





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Name
fselx*
fsqrix 4
fsqrisx *
fsubx
fsubsx
icbi
isync
Ibz
Ibzu
Ibzux
Ibzx
1d S
Idarx 5
Idu $
Idux 5
fdx
Ifd
lfdu
Ifdux
Ifdx
Ifs
ifsu
Ifsux
Ifsx
tha
Ihau
lhaux
Ihax
thbrx
Ihz
Ihzu
thzux

thzx

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

34 D A

35 D A

31 D A B 119
31 D A B 87
58 D A ds

31 D A B 84
58 D A ds

31 D A B 53
31 D A B 21
50 D A

51 D A

31 D A B 631
31 D A B 599
48 D A

49 D A

31 D A 567
31 D A B 535
42 D A

43 D A

31 D A 375
31 D A B 343
31 D A 790
40 D A

41 D A

31 D A B 311
31 D A 279
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Name

6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Imw 3 46 D A d
Iswi 3 31 D A NB 597
Iswx 3 31 D A B 533
iwa 5 58 D A ds
Iwarx 31 D A B 20
Iwaux 5 31 D A B 373
twax 5 31 D A B 341
Iwbrx 31 D A B 534
lwz 32 D A d
Iwzu 33 D A d
Iwzux 31 D A B 55
Iwzx 31 D A B 23
merf 19 orfD ‘ 0
merfs 63 crfD 64
merxr 31 crfD 512
mfer 31 D 19
mffsx 63 D 583
mfmstr ! 31 D 83
mfspr 2 31 D spr 339
misr 16 31 D t 595
mfsrin ' 31 D 659
mftb 31 D tor 371
mtcrf 31 144
mtfsb0x 63 70
mtfsbix 63 38
mtfsfx 63 711
’ mtfsfix 63 134
mtmsr -8 31 S 146
mtmsrd "5 31 S 178
mtspr 2 31 S spr 467
mtsr -8 31 s 210
mtsrd ' 6 31 S 82
mtsrdin -6 31 S 114
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mtsrin ' 6 31 S B 242
mulhdx 5 31 D A B 73
mulhdux® 31 D A B 9 Rc
mulhwx 31 D A B 75 Rc
mulhwux 31 D A B 11 Re
mulldx 5 31 D A B 233 Rc
mulli 7 D A
mullwx 31 D A B 235 Rc
nandx 31 S A 476 Rc
negx 31 D A 104 Rc
norx 31 S A 124 Re
orx 31 S A B 444 Rc
orex 31 S A B 412 Rc
ori 24 S A UIMM
oris 25 S A UIMM
rfi 6| 50
rfid 5 18
ridelx 5 30 S A B mb 8
riderx 5 30 S A B me 9 Rc|
ridicx 5 30 S A sh mb 2 |sh|Re
ridiclx 5 30 S A sh mb 0 |sh|Rc
ridicrx 5 30 S A sh me 1 sh|Rc
ridimix 5 30 S A sh mb 3 |sh|Rec
riwimix 20 S A SH MB ME Rc
riwinmx 21 S A SH MB ME Re
riwnmx 23 S A B MB ME Rc
sc 17 ‘
slbia ':45 31
sibie 145 31 B 0|
sldx5 31 S A B 27 Rc
slwx 31 S A B 24 Rc|
sradx > 31 S A B 794 Re
sradix® 31 S A sh 413 sh|Re
A-6 PowerPC 620 RISC Microprocessor User’s Manual MOTOROLA



Name 0 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

srawx 31 S A B 792 Rc
srawix 31 S A SH 824 Rc|
srdx 5 31 s A B 539 R
Srwx 31 S A B 536 Rc
stb 38 S A d
stbu 39 S A d
stbux 31 S A B 247
stbx 31 S A B 215
std 5 62 S A ds
stdex. 31 S A B 214
stdu 5 62 S A ds
stdux 31 s A B 181
stdx ° 31 S A B 149
stfd 54 S A d
stfdu 55 S A d
stfdux 31 S A B 759
stfdx 31 S A B 727
stfiwx 31 S A B 983
stfs 52 S A d
stfsu 53 S A d
stfsux 31 S A B 695
stfsx 31 S A B 663
sth 44 S A d
sthbrx 31 S A B 918
sthu 45 S A d
sthux 31 S A 439
sthx 31 S A B 407
stmw 3 47 S A d
stswi 3 31 S A NB 725
stswx 3 31 ] A B 661
stw 36 S A d
stwbrx 31 S A B 662
stwex. 31 S A B 150
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Name 0 . 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

stwu 37 S A d
stwux 31 s A B 183 0|
stwx 31 S A B 151 ﬁ_
subfx 31 D A B OF| 40 Rc
subfcx 31 D A B E 8 Rc
subfex 31 D A B E 136 Rc
subfic 08 D A SIMM
subfmex 31 D A E 232 Rc
subfzex 31 D A loe 200 Rc
sync 31 ' 00 000 598 W
td5 31 B 68 l 0
tdi ® 02 TO A SIMM
tibie ' 31 306 g
tibsync'-4 31 566
tw 31 TO A B 4
twi 03 TO A SIMM
Xorx 31 S A B 316 —[RC
xori 26 S A UIMM
xoris 27 S A UIMM

1 Supervisor-level instruction

2 Supervisor- and user-level instruction

3 Load and store string or multiple instruction
4 Optional instruction

5 64-bit instruction
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A.2 Instructions Sorted by Opcode

Table A-2 lists the 620 instruction set sorted in numeric order by opcode, including those
PowerPC instructions not implemented by the 620.

Key:

I:] Reserved bits

Table A-2. Complete Instruction List Sorted by Opcode

Instruction not implemented in the 620

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

tdi®| 000010 TO A SIMM

twi 000011 TO A SIMM

mulli 000111 A SiMM
subfic 001000 A SIMM

cmpli 001010 crfD A UIMM

cmpi 001011 crfD A SIMM

addic 001100 A SIMM
addic. 001101 A SIMM

addi 001110 A SIMM

addis 001111 A SIMM

bex 010000 Bl BD

sc 010001

bx 010010

merf 010011 0000000000
belrx 010011 0000010000
rfid "5/ 010011 0000010010
crnor 010011 crbD crbA crbB 0000100001
fi% 010011 0000110010
crandc 010011 crbD crbA crbB 0010000001
isync 010011 0010010110
crxor 010011 crbD crbA crbB 0011000001
crnand 010011 crbD crbA crbB 0011100001
crand 010011 crbD crbA crbB 0100000001
creqv 010011 crbD crbA crbB 0100100001
crorc 010011 crbD crbA crbB 0110100001
cror 010011 crbD crbA crbB 0111000001
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Name 0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

beetrx| 010011 BO BI ‘ ;ﬁdddiog‘dlj 1000010000 LK
riwimix| 010100 1S A SH MB ME Re|
riwinmx 010101 S A SH MB ME Rc
riwnmx| 010111 S A B MB ME Rc
ori{ 011000 S A UIMM
oris| 011001 s A UIMM
xori 011010 S A UIMM
xoris 011011 S A UIMM
andi.] 011100 S A UIMM
andis.| 011101 S A UIMM
ridicix5| 011110 S A sh mb 000 |sh|Rc
rdierx®| 011110 S A sh me 001 |sh[Re
ridicx5| 011110 S A sh mb 010 |sh|Rg]
ridimix®| 011110 S A sh mb 011 |sh|Rc
fdeix5| 011110 s A B mb l 01000 |Re
rderx®| 011110 s A B me | 01001
cmp| 011111 A B 0000000000
tw| 011111 A B 0000000100
subfex| 011111 D A B 0000001000
multhdux®| 011111 D A B 0000001001 R
addcx| 011111 D A B 0000001010 Rc
mulhwux| 011111 D A B 0000001011 Rc
mfcr| 011111 D ( 0000010011
lwarx| 011111 D A B 0000010100
ldx5| 011111 D A B 0000010101
wzx| 011111 D A B 0000010111
slwx| 011111 S A B 0000011000
entlzwx| 011111 S A 0000011010 Rc
sldx5| 011111 S A B 0000011011 Rc
andx| 011111 S A B 0000011100
cmpl| 011111 crfD A B 0000100000
subfx| 011111 A B OEi 0000101000
dux®| 011111 D A B 0000110101
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Name
dcbst
Iwzux

cntizdx®
andex
td S

mulhdx 5

mulhwx

mtsrd -6

mfmsr !
Idarx 5

dcbf

0

011111
011111

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0000110110

011111

0000110111

011111

0000111010

0000111100

011111

0001000100

011111

0001001001

011111

|| W| @

011111

011111

011111
011111

0001001011

0001010010

0001010011

0001010100

0001010110

bzx| 011111 D 0001010111
negx] 011111 D 0001101000
mtsrdin "8 011111 S B 0001110010
Ibzux| 011111 D A B 0001110111
norx| 011111 S A B 0001111100
subfex| 011111 D A B OE| 0010001000
addex| 011111 D A B OF| 0010001010
mterf| 011111 S 0010010000
mtmsr 8| 011111 S 0010010010
stdx®] 011111 S 0010010101
stwex.| 011111 S B 0010010110
stwx| 011111 S 0010010111
mtmsrd '+ 5 011111 S 0010110010
stdux3| 011111 S 0010110101
stwux| 011111 S 0010110111
subfzex| 011111 D 0011001000
addzex| 011111 D 0011001010
mtsr 76| 011111 S 0011010010
stdex.5| 011111 S 0011010110 1
stbox] 011111 S 0011010111
subfmex| 011111 D 0011101000 Rc
mulid 5 011111 D 0011101001 Rc
A-12 PowerPC 620 RISC Microprocessor User’s Manual MOTOROLA



Name 0

5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

addmex| 011111 D A o‘oooo OE 0011101010 Rc|
mullwx| 011111 D A B OE| 0011101011
mtsrin ¥ 6( 011111 S ooy‘o'oo B 0011110010
debtst| 011111 00000 A B 0011110110
stbux| 011111 ] A B 0011110111
addx| 011111 D A B OE{ 0100001010
debt| 011111 00000 A B 0100010110 |0
thzx| 011111 D A B 0100010111 0
equx| 011111 s A B 0100011100
tiie ™| 011111 00000 | 0000¢ B 0100110010
eciwx| 011111 b A B 0100110110
lhzux| 011111 D A B 0100110111
xorx| 011111 S A B 0100111100
mispr2| 011111 D spr 0101010011
wax® 011111 D B 0101010101
lhax| 011111 D B 0101010111
mftb| 011111 D tor 0101110011
iwaux3| 011111 D A B 0101110101
lhaux| 011111 D A B 0101110111
sthx| 011111 s A B 0110010111
orcx| 011111 S A B 0110011100
sradix3| 011111 S A sh 1100111011
sibie 145 011111 000 B 0110110010
ecowx| 011111 S A B 0110110110
sthux| 011111 s A B 0110110111
orx| 011111 s A B 0110111100
divdux5| 011111 D A B OE 0111001001 Rc
divwux| 011111 D A B OE 0111001011 Rc
mtspr2 011111 S spr 0111010011
debi'| 011111 ) A B 0111010110
nandx| 011111 0111011100
divdx5| 011111 B OEJ 0111101001 Rc
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Name
divwx
sibia 145

mcerxr

0

56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

o

0111101011

0111110010

1000000000

Iswx3] 011111 D A B 1000010101
iwbrx| 011111 D A B 1000010110
Ifisx| 011111 D A B 1000010111
srwx| 011111 S A B 1000011000
srdx*| 011111 S A B 1000011011
tibsync 4| 011111 1000110110
Ifsux| 011111 1000110111
mfsr >8] 011111 1001010011
Iswid| 011111 1001010101
sync| 011111 1001010110
ffdx| 011111 D B 1001010111
Ifdux| 011111 D B 1001110111
mfsrin 6| 011111 D B 1010010011
stswx3| 011111 S A B 1010010101
stwbrx| 011111 S A B 1010010110
stfsx| 011111 S A B 1010010111
stfsux| 011111 S A B 1010110111
stswi®| 011111 s A NB 1011010101
stidx| 011111 S A B 1011010111
dcba 4 31 A B 1011110110
stidux| 011111 s A B 1011110111
lhbrx| 011111 D A B 1100010110
srawx| 011111 S A B 1100011000
sradx5| 011111 S A B 1100011010 Rc|
srawix| 011111 S A SH 1100111000
eieio| 011111 1101010110
sthbrx| 011111 A B 1110010110
extshx| 011111 A 1110011010
extsbx| 011111 A 1110111010
icbi| 011111 A 1111010110
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Name 0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

stiiwx| 011111 s A B 1111010111 0
extsw®| 011111 S A 00000 1111011010 Rc
debz| 011111 |+ 006000 A B 1111110110 0
lwz| 100000 D A d
lwzu| 100001 D A d
bzl 100010 D A d
lbzu| 100011 D A d
stw| 100100 s A d
stwu| 100101 S A d
sto| 100110 S A d
stou| 100111 S A d
lhz| 101000 D A d
lhzu| 101001 D A d
tha| 101010 D A d
lhau| 101011 D A d
sthi 101100 s A d
sthu| 101101 S A d
mw3| 101110 D A d
stmw3| 101111 S A d
fs| 110000 D A d
Ifsu| 110001 D A d
Ifd] 110010 D A d
fidu| 110011 D A d
stts| 110100 s A d
sttsu| 110101 S A d
stid] 110110 S A d
stidu| 110111 S A d
d5 111010 D A ds 00
Idu® 111010 D A ds 01
iwa® 111010 D A 10
tdivsx] 111011 D A B 10010 |Re
fsubsx| 111011 D A B 10100 |Rc
faddsx| 111011 D A B 10101 |Rc
MOTOROLA Appendix A. PowerPC Instruction Set Listings A-15




Name 0

5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

fsqrtsx4| 111011 D 10110 |Re
fresx 4 111011 D 11000 |Rc
fmulsx 111011 D A C 11001 Rc|
fmsubsx| 111011 D A B c 11100 |Rc
fmaddsx| 111011 D A B c 11101 |Rc
famsubsx| 111011 D A B c 11110 |Rc
fomaddsx| 111011 D A B o] 11111 |Re
std 5 111110 S A ds 00
stdu®[ 111110 s A ds
fempu| 111111 criD A B 0000000000
frspx| 111111 D B 0000001100
fetiwx| 111111 D B 0000001110
fetiwzx| 111111 D B 0000001111 Re
fdivx| 111111 D B 10010 |Rc
fsubx| 111111 D B 10100 |Rc
faddx| 111111 D B 10101 |Rc
fsqrix 4 111111 D B 10110 |Rc
fselx*| 111111 D B 10111 |Rc
fmulx| 111111 D 11001 |Rc
trsqrtex > 111111 D B 11010 |Re
fmsubx| 111111 D A B o} 11100 |Rc
fmaddx| 111111 D A B c 11101  |Rd
fnmsubx 111111 D A B C 11110 |Rc
fnmaddx| 111111 D A B c 11111 |Rd
fempo| 111111 " A B 0000100000
mtfsbix| 111111 0000100110
fnegx| 111111 0000101000
merfs| 111111 0001000000
mtfsbOx| 111111 0001000110
fmrx| 111111 0001001000 Re
mtfsfix| 111111 0010000110 Re
frabsx| 111111 0010001000 Re
fabsx| 111111 0100001000 Rc
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Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

mitsx| 111111 D ls"’é;o‘ 00 0 ( 1001000111 Re
mitfsfx 111111 ‘0_[ FM 0 B 1011000111 Rc
fetidx5| 111111 D 00000 B 1100101110 R
fotidzx®| 111111 D . 00000 B 1100101111 Rc
fefidx®| 111111 D 00000 B 1101001110 Rc
! Supervisor-level instruction
2 Supervisor- and user-level instruction
3 Load and store string or multiple instruction
4 Optional instruction
5 64-bit instruction
8 Optional 64-bit bridge instruction
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A.3 Instructions Grouped by Functional Categories

Table A-3 through Table A-30 list the 620 instructions grouped by function, as well as the
PowerPC instructions not implemented in the 620.

Key:
[—_—_] Reserved bits

Table A-3. Integer Arithmetic Instructions

Instruction not implemented in the 620

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addx 31 D A B OE 266 Rc
addcx 31 D A B OE 10 Re
addex 31 D A B OE 138 Rc|
addi 14 D A SIMM
addic 12 D A SIMM
addic. 13 D A SIMM
addis 15 D A SIMM
addmex 31 D A 234 Rc
addzex 31 D A 202 Rc
divdx5 31 D A B OF 489 Rc
divdux® 31 D A B OF 457 Re
divwx 31 D A B OF| 491 Rc
divwux 31 D A B OE 459 Rc|
mulhdx® 31 D A B 73 Rc|
mulhdux® 31 D A B 9 Rc|
mulhwx 31 D A B 75 Rc
mulhwux 31 D A B 11 Rc
mulid 5 31 D A B 233 Rc|
mulli 07 D A SIMM
muliwx 31 D A B E 235 Rc
negx 31 D A 104 Rc
subfx 31 D A 40 Rc|
subfex 31 D A B OF| 8 Rc
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subficx 08 D A SIMM
subfex 31 D A B OF| 136 Rc
subtmex| 31 D A 00000 [OF 232 Rc
subfzex 31 D A 00000 OE 200 Rc

Table A-4. Integer Compare Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
cmp| 31 crfD A B 0000000000 _[—0—'

cmpi 11 crfD A SIMM

cmpl 31 crfD A B ‘ 32
cmpli 10 crfD A UIMM
Table A-5. Integer Logical Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
andx 31 S A B 28 Re
andcx 31 S A B 60 Re

andi. 28 S A UMM

andis. 29 S A UiMM
cntlzdx > 31 S A 58 R
cntizwx 31 S A 26 Rc|
eqvx 31 S A 284 Rc|
extsbx 31 S A 954 Rc
extshx 31 S A 922 Rc
extswx > 31 S A 986 Rc
nandx 31 S A 476 Rc
norx 31 S A 124 Rc
orx 31 S A 444 Rc
orcx 31 S A 412 Rc

ori 24 s A UIMM

oris 25 S A UIMM
xorx 31 S A B 316 Rc

xori 26 S A UIMM

xoris 27 S A UIMM
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Table A-6. Integer Rotate Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ridelx® 30 S A B mb 8 Rc|
riderx 5 30 S A B me 9 Re|
ridicx 5 30 s A sh mb 2 |sh|Re
ridicx ® 30 S A sh mb 0 |sh|Rc
ridicrx 5 30 S A sh me 1 |sh|Rc
ridimix 5 30 S A sh mb 3 |sh|Re
rwimix| 22 S A SH MB ME Re
rwinmx| 20 s A SH MB ME Rc
rlwnmx 21 S A SH MB ME Rc
Table A-7. Integer Shift Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
sldx 5 31 s A B 27 Re|
slwx 31 S A B 24 Rc
sradx® 31 s A B 794 R
sradix5 31 S A sh 413 sh|Re
srawx| 31 s A B 792 Re
srawix 31 S A SH 824 Rc
srdx 5 31 s A B 539 Re]
srwx| 31 S A B 536 Rc
Table A-8. Floating-Point Arithmetic Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
faddx| 63 D 21 Rc
faddsx 59 D 21 Rc
fdivx| 63 D 18 Re
fdivsx 59 D 18 Rc
fmulx| 63 D 25 Re
fmulsx 59 D 25 Rc
fresx* 59 D 24 Rc
frsqrtex* 63 D 26 Rc|
fsubx 63 D 20 Rc
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fsubsx
fselx*
fsqrtx*

fsqrisx*

Name
fmaddx
fmaddsx
fmsubx
fmsubsx
fnmaddx
fnmaddsx
fnmsubx

fnmsubsx

59 D A B 00000 20 Re
63 D A B c 23 Rc
63 D 00000 B 00000 22 Rc
59 D 00000 B 00000 22 Re
Table A-9. Floating-Point Multiply-Add Instructions
0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
63 D A B c 29 Re
59 D A B c 29 Re
63 D A B c 28 Rc
59 D A B c 28 Rc
63 D A B c 31 Rc
59 D A B c 31 Rc
63 D A B c 30 Re
59 D A B c 30 Rc

Table A-10. Floating-Point Rounding and Conversion Instructions

Name 0 5 6 7 8 9 10 11 12 183 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fefidx ® 63 D 00000 B 846 Rc
fetidx ° 63 D 00000 B 814 Rc

fctidzx ® 63 D 00000 B 815 Re

fctiwx| 63 D 00000 B 14 Rc
fetiwzx 63 D 00000 B 15 Rc

frspx 63 D 00000 B 12 Rc|

Table A-11. Floating-Point Compare Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fecmpo 63 crfD 00 A B 32 0

fempu| 63 afd | 00 A B 0 0
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Table A-12. Floating-Point Status and Control Register Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mcrfs 63 crfD 64
. mffsx 63 583 Rc|
mtfsb0x 63 crbD 70 Rc
mtfsb1x 63 crbD 38 Rc|
mitfsfx 31 711 Rc|
mtfsfix 63 crfD 134 Rc
Table A-13. Integer Load Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ibz 34 D d
Ibzu 35 D A d
Ibzux 31 D A 119
Ibzx 31 D A 87
1d5 58 D A ds
Idu 8 58 D A ds
Idux ° 31 D A 53
ldx 5 31 D A 21
Iha 42 D A d
Ihau 43 D A d
thaux 31 D A 375
Ihax 31 D A 343
Ihz 40 D A d
lhzu 41 D A d
Ihzux 31 D A 311
Ihzx 31 D A 279
Iwa 5 58 D A ds
Iwaux 5 31 D A 373
Iwax 5 31 D A 341
Iwz 32 D A d
Iwzu 33 D A d
Iwzux 31 D A 55
Iwzx 31 D A 23
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Table A-14. Integer Store Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
stb 38 s A d
stbu 39 s A d
stbux 31 S A B 247 0
stbx 31 s A B 215 0
std ® 62 S A ds 0
stdu 5 62 S A ds 1
stdux 3 31 S A B 181 0
stdx 3 31 S A B 149 0
sth 44 s A d
sthu 45 S A d
sthux 31 S A B 439
sthx 31 s A B 407
stw 36 s A d
stwu 37 S A d
stwux 31 s A B 183
stwx 31 S A B 151

Table A-15. Integer Load and Store with Byte Reverse Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
hbrx| 31 D A B 790 0
wbrx| 31 D A B 534 0

sthbrx 31 S A B 918 0

stwbrx 31 S A B 662 0

Table A-16. Integer Load and Store Multiple Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Imw 3 46 D A d
stmw 3 47 S A d
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Table A-17. Integer Load and Store String Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Iswi 8 31 D A NB 597
Jiswx3| 31 D A B 533
stswi 3 31 s A NB 725
stswx 3 31 S A B 661
Table A-18. Memory Synchronization Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
eieio 854
isync 150
Idarx 5 31 D A B 84
Iwarx 31 D A B 20
stdex.® 31 s A B 214
stwex. 31 S A B 150
sync 31 598
Table A-19. Floating-Point Load Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ifd 50 D A d
ifdu 51 D A d
Ifdux 31 D A B 631
Ifdx 31 D A 599
ifs 48 D A d
ifsu 49 D A d
Ifsux 31 D A B 567
ifsx 31 D A B 535
Table A-20. Floating-Point Store Instructions
Name 0 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
sttd 54 s A d
stfdu 55 S A d
stfdux 31 S A B 759
stfdx 31 S A B 727
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stfiwx 31 S A B 983 0
stfs 52 S A
stfsu 53 S A
stfsux 31 S A B 695 (6]
stfsx 31 S A B 663 0
Table A-21. Floating-Point Move Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fabsx 63 D 00000 B 264 Rc
fmrx 63 D 00000 B 72 Rc
fnabsx| 63 D 00000 B 136 Rc
fnegx 63 D 00000 B 40 Rc|
Table A-22. Branch Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bx 18 LI AA|LK

bex 16 BO Bl BD AA|LK
becetrx 19 BO Bl 528 LK
belrx 19 BO BI 16 LK|

Table A-23. Condition Register Logical Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
crand 19 crbD crbA crbB 257 O
crandc 19 crbD crbA crbB 129 0
creqv 19 crbD crbA crbB 289 O
crnand 19 crbD crbA crbB 225 0
crnor 19 crbD crbA crbB 33 0
cror 19 crbD crbA crbB 449 0;1
crorc 19 crbD crbA crbB 417 0
crxor 19 crbD crbA crbB 193 0
merf| 19 ofd | crfs : ( o
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Table A-24. System Linkage Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
6| 19 ' )0
rfid ©-5 19
sC 17
Table A-25. Trap Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
td5 31 TO A B 68
tdi ® 03 TO A SIMM
tw 31 TO A B 4
twi 03 TO A SIMM
Table A-26. Processor Control Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
merxr 31 crfS ) 512
mfcr 31 D 19
mfmsr 31 D 83
mfspr 2 31 D 339
mftb 31 D 371
mterf 31 S 144
mtmsr 1€ 31 S 146
mtmsrd -5 31 S 178
mtspr 2 31 D 467
Table A-27. Cache Management Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
dcba 4 31 B 758
dcbt 31 A B 86
dcebi ! 31 A B 470
dcbst 31 A B 54
dcbt 31 A B 278
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doptst| 31 | 00000 | A B 246
debz| 31 | 00000 A B 1014
icbi| 31 | 00000 A B 982

Table A-28. Segment Register Manipulation Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mfsr -6 31 D 595
mfsrin 1 € 31 D 659
mtsr 16 31 S 210
mtsrd !+ 6 31 S 82
mtsrdin '-© 31 S 114
mtsrin '+ 6 31 S 242

Table A-29. Lookaside Buffer Management Instructions

Name o0 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

sibia 45

sibie 145

tibie '

tibsync'+4

Table A-30. External Control Instructions

Name 0 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

eciwx 31 D A B 310

ecowx 31 S A B 438

1 Supervisor-level instruction

2 Supervisor- and user-level instruction

3 Load and store string or multiple instruction
4 Optional instruction

5 64-bit instruction

8 Optional 64-bit bridge instruction
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A.4 Instructions Sorted by Form

Table A-31 through Table A-45 list the 620 instructions grouped by form, including those
PowerPC instructions not implemented in the 620.

Key:

!:I Reserved bits

Instruction not implemented in the 620

Table A-31. I-Form

I OPCD ‘ LI MLK'

Specific Instruction

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

bxl 18 | L IAAILKI

Table A-32. B-Form

| OPCD [ BO [ BI [ BD IAA|LKJ

Specific Instruction
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

bcx| 16 [ BO [ BI [ BD ‘AAlLK|

Table A-33. SC-Form

Specific Instruction

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Table A-34. D-Form

OPCD A d

OPCD A SIMM
OPCD A d

OPCD A UIMM
OPCD crfD A SIMM
OPCD crfD A UIMM
OPCD TO A SIMM
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Specific Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addi 14 D A SIMM
addic 12 D A SIMM
addic. 13 D A SIMM
addis 15 D A SIMM
andi. 28 S A UIMM
andis. 29 S A UIMM
cmpi 11 crfD A SIMM
cmpli 10 crfD A UIMM
Ibz 34 D ) A d
Ibzu 35 D A d
Ifd 50 D A d
Ifdu 51 D A d
Ifs 48 D A d
Ifsu 49 D A d
lha 42 D A d
lhau 43 D A d
lhz 40 D A d
lhzu 41 D A d
Imw 3 46 D A d
lwz 32 D A d
lwzu 33 D A d
mulli 7 D A SIMM
ori 24 S A UIMM
oris 25 S A UIMM
stb 38 S A d
stbu 39 S A d
stfd 54 S A d
stfdu 55 S A d
stfs 52 S A d
stfsu 53 S A d
sth 44 S A d
sthu 45 S A d
stmw 3 47 ] A d
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stw
stwu
subfic

tdi 5

xori

xoris

Name
Id*®
Idu®
Iwa
std ®

stdu ®

36 S A d

37 A d

08 A SIMM

02 TO A SIMM

03 TO A SIMM

26 A UIMM

27 A UIMM

Table A-35. DS-Form

OPCD D ds X0
OPCD ds X0

0

Specific Instructions

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

58 D A ds 0
58 D A ds 1
58 D A ds 2
62 s A ds 0
62 S A ds 1

Table A-36. X-Form

OPCD D A B X0

OPCD D X0

OPCD D X0

OPCD D X0

OPCD D X0

OPCD s X0

OPCD S X0

OPCD S X0

OPCD s X0

OPCD S X0

OPCD S X0

OPCD S X0

OPCD S XO

OPCD s X0
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OPCD | oD |0 | L B X0 0
OPCD cfd |00 B X0 0
orcD | o |00| ofs | 00| 00000 X0 0
OPCD cfd | 00| 00000 00000 X0 0
OPCD | cfD | 00| 00000 MM | X0 Rc
OPCD TO A B XO 0
OPCD D X0 Re
OPCD D XO Rc
OPCD crbD XO Rc|
OPCD | 00000 X0 0
OPCD 00000 X0 ‘—0—‘
OPCD | 00000 X0 l_°_1
Specific Instructions
andx 31 A 28 Rc
andcx 31 A 60 Rc
cmp| 31 ofd |0fL A 0 0
cmpl 31 cfD |0]L A 32 o;l
cntizdx 5 31 S A 58 Rc
cntlzwx 31 S A ,' 26 Rc
dcbat| 3t 00000 A B 758
dcbf 31 00000 A B 86
debi ! 31 00000 A B 470
dcbst 31 00000 A B 54
debt| 31 00000 A B 278
dcbtst 31 0000 0 A B 246
dcbz 31 00000 A B 1014
eciwx 31 D A B 310
ecowx 31 S A 438
eieio 31 10001 854
eqvx 31 S A 284 Rc
extsbx 31 S A 954 Rc|
extshx 31 S A 922 Rc
extswx 5 31 S A 986 Rc|
fabsx| 63 D 00¢ 264 Rc
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fefidx S
fcmpo
fcmpu

fetidx S

fetidzx 5
fetiwx
fetiwzx
fmrx
fnabsx
fnegx
frspx
icbi
Ibzux
Ibzx

Idarx ®

Idux ®
Idx
Ifdux

Ifdx
Ifsux
Ifsx
lhaux
lhax
Ihbrx
lhzux
lhzx

Iswi 3

Iswx 3

Iwarx

Iwaux >

Iwax ®
Iwbrx
Iwzux

lwzx

mcrfs

63 D B 846 Re
63 crfd B 32 0
63 B 0 0
63 D B 814 Re
63 D B 815 Re
63 D B 14 Rc
63 D B 15 Re
63 D B 72 Re
63 D B 136 Re
63 D B 40 Re
63 D B 12 Re
31 0000 B 982 0
31 D A B 119 0
31 D A B 87 0
31 D A B 84 0
31 D A B 53 0
31 D A B 21 0
31 D A B 631 0
31 D A B 599 0
31 D A B 567 0
31 D A B 535 0
31 D A B 375 0
31 D A B 343 0
31 D A B 790 0
31 D A B 311 0
31 D A B 279 0
31 D A NB 597 0
31 D A B 533 0
31 D A B 20 0
31 D A B 373 0
31 D A B 341 0
31 D A B 534 0
31 D A B 55 0
31 D A B 23 0
63 crfD crfS 64 0
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merxr 31 cfD | 00 00000 00000 512 0
mfcr 31 D 00000 00000 19 0
mifsx| 63 D 00000 00000 583 Rc

mfmsr ! 31 D 00000 00000 83 0
mfsr -6 31 D SR 00000 595 0
mfsrin 1 © 31 D 00000 B 659 0
mtfsbOx| 63 crbD 00000 00000 70 Rc
mtfsb1x 63 crfD 00000 00000 38 Rc
mitfsfix 63 cbD | 00 00000 IMM 134
mtmsr ' 8 31 s 00000 00000 146
mtmsrd 5| 31 s 00000 | 00000 178
mtsr -8 31 S SR . 210
mtsrd ' 6 31 S SR 82
mtsrin 1+ 6 31 S 00 000 B 242
mtsrdin -6 31 s 00000 | B 114
nandx 31 S A B 476
norx 31 S A B 124 Rc
orx 31 S A B 444 Rc
orcx 31 S A B 412
slbia 45| 31 000 498
slbie 145 31 B 434
sldx® 31 B 27
slwx 31 S A B 24 Rc
sradx® 31 S A B 794 Rc
srawx 31 S A B 792 Rc
srawix 31 S A SH 824 Rc
srdx5 31 S A B 539 Rc|
Srwx 31 S A B 536
stbux 31 S A B 247
stbx 31 S A B 215
stdex. ® 31 S A B 214
stdux 5 31 S A B 181
stdx 5 31 S A B 149
stfdux 31 S A B 759
stfdx 31 S A B 727
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DO O|IO|IOIOIO|lO|ln|ln|ln|n
P> 2|2|22>|>|>>|>|>

tibie 14

tibsync'+#
tw
xorx
Table A-37. XL-Form
X0
X0
X0
X0
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bectrx| 19 BO BI 00 528 LK
belrx 19 BO Bl 16
crand 19 crbD crbA crbB 257
crandc 19 crbD crbA crbB 129
creqv 19 crbD crbA crbB 289
crnand 19 crbD crbA crbB 225
crnor 19 crbD crbA crbB 33
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cror 19 crbD crbA crbB 449 0
crorc 19 crbD crbA crbB 417 0
crxor 19 crbD crbA crbB 193 0
isync 19 00000 00000 00000 150 0

merf 19 crfD 00 crfS 00 00000 0 0
rfi 1+ 6 19 00000 00000 00000 50 0

rfid 5 19 00000 00000 00000 18 0
Table A-38. XFX-Form
OPCD D spr X0 0
OPCD D 0 CRM 0 XO 0
OPCD S spr X0 0
OPCD D tor X0 0
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mfspr 2 31 D spr 339 0
mftb| 31 D tor 371 0
mtcrf 31 s 0 CRM 0 144 0
mtspr 2 31 D spr 467 0
Table A-39. XFL-Form
| OPCD [§o§| M l 0 | B ‘ X0 ]Rc|
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mtfsfx| 63 ] 0 l FM l 0 B | 711 [RcJ
Table A-40. XS-Form
| OPCD ’ s l A ! sh ‘ X0 |sn]RcJ
Specific Instructions
Name o0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
sradix ® l 31 ] S ’ A | sh 413 |sh |Rc|
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Table A-41. XO-Form

OPCD D B OE X0 Re
OPCD B 0 X0 Re
OPCD D 00000 OF X0 Rc

Specific Instructions

Name 0 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addx 31 D A B OF 266 Rc
addcx 31 D A B OF| 10 Rc!
addex 31 D A B OF 138 Rc
addmex| 31 D A | 00000 pH 234 Rc
addzex| 31 D A 00000 [E 202 Re
divdx® 31 D A B OF| 489 Rc
divdux 5 31 D A B OE 457 Rc|
divwx 31 D A B OF| 491 Rc
divwux 31 D A B OE| 459 Rc
mulhdx 5 31 D A B 0 73 Re
mulhdux’ 31 D A B 0 9 Rc
mulhwx 31 D A B 0 75 Rc
mulhwux 31 D A B 0 11 Rc
mulldx > 31 D A B OE 233 Re
mullwx 31 D A B OE| 235 Rc
negx| 31 D A | 00000 [OE 104 Rc
subfx 31 D A B OE 40 Re
subfex 31 D A B OF| 8 Rc
subfex 31 D A B OE 136 Re
subfmex| 31 D A 00000 [oE 232 Re
subfzex| 31 D A . 0000 oﬂ’ OE 200 Rc
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Table A-42. A-Form

OPCD D A B 00000 X0 Rc
OPCD D A B C XO Rc
OPCD D A 00000 C X0 Rc
OPCD D 00000 B 00000 X0 Rc

Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
faddx 63 D A B 60000 21 Rc
faddsx| 59 D A B 00000 21 Re
fdivx| 63 D A B Diq 000 18 Re
fdivsx| 59 D A B o 18 Rc
fmaddx 63 D A B C 29 Rc
fmaddsx 59 D A B C 29 Rc
fmsubx 63 D A B C 28 Rc
fmsubsx 59 D A B C 28 Rc
fmuix 63 D A C 25 Rc
fmulsx 59 D A C 25 Rc|
fnmaddx 63 D A C 31 Rc|
fnmaddsx 59 D A B C 31 Rc
fnmsubx 63 D A B C 30 Rc|
fnmsubsx 59 D A B C 30 Rc
fresx4| 59 D B 00 24 Rc
frsqrtex * 63 D B 26 Rc
fselx 4 63 D A B c 23 Rc
fsqrix* 63 D B 22 Rc
fsqrisx 4 59 D B 22 Rc
fsubx 63 D B 20 Rc|
fsubsx 59 D B 20 Rc|
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Table A-43. M-Form
OPCD S SH MB ME Rc|
OPCD B MB ME Rc|
Specific Instructions
Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
riwimix 20 S A SH MB ME Rc
rlwinmx 21 S A SH MB ME Rc
riwnmx 23 S A B MB ME Rc
Table A-44. MD-Form
OPCD S sh mb XO |sh|Rc|
OPCD S sh me XO |[sh|Rc|
Specific Instructions
Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ridicx 5 30 S A sh mb 2 |sh|Re
ridiclx 5 30 S A sh mb 0 |sh|Rc
ridicrx 5 30 S A sh me 1 |sh|Rc
ridimix 5 30 S A sh mb 3 |sh|Re
Table A-45. MDS-Form
OPCD S B mb X0 Re
OPCD S B me X0 Rc
Specific Instructions
Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ridclx 5 30 S A B mb 8 Rc
ridcrx 5 30 S A B me 9 Rc|
' Supervisor-level instruction
2 Supervisor- and user-level instruction
3 Load/store string/multiple instruction
4 Optional instruction
5 64-bit instruction
6 Optional 64-bit bridge instruction
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Appendix B
Invalid Instruction Forms

This appendix describes how invalid instructions are treated by the PowerPC 620
MiCroprocessor.

B.1 Invalid Forms Excluding Reserved Fields

Table B-1 illustrates the invalid instruction forms of the PowerPC architecture that are not
a result of a nonzero reserved field in the instruction encoding.

Table B-1. Invalid Forms (Excluding Reserved Fields)

Mnemonic

B°2=0

rA=0
or
rA=rD

rA=0

rA=rT=0

rAin
Range

rAorrB
in Range

L=1

SPR Not
Implemented

becetr

becetrl

Ibzu

Ibzux

Ihzu

lhzux

Ihau

Ihaux

lwzu

Iwzux

X X X X X]| X]|X]| X

stbu

stbux

sthu

sthux

stwu

stwux

X X[ X} X| X| X

Imw
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Table B-1. Invalid Forms (Excluding Reserved Fields) (Continued)

rA=0 .
. rAin rAor rB SPR Not
Mnemonic | BO,=0 rAger rA=0 rA=rT=0 Range | in Range L=1 Implemented

Iswi X X

Iswx X X

cmpi

cmp

cmpli

X | X| x| X

cmpl

mtspr

mispr

LFSU

Ifsux

Ifdu
Ifdux

stfsu

stfsux

stfdu

XX X| X| X X| X]| X

stfdux

B.2 Invalid Forms with Reserved Fields (Bit 31
Exclusive)

Table B-2 lists the invalid instruction forms of the PowerPC architecture that result from a
nonzero reserved field in the instruction encoding. This table takes into consideration all
reserved fields in an instruction that must be zero, excluding only those instructions that
would become invalid if only bit 31 were set. Note that any combination of a one being
detected in the instructions field(s) marked X results in an invalid form.

The tlbsync instruction has the same opcode and format as the sync instruction. Setting
bit 31 in the instruction indicates a tlbsync.
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive)

Mnemonic

6
to
10

6
to
15

6
to
20

9
to
10

"

1
to
15

1
to
20

14
to
20

15

16
to
20

20

21

21
to
25

31

belr

belrl

becetr

bectrl

SC

mcrf

sync

addme|o][.]

subfme|o][.]

addzejo][.]

subfze[o][.]

negfo][.]

X | X X| X| X

mulhw(u][.]

cmpi

cmp

cmpli

cmpl

X | X| X]| X

extsbl.]

extshl.]

cntizw[.]

mterf

mcerxr

mtpmr

mfpmr

X | X X| X

fmrl.]

fnegl.]

fabs].]

fnabs|.]

X| X| X| X

fadd[.]

fadds[.]
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) (Continued)

6 6 6 6 9 9 1111 | 14 16 21
Mnemonie¢ 6|to|to|[to|to |9 |to|to|11|to|to| to |15 | to | 20| 21 | to | 31
10|15 20 | 29 10 | 15 15 20 | 20 20 25

fsubl.] X

fsubs|.] X

fmul[.] X

fmuis[.] X

fdiv[.] X

fdivs[.] X

frspl.]

fetiwl.]

fetiwz[.] X

fcmpu

fcmpuo

mffs[] X

mcrfs X X X

mtfsfi[.] X X

mtfsf].] X X

mtfsbO[.] X

mtfsb1[] X

icbi X

isync X

dcbt

dcbtst

dcbz

dcbst

X| X X]| X| X

dcbf

eieio X

mftb

mftbu

rfi X

mtmsr

mfmsr

XXX X X X X| X X|X]|X]|X]|X]|X

dcbi X
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) (Continued)

6| 6|6 |6 919 1|11 | 14 16 21
Mnemonic 6|{tojto|to|to[9|to|]to|11|to|tof to |15 ) to |20 21| to | 31

10|15 )20 | 29 10 | 15 15|20 | 20 20 25
mtsr X X X
mfsr X X X
mtsrin X
mfsrin X X
tibie X X
mttb X X
mttbu X X
tibsync X *

B.3 Invalid Form with Only Bit 31 Set

The following instructions generate invalid instruction forms if only bit 31 is set in the
instruction:

e cror

e crxor
« crnand
e crnor
e crandc
e creqv
e crorc
o lbzx

e lbzux
e lhzx

¢ lhzux
* lhax

* lhaux
o lwzx

e lwzux
o stbx

» stbux
» sthx

e sthux
*  stwx

* stwux
e lhbrx
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¢ Iwbrx
« sthbrx
e stwbrx
o Iswi

e Iswx

o stswi

*  Stswx
¢ Iwarx

o tw

* mtspr
« mfspr
o Ifsx

o Ifsux

o Ifdx

o Ifdux

o stfsx

o stfsux
o stfdx

o stfdux

B.4 Invalid Forms from Invalid BO Field Encodings

The following list illustrates the invalid BO fields for the conditional branch instructions
(bc, bea, bel, bela, belr, belrl, beetr, and becetrl). Specifying a conditional branch
instruction with one of these fields results in a invalid instruction form. Note that entries
with the y bit represent two possible instruction encodings. Invalid BO field encodings are
as follows:

+ 0011y
+ 0llly
e 1100y
¢ 1101y
« 10101
« 10110
« 10111
° 11100
e 11101
« 11110
« 11111

The 620 treats the bits listed above as causing an invalid form as “don’t cares.”
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Appendix C
Hardware Configuration

This appendix is devoted to a consolidated collection of narrower requirements to bring up
a PowerPC 620 in a defined state. Included is a summary of hardware configuration signals,
their use and the prescribed sequence to use on a 620 processor during and after reset. This
involves bus configuration, the L2 interface and other tidbits.

C.1 Hardware Configuration Signals

Table C-1 provides a summary of signals used for hardware configuration. Additional
information can be found in Chapter 7, “Signal Descriptions.” All of these inputs must be
set at power-on reset. Changing these signals with hard reset deasserted will have no effect.

Table C-1. Hardware Configuration Signals Summary

Signal Name

Purpose

Typical
Values to
Use

SHIFTGATE

This signal is used during LSSD testing to enable shift clocks. In system
appiications this signal defines the MSB for BUSRATIO.

BUSRATIO1

This is a dedicated signal to define the LSB for BUSRATIO on the 620.
Acceptable ratios are—10:2:1 mode, 11:3:1 mode, 00:4:1 mode.
Note: A setting of 01 is invalid and will result in unpredictable behavior.

BUSCLKGTL

This is a dedicated signal to set the I/O interface for the input clock to the 620.
For CMOS single-ended clock input this net should be tied low. Then drive the
input clock into the BUSCLK input signal and ground the BUSCLK_B signal. If
using a differential input pair of clocks with a GTL source, tie the
BUSCLKGTL input high and source the clock in on the BUSCLK, BUSCLK_B
pair of inputs.

BUSLAEN

This is another dedicated input that is used to enable or disable the late
address enable mode. When active high, this input indicates that the address
associated with an ABG should be enabled 1 PCLK after the beginning of the
next BUSCLK cycle. When deasserted, the address should be asserted at
the beginning of the next BUSCLK cycle. For further information refer to
Section 2.1.2.4, “Bus Status and Control Register (BUSCSR).”

BUSRESPTEN[0-1]

These two inputs are dedicated signals to set the latency between valid
ASTATOUT and ARESPOUT being driven and ASTATIN/ARESPIN being
sampled. Valid decodes are 01 — 1 BUSCLK, 10 — 2 BUSCLKS, 11 -3
BUSCLKS.

Note: 00 is invalid.
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Table C-1. Hardware Configuration Signals Summary (Continued)

Typical
Signal Name Purpose Values to
Use

BUSDX This input when asserted high forces the 620 to run in DX mode. In this 0

mode, bus data transfers occur over the DataHigh bus only in double word

format. The Datal.ow bus is therefore dibbled. The normal mode power on

default is to enable quadword operations with DX mode off.
BUSPID[0—4] BUSPID[0-4] comprises a five bit processor ID number on the bus. This 000

value is sampled during hard reset and used to form the bus tag for all
subsequent bus operations. The first three bits of this bus are formed from

dedicated signals.

DRVRINHIBIT1 Shared signal between LSSD function to disable drivers and hard reset 0
function of BUSPID[3]

DRVRINHIBIT2 Shared signal between LSSD function to disable drivers and hard reset 0
function of BUSPID[4]

RCVRINHIBIT These final three pins are shared between LSSD function and PLL 0

configuration during power up. During power up, that is, when hard reset is
asserted, this signal is used to decode the function of PllVcoBand.

L1_TESTCLK During hard reset this signal is decoded as PliPumpLow 0

L2_TESTCLK During hard reset this signal is decoded as PlIVcoDiv. 0

C.2 Processor Start Up

To illustrate what happens when the 620 is powered up, assume the default values are
asserted during hard reset as illustrated in Table C-1. Given this back drop and input
BUSCLK of 50 MHz, CMOS single ended, the 620 will be running at an internal frequency
of 100 MHz.

The following sequence is important to follow for safe operation:

1. Assert hard reset prior to applying power or as the power suply is ramping up. To
accomplish this a simple method is via a pull down resistor. This is important to
avoid internal bus contention and put the internal caches in a safe state.

2. After power stabilizes, hold reset for 2ms to ensure the internal PLL has time to lock.
During this time, the 620 is scanning all internal latches to initial values and getting
set to branch to the system reset vector.

3. Upon deassertion of reset, 620 will start fetching at address FFF00100, expecting to
find the system interrupt handler. In so doing, the 620 will assert that address on the
lower 32 bits of address along with ABR and DBR. In response 620 will expect ABG
and DBG.

C.3 Setting Bus and Cache Configuration Registers

Not all 620 configuration registers are set during the hardware reset process. Several,
including the BUSCSR, L2CR and HIDO registers require a prescribed software sequence
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to be set. This sequence is illustrated in PowerPC pseudo-assembly code. It assumes that
the HIDO, BUSCSR, and L2CR registers are at reset state, and that address translation is
disabled. It also assumes that the run state has both L1 caches and snooping enabled.

Note that, in order to program the BUSCSR and L2CR correctly, the bus must be running
incoherently. In particular, since snooping is disabled, there can be no master or slave
running on the bus that could rerun the SYNC operations. The code to form an incoherent
barrier before enabling snooping for processors in an multiprocessor system is not included
here.

# this number is guaranteed to run a countdown loop for at least

# 100 us on a 200 MHz machine (20,000 cycles)

const int32 one_hundred_us = 0x4¢20;

#

# initialize HIDO, BUSCSR and L2CR registers

# assume the values to be set are in some memory location

# called hwavprr_<register> offset from the address in register 2
# Note: each sync, mtspr, isync sequence for setting buscsr, hid0 or 12cr
# must be aligned on a quadword boundary

#

# step 1: set all buscsr parameters except snpen

# step 2: set all hid0 parameters

# step 3: set all L2CR except 12clc, 12pllen, 12initb

# step 4: set 12pllen and wait 100 us.

# step 5: set all L2CR except 12initb

# step 6: touch all L2 lines

# step 7: set 12initb

# step 8: flush L2

# step 9: enable snooping

#

#step 1 - set buscsr except snpen

#

1d 13, hwavprr_BUSCSR(12);

andi. 13, r3, Oxfffffeff; # don’t enable snooping

.align 16; # align to QW
sync;

mtbuscsr 13;

isync;
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#

# step 2 - set all hidO parameters
“ .

Iwz 13, hwavprr_HIDO(12);

ori 13, r3, 0x00000c00; # add flash invalidates to config
.align 16;

sync;

mthidO r3;

isync;

#

# steps 3-8 - set and initialize L2
#

1d 13, hwavprr_L2CR(12);

# skip init if 12clc<0> is O

andis. r4, r3, 0x0001;

cmpwi cr0, r4, 0;

beq cr0, 12_done;

#

# Step 3 - set 12cr except write 0’s to 12clc, 12pllen, 12init_b
#

addi 15, 10, 0;

ori r5, r5, Ox 1fff;

oris 15, 5, Oxfffe;

and r4, 13, 15;

.align 16;

sync;

mtl2cr r4;

isync;

#

# step 4 - assert 12pllen and wait for pll to lock
#

addi r3, 0, 0;

ori 15, 10, Ox5fff;

oris 15, r5, Oxfffe;

and r4, 13, 15;

.align 16;

sync;
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loop:

initloop:

mtl2cr r4;

isync;

# 100 us loop

addi r4, r0, one_hundred_us;

mtctr r4;

bdnz.y loop;

#

# step 5: enable L2 in init mode

#

addi r5, r0, 0;

ori 15, r5, Oxdfff;

oris 15, r3, Oxffff;

and r4, 13, r5;

.align 16;

sync;

mtl2cr r4;

isync;

#

# Step 6

#

# touch all of L2 (16384*(12size+1) cache blocks)
# Note: these loops assume that the memory starting at location
# zero and of size == 12 exists.

rlwinm r4, 13, 12, 20, 31;# srwi r4, 14, 20

andi. r4, r4, Oxf;

addird, r4, 1;

riwinm r4, r4, 14, 0, 17;# slwi r4, r4, 14 <=> n*16384
mtctr r4;

addi r5, r0, 0;

Iwz 16, 0(r5);
addi 15, 15, 64;
bdnz.y initloop;
# clear 12sr
addi 6, 10, 0;

sync; # no align needed for 12sr set
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flushloop:

12_done:

mtl2sr r6;
isync;

#

# Step 7: fully enable L2

#

.align 16;

sync;

mtl2cr r3;

isync;

#

# Step 8: flush L2
#

mtctr r4;

addi 15, 10, O;
debf 10, 15;
addi 15, 15, 64;

bdnz.y flushloop;

#

# step 9 - enable snooping

#

mfbuscsr r3;

ori r3, r3, 0x100;
.align 16;

sync;

mtbuscsr r3;
isync;

#

# end special bringup code

#

# enable snooping

C-6

PowerPC 620 RISC Microprocessor User’s Manual

MOTOROLA



C.4 Enabling Address Translation

Setting the MSR also requires a special code sequence. Address translation should be
enabled after the initialization of the SPRs (HIDO, BUSCSR, L2CR), the L2 interface, and
after enabling snooping. The following code is recommended to make sure that setting the
IR and DR bits in the MSR register has completed execution before any new instructions
are prefetched (the reason for the 16 Nops).

mfmsr r12
mask and set IR and DR
mtmsr r12
sync
isync

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

C.5 Flushing Data from the L1 Data Cache

Flushing data from the data cache can be accomplished in two ways. First, the dcbst or dcbf
instructions can be used to force a particular address from the data cache back to main
memory. If you know the addresses of the data to be flushed, this is the preferred method.

For example, if a page of instructions has been loaded into the data cache and must be
flushed to main memory in order to be executed, a simple routine could be written to do a
dcbf to each line in that page.

Flushing the entire data cache regardless of its contents is a more difficult proposition. This
may be required, for example, if the processor is being placed in nap mode. The dcbf and
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dcbst instructions cannot be used because they will only force copy-backs for specific
addresses, and you cannot practically do a dcbf for the entire physical address space. The
better solution is to perform enough loads to guarantee that all previous data has been
replaced in the data cache with new data. The difficulty with this method is that accidental
hits, aliased hits, or ECAM matches can confuse the PLRU algorithm so that more loads
are required than might be expected. ’

If loads are done from an address space that is known not to be in the data cache, then the
cache can be completely flushed by doing 13 loads to each camlet, each with a unique
ECAM value (that is, EA[44-51] must be unique). If, however, the data loaded to force
copy-backs might already be in the cache, making hits and aliased hits possible, then it is
required to do 20 loads with unique ECAM values. In addition, since any of the loads may
have hit rather than forced a copy-back, it is also necessary to perform a dchf on each
address loaded.

The code segment below should perform the necessary operations for a complete flush of
the data cache. Notice that this code segment assumes that data being loaded may in fact be
in the cache, so 20 loads are performed for each camlet, and dcbf instructions are
performed after the loads. The comments indicate where the code can be modified if the
data being loaded is known not to be in the cache.

Note that if the dcbf loop is performed, the final state of all lines in the data cache will be
invalid. If the dcbf instruction is replaced with dcbst or if loads are done from unused
memory and the dcbf loop is skipped altogether, then the final state of all lines in the data
cache will be shared or exclusive.

full_cache_flush:

.set FLUSH_START_HI,0x0000 # Change to whatever starting
.set FLUSH_START_LO,0x0000 # address you like....

.set HIDO0,0x3F0# SPR value for HIDO

.set BLOCK_SIZE,0x40# 64 bytes per line

.set LOOP_COUNT,20# This number should be 13 if loads

# are done from unused memory,

# or 20 if not.

mfmsr GO # Save MSR value to GO
mfspr GLHIDO # Save HIDO value to G1

rlwinm G2,G0,0,17,15# Disable EE
rlwinm G3,G1,0,16,17# Leave I and D caches on
# Turn superscalar mode off

# No speculative ifetch
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.align
sync
mtmsr
mtspr

isync

addi
addi
oris
ori
subf
addi

addi
add

camlet_flush_loop:

mtctr

add
load_loop:

Ibzux

bc

# No dynamic branch prediction or

# branch history table updates

4 # Align to quad-word boundary
# Update SPR’s

G2 #

G3,HIDO # G2 and G3 are free to be reused
#

G2,G0,0x1000# G2 = ECAM incrementer
G3,G0,0  #Clear G3
G4,G3,FLUSH_START_HI# G4 = start address of data
G4,G4, FLUSH_START_LO# used to flush cache
G4,G2,G4 # minus initial offset.
G3,G0,0x0FCO# G3 = camlet offset

# Start at 63 and work back to 0
G5,G0,LOOP_COUNT# G5 = number of loads/flushes
G6,G0,BLOCK_SIZE# G6 = line size

G5 # ctr = # of load’s to do
G7,G4,G3 # add camlet offset to address

G8,G7,G2 # do 20 loads to the same camlet
16,0,l0ad_loop# each with a unique ECAM value
# until CTR=0

# This loop can be removed if data is loaded from unused memory

mtctr G5 # ctr = # of dcbf’s to do
add G7,G4,G3 # reset G7 to start address
dcbf_loop:
dcbf G7,G2 # Flush the line from the cache
add G7,G7,G2 #1in case the line actually hit
be 16,0,dcbf_loop# Loop until CTR=0
subf. G3,G6,G3 # Subtract line size from G3 to
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# point to next camlet.

bne camlet_flush_loop# Repeat camlet flush loop
# until G3<0

.align 4

sync #restore SPR’s

mtmsr GO #

mtspr G1,HIDO #
sync #
If the dcbf instruction is changed to a dcbst or if the dcbf loop is not executed, and it is
desired to leave all lines in the data cache in the invalid state, the following sequence can
be appended to the previous procedure.
» Reset SPR (HIDO[DCE]) to disable data cache
* Set SPR(HIDO[DCEFI]) to invalidate the whole data cache
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Appendix D
Bus Protocol Livelock Scenarios

In any multiprocessor system, livelock scenarios are possible. Measures to avoid these
scenarios include, but are not limited to, the following:

» Special-purpose hardware in the PowerPC 620 such as pacing counters.
e Special-purpose hardware in the system such as a smart arbiter or the use of high-
priority requests.

The remainder of this appendix documents livelocks encountered during either simulation
or hardware debug.

D.1 2-way Multiprocessing—Imprecise Collision Hit
Between Processors

This livelock was encountered during 2-way multiprocessing (MP) simulation where the
second processor was retried all the time by the first processor. The situation is as follows:

¢ The codes sequence for both processors are illustrated in Table D-1:

Table D-1. Processor Code Sequence

Processor 1 Processor 2
Loop:
Load A Load A
Load B Store A
Branch back to “Loop:” if A is
not updated by processor 2
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Other conditions required for this scenario to occur include:

— Both A and B have the same 20 least significant bits for their effective addresses.
Based on the current L1 cache placement policy, this will cause A and B to map
to the same L1 entry. In other words, fetching B will force the invalidation of A
in the L1 cache and vice versa.

— A and B have the same 20 least significant bits for the physical addresses. This
will cause imprecise collision detection between B, from processor 1, and A,
from processor 2.

— The size of L2 cache is greater than 1 Mbyte. This will allow both A and B to
reside in the L2 cache at the same time.

— Both A and B are located in the L2 cache of processor 1, but A is not in the L2
cache of processor 2. In this case, Processor 2 will go out to the 620 bus to fetch
the cache line for A when “load A” is executed.

After the first iteration of the loop in processor 1, B (not A) is in the L1 cache. In
order to load A, DCMMU has to send a request to BIU to fetch A from the L2 cache.
After that, A (not B) is in the L1 cache, which will cause DCMMU to request B from
the L2 cache when “Load B” is executed next. Therefore, DCMMU will keep
sending requests to L2 for either A or B alternatively as long as processor 1 stays
within that loop. During the iteration of each loop, if processor 2’s fetching request
to A which is sent to 620 bus is always snooped by processor 1 within a particular
timing window, then processor 1’s collision detection logic will win and retry
processor 2 every time. Since processor 2 is retried all the times, it cannot load A and
update it. On the other hand, if A is not updated, processor 2 will stay in the loop
forever and also keeps processor 1 from making any progress. This causes a livelock
problem.

This livelock may be broken by using the 620 pacing counters or by having a smart arbiter
detect the sequence and change the grant pattern.

D.2 4-way Multiprocessing—All Processors Running

lwarx and stwcx.

This livelock was encountered during hardware debug. Processors 0-3 (P0O-P3) were all
attempting to access the same cache line. The situation is as follows:

1. PO is waiting for a lock variable to update and is using a Iwarx to check the value of

the memory.

P1 is executing a similar code sequence.

P2 has a reservation and is attempting to execute a stwex to the shared cache line.
P3 is executing a similar code sequence.

. When PO accesses L2, it temporarily takes ownership of the cache line so it moves

its CD state to IN-BUSY.

D-2
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3. While PO is IN-BUSY, it snoops the stwex from P3. This stwex fails CD since the
PO Iwarx is IN-BUSY and the stwex is subsequently ARESPIN Retried. PO runs the
Iwarx on the bus, finds that the value is unchanged and loops back to the lwarx.

4. The same sequence exists for the P1-P2 pairs.
5. When PO and P1 run the lwarx operations on the bus, they line up in previous
adjacent windows and each takes turns ASTATIN Retrying its operation.

This livelock may be broken by using the 620 pacing counters or by having a smart arbiter
detect the sequence and change the grant pattern.

D.3 4-way Multiprocessing—3 Processors Reading
Line with Pending W = 1 Stores to L2

A variation of this livelock was encountered during 4-way MP simulation. Processor 0 (P0O)
is processing two write-through stores and Processors 1-3 (P1-P3) are all attempting to
read the same lines. The situation is as follows:
1. The L2 is 2:1, single-synchronous. BUSTLAR=3; BUSRESPTEN=2.
2. PO moves a W=1 store to Address A to the Store Buffer. The line is valid in L2. The
L2 write is pending.
3. PO moves a W=1 store to Address B to the Store Buffer. The line is valid in L2. The
L2 write is pending.

4. P1 generates a bus read for Address A. PO snoops this operation and generates an L2
read.

5. P2 generates a bus read for Address B. PO snoops this operation and generates an L2
read. The P1 and P2 addresses are adjacent.

6. P3 generates a bus read for Address A. PO snoops this operation and generates an L2
read. The P2 and P3 addresses are adjacent.

7. P1is AResp Retried since Address A is held in the Store Buffer.
8. P2 is AResp Retried since Address B is held in the Store Buffer.
9. P3is AResp Retried since Address A is held in the Store Buffer.

10. Since L2 reads are higher priority than L2 writes, the pending PO stores cannot
access the L2.

11.P1, P2 and P3 continually get AResp Retried and repeat this access pattern.
Note that the livelock could also occur for other types of PO stores. Examples include

consecutive L1 deallocates to L2 or two snooped “Clean” operations which cause pushes
to the bus and the L2.

This livelock may be broken by using the 620 pacing counters or by having a smart arbiter
detect the sequence and change the grant pattern.
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summary, 8-67
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Cache
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state definitions, 3-9
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protocol, 8-88
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L2 interface
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ECC,9-21
L2 cache, overview, 1-15
L2 interface signals, 7-10
L2 latency, 6-24
L2 SRAM wiring diagram, 9-2
operation, 9-2
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tag syndrome, 9-11
timing diagrams, 9-23
L3 cache (not implemented), 3-21, 8-68
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multi-level cache, definition, 8-87
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organization, instruction and data, 3-3, 3-4
overview, 1-13
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shared cache state, 8-89
state transitions, 3-17
WIM bits, bus operations, 8-48, 8-87
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Cache management intructions, 2-62, 2-66, 3-14, A-
26
Changed (C) bit maintenance recording, 5-12, 5-24-5-
25
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Completion unit, 1-10
Completion, definition, 6-3
Context synchronization, 2-36
Conventions, xxxviii, xxxix, xlii, 2-27
CR (condition register)
CR logical instructions, 2-55, A-25
CR, description, 2-4
CR logical instructions, A-25
CTR (count register), 2-5

D

DABR (data address breakpoint register), 2-7
DAR (data address register), 2-7
Data bus

arbitration requests, 8-10

arbitration signals, 7-13, 8-12

bus tagging, 8-59

data arbitration, 8-13

data bus parity, 8-67

data transfer

DHn/DLn, 7-14, 8-37
DPn, 7-16, 8-67

data transfer protocol, 8-37
Data cache organization, 3-3
Data organization in memory, 2-28
Data transfers, 2-28
DBB (data bus busy) signal, 7-19, 8-39
DBG (data bus grant)signal, 7-13, 8-12
DCACHE (data cache) signal, 7-17, 8-41
Deadlocks, scenarios and solutions, 8-112
Debug support, 8-115
Decrementer exception, 4-21
Defined instruction class, 2-32
DERR (data bus error) signal, 7-20, 8-42
DHn/DLn (data bus) signals, 7-14, 8-37
Direct-store interface

access to direct-store segments, 3-25

direct-store address translation, 5-9

selection of direct-store segments, 5-17, 5-36
Dispatch unit, 1-10
DPn (data bus parity) signals, 7-16, 8-67
DSI exception, 4-19
DSISR register, 2-7
DTAG (data tag) signal, 7-17, 8-38
DVAL (data valid) signal, 7-18, 8-39
DX mode (64-bit data bus width mode), 8-43

E

EATS (early address transfer start) signal, 7-5, 8-14
Effective address calculation
address translation, 5-5
branches, 2-35
loads and stores, 2-35, 2-46, 2-52
eieio, 2-60
Exceptions
alignment exception, 4-4, 4-20
decrementer exception, 4-4, 4-21
DSI exception, 4-3, 4-19
enabling and disabling, 4-11
exception classes, 4-2
exception handling registers, 2-7
exception model, 1-30
exception prefix bit (IP), 4-14
exception priorities, 4-6
exception processing, 4-8, 4-12
external interrupt, 4-4, 4-19
FP assist exception, 4-5, 4-22
FP unavailable exception, 4-4, 4-21
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instruction address breakpoint exception, 4-5, 4-23
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ISI exception, 4-3, 4-19
machine check exception, 4-3, 4-16
MMU exception conditions, 5-19
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performance monitor interrupt, 4-5, 4-22, 10-38
program exception, 4-4, 4-20
register settings
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summary table, 4-3
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system reset, 4-3
terminology, 4-2
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synchronization, 2-36
External control instructions, 2-63, A-27
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Features summary, 1-2
Fetch unit, 1-9
Finish cycle, definition, 6-3
Floating-point model
FEO/FE1 bits, 4-11
FP arithmetic instructions, 2-42, A-20
FP assist exceptions, 4-22
FP compare instructions, 2-44, A-21
FP load instructions, A-24
FP move instructions, 2-44, A-25
FP multiply-add instructions, 2-43, A-21
FP operand, 2-29
FP rounding/conversion instructions, 2-43, A-21
FP store instructions, 2-53, A-24
FP unavailable exception, 4-21
FP unit events, 10-34
FPRn registers, 2-4
FPSCR
instructions, 2-44, A-22
NI bit, 2-29
register description, 2-4
IEEE-754 compatibility, 2-27
Floating-point unit, 1-12
FPR# (floating-point registers), 2-4
FPSCR (floating-point status and control register)
FPSCR instructions, 2-44, A-22
FPSCR register description, 2-4

NI bit, 2-29

G
GPR~# (general-purpose registers), 2-4

H

Hardware configuration, C-1

Hardware configuration mechanism (HCM), 8-114

Hardware table walk, 5-6

HIDO (hardware implementation-dependent 0)
register, 3-13
description, 2-10

Horizontal cache coherence, 3-9, 8-89

HRESET (hard reset) signal, 7-22, 8-116

IABR (instruction address breakpoint
register), 2-9, 10-4
Tllegal instruction class, 2-33
Instruction address breakpoint exception, 4-23
Instruction cache organization, 3-4
Instruction timing
dispatch rules, 6-8
execution timing, 6-12
overview, 6-3
serialization modes, 6-10
terminology/definitions, 6-1
Instructions
64-bit bridge instructions, 5-22, 5-36
addressing modes, 1-27, 2-34
architectural level
OEA instructions, 2-63
UISA instructions, 2-37
VEA instructions, 2-59
branch address calculation, 2-54
branch instructions, 2-55, A-25
cache management instructions, 2-62, 2-66,
3-14, A-26
classes of instructions, 2-32
condition register logical, 2-55, A-25
defined instructions, 2-32
EA calculation, 2-35
external control instructions, 2-63, A-27
floating-point
arithmetic, 2-42, A-20
compare, 2-44, A-21
FP load instructions, 2-52, A-24
FP move, 2-44
FP move instructions, A-25
FP rounding/conversion, 2-43, A-21
FP store instructions, 2-52, A-24
FPSCR, 2-44
FPSCR instructions, A-22
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multiply-add, 2-43, A-21
illegal instructions, 2-33
instruction flow units, 1-9
instruction processing unit, 10-27
instruction set, 1-27, 2-31
instruction timing, 1-35
instructions not implemented, B-1
integer
arithmetic, 2-38, A-18
compare, 2-39, A-19
load, A-22
load/store multiple, A-23
load/store string, A-24
load/store with byte reverse, A-23
logical, 2-39, A-19
rotate/shift, 2-40, A-20
store, A-23
load and store
address generation, floating-point, 2-52
address generation, integer, 2-46
byte reverse instructions, 2-49, A-23
floating-point load, A-24
floating-point move, A-25
floating-point store, 2-52
handling misalignment, 2-45
integer load, 2-46, A-22
integer multiple, 2-49
integer store, 2-48, A-23
memory synchronization, A-24
multiple instructions, 6-20, A-23
string instructions, 2-50, 6-20, A-24

lookaside buffer management instructions, A-27

memory control instructions, 2-61, 2-65

memory synchronization instructions, 2-58,
2-60, A-24

move to/from CR instructions, 2-57

optional instructions, 2-63

processor control instructions, 2-57, 2-59, 2-64,

A-26

quick reference guide, summary, A-1, A-10,
A-18, A-28

reserved instructions, 2-34

segment register manipulation instructions, A-27

SLB management instructions, A-27
stwex., 8-109

system linkage instructions, 2-56, 2-63, A-26

TLB management instructions, 2-67, A-27
trap instructions, 2-56, A-26
Integer arithmetic instructions, 2-38, A-18
Integer compare instructions, 2-39, A-19
Integer load instructions, 2-46, A-22
Integer logical instructions, 2-39, A-19
Integer rotate/shift instructions, 2-40, A-20
Integer store instructions, 2-48, A-23

INDEX

Integer unit, 1-11

Internal request arbitration, 8-11
Interrupt, external, 4-19
Intervention mechanism, 8-50
ISI exception, 4-19

isync, 2-60, 4-13

L

L2COHERENCY (L2 coherency state) signal, 7-11

L2CR (L2 cache control register), 2-14
L2CR (L2 configuration register), 9-3
L2DATAECC signal, 7-11
L2DATAENABLE signal, 7-12
L2DATAR signal, 7-10
L2DATASYN, 9-11

L20UTPUTENABLE (L2 SRAM output enable)

signal, 7-12
L2SR (L2 cache status register), 2-16, 9-11
L2TAGADD signal, 9-4
L2TAGECC signal, 7-11
L2TAGENABLE signal, 7-12
L2WRITEDATA signal, 7-12
L2WRITETAG signal, 7-12
L3 cache (not implemented), 8-96
Latency
bus parking, 8-15
bus read latency, 6-25
definition, 6-2
L1 data cache latency, 6-24
L2 cache latency, 6-24
load latency examples, 6-26
snoop/push intervention, 6-29
Level request implementation, 7-4, 7-14
Load/store
address generation, 2-46
byte reverse instructions, 2-49, A-23
floating-point load instructions, 2-52, A-24
floating-point move instructions, A-25
floating-point store instructions, 2-52, A-24
handling misalignment, 2-45
integer load instructions, 2-46, A-22
integer store instructions, 2-48, A-23
load/store multiple instructions, A-23
load/store unit, 1-12, 10-36
memory synchronization instructions, A-24
multiple instructions, 2-49
string instructions, 2-50, A-24
Logical instructions, integer, A-19

Lookaside buffer management instructions, A-27

LR (link register), 2-5
Iwarx/stwcx. overview, 3-16
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Machine check exception, 4-16
MCP signal, 7-22
Memory interface
addressing modes, 2-34
atomic memory reference support, 8-109
control instructions, 2-61, 2-65
definition, 8-79
memory accesses, 1-17
memory coherency
description, 8-49, 8-84
memory/cache coherency, 3-8
sequential consistency, 3-6
memory size, 8-84
segment register manipulation instructions, A-27
SLB management instructions, A-27
Memory management unit
address translation flow, 5-13
address translation mechanisms, 5-9, 5-13
block address translation, 5-10, 5-13, 5-23
block diagram, 5-8
exceptions, 5-18
features summary, 5-4
implementation-specific features, 5-3
instruction summary, 5-22
locating the segment descriptor, 5-9
logical address translation, 5-1
memory protection, 5-12
MMU and bus interface unit, 3-5
MMU exception conditions, 5-19
MMU registers, 5-20
overview, 1-13
page address translation, 5-10, 5-13, 5-30
page history status, 5-12, 5-24-5-27
page table control bits, 3-11
physical address generation, 5-1
real addressing mode, 5-11, 5-13, 5-23
register summary, 5-20
segment model, 5-24
Memory synchronization instructions, 2-58, A-24
Memory/cache access modes, see WIMG bits
MESI protocol, 3-9, 3-12, 8-89
MMCR~ (monitor mode control registers), 2-16,
4-23,10-11
MSR (machine state register)
bit settings, 4-9
FEO/FEI1 bits, 4-11
IP bit, 4-14
ISF bit, 5-35
PM bit, 2-6
POW bit, 11-1
RI bit, 4-12
settings due to exception, 4-14
mtcrf performance, 2-4, 2-57

INDEX

mtfsf performance, 2-4
Multiple-precision shifts, 2-41
Multiply-add instructions, A-21

No-execute protection, 5-4

0o

Operand
conventions, 2-27
placement and performance, 2-30
Operating environment architecture (OEA)
cache operation, 3-1
description, xxxiv
exception mechanism, 4-1
instructions, 2-63
memory management specifications, 5-1
MMU features summary, 5-4
registers, summary, 2-5
Operating systems, 32-bit support, 4-8, 5-35
Order of completion, 8-88

P

Page address translation

definition, 5-9

page address translation flow, 5-30

page size, 5-24

selection of page address translation, 5-10, 5-17
Page history status

cases of dcbt and dcbtst misses, 5-25

R and C bit recording, 5-12, 5-24-5-27
Paradoxes

cache coherency, 8-87

multiple-processor systems, 3-13

single-processor systems, 3-12
Parity protection, 8-65
Performance monitor

block diagram, 10-7

components, 10-6

counters, 10-17

event types, description, 10-25

examples, 10-40

history mode, 10-39

instruction processing unit, 10-27

overview, 1-37, 10-1

PM events, 10-37

PM interrupt, 10-38

register summary, 10-9

thresholder, 10-13
Physical address generation, 5-1
Pipeline

definition, 6-1

diagram, 6-5
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PIR (processor identification register), 2-10
PMCn (performance monitor counter) registers, 2-
19, 4-23,10-2
Power management, 11-1
Power-on activity, C-2
PowerPC architecture
instruction list, A-1, A-10, A-18, A-28
levels of implementation, 1-20
operating environment architecture, xxxiv, 1-21
user instruction set architecture, xxxiii, 1-20
virtual environment architecture, xxxiii, 1-20
Predecode unit, 1-9
Priorities
exception priorities, 4-6
hierarchical priority, 8-88
time priority, 8-88
Process switching, 4-13
Processor configuration
RSRV, 7-24
TBEN, 7-25
Processor control instructions, 2-57, 2-59, 2-64, A-26
Processor interface termination, 8-9
Program exception, 4-20
Programming model/registers, 1-21
Protection of memory areas
no-execute protection, 5-4, 5-15
options available, 5-12
protection violations, 5-18
Pulsed request implementation, 7-4, 7-14
Push mechanism, 8-50
PVR (processor version register), 2-6

R

Real address (RA), see Physical address generation
Real addressing mode (translation disabled)
definition, 5-9
instruction/data accesses, 5-11, 5-13, 5-23
support for real addressing mode, 5-2
Referenced (R) bit maintenance recording, 5-12, 5-
24-5-25, 5-33
Registers
implementation-specific registers
programming model, 2-3
summary, 2-8
implementation-specific SPRs, 2-64
L2 interface registers, 9-3
L2CR, 9-3
L2SR, 9-11
MMU registers, 5-20
performance monitor register summary, 10-9
programming model, 1-21
setting cache/bus configuration registers, C-2
special-purpose registers, 10-2
supervisor-level

BUSCSR, 2-12
DABR, 2-7
DAR, 2-7
DSISR, 2-7
HIDO, 2-10
IABR, 2-9, 10-4
L2CR, 2-14
L2SR, 2-16
MMCR#, 2-16, 4-23, 10-11
MSR, 11-1
PMM bit, 2-6
PIR, 2-10
PMCr, 2-19, 4-23, 10-2
PVR, 2-6
SDA, 2-26, 4-23, 10-9
SDRI1, 2-6
SIA, 2-26, 4-23,10-9
SPRGn, 2-7
SRRn, 2-7, 4-8, 10-10
TBL/TBU, 2-7
user-level
CR, 2-4
CTR, 2-5
FPRn, 2-4
FPSCR, 2-4
GPRn, 2-4
LR, 2-5
TBL/TBU, 2-5
Rename buffer, 6-3
Rename register operation, 1-11
ReRun mechanism, 8-74
Reservation station, 6-2
Reserved instruction class, 2-34
Reset
register/array settings after HRESET, 8-117
reset exception, 4-14
signals, 7-22
Retry, AStat and AResp, 8-31
Rotate/shift instructions, A-20
RSRYV (reservation) signal, 7-24

S

sc, 4-21

SDA (sampled data address) register, 2-26, 4-23, 10-9

SDR1 register, 2-6

Segmented memory model, see Memory management
unit

Shift/rotate instructions, A-20

SIA (sampled instruction address) register, 2-26, 4-
23,10-9

Signals
620 signals, list, 1-18
ABG, 7-4, 8-12

BR, 7-4,:8-10
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address transfer, 7-6 SRR~ (status save/restore) registers, 2-7, 4-8, 10-10
address transfer attribute, 7-7 stwcx. instruction, 4-13, 8-109
address transfer start, 7-5 Synchronization
An, 7-6 context/execution synchronization, 2-35
APn, 7-6, 8-67 memory synchronization instructions, 2-58,
ARESPIN/OUT, 7-10, 8-19, 8-27 2-60, A-24
ASIZEBURST, 7-9, 8-53 sync instruction, 4-13
ASIZEDATA, 7-9, 8-53 System call exception, 4-21
ASTATIN/OUT, 7-10, 8-19, 8-26, 8-26 System interface, 1-16
ATAG, 7-7 System linkage instructions, 2-56, 2-63, A-26
clocks, 7-13, 7-25 System management interrupt, 4-24
data bus arbitration, 7-13 System status
data transfer, 7-14 HRESET, 7-22, 8-116
data transfer termination, 7-19 MCP, 7-22
DBB, 7-19, 8-39 SMI, 4-24, 7-21
DRG, 7-13, 8-12 SRESET, 7-23
DCACHE, 7-17, 8-41
DERR, 7-20, 8-42 T
DHn/DLn, 7-14, 8-37
DPn, 7-16, 8-67 Table search operations, 5-33
DTAG, 7-17, 8-38 TBEN signal, 7-25
DVAL, 7-18, 8-39 TBL/TBU (time base lower/upper) registers, 2-5, 2-7
EATS, 7-5, 8-14 TLBs (translation lookaside buffers)
HARESET, 7-22, 8-116 description, 5-28
L2COHERENCY, 7-11 LRU replacement, 5-28
L2DATAECC, 7-11 MMU organization, 5-5
[2DATAENABLE, 7-12 table search operation, 5-28, 5-32, 5-34
L2DATAR, 7-10 TLB invalidate
L20UTPUTENABLE, 7-12 description, 5-29
L2TAGADD, 9-4 TLB management instructions, 2-67, A-27
L2T. AGECC, 7-11 TLB miss, 5-28, 5-32, 5-34
L2TAGENABLE, 7-12 tlbsync, 5-29
L2WRITEDATA, 7-12 Trace exception, 4-21
L2WRITETAG, 7-12 Trap instructions, 2-56
MCP, 7-22
processor configuration, 7-23 U
Rﬂ“” 7-24 User instruction set architecture (UISA), xxxiii
SMI, 4-24, 7-21 descrintion. 1-20
ption,
SRESET, 7-23 instructions, 2-37
’SI‘YSEI{IH ;taztgs, 720 registers, summary, 2-4
WAKEUP, 11-2
Simplified mnemonics, 2-68 A
SLB management instructions, A-27 Vector offset table, exceptions, 4-3
SLBs (segment lookaside buffers) Vertical cache coherence, 3-9, 8-88, 8-88
description, 5-3 Virtual environment architecture (VEA)
MMU organization, 5-5 cache operation, 3-1
__gdB invalidate instructions, 5-21 description, xxxiii, 1-20
SMI (system management interrupt) signal, 4-24, 7-21 instructions, 2-59
Snooper-generated events, 10-33
SPRGn registers, 2-7 w
SRAM wiring diagram, 9-2
SRESET (soft reset) signal, 7-23 WAKEUP signal, 11-2
SR# (segment registers) WIM bits, bus operations, 8-48, 8-87
SR manipulation instructions, 2-66, A-27 WIMG bits cache actions, 3-19, 8-85
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Newark .............coieenn (513)294-8980
Mayfield Heights
Future Electronics . ........... (216)449-6996
Miamisburg
Wyle Electronics ............. (937)436-9953
Solon
Arrow/Schweber Electronics . .. (216)248-3990
Hamilton/Hallmark ........... (216)498-1100
Wyle Electronics ............. (216)248-9996
Worthington
Hamilton/Hallmark ........... (614)888-3313
OKLAHOMA
Tulsa
[ (918)492-1500
Hamilton/Halimark . (918)459-6000
Newark .......oooovvinnnnn (918)252-5070
OREGON
Beaverton
Arrow/Almac Electronics Corp . (503)629-8090
Future Electronics . .. (503)645-9454
Hanulton/HaI!mark (503)526-6200
Porlland
......................... (503)297-5020
Newark ..... . (503)297-1984
PENSTOCK ... . (503)646—1670
Wyle Electronics ............. (503)598-9953
PENNSYLVANIA
Coatesville
PENSTOCK ..........ce.us (610)383-9536
Ft. Washlnglon
..................... (215)654-1434
Pmsburgh
Arrow/Schweber Electronics . .. (412)963-6807
Newark .......oovvvvnnnnnne. (412)788-4790
TENNESSEE
Knoxville
Newark .......coovvveniinnnn (615)588-6493

ical Publicati
r

TEXAS
Austin
Arrow/Schweber Electronics ... (512)835-4180
Future Electronics (512)502-0991
FAL...oovveiiiiieinnnn, ... (512)346-6426
HamiltonvHalimark ... (512)219-3700
Newark ................ ... (972)458-2528
PENSTOCK ............ . (512)346-9762
Wyle Electronics (512)833-9953
Benbrook
PENSTOCK ................. (817)249-0442
Carollton
Arrow/Schweber Electronics ... (214)380-6464
Dallas
FAL. o tiiieeiieeeieeanns (214)231-7195
Future Electronics ... (214)437-2437
HamiltorvHallmark . (214)553-4300
NeWark .....o.vevvennennnnns (214)458-2528
El Paso
FAL . ooviiiii i (915)577-8531
Newark ......coovvivvnnnennn (915)772-6367
Ft. Worth
Allied Electronics .. ........... (817)336-5401
Houston
Arrow/Schweber Electronics ... (713)647-6868
[ U, (713)952-7088
Future Electronics ... (713)785-1155
Hamilton/Hallmark ... (713)781-6100
Newark .............. . (713)894-9334
Wyle Electronics ............. (713)784-9953
Richardson
PENSTOCK .......coivninnnn (214)479-9215
Wyle Electronics ............. (214)235-9953
San Antonio
FAl . (210)738-3330
(210)734-7960
UTAH
Draper
Wyle Electronics ............. (801)523-2335
Salt Lake City
Arrow/Schweber Electronics ... (801)973-6913
FAL....ooviiiiiienn, . (801)467-9696
Future Electronics . . . . (801)467—4448
HamiltorvHallmark .. . (801)266-2022
Newark .................o.. (801)261-5660
West Valley City
Wyle Electronics ............. (801)974-9953
WASHINGTON
Bellevue
Almac Electronics Corp. ...... (206)643-9992
PENSTOCK ..........oeutn (206)454-2371
Bothell
Future Electronics ............ - (206)489-3400
Kirkland
Newark ......ooovvvvniiinnnn (206)814-6230
Redmond
HamiltorvHallmark ........... (206)882-7000
Wyle Electronics (206)881-1150
Seaule
......................... (206)485-6616
WISCONSIN
Brookfield
Arrow/Schweber Electronics ... (414)792-0150
Future Electronics (414)879-0244
Wyle Electronics ............. (414)879-0434
Madison
Newark .......coovvvnnnnnnns (608)278-0177
Milwaukee
......................... (414)792-9778
New Berlin
HamiltorvHallmark ........... (414)780-7200
Wauwmosa
..................... (414)453-9100
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AUTHORIZED DISTRIBUTORS - continued

CANADA M‘IA\,NIT?BA T?\rontcé \ 5
innipeg rrow Electronics (905)670-7769
ALBERTA FAL. P .. (204)786-3075 FAL....oovveennn. . (905)612-9888
(403)291-5333 Future Electronics . . .. (204)944-1446 Future Electronics .. . . (905)612-9200
Future Electronics ... (403)250-5550 HamiltorvHallmark ........... (800)663-5500 HamiltonHallmark . . . (905)564-6060
HamiltorvHallmark ........... (800)663-5500 ONTARIO Newark ............ . (905)670-2888
Edmonton Kanata QUEBEC
(403)438-5888 PENSTOCK ................. (613)592-6088 Montreal
Future Electronics .. (403)438-2858  London Arrow Electronics ............ (514)421-7411
Hamilton/Hallmark ........... (800)663-5500 Newark ...........ooooieiee. (519)685-4280 FAL .ot (514)694-8157
Saskatchewan Mississauga Future Electronics ............ (514)694-7710
Hamilton/Hallmark ........... (800)663-5500 PENSTOCK ................. (905)403-0724 HamiitonHallmark ........... (514)335-1000
BRITISH COLUMBIA Newark .............oooonnee (905)670-2888 M. Royal
Vancouver Ottawa ) Newark .........c..oovennnn. (514)738-4488
Arrow Electronics . (604)421-2333 Arrow Electronics ............ (613)226-6903  Quebec City
[ O . (604)654-1050 FAIL.. .. (613)820-8244 Arrow Electronics ............ (418)687-4231
Future Electronics . (604)294-1166 Future Electronics ... .. (613)727-1800 FAL....ooviiniine . (418)682-5775
Hamilton/Hallmark ... (604)420-4101 HamiltorvHallmark ........... (613)226—1700 Future Electronics (418)877-6666
INTERNATIONAL DISTRIBUTORS
AUSTRALIA GREECE PORTUGAL
AVNET VS| Blectronics (Aust) . . .. (61)29878-1299 EBV Elektronik ............... (30) 13414300 AmMitron ArfOw ............... (35) 114714806
Veltek Australia Pty Ltd ... .. (61)3 9574-9300 HONG KONG ROMANIA
AUSTRIA AVNET WKK Components Ltd. ... (852)2357-8888 MacroGroup ................. (401) 6343129
EBV Elektronik ... (43) 18941774 Nanshing Cir. & Chem. Co. Lid ... (852)2333-5121  RUSSIA
SEVElbatex GmbH . .. (43) 1866420 INDIA MacroGroup ................ (781) 25311476
Spoerle Electronic . . (43) 131872700 Canyon Products Ltd ....... (91) 80 558-7758 SCOTLAND
BELGIUM INDONESIA EBV Elektronik ............ (44) 161 4993434
Spoerle Electronic........... (32) 27254660 PT. Ometraco ............. (62) 21 619-6166  SINGAPORE
EBV Elektronik .. .. (32)27160010  IRELAND Future Electronics .. ........... (65) 479-1300
SEVRodelcoB.V. .... . (32) 2460 0560 AIOW .o (353) 14595540 StrongPte.Ltd ........... (65) 276-3996
BULGARIA Future Electronics .. ... (353) 6541330 Uraco Technologies Pte Ltd. . (65) 545-7811
MacroGroup ................. (359) 2708140 MacroGroup ............... (353) 16766904  SLOVAKIA
CZECH REPUBLIC ITALY MacroGroup ................. (42) 89634181
Spoerle Electronic ... (420) 2731355 AVNETEMGSRL ............. (39) 2381901 SLOVENIA
SEl/Elbatex ......... .. (420) 2 4763707 EBV Elektronik ............... (39) 2 660961 EBV Elektronik ............ (386) 611 330216
Macro Group ............... (420) 2 3412182 Future Electronics ............. (39) 2660941 SEVElbatex (386) 611 597113
CHINA Silverstar Ltd. SpA ........... (39)2661251  SPAIN
Advanced Electronics Ltd. ... (852)2305-3633  JAPAN Amitron Arrow .. ............ (34) 1304 30 40
AVNET WKK Components Ltd. ... (852)2357-8888 AMSC Co., Ltd. ............ 81-422-54-6800 EBV Elektronik . .. (34) 18043256
China E1. App. Corp. XiaMan Co. . (86)10 6818-9750 Fuji Electronics Co., Ltd. .... 81-3-3814-1411 SEVSelco SA. .............. (34) 163710 11
Nanco Electronics Supply Ltd. . (852) 2 765-3025 Marubun Corporation ....... 81-3-3639-8951 SWEDEN
....................... or (852) 2333-5121 Nippon Motorola Micro Elec. . 81-3-3280-7300 Arrow—This .................. (46) 8362970
Qing Cheng Enterprises Ltd. . . (852) 2 493-4202 OMRON Corporation ....... 81-3-3779-9053 Avnet Nortec AB .. .. (46) 8629 1400
DENMARK Tokyo Electron Ltd. ......... 81-3-5561-7254 EBV Elektronik (46) 405 92100
Arrow Exatec . (45)44927000 KOREA SWITZERLAND
Avnet Nortec A/S .. (45) 44 880800 JungKwang Sa .............. (82)2278-5333 EBV Elektronik .............. (41) 17456161
EBV Elektronik .. (45) 39690511 Lite-On Korea Ltd. . .. (82)2858-3853 SEVElbatex AG ... .. (41) 56 4375111
ESTONIA Nasco Co.Ltd............... (82)23772-6800 Spoerle Electronic............. (41) 18746262
Arrow Field Eesti ... (372) 6503288 LATVIA S. AFRICA
Avnet Baltronic .. (372) 6397000 J Y S (371) 8821118 Advanced .................. (27) 11 4442333
FINLAND LITHUANIA Reuthec Components ....... (27) 11 8233357
Arrow Field OY .............. (358)97 775 71 Macro Group ......oovvvvnnn.. (370) 7751487  THAILAND
AvnetNortec OY ....... .(358)96 13181  NETHERLANDS ShapiphatLtd. .. (66)2221-0432 or 22215384
EBV Elektronik .............. (358)98557730 HOLLAND TAIWAN
FRANCE EBV Elektronik ... (31) 3465 623 53 Avnet-Mercuries Co., Ltd ... (886)2516-7303
Arrow Electronique ........ (33) 149784978 Spoerle Electronic . .... (31) 4054 5430 Solomon Technology Corp. .. (886)2788-8983
Avnet Components ........ (33) 1 49 65 25 00 SEVRodelcoB.V. .......... (31)7657 227 00 Strong Electronics Co. Ltd. .. (886)2917-9917
EBV Elektronik .. .. ... (83) 164688600 NEW ZEALAND TURKEY .
Future Electronics . . ... (33)1 69821111 AVNETVSI(NZ)Ld ......... (64)9 636-7801 EBV Elektronik ............ (90) 2164 631352
Newark .......oooovvnnnn... (33)1-30954060 NORWAY UNITED KINGDOM
SEVSCaib . ...ooveenaenn.. (33) 169 19 89 00 Arrow TahonicA/S ............ (47)2237 8440 Arrow Electronics (UK) Ltd . . (44) 1234 270027
GERMANY Avnet Nortec A/S Norway . ... .. (47)6684 6210 Avnet/Access ............. (44) 1 462 488500
AVNetE2000 ............... (49) 89 4511001 EBV Elektronik ............... (47)2267 1780 EBV Elektronik ........... (44) 1628 783688
EBV Elektronik GmbH . ...... (49)8999114-0  PHILIPPINES Future ElectronicsLtd. ... (44) 1753763000
Future Electronics GmbH . ... (49) 89-957 270 Alexan Commercial ......... (63) 2241-9493 Macro Group ....... ... (44) 1628 60600
SEWermyn GmbH .......... (49)6431-5080 POLAND Newark .................. (44) 1 420 543333
NeWarK «.ooovennnn. .. (49)2154-70011 EBV Elektronik ... ... (48)713 422944
Sasco Semiconductor ........ (49) 8946110 Macro Group . - (48) 22224337
Spoerle Electronic ... ... ..... (49) 6103-304-0 SEUElbatex ... - (48) 226254877
Spoerle Electronic........... (48) 22 6060447

For changes to this information contact Technical Publications at FAX (602) 244-6560
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MOTOROLA WORLDWIDE SALES OFFICES

UNITED STATES
ALABAMA
Huntsville ................... (205)464-6800
ALASKA ....... (800)635-8291
ARIZONA
Phoenix ....... (602)302-8056
CALIFORNIA
alabasas ..... (818)878-6800
Irvine .......... (714)753-7360
Los Angeles . ... (818)878-6800
San Diego ..... (619)541-2163
Sunnyvale .................. (408)749-0510
COLORADO
Denver ...........ooeennnnn (303)337-3434
CONNECTICUT
Wallingford .................. (203)949-4100
FLORIDA
Clearwater .................. (813)524-4177
(407)628-2636
(954)351-6040
(770)729-7100
(208)323-9413
ILLINOIS
Chicago/Schaumburg......... (847)413-2500
INDIANA
Indianapolis ................. (317)571-0400
Kokomo ................... (317)455-5100
IOWA
Cedar Rapids ................ (319)378-0383
KANSAS
Kansas City/Mission .......... (913)451-8555
MARYLAND
Columbia ................... (410)381-1570
MASSACHUSETTS
Marborough................. (508)357-8207
WODUIN <. e eeeeaeeeans (617)932-9700
MICHIGAN
Detroit ......ooiviiniinn.. (810)347-6800
MINNESOTA
Minnetonka ................. (612)932-1500
MISSOURI
Stlouis ....cocvviiiiininnn. (314)275-7380
NEW JERSEY
Fairfield..................... (201)808-2400
NEW YORK
Fairport (716)425-4000
Fishkill . .. (914)896-0511
Hauppaug (516)361-7000
NORTH CAROLINA
Raleigh ...........ccoeuiene (919)870-4355
OHIO
Cleveland ................... (216)349-3100
Columbus/Worthington ... ..... (614)431-8492
Dayton ............oooiiell (937)438-6800
OKLAHOMA
TUISE . oo (918)251-3414
OF tieieeeiiiii e (918)258-0933
OREGON
Porand .................... (503)641-3681
PENNSYLVANIA
Colmar ........oooiiunaan, (215)997-1020
Philadelphia/Horsham ........ (215)957-4100

TENNESSEE
Knoxville .................... (423)584-4841
TEXAS
Austin (512)502-2100
ceen . (713)251-0006
Plano............ooooiiaal (972)516-5100
VIRGINIA
Richmond ................... (804)285-2100
WASHINGTON
Bellevue .................... (206)454-4160
Seattle (toll free) ............. (206)622-9960
WISCONSIN
Milwaukee/Brookfield . ........ (414)792-0122
Field A Engineering Availabl
Through All Sales Offices
CANADA
BRITISH COLUMBIA
Vancouver .................. (604)606-8502
ONTARIO
OHAWE 2. evvveeenneeannannns (613)226-3491
Toronto .........coooenniia., (416)497-8181
QUEBEC
Montreal .................... (514)333-3300
INTERNATIONAL
AUSTRALIA
Melbourne ................. (61-3)98870711
Sydney .............oiiinn. (61-2)99661071
BRAZIL
SaoPaulo ................. 55(11)815-4200
CHINA
Beijing ....... 86-10-68437222
Guangzhou . 86-20-87537888
Shanghai .. 86-21-63747668
Tanjin ...oooeieiiia., 86—-22-25325072
DENMARK
Copenhagen ................. (45) 43488393
FINLAND
Helsinki ..................... 3589 6824 400
Direct Sales Lines ... 35896824 4044
........................... 358 9 6824 4045
FRANCE
Paris .......oooiiiiiiiin.. 33134 635900
GERMANY
Langenhagen/Hanover ....... 49(511)786880
Munich ............... . 4989921030
Nuremberg ... 49 911 96-3190
Sindelfingen .. ciee...... 49703179710
Wiesbaden.................. 49 611 973050
HONG KONG
KwaiFong ................ 852-2-610-6888
TaiPo .......ooeviiennnll 852-2-666-8333
INDIA
Bangalore .................. 91-80-5598615
ISRAEL
Herzlia .................... 972-9-9522333
ITALY
Milan ...l 39(2)82201

JAPAN
Kyusyu ....oovvnnnnnennnn. 81-92-725-7583
Gotanda . e ... 81-3-5487-8311
Nagoya .. . 81-52-232-3500
Osaka ... .. 81-6-305-1801
Sendai .. . 81-22-268-4333
Takamatsu . . .. 81-878-37-9972
Tokyo ....cooviniiiniia.. 81-3-3440-3311
KOREA
Pusan ................ ... 82(51)4635-035
Seoul.....ooviiiiiiiiiiian, 82(2)554-5118
MALAVSIA
Penang .........c.coovuiunnn 60(4)228-2514
MEXICO
MexicoCity ................. 52(5)282-0230
Guadalajara ....... ... 52(36)21-8977
Zapopan Jalisco ... ... 52(36)78-0750
Marketing ......... ... 52(36)21-2023
Customer Service 52(36)669-9160
NETHERLANDS
....................... (31)4993612 11
PHILIPPINES
Manila ..................... (63)2 822-0625
PUERTO RICO
Rio Piedras ................. (787)282-2300
SCOTLAND
EastKilbride............... (44)1355 565447
SINGAPORE.................. (65)4818188
SPAIN
Madrid............ooiaan 34(1)457-8204
[ 34(1)457-8254
SWEDEN
SolMa .. ..o 46(8)734-8800
SWITZERLAND
Geneva . 41(22)799 11 11
Zurich ...oooiiiiiiiiil 41(1)730-4074
TAIWAN
Taipei ........ccoooiiiininn 886(2)717-7089
THAILAND
Bangkok ............ooiilll 66(2)254-4910
UNITED KINGDOM
Aylesbury ................. 44 1 (296)395252
NORTH AMERICA
FULL LINE REPRESENTATIVES
CALIFORNIA, Loomis
Galena Technology Group .. ... (916)652-0268
INDIANA, Indianapolis
Bailey's Electromcs ........... (317)848-9958
NEVADA, Reno
Galena Tech. Group .......... (702)746-0642
NEW MEXICO, Albuquerque
S&s Technolognes Inc. ....... (505)414-1100
UTAH, Salt Lake City
Utah Comp. Sales, Inc. ....... (801)572-4010
WASHINGTON, Spokane
DougKenley ................ (509)924-2322
NORTH AMERICA
HYBRID/MCM COMPONENT SUPPLIERS
ChipSupply ....ocoovvennan (407)298-7100
Elmo Semiconductor (818)768-7400
Minco Technology Labs Inc. ... (512)834-2022
SemiDicelnc. ............... (310)594-4631
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Attention!

This book is a companion to the PowerPC Microprocessor Family: The Programming
Environments, referred to as The Programming Environments Manual. Note that the
companion Programming Environments Manual exists in two versions. See the Preface for
a description of the following two versions:

*  PowerPC Microprocessor Family: The Programming Environments, Rev 1
Order #: MPCFPE/AD

»  PowerPC Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors, Rev ]
Order #: MPCFPE32B/AD

Call the Motorola LDC at 1-800-441-2447 (website: http://ldc.nmd.com) or contact your
local sales office to obtain copies.
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