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The 650 Bridge Chip Set
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Figure 7-23. CPU To Memory Read - Single, Page Hit, L2 Cache Hit
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Figure 7-27. CPU To Memory Write — Single, Page Hit, XCAS=1
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Figure 7-28. CPU To Memory Write — Single, Page Hit, XCAS=0
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Figure 7-32. CPU To Memory Write — Burst, Page Hit, XCAS=0
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Figure 7-35. PCI To Memory Read - Single, Page Hit
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Figure 7-40. PCI To Memory Read — Page Hit, Cache Hit
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The 650 Bridge Chip Set
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Figure 7-42. PCI To Memory Write —- Single, Page Hit
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189




061

UH obed ‘i1sing — ayiM Atows o) 10d “¥i—L @anbid

1

?

3

4

»

6

7

8

9 10 11

12

13 14

PCI_CLK (C) /_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_

C/BE[3:0]# (C)
PCI_AD (C) [Addr]
FRAME# (C) "\

"XBE '

"XBE T

IRDY# (C)

DEVSEL# (C) '

STOP# (C) +———

PCI_SEL# (C)

ADDRHI/DATALO (C) '] \

MEM_PAGE_HIT# (C) |

CPU_CLK (C) N
WE# (C) T

BURST_CLK# (C) '

RASHI/CASLO (C) |
25

MEM_ADDR (B) ]
RAS# (C),

CAS# (C) T,
PCI_AD (B) [Dat] '~
MEM_DATA_OE# (C) '

MEM_DATA (B) ——

CPU_ADDR_OE# (C)s' '
t

CPU_ADDR (B) !

TS#(C) '™

AACK# (C)

S
|-_l\| Il [} [l | [l 1 [} 1 1 i |/._
TRDY# () '4———" '/ T T —
L D e e e —————L L 20
n \ , \ , \ \ \ , \ \ , I;
1 ) Ll 1 ' 1 ' 1 1 1 | 1 ! l/-—
1 ! 1 1 1 1 ! 1 Ll ! 1 l/——
N
v N0 N R
T YA . YA : S
———Data™ T Tl TXDPata” * T~ T T TXDatar T T T y——t——
g <~ N % O 1 ]
|‘.|.|||.1||.| |l|'|||l|l|l/|_
—"’"""t78"""l .t78_._,|....'..,‘.tL.|
Snoop Address .~ M\ Snggp Addmss AYSnoop Address +
'iiI.Z,IjiZZ.I.IJIII.ZIZ.Z\—J
¢o,oWmoep ., §moQp , ., ., ., o, SMOQP ., ., .,

ARTRY# (C) ,

1es dyD abplg 059 8yl



T6l

SSIW usyL IH obed ‘isang — s Atowdly oL [0d *Gt—2 8inbiy

2

3

o0

7

8

9

10 11 12

13 14

15

161

PCLCLK (©) /M\/M\/M\ MM
C/BEL30M (€) YCmINEE B @R T @ T
PCLAD (C) [Addr] '~&ddp— e
FRAME# (©) |\ -
IRDY# (C) .—-'\ ; ; . : . : . . . } . . , . Y
TRDY# (C) '—————r” N__/ i ' o ' N/ ' N/
DEVSELH(C) '——n
STOPHO) ——— . o T o —
PCI_SEL# (C) . ' . ' : ' : ' : ' : ' . ' , ! ' A
ADDRHI/DATALO (C) '~ \__ ' ! : ' ! ' ' ' ! ' ' ' ' e
MEM_PAGE HIT# (€)' ——— Xy —————— 7~y —
/

CPUCLK(C)lff/f/f/f/

ffff/f/f/f/f//////f

GRS

f/fJ
WE#(C) ™ TTT\L e
BURST Gk ) e e, e
RASHI/CASLO (C) .____ Y e N
MEM_ADDR (B) ' M Columd Addréss " YY" + '~ JRow'AddreSs)JCblumn' Y Col Address' T T ¢ ; X
RASKCO - N
CASFO " e T e T e
PCI_AD (B) [Dat] '———Qa " YOa T T T T YDam T T
MEMDATAOE#(O ™ ——~\'_' ' ' ' ' '
MEM_DATA (B) ,————(SDalz .)(:upam' — o 0——
CPU_ADDR OE# (C) '+ ' 4t ot v v [T
CPU_ADDR (B) :)(]_Sng_gp_Addlms_)Ianoon Addiess : ' ISToop Address D G
O, TN T
AACKA#(C) T\ T\ T\
ARTRY# (C): . Snoop ‘ Snoop T T ' . I:Sno'op .:.:.l.

185 diyo abpug 059 8y



<61

MH uayy ssin obed ‘1sing — aliM Atowap o) |Dd "9t—L ainbi4

L2 3 4 5 6 7 8% 9 10 11 12 3B 14 15 16 17
PCICLK(C)F\J_\J_\_/_\IL/_\I\J_\IU_\_FU_\I\I\J_\_/_\_M

C/BE[3:01# (C) ' XCmdXByié Enable T EE G ; X
PCLAD (C) [Addr] '~A88)——————— : e : e ﬂ
FRAME# (C) \_:: ; : ; : . ; . : . [ Van . - . T
roY#CO — ' ' ' 0 v v T
TROV#(C) ——— . A /T —
DEVSEL#(C) »m—————_ © o e e
'STOP# (C) '—— ' ' ' ' ' ' ~—

PCL SEL#(C) ‘ . L . -7
ADDRHIDATALO(C) ™\ .+ & e e e T
MEM_PAGE_HIT# (C) ' S — :\HliPI — :\Pfi}'; —

CPUCLK(C)/////////fff//f///fff//.///////f///f/./

WE#(C) '™ TNt e e T
BURST_CLK#(C) —— NS
RASHI/CASLO (©) . o+ /T \ . .

MEM_ADDR (B) ' >(| - )ﬂng'Ad@gSs)ﬁlggglumn )k | Columh Address: - NN Column Address' ¢

1 !
1 Yoo v L | [ T R SR
! :

RAS# (C) ' ST\ '

CAS# (C) | : :

PCI_AD (B) [Dat] -—'——-‘-(m;a

MEM_DATA_OE# (C) ' \_

MEM_DATA (B) ————NDat'a . . . .)Nnmé . : NData O
CPU_ADDR_OE#(C)-.-,'--wl--'.--'.-l'.'.',-.'.-.'.l/ﬁ
CPU_ADDR (B) )qmmm — T WSISnoop Address — SISnoop Address —
SHO T NS N T T
AACK#(C) ™+ 7 7+ N\ T T T N\ N\ T
ARTRY# (C): j , " :Sno'opl ' j ) T ' ) ISLno'op: — . ' :Sno'opI -

— S .

19s diyp abpug 059 ayL



The 650 Bridge Chip Set

. 1 2 3 4 3 6

PCICIK(C) /[ \__/ \ / /" /M /— /"
C/BE[3:0]# (C) '_XCmd___ XByie Enables ~ X —
PCI_AD (C) [PCI] s TAC:
FRAME# (C) "\ [ “single or burst ] L/ b N—
RDY#(C) "™\ T
TRDY# (C) | . — . . T N—
DEVSEL# (C) ' ' — ' S
STOP# '
PCI_SEL# (C) _ . . . Y

ADDRHI/DATALO (C) —“\ ' L/

MEM_PAGE_HIT# (C) , — Hit [~ ' , '

CPUCLKO) N\ S\ S /S

WE# (C) ' '

BURST_CLK# (C) ,

RASHI/CASLO (C) ! ' ! ’ '

MEM_ADDR (B) X

RASH(O) ', o+

CAS# (C) ' — :

PCI_AD (B) [Dat]

N~

MEM_DATA_OE# (C) ' ' ' [ '
MEM_DATA (B)
CPU_ADDR_OE# (C) . ' . ! )

CPU_ADDR (B)

TS#(O) [C]

! 1 ! I

AACK# (C) [C] [ ' ' '

[\ S — 1

ARTRY# (C)

biter Swit
A BAe

PCL_GNT¥# (C) _

Lx REQ#(C) — 7 T\

Lx_GNT# (C)

TS# (C) [Lx] | - -
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CPU_GNT#
CPU_ADDR (C)
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AACK# (C)
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CPU_DATA (B)

CPU_ADDR_SEL# (C)
CPU_DATA_SEL# (C)
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ADDRHI/DATALO (C)
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CPU_DATA_OE# (C)
PCI_OE# (C)

PCI_CLK (C)

PCI_AD (B)
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TRDY# (C) [target]
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STOP# (C) [target]

0 1 2

3 4
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6 7 8 ., 9 10
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Figure 7-50. CPU To PCI Write — XADIO=0, Fast PCI Target Response
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Section 8

The 650 Bridge Pin Lists
This section contains alphabetic and numeric pin lists for the 653 Buffer and the 654 Controller.

8.1 653 Buffer Pin Lists
8.1.1 653 Buffer Numeric Pin List
Table 8-1. 653 Buffer Numeric Pin List

Pin # Signal Name
1 MEM_PAR (0)
2 MEM_PAR (1)
3 MEM_PAR (2)
4 [MEM_PAR (3)
5 MEM_PAR (4)
6 L_ERR_ADDR#
7 MEM_DATA_OE#
8 Vbp
9 GND
10 ALL_ONES_SEL#
11 PCI_OE#
12 MEM_PAR (5)
13 MEM_PAR (6)
14 MEM_PAR (7)
15 Voo
16 PCI_AD (0)
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
17 PCI_AD (1)
18 PCI_AD (2)
19 GND

20 PCI_AD (3)
21 PCI_AD (4)
22 PCI_AD (5)
23 PCI_AD (6)
24 Vo

25 GND

26 PCI_AD (7)
27 PCI_AD (8)
28 PCI_AD (9)
29 GND '
30 PCI_AD (10)
31 PCI_AD (11)
32 Vop .
33 PCI_AD (12)
34 CONTIG_IO
35 PCI_AD (13)
36 PCI_AD (14)
37 PCI_AD (15)
38 Vop

39 GND

40 PCI_AD (16)
41 PCI_AD (17)
42 PCI_AD (18)
43 NO_TRANS
44 PCI_AD (19)
45 Vop
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
46 PCI_AD (20)
47 PCI_AD (21)
48 GND
49 PCI_AD (22)
50 PCI_AD (23)
51 PCI_AD (24)
52 Vbp
53 GND
54 PCI_AD (25)
55 PCI_AD (26)
56 PCI_AD (27)
57 PCI_AD (28)
58 GND
59 PCI_AD (29)
60 PCI_AD (30)
61 PCI_AD (31)
62 Vop
63 PCI_AD_PAR
64 MEM_PAGE_HIT#
65 DRAMX9HI/X10LO
66 ROM_SEL#
67 L _PCI_DATA#
68 VDD

.69 GND
70 PCI_CLK
71 MEM_PAR_GOOD
72 MEM_DATA_SEL#
73 BURST_CLK#
74 PCI_SEL#
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
75 ADDRHI/DATALO
76 REFRESH_SEL#
77 CPU_DATA (63)
78 CPU_DATA (62)
79 CPU_DATA (61)
80 CPU_DATA (60)
81 CPU_DATA (59)
82 CPU_DATA (58)
83 CPU_DATA (57)
84 CPU_DATA (56)
85 CPU_DATA (55)
86 Vbp
87 GND
88 CPU_DATA (54)
89 CPU_DATA (53)
90 CPU_DATA (52)
91 CPU_DATA (51)
92 CPU_DATA (50)
93 CPU_DATA (49)
94 Voo -

95 GND
96 CPU_DATA (48)
97 CPU_DATA (47)
98 CPU_DATA (46)
99 CPU_DATA (45)
100 CPU_DATA (44)
101 CPU_DATA (43)
102 Vop
103 GND
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin#  |Signal Name
104 CPU_DATA (42)
105 CPU_DATA (41)
106 CPU_DATA (40)
107 CPU_DATA (39)
108 CPU_DATA (38)
109 GND
110 CPU_DATA (37)
111 CPU_DATA (36)
112 CPU_DATA (35)
113 CPU_DATA (34)
114 Vob
115 GND
116 CPU_DATA (33)
117 CPU_DATA (32)
118 CPU_ADDR (0)
119 CPU_ADDR (1)
120 CPU_ADDR (2)
121 CPU_ADDR (3)
122 CPU_ADDR (4)
123 CPU_ADDR (5)
124 CPU_ADDR (6)
125 CPU_ADDR (7)
126 Vbp
127 GND
128 CPU_ADDR (8)
129 CPU_ADDR (9)
130 CPU_ADDR (10)
131 CPU_ADDR (11)
132 CPU_ADDR (12)
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Table 8-1. 653 Buffer Numeric Pin List (Contmued)

Pin # Signal Name
133 CPU_ADDR (13)
134 GND
135 CPU_ADDR (14)
136 CPU_ADDR (15)
137 CPU_ADDR (16)
138 CPU_ADDR (17)
139 CPU_ADDR (18)
140 CPU_ADDR (19)
141 CPU_ADDR (20)
142 1 Vpp
143 GND
144 CPU_ADDR (21)
145 . |CPU_ADDR (22)
146 CPU_ADDR (23)
147 CPU_ADDR (24)
148 CPU_ADDR (25)
149 CPU_ADDR (26)
150 ‘CPU_ADDR (27)
151 CPU_ADDR (28)
152 CPU_ADDR (29)
153 CPU_ADDR (30)
154 CPU_ADDR (31)
155 TSIZ (2)

156 TSIZ (1)

157 TSIZ (0)

158 CPU_ADDR_SEL#
159 CPU_ADDR_OE#
160 Vpp

161 ~ |GND
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
162 CPU_DATA (31)
163 CPU_DATA (30)
164 CPU_DATA (29)
165 CPU_DATA (28)
166 CPU_DATA (27)
167 CPU_DATA (26)
168 CPU_DATA_SEL#
169 GND
170 CPU_DATA (25)
171 CPU_DATA (24)
172 CPU_DATA (23)
173 CPU_DATA (22)
174 CPU_DATA (21)
175 CPU_DATA (20)
176 Vpp
177 GND
178 CPU_DATA (19)
179 CPU_DATA (18)
180 CPU_DATA (17)
181 CPU_DATA (16)
182 GND
183 CPU_DATA (15)
184 CPU_DATA (14)
185 CPU_DATA (13)
186 CPU_DATA (12)
187 CPU_DATA (11)
188 CPU_DATA (10)
189 CPU_DATA (9)
190 Vbbp
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin# Signal Name
191 GND
192 CPU_DATA_OF#
193 CPU_DATA (8)
194 CPU_DATA (7)
195 CPU_DATA (6)
196 CPU_DATA (5)
197 CPU_DATA (4)
198 GND
199 CPU_DATA (3)
200 CPU_DATA (2)
201 CPU_DATA (1)
202 CPU_DATA (0)
203 RASHI/CASLO
204 Voo
205 GND ,
206 MEM_DATA (0)
207 MEM_DATA (1)
208 MEM_DATA (2)
209 MEM_DATA (3)
210  |MEM_DATA (4)
211 MEM_DATA (5)
212 Vbp
213 GND
214 MEM_DATA (6)
215 MEM_DATA (7)
~ 216 MEM_DATA (8)
217 MEM_DATA (9)
218  |MEM_DATA (10)
219 MEM_DATA (11)
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
220 Vbp
221 GND
222 TEST#
223 ERR_ADDR_SEL#
224 MEM_DATA (12)
225 MEM_DATA (13)
226 MEM_DATA (14)
227 GND
228 MEM_DATA (15)
229 MEM_DATA (16)
230 MEM_DATA (17)
231 MEM_DATA (18)
232 MEM_DATA (19)
233 MEM_DATA (20)
234 MEM_DATA (21)
235 MEM_DATA (22)
236 MEM_DATA (23)
237 MEM_DATA (24)
238 Vbp
239 GND
240 MEM_DATA (25)
241 MEM_DATA (26)
242 MEM_DATA (27)
243 MEM_DATA (28)
244 MEM_DATA (29)
245 MEM_DATA (30)
246 MEM_DATA (31)
247 MEM_ADDRO_B
248 MEM_ADDR (0)
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
249 MEM_ADDR (1)
250 - |MEM_ADDR (2)
251 MEM_ADDR (3)
252 MEM_ADDR (4)
253 MEM_ADDR (5)
254 Vbb
255 GND
256 MEM_ADDR (6)
257 MEM_ADDR (7)
258 MEM_ADDR (8)
259 MEM_ADDR (9)
260 MEM_ADDR (10)
261 MEM_ADDR (11)
262 LE_MODE_SEL#
263 MEM_DATA (32)
264 MEM_DATA (33)
265 MEM_DATA (34)
266 Vbp
267 GND
268 MEM_DATA (35)
269 MEM_DATA (36)
270 MEM_DATA (37)
271 MEM_DATA (38)
272 MEM_DATA (39)
273 GND
274 MEM_DATA (40)
275 MEM_ DATA (41)
276 MEM_DATA (42)
277 MEM_DATA (43)
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Table 8-1. 653 Buffer Numeric Pin List (Continued)

Pin # Signal Name
278 Vbp

279 GND

280 MEM_DATA (44)
281 MEM_DATA (45)
282 MEM_DATA (46)
283 MEM_DATA (47)
284 MEM_DATA (48)
285 MEM_DATA (49)
286 Vop

287 GND

288 MEM_DATA (50)
289 MEM_DATA (51)
290 MEM_DATA (52)
291 MEM_DATA (53)
292 MEM_DATA (54)
293 MEM_DATA (55)
294 Vbp

295 GND

296 MEM_DATA (56)
297 MEM_DATA (57)
298 MEM_DATA (58)
299 MEM_DATA (59)
300 MEM_DATA (60)
301 GND

302 MEM_DATA (61)
303 MEM_DATA (62)
304 MEM_DATA (63)
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8.1.2 653 Buffer Alphabetic Pin Listing

Table 8-2. 653 Buffer Alphabetic Pin List

Signal Name . Pin #
ADDRHI/DATALO ' 75
ALL_ONES_SEL# 10
BURST_CLK# ' 73
CONTIG_IO 34
CPU_ADDR (0) 118
CPU_ADDR (1) 119
CPU_ADDR (2) 120
CPU_ADDR (3) ‘ 121
CPU_ADDR (4) ' 122
CPU_ADDR (5) 123
CPU_ADDR (6) 124
CPU_ADDR (7) _ 125
CPU_ADDR (8) 128
CPU_ADDR (9) 129
CPU_ADDR (10) 130
CPU_ADDR (11) ‘ 131
CPU_ADDR (12) 132
CPU_ADDR (13) : 133
CPU_ADDR (14) ‘ 135
CPU_ADDR (15) 136
CPU_ADDR (16) 137
CPU_ADDR (17) 138
CPU_ADDR (18) 139
CPU_ADDR (19) 140
CPU_ADDR (20) 141
CPU_ADDR (21) 144
CPU_ADDR (22) ' 145
CPU_ADDR (23) 146
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
CPU_ADDR (24 147
CPU_ADDR (25 148
CPU_ADDR (26 149
CPU_ADDR (27 150
CPU_ADDR (28 151
CPU_ADDR (29) 152
CPU_ADDR (30) 153
CPU_ADDR (31) 154
CPU_ADDR_OE# 159
CPU_ADDR_SEL# 158
CPU_DATA (0) 202
CPU_DATA (1) 201
CPU_DATA (2) 200
'CPU_DATA (3) 199
CPU_DATA (4) 197
CPU_DATA (5) 196
CPU_DATA (6) 195
| CPU_DATA (7) 194
CPU_DATA (8) 193
CPU_DATA (9) 189
CPU_DATA (10) 188
CPU_DATA (11) 187
CPU_DATA (12) 186
CPU_DATA (13) 185
CPU_DATA (14) 184
CPU_DATA (15) 183
CPU_DATA (16) 181
CPU. DATA (17) 180
CPU_DATA (18) 179
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
CPU_DATA (19) ' 178
CPU_DATA (20) , 175
CPU_DATA (21) _ 174
CPU_DATA (22) , 173
CPU_DATA (23) 172
| CPU_DATA (24) 171
CPU_DATA (25) | 170
CPU_DATA (26) 167
CPU_DATA (27) . 166
CPU_DATA (28) 165
CPU_DATA (29) 164
CPU_DATA (30) , 163
CPU_DATA (31) 162
CPU_DATA (32) 117
‘CPU_DATA (33) 116
CPU_DATA (34) 113
CPU_DATA (35) 112
CPU_DATA (36) ‘ 111
CPU_DATA (37) ' 110
CPU_DATA (38) 108
CPU_DATA (39) 107
CPU_DATA (40) 106
CPU_DATA (41) 105
CPU_DATA (42) ’ 104
CPU_DATA (43) ‘ 101
CPU_DATA (44) 100
CPU_DATA (45) ) - 99
CPU_DATA (46) . - 98
CPU_DATA (47) 97
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
CPU_DATA (48) 96
CPU_DATA (49) 93
CPU_DATA (50) 92
CPU_DATA (51) 91
CPU_DATA (52) 90
CPU_DATA (53) 89
CPU_DATA (54) 88
CPU_DATA (55) 85
CPU_DATA (56) 84
CPU_DATA (57) 83
CPU_DATA (58) 82
CPU_DATA (59) 81
CPU_DATA (60) 80
CPU_DATA (61) 79
CPU_DATA (62) 78
CPU_DATA (63) 77
CPU_DATA_OE# 192
CPU_DATA_SEL# 168
DRAMXSHI/X10LO 65
ERR_ADDR_SEL# 223
GND 9
GND 19
GND 25
GND 29
GND 39
GND 48
GND 53
GND 58
GND - 69
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
GND 87
GND 95
GND | 103
|GND 109
GND , | 115
GND 127
GND 134
GND ‘ 143
GND 161
GND 169
GND 177
GND 182
GND ’ 191
GND , 198
GND 205
GND , 213
GND 221
GND ‘ 227
GND 1 239
GND 255
GND , 267
GND 273
GND 279
GND 287
GND - 295
GND 301
L_ERR_ADDR# , G
L_PCI_DATA# 67
LE_MODE_SEL# 262
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
MEM_ADDR (0) 248
MEM_ADDR (1) 249
MEM_ADDR (2) 250
MEM_ADDR (3) 251
MEM_ADDR (4) 252
MEM_ADDR (5) 253
MEM_ADDR (6) 256
MEM_ADDR (7) 257
MEM_ADDR (8) 258
MEM_ADDR (9) 259
MEM_ADDR (10) 260
MEM_ADDR (11) 261
MEM_ADDRO_B 247
MEM_DATA (0) 206
MEM_DATA (1) 207
MEM_DATA (2) 208
MEM_DATA (3) 209
MEM_DATA (4) 210
MEM_DATA (5) 211
MEM_DATA (6) 214
MEM_DATA (7) 215
MEM_DATA (8) 216
MEM_DATA (9) 217
MEM_DATA (10) 218
MEM_DATA (11) 219
MEM_DATA (12) 224
MEM_DATA (13) 225
MEM_DATA (14) 226
) - 228

MEM_DATA (15
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name A Pin #
MEM_DATA (16) 229
MEM_DATA (17) 230
MEM_DATA (18) | 231
MEM_DATA (19) 232
MEM_DATA (20) 233
MEM_-DATA (21) | 234
MEM_DATA (22) 235
MEM_DATA (23) 236
MEM_DATA (24) 237
MEM_DATA (25) 240
MEM_DATA (26) 241
MEM_DATA (27) 242
MEM_DATA (28) 243
MEM_DATA (29) 244
MEM_DATA (30) | 245
MEM_DATA (31) 248
MEM_DATA (32) 263
MEM_DATA (33) | 264
MEM_DATA (34) 265
MEM_DATA (35) - 268
MEM_DATA (36) 269
MEM_DATA (37) 270
MEM_DATA (38) 271
MEM_DATA (39) 272
MEM_DATA (40) 274
MEM_DATA (41) 275
MEM_DATA (42) 276
MEM_DATA (43) 277
MEM_DATA (44) 280
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
MEM_DATA (45) 281
MEM_DATA (46) 282
MEM_DATA (47) 283
MEM_DATA (48) 284
MEM_DATA (49) 285
MEM_DATA (50) 288
MEM_DATA (51) 289
MEM_DATA (52) 290
MEM_DATA (53) 291
MEM_DATA (54) 292
MEM_DATA (55) 293
MEM_DATA (56) 296
MEM_DATA (57) 297
MEM_DATA (58) 298
MEM_DATA (59) 299
MEM_DATA (60) 300
MEM_DATA (61) 302
MEM_DATA (62) 303
MEM_DATA (63) 304
MEM_DATA_OE# 7
MEM_DATA_SEL# 72
MEM_PAGE_HIT# 64
MEM_PAR (0) 1
MEM_PAR (1) 2
MEM_PAR (2) 3
MEM_PAR (3) 4
MEM_PAR (4) 5
MEM_PAR (5) 12
MEM_PAR (6) 13
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
MEM_PAR (7) 14
MEM_PAR_GOOD : 71
NO_TRANS 43
PCI_AD (0) 16
PCI_AD (1) 17
PCI_AD (2) 18
PCI_AD (3) ‘ 20
PCI_AD (4) : 21
PCI_AD (5) 22
PCI_AD (6) 23
| PCI_AD (7) 26
PCI_AD (8) 27
| PCI_AD (9) 28
PCI_AD (10) 30
PCI_AD (11) 31
PCI_AD (12) ' 33
PCI_AD (13) 35
PCI_AD (14) 36
PCI_AD (15) - 37
PCI_AD (16) 40
PCI_AD (17) 41
PCI_AD (18) 42
PCI_AD (19) 44
PCI_AD (20) 46
PCI_AD (21) | 47
PCI_AD (22) 49
PCI_AD (23) 50
PCI_AD (24) 51
PCI_AD (25) 54
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin #
PCI_AD (26) 55
PCI_AD (27) 56
PCI_AD (28) 57
PCI_AD (29) 59
PCI_AD (30) 60
PCLAD (31) 61
PCI_AD_PAR 63
PCI_CLK 70
PCI_OE# 1
PCl_SEL# 74
RASHI/CASLO 203
REFRESH_SEL# 76
ROM_SEL# 66
TEST# 222
TSIZ (0) 157
| TSIZ (1) 156
TSIZ (2) 155
Vop 8
Vbbp 15
VoD 24
Vpp 32
Vbp 38
Vbp 45
Vbp 52
Vbp 62
Vbp 68
Vbp 86
Voo 94
VoD 102
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Table 8-2. 653 Buffer Alphabetic Pin List (Continued)

Signal Name Pin#
Vbp 114
Vop . 126
Vbb 142
Vbb 160
Vbb 176
VoD 190
Vbp 204
Vob 212
Vob 220
Vpb 238
Vpp 254
Vob 266
Vpb 278
Vob 286
Vbp 294
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8.2 654 Controller Pin Lists

8.2.1 654 Controller Numeric Pin List

Table 8-3. 654 Controller Numeric Pin List

Pins

Signal Description

001,010,015,020,
030,041,047,051,
060,070,081,090,
100,110,115,121,
130,140

Voltage: 3.3V

019,099

RESERVED

011,021,031,040,
050,061,071,
080,091,101,111,
120,128,131,
141,143,151,160

Ground

002

ALL_ONES_SEL#

003 PCI_GNT[2]#
004 PCI_GNT[5]#
005 PCI_GNT[4]#
006 PCI_GNT[1]#
007 IO_BRDG_GNT#
008 BURST_CLK#
009 REFRESH_SEL#
012 NML_IRQ

013 NO_TRANS
014 ROM_SEL#

016 PCI_STOP#
017 PCI_C/BE[1]#
018 PCI_C/BE[O}#
022 CASI[OJ#

023 CAS[1]#

024 CAS[2J#

025 CAS[3]#
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Table 8-3. 654 Controller Numeric Pin List (Continued)

Pins Signal Description

026 WE[1]# _

027 PCI_TRDY#

028 PCI_DEVSEL#

029 PCI_FRAME#

032 IO_BRDG_IRQ
1033 PCI_REQI[5}#

034 PCI_REQ[4}#

035 PCI_REQ[3}#

036 PCI_REQ[2}#

037 SRESET_CPU#

038 PCI_REQ[1}#

039 I0_BRDG_REQ#

042 MEM_PAR_ERR#

043 ' DPE_ERR#

044 TT_ERR#

045 I0_BRDG_HOLD#

046 MC_SETUP#

048 - | PCI_C/BE[3}#

049 PCI_C/BE[2}#

052 PCI_IRDY#

053 PCI_PAR

055 WE[0}#

056 CAS[71#

057 CAS|6]#

058 CAS[5}#

059 CAS[4}#

062 RAS[7}#

063 ' RAS[6]#
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Table 8-3. 654 Controller Numeric Pin List (Continued)

Pins Signal Description
064 RAS[E[#

065 RAS[4J#

066 RAS[3J#

067 RAS[2J#

068 RAS[1]#

069 RAS[OJ#

072 ROM_WE#

073 ROM_OE#

074 ROM_CS#

075 Ri#

076 ERR_ADDR_SEL#
077 MASK_TEA#

078 RESERVED

079 ISA_MASTER#
082 L2 PRESENT#
083 INT_CPU#

084 BE_PAR_EN#
085 LE_PAR_EN# .
086 RESET#

087 REFRESH_REQ#
088 PCL_GNT[3}#

089 SRESET_REQ#
092 LE_MODE_SEL#
093 CPU_ADDR[29]
094 CPU_ADDRI30]
095 CPU_ADDRIg]
096 CPU_ADDR[7]
097 CPU_ADDRI6]
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Table 8-3. 654 Controller Numeric Pin List (Continued)

Pins Signal Description
098 | CPU_ADDRI[5]
102 CPU_ADDR[4]
103 CPU_ADDRI[3]
104 CPU_ADDR[2]
105 CPU_ADDR[1]
106 CPU_ADDRI[0]
107 CPU_ADDR[19]
108 CPU_ADDR[31]
109 L2_CACHE_REQ#
112 ARTRY#

113 AACK#

114 L2 CACHE_GNT#
116 TSIZ[2]

117 Di#

118 TSIZ[1]

119 TSIZ[0]

122 TT[1]

123 TT[3]

124 L2_CLAIM#

125 XATS#

126 CPU_REQ#

127 TBST#

129 PCI_CLK

132 TS#

133 CPU_GNT#

134 TA#

135 ' TEA#

136 TEST#
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Table 8-3. 654 Controller Numeric Pin List (Continued)

Pins Signal Déscription

137 TT[O]

138 TT[2]

139 DPE#

142 CPU_CLK

144 CPU_ADDR_OE#
(145 CPU_DATA_OE#

146 L_PCI_DATA#

147 ADDRHI/DATALO

148 PCI_OE#

149 MEM_PAGE_HIT#

150 LE_MODE_REQ

152 PCI_AD_PAR

153 MEM_DATA_SEL#

154 MEM_DATA_OE#

155 MEM_PAR_GOOD

156 RASHI/CASLO

157 PCI_SEL#

158 CPU_DATA_SEL#

159 CPU_ADDR_SEL#
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8.2.2 654 Controller Alphabetic Pin List
Table 8—4. 654 Controller Alphabetic Pin List

Signal Description : Pins
AACK# 113
ADDRHI/DATALO 147
ALL_ONES _SEL# : 002
ARTRY# 112
BE_PAR_EN# 084
BURST_CLK# 008
CAS[0J# ‘ 022
CAS[1]# : 023
CAS[2}# 024
CAS[3# 025
CAS[4}# 059
CAS[5J# ; 058
CAS[6]# 057
CAS[7}# 056
CPU_ADDRI[0] 106
CPU_ADDR[1] - 105
CPU_ADDR|2] 104
CPU_ADDRI[3] : 103
CPU_ADDR[4] 102
CPU_ADDRI[5] , ‘ 098
CPU_ADDR][6] 097
CPU_ADDR[7] 096
CPU_ADDR][8] 095
CPU_ADDR][19] | 107
CPU_ADDR[29] ‘ 093
CPU_ADDR[30] 094
CPU_ADDR[31] 108
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Table 8—4. 654 Controller Alphabetic Pin List (Continued)

Signal Description Pins
CPU_ADDR_OE# 144
CPU_ADDR_SEL# 159
CPU_CLK 142
CPU_DATA_OE# 145
CPU_DATA_SEL# 158
CPU_GNT# 133
CPU_REQ# 126
Dl# 117
DPE# 139
DPE_ERR# 043
ERR_ADDR_SEL# 076

Ground

011,021,031,040,050,
054,061,071,080,091,
101,111,120,128,131,
141,143,151,160

INT_CPU# 083
IO_BRDG_GNT# 007
|0_BRDG_HOLD# 045
|0_BRDG_IRQ 032
IO_BRDG_REQ# 039
ISA_MASTER# 079
L_PCI_DATA# 146
L2 CACHE_GNT# 114
L2 CACHE_REQ# 109
L2_CLAIM# 124
L2_PRESENT# 082
LE_MODE_REQ 150
LE_MODE_SEL# 092
LE_PAR_EN# 085

231



The 650 Bridge Chip Set

Table 8-4. 654 Controller Alphabetic Pin List (Continued)

Signal Description Pins
MASK_TEA# 077
MC_SETUP# 046
MEM_DATA_OE# ~ _ 154
MEM_DATA_SEL# 153
MEM_PAGE_HIT# - | 149
MEM_PAR_ERR# 042
MEM_PAR_GOOD 155
NMI_IRQ 012
NO_TRANS 013
PCI_AD_PAR 152
PCI_C/BE[0]# 018
PCI_C/BE[1]# 017
PCI_C/BE[2}# 049
PCI_C/BE[3]# 048
PCI_CLK ' 129
PCI_DEVSEL# 028
PCI_FRAME# 029
PCI_GNT[1]# 006
PCI_GNT[2}# 003
PCI_GNT[3)# ' 088
PCI_GNT[4]# 005
PCI_GNT[5]# ‘ 004
PCI_IRDY# 052
PCl_OE# 148
PCI_PAR 053
PCI_REQ[1}# ' 038
PCI_REQ[2}# ' 036
PCI_REQ[3}# 035
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Table 8-4. 654 Controller Alphabetic Pin List (Continued)

Signal Description Pins
PCI_REQ[4]# 034
PCI_REQ[5}# 033
PCI_SEL# 157
PCI_STOP# 016
PCI_TRDY# 027
RAS[OJ# 069
RAS[1}# 068
RAS[2J# 067
RAS[3]# 066
RAS[4]# 065
RAS[5]# 064
RAS[B}# 063
RAS[7]# 062
RASHI/CASLO 156
REFRESH_REQ# 087
REFRESH_SEL# 009
RESERVED 019,099
RESERVED 078
RESET# 086
RI# 075
ROM_CS# 074
ROM_OE# 073
ROM_SEL# 014
ROM_WE# 072
SRESET_CPU# 037
SRESET_REQ# 089
TA# 134
TBST# 127
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Table 8-4. 654 Controller Alphabetic Pin List (Continued)

Signal Description Pins

TEA# 135

TEST# 136

TS# 132

TSIZ[0] 119

TSIZ[1] 118

TSIZ[2] 116

TT[O] 137

TT[1] 122

TT[2] 138

TT[3] 123

TT_ERR# 044 .

Voltage: 3.3V 001,010,015,020,030,
041,047,051,054,060,
070,081,090,100,110,
115,121,130,140

WE[0]# 055

WE[1]# 026

XATS# 125
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Section 9
650 Bridge Mechanical Drawings

9.1 653 Buffer Quad Flat Pack Component Detail

QUAD FLAT PACK 304 LEADED (0.5 mm PITCH)
[ COMPONENT DETAIL |

L O 42.6 |
1.677 DETAIL A
L.
Q|3 {
|
Ol - \
’N
B =
o™ =

LEELEE LI LR BRI EEE UL DR LR L LD T L L DL

;;
0.16 § 4.5 MAX l
.006 177
& CENTROID
wn
o

3.8 | 1] 0.25 MIN
.150 ! T o10

DETAIL A

Figure 9-1. 653 Buffer Quad Flat Pack Component Detail

235



The 650 Bridge Chip Set

9.2 653 Buffer Quad Flat Pack Component Footprint

FRONT SIDE

I 0.2794

QUAD FLAT PACK 304 LEADED (0.5 mm PITCH)
[COMPONENT FOOTPRINT|

.011
{PAD)
18.89
T4y !
2|8 3L
al™ —é— Rl
=+ |~ ~| .
o Ol e
o s
' ol <g
nwl|o o| 3 —
1% 2X) 1.07 | E w8,
Y1 s . 042 | —-Ba
TOOLING HOLE w|Bh
NON-PLATED , \ [
228 1
\ \ *'
I 229 304%—7[
21.59
® CENTROID I-—-——-—— 850 v 1.03
SMT _SPACING_(PITCH) FROM PAD CENTERLINE
» SPACING IS TO NEAREST 0.013 mm (.0005 [n)
PAD| SPACING[1] |PAD| SPACING[T] |PAD] SPACING[1] |[PAD| SPACING[i]
1 | 0.000 (.0000) |22 [10.503 (.4135) |43 |21.006 (.8270) | 64 [31.496 (1.2400)
2 | 0.495 (.0195) [23]10.998 (.4330) | "+ |21.501 (.8465) | 65 |32.004 (1.2600)
3| 1.003 (.0395) |24]11.506 (.4530) |45 |21.996 (.8660) |66 |32.459 (1.2795
4 | 1.498 (.0590) |25[12.002 (.4725) |46 |22.504 (.8860) | 67 [32.995 (1.2990
5| 1.994 (.0785) |26 |12.497 (.4920) |47 |23.000 (.9055) |68 |33.503 (1.3190)
6 | 2.502 (.0985) |27 [13.005 (.5120) |48 |23.495 (.9250) |69 |33.998 (1.3385
7 | 2.997 (.1190) | 28]13.500 (.5315) |49 [24.003 (.9450) |70 |34.506 (1.3585
8 | 3.505 (.1380) | 29[13.995 (.5510) |50 |24.498 (.9645) | 71 [35.001 (1.3780
9 | 4.001 (.1575) |30]14.503 (.5710) |51 |25.006 (.9845) |72 [35.457 (1.3975) |
10| 4.496 (.1770) |31 [14.999 (.5905) |52 |25.502 (1.00407| 73 |36.005 (1.4175)
11] 5.004 (.1970) |32]15.494 (.6100) |53 |25.997 (1.0235) | 74 |36.500 (1.4370)
12] 5.499 (.2165) |33 [16.002 (.6300) |54 |26.505 (1.0435) |75 |36.995 (1.4565)
13| 5.994 (,2360) | 3416.497 (.6495) |55 [27.000 (1.0630)| 76 |37.503 (1.4765)
4| 6.502 (.2560) | 35[17.005 (.6695) |56 |27.496 (1.0825
5] 6.998 (.2755) |36 [17.501 (.6890) |57 |28.004 (1.1025
16 7.506 (.2955) |37 [17.996 (.7085) |58 [28.499 (1.1220
17] 8.001 (.3150) |38 |18.504 (.7285) |59 |28.99% (1.1415
18] 8.496 (.3345) |39]18.999 (.7480) |60 [29.502 (1.1615
19] 9.004 (.3545) |40 [19.495 (.7675) |61 |29.997 (1.1810
20| 9.450 (.3740) | 41 [20.003 (.7875) |62 [30.505 (1.2010
21| 9.995 (.3935) |42]20.498 (.8070) |63 |31.000 (1.2205)
MAY92

Figure 9-2. 653 Buffer Quad Flat Pack Component Footprint
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9.3 654 Controller 160-Pin Flat Pack Component Detail

SMALL PITCH FLAT PACKS
160 PIN (0.65 (.0256) PITCH)
PLASTIC AND CERAMIC

0.65 PITCH L L 0.3 % 0.1
.0256 ' ’t H .0l2 + .o0u4

31.19 £ 0.25

1.228 £ .010
28 £ 0.2

T
IO

b 5]

1.102 £+ .008

160

4.5 MAX
77

0.15 + 0.05
.006 + ,002
0.25 MIN ?{\

.010

0.8 £ 0.15 |
.032 + .006 t

Figure 9-3. 160-Pin Flat Pack
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9.4 654 Controller 160-Pin Flat Pack Compohent Footprint

SMALL PITCH

(F.P.)

PAD LOCATIONS

- SMT

2

PAD SPACING (PITCH)

COMPONENT

(O.65mm PITCH)

U

FOOTPRINT IS FOR 160 LEAD FLAT PACK (SQUARE)
2.032 | FRONT SIDE _3.05
.080 | .120
A N
SR S
% H 0.41 %j_ 040
% (PAD) %
= =
wlo “EE% EEE
g RE EE% 'EEE R
= y ® = "5
A= = 8-
= =
= |2 12.878 | =
= S ‘ .5070 =
= =

FROM PAD CENTER LINE

* SPACING IS TO NEAREST 0.013 mm (.0005 in)
PAD # SPACING PAD # SPACING PAD # SPACING

i 0.000 (.0000) 5 9.106 (.3585) 29 8.199 (.7165)
2 0.648 (.0255) 6 9.754  (.3840) 30 8.847 (.7420)
3 1.295  (.0510) 7 0.401  (.4095) 31 9.494  (.7675)
4 1.956 (.0770) 8 049 (.4350) 32 20.155 (.7935)
5 2.603 ~ (.1025) 9 .697 (.4605) 33 20.803 (.8190)
6 3.251  (.1280) 20 12.344  (.4860) 34 21.45 (.8445)| .
7 3.899 (.1535) 21 3.005 (.5120) 35 22.098 (.8700)
8 4.547 (.1790) 22 3.652  (.5375) 36 22.746  (.8955)
9 5.194 (.2045) 23 4.3 (.5630) 37 23.406  (.9215)
10 5.842 (.2300) 24 14.948 (.5885) 38 24.054 (.9470)
11 6.502 (.2560) 25 15.596  (.6140) 39 24.701 (.9725)
2 7.15 (.2815) 26 6.256 (.6400) 40 25.349 (.9980)
3 7.798 (.3070) 27 6.904 (.6655)

4 8.445 (.3325) 28 7.551 .(.6910)

"~ 0CT90
QFP160A

REMAINING PADS (3 SIDES) ARE A REPLICATION OF THIS SPACING

&) cenTROID

Figure 9-4. 160-Pin Flat Pack Pad Locations
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Appendix A
Initialization and Setup Requirements

A.1  Processor Initialization
The 601 processor comes up with the cache enabled and bus error checking disabled. The 603

and 604 processors come up with the cache disabled.

A.11 Cache Setup
The L1 and L2 caches must be managed in such a way as to purge any lines that are cached

during the early part of the boot process so that cast—outs of these lines cannot occur afterward.
All memory pages 2G to 4G must be marked as non-cacheable.

The high priority snoop request function must be enabled (set to 1) by software before running any
code that could cause L1 or L2 cache hits on snoops. This bit is HIDO-bit 31. The 60X CPU always
asserts the HP_SNP_REQ pin, and it depends on the high priority snoop push to function in order
to prevent potential livelocks or deadlocks when 60X to PCI cycles are retried by the target.

The L1 cache should be managed in such a way that no cast—outs with the ROM addresses can
occur. (Instructions and possibly data are cached from when the 601 first turns on until the L1 is
disabled.)

A.1.2 PIO Setup
The segment register T bit, bit 0, defaults to 0 which is the normal storage access mode. lt mustbe

ieft in this state for the hardware to function. Direct store (PIO) segments are not supported.

A.1.3  ARTRY# Precharge
The bit that controls ARTRY# negation, HID0(29), should be set to 0 to enable the precharge of

ARTRY# for example system configurations which do not have a device inserted at the upgrade
socket or for configurations using the IBM 256/512K write through L2 cache card.

It may be necessary set HIDO(29) to 1 to disable the precharge of ARTRY# for example system
configurations having a device such as a write-back L2 cache which drives the ARTRY# line. See
the specifications for the device inserted at the upgrade socket for details. The bit should be cor-
rectly set prior to running any cycles which can be snooped.

A1.4 Checkstop Enable
HIDO bit 0, Master Checkstop Enable, defaults to 1 WhICh is the enabled state. It should be left in

this state so that checkstops can occur.
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A.1.5  Bus Error Checks
All error checking is implemented externally usmg the TEA pin, so the bus error checks should

always be left disabled. These error checks are controlled by bits 21, 22, and 23 of register HIDO.
MSRbit 19, the Machine Check Enable bit, defaults to 1 which is the enabled state. It should be left
in this state so that the TEA error checking mechanism can function.

A.2 Initialization of the IBM 82650 Bridge Chip Set
Before DRAM memory operations can begin, software must:

» Read the SIMM presence detect and SIMM type registers.
+ Set up and check the registers in the memory controller.

The memory controller SIMM programming register, port 0820 in the example system, is used to
access the 654 Controller internal registers to program the starting address of each SIMM and the
top of memory. The Memory Controller Timing register, port 0821 in. the example system, is used
to access the 654 Controller system setup register. Settings for the system setup register are ex-
plained in Section 5.2.2.

A.3 1/O Bridge Setup
Program the timer in the Intel SIO register which controls-ISA refresh timing. This is counter 1 in

the SIO timer section; it should be programmed to operate in Mode 2 with an interval of approxi-
mately 15 usec. This timer controls the refresh interval.

Make sure 200 usec has elapsed since starting the timer so that sufficient refresh cycles have
occurred to properly start the memory. This will be hidden if approximately 120 ROM accesses
occur after the timer is started and before the memory initialization starts.

Initialize all of memory so that all parity bits are properly set. The processor may cache unneces-
sary data, therefore all of memory must be initialized.

Note: The 650 Bridge does not require reconfiguration when port 4Dh in the SIO chip is utilized to
reset the native I/O and the ISA slots. '

A4 PCl Memory Address Assignment

Software should not map any PCl memory at PCl addresses which ISA masters can create—-ad-
dresses from 0 to 16M. Contention will occur between a device with PCl memory mapped at that
address and the ISA master cycles.

A.5 PCI Configuration Scan
The example system allows a software scan to determine the configuration of PCl devices. This is

because the system returns 64 one-bits rather than an error when no PCI device responds to ini-
tialization cycles. Software can read each possible PCl device ID to determine devices present.

‘ *WARNING**
Using some addresses can cause bus contention on the example system, because multiple PCI
slots could be selected. For example, using any 60X address with both CPU_ADDR[19] and
CPU_ADDRJ[20] = 1 causes both the SIO and SCSI to be selected, possibly resulting in damage.
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Appendix B
Example Implementation

This section contains schematics for an example system. The schematics illustrate the imple-
mentation of a 650 Bridge chip set with a PowerPC 601 microprocessor. The example system
design includes provision for an L2 cache or an upgrade microprocessor. Eight SIMM slots allow
up to 256M of system memory to be installed, in 8M or 32M sizes and in any configuration in the
eight slots.

The example system uses an Intel I/0 bridge chip for ISA bus support. The I/O bridge also pro-
vides refresh timing and an X-bus interface for various system support functions.

241



wit

e I

IBM MICROELECTRONICS

Jwer PO oJ1

PROCESSOR
COMPLEX

THIS SCHEMATIC IS A FRAGMENT OF A TYPICAL SYSTEM SCHEMATIC. ITS PURPOSE IS TO ILLUSTRATE
HOW TO CONNECT THE 65@ CHIP SET IN A TYPICAL APPLICATION. THERE ARE A LARGE NUMBER OF
WIRES THAT HAVE NO SOURCES OR LOADS WITHIN THESE PAGES BECAUSE THEY CONNECT TO UNSHOWN
PARTS OF THE DESIGN. ONLY ENOUGH IS SHOWN TO ILLUSTRATE THE BASIC STRUCTURE OF A SYSTEM.

THIS DOCUMENT CONTAINS PRELIMINARY INFORMATION AND IS SUBJECT TO CHANGE BY IBM WITHOUT NOTICE. IBM ASSUMES NO
RESPONSIBILITY OF LIABILITY FOR ANY USE OF THE INFORMATION CONTAINED HEREIN. NOTHING IN THIS DOCUMENT SHALL
OPERATE AS AN EXPRESS OR IMPLIED LICENSE OR INDEMNITY UNDER THE INTELLECTUAL PROPERTY RIGHTS OF IBM OR THIRD
PARTIES. NO WARRANTY OR GUARANTEE IS GIVEN CONCERNING ANY INFORMATION CONTAINED IN THIS DOCUMENT.

COPYRIGHT IBM CORPORATION 19394

ALL RIGHTS RESERVED

* TRADE MARKS OF IBM CORP. -

1B

©6/1/94

£l

VISION

A

DRWNG PART NUMBER

SHEET l 0F22

s l

4

1

1es diyD ebpug 059 8yt



€ve

8 7 l 6 I 5 I 4 l 3 I 2 l 1
SYSTEM STATUS
IBM
ERROR STATUS 10/D
MC.SET UP INTF 2
- EPLD
P20 SYSTEM CONTROL
XCUR
cAs
USED FOR SET UP)
pa XD-BUS -
3.6V <—
REGULATOR BUFFER
PRESENCE/SIZE
P22
Ps
XCUR
CONTROL
CONTROL P18
) 68X _CONTROL
IBM 601
RISCWATCH IBM 82654 q
o
we SA BUS
PP 10-12 =
: BUS 15A BU
)
DATA
8237818 CONTROL
ADDRESS
ADDR/DATA Sto
DATA PP 17-19
ol 2 1BM 82653 MEM
g B ADDRESS ADDRESS { LE MODE, ETC TO 654
zZ| z PP 679
ol O
UI O
x| o DATA |
gl - PARITY 4 SIMM
S 2
PARITY |
L2 ! SIMM
UPGRADE/L2 SOCKET .
e o BN
[ X
BUF FROM 654 a 29F@40
o5 £ B ROM/FLASH
CLOCKS . oy
PP 13-14
0
ADJUST PARITY I B M BLOCK DIAGRAM
PER ENDIAN MODE UP TO EIGHT SIMMS DRAWING TZEIREVISION] DRWNG PART NUMBER
PP 3-4 06/01/94 B a
seer 2 oF 22
8 | 7 6 l 5 I 4 3 . I 2 | 1

1es diyD ebpug 069 8yl



18

+5V +SV +5V

135,
18
o8
45

S
155
135

2
160

8
5

3
86
168

S

=)
129

83}

4 ¢4
m - < w

X X H=H U

10F 2 10F 2 1 0F 2 e (R Ry ) g ST ON
00 e} e}
jrely (MEMORY DATR)

Do7 . MIPCT . BT sapco mm0s

uet] (MEMORY PARITY)

o
S
24
)

N]Ei i

i
!

i

i
I

m -4 < W o
m4d <o @
m -4 < w O

fe=)

8

B

i

g
52
1B
8

X X H U
g
S
SRR LIS
585,
55
X X = U
=1
2
o~
i

X X = U

o

SR
TRl
&l

Eeee) o L

198 diyp ebpug 069 ey

I BM MEMORY SIMMS

DRAWING

I— TZE[REVISION| DRWNG PART NUMBER
ee/01/% || |

- SHEET3 OF 22

3 T 2 | 1




5 4

+5U
T
X X X
> 5
g:) g:» Kl
2 0F 2 2 0F 2 20F 2 2 0F 2
CEo CED o) cEo CEl cEo
CEL CEL o
cE2 CE2 ce2
CE3 CE3 CE3
CE4 CE4 CE4
CES CES &
CE8 CEB CE6
Ce? CE? &
d

& 18
R
mm
N oo

b
EB
XX W M4 <w

& 18
A8
N S

g
g
XTXIXHW MA<D @

XXX MA<om @
XX=HWM MA<IO @

BO 122 B
27, 27
_,?643 WE2 )
75_¢|PDL 7s_¢|PDL PDL
552 | P2 5570 PD2 PD2
2 s 9IER3 4 1%=3|Pe3 bR
CMEMORY. (317 o|PBS (57 9|PDS PDS
ADDRESS) 57_2|PD6 57_2|PO6 PD6
s L1 PbS
0o [IN)-UACLL. . @
A0 ag 3 (|ro A8
e 2 =R &
%83 a5 1[5 A3
5 2| A4 A4 35 o|Ad Al
2|AS a5 5 2lAS aAs
ESR I A6 35 |AG 2 |RE
= & =i ’
17 2|AS a3 172109 A
38 2|nl0 A10 % 2 |A10 Alo
18 2 1ALL ALl 18 p|ALl ALl
o
a2 [T-HHEDK : (PRESENCE/SIZE)>
BN @ pry e
az [IRyMHELK
CWRITE>
MEMORY SIMMS

DRAWING IZEJREVISION | DRWNG PART NUMBER
6/81/94| 5| o

SHEET 4 OF22

8 | 7 [5 5 2 | 3 I > l T

1es diyo abpug 059 8yL




W

0 [T NPT, .9

10K

+5V

10K

X X Y X b4 X
) 9 5] 8 8 15
=1 - - - - -

N

a2 [T MPAR_24@_BE_OF%
(BIG ENDIAN)

(MEMORY
PARITY)>

B gmytReer..0

ABT240

A3~ Y| 12 @

o |

A1 Y 16 2

'S

Ao Yo 18 3

2082> m PD4_RDx
(SIMM SIZE>

(X D BUS) .

19A7¢» 2002y

2022 [T PDS_RDx
(SIMM PRESENCE)>

(CPU PARITY CORRECTED
FOR ENDIAN MODE>

ana: MPAR._24@A_LE_OE%
> I (LITTLE ENDIAN)

MSB

BT O g 118205 16020

PARITY AND SIMM TYPE
BUFFERS

DRANING 6/@1/94 IZEREVISION | DRWNG PART NUMBER

Bl A

SHEET 5 0F22

] 2 | 1

198 diyp abpug 059 ayL




o
~
o
o
|
IS
j
:
j

LyT

87
s @Dl

(681 ADDR, MSB @, LSB 31)

wec @on1ABD.
(MEMORY ADDRESS)
B T} MACLL . &>

(MEMORY ADDRESS>

TEST 22

o (BT ¢B63.. 9
16026 ) 202 _|60X_]
(CPU DATAs MSB = @) 201 _1E@X_]

h2a_L
248 163 2L 174 16@X_D21
- h22 173
162 |25 (27| 68x_D23
243 (22 (711 6pX D24
62X_D25

MEM_PAGE_HITx

98¢

SD_PAR_ERRX

e
82653 e L17 ] %X_DE?

i B o IBM27-82653
60X_D39
LIXXXXXXXX 25 | 6pX_D41 6 0F 6

LS5 e |6ox D63 v
Rl = I BM IBM27-82653

(5 &5 dax D37
[Sa 82 60x_058 GND DRAING TZEJREVISION| DRMNG PART NUMBER

ks . 22
&5 en 02 06,0194 g
] Q

N63 77 168X D63  LSB

SHEET 6 0F22

8 | 7 | 6 I 5 I 4 I 3 I 2 | 1

les diyp abpug 059 syl




8¥C

i 2

Do (FrY-—tIET D>

IBM27-82653

(MEM DATAs MSB 63,

(MEMORY PARITY)

8O (FT - RO D2

TBM27-82653
1
CONTG_10 34_{CONTG_TO
VI _ADDR_SEL 156 4 CPU_ADDR-SEL
¢ AL DATA_SELX 168/ CPU_DATA_SEL
¢ EOI_ADDR_OE* 15504 CPU_ADDR_OE
{— EPI_DATA_OEX 192/< CPU_DATA_OE
NO_TRANS | Vg TRAN
151 [ Ras31e]
[Bitbe — s s
ESEL 262 LE_MODE_SEL
T-SECK %0 pCT. SEL
_OE% {PCI_0E
_PCI_CIR PCI_CLK
[_BCI_DATAX L_PCI_DA
CI_AD_SELx ADDRHT _DATAL
= B
MEM_DATA_OEX 7 | MEM_DATA_
_DATA_SELX 724 MEM_DATA_SEL
REF_CYCLEX %ERE SH_SEL
R CYCLEX 3 EL
ROM_CLRZBURSTH KE] 5T_CLK
-604L_ERR_ADDR
2234 ERR_ADDR_SEL.
10 ALLZONES_SEl

60X_TT_ERR¥
g MEM_PAR_ERR* Fos )

o2 TR ERR-ADDR_SELX

o, [Ty ABORTDATASFLx

17¢2¢

(PCI ADDR/DATA, MSB 31, LSB &>

s @Ot} ND_AD_PAR

IBM27-82653
4076

haL_6L_|PCI_AD31MSB|
PCI_AD32
22 59_IPCI_AD29
fa3 S7 | —~AD28
27 %6 | —AD27
& S5 |PCI_AD26
VEESES
3 S8 -AD23

e

)

ST hLhbbbheoin)

BRnRIBARN:

ARA3AaAA%AT

PART: MD(63:56>

ARRaRAan

PARG: MD(7:@>

[ B

IBM27-82653

8383883883838 BAB8R3BER8AZ83888
l:’ [

(EVEN PARITY>

T 05,01 .,94 Sréﬁ

REVISION] DRWNG PART NUMBER
A

SHEET ? OF22

-

| 1

1es diyo 8bpug 059 8yL




6¥¢

8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
IBM27-82654
1LOF 3
m POWER_GOOD/RESET* asc RESETx RESERVED |78
= ND'PCE' L 1o ]PCI LK
CPUZGLK 22
1}3 Dl — AN TS-B0Lx g5y teceo isbeo
Ciez 1) . T14
us |vs1ze Hzl‘ 22 | 2 (BD 10820 15020
oo e Le 15121 T3 Ea_a'ﬂ
< 1SC2¢> 10A20) 22
113 AACK_BA1%
1520 1or0 Ty JEST 601 2 ST Y TATots o
15C2¢ 18020 e AN 1124 ARTRY INT gﬂ égs TER, z 1182¢ 15€2¢
LSB (31> TT_ o p— 1208¢ 15Ca¢
Py e T
ERR P42 TBEC  28BTC
33 -
C. _%ﬁ;* 17B2<>
TRDY P27 = €3
I8DY IRDYx L
. STOP 416 A2 PCISTOP* 1720
15B20> 10C2¢> 6DBC> DEVSEL X 17820
C/BE3 han 33 1782¢>
102> 1201 (YR DPE5DL% ) | -8 S C A -
Rt e Ca ke " :
AN ]
200> mﬁ-fﬁﬂ* 77 | MASK_TEA =0 v
43.6V == PCLPAR — O e
T 4 1 2187
Q“ X 21B7¢
4 YCLER age
> /BURST 3 7B8¢
125 CPU_REQ R E:]
354 T0_BRDG_REQ Pita o
384 PCT_REGT GNT 1% 17e8¢
109 CACHE _REQ GNTL [
PCI_REQ4
s sk
554 PCI_REG3 ZGNT3 {88
17 [IRD-S10-TEIRER: —*%Q 10_BRIG_HOLD T _cou sape 15220
-
ISA_MASTERX 5 1on rpsTeR o 2l 05 h
LE_MODE _SEL (82 o8¢
191 INT.FROM_STO 32 |10_BRDG_IRQ NO_TRANS M13 8
1981> @TK 12 INAT_TRG
CPU_ADDR_SEL 08¢
CPU_DATA_SEL. p4i58 0B
%8 i1k 152_{PCT_AD_PAR CPU_DATA_GE (<id5 708¢
1scls E3 88 SRESET_REQ CPU_ADDR_OF ({144 cac
PCI_SEL (IST 708
PCE.{ 148 e8¢
ADDRHE_DATALO M147 08¢
L. 1] A L6 08¢
120 81 F
121 80 (ALL SERIES RESISTORS MUST BE PLACED
AS CLOSE AS POSSIBLE>
82654
IBM27-82654
CENTRAL CONTROL PORTION
[ DRING IZE[REUISION| DRWNG FART NUMBER
L=RXXKRKX 06/01/94 | A
160 r) m
1 )
SET g OF o

| 2 | L

198 diy9 9bpug 069 8yL



174

8 | 7 6 | 5 | 2 ] 1
+3.8V
X
15
3
IBM27-82654
20F3
REFRESH_SEL
PAR.
LEZPARCEN
174 DI
[ 754 RI
[ 1364 TEST
BBL> MEM_PAGE_HITx 149 PAGE_HIT
1782 ) ST En RESH. REQ
19c1> LITICE7BIGK TS84 LE_MODE_REQ
15B2> T2 _PRESENTX 82| 2 PRESENT
1588 To-CACHE _ALTK 12442 CLAIM
200> SEL_CRS/POX 45, ETUP
ep1> [TR)—S0-PAR_ERRY 155_|MEM_PAR_GOOD
LDAT
MEM_DATA SEL
45V
= <%l =
uDD
SU_CLMp |19
SUZCCMP [0
IBM27-82654 -
30F 3
PINS 19 AND 99 RESERVED
GND I IBM27-82654
inlagl-d-i doalelds MEMORY PORTION
|| N
1 | DEEIRG IZEREVISION| DRWNG PART NUMBER
©v6/81/94 | g A
GND R
SHEET 9 OF 22
8 | 7 6 | 3 I 2 | i

1es diyD ebpug 059 8yL



1sT

5 7 I 5 s | 4 | 3 | 2 | 1
+3.6V
,‘L M L vl vl vl vl x THESE RESISTORS NEED TO BE PLACED BETWEEN CPU AND CONNECTOR
0 D 8 5 B 8 B
—LOES A4S 8S 2SS S S S 4
ADDRESS ¢ ¢ & " " ¢
CONTROL
BB {224
AACK AACK_EaLx a2 15620
ARTRY (221 ARIRY_BOIX B> 1502¢
SHD SHO 15¢2¢>
BR[H218 BR_6@X% 152> BB
BG ()28 BG.EOXK (7] o>
TS 226 TS_6BLx 150205 82>
XATS % XﬁTiM% 15T2> BC7C
B> CFT 08015820 BcTe
LSB A3Llss 31
[T I —
[ - ——
Apl 60 284
A 58 271
[ = —
I —
A4 55 24
ok = —
228 153 B B —F]
[T —T
229 M e 204
152 Alg
Al8
AL7
Al
6 A
ALa 4
LIXXXXXXXX
304 s : SPECIAL_OPERATIONS
: READ/-WRITE
1 6 MSB : INVALIDATE OPERATIONS
: MEMORY,/-ADDRESS ONLY
: RESERVED (ALKAYS 8>
"% 8126 15DR¢s
TT4l28 | 4
TT3 [ 244 3
TT2[28 2
sl
170 [-228
L0l @ iy 1502
TCL [ ast L
TCB [2: .
NI P4 2 8070 156> 08¢
S172(.237 2
elzilee L TBST_6B1x% a7 15020
F C1coux 15c2c
TBST (1236 —B8L% 15¢2
o [ —i iR =
CI 216 |
WT P14
GBL {23
IBM25-TPCEB1-66-1
csEa | 212 v
CSET [rait Ei
C5ge [Cais DRAWING SIZEREVISION| DRWNG PART NUMBER
@95,01,94 | B| A
GND SHEET{ &) OF >
8 | 7 | & 5 4 3 ' 2 ] 1

leg diy0 ebpug 059 ayL



(414

7 S I | 2 l 1
+3.6V
IBM 601
_20F5
|68l DATA BUS| y
B (22 $
DRTRY 292 -
+3. 6V
16M 521 DBG 300 DBG_6@X% 1502¢
4 0F S M
TA e TA_62Lk acas
yss1 uonL TEA 8@ TEABOLX oco
uss2 VDl
333 o3 D022 pryscso 16m0
unD4 |25 3L
uDD5 1 88 304
vDng (8L 29
Uss7 vDD? 3 - —T
uDD8 S v
i} T — 24
uss1e UDD1e &
USS11 VDI L 66 24
vssi2 vpDi2 E7)
SS513 UDp13 91 22
USS14  UDBi4 T =
SS1S VDD1S 2 94 294 GND
Uss16 UDD1 [ S5 19
USS17 UDD17 8l g7 184
Uss18 vDD18 7198 171
USs19 ubD1g [— [ 99 164
Uss2e  uD [ 183 154

2 UDD22
US523  vDD23
4 UDD24
US55 vDD25
UsSs27  vbD27
usSz8 VDI
UsS23 D!
Uss3a D
VSS31 UDD3L
uss32 Ul
USS33  UDD;
VUS534  UDD34
USS35 vDD35
US536  VDD36
D37
uDD38
USS3g  uDDp39
U549 D48

US542 D42
U5543 D43
USS44  UDD44
US545  UDD
US545  UDD4S
uS547  UDD47
U5548  UDD48
U5549 D49
] b=}
1 D51
USS52 DDS2
US553 D53
USS54 D54
US555
U5555  UDD
SS57  UDDS?
UsSS8 VDDS8
USS53  UDDS

-

f
SRR

=
333383
[orale
Jus ]
=l
L iv]

62X.062
60; L

-~

151 5
1224 4
1553
15 2
126 1
122 6 ]

.- E—
201

222 |

23 |
190 63

o

@

N

DECL. @ Ty sao 1sa20

229

304

228 153

152

601

7

1 76

IBM25-TPC6B1-66-1

[ BM

—DRAUITG. IZEJREVISION| DRWNG PART NUMBER

06/81/94( 5| 4

SEETI ] 22

I 2 | !

18s diyp 9bpug 059 8y L




1 5°14

8 | 7 I 3 | 3 I 4 3 | 2 1
ESP_RUN_ BREAKPOINTX
+3.8V +3.60 +3.6V | +3.6V
T IBM 681
S M ¥
8 30F 5 5 x 13
< 1 5 -
+3.6V
«> [Ny INT.6@1% R - CKSTP_OUT
CKSTP_IN
w2 [Ty SRESET_681% 264y SRESET
POWER_GOOD/RESET 601L_HRESET Ee) RUNNSTOP
o — &80 FRESET
ESP_HDWR_RESETX jF 28 +3. §V+Eﬁ &v
‘o b
8o B2 DPE
3¢ S
RTC_681 2r3 |RTC
231
won OED BCLK_EN_6@L 271 BOLK_EN FED
RSRU (254
I, 2X_PCLK_601 262 |2x_PCLK ‘e
= [IRy— PCLK_601 285 PCLK_EN T'
ey |_299{BscAn_EN quIESC_REQ | 256 %3
<
S
+3. B3, B3, 6V [ 297 DEWO
uce ;E XT ¥ —_— g
82 82 § GND
OSCILLATOR - > I 1K RESERVEDL | 208,
1 JEN out |Ls | A 282SYS_QUIESC
I RESERVED2 | 287
7. 81258MHZ A2 |RESUE
e RESERVED3 | 208
+5V I ESP_SCAN.DATA SC_DRIVE |218
—_— ESP_SHIFT.CLK
GND ESP_SCAN_IN ESP_OCS.OVERRIDE 275{FSP_EN
13,89 HP_SNP_REQ 2.
: T Eal 184 |scan CTL
RISCWATCH CONNECTOR ] 50F 5 105 |scan_sIN
H SCAN_OUT |78 veyvey
TSTER2 | 246 167_|SCAN_CLK B>
1al| uce <
TST03 |247 +3.68V
0CS OVERRILE (1S TSTes |_2ss I T
DR RESETI2 4 ToTes |14 AKX —
L& | +RUN/-BREAKPOINT RESET_INTERRUPT 3 TSTE? | IS VoS GND
L 1jcHeEck_sTop CNTL/SCAN_DATA | 4 TsTEE | A7 6X_PRESENTY _(Try] isme>
8_|SCAN_OUT SHIFT_CLOCK [ 5 TST@S |13 sox,mssr:mm‘m>
SCAN_IN| 7 T5T10 | 394 (THESE SIGNALS
RESERVEDL | 12 TsT1L| 8 DISABLE THE 601>
3 |eNDL RESERUED2 | _13 5 TSTI12 #
11 {eND2 FSERVEDS | 16 TST13 [ 7]
123 45 6 78 — 18K
= TST14| 18 M
9 111213 141516 GND s
— VIEW FROM TOP fRONT. TSTIS
GND TST16] 4
CONNECTOR IS KEYED. 12K
CABLE HAS PLUG IN POSITION 1@. TSTi7 | 8 Ao
1
T5T18| 583 Af—
TST19} ™
Tstep 3, AR
Vv IBM25-TPCEB1-66-1
| o . .
TST22 M _DRANING IZE[REVISION | DRWNG PART NUMBER
B6/01/94 | B a
ESP_SCAN_OUT
SHEET; — OF
% TRADE MARK OF IBM CORP 12722
8 | 7 | 3 3 4 | 3 | 2 | 1

19s diyo abpug 059 auL



1414

8 ] 7 | 3 | | 3 | 2 | 1
CRYSTAL IBM25JP-CLK@1
13. 16MHZ
XTALL
2_{pIN2 L 3 Ix1
£ .o
-] 510 : 2XPCLOCKZ] 38
3 pmna T |4 AN 2 | x2 2 2X_PCLK 6L
XTALZ) 45U 45U 2XPCLOCK1] 3L —AN OL_[oOTy 12ce
68PF | 66PF g POLOCK4| 22
- 18K 10K
T T PCLOCK3] 19
= = v « lucon Pq.ocxzw_xs -
GND GND = 13 PCLK 681
< 65 _|UCO_B POLOCKL M EB1 _ T 1acac
1sc2¢ 14c8¢< (OOT} FULL _SPEED BCLOCKSE| .46
3 63 | BCLK_CNTL.
(POPULATE RI66 FOR 33 112 2 [ 45y BCLOCK?_48 »
CPU BUS DESIGNS) Hee T sq TST-IN® BCLOCKE| 52 —_AA 6BX_CLK_pmy 1act  tsac
: 688 |rmaM—9 Wiz
ey ZS e | AN 640y TST-IN BOLOCKS|_SL M5 L2BCLK B myry 1sct 1sec
o3
a 1eK BCLOCK4|_S3. Y L2 BOLK_L 1 1582
[ J_ A s8] INHIBIT_IO W —D - ¢
=3 oK BCLOCK3] 54 Yy NORTH_BCLK_ oy e
1KS  Gp b WA————67() TST_IN2 Reag VY DO_NOT_POP LK EN. 0L
b4 BCLOCKL 56 "= AA. =5 501y 12cac
BOLOCK1) S8 YN PLL_BCLK_IN
1582> [Try-BBX-PRESENTY 3 | CLK_OUT_EN2 Vv oD 14ce¢
TST_0UTe) 6
3 | CLK_OUT_ENL p.
TST_0UTL| 7 R138 So
35 | CLK_OUT_END (FOR 33 MHZ DESIGN
25 | RCLPF POPULATE R138 AND
¥ REMOVE R239>
B 15K 109
NC —
— GND
GND
USSLPF
9 168 61
10 50 —
° uoD
ClLK@1
uDD_PLL
GND
15
26 44 5
27 43 33
uDD4 [4L
| — 43
=
CONFIGURED FOR e
FOR S@MHZ AND 66MHZ 6@X BUS SPEEDS '
PHDETOUT | 24
I B M IBM2STP-CLKA1
| IRAWING - ISIZE[REVISION| DRWNG PART NUMBER

06/81/94 5| A

SHEETl 3 OoF 22

I

188 diyo ebpug 0G9 8yL



SST

8 l 7 I 3 l s l 4 l 2 l i
+5U 5V
Frren quﬂﬁﬁ#
IWNRN
ASV
4493B-66
4 FEC FOUT3A |4
1381> [TR)— PLL-BCLICIN 44| RFF FOUT2A [ A2 PCI_SLOT2_CLK
RESET FOUTLA [13 2. —SCST-
1908 [TF)—FULL_SPEED 36 | DIUSEL FOUTEA [ 1S A PCT 5011 CLK ]
oUT3 W SN_PCI_CLR ] o8¢
PHSEL L FouT2 A —_RD_PCI_TIRI P 75
37| PHSEL® F%é ; PCI_SI0_CLK
AN
22 [tesTN W o 7ee
+5V
] = |eN AG3.,0)  X2FouT [ 19
24 3 FOUT 20
23 |EN X2, FFOUT FILTER |3L
LOCK
.91
DGND
l)é(’ %1’ £ o 4TPF
P23 &
Y o9 n 2.7
= GND
GND N
Ra (JUMPER PINS 1-2 FOR 6@X = PCI FREQUENCY)>
AN 2 |8
R 5 (JUMPER PINS 2-3 FOR 68X = 2 X PCI FREQUENCY)
=N 3 L®
o
®
a
1
= 6 40
GND 7 0 39
44938
DRAWING TZEJREVISION| DRWNG PART NUMBER
06/01/94 | g
29 A
17
* TRADEMARK OF ADUANCED MICRO CIRCUITS CORP 18 28 SHEET) 4 OF 5D
8 | 7 | & | 5 ] 4 I 2 | 1

195 diyD obpug 059 ayL



95T

UPGRADE CONN
1 OF 3

10K
AN
\4
16K
AN
\4
10K

+5V

1P
1@K

HISIVAV-NN )] B 1enacsresc
TBST_681%
251,

L2_TYP
2007¢
g : e
= 10A2>
ﬁGEL‘.SB‘li_‘ 105>
ARTRY_EBI%
SHD_E £3

8C70 10A20>
2007¢

> 1802¢
8C7¢s 18020,
1omR0

BR L2 o
mu@@ T
= 8c2>
TEA_601%
PORER. Gooé%ﬁsn_‘* =
¢ E3
SRESET_EO1% 9kH gy

298>
K 12B1< 1388¢ 20C7¢
13C1> 134
D, 13C1> 13¢4
13C1> 134

1281¢

LSB(31»

UPGRADE CONN

A3l
L< B ep8o> 10¢20 6C7¢

GND sV

30F 3

MSB<@)»

198 diyn abpug 059 ayL

60X_A2
BUS_CLK_SPEEDA
BUS_CLK_SPEEDL

B M UPGRADE CONNECTOR

DRPIING
v6/01/94

ISIZEIREVISION [ DRWNG PART NUMBER
A

I
o

o)
4
=]

SHEET1~5 0F22

l 7 I 5 | 5 ] 4 3 I 2 | 1




LST

[& maxw [~ maxw | v moa<w | 0 maxw |

'.n. M-ty Im M=ty Tm M—<w Tq mM—t~<m ]

[T

3
m
|

UPGRADE CONN
20F 3

~ B@X D31
—50

BEe

3
CELETEEE T

D2, Ery B0
1<

«CPU DATA MSB-2>

(CPU PARITY)

DPCP.. @ BTy ses 11m200

DPE_BOLK [Ty 1anuecec

[ BM

UPGRADE CONNECTOR

ISI.
SR 06,01 /94

vid
B

IREVISION

A

DRWNG PART NUMBER

SHEETl 6 OF 22

1

18s diyo abpug 059 8uL



8ST

*
82378ZB
LoF 3 MSB AD3L| le2 3t
AD30 | 1656 32 4
AD29 [167 20 ]
AD28 [(1ea™ 26 ]
- AD27 [ 165 27 ]
AD26 | 118 26 1
AD2S [1 2]
AD24 [_112_24 4
AD23 [114— 23]
g Abet e/
> - A0S (BT
Se D3P 11920} 210 T80
9 ADIQ 120 1o ] PCI A/D>
ADLE 121 1e ]
ADL7 12211
ADLE (123 ¢
ADIS (1381t .
ADL4 [159 12
ADL3
% CPUREQ 8pit
202 PCI_IDSELCLY 101 1 IDSEL AD1O
3 133 LOCK ADS
MACK ADB
142 PCI_SIO_CLK 90 PCICLK AD7?
=GOOD/RESETX 163 PCIRST ADS
ez _ST0_GNTx 504 REQB/SIOGNT ADS [ 151
S8 4REQL AD4
PCT_SERRX 13414 SERR AD3
[ AD2
ADL
LSB AD®
X"
E24 REFRESH I1SA.REFRESHX
C/BED D scae
e C/BE3 PCLCARRSI X (AT sc2
o VS PCI.DEVSELX ac20
LU?RRME PCI_FRAMEX a2
GNTB/SIOREQ PCT STORFOx
/R o PCI_II hoid
Méﬁgg RDZQL< §I > ac20
MEMREG
: k- e R
TROY PCI_TRIV% G0
SIO_MEMREQx% 8B7¢

REQL IS HIGH DURING RESET

1es diyp abpug 059 ayL

SO SIO DRIVES AD,C/BE, PAR : M

WHEN PCIRESET ASSERTED SIO-PCI PORTION

[ DRAING TZEREVISION| DRWNG PART NUMBER
06/01/94 5| A

* TRADEMARK OF INTEL CORP

FEET 7 922

8 I 7 ] 3 | 5 | FEE— 3 | 2 | 1




+SV

Er

vee
OSCILLATOR

—EN
14. 3181MHZ

GND

el PNwuor Zz
S RERRER

ol

65T

GND

4 2
14. 31BI18MHZ fyyry
193 AN
AAIE
20 AND
191
200 ANAD
AN
190023, . 17 D
(ISA SIGNALS)

I1SA_MEMCS16% Y8:193

ISA_MEMRX
A'A'm
3 f‘é XIOMK {70y o
A2 Y3 S XIORX
15A.BWSK W20 aecrc
g o L v{7 o
Ao :( Yo 9 1
Toe
§ 20C7<
244 (X BUS)
2 8 A3 N Y3l 12 2
3 6 A2 I Y4 14 3
4 4 Ay ;]: Yi| 16 4
-1 2_|As i Yol 18 S
o
GND
2619, 0 2ac
10 8:104
ISA_SBHEX
W
SDCZ..O D i
150 SEMRX
T5A_SMEFINX
A TEA_CLK ﬁ
vy
22
I BM SI0-1SA PORTION
—_— ISIZEJREVISION| DRWNG PART NUMBER
86/81/94[ 5| q
SHEETlB OF 22
| 4

| 1

198 diyD ebpug 059 9yl




097

E PCI_SLOTL_INTX

- PCI_SLOT2_INTx

DISKCHG
RQL3 71 | IRQL3/FERRK  82376ZB
S 4 IRas 30F 3 ALT_A2D LITTLE/BIGK
ROI3 39| IRQL2/M T RST ALT_RESETH (WA i
2082> RGIL 37_|IRQIL EC R 2007
RO1E | 1RG1G 2e07¢
2082) R 184 1TRGY 200%
R K 172, %Egg 20C7¢
R plii INT_FROM_SIO -
— 11 IR0S TIHE
ROZ 1R04
o 1o|1Ras UBUSTR o
2000 L_IRQL 168 | TRQL BATC
169 S
Y
%
GND  GND
(ISR DATAY
SCTL® . (PTy e
(XD BUS»

2D 51 (P mermdBELin 2.

I B M SIO-PART 3

DRERING. E[REVISION| DRWNG PART NUMBER

06/01/94 (5| A

SHEETlg 0#'22

I 2 I :

18g diyo ebpug 069 ayL




19T

8 | 7 | 6 | 5 | 4 3 2 T n
+5v
o
s respn ]
ECSADDRA s | Fcsa oL L4 L maL
ey ECSADDRL = Eedl LR IRQL_gyTy 1687c
=2 Empy *
19C:
e - > ACTEL “EP1810
ssca [T L2118 2 o coec
s PCI_SLOTI_PRESENT L2 ChGE d5eK
éfs T2_PRESENTRK T 8 PCI_gtTé
. i =
FUSE_GD
IBM I,/0 INTERFACE
IRQL s | n
JRQLLIN. 5] IRQII_IN CNTG_10 |29 CONTG_I0 08¢
o R 2 b e
i = SCBC 20R8¢
49 7 [M62
A2 (XD BUS)
iea20> [TR)- SAKB) Al X2 .2 O sc 1are>

J—

(Al

%’JEHM:B’; 1

=

WRD De
SET L2_MISS_INH DEs L_CACHE_INHk 158
L2 PRESENT L2 UPDATE_INH 883— T2_CACHE _DIo% | 158
o RS ol NTorD P e —Tooe o
s - 08¢
IRQI.IN IRQL1 [43 R 19c7¢
IO0W IRGS [(88 @ 157
o b Srea
RD_PD4 ] scac
_PDS 38 “PDS_RDX "} sBac
L2_FLUSHX
FDD_CS L2_TAG_CLEAR {54 S
DPE_ERR KYBD_CS (18
PR eRR FREc R ”QZa
- TC_WR 1438
RTC_ASA 146
RTC_ASI 135
RTC_WER P31
RTC_OER 422
FU [£13
MEDIA |44

DENSITY_RD¥ o

2 III—E%

F245
A ™ B7
@6 B
As B
Aq B4
— 1) Ba]
A2 B2
AL B1
Ae Be|
(CAS>
4nsc oc20 (BT MCECT. . @ oRE :I: BI\/I I,0 INTERFACE EPLD
| _DRAWING
1> UBUSTR _j § -DRAMING. IZE[REVISION| DRUNG PART NUMBER
‘ m:m SEL_cas/PD 06,021,894 B| A
2002
# TRADEMARK OF ACTEL CORP SEETHp F oo
8 | 7 | 3 i 3 | 4 3 | 2 | 1

18s diyp abpug 059 8yL



9T

PCI_IDSEL<4> m
PCI_IDSEL<(3> @

PCLIDSEL(® pyyr,
PCI_IDSEL(1) m1m<
+5V
POPULATE R334 FOR EPROM
POPULATE R345 FLASH
4 DO_NOT_POP - EQBFG“U M
s> [Ty ROMMER M AV~ éa L |pyg " RO
R345 R334 18 117 38_|A17
16 2_1AlS
15 3 71A15
F244 - 29 |14
28 _|A13
14 17 183 N Yal 3 4 _1A12
2 1A11 DQv7 | 2L
13 15_lA2 Y2 5 2] 23 1A10 DG | 20 38
3 26 A9 DeS [ 19 294
12 13 iA1 Yy 7 27_{A8 Do4 | 18 281
A7 D3 [ 17 274
11 11 |Pe Yo 9 A Do2 | 1S 261
AS DQi| 14 25
o A2 D08 (524
A3
18 _1n2
B 1L_{Al
12_|AO
GND
ROM_CS% 2ACE
862> 2404 01
g “ROM_OEX FLASHWE_ALB Esx Ve
USS
ol
e
GND -
(PCI A/D>
1rc2e 7080 (BT~ SRR

1eg diyD obpug 059 syl

I BM FLASH ROM + ID SEL

[ DRAHING TZEREVISION] DRKNG PART NUMBER

v6/01,94 | B| A

SHEETEl OF 22

[ T = : - = 1 = .1




€97

3 | 2 | 1
+3.6V
45V =
C(IN> OuUT»
MIERSSS
3 € ¢ 2
N B
T
4
N>
.
332 s §<’
W
2222R
1 3
B C
. BISUF £
An—lL 3
LA '\
249 :|
TorP coL GHO
3| pp LTHBIC® el o AM—1
121
sl e o7 5J_
o T GND-S GND-F N4 8
® %3
ml Wl
GND
I B M 3.6 REG
[ G IZEREVISION| DRING PART NUMBER
06/01/34 Bl A
SPEETEE) OF 22
6 3 | 4 | 3 | 2 | 1

1eg diyo abpug 059 ayL



The 650 Bridge Chip Set

264



Appendix C
653 Buffer Details of Operation

C.1

653 Buffer Highlights

« Companion chip to IBM27-82654 PCI Bridge Controller

Address and data buffer/multiplexer for CPU, memory, and PCI buses
64-bit CPU data bus

32-bit CPU address bus

» 64-bit memory data bus

» 12-bit memory address bus

e 32-bit PCI multiplexed address and data bus

Generates PCI parity for the PCI_AD lines

Presents one load to the PCI_AD lines

OHz to 33MHz PCI bus frequency

Low power

 Static operation (no clock for most C|rcu:ts)

* Less than 400mW active power

3.3V or 3.6V power supply (timings differ)

5V TTL-compatible /0

PCI drivers are compliant with PCI Specification, Revision 2.0
304-pin quad flat pack, 0.8 micron IBM CMOS4LP technology

C.2 653 Buffer Pin Descriptions

The # symbol at the end of a signal name indicates that the active or asserted state of the signal
occurs with a low voltage level. When the # symbol is not present after the signal name, the signal

is asserted with a high voltage level.

The terms asserted and negated are used extensively. The term asserted indicates that a signal
is active, regardless of whether that level is represented by a high or low voltage. The term ne-
gated means that a signal is inactive. The term deasserted is also used to indicate a signal that

is negated.

The following terms are used to describe the signal type:

in. Input is a standard input-only signal.
out Output is a standard active driver
/0 Bi-directional
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Figure C-1. 653 Buffer Pin Attachments
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C.2.1 60X CPU Bus Interface Signals
Table C—1 describes the signals that interface the 653 Buffer to the 60X CPU bus.

Table C-1. 653 Buffer Signals—60X CPU Bus Interface

Signal Name

Type

Description

CPU_ADDRJ0:31]

/0

The 60X CPU address bus. The pin names of the 653 Buffer match the big-endian 60X
CPU bus names, but these signals are renumbered in little-endian order as they pass
through the 653 Buffer transceivers as cpu_addr_in[31:0] (inputs), and
cpu_addr_out[31:0] (outputs). All internal 653 Buffer buses use little-endian
nomenclature. See Section C.5.5.

CPU_DATA[0:63]

/0

The 64-bit60X CPU data bus. The 653 Buffer pins are numbered in big-endian 60X CPU
bus order. CPU_DATA[0:31] connect to the 60X CPU signals DH[0:31].
CPU_DATA[32:63] connect to the 60X CPU signals DL[0:31].

The names of these signals are changed at the CPU data byte lane swappers (see
Section C.5.21), but the significance of the bits within each byte is unchanged (for
example D3h remains D3h). This bit renumbering matches the names of the 60X CPU
data lines to the names of the PCI bus and memory data lines.

Ifthe system is operating in little-endian mode (LE_MODE_SEL# is asserted), the byte
order is reversed by the swappers as data leaves or enters the 60X CPU from memory
or the PCl bus. If the 60X CPU is in big-endian mode, there is no byte reordering.

TSIZ[0:2]

60X CPU bus transfer size—number of bytes. The 650 Bridge supports transfers of 1,
2, 3, 4, 8, and 32 bytes. When the system is operating in big-endian mode
(LE_MODE_SEL#is asserted), the 653 Buffer unmunges addresses generated by the

CPU based on the transfer size. See Section C.5.6.

C.2.2 System Memory Interface Signals
Table C-2 describes the signals that interface the 653 Buffer to system memory.

Table C-2. 653 Buffer Signals—System Memory Interface

Signal Name | Type |Description

MEM_ADDR[11:0] out Memory address bus, 12 bits, multiplexed, little-endian. While RASHI/CASLO is
high, the MEM_ADDR lines contain row addresses selected from the internal data
bus. While RASHI/CASLOis low, these lines contain the column addresses selected
from the internal data bus.

MEM_ADDRO_B out A duplicate of MEM_ADDRI[0]. (Required by some SIMMs.)

MEM_DATA[63:0] 1{e] 64-bit memory data bus, with bit 63 = most significant bit. These signals are
numbered in little-endian order.

MEM_PAR[7:0] l{e] 8-bit memory parity bus, bit 7 = most significant bit. Bit 7 corresponds to
MEM_DATA[63:56). Even parity is generated and written on memory write cycles.
Parity is checked on memory read cycles. .
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C.23

PCI Bus Interface Signals

Table C-3 describes the signals that interface the 653 Buffer to the PCI bus.

Table C-3. 653 Buffer Signals—PCIl Bus Interface

Signal Name | Type |Description
PCI_ADI[31:0] 110 PCI address and data bus, 32 bits, multiplexed address and data. The PCI_AD bus is
numbered in little-endian order.
PCI_CLK in PCl clock. PCI_CLKis used in the 653 Buffer to time the PCl data hold and address hold
(demultiplexer) latches and the PCI Address/Data output multiplexer.
C.24 654 Controller Interface Signals

Table C—4 describes the signals that interface the 653 Buffer to the 654 Controller.

Table C-4. 653 Buffer Signals—654 Controller Interface

Signal Name

Type

Description

ADDRHI/DATALO

in

PCl address and data bus phase indicator, driven high by the 654 Controller to
prepare the 653 Buffer for a PCl address phase, and driven low to prepare the 653
Buffer for a PCI data phase. (The PCI_AD bus is a multiplexed address/data bus).

ALL_ONES_SEL#

All ones select, asserted by the 654 Controller to the 653 Buffer to place all one-bits
on the 653 Buffer internal data bus. ALL_ONES_SEL# is used during PCI
configuration read transactions to return 64 one-bits to the CPU data bus when no
PCI device responds. See Section C.5.22.

CPU_ADDR_OE#

CPU address output enable. While asserted, the 653 Buffer drives the internal
address bus tothe 60X CPU addressbus. This allows snooping during PCl accesses
to system memory.

CPU_ADDR_SEL#

CPU address select. While CPU_ADDR_SEL# is asserted or no other address
select input is active, the 653 Buffer uses the 60X CPU address bus as the source
of address information for a transaction. The CPU address hold latch is held
transparent, the CPU burst counter (see Section C.5.8) is enabled to count, and the
address MUX places the address from the CPU (viablocks 6, 7,and 8) onthe internal
data bus. After power up, this signal must be asserted and deasserted by the 654
Controller before any bus cycles are initiated to initialize the CPU burst counter.

CPU_DATA_OE#

CPU data output enable. While CPU_DATA_OE# is asserted, the 653 Buffer drives
the contents of the 653 Buffer internal data bus onto the 60X CPU data bus.
CPU_DATA_OE# is asserted by the 654 Controller during CPU to system memory
reads and CPU to PCl reads.

CPU_DATA_SEL#

CPU data select. While CPU_DATA_SEL# is asserted or no other data select input
is active, the 653 Buffer uses the 60X CPU data bus as the source of the data for a
transaction. The data MUX (see Section C.5.22) places the data (byte-swapped in
little-endian mode) from the CPU data bus onto the internal data bus for transmission
to the PCI bus or system memory.

ERR_ADDR_SEL#

Error address select. While ERR_ADDR_SEL# s asserted, the contents of the error
address latch (Section C.5.14) are placed on the internal data bus by the data MUX
(Section C.5.22), forthe CPU data bus. The 32-bit address is driven onto both halves
of the 64-bit 60X CPU data bus.
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Table C—4. 653 Buffer Signals—654 Controller Interface (Continued)

Signal Name

Type

Description

L_PCI_DATA#

in

LatchPCldata. WhileL_PCI_DATA#is notassertedandthe PCI_CLKis low, the PCI
data latch is transparent to the PCI_AD bus. When datais required from the PCl bus
(during a CPU to PCl read or a PC! bus master to system memory write), the 654
Controller asserts this signal following the rising edge ofthe PCI_CLK for the current
data phase. This latches the current data phase data into the PCl data latch. The
4-byte data is then duplicated as an 8-byte quantity, and placed on both halves of the
8-byte internal data bus. See Section C.5.14.

LE_MODE_SEL#

Little-endian mode select. LE_ MODE_SEL#is asserted by the 654 Controller to set
the 653 Buffer to little-endian mode. While LE_ MODE_SEL#is asserted, CPU data
byte lanes are swapped (see Section C.5.21) and the CPU addresses are unmunged
(see SectionC.5.6). While LE_ MODE_SEL#isnegated, the CPU sourceddatais not
swapped and CPU-sourced addresses are not unmunged. This signal can only be
changed between bus cycles.

MEM_DATA_OE#

Memory data output enable. While MEM_DATA_OE# is asserted, the 653 Buffer
drives the 64-bit internal data bus and its eight parity signals onto the memory data
bus and the memory parity bus. MEM_DATA_OE# is asserted by the 654 Controller
during memory write cycles.

MEM_DATA_SEL#

Memory data select. MEM_DATA_SEL# is asserted by the 654 Controller during a
memoryreadtransaction. When MEM_DATA_SEL#is asserted, the 653 Bufferuses
the memory data bus as the source for the current transaction. The data MUX
(Section C.5.22) places the memory data onto the internal data bus for the PCl bus
or CPU data bus.

MEM_PAGE_HIT#

out

Memory page hit. The page hit comparator (see Section C.5.9) compares the
address onthe 60X CPU address bus to the address of the previous memory access
(from any source) in the page hold latch (see Section C.5.16). The 654 Controller
uses this signal to detect DRAM page hits.

MEM_PAR_GOOD

out

Memory parity good. This is an unqualified parity check output from the 653 Buffer.
Itis derived from the current contents of the memory data and memory parity buses.
This signal becomes valid one delay time (t41) following the assertion of valid data
and parity signals by the system DRAM. Additionally MEM_PAR_GOOD is forced
high while the MEM_DATA_SEL# input is high

NO_TRANS

No translation. NO_TRANS forces no translation of the two most-significant bits of
the address from the CPU or PCl buses. During most cycles mastered by the 60X
CPU (see Section C.5.12) or a PCIl bus master (see Section C.5.3) address bits
[31:30] are translated to implement the system memory maps. To defeat this
translationduring PCl bus master cyclesinitiated by the /0 bus bridge foran ISAbus
master, the 654 Controller asserts NO_TRANS to the 653 Buffer.

PCI_AD_PAR

out

PCl address/data parity, even parity across the PCI_AD[31:0] lines only. This is an
unqualified signal that is only valid when the PCI_AD bus is valid. The 654 Controller
combines PCI_AD_PAR with PCI_C/BE[3:0] to generate PCI_PAR, the PCl even
parity bit. . ’

PCI_OE#

PCI output enable. While PCI_OE# is asserted, the 653 Buffer drives the internal
address or data buses onto the PCI_AD bus. PCI_OE# is asserted whenever the
CPU has busmastership except during the data phase of reads from the PCI. Also
see the ADDRHI/DATALO signal.
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Table C—4. 653 Buffer Signals—654 Controller Interface (Continued)
Signal Name | Type |Description

PCI_SEL# in PCi select. While PCI_SEL# is asserted by the 654 Controller, the 653 Buffer treats
the PCI bus as the source of addresses and data. While asserted it allows the
following operations:

During PCI bus master transactions, addresses of PCI bus master transactions to
system memory are latched into the PCl address latch (see Section 9:4.1). The PCI
burst counter (see Section C.5.4) is enabled to operate on these addresses during
PClbursts. The address MUX places these PCl sourced addresses onto the internal
address bus.

During PClbus master writes to system memory and during 60X CPU reads from the
PCl bus, the 654 Controller causes data sourced by the PCI_AD bus to be placed
onto the 653 Buffer internal data bus by the data MUX (Section C.5.22) by asserting
PCI_SEL#.

RASHI/CASLO in RAS# high, CAS# low. While RASHI/CASLO is driven high, the 653 Buffer asserts
the row (RAS#) address onto the memory address lines, and the page hold latch is
transparent. Thefallingedge of RASHI/CASLO latches the row addressinto thepage
hold latch. While RASHI/CASLO is low, the column (CAS#) address is driven onto
the memory address lines.

REFRESH_SEL# in Refresh cycle select. Configures the 653 Buffer to accomplisha DRAMrefresh cycle.
While low, the 653 Buffer places the refresh counter address on the internal address
bus. Then the row/column address MUX places this row address on the memory ad-
dress bus (RASHI/CASLO mustbe high). Thenthe 654 Controller strobes the RAS#
lines to refresh the DRAMSs. The rising edge of REFRESH_SEL# increments the re-
fresh counter. :

BURST_CLK# in ROM and burst counter clock. While ROM_SEL# is active (during ROM accesses)
the falling edge of BURST_CLK# incremenits the ROM read burst counter (see
Section C.5.13) and shifts the data in the ROM read shift register (see Section
C.5.19). While CPU_ADDR_SEL#isactive (during60X CPUmasteredtransactions)
the CPU burst counter (see Section C.5.8) is clocked. While PCI_SEL# is active or |
if ADDRHI/DATALO is low (during PCI bus mastered transactions) the PCI burst
counter (see Section C.5.4) is clocked.

ROM_SEL# in ROMselect. The 654 Controller asserts ROM_SEL#during a ROM burstread cycle.

C.2.5  External Logic and System Interface Signals
Table C-5 describes the signals that are used to interface the 653 Buffer to the rest of the system
via external logic, command bit storage elements, and the test interface.

Table C-5. 653 Buffer Sighals—External Logic and System Interface

Signal Name | Type |Description

CONTIG_IO ‘ in Contiguous I/0. CONTIG_IO is asserted high by external logic to enable direct
mapping of addresses from 2G to 2G + 8M. When CONTIG_IO is driven low, it
enables non-contiguous addressing in the 2G to 2G + 8M address range.
Non-contiguous I/O is a mapping of the low 32 bytes of each 4kB page of CPU
memory space to 32 bytes of PCI/ISA 10 space. See Section C.3.4.

DRAMXSHI/X10LO in DRAM type, asserted high for addressing DRAMs with 9 column address bits (x9
mode), low for x10 mode. This signal is used by the refresh counter (Section C.5.10)
and the row/column address MUX (Section C.5.15) to format the addresses

presented to the DRAMs.
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Table C-5. 653 Buffer Signals—External Logic and System Interface (Continued)

Signal Name | Type | Description

L_ERR_ADDR# in Latch error address. The address on the 653 Buffer internal address bus is latched
into the 653 error address latch on the falling edge of L_ERR_ADDR#, which can be
derived by external logic from the 654 Controller signals TT_ERR#,
MEM_PAR_ERR# and, optionally, any other signal indicating an error condition
requiring the address to be latched. L_ERR_ADDR# must be held asserted to hold
the contents of the latch. Any signal used with TT_ERR#and MEM_PAR_ERR# to
derive L_ERR_ADDR# must also be held until after the latch is read. See Section
C.5.14.

TEST# in IBM LSSD test mode input. Tie to Vpp with a 10k ohm resistor during normal
operation.

C.3 The 653 Buffer

The IBM 27-82653 (653 Buffer) is one part of the IBM 27-82650 PowerPC™ 60X CPU to PCI
Bridge Chip Set. The 653 Buffer interconnects the 60X CPU 32-bit address and 64-bit data buses
with the PCI 32-bit multiplexed address-data bus. The 653 Buffer also generates the address and
data buses to DRAM memory. This chip operates under the control of the IBM 27-82654 chip (654
Controller) which decodes all cycle types and asserts output signals to the 653 Buffer to select
address and data paths.

Most timing in the 650 Bridge is controlled by the 654 Controller. Output timings of the 653 Buffer
are usually combinatorial—they are measured from a data or address input or a path control sig-
nal, not a clock. Switching the PCI_AD line outputs from the address phase to the data phase is
an exception—it is measured from the PCI clock. PCl addresses and data are latched with the
PCI clock because the PCI standard specifies zero hold time on inputs.

Although the 653 Buffer is used primarily in conjunction with the 654 Controller, it could be used
with a different controller in order to design a bridge for a different 64-bit processor. Or it could
be used to design a special-application bridge for a PowerPC processor.

This document describes the address and data paths and the control signals in two levels of detail.
In the first level, enough detalil is presented to enable a designer to utilize the chip with the 654
Controller. The second level of detail is for designers who need a much deeper understanding of
the paths and control signals in order to design a controller or to make a special adaptation.

C.3.1 Architectural Overview Showing Address and Data Flow

This section gives an overview of the architecture of the 653 Buffer. Figure C—2 is a block diagram
of the address flow within the 653 Buffer. Figure C-3 is a block diagram of the data flow within
the 653 Buffer. These diagrams explain function and are not intended to show the actual internal
chip construction. For example, there are no three-state devices in the 653 Buffer except at the
off-chip drivers.

The discussions in this section refer to the block diagrams. Address and data flows are illustrated
in reference to functional cycles. Note that the address and data portions interconnect so that the
diagrams together describe the complete 653 Buffer chip. Within this section, references to por-
tions of the block diagrams use a block number within brackets, like [x], to refer to the portion of
the diagram with the corresponding number.
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- C.3.2  Two High-order PCI Address Bits—NO_TRANS Pin

The CPU-PCI ADDRESS TRANSLATE block [12] on Figure C-2 receives its inputs from the in-
ternal address bus. During 60X to PCI cycles, this address corresponds to the address emitted
by the 60X processor. If NO_TRANS is low, the two high-order signals are forced to 00b. This
function supports the memory mapping scheme of the PowerPC Hardware Reference Platform.
(All types of PCI transactions have addresses in the range of 0 to 1G.

Note that this address translation only occurs when the 60X CPU accessés the PCI bus and it
can be defeated by the NO_TRANS input pin.

C.3.3 Two Low-Order PCI Address Bits

In order to conform to the requirements of the PCI revision 2 specification, the low-order two ad-
dress bits are set to 00b in certain circumstances by the CPU-PCI address translate block [12]
on Figure C—2. This block [12] decodes the input address from the CPU (cpu_addr_in[31:23]) and
modifies these two bits as shown in Table C-6.: ‘

The controller drives the 653 Buffer inputs so that the output of this block is driven to the PCL_ AD
lines only during the address phase of a PCl cycle.

Table C-6. Low Order PCI Address Bit Settings

Input 60X Output at block [12] '
Address of bits[1:0] | Cycles Supported at the 653 Buffer
Oto 2G Same as input :Broadcast of system memory address to AD
ines
2Gto 2G + 8M Same as input PCI /O
2G + 8M to 2G + 00b PCI Configuration
16M
2G + 16M to 3G - Same as input PCI 1/O
3G to 4G - 8M ~ 00b PCIl Memory ‘
4G —-8M 10 4G - 00b* Transmission of ROM address using AD lines

* Set to 00D, this increments during ROM read operation.

C.3.4  Contiguous I/O Pin
When the CONTIG_IO pin is high, 60X CPU addresses in the 2G to 2G + 8M address range are
mapped directly as PCI I/O transactions from 0 to 8M. (See Table C-6.)

When the CONTIG_IO pin is low, non-contiguous I/O is activated. Non-contiguous I/O is an op-
tional mode of operation where the memory-mapped address space corresponding to the 64K
ISA address space can be remapped to the 8M region from 2G to 2G + 8M. Within this 8M region
each 32 bytes of ISA address space is assigned to a different 4K page of CPU address space
so that protection attributes can be assigned to the 32 ISA addresses. Figure C—4 shows the ad-
dress transformation that occurs when the CONTIG_IO pin is low, activating non-contiguous 1/O.

The CPU-PCI ADDRESS TRANSLATE block [12] decodes the address on the internal address
bus (which corresponds to the CPU input address for 60X to PCI cycles). When the address is
in the range from 2G to 2G+8M and CONTIG_IO is low, this block shift-translates its output as.
shown in Figure C—4.
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If CONTIG_lO is high, the shift-translate illustrated above does not occur and all inputs (29:0) are
passed to the outputs. This mode supports operating systems that do not require 1/O port protec-
tion. The two high-order and two low-order outputs are controlled as explained in Section C.3.2
and Section C.3.3 respectively.

—»31 ————— Depends on NO_TRANS ———31 —~

6 C 30— (See Section C.3.2) T30

5 29 —— 29
28 28

3 27 27
26 : Forcedtozero | 26

| 25 : 25
24 24 P

n 23 L 23 c

t 22 —_— 22 "

e 21 . 21

r 20 20

n 19 19 I
18 . 18 /

a 17 17

| 16 16 0
15 15

A 14 14 A
13 13

d 12 — | 12 g

d 11— 11

r 10 _ 10 r
09 : 09 e

e o8 | Discarded o8 :

S 07 , 07

s 06 06 s
05 — : ———05

B | M J

u 02 . —— 02

s 01 ———— Dependsoncpu_addr_in[31:23] o3

—00 ———— (See Section C.3.3) — 00 —»
A31 to A30 are passed subject to NO_TRANS. A29 to A12 are shifted to A22-A5. A11 to A5 are discarded. (On the
input side A2 to AO are unmunged in LE mode.) A29 to A23 are set to zero, and A1 to A0 may be forced to zero.

Figure C—4. Non-Contiguous PCI /0O Address Transformation

C.35 60X to ROM Read Cycles A
Figure C-5 shows how the 653 Buffer supports 8-bit ROM, EPROM, or flash devices connected
to the AD bus. ‘ ‘

The AD bus driver/ receivers [1] are split into two groups so that the address can be driven to the
ROMdevice on PCI_AD[23:0] while data is received on PCI_AD{31:24]. Address flow is generally
the same as described for CPU to memory address except that only PCI_AD[23:0] are driven from
the internal address bus. Also, the low-order address bits latched into the ROM read burst counter
[13], are initially set to 000b regardless of the state of the input address lines.

Receivers for AD[24:31] are active in this case. When the controller has allowed enough time for
ROM read data to be valid, it must pulse BURST_CLK# low. This low-going edge clocks the data
into ROM data shift register [19] on Figure C—2 and shifts all previous data bytes down one stage.
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The same edge also increments the rom read burst counter [13] of Figure C—2 by a count of one
in order to present a new address to the ROM. ‘

After eight pulses on BURST_CLK#, 64 bits of data have been collected in [19]. These data bits
are passed through multiplexer [22] to the internal data bus, through byte swap [27] and to the
CPU data bus at [100]. The controller must not activate PCI_FRAME# or other PCI control lines
during ROM read or write.

: [23:00] Address
PCI_AD[31:00] -—

l ROM

[31:24] Data

" Figure C-5. 60X to ROM PCI_AD Flow

C.3.6 60X to ROM Write Cycles—Address and Data Flow

A flash memory or other writeable device must be connected as shown in the ROM read explana-
tion. The data and the address must be encoded in the data field of the 4-byte store instruction
which the controller decodes as a ROM write cycle. The address lines are immaterial to the 653
Bufferin this case. The 32 bits of data (either the high or low half of the 60X data bus is meaningful
depending on the write address) propagates through byte swapper [21] to the internal address
bus. The controller must activate CPU_DATA_SEL#, not ROM_SEL#, in order to propagate the
data field to the internal data bus.

The meaningful 32 bits (selected by pci_addr_out[2]) propagate through [24] and [25] to the
PCI_AD lines at [1]. All 32 bits must be enabled to drive the AD lines in this case.

C.3.7 Error Address Latch

This register, which is shown on Figure C—2, can be used to support the trapping of certain errors
such as amemory parity error or an unsupported alignment. The register is normally open. When
the controller senses an error it can change the state of L_ERR_ADDR# so that the address cur-
rently on the internal address bus is held. Later when the CPU runs a read cycle at some desig-
nated address, the controller can activate ERR_ADDR_SEL# at multiplexer [22] in order to pro-
vide the trapped address to the CPU.

C.3.8 Refresh Address Generation

The REFRESH counter is shown at block [10] of Figure C-2. The controller activates RE-
FRESH_SEL# approximately every 15 usec when there is no other bus activity. The output of the
refresh counter flows through multiplexer [11] to the internal address bus and to the ROW/COL-
UMN multiplexer [15]. When the controller changes REFRESH_SEL# to high, the 12-bit refresh
counter increments. The counter wraps to zero following a maximum count. ‘

C.3.9 All_Ones Generator
The 653 Buffer has an all_ones generator shown as an input to block [22] on Figure C—-2. This
device drives all of the internal data lines to a logical high voltage. It is useful in situations such
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as when the CPU tries to read a memory address which is out-of-range. Activating
ALL_ONES_SEL# provides all one-bits as a response to a CPU or PCl read.

C.3.10 Page Hit Generation
The 653 Buffer contains logic, shown on blocks [9] and [16] of Figure C—2, to compare an incom-
ing memory 4K (or 8K if DRAMX9HI/X10LO is low) page address with the last page address. Each
time a new row address is output to the memory, it is latched into the PAGE HOLD latch [16] when
the controlier drives RASHI/CASLO to the low state. Bits (30:12) are saved. Hence, the 650 sup-
ports system memory up to 2G.

Whenever the CPU presents a new address at the address input pins, the comparator [9] indi-
cates if the new address compares to the page address in the hold latch [16]. In the case of a new
PCI memory address, the comparator works in the same way because the controller enables the
incoming PCl address to be broadcast to the CPU address for snooping.

C.3.11  Special Considerations

Following power up, the 653 Buffer input CPU_ADDR_SEL# must be asserted and deasserted
at least once to initialize the CPU burst counter to a known state. The 654 Controller performs
this task.

All of the pins of the 653 Buffer will be tri-stated following the assertion of a TTL low state on the
TEST#, DIt# (L_ERR_ADDR#), and DI2# (ERR_ADDR_SEL#) inputs. Refer to the IBM LSSD
Test Procedure Specification (CMOS4LP book).

C.3.12 Warm Reset

The 653 Buffer provides an input and output pin to synchronize and hold a warm boot reset to the
CPU. External logic asserts SRESET_REQ# to request a warm reset and the 654 Controller re-
sponds by asserting SRESET_CPU# to the 60X CPU. o

C.4 Detailed Analysis of Address and Data Flow

C.41 60X to Memory Cycle Address Flow—Read or Write

60X addresses enter the chip at [5] on Figure C-2. The pins are named to correspond to 60X no-
menclature, but internally the signals are named with little-endian notation. The three low-order
signals are applied to the address translate [6] where they transformed in little-endian mode or
unchanged in big-endian mode. This is explained in Section 5.3.3.

The address enters the CPU burst counter[8]. The purpose of this counter is to increment bits 4:3
(60X A[27:28]) during CPU burst cycles. These two bits can start at any value and only these two
bits are incremented when the BURST_CLK# input falls. This implements CPU sequential burst-
mode addressing with the starting address on any 8-byte boundary.

C.4.2 60X to Memory Cycle Data Flow—Write

60X data is presented simultaneously with the addresses and it flows to byte lane swapper [21]
on Figure C—3. The naming convention on the pins is big-endian in order to correspond o the 60X
convention, but signals in the interior of the chip are named with little-endian conventions. The
byte lane swapper swaps lanes in little-endian mode and passes the data lines without swap in
big-endian mode. In all cases the swapper maintains the significance of bits within a byte. The
operation of the swapper is explained in Section C.5.21.

The 64 bits of write data flows to the internal data bus when the 654 Controller activates
CPU_DATA_SEL# at multiplexer [22] and the data signals are applied to the memory drivers
[101]. Note that eight bits of parity are generated at [28] and output along with the data.
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Cc43 60X to Memory Cycle Data Flow—Read

During a memory read cycle the memory data is input at receivers [101] and applied to data multi-
plexer [22]. The assertion of 654 Controller signal MEM_DATA_SEL# selects this memory data,
and the multiplexer places it onto the internal data bus. The 64 bits of data are applied to byte lane
swapper [27]. In little-endian mode the lanes are swapped as read data is passed through and
in big-endian mode no swap is made. In all cases the significance of bits within each byte is main-
tained. The operation of the swapper is explained more fully in Section C.5.21.

The output of the swapper is connected to the CPU bus drivers at [100] on Figure C-3. The incom-
ing data and parity are compared in MEMORY DATA PARITY CHECK [29] block to produce the
unqualified output signal MEM_PAR_GOOD.

C.4.4 60X to PCI Cycle Address Flow—Read or Write .

60X addresses enter the chip at [5]. The pins are named to correspond to 60X nomenclature, but
internal signals are named with little-endian notation. The three low-order signals are applied to
the address translate [6] where they are transformed in little-endian mode or unchanged in big- en-
dian mode.

This transformation is explained in Section 5.3.3. Note that the same transform applies whether
the address is for 60X to memory or 60X to PCI cycles.

The address enters the CPU burst counter [7]. BURST_CLK# is not activated by the 654 Control-
ler since the 654 does not support 60X bursts to PCI so the output is the same as the CPU input
address. multiplexer {11] is gated by CPU_ADDR_SEL# in this case so that the address flows to
the internal address bus.

The CPU address on the internal address bus is applied to the ROM READ BURST counter [13].
In this case the counter is open because CPU_ADDR_SEL#is active and all 32 bits flow through.
The outputs are applied to the PClI ADDRESS/DATA multiplexer [25] on Figure C-3. This multi-
plexer is controlled by flip flop [23] which is in a hlgh state during the address phase of a 60X to
PCl cycle.

The external controller places the ADDRHI/DATALO input in a high state prior to the beginning
of a 601 to PCl cycle. The controller must change the ADDRHI/DATALO input to low prior to the
rising edge of the PCI clock that terminates the address phase so that flip flop [25] can toggle
multiplexer [25] to the data state.

C.45 60X to PCI Cycle Data Flow—Write

60X datais presented at the receivers[5] at the same time that addresses are presented. The data
flows to byte lane swapper [21] on Figure C-3. The operation of the swapper is explained in Sec-
tion C.5.21. Note that the same transformation is applied whether the 60X CPU accesses memory
or the PCl bus.

The 64 bits of write data flow to the internal data bus when CPU_DATA_SEL# is asserted to multi-
plexer [22]. This data flows to the PCI data multiplexer [24], which passes either the high or low
32 bits of data to the PCI Address/Data MUX. If pci_address_out[2] is high, data bits [63:32] are
passed; if pci_address_out[2] is low, data bits [31:0] are passed. Note that the value of this internal
address bit is the result of the endian-mode low-order address transformation so it represents the
actual target PCIl address in either endian mode.

The output of multiplexer [24] connects to multiplexer [25]. During the data phase of 60X to PCI
write transactions, multiplexer [25] is gated by flip flop [23] to pass the output of the PCI data multi-
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plexer [25]. Flip flop [23] was explained in Section C.4.4. These outputs are connected to parity
generator[26] and to the PCI driver/receivers at [1]. AD parity is passed to the companion chip
so that it can generate PCI_PAR.

C4.6 60X to PCI Cycle Data Flow—Read

During the data phase of a 60X to PCl read cycle, the read data is received at driver/receivers
[1] on Figure C-2 and passed to the PCl data latch [17] on Figure C—3. Datais latched at the rising
edge of the PCl clock and held when the controller activates L_PCI_DATA#. The 32 bits of latched
data are replicated into 64 bits in order to drive the 64-bit data multiplexer [22]. The same data
is present on the low-order 32 bits and the high-order 32 bits.

On this cycle the controller activates PCI_SEL# in order to gate the replicated PCI read data
through data multiplexer [22] to the internal data bus. The internal data bus connects to byte lane
swapper [27]. .

In little-endian mode the lanes are swapped as read data is passed through. In big-endian mode
no swap is made. In all cases the significance of bits within each byte is maintained. The operation
of the swapper is explained more fully in Section C.5.21.

C4.7 PCI Bus Master Cycles Address Flow—Read or Write
This section describes the address flow when the controller grants the PCl bus to a master other
than itself. For example when a SCSI agent becomes PCI bus master.

The PCI_AD lines [1] carry address information on the first clock(s) of a PCI cycle. This address
is latched at the PCI ADDR latch [2] on Figure C—2 with the rising edge of the PCl clock. The con-
troller must assert PCI_SEL# low and have ADDRHI/DATALQ in a high state. It then must change
ADDRHI/DATALO to a low state to hold the address in [1], and it must hold the address in [2]
throughout the PCI to memory cycle.

The two high-order PCl address bits are modified by PCI-CPU address translate block [3] in order
to reverse the translation that occurs when the CPU accesses the PCl bus. This translation, which
can be omitted by asserting NO_TRANS, is shown in Table C—7. (MSB means most-significant
bit.) , ,

Table C-7. PCI to 60X CPU and System Memory Address Translation

60X CPU Address 60X CPU Address
PCI Address (Source) NO_TRANS =0 NO_TRANS =1
MSB MSB MSB
A31 | A30 RANGE A0 | At RANGE A0 | A1 RANGE
0 0 0to1G 1 1 3G to 4G 0 0 0Gto 1B
0 1 1Gto 2G 1 1 3Gto 4G 0 1 1G to 2G
1 0 2Gto 3G 0 0 0Gto 1G 1 0 2Gt0 3G
1 1 3G to 4G 0 1 1G to 2G 1 1 3G to 4G

The PCl address islatched in PCl ADDRESS BURST counter [4]. This counter passes bits (1:0).
The rest of the bits beginning with bit 2 are incremented when the controller changes
BURST_CLK# to low. The controller drives BURST_CLK# low when the snoop or the memory
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no longer needs the address during PCl burst cycles. The PCI address is gated through the AD-
DRESS multiplexer [11] when PCI_SEL# is low. The PCl address on the internal address bus is
presented on the memory address lines in the same way as was explained in Section C.4.1.

The PCI address can also be presented to the 60X bus for bus snooping by activating
CPU_ADDR_OE# at block [5]. In the normal mode of operation, the 654 Controller does not acti-
vate a memory r/w cycle if the high-order PCI address bit is zero when it is on the PCI bus (set
to one after the translate). Snooping devices normally ignore the cycle if the highest order CPU
address line is one. PCl bus masters access system memory with PCl memory transactions ad-
dressed from 2G to 4G. These transactions are mapped to system memory and the 60X CPU
bus as transfers in the 0 to 2G range.

C.4.8  PCI to Memory Cycles Data Flow—Write
This section describes the data flow on write cycles when the controller grants the PCl bus to a
‘master other than itself. For example when a SCSI agent becomes PCl bus master.

The PCl data is latched at PCI DATA latch [18] on the rising edge of PCI_CLK. The 32 bits of data

-are replicated on both the high and low portions of the input to 64-bit multiplexer [22]. They are
enabled onto the internal data bus by PCI_SEL#. The 64 bits, along with parity, are output to the
memory when the controller activates MEM DATA_OE# at [102] on Figure C-3.

There is no byte swap or low-order address translation in the path from PCI either to or from
memory. So the data order on the PCI and the memory are the same.

C4.9 PCI to Memory Cycles Data Fliow—Read
This section describes the data flow on read cycles when the controller grants the PCI bus to a
master other than itself. For example when a SCSI agent becomes PCI bus master.

When the controller recognizes a PCl to memory read, it must activate MEM_DATA_SEL# so that
data memory data entering the receivers at [101] on Figure C-3 can be gated through multiplexer
[22] to the internal data bus. From this point, 32 bits (high or low) are selected at multiplexer [24]
and flow through multlplexer [25] to PCI_AD drivers [1] on Figure C-2.

C.5 653 Buffer Detailed Internal Descriptions

This section contains detailed explanations of the operation of each part of the 653 Buffer shown
in Figure C—2 and Figure C-3, which show the function of the 653 Buffer but not its actual internal
construction. The number of each subsection matches the block number of each part shown in
the figures.

C.5.1 PCI_AD Transceivers

The PCI_AD output drivers are enabled in two different groups (see Figure C—6) to allow the
PCI_AD lines to be used to access the boot ROM device during ROM cycles. The upper byte (
AD[31:24] )is enabled by PCI_OE#, and the lower three bytes ( AD[23:0] ) are enabled whenever
either PCI_OE# or ROM_SEL# goes active low. ;
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PCI_AD |~ o .
ADDRESS — glp 30543 pci_od_in [31:24]
pci_ad_outl[31:24]
Boot é 653 PCI_OE#
ROM — Buffer ROM_SEL #
Device =) - ‘
(Al
, < pci_od_out [23:0]
PCI_AD| ~
DATA k— C‘_/ (5307 > pci_od_in [23:0]

Figure C-6. PCI_AD Transceivers

C.5.2 PCI Address Latch
The purpose of the PCl address hold latch is to capture the address information from the PCl bus
during the address phase of a PCI transaction. This function is accomplished using a hold latch.

PCI ADDR
LATCH

o od in To PCI-CPU
P "[31761>-———D Q—> Address

PCI_CLK Translator
ADDRHI/DATALO: OPEN
PCI_SEL#>

Figure C-7. PCI Address Latch

The hold latch (see Figure C-7) is a level sensitive, transparent D-latch. Addresses appearing
on the D inputs are transferred to the Q outputs while the OPEN input is active high. Addresses
appearing on the D inputs one setup time before the high to low transition of the OPEN input is
held on the Q outputs until the OPEN input is again returned high.

The PCI address hold latch derives the OPEN signal from three other signals. The contents of
the PCI_AD lines flow through this latch while PCI_SEL# is active low and ADDRHI/DATALO is
high and PCI_CLK is low. In normal operation the combination of PCI_SEL# low and
ADDRHI/DATALOQ high indicates that a PCl address phase is in progress, and the PCI_CLK tran-
sition from low to high latches the data. ADDRHI/DATALO would then be negated before the
PCI_CLK again went low.

C.5.3 PCI to 60X CPU Address Translation v

The purpose of the PCI to 60X CPU address translation block [3] is to map PCI addresses from
PCIl bus masters onto system memory and 60X CPU address space. This translation affects the
upper two address lines [31:30] when NO_TRANS is inactive. When NO_TRANS is active high
(ISA master cycles), no translation takes place.
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PCI address bits 29:0 bypass this translation block and are not affected by this transiation.

Table C-8. PCI to 60X CPU and System Memory Address Translation

60X CPU Address (BE) - 60X CPU Address (BE)
PCl Address (Source) NO_TRANS =0 NO_TRANS =1
A31 | A30 RANGE A0 | A1 RANGE A0 | A1 RANGE
0 0 0to 1G 1 | 3G to 4G 0 0 0Gto 1B
0 1 1Gto 2G 1 1 3G to 4G 0 1 1Gto 2G
1 0 2G to 3G 0 0 0Gto 1G 1 0 2Gto 3G
1 1 3G to 4G 0 1 1G to 2G 1 1 3G to 4G

C.5.4 - PCI Burst Counter

The PCI burst counter (see Figure C—8) supports PCl burst accesses to system memory by latch-
* ing in the initial address and incrementing it for each succeeding data phase of the burst. This is
implemented using a combination latch/counter (see Figure C-9). There are two paths through
the latch/counter—the latch-only path and the latch and counter path.

PCI Bus Address - o
[%EIChli(ilt 8c<>I ?3?]8] D LAT 9__]/[31:0] Address
eere : D L&C Q MUX
PCI_SEL# >—E:—)CO>DPEN

° —

ADDRHI/DATALO >—
BURST_CLK# >—C>CL/INC

Figure C-8. PCI Burst Counter

Assume that the initial state of the latch/counter is CLOSED. A high to low transition of PCl_SEL#
(on the OPEN# input) causes the latches to open (become transparent). This is the OPEN state
~ (see Figure C-10). The OPEN#input is edge sensitive only.

While the CNT_EN#(CouNT_ENable) input is asserted, the CL/INC# (active falling edge CLose/
INCrement) input is enabled, otherwise it is ignored. CNT_EN# is- asserted whenever either
PCI_SEL# or ADDRHI/DATALO is low.
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PCI’ Address (101 —4=A1 D Q
OPEN# O>0OPEN Latch-Onl
PCI_SEL# >—L—|CNT_EN# __EEL N o Y
ADDRHL/DATALD >—LA T 1o *
BURST _CLK# >— ] I ol ]
e Latch & Count Path
'PCT Address [31:2] —— —|—|—p a— D Q
—O>OPEN ——C>0OPEN
L dcL EN ——dCNT_EN
L O>Close {DLY}O> INC

Figure c-9. Combination Latch/Counter—PCl Burst Counter

While the CNT_EN#input is asserted, sending BURST_CLK# (connectedto CL/INC#) from high

to low causes all the latches to close, and then causes the count on bits [31:2] to increment by
one. Thus the address appearing on inputs [1:0] one setup time before the falling edge of
BURST_CLK# appears on outputs [1:0]. One plus the address appearing on inputs [31:2] one
setup time before the falling edge of BURST_CLK# appears on outputs [31:2].

Dpén Latches

CNT_EN# lo and
Latch BURST_CLK# v
OPEN

Close Latches
Increment Counter

PCI_SEL#©

CNT_EN# (o and
BURST_CLK# &

Increment

PCI_SEL#
ADDRHI/DATALO ?—DO-‘CNT—EN#

Counter

Figure C-10. Latch/Counter Flow Diagram—PCI Burst Counter
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Successive high to low transitions of BURST_CLK# continue to increment bits [31:2] and have
no effect on bits [1:0]. The CL/INC# input is edge sensitive only. Any high to low transition of the
OPEN# input returns the device to the open (transparent) state.

C.5.5 60X CPU Address Bus Transceivers

The internal nomenclature of the 653 Buffer is little-endian, while the 60X CPU bus is labeled in
big-endian sequence. Since the 653 Buffer internal structure uses little-endian nomenclature, the
60X CPU signals were renamed in little-endian sequence to minimize confusion. This allows all
of the 653 Buffer to be discussed using the same nomenclature.

For example, in Figure C—11, A0 on the 60X CPU bus (and the 653 Buffer pin) corresponds to
cpu_addr_in[31] and cpu_addr_out[31] in the 653 Buffer. A31 on the 60X CPU bus corresponds
to cpu_addr_in[0] and cpu_addr_out{[0] in the 653 Buffer.

MSk 0 & 317 MSb
1 &

—> 30
30 ¢«— 1
31 ¢« 0
CPU_ADDR ~ [31:0] | ddr_in
[0:31] . L -2 -
[0:31] [31:0]

Cpu_addr_out
CPU_ADDR_OE#

Figure C—11. 60X CPU Address Bus Transceivers

C.5.6 60X CPU Address UnMunger

The 60X CPU address unmunger is used to support big-endian and little-endian operation of the
system. When LE_MODE_SEL# is asserted, the 653 Buffer unmunges the three least significant
address bits from the 60X CPU bus to the memory bus or PCI bus (see Table C-9). The unmunge
by the 653 Buffer is identical to the munge operation performed by the 60X CPU. Addresses which
have been munged and then unmunged are identical to addresses that have not been manipu-
lated. k
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Table C-9. Unmunging Address Bits in Little-Endian Mode

Lowest Order Unmunged Three Lowest Order Address Bits [2:0]
Address Bits
Before 1-Byte Transfer (XOR | 2-Byte Transfer (XOR 4-Byte Transfer 8-Byte Transfer
Unmunge with 111) with 110) (XOR with 100) (No Change)
000 111 110 100 000
001 110
010 101 100
oM 100
100 011 010 000
101 010
110 001 000 ---
11 000

C.5.7 60X CPU Address Hold Latch

The 60X CPU address hold latch [7] is transparent while CPU_ADDR_SEL# is high. Addresses
appearing on the D inputs one setup time before the high to low transition of CPU_ADDR_SEL#
is held on the Q outputs until CPU_ADDR_SEL# is again returned high.

C.5.8 60X CPU Burst Counter

The 60X CPU burst counter (see Figure C-12) supports 60X CPU bus (60X or L2) smgle -beat
transfers and four-beat burst transfers to system memory by latching in the initial address and
(for bursts) incrementing it for each succeeding beat of the burst. This is discussed in terms of
the 60X CPU, and works the same way for transfers mastered by the L2 cache. The burst counter
is implemented using a combination latch/counter (see Figure C—13) which is very similar to the
latch-counter described in Section C.5.4. There are two paths through the latch/counter: the latch-
only path, and the latch and counter path.

BURST_CLK# >———c>CL/INc | CPU BURST

CPU_ADDR_SEL # >—E€ CNT_EN CHOUNTER
[4:3] P> UPEN [31:0]

D L&C Qj——%
[31:5, 2:0] }ﬁ CAT O
CPU Address (LE>

Unmunged as reqg’d.

Figure C-12. 60X CPU Burst Counter

During a single-beat transfer, up to 8 bytes of data are transferred by the 60X CPU, as determined
by a decode of the three lowest order address bits and TSI1Z[0:2)]. During each beat of a burst
transfer (TBST# asserted) 8 bytes are transferred. Internal address bits [2:0] (LE) flow through
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the latch-only path of the burst counter. The value of these bits is controlled by the 60X CPU. Bits
[31:5] also flow through the latch-only section. They are not incremented by the counter because
any given 60X CPU burst transfer must not cross a 32-byte boundary.

‘CPU" Address D Q
PSS, 0] | EEENgN# O>OPEN | Latch-Only
CPU_ADDR_SEL# L iNCE —QCL_EN Path (LAT)
BURST_CLK# —|—C>ClLose
‘CPU’ [i%ogress —|——p Q D QH—
‘ Logch —CO>0PEN  ———C>0OPEN
count | ——OCL_EN ———QCNT_EN
Path L——O>ClLose >INC

(L&CD

Figure C-13. Combination Latch/Counter—CPU Burst Counter

Since the 60X CPU burst is composed of four beats, a two-bit counter is required to support the
burst. Bits [4:3] flow through the latch and counter path. The 60X CPU can initiate a burst at any
value of bits [4:3]. The count sequence is 00, 01, 10, 11, 00, 01, and so on (the counter is linear
and wraps).

To track the operation of the device, assume that the initial state of the latch/counter is CLOSED.
The highto low transition of CPU_ADDR_SEL# (on the OPEN#input) causes the latches to open
(become transparent). This is the OPEN state (see Figure C—14).

While the CPU_ADDR_SEL#is asserted (on CNT_EN#), the CL/INC#inputis enabled, so chang-
ing BURST_CLK# from high to low causes all the latches to close, and then causes the count on
bits [4:3] to increment by one. Thus the address appearing on inputs [2:0] and [31:5] one setup
time before the falling edge of BURST_CLK# appears on outputs [2:0] and [31:5]. One plus the
address appearing on inputs [4:3] one setup time before the falling edge of BURST_CLK# ap-
pears on outputs [4:3].
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CPU_ADDR_SEL# lo and
Lotch BURST_CLK# ©
OPEN
N
Close Latches

Increment Counter

Open Latches

CPU_ADDR_SEL# ¢

CPU_ADDR_SEL# lo ond
BURST_CLK# &

Increment
Counter

Figure C—14. Latch/Counter Flow Diagram—CPU Burst Counter

Successive high to low transitions of BURST_CLK# on CL/INC# continue to increment bits [4:3]
with no effect on bits [2:0] and [31:5]. Any high to low transition of CPU_ADDR_SEL# (on the
OPEN#input) returns the device to the open (transparent) state.

C.5.9 Page Hit Comparator

The 12-bit page hit comparator is used to support fast accesses to memory locations in the same
page of DRAM as the previous DRAM access. Bits [30:12] of the previous page address, stored
in the page hold latch, are compared to bits [30:12] of the current address coming from the
cpu_addr_jn bus. MEM_PAGE_HIT# is unqualified and is only guaranteed to be valid one delay
time after the inputs to the comparator are valid. ‘

PAGE HIT

COMPARATOR '
. Last Page
cpu_addr_iny I 9
[30:12] A : B [30:12] Address From
DRAMX9HI/X10LO >——TYPE Page Hold
- MEM_PAGE_HIT# &O———(O= Latch

Figure C-15. Page Hit Comparator

The page hit comparator operates with two different sets of address lines, depending on the value -
of DRAMX9HI/X10LO. When DRAMX9HI/X10LO is high, the device expects a 4K page size. Ad-
dressing within a 4K page requires address lines [11 :0]. Address lines [30:12] are then compared
- to determine page hits.
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When DRAMX9HI/X10LO is low, the device expects an 8K page size. Addressing within an 8K
page requires address lines [12:0]. Address lines [30:13] are then compared to determine page
hits. Address line [31] is not used by the page hit comparator because all system memory must
be mapped below 2G, so A31 is always low.

C.5.10 Refresh Counter
The refresh counter is used to determine the row address for refresh operatlons The refresh
counter is.composed of a 12-bit counter and some steering logic (see Figure C-16). '

The value of the 12-bit counter on power up is indeterminate. The counter increments on the rising
edge of the REFRESH_SEL# input. The count sequence (decimal)is 0, 1, ..., 4095, 0, 1, ... etc.,
and is not affected by any other input.

REFRESH COUNTER

To

REFRESH_SEL# O—pUP o 12 [t Are3ded [l ol o
12k /0] AL24:13] U
DRAMXSHI/X10LD O TOther A=0

Figure C-16. Refresh Counter

When DRAMXSHI/X10LO is high, the memory controller is in X9 mode. When DRAMX9HI/X10LO
is low it is in x10 mode. The 12-bit refresh address produced by the 12-bit counter is placed on
the internal address bus with zero-fill, depending on the value of DRAMX9HI/X10LO, as follows:

A A A A A A A A A

31 27 23 19 15 11 7 3 0---- Address Line
[ | | | | | | | |
abcd_efgh_ijkl---- 12-bit refresh address
0000 0000 abcd efgh ijkl 0000 0000 0000---- Refresh address placed on

internal bus, x9 Mode

0000 000a bcde fghi jk10 0000 0000 0000---- Refresh address placed on
internal bus, x10 Mode

C.5.11 Address Multiplexer

The address multiplexer places a 32-bit address on the 653 Buffer internal address bus This ad-
dress comes from one of three sources—the PCI Burst Counter, the 60X CPU Burst Counter, or
the Refresh Counter (see Figure C—17).
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REFRESH_SEL#
CPU_ADDR_SEL# >—m
PCI_SEL# >——

ADDRHI/DATALO
: @)

Internal
ADDRESS SOURCE SLEDLGEI%T Address
PCI Burst Counter; I\I}l : Bus
CPU Burst Counter &
Refresh Counter 'f}

Figure C—17. Address Multiplexer

Only one of the address sources is selected at any time. In general, the refresh address select
has the highest priority, the 60X CPU address select has second priority, and the PCI address
select has third priority (see Table C-10). In the table (which exactly describes the operation of
the multiplexer), note that the PCI address select signal (from_pci#), is an internal signal that is
asserted low whenever PCl_SEL# is low or ADDRHI/DATALO is low.

PC|_SEL#— o ‘
ADDRHI/DATALO——— ) from_pci#

Table C-10. Address Multiplexer Source Selection Priority

CPU_ADDR_SEL# from_pci# REFRESH_SEL# Selected Address Source
0 0 0 Refresh Counter
0 0 1 CPU Burst Counter
0 1 0 Refresh Counter
0 1 1 CPU Burst Counter
1 0 0 Refresh Counter
1 0 1 PCI Burst Counter
1 1 0 Refresh Counter
1 1 1 CPU Burst Counter

C.5.12 60X CPU to PCI Address Translation

Addresses sourced by the 60X CPU or the L2 cache are transmitted to the PCI bus after going
through a translation block (Note that the addresses pass through the ROM read burst counter
unchanged during PCl transactions). The address information comes to the translation block via
the internal address bus A[31:0] (see Figure C—18). The address lines are processed in four
groups—bits A[1:0], bits A[4:2], bits A[29:5], bits A[31:30]. Operations on each group are inde-
pendent of operations on the other groups.

289



The 650 Bridge Chip Set

'NO_TRANS : JTRANS  |[[12]
P uth ROV Resd]
CONTIG_ IO >— —disA_1/0 | ﬁ nggf&fr |
. Address A 29sl) (.. || EPMEr s
Decoder : (1,01 _I_N _ QU_T__/
Cpu_addr 2G+8M to ——— 1IN OUTH nci_addr out
31237 2G*16M or —|————FORCEO0Q ,
—nEe 3G to 4G [4:2]
Internoal Address Bus>—

Figure C-18. 60X CPU To PCI Address Translator

C.5.12.1 A[1:0] Translation—PCIl Bus Special Requirements

Address bits A[1:0] are forced to 00b to meet the special requirements of the PCi bus during CPU
to PCI configuration transactions (CPU address range 2G+8M to 2G+16M), and during CPU to
PCI memory transactions (CPU address range 3G to 4G). The 653 Buffer detects accesses to
these address ranges by internally decoding the 8 highest order CPU address lines (from
cpu_addr_in[31:23] (LE)). No pin or register control of this translation is provided. It is hardwired.

Note that system ROM space is mapped to CPU address range 4G-8M to 4G. There is no prob-
lem with A[1:0] being forced to "00’ during ROM reads because the ROM read burst counter forces
A[2:0] to 000’ at the start of a ROM read; thereafter the state of A[1:0] is determined by the burst
counter. During ROM writes, the address appearmg on the ROM address lines comes from the
CPU data bus via the 653 Buffer.

.C.5.12.2 A[4:2] Non-Translation

Address bits A[4:2] pass through the translator with no change under any conditions. Note that
A[2:0] will have been unmunged upstream at the 60X CPU Address Unmunger if the system is
operating in little-endian mode.

C.5.12.3  A[31:30] Translation—System Address Map Implementation

The 653 Buffer allows pin control of the high order address mapping function from the 60X CPU
bus to the PCI bus. While NO_TRANS is high, the address mapping function is dlsabled and
A[31:30] are passed through unchanged (see Table C-11).

While NO_TRANS is low, this mapping function is enabled, and address bits A[31:30] are trans-
lated as shown in Table C-11.

Table C-11. 60X CPU To PCI Address Translation——High Order

A[31:30] from-CPU
NO_TRANS (Little-Endian CPU Address PCI_AD[31:30] PCI Address
0 0o 0G to 1G 00 . 0Gto1G
0 01 1Gto 2G 01 1G to 2G
0 10 2G to 3G 00 0Gto 1G
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Table C—11. 60X CPU To PCI Address Translation—High Order (Continued)

A[31:30] from CPU
NO_TRANS (Little-Endian) CPU Address PCI_ADI[31:30] PCI Address
0 11 : 3G to 4G 00 0Gto 1G
1 00 0G to 1G 00 0G to 1G
1 01 1G to 2G . 01 1G to 2G
1 10 2G to 3G 10 2G to 3G
1 11 3G to 4G 11 3Gto 4G .

C.5.12.4 A[29:5] Translation—PCl/ISA I/O Page Mapping

The 653 Buffer also allows pin control of the PCI/ISA IO mapping function, which concerns bits
A[29:5] (see Figure C—19). Address bits A[29:5] are passed through the translator unchanged
while CONTIG_IO is high, which maps the 60X CPU addresses into PCI space at 1:1 (for these
bits). Operation in ISA contiguous mode is straightforward, the address space is contiguous.
However, this mode allows protection attributes to be assigned to ISA ports only as is allowed by
the 1:1 mapping to memory space—each 4k-byte page of ports has definable attributes that apply
to all of the ports in that page.

A3l A27 A23 AI9  AIS  All A7 A3 AC
| l . | | | .
vuts rgpo nmlk jihg fedc [ba98 7634 3210 cpu_addr_in

ML—¢ l e

vul00 0000 Oftsr gpon mlk, ihgf edc4 3210 pci_addr_out

(to ROM Cntro

Figure C-19. 60X CPU To PCI Address Translation—PCVISA 10

While CONTIG_IO is low, bits A[29:5] are translated as shown in Figure C—19. This translation
implements the mapping of 4k-byte pages in 60X CPU memory space onto 32-byte port groups
in PCI/ISA space. This mapping allows protection attributes to be assigned to each group of 32
ports as a separate page. In this 'ISA non-contiguous mode’, the lowest 32 bytes in each 4k-byte
page of CPU memory space is mapped to a 32 byte group of ports in ISA I/O space. (The other
32 byte groups in each 4k-byte page are shadowed to the same 32-byte port group.) While CON-
TIG_IO is low:

1) Internal address bits A[31:30] are not affected by this block of the translator. These bits may
have been translated by the high order bit translator (see Section C.5.12.3).

2) Address bits [29:23] going out of the- translator (to the PCI bus ROM counter) are set to

~0000000b.

3) Internal address bits A[29:12] are passed to address bits [22:5] from the translator.
4) Internal address bits A[11:5] are not used, and are not passed through.
5) Address bits A[4:0] are always passed through unchanged.
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C.5.13 ROM Read Burst Counter .

The ROM read burst counter (see Figure C—20) is part of the boot ROM system, which provides
the 60X CPU with read access to bytewide EPROM, EEPROM, or Flash memory devices. During
a ROM read, the ROM burst counter and the ROM data shift register (see Section C.5.19) are
used to stack up 8 bytes of 1-byte wide ROM data into an 8-byte wide doubleword, which is sent
to the 60X CPU. The 653 Buffer also supports 32-byte (4 beat x 8 bytes/beat) burst reads from
ROM. Details of these operations are found in the 654 Controlier data sheet. Note that the 650
Bridge also supports writes to ROM space as described in Section C.3.6 and in the 654 Controller
data sheet.

PCI_SEL#®
CPU_ADDR_SEL# > [OPEN
ROM_SEL# GRST/CNT_EN

BURST_CLK#> > CL/INC

Lt - [4'0] H
pci_oddr_out
Internal >_|CPU to PCI (:[31:5] D L& @ [31:0]
Address | Address

Bus Translator !

|
[ERR S bl -

Figure C—-20. ROM Read Burst Counter

The ROM read burst counter is a combination latch/counter, similar to the 60X CPU and PCl burst
counters. Of the two paths through the device, the latch-only path works identically, but the latch
and counter section is somewhat different.

The counter is able to count through 32 byte locations, so the five lowest order address bits [4:0]
go through the latch and count section of the device, while bits [31:5] go through the latch-only
section (see Figure C-21).

‘CPU’ Address [31:5] |
PCI_SEL# SPENE D Q
CPU_ADDR_SEL# st ot BN TP OPEN | Latch-Only
ROM_SEL# e —QCL_EN | Path (LAT>
BURST_CLK# —|—a>Close
‘CPU’ Address [4:0] —|—1—D Q
Lagch ' L—O>0OPEN
Count L QRESET/CNT_EN
Path L O>COUNT
(L&C)

Figure C-21. Combination Latch/Counter—ROM Read Burst Counter
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To track the operation of the device, assume that the initial state of the latch/counter is CLOSED.
A falling edge of PCI_SEL# or CPU_ADDR_SEL# or ROM_SEL# (producing a falling edge on
. the OPEN#input) causes the latches to open, making the device transparent to all 32 bits (which
is the sole function of this device during PCl and normal 60X CPU cycles). This is the OPEN state
(see Figure C-22). The OPEN# input is edge sensitive only.

During ROM read cycles, the falling edge of CPU_ADDR_SEL# causes thelatches to open, mak-
ing the device transparent to all 32 bits. When the 654 Controller asserts ROM_SEL#, its falling
edge forces bits [2:0] to 000b (this function is not found in the other counters). At this point, the
654 Controller strobes one byte of data out of ROM location ’x----x x000’ into the ROM Data Shift
Register (see Section C.5.19).

While ROM_SEL# is low, the latches in the latch—only path are enabled and the counter is en-
abled, so the next falling edge of BURST_CLK# latches bits [31:3] and increment bits [2:0] to 001.
Next the 654 Controller strobes one byte of data out of ROM location 001 into the ROM data shift
register. The 654 Controller continues to cycle BURST_CLK# and strobe data out of the ROM
and into the shift register until eight bytes are read. The latch/counter’s CL/INC# input is edge
sensitive only.

Since the latch/counter is now closed, any high to low transition of PCI_SEL# or
CPU_ADDR_SEL#or ROM_SEL# (onthe OPEN#input) returnsthedewcetotheopen (transpar-
ent) state.

Although the 654 Controller implements an 8-byte transfer during both single-beat and burst
transactions, the 653 Buffer is capable of four-beat transfers. After the end of the first beat (count-
er states 0 through 7), the Controller asserts TA# to the 60X CPU to transfer the 8 bytes of data
stored in the ROM shift register. Then the Controller would shift another 8 bytes into the shift regis-
ter (counter states 8 through 15), TA# the 60X CPU agaln and so on until all 32 bytes were trans-

ferred
ROM_SEL# lo and
"/ Latch BURST_CLK# %
OPEN
Close Latches
Open Latches Soeot Coumton
PCI_SEL# OPEN# ©
CPU_ADDR_SEL#
ROM_SEL #
ROM_SEL# lo and
BURST_CLK# % Increment
Counter

Figure C-22. Latch/Counter Flow Diagram—ROM Read Burst Counter
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C.5.14 Error Address Latch :
The error address laich is intended to allow system diagnostics to trap accesses to addresses
that cause exceptions. Control of the latch resides in the 654 Controller, and can be enhanced
by additional logic.

The latch, shown as block [14] in Figure C-2, is implemented as a hold latch, a level-sensitive,
transparent D-latch. The address on the internal address bus of the 653 Buffer flows through to
the err_adadrlines as long as L_ ERR_ADDR# is high. The address on the internal address bus
one setup time before L ERR_ADDR# goes low is held in the latch.

Note that L ERR_ADDR# is asserted low to latch the error address, and must be held low to pre-
serve the error address. The latch again becomes transparent (and the error address is lost) when
L_ERR_ADDR# is negated.

C.5.15 Row/Column Address Multiplexer '

The row/column address multiplexer places the required address information onto the memory
address lines in the proper format, under pin control. While RASHI/CASLO is high, the multiplexer
places the row address on the memory address lines. While RASHI/CASLO is low, the multiplexer
places the column address on the memory address lines. While DRAMX9HI/X10LO is high, ad-
dresses appropriate to DRAMs having 9 column address bits (10x9, 11x9, or 12x9 RxC) are se-
lected. While DRAMX9HI/X10LO is low, addresses appropriate to DRAMs having 10 column ad-
dress bits (10x10, 11x10, or 12x10 RxC) are selected. Additionally, an 11th column address bit
is generated, which is identical to the 12th row bit. This is useful for 11x11 addressing, or for
12x10/11 addressing, where 12x10 and 11x11 addressing is used together, such as for an 8M
SIMM.

Table C—12. Memory Row and Column Address Generation

Typ | DRAMX9 | RASHI/ | R/C | MA1 |MA1 | MA | MA |MA | MA |MA [ MA | MA | MA | MA | MA
e HI’X10L | CAS- 1 ‘0 ] 9 8 7 6 5 4 3 2 1 0
(o] LO A
9 col 1 1 row | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12
9 1 0 col 0 0 0 |A11 JA10| A9 | A8 | A7 | A6 | A5 | A4 | A3
col
10 0 1 row | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13
col
10 0 0 col 0 A24 1A12 | A11 |A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3
col

C.5.16 - Page Hold Latch »

The page hold latch is used to store the page address of the previous DRAM memory access for
comparison against the page address of the next DRAM memory access. Addresses flow through
the page hold latch while RASHI/CASLO# is high. An address appearing on the D inputs one set-
up time before the high to low transition of RASHI/CASLO# is held on the Q outputs until
RASHI/CASLO# is again returned high. Also see Section C.5.9.

C.5.17 PCI Data Latch
The purpose of the PCI data latch is to capture the data from the PCI bus during the data phase
of a PCl transaction. This function is accomplished using a hold latch.

The holdlatch (see Figure C-23) is a level sensitive, transparent D-latch, as described in Section
C.5.2. The latch is closed while L_PCI_DATA# is low and while PCI_CLK is high. Data on the
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PCI_AD bus flows through the latch only while L_PCI_DATA# is high and PCI_CLKiis low. To cap-
ture the PCI_AD bus data, the 654 Controller sends L_PCI_DATA# high to indicate a data phase,
and the PCI_CLK transition from low to high latches the data. L_PCI_DATA# would then be sent
low before the PCI_CLK again went low.

ci_od_in 3c 'PCI :% I
pci_ _—' D Q——F——Data i DATA
[31:01 'Doubler MUX

]
PCI_CLK oen | )
L _PCI_DATA# : D

Figure C-23. PCI Data Latch

C.5.18 PCI Data Doubler '

To support the transmission of data from the 4-byte wide PCI_AD bus to the 8-byte wide CPU bus,
the PCI data doubler places the 4-byte data from the PCI_AD bus onto internal address lines
[31:0]. It also places an identical copy of the 4-byte data on lines [63:32].

" PCI | 32 o, To
| Dato —oo 4 p°4 DATA
| Latch | 735 MUX

Figure C-24. PCI Data Doubler

C.5.19 ROM Data Shift Register

The ROM data shift register works with the ROM read burst counter (see Section C.5.13) to read
8 bytes of bytewide data out of the boot ROM device and transfer it to the CPU bus as 8-byte wide
data. The data on the upper byte of the PCI_AD lines connects to the shift register bytewide data
input (see Figure C-25).

At BYTE
pci_od_in [3lcd] , — 7 [63:36]
ROM_SEL # o —6 [55:48]
BURST _CLK# o> 5 [47:401]
M 4 [39:32]
RUM DATA X 3 [31:24]
SHIFT v —2 [23116]
REGISTER | [, - Mt [158]
0 [7'0]/ _DTQO-tQ
ROM_DATA ca e

Figure C-25. ROM Data Shift Register
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When ROM_SEL# is active, shifting is enabled. The bytes are shifted following the falling edge
of BURST_CLK# in the following order (bit order is preserved):

1. Byte 1 is shifted into byte 0.  Previous contents of byte 0 are lost.
Byte 2 is shifted into byte 1.
Byte 3 is shifted into byte 2.
Byte 4 is shifted into byte 3.
Byte 5 is shifted into byte 4.
Byte 6 is shifted into byte 5.
Byte 7 is shifted into byte 6.

PCI_ADI[31:24] are shifted into byte 7.
Note that data on PCI _AD[31:24] is not on the internal data lines until shifted into byte 7.

C.5.20 Error Address Doubler
The error address trapping system is designed to capture addresses at which exceptions oc-
curred. This requires getting the address information from the 4-byte wide address bus onto the
8-byte wide data bus. Maximum system flexibility was achieved by using the error address dou-
bler to place the error address on both the high 4 bytes and the low 4 bytes of the data bus.

NGk owD

0

To
LE_MODE_SEL# 1 630 o e
MUX
BE  gy1e] swep LE
MSB[0:7] 0 ——> 10 [7:01LSB
(8151 1|+ 11 [15:8]
CPU DATA  [ige3] er\ /—/8 [23:16]
BYTE LANE r(e4:311 31— suap 3 [3L24]
SWAPPER [32:39] 4| 14 [39:32]
[40:47] S|~ 15 [47:40]
[48:55] 6|~ 16 [55:481]
LSBI5663] 7|4 —> 7 [63:561MSB
CPU_DATA i~ [063] BYTE
[0:63] b

Figure C-26. 60X CPU Data Byte Lane Swapper—Input Side

C.5.21 60X CPU Byte Lane Swapper—Input Side

The 650 Bridge bi-endian operation support allows the 60X CPU to operate with either big-endian
or little-endian code and data storage formats. The 60X CPU data byte lane swappers (see
Figure C-26) implement the data byte reordering required to achieve bi-endian operation.

The internal nomenclature of the 653 Buffer is little-endian, while the 60X CPU bus is labeled with
big-endian nomenclature. Since the 653 Buffer internal structure uses little-endian nomenclature,
the 60X CPU signals are renamed on the inside of the 653 Buffer in little-endian sequence to mini-
mize confusion.
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Figure C—26 shows that the 60X CPU data bus retains its big-endian nomenclature from the 653
Buffer pins up to the input side of the swapper. As the data bytes go through the swapper onto
the 653 Buffer internal address bus (by way of the data multiplexer) there is in all cases a bit-wise
reversal of the numbering of the bits within the byte. (See Figure C-27.)

The reversal in bit-wise nomenclature is only a name change—there is no change in the signifi-
cance of the bits. For example, a byte that has a value of A3h on the 60X CPU bus has the same
value inside the 653 Buffer, and it has the same value (A3h) when it gets out of the 653 Buffer.

When the 60X CPU is operating in big-endian mode, the signal LE_MODE_SEL# is negated
(high). The data on byte 0 is placed on byte 0 of the internal address bus. Byte 1 is placed on byte
1 of the internal address bus. Byte 2 goes to internal byte 2, ..., byte 7 goes to internal byte 7.

When the 60X CPU is operating in little-endian mode, the signal LE_MODE_SEL# is asserted
low. The swapper is on. The data on byte 0 is placed on byte 7 of the internal address bus. Byte
1 is placed on byte 6 of the internal address bus. Byte 2 goes to internal byte 5, ..., byte 7 goes
to internal byte 0.
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Figure C-27. CPU Data Byte Lane Swapper Operation—Input Side
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C.5.22 Data Multiplexer

The 653 Buffer data multiplexer (see Figure C—28) selects one of six sources for the data appear-
ing on the internal data bus—the PCI data latch (doubled), the ROM data shift register, the error
address latch (doubled), the all_ones register (which contains FFFF FFFF FFFF FFFFh), the in-
put side CPU data byte lane swapper, and the memory data bus. Exactly one of the sources is
selected at any given time. If more than one source select line is active, the source is selected
according to Table C-13.

S
TR
L) O L L
SRR
il S PR
HHSEES O
T T aw
S A e B
o0& Ja
O Ll<<TOX <t
TITTTIY. %
DATA MUX |SELECT LOGIC| g
PCI Data (Lotched & x2> &PI\T'T : : o
ROM Data (B-byte wide) P T T
Error Address (Latched & x2> & T Z
All_Ones (64 1's) B | %
CPU Data (Possibly Swapped) TS —
Memory Data J> =
' —

Figure C-28. Data Multiplexer

Table C-13. Data Muiltiplexer Source Selection Priority.

Data Source Enable Signal Priority
Error Address (x2) ERR_ADDR_SEL# 0 (Top)
CPU Data CPU_DATA_SEL# ) 1
All_Ones ALL_ONES_SEL# 2
ROM Data : : ROM_SEL# 3
Memory Data MEM_DATA_SEL# 4
PCl Data (x2) PCI_SEL# 5

C.5.23 PCIl Address/Data Select Delay Flop

The ADDRHI/DATALO signal is switched by the 654 Controller in advance of the transition from
PCI address phase to PCI data phase, in order to achieve the minimum clock to output time on
the AD lines. The PCI address/data multiplexer (see Section C.5.24) uses this signal to switch
the PCl bus between address and data information, so it is delayed until the PCI_CLK makes the
low to high transition that signals the start of a data phase. This delay is implemented (see
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Figure C—29) by a simple positive-edge-triggered D flipflop, which is clocked by PCI_CLK. Thus
the 653 Buffer only switches the PCI_AD lines from address to data immediately following the
positive edge of PCI_CLK.

Following the last data phase of the current transaction, the 654 Controller switches ADDRHI/DA-
TALO from high to low to prepare the 653 Buffer address/data multiplexer for another PCl address
phase. As above, the multiplexer actually switches the source of the PCI_AD lines immediately
following the positive transition of PCI_CLK. This transition usually occurs while the PCI_AD lines
are tri-stated for a PCI bus turnaround cycle.

PCI ADD/
ADDRHI/DATALO D Q
PCI_CLK S 23ldoyseeoll DATA MUX
pci_addr_out (310 (3101 pci_ad_out
[31:0] ltaj gj '
[63:32]
Internal >__[ ‘ >
Data Bus [31:0] ig
PCI DATA

MUX

Figure C-29. PCI Delay Flop, Data Multiplexer, and Address/Data multiplexer.

C.5.24 PCI Data Multiplexer

During data flows from system memory to the PCI bus (PCl to memory reads) or from the 60X
CPU to the PCI bus (CPU to PCI writes), the 653 Buffer places the 8-byte data from one of the
above sources on its internal data bus (in response to the appropriate data select control signals
from the 654 Controller). If pci_addr_out[2] (from the transaction master via the relevant transla-
tion stages) is low, internal data bits [31:0] are routed to PCI_AD([31:0] during the current data
phase. If pci_addr_out[2] is high, internal data bits [63:32] are routed to PC1_AD[31:0] during the
current data phase. The PCI data multiplexer implements this routing. The output of the PCl data
multiplexer goes to the PCIl address/data multiplexer. (See Section C.5.25.)

C.5.25 PCI Address/Data Multiplexer

The PCI_AD bus is a multiplexed bus. Each transaction can have an address phase and one or
more data phases. The PCl address/data multiplexer routes the address information to the
PCI_AD bus during the address phase, and routes the data information to the PCI_AD bus during
the data phase(s). The multiplexer control line is the delayed ADDRHI/DATALO signal from the
654 Controller (see Section C.5.23). The address information enters the multiplexer on the
pci_addr_outlines. This address can be the (possibly unmunged, translated, and/or burstincrem-
ented) contents of the CPU address bus, or the refresh address (possibly translated), or the ROM
byte address from the ROM read burst counter. The data information enters the multiplexer from
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the PCI data multiplexer (see Section C.5.24), and can have come from the CPU (possibly byte
swapped), the memory, or the all_ones generator. The output of the multiplexer flows onto the
pci_ad_out[31:0] lines, which go to the-off-chip drivers for the PCI_AD lines.

C.5.26 PCI Parity Generator

The PCI_AD bus requires an even parity signal (PAR) to be generated over AD[31:0] and C/
BE#[3:0] such that the total number of 1’s on AD[31:0], C/BE#[3:0], and PAR is an even number.
The PCI parity generator inside the 653 Buffer generates an even parity signal (PCl_AD_PAR)
for the PCI_ADI[31:0] lines only (see Figure C—-30). This signal and the C/BE#[3:0] lines are used
by the 654 Controller to generate the PCI PAR signal.

PCI AD
PARITY
GEN

EVEN
—PARITY <>PCI_AD_PAR
: GEN

pci_ad_out
[31:0]

Figure C-30. PCI Parity Generator

C.5.27 60X CPU Data Byte Lane Swapper—Output Side

The 60X CPU data byte lane swapper on the output side of the data multiplexer (see Figure C-31)
performs the same operation as the swapper on the input side of the multiplexer (see Section
C.5.21). Like address munging and unmunging, the byte lane swap is its own inverse.

Dgrlt‘thPBnL?Sl [63:0] [0:6371 cpu_dato_out
LE ‘ BE
LSB[70] 0pM———>_|-0 [071MSB
[15:8] 1] 11 [815]
[2316] 2 —2 116231  CPU DATA
! N d !
[31:24]1 3 S\/AP 3 [24:31] BYTE | ANE
[39:321 4 M 4 [32:39]
[47:401 S5 s 40471 SWAPPER
[55:481 6 16 [48:55]
MSBL63:56] 7 '—> -7 [S6:63]1LSB
BYTE| <wap |BYTE
LE_MODE_SEL# >————S)

Figure C-31. 60X CPU Data Byte Lane Swapper—Output Side
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Data that has been through a swapper twice on the same setting is the same as data that has
not been swapped. For example, during a memory write and read from the same location when
the 60X CPU is in big-endian mode (LE_MODE_SEL#= 1), data flows out of the 60X CPU through
the input side swapper, producing the data arrangement shown in Figure C—-27 under
LE_MODE_SEL# = 1.
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DATA BUS LE_MODE LE_MODE
: _SEL# =1 _SEL# = 0
7 0 MSb 56
6 1 57
S . 2 58
4 yte 0 Byte 0} 3 Byte 759
3 4 > <p 60
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1 6 62
LSk 0| 7 | 63 LSb
15;@yte 1 Byte J? Byte 6 428
s [ - 15 55
833—L Byte 2 Byte eﬁ? Byte 5 40
16 | 123 147
31 ] Byte 3 Byte 324  _ Byte )32
24 [ 1 31 35
3891 Byte 4 Byte 4,r388 Byte 3) 24
32 [ 39 31
437—@yte S Byte '5J-40 Byte 2 136
40 47 23
55 | Byte 6 Byte 6) 48 Byte1) §

48 [ |55 | 15
MSb 63| 56 0 MSk
62 57 1
61 . 58 - g

60 (Byte 7 Byte 7 ) 39 yte 0

29 (MSB LSB | 60 S RE
58 61 5
57 62 ~ 6
56 | | 63 LSh 7

Figure C-32. 60X CPU Data Byte Lane Swapper Operation—Output Side
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This is the arrangement of the data on the 653 Buffer internal data bus and in system memory.
A subsequent read of the memory by the 60X CPU (still in big-endian mode) brings the data onto
the internal data bus in the same arrangement. The data passes through the output side swapper
on the way to the 60X CPU, and is swapped back.

Details of the output side swap operation from the internal data bus to the 60X CPU are shown
in Figure C—32, under LE_MODE_SEL# = 1. The operation of the swappers (the 60X CPU in little-
endian mode) is in Figure C—27 and Figure C-32 under LE_MODE_SEL# = 0.

C.5.28 Memory Data Parity Generator

The memory data parity generator (shown in Figure C—33) generates even byte parity for the
eight bytes of data going to the system memory DRAMs.

EVEN
DIQE?A%?A[S (63:01 PARITY L70] mem_par_out
GEN [28]

MEM DATA PAR GEN

Figure C-33. Memory Data Parity Generator

C.5.29 Memory Data Parity Checker v

The memory data parity checker (shown in Figure C—34) checks for even parity across the
memory data and parity lines on a 1 bit per byte basis during memory operations. The output sig-
nal (MEM_PAR_GOOD) is not valid at all times. While there is no memory cycle running,
MEM_PAR_GOOD has no meaning, and the 654 Controller uses MEM_DATA_SEL# to force it
high. During memory cycles, MEM_PAR_GOOD is only valid one setup time after the data on both
the memory data and parity lines is valid.

MEMORY DATA

MEM_DATA_SEL# PARITY CHECK

mem_data_in >—DATA

[63:0] BAD MPAR_GOOD
mem_por_in > PAR

[7:0]

Figure C-34. Memory Data Parity Checker
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