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1

Introduction

ZOEEHE, OpenRISC 1200 DFIEAEHETT, = Z TiL, OpenRISC 7 —F7 7 F ¥ —0 9
b, BRI L 2o TV DR TOEBENER SN TOET, ZHIE, T2 RUHBAx ¥ v
VaDHEATEYA R, F— B RORBMMUDZ A 7 LA R ET51 7T A DOFEH,
Fifa=y hOHYABREROZOMOL =y FOFEREENET,

Fo. ZOERHT, Sty FRAEY T FLy s - T— F% OpenRISC 7 —F 7 7
F ¥ —DEARHLNEFTEENTOVET AL, 2 HIZ2WTIE, OpenRISC 1000 System
Architecture Manual ZZ L T 7230,

OpenRISC Family

OpenRISC 1000 (X, 7V —DA—F> + Y —A OpenRISC 70X v+ —DT7 —FT 7 F+
— + 757 3IY—"T79, OpenRISC 1000 (%, 77"V r— a T & Ok & HEeIZEIT 5 &l
A RETH, BARTF T ROV AT A - T—%T 7 Fv—%ZalfeL LET, ZhiE. 3264
By bem—=F/Z2RT RISCT—%7 7 F¥x—7T, MHE « > TR - RIHEE~D
TR « YRR R O EEEMEICE A A BV TERE SN TWET,  OpenRISC 1000 7 —F7 7 F
Y —DOX =7y NI, F~EHERY hT—7 | AL, BB, TN L2 Ba—X
D AR

OpenRISC 1000 Architecture
32/64-bit

OpenRISC 1200
32-bit

OpenRISC 1x00

OpenRISC 1x00

BHIOBFNR 11 &72% Txxx) OikBIE 5 % F7-2 OpenRISC D F%E(EL, OpenRISC 1000 7
72U =220 £, 2FHOETIL, OpenRISC 1000 7 —F 7 7 F ¥ —DFEIE SN HEEEL O
ZDREIEFFEZDONWTRLET, mED 2 SDOEFIL, EBROT 7Y r— 3 ATkHE LT2E
BT 2arr7 47 b—varvERLET,
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OpenRISC 1200

OpenRISC 1200 (OR1200) 1%, /"— 38— K« 7—FF 7 F 5 —D 32 E'v h « 2% F—H RISC
T—XT 7 Fx—T, SEOEKEM AL TT A4 MMU, A DSP UEREA RH £, 7 —
AROMEXY vald, 774/ FOFKETIL, 1-way direct-mapped 8KB 16 byte line 1
RERVET, ZTNLDOFX Y v v aldIN—RUZTIZL D% 7 FHTOMELZRFLET,

Flo, TTANVPOERETIE., 7— % LOMa MMU BRFEE XL, 5 1E 64-entry hash
based 1 way direct-mapped TLB % fH £,

FTOMDEEL LT, VT NAEA DL TN I DEDOT NNy T « 2=y b, @0fFES A
~—, IR IxTNEVIABa L e —TF— NT—<wx—U A MEREFRILE T,

0.18u 6LM 7 1 & A2 %4 X172 OpenRISC 1200 1%, 300MHz T 300 Dhrystone 2.1 MIPS,
300 DSP MAC 32x32 operation PL EOMREZ /R L E Lz, ZHUL, WD T AO T at vt —
WXL T, 20% ML EDO@EWEREZRLTCWET, £, 774V hDar7 4 Fal—g v
TRELZHAOBEZ, 1M T URAZ—$ER0 F7,

OR1200 (X, MIAHEIRRENAS MR ROy Y — I @mE2F—7 vy e LT £,
X, W7 7 AD 32-bit RISC 7'ut v $—I1Zxf U TEMMEE RO & T, H&ITD Operating
System (OS)Z R L EHESELH Z LN TE £,

ORI1200 DA 1%, ARMI0, ARC Tensilica RISC 7wt »#—IiZ72 0 £7,

Features

OR1200 IP core O 72 EITK DY TT,
o Tutyt— - a7 ORTOEEHEICET 2 EEROFEFIEZONWT, 2—F—Nn
B BRIET D Z LD ATHE
o EMEETutv¥— - =27 300 Dhrystone 2.1 MIPS (300 MHz using 0.18u process)
o mMEREF v v ¥ = K UMMU
e WISHBONE Rev. B #ll (SoC NA + f »H—T =—X)
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2

Architecture

Figure 1 (2, OpenRISC 1200 (OR1200) IP core DAEE A7 L £3, ORI1200 (X, kDT 1w 7
MO S ET,

CPU/DSP central block

Direct-mapped data cache

Direct-mapped instruction cache

Data MMU based on hash based DTLB

Instruction MMU based on hash based ITLB

Power management unit and power management interface
Tick timer

Debug unit and development interface

Interrupt controller and interrupt interface

Instruction and Data WISHBONE host interfaces

Figure 1. Core's Architecture
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CPU/DSP

CPU/DSP %, ORI1200 RISC 7' mt v ¥ —DLEiH <9, Figure 2 |2, CPU/DSP A7 1
v 7 B LET,

OR1200 CPU/DSP (. OpenRISC 1000 7 —F 7 7 F v —D 32-bit DERI/Y DA FEH L T\ E
7, OpenRISC 1000 7 —F7 7 F ¥ —D 5 5, 64-bit Fhy & OFE/NREHFE 2= v F RO
X — 2=y M, ORI200ICFEEESNTHEE A,

Integer EX
Pipeline

MAC Unit

Load/Store
Unit

Data MMU
& Cache

Figure 2. CPU/DSP Block Diagram

Instruction unit

MEL=y M, BEGE LT TA42, AFY BT VAT ANLOMB T = v I, FEIT
AREIRRE L e o e AT = b ~OMBT 4 ANy F | Ef7REITET /L & In-Order T FEIT %
PREET DT OIIRREDIBREZMERF T o NEEINTWET, £/, vz =v MI, &
W77 o FROEEN DY o TS e FITLET,

ML=y FNEO—7 o —id, EfTRREL 2o TN EET2=y X LT, %
ray s YA 7 NVTHEHBEHICMESET A ANy FLET, Effa=y ME, YV —R - TFT—X
DFRIHARENE I B L, /o, MOMASBR LT AT 4 X —vay - LYRF—IZHAL
rolLTWnWARNnWZ EERELET,

=y I, ORBIS32MH 7 7 ADHME L ¥4, HIEDORI2001%. ORFPX32/64 KX
ORVDX64 57 7 A%, $iR—FLTWEHA,
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ORBIS32

Basic Instruction Set with 32 bits wide instructions aligned on 32-bit boundaries in memory and
operating on 32 bits

ORFPX32/64

Floating-Point eXtension with 32 bits wide instructions aligned on 32-bit boundaries in memory
and operating on 32 bits and 64 bits data

ORVDXo64

Vector/DSP eXtension with 32 bits wide instructions aligned on 32-bit boundaries in memory
and operating on 8, 16, 32 and 64 bits data

General-Purpose Registers

OR1200 (Zi%, 32f# @ 32-bit General Purpose Register (GPR) 233E%E 41TV £ 7, OpenRISC
1000 7—F7 7 F v —TClid, MERITHFRANMIVEZZHMETS, LYVRK - 77 AL
DY ¥ F— -« ab—DEENTEINTOETA, BHAED ORI200 Tk, TOMREITFEESIN
TWEH A,

OR1200DGeneral Purpose Register file (L. 1 V— K& 7=V 32 bits TRV — FOREEZFS2 D
ORMF 2K — b « AV CEEISNTVET,

Load/Store Unit

g— R+« 27 ==v k (LSU) I%. GPRECPUNEANZADORM DT — HEriEZ TV ET,
LSUIZET2 =y Mt L TN ICEEINTNAEZ b, AFY « 3T RAFADA R—/L
X, T—FEFNEESRA, T LRI L TOREELY 52 %,

LSUD EERBEREIIRD &0 T,

e ThIvI/MFEGLAETOR—=F/AMTHFIE, N—FYVZT7 TERESNTHET
o T RLVAANNY T 57—

o H—F/SRNTETDNATTA P

o EHT 7 t&AD7 D Aligned Accesses

0— REOAR RTHRaRBITEINS &, LSUITETOART » ROFAAENHERLET, £
NoEOFRZ 2y RFRoObOREENET,

o T RLRARLIAH
¢ AXNTMEDIEDD, V=K« F—H « LIRH

o I—FNMEDEOD, TAT 4 X —vay T —H - LIAHX
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Integer Execution Pipeline

ORI1200(Z1%, WRMD32 bit BHEAM AN ELEI N TWET,
o HEEAD
o EmD
o AL A

2L OEFEHRGHIEL, 1A 7 AVTEITENET, (EITHA 7 VOO WL, 7—7
/b (TBD) #ZMHLTLLZ&EW)

MAC Unit

MAC= =+ hiZ. DSPOMACH XL — 3 ‘/%:ééﬁbia“o MACH L —3 3 13, 48-bit
D32x32T F= b —F—%FALET, MACL= h RIS T TA M ENTEY, #%
BEOMACA R L — g RO I v 7 « A T NVIZITAND Z ENTEET,

System Unit

YAT Lo 2=y MIE, CPUDSPD S Hfns /T —4 « A =7 == AT ST
RWNE DM OAE FA R SV TWET, Z D=y ML, Supervisor Reglster D, B2TO
Special Purpose Registers (SPR)/NEHE S LTV E T,

Exceptions

BN SR RSL T 2 & BIFMLEL 2N ST SV E T, ORI200DBISFEAET D &MIT1E. kDD
DMNEENET,

e External interrupt request

e (Certain memory access condition

e Internal errors, such as an attempt to execute unimplemented opcode
e System call

e Internal exception, such as breakpoint exceptions

BISMLER X, 2 —H—« VT | ‘7317’ XL CHERPTHY . 2TOXA 7 OFIFMERE Ui
MAZFMPLET, BIAREELTGSG, It ZLICERSNTEA7EY b (T FLX) Of
#hsn K7 — (Exception Handler) | fﬁﬂﬁﬂiﬂﬁ"r 0 F9, FIFMLER T Supervisor Mode THRIT I E
‘a‘o
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Data Cache

ORI200 T—4 « X ¥ v aDT 74/ b+ a7 4 Xzl — 30, 8Kbyte, 1-way
direct-mapped TJ ., ZIULE#ERT —F - T 7R LRV ET, LLARBL, T—F « F¥
v ald, Tablel a7 4 X al—arbalfETT,

Direct mapped
1KB per set 1KB
2KB per set 2KB
4KB per set 4KB
8KB per set 8KB (default)

Table 1. Possible Data Cache Configurations of OR1200

FRRR
o FT—XH Fyyviald MAFyryvvalPHEhTHET (h—N"—FK T —FF7
Fyv—)
o TFT—X Xy viald, £&SetiZxt L T, Least-Recently Used replacement (LRU) 7 /L =V
AL LUET,

o Xy via- T4l MN)—HEE N—KUvZT7TETEINET, WEHT KL R - ¥
. Fr oo T4 M —ITREFESNET,

e  Write-Through XL —3+ 3 &% KR —FLFET,

® Special Purpose Register OFXEIZ LY, Fr v a2+ 52 LN TEET,

Froviac IARKELELA, $rv v ot BT D16-byteT — X THLSNET,
e L 72 16-byted® T — H L, critical-word-first AL —3 3 2k Y, Fv v vallEXAEN
9, Critical word 1d, ¥ v v V=2l CEXREND ERINIIZ, T—FZ2ERLT2=v MTED
NET, ZOMEAICED, F¥ v a2DOEZ ALK AZHIRL, A M= VR Z &/IME L F
T, T—H +Frovialt, T, Frvia X TORGFEEX Y v o - T A UATHILEERE
RBEFbLET,

FeB e X vald, VATARAFEY - AL Na—F DR LT 7 EAETREL T
BImODIA X —T 2— A& FEHLET,

T—H Xy vald, B— K+ AT 2= (LSU) D32-bit f ¥ —7 = — AT L
0. T—X%ZGPRIZHEAG L £ 3, LSUIE, #El7T FLAZH T 2HEZ L, 7—¥ - v v
v =2 Z%F LT Data Alignment ZLEEZ 1TV, LSUIC AN S NTNEFTa— R « 2 F 7L % 54T
LET, 77— « v v a~DEEIALLBEIL, byte, half-word, word HNL TIThHiLE T,

T—H& « Xy v ald, 16bytes 7 — . state bit, addresstag CHERL 41D 1line %, 512 sets
FoELroTnET,
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31

log,(DC_SETS)+4 log,(DC_SETS)+3 4 3 21

EFFECTIVE ADDRESS ‘ ‘ ‘

WORD SELECT

WAY 0
SET O TAG 0 Word 0
SET1 TAG 1 Word 1
TAG Word DC_SETS-2
SET DC_SETS-1 Word DC_SETS-1
DC_SETS-1
DMMU

.

COMP

0 LIH

NdO NOY4/0L

4/ NI1LX3 WO¥4/0L

BYTE

SELECTS

T4 0%, #HET 54 00wordx FAET, ZHHE, AEY ED 4 word @ aligned
boundary 7Hr— RENTT —F TH, fFRMIC, Fr vz T4 I VEMIES S

nET,
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Instruction Cache

ORI200 fiFHF ¥ v adDT 74/ 27 4F =2 b—3 30, 8Kbyte, l-way direct-
mapped T9, ZHUIEERT —F « 77 BRAELERVET, LLARRL, 7—% - Fxvia
IX. Table2 D27 4 Fal—aHAETT,

Direct mapped
1KB per set 1KB
2KB per set 2KB
4KB per set 4KB
8KB per set 8KB (default)

Table 2. Possible Instruction Cache Configurations of OR1200

FRRE
o MTUFrviald, T FrvialficnTnET (K="= FK-T—=F%F7
Fv—) .
o MEF¥Y¥ v oL, £&SetiZk LT, Least-Recently Used replacement (LRU) 7 /L = U X A
AL ET,

o Fyvia- T4l MN)—EI N—FKUvzT7 TCETEINET, WEHT FL A - ¥
T, Frvvir=z TV NI —IZRFEESNET,

®  Special Purpose Register DFXEICL Y | F¥ v a2 BT LN TEET,

Fyvia s IANREAELTELESE, Y viald, #EET H16-byteT — X THEINET,
HfE L7z 16-byteD7 — # 1, critical-word-first AX b —3 3 LD, FrviallEXAEN
F 9, Criticalword 1%, ¥ ¥ v =2 llEZXAEND LFEFIC, T—FXZERLIZ2=v MIED
NET, ZOMEARICEY, F¥ v aOEZ AL ZH L, A b — VR 2 &/IME L &
T, F—F cFyrviald, Fh, v oo FTOBRELE I Y v a - T A UASHULERKE
RERbLET,

MEFX Y v iald, VATLA - AEY - 3 =T ~ORMRT I RAEARELETDHTZ
DDOINERA VB —T =— A &L £,

MEFyyiald A7y F YT a2=y bORDitA VF—T = —AZLY, MET—
oY=k LTEMEERBLES, M5 72y TF - VT 2=y MEL WRET FLAERRETM
THIODOREEA LET,

MA¥ v v aiX, 16bytes 7 —4 . state bit, address tag CAERK S4L 5 1line %, 512 sets FF
OMEE L RO TWET,
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31

log,(IC_SETS)+4 log,(IC_SETS)+3 4 3

EFFECTIVE ADDRESS

WORD SELECT

Word 0
Word 1

Word IC_SETS-2
Word IC_SETS-1

WAY 0
SETO TAG 0
SET1 TAG 1
seT TAG
G BT | e sETs-1
DMMU

.

COMP

0 LIH

t

4/ NI1LX3 WO¥4/0L

NdO NOY4/0L

BYTE

SELECTS

T4 0%, T D54 00wordx EAET, TbiE, AEY ED 4 word @ aligned
boundary 7HH— RENTT —F TH, fMRMIC, Frvia - T4 I UREMIES S

nET,
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Data MMU

ORI200 (X, AEYV - T 7 B ARE#E L OGHET FLAZHET N R ICEBRT HHEEE2HT 5
NeF )b« ZFY « v X =V AV MEBZEELTWET, AEV - 77 ARH#EHEEI,
OpenRISC 10007 —F7 7 F ¥ —IZEHESIN TN DY | 8-Kbyte & 16-MbyteD~X— TV HAL TH
Zheinn £97,

Direct mapped
16 entries per way 16 DTLB entries
32 entries per way 32 DTLB entries

64 entries per way 64 DTLB entries (default)

128 entries per way 128 DTLB entries

Table 3. Possible Data TLB Configurations of OR1200

E R R
o F—HAMMUIZ., A MMUESEESH TWET,

o QUFRRYIR A — UIRGEAE
o T 74/LHT lway &72%, direct mapped hash based translation lookaside buffer
(DTLB) z#H, ROFHEERLET,

o TLB miss and fault exceptions
o software tablewalk
o high performance because of hashed based design

o variable number DTLB entries with default of 64 per each way
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OpenRISC 1200 IP Core

8/2/10

31

log,(DTLB_SETS)+13

log,(DTLB_SETS)+12

13 12

‘ EFFECTIVE ADDRESS

TLB SET

INDEX

WAY 0

SET 0
SET1

SET

DTLB_SETS-1

VPN 0
VPN 1

VPN
DTLB_SETS-1

PPN 0
PPN 1

PPN DTLB_SETS-2
PPN DTLB_SETS-1

R

comP

0 LIH

INV

NOILd3OX3
SSIN g711a

D & A attributes

PAGE OFFSET

PADDR[12:0]

TYPE

—

PAGE FAULT

SR[SUPV |

] AcCCEss

NOILd3OX3
11NV d
39vVd NWINA

PROTECTION

ATTRIBUTES

MMU/N— R 7 = 7%, two-level software tablewalk % &~ — kL £,

lerieldaavd

-
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#0OpenCores OpenRISC 1200 IP Core 8/2/10

Instruction MMU

ORI200 (X, AEYV - 77 B AE#E L OGHET FLAZHET N A BRI HHEEE2HT 5
NeF )b« ZEFY « v X =V AV MEBZEELTWET, AEV - 77 A RH#EHEET
OpenRISC 10007 —F7 7 F ¥ —IZEHSIN TN DY | 8-Kbyte & 16-MbyteD~X— TV HAL TH
Zhe e £97,

Direct mapped
16 entries per way 16 DTLB entries
32 entries per way 32 DTLB entries

64 entries per way 64 DTLB entries (default)

128 entries per way 128 DTLB entries

Table 4. Possible Instruction TLB Configurations of OR1200

EevAY T
e MAMMUIZ., T—FMMUESBESH TUWET,

o AR — UIRGEREA
o T 74/LLT lway &72%, direct mapped hash based translation lookaside buffer
(ITLB) z£b, ROFEEFHET,

o TLB miss and fault exceptions
o software tablewalk
o high performance because of hashed based design

o variable number ITLB entries with default of 64 per each way
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31

log,(ITLB_SETS)+13

log,(ITLB_SETS)+12

13 12

‘ EFFECTIVE ADDRESS

TLB SET

INDEX

WAY 0

SET 0
SET1

SET
ITLB_SETS-1

VPN 0
VPN 1

ITLB_SETS-1

PPN 0
PPN 1

PPN ITLB_SETS-2
PPN ITLB_SETS-1

R

comP

0 LIH

INV

NOILd3OX3
SSIN g711

D & A attributes

PAGE OFFSET

PADDR[12:0]

PAGE FAULT
SR[SUPV |

m o

] AcCCEss < S
TYPE a3 =

3F o

= >

] ©

z m

PROTECTION

ATTRIBUTES

MMU/N— R 7 = 7%, two-level software tablewalk % &~ — kL £,

lerieldaavd

-
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#0OpenCores OpenRISC 1200 IP Core 8/2/10

Programmable Interrupt Controller

EiAZ =z ba—F =k, NS DEARGE B &SI, T 5 2K LS8 S ELA B4 41
L LTCCPUa T ICmA LET,

PICMR PICPR

»
INT 0 \ 4
v TICK INT

Mask Function

HIGHPRIO INT
EXCEPTION

A4

INT [31:2]

YvYyvy

PICSR

LOWPRIO INT
EXCEPT

INT 1

Table S. Block Diagram of the Interrupt Controller

v 77 AAREREIAL 3 hr—TF—X, 320D Special Purpose Registers & 324X DE(IA A
EHazRbEd, BIARAT 0 & 1 IXFITHAENT, TN, SEEHIVIAZANT ., KEL
FHAH AN H e SN TUVWET,

Z D D30DEAI AN SIIL, Special Purpose RegisterlZ KV . L QMK « BESLOHRTEN
HRETT,

Tick Timer

OR1200 % Tick Timer Z3E¥HE L TW\WE T, FHAMIZIE, Tick Timer® 7 v v 7 [FRICSZ v »
TMWMAITEN, AR —2 5307« VAT AICBWTERREFEBOBESS AT L« AT D
Al a— RIS ET,

OR1200 {%. X® Tick Timer #RE % IEREIZFEBLL T\ ET,

e Maximum timer count of 232 clock cycles

e Maximum time period of 2”28 clock cycles between interrupts
e Maskable tick timer interrupt
e Single run, restartable or continues timer

ML LTer vy Z7IZ K VEET 5 Tick Timer #%6EIZ KV | “doze power management” E— R%
FEFTDH LN TEET,
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Power Management Support

BN EOEBELOT-DIZ, OR1200 (ZNEHOT Y 2 —oxt L CEIBICE S, Wb 21T 5
KEE— FE2EEL £,

OR1200 1%, EHHE ZHRK/AMET D 3 SO EERRFEEZFFH £,
e Slow and Idle Modes (¥ 7 b 7 =7 §l#IiC £ 2 7 v v 7 JERE DAKIK)
e Doze and Sleep Modes (interrupt wake-up)

Power Minimization Feature | Approx Power Consumption Reduction
Slow and Idle mode 2x — 10x

Doze mode 100x

Sleep mode 200x

Dynamic clock gating N/A

Table 6. Power Consumption

Slow down £— Rix, &L AT 27=dic, A7 v v 7 & RkE E T O low-power
dividertZFIH L E T, LovL, ARWEREE 22 572D BEIHE TR LET,

PRM[SDF] 4 bits 7% pm clksd 1§ 512 & > THE Y 2 — /IR E S I, pm_clksd DOfEIZHEV,
RISCT' mt v —DIHT vy 7 ARz i L £,

V7 RNUEZTIZLY Doze E— FOBHGASND L. ORI00TCENWEF DY 7 U= T 1%, —Kf
FiEXnEd, £/, Tick Timer LIFFORISCHERDE Y 2 — WIZHE S N5 7 v v 7 13k
EhEd, —J. Fy 7 EDORINUAND T v v 7 ik, B@HEEEHIT D Z LN TEET,

OR1200 1%, KRR DEIIAZ (pending interrupt) 73FAT 5 & Doze®— R bl £ — KNI
AV ET,

SleepE— R TlL, &£ THOORI200 N> =» MIEHL I, 72y 7 SR biELELET,
VBTG U T, EEEAORI00 core DEMEE & FIF5Z L b T £,

OR1200 %, ARMFHROEIAZ (pending interrupt) 23FAET 5 &, Sleep E— R bEFE— K
IZADET,

Dynamic Clock Gating X, ORI200Ci{EH AR — F I TWEHFA,

Debug unit
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TNy ca=y MI, Y7 MUV ETHBEEICEDVATLADOY 7 NI T « TRy 7 YR
—hLEFT, ZOz2=y FTIE, ERWRT Ny 7D HY AR — kL, WatchPoint,
BreakPoint, proglam-flow control register7 & ¢ OpenRISC 1000 7 —F7 7 F ¥ —CEZE I LTV
57 RN Z TRy ZHEREIT AR — P LTWEEA,

DMR

CPU

Breakpoints

Breakpoints

DSR DRR

Figure 3. Block Diagram of Debug Unit

Watchpoints & Breakpoints (£, 7 /3y 7 « LU AY TRE SNICKMEICEMEREET D 2 &
TA X2 MPRFEAE L F 9, Breakpointsid, Watchpoints & (X572 1 | BAE Dprogram-flow D F1T %
—MR¥E 1 U, Breakpoint BIAMZ K 0 AP Z BB S &£ 7,

Clocks & Reset

OR1200 core (X, W< 2D 7 m vy 7 ANHRdHY £9, “ck_cpu” {55 ILCPU/DSP7 1 » 7
L FOMOMA DY a0y 7 BFTZIRORISCRHIO 7 0y 712, 7ay 7{E5E LTHE RSN
FT, T—F - FrvraD/avIiF ek dfFET, MAF Y v aDr vy 7L ek ic”
FH., 7—ZMMUD 7 1 v 7% “ck dmmu”fE 5., MAMMUD 7 1 v 7% “clk_immu™{g %,
Tick Timer® 7 7> 7% "k W 5IZRVEF, 2T r/ny7id K/ny 7 « A% 2—T
RN CTH D MERH Y £,

ORI1200 i%, RV Yy MEFEEFHLET, VEy MEFBIX “est” T, "High”lZ7 ¥ — 7
% Z LT ORI200NH D4 T DOFlip-FlopZ B4 Y &~ b L7,

WISHBONE Interfaces
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220 WISHBONE A % —7 =— %, ORI1200 core LMDV 7 = T /L KU A E
Ve T URAT AEERLET, £iL51E, WISHBONE SoC Interconnection specification Rev. B
WCHERLL £97, T bid, 32-bit NAFTRESN TR, TOMDOARET Y HR—FEnT
WEH A,
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3

Operation

Ok 7 v aTiE, ORI200 DAL —2 g 20Tt L £9, OpenRISC 1000 7 —
XTI F X —IZBMRT H AL — 3 IOV T, OpenRISC 1000 System Architecture Manual
ESBLTLLES N,

Reset

ORI1200 I ERHIV By FMEEE2HEL, VAT L - L-LTOY 7 Uy b, N—F:
Uty FELTHBENET,

clk_risc 7‘ /‘7 Z—\r\ f /7 /‘7\7
1 1 1 Trh 1
1 1 1 FLJ 1
&l - 1 I 1 1
 6vo_dat_o311 | O L oa_
dbg_op_i[3:0] 1 1 READ PC 0x0 | 1 1

Figure 4. Power-Up and Reset Sequence

Figure 4 (2, ORI1200 core |ZFEFMNEA S N72%IC, FERMY & SO ITIEIZOW TR
LET, Vky MEHIL, RISC core NEIDIE LA EDT Y w7« 7oy 7OERBY & i
TSN THWET, ZokD, Uy MaEZIZ, 7V v 7 - 7y FIC A SNSHRISC
clockiZ*} LT, Hold Time & Setup Time Z#{RAET AHLERH VY £,

VAT LD Gated Clock ZFEELTWAEAIE, Vey VBT D I/ ny 7 2 —1952
LT, Ve bOXAI VT ERIETDHZ ENTEET,

clk_risc “ /‘7 7“7
rst “ : :
| cbg_cat_of3 0] | i ox0 O oxd
dbg_op_i[3:0] || READ PC 0x0 1 1

Figure 5. Power-Up and Reset Sequence w/ Gated Clock
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CPU/DSP

CPU/DSP (. OpenRISC 1000 7 —F7 7 F ¥ —@ 32-bit i axEEL THEYH ., 2 TORMHK
DH Ty FOBLEEL TNET,

Instructions

Table 7 (2. ORI200 ([ZFEEINTVWELETOMETERLET,

3133212 (2(2(2f22 (22211 [1|1|1(1
nsn iy a1 efs |5]5]s] 1o Jolololels |5]s]s| 1 P L |77 FFPPP°
opcod opcod
l.add opcode 0x38 A B reserved ¢ 0x0 reserved ¢ 0x0

w
&}
(&}
&}
)
o
&}
w | g
&}
o
o
o
.
o
—
.
.
.

}10 9 87 |65 4131210

l.addc | opcode 0x38 D A B reserved (;p(;?(()i reserved (;p(;:)(:{i
3(2(2(2( 212|222 22 [t|t|{1| 1t |1|{1|1]1
110(9(8[7]65([4]|3]2] 110 |9]8 6/54(3(2(1 1001918 71645 4132110
l.addi | opcode 0x27 D A I
3(2(2(2( 22 (22222 [1f1]1] 141 |1|{1|1]1
110(9(8[7]6[5(4]|3]|2] 110 |9]8 6432110 0 871615 43P
l.and opcode 0x38 D A B reserved opeod reserved opeod
e 0x0 e 0x3
3(2(2(2( 212|222 22 [t|t|1| 1t |1|{1]1]1
1olo|8|7] 6 [4]3]2] 1o [o|g]|7] 65 [4]3]2]1] ' [7®]7[®]°]* PPY°
l.andi opcode 0x29 D A K
3(2(2(2( 22 (22222111 |1|1]1[1(1
110(9(8[7]6[5[4|3(2|1]0]9(8(7|6[5[4(3|2 1019817161514 321110

L.bf opcode 0x4

10 9O18[7|6]5 |4 |321|0

L.bnf opcode 0x3

10 |98 76543210

(98}
(98]
[\S]
[\S}
[N}
[\S}
[\S]
[\S}
[\S}
[\S]
[\S]
—_
[
[
—_—
—_—
—
—
—

L.trap opcode 0x2100 K

10 9187|654 3210

1
1
Lj opcode 0x0 N
3(2(2(2(2)2 |2]|2]|2|2|2f1|1|1|1|1]|1|1|1[1
110(9(8[7]6[5|4]|3 1{0|9 6(5(413]2]|1 1019817161514 3121110
1.jal opcode 0x1 N
3(2(2(2(212 |212]|2]2|2ft|t|{1| 1t |1]|1]1]1
10987654321098765432110 PIBLTIO S 4P
1jalr opcode 0x12 Reserved B reserved
3(2(2(2(2)2 |212|2]2|2f1|t|{1| 1t |1]|1]1]1
110(9(8[7]6/5(4]3]2]1]0]|9]8 65432110 PIBITIO 4 PP
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Ljr opcode 0x11 Reserved B reserved
3(2(2(2(22 (22222 [1 11| 1f1 [1|{1f1(1
0(9(8(7|6]5|4]3]|2]| 10 [9[8|7]| 6|5 |4|3|2]]1 10191876 4 B3P
1.1bs opcode 0x24 D A I
3(2(2(2( 212|222 2 [t|t|1| 1t |1|{1]1]1
0(9(8|7|6]5]4]3]|2]| 1{0 [9(8 6|5 141321 1019181716 4 3P
1.1bz opcode 0x23 D A 1
3(2(2(2(22 (22222 1 11| 1f1 [1|{1f1(1
0(9(8|7|6|5]4]|3]|2] 10 [9(8 6/54(3(2(1 1019181716 4 3P
1.1hs opcode 0x26 D A I
3(2(2(2( 212|222 22 [t|t|1| 1t |1|1]1]1
olo|s|7]6ls |4]3]2] 1o |o]8]7] 65 [4]3]2]1] 1 [P|¥[7]1C]°]* PP
1.1hz opcode 0x25 D A 1
3(2(2(2(22 (22222 [1f{1f1|1f1 [1|{1f1(1
0(9(8|7|6|5]4]|3]|2] 1{0 [9(8 6/5(4(3(2(1 1019181716 4 3P
L.1ws opcode 0x22 D A I
3(2(2(2( 212|222 22 [t|tr|1| 1t |1|1|1]1
olo|s|7]6ls |4]3]2| 1o |o]8]7| 65 {4]3]2|1] 1 [P|¥7]C]°]* P
l.lwz opcode 0x21 D A I
3(2(2(2(22 (22222 [1f{1f1|1f1 [1|{1f1(1
0(9(8|7|6|5]4]3]|2] 10 [9[8|7]| 6|5 |4|3|2]]1 1019181716 4 3P
L.mfspr| opcode 0x7 D A K
3(2(2(2( 212|222 22 [t|tr|1| 1t |1|1|1]1
0(9(8|7|6|5]4]|3|2] 10 [9(8 6|5 4(3(2(1 10191876 4 B3P
l.movhi| opcode 0x6 D Reserved K
3(2(2(2(22 (22222 [1f1]1] {1 |1|{1|1]1
0(9(8|7|6|5]4]|3|2] 10 |9 65432110 218176 4 B3P
L.mtspr | opcode 0x10 K A B K
3(2(2(2( 212 |1212]|2] 22 [t|{t|{1| 1yt |1]|1]1]1
0(9(8|7|6|5]4]3]|2] 10 [9(8 6[5 432110 0 87 16 43210
l.mul opcode 0x38 D A B reserved opeod reserved opcod
e 0x3 e 0x6
3(2(2(2(22 (22222 [1f{1f1[1f1 [1|{1f1(1
0(9(8|7|6|5]4]|3]|2] 10 [9(8 6|5 (4(3(2(1 1019181716 4 3P
L.muli | opcode 0x2c D A I
3(2(2(2( 212 |2]|2]|2] 22 [t|{t|{1| 1t |1]|1]1]1
0(9(8|7|6|5]4]|3]|2] 10 [9(8 6 432110 0 87 |6 a3
L.mulu | opcode 0x38 D A B reserved opcod reserved opeod
e 0x3 e Oxb
312(2(2(2 22 1212121111111 j1)1]1
0(9(8|7|6 43 121110]9(8[7(6(5[4]|3]|2]|1 10191876 4 B3P
l.nop opcode 0x15 reserved
3(2(2(2( 212|222 22 [t|{t|{1| 1t |1]|1]1]1
0(9(8(7] 6|5 |4 2( 10 (987 65 [4(3(2 110 0 87 16 43210
opcod opcod
l.or opcode 0x38 D A B reserved ¢ 0x0 reserved ¢ Oxd
3(2(2(2( 212|222 22 [t|t|1| 1t |1|1|1]1
O[9(8[7|6[5[4[3[2] 1[0 [9(8 654|321 10 O1817]6 4 B3RO
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l.ori opcode 0x2a D A K
3120121222 [2]2]|2]|2(2f1f{tj1|1|1|1|{1|1]|1
110|19(8[7]6|5|4|3(2[1]0]|9]|8|7[6[5]|4|3]|2]|1 1001918 71645 4132110
l.rfe opcode 0x9 reserved
3120121222 (2(2]|2|2)2 (1{1]1] L [1|{1|1]1
110|19(8[7]6|5|4(3[2] 1]0]9]8 6|5 [4(3(2]|1 1019 87 63 4 3P
l.rori opcode 0x2e D A reserved opcod L
e 0x3
3120121222 (2|22 22 (1|11 1yl |[1|1|1
110|19(8[7]6|5|4|3(2] 1{0 |9]|8|7|6]5|4]|3]2 10 PIBLTIO S 4P
1.sb opcode 0x36 1 A B I
3(21212(2(2(2(2]|2|2)2 [L|{L|{1] L |1|L|1|1
10987654321098765432110 IBLTIO S 4PN
l.sfeq opcode 0x720 A B reserved
3(21212(2(2(2(2]|2| 212 (1|{L|{1] L |1|1|1|1
10987654321098765432110 PIBLTIO S 4P
1.sfges opcode 0x72b A B reserved
3(2122(2(2(2(2]|2|2)2 (1|11} L |1|L|1|1
10987654321098765432110 I8BT4 PN
l.sfgeu opcode 0x723 A B reserved
3(21212(2(2(2(2]2|2)2 (1|11} L |1|L|1|1
10987654321098765432110 PIBLTIOS 4P
1.sfgts opcode 0x72a A B reserved
3(201212(2(2(2(2]|2| 212 [1|{L|{1] L |1|1|1|1
10987654321098765432110 IBLTIO S AP
1.sfgtu opcode 0x722 A B reserved
3 1312(2(2]12]2|2(2(222 |1|1|1f{1]1|1|{1]|1]|1
10987654321098765432110 PIBLTIO S 4 PPN
1.sfles opcode 0x72d A B reserved
3(2012]12(2(2(2(2]|2| 212 (1|{L|1] L |1|1|1|1
10987654321098765432110 PIBLTIO S 4P
l.sfleu opcode 0x725 A B reserved
3(212]2(2(2(2(2]|2|2)2 [L|{L|{1] L |1|L|1|1
10987654321098765432110 PIBITIO 34 PP
1.stlts opcode 0x72c A B reserved
3(212]12(2(2(2(2]|2| 212 (1|11 L |1|1|1|1
1olo|8|7]6]5]4]3|2] 1o [o|g|7] 65 [4|3]2] 11 [{®]7[®]°]* PPY°
1.sfltu opcode 0x724 A B reserved
3(212]2(2(2(2(2]|2|2)2 [L|{L|{1] L |1|L|1|1
10987654321098765432110 PIBLTIOS 4PN
l.sthe opcode 0x721 A B reserved
31312(2(2] 212 |2(2(222 |1|1|1|{1]1|L1|1]|1]|1
10987654321098765432110 PIBLTIO S 4 PP
1.sh opcode 0x37 I A B I
3(2012]12( 22 (2{2]2]2)2 [L|{L|{1] L |1|L|1|1
110(9(8[7]6/5(4]|3]|2] 110 ]9]8 65432110 O 1817 6 a3
opcod
1.sll opcode 0x38 D A B reserved| opcode 0x0 |[reserved ¢ 0x8
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10 |9 87 6|5 4 |3]2|1|0

L.slli opcode 0x2e D A reserved opcod L
e 0x0
3(201212( 22 (2{2]|2]2)2 [L|{L|1] L |1|1|1|1
10987654321098765432110 O 137 o 43210

g
>
os)

l.sra opcode 0x38 reserved| opcode 0x2 |[reserved|

10 91 87 6|5 4 |3]2|1|0

w)
>

l.srai opcode 0x2e reserved

w
N
\S}
\S)
e}
N
N
\S}
\S}
N
[
Ju—
[
[
—
[
[
—_—

}10 9O |87 65 41312110

>
™

1.srl opcode 0x38 reserved| opcode Ox1 |[reserved

10 |9 87 6|5 4 |3]2|1|0

w
&}
&}
&}
)
o
&}
w | g
[}
o
.
o
.
.
o
L
.
o
.

>

1.stli opcode 0x2e reserved

}10 9 87 |16]5 4131210

opcod opcod
1.sub opcode 0x38 D A B reserved e 0x0 reserved e 0x2
3 13(2(2(2] 212 |2(2(222 |1)1|1f{11|1]{1]1]|1
110(9(8[7]65([4]|3]2] 1/0|9]8 65432110 PIBLTIO S 4PN
L.sw opcode 0x35 I A B I
3(2(2(2(2]2]|2]2|2|2|2ft|t|{1| 1t |1|{1|1]1
110(9(8[7[6(5[4]|3]|2]1]0]|9]8 6|5 [4(3(2]|1 1019817161514 321110

1.sys opcode 0x2000 K

110 9 87 16|35 41312110

1.xor opcode 0x38 D A B reserved

10 |98 76543210

110]19(8[7]6|5|4|3(2] 110 |9]|8|7] 6[5 |4

w
\S}
—_—

1.xori opcode 0x2b D A I

Table 7. List of 32-bit Implemented Instructions

BMBDOARX L — 3 VEOFELWEPIE, OpenRISC 1000 System Architecture Manual % 2
LT &N,

Instruction Unit
A=y NI, 72 v FTEHRAOHBT RLADERE, iIfF v v ambiifr

2y FLET, F7 0wl P A7 NCBVTIMAEDOT =y FRARETT, S 7 = Fin
7 KL A, IMMUIZ X > THELT RL A ICEH SN ET,
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General-Purpose Registers

LA L2 % (General-Purpose Register GPR) 77 ANWIE, Ko7y I A 7L T2o00—
R FRGUREMRIEL, TAT A F—vary « LYZRZ~DTF—ZERFELET,
GPRs(X, F7z. Development Interface Z#tHI LT, U— FROT7A FMMEZFEITLET,

Load/Store Unit

LSU I, —% + v vV allEZY T —INEETHERELTC, 1le—FRmoixd 27
Oy YA INTEITLET, ANT—MSOFETIL, T4 « v v rall@8THT7—X
DEETDHERELTC, 170y 7P A7V TiIrbnEd,

LSUIZ, e — /XA NT@B 7T FLAOEKREZEITLET, BT N X IEDMMUIZ X -
T, BT FLRIZEBSINET,

0—R/ARNTEEET FLAL, B— REOART - 7—#%, Development interface %4 L
TTrr7EASNET,

Integer Execution Pipeline

ZoFakyt— - aTiE, KONEy MEHMAEFEL TOET,
e Hilff4y Arithmetic instructions

o lti@m4 Compare instructions

o mHEEFM4 Logical instructions

e 11— — KOV M4 Rotate and shift instructions

Instruction Group Clock Cycles to Execute
Arithmetic except Multiply/Divide 1

Multiply 3

Divide Not implemented
Compare 1

Logical 1

Rotate and Shift 1

Others 1

Table 8. Execution Time of Integer Instructions

Table 9 |2, BHM AL T T4 NZLVFITEINDIEMBTDOFETIA IV ERLET, 1TEA
Comaiilrsayy s YA 7 AVTERITENET,

MAC Unit
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MAC = Fi, lmac B &2 FEITLET, ZHL, 32x32 OREERNA T T4 LENT
FREBLBE Y FOT Fa b L —FE2EELTCHET, £/2, MAC=v MI, K7y ¥
ANV L ODHFH LW lmac iHa2Z I H135 2N TEES,

System Unit

VAT A 2=y NI, VAT A3y ha—/L K status special-purpose registers & SEHE L
THEY, £72. £7TO Lmtspr/ Lmfspr &2 FETLET,

Exceptions

Zo7atyt— - 3Tk, Precise BIFNET L EFEEL TWET, Tk, FIAREER IR
T2RFIZ, IROSHENRRSL L ET,

o (S ERAES I fmORKiMmTEZBELET,

o fiSfm A S Mma LD bENCEIT SN m CEEICET SERRERFELE
—a«o
o BISERESEIMBDT KL A%, EPCRL YA X THEM L, IREEZESRL ¥R # ITfR
ﬁ L/ i j«o
EXCEPTION TYPE | VECTOR CAUSING CONDITIONS
OFFSET
Reset 0x100 Caused by reset.
Bus Error 0x200 Caused by an attempt to access invalid physical
address.
Data Page Fault 0x300 Generated artificially by DTLB miss exception

handler when no matching PTE found in page
tables or page protection violation for load/store
operations.

Instruction Page Fault 0x400 Generated artificially by ITLB miss exception
handler when no matching PTE found in page
tables or page protection violation for instruction

fetch.
Low Priority External 0x500 Low priority external interrupt asserted.
Interrupt
Alignment 0x600 Load/store access to naturally not aligned
location.
Illegal Instruction 0x700 Illegal instruction in the instruction stream.
High Priority 0x800 High priority external interrupt asserted.

External Interrupt
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D-TLB Miss 0x900 No matching entry in DTLB (DTLB miss).
I-TLB Miss 0xA00 | No matching entry in ITLB (ITLB miss).
System Call 0xCO00 | System call initiated by software.
Breakpoint 0xDO00 | Initiated by the debug unit.

Table 9. List of Implemented Exceptions
OR1200 DFISMAEIZIZ, @HEA LT HF A « AL v FOYPR— MIFERTHEREA,

Data Cache Operation

Data Cache Load/Store Access

g— R+« X287 2=v MLSUIX, 7—% + F¥x v ahbT — X ZERKL, General-
Puepose Register (GPR) file (27 — % Z{R{F3 5 L I I T =y MIT —F ZHnk L E
T, o T, LSUL=y FOEIEL, 7T—% - F¥ v EEBIIBHRLTVET,

T—H +Fxva s JANEDTLBI ANFKE LR TIIE, e—FEfEx27vvy 7 - 34
IJNVTHEITEN, ANT—8{EIZ1 /vy s - A7 VTRTLET, £/, LSUILT—4% - T
FA A ML EITWET,

F—2%, U—F (4 byte, 32-bit) + N—7 T —F (2 byte, 16-bit) * /31 (1 byte, 8-bit)Hifir
TTF—H « Xy v rallEBIXRAENRET, 7—F - Fvvrald 4 b Ab— - E—FTO
HEMET D720, ETCOEIARTIESITAA Y + AFV —XNEFROLXLDOF vy via

(L2) c:ﬁbf%?@ﬁéﬂ%%

CLK_RISC Ji \ /
dwb_CLK_| 4};‘—\—38—\—Z—L
awb_ADR_0[31:0] | \ Valid .

cwb_DAT_11:0) | s

dwb_DAT_O[31:0] _(
awo_we_o | /
dwb_SEL_0[3:0] _(
dwb_STB_O |
dwb_ACK_| |
dwb_CYC_O |
|
|
I
|

dwb_ERR_|
dwb_RTY_|

Figure 6. WISHBONE Write Cycle

Figure 6 |2, A N7 —@m BN T —% « ¥y v =2llby FLEHED, WISHBONEA & % —
Tx2—A DT A b AN—8E (ETH A7) IZOWTRLET,
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dwb_ERR I 15 XX dwb RTY I {§ 523, dwb_ ACK I 55 DbV IZTH— b Iniz&hH
X, NR - 2T =B RFITENET,

Data Cache Line Fill Operation

EITFROoa— RSl LTFryvia « SAREALEREAITIE, o— FmanERk+ 5
U— R plica— FE5  (critial word first) | HfE L7= 4 I:*— foa— RRFETINET,
Critial Word?37 — 4 « ¥ % v a2 TR< e —K -+ A T — 2=y MNIBEEINDZ &
T, T—F Frvra - IACLDHNRNTr—~v U ADK T2 RE/NRICIMA ET,

S RNAVAY RVAVAVAN AWAVAVAY AVAVAVAN RWAWE
dwb_CLK_| J—\_SS—\_f—\_SMS—\_f—\_S%—\J
dwb_aDR_of31:0] [N \\ AO L VYR, | K fa12 Tl
dwo_DAT_I[31:0) _—_—_—n—-ﬂ
dwb_DAT_O[31:0] _————I
awb_we_o [ A A ) A )

o L X

dwb_SEL_O[3:0] \Walid | Walid

dwb_STB_O )

dwb_ACK_| i m § m )\ FK \

dwb_CYC_O 1 | \ } \ } )
dwb_ERR | } | \ | § 1 §

l l l ( l

dwb_RTY | §\ {\

Figure 7. WISHBONE Block Read Cycle

)

Valid \\/alld |

.Jmi;hﬂi.L

S
T = =

Figure 7 12, 420V — REMEN B S, WISHBONEA > 4 —7 = —A EDOF ¥ v a2 - Y
— FO#EZRLET,

dwb_ERR I 15 XiZdwb RTY I 15 7%dwb ACK I (5D b 0 IcT7H—hENTEBAIC
L, N2 - 2T —fIADRTITINET,

FIFFORA T —MBFICH L THERy vz« IARKELEHEAITIE. A N T —mboxt%

U— RPN e — RE3 D (critial word first) . i L7~ 4 t—%@ﬁ_%ﬁ)i?féhiTo
HEETHU—FK - T—HDORERMYDOT— RN —FREnzth, AT —mHDOEZALT —HXIT
B2 74 FEWMERSEITENET, ZOTFA FEIEIZ, AA Y « AF U NFROLLDF v
va (L2) WL THEITENET, AT —mHOT —XRICEFZRL, ®iZU— KgT
DT —HEZABRNEITEINET,
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S AVAVAL AVAVAVAL AVAVAVAY AVAVAVAY YVAVAVAN XVAYA
dwb_CLK_| mwwwwm
dwb_ADR_0[31:0] I o O Va4 Tl a1l Wiz O Va0 T
dwb_DAT_I(31-0) | SN S D S Y D (N S > & (S Y > (|
awe_DAT_0121.0 | N N O 00

awb_WE_0 [IIA \ A\ 1 \! A | )\ A\l

dwb_SEL_O[3:0] -< \alid ‘)0( \Valid ‘ 0 \alid ‘ 0 Yyalid ‘)0( Walid ‘)ﬂ

dwb_STBO| \ | ) i ) i ) AR | ‘

dwb_ACK_| 1 \ m ! m § m )\ m {) /“
dwb_ CYC O) | )\ l )\ l )\ l )\ AR }

dwb_ERR_I| \ | \! l § 1 \! 1 \! A

awb RTY 1| \ 1 \ 1 \! | § | )\ : ‘

Figure 8. WISHBONE Block Read/Write Cycle

Figure 8 (2, WISHBONEA > % —7 = —ZX LD, Fr v =2« U—REfEL, 2k 7
A4 MEWEEZ R LET,

dwb ERR I 1§ 5 Xi&dwb RTY I 1§ 5 2%dwb ACK I E 5D b 0 icT7 ¥ — F &A1
X, NA - TR ITENET,

Cache/Memory Coherency

ORI200 DT —4 « ¥ v v alf, 74 b+« Ab—+ F— R (write-trough mode) T HE{E
LEd, 28, ORI200 (X, vAF - Tuby P —RETONHAZETL CWWEEA, -
T, B—Hh)V e T—F - Fxoial, ZOEPOTaoty S —KOrALL - AV Dotk
— L ¥ (coherency) HEREIZFEEL SN TWVEHE A,

Data Cache Enabling/Disabling
T—4 - Fx ‘yV:L 1. EEIEE (power upEl%E) WIFES S TWET, SRLYRAZD

SRIDCE] B h & “I"IZRETHI LT, T4 « Ty v yaB2EBHENMCRY 3, T—
v J’\;’V“/i\/lﬁi\ﬁ%ﬂﬂﬁéﬂéif X, #Zh{t (Invalidated) [ZEREINTWVET,

Data Cache Invalidation

ORI200 DT =% « Fx v ald, T—4 «FxvaBEOEHt (invalidation) (XY HK—
FLTWERHA, T—% « Fx v a2 E 8t (invalidation) 35720 O LT, &
TOT—H « ¥ v valZH LTHEHMNITZ7EAL, &F v v o 74 0% 8L
(invalidation) LU E£ 9,

Data Cache Locking
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T=H e FXxyvalliE, T4 %V/Vn-:/hmww-vyx§DaRK\Ww
2y 2 s By PRFEEINTHET, LWxEy M <17 I8y NT5H5Z2 LT, flxD Way %
0y 735 ENTEET,

Data Cache Line Prefetch

T—H Xy a - TALDTY 7y FIiE, OpenRISC 1000 7—F 7 7 F ¥ —|ZBWT
AT a BB EETH Y . ORI00ICITEEI N TV ERA,

Data Cache Line Flush

T—H Xy v aldTA K A)— -+ F— K (write-through mode) EHETDHZ &nD, T—
e Fyyva s TALOT7Tyva i ifiE K74 OB (invalidation) DHIFEATSIE
T, ZOHMEIX, #WELT RLUZ (EA) ZDCBFR VYA ICEZ AL Z L TEITENET,

FEWZIE, 74 - Fx v va T4 0DT7Tyvabd—4 - Fxyia- 740D
MEIEN TS D EH A,

Data Cache Line Invalidate
T—H X xr o TALVOERBLNEIT, 1 O5DT —F « Fxrvia - T4 0K LT

FITENET, @7 FL A (EA) ZDCBIRLV VA X |ZEX AT Z LT, B AN IEITS
nEJ,

Data Cache Line Write-back

FT—H e Xy alITA b A— -« FT— K (write-through mode) DA TEET D720, T
—H X va T DT A b N7 (write-back) IFEITINEH A,

Data Cache Line Lock

HeDF—4 « Fxvia- T4 %0y 7T HEEL. ORI200 | EInTnEH
Ao

Instruction Cache Operation

Instruction Cache Instruction Fetch Access

Moy ME, MOFry v ra2lmBaERL, Mo 2=y FNEOMAF 2 —I288% L
FT, LEB-T, =y FOBEIMOTSy v o EERBRICERLTVET,

MEXF Yo T4« IAKRNTLBI ABHEKAELALWEASIZIE., 87 v FOEET
17vayy « AT NVTEITEINET,
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MEFY Y2 llB0WTE, 7% « Fr v aPBA T —mFIC Lo THRMIZEHR S
L0 R IO EE A,

Instruction Cache Line Fill Operation

Frva s SARFELEZLEAICIE, BREINEZT— FBREMIZY — X 5d (critial word
ﬁm)\@ﬁbt4t—%®)—%ﬂ¥ﬁéhi¢ Critial Word3 43 ¥ v ¥ = 721 T < i
=y MIEEINDLG I ET, MBF vy vz - IALCED RN T 4= ADIK T & H/R
Mz £,

e YA YA YA AYAYAYAT AYAYAYAY YYAYE
iwb_CLK_| I\_&i—\_j’—\_sg—\_[—\_ss—\_f—\_ss—\_f
iwb_ADR_0[31:0] | A0 W Y A4 K B W12 b
wb_DAT 310 _—-——-——-——m
twb_DAT_O[1:01 | 0 Vo S
wb_we_o | A \! A ) )
iwb_SEL_O[3:0] _( ‘ ) YWalid ‘ ) Valid Walid
iwb_STB_O } ) i )
m ) W ) /N )\
[ R R R
A Y R
| ) | ) | )

Figure 9. WISHBONE Block Read Cycle

=

Valid

o |

iwb_ACK_|

P

iwb_ERR_|

e | =l |
AT = = —

|
L
l
iwb_CYC_O !
|
|
T
|

[ B | |

iwb_RTY_|

Figure 9 (2, WISHBONEA > ¥ —7 = —A LD 425DV — FEEENLRDLIF v v a « 7
A2 - T=2DY—F#E (ST A 7)) IZHOWTRLET,

iwb ERR I 15 5 X% iwb RTY I {55723, iwb ACK I 5D fbvic7 % — h&nzHs
X, RNR - 2T =B RFEITESNET,

Cache/Memory Coherency
ORI200 (Z~nF « Tmt v P —RETHH D Z 2B EShTHEYA, - T, B

~ﬁan%?//:& TomoTaty B XFIAL L c ARV TOaE—L U —
(coherency) H&rE EINTHWERA,

Instruction Cache Enabling/Disabling

MEF v v, S (power up) IZIFELI N TWET, ’ru‘\/\ﬂE'v DRV L7 NN
SRLU YA X DSR[ICE]E > NI “1” & XA L THMbENET, mBF v v /:ubﬂﬁfb
272 DN, (invalidation) ENTHET,

Instruction Cache Invalidation
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ORI200 DS ¥ v v 2id, i Fv vy aEOMEL{t (invalidation) FEREIXIFEILIN T
WET A, D%y vy a2RE gl (invalidation) 35729 D@ O FF1EL. ji'f@nnwﬂf‘
vyl LTEBNZT 7R L, £F v v o - T4 =L (invalidation) L £,

Instruction Cache Locking

WMEXr vl My vy a-arybbu—/)L s LIYXHZ ICCR T, Way v 7 « &
v FREEINTWET, LWXxE Y +% “1” (kY hT25Z2L T, fHxD Way 2 v 735
TENTEETS,
Instruction Cache Line Prefetch

OpenRISC 1000 7 —F7 7 F ¥ —IZHBWNT, MmF ¥y a - T4 007 ) 7=y FHREIT
F7FarThHY, ORI200 ([IFFEESHTWERA,

Instruction Cache Line Invalidate

MEeFXr vz T OEMELF T, 1005 F vy a - TN LTEITEN
£, ZiiE. ICBIR VYA ZITHET FL 2 (EA) #EX A2 &L TIITENET,

Instruction Cache Line Lock

e DfMaxryra - T4 reny 7 T 58EIZ, ORI200 IZITHEEINTHERA,

Data MMU

Translation Disabled

2— R« A K7 « 7 KL AL (address translation) F%fElX, SRL A X OSR[DME]E v~ k%
7 V7T L TENENET, 7T RUAZHBERISEN LS L m—F - 2 FTICE
WCTHIHEN DMLY RV A LRERIZ, 7—% - Fx v = - T7RRAZBWNT, 9T RL
ANMERENET, /-, A7 a2 L LT dwb ADDR O E5ICH N ENDET RLAR, B
BY FLRizhy £,

Translation Enabled

m— R« A K7« 7 RLALEHIL, SRLPAZDOSRIDME]E v &R ETDH Z & TANMEE
NET, 7 RVREBEB™AEEEND L, W7 FL R (EA) 2OWELT RLA~DZEH L |
AEY T I RARONR— « s s v a VERENFHTE T,
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35 31 24 23 13 12 0
Context ID Page Index Lewel 1 Page Index Lewel 2 Page Offset
(4 bits) (8 bits) (11 bits) (13 bits)
Virtual Page Number (VPN)
Y
=L+/ L1 Page Directory )
0
+
L2 Page Table
Page Table PTE1 0
Base Address
depending on
current CID PTE2
255
2047
34 | 13 12 0
Physical Page Number Page Offset
(22 bits) (13 bits)

Figure 10. 32-bit Address Translation Mechanism using Two-Level Page Table

ORI200 IZBITF D= « T—=TNiF, XV =T 47 « VAT LDON—=F ¥ /L« A%E
U e wRX—=V AP T URT AL THEEIN 2T NIER Y £ A, Figure 10 12, 2
BBED = « T =T N K DHT FUAEHUHEEZ R LET, 7 KU ALEHOFEME S —
Ve F=TAWEDRME . 1BEBETON—Y - F—T LD T L ALHREREIC OV T
I%. OpenRISC 1000 System Architecture Manual ZZ M L T 72 &\,

DMMUCR and Flush of Entire DTLB

DMMUCR L ¥ A & E, ORI200 |ZIZZEEINTWEFA, - T, X—=V - FT—T7 L+ X
— A «RA%— (PTBP) X, Y7 r o7 OLENE L TCHETIHLENH Y £9, DTLBE
Kre 75y adThHEDIE, ETCOXDIL=Y NI A2 Y 7 2Tk 75y at b
ERHVET, VIR ET - T Ty vald, V7 MUZTIZLVEE Yy PETLBZ Y b U
LPTEICEXRET Z ETEITESNET,

Page Protection
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BHNRPTEICEHE SN N—VNTNR—=F ¥ /L« 7T RLARRESHIZH%, ZOT7 KL AT
A U RS (memory protection mechanlsm) JZ DRRGESINET, Z OREMEIC LD Y

N=UNRT 7RI E SN TV D HAEITI —H e RX—=U - T —)L MBS ER S U E
—gﬂo
AEVIREEMEIL, A—N—NA Y —la—HF— - F—RFOWLHDI)—F - 727 EAKRTT

AT I7RBRACH LT, BIRWICT 7 & AF 23R ﬁ#é EMTEET, ZTOX—Ti#E
R, BRETTRE/ 2 Io R— Y DRIE IR L TETD L UL CIREEAEZ R L £,

Protection attribute Meaning

DTLBWyTR[SREx] | Enable load operations in supervisor mode to the page.

DTLBWyTR[SWEXx] | Enable store operations in supervisor mode to the page.
DTLBWyTR[UREXx] | Enable load operations in user mode to the page.

DTLBWyTR[UWEX] | Enable store operations in user mode to the page.

Table 10. Protection Attributes for Load/Store Accesses

Table 10 iz, DTLBWyTRI/‘/“x&T;)’z“EéMéJ\“~~‘/“ TurrsvaryotiERLE
7T, fEH % @J\~~‘/0>1ﬁt)3foc1% EHEIL, REFRER 7T 2OX—IRED FENL, PTEOPPIY
4=V RiIZLY e s a3nET, ORlzoor:L DMMUPR L ¥ X & 323 L T,
PTE[PPI] DI 2Ry b ~DEHIT, ¥ 7 b7 =7 KL UODTLBWYTR L ¥V A X ~DE X AL
WXV ETESRRTERY R A,

DTLB Entry Reload

ORI1200 %X, "— FUZT7TIZLADTLB- > b U OfFr— NEEEZFEEL TWERTA, £O7
O, ELWX—=Y « F—T)L e Y (PTE) 2= « T—T 0B HBET DU L DTLB
AT AL, VT b TR LY ET SN T e 0 FH A,

DTLBIZ = ¥°— (cached) S TW7aW, BT FL A ZHIndT b — K« 2 NTim#7 N
ANLSUIC L W BEHENHE8121%. DTLBI XIS BNAER ENET,

DTLB #fu— R4 3883, EM2PTEZ 2 — F L., REMHERDILB way O —D% JiE
L. [Efg72fE% % OEntry D DTLBWyYMR & DTLBWYTR L ¥ A X [T E L £ T,

DTLB Entry Invalidation

Special-Purpose Register (SPR) T& % DTLBEIR |ZFH#H 7T FLANREBZAEND T LT, £h
& —HT 2 —AADTLBROZ Y+ 5= M RESL SN ET,

Locking DTLB Entries
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V7 RUZTICEV AR TODTLB=Y MY —OFa— RRFETINDH &, DTLB=> F U —|Z
KT Hz A=K7k by 7R EanEd, TOBE, WO M) —DEX# X
PITONR VLS IZT A, V7 MU =T OFe — NLUERRE I MERH Y 77,

Page Attribute — Dirty (D)

ORI1200 @ DTLBIZiZ, Dirty)@ft (D) FFEEINTWERA, ZTOD, X—{RH#EHIEIC
Dirty gt (B b)) 2F-85Z 8013, AL =T 407 « VAT ABNHEILERH Y 17,

Page Attribute — Accessed (A)
OR1200 @ DTLBIZIE, Accessed (A) BIEITZEE SN THETA, ZD7D, N—IREKME

12, AccessedBME (E'w N) RV L1, ARV —TFT 427 « VAT ADBHEIMLERDHY
7,

Page Attribute — Weakly Ordered Memory (WOM)

ORI1200 TiX, ZTDOAEY « T 7B ADFITIEF IR D Z & 225, Weakly Ordered
Memory (WON) JEMEIZMEE L SNEHA, 207D, ZORMETEEINTHERA,

Page Attribute — Write-Back Cache (WBC)
ORI200 CiX, 7—# + ¥ v v =2X7A b + A)b— « F—F (write-through mode) T A H)

B4 % Z & 26, Write-Back Cache (WBO)EMIIME L ENFEHA, ZTDD, ZOBEMEIFELE
ENTHWERA,

Page Attribute — Caching-Inhibited (CI)

ORI1200 ® DTLB (2%, Caching-Inhibited (CD/EMEIZFEE SN TWERF A, Fv v ¥ 2 B8k L
QIEX v v = f@ilIE, T—F#HFT7T FL 2 (EA) D30 By FRICK>THITHBATWET,

Effective Address Region
0x00000000 - Ox3FFFFFFF Cached
0x40000000 - Ox7FFFFFFF Uncached
0x80000000 - 0xBFFFFFFF Cached
0xC0000000 - OXFFFFFFFF Uncached

Table 11. Cached and uncached regions

AEY - 2w FICEBEINFIVOLV AR A~DT 7 AR, A v F—T = — A~EFEY
— K« T7A4bDT 7 BREITHIREICIE, XY vV a2BlIEA~DOT 7 ERE L TEITTIHILEN
HET,

Page Attribute — Cache Coherency (CC)

ORI1200 (X, v /F « Yok y W —EETOFMAZ YR — M oENLFEEI L TWRNT
LR, T X ¥ v aldTA b e A—+« F— K (Write-Through Mode) TOLEIES S Z
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b, ¥y vz » 2k —1L 23— (Cache Coherency, CC) BIEIIMNE L INFHA, ZTD7=
W, ZoRMEIFREShTHEREA,

Instruction MMU

Translation Disabled

ME 7 =y F o 7 KL AZEHE (address translation) FEREIL. SRL YA Z DSR[IME|E v k% 7
V7T 52 ETclEgbInET, 7T FUAEBEENEDLIND L, B 7 =y FIZBNT
FIHENL@mET RLALFERRIC, fiBF vy v o« 77 BRZBNT, WET LU AREH
EnET, £/, A7 a2 L LT iwb ADDR O FHICHAIENDT KL AN, WET KL
AN £,

Translation Enabled

N7 =y F 7 KL AZH (address translation) (%, SRL A% @OSR[IME]E v b &% ET
LlTaMeEnET, T RUVAZEBMBADMLIND &, FET KL 2 (EA) »O8ET R
LANDEW L D7 =2y FREON— - Fas s g VERENIHTE £,
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35 31 24 23 13 12 0
Context ID Page Index Lewel 1 Page Index Lewel 2 Page Offset
(4 bits) (8 bits) (11 bits) (13 bits)
Virtual Page Number (VPN)
Y
=L+/ L1 Page Directory )
0
+
L2 Page Table
Page Table PTE1 0
Base Address
depending on
current CID PTE2
255
2047
34 | 13 12 0
Physical Page Number Page Offset
(22 bits) (13 bits)

Figure 11. 32-bit Address Translation Mechanism using Two-Level Page Table

ORI200 IZBITF D= « T—=TNF, XV =T 47 « VAT LDON—=F ¥ /L« A%E
U=V A T URT AL TEBINRTNERY 8 A, Figure 11 12, 2
BFED = « T =T N K DT U AEHUHEZ R LET, 7 KLU AEHROFEME L —
Ve T AWEDRME . 1BEBETON—Y - F—T LS T L ALHRERIC OV T
I&. OpenRISC 1000 System Architecture Manual ZZ M L T 72 &0,

IMMUCR and Flush of Entire ITLB

IMMUCR L YA XL, ORI200 (ZiTFEEINTWEFA, - T, =T « T—T )L « X—
A« R_RA v H— (PTBP) IX, Y7 U T OEHKE L THETHILERHY £3, ITLBEEE
7T vvadTHEHIlE, ETCOXKITL= N2 Y7 N2 TICE0V 7T v aTH0ENRD
DEFT, Y7 T - 7T vvalt, Y7 MUZTIREVLEE Y hETLBT > ~ U2 5PTEIC
EEIRTZLETCETEINET,

Page Protection
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BHNRPTEICEHE SN N—VNTNR—=F ¥ /L« 7T RLARRESHIZH%, ZOT7 KL AT
A U RS (memory protection mechanlsm) JZ DRRGESINET, Z OREMEIC LD Y

N=UNRT 7RI E SNTVDHAEITI —H e RX—=U - T —/L MBS ER S IV E
—gﬂo
AEVIREBMEIL, A— NN AP —la—HF— - F—FOWLIDI—F - 727 EARNLT

AR TI7RAZHLT, BROICT 7 EAFAEZHRTET DI LENTEET, ZOX—TKi#
R, BRETRER 2 7o R— Y DRIE IR L TETD L UL TIRERAE AR L £,

Protection attribute Meaning

ITLBWyTR[SXEX] | Enable execute operations in supervisor mode of the page.

ITLBWyTR[UXEXx] | Enable execute operations in user mode of the page.

Table 12. Protection Attributes for Instruction Fetch Accesses

Table 13 iz, ITLBWyTRI//Xﬁ“C REINDEZR—T - TuTFrraryOEEERLET,
%2 ON— T OHEY) 2R ST IEIL, BREARRR 7T OOX—VR#ED FENS, PTEOPPIY ¢ —
NRIZED Tm T T AENET, ORIZOO(:’E IMMUPR L ¥ R & % 5235 L TR e, PTE[PPI]
DY 2R H#EE Y b~OEHIE, V7 U T EITLBWYTRL P AZ ~DEXIARIZL Y E
ITEINRTNER £H A,

ITLB Entry Reload

ORI1200 L, "— KU ZT7IZXLAITLB= Y M OFo— FEEELZEEL TCWERA, D7
O, ELWR—Y «F7—7)-x ) (PTE) #X—2 « T—T 0 LMET 54 L ITLB
~AE—FTH0BE, VT by T I D ET SRR TERY 8 A,

ITLBIZ = E°— (cached) SN TW2RRW, WHET KL RIZxHInT Hma 7 = v Fim#7 KL &
NEHENTHAICIE, ITLB 2SN ER SN E T,

ITLB #Fu— FT 5843, EMZRPTEA n— KL, EHEARE/RITLB way ®— D% RiE
L. 1EHE72ME % % OEntryITLBWyMR & ITLBWyTR L ¥ 2 5? WCRRELET,
ITLB Entry Invalidation

Special-Purpose Register (SPR) Td % ITLBEIR (2@ 7 FLARNEZIAENDH T LT, £

E—HT L0 —AITLBTORZ YT 5= U REGHLISNET,

Locking ITLB Entries
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V7 RUZTIZEDETOITLB=Y b —OFue— RREITINDL L, ITLB= 2 b U —{Zxf
THON—RUZTIZEDe vy 73R ENET, 2O, W< OO M) —OFE SR N
ITONRNE DT 2L, V7 MU T Ofr— FARHE S LERH Y 3,

Page Attribute — Dirty (D)

Dirty/@: (D) (FPTEICE L 328, IMMUICHIA SN Z Liddb v FHA,

Page Attribute — Accessed (A)

OR1200 @ DTLBIZIE, Accessed (A) BIEITZEESN THETA, ZD7D, N—IREKNE
12, AccessedBME (E'w N) ZREHLZ 81, ARL—TFT 427 « VAT ADBHEILERDH Y
F9,

Page Attribute — Weakly Ordered Memory (WOM)

ORI200 TliE, B TOMBE 7=y F - T 7B ADOFETIEEFIZRI-ND Z &5, Weakly
Ordered Memory (WON) BEIEIISLEE SNFHA, 207D, ZOREEFEEINTHETA,

Page Attribute — Write-Back Cache (WBC)

Write-Back Cache J&#: (WBC) IIPTEIZE LE 428, IMMUICFIH SN D Z &1EH Y £H A,

Page Attribute — Caching-Inhibited (CI)

OR1200 @ ITLB [Zi%, Caching-Inhibited (CDJEMITFEIEI N TWER A, Fr v 2 H LT
X ¥ v v EHEIE, mAwEEY LR (EA) @30 By FHIZK > THTF LN TWET,

Effective Address Region
0x00000000 - Ox3FFFFFFF Cached
0x40000000 - Ox7FFFFFFF Uncached
0x80000000 - OxBFFFFFFF Cached
0xC0000000 - OxFFFFFFFF Uncached

Table 13. Cached and uncached regions

Page Attribute — Cache Coherency (CC)

Cache Coherency &M (CC) (%, PTEIC/B L £ T2, IMMUICHIHIND Z L1TH D £HA,

Programmable Interrupt Controller
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PICMR Special-Purpose Register (SPR) 1L, 30 =TT v T AA[EEREI D IABRDRAE DR
240 (mask or unmask) 35 7= DICFIH X4 EF, PICPR Special-Purpose Register (%, K
30fHDEI D IAFITHK LT, EXITEERDORMEZEIV Y THEDICHH SN E T,

PICSR Special-Purpose Register(SPR)I%, &I VAL AT DIRIEEZ R T T2 DICFIH S E T,
PICSRDO By MIEIVIAHATOREEZF L, EEROFIV ARG FIE, RIVIABZRESELT
WA R KT VT SNRITIERY A,

Tick Timer

Tick Timer ¥§EEIL. TTMR[M]DFEEIZ L » THIZ/A Y £9, TTCR OfFlX, 7 mr v 7 -
A7 NVEICMESLET, LT, TICR VY AZ DO F28E v F DENTIMR[TP]OfE & —F
LTTMR[IE]?E v F SNTZHAITITNDOTH, &BELEEOEHWEIVIALNT — I E
—a_‘o

TKRﬁ*ﬁLﬂMMM]@ﬁﬁ%MV:mﬁéﬂf%éﬁA IZ. TTCR (X “0” 2°6 A v
Y M EEBLET, TIMRM] OERN “0x2” DA I2id, TTCRA—EH L7=#% TTCRIZEIL L £
T, FO%, Uy N EFEBHT BRI, TTCR@@%?TE?“%SJAE%%@&@“ TTMR[M]
D “0x3” ICRESNTWDEEEITIE, TTCR OENR—HLTHh v Mk L E1,

Power Management

Clock Gating and Frequency Changing Versus CPU Stalling

VAT AW a7« =T 47 (clock gating) ZVAR— hLRWEA T, 7 vy U Bk
FAO— X7« F— R (slowdownmode) ([ZEFT B LN TERWEHAIZIX, CPUIX —
EDTay 7 « A7 NVOM, AM—NTHIENRTEET, ZOHETIXEIWEEZEB L
FIA BIHEEODIITIFE ITIERNFGIETT,

Slow Down Mode

Zw— -+ Z 1y« F—F (Slow down mode) |%, Y7 FU 72KV PMR[SDF] ® 4-bit %
RETHZETHE SN ET, BWEZHRETDIZ L, eyt —- a70 L0 EVWERE
DI LR E9, @EIX., PMR[SDF] OfEix, vt v ¥ — - a7 ofEHRNEE=X
—FAFRL—2 T« VAFADT A K- —F > (IDLE Routine) LY BAICEHE S
nEd,

PMR[SDF] % pm_clksd E 52XV, Fy FRIC@MmMINES, ST v v 7 ApkBERIE,
pmﬂMd%%®@K%w‘7my7%ﬁﬁ%%¥#él£ﬁ%bi# W7o A — « Xy
DEODERIZONVWTERZSN TWERTAN., "0xF” IZTHRELHESICIX. 7oy 7 JEEEN
32,768 KHz ([ZIK F L £,

pm_clksd 15523 “OxF” OEOHAIZIL, pm Ivolt (EERNTH—FINFET, Tk, FEE
TSR KT DR NVE I ~DOERFRIC/R Y £,
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Doze Mode

F—X « £—FK (Doze Mode) ~DHI VK2 57=HiZi%, Y7 b7 NPMR[DME] % #&7E
TOHMLENHDET, Yrnr I~ NE0iABzzay fua—F (PIC) o OE|I AL EZIEHK,
pm_wakeup (5B T ¥ — bk, 7 vy 7 AREBIRAETO 7 0y 725 LTEBICRY
£, Z7uyv I BnAEKIND (running) &, RISC (L@ E— K (normal mode) 2RV |
PMR[DME] 7 V7 &nE4,

F—X « % —F (Doze mode) BNHZI&E 72> 72354, pm dc_gate, pm_ic_gate, pm_dmmu_gate,
pm_immu_gate, pm_cpu_gate {5 5087 ¥ — F I ET, LOFRR, ck tt [FELSNOETH I 1
v 7EEIE, AN vy ZARKEIRIZE > TH— b (gated) SALET,

Sleep Mode

A —F « = R~V EZ D7D, V7 F U= T2 PMR[SME] 2% ETHLENRH Y
F9, Tul I~ NEYiIARa ha—F (PIC) NHOEVIALZZEH. pm wakeup 155
BTV —FEN, 57 e vy 7 EAREIREAETOZa vy 7 L TEDZRDET, Z7avs
23ERL (running) &+ 5 &, RISC [ E— F (normal mode) (2R Y., PMR[SME] 127 V7T
SHET,

AY—F « T— FRFE 2o 7-8A . pm dc_gate, pm_ic_gate, pm_dmmu_gate, pm_immu_gate,
pm_cpu_gate, pm_tt gate (57— FINFET, ZOME, ck tt EHEEEFLETHOIR YT
FE1E, A7 vy 7 AREREIZ L > THF—F (gated) S ET,

AY =T« F—=RIZBWT, pm_lvolt [FHENRTH—hEhFET, Zid, SMBEHHEIRIC
KT HENE N ~OERR R £77,

Clock Gating

vy - F—7 427 (Clock gating) X, OR1200 OEHIFREEE L L CIEEEI LT
FH A,

Disabled Units Force Clock Gating

Special-Purpose Register (SPR) T& 5 SR OREIC KV ELfbIh D 2=y MIIX, 7wy
77— T BEBERHY £T, £7-. SR[DCE], SR[ICE], SRIDME], SR[IME] #7 V7§ 5= &
&, ROGBEENEE T — N & E F, pmdc gate, pm ic gate, pm dmmu_gate,
pm_immu_gate

Debug Unit

TNy T e 2=y NI, B%A ¥ —7 = —A (development interface) % i L CHlfId 2 = &
MTE, F7o, RISC IZHEELTWDT ANy 7 « V7 MU TICXOMNL LCEIfEESE D Z &N
TEET,
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Watchpoints

ORI200 7,3 7 2= FE. OpenRISC 1000 7 —%F 7 F v —CEHLINTND T4 v T
ARA b (Watchpoints) & FEHEL TWER A,

Breakpoint Exception

U4 v FAKRA L b (Watchpoints) % EFE L TV 5 Debug Mode Register 2 @DMR2[WGB] t
FOBEEIWLELY, T A2 KA b (breakpoint) BIAMBEENLEI, 7L A7 - KA b
(breakpoint) ISt OEEENIZ LV, 73N 7 — (target resident debugger) 2 E@) S E T,

TLA 7 « KA K~ (Breakpoint) (%, BHFEA ¥ —7 = — A (development interface) D
dbg bp o [EFICL Y, @A (broadcasted) IAVET,

Development Interface

BINLCHRIET % “development and debug interface IP core” 1%, 1EEE.1149.1 (JTAG)
protocol % AR— b F HHEHEDT /N FHY, OpenRISC 1200 (ZHEET 5 72 DICFIH S E T,

Debugging Through Development Interface

DSR (Debug Stop Register) Special-Purpose Register (SPR) X, sk /N> KT —D3FEIT A2 {Z1E
L. B#&A > % —7 = —A (development intrface) (ZHlfHZBT=dOpNEERLET, T
X, WEET 273y 7« V7 N7 (resident debug software) F7oILPFA ¥ —7 = — AT
FOVBRETDHENTEET,

DRR (Debug Reason Register) Special-Purpose Register (SPR) %, 7'7 2 Z A (program flow)
DEITEELL, 2O, A ¥ —7 = —R (development intrface) [Tl Z R Lz A~
FEFERLET, T, BHETET 3y 7 « V7 FU T (resident debug software) ¥ 72135
A LUH—T 2 —RATED 7 VT LET,

DIR Special-Purpose Register (SPR) 1%, EE XN TWERA,
Reading PC, Load/Store EA, Load Data, Store Data, Instruction

TasTh e A — (PC) , B— K« ART#ET KL A (LSEA) , v— R« F—4%
ARNT T4 BUEOFET A T TA o OMms OXH REERERIT, A v —7
= —2Z (development interface) Z i@ L T, FERIMICHLy (read) Z &N TEET,

dbg op i[2:0] Meaning
0x0 Reading Program Counter (PC)
0x1 Reading Load/Store Effective Address
0x2 Reading Load Data
0x3 Reading Store Data
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0x4 Reading SPR

0x5 Writing SPR

0x6 Reading Instruction in Execution Pipeline
0x7 Reserved

Table 14. Development Interface Operation Commands

Table 14 &, BA%A % —7 =—A (developmentn interface) Z /"L C FEhid 5., FAEX
(read or write) HHD7=DDa~< R—E %9, SPR ~® Read/Write LA¥ D 4T PDRead 2
~ v FIEERMICFEIT SN D,

Reading and Writing SPRs Through Development Interface

SPR ~® Read, Write 7 7 & A|{Zi%, dbg op i [E5%&. TILI 0x4,0x5 (IR TT DME
BHOET,

cIk_riscI /7 f /7 f /7 / |
dbg_acr_ifs10] [INNNNNNIND_ A20 | ) | A100 |
avg_cati3ro) |NNNINN D20 ) S e

dbg_datopro]|  pC. I D100 [ L/SEA. ) LOAD DATA
dbg_op_i[3:0] JREAD Pd 0x0) WRITE SPR bxs ) REALb SPR == 0x4 w ) READ LSEA ﬂ:)x1 ) READ LDAT bxz
dbg_stall_i | | | | 1 1

Figure 12. Development Interface Cycles

Figure 12 12, A% A % —7 = — A (development interface) DA 7 /LIZHDOWNWTR L E
. FA4 b (Write) (I, AA > RISC 7 vy 7 ONb ERY =y VIZEBL, 170y 7 -
A I NOMT =2 2 RZFFTL2HENRHY £, U—F (Read) 1T, Fv vz J1 Y
LT 78R ERDIEND, 270y T - PATAPRELRY £, £z, TLB = b
DEROI=DIZ 17 vy 7« A 7NV ORIENMLEL 72D £,

METHIVUE, ST Ny H—Ii%, dbg stall i FH%7H— 3252 LT, CPU 27 %1k
SHDLHIENTEET, ZOHERKEIY, Z2RLEVETOLVAXOEERISCZT D Y —
KT DDA Z MR T HZ N TE, £72, RISCZTIZL DRI — LV VA X ~DEEIA
HafFOZ | SPRNDEXIALEFITTHIENTEET,

Tracking Data Flow

HET Ny T—1d, TR 7 LIETF a7 7 A VBN D= ICRISCONERDF — 4 « 71
—ZFE=F—LEETHIENTEET, ZHUE, m— N AT - 2=y F, B—F+ X}
TwET R AL =R« XA T - FT—=Z &5, AL ¥ —7 x—A (development
interface) EDREEA T =X —FT 5 L THEIINET,

dbg Iss 0[3:0] Load/Store Instruction in Execution
0x0 No load/store instruction in execution
Ox1 Reserved for load doubleword
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0x2 Load byte and zero extend

0x3 Load byte and sign extend

0x4 Load halfword and zero extend
0x5 Load halfword and sign extend
0x6 Load singleword and zero extend
0x7 Load singleword and sign extend
0x8 Reserved for store doubleword
0x9 Reserved

0xA Store byte

0xB Reserved

0xC Store halfword

0xD Reserved

0xE Store singleword

OxF Reserved

Table 15. Status of the Load/Store Unit

HEEL—R Ny T77—f, dbglsso ko —K X 7 - 2=y FOBELOREE
BT HIET, BHET22TCHOT—H - 77—« A XU MNERHETDHZIENTEET,
Table 15 1%, v— K+« XA T « 2= v FOFKIRRE L kHiT S dbg Iss of§ 5 DIE T,

Tracking Program Flow

ST N T—=1E, TR 7 H LIET a7 7 A )N O T DICRISCONERD 7 10 75 L -
Ta—%E=F— LRk T 5N TEET, UL v =y M TRITA A TUH
— (PC) . 7=y T maiErate, BA%A ¥ —7x—A (development interface) EDIKEES
F=H—FTHZ L THERAINET,

dbg is o[1:0] Instruction Fetch Status
0x0 No instruction fetch in progress
0x1 Normal instruction fetch
0x2 Executing branch instruction
0x3 Fetching instruction in delay slot

Table 16. Status of the Instruction Unit

External trace buffer can capture all interesting program flow events by analyzing status
of the instruction unit available on dbg_is_o. Table 16 lists different status encoding for
the instruction unit.

SMB R L —R « Ny 77 —%, dbgis 0o FH EOMTT=y FOEEROIREZ T2 2
LT, B ETHRETOT R T L - T — - A X M EET DI EnTcEEd, Table 16
. ma =y FOFKIKRE L XHET Hdbg is_ofE H DA T,
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Triggering External Watcpoint Event

Figure 13 (2, %A > % —7 =— A (development interface) 23 E DX 512 dbg ewt I &7
P—hFL, Uy TFRA2 b« £ (Watchpoint event) #FAIEZH)VrLET, Tl
TLINTHEITIE, ABOT 4+ v TFRA b« A X MEIT LA 7 RA 2 MSL (breakpoint
exception) ZFAEIEET,

| clk_risc f \ 7‘ \) \ 7‘ \ \ / __
bg_wp_o[11] ! W/ ) N 1
dbg_bp_o | \ \W/ EIfEnabIed 1
dbg_ewt i | [ ) N\ |

Figure 13. Assertion of External Watchpoint Trigger
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4

Registers

ZOEET, ORI200 2 T7THHOLTHOLPAX EHALET, FiedFD “GPR” FEHE LI
1y 7 R L"REG"E S &M x5 Z & T, % Special-Purpose Register (SPR) O 7 KL A% Hi
L &9, USER MODE & SUPV MODEDO#IE, ==—H%—+ £ — F& A== Hf— . F— |
WZBTD, KLV AXNODHENRT 7 A XA TERLTOVET, "RIW” (L, V—FK&TA4
e T77®R2A%/RL, "RPIFZV =K« TI7RBADHARRETHDHZ EERLTWVET,

Registers list
GRP | REG REG NAME USER SUPV DESCRIPTION

# # MODE | MODE

0 0 VR — R Version Register

0 1 UPR — R Unit Present Register

0 2 CPUCFGR — R CPU Configuration Register

0 3 DMMUCFGR — R Data MMU Configuration
Register

0 4 IMMUCFGR - R Instruction MMU
Configuration Register

0 5 DCCFGR - R Data Cache Configuration
Register

0 6 ICCFGR — R Instruction Cache
Configuration Register

0 7 DCFGR — R Debug Configuration
Register

0 16 | PC — R/W | PC mapped to SPR space

0 17 | SR — R/W Supervision Register

0 32 | EPCRO — R/W | Exception PC Register

0 48 | EEARO — R/W | Exception EA Register

0 64 | ESRO — R/W | Exception SR Register

0 1024- | GPRO-GPR31 - R/W | GPRs mapped to SPR space

1055

1 2 DTLBEIR — w Data TLB Entry Invalidate
Register

1 1024- | DTLBWOMRO- — R/W | Data TLB Match Registers

1151 | DTLBWOMRI127 Way 0
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1 1536- | DTLBWOTRO- - R/W | Data TLB Translate
1663 | DTLBWOTR127 Registers Way 0
2 2 ITLBEIR — w Instruction TLB Entry
Invalidate Register
2 1024- | ITLBWOMRO- — R/W | Instruction TLB Match
1151 | ITLBWOMRI127 Registers Way 0
2 1536- | ITLBWOTRO- - R/W | Instruction TLB Translate
1663 | ITLBWOTR127 Registers Way 0
3 0 DCCR — R/W | DC Control Register
3 1 DCBIR - W DC Block Invalidate
Register
3 257 | DCBFR \Y \Y DC Block Flush Register
4 0 ICCR — R/W | IC Control Register
4 256 | ICBIR \\ \\ IC Block Invalidate Register
5 256 | MACLO R/W R/W | MAC Low
5 257 | MACHI R/W R/W | MAC High
6 16 | DMRI1 — R/W | Debug Mode Register 1
6 17 | DMR2 — R/W | Debug Mode Register 2
6 20 | DSR — R/W | Debug Stop Register
6 21 | DRR — R/W | Debug Reason Register
8 0 PMR - R/W | Power Management
Register
9 1 PICMR — R/W | PIC Mask Register
9 2 PICPR — R/W | PIC Priority Register
9 3 PICSR — R/W | PIC Status Register
0 TTMR — R/W | Tick Timer Mode Register
256 | TTCR R* R/W | Tick Timer Count Register
Table 17. List of All Registers
Table 17 12, OpenRISC 1000 Special-Purpose Register ™ 5 % ORI1200 [ZEEIN TS H D

ZRLET, VYAZ VR & UPR IZOWT, BIFICHHALET, TOMDL TP RAZIZHONT
i%. OpenRISC 1000 System Architecture Manual %28 1L T 7ZEW0,

Register VR description

Special-Purpose Register VR [Z, OpenRISC 1000 B v+ —D =T a3 VKR EV a3 %
RLET, ZhuE, Fo, TRy —REOEREER—XELTWDEINERLTNET,

Bit # |Access [Reset  [Description
5:0 R Revision REV
Revision number
15:6 R 0x0 Reserved
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23:16R 0x00 CFG
Configuration should be read from UPR and configuration|
registers

31:24R 0x12 VER
'Version number for OR1200 is fixed at 0x1200.

Table 18. VR Register

Register UPR description

Special-Purpose Register UPR 1%, 'r& v —HNHIcFEEINT-2=y 2R LET, FES
Niefa=y NEROBEZ RTEE Y hERLET, FTDO 16 > FX OpenRISC 1000 7 —
XTI TF ¥ I TEREINTND 2=y FDIBHEEINTVDLHEDITONTRLTNET,
EiD1 6By MI, BESNATHWAEDALZL 2=y MZOWTRLTWET,

Bit # |Access [Reset  [Description
0 R 1 UP
[UPR present
1 R 1 DCP
Data cache present
2 R 1 [CP
Instruction cache present
3 R 1 DMP
Data MMU present
4 R 1 [MP
Instruction MMU present
S5 R 1 MP
MAC present
6 R 1 DUP
Debug unit present
7 R 0 PCUP
Performance counters unit not present
8 R 1 PMP
Power Management Present
0 R 1 PICP
Programmable interrupt controller present
10 R 1 TTP
Tick timer present
23:11R X Reserved
31:24R 0xXXXX|CUP
The user of the OR1200 core adds custom units.

Table 19. UPR Register
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Register CPUCFGR description

Special-Purpose Register CPUCFGR 1%, CPUDHEHE (capabilities) Mz OV fi% (configuration) & 7x L C

WET,
Bit # |Access [Reset  [Description
3:0 R 0x0 INSGF

Zero number of shadow GPR files
4 R 0 HGF

INo half GPR files
5 R 1 OB32S

ORBIS32 supported
6 R 0 OB64S

ORBIS64 not supported
7 R 0 OF32S

ORFPX32 not supported
8 R 0 OF64S

ORFPX64 not supported
0 R 0 OV64S

ORVDX64 not supported

Table 20. CPUCFGR Register

Register DMMUCFGR description

Special-Purpose Register DMMUCFGR (X, DMMU D#%HE(capabilities) % UM# i (configuration) %

ARLTHET,
Bit # |Access [Reset  [Description
1:0 R 0x0 INTW

One DTLB way
4:2 R 0x4 —  INTS

0x7 16, 32, 64 or 128 DTLB sets

7:5 R 0x0 INAE

INo ATB Entries
8 R 0 CRI

INo DMMU control register implemented
0 R 0 PRI

INo protection register implemented
10 R 1 TEIRI

DTLB entry invalidate register implemented
11 R 0 HTR
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| | | |N0 hardware DTLB reload |
Table 21. DMMUCFGR Register

Register IMMUCFGR description

Special-Purpose Register IMMUCFGR (%, IMMU OD#%EE (capabilities) X O % (configuration) & 7
LTWET,

Bit # |Access [Reset  [Description

1.0 R 0x0 INTW

One ITLB way

4:2 R 0x4 — INTS

0x7 16, 32, 64 or 128 ITLB sets
7:5 R 0x0 INAE

INo ATB Entries

8 R 0 CRI
INo IMMU control register implemented
0 R 0 PRI
INo protection register implemented
10 R 1 TEIRI
ITLB entry invalidate register implemented
11 R 0 HTR
No hardware ITLB reload

Table 22. IMMUCFGR Register

Register DCCFGR description

Special-Purpose Register DCCFGR |, 7 — ¥ « ¥ ¥ v ¥ = @ #% §E (capabilities) & UM h%
(configuration)Z 7/~ L CWE T,

Bit # |[Access [Reset  [Description

2:0 R 0x0 INCW

One DC way

6:3 R 0x4—  INCS

0x7 16, 32, 64 or 128 DC sets
7 R 0x0 CBS

16-byte cache block size
8 R 0 CWS
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Cache write-through strategy
0 R 1 CCRI

DC control register implemented
10 R 1 CBIRI

DC block invalidate register implemented
11 R 0 CBPRI

DC block prefetch register not implemented
12 R 0 CBLRI

DC block lock register not implemented
13 R 1 CBFRI

DC block flush register implemented
14 R 0 CBWBRI

DC block write-back register not implemented

Table 23. DCCFGR Register

Register ICCFGR description

Special-Purpose Register ICCFGR 1%, i3 ¥ v ¥ = OFERE(capabilities) & UM i (configuration)
ZRLTWET,

Bit # |Access [Reset  [Description
2:0 R 0x0 NCW

One IC way
6:3 R 0x4 — [NCS

0x7 16, 32, 64 or 128 IC sets

7 R 0x0 CBS

16-byte cache block size
8 R 0 CWS

Cache write-through strategy
0 R 1 CCRI

IC control register implemented
10 R 1 CBIRI

IC block invalidate register implemented
11 R 0 CBPRI

IC block prefetch register not implemented
12 R 0 CBLRI

IC block lock register not implemented
13 R 1 CBFRI

IC block flush register implemented
14 R 0 CBWBRI

IC block write-back register not implemented
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Table 24. ICCFGR Register

Register DCFGR description

Special-Purpose Register DCFGR (X, T /N v 7

(configuration)Z 7/~ L TWE T,

« == v b O W HE (capabilities) & O hi%

Bit # |Access [Reset  [Description
2:0 R 0x0 INDP
Zero DVR/DCR pairs
3 R 0 WPCI
'Watchpoint counters not implemented

Table 25. DCFGR Register
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.
10 ports

OR1200IP =7 i3tkx 7oA v 2 —7 =— A %&b E 3, Figure 14 IZRITRTRTOA
A—=Txz—A%& R LET,

o MAKNT—H AL H—Tx—2A
(Instruction and data WISHBONE host interfaces)
o &A% —7 =—2 (Power management interface)
o [HEALVH—Tx—2R (Development interface)
o EHViAHLA v H—7 x—A (Interrupts interface)

Figure 14. Core’s Interfaces

Instruction WISHBONE Master Interface

ORI1200 /. WISHBONE Rev B LD 2 DD~ AKX — « f LV A —T x— A 5B ¥4, @
AV H =T 2—AF, MO X Yy v ia s TAE T2y TFTHEHMT, ORI200 27
EAEY VT URAT LB T LD ISNET,
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Port Width  [Direction Description

iwb CLK I 1Input Clock input

iwb RST I 1{Input Reset input

iwb CYC O 1/Output Indicates valid bus cycle (core select)

iwb ADR O 32/0utputs Address outputs

iwb DAT 1 32[[nputs Data inputs

iwb DAT O 32|0Outputs Data outputs

iwb_ SEL O 4/Outputs Indicates valid bytes on data bus (during valid
cycle it must be 0xf)

iwb ACK 1 1{Input Acknowledgment input (indicates normal
transaction termination)

iwb ERR I 1{Input Error acknowledgment input (indicates an
abnormal transaction termination)

iwb RTY I 1{Input In OR1200 treated same way as iwb ERR 1.

iwb WE O 1|Output 'Write transaction when asserted high

iwb STB O 1|Outputs Indicates valid data transfer cycle

Table 26. Instruction WISHBONE Master Interface’ Signals

Data WISHBONE Master Interface

ORI1200 |%. WISHBONE Rev B #EHLODO 2 DD~ A X — « f L X —T 2 — AL ET, T—
B oAV H—Txz—RA L, T—FKET—H - Frxvia - T4V —F-F4  FTHHDB
T, ORI200 =7 &4 DY 7 = 5L (external peripherals) KUNAEY « B 7 v 27 Az
THEDICHEHESNET,

Port Width  [Direction Description

dwb CLK I 1{Input Clock input

dwb RST 1 1Input Reset input

dwb CYC O 1|Output Indicates valid bus cycle (core select)

dwb ADR O 32|0Outputs Address outputs

dwb DAT 1 32[[nputs Data inputs

dwb DAT O 32|0Outputs Data outputs

dwb_SEL O 4Outputs Indicates valid bytes on data bus (during valid
cycle it must be 0xf)

dwb ACK I 1{Input IAcknowledgment input (indicates normal
transaction termination)

dwb_ERR 1 1{Input Error acknowledgment input (indicates an
abnormal transaction termination)

dwb RTY 1 1{Input In OR1200 treated same way as dwb ERR L

dwb WE O 1|0Output 'Write transaction when asserted high

dwb STB O 1|Outputs Indicates valid data transfer cycle

Table 27. Data WISHBONE Master Interface’ Signals
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System Interface

VATA A E—T2—RF, Vv h T ay I KOEOMO AT AMEEE . OR1200
a7 EERLET,

Port Width  [Direction Description

Rst 1{Input Asynchronous reset

clk cpu 1{Input Main clock input to the RISC
clk dc 1{Input Data cache clock

clk ic 1Input Instruction cache clock

clk dmmu 1{Input Data MMU clock

clk immu 1{Input Instruction MMU clock

clk tt 1{Input Tick timer clock

Table 28. System Interface Signals

Development Interface

BA¥EA > &% —7 =—A (Development Interface) 1%, ZERDOBHIER — F LRISC=2 7 NFED T /N
v 7 B RE A B LE T, TNy 7 BIERRBIC L W . RISCEID 7' v 7' F A D EATHIE., 7
VATRA LV N ETF v TFRA L FORE, MHKROT—4 « 7u—d b L—A (tracing) 23]
REL 720 ET,

Port 'Width|Direction [Description

dbg dat o 320utput  [Transfer of data from RISC to external development
interface

dbg dat i 32[nput Transfer of data from external development interface to
RISC

dbg_adr i 32{[nput Address of special-purpose register to be read or written

dbg op I 3[lnput Operation select for development interface

dbg Iss o 4Output  |Status of load/store unit

dbg is o 2[Output  [Status of instruction fetch unit

dbg wp o 11|Output  [Status of watchpoints

dbg bp o 1{Output  [Status of the breakpoint

dbg_stall i 1{Input Stalls RISC CPU core

dbg ewt i 1Input External watchpoint trigger

Table 29. Development Interface

Power Management Interface
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E 4 (Power management) A > ¥ — 7 = — A%, FEROESHIE IR & RISC 2 7 % £kt
TAHEFERMELET, BOENHEREKIT, 7727 /1Y « AT ¢ v 7 (Technology
Specific) TORI1200 =t 7 NHEBICEIET 5 Z LN TERWEELZFFOZ ERAERSNE T,

Port 'Width|Direction |Generation Description
pm_clksd 4O0utput  [Static (in SW)  [Slow down outputs that control
reduction of RISC clock frequency
pm_cpustall 1{Input - Synchronous stall of the RISC’s
CPU core
m dc gate 1|Output  |Dynamic (in HW)|Gating of data cache clock
pm ic gate 1{Output  |Dynamic (in HW)|Gating of instruction cache clock
m dmmu_gate 1/Output  [Dynamic (in HW)|Gating of data MMU clock
m immu gate 1|Output  |Dynamic (in HW)|Gating of instruction MMU clock
pm tt gate 1|Output  |Dynamic (in HW)|Gating of tick timer clock
m cpu gate 1|Output  [Static (in SW)  |Gating of main CPU clock
m_ wakeup 1|Output  |Dynamic (in HW)|Activate all clocks
pm_Ivolt 1|Output  |Static (in SW) Lower voltage

Table 30. Power Management Interface

Interrupt Interface

EIViAFIA B —7 = — A (Interrupt Interface) 1, DY 7 = ZVE Y IABZH IIE S &
RISC= 7 Zffi 3 2KV IARE T ERHET, ETORVIAHRATIE, AA 2 RISC 71 v
DALH ER Y =y P TRHli SV E T,

Width
PIC_INTS

Direction
Input

Port
ic_ints

Description
External interrupts

Table 31. Interrupt Interface
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A
Core HW Configuration

ZOETHEH, 2=V —ICL-oTRERER, 27037 4Fal—al - RXTAXA—HF|C
DOWTHALTWET, NI A =T, EREICaTE2EH LI b—ra U omElaks
EWiT HENC, 22— P Lo THRESNDILERNH Y £,

Variable Name Range Default | Description
EADDR WIDTH | 32 32 Effective address width
VADDR WIDTH | 32 32 Virtual address width
PADDR WIDTH | 24 —-36 32 Physical address width
DATA WIDTH 32 32 Data width / Operation width
DC IMPL 0-1 1 Data cache implementation
DC SETS 512 512 Data cache number of sets
DC WAYS 1 1 Data cache number of ways
DC LINE 16 16 Data cache line size
IC IMPL 0-1 1 Instruction cache implementation
IC SETS 512 512 Instruction cache number of sets
IC WAYS 1 1 Instruction cache number of ways
IC LINE 16 16 Instruction cache line size in bytes
DMMU IMPL 0-1 1 Data MMU implementation
DTLB SETS 64 64 Data TLB number of sets
DTLB WAYS 1 1 Data TLB number of ways
IMMU IMPL 0-1 1 Instruction MMU implementation
ITLB SETS 64 64 Instruction TLB number of sets
ITLB WAYS 1 1 Instruction TLB number of ways
PIC INTS 2-32 30 Number of interrupt inputs
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