨʘʥʠʮʳ ʧʝʨʠʦʜʘ, ʝʩʣʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʝʥ 

ʩʪʘʨʦʤʫ ʠʣʠ ʙʦʣʴʰʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ. ɽʩʣʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʤʝʥʴʰʝ ʪʝʢʫʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ, ʪʘʡʤʝʨ ʦʙʥʫʣʷʝʪʩʷ. ʆʜʥʘʢʦ ʜʦ ʦʙʥʫʣʝʥʠʷ ʩʯʝʪʯʠʢʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʩʯʝʪ. 

 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ 

ɺ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʪʘʡʤʝʨ ʮʠʢʣʠʯʥʦ ʩʯʠʪʘʝʪ ʚʚʝʨʭ ʜʦ ʟʥʘʯʝʥʠʷ FFFF_FFFFh ʠ 

ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ ʩ 0, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12.4. ʈʝʛʠʩʪʨ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ 

CAPCOM[0].VAL  ʨʘʙʦʪʘʝʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʝ ʨʝʛʠʩʪʨʳ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 12.4 ð ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ 

 

ʌʣʘʛ ʧʨʝʨʳʚʘʥʠʷ TMR ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʩʯʝʪʯʠʢʘ ʠʟ ʟʥʘʯʝʥʠʷ 

FFFF_FFFFh ʚ ʟʥʘʯʝʥʠʝ 0. ʎʠʢʣ ʚʳʩʪʘʚʣʝʥʠʷ ʬʣʘʛʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 12.5. 

 

 
ʈʠʩʫʥʦʢ 12.5 ð ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʘ ʧʨʝʨʳʚʘʥʠʡ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʞʠʤʘ 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʠ ʚʳʭʦʜʥʳʭ ʯʘʩʪʦʪ. ʂʘʞʜʳʡ ʨʘʟ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʨʝʨʳʚʘʥʠʝ. ɿʘʪʝʤ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʨʝʛʠʩʪʨʫ CAPCOM[n].VAL  (ʛʜʝ n - 

ʥʦʤʝʨ ʙʣʦʢʘ CAPCOM) ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 12.6 ʧʦʢʘʟʘʥʳ 

ʜʚʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ t0 ʠ t1, ʟʘʧʠʩʳʚʘʝʤʳʝ ʚ ʨʝʛʠʩʪʨʳ ʟʘʭʚʘʪʘ / ʩʨʘʚʥʝʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦ, ʘ ʥʝ ʧʨʦʛʨʘʤʤʥʦ, ʙʝʟ ʚʣʠʷʥʠʷ 

ʟʘʜʝʨʞʢʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 12.6 ð ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 

 

ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʚ ʜʨʫʛʠʭ ʨʝʞʠʤʘʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʛʠʩʪʨʘ ʧʝʨʠʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ CAPCOM[0].VAL. ʀʭ ʦʙʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ, ʧʦʩʢʦʣʴʢʫ 

ʩʫʤʤʘ ʩʪʘʨʳʭ ʜʘʥʥʳʭ CAPCOM[n].VAL  ʠ ʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʟʥʘʯʝʥʠʷ 

CAPCOM[0].VAL. ɽʩʣʠ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL  ʧʣʶʩ tx ʙʦʣʴʰʝ, ʯʝʤ 
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ʜʘʥʥʳʝ CAPCOM[0].VAL, ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL  ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʝʩʪʴ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ. 

 

ʈʝʞʠʤ çʚʚʝʨʭ/ʚʥʠʟè 

ʈʝʞʠʤ çʚʚʝʨʭ/ʚʥʠʟè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʚ ʧʝʨʠʦʜʝ ʪʘʡʤʝʨʘ, ʦʪʣʠʯʥʦʤ ʦʪ FFFF_FFFFh. ʊʘʡʤʝʨ ʥʝʧʨʝʨʳʚʥʦ ʩʯʠʪʘʝʪ ʜʦ 

ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ ʟʘʭʚʘʪʘ / ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL  ʠ ʥʘʟʘʜ ʢ 0, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 12.7. ʇʝʨʠʦʜ ʨʘʚʝʥ ʫʜʚʦʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ CAPCOM[0].VAL . 

 
ʈʠʩʫʥʦʢ 12.7 ð ʈʝʞʠʤ çʚʚʝʨʭ/ʚʥʠʟè 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʯʝʪʘ ʟʘʧʦʤʠʥʘʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʡʤʝʨʫ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠ 

ʟʘʧʫʩʢʘʪʴʩʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʩʯʝʪʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʜʦ ʦʩʪʘʥʦʚʘ. ʆʯʠʩʪʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʚʳʩʪʘʚʣʝʥʠʝʤ ʙʠʪʘ CLR, ʢʦʪʦʨʳʡ ʦʯʠʱʘʝʪ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ 

COUNT ʠ ʙʠʪʳ ʜʝʣʠʪʝʣʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ DIV ʨʝʛʠʩʪʨʘ CTRL. 

ɺ ʨʝʞʠʤʝ çʚʚʝʨʭ/ʚʥʠʟè ʬʣʘʛʠ ʧʨʝʨʳʚʘʥʠʡ CAP0 ʠ TMR ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʠʰʴ 

ʝʜʠʥʦʞʜʳ ʟʘ ʧʝʨʠʦʜ ʩ ʠʥʪʝʨʚʘʣʦʤ İ ʧʝʨʠʦʜʘ. ʌʣʘʛ CAP0 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ 

ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ COUNT ʠʟ ʟʥʘʯʝʥʠʷ 

COUNT = CAPCOM[0].VAL  ï 1 ʚ ʟʥʘʯʝʥʠʝ COUNT = CAPCOM[0].VAL. ʌʣʘʛ TMR 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʥʘʯʝʥʠʷ COUNT ʠʟ 1 ʚ 0. ʎʠʢʣ ʚʳʩʪʘʚʣʝʥʠʷ ʬʣʘʛʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 12.8. 

 

 
ʈʠʩʫʥʦʢ 12.8 ï ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʦʚ ʧʨʝʨʳʚʘʥʠʡ ʚ ʨʝʞʠʤʝ çʚʚʝʨʭ/ʚʥʠʟè 

 

ʀʟʤʝʥʝʥʠʝ ʨʝʛʠʩʪʨʘ ʧʝʨʠʦʜʘ CAPCOM[0].VAL  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ CAPCOM[0].VAL  ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ ʠ ʦʪʩʯʝʪʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʥʠʟ ʪʘʡʤʝʨ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʡ ʩʧʫʩʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʥʫʣʷ. ʅʦʚʳʡ ʧʝʨʠʦʜ 

ʚʩʪʫʧʘʝʪ ʚ ʩʠʣʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʯʝʪʯʠʢ ʥʘʯʥʝʪ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ ʜʦ ʥʫʣʷ. 

ʂʦʛʜʘ ʪʘʡʤʝʨ ʚʝʜʝʪ ʦʪʩʯʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʚʝʨʭ, ʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʝʥ 

ʩʪʘʨʦʤʫ ʧʝʨʠʦʜʫ, ʠʣʠ ʙʦʣʴʰʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʩʯʝʪʘ, ʪʘʡʤʝʨ ʚʝʜʝʪ ʦʪʩʯʝʪ ʜʦ ʥʦʚʦʛʦ 

ʧʝʨʠʦʜʘ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ. ʂʦʛʜʘ ʪʘʡʤʝʨ ʚʝʜʝʪ ʦʪʩʯʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʚʝʨʭ, ʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʤʝʥʴʰʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʩʯʝʪʘ, ʪʘʡʤʝʨ ʥʘʯʠʥʘʝʪ ʦʙʨʘʪʥʳʡ 

ʦʪʩʯʝʪ. ʆʜʥʘʢʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʝʱʝ ʦʜʠʥ ʧʦʜʩʯʝʪ, ʧʨʝʞʜʝ ʯʝʤ ʩʯʝʪʯʠʢ ʥʘʯʥʝʪ ʦʙʨʘʪʥʳʡ 

ʦʪʩʯʝʪ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ çɺʚʝʨʭ/ʚʥʠʟè 

ʈʝʞʠʤ ʚʚʝʨʭ/ʚʥʠʟ ʥʝʦʙʭʦʜʠʤ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʟʢʠ, ʜʚʘ ʚʳʭʦʜʘ, ʫʧʨʘʚʣʷʶʱʠʝ H-ʤʦʩʪʦʤ, 

ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʳʩʦʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʧʨʠʤʝʨʝ, ʧʦʢʘʟʘʥʥʦʤ 

ʥʘ ʨʠʩʫʥʢʝ 9, tdead ʷʚʣʷʝʪʩʷ: 

tdead = ttimer (CAPCOM[1].VAL  ï CAPCOM[2].VAL ) 

ʛʜʝ  tdead - ɺʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʘ ʚʳʭʦʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʘʢʪʠʚʥʳ; 

ttimer - ɺʨʝʤʷ ʮʠʢʣʘ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ; 

CAPCOM[n].VAL  - ʉʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 

 

ʈʝʛʠʩʪʨʳ CAPCOM[n].VAL  ʥʝ ʙʫʬʝʨʠʟʫʶʪʩʷ. ʆʥʠ ʦʙʥʦʚʣʷʶʪʩʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʟʘʧʠʩʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʝ ʪʨʝʙʫʝʤʦʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʥʝ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 12.9 ï ɹʣʦʢ ʚʳʚʦʜʘ ʚ ʨʝʞʠʤʝ çʚʚʝʨʭ/ʚʥʠʟè 

 

12.3 ɹʣʦʢʠ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ 

ɺ TMR32 ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʠʜʝʥʪʠʯʥʳʭ ʙʣʦʢʘ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ, 

CAPCOM[n].VAL. ʃʶʙʦʡ ʠʟ ʙʣʦʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʪʘʡʤʝʨʘ 

ʠʣʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ  ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʟʘʜʘʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. 

 

ʈʝʞʠʤ ʟʘʭʚʘʪʘ 

ʈʝʞʠʤ ʟʘʭʚʘʪʘ ʚʳʙʠʨʘʝʪʩʷ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʙʠʪʘ CAP = 1 ʚ ʨʝʛʠʩʪʨʝ 

CAPCOM[n].CTRL. ʈʝʞʠʤ ʟʘʭʚʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʚʨʝʤʝʥʥʳʭ ʩʦʙʳʪʠʡ. ʆʥ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʣʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. ɺʭʦʜʳ ʟʘʭʚʘʪʘ 

TMR32_CCIA ʠ TMR32_CCIB ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʥʝʰʥʠʤ ʚʳʚʦʜʘʤ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʩʠʛʥʘʣʘʤ 

(Low ï ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ, High ï ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ) ʠ ʚʳʙʠʨʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʠʪʦʚ CCISEL. ɹʠʪʳ CAPMODE ʚʳʙʠʨʘʶʪ ʬʨʦʥʪ ʟʘʭʚʘʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢʘʢ 

ʥʘʨʘʩʪʘʶʱʠʡ, ʩʧʘʜʘʶʱʠʡ ʠʣʠ ʠ ʪʦ, ʠ ʜʨʫʛʦʝ ʚʤʝʩʪʝ. ɿʘʭʚʘʪ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʳʙʨʘʥʥʦʤ 

ʬʨʦʥʪʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  

ɺ ʩʣʫʯʘʝ ʟʘʭʚʘʪʘ: 

- ʟʥʘʯʝʥʠʝ ʪʘʡʤʝʨʘ ʢʦʧʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨ CAPCOM[n].VAL ; 

- ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ ʧʨʝʨʳʚʘʥʠʷ CAPn ʚ ʨʝʛʠʩʪʨʝ RIS. 
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ʋʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʯʠʪʘʥ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʙʠʪʘ CCI 

ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL. ʉʠʛʥʘʣʳ ʟʘʭʚʘʪʘ TMR32_CCIA ʠ TMR32_CCIB 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʪʘʡʤʝʨʘ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʟʘʭʚʘʪʘ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 12.10.  

 

 
ʈʠʩʫʥʦʢ 12.10 ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʟʘʭʚʘʪʘ  

 

ɺ ʩʣʫʯʘʝ ʟʘʭʚʘʪʘ ʥʦʚʦʛʦ ʩʦʙʳʪʠʷ ʙʝʟ ʩʯʠʪʳʚʘʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘ 

CAPCOM[n].VAL  ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʟʘʧʠʩʴ ʨʝʛʠʩʪʨʘ ʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʠʪ 

OVF ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL ʢʘʢ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12.11. ʉʙʨʦʩ ʙʠʪʘ 

OVF ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. 

 

 
 

ʈʠʩʫʥʦʢ 12.11 ï ʎʠʢʣ ʟʘʭʚʘʪʘ 

 

ʇʨʦʛʨʘʤʤʥʘʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʟʘʭʚʘʪʘ 

ɿʘʭʚʘʪ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥ ʧʨʦʛʨʘʤʤʥʦ. ɹʠʪʳ CAPMODE ʤʦʛʫʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʟʘʭʚʘʪʘ ʥʘ ʦʙʦʠʭ ʬʨʦʥʪʘʭ. ɿʘʪʝʤ ʧʨʦʛʨʘʤʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ CCISEL[1] = 1 

ʠ ʧʝʨʝʢʣʶʯʘʝʪ ʙʠʪ CCISEL[0] ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʘ ʟʘʭʚʘʪʘ ʤʝʞʜʫ High ʠ Low. 
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ʉʦʙʳʪʠʝ ʟʘʭʚʘʪʘ (ʟʘʭʚʘʪ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ) ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ 

ʧʝʨʝʢʣʶʯʝʥʠʠ ʙʠʪʦʚʦʛʦ ʧʦʣʷ CCISEL[0] ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ High ʠ Low. 

 

ʈʝʞʠʤ ʩʨʘʚʥʝʥʠʷ 

ʈʝʞʠʤ ʩʨʘʚʥʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʧʨʠ CAP = 0 ʚ ʨʝʛʠʩʪʨʝ CAPCOM[n].CTRL. ʈʝʞʠʤ 

ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʐʀʄ ʠʣʠ ʧʨʝʨʳʚʘʥʠʡ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʂʦʛʜʘ COUNT ʜʦʩʯʠʪʳʚʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ ʚ 

CAPCOM[n].VAL : 

- ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ ʧʨʝʨʳʚʘʥʠʷ CAPn; 

- ʚʥʫʪʨʝʥʥʠʡ ʩʠʛʥʘʣ EQUn = 1; 

- EQUn ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʞʠʤʦʤ ʚʳʚʦʜʘ; 

- ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ CCI ʬʠʢʩʠʨʫʝʪʩʷ ʚ SCCI. 

 

12.4 ɺʳʭʦʜʥʦʡ ʤʦʜʫʣʴ 

ʂʘʞʜʳʡ ʙʣʦʢ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʚʳʚʦʜʘ. ɹʣʦʢ ʚʳʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʐʀʄ-ʩʠʛʥʘʣʳ. ʂʘʞʜʳʡ ʚʳʭʦʜʥʦʡ ʙʣʦʢ ʠʤʝʝʪ 

ʚʦʩʝʤʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʦʚ EQU0 ʠ EQUn. 

 

ʈʝʞʠʤʳ ʚʳʚʦʜʘ 

ʈʝʞʠʤʳ ʚʳʚʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʠʪʘʤʠ OUTMODE ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL, ʦʥʠ 

ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 12.2. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚ ʪʘʡʤʝʨʘ 

ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ, ʢʨʦʤʝ ʨʝʞʠʤʘ 0. ʈʝʞʠʤʳ ʚʳʚʦʜʘ 2, 3, 6 ʠ 7 ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʙʣʦʢʘ ʚʳʚʦʜʘ 

0, ʧʦʩʢʦʣʴʢʫ EQUn = EQU0. 

 

ʊʘʙʣʠʮʘ 12.2 - ʈʝʞʠʤʳ ʚʳʚʦʜʘ 

 ̄ OUTMODE ʈʝʞʠʤ ʆʧʠʩʘʥʠʝ 

0 000 ɺʳʚʦʜ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ TMR32_OUTn ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʠʪʦʤ OUT ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL. 

ʉʠʛʥʘʣ TMR32_OUTn ʦʙʥʦʚʣʷʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ 

ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʙʠʪʘ OUT 

1 001 ʋʩʪʘʥʦʚʢʘ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[n].VAL. ʆʥ ʦʩʪʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʩʙʨʦʩ ʪʘʡʤʝʨʘ 

ʠʣʠ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʙʨʘʥ ʜʨʫʛʦʡ ʨʝʞʠʤ 

ʚʳʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

2 010 ʇʝʨʝʢʣʶʯʝʥʠʝ/ʩʙʨʦʩ ɺʳʭʦʜ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ 

ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL  

3 011 ʋʩʪʘʥʦʚʢʘ/ʩʙʨʦʩ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[n].VAL. ʆʥ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[0].VAL  

4 100 ʇʝʨʝʢʣʶʯʝʥʠʝ ɺʳʭʦʜ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL . 

ʇʝʨʠʦʜ ʚʳʚʦʜʘ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʝʨʠʦʜ 

ʪʘʡʤʝʨʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 12.2  

 ̄ OUTMODE ʈʝʞʠʤ ʆʧʠʩʘʥʠʝ 

5 101 ʉʙʨʦʩ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʦʩʪʘʝʪʩʷ ʩʙʨʦʰʝʥʥʳʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʚʳʙʨʘʥ ʜʨʫʛʦʡ ʨʝʞʠʤ ʚʳʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʚʣʠʷʝʪ 

ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

6 110 ʇʝʨʝʢʣʶʯʝʥʠʝ/ 

ʫʩʪʘʥʦʚʢʘ 

ɺʳʭʦʜ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ 

ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, 

ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[0].VAL  

7 111 ʉʙʨʦʩ/ʫʩʪʘʥʦʚʢʘ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ 

ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL  
ʇʨʠʤʝʯʘʥʠʝ ï n ï ʥʦʤʝʨ ʙʣʦʢʘ CAPCOM. 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ ð ʪʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʚʚʝʨʭ 

ʉʠʛʥʘʣ TMR32_OUTn ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʜʦʩʯʠʪʳʚʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 

CAPCOM[n].VAL , ʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷ  CAPCOM[0].VAL  ʚ ʥʦʣʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʞʠʤʘ ʚʳʚʦʜʘ. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 12.12 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAPCOM[0].VAL  ʠ 

CAPCOM[1].VAL . 

 

 
 

ʈʠʩʫʥʦʢ 12.12 ï ʊʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʚʚʝʨʭ (ʧʨʠʤʝʨ ʚʳʚʦʜʘ) 
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ʇʨʠʤʝʨ ʚʳʚʦʜʘ ð ʊʘʡʤʝʨ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ  

ʉʠʛʥʘʣ TMR32_OUTn ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 

CAPCOM[n].VAL  ʠ CAPCOM[0].VAL, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʚʳʚʦʜʘ. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 12.13 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAPCOM[0].VAL  ʠ CAPCOM[1].VAL . 

 

 
 

ʈʠʩʫʥʦʢ 12.13 ï ʊʘʡʤʝʨ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ (ʧʨʠʤʝʨ ʚʳʚʦʜʘ) 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ ð ʊʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ çʚʚʝʨʭ/ʚʥʠʟè 

ʉʠʛʥʘʣ TMR32_OUTn ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʨʘʚʝʥ CAPCOM[n].VAL  ʚ ʣʶʙʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʯʝʪʘ ʠ ʢʦʛʜʘ ʪʘʡʤʝʨ ʨʘʚʝʥ CAPCOM[0].VAL, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʚʳʚʦʜʘ. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 12.14 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAPCOM[0].VAL  ʠ 

CAPCOM[2].VAL . 
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ʈʠʩʫʥʦʢ 12.14 ï ʊʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ çʚʚʝʨʭ/ʚʥʠʟè (ʧʨʠʤʝʨ ʚʳʚʦʜʘ) 

 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʚʳʚʦʜʘ 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʚʳʚʦʜʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʙʦʷ ʦʜʠʥ ʠʟ ʙʠʪʦʚ 

OUTMODE ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ, ʢʨʦʤʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʨʝʞʠʤ 0. ɹʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʚʳʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ ʚʳʚʦʜʘ 7 ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

12.5 ʇʨʝʨʳʚʘʥʠʷ ʪʘʡʤʝʨʘ 

ɺ ʤʦʜʫʣʝ ʪʘʡʤʝʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʷʪʴ ʤʘʩʢʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʨʳʚʘʥʠʡ. 

ʉʠʛʥʘʣʳ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʷ: 

- TMRINTR ï ʩʠʛʥʘʣ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʪʘʡʤʝʨʘ; 

- CAP0INTR ï ʦʪ 0 ʤʦʜʫʣʷ CAPCOM; 

- CAP1INTR ï ʦʪ 1 ʤʦʜʫʣʷ CAPCOM; 

- CAP2INTR ï ʦʪ 2 ʤʦʜʫʣʷ CAPCOM; 

- CAP3INTR ï ʦʪ 3 ʤʦʜʫʣʷ CAPCOM. 

 

ʂʘʞʜʳʡ ʠʟ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʤʘʩʢʠʨʦʚʘʥ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ 

ʚ ʨʝʛʠʩʪʨʝ ʤʘʩʢʠ IM.  

ʀʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʯʠʪʘʚ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ RIS ʠʣʠ 

ʨʝʛʠʩʪʨʘ MIS (ʤʘʩʢʠʨʦʚʘʥʥʳʝ ʧʨʝʨʳʚʘʥʠʷ). ʉʙʨʦʩ ʧʨʝʨʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ IC. 

ɿʘʧʨʦʩ TMRINTR ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ COUNT ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʥʫʣʶ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʟʘʧʨʦʩʦʚ ʨʘʚʥʘ ʧʝʨʠʦʜʫ ʩʯʝʪʘ ʪʘʡʤʝʨʘ. 

 

ɺ ʨʝʞʠʤʝ ʟʘʭʚʘʪʘ ʟʘʧʨʦʩʳ CAPxINTR ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʦʙʳʪʠʷ ʟʘʭʚʘʪʘ 

ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʦʜʫʣʷ CAPCOM[n]. 
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ɺ ʨʝʞʠʤʝ ʩʨʘʚʥʝʥʠʷ ʟʘʧʨʦʩʳ CAPxINTR ʚʦʟʥʠʢʘʶʪ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ 

COUNT ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ (COUNT = CAPCOM[n].VAL ). 

ɺ ʢʦʥʪʨʦʣʣʝʨ PLIC ʧʦʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʣʠʥʠʷ ʧʨʝʨʳʚʘʥʠʷ TMR32, ʷʚʣʷʶʱʘʷʩʷ 

ʣʦʛʠʯʝʩʢʠʤ ʀʃʀ ʩʠʛʥʘʣʦʚ TMRINTR, CAP0INTR - CAP3INTR. 

 

12.6 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ DMA  

ʄʦʜʫʣʴ ʪʘʡʤʝʨʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʢ ʢʦʥʪʨʦʣʣʝʨʫ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʧʘʤʷʪʠ DMA. ɺʳʙʦʨ ʩʦʙʳʪʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ DMA ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʠʩʪʨʘ DMA_IM. ɹʠʪʳ CAP0 ï CAP3 ʦʪʚʝʯʘʶʪ ʟʘ ʨʘʟʨʝʰʝʥʠʝ ʟʘʧʨʦʩʦʚ ʦʪ ʤʦʜʫʣʝʡ 

CAPCOM, ʙʠʪ TMR ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʟʨʝʰʝʥʠʝ ʟʘʧʨʦʩʦʚ ʦʪ ʪʘʡʤʝʨʘ. ɺ ʢʦʥʪʨʦʣʣʝʨ DMA 

ʧʦʩʪʫʧʘʝʪ ʦʜʥʘ ʣʠʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ TMR32. 

 

12.7 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ɸʎʇ 

ʄʦʜʫʣʴ ʪʘʡʤʝʨʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʥʘ ʟʘʧʫʩʢ ʩʝʢʚʝʥʩʦʨʦʚ ɸʎʇ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɺʳʙʦʨ ʩʦʙʳʪʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ɸʎʇ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ ADC_IM.  
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13 ʊʘʡʤʝʨ rTMR  

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦʜʝʨʞʠʪ ʪʨʠ ʠʜʝʥʪʠʯʥʳʭ ʙʣʦʢʘ 16-ʨʘʟʨʷʜʥʳʭ ʪʘʡʤʝʨʦʚ TMR. 

TMRx ï 16-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ/ʩʯʝʪʯʠʢ ʩ ʯʝʪʳʨʴʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 

ʂʘʞʜʳʡ ʪʘʡʤʝʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦ ʯʝʪʳʨʝ ʤʦʜʫʣʷ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠ,̫ ʚʳʭʦʜ ʐʀʄ ʠ 

ʚʳʜʝʨʞʢʫ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ʆʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʝʨʳʚʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʢʘʢ ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ ʩʯʝʪʯʠʢʘ, ʪʘʢ ʠ ʦʪ ʨʝʛʠʩʪʨʦʚ 

ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. ʊʘʡʤʝʨʳ TMR ʠʤʝʶʪ ʚʥʝʰʥʠʝ ʚʳʚʦʜʳ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʯʝʨʝʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦʨʪʦʚ GPIO. ʊʘʢ ʚʭʦʜ TMRx_EXTIN ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʩʠʛʥʘʣʳ TMRx_CCIA, TMRx_CCIB, TMRx_OUT0 ï 

TMRx_OUT3 ï ʚʳʚʦʜʳ ʙʣʦʢʦʚ CAPCOM, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʘʡʤʝʨʘ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʡʤʝʨʘ: 

- 16-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ/ʩʯʝʪʯʠʢ ʩ ʯʝʪʳʨʴʤʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ; 

- ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ; 

- ʯʝʪʳʨʝ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʨʝʛʠʩʪʨʘ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʡʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 13.1. 

 

 
 

ʈʠʩʫʥʦʢ 13.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʡʤʝʨʘ 
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13.1 ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʡʤʝʨʘ 

16-ʨʘʟʨʷʜʥʳʡ ʪʘʡʤʝʨ-ʩʯʝʪʯʠʢ COUNT  

ʈʝʛʠʩʪʨ ʪʘʡʤʝʨʘ-ʩʯʝʪʯʠʢʘ COUNT ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ ʠʣʠ ʜʝʢʨʝʤʝʥʪʠʨʫʝʪʩʷ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ) ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʉʯʝʪʯʠʢ ʤʦʞʝʪ 

ʙʳʪʴ ʩʯʠʪʘʥ ʠʣʠ ʟʘʧʠʩʘʥ ʧʨʦʛʨʘʤʤʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʡʤʝʨ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʷ 

ʧʨʠ ʧʝʨʝʧʦʣʥʝʥʠʠ. ʈʝʛʠʩʪʨ COUNT ʦʯʠʱʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʙʠʪʘ CLR. ɹʠʪ CLR ʪʘʢʞʝ 

ʦʯʠʱʘʝʪ ʜʝʣʠʪʝʣʴ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʯʝʪʘ ʜʣʷ ʨʝʞʠʤʘ ʚʚʝʨʭ/ʚʥʠʟ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʪʘʡʤʝʨ ʧʝʨʝʜ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ, ʦʧʝʨʘʮʠʡ ʩ ʬʣʘʛʦʤ ʧʨʝʨʳʚʘʥʠʡ ʠ ʙʠʪʦʤ CLR) ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʘʡʤʝʨʘ ʘʩʠʥʭʨʦʥʝʥ ʪʘʢʪʦʚʦʤʫ 

ʩʠʛʥʘʣʫ ʎʇʋ, ʣʶʙʦʝ ʯʪʝʥʠʝ ʨʝʛʠʩʪʨʘ COUNT ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʥʝʬʫʥʢʮʠʦʥʠʨʫʶʱʝʤ 

ʪʘʡʤʝʨʝ, ʠʥʘʯʝ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚʦʟʤʦʞʥʦ 

ʩʯʠʪʳʚʘʥʠʝ ʨʝʛʠʩʪʨʘ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʚʳʙʦʨ ʢʦʨʨʝʢʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ 

(ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʝ). ʃʶʙʘʷ ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ COUNT ʧʨʦʠʟʚʦʜʠʪ ʥʝʤʝʜʣʝʥʥʳʡ ʵʬʬʝʢʪ. 

 

ɺʳʙʦʨ ʠʩʪʦʯʥʠʢʘ ʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʜʝʣʠʪʝʣʴ. 

ʊʘʢʪʠʨʦʚʘʥʠʝ ʪʘʡʤʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʪʦʚʳʤʠ ʩʠʛʥʘʣʦʤ SYSCLK ʣʠʙʦ ʦʪ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʯʝʨʝʟ ʚʳʚʦʜ TMRx_EXTIN. ʀʩʪʦʯʥʠʢ ʪʘʢʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʠʪʦʤ CLKSEL. ɺʳʙʨʘʥʥʳʡ ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʣʠʙʦ ʥʘʧʨʷʤʫʶ, ʣʠʙʦ ʯʝʨʝʟ 

ʜʝʣʠʪʝʣʴ DIV ʨʝʛʠʩʪʨʘ CTRL. ʇʨʠ ʚʳʩʪʘʚʣʝʥʠʠ ʙʠʪʘ CLR ʜʝʣʠʪʝʣʴ ʩʙʨʘʩʳʚʘʝʪʩʷ. 

 

ɿʘʧʫʩʢ ʪʘʡʤʝʨʘ. 

ʊʘʡʤʝʨ ʟʘʧʫʩʢʘʝʪʩʷ ʠʣʠ ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1 ʊʘʡʤʝʨ ʩʯʠʪʘʝʪ, ʝʩʣʠ ʚ ʨʝʛʠʩʪʨʝ CTRL ʟʥʘʯʝʥʠʝ ʧʦʣʷ MODE > 0 (ʨʝʞʠʤ ʨʘʙʦʪʳ) ʠ 

ʠʩʪʦʯʥʠʢ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʘʢʪʠʚʝʥ. 

2 ɺ ʨʝʞʠʤʝ ʨʘʙʦʪʳ çʚʚʝʨʭè ʠʣʠ çʚʚʝʨʭ/ʚʥʠʟè ʪʘʡʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʦʩʪʘʥʦʚʣʝʥ ʧʫʪʝʤ 

ʟʘʧʠʩʠ 0 ʚ ʨʝʛʠʩʪʨ ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL  . ɽʛʦ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʧʦʚʪʦʨʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʠʩʠ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ CAPCOM[0].VAL. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʘʡʤʝʨ ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ ʩ 0. 

 

13.2 ʈʝʞʠʤʳ ʩʯʸʪʘ 

ʋʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʪʘʡʤʝʨʘ 

ʊʘʡʤʝʨ ʠʤʝʝʪ ʯʝʪʳʨʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 13.1: çʩʪʦʧè, çʚʚʝʨʭè, 

çʥʝʧʨʝʨʳʚʥʳʡè ʠ çʚʚʝʨʭ/ʚʥʠʟè. ʈʝʞʠʤʳ ʚʳʙʠʨʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ MODE ʨʝʛʠʩʪʨʘ 

CTRL. 

 

ʊʘʙʣʠʮʘ 13.1 - ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 

MODE ʈʝʞʠʤ ʆʧʠʩʘʥʠʝ 

00 ʉʪʦʧ ʆʩʪʘʥʦʚʢʘ ʪʘʡʤʝʨʘ 

01 ɺʚʝʨʭ ʄʥʦʛʦʢʨʘʪʥʳʡ ʩʯʝʪ ʦʪ 0 ʜʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨʝ 

CAPCOM[0].VAL . 

10 ʅʝʧʨʝʨʳʚʥʳʡ ʄʥʦʛʦʢʨʘʪʥʳʡ ʩʯʝʪ ʦʪ 0 ʜʦ ʟʥʘʯʝʥʠʷ FFFFh. 

11 ɺʚʝʨʭ/ʚʥʠʟ ʄʥʦʛʦʢʨʘʪʥʳʡ ʩʯʝʪ ʦʪ 0 ʚʚʝʨʭ ʜʦ ʟʥʘʯʝʥʠʷ ʚ 

CAPCOM[0].VAL  ʠ ʦʙʨʘʪʥʦ ʜʦ 0. 
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ʈʝʞʠʤ çʚʚʝʨʭè 

ʈʝʞʠʤ çʚʚʝʨʭè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʝʨʠʦʜʘ ʪʘʡʤʝʨʘ, ʦʪʣʠʯʥʦʤ ʦʪ ʟʥʘʯʝʥʠʷ 

FFFFh. ʊʘʡʤʝʨ ʮʠʢʣʠʯʥʦ ʩʯʠʪʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL , 

ʟʘʜʘʶʱʝʛʦ ʧʝʨʠʦʜ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 13.2. ʂʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʚ ʧʝʨʠʦʜʝ ʨʘʚʥʦ 

(CAPCOM[0].VAL  + 1). ʂʦʛʜʘ ʟʥʘʯʝʥʠʝ ʪʘʡʤʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ 

ʩʨʘʚʥʝʥʠʷ (COUNT = CAPCOM[0].VAL), ʪʘʡʤʝʨ ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ, ʥʘʯʠʥʘʷ ʩʯʝʪ ʩ ʥʫʣʷ. 

ɽʩʣʠ ʨʝʞʠʤ çʚʚʝʨʭè ʚʳʙʨʘʥ, ʢʦʛʜʘ COUNT > CAPCOM[0].VAL, ʪʘʡʤʝʨ ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ 

ʥʝʤʝʜʣʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 13.2 ð ʈʝʞʠʤ çʚʚʝʨʭè 

 

ʌʣʘʛ ʧʨʝʨʳʚʘʥʠʷ CAP0 ʨʝʛʠʩʪʨʘ RIS ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ 

COUNT ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL. ʌʣʘʛ 

ʧʨʝʨʳʚʘʥʠʷ TMR ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ COUNT , ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ 

CAPCOM[0].VAL, ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ 0. 

 

 
 

ʈʠʩʫʥʦʢ 13.3 ð ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʦʚ ʧʨʝʨʳʚʘʥʠʡ ʚ ʨʝʞʠʤʝ çʚʚʝʨʭè 

 

ʀʟʤʝʥʝʥʠʝ ʨʝʛʠʩʪʨʘ ʧʝʨʠʦʜʘ (ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ) CAPCOM[0].VAL . 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʛʠʩʪʨʘ CAPCOM[0].VAL  ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ ʪʘʡʤʝʨ 

ʧʨʦʜʦʣʞʘʝʪ ʦʪʩʯʝʪ ʚʚʝʨʭ ʜʦ ʥʦʚʦʡ ʛʨʘʥʠʮʳ ʧʝʨʠʦʜʘ, ʝʩʣʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʝʥ 

ʩʪʘʨʦʤʫ ʠʣʠ ʙʦʣʴʰʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ. ɽʩʣʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʤʝʥʴʰʝ ʪʝʢʫʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ, ʪʘʡʤʝʨ ʦʙʥʫʣʷʝʪʩʷ. ʆʜʥʘʢʦ ʜʦ ʦʙʥʫʣʝʥʠʷ ʩʯʝʪʯʠʢʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʩʯʝʪ. 

 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ 

ɺ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʪʘʡʤʝʨ ʮʠʢʣʠʯʥʦ ʩʯʠʪʘʝʪ ʚʚʝʨʭ ʜʦ ʟʥʘʯʝʥʠʷ FFFFh ʠ 

ʧʝʨʝʟʘʧʫʩʢʘʝʪʩʷ ʩ 0, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 13.4. ʈʝʛʠʩʪʨ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ 

CAPCOM[0].VAL  ʨʘʙʦʪʘʝʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʝ ʨʝʛʠʩʪʨʳ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 13.4 ð ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ 

 

ʌʣʘʛ ʧʨʝʨʳʚʘʥʠʷ TMR ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʩʯʝʪʯʠʢʘ ʩʦ ʟʥʘʯʝʥʠʷ 

FFFFh ʚ 0. ʎʠʢʣ ʚʳʩʪʘʚʣʝʥʠʷ ʬʣʘʛʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 13.5. 

 

 
 

ʈʠʩʫʥʦʢ 13.5 ð ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʘ ʧʨʝʨʳʚʘʥʠʡ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʞʠʤʘ 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʠ ʚʳʭʦʜʥʳʭ ʯʘʩʪʦʪ. ʂʘʞʜʳʡ ʨʘʟ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʨʝʨʳʚʘʥʠʝ. ɿʘʪʝʤ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʨʝʛʠʩʪʨʫ CAPCOM[n].VAL  (ʛʜʝ n - 

ʥʦʤʝʨ ʙʣʦʢʘ CAPCOM) ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 13.6 ʧʦʢʘʟʘʥʳ 

ʜʚʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ t0 ʠ t1, ʟʘʧʠʩʳʚʘʝʤʳʝ ʚ ʨʝʛʠʩʪʨʳ ʟʘʭʚʘʪʘ / ʩʨʘʚʥʝʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦ, ʘ ʥʝ ʧʨʦʛʨʘʤʤʥʦ, ʙʝʟ ʚʣʠʷʥʠʷ 

ʟʘʜʝʨʞʢʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 13.6 ð ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 

 

ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʚ ʜʨʫʛʠʭ ʨʝʞʠʤʘʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʛʠʩʪʨʘ ʧʝʨʠʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ CAPCOM[0].VAL. ʀʭ ʦʙʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ, ʧʦʩʢʦʣʴʢʫ 
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ʩʫʤʤʘ ʩʪʘʨʳʭ ʜʘʥʥʳʭ CAPCOM[n].VAL  ʠ ʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʟʥʘʯʝʥʠʷ 

CAPCOM[0].VAL. ɽʩʣʠ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL  ʧʣʶʩ tx ʙʦʣʴʰʝ, ʯʝʤ 

ʜʘʥʥʳʝ CAPCOM[0].VAL, ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL  ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʝʩʪʴ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ. 

 

ʈʝʞʠʤ çʚʚʝʨʭ/ʚʥʠʟè 

ʈʝʞʠʤ çʚʚʝʨʭ/ʚʥʠʟè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʠ ʧʝʨʠʦʜʝ ʪʘʡʤʝʨʘ, ʦʪʣʠʯʥʦʤ ʦʪ FFFFh. ʊʘʡʤʝʨ ʥʝʧʨʝʨʳʚʥʦ ʩʯʠʪʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 

ʨʝʛʠʩʪʨʘ ʟʘʭʚʘʪʘ / ʩʨʘʚʥʝʥʠʷ CAPCOM[0].VAL  ʠ ʥʘʟʘʜ ʢ 0, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 13.7. 

ʇʝʨʠʦʜ ʨʘʚʝʥ ʫʜʚʦʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ CAPCOM[0].VAL . 

 
ʈʠʩʫʥʦʢ 13.7 ð ʈʝʞʠʤ çʚʚʝʨʭ/ʚʥʠʟè 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʯʝʪʘ ʟʘʧʦʤʠʥʘʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʡʤʝʨʫ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠ 

ʟʘʧʫʩʢʘʪʴʩʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʩʯʝʪʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʜʦ ʦʩʪʘʥʦʚʘ. ʆʯʠʩʪʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʚʳʩʪʘʚʣʝʥʠʝʤ ʙʠʪʘ CLR, ʢʦʪʦʨʳʡ ʦʯʠʱʘʝʪ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ 

COUNT ʠ ʙʠʪʳ ʜʝʣʠʪʝʣʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ DIV ʨʝʛʠʩʪʨʘ CTRL. 

ɺ ʨʝʞʠʤʝ çʚʚʝʨʭ/ʚʥʠʟè ʬʣʘʛʠ ʧʨʝʨʳʚʘʥʠʡ CAPC0 ʠ TMR ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʠʰʴ 

ʦʜʥʦʢʨʘʪʥʦ ʟʘ ʧʝʨʠʦʜ ʩ ʠʥʪʝʨʚʘʣʦʤ İ ʧʝʨʠʦʜʘ. ʌʣʘʛ CAP0 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ 

ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ COUNT ʠʟ ʟʥʘʯʝʥʠʷ 

COUNT = CAPCOM[0].VAL  ï 1 ʚ ʟʥʘʯʝʥʠʝ COUNT = CAPCOM[0].VAL. ʌʣʘʛ TMR 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʥʘʯʝʥʠʷ COUNT ʠʟ 1 ʚ 0. ʎʠʢʣ ʚʳʩʪʘʚʣʝʥʠʷ ʬʣʘʛʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 13.8. 

 

 
 

ʈʠʩʫʥʦʢ 13.8 ï ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʦʚ ʧʨʝʨʳʚʘʥʠʡ ʚ ʨʝʞʠʤʝ çʚʚʝʨʭ/ʚʥʠʟè 

 

ʀʟʤʝʥʝʥʠʝ ʨʝʛʠʩʪʨʘ ʧʝʨʠʦʜʘ CAPCOM[0].VAL  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ CAPCOM[0].VAL  ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ ʠ ʦʪʩʯʝʪʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʥʠʟ ʪʘʡʤʝʨ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʡ ʩʧʫʩʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ ʥʫʣʷ. ʅʦʚʳʡ ʧʝʨʠʦʜ 

ʚʩʪʫʧʘʝʪ ʚ ʩʠʣʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʯʝʪʯʠʢ ʥʘʯʥʝʪ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ ʜʦ ʥʫʣʷ. 

ʂʦʛʜʘ ʪʘʡʤʝʨ ʚʝʜʝʪ ʦʪʩʯʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʚʝʨʭ, ʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʝʥ 

ʩʪʘʨʦʤʫ ʧʝʨʠʦʜʫ, ʠʣʠ ʙʦʣʴʰʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʩʯʝʪʘ, ʪʘʡʤʝʨ ʚʝʜʝʪ ʦʪʩʯʝʪ ʜʦ ʥʦʚʦʛʦ 

ʧʝʨʠʦʜʘ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʦʙʨʘʪʥʳʡ ʦʪʩʯʝʪ. ʂʦʛʜʘ ʪʘʡʤʝʨ ʚʝʜʝʪ ʦʪʩʯʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʚʝʨʭ, ʠ ʥʦʚʳʡ ʧʝʨʠʦʜ ʤʝʥʴʰʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʩʯʝʪʘ, ʪʘʡʤʝʨ ʥʘʯʠʥʘʝʪ ʦʙʨʘʪʥʳʡ 

ʦʪʩʯʝʪ. ʆʜʥʘʢʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʝʱʝ ʦʜʠʥ ʧʦʜʩʯʝʪ, ʧʨʝʞʜʝ ʯʝʤ ʩʯʝʪʯʠʢ ʥʘʯʥʝʪ ʦʙʨʘʪʥʳʡ 

ʦʪʩʯʝʪ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ çɺʚʝʨʭ/ʚʥʠʟè 

ʈʝʞʠʤ ʚʚʝʨʭ/ʚʥʠʟ ʥʝʦʙʭʦʜʠʤ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʟʢʠ, ʜʚʘ ʚʳʭʦʜʘ, ʫʧʨʘʚʣʷʶʱʠʝ H-ʤʦʩʪʦʤ, 

ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʳʩʦʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʧʨʠʤʝʨʝ, ʧʦʢʘʟʘʥʥʦʤ 

ʥʘ ʨʠʩʫʥʢʝ 13.9, tdead ʷʚʣʷʝʪʩʷ: 

tdead = ttimer (CAPCOM[1].VAL  ï CAPCOM[2].VAL ) 

ʛʜʝ  tdead - ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʘ ʚʳʭʦʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʘʢʪʠʚʥʳ; 

ttimer - ʚʨʝʤʷ ʮʠʢʣʘ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ; 

CAPCOM[n].VAL  - ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ. 

 

ʈʝʛʠʩʪʨʳ CAPCOM[n].VAL  ʥʝ ʙʫʬʝʨʠʟʫʶʪʩʷ. ʆʥʠ ʦʙʥʦʚʣʷʶʪʩʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʟʘʧʠʩʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʝ ʪʨʝʙʫʝʤʦʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʥʝ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 12.9 ï ɹʣʦʢ ʚʳʚʦʜʘ ʚ ʨʝʞʠʤʝ çʚʚʝʨʭ/ʚʥʠʟè 

 

13.3 ɹʣʦʢʠ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ 

ɺ TMR ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʠʜʝʥʪʠʯʥʳʭ ʙʣʦʢʘ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ, 

CAPCOM[n].VAL. ʃʶʙʦʡ ʠʟ ʙʣʦʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʪʘʡʤʝʨʘ 

ʠʣʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ  ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʟʘʜʘʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. 

 

ʈʝʞʠʤ ʟʘʭʚʘʪʘ 

ʈʝʞʠʤ ʟʘʭʚʘʪʘ ʚʳʙʠʨʘʝʪʩʷ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʙʠʪʘ CAP = 1 ʚ ʨʝʛʠʩʪʨʝ 

CAPCOM[n].CTRL. ʈʝʞʠʤ ʟʘʭʚʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʚʨʝʤʝʥʥʳʭ ʩʦʙʳʪʠʡ. ʆʥ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʣʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. ɺʭʦʜʳ ʟʘʭʚʘʪʘ 

TMRx_CCIA ʠ TMRx_CCIB ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʥʝʰʥʠʤ ʚʳʚʦʜʘʤ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʩʠʛʥʘʣʘʤ 

(Low ï ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ, High ï ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ) ʠ ʚʳʙʠʨʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʠʪʦʚ CCISEL. ɹʠʪʳ CAPMODE ʚʳʙʠʨʘʶʪ ʬʨʦʥʪ ʟʘʭʚʘʪʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢʘʢ 

ʥʘʨʘʩʪʘʶʱʠʡ, ʩʧʘʜʘʶʱʠʡ ʠʣʠ ʠ ʪʦ, ʠ ʜʨʫʛʦʝ ʚʤʝʩʪʝ. ɿʘʭʚʘʪ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʳʙʨʘʥʥʦʤ 

ʬʨʦʥʪʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʩʣʫʯʘʝ ʟʘʭʚʘʪʘ: 

- ʟʥʘʯʝʥʠʝ ʪʘʡʤʝʨʘ ʢʦʧʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨ CAPCOM[n].VAL ; 

- ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ ʧʨʝʨʳʚʘʥʠʷ CAPx ʚ ʨʝʛʠʩʪʨʝ RIS. 
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ʋʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʯʠʪʘʥ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʙʠʪʘ CCI 

ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL. ʉʠʛʥʘʣʳ ʟʘʭʚʘʪʘ TMRx_CCIA ʠ TMRx_CCIB 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʪʘʡʤʝʨʘ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʟʘʭʚʘʪʘ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 13.10.  

 

 
ʈʠʩʫʥʦʢ 13.10 ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʟʘʭʚʘʪʘ  

 

ɺ ʩʣʫʯʘʝ ʟʘʭʚʘʪʘ ʥʦʚʦʛʦ ʩʦʙʳʪʠʷ ʙʝʟ ʩʯʠʪʳʚʘʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘ 

CAPCOM[n].VAL  ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʟʘʧʠʩʴ ʨʝʛʠʩʪʨʘ ʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʠʪ 

OVF ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL ʢʘʢ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 13.11. ʉʙʨʦʩ ʙʠʪʘ 

OVF ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. 

 

 
 

ʈʠʩʫʥʦʢ 13.11 ï ʎʠʢʣ ʟʘʭʚʘʪʘ 

 

ʇʨʦʛʨʘʤʤʥʘʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʟʘʭʚʘʪʘ 

ɿʘʭʚʘʪ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥ ʧʨʦʛʨʘʤʤʥʦ. ɹʠʪʳ CAPMODE ʤʦʛʫʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʟʘʭʚʘʪʘ ʥʘ ʦʙʦʠʭ ʬʨʦʥʪʘʭ. ɿʘʪʝʤ ʧʨʦʛʨʘʤʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ CCISEL = 1 ʚ 

ʨʝʛʠʩʪʨʝ CAPCOM[1].CTRL ʠ ʧʝʨʝʢʣʶʯʘʝʪ ʙʠʪʳ CCISEL ʚ ʨʝʛʠʩʪʨʝ CAPCOM[0].CTRL 
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ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʘ ʟʘʭʚʘʪʘ ʤʝʞʜʫ High ʠ Low. ʉʦʙʳʪʠʝ ʟʘʭʚʘʪʘ (ʟʘʭʚʘʪ ʩʦʩʪʦʷʥʠʷ 

ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ) ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʙʠʪʦʚʦʛʦ ʧʦʣʷ CCISEL ʨʝʛʠʩʪʨʘ 

CAPCOM[0].CTRL ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ High ʠ Low. 

 

ʈʝʞʠʤ ʩʨʘʚʥʝʥʠʷ 

ʈʝʞʠʤ ʩʨʘʚʥʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʧʨʠ CAP = 0 ʚ ʨʝʛʠʩʪʨʝ CAPCOM[n].CTRL. ʈʝʞʠʤ 

ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʐʀʄ ʠʣʠ ʧʨʝʨʳʚʘʥʠʡ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʂʦʛʜʘ COUNT ʜʦʩʯʠʪʳʚʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ ʚ 

CAPCOM[n].VAL : 

- ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ ʧʨʝʨʳʚʘʥʠʷ CAPn; 

- ʚʥʫʪʨʝʥʥʠʡ ʩʠʛʥʘʣ EQUn = 1; 

- EQUn ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʞʠʤʦʤ ʚʳʚʦʜʘ; 

- ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ CCI ʬʠʢʩʠʨʫʝʪʩʷ ʚ SCCI. 

 

13.4 ɺʳʭʦʜʥʦʡ ʤʦʜʫʣʴ 

ʂʘʞʜʳʡ ʙʣʦʢ ʟʘʭʚʘʪʘ/ʩʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʚʳʚʦʜʘ. ɹʣʦʢ ʚʳʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʐʀʄ-ʩʠʛʥʘʣʳ. ʂʘʞʜʳʡ ʚʳʭʦʜʥʦʡ ʙʣʦʢ ʠʤʝʝʪ 

ʚʦʩʝʤʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʦʚ EQU0 ʠ EQUn. 

 

ʈʝʞʠʤʳ ʚʳʚʦʜʘ 

ʈʝʞʠʤʳ ʚʳʚʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʠʪʘʤʠ OUTMODE ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL, ʦʥʠ 

ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 13.2. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚ ʪʘʡʤʝʨʘ 

ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ, ʢʨʦʤʝ ʨʝʞʠʤʘ 0. ʈʝʞʠʤʳ ʚʳʚʦʜʘ 2, 3, 6 ʠ 7 ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʙʣʦʢʘ ʚʳʚʦʜʘ 

0, ʧʦʩʢʦʣʴʢʫ EQUn = EQU0. 

 

ʊʘʙʣʠʮʘ 13.2 - ʈʝʞʠʤʳ ʚʳʚʦʜʘ 

 ̄ OUTMODE ʈʝʞʠʤ ʆʧʠʩʘʥʠʝ 

0 000 ɺʳʚʦʜ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ TMRx_OUTn ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʠʪʦʤ OUT ʨʝʛʠʩʪʨʘ CAPCOM[n].CTRL. 

ʉʠʛʥʘʣ TMRx_OUTn ʦʙʥʦʚʣʷʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ 

ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʙʠʪʘ OUT 

1 001 ʋʩʪʘʥʦʚʢʘ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[n].VAL. ʆʥ ʦʩʪʘʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ 

ʩʙʨʦʩ ʪʘʡʤʝʨʘ ʠʣʠ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʙʨʘʥ 

ʜʨʫʛʦʡ ʨʝʞʠʤ ʚʳʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʚʣʠʷʝʪ ʥʘ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

2 010 ʇʝʨʝʢʣʶʯʝʥʠʝ/ʩʙʨʦʩ ɺʳʭʦʜ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ 

ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL  

3 011 ʋʩʪʘʥʦʚʢʘ/ʩʙʨʦʩ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[n].VAL. ʆʥ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 

CAPCOM[0].VAL  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13.2  

 ̄ OUTMODE ʈʝʞʠʤ ʆʧʠʩʘʥʠʝ 

4 100 ʇʝʨʝʢʣʶʯʝʥʠʝ ɺʳʭʦʜ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL . 

ʇʝʨʠʦʜ ʚʳʚʦʜʘ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʝʨʠʦʜ 

ʪʘʡʤʝʨʘ. 

5 101 ʉʙʨʦʩ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʦʩʪʘʝʪʩʷ ʩʙʨʦʰʝʥʥʳʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʚʳʙʨʘʥ ʜʨʫʛʦʡ ʨʝʞʠʤ ʚʳʚʦʜʘ, ʢʦʪʦʨʳʡ 

ʧʦʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. 

6 110 ʇʝʨʝʢʣʶʯʝʥʠʝ/ 

ʫʩʪʘʥʦʚʢʘ 

ɺʳʭʦʜ ʧʝʨʝʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ 

ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL . 

7 111 ʉʙʨʦʩ/ʫʩʪʘʥʦʚʢʘ ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ 

ʦʪʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʝ CAPCOM[n].VAL. ʆʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʦʪʩʯʠʪʳʚʘʝʪ 

ʟʥʘʯʝʥʠʝ CAPCOM[0].VAL . 
ʇʨʠʤʝʯʘʥʠʝ ï n ï ʥʦʤʝʨ ʙʣʦʢʘ CAPCOM. 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ - ʪʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʚʚʝʨʭ 

ʉʠʛʥʘʣ TMRx_OUTn ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʜʦʩʯʠʪʳʚʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 

CAPCOM[n].VAL, ʠ ʧʘʜʘʝʪ ʚ ʥʦʣʴ ʧʨʠ CAPCOM[0].VAL, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʚʳʚʦʜʘ. 

ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 13.12 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAPCOM[0].VAL  ʠ CAPCOM[1].VAL . 

 

 
 

ʈʠʩʫʥʦʢ 13.12 ï ʊʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʚʚʝʨʭ (ʧʨʠʤʝʨ ʚʳʚʦʜʘ) 
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ʇʨʠʤʝʨ ʚʳʚʦʜʘ - ʊʘʡʤʝʨ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ  

ʉʠʛʥʘʣ TMRx_OUTn ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 

CAPCOM[n].VAL  ʠ CAPCOM[0].VAL, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʚʳʚʦʜʘ. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 13.13 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAPCOM[0].VAL  ʠ CAPCOM[1].VAL . 

 

 
 

ʈʠʩʫʥʦʢ 13.13 ï ʊʘʡʤʝʨ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ (ʧʨʠʤʝʨ ʚʳʚʦʜʘ) 

 

ʇʨʠʤʝʨ ʚʳʚʦʜʘ - ʊʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ çʚʚʝʨʭ/ʚʥʠʟè 

ʉʠʛʥʘʣ TMRx_OUTn ʠʟʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʪʘʡʤʝʨ ʨʘʚʝʥ CAPCOM[n].VAL  ʚ ʣʶʙʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʯʝʪʘ ʠ ʢʦʛʜʘ ʪʘʡʤʝʨ ʨʘʚʝʥ CAPCOM[0].VAL, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʚʳʚʦʜʘ. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 13.14 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAPCOM[0].VAL  ʠ 

CAPCOM[2].VAL . 
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ʈʠʩʫʥʦʢ 13.14 ï ʊʘʡʤʝʨ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ çʚʚʝʨʭ/ʚʥʠʟè (ʧʨʠʤʝʨ ʚʳʚʦʜʘ) 

 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʚʳʚʦʜʘ 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʚʳʚʦʜʘ ʦʜʠʥ ʠʟ ʙʠʪʦʚ OUTMODE ʨʝʛʠʩʪʨʘ 

CAPCOM[n].CTRL ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ, ʢʨʦʤʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʨʝʞʠʤ 0. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʙʦʡ ʚʳʚʦʜʘ, ʧʦʩʢʦʣʴʢʫ 

ʵʣʝʤʝʥʪ NOR ʜʝʢʦʜʠʨʫʝʪ ʨʝʞʠʤ ʚʳʚʦʜʘ 0. ɹʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ 

ʨʝʞʠʤʘʤʠ ʚʳʚʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ ʚʳʚʦʜʘ 7 ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

 

13.5 ʇʨʝʨʳʚʘʥʠʷ ʪʘʡʤʝʨʘ 

ɺ ʤʦʜʫʣʝ ʪʘʡʤʝʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʷʪʴ ʤʘʩʢʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʨʳʚʘʥʠʡ. 

ʉʠʛʥʘʣʳ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʷ: 

- TMRINTR ï ʩʠʛʥʘʣ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʪʘʡʤʝʨʘ; 

- CAP0INTR ï ʦʪ 0 ʤʦʜʫʣʷ CAPCOM; 

- CAP1INTR ï ʦʪ 1 ʤʦʜʫʣʷ CAPCOM; 

- CAP2INTR ï ʦʪ 2 ʤʦʜʫʣʷ CAPCOM; 

- CAP3INTR ï ʦʪ 3 ʤʦʜʫʣʷ CAPCOM. 

 

ʂʘʞʜʳʡ ʠʟ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʤʘʩʢʠʨʦʚʘʥ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ ʤʘʩʢʠ IM.  

ʀʩʪʦʯʥʠʢ ʧʨʝʨʳʚʘʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʯʠʪʘʚ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʘ RIS ʠʣʠ 

ʨʝʛʠʩʪʨʘ MIS (ʤʘʩʢʠʨʦʚʘʥʥʳʝ ʧʨʝʨʳʚʘʥʠʷ). ʉʙʨʦʩ ʧʨʝʨʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ ʚ ʨʝʛʠʩʪʨʝ IC. 

ɿʘʧʨʦʩ TMRINTR ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ COUNT ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʥʫʣʶ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʟʘʧʨʦʩʦʚ ʨʘʚʥʘ ʧʝʨʠʦʜʫ ʩʯʝʪʘ ʪʘʡʤʝʨʘ. 
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ɺ ʨʝʞʠʤʝ ʟʘʭʚʘʪʘ ʟʘʧʨʦʩʳ CAPxINTR ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʦʙʳʪʠʷ ʟʘʭʚʘʪʘ 

ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʦʜʫʣʷ CAPCOM[n]. 

ɺ ʨʝʞʠʤʝ ʩʨʘʚʥʝʥʠʷ ʟʘʧʨʦʩʳ CAPxINTR ʚʦʟʥʠʢʘʶʪ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ 

ʪʘʡʤʝʨʘ COUNT ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʨʝʛʠʩʪʨʘ ʩʨʘʚʥʝʥʠʷ 

(COUNT = CAPCOM[n].VAL ). 

ɺ ʢʦʥʪʨʦʣʣʝʨ PLIC ʧʦʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʣʠʥʠʷ ʧʨʝʨʳʚʘʥʠʷ TMR, ʷʚʣʷʶʱʘʷʩʷ 

ʣʦʛʠʯʝʩʢʠʤ ʀʃʀ ʩʠʛʥʘʣʦʚ TMRINTR, CAP0INTR - CAP3INTR. 

 

13.6 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ DMA  

ʄʦʜʫʣʴ ʪʘʡʤʝʨʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʢ ʢʦʥʪʨʦʣʣʝʨʫ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʧʘʤʷʪʠ DMA. ɺʳʙʦʨ ʩʦʙʳʪʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ DMA ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʠʩʪʨʘ DMA_IM. ɹʠʪʳ CAP0 ï CAP3 ʦʪʚʝʯʘʶʪ ʟʘ ʨʘʟʨʝʰʝʥʠʝ ʟʘʧʨʦʩʦʚ ʦʪ ʤʦʜʫʣʝʡ 

CAPCOM, ʙʠʪ TMR ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʟʨʝʰʝʥʠʝ ʟʘʧʨʦʩʦʚ ʦʪ ʪʘʡʤʝʨʘ. ɺ ʢʦʥʪʨʦʣʣʝʨ DMA 

ʧʦʩʪʫʧʘʝʪ ʦʜʥʘ ʣʠʥʠʷ ʟʘʧʨʦʩʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ TMRx. 

 

13.7 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ɸʎʇ 

ʄʦʜʫʣʴ ʪʘʡʤʝʨʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʥʘ ʟʘʧʫʩʢ ʩʝʢʚʝʥʩʦʨʦʚ ɸʎʇ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɺʳʙʦʨ ʩʦʙʳʪʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ɸʎʇ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ ADC_IM.  
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14 ɹʣʦʢ ʧʦʜʩʯʸʪʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ (CRC) 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ ʙʣʦʢʘ ʧʦʜʩʯʸʪʘ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ CRC0 ʠ CRC1. 

ɹʣʦʢ ʧʨʦʚʝʨʢʠ ʧʦʜʩʯʸʪʦʤ ʮʠʢʣʠʯʝʩʢʠ ʠʟʙʳʪʦʯʥʳʤ ʢʦʜʦʤ (CRC) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ CRC ʠʟ 8-, 16-, 32-ʙʠʪʥʳʭ ʩʣʦʚ ʜʘʥʥʳʭ ʠ ʛʝʥʝʨʘʪʦʨʘ ʧʦʣʠʥʦʤʦʚ. 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʜʩʯʸʪʝ CRC, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʮʝʣʦʩʪʥʦʩʪʠ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ. ɹʣʦʢ 

ʚʳʯʠʩʣʝʥʠʷ CRC ʧʦʤʦʛʘʝʪ ʧʦʩʯʠʪʘʪʴ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ, 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʥʦʡ ʩʫʤʤʦʡ, ʩʦʟʜʘʥʥʦʡ ʨʘʥʝʝ ʠ ʩʦʭʨʘʥʸʥʥʦʡ ʚ ʧʘʤʷʪʠ.  

 

14.1 ʆʩʦʙʝʥʥʦʩʪʠ ʙʣʦʢʘ CRC 

ɹʣʦʢ CRC ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

- ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʛʝʥʝʨʘʪʦʨ ʧʦʣʠʥʦʤʦʚ (7-, 8-, 16-, 32-ʙʠʪ); 

- ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʠʥʦʤ CRC32-IEEE-802.3 (0x04C1_1DB7) ʧʦ ʫʤʦʣʯʘʥʠʶ;  

- ʦʧʝʨʠʨʫʝʪ ʩ 8-, 16-, 32-ʙʠʪʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ; 

- ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ CRC; 

- ʦʜʠʥ 32-ʙʠʪʥʳʡ ʨʝʛʠʩʪʨ ʜʘʥʥʳʭ; 

- ʚr ʯʠʩʣʝʥʠʝ CRC ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʯʝʪʳʨʝ ʪʘʢʪʘ SYSCLK ʜʣʷ ʚʭʦʜʥʳʭ  

32-ʙʠʪʥʳʭ ʜʘʥʥʳʭ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʩʪʠ ʚʭʦʜʥʳʭ/ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ 
ʧʦʨʷʜʢʦʚ ʙʘʡʪ ʜʘʥʥʳʭ, ʦʧʮʠʦʥʘʣʴʥʳʡ XOR ʜʣʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

 

14.2 ʌʫʥʢʮʠʠ ʙʣʦʢʘ CRC 

ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ CRC 

 

 
ʈʠʩʫʥʦʢ 14.1 ï ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʧʨʦʚʝʨʢʠ ʧʦʜʩʯʸʪʦʤ ʮʠʢʣʠʯʝʩʢʠ ʠʟʙʳʪʦʯʥʳʤ ʢʦʜʦʤ 
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ʆʧʠʩʘʥʠʝ ʙʣʦʢʘ CRC 

ɸʧʧʘʨʘʪʥʳʡ ʙʣʦʢ ʧʦʜʩʯʸʪʘ CRC ʠʤʝʝʪ ʦʜʠʥ 32-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʜʘʥʥʳʭ (DR) 

ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʦʜʘ ʥʦʚʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ, ʠ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʜʩʯʸʪʘ CRC  ʧʨʠ ʯʪʝʥʠʠ. 

ʂʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ ʜʘʥʥʳʭ ʩʦʟʜʘʸʪ ʢʦʤʙʠʥʘʮʠʶ ʧʨʝʜʳʜʫʱʝʛʦ 

ʟʥʘʯʝʥʠʷ CRC (ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʝʛʠʩʪʨʝ DR) ʠ ʥʦʚʦʛʦ. ʇʦʜʩʯʸʪ CRC ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʜ 

ʚʩʝʤʠ 32-ʙʠʪʥʳʤʠ ʩʣʦʚʘʤʠ ʜʘʥʥʳʭ, ʧʦʣʫʩʣʦʚʘʤʠ ʠʣʠ ʙʘʡʪʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʘʪʘ 

ʟʘʧʠʩʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ɼʦʩʪʫʧ ʢ ʨʝʛʠʩʪʨʫ DR ʤʦʞʝʪ ʙʳʪʴ ʧʦ ʩʣʦʚʘʤ (32 ʙʠʪʘ), ʚʳʨʦʚʥʝʥʥʳʤ ʩʧʨʘʚʘ 

ʧʦʣʫʩʣʦʚʘʤ (16 ʙʠʪ) ʠ ʚʳʨʦʚʥʝʥʥʳʤ ʩʧʨʘʚʘ ʙʘʡʪʘʤ.  ɼʨʫʛʠʝ ʨʝʛʠʩʪʨʳ ʙʣʦʢʘ CRC 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʣʶʙʦʡ ʜʦʩʪʫʧ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ: 

- 4 ʪʘʢʪʘ AHB ʜʣʷ 32-ʙʠʪʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

- 2 ʪʘʢʪʘ AHB ʜʣʷ 16-ʙʠʪʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

- 1 ʪʘʢʪ AHB ʜʣʷ 8-ʙʠʪʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

 

ʈʘʟʤʝʨ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ ʜʘʥʥʳʭ DR ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʘʡʪ. 

ʅʘʧʨʠʤʝʨ, CRC ʜʣʷ 5 ʙʘʡʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʩʯʠʪʘʥʘ ʟʘʧʠʩʴʶ ʩʣʦʚʘ, ʘ ʟʘʪʝʤ 

ʟʘʧʠʩʴʶ ʙʘʡʪʘ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʜʩʯʸʪʘ CRC, ʨʝʟʫʣʴʪʘʪ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ DR. ɽʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʘ (ʫʩʪʘʥʦʚʣʝʥʳ ʙʠʪʳ XOROUT ʠ/ʠʣʠ REV_OUT ʚ ʨʝʛʠʩʪʨʝ 

CR), ʪʦʛʜʘ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ CRC ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ DR, ʘ ʨʝʟʫʣʴʪʘʪ ʧʦʩʪ-

ʦʙʨʘʙʦʪʢʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ POST. 

 

ʇʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʙʠʪ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʙʘʡʪʘ, ʧʦʣʫʩʣʦʚʘ ʠʣʠ ʩʣʦʚʘ ʮʝʣʠʢʦʤ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʸʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʟʘʧʠʩʘʥʥʳʤ ʚ ʙʠʪʦʚʦʝ 

ʧʦʣʝ REV_IN[1:0] ʨʝʛʠʩʪʨʘ CR.  

ʅʘʧʨʠʤʝʨ, ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ 0x1A2B3C4D ʜʣʷ ʧʦʜʩʯʸʪʘ CRC ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ: 

- 0x58D43CB2 ʩ ʧʦʙʘʡʪʦʚʳʤ ʦʙʨʘʱʝʥʠʝʤ; 

- 0xD458B23C ʩ ʦʙʨʘʱʝʥʠʝʤ ʧʦ ʜʚʘ ʙʘʡʪʘ; 

- 0xB23CD458 c ʦʙʨʘʱʝʥʠʝʤ ʧʦ ʯʝʪʳʨʝ ʙʘʡʪʘ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʦʙʨʘʱʝʥʳ ʫʩʪʘʥʦʚʢʦʡ ʙʠʪʘ REV_OUT ʚ ʨʝʛʠʩʪʨʝ 

CR. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʧʝʨʘʮʠʷ ʦʙʨʘʱʝʥʠʷ ʠʩʧʦʣʥʷʝʪʩʷ ʥʘ ʙʠʪʦʚʦʤ ʫʨʦʚʥʝ: ʢ ʧʨʠʤʝʨʫ, 

ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 0x11223344 ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 0x22CC4488. 

ɹʠʪ XOR_OUT ʚ ʨʝʛʠʩʪʨʝ CR ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʧʦʜʚʝʨʛʥʫʪ ʦʧʝʨʘʮʠʠ 

çXORè (ʠʩʢʣʶʯʘʶʱʝʝ ʀʃʀ) ʩʦ ʚʩʝʤʠ ʥʫʣʷʤʠ ʠʣʠ ʚʩʝʤʠ ʝʜʠʥʠʮʘʤʠ. ʆʧʝʨʘʮʠʷ çXORè 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʜ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʣʝ ʦʙʨʘʱʝʥʠʷ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʝʩʣʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ CR, ʢ ʧʨʠʤʝʨʫ: ʨʝʟʫʣʴʪʘʪ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ 

0x22CC4488 ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 0xDD33BB77. 

ɹʠʪ MODE ʚ ʨʝʛʠʩʪʨʝ CR ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʣʦʢʘ ʧʦʜʩʯʸʪʘ CRC. ʇʨʠ 

ʫʩʪʘʥʦʚʢʝ ʝʛʦ ʚ ç1è, ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʙʘʡʪʦʚ 

(ʝʩʣʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʮʠʷ) ʩʦʟʜʘʶʪ ʢʦʤʙʠʥʘʮʠʶ (ʦʧʝʨʘʮʠʷ XOR ï 

çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè) ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʦʜʝʨʞʠʤʳʤ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ. 

 

ʊʘʙʣʠʮʘ 14.1 ï ɺʣʠʷʥʠʝ ʙʠʪʘ MODE ʥʘ ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʣʦʢʘ CRC 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ 
ʈʝʛʠʩʪʨ ʜʘʥʥʳʭ ʧʦʩʣʝ ʧʦʜʩʯʸʪʘ 

ʙʠʪ MODE ʩʙʨʦʰʝʥ ɹʠʪ MODE ʫʩʪʘʥʦʚʣʝʥ 

ʇʝʨʚʳʝ: 0x0000 0000 0xc704 dd7b 0xc704 dd7b 

ɺʪʦʨʳʝ: 0x1111 1111 0x7ab7 9290 0xbdb3 4feb 



 

 106 

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʩʯʝʪʘ CRC ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 14.1: REV_IN = 0x0, REV_OUT =  = 

0x0, XOR_OUT = 0x0, ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʦʣʠʥʦʤʘ ʠ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʦʚʘʤʠ (32-ʙʠʪ). 

ɺ ʩʣʫʯʘʝ MODE, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ç1è, ʚʪʦʨʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʩʯʝʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

0xc704 dd7b (ʧʨʝʜʳʜʫʱʝʝ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ) ^ 0x1111_1111(ʥʦʚʳʝ ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ) ʠ ʨʘʚʥʳ 0xd615 cc6a. 

ɹʣʦʢ ʧʦʜʩʯʸʪʘ CRC ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʠʩʧʦʣʴʟʫʷ ʫʧʨʘʚʣʷʶʱʠʡ ʙʠʪ RESET ʚ ʨʝʛʠʩʪʨʝ CR (ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ 0xFFFFFFFF). 

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʣʛʦʨʠʪʤʘ CRC ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʦ ʚ ʨʝʛʠʩʪʨʝ 

INIT. ʈʝʛʠʩʪʨ DR ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʨʠ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ INIT. 

 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʦʣʠʥʦʤʘ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʦʣʠʥʦʤʘ ʟʘʜʘʶʪʩʷ ʚ ʨʝʛʠʩʪʨʝ POL, ʘ ʠʭ ʨʘʟʤʝʨ ʤʦʞʝʪ 

ʙʳʪʴ 7, 8, 16 ʠʣʠ 32-ʙʠʪʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷ POLY_SIZE[1:0] ʚ ʨʝʛʠʩʪʨʝ CR. ʏʸʪʥʳʝ 

ʧʦʨʦʞʜʘʶʱʠʝ ʧʦʣʠʥʦʤʳ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ. 
ʇʨʠʤʝʯʘʥʠʝ ï ʏʸʪʥʳʡ ʧʦʨʦʞʜʘʶʱʠʡ ʧʦʣʠʥʦʤ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ - X+X2+..+Xn, ʪʦʛʜʘ 

ʢʘʢ ʥʝʯʸʪʥʳʡ - 1+X+X2+..+Xn. 

ɽʩʣʠ ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ CRC ʤʝʥʴʰʝ, ʯʝʤ 32-ʙʠʪ, ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥʦ 

ʠʟ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ ʨʝʛʠʩʪʨʘ DR. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʟʥʘʯʝʥʠʷ CRC, ʚʦ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʦʣʠʥʦʤʘ ʠʣʠ ʝʛʦ ʨʘʟʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʝʩʣʠ 

ʚʳʯʠʩʣʝʥʠʝ CRC ʧʨʦʜʦʣʞʘʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʙʨʦʩ ʠʣʠ ʧʨʦʯʠʪʘʪʴ ʨʝʛʠʩʪʨ DR 

ʜʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʦʣʠʥʦʤʘ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʦʣʠʥʦʤʘ 

CRC-32 (Ethernet) 0x4C11DB7. 
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15 ʍʝ-hʧʨʦʮʝʩʩʦʨ (HASH) 

15.1 ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʭʝ-hʧʨʦʮʝʩʩʦʨʘ 

ʍʝ-hʧʨʦʮʝʩʩʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʳʡ ʥʘʙʦʨ ʨʝʘʣʠʟʘʮʠʡ ʘʣʛʦʨʠʪʤʦʚ 

ʙʝʟʦʧʘʩʥʦʛʦ ʭʝʰʠʨʦʚʘʥʠʷ (SHA-1, SHA-224, SHA-256), ʭʝʰ-ʘʣʛʦʨʠʪʤ MD5 (ʘʣʛʦʨʠʪʤ ʭʝ-h

ʩʫʤʤʳ 5) ʠ HMAC (ʭʝh -ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʡ) ʘʣʛʦʨʠʪʤ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʥ ʚʳʯʠʩʣʷʝʪ ʭʝ-hʩʫʤʤʫ (160 ʙʠʪ ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-1, 224 ʙʠʪʘ 

ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-224, 256 ʙʠʪ ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-256 ʠ 128 ʙʠʪ ʜʣʷ ʘʣʛʦʨʠʪʤʘ MD5) ʜʣʷ 

ʩʦʦʙʱʝʥʠʡ ʜʣʠʥʥʦʡ ʜʦ 264 ï 1 ʙʠʪ, ʢʦʛʜʘ ʢʘʢ ʘʣʛʦʨʠʪʤ HMAC ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʦʩʦʙ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʝʰ ʬʫʥʢʮʠʡ. ɸʣʛʦʨʠʪʤʳ HMAC 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʟʦʚʝ SHA-1, SHA-224, SHA-256 ʠʣʠ MD5 ʭʝʰ ʬʫʥʢʮʠʡ ʜʚʘʞʜʳ. 

 

15.2 ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʝʰ ʧʨʦʮʝʩʩʦʨʘ: 

- ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ; 

- ʙr ʩʪʨʦʝ ʚʳʯʠʩʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ SHA-1, SHA-224 ʠ SHA-256, ʠ MD5; 

- 32-ʙʠʪʥʳʝ ʩʣʦʚʘ ʜʘʥʥʳʭ ʜʣʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʢʘ ʩʣʦʚʥʦʛʦ, ʧʦʣʫʩʣʦʚʥʦʛʦ, 

ʙʘʡʪʦʚʦʛʦ ʠ ʙʠʪʦʚʦʡ ʩʪʨʦʢʠ ʩ ʧʦʨʷʜʢʦʤ ʦʪ ʤʣʘʜʰʝʛʦ ʢ ʩʪʘʨʰʝʤʫ; 

- ʧʦʜʜʝʨʞʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʙʠʪ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ ʟʘʧʦʣʥʝʥʠʷ: ʚʩʪʘʚʢʠ ʚʝʜʫʱʝʡ ʝʜʠʥʠʮʳ, ʜʣʠʥʳ ʩʦʦʙʱʝʥʠʷ 

ʜʦ ʨʘʟʤʝʨʘ 512 (16 * 32) ʙʠʪ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʣʦʢʘ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ ʜʣʷ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ. 

 
ʇʨʠʤʝʯʘʥʠʝ ï ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠ  ʁʚ ʩʧʝʮʠʬʠʢʘʮʠʷʭ 

ʢ ʘʣʛʦʨʠʪʤʘʤ SHA-1, SHA-224 ʠ SHA-256, ʩʦʩʪʦʠʪ ʠʟ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʠʪʘ ç1è ʟʘ 

ʢʦʪʦʨʳʤ ʩʣʝʜʫʶʪ N-ʙʠʪ ç0è ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʝɦʡ ʜʣʠʥʳ, ʨʘʚʥʦʡ 448 ʧʦ ʤʦʜʫʣʶ 512. ʇʦʩʣʝ ʵʪʦʛʦ, 

ʩʦʦʙʱʝʥʠʝ ʟʘʚʝʨʰʘʝʪʩʷ 64-ʙʠʪʥʳʤ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʜʚʦʠʯʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʣʠʥʥʳ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɼʣʷ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʘ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ 

ʷʚʣʷʶʪʩʷ 32-ʙʠʪʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʫʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʚ ʢʦʥʮʝ ʟʘʧʠʩʠ ʩʦʦʙʱʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʙʠʪʦʚ ʚ ʧʦʩʣʝʜʥʝʤ ʟʘʧʠʩʘʥʥʦʤ 32-

ʙʠʪʥʦʤ ʩʣʦʚʝ. 

 

15.3 ʆʧʠʩʘʥʠʝ ʭʝ hʧʨʦʮʝʩʩʦʨʘ 

ɹʣʦʢ-ʩʭʝʤʘ ʭʝʰ ʧʨʦʮʝʩʩʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 15.1. 

 
ʈʠʩʫʥʦʢ 15.1 - ɹʣʦʢ ʩʭʝʤʘ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʘ 
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ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʷ ʜʣʠʥʥʦʡ ʜʦ 264 ʙʠʪʘ ʥʘ ʚʭʦʜ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʘ, ʘʣʛʦʨʠʪʤʳ 

SHA-1, SHA-224 ʠ SHA-256 ʠ MD5 ʚʳʯʠʩʣʷʶʪ 160-ʙʠʪʥʫʶ, 224-ʙʠʪʥʫʶ, 256-ʙʠʪʥʫʶ ʠ 128-

ʙʠʪʥʫʶ ʚʳʭʦʜʥʫʶ ʩʪʨʦʢʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʟʳʚʘʝʤʫʶ ʭʝʰ-ʩʫʤʤʦʡ ʩʦʦʙʱʝʥʠʷ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʭʝʰ-ʩʫʤʤʫ ʩʦʦʙʱʝʥʠʷ ʤʦʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, 

ʯʪʦʙʳ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʠʣʠ ʧʨʦʚʝʨʠʪʴ ʧʦʜʧʠʩʴ ʜʣʷ ʩʦʦʙʱʝʥʠʷ. ʇʦʜʧʠʩʘʥʠʝ ʭʝʰ-ʩʫʤʤʳ 

ʩʦʦʙʱʝʥʠʷ, ʘ ʥʝ ʩʘʤʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʯʘʩʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʦʩʢʦʣʴʢʫ 

ʭʝʰ-ʩʫʤʤʘ ʩʦʦʙʱʝʥʠʷ ʦʙʳʯʥʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦ ʨʘʟʤʝʨʫ, ʯʝʤ ʩʘʤʦ ʩʦʦʙʱʝʥʠʝ. ʇʨʠ 

ʧʨʦʚʝʨʢʝ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʪ ʞʝ ʭʝʰ-ʘʣʛʦʨʠʪʤ, ʯʪʦ ʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. 

ɸʣʛʦʨʠʪʤʳ SHA-1, SHA-224, SHA-256 ʠ MD5 ʢʚʘʣʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ çʙʝʟʦʧʘʩʥʳʝè, 

ʧʦʪʦʤʫ ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʩʦʦʙʱʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʜʘʥʥʦʡ ʭʝh-ʩʫʤʤʝ ʩʦʦʙʱʝʥʠʷ, ʠʣʠ ʥʘʡʪʠ ʜʚʘ ʨʘʟʥʳʭ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʦʜʥʫ ʠ 

ʪʫ ʞʝ ʭʝʰ-ʩʫʤʤʫ ʩʦʦʙʱʝʥʠʷ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʚʝʜʝʪ ʢ ʚʳʯʠʩʣʝʥʠʶ ʜʨʫʛʦʡ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ, ʠ ʧʦʜʧʠʩʴ ʥʝ ʩʤʦʞʝʪ 

ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ.  

ʉʦʦʙʱʝʥʠʝ ʠʣʠ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʦʤ ʩʣʝʜʫʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʙʠʪʦʚʫʶ ʩʪʨʦʢʫ. ɼʣʠʥʥʘ ʵʪʦʛʦ ʩʦʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʙʠʪʦʚ ʚ ʵʪʦʤ ʩʦʦʙʱʝʥʠʠ (ʧʫʩʪʦʝ ʩʦʦʙʱʝʥʠʝ ʠʤʝʝʪ ʜʣʠʥʫ 0). ʊʘʢ, 32-ʙʠʪʘ ʵʪʦʡ ʙʠʪʦʚʦʡ 

ʩʪʨʦʢʠ ʬʦʨʤʠʨʫʶʪ 32-ʙʠʪʥʦʝ ʩʣʦʚʦ.  
ʇʨʠʤʝʯʘʥʠʝ ï ɹʠʪʦʚʘʷ ʩʪʨʦʢʘ ʨʘʩʪʸʪ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʠ ʙʠʪʳ ʤʦʛʫʪ ʛʨʫʧʧʠʨʦʚʘʪʴʩʷ ʢʘʢ ʙʘʡʪʳ 

(8-ʙʠʪ) ʠʣʠ ʩʣʦʚʘ (32-ʙʠʪ). 

 

15.4 ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ ʟʘʥʠʤʘʝʪ: 

- 66 ʮʠʢʣʦʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ SYSCLK ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-1; 

- 50 ʮʠʢʣʦʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ SYSCLK ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-224; 

- 50 ʮʠʢʣʦʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ SYSCLK ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-256; 

- 50 ʮʠʢʣʦʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ SYSCLK ʜʣʷ ʘʣʛʦʨʠʪʤʘ MD5. 

 

ʇʦʤʠʤʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʟʘʛʨʫʟʢʠ 

16 ʩʣʦʚ ʙʣʦʢʘ ʚ ʧʨʦʮʝʩʩʦʨ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 16 ʮʠʢʣʦʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʙʣʦʢʘ ʚ 512-

ʙʠʪ). 

ɺʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ (ʠʣʠ ʢʣʶʯʘ ʚ 

HMAC) ʤʦʞʝʪ ʙʳʪʴ ʜʣʠʥʥʝʝ. ɺʨʝʤʷ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʥʳ ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʠ ʨʘʟʤʝʨʘ ʢʣʶʯʘ 

(ʚ ʨʝʞʠʤʝ HMAC). ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʙʣʦʢʘ, ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥʦ ʚ: 

- ʦʪ 1 ʜʦ 2,5 ʨʘʟ ʜʣʷ ʭʝʰ-ʬʫʥʢʮʠʠ; 

- ʦʢʦʣʦ 2,5 ʨʘʟ ʜʣʷ ʚʭʦʜʥʦʛʦ ʢʣʶʯʘ HMAC; 

- ʦʪ 1 ʜʦ 2,5 ʨʘʟ ʜʣʷ ʩʦʦʙʱʝʥʠʷ HMAC; 

- ʦʢʦʣʦ 2,5 ʨʘʟ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʣʶʯʘ HMAC ʚ ʩʣʫʯʘʝ ʢʦʨʦʪʢʦʛʦ ʢʣʶʯʘ, ʣʠʙʦ ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʜʣʠʥʥʳʝ ʢʣʶʯʠ; 

- ʦʪ 3,5 ʜʦ 5 ʜʣʷ ʚʥʝʰʥʝʛʦ ʢʣʶʯʘ HMAC ʚ ʩʣʫʯʘʝ ʨʘʟʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʜʣʠʥʥʳʭ ʢʣʶʯʝʡ. 

 

15.5 ʊʠʧʳ ʜʘʥʥʳʭ  

ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ ʧʦ 32 ʙʠʪʘ (ʩʣʦʚʘ) ʩ ʧʦʤʦʱʴʶ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ 

DIN. ʇʨʠ ʵʪʦʤ, ʠʩʭʦʜʥʘʷ ʙʠʪʦʚʘʷ ʩʪʨʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʙʘʡʪʳ, ʧʦʣʫʩʣʦʚʘ ʠʣʠ 

ʩʣʦʚʘ, ʠʣʠ ʜʘʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʙʠʪʦʚ. ʊʘʢ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʥʦʡ ʧʘʤʷʪʠ ʠʤʝʝʪ 

ʦʙʨʘʪʥʳʡ ʧʦʨʷʜʦʢ ʙʘʡʪʦʚ, ʘ ʚʳʯʠʩʣʝʥʠʷ SHA1, SHA-224 ʠ SHA-256 ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʨʷʤʳʤ 

ʧʦʨʷʜʢʦʤ ʙʘʡʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʩʛʨʫʧʧʠʨʦʚʘʥʘ ʠʩʭʦʜʥʘʷ ʙʠʪʦʚʘʷ ʩʪʨʦʢʘ, 

ʦʧʝʨʘʮʠʷ ʟʘʤʝʥʳ ʙʠʪʦʚ, ʙʘʡʪʦʚ ʠʣʠ ʧʦʣʫʩʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʭʝʰ-

ʧʨʦʮʝʩʩʦʨʦʤ. 
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ʊʠʧ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʙʠʪʦʚʳʤ ʧʦʣʝʤ DATATYPE ʚ 

ʫʧʨʘʚʣʷʶʱʝʤ ʨʝʛʠʩʪʨʝ CR:  

- ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʙʠʪʦʚʦʡ ʩʪʨʦʢʠ, ʚʩʝ ʙʠʪʳ ʩʣʝʜʫʝʪ ʧʦʤʝʥʷʪʴ 

ʤʝʩʪʘʤʠ (ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 0x3 ʚ ʙʠʪʦʚʦʝ ʧʦʣʝ DATATYPE), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 15.2; 

- ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʙʘʡʪʦʚ, ʙʘʡʪʳ ʩʣʝʜʫʝʪ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ 

(ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 0x2 ʚ ʙʠʪʦʚʦʝ ʧʦʣʝ DATATYPE), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 15.3; 

- ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʧʦʣʫʩʣʦʚʦ, ʪʦ ʧʦʣʫʩʣʦʚʘ ʩʣʝʜʫʝʪ ʧʦʤʝʥʷʪʴ 

ʤʝʩʪʘʤʠ (ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ 0x1 ʚ ʙʠʪʦʚʦʝ ʧʦʣʝ DATATYPE), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 15.4. 

ʄʣʘʜʰʠʡ ʟʥʘʯʘʱʠʡ ʙʠʪ ʩʦʦʙʱʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʦʟʠʮʠʠ 0 (ʩʧʨʘʚʘ) ʚ ʧʝʨʚʦʤ ʩʣʦʚʝ, 

ʚʚʝʜʝʥʥʦʤ ʚ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ, 32-ʡ ʙʠʪ ʙʠʪʦʚʦʡ ʩʪʨʦʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʦʟʠʮʠʠ 0 ʚʦ ʚʪʦʨʦʤ 

ʩʣʦʚʝ, ʚʚʝʜʝʥʥʦʤ ʚ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ, ʠ ʪ.ʜ. 

 
 

ʈʠʩʫʥʦʢ 15.2 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʙʠʪʦʚʦʡ ʩʪʨʦʢʠ 

 

 

 
 

ʈʠʩʫʥʦʢ 15.3 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʙʘʡʪʦʚ 

 

 

 
 

ʈʠʩʫʥʦʢ 15.4 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʧʦʣʫʩʣʦʚ 
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15.6 ɺʳʯʠʩʣʝʥʠʝ ʭʝ-hʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ  

ʍʝ-hʧʨʦʮʝʩʩʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʙʣʦʢʠ ʧʦ 512 ʙʠʪ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ DMA ʠʣʠ ʎʇ ʟʘʧʠʩʳʚʘʶʪ 16 Ĭ 

32-ʙʠʪʥʳʭ ʩʣʦʚ (512 ʙʠʪ) ʚ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ, ʭʝʰ-ʬʫʥʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʯʠʥʘʝʪ 

ʚʳʯʠʩʣʷʪʴ ʭʝʰ-ʩʫʤʤʫ ʩʦʦʙʱʝʥʠʷ. ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ - ʯʘʩʪʠʯʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʭʝʰ-ʩʫʤʤʳ. 

ʉʦʦʙʱʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʚʦʜʠʪʩʷ ʚ ʧʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 32-ʙʠʪʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʨʝʛʠʩʪʨ DIN. ʊʝʢʫʱʝʝ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ DIN ʧʝʨʝʜʘʝʪʩʷ ʚʦ ʚʭʦʜʥʦʡ 

ʙʫʬʝʨ FIFO (IN FIFO) ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʚ ʨʝʛʠʩʪʨ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʦʚʳʝ ʜʘʥʥʳʝ. ʈʝʛʠʩʪʨ 

DIN ʠ ʚʭʦʜʥʦʡ ʙʫʬʝʨ FIFO ʦʙʨʘʟʫʶʪ ʚʭʦʜʥʦʡ ʙʫʬʝʨ ʜʣʠʥʦʡ 17 ʩʣʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʙʣʦʢʘ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʙʣʦʢʘ 

ʚʦʡʜʝʪ ʚʦ ʚʭʦʜʥʦʡ ʙʫʬʝʨ. ʇʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, 

ʩʦʜʝʨʞʠʪ ʣʠ ʨʝʛʠʩʪʨ HASH_DIN ʧʦʩʣʝʜʥʠʝ ʙʠʪʳ ʩʦʦʙʱʝʥʠʷ ʠʣʠ ʥʝʪ. ɺʦʟʤʦʞʥʳ ʜʚʘ 

ʩʣʫʯʘʷ: 

ʇʨʷʤʦʡ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ: 

- ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʠʯʥʦʡ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʟʘʧʠʩʠ ʩʣʦʚ ʙʣʦʢʘ 

ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʛʠʩʪʨ DIN. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦ ʜʦʞʜʘʪʴʩʷ, ʧʦʢʘ ʧʨʦʮʝʩʩʦʨ 

ʩʥʦʚʘ ʙʫʜʝʪ ʛʦʪʦʚ (ʢʦʛʜʘ DINIS=1), ʧʨʝʞʜʝ ʯʝʤ ʟʘʧʠʩʳʚʘʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʩʣʝʜʫʶʱʝʛʦ 

ʙʣʦʢʘ ʚ DIN; 

- ʚʳʯʠʩʣʝʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ (ʧʦʩʣʝʜʥʠʡ ʚʚʝʜʝʥʥʳʡ ʙʣʦʢ) 

ʜʝʣʘʝʪʩʷ ʧʫʪʝʤ ʟʘʧʠʩʠ ʙʠʪʘ DCAL ʚ 1. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ: ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ DIN 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʦʪʧʨʘʚʣʝʥʥʦʡ ʢʦʥʪʨʦʣʣʝʨʦʤ DMA. 

- ʚ ʩʣʫʯʘʝ ʦʜʠʥʦʯʥʦʡ ʧʝʨʝʜʘʯʠ DMA: ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ ʙʳʣ ʧʝʨʝʜʘʥ ʚ ʨʝʛʠʩʪʨ 

DIN ʧʦ ʢʘʥʘʣʫ DMA, ʙʠʪ DCAL ʨʝʛʠʩʪʨʘ STR ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥ ʚ 1 ʚ 

ʨʝʛʠʩʪʨʝ STR, ʯʪʦʙʳ ʟʘʧʫʩʪʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ; 

- ʚ ʩʣʫʯʘʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʠ DMA: ɹʠʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʠ DMA 

(MDMAT) ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʚ 1 ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʯʪʦʙʳ ʙʠʪ DCAL ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʧʧʘʨʘʪʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʭʝʰ-ʩʫʤʤʳ 

ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʭʝʰʘ ʠ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ ʘʣʛʦʨʠʪʤʘ HMAC (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʘʧʘʭ HMAC ʩʤ. ʨʘʟʜʝʣ ʦʧʝʨʘʮʠʡ HMAC) ʥʝ ʙʫʜʝʪ ʟʘʧʫʱʝʥ ʚ ʢʦʥʮʝ 

ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ DMA, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʮʝʩʩʦʨʫ ʧʝʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ DMA. ɺʦ ʚʨʝʤʷ 

ʧʦʩʣʝʜʥʝʡ ʧʝʨʝʜʘʯʠ DMA ʙʠʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʠ DMA (MDMAT) ʤʦʞʝʪ ʙʳʪʴ 

ʦʯʠʱʝʥ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʯʪʦʙʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ DCAL ʚ ʢʦʥʮʝ 

ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʠ ʟʘʧʫʩʪʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ. 

 

ʇʨʦʮʝʩʩ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʠʯʥʦʡ ʭʝʰ-ʩʫʤʤʳ - ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʧʦʩʣʝʜʥʠʝ ʙʠʪʳ ʠʩʭʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʝ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʚ ʨʝʛʠʩʪʨ DIN. 

ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʘ (ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ) ʩʦʦʙʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʮʝʣʳʤ ʯʠʩʣʦʤ, 

ʧʦʩʣʝʜʥʝʝ ʩʣʦʚʦ, ʟʘʧʠʩʘʥʥʦʝ ʚ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ, ʤʦʞʝʪ ʠʤʝʪʴ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ 

ʦʪ 1 ʜʦ 32. ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʙʠʪʦʚ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʦʚʝ (NBLW) ʜʦʣʞʥʦ ʙʳʪʴ 

ʟʘʧʠʩʘʥʦ ʚ ʨʝʛʠʩʪʨ STR, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʟʘʧʦʣʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜ 

ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ. 

 

ʂʘʢ ʪʦʣʴʢʦ ʵʪʦ ʙʫʜʝʪ ʩʜʝʣʘʥʦ, ʟʘʧʠʩʴ ʚ STR ʩ ʙʠʪʦʤ DCAL = 1 ʟʘʧʫʩʢʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʧʦʩʣʝʜʥʝʛʦ ʚʚʝʜʝʥʥʦʛʦ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʦʤ. ʕʪʘ ʦʙʨʘʙʦʪʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʟʘʧʦʣʥʝʥʠʷ ʩʦʦʙʱʝʥʠʷ: ʮʝʣʴ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ï

ʩʜʝʣʘʪʴ ʦʙʱʫʶ ʜʣʠʥʫ ʜʦʧʦʣʥʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʢʨʘʪʥʦʡ 512. ʍʝ -hʧʨʦʮʝʩʩʦʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʙʣʦʢʠ ʧʦ 512 ʙʠʪ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ; 

- ʚʳʯʠʩʣʝʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ. 

ʂʦʛʜʘ DMA ʚʢʣʶʯʝʥ, ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʫ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʚʘ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʟʘʧʦʣʥʝʥʠʝ ʠ ʚʳʯʠʩʣʝʥʠʝ ʭʝʰ-ʩʫʤʤʳ ʚʳʧʦʣʥʷʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʢʘʢ ʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʙʠʪʘ DCAL. 
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15.7 ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʧʦʣʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ 

ɿʘʧʦʣʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ç1è, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʶʪ m ç0è, ʟʘ 

ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 64-ʙʠʪʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʜʦ ʢʦʥʮʘ ʠʩʭʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʜʦʧʦʣʥʝʥʥʦʛʦ ʙʣʦʢʘ ʩʦʦʙʱʝʥʠʷ ʜʣʠʥʦʡ 512. ç1è ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʧʦʩʣʝʜʥʝʤʫ ʩʣʦʚʫ, 

ʟʘʧʠʩʘʥʥʦʤʫ ʚ ʨʝʛʠʩʪʨ HASH_DIN ʚ ʙʠʪʦʚʫʶ ʧʦʟʠʮʠʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʙʠʪʦʚʳʤ ʧʦʣʝʤ 

NBLW ʨʝʛʠʩʪʨʘ HASH_STR, ʘ ʦʩʪʘʚʰʠʝʩʷ ʩʪʘʨʰʠʝ ʙʠʪʳ ʦʯʠʱʘʶʪʩʷ (ç0è). 
ʇʨʠʤʝʨ ī ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʦʠʯʥʦ-

ʢʦʜʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ASCII çabcè ʜʣʠʥʦʡ L = 24: 

 
  ʙʘʡʪ 0   ʙʘʡʪ1    ʙʘʡʪ 2   ʙʘʡʪ 3 

 01100001 01100010 01100011 UUUUUUUU  

<--  ʧʝʨʚʦʝ ʩʣʦʚʦ ʟʘʧʠʩʘʥʥʦʝ ʚ HASH_DIN -- > 

 

ʇʦʣʝ NBLW ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʛʨʫʞʝʥʦ ʩʦ ʟʥʘʯʝʥʠʝʤ 24: ç1è ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʙʠʪʦʚʦʡ 

ʧʦʟʠʮʠʠ 24 ʚ ʙʠʪʦʚʦʡ ʩʪʨʦʢʝ (ʥʘʯʠʥʘʷ ʦʪʩʯʝʪʘ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʙʠʪʦʚʦʡ 

ʩʪʨʦʢʝ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʠʪʫ 31 ʚ ʨʝʛʠʩʪʨʝ HASH_DIN (ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʙʘʡʪʦʚ ʦʪ 

ʤʣʘʜʰʝʛʦ ʢ ʩʪʘʨʰʝʤʫ): 
 
01100001 01100010 01100011 1UUUUUUU  

 

ʇʦʩʢʦʣʴʢʫ L = 24, ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʙʠʪʦʚʦʡ ʩʪʨʦʢʝ ʨʘʚʥʦ 25, ʠ 

ʢ ʥʠʤ ʜʦʙʘʚʣʷʶʪʩʷ 423 ç0è, ʯʪʦ ʜʘʝʪ ʪʝʧʝʨʴ 448. ʕʪʦ ʜʘʝʪ (ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʬʦʨʤʘʪʝ ʩ 

ʧʦʨʷʜʢʦʤ ʩʣʝʜʦʚʘʥʠʷ ʙʠʪʦʚ ʦʪ ʩʪʘʨʰʝʛʦ ʢ ʤʣʘʜʰʝʤʫ): 

 
61626380 00000000 00000000 00000000  

00000000 00000000 00000000 00000000  

00000000 00000000 00000000 00000000  

00000000 00000000  

 

ɿʥʘʯʝʥʠʝ L ʚ ʜʚʫʭʩʣʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʪʦ ʝʩʪʴ 00000000 00000018) ʜʦʙʘʚʣʷʝʪʩʷ. 

ʆʪʩʶʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʟʘʧʦʣʥʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʬʦʨʤʘʪʝ: 
 

61626380 00000000 00000000 00000000  

00000000 00000000 00000000 00000000  

00000000 00000000 00000000 00000000  

00000000 00000000 00000000 00000028  

 

ɽʩʣʠ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʙʘʡʪʦʚ 

ʦʪ ʤʣʘʜʰʝʛʦ ʢ ʩʪʘʨʰʝʤʫ, ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ ʩʦʦʙʱʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ, ʚʳʧʦʣʥʠʚ 

ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1 ɺ ʨʝʛʠʩʪʨ HASH_DIN ʟʘʧʠʩʳʚʘʝʪʩʷ 0xUU636261 (ʛʜʝ çUè ʦʟʥʘʯʘʝʪ çʚʩʝ ʨʘʚʥʦè). 

2 ɺ ʨʝʛʠʩʪʨ HASH_STR ʟʘʧʠʩʳʚʘʝʪʩʷ 0x18 (ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʙʠʪʦʚ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʦʚʝ, ʟʘʧʠʩʘʥʥʦʤ ʚ ʨʝʛʠʩʪʨ HASH_DIN, ʨʘʚʥʦ 24, ʪʘʢ ʢʘʢ ʠʩʭʦʜʥʘʷ ʜʣʠʥʘ 

ʩʦʦʙʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 24 ʙʠʪʘ). 

3 0x10 ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ HASH_STR, ʯʪʦʙʳ ʥʘʯʘʪʴ ʟʘʧʦʣʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʭʝʰ-ʩʫʤʤʘ. ʂʦʛʜʘ NBLW Í 0x00, ʟʘʧʦʣʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʧʦʤʝʱʘʝʪ ç1è ʚ 

ʨʝʛʠʩʪʨ HASH_DIN ʚ ʙʠʪʦʚʦʡ ʧʦʟʠʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʟʥʘʯʝʥʠʝʤ NBLW, ʠ ʚʩʪʘʚʣʷʝʪ ç0è ʚ 

ʙʠʪʦʚʳʝ ʧʦʟʠʮʠʠ [31:(NBLW+1)]. ʂʦʛʜʘ NBLW == 0x00, ʟʘʧʦʣʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʚʩʪʘʚʣʷʝʪ 

ʦʜʥʦ ʥʦʚʦʝ ʩʣʦʚʦ ʩʦ ʟʥʘʯʝʥʠʝʤ 0x0000 0001. ɿʘʪʝʤ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʥʫʣʝʚʦʝ ʩʣʦʚʦ 

(0x0000 0000) ʠ ʜʣʠʥʘ ʩʦʦʙʱʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʟ ʜʚʫʭ ʩʣʦʚ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʣʦʢ 

ʨʘʟʤʝʨʦʤ 16 x 32 ʙʠʪ. ʩʣʦʚʘ. 

4 ɺʳʧʦʣʥʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʭʝʰ-ʩʫʤʤʳ, ʧʦʩʣʝ ʯʝʛʦ ʭʝʰ-ʩʫʤʤʘ ʩʦʦʙʱʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʜʦʩʪʫʧʥʦʡ ʚ ʨʝʛʠʩʪʨʘʭ HASH_Hx. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-1: 
 

H0 = 0 xA9993 E36 
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H1 = 0 x4706816 A 

H2 = 0 xBA3E2571  

H3 = 0 x7850 C26C 

H4 = 0 x9CD0D89D 

 

15.8 ɺʳʯʠʩʣʝʥʠʝ ʭʝʰ-ʬʫʥʢʮʠʠ 

ʍʝ-hʬʫʥʢʮʠʷ (SHA-1, SHA-224, SHA-256 ʠ MD5) ʚʳʙʠʨʘʝʪʩʷ, ʢʦʛʜʘ ʙʠʪ INIT 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ç1è ʚ ʨʝʛʠʩʪʨʝ HASH_CR, ʘ ʙʠʪ MODE ʚ ç0è ʚ HASH_CR. ɸʣʛʦʨʠʪʤ (    

SHA-1, SHA-224, SHA-256 ʠʣʠ MD5) ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʪʦ ʝʩʪʴ, ʢʦʛʜʘ ʙʠʪ INIT 

ʫʩʪʘʥʦʚʣʝʥ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʪʦʚ ALGO.  

ɿʘʪʝʤ ʩʦʦʙʱʝʥʠʝ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ, ʟʘʧʠʩʘʚ ʝʛʦ ʧʦʩʣʦʚʥʦ ʚ ʨʝʛʠʩʪʨ 

HASH_DIN. ʂʦʛʜʘ ʙʣʦʢ ʠʟ 512 ʙʠʪ, ʪʦ ʝʩʪʴ 16 ʩʣʦʚ, ʙʳʣ ʟʘʧʠʩʘʥ, ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʠʯʥʦʡ 

ʭʝʰ-ʩʫʤʤʳ ʩʦʦʙʱʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʧʠʩʠ ʧʝʨʚʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʶʱʝʛʦ ʙʣʦʢʘ. ʍʝʰ-

ʧʨʦʮʝʩʩʦʨ ʦʩʪʘʝʪʩʷ ʟʘʥʷʪʳʤ ʚ ʪʝʯʝʥʠʝ 66 ʪʘʢʪʦʚ ʜʣʷ ʘʣʛʦʨʠʪʤʘ SHA-1 ʠʣʠ 50 ʪʘʢʪʦʚ ʜʣʷ 

ʘʣʛʦʨʠʪʤʘ MD5, ʘʣʛʦʨʠʪʤʘ SHA-224 ʠ ʘʣʛʦʨʠʪʤʘ SHA-256.  

ɿʘʪʝʤ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʦʚʪʦʨʷʪʴ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʚʘ ʩʦʦʙʱʝʥʠʷ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʝʨʝʜʘʯʠ DMA, ʦʙʨʘʪʠʪʝʩʴ ʢ ʨʘʟʜʝʣʫ çʇʨʦʮʝʜʫʨʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʧʦ DMAè. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʠʥʘ ʩʦʦʙʱʝʥʠʷ ʥʝ ʢʨʘʪʥʘ 512 ʙʠʪʘʤ, ʪʦ ʜʣʷ ʟʘʧʫʩʢʘ ʚʳʯʠʩʣʝʥʠʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʭʝʰ-ʩʫʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ HASH_STR.  

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʭʝʰ-ʩʫʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥʘ ʠʟ ʨʝʛʠʩʪʨʦʚ 

HASH_H0...HASH_H7, ʛʜʝ: 

- HASH_H4..HASH_H7 ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʢʦʛʜʘ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ MD5; 

- HASH_H5..HASH_H7 ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʢʦʛʜʘ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ SHA-1; 

- HASH_H7 ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ SHA-224. 

 

15.9 ɺʳʯʠʩʣʝʥʠʝ HMAC 

ɸʣʛʦʨʠʪʤ HMAC ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʡ ʧʫʪʝʤ ʥʝʦʙʨʘʪʠʤʦʡ 

ʧʨʠʚʷʟʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʢ ʢʣʶʯʫ, ʚʳʙʨʘʥʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʉʧʝʮʠʬʠʢʘʮʠʠ HMAC ʩʤ. ʚ ʜʦʢʫʤʝʥʪʝ çHMAC: ʭʝʰʠʨʦʚʘʥʠʝ ʩ ʢʣʶʯʦʤ ʜʣʷ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʡè, H. Krawczyk, M. Bellare, R. Canetti, ʬʝʚʨʘʣʴ 1997 ʛ.  

 

ʇʦ ʩʫʪʠ, ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʭʝʰ-ʦʧʝʨʘʮʠʡ: 

- pad ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʣʝʡ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʢʣʶʯʘ ʜʦ ʜʣʠʥʳ ʙʣʦʢʘ ʜʘʥʥʳʭ ʙʘʟʦʚʦʡ ʭʝʰ-ʬʫʥʢʮʠʠ (ʪʦ ʝʩʪʴ 512 ʙʠʪ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ 

ʭʝʰʠʨʦʚʘʥʠʷ SHA-1, SHA224, SHA-256 ʠ MD5); 

- ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʝʨʘʪʦʨ ʢʦʥʢʘʪʝʥʘʮʠʠ. 

 

ɼʣʷ ʨʘʩʯʝʪʘ HMAC ʪʨʝʙʫʶʪʩʷ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘ: 

 

1 ɹʣʦʢ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʫʪʝʤ ʟʘʧʠʩʠ ʙʠʪʘ INIT ʚ ç1è ʩ ʙʠʪʦʤ MODE ʚ ç1è ʠ ʙʠʪʘʤʠ 

ALGO, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʟʥʘʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʞʝʣʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɹʠʪ LKEY 

ʪʘʢʞʝ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʵʪʦʤ ʵʪʘʧʝ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʣʶʯ ʜʣʠʥʥʝʝ 64 ʙʘʡʪ (ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʝʮʠʬʠʢʘʮʠʠ HMAC ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʤʝʩʪʦ ʨʝʘʣʴʥʦʛʦ ʢʣʶʯʘ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʝʰ-ʢʣʶʯʘ). ʊʘʢʞʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʠʥʥʦʛʦ ʢʣʶʯʘ ʠ, ʝʩʣʠ ʚʥʫʪʨʝʥʥʠʡ 

ʠ ʚʥʝʰʥʠʡ ʢʣʶʯ ʦʜʠʥʘʢʦʚʳʡ, ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ SAMK ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʷ 

HMAC. 

2 ɿʘʪʝʤ ʢʣʶʯ (ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʭʝʰ-ʬʫʥʢʮʠʠ) 

ʧʝʨʝʜʘʝʪʩʷ ʷʜʨʫ. ʕʪʘ ʦʧʝʨʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʪʦʪ ʞʝ ʤʝʭʘʥʠʟʤ, ʯʪʦ ʠ ʜʣʷ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʷ 

ʚ ʭʝʰ-ʦʧʝʨʘʮʠʠ (ʪʦ ʝʩʪʴ ʧʫʪʝʤ ʟʘʧʠʩʠ ʚ HASH_DIN ʠ, ʥʘʢʦʥʝʮ, ʚ HASH_STR). 

3 ʇʦʩʣʝ ʚʚʦʜʘ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʚʘ ʠ ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʷ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʢʣʶʯ. ɿʘʪʝʤ ʦʥ ʛʦʪʦʚ ʧʨʠʥʷʪʴ ʪʝʢʩʪ ʩʦʦʙʱʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʦʪ ʞʝ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʚ ʦʧʝʨʘʮʠʠ ʭʝʰʠʨʦʚʘʥʠʷ. 
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4 ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʨʘʫʥʜʘ ʭʝʰʠʨʦʚʘʥʠʷ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ ʚʦʟʚʨʘʱʘʝʪ çʛʦʪʦʚʦè, ʯʪʦʙʳ 

ʫʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʛʦʪʦʚ ʧʦʣʫʯʠʪʴ ʢʣʶʯ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʥʝʰʥʝʡ ʭʝʰ-

ʬʫʥʢʮʠʠ (ʦʙʳʯʥʦ ʵʪʦʪ ʢʣʶʯ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʭʝʰ-

ʬʫʥʢʮʠʠ). ʂʦʛʜʘ ʚʚʦʜʠʪʩʷ ʧʦʩʣʝʜʥʝʝ ʩʣʦʚʦ ʢʣʶʯʘ ʠ ʥʘʯʠʥʘʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ, ʨʝʟʫʣʴʪʘʪ 

HMAC ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʚ ʨʝʛʠʩʪʨʘʭ HASH_H0...HASH_H7. 

 
ʇʨʠʤʝʯʘʥʠ ̫ 

1 ɿʘʜʝʨʞʢʘ ʚʳʯʠʩʣʝʥʠʷ HMAC ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʢʣʶʯʝʡ ʠ ʩʦʦʙʱʝʥʠʷ. ɺʳ ʤʦʞʝʪʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ HMAC ʢʘʢ ʜʚʝ ʚʣʦʞʝʥʥʳʝ ʙʘʟʦʚʳʝ ʭʝʰ-ʬʫʥʢʮʠʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʦʡ ʢʣʶʯʘ 

(ʜʣʠʥʥʳʤ ʠʣʠ ʢʦʨʦʪʢʠʤ). 

2 ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʠʥʥʦʛʦ ʢʣʶʯʘ ʠ, ʝʩʣʠ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʢʣʶʯ ʦʜʠʥʘʢʦʚʳʡ ʠ ʙʠʪ 

SAMK ʚ ʨʝʛʠʩʪʨʝ HASH_CR ʫʩʪʘʥʦʚʣʝʥ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʘʚʘʪʴ ʚʥʝʰʥʠʡ ʢʣʶʯ (ʩʤ. ʧ.4). ʈʝʟʫʣʴʪʘʪ 

HMAC ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʩʦʦʙʱʝʥʠʷ. ʍʝʰ-ʧʨʦʮʝʩʩʦʨ ʚʦʟʚʨʘʪʠʪ ʩʠʛʥʘʣ 

çʛʦʪʦʚʦè ʠ ʚʳ ʤʦʞʝʪʝ ʧʨʦʯʠʪʘʪʴ ʨʝʛʠʩʪʨʳ HASH_HRx. 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʘʣʛʦʨʠʪʤʘ HMAC SHA-1 (ALGO=00 ʠ MODE=1 ʚ HASH_CR), 

ʠʟ ʩʧʝʮʠʬʠʢʘʮʠʠ NIST. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʚʦʠʯʥʦ-ʢʦʜʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ASCII çSample message for keylen=blocklenè ʜʣʠʥʦʡ L = 34 

ʙʘʡʪʘ.  

 

ʇʨʠʤʝʨ 

1 ɺ ʨʝʛʠʩʪʨ HASH_DIN ʚʚʦʜʠʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʢʣʶʯ (ʜʣʠʥʘ ʨʘʚʥʘ 64, ʪ. ʝ. ʙʝʟ 

ʟʘʧʦʣʥʝʥʠʷ), ʫʢʘʟʘʥʥʳʡ ʚ ʧʨʠʤʝʨʝ NIST. ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʢʣʶʯʘ ʨʘʚʥʘ 64, ʙʠʪ LKEY 

ʫʩʪʘʥʦʚʣʝʥ ʚ 0 ʚ ʨʝʛʠʩʪʨʝ HASH_CR. 

 
00010203 04050607 08090A0B 0C0D0E0F 10111213 14151617 

18191A1B 1C1D1E1F 20212223 24252627 28292A2B 2C2D2E2F 

30313233 34353637 38393A3B 3C3D3E3F 

2 ɺ ʨʝʛʠʩʪʨ HASH_DIN ʚʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ (ʜʣʠʥʘ ʨʘʚʥʘ 34, ʪ. ʝ. ʪʨʝʙʫʝʪʩʷ 

ʟʘʧʦʣʥʝʥʠʝ). HASH_STR ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 0x20, ʯʪʦʙʳ ʥʘʯʘʪʴ ʟʘʧʦʣʥʝʥʠʝ 

ʩʦʦʙʱʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʭʝʰʘ (çUè - ʥʝ ʚʘʞʥʦ) 

 
53616D70 6C65206D 65737361 67652066 6F72206B 65796C65 

6E3D626C 6F636B6C 656EUUUU 

3 ɺ ʨʝʛʠʩʪʨ HASH_DIN ʚʚʦʜʠʪʩʷ ʚʥʝʰʥʠʡ ʢʣʶʯ (ʜʣʠʥʘ ʨʘʚʥʘ 64, ʪ.ʝ. ʙʝʟ 

ʟʘʧʦʣʥʝʥʠʷ), ʠʜʝʥʪʠʯʥʳʡ ʚʥʫʪʨʝʥʥʝʤʫ ʢʣʶʯʫ. 

 

4 ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʭʝʰ-ʬʫʥʢʮʠʠ. ʈʝʟʫʣʴʪʘʪ 

HMAC-SHA1 ʜʦʩʪʫʧʝʥ ʚ ʨʝʛʠʩʪʨʘʭ HRx (x ʨʘʚʝʥ ʦʪ 0 ʜʦ 4), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ: 

 

HR0 = 0x5FD596EE  

HR1 = 0x78D5553C  

HR2 = 0x8FF4E72D  

HR3 = 0x266DFD19  

HR4 = 0x2366DA29  
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15.10 ʇʝʨʝʢʣʶʯʝʥʠʝ ʢʦʥʪʝʢʩʪʘ  

ʄʦʞʥʦ ʧʨʝʨʚʘʪʴ ʧʨʦʮʝʩʩ ʭʝʰʠʨʦʚʘʥʠʷ/HMAC, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʜʨʫʛʫʶ ʦʙʨʘʙʦʪʢʫ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ, ʠ ʟʘʚʝʨʰʠʪʴ ʧʨʝʨʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʞʝ, ʢʦʛʜʘ ʙʫʜʝʪ 

ʟʘʚʝʨʰʝʥʘ ʟʘʜʘʯʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. ɼʣʷ ʵʪʦʛʦ, ʢʦʥʪʝʢʩʪ ʧʨʝʨʚʘʥʥʦʡ ʟʘʜʘʯʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʭʨʘʥʝʥ ʠʟ ʭʝʰ-ʨʝʛʠʩʪʨʦʚ ʚ ʧʘʤʷʪʴ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥ ʠʟ ʧʘʤʷʪʠ ʚ ʭʝʰ-

ʨʝʛʠʩʪʨʳ. ʇʨʦʮʝʜʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʪʦʢ ʜʘʥʥʳʭ ʫʧʨʘʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʠʣʠ ʧʨʷʤʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ, ʦʧʠʩʘʥʳ ʥʠʞʝ. 

 

ʇʨʦʮʝʜʫʨʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʂʦʥʪʝʢʩʪ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʠ ʦʜʠʥ ʙʣʦʢ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ. ʊʦ ʝʩʪʴ ʚʳ ʜʦʣʞʥʳ ʜʦʞʜʘʪʴʩʷ, ʢʦʛʜʘ DINIS = 1 (ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ ʙʳʣ 

ʦʙʨʘʙʦʪʘʥ ʠ ʚʭʦʜʥʦʡ FIFO ʧʫʩʪ) ʠʣʠ NBW Í 0 (FIFO ʥʝ ʟʘʧʦʣʥʝʥ ʠ ʦʙʨʘʙʦʪʢʘ ʥʝ ʚʝʜʝʪʩʷ). 

ʉʦʭʨʘʥʝʥʠʝ ʢʦʥʪʝʢʩʪʘ. ʉʦʭʨʘʥʠʪʝ ʚ ʧʘʤʷʪʠ ʩʦʜʝʨʞʠʤʦʝ ʩʣʝʜʫʶʱʠʭ ʨʝʛʠʩʪʨʦʚ: 

ï HASH_IMR, 

ï HASH_STR, 

ï HASH_CR, 

ï ʦʪ HASH_CSR0 ʜʦ HASH_CSR53. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʪʝʢʩʪʘ. ʂʦʥʪʝʢʩʪ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʵʪʦʛʦ, ʩʣʝʜʫʡʪʝ ʧʦʨʷʜʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʠʞʝ. 

ʘ) ɿʘʧʠʰʠʪʝ ʩʣʝʜʫʶʱʠʝ ʨʝʛʠʩʪʨʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʭʨʘʥʝʥʥʳʤʠ ʚ ʧʘʤʷʪʠ: 

HASH_IMR, HASH_STR ʠ HASH_CR. 

ʙ) ʀʥʠʮʠʘʣʠʟʠʨʫʡʪʝ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ, ʫʩʪʘʥʦʚʠʚ ʙʠʪ INIT ʚ ʨʝʛʠʩʪʨʝ HASH_CR. 

c) ɿʘʧʠʰʠʪʝ ʨʝʛʠʩʪʨʳ HASH_CSR0 ʚ HASH_CSR53 ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʭʨʘʥʝʥʥʳʤʠ ʚ 

ʧʘʤʷʪʠ.  

ʊʝʧʝʨʴ ʚʳ ʤʦʞʝʪʝ ʚʦʟʦʙʥʦʚʠʪʴ ʦʙʨʘʙʦʪʢʫ ʩ ʪʦʛʦ ʤʝʩʪʘ, ʛʜʝ ʦʥʘ ʙʳʣʘ ʧʨʝʨʚʘʥʘ. 

 

ʇʨʦʮʝʜʫʨʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʩ ʤʝʭʘʥʠʟʤʘ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ (ʇɼʇ) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʥʷʪʴ, ʠʜʝʪ ʣʠ ʧʝʨʝʜʘʯʘ ʇɼʇ ʠʣʠ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʚʳʯʠʩʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤ 

ʇɼʇ, ʘ ʟʘʪʝʤ ʜʦʞʜʘʪʴʩʷ ʛʦʪʦʚʥʦʩʪʠ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʘ, ʯʪʦʙʳ ʧʨʝʨʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʩʦʦʙʱʝʥʠʷ. 

ʇʨʝʨʳʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ: 

1) ʆʯʠʩʪʠʪʝ ʙʠʪ DMAE, ʯʪʦʙʳ ʦʪʢʣʶʯʠʪʴ ʠʥʪʝʨʬʝʡʩ ʇɼʇ. 

2) ɼʦʞʜʠʪʝʩʴ ʟʘʚʝʨʰʝʥʠʷ ʪʝʢʫʱʝʡ ʧʝʨʝʜʘʯʠ ʇɼʇ (ʜʦʞʜʠʪʝʩʴ, ʢʦʛʜʘ DMAS = 0 ʚ 

ʨʝʛʠʩʪʨʝ HASH_SR). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʙʣʦʢ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʥʝʩʝʥ ʚ 

ʭʝʰ-ʧʨʦʮʝʩʩʦʨ. 

3) ʆʪʢʣʶʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʚ ʢʦʥʪʨʦʣʣʝʨʝ ʇɼʇ. 

4) ʇʦʜʦʞʜʠʪʝ, ʧʦʢʘ ʭʝʰ-ʧʨʦʮʝʩʩʦʨ ʥʝ ʙʫʜʝʪ ʛʦʪʦʚ (ʙʣʦʢ ʥʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ), ʪʦ ʝʩʪʴ 

ʜʦʞʜʠʪʝʩʴ DINIS = 1 

ʕʪʘʧʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʪʝʢʩʪʘ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʩʤ. 

çʇʨʦʮʝʜʫʨʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤè). 

ʇʝʨʝʥʘʩʪʨʦʡʪʝ ʢʦʥʪʨʦʣʣʝʨ DMA ʪʘʢ, ʯʪʦʙʳ ʦʥ ʧʝʨʝʜʘʚʘʣ ʢʦʥʝʮ ʩʦʦʙʱʝʥʠʷ. ʊʝʧʝʨʴ 

ʚʳ ʤʦʞʝʪʝ ʧʝʨʝʟʘʧʫʩʪʠʪʴ ʦʙʨʘʙʦʪʢʫ ʩ ʪʦʛʦ ʤʝʩʪʘ, ʛʜʝ ʦʥʘ ʙʳʣʘ ʧʨʝʨʚʘʥʘ, ʫʩʪʘʥʦʚʠʚ ʙʠʪ 

DMAE. 
ʇʨʠʤʝʯʘʥʠʝ ï ɽʩʣʠ ʟʘʤʝʥʘ ʢʦʥʪʝʢʩʪʘ ʥʝ ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ HMAC, ʨʝʛʠʩʪʨʳ 

HASH_CSR38ïHASH_CSR53 ʥʝ ʥʫʞʥʦ ʩʦʭʨʘʥʷʪʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ. ɽʩʣʠ ʦʙʤʝʥ ʢʦʥʪʝʢʩʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʦʢʘʤʠ (ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʙʦʪʘʥ, ʘ ʩʣʝʜʫʶʱʠʡ ʙʣʦʢ 

ʝʱʝ ʥʝ ʧʦʤʝʱʝʥ ʚ IN FIFO, NBW = 000 ʚ ʨʝʛʠʩʪʨʝ HASH_CR), ʨʝʛʠʩʪʨʳ HASH_CSR22 - 

HASH_CSR37 ʥʝ ʥʫʞʥʦ ʩʦʭʨʘʥʷʪʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ. 

 

15.11 ʇʨʝʨʳʚʘʥʠʷ 

ʍʝ-hʧʨʦʮʝʩʩʦʨ ʠʤʝʝʪ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʤʘʩʢʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ, 

ʧʦʜʢʣʶʯʸʥʥʳʭ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʚʝʢʪʦʨʫ ʧʨʝʨʳʚʘʥʠʷ. 
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ɺʳ ʤʦʞʝʪʝ ʚʢʣʶʯʠʪʴ ʠʣʠ ʦʪʢʣʶʯʠʪʴ ʠʩʪʦʯʥʠʢʠ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʠʟʤʝʥʠʚ 

ʙʠʪʳ ʤʘʩʢʠ ʚ ʨʝʛʠʩʪʨʝ IMR. ʋʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ ʤʘʩʢʠ ʚ 1 ʨʘʟʨʝʰʘʝʪ 

ʧʨʝʨʳʚʘʥʠʝ. 

ʉʪʘʪʫʩ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʨʳʚʘʥʠʡ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʠʟ ʨʝʛʠʩʪʨʘ HASH_SR. 

ʅʘ ʨʠʩʫʥʢʝ 15.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʨʳʚʘʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 15.5 ï ʉʭʝʤʘ ʧʨʝʨʳʚʘʥʠʡ ʭʝʰ-ʧʨʦʮʝʩʩʦʨʘ. 
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16 ɹʣʦʢ ʢʨʠʧʪʦʛʨʘʬʠʠ 

16.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʙʣʦʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ: 

- AES-128 (ʠʟ ʩʪʘʥʜʘʨʪʘ FIPS PUB 197). ʈʘʟʤʝʨ ʙʣʦʢʘ 128 ʙʠʪ, ʢʣʶʯʘ ï 128 ʙʠʪ; 

- AES-256 (ʠʟ ʩʪʘʥʜʘʨʪʘ FIPS PUB 197). ʈʘʟʤʝʨ ʙʣʦʢʘ 128 ʙʠʪ, ʢʣʶʯʘ ï 256 ʙʠʪ; 

- ʂʫʟʥʝʯʠʢ (ʠʟ ɻʆʉʊ 34.12-2018). ʈʘʟʤʝʨ ʙʣʦʢʘ 128 ʙʠʪ, ʢʣʶʯʘ ï 256 ʙʠʪ; 

- ʄʘʛʤʘ (ʠʟ ɻʆʉʊ 34.12-2018). ʈʘʟʤʝʨ ʙʣʦʢʘ 64 ʙʠʪ, ʢʣʶʯʘ ï 256 ʙʠʪ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʣʠʙʦ ʰʠʬʨʦʚʘʥʠʝ, ʣʠʙʦ 

ʜʝʰʠʬʨʦʚʘʥʠʝ ʙʣʦʢʘ ʪʝʢʩʪʘ ʦʜʥʠʤ ʠʟ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʄʦʜʫʣʴ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʦʪʩʣʝʞʠʚʘʝʤʳʭ ʩʦʙʳʪʠʡ, ʦ ʯʝʤ ʠʥʬʦʨʤʠʨʫʝʪ ʨʝʛʠʩʪʨ IRQ. ʇʨʝʨʳʚʘʥʠʷ ʤʘʩʢʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ IRQ_ENABLE ʠ ʙʠʪʘ INTERRUPT ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA ʪʝʢʫʱʝʛʦ 

ʜʝʩʢʨʠʧʪʦʨʘ. 

AES-128 ʠ AES-256 ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʠʡ ʫʯʘʩʪʦʢ ʧʘʤʷʪʠ ʚʥʫʪʨʠ ʤʦʜʫʣʷ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ. ɺʳʧʦʣʥʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ AES-128 

ʦʟʥʘʯʘʝʪ ʠʥʚʘʣʠʜʘʮʠʶ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʜʣʷ ʘʣʛʦʨʠʪʤʘ AES-256 ʠ 

ʥʘʦʙʦʨʦʪ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʦʢʠ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʰʠʬʨʪʝʢʩʪʘ, ʢʣʶʯʘ ʠ 

ʠʥʠʮʠʘʣʠʟʘʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʝʛʠʩʪʨʘʭ c ʦʙʨʘʪʥʳʤ ʧʦʨʷʜʢʦʤ ʙʘʡʪ (Big-

Endian). 

 

16.2 ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʢʨʠʧʪʦʛʨʘʬʠʠ 

ʋʧʨʦʱʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʢʨʠʧʪʦʛʨʘʬʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 16.1. 

 
ʈʠʩʫʥʦʢ 16.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʢʨʠʧʪʦʛʨʘʬʠʠ 
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16.3 ʈʝʞʠʤʳ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ɼʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ: 

- ECB ï ʨʝʞʠʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʜʦʚʦʡ ʢʥʠʛʠ (ʨʝʞʠʤ ʧʨʦʩʪʦʡ ʟʘʤʝʥʳ ʠʟ 

ɻʆʉʊ 34.13-2018); 

- CBC ï ʨʝʞʠʤ ʧʨʦʩʪʦʡ ʟʘʤʝʥʳ ʩ ʟʘʮʝʧʣʝʥʠʝʤè ʩ ʧʘʨʘʤʝʪʨʦʤ z = 1 ɻʆʉʊ 34.13-2018); 

- CTR ï ʨʝʞʠʤ ʛʘʤʤʠʨʦʚʘʥʠʷ ʩ ʧʘʨʘʤʝʪʨʦʤ z = 1 ʠʟ (ɻʆʉʊ 34.13-2018).  

- GCM ï ʨʝʞʠʤ ʩʯʸʪʯʠʢʘ ʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ɻʘʣʫʘ ʠ ʝʛʦ ʚʳʨʦʞʜʝʥʥʘʷ ʚʝʨʩʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʦʣʴʢʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʩʦʦʙʱʝʥʠʷ. 

 

ɿʘ ʚʳʙʦʨ ʨʝʞʠʤʘ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʦʪʚʝʯʘʝʪ ʧʦʣʝ MODE 

ʨʝʛʠʩʪʨʘ CONTROL. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʛʠʩʪʨʳ KEY_* ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʫʥʜʦʚʳʭ 

ʢʣʶʯʝʡ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ (ʝʩʣʠ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ AES-128, ʪʦ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ KEY_0, é, KEY_3). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʛʠʩʪʨʳ TEXT_IN_* ʟʘʧʠʩʳʚʘʝʪʩʷ ʙʣʦʢ ʦʪʢʨʳʪʦʛʦ 

ʪʝʢʩʪʘ, ʧʨʠ ʜʝʰʠʬʨʦʚʘʥʠʠ ï ʙʣʦʢ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ. ɽʩʣʠ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ Magma, 

ʪʦ ʟʥʘʯʝʥʠʝ TEXT_IN_2 ʠ TEXT_IN_3 ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʨʝʞʠʤʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ: 

- P ï ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ (plain text); 

- ʉ ï ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ (cipher text); 

- IV ï ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʪʝʢʫʱʝʛʦ ʙʣʦʢʘ ʪʝʢʩʪʘ (ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʟʥʘʯʝʥʠʡ 

ʨʝʛʠʩʪʨʦʚ IV_*); 

- Next_IV ï ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʙʣʦʢʘ ʪʝʢʩʪʘ (ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʟʘʧʠʩʘʥʦ ʚ ʨʝʛʠʩʪʨʳ IV_*); 

- ^ ï ʧʦʙʠʪʦʚʘʷ ʦʧʝʨʘʮʠʷ ʠʩʢʣʶʯʘʶʱʝʛʦ ʀʃʀ; 

- E_in ï ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʨʝʞʠʤʝ ʰʠʬʨʦʚʘʥʠʷ (ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ Magma, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʪʘʨʰʠʝ 64 ʙʠʪʘ, ʨʝʛʠʩʪʨʳ ʩ ʠʥʜʝʢʩʘʤʠ 0 ʠ 1); 

- E_out ï ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʨʝʞʠʤʝ ʰʠʬʨʦʚʘʥʠʷ (ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ Magma, ʪʦ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʜʦʧʦʣʥʝʥ ʩʧʨʘʚʘ 64 ʥʫʣʝʚʳʤʠ ʙʠʪʘʤʠ); 

- D_in ï ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʨʝʞʠʤʝ ʜʝʰʠʬʨʦʚʘʥʠʷ; 

- D_out ï ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʨʝʞʠʤʝ ʜʝʰʠʬʨʦʚʘʥʠʷ. 

 

ʈʝʞʠʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʜʦʚʦʡ ʢʥʠʛʠ (ECB) 

ʈʝʞʠʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʜʦʚʦʡ ʢʥʠʛʠ (ELECTRONIC_CODEBOOK, ECB). ɺ 

ɻʆʉʊ 34.12-2018 ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʨʝʞʠʤʦʤ ʧʨʦʩʪʦʡ ʟʘʤʝʥʳ. 

ʈʝʛʠʩʪʨʳ IV_* ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ʐʠʬʨʦʚʘʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʣʷ DIRECTION ʨʘʚʥʦ 0 ï Encryption): 

E_in = TEXT_IN = P; 

C =TEXT_OUT = E_out. 
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ʈʠʩʫʥʦʢ 16.2 ï ʐʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ECB 

 

ɼʝʰʠʬʨʦʚʘʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʣʷ DIRECTION ʨʘʚʥʦ 1 ï Decryption): 

D_in = TEXT_IN = C; 

P = TEXT_OUT = D_out. 

 

 
 

ʈʠʩʫʥʦʢ 16.3 ï ɼʝʰʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ECB 

 

ʈʝʞʠʤ ʩʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ (CBC) 

ʈʝʞʠʤ ʩʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ (CIPHER_BLOCK_CHAINING, CBC). ɺ 

ɻʆʉʊ 34.13-2018 ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʨʝʞʠʤʦʤ ʧʨʦʩʪʦʡ ʟʘʤʝʥʳ ʩ ʟʘʮʝʧʣʝʥʠʝʤ (ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʧʘʨʘʤʝʪʨ z = 1). 

ɼʘʥʥʳʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʷ (ʟʘʱʠʪʳ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ), ʠʤʝʥʫʝʤʦʡ CBC-MAC (message 

authentication code). ɺ ʢʘʯʝʩʪʚʝ MAC, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʛʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤ ʪʝʛʦʤ ʠʣʠ 

ʠʤʠʪʦʚʩʪʘʚʢʦʡ, ʙʝʨʸʪʩʷ ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ ʩʦʦʙʱʝʥʠʷ, ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʙʣʦʯʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʚ ʨʝʞʠʤʝ CBC. 

ʐʠʬʨʦʚʘʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʣʷ DIRECTION ʨʘʚʥʦ 0 ï Encryption): 

E_in = TEXT_IN ^ IV = P ^ IV; 

C =TEXT_OUT = E_out; 

Next_IV = ʉ = TEXT_OUT. 
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ʈʠʩʫʥʦʢ 16.4 ï ʐʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ CBC 

 

ɼʝʰʠʬʨʦʚʘʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʣʷ DIRECTION ʨʘʚʥʦ 1 ï Decryption): 

D_in = TEXT_IN = ʉ; 

P = TEXT_OUT = D_out ^ IV; 

Next_IV = ʉ = TEXT_IN. 

 

 
 

ʈʠʩʫʥʦʢ 16.5 ï ɼʝʰʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ CBC 
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ʈʠʩʫʥʦʢ 16.6 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʛʘ ʩʦʦʙʱʝʥʠʷ (CBC-MAC) 

 

ʈʝʞʠʤ ʩʯʸʪʯʠʢʘ (CTR) 

ʈʝʞʠʤ ʩʯʸʪʯʠʢʘ (COUNTER_MODE, CTR). ɺ ɻʆʉʊ 34.13-2018 ʦʥ ʥʘʟʳʚʘʝʪʩʷ 

ʨʝʞʠʤʦʤ ʛʘʤʤʠʨʦʚʘʥʠ (ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ z = 1). 

ʐʠʬʨʦʚʘʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʣʷ DIRECTION ʨʘʚʥʦ 0 ï Encryption): 

E_in = IV; 

C = TEXT_OUT = E_out ^ TEXT_IN = E_out ^ P; 

Next_IV = IV + 1 (ʝʩʣʠ ʘʣʛʦʨʠʪʤ ï Magma, ʪʦ ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ IV_1, ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ IV_3). 

 

 
 

 

ʈʠʩʫʥʦʢ 16.7 ï ʐʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ CNT 

 

ɼʝʰʠʬʨʦʚʘʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʣʷ DIRECTION ʨʘʚʥʦ 1 ï Decryption): 

E_in = IV; 

P = TEXT_OUT = E_out ^ TEXT_IN = E_out ^ C; 

Next_IV = IV + 1 (ʝʩʣʠ ʘʣʛʦʨʠʪʤ ï Magma, ʪʦ ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ IV_1, ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ IV_3). 
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ʈʠʩʫʥʦʢ 16.8 ï ɼʝʰʠʬʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ CNT 

 

ʈʝʞʠʤ ʩʯʸʪʯʠʢʘ ʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ɻʘʣʫʘ (GCM) 

ʐʠʬʨʦʚʘʥʠʝ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ ʙʣʦʢʦʚ ʪʝʢʩʪʘ ʚ ʨʝʞʠʤʝ GCM ʘʥʘʣʦʛʠʯʥʦ ʪʘʢʦʚʦʤʫ ʚ 

ʨʝʞʠʤʝ ʩʯʝʪʯʠʢʘ (CTR). ɼʘʥʥʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ (Authenticated Encryption with Associated Data, AEAD). AEAD ï ʢʣʘʩʩ ʙʣʦʯʥʳʭ 

ʨʝʞʠʤʦʚ ʰʠʬʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʴ ʩʦʦʙʱʝʥʠʷ ʰʠʬʨʫʝʪʩʷ, ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ, 

ʠ ʚʩʸ ʩʦʦʙʱʝʥʠʝ ʮʝʣʠʢʦʤ ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥʦ (ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʯʝʥʠʷ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʛʘ ʩʦʦʙʱʝʥʠʡ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʙʣʦʢʦʚ 

ʪʝʢʩʪʘ, ʠʭ ʩʦʜʝʨʞʠʤʦʛʦ ʠ ʧʦʨʷʜʢʘ ʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʦʙʱʝʥʠʠ). 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʛʘ ʨʘʟʙʠʪʦ ʥʘ ʯʝʪʳʨʝ ʬʘʟʳ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

ï GCM_INIT. ʆʙʥʫʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ GCM_TAG_*. ʅʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʝʛʠʩʪʨʦʚ KEY_* ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʭʝʰ-ʢʣʶʯʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʞʠʪʝʣʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʤʥʦʞʝʥʠʷ ʚ ʧʦʣʝ ɻʘʣʫʘ GF(2128). ɿʥʘʯʝʥʠʝ ʭʝʰ-

ʢʣʶʯʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ GCM_HASH_*; 

ï GCM_HEADER. ɺ ʨʝʛʠʩʪʨʳ TEXT_IN_* ʧʦʤʝʱʘʝʪʩʷ ʙʣʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʘʫʪʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʜʘʥʥʳʭ (Additional authenticated data ï AAD). ɺ GCM_TAG_* ʧʦʧʘʜʘʝʪ 

ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʀʉʂʃʖʏɸʖʑɽɻʆ ʀʃʀ ʥʘʜ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʪʵʛʘ ʠ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ AAD ʥʘ ʭʝʰ-ʢʣʶʯ; 

ï GCM_PAYLOAD. ɺ ʨʝʛʠʩʪʨʳ TEXT_IN_* ʧʦʤʝʱʘʶʪʩʷ ʦʪʢʨʳʪʳʡ 

ʪʝʢʩʪ/ʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʰʠʬʨʦʚʘʥ/ʨʘʩʰʠʬʨʦʚʘʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

GCM_TAG_* ʧʦʧʘʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʀʉʂʃʖʏɸʖʑɽɻʆ ʀʃʀ ʥʘʜ ʪʝʢʫʱʠʤ 

ʟʥʘʯʝʥʠʝʤ ʪʵʛʘ ʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʙʣʦʢʘ ʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ ʥʘ ʭʝʰ-ʢʣʶʯ; 

ï GCM_LAST_BLOCK. ɺ ʨʝʛʠʩʪʨʳ TEXT_IN_0, TEXT_IN_2 ʟʘʥʦʩʷʪʩʷ ʥʫʣʠ. ɺ 

TEXT_IN_1 ï ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ AAD, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʬʘʟʝ GCM_HEADER. ɺ 

TEXT_IN_3 ï ʢʦʣʠʯʝʩʪʚʦ ʰʠʬʨʫʝʤʳʭ/ʜʝʰʠʬʨʫʝʤʳʭ ʙʠʪ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʬʘʟʝ GCM_PAYLOAD. ɺ GCM_TAG_* ʧʦʧʘʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ 

ʀʉʂʃʖʏɸʖʑɽɻʆ ʀʃʀ ʥʘʜ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʪʵʛʘ, ʧʨʦʠʟʚʝʜʝʥʠʝʤ TEXT_IN_* ʥʘ 

ʭʝʰ-ʢʣʶʯ, ʨʝʟʫʣʴʪʘʪʦʤ ʰʠʬʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ IV_*, ʚ ʢʦʪʦʨʦʤ IV_3 ʧʦʜʤʝʥʷʝʪʩʷ ʥʘ 

0x00000001. 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʠʩʫʥʢʠ, ʢʦʪʦʨʳʝ ʠʣʣʶʩʪʨʠʨʫʶʪ ʩʦʩʪʘʚ ʩʦʦʙʱʝʥʠʷ, ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ GCM ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ NIST SP 800-38D. 

 

 
 

ʈʠʩʫʥʦʢ 16.9 ï ʉʪʨʫʢʪʫʨʘ ʰʠʬʨʫʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʞʠʤʝ GCM 

 

 
 

ʈʠʩʫʥʦʢ 16.10 ï ʉʪʨʫʢʪʫʨʘ ʜʝʰʠʬʨʫʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʞʠʤʝ GCM 

 

ʈʝʛʠʩʪʨʳ IV_* ʬʦʨʤʠʨʫʶʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ (initial counter block, ICB), 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 

ς  ʈʝʛʠʩʪʨʳ IV_0, IV_1, IV_2 ʩʦʩʪʘʚʣʷʶʪ 96-ʙʠʪʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʠʮʠʘʣʠʟʘʮʠʦʥʥʦʛʦ 

ʚʝʢʪʦʨʘ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʚʤʝʩʪʝ ʩ ʢʣʶʯʦʤ ʩʦʩʪʘʚʣʷʪʴ ʫʥʠʢʘʣʴʥʫʶ ʜʣʷ ʢʘʞʜʦʛʦ ʰʠʬʨʫʝʤʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʧʘʨʫ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪ GCM ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʢʪʦʨʘ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʝʥʴʰʝʡ ʜʣʠʥʳ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 96 ʙʠʪ; 

ς  ʈʝʛʠʩʪʨ IV_3, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʩʯʝʪʯʠʢ, ʠʥʢʨʝʤʝʥʪʠʨʫʝʤʳʡ ʢʘʞʜʳʡ ʨʘʟ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʰʠʬʨʦʚʘʥʠʷ/ʜʝʰʠʬʨʦʚʘʥʠʷ ʙʣʦʢʘ ʪʝʢʩʪʘ. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ 

NIST SP 800-38D ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʝʨʚʦʛʦ ʙʣʦʢʘ ʪʝʢʩʪʘ ï 0x00000002. 

ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʟʘʥʝʩʝʥʦ ʚ IV_3 ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʬʘʟʳ GCM_INIT, ʝʩʣʠ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ SELF_UPDATE ʨʝʛʠʩʪʨʘ CONTROL ʠʣʠ ʚʳʧʦʣʥʝʥʠʝ ʬʘʟʳ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʚ ʧʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. 

ʅʝʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʠʮʠʘʣʠʟʘʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ (IV) ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ GCM. ʅʘʧʨʠʤʝʨ, ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʳ ʢʣʶʯʘ ʠ IV 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʜʥʦ ʠ ʪʦ 

ʞʝ ʟʥʘʯʝʥʠʝ IV. ʇʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ IV ʦʪʧʨʘʚʠʪʝʣʝʤ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ 
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ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʶʯ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʜʜʝʣʢʝ ʩʦʦʙʱʝʥʠʡ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʛʝʥʝʨʘʮʠʠ ʠʥʠʮʠʘʣʠʟʘʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ NIST SP 800-38D (ʚ 

ʨʘʟʜʝʣʝ ç8 Uniqueness Requirement on IVs and Keysè). 

ɽʩʣʠ ʜʣʠʥʘ AAD ʥʝ ʢʨʘʪʥʘ 128 ʙʠʪ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʜʦʧʦʣʥʠʪʴ ʥʫʣʷʤʠ 

ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʫʪʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʜʘʥʥʳʭ. 

ɽʩʣʠ ʜʣʠʥʘ ʜʝʰʠʬʨʫʝʤʦʛʦ ʪʝʢʩʪʘ ʥʝ ʢʨʘʪʥʘ 128 ʙʠʪ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʜʦʧʦʣʥʠʪʴ 

ʥʫʣʷʤʠ ʧʦʩʣʝʜʥʠʡ ʙʣʦʢ. ʆʙʥʫʣʝʥʠʝ ʥʝʘʢʪʫʘʣʴʥʳʭ ʙʠʪ ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ 

ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʠʭ ʟʥʘʯʝʥʠʝ ʩʣʝʜʫʝʪ ʠʛʥʦʨʠʨʦʚʘʪʴ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʫʣʴ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʤʘʩʢʫ ʥʘ ʧʦʩʣʝʜʥʠʡ ʟʘʰʠʬʨʦʚʘʥʥʳʡ 

ʙʣʦʢ ʪʝʢʩʪʘ. ʇʦʵʪʦʤʫ ʰʠʬʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʡ ʩ ʜʣʠʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʥʝ 

ʢʨʘʪʥʘ 128 ʙʠʪ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ (ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʥʝʢʦʨʨʝʢʪʥʳʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ 

ʪʝʛ). 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʠʩʫʥʢʠ, ʢʦʪʦʨʳʝ ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ ʠ 

ʜʝʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʞʠʤʝ GCM. 

 

 
 

ʈʠʩʫʥʦʢ 16.11 ï ʐʠʬʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʞʠʤʝ GCM 

 

ɼʝʰʠʬʨʦʚʘʥʠʝ ʚ ʬʘʟʝ GCM_PAYLOAD ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʙʣʦʢʘ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ. ʇʦʵʪʦʤʫ ʩʫʤʤʘʨʥʦ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʦʦʙʱʝʥʠʷ ʙʫʜʝʪ ʧʦʪʨʘʯʝʥʦ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʧʨʠ ʝʛʦ ʰʠʬʨʦʚʘʥʠʠ. 
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ʈʠʩʫʥʦʢ 16.12 ï ɼʝʰʠʬʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝʞʠʤʝ GCM 

 

ɺʳʨʦʞʜʝʥʥʳʤ ʩʣʫʯʘʝʤ GCM ʷʚʣʷʝʪʩʷ ʢʦʜ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʙʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʝʡ ɻʘʣʫʘ (Galois message authentication code ï GMAC). ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʪʝʛʘ 

ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʤʫ ʜʣʷ ʦʙʳʯʥʦʛʦ GCM, ʚ ʢʦʪʦʨʦʤ ʧʨʦʧʫʱʝʥʘ ʬʘʟʘ GCM_PAYLOAD. 

 

 
 

ʈʠʩʫʥʦʢ 16.13 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʛʘ ʚ ʨʝʞʠʤʝ GMAC 
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ʅʝʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʞʠʤʘ GCM 

ɿʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ CONTROL ʟʥʘʯʝʥʠʷ MODE ʨʘʚʥʦʛʦ GALOIS_COUNTER_MODE ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ALGORITHM ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ MAGMA  ʙʣʦʢʠʨʫʝʪ ʟʘʧʫʩʢ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʙʠʪ START ʨʝʛʠʩʪʨʘ CONTROL). ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʠʤʘ ʩ ʧʨʷʤʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ (DMA), ʝʩʣʠ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA 

ʚʳʩʪʘʚʣʝʥ GALOIS_COUNTER_MODE ʚ ʢʘʯʝʩʪʚʝ MODE ʠ ʟʥʘʯʝʥʠʝ ALGORITHM 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ MAGMA, ʚʳʧʦʣʥʝʥʠʝ ʜʝʩʢʨʠʧʪʦʨʘ ʟʘʚʝʨʰʠʪʩʷ ʩ ʦʰʠʙʢʦʡ. ʆ ʜʘʥʥʦʤ ʬʘʢʪʝ 

ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʦʣʷ BAD_DESCR ʨʘʚʥʳʡ 00012 (CONTROL) ʨʝʛʠʩʪʨʘ 

STATUS ʠ, ʝʩʣʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ DMA_FAIL  ʚ ʨʝʛʠʩʪʨʝ IRQ_ENABLE, ʫʩʪʘʥʦʚʢʘ ʙʠʪʘ 

ʧʨʝʨʳʚʘʥʠʝ DMA_FAIL ʚ ʨʝʛʠʩʪʨʝ IRQ. 

ʂʘʢ ʦʛʦʚʦʨʝʥʦ ʨʘʥʝʝ, ʚ ʨʝʞʠʤʝ GALOIS_COUNTER_MODE ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʰʠʬʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʡ ʩ ʜʣʠʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ (ʙʣʦʢʦʚ ʰʠʬʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ), 

ʢʦʪʦʨʘʷ ʥʝ ʢʨʘʪʥʘ 128 ʙʠʪ. 

 

16.4 ʈʝʞʠʤʳ ʨʘʙʦʪʳ 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ɺ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥʳ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʙʣʦʢʦʤ ʪʝʢʩʪʘ ʠ 

ʧʦʪʦʯʥʳʡ ʨʝʞʠʤ. ʇʦʩʣʝʜʥʠʡ ʠʟ ʥʠʭ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ (DMA). 

ʈʝʛʠʩʪʨʳ IV _*, KEY_*, STATUS, IRQ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʦ ʚ ʦʙʦʠʭ ʨʝʞʠʤʘʭ. 

ʈʝʛʠʩʪʨʳ BASE_DESCRIPTOR, CURRENT_DESCRIPTOR, NEXT_DESCRIPTOR 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩ DMA. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ TEXT_OUT_* ʥʝ ʭʨʘʥʠʪʩʷ ʨʝʟʫʣʴʪʘʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ (ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ/ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ). ʆʪʦʙʨʘʞʘʝʤʦʝ ʚ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ 

ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʣʝʡ MODE, DIRECTION ʠ ALGORITHM ʨʝʛʠʩʪʨʘ 

CONTROL (ʦʧʠʩʘʥʠʝ ʧʦʣʝʡ ʧʨʠʚʝʜʝʥʦ ʚ çʆʧʠʩʘʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʙʣʦʢʦʤè). ɼʣʷ 

ʨʝʞʠʤʦʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʦʪʣʠʯʥʳʭ ʦʪ ELECTRONIC_CODEBOOK 

ʢʦʨʨʝʢʪʥʦʩʪʴ TEXT_OUT_* ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʠ (ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ ʜʣʷ 

ʰʠʬʨʦʚʘʥʠʷ/ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ ʜʣʷ ʜʝʰʠʬʨʦʚʘʥʠʷ) ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʝʠʟʤʝʥʥʦʩʪʠ IV_*/TEXT_IN_* ʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ CONTROL. ɺ ʪʘʙʣʠʮʝ 

ʥʠʞʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ MODE ʠ DIRECTION 

(ʩʤ. çʈʝʞʠʤʳ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡè). 

 

ʊʘʙʣʠʮʘ 16.1 ï ɿʥʘʯʝʥʠʝ, ʦʪʦʙʨʘʞʘʝʤʦʝ ʚ ʨʝʛʠʩʪʨʳ TEXT_OUT_* 

ʇʦʣʷ ʨʝʛʠʩʪʨʘ CONTROL ɿʥʘʯʝʥʠʝ TEXT_OUT_* 

MODE = 1 (CIPHER_BLOCK_CHAINING), 

DIRECION = 1 (Decrypt) 

algorithm_result ^ IV_* 

MODE = 2 (COUNTER_MODE) ʠʣʠ 

MODE = 3 (GALOIS_COUNTER_MODE) 

algorithm_result ^ TEXT_IN_* 

ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ algorithm_result 

 

ɺ ʨʝʛʠʩʪʨʝ STATUS ʥʝ ʭʨʘʥʠʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʣʷ KEYS_READY, ʚ ʥʝʛʦ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʧʦʣʷ KEYS_STORED ʪʝʢʫʱʝʛʦ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʧʦʣʷ CONTROL.ALGORITHM. ʇʦʣʝ TEXT_OUT_VALID  ʠʤʝʝʪ 

ʩʭʦʞʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ CONTROL.ALGORITHM. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

TEXT_OUT_VALID  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʢʪʠʚʥʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʜʤʦʜʫʣʷ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʩ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ 

ʰʠʬʨʦʚʘʥʠʷ/ʜʝʰʠʬʨʦʚʘʥʠʷ. 

ʄʦʜʫʣʴ ʚ ʩʦʩʪʦʷʥʠʠ ʭʨʘʥʠʪʴ ʜʦ ʪʨʝʭ ʨʝʟʫʣʴʪʘʪʦʚ ʰʠʬʨʦʚʘʥʠʷ/ʜʝʰʠʬʨʦʚʘʥʠʷ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ (TEXT_IN_*, IV_* ʠʣʠ TEXT_IN_* ^ IV _* ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʟʘʜʘʚʘʝʤʦʛʦ CONTROL.MODE). ʇʦ ʦʜʥʦʤʫ ʥʘ 
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ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʜʤʦʜʫʣʴ. ʀʭ ʪʨʠ, ʧʦʩʢʦʣʴʢʫ AES-128 ʠ AES-256, ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ 

ʧʦʜʤʦʜʫʣʴ. 

 

ʈʝʛʠʩʪʨ STATUS (ʩʪʨʫʢʪʫʨʘ ʨʝʛʠʩʪʨʦʚ ʠ ʙʠʪʦʚʳʭ ʧʦʣʝʡ ʙʣʦʢʘ ʢʨʠʧʪʦʛʨʘʬʠʠ 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ.12). 

DMA_LAST ï ʇʦʣʝ ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʝʥʠʝ ʙʠʪʘ LAST ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA 

ʧʦʩʣʝʜʥʝʛʦ ʧʨʦʯʠʪʘʥʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ. ɹʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʝʩʣʠ ʧʨʦʯʠʪʘʥʥʳʡ ʜʝʩʢʨʠʧʪʦʨ 

ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʚ ʮʝʧʦʯʢʝ ʜʝʩʢʨʠʧʪʦʨʦʚ. ɿʥʘʯʝʥʠʝ ʦʙʥʦʚʣʷʝʪʩʷ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʥʦʚʦʛʦ 

ʜʝʩʢʨʠʧʪʦʨʘ. ɹʠʪ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. 

DMA_COUNTER ï ʇʦʣʝ ʦʪʦʙʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʳʭ DMA ʙʣʦʢʦʚ ʪʝʢʩʪ. 

ɿʥʘʯʝʥʠʝ ʦʙʥʫʣʷʝʪʩʷ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʥʦʚʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ. ɿʥʘʯʝʥʠʝ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ 

ʵʢʩʪʨʝʥʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ: ʝʩʣʠ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ 

DMA ʚ ʧʦʣʝ COUNT ʟʘʧʠʩʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʣʝʜʥʝʛʦ ʙʣʦʢʘ ʪʝʢʩʪʘ ʧʨʦʠʟʦʡʜʝʪ ʧʝʨʝʧʦʣʥʝʥʠʝ ʩʯʝʪʯʠʢʘ, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

DMA_COUNTER. 

BAD_DESCR ï ʇʦʣʝ ʭʨʘʥʠʪ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʝʢʦʨʨʝʢʪʥʳʭ ʩʣʦʚʘʭ ʚ 

ʧʨʦʯʠʪʘʥʥʦʤ ʜʝʩʢʨʠʧʪʦʨʝ DMA. ʉʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ: 

00002 ï NO_ERROR; 

00012 ï CONTROL: 

00102 ï TEXT_IN_ADDRESS; 

01002 ï TEXT_OUT_ADDRESS; 

10002 ï NEXT_DESCRIPTOR. 

ʇʦʩʣʝ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ DMA_CONTROL ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʝ ʙʫʜʝʪ ʧʝʨʝʚʝʜʝʥʦ ʚ 

ʩʦʩʪʦʷʥʠʝ NO_ERROR. 

AHB_ERROR ï ʇʦʣʝ ʭʨʘʥʠʪ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʰʝʣʩʷ ʦʪʚʝʪ 

ERROR ʥʘ ʪʨʘʥʟʘʢʮʠʶ ʧʦ ʰʠʥʝ AHB. ʉʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ: 

0002 ï NO_ERROR; 

0012 ï READ_DESCRIPTOR; 

0102 ï READ_TEXT_IN; 

1002 ï WRITE_TEXT_OUT. 

ʇʦʩʣʝ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ DMA_CONTROL ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʝ ʙʫʜʝʪ ʧʝʨʝʚʝʜʝʥʦ ʚ 

ʩʦʩʪʦʷʥʠʝ NO_ERROR. 

DMA_ACTIVE ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ DMA ʟʘʥʷʪ ʚʳʧʦʣʥʝʥʠʝʤ 

ʜʝʩʢʨʠʧʪʦʨʘ. ɹʠʪ READY ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʙʨʦʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʢʘ DMA_ACTIVE 

ʫʩʪʘʥʦʚʣʝʥ. ɹʠʪ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʮʝʧʦʯʢʠ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ, ʧʦʣʫʯʝʥʠʷ ʦʪʚʝʪʘ ERROR ʧʦ ʰʠʥʝ AHB ʠʣʠ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ 

ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. 

KEYS_STORED ï ʂʘʞʜʳʡ ʙʠʪ ʜʘʥʥʦʛʦ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʤʫ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʘʣʛʦʨʠʪʤʫ. ɹʠʪʳ ʥʫʤʝʨʫʶʪʩʷ ʩʧʨʘʚʘ ʥʘʣʝʚʦ. 0 ï AES-128, 1 ï AES-

256, 2 ï MAGMA , 3 ï KUZNECHIK. ɽʩʣʠ ʙʠʪ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʪʝʨʝʩʫʶʱʝʤʫ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʚ ʤʦʜʫʣʝ ʭʨʘʥʪ̫ʩʷ ʝʛʦ ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ. 

ɹʠʪ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʩʪʘʨʪʝ ʦʙʥʦʚʣʝʥʠʷ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʟʘʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ (ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʧʘʨʳ ʘʣʛʦʨʠʪʤʦʚ AES-128 ʠ AES-256), ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ. 

IRQ_PENDING ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʨʝʛʠʩʪʨ IRQ ʩʦʜʝʨʞʠʪ ʭʦʪʷ ʙʳ 1 ʥʝ 

ʩʙʨʦʰʝʥʥʳʡ ʙʠʪ. 

TEXT_OUT_VALID  ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʜʤʦʜʫʣʷ ʥʘʭʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪ ʰʠʬʨʦʚʘʥʠʷ/ʜʝʰʠʬʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ (TEXT_IN_*, 

IV_* ʠʣʠ TEXT_IN_* ^ IV_* ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʣʛʦʨʠʪʤʘ ʠ ʨʝʞʠʤʘ ʚʳʧʦʣʥʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ). ɼʣʷ ʦʧʝʨʘʮʠʡ ʢʨʦʤʝ ʜʝʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ 

CIPHER_BLOCK_CHAINING, ʨʝʞʠʤʘʭ COUNTER_MODE ʠ GALOIS_COUNTER_MODE 
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ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʙʠʪ TEXT_OUT_VALID  ʵʢʚʠʚʘʣʝʥʪʝʥ ʪʦʤʫ, ʯʪʦ ʨʝʛʠʩʪʨʳ TEXT_OUT 

ʩʦʜʝʨʞʘʪ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʳʜʫʱʝʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. ɼʣʷ ʦʙʦʠʭ 

ʨʝʞʠʤʦʚ ʩʯʝʪʯʠʢʘ ʜʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʪʨʝʙʫʝʪʩʷ ʝʱʝ ʠ ʥʝʠʟʤʝʥʥʦʩʪʴ ʟʥʘʯʝʥʠʷ 

TEXT_IN_*, ʜʣʷ ʜʝʰʠʬʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ CIPHER_BLOCK_CHAINING ï IV_*. 

ɺʳʧʦʣʥʝʥʠʝ ʦʙʥʦʚʣʝʥʠʷ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʜʘʥʥʳʡ ʙʠʪ ʚʣʠʷʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ CONTROL ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʙʠʪ UPDATE_KEY ʠ START 

ʩʙʨʦʩʠʪ ʜʘʥʥʳʡ ʙʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʝʨʝʨʘʩʯʝʪʘ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ). ɹʠʪ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ 

ʩʪʘʨʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ CONTROL 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʙʠʪʘ START) ʠʣʠ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. 

KEYS_READY ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ ʪʝʢʫʱʝʛʦ ʘʢʪʠʚʥʦʛʦ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʛʝʥʝʨʠʨʦʚʘʥʳ. ɹʠʪ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʩʪʘʨʪʝ ʦʙʥʦʚʣʝʥʠʷ 

ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʠʣʠ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. 

READY ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʤʦʜʫʣʴ ʛʦʪʦʚ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʯʝʨʝʜʥʦʡ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʠ/ʠʣʠ ʦʙʥʦʚʣʝʥʠʶ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ. ɹʠʪ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʩʪʘʨʪʝ ʦʙʥʦʚʣʝʥʠʷ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ, ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʠ ʩʯʠʪʳʚʘʥʠʷ ʧʝʨʚʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʮʝʧʦʯʢʠ. ɹʠʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠʣʠ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ. 

 

ʈʝʛʠʩʪʨ IRQ_ENABLE  

DMA_FAIL ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ ʙʠʪʘ IRQ.DMA_FAIL ʨʘʟʨʝʰʝʥ. 

DMA_DONE ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ ʙʠʪʘ IRQ.DMA_DONE ʨʘʟʨʝʰʝʥ. 

ɹʠʪ ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ ʠ ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʝʥʠʝ ʙʠʪʘ INTERRUPT ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʩʣʦʚʘ ʜʝʩʢʨʠʧʪʦʨʘ DMA. 

WR_IGNORED ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ ʙʠʪʘ IRQ.WR_IGNORED 

ʨʘʟʨʝʰʝʥ. 

DONE ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ ʙʠʪʘ IRQ.DONE ʨʘʟʨʝʰʝʥ. 

 

ʈʝʛʠʩʪʨ IRQ  

DMA_FAIL ï ɹʠʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʨʝʛʠʩʪʨʘ 

IRQ_ENABLE, ʧʨʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ DMA ʠʟ-ʟʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʢʠ 

(ʩʤ. ʧʦʣʷ AHB_ERROR ʠ BAD_DESCR ʨʝʛʠʩʪʨʘ STATUS). ɹʠʪ ʤʦʞʝʪ ʙʳʪʴ ʩʙʨʦʰʝʥ 

ʟʘʧʠʩʴʶ 1. 

DMA_DONE ï ɹʠʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʙʠʪ INTERRUPT ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ 

ʪʝʢʫʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ DMA ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ (ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʨʝʛʠʩʪʨʘ IRQ_ENABLE), ʧʨʠ ʫʩʧʝʰʥʦʤ ʟʘʚʝʨʰʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʜʝʩʢʨʠʧʪʦʨʘ DMA (ʧʦʣʷ STATUS.BAD_DESCR ʠ STATUS.AHB_ERROR ʩʦʜʝʨʞʘʪ 

ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ). ɹʠʪ ʤʦʞʝʪ ʙʳʪʴ ʩʙʨʦʰʝʥ ʟʘʧʠʩʴʶ 1. 

WR_IGNORED ï ɹʠʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ 

ʨʝʛʠʩʪʨʘ IRQ_ENABLE, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ CONTROL, TEXT_IN_* ʠʣʠ 

IV_* ʧʦʢʘ STATUS.READY ʩʙʨʦʰʝʥ. ɹʠʪ ʤʦʞʝʪ ʙʳʪʴ ʩʙʨʦʰʝʥ ʟʘʧʠʩʴʶ 1. 

DONE ï ɹʠʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʨʝʛʠʩʪʨʘ 

IRQ_ENABLE, ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʨʝʞʠʤ ʛʦʪʦʚʥʦʩʪʠ (ʧʝʨʝʢʣʶʯʝʥʠʝ STATUS.READY ʚ 1). 

ɽʩʣʠ ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ CONTROL ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʙʠʪʘʤʠ 

UPDATE_KEY ʠ START, ʪʦ ʧʨʝʨʳʚʘʥʠʝ ʙʫʜʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʦ ʦʜʥʦʢʨʘʪʥʦ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʛʦʪʦʚʥʦʩʪʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʩʙʨʦʩ ʙʠʪʘ STATUS.READY ʚʳʟʚʘʥ ʟʘʧʠʩʴʶ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʙʠʪʘ START ʨʝʛʠʩʪʨʘ DMA_CONTROL, ʪʦ ʧʨʝʨʳʚʘʥʠʝ ʙʫʜʝʪ 

ʩʛʝʥʝʨʠʨʦʚʘʥʦ ʦʜʥʦʢʨʘʪʥʦ ʧʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʡ ʮʝʧʦʯʢʠ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʣʠʙʦ 

ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ (ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

STATUS.BAD_DESCR), ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ ʥʘ ʰʠʥʝ 

AHB (ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ STATUS.AHB_ERROR). ɹʠʪ ʤʦʞʝʪ ʙʳʪʴ ʩʙʨʦʰʝʥ ʟʘʧʠʩʴʶ 1. 
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ʆʧʠʩʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʙʣʦʢʦʤ 

ɿʘʧʫʩʢ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʙʣʦʢʦʤ ʪʝʢʩʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ 

CONTROL. 

ɿʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ CONTROL, DMA_CONTROL, TEXT_IN_* ʠʣʠ IV_* ʙʫʜʝʪ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ, ʝʩʣʠ ʙʠʪ STATUS.READY ʩʙʨʦʰʝʥ. ɽʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ IRQ_ENABLE.WR_IGNORED, ʪʦ ʙʫʜʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʨʝʨʳʚʘʥʠʝ (INTERRUPT.WR_IGNORED). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʧʦʣʝ ALGORITHM 

ʨʝʛʠʩʪʨʘ CONTROL) ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ. ʀʭ ʨʘʩʯʸʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʢʘʢ ʦʪʜʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ (CONTROL.START = 0, CONTROL.UPDATE_KEY = 1), ʣʠʙʦ ʢʘʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʵʪʘʧ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (CONTROL.START = 1, 

CONTROL.UPDATE_KEY = 1). ɽʩʣʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʪ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʫʥʜʦʚʳʭ 

ʢʣʶʯʝʡ (ʩʤ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʧʦʣʷ KEYS_STORED ʨʝʛʠʩʪʨʘ STATUS), ʪʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʧʝʨʝʨʘʩʯʝʪ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʝʛʠʩʪʨʦʚ KEY_*. 

ʈʝʛʠʩʪʨ CONTROL  

GCM_PHASE ï ʌʘʟʘ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʘ ʚ ʨʝʞʠʤʝ GALOIS_COUNTER_MODE: 

0 ï GCM_INIT; 

1 ï GCM_HEADER; 

2 ï GCM_PAYLOAD; 

3 ï GCM_LAST_BLOCK. 

ɽʩʣʠ ʨʝʞʠʤ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʥʝ 

GALOIS_COUNTER_MODE, ʪʦ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʠʛʥʦʨʠʨʫʝʪʩʷ. 

SELF_UPDATE ï ʈʘʟʨʝʰʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʦʚ 

IV_* ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. ʇʦʩʣʝ ʰʠʬʨʦʚʘʥʠʷ ʚ 

ʨʝʞʠʤʝ CIPHER_BLOCK_CHAINING ʚ IV_* ʙʫʜʝʪ ʟʘʧʠʩʘʥʦ ʩʦʜʝʨʞʠʤʦʝ TEXT_OUT_*, 

ʧʦʩʣʝ ʜʝʰʠʬʨʦʚʘʥʠʷ ï TEXT_IN_* (ʯʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʩʯʠʪʳʚʘʝʤʦʝ ʠʟ ʨʝʛʠʩʪʨʦʚ 

TEXT_OUT_* ʟʥʘʯʝʥʠʝ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʟʘʤʝʯʘʥʠʠ ʥʠʞʝ). ɼʣʷ ʨʝʞʠʤʘ 

COUNTER_MODE ʥʘ 1 ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʦ ʟʥʘʯʝʥʠʝ ʠʣʠ ʨʝʛʠʩʪʨʘ IV_1 ʜʣʷ ʘʣʛʦʨʠʪʤʘ 

MAGMA, ʠʣʠ IV_3 ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʝʚ. ɼʣʷ ʨʝʞʠʤʘ GALOIS_COUNTER_MODE ʚ ʬʘʟʝ 

GCM_INIT ʚ ʨʝʛʠʩʪʨ IV_3 ʙʫʜʝʪ ʟʘʥʝʩʝʥʦ ʟʥʘʯʝʥʠʝ 0x00000002. ɼʣʷ ʨʝʞʠʤʘ 

GALOIS_COUNTER_MODE ʚ ʬʘʟʘʭ GCM_HEADER ʠʣʠ GCM_PAYLOAD ʥʘ 1 ʙʫʜʝʪ 

ʫʚʝʣʠʯʝʥʦ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ IV_3. 
ʇʨʠʤʝʯʘʥʠʝ ī ɽʩʣʠ CONTROL.SELF_UPDATE ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠ ʟʘʧʫʩʢʝ ʜʝʰʠʬʨʦʚʘʥʠʷ 

ʚ ʨʝʞʠʤʝ CIPHER_BLOCK_CHAINING, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʰʠʬʨʦʚʘʥʥʦʛʦ ʙʣʦʢʘ ʪʝʢʩʪʘ 

ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ (TEXT_OUT_* ^ IV_* ^ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ IV_*), ʛʜʝ ^ ï ʦʧʝʨʘʮʠʷ 

ʧʦʙʠʪʦʚʦʛʦ ʀʃʀ (ʩʤ. çʈʝʞʠʤ ʩʮʝʧʣʝʥʠʷ ʙʣʦʢʦʚ ʰʠʬʨʦʪʝʢʩʪʘ CBCè). ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ DIRECTION ʚ 0 ʠʣʠ MODE ʚ 0 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ 

(TEXT_OUT_* ^ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ IV_*). 

MODE ï ɺʳʙʦʨ ʨʝʞʠʤʘ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ: 

0 ï ELECTRONIC_CODEBOOK (ECB); 

1 ï CIPHER_BLOCK_CHAINING (CBC); 

2 ï COUNTER_MODE (CTR); 

3 ï GALOIS_COUNTER_MODE (GCM). 

ALGORITHM ï ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (002 ï AES_128, 012 

ï AES_256, 102 ï MAGMA, 112 ï KUZNECHIK). 

DIRECTION ï ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (0 ï Encryption, 1 ï 

Decryption). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʰʠʬʨʦʚʘʥʠʷ (Encryption) ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʦʚ 

{ TEXT_IN_0, ..., TEXT_IN_3} ʠʣʠ {TEXT_IN_0, TEXT_IN_1} ʜʣʷ ʘʣʛʦʨʠʪʤʘ MAGMA  

ʙʫʜʫʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʤʦʜʫʣʝʤ ʢʘʢ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ (plain text), ʘ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʛʠʩʪʨʳ TEXT_OUT ʧʦʧʘʜʝʪ ʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ (cipher 
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text). ɺ ʩʣʫʯʘʝ ʜʝʰʠʬʨʦʚʘʥʠʷ (Decryption) TEXT_IN ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʰʠʬʨʦʚʘʥʥʳʤ 

ʪʝʢʩʪʦʤ, ʘ ʚ TEXT_OUT ʙʫʜʝʪ ʧʦʤʝʱʝʥ ʜʝʰʠʬʨʦʚʘʥʥʳʡ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ. 

START ï ɿʘʧʨʦʩ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. ɿʘʧʠʩʳʚʘʝʤʦʝ ʚ 

ʜʘʥʥʳʡ ʙʠʪ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ, ʝʩʣʠ ʚ ʧʦʣʝ MODE ʟʘʧʠʩʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ GALOIS_COUNTER_MODE, ʘ ʚ ʧʦʣʝ ALGORITHM ï MAGMA . 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʩʪʘʨʪ ʤʦʞʝʪ ʙʳʪʴ ʦʪʣʦʞʝʥ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʦʙʥʦʚʣʝʥʠʷ ʨʘʫʥʜʦʚʳʭ 

ʢʣʶʯʝʡ (ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʦʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʙʠʪʦʤ UPDATE_KEY ʠʣʠ ʚʳʧʦʣʥʝʥʥʦʝ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ). ʇʨʠ 

ʯʪʝʥʠʠ ʚʩʝʛʜʘ ʚʦʟʚʨʘʱʘʝʪ 0. 

UPDATE_KEY ï ʇʨʠʥʫʜʠʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʦʙʥʦʚʣʝʥʠʝ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ 

ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ {KEY_0, ..., KEY_7} ʠʣʠ {KEY_0, ..., 

KEY_3} ʜʣʷ ʘʣʛʦʨʠʪʤʘ AES-128. ɿʘʧʠʩʳʚʘʝʤʦʝ ʚ ʜʘʥʥʳʡ ʙʠʪ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ, ʝʩʣʠ ʚ ʧʦʣʝ MODE ʟʘʧʠʩʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

GALOIS_COUNTER_MODE, ʘ ʚ ʧʦʣʝ ALGORITHM ï MAGMA. ʇʨʠ ʯʪʝʥʠʠ ʚʩʝʛʜʘ 

ʚʦʟʚʨʘʱʘʝʪ 0. 

 

ʆʧʠʩʘʥʠʝ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʈʘʟʤʝʱʝʥʠʝ ʚ ʧʘʤʷʪʠ ʣʶʙʦʛʦ ʠʟ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʦʣʞʥʦ ʠʤʝʪʴ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦ 

ʛʨʘʥʠʮʝ ʚ ʯʝʪʳʨʝ ʩʣʦʚʘ. ɺ ʨʝʛʠʩʪʨ BASE_DESCRIPTOR ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʦʣʴʢʦ 

ʢʦʨʨʝʢʪʥʳʡ ʘʜʨʝʩ ʜʝʩʢʨʠʧʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʤʣʘʜʰʠʝ ʯʝʪʳʨʝ ʙʠʪʘ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʯʪʝʥʠʷ. 

ɿʘʧʫʩʢ ʧʦʪʦʢʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ 

DMA_CONTROL. 

ɿʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ DMA_CONTROL, CONTROL, TEXT_IN_* ʠʣʠ IV_* ʙʫʜʝʪ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ, ʝʩʣʠ ʙʠʪ STATUS.READY ʩʙʨʦʰʝʥ. ɽʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ IRQ_ENABLE.WR_IGNORED, ʪʦ ʙʫʜʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʨʝʨʳʚʘʥʠʝ (IRQ.WR_IGNORED). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʫʥʜʦʚʳʝ ʢʣʶʯʠ. ɽʩʣʠ 

ʪʘʢʦʚʳʭ ʥʝʪ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA ʧʦʣʷ ALGORITHM, ʙʫʜʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʥʠʮʠʠʨʦʚʘʥ ʠʭ ʨʘʩʯʝʪ, ʜʘʞʝ ʧʨʠ ʩʙʨʦʰʝʥʥʦʤ ʙʠʪʝ UPDATE_KEY. ɽʩʣʠ 

ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ, ʟʘʜʘʥʥʳʡ ʜʝʩʢʨʠʧʪʦʨʦʤ, ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʦʛʦ ʢʣʶʯʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ UPDATE_KEY. 

 

ʈʝʛʠʩʪʨ ʫʧʨʘʚʣʝʥʠʷ DMA (DMA _CONTROL ) 

WORDS_SWAP ï ɽʩʣʠ ʙʠʪ ʩʙʨʦʰʝʥ, ʪʦ ʟʘʧʦʣʥʝʥʠʝ ʨʝʛʠʩʪʨʦʚ TEXT_IN_* 

ʩʯʠʪʘʥʥʳʤʠ ʠʟ ʧʘʤʷʪʠ ʩʣʦʚʘʤʠ ʚʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʠʜʝʪ ʚ ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ ʠʥʜʝʢʩʘ 

ʨʝʛʠʩʪʨʘ. ʊʦ ʝʩʪʴ ʜʘʥʥʳʝ ʧʦʧʘʜʘʶʪ ʚ ʨʝʛʠʩʪʨ TEXT_IN_0, ʩʣʝʜʫʶʱʝʝ ʩʣʦʚʦ (ʘʜʨʝʩ 

ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʝ ʥʘ ʯʝʪʳʨʝ) ʚ TEXT_IN_1 ʠ ʪʘʢ ʜʘʣʝʝ ʜʣʷ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʢʨʦʤʝ çʄʘʛʤʘè, 

ʚ ʢʦʪʦʨʦʤ ʨʝʛʠʩʪʨʳ TEXT_IN_2 ʠ TEXT_IN_3 ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʨʝʛʠʩʪʨʦʚ TEXT_IN_* ʤʝʥʷʝʪʩʷ ʥʘ ʦʙʨʘʪʥʫʶ (ʦʪ 

TEXT_IN_1 ʢ TEXT_IN_0 ʜʣʷ ʘʣʛʦʨʠʪʤʘ MAGMA, ʦʪ TEXT_IN_3 ʢ TEXT_IN_0 ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ). ɸʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʝʨʝʩʳʣʢʫ ʚʳʭʦʜʥʳʭ ʩʣʦʚ ʪʝʢʩʪʘ 

ʠʟ ʨʝʛʠʩʪʨʦʚ TEXT_OUT_* ʚ ʧʘʤʷʪʴ. ɼʘʥʥʳʡ ʙʠʪ ʥʝ ʤʝʥʷʝʪ ʧʦʨʷʜʦʢ ʩʯʠʪʳʚʘʥʠʷ ʩʣʦʚ 

ʜʝʩʢʨʠʧʪʦʨʘ. 

BYTES_SWAP ï ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʧʝʨʝʜ ʟʘʧʠʩʴʶ ʚ ʨʝʛʠʩʪʨʳ TEXT_IN_* ʚ 

ʧʨʦʯʠʪʘʥʥʦʤ ʩʣʦʚʝ ʙʫʜʝʪ ʠʟʤʝʥʝʥ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʙʘʡʪ, ʧʝʨʝʩʳʣʘʝʤʳʝ ʠʟ 

TEXT_OUT_* ʩʣʦʚʘ ʙʫʜʫʪ ʚʳʩʪʘʚʣʝʥʳ ʥʘ ʰʠʥʫ AHB ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ ʧʦʨʷʜʢʦʤ ʙʘʡʪ. 

ɼʘʥʥʳʡ ʙʠʪ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʯʠʪʳʚʘʝʤʳʝ ʩʣʦʚʘ ʜʝʩʢʨʠʧʪʦʨʘ 

START ï ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʙʠʪ ʟʘʧʫʩʢʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʚ ʨʝʞʠʤʝ 

ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ. ʇʨʠ ʯʪʝʥʠʠ ʚʩʝʛʜʘ ʚʦʟʚʨʘʱʘʝʪ 0. 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ ʙʘʡʪ ʜʘʥʥʳʭ ʚ ʨʝʛʠʩʪʨʘʭ TEXT_IN_* ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ ʧʦʨʷʜʢʦʤ ʙʘʡʪ ʦʪ ʤʣʘʜʰʝʛʦ ʢ ʩʪʘʨʰʝʤʫ (ʚ ʢʦʪʦʨʦʡ ʙʘʡʪ 0xD4 ʩʦ 

ʩʤʝʱʝʥʠʝʤ ʘʜʨʝʩʘ 0x0, ʙʘʡʪ 0xC3 ʩʦ ʩʤʝʱʝʥʠʝʤ 0x1, ʙʘʡʪ 0xB2 ʩʦ ʩʤʝʱʝʥʠʝʤ 0x2 ʠ ʙʘʡʪ 

0xA1 ʩʦ ʩʤʝʱʝʥʠʝʤ 0x3 ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʯʠʩʣʦ 0xA1B2C3D4) ʠ ʨʘʟʤʝʨʘ ʙʣʦʢʘ ʪʝʢʩʪʘ ʚ 

128 ʙʠʪ. 

ʈʘʟʤʝʱʝʥʠʝ ʙʘʡʪ ʚ TEXT_IN [127 : 0] / TEXT_OUT [127 : 0] ʧʨʠ WORDS_SWAP = 0, 

BYTES_SWAP = 0: 

TEXT_IN_0 [31:0] TEXT_IN_1 [31:0] TEXT_IN_2 [31:0] TEXT_IN_3 [31:0] 
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ʈʘʟʤʝʱʝʥʠʝ ʙʘʡʪ ʚ TEXT_IN [127 : 0] / TEXT_OUT [127 : 0] ʧʨʠ WORDS_SWAP = 0, 

BYTES_SWAP = 1: 

TEXT_IN_0 [31:0] TEXT_IN_1 [31:0] TEXT_IN_2 [31:0] TEXT_IN_3 [31:0] 
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ʈʘʟʤʝʱʝʥʠʝ ʙʘʡʪ ʚ TEXT_IN [127 : 0] / TEXT_OUT [127 : 0] ʧʨʠ WORDS_SWAP = 1, 

BYTES_SWAP = 0: 

TEXT_IN_0 [31:0] TEXT_IN_1 [31:0] TEXT_IN_2 [31:0] TEXT_IN_3 [31:0] 
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ʈʘʟʤʝʱʝʥʠʝ ʙʘʡʪ ʚ TEXT_IN [127 : 0] / TEXT_OUT [127 : 0] ʧʨʠ WORDS_SWAP = 1, 

BYTES_SWAP = 1: 

TEXT_IN_0 [31:0] TEXT_IN_1 [31:0] TEXT_IN_2 [31:0] TEXT_IN_3 [31:0] 
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ʈʝʛʠʩʪʨ ʙʘʟʦʚʦʛʦ ʘʜʨʝʩʘ ʜʝʩʢʨʠʧʪʦʨʘ DMA (BASE_DESCRIPTOR) 

ADDRESS ï ɸʜʨʝʩ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʚʳʡ ʜʝʩʢʨʠʧʪʦʨ DMA ʚ ʮʝʧʦʯʢʝ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʯʠʪʘʥ ʠʟ ʧʘʤʷʪʠ ʧʦʩʣʝ ʟʘʧʠʩʠ 1 ʚ ʙʠʪ START ʨʝʛʠʩʪʨʘ DMA_CONTROL 

 

ʈʝʛʠʩʪʨ ʘʢʪʠʚʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ DMA (CURRENT_DESCRIPTOR) 

ADDRESS ï ɸʜʨʝʩ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʢʫʱʠʡ ʚʳʧʦʣʥʷʝʤʳʡ ʜʝʩʢʨʠʧʪʦʨ. ʇʨʠ 

ʟʘʧʠʩʠ 1 ʚ ʙʠʪ START ʨʝʛʠʩʪʨʘ DMA_CONTROL ʚ ʜʘʥʥʳʡ ʨʝʛʠʩʪʨ ʧʦʧʘʜʘʝʪ ʟʥʘʯʝʥʠʝ ʠʟ 

ʨʝʛʠʩʪʨʘ BASE_DESCRIPTOR. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʙʠʪʘ LAST ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA ʪʝʢʫʱʝʛʦ 

ʜʝʩʢʨʠʧʪʦʨʘ ʩʙʨʦʰʝʥ, ʪʦ ʧʨʠ ʫʩʧʝʰʥʦʤ ʟʘʚʝʨʰʝʥʠʠ ʪʝʢʫʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʚ 

CURRENT_DESCRIPTOR ʟʘʥʦʩʠʪʩʷ ʟʥʘʯʝʥʠʝ NEXT_DESCRIPTOR 

 

ʈʝʛʠʩʪʨ ʩʣʝʜʫʶʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ DMA (NEXT_DESCRIPTOR) 

ADDRESS ï ɸʜʨʝʩ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʩʢʨʠʧʪʦʨ ʮʝʧʦʯʢʠ. ɿʥʘʯʝʥʠʝ 

ʨʝʛʠʩʪʨʘ ʙʫʜʝʪ ʩʙʨʦʰʝʥʦ, ʢʦʛʜʘ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ DMA ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ LAST 

 

ʀʟ ʜʝʩʢʨʠʧʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ (ʮʝʧʦʯʢʘ 

ʜʝʩʢʨʠʧʪʦʨʦʚ), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʚʳʧʦʣʥʷʝʤʳʭ ʤʦʜʫʣʝʤ ʜʝʡʩʪʚʠʡ. 

ʅʘʯʘʣʦ ʮʝʧʦʯʢʠ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʨʝʛʠʩʪʨʘ BASE_DESCRIPTOR. ʅʠʞʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮ 

ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʝʩʢʨʠʧʪʦʨʘ ʜʘʥʥʳʭ DMA.  

 



 

 131 

ʊʘʙʣʠʮʘ 16.2 ï ʉʪʨʫʢʪʫʨʘ ʜʝʩʢʨʠʧʪʦʨʘ ʜʘʥʥʳʭ DMA 

ʀʥʜʝʢʩ ʉʤʝʱʝʥʠʝ ʘʜʨʝʩʘ ʉʣʦʚʘ ʜʝʩʢʨʠʧʪʦʨʘ 

0 0x0 ʉʣʦʚʦ ʫʧʨʘʚʣʝʥʠʷ DMA 

1 0x4 32-ʙʠʪʦʚʳʡ ʩʪʘʨʪʦʚʳʡ ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ 

2 0x8 32-ʙʠʪʦʚʳʡ ʩʪʘʨʪʦʚʳʡ ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ 

3 0xC 
ʉʣʝʜʫʶʱʠʡ ʜʝʩʢʨʠʧʪʦʨ ʜʘʥʥʳʭ DMA (32-ʙʠʪʦʚʳʡ ʘʜʨʝʩ, 

ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʩʢʨʠʧʪʦʨ ʜʘʥʥʳʭ) 

 

ɸʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʦʚʥʝʥʳ ʧʦ ʛʨʘʥʠʮʝ 32-ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ. 

ɹʠʪ LAST ʚ ʫʧʨʘʚʣʷʶʱʝʤ ʩʣʦʚʝ ʜʝʩʢʨʠʧʪʦʨʘ ʤʘʨʢʠʨʫʝʪ ʧʦʩʣʝʜʥʠʡ ʜʝʩʢʨʠʧʪʦʨ ʮʝʧʦʯʢʠ. 

ɽʩʣʠ ʦʥ ʩʙʨʦʰʝʥ, ʪʦ ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʜʘʥʥʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʨʦʚʥʝʥ ʧʦ 

ʛʨʘʥʠʮʝ ʚ 4 ʩʣʦʚʘ. ɽʩʣʠ ʙʠʪ LAST ʫʩʪʘʥʦʚʣʝʥ, ʧʦʩʣʝʜʥʝʝ ʩʣʦʚʦ ʜʝʩʢʨʠʧʪʦʨʘ ʥʝ ʙʫʜʝʪ 

ʩʯʠʪʘʥʦ, ʘ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ NEXT_DESCRIPTOR ʙʫʜʝʪ ʩʙʨʦʰʝʥʦ. 

ɺ ʬʘʟʘʭ GCM_INIT ʠ GCM_HEADER ʨʝʞʠʤʘ GALOIS_COUNTER_MODE ʟʥʘʯʝʥʠʝ 

ʩʣʦʚʘ ʩʪʘʨʪʦʚʦʛʦ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʧʠʩʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʘʤʷʪʴ. ɺ ʬʘʟʝ GCM_INIT ʨʝʞʠʤʘ 

GALOIS_COUNTER_MODE ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʩʣʦʚʘ ʩʪʘʨʪʦʚʦʛʦ 

ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʷʝʤʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ 

ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ, ʭʨʘʥʠʤʳʡ ʚ ʨʝʛʠʩʪʨʘʭ KEY_*. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʚʘʣʠʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA 

ʙʫʜʫʪ ʧʝʨʝʟʘʧʠʩʘʥʳ ʧʦʣʷ DIRECTION, ALGORITHM, MODE, GCM_PHASE ʨʝʛʠʩʪʨʘ 

CONTROL. 

 

ʊʘʙʣʠʮʘ 16.3 ïʌʦʨʤʘʪ ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA 

 

 
 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

COUNT 27-16 ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʙʣʦʢʦʚ ʚʭʦʜʥʦʛʦ ʪʝʢʩʪʘ 

COUNT + 1 (ʨʘʟʤʝʨ ʙʣʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʦʣʷ 

ALGORITHM: 64 ʙʠʪ ʜʣʷ ʰʠʬʨʘ ʄʘʛʤʘ, 128 ʙʠʪ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ). ɺ ʨʝʞʠʤʝ GALOIS_COUNTER_MODE ʚ ʬʘʟʘʭ 

GCM_INIT ʠ GCM_LAST_BLOCK ʜʘʥʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʠʤʝʪʴ 

ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. 

INTERRUPT 15 ʈʘʟʨʝʰʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʧʨʝʨʳʚʘʥʠʷ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʜʝʩʢʨʠʧʪʦʨʘ. 
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GCM_PHASE 14-13 ʌʘʟʘ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʘ ʚ ʨʝʞʠʤʝ GALOIS_COUNTER_MODE. 

ɽʩʣʠ ʨʝʞʠʤ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʥʝ 

GALOIS_COUNTER_MODE, ʪʦ ʧʦʣʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʥʫʣʝʚʦʝ 

ʟʥʘʯʝʥʠʝ (GCM_INIT), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. 

0 GCM_INIT 

1 GCM_HEADER 

2 GCM_PAYLOAD 

3 GCM_LAST_BLOCK 

MODE 6-5 ɺʳʙʦʨ ʨʝʞʠʤʘ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ GALOIS_COUNTER_MODE ʚ ʩʦʯʝʪʘʥʠʠ c 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ MAGMA  ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ, 

ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. 

0 ELECTRONIC_CODEBOOK (ECB) 

1 CIPHER_BLOCK_CHAINING (CBC) 

2 COUNTER_MODE (CTR) 

3 GALOIS_COUNTER_MODE (GCM) 

ALGORITHM 4-3 ʊʠʧ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

0 AES-128 

1 AES-256 

2 ʄʘʛʤʘ 

3 ʂʫʟʥʝʯʠʢ 

DIRECTION 2 ʈʝʞʠʤ ʨʘʙʦʪʳ 

0 ʐʠʬʨʦʚʘʥʠʝ (encryption) 

1 ɼʝʰʠʬʨʦʚʘʥʠʝ (decryption) 

LAST 1 ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʙʠʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʜʝʩʢʨʠʧʪʦʨ 

ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʚ ʮʝʧʦʯʢʝ ʜʝʩʢʨʠʧʪʦʨʦʚ 

UPDATE_ 

KEY 

0 ʇʦʩʣʝ ʩʯʠʪʳʚʘʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʜʘʥʥʳʭ DMA 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʦʙʥʦʚʣʝʥʠʝ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ 

ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʦʚ {KEY_0, 

..., KEY_7} ʠʣʠ {KEY_0, ..., KEY_3} ʜʣʷ ʘʣʛʦʨʠʪʤʘ AES-128. 

- 31-28, 

12-7 

ɿʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʙʠʪʳ. ɼʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 0, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ 

 

ʊʘʙʣʠʮʘ 16.4 ï ʌʦʨʤʘʪ 32-ʙʠʪʦʚʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ (Source_Address) 

 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

ADDRESS 31-2 ʉʪʘʨʰʠʝ ʙʠʪʳ ʘʜʨʝʩʘ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʤʘʩʩʠʚʘ ʩʣʦʚ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

- 1-0 ʄʣʘʜʰʠʝ ʙʠʪʳ ʘʜʨʝʩʘ. ɼʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ 

 

ʊʘʙʣʠʮʘ 16.5 ï ʌʦʨʤʘʪ 32-ʙʠʪʦʚʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ (Destination_Address) 

 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

ADDRESS 31-2 ʉʪʘʨʰʠʝ ʙʠʪʳ ʘʜʨʝʩʘ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ, 

ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

- 1-0 ʄʣʘʜʰʠʝ ʙʠʪʳ ʘʜʨʝʩʘ. ɼʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ 
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ʊʘʙʣʠʮʘ 16.6 ï ʌʦʨʤʘʪ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʜʘʥʥʳʭ DMA 

(NEXT_DESCRIPTOR) 

 

ʇʦʣʝ ɹʠʪʳ ʆʧʠʩʘʥʠʝ 

ADDRESS 31-4 ʉʪʘʨʰʠʝ ʙʠʪʳ ʘʜʨʝʩʘ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʩʢʨʠʧʪʦʨ 

ʚ ʮʝʧʦʯʢʝ. ɽʩʣʠ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ LAST, ʪʦ 

ʩʣʦʚʦ NEXT_DESCRIPTOR ʥʝ ʙʫʜʝʪ ʧʨʦʯʠʪʘʥʦ 

- 3-0 ʄʣʘʜʰʠʝ ʙʠʪʳ ʘʜʨʝʩʘ. ɽʩʣʠ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA ʥʝ ʫʩʪʘʥʦʚʣʝʥ 

ʙʠʪ LAST, ʜʘʥʥʳʝ ʙʠʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 0, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʜʝʩʢʨʠʧʪʦʨ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ 

 

ɺ ʧʨʦʮʝʩʩʝ ʯʪʝʥʠʷ ʜʝʩʢʨʠʧʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʧʦʣʝʡ ʦʯʝʨʝʜʥʦʛʦ 

ʩʣʦʚʘ ʜʝʩʢʨʠʧʪʦʨʘ. ɽʩʣʠ ʦʥʦ ʧʨʠʟʥʘʥʦ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʪʦ ʨʘʙʦʪʘ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʠʪ DONE ʨʝʛʠʩʪʨʘ IRQ, ʝʩʣʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ IRQ_ENABLE. ɺ ʧʦʣʝ BAD_DESCR ʨʝʛʠʩʪʨʘ STATUS 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʚʦ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʠʪ DMA_FAIL ʨʝʛʠʩʪʨʘ IRQ, ʝʩʣʠ ʵʪʦ ʨʘʟʨʝʰʝʥʦ ʯʝʨʝʟ ʨʝʛʠʩʪʨ 

IRQ_ENABLE. 

ʇʨʠʯʠʥʳ ʧʦʣʫʯʝʥʠʷ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ STATUS.BAD_DESCR ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ, 

ʧʨʠʚʝʜʝʥʥʫʶ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 16.7 ï ʇʨʠʯʠʥʳ ʧʦʣʫʯʝʥʠʷ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ STATUS.BAD_DESCR 

ʀʥʜʝʢʩ ʩʣʦʚʘ ʇʨʠʯʠʥʳ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʩʣʦʚʘ ʜʝʩʢʨʠʧʪʦʨʘ 

0 

ʆʙʥʘʨʫʞʝʥ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʥʫʣʝʚʳʭ ʙʠʪʦʚ ʥʘ ʧʦʟʠʮʠʷʭ ʩ 7 ʧʦ 12 

ʠʣʠ ʩ 28 ʧʦ 31. 

ʆʙʥʘʨʫʞʝʥʦ ʥʝʧʦʜʜʝʨʞʠʚʘʝʤʦʝ ʩʦʯʝʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʣʝʡ MODE ʠ 

ALGORITHM (GALOIS_COUNTER_MODE ʚ ʧʘʨʝ ʩ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʘʣʛʦʨʠʪʤʦʤ MAGMA ). 

ʆʙʥʘʨʫʞʝʥʦ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʣʝ GCM_PHASE, ʢʦʛʜʘ ʨʝʞʠʤ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ GALOIS_COUNTER_MODE. 

ʆʙʥʘʨʫʞʝʥʦ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʣʝ COUNT, ʢʦʛʜʘ MODE 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ GALOIS_COUNTER_MODE, ʘ ʟʥʘʯʝʥʠʝ GCM_PHASE ï 

GCM_INIT ʠʣʠ GCM_LAST_BLOCK. 

1 ʆʙʥʘʨʫʞʝʥ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʥʫʣʝʚʳʭ ʙʠʪʦʚ ʥʘ ʧʦʟʠʮʠʷʭ ʩ 0 ʧʦ 1. 

2 ʆʙʥʘʨʫʞʝʥ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʥʫʣʝʚʳʭ ʙʠʪʦʚ ʥʘ ʧʦʟʠʮʠʷʭ ʩ 0 ʧʦ 1. 

3 
ɹʠʪ LAST ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA ʩʙʨʦʰʝʥ ʠ ʦʙʥʘʨʫʞʝʥ ʦʜʠʥ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʥʝʥʫʣʝʚʳʭ ʙʠʪʦʚ ʥʘ ʧʦʟʠʮʠʷʭ ʩ 0 ʧʦ 3. 

 

ʂ ʥʝʰʪʘʪʥʦʤʫ ʟʘʚʝʨʰʝʥʠʶ ʚʳʧʦʣʥʝʥʠʷ ʮʝʧʦʯʢʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʧʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ERROR ʥʘ ʜʦʩʪʫʧ ʯʪʝʥʠʷ ʧʦ ʰʠʥʝ AHB ʩʣʦʚʘ ʜʝʩʢʨʠʧʪʦʨʘ, ʯʪʝʥʠʷ 

ʚʭʦʜʥʳʭ ʙʣʦʢʦʚ ʪʝʢʩʪʘ ʠʣʠ ʟʘʧʠʩʠ ʚʳʭʦʜʥʳʭ ʙʣʦʢʦʚ ʪʝʢʩʪʘ. ʆ ʜʘʥʥʦʤ ʬʘʢʪʝ ʙʫʜʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ AHB_ERROR ʨʝʛʠʩʪʨʘ STATUS. 

ɻʝʥʝʨʘʮʠʷ ʧʨʝʨʳʚʘʥʠʡ ʘʥʘʣʦʛʠʯʥʘ ʪʘʢʦʚʦʡ ʜʣʷ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ BAD_DESCR. 

 

ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ 

ʨʝʘʣʠʟʘʮʠʶ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

1 ʆʞʠʜʘʥʠʝ ʟʘʧʠʩʠ DMA_CONTROL.START = 1; 

2 ɺ ʢʘʯʝʩʪʚʝ ʪʝʢʫʱʝʛʦ ʘʜʨʝʩʘ ʜʝʩʢʨʠʧʪʦʨʘ (ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

CURRENT_DESCRIPTOR.ADDRESS) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʟ ʨʝʛʠʩʪʨʘ 

BASE_DESCRIPTOR.ADDRESS; 
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3 ʏʪʝʥʠʝ ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA. ɽʩʣʠ ʧʦ ʰʠʥʝ AHB ʧʦʣʫʯʝʥ ʦʪʚʝʪ ERROR ʠʣʠ 

ʩʣʦʚʦ ʧʨʠʟʥʘʥʦ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʪʫʩʘ, ʝʩʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʨʳʚʘʥʠʷ ʨʘʟʨʝʰʝʥʳ ʚ ʨʝʛʠʩʪʨʝ IRQ_ENABLE, ʛʝʥʝʨʠʨʫʶʪʩʷ 

ʧʨʝʨʳʚʘʥʠʷ DMA_FAIL ʠ DONE, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʧʫʥʢʪʫ 1; 

4 ɿʥʘʯʝʥʠʷ ʧʦʣʝʡ DIRECTION, ALGORITHM, MODE, GCM_PHASE ʟʘʥʦʩʷʪʩʷ ʚ 

ʨʝʛʠʩʪʨ CONTROL. ɺ STATUS.DMA_LAST ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʙʠʪʘ LAST. ɺ 

IRQ_ENABLE.DMA_DONE ï ʟʥʘʯʝʥʠʝ ʙʠʪʘ INTERRUPT; 

5 ʏʪʝʥʠʝ ʩʣʦʚʘ ʩʪʘʨʪʦʚʦʛʦ ʘʜʨʝʩʘ ʠʩʪʦʯʥʠʢʘ. ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ERROR ʠʣʠ 

ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʢʠ ʚ ʩʣʦʚʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʫʥʢʪʫ 3; 

6 ʏʪʝʥʠʝ ʩʣʦʚʘ ʩʪʘʨʪʦʚʦʛʦ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ERROR ʠʣʠ 

ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʢʠ ʚ ʩʣʦʚʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʫʥʢʪʫ 3; 

7 ɼʘʥʥʳʡ ʧʫʥʢʪ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦʣʴʢʦ ʝʩʣʠ ʙʳʣ ʩʙʨʦʰʝʥ ʙʠʪ LAST ʩʣʦʚʘ 

ʫʧʨʘʚʣʝʥʠʷ DMA. ʏʪʝʥʠʝ ʩʣʦʚʘ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ ʜʝʩʢʨʠʧʪʦʨʘ (ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

NEXT_DESCRIPTOR.ADDRESS). ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ERROR ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʢʠ ʚ 

ʩʣʦʚʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʫʥʢʪʫ 3; 

8 ɽʩʣʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝʪ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʫʥʜʦʚʳʭ 
ʢʣʶʯʝʡ, ʘʢʪʠʚʠʨʫʝʪʩʷ ʠʭ ʨʘʩʯʝʪ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʦʚ KEY_*; 

9 ɼʘʥʥʳʡ ʧʫʥʢʪ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ CONTROL.MODE ʨʘʚʝʥ 

GALOIS_COUNTER_MODE, ʘ CONTROL.GCM_PHASE ʩʦʦʪʚʝʪʩʪʚʫʝʪ GCM_INIT. ʏʪʝʥʠʝ 

ʙʣʦʢʘ ʚʭʦʜʥʦʛʦ ʪʝʢʩʪʘ. ʏʝʪʳʨʝ ʠʣʠ ʜʚʘ ʩʣʦʚʘ, ʝʩʣʠ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ çʄʘʛʤʘè, ʟʘʥʦʩʷʪʩʷ ʚ 

ʨʝʛʠʩʪʨʳ TEXT_IN_* (ʩ ʫʯʝʪʦʤ WORDS_SWAP ʠ BYTES_SWAP ʨʝʛʠʩʪʨʘ 

DMA_CONTROL). ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ERROR ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʫʥʢʪʫ 3; 

10 ʆʞʠʜʘʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ; 

11 ɿʘʧʫʩʢ ʚʳʧʦʣʥʝʥʠʷ ʰʠʬʨʦʚʘʥʠʷ/ʜʝʰʠʬʨʦʚʘʥʠʷ; 

12 ʆʞʠʜʘʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

13 ɼʘʥʥʳʡ ʧʫʥʢʪ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ CONTROL.MODE ʨʘʚʝʥ 

GALOIS_COUNTER_MODE, ʘ CONTROL.GCM_PHASE ʩʦʦʪʚʝʪʩʪʚʫʝʪ GCM_INIT ʠʣʠ 

GCM_HEADER. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʧʠʩʴ ʚ ʧʘʤʷʪʴ ʙʣʦʢʘ ʚʳʭʦʜʥʦʛʦ 

ʪʝʢʩʪʘ (ʩʦʜʝʨʞʠʤʦʝ TEXT_OUT_*) ʠʣʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʛʘ (ʩʦʜʝʨʞʠʤʦʝ 

GCM_Tag_*). ʊʝʛ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤʠ ʜʘʥʥʳʤʠ, ʝʩʣʠ CONTROL.MODE ʨʘʚʝʥ 

GALOIS_COUNTER_MODE, ʘ CONTROL.GCM_PHASE ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

GCM_LAST_BLOCK. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʩ ʫʯʝʪʦʤ WORDS_SWAP ʠ 

BYTES_SWAP ʨʝʛʠʩʪʨʘ DMA_CONTROL. ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ERROR ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦ ʧʫʥʢʪʫ 3; 

14 ɽʩʣʠ CONTROL.MODE ʥʝ ʨʘʚʝʥ ELECTRONIC_CODEBOOK, ʚʳʧʦʣʥʷʝʤ 

ʦʙʥʦʚʣʝʥʠʝ IV_*; 

15 ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʙʣʦʢʦʚ STATUS.DMA_COUNTER ʤʝʥʴʰʝ 

ʟʥʘʯʝʥʠʷ ʧʦʣʷ COUNT ʩʣʦʚʘ ʫʧʨʘʚʣʝʥʠʷ DMA, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʧʫʥʢʪʫ 9; 

16 ɽʩʣʠ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA ʙʠʪ LAST ʙʳʣ ʩʙʨʦʰʝʥ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʝʨʳʚʘʥʠʝ 

DMA_DONE, ʝʩʣʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ INTERRUPT ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA, ʟʘʥʦʩʠʤ ʚ 

CURRENT_DESCRIPTOR ʟʥʘʯʝʥʠʝ ʠʟ NEXT_DESCRIPTOR, ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʧʫʥʢʪʫ 3; 

17 ɽʩʣʠ ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA ʙʠʪ LAST ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ, ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʧʨʝʨʳʚʘʥʠʝ DMA_DONE, ʝʩʣʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ INTERRUPT ʚ ʩʣʦʚʝ ʫʧʨʘʚʣʝʥʠʷ DMA, 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʝʨʳʚʘʥʠʝ DONE, ʝʩʣʠ ʦʥʦ ʨʘʟʨʝʰʝʥʦ ʚ ʨʝʛʠʩʪʨʝ IRQ_ENABLE, 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʧʫʥʢʪʫ 1. 

16.5 ʕʢʩʪʨʝʥʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʪʨʝʥʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʧʦʣʝ CODE ʨʝʛʠʩʪʨʘ 

TERMINATE ʟʥʘʯʝʥʠʝ 0xD0. ʅʘ ʩʣʝʜʫʶʱʠʡ ʪʘʢʪ ʧʦʩʣʝ ʪʘʢʦʡ ʟʘʧʠʩʠ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥ 

ʩʠʛʥʘʣ ʩʙʨʦʩʘ ʩʦʩʪʦʷʥʠʷ ʤʦʜʫʣʝʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʭʨʘʥʠʣʠʱʘ ʨʘʫʥʜʦʚʳʭ 

ʢʣʶʯʝʡ. ɼʘʥʥʦʝ ʩʦʙʳʪʠʝ ʚʝʨʥʝʪ ʙʠʪʳ READY, KEYS_READY, TEXT_OUT_VALID , 

KEYS_STORED, DMA_ACTIVE, DMA_COUNTER ʠ DMA_LAST ʨʝʛʠʩʪʨʘ STATUS ʢ 
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ʟʥʘʯʝʥʠʷʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʠʪ IRQ_PENDING, ʧʦʣʷ BAD_DESCR ʠ 

AHB_ERROR ʥʝ ʠʟʤʝʥʷʪ ʩʚʦʝʛʦ ʟʥʘʯʝʥʠʷ. 

 

ʈʝʛʠʩʪʨ TERMINATE  

CODE ï ɿʘʧʠʩʴ ʚ ʜʘʥʥʦʝ ʧʦʣʝ ʟʥʘʯʝʥʠʷ 0xD0 ʧʨʠʚʝʜʝʪ ʢ ʩʙʨʦʩʫ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʦʜʫʣʝʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʭʨʘʥʠʣʠʱʘ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ. ɿʘʧʠʩʴ 

ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʘ. ʇʨʠ ʯʪʝʥʠʠ ʚʩʝʛʜʘ ʚʦʟʚʨʘʱʘʝʪ 0. 

 

16.6 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʊʘʙʣʠʮʘ 1 6. 8 ï ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʪʦʚ ʥʘ ʦʧʝʨʘʮʠʶ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʙʣʦʢʦʤ 

ʆʧʝʨʘʮʠʷ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʚ ʪʘʢʪʘʭ 

AES-

128 

AES-

256 
Magma Kuznechik 

ʈʘʩʯʝʪ ʨʘʫʥʜʦʚʳʭ ʢʣʶʯʝʡ 10 + 1 14 + 1 1 + 1 32 + 1 

ʐʠʬʨʦʚʘʥʠʝ/ʜʝʰʠʬʨʦʚʘʥʠʝ 10 + 1 14 + 1 8 + 1 10 + 1 

ʐʠʬʨʦʚʘʥʠʝ/ʜʝʰʠʬʨʦʚʘʥʠʝ ʩ ʥʦʚʳʤ 

ʢʣʶʯʦʤ 
20 + 1 28 + 1 9 + 1 42 + 1 

 

ɺ ʧʦʪʦʯʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʧʨʠʙʘʚʣʷʝʪʩʷ ʟʘʜʝʨʞʢʘ ʥʘ 

ʩʯʠʪʳʚʘʥʠʝ ʜʝʩʢʨʠʧʪʦʨʘ, ʩʯʠʪʳʚʘʥʠʝ ʚʭʦʜʥʳʭ ʙʣʦʢʦʚ ʪʝʢʩʪʘ ʠ ʟʘʧʠʩʴ ʚʳʭʦʜʥʳʭ ʙʣʦʢʦʚ 

ʪʝʢʩʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʤʥʦʞʝʥʠʷ ʚ ʧʦʣʝ ɻʘʣʫʘ (GF(2128)mult), 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤ ʨʝʞʠʤʝ GALOIS_COUNTER_MODE, ʪʨʘʪʠʪʩʷ 

8 ʪʘʢʪʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ: 

1  ɺ ʬʘʟʝ GCM_INIT ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʰʠʬʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ; 

2  ɺ ʬʘʟʝ GCM_HEADER ʨʘʚʥʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʠ GF(2128)mult ʧʣʶʩ 1 ʪʘʢʪ; 

3  ɺ ʬʘʟʝ GCM_PAYLOAD: 

ʘ) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʰʠʬʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʰʠʬʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʜʣʠʪʝʣʴʥʦʩʪʠ GF(2128)mult ʧʣʶʩ 1 ʪʘʢʪ. 

ʙ) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʝʰʠʬʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʰʠʬʨʦʚʘʥʠʷ 
ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʙʣʦʢ ʰʠʬʨʦʚʘʥʥʦʛʦ 

ʪʝʢʩʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ TEXT_IN_*, ʥʘ ʭʵʰ-ʢʣʶʯ ʠ ʰʠʬʨʦʚʘʥʠʝ IV_* ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ. 

4  ɺ ʬʘʟʝ GCM_LAST_BLOCK ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʰʠʬʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʩʢʦʣʴʢʫ ʫʤʥʦʞʝʥʠʝ ʙʣʦʢʘ ʜʣʠʥʳ ʥʘ ʭʵʰ-ʢʣʶʯ ʠ ʰʠʬʨʦʚʘʥʠʝ 

ʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ IV_* (ʚʤʝʩʪʦ IV_3 ʠʩʧʦʣʴʟʫʝʪʩʷ 0x00000001) ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ. 
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17 ɹʣʦʢ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

ɸʧʧʘʨʘʪʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ 32-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʷʝʤʳʭ, ʭʘʦʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ, ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʝʢʘʶʱʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ɻʝʥʝʨʘʪʦʨʳ ʉʣʫʯʘʡʥʳʭ ʏʠʩʝʣ (ɻʉʏ). 

ɺ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʶʯʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʛʘʤʤʳ ʧʦʪʦʯʥʳʭ ʰʠʬʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʚʝʢʪʦʨʦʚ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (ʙʣʦʯʥʳʭ ʰʠʬʨʦʚ). 

 

 
ʈʠʩʫʥʦʢ 17.1 ï ɹʣʦʢ-ʜʠʘʛʨʘʤʤʘ ʀɻʉʏ  

 

 

17.1 ʀʩʪʦʯʥʠʢ ʵʥʪʨʦʧʠʠ  

ʌʘʟʦʚʦʝ ʜʨʦʞʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʜʘʥʥʳʭ (ʜʞʠʪʪʝʨ ʦʪ ʘʥʛʣ. jitter) ð 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʠ/ʠʣʠ ʯʘʩʪʦʪʥʳʝ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ɺʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʘʩʪʦʪʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʠʛʥʘʣʘ. ʇʦʩʢʦʣʴʢʫ ʬʘʟʦʚʦʝ ʜʨʦʞʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʳ, ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

ɺ ɻʉʏ ʥʘ ʙʘʟʝ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʟʘʜʝʨʞʢʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʢʦʣʴʮʝʚʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʇʨʦʩʪʝʡʰʠʡ ʢʦʣʴʮʝʚʦʡ ʛʝʥʝʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ ʠʥʚʝʨʪʦʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ ʧʦʩʣʝʜʥʝʛʦ 

ʩʦʝʜʠʥʝʥ ʩ ʚʭʦʜʦʤ ʧʝʨʚʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʦʙʨʘʟʫʷ ʣʠʥʠʶ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ 

ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʟʘʜʝʨʞʝʢ ʚʩʝʭ ʝʛʦ ʠʥʚʝʨʪʦʨʦʚ, ʵʪʦ ʚʨʝʤʷ ʟʘʚʠʩʠʪ 

ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʪʝʧʣʦʚʦʡ ʰʫʤ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʧʦʤʝʭʠ ʚ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ.  

ɼʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʀʩʪʠʥʥʦʛʦ ɻʝʥʝʨʘʪʦʨʘ ʉʣʫʯʘʡʥʳʭ ʏʠʩʝʣ (ʀɻʉʏ) ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 32 ʦʪʜʝʣʴʥʳʭ ʢʦʣʝʮ ʛʝʥʝʨʘʪʦʨʘ, ʢʘʞʜʦʝ ʢʦʣʴʮʦ ʩʦʩʪʦʠʪ ʠʟ 5 ʠʥʚʝʨʪʦʨʦʚ. 

ɺʳʭʦʜ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʧʫʪʝʤ ʚʳʙʦʨʢʠ ʟʥʘʯʝʥʠʡ ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ. 

ʉʪʨʫʢʪʫʨʫ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚ ʜʘʥʥʦʤ ʙʣʦʢʝ, ʦʯʝʥʴ ʪʨʫʜʥʦ ʠʤʠʪʠʨʦʚʘʪʴ. ʉ ʧʦʤʦʱʴʶ 

ʟʘʜʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʠʪʦʚ ʚʦʟʤʦʞʥʦ ʟʘʩʪʘʚʠʪʴ ʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʇʩʝʚʜʦ-ʉʣʫʯʘʡʥʦʛʦ ɻʝʥʝʨʘʪʦʨʘ (ʇʉɻ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ɺʳʙʦʨʢʫ ʠʟ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʤʦʞʥʦ ʜʝʣʘʪʴ ʥʘʧʨʷʤʫʶ, ʚ ʦʙʭʦʜ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ 

(ʫʧʨʘʚʣʷʶʱʠʡ ʙʠʪ CONDBYPASS = 1). 

 

17.2 ʇʨʦʮʝʩʩ ʜʠʩʢʨʝʪʠʟʘʮʠʠ  

ɽʩʣʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (RO) 

ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʪʘʢʪʦʚʳʤ ʩʠʛʥʘʣʦʤ, ʪʦ ʦʪʦʙʨʘʥʥʳʡ ʙʠʪ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ. ɼʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ Ὕ ḻὝ , ʛʜʝ Ὕ  ï ʧʝʨʠʦʜ, 

ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʠʛʥʘʣ ʩ ʢʦʣʴʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (RO) ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʨʝʞʠʤʝ 

(ʥʝʟʘʚʠʩʠʤʦ ʛʝʥʝʨʠʨʫʝʪʩʷ). ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 17.2 ʠ 17.3, ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʜʚʘ 

ʨʝʞʠʤʘ ʛʝʥʝʨʘʮʠʠ: 

1) ɺ ʛʦʨʷʯʝʤ ʨʝʞʠʤʝ (ʨʝʛʠʩʪʨ COOLDPERIOD = 0), ʩʠʛʥʘʣ ʩ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

(RO) ʩʚʦʙʦʜʥʦ ʛʝʥʝʨʠʨʫʝʪʩʷ, ʧʦʢʘ FIFO ʟʘʧʦʣʥʷʝʪʩʷ. ʈʝʟʫʣʴʪʘʪ ʙʝʨʸʪʩʷ ʢʘʞʜʳʝ DOSC 

ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʛʜʝ DOSC ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ SAMPERIOD. ʇʨʠ ʵʪʦʤ 

ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ TOSC=DOSC*Tsysclk. 

2) ɺ ʭʦʣʦʜʥʦʤ ʨʝʞʠʤʝ ʩʠʛʥʘʣʳ ʩ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (RO) ï ʟʘʧʫʩʢʘʶʪʩʷ 

ʫʩʪʘʥʦʚʢʦʡ ʚ ʟʥʘʯʝʥʠʝ ç0è ʥʘ ʚʨʝʤʷ Drst ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ 

ʨʝʟʫʣʴʪʘʪʘ, ʛʜʝ Drst ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ APB (ʨʝʛʠʩʪʨ COOLDPERIOD). 

 

 
ʈʠʩʫʥʦʢ 17.2 ī ʇʨʦʮʝʩʩ ʚʳʙʦʨʢʠ ï ʛʦʨʷʯʠʡ ʨʝʞʠʤ 

 

 
ʈʠʩʫʥʦʢ 17.3 ī ʇʨʦʮʝʩʩ ʚʳʙʦʨʢʠ ï ʭʦʣʦʜʥʳʡ ʨʝʞʠʤ 

 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʠʜʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ DOSC ʦʙʳʯʥʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʠʤʝʨʝ, 

ʫʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ ʚʳʰʝ. ʊʘʢʞʝ ʪʠʧʠʯʥʦʝ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ TOSC >> Trst. 

ɻʦʨʷʯʠʡ ʨʝʞʠʤ, ʪʝʦʨʝʪʠʯʝʩʢʠ, ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʝ ʚʨʝʤʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, 

ʢʦʪʦʨʳʝ ʚ ʭʦʣʦʜʥʦʤ ʨʝʞʠʤʝ ʥʝ ʧʨʦʷʚʷʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ çʩʙʨʘʩʳʚʘʝʪʩʷè ʧʝʨʝʜ ʛʝʥʝʨʘʮʠʝʡ 

ʢʘʞʜʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʛʦʨʷʯʝʤ ʨʝʞʠʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʘ TOSC (ʨʝʛʠʩʪʨ SAMPERIOD); ʪʝʩʪʳ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʨʘʙʦʪʘʶʪ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʰʠʙʦʢ. 

ʍʦʣʦʜʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤ ʩʪʦʨʦʥʥʠʤ ʘʪʘʢʘʤ, ʧʦʩʢʦʣʴʢʫ 

ʦʩʪʘʥʦʚʢʠ ʛʝʥʝʨʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʯʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʣʝʛʯʝ 

ʫʟʥʘʪʴ, ʢʦʛʜʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʘʥʥʳʝ. ɻʦʨʷʯʠʡ ʨʝʞʠʤ ʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʱʠʱʝʥ ʦʪ ʪʘʢʦʡ 

ʧʨʦʙʣʝʤʳ, ʧʦʩʢʦʣʴʢʫ AES ʛʝʥʝʨʠʨʫʝʪ ʩʠʛʥʘʪʫʨʫ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɻʦʨʷʯʠʡ ʨʝʞʠʤ ʠʤʝʝʪ ʣʫʯʰʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 
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17.3 ʅʝʧʨʝʨʳʚʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ɺʳʙʦʨʢʠ ʠʟ ʠʩʪʦʯʥʠʢʘ ʵʥʪʨʦʧʠʠ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚ ʥʘ 

ʧʦʚʪʦʨʝʥʠʷ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʪʝʩʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ. ʆʧʮʠʦʥʘʣʴʥʦ ʪʘʢʞʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʩʪʳ ʥʘ ʢʦʨʨʝʣʷʮʠʶ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ. 

 
17.4 ʊʝʩʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ 

ɺ ʀɻʉʏ ʨʝʘʣʠʟʦʚʘʥ ʪʝʩʪ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʝʥʠʡ. ɼʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʟʥʘʯʝʥʠʠ Ŭ = 2-20. ʀʩʪʦʯʥʠʢ ʩʣʫʯʘʡʥʦʛʦ 

ʰʫʤʘ ʚʳʜʘʸʪ ʥʝʜʚʦʠʯʥʫʶ ʚʳʙʦʨʢʫ. ɼʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ H = 8*0,5 = 4.0, 

ʜʦʧʫʩʪʠʤʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦʚʪʦʨʝʥʠʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʚʥʦ C = 1+(-log2 (Ŭ)/H) = 6. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ REPTSTCUTOFF. ʊʝʩʪ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʢʣʶʯʝʥ ʩ ʧʦʤʦʱʴʶ ʙʠʪʘ REPTSTDIS ʚ ʨʝʛʠʩʪʨʝ ʫʧʨʘʚʣʝʥʠʷ (CR). ʆ ʧʨʦʚʘʣʝ ʪʝʩʪʘ 

ʧʦʚʪʦʨʝʥʠʡ ʩʦʦʙʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʪʦʚ REPTSTFAILSH ʚ ʨʝʛʠʩʪʨʝ ʩʪʘʪʫʩʘ (STAT). 

 
17.5 ʊʝʩʪ ʥʘ ʧʦʜʩʯʝʪ ʧʨʦʧʦʨʮʠʡ (ʦʢʥʦ 512-ʥʝʜʚʦʠʯʥʳʭ ʚʳʙʦʨʦʢ) 

ʊʝʩʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʦʨʮʠʡ, ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩ ʨʘʟʤʝʨʦʤ ʦʢʥʘ W=512 ʥʝʜʚʦʠʯʥʳʭ  

ʚʳʙʦʨʦʢ. ɼʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ï Ŭ = 2-20. ʀʩʪʦʯʥʠʢ 

ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ ʚʳʜʘʸʪ ʦʜʥʦʙʠʪʥʫʶ ʚʳʙʦʨʢʫ, ʠ ʧʦʩʣʝ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʤʝʰʠʚʘʥʠʷ 

ʩʦʟʜʘʶʪʩʷ ʥʝʜʚʦʠʯʥʳʝ ʚʳʙʦʨʢʠ. ɼʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ H = 8 *  0.5 = 4.0, ʜʦʧʫʩʪʠʤʦʝ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʧʦʨʮʠʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʚʥʦ ʉ = 1+CRITBINOM(W, 2-H,1- Ŭ) = 63. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ PROPTESTCUTOFF. ʊʝʩʪ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʢʣʶʯʝʥ ʩ ʧʦʤʦʱʴʶ ʙʠʪʘ PROPTSTDIS ʚ ʨʝʛʠʩʪʨʝ ʫʧʨʘʚʣʝʥʠʷ (CR). ʆ ʧʨʦʚʘʣʝ ʪʝʩʪʘ 

ʥʘ ʧʦʜʩʯʝʪ ʧʨʦʧʦʨʮʠʡ ʩʦʦʙʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʪʦʚ PROPTESTFAIL ʚ ʨʝʛʠʩʪʨʝ ʩʪʘʪʫʩʘ 

(STAT). 

 
17.6 ʊʝʩʪ ʢʦʨʨʝʣʷʮʠʠ 

ʂʦʛʜʘ ʜʚʘ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʠʭ ʙʠʪʦʚʳʝ ʧʦʪʦʢʠ ʩʪʘʥʦʚʷʪʩʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ. ʊʝʩʪ ʥʘ ʧʦʜʩʯʝʪ 

ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʵʪʦ ʷʚʣʝʥʠʝ. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʜʥʫ ʧʘʨʫ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʆʢʥʦ ʨʘʟʤʝʨʦʤ W = 128 ʚʳʙʦʨʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʚ ʨʝʛʠʩʪʨʘʭ CORRTESTCUTOFF. ʆʪʜʝʣʴʥʳʝ ʧʨʦʚʝʨʢʠ ʩʦ ʩʤʝʱʝʥʠʝʤ (ʠʣʠ ʚʩʝ ʧʨʦʚʝʨʢʠ) 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʣʶʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʙʠʪʦʚ CORRTSTDIS ʚ ʨʝʛʠʩʪʨʝ ʫʧʨʘʚʣʝʥʠʷ (CR). 

ɺ ʢʘʞʜʦʤ ʦʢʥʝ ʧʨʦʚʝʨʷʝʪʩʷ ʦʜʥʘ ʧʘʨʘ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (RO). ɺʩʝ ʚʦʟʤʦʞʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʜʝʢʩʦʚ ʛʝʥʝʨʘʪʦʨʦʚ (RO) ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ 

(1-0,...,7-0,0-1,2-1,...,7-1,...). ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʦʢ ʦʪʢʣʶʯʝʥʥʳʭ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʙʫʜʫʪ ʟʘʤʘʩʢʠʨʦʚʘʥʳ. ʇʘʨʘ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʥʝ ʧʨʦʰʝʜʰʠʭ ʪʝʩʪ, ʪʦ ʝʩʪʴ ʠʭ ʠʥʜʝʢʩʳ 

ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʢ ʙʠʪʦʚʳʝ ʠʥʜʝʢʩʳ ʚ ʨʝʛʠʩʪʨʝ CORRTESTFAILED. 

 

17.7 ʊʝʩʪ ʥʘ ʧʦʜʩʯʸʪ ʘʚʪʦ-ʢʦʨʨʝʣʷʮʠʠ 

ʂʦʛʜʘ ʢʦʣʴʮʝʚʦʡ ʛʝʥʝʨʘʪʦʨ ʥʝʧʨʝʨʳʚʥʦ ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʨʦʞʘʥʠʷ (jitter), ʩʦʟʜʘʚʘʝʤʳʡ ʙʠʪʦʚʳʡ ʧʦʪʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ. ʊʝʩʪ ʥʘ ʧʦʜʩʯʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʪʴ ʵʪʦ ʧʦʚʝʜʝʥʠʝ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʜʠʥ 

ʢʦʣʴʮʝʚʦʡ ʛʝʥʝʨʘʪʦʨ. ʆʢʥʦ ʨʘʟʤʝʨʦʤ W = 128 ʚʳʙʦʨʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʧʦʨʦʛʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʚ ʨʝʛʠʩʪʨʘʭ AUTOCORRTESTCUTOFF. ʆʪʩʨʦʯʢʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʝʨʦʢ (ʠʣʠ ʚʩʝ ʧʨʦʚʝʨʢʠ) ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʣʶʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʙʠʪʦʚ 

ACORRTSTDIS ʚ ʨʝʛʠʩʪʨʝ ʫʧʨʘʚʣʝʥʠʷ (CR). 

ɺ ʢʘʞʜʦʤ ʦʢʥʝ ʧʨʦʚʝʨʷʝʪʩʷ ʦʜʠʥ ʢʦʣʴʮʝʚʦʡ ʛʝʥʝʨʘʪʦʨ (RO). ɺʩʝ ʢʦʣʴʮʝʚʳʝ 

ʛʝʥʝʨʘʪʦʨʳ ʧʦʠʥʜʝʢʩʥʦ ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʪʢʣʶʯʝʥʥʳʭ 
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ʛʝʥʝʨʘʪʦʨʦʚ ʙʫʜʫʪ ʟʘʤʘʩʢʠʨʦʚʘʥʳ. ɻʝʥʝʨʘʪʦʨ ʥʝ ʧʨʦʰʝʜʰʠʡ ʪʝʩʪ, ʪʦ ʝʩʪʴ ʝʛʦ ʠʥʜʝʢʩ, ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ ʙʠʪʦʚʳʡ ʠʥʜʝʢʩ ʚ ʨʝʛʠʩʪʨʝ AUTOCORRTESTFAILED. 

 

17.8 ʊʝʩʪ ʧʨʠ ʟʘʧʫʩʢʝ 

ʊʝʩʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ ʠ ʪʝʩʪ ʥʘ ʧʦʜʩʯʝʪ ʧʨʦʧʦʨʮʠʡ (ʦʢʥʦ ʠʟ 512 ʚʳʙʦʨʦʢ) 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʡʜʝʥʳ, ʧʨʝʞʜʝ ʯʝʤ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ ʙʫʜʫʪ ʩʯʠʪʘʥʳ ʠʟ FIFO.  

 

17.9 ʉʤʝʰʠʚʘʥʠʝ XOR 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʜʘʥʥʳʭ, ʩ ʩʘʤʦʡ ʥʠʟʢʦʡ 

ʟʘʜʝʨʞʢʦʡ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (RO). 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʦʣʴʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʧʦ ʤʝʪʦʜʫ XOR 

(ʀʩʢʣʶʯʘʶʱʝʛʦ ʀʣʠ), ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʵʥʪʨʦʧʠʠ. ʆʧʝʨʘʮʠʠ XOR ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʳ ʜʦ ʠʣʠ ʧʦʩʣʝ ʚʳʙʦʨʢʠ, ʥʦ ʚ ʜʘʥʥʦʤ ʀɻʉʏ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʚʳʙʦʨʢʘ, ʘ ʟʘʪʝʤ 

XOR. 

ʀʤʝʶʪʩʷ ʜʚʘ ʫʨʦʚʥʷ ʩʤʝʰʠʚʘʥʠʷ XOR. ʇʨʠ ʚʳʙʦʨʝ XOR1 ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʩʤʝʰʠʚʘʥʠʷ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥʦ ʩʦʢʨʘʱʝʥʠʝ ʩ 32 ʜʦ 4 ʙʠʪ. ɼʘʣʴʥʝʡʰʝʝ ʩʦʢʨʘʱʝʥʠʝ ʚʦʟʤʦʞʥʦ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʤʝʰʠʚʘʥʠʷ XOR2 ʢʘʢ ʩ 4 ʜʦ 1 ʙʠʪʘ. 

ʇʦʩʣʝʜʥʠʡ ʚʦʟʤʦʞʥʳʡ ʤʝʪʦʜ ʩʤʝʰʠʚʘʥʠʷ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʠʩʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʌʦʥ-ʅʝʡʤʘʥʘ. ʆʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ï 

ʝʩʣʠ ʚʭʦʜʥʳʝ ʙʠʪʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʠʜʝʥʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ, ʚʳʭʦʜʥʳʝ, 

ʚʝʨʦʷʪʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ. 

 

17.10 ʆʙʨʘʙʦʪʢʘ 

ʌʫʥʢʮʠʷ ʦʙʨʘʙʦʪʢʠ ʙʝʨʝʪ ʟʥʘʯʝʥʠʝ NbOfBlocks *128 ʙʠʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʪʨʦʧʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʛʝʥʝʨʠʨʫʝʪ nout = 128 ʙʠʪ ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ. ʇʨʝʜʧʦʣʘʛʘʷ, 

ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʪʨʦʧʠʷ H = 0.5 ʠ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ NbOfBlocks= 4, ʚʭʦʜʥʘʷ ʵʥʪʨʦʧʠʷ 

ʩʦʩʪʘʚʣʷʝʪ Ὤin = 512 * 0.5 = 256 ʙʠʪ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʠʤʝʝʤ 128 ʙʠʪ ʧʦʣʥʦʡ ʵʥʪʨʦʧʠʠ. ʌʫʥʢʮʠʷ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʧʫʪʝʤ 

ʦʪʧʨʘʚʢʠ ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ (ʠʩʧʦʣʴʟʫʷ TESTDATA ʩ ʫʩʪʘʥʦʚʢʦʡ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʠʪʘ 

TESTEN ʚ ʟʥʘʯʝʥʠʝ 1). 

 

17.11 FIFO 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ 32-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ, ʧʝʨʝʜ 

ʩʦʭʨʘʥʝʥʠʝʤ ʚ FIFO (ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʨʘʟʤʝʨ 256 ʩʣʦʚ *32 ʙʠʪʘ). 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʧʨʦʧʫʱʝʥʘ ʣʠ ʬʫʥʢʮʠʷ ʦʙʨʘʙʦʪʢʠ, ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʰʫʤʦʚʳʝ 

ʚʳʙʦʨʢʠ, ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʚʳʙʦʨʢʠ ʙʫʜʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ FIFO, ʝʩʣʠ ʙʠʪ ʩʪʘʨʪʘ/ʚʢʣʶʯʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥ, ʘ ʂɸ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ çErrorè. ʊʝʩʪʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʟʘʧʠʩʠ ʚ FIFO, ʜʘʞʝ ʥʘ ʵʪʘʧʝ ʟʘʧʫʩʢʘ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ FIFOFILLST. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ ʜʘʥʥʳʝ ʚ FIFO 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ. 32-ʨʘʟʨʷʜʥʳʝ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ APB, ʚ 

ʜʠʘʧʘʟʦʥʝ ʘʜʨʝʩʦʚ [0x80 - 0xFC]. 

 

17.12 LFSR 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʀɻʉʏ, ʚʳʙʦʨʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʠʟ ʨʝʛʠʩʪʨʘ LFSR (ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ ʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ) ʚʤʝʩʪʦ 

ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ. ʕʪʘ ʬʫʥʢʮʠʷ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ ʨʝʛʠʩʪʨʳ. 

 

17.13 ʇʨʝʨʳʚʘʥʠʷ 

ʀɻʉʏ ʠʤʝʝʪ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʡ. 
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ʊʘʙʣʠʮʘ 17.1 - ʀʩʪʦʯʥʠʢʠ ʧʨʝʨʳʚʘʥʠʷ 

ʀʤ ̫ ʆʧʠʩʘʥʠʝ 

FIFOFULLINT 

ʕʪʦʪ ʙʠʪ ʧʨʝʨʳʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ FIFO 

ʟʘʧʦʣʥʷʝʪʩʷ. ʆʥ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʟʘʧʠʩʠ ʨʝʛʠʩʪʨʘ 

FIFOLEV ʠʣʠ ʧʨʠ ʟʘʧʠʩʠ ó0ô ʚ 7 ʙʠʪ ʨʝʛʠʩʪʨʘ STAT 

(FIFOFULL) ʠʣʠ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʤ ʩʙʨʦʩʝ ʫʩʪʘʥʦʚʢʦʡ 8-ʛʦ 

ʙʠʪʘ SOFTRST ʨʝʛʠʩʪʨʘ CR.  

ANYTESTFAILINT 

ʕʪʦʪ ʙʠʪ ʧʨʝʨʳʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʦʰʠʙʢʠ ʚ ʣʶʙʦʤ ʠʟ ʪʝʩʪʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʆʥ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʟʘʧʠʩʠ ó0ô ʚ 6 ʙʠʪ ʨʝʛʠʩʪʨʘ STAT 

(ANYTESTFAIL) ʠʣʠ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʤ ʩʙʨʦʩʝ ʫʩʪʘʥʦʚʢʦʡ 

8-ʛʦ ʙʠʪʘ SOFTRST ʨʝʛʠʩʪʨʘ CR. 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʝʨʳʚʘʥʠʷ ʠʤʝʝʪʩʷ ʦʜʠʥ ʙʠʪ ʚ ʨʝʛʠʩʪʨʝ ʩʦʩʪʦʷʥʠʷ (STAT) ʠ 

ʦʜʠʥ ʙʠʪ ʨʘʟʨʝʰʝʥʠʷ ʚ ʨʝʛʠʩʪʨʝ ʫʧʨʘʚʣʝʥʠʷ (CR). ʉʦʩʪʦʷʥʠʷ ʚ ʨʝʛʠʩʪʨʝ ʩʦʩʪʦʷʥʠʷ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʡ ʙʠʪʦʚ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ (TFAILINTEN, FFULLINTEN) ʚ 

ʨʝʛʠʩʪʨʝ ʫʧʨʘʚʣʝʥʠʷ. ɹʠʪʳ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʚʥʝʰʥʝʛʦ ʩʠʛʥʘʣʘ ʧʨʝʨʳʚʘʥʠʷ IRQ. ɽʩʣʠ ʢʘʢʦʝ-ʪʦ ʧʨʝʨʳʚʘʥʠʝ ʘʢʪʠʚʥʦ ʠ ʚʢʣʶʯʝʥʦ, ʪʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ IRQ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

 

ɺ ʢʦʥʪʨʦʣʣʝʨ PLIC ʧʦʩʪʫʧʘʝʪ ʦʜʥʘ ʣʠʥʠʷ ʧʨʝʨʳʚʘʥʠʷ TRNGINT ʦʪ ʤʦʜʫʣʷ ʀɻʉʏ 

ʦʙ̡ʝʜʠʥʷʶʱʘʷ ʚ ʩʝʙʝ ʧʦ ʧʨʠʥʮʠʧʫ çʣʦʛʠʯʝʩʢʦʛʦ ʀʃʀè ʦʙʘ ʩʠʛʥʘʣʘ ʧʨʝʨʳʚʘʥʠʷ 

FIFOFULLINT ʠ ANYTESTFAILINT. 

 

17.14 ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʀɻʉʏ  

ʋʧʨʘʚʣʝʥʠʝ ʂʦʥʝʯʥʳʤ ɸʚʪʦʤʘʪʦʤ  

ʀɻʉʏ ʫʧʨʘʚʣʷʝʪʩʷ ʂʦʥʝʯʥʳʤ ɸʚʪʦʤʘʪʦʤ (ʂɸ), ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʩʝ 

ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʫʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩ.17.1. ɺʦ ʚʨʝʤʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʂɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʪʨʦʧʠʠ. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʂɸ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 17.4. 
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ʈʠʩʫʥʦʢ 17.4 ī ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʂɸ ʀɻʉʏ 

 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʥʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʧʧʘʨʘʪʥʳʡ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʩʙʨʦʩ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʂɸ ʚʦʟʚʨʘʱʘʝʪ ʀɻʉʏ ʦʙʨʘʪʥʦ ʚ ʩʦʩʪʦʷʥʠʝ ñResetò. 

 

ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʨʦʚʝʨʢʝ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ: 

1. ɿʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʩʙʨʦʩ; 

2. ɿʘʧʠʩʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʨʝʛʠʩʪʨ; 

ʋʙʝʜʠʪʴʩʷ, ʯʪʦ COUNTBLOCK = 4 ʠ TESTEN = 1; 

3. ɿʘʧʠʩʘʪʴ ʨʝʛʠʩʪʨ ʢʣʶʯʝʡ; 

4. ɿʘʧʠʩʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʛʠʩʪʨ TESTDATA (ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʚʦʜʘ ʜʘʥʥʳʭ 

ʧʦʜʦʞʜʘʪʴ, ʧʦʢʘ ʬʣʘʛ ʟʘʥʷʪʦʩʪʠ DATABUSYTEST ʥʝ ʩʙʨʦʩʠʪʩʷ); 

5. ʇʨʦʯʠʪʘʪʴ ʨʝʟʫʣʴʪʘʪ ʠʟ FIFO. 

ɺ ʪʘʙʣʠʮʝ ʥʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʜʘʥʥʳʭ. 
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ʊʘʙʣʠʮʘ 17.2 ï ʊʝʩʪ ʩ ʠʟʚʝʩʪʥʳʤ ʦʪʚʝʪʦʤ ʜʣʷ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ 

 ʌʦʨʤʘʪ 128 ʙʠʪ ʌʦʨʤʘʪ 32 ʙʠʪʘ APB 

ʂʣʶʯ 0x2B7E151628AED2A6ABF7158809CF4F

3C 

0x16157E2B 0xA6D2AE28 

0x8815F7AB 0x3C4FCF09 

ɺʭʦʜʥʦʡ 

ʩʠʛʥʘʣ 

0x6BC0BCE12A459991E134741A7F9E192

5 

0xE1BCC06B 0x9199452A 

0x1A7434E1 0x25199E7F 

 0xAE2D8A571E03AC9C9EB76FAC45AF8

E51 

0x578A2DAE 0x9CAC031E 

0xAC6FB79E 0x518EAF45 

 0x30C81C46A35CE411E5FBC1191A0A52

EF 

0x461CC830 0x11E45CA3 

0x19C1FBE5 0xEF520A1A 

 0xF69F2445DF4F9B17AD2B417BE66C371

0 

0x45249FF6 0x179B4FDF 

0x7B412BAD  0x10376CE6 

ʆʞʠʜʘʝʤʳʡ 

ʨʝʟʫʣʴʪʘʪ 

0x3FF1CAA1681FAC09120ECA307586E1

A7 

0xA1CAF13F 0x09AC1F68 

0x30CA0E12 0xA7E18675 

 

ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʨʦʚʝʨʢʝ ʠʩʪʦʯʥʠʢʘ ʵʥʪʨʦʧʠʠ: 

1. ɿʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʩʙʨʦʩ; 

2. ɿʘʧʠʩʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʨʝʛʠʩʪʨ, ʫʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʪʝʩʪʦʚ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝ ʙʫʜʝʪ ʧʨʦʧʫʱʝʥ, ʠ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ ʟʘʧʫʩʢʘ/ʚʢʣʶʯʝʥʠʷ; 

3. ɼʦʞʜʘʪʴʩʷ ʧʨʦʧʘʜʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ñʉʙʨʦʩò, ñɿʘʧʫʩʢò ʠʣʠ ñʆʰʠʙʢʘò. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʩʝ ʪʝʩʪʳ ʧʨʦʡʜʝʥʳ, ʠ ʠʩʪʦʯʥʠʢ ʵʥʪʨʦʧʠʠ ʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴʥʦ; 

4. ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ ñʆʰʠʙʢʘò ʥʝ ʧʨʦʧʘʜʘʝʪ, ʚʳʙʨʘʪʴ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

SAMPERIOD ʠ WARMPERIOD ʠ ʚʝʨʥʫʪʴʩʷ ʢ ʰʘʛʫ 1. 

 

ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʢʣʶʯʘ: 

1. ʇʨʦʚʝʨʠʪʴ ʨʝʛʠʩʪʨ FIFOLEV, ʯʪʦʙʳ ʫʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʠʣʠ ʜʦʞʜʘʪʴʩʷ FIFOFULL IRQ; 

2. ʂʦʛʜʘ FIFOLEV ʜʦʩʪʠʛʥʝʪ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʢʦʛʜʘ ʙʫʜʝʪ ʧʦʣʫʯʝʥ 

FIFOFULL IRQ, ʩʯʠʪʘʪʴ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ APB; 

3. ʀʩʧʦʣʴʟʫʡʪʝ 4ʭ32-ʙʠʪʥʳʭ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʣʫʯʘʡʥʦʛʦ ʢʣʶʯʘ; 

4. ʇʨʠʤʝʥʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʩʙʨʦʩ, ʜʣʷ ʦʯʠʩʪʢʠ FIFO. 

 

ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʙʦʨʦʢ: 

1. ʇʨʦʚʝʨʠʪʴ ʨʝʛʠʩʪʨ FIFOLEV, ʯʪʦʙʳ ʫʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʠʣʠ ʜʦʞʜʘʪʴʩʷ FIFOFULL IRQ; 

2. ʂʦʛʜʘ FIFOLEV ʜʦʩʪʠʛʥʝʪ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʢʦʛʜʘ ʙʫʜʝʪ ʧʦʣʫʯʝʥ 

FIFOFULL IRQ, ʩʯʠʪʘʪʴ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ APB. 
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ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ: 

1  ʆʪʢʣʶʯʠʪʴ ʀɻʉʏ (ʩʙʨʦʩʠʪʴ ʙʠʪ [0] ï START ï ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʝʛʠʩʪʨʘ CR); 

2  ʅʘʩʪʨʦʡʪʝ ʨʝʛʠʩʪʨ ʫʧʨʘʚʣʝʥʠʷ (CR); 

3  ɺʳʧʦʣʥʠʪʴ ʩʙʨʦʩ ʧʫʪʠ ʢ ʜʘʥʥʳʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʯʠʩʪʫʶ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ 

(ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ [8] ï SOFTRST ï ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʝʛʠʩʪʨʘ); 

4  ɺʢʣʶʯʠʪʴ ʀɻʉʏ ʦʙʨʘʪʥʦ (ʫʩʪʘʥʦʚʠʪʝ ʙʠʪ [0] ï START ï ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʝʛʠʩʪʨʘ). 

ʌʦʨʤʘʪ ʜʘʥʥʳʭ ï ʧʦʨʷʜʦʢ ʙʘʡʪʦʚ 

ɺʩʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʘʪʦʤ big-endian 

(ʩʪʘʥʜʘʨʪ AES). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʚʳʡ ʙʘʡʪ (ʤʣʘʜʰʠʡ ʘʜʨʝʩ) ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʟʥʘʯʠʤʳʤ ʙʘʡʪʦʤ (MSB). 

ʐʠʥʘ APB ʠʩʧʦʣʴʟʫʝʪ ʬʦʨʤʘʪ little endian. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʠʤʝʥʝʝ ʟʥʘʯʠʤʳʡ ʙʘʡʪ 

(LSB) ʭʨʘʥʠʪʩʷ ʧʦ ʩʘʤʦʤʫ ʤʣʘʜʰʝʤʫ ʘʜʨʝʩʫ. 

ʅʘʧʨʠʤʝʨ, 128-ʙʠʪʥʳʡ ʙʣʦʢ D[A] = 0x00112233445566778899AABBCCDDEEFF, 

ʭʨʘʥʷʱʠʡʩʷ ʧʦ ʘʜʨʝʩʫ ɸ (ʢʨʘʪʥʦʤʫ 4), ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʰʠʥʝ APB ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ  

32-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ: 

- D[A+0] = 0x33221100; 

- D[A+4] = 0x77665544; 

- D[A+8] = 0xBBAA9988; 

- D[A+12] = 0xFFDDEECʉ. 

 
17.15 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ (ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ), ʥʝʦʙʭʦʜʠʤʳʭ ʀɻʉʏ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ, 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

 

Nbcycles å 1024 Ĭ SAMPERIOD + WARMPERIOD,  (17.1) 

 

ʛʜʝ 1024 ï ʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ; 

 SAMPERIOD ʠ WARMPERIOD ï ʜʚʘ ʟʥʘʯʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʟʘʜʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʜʥʦʠʤʝʥʥʳʭ ʨʝʛʠʩʪʨʦʚ). 

 

ʇʨʠ ʪʠʧʠʯʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʝʩʣʠ ʫʩʪʘʥʦʚʠʪʴ SAMPERIOD = 30 ʠ 

WARMPERIOD = 512, ʩ ʤʦʤʝʥʪʘ ʫʩʪʘʥʦʚʢʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʝʛʠʩʪʨʘ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ 

ʩʣʫʯʘʡʥʦʛʦ ʩʣʦʚʘ ʚ ʚʳʭʦʜʥʦʤ ʙʫʬʝʨʝ FIFO ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ  

1024 Ĭ 30 + 512 = 31 232 ʮʠʢʣʘ. 
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18 ʏʘʩr ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ RTC 

ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ RTC ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. ɼʘʥʥʳʡ ʙʣʦʢ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʫ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʥʘ ʦʜʥʦʤ 

ʠʟ ʚʳʚʦʜʦʚ Vʉʉ1(ʚʳʚʦʜ 12) ʠʣʠ V_BAT, ʪʘʢ ʢʘʢ ʙʣʦʢ PMU_RTC ʟʘʧʠʪʘʥ ʦʪ ʚʳʭʦʜʘ VAON 

ʤʦʜʫʣʷ APC. ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʤʦʜʫʣʷ APC ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 5.1. 

ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʘ RTC ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 18.1. 

ɺ ʩʦʩʪʘʚ ʙʣʦʢʘ ʯʘʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʭʦʜʷʪ: 

1) ʪʘʢʪʦʚʳʡ ʛʝʥʝʨʘʪʦʨ, ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ: 

- ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ ʦʩʮʠʣʣʷʪʦʨ 32kHz ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ; 

- ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʡ RC-ʛʝʥʝʨʘʪʦʨ 32kHz; 

- ʚʳʭʦʜʥʦʡ ʜʝʣʠʪʝʣʴ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ; 

2) 32-ʨʘʟʨʷʜʥʳʡ ʩʯʝʪʯʠʢ ʚʨʝʤʝʥʠ (ʦʭʚʘʪʳʚʘʝʪ ʧʦʜʩʯʝʪ ʩʝʢʫʥʜ ʜʦ 136 ʣʝʪ); 

3) 32-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʩʠʛʥʘʣʠʟʘʮʠʠ Alarm; 

4) 16 32-ʨʘʟʨʷʜʥʳʭ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

5) 11-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,5 ppm ʜʣʷ 

ʪʘʢʪʦʚʦʛʦ ʚʳʭʦʜʘ 1ʩ; 

6) 11-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ RC-ʛʝʥʝʨʘʪʦʨʘ; 

7) ʪʨʠ ʚʭʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʢʨʳʪʠʡ AT_IN0-AT_IN2 ʩ ʦʜʥʠʤ ʚʳʭʦʜʦʤ ʛʝʥʝʨʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AT_OUT; 

8) ʢʦʥʪʨʦʣʣʝʨ ʧʨʦʙʫʞʜʝʥʠʡ ʩ ʬʠʢʩʘʮʠʝʡ ʩʦʙʳʪʠʡ ʦʪ ʚʥʝʰʥʠʭ ʚʳʚʦʜʦʚ WAKEUP0 ï 

WAKEUP2. 

 

ɹʣʦʢ RTC ʬʦʨʤʠʨʫʝʪ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ lpclk ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘʤʠ 

ʥʘʧʨʷʞʝʥʠʡ (LDO0 ʠ LDO1) ʠ ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʠʪʘʥʠʷ APC. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʩʠʛʥʘʣʘ lpclk ʩʦʩʪʘʚʣʷʝʪ 30 ʤʢʩ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚʳʙʠʨʘʝʪʩʷ ʙʠʪʦʤ LS ʨʝʛʠʩʪʨʘ RTC_CFG0 (15 ʤʢʩ ʠʣʠ 30 ʤʢʩ). 

ɺʢʣʶʯʝʥʠʝ ʩʠʛʥʘʣʘ lpclk ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʪʘ CD ʨʝʛʠʩʪʨʘ RTC_CFG0. 

ʈʝʛʠʩʪʨʳ ʙʣʦʢʘ RTC, ʚ ʪʦʤ ʯʠʩʣʝ TIME, ALARM, ʘ ʪʘʢʞʝ ʨʝʛʠʩʪʨʳ ʢʦʥʬʠʛʫʨʘʮʠʠ 

PMURTC ʩʙʨʘʩʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʩʣʝ ʧʦʣʥʦʛʦ 

ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦ ʚʳʚʦʜʘʤ VCC1 ʠ V_BAT. 

ʇʨʠ ʧʝʨʚʦʤ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ 

ALARMEN ʨʝʛʠʩʪʨʘ RTC_CFG1, ʠ ʨʝʛʠʩʪʨʳ RTC_TIME ʠ RTC_ALARM  ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʦʝ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ, ʚʦʟʥʠʢʘʝʪ ʩʦʙʳʪʠʝ ALARM. ʇʦʵʪʦʤʫ, ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 

ʧʨʝʨʳʚʘʥʠʷ ʙʣʦʢʘ PMU_RTC ʩʨʘʟʫ ʞʝ ʙʫʜʝʪ ʚʳʟʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʨʘʙʦʪʯʠʢ 

ʧʨʝʨʳʚʘʥʠʷ. ʉʙʨʦʩ ʟʘʧʨʦʩʘ ʥʘ ʧʨʝʨʳʚʘʥʠʝ PMU_RTC ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴʶ ʝʜʠʥʠʮʳ ʚ 

ʙʠʪ IRQEVT ʨʝʛʠʩʪʨʘ PMU_IRQEVT. 
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18.1 ʆʩʦʙʝʥʥʦʩʪʠ 

 

 
ʈʠʩʫʥʦʢ 18.2 ï ɼʠʘʛʨʘʤʤʘ ʩʪʘʨʪʘ ʦʩʮʠʣʣʷʪʦʨʘ 

 

ʇʝʨʚʳʡ ʪʘʢʪ ʛʝʥʝʨʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʜʘʶʱʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʘ clk32 - 32.768kHz. 

ʆʪʩʯʝʪ ʢʣʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʦʩʭʦʜʷʱʝʤʫ ʬʨʦʥʪʫ 1ʩ, clk1s. ʉʨʘʚʥʝʥʠʝ ʧʘʜʘʶʱʝʛʦ 

ʬʨʦʥʪʘ 1 ʪʘʢʪʘ, clk1s. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʧʝʨʚʳʡ ʪʘʢʪ ʚʥʫʪʨʝʥʥʝʛʦ RC-ʛʝʥʝʨʘʪʦʨʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʩʝ ʩʯʝʪʯʠʢʠ ʠ ʨʝʛʠʩʪʨʳ PMURTC ʚ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʢʦʛʜʘ 

ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ LDO_RTC ʧʦʚʳʰʘʝʪʩʷ. 

ɺʢʣʶʯʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ, 

ʩʙʨʘʩʳʚʘʶʪ ʠ ʦʪʢʣʶʯʘʶʪ ʩʠʛʥʘʣʳ. ʉʠʛʥʘʣ ʦʧʦʚʝʱʝʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 1 ï ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ, 0 ï ʨʘʙʦʪʘ ʥʘ ʥʠʟʢʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ RTC ʠʣʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʠʛʥʘʣʘ ʧʠʪʘʥʠʷ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʠʪ TIMEALARM  ʨʝʛʠʩʪʨʘ RTC_HISTORY ʠ ʚʢʣʶʯʘʶʪʩʷ ʦʙʘ ʨʝʛʫʣʷʪʦʨʘ 

(REGEN[1:0]=11b ʠ REGDIS[1:0]=00b). 

 

18.2 ʂʦʥʪʨʦʣʣʝʨ ʧʨʦʙʫʞʜʝʥʠʷ WAKE  

ʂʦʥʪʨʦʣʣʝʨ ʧʨʦʙʫʞʜʝʥʠʷ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʩʦʙʳʪʠʡ WKUP[0] - WKUP[5], 

ʘ ʪʘʢʞʝ ʩʦʙʳʪʠʷ ʦʪ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ (ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʮʝʧʝʡ AT_IN0 - AT_IN2, 

ʨʘʩʭʦʞʜʝʥʠʝ ʯʘʩʪʦʪ RC-ʛʝʥʝʨʘʪʦʨʘ) ʠ ʩʦʙʳʪʠʝ ʩʠʛʥʘʣʠʟʘʪʦʨʘ Alarm (ʩʦʚʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʨʝʛʠʩʪʨʦʚ RTC_TIME ʠ RTC_ALARM ). ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʦʙʫʞʜʝʥʠʷ 

WAKE ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 18.3.  

ʉʦʙʳʪʠʷ WKUP[0] - WKUP[2] ʫʧʨʘʚʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ ʚʳʚʦʜʘʤʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

WAKEUP0 ï WAKEUP2. ʇʦʣʷʨʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʦʙʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʠʪʘʤʠ 

WAKEPOL[2:0] ʨʝʛʠʩʪʨʘ PMURTC->RTC_WAKECFG (ɽʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ 

WAKEPOL ʩʙʨʦʰʝʥ, ʪʦ ʘʢʪʠʚʥʳʤ ʜʣʷ ʩʠʛʥʘʣʘ ʧʨʦʙʫʞʜʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʚʳʩʦʢʠʡ ʣʦʛʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. ɽʩʣʠ ʙʠʪ ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʥʠʟʢʠʡ ʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ). ʆʪʩʣʝʜʠʪʴ ʩʦʙʳʪʠʷ 

WKUP[0]-WKUP[2], ʚʳʟʚʘʚʰʠʝ ʧʨʝʨʳʚʘʥʠʝ, ʤʦʞʥʦ ʚ ʨʝʛʠʩʪʨʝ PMURTC->RTC_HISTORY 

ʚ ʙʠʪʦʚʳʭ ʧʦʣʷʭ WAKE0-WAKE2. ʂʦʥʪʨʦʣʣʝʨ Wake ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʣʦʢʘ RTC ʠ 

ʧʦʜʢʣʶʯʝʥ ʢ ʨʝʛʫʣʷʪʦʨʫ LDO_RTC, ʧʦʵʪʦʤʫ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʧʦ ʚʳʚʦʜʘʤ 

WAKEUP0 ï WAKEUP2 ʚʳʩʦʢʠʤ ʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚʳʰʝ ʫʨʦʚʥʷ 

1,4 ɺ (ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ LDO_RTC). 

ʉʦʙʳʪʠʝ WKUP[3] ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʙʳʪʠʡ ʦʪ ʩʣʝʜʫʶʱʠʭ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ: 

- CLK1S ï ʩʦʙʳʪʠʝ ʧʝʨʠʦʜʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʪʘʡʤʝʨʘ REG_TIME. ɽʩʣʠ ʙʠʪ CLKSEL 

ʨʝʛʠʩʪʨʘ RTC_CFG1 ʫʩʪʘʥʦʚʣʝʥ, ʪʦ ʯʘʩʪʦʪʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ 1 ɻʮ, ʝʩʣʠ ʩʙʨʦʰʝʥ ï ʪʦ 32 

ʂɻʮ; 

- EXTRST ï ʩʠʛʥʘʣ ʚʥʝʰʥʝʛʦ ʩʙʨʦʩʘ RST; 

- IWDT ï ʩʠʛʥʘʣ ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ; 

- CMP0 ï ʩʠʛʥʘʣ ʪʨʠʛʛʝʨʘ ʙʣʦʢʘ ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ 0; 

- CMP1 ï ʩʠʛʥʘʣ ʪʨʠʛʛʝʨʘ ʙʣʦʢʘ ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ 1. 



 

 147 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦ ʩʦʙʳʪʠʶ WKUP[3] ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ RTC ʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʦʙʫʞʜʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʨʝʞʠʤʘ ʩʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ 

WAKEEN[3] ʨʝʛʠʩʪʨʘ PMURTC->RTC_WAKECFG, ʧʨʠ ʵʪʦʤ ʙʠʪ WAKEPOL[3] ʨʝʛʠʩʪʨʘ 

PMURTC->RTC_WAKECFG ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʨʦʰʝʥ. ɺʳʙʦʨ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʩʦʙʳʪʠʝ WKUP[3] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʪ 

ʨʝʛʠʩʪʨʘ PMURTC->PMU_WK3EN. ʆʪʩʣʝʜʠʪʴ ʩʦʙʳʪʠʝ WKUP[3], ʚʳʟʚʘʚʰʝʝ ʧʨʝʨʳʚʘʥʠʝ, 

ʤʦʞʥʦ ʚ ʨʝʛʠʩʪʨʝ PMURTC->RTC_HISTORY ʚ ʙʠʪʦʚʦʤ ʧʦʣʝ WKVBATPER. ʆʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʠʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ ʚʳʟʚʘʣʠ ʩʦʙʳʪʠʝ ʤʦʞʥʦ ʚ ʨʝʛʠʩʪʨʝ ʩʪʘʪʫʩʘ  

PMURTC->PMU_WK3STAT. 

ʉʠʛʥʘʣ ʩʦʙʳʪʠʷ WKUP[4] ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʷ VAON 1,8 ɺ ʧʨʠ 

ʥʘʨʘʩʪʘʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʷ VAON 1,7 ɺ ʧʨʠ ʩʥʠʞʝʥʠʠ 

(ʩʤ. ʨʠʩʫʥʦʢ 18.4). 

 

 
ʈʠʩʫʥʦʢ 18.4 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ WKUP[4] 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦ ʩʦʙʳʪʠʶ WKUP[4] ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ RTC ʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʦʙʫʞʜʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʨʝʞʠʤʘ ʩʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ 
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WAKEEN[4] ʨʝʛʠʩʪʨʘ PMURTC->RTC_WAKECFG, ʧʨʠ ʵʪʦʤ ʙʠʪ WAKEPOL[4] ʨʝʛʠʩʪʨʘ 

PMURTC->RTC_WAKECFG ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʨʦʰʝʥ. ʉʪʘʪʫʩ ʩʦʙʳʪʠʷ WKUP[4] ʦʪʨʘʞʘʝʪʩʷ 

ʚ ʙʠʪʦʚʦʤ ʧʦʣʝ WKUVLO ʨʝʛʠʩʪʨʘ PMURTC->RTC_HISTORY. 

ʉʠʛʥʘʣ ʩʦʙʳʪʠʷ WKUP[5] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʧʦʜʢʣʶʯʝʥʦ ʥʘʧʨʷʞʝʥʠʝ V_BAT ʠ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ APC ï VCC1(ʚʳʚʦʜ ˉ 12). ʊʘʢ 

ʩʦʙʳʪʠʝ WKUP[5] ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʫʩʣʦʚʠʠ V_BAT > VCC1(ʚʳʚʦʜ ˉ 12), ʪ.ʝ. ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʥʘ ʙʘʪʘʨʝʡʥʦʝ ʧʠʪʘʥʠʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦ ʩʦʙʳʪʠʶ WKUP[5] ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ RTC ʠ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʦʙʫʞʜʝʥʠʝ 

ʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʨʝʞʠʤʘ ʩʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʙʠʪ WAKEEN[5] ʨʝʛʠʩʪʨʘ PMURTC-

>RTC_WAKECFG, ʧʨʠ ʵʪʦʤ ʙʠʪ WAKEPOL[5] ʨʝʛʠʩʪʨʘ  

PMURTC->RTC_WAKECFG ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʨʦʰʝʥ. ʉʪʘʪʫʩ ʩʦʙʳʪʠʷ WKUP[5] ʦʪʨʘʞʘʝʪʩʷ 

ʚ ʙʠʪʦʚʦʤ ʧʦʣʝ WKVFVBAK  ʨʝʛʠʩʪʨʘ PMURTC->RTC_HISTORY. 

ʉʦʙʳʪʠʷ ʦʪ ʤʦʥʠʪʦʨʘ ʚʩʢʨʳʪʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʝ ʙʣʦʢʘ RTC ʠ 

ʧʨʦʙʫʞʜʘʪʴ ʢʦʥʪʨʦʣʣʝʨ ʠʟ ʨʝʞʠʤʘ ʩʥʘ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚʭʦʜʦʚ AT_IN0, 

AT_IN1, AT_IN2 ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʪʳ TAMPER0EN ï 

TAMPER2EN ʨʝʛʠʩʪʨʘ PMURTC->RTC_WAKECFG. 

 

ɺ WAKECONFIG ʨʝʛʠʩʪʨʝ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʪʘʢ, ʯʪʦʙʳ ʦʪʜʝʣʴʥʳʝ 

ʨʝʛʫʣʷʪʦʨʳ ʦʩʪʘʚʘʣʠʩʴ ʚʢʣʶʯʝʥʥʳʤʠ, ʜʘʞʝ ʧʨʠ ʩʠʛʥʘʣʝ ʦʧʦʚʝʱʝʥʠʷ = 0 ʠʣʠ ʯʪʦʙʳ 

ʦʪʜʝʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʦʩʪʘʚʘʣʠʩʴ ʦʪʢʣʶʯʝʥʥʳʤʠ ʧʨʠ ʩʠʛʥʘʣʝ ʦʧʦʚʝʱʝʥʠʷ = 1. 

WKUP[4] (ʧʦʥʠʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ (VAON)) ʠ WKUP[5] (ʩʠʛʥʘʣ ʦʪ 

ʢʦʤʧʘʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ V_BAT ʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ APC ī VCC1(ʚʳʚʦʜ ˉ 12)) ʠʤʝʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʙʳʪʠʷʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ ʦʧʦʚʝʱʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥ, ʥʦ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ, ʧʦʩʢʦʣʴʢʫ ʨʝʛʫʣʷʪʦʨʳ, 

ʦʪʢʣʶʯʝʥʥʳʝ ʩʠʛʥʘʣʦʤ ʦʧʦʚʝʱʝʥʠʷ = 1, ʧʝʨʝʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ [4] ʠʣʠ 

ʚʢʣʶʯʝʥʠʠ [5].  

ɹʠʪʳ LP[1:0] ʠʣʠ ULP[1:0] ʨʝʛʠʩʪʨʘ RTC_CFG1 ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʨʝʞʠʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠʣʠ ʩʚʝʨʭʥʠʟʢʦʡ 

ʤʦʱʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʭʦʜ ʚ ʵʪʠ ʨʝʞʠʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʙʨʦʩʦʤ ʙʠʪʘ ALARMRST 

ʨʝʛʠʩʪʨʘ RTC_CFG1. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʚ ʨʝʛʠʩʪʨʝ RTC_HISTORY ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ 

ʨʝʞʠʤ RUN ʠʟ ʨʝʞʠʤʦʚ STOP (LP_STOP, ULP_STOP) ʠ POWER_OFF ʥʝʦʙʭʦʜʠʤʦ ʚʥʘʯʘʣʝ 

ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʩʙʨʦʩʠʪʴ ʨʝʛʠʩʪʨ RTC_HISTORY. ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʙʫʜʫʪ 

ʢʦʨʨʝʢʪʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʨʝʛʠʩʪʨʝ History.  

ʅʘ ʨʠʩʫʥʢʝ 18.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ ʧʨʦʩʳʧʘʥʠʷ, ʟʘʧʫʩʢʘ LDO, ʩʪʘʨʪʘ ʧʨʦʛʨʘʤʤʳ ʠ ʩʙʨʦʩʘ ʨʝʛʠʩʪʨʘ 

RTC_HISTORY. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʩʣʫʯʘʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ RUN ʠʟ 

ʨʝʞʠʤʘ POWER_OFF. ɺ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʧʨʦʙʫʞʜʝʥʠʷ çWAKEè ʥʘ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ 

ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʝ ʠʟ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ 

ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʦʙʫʞʜʝʥʠʷ WAKE (ʨʠʩʫʥʦʢ 18.3). 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʩʦʙʳʪʠʝ ʜʦʣʞʥʦ ʧʨʦʜʦʣʞʘʪʴʩʷ ʥʝ ʤʝʥʝʝ 5ʤʩ. 
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ʈʠʩʫʥʦʢ 18.5 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ 

ʧʨʦʩʳʧʘʥʠʷ 

 

18.3 ʄʦʥʠʪʦʨʠʥʛ ʚʩʢʨʳʪʠʡ 

ɹʣʦʢ ʩʦʜʝʨʞʠʪ ʜʚʘ ʨʝʞʠʤʘ ʤʦʥʠʪʦʨʘ: 

- ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʇʉʇ) ʥʘ ʚʳʭʦʜʝ AT_OUT ʩ 

ʧʦʩʣʝʜʫʶʱʝʤ ʩʨʘʚʥʝʥʠʝʤ ʩ ʩʠʛʥʘʣʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʚʭʦʜʘʤ AT_IN0, AT_IN1 ʠ AT_IN2; 

- ʤʦʥʠʪʦʨʠʥʛ ʯʘʩʪʦʪʳ, ʩʨʘʚʥʠʚʘʶʱʠʡ ʚʥʝʰʥʠʡ ʦʩʮʠʣʣʷʪʦʨ ʯʘʩʪʦʪʦʡ 32768 ɻʮ ʠ 

ʚʥʫʪʨʝʥʥʠʡ RC ʛʝʥʝʨʘʪʦʨ. 

ʄʦʥʠʪʦʨʠʥʛ ʚʩʢʨʳʪʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʣʦʢʘ RTC ʠ ʧʦʜʢʣʶʯʝʥ ʢ ʨʝʛʫʣʷʪʦʨʫ 

LDO_RTC, ʧʦʵʪʦʤʫ ʥʘ ʚʳʭʦʜʝ AT_OUT ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʧʣʠʪʫʜʦʡ 1,4 ɺ. 

 

ʄʦʥʠʪʦʨʠʥʛ ʚʭʦʜʦʚ AT_IN0, AT_IN1, AT_IN2  

ʇʝʨʚʘʷ ʯʘʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʢʨʳʪʠʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʮʝʣʦʩʪʥʦʩʪʴʶ ʚʥʝʰʥʠʭ ʮʝʧʝʡ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ ʚʳʭʦʜʦʤ AT_OUT ʠ ʚʭʦʜʘʤʠ AT_IN0, 

AT_IN1 ʠ AT_IN2. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʟʨʳʚʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩ ̫ʙʠʪ TIMEALARM ʨʝʛʠʩʪʨʘ 

RTC_HISTORY ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ TAMPER0EN - TAMPEREN2 ʨʝʛʠʩʪʨʘ 

RTC_WAKECFG, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʮʝʧʴ, ʧʦ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥ ʨʘʟʨʳʚ. 

ʉʦʙʳʪʠʝ ʩʯʠʪʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

- ʨʘʟʨʳʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ, ʝʩʣʠ ʦʥ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʭʦʜʝ, ʢʦʪʦʨʳʡ ʨʘʟʨʝʰʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʠʪʦʤ A2, A1, A0 ʨʝʛʠʩʪʨʘ WAKECONFIG; 

- ʨʘʟʨʳʚ ʢʘʞʜʦʡ ʠʟ ʮʝʧʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ATOUT ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʭʦʜʦʤ ATIN2, ATIN 1, ATIN 0.   

ʅʘ ʚʳʭʦʜ ATOUT ʚʳʜʘʝʪʩʷ ʇʉʇ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʝʛʠʩʪʨʦʤ ʩʜʚʠʛʘ ʩ ʣʠʥʝʡʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (LFSR), ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʳʤ ʩʠʛʥʘʣʦʤ CLKDIV. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʜʣʷ 

CLKDIV  ʟʘʜʘʸʪʩʷ ʧʨʦʛʨʘʤʤʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʯʫʶ ʯʘʩʪʦʪʫ ʩʜʚʠʛʘ ʩ ʫʯʝʪʦʤ 

ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ ʚʥʝʰʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʪʘʙʣʠʮʝ 18.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ CLKDIV  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʦʛʦ ʧʦʣʷ 

CLKDIV  ʨʝʛʠʩʪʨʘ RTC_TRIM. 
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ʊʘʙʣʠʮʘ 18.1 ï ɿʥʘʯʝʥʠʷ ʜʝʣʠʪʝʣʷ CLKDIV  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʙʠʪʦʚʦʛʦ ʧʦʣʷ 

ɿʥʘʯʝʥʠʝ CLKDIV  

ʨʝʛʠʩʪʨʘ  

ʏʘʩʪʦʪʘ CLKDIV , 

ɻʮ 

ɿʥʘʯʝʥʠʝ CLKDIV  

ʨʝʛʠʩʪʨʘ  

ʏʘʩʪʦʪʘ CLKDIV , 

ɻʮ 

0x00 32 768 0x0B 16 

0x01 16 384 0x0C 8 

0x02 8 192 0x0D 4 

0x03 4 096 0x0E 2 

0x04 2 048 0x0F 1 

0x05 1 024 0x10 1/2 

0x06 512 0x11 1/4 

0x07 256 0x12 1/8 

0x08 128 0x13 1/16 

0x09 64 0x14 1/32 

0x0A 32 0x15 1/64 
  ʇʨʠʤʝʯʘʥʠʝ ï ɿʥʘʯʝʥʠʷ ʙʠʪʦʚʦʛʦ ʧʦʣʷ 0x16 ï 0x1F ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʳ 

 

ʉʨʘʚʥʝʥʠʝ ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ RC ʛʝʥʝʨʘʪʦʨʘ 

 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʢʨʳʪʠʡ ʩʯʠʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʪʦʚ ʚʥʝʰʥʝʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 32 ʧʝʨʠʦʜʦʚ ʚʥʫʪʨʝʥʥʝʛʦ RC ʛʝʥʝʨʘʪʦʨʘ (32768 ɻʮ). ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʯʠʪʘʥʥʳʭ ʪʘʢʪʦʚ ʚʥʝʰʥʝʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ ʩʦʙʳʪʠʷ AT2 ʙʠʪʦʚʦʤ ʧʦʣʝ ʨʝʛʠʩʪʨʘ RTC_CFG0. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʦʪʢʣʶʯʝʥ. ʊʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʪʦʚ 

ʚʥʝʰʥʝʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʦʪʦʙʨʘʞʝʥʦ ʚ ʙʠʪʦʚʦʤ ʧʦʣʝ FREQDIFF ʨʝʛʠʩʪʨʘ RTC_CFG0. 

ʇʨʝʜʝʣ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʪʘʢʪʦʚ ʟʘʜʘʝʪʩʷ ʙʠʪʦʚʳʤ ʧʦʣʝʤ AT2 ʨʝʛʠʩʪʨʘ 

RTC_CFG0, ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 18.2. 

ʄʦʥʠʪʦʨʠʥʛ ʪʘʢʪʦʚ ʚʥʝʰʥʝʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʦʪʢʣʶʯʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʂʘʞʜʳʡ ʨʘʟ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ ʠ RC ʛʝʥʝʨʘʪʦʨʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚʳʟʳʚʘʝʪʩʷ ʩʦʙʳʪʠʝ ʧʨʦʙʫʞʜʝʥʠʷ 

(ALARM ).  

 

ʊʘʙʣʠʮʘ 18.2 ï ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʪʘʢʪʦʚ ʚʥʝʰʥʝʛʦ 

ʦʩʮʠʣʣʷʪʦʨʘ 

ɿʥʘʯʝʥʠʝ AT2 ʨʝʛʠʩʪʨʘ RTC_CFG0 ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ 

0x00 ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

0x01 ʜʦ 4,7 % 

0x02 ʜʦ 7,8 % 

0x03 ʜʦ 10,9 % 

0x04 ʜʦ 14,1 % 

0x05 ʜʦ 17,2 % 

0x06 ʜʦ 20,3 %; 

0x07 ʜʦ 23,4 % 

 

18.4 ʂʘʣʠʙʨʦʚʢʘ ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʩʝʢʫʥʜʥʳʤ ʧʝʨʠʦʜʦʤ  

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʳʚʦʜʝ ʛʝʥʝʨʘʪʦʨʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʭʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ (ɸʈʋ), ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ ʫʩʠʣʝʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʳ. ʂʦʛʜʘ ʢʦʣʝʙʘʥʠʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʭʝʤʦʡ ʤʦʥʠʪʦʨʘ, ʥʘ ʚʥʫʪʨʝʥʥʝʤ 

ʚʳʚʦʜʝ ʩʙʨʦʩʘ rstz ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ. ʂʚʘʨʮʝʚʳʡ ʛʝʥʝʨʘʪʦʨ ʪʘʢʞʝ ʠʤʝʝʪ 

ʨʝʞʠʤ ʦʙʭʦʜʘ (ʙʠʪ BYPASS ʨʝʛʠʩʪʨʘ RTC_TRIM), ʧʦʣʫʯʘʷ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʥʘʧʨʷʤʫʶ ʩ 

ʚʳʚʦʜʘ XI_ RTC.  
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ʂʘʣʠʙʨʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 11-ʙʠʪʥʦʝ ʩʣʦʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʟʥʘʢʘ ʠ 10-ʨʘʟʨʷʜʥʦʡ 

ʧʦʜʩʪʨʦʡʢʠ (ʪʘʙʣʠʮʘ 18.3). 

 

ʊʘʙʣʠʮʘ 18.3 ï ʊʘʙʣʠʮʘ ʢʘʣʠʙʨʦʚʢʠ ʦʜʥʦʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ 

ɿʥʘʯʝʥʠʝ ʧʦʣʷ 

TRIM1S ʨʝʛʠʩʪʨʘ 

RTC_TRIM 

ʂʦʨʨʝʢʮʠʷ, 

ppm 
ʆʧʠʩʘʥʠʝ 

011 1111 1111 512 ʋʚʝʣʠʯʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 1024 ʪʘʢʪʘ 

ʯʘʩʪʦʪʳ RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

011 1111 1110 511.5 ʋʚʝʣʠʯʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 1023 ʪʘʢʪʘ 

ʯʘʩʪʦʪʳ RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

000 0000 0001 1 ʋʚʝʣʠʯʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 2 ʪʘʢʪʘ ʯʘʩʪʦʪʳ 

RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

000 0000 0000 0.5 ʋʚʝʣʠʯʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 1 ʪʘʢʪ ʯʘʩʪʦʪʳ 

RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

111 1111 1111 0 ʂʘʣʠʙʨʦʚʢʘ ʚʳʢʣʶʯʝʥʘ (ʧʦ ʫʤʦʣʯʘʥʠʶ) 

111 1111 1110 -0.5 ʋʤʝʥʴʰʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 1 ʪʘʢʪ ʯʘʩʪʦʪʳ 

RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

100 0000 0001 -511 ʋʤʝʥʴʰʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 1022 ʪʘʢʪʘ 

ʯʘʩʪʦʪʳ RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

100 0000 0000 -511.5 ʋʤʝʥʴʰʝʥʠʝ 1-ʩʝʢʫʥʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ 1023 ʪʘʢʪʘ 

ʯʘʩʪʦʪʳ RTC ʢʘʞʜʳʝ 64 ʩʝʢʫʥʜʳ 

 

18.5 ʂʘʣʠʙʨʦʚʢʘ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ RC-ʛʝʥʝʨʘʪʦʨʘ  

ʇʦʩʢʦʣʴʢʫ RC-ʛʝʥʝʨʘʪʦʨʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʚ ʪʘʢʪʦʚʦʤ ʛʝʥʝʨʘʪʦʨʝ, ʚʭʦʜʷʱʝʤ ʚ ʩʦʩʪʘʚ ʙʣʦʢʘ RTC, ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʦʪ RC-ʛʝʥʝʨʘʪʦʨʘ. ʇʦʜʩʪʨʦʡʢʘ 

ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʘʧʠʩʠ ʧʦʧʨʘʚʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʨʝʛʠʩʪʨ 

RTC_TRIMRC. 

ʐʘʛ ʧʦʜʩʪʨʦʡʢʠ ʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʦʪ ʰʘʛʘ 

ʧʦʜʩʪʨʦʡʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 18.5. 

 
ʈʠʩʫʥʦʢ 18.5 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʦʪ ʰʘʛʘ ʧʦʜʩʪʨʦʡʢʠ 
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ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʜʣʷ ʧʦʜʩʪʨʦʡʢʠ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ 

ʯʘʩʪʦʪʳ ʙʦʣʴʰʝ, ʘ ʪʦʯʥʦʩʪʴ ʧʦʜʩʪʨʦʡʢʠ ʚʳʰʝ, ʯʝʤ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ. 

 

ʇʨʠʤʝʨʳ ʟʥʘʯʝʥʠʡ ʧʦʜʩʪʨʦʡʢʠ ʜʣʷ ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ RTC_TRIMRC ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 

18.4. 

 

ʊʘʙʣʠʮʘ 18.4 ï ʊʘʙʣʠʮʘ ʢʘʣʠʙʨʦʚʢʠ ʩʠʛʥʘʣʘ RC-ʛʝʥʝʨʘʪʦʨʘ  

ɿʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ 

RTC_TRIMRC 

ʂʦʨʨʝʢʮʠʷ, 

% 
ʆʧʠʩʘʥʠʝ 

1000 0000 -45,51 ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

1000 0001 -45,35 ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

é   

1111 1111 -15,28 ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

0000 0000 -14,91 ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

0000 0001 -14,54 ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

é   

0010 0001 -0,51 ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

0010 0010 0 ɿʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʢʦʨʨʝʢʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ 

0010 0011 +0,52 ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

é   

0111 1110 +90,20 ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

0111 1111 +92,08 ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ 

 

ɼʣʷ ʧʦʜʩʪʨʦʡʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʭʦʜ, ʢʦʛʜʘ ʜʣʷ ʨʘʩʯʸʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʦʜʩʪʨʦʡʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. 

 

18.6 ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʢʣʶʯʝʥʠʶ ʠ ʪʨʘʩʩʠʨʦʚʢʝ ʩʠʛʥʘʣʦʚ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʢʣʶʯʝʥʠʶ: 

- ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʤʢʦʩʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ RTC ʠ ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʘʤʠ; 

- ʠʟʙʝʛʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ ʩʠʛʥʘʣʦʚ RTC ʩ ʜʨʫʛʠʤʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ; 

- ʧʦʤʝʩʪʠʪʴ ʢʚʘʨʮʝʚʳʡ ʨʝʟʦʥʘʪʦʨ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʚʳʚʦʜʘʤ ʤʠʢʨʦʩʭʝʤʳ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʤʝʪʨʠʯʥʫʶ ʪʨʘʩʩʠʨʦʚʢʫ ʜʣʷ ʩʠʛʥʘʣʦʚ XI_RTC ʠ XO_RTC. 

ɼʘʞʝ ʝʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ RTC, ʪʦ ʧʠʪʘʥʠʝ ʠ ʟʝʤʣʶ ʙʣʦʢʘ 

ʧʦʜʢʣʶʯʘʪʴ ʥʝʦʙʭʦʜʠʤʦ. ɺr ʚʦʜ XO_RTC ʜʦʧʫʩʢʘʝʪʩʷ ʥʠʢʫʜʘ ʥʝ ʧʦʜʢʣʶʯʘʪʴ, ʘ XI_RTC 

ʧʦʜʪʷʥʫʪʴ ʢ ʟʝʤʣʝ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ. 

 

18.7 ɻʝʥʝʨʘʮʠʷ ʧʨʝʨʳʚʘʥʠʡ 

ɺ ʤʦʜʫʣʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʨʳʚʘʥʠʡ. 

ʉʠʛʥʘʣʳ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʷ: 

- WKUP[0] - WKUP[2] ï ʦʪ ʩʦʙʳʪʠʡ ʩ ʚʥʝʰʥʠʭ ʚʳʚʦʜʦʚ (WAKEUP0 - WAKEUP2); 

- WKUP[3] ï ʣʦʛʠʯʝʩʢʦʝ ʀʃʀ ʩʦʙʳʪʠʡ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʜʦʤʝʥʘ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ (CLK1S, EXTRST, IWDT, CMP0, CMP1); 

- WKUP[4] ï ʩʦʙʳʪʠʝ ʠʟʤʝʥʝʥʠ ̫ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ VAON; 

- WKUP[5] ï ʩʦʙʳʪʠʝ V_BAT > VCC1(ʚʳʚʦʜ ˉ12); 

- AT ï ʩʦʙʳʪʠʝ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʚʥʝʰʥʠʭ ʮʝʧʝʡ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ 

ʚʳʭʦʜʦʤ AT_OUT ʠ ʚʭʦʜʘʤʠ AT_IN0, AT_IN1 ʠ AT_IN2; 

- AT2 ï ʩʦʙʳʪʠʝ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʘ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʪʘʢʪʦʚ 

ʚʥʝʰʥʝʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ RC ʛʝʥʝʨʘʪʦʨʘ (LSI); 

- ALARM  ï ʩʦʙrʪʠʝ ʩʦʚʧʘʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʨʝʛʠʩʪʨʦʚ RTC_TIME ʠ RTC_ALARM .  
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19 ʉʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ WDT 

ʉʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʧʦʟʚʦʣʷʝʪ ʩʙʨʦʩʠʪʴ ʩʠʩʪʝʤʫ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʣʠ ʚʳʢʣʶʯʘʪʴ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʧʦ 

ʩʦʙʩʪʚʝʥʥʦʤʫ ʫʩʤʦʪʨʝʥʠʶ.  

ʉʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 32-ʙʠʪʥʳʡ ʦʙʨʘʪʥʳʡ ʩʯʝʪʯʠʢ, ʢʦʪʦʨʳʡ 

ʟʘʛʨʫʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʠʟ ʨʝʛʠʩʪʨʘ LOAD. ʉʯʝʪʯʠʢ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʦ ʢʘʞʜʦʤʫ 

ʥʘʨʘʩʪʘʶʱʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ WDTCLK. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʥʝ ʪʘʢʪʠʨʫʝʪʩʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʙʨʦʩʝ. ɸʢʪʠʚʠʨʦʚʘʪʴ 

ʪʘʡʤʝʨ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ WDTCFG ʙʣʦʢʘ RCU.  

ʉʙʨʦʩ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ WDT ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴʶ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ 

INTCLR. 

ɹʠʪ ʟʘʧʨʝʪʘ ʟʘʧʠʩʠ (REGWRDIS) ʚʦ ʚʩʝ ʨʝʛʠʩʪʨʳ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ, ʢʨʦʤʝ 

ʨʝʛʠʩʪʨʘ LOCK, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʢʣʶʯʝʥʠʷ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ 

ʩʙʦʡʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʏʪʦʙʳ ʫʟʥʘʪʴ ʩʦʩʪʦʷʥʠʝ ʙʠʪʘ ʙʣʦʢʠʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʯʠʪʘʪʴ 

ʙʠʪ REGWRDIS ʨʝʛʠʩʪʨʘ LOCK. ɼʣʷ ʩʙʨʦʩʘ ʙʠʪʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ LOCK 

ʟʥʘʯʝʥʠʝ 1ACCE551h. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʙʠʪʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ LOCK ʣʶʙʦʝ 

ʟʥʘʯʝʥʠʝ, ʢʨʦʤʝ 1ACCE551h. 

ɺʢʣʶʯʝʥʠʝ ʩʯʝʪʘ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʠ ʝʛʦ ʧʨʝʨʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʢʦʡ 

ʙʠʪʘ INTEN ʚ ʨʝʛʠʩʪʨʝ CTRL. ʂʦʛʜʘ ʩʯʝʪʯʠʢ ʪʘʡʤʝʨʘ ʜʦʩʪʠʛʘʝʪ ʥʫʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ 

WDTINT ʚ ʨʝʛʠʩʪʨʝ MIS, ʘ ʚ ʩʯʝʪʯʠʢ ʟʘʛʨʫʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʟ ʨʝʛʠʩʪʨʘ LOAD. 

ɼʘʣʝʝ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ RESEN, ʩʯʝʪʯʠʢ ʧʨʦʜʦʣʞʘʝʪ ʜʝʢʨʝʤʝʥʪʠʨʦʚʘʪʴʩʷ. ɽʩʣʠ ʥʘ 

ʤʦʤʝʥʪ ʧʦʚʪʦʨʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʥʫʣʷ ʬʣʘʛ WDTINT ʫʩʪʘʥʦʚʣʝʥ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʨʦʩ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ.  

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʙʨʦʩʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʙʨʦʩʠʪʴ ʬʣʘʛ WDTINT 

ʧʫʪʝʤ ʟʘʧʠʩʠ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ ʩʙʨʦʩʘ INTCLR, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʙʨʦʩʫ 

ʧʨʝʨʳʚʘʥʠʷ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʠ ʟʘʛʨʫʟʢʝ ʩʯʝʪʯʠʢʘ ʟʥʘʯʝʥʠʝʤ ʠʟ ʨʝʛʠʩʪʨʘ LOAD. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 19.1. 
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ʈʠʩʫʥʦʢ 19.1 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ  

ʉʯʝʪʯʠʢ 
ʜʦʩʯʠʪʘʣ ʜʦ 
ʥʫʣʷ?

ɼʘ

ʅʝʪ

ʉʥʷʪʠʝ ʩʙʨʦʩʘ ʠ ʚʢʣʶʯʝʥʠʝ 
ʪʘʢʪʠʨʦʚʘʥʠʷ (ʨʝʛʠʩʪʨ  ʚ WDTCFG

RCU)

ɺʢʣʶʯʝʥʠʝ ʪʘʡʤʝʨʘ  
INTEN = 1

ʉʯʝʪʯʠʢ ʪʘʡʤʝʨʘ 
ʜʝʢʨʝʤʝʥʪʨʫʝʪʩʷ

ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʘ 
WDTINT

ʋʩʪʘʥʦʚʣʝʥ ʙʠʪ 
RESEN?

ɼʘ

ʅʝʪ

ɿʘʛʨʫʟʢʘ ʩʯʝʪʯʠʢʘ 
ʟʥʘʯʝʥʠʝʤ LOAD

ʉʯʝʪʯʠʢ 
ʜʦʩʯʠʪʘʣ ʜʦ 
ʥʫʣʷ?

ɼʘ

ʅʝʪ

ʉʯʝʪʯʠʢ ʪʘʡʤʝʨʘ 
ʜʝʢʨʝʤʝʥʪʨʫʝʪʩʷ

ʉʙʨʦʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ

ʋʩʪʘʥʦʚʣʝʥ 
ʬʣʘʛ ?WDTINT

ɼʘ

ʅʝʪ
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20 ʅʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ IWDT 

ʅʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʧʦʟʚʦʣʷʝʪ ʩʙʨʦʩʠʪʴ ʩʠʩʪʝʤʫ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʜʦʤʝʥʘ 

ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʧʨʦʜʦʣʞʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʞʝ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʦʩʥʦʚʥʦʛʦ 

ʧʠʪʘʥʠʷ. 

ʅʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 32-ʙʠʪʥʳʡ ʦʙʨʘʪʥʳʡ ʩʯʝʪʯʠʢ, 

ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʠʟ ʨʝʛʠʩʪʨʘ LOAD. ʉʯʝʪʯʠʢ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʦ 

ʢʘʞʜʦʤʫ ʥʘʨʘʩʪʘʶʱʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ IWDTCLK. 

ʅʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʧʦʜʢʣʶʯʝʥ ʢ ʜʦʤʝʥʫ ʙʘʪʘʨʝʡʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʤʦʞʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʚʳʚʦʜʘʭ VCC1, VCC2. 

ʅʝʟʘʚʠʩʠʤʳʡ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʧʨʦʙʫʞʜʝʥʠʷ ʜʣʷ 

ʚʳʚʦʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩʥʘ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʪʦʨʦʞʝʚʦʡ ʪʘʡʤʝʨ ʥʝ ʪʘʢʪʠʨʫʝʪʩʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʙʨʦʩʝ. ɸʢʪʠʚʠʨʦʚʘʪʴ 

ʪʘʡʤʝʨ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘ IWDG_CFG ʙʣʦʢʘ PMURTC.  

ʈʘʟʨʝʰʝʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʨʦʙʫʞʜʝʥʠʷ ʧʦ ʩʠʛʥʘʣʫ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʤʦʜʫʣʷ 

IWDT ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʙʠʪʘ IWDT ʨʝʛʠʩʪʨʘ PMU_WK3EN ʙʣʦʢʘ PMURTC. 

ɹʠʪ BLK ʨʝʛʠʩʪʨʘ CTRL ʦʪʚʝʯʘʝʪ ʟʘ ʙʣʦʢʠʨʦʚʢʫ ʠʟʤʝʥʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʘʢʪʠʨʦʚʘʥʠʷ 

IWDT ʠ ʟʘʧʨʝʱʝʥʠʷ ʩʙʨʦʩʘ IWDT ʧʨʠ ʟʘʧʠʩʠ ʨʝʛʠʩʪʨʘ PMU_RTC->IWDT_CFG. 

ɹʠʪ ʟʘʧʨʝʪʘ ʟʘʧʠʩʠ (REGWRDIS) ʚʦ ʚʩʝ ʨʝʛʠʩʪʨʳ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ, ʢʨʦʤʝ 

ʨʝʛʠʩʪʨʘ LOCK, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʢʣʶʯʝʥʠʷ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ 

ʩʙʦʡʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʏʪʦʙʳ ʫʟʥʘʪʴ ʩʦʩʪʦʷʥʠʝ ʙʠʪʘ ʙʣʦʢʠʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʯʠʪʘʪʴ 

ʙʠʪ REGWRDIS ʨʝʛʠʩʪʨʘ LOCK. ɼʣʷ ʩʙʨʦʩʘ ʙʠʪʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ LOCK 

ʟʥʘʯʝʥʠʝ 1ACCE551h. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʙʠʪʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʨʝʛʠʩʪʨ LOCK ʣʶʙʦʝ 

ʟʥʘʯʝʥʠʝ, ʢʨʦʤʝ 1ACCE551h. 

ɺʢʣʶʯʝʥʠʝ ʩʯʝʪʘ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʠ ʝʛʦ ʧʨʝʨʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʢʦʡ 

ʙʠʪʘ INTEN ʚ ʨʝʛʠʩʪʨʝ CTRL. ʂʦʛʜʘ ʩʯʝʪʯʠʢ ʪʘʡʤʝʨʘ ʜʦʩʪʠʛʘʝʪ ʥʫʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ 

WDTINT ʚ ʨʝʛʠʩʪʨʝ MIS, ʘ ʚ ʩʯʝʪʯʠʢ ʟʘʛʨʫʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʟ ʨʝʛʠʩʪʨʘ LOAD. 

ɼʘʣʝʝ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʙʠʪ RESEN, ʩʯʝʪʯʠʢ ʧʨʦʜʦʣʞʘʝʪ ʜʝʢʨʝʤʝʥʪʠʨʦʚʘʪʴʩʷ. ɽʩʣʠ ʥʘ 

ʤʦʤʝʥʪ ʧʦʚʪʦʨʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʥʫʣʷ ʬʣʘʛ WDTINT ʫʩʪʘʥʦʚʣʝʥ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʨʦʩ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ.  

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʙʨʦʩʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʙʨʦʩʠʪʴ ʬʣʘʛ WDTINT 

ʧʫʪʝʤ ʟʘʧʠʩʠ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʝʛʠʩʪʨ ʩʙʨʦʩʘ INTCLR, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʙʨʦʩʫ 

ʧʨʝʨʳʚʘʥʠʷ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʠ ʟʘʛʨʫʟʢʝ ʩʯʝʪʯʠʢʘ ʟʥʘʯʝʥʠʝʤ ʠʟ ʨʝʛʠʩʪʨʘ LOAD. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 20.1. 
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ʈʠʩʫʥʦʢ 20.1 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʥʝʟʘʚʠʩʠʤʦʛʦ ʩʪʦʨʦʞʝʚʦʛʦ ʪʘʡʤʝʨʘ 

 

  

ʉʯʝʪʯʠʢ 
ʜʦʩʯʠʪʘʣ ʜʦ 
ʥʫʣʷ?

ɼʘ

ʅʝʪ

ʉʥʷʪʠʝ ʩʙʨʦʩʘ ʠ ʚʢʣʶʯʝʥʠʝ 
ʪʘʢʪʠʨʦʚʘʥʠʷ (ʨʝʛʠʩʪʨ IWDTCFG

ʚ PMU_RTC)

ɺʢʣʶʯʝʥʠʝ ʪʘʡʤʝʨʘ  
INTEN = 1

ʉʯʝʪʯʠʢ ʪʘʡʤʝʨʘ 
ʜʝʢʨʝʤʝʥʪʨʫʝʪʩʷ

ʋʩʪʘʥʦʚʢʘ ʬʣʘʛʘ IWDT 
ʚ _ 3PMU WK STAT

ʋʩʪʘʥʦʚʣʝʥ ʙʠʪ 
RESEN?

ɼʘ

ʅʝʪ

ɿʘʛʨʫʟʢʘ ʩʯʝʪʯʠʢʘ 
ʟʥʘʯʝʥʠʝʤ LOAD

ʉʯʝʪʯʠʢ 
ʜʦʩʯʠʪʘʣ ʜʦ 
ʥʫʣʷ?

ɼʘ

ʅʝʪ

ʉʯʝʪʯʠʢ ʪʘʡʤʝʨʘ 
ʜʝʢʨʝʤʝʥʪʨʫʝʪʩʷ

ʉʙʨʦʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ

ʋʩʪʘʥʦʚʣʝʥ 
ʬʣʘʛ ?WDTINT

ɼʘ

ʅʝʪ
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21 ɹʣʦʢ ɸʎʇ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ɹʣʦʢ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ɸʎʇ ʚʢʣʶʯʘʝʪ ɸʎʇ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

(ʘʨʭʠʪʝʢʪʫʨʘ SAR), ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʙʫʬʝʨʳ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʨʳʚʘʥʠʷʤʠ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ɸʎʇ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 21.1.  

 

 
ʈʠʩʫʥʦʢ 21.1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ɸʎʇ 

 
ɺ ʙʣʦʢ ɸʎʇ ʚʭʦʜʷʪ: 
- ʦʜʠʥ 8-ʢʘʥʘʣʴʥʳʡ (8 ʚʥʝʰʥʠʭ ʢʘʥʘʣʦʚ (ADC_CH0 - ADC_CH7) ʠ ʢʘʥʘʣ ˉ 10, 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʜʘʪʯʠʢʫ ʪʝʤʧʝʨʘʪʫʨʳ) ʤʦʜʫʣ ɹ ɸʎʇ ʩ ʥʘʩʪʨʘʠʚʘʝʤʦʡ 
ʨʘʟʨʷʜʥʦʩʪʴʶ 6, 8, 10, 12 ʙʠʪ ʠ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʧʦ ʦʜʥʦʤʫ ʢʘʥʘʣʫ ʚ 6-ʙʠʪʥʦʤ ʨʝʞʠʤʝ 
ʜʦ 6 ʤʠʣʣʠʦʥʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʢʫʥʜʫ; 

- ʜʚʘ ʩʝʢʚʝʥʩʦʨʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘʧʫʩʢ 
ʠʟʤʝʨʝʥʠʡ ʧʦ ʥʝʦʙʭʦʜʠʤʳʤ ʢʘʥʘʣʘʤ ɸʎʇ ʠ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʝʨʳʚʘʥʠʝ; 

- 8 ʥʝʟʘʚʠʩʠʤʳʭ ʮʠʬʨʦʚʳʭ ʢʦʤʧʘʨʘʪʦʨʦʚ, ʦʪʩʣʝʞʠʚʘʶʱʠʭ ʠ ʩʨʘʚʥʠʚʘʶʱʠʭ 
ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʠ ʩʠʛʥʘʣʦʚ 
ʫʧʨʘʚʣʝʥʠʷ ʜʨʫʛʠʤʠ ʙʣʦʢʘʤʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ; 

- ʜʚʘ ʙʫʬʝʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (ʢʘʞʜʳʡ ʦʨʛʘʥʠʟʦʚʘʥ ʧʦ ʪʠʧʫ FIFO); 
- ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʨʳʚʘʥʠʷʤʠ. 
ɹʣʦʢ ɸʎʇ ʩʫʤʤʘʨʥʦ ʠʤʝʝʪ 8 ʚʥʝʰʥʠʭ ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʛʨʘʥʠʯʝʥ ʦʧʦʨʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʚʳʚʦʜʝ AREF ʠ ʘʥʘʣʦʛʦʚʦʡ 
ʟʝʤʣʝʡ GND2. 

ɸʥʘʣʦʛʦʚʳʡ ʚʭʦʜ ʢʘʥʘʣʘ ADC_CH10 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʪʯʠʢʘ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝ ʠʤʝʝʪ ʚʥʝʰʥʝʛʦ ʧʦʜʢʣʶʯʝʥʠʷ. 

ʅʘʩʪʨʦʡʢʘ ʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʩʙʨʦʩʘ ʙʣʦʢʘ ɸʎʇ ʠ ʝʛʦ ʤʦʜʫʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʠʩʪʨʘ ADCSARCFG ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʪʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ RCU. ɺʩʷ 
ʚʥʫʪʨʝʥʥʷʷ ʣʦʛʠʢʘ ʙʣʦʢʘ ɸʎʇ ʪʘʢʪʠʨʫʝʪʩʷ ʯʘʩʪʦʪʦʡ ACLK, ʥʦ ʟʘʧʠʩʴ/ʯʪʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-
ʩʪʘʪʫʩʥʳʭ ʨʝʛʠʩʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ SYSCLK.  

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʙʣʦʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʝʡ ɸʎʇ 
ʯʘʩʪʦʪʦʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʠʛʥʘʣʘ ACLK ʦʪ 140 ʢɻʮ ʜʦ 60 ʄɻʮ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʂ
ʦ
ʤ
ʤ
ʫ
ʪʘ
ʪ
ʦ
ʨ
ʢ
ʘ
ʥ
ʘ
ʣ
ʦ
ʚ

ʉʝʢʚʝʥʩʦʨ 0

ɹʫʬʝʨ 
ʨʝʟʫʣʴʪʘʪʦʚ

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 
ʟʘʧʨʦʩʘʤʠ

ʇʨʝʨʳʚʘʥʠʷ GPIO

ʉʠʛʥʘʣʳ ʪʘʡʤʝʨʦʚ

ɹ
ʣ
ʦ
ʢ
ʢ
ʦ
ʤ
ʤ
ʫ
ʪʘ
ʮ
ʠ
ʠ

ʂʦʤʧʘʨʘʪʦʨ 0

ʂʦʤʧʘʨʘʪʦʨ 1

ʂʦʤʧʘʨʘʪʦʨ 7

ADCSAR
ʂʦʥʪʨʦʣʣʝʨ
ʧʨʝʨʳʚʘʥʠʡ

ʈʝʛʠʩʪʨʳ
ʫʧʨʘʚʣʝʥʠʷAHB ʠʥʪʝʨʬʝʡʩ

DMA ʠʥʪʝʨʬʝʡʩ

ADCDC TRIG_ 0

ADCDC TRIG_ 1

ʠ ʥʘʩʪʨʦʡʢʠ

ADC CH_ 0

ADC CH_ 1

PCLK

PRESETn

ACLK

ARESETn

ʉʠʛʥʘʣʳ
ʙʣʦʢʘ RCU

ADC CH_ 7

ADCDC TRIG_ 7
ʉʝʢʚʝʥʩʦʨ 1

ʄʦʜʫʣʴ ɸʎ
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ

ɹʣʦʢ ʢʦʥʪʨʦʣʷ

ɸʎʇ

(TSENSOR)
ADC CH_ 10
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ʚʳʙʨʘʚ ʠʩʪʦʯʥʠʢ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦʣʝʤ CLKSEL, ʘ ʪʘʢʞʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʢʣʶʯʠʚ 
ʠ ʥʘʩʪʨʦʠʚ ʜʝʣʠʪʝʣʴ ʧʦʣʷʤʠ DIVEN ʠ DIVN (ʧʦʣʷ ʨʝʛʠʩʪʨʘ ADCSARCFG ʙʣʦʢʘ RCU). 
ʏʘʩʪʦʪʘ ACLK ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ SYSCLK. 

ɺʨʝʤʷ, ʥʘ ʢʦʪʦʨʦʝ ʢʘʥʘʣ ʠʟʤʝʨʝʥʠʷ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʥʫʪʨʝʥʥʝʡ ʟʘʨʷʜʥʦʡ ʝʤʢʦʩʪʠ 
ɸʎʇ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʠʦʜ ʦʜʥʦʛʦ ʪʘʢʪʘ ʯʘʩʪʦʪʳ ACLK. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʢʪʦʚ ʦʞʠʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ 
ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʚ ʤʘʩʩʠʚʝ ʨʝʛʠʩʪʨʦʚ ADCSAR->CHDELAY[]. ɺ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʥʘ ʚʭʦʜ ʢʘʥʘʣʘ ɸʎʇ ʚʳʩʦʢʦʦʤʥʦʡ ʥʘʛʨʫʟʢʠ. 

 

21.1 ʉʝʢʚʝʥʩʦʨ 

ʉʝʢʚʝʥʩʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʛʨʫʟʠʪʴ 

ʧʨʦʮʝʩʩʦʨ ʦʪ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʫʣʷʤʠ ɸʎʇ. ʉʝʢʚʝʥʩʦʨ ʫʧʨʘʚʣʷʝʪ ʟʘʧʫʩʢʦʤ ʤʦʜʫʣʝʡ ɸʎʇ, 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʛʝʥʝʨʘʮʠʝʡ ʧʨʝʨʳʚʘʥʠʡ. ɺ ʩʦʩʪʘʚ ʙʣʦʢʘ 

ɸʎʇ ʚʭʦʜʷʪ ʜʚʘ ʩʝʢʚʝʥʩʦʨʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʝʢʚʝʥʩʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 21.2 

(ʛʜʝ ʩʝʢʚʝʥʩʦʨ s ʦʪ 0 ʜʦ 1). 

 
 

ʈʠʩʫʥʦʢ 21.2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʝʢʚʝʥʩʦʨʘ 

 

ʆʜʠʥʦʯʥʳʝ ʟʘʧʫʩʢʠ ʧʦ ʩʦʙʳʪʠʷʤ 

ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ 

ʋʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘʤʠ
ɹʫʬʝʨ

ʆʙʨʘʙʦʪʯʠʢ ʩʦʙʳʪʠʡ 
ʟʘʧʫʩʢʘ

ʇʨʝʨʳʚʘʥʠʷ GPIO

ʉʠʛʥʘʣʳ ʪʘʡʤʝʨʦʚ

Cʯʝʪʯʠʢ 
ʧʝʨʝʟʘʧʫʩʢʦʚ

ʊʘʡʤʝʨ ʟʘʜʝʨʞʢʠ
 ʧʝʨʝʟʘʧʫʩʢʦʚ

ʋʧʨʘʚʣʝʥʠʝ ʟʘʧʫʩʢʘʤʠ

ʈʝʟʫʣʴʪʘʪ
ʠʟʤʝʨʝʥʠʷ

RTMR RCNT

ʇʘʤʷʪʴ
32 ʭ 12 ʙʠʪ

FIFO

ʉʪʘʪʫʩ

FLOADOV UN

ʂʦʥʪʨʦʣʴ ʩʭʝʤ
ʫʩʨʝʜʥʝʥʠʷ

MUX

EMs

GSYNC &

SYNCs

ʉʝʢʚʝʥʩʦʨ s ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ SEQENs

ɻʝʥʝʨʘʪʦʨ ʟʘʧʨʦʩʦʚ

DOVWMARKDMAEN

DMADMA ʠʥʪʝʨʬʝʡʩ

ʉʭʝʤʘ ʫʩʨʝʜʥʝʥʠʷ
ʧʦ ʧʝʨʝʟʘʧʫʩʢʘʤRAVG

ɻʝʥʝʨʘʪʦʨ ʟʘʧʨʦʩʦʚ ɸʎʇ

ɻʣʫʙʠʥʘ ʦʯʝʨʝʜʠ

RQMAX
ɿʘʧʨʦʩ ʤʦʜʫʣʶ

ɸʎʇ
ʉʪʘʪʫʩ ʦʯʝʨʝʜʠ

RQBUSY

R   7

RQ

RQ

ʆʯʝʨʝʜʴ ʟʘʧʨʦʩʦʚ

ʉʭʝʤʘ ʫʩʨʝʜʥʝʥʠʷ

ʈʘʟʨʝʰʝʥʠʝ
ʨʘʙʦʪʳ

QAVGEN

ɺʝʣʠʯʠʥʘ
ʫʩʨʝʜʥʝʥʠʷ

QAVGVAL

ʦʧʨʦʩʦʤ ʦʯʝʨʝʜʠ

RQPTR

ʋʧʨʘʚʣʝʥʠʝ ʟʘʧʨʦʩʘʤʠ

ɿʘʧʠʩʴ ʚ FIFO

ʎʠʢʣʠʯʝʩʢʠʡ
ʟʘʧʫʩʢ

ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ
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SEQENs (ʛʜʝ s ʦʪ 0 ʜʦ 1) ʚ ʨʝʛʠʩʪʨʝ SEQEN.  

ʂʘʞʜʳʡ ʩʝʢʚʝʥʩʦʨ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʦʜʥʦʢʨʘʪʥʳʝ ʟʘʧʫʩʢʠ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʩʦʙʳʪʠʡ, ʢʦʪʦʨʦʝ ʚʳʙʠʨʘʝʪʩʷ ʧʦʣʝʤ EMs ʨʝʛʠʩʪʨʘ EMUX: 

- ʫʩʪʘʥʦʚʢʘ ʙʠʪʘ GSYNC ʨʝʛʠʩʪʨʘ SEQSYNC (ʟʘʧʫʩʪʷʪʩʷ ʪʦʣʴʢʦ ʩʝʢʚʝʥʩʦʨʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʙʠʪʳ SYNCs ʪʦʛʦ ʞʝ ʨʝʛʠʩʪʨʘ); 

- ʩʠʛʥʘʣʳ ʦʪ ʪʘʡʤʝʨʦʚ TMR32, TMR0-TMR2; 

- ʩʠʛʥʘʣ rʦʪ GPIO. 

ʂʦʛʜʘ ʩʝʢʚʝʥʩʦʨ s ʟʘʧʫʩʢʘʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʩʠʛʥʘʣʦʚ ʩʦʙʳʪʠʡ, ʚʳʩʪʘʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʣʘʛ SEQBUSYs ʚ ʨʝʛʠʩʪʨʝ BSTAT. ʊʘʢʞʝ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʚʩʝ ʥʘʩʪʨʦʡʢʠ 

ʩʝʢʚʝʥʩʦʨʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʝʥʝʚʳʭ ʨʝʛʠʩʪʨʘʭ, ʠ ʩʝʢʚʝʥʩʦʨ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʫ ʩʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʥʘʩʪʨʦʡʢʘʤ. ʀʟʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʩʝʢʚʝʥʩʦʨʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ ʤʦʞʥʦ, ʥʦ 

ʚʩʪʫʧʷʪ ʚ ʩʠʣʫ ʦʥʠ ʣʠʰʴ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʟʘʧʫʩʢʝ. ʌʣʘʛ ʟʘʥʷʪʦʩʪʠ ʜʝʨʞʠʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʘʜʘʯʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʘʷ ʩʦʙʳʪʠʝʤ, ʥʝ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʘ 

ʩʝʢʚʝʥʩʦʨʦʤ (ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʘ ʟʘʧʠʩʴ ʧʦʩʣʝʜʥʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ FIFO).  

ʉʦʙʳʪʠʷ ʟʘʧʫʩʢʘ ʥʝ ʢʵʰʠʨʫʶʪʩʷ, ʝʩʣʠ ʩʝʢʚʝʥʩʦʨ ʙʳʣ ʟʘʥʷʪ ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʢʫʱʝʡ 

ʟʘʜʘʯʠ (ʫʩʪʘʥʦʚʣʝʥ SEQBUSYs), ʢʦʛʜʘ ʧʨʠʰʣʦ ʦʯʝʨʝʜʥʦʝ ʩʦʙʳʪʠʝ ʟʘʧʫʩʢʘ, ʪʦ ʦʥʦ ʙʫʜʝʪ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʟʘʧʫʩʢʘ ʧʦ ʩʦʙʳʪʠʷʤ ʦʪ 

ʩʪʦʨʦʥʥʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʤʦʜʫʣʝʡ ʪʘʢ, ʯʪʦʙʳ ʚʨʝʤʷ ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʦʙʳʪʠʡ ʙʳʣʦ 

ʥʝ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ. ɼʠʘʛʨʘʤʤ rʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʧʨʠ ʦʜʠʥʦʯʥʳʭ ʟʘʧʫʩʢʘʭ ʧʦ 

ʩʦʙʳʪʠʷʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 21.3. 

 

 
ʈʠʩʫʥʦʢ 21.3 ï ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʧʨʠ ʦʜʠʥʦʯʥʳʭ ʟʘʧʫʩʢʘʭ 

 ʧʦ ʩʦʙʳʪʠʷʤ 
 

ʆʜʠʥʦʯʥʳʝ ʟʘʧʫʩʢʠ ʧʦ ʩʦʙʳʪʠʷʤ ʩ ʥʝʤʝʜʣʝʥʥʳʤʠ ʧʝʨʝʟʘʧʫʩʢʘʤʠ 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ, ʧʦʜ ʧʝʨʝʟʘʧʫʩʢʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ 

ʩʝʢʚʝʥʩʦʨʘ, ʘ ʧʦʜ ʟʘʧʫʩʢʘʤʠ ï ʧʨʠʭʦʜ ʚʥʝʰʥʝʛʦ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʜʠʪ ʩʝʢʚʝʥʩʦʨ ʠʟ 

ʦʞʠʜʘʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʘʢʪʠʚʥʦʝ. 

ʉʝʢʚʝʥʩʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʢ ʦʪʣʦʞʝʥʥʳʝ, ʪʘʢ ʠ ʥʝʤʝʜʣʝʥʥʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʟʘʧʫʩʢʠ ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ, ʧʦʩʣʝ ʧʨʠʭʦʜʘ ʧʝʨʚʦʛʦ çʠʥʠʮʠʠʨʫʶʱʝʛʦè 

ʩʦʙʳʪʠʷ ʟʘʧʫʩʢʘ ʦʪ ʧʝʨʠʬʝʨʠʠ. ʇʝʨʝʟʘʧʫʩʢ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʦ 255 ʨʘʟ (ʧʦʣʝ RCNT 

ʨʝʛʠʩʪʨʘ SCCTL). ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʯʠʢʘ ʧʝʨʝʟʘʧʫʩʢʦʚ ʤʦʞʥʦ ʫʟʥʘʪʴ, ʧʨʦʯʠʪʘʚ ʧʦʣʝ 

RCNT ʨʝʛʠʩʪʨʘ SCVAL. ɼʠʘʛʨʘʤʤ rʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʧʨʠ ʨʘʟʨʝʰʝʥʥʳʭ, ʥʝʤʝʜʣʝʥʥʳʭ 

ʧʝʨʝʟʘʧʫʩʢʘʭ ʧʦʢʘʟʘʥ rʥʘ ʨʠʩʫʥʢʝ 21.4. 
 

 
ʈʠʩʫʥʦʢ 21.4 ï ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʧʨʠ ʦʜʠʥʦʯʥʳʭ ʟʘʧʫʩʢʘʭ ʧʦ ʩʦʙʳʪʠʷʤ ʩ 

ʥʝʤʝʜʣʝʥʥʳʤʠ ʧʝʨʝʟʘʧʫʩʢʘʤʠ ʧʨʠ RCNT = 2 (ʨʝʛʠʩʪʨ SCCTL) 

ʆʜʠʥʦʯʥʳʝ ʟʘʧʫʩʢʠ ʧʦ ʩʦʙʳʪʠʷʤ ʩ ʦʪʣʦʞʝʥʥʳʤʠ ʧʝʨʝʟʘʧʫʩʢʘʤʠ 

ʆʪʣʦʞʝʥʥʳʝ ʧʝʨʝʟʘʧʫʩʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʦʪ ʟʘʧʫʩʢʘ, 

Cʦʙʳʪʠʝ ʟʘʧʫʩʢʘ
 ʦʪ ʧʝʨʠʬʝʨʠʠ 
ʠʣʠ ʧʨʦʛʨʘʤʤʳ

ʌʣʘʛ SEQBUSYs

ʇʨʦʚʝʜʝʥʠʝ
ʠʟʤʝʨʝʥʠʡ

Cʦʙʳʪʠʝ ʠʛʥʦʨʠʨʫʝʪʩʷ

ʀʟʤʝʨʝʥʠʷ,
ʟʘʧʫʩʢ 1

ʀʟʤʝʨʝʥʠʷ,
ʟʘʧʫʩʢ 0

Cʦʙʳʪʠʝ ʟʘʧʫʩʢʘ
 ʦʪ ʧʝʨʠʬʝʨʠʠ 
ʠʣʠ ʧʨʦʛʨʘʤʤʳ

ʀʟʤʝʨʝʥʠʷ,
ʟʘʧʫʩʢ 0

ʌʣʘʛ SEQBUSYs

ʇʨʦʚʝʜʝʥʠʝ
ʠʟʤʝʨʝʥʠʡ

ʀʟʤʝʨʝʥʠʷ,
ʟʘʧʫʩʢ 1

ʇʦʣʝ RCNT
ʨʝʛʠʩʪʨʘ SCVAL 0

ʀʟʤʝʨʝʥʠʷ,
ʧʝʨʝʟʘʧʫʩʢ 1

ʀʟʤʝʨʝʥʠʷ,
ʧʝʨʝʟʘʧʫʩʢ 2
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ʀʟʤʝʨʝʥʠʷ,
ʧʝʨʝʟʘʧʫʩʢ 1

0 1
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ʟʘʜʘʚʘʝʤʦʝ ʨʝʛʠʩʪʨʦʤ SRTMR. ɿʘʜʝʨʞʢʘ ʟʘʜʘʝʪʩʷ ʚ ʪʘʢʪʘʭ ACLK ʠ ʚʝʜʝʪ ʩʯʝʪ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʢʚʝʥʩʦʨʘ, ʧʦʵʪʦʤʫ, ʧʨʠ ʝʸ ʚʳʙʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʪʝʢʫʱʠʝ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʟʘʚʝʨʰʠʪʴʩʷ ʜʦ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʧʝʨʝʟʘʧʫʩʢʘ, ʠʥʘʯʝ ʦʥ ʙʫʜʝʪ 

ʧʨʦʧʫʱʝʥ. 

ɺ ʨʝʞʠʤʝ ʦʜʠʥʦʯʥʳʭ ʟʘʧʫʩʢʦʚ ʧʦ ʩʦʙʳʪʠʷʤ ʩʯʝʪʯʠʢ ʟʘʜʝʨʞʢʠ ʧʝʨʝʟʘʧʫʩʢʘ ʥʝ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴ, ʝʩʣʠ ʧʦʣʝ RCNT ʨʝʛʠʩʪʨʘ SCCTL ʨʘʚʥʦ ʥʫʣʶ. 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʚʩʝ ʥʘʩʪʨʦʡʢʠ ʩʝʢʚʝʥʩʦʨʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʝʥʝʚʳʭ ʨʝʛʠʩʪʨʘʭ 

ʧʨʠ ʝʛʦ ʧʝʨʝʭʦʜʝ ʚ ʨʝʞʠʤ ʟʘʥʷʪʦʩʪʠ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʥʠʢʘʢ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʪʝʢʫʱʫʶ ʨʘʙʦʪʫ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʠʪʴ ʟʘʜʝʨʞʢʫ ʧʝʨʝʟʘʧʫʩʢʘ ʝʱʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʩʝʢʚʝʥʩʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʟʘʧʠʩʘʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʚ ʨʝʛʠʩʪʨ SRTMR ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʩʣʝʜʥʠʤ ʙʠʪʦʤ NOWAIT. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʦʚʘʷ ʚʝʣʠʯʠʥʘ 

ʟʘʜʝʨʞʢʠ ʚʩʪʫʧʠʪ ʚ ʩʠʣʫ ʧʦʩʣʝ ʙʣʠʞʘʡʰʝʛʦ ʩʦʙʳʪʠʷ ʦʪʣʦʞʝʥʥʦʛʦ ʧʝʨʝʟʘʧʫʩʢʘ. 

ɼʠʘʛʨʘʤʤ rʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʧʨʠ ʘʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʥʳʭ ʧʝʨʝʟʘʧʫʩʢʘʭ ʧʦʢʘʟʘʥ rʥʘ 

ʨʠʩʫʥʢʝ 21.5. 

 

 
ʈʠʩʫʥʦʢ 21.5 ï ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩʝʢʚʝʥʩʦʨʘ ʧʨʠ ʦʜʠʥʦʯʥʳʭ ʟʘʧʫʩʢʘʭ ʧʦ ʩʦʙʳʪʠʷʤ ʩ 

ʦʪʣʦʞʝʥʥʳʤʠ ʧʝʨʝʟʘʧʫʩʢʘʤʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ (ʨʝʛʠʩʪʨ SRTMR) ʧʨʠ RCNT = 2 

(ʨʝʛʠʩʪʨ SCCTL) 

 

ʆʜʠʥʦʯʥʳʝ ʟʘʧʫʩʢʠ ʩ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʧʝʨʝʟʘʧʫʩʢʘʤ 

ʉʫʱʝʩʪʚʫʝʪ ʨʝʞʠʤ ʫʩʨʝʜʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʝʨʝʟʘʧʫʩʢʘʤ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ 

ʫʩʪʘʥʦʚʢʦʡ ʙʠʪʘ RAVGEN ʚ ʨʝʛʠʩʪʨʝ SCCTL. ɻʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʳ ʵʪʦʛʦ ʨʝʞʠʤʘ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʝ RCNT ʨʝʛʠʩʪʨʘ SCCTL ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ς ρ, ʛʜʝ p ʨʘʚʥʦ ʦʪ 1 ʜʦ 8. ɿʥʘʯʝʥʠʝ  ς ʠ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʨʠʡ 

ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʩʨʝʜʥʝʥʳ (ʟʘʧʫʩʢ ʠ ʚʩʝ ʧʝʨʝʟʘʧʫʩʢʠ).  

ʈʘʙʦʪʘ ʵʪʦʛʦ ʨʝʞʠʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʢʘ ʠʜʫʪ ʧʝʨʝʟʘʧʫʩʢʠ, ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʧʘʜʫʪ ʚ ʙʫʬʝʨ ʥʝ ʩʨʘʟʫ, ʘ ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʠʩʪʨʘʭ (ʢʘʞʜʦʤʫ ʟʘʧʨʦʩʫ 

ʥʘ ʠʟʤʝʨʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʡ ʨʝʛʠʩʪʨ). ʃʠʰʴ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʧʝʨʝʟʘʧʫʩʢʘ, ʙʫʜʫʪ 

ʧʦʣʫʯʝʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʠ ʙʫʜʫʪ ʧʦʤʝʱʘʪʴʩʷ ʚ 

FIFO ʚ ʧʦʨʷʜʢʝ ʦʯʝʨʝʜʠ.  

ʈʘʙʦʪʘ ʨʝʞʠʤʘ ʫʩʨʝʜʥʝʥʠʷ ʧʨʠ ʥʝʤʝʜʣʝʥʥʳʭ ʧʝʨʝʟʘʧʫʩʢʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 21.6. ʇʨʠ ʦʪʣʦʞʝʥʥʳʭ ʧʝʨʝʟʘʧʫʩʢʘʭ ʜʘʥʥʳʡ ʚʠʜ ʫʩʨʝʜʥʝʥʠʷ ʨʘʙʦʪʘʝʪ ʘʥʘʣʦʛʠʯʥʦ, 

ʧʦʟʚʦʣʷʷ ʨʘʩʧʨʝʜʝʣʠʪʴ ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʨʝʥʠʷ ʥʘ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʠ 

ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʢʦʥʮʝ ʥʝʛʦ. 

 

Cʦʙʳʪʠʝ ʟʘʧʫʩʢʘ
 ʦʪ ʧʝʨʠʬʝʨʠʠ 
ʠʣʠ ʧʨʦʛʨʘʤʤʳ

ʀʟʤʝʨʝʥʠʷ,
ʟʘʧʫʩʢ 0

ʌʣʘʛ SEQBUSYs

ʇʨʦʚʝʜʝʥʠʝ
ʠʟʤʝʨʝʥʠʡ

ʀʟʤʝʨʝʥʠʷ,
ʟʘʧʫʩʢ 1

ʇʦʣʝ RCNT
0

ʀʟʤʝʨʝʥʠʷ,
ʧʝʨʝʟʘʧʫʩʢ 1

ʀʟʤʝʨʝʥʠʷ,
ʧʝʨʝʟʘʧʫʩʢ 2

1 2 0

0
ɿʘʜʝʨʞʢʘ
ʧʝʨʝʟʘʧʫʩʢʘ

Cʦʙʳʪʠʝ ʦʪʣʦʞʝʥʥʦʛʦ 
ʧʝʨʝʟʘʧʫʩʢʘ

1 2 SRTMR 0 1 2... ... 0 12 SRTMR


















































































































































































































































































































































































































































































































































































































































































































































































































