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1.1.

Microchip 3T Cortex-M7 FJ MCU f%id

Microchip ] PIC32CZ CA &%1IF1 SAM E70/S70/V7x #5157 HL (MCU) &K Arm Cortex-M7 %)
rtERE MCU. % R51 MCU $&4E 7 F& ok, I HA R A BACRD B A b8 . il DRox I 3] sk e
ARG R AT sl . IRAERT ELAf s PRV, Arm Cortex-M7 PIA%iE#: 3] TCM.

PIC32CZ CA R Bl

PIC32CZ CA 515 WK F = B8 Arm Cortex-M7 A% LA R s RAFAE 2 AR Wt . IX i FrfL B ki v
8 MB HJIAAEHT 1 MB ] SRAM, A] 3 & & 4 B X A7t 8% 10 A% 75 5K . Arm Cortex-M7 WiZE & — W
B4 (Error Correction Code, ECC) WIEH TCM BRI, wIamE . (R AE B AN 52 b B e

PIC32CZ CA9x Z AR LA Bt 22 446k (Hardware Security Module, HSM) Fl£ fi&iEife, 72
VRZERN TP AT 87 DA R 75 B0 oK 22 A it Y FeAh A0, (i@ qSn 25 . 2245 S ie . S IE il f 2
AT AR

R4 T EEERIIRE, BlnEE USB. CAN FD. H47PU%k 1/0 (Serial Quad I/0, SQD . %4¥+
HIZ EAFE (Secure Digital High Capacity, SDHC) . 12S™. BifAAM M 2ZE (Media LB™) . A 2%

|
(External Bus Interface, EBI) . 10/100/1000 LJKMFIEEATiE S0 (SERCOM)

Xt MCU Ao 4% 7 7t 2307397 %50 (Memory Protection Unit, MPU) SRibam 24, FREERK T ik
B B 22 4 9 RC R 4, AT A S8 I AMBSE BL S R 3 DL IR R G0 e 1k

1-1. PIC32CZ CA Spfigfiills, _— VDDREG, [X}—————{  SUPC
VSS VREG(X)
E
g POR
=] % # M
BORVDDx
<= PM_| PORCORE
CEVEYS | el e
T || | T o =
[MCRAMC| <=~ AH‘BP ETMETB | TPIU [AHBD = (FREN] PFM Flash Wrapper
L PG I MPU FPU md—bm =P8 Dual Panel Flash
G

USBHS1-2
[ san2 |
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1.2.

TST
XIN
XouT

PCKO..2

WKUPO..13 «—>
XIN32 «—p|
XOUT32 +—»

RTCOUTO «+—»
RTCOUT1
VDDIO
NRST +—

VDDPLL —|
VDDCORE —»|

SAM E70/S70/V7x 258 F#l

SAM E70/S70/V7x Z%1 5 HLEC & s PEfE Arm Cortex-M7 W%, R FHZeHEIAERE s 28y, 365w 384
KB [122 3 H 4 % SRAM .,

R A LS SR RN A, AERIE S S RE RN, Bl 10T Fg
PRI - P21 R 4

BN E LR MAC (B1TSCHBUKI AVB) o LA £ PHY HIE# USB. 12S. QSPI F1% CAN-
FD., foRiXUeaS b RE IR T 25 5, 153 WA SEE Ft .

N7 AR SRS AN B AT ks ARKE R HLAf @ PRI AL #E, Arm Cortex-M7 WAZIERE] TCM. 2252
FEREILAE AN 20 T RAM 2 [ 4@ fit i B HLO%

BARTS, SAM E70/S70/V7x R332t T L S L FERRETE S . 1g Arm Cortex-M7 4-2ERE
AR R PR 22 iy IV A7Ait i A, A58 L R v i o7 FH PR B 3

& 1-2. SAM E70 ZEHAHE K]

REREIEIM G, LAk HF)

/«?\“ © o ¢
- & L &
N & & o N
& & & & & S F
y O € L & O
& POIPOIPS R L&

System Controller

Multi-port Flash

SRAM Unique ID
Cortex-M7 Processor
TCM SRAM
fuax 300 MHz orsarcyes ||| Flash

2048 Kbytes
1024 Kbytes
512 Kbytes

12-layer Bus Matrix
fuax 150 MHz

Boot
Program

S

3

Peripheral Bridge

I ST

> L UL RN A QP E& &
S B SNBSS P cacese
é‘@ G SIS PP §
N O O o
2,07 Q< &
E SO
X
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2. WEZFEMERS TOM HIE

AEH R R 5 TCM 2 22 57

#2-1.TCM 5 EE %A
B AT HEBIAE R

AR AT Py I BB 1T 1 BT B ITE Cortex-M7 YA 6 RAM .,

PIC32CZ CA #1 SAM E70/S70/NV7x &% 4 , . _
O o 7 orsTO T RV RITLT, P\ e pIC32CZ CA 1 SAM EO/STONTX I B, S04 T 16 KB i
e ’ A7 (l-cache) Fil 16 KB (¥R i #2247 (D-cache) .

THEATCM, H—PH T TCM.
BEMEAEE R ARGV, BRaume S = . = s .
Eﬁéf{ﬁtﬂ:o TCM E"Jj(/J\H%fET%ﬁiﬂiﬂ:o ﬁﬁ%ﬁﬁﬁﬁﬁ%*xﬁ%%ﬁ%%%%% )ﬁ-lzﬁo b&ﬁ%ﬂﬁ{%%&ﬂﬁﬁto
O R 2% PTG I DU A A TR AE TCM IR PRI E GMARRRERS) B E 7700 7E i G A7 A fif o 1 O A 2

TCM "] Bl A5 1) o FEREFFPAT I, o TR A T A7 TEONAF A 25 1) CPU HIHE PO 2 B
CPU #1 DMA ¥J#] 5 ) TCM DMA ARET o) w22 A7«

ot B 1 1 TOM g g PR AT BRI G2 s DD, WIS
T FHRTERE IR ShTOM IOV iy it ot 1 AR o RIS
A, A RIS

H: TCM WA R RS AT . TCM B 2 & H AR B Cortex-M7 WA%. AR 577 il i S A AR ALL A
PR ILEAT VIR, T0AS 52 R R G A T AR iy P A e e AT — S5 R R S
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3.  EMGTAHES
PIC32CZ CA80/90 #i1 SAM E70/S70/V7x RANEHAF SCHFMA TCM 5245 54 TCM (Instruction TCM,
ITCM) s TCM (Data TCM, DTCMD . &4 TCM BZERES T Arm 22 e bk it S ] 7 -

ITCM [ % #£ 0x00000000
DTCM [ii] 52 7E 0x20000000
7E Arm B HUAE A 28BS R, ITCM A1 DTCM (& FH A b 78 BB T PR A2 A0 P4 755 SRAM.,
3.1. EfAEEOHEIT (TCu)
TCU B E LU RS
ITCM: —4> 64 figzr
DTCM: i 2 4> 32 s i .
= W32 S RE DTCM SESLP % [R5 il o RE — AN L3 P () IR SRR A 32 07 Kl
« AHBS: TCM [ i DMA i AHB MASE e 28482 LTk AT U7 )«
- XFE, A% (B GMAC) {E AT ETEATAT CPU TS R Uil TCM £74% 8%«

B 3-1. B A& DB

{mm== DOTCM

Memory (@ D1TCM Tightly Coupled

Interface Unit

$mm |TCM (Tcu)
DMA = AHBS

3.2.  if9
XA TCM #2011, 3/ 515K B DR AR 3% 1 fil k-
o BIAFEHIC (Load Store Unit, LSU)
« TECE I (Pre-fetch Unit, PFU)
* &% AHBS #1 (AHBS)
Wi #It (DGU)
SR ¥IG (Bus Interface Unit, BIU)

TCM G5 P2, nIX A% L) TCM U iR . PFU X AESZ TCM, i F b2z 11 B AT 352 B m]
BN TCM.
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AN5740
AR
B 3-2. TCM FZ 1] Cortex®-M7 2244

Pre-Fetch Unit

Data Processing
Unit

TCM Interface Load Store Unit

Data Cache & Bus Interface Instruction Cache
Controller Unit

& Controller

AXIM

33. WE

3.3.1.  PIC32CZ CA RFHF L

PIC32CZ CA RFNH T HLEA B8N 256 KB IR TCM, P4 Fiss 128 KB 54 TCM (ITCMD Al
128 KB [1)%#ls TCM (DTCM) . ITCM 1 DTCM I R/NZ[E 1, @ik MPLAB Harmony v3 {i
MPLAB fCHSHC & %% (MPLAB Code Configurator, MCC) #E{TERIAACH .

¥E:

o DIALFRESHE (HCLK) ijia TCM. 7E PIC32CZ CA %1%, HCLK & &A1k 300 MHz, T BAR{T&5:4%
RS R ENZRIFTE VT B E N E Y. Fk, TCM V5 47 8 B A e k.
At Cortex-M7 1) & Guda il He o (1) 25 A7 45 BC B OR I fF e k25 1k TCM,

3.3.2.  SAM E70/S70/V7x R % Bl

TCM 1] PSS S & B A TR A FIRCE 2 —. A LLEE X GPNVM bit (8:7)3H 7w fE R i &, FHAE a0
FEFFTR. 28 TCM BB NN TR AR TR T REE.

\ R DS00005740A CN - 7
@ M|CRDCH|P © 2025 Microchip Technology Inc. K344 ]



F3-1L.TCMEE (HALH KB)

ITCM (KB) DTCM (KB)>
0 0

32 32
64 64
128 128

W SRAM (KB)
GPNVM bit (8:7)
384 KB M 5 256 KB M5
384 256

0
192 1
128 2
0 3

LA ITCM A1 DTCM R/, AP RESALE] MCC T H B & H £ R i, MR4E AT B ik T b 48 &

M E ITCM 1 DTCM % & .

vE: PIC32CZ CA70/MC70 Z A LIS SAM E/S/V R AR TCM FLE -

& 3-3. ITCM F1 DTCM fit &

Kit Window x| StartPage x| main.c x| ProjectGraph x

X[ZRE RE £ |6 po

Device Family Pack (DFF) SAM E70 Xplained Ultra BSP

CMSIS Pack

()@ output | Configuration Options x
jew: [Root v || =] B

& System
Device & Project Configuration
El ATSAME70Q21B Device Configuration
El-Generate Fuse Settings
i Note: Set Device Corfiguration Bits via Programming Tool
. Security  |Disable (Code Protection Disabled) v
- Boot Mode Boot from Fash
Project Canfigural
- Cortex-M7 Configuraf i S35
TcM

CACHE
MPU

o A REHSN RS TCM. B S A HLE A HE SRAM 1)—#87r, B TCM #1 SRAM. GPNVM £ 4%

il HIE TCM A7l 1)

o DIALFRSEEE (HCLK) 5 TCM. T SAM E70/S70/V7x %%, HCLK & & 1fik 300 MHz, TGAT
AT ARRZS . KRB WAZ KT Vi R B E A SR VT ). Rk, TCM i 1 47 8 B e 1

© OPTEA NI SRAM AT CRAMETCM) |, AI#E#R S 150 MHz (R BF (MCKD 5 4T

Ii] o

Al Cortex-M7 [ 2 e il b b i) 9 47 33 0 BOR W A B BZE 1R TCM.
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4. AR TCM RN

4.1. PIC32CZ CA %7

4.1.1.  Ri0fE R bk B
PIC32C RAUB A 5155 ROM, % ROM § JU 8 R B 1O A 1y 243 SHREEE (TR 515 ROM e
JG, B LE CPU MIRAE R BFM ZEHEFAASAT .

R A E 0 FSEQ A SEQNUM (15:0) f15| S H A RCE H i) BROM_BSEQ 17 SEQNUM (15:0), #HM
4] DA A7 T AR I B A B (R AT i o X, Bk R

5 2N (BFM) :
© QR BFM THBR 1 P FS>THRR 2, JPHSTRR 1 BRG] BFM A0S, 5 IR 2.
© R BFM THIRR 2 ()P 5S> TR 1, TR 2 Bt E] BFM (e g, JEERmR 1.
NS (PFM) .
i s PEM THIBR 1 (7 515> TR 2, WPKEHIRR 1 MU 2] PRM [RIA0LE, f5 BRI 2.
4N PRM THIR 2 (7505 >R 1, MRKETAR 2 B 2 PRM AL E, 5 BRI 1.
TESE A HEBRIN S AL, NI EME W R .
< A1 EEF R FSEQ 1 SEQNUM (15:0) # & ¥ 0x0001
o HI/ 2 EE T FSEQ ) SEQNUM (15:0) # & Jy 0x0000
519 1 BB H ) BROM_BSEQ fJ SEQNUM (15:0) ¥y 0x0001
o JEZHA T 2 BUE ) BROM_BSEQ #J SEQNUM (15:0) % & 4 0x0000
aBl: PIC32CZ8110CA90208 H [y HLEA 8 MB [NAFAI 1 MB A SRAM.

I B IXFE— il : USERCFG1_FSEQ -> SEQNUM [15:0] KT USERCFG2_FSEQ -> SEQNUM (15:0), H.
BOOTCFG1_BROM_BSEQ -> SEQNUM (15:0) X F BOOTCFG2_BROM_BSEQ -> SEQNUM (15:0). A FH 3]
N4 (Boot Flash Memory, BFM) 5H{FiEF17fifds (Program Flash Memory, PFM) Z[AIAAFAE
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4.1.2.

4.1.3.

&l 4-1. A7 il “0” Wi

On Reset
BOOTCFG1 SeqNum > BOOTCFG2 SeqNum 0x0400 0000 BOOTCFG2 SeqNum > BOOTCFG1 SeqNum

USERCFG1 SeqNum > USERCFG2 SeqNum USERCFG2 SeqNum > USERCFG1 SeqNum
Boot ROM

CoTTTTTTT T 2«e) B :
0x0400_7FFF i

I

1

1
0x2002 0000
0+0800_0000 guurer e ©X0000_0000 ey X2002_ 0xosoo_oooo-
0x0800_FFrr IR GAAC) (128 KB) SRAM T (eaks)
FM2 0x0001_FFFF (1 MB) BFM1
(GLKS) 0x2011_FFFF 0x0801_FrFr M Al

0x2000_0000
0x0C00 0000 DTCM 0x0C00 0000
(128 KB)
PFM1 0x2001_FFFF PFM2
(4 MB)

0x0801_FFFF

(4 MB)

w
| = =

0x0C40 0000 0x0C40 0000

PFM2 PFM1
(4 MB) (4 MB)
O0xOC7F_FFFF OxO0C7F_FFFF

ITCM 4&-FHubk oxo 4b
E PIC32CZ CA 224k, #4E ARMV7-M 2EH, ITCM RAM X 154 5] 0x0000 0000.

V4% B T 7T OXEOOOEF90 f¥) ITCM #5427 /78% (ITCMCR) £i7 “0” I, A REVT MWL 3] ITCM o Hb
0x0.

ITCMCR %1723/ bit [0]7] F T AE ek 2% 1F ITCM.

ML E 11, Cortex-M7 WZJGET ITCM 22k Gk AXIM £ 10) HUITCM A (£ 0x0 5
ITCM 8o — bk 2 [8) (AT it H8 4 .

INAFAT) H 4 L 0xOCO0 0000 JFF 46 ) BEAFE it 2% b .
o FEAEMEAEN T, ITCMCR FAEEHHIN “07 #HEHEE
lFa) B AR SRS AT AL 51 3 INAE TN AR PP A7 it 2 o

Cortex-M7 WiZTEE AL JGilit AXI B P ATFT ARV, HASTR TCM #:0, E2 LK 3-2.TCM £
117 Cortex®-M7 4. {HZ, 4 ITCMCR ECE NlifRE ITCM J5, <7ethhl 0 4bid TCM 10 Gk AXI
B X ITCM #A7HE— 154,

U ITCM Ml HEREENS (VTOR) FHFaE
VTOR BRIy BEM [3Edl. 108 A7 5 (bl s op Bk, i B 20 1 T Al — R f e et b, B
Hodik 0x080_0000 4. £ AT A 7] fi 2 B4 ART F B 50408 A VTOR (A% & A IE A R U A b IR S5 R 1

NIZE T SR VTOR 27 47 25 I (1 5 Ffn] BETiC &«
o AL R g BRI S N VTOR 274745 .
JABhJE s A R A A E] ITCM o, JF Atk bt 3% VTOR #4745

G ATRATAT O o AR P S SR AL B ITCM, DA SRR 7 1R U 10 3802 kD AR 55 R T IR B B o Ry
T UREE DU DR X I (R R TR A EAT R T S, i S SRR [ R T A A R PP L AL T ITCM
S

@ MICROCHIP
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4.1.4.

4.1.5.

4.2,

4.2.1.

FEH I VTOR Ziff#% (fEHbik OXEOOOEDOS 4b) J&, f#fE ITCMCR a7 #5¥ bit O (Hihi: OXEOOOEF90
Koo EALR il <07 BRES TR T AR

4-2. ITCMCR Z17-2%

Reserved EN

DTCM

DTCM A/h 5 ITCM K/MHE .. BRIAEAL T, DTCM A T AEARZS .

IR E, FEA] DTCMCR 2rfFas 1 AIAL 0 REEIEEUAERE DTCM. 247k S E RGP IRIF R RS . f
KEZER, SN TCM B 2.

KA Y Pk

ARIENA K TCM o FEERG R SR AEH /7 g 2 L 4205 TCM 1) GPNVM ECE VLEE . JREAZE T TCM
A AR AL B S AR B AR AN EE, T B R s AR SE bR B I B i 2 ,  EHLEIATRE 7 L85 TCM [
B

SAM E70/S70/V7x %

Huhk oxo

GPNVM ffbit “17 FI-F-iE £ 7EHhE 0x0000 0000 AbE 1% (77 it 25 -

« 0: P4#8 ROM: firF- 0x0080 0000 (] ROM Py 78 7E il O kb4t
© 1. WEBINFE: AT 0x0040 0000 1A F7 A 2 e sk O kbt

TES A EIREG B LA, e GPNVM REAO(E 8 My 0. %A T ROM o 53] S I BRE FE AR I A7 I 4
NAE. FENAE o S M LR S, GPNVM 9 bit 1 W8 1.

¥E: PIC32CZ CA70/MC70 #4515 AL SAM E/S/V R2FIZEAIE TCM BLE .
w~F: ATSAME70Q21 ¥4 #HL, 2 MB [N1E, 384 KB 4 SRAM.
& GPNVM (8:7) = b'00 [1%#L. Hdr, ITCM =0KB; DTCM =0 KB. #JF 1 SRAM 4% [a] KA /0>,

@ MICROCHIP
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& 4-3. 547 H GPNVM (8:7) = b'00 IS (K tlihik: “0” st

On Reset

GPNVM Bit[1] = 0 GPNVM Bit[1] = 1

0x0080 0000 = 0x2040 0000 0x0040 0000
ROM (16 KB)
0x0080 4000 SRAM

(384 KB)

0x2045 0000

0x005F 0000

4.2.2.  Huht ox0 AL ITCM
7t SAM E70 ', #2# ARMvV7-M 2244, ITCM RAM [X 5 tH B4 2] 0x0000 0000,
HAA LA HAS A0 2, A Re v il Wi 1) ITCM 1otk 0x0.
GPNVM (8: 7)1 % B fa/ndE%E TCM.
«  OX EOOOEF90 /b ITCM #4127 77 % (ITCM Control Register, ITCMCR) f# bit0 & 1.
ITCMCR 2747851 bit [O]7] F T RESEE 11 ITCM.

%A E 1 I, Cortex-M7 W@ ITCM 24k GifdE AXIM £ 11) BUITCM N (7 0x0 5
ITCM M Ja— Mtk 2 [8) AT it F8 4 .
o AR £ M 0x0040 0000 FF45 Y FE A7 fif 28 Hutk
EAE, ITCMCR ) bit 0 & ZE: £i® GPNVM A FEC B W, [\ ERA S 385 A2 F ROM A
.
Cortex-M7 WIZLEE A7 il AXI B&HATIRA TRV, HAS R TCM #: 0, iF2 WK 3-2.TCM £
1) Cortex®-M7 2244, Rk, BIf# GPNVM bit(8:7)3EZ%, 7Kkl Ox0 52wk b #4785 ROM .
{HS&, K ITCMCR BB ONMERE ITCM J5, S7eEtthhl 0 408 TCM 200 GifdE AXI L) S ITCM #E47E—
AL
A SAMV71Q21 ¥ /57HL, 2 MB [N1E, 384 KB 3 SRAM.
# & GPNVM (8:7) = b"10 Bfs . H ITCM = 64 KB, DTCM = 64 KB. N SRAM Jik/> 128 KB. 1 H
SRAM 4 256 KB Tfij3k 384 KB.

@ MICROCHIP
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4.2.3.

4.2.4.

A 4-4. ITCM it & AOHEE “0” BthS

GPNVM Bit[1] = 0/1; GPNVM Bit[8:7] = b’10;

0x0080 0000 _ 0x0000 0000 A 0x2000 0000 0x0040 0000
ROM (16 KB
0x0080 4000 ( ) ITCM (64 KB) DTCM (64 KB)

0x2000 FFFF 0x2000 FFFF

0x2040 0000
Iliill
(256 KB)
0x2043 FFFF
0x005F 0000
LA ITCM Flm EREES (VIOR) FHFEE

VTOR BRI {H N 0x0000_0000. #%HEHuhE OX0 FrpTidk, ZEAMER ITCM &N, 1Zihk 0x0000_0000
LB IR B BN . @S A T ARG 67 &, BIHikk 0x0040_0000 Ab. 7E AT 3 1A] firh 4 [ AT 4 vpr
W5 655 M VTOR % & A IE B R ) A IR IR 25 A2 o

FHLT VTOR ZR /7850, A PRl BERHC & -
o FH AR H ) o ) R e Ll B N VTOR 294728 .
o BEEEEREEEEE ITCM &, A 3 VTOR.

v AT A SR T AR I/ E AL B ITCM,  DASR B 13 1R 77 I B2 IRk D IR 55 h T 8 I . Oy
T AR DL R R FEE X I ) SRR TR S AP AT P BT S, [ R AN [ AU R AL BRI T ITCM
Fe

TEH M VTOR #A74s (fEHuhl OXEOOOEDOS 4b) J&, f#fE ITCMCR #F /7451 bit 0 (ki OXEOOOEF90
o) o FEAE RSB ST RIS O . ARG S  AEE ITCM 41, Bk ITCM BCE Hh ikl “0” mesft
Frid .

& 4-5. ITCMCR 27 {7 4%

Reserved

DTCM
DTCM K/h5 ITCM K/MHTA

T GPNVM (8:7)EL & (IHEE TCM K/NE LUEiE DTCM. ITCM 7 E 47 5 WA 4 B #fafdife, DTCM 5
ZANE, R E AR /N SR B ALERE .

WER, DTCMCR [ bit O AT 25 1Ea it DTCM, HAERGHREFRMHPIRE . ZAM R RSE TR
FARMAPRES . FERBEN AT RIEFEGENTCIMER. ARELEL, ESILTIM 4.

@ MICROCHIP
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4.2.5. HiEgiE
AN TE TCM . SRR IR S P R A7 ds B 4 205 TCM ) GPNVM BC B IR . JR K W1 R -
© TCM WHHARRE /s A 548, SERr b ol S 30470 2 16 8 S ARG o
- EIARREF LAY i TCM KL 5.
« TCM HIBCE 3 A HT FH SRAM AH R k2L«
- TCM 43 X AT SRAM iR, A A SRAM 25 & HL AT ik TCM B .
- BCE TCM B, [NAF N EFE 7 2205 2 7T F SRAM K/h.
o AT IO BE M GPNVM BE B A, aAZifi ik E AL

@ MICROCHIP



5.  TCcM ERE KGR FF

5.1. PIC32CZ CA &%
PIC32CZ CA &%) TCM {2 B W TR

& 5-1. %A PIC32CZ CA 21 TCM i B

On Reset

Enable ITCM — Set Bit[0]
in ITCMCR register

Set SCB_VTOR to Vector

Table in Flash Memory
area.

Jump to Application

5.2. SAM E70/S70/V7x &%
EF%F TCM FLE X GPNVM (e B 5515347 7 368 .

@ MICROCHIP
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& 5-2. B+ SAM E/S/V B A TCM B

On Reset

Do GPNVM [8:7]
bits MATCH

“build” Config?

Configure GPNVM
bits as below

Enable ITCM — Set Bit[0]
in ITCMCR register

Is required TCM
size == 0 KB?

Set SCB_VTOR to Vector
Table in Flash Memory
EIEN

Is required TCM
size == 32 KB?

Jump to Application

Is required TCM
size == 64 KB?

Is required TCM
size == 128 KB?

Trigger a reset

Clear GPNVM Bit[8].
Clear GPNVM Bit[7].

Clear GPNVM Bit[8].
Set GPNVM Bit[7].

Set GPNVM Bit[8].
Clear GPNVM Bit[7].

Set GPNVM Bit[8].
Set GPNVM Bit[7].

¥: PIC32CZ CA70/MC70 &% FHIILE 5 SAM E/S/V RFIZELLFK TCM L& .
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6.1.

6.2.

6.3.

B AR A 2R

PAUR #5021 17 AL PR PP A5 P A A A i S 2 1 D0 R P HEAT T MBEIA

& T

A

* PIC32CZ CA90 Curiosity Ultra 7T %4

* SAME70 Xplained Ultra Pro ¥ T EAY

L/ gL

» MPLAB X IDE v6.20 5 ¥ @il A
MPLAB XC32 % 1 #% v4.45 55 kA

MPLAB X% B 7% v5.5.1 85 i il A
- ¢cspv3.19.7 (MPLAB Harmony v3 it 4 SZ #4088 A

i AR S RS AL 8 A Ei& MPLAB Harmony v3 %57 . 7T LA GitHub TR %% 28 % I sl fd
I MCC WA HEES R a FIR IR e . X265 38t v] LA T PIC32CZ CA70/MC70 R 415 L.

IO FH AR B

HRFIBLE] T PIC32CZ CA il SAM E70/S70/V70/V71 5128440 TCM . B HE TEABKA |-
cache #i1 D-cache &L T MINTE. SRAM Fi1 TCM AT AL BT 35 (K I 18] o

& 6-1. i fE &l

On Reset

Enable
Instruction Cache

Enable Data
Cache

Configuration

Execute from
Flash Memory

Execute from
Flash Memory

Execute from
Flash Memory

v v
Execute from Execute from Execute from
NALY SRAM ML
v v
Execute from Execute from Execute from
TCM TCM TCM
IV =

N T B AT AT Gk B B BT, FEINAE. SRAM FIl TCM B 6% T —AME s B i . 285,
5 By P A S U O LB R AL S T AR SR (KR ). A MPLAB XC32 S at IR, K bR B B afs 22 o
X T EAEAF A7t s B

@ MICROCHIP
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https://www.microchip.com/en-us/development-tool/EV16W43A
https://www.microchip.com/en-us/development-tool/dm320113
https://www.microchip.com/en-us/tools-resources/develop/mplab-x-ide
https://www.microchip.com/en-us/tools-resources/develop/mplab-xc-compilers/xc32
https://www.microchip.com/en-us/tools-resources/configure/mplab-code-configurator
https://github.com/Microchip-MPLAB-Harmony/csp
https://onlinedocs.microchip.com/pr/GUID-1F7007B8-9A46-4D03-AEED-650357BA760D-en-US-6/index.html?GUID-1154354B-2B16-4E74-8552-AD4977699E09

*  attribute  ((tcm)): MFRREERZGMXTHELE TCM

*  attribute  ((ramfunc, long call)): RFeREERGM XK ELE SRAM
fE main.c (A

* {£ DTCM HsE XIFFBE RN IX TCM_SrcBuff fil TCM DestBuff

* f£ SRAM HE IFTRE R ANZZ M IX SccBuff Ml DestBuff

* B TCM memcpy () fI T ITCM

*  PR%L SRAM memcpy () i T SRAM

* MR%( flash memcpy () L TAfEH

@ MICROCHIP
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7. wWFEFRENHER
FHR DL R S BT PIC32CZ CA i1 SAM E70/S70/V70/N71 R 5 B4E K TCM PERE S R F i T 9 FE .
1. MELU R T3 TCM PERER FIFER -
- PIC32CZ CA90 Curiosity Ultra ¥4l T B AL (Aidi D B GitHub 3R
- SAM E70 Xplained Ultra vFflfi TH A (i B0 B GitHub $RHK

2. M MPLAB X IDE #TJ PIC32CA CA90 TCM T:AETI H (84%: <2 F#LEEIE>/
pic32cz_ca90_tcm_performance/firmware/tcm_performance_pic32cz_ca90_cult.X).
¥: N SAM E70 Xplained Ultra ¥4 T H %% SAM E70 TCM PERETH (#4%: < F#EHEE>/
same?70_tcm_performance/firmware/tcm_performance_same70_xult.X).

3. PIC32CZ CA90 Curiosity Ultra JF & #R EBCA H TR E I IAE (PKoB4) . ¥ Type-A A 3k#:
micro-B USB £k 4% #: % micro-B DEBUG USB i I, LPA{#EX} PIC32CZ CA90 Curiosity Ultra P4t
TR AR . BN IR (6.5V & 14V) &R J100 iE#%2E.

& 7-1. PIC32CZ CA90 Curiosity Ultra PFA& AR A% B

Debug USB

External Power
Supply

(6.5V to 14V)

DEBUG USB

HE: B Type-A 24 3k% micro-B USB 25454 % micro-B DEBUG USB #it11, LUE{UGE SAM E70
Xplained Ultra 34 T AL A7 (AT .

4. 7£ MPLAB X IDE {J Project Properties (IiH &) &I
a. fEZEE) Categories () g, iE#: Conf: [pic32cz_ca90_cult] .
b. #E£i{llf) Configuration (BZE) J& ki -
i X OERR R TR, 1%+ PIC32CZ CA90 Curiosity Ultra.

@ MICROCHIP


https://github.com/Microchip-MPLAB-Harmony/reference_apps/releases/latest/download/pic32cz_ca90_tcm_performance.zip
https://github.com/Microchip-MPLAB-Harmony/reference_apps/tree/master/apps
https://github.com/Microchip-MPLAB-Harmony/reference_apps/releases/latest/download/same70_tcm_performance.zip
https://github.com/Microchip-MPLAB-Harmony/reference_apps/tree/master/apps

i, G Fgmikas T HSE, IR EIF XC32,

B 7-3. T H J& f:-——P1C32CZ CA90 Curiosity Ultra ¥¥{it T. B4,

SR 5 1EFE XC32 (V4.45).

¥3 Project Properties - tem_performance_pic32cz_ca%0_cult X
Categories: Configuration
o General Family: Device:
- O File Indusion Exdusion Al Families v PIC32CZ8110CAS0208 ~
- -
O PKoB4 Connected Hardware Tool: Supported Debug Header:
@ Loading [Frcsacz caso curiosity itra -si: ozo0s1s0R... | Jshowat  |iene
@ Libraries
< Buiding
o (pad language todichain) Padks:
& | amsis
o 540
L
| | PIC32CZCAS0_DFP
‘@
- XC32 (v4.40) [C: \omqam Fizs‘Mlundqz\x(?oZ\w 0]
XC32 (v4.35) [C:\Program FilesMicrochip\xc32\v4. 35\pin]
£ ARM
Manage Configurations...
Manage Network Tools...
=) e el [ e

e P

4 SAM E70 Xplained Ultra ¥4 .2 A%+ Conf: [sam_e70_xult],

& 7-4. 1 H J& 'E-——SAM E70 Xplained Ultra 344 T. B £1

W ER

B9 Project Properties - tem_performance_same70_xult x
Cagegories: Configuration
< General Family: Device:
@ File Inclusion/Exdusion Al Families w|  |atsamenqais o
[SREEN Conf: [sam_e70_xult
© EDBG Connected Hardware Tool: Supported Debug Header:
@ Loadng Ism £70 Xplained Ultra-SN: ATML3186081800002504 IDShowAI None
@ Libraries
© Buidng
= @ XC32 (Global Options) Packs:
L0 xe32-as -] | SAME70_DFP
o g &
O XeI2gH+ CMsIS
o xc3zdd = --
© xc3zar S
©  Analysis
L-XC32 (v4 35) [c ‘Program F||=s‘|“i:rod'\rp\xc32\v4 35\pin]
ARM
Manage Network Tools...

5. Hifi Apply (RiFDD , )55l OK (e )

Ce ] o=

o

v [

6. #AEmIFEIH, EH T Clean and Build GERRIFmF) KRR FHi5RHi%E+# Clean and Build

Main Project (ERRIFgmiEFIIH) , A5
B 7-5. iE bR RR I H

BRI H 72 15 D 4 1 -

2k, BIATSEEN R A

Kit Window

% TR O =

Clean and Build for Debugging Main Project

Source His*l

Clean and Build Main Project

I;

(o] ||

Clean and Build with PRO Comparison Main PI’OJECt F

@ MICROCHIP
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7. i Program the Device (ZRA2anfl) EIbRaS N R P REAT WA .
7-6. JiFE AT

@ MICROCHIP
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8. Wi MPLAB 4T A4k 2% L AoFa

1. W@EMgmAEN ARG, AR BRI ERTIF MPLAB i il 44k 25 .
& 8-1. |55 MPLAB %42 i] ¥4k 28

2. ECLE PIC32CZ CA90 Curiosity Ultra vFAsA ) R AT 35 1, Bk B s il e T -
& 8-2. #1473 I i .

[ Kitwindow x| StartPage x| main.c x| () MPLAB Data Visualizer x|
Workspace:  [Y) Clear A toad.. [ Save o0 | Views: I TimePiot [ Terminal s+ ' Protocols: [E DVRT Session

£ | IE serial Ports T
COM64 E,

3. £ COM Settings (COM ¥ &) JEt%, £ Baud Rate (JHiZ) FEBHHiA 115200,
B 8-3. I UL R

KitWindow x| StartPage x| [F]main.c x| (] MPLAB Data Visuaizer x|
Workspace: [ Clear 2 Load.. [F)Save +=+ | Views: B Timeriot [ Terminal +=+  Protocols: [EE] DVRT Session

Serial Ports o

COM64 -

COMB4 Settings

Baud Rate:

Char Length: &bits ¥
Parity: None ¥
Stop Bits: 1bit ¥

4. @it Play (JEO BIFRITHF PIC32CZ CA90 Curiosity Ultra At H 475 11

@ MICROCHIP



& 8-4. FTJT Ef A7 31 11

KitWindow x| StartPage x| @main.c x |{J] MPLAB Data Visuaizer x

Workspace: [} Cear 2 Load.. [ save ees  Views: K Timepiot [=]Terminal *s=  Protocols: [EJove

Serial Ports -
COM64 o E

5. %% Send to Terminal (k%3 %Ku) L4k TCM HgEMREE B, )5 #di Close (5] &
P 8-5. i 3 £ it i T

@ Start visualizing data X

Data capture has started on COM64, but the data is not being visualized or logged to file.

Start visualizing data as it is captured:

ket Plot Raw B3 send to Terminal & Variable Streamer

streamer to

ng serial data

Visualizations and logging can also be added using the controls for data sources in the left side bar. For detailed
configuration of visualizations, use the options in the sidebars on the right.

Show this dialog on data capture start

6. F& FIFAAR R ALT A LA AL
8-6. 5 {if PIC32CZ CA90 Curiosity Ultra iR

$ |
Bl gl UL
== O

by
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& 8-7. 57, SAM E70 Xplained Ultra il T. B0

7. W% MPLAB ¥4l nl ¥4k 2% | SR 5 H] 44 5 TCM Performance Demo (TCM :fgiER)

& 8-8. TCM PEABE L

Terminal X

Disabled Instruction & Data Cache

Code/Buffer - Cycles
Flash/SRAM - 1085171
Flash/DTCM - 988133

SRAM/SRAM - 955135
SRAM/DTCM - 876161
ITCM/SRAM - 916673
ITCM/DTCM - 834131

Enabled Instruction Cache

Code/Buffer - Cycles
Flash/SRAaM - 1035921

Flash/DTCM - 938207
SRAM/SRAM - 944315
SRAM/DTCM - 853327
ITCM/SRAM - 898183
ITCM/DTCM - 834117

Enabled Instruction & Data Cache

Code/Buffer - Cycles
Flash/SRAM - 166569

Flash/DTCM - 163984
SRAM/SRAM - 163995
SRAM/DTCM - 163982
ITCM/SRAM - 163981
ITCM/DTCM - 163981

@ MICROCHIP



S

H:
a. WAIH MR E N “TH/007 .

b. FFREME T EX PIC32CZ CA Fil SAM E70/S70/N70/N71 25 24 E 8 I PAT $8 A5 -
« PIC32CZ CA: TCM fif##8 E——128 KB, fltft——7/00

+ SAM E70/S70/V70/N71: TCM fifif#sfic E——32 KB, fift——i#&/00

8. TERAIM T ITCM M DTCM 514 N47/SRAM A & AHELIIL S . AR RIS, RS md A7 B
BARAN, PORBIREF AR N H A e Nsid A7 . R/, KB HRERFEEREZ, HFHEEEE
BWEAERIEEAF T . W THEERHTER, TCM 4 BEOCHE NG 52 MRS BOT T HGIE W1 5E RS

% 8-1. PIC32CZ CA: TCM it  ——128 KB, fbk——F/00

i AN

W77 SRAM 1085171
WA DTCM 988133
o4 B EAF = K SRAM SRAM 955135
Mol mR AT = K SRAM DTCM 876161
ITCM SRAM 916673
ITCM DTCM 834131
WTE SRAM 1035921
WA DTCM 938207
o4 BT = 4T SRAM SRAM 944315
BAE R AT = KM SRAM DTCM 853327
ITCM SRAM 898183
ITCM DTCM 834117
W77 SRAM 166569
habe DTCM 163984
a4 Bl EAE = 47T SRAM SRAM 163995
Mol mR AT = 47T SRAM DTCM 163982
ITCM SRAM 163981
ITCM DTCM 163981

% 8-2. SAM E70/S70/V70/V71: TCM it @ ——32 KB, fifk——I/00

WAE SRAM 1317577
WA DTCM 1258257
A TR = M SRAM SRAM 1186391
Mol mR AT = KM SRAM DTCM 1064289
ITCM SRAM 1039041
ITCM DTCM 964571
WA SRAM 1266171
WA DTCM 1161249
54 BT = 4T SRAM SRAM 1169437
Bl =R GAT = KM SRAM DTCM 1051603
ITCM SRAM 1052657
ITCM DTCM 963431
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%% 8-2. SAM E70/S70/V70/V71: TCM Bt & ——32 KB, fifb——F/00 (48

paped SRAM 167639
N1 DTCM 163973
a4 s AT = 19T SRAM SRAM 164019
Bl = R E AT = TH SRAM DTCM 164034
ITCM SRAM 163971
ITCM DTCM 163973

9. N T H§TRIXECHHE, ML TAE Y 02 LIS :
a. fE MPLAB X IDE Project Properties % 17, % Conf: [pic32cz_ca90_cult] > XC32 (Golbal
Options) (XC32 (&FEH) ) , R/FiL#F xc32-gec.

b. 7E£ifl] Options for xc32-gcc (xc32-gec MIiET) JE MR
i. XIT Option G&Ii) 2%, %+ Optimization (fift) .
i. XF Optimization Z¢5, ##% 2.

& 8-9. Iji H J& It

B4 Project Properties - pic32cz_ca%0_cult X
Categories: PO -
" General ptions for xc32-gec (v4.40)
» File Indlusion Exdusion Option : .'—vl femt
> Loading optimization-evel 0 ~
» Libraries Linroll loops 0
> Buidng Omit frame pointer :
s
@ XC32 (Global Options) po
O x¢32-35 Pre-optimization instruction scheduiing 3
- Post-optimization instruction scheduling TETSUTTOr Ve -
0 Xe32gHt
e Use common tentative definitions Disable v
> xc324d
O xc32-ar
> Analysis
Additional options:
Option Description  Generated Command Line
- 0 - Do not optimize. The compiler's goal is to reduce the cost of compiation and to make debugging  »
produce the expected results.
- 1 - Optimize. Optimizing compilation takes somewhat longer, and a lot more host memory for a large
function. The compiler tries to reduce code sze and execution time.
- 2 - Optimize even more. The compiler performs nearly all supported optimizations that do not involve a
space-speed trade-off. v
Manage Configurations... 5 Ambiceina sink mansa fainsina anand Laimssnak af A0
Manage Netwark Tools...

10. Hii Apply, #AJ5 Hiidi OK.

1. EE W9 PRI PIC32CZ CA90 Curiosity Ultra VPSR, 162 W 4 7 i FEI I FE /7
*:

- RS T EXT PIC32CZ CA F1 SAM E70/S70/V70/V71 &5 AT HE A5 -
* PIC32CZ CA: TCM fiig#s i E——128 KB, fitb——=02

* SAM E70/S70/V70/NV71: TCM {7t #s i E——32 KB, ffifb——02
- LIRS EETHF ¥ e SAM E70 Xplained Ultra 34t TR A ML 5.
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% 8-3.PIC32CZ CA: TCM it B ——128 KB, fitb——02

WTE SRAM 383503
W DTCM 385553
Fa RGBT = KM SRAM SRAM 179778
Bl IR AT = KK SRAM DTCM 134154
ITCM SRAM 181595
ITCM DTCM 133951
W17 SRAM 179485
W7E DTCM 136405
R4 B GATE = 1T SRAM SRAM 179496
Bl IR GAT = K SRAM DTCM 133842
ITCM SRAM 181515
ITCM DTCM 133851
A7 SRAM 45442
W1 DTCM 45203
a2 IREAE = 1TH SRAM SRAM 39094
B = AT = $THF SRAM DTCM 42650
ITCM SRAM 41132
ITCM DTCM 42640

% 8-4. SAM E70/S70/V70/V71: TCM it BE——32 KB, ftfb——02

g SRAM 394969
ke DTCM 397011
B4 mH AT = Kl SRAM SRAM 215731
Bl = AT = KM SRAM DTCM 159931
ITCM SRAM 215575
ITCM DTCM 159709
IR SRAM 214951
NAE DTCM 163591
a4 = mBEAF = 1T SRAM SRAM 216901
A mE AT = KM SRAM DTCM 161029
ITCM SRAM 216859
ITCM DTCM 161013
N1 SRAM 47036
AP DTCM 45180
64 mE AT = T SRAM SRAM 41120
B mnd g2 A7 = 41 SRAM DTCM 42636
ITCM SRAM 41101
ITCM DTCM 42633

TH&E SR T PIC32CZ CA Fil SAM E70/S70/NV70/NV71 258444 1) TCM PERE.

27
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& 8-10. PIC32CZ CA: 2% L4584 mid 22 A7 AL = il 22 A7

133951
ITCM - DTCM
181595
ITCM - SRAM
134154
SRAM - SRAM
179778
SRAM - DTCM
385553
FLASH - DTCM
383503
FLASH - SRAM

| |
0 200000 400000 600000

m 02 m None/O0

& 8-11. PIC32CZ CA: {FRETE A ik EAF

133851
ITCM - DTCM
181515
ITCM - SRAM
133842
SRAM - SRAM
179496
SRAM - DTCM
136405
FLASH - DTCM
179485
FLASH - SRAM

| [ |
0 200000 400000 600000

u 02 = None/O0

834131

916673

876161

955135

988133

1085171
| |

800000 1000000

834117

898183

853327

944315

938207

1035921
| [

800000 1000000

1200000

1200000
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P 8-12. PIC32CZ CA: fHiRETR A it 22 A7 A B i ik 22 A7

ITCM - DTCM
163981
ITCM - SRAM
163981
SRAM - SRAM ‘
163982
SRAM - DTCM
163995
FLASH - DTCM
163984
FLASH - SRAM
166569
| | | | | | ] |
0 20000 40000 60000 80000 100000 120000 140000 160000
= 02 = None/O0
8-13. SAM E70/S70/V70/NV71: Z& 11454 il e A7 FVEUHE i 22 17
159709
ITCM - DTCM
964571
215575
ITCM - SRAM
1039041
159931
SRAM - SRAM
1064289
|
215731
SRAM - DTCM
1186391
397011
FLASH - DTCM
1258257
394969
FLASH - SRAM
1317577
| | | | | |
0 200000 400000 600000 800000 1000000 1200000

m 02 mNone/OO

180000

1400000
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& 8-14. SAM E70/S70/V70/V71: {§ifiEds 4 ik 247

161013
ITCM - DTCM
963431
216859
ITCM - SRAM
1052657
161029
SRAM - SRAM
1051603
l
216901
SRAM - DTCM
1169437
163591
FLASH - DTCM
1161249
|
214951
FLASH - SRAM
1266171
| | | | | |
0 200000 400000 600000 800000 1000000 1200000
= 02 mNone/O0
8-15. SAM E70/S70/V70/V71: i GEFE 4 il G2 A7 FEUE Sk 22 17
ITCM - DTCM
163973
ITCM - SRAM
163971
SRAM - SRAM ‘
164034
SRAM - DTCM
164019
FLASH - DTCM
163973
FLASH - SRAM
167639
| | | | | | |
0 20000 40000 60000 80000 100000 120000 140000 160000

= 02 = None/O0

1400000

180000
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9. 2R
* PIC32CZ CA90 Curiosity Ultra JF &
* PIC32CZ CA80/CA90 Curiosity Ultra ] /5w
* f#H MPLAB® Harmony v3 #1 MPLAB fURBHEC B 2 (MCC) fE PIC32CZ CAx il BT S — AR H
7
« SAME70 Xplained Ultra Pro 14 T 2.1
« SAM E70 Xplained Ultra ] /'35
* {#[ MPLAB® Harmony v3 %:-T- SAM E70 & #& 15— A1 H
* Hx MPLAB Harmony v3 FIF £5 &, & Vi Microchip M

https://www.microchip.com/mplab/mplab-harmony and microchipdeveloper.com/xwiki/bin/
view/software-tools/harmony/

© HREMMHKMEZEL, HSW:
github.com/Microchip-MPLAB-Harmony/reference_apps

o AR 32N EIIR R T RIVEZEE, S L.
https://www.microchip.com.cn/newcommunity/Uploads/202404/6620805f4a70b.pdf
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https://www.microchip.com/en-us/development-tool/EV16W43A
https://ww1.microchip.com/downloads/aemDocuments/documents/MCU32/ProductDocuments/DataSheets/PIC32CZ-CA80-CA90-Family-Data-Sheet-DS60001749.pdf
https://www.microchip.com.cn/newcommunity/Uploads/202407/66820f1347e44.pdf
https://www.microchip.com.cn/newcommunity/Uploads/202407/66820f1347e44.pdf
https://www.microchip.com/en-us/development-tool/dm320113
https://www.microchip.com.cn/newcommunity//Uploads/202003/5e65d80ccf669.pdf
https://www.youtube.com/watch?v=xW7pwAQG-vI
https://www.microchip.com/mplab/mplab-harmony%20and%20microchipdeveloper.com/xwiki/bin/view/software-tools/harmony/
https://www.microchip.com/mplab/mplab-harmony%20and%20microchipdeveloper.com/xwiki/bin/view/software-tools/harmony/
https://github.com/Microchip-MPLAB-Harmony/reference_apps
https://www.microchip.com.cn/newcommunity/Uploads/202404/6620805f4a70b.pdf

10. HE

AN S &R T A :

F10-1. 455

TCM
ITCM
DTCM
ECC
MPU
MCC
usB

12s

QSPI
SRAM
ROM
DMA
AHBS
AXIM
CPU
TCU
LsU
PFU
DGU
HCLK
MCK
BFM
PFM
ITCMCR
VTOR
SEQNUM
GPNVM
KB

EHMETFEEE (Tightly Coupled Memory)

B4 EH A #4E (Instruction Tightly Coupled Memory)
Bl B A 77 k% (Data Tightly Coupled Memory)
24409 (Error Correction Code)

TSRt (Memory Protection Unit)

MPLAB® RS & 2% (MPLAB Code Configurator)

WA AT Z (Universal Serial Bus)

PIESEE AR BB 5 ATUS 28 (Inter-IC Sound)

VU IE S 4T #4211 (Quad-Serial Peripheral Interface)

B ASBEHLYT I 77 428 (Static Random Access Memory)
HiEf7#%4% (Read Only Memory)

B E (Direct Memory Access)

TR B E P i (Advanced High-Performance Bus Client)
EATY R DA EE S (Advanced eXtensible Interface Manager)

FrgegbE B G (Central Processing Unit)

EHAP2 O MIE (Tightly Coupled Interface Unit)
FHAFf#EHIC (Load Store Unit)

TEL#IE (Pre-Fetch Unit)

Wik e (Debug Unit)

F AR (Host Clock)

P (Main Clock)

5] % N% (Boot Flash Memory)

INAERRF 764 (Program Flash Memory)

Fa 4 B A A7 a5 H %7 7748 (ITCMCR Instruction Tightly Coupled Memory Control Register)

MR M2 /74 (Vector Table Offset Register)

#3115 (Sequence Number)

WA RS KA (General-Purpose Non-Volatile Memory)
F=45 (Kilo Bytes)
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