1 I 2 I 3 I I 5 I 6 I 7 I 8 I 9 10 I i1 [
vee vee vee
Page Faults vee
USER_1 4 V\T PT2 r\T PT1 r\T PTO All lines Control lines
PERM_SYS_2 VCC at default active
JLHCT1600 U119 vee vee TBLADDRO_17 [ o & | /00 [ 18 PERM_SYS TBLADDRO_17 [ o & | /00 [ 18 TBLENTRYS TBLADDRO_17 [ o & | /00 [ 1B TBLENTRYO a ] ‘
oo TBLADDRL_16 |5y = |/gq [ 19 PERM_MAPPED  TBLADDRL_16 |,y > |)gq [ 19 TBLENTRY9 TBLADDRL_16 |5y > |/gq [ 19 TBLENTRY1 ke
S — e PERM_MAPPED 2 4 1 \ FAUTF TBLADDR2_15 | 1 1702 |20 PERM_WRITABLE TBLADDR2_15 |, 1702 |20 _TBLENTRY10 TBLADDR2_15 | 1 1702 |20 TBLENTRY2 |
When LOAD is high the latch is transparent (BUSAx will be output to DATAX). TuHCT1608 T uizs USEPAGETABLE_2 TBLADDR3_14 | 53 /03 | -22_PERM3 TBLADDR3_14 | 53 1703 | -22_TBLENTRYL1 TBLADDR3_14 | 53 /03 |22 _TBLENTRY3 1
On a high—to—low transition of LOAD the data is latched. MEMWRITE 1 GND 74HCT1GO8 U126 TBLADDR4_13 | 5, 1/04 [ 23 PERMA4 TBLADDR4_13 | 5, 1/04 [ 23 TBLENTRY12 TBLADDR4_13 | 5, 1/04 [ 23 TBLENTRY4 L
PERM_WRITABLE 2 GND 74HCT1G32 VU131 TBLADDR5_12 | 55 = 1/05 |24 PERMS TBLADDR5_12 | 55 = 1/05 |24 TBLENTRY13 TBLADDR5_12 | 55 = |/05 |24 TBLENTRYS R{\»L_Fut%uts
So, we want the default level of LOAD to be low, so it maintains the last latched - GND TBLADDR6_11 |55 5 |00 |25 PERMG TBLADDR6_11 | ¢ 5 |/gp |25 TBLENTRY14 TBLADDR6_11 |, 5 |/gp |25 TBLENTRY6 stoniise
value. If there is a page fault (FAULT goes low) we want LOAD to briefly go high, 74HCT1G32 U120 D108 TBLADDR7_10 5 26 PERM7 TBLADDR7_10 5 26 TBLENTRY15  TBLADDR7_10 5 26 TBLENTRY7 vee
then return low, to latch the current address (on bus A). Note that FAULT is not R108 A7 1 1a7 A7 1 1a7 A7 1 1a7
synchronous: as the value of TBLADDR changes we may see transient values on GND RED TBLADDR8__ 4 | A8 3( TBLADDR8__4 | A8 3( TBLADDR8__4 | A8 3(
the RAM output, which may lead to an erroneous blip of FAULT. If we don't vee k /AT TBLADDRI_3 1 xq S TBLADDRI_3 | 5g S TBLADDRI_3 | 5q & CLK2_1 4 CLKNARROW
control for that we’ll end up snapping a new address when there was no fault, O“D—%* TBLADDR10_28 A10 = TBLADDR10_28 AL0 = TBLADDR10_28 AL0 = CLK_2
and losing the last real fault address. o o TBLADDR11_ 2 A1 g TBLADDR11_ 2 A1 g TBLADDR11_ 2 A1 g
The solution is to NOR FAULT with CLKNARROW. Since CLKNARROW doesn’t go s s TBLADDR1Z2_9 a2 TBLADDR1Z2_9 a2 TBLADDR1Z2_9 a2 JARCTIG32 ¥ U104
low until well after the stabilisation time for the RAM output we shouldn't get false
positives. RAMOUT_1 |G5F RAMOUT_1 |G5F RAMOUT_1 |G5F
Ruiza ]uizo RAMWRITE_6_| /¢ RAMWRITE_6_| /¢ RAMWRITE_6_| /¢
— o o o s o
BUSA0_2 [0 o o |19 DATAO BUSA8_2 [ o o |19 DATAB 2Tz 2Tz 2Tz vee
BUSA'L_3 > 18 DATAL BUSA'9_3 > 18 DATA9
—>1 D1 Q1 |2 —> 1 D1 Q1 |2 AT
BUSAZ_4 | s 0 |17 oATA2 BUSA10_4 | ) 0 |27 oATALO 1106 & & & e & RAMWRITE
BUSA3_5 [ 3 1 3| 16 DATA3 BUSA11_ 5 [ 5 1 3| 16 DATAL1 29yser 2 2 2
vee BUSA'4_6 o 15 DATA4 BUSA'12_6 o 15 DATA12 1 __2 MEMWRITE
D4 2 Q4 D4 2 Q4 8 MEMW GND GND GND 74HCT1632 VU110
BUSAS_7 |pg O g5 | 14 DATAS BUSAL3_7 |5 O gl 14 DATALS X __3 FAULT GND
CLKNARROW_1 BUSA'6_8 3 13 DATA6 BUSA'L4_8 3 13 DATAL4 © . ) . ) ) ) . ) . -
FAULT 2 4 FAULTADDRLATCH BUSA7_9 Eg ~ Qg 12 DATA7 BUSA'15_ 9 Eg ~ Qg 12 DATALS Note: should we have pull-up/down resistors on the TBLENTRY/PERM lines? Otherwise they are floating when OP is 5 or 7, which might cause noise on the FAULT line The op codes are structured so that four that need RAM output
— Q7 == — Q7 == are 0-3, _and _thE three that_ don’t_are 4—6. This means we can use
74HCT1602 M FAULTADDRLATCH_11 | | FAULTADDRLATCH_11 | | vee vee vee the top bit being low to indicate RAMOUT
peintuialioisegts o peintuialioisegts o
FAULTADDROUT_1 op =2 FAULTADDROUT 1 op =2 op2  RAWOUT
J) J) Quite Qu11s Qui12
i i
BUSA13_2 [ 5 O yo |18 PERM_SYS BUSBB_2 | o U yo [ 18 TBLENTRY8 BUSBO_2 | o U  yo [18 TBLENTRYO
Y Y BUSA'14_3 [, > g | 17 PERM_MAPPED BUSB9_3 |,y > yq [ 17 TBLENTRY9 BUSBL_3 | ,; > yq [17 TBLENTRYL
z z BUSA'15_4 | 45 v> | .16 PERM_WRITABLE BUSB10_4 | x5 v> | 16 _TBLENTRY10 BUSB2_ 4 | 5 vo |16 _TBLENTRY2
5 | a3 vz |15 PERM3 BUSB11_5 | 3 v3 | 15 TBLENTRY11 BUSB3_5 | 43 v3 | 15 _TBLENTRY3
6 |y > vy |14 PERMA BUSB12_6 |,y [> 4 | 14 TBLENTRY12 BUSB4_6 | o, [> y, [ L4 TBLENTRY4
7 | a5 o v 13 PERM5 BUSB13_7 | 5 o v 13 TBLENTRY13 BUSB5_7 | 45 o v 13 TBLENTRYS
8 | x5 v6 |12 _PERME BUSB14_8 | »p v6 |12 TBLENTRYL4 BUSB6_8 | 5 v6 |12 TBLENTRY6
Table Entry/\dx/Perms Output 9 | a7 y7 |11 PERM7 BUSB15_9 | y7 |11 TBLENTRY15 BUSB7_9 | v y7 |11 _TBLENTRY7
o o - 7HHCT541 - 7HHCT541 - 7HHCT541
g g ENTRYSET_Lf g1 _ ENTRYSET_Lf g1 _ ENTRYSET_Lf g1 _
1% Z Pde2 2 Pde2 2
Su113 Slui1s = = 2
TBLENTRYO_2 [ o O yo [ 18 DATAO TBLENTRY8_2 [0 O yo [ 18 DATAB > >
TBLENTRYL_3 |, >  yq | L7 DATAL TBLENTRY9_3 | oy > vy | L7 DATA9 <~ ~ <~
TBLENTRY2_ 4 | 5 vo |16 _DATAZ TBLENTRY10_ 4 | 5 v> |16 _DATALO GND GND GND Table RAM
TBLENTRY3_5 | 3 vz |15 _DATA3 TBLENTRY11_ 5 | 45 vz |15 _DATALL
TBLENTRY4_6 |, [>  y, |14 DATA4  TBLENTRY12_6 |, [> y, [ 14 DATA12
TBLENTRY5_7 | 5 o v 13 DATAS TBLENTRY13_ 7 | 45 o v 13 DATAL3
TBLENTRY6_8 | o v6 |12 DATAG TBLENTRY14_8 | ,¢ v6 |12 _DATALL vee vee
TBLENTRY7_9 | 5 v7 |11 _DATA7 TBLENTRY15_9 | 5 v7 |11 _DpATALS vee vee 74HCT1GO4 P U105 74HCT1G32 o U106
q BOOTDONE___ 2 4 1 [
- 7HHCT541 - 7HHCT541 —
ENTRYOUT_1d ¢ ENTRYOUT_1d ¢ U103 U109 MAPADDR_2 4 USEPAGETABLE Control
19, 2 199, 2 & & < S_O” “f
e e ignals
teLox0_2 [0 o 5. |4 _TBLADDRS teLDxt_2 [0 o 5. |4 _TBLADDR12 Table Address GND GND 9
3 3 BUSAB_3 |, = BUSA12_3 |4, = Construction vee
3 3
< < TBLIDXL_5 | |0y 76 |_Z_TBLADDRY 5 | 106 o QU101
o o BUSA9_6 f11p 6 lib I __ D101 1kR101
Z z 5 8 OPO_1 |,y O @o [\L5_MAPADDR MAPADDR vee
TBLIDX2_11 | 0. = 7| 9 TBLADDR10 1l & zlox e OPL_2 |,y > o4 N4 MAPPEDADDROUT A 0102 1kR102
o o BUSA10_10 | 4. T 10] 40 T 0P2_3 | 5 0o NL3_ENTRYOUT MAPPEDADDROUT
¥ ¥ vece
S o ~ ~ 03 pl2 IDXOUT _______ 4 105 1kR105
TBLIDX3_14 | oy 74 |12 TBLADDR11 14 {104 7d 12 olu107 7HHCTL38 [, N11 FAULTADDROUT ENTRYOUT
BUSA11_13 13 N VCC o6 10_TDXSET & vee
o o 13 {114 11d o0—2 €3 05 pLO DXSET N D104 1kR104
]uU118 U117 BUSAO_3 | o 9 o |-2_TBLIDXO 5N ¢ 06 \9_ENTRYSET TDXOUT. vee
S S -
PERM_SYS_2 |, 9 yo [ 18 DATAO TBLIDXO_2 |59 9 yp | 18 DATA8 USEPAGUAB"ETE S o USEPAGUAB"ETE S o gﬂggfg Dt~ a1 72 Igt:gg ANEL F 07 I FAULTADDROUT 103 1kR103
PERM_MAPPED_3 | ., > 4 [ 17 DATAL TBLUDXL_3 |, > vy |17 DATA9 E 5 E 5 gusas 8 | 22 Q2 I rBLIDXS % vee
PERM_WRITABLE_4 | 5 vo |16 DATA2 TBLIDX2_4 | )5 v> |16 DATAL0 —51% R S 5- © 0106 1kR106
o o BUSA4_13 | ni 5 @y |12 TBLIDX4 ) IDXSET
5 | a3 vz |15 _DATA3 TBLIDX3_5_| 55 vz |15 _DATALL Tk & 15 2 —lél—DN vee
6 |y > vy | 14 DATA4 TBLDX4_6 | [> vy |14 DATA12 D5 I Q52X S 0107 1kR107
y i 171ps < Q|16 GND ENTRYSET
7 | a5 RE 13 DATAS 7 | a5 RE 13 DATAL3 < < T ~ BT3¢ 7 vee
8 | a6 ve |12 DATA6 8 | a6 ve6 |12 DATAL4 oND oND b7 Q7 (X
9 | a7 v7 |11 _DATA7 9 | a7 v7 |11 _DpATALS ik 11 Lo
N 7HHCT541 — 7HHCT541 DXSET_1 [ 2
DXOUT_1 o ¢4 DXOUT_1 o 61 —F &
19 s 19 s vee vee
G2 G2
o o S
= = U102 olU108
A4 A4 v
BUSAB_ 2 9] 4 TBLADDRO BUSA12_ 2 9] 4 TBLADDR4 GND
10a Za 10a Za
v v BUSAO_3 | 4, = BUsAL 3 |, =
& &
BUSA9_5 | oy 7b |_7_TBLADDR1 BUSAL3_5 | o 76 |_Z_TBLADDRS
BUSAL_6
b BUSAS_6 115
3 3
BUSA10_11 | 0. 5 7 | 9 TBLADDR2 BUSAL4_11 | 0. 5 .| 9 TBLADDRG c101 o1
. BUSA2_10 f . I BUSA6_10 f ;. T
Physical Address QOutput ~ X €102 1 0PO
BUSALL_14 | 04 74 |-12_TBLADDR3 BUSAL5_14 | |4 74 |-12_TBLADDR7 103 2 0P1
BUSA3_13 | |44 BUSA7_13 | 44 9 __ 3 0P2
C104 X __4 BOOTDONE
USEPAGETABLE_1 | ¢ USEPAGETABLE_1 | ¢ 105 © __5 CLK
9 9 15d 2 15d 2 6_CLK2
= = d d C106
©| ©| c107
U122 ©lU127 1108 1102 1104
! ! ctoe 1 BUSA'O 1 BUSAO & _ 1
s 1o
TBLEBB'IJTSR;YIg § 10a § 74 |_4_PHYSADDRS TBLENTRYS, § 10a § 7o |_4_PHYSADDR16 :N70 :N70 109 > BUSA1 2Busa % -2 o WC
—— I1a I1a €110 3 BUSA2 3 _BUSA2 < J105[
TBLENTRY1_5 7 _PHYSADDRY TBLENTRY9_5 7 _PHYSADDR17 - BUSA'S - BUSAS
,———1 10b Zb —— —— 10b Zb —— C111 5 BUSA'4 5 BUSA4 o 1
BUSA'9_6 |4y 6 1 11p i : i S = Ovcc
~ ~ c112 6 BUSA'S 6 BUSAS % _2 N Gib
5 5 7 BUSA'6 7 BUSA6  ©
TB;EUNSTIS 13 10c “;’ 7¢ |_9_PHYSADDR10 TBLENTRY10 13 10c “;’ 7¢ |_9_PHYSADDR18 c113 S e Busa7 2 T8 BusA7
e ¥ e ¥ C114 S __9 BUSAB I _ 9 BUSA8
TBLENTRY3_14 | |4 74 |12 _PHYSADDR11 TBLENTRY11 14 | oy 74 |-12_PHYSADDR19 —10BUSA'S —10.8USA9 J106
) 115 _ 11 BUSA'10  _ 11 BUSAL0
BUSA11_13 | |44 13 ] 144 \ 1 ADDRBUSO
12 BUSA'11 12 BUSA11
e e cie 13 BUSA'12 13 BUSA12 ——2-ADDRBUSL
USEPAGETABLE_1 | ¢ USEPAGETABLE_1 | ¢ — _— 3 ADDRBUS2
o o €117 14 BUSA'13 14 BUSA13
154 2 p 154 2 \ 4 ADDRBUS3
9 & 9 & ) c118 15 BUSA'L4 15 BUSA14 = ADDRBUSE
Physical address: 16 BUSA'15 16 BUSA15 -
o o If USEPAGETABLE is low, then TBLENTRY[15..0], BUSA[7..0] -6 ADDRBUS5
If USEPAGETABLE is high, then 10000000, BUSA[15..0] 1107 1103 7 _ADDRBUS6
> GND > GND €120 -8 ADDRBUS7
c121 1 DATAO 1 BUSBO 9 ADDRBUSS
2 DATAL 2 BUSB1L 10 ADDRBUSY
3 DATA2 3 BUSB2 . _ 11 ADDRBUS10
c123 4 DATA3 4 BUSB3 ' _ 12 ADDRBUS11
5 DATA%4 5 BUSB4 I _ 13 ADDRBUS12
C124 6_DATAS 6 BUSB5 14 ADDRBUS13
c125 7_DATA6 7 BUSB6 15 ADDRBUS14
vee vee 9 9
U123 U128 9 9 9 T __8 DATA7 3! __ 8 BUSB7 16 ADDRBUS15
o o
= = > > > S __9 DATA8 I _ 9 BUSBS 17 ADDRBUS16
10 DATA9 10 BUSB9 18 ADDRBUS17
c127 — — —2
TB;EUNSTI; § 10a § 7o |_4_PHYSADDR12 TBLENTRY12 § 10a § 74 |_4_PHYSADDR20 Jui11 Ju129 Jui32 11 DATALO 11 BUSB10 19 ADDRBUS1S
—21 l1a I1a c128 12 DATA11 12 BUSB11 20 ADDRBUS19
BUSA'0_2 9] 19 ADDRBUSO PHYSADDR8_ 2 9] 19 ADDRBUSS PHYSADDR16_ 2 9] 19 ADDRBUS16 2 13 DATA12 13 BUSB12 21 ADDRBUS20
0o Qo DO Qo DO Qo =
T o2 10 2b [—LPHYSADDR13 TBLENTRYLS 5 10p zb [-L—-PHYSADDR21 BUSNI_3 | oy S gy |18 ADDRBUSL PHYSADDRO_3 | oy S gy | 18 ADDRBUSS PHYSADDR17_3 | p; & o | 18 _ADDRBUS17 g 14 DATALS 14 BUSBL3 22 ADDRBUS21
— "t~ LIS BUSA2_4 | o5 Q2 |-L7_ADDRBUS2 PHYSADDR10_ 4 | 5 Q2 |-L7_ADDRBUS10 PHYSADDR18_ 4 | 5 Q2 |-L7_ADDRBUS18 x 15 DATAL4 15 BUSBL4 23 ADDRBUS22
'e} 'e}
3 3 BUSA'3_5 <+ 16 ADDRBUS3 PHYSADDR11_ 5 <+ 16 ADDRBUS11 PHYSADDR19_ 5 <+ 16 ADDRBUS19 a 16 DATAL5 16 BUSB15 24 ADDRBUS23
03 Q3 D3 Q3 D3 Q3
TB;EUNSTI?% e & Ze ——PHYSADDRLY TBLENTRY“’% e & Ze —-PHYSADDR22 BUSA4_6 | p, o qy | L5 ADDRBUSA PHYSADDR12_6 |, o qy [ 15 ADDRBUS12 PHYSADDR20_6 | ;o qy |15 ADDRBUS20
"1 = e Z BUSA5_7 fps O Qg |14 ADDRBUSS PHYSADDR13_7 | p5 O 5| 14 ADDRBUSL3 PHYSADDR2L_7 | ps O 5|14 ADDRBUS21
BUSA'6_8 ¥ 13 ADDRBUS6 PHYSADDR14__8 ¥ 13 ADDRBUS14 PHYSADDR22_ 8 ¥ 13 ADDRBUS22
—S 1 06 Q6 2 —2 106 Q6 2 —2 106 Q6 (13-
TBLENTRY7 1% 104 zd [-12-PHYSADDR1S TBLENTRY15_141 104 zd [-12-PHYSADDRZ3 BUSA7_9 | p; o |12 ADDRBUS7 PHYSADDR15_9 | o7 g, | 12 ADDRBUS15 PHYSADDR23_9 | o7 g, | 12 ADDRBUS23
BUSA15_13 | |1y veC o131 114 ! : )
TR TR CLK_11 CLK_11 CLK_11
USEPAGETABLE__1 USEPAGETABLE__1 —ssrersEaTT . PP o —ssrRee s - PP o —ssrRee s - PP o
15 E o ) 15 E o MAPPEDADDROUT_Lf or = MAPPEDADDROUT_Lf or = MAPPEDADDROUT_Lf or = http://mups16.net/pages/mmu.html
—=2q 3121 . .
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