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I x
MAC
Hash ’ R
oA LANe
VLAN
IP checksum
TCP/IP & checksum

USB2.0 OTG &
y 6
o HUB
& DMA
¥ KO'Q 83 channel

K0O'Q 53 endpoints
a@ FIFO n 1024x35bit

DMA 8

4 DMA
y 1Ty a y I
oy a I
singleblock6 multi-block:
6 DMA
165

8

273 &

Jd e
Yaé 7t i G 6
1l 8 Yae H &
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A

R 0 a0 e
CPUI ¢
SPly A

23 SPI A° @y
SPI1 A 0 |y

ae DMA -
256
Byte Sleep
N n 2-17 &
MSB. 7l LSB I
A Y
(%) SPI
4x4 A
4x4
(N H e
6 A YO Q
7816y A
4y 3 7816y A
ISO78163 "~
A
T=0"
d
A N
r A
I
3 PWK A
33 PWM
Y3
PWM y ) ' PWM
6 8 PWM
PWM FOd JUH 693
35 A A
PWM O 4 0

33 W
13 w
UART
83 UART 0 16550a

X

5~8& £

1/152Am &
UARTO/1/2/7 2 232
UART3/4/5 3 485
UART6 8 W7 sA
UART3/4b/6 DMA
UART7 A
232 3.7Mbps
485 12Mbps

5

12cy A

<

Aa 6 b
7110 &
aé 6 DMA

12y A

<

13 6 13
12/16/20/24/132 &
DMA:

PSYy A

y s PS2y A

1y
11 £

ADC A

4 SAR ADC

12 £
n 120Ksps
&
d
43 32k
3 N
6’ y
32 &
N
QAN 3
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J A H . DDR2 A ' 1.8V
Ea N~ #i Iw & An _ USB2.00TG  Y' 1.2V
£ N s USB2.0 OTG Ny° 3.3V
PLL NY 1.2V
d GPIO
s PLL Nt 1.2V
873 GPIO ” 3 X s ADC Y 3.3V
¢e 31l GPIW o e s ADC 5 1.2V
aee al’d” atr
4 e J
¢ @ 1y & 40N ~85N
2
39 PLL
s DDR2 PHY o] 600MHZ
62.5MHZ~1500MHZ s CPU o] 300MHZ
N 8 PLL s AXI 2 300MHZ
Tl PLL s AHB o] 200MHZ
APB o] 66.™MHZ
2 Y
MY 1.2V
, IO Y' 3.3V s LFBGA256
1.3
GS@3281 Ju " - Qf 2 ” T AMBA
- AXI aAHB Ju41 APB ” QY3 C] AGS@281
E 1-1 A
‘ ‘ ‘ DDR2 ® ‘ ‘ 3PLL ‘
J ]
w5 L
\ DMA & P—»«—ﬁ L  MAC @ \
\ NAND Flash ® %—»4—% USB2.0 OTG © \
AHB
T T
| sPuy A ———— s |
]
| 2Sy A  — i |
| 2cy A > |
PS2 A x2
| — ”
‘ . H <—ﬁ PWMG A \
<—ﬁ 7816 A x2 H
UART x8 r—>
’ APE > SPI4ADC A |

[EE
[N
9)
0
0
W
N
[09]
[y

N QA 4
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0xE000_0000

OXDFFF_FFFF

0xC000_0000

OXBFFF_FFFF
0xBC00_0000 —

0xA000_0000

OXOFFF_FFFF

0x8000_0000

OX7FFF_FFFF

kseg3(512MB)
mapped and cacheable

ksseg(512MB)
mapped and cacheable

Qn-chi p peri pheral (64MB)

kseg1(512MB)
unmapped and uncacheable

kseg0(512MB)
unmapped and cacheable

kuseg(2GB)
mapped and cacheable

y
2.1
GS@a281 JL32 & anme T ¢ 4GB y N
6 vy y by a &0 Ty 1
v /L 6 y Y A
32K E e’ , T mba 1 i m kuse@
kseg@ ksegh kssegU1 kseg3 1 A " ¢ e kuse@ ksse@ kseg3
J1Ju i & K kseg@ kseglt 1 & 512MB
A y @ 512MB Yy 4y oad v 17U
ad A A
e -- - OXFFFF FFFF
OXFF20 0000 — - 95€d. debug probe(2\E) &£ (dseg )

& (3.5GB)

0x2000_0000

OX1FFF_FFFF
0x1C00_0000

Qn-chi p peri pheral (64MB)

—> &  (448MB)
0x0000.0000  _ _ _ _ _ - - 0x0000 0000
2-1 6 0
GSB3281 & 6 vy y v &
kseglé y 0xBCO00_0000 64MB  ~ v & y 0x1C00_0000
64MB A y v & | v
A VR e 8 6 Ty 8 Q A 7 A
I & "1 64MB e ad g “ 171 1,1 a 4KB8KB
Ju4 256KBa - 2-1 A 21 @ & ksegl
NN P 0 ksegl 6 8 € &y '
R Y|V Bl € d A
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2-1 GSC3281 y

(ksegl) /Byte 7 1
0x00000000 0xA0000000 448M &
0x1C000000 0xBC000000 256K USB2.0 OTG @
0x1C040000 0xBC040000 8K qd
0x1C042000 0xBC042000 8K DMA s
0x1C044000 0xBC044000 8K NAND Flash @
0x1C046000 0xBC046000 8K q
0x1C048000 0xBC048000 8K e 8
0x1C04A000 0xBC04A000 8K 8
0x1C04C000 0xBC04C000 8K SPIly A
0x1C04E000 0xBCO4E000 8K y N8
0x1C055000 0xBC055000 - q
0x1C100000 0xBC100000 4K q
0x1C101000 0xBC101000 4K SPIOy A
0x1C102000 0xBC102000 4K
0x1C103000 0xBC103000 4K 78160 A
0x1C104000 0xBC104000 4K 78161y A
0x1C105000 0xBC105000 4K 6 PWM
0x1C106000 0xBC106000 4K PS/20 A
0x1C107000 0xBC107000 4K PS/21 A
0x1C108000 0xBC108000 4K UARTO
0x1C109000 0xBC109000 4K UART1
0x1C10A000 0xBC10A000 4K UART2
0x1C10B000 0xBC10B000 4K UART3
0x1C10C000 0xBC10C000 4K UART4
0x1C10D000 0xBC10D000 4K UART5
0x1C10E000 OxBC10E000 4K UART6
0x1C10F000 0xBC10F000 4K UART?
0x1C110000 0xBC110000 4K 4 ) A
0x1C111000 0xBC111000 4K 12Cy A
0x1C112000 0xBC112000 4K 12Sy A
0x1C113000 0xBC113000 4K DDR2 8
0x1C114000 0xBC114000 4K N
0x1C115000 0xBC115000 4K
0x1C116000 0xBC116000 4K DDR2 PHY
0x1C117000 0xBC117000 8K Ju MAC 8
0x1C119000 0xBC119000 - q
0x1DC00000 0xBDC00000 1.5K EMI
0x1E000000 0xBE000000 - q
0x1FC00000 0xBFC00000 4M amBo |f
0x20000000 - 3.5G &

X
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22 @y
GS@281 o} Iy 0x1C000000 64MB v Y
ksegl § O0xBC000000 64MB A 64MB & @ G
Y g B y A 8 6 A4 4KB y & y A
4KB & vy NAND Flash & & &w vy 10 NANDFlash Ya
4KB a A & vy I usa “ 1 i n 0xBC044000
4KB ~ y NAND Flash 8 &~ Ju4 OxBFC00000 4KB v
y NAND Flasfh A NANDFlash® a o ~ {JU 4KB O vy o)
yw 0xBC044000 4KB 4T & y A
2.3 y
GS@3281 y “nmald K @ Tooe vy
f €
DDR2 y
NAND Flash y '’
SPI A NORFlashy
2.3.1DDR2 y
GS@281 @ DDR2 8 J 256MB 164 DDR2 y ~
1 16x533MbpA DDR2 8 AXI AHBuY 3 y N dwl ad A
ad "l &y R CPU DMA ADDR2 s k@l
YR A ) v J Ju v
A
2.3.2 NAND Flash 'y
GS@281 @ ONFI1.0  NAND Flash & ~ 8 & NAND Flash
d m 2KB  4KB i BCHS NAND Flasb |} A
2.3.3SPIFlash vy
GS@281 @423 SPy A ua SPI A JJU SPI Flash
SPI1 A y SPI Flash 0 | 0 |f m 4MB SPI0O A a 0
FA o 47 ~ A N SPIL A SPIFlash A

X

QA 7



GSC3281 A

3
3.1
GS@3281 Ju324& anme T 32E Yy y
N RISC € 16KB 3 cachet 16KB caché "0 32 TLB
MMU ey “7l E oy alt ah a
cache ~ ¢ T AU ucLinu@ VxWorka Linuxa WIinCE ¥ 2
A
3.2
32k 3 o Q T '
RISE&
3R E 6 N
9) a "7
16KB 3 cacheb 16KB caché 1 i n
T 16 cache
MMU ' 0 32 TLB
o) 6
AMBA AXI A
EJTAG & 1
3.3
3Rk 31 Uy o v T A
a a " a MMUa CPO a 13 cacha& caché AXI A Ju4 EJTAG
1T A
ALU/shift/MDU TLB cache EITAG < ,
A A A JTAG
v 4 4 4
—» & —> a «» MMU <> cache > AXI «—>
¢ A AXI
A A A A A
\ 4 A 4 4
GPR cPoO |, 3
8 cache

3-132 &

N QA 8
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3.4
32 £ a € U N e 4 B a -
Jalf Ju4 "l E S 3 edua
v @ 06 8 0 « m - @
6 E A
332 & L " Jd a a ladJd a an o6
HQUa ' v © CPU TLB6 3 caché 3 a
A3 f I 2’ R 3 n y a
' J - e A 3 o’ m 3
F IJva @ oMoy J
1A e’ A Yy 9 fi 3e 3
Cf A N 3 ne B 3
" e 3 n I e’ A
m a0 Y3 iy 3’ "Qa cachea &
a Tt m 6 CPU VYo Yy 3A
y 324 F v ad 3
ad 'y 3 i L 17U n € 3 ¥
YR 3 mow o 6 3
+ ) a JyA
3.5
32k k@b " d ‘' 323 324 aus 324
o 6 a 32k 8 A
y 323 “r06 r31 u 3 Aeéro n o
JJU 9 h 3 "r0#dJU o0 1 R “nro
ha. T 3 x Ar3l @ 9
o ¥ 3 Loy oy 3 PQA
o 6 HIG LOK y y © o 6 4 M
“ & HI Yy VO 32 & * LO y yo
®e 324 M Al HI6 LO Y 324 k @
MTHER MTLG MFHB MFLO X 3 A
’ y vy ar sq A4 @ 0
M) 8 ol [ CPO Ly A
36 vy
36.1 9
32k 2 '

(user mode)
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(supervisor mode)

., a (kernel mode)
, (debug mode)
32 £ 4GB © 4GB , T mald
N yad o) T oad ¢ ad N
. adA
3.6.1.1
32 4GB N yad 0 T AdTU
4GB ad - 32 A
317 4 R A~ Wl @ ooa o
A 3 4GB Ju4 CPO A
€1 ) 1 & o1 - 70 SN 4GB
¢ suseg 6 sseg ' suseg 6 sseg 3
* ot JYa R t0a CPO A
10 S 4GB ¢ useg ’ useg
3 - JYa R IO a CPO A
OXFFFF_FFFF kseg3
0400 0000 Tetor || s dseg
OXF3FF_FFFF .~ | kseg3
0xF200 0000
OxF1FF_FFFF sseg ksseg ksseg
OXE000_0000, | address
OXDFFF_FFFF .~ error
0:C000_0000, (segl (seq1
OXBFFF_FFFF address
0¢A000_0000 error
OX9FFF_FFFF kseg0 kseg0
0x8000_0000
OX7FFF_FFFF
useg suseg kuseg kuseg
0x0000_0000
3232 & 6 T
J R - wi N 10} Q@€ a

X QA 10
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Yy “ iU dseg dsegb & O
kseg3 I 17 n dseg AN VR KON
o T # 4L kseg3 A
32e Ya ¢  mapped ¢ unmapped T €E
A A 2 ' “ unmapped a, 6 TLB
Yy ’ mapped ¥ TLB i
. a | Na T cacheabldU4 d A
3.6.1.2
10 J 2GB - n useg
user segment v 0] v OX7FFF_FFFF 33 A useg
U Ya R A
OXFFFF_FFFF
address
error
0x8000_0000
OX7FFF_FFFF
useg
2GB
mapped
0x0000_0000
3-3 O
CPO &  Status A T6 0o & v '
. KSu=19
EXL=0
ERL=0
IO @3 Status ba £~ Debug e DMg#
n 0.
useg 31 - 10 I .3
n g A 3 4GB e & 2GB R 2GB
Ya R A useg TLB v 3
m” 6 8&£ ASID A Ya Y N TLB
31K A TTLB & @ N
a ° '0e m {16 cache g . m y
caché\
3-1 O
x Status Debug ]
EXL| ERL| KSU DM
0x000_0000
A(BL)=0| 0 | 0 | 10, 0 useg - 2GB
~OX7FFF_FFF
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3.6.1.3
i 2 e~ 9 o vy Q o 2 EmM T % Y
tOA  CPO &  Status A T6 0O & v
KSuU=01
EXL=0
ERL=0
IO @3 Status £~ Debug e DMg#
n 0.
OXFFFF_FFF address
0XE000_000 error
OXDFFF_FFFF sseg
512MB
0xC000_000 mapped
OXBFFF_FFFF | . idress
0XA000_000! error
OXOFFF_FFFF | iress
0x8000_0000 error
OX7FFF_FFF
suseg
2GB
mapped
0x0000_000!
3-4 o
o d 3-4 susegob ssegy 3 il
3-2 A O  suseg O useg -
n Ox0-0x7FFF_FFFF 3 4GB e =x2@B A KO sseg
n 512MB . 32& & b A& n 1106A susego sseg
TLB il 3m 6 84 ASID 4 y
a Y v TLB 3 A
"TLB & @ Neg = 'O m {6 cache g ~
m y cachéd
3-2 o
Status Debug ]
£
EXL| ERL| KSU DM
0x000_0000
A(31)=0 suseg 2GB
~Ox7FFF_FFF
0 0 | 0L 0 =
A(31:29) 0xC000_0000
sseg 512MB
=110 ~OxDFFF_FFH
| QA 12
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3.6.1.4d
CPO &  Status 0 KO Yo 3 £
y @ ‘
KSU=09
EXL=1
ERL=1
a KO @3 boa &£ Debug e DMa# n 0.
OXFFFF_FFFF kseg3
512MB
0xE000_0000 mapped
OXDFFF_FFFF ksseg
512MB
0xC000_0000 mapped
OXBFFF_FFFF ksegl
512MB
0xA000_0000 | unmapped uncacheable
OX9FFF_FFFF kseg0
512MB
0X8OOQ_OOOO unmapped
OX7FFF_FFFF
kuseg
2GB
mapped
0x0000_0000
3-5 a o
Jd YaR 3 R a R A~ Status EXLE
ERLE | T Wi a R ' R A~
N y R 3 ERET I mJd R 3
Y EXLE ERLE ~ T4 R 3m ) A
o} O Ju 3 4GB 7 3-5 ' 4GB
,fnald -t kuse@ kseg@ ksegh ksseg/U4 kseg3 a A
33 A
3-3 a O
x Status Debug )
EXL| ERL| KSU DM
0x000_0000
A(31)=0 kuseg 2GB
~OX7FFF_FFF
A(31:29) EXL=1 ksedO 0x8000_0000 519MB
=100 - g ~0X9FFF_FFF
A(31:29) 0xA000_0000
ERL=1 0 ksegl 512MB
=10% ~OxBFFF_FFF
A(31:29 0xC000_0000
( ) KSU=08€ ksseg - 512MB
=110 ~OxDFFF_FFH
A(31:29) O0xE000_0000
kseg3 512MB
=113 ~OXFFFF_FFF
| QA 13
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a HO kuseg y KO useg 6 KO suseg
n OxOOx7FFF_FFFF 3 4GB e @&2GB A a0 @
O  kuseg TLB - 3m 6 84
ASID Ya ¥ “ TLB 31H
A “TLB & @ Ngg = T0e m
1 G cache 9 ~. m y caché\
a O ksegO n 0x800_000B0x9FFF_FFFF i1 512MB y
32& e b £ n 100, ksegO ¢ unmapped ksegO
a, TLB - y "\ 0x8000_000@
A Config & KO 8 kseg0 1 G caché. m y
cachéd
a O ksegl n O0xA000_OOO@xBFFF_FFFF 1 512MB y
32& e b&s£n 101, ksegl ¢ unmapped uncacheable
ksegl a, TLB “ y " M 0xA000_0000
oM v v y A
o} O ksseg n OxCO000_OOOOxDFFF_FFFF »n 512MB y
32 & e ban 110, kseg3 n OxXEO000_OOOOxFFFF_FFFF
n 512MB y 32& e ban 111 ksseg 6 kseg3
TLB - 3m 6 84 ASID 4 Ya Y
v TLB 31K A
“TLB & @ Ngg ° 'T0e m 16 cache 9 .
m y cachéd
3.6.1.5
OXFFFF_FFFF kseg3
dseg
OXFF3F_FFFF kseg3
ksseg
OxFF20_0000 / 512MB
”””””””””” ' mapped
ksegl
512MB
unmapped uncacheable
ksegO
512MB
unmapped
kuseg
2GB
mapped
0x0000_0000
3-6 o
J R ~ Debug & DMsgn I o A @
iU dseg3 ~ 6 & ¢ A 4
' dseg n OxFF20 O00COxFF3F_FFFF n 2MB 6 kseg3
roaT 36 A
QA 14

NI



GSC3281 A
dseg Y , 1 n dmsegb drsegy 3 N 34 " dmseg
O0xFF20_0000xFF2F_FFFF y y drseg
OxFF30_0000xFF3F_FFFF T drseg N drseg
17U A
3-4 dseg , 1 6
cache
0xFF20_0000+
dmseg o
OxFF2F_FFFH dmseg f y  EJTAG
dseg . uncacheable
0xFF30_0000~ drseg n
drseg
OxFF3F_FFFF
dseg 6 kseg3 f n- ad’ Yy N
BECIRV dseg IR kseg3 A drseg
T 35 - 1 drseg ' 8 (DCR, Debug
control registerp TAT " TU e ’
drseg ) I T F a - 0 a’
Q DCR 1 qa ~ A EJIAG A dmseg
T 3-6 T te O ProbEN & £n 0 dmseg
a” o £ dmseg T a -
ym 1 ProbEN 8 & Jn 1A
3-5 drseg
2 Debug LINW £
Load/Store 1 kseg3
Fetch Dor®care
drseg
Load/Store 0
3-6 dmseg
b DCR e ProbEN& | Debug e LSNwe
Load/Store Dom@care 1 kseg3
Fetch 1 Don@care
dmseg
Load/Store 1 0
Fetch 0 Dor®@care .
Load/Store 0 0 ©
3.6.2TLB
332 G  MMU & TLB “¢eé & TLB
T 329 v A Y 6 32 TLB
A Yas TLB Y 671 y a3 - 32 TLBY Qd JU
643 0 Ay e ) v
lOd ~ 6 EntryHI @ ASID A ) A h y TLB2
N 6 Yo TLB R I TLB e~ TLB e n
A
N QA 15
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32k i1/ ald y {1 /Uy 4KB 16MB
Ya h mYa h 47~ T 4KBi 16KB\ 64K 256KB 1MB3 4MB
6 16MB o A
Y3 TLBe | Yan * TLB e~ y TLB2
A 6L A A Ya TLBe a 1
.4 TLB T H Ya TLB R ~ ° ya & N1 TLBe A
" f o TLB Y4/ Qo Ya £ T F#dU 8 Qo Ya
TLB & A
127 121 120 109 108 96
‘ 0 MASK 0 ‘
12 13
95 77 76 75 72 71 64
‘ VPN2 ‘G‘ 0 ‘ ASID ‘
19 1 4 8
63 58 57 38 37 35343332
\ 0 \ PEN \ c ‘DMO‘
20 3 111
31 26 25 6 5 3210
‘ 0 ‘ PEN ‘ I ‘DMO‘
6 20 3 111
3-7TLB
3-7TLB Y3
£ A T
£’ e’ " V: Y/ VPN2
e £ G3aANg" TLB e61 v £6
Q to
A
0000_0000_0000 4KB
MASK| 12 0000_0000_0011 16KB
0000_0000 1111 64KB
0000 0011 1111 256KB
0000 1111 1111 1MB
0011 1111 1111 4MB
1111 1111 1111 16MB
A Ju234 h’ y TLB éYos vy P
Ny A 2 VPN2[18:1 A"  TLB ¢
veN2 | 19 |, ) Ju [18:10] L = °
61 VPN2[11:0} MASK & a
T A 7 A
G 1 O A G ni - TLB Y -
" TLB 1 & ASID aAAG6 A
ASID| 8 Y, m TLB A
A HRa 31:12)" Ny :
PEN | 20 - [ ke v 4KB ©
A F £, 6 1 A
c 3 cache ' C y m cache ~ 32& e” C
hn 01L m €  cacheable m G  caché
N QA 16
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A y:3 T
¢ bl h 3 uncacheable a6 caché
5 , |Ditys" D m 1 Jﬁ"“ m1 i m n 2 i
0 af m n o7 1% Y 3 TLB modified® A
v 1 Valid &’ V m TLB i o1 m A )
R I m Y3 TLBinvali® A
TLB 37 - e 2 37 A TLBWI
TLBWR 3 J TLBE j @Y 3 no3m CPO Ju
no g € CPO 1¢ £ T
PageMask e MASK
EntryHi & VPN26 ASID
., EntryLoO e PFNNGDAV G
, EntryLol e PFNNGDAV G
3 CPO £ & G U y EntryLoO 6 EntryLol &’ N
o TLB & G h us3 ¢ G h 6L AASID y~ 2310
I TLB ||’ EntryHi ASID 6 TLB &
ASID ’ ASID © G a g J/UQ y TLB6 cachee A
3.6.3
e” N6 TLB VPN2 1, 2
3 lusa "3y + ny TLB &'
., TLB & 67 G »nt
. EntryHi & ASID 6 TLB ASID ’
a JU3 Ut 4 Y TLB R~ ya e
N o TLEA
G é'iES,'D \%J:\r 6 G| ASD | VPN || offset
TLBe l
|G| AsD | VPN2 ]
TLB e~ %
£ c|p|v] PFN TLB
N PEN™
‘ c ‘ D ‘ v ‘ PFN
TLB
L offseta i A4
TLB 6 PFN || PFN || offset
3-8
38 6 84& ASIDh / - 34
h y" I TLB ¢’ 8&£ ASID m a y y EntryHi e .
Y3 TLB: e % TLB & N PFN 6 e L
N QN 17
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"L e m Y e ¢eA& L a
A
39e @ n 4KB6 16MB AL
a - n 4KB L n 12 £ e ¥m 204 "
N~ VPN’ n 16MB L n 24" An 8&A
4KBa 1MB
39 3231 2928 20£ =1M 12 11 0
\ ASID \ \ \ \ VPN \ offset \
12
/ ¥
q a\dl
304 29& y g
q a offset ‘
\ * anl
3231 2928 24 23 0
\ ASID \ \ \ \ VPN \ offset \
8 8 24
8& =256
16MBa 256
39 Rk
yYa N TLBe e Ya TLB 7 % H
’ TLBRa & tH4 Yas TLB R TLB &n TLB
"ty Yo TLB R 3-10 @ 14 R A
") TLBE R wY a3 TLB ¥ Index TLB 1 of
3 £ T #FATU Random TLBB f o Y3 £y
N G YT Wired G €TLB a, A6 1 ~
a T dN PageMask TLB ¢ il "
4KB 16MBA Q6 vy "Q CPO v I CPO Ly A
NI QA
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3-10 TLB

3.7
3.7.1
32k £ 16KB 32 L1 3 cache6 16KB 2 L1 caché f
" N Y  cache n 4KB 1283 cache ~ ¥ n cache
cacheliné i 3 cache n 323 A @ M
cache 5) 2 n cache JJU 6 cache
@ cache Mae A N @ " non-blocking
cache6 Q@ I cache A
e’ V) 6 uncacheable y w ~ %
QA 19
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caché AXI A 1 ' cacheablew
1 cache n o cachea & AXI AJy y d Ya
m 83 N A
3.7.2
32K 3 cacheb cache n 16KBT N
311 ~ ¢é Y cache' 1283 9 yYa m 83
cache A 6 e ® Index
© Ta§ "~ Datd” h vy H Ty
Y cache' 0 @ A
0 cache 1 cache 2 cache 3 cache
“—» 4+—> 4t——> t— )
Index=127 | tag data tag data tag data tag data
Index=0 tag data tag data tag data tag data
3-11 cache
311 3 cacheb cache¢ A Y cache' 128
3 T Yo "0Yoa 6Ya 83 "N 3 cacheb cache
a ad” 3126 313 ° 3 cache "0 20& V3
cache Y cache "9 20 & £ a cache
&£JU4 cache T nl L W £ A
21 20 19 0 255 0
‘ CS ‘ pTag ‘ ‘ Data
“—>
Tag
cs f:a?ht_e £ 11
€ blh
cache  20& h~ y
pTag [31:12]=

Data cache 32

1

12 3 cache
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22 21 20 19 0 255 0
‘W‘ CS ‘ pTag ‘ ‘ Data
«—>
Tag
cache ML Az‘~ ni
m cache n
cach(_e £ 11 N
¢ 6lh
h 20 h~
T ez '
cache 32

3-13 cache
Y  cache e’ & 12& 9 cache T &g e[l115E vy
Y cacheé 1283 cache " [4:2]& ¥ Y3 cache € 83 ~ 314
' £ Y MMU N f 6 cache
e pTag 7 Yy pTagb € 7~ 3 cache £ 7
t mY [T cache &~ cache hitLL y e i - cacheé’
Iy pTag a6¢&¢ ~ f nyY [ cache "~ cachemissi Ja d Yo
83 J A
‘Tag Data 0 cache
31 12 11 54 210
‘ Index ‘ ‘ ‘ o
1~3 cache
L 5l Tag Data W
MMU
l ,
ei/ 3/
3-14 cache
3.7.3
cache @ T Ya cachee a €& cache
Ty cacheé y - g o &) cache 1 ®f
£ A
cache write-back cache a v a N
cache ~ Tya e cache 7 cachee™ 1A v
n 2A
cached N cache " CS=0X3 3 Wa&n T
1 cache A~  m cache v
m cache n T a e” i+t x . 4A

X QA 21
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3.7.4 cache 9
32 A k@ Q cache 3 cache A 5" " 6 3
cache a cache an o cache JU1 6 & cache A 3 cache
6 cache n TG @4y £ V] m cache =3
Y cache 9A Q cachee™ Y y 3 cache y i caché € E
a 0 38 A
3-8 cache 3 0
cache 3 [20:16]& cache 2 cache
0x0 Index Invalidate 3 cache
Ox1 Index Writeback Invalidate cache
0x5 Index Load Tag cache
0x9 Index Store Tag cache
0x11 Hit Invalidate cache
0x15 Hit Writeback Invalidate cache
3.8R
R ¢ 3 R T TIB  a aloe Ju4
” IT° YaR ” 3 il »a
R A
o & 31 IF e - 8 I Yo WA
R ' R T d4 R 210 " PCha m
2 aeée "G - R - n d 210
4 Ya3R ~ CPO ¢  EPC(Exception Program Counter) h
mR 31 y 3 PCh A y 3 eR “f EPC
q 3 PCh’ y 3 eR ~ f EPQ| 3
3m 3 PChAne Wl u a” R {JU J Cause ¢ BD
V3 " A
3.8.1 R
J YaR oo 3 Ju4 e A 3 vy T a, H
I - - 6 m 3 Q m JuA R
a, Ay o A
Yy 3y dT H e’ a 3 d aeR 7
3 U1 3 .M 73 3T H 347 3 R
R 'Q CPO T Ry a m 3 PCh " IR
A R A
U3 Ty 3d R v 33m 3 4JU -
331 3 a, N EPC - ErrorEPC 1 DEPC
“e q q JJU R 316 A 3d R v
N QA 22
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#d eJd R 6 3 y -~ e 3a, lTym
3d R A U3 Ty éR T d4 R 3
y R A
3.82R 7
e 3 e’ 310 a” 4 d R - 39¢é
I " wa e N R0 d 3R € |
R |1 A
3-9 R |
| R | R
Reset £
DSS 3 R
DINT 3 R e
Int e
DIB 3 R ' 3
AdEL
TLBL 4 TLB 4 TLB
DBp 3 R 7
Sys
Bp
CpU i a
RI 3
Ov
Tr
DDBL/DDBS ° F ra
store =3
AdEL load 3
AdES store 3
TLBL load o TLB TLB
TLBS store 2 TLB TLB
TLBM TLBe
® DDBL 2 R load 3
3.8.3R WA
e’ AOoONnNYy R N 3 R w A n
OxBFCO_0000 vy R~ ECR & ProbTrape 0 T R WA
[ m OXBFCO 0480 OxFF20_0208 3 - ¢ BIR WA y
3 J 6YaJd L h g 4 v 3106 311 ' ¢ée yJ
h~ Status @ BEVE ald” h#, adA
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3-10 R wA  J
R BEV
0 1
Reset OxBFCO0_0000
R ProbTrap=0 OxBFCO0_0480
ProbTrap=1 OxFF20_0200
€ bl 0x8000_0000 O0xBFCO0_0200
3-11 R wA 1 L
R 4 L
Reset
TLB 0x000
¢ bl 0x180
3.84 R
@ &6 R~ ¢ BIR ¢ A y T
b ‘
Status EXLen O f EPC Cause e BD& m
3 1 n 3 3 ’ m 3a 3”1 EPC
m m 3 PCh” BD& n 0 m 3 3”1 EPC
n PG4 BD& n 1A Status EXLen I # EPC 6
Cause BD&£ a, ’
¢E R * Cause ¢ CE&6 ExcCodee " h’
Satus EXLe n it
¥ R ®A R A
EPC & h3 a R 34 y 3 PC
a HOR a 9 hA R 4 R
3 1Y 3 3713 a Cause BD& A
Y, aR U d e a | €8BI QCPO
e R €9 ad A
R ) N 10)

If Statugx=0 then

if instruction_in_branchdelayslohen
EPC <PCG4
Causgp<-1

else
EPC <PC
Causgp<-0

endif

if exception_type = TLB_refill then
vector_offset <0x000

else
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vector_offset <0x180
endif
Causee<- faulting_coprocessor_number
Causeccode<- €XCEption_type
Causex<-1
if Statuggy= 1 then
PC <0xBFCO0_0200 + vector_offset

else
PC <0x8000 0000 + vector_offset
endif
3.85 &R
EonY a 4 R A Y3
2 n Tee tonm RN | 1 v oF
EmM I Inm B A £ o
Random h1 vn 37
Wired ] yvn 0
Config 1 vn '
Status BEV 6 ERL ] vn 1
PCy OxBFCO_ 0000 J
A£R ) N 10)
Random <31
Wired <0
Config<- default_state
Statugg< 1
Statugri< 1
Statugy < 0

PC <0xBFCO0_0000

3.8.6 R
R 3 A - o
J R 3 1 n 3 3~ DEPC Debug
e BD=& ’ m 3 a 3~ 1 DEPC n
3 PCh~ DBD& m 0 m 3 3” 1 DEPC "
PG4 BD& n 1A
R € E N Debug e DS4& DBR DDB& DDB$& DIBJUA
DINT&E’
Debug DM & n it
¥ R @A o
DEPC ¢ h3 @ R 31 y
3 PC alD R a 9 h A R
J R 3 0y 3 31+ a Debug
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DBD& A
R Debug e DsS& DBR DDBE DDB& DIB/U4 DINT
£ dJL ¢ENd @ 3 R A
N R A" £ 66 Q CPO a, A
R 2 N 10)
if instruction_in_branchdelayslot then
DEPC<PC4
Debugep <1
else
DEPC<PC
Debuggp<-0
endif
Debug[5:0] <debug_exception_type
Debugu <1

if ECRobtrap= 1 then
PC <0xFF20_0200

else
PC <0xBFCO0_0480
endif
3.9CPO”
3.9.1
E U 43" “f imnm CP@ACPACP2 CP3nN
GS@281 e 32k A CPO A CPO’ Y 3 ”
Y y A s 4 7 y aRr a o I a cache
Ju4 & B A
3.9.2 CPO "
CPO "0y * cCPO N e 8
a o ° dJU CPO A CPO « 3-12
A
3-12 CPO «
) J T
0 Index TLB
1 Random TLB h
2 EntryLoO TLB e 1 yvi A
3 EntryLol | TLB R v
4 Gontext y e
5 PageMask y &8 TLB e =Y
6 Wired y 8 TLB
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7 q d
8 BadVaddr y J OR
9 Gount a
10 EntryHi TLB I
11 Compare H e
12 Satus 6 8
13 Cause d y R Y
14 EPC qd y R 3 PCh
15 PRId 6 N
16 Config
17-22 q qd
23 Debug 8 6 R
24 DEPC q y R 3 PCh
2527 q qd
28 TagLo cache e
29 TagHi cache D & o+
PCh~ : £
30 ErrorEPC ! Y 3 PC € 0
31 DeSave R £
3.9.3CPO
3.9.3.1 CPO 0 Index
Index 3241 1 “"0e TLB [ a J TLB
h~ TLBP 3 U a TLBA TLBR
6 TLBWI 13 G 1 TLB hA vy e be 32 TLB  ~
Index ) £ N 5£A
3130 5 4 0
P 0 Index
¥ .
A A n 1 Ah
' TLBP 3 a TLB2 Py
P [31] RO 5 R b8
31 y:3 1A
0 [30:5] - Q4 n OA 0x0
TLB ' TLBR TLBWIL4A TLBP G
Index | [4:0] | RW A A %
NI QA 27
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3.9.3.2 CPO 1" Random
Random Yad “¢h TLBWR 3 v TLB A y
"0e 32 TLB Random £ n 5£A
Random h 23 60 h3 JYV™ 3 h6t0 ht in'
9 h' TLB T vy “  hn 31A
O h' 9 X TLB 34 Ya TLB ~ h 23 y Wired e
h A
Random h T IO h %t I @ h
1 2 A
£ ~ Random hT vyud h’ 1§ Wired * Random
#1 yn3 hA
31 5 4 0
0 Random
K .2 0 1 £h
0 [31:5] - “f n OA 0x0
Random | [4:0] | RO | TLB A %
3.9.3.3CPO 2/3 EntryLo0/1
EntryLo06 EntryLol y ¢ A 10 * TLB {4 f
yq T 6 a A @ TLBR 3 y TLBTLBWI
6 TLBWR 3 yn TLR
J a TLB aTLBY Ju4 TLB R 3 1 EntryLo06 EntryLol
h v m A
31 30 29 26 25 6 5 32 1 0
R 0 PFN C D V| G
.S .S n 1 £h
Reserved | [31:30]| - d 0x0
4 g PEFN Y 1" n vy
0 [29:26] | R/W | A 324 il PEN n 20& ~[29:26]| O0x0
V3 A n OA
PFN [25:6] | R/W N v [31:12)& A 04
c c3 | RW cachve . h I/I 011, m ,é cacheable =
¢ mMmh n uncacheable A
L ne & A&nl1l m 40’
D 2 RW | &n O m adn” m N0 o S
TLB R A
NI QA 28




GSC3281 A

;3 m TLB ' £n T
\% 1 R/W | i m £n 0 1 m %
Ys TLB R A
0 A& TLBA ~ EntryLo06 EntryLol
e Ga | 6L on TLB Geh’
G 0 RIW TLB Gen T f ASIDh [
aNb ' TLB ~ TLB e Gag I
i EntryLo06 EntryLol Gaeé A
3.9.3.4 CPO 4 Context
Context e'be WA"~ page table entry, PTE N Yy
3 9 v A 4 TLB R Y2 y PTE
) 5 1 TLB& A Contex 6 BadVaddr ¢
f 4 @& 7 n Context a @ 6 ) JJU y
e 8 PTA
Jd Ya TLRR -t TLB R aTLB R Ju4 TLB R
& [31:13]r n w] Context & BadVPN2 °~ PTEBase t 29
n66 A
Jd Yo R 3 |~ Context & BadVPN2 v m A
31 23 22 4 3
PTEBase BadVPN2 0
.S .S n 1 £h
) nR6G ~ n oA
PTEBase | [31:23] | R/W h~ G ) 4 JuU Context hon A
y & PTE A
BadVPN2 | [22:4] | RO ‘I A LB BL13N o b
0 [3:0] - “f n OA 0x0
3.9.3.5CPO 5 PageMask
PageMask Yad 0 "l a n TLB
G ' PageMask 9 6 o) o
G @ éa q ~ 1 TLB n Y R A
31 25 24 13 12
0 MASK 0
£ | & | @] 1 | #h |
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0 [31:25]| - R wn OA 0x0
a £n 1 °
£ aAgq
6 Q to
PageMask[24:13]
0000_0000_0000 4KB
MASK | [24:13]| R/W 0000_0000_0011 16KB KR
0000_0000_1111 64KB
0000 0011 1111 256KB
0000 1111 1111 1MB
0011 1111 1111 4MB
1111 11121 1111 16MB
0 [12:0] - “f n OA 0x0
3.9.3.6 CPO 6 Wired
Wired @ TLBe TLB 6 TLB 3 ’
6 Index JU41 Random 17 Wired £ 1n b5 Wired
h TLB v TLB ~“a, TLBWR 3 0~ NdJU TLBWI 3
nA
£3 1 Wired h1 vun 0 13 Wired
F 1 vin 31A
31
£
3
g
— 5
Wired
E
=
0
3-15TLB & 6
X1 QAN
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31 5 4 0
0 Wired
K .2 0 1 £h
0 [31:5] - R @n OA 0x0
Wired [4:0] | RIW | TLB h A 0x0
3.9.3.7 CPO 7 BadVaddr
BadVaddr Yad d @ y R aTLB R a
TLB R Ju4 TLBY R A
31 0
BadVaddr
.S . n 1 £h
y d R aTLB R AaTLB
BadVaddr | [31:0] | RIW R 1
R Ju4 TLB R A
3.9.3.8 CPO 9 Count
Count 2 lyVYs ) 43 Y 31 o
31 oa, M1 3 JU A
O Debug ¢ CountDM& ha  Count i
71 9 A
31 0
Count
- .
A A n 1 Ah
Count [31:0] | RIW | 32& - 49 Y 31 oA [0S
3.9.3.9 CPO 10" EntryHi
EntryHi e 0e TLB an /L4 28 f a A J4 VYo
TLBR ' TLB R ATLB R 6 TLBI R ~ ¢ [31:13k
N !  EntryHi VPN2 A m A @i  EntryHi e
ASID © h e y" i TLB ¢ A J R -
EntryHi ¢ VPN2 v B A
QA 31

NI
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31 13 12 87
VPN2 0 ASID
K K 0 1 £h
[31:13) N Ju2" VPN2
VPN2 | [31:13]| RIW TLBR TLB o N IR
TLBl 93m QoA
0 [12:8] - R @n OA 0x0
" ASID TLB
ASID [7:0] | RIW . e s I IR
TLB o3 m noA
3.9.3.10 CPO 11 Compare
Compare 6 Count y Qldo Ya 4 VH e A
Compare h Y3 h~ n" i ta, JyA
Count h y Compare h A~ Cause e IP[7)& T
& G ald JdVYa & A R Compare * Cause IP[7)E
FoA
31
Compare
, -
£ £ n 1 £h
Compare | [31:0] | R/W | Count A [0S
3.9.3.11 CPO 128 Status
Status Yad 0 """l 6& G 6
8 aL A
8ae ~ tOo e '
Status e G £IE=1
Status R £ EXL=0
Status £ ERL=0
Debug £ DM=0
C] a O Status e £ IM[7:0]6 Cause e
£ |P[7:0p £ nl ~F Jdyse A
Status CU3CUOE y 8 434 ~ 4 - ’a-
" v NN ad R 'a CU0E iTnm 1T @& 0 CPO
4 A
| QA
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31 28 27 23 22 21 16 15 87 54 3 2 1 0
CU3-CU0 0 BEV 0 IM7-IMO 0 KSU ERL | EXL | IE
K K 0 1 £h
8 43 P4 A
o~ a
1 - 4
Cu [31:28] | RIW . . %
a CUbe 1 n1Taq O CPO N ’
332 & e CP1CP3 CuiCuU3
mo it CP13 moa-d A
0 [27:23]| - R wn OA 0x0
8 R (A A
BEV 22 | RIW | O WA 0x1
o @A
0 [21:16]| - R @n OA 0x0
e A 8 Y2 a e
i e G a0 e V3
M [15:8] | RIW IM[?:‘0]6 (Eause ‘é A £ IP[7:0F =
E n1 I JdyYse A
0 e
1 &
0 [7:5] - “f n OA 0x0
2 A
00 a
KSU [4:3] | RIW | 01 0x0
10
11 e
: £ - £ 1A
ERL [2] R/W | O v 0x1
1 Y
R ’ J AL R v
EXL n | rw| ® W ¥
0] y R
1 y R
®w & 6 g
IE [0] R/W | O & b8
1 6 ¢
3.9.3.12 CPO 13 Cause
Cause @ y R ROV~ 1 8 T e A
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31

30 29

28 27

16 15

BD| 0 | CE 0 P 0 ExcCode 0
K K 0 1 £h
Yy R [ 3 2’
BD [31] RO |0 a 3 2 A
1 3 3
0 [30] - R @n OA
CE [29:28] | RO N - ad ® a - A
N A
0 [27:16]| - “f n OA 0x0
i e 1 "0 A
15 e
14 d
P [15:10]| RO |13 d A
12 d
11 d
10 e ~ & 8 e [
8 T J e A1 Jd 70 ad A
IP [9:8] | RIW | 9 e 1 A
8 0
ExcCode | [6:2] RO y R RV 7 €E 1-10 A
0 [1:0] - Q4 n OA 0x0
3-13 Cause ExcCode
R A R |IF R
0 Int e
1 Mod TLBY R
2 TLBL load 3 v TLBRR
3 TLBS store 3 TLER
4 AdEL load =3 v R
5 AdES store R R
6-7 - d
8 Sys R
9 Bp R
10 RI | 3 R
11 Cpu i ad R
12 Ov R
13 Tr R
14-31 - q
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3.9.3.13 CPO 14 EPC
EPC Yad 0 Tl R 31 3 1
y 3 PChA J4 R A~ m 3 a” EPC F
Po t
4 R 3 a 3 3 1 EPC IS 3
PCh A
4 R 3 3 3” f EPC m 3 PCh~
A Cause BD& A
J R - Status EXLen I t EPC a, "ny
MTCO 3w hA
31
EPC
K .2 0 1 £h
EPC [31:0] | RIW |4 R 3 PCh A %
3.9.3.14 CPO 15 PRId
PRId Ya 32& A Tl 6 a A
31 16 15 87
0 IMP REV
.S .S n 1 £h
0 [31:16]| - “f n OA 0x0
IMP [15:8] | RO A 0x42
REV [7:0] | RO A 0x0
3.9.3.15 CPO 16" Config
Config "0 i a ~ @ KO 3
g bl A A
31 30 29 28 18 17 16 15 12 11 98 6 5 4 3 2 0
0 SC | SM 0 IC DC IB | DB 0 KO
.S .S 0 1 £h
0 [31:18]| - “f n OA 0x0
scC [17] RO 1 y cache 32 & e a v 0x1
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caché 1 a A
cache 1 dirty "Q ' 32k e
SM [16] | RO oy e ] ox1
a cache dirty QM 1 a A
0 [15:12]| - R @n OA 0x0
L1 cache "IC hn 2
IC [11:9] | RO 3 . . 0x2
L1 =3 cache n 16KB\
L1 cache "' DC hwn Z
DC [8:6] | RO : - 0x2
L1 cache n 16K
L1 cache cacheline ' IB hn T
1B [5] RO A ox1
32 A
L1 cache cacheline ' DB hn T
DB [4] RO - ox1
32 A
0 [15:12]| - “f n OA 0x0
kseg0 cache ' hwn 01 ¢
KO [2:0] | RW | ©%Y o hn 01k Mo oo
cacheable € mh n uncacheable A
3.9.3.16 CPO 23 Debug
Debug y 8 R H Kk Q [oN] R4
foN R R\ aq A
IO Debug ¢4 DMa&G6 EJTAGVer h™ JE& bl
Y3 h t a - A t0a Debug R 2 Ft o
ad A
Debug e exr A N R IO R N
e/E 1 t
DS& DBm DDBE DDB& DIE DINT R IO R
A
DExcCode O R - J R ¢ ha '
DBD& R IO R A
31 30 29 28 27 26 25 24 18 17 15
DBD | DM | NoDCR | LSNM | 0 | CountbM 0 EJTAGVer
14 10 9 8 7 6 5 4 3 2 1 0
DExcCode NoSSt SSt 0 DINT | DIB | DDBS | DDBL | DBp DSS
K K 0 T £h
Y3 R O R i
J e A
DBD [31] | RO h %
0] J 3 e
T J 3 e
DM [30] RO m i o tOA 0x0
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K K 0 1 £h
0] o
1 o
dseg 1 A
NoDCR [29] RO | 0 dseg 0x0
1 dseg a
8 Joad/store 3 dseg
LSNM | 28] | Rw | 95€9 y v A 0x0
0 load/store 3 dseg
1 load/store 3 y vy
0 [27:26]| - R n OA 0x0
8 Count o 1 A
CountDM [25] R/W | 0 Count HOm 0x1
I Count O
0 [24:18]| - “f n OA 0x0
EJTAGVer| [17:15]| RO | EJTAG EJTAG 1 2.62A | Ox2
DExcCode| [14:10]| RO | . Yo . o~ R. v - [
h 6 Cause e ExcCode h A A
P 1 A
NoSSt [9] RO |0 1 0x0
I a T
8 o T 6 7 A
SSt [8] RW |0 at 0x0
1 G
0 [7:6] - “f n OA 0x0
T4 @ e ' N o
£ | A
DINT 5 RO q A
I d e
1d e 3 ' J
S
DIB 4 RO A
43
I' v e 3
[ ¥ @ store 3 ’
J o R £ | A
DDBS 3 RO A
0] Jd  store =3
I 4 @ store 3
i 4 @ load 3 '
DDBL 2 RO | 0" . ”._. A S
0] 4 load =R
I 4 @ load =<
i J4 @ 3 SN
DBp 1 RO | R £ || A S
0] N 3
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K K 0 1 £h
I 4 @ 3
fd e R 0
R A
DSS o | rO £ | %
g R
I 4 @ R
3.9.3.17 CPO 24" DEPC
DEPC Yad 0 Tl R 3 3
1 y 3 PChA J R A" m 3 a~ DEPC F
Po €
N R 3 a 3 3~ 1 DEPC n R
3 PChA
J R 3 3 3”1 DEPC i 3 PC
h~ 1  Debug DBD& 1A
J R - Status EXLen I 1 DEPC a, “ny
4 MTCO 3 ® hA
31 0
DEPC
.S . n 1 £h
DEPC | [31:0] | R/W |V R 3 PCh A 104
3.9.3.18 CPO 28 TagLo
TagLo 2 cache A~ cache =3 TagLo 4 JU
cache 8 A
31 28 27 7 6 5 0
0 TagLo state 0
.S .S 0 1 £h
0 [31:28]| - “f n OA 0x0
TagLo [27:8] | R/W | cache 9 A [0S
cache “ h 11 cache T b
state [7:6] | RIW | . SE 2 . 1
h A
0 [5:0] - “f n OA 0x0
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3.9.3.19 CPO 29 TagHi
TagHi m € E s T4y« A
31 0
TagHi
.2 .2 0 T £h
TagHi [31:0] | RIW Y %
3.9.3.20 CPO 30" ErrorEPC
ErrorEPC y J q J4 R 3 PCh™n GS@281 1 32k
y A a @ T a’Aluyal L N | ErrorEPC
e ErrorEPG 0 ¢ A
31 0
ErrorEPC
.S . n 1 £h
ErrorEPC | [31:0] | R/IW y A
3.9.3.21 CPO 31" DeSave
DeSave Ya 3284 0 v R éd od i
e Ty G " a, \ A
31 0
DeSave
.S . n 1 £h
DeSave | [31:0] | R/W R £ A [0S
3.10 3
32£ I IEEE P114971 JTAG A" TAP
o} 3 8 7 @ a e a - L1
7 VoA Yy JTAG 17U & A
- 8 - fe@ ~ Jd6 A k
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Jter TH J 6 3 1 A
32 & 3 T A BEJTAGR2.62 ~ y *
Off-board y 3 y (O
60 7T X 1
A y Y A
TAP A ' y HdJu TAP A
- 8 A
‘ 3" 17U of
y RAMY ) A
. 3 aa h h
N NI VIR 3 JuA
i : e Yy 3° 3a,
e y TAP A JU G o7
A
EJTAGBOOT 0 |f i £3 )
ye 61 Vv 2A
311 13
3111 13
31111 1§
3 E n 32 TR JJUomb
| ~a ~J "6 "R~ 3-16 A
-~ -
31 26 25 21 20 16 15 0
‘ op ‘ rs ‘ rt ‘ immediate ‘
3 -
31 26 25 0
‘ op ‘ target ‘
R. - -
31 26 25 21 20 16 15 11 10 6 5 0
‘ op ‘ rs ‘ rt ‘ rd ‘ sa ‘ funct ‘
op 6& 9
rs 5& N
rt 5& - / - il
immediate 16£ . - L
N L
target 264
rd 5& l
sa 5 &
funct 64
3-16 3
N QN

40
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3.11.1.2 v 3
v 37 load/store 3~ y | 3 Ty y 6
3 Ty n 716 A . L A
7 8£al6£a 324 JdJu4 32
V3 v A
1 Q Jd 3 e"6 T aeayYe€ 4 a
- e 314 A
3-14 Jd 3 G 1
TLB N N i
AddressTranslation . - LR
a T tH R A
" he & & J z
LoadMemory ) y cache € N Aaeq
£ JuA 0 e@Yo3 3 e © v A
_/| h o ~ T v -
StoreMemory _ cache « €n co . . Aaeq
£ U a e@Ya 3 e € nwA
3.11.1.3 3
2 4 R 61 4y 3 N 3
3e€" 43 0 y 7 I 3 3e” ¥Ya o y
“4Ya o nl16& . A
3 4 JU O 2"
V.3
Q
3.11.1.4 3
3" 36 3y 3 y
3 n 3 (delay slot) 3~ 3 A Yy 3’
y 3 7 @ likely 3 £ bl 3
3 * a 3 i 7 A
e 3 Y n J
3 J e e 26& y £ £6 m 3 PC 4
V3 A
d Ju a f 3 JuA
I 3 Y n R 3”7 e
32& h A
3 3 PO 164 L 4E q A vy likely
3 v a 1 % 3 a, ' a i 1
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g€ bl 3 Y A
3.11.1.5 3
8 3y 3 a 3 a 3 & cache 3 Ju+
3 A
3.11.16"° 3
A Yo 8 "~ ~ CPO T 3 y CPO
9 JU ' 6 R A
3.11.2 3
3-15/u @ [A) 3 A
3-15 3
34 3 37
ADD 1 Rd =Rs + Rt
ADDI 6 7 Rt = Rs + Immed
ADDIU n 6 N 8] Rt = Rs gimmed
ADDU N 9 Rd = Rs gRt
AND 6 Rd =Rs & Rt
ANDI ) 6 9 Rt = Rs & (@|| Immed)
BEQ ¥ if (Rs == Rt) PC += (int)offset
if (Rs == Rt)
PC+= (int)offset
BEQL A
else
ignore next instruction
BGEZ y 0% if (IRs[31]) PC += (int)offset
GPR[31]=PC +8
BGEZAL y 0% . .
if ('Rs[31]) PC += (int)offset
GPR[31]=PC +8
if ('Rs[31])
BGEZALL y 0f4 PC += (int)offset
else
ignore next instruction
if ('Rs[31])
PC += (int)offset
BGEZL y 0f 4
else
ignore next instruction
BGTZ 0t if (Rs[31] && Rs!=0) PC += (int)offset
if (IRs[31] && Rs!=0)
BGTZL 0f A _
PC += (int)offset

NI
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34 3 AT
else
ignore next instruction
BLEZ y y 0% if (Rs[31] || Rs==0) PC += (int)offset
if (Rs[31] || Rs==0)
PC += (int)offset
BLEZL y y 0t
else
ignore next instruction
BLTZ y 0%t if (Rs[31]) PC += (int)offset
BLTZAL v 0% GPR[31]=PC +8
if (Rs[31]) PC += (int)offset
GPR[31]=PC +8
if (Rs[31])
BLTZALL| y 0% 4 PC += (int)offset
else
ignore next instruction
if (Rs[31])
PC += (int)offset
BLTZL y 04
else
ignore next instruction
BNE a ¥ if (Rs != Rt) PC += (int)offset
if (Rs !=Rt)
PC +Zint)offset
BNEL | a A
Hse
ignore next instruction
BREAK Jd  breakR
CACHE | cache 9 cache 2~ A 3
PC = DEPC
DERET R
DIV LO = (int)Rs / (int)Rt
HI = (int)Rs % (int)Rt
LO = (uns)Rs / (uns)Rt
DIVU n
HI = (uns)Rs / (uns)Rt
if (SR[2])
PC = ErrorEPC
else
ERET |R PC =EPC
SR[1] =0
SR[2] =0
LL=0
J PC = PCJ[31:28] || (offset << 2)
GPR[31]=PC +8
JAL
PC = PCJ[31:28] || (offset << 2)
JALR T Rd=PC +8

NI

QA 43




GSC3281 A
34 3 AT
PC =Rs
JR 1 PC =Rs
LB Ya Rt = (byte)mem[Rs offset]
LBU Ya N Rt = (ubyte)mem|[Rs + offset]
LH Ya Rt = (half)mem[Rs + offset]
LHU Yo i Rt = (uhalfymem[Rs + offset]
Rt = mem[Rs + offset]
LL Y3 LL=1
LLAddr = Rs + offset
LUI Ya Rt = immediate << 16
Lw Ya Rt =mem[Rs + offset]
LWL Ya 11 A 3
LWR Ya JT T 3
MFCO |y ~ 0w Rt = CPO[rd]
MFHI |y HI v Rd = HI
MFLO |y LO V) Rd =LO
MTCO i 0 CPO[rd] = Rt
MTHI 4 HI Hl = Rs
MTLO | J LO LO =Rs
MULT (o} HI || LO = (int)Rs * (int)Rd
MULTU N HI || LO = (uns)Rs * (uns)Rd
NOR 2 Rd =~ (Rs | Rt)
OR ) Rd=Rs | Rt
ORI 6Ya | 2 Rt = Rs | immediate
SB yYa (byte)mem|[Rs + offset] = Rt
sC JYs if (LL = 1) mem|Rs + offset] = Rt
Rt=LL
SDBBP J R
SH yYa (halfymem[Rs + offset] = Rt
SLL Rd =Rt << sa
SLLV £ Rd = Rt << Rs[4:0]
if ((int)Rs < (int)Rt)
Rd=1
SLT vi &£
else
Rd=0
if ((int)Rs < (int)immediate)
SLTI Y ¥ Re=1
else
Rt=0
if ((uns)Rs < (uns)immediate)
SLTIU Ny .3 Rt=1

else

NI
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34 3 AT
Rt=0
if ((uns)Rs < (uns)Rt)
Rd=1
SLTU n vi £
else
Rd=0
SRA Jd Rd = (int) Rt >> sa
SRAV £ 4 Jd Rd = (int) Rt >> Rs[4:0]
SRL Jd Rd = (uns) Rt >> sa
SRLV £ 4 Jd Rd = (unsiRt >> Rs[4:0]
SuUB " Rt = (int)Rg (int)Rd
SUBU A " Rt = (uns)Rs (uns)Rd
SW yYa mem|[Rs + offset] = Rt
SWL yYa v y A 3
SWR yYa Jdv o7 y A 3
SYNC | J A 3
SYSCALL J R
TEQ i if ((int)Rs = (int)R{jrapException
TEQI 6 . 1 if ((int)Rs = (int)immediate) TrapException
TGE y Vvt if (int)Rs >= (int)Rt) TrapException
TGEI vV YV . ¥ if ((int)Rs >= (int)immediate) TrapException
TGEIU n vy vy i if ((uns)Rs >= (uns)immediate) TrapExcepti
TGEU Ny yt if ((uns)Rs >= (uns)Rt) TrapException
TLBP | TLB A 3
TLBR | TLB A 3
TLBWI |TLB R A 3
TLBWR | TLB R A 3
TLT y I if ((int)Rs < (int)Rt) TrapException
TLTI Yy . i if ((int)Rs < (int)immediate) TrapException
TLTIU Ny T if ((uns)Rs < (uns)immediate) TrapExceptiof
TLTU N yt if ((uns)Rs < (uns)Rt) TrapException
TNE a yit if (Rs != Rt) TrapException
TNEI |a vy . i if (Rs != (int)immediate) TrapException
WAIT W,
XOR Rd=Rs "Rt
XORI |6 Rt = Rs ” (uns)immediate
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3.11.3 3
3.11.3.1 ADD
ADD Add ADD
31 26 25 21 20 16 15 11 10 0
SPECIAL 0 ADD
rs rt rd
000000 00000 100000
6 5 5 5 5 6
* ADDrd,rs, 1t
rs h6 r h g7 f rdé A 3
306 31& i3 had~ 2 “ iH Yo R~
rd ha, A
O t
T: GPR[rdd GPR][rs] + GPR|rt]
R t
R
3.11.3.2 ADDI
ADO Add Immediate ADO
31 26 25 21 20 16 15 0
ADDI . .
rs rt immediate
001000
6 5 5 16
" ADDI rt, rsimmediate
16 £ N /I heo rs h 5~ q e A
3 306 31& & had~ 2 “ iH Y3
R~ r ha, A
O L}
T: GPR[rtf GPR]rs] + (immediatg®|| immediate ,  x
R L}
R
3.11.3.3 ADDIU
ADOU Add Immediate Unsigned ADOU
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31 26 25 21 20 16 15
ADDIU . .
rs rt immediate
001001
6 5 5 16
" ADDIUT, rs, immediate
16 & N /1 ho rs h 5~ | rte A
ADDIU 36 ADDI 3 ad3 y ADDIU 3 a, H R A
o €
T: GPR[rth GMR[rs] + (immediatg)*®|| immediate 15¢o
R €
3.11.3.4 ADDU
ADDU Add Unsigned ADDU
31 26 25 21 20 16 15 11 10 6
SPECIAL 0 ADDU
rs rt rd
000000 00000 100001
6 5 5 5 5 6
" ADDUrd, rs, rt
rs ho6 t h 5° f rdé& A ADDU
3 1 10 a,H ROA
ADDU 36 ADD 3 ad3 y ADDU 3 a. H R A
:) €
T: GPR[rdd GPR[rs] + GPR]r]
R €
3.11.3.5 AND
AND And AND
31 26 25 21 20 16 15 11 10 6
SPECIAL 0 AND
rs rt rd
000000 00000 100100
6 5 5 5 5 6
" ANDrd,rs, rt
rs ho6 r h =& [ 6L -
rde A
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)

R

T: GPR[r@ GPR][rs] and GPR]rt]

3.11.3.6 ANDI
ANDI And Immediate ANDI
31 26 25 21 20 16 15
ANDI . .
rs rt immediate
001100
6 5 5 16
* ANDI rt, rs, immediate
16& 6 rs h & 6L - |
e A
O t
T: GPR[rta 0'°|| (immediate and GPR]rs} 9
R t
3.11.3.7 BEQ
BEQ Branch On Equal BEQ
31 26 25 21 20 16 15
BE
Q rs rt offset
000100
6 5 5 16
" BEQ rs, rtoffset
3 6 16&L 2 K A A oh 5 A
rs ho rt h il s y 3 A
A
O t
T: target (offsets)™*|| offset|| 0 ?
conditiona (GPR[rs] = GPR]rt])
T+1: if condition then
PCa PC + target
endif
R t
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3.11.3.8 BEQL
BEQL Branch On Equal Likely BEQL
31 26 25 21 20 16 15 0
BEQL rs rt offset
010100
6 5 5 16
" BEQLTs, rt, offset
3 6 164&L 2 & A h 5 A
rs h rt h } Tt 34
A 4 T t¢ 3 A
.
T:  targe# (offsets)™|| offset| 0 2
conditionda (GPR[rs] = GPR]rt])
T+1: if condition then
PCa PC +target
else
NullifyCurrentinstruction
endif
R
3.11.3.9 BGEZ
Branch OrGreater Than
BGEZ Or Equal To Zero BGEZ
31 26 25 21 20 16 15 0
REGIMM BGEZ
rs offset
000001 00001
6 5 5 16
" BGEZrs, offset
3 6 16&L 22 N h 5 A
rs NE yI % y 3 A A

)
T: target (offset,)™*|| offset|| O 2
conditiona (GPR[rs} = 0])
T+1: if condition then
PCa PC + target
endif
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3.11.3.10 BGEZAL

Branch On Greater Than

BGEZAL Or Equal To Zero And Link BGEZAL
31 26 25 21 20 16 15 0
REGIMM BGEZAL
rs offset
000001 10001
6 5 5 16

" BGEZAL rs, offset

3 6 16&L 22 N A h g v
A T 10)% 3 q 1 r31e A rs
NE yI Lt y 3 A A rsa r31
T tA 3 a A1y ~ a”
T ) a A

T: targetd (offsetis)™|| offset|| O 2
conditiona (GPR[rs}=0])
GPR[314 PC +8

T+1: if condition then

PCa PC +target
endif

3.11.3.11 BGEZALL

Branch On Greater Than

BGEZAL BGEZAL

Or Equal To Zero
And Link Likely

31 26 25 21 20 16 15 0
REGIMM BGEZALL
rs offset
000001 10011
6 5 5 16

' BGEZALL rs, offset

3 6 16&L 2 N A h 5 v
A T (0)% 3 q 1 r31e A rs
Ne yrI L[t y 3 4 A rsa r31
T tA 3 a A1y ~ a”
T ) a A 4 “ t¢6 3 A
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2
T: targetd (offsets)™|| offset|| O 2
conditiona (GPR[rs} = 0])
GPR[314 PC +8
T+1: if condition then
PCa PC + target
else
NullifyCurrentinstruction
endif

3.11.3.12 BGEZL

Branch On Greater

BGEZL Than Or Equal To Zero Likely BGEZL
31 26 25 21 20 16 15 0
REGIMM BGEZL
rs offset
000001 00011
6 5 5 16

" BGEZLs, offset
3 6 16&L vy A A h g A
rs ne yl L % Yy 3 A
4 T t6 3 A
g
T: targetd (offsetis)™|| offset|| O 2
conditiona (GPR[rg}=0)
T+1: if condition then
PCa PC +target
else
NullifyCurrentinstruction
endif

3.11.3.13BGTZ

BGTZ Branch On Greater Than Zero BGTZ
31 26 25 21 20 16 15 0
BGTZ 0
rs offset
000111 00000
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6 5 5 16
' BGIZrs, offset
3 6 16&L 2 & A 4 h g A
rs hé6l L - rs N&g yI L &¢maea yI [ %
y 3 A A

2
T: targetd (offsets)™|| offset|| O 2
conditiond (GPR][rs}=0) and (GPR[rd) 0%
T+1: if condition then
PCa PC + target
endif

3.11.3.14 BGTZL

Branch On Greater

BGTZL Than Zero Likely BGTZL
31 26 25 21 20 16 15 0
BGTZL 0
rs offset
010111 00000
6 5 5 16
" BGIA rs, offset
3 6 16&L 2 N 4 h g A
rs héel L - rs N&E ylI L ¢maea yl L[ %
y 3 A 4 T fe6 3 A

2
T: targetd (offsets)™|| offset|| 0 2
conditiond (GPR[rgf=0)and (GPR[rd) 0%
T+1: if condition then
PCa PC + target
else
NullifyCurrentinstruction
endif

3.11.3.15BLEZ

Branch OriLess Than

BLEZ OrEqual T&Zero BLEZ
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31 26 25 21 20 16 15 0
BLEZ 0
rs offset
000110 00000
6 5 5 16

" BLEZs, offset
3 6 16&L 2 & A A h 5 A
rs hel L - rs NaEnl YL rs hol L %
y 3 A A
5
T: targetd (offsets)™*|| offset|| O 2
conditiond (GPR]rs} = 1) or (GPR][rs] =9
T+1: if condition then
PCa PC + target

endif

3.11.3.16 BLEZL

Branch on Less Than

BLEZL Or Equal To Zero Likely BLEZL
31 26 25 21 20 16 15 0
BLEZL 0
rs offset
010110 00000
6 5 5 16

" BLEE s, offset
3 6 16&L 28 N A h 5 A
rs héel L - rs NaEnl YL rs honl L f
y 3 A A Jd " %6 3 A
o
T: targetd (offset,))'*|| offset|| 0 2
conditiona (GPR][rs} = 1) or (GPR[rs] =%
T+1: if condition then
PCa PC + target
else
NullifyCurrentinstruction

endif
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3.11.3.17 BLTZ

BLTZ Branch On Less Than Zero BLTZ
31 26 25 21 20 16 15 0
REGIMM BLTZ
rs offset
000001 00000
6 5 5 16
" BLT4Zs, offset
3 6 164&L 2 & A A h 5 A
rs NENT YE £ y 3 A A
.
T: targetd (offset)™|| offset|| O 2
conditiond (GPR[rs}=1)
T+1: if condition then
PCa PC +target
endif
R
3.11.3.18 BLTZAL
Branch On Less
BLTZAL Than Zero And Link BLTZAL
31 26 25 21 20 16 15 0
REGIMM BLTZAL
rs offset
000001 10000
6 5 5 16
" BLTZALs, offset
3 6 16&L 28 N A h 5 v
A 3 oY 3 qd 1 r31e A rs
NEn YL £ y 3 A A rsa r31 -
T TA 3 a Ary a”
T ) a A
5
T: targetd (offset;))'*|| offset|| 0 2
conditiona (GPR[rs}=1)
GPR[31f PC +8
T+1: if condition then
PCa PC + target
endif
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3.11.3.19 BLTZALL

BLTZALL

Branch OrLess
Than Zero And Link Likely

31 26 25 21 20 16 15

BLTZALL
0

REGIMM s BLTZALL
000001 10010

offset

6 5 5
BLTZALls, offset

3 6 164&L
A 3 Y 3 qd

NEN YU y 3 A A
T A 3

O t
T: targetd (offsetis)™|| offset|| 0 2
conditiond (GPR[rs}=1)

GPR[31h PC +8
T+1: if condition then

PCa PC +target
else

NullifyCurrentinstruction
endif

3.11.3.20 BLTZL

BLTZL

31 26 25 21 20 16 15

P o a A NERENC

Branch On Less Than Zero Likely

BLTZL

REGIMM s BLTZL
000001 00010

offset

6 5 5
BLTZks, offset

3 60 16&£L 2 K
- . Ny
e 3 A

X QA
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)

T: targetd (offsets)™|| offset|| O 2

conditiona (GPR[rs}=1)

T+1: if condition then

PCa PC + target

else
NullifyGuirrentinstruction
endif
R €
3.11.3.21 BNE
BNE Branch On Not Equal BNE
31 26 25 21 20 16 15
BNE
rs rt offset
000101
6 5 5 16
" BNE rs, rt, offset
3 6 164&L 2K N I A
rs ho6 rt h - T f y 3 A
A
O t
T: targetd (offsetis)™|| offset|| O 2
conditiond (GPR[rs]U GPR]rt])
T+1: if condition then
PCa PC +target
endif
R t
3.11.3.22 BNEL
BNEL Branch On Not Equal Likely BNEL
31 26 25 21 20 16 15 0
BNEL
rs rt offset
010101
6 5 5 16

' BNELs, rt, offset
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3 6 16&L 2 & A 4 h g A
rs ho6 rt h - y a - y 3 A
A J Tt 3 A
g
T: targetd (offsets)™|| offset|| O 2
conditiond (GPR[rs]JU GPR]rt])
T+1: if condition then
PCa PC + target
else
NullifyCurrentinstruction
endif

3.11.3.23 BREAK

BREAK Breakpoint BREAK
31 26 25 6 5 0
SPECIAL BREAK
code

000000 001101

6 20 6

" BREAK

BREAK 3 R~ _ PR A
code 4 y - A T~ R e A v 3 h v code A

)

T: BreakpointException
R t

3.11.3.24 CACHE

CACHE Cache CACHE
31 26 25 21 20 16 15 0
CACHE
base op offset
101111
6 5 5 16

* CACHE op, offset(base)

) 16 L ~ 6 base h g v
1 H - 3 4 & op cache 2 A
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KO Status CPO¢ a&nl L t CACHE
3 Ya~ ad R A 32 e~ CACHE 3 O vy
& " wi A« 27t o a A
32 & G [11:5] cache 7 Y cacheé ¢ E
3 cache 2 A
CACHE 7 cachee e~ ¢ cache 9’ cache
da & a "1 oA
CACHE 3 Yan o) y 324 a'lby caché y
cache n 1 & eA
CACHE 3 cache 2 TLB R TLB R Ay
a 6 cache cace 297 4 /U6  unmapped caché
¥ 6H TLBR A ~° CACHE 3 a. TLBF R A
CACHE 3 [17:16) vy & Y3 cache 2° 10 A
CACHE 13 [17:16)& J cache
0 I Yy 3 cache
1 D Yy cache
2 Reserved -
3 Reserved -
CACHE 3 [20:18 vy n & cache 2~ O A
CACHE 3 cache 21 2
[20:18]&
Index . -
0 I . cache £ N A
Invalidate
Yy caché
cache AJU4 0 & WaE™
Index N - .
0 b Writeback cache ,:E " ) 3 VW:E ny L2
Invalidate + cache . n~ - o e
y cache tag’A A m cache
E N “Wad adJdA
1 5 Index Load _y cache )
Tag cache " tag'h w! TaglLo e A
5 5 Index Store o Yy cache TagLAo
Tag hn of cache " tagé A
4 D H?t Yy caché )
Invalidate | e~ % cache £ n A
Hit Yy caché
5 D Writeback | &~ 3 cache Wew YLt cache
Invalidate n 1 a e £ N A
.
T: vAdd@ ((offsets)™®|| offset 15¢0) + GPR[base]
(pAddr, uncachedd AddressTranslation(vAddr, DATA)
CacheOp(op, vAddr, pAddr)
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- ad R
3.11.3.25 DERET
DERET DebugException Return DERET
31 26 25 24 6 5 0
COPO CoO 0 DERET
010000 1 0000000 0000 0000000 011111
6 19 6
" DERET
DERET 3 Juy R & - ) n R
3m A6 Ju 3 * ERET 3 Y 3 a,
A
LL 3 SC 33 DEFET 3 a, & SC 3 A
O t
T. if Debugy =1 then
Debugya 0
PCa DEPC
else
UNDEFINED
R t
) ad R
3.11.3.26 DIV
DIV Divide DIV
31 26 25 21 20 16 15 6 5
SPECIAL s t 0 DIV
000000 000000 0000 011010
6 5 5 10 6
" DIVrs, 1t
rs rtm2 gers hn A I ol
a. H R~ vIi L f a A
334 ye 3 Ju [ SR 7 VR AN
3 3107 o 1 Loe" m d 1| Hie A
O t
T: L&A GPR[rs] div GPRrt]
HI& GPR[rs] mod GPRIrt]
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3.11.3.27 DIVU
DIVU Divide Unsigned DIVU
31 26 25 21 20 16 15 6 5 0
SPECIAL < ], 0 DIW
000000 00 00@ 0000 01101
6 5 5 10 6
" DIVUTrs, 1t
rs rt m A “geérs hnm A "1 qalo
3 a, H R~ vI L f ald/u A
334 ye 3 U [ SR 7 VR RN A
3 3147 d 1 Loe” m d Hie A
O t
T: LG& (0 || GPRrs]) div (0 || GPR]rt])
HIa (0 || GPRIrs]) mod (0 || GPR]r])
R t
3.11.3.28 ERET
ERET Exception Return ERET
31 26 25 24 6 5 0
COPO CcO 0 ERET
010000 1 0000000 0000 0000000 011000
6 19 6
* ERET
ERET Juy & &R é A6 JuA 3 -
ERET 3 tOY 3a, A
ERET 3 a 3 e A
y @& "~ SR=I"tf PC n ErrorEPC h~
3 Status ERLE” SR’ | £~ SBR=0" PC n EPC h> 3
Status ER £ SR A
LL 3 SC 33 EFET 3, 6 SC 3 A

o)
T. ifSR=1then
PCa ErrorEPC
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SRa SR1.5|[ 0]l SR1.0

else

PCi& EPC
SR& SRy.2[| 0] SRo

endif

LLbita O

a -

3.11.3.29J

31 26 25

R

Jump

J
000010

target

6
Jtarget

26 &
Yy

2

3 f

26

>

T. tempa target
T+1: PG PG || temp |/ O ?

R t

3.11.3.30 JAL

JAL

31 26 25

Jump And Link

32&

JAL

>

JAL
000011

target

6
" JAltarget

26 £

qd 1

)

26

yug 6 3 £~

3 A T oA

r31e A

T. tempa target
GPR[31f PC +8

~N1 QN

oy

32K
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T+1: P& PGy || temp || O 2

R t

3.11.3.31 JALR

JALR Jump And Link Register JALR
31 26 25 21 20 16 15 11 10 5 0
SPECIAL JAR
rs 00000 rd 00000
000000 001001
6 5 5 5 5 6
" JARTs
JAR M, 1s
Yy 3 A T rs J A 3 O
y 3 q 7 rde A e a rd T f hn
r31A
rsa rd a Jod T FA 3
adA1y - a” T a A
v o3 - JALR 3 & rs h e&u4& N |
Ty v J R A
o
T. tempa GPRrs]
GPR[rdp PC +8
T+1:PCa temp
R
3.11.3.32 JR
JR Jump Register JR
31 26 25 21 20 6 5 0
SPECIAL 0 R
000000 s 0000 00000000 0000 0010
6 5 15 6
* JRrs
y 3 A 1 rs A
v o3 - JR 3@ rs h a&u4& ml 1t
¥ Y J R A
iy
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T. tempa GPR[rs]
T+1:PCa temp
R €

3.11.3.33LB

LB LoadByte LB
31 26 25 21 20 16 15

LB

base rt offset
100000

6 5 5 16
" LB rt, offset(base)

N 16 L ~ 6 base h 7 A
AR - gy & JYa - A
i e A
g
T: vAdd@ ((offsets)™®|| offset 15. 9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
mema LoadMemory (uncached, BYTE, pAddr, vAddr, DATA)
bytea vAddrn o

< 24
GPR[rtla (Menmy.gyte)” || MEM 74g:hyte.. gebyte
R €

TLB R
TLB R
R
R
3.11.3.34 LBU
LBU Load Byte Unsigned LBU
31 26 25 21 20 16 15
LBU
base rt offset
100100
6 5 5 16

" LBJrt, offset(base)

N 162 L ~ 6 base h g A
A H v y oy & MYa 4
I e A
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2
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
mema LoadMemory (uncached, BYTE, pAddr, vAddr, DATA)
bytea vAddn o

= 2
GPRJrtla O 4 || mem 7+8*byte...8*byte
R €

TLB R
TLB R
R
R
3.11.3.35 LH
LH Load Halfword LH
31 26 25 21 20 16 15
LH
base rt offset
100001
6 5 5 16

" LHrt, offset(base)

) 16 L ~ 6 base h g A
1 H - y oy & 4 - ’ A 1
| rte A
eganl L tH Yo R A

2
T: vAdd@ ((offsets)™®|| offset 15. 9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
mema LoadMemory (uncached, HALFWORD, pAddr, vAddr, DATA)
bytea vAddrn g

< 16
GPR[rt]a (MeMsigeyte) || MEM 154g:byte...8* byte
R €

TLB R
TLB R
R
R
3.11.3.36 LHU
LHU Load Halfword Unsigned LHU
31 26 25 21 20 16 15
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LHU
base rt offset
100101
6 5 5 16

" LHUT, offset(base)

A 16& L Y6 base h g A
I ) y oy & v T
e A
eganl L tH Yo R A
.
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
mema LoadMemory (uncached, HALFWORD, pAddidyDATA)
bytea vAddn o
GPR[rtB 0°|| mem 1s.gmyee. styee
R
TLB R
TLB R
R
R
3.11.3.37 LL
LL LoadLinked LL
31 26 25 21 20 16 15 0
L base rt offset
110000
6 5 5 16
" LLrt, offset(base)
) 16 L ~ 6 base h g A
Iy - y oy & JYoa 1 e A
LL6 SC 3~ 17U i &b g Ty
y €& 3 Y& \ 27 € E o
L1:
LL T2, (TO)
ADDT2,T1,1
SC T2, (TO)
BEQ T2, 0, L1
NOP
2 3" TO J M g IyL oF ADD 39 n OR R
td/u £ oA 3 4 G ~ a CPC: A
uncacheable LL o~ e noncoherent LL
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2" 1 9 Cad ALL sSC 33 cache 1 T 9
LL SC 33 a load/store 9" T + SC o4 a

. SC o v o a J R a A

®eysEanl L tH R A

2
T: VAddid ((offset;s)'®|| offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)

mema LoadMemory (uncached, WORD, pAddr, vAddr, DATA)

GPR[rtg meng; o

LLbita 1
R €
TLB R
TLB R
R
R
3.11.3.38 LUI
LUI Load Upper Immediate LUI
31 26 25 21 20 16 15
LUI 0 . .
rt immediate
001111 00000
6 5 5 16
" LUl rt, immediate
16 & Q& @£ I L1 © rtA
O t
T: GPR[ra immediate || 0%
R t
3.11.3.39 LW
LW Load Word LW
31 26 25 21 20 16 15
LW
base rt offset
100011
6 5 5 16
" LWrt, offset(base)
N 16 L ~ 6 base h g A
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Iy v y y eéVYs i e A
ey sganl L tH R A
.
T: vAdd@ ((offsets)™®|| offset 159 + GPRiase]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
mema LoadMemory (uncached, WORD, pAddr, vAddr, DATA)
GPR[rtR mengxo
R
TLB R
TLB R
R
R
3.11.3.40 LWL
LWL Load Word Left LWL
31 26 25 21 20 16 15 0
LWL
base rt offset
100010
6 5 5 16
" LWLrt, offset(base)
3Ad LWR A 447U MO € 3 a e
T'nm A& eAuy T~ LWL £ ] i rt - LWR
®AE | Tt J rA
N 16 L 6 base h 7 J° v
1H i y y €& MYa ay
A a A ! i1 yYat 2 a A
LWL Ry vy e i3 v l rt £ 17 1
y eYos @ mo t @& 1 aJALWL 3
a 10 A
Memory contents and byte offsets Initial contents of Dest Register
Litle-endian —> ST T L] CET F I ol ]
offset (vAddrl..0) 3 2 1 0 MSB LSB
MSB LSB
Destination register contents after instruction (shaded is unchanged)
vAddrl..0
0 L F G H
1 K L G H
2 J K L H
3 | J K L
o it h @ N Y 24
Y LWL 3% 3y 304 4t T a 3 €& 3 w NOP
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2}

9 ALWL 3a, #n a N R
.
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]

(pAddr, uncachedd AddressTranslation (vAddr, DATA)
PAddra pAddmpsizes 2| 0 2
bytea vAddn o
mema LoadMemory (uncached, O || byte, pAddr, vAddr, DATA)
tempa meMmgsyier7.0 || GPR[IM]2384yte...0
GPR[rtg temp

R t

TLB R
TLB R
R
R
3.11.3.41 LWR
LWR Load WorcRight LWR
31 26 25 21 20 16 15 0
LWR
base rt offset
100110
6 5 5 16
" LWRIrt, offset(base)
34 LWL A 44U & @ 3 A & e’
Tn £ eA4Y 7 LWR &£ | Tt J T~ LWL
£ 1 I rt rA
N 16 L 6 base h 7 J° v
I H ) y y e VY3 ay
A a A T i1 yYsi 2 a A
LIWR 3y y e £ v i nr e«x£ 1~ 1
y eVYos mo rt £ T aJALWR 3
a 10 A
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Memory contents and byte offsets Initial contents of Dest Register
Lidle-endian —> 15T T 1] [ETFT Gl H]
offset (vVAddrl..0) 3 2 1 0 MSB LSB
MSB LSB
Destination register contents after instruction (shaded is unchanged)
vAddrl..0
0 | J K L
1 E | J K
2 E F | J
3 E F G I
& rt h @ - Yy & 34
Y LWR 37 34y 3 04 4ot T a Yy 3 €& 3 wNOP
2 A 3a, m a J R A
O €
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]
(pAddr uncachedi AddressTranslation (vAddr, DATA)
pAddra pAddipsize:.2|| 0 ?
bytea vAddn o
mema LoadMemory (uncached, O || byte, pAddr, vAddr, DATA)
tempa GPR[rt}i. szgwyte || MEM 31 geyte
GPR[rtg temp
R €
TLB R
TLB R
R
R
3.11.3.42 MFCO
Move From
MFCO MFCO
System Control Coprocessor
31 26 25 21 20 16 15 11 10 0
COPO MF t i 0
010000 00000 000 0000 0000
6 5 5 5 11
" MFCOrt, rd
i CPO rd hi o A
O t
T. dataa CPR[O,rd]
T+1: GPR[rfh data
R t
- ad R
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3.11.3.43 MFHI
MFHI Move FromH| MFHI
31 26 25 16 15 11 10 6 5
SPECIAL 0 ” 0 MFHI
000000 00 0000 0000 00000 010000
6 10 5 5 6
" MFHrd
HI hi rde A
O t
T. GPR[rd& HI
R t
3.11.3.44 MFLO
MFLO Move From Lo MFLO
31 26 25 16 15 11 10 6 5
SPECIAL 0 ” 0 MFLO
000000 00 0000 0000 00000 010010
6 10 5 5 6
" MFLOd
LO hi rde A
:) €
T: GPR[rdd LO
R €
3.11.3.45 MTCO
Move To
MTCO SystemControl Coprocessor MTCO
31 26 25 21 20 16 15 11 10 0
COPO MT t ” 0
010000 00100 000 0000 0000
6 5 5 5 11
* MTCOTrt, rd
t hpof " CPO rd e A
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2
T. dataa GPRrt]
T+1: CPR[O,rd data

R t

ad R
3.11.3.46 MTHI
MTHI MoveTo HI MTHI
31 26 25 21 20
SPECIAL s 0 MTHI
000000 000 0000 0000 0000 010001
6 5 15 6
" MTHIrs
rs hp o Hie A
O t
T:Hla GPR[rs]
R t
3.11.3.47 MTLO
MTLO MoveTo LO MTLO
31 26 25 21 20
SPECIAL s 0 MTLO
000000 000 0000 0000 0000 010011
6 5 15 6
" MTLOrs
rs hnfof LOe A
O t
T:LO& GPRJrs]
R t
3.11.3.48 MULT
¥ MULT Multiply MULT
31 26 25 21 20 16 15
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SPECIAL s t 0 MULT
000000 000000 0000 011000
6 5 5 10 6
" MULTrs, rt
rs rt h 2 o) A 3 I k0 a. H
R Ao 0 R e @euas 1 id I HI LO
e A

T:ta GPR[rst GPRJrt]
LOa ts1.0
HIa tes.32

3.11.3.49 MULTU

MULTU Multiply Unsigned MULTU
31 26 25 21 20 16 15 6 5 0
SPECIAL s t 0 MULU
000000 000000 0000 011m1
6 5 5 10 6

" MULTUs, rt
rs rt h N A 3 I al0 a, H
R Ao 9 A + e @eus 1 id I HI LO
e A

T:t& (0] GPR[rS* (O] GPRIr]

LO& ta1. 0
HI& tes.32
R €
3.11.3.50 NOR
NOR Nor NOR
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 NOR
rs rt rd
000000 00000 100111
6 5 5 5 5 6
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" NORd, rs, rt
rs ho6 r h =&
rde A
O €
T: GPR[rd GPRJrs] nor GPR]rt]
R €

3.11.3.51 OR

OR Or

31 26 25 21 20 16 15 11 10

6

OR

SPECIAL 0
rs rt rd
000000 00000

OR
100101

6 5 5 5 5
* ORrd,rs, 1t
rs hoé nr h & r
rdé A
.
T: GPR[r@d GPRJrs] or GPR]rt]
R

3.11.3.52 ORI

ORI

31 26 25

Or Immediate

21 20 16 15

6

ORI

ORI
001101

rs rt immediate

6 5 5 16
ORIrt, rs,immediate

16 & . 6
e A

)

T: GPR[r§ GPR[rglx16|| (immediate or GPR[rs]sxq)
R t
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3.11.3.53 SB
B Store Byte B
31 26 25 21 20 16 15 0
SB
base rt offset
101000
6 5 5 16

" B, offset(base)

A 16& L T 6 base h 5 A
rt ® yi I e A
g

T: vAdd@a ((offsets)™|| offset 15.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
bytea vAddr o
datad GPR[rtr gyte. ol| 0 &

StoreMemory (uncached, BYTE, data, pAddr, vAddr, DATA)
R t

TLB R
TLB R
TLBY R
R
R
3.11.3.54 SC
SC Store Conditional SC
31 26 25 21 20 16 15 0
SC
base rt offset
111000
6 5 5 16

' SQt, offset(base)

) 16 L ~ 6 base h 1 A
t h y 1 I e A
mYa LL 334 1 ¢ 6l g ¢ h” LL SC
33 ERET 3~ t SC 3 “a, J enw A
sc 761 4 3 rt h A v SC 0
J & qno T i h nr Yyt h nl LA
SC R y ady Y LL 1 T sC 3y o a -
A
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3 I0G ~ a G CPO A
®2AEYE | L tH R A
sC 3 ° A 6H R a” f Iy R A

2
T: vAddrd ((offsets)'®|| offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
dataa GPRrt]
if LLbit then
StoreMemory (uncached, WORD, data, pAddr, vAddr, DATA)
endif
GPR[rta 0*]| LLbit

R t

TLB R
TLB R
TLBY R

3.11.3.55 SDBBP

LPDOBBP Software Debug Breakpoint SDBBP
31 26 25 6 5 0
SPECIAL SDBBP
code

011100 111111

6 20 6

' SDBBP

SDBBP 3 H R~ _ ’ 1 R A
code 4 y ~- A ~ R e A v 3 h v code A

)

T: DebugBreakpointException;
R t

3.11.3.56 SH
SH StoreHalfword SH
31 26 25 21 20 16 15 0
SH
base rt offset
101001
6 5 5 16
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' SHrt, offset(base)

A 16& L © 6 base h g A
o e y 1 f e A ®Ea Y
I L 14 R A
o €
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
bytea vAddr o
datad GPR[rthrgwye.ol| 0 *™*
StoreMemory (uncached, HALFWORD, data, pAddr, vAddr, DATA)
R €
TLB R
TLB R
TLBY R
R
R
3.11.3.57 SLL
SLL Shift Left Logical SLL
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 SLL
rt rd sa
000000 00000 000000
6 5 5 5 5 6
* SlLld, rt, sa
rt sak” ks I LA =& rd
e A
0 t
T: GPR[rd} GPR[rf}icsa. ol 0>
R t
3.11.3.58 SLLV
SLLV Shift Left Logical Variable SLLV
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 SLLV
rs rt rd
000000 00000 000100
6 5 5 5 5 6
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" SLL\d, rt, rs

s ey A& Y3 rt
rde A

T:sa GP[rs} o
GPR[rdj GPR[rthr ) ol| O °

3.11.3.59 SLT

Set On Less Than

SLT

31 26 25 21 20 16 15 11 10

6

SLT

SPECIAL 0
rs rt rd
000000 00000

SLT
101010

6 5 5 5 5
" 9Trd,rs,rt

T:if GPR[rs] < GPR[rt] then
GPR[rdp 0°'| 1
else
GPR[rdp 0%
endif

3.11.3.60 SLTI

SLTI
31 26 25

Set On Less Than Immediate

21 20 16 15

SLTI

SLTI
001010

rs rt immediate

6 5 5 16
SLTtH, rs,immediate
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rs h™\ 16& A h“¢ eéuos 2 A A
rs h y A A T3 o YLl I LA
3 1 qt0 a, H R f H 3
y A
g
T:if GPR[rs] < (immedia;tg)16 || immediate ;5_othen
GPR[rdp 0% 1
else
GPR[rdp 0%
endif
R
3.11.3.61 SLTIU
SLTIU Set On Less Thammediate Unsigned SLTIU
31 26 25 21 20 16 15 0
SLTU . .
rs rt immediate
001011
6 5 5 16
" SLTUTrt, rs,immediate
rs h™ \ 16& A h ¢ éus 2 A A
rs h y N A i t ryei I LA
31 Qlo oA,y R £ H T3
y A
g
T:if (0 || GPR[rg]< (immediates)'® || immediate ;5. othen
GPR[rdp 0°'| 1
else
GPR[rdp 0*
endif
R
3.11.3.62 SLTU
SLTU Set On Less Than Unsigned SLTU
31 26 25 21 20 16 15 11 10 6 0
SPECIAL 0 SLTU
rs rt rd
000000 00000 101011
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6 5 5 5 5 6
" SLTUd, rs, rt
rs h™\ mr h” ¢éuya h 2 A A
rs h vy rt h,t rd 'y i I LA
31 Qo oa, H R 4 H T3
y A
O(
T:if (0 || GPR[rg]<0 || GPR][rt] then
GPR[rdp 0% 1
else
GPR[rdp 0%
endif
R €
3.11.3.63 SRA
SRA Shift Right Arithmetic SRA
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 SRA
rt rd sa
000000 00000 000011
6 5 5 5 6
" SRAd, rt, sa
nr hdJd sag” & A = |
rde A
:)l
T: GPR[rd} (GPR[rt})*|| GPRI[rt] s1...sa
R €
3.11.3.64 SRAV
SRAV Shift RightArithmetic Variable SRAV
31 26 25 21 20 16 15 11 10 6 5
SPECIAL 0 SRAV
rs rt rd
000000 00000 000111
6 5 5 5 5 6
" SRAVY, rt, rs
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A

rs ey & & rth J &
A A £ f rde A
O(
T.sa GPJ[rs}. o
GPR[rdh (GPR[r}y)’|| GPR[rt]s1..s
R €
3.11.3.65 SRL
SRL Shift Right Logical SRL
31 26 25 21 20 16 15 11 10 5
SPECIAL 0 SR
rt rd sa
000000 00000 000010
6 5 5 5 5 6
" SR rd, rt, sa
r hJd sag” & LA | rdé A
O €
T:GPR[rdR 0%%|| GPR[rt]31..sa
R €
3.11.3.66 SRLV
SRLV Shift Right Logical Variable SRLV
31 26 25 21 20 16 15 11 10 5
SPECIAL 0 SRLV
rs rt rd
000000 00000 000110
6 5 5 5 5 6
" SRLVYd, rt, rs
s ey & Y3 rt h Jd o £ LA
y: f rde A
:) t
T.sa GPR|rg].o
GPR[rdR 0°|| GPR]rt]a1.s
R t
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3.11.3.67 SUB
SUB Subtract SUB
31 26 25 21 20 16 15 11 10 6 5
SPECIAL 0 SuB
rs rt rd
000000 00000 100010
6 5 5 5 5 6
" SURd, rs, rt
rs h™\ nr h- f rde A
SUB 36 SUBU 3 ad3 y SUBU 3 a. H R A
y SUB 3~ " o4 30&6 3l& & hald” fH Yo
R ~ 2 ~ rd ha, A

2
T:GPR[rdh GPR[r§] GPRrt]
R t

3.11.3.68 SUBU

SUBU SubtractUnsigned SUBU
31 26 25 21 20 16 15 11 10 6 5
SPECIAL 0 SURJ
rs rt rd
000000 00000 100011
6 5 5 5 5 6
" SuUBJrd, rs, rt
rs h™ nt h- q rde A
SUBU 36 SUB 3 ad3 y SUBU 3 a. H R ASUBU 3 = |
alo a, H RA

2
T.GPR[rdh GPR[r§] GPRrt]
R L}

3.11.3.69 SW
YAV Store Word W
31 26 25 21 20 16 15 0
SV ‘ base rt offset
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101011 | |

6 5 5 16
" SWirt, offset(base)

A 16& L Y6 base h g
tr h yi T e A
euska yI L[ fH R A
O €
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
dataa GPRJrt]
StoreMemory (uncachedORDdata, pAddr, vAddr, DATA)
R €
TLB R
TLB R
TLBY R
R
R
3.11.3.70 SWL
SNL Store Word Left
31 26 25 21 20 16 15
SNL
base rt offset
101010
6 5 5 16

' SWLrt, offset(base)

36 SWR 444U h yi & @&
SWL T yra evYs £ I~ SWR
Ta éYs £ 1 A
) 62 L ~ 6 base h g J°
1H v by &'bo
A a A ) 1 yYar 2
SWL 3y N Aol y é&Ya
y &VYa ® now m ASWL 3 vy a o
3a, n a N R A
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Memory contents and byte offsets

Little-endian —» |

Initial contents of Dest Register

L [ K [ L | LeE T F [ H ]
offset (VAddr1.0) 3 1 0 MSB LSB
MSB LSB
Little-endian
vAddrl..0 byte ordering
0 I J K E
1 | J E F
2 I E F G
3 E F G H
g
T: VAddid ((offsetis)®|| offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
pAddra pAddr;. || 02
bytea vAddr o
datad 0°*™® || GPR[rt]sy. 24syte
Storememory (uncached, byte, data, pAddkddr, DATA)
R
TLB R
TLB R
TLBI R
R
R
3.11.3.71 SWR
SAVR Store WordRight SNVR
31 26 25 21 20 16 15 0
SVR base rt offset
101110
6 5 5 16
" SWRt, offset(base)
36 SWL A 44U h yi & & 3 e A
SWR J I yra evYs ®eA£ |~ SWL oy
T a eyos £ 1 A
N 16 L 6 base h g J° v
AH v J oy &b enw
A a A ) 1 yYal 2 A
SWR 3y ® v Rl vy éYs £ 17 1
ly eVYos N m ASWR 3 vy a A
za, N a R A
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Memory contents and byte offsets Initial contents of Dest Register
Little-endian —»
Lt [ o T k[ | LeE [l F [ ] H |
offset (vAddr1..0) 3 2 1 0 MSB LSB
MSB LSB
Little-endian
vAddrl..0 byte ordering
0 E F G H
1 F G H L
2 G H K L
3 H J K L

2
T: VAddid ((offsetis)® || offset ;5.9 + GPR[base]
(pAddr, uncachedd AddressTranslation (vAddr, DATA)
PAddra pAdde, || 0 *
bytea vAddr o
datad GPR[igwnye. ol 0 ™
StoreMemory(uncached, WORYte, data, pAddr, vAddr, DATA)

R t

TLB R
TLB R
TLBY R

3.11.3.72 SYNC

SYNC Synchronize SYNC
31 26 25 6 5 0

SPECIAL 0 SYNC

000000 00000000 0000 0000000 001111

6 20 6
" SYNC
3R2E &” SYNC 3 o A6Y NOP 3 A
:) t

T. SyncOperation()
R t
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3.11.3.73 SYSCALL
SYSCAL System Call SYSCAL
31 26 25 6 5 0
SPECIAL SYSCALL
code
000000 001100
6 20 6
" SYSCALL
SYSCALLR H R~ _ TR A
code 4 y A T R e A v 3 h Jd code A
O t
T. SystemCallException
R t
R
3.11.3.74 TEQ
TEQ Trap If Equal TEQ
31 26 25 21 20 16 15 6 5 0
SPECIAL TEQ
rs rt code
000000 110100
6 5 5 10 6
" TEQrs, rt
s toRT oy T iw R A
code 4 y A~ R é A N 3 h v code A
:) €
T:if GPR[rs] = GPR][rt] then
TrapException
endif
R L}
R
3.11.3.75 TEQ!I
TEQI Trap If Equal Immediate TEQI
31 26 25 21 20 16 15 0
REGIMM TEQI . .
rs immediate
000001 01100
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A

6 5 5 16
" TEQI rs, immediate
16 & A 6 rs A v Tt H
R A
o €
T:.if GPR[rs] = (immedia;tg)16 || immediate ;5_othen
TrapException
endif
R €
R
3.11.3.76 TGE
TGE Trap IfGreater Than Or Equal TGE
31 26 25 21 20 16 15 6 5
SPECIAL TEG
rs rt code
000000 110000
6 5 5 10 6
" TGE s, t
rs h rt h -
rs h y v mr h” tH A
code 4 vy A~ R é A N 3 h v code A
:) €
T: if GPR[rsi GPR{[rt] then
TrapException
endif
R €
R
3.11.3.77 TGEI
TGEI Trap If Greater Than Or Equal Immediate TGEI
31 26 25 21 20 16 15 0
REGIMM TGEI . .
rs immediate
000001 01000
6 5 5 16
" TGHrs, immediate
rs hoé 164 A 4 h 2 N il
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rs h y y 16& . A 4 h” tH R A
.
T: if GPR][rs[i (immediate_ts)16 || immediate ;5_othen
TrapException

endif

3.11.3.78 TGEIU

Trap If Greater Than @qual

TGEIU Immediate Unsigned TGEIU
31 26 25 21 20 16 15 0
REGIMM TGEIU . .
rs immediate
000001 01001
6 5 5 16
" TGEIU rs, immediate
rs hé 16& . N 4 h 9 N il
rs h y y 16& N A h” tH R A
g
T:if (0 || GPR[rs]) G (0 || immediate;s)*® || immediate 15_o) then
TrapException
endif
R
R
3.11.3.79 TGEU
TGEU Trap If Greater Than Or Equal Unsigned TGEU
31 26 25 21 20 16 15 6 5 0
SPECIAL TGEU
rs rt code
000000 110001
6 5 5 10 6
" TGHErs, 1t
rs h rt h 2 N -
rs h vy v r h” fH R A
code 4« y - A ~ R e A N 3 h v code A

2
T:f(0 || GPR[rs])t (0 || GPRrt]) then
TrapException
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endif

3.11.3.80 TLBP

TLBP Probe TLB For Matching Entry TLBP
31 26 25 24 5 0
COPO (6{0) 0 TLBP
010000 1 000 0000 0000 0000 0000 001000
6 1 19 6

" TLBP
EntryHi h6 TLB - R Ya TLB ~ 1 A TLB
h R ol Index e’ an "1 TLB ~ f Index V3
Y LA

2
T: Index& 1 || 0?°|] undefined*
for i in XTLBEnNtried
if (TLB[s..77= EntryHiix12) and (TLB[# or (TLB[Haxes = EntryHixo)) then
Indexd 0%°|| i axo
endif
endfor

ad R

3.11.3.81 TLBR

TLBR Read Indexed TLB Entry TLBR
31 26 25 24 5 0
COPO 6{0) 0 TLBR
010000 1 000 0000 0000 0000 0000 000001
6 1 19 6

* TLBR
y TLBé Index 4 TLB ~ TLB h R o EntryHi
6 EntryLo ¢"¢eG K y & ASD 1 1 ! EntryLo® EntryLol
e A
Index h vy ¢ TLB T i 2 il a -
A
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T. PageMasl TLB[Indexo]127x9s
EntryHia TLB[Indexo]osxes @and not TLB[INd&xo]127x96
EntryLola TLB[Indexq]saxa2
EntryLoG& TLB[Index]sixo

ad R

3.11.3.82 TLBWI

TLBWI Write Indexed TLB Entry TLBWI
31 26 25 24 5 0
COPO CO 0 TLBWI
010000 1 000 0000 0000 0000 0000 000010
6 1 19 6

" TLBWI
EntryHi 6 EntryLo h R o Index J TLB & " teée G
N wh  EntryLoO 6 EntryLol G 6L o A
Index h vy e TLB i 2 - ad
A

2

T: TLB[Index & PageMask || (EntryHi and not PageMask) || EntryLol || EntryLoO
R t

ad R

3.11.3.83 TLBWR

TLBWR Write Random TLB Entry TLBWR
31 26 25 24 6 5 0
COPO 6{0) 0 TLBWR
010000 1 000 0000 0000 0000 0000 000110
6 1 19 6

" TLBWR
EntryHi 6 EntryLo h f ® Random l TLB & teé G
A oh  EntryLoO 6 EntryLol G 6L o A

)

T: TLB[Randosry] & PageMask || (EntryHi and not PageMask) || EntryLol || EntryLoO
R t

ad R
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3.11.3.84 TLT
TLT Trap If Less Than TLT
31 26 25 21 20 16 15 0
SPECIAL TLT
rs rt code
000000 110010
6 5 5 10 6
" TLTrs, rt
rs h rt h 2 N
rs h y mr h” tH R A
code { y - A ~ R & A N 3 v code A
O t
T: if GPR[rs] < GPR][rt] then
TrapException
endif
R t
R
3.11.3.85 TLTI
TLTI Trap If Less Than Immediate TLTI
31 26 25 21 20 16 15 0
REGIMM TLTI . .
rs immediate
000001 01010
6 5 5 16
" TLTFs, immediate
rs h6 16& A 4 h 2 A -
h y 16& . A h” tH R A
:) €
T: if GPR[rs] < (immediatg™® || immediate ;5_othen
TrapException
endif
R L}
R
3.11.3.86 TLTIU
TLTIU Trap If Less Than Immediate Unsigned TLTIU
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31 26 25 21 20 16 15
REGIMM TLTIU ) .
rs immediate
000001 01011
6 5 5 16

" TLTIUs, immediate
rs hoé 16& 4 h 2 A
h y 16& . A 4 h™ tH R A
.
T:if (0 || GPR]rs]) < (0 || (immediatg;)*® || immediate 15_o) then
TrapException
endif

3.11.3.87 TLTU

TLTU Trap If Less Than Unsigned TLTU
31 26 25 21 20 16 15 6
SPECIAL TLTU
rs rt code
000000 110011
6 5 5 10 6
" TLTUrs, rt
rs h rt h 2 N v
rs h y r h” 14y R A
code 4 y ~- A ° R é A N 3 h v code A
:) €
T: T (0 ]| GPR[rs]x (0 || GPR]rt]) then
TrapException
endif
R €
R
3.11.3.88 TNE
TNE Trap If Not Equal TNE
31 26 25 21 20 16 15 6
SPECIAL TNE
rs rt code
000000 110110
6 5 5 10 6
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" TNEs, 1t
rs h rt h - y a "ty R A
code 4 y ~- A ~ R e A N 3 h v code A

3
T: if GPR[rs]U GPR]rtthen

TrapException
endif
R €
R
3.11.3.89 TNEI
TNEI Trap If Not Equal Immediate TNEI
31 26 25 21 20 16 15 0
REGIMM TNEI . .
rs immediate
000001 01110
6 5 5 16

TNELFs, immediate

rs hé 16& A 4 h - y a T K

R A

J
T: if GPR[rsJ  (immediatas)'® || immediate ;5. othen

TrapException
endif
R t
R
3.11.3.90 WAIT
WAIT Wait WAIT
31 26 25 24 5 0
COPO co 0 WAIT
010000 1 000 0000 0000 0000000 100000
6 1 19 6
© WAIT
WAIT 3 4~ Q 0 e . A 0.
3m WAIT3 m 3 - WAIT 3 3 4 3
a, A 0. 31 J & Tt
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A

o)

T: EnterWaitMode
R €

ad R
3.11.3.91 XOR
XOR Exclusive Or XOR
31 26 25 21 20 16 15 11 10 6 5
SPECIAL 0 XOR
rs rt rd
000000 00000 100110
6 5 5 5 5 6
" XORrd, rs, 1t
rs ho6 nr h & L - f
rdé A
O t
T: GPR[rd GPR][rs] xor GPRrt]
R t
3.11.3.92 XORI
XORI Exclusive OR Immediate XORI
31 26 25 21 20 16 15
XORI . .
rs rt immediate
001110
6 5 5 16
" XORIrt, rs, immediate
16 &£ 6 rs h & L - 1

e A

)

R

NI

T: GPR[rth GPR[rs] xor (§]| immediate)

QA
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4 8
4.1
8 Y Gsae281 ¢ O a a &£anq 8310
Ju e q <) s e A o o
° _ 7 N € A " 3¢f y € * R
5 A
4.2
GS@281 8 5 (O ‘
2 9|
PLL d
A
A
N G Q A
CPU
[0}
A
4.3
8 onyYay I GS@281 AHB 37 41
8 Ty A & A
AHB
[ am | A
—» &£/
]
gl —> —> 10 g
Az —> EYl
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GSB281 nfcsn_bootmode® pwmout3_bootmodel psclk@ 3 17U
OF €€ Q 41 A usd |} A £ 10
Y 8 F =~  Gsa2s1 £ 31 u»s ) T
An @ m Yy 8 d Aa 7 7 u3 3 6
0 3 o A
4-1 GSC3281 0 |t
{bootmodel, bootmodeO} 1 0 "-
00 qd
01 qd
10 SPI Flash |t
11 NAND Flash |}

[ 1] {bootmodel,bootmodel}={ pwmout3_bootmodel_psclk0, nfcsn_bootmode0}

4.4.1 NAND Flash & |

o KO NAND Flash | GS@281 b ' ne NAND Flash

o b ” NAND Flash Y " block da, NAND
Flash ~ m NAND Flash A1 VR | Y Ane NAND Flasb
F NAND Flash " pagé n 4KBA

GS@281 NAND Flash ¢ ¢ 4KB & 04w’ i NAND Flasb |}

* &3 1 NAND Flash ® I NANDFlash & vy vy f

4KB & awe  CPU y 4KB & aw 0 F3 A y NAND Flash @
A 4KB & aw” 0 |F3 8  4KB3 & A

4.4.2 SPI Flash b |

SPIFlash | ey A o F i GS@281 0 |F3
y SPI A NOR Flask~ AMBO |3 'y SPI A A 43 A
N~ SPi |f i e v v ® A
SPIFlash |f4 © GS@281 SPIYy N~ 43 M spilcs@
spilmis@ spilscko spilmosi SPIly A g N dLE  GPIO
“n  SPIB | G spilcsn a N A
4.5
451
ad * GS@B281 & /U nb Y
w kK YR OJU MAC 6 a EJTAG JTCK
Y X PHY kR USB UTMI
v b - y & PLL d I u4 f 6~
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ad<dJu U ald 1 AGSB281 A q
a 42 y PLIA
4-2 GSB281
L IMHZ | IMHZ
ext_clk 1~50 12 N/A ®w PLWA
. pll_clk [62.5~150¢ 500 |G PLL |PLL
sysctl_clk| <178 166.7 |Q hclk 8 2 il y hclk
pll_clkout | <100 16.67 |G pll_clk |PLL f
aclk <267 250 |6 pll_clk |AXI pll_clky 1 1
hclk <178 166.7 |G pll_clk |AHB
pclk <59.3 556 |G hik APB
CPU cpu_clk <267 250 |6 aclk |CPU o
ejtag_jtck | 1~40 N/A N/A y EJTAG
DDR? ddr2_clk <267 250 |6 aclk |DDR2 o N y aclk
ddr2phy _clk <534 500 pll_clk |[DDR2 PHY 2 N y pll_clk
DMA | dma_clk <178 166.7 |Q hclk [DMA & ) N y hck
NFC | nfc ck | <178 | 1667 |@ hok  |AND Flash # - o
y hclk
tx_clk 25/2.5 2525 | N/A| rmmii_clk [MACH
MAC rx_clk 25/2.5 2525 | N/A| rmmii_clk |[MAC
rmii_clk 50 50 N/A MAC RMII  ~ ®
utmi_clk 60 60 N/A | USB PHYUSB UTMI A
USB 1 ohick | 12 12 |e | usBPHY]">® 2 W oRch
- 4 o9 PLL A
ICTL | ictl_clk <178 166.7 |Q hclk | 8 2 iy y hclk
SPI1 | spil clk | <178 556 |Q hclk  |SPI1 9
EMI emi_clk <178 166.7 |Q hclk [EMI 8 b N y hclk
12C i2c_clk <178 1667 |Q hclk  [I2C o
25 i2s_clk | 1~6.144| 1.389 iQ spll_clk [I2S o
i2s_clkout| 1~6.144| 1389 |'Q i2s_clk |I2S N y i2s clk
SPIO | spi0_clk | <59.3 556 |Q pclk |SPIO o
keypad | keypad_clk 0.002~10 1.11 |Q pclk 2
sclo sci0_clk 1~5 4.63 jQ pclkk |SCI0O 2
sim0_clk 1~-5 463 |Q sci0_clk |SCIO
scil scil_clk 1~5 4.63 jQ pclkk |SCI1 o
siml_clk 1-5 4.63 Q scil_clk |SCl1
pwmO_clk| 1~20 556 |Q pckk |PWMD o
PWM pwml _clk| 1~20 5.56 jQ pckk |PWML o
pwm2_clk| 1~20 556 |'Q pclk [PWM2 o
pwmr_clk | 1~50 556 |Q pck  |PWM 2
PS2 0| ps2_0 clk| 1~10 111 |Q pclk [PS20 o
PS2 1| ps2_1 clk| 1~10 111 |Q pclk [PS21 o
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L IMHZ | /MHZ
GPIO gpio_clk | 10~100 | 55.6 iQ pclk |GPIO 9 - y pclk
gpiodb_clk 1~50 278 |Q pclk  |GPIO
watchdog wdt clk | 10~100| 556 |Q pclk  |Watchdog 9o il y pclk
timer0_clk| 0.01~50 | 2.78 |Q pclk  [Timer0 o
_ timerl clk| 0.01~50 | 2.78 |Q pclk  [Timerl o
fimer timer2_clk| 0.01~50 | 2.78 |Q pclk  [Timer2 o
timer3_clk| 0.01~50 | 2.78 |Q pclk  [Timer3 o
UARTO| uart0_clk | 1~50 556 |Q pclk |UARTO 9
UART1| uvartl_clk | 1~50 556 |Q pclkk  |UART1 o
UART2| uart2_clk | 1~50 556 |Q pclkk  |UART2 o
UART3| uart3 _clk | 1~100 | 16.67 |Q hclkk  |UART3 o
UART4| uart4_clk | 1~100 | 16.67 |Q hclkk  |UART4 o
UARTS5| uart5_clk | 1~100 | 16.67 |Q hclkk  |UART5 o
UART6| uarté_clk | 1~50 556 |Q pclkk  |UART6 o
UART7| uart7_clk | 1~50 556 |Q pclkk |UART7 9
GS@281 42 T @ @ EJTAG 3 a
1¢ 1Q m PLL  “Q a On 500MHZ o n DDR2
PHY "PLL 21 34100 AXI Ju4 CP@ADDR2 & ) * PLL
I 34100 AHB 1 2 * AHB T 314
o n APB ’ MAC3 ~ ¢6 & JUPLL & AHB
APB " I P A
ne e © PLL A /Ly TEANL USB PHY
a k 12MHZ "y ¥ A N clksel o N
a KO GSB281 G USBPHYk 12MHZ o n PLIA A
€ e’ GS@281 k¥Ys © 42é& pll_clkout n PLL
y 1 31 - y i1y k % #
yi H I12S A 9 A
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@—} mac_rmii_clk
mac_tx_clk_i div2/20 @—» mac_tx_clk
mac_speed —W—}mac rx_clk
clksel - T
extclk ref_clk pll_clk
PLL —
XI USB ohci_clk(12MHZ)
xo€«— PHY L 5 \tmi_clk(60MHZ)
pll_clkout pll_clkout i2s | i2s_clk
clketrl clketrl i2s_clkout
i2c .
[ clketrl » i2c_clk
hclk helk
uart3_clk
clketrl | clljkacrttrl —»uart4_clk
uart5_clk
|| spil | .
aclk aclk clketrl —»spil_clk
et > CPucK
¢ ddr2_clk misc dma_clk
1 clketrl —pictl_clk
nfc_clk
sysctl_clk
— ddr2phy_clk | pclk :
clketrl emi_clk
pclk
052 2 0 clk uart0_clk
] » ps<c_U_C uartl_clk
clketrl ps2_1_clk | uart uartz:clk
clketr uarté_clk
spi0 uart7_clk
clketrl > spio_clk : o ok
|| gpio gpio_c
. i clketrl gpiodb_clk
eypad |
clketrl keypad_clk imer timerO_clk
1 clketrl —»timerl_clk
wdt timer2_clk
clketrl > Wdtclk timer3_clk
sci0_clk owm pwmO_clk
: sim0_clk L —pwml_clk
SCi o= _
clketrl | ,S_C'l—dk clietrl pwm2_clk
siml_clk pwmr_clk
4-2 GSC3281
USBPHY¥ 'T0eYa PLL yH 60MHZ UTMI ~ USB & JUUTMI
moo A
GS@B281 Ju MAC 8 ba o RN mac_tx_cli
mac_rx_clkt4 RMII mac_rmii_clké € mac_tx clk mac_rx_clk mac_rmii_clk
I 7 ¢E U MAC & Y A
452 PLL
GS@281 @ & PLL 4 Jun 3 k d A PLL
n 62.5MHZ~1500MHZ 4-3 N W N MaNaoD vy PLL
bypasst vy PLL ¢  PLL y o A A PLL
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6 A MaNaoODJ/uA A 3 N KwEeMaE N7
®eAE M A M; N&a n 4 ®eAEs Ny A N; ODA n 2 ®
£ Oy £ ODO™
&OAN &OAN z — 2 —;
- - ZPpGQY- zZeT - 220G - PO - Y - ZT - zgMN
A ¢ e zpn
. lqr n
3 QAN ol 3 '
) p-(: ——— vmr (N
2) vmm( : &OAN z. / pumIN
3) - ¢ <N
buy
ref_clk — PLL —» pll_clk
byIass
4-3 PLL
GS@281 ba 4 PLL h ) USB PHY
k 12MHZA “ ad h~ PLW JU 600MHA 534MHA 500MHA
468MHA 400MHA 333MHA 267MHA 200MHZ 8 a J © boa
nfcle_clkcfg@ nfale_clkcfgl6 nfren_clkcfg2_emioen T ab Ju4
M/N/OD 3 0 4-3 A A v ba
M/N/OD h Ju4 A h~ 47U PLL APLL b3
67 T aa, 1 ¢ A
4-3 GSC3281 PLL a
clkcfg[2:0] 1 M/N/OD h PLL IMHZ[ 2]
000 M=200,N=2,0D=1 600
001 M=178N=2,0D=1 534
010 M=250QN=3,0D=1 500
011 M=234N=3,0D=1 468
100 M=200,N=3,0D=1 400
101 M=222N=4,0D=1 333
110 M=178N=2,0D=2 267
111 M=200,N=3,0D=2 200
[ 1] clkefg[2:0] n {nfren_clkcfg2_emioen, nfale_clkcfgl, nfcle_clkéfgO}
[ 21 @ A " 12MHZ
Y A " @® boa H 8 aJd PLL
AU PLL SYSCTL_PLL_FREQ T3
PLL 2 y A SYSCTL PLL FREQ &'
@ MaN6 ODA ~ A m Q A ’ SYSCTL_PLL_FREQ
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J PLL “pPLL, 0.7m3 12MHZA o O
g bl A Tt - = " PLL & 3 17 GS@B281
) PLL 3 1OA
@ PLL 1y PLL T d PLL 8 6
SYSCTL_PLL_CSR PLL6 PLL Ty A
453 |
m ° GSB281 & PLL i P
L 0] 4-2 A a A e I P
€ P 1 7€E q 3T f A
e” a A JuA aq “ 1 Ju Y3/
PLL PLL a [ y I JUH
A a1 v - e+ dJu N I YR
@ Q o A
v I h coeff GSB281 I 6F 1 h e}
Q T te I a Y1 a A
& OAR &OAN
Al A@E
e & OAN
SOAN = RT A A
GS@B281 k @ Yaq G s 1L T Q
0 Yoaq Ane i o J i -
O ba '
1) 6 8 T £ SYSCTL_MOD_CTL1[4]
2) 0 G £ G &R O
3) 9 I '
4 0 G £ G £ 1
5 0 8 T £ SYSCTL_MOD_CTLi[4]
y AHB 1 y 9 l T d G 8 £ L3
a y AHB hclk T hclk A
46 £
461 £
GS@281 YO Q & ' 2 £A &) /A
A3 T EA T EJU1 EJTAG £ 44 @ GSB281
& EH E A
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module_clk
vDD—»| POR PO wdt_resetn —
»| control ejtag_resetn—; reset
oys_rstn chip_softrsetn —— control —>» module_resetn
module_softresetn —;
4-4 GSC3281 &
ne e * GSB281 & @2 V3 APLL @ 317 &
VvCO Y AT 7 3 PLL 34 HdJU
9" 3m & vy K JU 6 a sAne
3 £3 41 PLL y © GS@281 3 .2 @ 44 8
“dJu 9 E3 1 K £ de £ 3 1 PLL
2 A
4-4 3 € sys_rstn y W Egqf” 4 y
F = #4700 3 & ' 'y GSB281 & ed &
& 1 Jua 'AG  sys rstn &g N Awdt_resetn
AN~ 3 G “ f wdtresetn a, o AEJTAG
£ ejtag_resetn y EJTAG TAP& ~ y oA ejtag_resetn 8 &£ 23
A " EG6 T ET Oy 3 T EA @
E3 T &mMys &£ & 1 Ys AN AL E 3 A
46.2 A
44 £ * GS@281 k @ 6 y Rl Y
£ 6 A GS@281 keuas =~ £ SYSCTL_MOD_SRS$T0
SYSCTL_MOD_SRST1 43 4 JUH © EA
H " A& ~ GS@281 o ® & y
A 3 & T EA £ E Bl a, J
I A
SPiflas || otO ) G 1 NANDflash @ “ne
NAND flash @ 2" 7 G 3 NANDflash 8 y
T EA
4.77
GS@B281 key | e U e 7 “¢ée T o4
@ Eo) a e T a. ’
€ E . C) ok Yyt g Y TdJU ® 9
1 A
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4.7.1 o)
GSB281 &° @ AXI 6 AHB ( 2 - € bl
i/ 77 6 67 Q VYo 31 1 3 ¢ a A
; A 3¢E Ty 1LQ Y e
a. v - e y a RN 1 FX o) e
R VYo AT S Q ey A
4.7.2 e
GS@281 & PLL y I POy
17U I 8”1 PLL #4dJU 8~
a A AT dJU PLL  JUAA 8 G 4
e 1 a ’ Ya 310 17U
GSB281 7 d Ya e A
€1 4 Yy 9 L 7 N A R
2 ® T € bl y a @
M 1L e ) M - R
1 IU @ 7 A
473
GSB281 CPU 3 WAIT "CPU . " CPU Kol
a'A T 1 CPU . T e
{/L CPU ~ CPU e ' 45 @ 6 .
3 A
run WAIT instr:
<«——interrupt
4-5 GSC3281
WAIT 3 ° CPU o, 3m WAIT 33m 3
il WAIT 3 3 3 a, @ WAIT 334 3
CPU | 34 A WAIT 3 ¢ J & ~fCPU aA’A
R A
CPU D WAIT 3 ° . '
asm volatile§iset mips3);
asm volatile§waite);
asm volatile§iset mips2);
meS® CPU . A A e J . * CPU
WAIT 3 3 m A & g Ju1e 8 nyas A
GS@281 e 8 JJu e} J e - CPU
0, 3mduQ e 8 LY  eq A 37 17U
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Q a0 Y Jd4 & °R 1/u o) ato
a J e ~t al0 CPU . 3md LQ 1
- GSB281 4 PLL aAxXl 6 AHB
) 3 yY e A ) e R
e “f CPU . v a A

>

4810

GS@281 @ 10 . Y3 a A 10
17U oad g T¢E a A GS@281 Aer oL
y A

0 |f y 8| v [e) o n A
7 R NAND Flasb || ~ 6 NAND Flash A 10 F
m NANDFlash A A O | @ mo fq U1 JTAG Q n JTAG
7 3 - 10 £3 I m GPIO 3 A
€ 10 R “ SYSCTL_IOMUX_CF&0
SYSCTL_IOMUX_CRG1 "R SYSCTL_IOMUX_CFGO 25 &
m T t pwmouts_i2sclk emicsnl_i2ssdi_pwmoudl simlvccen_i2ssdbemicsn0_i2sws
3 I 86 n I2S i2s_clk i2s_sda i2s_sd@ i2s_wsy ’ T Ya

' 2 A Y3 R G 128y a” a A EMhA PWMa
SIM 1 4 Y Jd ~ it a- A

Gs@281 4 o | ~ 0 |F * SYSCTL_IOMUX_CFGO 6
SYSCTL_IOMUX_CFG1 ¢ £ #£1 | An 1T Q F

n 7 ° R NAND Flasbh || -~ SYSCTL_IOMUX_CFGO nfc_sel

£ £n T NAND Flash 8 1435 nfwen_emiweranfrnb_emirdya

nfdat0_emido || # NAND Flash O F34° O @

meer 3 “ta®d SYSCTL_IOMUX_CFGO 6 SYSCTL_IOMUX_CFG1
e T 06 g A n T A 0 |y 06 g N n o

qd Yo ‘ 24 29Yaq °R NAND Rshb |f3 16 EMI
A~ nfwen_emiwerd nfrnb_emirdya nfdat0_emidO “I' 9 NAND Flash &
4 9 EMI A T &6 EMI A3m SYSCTL_IOMUX_CFGO
emi_wrd_sel £ U1 SYSCTL_IOMUX_CFG1 emi_a38 sal emi_a02_sa&l
emi_csn2_sa emi_csnl_s& emi_csn0_sel Y3 nit J SYSCTL_IOMUCFGO

nfc_sel Y3 n OA

na o€y afdL 3 ® R UART3

UART4 af A Y ® T UART5 txeg /A /U 49
' ¢ v 7 SYSCTL_IOMUX_CBGSYSCTL_IOMUX_CFG1
G ¢e Y " a” AT Ewm A 2o¢ B A

4.9

CPU o a ~ ¥ GS@281 ol NI
e U 1 & 314 A e e q
8 SYSCTL_BUS ERR &~ CPW ¢ e
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e A
4.10
GS@B281 & VYoanq “te T
T d "n# 1 T 8 - G
T ) € ¥# A e ro
Watchdog ' | O T 6  watchdogg ~  m watchdog/U4 watchdog
NAND Flash & & 4KB aw 1 T8 6 g
DDR2 8 “ady AHB INCR Y ’
UART7 ' 1 UART7 i 1

ADC ' ADCE
USB PHY ° USB PHY '

' SCI0/1 '
4.11
m A a k A
4.12
m A a k A
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5 DDR2 8
51
GS@B281DDR2 8 8 6 PHW f 6 JEDE®Qy DDR SDRAM
JESDT7QF A
8 y Te)
2 n 533MHZ
& n 256MB
16 £ & a ’

Y3 rank @
Burst n 4 8 « ’
AXI  AHBuY 3 ¥ A’

PHY A
52
5-1 DDR2 8
DDR2 8 A

cke O DDR2 G

ck O DDR2 g

ckb O DDRX N

odt O DDR2 OD3 A

ch O DDR2 g
rash 0O DDR2 N
cad O DDRZ a
web 0 DDR2} G g
dmoO O DDR2 0&
dml O DDR2 1x
addr0 O DDR2 0
addrl O DDR2 1lx
addr2 O DDR2 2 F
addr3 0 DDR2 £ 3
addr4 0 DDR2 4k
addr5 0 DDR2 5
addr6 0 DDR2 6 £
addr7 0 DDR2 7K
addr8 0O DDR2 8 £
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] 3
o) T
addr9 @] DDR2 9&
addr10 O DDR2 104
addr11 0O DDR2 11 £
addr12 0O DDR2 12 £
addr13 O DDR2 13
ba0 @] DDR2 BANK 0
bal O DDR2 BANK 1
ba2 O DDR2 BANK 2K
dqo B DDR2 0&
dgl B DDR2 1k
dg2 B DDR2 2k
dg3 B DDR2 Ky
dg4 B DDR2 4K
dg5 B DDR2 5
dg6 B DDR2 6 £
dq7 B DDR2 7
dg8 B DDR2 8 &
dg9 B DDR2 9E
dq10 B DDR2 10 &
dgll B DDR2 11#
dgl2 B DDR2 12 £
dgl3 B DDR2 13 &
dgl4 B DDR2 14 £
dgl5 B DDR2 15
dgs0 B DDR2 0&
dgsl B DDR2 1a
dgsh0 B DDR2 < 0A&
dg1 B DDR2 < 14
vcel8 I DDR2 (1.8Vv)
VSS I DDR2
5.37
DDR2 s 51 -t 8 DDR2PHY 1~ ©
DFI A At e 8 I o E] ga] v " 8 Ju4
o} 3 * PHY 6 DDR2 Hn fi
k d A

X
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DDR2 8
Port0
AX]| >  XPI -
ot A [ XPl femiq > s - D';' »| DDR2PHY gen:or:ya
APB = > SlU
5-1 DDR2 8
53.1 DDR2 &
o} 8 yasy A Port 0 AXI A Port1 AHB A~ y:3
m 32£AE & AXI A6 é v XPI AXlg A v n
& "' AHB AG AHB 6 e ¢ G g oy
3 A2X AHBa N AXlg A~ A XPI AXlg A VY
& T Ad 8 A 32& APB T AT SIA
5311
8 N 3 ©’ I i ddr2_clié aclk_ddra hclk_ddr2 pclk_ddr
¢ e ddr2_clk & 2 T8 DFlg N d 'y " aclk_ddr2 Port0 AXI
w " aclk ddr2 ddr2_clké A - y aclk hclk_ddr2  Portl AHB
w “ y hclk pclk_ddr2 APB © y APB A N
vy pclkA
5.3.1.2 XPI
XPI  AXI A A Ty i a -
5316 ¥ A ° T U0 ‘ H o an H oa
N H & Hoo0 Ho eq i, 1 "3
ﬁ e a 3 é ﬁ w ﬁ 3 ~ .[, 5_2 A
5-2 XP| & .
AXI PorD " 4
AXI PorD 1j . 4
AXI PorD " 10
AXI PorD 1j . 10
AXI PorD 1j . 10
AHB PorL . 2
AHB PorL . 10
AHB Portl " 4
AHB Portl " 64
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53.1.3AHB A v
AHB A ¢ a VI T 2 a INCR " hburst_1=1
T &  hincrarlenl gy & & JdY Ty : A
wa A hincr_arlenl i AHB 2 - log2 R 073
M 13 AHB ~ 113 J 23 AHB ~ 23 J 43 AHB ~ 1 A
Ju h a 1K “  JU hincr_arlen1 n log2(1024/6HB A /E
18)) . nm8A a INCR 79 1K - AHB
“ AHB masten . 1K : " % AHB A A v 1K
3 A
a INCR O v y M o i, &
n €a Ly e e T A 8 Fx - 1
hincr_arlen 1 A A € 63 AHBmaster | DDR2 8 AHB
N T USER MACa NAND flash 8 DMA 1 Ju 8
SYSCTL_DDR2_CFG 3 AHB master 9 hincr_arlen1h A
5.314¢q
Y ¢€E q 3m 1Y Y s QoS quality of serviceé A
DDR2_PCFG n.qos_Classh 0 1 13 ANT dJU A QoS 7
DDR2 ® J/un 3 A Ya QoS T #dJU Ik
A A QoS A
8 y QoS 71 i Low latency(LL) Best effort(BEA LL Y
"l - R CPU cache missks 8 3 QoS
vy’ n ua 1 3 ¢ ° Y N LT T M e
2 2 - DDRa - "R T e LL page miss
3 BE page hits 3 A
q Yay n QoS T T ua A - 3 q -
n A q Bankg A
N q
Aq yua A R q 4 1 4 bank “ A
"l ng ° a3 A n 3 AnYas v 17U
DDR2_PCFG_n.dir_grp_cnth% y an 33 A 3 A an
3 AT © G simple roundrobin a A 3 r Y A
Y 3° AT T - 1oy A
A7 A A QoS 3 "7 4ya" e’ Yo LL* ~ Yo
BE* ~ LL" e A BE" & 3 y q " %
m LL © 2 BE Y q °
DDR2_CCFG.timeout_qos A
A7 G Deficit Round Robin m" N3 qa =~ 1 4
bank * A 3 A Iy A q 3 T EE
ao A 3 A DDR2_PCFG_n.quantum Y 3 T3 @
e’ T 3 A 3 A
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., Bankq
Bankq A3 bank * q ADDRZX 83 bank 3 bank f A
Ya "7 JU'Q 163 Bank "~ 3 " m4 . dJu 43 Ay A
q : 3 ¢ bank 1 f J of bank “ & A
Bankq "l 3 3 QoS o B LL bank “ A Y3
LL 3 @wY>3 bank * "% 3 bank *© mLL 7 LL 3.
AY bank * BE 331 A
Y QoS i e~ bankqg o] e g ~€e 1n
Y h I a2 A Page hit 363Y3 3 ydYa pagé.
A’ Page miss 363Y3 3 yad pagé . adA
53 3
3 A Y bank a d bank
Page hit 1 2
Read ,
Page miss 6 5
. Page hit 3 4
Write :
Page miss 8 7
531544 8
8 -y ANTOANY e 8 Y a
n " A DDR2_PCFG_n.bp_rd_ép rd_en U G an
o v 8 A
Y 30 y i ’
T o8 a, A 3 T a A G Y 8 T8
XPI rreadyg A~ JU master d ready N
[ A
yn 37 @ A Aonf " oYs i - 1 &
AT oy T ' N
I s a, A n 3 T a A G Y 8 T8
XR breadyg A" JU master ready n Tt
A
me o A AXIT T A ® aclk_ddr2 hclk_ddr2 ey 8
S oddr2_clk 7 N G A master ready
A Y3 A v y 8 MR {/vac A
y AHB A~ master an: BUSY T # G an-~ A
5.3.1.6
m ol V3 5-4 Rankn 13 A
5-4 6 JEDEC O o .2
Density I/O Bank width | Row width | Col width Y3
2Gb x16 3 14 10 27
8 A i SDRAMi ranka banka row  column /£
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A

DDR2_DCFG.add_map/L

3

y m Rank
T y row addr_map=8000 y bank™ addr_map=300T
4y T EE 55 A
5-5 I a
. Addr
a
' y row y rank
Col Addr[10:1] Addr[10:1]
Row Addr[24:11] Addr[27:14]
Bank Addr[27:25] Addr[13:11]
5317 9
e s 'dae @ 9 "y Ty ot d
0> 3~ " ana ° - A
8 2 5-2 " Init_memB Config Access Low_power 3
A DDR2_SCTLI /U 8 T A
52 s )
., Init_mem
£4 | @ mnit_mem o4 JU iR a 8
& 1 VA G a ° Y JU3mAw 1 x Alnit_mem
Ay B m ¢ e F =& o °F m |
& @ PowerDown ° 1 A
Config
y 8 a 2”7 - iU 8
& A s 3 q & o 2 A
Access
o e A3y na 3 Hoo R
T A v 8 I e & ® Power Down  ° 1A
oA Access ~ @ DDR2 SCFGDDR2 SCTL ~ a ¢
A
Low_power
o 8 a H 27 @& y 9 A
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53.1.81 ¥y
8 Init_mem 8 60 1 VA y *

n o T e ) 1 A A¢e " 1O
1. 8 £ v DDR2TOGCNTIADDR2TOGCNT100N DDR2TINIT
2. DDR2_MCFG LWt & ’

3. DDR2 PHY v - DDR2_DFISTSTATO &£ n 17
4. 8 & y & '
5. DOR2G 1 vV v DDR2_MCMD ’

1) f Deselect 31 DDR2_MCMD - 400n5

2) DDR2MCMD.start_cmd ='0

3) f§ PREA 31 DDR2_MCMD v DDR2MCMD.start_cmd =0

4) f§ MR2 31 DDR2_MCMD v DDR2MCMD.start_cmd =0

5 f MR3 3 DDR2_MCMD v DDR2MCMD.start_cmd =0

6) 1 MR1L 3] DDR2_MCMD v DDR2MCMD.start_cmd =0

7) 4 MR 3 DDR2_MCMD * y DLLReset DDR2MCMD.start_cmd =

0
8) 1 PREA 31 DDR2_MCMD v DDR2MCMD.start_cmd =0
9) [ REF 3f DDR2_MCMD v DDR2MCMD.start_cmd =0

10) 9 vy

11) 4 MR 31 DDR2_MCMD V] VA )
DDR2MCMD.start_ cmd ='0
12) 7)1 2003 ddr2_clk Q) MR1 31 DDR2_M®D )
y OCD Ai~ DDR2MCMD.start_ cmd ='0
6. DDR2 SCTL =~ G s i Config
7. y 8 '
8. DDR2 SCTL -~ G 8 i Access A
5.3.2 DDR2 PHY
GS@3281 DDR2 PHY DFlI A6 8 v Memory A 6 &
A 4yas 2 I I R A dfi_clklx 4~ dfi_clk2x
ddr2_clk  ddr2phy clk~ M 533MHZ . 4~ n 533MHA
GS@3281 DDRZPHYE o
1. DDR2 PHY V3
2. DO N &
53213 A
53 ~ DDR2PHY® V3 ‘
1. phyreg_rstrgg A & PHY '
2. 1 DDR2 PHY '
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3. phyreg_rstn &£3 4 y 3 N A sys_rstn &£ PHY
4, 20003 © dfi_init_completeg, A
5. DDR2 s 1y N A

4L

| PHY |
| |
|
|

A'>2 cycles
phyreg_rstn | Y

SRS S -

| |
Sys rstn : | 2000 cycles
| [
dfi_init_complete : :
| |
5-3 DDR2 PHY 3 £ "
v PHY 1 sys_rsth £Y A¢E
}OE
1. PHY '
2. £ SYSCTL_MOD_CTL1[4 ¢ 8 ’
3. £ SYSCTL_MOD_SRSTI1[®] & sys_rsth
4, n A& SYSCTL_MOD_SRST1[S)FSCTL_MOD_CTUi[4] @ DDR2 PHY
.3 8 '
5. dfi_init_completeg A 1~ DDR2_DFISTSTATO & 1°A
5.3.2.2 A
8 6 PHY3 A A DFI20 ~y DFI AT & & g N
A 1:ctrl_delay ) 54 A
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DFI

DFI clock

o S 5 5 € % X ol
| | | | = B

INnIu_ mw_ m_ m_ m_ m .m_ m_ ‘m

T %5 5 5 5 g 5 % g

NS S --vm-.X.- S oN\--

B
M_
3
-
Wenn_n_n_mktn_
2% g &8 8§ ¢35 B 3 §
1S

8&/1

5-4 DFI

dfi wrdata_en

~ dfi wrdata mask

aan

~ dfi_wrdat
N~ JuA tphy_wrlat/\‘|

_eng /
dfi wrdata mask

55
dfi wrdata

A
E )

n g

~ dfi_wrdata_e

G

4

tphy_wrlat 3

A s

dfi n
dfi wrdata en £1Y 3

JuA

DFI
DFI clock

DFI command
dfi_wrdata

|
(O2XT2X 52X 4D

I

|

|

.‘?-

I
I
I
1
I
X
I

CWR X | I
(01 XO1X D1XO1)

dfi_wrdata_en
clock
command
DQ
DQS

5-5 DFI
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Y 5" DFIT ' G ~ dfi_rddata_efna ~ dfi_rddata
" dfi_rddata_valid s A~ JU1 tidamen tohyrdatN T € €7 trddamen Y 9 h~
tphy rdlat M Y3 hA 56 ~dfi_rddata_eng N dfi 3 4 trdamen
3 VY y 3~ dfi_rddata_en Ya 3 1 tddataend
VI A d 3 " dfi_rddata dfi_rddata_valid
dfi_rddata_en & A tphy rdiard Jui A

DFI clock
DFI command X_RD | [ [ | |

| | |

dfi_rddata_en : ' | | ' : : :
| | I I

| |
|

dfi_rddata_valid | | | [ L /T T\
: | | | | |
dfi_rddata B | | | | XE'D@
trddata_en tphy_rdlat
5-6 DFI 2 A
¢ DDR2 PHY A 5-6 e e RL:CL+Aﬁ WL=R{
CL AL i a CAS 3 - 8 DDR2_TCL DDR2_TAL
A
5-6 DDR2 PHY A
t(:'[rl_delay tphy_wrlat trddata_en tphy_rdla'[
DDR2) 4 WL-1 RL:2 11
54
m A a k A
55
m A a k A
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6 NAND Flash 8
6.1
m NORFlashy - NAND Flash y T3
Flas# 4 /U 8 |~ NAND Flash y A
GS@281 3 JdJ/Uy NAND Flashy 3 ne NAND Flaslt |}
GSB281 NANDFlash & & @Yad BUFFER 0 || ~ NAND Flash ®
NANDFlashy & 0 0 3 1 & @ BUFFER 3
3. NAND Flask %10 VI B - A7 CPU | 1
e 3 A
6.2
6-1 NAND Flash 8
3
4
0]
nfce O - NAND Flash g N~ ee
nicle o ) ann nfdata
’.2*
N ” nf
nfale O - aiu nfdata
i - y NAND
nfre O - AN o y
Flash
A3~ - 4 nf
e o ) ) elv na nfdata
n 3
g N nma “NAND Flash
nfrnb I IC) y busy
2aRn o 2 A
nfdata[0] B - 0
nfdata[1] B - 1
nfdata[2] B - 2
nfdata[3] B - 3
nfdata[4] B - 4
nfdata[5] B - 5
nfdata[6] B - 6
nfdata[7] B - 7
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6.3
6.3.1 B
ONFI 1.0
6.3.2
1. 27
2. 4 A d
3. o |F
4. Tl n 2KB 4KB
5. A n 84& NAND Flash y A
6. ECC & (512B) 8bit
7. DMA
8.
9. 4 A
6.3.37
NAND Flash & ol 61
AB
sl av
hel k — AB P
Wapper {—— B U ECC
l flpsm q
ak NAND
synth felk fl ash
AHB P interface
<,;{> Wapper {—— DVA FSM :j‘>
napstir & arbiter
NAND Hiash @ buf f er
6-1 NAND Flash 8
AHB WRAPPER AHB & A
BUS InterfaceUnit 3 a N I 8 3A AT CPU
8 & BUFFER A& BUFFER = 4KB AHB A 1
BUFFER nA ) n hclkA
FSM Unit 8 @& ¥ A IO 3 v 8 & bl
EA @ ¥ v "oy 1 " Special
Function Registefd € 1 e NAND Flash A A
) n~ Y€t A
ECC A JUNAND Flask 512B nooA 17U
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8bit Ay NAND Flash & WY " NAND Flash ¢ 4 /U |
y: e Y3 8&" 8 a
"N, A
DMA Unit 3 : " @ host A 1 JUy BUFFER
MEMORY # { JUy MEMORY  BUFFER
BUFFER Uhitd BUFFER 1 4KBA  NAND Flash 2
"I BUFFER~ 'A DMA AHB - MEMORY ¢ & HOSR
A 2 ~° "I HOST N & BUFFER A 8 BUFFER n
@ NAND Flash A

6.34Q@ BUFFER

me@ G NAND Flash & 6 NAND Flash 3 n o2
3 DMAg NAND Flash 8 & & BUFFER 6-2 A BUFFER
3 m 8hit ° A RAM " 1 i n buffer0a bufferla buffer2  buffer3
n 1088 L I im0 4 8 || 43480 CPUJ JU AHB
BUFFER 10883 A L 04092 10243 n DATAY ~
n 4KB L 40964220 323 m ECOW ~ n 128B L
42244348 323 n ECCW ~ n 128BA
G NAND Flash @ ECG & | 1 &
BUFFER ECCO ECCh w . 6 A JU n 4KB NAND Flash #unR A
NAND Flash N 9 ° AQ m512B  ~ NAND Flash 8 ,
512B ECC - m 138 y] ECCW m 43 iy
A y 512B v ECC yi1 ECCWw to 43 v
Ju YN 1Y 512B v ECC ECCWw 1 453
v NAND Flash 8¢ A 3 ECCW & N & NAND Flash OOB
¥ A
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buffer3 buffer2 bufferl buffer0

4224

4220

CPU 4096

14

I z z z 8bi t NAND
, - - - ——— | Flah
32bi t
DMA

8hi t DATA
4
0
8bit 8hit 8bit 8bit
6-2 & BUFFER
¢ ECG a o NAND Flash 9 ° 3 BUFFER
.6 A "'y NAND Flash v m512B 512B ECC
* yi ECCW m 43 Y y 512B ° ECC
ECCW & 0 43 U v 1Y 512B v
ECC 3 ECCw A ¥ NAND Flash 4 OOBY &
ECC i ECC A 1 ECCO ECCB ECC Y du &
v 512B @& 8 ta @ A
NAND Flash m 2KB ~ DATAW . ~  m 2KB iy
6 A” ECCO ECChaw #f i A4 ~ m64B A
*  BUFFER NAND Flash 3 q Y3 8bitA
BUFFER CPU a” Y3 32bitA BUFFER DMA q -
V3 NFC_DMACTRL DMA_SIZE A
6.3.5 BUFFER 6 Q
CPU e NAND Flash 8 a 7 8 a
BUFFER6.3.4 & BUFFERha Y ~ DATA n 4KB ECCO ECC1
n 128BA 6-3 ~ BUFFER , NAND Flash 8
0X1C044000 M 0X1C04300A
* BUFFER y a - A
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REG
0x1Q04_5300 -y
unused
ECCL
0x1D4_5080
EQD
0x1(D4 5000
BUFFER
DATA
0x1Qd4_4000 v
6-3 BUFFER 6 0
6.3.6 DMA 9
NAND Flash 8 & DMA 5 - N FADMA ©
8 & BUFFER GSB281& '~ | MEMORY HuA DMA J BUFFER
* y BUFFER v DMAJ BUFFER * # y BUFFER
@ A BURST U ~ 4 ~ ¢E I A
NAND Flash 8¢ 6 NAND Flash a ~ DMA 5
IO /U [ o 2 MR € E A
n o2 ~ DMA Q Y Gty MEMORY
i BUFFER 1 8 N 9" N & NAND Flash ~ 6-4
AQy R 2644 6373 A
A 4 NANDFlash 1 @Y R VI NFC_DMAADBRFC_DMACTRL
NFC_CNTR3 v DMA v BURST ~ DMA_DIR
0 A startflag 1 J DMA v DMA_BUS¥ DMA
v 3 1 J NFC_COMM e n 3 y i & NAND Flash
A
J NAND Flash 1} @ Tt DMA || A
NFC_DMAADDBRFC_DMACTRL NFC_CNTR 3 v DMA v
BURST ~ DMADIR 0 1 NFC CTRL DMA_trigger&
Trans_IlEE 16 DMA o || 4 ~ I ¢ A 1 J NFC_COMM
e n 3 DMA v 4~ BUFFER F
N NANDFlash R 34 CPU P8 & ~ CPU DMA Q
1A 1 NFC_COMM & n 3~ 8 A I DMA
N & NAND Flash ~ - J NAND Flash 1 @Y -
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CPUI Yy A

NAND

f
——» | BUFFER
MEMORY — | A

6-4 DMA n o
a2 7 T 8 27 NAND Flash &
di & BUFFER~ 1 DMA Q@ ° 6¢ BUFFER &
MEMORY 6-5 AQy 2644 6371 A
4§ NAND Flash ["RY% AU NFC_DMAADDBRFC_DMACTRL
NFC_CNTR3 ” DMA ” BURST ~ DMA_DIR
I 4 J NFC_COMM e 3" y ¥ NAND Flash
@ BUFFER™ 1 start flag 1 < DMA ” DMA_BUS¥%
DMA A
y NAND Flash & Tt DMA || Al
NFC_DMAADDBRFC_DMACTRL NFC_CNTR 3 - DMA v
BURST ~ DMADIR I 4 NFC_CTRL DMA_trigger&
Trans_IlEE 1I'6 DMA & || 4 ~ I ¢ A 1 J NFC_COMM
e 3" 8 ¥ NAND Flash vy I BUFFER
34 DMA |y BUFFER - A cPu 1 b &
4 CPU DMA Q * 1A J NFC_COMM e

3 8 A ¥y NAND Flash vy © /1 DMA TN N
¥ NAND Flash WY * CPW y A

6-5 DMA 2

6.3.7

i 10}
(&)

NAND Flash 8 0 3 62 @ 3 h A ® NFC_COMM
h~ 8 | 3 h ONFIT ¢ 37, 6-2 & 3
T3 v é A n o2 3 @ "y e 3 A
ONFi ~ ) 2 3 A

6-2 NAND Flash 8 3

n 3 | 3 h 3 13
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Yy NAND Flash v Y
1 | Page Read| 0x0030|  0x00 ox30 |7
i BUFFER
2 Page Read ] 0x0130 0x00 0x30 N 3 i NAND Flash
Read for . B
N 3 4 5 T
3 Internal 0x0035 0x00 0x35h
NAND Fkash
DataMove
Random N ~2 "t NAND
4 0x0005 0x05 OxEOh 3 T
Data Read Flash
5 Read Statug 0x0070 0x70 - N 3T NAND Flash
Program BUFFER N ® NAND
6 g 0x0080|  0x80 0x10h v ne
Page Flash
Program
7 0x0180 0x80 - N 3 i NAND Flash
Page 1
Program BUFFER N & NAND
8 Page | 0x0580|  0x80 0x15 f
Flash
Cache
9 Write Page | 0x0010| 0x10h - N 3T NAND Flash
10 | Write Cache| 0x0015 0x15 N 3T NAND Flash
Program for J 3 0x85 4 J
11 Internal 0x0085 0x85 0x10 "4 5 - AN 3
Data Move 0x10
Random
J 3 2 I NAND
12 Data Input | 0x0185 0x85 -
Flash
for Program
Random
Data Input N 3 5 T NAND
13 0x0585 0x85 -
for Program Flash
1
14 Block Erasel 0x0060 0x60 0xDO 3 T NAND Flash
15 Reset Ox00FF OxFF - N 3T NAND Flash
16 Read ID | 0x0090 0x90 - N 3 T NAND Flash
C] 3 8 y  NAND Flash 3 6-3 N
am “¢E A NANDFlash AA
6-3 NAND Flash 8 3
14 | 3h | 1 1 3
Micron memories
P Read Cach
age head Lache 0x1031 0x31 -
Mode Start
P Read Cach
age head Lache 0x103F 0x3F -
Mode Start Last
Page Rea@achevode
0x1131 0x31 -
Start 1
Page Read Cache | Ox113F Ox3F -
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Mode Start Last 1
5 Program Page 2 0x1280 0x80 O0x11
6 OTP Program 0x10A0 OxAO0 0x10
7 OTP Program 1 0x11A0 0xAOh -
8 OTP Protect 0x10A5 OxA5 0x10
9 OTP Read Ox10AF OxAF 0x30
10 OTP Read 1 Ox11AF OxAF 0x30
11 Plane Page Read | 0x1230 0x00 0x30
12 Plane Page Read 1 | 0x1330 0x00 0x30
Plane Random Data
13 0x1206 0x06 OxEO
Read
Plane Random Data
14 0x1306 0x06 OxEO
Read 1
15 Plane Page Program| 0x1081 0x81 0x10
Plane Page Program
16 1 0x1181 0x81 -
Plane Page Read for
17 0x1235 0x00 0x35
Internal Data Move
Plane Page Program
18 for Internal Data 0x1285 0x85 0x11
Move
19 Plane Page Erase | 0x1160 0x60 0xDO0
Plane Page Read
20 0x1078 0x78 -
Status
21 Write Plane Page | 0x1011 0x11 -
STMicroelectronics memories
1 Cache Read 0x2031 0x00 0x31
2 Cache Read 1 0x2131 0x00 0x31
3 CacheRead 2 0x2231 - -
4 Exit Cache Read | 0x2034 0x34
Read Block Lock
5 0x207A Ox7A -
Status
6 Blocks Unlock 0x2023 0x23 0x24
7 Blocks Lock 0x202A 0x2A -
8 Blocks Loclbown 0x202C 0x2C -
Samsung memories
1 Program Page 2 0x0280 0x80 Ox11
Program Page
2 0x0580 0x80 0x15
Cache
3 Block Erase 1 0x0160 0x60 0xDO0
4 Plane Page Program| 0x0081 0x81 0x10
Plane Page Program
5 1 0x0181 0x81 -
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6 Read EDC Status | 0x007B 0x7B -

7 Read Chip 1 Status | 0xO0F1 OxF1 -

8 Read Chip 2 Status | 0xO0F2 OxF2

9 Write Plane Page | 0x0011 Ox11 -
6.3.7.1 0" Page Read”

8 NAND Flash °o Y o A
NFC_CONF v A NA NFC_ADDROL
NFC_ADDROH ) Ty 27" Ju

A 1 NFC_COMM N o ) 3 h 0x0030 4 A 6-2A
8 3 h 0x0030 n ONFI 3 . 0x00 Ox30A

66 -~ 8 "I 3 0x00 NAND Flash ~ J ~ 4

5 °  NANDFlash S BN 3 0x30 /4 Iy
NAND Flash Y% yi & BUFFER” ECG ¢
ECC A nfrnbg N 1 2 A CPU DMAI U  y &
BUFFER WV Y A

ol a5 - ompymonmiv

6-6 2
6.3.7.2 9~ Page Read 1~
8 NAND Flash # 4 Ju 9 A NFC_CONF -
Y NA NFC_ADDROL NFC_ADDROH )
~ 1 NFC_COMM A o ) 3 h 0x01304 A 6-2A
8 3 h 0x0130 i ONFI’ 37 . 0x00 Ox30A
67 =~ 8 "I 3 0x00 NAND Flash ~ J ~ 4
5 N NAND Flash - A 3 0x30 A CPU
v NFC_DATA 17U e A
* CPW JU M NFC_DATA ~§y dJU NAND Flash
e 3 A CPW JU v oa s A
0x00 > 4 5 - » 0x30 > v NFC_DATA
6-7 2

6.3.7.3 N 9" Program Page”

5A
(&)
<

8 NAND Flash . n 2A "l CPU
DMA J NAND Flash no 8 & BUFFER 1 NFC_CONF
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- y AA NFC_ADDRI1L NFC_ADDR1H
) Ty R 92~ Ju A
NFC_COMM ) 2 3 h 0x0080 + A 6-2A 8 3 h
0x0(B0 n ONFI 3° . 0x80 Ox10A
68 - 8 "I 3 0x80 NAND Flash ~ J ~ 4
5 ~  NAND Flash ~ Ay & BUFFER v
J NAND Flash é R n Yy Y 3 0x10 A 2A
i}
0x80 - "4 5 ~ = ) NADHashp — » 0x10 —
6-8 n o
6.3.7.4 B 9~ Program Page 1~
8 NAND Flash  # { JU n 9 A NFC_CONF -
Y/ NA NFC_ADDRIL NFC_ADDR1H n o
~ 4 NFC_COMM N o ) 3 h 0x01804 A 6-2A
8 3 h 0x0180 & ONFI 3 . Ox80A
69 -~ 8 " 3 0x80 NAND Flash J S 4
5 ~ NAND Flash ~ 1 CPUJ NFC_DATA no
NFC_DATA 8 f o NANDFlash A
* CPUA{ JUJ NFC_DATA o ~ € 8
i & NAND Flash e VA
0x80 .y "4 5 = » | NFC DATA 0
6-9 n o
6.3.7.5 2~ Block Erase™
8 JJU NAND Flash y A NFC_ADDRIL
NFC_ADDR1H ) * 1 NFC_COMM n o
) 3 h 0x0060 4 A 6-2A 8 3 h 0x0060 & ONFI
37 . 0x60 OxDDA
610 =~ 8 " 3 0x60 NAND Flash ~ N
"3 - /I BN 3 OxDO NAND Flash N nfrnb
g N 1 ) A
0x60 — 3 - » OXD0
6-10 2
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6.3.8 NAND Flash 0 |}

GSB281  NAND Flasb |} A GS@281 NAND
Flashd ||~ Gs@281 3 £3 17 NADNFlash ¢ | || NADN Flash
y 0 0 5 1 & & BUFFER~ CPU BUFFER

63 A
I o ~ ECq G " a ECC CJU
NAND Flash 0 0 a A
I oo

R S
EE ] e (¢

6-11 NAND Flash 0 |
133 s-i:k 615 =~ @ A 1 NFC_CONF 1A
nfcle [ |
e é 'I
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waa [N cata0 X datar X/

6-14 R

weas [TTTTIK_cereo XJTIK cerea X[

6-15

6.4

6.5
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7USB2.0 OTG

7.1

GSB281USB OTG &

8

®wo Julo '

OnTheGo Supplement to the USBO Specification, Revisionl.3aRevision2.0

USB 2.0 Specification
8 y Te)
UsBy '
uUsB '
awn ae ’
8~ Control a Bulka e ~ Interrupta A Isochronous -
Buffer DMA  Scattergather DMA '
83y Host Channél
53 EndPoint’
root hub
71~ Suspend&Resurfie
7.2
7-1USB2.0 OTG &
] 3
10 T
vbus B UsB5v g
usb_id [ U USB IBy A
usb dp B USB Da N
usb_dm B USB By A
txrtune/rkelvin B USB2.0 PHY g
usb xo I E XOg A
usb xi I E Xlgn
avdd33 I uUsSB 3.3V
avss33 I USB N 3.3V
dvddi2 I USB 1.2v
dvsd2 I USB N 1.2v
vss33c I USB N 3.3V
utmi_drvvbus 0] G
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7.3
USB OTG & 1 7-1 Y * USB OTG caieOTG PHYWUA vy
SPRAM FIFOA
AHB
UTMI+ oTG
<4 USBOTGCore | g—P| oy
Addr¢ DataT CMD¢
SPRAM
7-1USB OTG 8
USBOTG® JJU ¥ "N dY 5 HOd sy Y
A
USB OTG &8 & DMA & ~ USBOTG 8 J ' '
) DMA 8 * SPRAM J FIFQA
7.3.1 DMA Yy
USB OTG & DMA o1 my ' Scatter Gather Buffer DMA A
Scatter Gather O USB OTG @ a e Y3 Scatter
Gather & A 7-2 A
* HCDMA" > ik
Bufferf > a
Buffer
i
Buffer
d
Buffer
7-2
y buffer m buffer ol y A
USB_HCDMA h~ USB OTG 8 USB_HCDMA
h 1 ¢ Y  buffer & h~ ¢  buffer ¢ EOL
a it oAy - a 1y - ol 2 Jud"
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m Scatter Gather DMA 9 1 ’ } m buffer -
y -~ USB_HCDMA h ~ 34 97 1 Y buffer
1 AY buffer A
Buffer fn wl N w/ AT n A A
A
Buffer R 7-3 [ 1
A
31 30 29:28 27 26 25 24:17 16:0
| o | |a|r| ress |R| o |ioc] R | BT |
31 30 29:28 27 26 25 24 23:17 16:0
| | |A|R| Tx_Sts |R|EOL|IOC|SJP| R | TBT |
A
31 30 29:28 27:26 25 24:12 11:0
| 6 | |A|R|Rx_Sts| R ||oc| R | TBT |
31 30 29:28 27:26 25 24:12 11:0
| | | A | R | Tx_Sts | R | IOC| R | TBT |
7-3 Scatter Gather  HO Buffer [
¢ Buffer w72 A
7-2 buffer A
A £ T
i
A [31] | OxO: f
0x1.: f
IN
0x0: 1+
Rx_Sts/Tx_Sts [29:28] | Ox1: '
0x2: d
0x3: d
Ay
EOL [26] | OxO: 1y
Ox1: 1Y
0 [25] JuA o JuA~ USB OTG®
. H Yo e A
sup (241 A e} Buffer i setup’
8
[16:0]
TBT / v A v 128kl 'y d
[11:0] v makl1 A
[ 11 buffer e R Reserved 1 A
Scatter DMA “ Buffer DMA ~ T USB OTG &
USB_HCDMA v a DMA 41 A
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7.3.2
USB OTG Trint o 8 ay 8
a 8 JuA A € I 7-4
A
USB OTG +000h
) 8
USB OTG +400h
S‘/ 8
USB OTG +800h
USB OTG +E0Ch
7-4
USB OTG 8 FIFO Ty t0 Y FIFO y
J "A
i IO FIFO 75 A
FIFO .
4t HPTXFSIZ[31:16]
—  HPTXFSIZ[15:0]
4 NPTXFSIZ[31:16]
—{  NPTXFSIZ[15:0]
! RXFSIZ[31:16]
_ " o
75y tO FIFO
i oy OUTH ~ 6 VYa FIFO vy
OUTH ~ G VY3 FIFRA € FIFO o- a y NI
Ay 2 OUTH - USBOTG® & Ya . AUSB OTG
8 v INH ~ 6 VY3 FIFO FIFO o a
y 1 TA4 Ty tvooa!t # FIFO2 A
IO FIFO 7-6 A
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FIFO -
4 N DIEPTXF4[31:16]
—{ DIEPTXF4[15:.0]
3 N DIEPTXF3[31:16]
— DIEPTXF3[15:0]
2 N DIEPTXF2[31:16]
— DIEPTXF2[15:0]
1 NI DIEPTXF1[31:16]
__| DIEPTXF1[15:0]
g NPTXFSIZ[31:16]
—  NPTXFSIZ[15:0]
————— T RXFSIZ[31:16]
| ’ no
7-6 O FIFO
o INH " Q Ya- FIFO vy INH ~
3 G Ya- FIFA vy OUTH ~ USBOTG®& G Y3 FIFO
y oo Y9 FIFOt y6 ' a - € 9 '
a PID 1 A
7.3.3y
GS@B281USB OTG & 2V T 83y 7 HubA 2
Hub IO © DMA Buffer DMA  ScatterGather DMA b Hub
0 A Buffer DMA A
USB OTG 8 2 ) G Scatter Gather DMA =~ 8
o} A ScatterGather DMA KO USB ~ & NAK/NYET
USB OTG 8 v A
y KO USB OTG & y n High Speed Full Speed
A USB_HCFG FSLSSupp AUSB OTG 8
) USB & w “~ USB " SUSPEND ~ RESUME
3 A
y o dJud " Suspend o7 USB PHY m ~ USB & y
A USB OTG 8 v YA J
Resumé 1 ~ USB & " Suspend o A
USB OTG 8 2y O gy Jd Y 3 token -
0 fys usey A ~ USBOTG @ 3 token™ Ay
OUT SETUP ~ USB OTG® yd FIFGE - 3 4 T
3 : y A 31 USBOTG®& U123
H A

y IN PINGH ~ USBOTG®  IN PING toker§$ 4~
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A f ' ¥ USB OTG @ A RN ' ’
q o3 T PID USB OTG & € N1
FIFG2 3 Y J " A
7.3.4
GS@B281USB OTG & 6) 0 53 * 53
Ao T ee 0 8 - A
USB OTG 8 2 ) G  Scatter Gather DMA =~ 8 a
o} * USB OTG 3 Y DMA v e
A A
oM “ USB OTG 8 0 A I USB_DCFG  DevSpd
neo e A USB OTG & USB & °
w 3/JUu a USB o A1~ USBOTG 8 ¥
USB ~ SUSPEND *~ RESUEM 2 A o ¥ o v
USBOTG® dJuU y 2 A
o Py y o token’ ~ USB OTG 8 3
token " A
i token’ Y3 ouT SETUP ~ USB OTG & 3
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