




















































































LEDC CLK DIV NUM HSTIMERx = A B
256



2LEDC HSTIMERx DUTY RES − 1

f =
f · (! ) + f ·

· 2



LEDC HSTIMER DUTY RES



LEDC LSTIMER DUTY RES

















LEDC HSTIMER DUTY RES



LEDC LSTIMER DUTY RES











= + 64 ∗ 4 ∗
= + (64 ∗ 4 ∗ + 64 ∗ 4 ∗ ) (512 ∗ 4)− 4













































Duty = (Period−A)÷ Period



Period = (PWM TIMER PERIOD + 1)× TPT clk



Period = (PWM TIMER PERIOD + 1)× TPT clk



Period = 2× PWM TIMER PERIOD × TPT clk



Period = 2× PWM TIMER PERIOD × TPT clk











FED = PWM DT FED × TDT clk

RED = PWM DT RED × TDT clk







T1stpulse = TPWM clk×8× (PWM CARRIER PRESCALE+1)× (PWM CARRIER OSHTWTH+1)

TPMW clk

(PWM CARRIER OSHTWTH + 1)

(PWM CARRIER PRESCALE + 1)

Duty = PWM CARRIER DUTY ÷ 8
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BLOCKN

BLOCKN [255 : 0] BLOCKN [191 : 0] BLOCKN [127 : 0]



eBLOCKN [255 : 0]

eBLOCKN [255 : 0] = BLOCKN [255 : 0]

BLOCKN j
i [7 : 0] = BLOCKN [48i+ 8j + 7 : 48i+ 8j] i ∈ {0, 1, 2, 3} j ∈ {0, 1, 2, 3, 4, 5}

eBLOCKN j
i [7 : 0] = eBLOCKN [64i+ 8j + 7 : 64i+ 8j] i ∈ {0, 1, 2, 3} j ∈ {0, 1, 2, 3, 4, 5, 6, 7}

eBLOCKN j
i [7 : 0] =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

BLOCKN j
i [7 : 0] j ∈ {0, 1, 2, 3, 4, 5}

BLOCKN0
i [7 : 0]⊕BLOCKN1

i [7 : 0]

⊕BLOCKN2
i [7 : 0]⊕BLOCKN3

i [7 : 0]

⊕BLOCKN4
i [7 : 0]⊕BLOCKN5

i [7 : 0]

j ∈ {6}

5∑

l=0

(l + 1)
7∑

k=0

BLOCKN l
i [k] j ∈ {7}

i ∈ {0, 1, 2, 3}

⊕
∑

+

eBLOCKN [255 : 128] = eBLOCKN [127 : 0] = BLOCKN [127 : 0]

BLOCK3[143 : 96] eBLOCK3[191 : 128]

eBLOCKN [255 : 0]

eBLOCKN [255 : 0]







BLOCKN [255 : 0]

BLOCKN [191 : 0] BLOCKN [127 : 0]
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M (i)
0 M (i)

0

M (N)
1

~
~
~
~

H(N)

H(i)
0 H(N)

0

H(N)
1

















Z = XY M

X Y M r M ′

N ∈ {512, 1024, 1536, 2048, 2560, 3072, 3584, 4096}
Z X Y M r

M ′

b

b = 232



b b

N n b N

n =
N

32

Z = (Zn−1Zn−2 · · ·Z0)b

X = (Xn−1Xn−2 · · ·X0)b

Y = (Yn−1Yn−2 · · ·Y0)b

M = (Mn−1Mn−2 · · ·M0)b

r = (rn−1rn−2 · · · r0)b

n Zn−1 ~ Z0 Xn−1 ~ X0 Yn−1 ~ Y0 Mn−1 ~ M0 rn−1 ~ r0 b

Zn−1 Xn−1 Yn−1 Mn−1 rn−1 Z X Y M Z0 X0 Y0 M0 r0

R = bn

r = R2 M
⎧
⎨

⎩
M ′′ ×M + 1 = R×R−1

M ′ = M ′′ b

( N
512 − 1)

Xi Yi Mi ri i ∈ [0, n) ∩ N

b

M ′

Zi i ∈ [0, n) ∩ N

Xi ri



Z = X × Y M

r M ′

( N
512 − 1)

Xi Mi ri i ∈ [0, n) ∩ N

M ′

Yi i ∈ [0, n) ∩ N

Zi i ∈ [0, n) ∩ N

Z = X × Y Z X Y

N ∈ {512, 1024, 1536, 2048}
N̂ Z 2×N

X Y X̂ Ŷ N̂



Z X Y

n =
N

32

N̂ = 2×N

n̂ =
N̂

32
= 2n

X̂ = (X̂n̂−1X̂n̂−2 · · · X̂0)b = (00 · · · 0︸ ︷︷ ︸
n

X)b = (00 · · · 0︸ ︷︷ ︸
n

Xn−1Xn−2 · · ·X0)b

Ŷ = (Ŷn̂−1Ŷn̂−2 · · · Ŷ0)b = (Y 00 · · · 0︸ ︷︷ ︸
n

)b = (Yn−1Yn−2 · · ·Y0 00 · · · 0︸ ︷︷ ︸
n

)b

( N̂
512 − 1 + 8)

X̂i Ŷi i ∈ [0, n̂) ∩ N

b

Zi i ∈ [0, n̂) ∩ N











Keyo = f(coding scheme,BLOCK1)

Addre Addrd

Keye = g(Keyo, f lash crypt config, Addre)

Keyd = g(Keyo, f lash crypt config, Addrd)

Keye Keyd

Keye Keyd

Keye



Keye

Keyd
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V Addr1 V Addr4

V AddrRAM

V Addr4 V Addr0



V Addr0

V Addr1

V Addr2

V Addr3

V Addr4

V AddrRAM
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V Addr4 ~

V Addr0

V Addr1
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V Addr3

V Addr4
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V Addr1

V Addr2

V Addr3

V Addr4

V Addr1



V Addr1

V Addr2 V Addr3

V Addr0

V Addr1

V Addr2
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V Addr1

V Addr2

V Addr3

V Addr4

~

V Addr0

V Addr0



V Addr2

V Addr2

V AddrRAM ~

LV AddrRAM

RV AddrRAM
LV Addr RV Addr



LV AddrRAM

RV AddrRAM

LV AddrRAM
RV AddrRAM

LV AddrRAM

RV AddrRAM

LV AddrRAM

RV AddrRAM

LV AddrRAM
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LV AddrRAM
RV AddrRAM
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RV AddrRAM
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RTC Memory

I2C CTRL

RTC CNTL REG

SAR CTRL

TSENS CTRL

ESP32 RTC

APB Bus

b
ri

d
g

e

RTC IO REG

RTC I2C REG

SARADC REG

 

Arbiter
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Coprocessor

 

 

RTC Timer
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