‘ ’ l life.augmented

STM32F7 MPU Cache % #7

&
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BER5 LSU M, VrRakEF 4 L E V5 SRAM k4 RAM BIR %, HERAIE cache A L W5 & 1 fr
(1 cache SIS {RIE), L&/ cache miss, /5 K 44 ELER HIH2 5 .

VIR KR
[F]¥EiX B A D-cache N5, & — F D-cache [F)#4 -

D-Cache 4-Way Set-Associative »

Address
TAG Portion | Set(=Index) | Word | Byte
3 n 5 4 21 0
, . o T SR
6 3—/

Cache line

7|65 (4|3 (21|60

e

Mote:
Each address index maps io a single
cache line which can be stored in any ong
of the two ways (4-ways set associative)

The example shown here is a 3K cache:
4 ways
¥ 64 |lines (zets)
® 8 words
=8 KB cache

V —valid bit, D-dirty bit, C — 2 bits outer
pr— cacheability attributes

f14% Address fl cache-line, Address I HHhE, XF N —240% 32bytes [¢] cache-line:

BHEN, ik arp R cache-hit, R LLE M cache line AR (0, e, HiEL T
address #SBCH K E], i E cache-miss, X3 2 ASEBRA A A7 57011 SRAM) AU AH B 9 4
FFEUHT B — 2% cache-line " IFEEUAHRLIY cache-line 15 & ;

AN, BE SR T, 3 write-through 508 R write-back #mg, 41% ] write-though $Em& i,
§¥r cache-line [ A, [FJFE 2 SR HOGT S () SE R BEHBIE ) X 38k, 242K H write-back SERg I, 53T
cache-line [ A, I A By b 2 5 HOO N B SER P Bk R N 2, TRAE HUOh & & 8 T 1Y)
cache-line # dirty [FJINMiEA 2 2258857, 298, Wr] L@ SRR ILsaG]EHr, Bl clean MI30{E, X—
P fE R cache — BV )@l b2 H AR
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FRE, XFT 4% cache #5740 A 2-way 5E 4-way, XAl cache [ B B H0E W4k L5452,
H T A SO i cache N AR A, B PAoT cache A 5 1) 5 &I AT PR IR

Cache & MPU B

XEFEFEREMNAZ, cache —f2R A MPU(memory protection unit)— i 17, &7 2@ MPU
fic & #5 5% memory 1)@ 14 (normal, strongly-ordered, device, XN etc.), Ul & Hix:

0 ol B
Type

0x0000 0000 Ox1FFF FFFF Code Normal Typically ROM or flash memaory.
IMemory reguired from address 0x0 to support
the vector table for system boot code on reset

0x2000 0000 Ox3FFF FFFF SRAM MNarmal - WBWA SRAM region typically used for on-chip RAM
0x4000 0000 Ox5FFF FFFF Peripheral Device XN - On chip peripheral address space
0x8000 0000 Ox7FFF FFFF RAM Normal - WEBWA Memory with write-back, write allocate cache
attribute for L2/L3 cache suppaort
0x8000 0000 Ox9FFF FFFF RAM MNormal - WT Memory with write-through cache attribute
0xA000 0000 OxBFFF FFFF  Device Device, XN - Shared device space
Shareable
0xC000 0000 OxDFFF FFFF  Device Device, XN - Non-shared device space
non-shareable
0xE000 0000 OXEQOF FFFF PPB Strongly- XN - 1MB region reserved as the PPB. This
Ordered supports key resources, including the System
Control Space and debug features.
0xE010 0000 OxFFFF FFFF  ‘“endor SYS  Device XN - endor system region
MU LA HRE AR s ) -

0~Ox1FFF_FFFF: flash %58, J&?: A normal, cache [¥)Jg: >y Write-through, B ¥ cache [¥)[FRT,
W Bl [R5 NAH L P B 1k 2 )

0x2000_0000~0x3FFF_FFFF: SRAM =[], J&: & normal, cache [#)J& 44 write-back, BN 5T
cache, fEEIEMIIN%(H cache SME TR & B B o 1 5E 3T ) K Hicdls BE T 2 AH R
SRAM 7]

0x4000_0000~0x5FFFF_FFFF: it W EBAI SN 23], &0 device, 3X— U2 AMNBLAF A7 48 P AL A7
B, ANHEEHEERALZE cache

XN ) B2 Execute-Never, & SO SR F bl 22 10] 2 XN, 248 AT AR08 1 .



Ly

life.augmented

Cache AHRERERAEH

X H L core_cm7.h X} cache 352 (1 s £

(C:\Program Files (x86)\IAR Systems\Embedded Workbench 7.2\arm\CMSIS\Include)
SCB_EnableDCache

## {fi5E D-cache

SCB_DisableDCache
## 2% ] D-cache
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Cache —Bi: i &
JiTiE ) Cache — &t 18, 3 EHE MK /2& T D-cache fA7ERT, RIAEH £ A Host (JLA (¥ MCU 1)
core, DMA%5) Vsl [Rl—He AT, BT #dli 824778 D-cache Ml A 58T LR A IEE A 77
ML YA SYIBEN AR LIS, core 25 2 HUHTAH M () cache-line(Write-back i #&), TEIH
clean FITEIL T, 2 S BT B 52 B3 A A7 H BB IR BCA B SE B, i X A A JE 1) Host
(W1 DMA) JjIa3X BE AR, st RIS (Pl T sSEBr s WA IR R8T, Al D-cache AN —
HO , XFEFTIE cache — Bk 1 i

AL DMA B3 T B N E (DMA I cache B/ E BEEIE) , MIXAMEHE Core Fi%
HUX B WAE e, B T-AE R bk () cache-line 3%/ #¢ invalidate, 5%k Core $2#f¢) /2 cache-line
HREHE, TR DMA SEEst f SERR B N A s, X sk B EL RSSO T R AN AR

® TGN

3. DMA read Addr 0

2. Write Ox55AA to Addr 0

1. Addr O primary data is OxE7E7

® TGN
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3. Core read Addr 0 2. DMA write Ox55AA to Addr 0

D-Cache ?

1. Addr O primary data is OxE7E7

N BL— ANk oAt cache — Bk AR, R LIS — A LG, W0 R EPR:

Cortex-M7 DMA controller

L1 data cache

A¥]-to-AHE

a3RC _Const B
uffer

Copy data from
Flash to SRAM using

«—| SREAM1_Buffer

|
|
|
| SJII'HE2F5-E:( Hands-on

e — IR AT R AR SR AR A B A2
® SRAM1 Buffer 4 #5 A\ 0x55
® Core ¥4 Flash #1[{J Const_Buffer 5 N\ SRAM1_Buffer (ix 4541t d-cache)
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® [iiE DMA, ¥ SRAML_Buffer H1 &z DMA 5 A 51— B A ## DTCM_Buffer

® [l DTCM_Buffer H % Al Flash H1ff) Const_Buffer %, BT 3

ARG 7= B R«

® MPU % memory HIFCE - --- Stepl

static woid MPU_Config(void)

{
MPFU_Region_InitTypeDef MPU_Init3truct;

/¥ Disshle the MFU #/
HAT. MPFU_Disable():

A% Configure the MPEU attributes a5 WT for SRAM +#/
MPU_InitStruct.Enable = MFU REGION ENABLE:
MPU_Init5truct.BaseAddress = 0x20010000;7

MFU Init5truct.5ize = MPU_REGION SIZE 256EB;
MEU_Init5Struct.fccessPermission = MPU _REGICH_FULL ACCESS:
MPU InitStruct.IsBufferable = MPU ACCESS NOT BUFFERABLE:
MPU_InitStruct.IsCacheable = MPU ACCESS CACHELELE:
MFU_Init5truct.IsShareable = MPU ACCESS NOT_SHARELELE;
MFU_Init5Struct.Humber = MFU REGIOH_NUMEBERO:

MFU InitStruct.IyvpeExtField = MFU TEX LEVELO;
MPU_Init5Struct.SubRegionDisable = Ox00;

MFU Init5truct.DisableExec = MPFU_ INSTRUCTIION ACCESS ENABLE;

HAT. MPU_ConfigRegion(sMFU_InitStruct):

/% Enable the MPU */
HAL MPU_Enabkle (MFU_PRIVILEGED DEFAULT):
}

H T — T s il R A -

» BaseAddress JyEC & 147 23 A R A b
»  Size HEIMCE A A A RN

» IsCacheable 3 #iX Bx A7 fif 73 [A] 22 75 7T LA cache

» IsBufferable &#{{ifit cache 2 J5, & & write-through i /& write-back(bufferable)
X B FER R 1 A BB BaseAddress 75 B4 Size R, LKA E N, ED

0x20010000 [4: LA 256K 75 /2 54 |

® f{lifit Cache ---- Step2
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static woid CPU_CACHE Enable (woid)
{
/* Enable I-Cache */
3CB_Enablelfache();

/% Enable D-Cache */
3CB_EnableDlache();

1
o liiL SRAML Buffer y 0x55 ---- SLEPS
® Copy Flash # ] Const_Buffer #| SRAM1_Buffer - - - - Ste p4
® [i® DMA, ¥ SRAML Buffer 5§\ DTCM_Buffer ---- Step5
® L% DTCM_Buffer f1 Const_Buffer, FH2H—#H ---- Step6

WAER LR, RGBS R 5, RN, TR ) WB B, FTbAE
SteP4 i, #uim2%172e D-cache ift, J4f E Hi%) SRAMI_Buffer, il

SRAM1_Buffer #; DMA #5 %] DTCM_Buffer H1 i, A —#or ] Geib 2 WIiaE, FEmA
HILECA—FE, TR T4 LR LA
1. MPU I B (485, ¥ 81k cy MPU_ACCESS BUFFERABLE, RI#iFH write-though %
2. iBid cache ¥ %74, # A cacheable f#)7%3 ] 4 5% H write-though
3.3.8 L1 Cache Control Register
The CM7_CACR characteristics are:
Purpose Controls the L1 ECC and the L1 cache coherency usage model.
Usage Constraints Accessible in privileged mode only.
Configurations Available in all configurations.
Attributes See the register summary in Table 3-1 on page 3-3.
Figure 3-8 shows the CM7_CACR bit assigniments.

0 3210

Reserved

FORCEWTJ
ECCDIS
SIWT
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Bits Name Type Function
[31:3] - - Reserved, RAZ/WL
[2] FORCEWT RW Enables Force Write-Through m the data cache:
0 Disables Force Write-Through.
1 Enables Force Write-Through. All Cacheable

memory regions are treated as Write-Through.

This bit 15 BAZ/WTI if the data cache is excluded. If the data cache 1s
wmncluded the reset value of FORCEWT 1s 0.

3. ¥ dirty cache-line 5 | &5 (1) 4 B bk
1 Step5 EeVEZ T, S5 SCB_CleanDCache &, SCB_CleanDCache_by_ Addr ¥ #H v

cache-line T {34 5 N SRAM1_Buffer, mififvhk 1 XA ] 5 !

Rt 7%, ESERRRIT ALY, N 7 iRmtkRe, —M#EBfliRE cache, [FRFRALACE N WB
MG, X AR EIT R AR IR /O RIRE A BT 2R A L, F BRI
SCB_InvalidateDCache = SCB_InvalidateDCache by Addr Z: Invalidate 13 [] cache-line, Xff24
core TERLIUN, 2x20& D-cache "N ZE, 25 F 52 AP B 5 OGS B2 AR #cHfs !

HEER - B
BEFSR AR L TAF CUST” ) REBERDUST A/ sCASOREEATASE . BIE, JEos, BXsGEipcn], A ST, KI5
PR AT BRI T-ST =i BB 5 o ST 7™ il BB B8 AR VT B0 A IR O AH SRST B985 253K
JJ7 EATTIRIST P2 ab R FEAME AT, ST MEAARE S I Blp Bl S 5 7 e e A 5% R A 534
ST ASXHEATEIR P BCHEAT AT W75 R 3R A sl /]
FBRIST P A AR T AR R E B RIUE, K FELST BIRZ™ S T HET AR IER R
ST FIST BWbrEST HIFIAR. A Hofh ™ dh s 55 4 PR NI AT & 1™ .

AR 5 BHUCASOE T RS T3 15 2.
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